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 Synonyms 

guinea corn, great millet 

Family 

Poaceae (Gramineae) 

Vernacular Names 

Yoruba (Poporo-baba) 

 Common Names 

Botanical Description 

Bicolor: the most primitive cultivated sorghum, characterized by open 

inflorescences and long clasping glumes that enclose the usually small grain at 
maturity. Cultivars are grown in Africa and Asia, some for their sweet stems to 
make syrup or molasses, others for their bitter grains used to flavour sorghum beer, 

but they are rarely important. They are frequently found in wet conditions. 

Plant Part Used 

Leaf Sheaths 

Jobelyn

Name of the medicinal product
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Possible Alternative Source Species 

Sorghum ankolib Stapf, Sorghum caudatum Stapf, Sorghum cernuum Host, 

Sorghum dochna 
(Forssk.) Snowden, Sorghum durra (Forssk.) Stapf, Sorghum membranaceum 
Chiov., Sorghum nigricans (Ruiz & Pav.) Snowden, Sorghum subglabrescens 

(Steud.) Schweinf. & Asch., Sorghum vulgare Pers.) 
 

ETHNO BOTANICAL INFORMATION FOR SORGHUM BICOLOR 

 

Major Ethno pharmacological Uses: 

The stems of sweet sorghum types are chewed like sugar cane and, mainly in 

the United States, a sweet syrup is pressed from them. In North America and 
eastern Europe special types with very long, fibrous and few-seeded 

inflorescences, known as ‘broomcorn’, are grown to make brooms. Sorghum 
plant residues are used extensively as material for roofing, fencing, weaving and 
as fuel. The stems can be used for the production of fibre board. Danish 

scientists have made good panelling using stem chips of sorghum. The stover 
remaining after harvesting the grain is cut and fed to cattle, sheep and goats, or 

may be grazed. Some farmers grind harvested stover and mix it with sorghum 
bran or salt to feed livestock. Sorghum is also grown for forage, either for direct 

feeding to ruminants or for preservation as hay or silage. Sorghum flour is used 
to produce an adhesive in the manufacture of plywood. Sweet sorghum is 
suitable for the production of alcohol, while the bagasse is a suitable source of 

paper pulp for the production of kraft paper, newsprint and fibre board. 
 



 

Other Relevant Uses 

Sorghum has various applications in African traditional medicine: seed 

extracts are drunk to treat hepatitis, and decoctions of twigs with lemon 
against jaundice; leaves and panicles are included in plant mixtures for 

decoctions against anaemia. The Salka people in northern Nigeria use 
sorghum in arrow-poisons. The red pigment is said to have antimicrobial and 

antifungal properties and is also used as a cure for anaemia in  
traditional medicine. 

Chemical Constituents 

FOUND IN LITERATURE 

Sorghum phenolic acids include hydroxybenzoic (mainly protocatechuic 

and p-hydroxybenzoic acid) and hydroxycinnamic acids (mainly ferulic and 
p-coumaric acid) both free and bound as esters. Sorghum 
anthocyani(di)ns are unique, as they lack the hydroxyl group at the 3-

position of the C ring. These 3-deoxyanthocyani- (di)ns such as 
luteolinidin and apigeninidin are used as natural food colorings, because 

they are more stable than anthocyanidins in both organic solvents and 
acidic solutions. Flavan-4-ols such as apiforol (leucoapigeninidin) and 
luteoforol (leucoluteolinidin) are other interesting sorghum polyphenols as 

precursors of sorghum 3-deoxyanthocyani(di)ns. Other sorghum 
flavonoids include the flavones apigenin and luteolin,9 the flavanones 

naringenin  and eriodictyol, the flavonol kaempferol, the dihydroflavonol 
taxifolin, and the flavan- 3-ols (þ)-catechin and (-)-epicatechin. 
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STRUCTURE AND FORMULA FOR COMPOUNDS IN JE5  FRACTION 

 

OH

OH

OH

O

OH

OH O+

OH

Apigeninidin-flavonoid adduct I (m/z: 509)  

PSA:Unparameterized group 
encountered:O(1);nSingle/Double/Triple:0/0/0;nSingle/Double-Aromatic:1/1;3-
membered ring:N 
ALogP:7.2125 
Stereo Center Count:1 
Hydrogen Donor Count:6 
Hydrogen Acceptor Count:7 
Formula Weight:525.52(2) 
Exact Mass:525.15439420(2) 
Formula:C30H21O8.CH4 
 

 



OH

H3COO

OH

O

OH

OH O+

OH

Apigeninidin-flavonoid adduct II (m/z: 523) 

PSA:Unparameterized group encountered:O(1);nSingle/Double/Triple:0/0/0;nSingle/Double-
Aromatic:1/1;3-membered ring:N 
ALogP:6.973 
Stereo Center Count:1 
Hydrogen Donor Count:5 
Hydrogen Acceptor Count:8 
Formula Weight:555.55(2) 
Exact Mass:555.16495889(2) 
Formula:C31H23O9.CH4 

 

 

 

 

 

 

 

 



Apigenin

O

OH

OH

OH

O

 

 

PSA:86.99 
ALogP:2.6791 
Stereo Center Count:0 
Hydrogen Donor Count:3 
Hydrogen Acceptor Count:5 
Formula Weight:286.28(1) 
Exact Mass:286.084123560(9) 
Formula:C15H10O5.CH4 
 

 

OH

OH O+

OH

Apigeninidin  
 
 

PSA:Unparameterized group 
encountered:O(1);nSingle/Double/Triple:0/0/0;nSingle/Double-Aromatic:1/1;3-
membered ring:N 
ALogP:4.8382 
Stereo Center Count:0 
Hydrogen Donor Count:3 
Hydrogen Acceptor Count:3 
Formula Weight:271.29(1) 
Exact Mass:271.096485390(8) 
Formula:C15H11O4.CH4 
 



 

QUALITY CONTROL STUDIES DONE AT BRUNSWICK LABS, USA 

 

Table of Compounds identified in Jobelyn for batches tested in Brunswick Labs, USA 

    Conc. (µg/g) 

Lot No BL ID No. Apigeninidin Luteolinindin Apigenin Luteolin Naringenin 

12-2003 06-4107 14,650 216 3,695 530 151 

12-2005 06-4108 23,950 328 5,100 715 244 

12-2006 RAT 1:5 06-4109 22,950 229 3,770 396 90.0 

12-2006 RAT 1:10 06-4110 27,650 286 4,770 570 122 

12-2006 RAT 1:20 06-4111 31,900 331 5,300 640 149 

12-2006 New Pot 06-4112 21,850 168 2,975 218 71.0 

12-2005 RAT 1:20 06-4812 38,650 323 6,020 585 230 

12-2006 RAT 1:50 06-4813 29,850 170 4,050 339 118 

 

    Calculated Conc. (µg/g) 

Lot No BL ID No. Apigeninindin Luteolinindin Apigenin Luteolin 
Naringen

in 

12-2005 
RAT 1:20 

06-4812 38,650 323 6,020 585 230 

12-2006 
RAT 1:50 

06-4813 29,850 170 4,050 339 118 

 
Published in peer-reviewed journal: 

 
http://www.afritradomedic.com/pdf/HIV_AIDS__Article_in_JACM__Nov_2013.pdf 

See Page2. 
 
Identification of Four Compounds, two of which are novel on study done at Texas 

University and published in: Journal of Food Science _ Vol. 77, Nr. 5, 2012 
 

 
Health Forever Product Limited acquired HPLC machine and has set up Quality 
Control and Assurance  for Jobelyn in a mini-lab located at our headquarters at 11, 

Dipeolu Street Off Obafemi Awolowo Way, Ikeja 
 

Please see the report of the consultant below: 

http://www.afritradomedic.com/pdf/HIV_AIDS__Article_in_JACM__Nov_2013.pdf
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November 17, 2015 

 

The Managing Director 

Health Forever Nigeria Limited 

Ikeja,  

Lagos 

 

Dear Sir, 

 

Report on the Installation, Commissioning and Validation of Cyberlab HPLC and Training of Users for the 

Quality Assurance of Jobelyn 

 

Installation 

Installation of the Cyberlab HPLC was completed successfully within 1-2 days and the equipment has been in 

operation since then. The CyberLab HPLC consists of an Isocratic pump and a Variable Wavelength Detector. 

 

Training of Users 

Two members of staff of Health Forever, Rachel Egede and Akinwande Olusegun were trained on the operation 

of the HPLC. Formal training was for a period of 5 consecutive days, after which, the trainees were allowed to 

run the equipment for another 2-3 weeks with minimal supervision. After this initial period of training, only 

Rachel Egede continued working with the equipment on the method validation stage, with our supervision. 

 

Method Development and Validation 

The Cyberlab HPLC unit is an isocratic system and consists essentially of the Isocratic pump and a variable 

wavelength detector. However, available relevant methodologies for the analysis of sorghum bicolour 

compounds are basically gradient elution methods. Even the few methods available for isocratic analysis used 

solvent systems that are different from the solvents available locally. Despite these challenges, we were able to 

develop an isocratic method that was able to adequately resolve and separate the target compounds in Jobelyn 

using some of the available solvents. The target compounds that were separated and resolved include Apigenin, 

Apigeninidin, Luteolin, Luteolinidin and Naringenin. 

 

The standard mixtures of these target compounds were run in the HPLC several times to determine the 

reproducibility, robustness and ruggedness of the method and the precision of the HPLC. While the system 

showed excellent reproducibility in terms of separation, resolution and retention time, there was variation in 

terms of the response of the HPLC system to the target compounds. This variation is about 10% but it may be 

lower as more data is generated and processed. Subsequently, Jobelyn samples were analyzed with this method 

and these target compounds were separated and identified on the basis of their retention times. 

 

Challenges and Limitations 

Below are some of the challenges that were experienced and which imposed some limitations on the scope and 

the results expected from this project: 

 



 
 

________________________________________________________________________________________________________________ 

Instrument Configuration: As earlier mentioned, the HPLC system is isocratic. This imposed severe restrictions 

on the choice of solvent systems that could have been used to achieve better separation and resolution of the 

target compounds. In addition, the HPLC system showed significant variation in its response to the target 

compounds. It is not certain at this time if this variation is a function of the instrument and/or the nature of the 

compounds. It was also observed that the instrument’s operating pressure tended to vary with power 

fluctuations – this may also affect the precision of results obtained. It is our recommendation that any future 

investment in HPLC instrumentation should include a gradient system with online degasser and column 

temperature control 

 

Purity of Solvents: Obtaining high grade solvents was initially a challenge that also caused some delay. Poor 

grade solvents can affect separation, resolution and the reproducibility of results. They may also adversely affect 

the functionality of the instrument. This issue was solved when a reliable source of high grade solvents was 

identified and engaged. It is recommended that all solvents that will be used for HPLC analysis should be of the 

highest grade possible and obtained from reliable and trusted sources only. 

 

Insufficient Standards: There was not sufficient quantity of standards available. This also limited the number of 

test analyses that could have been carried out. Standards will be required for the daily quality control analysis 

that will now be carried out, so there is need to procure more standards 

 

Non-availability of Analytical Balance: An analytical balance was not available to weigh the required amount of 

standards. This was done at a third party laboratory. An analytical balance will be necessary for daily QC work. 

 

Conclusion 

An isocratic HPLC method was developed for the analysis of Apigenin, Apigeninidin, Luteolin, Luteolinidin and 

Naringenin in Jobelyn using a Cyberlab Isocratic HPLC system. The system showed acceptable level of 

separation, resolution and retention time reproducibility. However, considerable variation of about 10% was 

observed in the response of the HPLC system to the target compounds, although this may change as more 

analytical data are generated. 

 

While a variation of 10% is higher than the standard acceptable limits of between 2-5%, it is still possible to use 

this system to monitor the levels of these target compounds in Jobelyn from batch to batch. A batch-to-batch 

variation above 10% may then be adjudged to be due to production-related causes. 

 

The method conditions and the quality control protocol that may be adopted are in the Appendix. 

 

 

For: Applied Analytical Systems Ltd 

 

 
Muyiwa Adebola 

Chief Executive



 
 

________________________________________________________________________________________________________________ 

APPENDIX 
 

 

HPLC METHOD CONDITIONS  

 

Mobile Phase:  80% Methanol; 20% of 0.5% Trifluoroacetic in Water 

 

Column:  ChromBudget 100-S-C18, 250mm x 4.6mm x 5.0um 

 

Flow rate:  1ml/min 

 

Wavelength:  410nm 

 

 

SUGGESTED QUALITY CONTROL PROTOCOL FOR DAILY ANALYSIS 

 

� Equilibrate HPLC system with mobile phase for at least 30mins 

 

� Run the standard mix at least 3 times 

 

� Ensure retention time window is within 5% 

 

� Calculate RSD of the Areas and ensure its not more than 10% 

 

� Sample analysis can then begin only if the retention time window and the RSD of the Areas are within 

the specified limits 

 

 

 

 

 

 

 
 













TOXICOLOGICAL STUDIES ON JOBELYN 

 

Sub-acute toxicological effects of Jobelyn® on pregnant albino rats 
Abiodun Humphrey Adebayo, Omolara Faith Yakubu, Godwin Eneji Egbung, Olabisi Ibidun Williams, and 
Olajuwon Okubena 
Citation: AIP Conference Proceedings 1954, 030018 (2018); doi: 10.1063/1.5033398 
View online: https://doi.org/10.1063/1.5033398 

 

Abstract. The aim of the present study was to investigate the sub-acute toxicological effects of Jobelyn® on pregnant 
albino rats by employing biochemical, haematological and histopathological methods. A total of 32 pregnant female rats 
were randomly assigned to four different groups of eight rats each. The control group received distilled water and 
different doses of Jobelyn®; 250, 500, 1000 mg kg-1were administered orally once a day for 2 weeks to the other groups. 
Biochemical analysis revealed a significant decrease (p<0.05) in the levels of alanine aminotransferase, albumin, urea, 
PCV and Hb in the treatment groups when compared to the control. However, the significant decrease in PCV and Hb 
was observed solely in the group treated with 1000 mg kg-1body weight, suggesting that this decrease could be dosedependent. 
Alkaline phosphatase, total protein, triglycerides, cholesterol, HDL cholesterol, LDL cholesterol, eosinophils, 
basophils, neutrophils, monocytes, lymphocytes, WBC count, revealed no significant difference (p<0.05) when compared 
to the control. The results show that at an appropriate dosage, the use of Jobelyn® during pregnancy may have no adverse 
effect on the liver and kidney tissues and may possess hepatoprotective and nephroprotective properties however the 
histopathological studies revealed that very high levels of Jobelyn may be hepatotoxic. 

 

See Link to full Publication 

 

THE SHORT TIME EFFECT OF EXTRACT OF SORGHUM BICOLOR (JOBELYN) 
ON THE HAEMATOLOGICAL PARAMETERS OF PATIENTS WITH SICKLE CELL 
ANAEMIA 

Abstract: Sickle cell anaemia in South West Nigeria has a prevalence of 2.4 %.It is 
characterized byrecurrent crisis like bone pain, hyper haemolysis, acute sequestration, red cell 
aplasia and progressive organ damage. These cause high absenteeism at school and at work with 
a significant reduction in life expectancy. The phytochemical extract of sorghum bicolor has 
been shown to have anti-inflammatory antioxidant effect; and to increase the haemoglobin in 
experimental rat. The extract is consumed widely in Nigeria by patients with sickle cell anaemia. 
This study seeks to assess the effect of this extract on haemopoiesis in these patients. 
The study population was the patients attending the adult haematology clinic of the Lagos State 
University Teaching Hospital. It was a randomized open label study with 105 consenting 
participants. 
One group was given folic acid 5mg twice daily and paludrine 200mg daily. The other group had 
in addition, 1gm of extract per day in two divided doses for 4 weeks. The haematological 
parameters were taken weekly. 
After 4 weeks of taking the extract, there were reduction in white blood cells (p= 0.10) and 
platelet counts (p= 0.03).There were significant reductions in the mean red cell haemoglobin 
(p=0.0004), mean cell haemoglobin concentration (p=0.0001) while the reduction in mean cell 
volume and haematocrit changes were minimal (p=0.3and 0.5 respectively). 

https://doi.org/10.1063/1.5033398


The reduction in leukocytes and platelets counts suggests an anti-inflammatory effect of the 
extract which may have a clinically positive effect. The significantly reduced cellular 
haemoglobin concentration and minimal changes in haematocrit demonstrate that the extract will 
not unduly increase the red cell haemoglobin concentration which may promote sickling. 
 

See Link to full Publication 

 

An open-label, randomized, parallel-group comparative study 

of the efficacy of sorghum bicolor extract in preoperative anemia 

a b s t r a c t 

Objective: Anemia in patients presenting for elective surgery is associated with increased 

morbidity, allogeneic blood transfusion, and delay of surgery. Extract of sorghum bicolor has been 

shown to have hemopoietic, immune-stimulating, and antioxidant effects in rats and in patients 

with HIV. The aim of this study was to determine the effect of the extract in patients with preoperative 

anemia booked for myomectomy. 

Methods: Consenting patients (N ¼ 66) were randomly assigned to two groups. The test group 

(n ¼ 34) was given folic acid 5 mg/d, 200 mg iron tablet three times daily, and 500 mg/d of the 

extract. The control group (n ¼ 32) was given the same doses of folic acid and iron for a period of 

3 wk. Blood samples were taken at baseline and weekly for full blood cell count and liver and kidney 

function tests. Participants were screened for tuberculosis, HIV, hepatitis, and sickle cell anemia. 

Results: Increases in red blood cell count, hematocrit, and hemoglobin concentration in participants 

in the test group were highly significant (P < 0.0002, P < 0.0001, and P < 0.0001, respectively). 

Participants in the control group had a significant increase in the hemoglobin concentration 

(P > 0.04). The changes in liver enzymes, urea, and creatinine for participants in the test group 

were within the normal ranges. 

Conclusion: The addition of the extract of sorghum bicolor to routine hematinics is superior to the 

use of routine hematinics alone. Although the difference is not statistically significant, the extract 

will correct preoperative anemia in an additional 15% of the patients. 

See Link to full Publication 

 

Toxicological Profiles of Commercial Herbal 
Preparation, Jobelyn 
Abstract 
PURPOSE: Jobelyn® is a commercial herbal product recommended for the management of anemia 

related illnesses. Despite its wide use, there is limited report on its 

toxicological profile. This study examined the acute and short term chronic toxicity profiles of the 

product with emphasis on the LD50, gross morphological and histopathological effects. 

METHODS: Albino mice (mean weight: 16.45±3.14g) were used in this study. For acute toxicity, graded 



concentrations of Jobelyn® were administered orally and intraperitoneally as single doses to the mice. 

Intraperitoneal administration of sub-lethal doses daily for 14 days was adopted for the short term 

chronic toxicity studies. 

RESULTS: The LD50 following oral and intraperitoneal administration were 215.06 mg/kg (r = 0.916) and 

193.37 mg/kg (r = 0.995), respectively. The major behavioral/ morphological effects at high doses were 

reduction in motor activity, piloerection and sedation. The sub-lethal doses did not significantly modify 

the normal behavioral repertoire of licking, grooming and sniffing. Histopathological examination 

also did not indicate severe pathological changes. At the lethal doses, some degree of congestion was 

noticed in the lung, liver splenic and kidney tissues. Short-term chronic studies did not produce further 

toxic effects but transient mild sedation and piloerection and histopathological examination revealed 

only mild congestion in the organs. No death of the animals was recorded during the period of sub-

chronic toxicity assessment. 

CONCLUSION: Jobelyn® is likely to be safe for use in humans when administered at recommended 

doses. 

See Link to full Publication 

 

Evaluation of the effects of Jobelyn™ consumption on red 

blood cell count and quality 

Executive Summary 
The goals for this clinical study were to examine the effects of Jobelyn™ on the 
blood count in general, and specifically on red blood cell health in a borderline 
anemic, otherwise healthy North American population, as a parallel to several 
studies performed in West Africa, where sickle cell anemia, HIV, malaria, and 
other microbial diseases affecting red blood cell health, production, and 
senescence, are prevalent. 
The outcomes were clear, and included the following: 
1) Safety documentation 
Overall, people consuming Jobelyn™ for 8 weeks had a similar blood 
count profile as people consuming placebo for 8 weeks. 

2) Red blood cell health 
People consuming Jobelyn™ showed extremely small, but significant 
changes to red blood cell parameters. However, the changes were 
not as simple as expected, and point to a complex array of effects in 
bone marrow and spleen with consumption of Jobelyn™. The 
surprising reduction in red blood cell counts (mild, but significant), 
accompanied by an increase in mean cell volume, and changes in 
other parameters reveals a complex effect of Jobelyn™ on formation 
of blood cells, suggesting an improved clearance of senescent RBC, 



accompanied by increased production of new RBC. The changes 
may also be related to a reduced inflammatory status. Further 
testing of cytokine profile will help put this data into context. 

3) Effects on immune cells 
Consumption of Jobelyn™ was associated with a rapid increase in 
the blood levels of monocytes and platelets. Whether this is 
associated with immune activation as well as bone marrow support 
is a question for future study. 
4) Blood glucose 
Consumption of Jobelyn™ was in general not associated with 
reduced fasting blood glucose in this study population. A few cases 
showed rapid changes, and based on this data further work may be 
planned. 
During the study serum samples were banked from each blood draw. This 
material is available to pursue further testing without repeating the clinical part of 
the study. Serum testing may include detailed analysis of pro- and 
antiinflammatory cytokines, as well as stem cell related growth factors. 

Safety 
The data presented here helps document basic safety aspects of Jobelyn™ consumption in a 

North American population. The rapid changes in red blood cell numbers and T cell numbers in 

West African studies in HIV+ populations could raise the question whether Jobelyn™ 

consumption is safe to consume for people who have close to normal numbers of such cell 

types, and whether Jobelyn™ consumption may trigger cellular production in the bone marrow 

that may be out of control. The data presented in this report clearly documents that Jobelyn™ 

consumption does not trigger such unhealthy production of cells. This can be seen as an 

important part of Jobelyn™’s safety data portfolio. 

The highly specific activation of immune cells, documented in vitro [Benson et al. 2013], could 

lead to safety related concerns, such as whether Jobelyn™ consumption may trigger 

overactivation of immune reactions. The current data presented in this report does not suggest 

such events. Rather, the changes seen were either normalizing or transient, suggesting that 

Jobelyn™ consumption supports a healthy normalization of many aspects of red and white 

blood cell production and function. 

See Link to full Research Studies 
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PRELIMINARY REPORT ON ANALYTIC 
WORK 

EXTRACTION & PRELIMINARY PARTITIONING  OF SORGHUM 
BICOLOR LEAF SHEATH POWDER 

Prof. Abiodun Ogundaini 

Pharcmacology Department of Obafemi Awolowo University,Ife. Osun State, Nigeria. 

21/03/2008 

Sorghum bicolor dried and ground leaves as supplied by Health Forever Products was 
extracted with 50% aqueous ethanol for 24hrs, with thorough agitation. The extract was 
subsequently filtered through cotton wool and concentrated in vacuo to give the crude 
extract designated as (J).  
The crude extract (J) was dissolved in 80% aqueous ethanol and partitioned into ethyl 
acetate and n-butanol successively. The ethyl acetate and n-butanol fractions were 
concentrated in vacuo to give fractions (JE) and (JB) respectively. A portion of the left 
over aqueous fraction was obtained was freeze-dried to give (JA) fraction.  

FRACTIONATION & ISOLATION OF COMPOUNDS 

From the results of the previous COX-inhibition bioassay done by Health Forever and 
experience, the ethyl acetate fraction (JE) was sub-fractionated on a silica gel (230-400 
mesh) column using medium pressure liquid chromatographic technique using a 
gradient of n-hexane (200 ml), a doubling gradient of 100ml each of EtOAc-n-hexane, 
EtOAc, doubling gradient of MeOH-EtOAc and finally MeOH. Fractions of 15 ml each 
were collected in test tubes and monitored by thin layer chromatography (TLC) with 
normal phase silica gel using Ether/hexane (96:4) as the solvent. Fractions, which 
showed the same TLC characteristics, were bulked as appropriate and concentrated in 

vacuo to give 8 major fractions JE-l to JE-8 (Fig. 1).  

Repeated column chromatography of JE-4 (1.24 g) on silica n-hexane (100 ml), a 
doubling gradient of EtOAc-n-hexane, EtOAc, doubling gradient of MeOH-EtOAc, 
MeOH), Sephadex LH-20 column, and repeated open column on silica (70-230 mesh) 
with a gradient of 4% methanol in dichloromethane afforded compounds JE-43 
(160mg), JE-44 (41mg), JE-45 (101mg), JE-46 (65mg) and JE- 47 (120mg) as pure 
compounds.  

6
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Fraction JE-5 (0.969g) was subjected to repeated chromatography on silica using a 
gradient of hexane, dichloromethane in hexane, dichloromethane and 1%, 2% and 4% 
methanol in dichloromethane respectively.  From the fractions obtained were isolated 3 
pure compounds JE-51 (16mg) and JE-52 (55mg), which gave red colour on tlc plate 
and also JE-54 (5mg).  A mixture JE-53 (65mg) was also obtained. 

COX-INHIBITION TESTING 
The following fractions J, JE, JB, JA, JE-5, JE-6, JE- 7 and JE-8 were subjected to 
COX-l and COX-2 inhibition bioassays at Brunswick laboratories, USA. The results 
and the inferences deducible from the results are as in Table I.  
Fraction JE-4, JE-5 and all the pure compounds from them have also been submitted 
for testing. 
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TABLE 1: RESULTS FROM TESTED FRACTIONS FOR COX-1 AND COX-2 
INHIBITION. 

S/No Sample 
ID 

Brunswick 
Lab. ID 

COX-1 IC50 
(mg/ml) 

COX-2 IC50 
(mg/ml) 

COX-1 IC50 / 
COX-2 IC50 

COX-2 IC50 / 
COX-1 IC50 

1. J 07-2732 0.0053 0.0865 0.0613 16.3207 

2. JA 07-2733 0.0028 0.1154 0.0243 41.2143 

3. JB 07-2734 0.0033 0.0076 0.4342 2.3030 

4. JE 07-2735 0.0063 0.0102 0.6176 1.6191 

5. JE-5 07-2736 0.0238 0.0118 2.0169 0.4958 

6. JE-6 07-2737 0.0067 0.0074 0.9054 1.1044 

7. JE-7 07-2738 0.0073 0.0254 0.2874 3.4794 

8. JE-8 07-2739 0.0057 0.0450 0.1267 7.8947 

INFERENCES 

1. The crude fraction (J) and all the major sub-fractions (JE, JB and JA) have good
COX-1 activity at IC50 values between 2.8 and 6.3g/ml.  Similarly, all the
column fractions of JE that were tested equally have good COX-1 activity except
fraction JE-5.

2. It is also good to note that the COX-2/COX-1 ratio for JE-5 is below 1
(highlighted in blue).  This shows that this fraction contains compounds that
possibly have COX-2 selective inhibitory activity.  The next logical step is to
concentrate on purifying compounds from JE-5 and possibly JE-6, both of which
look promising for COX-2 selective inhibitory activity.
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FIG 1: FLOW CHART FOR ISOLATION OF COX INHIBITORS FROM JOBELYN RAW MATERIAL 
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STRUCTURE ELUCIDATION OF ISOLATED COMPOUNDS 

Spectroscopic data (1H and 13C NMR, MS etc.) have been obtained on compounds 
coded P3, P5 and P7.  Efforts are on to elucidate the structures of these compounds.  At 
the same time, all the other compounds are being subjected to spectroscopic analysis.  
This is a time-consuming aspect of this work but nice progress is being made on it. 
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1. SUMMARY

Four compounds were tested for their ability to reduce PGE2 secretion from human peripheral
blood mononuclear cells (PBMC) in the presence and absence of lipopolysaccharide (LPS) as
an indirect assay for COX activity.

1.1. Conclusions

High concentrations of P11, and to a lesser extent P8, reduced cell viability suggesting 
that P11 and P8 may be cytotoxic and/or cytostatic at high concentrations. 

P8 and P9 displayed a dose-dependent decrease in PGE2 production suggesting that these 
compounds may be affecting COX-2 activity.  The inhibitory activity of P8 was greater 
than P9.  P10 and P11 affected LPS-stimulated PGE2 secretion at some of the 
concentrations tested. 

None of the compounds displayed a consistent decrease in PGE2 production from cells 
not treated with LPS.  However, some of the samples showed statistically significant 
effects. 
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2. OBJECTIVE

The objective of the present study was to evaluate 4 compounds in an in vitro endotoxin-
stimulated human PBMC model.

3. REGULATORY GUIDELINES

This study does not follow any specific regulatory guidelines.  This study follows standard
operating procedures in place at MD Biosciences, Inc., St. Paul, Minnesota.

4. ARCHIVING

The following records are stored in the archives of MD Biosciences, Inc. in St. Paul,
Minnesota for 2 years:

A copy of the final report, the study protocol, documentation of all raw data and specimens
generated during the conduct of the study.

5. TEST MATERIALS

5.1. Test Articles

Test Article ID Sponsor ID Lot Number Physical State Exp Storage 
TA-080020 P8 NA purple solid NA 4°C 

TA-080021 P9 NA black powder NA 4°C 
TA-080022 P10 NA black powder NA 4°C 
TA-080023 P11 NA orange powder NA 4°C 

5.2. Experimental/Reference Articles 

Name Vendor Cat. No. Lot No. Exp. Date Storage Use 
RPMI-1640 Invitrogen 61870-036 438108 30-Apr-09 4°C Cell culture 

Heat Inactivated Fetal Bovine Serum (FBS) Invitrogen 10082-147 291539 30-Jun-12 -80°C Cell culture 
Penicillin/Streptomycin Solution Invitrogen 15140 394101 28-Feb-09 -30°C Cell culture 

Lipopolysaccharide from Salmonella 
abortus equi Sigma L1887 095K4041 04-Jun-09 4°C Cell culture 

Ibuprofen Sigma I4883 026H1368 NA 4°C Analyte assay 
CAY10404 Cayman 70210 176341 NA -30°C Analyte assay 

Trypan Blue Solution Cambrex 17-942E 01110005 NA RT Cell culture 

XTT Cell Proliferation Kit MD 
Biosciences 409005 717789 NA -30°C Cell 

proliferation 
PGE2 ELISA Assay Designs 931-001 11130709A 12-Sep-08 4°C/-30°C PGE2 assay 

5.3. Peripheral Blood Mononuclear Cells 

Donor Vendor Catalog Number Lot Number Storage 
1 SeraCare 72001 051905 Liquid N2 

5.4. Culture Media 

Complete Culture Media (CM): RPMI-1640 + 10% FBS + 100 units/ml penicillin + 100 
µg/ml streptomycin. 
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6. TEST PROCEDURE

6.1. Schematic Depiction of PBMC Stimulation

Time (hours):    0    0.5       1.5  25.5 

 A     B  C  D 

A: Plate PBMC. 
B: Add Test Articles and Reference Articles. 
C: Add LPS. 
D: Harvest culture supernatants for PGE2 analysis. 

6.2. Test Article Preparation 

100 mg/ml, 20 mg/ml, 5 mg/ml and 2.5 mg/ml stock solutions were prepared in DMSO.  
200 µg/ml, 40 µg/ml, 10 µg/ml and 5 µg/ml 2X working solutions were prepared by 
diluting the appropriate stock solution 1:500 with CM.  2X working solutions were 
filtered through 0.2 micron syringe filters.  Each 200 µg/ml solution contained precipitate 
suggesting that the compounds were not completely soluble at this concentration.  The 
other solutions did not contain a precipitate. 

6.3. Ibuprofen Preparation 

A 50 mM ibuprofen stock solution was prepared in ethanol.  A 100 µM 2X working 
solution was prepared by diluting the 50 mM stock solution with CM. 

6.4. CAY10404 Preparation 

A 2 mM CAY10404 stock solution was prepared in ethanol.  A 2 µM 2X working 
solution was prepared by diluting the 2 mM stock solution with CM. 

6.5. LPS Preparation 

A 1 mg/ml LPS stock solution was prepared in PBS.  A 1 µg/ml 10X working solution 
was prepared by diluting the 1 mg/ml stock solution with CM. 

6.6. Vehicle Preparation 

A 2X vehicle control solution was prepared by diluting DMSO to a final concentration of 
0.2% with CM. 

6.7. Culture Setup 

Cryopreserved PBMC were thawed, washed with CM and tested for viability using 
Trypan blue (viability = 93%).  Cells were resuspended to 1 x 106 cells/ml in CM and 
0.5 ml was plated into 24 well culture plates (5 x 105 cells/well).  Cells were incubated 
> 30 minutes at 37°C with 5% CO2 prior to Test Article treatment. 
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6.8. Test Article/Reference Article Treatment 

0.5 ml of the appropriate 2X vehicle, ibuprofen, CAY10404 and Test Article solutions 
was added to the appropriate wells.  Plates were incubated for 1 hour at 37°C with 5% 
CO2 prior to LPS treatment. 

6.9. LPS Treatment 

0.11 ml of CM was added to the – LPS plates and 0.11 ml of 1 µg/ml LPS was added to 
the + 0.1 µg/ml LPS plates.  Plates were incubated for 24 hours at 37°C with 5% CO2. 

Plate layout: 

1 - LPS 
1 2 3 4 5 6 

A Vehicle Vehicle Vehicle P8 
2.5 µg/ml 

P8 
2.5 µg/ml 

P8 
2.5 µg/ml 

B Ibuprofen 
  (50 µM) 

Ibuprofen 
  (50 µM) 

Ibuprofen 
  (50 µM) 

P8 
5 µg/ml 

P8 
5 µg/ml 

P8 
5 µg/ml 

C CAY10404 
(1 µM) 

CAY10404 
(1 µM) 

CAY10404 
(1 µM) 

P8 
20 µg/ml 

P8 
20 µg/ml 

P8 
20 µg/ml 

D P8 
100 µg/ml 

P8 
100 µg/ml 

P8 
100 µg/ml 

2 - LPS 
1 2 3 4 5 6 

A P9 
2.5 µg/ml 

P9 
2.5 µg/ml 

P9 
2.5 µg/ml 

P10 
2.5 µg/ml 

P10 
2.5 µg/ml 

P10 
2.5 µg/ml 

B P9 
5 µg/ml 

P9 
5 µg/ml 

P9 
5 µg/ml 

P10 
5 µg/ml 

P10 
5 µg/ml 

P10 
5 µg/ml 

C P9 
20 µg/ml 

P9 
20 µg/ml 

P9 
20 µg/ml 

P10 
20 µg/ml 

P10 
20 µg/ml 

P10 
20 µg/ml 

D P9 
100 µg/ml 

P9 
100 µg/ml 

P9 
100 µg/ml 

P10 
100 µg/ml 

P10 
100 µg/ml 

P10 
100 µg/ml 

3 - LPS 
1 2 3 4 5 6 

A P11 
2.5 µg/ml 

P11 
2.5 µg/ml 

P11 
2.5 µg/ml 

B P11 
5 µg/ml 

P11 
5 µg/ml 

P11 
5 µg/ml 

C P11 
20 µg/ml 

P11 
20 µg/ml 

P11 
20 µg/ml 

D P11 
100 µg/ml 

P11 
100 µg/ml 

P11 
100 µg/ml 

4 + 0.1 µg/ml LPS 
1 2 3 4 5 6 

A Vehicle Vehicle Vehicle P8 
2.5 µg/ml 

P8 
2.5 µg/ml 

P8 
2.5 µg/ml 

B Ibuprofen 
  (50 µM) 

Ibuprofen 
  (50 µM) 

Ibuprofen 
  (50 µM) 

P8 
5 µg/ml 

P8 
5 µg/ml 

P8 
5 µg/ml 

C CAY10404 
(1 µM) 

CAY10404 
(1 µM) 

CAY10404 
(1 µM) 

P8 
20 µg/ml 

P8 
20 µg/ml 

P8 
20 µg/ml 

D P8 
100 µg/ml 

P8 
100 µg/ml 

P8 
100 µg/ml 
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5 + 0.1 µg/ml LPS 
1 2 3 4 5 6 

A P9 
2.5 µg/ml 

P9 
2.5 µg/ml 

P9 
2.5 µg/ml 

P10 
2.5 µg/ml 

P10 
2.5 µg/ml 

P10 
2.5 µg/ml 

B P9 
5 µg/ml 

P9 
5 µg/ml 

P9 
5 µg/ml 

P10 
5 µg/ml 

P10 
5 µg/ml 

P10 
5 µg/ml 

C P9 
20 µg/ml 

P9 
20 µg/ml 

P9 
20 µg/ml 

P10 
20 µg/ml 

P10 
20 µg/ml 

P10 
20 µg/ml 

D P9 
100 µg/ml 

P9 
100 µg/ml 

P9 
100 µg/ml 

P10 
100 µg/ml 

P10 
100 µg/ml 

P10 
100 µg/ml 

6 + 0.1 µg/ml LPS 
1 2 3 4 5 6 

A P11 
2.5 µg/ml 

P11 
2.5 µg/ml 

P11 
2.5 µg/ml 

B P11 
5 µg/ml 

P11 
5 µg/ml 

P11 
5 µg/ml 

C P11 
20 µg/ml 

P11 
20 µg/ml 

P11 
20 µg/ml 

D P11 
100 µg/ml 

P11 
100 µg/ml 

P11 
100 µg/ml 

6.10. Supernatant Harvesting 

Cell culture supernatants were collected (leaving 0.2 ml in each well for XTT assay) after 
24 hours of LPS treatment and stored at -30°C until assayed. 

6.11. XTT Assay 

After cell culture harvest, 0.1 ml of activated XTT reagent was added to each well and 
plates were incubated at 37°C with 5% CO2 for 2 hours.  Reduced XTT was quantitated 
at 450 nm using a ThermoMax microplate reader (Molecular Devices, Sunnyvale, CA). 

6.12. PGE2 Assay 

Cell culture supernatants were assayed for PGE2 by ELISA following the manufacturer’s 
instructions. Absorbance readings were detected using a ThermoMax microplate reader 
(Molecular Devices). Standard curves were generated using a 4-parameter logistic curve 
fitting equation (SoftMax Pro 4.7.1; Molecular Devices).  Each sample reading was 
interpolated from the appropriate standard curve.  Duplicate interpolated sample values 
were averaged and standard deviations were calculated. Calculated concentrations were 
multiplied by the appropriate dilution factor. 

7. DATA EVALUATION

Values were analyzed using one-way ANOVA followed by Dunnett’s post test (Prism V 4.0,
GraphPad Software, San Diego, CA).

18

18



Health Forever Product Ltd. August 14, 2008 
Final Report: MD-3-3-096-1083 Page 9 of 16 

Confidential 

8. RESULTS

8.1. Effect of Test Articles on PBMC Proliferation

To measure RAW 264.7 cell proliferation, the ability of cells to reduce XTT was 
determined.  The amount of reduced XTT, as measured by the sample absorbance at 450 
nm, is proportional to the metabolic activity of the cells.   

P11, and to a lesser extent P8, reduced cell proliferation at 100 µg/ml suggesting that 
these compounds may be cytotoxic and/or cytostatic at high concentrations.  Therefore, 
data from the 100 µg/ml P11 and P8 samples should be used with caution. 

8.2. Effect of Reference Articles on PGE2 Production 

Ibuprofen, a non-selective COX inhibitor, significantly reduced PGE2 production from 
PBMC in the absence (27% of vehicle) and presence (4% of vehicle) of LPS (Table 1, 
Figure 2). 

CAY10404, an inhibitor with greater COX-2 inhibitory activity than COX-1, did not 
reduce PGE2 production during the initial test (Table 1, Figure 2).  When repeated, 1 µM 
and 10 µM CAY10404 reduced – LPS PGE2 production to 60% and 47% of the vehicle 
control, respectively, and + LPS PGE2 production to 76% and 20% of the vehicle control 
respectively (Table 1, Figure 3). 

8.3. Effect of Test Articles on PGE2 Production 

Test Articles P8 and P9 reduced PGE2 production from LPS-stimulated PBMC in a dose-
dependent manner (Table 1, Figure 2).  P8 displayed a greater inhibitory activity than P9. 
P10 and P11 decreased PGE2 production from LPS-stimulated PBMC at some of the 
concentrations tested.  However, neither compound showed a consistent dose-response. 

While Test Articles P8, P9 and P11 decreased PGE2 production from non-stimulated 
PBMC at some of the concentrations tested, the effects did not appear to be dose-
dependent (Table 1, Figure 2). 

9. CONCLUSIONS

The effect of 4 Test Articles on PGE2 production from PBMC in the presence of LPS 
(indirect assay for COX-2) and absence of LPS (indirect assay for COX-1) was 
determined.  Of the compounds tested, P8 had the greatest inhibitory activity on PGE2 
production from LPS-stimulated PBMC.  P9 also decreased LPS-stimulated PGE2 
production in a dose-dependent manner.  While P10 and P11 decreased PGE2 production 
from LPS-stimulated cells, the dose-response was inconsistent.  None of the compounds 
displayed a consistent decrease in PGE2 production from non-stimulated cells.  These 
data suggest that compounds P8, and to a lesser extent P9, P10 and P11, may be 
inhibiting COX-2 activity in PBMC. 
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Table 1.  Data summary. 

Treatment Test 
Article Concentration 

Mean 
XTT 

(OD450) 
Std. Dev. Mean PGE2 

(pg/ml) Std. Dev. 

Mean 
XTT  
(% 

Vehicle)1 

Std. 
Dev. 

Mean 
PGE2 (% 
Vehicle)1 

Std. 
Dev. 

 -LPS Vehicle 0.137 0.021 42.2 3.9 100% 15% 100% 9% 
 -LPS Ibuprofen 50 µM 0.137 0.011 11.3 1.6 100% 8% 27% 4% 
 -LPS CAY10404 1 µM 0.144 0.021 41.4 5.0 105% 15% 98% 12% 
 -LPS P8 2.5 µg/ml 0.146 0.021 26.6 5.5 106% 15% 63% 13% 
 -LPS P8 5 µg/ml 0.139 0.010 35.8 1.3 102% 7% 85% 3% 
 -LPS P8 20 µg/ml 0.135 0.026 41.7 5.6 99% 19% 99% 13% 
 -LPS P8 100 µg/ml 0.104 0.006 29.8 2.7 76% 4% 71% 6% 
 -LPS P9 2.5 µg/ml 0.146 0.015 30.1 1.9 106% 11% 71% 5% 
 -LPS P9 5 µg/ml 0.141 0.008 24.7 7.4 103% 5% 58% 17% 
 -LPS P9 20 µg/ml 0.153 0.010 33.0 5.9 112% 7% 78% 14% 
 -LPS P9 100 µg/ml 0.169 0.015 36.1 4.5 123% 11% 86% 11% 
 -LPS P10 2.5 µg/ml 0.159 0.017 32.2 1.4 116% 12% 76% 3% 
 -LPS P10 5 µg/ml 0.156 0.007 40.3 6.3 114% 5% 96% 15% 
 -LPS P10 20 µg/ml 0.155 0.019 36.7 5.9 113% 14% 87% 14% 
 -LPS P10 100 µg/ml 0.155 0.013 33.8 5.8 113% 9% 80% 14% 
 -LPS P11 2.5 µg/ml 0.152 0.014 34.2 2.5 111% 10% 81% 6% 
 -LPS P11 5 µg/ml 0.170 0.007 31.4 6.6 124% 5% 75% 16% 
 -LPS P11 20 µg/ml 0.128 0.007 16.1 2.8 94% 5% 38% 7% 
 -LPS P11 100 µg/ml 0.071 0.002 32.6 4.9 52% 1% 77% 12% 
 +LPS Vehicle 0.127 0.014 5896.3 394.2 100% 11% 100% 7% 
 +LPS Ibuprofen 50 µM 0.138 0.016 209.0 38.0 109% 12% 4% 1% 
 +LPS CAY10404 1 µM 0.151 0.017 5607.0 188.5 119% 13% 95% 3% 
 +LPS P8 2.5 µg/ml 0.126 0.025 3992.1 70.3 99% 19% 68% 1% 
 +LPS P8 5 µg/ml 0.116 0.019 2870.7 252.0 91% 15% 49% 4% 
 +LPS P8 20 µg/ml 0.101 0.019 1974.0 360.5 79% 15% 33% 6% 
 +LPS P8 100 µg/ml 0.076 0.005 72.5 1.1 60% 4% 1% 0% 
 +LPS P9 2.5 µg/ml 0.147 0.016 5618.1 201.3 116% 13% 95% 3% 
 +LPS P9 5 µg/ml 0.166 0.027 5182.2 545.0 131% 21% 88% 9% 
 +LPS P9 20 µg/ml 0.161 0.008 3543.5 132.0 127% 6% 60% 2% 
 +LPS P9 100 µg/ml 0.173 0.012 2702.0 103.5 136% 9% 46% 2% 
 +LPS P10 2.5 µg/ml 0.174 0.026 5394.7 1147.0 137% 21% 91% 19% 
 +LPS P10 5 µg/ml 0.158 0.018 4503.0 281.9 125% 14% 76% 5% 
 +LPS P10 20 µg/ml 0.161 0.027 5039.5 233.5 127% 21% 85% 4% 
 +LPS P10 100 µg/ml 0.167 0.016 3271.8 133.5 132% 13% 55% 2% 
 +LPS P11 2.5 µg/ml 0.167 0.012 4169.2 84.7 132% 9% 71% 1% 
 -LPS P11 5 µg/ml 0.177 0.014 4584.4 137.3 139% 11% 78% 2% 
 -LPS P11 20 µg/ml 0.174 0.016 6698.5 535.7 137% 12% 114% 9% 
 -LPS P11 100 µg/ml 0.064 0.002 851.0 81.1 51% 2% 14% 1% 

CAY10404 Repeat 
-LPS Vehicle 0.112 0.014 18.0 4.5 100% 13% 100% 25% 

-LPS CAY10404 1 µM 0.170 0.053 10.9 2.3 152% 47% 60% 13% 
-LPS CAY10404 10 µM 0.101 0.012 8.7 2.9 90% 10% 48% 16% 
+LPS Vehicle 0.170 0.013 3024.3 274.0 100% 7% 100% 9% 

+LPS CAY10404 1 µM 0.181 0.010 2284.7 102.2 106% 6% 76% 3% 
+LPS CAY10404 10 µM 0.168 0.019 609.1 47.4 99% 11% 20% 2% 

1% Vehicle: - LPS values were compared to – LPS vehicle value.  + LPS values were compared to + LPS vehicle value. 
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Figure 1.  XTT cell proliferation assay.  After 24 hours in the presence or absence of LPS 
stimulation, cells were incubated with XTT.  Reduced XTT, a measure of metabolic activity, was 
quantified at 450 nm.  Mean values are shown.  Error bars represent standard deviations. XTT 
reduction was analyzed by one-way ANOVA with Dunnett’s post test comparing sample values 
to the vehicle - LPS value or vehicle + LPS value.  *P < 0.05, **P < 0.01. 
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Figure 2.   Mean PGE2 production.  Cells were incubated with Test Articles for 1 hour prior to 
LPS stimulation (0.1 µg/ml).  After 24 hours of LPS stimulation, supernatants were collected and 
analyzed for PGE2.  Mean values are shown.  Error bars represent standard deviations. PGE2 
production was analyzed by one-way ANOVA with Dunnett’s post test comparing sample values 
to the vehicle - LPS value or vehicle + LPS value.  *P < 0.05, **P < 0.01. 
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Figure 3.  CAY10404 repeat assay.  Cells were treated as described in Figures 1 and 2 in the 
presence of 1 µM and 10 µM CAY10404. 
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Table 2.  Raw data. 

Treatment Test Article Concentration 
XTT Assay 

(OD450) PGE2 (pg/ml) 

 -LPS Vehicle 0.117 40.0 
 -LPS Vehicle 0.158 39.9 
 -LPS Vehicle 0.136 46.7 
 -LPS Ibuprofen 50 µM 0.124 10.6 
 -LPS Ibuprofen 50 µM 0.144 13.1 
 -LPS Ibuprofen 50 µM 0.142 10.1 
 -LPS CAY10404 1 µM 0.129 36.2 
 -LPS CAY10404 1 µM 0.134 46.2 
 -LPS CAY10404 1 µM 0.168 41.8 
 -LPS P8 2.5 µg/ml 0.122 20.2 
 -LPS P8 2.5 µg/ml 0.159 30.3 
 -LPS P8 2.5 µg/ml 0.156 29.2 
 -LPS P8 5 µg/ml 0.132 34.3 
 -LPS P8 5 µg/ml 0.135 36.4 
 -LPS P8 5 µg/ml 0.151 36.7 
 -LPS P8 20 µg/ml 0.108 44.2 
 -LPS P8 20 µg/ml 0.139 35.4 
 -LPS P8 20 µg/ml 0.159 45.7 
 -LPS P8 100 µg/ml 0.097 28.8 
 -LPS P8 100 µg/ml 0.105 32.8 
 -LPS P8 100 µg/ml 0.109 27.8 
 -LPS P9 2.5 µg/ml 0.128 31.1 
 -LPS P9 2.5 µg/ml 0.155 31.2 
 -LPS P9 2.5 µg/ml 0.154 27.8 
 -LPS P9 5 µg/ml 0.133 18.9 
 -LPS P9 5 µg/ml 0.141 32.9 
 -LPS P9 5 µg/ml 0.148 22.1 
 -LPS P9 20 µg/ml 0.157 26.3 
 -LPS P9 20 µg/ml 0.142 35.6 
 -LPS P9 20 µg/ml 0.16 37.2 
 -LPS P9 100 µg/ml 0.185 37.5 
 -LPS P9 100 µg/ml 0.156 39.7 
 -LPS P9 100 µg/ml 0.166 31.0 
 -LPS P10 2.5 µg/ml 0.143 31.3 
 -LPS P10 2.5 µg/ml 0.159 31.5 
 -LPS P10 2.5 µg/ml 0.176 33.8 
 -LPS P10 5 µg/ml 0.162 45.0 
 -LPS P10 5 µg/ml 0.148 33.1 
 -LPS P10 5 µg/ml 0.158 42.9 
 -LPS P10 20 µg/ml 0.141 43.2 
 -LPS P10 20 µg/ml 0.147 34.9 
 -LPS P10 20 µg/ml 0.176 31.9 
 -LPS P10 100 µg/ml 0.144 40.2 
 -LPS P10 100 µg/ml 0.153 28.9 
 -LPS P10 100 µg/ml 0.169 32.3 
 -LPS P11 2.5 µg/ml 0.136 31.4 
 -LPS P11 2.5 µg/ml 0.157 35.5 
 -LPS P11 2.5 µg/ml 0.162 35.7 
 -LPS P11 5 µg/ml 0.178 38.9 
 -LPS P11 5 µg/ml 0.164 29.0 
 -LPS P11 5 µg/ml 0.169 26.4 
 -LPS P11 20 µg/ml 0.121 18.5 
 -LPS P11 20 µg/ml 0.13 13.0 
 -LPS P11 20 µg/ml 0.134 16.8 
 -LPS P11 100 µg/ml 0.07 35.9 
 -LPS P11 100 µg/ml 0.07 34.9 
 -LPS P11 100 µg/ml 0.073 27.0 
 +LPS Vehicle 0.125 5487.1 
 +LPS Vehicle 0.114 6273.5 
 +LPS Vehicle 0.141 5928.2 
 +LPS Ibuprofen 50 µM 0.121 176.8 
 +LPS Ibuprofen 50 µM 0.14 199.4 
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Table 2.  Raw data. 

Treatment Test Article Concentration 
XTT Assay 

(OD450) PGE2 (pg/ml) 

 +LPS Ibuprofen 50 µM 0.152 250.8 
 +LPS CAY10404 1 µM 0.134 5787.2 
 +LPS CAY10404 1 µM 0.151 5411.1 
 +LPS CAY10404 1 µM 0.167 5622.7 
 +LPS P8 2.5 µg/ml 0.105 4059.3 
 +LPS P8 2.5 µg/ml 0.119 3998.0 
 +LPS P8 2.5 µg/ml 0.153 3919.0 
 +LPS P8 5 µg/ml 0.094 2671.8 
 +LPS P8 5 µg/ml 0.122 3154.0 
 +LPS P8 5 µg/ml 0.131 2786.2 
 +LPS P8 20 µg/ml 0.083 1997.4 
 +LPS P8 20 µg/ml 0.099 1602.4 
 +LPS P8 20 µg/ml 0.12 2322.3 
 +LPS P8 100 µg/ml 0.071 71.9 
 +LPS P8 100 µg/ml 0.077 73.7 
 +LPS P8 100 µg/ml 0.081 71.9 
 +LPS P9 2.5 µg/ml 0.129 5799.8 
 +LPS P9 2.5 µg/ml 0.16 5652.8 
 +LPS P9 2.5 µg/ml 0.153 5401.7 
 +LPS P9 5 µg/ml 0.144 5029.5 
 +LPS P9 5 µg/ml 0.159 4729.9 
 +LPS P9 5 µg/ml 0.196 5787.2 
 +LPS P9 20 µg/ml 0.153 3540.7 
 +LPS P9 20 µg/ml 0.163 3412.9 
 +LPS P9 20 µg/ml 0.168 3676.8 
 +LPS P9 100 µg/ml 0.16 2792.5 
 +LPS P9 100 µg/ml 0.175 2589.1 
 +LPS P9 100 µg/ml 0.183 2724.5 
 +LPS P10 2.5 µg/ml 0.146 6717.5 
 +LPS P10 2.5 µg/ml 0.177 4790.9 
 +LPS P10 2.5 µg/ml 0.198 4675.7 
 +LPS P10 5 µg/ml 0.143 4188.1 
 +LPS P10 5 µg/ml 0.153 4589.3 
 +LPS P10 5 µg/ml 0.178 4731.7 
 +LPS P10 20 µg/ml 0.134 5222.1 
 +LPS P10 20 µg/ml 0.162 4776.4 
 +LPS P10 20 µg/ml 0.187 5120.1 
 +LPS P10 100 µg/ml 0.149 3408.6 
 +LPS P10 100 µg/ml 0.171 3142.0 
 +LPS P10 100 µg/ml 0.18 3264.7 
 +LPS P11 2.5 µg/ml 0.161 4234.9 
 +LPS P11 2.5 µg/ml 0.16 4073.6 
 +LPS P11 2.5 µg/ml 0.181 4199.1 
 -LPS P11 5 µg/ml 0.167 4544.4 
 -LPS P11 5 µg/ml 0.17 4737.2 
 -LPS P11 5 µg/ml 0.193 4471.5 
 -LPS P11 20 µg/ml 0.177 6080.0 
 -LPS P11 20 µg/ml 0.188 7012.8 
 -LPS P11 20 µg/ml 0.157 7002.6 
 -LPS P11 100 µg/ml 0.065 834.2 
 -LPS P11 100 µg/ml 0.062 779.6 
 -LPS P11 100 µg/ml 0.066 939.1 

CAY10404 Repeat 
-LPS Vehicle 0.110 22.3 
-LPS Vehicle 0.127 18.3 
-LPS Vehicle 0.099 13.4 

-LPS CAY10404 1 µM 0.134 8.3 
-LPS CAY10404 1 µM 0.145 11.8 

-LPS CAY10404 1 µM 0.231 12.5 
-LPS CAY10404 10 µM 0.101 6.1 
-LPS CAY10404 10 µM 0.090 8.1 

-LPS CAY10404 10 µM 0.113 11.9 
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Confidential 

Table 2.  Raw data. 

Treatment Test Article Concentration 
XTT Assay 

(OD450) PGE2 (pg/ml) 

+LPS Vehicle 0.168 2732.2 
+LPS Vehicle 0.184 3275.7 

+LPS Vehicle 0.159 3065.0 
+LPS CAY10404 1 µM 0.178 2252.2 
+LPS CAY10404 1 µM 0.173 2399.3 

+LPS CAY10404 1 µM 0.193 2202.7 
+LPS CAY10404 10 µM 0.161 663.4 

+LPS CAY10404 10 µM 0.154 575.3 
+LPS CAY10404 10 µM 0.189 588.7 
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STUDY PUBLISHED IN: 

 Journal of Cancer Research & Therapy Makanjuola SBL et al., J Cancer Res Ther. 2016, 4(4):31-37 

http://dx.doi.org/10.14312/2052-4994.2016-6 

Newly isolated compounds from West African Sorghum bicolor leaf 
sheaths Jobelyn® show potential in cancer immunosurveillance
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ANALYSIS REPORT for HEALTH FOREVER 

Prepared and reviewed by:  

Joseph Awika  

Texas A&M University  

Soil & Crop Science Dept  

College Station, TX 77843-2474 

Phone 979-845-2985  

Fax 979-845-0456  

Date:  October 12, 2010 

Type of analysis: chemical characterization 

Samples type: Sorghum derived extracts 

Summary of tests performed: UV-Vis spectroscopy, HPLC-DAD separation and characterization, 

fraction isolation (on C-18 column(s)), fraction dehydration (high vacuum freeze drier), ESI MS/MS 

spectroscopy, NMR spectroscopy.  

Test conditions: available upon request  

Summary of findings  

We are able to propose structures for the major compounds in your samples based on collective body 

of evidence from various tests listed above and available literature evidence. The following tables and 

figures provide the structural identity of the compounds and a summary of evidence on which they are 

based.      

For the sake of clarity, we have omitted detail on the analytical conditions and tests performed owing 

to the routine nature of most of these tests. However, should test protocols and conditions be desired, 

we will be glad to furnish them.   
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Table 1: Summary table; major compounds identified  

Sample HPLC 

peak ID 

Compund ID max 

(nm) 

[M + H]+ Major 

fragments  [M 

+ H]+  

P8 1 Apigenin 335 271 - 
2 7-

methoxylavanoidapigeninidin 
adduct  

479 523 384, 269, 255 

P9 

Flavanoidapigeninidin 
adduct  

480 509 384, 255 

JE-5 1 Apigeninidin  475 255 - 
2 Flavanol- 

apigeninidin adduct 
480 509 384,255 

3 unknown 480 537 Not 

fragmented 

4 Apigenin 335 271 - 
5 7-methoxylavanolapigeninidin 

adduct  

479 523 384, 269 

Major compounds of interest are in bold. Structures provided at the end of the document  

Comments  

Apigenin is the major compound in P-8 as well as one of the three major compounds in JE-5; based 

on its activity on COX-2 and inflammation (see Kang et al. 2009, Arthritis Research & Therapy, 11, R59), 

it is a likely target candidate for studying bioactivity of your sample.  

The condensed apigeninidin adducts (7-methoxyflavanol- and flavanol apigeninidin adducts) are also 

very interesting molecules, but probably for a different reason than what you are interested in at the 

moment. Their bioactive properties are unknown. Similar compounds have been identified in fruits and 

wine (e.g., see Fossen et al. 2004. Phytochem 65, 1421-1428.)  
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Appendix 

1. Figure 1 &2 show chromatograms of P8 and P9, performed on our HPLC system. This was initially

performed to estimate purity of the fractions. The evidence produced indicated the fractions were

mixtures of different compounds which needed further purification before chemical

characterization. Each of the major peaks was collected and analyzed. Identities of the major peaks

are provided in Table 1.

2. Figure 3. Illustrates the chromatogram of JE-5 as separated on a semi preparative C-18 column

(250 x 10 mm x 5 ); and the UV-Vis spectra for the compounds. Each of the major peaks was collected 

separately and analyzed. Identity of the compounds is provided in Table 1.   

3. Figures 4, 5 & 6. Structure of the major compounds identified based on mass spectroscopy with

brief explanations.  

Fig 7 & 8; Table 2 &3. Structures of the major compounds labeled for NMR characterization and the 

NMR data summary.   

Fig. 1: HPLC chromatogram of P8 at 280 nm, with corresponding spectra of the 2 major peaks.  
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Fig 2: Chromatograms of P9 and 480 nm, with the spectrum of the major peak shown.  
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Fig 3. Chromatogram of JE-5 captured at 280 nm (top) with the corresponding UV-Vis absorbance 

spectra of the peaks  
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Apigenin (m/z = 271) 

Fig. 4. Apigenin structure (this was easy to establish based on spectra data)  
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Fig. 5. Methoxylated and non-methoxylated flavonoid-apigeninidin adducts (i), and their major MS 

fragmentation patterns. Note that for the non-methoxylated adduct, both daughter ions of 

fragmentation pattern A (ii & iii) have the same m/z in the positive mode, thus the relative abundance 

at m/z = 255 will be higher than the parent molecule (i) or the stable daughter ion of B fragmentation 

pattern (v). Figure 6 illustrates this evidence. (iv) is relatively unstable and will not ionize well in positive 

mode.   
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Fig. 6. MS/MS spectrum of flavanoid-apigeninidin adduct. 

OH O Base unit OH 

Fig 7. Apigenin (P8-1, JE5-4)   Fig 8. Flavone-apigeninidin adducts (P8-2, P9, JE5-2) Table 2. 

NMR data for monomeric flavonoids (see Figs 7&8 for carbon labeling) 
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Apigenin  P8-1   JE5-1   

Carbon # δH (ppm), J (Hz) δH (ppm), J (Hz) 
3 6.79, s  8.07, d (8.5)  

4 -  8.95, d (8.5)  

6 6.21, d   6.68, d   

8 6.50, d   6.91, d   

2′, 6′ 7.93, d (7.0)  8.32, d (9.0)  

3′, 5′ 6.94, d (7.0)  7.07, d (9.0) 

Table 3: NMR data for the flavanone-apigeninidin adducts (see Fig 8 for carbon labeling) 

3 8.38, d (8.8)  8.39, d (8.8) 

4 9.20, d (8.8) 9.19, d (8.8) 

6 7.11, s 6.60, s 

8 - - 

2′, 6′ 8.73, d (9.2) 8.71, d (8.8) 

3′, 5′ 7.19, d (9.2) 7.18, d (8.8) 

Flavanone unit (top) 

3 6.80, s 6.79, s 

4 5.21, m  5.94, m  

6 7.10, d  6.60, d 

8 7.63, d  7.49, d 

2′, 6′ 7.57, d (8.8) 7.53, d (8.8) 

3′, 5′ 6.90, d (8.8) 6.88, d (8.8) 

7 (O-CH3) 3.64 - 

Samples were dissolved in DMSO-d6/TFA-d1 (95:5); data acquired at 25oC and 400 MHz on Inova 400 

(Varian Inc). Chemical shifts are relative to TMS.  

Note: d = doublet, s = singlet, m = multiplet,  = chemical shift, J = coupling distance.   

Fraction  

Carbon #  δH (ppm), J (Hz) δH (ppm), J (Hz) 
Apigeninidin unit (base) 

P8-2 P9 & JE5-2 
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Project – Summary Report 

Report Title   
Evaluation of Client Supplied Test Compounds on Human Peripheral Blood Mononuclear 
Cells by Flow Cytometry 

Test Site Sponsor 
Flow Contract Site Laboratory, LLC (FCSL) Health Forever Product Limited 
13029 NE 126th PL, Unit A229 11 Dipeolu Street 
Kirkland, WA 98034  Off Obafemi Awolowo Way, 

Ikeja Lagos, Nigeria, West Africa 
Purpose 
The purpose of this project was to evaluate the expression of activated natural killer cells 
(CD3-CD56+CD69+ and CD3-CD56+CD107a+) after treatment of human peripheral blood 
mononuclear cells (PBMC) with test compounds by flow cytometry.
Method 
Briefly, PBMC from three donors were isolated, counted (Guava PCA and Cytosoft software 
version 6.0.3) and resuspended at a concentration of 1 x 106 cells/mL in RPMI media with 
10% FBS.  The cells were plated, 1 mL per well and then each compound at the specified 
concentrations were added to the appropriate well. The following compounds and 
concentrations were evaluated: 
J, JE, JB, JA: 500, 100, 10 and 5 µg/mL 
JE5, JE6, DYE01: 250, 100, 50 and 20 µg/mL 
P8, P8A, P9, P10, PAQ-1: 100, 20, 5 and 2.5 µg/mL 
Controls: unstimulated, PMA (10 µM), IL-2 (100 U/mL) 
The cells were incubated with compound for 18 – 20 hours and then immunostained with the 
following antibody panel and 100 µL of Stain Buffer (BSA): 

Tube C1 C2 C4 C3 C5 

1 
CD69 FITC 

(2.5 µL/test) 
CD56 

(5 µL/test) 
CD107a 

(2.5 µL/test) 
7AAD 

 (2.5 µL/test) 
CD3 

(2.5 µL/test) 

Samples were collected on BDFACSCanto™ instrumentation with BDFACSDiva™ software 
(v6.1.3). The relative percent and or Median Fluorescent Intensity were reported. The 
Experimental Procedures are attached for reference to this report. 
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Results 
The results are presented in Tables 1 – 3 and Figures 1 – 6 and are attached to this report. 
PMA and IL-2 were tested first to establish positive controls for the assay. There was a 
greater signal over unstimulated cells using PMA than IL-2 with more variability between 
donors with the IL-2. Both controls were used for the assay. 
The first set of testing showed a higher degree of variability due to the low viability observed 
in the samples incubated with high concentrations of test compounds. This may have been 
due to the large amount of DMSO carrier added to each sample. 
The samples were repeated so no more than 2 µL of test compound in DMSO was added to 
each sample. The results showed less variability but decreased viability was still observed at 
the higher concentrations in some of the compounds which could impact the results. 
The test compounds were all test fractions of the raw material, JOBELYN, and categorized 
as follows: 
CATEGORY A: Crude Extract: J, JE, JB, JA 
CATEGORY B: Secondary Extract from Category A: JE5, JE6, DYE01 
CATEGORY C: Purified and Semi-Purified Compounds: P8, P9, P10, PAQ-1 

Raw Material 

Crude Extract (J) 

Ethyl acetate Extract 
(JE)  

n-BuOH Extract 
(JB)  

Aqueous Extract 
(JA) 

JE-5 JE-6 

 P9 P10  P8 (PAQ-1) 

DYE01 

P8A 
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The expression of CD69, a very early activation marker, was evaluated in this testing on 
CD3+ (T cells), CD3+CD56+ (NKT cells) and CD3-CD56+ (NK cells). Test compound JE 
was the most active for all three cells types with JA being the least active test compound. 
(Figures 1a, 3a, 5a) 

CD69+ Expression 

The secondary extracts JE5 and DYE01 showed similar expression on NK and NKT cells 
and a slight increase of expression for DYE01 on T cells. For the JE6, this secondary extract 
showed the least expression for this group. (Figures 1b, 3b, 5b) 
Of the JE5 purified and semi-purified compounds P8, P9 and P10, the ranking of expression 
was P8>P10>P9. P10 showed decreased viability at the highest concentration so the 
expression on the CD3-CD56+ cannot be determined. P8A, the compound derived from 
DYE01, showed good expression but again the viability at the highest concentration was 
decreased. There was minimal to no expression observed for PAQ-1 the semi-purified 
extract from JA. (Figures 1c, 3c, 5c) 

The expression of CD107a, a protein that translocates to the cell surface upon activation 
and has been associate with NK cell cytotoxicity, was also evaluated in this testing on CD3+ 
(T cells), CD3+CD56+ (NKT cells) and CD3-CD56+ (NK cells). The expression for the test 
compounds showed minimal or no expression with the exception of the secondary extract 
JE6 on NK and T cells and pure/semi-pure compound P10 on NKT cells. (Figures 2, 4, and 
6) 

CD107a+ Expression 

Conclusions 
The purpose of this experiment was to evaluate the response of NK cells, T cells, and NKT 
cells upon incubation with the test compounds. For the crude extracts, JE was observed to 
be the most active for the expression of CD69 and CD107a. The secondary extract, JE5, of 
JE showed good expression on all cells types for CD69 expression. When further extracted 
into purified or semi-purified compounds P8 showed the greatest expression of CD69 while 
P10 showed both expression of CD69 on all cell types and CD107a on NKT cells. PAQ-1 
the semi-purified extract from JA showed minimal or no expression of CD69 and CD107a. 
With the results there did tend to be decreased viability at the highest concentrations that 
may impact the expression of CD69 and CD107.   
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Figure 1: Evaluation of  CD69 on CD3-CD56+ Natural Killer Cells in 

Human PBMC Specimens in Response to Client Test Compounds (N = 
3) 
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Figure 2: Evaluation of  CD107a on CD3-CD56+ Natural Killer Cells in 
Human PBMC Specimens in Response to Client Test Compounds (N = 

3) 
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Figure 3: Evaluation of  CD69 on CD3+ T Cells in Human PBMC 

Specimens in Response to Client Test Compounds (N = 3) 
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Figure 4: Evaluation of  CD107a on CD3+ NK T Cells in Human PBMC 
Specimens in Response to Client Test Compounds (N = 3) 
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Figure 5: Evaluation of  CD69 on NKT Cells in Human PBMC Specimens in 

Response to Client Test Compounds (N = 3) 
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Figure 6: Evaluation of  CD107a on NKT Cells in Human PBMC Specimens 

in Response to Client Test Compounds (N = 3) 
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Assay of Cytokines in Tissue Culture Supernatants 
AfCS Procedure Protocol PP00000223 

Version 1, 03/17/04 

The Bio-Plex cytokine assay employs a liquid suspension array for quantification 
of cytokines in tissue culture supernatants or serum. Using this 96-well microtiter plate-
formatted assay, it is possible to profile the level of multiple cytokines in a single well. 
The principle of the Bio-Plex cytokine assay is similar to a capture sandwich 
immunoassay. An antibody directed against each desired cytokine is covalently coupled 
to a different color-coded polystyrene bead. The conjugated beads are allowed to react 
with a sample containing a known (standard) or unknown amount of cytokines. After 
unbound cytokines are removed, biotinylated detection antibodies directed against a 
different epitope on each cytokine are added to the reaction. The result is the formation 
of a sandwich of antibodies around each cytokine. The complexes are detected by the 
addition of streptavidin-phycoerythrin (streptavidin-PE), which has fluorescence 
characteristics distinct from the beads. A specialized microtiter plate reader, which 
allows for analysis of multiplexed bead-capture immunoassays in a single microtiter 
well, carries out quantification. By reading beads individually in the mixture, the system 
can detect each cytokine separately. The Bio-Plex software automatically calculates the 
concentration of cytokines from standard curves derived from a mixture of cytokine 
standards of a known amount. 

Preparation for the Assay 
1. Bring buffers and diluents in the reagent kit to room temperature prior to use. The

kit includes wash buffer A, assay buffer A, and detection antibody diluent A. The 
following components should be kept on ice: streptavidin-PE, anti-mouse cytokine 
18-plex conjugated beads, mouse cytokine 18-plex detection antibody, and 
mouse cytokine standard. If frozen, thaw experimental samples and keep all on 
ice as well.  

2. Design experiment for a 96-well plate. Reserve 16 wells for the standard curve
(designated S1-S8, in table below) and 2 wells for the blank (culture medium). 
Use the remaining wells for analyzing experimental samples (indicated by X 
followed by a number, in table below). 

1 2 3 4 5 6 7 8 9 10 11 12 

A S1 S5 Blank X7 X15 X23 X31 X39 X47 X55 X63 X71 
B S1 S5 Blank X8 X16 X24 X32 X40 X48 X56 X64 X72 
C S2 S6 X1 X9 X17 X25 X33 X41 X49 X57 X65 X73 
D S2 S6 X2 X10 X18 X26 X34 X42 X50 X58 X66 X74 
E S3 S7 X3 X11 X19 X27 X35 X43 X51 X59 X67 X75 
F S3 S7 X4 X12 X20 X28 X36 X44 X52 X60 X68 X76 
G S4 S8 X5 X13 X21 X29 X37 X45 X53 X61 X69 X77 
H S4 S8 X6 X14 X22 X30 X38 X46 X54 X62 X70 X78 

48

48



3. Prepare 18-plex cytokine standard.
• Reconstitute lyophilized multiplex cytokine standards to a stock concentration

of 500,000 pg/ml by adding 50 µl of sterile distilled water. Vortex solution
gently for 5 sec and incubate on ice for 30 min. Note: Bio-Rad recommends
not using the standards >4 hr after reconstitution.

• Prepare serial dilutions of the 500,000 pg/ml standard stock solution.
Suggested concentrations, designated S1 to S8, are listed in the table below.
Dilutions should be made in culture medium such as RAW 264.7 growth
medium 1 (RAWGM1). Keep dilutions on ice.

Standard 
sample S1 S2 S3 S4 S5 S6 S7 S8 
Concentration 
(pg/ml) 1.95 7.8 31.25 125 500 2,000 8,000 32,000 

4. Dilute samples in culture medium if necessary. Keep the diluted samples on ice.
5. Prepare the MultiScreen vacuum manifold following AfCS Procedure Protocol

PP00000221, Assembly and Use of MultiScreen Vacuum Manifold for Bio-Plex
Assay of Cytokines or Phosphoproteins.

6. Dilute the suspension of anti-mouse cytokine 18-plex conjugated beads.
• Vortex the anti-mouse cytokine 18-plex conjugated beads (25X) stock

solution at medium speed for 20 sec.
• Prepare a 25-fold working dilution of the suspension in Bio-Plex assay buffer

A.
7. Cover all unneeded wells with the sealing tape provided with the kit. Employ razor

blade to cut the plastic sealer between those columns of the 96-well plate that will
be used and those that will not.
• Pour Bio-Plex assay buffer A into a pipettor solution basin (labeled “assay”).
• Pre-wet the filter plate with 100 µl per well of Bio-Plex assay buffer A using an

8-channel pipettor.
• Vacuum filter.
• Blot the bottom of the filter plate on a stack of paper towels.

Cytokine Assay  
8. Add bead suspension.
9. Vortex the working bead suspension at medium speed for 20 sec and pour into a

pipettor solution basin (labeled “beads”).
10. Add 50 µl of bead suspension to each well using an 8-channel pipettor.
11. Vacuum filter the plate and blot it.
12. Filter wash the beads twice with 100 µl Bio-Plex wash buffer A. Blot the bottom of

the filter plate after each filtration.
13. Vortex each standard dilution and immediately add 50 µl to the appropriate wells

(in duplicate). Add the appropriate blank, which is culture medium.
14. Vortex each sample for 20 sec and immediately add 50 µl to the appropriate

wells.
15. Cover the wells of the used columns in the 96-well plate with the rest of the

sealing tape used in step 7. Blot the bottom of the plate.

Assay of Cytokines in Tissue Culture Supernatants 
AfCS Procedure Protocol PP00000223 Page 2 
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16. Cover with aluminum foil to protect from light and incubate for 30 min at room
temperature with shaking (using a plate stirrer).

17. Shake the plate at 1,100 rpm for 30 sec, by slowly ramping up to this high speed.
18. Reduce speed to 300 rpm for the remainder of the incubation.
19. Turn on power to the Bio-Plex suspension array system and operate start-up

procedure (according to manufacturer’s instructions). Do not turn on more than 2
hr before use or it will go into sleeping mode, in which case, you will need to
operate start-up procedure again, which may take about 30 min.

20. Prepare mouse cytokine 18-plex detection antibody (during incubation and 10 min
prior to use).

21. Gently vortex the cytokine 18-plex detection antibody stock solution.
22. Note: the concentration of the detection antibody stock solution will vary as a

function of the degree of multiplexing of each panel.
• For single analytes, the detection antibody is provided in a 100X stock

solution.
• For 2 to 9 analytes, the detection antibodies are provided in a 50X stock

solution.
• For 10 or more analytes, the detection antibodies are provided in a 25X stock

solution.
23. Prepare the appropriate working dilution of the cytokine 18-plex detection

antibody stock solution in detection antibody diluent A.
24. Remove the sealing tape. Filter and blot the plate.
25. Wash 3 times with 100 µl Bio-Plex wash buffer A using an 8-channel pipettor.
26. Vortex the working dilution of the detection antibody gently, pour it into pipettor

solution basin (labeled “detection”), and add 25 µl to each well using an 8-channel
pipettor.

27. Cover the wells with sealing tape, and blot the bottom of the plate.
28. Cover plate with aluminum foil and incubate for 30 min at room temperature with

shaking.
29. Initiate shaking as described in steps 17 and 18.
30. Calibrate the Bio-Plex suspension array system as described in the

manufacturer’s manual.
31. Prepare streptavidin-PE (during incubation of the beads, step 28, and 10 min prior

to use)
32. Vortex the streptavidin-PE (100X) stock solution vigorously.
33. Prepare a 100-fold working dilution of the streptavidin-PE (100X) stock solution in

Bio-Plex assay buffer A.
34. Remove the sealing tape. Filter and blot the plate.
35. Wash 3 times with 100 µl Bio-Plex wash buffer A using an 8-channel pipettor.
36. Vortex the streptavidin-PE working dilution, pour it into pipettor solution basin

(labeled “PE”), and add 50 µl to each well using an 8-channel pipettor.
37. Cover the wells with sealing tape, and blot the bottom of the plate.
38. Cover with foil and incubate for 10 min at room temperature with shaking.
39. Initiate shaking as described in steps 17 and 18.
40. Remove the sealing tape. Filter and blot the plate.
41. Wash 3 times with 100 µl wash buffer A using an 8-channel pipettor.

Assay of Cytokines in Tissue Culture Supernatants 
AfCS Procedure Protocol PP00000223 Page 3 
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42. Resuspend the beads in each well with 125 µl of Bio-Plex assay buffer A using an
8-channel pipettor.

43. Cover the wells with sealing tape, and thoroughly blot the bottom of the plate.
44. Shake plate by slowly ramping up to 1100 rpm, maintain at that speed for 30 sec,

and slowly ramp down the speed to stop.
45. Remove the sealing tape and read the plate with Bio-Plex manager.

Reagents and Materials  
Bio-Plex cytokine reagent kit: Bio-Rad; catalog no. 171-304000 

Includes assay buffer A, wash buffer A, detection antibody diluent A, streptavidin-
PE, 96-well filter plate, 4 rolls sealing tape, and instructions 

Bio-Plex mouse cytokine 18-plex panel: Bio-Rad; catalog no. 171-F11181 
Includes anti-mouse cytokine 18-plex conjugated beads, mouse cytokine 18-plex 
detection antibody, and mouse cytokine standard. 18-Plex cytokine standard 
includes: IL-1α, IL-1β, IL-2, IL-3, IL-4, IL-5, IL-6, IL-12(p40), IL-12(p70), IL-17, G-
CSF, GM-CSF, INF-γ, KC, MIP-1α, RANTES, and TNF-α.  

RAW 264.7 growth medium 1 (RAWGM1): AfCS Solution Protocol ID PS00000510 

MultiScreen vacuum manifold (MultiScreen filtration system): Millipore; catalog no. 
MAVM0960R  

Includes manifold base, quick disconnect body, plastic ring (standard size), 
manifold support grid, vacuum manifold gaskets, bleeder valve, plate alignment 
tabs, vacuum pressure gauge, on/off valve, three-way connector, vacuum control 
valve, hex key, straight connector, and FEP-lined PVC tubing ¼” I.D.  

MultiScreen–BV plate (filter plates for high-throughput separations): Millipore; catalog 
no. MABVN1210 10/PK 

Includes non-sterile clear plates, lid, 1.2-µm hydrophilic, and low protein binding 
Durapore membrane 

Pipet-Lite multichannel pipette: Rainin; catalog no. L8-200 

Pipettor solution basin: VWR; catalog no. 21007-970  

IKA MTS2/4 digital stirrer (plate stirrer), 115V: VWR; catalog no. 82006-096  

Bio-Plex suspension array system: Bio-Rad; catalog no. 171-000005  
Includes array reader, microplate platform, computer, monitor, Bio-Plex manager 
software, high-throughput fluidics (HTF) system, calibration kit, validation kit, 
maintenance, calibration and validation (MCV) plate II, 20 L sheath fluid, 
instructions 
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Test Compound (TC)Donor J (TC1) JE (TC2) JA (TC4) JE5 (TC5) DYE-01 (TC6) P8 (TC7) P10 (TC9) PAQ-1 (TC10) P8A (TC12) P9 (TC8)
C2 C3 C4 C2 C3 C4 C2 C3 C4 C2 C3 C4 C2 C3 C4 C2 C3 C4 C2 C3 C4 C2 C3 C4 C2 C3 C4 C2 C3 C4

Concentration ( µg/mL)(µg/mL) (µg/mL) (µg/mL) (µg/mL) (µg/mL) (µg/mL) (µg/mL) (µg/mL) (µg/mL) (µg/mL) (µg/mL) (µg/mL) (µg/mL) (µg/mL) (µg/mL) (µg/mL) (µg/mL) (µg/mL) (µg/mL) (µg/mL) (µg/mL) (µg/mL) (µg/mL) (µg/mL) (µg/mL) (µg/mL) (µg/mL) (µg/mL) (µg/mL) (µg/mL)

EGF 4 31.67 28.63 31.67 31.67 27.11 19.42 25.58 25.58 28.63 19.42 24.04 22.51 31.67 22.51 27.11 22.51 16.31 19.42 25.58 28.63 31.67 19.42 25.58 19.42 19.42 16.31 19.42 37.72 42.23 34.7

EGF 5 19.42 28.63 24.04 10 22.51 19.42 22.51 28.63 22.51 22.51 22.51 22.51 19.42 19.42 22.51 19.42 16.31 19.42 16.31 16.31 22.51 17.87 16.31 22.51 13.17 16.31 22.51 28.63 22.51 25.58

EGF 6 16.31 28.63 25.58 25.58 22.51 19.42 16.31 13.17 19.42 16.31 19.42 19.42 16.31 13.17 19.42 28.63 28.63 34.1 25.58 28.63

7 22.51 16.31 13.17 19.42 16.31 25.58 13.17 25.58 13.17

Mean 22.47 28.63 27.1 21.39 21.98 17.34 22.5 23.51 25.57 18.37 24.04 19.4 25.56 21.48 23.01 19.41 15.26 19.42 19.4 21.45 24.53 17.87 18.35 20.45 20.41 20.42 25.34 30.64 31.12 30.14

SD 8.12 0 4.03 15.32 3.25 0 2.17 2.16 4.33 2.18 1.08 0 6.13 1.78 3.87 3.1 1.81 0 5.35 6.41 6.37 1.56 6.45 1.78 7.78 7.11 7.74 6.32 10.09 6.45

N 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3

Eotaxin 4 2.77 3.07 2.89 2.89 2.23 2.41 2.47 2.29 2.53 1.95 2.53 2.29 2.06 1.89 1.72 2.06 2.06 2.18 2.29 2.18 2.06 1.72 1.72 1.95 1.84 1.56 1.95 4.28 4.15 4.81

Eotaxin 5 2.29 3.26 2.65 2.06 2.65 2.18 2.65 2.65 2.53 2.41 1.95 2.53 1.72 1.72 1.51 2.06 1.84 1.84 1.95 2.18 2.12 1.95 1.72 2.06 1.61 1.84 1.89 4.41 3.26 3.89

Eotaxin 6 2.29 3.01 2.77 0.79 1.61 1.61 1.78 1.67 1.84 1.95 2.06 1.78 1.61 1.61 1.95 3.89 4.15 4.54 3.89 3.76

7 2.65 2.29 2.06 2.29 2.29 1.95 1.67 0.79 1.61

Mean 5.82 3.11 2.77 2.53 2.39 2.22 2.47 2.41 2.34 2.01 1.76 2.14 1.52 1.74 1.61 1.97 1.86 1.95 2.06 2.14 1.99 1.76 1.68 1.99 2.45 2.52 2.79 4.19 3.72 4.35

SD 0.28 0.13 0.12 0.59 0.3 0.16 0.13 0.25 0 0.33 0.41 0.17 0.66 0.14 0.11 0.16 0.2 0.2 0.2 0.07 0.18 0.17 0.06 0.06 1.26 1.42 1.51 0.27 0.45 0.65

N 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3

FGFbasic 4 26.15 31.87 28.05 35.69 26.15 11.02 26.15 16.66 26.15 22.34 26.15 24.24 26.15 23.29 20.45 20.45 18.55 20.45 20.45 22.34 18.55 16.66 20.45 18.55 20.45 11.02 16.66 24.24 262.15 26.15

FGFbasic 5 22.34 33.78 18.55 16.66 24.24 18.55 31.87 29.96 28.05 26.15 22.34 24.24 24.24 19.5 18.55 16.66 20.45 18.55 20.45 20.45 20.45 18.55 20.45 18.55 14.78 18.55 16.66 24.24 24.24 18.55

FGFbasic 6 22.34 28.05 22.34 18.55 20.45 20.45 16.66 20.45 18.55 16.66 18.55 16.66 16.66 16.66 18.55 23.29 20.45 22.34 18.55 20.45

7 28.05 30.91 14.78 28.05 24.24 58.8 19.5 15.72 18.55

Mean 23.61 31.23 22.98 26.8 27.1 14.78 28.69 23.62 37.67 22.66 21.4 22.34 22.98 21.08 19.82 17.92 19.82 19.18 19.19 20.45 18.55 17.29 19.19 18.55 19.51 16.67 18.55 22.34 102.28 22.35

SD 2.20 2.92 4.78 13.46 1.35 5.32 4.04 9.4 1.34 2.69 2.69 0 3.95 1.97 1.1 2.19 1.1 1.1 2.19 1.9 1.9 1.09 2.19 0 4.33 4.99 3.28 3.29 138.46 5.37

N 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3

GCSF 4 90.77 107.14 109.84 211.4 101.71 68.47 93.52 85.25 101.71 68.47 74.11 57.06 344.72 123.25 57.06 74.11 74.11 68.47 62.79 74.11 74.11 57.06 62.79 68.47 57.06 62.79 62.79 96.26 98.99 112.53

GCSF 5 62.79 101.71 85.25 45.41 133.89 96.26 85.25 139.17 364.01 68.47 68.47 62.79 117.91 68.47 48.35 57.06 57.06 62.79 51.27 68.47 68.47 57.06 65.64 68.47 45.41 57.06 68.47 85.25 79.7 85.25

GCSF 6 74.11 93.52 117.91 68.47 74.11 68.47 57.06 57.06 51.27 62.79 57.06 57.06 62.79 51.27 62.79 68.47 62.79 79.7 74.11 79.7

7 175.65 101.71 68.47 68.47 85.25 57.06 57.06 45.41 57.06

Mean 75.89 100.79 104.33 144.15 112.44 77.73 82.41 103.22 174.26 64.67 62.66 58.97 177.03 88.61 57.96 62.74 62.74 60.84 58.95 66.55 66.55 58.97 59.9 66.58 56.98 60.88 70.32 85.21 86.13 98.89

SD 14.07 6.86 17.01 87.36 18.58 16.04 12.76 31.13 165.84 6.59 15.21 3.31 147.31 30.13 10.09 9.84 9.84 8.76 6.65 8.69 8.69 3.31 7.61 3.28 11.53 3.31 8.61 11.08 11.14 19.29

N 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3

GMCSF 4 1.25 6.52 29.33 27.03 18.58 1.25 3.1 67.49 4.35 0.94 0.94 1.25 28.01 75.96 4.66 0.94 1.25 0.94 0.94 1.25 1.25 0.94 0.94 0.94 0.94 1.25 0.78 1.56 1.71 1.56

GMCSF 5 1.25 5.59 3.57 1.25 37.3 1.25 6.52 80.6 344.46 1.25 1.25 0.94 11.24 13.78 2.8 0.94 0.94 0.94 0.94 0.94 0.94 0.94 0.94 1.25 0.94 0.94 0.94 1.25 1.25 1.25

GMCSF 6 1.25 2.49 29.66 5.12 17.29 2.49 0.94 0.94 0.94 0.63 0.94 0.94 0.94 0.94 0.94 1.87 1.25 1.56 1.25 1.25

7 33.96 15.37 0.94 3.1 8.09 9.98 0.94 0.63 0.63

Mean 1.25 4.87 20.85 20.75 23.75 1.15 4.24 52.06 119.6 1.04 0.94 0.94 14.79 35.68 3.32 0.94 1.04 0.94 0.84 1.04 1.04 0.94 0.94 1.04 1.25 1.15 1.09 1.35 1.4 1.41

SD 0 2.11 14.97 17.24 11.84 0.18 1.97 38.64 194.76 0.18 0.31 0.31 11.85 34.93 1.17 0 0.18 0 0.18 0.18 0.18 0 0 0.18 0.54 0.18 0.41 0.18 0.27 0.22

N 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3

HGF 4 103.32 112.19 112.19 129.84 112.19 94.4 94.4 94.4 112.19 94.4 76.41 76.41 94.4 76.41 76.41 94.4 76.41 76.41 76.41 76.41 94.4 76.41 76.41 94.4 76.41 58.18 58.18 112.19 112.19 103.32

HGF 5 58.18 112.19 112.19 58.18 112.19 129.84 85.43 129.84 94.4 76.41 76.41 58.18 94.4 76.41 58.18 58.18 58.18 76.41 58.18 76.41 76.41 58.18 58.18 94.4 58.18 58.18 76.41 94.4 76.41 76.41

HGF 6 94.4 112.19 147.35 58.18 76.41 76.41 58.18 58.18 58.18 76.41 76.41 58.18 58.18 58.18 76.41 94.4 58.18 76.41 94.4 76.41

7 112.19 94.4 76.41 76.41 94.4 112.19 58.18 20.55 58.18

Mean 85.3 112.19 123.91 100.07 106.26 100.22 85.41 106.21 106.26 76.33 57.79 64.26 82.33 76.41 70.33 70.25 64.26 70.33 70.33 76.41 76.33 64.26 64.26 88.40 76.33 58.18 70.33 100.33 88.34 89.87

SD 23.91 0 20.3 37.34 10.27 27.19 9 20.46 10.27 18.11 32.25 10.53 20.91 0 10.53 20.91 10.53 10.53 10.53 0 18.11 10.53 10.53 10.39 18.11 0 10.53 10.27 20.66 19.03

N 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3

IFNα 4 77.78 132.59 71.45 160.67 64.79 57.71 111.02 57.71 116.01 89.63 95.23 50.09 89.63 57.71 50.09 64.79 57.71 57.71 64.79 64.79 64.79 53.98 64.79 57.71 50.09 50.09 50.09 71.45 89.63 83.82

IFNα 5 57.71 168.76 57.71 41.73 57.71 57.71 130.29 134.86 64.79 71.45 57.71 41.73 105.91 50.09 50.09 57.71 50.09 50.09 50.09 57.71 64.79 50.09 50.09 71.45 50.09 53.98 64.79 71.45 64.79 64.79

IFNα 6 57.71 180.51 64.79 41.73 57.71 50.09 41.73 50.09 50.09 50.09 57.71 50.09 41.73 41.73 50.09 57.71 64.79 71.45 57.71 64.79

7 152.34 64.79 50.09 83.82 100.65 120.87 37.18 26.89 41.73

Mean 64.4 160.62 64.65 118.25 62.43 55.17 108.38 97.74 100.56 66.09 59.94 44.52 79.09 55.17 50.09 54.74 52.63 52.63 54.99 60.07 59.89 48.6 52.2 59.75 52.63 56.29 62.11 66.87 73.07 74.31

SD 11.59 24.98 6.87 66.40 4.09 4.4 23.35 38.66 31.07 26.63 34.22 4.83 33.36 4.4 0 11.81 4.4 4.4 8.49 4.09 8.49 6.26 11.67 10.83 4.4 7.62 10.93 7.93 14.34 13.46

N 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3

IFNƴ 4 12.07 16.23 16.23 16.23 16.23 12.07 16.23 16.23 12.07 12.07 12.07 12.07 7.95 12.07 12.07 7.95 7.95 7.95 7.95 12.07 12.07 7.95 7.95 12.07 12.07 12.07 12.07 18.32 16.23 16.23

IFNƴ 5 12.07 16.23 16.23 12.07 16.23 12.07 12.07 16.23 12.07 7.95 12.07 12.07 16.23 7.95 12.07 7.95 12.07 7.95 7.95 7.95 7.95 7.95 7.95 12.07 12.07 12.07 7.95 16.23 7.95 12.07

IFNƴ 6 16.23 16.23 16.23 7.95 12.07 12.07 12.07 12.07 7.95 12.07 7.95 7.95 7.95 12.07 12.07 16.23 16.23 16.23 16.23 16.23

7 16.23 12.07 16.23 16.23 12.07 12.07 7.95 18.32 7.95

Mean 13.46 16.23 16.23 14.84 14.84 13.46 14.84 14.84 12.07 9.32 14.15 10.7 10.71 10.7 12.07 9.32 10.7 7.95 9.32 9.32 9.32 7.95 9.32 12.07 13.46 13.46 12.08 16.93 13.47 14.15

SD 2.4 0 0 2.4 2.4 2.4 2.4 2.4 0 2.38 3.61 2.38 4.78 2.38 0 2.38 2.38 0 2.38 2.38 2.38 0 2.38 0 2.40 2.40 4.14 1.21 4.78 2.94

N 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3

IL-10 4 5.53 21.28 6.51 83.09 11.49 2.66 5.53 3.61 5.53 5.53 3.61 2.66 88.75 19.19 3.61 4.56 2.66 1.74 3.61 2.66 1.74 2.66 2.66 2.66 2.66 2.66 1.74 8.48 15.57 4.56

IL-10 5 3.61 35.06 3.61 1.74 13.53 2.66 10.49 42.08 11.49 5.53 3.61 3.61 94.99 16.6 3.61 3.61 1.74 1.74 3.61 2.66 1.74 3.61 3.61 5.05 2.66 1.74 2.66 8.48 9.48 3.61

IL-10 6 6.51 33.46 15.57 3.61 17.64 4.08 3.13 1.74 1.74 3.61 1.74 1.74 3.61 3.61 4.56 8.48 2.66 3.61 8.48 14.55

7 149.82 16.09 2.66 5.53 8.48 16.6 3.61 6.51 1.74

Mean 5.22 29.93 8.56 78.22 13.7 2.66 7.18 18.06 11.21 4.89 4.58 2.67 62.45 17.81 3.77 3.77 2.05 1.74 3.61 2.35 1.74 3.29 3.29 4.09 4.6 2.35 2.67 8.48 13.2 4.09

SD 1.48 7.54 6.24 74.16 2.3 0 2.86 20.95 5.54 1.11 1.67 0.94 51.05 1.30 0.27 0.73 0.53 0 0 0.53 0 0.55 0.55 1.26 3.36 0.53 0.94 0 3.26 0.67

N 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3

IL-12 4 122.65 143 112.54 230.21 100.49 72.69 117.59 76.63 116.58 68.76 72.69 62.89 118.6 61.91 26.53 128.74 106.51 130.77 130.77 140.96 151.19 92.49 128.74 120.62 99.49 112.54 138.92 138.92 159.41 154.27

IL-12 5 39.73 138.92 47.39 8.34 78.6 62.89 107.51 140.96 60.94 74.65 51.24 66.8 53.17 19.14 10.1 101.49 94.49 96.49 74.65 120.62 136.88 72.69 76.63 112.54 55.11 108.52 149.14 118.6 104.5 134.84

IL-12 6 22.82 102.49 72.69 8.34 20.97 15.49 57.05 47.39 78.6 70.72 102.49 104.5 72.69 41.64 68.76 51.24 86.52 124.68 82.56 96.46

7 251.32 70.72 32.16 68.76 72.69 62.89 41.64 60.94 28.4

Mean 61.73 128.14 77.54 163.29 83.27 55.91 97.95 96.76 80.14 61.68 61.62 52.7 60.04 34.01 17.37 95.76 82.8 101.95 92.05 121.36 130.86 79.29 82.34 100.64 68.61 102.53 137.58 113.36 120.12 144.56

SD 53.43 22.3 32.84 134.61 15.42 21.15 25.78 38.33 31.58 17.61 10.74 21.13 55.45 24.18 8.38 36.19 31.25 26.51 33.59 19.25 23.92 11.43 43.83 27.90 26.81 14.01 12.28 28.54 34.26 13.74

N 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3

IL-13 4 24.76 29.14 29.14 37.24 29.14 20.08 24.76 20.08 20.08 24.76 24.76 20.08 24.76 14.94 24.76 20.08 24.76 20.08 20.08 20.08 20.08 14.94 20.08 20.08 20.08 14.94 14.94 29.14 29.14 24.76

IL-13 5 20.08 24.76 20.08 24.76 29.14 20.08 20.08 33.28 29.14 20.08 20.08 20.08 29.14 24.76 14.94 20.08 22.47 20.08 24.76 14.94 14.94 17.58 20.08 20.08 20.08 14.94 20.08 24.76 24.76 24.76

IL-13 6 24.76 29.14 33.28 24.76 24.76 20.08 20.08 24.76 20.08 20.08 20.08 14.94 20.08 14.94 20.08 24.76 24.76 24.76 24.76 24.76

7 33.28 24.76 20.08 20.08 24.76 33.28 24.76 14.94 20.08

Mean 23.2 27.68 27.5 31.76 27.68 20.08 21.64 26.04 27.5 23.2 19.93 20.08 26.22 21.49 19.93 20.08 24 20.08 21.64 18.37 16.65 17.53 18.37 20.08 21.64 18.21 19.93 26.22 26.22 24.76

SD 2.7 2.53 6.75 6.38 2.53 0 2.70 6.69 6.75 2.7 4.91 0 2.53 5.67 4.91 0 1.32 0 2.7 2.97 2.97 2.57 2.97 0 2.70 5.67 4.91 2.53 2.53 0
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N 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3

IL-15 4 309.93 321.97 364.48 337.08 280.07 262.31 265.26 280.07 268.22 189.85 277.1 274.13 215.64 268.22 201.26 175.68 170.05 170.05 170.05 164.44 170.05 164.44 147.74 175.68 181.34 123.07 125.79 328 358.37 346.19

IL-15 5 238.85 303.93 328 181.34 294.96 238.85 315.94 309.93 321.97 268.22 209.87 227.21 233.02 204.13 158.85 189.85 181.34 170.05 181.34 195.55 161.64 178.51 181.34 198.4 153.28 170.05 144.97 334.05 315.94 309.93

IL-15 6 274.13 321.97 309.93 164.44 204.13 192.7 198.4 187.01 184.17 265.26 172.87 158.85 181.34 164.44 209.87 286.01 280.07 328 352.27 274.13

7 315.94 262.31 215.64 280.07 271.17 227.21 233.02 48.9 192.7

Mean 274.3 315.96 334.14 278.12 279.11 238.93 287.09 287.06 272.47 230.36 178.62 231.35 204.37 225.49 184.27 187.98 179.47 174.76 205.55 177.62 163.51 174.76 164.51 194.65 206.88 191.06 199.59 338.11 316.15 328.06

SD 35.54 10.42 27.79 84.48 16.35 23.34 26.06 20.3 47.52 39.25 117.26 40.87 35.65 37 22.43 11.48 8.63 8.15 52.02 16.09 5.83 9.05 16.80 17.40 69.95 80.58 111.62 12.63 42.12 25.64

N 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3

IL-17 4 19.57 21.17 21.17 19.57 14.77 14.77 16.37 13.16 13.16 13.16 13.16 13.16 13.16 14.77 11.54 11.54 11.54 11.54 11.54 13.16 13.16 8.3 9.93 11.54 9.93 10.74 9.93 22.76 22.76 21.17

IL-17 5 16.37 17.97 19.57 13.16 16.37 14.77 14.77 14.77 14.77 13.16 11.54 13.16 13.16 11.54 10.74 11.54 9.93 9.93 9.93 9.93 13.16 11.54 11.54 13.96 11.54 11.54 11.54 19.57 16.37 19.57

IL-17 6 15.57 16.37 17.97 11.54 9.93 9.93 11.54 11.54 9.12 11.54 13.16 9.93 9.93 8.3 10.74 18.77 17.97 19.57 19.57 17.97

7 17.97 13.16 13.16 16.37 16.37 15.57 11.54 3.38 9.93

Mean 17.17 18.5 19.57 16.9 14.77 14.23 15.84 14.77 14.5 12.62 9.36 12.08 12.62 12.08 10.74 11.54 11 10.2 11 12.08 12.08 9.92 9.92 12.08 13.41 13.42 13.68 20.63 19.03 20.37

SD 2.12 2.44 1.6 3.34 1.61 0.93 0.92 1.61 1.23 0.94 5.24 1.86 0.94 2.46 0.81 0 0.93 1.23 0.93 1.86 1.86 1.62 1.62 1.68 4.71 3.96 5.16 1.84 3.33 1.13

N 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3

IL-1β 4 17.44 38.83 54.65 202.36 138.25 14.34 32.76 38.83 28.19 14.34 14.34 10.44 131.66 132.39 17.44 12.79 11.23 12.79 12.79 12.79 12.79 9.66 12.79 11.23 8.09 10.44 8.09 14.34 17.44 14.34

IL-1β 5 11.23 47.88 26.66 11.23 343.44 20.53 31.24 126.52 122.11 11.23 11.23 12.79 74.82 35.8 17.44 11.23 12.79 9.66 10.44 11.23 9.66 9.66 9.66 12.79 9.66 9.66 9.66 14.34 11.23 11.23

IL-1β 6 13.57 27.42 56.9 69.6 59.89 15.89 11.23 11.23 11.23 12.79 11.23 12.01 8.09 10.44 11.23 12.79 12.79 12.79 12.79 12.79

7 251.53 164.56 14.34 18.99 25.13 22.06 11.23 8.09 9.66

Mean 14.08 38.04 46.07 155.04 215.42 16.4 27.66 63.49 57.45 12.27 11.22 10.96 92.03 76.03 16.92 11.75 11.75 11.23 12.01 11.75 11.49 9.14 10.96 11.75 10.18 10.96 10.18 13.82 13.82 12.79

SD 3.14 10.25 16.85 126.95 111.65 3.57 7.55 55.01 56.08 1.8 3.13 1.63 34.42 50.28 0.89 0.9 0.9 1.57 1.36 0.90 1.63 0.91 1.63 0.9 2.39 1.63 2.39 0.89 3.23 2.2

N 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3

IL-2 4 8.27 8.27 6.61 9.11 7.86 5.78 7.44 5.78 8.27 6.61 5.78 5.78 5.78 5.78 6.61 5.78 4.95 5.78 5.78 6.19 5.78 5.78 4.95 5.78 4.95 4.95 4.95 9.11 7.44 8.27

IL-2 5 7.44 9.11 6.61 5.78 5.78 6.61 6.61 8.27 7.44 5.78 5.78 5.78 6.61 6.19 4.95 4.95 4.12 4.95 4.12 4.95 5.78 4.12 4.12 4.12 4.95 4.95 5.78 7.44 6.61 6.61

IL-2 6 6.61 8.69 7.44 3.7 6.61 5.78 5.78 5.78 5.78 5.78 4.95 4.95 6.19 5.78 6.61 8.27 6.61 7.44 9.11 7.02

7 9.11 6.61 5.78 7.44 8.27 7.86 4.95 4.12 4.95

Mean 7.44 8.69 6.89 8 6.75 6.06 7.16 7.44 7.86 5.78 5.23 5.5 5.36 6.19 5.78 5.5 4.95 5.5 5.23 5.36 5.5 5.36 4.95 5.5 6.06 5.5 6.06 8.55 7.02 7.44

SD 0.83 0.42 0.48 1.92 1.05 0.48 0.48 1.44 0.42 0.83 0.96 0.48 1.5 0.42 0.83 0.48 0.83 0.48 0.96 0.72 0.48 1.1 0.83 1.27 1.92 0.96 1.27 0.96 0.42 1.17

N 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3

IL-2R 4 182.06 384.91 319.17 601.58 384.91 140.81 222.21 417.27 370.95 140.81 161.59 140.81 526.12 389.56 140.81 130.28 130.28 130.28 140.81 140.81 151.24 130.28 130.28 151.24 108.91 135.56 119.65 182.06 202.25 182.06

IL-2R 5 140.81 338.11 182.06 108.91 375.61 151.24 319.17 557.33 440.2 130.28 130.28 119.65 342.82 182.06 119.65 108.91 108.91 119.65 130.28 140.81 140.81 108.91 108.91 119.65 108.91 146.04 140.81 161.59 161.59 161.59

IL-2R 6 130.28 222.21 375.61 130.28 241.95 130.28 108.91 119.65 119.65 119.95 140.81 119.65 119.65 108.91 130.28 140.81 171.86 161.59 151.24 151.24

7 627.93 375.61 130.28 222.21 375.61 521.64 124.98 31.41 98.03

Mean 151.05 315.08 292.28 446.14 378.71 140.78 254.53 450.07 444.26 132.02 107.76 119.5 333.07 271.19 130.25 116.03 119.61 123.19 130.35 140.81 137.23 119.61 116.03 133.72 119.54 151.15 140.68 164.96 171.69 171.83

SD 27.37 83.76 99.54 292.35 5.37 10.48 55.98 95.2 75.43 8.06 67.95 21.39 198.1 106.8 10.58 12.34 10.69 6.14 10.43 0 16.1 10.69 12.34 16.07 18.42 18.68 20.97 15.68 26.96 14.47

N 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3

IL-4 4 52.78 72.48 63.34 75.54 63.34 33.48 70.95 51.28 66.38 39.37 48.29 36.42 54.28 40.85 30.56 42.33 30.56 39.37 33.48 39.37 39.37 33.48 33.48 42.33 30.56 36.42 36.42 42.33 63.34 45.31

IL-4 5 33.48 72.48 36.42 24.75 54.28 27.65 63.34 66.38 48.29 33.48 30.56 30.56 45.31 30.56 21.87 30.56 27.65 30.56 30.56 33.48 39.37 27.65 27.65 36.42 24.75 30.56 36.42 33.48 42.33 36.42

IL-4 6 30.56 63.34 66.38 24.75 36.42 24.75 24.75 24.75 30.56 24.75 30.56 33.48 27.65 27.65 33.48 30.56 36.42 37.89 33.48 42.33

7 66.38 63.34 24.75 60.32 63.34 66.38 24.75 60.32 21.87

Mean 38.94 69.43 55.38 55.56 60.32 28.63 64.87 60.33 60.35 32.53 46.39 29.62 41.45 35.94 25.73 32.55 27.65 33.5 29.6 34.47 37.41 29.59 29.59 37.41 28.62 34.47 36.91 36.43 49.33 40.87

SD 12.07 5.28 16.49 27.07 5.23 4.45 5.48 7.99 10.44 7.36 14.97 7.32 15.14 5.16 4.43 8.96 2.91 5.09 4.44 4.49 3.4 3.37 3.37 4.51 3.35 3.38 0.85 5.11 12.13 6.29

N 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3

IL-5 4 2.74 3.13 3.52 5.03 3.52 2.74 2.74 2.74 2.74 1.92 2.74 2.74 3.52 2.74 2.74 2.74 1.92 2.74 2.74 2.74 2.74 2.74 2.74 2.74 2.74 2.74 1.92 3.52 3.52 3.52

IL-5 5 3.52 2.74 2.74 1.92 3.52 2.74 2.74 3.52 4.28 1.92 2.74 1.92 3.52 2.74 2.74 1.92 1.92 2.74 1.92 2.74 2.34 1.92 1.92 2.74 2.74 1.92 2.74 2.74 2.74 3.52

IL-5 6 2.74 2.74 4.28 1.92 2.74 2.74 2.74 2.74 2.74 1.92 3.52 2.74 1.92 2.74 2.34 3.52 2.74 2.74 2.74 2.74

7 4.28 3.52 2.74 1.92 2.74 2.34 1.92 5.03 1.92

Mean 3 2.87 3.51 3.74 3.52 2.74 2.47 3 3.12 1.92 3.5 2.19 2.99 2.74 2.74 2.47 2.19 2.74 2.19 3 2.61 2.19 2.47 2.61 3 2.47 2.47 3 3 3.52

SD 0.45 0.23 0.77 1.62 0 0 0.47 0.45 1.02 0 1.32 0.47 0.92 0 0 0.47 0.47 0 0.47 0.45 0.23 0.47 0.47 0.23 0.45 0.47 0.47 0.45 0.45 0

N 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3

IL-6 4 29.45 456.88 827.65 2806.51 944.52 5.78 102.78 103.13 107.36 18.35 5.13 5.13 1685.22 341.8 20.36 10.38 3.83 4.48 3.18 5.13 4.8 4.48 5.13 18.35 3.83 3.18 3.83 5.78 37.25 5.13

IL-6 5 9.72 604.35 325.09 4.48 1913.71 5.13 325.09 2076.57 2816.99 6.43 6.43 5.78 662.68 151.53 31.14 5.13 4.48 4.48 3.83 3.83 4.48 5.13 5.13 20.03 3.83 3.83 3.83 9.06 17.02 4.48

IL-6 6 11.04 404.33 1124.86 34.53 103.48 18.35 6.43 4.48 4.48 5.13 4.48 3.83 5.13 33.17 15.69 7.74 3.83 5.13 7.74 25.74

7 2665.3 917.21 3.83 36.57 56.42 83.48 5.78 1.89 6.43

Mean 16.74 488.52 759.2 1825.43 1258.48 4.91 154.81 745.37 1002.61 10.19 4.48 5.78 794.14 198.94 23.28 7.31 4.26 4.48 4.05 4.48 4.37 4.91 14.48 18.02 5.13 3.61 4.26 7.53 26.67 4.81

SD 11.03 103.7 404.25 1578.57 567.61 0.99 151.13 1153.09 1571.34 7.08 2.34 0.65 833.16 126.03 6.88 2.73 0.38 0 0.99 0.65 0.49 0.38 16.19 2.19 2.26 0.38 0.75 1.65 10.15 0.46

N 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3

IL-7 4 83.6 99.43 103.4 119.26 94.15 75.69 78.33 87.56 83.6 65.16 80.96 75.69 86.24 70.43 65.16 62.53 65.16 62.53 65.16 57.27 59.9 52.02 54.65 69.11 65.16 49.4 49.4 104.72 112.65 110

IL-7 5 75.69 107.36 96.76 70.43 102.07 78.33 90.19 112.65 94.15 77.01 73.06 67.79 86.24 70.43 62.53 54.65 59.9 52.02 62.53 54.65 54.65 59.9 59.9 59.9 54.65 58.59 54.65 102.07 104.72 96.79

IL-7 6 80.96 88.87 110 49.4 65.16 70.43 62.53 50.71 54.65 54.65 57.27 54.65 49.4 49.4 62.53 104.72 94.15 99.43 86.24 91.51

7 120.58 92.83 70.43 86.24 80.69 86.24 61.22 33.68 59.9

Mean 80.08 98.55 103.39 103.42 96.35 74.82 84.92 93.63 88 67.8 62.57 67.79 73.96 68.67 66.04 59.9 58.59 56.4 60.78 56.4 56.4 53.77 54.65 63.85 74.84 67.38 67.83 97.68 102.96 103.4

SD 4.03 9.28 6.62 28.58 5 4.02 6.04 16.82 5.49 8.22 25.33 7.9 21.27 3.04 4.02 4.55 7.31 5.47 5.47 1.51 3.03 5.47 5.25 4.74 26.40 23.63 27.49 9.99 10.68 9.34

N 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3

IL-8 4 15585.61 15585.61 15585.61 15585.61 15585.61 175.16 15585.61 15585.61 15585.61 12305.22 15585.61 5861.9 15585.61 15585.61 1406.47 3945.41 228.65 31.31 336.79 71.98 25.18 593.72 839.53 12116.55 380.95 22.55 16.27 1043.25 17981.49 97.69

IL-8 5 4778.74 15585.61 10612.12 27.87 15585.61 45.07 15585.61 15585.61 15585.61 5104.16 1698.76 323.09 15585.61 4589.4 392.75 317.42 130.53 23.86 201.53 29.23 21.26 725.81 2016.39 5823.86 191.3 27.87 16.27 1831.24 5225.18 55.83

IL-8 6 3046.61 15585.61 15885.61 582.11 12945.66 2542.27 194.35 332.21 36.25 134.3 95.93 22.55 414.19 4986.59 5381.66 833.97 167.2 71.98 1028.7 6839.68

7 15585.61 15585.61 110.22 15585.61 15585.61 15585.61 912.51 1040.34 643.25

Mean 7803.65 15585.61 14027.78 10399.7 15585.61 110.15 15585.61 15585.61 15585.61 6107.3 6108.24 2276.08 10584.44 11040.22 1447.16 1485.73 230.46 30.47 224.21 65.71 23 577.91 2614.17 7774.02 468.74 72.54 34.84 1301.06 10015.45 76.76

SD 6794.79 0 2961.85 8982.27 0 65.05 0 0 0 5762.22 8214.25 3109.53 8662.27 5740.4 1075.34 2131.04 100.85 6.24 103.13 33.79 2 156.41 2137.18 3767.23 330.21 82.02 32.16 459.20 6945.86 29.6

N 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3

ILRA 4 1648.37 3825.79 2221.88 3852.17 2104.45 365.86 2951.84 3590.04 3720.63 1195.83 1364.74 833.68 2951.84 1760.25 572.22 681.83 333.39 301.55 365.86 270.38 270.38 398.92 536.57 1300.87 466.72 349.55 210.23 644.86 1692.94 398.92

ILRA 5 795.14 3512.14 1322.09 239.92 2245.51 333.39 3204.07 4091.22 2412.38 795.14 536.57 270.38 2802.55 991.37 333.39 333.39 270.38 239.92 301.55 301.55 317.39 365.86 663.29 1154.33 255.06 153.4 301.55 608.32 795.14 333.39

ILRA 6 572.22 3331.74 3153.29 572.22 1782.8 644.86 239.92 365.86 270.38 239.92 301.55 270.38 365.86 833.68 795.14 398.92 365.86 349.55 466.72 991.37

7 3720.63 2533.03 301.55 2654.85 3280.55 3204.07 210.23 239.92 398.92

Mean 1005.24 3556.56 2232.42 2604.24 2294.33 333.6 2936.92 3653.94 3112.36 733.73 713.74 500.99 2108.87 1511.47 516.82 418.38 323.21 270.62 302.44 291.16 286.05 376.88 677.85 1083.45 373.57 289.6 287.11 573.3 1159.82 366.16

SD 568.01 250 915.65 2048.62 218.42 32.16 274.91 409.09 658.93 495.66 582.96 295.2 1332.87 450.56 162.96 232.89 48.55 30.82 62.97 18 27.14 19.09 149.09 260.21 108.08 118.24 70.77 94.09 472.01 46.34

N 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3

IP-10 4 42.16 48.49 39.45 50.17 44.09 13.23 44.27 36.86 44.91 31.59 35.49 23.29 42.25 34.31 13.37 25.54 16.49 15.7 17.77 17.52 17.01 18.03 21.79 37.82 16.75 15.16 16.49 22.37 39.16 17.26

IP-10 5 20 43.08 28.78 3.49 39.35 10.86 38.78 43.27 34.01 25.1 16.23 13.08 39.35 20.48 7.92 15.3 13.65 13.65 13.65 14.07 16.49 15.7 19.27 34.31 11.77 13.93 16.75 32.7 28.14 15.96

IP-10 6 35.3 46.8 44 5.49 26.2 16.09 89.49 11.47 12.51 110.15 14.35 14.07 69.68 43.36 77.82 22.83 13.51 14.89 141.48 39.16

7 45.45 44.73 7.92 46.53 42.35 39.92 17.65 3.49 10.71
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Mean 32.49 46.12 37.41 33.04 42.72 10.67 43.19 40.83 39.61 24.78 18.4 15.69 29.03 27 12.46 43.44 13.87 13.95 47.19 15.31 15.86 34.47 28.14 49.98 17.12 14.2 16.04 65.52 35.49 16.61

SD 11.34 2.77 7.81 25.7 2.94 2.66 3.99 3.47 5.46 6.98 16.11 6.68 20.44 6.95 4.16 40.2 2.52 1.62 54.56 1.92 1.57 30.52 13.24 24.17 5.54 0.86 1.01 65.99 6.36 0.92

N 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3

MCP - 1 4 2858.67 12277.45 755.98 14621.06 925.64 118.7 9148.02 833.89 10271.65 6932.07 6809.46 692.55 5275.51 541.37 222.78 833.89 118.7 90.23 222.78 107.48 107.48 182.55 261.69 644.27 242.38 96.05 84.35 486.43 2750.43 129.72

MCP - 1 5 818.42 19347.57 545.56 72.34 763.83 84.35 12506.86 12903.02 1227.66 3931.99 2163.06 182.55 9426.89 386.18 140.57 308.87 96.05 72.34 140.57 84.35 96.05 271.25 520.37 853.16 140.57 72.34 96.05 460.69 864.68 107.48

MCP - 1 6 771.68 22770.05 1277.76 182.55 623.95 299.55 197.81 135.16 72.34 151.26 96.05 96.05 118.7 1191.63 452.04 242.38 107.48 107.48 336.53 668.49

7 13918.34 1030.59 96.05 7369.71 8145.24 9365.33 1502.44 20.3 192.75

Mean 1482.92 18131.69 859.77 9537.25 906.69 99.7 9674.86 7294.05 6954.88 4122.17 2997.61 355.95 4961.65 517.17 220.97 446.86 116.64 78.3 171.54 95.96 99.86 190.83 657.90 649.82 208.44 91.96 95.96 427.88 1427.87 118.6

SD 1191.66 5350.93 376.97 8204.38 134.39 17.46 2608.78 6079.42 4980.58 2719.81 3470.67 291.55 4630.16 120.72 79.51 339.75 19.64 10.33 44.7 11.57 6.6 76.61 479.98 200.62 58.78 17.92 11.57 80.15 1149.57 15.73

N 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3

MIG 4 148.78 137.22 137.22 125.68 114.14 125.68 114.14 114.14 102.62 91.11 114.14 114.14 91.11 102.62 102.62 91.11 102.62 102.62 102.62 91.11 91.11 91.11 91.11 114.14 102.62 125.68 91.11 137.22 125.68 160.34

MIG 5 137.22 137.22 125.68 102.62 125.68 125.68 114.14 125.68 125.68 114.14 102.62 102.62 114.14 114.14 102.62 91.11 85.36 102.62 91.11 102.62 79.61 85.36 91.11 91.11 91.11 68.13 68.13 137.22 125.68 125.68

MIG 6 137.22 137.22 137.22 131.45 102.62 102.62 114.14 91.11 91.11 102.62 91.11 79.61 91.11 91.11 102.62 114.14 114.14 137.22 148.78 131.45

7 125.68 125.68 102.62 114.14 91.11 11.15 125.68 5.9 79.61

Mean 141.07 137.22 133.37 117.99 121.83 117.99 114.14 110.31 79.82 110.31 74.22 98.79 112.23 106.46 102.62 98.79 93.03 98.78 98.78 94.95 83.44 89.19 91.11 102.62 102.62 102.65 98.82 141.07 127.6 143.01

SD 6.67 0 6.66 13.31 6.66 13.31 0 17.6 60.57 17.6 59.45 17.58 20.24 6.65 0 13.3 8.79 6.65 6.65 6.65 6.64 3.32 0 11.52 11.52 30.45 35.18 6.67 3.33 24.51

N 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3

MIP-1α 4 162.17 4412.04 2913.49 21971.36 6034.3 53.84 1796.87 8995.67 5564.8 82.71 73.64 64.07 14412.32 7272.96 422.92 68.93 42.68 36.59 42.68 53.84 42.68 36.59 42.68 64.07 36.59 30.02 36.59 53.84 119.4 59.05

MIP-1α 5 59.05 4438.14 697.71 33.38 5517.71 42.68 5192.73 17383.34 13198.54 53.84 42.68 30.02 6881.01 1604.53 315.02 42.68 36.59 36.59 36.59 36.59 39.69 36.59 36.69 48.4 30.02 30.02 42.68 53.84 64.07 53.84

MIP-1α 6 45.58 1312.35 6064.83 343.9 3491.22 436.27 30.02 30.02 36.59 36.59 36.59 42.68 36.59 48.4 42.68 48.4 45.58 53.84 48.4 64.07

7 20483.2 6885 36.59 1809.51 6404.98 8219.06 30.02 25.1 36.59

Mean 88.93 3387.51 3225.34 14162.65 6145.67 44.37 2933.04 10928.00 8994.13 55.52 47.14 43.56 7212.41 4122.9 391.4 47.21 36.43 36.59 38.62 42.34 41.68 36.59 42.59 51.72 38.34 35.21 44.37 52.03 82.51 56.45

SD 63.78 1797.19 2697.12 12258.91 690.42 8.75 1956.96 5738.60 3875.44 26.39 24.58 18.06 7040.06 2886.53 66.49 19.85 6.33 0 3.52 9.96 1.73 0 5.86 11.07 9.31 8.98 8.75 3.14 31.94 3.68

N 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3

MIP-1β 4 955.4 5291.5 1410.9 15031.4 4537.92 25.74 4034.52 2719.5 7051.61 528.85 264.26 184.12 9833.75 1087.09 89.93 253.12 25.74 20.83 38.22 25.74 30.7 35.71 57.34 431.05 35.71 15.98 13.58 53.49 933 43.28

MIP-1β 5 150.1 5578.5 326.0 11.2 1286.29 18.4 4694.56 6788.2 2445.39 151.45 63.8 29.46 3758.48 345.71 61.21 25.74 18.4 13.58 23.28 13.58 15.98 28.22 50.93 162.3 23.28 15.98 18.4 71.59 255.9 23.28

MIP-1β 6 137.9 4083.1 2827.1 578.12 671.46 105.81 35.71 23.28 13.58 44.55 18.4 11.2 40.75 151.45 173.19 68.98 28.22 23.28 74.19 258.68

7 16226.1 4066.88 20.83 3374.75 7666.85 6278.63 92.57 61.21 89.93

Mean 414.46 4984.34 1521.3 10422.93 3297.03 21.66 4034.61 5724.85 5258.54 257.62 129.76 101.17 4723.45 701.42 85.65 104.86 22.47 16 35.35 19.24 19.29 34.89 86.57 255.51 42.66 20.06 18.42 66.42 482.53 33.28

SD 468.47 793.61 1254.2 9036.58 1757.21 3.74 659.91 2639.53 2466.73 236.73 116.49 77.94 4702.66 371.6 22.61 128.5 3.74 4.19 10.92 6.12 10.16 6.3 56.28 152.12 23.63 7.07 4.85 11.28 390.12 14.14

N 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3

RANTES 4 3399.52 4261.9 2465.37 2656.75 1467.86 1026.51 2454.21 1065.57 2277.53 1203.85 1089.7 1091.47 2126.51 650.33 275.68 4627.01 2930.6 4125.61 4493.74 8071.94 9110.01 2374.5 5393.67 3865.05 2777.71 4522.27 5822.55 4358.5 6839.28 9809.89

RANTES 5 603.61 2250.09 673.96 30.2 708.66 757.91 1854.13 1959.53 501.07 1415.7 818.09 1011.47 592.57 147.03 81.85 2025.92 2053.38 2173.04 1615.27 3363.31 5850.43 1366.03 1410.14 2721.95 1024.77 3375.13 5936.45 2811.45 2330.52 4459.46

RANTES 6 269.53 1743.23 847.54 79.89 132.91 136.46 796.21 796.21 1737.02 1226.56 2416.38 3456.51 1267.47 711.34 1224.4 760.88 1978.06 4548.39 1568.77 1936.43

7 922.6 569.48 359.11 807.14 928.18 843.95 523.48 1227.48 299.89

Mean 1424.22 2751.74 1328.96 1203.17 915.33 714.51 1705.16 1317.76 1207.52 1047.68 1045.09 800.94 932.99 310.09 164.66 2483.05 1926.73 2678.56 2445.19 4617.21 6138.98 1669.33 2505.05 2603.8 1521.12 3291.82 5435.8 2912.91 3702.08 7134.68

SD 1718.80 1332.17 987.98 1335.57 483.54 335.81 833.58 560.02 942.38 466.16 208.31 435.76 1064.93 294.74 99.95 1955.88 1072.82 1272.01 1784.71 3029.12 2837.77 612.68 2525.9 1324.28 1096.21 1274.15 770.62 1397.63 2724.03 3783.33

N 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3

TNFα 4 16.07 27.03 23.59 212.15 185.29 13.35 77.26 41.55 116.98 9.29 9.29 10.64 53.4 36.7 9.29 10.64 9.29 9.29 9.29 13.35 10.64 8.61 9.29 9.29 9.29 5.26 9.29 13.35 21.54 13.35

TNFα 5 10.64 40.16 14.71 9.29 378.99 10.64 147.05 402.96 87.15 10.64 9.29 9.29 29.79 18.8 9.29 9.29 7.94 7.94 7.94 10.64 9.29 7.94 7.94 7.94 7.94 9.29 9.29 13.35 16.07 11.99

TNFα 6 9.29 20.17 46.42 5.26 33.93 10.64 9.29 7.94 9.29 9.29 10.64 9.29 7.94 7.27 7.94 8.61 9.29 11.99 11.99 16.75

7 338.73 186.73 7.94 128.41 212.15 102.74 5.26 5.26 6.59

Mean 12 29.12 28.24 186.72 250.34 10.64 117.57 218.89 102.29 8.4 7.95 8.84 29.48 29.81 9.74 9.74 8.39 8.84 8.84 11.54 9.74 8.16 8.17 8.39 8.61 7.95 10.19 12.90 18.12 12.67

SD 3.59 10.16 16.36 166.19 111.42 2.71 36.13 180.8 14.92 2.8 2.33 2.06 24.07 9.64 0.78 0.78 0.78 0.78 0.78 1.56 0.78 0.39 1.03 0.78 0.68 2.33 1.56 0.79 2.98 0.96

N 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3

VEGF 4 25.18 53.15 63.87 133.09 64.57 18.9 31.17 30.87 36.45 21.14 22.57 18.34 82.67 47.78 17.24 15.62 14.56 15.09 15.62 14.03 15.62 10.96 12.48 16.7 16.7 13.51 10.96 18.34 24.59 18.62

VEGF 5 14.56 65.28 36.13 11.46 90.52 20.29 48.45 116.93 129.01 20.01 17.24 18.34 55.54 27.55 15.09 12.99 14.03 15.36 15.09 15.36 15.62 14.82 14.03 16.97 11.97 13.51 12.48 17.24 17.24 15.09

VEGF 6 15.09 53.83 73.14 14.82 24.01 17.24 15.62 11.71 13.51 14.03 13.51 10.46 10.96 12.48 14.3 16.16 13.51 15.09 14.03 16.16

7 154.76 68.47 13.51 29.65 31.78 29.95 18.9 10.43 17.79

Mean 18.28 57.42 57.71 99.77 74.52 17.57 36.42 59.86 65.14 20.02 16.75 18.16 51.01 33.11 16.52 14.74 13.43 14.65 14.91 14.3 13.9 12.25 13 15.99 14.94 13.51 12.84 16.54 19.33 16.86

SD 5.98 6.82 19.26 77.24 13.99 3.58 10.44 49.43 55.41 1.12 6.09 0.32 34.15 12.82 1.24 1.52 1.52 1 0.81 0.95 2.98 2.23 0.89 1.47 2.59 0 2.09 2.24 4.59 2.5

N 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3
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• CHARTS FOR CHEMOKINES & CYTOKINES TEST
WITH JOBELYN FRACTIONS AND COMPOUNDS

• TESTS PERFORMED BY IMMUTECH USA.
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Custom Manufacturing & Formulations 
2931 E. La Jolla Street, Anaheim, CA 92806 – TEL: (714) 630-2467 – FAX: (714) 237-1374 

QUALITY CONTROL TEST REPORT 

NUTRITIONAL ANALYSIS 

Raw Material Name : Jobelyn (Sorgum Bicolor) Powder
GMP Labs RM Code # : CHA1786C 
RM Lot # : JX3010302.1.40.1X 
Testing Method : Multiple 
Customer : Hains Herbal
Reporting Date : April 02, 2015 

S.# TEST PARAMETER 
TEST RESULTS 
PER 100 GRAMS 

A MISCELLANEOUS 

1 Calories 324 Cal

2 Calories From Fat 3.10 Cal

3 Protein 4.87g

4 Cholesterol <1.0mg

5 Fluoride 8.47mg 

6 Ash 12.50g 

7 Moisture 7.07g 

8 Total Dietary Fiber 50.30g 

9 Total Carbohydrates 75.3g 
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2931 E. La Jolla Street, Anaheim, CA 92806 – TEL: (714) 630-2467 – FAX: (714) 237-1374 

B SUGAR PROFILE 

10 Fructose 0.2g 

11 Glucose 0.1g 

12 Sucrose 0.1g 

13 Lactose <0.1g 

14 Maltose <0.1g 

15 Galactose <0.1g 

16 Total Sugar 0.4g 

C VITAMINS 

17 Vitamin A as Retinol <100IU 

18 Vitamin C <1.0mg 

19 Thiamine <0.01mg 

20 Riboflavin 0.18mg 

21 Niacin 3.55mg 

22 Vitamin B12 0.83mcg 

D ELEMENTS 

23 Calcium 352mg 

24 Potassium 500mg 

25 Magnesium 183mg 

26 Iron 51.20mg 
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Custom Manufacturing & Formulations 
2931 E. La Jolla Street, Anaheim, CA 92806 – TEL: (714) 630-2467 – FAX: (714) 237-1374 

27 Zinc 1.09mg 

28 Phosphorus 141mg 

29 Sodium 1150mg 

30 Copper 0.115mg 

31 Selenium 15.40mcg 

E FATTY ACIDS 

32 Saturated Fatty Acids (Acid Form) 0.162g 

33 Total Cis Unsaturated Fatty Acids (Acid Form) 0.183g 

34 Monounsaturated Fatty Acids (Acid Form) 0.037g 

35 Polyunsaturated Fatty Acids (Acid Form) 0.146g 

36 Trans Fatty Acids (Acid Form) <0.007g 

37 Omega 3 Fatty Acids 0.036g 

38 Omega 6 Fatty Acids 0.110g 

39 Omega 9 Fatty Acids 0.034g 

40 Total Fatty Acids 0.344g 

 __________  
    Asim Ali
(QC Manager) 
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modified by attaching a 1400 μL injection loop to the autosampler, and replacing the standard
column (Phenomenex) with the aid of the Agilent system described earlier. The system was 
0.45 μm membrane, and directly fractionated on a semipreparative Luna 250 × 10 mm C-18(2)
extracts were dissolved in 50% methanol adjusted to pH 2.0 with formic acid, filtered through a 
To purify the identified dimeric molecules for color stability assay, the freeze-dried crude 
Semipreparative purification
determination.
sheath gas flow rate of 20 au, and auxiliary gas flow rate of 10 au, to further aid in structure 
authentic standards. Unknown compounds were fragmented at 33% relative collision energy, 
identification was based on matching HPLC retention profile, UV-Vis spectra, and MS data with 
detector (MCP), 2150 V; syringe pump flow, 6 μL/min. Monomeric 3-deoxyanthocyanidin 
arbitrary units (au); curtain gas flow rate, 20 au; gas used, nitrogen; ion spray voltage, 4500 V;
quadrupole/time-of-flight instrument. Test conditions were as follows: Ions source gas, 40 
spectrometer with electrospray ionization (AB SCIEX, Foster City, Calif., U.S.A.); this is a hybrid 
The isolated HPLC fractions were analyzed using an MDS Sciex API QStar Pulsar mass 
Mass spectroscopy analysis
mass spectroscopy analysis) was peak based with a minimum gradient set to 20.
min, 40% to 50% B; 23 to 27 min, 50% B isocratic; 27 to 30 min, 10% B. Fraction collection (for 
follows: 0 to 3 min, 10% isocratic; 3 to 8 min, 10% to 20% B; 8 to 17 min, 20% to 40% B; 17 to 23 
water, and (B), 2% formic acid in 50:50 acetonitrile/ methanol. The elution gradient for B was as 
monitoring wavelength was 480 nm. The mobile phase consisted of (A), 2% formic acid in
used. Flow rate was 1.0 mL/min; spectra were recorded from 200 to 700 nm and the
mm i.d., 2.6 micron column (Phenomenex, Torrance, Calif., U.S.A.) thermostated at 40 ◦ C was 
diode array detector (DAD), quaternary pump, and fraction collector. A Kinetex C18 75 × 4.6 
HPLC separation and purification was achieved using an Agilent 1200 system, equipped with a 

HPLC analysis

were identified: apigeninidin-flavene dimer and apigenin-7-O-methylflavene dimer.
of bisulfite at pH 1.0 to 7.0 over a 4-wk period. Two new 3-deoxyanthocyanidin compounds 
sorghum leaf sheath pigments and measured the stability of isolated pigments in the presence 
We used High Performance Liquid Chromatography-Tandem Mass Spectroscopy to characterize 

Highlights from above article

3841.2012.02668.x. Epub 2012 Apr 10. PubMed PMID: 22489620

sorghum bicolor leaf sheath. J Food Sci. 2012 May;77(5):C566-72. doi: 10.1111/j.1750-

Geera B, Ojwang LO, Awika JM. New highly stable dimeric 3-deoxyanthocyanidin pigments from
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flow cell with a micro flow cell (3 mm path length) in the detector. Separation conditions were 
as follows: flow rate, 5 mL/min; injection volume, 300 μL; autosampler temperature, 4 ◦ C; 
column temperature, 40 ◦ C; monitoring wavelengths, 480 nm. Solvents were as described for 
analytical HPLC and gradient was as previously reported (Yang and others 2009). The 
procedure was repeated and individual fractions were pooled until enough of the desired 
compounds were obtained for analysis. Fraction purity was checked by injecting the pooled 
fractions and using the analytical HPLC procedure described earlier; separation was effective, 
and all fractions were >95% pure. The pooled fractions were freeze-dried and kept at –35 ◦ C 
until used. The content of the purified compounds in the original material was determined by 
interpolation, based on peak areas from HPLC standard curves for each compound. 
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3.1. Thermal stability of crude 3-deoxyanthocyanidin extract 

The dried leaf sheath from red sorghum has very intense red colour. It is commonly used in West Africa 

as a source of dye for various food and non-food applications (Kayodé et al., 2011). The 3 

deoxyanthocyanidins in the crude extract comprised mostly apigeninidin (7.5 mg/g), 7-O-methyl-

apigeninidin (0.51 mg/g), and luteolinidin (0.27 mg/g), which was similar to what was reported 

previously (Geera et al., 2012). It also contained dimeric 3-deoxyanthocyanidin pigments (Geera et al., 

2012). Sorghum with red secondary plant colour tends to accumulate mainly apigeninidin type pigments 

(Dykes et al., 2009). Besides 3-deoxyanthocyanidins, the crude 3-deoxyanthocyanidin extract also had a 

fair amount of apigenin (0.84 mg/g). Other phenolic compounds usually found in red sorghum, such as 

phenolic acids and flavanones, were detected in trace amounts. 
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and of at least 95% purity.

LUT) were purchased from AlsaChim (Strasbourg, France). All pure compounds were synthetic 
methyl-apigeninidin (5,7-OMe-APG), luteolinidin (LUT), and 5,7-O-methyl-luteolinidin (5,7-OMe- 
(APG), 5-O-methyl-apigeninidin (5-OMe-APG), 7-O-methyl-apigeninidin (7-OMe-APG), 5,7-O- 
several pure 3-deoxyanthocyanidin compounds (Fig. 1) were used in this study. Apigeninidin

In order to evaluate the effect of 3-deoxyanthocyanidin structure on their thermal stability, 

2.1.2. 3-Deoxyanthocyanidin compounds

complete dryness under vacuum at 40 _C using a Multivapor system (Büchi, Flawil, Switzland).

used to extract the sample, with 2 h shaking at room temperature. Solvent was removed to 
Awika (2012). Acidified aqueous methanol (formic acid:water:methanol = 1:49:50, v:v:v) was 
Forever Products, Lagos, Nigeria). This material was previously described by Geera, Ojwang, and 
Crude 3-deoxyanthocyanidin extract was obtained from dried red sorghum leaf sheaths (Health 

2.1.1. Crude 3-deoxyanthocyanidin pigments

2.1. Materials

Materials and methods2.

Food Chemistry http://dx.doi.org/10.1016/j.foodchem.2014.03.105

Thermal stability of 3-deoxyanthocyanidin pigments Liyi Yang , Linda Dykes , Joseph M. Awika Journal of

See Full Article

Thermal stability of 3-deoxyanthocyanidin pigments

https://www.afritradomedic.com/pdf/Thermal%20stability%20of%203-deoxyanthocyanidin%20pigments%20Food%20Chem%202014.pdf
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To determine the structures of thermal degradation products, the 3-deoxyanthocyanidin samples used 

in this experiment were treated the same as for HPLC quantitative analysis. A Waters- ACQUITY UPLC-

PDA-ESI-TQD-MS system (Waters Corp., Milford, MA) was used which consisted of a binary solvent 

manager, Fig. 1. 3-Deoxyanthocyanidins used in thermal stability study. autosampler (sample manager), 

column heater, and photodiode array ek detector (PDA) and interfaced with a tandem quadrupole (TQD) 

mass spectrometer equipped with an ESI source. The separation was performed on a Kinetex C18 

column (150 mm _ 2.10 mm, 2.6 lm, Phenomenex, Torrance, CA) at 40 _C with following gradient at 0.4 

mL/min: Solvent A (0.05% formic acid in water), solvent B (acetonitrile), and the percentage of solvent B 

was 12–41% from 0 to 23.5 min, 41–75% from 23.5 to 25.5 min, 75% isocratic from 25.5 to 28.5 min, 

then 75–12% from 28.5 to 29.5 min, and 12% isocratic for 5 min to equilibrate the column. The injection 

volume was 1 lL. The monitoring wavelength for 3-deoxyanthocyanidin pigments was at 485 nm; while 

thermal degradation products were monitored at 280 nm and 340 nm. Mass spectrometric data 

wereacquired in positive mode for 3-deoxyanthocyanidins, and in negative mode for degradation 

compounds. Empower 2 software (Waters Corp.) was used to acquire and analyse data. The MS scan 

was recorded in the range of 100–1000 Da. Nitrogen was used both as a drying gas and as nebulizing 

gas, while argon was used as the collision gas (AOC, Bryan, TX). The nitrogen gas flow conditions were 

800 and 50 L/h for desolvation and at the cone, respectively. The source block temperature and 

desolvation temperature were set at 150 and 400 _C, respectively. Optimization of ionization 

conditionswas based on the intensity of the mass signals of protonated/ deprotonated molecules and 

performed for each individual peak/compound detected. Mass parameters were optimized as follows: 

Capillary voltage, 3.5/3.0 kV; and cone voltage, 60/30 V for positive/negative ionization, respectively. 

The MS/MS scan was optimized as follows: cone voltage of 45/(30–40) V and collision energy of 35/(15–

30) V. Compound identification was based on matching UPLC retention profile, UV–vis spectra and MS

data with authentic standards. Where standards were not available, compounds were identified based 

on the fragment patterns compared with reports in the literature. 
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NMR FILE TO BE INSERTED 
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Full test reports for the HPLC/LC-MS flavonoid analysis from 9 different batches  

Five batches were initially tested and 4 additional batches subsequently done. 

Note: FULL REPORT IS ATTACHED 

 

 

Method Development for Quality Control of Jobelyn Using LC-MS/MS 
Authors 
Xianguo Zhao, Ph.D. 
Miwako Kondo, M.S. 
Study Completed November, 2006 
 

EXTRACTS FROM REPORT 

Table of Compounds identified in Jobelyn for batches tested in Brunswick Labs, USA 

 

 

Lot No BL ID No. Apigeninidin Luteolinindin Apigenin Luteolin Naringenin 

12-2005 06-4108 23,950 328 5,100 715 244 

12-2006 RAT 1:5 06-4109 22,950 229 3,770 396 90.0 

12-2006 RAT 1:10 06-4110 27,650 286 4,770 570 122 

12-2006 RAT 1:20 06-4111 31,900 331 5,300 640 149 

12-2006 New Pot 06-4112 21,850 168 2,975 218 71.0 

12-2005 RAT 1:20 06-4812 38,650 323 6,020 585 230 

12-2006 RAT 1:50 06-4813 29,850 170 4,050 339 118 

lot#11 08-3552 39,900 450 6,910 570 130 

lot# 54FBT99 09-0590 47,380 890 6,460 673 166 
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METHOD DEVELOPMENT FOR QUALITY CONTROL OF JOBELYN USING 
LC-MS/MS 

SUMMARY 

This study was conducted to develop LC-MS/MS method for quality control of 
Jobelyn for Health Forever Products Limited.   

Five marker compounds, i.e., apigeninidin, Luteolinidin, apigenin, luteolin, and 
naringenin, have been characterized in Jobelyn by LC/MS and MS/MS.   

The highly sensitive LC/(-)ESI-MS/MS method for quantifying five marker 
compounds, i.e., apigeninidin, Luteolinidin, apigenin, luteolin, and naringenin in Jobelyn 
was developed.  The concentrations of all five marker compounds in six lots of Jobelyn 
were determined using LC-MS/MS method developed in BL.   

118

118



BL06914 - RPTN06002  PAGE 9 

 

Brunswick Laboratories, LLC 

1. INTRODUCTION 

The objective of this study was to develop LC-MS/MS method for quality control 
of Jobelyn.  

2. MATERIALS 

2.1 Reference Standards 

Five reference standards were summarized in Table I.  Apigeninidin and 
luteonindin were obatained from Chromadex (Santa Ana, CA).  Luteolin was purchased 
from IndoFine Chemical Company (Hillsborough, NJ). Apigenin, naringenin, and 
diclofenac sodium was obtained from Sigma-Aldrich (Saint Louis, MO).  

2.2 Study Samples 

Jobelyn was provide by the Sponsor and the lot numbers and BL ID numbers are 
listed as follows:  

Lot No. BL ID No. 
12-2003 06-4107 
12-2005 06-4108 

12-2006 RAT 1:5 06-4109 
12-2006 RAT 1:10 06-4110 
12-2006 RAT 1:20 06-4111 
12-2006 New Pot 06-4112 

 

2.3 Solvents, Reagents, and Supplies 

Formic acid was purchased from J.T. Baker.  OmniSolv Water, acetonitrile, and 
methanol were obtained from EM Science.  Water used in this study was produced on site 
through a Millipore Water system water purification system.   

2.4 Suppliers and Equipment 

2.4.1 Supplies 

• Serological Pipettes, Kimble Glass Inc 

• Wiretrol Micropipettes, Drummond Scientific Company 

• Autosampler Vials, Sun International 

• Automatic Pipettes, Gilson 
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2.4.2 Equipment 

• Sartorius Balances, R160P, Sartorius Corporation 

• Centra-8R Centrifuge, International Equipment Company  

 
3. METHODS 

3.1 Characterization of Five Marker Compounds in Jobelyn 

3.1.1 Sample Preparation  

Accurately weigh ca. 0.5 g of product to a 50-mL polypropylene tube.  Add 24-
mL of methanol and sonicate for 0.5 hour.  Adjust the volume to 25 mL with methanol.  
Vertex and centrifuge at room temperature and 5,900 rpm for 10 min.  Transfer 1.0 mL of 
the supernatant to 1.5-mL amber glass for LC-MS and MS/MS analysis.  Dilute the 
resultant supernatant with methanol when needed.   

3.1.2 LC/MS and MS/MS Conditions 

HPLC Method 1 

HPLC System: SHIMADZU HPLC system (Pump: LC-20AT; 
Autosampler: SIL-HTC) 

UV/Vis Detector: SHIMADZU SPD-20A set @410 nm 
Column: Phenomenex Luna C18, 3 µm, 50 × 2.1 mm 
Column Temperature: Room Temperature 
Autosampler Temperature: Room Temperature 
Injection Vol.: 10µL  
Mobile Phase A: H2O containing 0.4% HCOOH 
Mobile Phase B: Acetonitrile  
Gradient Table: 

 
Time (min) Flow (mL/min) %A %B 

Initial 0.4 100 0 
1.5 0.4 100 0 
2.5 0.4 90 10 

12.5 0.4 60 40 
22.5 0.4 20 80 
25.0 0.4 2 98 
28.0 0.4 2 98 
28.1 0.4 100 0 
32.0 Stop 100 0 
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MS Conditions 

Mass Spectrometer: 4000 Q TRAP LC/MS/MS Systrem 
Ionization Mode: ESI in negative ion mode 
Ion Spray (IS): 4,500V 
Temperature: 550 oC 
Curtain Gas Flow (CUR): 20 units 
GS1: 50 units 
GS2: 50 units 
DP: 80-100 
EP: 10 
CXP: 5 
 

3.2 Quantitation of Five Marker Compounds in Jobelyn by LC-MS/MS 

The method was detailed in Appendix A. 

 
4. RESULTS  

4.1 LC/MS and MS/MS Analyses of Reference Standards 

Five reference standards (Table I), i.e., apigeninidin, Luteolinidin, apigenin, 
luteolin, and naringenin, were analyzed using LC-MS and MS/MS method developed in 
BL.  The LC/(-)ESI-MS and MS/MS spectral data of 5 reference standards are depicted 
in Figure 1 to Figure 6.  

4.2 Characterization of Five Markers in Jobelyn by LC/MS and MS/MS 

Jobelyn methanol extracts were analyzed by LC/(-)ESI-MS using HPLC Method 
1.  Five maker compounds, i.e., apigeninidin, Luteolinidin, apigenin, luteolin, and 
naringenin, were founded in the sample tested (Figure 7) and their structures were 
confirmed by CAD-MS/MS analysis.  

4.3 Quantitation of Five Markers in Jobelyn by LC/(-)ESI-MS/MS 

The highly sensitive LC/(-)ESI-MS/MS method for quantifying five markers in 
Jobelyn was developed.  The representative ion chromatograms of all five markers are 
depicted in Figure 8 .  

The calibration curve ranges for five markers were set at 10-1,000 ng/mL.  The 
calibration curve and QC data are summarized in Table II and Table III and Figure 9 to 
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Figure 11.  The ion chromatograms for lowest standards are depicted in Figure 12 and 
Figure 13.  

A total of six lots of Jobelyn were analyzed using the method developed in BL.  
The concentrations of five markers in Jobelyn are presented in Table IV.  The 
representative ion chromatograms of all five markers in Jobelyn are depicted in 
Figure 14 to Figure 16.   
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TABLES 
Table I 
  

Summary of Reference Standards  

Name Structure MW HPLC Rt (min) 

Luteolinidin 

 

306.68 ~ 3.53 

Apigeninidin 

 

290.69 ~ 3.65 

Luteolin 

 

286.24 ~ 6.87 

Naringenin 

 

272.25 ~ 8.24 

Apigenin 

 

270.24 ~ 8.41 
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Table II 
  

Summary Data of Calibration Standard Curves  

  10 ng/mL 20 ng/mL 50 ng/mL 100 ng/mL 500 ng/mL 1000 ng/mL   
Analyte ng/mL Rec.(%) ng/mL Rec.(%) ng/mL Rec.(%) ng/mL Rec.(%) ng/mL Rec.(%) ng/mL Rec.(%) r 

Apigeninidin 9.91 99.10 20.0 100.00 48.8 97.70 115 115.00 516 103.00 856 85.60 0.9937 
Luteolinidin 9.70 97.00 20.7 103.00 54.6 109.00 95.7 95.70 517 103.00 916 91.60 0.9970 

Apigenin 9.73 97.30 20.3 101.00 52.8 106.00 110 110.00 500 100.00 858 85.80 0.9951 
Luteolin 9.59 95.90 21.0 105.00 51.8 104.00 111 111.00 497 99.30 855 85.50 0.9945 

Naringenin 9.64 96.40 21.0 105.00 51.1 102.00 109 109.00 498 99.60 883 88.30 0.9963 
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Table III 
  

QC Data Summary of Five Markers in Jobelyn 

 
   Apigeninidin 

  50 ng/mL 100 ng/mL 
Replicate ng/mL Rec.(%) ng/mL Rec.(%) 

1 61.3 122.60 104.2 104.20 
2 55.2 110.40 99.2 99.20 
3 58.1 116.20 98.2 98.20 

Mean 58.2 116.40 100.5 100.50 
SD 3.05 — 3.21 — 
CV (%) 5.24 — 3.19 — 
Bias (%) 16.40 — 0.50 — 
  Luteolinidin 
  50 ng/mL 100 ng/mL 

Replicate ng/mL Rec.(%) ng/mL Rec.(%) 
1 48.5 97.00 97.70 97.70 
2 49.6 99.20 96.70 96.70 
3 53.7 107.40 105.70 105.70 

Mean 50.6 101.20 100 100.00 
SD 2.74 — 4.93 — 
CV (%) 5.42 — 4.93 — 
Bias (%) 1.20 — 0.00 — 
  Apigenin 
  50 ng/mL 100 ng/mL 

Replicate ng/mL Rec.(%) ng/mL Rec.(%) 
1 56.6 113.20 104.6 104.60 
2 54.6 109.20 107.6 107.60 
3 53.5 107.00 105.6 105.60 

Mean 54.9 109.80 105.9 105.90 
SD 1.57 — 1.53 — 
CV (%) 2.86 — 1.44 — 
Bias (%) 9.80 — 5.90 — 
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Table III (Continued) 
  

QC Data Summary of Five Markers in Jobelyn  

 
   Luteolin 

  50 ng/mL 100 ng/mL 
Replicate ng/mL Rec.(%) ng/mL Rec.(%) 

1 50.0 100.00 106.0 106.00 
2 59.0 118.00 104.0 104.00 
3 45.0 90.00 107.0 107.00 

Mean 51.3 102.70 105.7 105.70 
SD 7.09 — 1.53 — 
CV (%) 13.8 — 1.45 — 
Bias (%) 2.70 — 5.70 — 
  Naringenin 
  50 ng/mL 100 ng/mL 

Replicate ng/mL Rec.(%) ng/mL Rec.(%) 
1 46.8 93.60 97.3 97.30 
2 50.0 100.00 94.3 94.30 
3 45.9 91.80 96.3 96.30 

Mean 47.6 95.10 96.0 96.00 
SD 2.15 — 1.53 — 
CV (%) 4.52 — 1.59 — 
Bias (%) -4.90 — -4.00 — 
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Table IV 

Concentrations of Five Markers in Jobelyn 

Conc. (µg/g) 
Lot No BL ID No. Apigeninidin Luteolinidin Apigenin Luteolin Naringenin 
12-2003 06-4107 14,650 216 3,695 530 151
12-2005 06-4108 23,950 328 5,100 715 244

12-2006 RAT 1:5 06-4109 22,950 229 3,770 396 90.0 
12-2006 RAT 1:10 06-4110 27,650 286 4,770 570 122 
12-2006 RAT 1:20 06-4111 31,900 331 5,300 640 149 
12-2006 New Pot 06-4112 21,850 168 2,975 218 71.0 
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FIGURES 
Figure 1 
  

(-)ESI-MS (A) and MS/MS (B) Spectra of Apigeninidin Standard 

 -Q1: 0.301 to 0.334 min from Sample 2 (Apigenidin 10µg/mL) of 06915001M001.wiff (Turbo Spr... Max. 6.3e7 cps.
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 -MS2 (253.00) CE (-40): 0.687 to 0.737 min from Sample 1 (Apigenidin 10µg/mL) of 06915001M... Max. 1.9e6 cps.
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1.6e6
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1.8e6

1.9e6 116.9
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180.2

208.1

182.2
142.8 166.9

252.9133.0
185.1

157.089.1 196.9168.9
93.2 179.4154.9141.1104.9 211.2132.1 159.4 224.3 251.991.0 196.265.1 152.441.1 191.0 237.176.9 94.9

 

A: [M-H]- at m/z 253  

B: Product ion scan of m/z 253  
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Figure 2 

(-)ESI-MS (A) and MS/MS (B) Spectra of Luteolinidin Standard 

 -Q1: 0.702 min from Sample 3 (Luteolindin 10µg/mL) of 06915001M002.wiff (Turbo Spray), Cent... Max. 5.5e7 cps.

100 120 140 160 180 200 220 240 260 280 300 320 340 360 380 400 420 440 460 480 500 520 540
m/z, amu

5.0e6

1.0e7

1.5e7

2.0e7

2.5e7

3.0e7

3.5e7

4.0e7

4.5e7

4.9e7 268.9

270.0

160.5 224.4198.999.7 241.1 352.8146.9 539.1393.7311.0 404.5264.9 483.4445.4

 -MS2 (269.00) CE (-40): 0.234 to 0.267 min from Sample 2 (Luteolindin 10µg/mL) of 06915001... Max. 8.2e5 cps.

20 40 60 80 100 120 140 160 180 200 220 240 260 280 300
m/z amu
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3.0e5
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5.5e5

6.0e5

6.5e5

7.0e5

7.5e5

8.0e5
182.0

132.9

159.0

197.7

224.1

170.9

200.7169.0 212.8183.1

269.2207.7
173.0 226.7

240.4
195.0 268.5179.9153.9

209.9145.1109.189.1 179.0140.9 166.6
104.8 131.7 172.5156.6 239.3187.2 251.4126.695.276.840.9 64.9 206.5161.2 266.9

A: [M-H]- at m/z 269  

B: Product ion scan of m/z 269  
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Figure 3 
  

(-)ESI-MS (A) and MS/MS (B) Spectra of Apigenin Standard 

 -Q1: 0.176 to 0.226 min from Sample 2 (Apigenin 10µg/mL) of 06910001M013.wiff (Turbo Spray... Max. 5.1e7 cps.

100 150 200 250 300 350 400 450 500 550
m/z, amu
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2.5e7

3.0e7
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268.6

395.2

271.0150.8 283.180.3 117.0 225.0 431.2 539.2200.9 371.0 414.9353.1180.9 241.2

 -MS2 (269.00) CE (-40): 0.720 to 0.771 min from Sample 1 (Apigenin 10µg/mL) of 06910001M0... Max. 1.1e7 cps.

20 40 60 80 100 120 140 160 180 200 220 240 260 280 300
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9.00e6
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1.00e7
1.05e7

116.7

150.9
106.8

268.9

159.0121.065.2 82.9 180.6 227.0105.062.8 201.0157.093.1 141.1108.876.941.0 267.7240.9

 

A: [M-H]- at m/z 269  

B: Product ion scan of m/z 269  
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Figure 4 
  

(-)ESI-MS (A) and MS/MS (B) Spectra of Luteolin Standard 

 -Q1: 43.073 to 43.624 min from Sample 1 (Mixed STD (B004:4F, 20µL)) of 06904003M020.wiff (... Max. 3.2e7 cps.

100 120 140 160 180 200 220 240 260 280 300 320 340 360 380 400 420 440 460 480 500 520 540
m/z, amu

2.0e6

4.0e6

6.0e6

8.0e6

1.0e7

1.2e7

1.4e7

1.6e7

1.8e7

2.0e7

2.2e7

2.4e7

2.6e7

2.8e7

3.0e7

3.2e7 285.0

409.9
506.4

368.8287.2150.7132.7 479.2413.9164.5 207.0 515.1341.0 408.0251.0 424.8216.7 304.6

 -MS2 (285.20) CE (-40): Period 2, Exp 1, 43.133 to 43.535 min f rom Sample 1 (Mixed STD (B00... Max. 2.8e6 cps.

60 80 100 120 140 160 180 200 220 240 260 280 300
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150.9 285.1
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148.9 175.1

199.0
83.2 217.0121.0105.064.9 243.1173.0 198.0 267.1223.0169.2142.9 185.093.0 283.5255.1

 

A: [M-H]- at m/z 285  

B: Product ion scan of m/z 285  
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Figure 5 
  

(-)ESI-MS (A) and MS/MS (B) Spectra of Naringenin Standard 

 -Q1: 0.226 to 0.251 min from Sample 3 (Naringenin 10µg/mL) of 06910001M003.wiff (Turbo Spr... Max. 2.7e7 cps.

100 150 200 250 300 350 400 450 500 550
m/z, amu

2.0e6

4.0e6

6.0e6

8.0e6

1.0e7

1.2e7

1.4e7

1.6e7

1.8e7

2.0e7

2.2e7

2.4e7

2.6e7
2.7e7 271.0

119.0

150.9

64.9

106.9
82.963.0

120.0 151.8 176.9
93.3 284.7 327.1253.0227.0 427.1144.9 417.3339.5 489.0177.6 440.7130.8 545.086.5 516.0 572.6

 -MS2 (271.10) CE (-20): 1.072 to 1.122 min from Sample 4 (Naringenin 10µg/mL) of 06910001... Max. 2.3e6 cps.

20 40 60 80 100 120 140 160 180 200 220 240 260 280 300
m/z amu
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177.282.9
64.8 165.3 227.3187.3144.7 270.2108.7 253.0202.8132.9

 

A: [M-H]- at m/z 271  

B: Product ion scan of m/z 271  
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Figure 6 

HPLC-UV/Extracted Ion Chromatograms (HPLC Method 1) of Five Marker Reference 
Standards 

Detector A, Channel 1 from Sample 1 (11/02/06 stda-1a) of 06914008M001.wiff Max. 1.2e4 .

0 2 4 6 8 10 12 14 16 18 20 22 24 26
Time, min

0.00

2000.00

4000.00

6000.00

8000.00

1.00e4
1.16e4 6.62

6.22
16.7215.85 18.0014.7312.3311.54 22.600.74 23.619.898.951.67

XIC of -Q1: 253.0 to 254.0 amu from Sample 1 (11/02/06 stda-1a) of 06914008M001.wiff (Turbo ... Max. 9.8e6 cps.

2 4 6 8 10 12 14 16 18 20 22 24 26
Time, min

0.0

2.0e6

4.0e6

6.0e6

8.0e6

9.8e6 6.89

23.88

XIC of -Q1: 269.0 to 270.0 amu from Sample 1 (11/02/06 stda-1a) of 06914008M001.wiff (Turbo ... Max. 2.2e7 cps.

2 4 6 8 10 12 14 16 18 20 22 24 26
Time, min

0.0

5.0e6

1.0e7

1.5e7

2.0e7
11.88

6.51

XIC of -Q1: 285.0 to 286.0 amu from Sample 1 (11/02/06 stda-1a) of 06914008M001.wiff (Turbo ... Max. 2.8e7 cps.

2 4 6 8 10 12 14 16 18 20 22 24 26
Time, min

0.0

5.0e6

1.0e7

1.5e7

2.0e7

2.5e7
10.62

XIC of -Q1: 271.0 to 272.0 amu from Sample 1 (11/02/06 stda-1a) of 06914008M001.wiff (Turbo ... Max. 1.2e7 cps.

2 4 6 8 10 12 14 16 18 20 22 24 26
Time min

0.00

2.00e6

4.00e6

6.00e6

8.00e6

1.00e7
1.19e7 11.73

Luteolin 

Apigeninidin 

Naringenin 

UV@410 nm Apigeninidin Luteolinidin 

Apigenin Luteolinidin 
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Figure 7 
  

HPLC-UV/Extracted Ion Chromatograms (HPLC Method 1) of Jobelyn  

Detector A, Channel 1 from Sample 2 (10/30/06 05-4112x50-1a) of 06914008M002.wiff Max. 4.0e6 .

0 2 4 6 8 10 12 14 16 18 20 22 24 26
Time, min

0.0

1.0e6

2.0e6

3.0e6

4.0e6 6.39

12.8312.357.13 10.289.87 14.28 15.84

XIC of -Q1: 253.0 to 254.0 amu from Sample 2 (10/30/06 05-4112x50-1a) of 06914008M002.wiff ... Max. 6.8e7 cps.

2 4 6 8 10 12 14 16 18 20 22 24 26
Time, min

0.0

2.0e7

4.0e7

6.0e7
6.8e7 6.66

13.66
7.52

13.078.47

XIC of -Q1: 269.0 to 270.0 amu from Sample 2 (10/30/06 05-4112x50-1a) of 06914008M002.wiff ... Max. 7.1e7 cps.

2 4 6 8 10 12 14 16 18 20 22 24 26
Time, min

0.0

2.0e7

4.0e7

6.0e7
7.1e7 11.79

6.46 12.86 16.09

XIC of -Q1: 285.0 to 286.0 amu from Sample 2 (10/30/06 05-4112x50-1a) of 06914008M002.wiff ... Max. 2.1e7 cps.

2 4 6 8 10 12 14 16 18 20 22 24 26
Time, min

0.0

5.0e6

1.0e7

1.5e7

2.0e7
10.58

9.05

16.10
7.63

12.31 14.98

XIC of -Q1: 271.0 to 272.0 amu from Sample 2 (10/30/06 05-4112x50-1a) of 06914008M002.wiff ... Max. 1.7e7 cps.

2 4 6 8 10 12 14 16 18 20 22 24 26
Time min

0.0

5.0e6

1.0e7

1.5e7
1.7e7 11.73

8.38
22.75

9.77 19.27
21.778.067.03 18.93
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UV@410 nm Apigeninidin 
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Apigenin Luteolinidin 
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Figure 8 

Mass Ion Chromatograms (MRM Mode, HPLC Method 2) of Five Marker Reference 
Standards 

XIC of -MRM (14 pairs): 269.0/117.0 amu from Sample 1 (11/02/06 stda-1a) of 06914007M010.w... Max. 2.4e5 cps.

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
Time, min

0.0

1.0e5

2.0e5
2.4e5 8.41

XIC of -MRM (14 pairs): 285.0/133.0 amu from Sample 1 (11/02/06 stda-1a) of 06914007M010.w... Max. 2.7e5 cps.

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
Time, min

0.0

1.0e5

2.0e5

2.7e5 6.87

XIC of -MRM (14 pairs): 269.0/133.0 amu from Sample 1 (11/02/06 stda-1a) of 06914007M010.w... Max. 1.9e4 cps.

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
Time, min

0.0

5000.0

1.0e4

1.5e4
1.9e4 3.53

8.414.66

XIC of -MRM (14 pairs): 253.0/117.0 amu from Sample 1 (11/02/06 stda-1a) of 06914007M010.w... Max. 3.7e4 cps.

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
Time, min

0.0

1.0e4

2.0e4

3.0e4
3.7e4 3.65

XIC of -MRM (14 pairs): 271.0/151.0 amu from Sample 1 (11/02/06 stda-1a) of 06914007M010.w... Max. 4.0e5 cps.

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
Time, min

0.0

1.0e5

2.0e5

3.0e5

4.0e5 8.24

4.64

XIC of -MRM (14 pairs): 294.1/250.0 amu from Sample 1 (11/02/06 stda-1a) of 06914007M010.w... Max. 1.4e5 cps.

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16
Time min

0.0

5.0e4

1.0e5

1.4e5 12.73
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Figure 9 

Calibration Curves of Apigenin and Luteolin
06 9 14 0 07 .rd b  (A pi ge n in ):  "L in e ar " R eg re ss io n  (" 1  /  (x  *  x )"  w ei gh tin g) : y  =  0 .00 4 54  x  + 0 .00 7 62  (r  =  0 .9 95 1 )
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A n al yte  C o nc . /  IS  C on c .
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06 9 14 0 07 .rd b  (L ute ol in ): "L in e ar " R eg re ss io n  (" 1  /  (x  *  x )"  w ei gh t in g) :  y =  0 .00 4 51  x  +  0 .00 1 52  (r  =  0 .9 94 5 )
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Figure 10 

Calibration Curves of Luteolinidin and Apigeninidin 

06 9 14 0 07 .rd b  (L ute ol in id in) :  "L in ea r " R e g re ss io n  ( " 1  /  (x  *  x) "  w ei gh t in g) :  y  =  0 .0 0 02 1 9 x  +  -0 .00 0 11 9  (r =  0 .99 7 0)

5 0 1 00 1 5 0 20 0 2 50 3 00 3 5 0 40 0 45 0 5 00 5 5 0 6 0 0 65 0 7 00 7 50 8 0 0 85 0 90 0 9 50 1 0 00
A n al yte  C o nc . /  IS  C on c .
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Figure 11 
  

Calibration Curve of Naringenin 

06 9 14 0 07 .rd b  (N a ri ng e ni n) : " L in ea r"  R e g re ss io n ( "1   / ( x  *  x ) " w e ig h ti ng ): y  =  0.0 0 41 7  x  +  0 .0 0 59  (r  =  0 .9 96 3 )

5 0 1 00 1 5 0 20 0 2 50 3 00 3 5 0 40 0 45 0 5 00 5 5 0 6 0 0 65 0 7 00 7 50 8 0 0 85 0 90 0 9 50 1 0 00
A n al yte  C o nc . /  IS  C on c .
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Figure 12 

Mass Ion Chromatograms of Lowest Standard at the Concentration of 10 ng/mL 

Sample Name:  "11/02/06 stdf -1a"    Sample ID:  ""    File:  "06914007M005.wif f"
Peak Nam e:  "Apigeni n"  Mass(es):  "269.0/117.0 amu"
Comm ent : "" Annotation: ""

Sam ple  In dex :    1 
Sam ple  Ty pe:   St and ard  
Con cen tra tio n:   10 .0   ng/ mL 
Cal cul ate d C onc:  9. 73  ng/ mL 
Acq . D ate :   11 /2/ 200 6  
Acq . T ime :   7: 05: 32 PM 

Mod ifi ed:    No  
Pro c. Alg ori thm:  An aly st Cla ssi c  
Bun chi ng Fac tor:    3  
Noi se Thr esh old:  18. 55   c ps
Are a T hre sho ld:   9 2.7 6   cp s
,Nu m. Smo oth s:   10  
Sep . W idt h:   0. 20
Sep . H eig ht:   0. 01
Exp . P eak  Ra tio:    5. 00
Exp . A dj.  Ra tio:    4. 00
Exp . V al.  Ra tio:    3. 00
RT Win dow :  30. 0   s ec
Exp ect ed RT:   8. 39   m in
Use  Re lat ive  RT:   No   

Int . T ype :   Ba se To Bas e  
Ret ent ion  Ti me:  8. 41   m in
Are a:   5 970 0.   c oun ts
Hei ght :   3.1 7e+ 003   c ps
Sta rt Tim e:  7. 72   m in
End  Ti me:    9. 32   m in
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15.8015.00 16.5514.6313.5011.63 13.0711.9011.167.877.44

Sample Name:  "11/02/06 stdf -1a"    Sample ID:  ""    File:  "06914007M005.wif f"
Peak Nam e:  "Apigeni ni di n" Mass(es):  "253.0/117.0 amu"
Comm ent : "" Annotation: ""

Sam ple  In dex :    1 
Sam ple  Ty pe:   St and ard  
Con cen tra tio n:   10 .0   ng/ mL 
Cal cul ate d C onc:  9. 91  ng/ mL 
Acq . D ate :   11 /2/ 200 6  
Acq . T ime :   7: 05: 32 PM 

Mod ifi ed:    Ye s  
Pro c. Alg ori thm:  An aly st Cla ssi c  
Bun chi ng Fac tor:    4  
Noi se Thr esh old:    4. 06   c ps
Are a T hre sho ld:   2 0.3 1   cp s
,Nu m. Smo oth s:   10  
Sep . W idt h:   0. 20
Sep . H eig ht:   0. 01
Exp . P eak  Ra tio:    5. 00
Exp . A dj.  Ra tio:    4. 00
Exp . V al.  Ra tio:    3. 00
RT Win dow :  30. 0   s ec
Exp ect ed RT:   3. 66   m in
Use  Re lat ive  RT:   No   

Int . T ype :   Ba se To Bas e  
Ret ent ion  Ti me:  3. 66   m in
Are a:    886 0.   c oun ts
Hei ght :   5.3 2e+ 002   c ps
Sta rt Tim e:  3. 04   m in
End  Ti me:    4. 63   m in
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Sample Name:  "11/02/06 stdf -1a"    Sample ID:  ""    File:  "06914007M005.wif f"
Peak Nam e:  "Luteoli n"  Mass(es):  "285.0/133.0 amu"
Comm ent : "" Annotation: ""

Sam ple  In dex :    1 
Sam ple  Ty pe:   St and ard  
Con cen tra tio n:   10 .0   ng/ mL 
Cal cul ate d C onc:  9. 59  ng/ mL 
Acq . D ate :   11 /2/ 200 6  
Acq . T ime :   7: 05: 32 PM 

Mod ifi ed:    No  
Pro c. Alg ori thm:  An aly st Cla ssi c  
Bun chi ng Fac tor:    3  
Noi se Thr esh old:  20. 72   c ps
Are a T hre sho ld:  10 3.5 8   cp s
,Nu m. Smo oth s:   10  
Sep . W idt h:   0. 20
Sep . H eig ht:   0. 01
Exp . P eak  Ra tio:    5. 00
Exp . A dj.  Ra tio:    4. 00
Exp . V al.  Ra tio:    3. 00
RT Win dow :  30. 0   s ec
Exp ect ed RT:   6. 91   m in
Use  Re lat ive  RT:   No   

Int . T ype :   Ba se To Bas e  
Ret ent ion  Ti me:  6. 87   m in
Are a:   5 150 0.   c oun ts
Hei ght :   3.0 9e+ 003   c ps
Sta rt Tim e:  6. 55   m in
End  Ti me:    7. 62   m in
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Sample Name:  "11/02/06 stdf -1a"    Sample ID:  ""    File:  "06914007M005.wif f"
Peak Nam e:  "Luteoli ni di n"  Mass(es): "269.0/133.0 amu"
Comm ent : "" Annotation: ""

Sam ple  In dex :    1 
Sam ple  Ty pe:   St and ard  
Con cen tra tio n:   10 .0   ng/ mL 
Cal cul ate d C onc:  9. 70  ng/ mL 
Acq . D ate :   11 /2/ 200 6  
Acq . T ime :   7: 05: 32 PM 

Mod ifi ed:    No  
Pro c. Alg ori thm:  An aly st Cla ssi c  
Bun chi ng Fac tor:    1  
Noi se Thr esh old:    2. 22   c ps
Are a T hre sho ld:   1 1.1 1   cp s
,Nu m. Smo oth s:   10  
Sep . W idt h:   0. 20
Sep . H eig ht:   0. 01
Exp . P eak  Ra tio:    5. 00
Exp . A dj.  Ra tio:    4. 00
Exp . V al.  Ra tio:    3. 00
RT Win dow :  30. 0   s ec
Exp ect ed RT:   3. 55   m in
Use  Re lat ive  RT:   No   

Int . T ype :   Ba se To Bas e  
Ret ent ion  Ti me:  3. 56   m in
Are a:    230 0.   c oun ts
Hei ght :   1.3 8e+ 002   c ps
Sta rt Tim e:  3. 33   m in
End  Ti me:    3. 97   m in
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Figure 13 

Mass Ion Chromatograms of Lowest Standard at the Concentration of 10 ng/mL 

Sample Name:  "11/02/06 stdf -1a"    Sample ID:  ""    File:  "06914007M005.wif f"
Peak Nam e:  "Naringenin"  Mass(es):  "271.0/151.0 amu"
Comm ent : "" Annotation: ""

Sam ple  In dex :    1 
Sam ple  Ty pe:   St and ard  
Con cen tra tio n:   10 .0   ng/ mL 
Cal cul ate d C onc:  9. 64  ng/ mL 
Acq . D ate :   11 /2/ 200 6  
Acq . T ime :   7: 05: 32 PM 

Mod ifi ed:    No  
Pro c. Alg ori thm:  An aly st Cla ssi c  
Bun chi ng Fac tor:    3  
Noi se Thr esh old:  19. 09   c ps
Are a T hre sho ld:   9 5.4 6   cp s
,Nu m. Smo oth s:   10  
Sep . W idt h:   0. 20
Sep . H eig ht:   0. 01
Exp . P eak  Ra tio:    5. 00
Exp . A dj.  Ra tio:    4. 00
Exp . V al.  Ra tio:    3. 00
RT Win dow :  30. 0   s ec
Exp ect ed RT:   8. 21   m in
Use  Re lat ive  RT:   No   

Int . T ype :   Ba se To Bas e  
Ret ent ion  Ti me:  8. 22   m in
Are a:   5 310 0.   c oun ts
Hei ght :   3.6 2e+ 003   c ps
Sta rt Tim e:  7. 84   m in
End  Ti me:    8. 87   m in
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Sample Name:  "11/02/06 stdf -1a"    Sample ID:  ""    File:  "06914007M005.wif f"
Peak Nam e:  "IS(IS)"  Mass(es):  "294.1/250.0 amu"
Comm ent : "" Annotation: ""

Sam ple  In dex :    1 
Sam ple  Ty pe:   St and ard  
Con cen tra tio n:   1. 00   ng/ mL 
Cal cul ate d C onc:    N/ A  
Acq . D ate :   11 /2/ 200 6  
Acq . T ime :   7: 05: 32 PM 

Mod ifi ed:    No  
Pro c. Alg ori thm:  An aly st Cla ssi c  
Bun chi ng Fac tor:    1  
Noi se Thr esh old:  46. 00   c ps
Are a T hre sho ld:  23 0.0 1   cp s
,Nu m. Smo oth s:   10  
Sep . W idt h:   0. 20
Sep . H eig ht:   0. 01
Exp . P eak  Ra tio:    5. 00
Exp . A dj.  Ra tio:    4. 00
Exp . V al.  Ra tio:    3. 00
RT Win dow :  30. 0   s ec
Exp ect ed RT:   12 .7   m in
Use  Re lat ive  RT:   No   

Int . T ype :   Ba se To Bas e  
Ret ent ion  Ti me:  12 .7   m in
Are a:   11 500 00.    cou nts
Hei ght :   9.5 5e+ 004   c ps
Sta rt Tim e:  12 .4   m in
End  Ti me:    13 .2   m in
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Figure 14 

Mass Ion Chromatograms (MRM Mode, HPLC Method 2) of Jobelyn (Lot No. 12-2003) 

XIC of -MRM (14 pairs): 269.0/117.0 amu from Sample 1 (11/02/06 06-4107x5000-1a) of 069140... Max. 2.1e5 cps.
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XIC of -MRM (14 pairs): 285.0/133.0 amu from Sample 1 (11/02/06 06-4107x5000-1a) of 069140... Max. 3.6e4 cps.
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XIC of -MRM (14 pairs): 269.0/133.0 amu from Sample 1 (11/02/06 06-4107x5000-1a) of 069140... Max. 980.0 cps.
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XIC of -MRM (14 pairs): 253.0/117.0 amu from Sample 1 (11/02/06 06-4107x5000-1a) of 069140... Max. 1.0e5 cps.
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XIC of -MRM (14 pairs): 271.0/151.0 amu from Sample 1 (11/02/06 06-4107x5000-1a) of 069140... Max. 1.0e5 cps.
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XIC of -MRM (14 pairs): 294.1/250.0 amu from Sample 1 (11/02/06 06-4107x5000-1a) of 069140... Max. 1.5e5 cps.
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Figure 15 
  

Mass Ion Chromatograms of Jobelyn (Lot No. 12-2003)  
Sample Name:  "11/02/06 06-4107x5000-1a"    Sample ID: ""    F ile: "06914007M018.wiff "
Peak Nam e:  "Apigeni n"    Mass(es):  "269.0/117.0 amu"
Comm ent : ""    Annotation: ""

Sam ple  In dex :       1     
Sam ple  Ty pe:      Un kno wn  
Con cen tra tio n:      N/ A            
Cal cul ate d C onc:     73 9.    ng/ mL  
Acq . D ate :       11 /2/ 200 6  
Acq . T ime :       11 :46 :49  PM   
 
Mod ifi ed:            No     
Pro c. Alg ori thm:  An aly st Cla ssi c  
Bun chi ng Fac tor:     3     
Noi se Thr esh old:    18. 55   c ps
Are a T hre sho ld:   9 2.7 6   cp s
,Nu m. Smo oth s:      10      
Sep . W idt h:         0. 20  
Sep . H eig ht:         0. 01  
Exp . P eak  Ra tio:     5. 00  
Exp . A dj.  Ra tio:     4. 00  
Exp . V al.  Ra tio:     3. 00  
RT Win dow :         30. 0    s ec
Exp ect ed RT:         8. 39   m in
Use  Re lat ive  RT:     No     
 
Int . T ype :       Ex pon ent ial  Sk im  
Ret ent ion  Ti me:     8. 49   m in
Are a:         40 100 00.    cou nts
Hei ght :         1.8 7e+ 005   c ps
Sta rt Tim e:         8. 04   m in
End  Ti me:            10 .4   m in
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Sample Name:  "11/02/06 06-4107x5000-1a"    Sample ID: ""    F ile: "06914007M018.wiff "
Peak Nam e:  "Apigeni ni di n"    Mass(es):  "253.0/117.0 amu"
Comm ent : ""    Annotation: ""

Sam ple  In dex :       1     
Sam ple  Ty pe:      Un kno wn  
Con cen tra tio n:      N/ A            
Cal cul ate d C onc:    239 0.    ng/ mL  
Acq . D ate :       11 /2/ 200 6  
Acq . T ime :       11 :46 :49  PM   
 
Mod ifi ed:            No     
Pro c. Alg ori thm:  An aly st Cla ssi c  
Bun chi ng Fac tor:     3     
Noi se Thr esh old:     4. 06   c ps
Are a T hre sho ld:   2 0.3 1   cp s
,Nu m. Smo oth s:      10      
Sep . W idt h:         0. 20  
Sep . H eig ht:         0. 01  
Exp . P eak  Ra tio:     5. 00  
Exp . A dj.  Ra tio:     4. 00  
Exp . V al.  Ra tio:     3. 00  
RT Win dow :         30. 0    s ec
Exp ect ed RT:         3. 66   m in
Use  Re lat ive  RT:     No     
 
Int . T ype :       Ex pon ent ial  Sk im  
Ret ent ion  Ti me:     3. 67   m in
Are a:         11 700 00.    cou nts
Hei ght :         7.9 2e+ 004   c ps
Sta rt Tim e:         3. 33   m in
End  Ti me:            4. 83   m in
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Sample Name:  "11/02/06 06-4107x5000-1a"    Sample ID: ""    F ile: "06914007M018.wiff "
Peak Nam e:  "Luteoli n"    Mass(es):  "285.0/133.0 amu"
Comm ent : ""    Annotation: ""

Sam ple  In dex :       1     
Sam ple  Ty pe:      Un kno wn  
Con cen tra tio n:      N/ A            
Cal cul ate d C onc:     10 6.    ng/ mL  
Acq . D ate :       11 /2/ 200 6  
Acq . T ime :       11 :46 :49  PM   
 
Mod ifi ed:            No     
Pro c. Alg ori thm:  An aly st Cla ssi c  
Bun chi ng Fac tor:     3     
Noi se Thr esh old:    20. 72   c ps
Are a T hre sho ld:  10 3.5 8   cp s
,Nu m. Smo oth s:      10      
Sep . W idt h:         0. 20  
Sep . H eig ht:         0. 01  
Exp . P eak  Ra tio:     5. 00  
Exp . A dj.  Ra tio:     4. 00  
Exp . V al.  Ra tio:     3. 00  
RT Win dow :         30. 0    s ec
Exp ect ed RT:         6. 91   m in
Use  Re lat ive  RT:     No     
 
Int . T ype :       Ba se To Bas e  
Ret ent ion  Ti me:     6. 94   m in
Are a:         57 000 0.   c oun ts
Hei ght :         3.0 1e+ 004   c ps
Sta rt Tim e:         6. 52   m in
End  Ti me:            9. 19   m in
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Sample Name:  "11/02/06 06-4107x5000-1a"    Sample ID: ""    F ile: "06914007M018.wiff "
Peak Nam e:  "Luteoli ni di n"    Mass(es):  "269.0/133.0 amu"
Comm ent : ""    Annotation: ""

Sam ple  In dex :       1     
Sam ple  Ty pe:      Un kno wn  
Con cen tra tio n:      N/ A            
Cal cul ate d C onc:     43 .1    ng/ mL  
Acq . D ate :       11 /2/ 200 6  
Acq . T ime :       11 :46 :49  PM   
 
Mod ifi ed:            No     
Pro c. Alg ori thm:  An aly st Cla ssi c  
Bun chi ng Fac tor:     1     
Noi se Thr esh old:     2. 22   c ps
Are a T hre sho ld:   1 1.1 1   cp s
,Nu m. Smo oth s:      10      
Sep . W idt h:         0. 20  
Sep . H eig ht:         0. 01  
Exp . P eak  Ra tio:     5. 00  
Exp . A dj.  Ra tio:     4. 00  
Exp . V al.  Ra tio:     3. 00  
RT Win dow :         30. 0    s ec
Exp ect ed RT:         3. 55   m in
Use  Re lat ive  RT:     No     
 
Int . T ype :       Ba se To Bas e  
Ret ent ion  Ti me:     3. 54   m in
Are a:          1 110 0.   c oun ts
Hei ght :         7.5 5e+ 002   c ps
Sta rt Tim e:         3. 28   m in
End  Ti me:            4. 00   m in
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Figure 16 

Mass Ion Chromatograms of Jobelyn (Lot No. 12-2003)
Sample Name:  "11/02/06 06-4107x5000-1a"    Sample ID: ""    F ile: "06914007M018.wiff "
Peak Nam e:  "Naringenin"  Mass(es):  "271.0/151.0 amu"
Comm ent : ""    Annotation: ""

Sam ple  In dex :    1 
Sam ple  Ty pe:   Un kno wn 
Con cen tra tio n:   N/ A  
Cal cul ate d C onc:   30 .2  ng/ mL 
Acq . D ate :   11 /2/ 200 6  
Acq . T ime :   11 :46 :49  PM   

Mod ifi ed:    No  
Pro c. Alg ori thm:  An aly st Cla ssi c  
Bun chi ng Fac tor:    3  
Noi se Thr esh old:  19. 09   c ps
Are a T hre sho ld:   9 5.4 6   cp s
,Nu m. Smo oth s:   10  
Sep . W idt h:   0. 20
Sep . H eig ht:   0. 01
Exp . P eak  Ra tio:    5. 00
Exp . A dj.  Ra tio:    4. 00
Exp . V al.  Ra tio:    3. 00
RT Win dow :  30. 0   s ec
Exp ect ed RT:   8. 21   m in
Use  Re lat ive  RT:   No   

Int . T ype :   Ba se To Bas e  
Ret ent ion  Ti me:  8. 32   m in
Are a:   15 700 0.   c oun ts
Hei ght :   1.0 0e+ 004   c ps
Sta rt Tim e:  7. 99   m in
End  Ti me:    9. 76   m in
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Sample Name:  "11/02/06 06-4107x5000-1a"    Sample ID: ""    F ile: "06914007M018.wiff "
Peak Nam e:  "IS(IS)"  Mass(es):  "294.1/250.0 amu"
Comm ent : "" Annotation: ""

Sam ple  In dex :    1 
Sam ple  Ty pe:   Un kno wn 
Con cen tra tio n:   1. 00   ng/ mL 
Cal cul ate d C onc:    N/ A  
Acq . D ate :   11 /2/ 200 6  
Acq . T ime :   11 :46 :49  PM   

Mod ifi ed:    No  
Pro c. Alg ori thm:  An aly st Cla ssi c  
Bun chi ng Fac tor:    1  
Noi se Thr esh old:  46. 00   c ps
Are a T hre sho ld:  23 0.0 1   cp s
,Nu m. Smo oth s:   10  
Sep . W idt h:   0. 20
Sep . H eig ht:   0. 01
Exp . P eak  Ra tio:    5. 00
Exp . A dj.  Ra tio:    4. 00
Exp . V al.  Ra tio:    3. 00
RT Win dow :  30. 0   s ec
Exp ect ed RT:   12 .7   m in
Use  Re lat ive  RT:   No   

Int . T ype :   Ba se To Bas e  
Ret ent ion  Ti me:  12 .7   m in
Are a:   11 900 00.    cou nts
Hei ght :   9.9 7e+ 004   c ps
Sta rt Tim e:  12 .4   m in
End  Ti me:    13 .3   m in
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APPENDICES 

APPENDIX A 

DETERMINATION OF FIVE MARKER COMPOUNDS IN JOBELYN USING 
LC-MS/MS 
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1. INTRODUCTION

This method provides detailed procedures for the determination of five marker 
compounds, i.e., apigeninidin, Luteolinidin, apigenin, luteolin, and naringenin, in Jobelyn 
for Health Forever Products Limited.  Concentrations of five marker compounds are 
measured by liquid chromatography coupled with tandem mass spectrometry.  Diclofenac 
is used as internal standard (IS).  Marker compounds were extracted from Jobelyn using 
methanol.  All the extracts were diluted using methanol and submitted to an C18 HPLC 
column and the analytes and IS were detected using an Applied Biosystem API-4000 
Qtrap mass spectrometer equipped with a Turbo-Ion Spray (Electrospray, ESI) source 
and operates in multiple reaction monitoring mode (MRM) under negative ion mode.   

2. REFERENCE STANDARDS

Apigeninidin and luteonindin were obatained from Chromadex (Santa Ana, CA). 
Luteolin was purchased from IndoFine Chemical Company (Hillsborough, NJ). 
Apigenin, naringenin, and diclofenac sodium was obtained from Sigma-Aldrich (Saint 
Louis, MO).  The structures, catalog numbers, and purities are summarized in the 
following tables: 
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Name Structure Cat. No. Purity (%) 

Luteolinidin 

 

00012530 85.2 

Apigeninidin 

 

01925-26 81.8 

Luteolin 

 

L9283-10MG 99.00 

Naringenin 

 

T66001 97.77 

Apigenin 

 

10798 95.0 
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3. DATA GENERATION AND CALCULATIONS 

3.1 Integration Method 

The software provided with the LC/MS/MS system (AnalystTM software, 
version 1.4.1, installed by AB Sciex) will be used to integrate the area under the mass ion 
peaks of the analytes and internal standards   

3.2 Calculation 

The peak area ratios (analyte/IS) vs. nominal concentrations of the calibrators will 
be used to determine the concentration of the samples and QCs with a linear regression 
(1/X2 weighted). 

The following equations will be applied to all solution preparations and the 
calculation of precision and accuracy: 

3.2.1 Concentrations of Analyte by Dilution 

Concentrations of Analyte in Secondary Solutions =  

dilutionafter   volumefinal
usedsolution primary  of  volumesolution xprimary  ofion concentrat  

3.2.2 Calibration 

A set of four to six calibration standards will be analyzed.  The peak area ratios 
(analyte/IS) of each calibration standard will be determined.  The peak area ratios will be 
used for a weighted [1/concentration2 (x2)] linear regression.   

y = mx + b 
     where, 

x = Concentration (ng/mL) of the analytes in a calibration standard 
y = peak area ratios (analyte/IS) from a calibration standard 
b = Intercept for the calibration curve 
m = Slope of the calibration curve 

 
3.2.3 Calculation of Analyte Concentration 

The measured peak area will be converted into concentrations (ng/mL) using the 
following equation: 

x  y -  b
m

=  

     where, 
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x = Concentration (ng/mL) of analytes 
y = Ratio of peak area from analyte/IS 
b = Intercept of the calibration curve 
m = Slope of the calibration curve 

 
3.2.4 Calculation of Mean Value 

(n) points data ofnumber 

(X) data individual
 )X( MeanValue

n

1 = i
∑

=  

3.2.5 Percent to the Nominal Value (Recovery) 

100 x 
ionConcentrat Nominal
ionConcentrat Calculated (%) Value Nominal  thePercent to 



=  

3.2.6 Standard Deviation 

1n

)]X( ValueMean  - (X) data l[individua
 (SD)Deviation  Standard

n

1 = i

2

−
=

∑
 

3.2.7 Accuracy  

Accuracy = Relative Error (%) = RE (%) =  

100X
ionConcentrat lTheoretica

*ionConcentratlTheoreticaionConcentrat MeasuredMean −  

*Theoretical concentration is equal to nominal concentration, which is calculated 
based on the actual weighing value. 

3.2.8 Precision  

Precision = CV (%) = 100X
ionConcentrat MeasuredMean 

Deviation Standard  

3.2.9 Method Recovery (Accuracy) 

(%) 100 x 
Samples QCin  Spiked Amounts Norminal
Samples QCin  Spiked Amounts Measured

 (%)Recovery  Method 







=  
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3.2.10 Significant Figures for Calculated Concentrations 

Numbers were rounded as follows: 

Concentration (ng/mL) Round to 
0.1 to < 1 3 Decimal Places 
1 to < 10 2 Decimal Places 
10 to < 100 1 Decimal Place 
> 100 Nearest whole number 

4. EXPERIMENTAL

4.1 Equipment and Supplies 

The following equipment and supplies, or equivalent, can be used.  Equipment 
and supplies, which are capable of delivering equivalent performance from alternative 
manufacturers, may be substituted.  The miscellaneous glassware can be used for 
preparation of standard and QC solutions and samples. 

Autosampler Vials: 1.5-mL Amber Glass Vials with and without 
200 µL Flat-Bottomed Inserts (Sun International, 
Cat. No. 200 250 and 200 228) 

Serological Pipettes: 0.5 mL in 1/100, 1 mL in 1/100, 5 mL in 1/10, and 
10 mL in 1/10 (Kimble Glass Inc., Cat No. 
72120-5100, 72120-11100, and 72120-5110) 

Wiretrol Micro-Pipettes: 1-5, 25, 50 and 100 µL (Drummond Scientific 
Company, Cat. No. 5-000-1001, 5-000-1025, 
5-000-1050, and 5-000-1100) 

Centrifuge Tubes 
with Screw Caps 50-mL (VWR, Cat. No. 21008-197) 
Automatic Pipettes: Gilson 50-200 and 200-1,000 µL (Cat. No. P200 

and P1000) 
Vortexers: VWR Vortex-Genie-2 G-560 (Cat. No. 58815-178) 
Balance: Sartorius, R160P
Centrifuge: Centra-8R, International Equipment Company  

4.2 Solvent and Reagents 

The following solvents and reagents, or equivalent, can be used. 

Formic Acid (HCOOH): A.C.S. Reagent Grade (EMD, Cat. No. FX0440-7) 
OmniSolv Water (H2O): HPLC Grade (EM Science, Cat. No. WX004-1, for 

LC/MS analysis) 

149

149



BL06914 - RPTN06002 PAGE 40 

Brunswick Laboratories, LLC 

Acetonitrile (CH3CN): HPLC Grade (EMD, Cat. No. AX0142-1) 
Methanol (MeOH): HPLC Grade (EMD, Cat. No. AX0142-1) 

4.3 Instruments and Conditions 

The following instruments or equipment can be used.  The actual instrument 
conditions may be modified to optimize chromatographic conditions and instrument 
sensitivity.  All modification and the results should be documented in the study file.   

HPLC System: SHIMADZU HPLC system (Pump: LC-20AT; 
Autosampler: SIL-HTC) 

Column: Phenomenex Luna C18, 3 µm, 50 × 2.1 mm 
Column Temperature: Room Temperature 
Autosampler Temperature: Room Temperature 
Injection Vol.: 10µL  
Mobile Phase A: H2O containing 0.4% HCOOH 
Mobile Phase B: Acetonitrile  
Gradient Table: 

Time (min) Flow (mL/min) %A %B 
Initial 0.4 100 0

0.5 0.4 100 0
1.0 0.4 80 20
9.0 0.4 65 35

14.0 0.4 20 80
17.0 0.4 2 98
17.1 0.4 2 98
21.0 Stop 100 0

MS Conditions 

Mass Spectrometer: 4000 Q TRAP LC/MS/MS Systrem 
Ionization Mode: Turbo-Ion Spray (ESI) in negative mode 
Ion Spray (IS): 4,500V 
Temperature: 550 oC 
Curtain Gas Flow (CUR): 20 units 
CAD Gas:  Medium 
GS1: 55 units
GS2: 55 units
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Precursor Ion, Product Ion, Collision Energy, and HPLC Retention Time 

Compound Precursor iona 
(m/z) 

Product iona 
(m/z) 

Collision 
Energy  (eV)b 

Retention 
Time (min)c 

Diclofenac (IS) 294 250 25 ~ 12.7
Luteolinidin 269 133 45 ~ 3.5
Apigeninidin 253 117 45 ~ 3.7

Luteolin 285 133 40 ~ 6.9
Naringenin 271 151 25 ~ 8.2
Apigenin 269 117 40 ~ 8.4

aThe exact value for precursor and product ion m/z values may vary slightly depending on the 
optimized tuning. 

bTuning parameters such as temperature, collision energy, etc. are optimized per instrument. 
cRetention time may vary especially when different lots of columns are used.  

4.4 Solution Preparation 

All solutions may be prepared in proportionally larger or smaller volumes, with 
proportionately larger or smaller weights, as needed. 

All solutions should be stored in a refrigerator or freezer, unless otherwise 
indicated. 

It is recommended that all solutions be prepared in glass or plastic. 
Concentrations listed for all solution preparations are target values.  Exact 

concentrations will depend on the actual weights recorded. 

4.5 Preparation of Internal Standard Solutions  

Minimum amount will be weighed in order to conserve the internal standard. 
Thus, the “± 2% of the target amount of” practice will not be applied to the internal 
standard weighing.  Also, it is not necessary to use a microbalance for this weighing. 
This will not have a negative impact to the method and the data. 

4.5.1 Internal Standard Stock Solution A–ISA (1 mg/mL) 

Precisely weigh 20 mg of diclofenac sodium salt into a standard vial and dissolve 
into 20 mL of MeOH to give diclofenac sodium salt-1 mg/mL. 
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4.5.2 Internal Standard Stock Solution B–ISB (10 µg/mL) 

Dilute 100 µL of diclofenac sodium salt-1 mg/mL with 9.9 mL of MeOH to give 
Diclofenac sodium salt -10 µg/mL. 

4.5.2 Internal Standard Stock Solution C–ISC (1 µg/mL) 

Dilute 1 mL of diclofenac sodium salt -10 µg/mL with 9.0 mL of MeOH to give 
Diclofenac sodium salt -1 µg/mL. 

4.6 Preparation of Standard and Quality Control Solutions 

Concentration listed for all standard and quality control solutions are nominal. 
Alternative spiking procedures may be used.  Exact concentrations will depend on actual 
weights recorded. 

4.6.1 Preparation of Standard Stock Solution A-SSSA (1 mg/mL) 

Precisely weigh 2 - 10 mg of each standard compound to a standard vial and add 
appropriate volume of methanol to dissolve.  The final concentration is 1 mg/mL for each 
standard stock solution. 

4.6.2 Preparation of Standard Stock Solution B-SSSB (10 µg/mL) 

Dilute 100 µL of SSSA (1 mg/mL) with 9.9 mL of methanol to give SSSB 
(10 µg/mL). 

4.6.3 Mixed Standard Stock Solution A - MSSA (1 µg/mL) 

Mixed 1 mL of each SSSB (apigenin, spigeninidin, luteolin, luteolinidin and 
naringenin) with 5 mL of methanol to give MSSSA (1 µg/mL). 

4.6.4 Working Standard Solutions (W-STD) 

Use MSSA as WSTDA.  Refer the following table as a guide to prepare the 
working standard solutions.  
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Table Working Standard Solutions (W-STD) 

Std. Spiking Solution Used Solventa  Working Std Solution 
Prepared 

Name Conc. 
(ng/mL) 

Vol. 
(mL) (mL) Final Vol 

(m.L) Conc. (ng/mL) Designation 

W-STD-A 1,000 3 3 6 500 W-STD-B
W-STD-A 1,000 1 9 10 100 W-STD-C
W-STD-C 100 3 3 6 50 W-STD-D
W-STD-C 100 2 8 10 20 W-STD-E
W-STD-C 100 1 9 10 10 W-STD-F

a: MeOH. 

4.7 Preparation of Standard Calibrators for LC/MS analysis 

Table Preparation of Phenolic Standard Calibrators  

Working Standard 
Solutions 

Internal Standard 
Solutions (IS-C) 

Solvent or STDs Standard Calibrators 

Solution 
ID 

Volume 
(mL) 

Solution 
ID 

Volume 
(µL) 

Solution ID Volume 
(µL) 

Conc. 
(ng/mL) 

Designation 

W-STD-A 1.0 IS-C 100 MeOH 100 1,000 stda 
W-STD-B 1.0 IS-C 100 MeOH 100 500 stdb
W-STD-C 1.0 IS-C 100 MeOH 100 100 stdc
W-STD-D 1.0 IS-C 100 MeOH 100 50 stdd
W-STD-E 1.0 IS-C 100 MeOH 100 20 stde
W-STD-F 1.0 IS-C 100 MeOH 100 10 stdf

4.9 Preparation of Dilution Testing Samples  

4.9 Preparation of 5,000 Dilution Testing Samples 

Weigh 0.5 g of sample in 50-mL test tube and add 25 mL of methanol.  Sonicate 
for 30 min and then centrifuge for 10 min at 5,900 rpm and room temperature.  Transfer 
the resultant supernatant to another 50 mL tube (Dilution Factor of 5,000 against original 
sample). 

4.9 Preparation of 5,000x20x Dilution Testing Samples 

Dilute 500 µL of the supernatant prepared above with 9.5 mL of methanol 
(Dilution Factor of 5,000×20 against original sample). 

4.9 Preparation of 5,000x100x Dilution Testing Samples 

Dilute 100 µL of the supernatant prepared above with 9.9 mL of methanol 
(Dilution Factor of 5,000×100 against original sample). 
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4.10 Preparation of QC Samples for LC/MS analysis to Evaluate Matrix 
Interference (Method Recovery) 

Transfer 1.0 mL of dilution testing samples prepared above into an HPLC vial, 
and add 100 µL of respective W-STDs (W-STD-A and W-STD-B) and 100 µL of ISC.  
The resultant samples were submitted for LC-MS analysis.   

4.11 Preparation of Dilution Testing Samples for LC/MS Analysis 

Transfer 1.0 mL of dilution testing samples into an HPLC vial, and add 100 µL of 
methanol and 100 µL of ISC.  Submit the resultant samples for LC-MS analysis.   
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IMPROVING HEALTH THROUGH SCIENCE 

200 Turnpike Rd 
Southborough, MA 01772 USA 
Phone: 508.281.6660 
Fax: 508.281.6665 
Email: info@brunswicklabs.com 

Page 1 of 1 06/27/2011 

Certificate of Analysis 

Customer: Health Forever Product Limited 
Sample Identification: 

Batch #: B-11452 
BL ID #: 11-1161 
Description: Jobelyn, Powder 
Date Received: 06/15/2011 

Results: 

Test Result Units 

Antioxidant power against peroxyl radicals 3,549 µmole TE/gram 

Antioxidant power against hydroxyl radicals 18,387 µmole TE/gram 

Antioxidant power against peroxynitrite 269 µmole TE/gram 

Antioxidant power against super oxide anion 11,417 µmole TE/gram 

Antioxidant power against singlet oxygen 4,000 µmole TE/gram 

Total ORACFN (sum of above) 37,622 µmole TE/gram 

* The acceptable precision of the ORAC assay is < 15% relative standard deviation

There are five predominant reactive species found in the body: peroxyl radicals, hydroxyl radicals, 
peroxynitrite, super oxide anion, and singlet oxygen. Total ORACFN provides a measure of the total 
antioxidant power of a food/nutrition product against the five predominant reactive species. 

Signed for and on behalf of Brunswick Laboratories 

Authorized Signature 
Boxin Ou, Ph.D. 
REFERENCES: 
[1] Ou, B. et al., J Agric and Food Chem, 2001, 49 (10): 4619-4626. 
[2] Huang, D. et al., J Agric and Food Chem, 2002, 50 (7): 1815-1821. 
[3] Ou, B. et al., J Agric and Food Chem, 2002, 50 (10): 2772-2777. 
[4] Zhang, L. et al., Free Radic.Bio Med, 2007, 43 (suppl. 1): S17. 
[5] Dubost, N.J. et al., Food Chem, 2007, 105 (2): 727-735  
[6] Zhang, L. et al., J Agric and Food Chem, 2009, 57(7): 2661-2667. 
[7] Ou, B. et al., Method for Assaying the Antioxidant Capacity of A Sample. US Patent 7,132,296 B2.  

The results shown in this Certificate of Analysis refer only to the sample(s) tested, unless otherwise stated. Attention is drawn to the limitation 
of liability, indemnification and jurisdictional issues. This Certificate of Analysis cannot be reproduced, except in full, without prior written 
permission of the Company. Any unauthorized alteration, forgery or falsification of the content or appearance of this certificate is unlawful and 
offenders may be prosecuted to the fullest extent of the law. 
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RESULT PUBLISHED IN: 

JOURNAL OF MEDICINAL FOOD 

J Med Food 00 (0) 2013, 1–9 

# Mary Ann Liebert, Inc., and Korean Society of Food Science and Nutrition 

DOI: 10.1089/jmf.2012.0214 

West African Sorghum bicolor Leaf Sheaths 
Have Anti-Inflammatory and Immune-Modulating Properties In Vitro 
Kathleen F. Benson,1 Joni L. Beaman,1 Boxin Ou,2 Ademola Okubena,3 Olajuwon Okubena,3 

and Gitte S. Jensen1 

1NIS Labs, Klamath Falls, Oregon, USA. 
2Dover Sciences, Franklin, Massachusetts, USA. 
3Health Forever Products Inc., Lagos, Nigeria. 

INSERT NIS BROCHURES HERE 

RELEVANT PORTION: 

Antioxidant capacity 

The antioxidant capacity was evaluated by a panel of chemical oxygen radical absorbance capacity 

(ORAC) tests, each targeted at measuring the quenching of specific oxidative reactions. There are five 

predominant reactive species found in the body: peroxyl radicals, hydroxyl radicals, peroxynitrite, super 

oxide anion, and singlet oxygen. Total ORAC provides a measure of the total antioxidant power of a 

food/nutrition product against the five predominant reactive species. Testing was performed at 

Brunswick Laboratories (Southborough, MA, USA). 

RESULTS 

Anti-inflammatory effects and antiviral immune support 

Antioxidant capacity and cellular protection. The west African SBLS was tested for antioxidant capacity 

in a panel of chemical antioxidant assays and also tested in the CAP-e assay. The importance of testing in 

both chemical and cellular assays stems from the observation that many compounds with chemical 

antioxidant capacity are not always able to enter and protect living cells. SBLS was found to contain high 

amounts of anthocyanidins, including the two 3-deoxyanthocyanidins apigenidin and luteolinidin, and 
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atotal content per dry weight of 3-deoxyanthocyanidins exceeding 40,000 lg/g, equaling over 4% of the 

dry weight (Table 1). SBLS was shown to have a very high chemical antioxidant capacity of 37, 622 

lMTrolox equivalents/gram Table 2), where the strongest capacities for quenching free radicals were 

seen for hydroxyl-free radicals and superoxide anion. In parallel, aqueous and ethanol extracts of SBLS 

were compared in the CAP-e bioassay, where both provided significant protection of cellular damage at 

a dose of 270 mg/L (Fig. 1). At lower doses, the antioxidant protection in the CAP-e assay was below the 

level of detection. 
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EXTRACTS FROM AXXON BIOPHARM REPORT 

Report on Drug Development and Technical Support Agreement between Health Forever 

Products and BDCP 

The physical properties of Jobelyn capsules were determined using the standard 
(pharmacopoeia method, in order to establish good content uniformity. All the samples 
of Jobelyn tested passed the disintegration time. There was also uniformity in the 
weight of the capsules as shown from the low standard deviations obtained (see 
Figure 1 below).  

Figure 1: Disintegration Time and weight Uniformity of Jobelyn Capsule 

Capsules Disintegration Time (min)  Capsules weight (mg) 

S/N OIN 
HC 

Water Full Empty Drug content 

1 11 9 0.3549 0.930 0.2619 

2 11.5 10 0.3258 0.928 0.2330 

3 12 10 0.3390 0.0865 0.2525 

4 14 11 0.3415 0.0895 0.2460 

5 14 12 0.3318 0.0858 0.2460 

6 0.3332 0.0950 0.2382 

7 0.3443 0.1033 0.2410 

8 0.3300 0.0900 0.2400 

9 0.3400 0.0880 0.2520 

10 0.3248 0.936 0.23121 

Mean 12.5 10.40 0.3366 0.0918 0.2448 

S.D. 1.41 1.14 9.24x103 5.11x103 9.79x10
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STABILITY DATA/SHELF LIFE 

Name of Product: Jobelyn Capsules 

Batch Number: T141 

Manufactured Date:   May 2003 

Expiry Date:  April 2006 

Storage Condition:  Room temperature 

S. 

No

. 

Tests Description Assay 

Iron 

Assay 

Protein 

Assay Fat D. T. AV. WT. 

1 STD Limit         - 90 – 

110% 

90 – 

110% 

90 – 

110% 

NMT 15 

Mins 

250mg ± 

5% 

2 Initial A dark brown 

powder in  a 

blood red hard 

gelatin capsules 

100.3% 101.3% 100.6% 5  mins 255mg 

3 3 months Complies 99.52% 100.4% 99.57% 6 mins 254mg 

4 6 months Complies 98.4% 99.5% 98.6% 5 mins 253mg 

5 12 months Complies 97.8% 98.7% 97.5% 5 mins 252mg 

6 18 months Complies 95.3% 96.9% 95.4% 6 mins 255mg 

7 24 months Complies 93.6% 95.5% 94.5% 5 mins 253mg 

8 30 

months 

Complies 92.8% 93.8% 93.3% 6 mins 254mg 

9 36 months Complies 91.5% 92.6% 92.8% 6 mins 255mg 

10 42 months Complies 90.8% 91.6% 91.5% 5 mins 253mg 

11 48 

months 

Complies 90.3% 90.2% 90.7% 6 mins 2555mg 
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JOBELYN HEAVY METAL REPORT TO BE INSERTED HERE 
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CWC LABS 

Metals Analysis Report 

CWC Labs is an ISO 17025 accredited laboratory. Sec CWClabs.com for accreditation details. 

This laboratory analysis data may not be reprinted, republished or cited in any form without prior 

written consent from CWC Labs. 

Operator: E.C. 

File Name: 047SMPL.d 

File Path: D:\Data\2017-02-01 samples 3627 and up.b 

Acq Time; 2/1/2017 7:34:01 PM 

Sample Name: C1227 

Sample Type Sample 

Comment Capsule sample 2017-02-01-13 Lot#VID7PDE5V127PR96 

Prep Dilution 138.4658 

Auto Dilution 1.000 

Total Dilution 138.4658 

Acq Mode Spectrum 

Cal Title  --- 

Cal Type External Calibration 

Last Calib 02/01/2017 18:34:18 

Bkg File  003_BKG.d 

Bkg Mode Count Subtraction except for ISTD 

FG BlankFile 018QBLK.d 

VIS Fit Linear 

163

163



Element Mass Conc. Units RSD(%) Det. 

Mg 24 1671883.027 Ppb 2.0 Analog 

Al 27 301462.954 Ppb 1.6 Analog 

K 39 3142705.331 ppb 1.7 Analog 

V 51 1650.130 ppb 2.1 Pulse 

Cr 52 2028.708 ppb 6.4 Pulse 

Mn 55 34530.714 ppb 0.7 Analog 

Fe 56 322843.278 ppb 1.6 Analog 

Ni 60 1069.090 ppb 8.5 Pulse 

Cu 63 2758.152 ppb 1.8 Pulse 

Zn 66 14407.855 ppb 0.9 Pulse 

As 75 242.103 ppb 2.0 Pulse 

Se 78 192.655 ppb 7.9 Pulse 

Sr 88 27972.852 ppb 1.0 Analog 

Mo 95 605.469 ppb 0.9 Pulse 

Ag 107 <0.000 ppb N/A Pulse 

Cd 111 20.972 ppb 1.8 Pulse 

Cd 114 21.718 ppb 2.6 Pulse 

Cs 133 86.659 ppb 0.6 Pulse 

Au 197 7415747.361 ppb 6.7 Analog 

Hg 200 <0.000 ppb N/A Pulse 

Hg 201 <0.000 ppb N/A Pulse 

Hg 202 <0.000 ppb N/A Pulse 

Pd 206 921.799 ppb 0.5 Pulse 

Pb 207 872.647 ppb 0.7 Pulse 

Pb 208 879.780 ppb 0.5 Pulse 

U 238 116.866 ppb 1.0 Pulse 

ISTD Table: 

Tune 
Mode 

Element Mass CPS RSD(%) ISTD 
Recovery % 

Det. Time(seq) Rep 

He Sc 45 2274762.34 3.0 106.6 Analog 0.3000 3 

He Ge 72 219986.39 2.1 97.3 Pulse 0.3000 3 

He In 115 2855243.26 2.4 95.7 Analog 0.3000 3 

He Te 125 371401.22 1.8 96.1 Pulse 0.3000 3 

He Tb 159 5959624.50 1.9 100.7 Analog 0.3000 3 

He Bl 209 3371081.62 1.5 93.9 Analog 0.3000 3 
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HEALTH RANGER EXPLAINS: How to read ICP-MS analysis results
CWClabs.com

Thank you for using our ICP-MS analysis service! All the concentration numbers we report are in parts 
per billion (ppb) concentrations. This is the number you’ll see in the Conc. column of the report included
here.

One thousand parts per billion equals one part per million:

1000 ppb = 1 ppm

To derive ppm from the numbers in the report, just divide the ppb numbers by 1000 to get ppm. (It’s all 
metric, which is what makes it super easy to translate units.)

Here’s a brief guide that explains each of the columns you’ll see in the report:

ELEMENT: This is the elemental symbol of the element being analyzed. A great online resource for 
viewing the elements is Webelements.com. The more common elements include:

Pb = Lead

As = Arsenic

Hg = Mercury

Cd = Cadmium

Fe = Iron

Cu = Copper

Au = Gold, but please ignore gold numbers, as we are currently spiking all samples with gold in order to 
help retain mercury. (Gold numbers will not be accurate, therefore.)

MASS: This is the accurate atomic mass of the elemental isotope being analyzed. Some elements have 
more than one isotope and therefore have more than one mass that’s analyzed.
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CONC: This means “concentration” and is given in ppb.

UNITS: Confirms that the units being used are ppb.

RSD(%): Relative Standard Deviations. Describes the statistical certainty of the result for that element. 
Lower numbers means more data points and greater confidence. It is perfectly normal to see an 
element with a very low concentration have a very high RSD. This is because very few ions of the 
element were available to detect.

DET: (Analog/Pulse) Describes the detection mode of the ICP-MS detector. “Pulse” means digital and is 
used for very low concentrations. Analog is used for higher concentrations. This is not really important 
for you to consider, but it helps scientists understand the analysis better.

What numbers are acceptable or good?

The scope of our analysis does not include any interpretation of which results are “good” or “bad.” 
There are a multitude of factors in determining this, including the concentration and nature of the 
sample itself.

In general, it is completely normal to see high strontium in well water, for example. It is also normal to 
see some level of aluminum in all foods. In terms of drinking water or well water safety, the EPA 
publishes limits (“Action levels”) of heavy metals in water, available at:

https://www.epa.gov/ground-water-and-drinking-water/table-regulated-drinking-water-contaminants

EPA guidelines for drinking water:

Lead limit = 15 ppb

Mercury limit = 2 ppb

Copper limit = 1300 ppb

Cadmium = 5 ppb

Arsenic = 10 ppb

TIP: If you see high copper numbers (anything over about 750 ppb), you very likely have a copper pipe 
problem and need to swap out the copper pipes for PEX pipes.

166

166



In terms of what may be acceptable in foods, herbs or supplements, reference my own in-house 
standard at LowHeavyMetalsVerified.com, where I offer the following guidelines. Note that these 
numbers are in ppm, not ppb:

Verified A+++ 

Lead < 0.025 ppm (25 ppb)

Cadmium < 0.1 ppm (100 ppb)

Arsenic < 0.62 ppm (620 ppb)

Mercury < 0.006 ppm (6 ppb)

Verified A++ 

Lead < 0.05 ppm

Cadmium < 0.25 ppm

Arsenic < 1.25 ppm

Mercury < 0.012 ppm

Verified A+ 

Lead < 0.12 ppm

Cadmium < 0.5 ppm

Arsenic < 2.5 ppm

Mercury < 0.025 ppm

Verified A 

Lead < 0.25 ppm

Cadmium < 1 ppm
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Arsenic < 5 ppm

Mercury < 0.050 ppm

Verified B 

Lead < 0.5 ppm

Cadmium < 2 ppm

Arsenic < 10.0 ppm

Mercury < 0.1 ppm

Verified C 

Lead < 1 ppm

Cadmium < 4 ppm

Arsenic < 20.0 ppm

Mercury < 0.2 ppm

Verified D 

Lead < 2 ppm

Cadmium < 8 ppm

Arsenic < 40.0 ppm

Mercury < 0.4 ppm

Where to learn even more

Read my book Food Forensics to learn even more details about heavy metals levels, toxicity, symptoms, 
detox and more. A video preview of the book and a free download of the first chapter are available at 
FoodForensics.com. The book is currently for sale in book stores everywhere, including Amazon.com and
www.HealthRangerStore.com.
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Scientific Studies 

Thermal stability of 3-deoxyanthocyanidin pigments 

Abstract 

3-Deoxyanthocyanidins are promising natural colourants due to their unique properties compared to 
anthocyanins. However, thermal stability of 3-deoxyanthocyanidins is largely unknown. Thermal stability 
of crude and pure 3-deoxyanthocyanidins was determined at 95 �C/2 h and 121 �C/30 min, at pH 1–7 
using HCl, formic or citric acid as acidulants. The colour retention of crude and pure 3-
deoxyanthocyanidins (79–89% after 95 �C/2 h and 39–118% after 121 �C/30 min) was high compared to 
literature reports for anthocyanins under similar treatments. pH significantly affected the thermal 
stability of 3-deoxyanthocyanidins: Colour retention was better at pH 1–2 (70.2–118%) than at pH 3–7 
(39.0–86.8%). Chalcones were identified as the major heat degradation products at pH 3–7. Slow rate of 
chalcone formation and resistance to C-ring fission were identified as the major contributors to thermal 
stability of 3-deoxyanthocyanidins. Overall, the heat stability of 3-deoxyanthocyanidins indicates good 
potential for food use. 

READ: FULL ARTICLE 

http://www.afritradomedic.com/pdf/Thermal stability of 3-deoxyanthocyanidin pigments Food Chem 
2014.pdf 

West African Sorghum bicolor Leaf Sheaths Have Anti-Inflammatory and 
Immune-Modulating Properties In Vitro. 

Abstract 

Abstract The impact of chronic inflammatory conditions on immune function is substantial, and the 
simultaneous application of anti-inflammatory and immune modulating modalities has potential for 
reducing inflammation-induced immune suppression. Sorghum-based foods, teas, beers, and extracts 
are used in traditional medicine, placing an importance on obtaining an increased understanding of the 
biological effects of sorghum. This study examined selected anti-inflammatory and immune-modulating 
properties in vitro of Jobelyn™, containing the polyphenol-rich leaf sheaths from a West African variant 
of Sorghum bicolor (SBLS). Freshly isolated primary human polymorphonuclear (PMN) and mononuclear 
cell subsets were used to test selected cellular functions in the absence versus presence of aqueous and 
ethanol extracts of SBLS. Both aqueous and nonaqueous compounds contributed to reduced reactive 
oxygen species formation by inflammatory PMN cells, and reduced the migration of these cells in 
response to the inflammatory chemoattractant leukotriene B4. Distinct effects were seen on 
lymphocyte and monocyte subsets in cultures of peripheral blood mononuclear cells. The aqueous 
extract of SBLS triggered robust upregulation of the CD69 activation marker on CD3- CD56+ natural killer 
(NK) cells, whereas the ethanol extract of SBLS triggered similar upregulation of CD69 on CD3+ CD56+ 
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NKT cells, CD3+ T lymphocytes, and monocytes. This was accompanied by many-fold increases in the 
chemokines RANTES/CCL5, Mip-1?/CCL3, and MIP-1?/CCL4. Both aqueous and nonaqueous compounds 
contribute to anti-inflammatory effects, combined with multiple effects on immune cell activation 
status. These observations may help suggest mechanisms of action that contribute to the traditional use 
of sorghum-based products, beverages, and extracts for immune support. 

READ: FULL ARTICLE 
 http://www.afritradomedic.com/pdf/online.liebertpub.com_doi_pdfplus_10.1089_jmf.2012.pdf 

Clinical Efficacy of a West African Sorghum bicolor-Based Traditional Herbal 
Preparation Jobelyn Shows Increased Hemoglobin and CD4 + T-Lymphocyte 
Counts in HIV + Patients 

Abstract 
Objectives: The purpose of this study was to evaluate a traditional herbal preparation, Jobelyn,� for its 
effects on anemia and CD4 + T-cell counts in human immunodeficiency virus–positive (HIV + ) patients in 
Nigeria. 
Design: An open-label pilot study involving 10 confirmed HIV + patients who were not receiving 
antiretroviral therapy (ARVT) was performed, in which the patients consumed Jobelyn for 8 weeks, at a 
dose of 500mg twice daily. The pilot study was followed by a controlled trial involving 51 patients, all 
confirmed HIV + , where the patients with CD4 + T-cell counts below 350 cells/lL were receiving ARVT. 
The eight patients with baseline CD4 + T-cell counts above 350 cells/lL received Jobelyn. The remaining 
patients who all received ARVT were randomized to ARVT alone versus ARVT + Jobelyn for 12 weeks. 
Results: Patients receiving ARVT showed a statistically significant improvement in their CD4 + T-cell 
counts across the 12-week study period ( p < 0.01). Patients receiving ARVT + Jobelyn showed a faster 
improvement, reaching a high level of statistical significance compared to baseline already at 6 weeks ( p 
< 0.001), and remained highly significant at 12 weeks ( p < 0.001). 
Conclusions: This is the first controlled study conducted to evaluate efficacy of Jobelyn on immune 
status in HIV + patients. The data suggest that consumption of Jobelyn contributed to improved 
hemoglobin levels and increased CD4 + T-cell counts in Nigerian HIV + patients. Further studies are 
needed to examine similar effects in other populations, and to elaborate on the underlying mechanisms, 
specifically, whether the consumption of Jobelyn supported multiple aspects of bone marrow function. 

READ: FULL ARTICLE 

http://www.afritradomedic.com/pdf/HIV_AIDS__Article_in_JACM__Nov_2013.pdf 

The influence of African Herbal Formula on the haematological parameters of 
trypanosome infected rats 

A herbal mixture of herbs code named African Herbal Formula (AFH) influenced the state of anaemia in 
trypanosome infected rats. Observations showed that the formula has an effect on the haemopoietic 
system manifested by a positive increase in the levels of haemoglobin, packed cell volume and red blood 
cell while the white blood cell and lymphocyte levels were decreased. AHF also delayed the proliferation 
of the parasites and improved the level of the characteristic weight loss associated with 
trypanosomiasis. 
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READ: FULL ARTICLE 
http://www.afritradomedic.com/pdf/Okochi20et20al.pdf 

Response of Trypanosoma brucei brucei–induced anaemia to a commercial 
herbal preparation 

Jubi Formula® is a herbal preparation made from three medicinal herbs (Parquetina nigrescens, 
Sorghum bicolor and Harungana madagascariensis). It has been reported to have been successfully used 
in the treatment of anaemia in humans. A study was therefore carried out to determine the effect of the 
preparation on packed cell volume (PCV) and haemoglobin (Hb) concentrations in anaemic rabbits. The 
PCV and Hb concentrations of healthy rabbits infected with Trypanosoma brucei brucei were monitored 
for 49 days. T. b. brucei produced a significant reduction in PCV and Hb concentrations in all infected 
rabbits when compared with the controls (p<0.05). These hematological parameters were restored to 
normal levels in the anaemic rabbits by the herbal preparation. The anaemic rabbits not treated with 
the herbal preparation presented with a progressive decline in their PCV and Hb concentrations and 
majority of them died before the end of the study. Healthy rabbits that received daily doses of the 
herbal preparation showed gradual elevation in PCV and Hb concentrations which were maintained 
within normal range. Jubi Formula® can restore the PCV and Hb concentrations in anaemic conditions 
and is a potential substitute for blood transfusion. However, further studies are needed to investigate 
the potentials of the herbal preparation in reversing anaemia. 

Key words: Anaemia, PCV, rabbits, haemoglobin, herbal preparation. 

READ FULL STORY 
http://www.afritradomedic.com/pdf/Erah20et20al.pdf 

Toxicological Profiles of Commercial Herbal Preparation, Jobelyn® 

Abstract 

PURPOSE: Jobelyn® is a commercial herbal product recommended for the management of anemia 
related illnesses. Despite its wide use, there is limited report on its toxicological profile. This study 
examined the acute and shortterm chronic toxicity profiles of the product with emphasis on the LD50, 
gross morphological and histopathological effects. 

METHODS: Albino mice (mean weight: 16.45±3.14g) were used in this study. For acute toxicity, graded 
concentrations of Jobelyn® were administered orally and intraperitoneally as single doses to the mice. 
Intraperitoneal administration of sub-lethal doses daily for 14 days was adopted for the shortterm 
chronic toxicity studies. 
RESULTS: The LD50 following oral and intraperitoneal administration were 215.06 mg/kg (r = 0.916) and 
193.37 mg/kg (r = 0.995), respectively. The major behavioral/ morphological effects at high doses were 
reduction in motor activity, piloerection and sedation. The sub-lethal doses did not significantly modify 
the normal behavioral repertoire of licking, grooming and sniffing. Histopathological examination also 
did not indicate severe pathological changes. At the lethal doses, some degree of congestion was 
noticed in the lung, liver splenic and kidney tissues. Short-term chronic studies did not produce further 
toxic effects but transient mild sedation and piloerection and histopathological examination revealed 
only mild congestion in the organs. No death of the animals was recorded during the period of sub-

171

171

http://www.afritradomedic.com/pdf/Okochi20et20al.pdf�
http://www.afritradomedic.com/pdf/Erah20et20al.pdf�
http://www.afritradomedic.com/pdf/Erah20et20al.pdf�


chronic toxicity assessment. 
CONCLUSION: Jobelyn® is likely to be safe for use in humans when administered at recommended 
doses. 
Keywords: Jobelyn, safety profile, LD50, toxicity 

READ FULL ARTICLE 
http://www.afritradomedic.com/pdf/ijhr_2009_2_4_10_Eniojukan.pdf 

Comparison of an African herbal formula with commercially available 
haematinics 

The haematological changes observed with commercially available haematinics (Fagon 9® and 
Chemiron®) were compared with those of a local haematinic referred to as African Herbal Formula 
(AHF). Results showed that AHF produced effects in haemoglobin (Hb) and packed cell volume (PCV) 
levels which are reasonably comparable with the reference commercial and chemically defined 
haematinics. Key words: Haematological changes, haematinics, African Herbal Formula, Trypanosome 
brucei brucei. 

READ FULL ARTICLE 
http://www.afritradomedic.com/pdf/okochi et al jobelyn vers chemiron.pdf 

Health Related Tests on Sorghum bicolor at Alcorn State University 

Potential health-benefits of the herb Sorghum bicolor was compared to that of the herbs basil and 
thyme. 

Extracts of the herbs Sorghum bicolor, basil, and thyme were tested for total flavonoid content and 
Free-radical scavenging ability using the Aluminum Chloride Method and DPPHFree-Radical Scavenging 
assay, respectively. The data are given below: 

Herb Sample Total Flavonoid DPPH Free-radical Content (~g/mL) scavenging ability (%) Sorghum bicolor 
870 1.9 Thyme 318 2.6 Basil 205 3.4 

The data represents an average result of three samples for each herb. The results indicate that Sorghum 
bicolor is an excellent source of flavonoids, almost tripled the amount found in the other herbs tested.  

Although basil was best at scavenging DPPHfree radical, the ability of Sorghum extracts to scavenge 
DPPHwas comparable to that of thyme. 
Further tests ( such as total phenol content and HPLCfor specific flavonoids) are forthcoming. 
Tests were performed and data analyzed by Dr. Sandra L. Barnes and Mrs. Johnnie Gibbs, Department of 
Chemistry & Physics, Alcorn State University. Sorghum bicolor samples were provided by Dr. Chief 
Alexander Acholonu, Department of Biological Sciences, Alcorn State University. 

New Highly Stable Dimeric 3-Deoxyanthocyanidin Pigments from Sorghum 
bicolor Leaf Sheath 
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relief of psychotic ailments.
the adverse effect of cataleptic behavior, and may offer some beneficial effects in the symptomatic
Conclusions: Taken together, these findings suggestthat JB exhibits antipsychotic-like activity, devoid of 

failed to alter the duration of stay of the animals on the inclined plane.
amphetamine, respectively. However, JB (5 – 50 mg/kg, p.o.) did not cause cataleptic behavior, as it 
(5 – 50 mg/kg, p.o.) reduced lethality in aggregated mice and inhibited hyperactivity induced by 
(10.0 mg/kg, i.p.) or apomorphine (1 mg/kg, i.p.), which suggests antipsychotic activity. Furthermore, JB
Results: JB (5 – 50 mg/kg, p.o.) significantly (p < 0.05) inhibited stereotypy induced by amphetamine

The effect of JB on catalepsy was also assessed, using the inclined plane paradigm.
aggregated mice were additional tests employed to further evaluate the antipsychotic property of JB. 
induced by amphetamine or apomorphine in mice. Amphetamine- induced hyperactivity and lethality in 
Methods: Antipsychotic activity of JB was assessed based on the inhibition of stereotyped behavior 

predictive of human psychosis.
scientifically validated. Thus, this study was undertaken to evaluate its effects on animal models 
beneficial effects in neurological disorders. However, its usefulness in psychosis has not been 
the disease. Jobelyn ® (JB) is a commercial polyherbal formulation that has been acclaimed to show 
traditional medical practitioners, who prescribe herbal remedies as alternative forms of treatment for 
problem in most African countries. Individuals with psychotic illness in this region tend to seek help from 
Background: Psychosis is a chronic neurological disorde and it remains a major medical and social 

Abstract

models
Jobelyn ® pretreatment ameliorates symptoms of psychosis in experimental 

Sorghum bicolor Leaf Sheath.pdf
http://www.afritradomedic.com/pdf/New Highly Stable Dimeric 3-Deoxyanthocyanidin Pigments from 
applications. Keywords: anthocyanin, color stability, 3-deoxyanthocyanin,
stability in the presence of bisulfite; these compounds present new interesting opportunities for food 
of the dimeric 3-deoxyanthocyanidins compared to their monomers may be responsible for theirunusual 
than 80% of absorbance at ?max within 1 h in the presence of SO2. The increased molecular complexity 
flavene dimer lost less than 20%of absorbance, compared to apigeninidin monomer, which lost more 
deoxyanthocyanidins were also highly resistant to nucleophilic attack by SO2; for example, apigeninidin- 
at the neutral pH, indicating unusually strong resistance to hydrophilic attack. The dimeric 3- 
absorbance profiles at pH 1.0 to 7.0, with no obvious sign of chalcone or quinoidal base formation even 
dimer and apigenin-7-O-methylflavene dimer. The dimeric molecules had near identical UV-Vis 
over a 4-wk period. Two new 3-deoxyanthocyanidin compounds were identified: apigeninidin-flavene 
pigments and measured the stability of isolated pigments in the presence of bisulfite at pH 1.0 to 7.0 
Performance Liquid Chromatography-Tandem Mass Spectroscopy to characterize sorghum leaf sheath 
accumulate large amounts of poorly characterized pigments in their nongrain tissue. We used High 
applications necessitates looking at nontraditional sources of natural colors. Certain sorghum varieties 
Abstract: The growing interest in natural alternatives to synthetic petroleum-based dyes for food 
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READ FULL ARTICLE 
http://www.afritradomedic.com/pdf/Jobelyn Ameliorates psycosis in rats.pdf 
Evaluation of the Effect of Jobelyn® on Chemoconvulsants-Induced Seizure in 
Mice 

Introduction: Epilepsy is a common central nervous system (CNS) disorder characterized by seizures 
resulting from episodic neuronal discharges. The incidence of toxicity and refractoriness has 
compromised the clinical efficacy of the drugs currently used for the treatment of convulsions. Thus, 
there is a need to search for new medicines from plant origin that are readily available and safer for the 
control of seizures. Jobelyn® (JB) is a unique African polyherbal preparation used by the natives to treat 
seizures in children. This investigation was carried out to evaluate whether JB has anti-seizure property 
in mice. 

Our results suggest that JB could not prevent the examined chemoconvulsantsinduced convulsions. 
However, its ability to delay the latency to seizures induced by pentylenetetrazole suggests that JB 
might be effective in the control of the seizure spread in epileptic brains. 

READ FULL ARTICLE 
http://www.afritradomedic.com/pdf/Evaluation of the Effect of Jobelyn on Chemoconvulsants-induced 
Seizure in Mice.pdf 

Antioxidant Property of Jobelyn as the Possible Mechanism Underlying its 
Anti-amnesic Activity in Rodents 

JB was found to produce a significant increase in the level of alternation behavior compared with the 
control, suggesting anti-amnesic activity. Also, JB reversed the memory impairment induced by 
scopolamine, which further indicates anti-amnesic property. Furthermore, JB demonstrated a significant 
inhibition of MDA formation in the frontal cortex and hippocampus of rats, indicating antioxidant 
property. In addition, it increased the defense armory of the brain tissues, as it significantly increased 
the concentrations of GSH in the frontal cortex and hippocampus of rats. However, JB did not 
demonstrate any inhibitory effect against AChE activity in the frontal cortex and hippocampus of rats in 
comparison with thecontrol group. 

Discussion: This investigation provides evidence that suggests that JB has anti-amnesic and antioxidant 
properties. Although the present data suggest that the anti-amnesic property of JB might be related to 
its antioxidant activity, more studies are necessary to clarify this observation. 

READ: FULL ARTICLE 
http://www.afritradomedic.com/pdf/Antioxidant Property of Jobelyn for its anti-amnesic activity in 
rodents.pdf 

Antidepressant-like Property of Jobelyn ® , an African Unique Herbal 
Formulation in Mice 

Abstract 
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Objectives: The purpose of this investigation was to evaluate whether Jobelyn ® (JB) possesses anti-
depressant-like property in the mouse forced swimming test (FST), tail suspension test (TST) and 
yohimbine-induced lethality test (YLT)in aggregated mice. 

Methods: Mice were given JB (10–100 mg/kg, p.o.) daily for 7 days and then subjected to FST, TST, YLT 
and open fi eld test. The parameters assessed in both FST and TST were the time (s) spent in active 
movement (struggling time), first occurrence of immobility (s) and the duration of immobility (s). In the 
YLT, the mortality rate was recorded 24 h after yohimbine (35 mg/kg, i.p.) administration. In the open 
field test, the number of line crosses and total distance travelled (m) were measured for 10 min in the 
open field chamber. 

Results: JB signifi cantly (p < 0.05) decrease the duration of immobility both in the FST and TST, which 
suggests antidepressant-like property. JB significantly (p < 0.05) prolonged the time spent in active 
swimming and delayed the fi rst occurrence of immobility, indicating endurance promoting eff ect. It 
potentiated the toxic effect of yohimbine, which further suggests antidepressant- like activity and 
facilitation of both serotonergic and noradrenergic neurotransmissions. However, JB did not signifi 
cantly increase the locomotor activity in the open-field test. 

Conclusions: Jobelyn ® has antidepressant-like activity, which may be related to the stimulation of 
serotonergic and noradrenergic pathways. The ability of Jobelyn ® to delay the onset of immobility and 
to prolong the struggling time support its use as energizer in general body weakness or exhaustion. 

READ: FULL ARTICLE 
http://www.afritradomedic.com/pdf/Antidepressant-like_Property_of_Jobelyn.pdf 

Effect of Jobelyn ® on intruder- and isolation-induced aggressive behavior in 
mice 

Abstract 

Background: Aggression is a violent behavior emitted against another organism that may lead to its 
harm or death and thus is of public health significance, which necessitates the search for agents with 
anti-aggressive property. This study investigated the effect of Jobelyn ® (JB), a unique African polyherbal 
formulation, on intruder- and isolation-induced aggressive behaviors in mice. 

Methods: Male mice that showed aggression after being housed individually with female counterparts 
for 3 weeks or kept in isolation for 4 weeks were treated orally (p.o.) with JB (5, 10 or 50 mg/kg), 
haloperidol (HP) (1 mg/kg), fluoxetine (FL) (10 mg/kg), p -chlorophenylalanine (PCPA) (20 mg/kg), 
mianserin (MS) (50 mg/kg) or distilled water (10 mL/kg) 60 min before being tested for aggression. 
Interaction studies involving oral administration of PCPA (20 mg/kg), FL (10 mg/kg) or MS (50 mg/kg) to 
aggressive mice that had received JB (5 or 10 mg/kg, p.o.) 30 min earlier were assessed. The effect of JB 
(5, 10 or 50 mg/kg, p.o.) on defensive behaviors was also evaluated. 

Results: JB (5, 10 or 50 mg/kg) decreased aggressive behaviors without impairing the defensive 
mechanisms of mice. PCPA (20 mg/kg), an inhibitor of 5-hydroxytryptamine (5-HT) biosynthesis, 
increased aggressive responses and reduced the anti-aggressive effect of JB. FL (10 mg/kg), a 5-HT 
reuptake inhibitor, significantly suppressed aggression but did not alter the effect of JB on aggression. 
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MS (50 mg/kg), a 5-HT receptor antagonist, reduced aggression and enhanced the effect of JB on 
aggression. 

Conclusions: These findings suggest that JB has antiaggressive activity, which may be related to the 
enhancement of serotonergic system. 

READ: FULL ARTICLE 
http://www.afritradomedic.com/pdf/JB_on_aggression.pdf 

Jobelyn® exhibited anti-inflammatory, antioxidant, and membrane-stabilizing 
activities in experimental models. 

Journal of basic and clinical physiology and pharmacology05/2015; DOI: 10.1515/jbcpp-2014-0113 
Source:PubMed 

ABSTRACT Jobelyn® (JB) is an African sorghum-based food supplement claimed to be efficacious for the 
treatment of rheumatoid arthritis (RA). Although in vitro studies confirmed its anti-inflammatory 
property, no study had shown the effect of JB using in vivo animal models of inflammation. Thus, its 
effects on acute and chronic inflammation in rats were evaluated in this study. Its effect on rat red blood 
cell (RBC) lysis was also assessed. 
Acute inflammation was induced with intraplanter injection of carrageenan and increase in rat paw 
volume was measured using plethysmometer. The volume of fluid exudates, number of leukocytes, 
concentrations of malondialdehyde (MDA), and glutathione (GSH) in the fluid were measured on day 5 
after induction of chronic inflammation with carrageenan in the granuloma air pouch model. RBC lysis 
induced by hypotonic medium as determined by release of hemoglobin was measured 
spectrophotometerically. 
JB (50-200 mg/kg) given orally produced a significant inhibition of acute inflammation induced by 
carrageenan in rats. It reduced the volume and number of leukocytes in inflammatory fluid in the 
granuloma air pouch model of chronic inflammation. It further decreased the levels of MDA in the fluid 
suggesting antioxidant property. JB elevated the concentrations of GSH in inflammatory exudates 
indicating free radical scavenging activity. It also significantly inhibited RBC lysis caused by hypotonic 
medium, suggesting membrane-stabilizing property. 
JB has in vivo anti-inflammatory activity, which may be related to its antioxidant and membrane-
stabilizing properties, supporting its use for the treatment of arthritic disorder.  
Jobelyn® exhibited anti-inflammatory, antioxidant, and membrane-stabilizing activities in experimental 
models.. 
 Available from:https://www.researchgate.net/publication/277409295_Jobelyn_exhibited_anti-
inflammatory_antioxidant_and_membrane-stabilizing_activities_in_experimental_models [accessed Jun 
13, 2015]. 

READ: FULL ARTICLE 
http://www.afritradomedic.com/pdf/Pharmacological evaluation of the analgesic and 
anxiolyticactivities of Jobelyn.pdf 
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Hepatoprotective and Antioxidant Activities of Hepacare®, a Herbal Formulation 
Against CarbonTetrachloride-Induced Liver Injury 

Abstract 

Hepacare(®) is a herbal formulation used to treat patients with sickle-cell anaemia complicated 
with jaundice, also recommended as a protective agent against liver damage due to chronic 
ingestion of alcohol.In vitro antioxidant properties of Hepacare(®) was determined using 1, 1- 
diphenyl-2-picryl-hydrazyl (DPPH), total antioxidant capacity, reducing power ability, and nitric 
oxide assays. Hepatoprotective effect of Hepacare(®) (50-400 mg/kg/day for 7 days, p.o.) was 
investigated in male Sprague Dawley rats against carbon tetrachloride (CCl4 /olive oil, 1:1, 
0.7 ml/kg, i.p.)-induced liver damage. At the end of the study, blood samples and liver tissue 
were assayed for biochemical and antioxidants parameters.Hepacare produced concentration 
dependent inhibition of DPPH and nitric oxide activity with IC50 of 48.50 and 55.00 µg/ml, 
respectively, it suppressed the absorbance of ABTS(.+) with total antioxidant capacity of 
423.47±8.37 mg QUE/g. CCl4 administration induced significant (P<0.001) elevation of serum 
aspartate transaminase (1.70 fold), alanine transaminase (1.60 fold), alkaline phosphatase (2.90 
fold) and bilirubin (2.00 fold) in comparison to control. The increase in serum biomarker were 
dose-depen-dently reversed by Hepacare(®) pretreatment. More-over, CCl4 pretreatment 
increased (P<0.001) malondialdehyde (MDA) (73.98%) and decreased (P<0.001) antioxidant 
enzymes level but Hepacare pretreatment produced dose-dependent attenuation of the 
increased MDA (3.84 fold) with enhancement of glutathione (3.08 fold), superoxide dismutase 
(2.08 fold), and catalase (3.14 folds) levels in comparison to CCl4 treated group, similar to those 
of silymarin reference standard.Hepacare was beneficial in the prevention of CCl4-induced 
hepatocellular injury, possibly by scavenging reactive free radicals, and boosting endogenous 
antioxidant systems. 

  READ: FULL ARTICLE 

http://www.afritradomedic.com/pdf/Hepatoprotective_and_Antioxidant_Activities_of_Hepacar
e.pdf

Neuroprotective Effect of Jobelyn in the Hippocampus of Alcoholic Rat Is Mediated in 
Part by Alterations in GFAP and NF Protein Expressions 

Abstract: Alcohol induced neurodegeneration drives the progression of an alcohol use disorder. 
Unfortunately, in the adults' brain, the hippocampus that could compensate for 
neurodegeneration with neurogenesis is particularly susceptible to alcohol induced 
neurodegeneration. The objective of this work was to determine if Jobelyn, a nutraceutical, 
could protect the hippocampus from neurodegeneration in a binge alcohol rat model of alcohol 
use disorders. Three groups of Wister rats were used: control, alcohol exposed with no 
supplement and alcohol exposed with Jobelyn supplementation. Rats were given alcohol thrice 
a day at 8 hours interval for 4 days. The control rats received isocaloric non alcoholic diet for 
equivalent days. H&E stains, glia fibrilary acidic protein and neurofilament immunolabellings 
were obtained for pathological and immunohistochemical studies. Results showed thatafter 4 
days of binge treatment, the histological index of neurodegeneration was significantly lower in 
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the Jobelyn treated rats compared with the rats that received only alcohol. 
GFAP immunohistochemistry showed that Jobelyn prevented astrocyte death in the DG, CA3 
and CA1 regions of the hippocampus. Except in the DG, this was not accompanied by a reduction 
in GFAP expression. NF immunohistochemistry showed that Jobelyn can reduce 
neuroinflammation in these three regions of the hippocampus. In the CA3 region, Jobelyn 
prevented a reduction in NF proteins expression in alcohol exposed rats. However, Jobelyn 
supplementations lead to NF protein overexpression in the CA1 region. Conclusively, this study 
indicates that moderate activation of astrocytes and NF protein expression are critical for 
neuronal survival in alcohol toxicity. It is opine that the neuroprotective effect of Jobelyn in the 
hippocampus of alcoholic rats is mediated in part by modulation GFAP and NF protein 
expressions in the DG, CA3 and CA1 regions of the hippocampus. 
 READ: FULL ARTICLE 
http://www.afritradomedic.com/pdf/Pharmacological%20evaluation%20of%20the%20analgesic
%20and%20anxiolyticactivities%20of%20Jobelyn.pdf 
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Pharmacological evaluation of the analgesic and anxiolytic activities of 
Jobelyn® in mice 

Journal of basic and clinical physiology and pharmacology 03/2014 ; 25(4). DOI: 10.1515/jbcpp20130149 
Source: PubMed 

ABSTRACT 
Abstract Background: This study presents the results of the pharmacological evaluation of the analgesic 
and anxiolytic potentials of Jobelyn®, a potent antioxidant African herbal formulation, in mice. The 
analgesic effect was assessed utilizing acetic acidinduced writhing, tail immersion and 
formalininduced paw licking pain models. The anxiolytic activity was evaluated using elevatedplus maze 
(EPM) and light/dark box. 
Methods: Mice (5/group) were treated with JB (10200 mg/kg, p.o.) 1 h before the tests were carried out. 
In the writhing test, the number of abdominal constrictions was recorded for a period of 30 min after 
induction of nociception with 0.6% acetic acid, i.p. In the tail immersion test, the latency to tail 
withdrawal responses to 
noxious heat was measured. The duration of paw licking (s) was measured as an index of nociception in 
the formalin test. In the anxiolytic test, the patterns of transition in the two arms of the EPM and in the 
light/dark box were assessed. Results: JB (10200 mg/kg, p.o.) significantly inhibited the inflammatory 
pain produced by acetic acid as evidenced by decreased number of abdominal constrictions in 
comparison with the control. It also shows higher potency in suppressing the inflammatory pain 
associated with the second phase of the formalin test. However, JB did not exhibit anxiolytic properties 
nor modify the pain behavior in the tail  immersion test. 
Conclusions: The results obtained from this study suggest that Jobelyn® might be efficacious against 
inflammatory pain and further support its recommendation for the management of pain with 
inflammation as the underlying factor. 

Effect of Jobelyn® (Sorghum Bicolor) on nitric oxide and arginase activity in 
sickle cell anaemic subjects (HbSS) 

ANTHONY AMAECHI ANI1 and Ngozi Awa Imaga2 
(The FASEB Journal. 2011;25:959.1) 
© 2011 FASEB 
The objective of this in vivo study was designed to investigate the effect of jobelyn on nitric oxide 
synthase (NOS) and arginase activity in sickle cell anaemic subjects and to elucidate the biochemical 
pathways through which jobelyn aids in management of sickle cell anaemia; with arginase (EC 3.5.3.1 ) 
and nitric oxide synthase (EC 1.14.13.39 ) pathways under investigation. Both pathways are implicated in 
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vaso-occlusive crisis usually presented during sickle cell crisis. Three adult human subjects (n=3; Age: 
24±3) that had not taken jobelyn prior to the study were recruited from the sickle cell clinic, lagos 
university teaching hospital. 
Blood samples were collected before administration, during administration and withdrawal (Day 0, Day7 
& 14, and Day 28 respectively) for haematological, biochemistry, nitric oxide and arginase activity 
analysis. The mean haemoglobin concentration (Hb) g/L on Day 7 and Day 14 were statistically higher 
than Day 0(P<0.05), while Day 28 is lower than Day 7 and Day 14 (P<0.05). There was no significant 
difference in nitric oxide concentration μM and arginase activity U/L in all sampling days (P>0.05). In 
conclusion, administration of jobelyn increases the Hb concentration in sickle cell anaemic subjects, but 
does not affect nitric oxide concentration and arginase activity. 

Jobelyn®, a Sorghum-Based Nutritional Supplement Attenuates 
Unpredictable Chronic Mild Stress-Induced Memory Deficits in Mice 

Solomon Umukoro1,2*, Osarume Omorogbe1, Oritoke Modupe Aluko1, Taghogho Anthony Eduviere3, 
Olatunde Owoeye4, Oluwafemi Gabriel Oluwole1 
Abstract 
The ability of an organism to adapt to aversive stressful situations or life challenging circumstances is 
very crucial to its state of health and survival. However, breakdown in adaptation due to persistent 
uncontrollable stress, leads to impairment of bodily functions and onset of a variety of  pathological 
disorders especially memory decline. This study was designed to evaluate the effect of Jobelyn® (JB), a 
potent antioxidant sorghum-based food supplement on unpredictable chronic mild stress (UCMS)-
induced memory impairment in mice. Male Swiss mice were given JB (5 - 50mg/kg, p.o) 30 min prior to 
exposure to UCMS for 14 consecutive days before testing for memory. 
Thereafter, the serum corticosterone level was estimated by using ELISA kits. The levels of 
malondialdehyde 
(MDA) and glutathione (GSH) as well as acetylcholinesterase activity were estimated in the brain 
homogenate using spectrophotometer. Histology of the brain tissues and estimation of the populations 
of viable neurons in the hippocampal region were done after staining with hematoxyline and eosin. Our 
results showed that JB reversed memory impairment and suppressed corticosterone concentrations 
induced by UCMS. Moreover, JB reduced oxidative stress in the brain of UCMS-mice as shown by 
decreased MDA levels and elevated GSH concentrations. It also decreased  brain acetylcholinesterase 
activity when compared with chronic stress group (p < 0.05). Furthermore, JB (5 - 10 mg/kg, p.o) offered 
significant protection against UCMS-induced degeneration and death of neuronal cells of the cornu 
ammonis 3 (CA3) of the hippocampal region of the brain indicating neuroprotection. Taken together, 
these findings suggest that JB attenuates memory deficits induced by UCMS in mice and may be useful 
therapeutically for stress-related cognitive dysfunctions. The reduction in the levels of serum 
corticosterone, antioxidation, neuroprotection and inhibition of cholinesterase enzyme might be 
contributing significantly to the positive effect of JB on memory in mice exposed to unpredictable 
chronic mild stress. 

 READ: FULL ARTICLE 
http://dx.doi.org/10.4236/jbbs.2015.513056 
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An open-label, randomized, parallel-group comparative study 

of the efficacy of sorghum bicolor extract in preoperative anemia 

a b s t r a c t 

Objective: Anemia in patients presenting for elective surgery is associated with increased 

morbidity, allogeneic blood transfusion, and delay of surgery. Extract of sorghum bicolor has been 

shown to have hemopoietic, immune-stimulating, and antioxidant effects in rats and in patients 

with HIV. The aim of this study was to determine the effect of the extract in patients with preoperative 

anemia booked for myomectomy. 

Methods: Consenting patients (N ¼ 66) were randomly assigned to two groups. The test group 

(n ¼ 34) was given folic acid 5 mg/d, 200 mg iron tablet three times daily, and 500 mg/d of the 

extract. The control group (n ¼ 32) was given the same doses of folic acid and iron for a period of 

3 wk. Blood samples were taken at baseline and weekly for full blood cell count and liver and kidney 

function tests. Participants were screened for tuberculosis, HIV, hepatitis, and sickle cell anemia. 

Results: Increases in red blood cell count, hematocrit, and hemoglobin concentration in participants 

in the test group were highly significant (P < 0.0002, P < 0.0001, and P < 0.0001, respectively). 

Participants in the control group had a significant increase in the hemoglobin concentration 

(P > 0.04). The changes in liver enzymes, urea, and creatinine for participants in the test group 

were within the normal ranges. 

Conclusion: The addition of the extract of sorghum bicolor to routine hematinics is superior to the 

use of routine hematinics alone. Although the difference is not statistically significant, the extract 

will correct preoperative anemia in an additional 15% of the patients. a b s t r a c t 

Objective: Anemia in patients presenting for elective surgery is associated with increased 

morbidity, allogeneic blood transfusion, and delay of surgery. Extract of sorghum bicolor has been 

shown to have hemopoietic, immune-stimulating, and antioxidant effects in rats and in patients 

with HIV. The aim of this study was to determine the effect of the extract in patients with preoperative 

anemia booked for myomectomy. 

Methods: Consenting patients (N ¼ 66) were randomly assigned to two groups. The test group 

(n ¼ 34) was given folic acid 5 mg/d, 200 mg iron tablet three times daily, and 500 mg/d of the 

extract. The control group (n ¼ 32) was given the same doses of folic acid and iron for a period of 

3 wk. Blood samples were taken at baseline and weekly for full blood cell count and liver and kidney 

function tests. Participants were screened for tuberculosis, HIV, hepatitis, and sickle cell anemia. 

Results: Increases in red blood cell count, hematocrit, and hemoglobin concentration in participants 

in the test group were highly significant (P < 0.0002, P < 0.0001, and P < 0.0001, respectively). 

Participants in the control group had a significant increase in the hemoglobin concentration 

(P > 0.04). The changes in liver enzymes, urea, and creatinine for participants in the test group 

were within the normal ranges. 

Click to see Full Article 

 



THE SHORT TIME EFFECT OF EXTRACT OF SORGHUM BICOLOR (JOBELYN) 
ON THE HAEMATOLOGICAL PARAMETERS OF PATIENTS WITH SICKLE CELL 
ANAEMIA 

Abstract: Sickle cell anaemia in South West Nigeria has a prevalence of 2.4 %.It is 
characterized by recurrent crisis like bone pain, hyper haemolysis, acute sequestration, red cell 
aplasia and progressive organ damage. These cause high absenteeism at school and at work with 
a significant reduction in life expectancy. The phytochemical extract of sorghum bicolor has 
been shown to have anti-inflammatory and antioxidant effect; and to increase the haemoglobin in 
experimental rat. The extract is consumed widely in Nigeria by patients with sickle cell anaemia. 
This study seeks to assess the effect of this extract on haemopoiesis in these patients. 
The study population was the patients attending the adult haematology clinic of the Lagos State 
University Teaching Hospital. It was a randomized open label study with 105 consenting 
participants. 
One group was given folic acid 5mg twice daily and paludrine 200mg daily. The other group had 
in addition, 1gm of extract per day in two divided doses for 4 weeks. The haematological 
parameters were taken weekly. 
After 4 weeks of taking the extract, there were reduction in white blood cells (p= 0.10) and 
platelet counts (p= 0.03).There were significant reductions in the mean red cell haemoglobin 
(p=0.0004), mean cell haemoglobin concentration (p=0.0001) while the reduction in mean cell 
volume and haematocrit changes were minimal (p=0.3and 0.5 respectively). 
The reduction in leukocytes and platelets counts suggests an anti-inflammatory effect of the 
extract which may have a clinically positive effect. The significantly reduced cellular 
haemoglobin concentration and minimal changes in haematocrit demonstrate that the extract will 
not unduly increase the red cell haemoglobin concentration which may promote sickling. 

See Full Article 



The West African Sorghum bicolor leaf sheath extract Jobelyn® and its diverse therapeutic potentials 

 

Abstract The West-African variety of Sorghum bicolor leaf sheath (SBLS) Jobelyn® is a natural remedy, 

which has gained international recognition for its anti-anaemic effect and energy boosting qualities in 

debilitating diseases. The widespread use of traditional medicine in the region usually confirms its 

safety, but not its efficacy or deep assessment of their pharmacological properties. The other major 

issue for herbal-based treatments is the lack of definite and complete information about the 

composition of the extracts. Despite limitations, efforts have been made in isolation and 

characterisation of active compounds in this specie of Sorghum showing various subclasses of flavonoids 

including apigeninidin, a stable 3-deoxyanthocyanidin and potential fungal growth inhibitor, which 

accounts for 84% of the total extract. Nonclinical in vitro and in vivo studies support previous indications 

that this variety of Sorghum bicolor possesses several biologically active compounds with potent 

antioxidant, anti-inflammatory, anti-aging and neuro-protective properties. Clinical studies show that 

SBLS has the ability to boost haemoglobin concentrations in anaemic conditions and most remarkably to 

increase CD4 count in HIV-positive patients. The multiple effects and high safety profiles of this extract 

may encourage its development as a therapeutic agent for the treatment of anemia, chronic 

inflammatory conditions or in the symptomatic management of HIV infections. This review describes the 

potential therapeutic aspects of SBLS extract and its potential benefits. 

 

See Full Article 



Newly isolated compounds from West African Sorghum bicolor leaf 
sheaths Jobelyn® show potential in cancer immunosurveillance 

Samira BL. Makanjuola1,*, Doyin Dosunmu2, Louis Ajonuma3, Abiodun Ogundaini4 and Olajuwon Okubena5

1 Department of Pharmacology, Lagos State University, College of Medicine (LASUCOM), 1-5 Akinjobi Way, Ikeja, G.R.A Ikeja, Lagos Nigeria 
2 Department of Hematology and Blood Transfusion, Lagos State University Teaching Hospital (LASUTH), 1-5 Akinjobi Way, Ikeja, G.R.A Ikeja, Lagos Nigeria 
3 Department of Physiology, Lagos State University, College of Medicine (LASUCOM), 1-5 Akinjobi Way, Ikeja, G.R.A Ikeja, Lagos Nigeria 
4 Department of Pharmaceutical Chemistry, Obafemi Awolowo University, Ile-Ife, Osun State 220005, Nigeria 
5 Health Forever Products Inc., Lagos, Nigeria 

Abstract 

Jobelyn , a West African pharmaceutical product derived from Sorghum bicolor leaf sheaths has been shown to possess strong antitumour 
and anti-inflammatory properties. This study aims to evaluate the expression of cell surface markers CD69 on activated natural 
killer (NK) cells; natural killer T (NKT) cells; and T cells from human peripheral blood mononuclear cells (PBMC) upon treatment with 
Jobelyn fractions using flow cytometry. Blood was collected from 3 donors, PBMC were isolated and plated with each specific fraction: 
crude extracts (J); ethyl acetate (JE); n-butanol (JB); secondary compounds from JE (JE5; JE6); purified and semi-purified compounds from 
JE5 (P8 and P9) at specific concentrations (2.5-500 µg/ml). For the crude extracts, JE was the most active showing significant expression 
of CD69 on NK-(P < 0.001), T- (P < 0.0001), and NKT- treated cells (P< 0.0001). Secondary compound, JE5, of JE also showed significant 
CD69 expression on NK- (P < 0.018) and T-treated cells (P < 0.027), but not on NKT-treated cells (P> 0.084). Similarly, the semi-purified 
compound P8, from JE5 showed increased expression of CD69 on NK- (P0.023); T- (P< 0.001), and NKT-treated cells (P<0.007). Evidence 
of innate effector cells activation by ethanolic extracts of Jobelyn suggests that this variety of Sorghum may be able to mediate direct cell 
cytotoxicity supporting the control and clearance of a number of tumour cells. 
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New Highly Stable Dimeric 3-Deoxyanthocyanidin
Pigments from Sorghum bicolor Leaf Sheath
Bhimalingeswarappa Geera, Leonnard O. Ojwang, and Joseph M. Awika

Abstract: The growing interest in natural alternatives to synthetic petroleum-based dyes for food applications necessitates
looking at nontraditional sources of natural colors. Certain sorghum varieties accumulate large amounts of poorly
characterized pigments in their nongrain tissue. We used High Performance Liquid Chromatography-Tandem Mass
Spectroscopy to characterize sorghum leaf sheath pigments and measured the stability of isolated pigments in the
presence of bisulfite at pH 1.0 to 7.0 over a 4-wk period. Two new 3-deoxyanthocyanidin compounds were identified:
apigeninidin-flavene dimer and apigenin-7-O-methylflavene dimer. The dimeric molecules had near identical UV-Vis
absorbance profiles at pH 1.0 to 7.0, with no obvious sign of chalcone or quinoidal base formation even at the neutral pH,
indicating unusually strong resistance to hydrophilic attack. The dimeric 3-deoxyanthocyanidins were also highly resistant
to nucleophilic attack by SO2; for example, apigeninidin-flavene dimer lost less than 20% of absorbance, compared
to apigeninidin monomer, which lost more than 80% of absorbance at λmax within 1 h in the presence of SO2. The
increased molecular complexity of the dimeric 3-deoxyanthocyanidins compared to their monomers may be responsible
for their unusual stability in the presence of bisulfite; these compounds present new interesting opportunities for food
applications.

Keywords: anthocyanin, color stability, 3-deoxyanthocyanin, pigments, sorghum

Practical Application: Natural dimeric pigments concentrated in sorghum sheath retain their hue properties and stability
over a wide pH range and should be explored for potential use in mildly acidic to neutral food applications.

Introduction
The food industry is increasingly searching for natural colorants

to replace the synthetic petroleum-based dyes commonly used in
foods. The past few years has seen significant growth in the natural
colorants market. Many factors have contributed to this, including
tightening government regulations, and a growing consumer desire
for clean food labels. Recent evidence linking attention deficit
hyperactivity disorder (ADHD) in children to consumption of the
synthetic dyes (Bateman and others 2004), and the subsequent press
coverage have only added to consumer anxiety about synthetic
food additives. In 2010, food products containing artificial dyes
marketed in the European Union require a warning label on the
possible link to ADHD in children (UKFSA 2010). Food colorants
play an important role in enhancing the aesthetic appeal of food,
and finding natural colorants that provide the same functionality
(hue, stability, and so on) as the artificial dyes at reasonable cost
remains a challenge.

Sorghum accumulates large quantities of the rare 3-deoxyantho-
cyanin pigments. The sorghum pigments, with their red-orange
hues in mildly acidic to neutral solutions, and better stability com-
pared to anthocyanins (Mazza and Brouillard 1987; Awika and

MS 20111407 Submitted 11/21/2011, Accepted 2/2/2012. Authors Geera,
Ojwang, and Awika are with Soil & Crop Science Dept., Texas A&M Univ., Col-
lege Station, TX 77843-2474, U.S.A. Author Geera is currently with J.R. Short
Milling Co., Kankakee, IL 60901, U.S.A. Direct inquiries to author Awika (E-mail:
jawika@ag.tamu.edu).

others 2004) have gained interest as potential natural food col-
orants to complement available options. However, hurdles exist in
commercially exploiting these interesting pigments, particularly
the fact that they are relatively difficult to extract with aqueous
solvents from the bran portion of grain where they are concen-
trated. Additionally sorghum grain contains mostly the simple
3-deoxyanthocyanidin aglycones, luteolinidin and apigeninidin
(Awika and others 2005); though more stable than anthocyanins,
these compounds are still susceptible to the bleaching effect of
food additives like ascorbic acid and bisulfites (Ojwang and Awika
2008; Ojwang and Awika 2010). Thus to make these pigments
commercially competitive, their extractability and stability in the
presence of common bleaching agents like ascorbic acid and SO2

should be addressed.
Recent reports indicate that certain West African sorghum va-

rieties synthesize exceptionally high levels of 3-deoxyanthocyanin
pigments in their nongrain tissue (Kayodé and others 2011). An
unusual fused-ring apigeninidin derivative (pyrano-apigeninidin-
4-vinylphenol) was recently reported in sorghum leaf sheath
(Khalil and others 2010). Such compounds have not been identi-
fied in sorghum grain, suggesting nongrain tissue may accumulate
a greater diversity of more complex 3-deoxyanthocyanin pigments
than found in grain. The complex forms of 3-deoxyanthocyanins
are likely to be more stable, based on observed improved sta-
bility of complexed anthocyanins (Rodriguez-Saona and others
1999; Giusti and Wrolstad 2003). Compared to sorghum bran,
the sheaths and glumes contribute a much greater proportion of
plant biomass and may provide a more cost-effective way to ob-
tain large quantities of the relatively stable 3-deoxyanthocyanin

C© 2012 Institute of Food Technologists R©
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pigments. In this work, we report previously unidentified dimeric
3-deoxyanthocyanidin pigments in sorghum leaf sheath and
investigate their stability to pH change and presence of bisulfite.

Materials and Methods
Dried intensely colored Sorghum bicolor leaf sheath powder was

provided by Health Forever Products (Lagos, Nigeria). The source
of this material is identical to the West African dye sorghum mate-
rials recently described by Kayodé and others (2011). Apigeninidin
and 7-O-methylapigeninidin standards were purchased from Al-
sachim (Strasburg, France).

Sample extraction
The sorghum leaf sheath powder was suspended in 50% aque-

ous methanol and extracted for 30 min, with shaking at room
temperature. Extracts were centrifuged (7500 × g, 10 min) and
supernatants rotoevaporated to remove methanol and then freeze-
dried. The freeze-dried extract was dissolved in 20% aqueous
methanol and partitioned with equal volume of ethyl acetate. The
ethyl acetate fraction was concentrated in vacuo and stored under
refrigerated conditions.

HPLC analysis
HPLC separation and purification was achieved using an Agilent

1200 system, equipped with a diode array detector (DAD), quater-
nary pump, and fraction collector. A Kinetex C18 75 × 4.6 mm
i.d., 2.6 micron column (Phenomenex, Torrance, Calif., U.S.A.)
thermostated at 40 ◦C was used. Flow rate was 1.0 mL/min;
spectra were recorded from 200 to 700 nm and the monitoring
wavelength was 480 nm. The mobile phase consisted of (A), 2%
formic acid in water, and (B), 2% formic acid in 50:50 acetoni-
trile/methanol. The elution gradient for B was as follows: 0 to
3 min, 10% isocratic; 3 to 8 min, 10% to 20% B; 8 to 17 min,
20% to 40% B; 17 to 23 min, 40% to 50% B; 23 to 27 min, 50%
B isocratic; 27 to 30 min, 10% B. Fraction collection (for mass
spectroscopy analysis) was peak based with a minimum gradient
set to 20.

Mass spectroscopy analysis
The isolated HPLC fractions were analyzed using an MDS

Sciex API QStar Pulsar mass spectrometer with electrospray ion-
ization (AB SCIEX, Foster City, Calif., U.S.A.); this is a hybrid
quadrupole/time-of-flight instrument. Test conditions were as fol-
lows: Ions source gas, 40 arbitrary units (au); curtain gas flow
rate, 20 au; gas used, nitrogen; ion spray voltage, 4500 V; detec-
tor (MCP), 2150 V; syringe pump flow, 6 μL/min. Monomeric
3-deoxyanthocyanidin identification was based on matching
HPLC retention profile, UV-Vis spectra, and MS data with au-
thentic standards. Unknown compounds were fragmented at 33%
relative collision energy, sheath gas flow rate of 20 au, and auxiliary
gas flow rate of 10 au, to further aid in structure determination.

Semipreparative purification
To purify the identified dimeric molecules for color stability as-

say, the freeze-dried crude extracts were dissolved in 50% methanol
adjusted to pH 2.0 with formic acid, filtered through a 0.45 μm
membrane, and directly fractionated on a semipreparative Luna
250 × 10 mm C-18(2) column (Phenomenex) with the aid of
the Agilent system described earlier. The system was modified by
attaching a 1400 μL injection loop to the autosampler, and re-
placing the standard flow cell with a micro flow cell (3 mm path
length) in the detector. Separation conditions were as follows: flow

rate, 5 mL/min; injection volume, 300 μL; autosampler tempera-
ture, 4 ◦C; column temperature, 40 ◦C; monitoring wavelengths,
480 nm. Solvents were as described for analytical HPLC and gra-
dient was as previously reported (Yang and others 2009). The
procedure was repeated and individual fractions were pooled until
enough of the desired compounds were obtained for analysis. Frac-
tion purity was checked by injecting the pooled fractions and using
the analytical HPLC procedure described earlier; separation was
effective, and all fractions were >95% pure. The pooled fractions
were freeze-dried and kept at –35 ◦C until used. The content of
the purified compounds in the original material was determined
by interpolation, based on peak areas from HPLC standard curves
for each compound.

Color stability test
Two compounds were selected for this assay to help under-

stand the effect of dimerization on 3-deoxyanthocyanidins to pH
change and nucleophilic attack; apigeninidin and its dimer. This
was based on the fact that preliminary investigations (data not
shown) revealed that the 2 major dimers isolated had similar sta-
bility profiles.

pH stability. Four pH levels (1, 3, 5, and 7) were selected. The
pH 1 buffer, HCl/KCl buffer solution was prepared by mixing
67.0 mL of 0.2 M KCl with 3.5 mL 0.1 M sodium citrate
and adjusting to 100 mL with deionized water. The pH 3.0
buffer was prepared by mixing 46.5 mL of 0.1 M citric acid
with 3.5 mL 0.1 M sodium citrate and adjusting to 100 mL
with deionized water. For pH 5.0 buffer, 20.5 mL of 0.1 M
citric acid was mixed with 29.5 mL of 0.1 M sodium cit-
rate and the solution was adjusted to 100 mL with deionized
water. pH 7 buffer was made by mixing 29.1 mL of 0.1 M
potassium phosphate and 29.5 mL of 0.1 M sodium hydroxide
and diluting to 100 mL with deionized water. Buffer solutions
had either potassium sorbate (pH 1 to 5) or sodium propionate
(pH 7) as antimicrobial preservatives. Each sample was predissolved
in 50% methanol solution, and aliquots (0.1 mL) diluted with
9.9 mL buffer solution at a given pH to obtain working sample.

Bisulfite stability. The method previously reported (Ojwang
and Awika 2010) was used with minor modifications. Each sample
was accurately weighed and dissolved in 50% aqueous methanol
adjusted to pH 1.0 with HCl to produce a concentrated stock
solution. From the concentrated solutions, 0.1 mL aliquot was ad-
justed to 10 mL with appropriate buffer solutions to produce the
working control samples. The pH of each working solutions was
confirmed with a pH meter. Working sample molar concentra-
tions were apigeninidin, 6.2 × 10−5; and for the newly identified
dimeric pgiment, 5.1 × 10−5.The absorbance spectra of these
samples were recorded after 1 h (day 0), 24 h, 7, 14, 21, and 28
d, by scanning from 200 to 700 nm using a Shimadzu UV2450
UV-Vis Spectrophotometer (Shimadzu Corp., Tokyo, Japan).

For sulfite stability test, concentrated sodium metabisulfite so-
lution was prepared using deionized water and aliquots added to
the buffer solutions (5% v/v) to achieve a final SO2 concentration
of 2.52 × 10−3 M. The pH of buffer + metabisulfite solutions
were checked and adjusted as appropriate with HCl or NaOH.
These solutions (9.9 mL) were then mixed with equilibrated 3-
deoxyanthocyanidin solutions (0.1 mL) to achieve pigment con-
centrations similar to control samples mentioned above. The sam-
ples were then vortexed for 30 s and UV-Vis spectra recorded
after 60 min (as day 0). Additional spectra were recorded after
24 h, 7, 14, and 21 d. The initial SO2:pigment molar ratios were
>40:1 for each sample. Samples were kept at room temperature
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in transparent, capped test tubes throughout analyses. All analyses
were repeated 3 times. Analysis of variance was used to detect
differences in the stability tests; Tukey’s HSD was used for post
ANOVA mean separation.

Results and Discussion

LC-MS analysis and identity of dimeric
3-deoxyanthocyanidins

Unusual pigment peaks that were less polar than typically
observed in sorghum grain were present in HPLC profiles (at
480 nm) of sorghum leaf sheath extracted in aqueous methanol
(data not shown). To aid in identity of these compounds, the
aqueous methanol extract was partitioned with ethyl acetate to
concentrate the less polar pigments. The HPLC profile of the
ethyl acetate fraction revealed 4 major peaks absorbing in the UV-
Vis region, labeled as a, b, c, and d (Figure 1). All these peaks
had absorbance maxima at 472 to 481 nm (Table 1) that suggested
they were apigeninidin-based compounds. Peaks “a” and “b” were
identified as apigeninidin and 7-O-methylapigeninidin based on
matching UV-Vis spectra and elution profiles with authentic stan-
dards. Additionally, the m/z of these compounds confirmed their
identity (Table 1).

The 2 other major peaks (c and d) eluted later than the api-
geninidin monomers on the reversed phase column, indicating
they were less polar (Figure 1). The UV-Vis spectra of these

peaks showed bathochromic shifts (3 and 9 nm) compared to
the apigeninidin-based monomers (Table 1). This characteristic
has been previously reported for anthocyanin dimers (Fossen and
others 2004; González-Paramás and others 2006) in relation to
their monomers. The MS data of compounds “c” and “d” in pos-
itive mode showed m/z 509 and 523, respectively (Table 1), which
suggests that these compounds were dimeric flavonoid molecules
differing from each other by one methyl group. Coupled with
the UV-Vis data and LC elution profiles, the compounds were
inferred to be 3-deoxyanthocyanidin dimers.

Fragmentation of peak “c” (m/z 509) led to 2 major product
masses at m/z 384 (–125 amu) and m/z 255 (Figure 2A). The
1st fragment corresponds to heterocyclic ring fission (HRF) and
a loss of phloroglucinol moiety, which indicates the A-ring of
the dimer is 5,7-hydroxylated in the top unit (Figure 3; Vidal
and others 2004; González-Paramás and others. 2006). The m/z
255 was the product of quinone-methide (QM) fission, which
is due to the breakage of the interflavan linkage between the 2
flavonoid units (Li and Deinzer 2007; Figure 3). The fact that
only one fragment mass was apparent after QM fission indicates
that the terminal (bottom) and top unit fragments had the same
m/z in the positive mode. Since the terminal unit of identified
oligomeric anthocyanins contains the flavylium cation (Vidal and
others. 2004; González-Paramás and others. 2006), we identified
the bottom unit of compound “c” as apigeninidin moiety. Thus
the top unit is likely a 3-deoxyflavonoid compound with one
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Figure 1–HPLC-DAD chromatogram and UV-Vis spectra of ethyl acetate fraction of Sorghum bicolor leaf sheath extract monitored at 480 nm. Peaks
“a” and “b” matched spectra and elution profiles of apigeninidin and 7-O-methylapigeninidin standards, respectively. Peaks “c” and “d” were identified
as new dimeric 3-deoxyanthocyanidin compounds (see Table 1).

Table 1–HPLC, UV-Vis, and mass spectra data of the major pigments identified in sorghum leaf sheath ethyl acetate extract.

HPLC Retention Amount in leaf
peak ID time (min) Vis λmax (nm) [M + H]+ (m/z) sheath powdera (mg/g) Compound ID

a 8.3 472 255 48.6 ± 3.06 Apigeninidin
b 8.9 472 269 1.71 ± 0.02 7-O-methylapigeninidin
c 10.4 475 509 7.70 ± 0.65 Apigeninidin-flavene dimer
d 11.6 481 523 2.80 ± 0.28 Apigeninidin-7-O-methylflavene dimer
aDetermined from HPLC peak areas of original aqueous methanol extract; values ± SEM (db) based on 3 separate extractions.
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hydroxyl group in the B-ring, and one double bond in the C-
ring. The most likely position of the hydroxyl unit on the B-ring
is C-4′, based on reported 3-deoxyflavonoids in sorghum (Dykes
and others 2009). The most common B-type flavonoid dimers
are linked via 4→8 and, to a lesser extent, 4→6 covalent bonds.
However, in mass spectroscopy these 2 types of linkages can be
readily distinguished by the relative collision energy required to
fragment them; the 4→6 linkage generally requires much higher
collision energy to fragment (usually ≥60%) than was used in
this study (33%; Li and Deinzer 2007). Thus we can conclude
that this compound is a 4→8 covalently linked apigeninidin-
flavene dimer, possibly a natural apigeninidin-apigenin conden-
sation product (Figure 3). Apigeninidin and apigenin are known
to coexist in specific sorghum varieties as monomers (Dykes and
others. 2009), and in fact we detected significant quantities of

apigenin in the sample used in this assay (data not shown). How-
ever, this is the 1st time the apigeninidin-apigenin condensation
product is reported in sorghum or any other natural source.

Peak “d” (m/z 523), on the other hand, produced 3 distinguish-
able daughter ions (Figure 2B). The 1st fragment at m/z 384 (–139
amu) corresponds to HRF as reported for compound “c” earlier,
but with a loss of phloroglucinol monomethyl ether unit. This
indicates that the top unit of this dimer has one hydroxyl and one
O-methyl group in the A-ring (Figure 3). HRF of the terminal
unit is possible, but this would lead to a loss of the B-ring of this
unit (–133 amu) instead (Li and Deinzer 2007), which was not
the case. This rules out the presence of the O-methyl group on
the terminal (apigeninidin) unit. The QM fission was responsible
for the other MS/MS ions at m/z 269 (methoxylated quinone
methide unit) and 255 (apigeninidin unit); these ions confirm that
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Figure 2–MS/MS spectra of compounds “c,” m/z 509 (A) and “d,” m/z 523 (B).
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compound “d” was similar to compound “c” with the exception
of the O-methyl substituent in the top unit of “d.” Based on the
low collision energy required for fragmentation (Li and Deinzer
2007), we propose this compound to be a 4→8 covalently linked
apigeninidin-7-O-methylflavene dimer. This is the 1st report of
such a compound in sorghum or in nature.

Content of the isolated pigments in sorghum leaf sheath
The predominant pigment in the sorghum leaf sheath pow-

der was apigeninidin (48.5 mg/g; Table 1), which agrees with a
recent report for similar sorghum leaf sheaths (Kayodé and oth-
ers. 2011). These authors reported apigeninidin as the major pig-
ment in sorghum leaf sheaths from local dye sorghum landraces in
Benin, West Africa, with values ranging from 14.8 to 45.7 mg/g.
The newly identified dimeric pigments constituted 7.7 mg/g
and 2.8 mg/g, for apigeninidin-flavene and apigeninidin-7-O-
methylflavene, respectively, in the sorghum powder (Table 1).
These values are relatively high compared to other known natu-
ral sources of 3-deoxyanthocyanidins. For example, we previously
reported that the levels of the major pigments, apigeninidin and
luteolinidin, in black sorghum bran ranged between 0.4 and 1.6
and 0.5 and 1.8 mg/g, respectively (Awika and others. 2005). Thus
the pigmented sorghum leaf sheath is a promising source of the
stable pigments.

Color properties of dimeric 3-deoxyanthocyanidins
Even though dimeric and other polymeric anthocyanin pig-

ments have recently been reported in other plant materials, in-
cluding grape skin (Vidal and others. 2004) and purple corn
(González-Manzano and others 2008), little is known about their
chromatic behavior relative to the monomeric anthocyanins. This
is partly due to the difficulty of isolating these pigments using
standard techniques. In our case we effectively isolated high pu-
rity dimeric 3-deoxyanthocyanidin pigments using semiprepara-
tive HPLC, which enabled us to establish some interesting prop-
erties relative to their monomeric analogs. A comparison between
the apigeninidin-flavene dimer (compound “d”) and apigeninidin
is discussed later.

Effect of pH
The 3-deoxyanthocyanins are known to resist fading or change

in chromatic properties due to change in pH much better than
anthocyanins, particularly at pH values ≤3.0 (Awika and oth-
ers. 2004). However, at pH ≥ 5.0, formation of quinoidal bases
and chalcone species become more apparent, thus visibly altering

Figure 4–UV-Vis absorbance profile of apigeninidin (A) compared to the
apigeninidin-flavene dimer (compound “c”) (B) in the pH range 1.0 to 7.0.
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Table 2–Stability of apigeninidin-flavene dimer relative to apigeninidin in bisulfite solution at pH 1.0 to 7.0 during a 28-d period.

pH 1.0 pH 3.0 pH 5.0 pH 7.0

DAPGa APGb DAPG APG DAPG APG DAPG APG

Day 0 91 ± 2.7 19 ± 1.6 83 ± 1.0 9.1 ± 0.3 85 ± 0.9 18 ± 0.5 86 ± 0.2 20 ± 0.2
Day 1 89 ± 1.3 18 ± 1.2 82 ± 1.1 8.7 ± 0.1 85 ± 1.0 18 ± 0.2 85 ± 0.1 19 ± 0.1
Day 7 91 ± 3.5 28 ± 2.5 83 ± 1.2 19 ± 0.7 85 ± 0.6 20 ± 0.2 89 ± 0.9 27 ± 1.2
Day 14 91 ± 3.9 58 ± 7.5 87 ± 0.9 32 ± 6.2 86 ± 1.4 23 ± 0.8 91± 0.2 42 ± 4.1
Day 21 96 ± 1.0 77 ± 1.2 88 ± 0.6 43 ± 8.3 86 ± 0.8 45 ± 4.8 94 ± 1.8 42 ± 4.6
Day 28 97 ± 0.9 78 ± 1.6 97 ± 5.3 41 ± 9.3 94 ± 14 76 ± 1.3 91 ± 9.6 48 ± 7.8

Values represent means ± SD (based on 3 separate experiments) of percent relative absorbance at λmax compared to control (without bisulfite); molar ration of pigment:SO2 was
1:>40. Samples were stored at room temperature in capped transparent vials under atmospheric conditions. Day 0 reading was taken 1 h after bisulfate addition.
aDAPG = dimeric apigeninidin (compound “d”).
bAPG = apigeninidin. All paired comparisons between apigeninidn and dimeric apigeninidin within each treatment (day and pH) were significant at P < 0.05 (Tukey’s HSD).

chromatic attributes of these pigments, as can be seen for
apigeninidin (Figure 4A). Surprisingly, the apigeninidin-flavene
dimer did not show much change in visible absorbance profile
in the pH range of 1.0 to 7.0 (Figure 4B). The lowest stability
was observed at pH 5.0, where the absorbance at λmax was 22%
less (significant at P < 0.05) than absorbance at pH 1.0. The
pH 3.0 and pH 7.0 samples had virtually identical spectra with
a smaller (12%) drop in absorbance at λmax compared to pH 1.0
sample. Other than the modest change in color intensity, the spec-
tral properties of the pigment did not significantly change at any
pH, with λmax remaining the same at 481 nm. The fact that no
formation of chalcones or quinoidal base peaks was apparent at
the neutral and near neutral pH suggests that the flavylium cation
of the apigeninidin-flavene dimer is strongly protected from hy-
drophilic attack even at the neutral pH. This is possibly due to
the increased molecular complexity of the dimer relative to the
monomer.

Acylation and other forms of substitution that increase molec-
ular complexity are well known to impart increased stability to
anthocyanins. However, a synthetic dimeric anthocyanin pigment
(catechin-malvidin-3-glucoside) was reported to be no more stable
than the monomeric malvidin-3-glucoside and completely faded
at pH 4.0 (Salas and others 2004). This suggests that dimerization
may not significantly contribute to protection of anthocyanins
flavylium cation from deprotonation reactions and color degrada-
tion. In our case, we clearly demonstrate superior pigment stability
of apigeninidin-flavene dimer against change in pH relative to its
monomer.

The color properties (absorbance and spectral profile) of the
apigeninidin-flavene molecule did not change over a 4 wk period
(28 d) of monitoring at room temperature further confirming
its stability. Anthocyanin-based compounds that do not change
color with change in pH have not been previously reported. Thus
the behavior observed for the apigeninidin-flavene dimer is most
unusual and deserves further investigation. It is also remarkable
because it suggests these dimeric 3-deoxyanthocyanins could be
useful as very stable colors with predictable hue properties over a
wide pH range.

Effect of sodium metabisulfite
With the observed resistance to stability to changing pH,

we were further interested in understanding how the dimeric
apigeninidin-flavene dimer would withstand nucleophilic attack
by bisulfite. This was important given we recently observed rapid
(within 24 h) and near complete bleaching of monomeric api-
geninidin derivatives in the presence of bisulfite at pH values be-
tween 1.8 and 5.0 (Ojwang and Awika 2010). The apigeninidin-
flavene dimer showed significantly (P < 0.05) stronger resistance
to bleaching by bisulfite compared to apigeninidin at all pH lev-

els studied (Table 2). The maximum drop in absorbance at λmax

was observed after 24 h, with an average loss of absorbance of
14.5% for the pH range of 1.0 to 7.0 in the presence of ex-
cess bisulfite (1: 40 pigment:SO2 molar ratio) relative to control
(Table 2). By comparison, the monomeric apigeninidin showed
the expected susceptibility to nuceophilic attack, losing an average
of 72% to 92% absorbance at λmax within 24 h in presence of sul-
fite, similar to recent findings (Ojwang and Awika 2010). Previous
report using crude polymeric anthocyanin extracts from grape skin
indicated a loss of 55% of absorbance in presence of metabisul-
fite (Vidal and others. 2004); an even lower stability is likely for
purified polymeric anthocyanins. The apigeninidin-flavene com-
pound remained stable over a period of 28 d in the presence of
bisulfite at room temperature, gradually regaining most of the ab-
sorbance that was initially lost (Table 2). Thus the protective effect
of 3-deoxyanthocyanin dimerization against color degradation is
superior to that observed for anthocyanin dimers.

Conclusion
The resistance of the dimeric 3-deoxyanthocyanidin molecule

to beaching effect of SO2 demonstrates that dimerization signifi-
cantly (P < 0.05) protects the 3-deoxyanthocyanins from nucle-
ophiles. The observed color stability in a wide pH range further
indicates these compounds are relatively resistant to deprotona-
tion, that is, the intensely colored flavylium cation is the favored
species even at neutral pH. The dimeric 3-deoxyanthocyanins
could be useful as stable colors with predictable hue properties over
a wide pH range, and in the presence of common food additives
like bisulfate that negatively impact anthocyanin stability. Thus
these compounds present interesting new opportunities for using
natural pigments in foods. Understanding how sorghum accumu-
lates the complex pigments should be investigated as this may lead
to future optimization of their accumulation in large quantities in
the plant for food applications.
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González-Paramás AM, Lopes da Silva F, Martı́n-López P, Macz-Pop G, González-Manzano S,
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ABSTRACT The impact of chronic inflammatory conditions on immune function is substantial, and the simultaneous

application of anti-inflammatory and immune modulating modalities has potential for reducing inflammation-induced immune

suppression. Sorghum-based foods, teas, beers, and extracts are used in traditional medicine, placing an importance on

obtaining an increased understanding of the biological effects of sorghum. This study examined selected anti-inflammatory

and immune-modulating properties in vitro of Jobelyn�, containing the polyphenol-rich leaf sheaths from a West African

variant of Sorghum bicolor (SBLS). Freshly isolated primary human polymorphonuclear (PMN) and mononuclear cell subsets

were used to test selected cellular functions in the absence versus presence of aqueous and ethanol extracts of SBLS. Both

aqueous and nonaqueous compounds contributed to reduced reactive oxygen species formation by inflammatory PMN cells,

and reduced the migration of these cells in response to the inflammatory chemoattractant leukotriene B4. Distinct effects were

seen on lymphocyte and monocyte subsets in cultures of peripheral blood mononuclear cells. The aqueous extract of SBLS

triggered robust upregulation of the CD69 activation marker on CD3 - CD56 + natural killer (NK) cells, whereas the ethanol

extract of SBLS triggered similar upregulation of CD69 on CD3 + CD56 + NKT cells, CD3 + T lymphocytes, and monocytes.

This was accompanied by many-fold increases in the chemokines RANTES/CCL5, Mip-1a/CCL3, and MIP-1b/CCL4. Both

aqueous and nonaqueous compounds contribute to anti-inflammatory effects, combined with multiple effects on immune cell

activation status. These observations may help suggest mechanisms of action that contribute to the traditional use of sorghum-

based products, beverages, and extracts for immune support.

KEY WORDS: � CD69 � leukotriene B4 � migration � monocytes � natural killer cells � peripheral blood mononuclear

cells � polymorphonuclear cells � ROS formation � T cells

INTRODUCTION

Chronic inflammation has a known negative impact
on immune defense mechanisms,1 and is an underlying

phenomenon for many health problems. Treatment modali-
ties involving anti-inflammatory intervention are discussed
for improved outcomes in antibacterial, antiviral, and anti-
cancer treatments. The inflammatory response is essential
to survival, but needs to be regulated; if unsuccessfully
resolved, the chronic situation affects many aspects of im-
mune, metabolic, hormonal, neurological, and cardiovas-
cular health.2,3

The modulation of inflammatory status by bioactive
consumables, particularly those present in common and
traditional medicinal foods, is becoming an increasingly
important factor in global preventive health management.
Chronic inflammation is linked to metabolic diseases and

obesity, and altered cell-mediated immune responses are
affected by multiple mechanisms, due in part to a positive
feedback loop between local inflammation in adipose tissue
and dysregulated immune cell activation and production of
pro-inflammatory mediators, such as leptin.4 As obesity
continues to rise, representing malnutrition and metabolic
disease, it is suggested that specific food components may
exert specific immune regulatory effects.5 The geographical
areas of the world with the biggest obesity problems overlap
with the areas with the most people suffering from HIV,
cancers, and cardiovascular disease. Therefore, at a global
level, anti-inflammatory intervention, in conjunction with
immune supportive modalities, may help reduce chronic
inflammation and improve immune defense mechanisms.

Despite improved medical interventions, infectious dis-
eases still take a toll. This involves acute bacterial, parasitic,
and viral infections, as well as chronic infections, such as
HIV, hepatitis, and many other chronic viral diseases. In-
creased bacterial resistance to antibiotic treatments has led
to restrictions on the use of antibiotics, and support of im-
mune function remains a fundamental factor.
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Sorghum is a food grain that is grown across America,
Africa, and Asia in areas that are too hot and dry to grow
other grains and corn. Sorghum species are known to have a
high content of antioxidants, including simple phenolic
acids, as well as polyphenols, particularly 3-deoxyantho-
cyanidins, such as luteolinidin and apigenidin.6,7 The high
content of these antioxidant compounds are present in
sorghum-based beers and contribute to the inhibition of lipid
peroxidation during mashing and boiling.8 The leaf sheath
has a different chemical composition than the leaf blade.9

The sorghum leaf sheaths have a high concentration of di-
meric 3-deoxy-anthocyanidins.10,11 Sorghum extracts have a
strong chemoprotective potential and inhibit proliferation of
gastrointestinal cancer cell lines, and these effects are par-
tially independent of their antioxidant content.12 The anti-
cancer properties of sorghum are due in part to the high
content of 3-deoxyanthocyanidins.13

In addition to the high content of anti-inflammatory
phenolic compounds, sorghum contains several groups of
bioactive compounds with the capacity to induce pro-
inflammatory immune responses. Water-soluble beta-glucans
are found in sorghum14 that showed biologically active beta-
glucans capable of initiating macrophage activation.

Sorghum seeds contain an antiviral peptide, shown to inhibit
infection, replication, and spread of several viruses, including
Herpes simplex and to a lesser extent the nonenveloped polio
virus.15 It is not known whether some of the effect involves
activation of immune defense mechanisms or are targeted di-
rectly at the virus envelope. It is also not known whether this or
similar peptides are found in other parts of the plant.

Sorghum is used in traditional medicine in developing
countries, including primary care of anemia,16,17 cancer, and
a variety of infectious diseases, including viral diseases. An
aqueous extract from sorghum leaf sheaths has hepatopro-
tective and hematopoietic effects,18 including the generation
and hemoglobin-content of erythrocytes19; it is not known if
this effect extends to other cell types produced in the bone
marrow, such as, for example, natural killer (NK) cells.
Sorghum is also used to help alleviate chronic pain, and an
extract from the leaf base was shown to have central anti-
nociceptive properties.20

In this study, we tested dried Sorghum bicolor leaf
sheaths (SBLS) domesticated from a wild variety that is
native to west Africa. This variety has been in use for cen-
turies as traditional medicinal food by people of south-
western Nigeria. It differs from other varieties of S. bicolor
in the intense dark brown pigmentation present. The bo-
tanical material is a proprietary blend of SBLS from the sub-
Saharan belt in west Africa. SBLS is harvested, processed,
packaged, and supplied under the trade name Jobelyn� by
Health Forever Products Inc. (Lagos, Nigeria) and Hains
Herbal Products LLC (Gaithersburg, MD, USA). To better
understand the contribution of various effects of S. bicolor
on the immune system, as a mechanism of action for many
of the traditional uses, we evaluated the biological effects of
both aqueous and nonaqueous extracts from a west African
SBLS extract in selected bioassays addressing effects on
inflammatory cells and immune cell activation status.

MATERIALS AND METHODS

Reagents, dyes, and monoclonal antibodies

The following buffers and reagents were obtained from
Sigma-Aldrich (St. Louis, MO, USA): Histopaque 1077 and
1119, phosphate-buffered saline (PBS), the RPMI-1640
culture medium, fetal calf serum, L-glutamine 200 mM,
penicillin–streptomycin 100 · solution, fibronectin, and
bovine serum albumin. CD3-PerCP, CD56-PE, and CD69-
FITC were obtained from BD Biosciences (San Jose, CA,
USA). Sodium azide (NaN3) was obtained from LabChem
Inc. (Pittsburgh, PA, USA). Leukotriene-B4 (LTB4) was
obtained from Cayman Chemicals (Ann Arbor, MI, USA).
The precursor dye DCF-DA was from Molecular Probes
(Eugene, OR, USA).

S. bicolor source and handling

The botanical material was produced from SBLS from the
sub-Saharan belt in west Africa. SBLS was harvested, pro-
cessed, and supplied under the trade name Jobelyn� by
Health Forever Products Inc. To prepare sterile liquid
fractions of the product suitable for addition to live cell
cultures, 0.5 grams of the leaf sheath powder was added to
5 mL physiological saline for the aqueous extraction meth-
od, and to 5 mL 50% ethanol for the ethanol extraction
method, in 15-mL vials. The vials were vortexed and placed
on a rocker at room temperature for 1 h. Solids were re-
moved by centrifugation at 900 g for 10 min, and the re-
sulting liquid extracts further diluted in physiological saline.
The liquid extracts were filtered through a 0.22 micron
cellulose acetate filter to produce a sterile stock solution,
from which serial dilutions were made in physiological sa-
line. The serial dilutions added to live cell cultures were
such that no more than 0.5% of ethanol was present in cell
cultures. This dose of ethanol was considered to have no
physiological effect in the assay, as verified by previous
control tests.

Antioxidant capacity

The antioxidant capacity was evaluated by a panel of
chemical oxygen radical absorbance capacity (ORAC) tests,
each targeted at measuring the quenching of specific oxi-
dative reactions. There are five predominant reactive species
found in the body: peroxyl radicals, hydroxyl radicals,
peroxynitrite, super oxide anion, and singlet oxygen. Total
ORAC provides a measure of the total antioxidant power of
a food/nutrition product against the five predominant reac-
tive species. Testing was performed at Brunswick Labora-
tories (Southborough, MA, USA).

Cellular antioxidant protection

The cellular antioxidant protection assay using erythro-
cytes (CAP-e) was performed according to the method
published by Honzel et al.,21 but using an accelerated and
more sensitive microplate-based protocol. Briefly, a red
blood cell suspension was prepared for the CAP-e assay by
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adding 0.1 mL packed red blood cells to 10 mL physiolog-
ical saline (pH 7.4) in a V-bottom 96-well microplate. Six
wells served as negative controls (no oxidative damage was
induced) and six wells served as positive controls (maxi-
mum oxidative damage in the absence of any antioxidants).
Gallic acid was used as a standard reference compound.
Serial dilutions of either the aqueous extract or the ethanol
extract were tested in duplicate. The level of ethanol in the
cellular CAP-e assay was below 0.2%. Levels of ethanol
below 2% do not affect the CAP-e assay, so the amount of
ethanol in the test was considered negligible. The cells were
incubated for 20 min to allow antioxidants to enter into the
cells. Unabsorbed compounds were subsequently removed
from the cells by two washes in physiological saline. Cell
pellets were resuspended and lysed in water, and the pre-
cursor dye DCF-DA was added to the wells for 15 min.
Oxidative damage was induced by AAPH for 1 h. The green
fluorescence intensity, as a measurement of oxidative
damage, was recorded at 488 nm using a Tecan SpectraFluor
plate reader (Durham, NC, USA). The cellular antioxidant
protection was calculated as the inhibition of oxidative
damage reflected by the reduced fluorescence intensity in
the wells, where the cells were pretreated with test products,
compared to the baseline (negative controls) and maximum
oxidative damage (positive controls).

Purification of polymorphonuclear and peripheral blood
mononuclear cells

Healthy human volunteers between the ages of 18 and 65
years served as blood donors after written informed consent
was obtained, as approved by the Sky Lakes Medical Center
Institutional Review Board (FWA2603). Isolation of pe-
ripheral blood mononuclear cells (PBMC) and polymor-
phonuclear (PMN) cells was performed as previously
described.22,23 The PMN cells were used for evaluation of
anti-inflammatory activity in assays for production of re-
active oxygen species (ROS) and migratory response to the
inflammatory mediator LTB4. PBMC were used to establish
lymphocyte cultures for the evaluation of phenotypic
changes associated with immune modulation by the test
product.

Evaluation of ROS formation in PMN cells

The PMN cells were incubated at 37�C, 5% CO2 for
90 min, either untreated or treated with serial dilutions of
SBLS aqueous or ethanol extracts. A stock solution of the
precursor dye DCF-DA was prepared by adding 0.18 mL
dimethyl sulfoxide to a 50-lg aliquot of DCF-DA. A work-
ing solution was then prepared by adding 0.01 mL stock to
10 mL PBS. The PMN cells were washed twice in PBS to
remove any unbound and unabsorbed compounds from the
test product. The cells were resuspended in the DCF-DA
working solution, and incubated for 1 h at 37�C to allow for
the precursor dye to get absorbed into the PMN cells. All
samples, except for the triplicate negative control samples,
were then exposed to 167 mM H2O2 for 45 min to induce
severe oxidative stress. Samples were washed twice in PBS

to remove the peroxide, transferred to the cold RPMI 1640
medium, and stored on ice in the dark. The DCF-DA fluo-
rescence intensity was immediately analyzed by flow cy-
tometry. Data were collected in triplicate for controls and
for each dose of the SBLS extracts. The mean fluorescence
intensity of PMN cells was compared between untreated,
H2O2-treated, and extract-pretreated cells. A reduction in
mean fluorescence intensity in samples pretreated with test
products before challenge with H2O2 indicated that the test
product was able to reduce the ROS formation in PMN cells.

Migratory response to the inflammatory mediator LTB4

The PMN cell is a highly active and migratory cell type.
The effect of exposure of PMN cells to the SBLS extracts on
migration toward the inflammatory chemoattractant LTB4
was tested. The following experimental model was per-
formed in quadruplicate for each control and treatment.
Cells were incubated with serial dilutions of SBLS aqueous
or ethanol extracts for 10 min. The top compartments of
Millipore transwell (3.0-lm pore size) migration plates were
coated with 50 lg/mL Fibronectin for 30 min. Meanwhile,
RPMI 1640 with LTB4 (12 nM) was added to the bottom
chamber wells of the transwell migration plate in a volume
of 150 lL. Fibronectin was removed from the top wells by
aspiration before plating of cells. Fifty microliters of cells
(1 · 106/mL) was plated in the top chambers, and the top
chamber plate was then lowered into the bottom plate and
allowed to incubate for 4 h at 37�C. After the incubation, the
top chambers were removed, and the relative number of
cells that had migrated to the bottom chambers was evalu-
ated by staining with CyQuant�. Fluorescence intensity was
measured in a Tecan Spectrafluor fluorescence plate reader.
Samples were assayed in quadruplicate and experiments
repeated 3 times using PMN cells from different donors.

PBMC cultures for immunostaining and flow cytometry

To evaluate the activation status of NK cells, T lym-
phocytes, and monocytes, multiparameter flow cytometry
was performed to allow electronic gating on CD3 - CD56 +
NK cells, CD3 + T cells, and high forward/side scatter
monocytes. These electronic gates were then followed by
evaluation of the expression level (mean fluorescence in-
tensity) of the CD69 activation marker on each cell type.
Freshly isolated PBMC were plated in sterile U-bottom 96-
well culture plates (Nunc, Roskilde, Denmark) and exposed
to serial dilutions of SBLS aqueous or ethanol extracts for
18 h. Cells were transferred to V-bottom 96-well plates
(Nunc), washed, and resuspended in PBS buffer containing
1% bovine serum albumin and 0.02% NaN3; monoclonal
antibodies were added and incubated in the dark at room
temperature for 10 min. The monoclonal antibodies were
CD3-PerCP (red), CD56-PE (orange), and CD69-FITC
(green). The amounts used for each monoclonal antibody
was previously titrated to provide optimal staining. The cells
were washed and resuspended in 0.05 mL PBS buffer con-
taining 0.02% NaN3 and transferred into 5-mL Falcon tubes
each containing 0.4 mL of 1% formalin in PBS. Samples
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were acquired by flow cytometry using a FACSCalibur
cytometer (Becton-Dickinson, San Jose, CA, USA). Ana-
lysis was performed using the FlowJo (Tree Star Inc.,
Ashland, OR, USA) software.

Cytokine analysis

PBMC treated with the ethanol extract of SBLS were
prepared as indicated above and plated in a flat bottom 96-
well plate (Costar Corning, NY, USA). All reagents were
prepared and the assay was executed according to the Human
Cytokine Magnetic 25-Plex Panel assay guidelines (Life
Technologies, Carlsbad, CA, USA). A standard curve was
created using three different concentrations of standards.
Culture supernatants were tested in duplicate as follows: two
samples from untreated cell cultures as controls, two samples
from cell cultures exposed to 111 mg/L of the ethanol extract,
and two samples from cell cultures exposed to 37 mg/L of the
ethanol extract. A blank was also used to control for back-
ground fluorescence. Results were read using a Luminex-
MagPix instrument (Applied Biosystems, Foster City, CA,
USA). Data were analyzed using Microsoft Excel.

Statistical analysis

Statistical analysis was performed using Student’s t-test.
Levels of statistical significance between data sets were
significant if the P value was less than .05, highly significant
if P < .01, and a very high level of significance if P < .001.

RESULTS

Anti-inflammatory effects and antiviral immune support

Antioxidant capacity and cellular protection. The west
African SBLS was tested for antioxidant capacity in a panel
of chemical antioxidant assays and also tested in the CAP-e
assay. The importance of testing in both chemical and
cellular assays stems from the observation that many com-

pounds with chemical antioxidant capacity are not always
able to enter and protect living cells. SBLS was found to
contain high amounts of anthocyanidins, including the two
3-deoxyanthocyanidins apigenidin and luteolinidin, and a
total content per dry weight of 3-deoxyanthocyanidins ex-
ceeding 40,000 lg/g, equaling over 4% of the dry weight
(Table 1). SBLS was shown to have a very high chemical
antioxidant capacity of 37, 622 lM Trolox equivalents/gram
(Table 2), where the strongest capacities for quenching free
radicals were seen for hydroxyl-free radicals and superoxide
anion. In parallel, aqueous and ethanol extracts of SBLS
were compared in the CAP-e bioassay, where both provided
significant protection of cellular damage at a dose of
270 mg/L (Fig. 1). At lower doses, the antioxidant protection
in the CAP-e assay was below the level of detection.

ROS formation by PMN cells

PMN cells are capable of rapid formation of ROS in re-
sponse to inflammatory stimuli. The produced ROS serves
both as antimicrobial defense mechanisms and also accel-
erates an inflammatory response. When ROS production
was induced in PMN cells previously treated with the

Table 1. Content and Properties of Flavones in the West African Sorghum bicolor Leaf Sheaths

lg/g Rings Phenolic class Solubility in water Solubility in ethanol

Naringenin 130 3 Flavanone Almost insoluble Yes
Apigeninidin 39,900 3 3-deoxyanthocyanidin
Luteolinidin 450 3 3-deoxyanthocyanidin
Apigenin 6910 3 Flavone
Luteolin 570 3 Flavone Almost insoluble Yes

FIG. 1. Cellular antioxidant protection from oxidative damage.
Aqueous and ethanol extractions of the Sorghum bicolor leaf sheaths
(SBLS) were compared in the cellular antioxidant protection using
erythrocytes (CAP-e) assay at a dose of 270 mg/L. The level of
ethanol in the cellular CAP-e assay was below 0.2%. Levels of eth-
anol below 2% do not affect the CAP-e assay, so the amount of
ethanol in the test was considered negligible. The ethanol extract
provided better protection than the aqueous extract, but both fractions
were able to provide significant protection of intracellular oxidative
damage when comparing levels of cellular damage between cultures
with and without SBLS extract (*P < .05).

Table 2. Antioxidant Capacity of the West African

Sorghum bicolor Leaf Sheaths

(lmol TE/g)

Antioxidant power against peroxyl-free radicals 3549
Antioxidant power against hydroxyl-free radicals 18,387
Antioxidant power against peroxynitrite 269
Antioxidant power against superoxide anion 11,417
Antioxidant power against singlet oxygen 4000
Total oxygen radical scavenging capacity (ORAC) 37,622
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ethanol extract of SBLS at doses ranging from 0.1 to 10 mg/
L, significant reduction in ROS formation was seen when
compared to the level of ROS induction in untreated cells
(P < .05; Fig. 2). The inhibitory effect by the aqueous extract
was slightly milder, and only the doses 0.1 and 10 mg/L
reached statistical significance.

Effect on migratory behavior of PMN cells toward
the inflammatory chemoattractant LTB4

The PMN cell population contributes 50%–70% of cir-
culating white blood cells. The cells are capable of rapidly
entering an activated state where they migrate toward che-
moattractants of either microbial or inflammatory nature.
The effect of SBLS on the migration of PMN cells in re-
sponse to the inflammatory chemoattractant LTB4 was
evaluated, where both the aqueous and ethanol extracts were
compared over a dose range of 0.1 lg/L–1 g/L. A strong
inhibition of PMN migration toward LTB4 was seen at the
dose range of 100–1000 mg/L, but even at lower doses of
SBLS, a significant reduction in PMN migration was seen,
remaining significantly lower than untreated cells at
0.001 mg/L (P < .05; Fig. 3).

Effect on activation of NK cells, NKT cells, T cells,
and monocytes using the cell surface marker CD69

The NK cells in blood circulation are characterized as
CD3 - CD56 + lymphocytes, and are predominantly nega-
tive for the activation marker CD69. Given appropriate test
stimuli, CD69 expression will increase and correlates to
increased cytotoxic capacity.24 The treatment of PBMC
cultures with aqueous and ethanol extracts of SBLS showed
that the aqueous extract induced a strong increase in CD69
expression on CD3 - CD56 + NK cells (at 100–1000 mg/L:
P < .05; Fig. 4). In contrast, a significant effect on NK cells

by the ethanol extract was only seen at the highest dose used
(1000 mg/L).

In contrast, the ethanol extract provoked a strong increase
in CD69 expression on CD3 + CD56 + NKT cells (at
333–1000 mg/L: P < .05), whereas the aqueous extract only
induced a milder effect at the same doses (Fig. 5). This
parallels what was seen for CD3 + T cells (Fig. 6). Thus,
different compounds in SBLS are responsible for the acti-
vation of NK versus NKT and T cells.

In addition, the expression level of CD69 on the monocyte
population, as distinguished by its forward/side scatter prop-
erties during flow cytometry analysis, was affected by both the

FIG. 2. Formation of reactive oxygen species (ROS) in polymor-
phonuclear (PMN) cells. Freshly isolated primary human PMN cells
were either untreated or pretreated with serial dilutions of SBLS
aqueous or ethanol extracts, then cultured under conditions of oxi-
dative stress to provoke intracellular ROS formation. All test condi-
tions were performed in quadruplicate. The data are shown as
mean – SD and represent one of three separate experiments using
cells from three different donors (*P < .05).

FIG. 3. Migration of PMN cells toward the inflammatory che-
moattractant leukotriene B4 (LTB4). Freshly isolated primary human
PMN cells were either untreated or pretreated with serial dilutions of
SBLS aqueous or ethanol extracts, then added to the top chambers of
trans-well migration plates. LTB4 was added to the bottom chambers,
except in negative control wells. All test conditions were performed
in quadruplicate. The data are shown as mean – SD and represent one
of three separate experiments using cells from three different donors
(*P < .05).

FIG. 4. Expression of the CD69 activation marker on CD3 -
CD56 + natural killer (NK) cells. Peripheral blood mononuclear cells
(PBMC) were cultured for 18 h in the absence (baseline) or presence
of either an aqueous extraction or an ethanol extraction from SBLS.
The aqueous extract triggered a significant, dose-dependent increase
in expression of the CD69 activation marker on NK cells. For data
points where CD69 expression on treated cell cultures was signifi-
cantly higher than on untreated cells (baseline, 4.36 – 0.43), this is
indicated (*P < .05). Conditions were assayed in triplicate, and the
results shown are mean – SD values from a representative of three
separate experiments using PBMC from three different donors.
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aqueous and ethanol extracts from SBLS (Fig. 7). CD69 is
constitutively expressed on human monocytes; however,
treatment with SBLS extracts led to significant increases in
expression (P < .05). The ethanol extract produced a more
robust, dose-dependent response than the aqueous extract.

Effect on cytokine/chemokine expression

The changes in cytokine levels were tested using a human
25-plex Luminex panel. Fifteen of the 25 cytokines and
chemokines showed an increase in cell cultures treated with
an ethanol extract of SBLS (111 mg/L). The changes in
mean fluorescence intensity as well as the calculated levels
(ng/mL) are shown for these cytokines in Table 3. The most

robust increases were seen for IL-6, MCP-1, MIP-1a, and
MIP-1b.

DISCUSSION

The unique properties of the west African SBLS reported
here go beyond a simple content of antioxidant polyphenols
and water-soluble proinflammatory glucans. The com-
plexity is illustrated by the presence of antioxidants and
anti-inflammatory compounds in both the aqueous and
ethanol-based extracts, as well as the presence of immune
modulating compounds with selectively different biological
effects in the aqueous versus ethanol-based extracts. For
example, select ethanol soluble sorghum bran fractions have
been demonstrated to inhibit the pro-inflammatory cyto-
kines IL-1b and TNF-a in vitro.25 In addition, the antioxi-
dant protection capacity of the leaf sheaths from SBLS is
many-fold higher than that reported for cereal grains and
vegetables (Table 2).26 At least some of the antioxidants are
able to enter into and protect live cells from oxidative
damage, as shown by the CAP-e bioassay. Beyond the
simple antioxidant cellular bioavailability, anti-inflamma-
tory action was seen at much lower doses than the cellular
antioxidant protection measured in the CAP-e assay, indi-
cating complex cellular signaling by both aqueous and
nonaqueous compounds in SBLS. Previous work21 has
elucidated the relative advantages and disadvantages of
differing assays that could be used to characterize the anti-
oxidant properties of SBLS. ORAC is a natural assay for
determining the antioxidant potential of SBLS at the basic
chemistry level. The cell-based antioxidant protection in an
erythrocyte model (CAP-e) assay is better suited for cap-
turing antioxidant protection of SBLS within a cellular en-
vironment, but without eliciting complex signaling and
inflammatory pathways. The ROS formation in PMN cells
assay may be better suited to studying such signaling and

FIG. 6. Expression of the CD69 activation marker on CD3 + T
cells. PBMC were cultured for 18 h in the absence (baseline,
1.34 – 0.01) or presence of either an aqueous extraction or an ethanol
extraction from SBLS. The ethanol extract triggered a significant,
dose-dependent increase in expression of the CD69 activation marker
on T cells. Conditions were assayed in triplicate, and the results
shown are mean – SD values from a representative of three separate
experiments using cells from three different donors.

FIG. 7. Expression of the CD69 activation marker on monocytes.
PBMC were cultured for 18 h in the absence (baseline, 11.56 – 0.30)
or presence of either an aqueous extraction or an ethanol extraction
from SBLS. The aqueous extract had a minor, but significant effect
on monocytes. In contrast, the ethanol extract triggered a significant,
dose-dependent increase in expression of the CD69 activation marker
on monocytes. Conditions were assayed in triplicate, and the results
shown are mean – SD values from a representative of three separate
experiments using cells from three different donors.

FIG. 5. Expression of the CD69 activation marker on CD3 +
CD56 + natural killer T (NKT) cells. PBMC were cultured for 18 h in
the absence (baseline) or presence of either an aqueous extraction or
an ethanol extraction from SBLS. The aqueous extract triggered a
mild, but significant increase in expression of the CD69 activation
marker on NKT cells. The ethanol fraction triggered a robust, dose-
dependent increase in the CD69 expression on NKT cells. For data
points where CD69 expression on treated cell cultures was signifi-
cantly higher than on untreated cells (baseline, 4.05 – 0.17), this is
indicated (*P < .05). Conditions were assayed in triplicate, and the
results shown are mean – SD values from a representative of three
separate experiments using cells from three different donors.

6 BENSON ET AL.
196

196



inflammatory pathways.27,28 Antioxidant assays that employ
malignant or transformed cell lines (e.g., hepatocarcinoma)
may not serve as a good model for such an evaluation due to
the complex nature of genomic instability present in such
cell lines. Data generated in assays using cells of such
complexity and dysregulation does not allow for conclusive
interpretation pertaining to a test product’s antioxidant ca-
pacity, as cellular signaling and life/death decisions are
additional factors affecting the total free radical levels.

The data presented here show three different anti-
inflammatory activities: Reduced production of free radicals
by PMN cells, reduced migratory responsiveness toward
the inflammatory chemoattractant LTB4 and induction of
several anti-inflammatory cytokines. The previously pub-
lished proinflammatory effects of water-soluble beta-
glucans in sorghum,14 are therefore only one part of the
overall biological effects, and we suggest that other com-
pounds are responsible for the anti-inflammatory effect re-
ported here. Antiviral effects (traditional medicine) linked
to the use of hot teas made from sorghum, may be explained
in part by the NK cell–activating properties associated with
the aqueous extract.29,30

The CD56 cell surface molecule is also called the Neural
Cell Adhesion Molecule, and is expressed on almost all
circulating NK cells in the blood, and only on a minor subset
of CD3 + T cells. The CD3 + CD56 + T cell phenotype is
associated with increased MHC-unrestricted antitumor ac-
tivity, and the adoptive transfer of such cells as part of im-
munotherapy for treatment of solid tumors is currently
subject for discussion.31 The cell type has also been reported
to play a role in recognition of bacterial super-antigens and
attenuated vaccines.32 The activation of human CD3 +
CD56 + T cells by the SBLS ethanol extract suggests that
SBLS contains compounds capable of supporting immune

defense reactions toward transformed cells, as well as pos-
sibly support certain types of vaccine responses. Since this
was tested on PBMC cultures, we cannot conclude whether
this was a direct effect on T cells, or whether SBLS acted on,
for example, monocytes, and that the activation was cyto-
kine mediated.

Human monocytes constitutively express CD69 cell sur-
face molecules. The present study indicates that SBLS up-
regulates CD69 expression. Monocytes differentiate and
become active through several known pathways, depending
on the environmental signals present. For example, it has
been shown that exposure to certain cytokines can shift
differentiation of monocytes from dendritic cells to acti-
vated macrophages.33 Similarly, it may be possible that el-
evated CD69 expression may influence differentiation and
activation of monocytes. Additional data also support this
hypothesis.34 Further research is warranted to investigate
the relationship between CD69 expression and monocyte
activation.

Several cytokines showed increased expression in this
assay, including some that showed a multifold increase in
expression. Particularly noteworthy was the increase in
RANTES/CCL5, Mip-1a/CCL3, and MIP-1b/CCL4, since
these chemokines have previously been implicated in sup-
pression of HIV activity.35 Other effects included many-fold
increases in both pro- and anti-inflammatory cytokines. The
increased secretion of the proinflammatory cytokine IL-6
was one of the most robust changes with a 174-fold
increase compared to untreated cells. Other affected proin-
flammatory cytokines, included IL-1b and IL-8. The anti-
inflammatory cytokines, IL-10 and IL-13, were upregulated
5–15-fold in culture supernatants treated with the SBLS
ethanol extract. Interferon-alpha (IFN-a) production was
increased 12-fold, and since this cytokine has a dual action

Table 3. Changes in Cytokine Levels After Exposure of Peripheral Blood Mononuclear Cells to SBLS Ethanol Extract

Target MFI (untreated)a MFI (SBLS)b Fold changec Concentration (ng/mL)d

IL-1b 1.00 9.00 9 < 12.07
IL-1Ra 2.50 21.00 8 72.58
IL-6 6.50 1129.50 174 430.68
IL-7 0.75 4.75 6 16.73

CXCL8 IL-8 660.25 8511.50 13 > 388.9
CSIF IL-10 0.50 7.50 15 < 30.25

IL-12 2.50 11.50 5 13.08
IL-13 0.50 2.50 5 < 8.78
IL-15 1.00 8.50 9 < 11.61

CCL2 MCP1 13.00 1890.25 145 > 592.51
CCL3 MIP-1a 0.50 120.50 241 62.97
CCL4 MIP-1b 2.50 418.75 168 127.27
CCL5 RANTES 156.00 337.25 2 94.84

IFN-a 1.00 12.00 12 33.38
CXCL10 IP10 1.00 5.50 6 < 1.62

No change: IL-2, IL-2R, IL-4, IL-5, IL-17, eotaxin/CCL11, GM-CSF, IFN-c, MIG/CXCL9, TNF-a.
aCytokine levels in untreated cell cultures.
bSBLS ethanol extract (111 mg/L).
cCalculated from net mean fluorescence intensity (MFI) data.
dCalculated from the standard curves for the Luminex array. Concentrations reflect treatment with SBLS.

SBLS, Sorghum bicolor leaf sheaths.
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as both a pro- and anti-inflammatory regulating factor, this
suggests that a sequence of events orchestrate the immune
actions in response to SBLS.

Thus, both the cellular activation events seen among
multiple cell types and the secreted cytokines point to a
complex effect of SBLS. Our current hypothesis suggests
that SBLS contains compounds that directly activate
monocytes, both to express CD69 and to secrete a complex
profile of cytokines that, in turn, help activate T cells.
Further work is needed to differentiate which cytokines are
contributed directly from an effect of SBLS onto mono-
cytes, NK cells, and T cells, and which effects require
a concerted interaction between these cell types. The
complex and highly selective effects of water-based and
ethanol-based extracts suggests multiple, potentially syn-
ergistic, active compounds. The work presented here re-
flects in vitro testing on human cell subsets, and therefore
cannot be directly translated to conclude whether ingestion
of SBLS may trigger similar immune modulating effects
in vivo. The data suggest that there may be value in eval-
uating anti-inflammatory and immune modulating effects
in clinical studies, which may also help explain the tradi-
tional use of sorghum-based products and extracts thereof
in traditional medicine across the world. Given the di-
chotomy of inflammation as a two-edged sword, and the
complex action of SBLS on cytokine profiles, it is possible
that consumption of SBLS may support pro-inflammatory
acute immune defense reactions, while also assisting the
resolution of an inflammatory insult. Such complexity
needs to be addressed in clinical studies in vivo, using
specific models to address acute immune responses to a
controlled challenge, versus chronic viral infections and
inflammatory conditions.

ACKNOWLEDGMENTS

The study was performed at NIS Labs, an independent
contract research laboratory specializing in natural products
research, and sponsored by Health Forever Products Inc.,
Lagos, Nigeria.

AUTHOR DISCLOSURE STATEMENT

G.S.J., K.F.B., and J.L.B. are employees of NIS Labs, an
independent contract lab. B.O. is an employee at Dover
Sciences. A.O. and O.O. are employees of Health Forever
Products Inc.

REFERENCES

1. Kanterman J, Sade-Feldman M, Baniyash M: New insights into

chronic inflammation-induced immunosuppression. Semin Can-

cer Biol 2012;22:307–318.

2. Elenkov IJ, Iezzoni DG, Daly A, Harris AG, Chrousos GP: Cy-

tokine dysregulation, inflammation and well-being. Neu-

roimmunomodulation 2005;12:255–269.

3. Elenkov IJ: Neurohormonal-cytokine interactions: Implications

for inflammation, common human diseases and well-being.

Neurochem Intl 2008;52:40–51.
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Original Article

Clinical Efficacy of a West African Sorghum bicolor-Based
Traditional Herbal Preparation Jobelyn Shows

Increased Hemoglobin and CD4 +
T-Lymphocyte Counts in HIV + Patients

Godwin I. Ayuba, MD,1 Gitte S. Jensen, PhD,2 Kathleen F. Benson, PhD,2

Ademola M. Okubena, BA,3 and Olajuwon Okubena, FCMA3

Abstract

Objectives: The purpose of this study was to evaluate a traditional herbal preparation, Jobelyn,� for its effects
on anemia and CD4 + T-cell counts in human immunodeficiency virus–positive (HIV + ) patients in Nigeria.
Design: An open-label pilot study involving 10 confirmed HIV + patients who were not receiving antiretroviral
therapy (ARVT) was performed, in which the patients consumed Jobelyn for 8 weeks, at a dose of 500 mg twice
daily. The pilot study was followed by a controlled trial involving 51 patients, all confirmed HIV + , where the
patients with CD4 + T-cell counts below 350 cells/lL were receiving ARVT. The eight patients with baseline
CD4 + T-cell counts above 350 cells/lL received Jobelyn. The remaining patients who all received ARVT were
randomized to ARVT alone versus ARVT + Jobelyn for 12 weeks.
Results: Patients receiving ARVT showed a statistically significant improvement in their CD4 + T-cell counts
across the 12-week study period ( p < 0.01). Patients receiving ARVT + Jobelyn showed a faster improvement,
reaching a high level of statistical significance compared to baseline already at 6 weeks ( p < 0.001), and remained
highly significant at 12 weeks ( p < 0.001).
Conclusions: This is the first controlled study conducted to evaluate efficacy of Jobelyn on immune status in
HIV + patients. The data suggest that consumption of Jobelyn contributed to improved hemoglobin levels and
increased CD4 + T-cell counts in Nigerian HIV + patients. Further studies are needed to examine similar effects
in other populations, and to elaborate on the underlying mechanisms, specifically, whether the consumption of
Jobelyn supported multiple aspects of bone marrow function.

Introduction

There is a worldwide recognition of the vital roles of
the need for integrated interventions, including herbal

medicines, as a necessary tool in global health care, particu-
larly in third-world countries with poor access to pharma-
ceutical therapeutic strategies that are widely used in
industrialized countries. With a focus on the human immu-
nodeficiency virus (HIV), the World Health Organization
encourages the use of available resources for primary
health care. It further recommends that governments give
high priority to the use and incorporation of proven tradi-
tional remedies into a comprehensive health care.1 Despite the
well-developed pharmaceutical industry in industrialized

countries, the standard-of-care in most third-world countries
places emphasis on the use of local resources such as tradi-
tionally used medicinal plants.

Jobelyn� is a natural product developed from tropical
plants found within the Nigerian flora. Toxicological evalua-
tion in laboratory animals has shown a satisfactory safety and
side-effects profile.2 It has been found to induce rapid and
marked improvement in anemia.3–6 The suggested mechanism
of action was an immune-boosting effect, which is interesting
in light of the presence of antiviral peptides in some parts of
the sorghum plant,7 as well as unique polyphenol compounds
identified in Jobelyn.8,9 Evidence in vitro for many biological
properties of Jobelyn was recently published. The data include
immune modulation, activation of natural killer cells involved
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in antiviral immune defense actions, and up-regulating of the
production of antiviral chemokines.10

Jobelyn’s effects on anemia3–6 lead to the speculation
whether the effect on red blood cell production as well as
production of other cell types may be positively affected.
Limited use in uncontrolled trials in antiretroviral-naı̈ve HIV-
infected subjects as well as patients on highly active anti-
retroviral therapy (HAART) has suggested some improve-
ment in several hematological parameters and quality of life.11

HAART uses a combination of reverse transcriptase inhibitors
and protease inhibitors and is the current standard drug
treatment of HIV/acquired immune deficiency syndrome
(AIDS). Appropriate and consistent use of HAART can help
reduce viral load and allow for some immune system recon-
stitution, including an increase in CD4 + T-cell counts. How-
ever, even with heavy subsidy, HAART is neither accessible
nor affordable to a majority of people living with HIV/AIDS
in third-world countries. Use of HAART is also limited by
potential toxicity and side-effects, as well as development of
resistant strains of HIV. Only patients whose biologic profiles
fit the eligibility criteria are typically treated with HAART.
These limitations emphasize the need for continued search for
viable alternatives or adjuncts to HAART.

Increasing use of Jobelyn by many HIV + patients and
people with anemia justifies further evaluation of its efficacy
for support of production of lymphocytes and red blood cells
in people with bone marrow suppression. This study was
therefore designed to address these questions. Two clinical

pilot studies were performed on patients with HIV in Lagos,
Nigeria. An initial pilot study involved 10 HIV + patients
who also suffered from anemic conditions. A subsequent
controlled study continued to evaluate the effects of CD4 +
T-cell counts in HIV + patients, some of whom also received
antiretroviral treatment. The controlled study aimed at
evaluating the role (if any) of Jobelyn in the management of
HIV in the presence or absence of HAART.

Methods

Nutritional supplement

The consumable nutritional supplement Jobelyn was
grown, harvested, and manufactured by Health Forever
Products, Ikeja, Lagos, Nigeria, using seed stock from a re-
cently domesticated variant of West African Sorghum bicolor.
One lot was used for the open-label pilot study, and a second
lot was used for the controlled trial. Both lots had similar
chemistry profiles showing a very high content of polyphe-
nols, particularly apigeninidin, which was present at ap-
proximately 4% of the dry weight of the botanical material
(Table 1). This level is consistent with other lots tested for
immune-modulating activities.10

Trial 1

Ten patients (4 men and 6 women, age range 23–49 years)
with confirmed HIV + , a reduced number of CD4 + T

Table 1. Concentration of Five Polyphenol Marker Compounds

in the Two Product Lots Used for the Two Clinical Studies

Trial Lot number Unit Apigeninidin Luteolinidin Apigenin Luteolin Naringenin

Trial 1 06-4812 lg/g 38,650 323 6020 585 230
Trial 2 09-0590 lg/g 47,380 890 6460 673 166

The quantification of these five polyphenol marker compounds was evaluated by the highly sensitive LC/MS-MS methodology, and their
structures were confirmed by CAD-MS/MS analysis. The testing was performed by Brunswick Laboratories, Norton, MA.

Table 2. Data from Trial 1 Involving 10 Human Immunodeficiency Virus–Positive

Patients Showing CD4 + T-Cell Counts and Hemoglobin Levels

CD4 + T-cell countsa Hemoglobinb

Vol. no. Gender Age ARVT JOB Week 0 Week 4 Week 8 Week 0 Week 4 Week 8

1 M 25 No Yes 399 617 708 11.6 12.6 13.3
2 M 49 No Yes 656 704 824 12.3 12.8 13.0
3 M 35 No Yes 452 662 724 12.1 12.8 13.0
4 M 31 No Yes 518 530 560 12.0 13.0 14.0
5 F 23 No Yes 352 390 564 10.3 12.0 12.5
6 F 45 No Yes 460 617 669 10.6 11.0 11.0
7 F 31 No Yes 499 550 550 10.3 11.2 11.4
8 F 47 No Yes 830 1082 1203 9.8 10.3 11.2
9 F 31 No Yes 350 461 475 8.9 9.6 10.6

10 F 40 No Yes 385 458 622 10.2 11.3 12.0
Average 490 607 690 10.8 11.7 12.2
SEM 47.64 61.29 65.51 0.36 0.37 0.36
p-valuec < 0.01 < 0.001 < 0.001 < 0.001

aCD4 + T-cell counts are shown as cells/lL whole blood.
bHemoglobin levels are shown as g/dL.
cData analysis utilized the within-subject two-tailed paired t-test to compare each person’s changes for Week 4 and Week 8 to baseline

values.
ARVT, anti-retroviral therapy; JOB, Jobelyn,� which was consumed at a dose of 500 mg twice daily; SEM, standard error of mean.
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lymphocytes, who did not qualify for antiretroviral therapy
(ARVT), and who consumed Jobelyn, were followed through
the Police Hospital in Lagos, Nigeria for 8 weeks. Potential
study participants were regular patients of Dr. N. U. Eguae
and were invited to participate by use of written informed
consent. The number of CD4 + T lymphocytes and the he-
moglobin level were evaluated at baseline, 4, and 8 weeks.

Trial 2

Based on these pilot data, a controlled trial was performed
at the Clinical Research Division of the Military Hospital,
Ikoyi, Lagos, Nigeria. Fifty-one patients (28 men and 23
women, age range 18–67 years) were enrolled in the study
upon written informed consent, as approved by the Ikoyi
Military Hospital Institutional Review Board. Potential study
participants were regular patients of Dr. Ayuba, and invited
to participate, by use of written informed consent. All study
participants who at the time of screening had CD4 + T-cell
counts below 350 cells/lL were treated with ARVT, which
consisted of nevirapine (200 mg), lamivudine (150 mg), and
stavudine (40 mg) twice daily. All 51 patients who partici-
pated in this clinical trial were monitored for CD4 + T-cell
counts at baseline, 6, and 12 weeks. Eight patients who at the
time of screening had a CD4 + T-cell count at 350 or higher
were ineligible for ARVT, and received Jobelyn for the same
duration of 12 weeks. The remaining 43 patients were ran-
domized into two groups, where one group of 16 people was
only treated with ARVT, and the other group of 27 people
was treated with ARVT and also consumed Jobelyn daily for
12 weeks. There was no significant difference in the baseline
CD4 + T-cell counts between these two groups. Data were
analyzed using ‘‘within-subject’’ analysis using the paired
two-tailed t-test, as well as ‘‘between-groups’’ analysis, using
the unpaired two-tailed t-test.

Results

Trial 1

A statistically significant increase in CD4 + T lymphocytes
( p < 0.01) and hemoglobin ( p < 0.001) was observed within 4
weeks, using the paired two-tailed t-test. Among the 10 par-
ticipants, everyone showed an improvement in both CD4 + T-
cell count and in hemoglobin levels (Table 2). All 10 patients
had hemoglobin levels below normal for their gender at
baseline. All of them showed an improvement in hemoglobin
levels. After 8 weeks of consuming Jobelyn, all 10 patients had
hemoglobin levels near the lower normal range.

Trial 2

Among the 51 patients participating in this controlled trial,
43 patients had baseline CD4 + T-cell counts at or below 350
cells/lL, and received ARVT.

As expected, people on ARVT showed a statistically sig-
nificant improvement in their CD4 + T-cell counts across the
12-week study period (n = 16, p < 0.01) (Fig. 1). However,
patients receiving ARVT + Jobelyn showed a more robust
improvement, which reached a high level of statistical sig-
nificance compared to baseline already at 6 weeks (n = 27,
p < 0.001), and remained highly significant at 12 weeks
( p < 0.001) (Fig. 1). Analysis comparing the two groups
showed that the CD4 + T-cell counts in the group receiving

ARVT + Jobelyn was significantly higher than the group re-
ceiving ARVT alone, both at 6 and 12 weeks ( p < 0.001).

Within the study population of 51 people, only 3 patients
had lower CD4 + T-cell counts after the 12-week study than at
study baseline; all 3 patients received ARVT, and 2 of them also
consumed Jobelyn. These three people experienced concurrent
infections (tuberculosis, pneumonia) during the study. Patients’
appetite and weight increased and there was improvement in
their general well-being. The maculopapular skin rash of three
of the patients who had herpes zoster remitted.

The third group of patients (i.e., those eight people who
received Jobelyn only, since they were not eligible for ARVT
due to a higher CD4 + T-cell count at baseline) also showed
an improvement during the weeks of Jobelyn consumption
(Fig. 1). This improvement was statistically significant from
baseline after 12 weeks ( p < 0.01).

Discussion

The core result presented here is the improvement in
CD4 + T-cell numbers over time in the two groups that

FIG. 1. The changes in CD4 + T-cell counts from Trial 2 (a
controlled study with 51 HIV + patients, where HIV + status
was confirmed by electrophoresis) are shown as the group
average – standard error of the mean. Improvements were
seen for all three groups: Eight patients who started the
study with CD4 + T-cell numbers higher than 350 cell/lL,
and were not eligible for antiretroviral therapy (ARVT)
consumed Jobelyn ( JOB) for 12 weeks. Improvement
reached statistical significance at 12 weeks ( p < 0.01). Forty-
three patients with baseline CD4 + T-cell counts lower than
350 cells/lL were eligible for ARVT, and were randomized
to either ARVT alone or ARVT and Jobelyn. There was no
statistical significance in the CD4 + T-cell counts at baseline
between these two groups. The group receiving ARVT
alone showed the expected improvement in CD4 + T-cell
counts, which reached statistical significance already at 6
weeks ( p < 0.01), and continued to improve at 12 weeks
( p < 0.001). The group that received ARVT and also con-
sumed Jobelyn showed a more robust improvement, which
reached a high level of significance already at 6 weeks, and
remained highly significant at 12 weeks ( p < 0.001). Data
analysis utilized the within-subject two-tailed paired t-test
to compare each person’s changes for week 6 and week 12
compared to baseline values, and also the between-groups
unpaired t-test to compare the data for the ARVT + JOB +
and the ARVT + JOB- groups at 12 weeks. Levels of statis-
tical significance are indicated by asterisks: **for p < 0.01,
and ***for p < 0.001.
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consumed Jobelyn when compared to the group treated with
conventional antiretroviral treatment only. An additional
observation from the initial pilot study is the improved he-
moglobin levels seen in HIV + patients consuming Jobelyn
for 8 weeks.

The parallel increase in hemoglobin and CD4 + T-cell
counts seen in the pilot study suggests that consumption of
Jobelyn may support several aspects of bone marrow func-
tion. The data from the controlled study involving 51 people
suggest support of T-cell production. The primary mecha-
nism likely includes support of bone marrow function since
anemic conditions were also reduced, possibly combined
with secondary mechanisms of enhanced immune defense
against viral infection. In addition, an antiviral effect may be
suggested, based on the observations that Jobelyn provides
several aspects of antiviral immune support in vitro, which
includes activation of natural killer cells and production of
chemokines MIP-1a, MIP-1b, and RANTES.10

Future clinical studies need to address whether Jobelyn has
similar effects in populations with different demographics,
diet, and lifestyle, as well as different prevalence of concom-
itant infectious diseases. Also, the suggested mechanisms of
action may be further evaluated through testing of serum
cytokine/chemokine profiles, including growth factors with
known effects on bone marrow function, and antiviral che-
mokines. These effects by Jobelyn may suggest a role for its
use in broader health management, and not limited to HIV or
HIV-associated anemia alone. Clinical trials are currently on-
going to examine the effects of Jobelyn on anemia in non-
HIV + study populations. Given the significant effects seen
over a relatively short study period in a West African popu-
lation, consideration should be given to expanding its use in
other countries with different health challenges, to help aug-
ment health improvements in acute and chronic viral illnesses.
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3-Deoxyanthocyanidins are promising natural colourants due to their unique properties compared to
anthocyanins. However, thermal stability of 3-deoxyanthocyanidins is largely unknown. Thermal stability
of crude and pure 3-deoxyanthocyanidins was determined at 95 �C/2 h and 121 �C/30 min, at pH 1–7 using
HCl, formic or citric acid as acidulants. The colour retention of crude and pure 3-deoxyanthocyanidins
(79–89% after 95 �C/2 h and 39–118% after 121 �C/30 min) was high compared to literature reports for
anthocyanins under similar treatments. pH significantly affected the thermal stability of 3-deoxyanthocy-
anidins: Colour retention was better at pH 1–2 (70.2–118%) than at pH 3–7 (39.0–86.8%). Chalcones were
identified as the major heat degradation products at pH 3–7. Slow rate of chalcone formation and resis-
tance to C-ring fission were identified as the major contributors to thermal stability of 3-deoxyanthocy-
anidins. Overall, the heat stability of 3-deoxyanthocyanidins indicates good potential for food use.

� 2014 Elsevier Ltd. All rights reserved.
1. Introduction

Natural colourants have gained increased attention due to
growing consumer demand for natural wholesome foods. Among
the natural colourants, anthocyanins are the most widely used
water soluble pigments. However, the utilization of anthocyanins
in food products is limited due to poor stability to various food pro-
cessing and handling conditions (Stintzing & Carle, 2004). Heat
treatment of anthocyanins often results in colour change (brown-
ing) and colour loss. For example, blackcurrant anthocyanins lost
about 22% after pasteurization (103 �C 30–45 s) in juice making
process (Woodward, McCarthy, Pham-Thanh, & Kay, 2011). Straw-
berry anthocyanins decreased 9–14% after pasteurization (85 �C
5 s) during puree processing (Hartmann, Patz, Andlauer, Dietrich,
& Ludwig, 2008). The common heat induced reactions of anthocy-
anins include deglycosylation (Adams, 1973), opening of the pyry-
lium ring and formation of chalcone (Hrazdina, 1971), and
generation of C6–C3–C6 structure fragments (e.g., protocatechuic
acid) (Sadilova, Carle, & Stintzing, 2007). Anthocyanins can also
polymerize during thermal processing, which can improve their
colour stability (Cardona, Lee, & Talcott, 2009; Weinert, Solms, &
Escher, 1990).

3-Deoxyanthocyanidins are a group of water-soluble pigments
which are structurally related to anthocyanins but do not have the
substitution at C-3 position (Fig. 1). Sorghum is the known major
edible source of these pigments. Sorghum grains and leaf sheaths
of red/purple pericarp/plant colour accumulate high amounts of
3-deoxyanthocyanidins (Awika, Rooney, & Waniska, 2004; Dykes,
Seitz, Rooney, & Rooney, 2009; Kayodé et al., 2011). 3-Deoxyantho-
cyanidins are more stable to pH changes (Mazza & Brouillard, 1987)
and bleaching effects of common food additives, such as ascorbic
acid and sulphites (Ojwang & Awika, 2008) than anthocyanin ana-
logues. Besides advantages of colour stability, 3-deoxyanthocyani-
dins also possess chemopreventive properties which make them
likely suitable as bioactive food ingredients. For example, the
3-deoxyanthocyanidins induce the activity of quinone reductase, a
phase II protective enzyme, and inhibit the growth of human
oesophageal and colon cancer cells (Yang, Browning, & Awika,
2009). The cytotoxic effect of 3-deoxyanthocyanidins against hu-
man colon cancer cells is stronger than their anthocyanidin counter-
parts (Shih et al., 2007). These properties indicate good food
application potential of 3-deoxyanthocyanidin pigments.

The pH of food matrix has a big influence on the colour and
stability of anthocyanins and 3-deoxyanthocyanidins. When in
solution, anthocyanins and 3-deoxyanthocyanidins establish a
complex equilibrium between coloured flavylium cation, quinoidal
base, colourless chalcone and carbinol pseudobase. The acidity
(ideally pH 1–2) of the matrix favours the ionization reaction for
the formation and stability of flavylium cation. Increase in pH
shifts the equilibrium towards hydration of flavylium cation into
colourless species, which results in loss of characteristic colour
(Brouillard & Dubois, 1977; Mazza & Brouillard, 1987). The pH of
foods and food products varies from �2.0 (lime juice) to �7.9

http://crossmark.crossref.org/dialog/?doi=10.1016/j.foodchem.2014.03.105&domain=pdf
http://dx.doi.org/10.1016/j.foodchem.2014.03.105
mailto:lyang@ag.tamu.edu
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(Graham crackers), the majority fall in between 3.0 and 6.0 (FDA.,
2009). Most anthocyanins have low stability in this pH range,
whereas the 3-deoxyanthocyanidins remain relatively stable
(Awika et al., 2004; Mazza & Brouillard, 1987). However, how
thermal processing affects stability of 3-deoxyanthocyanidins is
not known. Determining thermal stability of 3-deoxyanthocyani-
dins will thus add valuable information to the potential of these
pigments as bioactive food ingredients. In addition, knowing the
degradation mechanisms is valuable in looking for strategies to
stabilize the 3-deoxyanthocyanidins during processing.

The goal of this study was to evaluate thermal stability of
3-deoxyanthocyanidins at various pH (1–7) in presence of different
acidulants (HCl, formic acid and citric acid). The 3 selected acidu-
lants were aimed to compare the effect of mineral acid (HCl) with
common organic acids (formic acid and citric acid). We hypothe-
size that type of acidulant and not pH alone, has an impact on ther-
mal stability of 3-deoxyanthocyanidins.
2. Materials and methods

2.1. Materials

2.1.1. Crude 3-deoxyanthocyanidin pigments
Crude 3-deoxyanthocyanidin extract was obtained from

dried red sorghum leaf sheaths (Health Forever Products, Lagos,
Nigeria). This material was previously described by Geera,
Ojwang, and Awika (2012). Acidified aqueous methanol (formic
acid:water:methanol = 1:49:50, v:v:v) was used to extract the
sample, with 2 h shaking at room temperature. Solvent was
removed to complete dryness under vacuum at 40 �C using a
Multivapor system (Büchi, Flawil, Switzland).

2.1.2. 3-Deoxyanthocyanidin compounds
In order to evaluate the effect of 3-deoxyanthocyanidin struc-

ture on their thermal stability, several pure 3-deoxyanthocyanidin
compounds (Fig. 1) were used in this study. Apigeninidin (APG),
5-O-methyl-apigeninidin (5-OMe-APG), 7-O-methyl-apigeninidin
(7-OMe-APG), 5,7-O-methyl-apigeninidin (5,7-OMe-APG), luteo-
linidin (LUT), and 5,7-O-methyl-luteolinidin (5,7-OMe-LUT) were
purchased from AlsaChim (Strasbourg, France). All pure com-
pounds were synthetic and of at least 95% purity.

2.2. Methods

2.2.1. Sample solution preparation
Crude 3-deoxyanthocyanidin extract (10 mg/mL) and pure

3-deoxyanthocyanidins (2 mg/mL, 5.94–6.84 mM) were
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reconstituted with HPLC grade water (pH = 6.79) or acidified water
of pH 1–6 prepared with different acidulants (HCl, formic acid, and
citric acid) in Pyrex test tubes with plastic stoppers. Only acids
were used in all solutions in order to eliminate the stabilizing
effect from constituents of buffer systems. The pH of heated sam-
ple was also measured to ensure no change occurred after heat
treatment. Samples were sonicated at 40% output energy for 30 s
using a tip probe (6 mm diameter) sonicator (VibraCell 40, Sonics
& Materials Inc., Danbury, CT) to improve solubility. Immediately
after sonication, 0.5 mL of each solution was transferred to a
2.0 mL microcentrifuge tube for thermal treatment.

2.2.2. Heat treatment
The thermal stability of 3-deoxyanthocyanidins was initially

evaluated at 95 �C over different time periods (30 min, 1, 2 h) in
a water bath (VWR, Radnor, PA). Since heat treatment at 95 �C
for up to 2 h did not result in meaningful changes, the thermal sta-
bility of 3-deoxyanthocyanidins was further evaluated at 121 �C
for 30 min at pH 1–6 and in water, using an autoclave (SM-300,
YAMATO Scientific Co., Ltd., Tokyo, Japan). At the end of heat treat-
ment, the samples were put in ice to stop any further degradation
reaction. An aliquot of each sample after 30 min equilibration in ice
bath was taken to analyse colour intensity change (UV–vis spec-
troscopy) and degradation profiles (HPLC and UPLC–MS). The
experiments were performed in duplicates.

2.2.3. Change in colour intensity
For crude 3-deoxyanthocyanidin extract, 150 lL heated sample

was diluted 20-fold with 1% HCl in methanol (pH = 1.0). For pure
3-deoxyanthocyanidin compounds, 50 lL of heated sample was
diluted 60-fold using the same solvent for analysis. The absorbance
at their respective kmax (A) was measured 5 min after dilution by a
spectrophotometer (Shimadzu UV2450, Shimadzu Scientific
Instruments North America, Columbia, MD). A non-heat treated
sample was diluted the same way and served as control (A0). Col-
our retention after heat treatment was calculated by comparing A
with its respective control A0.

2.2.4. HPLC analysis
To profile changes of 3-deoxyanthocyanidins due to thermal

treatment, 200 lL of treated crude 3-deoxyanthocyanidin extract
and 100 lL of treated pure 3-deoxyanthocyanidins were diluted
5-fold and 10-fold, respectively, with 4% formic acid in methanol
(pH = 1.0), then filtered through a 0.2 lm nylon membrane syringe
filter. A non-heat treated sample was diluted and filtered the same
way and served as control. An Agilent 1200 series HPLC system
(Agilent Technologies, Santa Clara, CA) was used for this analysis.
It included a quaternary pump (with degasser), an autosampler, a
column compartment, and a diode array detector (DAD). A Luna
C-18 column (150 mm � 4.6 mm, 5.0 lm, Phenomenex, Torrance,
CA) was used to carry out the separation with a two solvent gradi-
ent: Solvent A 1% formic acid in water and solvent B 1% formic acid
in acetonitrile. The gradient based on solvent B was as follows:
0–3 min, 10%; 5 min, 18%; 10 min, 20%; 23 min, 26%; 25 min,
28%; 28 min, 40%; 30 min, 60%; 30–32 min, 60%; 34–40 min 10%.
The column was kept at 40 �C during analysis and the flow rate
was 1.0 mL/min. The injection volume was 20 lL for crude
3-deoxyanthocyanidin extract and 5 lL for all pure 3-deoxyantho-
cyanidin compounds.

2.2.5. UPLC-PDA-ESI-TQD-MS analysis
To determine the structures of thermal degradation products,

the 3-deoxyanthocyanidin samples used in this experiment were
treated the same as for HPLC quantitative analysis. A Waters-
ACQUITY UPLC-PDA-ESI-TQD-MS system (Waters Corp., Milford,
MA) was used which consisted of a binary solvent manager,



Table 1
Colour retention (%) measured at kmax of crude 3-deoxyanthocyanidin extract after
121 �C/30 min heat treatment, at pH 1–6 and neutral aqueous solutions.

pH HCl Formic acid Citric acid

1 102 ± 1.2ab 61.3 ± 2.2def 118 ± 0.90a

2 93.4 ± 7.5bc 47.6 ± 0.0fg 70.7 ± 0.90de

3 76.1 ± 1.7cd 65.2 ± 0.78def 44.8 ± 0.90fg

4 68.2 ± 2.6de 56.0 ± 0.12defg 56.3 ± 1.1defg

5 46.9 ± 0.30fg 60.5 ± 0.95def 53.2 ± 1.1efg

6 39.0 ± 0.40g 52.9 ± 2.3efg 44.8 ± 1.8fg

Water (6.8) 65.0 ± 11def

Data are expressed as percentage colour retention (mean ± SD) of duplicate runs.
Treatments with the same letter do not significantly differ (Tukey’s HSD, p < 0.05).
Colour retention was defined as absorbance of heat treated sample compared with
corresponding non-heated control.
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autosampler (sample manager), column heater, and photodiode ar-
ray ek detector (PDA) and interfaced with a tandem quadrupole
(TQD) mass spectrometer equipped with an ESI source. The separa-
tion was performed on a Kinetex C18 column (150 mm � 2.10 mm,
2.6 lm, Phenomenex, Torrance, CA) at 40 �C with following gradi-
ent at 0.4 mL/min: Solvent A (0.05% formic acid in water), solvent B
(acetonitrile), and the percentage of solvent B was 12–41% from 0
to 23.5 min, 41–75% from 23.5 to 25.5 min, 75% isocratic from 25.5
to 28.5 min, then 75–12% from 28.5 to 29.5 min, and 12% isocratic
for 5 min to equilibrate the column. The injection volume was 1 lL.
The monitoring wavelength for 3-deoxyanthocyanidin pigments
was at 485 nm; while thermal degradation products were moni-
tored at 280 nm and 340 nm. Mass spectrometric data were
acquired in positive mode for 3-deoxyanthocyanidins, and in neg-
ative mode for degradation compounds. Empower 2 software
(Waters Corp.) was used to acquire and analyse data. The MS scan
was recorded in the range of 100–1000 Da. Nitrogen was used both
as a drying gas and as nebulizing gas, while argon was used as the
collision gas (AOC, Bryan, TX). The nitrogen gas flow conditions
were 800 and 50 L/h for desolvation and at the cone, respectively.
The source block temperature and desolvation temperature were
set at 150 and 400 �C, respectively. Optimization of ionization con-
ditions was based on the intensity of the mass signals of proton-
ated/deprotonated molecules and performed for each individual
peak/compound detected. Mass parameters were optimized as fol-
lows: Capillary voltage, 3.5/3.0 kV; and cone voltage, 60/30 V for
positive/negative ionization, respectively. The MS/MS scan was
optimized as follows: cone voltage of 45/(30–40) V and collision
energy of 35/(15–30) V. Compound identification was based on
matching UPLC retention profile, UV–vis spectra and MS data with
authentic standards. Where standards were not available, com-
pounds were identified based on the fragment patterns compared
with reports in the literature.
2.2.6. Statistical analysis
Data were analysed with one way analysis of variance (ANOVA)

and treatment means were compared by Tukey’s HSD test. Differ-
ences between two groups of samples were compared by Student’s
t-test. All statistical analysis was performed by SAS 9.2 (Cary, NC).
3. Results and discussion

3.1. Thermal stability of crude 3-deoxyanthocyanidin extract

The dried leaf sheath from red sorghum has very intense red
colour. It is commonly used in West Africa as a source of dye for
various food and non-food applications (Kayodé et al., 2011). The
3-deoxyanthocyanidins in the crude extract comprised mostly api-
geninidin (7.5 mg/g), 7-O-methyl-apigeninidin (0.51 mg/g), and
luteolinidin (0.27 mg/g), which was similar to what was reported
previously (Geera et al., 2012). It also contained dimeric 3-deoxy-
anthocyanidin pigments (Geera et al., 2012). Sorghum with red
secondary plant colour tends to accumulate mainly apigeninidin
type pigments (Dykes et al., 2009). Besides 3-deoxyanthocyanidins,
the crude 3-deoxyanthocyanidin extract also had a fair amount of
apigenin (0.84 mg/g). Other phenolic compounds usually found in
red sorghum, such as phenolic acids and flavanones, were detected
in trace amounts.

The crude 3-deoxyanthocyanidin extract retained 89% of colour
in distilled water treated at 95 �C for 2 h (data not shown). The col-
our loss was generally small compared with literature reports of
loss of anthocyanins extracted from various resources after similar
thermal treatment. For example, purple-flesh potato anthocyanin
extract lost approximately 42% of colour after heating at 98 �C for
2 h (Reyes & Cisneros-Zevallos, 2007); colour intensity of red
20
cabbage anthocyanin extract lost about 36% after 2 h heat treat-
ment at 90 �C (Fernández-López, Angosto, Giménez, & León, 2013).

After 121 �C/30 min treatment in HCl, colour retained best in
low pH conditions, i.e., pH 1 and 2, with less than 7% loss of absor-
bance (Table 1). As expected, the colour retention decreased with
increase in pH between pH 3 and 6 (76–39%). Colour retention in
distilled water was 65%. In citric acid, the trend was similar to
HCl; an 18% increase in colour intensity was observed after
121 �C/30 min treatment pH 1 (Table 1). The kmax of crude
3-deoxyanthocyanidin extract in HCl and citric acid solutions, be-
fore and after heat treatment, was 481 nm. The hyperchromic shift
suggests that copigmentation or formation of coloured products of
higher molar absorption coefficients than the original 3-deoxy-
anthocyanidin pigments may have contributed to the improved
colour intensity after heat treatment in pH 1 citric acid solution.
In pH 2 and 3 citric acid solutions, a drastic decrease of colour
intensity was observed after heat treatment, with 71% and 45% col-
our retained, respectively (Table 1). Colour retention in citric acid
solutions at pH 4–6 was generally similar and ranged from 45%
to 56%.

Interestingly, formic acid showed a different trend in low pH
conditions. Colour retention in pH 1 and 2 formic acid solutions
was 61% and 48%, respectively (Table 1), which were much lower
compared with those in HCl and citric acid (p < 0.05). Colour reten-
tion at pH 3–6 formic acid solutions was comparable to the other
two acids (53–65%).

The abundance of H+ in pH 1 solutions stabilizes the flavylium
cation, and contributes to thermal stability of 3-deoxyanthocyani-
dins. However the stability of 3-deoxyanthocyanidin pigments in
formic acid solutions was lower than the other two acids at pH 1
and 2. This may be because of the reducing properties of formic
acid, particularly at high temperatures (Gibson, 1969). Due to the
presence of an aldehyde group, at high concentrations and temper-
atures, formic acid may get involved with redox reactions of the
pigments, negatively affecting the thermal stability of 3-deoxy-
anthocyanidins. This indicates that the chemical properties of the
acidulant need to be taken into consideration when selecting
ingredients for different processing conditions. The three acidu-
lants did not have significant effect on colour retention in the pH
range of 4–6. This indicates that in a mildly acidic environment,
the chemical characteristics of acidulant may not be critical to
thermal stability of 3-deoxyanthocyanidins.

The crude 3-deoxyanthocyanidin extract showed higher overall
colour retention (39–118%) than anthocyanins after 121 �C/30 min
treatment. For example, the purified anthocyanin fraction from
purple potatoes retained approximately 9.6% of total anthocyanins
after heating at 120 �C for 30 min (Nayak, Berrios, Powers, & Tang,
2011). These evidence suggest better thermal stability of 3-deoxy-
anthocyanidins. In addition, no significant browning, or bathochro-
mic/hypsochromic shift was observed for the crude extract after
heat treatment. However, the crude 3-deoxyanthocyanidin extract
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tended to precipitate easily after heat treatment, especially at
higher pH, which indicates that solubility of the 3-deoxyanthocy-
anidins may be a disadvantage in aqueous applications. Additional
work is needed to improve the solubility of sorghum 3-deoxyanth-
ocyanidins in aqueous system over time.

3.2. Thermal stability of 3-deoxyanthocyanidins

After 95 �C/2 h heat treatment, the pure 3-deoxyanthocyanidins
retained 79–88% of colour intensity at neutral conditions (data not
shown), which were generally comparable to the crude 3-deoxy-
anthocyanidin extract (colour retained 89%) after similar heat
treatment. Anthocyanins in crude pigment extracts are generally
more stable compared with purified pigment fractions, due to,
among other factors, the stabilizing effect from copigmentation
with other phenolic constituents in the crude extract. However,
the stability of pure 3-deoxyanthocyanidins was comparable to
the crude pigment extract, which suggests that the key to thermal
stability of the 3-deoxyanthocyanidins lies in their structure. The
half-life values of various pelargonidin (anthocyanidin analogue
of apigeninidin) and cyanidin (anthocyanidin analogue of luteolin-
idin) glycosides in purified fruit anthocyanin fractions were deter-
mined as between 1.6 and 2.2 h at 95 �C at pH 3.5 (Sadilova et al.,
2007).

The pure 3-deoxyanthocyanidin compounds were remarkably
stable under the severe heat treatment of 121 �C/30 min. HCl and
citric acid treatments showed a similar trend of highest thermal
stability at pH 1 and 2, with >80% colour retention (Table 2). At
pH 3–6, the colour retention remained high and was relatively sim-
ilar among all treatments with values of 68–78%. As observed for
the crude 3-deoxyanthocyanidin extract, formic acid treatments
showed the opposite trend: Colour was least retained at pH 1
(7.8–46%), followed by pH 2 (26–60%, Table 2). Treatments at the
other pH values had similar colour retention as HCl and citric acids
(64–79%, Table 2). The reducing properties of formic acid as previ-
ously mentioned (Gibson, 1969) likely negatively affected thermal
stability in pH 1 and 2 formic acid solutions. Samples treated in
neutral aqueous solutions showed similar stability as the pH 3–6
treatments, with 68–84% colour retained (Table 2).
Table 2
Colour retention (%) measured at kmax of 3-deoxyanthocyanidins after 121 �C/30 min heat

Acid/pH values APG 7-OMe-APG 5-OMe-A

HCl
1 101 ± 1.4a 99.5 ± 2.5a 93.7 ± 2.
2 93.4 ± 1.2ab 86.5 ± 4.0bc 80.2 ± 1.
3 80.5 ± 1.1bcde 65.7 ± 3.8efg 76.7 ± 1.
4 69.0 ± 1.2ef 61.7 ± 0.69g 72.9 ± 3.
5 70.1 ± 3.4ef 72.1 ± 9.0defg 74.4 ± 0.
6 75.3 ± 0.71de 66.3 ± 0.29efg 69.8 ± 0.

Formic acid
1 45.4 ± 1.0g 31.3 ± 0.44h 7.80 ± 0.
2 58.8 ± 1.1fg 38.9 ± 0.28h 26.4 ± 0.
3 74.9 ± 2.6de 63.9 ± 0.68fg 77.9 ± 0.
4 77.9 ± 0.76cde 74.7 ± 1.3cedf 75.0 ± 1.
5 75.3 ± 4.6de 76.3 ± 7.0cde 73.0 ± 1.
6 79.0 ± 6.0cde 61.4 ± 1.7g 74.6 ± 2.

Citric acid
1 80.0 ± 8.8bcde 95.8 ± 0.30ab 91.3 ± 2.
2 89.7 ± 4.3abc 84.2 ± 1.4a 84.7 ± 1.
3 79.0 ± 0.94cde 80.7 ± 1.2cd 75.8 ± 2.
4 76.9 ± 0.73cde 75.7 ± 0.20cdef 73.9 ± 0.
5 73.9 ± 2.3de 69.8 ± 0.11defg 75.2 ± 2.
6 86.8 ± 4.4bcd 74.9 ± 1.3cdef 76.5 ± 0.

Water (pH = 6.8) 78.0 ± 4.6cde 68.6 ± 0.51efg 79.2 ± 4.

Data are expressed as percentage colour retention (mean ± SD) of duplicate runs. Treatme
HSD, p < 0.05). Colour retention was defined as absorbance of heat treated sample comp
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The thermal stability of 3-deoxyanthocyanidins was also signif-
icantly affected by molecular structure. This effect was most appar-
ent in formic acid treatments at low pH values (1 and 2). The
methoxylated 3-deoxyanthocyanidins were less stable (7.8–39%
colour retention) compared with non-methoxylated ones
(45–60% colour retention) in pH 1 and 2 formic acid treatments.
Additionally, the position of O-methyl substitution seemed to
affect thermal stability: 5-OMe-APG had the lowest stability
among all 3-deoxyanthocyanidin compounds (7.8% and 26% in
pH 1 and pH 2 formic acid solutions, respectively). Compared with
the C-7 O-methyl substituted 7-OMe-APG (31% and 39% in pH 1
and pH 2 formic acid solutions, respectively), the lower stability
of C-5 O-methyl substituted 5-OMe-APG may be due to higher
reactivity of C-5 than C-7 position (de Freitas & Mateus, 2006).
The 5,7-O-methyl substituted compounds had intermediate ther-
mal stability compared to the C-7 and C-5 mono-O-methyl substi-
tuted 3-deoxyanthocyanidins (19–35% in pH 1 and 2 formic acid
solutions).

In general, the 3-deoxyanthocyanidins showed greater colour
retention after 121 �C/30 min heat treatment compared with the
crude 3-deoxyanthocyanidin extract (Tables 1 and 2). This was
somewhat unexpected. The presence of other phenolic compounds,
e.g., phenolic acids, flavones, flavonols, or flavanones, in a crude ex-
tract could serve as copigments of anthocyanins, hence improve
stability of the crude extract. However, under severe heat treat-
ment, degradation of these non-pigment phenolic compounds
may produce reactive fragments that can trigger degradation reac-
tions of the pigments, e.g., oxidation, hence reducing the relative
colour stability of the crude 3-deoxyanthocyanidin extract. It will
be important to study the thermal stability of additional natural
3-deoxyanthocyanidin extracts with different pigment and copig-
ment compositions, in order to determine the relationship between
composition of 3-deoxyanthocyanidins and their thermal stability.

3.3. Heat induced structural changes to 3-deoxyanthocyanidins

The heat induced structural changes of 3-deoxyanthocyanidins
were elucidated by HPLC and UPLC–MS analysis. For all three acids,
structural changes at pH 3–6 and neutral conditions were very
treatment, in pH 1–6 and neutral aqueous solutions.

PG 5,7-OMe-APG LUT 5,7-OMe-LUT

6a 101.7 ± 8.7a 98.7 ± 0.54a 98.7 ± 0.0a

1cd 86.5 ± 0.48abcd 83.2 ± 2.1bc 70.2 ± 2.3cd

6cde 78.8 ± 3.0bcdef 79.1 ± 0.44bcd 73.5 ± 0.17cd

3de 72.1 ± 1.6def 76.1 ± 2.0bcd 67.6 ± 0.46d

85de 77.0 ± 0.11bcdef 78.1 ± 1.5bcd 75.6 ± 0.40bcd

14e 70.5 ± 1.3def 71.6 ± 0.29cde 67.8 ± 1.6d

11g 19.1 ± 0.06g 45.6 ± 0.0f 21.5 ± 0.10e

21f 34.5 ± 0.45g 60.6 ± 1.8e 31.0 ± 0.17e

73cd 74.1 ± 5.1cdef 72.4 ± 0.34cde 65.2 ± 0.69d

3de 77.3 ± 2.8bcdef 72.1 ± 1.8cde 63.8 ± 2.9d

6de 67.9 ± 5.1ef 75.2 ± 0.65cd 65.8 ± 2.5d

3de 63.0 ± 9.2f 67.1 ± 0.62de 68.2 ± 0.56d

8ab 91.6 ± 2.1ab 88.1 ± 5.1ab 90.3 ± 1.8ab

2bc 89.5 ± 0.60abc 84.1 ± 0.065bc 89.4 ± 15ab

0de 74.5 ± 0.58cdef 73.8 ± 2.7cd 68.4 ± 0.11d

87de 77.9 ± 1.8bcdef 74.3 ± 0.24cd 72.2 ± 0.18cd

4de 78.0 ± 0.85bcdef 73.1 ± 1.5cde 71.1 ± 1.0cd

42de 73.3 ± 0.71cdef 74.8 ± 0.50cd 73.7 ± 0.41cd

7cd 82.9 ± 2.3bcde 77.6 ± 11bcd 84.4 ± 5.6abc

nts within the same column with the same letter do not significantly differ (Tukey’s
ared with corresponding non-heated control.
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Fig. 2. HPLC chromatograms of apigeninidin (APG), 5-O-methyl-apigeninidin (5-OMe-APG), and 5,7-O-methyl-apigeninidin (5,7-OMe-APG) in pH 6 (a) and pH 1 (b) formic
acid aqueous solutions before and after heat treatment. Chromatograms at 280, 480, and 360 nm are sequentially stacked in one figure with 2% offset in retention time and
10% offset in absorbance.
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similar. For treatments at low pH conditions (pH 1 and 2), struc-
tural changes were minimal except for formic acid treatments.
Fig. 2 shows chromatograms of APG, 5-OMe-APG, and 5,7-OMe-
APG heated in pH 6 and pH 1 formic acid solutions as examples.

Demethylation only occurred for C-5 –OCH3 substituted
3-deoxyanthocyanidins to form their C-5 –OH substituted com-
pounds (Table 3 and Fig. 2). On the other hand, condensation only
occurred for C-5 –OH substituted 3-deoxyanthocyanidins to form
their corresponding dimers and trimers (Table 3 and Fig. 2). These
two reactions were the only ones which generated coloured
3-deoxyanthocyanidin derivatives with intact flavylium cation
(kmax 470–490 nm) (Table 3). This indicates 3-deoxyanthocyanidin
structure affects reactions that may influence thermal stability. The
fact that C-7 O-methyl substituted compound (7-OMe-APG) was
not demethylated, may be due to the higher stability of the C-7
than C-5 as reported for anthocyanins (de Freitas & Mateus,
2006). The 5-OCH3 structure prevented condensation reaction of
3-deoxyanthocyanidins between C-4 and C-8, probably due to
reduced electrophilic properties of C-4 position in 5-OCH3 substi-
tuted pigments compared with 5-OH substituted ones. The
5-OCH3 substitution also prevented the cyclic condensation reac-
tions between 3-deoxyanthocyanidins and pyruvic acid (Ojwang
& Awika, 2008).

Anthocyanins from various sources, such as grape pomace
(Cardona et al., 2009), blackberry juice (Hager, Howard, & Prior,
2008), wine (Salas, Guerneve, Fulcrand, Poncet-Legrand, &
Cheynier, 2004), black olives (Caro, Azara, Delogu, Pinna, & Piga,
2006), condense during processing and storage. Due to the pres-
ence of other phenolic compounds, flavanol–anthocyanin and pyr-
ano-anthocyanin type dimeric or oligomeric products are
commonly detected. These condensed products are considered to
Table 3
Identification of compounds detected after 121 �C/30 min heat treatment of 3-deoxyantho

3-Deoxythocyanidin compo

APG 7
A

Parent compound m/z ([M+H]+) 255 2
kmax (nm) 471 4

Opened ring
products

Chalcone m/z ([M�H]�) 271 2

kmax (nm) 375 3
Reduced chalcone m/z ([M�H]�) 273 2
kmax (nm) 277 2

Condensed
products

Dimer/trimer m/z ([M+H]+) 509 5

kmax (nm) 471 4
Chalcone/reduced chalcone adducts
m/z ([M�H]�)

525/527 5

kmax (nm) 365/264 2

De-methylated
products

m/z ([M+H]+) – –

kmax (nm)
Proposed identification

C-ring fission
products

B-ring fragment m/z ([M�H]�) 135 –

kmax (nm) 282
Proposed identification 1-(4-

Hydroxyphenyl)ethanone
A-ring fragment m/z ([M�H]�) – –
kmax (nm)
Proposed identification

Identification of the products was based on UPLC retention time (tR), UV–vis spectra,
3-deoxyanthocyanidins and in the negative mode for the other compounds.
– Product within the category was not identified.
a Based on the demethylation pattern of 5,7-OMe-APG.
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contribute to stability of colour during long term storage. The for-
mation of condensed dimers and trimers from 5-OH substituted
3-deoxyanthocyanidins would possibly contribute to colour stabil-
ity after heat treatment.

Formation of chalcones was identified as a common and major
degradation pattern in all samples. Moreover, formation of reduced
chalcones was identified as a minor degradation product in neutral
conditions and the most significant product in pH 1 and 2 formic
acid treatments. Minor peaks of C-ring fragmentation products
and chalcone adducts were also detected (Fig. 2). Fig. 3 summarizes
a general degradation scheme of 3-deoxyanthocyanidins due to
heat treatment.

Chalcone is an opened C-ring product of 3-deoxyanthocyanidin
as a result of hydration at C-2 and formation of carbinol pseudo-
base in mildly acidic aqueous solutions (Brouillard, Iacobucci, &
Sweeny, 1982). Chalcones were detected as the major degradation
product in samples heated in neutral and pH 3–6 solutions (Fig. 2a
and Table 3). The type of acidulant did not have a significant effect
on the extent of chalcone formation.

Structure of 3-deoxyanthocyanidins had an effect on the forma-
tion of the chalcones. Non-methoxylated 3-deoxyanthocyanidins,
APG and LUT, formed very small quantities of chalcones, while
methoxylation increased chalcone formation during heat treat-
ment (Fig. 2a). The C-5 and C-7 O-methyl substitution eliminates
the electron-donating capacity of –OH at these positions compared
to APG and LUT, thus strongly favours the cation hydration reac-
tion towards more carbinol pseudobase and chalcone formation
(Brouillard, 1982). In fact, at pH 4–6 and neutral conditions, chal-
cones were detected before heat treatment as a result of spontane-
ous hydration reaction at C-2 position. Methoxylated
anthocyanidins (such as malvidin, peonidin, petunidin) have been
cyanidins in water and formic acid pH 2 aqueous solutions.

unds

-OMe-
PG

5-OMe-APG 5,7-OMe-APG LUT 5,7-OMe-LUT

69 269 283 271 299
69 474 472 487 487

85 285 299 287 315

73 375 372 379 377
87 287 301 289 317
75 277 276 278/

306
276/309/377

37/805 – – – –

86
55 – – – –

73

255 269 – 285

471 469 487
APG 7-OMe-APG 7-OMe-LUTa

135 137 – –

276 255
1-(4-
Hydroxyphenyl)ethanone

p-Hydroxy-
benozic acid

167 – – 153
294 218/258/293
Methoxylated
phloroglucin-aldehyde

Phloroglucin-
aldehyde

and MS spectroscopic pattern. Ionization was performed in the positive mode for
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Fig. 3. A schematic illustration of thermal degradation mechanism of 3-deoxyanthocyanidins. Intermediates [in brackets] were not detected.
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reported to form more chalcones than non-methoxylated ones
(such as delphinidin and cyanidin) in pH 4–7 aqueous solutions
(Hrazdina, Borzell, & Robinson, 1970).

In samples treated in low pH formic acid solutions (pH 1 and 2),
reduced chalcones were the major product formed after heat treat-
ment (Table 3 and Fig. 2b). This effect was unique to formic acid,
and only at pH 1 and 2. This clearly confirms that formic acid acted
as a reducing agent under 121 �C/30 min conditions in this study at
20
the high concentrations needed to achieve pH 1 and 2. Based on
this reaction pattern, we thus conclude that the lower thermal sta-
bility of 3-deoxyanthocyanidins in pH 1 and 2 formic acid solutions
was driven by formation of reduced chalcones, which in turn
favoured increased chalcone formation from flavylium cation
(Fig. 2b). The relative quantities of reduced chalcones followed
the same trend as for formation of chalcones: Methoxylation
increased the level of reduced chalcones formed (Fig. 2b).

6
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Several peaks were identified as fragments from C-ring fission
based on MS pattern, elution pattern, and the spectrophotometric
characteristics. In 7-OMe-APG neutral and formic acid pH 2 solu-
tions, as well as 5-OMe-APG formic acid pH 2 solution after heat
treatment (Table 3), 1-(4-hydroxyphenyl)ethanone, a B-ring frag-
ment, was identified based on degradation pattern of anthocyani-
dins (Sadilova et al., 2007). Similarly, p-hydroxybenzoic acid was
identified as another B-ring fragment in 5,7-OMe-APG formic acid
pH 2 solution after heat treatment (Table 3). In 5-OMe-APG formic
acid pH 2 solution after heat treatment, 2-methoxy-phloroglucin-
aldehyde, an A-ring fragment, was identified based on patterns of
anthocyanidin degradation (Sadilova et al., 2007). Similarly,
phloroglucinaldehyde was also detected in 5,7-OMe-LUT formic
acid pH 2 solution after heat treatment (Table 3).

Formation of C-ring cleavage products is a common degradation
scheme of anthocyanidins. Products such as phloroglucinaldehyde,
p-hydroxybenzoic acid and its hydroxylated or methoxylated
derivatives have been reported in different studies (Sadilova
et al., 2007). Formation of chalcone is considered as the initial step
for anthocyanidins to yield C-ring cleavage products. All C-ring
cleavage products were detected as minor peaks in pH 1 and 2 for-
mic acid solutions, mostly in the methoxylated 3-deoxyanthocy-
anidins, in this study. Thus without the reducing effect of formic
acid in these reactions, the evidence actually suggests that
3-deoxyanthocyanidins resist fragmentation during thermal treat-
ment. 3-Deoxyanthocyanidins have greater deprotonation rate
constant (ka) than hydration rate constant (kh) (Brouillard et al.,
1982), hence convert less to the colourless carbinol pseudobases
in aqueous solutions, which would lead to less formation of chal-
cones at high pH conditions and after heat treatment compared
to anthocyanins. Formation of carbinol pseudobase due to hydro-
philic attack at the C-2 position, and corresponding formation of
chalcones is the first step of anthocyanins degradation due to ther-
mal treatment (Hrazdina, 1971; Lopes et al., 2007). Thus, the high-
er resistance of 3-deoxyanthocyanidins to chalcone formation may
help explain their better thermal stability relative to anthocyanins.
Recently Sousa et al. demonstrated increased chalcone formation
at higher pH for 3-deoxyanthocyanidins (Sousa et al., 2013), which
may account for the lower stability of the 3-deoxyanthocyanidins
at higher pH conditions (Tables 1 and 2).

Minor dimeric adducts were detected in most samples after
heat treatment except the two dimethoxylated 3-deoxyanthocy-
anidins, but only a few were identified (Tables 3). Most of these
were chalcone or reduced chalcone adducts based on UV–vis char-
acteristics, MS pattern and MS/MS fragmentation pattern. Some
examples of proposed structures are shown in Fig. 3. Sadilova
et al. (2007) observed several adducts after heat treatment of puri-
fied anthocyanin fractions from different fruits/vegetables. The
adducts were proposed to be derived from fragments of either
the A-ring or the B-ring of anthocyanidins. Interestingly, the ad-
ducts detected in our study were mostly condensed with intact
C-rings. This further indicates higher resistance of 3-deoxyantho-
cyanidins to C-ring cleavage than anthocyanidins during heat
treatment, which may additionally contribute to their thermal
stability.

4. Conclusion

Both crude 3-deoxyanthocyanidin extract and pure 3-
deoxyanthocyanidins showed good thermal stability after heat
treatments at 95 �C/2 h and 121 �C/30 min. The pure 3-deoxyanth-
ocyanidins were particularly stable over a broad range of pH,
which suggests good potential as natural colourants. The crude
3-deoxyanthocyanidin extract tend to be less stable than the pure
3-deoxyanthocyanidins at 121 �C/30 min. This suggests that other
phenolic constituents in the crude extract could affect thermal
207
stability of the pigments, especially at temperatures which degra-
dation of polyphenols could occur. More studies are needed to
establish the effect of 3-deoxyanthocyanidin and copigment com-
position of crude pigment extract on thermal stability of sorghum
3-deoxyanthocyanidins. The type of acid affected thermal stability
of 3-deoxyanthocyanidins, and this indicates characteristics of
acidulants should be taken into considerations when processing
products containing 3-deoxyanthocyanidin pigments. Molecular
structure could also affect thermal stability of 3-deoxyanthocyani-
dins under certain conditions. For example, compared with
non-methoxylated 3-deoxyanthocyanidins, methoxylated ones
had reduced thermal stability when treated in pH 1 and 2 formic
acid solutions. This suggests the composition of 3-deoxyanthocy-
anidin pigments should also be considered when utilizing these
pigments in products. Overall, this study showed that 3-deoxy-
anthocyanidins possess good thermal stability, even at neutral
and low acidic conditions (pH 4–6). This property makes 3-deoxy-
anthocyanidins suitable to be utilized as natural food colourants in
various food and beverage products of low acidity.
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Jobelyn® exhibited anti-inflammatory, antioxidant, 
and membrane-stabilizing activities in experimental 
models

Abstract

Background: Jobelyn® (JB) is an African sorghum-based 
food supplement claimed to be efficacious for the treat-
ment of rheumatoid arthritis (RA). Although in vitro 
studies confirmed its anti-inflammatory property, no 
study had shown the effect of JB using in vivo animal 
models of inflammation. Thus, its effects on acute and 
chronic inflammation in rats were evaluated in this study. 
Its effect on rat red blood cell (RBC) lysis was also assessed.
Methods: Acute inflammation was induced with intra-
planter injection of carrageenan and increase in rat paw 
volume was measured using plethysmometer. The volume 
of fluid exudates, number of leukocytes, concentrations 
of malondialdehyde (MDA), and glutathione (GSH) in the 
fluid were measured on day 5 after induction of chronic 
inflammation with carrageenan in the granuloma air 
pouch model. RBC lysis induced by hypotonic medium 
as determined by release of hemoglobin was measured 
spectrophotometerically.
Results: JB (50–200 mg/kg) given orally produced a signif-
icant inhibition of acute inflammation induced by carra-
geenan in rats. It reduced the volume and number of leu-
kocytes in inflammatory fluid in the granuloma air pouch 
model of chronic inflammation. It further decreased the 
levels of MDA in the fluid suggesting antioxidant property. 
JB elevated the concentrations of GSH in inflammatory 
exudates indicating free radical scavenging activity. It 

also significantly inhibited RBC lysis caused by hypotonic 
medium, suggesting membrane-stabilizing property.
Conclusions: JB has in vivo anti-inflammatory activity, 
which may be related to its antioxidant and membrane-
stabilizing properties, supporting its use for the treatment 
of arthritic disorder.

Keywords: anti-inflammatory; antioxidant; granuloma-
tous inflammation; Jobelyn®; membrane-stabilizing.
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Introduction
Rheumatoid arthritis (RA) is a chronic inflammatory 
disease responsible for the impairment of the quality of 
life of many people globally. RA is one of the most fre-
quent causes of disability among adults and is second 
to ischemic heart disease as a cause of work disability in 
people over 50  years old [1]. While the pathology of RA 
appears to be multifactorial and mediated by multiple 
molecular entities, increased activity of inflammatory cells 
(WBC) appears to play a prominent role in the pathogen-
esis of the disease [2]. The initiation and progression of the 
disease are related to the migration of WBC to the inflamed 
joint in response to the release of inflammatory mediators 
such as cytokines, prostaglandins, and leuko trienes [3–6]. 
The activity of WBC results in the release of free radicals 
and other cytotoxic products, which initiate and propagate 
bone destruction seen in patients with RA [4–8].

The progressive deterioration of articular cartilage 
in RA results in intense pain and difficulty with physical 
activities. The intense persistent excruciating pains that 
characterize RA necessitates prolonged palliative medi-
cations focusing on the alleviation of symptoms as cure 
for the disease still remains elusive [2]. Current thera-
pies focus on the alleviation of symptoms with the use of 
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nonsteroidal anti-inflammatory drugs (NSAIDs) and cor-
ticosteroids but these drugs cannot alter the course of the 
disease pathology. In addition, their usefulness is often 
compromised by high risks of toxicity [2, 3]. As alterna-
tives to these conventional drugs, a number of medicinal 
plants with multiple sites of action that could target the 
various phases of the inflammatory pathways might serve 
as new medicines for RA and joint health [1].

Previous investigations had reported improvements 
in arthritic pain with the use of new molecules of plant 
origins [1, 9]. The efficacy of these agents in RA was 
ascribed to inhibition of both WBC-mediated free radical 
generation and the release of inflammatory mediators [1, 
2, 10]. Jobelyn® (JB), a sorghum-based nutritional supple-
ment derived from the polyphenol-rich leaf sheathes con-
tains several active ingredients with potent antioxidant 
activity [11]. In addition to its use as a remedy for anemia, 
JB has also gained international recognition for the relief 
of arthritic pain and to promote good joint health [11]. 
A recent study carried out in culture cells shows that JB 
inhibited infiltrations of WBC, release of inflammatory 
mediators, and formation of free radicals [12], which are 
the major culprits involved in the pathological abnormal-
ity of RA [2, 5, 7]. In addition, Benson et al. [12] reported 
that JB prevented cell membrane damage and inhibited 
the formation of free radicals, which usually trigger the 
release of inflammatory cytokines. Also, previous studies 
have shown that several phytochemicals such as luteo-
lin, naringenin, and apigenin found in JB demonstrated 
anti-inflammation in culture cells [13, 14]. Luteolin, in 
particular, was shown to inhibit nuclear factor-κB (NF-κB) 
signaling in immune cells, which supports its therapeu-
tic efficacy in conditions associated with chronic inflam-
mation [11]. However, no studies have been carried out to 
confirm its efficacy using in vivo animal models of inflam-
mation that closely mimic the pathology of RA. This study 
was therefore designed to evaluate the in vivo anti-inflam-
matory activity of JB on acute and chronic inflammatory 
models in rats. Its effect on membrane stabilization was 
also assessed in the study based on inhibition of rat red 
blood cell (RBC) lysis induced by hypotonic medium.

Materials and methods
Laboratory animals

Male Wistar rat (120–200 g) used for this study were obtained from 
the Central Animal House University of Ibadan. They were kept under 
standard environmental conditions and they had free access to com-
mercial food pellets and water ad libitum. They were acclimatized 

for 2 weeks before commencement of the experiment. All procedures 
in this study were performed in compliance with the World Medi-
cal Association Declaration of Helsinki regarding ethical conduct of 
research involving the Care and Use of Laboratory Animals.

Drugs and chemicals

Jobelyn® (Health Forever Products Ltd, Lagos, Nigeria), indomethacin 
(Sigma Aldrich, USA), carrageenan (Sigma Aldrich, USA), 5,5′-di thio-
bis-(2-nitrobenzoic acid) (DTNB; Sigma Aldrich, USA), triochloro-
acetic acid (Sigma Aldrich, USA), thiobarbituric acid (Sigma Aldrich, 
USA), sodium carbonate (BDH Poole, England), potassium carbonate 
(BDH Poole, England), and sodium chloride (BDH Poole, England) 
were used in this study.

Effect of JB on carrageenan-induced paw edema

Effect of JB on acute inflammation induced by carrageenan was eval-
uated according to the method previously described [15]. The animals 
were divided into five treatment groups consisting of six animals per 
group. The first three groups were treated orally with JB (50, 100, or 
200 mg/kg), whereas the 4th and the 5th groups received indometha-
cin (10 mg/kg) and distilled water (10 mL/kg), respectively. One hour 
after the treatment, the right hind paw volume of each rat were deter-
mined before induction of acute inflammation with subplantar injec-
tion of 0.1 mL of 1% carrageenan [15]. The increase in paw volume 
was measured at the 3 h using Ugo Basile plethysmometer (Comerio 
VA, Italy). The increase in paw volume and percentage inhibition of 
inflammatory edema were calculated as previously described [15].

Membrane-stabilizing activity of JB

Membrane-stabilizing activity of JB was evaluated using inhibition 
of rat RBC hemolysis induced by hypotonic medium according to the 
method previously described by Shinde et al. [10]. Blood was collected 
by cardiac puncture from male Wistar rats under ether anesthesia. The 
blood was mixed with equal volume of sterilized Alsever’s solution and 
was then centrifuged at 3000 g for 10 min using Uniscope Laboratory 
Centrifuge (made in China). The packed cells were washed with sodium 
phosphate saline buffer (0.1 M, pH 7.2) three times and a suspension in 
10% PBS was made. The RBC suspension (0.5 mL) was incubated with 
5 mL of either hypotonic solution (50 mM NaCl) in 10 mM sodium phos-
phate buffered saline (pH 7.4) or isotonic-buffered solution of JB (0.25, 
0.5, 1.0, and 2.0 mg/mL) or indomethacin (0.5 mg/mL). The control sam-
ple consisted of 0.5 mL of RBC mixed with hypotonic-buffered saline 
solution alone. The mixtures were incubated for 10 min at room tem-
perature and centrifuged for 10 min at 3000 g and the absorbance of the 
supernatant was measured at 540 nm using spectrophotometer (Inesa, 
made in China). The percentage inhibition of hemolysis or membrane 
stabilization was calculated as described by Shinde et al. [10]

Effect of JB on the volume of inflammatory fluid exudates

The inflammatory fluid exudates was determined using the granuloma 
air pouch model of chronic inflammation according to the technique 
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of Selye [16] as described by Boris and Stevenson [17]. Twenty mil-
limeters of air, followed by 2  mL of 100 mg/kg of carrageenan in 
1.0 mL of groundnut oil was injected subcutaneously into the shaved 
dorsal skin surface of the animals. The animals (six rats per group) 
were treated daily with JB (50, 100, or 200 mg/kg), indomethacin  
(10 mg/kg), or distilled water (10 mL/kg) orally for 5 consecutive days, 
beginning on day 1 prior to the administration of carrageenan suspen-
sion. On the 5th day, the animals were sacrificed under ether anes-
thesia and the inflammatory exudates obtained were measured using 
5 mL syringe. The inflammatory fluid was divided into three portions 
for both biochemical assays and estimation of the number of WBC.

Biochemical assays

Effect of JB on the levels of glutathione in inflammatory fluid exu-
dates: Glutathione (GSH) is a potent endogenous antioxidant 
molecule that protects cells against the damaging effect of free 
radicals by scavenging them [18]. We estimated the levels of GSH 
in the inflammatory exudates using a similar procedure described 
by Moron et  al. [19]. Equal volume (0.4 mL) of exudates and 20% 
trichloroacetic acid (TCA) (0.4 mL) were mixed. The mixture was 
centrifuged using a cold centrifuge at 10,000 rpm at 4 °C for 20 min. 
The supernatant (0.25 mL) was added to 2 mL of 0.6 mM DTNB. The 
final volume was made up to 3 mL with phosphate buffer (0.2 M, pH 
8.0). The absorbance was read at 412 nm using a  spectrophotometer 
(Inesa, made in China).

Effect of JB on the concentrations of malondialdehyde in fluid exu-
dates: Effect of JB on the concentrations of malondialdehyde (MDA), 
a measure of the extent of lipid peroxidation was determined accord-
ing to the method by Okhawa et al. [20]. A mixture of 0.5 mL of distilled 
water and 1.0 mL 10% trichloroacetic acid was added to 0.5 mL of the 
fluid exudates. The mixture was then centrifuged at 3000 g for 10 min 
and 0.1 mL of thiobarbituric acid (0.375%) was added to 0.9 mL of the 
supernatant. The mixture was then incubated in a water bath (Equit-
ron, Mumbai, India) at 80 °C for 40 min. Upon cooling, the absorbance 
of the supernatants was read at 532  nm using a spectrophotometer 
(Inesa, made in China). The concentration of MDA in the inflammatory 
exudates was expressed as micromoles per mL (µmol/mL).

Estimation of leukocyte counts in inflammatory fluid 
exudates

The number of leukocytes in the inflammatory exudates was esti-
mated according to the procedure previously described by Higgs 
et al. [21]. The inflammatory exudates (0.05 mL) were mixed with 2% 
acetic acid and 1% methylene blue. After thorough mixing, two drops 
of the mixture (dilution) were filled on both sides of improved Neu-
bauer counting chamber using a pipette. Then the Neubauer count-
ing chamber (Marienfeld laboratory Glassware, made in Germany) 
was placed in Petri dish for 3 min to allow the cells to settle. After 
the cells have settled on the hemacytometer (Marienfeld laboratory 
Glassware, made in Germany), it was then placed under the light 
microscope (Olympus optical, made in Japan) (40 × ) and the num-
ber of leukocytes was estimated. The mean leukocyte count per mL 
of inflammatory exudates for each tested group was expressed as a 
percentage of the control value [21].

Table 1: Anti-inflammatory effect of Jobelyn® on carrageenan-
induced paw edema in rats.

Treatment 
group

  Dose, 
mg/kg

  Mean change 
in paw volume

  Inhibition of 
paw edema, %

Control   –  1.61±0.21  –
Jobelyn®   50  1.24±0.11  23.3
Jobelyn®   100  0.90±0.13a  43.8
Jobelyn®   200  0.64±0.15a  60.4
Indomethacin  10  0.76±0.16a  52.5

Each value represents the mean±SEM for five animals in each 
group, ap < 0.05 when compared to distilled water-control group 
(ANOVA and Bonferroni multiple comparison tests).

Histological examination

Histological examination of the pouch tissue lining was done to fur-
ther show the protective effect of JB against granulomatous inflam-
mation caused by carrageenan in rats. The pouch tissues of the rats 
were dissected, washed in distilled water, and fixed in 10% neutral 
buffered formalin. The tissues were then embedded in paraffin, sec-
tioned, and stained with hematoxylin and eosin. The tissue lining was 
later viewed using light microscope (Olympus optical, made in Japan) 
to detect the severity of tissue damage.

Statistical analysis

Data were expressed as the mean±SEM. Data were statistically ana-
lyzed using a one-way analysis of variance (ANOVA, Graph Pad Prism 
5.0), followed by Bonferroni multiple comparison tests. Statistical 
significance was determined at a level of p < 0.05.

Results

Jobelyn® reduces inflammatory edema 
induced by carrageenan in rats

Intraplanter injection of carrageenan characteristically 
produced a significant increase in paw edema volume when 
compared with control (Table 1). As shown in Table  1, JB 
(100 and 200 mg/kg, p.o.) produced a significant (p < 0.05) 
inhibition of inflammatory edema induced by carrageenan 
(1%) in rats in comparison with control. Similar effect was 
observed in animals treated with indomethacin (10 mg/kg 
p.o.), a standard anti-inflammatory drug (Table 1).

Jobelyn® inhibited rat RBC lysis induced 
by hypotonic medium

As shown in Table 2, JB (0.5, 1.0, and 2.0 mg/mL) pro-
duced a significant inhibition of rat RBC lysis induced by 
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hypotonic medium when compared with control, which 
suggests membrane-stabilizing property. Indomethacin at 
a concentration of 0.5 mg/mL also demonstrated a signifi-
cant membrane-stabilizing activity (Table 2).

Effect of Jobelyn® on the volume  
of inflammatory exudates in rats

The effect of JB on the volume of inflammatory fluid pro-
duced by carrageenan in the granuloma air pouch model 
of chronic inflammation is shown in Figure 1. As shown in 
Figure 1, JB (100 and 200 mg/kg) produced a significant 
suppression of the volume of inflammatory fluid formation 
when compared with control. In a similar manner, indo-
methacin (10 mg/kg) also reduced the volume of fluid exu-
dates evoked by carrageenan in rats. However, JB (50 mg/
kg) did not produce a significant decrease in the volume of 
fluid exudates in comparison with control (Figure 1).

Table 2: Protective effect of Jobelyn® against hypotonic medium-
induced rat red blood cell hemolysis.

Treatment 
group

  Concentration, 
mg/mL

  Optical 
density

  Inhibition of 
RBC lysis, %

Control   –  0.12±0.00  –
Jobelyn®   2.0  0.03±0.01a  75
Jobelyn®   1.0  0.03±0.00a  75
Jobelyn®   0.5  0.04±0.00a  66.6
Jobelyn®   0.25  0.08±0.00a  67
Indomethacin  0.5  0.05±0.00a  58.3

Each value represents the mean±SEM for three sets of experiment. 
ap < 0.05 when compared with control (ANOVA and Bonferroni multi-
ple comparison tests).
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Figure 1: Effect of Jobelyn® on the volume of exudates formation in 
the granuloma air pouch model of chronic inflammation.
Each column represents mean±SEM for six animals. *p < 0.05 signifi-
cant when compared with control (ANOVA and Bonferroni multiple com-
parison tests). *, **, and *** simply indicate strength of significance.
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Figure 2: Effect of Jobelyn® on leukocytes counts in granuloma air 
pouch model of chronic inflammation.
Each column represents mean±SEM for six animals. *p < 0.05 was 
significant when compared with control (ANOVA and Bonferroni 
multiple comparison tests). *, **, and *** simply indicate strength 
of significance.
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Figure 3: Effect of Jobelyn® on the concentrations of malondialde-
hyde in inflammatory exudates in rats.
Each column represents mean±SEM for six animals. *p < 0.05 
was significant when compared with control (ANOVA followed by 
 Bonferroni multiple comparison tests). *, **, and *** simply indicate 
strength of significance.

Jobelyn® reduces leukocyte counts  
in inflammatory exudates

The effect of JB on infiltrations of leukocytes to the site of 
inflammatory injury in the granulomatous inflammation 
is presented in Figure 2. As shown in Figure 2, JB (100 and 
200 mg/kg, p.o.) exhibited a significant (p < 0.05) decrease 
in the number of leukocyte counts in the inflammatory 
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exudates in comparison with control. Indomethacin 
(10  mg/kg), given orally, also inhibited the infiltration 
of leukocytes to the site of inflammation in a significant 
(p < 0.05) manner.

Jobelyn® reduces the concentrations of MDA 
in inflammatory exudates

The effect of JB on the concentrations of MDA in inflam-
matory exudates induced by carrageenan in the granu-
loma air pouch model of chronic inflammation is shown 
in Figure  3. The increased concentration of MDA in the 
inflammatory fluid was significantly (p < 0.05)  inhibited by 
JB (50, 100, and 200 mg/kg) in a dose-dependent manner, 
which indicates antioxidant property. Indomethacin (10 
mg/kg) also produced a significant decrease in the con-
centrations of MDA in the inflammatory exudates in com-
parison with control (Figure 3).

Jobelyn® elevated the concentrations of GSH 
in inflammatory fluid in rats

Figure 4 shows the effect of JB on the concentrations of 
GSH in inflammatory exudates induced by carrageenan in 
the granuloma air pouch model of chronic inflammation 
in rats. JB (50, 100, and 200 mg/kg, p.o.) demonstrated 
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Figure 4: Effect of Jobelyn® on the concentrations of glutathione in 
inflammatory exudates in rats.
Each column represents mean±SEM from six animals. *p < 0.05 
was significant when compared with control (ANOVA followed by 
 Bonferroni multiple comparison tests). *, **, and *** simply indicate 
strength of significance.

a significant (p < 0.05) elevation in the concentrations of 
GSH in the inflammatory exudates in comparison with 
control suggesting free radicals scavenging property. As 
shown in Figure 4, indomethacin (10 mg/kg, p.o.) signifi-
cantly increased the concentrations of GSH in the inflam-
matory exudates.

Jobelyn® prevented destruction of pouch 
tissue linings in rats

Histological examination of the pouch tissues revealed 
that JB (50, 100, and 200 mg/kg, p.o.) offered a significant 
(p < 0.05) protection against tissue destruction induced by 
carrageenan in the granuloma air pouch model of chronic 
inflammation in rats. JB (200 mg/kg, p.o.) prevented 
tissue destruction and also reduced infiltrations of inflam-
matory cells in comparison with control (Figures 5 and 6). 
As shown in Figure 7, indomethacin (10 mg/kg, p.o.) also 
reduced the severity of tissue damage when compared 
with control.

Discussion
The results of this study revealed that JB inhibited acute 
inflammation as it significantly reduced edema paw 
volume induced by carrageenan in rats. Acute inflam-
mation induced by carrageenan is known to be mediated 
through a step-wise release of chemical mediators such as 
histamine, bradykinin, and serotonin in the early phase 
and prostaglandins in the late phase [22]. These mediators 
caused inflammation through the induction of vasodilata-
tion and increased vascular permeability that enhanced 
accumulation of fluid in the interstitial tissue [22]. The 
plasma extravasation that occurs due to contraction of the 
vascular endothelial cells paves way for fluid exudation 
and invasion of leukocytes at the site of inflammation [22]. 
However, prostaglandins are known to be weak in produc-
ing inflammation but are better at potentiating the effects 
of other mediators [23]. Thus, their appearance during the 
late phase of carrageenan-induced edema further con-
firms that they are better in enhancing and amplifying 
the inflammatory effect of earlier released mediators [24]. 
Inhibition of prostaglandins biosynthesis therefore serves 
as an important target for development of drugs with anti-
inflammatory property. Indeed, NSAIDs owe their clinical 
efficacy in the treatment of inflammatory conditions to 
inhibition of prostaglandins synthesis [24, 25]. The find-
ings that JB reduced the paw edema size produced by 
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carrageenan in rats suggest the presence of phytochemi-
cal (s) with anti-inflammatory property.

The anti-inflammatory activity of JB was further eval-
uated in this study using granuloma air pouch model of 
chronic inflammation based on the volume of fluid exu-
dates, number of WBC, free radical activity, and pouch 
tissue histology. JB was found to suppress the volume 
of fluid exudates and reduce the number of WBC in the 
inflammatory exudates. In addition, JB produced a signifi-
cant reduction in the concentrations of MDA and elevation 
of the levels of GSH in the fluid. Histological examination 
of the pouch tissues showed that JB offered a significant 
protection against tissue destruction that characterized 
the granulomatous inflammation in rats.

Granuloma air pouch model of chronic inflammation is 
a suitable animal paradigm that closely mimics the pathol-
ogy of RA as it has many morphological features similar to 
the disease, including patterns of tissue destructions, infil-
tration of inflammatory cells, and progression of the disease 
[8, 24, 26]. The model also shares many of the inflamma-
tory mediators and increased activity of ROS in the syn-
ovium and cartilage of patients with RA [2]. Although RA 
is a disease of multiple pathologies, inflammatory cells 
are the primary initiators of this disorder as they respond 
to the deposits of crystals in the joints [2, 27]. In a similar 
manner, the inflammatory cells respond to the deposit of 
carrageenan in the granuloma air pouch model of chronic 
inflammation and during the process of phagocytosis, 

×100 ×400

Figure 6: Photomicrograph of the effect of Jobelyn® (200 mg/kg) on the tissue pouch lining during granulomatous inflammation in rats.
The white and black arrows show normal epidermis and dermis layers, respectively. The blue arrow shows normal sebaceous glands. The 
slender arrow shows normal stratum corneum of the epidermis consisting of keratin but with mild inflitration of inflammatory cells.

×100 ×100

Figure 5: Photomicrograph of the tissue pouch lining in distilled water-control group during granulomatous inflammation in rats.
The white arrow shows the epidermis layer with moderate inflitration of inflammatory cells. The blue arrows show the dermis layer with dif-
fused inflammatory cells and the attached muscles which have undergone atrophic.
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×100 ×100

Figure 7: Photomicrograph of the effect of indomethacin on the tissue pouch lining during granulomatous inflammation in rats.
The white arrow shows the epidermis layer with moderate inflitration of inflammatory cells. The red arrow shows the dermis layer with mild 
hemorrhage and diffused inflammatory cells as well as areas of mild tissue necrosis.

inflammatory mediators such as cytokines, prostaglandins, 
and leukotrienes are released [24, 28]. These mediators in 
turn produce inflammation and further promote the infil-
tration of WBC to the site of inflammation [5]. The activity 
of WBC also results in the release of free radicals, which in 
turns initiates and propagates tissue and bone destruction 
that characterize granulomatous inflammation and RA, 
respectively [5–7]. Thus, an effective therapy for the treat-
ment of the disease should be directed at inhibition of WBC 
migration and WBC-mediated release of free radicals and 
other cytotoxic substances. The findings that JB significantly 
modified the components of granuloma air pouch model of 
chronic inflammation assessed in this study suggest that it 
may plays a role in the management of chronic inflamma-
tory disorders such as RA. Inhibition of RBC lysis observed 
in this study further confirms the ability of JB to protect bio-
logical membranes such as lysosomal membrane against 
injurious stimuli that are involved in the initiation and 
propagation of chronic inflammation. Previous studies 
have shown that prevention of RBC lysis is a biochemical 
index for in vitro anti-inflammatory property, especially as 
membrane stabilizers are capable of preventing the release 
of lysosomal phospholipases that are primary initiators of 
the inflammatory responses [24, 28–30].

Although more studies are necessary before com-
menting on how JB exerts its anti-inflammatory activity, 
these present data suggest inhibition of WBC-mediated 
release of free radicals and other inflammatory mediators. 
In addition, the membrane-stabilizing effect shown by JB 
may have contributed significantly to its anti-inflamma-
tory property. These suggestions are in agreement with 
the previous in vitro studies which showed that JB inhib-
ited the activity of inflammatory cells in culture cells [12]. 

These authors also showed that JB demonstrated potent 
antioxidant activity in vitro assays. The in vitro anti-
inflammatory activity of JB was ascribed to the stabiliza-
tion of lysosomal membrane and inhibition of the release 
of free radicals and other cytotoxic products [12]. This may 
also explain the in vivo anti-inflammatory activity shown 
by JB in this study. Although several phytochemicals such 
as luteolin, naringenin, and apigenin have been shown to 
exhibit anti-inflammatory activity in culture cells [13, 14], 
it remains to be established which of these active princi-
ples are involved in the mediation of the anti-inflamma-
tory effect of JB observed in this study.

Conclusions
The results of the study showed that JB has in vivo anti-
inflammatory effect both in acute and chronic animal 
models of inflammation in rats, supporting its use for the 
treatment of arthritic disorder. This effect may be related 
to inhibition of infiltrations of WBC as well as its antioxi-
dant and membrane-stabilizing properties.
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A herbal mixture of herbs code named African Herbal Formula (AFH) influenced the state of anaemia 
in trypanosome infected rats. Observations showed that the formula has an effect on the 
haemopoietic system manifested by a positive increase in the levels of haemoglobin, packed cell 
volume and red blood cell while the white blood cell and lymphocyte levels were decreased. AHF also 
delayed the proliferation of the parasites and improved the level of the characteristic weight loss 
associated with trypanosomiasis. 
 
Key words: African Herbal Formula, trypanosomiasis, anaemia. 

 
 
INTRODUCTION 
 
For several decades trypanosomiasis has continued to 
contribute adversely to the economic and social well 
being of sub-Saharan Africans. This scourge remains a 
pressing challenge especially to African medical 
scientists for possible action plan that would be basic on 
the poor resources of these communities. The articulation 
of such plan would include both preventive measures and 
treatment modalities. 

Towards this stated goal, we started by studying purine 
metabolism in Trypanosoma vivax (Okochi et al., 1983; 
Okochi et al., 1995; Okochi, 1986). However, there is a 
need for an inward approach towards solving our diverse 
health problems. This has motivated a search for local 
herbs that can possibly have trypanocidal activity.  

The mixture code-named African Herbal Formula (AHF)  
 
 
 

*Corresponding Author: E-mail:joyokpuzor@yahoo.com. 

consists of a combination of plant materials originally 
developed by a family in southern part of Nigeria and 
passed on to generations. Over the years, AHF has been 
applied by members of the family and close-associates 
for all kinds of health problems and it is very popular 
among the low socio-economic class. Medical research 
scientists, including physicians at tertiary health centers 
in Nigeria have consistently rebuffed the use of this 
formula based on the genuine premise that there has 
been no previous scientific study of AHF on human 
and/or experimental animals. But oral interviews with 
random end-users usually concluded a beneficial effect 
on their physical well being. These end users include 
both low and middle socio-economic class families. The 
claim of possible therapeutic action of AHF, either along 
or in combination with other local herbs for the treatment 
of myriad of pathological conditions, has aroused our 
curiosity. We were, therefore, motivated to critically 
evaluate the possible effect of AHF on blood components 
following a parasitological challenge. 
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This study was designed to evaluate to what extent this 
herbal formula can influence the state of anemia in 
trypanosome infected rats since it is a well known 
characteristic feature of trypanosomiasis. 
 
 
MATERIALS AND METHODS 
 
Collection and Preparation of AHF 
 
AHF was donated to us by a member of the originating family as a 
rusty brown powder with a lot of cellulose fibers. It is an unknown 
mixture of herbs. The components of the formula, as analysed by a 
consultancy group of the school of Pharmacy, University of Lagos, 
shows that the product contains carbohydrates, proteins, tannins, 
saponins, coumarins and iron. Alkaloid was not detected in the 
mixture. The working solution was prepared by dissolving 15 g of 
the product in 100 ml of distilled water. The mixture stirred for about 
five minutes and filtered to remove cellulose fibers. The resulting 
solution was kept in the refrigerator at 4oC and 1 ml was given daily 
to each of the designated rats. 
 
 
The parasites 
 
The Trypanosome brucei used for this study was obtained from the 
Nigerian institute for Trypanosomiasis Research, Vom, Jos, Nigeria. 
Each of the recipient animals was inoculated with 3.6x103 T. brucei 
cells. 
 
 
Experimental animals 
 
Adult male and female rats were obtained from the animal house of 
the College of Medicine of the University of Lagos, Nigeria and 
were allowed to acclimatize for a week in the animal unit of the 
Department of Biochemistry before the study. All rats were fed with 
commercial pellets (Pfizer Nigeria Plc., Ikeja, Nigeria) and 
watered ad libitum throughout the duration of the study. 
 
 
Weight assessment 
 
As an index of the physical status of the animals, the weight of each 
animal was monitored daily over the period of study. 
 
 
Design of the study groups 

 
Group I: Uninfected and untreated (control). 
Group II: Uninfected and treated with AHF.  
Group III: Infected and untreated. 
Group IV:Infected and treated with AHF. 
 
 
Determination of degree of parasitaemia: Film preparation 

 
A drop of blood was taken from the tail vein of the infected rats and 
placed at a distance of about an inch from one end of the 
microscopic slide and dispersed along the length of the slide with 
one another. The film formed was air-dried and then fixed with 
Leishmann stain. After rinsing with distilled water and leaving it to 
air-dry, the slide was put under oil immersion and number of 
parasites per 1000 red blood cells were counted. 
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Bleeding and analysis of the haematological parameters 
 
At the end of the experiments (14 days), each animal was 
anaesthesized with chloroform and sacrificed by cutting through the 
jugular vein. The blood pooled from all the animals in each group 
was collected into bottles containing EDTA as anticoagulant. 
The red blood cells (RBC), white blood cells (WBC) and the 
differentials were estimated using the improved Neubauer counting 
chamber as described by (Dacie and Lewis, 1991). The 
Hemoglobin (Hb) concentration was determined by the Cyanmeth-
hemoglobin method and the packed cell volume (PCV) was 
determined by the micro method, also as described by Dacie and 
Lewis (1991). 
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Figure 1. Changes in packed cell volume (PCV) and haemoglobin 
(HB) of rats treated and untreated with AHF. 
 
 
 
RESULTS  
 
The results suggest that the administration of AHF 
positively improved the blood components of 
trypanosome infected rats. This observation is reflected 
by the increased red blood cell count (RBC), raised 
haemoglobin (Hb), packed cell volume (PCV), decreased 
white blood cells (WBC) and lymphocytes in the infected 
and treated rats, all of which are represented in the bar 
charts shown in Figures 1 to 4. Figure 1 shows the level 
of haemoglobin and PCV  of trypanosome infected rats. 
The lowest level of Hb (7.2 g/L) was observed in the 
infected and untreated rats (group III), followed by 14.0 
g/L for the rats that were infected and treated with AHF 
(group IV). The control rats (group I) that were uninfected 
and untreated had an Hb level of 17.0 g/L, while those in 
group II that were uninfected and treated with AHF 
recorded an Hb level of 17.5 g/L. In Figure 1 also, the 
percentage PCV follows the same pattern as for the 
haemoglobin with rats infected and untreated having the 
lowest value of 21.5%. The value obtained for the RBC 
(Figure 2) also agrees with the reported trend for PCV 
and Haemoglobin above. The lowest value was observed 
for  the  infected  and  untreated  group  (2.45 x 106  cells)  
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followed by a level of 3.0x106 for the infected and treated 
rats, then 3.1x106 cell for the control animals and finally, 
3.8x106 cells for the uninfected and treated with AHF. As 
would be expected (Figure 3), the animals in group III 
that were infected and untreated recorded great increase 
in the total WBC level (10,600 mm3) in contrast to the 
control rats (group I) that had WBC values of 2,800 mm3. 
The WBC for the rats that were infected and treated with 
AHF (group IV) was 3,600mm3 while that of the 
uninfected and treated rats (group II) was 3,200 mm3. 

The white cell differential counts (Figure 4) showed a 
decrease for the neutrophils in group III (16%) and group 
II (22%) rats, as against 40% recorded for the control rats 
and 60% for the rats in group IV. The lymphocytes 
increased in the reverse order to the white cell 
differentials. It was 84% for the infected and untreated 
(group III), 76% for the uninfected and treated (group II), 
60% for the uninfected and untreated (control) and 40% 
for the infected and treated (group IV).  

 
 

 
Figure 2. Changes in red blood cell count (RBC) of rats treated and 
untreated with AHF. 
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Figure 3. Changes in white blood cells (WBC) of rats treated and 
untreated with AHF. 
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Figure 4. Changes in differentials of rats treated and untreated with 
AHF. 
 
 
 
Figure 5 illustrates the pattern of weight changes among 
the animals in groups I to IV. Six animals making up the 
control group were neither infected with T. brucei nor 
treated with AHF and their average weight at the 
beginning of the study was 120g, which came to 175g at 
the end of 14 days indicating a weight gain of 31.43%. 
The animals in group II which were also uninfected and 
treated with AHF daily had weight changes varying from 
an average of 133g to 186g (for the six rats in the group) 
indicating a 28.5% in weight gain for members of the 
group. Over the study period, the animals in group III that 
were infected and untreated with AHF had a steady 
weight decline from 157g at the beginning of the 
experiment to 120g at the end, a 23.57% weight loss. 
Similarly, the weight of the rats in group IV that were 
infected and treated with AHF lost weight (from 150g 
to127g), a percentage weight loss of 15 percent. 

Table 1 showed that the degree of parasitaemia in 
group B was high resulting in the death of all the rats 
after fourteen days while in group A, the elevated degree 
of parasitaemia was not enough to kill the rats at the end 
of fourteen days. Moreover, the prepatent period was six 
days for rats in group A and three days for group B. 
 
 
DISCUSSION 
   
In Nigeria, several research scientists have focused their 
activities in the last two decades or so on trying to identify 
and standardised active ingredients in herbal 
preparations used by the people that believe so much on 
traditional medicine due to their cultural background. This 
development has brought to limelight the efficacy of 
African traditional medicine. A lot of scientific 
investigations have followed this development.  Muyibi  et 
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Figure 5. Weight changes in experimental rats treated and 
untreated with AHF.  
 
 
 
 
 
              Table 1. Average parasitaemia (%) in study rats. 

 
Days Group A Group B 

1 0 0 
2 0 0 
3 0 0 
4 0 0.65 
5 0 1.8 
6 0 3.15 
7 0.15 5.6 
8 0.50 10.15 
9 1.40 16.90 

10 3.20 24.65 
11 5.50 31.30 
12 13.10 42.0 
13 39.75 50.70 
14 47.40 All died 

 

      Group A: Infected and treated with AHF. 
      Group B: Infected and untreated. 
 
 
 
al. (2000) showed that the leaf extract of Cassia 
occidentalis produced significant decreases in packed 
cell volume, haemoglobin concentration and red blood 
cells but did not influence the white blood cells. Adisa et 
al. (1999) working with albino rats infected with T. brucei 
observed in their haematolobiological studies an increase 
in the WBC and a corresponding decrease in PCV 
values.  
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The observed effect of the AHF from our studies on the 
blood components of trypanosome-infected rats is 
attributed to its effect on the haemopoietic system. This 
argument is supported by the increased red cell mass, 
haemoglobin and a corresponding rise in the white cell 
count, following the administration of AHF to the 
uninfected animals. Furthermore, there was a rise in the 
percentage lymphocyte level in the uninfected animals, 
which were treated with AHF. This may implicate 
immunological pathways. Nevertheless, our observation 
on the parasite load of the experimental animals is in 
agreement with our suggestion.  The parasite load in the 
blood stream of the infected and treated rats, when 
compared with the untreated group, suggests that AHF 
may positively influence the defence capacity of the 
treated animals, particularly at the early stages of the 
infection. Firstly, the prepatent period in the treated 
animals was longer than in the untreated group (being six 
days for the former and three days for the latter). 
Secondly the proliferation of the parasites was 
appreciably slower in the treated rats than in the 
untreated ones. The delayed proliferation persisted for 
about 12 days post-infection, which may imply that it was 
more difficult for the parasites to establish their infectivity 
in the presence of AHF than in its absence. Since the 
infected and untreated animals did not exhibit the same 
response as the treated, it is reasonable to suggest that 
AHF must have influenced the defence mechanism of the 
host rats. After 12 days, there was a sudden upsurge in 
parasitaemia in the treated group despite continuous 
treatment which suggests a breakdown of the host’s 
defence system. Possibly, the parasites must have 
acquired resistance to the herbal formula since it is 
known that trypanosomes possess variant surface 
antigens (VSA) which enable them evade their hosts 
immune response (Vickerman, 1974). However, more 
work is in progress to establish if the upsurge is due to 
resistance to the AHF by the trypanosomes. 

The positive effect of AHF can further be deduced from 
the weight status of the experimental animals. Even 
though the treated and untreated rats (in the infected 
groups) lost weight as a result of parasitic infection, the 
weight of the treated rats remained consistently higher 
than those of the untreated animals indicating that the 
treated group was in a better physical state to eat more 
than the untreated ones. They were, therefore, more able 
to contain certain weight loss due to trypanosomiasis 
(Urbina, 1993). 

Therefore, this study has provided evidence that AHF 
has a potential for influencing the state of anaemia in 
trypanosome infected rats. Even if it cannot destroy the 
trypanosomes, it can at least boost the capacity of the 
host to fight the invading parasites. This makes further 
work on this formula (alone or in combination with order 
herbal preparations) worthwhile because parasitic 
diseases accompanied by severe anaemia are prevalent 
in   the   African   continent.   The   social   implication   of  
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exploring the medical potential of AHF will be easy 
availability and cheap cost. This will go a long way in 
alleviating the usual problems of health-care delivery, 
particularly, in relation to financial resources, logistics of 
distribution, and at the same time, atone the cultural 
yearnings of the people. 
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The haematological changes observed with commercially available haematinics (Fagon 9
®
 and 

Chemiron
®
) were compared with those of a local haematinic referred to as African Herbal Formula 

(AHF). Results showed that AHF produced effects in haemoglobin (Hb) and packed cell volume (PCV) 
levels which are reasonably comparable with the reference commercial and chemically defined 
haematinics. 
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INTRODUCTION  
 
The incidence of trypanosomiasis remains a source of 
concern in the tropics and other parts of the world.  
Efforts towards its management and eradication 
encompass various aspects of science which include 
among many others, assessment from time to time, of the 
risk factor when infected (Omoogu and Akinboade, 
2000), development of new methodologies to determine 
prevalence of trypanosome-infected animals (Clausen et 
al., 1992, Picozzi et al., 2002) studies of trypanosome 
biochemistry (Heise and Opperdoes, 1999) as well as 
development of new drugs (de Koning, 2001,  Opperdoes 
and Michels, 2001).  In Nigeria, attempts are being made 
to develop cheap and effective drugs from medicinal 
plants for both the management and treatment of 
trypanosomiasis (Okochi et al., 1999, 2000; Aguiyi et al., 
1999). 

We were working on a research project designed to 
screen local medicinal plants as potential trypanocides 
when we came across an herbal formula code-named 
African Herbal Formula (AHF).  It is used in Nigeria  as  a  
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health aid for the treatment of anaemia by the local 
people, some of who cannot afford the high cost of 
western treatment. It was developed by a traditional 
healer from local medicinal plants and has remained 
popular among the lower socio-economic class for more 
than twenty years.  And presently, it is also gaining 
popularity among the middle class group.   

Physico-chemical analysis of AHF by the consultancy 
group of the school of Pharmacy, College of Medicine, 
University of Lagos, Nigeria showed that qualitatively, the 
product contains carbohydrates, proteins, tannins, 
saponins, coumarins and iron. No alkaloid was detected 
in AHF. 

Even though the identity of the active principle is not 
yet defined, we were spurred to initiate investigations into 
the effectiveness of this product because many of its end 
users, including sickle cell patients, interviewed 
randomly, responded positively about its beneficial 
effects on their well-being.  Moreover, the mere fact that it 
is being used by the local populace, demands that AHF 
should be subjected to scientific investigation in order to 
ascertain its safety, efficacy, active principle and mode of 
action. 

Besides, anaemia is an important component of health 
problems in this part of the world and in many developing 
nations because of the prevalence of parasitic infections 
and blood-related diseases, such  as  malaria  and  sickle  
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cell anaemia.  The physiological consequence of 
anaemia is well understood.  There is deficient level of 
circulating haemoglobin, the essential transport vehicle of 
oxygen, which is necessary for proper cell functions in 
the organs and tissues of the body. 

Since trypanosomiasis is one of those parasitic 
diseases characterized by severe anaemia, we found 
AHF handy as a research material.  Preliminary studies in 
our laboratory with AHF showed that it has potential 
haematinic properties.  This study, therefore, is designed 
to compare the effects of AHF aqueous extract on 
packed cell volume (PCV) and haemoglobin (Hb) levels 
with those of two commercially available blood tonics, 
Chemiron® and Fagon® in experimental rats, infected with 
Trypanosoma  brucei brucei. This is also one in the 
series of experimental approaches to document scientific 
investigations on the efficacy of AHF in the treatment of 
myraid of blood related diseases. 
 
 
MATERIALS AND METHODS 
 
Experimental animals 
 
Adult male and female albino rats were obtained from the animal 
house of the College of Medicine of the University of Lagos, Nigeria 
and were allowed to acclimatize for a week in the animal unit of the 
Department of Biochemistry before studies were commenced.   All 
of the experimental rats were fed with the commercial pellets 
(Pfizer, Nigeria PLC, Ikeja) and water ad libitum throughout the 
period of the study. 
 
 
Source of AHF 
 
AHF was obtained from a member of the traditional healer (who 
formulated it from plant parts) family while the reference samples of 
Fagon®

 and Chemiron®  were purchased over the counter. 
 
 
Preparation of extract 
 
Powdered AHF (15 g) was dissolved in 100 ml distill water, stirred 
for 10 min and filtered to remove cellulose fibres.  The reference 
samples were treated in the same manner.  The resulting solutions 
were kept in the refrigerator at 4oC prior to use.  After three days of 
refrigeration any unused extract was discarded and a fresh one was 
prepared.  Chemiron® was supplied as a liquid blood tonic. Fagon® 
was supplied as tablets and 15 g of the tablets were crushed and 
dissolved in 100 ml of water and mixed properly to make a 
suspension because fagon did not product a true solution. 
 
 
Distribution of Study Rats 
 
The experimental rats, weighing between 110-140 g were randomly 
distributed into different groups.The groupings consisted of four rats 
each.  Further details of distribution are presented below: 
 
Group A: Un-infected and untreated animals (neat rats) as control 
Group B: The animals in this group were not infected with T. brucei 
brucei, but were fed the extract of AHF. 
Group C: This group consisted of animals which were infected with 
T. brucei cells and administered with AHF. 

 
 
 
 
Group D: The animals were infected and given Chemiron® 
Group E: Consisted of animals infected and given fagon® 
Group F: The animals were infected but were not given any of the 
haematinics   
 
 
Administration of extracts 
 
The rats in groups B and C were each given 1 ml of the AHF extract 
daily throughout the experimental period. Chemiron®; 1 ml of the 
liquid blood tonic was administered to the rats in group D daily. 
Fagon®; 1 ml of properly mixed suspension was administered to the 
rats in group E daily. Administration was done orally in all cases. 
 
 
Source of trypanosome and induction of anaemia 
 
The T. brucei brucei used in this study was obtained from the 
Nigerian Institute for Trypanosomiasis Research, Vom, Jos, Nigeria. 

Anaemia was induced in the animals by infecting them with 
3.6x103 T. brucei brucei cells and they were fed with only water and 
the commercial pellets for six days, that is, from the zero day to the 
fifth day.  Assessment of the hematological parameters started from 
day zero, before challenging the experimental animals with the 
parasites, and continued 24 h after the infection, till fifth day.   
Treatment of the animals with Chemiron, Fagon and AHF started on 
the fifth day and continued till the tenth day. Then final assessment 
of the PCV and the Hb levels was done on the 11th day, that is, 24 
h after termination of treatment with the haematinics. 
 
 
Analysis of the haematological parameters 
 
The haemoglobin  (Hb) concentration was determined by the 
cyanometh-haemaglobin method and the packed cell volume (PVC) 
was determined by the micro method according to Dacie and Lewis, 
1991. 
 
 
RESULTS 
 
The changes observed in the level of the packed cell 
volume and haemoglobin of T.  brucei brucei infected 
rats, for the zero day and the fifth day, after infection are 
reported in Tables 1a-b and 2a-b.  Table 1a shows that 
the level of PCV (%) decreased in all the infected groups 
within five days, a period preceding the administration of 
the haematinincs, the percentage decrease being 35, 28, 
22 and 16% for AHF, chemiron, fagon, and the infected, 
but untreated groups, respectively.  

After the administration of the haematinics on the 5th 
day, increases were observed in PCV (%) levels in the 
test groups (AHF, Chemiron and Fagon) while PCV (%) 
in the control group (infected but untreated) continued to 
decline (Table 1b).  A similar pattern of changes as 
reported for Tables 1a and b were observed in the 
haemoglobin levels before and after administration of the 
AHF and the commercial heamatinics (Tables 2a-b). 

Figures 1 and 2 are plots of the data obtained when 
changes in the levels of PCV and Hb were analyzed daily 
for the duration of the experiments.  Both figures show 
that the levels of PCV and Hb in group B  (uninfected  but  
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Table 1a. Change in PCV (%), comparison of test groups and 
control after infection with parasites.  
 

Day Group C 
AHF 

Group D 
Chemiron 

Group E 
Fagon 

Group F 
Control 

0 48.0 49.5 48.5 49.0 
5 31.0 35.7 38.5 41.0 

% Change �35 �28 �22 �16 
 
 
 
 
Table 1b. Change in PCV (%), comparison of Test Groups and 
control after administration of the heamatinics. 
 

Day Group C 
AHF 

Group D 
Chemiron 

Group E 
Fagon 

Group F 
Control 

0 31.0 35.7 38.0 41.0 
11 42.0 45.1 45.0 21.5 

% Change +35 +26 +18 �48 
 
 
 
 
Table 2a.  Change in Hb (g/L) level, comparison of the test groups 
before the administration of AHF, Chemrion and Fagon. 
 

Day Group C 
AHF 

Group D 
Chemiron 

Group E 
Fagon 

Group F 
Control 

0 16 16.5 16.2 16.3 
5 10.3 11.9 12.7 13.7 

% Change �36 �28 �22 �16 
 
 
 
 
Table 2b. Change in Hb(g/L) Level, comparsion of the test group 
after administration of the haematinics. 
 

Day Group C 
AHF 

Group D 
Chemiron 

Group E 
Fagon 

Group F 
Control 

5 10.3 11.9 12.7 13.7 
11 14.0 15.0 15.0 7.2 

% Change +36 +26 +18 �47 
 

Each value presented here is the average of three determinations after the 
blood from each of the four rats per group has been pooled together. 
 
 
 

given the formula and it was observed that the values of 
both   PCV   and   Hb   in   both   cases   are   reasonably  

treated with AHF) remained consistently higher than 
those of group A which was also uninfected, but was not 
treated with AHF. There is also a clear demonstration 
that the values of both Hb and PCV declined continuously 
for the first 5 days before the administration of the 
haematinics (Figures 3 and 4).  Thereafter, the levels of 
both  parameters  increased  progressively,  nevertheless  
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they did not get back to the starting values in both cases.  
Even though the pattern of changes is similar, 
quantitatively, the level of changes was highest in the 
group treated with AHF (Tables 1a, b and 2a, b). 
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Figure 1. Daily PCV (%) levels of rats in group A compared with 
rats in group B. (●) Uninfected and untreated rats, and (■) 
uninfected and treated with AHF. 
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Figure 2. Daily Hb(g/L) levels of rats in group A compared with rats 
in group B. (●) Uninfected and untreated rats, and (■) uninfected 
and treated with AHF. 
 
 
DISCUSSION 
 
The haematinic potential of AHF was assessed by 
comparing it with known chemically defined haematinics, 
chemiron and fagon.  Results from our experiments show 
that AHF is as effective as Chemiron and Fagon in 
restoring the depressed levels of PCV and Hb in 
experimental rats infected with T. brucei brucei.  Further 
evidence that AHF mimmicks the blood tonics in function 
is provided when the results in groups A and B are 
compared.  Both groups were not infected with T. brucei 
brucei but group B was given AHF while group A was not 
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Figure 3. Daily PCV (%) levels of rats in group A compared 
rats in groups C, D, E, and F. (●) Uninfected and untreated rat
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c
c
physiologically balanced haematological values. The 
findings in this study remain consistent with our 
observations in an earlier preliminary work in which AHF, 
among other positive effects, increased the haemoglobin, 
packed cell volume and white blood cell levels.   

The fact that AHF was able to mitigate the anaemic 
condition of the parasite-infected animals by en

CV and Hb levels, affirms its haematinic property.  It is 
therefore not surprising that the end users of AHF 
reported positively about its beneficial effects on their 
well-being.   This    observation    suggests    that    under  

 
 
 
 
u
p

6 0 parameters, thereby protecting the organs and tissues 
from possible adverse effects that might have resulted 
from anaemia.  We are yet to analyze the composition of 
its micronutrients, therefore, we cannot state whether 
AHF contains any constituents that may add to its 
beneficial effect on sickle cell patients, but we can 
mention that Akinsulie (1999) had examined the red cell 
and serum folate levels in sickle cell patients and 
suggested that folic acid should be used as a daily 
supplement for sicklers especially in cases of anaemic 
crisis. This formula has also been used in the treatment 
of sickle cell patients by members of the family of the 
traditional healer who formulated it. 

From the findings therefore, we recommend this AHF 
for more detailed investigation and s

andardization, because it is a natural product that has 
not been associated with any side effects.  Besides, it is 
cheap and within the reach of the local populace.  Its 
haematinic potential is very promising and need to be 
subjected to further studies in conjunction with other local 
medicinal plant preparations which have also been found 
to be potentially trypanocidal, as well as those that have 
been found effective against parasitic diseases like 
malaria and schistosomiasis.   
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Neuroprotective Effect of Jobelyn in the Hippocampus of Alcoholic Rat Is 
Mediated in Part by Alterations in GFAP and NF Protein Expressions
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Abstract: Alcohol induced neurodegeneration drives the progression of an alcohol use disorder. Unfortunately,
in the adults' brain, the hippocampus that could compensate for neurodegeneration with neurogenesis is
particularly susceptible to alcohol induced neurodegeneration. The objective of this work was to determine if
Jobelyn, a nutraceutical, could protect the hippocampus from neurodegeneration in a binge alcohol rat model
of alcohol use disorders. Three groups of Wister rats were used: control, alcohol exposed with no supplement
and alcohol exposed with Jobelyn supplementation. Rats were given alcohol thrice a day at 8 hours interval for
4 days. The control rats received isocaloric non alcoholic diet for equivalent days. H&E stains, glia fibrilary
acidic protein and neurofilament immunolabellings were obtained for pathological and immunohistochemical
studies. Results showed thatafter 4 days of binge treatment, the histological index of neurodegeneration was
significantly lower in the Jobelyn treated rats compared with the rats that received only alcohol. GFAP
immunohistochemistry showed that Jobelyn prevented astrocyte death in the DG, CA3 and CA1 regions of the
hippocampus. Except in the DG, this was not accompanied by a reduction in GFAP expression. NF
immunohistochemistry showed that Jobelyn can reduce neuroinflammation in these three regions of the
hippocampus. In the CA3 region, Jobelyn prevented a reduction in NF proteins expression in alcohol exposed
rats. However, Jobelyn supplementations lead to NF protein overexpression in the CA1 region. Conclusively,
this study indicates that moderate activation of astrocytes and NF protein expression are critical for neuronal
survival in alcohol toxicity. It is opine that the neuroprotective effect of Jobelyn in the hippocampus of
alcoholic rats is mediated in part by modulation GFAP and NF protein expressions in the DG, CA3 and CA1
regions of the hippocampus. 

Key words: Alcohol use disorders  Neurodegeneration  Nutraceutical  Protection

INTRODUCTION socialization [6, 7]. Binge alcohol drinking or alcohol

It is generally believed that the adult brain can the dentate gyrus of the hippocampus. Presently, it is
generate at least some new neurons and incorporate them unimaginable that alcohol consumption would become old
into existing neural circuits [1]. Interneurons, the local fashioned. Since man is a behavioural drinker, a
circuit  neurons  are  indispensable  in any neural circuits reasonable option is to mute its deleterious effect in the
[2, 3]. Debatable perhaps, the functions of any particular milieu interieur of the brain. We hypothesize that
region of the brain would be truncated if either the Jobelyn supplementation in binge alcohol drinking may
hippocampal SGV or SVZ of the lateral ventricles is help to safe guard the brain.
damaged. Unfortunately, certain interactions of man with Jobelyn a West African sorghum based
his environment in his work and leisure places have not nutraceuticalis widely distributed and used worldwide [8].
been entirely harmless to his health [4, 5]. Alcohol Jobelyn is GRAS-certified by the Food and Drug Agency
consumption is a leisure activity that is potentially
neurotoxic, but ironically, drinking is part of the human

misuse has been shown to induce neurodegeneration in

®

(FDA)  USA  [9]. Experimental, epidemiological and human
studies indicate several health benefits of Jobelyn [10, 11].
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Jobelyn rapidly increases haemoglobin and PCV levels in consecutive days at 6 a.m., 2 p.m. and 10 p.m. Except for
animals with trypanosome-induced anaemia [12]. As an the initial 5 g/kg dose, subsequent doses were determined
anti-oxidant, Jobelyn is effective and efficient against the using a six-point intoxication scale [17]. Briefly, the rats
five predominant reactive species found in the body were scored according to the following behavioural
(singlet oxygen, peroxyl radicals, hydroxyl radicals, patterns: normal rat, 0; hypoactive, 1; ataxia, 2; ataxia with
peroxynitrite and super oxide anion), making it perhaps dragging abdomen, delayed righting reflex 3; loss of
one the very best free radical scavengers [8]. Jobelyn righting reflex, 4; and loss of righting reflex and loss of
alone or in combination with antiretroviral drugs has been eye-blink reflex, 5. Each score is associated with a
shown to increase CD4 counts in HIV patients making it particular dose of alcohol (Table 1). Control animals
a possible good alternative and/or supplement to (group A) received a diet of Vital mike (50% v/v) made
antiretroviral drugs in the management of HIV/AIDS [13]. isocaloric with glucose.
Studies have shown that Jobelyn selectively inhibits
COX-2 enzyme unlike the common non-steroidal anti- Brain Isolation: Rats were anesthetized with a mixture of
inflammatory drugs (NSAIDs) that inhibit all COX ketamine (75 mg/kg) and diazepam (2.5 mg/kg) (ip) and
enzymes [14]; resulting to unwanted side effects such as were transcardially perfused with 10% phosphate buffer
peptic ulcers—an inflammatory condition in itself [15]. formal saline (0.1M, pH 7.4) solution. After complete
Common non-steroidal anti-inflammatory drugs (NSAIDs) perfusion, rats were carefully  decapitated and heads were
inhibit all  COX  enzymes  [14].  These  paradoxes   are  not completely immersed in 10% phosphate buffer formalin
consistency with good health. Acting as a selective COX- saline for 48 hours.
2 inhibitor, Jobelyn steadily reduce inflammation and pain,
without the unwanted side effects common with NSAIDs. Tissue Processing: Brains post fixed in situ were exposed
It also strengthens the immune system and thereby and excised from respective cranial cavity. The
enhances body’s defensive mechanisms [8, 9]. The hippocampi enclosed within surrounding cortical tissue
primary endeavour of this study is to evaluate the were isolated by a coronal section at approximately
potential of Jobelyn supplementation in a rat model of Bregma -1 to -6 coordinates and transferred to increasing
alcohol use disorders (AUDs) with particular reference to grades of alcohol for dehydration and then cleared with
alcohol induced neurodengeneration in the rat’s xylene. They were embedded with paraffin wax overnight,
hippocampus. serially sectioned at 5cm thickness with a rotary

MATERIALS AND METHODS Haematoxylin and Eosin [18, 19].

Animals: Twenty seven adult male Wister rats (250–320 Histological Study: Semi quantitative scales were
g) were randomly divided into three groups of nine employed to access for histological and morphometric
animals per group: control (A), alcohol (B) and Jobelyn differences. The representative sections (n=6 per group)
(C). Rats were maintained on a 12 hours light–dark cycle were evaluated and injured or degenerating neurons were
and had free access to rodent chow and water. However, identified by any of these three criteria: intensely
rats were fasted overnight before the start of experiment, eosinophilic cytoplasm, loss of Nissl substance and
but the free access to water was maintained throughout pyknotic nuclei / cell body shrinkage [20]. Using the
the duration of experiment. All protocols followed NIH method of Paterniti et al., [21], damaged neurons within
guidelines on Animal Care and Use. the hippocampus were counted and scored on a six-point

Induction of Alcohol Use Disorder: Alcohol abuse and degenerating neurons; 2, five to ten damaged/
alcohol dependence was induced in groups B and C rats degenerating neurons; 3, more than ten damaged/
by a binge alcohol administration. Briefly, rats were degenerating neurons; 4, small infarction (less than one
infused intragastrically through an oro-gastric gavage third of area of interest "AOI"); 5, moderate infarction
tube. Groups B and C rats were given an initial dose of 5 (one third to one half of the AOI); and 6, large infarction
g/kg ethanol in a solution of 25% (w/v) ethanol in diluted (more than half of the AOI). Counting was done with x10
nutritionally complete diet (50% v/v, Vital mike  Ghana), ocular by x40 objective. The scores from all the sections®

modified after Collins et al., [16]. In addition group C rats from each group were averaged to give a final score for
received Jobelyn (4mg/kg body weight). These treatments the particular group. Values were expressed as
were administered at approximately every 8 h for 4 mean±SEM.

®

microtome, mounted on a glass slide and stained with

scale: 0, no lesion observed; 1, one to five damaged/
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Table 1: Intoxication scale and associated alcohol dose 
Intoxication score Behavioural attributes Ethanol Dose (g/kg)
0 Normal animal 5
1 Hypoactive, mildly ataxic 4
2 Ataxic, absence of abdominal elevation, delayed righting reflex 3
3 Loss of righting reflex, retain eye blink reflex 2
4 Loss of righting reflex, retain eye blink reflex 1
5 Loss of righting reflex, loss of eye blink reflex 0

Immunohistochemistry: The Avidin Biotin Complex Digital photomicrographs were captured directly by the
(Avidin biotin immunoperoxidase) method [22] was attached computer, labelled appropriately and saved for
applied in this work. All primary and secondary analysis.
antibodies, ABC  kit  and  support  reagent  were
produced by Novocastra, Leica Biosystems Newcastle, Statistical    Analysis:   Values   were   expressed as
UK. Three micrometer (3 ìm) sections were cut from mean ± SEM. A one-way analysis of variance and the
paraffin-embedded tissues and mounted on slides. Tukey's post hoc test were used to assess the
Sections were repeatedly rinsed in phosphate buffered significance      of       differences  between      groups. 
saline (PBS) and then pretreated with 30% hydrogen A p value < 0.05 was considered to be significant.
peroxidase in methanol (20 – 40 min) to block any possible Analysis of variance was performed using Graph-Pad
endogenous peroxidase. For antigen retrieval the sections Prism 5 (GraphPad Software, San Diego, CA).
were boiled in 0.01M citrate buffer (15 min). Non-specific
binding was blocked with 1% BSA (bovine serum albumin RESULTS
fraction V) (Novocastra, Leica Biosystems Newcastle, UK)
TRIS solution 1 h. Sections were then incubated for 12 Histologic Examination: Histological analysis of the
hours overnight (2 - 6 °C) with the primary antibodies: dentate gyrus of the dorsal hippocampus showed marked
mouse monoclonal anti-GFAP (Novocastra, Leica degenerative changes in the neurons of rats that were fed
Biosystems Newcastle, UK, 1:100) and anti-NF with alcohol alone (Figure 1B). Neurons were inflamed
(Novocastra, Leica Biosystems Newcastle, UK, 1:100). with basophilic degeneration. The administration of
After rising in PBS solution, sections were incubated with Jobelyn to alcohol fed rats significantly reduced the
biotinylated secondary antibody (Novocastra, Leica severity of these degenerative charges (Figures 1C and
Biosystems Newcastle, UK) and horseradish peroxidase- 1D). There was alteration in the cytoarchitectural
conjugated streptavidin (ABC kit, Novocastra, Leica arrangement of the neuron in the dentate gyrus of alcohol
Biosystems Newcastle, UK), for 1 hour. Sections were fed rats. Normally, the neurons were closely packed in the
then incubated in 3,3'-diaminobenzidine DG as seen in the control (Figure 1A), opposed to the
tetrahydrochloride (DAB) (Novolink DAB, Novocastra, pattern seen in the alcohol group (Figure 1B). These
Leica Biosystems Newcastle, UK) for 15 minutes for observations were greatly reduced with the administration
visualization of antigen-antibody reactions. They were of Jobelyn to alcohol fed rats (Figure 1C). Additionally,
then counterstained with hematoxylin, washed with tap the DG neurons of rats that were given Jobelyn
water, dehydrated in alcohol, cleared in xylene and Supplementation showed the granule-like arrangement
mounted in DPX. seen in the control group, but was not observed in the

IHC Interpretation: Cells (or cell membrane or nuclei inflammation of neurons in the alcohol group may have
depending on the antigenic sites) that were labelled by masked the granule-like arrangement. Inflammation or
the above-mentioned antibodies and displayed brown/ swelling of neurons following alcohol toxicity was earlier
yellowish brown reaction products were considered reported [24, 25]. The hilar neurons of the alcohol also
immunopositive. The haematoxylin stained cells without showed basophilic degeneration as opposed those of
any form of brown colours are scored negative. Non other groups, where basophilic degeneration was not
specific binding/brown artifacts on cells and connective evident. In the regio III cornus ammonis (CA3 Area)
tissue are disregarded. There was evident morphological alteration of neurons

Photomicrography: Microscopic image was transmitted to generally changed from a pyramidal cyton to spherical,
a LCD monitor by a microscope-camera-monitor with   majority    showing   some     level     of    basophilic
composite contrivance  as  recently  described  [23]. degeneration  (Figure  2B).   Jobelyn   supplementation  to

alcohol group. It is plausible that swellings or

after administration of alcohol (Figure 2B). Neurons had
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Fig. 1: Jobelyn reduced alcohol induced degeneration in the dentate gyrus. Representative sections (H&E x100) of
control animals (A), alcohol treated animals (B) and Jobelyn supplemented animals (C). Observe the three layers
of the DG: granular layer (GL), molecular layer (ML) & polymorphic layer (PL). Observe the loss of neurons and
the morphological alteration in the cytoarchitecture of the alcohol group (B). Also observe basophilic
degeneration and swelling in the alcohol group (B). Observe that the administration of Jobelyn (C) prevented
the alterations seen in the alcohol group. Also note the similarities in the cytoarchitecture of groups A & C. DI
expressed as mean ± SEM. DI of control differs significantly from other and Jobelyn differs significantly from
alcohol. *** p < 0.001, * p < 0.05.

Fig. 2: Jobelyn reduced alcohol induced degeneration in area CA3. Representative sections (H&E x100) of control
animals (A), alcohol treated animals (B) and Jobelyn supplemented animals (C). Observe the morphological
alteration of neurons after administration of alcohol (B) and preservation of the cytoarchitectural morphology
of the pyramidal neurons in stratum pyramidale (SP) in Jobelyn supplementation (C). Also observe basophilic
degeneration and swelling of neuron in the alcohol group (B). Observe that the administration of Jobelyn (C)
prevented these alterations. DI expressed as mean ± SEM. DI of control and Jobelyn differs significantly from
the alcohol group. *** p < 0.001, **p < 0.01. The DI of control and Jobelyn were not significantly different.
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Fig. 3: Jobelyn reduced alcohol induced degeneration in area CA1. Representative sections (H&E x100) of control animal
(A), alcohol treated animal (B) and Jobelyn treated animal (C). Note layers SO- stratum oriens, SP- stratum
pyramidale, SR- stratum radiatum. Observe the morphological alteration of the neurons of the SP with nuclei
condensation in alcohol group (B). Also observe neuronal swellings / basophilic degeneration in alcohol group
(B). Observe that the morphology of neurons in the SP of the Jobelyn group (C) were fairly consistent with that
of the control (A). Also observe that neuronal swellings / basophilic degeneration were not evident in C. DI
expressed as mean ± SEM. DI of control differs significantly from others and Jobelyn significantly from alcohol.
*** p < 0.001, *p < 0.05. 

alcohol fed rats preserved the cytoarchitectural treatment groups. Focal GFAP-IR was more intense in the
morphology  of  the  pyramidal  neurons  (Figures 2C). “B” group but reduced in the control (4A) and Jobelyn
The alcohol group also displayed nuclei condensation. group (4C).
This   was   not  obvious  in  other  groups  perhaps  due
to the healthier state of the neurons. With regards to CA3 Area: Astrocytes in the control groups were
regio I cornus ammonis (CA1 Area), our observations predominantly in physiological state (Figure 5A). Alcohol
were similar. Neurons from the CA1 region of the alcohol caused  an   increase  in  GFAP  protein  expression
group showed signs of basophilic degeneration and (Figure 5B) in CA3 area of the hippocampus proper. The
swellings (Figure 3B). The administration of Jobelyn administrations of Jobelyn to alcohol fed rat had no
(Figure 3C) prevented basophilic degeneration and change in the GFAP-IR. However the number of
swellings. astrocytes in the alcohol group (Figure 5B) was greatly

Immunohistochemisrty astrocytes in groups B (Figure 5B) C (Figure 5C);
Glial Fibrillary Acidic Protein (GFAP) astrocytes showed overexpression of GFAP and were
Dentate Gyrus: In the dentate gyrus (DG), there was hypertrophic. However, we noted that Jobelyn and
increase expression of GFAP (dark brown) in the alcohol prevented astrocytes loss (Figure 5C).
group (Figure 4B) compared the control (Figure 4A).
There was also a reduction in astrocyte population CA1 Area: Astrocytes in the control groups were
compared with others groups, probably  due to predominantly in physiological state (Figure 6A). Alcohol
astrocytes death or degeneration (black arrow). The caused a reduction in astrocytes population in the CA1
administration of Jobelyn led to a reduction of GFAP region of the hippocampus (Figure 6B). Though the
expression (Figure 4C) and the prevention of astrocytes population of astrocytes was reduced in the alcohol
death. The GFAP expressing cells appeared healthy in the group,  they   were   however   hyperactive   (Figure   6B).

reduced. Observe hyperactivity (increased in GFAP-IR) of
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Fig. 4: Jobelyn alterations of GFAP expression in the DG dentate gyrus. Representative photomicrographs (GFAP
labelled x100) of the DG of control (A), alcohol (B) and Jobelyn (C) groups. GFAP was overexpressed (dark
brown) in the alcohol group. Note that the number of healthy GFAP-expressing cells declined in the alcohol
group compared with others. Jobelyn supplemented rats showed a reduction in GFAP expression. Also observe
that the GFAP-expressing cells appear healthy in the Jobelyn treated group. Astrocytes count expressed as mean
± SEM differs significantly **p <0.01, *p<0.05, compared to alcohol group.

Fig. 5: Jobelyn alterations of GFAP expression in the CA3 area. Representative photomicrographs (GFAP labelled x100)
of control (A), alcohol (B) and Jobelyn (C). Observe the normal expression in the control (A). Observe
hyperactivity (overexpression) of astrocytes in groups B and C. Also observe a reduction in astrocytes number
in “B”. Observe that Jobelyn (C) prevented a reduction in astrocyte population. Astrocytes count expressed as
mean ± SEM differs significantly **p <0.01, *p<0.05, compared to alcohol group.
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Fig. 6: Jobelyn alterations of GFAP expression in the CA1 area. Representative photomicrographs (GFAP labelling x100)
of control (A), alcohol (B) and Jobelyn group (C) groups. Note that the astrocytes in groups B and C were
overexpresssed. Astrocytes count expressed as mean ± SEM differs significantly ***p <0.001, **p<0.01,
compared to alcohol group.

Fig. 7: Jobelyn alterations of NF expression in the dentate gyrus. Representative photomicrographs (NF labelling x 200)
of the dentate gyrus of the control animal (A), alcohol treated animal (B) and Jobelyn treated animal (C) groups.
Note the granulation and closely packed neurons in the DG (A) as opposed to the loosely packed neurons in
the alcohol (B). Individual neurons were delineated in group B, suggestive of a reduction in neuronal population.
In the Jobelyn (C) treated rats distortion were minimal, individual neurons were not overtly delineated suggestive
of densely packed neurons. Neuronal count expressed as mean ± SEM differs sign b/w control and others and
b/w the Jobelyn and alcohol. *** p <0.001, * p<0.05.
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Fig. 8: Jobelyn alterations of NF expression in the CA3 area. Representative photomicrographs (NF labelled x200)
expression of NF proteins in control (A), alcohol (B) and Jobelyn + alcohol (C) groups. Note that vast numbers
of neuronal cell bodies were positive for NF-IR (brown coloured) in groups A and C. Observe that NF protein
expression was greatly reduced in the alcohol group (B). NF positive neuronal count expressed as mean ± SEM
differs sign b/w control and others. *** p <0.001, * p<0.05. Jobelyn vs alcohol was NS (p > 0.05).

Fig. 9: Jobelyn alterations of NF expression in the CA1 area. Representative photomicrographs (NF labelled x200) of
control (A), alcohol (B) and Jobelyn (C) groups. NF-IR was poor in the perikarya of the control animals. In the
alcohol group (B) a few cells showed strong NF-IR (dark brown). Note that NF proteins were overexpressed
(brown colouration) in almost all the neurons in (C). NF positive neuronal count expressed as mean ± SEM differs
sign b/w Jobelyn and others. *** p <0.001. Control vs alcohol was NS (p > 0.05).
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We observed that the administration of Jobelyn did not neurodegeneration in this region of the  brain  [26,  27].
change the alteration induced by alcohol, but it however Our result also indicated that Jobelyn reduced the extent
prevented astrocytes death (Figure 6C). of neuroinflammation in these areas of the hippocampus.

Figure xx. A representative photomicrograph (GFAP The anti- inflammatory properties of Jobelyn have been
labell x200) showing the expression previously reported [8]. Certain studies have shown that

Neurofilament (NF) following assaults may ameliorate or minimize
Dentate Gyrus: Data indicated that neurons are generally neurodegeneration [25, 28]. Jobelyn also maintained the
positive NF immunolabelling. However, the granular cyto architectural structure of the stratum pyramidale
cytoarchitectural pattern of the GL of dentate gyrus was layer of the CA1and CA3 areas of the hippocampus
not evident in the group that received alcohol only - there proper. Alterations in the neuronal morphology in these
was loss of granulation (Figure 7B). In groups A  and  C, areas  have  been  associated   with   neurodegeneration
the granular cytoarchitectural pattern was preserved [2, 29]. Immunuhistochemical evidence from this present
(Figure 7A & C). Hippocampal neurons were arranged study is suggestive that modulation of GFAP and NF
compactly and orderly in the control group.  Hippocampal proteins expressions may be part of mechanism through
neurons were reduced in number and arranged in a loose which Jobelyn protect or safe guard the hippocampal
fashion in the alcohol group. The level of reduction in neurons from alcohol toxicity.
hippocampal neurons was lower in groups C compared GFAP overexpression or downregulation is
with the alcohol group. Note the relative thickness and pathologic in the CNS depending on location and
cell population of the GLs. GL was thinnest in the alcohol circumstance [30, 31]. GFAP immunolabelling was over
group (Figure 7C) and also less compacted. expressed in the DG of the alcohol group compared with

CA3 Area: We observed that the expression of NF healthy GFAP-expressing cells in the alcohol group
protein in the regio III cornus ammonis (CA3) of the compared with others probably due to astrocytes death or
hippocampus proper was different from that of the DG. degeneration. In our study, these alterations were greatly
Alcohol toxicity leads to a reduction in NF protein reduced in the Jobelyn group. The role of astrocyte in
expression (Figure 8B). The administration of Jobelyn to CNS myelination, development and maintenance has been
alcohol exposed rat produced no alteration in NF protein stressed [32]. Astrocyte also plays critical roles in
expression (Figure 8C) as evident from comparison with neuroprotection as glutamate transporters essential for
the control group (Figure 8A). clearance of glutamate from the CNS extracellular space

CA1 Area: In the regio I cornus ammonis (CA1), we neuroprotective growth factor and neurotrophic
observed that NF-IR was poor in the perikarya of the molecules [33, 34]. However, it also expresses nitric oxide
control group (Figure 9A). In the alcohol group (Figure synthase which can result in the production of potentially
9B) a few cells showed strong NF-IR (dark brown). neurotoxic levels of nitric oxide [35, 36]. Astrocytes also
However, to our surprise, we discovered that almost all mediate the release or production of numerous pro-
the neurons in Jobelyn group showed NF protein inflammatory and anti-inflammatory cytokines [37]. The
overexpression (Figure 9C). essential point here is that the activities of astrocyte are

DISCUSSIONS the consequences of alteration in GFAP expression are

This study demonstrated that Jobelyn administration of Jobelyn seem capable of preventing
supplementation to alcoholic rats reduces the level of wide deviation from this dynamic equilibrium in the
alcohol induced neurodegeneration and also prevented dentate gyrus and CA3 and CA1 areas. 
cytoarchitectural alterations in the dentate gyrus and In the CA3 area, the administration of Jobelyn to
hippocampus proper. There were significant reductions in alcohol exposed rats led to an increasein astrocyte
the number of degenerating neurons in the DG, CA3 and number compared with the rats exposed only to alcohol.
CA1 areas of the dorsal hippocampus in Jobelyn The number of astrocytes in the alcohol group was
supplemented rats. It was earlier reported that certain significantly reduced. Suggestive that Jobelyn may play
medicinal botanicals could reduce the level of a role in preventing the death of astrocytes in this region.

agents that can inhibit or reduce neuroinflammation

the control. There was also a decline in the number of

[31], enzymatic antioxidant defence [33], production of

closely regulated by intrinsic factors within the CNS since

very unpredictable. Our results suggest that the
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Table 2: Jobelyn  modulations  of GFAP  and  NF  expressions in the neurons of the DG, CA3 and CA1 regions of the hippocampus in Binge alcohol
exposure

IHC A B C
DG Anti-GFAP Positive (normal IR) & normal Overexpression & decreased Reduction in normal IR &

astrocyte population astrocyte population astrocyte population is normal
Anti-NF Negligible Negligible Negligible

CA3 Anti-GFAP Positive (normal IR and normal Overexpression & decreased Overexpression & normal
astrocyte population) astrocyte population astrocyte population

Anti-NF Positive Reduced expression Prevented reduction
CA1 Anti-GFAP Positive (normal IR); normal Overexpression & decreased Overexpression & normal

astrocyte population astrocyte population astrocyte population
Anti-NF Barely expressed Mildly expressed Overexpression (in > 4/5 of cell pop)

It is our view that a moderate GFAP protein expression in dichotomy between the dentate gyrus and hippocampus
the CA3 region of the hippocampus is critical for proper in regards to NF-IR may be partly due to the fact
astrocyte survival. In the regio 1 cornus ammonis (CA1 that the cells of area CA1 and CA3 are larger than those of
region), there was also an increase in the number of the granular layer [42] and their possession of the
reactive astrocyte in the Jobelyn group. On the other characteristic spiny thorns on the apical dendrites [43],
hand, in the alcohol group, though the numbers of which has a high density of neurofilaments. It is also
astrocytes were significantly reduced, they however plausible that this dichotomy may connote functional
exhibited strong immunoreaction for GFAP. Suggestive differences between these neurons [44]. Type-specific
that alcohol exposure may have deprived the CA1 region dendrite morphology is characteristic of neurons and has
of the hippocampus of the usual physiological significant functional implications in determining what
neuroprotective function of the astrocytes [31]. As signals a neuron receives and how these signals are
evident from this present study, the administration of integrated [45]. Though it is difficult to accurately
Jobelyn to alcohol exposed rats restored or encouraged postulate if the alteration / regulation in NF expression
the normal GFAP protein expression in the CA1 area and would be beneficial or detrimental considering that each
hence guaranteed the neuronal protective and neuron must secure its dendritic field; manage signals that
maintenance function of the astrocytes as previously converge onto its dendritic field and aptly flexible for
reported [31, 32]. We therefore opine that a moderate adjustment in development and in response to experience.
activation of astrocytes in the hippocampal CA1 area of It is of note that there was no significant difference
alcoholic rats by the administration of Jobelyn is critical between the NF-IR of the DG of control and Jobelyn
for neuronal survival and maintenance. groups. More significantly, this result has demonstrated

Cytoarchitectural alteration has been linked with that the overexpression seen in the CA1 area on
degenerative conditions in the CNS [2, 29, 38]. The administration of Jobelyn to otherwise alcoholic rat was
granular cyto architectural pattern of the GCL was not plausibly a neuroprotective mechanism.
evident in the alcohol group. This alteration has
previously been associated with degenerative changes in CONCLUSION
the hippocampus [2, 39]. Jobelyn supplementation
prevented wide deviation from the compact arrangement This study indicated that Jobelyn supplementation
of neurons in the GCL of dentate gyrus and maintained improved the cytohistological outcome in the
the neuronal cyton of CA1 and CA3 areas. Derailment hippocampus of alcohol misuse rats. Part of the possible
from the compact arrangement of neurons in the dentate mechanisms responsible for this effect includes moderate
gyrus is associated with neuronal assaults [40, 41]. activation of astrocytes in the DG, CA3 and CA1 areas of
However, we observed no remarkable NF-IR in the DG of the hippocampus. Also included in this protective
control and the other experimental groups. Contrarily, repertoire is plausibly NF protein overexpression in the
there was remarkable NF-IR in the CA1 and CA3 areas of CA1. We found that these alterations are critical for
the hippocampus. Jobelyn caused  an   overexpression neuronal survival and maintenance in the hippocampus.
in  NF  protein  in almost  all neurons in the CA1 region. Unfortunately, there is no report that supported or
However, in the CA3 region, Jobelyn caused a mild NF contradicted our view. Though we may not be very
protein expression in a few selected neurons. This precise on the extent that the alterations of these
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intracellular proteins has on the neuroprotective 9. Eniojukan, J.F. and B.A. Aina, 2009. Toxicological
potentials of Jobelyn, it is however evident that they profiles of commercial herbal preparation Jobelyn. Int
attenuated neurodegeneration in the hippocampus of J. Health Res., 2: 369-374.
alcoholic rats. Jobelyn could be a potential option for 10. Devi, P.S., M.S. Kumar and S.M. Das, 2001.
AUDs management in humans. Evaluation of antiproliferative activity of red sorghum

Conflict of Interest: The authors declare that there is no (mcf-7). Int J Breast Cancer. 2011:891481. doi:
conflict of interest 10.4061/2011/891481. Epub 2011 Oct 16.

ACKNOWLEDGMENT K. Zhu  and   G.  Ren,  2011.  Chemical

We acknowledge Health Forever Products, Lagos, sorghum bran  and  its  effect  on  oxidative  stress
Nigeria, for the gift sample of Jobelyn supplement and tumour inhibition in vivo. J Agric Food Chem.,
capsule. 24; 59(16): 8609-15.

REFERENCES Response of Trypanosoma brucei brucei–induced
anaemia to a commercial herbal preparation. Afr J.

1. Purves, D., G.J. Augustine, D. Fitzpatrick, L.C. Katz, Biotechnol., 2: 307-311.
A. LaManti, J.O. McNamara and S.M. Williams, 2001. 13. Ayuba, G.I., G.S. Jensen, K.F. Benson, A.M. Okubena
Editors. Sunderland (MA): Sinauer Associates. and O. Okubena, 2014. Clinical Efficacy of a West

2. Song,  L.,  Y.  Gu,  J.  Jie,  X. Bai, Y. Yang, C. Liu and African Sorghum bicolor-Based Traditional Herbal
Q. Liu, 2014. Dab2 attenuates brain injury in APP/PS1 Preparation Jobelyn Shows Increased Hemoglobin
mice via targeting transforming growth factor- andCD4+ T-Lymphocyte Counts in HIV-Positive
beta/SMAD signaling. Neural Regeneration Patients. The Journal of Alternative and
Research, 9(1): 41. Complementary Medicine, 20(1): 53-56.

3. Janak,  P.H. and   K.M.   Tye,   2015.  From  circuits 14. Giovanni, G. and P. Giovanni, 2002. Do non-steroidal
to   behaviour    in    the   amygdala.  Nature, anti-inflammatory drugs and COX-2 selective
517(7534), 284-292. inhibitors have different renal effects? J. Nephrol.,

4. Shmatova, Y., M. Morev and A.  Korolenko,  2014. 15(5): 480-8.
The Role of Social Health in the Formation of the 15. Bertolini, A., A. Ottani and M. Sandrini, 2001. Dual
Total Mortality Structure (Economic Aspect). acting anti-inflammatory drugs: a
Humanity & Social Sciences Journal, 9(1): 22-29. reappraisal.Pharmacol Res., 44(6): 437-50.

5. Ozturk, S. and D. K l c, 2013. What is the economic 16. Collins, M.A., T.D. and E.J. Neafsey, 1996. Neuronal
burden of sports injuries? Eklem Hastalik Cerrahisi, degeneration in rat cerebrocortical and olfactory
24(2): 108-11. regions during subchronic ‘‘binge’’ intoxication with

6. Pak, L.G., 2013. Minimization of Risks of Socialization ethanol: possible explanation for olfactory deficits in
of Students in the Region on the Basis of Quality of alcoholics. Alcohol: Clin Exp. Res., 20: 284-92.
Their Social Security. World Applied Sciences 17. Knapp, D.J. and Crews, 1999. Induction of
Journal, 27(2): 228-231. cyclooxygenase-2 in brain during acute and chronic

7. Apevalova, Z.V., 2013. Prevention of the Deviant ethanol treatment and ethanol withdrawal. Alcohol:
Behavior and Eco-Extremism by Means of the Clin. Exp. Res., 23: 633-43.
Projects of Educational Institutions. Middle-East 18. Avwioro, G., 2011. Histochemical uses of
Journal of Scientific Research 13 (Socio-Economic haematoxylin—a review. J.  Pharm   Clin. Sci.  (JPCS),
Sciences and Humanities): 153-160. 1: 24-34.

8. Benson,  K.F.,   J.L. Beaman,  B.  Ou,  A.  Okubena, 19. Kiernan, J.A., 2008. Histological and Histochemical
O. Okubena and G.S. Jensen, 2013. West African Methods: Theory and Practice. 4  ed. Bloxham, UK:
Sorghum bicolor leaf sheaths have anti-inflammatory Scion.
and immune-modulating properties in vitro. J. Med. 20. Garman, R.H., 2011. Histology of the central nervous
Food, 16: 230-238. system. Toxicologic pathology, 39(1): 22-35.

bran anthocyanin on a human breast cancer cell line

11. Wu, L., Z. Huang, P. Qin, Y. Yao, X. Meng,  J.  Zou,

characterization of a procyanidin-rich extract from

12. Erah, P.O., C.C. Asonye and A.O. Okhamaf, 2003.

th

237

237



Advan. Biol. Res., 9 (5): 305-317, 2015

316

21. Paterniti, I., T. Genovese,  C.  Crisafulli,  E.  Mazzon, 30. Sofroniew, M.V. and H.V. Vinters, 2010. Astrocytes:
R.   Di-Paola,     M.     Galuppo,     P.     Bramanti   and
S. Cuzzocrea, 2009. Treatment with green tea extract
attenuates secondary inflammatory response in an
experimental  model  of   spinal   cord  trauma.
Naunyn-Schmiedeberg's Archives of Pharmacology,
380(2): 179-192.

22. Hsu, S.M., I. Gaine and H. Fanger, 1981. Use of
avidin-biotin peroxidase complex (ABC) in
immunoperoxidase techniques: A comparison
between ABC and unlabeled antibody (PAP)
procedures. J. Histochem. Cytochem., 29: 577-580.

23. Yonguc,   G.N.,     M.B.    Ozdemir,    V.   Kucukatay,
M.  Sahiner,     R.       Akcilar,       E.     Adiguzel   and
I. Akdogan, 2014. Memory Function and Total
Pyramidal Neuron Number of Hippocampus in
Streptozotocin-induced Diabetic Rats. J. Neurol.
Sci.[Turk] 31(41): 461-473.

24. Sripathirathan, K., J. Brown III, E.J. Neafsey and
Collins, 2009. Linking binge alcohol-induced
neurodamage to brain edema and potential
aquaporin-4 upregulation: evidence in rat
organotypic brain slice cultures and in vivo. Journal
of Neurotrauma, 26(2): 261-273.

25. Tajuddin,  N.F.,    M.M.    Przybycien-Szymanska,
T.R. Pak, E.J. Neafsey and M.A. Collins, 2013. Effect
of repetitive daily ethanol intoxication on adult rat
brain: Significant changes in phospholipase A2
enzyme levels in association with increased PARP-1
Indicate Neuroinflammatory Pathway Activation
Alcohol., 47(1): 39-45.

26. Essa, M.M., R.K. Vijayan, G. Castellano-Gonzalez,
M.A. Memon, N. Braidy and G.J. Guillemin, 2012.
Neuroprotective   effect   of   natural  products
against Alzheimer’s disease. Neurochemical
Research, 37(9): 1829-1842.

27. Braidy, N., R. Grant, S. Adams and G.J. Guillemin,
2010.  Neuroprotective   effects  of  naturally
occurring polyphenols on quinolinic acid-induced
excitotoxicity in human neurons. FEBS Journal,
277(2): 368-382.

28. Chen,  J.H.,   K.F.   Ke,  J.H.    Lu,    Y.H.   Qiu  and
Y.P. Peng, 2015. Protection of TGF- 1 against
Neuroinflammation   and     Neurodegeneration in
A -Induced     Alzheimer’s        Disease    Model
Rats.

29. Liput,  D.J.,   D.C.  Hammell,  A.L.  Stinchcomb  and K.
Nixon, 2013. Transdermal delivery of cannabidiol
attenuates  binge  alcohol-induced
neurodegeneration in a rodent model of an alcohol
use disorder. Pharmacology Biochemistry and
Behavior, 111: 120-127.

biology and pathology. Acta neuropathologica,
119(1): 7-35.

31. Chen, P.C., M.R. Vargas, A.K. Pani,  R.J.  Smeyne,
D.A.  Johnson,   Y.M.   Kan  J.A.  Johnson,  2009.
Nrf2-mediated neuroprotection in the MPTP mouse
model of Parkinson's disease: Critical role for the
astrocyte. Proceedings of the National Academy of
Sciences, 106(8): 2933-2938.

32. Barnett, S.C. and C. Linington, 2012. Myelination Do
Astrocytes Play a Role? The Neuroscientist,
1073858412465655.

33. Belanger, M. And P.J. Magistretti, 2009. The role of
astroglia in neuroprotection. Dialogues in Clinical
Neuroscience, 11(3): 281.

34. Sofroniew, M.V., C.L. Howe and W.C. Mobley, 2001.
Nerve growth factor signaling, neuroprotection and
neural repair.  Annual  review  of  Neuroscience,
24(1): 1217-1281.

35. Buskila, Y.,  Y.  Abu-Ghanem,  Y.   Levi,   A.  Moran,
E. Grauer and Y. Amitai, 2007. Enhanced astrocytic
nitric oxide production and neuronal modifications in
the neocortex of a NOS2 mutant mouse. PloS one,
2(9): e843.

36. Hewett, J.A. and S.J. Hewett, 2012. Induction of nitric
oxide synthase-2 expression and measurement of
nitric oxide production in enriched primary cortical
astrocyte cultures. In Astrocytes (pp: 251-263).
Humana Press.

37. Ramesh, G., A.G. MacLean and M.T. Philipp, 2013.
Cytokines and chemokines at the crossroads of
neuroinflammation, neurodegeneration and
neuropathic   pain.   Mediators   of  inflammation,
2013.

38. Riljak,V., M. Milotova, K. Jandova, J.  Pokorny  and
M. Langmeier, 2007. Morphological Changes in the
Hippocampus Following Nicotine and Kainic Acid
Administration. Physiol. Res., 56: 641-649.

39. Ogundele,  O.M.,   J.O.  Sanya,  J.  Madukwe  and
E.A. Caxton-Martins, 2013. Cortical and cerebellar
neurodegeneration in cyanide induced toxicity.
Journal of Cell and Animal Biology, 7(3): 31-36.

40. Asari, M.A., Z.I. Ismail and N.M. Yusof, 2013.
Evaluation of Spirulina Supplementation on
Intermittent Binge Ethanol-Induced Neurotoxicity in
Dentate Gyrus of Rats. International Journal of
Applied Research in Natural Products, 6(2): 8-14.

41. Kafa, I.M., I. Ari and M.A. Kurt, 2010. Morphometric
investigation of neurons in the hippocampal CA1,
CA3 areas and dentate gyrus in a rat model of sepsis.
Int. J. Morphol., 28(1): 183-192.

238

238



Advan. Biol. Res., 9 (5): 305-317, 2015

317

42. El Falougy, H., E. Kubikova and J. Benuska, 2008. 44. Mizuseki, K., K. Diba, E. Pastalkova and G. Buzsaki,
The microscopical structure of the hippocampus in 2011. Hippocampal CA1 pyramidal cells form
the rat. Bratislavské Lekárske Listy, 109(3): 106. functionally distinct sublayers. Nature neuroscience,

43. Meg as, M., Z.S. Emri, T.F. Freund and A.I. Gulyas, 14(9): 1174-1181.
2001. Total number and distribution of inhibitory and 45. Jan, Y.N. and L.Y. Jan, 2010. Branching out:
excitatory synapses on hippocampal CA1 pyramidal mechanisms of dendritic arborization. Nature Reviews
cells. Neuroscience, 102(3): 527-540. Neuroscience, 11(5): 316-328. 

239

239



DOI 10.1515/jbcpp-2012-0073      J Basic Clin Physiol Pharmacol 2013; aop

        Itivere Adrian   Omogbiya   ,     Solomon   Umukoro    * ,     Adegbuyi Oladele   Aderibigbe    

and     Adewale Ganiyu   Bakre     

  Jobelyn  ®   pretreatment ameliorates symptoms 
of psychosis in experimental models  
   Abstract 

  Background:  Psychosis is a chronic neurological disor-

der and it remains a major medical and social problem 

in most African countries. Individuals with psychotic 

illness in this region tend to seek help from traditional 

medical practitioners, who prescribe herbal remedies as 

alternative forms of treatment for the disease. Jobelyn  ®   

(JB) is a commercial polyherbal formulation that has been 

acclaimed to show beneficial effects in neurological dis-

orders. However, its usefulness in psychosis has not been 

scientifically validated. Thus, this study was undertaken 

to evaluate its effects on animal models predictive of 

human psychosis. 

  Methods:  Antipsychotic activity of JB was assessed 

based on the inhibition of stereotyped behavior induced 

by amphetamine or apomorphine in mice. Ampheta-

mine-induced hyperactivity and lethality in aggregated 

mice were additional tests employed to further evalu-

ate the antipsychotic property of JB. The effect of JB on 

catalepsy was also assessed, using the inclined plane 

paradigm. 

  Results:  JB (5 – 50 mg/kg, p.o.) significantly (p  <  0.05) inhib-

ited stereotypy induced by amphetamine (10.0 mg/kg, i.p.) 

or apomorphine (1 mg/kg, i.p.), which suggests antipsy-

chotic activity. Furthermore, JB (5 – 50 mg/kg, p.o.) reduced 

lethality in aggregated mice and inhibited hyperactivity 

induced by amphetamine, respectively. However, JB (5 – 50 

mg/kg, p.o.) did not cause cataleptic behavior, as it failed 

to alter the duration of stay of the animals on the inclined 

plane. 

  Conclusions:  Taken together, these findings suggest 

that JB exhibits antipsychotic-like activity, devoid of the 

adverse effect of cataleptic behavior, and may offer some 

beneficial effects in the symptomatic relief of psychotic 

ailments.  

   Keywords:    antipsychotic;   hyperactivity;   Jobelyn ® ;   lethal-

ity;   stereotypy.  
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  Introduction 
 Psychosis is a mental disorder characterized by multiple 

symptoms affecting thought, perceptions, emotion, and 

volition and generally impairs the quality of life of the 

patients  [1] . Psychotic manifestations are on the increase 

as a neurological disease in most African countries 

including Nigeria and remain a major medical and social 

problem globally. Although hyperdopaminergic activity is 

generally believed to play a crucial role in the symptom-

atology of the disease, most African people believe that 

the disease is due to supernatural forces at work against 

the mental well-being of individuals and as such cure 

cannot be found through modern medicine or orthodox 

medical practice  [1 – 3] . Thus, patients with the disease or 

their relatives tend to have more confidence in traditional 

healers than their orthodox medical counterparts  [2, 3] . 

The scarcity of accessible and high quality mental health-

care services in most African countries also contributes to 

the increased patronage of traditional healers by patients 

with psychotic disorders in most African settings  [2 – 4] . 

 Plant has offered mankind the first medicine, reser-

pine, clinically used for the treatment of psychotic disor-

ders before the advent of chlorpromazine  [5] . Currently, 

especially in developing countries such as Nigeria, most 

patients with psychosis still depend on medicinal plants 

for the treatment of the disease  [6] . The rich and diverse 

plant sources of Nigeria offer traditional healers a wide 

range of effective herbal remedies for the therapy of psy-

chosis and a number of these plants or their preparations 

have been evaluated and confirmed to have antipsychotic 

effects in animal models  [6, 7] . One of the best approaches 

in the search for new medicine from plant sources is the 

selection of plants based on ethnomedicinal leads. 

 Jobelyn  ®   (JB), a unique polyherbal preparation that 

has won international recognition as being antianemic, 

an immune booster, and an energizer, is widely used by 
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natives of Western Nigeria for the treatment of neurologi-

cal disorders, especially epilepsy in children  [8, 9] . JB is 

one of the fastest selling herbal medicines in Nigeria and 

is available as capsules and suspensions for the treatment 

of anemia and rheumatoid arthritis  [10] . It is also used to 

combat stress and to promote general well-being  [9, 10] . 

Each capsule of JB consists of 250 mg and the recom-

mended dose by the manufacturer is one or two capsules 

(1 – 3 times daily) depending on the ailment. 

 JB is rich in several phytochemicals including proan-

thocyanidins, anthocyanidins, apigenidins, proapige-

nidins, apigenins, luteolins, naringenins, flavonoids, 

and polyphenols  [8, 10] . Most of these compounds are 

present in  Sorghum bicolor  plant and these phytochemi-

cals have been found to exhibit a wide range of biological 

activities  [11, 12] . JB also contained other phytochemicals 

obtained from  Parquetina nigrescens  (Periplocaceae) and 

 Harungana madagascariensis  (Clusiaceae). In particular, 

apigenin, luteolin, and naringenin have been found to 

exhibit neuroprotection and to reduce neuroinflamma-

tion, which indicate their therapeutic efficacy in central 

nervous system (CNS) disorders  [11, 12] . Although previ-

ous studies have confirmed the antianemic effect of JB 

 [8, 10] , no studies have shown its usefulness in CNS dis-

orders. In this study, we present the results of the psycho-

pharmacological evaluation of antipsychotic activity of JB 

in animal models predictive of human psychosis.  

  Materials and methods 

  Experimental animals 
 Male albino Swiss mice (19 – 21 g) were obtained from the Central 

Animal House, University of Ibadan. The animals were housed in 

plastic cages at room temperature with a 12:12 h light/dark cycle. 

They had free access to commercial food pellets and water ad li-

bitum. They were acclimatized for at least 1 week before use. All 

procedures in this study were performed in compliance with the 

World Medical Association Declaration of Helsinki regarding ethi-

cal conduct of research involving the Care and Use of Laboratory 

Animals  [13] .  

  Drugs and chemicals 
 JB (Health Forever Ltd., Lagos, Nigeria), amphetamine (AMP; 

Sigma-Aldrich, St. Louis, MO, USA), apomorphine (APO; Sigma-

Aldrich), and haloperidol (HP; Sigma-Aldrich) were employed in 

this study. JB and other drugs were dissolved in distilled water just 

prior to the start of the experiments. Doses of 5, 10, and 50 mg/kg 

JB used in the study were selected based on results obtained from 

preliminary investigations.  

  Experimental paradigms 

  Effect of JB on APO-induced stereotypy 

 APO-induced stereotyped behavior was employed in this study as 

the animal paradigm predictive of human psychosis as previously 

described by Bourin et al.  [14] . The animals were divided into fi ve 

treatment groups (n  =  6/group). The fi rst three groups were pretreat-

ed with JB (5, 10, or 50 mg/kg, p.o.), whereas the fourth and fi ft h 

groups received HP (1 mg/kg, p.o.) and distilled water (10 mL/kg, 

p.o.), respectively. Sixty minutes later, each animal received intra-

peritoneal (i.p.) injection of APO (1 mg/kg) and was placed immedi-

ately in a transparent observation chamber (20 cm  ×  20 cm  ×  23 cm). 

Thereaft er, stereotype behaviors were observed for 2 min at 10, 15, 

30, 45, and 60 min aft er APO injection. Stereotype behaviors were 

scored as: 0  =  absence of stereotype behavior; 1  =  presence of stereo-

type movements of the head; 2  =  intermittent sniffi  ng; 3  =  chewing; 

4  =  intense licking.  

  Effect of JB on AMP-induced stereotypy 

 AMP-induced stereotyped behavior, a widely used animal model for 

psychosis, was further employed to screen for the antipsychotic ef-

fect of JB in this study. Mice (n  =  6) were given JB (5, 10, or 50 mg/kg, 

p.o.), HP (1 mg/kg, p.o.), or distilled water (10 mL/kg, p.o.) for 60 min 

before induction of stereotyped behaviors with i.p. injection of AMP 

(10 mg/kg). Each mouse was observed for stereotype behaviors in a 

transparent chamber (20 cm  ×  20 cm  ×  23 cm) for 2 min at time 10, 15, 

30, 45, and 60 min, respectively. Stereotype behaviors were scored as 

described above  [14] .  

  Antagonism of AMP-induced hyperactivity 

 The performance of JB in the open fi eld test was employed to screen 

for its eff ect on AMP-induced hyperactivity in mice. Mice (n  =  6/group) 

were given JB (5, 10, or 50 mg/kg), HP (1 mg/kg), or distilled water 

(10 mL/kg) orally. Sixty minutes later, the animals received i.p. injec-

tion of AMP (1 mg/kg) and were placed individually at the center of 

an open fi eld chamber (35 cm  ×  30 cm  ×  23 cm). The duration of ambu-

lation (s) and number of line crosses were recorded for 5 min using a 

digital camera  [15] .  

  Effect of JB on AMP-induced lethality test 

 Protection against AMP-induced lethality in grouped mice is a valid 

animal model predictive of antipsychotic property of drugs  [14] . In 

this test, AMP is known to cause death in aggregated animals with-

in 24 h or 48 h. The animals (10 mice per group) were treated with 

JB (5, 10, or 50 mg/kg, p.o.), HP (1 mg/kg, p.o.), or distilled water 

(10 mL/kg, p.o.) 60 min before administration of APM (10 mg/kg, 

i.p.). Mice in each group were placed immediately in a transparent 

cage (20 cm  ×  20 cm  ×  23 cm) and number of death in each group was 

recorded 24 h later.   
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  Assessment of cataleptic behavior 
 The cataleptic eff ect of JB was investigated according to the modi-

fi ed version previously described by Costall and Naylor  [16] . Mice 

(n  =  6/group) were pretreated orally with JB (5, 10, or 50 mg/kg), 

HP (1 mg/kg), or distilled water (10 mL/kg) 60 min before testing 

for catalepsy. The test was done by gently placing the fore limbs of 

each animal on a horizontal plane wood surface (H  =  6 cm; W  =  4 cm; 

L  =  16 cm) and the duration of akinesia (period of time the animal 

remained in one position, before initiating any active movement) in 

seconds was recorded.  

  Statistical analysis 
 The data in this study were analyzed using Primer of Biostatistics 

version 3.01 (Glantz, New York, NY,  USA) and Graph Pad Prism 

soft ware version 4 (JR Miller, San Diego, CA, USA). Statistical 

analysis of data was done by the Kruskal-Wallis test and one-way 

analysis of variance (ANOVA), followed by the Dunnett post-hoc 

test where appropriate. A level of p  <  0.05 was considered as statis-

tically signifi cant.   

  Results 

  Anti-stereotypic eff ect of JB 

 Intraperitoneal injection of APO (1 mg/kg) or AMP 

(10 mg/kg) produced stereotyped behaviors character-

ized by head movements, persistent sniffing, chewing, 

and intense licking in mice. As shown in Figures  1   and  2  , 

JB (5 or 10 mg/kg, p.o.) significantly (p  <  0.05) inhibited 

these behavioral deficits, suggesting antipsychotic activ-

ity. However, HP (1 mg/kg, p.o.) demonstrated greater 
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 Figure 1    Effects of Jobelyn  ®   on apomorphine-induced stereotypy 

paradigm in mice. 

 Values represent the mean of six animals/group. *p  <  0.05 compared 

with the control group (distilled water) (Kruskal-Wallis test).    
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 Figure 2    Effects of Jobelyn  ®   on amphetamine-induced stereotyped 

behaviors in mice. 

 Values represent the mean of six animals/group. *p  <  0.05 compared 

with the control group (Kruskal-Wallis test).    

 Table 1      Effects of Jobelyn  ®   on amphetamine-induced hyperactivity 

in mice.  

Treatment Dose, 
mg/kg

Number of 
lines crossed

Duration of 
ambulation, s

Control  – 240.20  ±  5.95 277.80  ±  3.51

JB 5 143.60  ±  4.74 a 168.60  ±  2.09 a 

JB 10 172.40  ±  4.06 a 215.20  ±  11.84 a 

JB 50 205.00  ±  5.20 a 242.60  ±  6.71 a 

HP 1 29.80  ±  2.76 a 37.00  ±  3.45 a 

   Each value represents the mean  ±  SEM of six animals/group.  a p  <  0.05 

compared with the control group (ANOVA followed by the Dunnett 

post-hoc test).   

inhibitory activity against stereotypy when compared 

with JB (Figures 1 and 2).  

  Effects of Jobelyn  ®   on amphetamine-induced 
hyperactivity 

 Table  1   shows the effect of JB on AMP-induced hyperac-

tivity as assessed by the open field test in mice. One-way 

ANOVA revealed that there were significant differences 

between treatment groups: total number of lines crossed 

[F
(4,20)

  =  296.10, p  =  0.702] and duration of ambulation 

[F
(4,20)

  =  204.4, p  =  0.0114]. Post-hoc analysis by the Dunnett 

test revealed that JB (5, 10, and 50 mg/kg, p.o.) produced 

a significant (p  <  0.05) reduction in hyperactivity as shown 

by a decrease in the number of line crosses and duration of 

ambulation(s) induced by AMP (1 mg/kg, i.p.). However, HP 

(1 mg/kg, p.o.) demonstrated a greater inhibitory effect than 

JB against hyperlocomotion produced by AMP (Table 1).  
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  Effect of JB on AMP-induced lethality in 
grouped mice 

 As shown in Figure  3  , AMP (20 mg/kg, i.p.) produced 

100 %  death in aggregated mice 24 h post-administration. 

JB (5 and 10 mg/kg, p.o.) was found to exhibit signifi-

cant (p  <  0.05) protection against the lethal effect of AMP 

(20 mg/kg, i.p.) in the grouped mice. The protective effect 

shown by JB (5 mg/kg, p.o.) was similar to that produced 

by HP (1 mg/kg, p.o.), a standard antipsychotic drug 

(Figure 3).   

  Discussion 
 The behavioral studies using antagonism of stereotypy, 

hyperlocomotion, and lethality in aggregated animals 

induced by dopaminergic agents have traditionally been 

used to detect antipsychotic activity of novel agents 

 [17, 18] . Stereotyped behavior as a prominent symptom 

observed in patients with psychosis is characterized by 

performance of strange gestures in a purposeless fashion 

and it is susceptible to the blocking effect of antipsychotic 

drugs  [18] . In this study, JB was found to demonstrate sig-

nificant inhibitory activity against stereotypic behavior 

induced by APO or AMP, suggesting antipsychotic activity. 

Hyperactivity produced by AMP is closely related to psy-

chotic agitation seen in patients with this mental abnor-

mality  [19] . The findings that JB inhibited AMP-induced 

hyperlocomotion activity further indicate its antipsy-

chotic activity. 

 The antipsychotic effect of JB was also revealed by the 

antagonism of AMP-induced lethality in grouped mice, a 

model that had served in the routine screening for com-

pounds with neuroleptic activity  [20, 21] . Antipsychotics 
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 Figure 3    Effect of Jobelyn  ®   on amphetamine-induced aggregate 

toxicity test in mice. 

 Values represent the mean  ±  SEM of six animals/group.  ** p  <  0.001, 

 * p  <  0.05 compared with the control group (ANOVA followed by the 

Dunnett post-hoc test).    

have been found to specifically antagonize grouped AMP 

toxicity at dose levels which had little effect on the toxic-

ity of AMP to isolated mice  [21, 22] . Protection against the 

lethal effect of AMP to grouped mice has therefore been 

considered as a suitable test for assessing substances 

with antipsychotic effects  [14, 21, 22] . Although it has been 

shown that the LD 
50

  of AMP to grouped mice is dependent 

both on environmental temperature and degree of aggre-

gation of mice, the underlying cause for greater toxicity 

of AMP to grouped mice is not yet fully understood  [23] . 

However, it has been suggested that the major events 

leading to death in grouped mice, given AMP, is closely 

connected with marked hyperactivity, followed by a phase 

of exhaustion in those mice which died  [24] . Previous 

studies have shown that a significant association exists in 

grouped mice between increased lethality and increased 

motor activity  [25] . However, Burn and Hobbs  [21]  reported 

that increased excitement may be the critical factor in 

enhanced lethality of AMP to grouped animals. Hyper-

activity or agitation and displays of aggressive behaviors 

are integral components of psychomotor excitement com-

monly seen in most patients with psychotic disorders  [1, 

26] . Patients in the state of psychomotor excitement con-

stitute sources of danger to themselves and others, thus 

requiring the use of drugs with a tranquillizing effect such 

as antipsychotics  [1, 26] . The finding that increased dopa-

mine brain levels is the major neurochemical pathway 

involved in the mediation of the lethal effect of AMP in 

grouped mice further support its relevance as an animal 

model predictive of antipsychotic activity  [20] . 

 Studies have shown that stereotypies induced by high 

doses of AMP or APO are mediated through the stimu-

lation of dopamine D 
2
  receptors in the striatum  [18, 27] . 

However, whereas APO mediates its action through direct 

activation of dopamine receptors in the striatal region of 

the brain, AMP, by contrast, acts indirectly through the 

liberation of dopamine from dopaminergic neurons  [18] . 

The neurochemical mechanism underlying AMP-induced 

hyperlocomotion or hyperactivity at moderate doses is 

closely connected with the activation of dopamine D 
2
  

receptors located in the limbic region of the brain  [18] . 

Thus, preferential blockade of D 
2
  receptors in the limbic 

system will confer antipsychotic effects with little or no 

propensity to cause extrapyramidal symptoms (EPSs) 

 [18, 28] . EPSs are thought to result from decreased dopa-

mine activity in the striatum, a preferential action of a 

novel agent against AMP-induced hyperactivity might 

serve as an earlier indicator of a lower propensity to 

induce EPSs in patients  [18] . Although first-generation or 

typical antipsychotics such as HP inhibit AMP-induced 

hyperactivity and stereotypies, the atypical counterparts 
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such as clozapine are known to be less effective against 

stereotypies  [28 – 30] . These observations further confirm 

the notion that the atypical antipsychotics show preferen-

tial action on D 
2
  receptors in the limbic system  [28] . Thus, 

the findings that JB inhibits both AMP-induced hyperloco-

motion and stereotypy suggest an action that may resem-

ble those of HP-like antipsychotic drugs. However, the test 

for catalepsy revealed that JB did not impair sensorimo-

tor performance of the animals, suggesting an action that 

differs from HP-like antipsychotic drugs. The catalepsy 

test is a paradigm established in rodents that reveals the 

tendency of antipsychotics such as HP and chlorproma-

zine to induce EPSs based on prolongation of the duration 

of akinesia  [31 – 33] . 

 Although the mechanism responsible for the antipsy-

chotic effect of JB needs further investigation, the present 

data suggest that JB contains phytochemical constituents 

with antidopaminergic activity. The major finding of inter-

est in this study was that the most effective antipsychotic 

dose of JB is within the same range recommended by the 

manufacturer  [8] . Previous studies have shown that JB 

contained several phytochemicals that readily cross the 

blood – brain barrier (BBB) to exert various CNS activities 

 [11, 12] . These phytochemicals, in particular apigenidins, 

apigenins, luteolins, and naringenins, readily penetrate 

the BBB due to their high lipophilicity to exert various 

pharmacological activities including anti-amnesia, anti-

depressant, anti-neuroinflammation, and neuroprotec-

tion  [33] . However, it is yet to be determined which are 

the primary components responsible for the antipsychotic 

activity of JB.  

  Conclusion 
 This study shows that JB demonstrated antipsychotic 

activity devoid of the cataleptic effect of traditional neuro-

leptic agents and this may be suggestive of a preferential 

antagonism of D 
2
 -mediated dopaminergic activity.   
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Jobelyn® exhibited anti-inflammatory, antioxidant, 
and membrane-stabilizing activities in experimental 
models

Abstract

Background: Jobelyn® (JB) is an African sorghum-based 
food supplement claimed to be efficacious for the treat-
ment of rheumatoid arthritis (RA). Although in vitro 
studies confirmed its anti-inflammatory property, no 
study had shown the effect of JB using in vivo animal 
models of inflammation. Thus, its effects on acute and 
chronic inflammation in rats were evaluated in this study. 
Its effect on rat red blood cell (RBC) lysis was also assessed.
Methods: Acute inflammation was induced with intra-
planter injection of carrageenan and increase in rat paw 
volume was measured using plethysmometer. The volume 
of fluid exudates, number of leukocytes, concentrations 
of malondialdehyde (MDA), and glutathione (GSH) in the 
fluid were measured on day 5 after induction of chronic 
inflammation with carrageenan in the granuloma air 
pouch model. RBC lysis induced by hypotonic medium 
as determined by release of hemoglobin was measured 
spectrophotometerically.
Results: JB (50–200 mg/kg) given orally produced a signif-
icant inhibition of acute inflammation induced by carra-
geenan in rats. It reduced the volume and number of leu-
kocytes in inflammatory fluid in the granuloma air pouch 
model of chronic inflammation. It further decreased the 
levels of MDA in the fluid suggesting antioxidant property. 
JB elevated the concentrations of GSH in inflammatory 
exudates indicating free radical scavenging activity. It 

also significantly inhibited RBC lysis caused by hypotonic 
medium, suggesting membrane-stabilizing property.
Conclusions: JB has in vivo anti-inflammatory activity, 
which may be related to its antioxidant and membrane-
stabilizing properties, supporting its use for the treatment 
of arthritic disorder.

Keywords: anti-inflammatory; antioxidant; granuloma-
tous inflammation; Jobelyn®; membrane-stabilizing.
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Introduction
Rheumatoid arthritis (RA) is a chronic inflammatory 
disease responsible for the impairment of the quality of 
life of many people globally. RA is one of the most fre-
quent causes of disability among adults and is second 
to ischemic heart disease as a cause of work disability in 
people over 50  years old [1]. While the pathology of RA 
appears to be multifactorial and mediated by multiple 
molecular entities, increased activity of inflammatory cells 
(WBC) appears to play a prominent role in the pathogen-
esis of the disease [2]. The initiation and progression of the 
disease are related to the migration of WBC to the inflamed 
joint in response to the release of inflammatory mediators 
such as cytokines, prostaglandins, and leuko trienes [3–6]. 
The activity of WBC results in the release of free radicals 
and other cytotoxic products, which initiate and propagate 
bone destruction seen in patients with RA [4–8].

The progressive deterioration of articular cartilage 
in RA results in intense pain and difficulty with physical 
activities. The intense persistent excruciating pains that 
characterize RA necessitates prolonged palliative medi-
cations focusing on the alleviation of symptoms as cure 
for the disease still remains elusive [2]. Current thera-
pies focus on the alleviation of symptoms with the use of 
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nonsteroidal anti-inflammatory drugs (NSAIDs) and cor-
ticosteroids but these drugs cannot alter the course of the 
disease pathology. In addition, their usefulness is often 
compromised by high risks of toxicity [2, 3]. As alterna-
tives to these conventional drugs, a number of medicinal 
plants with multiple sites of action that could target the 
various phases of the inflammatory pathways might serve 
as new medicines for RA and joint health [1].

Previous investigations had reported improvements 
in arthritic pain with the use of new molecules of plant 
origins [1, 9]. The efficacy of these agents in RA was 
ascribed to inhibition of both WBC-mediated free radical 
generation and the release of inflammatory mediators [1, 
2, 10]. Jobelyn® (JB), a sorghum-based nutritional supple-
ment derived from the polyphenol-rich leaf sheathes con-
tains several active ingredients with potent antioxidant 
activity [11]. In addition to its use as a remedy for anemia, 
JB has also gained international recognition for the relief 
of arthritic pain and to promote good joint health [11]. 
A recent study carried out in culture cells shows that JB 
inhibited infiltrations of WBC, release of inflammatory 
mediators, and formation of free radicals [12], which are 
the major culprits involved in the pathological abnormal-
ity of RA [2, 5, 7]. In addition, Benson et al. [12] reported 
that JB prevented cell membrane damage and inhibited 
the formation of free radicals, which usually trigger the 
release of inflammatory cytokines. Also, previous studies 
have shown that several phytochemicals such as luteo-
lin, naringenin, and apigenin found in JB demonstrated 
anti-inflammation in culture cells [13, 14]. Luteolin, in 
particular, was shown to inhibit nuclear factor-κB (NF-κB) 
signaling in immune cells, which supports its therapeu-
tic efficacy in conditions associated with chronic inflam-
mation [11]. However, no studies have been carried out to 
confirm its efficacy using in vivo animal models of inflam-
mation that closely mimic the pathology of RA. This study 
was therefore designed to evaluate the in vivo anti-inflam-
matory activity of JB on acute and chronic inflammatory 
models in rats. Its effect on membrane stabilization was 
also assessed in the study based on inhibition of rat red 
blood cell (RBC) lysis induced by hypotonic medium.

Materials and methods
Laboratory animals

Male Wistar rat (120–200 g) used for this study were obtained from 
the Central Animal House University of Ibadan. They were kept under 
standard environmental conditions and they had free access to com-
mercial food pellets and water ad libitum. They were acclimatized 

for 2 weeks before commencement of the experiment. All procedures 
in this study were performed in compliance with the World Medi-
cal Association Declaration of Helsinki regarding ethical conduct of 
research involving the Care and Use of Laboratory Animals.

Drugs and chemicals

Jobelyn® (Health Forever Products Ltd, Lagos, Nigeria), indomethacin 
(Sigma Aldrich, USA), carrageenan (Sigma Aldrich, USA), 5,5′-di thio-
bis-(2-nitrobenzoic acid) (DTNB; Sigma Aldrich, USA), triochloro-
acetic acid (Sigma Aldrich, USA), thiobarbituric acid (Sigma Aldrich, 
USA), sodium carbonate (BDH Poole, England), potassium carbonate 
(BDH Poole, England), and sodium chloride (BDH Poole, England) 
were used in this study.

Effect of JB on carrageenan-induced paw edema

Effect of JB on acute inflammation induced by carrageenan was eval-
uated according to the method previously described [15]. The animals 
were divided into five treatment groups consisting of six animals per 
group. The first three groups were treated orally with JB (50, 100, or 
200 mg/kg), whereas the 4th and the 5th groups received indometha-
cin (10 mg/kg) and distilled water (10 mL/kg), respectively. One hour 
after the treatment, the right hind paw volume of each rat were deter-
mined before induction of acute inflammation with subplantar injec-
tion of 0.1 mL of 1% carrageenan [15]. The increase in paw volume 
was measured at the 3 h using Ugo Basile plethysmometer (Comerio 
VA, Italy). The increase in paw volume and percentage inhibition of 
inflammatory edema were calculated as previously described [15].

Membrane-stabilizing activity of JB

Membrane-stabilizing activity of JB was evaluated using inhibition 
of rat RBC hemolysis induced by hypotonic medium according to the 
method previously described by Shinde et al. [10]. Blood was collected 
by cardiac puncture from male Wistar rats under ether anesthesia. The 
blood was mixed with equal volume of sterilized Alsever’s solution and 
was then centrifuged at 3000 g for 10 min using Uniscope Laboratory 
Centrifuge (made in China). The packed cells were washed with sodium 
phosphate saline buffer (0.1 M, pH 7.2) three times and a suspension in 
10% PBS was made. The RBC suspension (0.5 mL) was incubated with 
5 mL of either hypotonic solution (50 mM NaCl) in 10 mM sodium phos-
phate buffered saline (pH 7.4) or isotonic-buffered solution of JB (0.25, 
0.5, 1.0, and 2.0 mg/mL) or indomethacin (0.5 mg/mL). The control sam-
ple consisted of 0.5 mL of RBC mixed with hypotonic-buffered saline 
solution alone. The mixtures were incubated for 10 min at room tem-
perature and centrifuged for 10 min at 3000 g and the absorbance of the 
supernatant was measured at 540 nm using spectrophotometer (Inesa, 
made in China). The percentage inhibition of hemolysis or membrane 
stabilization was calculated as described by Shinde et al. [10]

Effect of JB on the volume of inflammatory fluid exudates

The inflammatory fluid exudates was determined using the granuloma 
air pouch model of chronic inflammation according to the technique 
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of Selye [16] as described by Boris and Stevenson [17]. Twenty mil-
limeters of air, followed by 2  mL of 100 mg/kg of carrageenan in 
1.0 mL of groundnut oil was injected subcutaneously into the shaved 
dorsal skin surface of the animals. The animals (six rats per group) 
were treated daily with JB (50, 100, or 200 mg/kg), indomethacin  
(10 mg/kg), or distilled water (10 mL/kg) orally for 5 consecutive days, 
beginning on day 1 prior to the administration of carrageenan suspen-
sion. On the 5th day, the animals were sacrificed under ether anes-
thesia and the inflammatory exudates obtained were measured using 
5 mL syringe. The inflammatory fluid was divided into three portions 
for both biochemical assays and estimation of the number of WBC.

Biochemical assays

Effect of JB on the levels of glutathione in inflammatory fluid exu-
dates: Glutathione (GSH) is a potent endogenous antioxidant 
molecule that protects cells against the damaging effect of free 
radicals by scavenging them [18]. We estimated the levels of GSH 
in the inflammatory exudates using a similar procedure described 
by Moron et  al. [19]. Equal volume (0.4 mL) of exudates and 20% 
trichloroacetic acid (TCA) (0.4 mL) were mixed. The mixture was 
centrifuged using a cold centrifuge at 10,000 rpm at 4 °C for 20 min. 
The supernatant (0.25 mL) was added to 2 mL of 0.6 mM DTNB. The 
final volume was made up to 3 mL with phosphate buffer (0.2 M, pH 
8.0). The absorbance was read at 412 nm using a  spectrophotometer 
(Inesa, made in China).

Effect of JB on the concentrations of malondialdehyde in fluid exu-
dates: Effect of JB on the concentrations of malondialdehyde (MDA), 
a measure of the extent of lipid peroxidation was determined accord-
ing to the method by Okhawa et al. [20]. A mixture of 0.5 mL of distilled 
water and 1.0 mL 10% trichloroacetic acid was added to 0.5 mL of the 
fluid exudates. The mixture was then centrifuged at 3000 g for 10 min 
and 0.1 mL of thiobarbituric acid (0.375%) was added to 0.9 mL of the 
supernatant. The mixture was then incubated in a water bath (Equit-
ron, Mumbai, India) at 80 °C for 40 min. Upon cooling, the absorbance 
of the supernatants was read at 532  nm using a spectrophotometer 
(Inesa, made in China). The concentration of MDA in the inflammatory 
exudates was expressed as micromoles per mL (µmol/mL).

Estimation of leukocyte counts in inflammatory fluid 
exudates

The number of leukocytes in the inflammatory exudates was esti-
mated according to the procedure previously described by Higgs 
et al. [21]. The inflammatory exudates (0.05 mL) were mixed with 2% 
acetic acid and 1% methylene blue. After thorough mixing, two drops 
of the mixture (dilution) were filled on both sides of improved Neu-
bauer counting chamber using a pipette. Then the Neubauer count-
ing chamber (Marienfeld laboratory Glassware, made in Germany) 
was placed in Petri dish for 3 min to allow the cells to settle. After 
the cells have settled on the hemacytometer (Marienfeld laboratory 
Glassware, made in Germany), it was then placed under the light 
microscope (Olympus optical, made in Japan) (40 × ) and the num-
ber of leukocytes was estimated. The mean leukocyte count per mL 
of inflammatory exudates for each tested group was expressed as a 
percentage of the control value [21].

Table 1: Anti-inflammatory effect of Jobelyn® on carrageenan-
induced paw edema in rats.

Treatment 
group

  Dose, 
mg/kg

  Mean change 
in paw volume

  Inhibition of 
paw edema, %

Control   –  1.61±0.21  –
Jobelyn®   50  1.24±0.11  23.3
Jobelyn®   100  0.90±0.13a  43.8
Jobelyn®   200  0.64±0.15a  60.4
Indomethacin  10  0.76±0.16a  52.5

Each value represents the mean±SEM for five animals in each 
group, ap < 0.05 when compared to distilled water-control group 
(ANOVA and Bonferroni multiple comparison tests).

Histological examination

Histological examination of the pouch tissue lining was done to fur-
ther show the protective effect of JB against granulomatous inflam-
mation caused by carrageenan in rats. The pouch tissues of the rats 
were dissected, washed in distilled water, and fixed in 10% neutral 
buffered formalin. The tissues were then embedded in paraffin, sec-
tioned, and stained with hematoxylin and eosin. The tissue lining was 
later viewed using light microscope (Olympus optical, made in Japan) 
to detect the severity of tissue damage.

Statistical analysis

Data were expressed as the mean±SEM. Data were statistically ana-
lyzed using a one-way analysis of variance (ANOVA, Graph Pad Prism 
5.0), followed by Bonferroni multiple comparison tests. Statistical 
significance was determined at a level of p < 0.05.

Results

Jobelyn® reduces inflammatory edema 
induced by carrageenan in rats

Intraplanter injection of carrageenan characteristically 
produced a significant increase in paw edema volume when 
compared with control (Table 1). As shown in Table  1, JB 
(100 and 200 mg/kg, p.o.) produced a significant (p < 0.05) 
inhibition of inflammatory edema induced by carrageenan 
(1%) in rats in comparison with control. Similar effect was 
observed in animals treated with indomethacin (10 mg/kg 
p.o.), a standard anti-inflammatory drug (Table 1).

Jobelyn® inhibited rat RBC lysis induced 
by hypotonic medium

As shown in Table 2, JB (0.5, 1.0, and 2.0 mg/mL) pro-
duced a significant inhibition of rat RBC lysis induced by 
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hypotonic medium when compared with control, which 
suggests membrane-stabilizing property. Indomethacin at 
a concentration of 0.5 mg/mL also demonstrated a signifi-
cant membrane-stabilizing activity (Table 2).

Effect of Jobelyn® on the volume  
of inflammatory exudates in rats

The effect of JB on the volume of inflammatory fluid pro-
duced by carrageenan in the granuloma air pouch model 
of chronic inflammation is shown in Figure 1. As shown in 
Figure 1, JB (100 and 200 mg/kg) produced a significant 
suppression of the volume of inflammatory fluid formation 
when compared with control. In a similar manner, indo-
methacin (10 mg/kg) also reduced the volume of fluid exu-
dates evoked by carrageenan in rats. However, JB (50 mg/
kg) did not produce a significant decrease in the volume of 
fluid exudates in comparison with control (Figure 1).

Table 2: Protective effect of Jobelyn® against hypotonic medium-
induced rat red blood cell hemolysis.

Treatment 
group

  Concentration, 
mg/mL

  Optical 
density

  Inhibition of 
RBC lysis, %

Control   –  0.12±0.00  –
Jobelyn®   2.0  0.03±0.01a  75
Jobelyn®   1.0  0.03±0.00a  75
Jobelyn®   0.5  0.04±0.00a  66.6
Jobelyn®   0.25  0.08±0.00a  67
Indomethacin  0.5  0.05±0.00a  58.3

Each value represents the mean±SEM for three sets of experiment. 
ap < 0.05 when compared with control (ANOVA and Bonferroni multi-
ple comparison tests).

Distilled water 10 mg/kg INDO 50 mg/kg JB 100 mg/kg JB 200 mg/kg JB
0

1

2

3

**

*

**V
ol

um
e,

 m
L

Figure 1: Effect of Jobelyn® on the volume of exudates formation in 
the granuloma air pouch model of chronic inflammation.
Each column represents mean±SEM for six animals. *p < 0.05 signifi-
cant when compared with control (ANOVA and Bonferroni multiple com-
parison tests). *, **, and *** simply indicate strength of significance.
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Figure 2: Effect of Jobelyn® on leukocytes counts in granuloma air 
pouch model of chronic inflammation.
Each column represents mean±SEM for six animals. *p < 0.05 was 
significant when compared with control (ANOVA and Bonferroni 
multiple comparison tests). *, **, and *** simply indicate strength 
of significance.
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Figure 3: Effect of Jobelyn® on the concentrations of malondialde-
hyde in inflammatory exudates in rats.
Each column represents mean±SEM for six animals. *p < 0.05 
was significant when compared with control (ANOVA followed by 
 Bonferroni multiple comparison tests). *, **, and *** simply indicate 
strength of significance.

Jobelyn® reduces leukocyte counts  
in inflammatory exudates

The effect of JB on infiltrations of leukocytes to the site of 
inflammatory injury in the granulomatous inflammation 
is presented in Figure 2. As shown in Figure 2, JB (100 and 
200 mg/kg, p.o.) exhibited a significant (p < 0.05) decrease 
in the number of leukocyte counts in the inflammatory 
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exudates in comparison with control. Indomethacin 
(10  mg/kg), given orally, also inhibited the infiltration 
of leukocytes to the site of inflammation in a significant 
(p < 0.05) manner.

Jobelyn® reduces the concentrations of MDA 
in inflammatory exudates

The effect of JB on the concentrations of MDA in inflam-
matory exudates induced by carrageenan in the granu-
loma air pouch model of chronic inflammation is shown 
in Figure  3. The increased concentration of MDA in the 
inflammatory fluid was significantly (p < 0.05)  inhibited by 
JB (50, 100, and 200 mg/kg) in a dose-dependent manner, 
which indicates antioxidant property. Indomethacin (10 
mg/kg) also produced a significant decrease in the con-
centrations of MDA in the inflammatory exudates in com-
parison with control (Figure 3).

Jobelyn® elevated the concentrations of GSH 
in inflammatory fluid in rats

Figure 4 shows the effect of JB on the concentrations of 
GSH in inflammatory exudates induced by carrageenan in 
the granuloma air pouch model of chronic inflammation 
in rats. JB (50, 100, and 200 mg/kg, p.o.) demonstrated 
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Figure 4: Effect of Jobelyn® on the concentrations of glutathione in 
inflammatory exudates in rats.
Each column represents mean±SEM from six animals. *p < 0.05 
was significant when compared with control (ANOVA followed by 
 Bonferroni multiple comparison tests). *, **, and *** simply indicate 
strength of significance.

a significant (p < 0.05) elevation in the concentrations of 
GSH in the inflammatory exudates in comparison with 
control suggesting free radicals scavenging property. As 
shown in Figure 4, indomethacin (10 mg/kg, p.o.) signifi-
cantly increased the concentrations of GSH in the inflam-
matory exudates.

Jobelyn® prevented destruction of pouch 
tissue linings in rats

Histological examination of the pouch tissues revealed 
that JB (50, 100, and 200 mg/kg, p.o.) offered a significant 
(p < 0.05) protection against tissue destruction induced by 
carrageenan in the granuloma air pouch model of chronic 
inflammation in rats. JB (200 mg/kg, p.o.) prevented 
tissue destruction and also reduced infiltrations of inflam-
matory cells in comparison with control (Figures 5 and 6). 
As shown in Figure 7, indomethacin (10 mg/kg, p.o.) also 
reduced the severity of tissue damage when compared 
with control.

Discussion
The results of this study revealed that JB inhibited acute 
inflammation as it significantly reduced edema paw 
volume induced by carrageenan in rats. Acute inflam-
mation induced by carrageenan is known to be mediated 
through a step-wise release of chemical mediators such as 
histamine, bradykinin, and serotonin in the early phase 
and prostaglandins in the late phase [22]. These mediators 
caused inflammation through the induction of vasodilata-
tion and increased vascular permeability that enhanced 
accumulation of fluid in the interstitial tissue [22]. The 
plasma extravasation that occurs due to contraction of the 
vascular endothelial cells paves way for fluid exudation 
and invasion of leukocytes at the site of inflammation [22]. 
However, prostaglandins are known to be weak in produc-
ing inflammation but are better at potentiating the effects 
of other mediators [23]. Thus, their appearance during the 
late phase of carrageenan-induced edema further con-
firms that they are better in enhancing and amplifying 
the inflammatory effect of earlier released mediators [24]. 
Inhibition of prostaglandins biosynthesis therefore serves 
as an important target for development of drugs with anti-
inflammatory property. Indeed, NSAIDs owe their clinical 
efficacy in the treatment of inflammatory conditions to 
inhibition of prostaglandins synthesis [24, 25]. The find-
ings that JB reduced the paw edema size produced by 
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carrageenan in rats suggest the presence of phytochemi-
cal (s) with anti-inflammatory property.

The anti-inflammatory activity of JB was further eval-
uated in this study using granuloma air pouch model of 
chronic inflammation based on the volume of fluid exu-
dates, number of WBC, free radical activity, and pouch 
tissue histology. JB was found to suppress the volume 
of fluid exudates and reduce the number of WBC in the 
inflammatory exudates. In addition, JB produced a signifi-
cant reduction in the concentrations of MDA and elevation 
of the levels of GSH in the fluid. Histological examination 
of the pouch tissues showed that JB offered a significant 
protection against tissue destruction that characterized 
the granulomatous inflammation in rats.

Granuloma air pouch model of chronic inflammation is 
a suitable animal paradigm that closely mimics the pathol-
ogy of RA as it has many morphological features similar to 
the disease, including patterns of tissue destructions, infil-
tration of inflammatory cells, and progression of the disease 
[8, 24, 26]. The model also shares many of the inflamma-
tory mediators and increased activity of ROS in the syn-
ovium and cartilage of patients with RA [2]. Although RA 
is a disease of multiple pathologies, inflammatory cells 
are the primary initiators of this disorder as they respond 
to the deposits of crystals in the joints [2, 27]. In a similar 
manner, the inflammatory cells respond to the deposit of 
carrageenan in the granuloma air pouch model of chronic 
inflammation and during the process of phagocytosis, 

×100 ×400

Figure 6: Photomicrograph of the effect of Jobelyn® (200 mg/kg) on the tissue pouch lining during granulomatous inflammation in rats.
The white and black arrows show normal epidermis and dermis layers, respectively. The blue arrow shows normal sebaceous glands. The 
slender arrow shows normal stratum corneum of the epidermis consisting of keratin but with mild inflitration of inflammatory cells.

×100 ×100

Figure 5: Photomicrograph of the tissue pouch lining in distilled water-control group during granulomatous inflammation in rats.
The white arrow shows the epidermis layer with moderate inflitration of inflammatory cells. The blue arrows show the dermis layer with dif-
fused inflammatory cells and the attached muscles which have undergone atrophic.
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×100 ×100

Figure 7: Photomicrograph of the effect of indomethacin on the tissue pouch lining during granulomatous inflammation in rats.
The white arrow shows the epidermis layer with moderate inflitration of inflammatory cells. The red arrow shows the dermis layer with mild 
hemorrhage and diffused inflammatory cells as well as areas of mild tissue necrosis.

inflammatory mediators such as cytokines, prostaglandins, 
and leukotrienes are released [24, 28]. These mediators in 
turn produce inflammation and further promote the infil-
tration of WBC to the site of inflammation [5]. The activity 
of WBC also results in the release of free radicals, which in 
turns initiates and propagates tissue and bone destruction 
that characterize granulomatous inflammation and RA, 
respectively [5–7]. Thus, an effective therapy for the treat-
ment of the disease should be directed at inhibition of WBC 
migration and WBC-mediated release of free radicals and 
other cytotoxic substances. The findings that JB significantly 
modified the components of granuloma air pouch model of 
chronic inflammation assessed in this study suggest that it 
may plays a role in the management of chronic inflamma-
tory disorders such as RA. Inhibition of RBC lysis observed 
in this study further confirms the ability of JB to protect bio-
logical membranes such as lysosomal membrane against 
injurious stimuli that are involved in the initiation and 
propagation of chronic inflammation. Previous studies 
have shown that prevention of RBC lysis is a biochemical 
index for in vitro anti-inflammatory property, especially as 
membrane stabilizers are capable of preventing the release 
of lysosomal phospholipases that are primary initiators of 
the inflammatory responses [24, 28–30].

Although more studies are necessary before com-
menting on how JB exerts its anti-inflammatory activity, 
these present data suggest inhibition of WBC-mediated 
release of free radicals and other inflammatory mediators. 
In addition, the membrane-stabilizing effect shown by JB 
may have contributed significantly to its anti-inflamma-
tory property. These suggestions are in agreement with 
the previous in vitro studies which showed that JB inhib-
ited the activity of inflammatory cells in culture cells [12]. 

These authors also showed that JB demonstrated potent 
antioxidant activity in vitro assays. The in vitro anti-
inflammatory activity of JB was ascribed to the stabiliza-
tion of lysosomal membrane and inhibition of the release 
of free radicals and other cytotoxic products [12]. This may 
also explain the in vivo anti-inflammatory activity shown 
by JB in this study. Although several phytochemicals such 
as luteolin, naringenin, and apigenin have been shown to 
exhibit anti-inflammatory activity in culture cells [13, 14], 
it remains to be established which of these active princi-
ples are involved in the mediation of the anti-inflamma-
tory effect of JB observed in this study.

Conclusions
The results of the study showed that JB has in vivo anti-
inflammatory effect both in acute and chronic animal 
models of inflammation in rats, supporting its use for the 
treatment of arthritic disorder. This effect may be related 
to inhibition of infiltrations of WBC as well as its antioxi-
dant and membrane-stabilizing properties.
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  Effect of Jobelyn  ®   on intruder- and 
isolation-induced aggressive behavior in mice   

  Abstract 

  Background:  Aggression is a violent behavior emitted 

against another organism that may lead to its harm or 

death and thus is of public health significance, which 

necessitates the search for agents with anti-aggressive 

property. This study investigated the effect of Jobelyn   ®    (JB), 

a unique African polyherbal formulation, on intruder- and 

isolation-induced aggressive behaviors in mice. 

  Methods:  Male mice that showed aggression after 

being housed individually with female counterparts 

for 3 weeks or kept in isolation for 4 weeks were treated 

orally (p.o.) with JB (5, 10 or 50 mg/kg), haloperidol (HP) 

(1 mg/kg), fluoxetine (FL) (10 mg/kg),  p -chlorophenyla-

lanine (PCPA) (20 mg/kg), mianserin (MS) (50 mg/kg) or 

distilled water (10 mL/kg) 60 min before being tested for 

aggression. Interaction studies involving oral administra-

tion of PCPA (20 mg/kg), FL (10 mg/kg) or MS (50 mg/kg) 

to aggressive mice that had received JB (5 or 10 mg/kg, 

p.o.) 30  min earlier were assessed. The effect of JB 

(5, 10 or 50 mg/kg, p.o.) on defensive behaviors was also 

evaluated. 

  Results:  JB (5, 10 or 50 mg/kg) decreased aggressive behav-

iors without impairing the defensive mechanisms of mice. 

PCPA (20 mg/kg), an inhibitor of 5-hydroxytryptamine 

(5-HT) biosynthesis, increased aggressive responses and 

reduced the anti-aggressive effect of JB. FL (10 mg/kg), a 

5-HT reuptake inhibitor, significantly suppressed aggres-

sion but did not alter the effect of JB on aggression. MS 

(50  mg/kg), a 5-HT receptor antagonist, reduced aggres-

sion and enhanced the effect of JB on aggression. 

  Conclusions:  These findings suggest that JB has anti-

aggressive activity, which may be related to the enhance-

ment of serotonergic system.  

   Keywords:    defensive mechanism;   Jobelyn ® ;   offensive 

aggression;   serotonin.  
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   Introduction 

 Aggression is a violent behavior exhibited against another 

organism that may lead to its harm or death and cur-

rently becoming a major public health issue across the 

globe  [1] . Apart from causing physical injury, aggression 

also inflicts long-term emotional damage to its victims  [1] . 

Aggression is a common behavior seen in patients with 

mental illness, and stress has been implicated as a major 

factor that triggers violence in humans  [1 – 3] . It is now 

known that aggression is a pathological disorder with 

defined neurochemical abnormalities and as such needs 

pharmacological interventions  [4] . Most of the current 

drugs used for the treatment of aggression target various 

neural mechanisms such as dopaminergic, serotonergic, 

adrenergic and/or GABAergic systems  [4] . Although these 

agents reduce aggressive acts, they also interfere with 

other behavioral functions, so the need for improved and 

more behaviorally selective therapies still persists  [4] . 

As alternatives to these conventional drugs, a number of 

new medicines from plants that may be well tolerated are 

being sought as therapeutics for the treatment of aggres-

sion and violent behaviors  [5] . 

 Jobelyn   ®    (JB) is a commercial dietary herbal supple-

ment with active ingredients obtained majorly from the 

leaf of  Sorghum bicolor   [6, 7] . JB was further fortified with 

other phytochemicals obtained from  Harungana madagas-
cariensis  and  Parquetina nigrescens   [6, 8] . JB was formu-

lated principally for the treatment of moderate to severe 

anemia and arthritis  [6, 7] . However, it has also gained 

international recognition as a remedy against stress and 

exhaustion and to restore the much needed energy during 

the period of recovery from debilitating diseases  [6] . Thus, 

JB is widely used as a tonic in a vitamin-like fashion to 

ensure good health or general well being. In addition, 

JB also strengthened the immune system and enhanced 

the body ’ s defensive mechanisms in response to stress or 

pathogenic invasions  [6, 7] . 

 The use of JB as a stress reliever and as an energizer 

during the period of exhaustion suggests that it might 

contain phytochemicals with central nervous system 

(CNS) activities. In fact, previous preclinical studies have 

confirmed that several lipophilic active constituents like 
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apigeninidin, luteolinidin, apigenin, luteolin and narin-

genin, which are also found in JB, readily cross the blood 

brain barrier to exert CNS effects  [6, 7, 9, 10] . Besides 

mental illness, stress is another major factor promoting 

aggression and violence in humans  [2, 11] . In vulnerable 

individuals, stress in particular can lead to a subtype of 

depression characterized by anger, anxiety and display of 

aggression  [2, 12, 13] . 

 Stress is a critical factor that may precipitate aggres-

sion and predicts the severity of developing violence 

behaviors  [2, 12] . Indeed, persistent stress has been shown 

to produce depletion of monoamines that play a crucial 

role in the regulation of emotion and behavior  [12, 14] . In 

addition, aggressive individuals and those under intense 

traumatic stress are characterized by low tolerance to frus-

tration and are more prone to exhibit an act of aggression 

 [3, 15] . Thus, aggression is a prominent component of the 

stress responses and may serve as an outlet for dissipation 

of frustration on people  [3, 15] . Because stress and aggres-

sion share similar behavioral and neurochemical compo-

nents, it might be expected that JB, as an energizer, will 

likely exhibit anti-aggressive property. Thus, this present 

study was carried out to assess the effect of JB on intruder- 

and isolation-evoked aggression in mice.  

  Materials and methods 

  Experimental animals 
 Male albino Swiss mice of either sex (18 – 24 g) used in the study were 

obtained from the Central Animal House, College of Medicine, Univer-

sity of Ibadan and were housed in plastic cages (42 cm  ×  30 cm  ×  27 cm) 

at room temperature with 12:12-h light-dark cycle. They were fed with 

balanced rodent pellet diet and water ad libitum. The animals were 

acclimatized for 1 week prior to commencement of experiments. All ex-

perimental procedures were performed in compliance with the World 

Medical Association Declaration of Helsinki regarding ethical conduct 

of research involving the Care and Use of Laboratory Animals  [16] .  

  Drugs 
 JB (Health Forever Ltd, Lagos, Nigeria), haloperidol (HP) (Sigma-

Aldrich, St. Louis, MO, USA), fl uoxetine (FL) (Medibios Laboratories 

Pvt. Ltd, India), mianserin (MS) (Organon, OSS, Holland, Nether-

lands) and  p -chlorophenylalanine (PCPA) (Sigma-Aldrich, St. Louis, 

MO, USA) were used in the study. Appropriate concentrations of JB 

and other drugs were prepared by dissolving them in distilled water 

before the start of the experiments. The doses of 5, 10 and 50 mg/

kg of JB used in the study were selected on the basis of the results 

obtained from preliminary investigations. JB and other drugs were 

administered orally to the animals by gavage.  

  Effect of JB on resident-intruder offensive 
aggression 
 The eff ect of JB on off ensive aggression in mice was assessed us-

ing the resident-intruder paradigm as previously described  [4, 17] . 

Adult albino Swiss mice of both sexes were used in this experi-

ment. Prior to the start of experiments, each resident male mouse 

was paired with a female counterpart and housed in a plastic cage 

(20 cm  ×  20 cm  ×  23 cm) for 3 weeks. Thereaft er, the baseline level 

of off ensive behavior of the resident mouse was assessed for three 

consecutive days for a period of 5 min of confrontation with an un-

familiar male intruder of similar size. One hour before the start of 

the confrontation, the female partner of the resident mouse was re-

moved from the cage. The naive intruder mice were socially housed 

in plastic cages (42cm  ×  30cm  ×  27cm) in groups of 15. Resident male 

mice that did not show marked off ensive aggressive behaviors were 

excluded from the study. Resident male mice that showed marked 

off ensive aggression were pretreated with JB (5, 10 or 50 mg/kg), 

HP (1 mg/kg), distilled water (10 mL/kg), PCPA (20 mg/kg) or FL 

(10 mg/kg), or MS (50 mg/kg). Sixty minutes later, a male intruder 

of similar size was introduced into the territorial cage of each resi-

dent male mouse and the confrontation between them was vide-

otaped  [4, 17] . 

 In the interaction study, the eff ects of PCPA (20 mg/kg), FL 

(10  mg/kg) or MS (50 mg/kg) given in combination with JB (5 or 

10 mg/kg) were also assessed. PCPA (20 mg/kg), FL (10 mg/kg), or 

MS (50 mg/kg) was administered to aggressive mice that had received 

JB (5 or 10 mg/kg) 30  min earlier. Thirty minutes later, the test for 

aggression was carried out as earlier described. The parameters as-

sessed indicative of off ensive aggression were latency to attack, fre-

quency of attacks, aggressive postures, lateral threats, tail rattling, 

pursuit frequency and percentage of animals with injury  [4, 17] .  

  Effect of JB on isolation-induced offensive 
aggression 
 The isolation-induced off ensive behavior paradigm was further em-

ployed to evaluate the eff ect of JB on aggression  [17] . Male albino mice 

(2 weeks old) were kept individually in transparent plastic cages for 

4 weeks. Prior to drug treatment, baseline levels of off ensive aggres-

sive behaviors were assessed as earlier described. Isolated male mice 

that showed marked aggressiveness were given JB (5, 10 or 50 mg/

kg), HP (1 mg/kg), FL (10 mg/kg), MS (50 mg/kg), PCPA (20 mg/kg) or 

distilled water (10 mL/kg) 60 min before testing for aggression  [17] .  

  Effect of JB on defensive behaviors 
 The eff ect of JB on defensive behaviors was evaluated in mice using 

the resident-intruder paradigm as previously described  [4] . The test 

involves a 10-min confrontation between aggressive resident male 

mice and intruder counterparts of similar size. However, only male 

intruders (and not the resident) mice were treated with JB (5, 10 or 

50 mg/kg), HP (1 mg/kg), FL (10 mg/kg), MS (50 mg/kg) or distilled 

water (10 mL/kg). Sixty minutes aft er treatment, the ability of the 

intruder animal to defend itself against the off ensive behaviors of 

the resident counterpart was videotaped during the 10-min confron-
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 Table 2      Effects of serotonergic agents on Jobelyn in resident-intruder aggression paradigm.  

Treatment groups 
and dose

Frequency 
of attack

Tail 
rattling

Lateral 
threat

Pursuit 
frequency

Aggressive 
posture

Intruders with 
injury, %

JB (5 mg/kg) 17.8  ±  2.4 22.0  ±  1.6 8.2  ±  1.0 9.8  ±  1.2 7.8  ±  1.0 4.0

JB (10 mg/kg) 28.4  ±  1.0 31.2  ±  1.5 10.0  ±  0.7 12.2  ±  0.9 9.8  ±  0.7 8.0

JB (5 mg/kg) + FL 15.6  ±  0.5 18.0  ±  0.3 5.6  ±  0.2 9.8  ±  0.7 6.4  ±  0.8 4.0

JB (10 mg/kg) + FL 21.0  ±  1.9 24.8  ±  1.5 7.6  ±  0.8 12.2  ±  0.7 8.4  ±  0.9 4.0

JB (5 mg/kg) + PCPA 37.4  ±  2.6 a 39.8  ±  2.8 a 14.0  ±  1.1 a 21.2  ±  1.2 a 16.6  ±  0.8 a 48.0

JB (10 mg/kg) + PCPA 52.2  ±  1.2 a 54.2  ±  1.0 a 25.2  ±  1.1 a 33.0  ±  1.2 a 27.4  ±  1.2 a 65.0

JB (5 mg/kg) + MS 6.6  ±  0.6 a 10.0  ±  1.2 a 2.8  ±  0.4 a 2.4  ±  0.2 a 1.8  ±  0.4 a 0.0

JB (10 mg/kg) + MS 9.2  ±  0.7 a 8.4  ±  0.5 a 4.8  ±  0.4 a 4.4  ±  0.5 a 3.2  ±  0.4 a 0.0

   Values represent the mean  ±  SEM for six animals per group.  a p  <  0.05 compared with JB-treated groups (ANOVA followed by Tukey ’ s post hoc 

test).   

tation. The parameters assessed were the number of fl ight, upright 

defensive postures and submissive postures  [4] .  

  Statistical analysis 
 Data were expressed as mean  ±  SEM and were analyzed with Graph-

Pad Prism soft ware (version 4.00). Statistical analysis of data was 

done by one-way analysis of variance (ANOVA) followed by Tukey ’ s 

post hoc test. A level of p  <  0.05 was considered as statistically sig-

nifi cant.   

  Results 

  Anti-aggressive effects of JB 

 The effects of JB on intruder- or isolation-evoked offensive 

aggression, as measured by the total number of attacks, 

aggressive postures, aggressive pursuits and tail rat-

tling in mice, are shown in Tables  1 – 3    ). JB (5 – 10 mg/kg, 

p.o.) significantly (p  <  0.05) decreased these offensive 

 Table 1      Effect of Jobelyn on resident-intruder offensive behaviors in mice.  

Treatment 
groups and dose

Frequency 
of attack

Tail 
rattling

Lateral 
threat

Pursuit 
frequency

Aggressive 
posture

Intruders with 
injury, %

Control 40.4  ±  0.5 45.6  ±  0.9 18.6  ±  1.3 20.8  ±  1.2 18.0  ±  0.8 92.0

JB (5 mg/kg) 17.8  ±  2.4 a 22.0  ±  1.6 a 8.2  ±  1.0 a 9.8  ±  1.2 a 7.8  ±  1.0 a 4.0

JB (10 mg/kg) 28.4  ±  1.0 a 31.2  ±  1.5 a 10.0  ±  0.7 a 12.2  ±  0.9 a 9.8  ±  0.7 a 8.0

JB (50 mg/kg) 37.2  ±  2.6 40.6  ±  2.8 14.4  ±  1.5 20.2  ±  1.6 16.4  ±  0.7 52.0

HP (1 mg/kg) 9.2  ±  1.1 a 8.6  ±  0.7 a 4.6  ±  1.0 a 6.4  ±  1.0 6.0  ±  2.3 a 0.0

FL (10 mg/kg) 19.0  ±  0.7 a 22.2  ±  1.2 a 8.0  ±  0.7 a 10.6  ±  1.3 a 8.4  ±  1.4 a 8.0

MS (50 mg/kg) 10.4  ±  0.5 a 10.8  ±  0.7 a 5.2  ±  0.6 a 7.8  ±  0.4 a 5.6  ±  0.8 a 4.0

PCPA (20 mg/kg) 61.2  ±  2.5 a 65.8  ±  1.0 a 24.2  ±  1.5 a 40.0  ±  3.5 a 26.8  ±  1.6 a 100.0

   Values represent the mean  ±  SEM for six animals per group.  a p  <  0.05 compared to control group (ANOVA followed by Tukey ’ s post hoc test).   

aggressive behaviors in comparison with control, which 

suggest anti-aggressive activity. Similar effects were 

observed in animals pretreated with HP (1 mg/kg, p.o), 

as it significantly (p  <  0.05) decreased offensive aggres-

sive behaviors (Tables  1  and  2 ). FL (10 mg/kg, p.o.), a 

5-hydroxytryptamine (5-HT) reuptake inhibitor, signifi-

cantly (p  <  0.05) reduced aggression but did not signifi-

cantly (p  >  0.05) change the effect of JB (5 or 10 mg/kg) on 

aggression (Tables  1  and  2 ). However, PCPA, an inhibitor 

of 5-HT biosynthesis, heightened aggression and also 

reduced the anti-aggressive activity of JB (Tables  1  and  2 ). 

On the other hand, MS (50 mg/kg, p.o.), a 5-HT receptor 

antagonist, significantly (p  <  0.05) reduced the aggressive 

responses and enhanced the effect of JB on aggressive per-

formance (Tables  1 – 3 ). As shown in Figures  1   and  2  , JB (10 

or 50 mg/kg, p.o.) did not significantly (p  >  0.05) inhibit the 

initiation of aggression, as measured by the latency to first 

attack. In contrast, HP (1 mg/kg, p.o), FL (10 mg/kg) or MS 

(50 mg/kg) significantly (p  <  0.05) prolonged the latency to 

first attack, which indicates an inhibitory effect against 

the initiation of aggression, or to engage in a fight (Figures 

 1  and  2  ). However, PCPA (20 mg/kg) did not significantly 
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shorten the latency to attacks, suggesting no effect 

on motivation to fight (Figures  1 – 2 ). In the interaction 

studies, PCPA (20 mg/kg) but not FL (10 mg/kg) or MS 

(50 mg/kg) significantly (p  <  0.05) altered the effect of JB 

(5 mg/kg) on the latency to first attack (Figure  3 ).  

  Effect of JB on defensive behaviors 

 Table  4   showed that JB (5 – 50 mg/kg, p.o.) did not impair 

the defensive behaviors of the intruder animals, as it 

failed to significantly (p  >  0.05) alter the number of flights, 

upright defensive postures and submissive postures in 
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 Figure 2      Effect of Jobelyn on latency to first attack in isolation-

induced aggression paradigm in mice. Each value represents the 

mean  ±  SEM (n  =  6 animals per group). *p  <  0.05 compared with JB-

treated groups (ANOVA followed by Tukey ’ s post hoc test).    

 Table 3      Effect of Jobelyn on isolation-induced offensive behaviors in mice.  

Treatment 
groups and dose

Frequency 
of attack

Tail 
rattling

Lateral 
threat

Pursuit 
frequency

Aggressive 
posture

Intruders with 
injury, %

Control 43.6  ±  1.6 47.6  ±  1.5 16.8  ±  1.1 24.2  ±  1.6 21.0  ±  1.1 96.0

JB (5 mg/kg) 21.2  ±  1.0 a 24.2  ±  1.3 a 7.2  ±  0.7 a 10.8  ±  1.0 8.4  ±  0.8 a 8.0

JB (10 mg/kg) 29.6  ±  1.1 a 35.8  ±  2.0 a 11.8  ±  1.2 a 18.8  ±  1.3 10.8  ±  2.0 a 16.0

JB (50 mg/kg) 38.6  ±  0.8 41.4  ±  0.8 14.2  ±  0.7 23.6  ±  0.9 15.6  ±  0.9 a 64.0

HP (1 mg/kg) 9.0  ±  0.9 a 8.6  ±  0.8 a 5.8  ±  0.4 a 8.8  ±  0.7 5.6  ±  0.5 a 4.0

FL (10 mg/kg) 21.2  ±  0.8 a 30.8  ±  2.2 a 7.4  ±  0.7 a 14.0  ±  0.6 9.6  ±  1.1 a 24.0

MS (50 mg/kg) 13.2  ±  1.2 a 15.4  ±  1.3 a 7.2  ±  0.7 a 10.4  ±  0.7 6.4  ±  0.5 a 8.0

PCPA (20 mg/kg) 64.8  ±  1.4 68.2  ±  1.0 26.4  ±  1.6 38.2  ±  0.7 28.6  ±  1.5 100.0

   Values represent the mean  ±  SEM for six animals per group.  a p  <  0.05 compared with control (ANOVA followed by Tukey ’ s post hoc test).   
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 Figure 1      Effect of Jobelyn on latency to first attack in resident-

intruder aggression paradigm in mice. Each value represents the 

mean  ±  SEM (n  =  6 animals per group). *p  <  0.05 compared with 

control (ANOVA followed by Tukey ’ s post hoc test).    

comparison with control. Similarly, FL (10 mg/kg, p.o.), 

but not HP (1 mg/kg), did not significantly (p  >  0.05) impair 

the defensive mechanisms of the intruder mice (Table  3 ).   

  Discussion 
 JB was found to reduce aggressive postures, lateral 

threats, tail ratting, aggressive pursuits and number of 

attacks, which suggest anti-aggressive property. The 

intensity of aggressive attack was also reduced, as shown 

by the decrease in the number of intruder animals with 

injury. However, at a dose of 10 or 50 mg/kg, it did not sig-

nificantly alter the latency to first attack, indicating a lack 

of effect on the initiation of aggression. Furthermore, JB 
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did not impair the defensive behaviors of the animals, a 

property that may encourage its development as a thera-

peutic agent for the treatment of aggression. Aggression in 

animals possesses many of the characteristic features of 

violent behavior seen in humans, both in impulsiveness 

and in pathologies  [18–19, 20] . Drugs with anti-aggres-

sive property, such as antipsychotics, reduced offensive 

aggressive acts but also impaired the defense responses of 

the organisms  [4, 21, 22] . Antipsychotic medications have 

been used for many years for ameliorating aggressive out-

bursts especially in patients with psychiatric disorders  [4, 

21, 22] . However, studies have shown that they lack spe-

cific anti-aggressive property  [23, 24] . The primary effect 

of these drugs appears to be related to inhibition of the 

motivation to engage in a fight rather than the reduction 

in aggressive performance  [4, 24] . In addition, they caused 
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 Figure 3      Effect of serotonergic agents on latency to first attack in 

resident-intruder aggression paradigm in Jobelyn-pretreated mice.

Values represent the mean  ±  SEM for six animals per group. *p  <  0.05 

compared with control (ANOVA followed by Tukey ’ s post hoc test).    

 Table 4      Effect of Jobelyn on defensive behaviors in mice.  

Treatment Dose, 
mg/kg

Number of 
flights

Number of 
submissive 

postures

Number of 
defensive 
postures

Control  – 27.2  ±  1.6 7.8  ±  0.8 28.2  ±  1.6

JB 5 26.6  ±  2.0 7.6  ±  0.5 27.4  ±  1.2

JB 10 24.2  ±  1.1 7.2  ±  0.7 25.8  ±  1.6

JB 50 23.4  ±  1.4 5.8  ±  0.6 25.2  ±  1.8

FL 10 22.0  ±  1.6 5.6  ±  0.5 24.2  ±  1.1

HP 1 4.2  ±  0.7 a 2.4  ±  0.5 7.4  ±  1.3 a 

   Values represent the mean  ±  SEM for six animals per group.  a p  <  0.05 

compared with control group (ANOVA followed by Tukey ’ s post hoc 

test).   

severe sedation and catalepsy, which further limits their 

usefulness in the treatment of aggression  [4, 24] . 

 Although the neural mechanism that mediates aggres-

sive behavior is yet to be clearly elucidated, reduced levels 

of 5-HT have been implicated as a major pathological basis 

of aggression and violent crimes  [23, 25] . 5-HT has been 

shown to play a key role in the initiation and execution of 

aggression  [23, 24] . Thus, research aimed at pharmacolog-

ical elevation of serotonergic activity, as an approach to 

the treatment of violent behavior, has gained momentum 

over the years  [4, 21, 22] . Such research efforts had yielded 

some serotonergic drugs like alnespirone, eltoprazine, 

anpirtoline, zolmitriptan, and sumatriptan that specifi-

cally reduce aggression without impairing other behavio-

ral functions  [4, 22] . The results of this study suggest that 

the effect of JB resembles those of serotonergic agents but 

may differ from haloperidol-like antipsychotic drugs. Gen-

erally, antipsychotic drugs reduce aggression or violent 

behavior but also impair the defensive behavior, thereby 

exposing the organisms to more attacks  [4, 21, 22, 24] . The 

finding that JB did not impair the defensive mechanisms 

of the animals may suggest that its anti-aggressive action 

differs from those of antipsychotic agents like haloperidol. 

 Although further studies are required before any firm 

conclusion could be drawn on how JB reduces aggression, 

the present data suggest the involvement of a serotonergic 

pathway. Previous studies had shown that the depletion of 

serotonin levels by PCPA, an irreversible inhibitor of 5-HT 

synthesis, heightened aggressive behaviors in animals  [26, 

27] . Thus, the findings that the effect of JB on aggression

was reduced by PCPA support the notion that the seroton-

ergic system might be involved in its anti-aggressive activ-

ity. However, FL, a selective 5-HT reuptake inhibitor, did 

not influence the effect of JB on aggression. This finding 

suggests that the effect of JB on the 5-HT pathway may not 

be related to inhibition of the serotonin reuptake system. 

Both preclinical and clinical studies have shown that FL, 

an antidepressant drug, attenuated offensive aggression 

by increasing the brain levels of 5-HT  [28, 29] . However, its 

clinical efficacy in aggression has been compromised by 

the incidence of severe adverse effects  [30, 31] . 

 It has been documented in literature that specific 

anti-aggressive agents (serenics) activate subtypes of 

5-HT receptors to selectively reduce offensive aggres-

sion without impairing other behavioral functions  [20] . 

An interaction study between JB and MS, a 5-HT recep-

tor antagonist, was carried out to further investigate the 

probable mechanism underlying its anti-aggressive effect. 

MS was found to enhance the anti-aggressive property of 

JB, suggesting that the effect of JB on aggression might 

be mediated through 5-HT receptors. MS is primarily an 
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antagonist of several subtypes of 5-HT receptors especially 

the somatodendritic receptors, which function mainly 

as inhibitory autoreceptors and heteroreceptors  [32] . By 

virtue of antagonizing these somatodendritic receptors, 

MS disinhibits the release of serotonin in various regions 

of the brain  [32] . This may perhaps account for the marked 

anti-aggressive effect produced by MS in this study. Pre-

vious investigations had shown that pharmacological 

compounds that activate or antagonize somatodendritic 

receptor subtypes potently suppress the display of aggres-

sive behavior in various animal species ranging from 

invertebrates, fish and rodents to primates, including man 

 [21] . However, further studies are necessary to determine 

which of the 5-HT receptor subtypes are involved in the 

anti-aggressive effect of JB. 

 JB had been reported to contain various flavonoids 

such as polyphenols, proanthocyanidins, anthocya-

nidins, apigeninidins, luteolinidins, apigenins, luteolins 

and naringenins as the major phytochemical constituents 

 [6, 7] . Preclinical studies have shown that these com-

pounds exhibit a wide range of pharmacological effects 

 [8 – 10, 33] . Furthermore, apigenin, luteolin and naringenin 

in particular have been shown to readily cross the blood 

brain barrier to exert various CNS activities including 

anti-amnesia, antidepressant, anti-neuroinflammation, 

neuroprotection, and anti-oxidation  [9, 10, 33] . However, 

it is yet to be determined whether these phytochemicals 

play any role in the anti-aggressive activity of JB.  

  Conclusion 
 This study provides evidence that suggests that JB exhib-

ited anti-aggressive activity, which appears to be mediated 

through a serotonergic pathway.  
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Introduction: Epilepsy is a common central nervous system (CNS) disorder characterized 
by seizures resulting from episodic neuronal discharges. The incidence of toxicity and 
refractoriness has compromised the clinical efficacy of the drugs currently used for the 
treatment of convulsions. Thus, there is a need to search for new medicines from plant origin 
that are readily available and safer for the control of seizures. Jobelyn® (JB) is a unique African 
polyherbal preparation used by the natives to treat seizures in children. This investigation was 
carried out to evaluate whether JB has anti-seizure property in mice.

Methods: The animals received JB (5, 10 and 20 mg/kg, p.o) 30 min before induction of 
convulsions with intraperitoneal (i.p.) injection of picrotoxin (6 mg/kg), strychnine (2 mg/
kg) and pentylenetetrazole (85 mg/kg) respectively. Diazepam (2 mg/kg, p.o.) was used as 
the reference drug. Anti-seizure activities were assessed based on the ability of test drugs to 
prevent convulsions, death or to delay the onset of seizures in mice.

Results: JB (5, 10 and 20 mg/kg, p.o) could only delay the onset of seizures   induced by 
pentylenetetrazole (85 mg/kg, i.p.) in mice. However, it did not offer any  protection against 
seizure episodes, as it failed to prevent the animals, from exhibiting tonic-clonic convulsions 
caused by  pentylenetetrazole (85 mg/kg, i.p.), strychnine (2 mg/kg) or picrotoxin (6 mg/kg, 
i.p.). On the other hand, diazepam (2 mg/kg, p.o.), offered 100% protection against convulsive 
seizures, induced by pentylenetetrazole (85 mg/kg, i.p.).  However, it failed to prevent seizures 
produced by strychnine (2 mg/kg, i.p.) or picrotoxin (6 mg/kg, i.p.).

Discussion: Our results suggest that JB could not prevent the examined chemoconvulsants-
induced convulsions. However, its ability to delay the latency to seizures induced by 
pentylenetetrazole suggests that JB might be effective in the control of the seizure spread in 
epileptic brains.
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1. Introduction

pilepsy is a common central nervous system 
(CNS) disorder characterized by seizures 
which take diverse forms and result from 
episodic neuronal discharges. Meanwhile, 
the form of the seizure depends on the 

part of the brain affected (Rang et al., 2000; Leonard, 
2000). Epilepsy affects 0.5-1% of the population glob-
ally (Rang et al., 2000). Often, there is no recognizable 

E
cause, although it may develop after brain insults, such 
as trauma, infection, tumor growth, or other kinds of 
neurological disorders (Leonard, 2000).  

Current anticonvulsant drugs are effective in control-
ling seizures in about 70% of cases; however, their 
use is often limited by severe side effects (Rang et al., 
2000). As alternatives to these existing drugs, a number 
of compounds from plants that are readily available and 
well tolerated are being developed as potential medica-
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tions for the management of seizures (Lobo et al., 2008; 
WHO, 1996). Jobelyn® (JB), manufactured by Health 
Forever Products Ltd, Lagos, Nigeria, is a commercial 
herbal preparation which has recently made its way into 
the medicine market in Nigeria. It is available as a pow-
dered preparation specially formulated into capsules 
and suspensions for the treatment of anemia (Erah et al., 
2003; Okochi et al., 2003). JB is made from three no-
table medicinal plants; Parquetina nigrescens, Harunga-
na madagascariensis and Sorghum bicolor. Parquetina 
nigrescens (family: Periplocaceae) is a shrub found in 
the equatorial region of West Africa (Mabberley, 1987). 
Harungana madascariensis (family: Clusiaceae) is lo-
cally cultivated in Madagascar, Mauritius and Tropical 
Africa for its valuable medicinal properties (Hutchinson 
& Dalziel, 1954). Sorghum bicolor or Sorghum (family: 
Gramineae) is an important staple food crop in Africa, 
South Asia and Central America, and is also grown in 
some developed nations for its medicinal values (Erah et 
al., 2003; Okochi et al., 2003). Most of the compounds 
in JB including apigenin, luteolin and naringenin, have 
been reported to exhibit a wide range of CNS activi-
ties (Okochi et al., 2003; Olsen et al., 2008; Yi et al., 
2010). Apigenin, luteolin and naringenin in particular 
have been shown to exhibit neuroprotection, anti-oxida-
tion and to reduce neuroinflammation, suggesting their 
therapeutic efficacy in CNS disorders (Yi et al., 2010; 
Awika & Rooney, 2004).

Jobelyn® is claimed to be helpful in stress related ail-
ments and has gained international recognition as en-
ergizer, immune enhancer and antioxidant supplement 
(Erah et al., 2003; Okochi et al., 2003).  It has also 
gained popularity as a remedy for ensuring good joint 
health and relieving rheumatoid arthritis (Erah et al., 
2003; Okochi et al., 2003).   A recent survey carried 
out in Lagos, Nigeria, listed JB as a remedy used by 
the populace for the treatment of convulsive seizures in 
children (Oshikoya, 2008). However, no experimental 
studies have been carried out to confirm the efficacy of 
JB, as an anticonvulsant agent. Thus, the present study 
was designed to investigate the effect of JB on chemo-
convulsants-induced seizure in mice.

2.  Methods

2.1. Experimental Animals

Male albino Swiss mice (20-24 g) were obtained from 
the Central Animal House, University of Ibadan. The 
animals were housed in plastic cages at room tempera-
ture with 12:12 h light-dark cycle. They had free access 
to commercial food pellets and water ad libitum. They 

were acclimatized for at least one week before use for 
all experiments. The study was carried out in accor-
dance with the ethical guidelines of the University of 
Ibadan for the care and use of laboratory animals for 
experimental studies.

2.2. Drugs and Treatment

Diazepam (Sigma, USA), Jobelyln® (Health Forever 
Products Ltd, Lagos, Nigeria), picrotoxin (Sigma-Al-
drich, St. Louis, USA), strychnine (Sigma, USA) and 
pentylenetetrazole (Sigma-Aldrich, St. Louis, USA) 
were used in the current investigation. All drugs were 
dissolved in distilled water immediately before admin-
istration. The doses of 5, 10 and 20 mg/kg of JB used 
in the study were selected based on the results obtained 
from preliminary investigations.

2.3. Experimental Procedures

2.3.1. Effect of Jobelyn® on Picrotoxin-Induced 
Convulsion

Picrotoxin-induced convulsion test was carried out ac-
cording to the method previously described (Das et al., 
2010). Mice were randomly distributed into treatment 
groups (6 per group) and were given JB (5, 10, 20 mg/
kg, p.o.), diazepam (2 mg/kg, p.o.) or distilled water (10 
ml/kg; p.o.), 30 min prior to the administration of picro-
toxin (6 mg/kg, i.p.). Animals were immediately placed 
individually in a transparent observation chamber and 
observed for the expression of convulsions for 30 min 
after picrotoxin injection. 

2.3.2. Effect of Jobelyn® on strychnine-Induced 
Convulsion

The activity of JB against seizures was also assessed 
on strychnine-induced convulsions as described earlier 
(McAllister, 1992). Mice (5 per group) were given JB 
(5, 10 and 20 mg/kg, p.o.), diazepam (2 mg/kg; p.o.) or 
distilled water (10 ml/kg, p.o.), 30 min before strych-
nine (2 mg/kg, i.p.) injection. The time required for the 
expression of convulsive seizures was assessed by an 
observer as described before. 

2.3.3. Effect of Jobelyn® on Pentylenetetrazole-
Induced Convulsion   

Pentylenetetrazole-induced convulsion test was em-
ployed to further evaluate the anti-convulsant activity 
of JB as previously described (Loscher et al., 1991). 
Mice (5 per group) received JB (5, 10 and 20 mg/kg, 
p.o), diazepam (2 mg/kg; p.o.) or distilled water (10 ml/
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Table 1.  Effect of Jobelyn® on picrotoxin-induced convulsive seizures in mice

Treatment Onset of seizures (min)  Seizures (%)  Death (%)

Control  6.60±0.24 100 100

 JB (5 mg/kg)   6.80±0.37   100 100

 JB (10 mg/kg) 7.00±0.44   100 100

 JB (20 mg/kg)  9.60±0.93*  100 100

 DZ (2 mg/kg) 12.80±0.86* 100 100

Values represent the mean ± S.E.M for 5 animals per group. *p < 0.05 compared to control group 
(ANOVA followed by Dunnett’s post-hoc test).

Table 2.  Effect of Jobelyn® on strychnine-induced convulsive seizures in mice

Treatment Onset of seizures (min)  Seizures (%)  Death (%)

Control  2.40±0.25  100 100

 JB (5 mg/kg)   3.70±0.37 100 100

 JB (10 mg/kg) 2.40±0.51 100 100

 JB (20 mg/kg)  3.60±0.40  100 100

 DZ (2 mg/kg)  3.20±0.58 100 100

Values represent the mean ± S.E.M for 5 animals per group. *p < 0.05 compared to control group 
(ANOVA followed by Dunnett’s post-hoc test).

Table 3.  Effect of Jobelyn® on pentylenetetrazole-induced convulsive seizures in mice

Treatment Onset of seizures (min)  Seizures (%)  Death (%)

Control  1.60±0.25 100 100

 JB (5 mg/kg)   3.00±0.32* 100 100

 JB (10 mg/kg) 3.40±0.51 100 40

 JB (20 mg/kg) 2.80±0.20* 100 60

 DZ (2 mg/kg) -     0 0

Values represent the mean ± S.E.M for 5 animals per group. *p < 0.05 compared to control group 
(ANOVA followed by Dunnett’s post-hoc test).

kg, p.o.), 30 min before pentylenetetrazole (85 mg/kg, 
i.p.) injection. The animals were immediately placed 
individually in a transparent observation chamber and 
observed for a period of 30 min for the onset of convul-
sions after pentylenetetrazole injection. 

2.3.4. Statistical Analysis

 The data were expressed as mean ± S.E.M. The data 
were analyzed with Graph Pad Prism Software version 

4.03. Statistical analysis of data was done by One-way 
ANOVA, followed by Dunnett’s post-hoc test. A level 
of p < 0.05 was considered as statistically significant

3. Results

The effects of JB (5-20 mg/kg; p.o.) on convulsions 
induced by picrotoxin (6 mg/kg, i.p.), strychnine (2 mg/
kg, i.p) and pentylenetetrazole (85 mg/kg, i.p) in mice 
are shown in Tables 1, 2 and 3, respectively.  As shown 
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in the Tables, JB (5-20 mg/kg, p.o) did not provide any 
protection against convulsions induced by the chemo-
convulsant agents in mice. However, JB (5, 10, 20 mg/
kg, p.o.) significantly delayed the onset of pentylene-
tetrazole- induced seizures (85 mg/kg, i.p). In contrast, 
while diazepam (2 mg/kg, p.o.) prevented the convul-
sive seizures produced by pentylenetetrazole (85 mg/
kg, i.p), it was ineffective against picrotoxin- (6 mg/
kg, i.p.) or strychnine (2 mg/kg, i.p.)-induced seizure in 
mice (Tables 1-3). 

4. Discussion

The results of this study showed that JB did not pro-
vide any protection against the development of seizure 
episodes induced by pentylenetetrazole, strychnine or 
picrotoxin in mice. However, it delayed the onset of 
seizures and also reduced the mortality rate in pentyl-
enetetrazole-treated animals. These chemoconvulsants 
are widely used to induce convulsions in experimental 
animals (McNamara, 1999). They also served as useful 
animal models for the development of potential anti-
convulsant drugs as well as in exploring the underly-
ing mechanism(s) for their actions (McNamara, 1999). 
Convulsions may ensue from either a decreased inhibi-
tory synaptic or enhanced excitatory synaptic neuro-
transmission (McNamara, 1994). The most common 
type of seizure is febrile convulsions, which occurs 
frequently in children (Gokhan & Ercument, 2010). It 
is an acute symptomatic convulsion triggered by fever 
without the presence of any form of known CNS ab-
normalities. Febrile seizure is ranked among prevalent 
neurological disorders in the pediatric age (Gokhan & 
Ercument, 2010). Synaptic neurotransmitters impli-
cated in convulsions are mostly glutamate, glycine and 
gamma-aminobutyric acid (GABA). These transmitter 
substances are linked to ion channels which regulate the 
rate of neuronal excitation (McNamara, 1999). 

According to Kendall et al., 1981, the anticonvulsant 
activity of a novel compound is measured only by its 
ability to prevent convulsions but also to delay the onset 
of seizures or to reduce death rate and/or to decrease 
the frequency of the episodes. Thus, the ability of JB to 
delay the onset of seizures, and to reduce death rate in 
pentylenetetrazole-treated animals suggests its possible 
effectiveness to control convulsive episodes. Previous 
studies have shown that compounds that could delay 
the onset of convulsions or reduce the frequency of the 
episodes in experimental animals are capable of halting 
the spread of seizures in epileptic brains (Corda et al., 
1982). However, more detailed studies are required to 

verify how JB may be acting to arrest convulsive sei-
zures in epileptic brains.

The differential effects of diazepam on convulsions 
induced by picrotoxin, strychnine or pentylenetetrazole, 
may be related to the dissimilarity in their mode of ac-
tion. Pentylenetetrazole produced convulsions by block-
ing GABAA receptors thereby impairing GABA-medi-
ated inhibitory neurotransmission (Gnyther, 1986; Oni 
et al., 2009). On the other hand, picrotoxin acts through 
blockade of chloride ion channel which is known to be 
resistant to most anticonvulsant agents (Corda et al., 
1982; Zetler, 1981). However, strychnine acts by an-
tagonizing glycine receptors, thereby increasing the rate 
of neuronal excitability (Sayin et al., 1993). Thus, the 
effectiveness of diazepam against pentylenetetrazole-
induced seizures may be related to its well known action 
of potentiation of GABA-mediated inhibitory neuro-
transmission (De Sarro, et al., 1999). However, its fail-
ures to prevent seizures induced by picrotoxin may be 
related to the inability of diazepam to reopen the closed 
chloride ion gates (Corda et al., 1982; Zetler, 1981).

Jobelyn® has been shown to possess various bioactive 
elements including the well- characterized compounds, 
such as apigenin, luteolin and naringenin (Erah et al., 
2003; Okochi et al., 2003; Yi et al., 2010; Awika & 
Rooney, 2004). These compounds have been reported 
to show antidepressant, anti-amnesic, anti-inflammat -
ry and membrane stabilizing properties (Yi et al., 2010; 
Awika & Rooney, 2004; Heo et al., 2004; Weichiel et al., 
1999). However, the role of these compounds in convul-
sive disorders remains to be confirmed experimentall . 

5. Conclusion

The data obtained from this study suggest that JB de-
layed the onset of seizures produced by pentylenetetra-
zole supporting the hypothesis of  its relevance  in con-
trolling the spread of seizure in epileptic brains.
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Jubi

 
Formula

®
 is a herbal preparation made from three medicinal herbs (Parquetina nigrescens, 

Sorghum bicolor and Harungana madagascariensis).  It has been reported to have been successfully 
used in the treatment of anaemia in humans. A study was therefore carried out to determine the effect 
of the preparation on packed cell volume (PCV) and haemoglobin (Hb) concentrations in anaemic 
rabbits. The PCV and Hb concentrations of healthy rabbits infected with Trypanosoma brucei brucei 
were monitored for 49 days. T. b. brucei produced a significant reduction in PCV and Hb 
concentrations in all infected rabbits when compared with the controls (p<0.05). These hematological 
parameters were restored to normal levels in the anaemic rabbits by the herbal preparation. The 
anaemic rabbits not treated with the herbal preparation presented with a progressive decline in their 
PCV and Hb concentrations and majority of them died before the end of the study.  Healthy rabbits 
that received daily doses of the herbal preparation showed gradual elevation in PCV and Hb 
concentrations which were maintained within normal range. Jubi Formula

®
 can restore the PCV and 

Hb concentrations in anaemic conditions and is a potential substitute for blood transfusion. However, 
further studies are needed to investigate the potentials of the herbal preparation in reversing 
anaemia. 
 
Key words: Anaemia, PCV, rabbits, haemoglobin, herbal preparation. 

 
 
INTRODUCTION 
 
Over the years, medicinal plants have been recognised to 
be of great importance to the health of individuals and 
communities. In many developing countries, herbal 
medicines are assuming greater importance in primary 
health care and their international trade has increased. 
However, the markets in these countries are not 
adequately regulated and many herbal products in 
circulation are unregistered by national regulatory bodies 
(WHO, 1996).  

Jubi Formula�, manufactured by Health Forever 
Products  Ltd,  Lagos,  Nigeria,  is  a  commercial   herbal  

 
 
 
*Correspondence author: E-mail: erah@uniben.edu or 
p_erah@yahoo.com, Tel: 234 52 600638, Fax: 234 52 602257. 

preparation that recently made its way into the herbal 
medicine market in Nigeria. It is available as a powdered 
preparation formulated into capsules and suspension and 
contains iron, protein, fat, carbohydrates, tannins, 
saponins, and coumarins. The product was made from 
three medicinal herbs (Parquetina nigrescens, Sorghum 
bicolor and Harungana madagascariensis). Parquetina 
nigrescens (family: Periplocaceae) is a shrub found in 
equatorial West Africa (Irvine, 1961; Mabberley, 1987) 
while Sorghum bicolor or Sorghum (family: Gramineae) is 
an important staple food crop in Africa, South Asia, and 
Central America, and is also grown in some developed 
nations for animal feed (ICRISAT, 1993). Harungana 
madascariensis (family: Clusiaceae) is a native of 
Madagascar, Mauritius and tropical Africa (Hutchinson, 
and Dalziel, 1954).  
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The product is believed to elevate packed cell volume 

(PCV) and is recommended by the manufacturer for the 
support of treatment of moderate to severe anaemia as in 
sickle cell anaemia, cancer and HIV/AIDS. It is also said 
to be suitable as a nutritional supplement in stress, 
exhaustion and convalescent situations as well as helpful 
in diabetes, hypertension, arthritis and infertility. The sap 
of H. madagascariensis has been used in the treatment 
of skin diseases, leprosy spots and wounds while the 
leaves of P. nigrescens has been used for wounds in 
Africa (Irvine, 1961; Mabberley, 1987), and has 
sympathomimetic effects (Datté et al., 1999). However, 
no scientific data has been published to show the 
combined effects of the components of Jubi Formula on 
PCV and Hb concentrations in mammals.  

The main objective of this study was to investigate the 
claim by the manufacturer that the product increases 
packed cell volume (PCV) in anaemia. The specific 
objective is to determine the effect of the herbal 
preparation on PCV and haemoglobin concentrations in 
rabbits with parasitemia-induced anaemia. 
 
 
MATERIALS AND METHODS 
 
Thirty-six locally bred rabbits – average weight, 1.18�1.73 kg; 
weight range, 0.94 – 1.46 kg purchased in Benin City were kept in 
standard rabbit cages (which were regularly cleaned and 
disinfected using standard procedures). The cages were located in 
the animal house in the Department of Pharmacology & Toxicology, 
University of Benin, Benin City, Nigeria. The rabbits were allowed 
unrestricted access to normal rabbit chow (Bendel Feed and Flower 
Mills Ltd., Ewu, Edo State, Nigeria) and water, and allowed to 
acclimatize to their new environment for four weeks. During the 
acclimatization period, the animals were treated with terramycin 
(200 mg/kg) (May and Baker Ltd., England) in the first week (to 
exclude bacteria infections) and blood samples were collected on 
microscope slides from each animal through the auricular vein 
every week, and examined under a microscope for presence of 
parasites (World Organisation for Animal Health, 2000) and 
bacteria. Six animals with blood infections were excluded from the 
experiment.  

The thirty healthy rabbits were divided into five equal groups 
(groups A – E). Rabbits in groups A and B were used as controls; 
weekly blood monitoring indicated the absence of parasites and 
bacteria in their blood samples. The animals in groups C, D and E 
were infected with Trypanosoma brucei brucei Federe Plateau (T. 
b. brucei) and the presence of the parasite in blood was monitored 
daily through the auricular vein until parasitemia was established, 
usually within 5 – 10 days post-infection. Each animal in groups B, 
C and D received 3.4 ml/kg of aqueous suspension of Jubi 
Formula� powder (1 mg/60ml) orally every day from day 1, the day 
they were infected with T. b. brucei and the day parasitemia was 
established, respectively. Parasitemia in the rabbits in groups C, D 
and E were induced by mouse inoculation technique (World 
Organisation for Animal Health, 2000) using a single dose of 0.25 
ml of T. b. brucei-infected blood of albino rat. The blood samples 
were diluted (50:50) with normal saline before injecting 
intraperitoneally into the rabbits. The infected albino rats were 
obtained from the National Institute for Trypanosomiasis Research 
(NITR), Vom, Plateau State, Nigeria. 

Uncoagulated blood samples of the rabbits were obtained every 
week from the animals. The samples were collected in 5 ml EDTA 
tubes  and,   the   PCV   and   haemoglobin    concentrations    were  

 
 
 
 
determined within 24 h of collection using the microhaematocrit and 
cyanomethaemoglobin methods (Omotainse and Anosa, 1992; 
Schalm et al., 1975), respectively. The proportional changes in PCV 
and Hb concentrations of the rabbits were determined as follows: 
 

         % change in PCV = 100*
o

ot

P
PP �

  ….. (1) 

 

         % change in Hb = 
o

ot

H
HH � 100*    … ..(2) 

 
where Pt and P0 are the PCV at time, t and day 1, respectively and 
Ht and Ho are the Hb concentrations at time, t and day 1, 
respectively. The differences in these hematological parameters 
were analysed statistically using one-way analysis of variance 
(ANOVA) with Instat® software (GraphPad Inc., USA). Statistical 
estimates were made at confidence interval of 95% and probability 
values of ≤0.05 were considered significant.  

The ethical approval for this study was obtained from the 
Department of Pharmacology and Toxicology, University of Benin, 
Benin City, Nigeria. 
 
 
RESULTS 
 
The changes in packed cell volume (PCV) and 
haemoglobin (Hb) concentrations of the rabbits during the 
period of the study are presented in Tables 1 and 2, 
respectively. The control rabbits had PCV and Hb 
concentrations within the normal range throughout the 
duration of the experiment (PCV: mean, 37.0±2.8%; 
median, 37%; 95% confidence limit, 36.1 - 39.9%; Hb: 
mean, 11.45±1.18 g/dl; median, 11.73 g/dl; 95% 
confidence limit, 11.115 – 13.575 g/dl). The rabbits in 
group B had slightly higher (but not significantly different, 
p > 0.05) PCV and Hb concentrations from the third week 
of treatment with the herbal preparation than those in 
group A. Groups A and B animals had PCV and Hb 
concentrations within the normal range. As much as 
17.2±2.0% elevation in PCV and 15.0±13.0% elevation in 
Hb concentrations were achieved in the group B rabbits 
treated with Jubi Formula® within six weeks. The PCV 
and Hb concentrations were maintained within normal 
range by the Jubi Formula®. The PCV and Hb 
concentrations of animals in groups C, D and E were 
significantly lower than those of the animals in groups A 
and B (p<0.05). During the course of the experiment (49 
days), the PCV of the parasite-infected rabbits not treated 
with Jubi Formula® (Group E) progressively fell to as low 
as 25% and five of the rabbits died before the end of the 
experiment; one dying on the 15th day and the others 
dying between the 30th and 48th days. The parasite 
infected rabbits treated with Jubi Formula® from day 1 
gradually developed lower PCV and Hb concentrations, 
with PCV values of 27% recorded in one rabbit and 28% 
recorded in three other rabbits. However, the PCV and 
Hb concentrations of these animals increased 
progressively from the fifth week  of  treatment  to  normal  
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Table 1. Packed cell volume (l/l) of healthy (groups A and B) and T. b. brucei infected rabbits (groups C – E) either treated 
(groups B – D) or untreated (groups A and E) with Jubi Formula�. 

 

Packed cell volume (l/l) of rabbits (mean±sd)  
Day 

Group A
a
 Group B

b
 Group C

c
 Group D

d
 Group E

e
 

-14 0.360±0.05 0.363±0.03 0.370±0.04 0.383±0.03 0.375±0.03 

-7 0.365±0.04 0.365±0.04 0.358±0.02 0.368±0.02 0.368±0.02 

1 0.375±0.03 0.348±0.02 0.350±0.02 0.370±0.01 0.378±0.03 

7 0.365±0.02 0.378±0.02 0.360±0.02 0.358±0.03 0.350±0.02 

14 0.363±0.02 0.365±0.01 0.338±0.01 0.345±0.03 0.318±0.02 

21 0.368±0.03 0.375±0.02 0.308±0.02 0.313±0.01 0.295±0.02 

28 0.375±0.03 0.390±0.01 0.300±0.03 0.295±0.02 0.268±0.02 

35 0.385±0.02 0.403±0.04 0.305±0.02 0.288±0.03 0.260±0.01 

42 0.365±0.02 0.408±0.05 0.325±0.01 0.315±0.03 0.255±0.01 

49 0.383±0.04 0.403±0.02 0.323±0.03 0.323±0.02 0.253±0.01 
 

a,cp<0.05; a,dp<0.05; a,ep<0.001; b,cp<0.05; b,dp<0.01; b,ep<0.001Group A, healthy rabbits, controls, no Jubi Formula® administered; 
Group B, healthy rabbits, Jubi Formula® administered from day 1 – 49; Group C, rabbits infected  with T. b. brucei and Jubi 
Formula® administered from days 1 - 49; Group D, rabbits infected  with T. b. brucei and Jubi Formula® administered from day 10 - 
49; Group E, rabbits infected with T. b. brucei, no Jubi Formula® administered. 

 
 
 
 
 

Table 2. Haemoglobin concentrations (g/dl) of healthy (groups A and B) and T. b. brucei infected rabbits (groups C – E) 
either treated (groups B – D) or untreated (groups A and E) with Jubi Formula�. 

 

Packed cell volume (l/l) of rabbits (mean±sd)  
Day 

Group A
a
 Group B

b
 Group C

c
 Group D

d
 Group E

e
 

-14 11.50±0.91 11.38±1.11 11.50±1.08 11.7±1.19 12.13±1.18 

-7 12.08±0.98 11.75±0.87 11.37±1.14 11.88±0.63 12.50±0.82 

1 12.50±0.71 11.80±0.36 12.00±0.41 12.25±0.65 12.95±0.84 

7 12.05±0.90 12.55±0.42 11.63±0.85 11.63±1.49 11.70±0.81 

14 12.03±0.92 12.08±0.51 11.25±0.65 11.75±0.87 10.63±0.85 

21 12.13±1.11 12.43±0.85 10.25±0.65 10.75±0.29 10.25±1.44 

28 11.88±0.25 12.78±0.26 10.2±0.81 10.00±0.71 9.13±0.48 

35 12.28±1.44 13.13±1.49 10.38±0.63 9.88±0.75 9.00±0.71 

42 11.78±0.63 13.58±1.65 11.13±0.75 11.00±0.41 8.63±0.48 

49 12.61±1.14 13.23±0.89 10.25±0.50 10.88±0.85 8.38±0.25 
 

a,cp<0.05; a,dp<0.05; a,ep<0.01; b,cp<0.01; b,dp<0.05; b,ep<0.001Group A, healthy rabbits, controls, no Jubi Formula® administered; 
Group B, healthy rabbits, Jubi Formula® administered from day 1 – 49; Group C, rabbits infected  with T. b. brucei and Jubi 
Formula® administered from days 1 - 49;Group D, rabbits infected  with T. b. brucei and Jubi Formula® administered from day 10 - 
49; Group E, rabbits infected with T. b. brucei, no Jubi Formula® administered. 

 
 
 
levels. Similarly, the parasite-infected rabbits that were 
treated with Jubi Formula® from the 10th day 
progressively developed lower PCV and Hb 
concentrations, with a PCV value of 26% recorded in one 
of the rabbits. There were significantly lower PCV and Hb 

concentrations in the animals in Group D than those in 
Group C (p<0.05). Like the rabbits in Group C, the rabbits 
in Group D had PCV and Hb concentrations which 
increased gradually from the fifth week of treatment to 
normal  levels.   The   PCV   and   Hb   concentrations   of  
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animals in Group E fell significantly below the normal 
levels. Proportional changes in PCV and Hb 
concentrations of the rabbits during the course of the 
experiment (as calculated in equations 1 and 2) are 
shown in Figures 1 and 2. The maximum reductions in 
PCV and Hb concentrations in the untreated rabbits 
infected with T. b. brucei in this study were 32.8±5.8% 
and 35.2±3.0%, respectively.  
 

Figure 1. Proportional change in PCV levels of healthy and T. b. 
brucei-infected rabbits either treated or untreated with Jubi 
Formula®. 
 

 
Figure 2. Proportional change in Haemoglobin concentrations of 
healthy and T. b. brucei-infected rabbits either treated or untreated 
with Jubi Formula®. 
 
 
 

Microscopic examination of the rabbit blood revealed 
macrocytic normochromic anemia within three weeks 
post-infection with the T. b. brucei. Microcytes and 
hypochromia were evident from the third week of 
infection  in   some   infected   animals.   The   macrocytic  
 

 
 
 
 
anaemia later changed to microcytic hypochromic 
anaemia in the infected rabbits. The infected rabbits also 
showed evidence of polychromia from the third week 
post-infection but this was not sustained in the rabbits 
treated with Jubi Formula. Moderate nucleated red cells, 
which were also present in the control groups (group A 
and B) throughout the study period, declined in the 
parasitemia rabbits (groups C – E) from the third week 
post-infection. There were no noticeable abnormalities in 
the red blood cells of the rabbits in groups A and B. 
 
 
DISCUSSION 
 
Trypanosoma brucei brucei is a tissue parasite which 
induces anaemia in infected rabbits, as in other 
susceptible animals such as cattle, dogs, rats, mice 
(Jenkins et al., 1980; McCrorie et al., 1980). As reported 
previously (Jenkins et al., 1980; Mwangi et al., 1995), T. 
b. brucei successfully produced anaemia in all infected 
rabbits resulting in the significant reduction in PCV and 
haemoglobin (Hb) concentrations. The maximum 
reduction in the PCV and Hb concentrations were, 
however, not as low as the 50% that has been reported 
to be possible. Occurrence of parasitemia within 5 to 10 
days post-inoculation with T. b. brucei is in line with the 
parasite’s known incubation period of 5 to 10 days (Maré, 
2000). The PCV and Hb concentrations of healthy rabbits 
treated with Jubi Formula® did not exceed normal levels 
and no abnormalities in the red blood cells of the animals 
were observed suggesting that the herbal preparation 
can be used in healthy rabbits without hematological 
disorder. Nucleated red blood cells found in the blood of 
the treated rabbits are a normal feature of rabbits 
(Emeribe and Anosa, 1991). These observations suggest 
that Jubi Formula® could have a therapeutic role in cases 
of anemia.  

Consistent with previous reports (Emeribe and Anosa, 
1991) is the development of microcytic hypochromic 
anaemia observed in the rabbits within five weeks of 
inoculation of the rabbits with the parasite. Polychromasia 
observed in some of the rabbits infected with T. b. brucei 
is also consistent with previous report of anisocytosis, 
poikilocytosis, polychromasia and punctate basophilia 
which may all occur together, in part or not at all in 
infected animals (Maré, 2000). Iron deficiency anaemia 
observed in the infected rabbits has been reported 
previously (Mwangi et al., 1995) and Jubi Formula® 
appeared to have eliminated the presence of polychromia 
in the rabbits with T. b. brucei-induced anaemia as 
polychromia was not observed in those animals treated 
with the preparation.  

T. b. brucei is known to cause fever, reduced food and 
water intake within 4 to 6 days post-inoculation, anaemia, 
fibrinogenemia, hypertriglyceridemia, hyperproteinemia, 
transient alteration in the number of neutrophils and 
lymphocytes  (January  et  al.,  1991;  Nakamura,   1998),   
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kidney damage (Amole et al., 1990), weight loss and 
severe illness leading to death if untreated (Luckins, 
2000). The parasites are also known to invade brain, 
eyes and skin causing nervous signs, discharge from the 
eyes and oedematous swellings under the skin.  In this 
study, Jubi Formula® was able to produce useful effects 
in reducing the mortality of the parasite infected rabbits, 
and prolonging the life span of the animals. The 
mechanism by which the herbal preparation produced its 
effect on the elevation of PCV and Hb concentrations in 
the experimental rabbits is yet to be determined. The 
herbal preparation may be producing its effects by 
strengthening the body immune system, invigorating the 
defense mechanism, and reducing parasite load in 
infected animals.  

We conclude that Jubi Formula® can increase the PCV 
and Hb concentrations in anemiac laboratory rabbits.  
The progressive recovery of T. b. brucei infected rabbits 
treated with Jubi Formula® is suggestive of progressive 
reduction of parasitemia in the infected animals and 
restoration of PCV and Hb concentrations. The herbal 
preparation may be useful in the treatment of anaemia as 
claimed and may be a potential substitute for blood 
transfusion. The product needs to be further investigated 
for any toxicity prior to clinical trials to ascertain the full 
potentials of the product in anaemia and other disease 
states in human. 
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1. Introduction

mnesia is characterized by loss of memory 
and/or the inability to form memories and 
it represents one of the cardinal hallmarks 
of Alzheimer’s disease (AD), a progressive 
neurodegenerative disorder associated with 
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Introduction: Amnesia or loss of memory is the cardinal hallmark of Alzheimer’s disease 
(AD), a progressive neurodegenerative disorder associated with ageing process. Although, AD 
had been discovered over a century ago, drugs which could cure or halt the progression of the 
disease are yet to see the light of the day. However, there has been a growing interest in the use 
of phytomedicines with multipronged mechanisms of action that could target various aspects 
of the pathologies of AD. Jobelyn (JB) is a potent antioxidant African polyherbal formulation 
with active components that have been acclaimed to show neuroprotection. This investigation 
was carried out to evaluate whether JB has anti-amnesic and antioxidant activities.

Methods: The alteration of alternation behavior in the Y-maze paradigm was utilized as the 
test for memory function in mice.  The effect of JB on acetylcholinesterase (AChE) activity, 
malondialdehyde (MDA) level and the concentrations of glutathione (GSH) in the frontal 
cortex and hippocampus were assessed in rats as means of providing insight into the mechanism 
underlying its anti-amnesic activity. The animals were given JB (1, 2.5 or 5mg/kg, i.p.) daily 
for 7 days before the biochemical assays or test for memory functions were carried out.  

Results: JB was found to produce a significant increase in the level of alternation behavior 
compared with the control, suggesting anti-amnesic activity. Also, JB reversed the memory 
impairment induced by scopolamine, which further indicates anti-amnesic property. 
Furthermore, JB demonstrated a significant inhibition of MDA formation in the frontal cortex 
and hippocampus of rats, indicating antioxidant property.  In addition, it increased the defense 
armory of the brain tissues, as it significantly increased the concentrations of GSH in the 
frontal cortex and hippocampus of rats. However, JB did not demonstrate any inhibitory effect 
against AChE activity in the frontal cortex and hippocampus of rats in comparison with the 
control group.

Discussion: This investigation provides evidence that suggests that JB has anti-amnesic and 
antioxidant properties. Although the present data suggest that the anti-amnesic property of JB 
might be related to its antioxidant activity, more studies are necessary to clarify this observation.
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the ageing process (Hsieh et al., 2010; Baron, Wright, 
& Wenger, 1998). In recent years, considerable data 
have accrued indicating that increased oxidative stress 
is the primary event involved in the pathogenesis of AD 
(Markesbery, 1997; Holttum & Gershon, 1992; Moreira  
et al., 2008).  Oxidative stress occurs when reactive ox-
ygen species (ROS) accumulate in cells, either from ex-
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cessive production or insufficient degradation, resulting 
in injury to DNA, lipids, and proteins (Natalie, Kelsey, 
Heather, Wilkins, Linseman, 2010).  Brain tissue is par-
ticularly susceptible to free radical-mediated injury be-
cause of its high content of readily oxidized fatty acids, 
high oxygen demand and low levels of antioxidant de-
fense systems (Moreira  et al., 2008). Thus, it has been 
proposed that the search for new drugs that could be 
used to cure or halt the progression of AD should be 
directed at the scavenging of ROS or inhibition of their 
formation (Natalie, Kelsey, Heather, Wilkins, Linse-
man, 2010).

Recently, there has been a renewed effort to search 
for compounds from natural products with antioxidant 
property that could be efficacious for the treatment of 
AD (Hsieh et al., 2010; Ming et al., 2010). Jobelyn (JB) 
is a potent African polyherbal antioxidant formulation 
with various phytochemicals obtained mainly from the 
leaves of Sorghum bicolor (Gramineae), a plant that has 
been used for over a century for the treatment of sev-
eral diseases (Erah et al., 2003; Okochi et al., 2003). 
These phytochemicals, especially apigenin, luteolin and 
naringenin have been shown to exhibit neuroprotection 
and to reduce neuroinflammation, suggesting a benefi-
cial role in neurodegenerative diseases like AD (Awika 
and Rooney, 2004; Heo et al., 2004; Liu et al., 2009). 
Although previous investigations have shown that JB 
has anti-anaemic effect (Erah et al. 2003; Okochi et 
al., 2003), there are no experimental data that suggest 
its usefulness in neurodegenerative disorders like AD. 
Thus, this study was carried out to evaluate whether JB 
has anti-amnesic and antioxidant activities in rodents.

2. Methods

2.1. Experimental Animals

Male albino Swiss mice (20–22 g) and  male Sprague-
Dawley rats (180-200 g) used in the study were obtained 
from the Central Animal House, University of Ibadan 
and housed in plastic cages at room temperature with 
12:12 h light–dark cycle. They were fed with rodent 
pellets and water ad libitum. The animals were acclima-
tized for 7 days before use in all experiments. The study 
was carried out in accordance with the ethical guide-
lines of the University of Ibadan for the care and use of 
laboratory animals for experimental investigations.

2.2. Drugs and Chemicals

Jobelyln (Health Forever Products Ltd, Lagos, Nige-
ria), physostigmine-PHY (Burroughs Wellcome Co. 

London) and scopolamine-SC (BDH) were used in the 
study. The drugs were dissolved in distilled water im-
mediately before use and were given intraperitoneally 
(i.p.). The doses of 1, 2.5 and 5 mg/kg of JB used in 
the study were selected based on the results obtained 
from preliminary investigations. All the experimental 
procedures were carried out on day 7, 30 min after last 
treatment.

Experimental Procedures

Behavioral Studies

Effect of JB on Memory Performance

The effect of JB on memory was assessed using the 
Y-maze paradigm as previously described (Casadesus 
et al., 2006). Male mice were randomly distributed into 
treatment groups (n = 6) and were given i.p. injection of 
JB (1, 2.5, 5 mg/kg), PHY (0.10 mg/kg), SC (5 mg/kg) 
or distilled water (10 ml/kg) daily for 7 days. On the day 
of the experiment, 30 min after treatment, the animals 
were placed individually in the maze specifically at the 
end of arm A, and allowed to explore all the three arms 
(A, B, C) freely for 5 min. The number of alternations 
was recorded for the 5 min duration and the percent-
age alternations, which indicates memory performance 
was calculated. The percentage alternation was calcu-
lated by dividing the total number of alternations by 
the total number of arm entries minus two, multiplied 
by 100 (Yan et al., 2001). The ability of JB to reverse 
memory impairment induced by SC was also assessed 
in the study, utilizing the Y-maze paradigm as earlier 
described. The animals (6/group) were pretreated alone 
with SC (5 mg/kg) or in combination with JB (1, 2.5 or 
5 mg/kg) or PHY (0.10 mg/kg) daily for 7 days before 
testing for memory performance. The number of arms 
entries, which indicates the level of spontaneous motor 
activity, was assessed in the Y-maze paradigm.

Biochemical Assays

The animals (6 rats per group) received intraperitoneal 
injection of JB (1, 2.5 and 5 mg/kg), PHY (0.10 mg/
kg), SC (5 mg/kg) or distilled water (10 ml/kg) daily 
for 7 days. Thirty minutes after the last treatment, the 
animals were scarified through cervical dislocation. The 
brain was rapidly removed and kept in the refrigerator 
with ice block for 30 min. Thereafter, the frontal cor-
tex and hippocampus were dissected from the solidi-
fied brain tissues, which were extracted, weighed and 
homogenized separately in phosphate buffer (0.1M, pH 
7.4) at a concentration of 10% w/v.  Each brain tissue 
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homogenates was separated into 3 portions for the dif-
ferent biochemical assays. 

Estimation of acetylcholinesterase activity 

Acetylcholinesterase activity in the brain tissues was 
measured according to the method of Ellman, Courtney, 
Andre, & Featherstone (1961). Briefl , the acetylcho-
linesterase activity  in the homogenate was measured 
by adding  2.6 ml of  phosphate buffer (0.1M, pH 7.4), 
0.1ml of 5,5'-dithio-bis(2-nitrobenzoic acid) (DTNB) 
and 0.4ml of the homogenate. Then, 0.1ml of acetylcho-
line iodide solution was added to the reaction mixture. 
The absorbance was read at 412nm using spectropho-
tometer and the change in absorbance was measured at 
two min interval for a period of ten min. Acetylcholines-
terase activity was expressed as micromoles per minute 
per milligram tissue (μmol/min/mg tissue).

Determination of Reduced Glutathione Con-
centrations

The concentrations of reduced glutathione in the brain 
tissues were determined by the method of Moron, De-
pierre, Mannervik (1979). Equal volumes of each tis-
sue homogenate (0.4ml) and 20% trichloroacetic acid 
(0.4ml) were mixed and then centrifuged at 10,000 rpm 
for 20 min at 4°C.   0.25ml of the supernatant was added 
to 2ml of 0.6mM DTNB. The final volume of the solu-
tion was made up to 3ml with phosphate buffer (0.2M, 
pH 8.0). The absorbance was then read at 412nm against 
blank reagent using a spectrophotometer. The concen-
trations of reduced GSH in the brain tissues were ex-
pressed as micromoles per gram tissue (µmol/g tissue).

Determination of Lipid Peroxidation 

The levels of lipid peroxidation in the brain tissues 
were determined by estimating MDA formation using 
the thiobarbituric acid test (Ohkawa, Ohishi, & Yagi, 
1979). Briefl , 0.5 ml of distilled water and 1.0 ml 10% 
TCA were to 0.5 ml of each homogenate of the brain tis-
sues. The mixture was then centrifuged at 3000 rpm for 
10 min and 0.1 ml of thiobarbituric acid (0.375%) was 
added to ml of the supernatant. The mixture was incu-
bated in a water bath at 80°C for 40 min. Upon cooling, 
the absorbance of the supernatant was measured at 532 
nm using a spectrophotometer. The concentrations of 
MDA in the brain tissues were expressed as micromoles 
per gram tissue (µmol/g tissue).

Statistical Analysis

The data were analyzed using Graph pad prism soft-
ware version 4.00 and data are expressed as mean ± 
S.E.M. Statistical analysis of data was done using One-
way ANOVA, followed by Newman-Keuls post-hoc 
test. P-values less than 0.05 were considered statisti-
cally significant

3. Results

3.1. Effect of JB on Memory Performance

The effect of JB given daily for 7 days on memory 
as measured by the changes in alternation behaviors 
are shown in Figure 1. JB (2.5mg/kg) significantly (p 
< 0.05) increased the level of alternation behaviors 
in comparison with the control group, which suggest 

Figure 1.  Effects of Jobelyn on memory performance in the Y-maze paradigm in mice. Values represent the mean ± S.E.M for 
6 animals per group. *p < 0.05 compared to control group (ANOVA followed by Newman Keuls test).
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memory enhancing activity (Fig. 1). SC (5 mg/kg) giv-
en i.p daily for 7 days produced a significant (p < 0.05) 
reduction in alternation behaviors of mice when com-
pared with the control, indicating memory impairment. 
However, the impairment in spatial memory induced by 
scopolamine was attenuated in a significant (p < 0.05) 
manner by JB (1, 2.5, 5mg/kg) in comparison with the 
group treated with SC alone (Fig. 2). The effect of JB 
administered daily for 7 days on SMA, as measured by 
the number of entries in the Y-maze is shown in Figure 
3. It is evident from Figure 3 that JB (2.5 or 5mg/kg) did 
not significantly (p > 0.05) alter SMA when compared 
with the control group. 

 

3.2. Effect of JB on Acetylcholinesterase Activity

Table 1 shows the effect of JB (1, 2.5, or 5 mg/kg) 
given daily for 7 days on the level of AChE activity in 
the frontal cortex and hippocampus of rats. JB (1, 2.5 
or 5mg/kg) did not inhibit the activity of AChE in the 
frontal cortex and hippocampus of rats compared with 
the control (Table 1). However, it is evident from Table 
1 that JB significantly produced increase in the level of 
AChE activity in the brain regions in comparison with 
the control.   Similar effects were found in the group 
pretreated with PHY (0.1 mg/kg) daily for 7 consecutive 
days (Table 1). 

Figure 2.  Effect of Jobelyn on scopolamine-induced amnesia in mice. Values represent the mean ± S.E.M for 6 animals per 
group. *p < 0.05 treatment groups compared to scopolamine group and **p < 0.05 scopolamine group compared to control 
(ANOVA followed by Newman Keuls test).

Figure 3. Effect of Jobelyn on the total number of entries in the Y-maze paradigm in mice. Values represent mean ± 
S.E.M for 6 animals per group. There are no significant (p > 0.05) differences in the total number of arm entries in 
treatment groups in comparism with the control group (ANOVA followed by Newman Keuls test).
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3.3. Effect of JB on Reduced Glutathione (GSH) 
Concentrations in the Cortex and Hippocampus 
of Rats

The effects of JB (1, 2.5, or 5 mg/kg) given daily for 
7 days on the concentrations of GSH in the cortex and 
hippocampus of rats are presented in Table 2. JB (1, 2.5 

or 5mg/kg) was found to produce a significant (p < 0.05) 
increase in the concentrations of GSH in both the frontal 
cortex and hippocampus of rats in comparison with the 
control (Table 2). As evidenced from Table 2, PHY (0.1 
mg/kg) but not scopolamine given i.p. for 7 consecutive 
days also significantly elevated the concentrations of 
GSH in both the cortex and hippocampus of rats. 

Table 1. Effect of jobelyn on acetylcholinesterase activity in the cortex and hippocampus of rats

Treatment Dose (mg/kg)
AChE activity (μmol/min/mg tissue)

Cortex Hippocampus

Control - 364.3 ± 13.15 319.5 ± 6.51

Scopolamine 5 408.1 ± 8.79* 443.2 ± 14.22*

Jobelyn 1 521.1 ± 17.81* 440.3 ± 16.41*

Jobelyn 2.5 466.1 ± 12.61* 480.6 ± 8.47*

Jobelyn 5 349.3 ± 10.61  365.7 ± 16.97*

Physostigmine 0.1 521.8 ± 12.74*  510.3 ± 16.05*

Values represent the mean ± S.E.M for 6 animals per group. *p < 0.05 compared to control group 
(ANOVA followed by Newman Keuls post hoc test).

Table 2. Effect of JB on reduced glutathione concentration in the cortex and hippocampus of rats

Treatment Dose (mg/kg)
GSH concentration (µmol/g tissue)

Cortex Hippocampus

Control - 34.00± 4.59 28.00 ± 3.27

Scopolamine 5 27.00 ± 1.73 25.33 ±0.33

Jobelyn 1 65.60 ± 2.54* 73.20 ± 2.76*

Jobelyn 2.5 75.50 ± 1.44* 99.75 ± 5.34*

Jobelyn 5 38.25 ± 3.56 44.50 ± 3.38*

Physostigmine 0.1 80.00 ± 2.39* 83.80 ± 3.11*

Values represent the mean ± S.E.M for 6 animals per group. *p < 0.05 compared to control group 
(ANOVA followed by Newman Keuls post hoc test).

3.4. Effect of Jobelyn on malondialdehyde levels 
in the cortex and hippocampus of rats

The effects of JB (1, 2.5, or 5 mg/kg) given daily for 
7 days on the concentrations of MDA in the cortex and 
hippocampus of rats are shown in Table 3.  JB (1, 2.5 
or 5mg/kg) exhibited a significant inhibitory activity 

against MDA formation in both the frontal cortex and 
hippocampus of rats in comparism with the control 
group (Table 3). However, SC (5 mg/kg, i.p) but not 
PHY (0.1 mg/kg) given for 7 consecutive days signifi-
cantly suppressed the concentrations of MDA in both 
the cortex and hippocampus of rats (Table 3).  
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4. Discussion

The results of the study showed that JB increased the 
levels of alternation behaviors in the Y-maze paradigm 
in mice, which suggest anti-amnesic activity. In addi-
tion, the ability of JB to reverse memory impairment 
induced by scopolamine further suggests anti-amnesic 
property.  However, it did not significantly alter the 
number of arm entry in the Y-maze test, indicating ab-
sence of CNS stimulation. The primary behavioral pa-
rameter indicative of memory in the Y-maze test is the 
ability of rodents to remember the sequence of arms en-
try commonly known as spontaneous alternation (Blok-
land, 2005). It has been proposed that the list of arms 
visited is held in working memory and this aspect of 
memory is required to avoid making revisits to the for-
mer arm (Hooper, Fraser, Stone, 1996; Lee et al, 2010). 
Typically, a rodent always  remember the least recently 
visited arm in order to alternate the arm choice and thus 
serves as a measure of short-term memory (Hooper, 
Fraser, Stone, 1996; Lee et al, 2010; Heo et al, 2009). 
Traditionally, the test is used for providing short-term 
spatial recognition memory and based on the ability of 
rodent to learn new information and recall past events 
critical to its existence in the natural environment (Dun-
ning & During, 2003). The findings that JB increased 
alternation performance and reversed the amnesic effect 
of scopolamine suggest that it has memory enhancing 
activity. 

Functional deficits in central cholinergic neurotrans-
mission have been postulated to be involved in the 
pathogenesis of amnesia (Tabet et al., 2000; Blokland, 
2005; Myhrer, 2003).  Drugs such as AChE inhibitors 
that are capable of enhancing central cholinergic neuro-

transmission have been shown to improve memory loss 
or intellectual impairment (Blokland, 2005; Myhrer, 
2003; Brito, Davis, Stopp, & Stanton, 1983; Zhang 
and O'Donnell, 2000; Blokland, 2005; Bejar, Wang, & 
Weinstock, 1999). However, in this study, JB did not in-
hibit but rather like PHY increased the activity of AChE 
in the frontal cortex and hippocampus, the major brain 
regions involved in learning and memory. Although the 
reason for the increase in AChE activity in PHY-treated 
animals is not apparent in this study, it may be related to 
its duration of action and the dose used in the study.  It is 
worthy to note that since PHY has short duration of ac-
tion, it is possible that the enzyme might have regained 
its activity duration the course of the assay (Taylor, 
2001).  This may perhaps explain why the long acting 
AChE inhibitors like tacrine or donepezil are used clini-
cally for the symptomatic relief of AD (Taylor, 2001; 
Kamal,  Greig & Reale, 2009). 

Current data that have accrued over the years revealed 
that increased oxidative stress is the primary event in-
volved in the pathological abnormalities of AD, includ-
ing β-amyloid deposition and cholinergic dysfunction 
(Markesbery, 1997; Tabet et al., 2000). Studies have 
shown that increase in lipid peroxidation and decreased 
polyunsaturated fatty acids occur in AD, which further 
support oxidative stress in the pathology of the disease 
(Lovell, Ehmann, Butler, Markesbery, 1995; Markes-
bery, 1997; Tabet et al., 2000). Oxidative stress occurs 
when reactive oxygen species (ROS) accumulate to 
toxic levels in cells, either from excessive production 
or insufficient degradation, resulting in injury to DNA, 
lipids, and proteins (Natalie, Kelsey, Heather, Wilkins, 
Linseman, 2010). Brain tissue is known to be more sus-
ceptible to the deleterious effects of ROS because un-

Table 3. Effect of Jobelyn on malondialdehyde (MDA) level in cortex and hippocampus of rats

Treatment Dose (mg/kg)
  MDA level (µmol/g tissue)

Cortex Hippocampus

Control - 3.76 ± 0.09 4.56 ± 0.14

Scopolamine 5 5.38 ± 0.09* 6.15 ±0.11*

Jobelyn 1 0.08 ± 0.02* 0.23 ± 0.04*

Jobelyn 2.5 0.15 ± 0.03* 0.19 ± 0.03*

Jobelyn 5  3.33 ± 0.09* 4.12 ± 0.08*

Physostigmine 0.1 0.24 ± 0.03* 0.25 ± 0.08*

Values represent the mean ± S.E.M for 6 animals per group. *p < 0.05 compared to control group 
(ANOVA followed by Newman Keuls post hoc test).
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like many other tissues, it contained small amounts of 
protective antioxidant defense systems (Markesbery, 
1997). The memory impairment in scopolamine-in-
duced animal model of AD was also shown to be as-
sociated with increased oxidative stress, which results 
in the degeneration of cholinergic neurons and of other 
neurotransmitter systems (Blokland, 2005; Myhrer, 
2003; El-Sherbiny, Khalifa, Attia, Eldenshary, 2003; 
Jimenez-Jimenez, Alonso-Navarro, Avuso-Peralta, Jab-
bour-Wadih, 2006).    

Oxidative stress in brain generates oxygen radicals, 
which initiate and propagate lipid peroxidation produc-
ing neuronal changes characterized in patients with AD 
(Coyle & Puttfarcven, 1993).  In this study, JB reduced 
the brain levels of malondialdehyde, which is a measure 
of lipid peroxidation and free radical generation.  At the 
same time there was a significant reduction in levels of 
glutathione, an endogenous antioxidant defense system 
that protect cells against the deleterious effects of ROS 
(Schulz, Linderau & Dichgans, 2000). These finding  
suggest that JB has antioxidant property and by virtue 
of this effect, it might be protecting neurons against the 
damaging effects of ROS, thereby retarding the pro-
gression of AD.  Although more studies are necessary 
particularly on the effect of JB on scopolamine-induced 
oxidative stress, this investigation suggests that the 
antioxidant effect of JB might be playing a significan  
role in its anti-amnesic activity. Previous investigations 
have shown that JB possessed several phytochemicals 
with antioxidant and anti-amnesic properties (Awika & 
Rooney, 2004; Liu et al., 2009).  In particular, narin-
genin and luteolin have been found to increase memory 
performance and to reverse scopolamine-induced am-
nesia in rodents (Liu et al., 2009; Heo et al., 2004). The 
anti-amnesic effect was associated with the antioxidant 
activity of these phytochemicals (Liu et al., 2009; Heo 
et al., 2004).  Thus, the presence of these phytochemi-
cals might be contributing a significant role in the anti-
amnesic and antioxidant activities of JB. 

5. Conclusion

This investigation provides evidence which suggests 
that JB has anti-amnesic activity and might offer some 
promising effects for the treatment of memory deficits  
Although more studies are necessary, the present data 
suggest that the anti-amnesic property of JB appears to 
be mediated through the scavenging of reactive oxygen 
species and/or inhibition of their formation. 
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                                      Antidepressant-like Property of Jobelyn ® , an African 
Unique Herbal Formulation in Mice

  [ 1   ,  2 ]  . The recommended dose by the manufac-
turer is 1 or 2 capsules (1–3 times daily) with 
each capsules consisting of 250 mg.
  The active ingredients in JB were obtained from 
the leaves of a potent antioxidant Sorghum 
bicolor (Gramineae) plant that has been used for 
over a century to treat several diseases in African 
traditional medicine   [ 1   ,  2 ]  . The common names 
of  Sorghum bicolor  include millet, guinea corn, 
broom corn, sweet sorghum and is cultivated 
principally for its nutritional and medicinal val-
ues   [ 4 ]  . The major active ingredients in JB include 
proanthocyanidins, anthocyanidins, apigenidins, 
proapigenidins, apigenins, luteolins and narin-
genins   [ 1   ,  2 ]  . Most of these biologically active 
compounds have been found to exhibit a wide 
range of pharmacological activities   [ 4   ,  5 ]  . In par-
ticular, apigenin, luteolin and naringenin have 
been shown to exhibit neuroprotection and to 
reduce neuroinfl ammation, which indicate their 

         Introduction
 ▼
   Jobelyn ®  (JB) is a dietary supplement that has 
won both local and international recognition as 
anti-anaemic, immune booster and energizer   [ 1 ]  . 
JB is one of the fastest selling herbal medicines in 
Nigeria with most pharmaceutical outlets being 
used as the distribution channels. It is available 
as a powdered preparation formulated into cap-
sules and suspensions for the treatment of mod-
erate to severe anaemia (as in sickle cell patients), 
cancer and HIV/AIDS   [ 2 ]  . It is widely used to 
combat stress and to restore the much needed 
energy during the periods of recovery from 
debilitating diseases or sudden weight loss   [ 1   ,  2 ]  . 
It is also claimed to be helpful in arthritis and 
neurological disorders   [ 1      – 3 ]  . Additionally, JB is 
also known to strengthen the immune system, 
thereby enhances body’s defensive mechanisms 
in response to stress or pathogenic invasions 
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                                      Abstract
 ▼
    Objectives:     The purpose of this investigation 
was to evaluate whether Jobelyn ®  (JB) possesses 
anti-depressant-like property in the mouse 
forced swimming test (FST), tail suspension test 
(TST) and yohimbine-induced lethality test (YLT) 
in aggregated mice.
    Methods:     Mice were given JB (10–100 mg/kg, 
p.o.) daily for 7 days and then subjected to FST,
TST, YLT and open fi eld test. The parameters 
assessed in both FST and TST were the time (s) 
spent in active movement (struggling time), fi rst 
occurrence of immobility (s) and the duration of 
immobility (s). In the YLT, the mortality rate was 
recorded 24 h after yohimbine (35 mg/kg, i.p.) 
administration. In the open fi eld test, the number 
of line crosses and total distance travelled (m) 
were measured for 10 min in the open fi eld 
chamber.

    Results:     JB signifi cantly (p < 0.05) decrease the 
duration of immobility both in the FST and TST, 
which suggests antidepressant-like property. JB 
signifi cantly (p < 0.05) prolonged the time spent 
in active swimming and delayed the fi rst occur-
rence of immobility, indicating endurance pro-
moting eff ect. It potentiated the toxic eff ect of 
yohimbine, which further suggests antidepres-
sant-like activity and facilitation of both seroton-
ergic and noradrenergic neurotransmissions. 
However, JB did not signifi cantly increase the 
locomotor activity in the open-fi eld test.
    Conclusions:     Jobelyn ®  has antidepressant-like 
activity, which may be related to the stimulation 
of serotonergic and noradrenergic pathways. The 
ability of Jobelyn ®  to delay the onset of immobil-
ity and to prolong the struggling time support its 
use as energizer in general body weakness or 
exhaustion.
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therapeutic usefulness in central nervous system disorders   [ 4         – 7 ]  . 
Although previous studies have confi rmed the anti-anaemic 
eff ect of JB   [ 1   ,  2 ]  , several other medicinal claims especially in 
central nervous system disorders are yet to be verifi ed scientifi -
cally. This present study which describes the antidepressant 
property of JB is a part of our ongoing investigations on the psy-
chopharmacological activities of this unique herbal formulation 
in experimental animals.
  It is well recognized that a high levels of sustained stress is asso-
ciated with the natural course of several illnesses especially 
depression   [ 8 ]  . Prolonged intense stress produced lowered 
mood and depletion of monoamines that played crucial role in 
the regulation of emotion and behavior   [ 8   ,  9 ]  . Thus, a common 
neurochemical abnormality particularly noradrenergic system/
serotonergic system exist between depressions and prolonged 
psychosocial stress   [ 8      – 10 ]  . Furthermore, depressed individuals 
and those under prolonged intense stress exhibit low tolerance 
to frustration and are more prone to exhaustion   [ 8   ,  11 ]  . The use 
of JB as an energizer in the state of exhaustion and relieve of 
stress suggest that it might contain psychopharmacologically 
active compounds with anti-depressant property. Thus, this 
present investigation was carried out to evaluate whether 
Jobelyn ®  has anti-depressant-like property in rodent models 
predictive of endogenous depression in humans.

    Materials and Methods
 ▼
    Experimental animals
  Male albino Swiss mice (20–22 g) were obtained from the Cen-
tral Animal House, University of Ibadan. The animals were 
housed in plastic cages at room temperature and they had free 
access to commercial food pellets and water ad libitum. They 
were acclimatized for at least one week before use for all experi-
ments. The study was carried out in accordance with the ethical 
guidelines of the University of Ibadan for the care and use of 
laboratory animals for experimental studies.

    Drugs and treatment
  Imipramine (IM) hydrochloride (Sigma-Aldrich, St. Louis, USA), 
yohimbine (Sigma, USA) and Jobelyn ®  (Health Forever Products 
Ltd, Lagos, Nigeria) were used in the study. All drugs were dis-
solved in distilled water immediately before use and were given 
orally. The doses of 10, 50 and 100 mg/kg of JB used in the study 
were selected based on the results obtained from preliminary 
investigations. All the experimental procedures were started on 
day 7, 60 min after treatment.

     Experimental Procedures
 ▼
    Forced swim test (FST)
  The forced swim test is the most widely used test to evaluate 
depression-like behavior exhibited by mice   [ 12 ]  . The FST was 
carried out according to the method of Porsolt et al.   [ 13 ]  . Mice 
(6/group) were forced to swim individually in a glass jar (height: 
20 cm, diameter: 10 cm) fi lled with water (depth: 15 cm) at a 
temperature of 25 ± 2 °C for 6 min. The duration of immobility (s) 
was recorded during the last 4 min of a 6 min observation period. 
A mouse was judged to be immobile when it remained fl oating 
in an upright position with the head above the water level. In 
addition, the struggling time (s) and fi rst occurrence of immo-

bility (s) were also measured. Struggling time was defi ned as the 
total time spent swimming with active limb motions during the 
6 min test. Latency of immobility was defi ned as the duration 
from the start of the experiment to the fi rst appearance of 
4-limb immobility.

    Tail suspension test (TST)
  The TST was carried out according to the method previously 
described   [ 14      – 16 ]  . Mice (6/group) were individually suspended 
by the tail to a cord of about 50 cm in length stretched between 
2 metal retort-stands at a height of 70 cm. After the initial 2 min 
period of vigorous motor activity, the mice became still and the 
immobility time (s) was measured with a stopwatch for a period 
of 4 min. Mice were considered immobile when they hung pas-
sively and completely motionless   [ 14 ]  . In addition, the strug-
gling time (s) and fi rst occurrence of immobility (s) were also 
measured. Struggling time was defi ned as the total time spent 
with active limb movements during the 6 min test. Latency of 
immobility was defi ned as the duration from the start of the 
experiment to the fi rst appearance of 4-limb immobility.

    Yohimbine lethality test
  The antidepressant eff ect of JB was further evaluated utilizing 
the potentiation of yohimbine-induced lethality test in mice, as 
previously described   [ 17 ]  . Mice (10/group) received JB, 60 min 
before i.p. injection of yohimbine (35 mg/kg) and were immedi-
ately placed in cages. The numbers of death in each group were 
recorded 24 h after yohimbine administration.

    Eff ect of Jobelyn on spontaneous motor activity (SMA)
  The open fi eld test was employed to screen the eff ect of JB on 
SMA in mice. Mice (6 per group) were given JB (10–100 mg/kg, 
p.o.), IM (25 mg/kg, p.o.), or vehicle (10 ml/kg, p.o.) 60 min before 
each animal was placed in the center of an open fi eld chamber 
(72 cm × 72 cm × 36 cm). The number of line crosses and total dis-
tance travelled (m) for 10 min were recorded   [ 18 ]  .

    Statistical analysis
  The data were expressed as mean ± S.E.M. The data were ana-
lyzed with Graph Pad Prism software version 4.03. Statistical 
analysis of data was done by One-way ANOVA, followed by Tukey 
post-hoc test. A level of p < 0.05 was considered as statistically 
signifi cant.

     Results
 ▼
    Eff ects of Jobelyn ®  on the performance of mice in the 
forced swim test
  The eff ect of JB on performance of mice in the forced swim test, 
as measured by the fi rst occurrence of immobility, duration of 
immobility and struggling time are presented in      ●  ▶     Table 1  . One-
way ANOVA showed that there were signifi cant diff erences 
between treatment groups: fi rst occurrence of immobility [F (10, 
55) = 77.14, p ≤ 0.05], duration of immobility [F (10, 55) = 142.9,
p < 0.05] and struggling time [F (10, 55) = 112.5, p < 0.05]. Post-hoc 
analysis showed that JB (10, 50 and 100 mg/kg, p.o.) produced a 
signifi cant decrease in the period of immobility when compared 
with control. Furthermore, JB signifi cantly prolonged the strug-
gling time and also delayed the fi rst occurrence of immobility in 
comparison with control (     ●  ▶     Table 1  ).
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       Eff ects of Jobelyn ®  on the performance of mice in the 
tail suspension test
       ●  ▶     Table 2   showed the eff ects of JB on tail suspension test, as 
measured by fi rst occurrence of immobility, duration of immo-
bility and struggling time in mice. One-way ANOVA reveals that 
there were signifi cant diff erences between treatment groups: 
fi rst occurrence of immobility [F (10, 55) = 281.3, p < 0.05], dura-
tion of immobility [F (10, 55) = 390.8, p < 0.05] and struggling 
time [F (10, 55) = 196.7, p < 0.05]. Post-hoc analysis showed that 
the JB (10, 50 and100 mg/kg) and IM treated groups were sig-
nifi cantly diff erent (p < 0.05) when compared with control. JB 
signifi cantly (p < 0.05) shortened the duration of immobility in 
the tail suspension test, which indicates antidepressant eff ect.

       Jobelyn ®  potentiates lethality induced by yohimbine in 
aggregated mice
  The eff ect of JB (10, 50 and 100 mg/kg, p.o.) on yohimbine-
induced lethality are depicted in      ●  ▶     Fig. 1  . Post-hoc analysis 
showed that JB (10–50 mg/kg, p.o.) signifi cantly (p < 0.05) poten-
tiated the lethal eff ect of yohimbine (35 mg/kg, i.p.), which was 
comparable to that of IM. However, at a dose of 100 mg/kg, JB did 
not signifi cantly (p > 0.05) potentiate the toxic eff ect of yohim-
bine in mice (     ●  ▶     Fig. 1  ). Although, JB (10 mg/kg, 50 mg/kg) sig-
nifi cantly potentiated the lethal eff ect of yohimbine, it did not 
produce any toxic symptoms or death in mice when given alone.

     Eff ect of Jobelyn ®  on spontaneous motor activity
       ●  ▶     Table 3   indicates the eff ects of JB on locomotor activity in the 
open fi eld test, as measured by the number of line crosses and 
total distance travelled (m). One-way ANOVA indicated that there 
were no signifi cant diff erences in motor activity of the animals 
when treated with daily doses of JB (10–100 mg/kg, p.o.) for 7 days 
as compared with control: number of line crosses [F(10, 55) = 4.11, 
p > 0.05] and total distance travelled [F(10, 55) = 4.14, p > 0.05].

        Discussion
 ▼
   The results of this study revealed that JB reduced the duration of 
immobility in the forced swim and tail suspension tests in mice, 
indicating antidepressant-like eff ect. JB also increase the ability 
of the animals to copy with the aversive situations, as shown by 
increase in struggling time and delay in the fi rst occurrence of 
immobility in the FST and TST. The FST and TST are stress mod-
els widely used as valid behavioral paradigms for the evaluation 
of antidepressant drugs in rodents   [ 13   ,  14 ]  . In both tests, rodents 
are exposed to an aversive situation from which there is no 
escape, and will, after periods of agitation, cease attempts to 
escape and become immobile   [ 13   ,  14 ]  . Thus, the appearance of 
immobility indicates a state of exhaustion, lowered mood (hope-
lessness) or despairs and antidepressant drugs are known to 
decrease the period of immobility in rodents   [ 12   ,  19 ]  . However, 
the anti-immobility eff ect of JB was not associated with central 
nervous system stimulation, as it did not signifi cantly increase 
the SMA in the open-fi eld test. This further suggests that the 
anti-immobility activity exhibited by JB refl ects a true antide-
pressant-like eff ect. The YLT was further used to validate the 
antidepressant-like property of JB. The potentiation of yohim-
bine-induced lethality in aggregated mice has served as an addi-
tional paradigm for the routine screening of compounds with 
antidepressant activity   [ 17 ]  . Thus, the fi ndings that JB enhanced 
the lethal eff ect of yohimbine further suggest that it may have 
antidepressant-like property.

  Table 1    Eff ect of Jobelyn ®  on performance of mice in the forced swimming 
test. 

  Treatment    Struggling 

time (s)  

  First occurrence of 

immobility (s)  

  Duration of 

immobility (s)  

  Control    175.50 ± 5.25    71.00 ± 3.44    154.00 ± 5.27  
  JB 100 mg/kg    210.70 ± 4.09*    89.17 ± 3.41*    129.70 ± 2.86*  
  JB 50 mg/kg    282.20 ± 6.20*    97.67 ± 2.46*    58.17 ± 2.30*  
  JB 10 mg/kg    305.50 ± 4.11*    108.50 ± 3.05*    30.00 ± 3.53*  
  IM 25 mg/kg    326.20 ± 6.66*    154.20 ± 2.76*    24.50 ± 4.37*  
 Values represent the mean ± S.E.M for 6 animals per group. *p < 0.05 compared to 
control group (ANOVA followed by Tukey’s post-hoc test) 

  Table 2    Eff ect of Jobelyn ®  on performance of mice in the tail suspension 
test. 

  Treatment    Struggling 

time (s)  

  First occurrence 

of immobility (s)  

  Duration of 

immobility (s)  

  Control    273.30 ± 3.94    72.67 ± 1.31    99.50 ± 2.46  
  JB 100 mg/kg    296.20 ± 5.26*    92.50 ± 1.46*    83.67 ± 1.54*  
  JB 50 mg/kg    304.80 ± 6.06**    94.83 ± 2.89*    65.83 ± 1.30*  
  JB 10 mg/kg    327.00 ± 3.39*    103.00 ± 3.82*    47.33 ± 1.93*  
  IM 25 mg/kg    356.30 ± 2.39*    242.50 ± 3.76*    43.50 ± 1.46*  
 Values represent the mean ± S.E.M for 6 animals per group. *p < 0.05 compared to 
vehicle control group (ANOVA followed by Tukey’s post-hoc test) 

  Table 3    Eff ect of Jobelyn ®  on spontaneous motor activity in mice. 

  Treatment   Number of 

line crosses  

  Total distance 

travelled (m)  

  Control    167.20 ± 4.73    3.01 ± 0.08  
  JB 100 mg/kg    165.80 ± 3.66    2.99 ± 0.07  
  JB 50 mg/kg    148.70 ± 3.69    2.68 ± 0.07  
  JB 10 mg/kg    169.30 ± 4.55    3.05 ± 0.08  
  IM 25 mg/kg    172.00 ± 3.10    33.10 ± 0.06  
 Values represent the mean ± S.E.M for 6 animals per group. JB did not signifi cantly 
alter the locomotor activity when compared to vehicle control group (p > 0.05, 
ANOVA followed by Tukey’s post-hoc test) 

    Fig. 1    Eff ect of Jobelyn ®  on yohimbine-induced lethality in aggregated 
mice. Each column represents the mean ± S.E.M (n = 10 per group). 
*p < 0.05 compared to control group (ANOVA). 
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  The pathological basis of depression is closely linked with 
reduced brain levels of monoamines especially norepinephrine 
and serotonin   [ 8   ,  9 ]  . Although the factors that trigger the deple-
tion of these brain transmitters are not yet clearly established, 
prolonged intense stress appears to play a predominant role 
  [ 8   ,  9 ]  . Both preclinical and clinical studies have confi rmed that 
stress may precipitate depressive illness, as a consequence of the 
depletion of brain monoamines   [ 19      – 21 ]  . Thus, the most com-
mon models predictive of antidepressant activity are performed 
under intense stressful conditions in rodents   [ 12 ]  . In addition, 
antidepressant drugs are known to reduce the duration of 
immobility through facilitation of both serotonergic and 
noradrenergic neurotransmissions in these animal models   [ 23      –
 25 ]  . Although further studies are necessary before drawing any 
conclusions on how JB exerts its antidepressant-like action, the 
data obtained from this present investigation suggests that it 
possesses phytochemicals that might be interacting with sero-
tonergic and noradrenergic pathways. This suggestion is in 
accordance with the results obtained from the YLT, as yohimbine 
is known to interfere with both noradrenaline and serotonin 
functions   [ 26   ,  27 ]  . Specifi cally, yohimbine induces lethality in 
grouped mice through the release of catecholamines from the 
brain and adrenal glands as consequence of antagonism of pres-
ynaptic α 2 -adrenergic receptors   [ 28   ,  29 ]  . In addition, antago-
nism of presynaptic α 2 -adrenergic receptors promotes the 
release of serotonin, which further contributes to the overall 
toxicity caused by yohimbine   [ 28   ,  30 ]  . Thus, the major event 
involved in yohimbine toxicity is an overall increase in seroton-
ergic and noradrenergic neurotransmissions   [ 17 ]  . Compounds 
with antidepressant property are known to potentiate the lethal 
eff ect of yohimbine by enabling the amines to reach the recep-
tors in greater amounts, either by inhibiting their reuptake or by 
reducing their inactivation   [ 17   ,  28   ,  30 ]  . Although the mode of 
interaction of JB with yohimbine in aggregated mice is yet to be 
established, previous studies had shown that naringenin, a phe-
nolic compound presence in JB inhibited monoamine oxidase 
(MAO), an enzyme responsible for the inactivation of monoam-
ines   [ 5   ,  6 ]  . Thus, it is suggestive that the presence of naringenin 
in JB might be contributing to the overall toxicity of yohimbine 
in aggregated mice through the elevation of noradrenaline and 
serotonin levels. Furthermore, studies had also established the 
antidepressant activity of naringenin, as a consequence of MAO 
inhibition   [ 5   ,  6 ]  . Therefore, it is likely that the presence of narin-
genin in JB might be playing a signifi cant role in its antidepres-
sant-like property observed in this study.
  Psychomotor stimulants which are clinically ineff ective as anti-
depressants are known to show antidepressant-like eff ects in 
the FST and TST   [ 18 ]  . Thus, to discount the possibility of false 
positives, JB was evaluated for its eff ects on SMA in the open 
fi eld test. JB did not increase SMA in mice, which suggest that the 
anti-immobility eff ect, refl ect a true antidepressant-like action, 
as antidepressant drugs are known to reduce immobility period 
at doses that do not cause a signifi cant increase in locomotor 
activity of rodents in the open fi eld tests   [ 25 ]  .

    Conclusion
 ▼
   The present study reveals that JB has antidepressant-like activ-
ity and may play a role in the elevation of mood in depressed 
patients. Furthermore, the ability of JB to delay the onset of 
immobility and to prolong the struggling time may contribute to 

its usefulness as an energizer in general body weakness or 
exhaustion.
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Pharmacological evaluation of the analgesic and 
anxiolytic activities of Jobelyn® in mice

Abstract

Background: This study presents the results of the phar-
macological evaluation of the analgesic and anxiolytic 
potentials of Jobelyn®, a potent antioxidant African herbal 
formulation, in mice. The analgesic effect was assessed 
utilizing acetic acid-induced writhing, tail immersion and 
formalin-induced paw licking pain models. The anxiolytic 
activity was evaluated using elevated-plus maze (EPM) 
and light/dark box.
Methods: Mice (5/group) were treated with JB (10–200 
mg/kg, p.o.) 1 h before the tests were carried out. In the 
writhing test, the number of abdominal constrictions was 
recorded for a period of 30 min after induction of nocicep-
tion with 0.6% acetic acid, i.p. In the tail immersion test, 
the latency to tail withdrawal responses to noxious heat 
was measured. The duration of paw licking (s) was meas-
ured as an index of nociception in the formalin test. In the 
anxiolytic test, the patterns of transition in the two arms 
of the EPM and in the light/dark box were assessed.
Results: JB (10–200 mg/kg, p.o.) significantly inhibited the 
inflammatory pain produced by acetic acid as evidenced 
by decreased number of abdominal constrictions in com-
parison with the control. It also shows higher potency in 
suppressing the inflammatory pain associated with the 
second phase of the formalin test. However, JB did not 
exhibit anxiolytic properties nor modify the pain behavior 
in the tail immersion test.
Conclusions: The results obtained from this study sug-
gest that Jobelyn® might be efficacious against inflamma-
tory pain and further support its recommendation for the 
management of pain with inflammation as the underlying 
factor.

Keywords: analgesic; anxiety; inflammatory pain; 
Jobelyn®.
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Introduction

Pain and anxiety are common interrelated ailments that 
usually impair the quality of life of the individuals [1–3]. 
Pain especially of persistent nature often leads to expres-
sion of characteristic behaviors, which include anxiety, 
despair and other forms of mental anguish [1, 2]. In addi-
tion, anxiety due to severe pain can lead to activation of 
the sympathetic nervous system, which in turns enhances 
pain by provoking the release of pain mediators [4]. Thus, 
anxiety is an integral component of severe pain and its 
role in clinical settings led to the suggestion that many 
patients suffering from tissue injury require sedation for 
their emotional states more urgently than the need to 
reduce their pain [3, 5, 6].

The clinical efficacy of current drugs used for the 
treatment of pain and anxiety has been compromised 
by the incidence of intolerable side effects [7, 8]. Thus, 
current research efforts are directed toward the develop-
ment of phytomedicines that are generally recognized 
to be safer and readily accessible for the treatment of 
various ailments affecting man [9]. Jobelyn® (JB) is a 
commercial herbal supplement obtained from the leaf 
sheath of Sorghum bicolor (Gramineae) and is available 
as capsules and oral suspensions in most pharmaceutical 
outlets in Nigeria [10, 11]. Each capsule contains 250 mg 
and one or two capsules are usually taken 1–3 times daily 
depending on the severity of the ailment. Although JB is 
currently prescribed for the treatment of anemia, there 
are claims in the literature for its usefulness in pain asso-
ciated with inflammatory disorders such as rheumatoid 
arthritis [10, 11].

Jobelyn® contains various active compounds such 
as apigeninidins, luteolinidins, narigenins, apigenins 
and luteolins, which have been shown to exhibit several 
pharmacological activities such as antidepressant, anti-
oxidant and antinflammatory [12–14]. Previous preclini-
cal studies have confirmed the antianemic property of JB, 
as it increased the packed cell volume and hemoglobin 
concentrations in anemic rabbits [10, 11]. In addition, JB 
was shown to improve memory performance in Y-maze 
paradigm and suppress the levels of oxidative stress para-
meters in rat brains [15]. However, no detailed study has 
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been carried out to establish its usefulness in the manage-
ment of pain. Thus, the present investigation describes 
the pharmacological evaluation of the analgesic activity 
of Jobelyn® in mice and as well as testing its effects on 
anxiety states in animal models.

Materials and methods

Drugs and chemicals
Diazepam (Sigma-Aldrich, St. Louis, MO, USA), Jobelyln® (Health 
Forever Products Limited, Lagos, Nigeria), morphine (Sigma–
Aldrich, St. Louis, MO, USA), acetylsalicylic acid (Sigma-Aldrich, 
St. Louis, MO, USA), acetic acid (BDH Chemicals Limited, UK) and 
formalin (BDH Chemicals Limited, UK) were used in the study. All 
drugs were dissolved in distilled water immediately before admin-
istration. The doses of 10, 50, 100 and 200 mg/kg of JB used in the 
study were chosen based on the results obtained from preliminary  
investigations.

Experimental animals
Male albino Swiss mice (20–24 g) were obtained from the Central Ani-
mal House, University of Ibadan, Ibadan, Nigeria and were housed 
in plastic cages at room temperature. They were allowed free access 
to commercial food pellets and water ad libitum. The study was car-
ried out in accordance with the ethical guidelines of the University 
of Ibadan and National Institutes of Health for the care and use of 
laboratory animals for experimental investigations.

Effect on acetic acid-induced abdominal 
constrictions
Acetic acid-induced abdominal constrictions, an animal model of 
nociception was used to evaluate the analgesic property of JB accord-
ing to the method previously described [16]. Mice were randomly dis-
tributed into various treatment groups (5 per group) and were given 
JB (10, 50, 100, 200 mg/kg, p.o.), acetylsalicylic acid (150 mg/kg, p.o.) 
or distilled water (10 mL/kg; p.o.). One hour later, nociception was 
induced by intraperitoneal injection of 0.6% acetic acid (10 mL/kg). 
Thereafter, the numbers of abdominal constrictions or writhes were 
recorded for a period of 30 min.

Effect on formalin-induced paw licking
Formalin-induced paw licking test was further employed to screen 
the analgesic property of JB according to the method of Hunkaar and 
Hole [17]. Mice were treated orally with JB (10, 50, 100, 200 mg/kg, 
p.o), morphine (5 mg/kg, i.p) or distilled water (10 mL/kg, p.o.). One 
hour later, each mouse received an intra-plantar injection of 20 µL 
of 0.5% formalin in the right-hand paw. The time (in seconds) spent 
in licking the injected paw (an index of nociception) was measured 

in the first (0–5 min) and second (20–30 min) phases after formalin 
injection.

Effect on tail withdrawal latency to noxious 
heat
The effect of JB on hot water-induced tail withdrawal responses was 
carried out according to the method of Janssen et al. [18]. Mice were 
treated with JB (10, 50, 100, 200 mg/kg, p.o.), morphine (5 mg/kg, 
i.p.) or distilled water (10 mL/kg; p.o.). One hour later, the tail of each 
animal (up to 5 cm) was dipped in hot water at 55 ± 0.5°C. The time (in 
seconds) it took the animal to withdraw the tail clearly out of the hot 
water was measured. The cut-off time of 10 s was used to avoid tissue 
damage [18].

Performance of Jobelyn® in the Elevated Plus 
Maze test
The effect of JB on anxiety was evaluated utilizing the EPM paradigm 
according to the procedure previously described [19]. The plus maze 
apparatus consisted of two open arms, measuring 16 × 5 cm, and two 
closed arms, measuring 16 × 5 × 12 cm, connected to a central platform 
(5 × 5 cm). It is also elevated to a height of 25 cm above the floor [20]. 
Mice were randomly distributed into six treatment groups (n = 5). The 
animals in the first four groups received JB (10, 50, 100, 200 mg/kg, 
p.o.) whereas those in fifth group were treated with DPZ (1 mg/kg, 
p.o.). The last group received distilled water (10 mL/kg, p.o.), which 
served as control. One hour later, each mouse was placed at the 
centre of the maze, facing an open arm and allowed to explore it for 
5 min. The number of entries and time(s) spent in each arm of the 
EPM were recorded for the period of 5 min [20].

Performance of Jobelyn® in the light/dark 
box test
The light/dark transition test was further employed to assess the 
anxiolytic property of JB according to the method of Crawley [21]. 
The apparatus consisted of a rectangular box (45 × 27 × 27 cm), parti-
tioned into two compartments connected by a 7.5 × 7.5 cm opening in 
the wall between the two compartments [22]. Mice (5 per group) were 
given JB (10, 50, 100, 200 mg/kg, p.o.), DPZ (1 mg/kg, p.o) or distilled 
water (10 mL/kg, p.o.). One hour later, each mouse was placed in 
the illuminated compartment of the box. Thereafter, the number of 
entries and time spent in the light and dark compartments of the box 
were measured in 5 min sessions.

Statistical analysis
The data were expressed as mean ± S.E.M. The data were analyzed 
with Graph Pad Prism Software version 4.03 (JR Miller, San Diego, 
CA, USA). Statistical analysis of data was done by One-way ANOVA, 
followed by Newman-Keuls multiple comparison test. A level of 
p < 0.05 was considered as statistically significant.
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Table 1 Effect of Jobelyn® on acetic acid-induced abdominal con-
strictions in mice.

Treatment   Dose, mg/kg   Number of abdominal 
constrictions

Control   –   60.60 ± 1.94
Jobelyn®   10   50.40 ± 2.73a

Jobelyn®   50   46.20 ± 2.25a

Jobelyn®   100   44.20 ± 2.87a

Jobelyn®   200   40.40 ± 1.81a

Acetylsalicylic acid   150   15.80 ± 1.42a

Values represent the mean ± SEM for five animals per group. ap < 0.05 
compared to control (ANOVA followed by Newman-Keuls multiple 
comparison test).

Table 2 Effect of Jobelyn® on formalin-induced nociceptive 
responses in mice.

Treatment   Dose, mg/kg   Duration of paw licking, s

    Neurogenic 
pain (0–5 min)

  Inflammatory 
pain (20–30 min)

Control   –   84.00 ± 3.11   108.80 ± 3.09
Jobelyn®   10   73.80 ± 4.79a   77.00 ± 4.06a

Jobelyn®   50   69.20 ± 3.51a   67.60 ± 3.27a

Jobelyn®   100   66.40 ± 3.01a   64.40 ± 2.69a

Jobelyn®   200   63.20 ± 4.12a   59.60 ± 4.18a

Morphine   5   11.80 ± 1.50a   10.20 ± 1.46a

Values represent the mean ± SEM for 5 animals per group. ap < 0.05 
compared to control (ANOVA followed by Newman-Keuls multiple 
comparison test).

Table 3 Effect of Jobelyn® on tail withdrawal latency to noxious 
heat in mice.

Treatment   Dose,  
mg/kg

  Tail withdrawal 
latency, s

Control   –   0.49 ± 0.02
Jobelyn®   10   0.54 ± 0.03
Jobelyn®   50   0.55 ± 0.04
Jobelyn®   100   0.56 ± 0.04
Jobelyn®   200   0.58 ± 0.02
Morphine   5   2.80 ± 0.13a

Values represent the mean ± SEM for five animals per group. ap < 0.05 
compared to control (ANOVA followed by Newman-Keuls multiple 
comparison test).

Results

Effect of Jobelyn® on acetic acid-induced pain

Intraperitoneal injection of 0.6% of acetic acid was found 
to cause pain characterized by abdominal constrictions 
in all vehicle-treated animals (Table 1). However, the 
frequency of abdominal constrictions were significantly 
(p < 0.05) suppressed by JB (10–200 mg/kg) in compar-
ism with the control, which suggest analgesic activity. A 
similar effect was observed in acetylsalicylic acid-treated 
group, as the animals showed reduced pain behavior 
(Table 1).

Effect of Jobelyn® on formalin-induced pain

Intra-plantar injection of 20 µL of 2% formalin elicited 
nociceptive responses characterized by paw licking, which 
occurred in two phases namely neurogenic and inflam-
matory pains. These pain behaviors were significantly 
(p < 0.05) reduced by JB (10, 50, 100, 200 mg/kg) when 
compared with the control group (Table 2). As shown in 
Table 2, the reference drug, morphine, also inhibited both 
phases of the formalin test.

Effect of Jobelyn® on tail withdrawal 
response to noxious heat

Jobelyn® (10, 50, 100, 200 mg/kg) did not modify the pain 
behavior of mice, as it failed to significantly (p > 0.05) alter 
the tail withdrawal latencies from the hot water at 55°C 
when compared with the control group (Table 3). However, 
morphine (5 mg/kg) significantly (p < 0.05) prolonged the 
reaction time of the animals to the noxious heat (Table 3).

Jobelyn® did not produce anxiolytic effect in 
mice

Jobelyn® (10–200 mg/kg) did not show any anxiolytic 
effect, as it did not significantly (p > 0.05) change the fre-
quency of entries and duration of time spent in the open 
arms of the EPM in comparism with control (Figures 1 and 
2). Also, Jobelyn® (10–200 mg/kg) did not significantly 
(p > 0.05) increase the amount of time spent in the light 
compartment of the light/dark box, which further suggests 
the absence of anxiolytic activity (Figure 3). However, 
as shown in Figures 1–3, diazepam (1 mg/kg) exhibited 
anxio lytic activity in both EPM and the light/dark tests.

Discussion
The results of this study showed that JB reduced the 
frequency of abdominal constrictions produced by 
acetic acid in mice. Acetic acid as a corrosive chemical 
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substance produces severe necrosis and inflammation 
of the peritoneal regions that provoke the peripheral 
release of pain mediators [23]. These mediators including 
bradykinin, serotonin and prostaglandins stimulate or 
sensitize nociceptors to cause pain [24]. Prostaglandins 
in particular play a central role in amplification of pain 
episodes associated with tissue injury as a result of their 
ability to lower pain threshold to other algogenic sub-
stances [23–25]. Thus, drugs with analgesic properties 
like non-steriodal anti-inflammatory drugs (NSAIDs), 
which block prostaglandin synthesis, attenuate the 
noxious effect of acetic acid in rodents [23, 26]. Thus, 
the inhibitory effect shown by JB against acetic acid-
induced pain suggests the presence of a phytochemical 
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open arms in the elevated plus maze.
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Figure 1 Effect of Jobelyn® on the duration of time spent in the 
elevated plus maze.
Values represent the mean ± SEM for 5 animals per group. *p < 0.05 
compared to control (ANOVA followed by Newman-Keuls multiple 
comparison test).
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Figure 3 Effect of Jobelyn® on time spent in dark and light compart-
ments in the light and dark box.
Values represent the mean ± SEM for 5 animals per group. *p < 0.05 
compared to control (ANOVA followed by Newman-Keuls multiple 
comparison test).

substance (s) with peripheral analgesic activity. Also, 
the finding that JB more potently suppressed the nocic-
eptive responses associated with the second phase of the 
formalin test further supports the notion that it is more 
active against inflammatory pain.

Formalin was shown to cause pain, which occurred 
in two phases (neurogenic and inflammatory pains) and 
it is often used to distinguish the mode of action of drugs 
with an analgesic property [27]. The neurogenic pain (first 
phase) of the formalin test, which is centrally mediated, 
occurs immediately and is due to direct stimulation of 
nociceptors [28]. However, the inflammatory pain (second 
phase) component of the formalin test, which occurred 
much later, is mediated through the peripheral release 
of inflammatory mediators and is characterized by local 
tissue injury or inflammation [17, 27]. Whereas centrally 
acting analgesics, like opiods, eliminate the pain episodes 
associated with the two phases of formalin injection, 
NSAIDs, which act peripherally, are only effective against 
the second phase that has inflammation as the under-
lying factor [17, 23, 26–28]. Although JB inhibited both 
phases of the formalin-induced pain, its failure to alter the 
reaction time of mice to noxious heat in the tail immer-
sion test, which is centrally mediated, suggest an action 
that differs from the opiods. It is worthy to note that the 
opiods or morphine-like drugs eliminate all forms of pain 
modalities, an action attributed to their ability to raise 
pain threshold and to alter the patients’ reaction to pain 
[27–30]. Although more studies are necessary before any 
meaningful conclusions can be drawn on how JB reduces 
pain in animals; data obtained from this investigation, 
suggests an action related to inhibition of peripheral 
release of prostaglandins.
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Pain, especially of persistent nature, often leads to 
expression of characteristic behaviors, which include 
anxiety, despair and other forms of mental anguish [1, 2, 5].  
In addition, emotional disturbances related to anxiety 
or worry can trigger or exacerbate painful conditions [3, 
5, 31]. Thus, anxiety is an integral component of pain 
responses and its role in clinical settings led to the sugges-
tion that many patients suffering from severe tissue injury 
require sedation for their emotional states more urgently 
than to reduce pain [6, 31]. The reputation of morphine-
like drugs in the management of terminal pain is majorly 
related in part to their ability to alter the emotional reac-
tion of patients to pain [1, 30]. However, in this study, JB 
did not show any anxiolytic property in the EPM and light/
dark transition paradigms.

The EPM and light/dark transition paradigms are 
used for detecting drugs with anxiolytic property in 
rodents [32–34]. The role of EPM as a model for assess-
ing anxiety is based on the natural aversion of rodents 
for open environment [33]. Thus, mice taken from their 
home cage naturally display a pattern of behavior char-
acterized by avoidance of the open-arm of the EPM with 
consistent preference for the closed arm [33]. Therefore, 
the measures indicative of anxiolytic activity are based 
on increases in the number of open arm entries and the 
total time spent in the open arm [33, 34]. In this test, JB 
did not significantly increase the number of open arm 
entries and time spent in the open arm, which suggests 
absence of anxiolytic activity. Also, the natural tendency 
for rodents is to avoid the light compartment and show 
preference for dark region of the light/dark box [33]. In 
the light/dark transition test, JB also failed to increase 
the duration of time spent in the light compartment of 
the light/dark box, which further suggests the absence of 
anxiolytic property in mice.

Jobelyn® has been shown to possess various bioactive 
substances such as apigenin, luteolin and naringenin, 
which have been reported to exhibit antidepressant, 
antineuroinflammatory, antioxidant and membrane sta-
bilizing properties [10–12, 35]. Recently, apigenin and nar-
ingenin isolated from other plant species were reported 
to exhibit analgesic activity in various acute and chronic 
animal models of pain [36, 37]. Thus, the presence of these 
active constituents might have contributed to the analge-
sic effect exhibited by Jobelyn® in this study.

Conclusions
The results obtained from this study showed that Jobelyn® 
exhibited analgesic activity in animal pain models more 
closely associated with inflammation and might be rele-
vant in the treatment of inflammatory painful conditions.
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Introduction

Sorghum bicolor is a plant that has been cultivated in 
southern Africa for over 3000 years. This is a cane like 
grass, up to 6 m tall with large branched clusters of grains. 
The individual grains are around 3-4 mm in diameter and 
vary in colour from pale yellow through reddish brown 
depending on the soil where it is cultivated. The leaves 
resemble those of maize, and they sometimes roll over 
forming sheaths. The West African region is home to a 
unique variety of Sorghum bicolor, which accumulate high 
levels of 3-deoxyanthocyanin pigments in their non-grain 
tissue [1]. The intensively colored leaf sheaths of this wild 
variety of Sorghum bicolor are found within the Nigerian 
flora and have been formulated into a commercial 
pharmaceutical product under the name Jobelyn. 

Since Sorghum bicolor accumulates large quantities of the 
rare 3-deoxyanthocyanin pigments [2, 3], it has gained 
interest as potential natural food colorants. However, 
recent reports demonstrate that the West African Sorghum 
possesses anti-tumour effects [4] as well as chemo-
preventive [5] and anti-inflammatory properties [6, 7].

Anti-tumour potentials of Sorghum were shown through 
inhibited proliferation of esophageal and colon cancer cell 
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Abstract

Jobelyn, a West African pharmaceutical product derived from Sorghum bicolor leaf sheaths has been shown to possess strong anti-
tumour and anti-inflammatory properties. This study aims to evaluate the expression of cell surface markers CD69 on activated natural 
killer (NK) cells; natural killer T (NKT) cells; and T cells from human peripheral blood mononuclear cells (PBMC) upon treatment with 
Jobelyn fractions using flow cytometry. Blood was collected from 3 donors, PBMC were isolated and plated with each specific fraction: 
crude extracts (J); ethyl acetate (JE); n-butanol (JB); secondary compounds from JE (JE5; JE6); purified and semi-purified compounds from 
JE5 (P8 and P9) at specific concentrations (2.5-500 g/ml). For the crude extracts, JE was the most active showing significant expression 
of CD69 on NK-(P  0.001), T- (P  0.0001), and NKT- treated cells (P  0.0001). Secondary compound, JE5, of JE also showed significant 
CD69 expression on NK- (P  0.018) and T-treated cells (P  0.027), but not on NKT-treated cells (P  0.084). Similarly, the semi-purified 
compound P8, from JE5 showed increased expression of CD69 on NK- (P0.023); T- (P  0.001), and NKT-treated cells (P0.007). Evidence 
of innate effector cells activation by ethanolic extracts of Jobelyn suggests that this variety of Sorghum may be able to mediate direct cell 
cytotoxicity supporting the control and clearance of a number of tumour cells.
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lines as a result of 3-deoxyanthocyanidins induced activity 
of the phase II protective enzyme, quinine reductase [5]. 
Whereas, a study carried out on the aqueous and ethanol 
extracts of Sorghum leaf sheaths from South-West Nigeria 
has demonstrated activation of human CD3CD56- T cells 
through up-regulation of CD69 expression suggesting that 
Sorghum is capable of supporting immune defenses [7].

Separate studies on the structure of 3-deoxyanthocyanidins 
in the West African Sorghum identified several peaks 
including an unusual fused-ring apigeninidin derivative; 
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large quantities of apigenin and most interestingly, an 
apigeninidin-apigenin condensation product [8]. Such 
observations correlate with previous reports on the 
co-existence of apigeninidin and apigenin in specific 
Sorghum varieties [9]. The characterization of apigenin 
and apigeninidin derivatives in the West African Sorghum 
is interesting as these anthocyanin’s pigments are popular 
as health-promoting phytochemicals capable of inducing 
cytotoxicity on human cancer cells [4]. 

In line with this, the present study aims to evaluate the 
ability of Sorghum bicolor Jobelyn in providing innate 
immunity against tumour cells through the activation NK 
cells as well as NKT cells and T cells. Activated NK cells, T 
cells and NKT cells will be evaluated for CD69 expression 
following treatment of human peripheral blood with 
several Sorghum fractions in order to assess for their ability 
to activate the innate immunity.

Materials and methods

Sorghum bicolor leaf sheaths grown in West Africa were 
harvested, processed, packaged and supplied under 
the trade name Jobelyn by Health Forever Product 
Inc. Lagos, Nigeria and Hains Herbal Products LLC, USA. 
Sorghum bicolor is approved as a food supplement by the 
National Agency for Food and Drug Administration Control 
(NAFDAC) of Nigeria. This study was approved by the 
Lagos State University Teaching hospital (LASUTH) Ethics 
Committee.

Sample extraction
The dried powdered leaf sheath of Sorghum bicolor was 
extracted with 50% aqueous ethanol for 24 h following 
vigorous agitation. The extract was subsequently filtered 
through cotton wool and concentrated in vacuo to give the 
crude extract designated as J. This was then dissolved in 
80% aqueous ethanol and partitioned into ethyl acetate 
(EtOAc) and n-butanol successfully. The EtOAc, n-butanol 
and aqueous fractions were concentrated in vacuo to give 
fractions labeled JE, JB and JA, respectively (Figure 1). 

Liquid and thin layer chromatography separation (JE5 to JE6)
Adopting a Medium Pressure Liquid Chromatography 
(MPLC) technique, JE was sub-fractioned on a silica gel 
(230-400 mesh) column using a gradient of n-hexane (200 
ml), a doubling gradient of 100 ml each of EtOAc-n-hexane, 
EtOAc, doubling gradient of methanol (MeOH)-EtOAc and 
finally MeOH. Fractions of 15 ml each were collected in test 
tubes and monitored by thin layer chromatography (TLC) 
with normal phase silica gel using ether/hexane (96:4) and 
20% EtOAc in ether as the solvent systems. The fractions 
which had the same TLC characteristics were bulked as 
appropriate and concentrated in vacuo to give 2 major 
fractions labelled JE5 and JE6 (Figure 1). 

Repeated column chromatographic separation of P8 and P9
JE5 was subjected to repeated column chromatography 
on Sephadex LH-20 column using n-hexane (100 ml), a 
doubling gradient of EtOAc-n-hexane and the EtOAc or 
a doubling gradient of MeOH- EtOAc and then MeOH, 
followed by open column chromatography on silica (70-
230 mesh) with a gradient of ether in hexane to produce 
two further fractions (monitored on a thin layer plate to be 
relatively pure components) which were concentrated in 
vacuo and labelled P8 and P9, respectively (Figure 1). 

Mass spectroscopy analysis of semi- and purified compounds 
The absorbance profiles of JE5, P8 and P9 isolated from 
HPLC fractions showed five major peaks for JE5, two major 
peaks in P8 and a single peak in P9. The fractions were 
further analysed using an MDS Sciex API QStar Pulsar 
mass spectroscopy with electrospray ionization (AB SCIEX, 
Foster City, California, USA) under the following conditions: 
(1) ions source gas, 40 arbitrary units (au); (2) curtain 
gas flow rate, 20 au; (3) gas used, nitrogen; (4) ion spray 
voltage, 4500 V; (5) detector (MCP), 2150 V; ND (6) syringe 
pump flow, 6 l/min. Identification of the compounds 
was based on matching HPLC retention profile, UV-Vis 
spectra analysis and MS data with authentic standards. 
The unknown compounds were fragmented at 33% 
relative collision energy , sheath gas flow rate of 20 au, and 
auxillary gas flow rate of 10 au, to further aid in structure 
determination. This procedure has been described recently 
by Geera and colleagues [8]. Briefly, the mass spectroscopy 
data from one of the peaks in P8 was identified as apigenin 
when matched against apigenin standard. The second 
compound in P8 and the single compound in P9 were 
initially identified as dimeric flavonoid molecules, differing 
from each other by one methyl group. Using both UV-Vis 
data and LC elution profiles, the two compounds were 
suggested to be 3-deoxyanthocyanidin dimers. Based on 
the structure, the second compound in P8 was identified 
as 7-methoxyflavone-apigeninidin adduct while that in 
P9 was identified as flavonoid-apigeninidin adduct [8]. To 
date four of the five major compounds in JE5 have now 
been characterized including apigenin and apigeninidin as 
well as 7-methoxylflavanoid apigeninidin and flavonoid-
apigeninidin adducts, one compound remains unknown 
as described in table 1 and figure 2.

To prepare sterile liquid fractions of the product suitable 
for the addition to live cell cultures, 0.5 gm of the leaf 
sheath powder was added to 5 ml physiological saline for 

Figure 1 Illustration of all test fractions of the raw material Sorghum bicolor: 
Category A repesent the crude extract J, JE, JA, JB; Category B represent the 
secondary extract from category A JE5 and JE6 and category C represent the 
purified and semi-purified compounds P8 and P9.
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the aqueous extraction method and to 5 ml 50% ethanol 
for the ethanol extraction method, in 15 ml vials. The vials 
were vortexed and placed on a rocker at room temperature 
for 1 h. Solids were removed by centrifugation at 900 g 
for 10 min, and the resulting liquid extracts were filtered 
through a 0.22 micron cellulose acetate fiber to produce 
sterile stock solution, from which serial dilutions were 
made in physiological saline. The serial dilutions added 
to live cell cultures were such that more than 0.5% of the 
ethanol present in the cell cultures. This dose of ethanol 
was considered to have no physiological effect in the assay, 
as verified by previous control tests [7].

PBMC preparation for flow cytometry
PBMC from three donors question: Were these normal 
healthy adults If so, text should read accordingly were 
isolated and counted (Guava PCA and Cytosoft software 
version 6.0.3) and re-suspended at a concentration of 1 × 
106 cells/ml in RPMI media with 10% FBS. The cells were 
plated, 1ml per well and then each compound at one of the 
four specified concentrations: J, JE, JB and JA (500, 100, 10, 5 
g/ml); JE5 and JE6 (250, 100, 50, and 20 g/ml); and P8 and 
P9 (100, 20, 5, 2.5 g/ml) were added to the appropriate 
well. The cells were incubated with the compound for 
18-20 h and then transferred to V-bottom 96-well plates, 

washed, and re-suspended in PBS buffer containing 1% 
bovine serum albumin and 0.02% NaN3; monoclonal 
antibodies were added and incubated in the dark at room 
temperature for 10 minutes. The monoclonal antibodies 
were CD3-PerCP (red), CD56-PE (orange) and CD69-FITC 
(green). The amounts used for each monoclonal antibody 
was previously titrated to provide optimal staining. The 
cells were washed and re-suspended in 0.05 ml PBS buffer 
containing 0.02% NaN3 and transferred into 5 ml falcon 
tubes each containing 0.4 ml of 1% formalin in PBS. Samples 
were collected on a FACS Canto (BD) instrumentation with 
a FACS Diva (BD) software (v6.1.3) according to various 
combinations of surface markers: NK (CD3-CD56), NKT 
(CD3CD56) and T (CD3CD56-). The combination of 
the surface markers were then followed by evaluation of 
the expression level (percent and or Median Fluorescent 
intensity) of the CD69 activation marker on each cell type. 
Analysis was performed using the service provider Flow 
Contract Site (Kirkland, WA, USA).

Statistical analysis
Analysis of variance on the CD69 expression between the 
different crude extracts was performed using one way 
ANOVA. Student’s t-test was performed for CD69 expression 
comparisons between the secondary compounds and 
semi-purified compounds. Levels of statistical significance 
between data sets were significant if the P-value was less 
than 0.05, highly significant if P  0.01, and a very high 
significance if P  0.001.

Results

The effect of Jobelyn® fractions on activation of NK cells, T 
cells, and NKT cells using the cell surface marker CD69
Three monocyte subtypes including CD3 (T cells), 
CD3CD56 (NKT cells) and CD3-CD56 (NK cells) were 
identified using flow cytometry analysis of lymphocyte 
populations from whole blood (Figure 3). The treatment of 
PBMC cultures with primary extracts showed that JE was the 
most active for all three cell types (NK, NKT, T cells) and JA 
was the least active test compound. JE-treated CD3-CD56 
NK cells showed approximately a 2-fold increase in CD69 
expression compared to JA at the highest concentration 
of 500 g/ml (P  0.001). JE-treated CD3 T cells showed 
approximately 2-fold increase in CD69 expression 
compared to J and JB and a 3-fold increase compared 

Sample HPLC peak ID Compound ID λmax (nm) [M+H]+ Major fragments[M+H]+

P8 1 Apigenin 335 271 -

2 7-methoxylavanoid-apigeninidin adduct 479 523 384, 269, 255

P9 Flavanoid-apigenidin adduct 480 509 384, 255

JE-5 1 Apigeninindia 475 255 -

2 Flavanoid-apigenidin adduct 480 509 284, 255

3 unknown 480 509 Not fragmented

4 Apigenin 335 271 -

5 7-methoxylavanoid-apigeninidin adduct 479 523 384, 269

Table 1 Summary of the major compounds isolated from dried powered leaf sheath of Sorghum bicolor as extensively described in Geera et al. Structure of 
these major compounds were identified based on mass spectroscopy. Apigenin is the major compound in P8 as well as one of the major 3 major compounds 
in JE5 (Geera et al, 2012).

Figure 2 HPLC chromotograph of JE5 (A), P8 (B), P9 (C) at 280 nm with 
corresponding UV-Vis absorbance spectra of the peaks. Identification of 
the respective compounds was based on matching HPLC retention profile, 
UV-Vis spectra analysis and MS data with authentic standards as previously 
described in Geera et al. (Geera et al. 2012).
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Figure 3 Flow cytometry analysis of lymphocyte population from whole blood representing (A1-4) unstimulated (negative control), (B1-4) IL2-stimulated 
(positive control), and (C1-4) P8-stimulated (test compound) cells. First, lymphocytes were gated based on FSC and SSC (A1, B2, C2) were identified using 
DNA dye, 7-amnio-actinomycin D (7-AAD). Three monocyte subtypes were then gated using CD3 and CD56 for T cell (CD3 CD56-), NK cells (CD3-cd56) and 
NKT cell population from IL2 stimulated and P8-stimulated cells, respectively. Results presented here are from one donor and are representative of three 
donors.

The secondary extract category included JE5 and JE6 
derived from JE. JE5 showed greater CD69 expression (P  
0.018) on NK cells compared to JE6. Equally, the expression 

Compound ID
CD69 CD3-CD56+ NK cells CD69 CD3+CD56-T cells CD69 CD3+CD56+ NKT cells

Mean (MFI) P-value Mean (MFI) P-value Mean (MFI) P-value

J 590 0.001 526 0.0001 7465

0.0001
JE 1024 916 2011

JB 700 555 1157

JA 364 224 890

JE5 833 0.018 646 0.027 1400
0.084

JE6 554 403 1080

P8 1266 0.023 1427 0.001 1448
0.007

P9 426 485 638

Table 2 Comparison of Sorghum bicolor primary compounds (J, JE, JB and JA) in their ability to induce NK, T, and NKT cells activation through CD69 expression 
was carried out using one-way ANOVA. Student t-test was used to compare secondary compounds JE5 and JE6, of JE as well as semi-purified compounds P8 
and P9, of JE5 in NK, Y, NKT cells activation through the same cell surface marker CD69.

of CD69 on T cells following JE5 treatment was significantly 
higher compared to JE6 (P  0.027). JE5 also showed an 
increase of CD69 expression compared with JE6 on NKT 

to JA (P0.0001). JE-treated CD3CD56 NKT cells also 
showed approximately 2-fold increase in CD69 expression 
compared to J and JA and a 3-fold increase compared to J 

(P  0.0001). Such results suggest that the ethanol-based 
fraction of Jobelyn (JE) is the most effective in activating 
NK cells, T cells and NKT cells (Figure 4, Table 2).
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Figure 4 Representative flow cytometric graph of NK cells expression of CD69 in negative control group (unstimulated), positive control (IL2-stimulated) group, 
and test compound (P8-stimulated) group at various concentrations (A1-A6). B1, B2 and B3 illustrate CD69 expression on NK, T cells, and NK cells, respectively 
following treatment with primary test compounds J, JE, JB, JA at 5, 10, 100, 500 g/ml; secondary compounds JE5 and JE6 at 20, 50, 100, 250g/ml; and semi-
purified compounds P8 and P9 at 2.5, 5, 20, 100 g/ml. Experiments were carried out in triplicates using 3 different samples from 3 different donors (n  3).

cells, but this was not significant (P  0.084). Overall JE5 
was the most effective in inducing NK, T and NKT cells 
stimulation (Figure 4, Table 2).

Semi-purified compounds P8 showed a 3-fold increase (P 
 0.023) in the expression of CD69 on compared to P9 on 
NK cells. Equally, P8-treated T cells showed over a 2-fold 
increase (P  0.001) in expression of CD69 compared to 
P9. P8-treated NKT cells also showed a significant increase 

(P  0.007) in CD69 expression compared to P9. The semi-
purified compound P8 is the most effective in inducing 
stimulation of NK cells, T cells and NKT cells stimulation 
(Figure 4, Table 2). 

Discussion

The impact of Sorghum bicolor Jobelyn on the immune 
response has been previously described by Benson and 
colleagues [7]. The study showed activation of CD3CD56 
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NKT cells by Sorghum ethanol extract and activation of CD3-
CD56 NK cells by Sorghum aqueous extract. The selective 
properties of water-based and ethanol-based have 
prompted this study as it is evident that Sorghum contains 
multiple and potentially synergistic, active compounds [7].

In keeping with previous studies, here we were able to 
demonstrate that the Jobelyn ethanol extracts (JE) not 
only activates CD3CD56 NKT cells but also CD3-CD56 
NK cells and CD3CD56- T cells. Similarly, JE5, a secondary 
extract from JE also showed good expression of CD69 on 
activated T cells, NK cells and NKT cells. Moreover, P8, 
semi-purified compounds of JE5, showed major CD69 
expression on treated T cells, NK cells and NKT cells.

The NK cells in the blood circulation are characterized as 
CD3-CD56 lymphocytes, and are predominately negative 
for the activation of marker CD69. In the presence of 
suitable stimuli, CD69 expression will increase correlating 
with increased cytotoxic capacity [10]. CD69 is one of 
the earliest cell surface markers induced in resting 
T lymphocytes and NK cells with detectable surface 
expression of CD69 antigen occurring within 3 hours of 
stimulation and peaking in activated T lymphocytes and 
NK cells after 12 h [11]. CD69 expression has served as a 
marker to evaluate T lymphocytes and NK cells activation 
as it was found to be associated with expression of CD69 
on high percentage of cells [12].

The CD3- CD56 NK cells in the blood constitute a minor, 
yet highly potent effector cell population among NK cells 
[13]. Among the CD56 CD3- NK cell surface antigens that 
are involved in cell activation are CD25, the high affinity 
interleukin-2 receptor  chain (IL-2R) [14, 15]; CD16, the 
low-affinity receptor for the Fc portion of immunoglobulin 
G that triggers antibody-dependent cellular cytotoxicity of 
NK cells [16]; and CD69, a cell surface molecule present 
on activated NK cells that triggers their spontaneous 
cytotoxicity [10]. The cytotoxic mechanisms of NK cells 
are crucial to many processes such as defending against 
pathogens and tumour [17, 18]. Equally, NKT cells represent 
a subset of T lymphocytes that share receptors with both 
conventional T cells and NK cells suggesting its crucial 
role in both pathogen recognition and lysis of target cells 
[19]. It is indeed encouraging that by characterizing the 
active compounds of Jobelyn, we were able to identify 
its involvement in the immune modulation of NK cells as 
well as NKT cells and T cells and its possible relevance in 
processes associated with the control of tumour growth 
as NK cells mediate immediate short-lived responses by 
constitutively expressing a lytic machinery that directly 
lysis cancer cells [20].

In humans, there is evidence that NK cells play a role in 
immunosurveillance. An eleven-year follow-up survey 
shows that low NK activity is associated with an increased 
cancer risk [21]. For example, a decrease of NK cell 
activity is observed in patients with hereditary colorectal 
adenocarcinoma [22] and melanoma patients with 
metastatic disease [23]. Hence the effect of the ethanol-
based Jobelyn compounds on NK cell activity, especially 
P8, which is a purified compound composed by apigenin 
and 7-methoxylavanol-apigeninidin adduct [8] is indeed 
encouraging as it could assist in the control (chemo-

protective) and clearance (anti-proliferative) of tumour 
cells. 

Recent discovery of novel NK receptors and their ligands 
has uncovered the molecular mechanisms that regulate 
NK cells activation and function. Several activating NK cell 
receptors and co-stimulatory molecule have been identified 
to permit these cells to recognize tumour-infected cells. 
In vitro, NK cell cytotoxicity ability can be enhanced by 
cytokines such as interleukin-2 [24]. In vitro data using 
Jobelyn equally enhanced activity of NK cells showing 
possible role as co-stimulatory molecule. What remains, 
is to evaluate the role of ethanol-based compounds of 
Jobelyn in vivo and determine whether these extracts 
have the potential to induce in vivo activation of human 
NK cells.

It is inevitable to mention that the use of natural products in 
drug development is likely to provide many lead structures 
and these can be used as templates for the development 
of new compounds with enhanced biological properties. 
Although many disadvantages have been associated in 
using isolates as they take longer to develop into drugs, side 
effects and other problems which would require additional 
management as well as high cost of finished drugs which is 
usually out of reach to consumers in developing countries. 
The greatest advantage in the development of traditional 
medicine with evidence is enormous. The cost is affordable 
and it is readily available, with fewer side effects and other 
complications. Such advantages make traditional medicine 
use common amongst cancer patients, especially in 
developing countries such as Nigeria where the cost of 
treatment is deemed high. The reasons for the popularity 
of traditional medicine use amongst cancer sufferers 
include improving quality of life, supporting conventional 
cancer treatment, preventing recurrence, and eventually 
to prolong life. However, there is limited scientific evidence 
on the efficacy and safety of natural therapies. This study 
provides valuable evidence on the effectiveness Sorghum 
bicolor Jobelyn in improving the immune response as 
well as targeting lytic mechanisms associated with NK cells. 
Although animal studies have been performed describing 
the high safety profile of Jobelyn in rats [25], it remains to 
determine the possible hazards herbal consumption may 
pose on public health. This requires vigorous clinical trials 
to establish the efficacy or the presence of adverse effects 
in such compounds.

Conclusion

Jobelyn, a pharmaceutical product derived from Sorghum 
bicolor leaf sheath has been fractionated into several 
compounds including the purified flavonoid-apigeninidin 
fraction (P9) and the semi-purified 7-methoxyflavone-
apigeninidin and apigenin fractions (P8). Interestingly, P8 
showed significant potential in inducing in vitro activation 
of human NK cells suggesting it could support crucial 
immune defense mechanisms as the ones required in the 
control and clearance of tumour cells.
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Abstract

Aim: This study evaluated the anti‐inflammatory properties of a species of Sorghum

bicolor leaf (SBL) grown in West Africa.

Method: Cyclo‐oxygenase (COX)‐2:COX‐1 selectivity assay was carried out by plating

isolated peripheral blood mononuclear cells in culture medium with specific SBL frac-

tions: crude extract (J), ethyl‐acetate (JE) and aqueous (JA); secondary compounds

from JE (JE5, JE6, JE7 and JE8); purified (P9) and semi‐purified (P8) compounds from

JE5 at 5‐200 μg/mL for 1 hour. Test compounds and controls ibuprofen (50 μmol/L)

and CAY10404 (1 μmol/L; 10 μmol/L) were added to two sets of plates, one without

lipopolyshaccharide (LPS) and the other with LPS (1 μg/mL) for 24 hour. COX‐2IC50:

COX‐1IC50 ratio represented 50% inhibition of the activity of COX‐2 to that of COX‐1
using ibuprofen as control. In separate experiments the supernatant of P8 and P9‐
treated fractions of SBL and controls were plated with RAW 264.7 macrophage cells

to measure prostaglandin (PG)‐E2 production and cell proliferation activity.

Results: JA fraction of SBL had the highest ratio of COX‐2IC50:COX‐1IC50
41.214

whereas JE had the lowest ratio COX‐2IC50:COX‐1IC50
1.161. Interestingly, JE5

derived from JE showed a ratio of COX‐2IC50:COX‐1IC50
0.495 while P8 derived from

JE5 showed a dose‐dependent reduction in COX‐2IC50:COX‐1IC50 ratio and in PG‐
E2 production, which was more effective compared to ibuprofen. A dose‐dependent
reduction in RAW 264.7 macrophage cell proliferation was also observed in P8‐trea-
ted cells. The phenolic compounds identified in P8 include apigenin and apigeninidin

adducts which may explain the exceptional anti‐inflammatory activity and efficacy in

COX‐2 targeting.

K E YWORD S

COX-1, COX-2, inflammation, PG-E2, RA, Sorghum bicolor

1 | INTRODUCTION

Inflammation is a normal response of the body to protect tissues

from infection, injury or disease. The inflammatory response is

associated with an increase in capillary permeability, which allows

neutrophils, monocytes and macrophages to swarm to the site of

infection and ingest, damage or kill the foreign material, thus help-

ing the body to heal. During resolution of inflammation, granulo-

cytes are eliminated and macrophages and lymphocytes return to

normal pre‐inflammatory numbers and phenotypes. The usual out-

come of the acute inflammatory episode is the successful resolu-

tion and repair of tissue damage.1 Inflammatory response can
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become the problem rather than a solution when chronically

inflamed tissues continue to generate signals that attract leuko-

cytes from the bloodstream. This chronic inflammatory response

contributes to the damage of healthy tissues in a misdirected

attempt at repair and healing. Rheumatoid arthritis (RA) is a dis-

ease characterized by chronic inflammation and it is usually the

result of inflammation in the synovial membrane that surrounds

the joints.2,3 This inflammation allows leukocytes, or white blood

cells, which are normally filtered out of the joint, to invade the

joint space. The inflamed synovial membrane and the leukocytes

release destructive enzymes such as cyclo‐oxygenase‐2 (COX‐2)
and an array of inflammatory mediators including prostaglandin E2

(PG‐E2) all of which are not only damaging to the articular carti-

lage, but also activate macrophages that contribute to pain and

swelling at the inflammatory site.4 Pharmacological treatments

comprise several classes of agents, including non‐steroidal anti‐
inflammatory drugs (NSAIDs), steroids and disease modifying anti‐
rheumatic drugs (DMARDs), all of which relieve pain and reduce

inflammation. Although these agents are effective in treating RA,

the persistent long‐term use leads to increased risk of gastroin-

testinal damage, among other adverse effects.5

In recent times, Sorghum bicolor (L) Moench (family: Poaceae), a

drought‐resistant herb cultivated in southern African regions for

over 3000 years has become a useful plant to many pharmaceutical

industries as it possesses therapeutic attributes valuable in various

health applications. The consumption of sorghum has been linked

to reduced incidence of inflammatory diseases. Numerous experi-

mental studies using acute and chronic models of inflammation

have demonstrated the anti‐inflammatory effects of the sorghum

grain.6-8

Health benefits found in the sorghum grain are related to the

presence of flavonoids such as anthocyanidins and 3‐deoxyanthocya-
nidins, which are not commonly found in higher plants.9

Coincidentally, S. bicolor grown in west Africa shows high levels of

3‐deoxyanthocyanin pigments in non‐grain tissues.10,11 Such findings

suggest that the non‐grain tissue of sorghum may accumulate a

greater variety of flavanoids and may possess significant bioactivities

that have not been reported in the grain form. Therefore, the pur-

pose of this study is to investigate the phenolic compounds present

in this variety of S. bicolor leaf (SBL) grown in south‐western Nigeria

and its role in attenuating inflammation.

2 | MATERIALS AND METHODS

2.1 | Sample collection

In this study we tested dried SBL domesticated from a wild variety

that is native to west Africa. This variety has been in use for cen-

turies as traditional medicinal food by people of south‐western Nige-

ria. It differs from other varieties of S. bicolor in the intense dark

brown pigmentation present. The botanical material is a proprietary

blend of SBL from the sub‐Saharan belt in west Africa. It is har-

vested, processed, packaged and supplied under the trade name

Jobelyn™ by Health Forever Product Inc., Lagos, Nigeria and Hains

Herbal Products LLC, Gaithersburg, Maryland, USA.

2.2 | Preparation of plant extract

The dried powdered SBL was extracted with 50% v/v aqueous

ethanol for 24 hour following thorough agitation. The extract was

subsequently filtered through cotton wool and concentrated in

vacuo to give the crude extract designated (J). This was then dis-

solved in 80% v/v aqueous methanol and partitioned successively

into equal volumes of the solvent at 50% v/v ethyl acetate

(EtOAc), 50% v/v n‐butanol and 50% v/v distilled water. The

EtOAc, n‐butanol and aqueous fractions were concentrated in

vacuo to give fractions labelled JE, JB and JA, respectively (Fig-

ure 1).

2.3 | Phytochemical characterization of bioavailable
compounds in the ethanolic extract (JE)

To evaluate the qualitative and quantitative presence of various

subclasses of flavonoids from the SBL, ethanolic extract (JE) was

dissolved in methanol (70%) at 10 mg/mL, filtered in a vacuum

and high‐performance liquid chromatography (HPLC) analyses were

performed on an Shimadzu apparatus equipped with SPD‐M10A

diode array detector, LC‐10AD pump and CBM‐10 interface, UV‐
Vis detector. Data acquisition, peak integration, and calculation

were interfaced to a computer workstation running the Analyst

1.3.1 software (Applied Biosystems, Foster City, California, USA).

The solvent used was a gradient of distilled water + 0.1% phos-

phoric acid (A) and methanol (B). The gradient was as follows: 1‐
10 minutes (30% B), 20 minutes (40% B), 60 minutes (100% B).

The flow was 1 mL/min. The prepared mobile phase was degassed

using ultrasonic agitation. The elution was monitored at 280 and

410 mn. Flavanoids were identified by comparison of HPLC reten-

tion times, UV spectra and co‐elution with authentic samples ana-

lyzed in the same condition. Standards were dissolved in methanol

(70%) at 1 mg/mL and analyzed in the same elution. For co‐elu-
tion, a mixture (1:1, v/v) of extracts was prepared at 10 mg/mL

and standards at 1 mg/mL. The injections were repeated three

times. Determination of the content of the flavonoids was per-

formed by external standard method, using authentic standards.

Calibration lines for apigeninidin, apigenin, luteolinidin, luteolin, and

naringenin were prepared over the range of 10‐1000 ng/mL. Linear

regression analysis was adopted in calculation of the slope, inter-

cept and correlation coefficients (r2) of each calibration line. The

assay precision (coefficient of variation, CV%) was assessed as

previously reported.11 Specificity was assessed by the absence of

interference at the retention times of the peaks of each com-

pound (including the internal standard) by other peaks. The con-

centration of the measured peaks was determined from the

calibration lines by linear regression analysis and the sample accu-

racy was estimated as the percentage of each measured concen-

tration from the nominal (added) concentrations.
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2.4 | Isolation and characterisation of bioavailable
compounds in the ethanolic extract (JE)

As previously described by Geera et al,12 JE of SBL was sub‐frac-
tionated adopting a medium pressure liquid chromatography

(MPLC) technique. Fractions of 15 mL each were collected in test

tubes and monitored by thin layer chromatography (TLC). The

fractions, which had the same TLC characteristics were bulked as

appropriate and concentrated in vacuo to give four major frac-

tions, labelled JE‐5 to JE‐8 (Figure 1). Fractions labelled J, JA, JB,

JE and JE‐5 to JE‐8 were subjected to COX‐1 and COX‐2 inhibi-

tion bioassays (as described earlier) and the fraction, JE‐5, which

had the least COX‐2:COX‐1 ratio (Table 2) was subjected to

repeated column chromatography to produce two additional frac-

tions (monitored on a thin layer plate to be relatively pure com-

ponents) that were concentrated in vacuo and labelled P8 and P9,

respectively (Figure 1).

P8 and P9 fractions of SBL were further analyzed using an MDS

Sciex API QStar Pulsar mass spectrometer with electrospray ioniza-

tion (AB SCIEX, Foster City, CA, USA). Identification of phenolic

compounds was based on matching UV‐Vis spectra analysis, and

mass spectrometry (MS) data with authentic standards. The absor-

bance profiles of P8 and P9 revealed the presence of two peaks in

P8 and a single peak in P9. MS data of compounds in P8 showed m/

z 271, which was identified as apigenin when matched against the

apigenin standard. The second compound in P8 and the single com-

pound in P9 showed m/z 523 and 509, respectively and were identi-

fied as dimeric flavonoid molecules differing from each other in one

methyl group. Using both UV‐Vis data and LC elution profiles as

described by Geera et al,12 the two compounds were inferred to be

3‐deoxyanthocyanidin dimers. The second compound in P8 was

identified as 7‐methoxyflavone‐apigeninidin adduct while the com-

pound in P9 was identified as flavone‐apigeninidin adduct.12 Detailed

discussion on the identification and stability of the new dimeric com-

pounds has previously been reported12 and were reproduced here to

obtain the various SBL fractions used for the bioassays as summa-

rized in Figure 1.

2.5 | Bioassay of SBL extracts on PGE2 production
and/or cell proliferation

Cryopreserved peripheral blood mononuclear cells (PBMC) were

thawed, washed with complete culture media (CM: RPMI‐
1640 + 10% fetal bovine serum + 100 units/mL peni-

cillin + 100 μg/mL streptomycin) and tested for viability using try-

pan blue (viability was 93%). The cells were re‐suspended to

F IGURE 1 Brief Summary of the General Approaches in the Extraction, Isolation and Characterization of Bioavailable Compounds in Dried
Sorghum bicolor Leaf Sheath

MAKANJUOLA ET AL. | 1489



1 × 106 cells/mL in CM and 0.5 mL was then plated into 24‐well

culture plates (5 × 105 cells/well). Cells were incubated for 30 min-

utes at 37°C with 5% CO2 prior to treatment with SBL extracts J,

JA, JB, JE and JE‐5 to JE‐8, as well as P8 and P9. SBL extracts

at concentrations of 200, 40, 10 and 5 μg/mL were initially dis-

solved in dimethyl sulfoxide (DMSO) followed by dilution in CM

(1500) and filtering through 0.2 μm syringe filters. Ibuprofen

(100 μmol/L) and CAY10404 (2 μmol/L) were prepared by diluting

the compounds with CM. Lipopolyshaccharide (LPS; 1 μg/mL) was

also prepared by diluting LPS stock solution in phosphate‐buffered
saline with CM. A 2× vehicle control solution was prepared by

diluting DMSO to a final concentration of 0.2% with CM. Appro-

priately 2× (0.5 mL) of vehicle, ibuprofen, CAY10404 and SBL

extract solutions were then added to each well and plates were

incubated for 1 hour at 37°C with 5% CO2 prior to LPS treat-

ment. Then, 0.11 mL of CM was added to the non‐LPS plates and

0.11 mL of 1 μg/mL LPS was added to the + 0.1 μg/mL LPS plates.

Plates were incubated for 24 hour at 37°C with 5% CO2. After

24 hour, the supernatants of the culture with LPS (indirect assay

for COX‐2), or without LPS (indirect assay for COX‐1), were col-

lected (leaving 0.2 mL in each well for XTT assay) and stored at

30°C until assayed.

Prostaglandin‐E2 was assayed with an enzyme‐linked immunosor-

bent assay kit (R&D Systems, Minneapolis, MN, USA) according to

manufacturer's instructions. For all assays, optical density was deter-

mined on a ThermoMax microplate reader (Molecular Devices, Sun-

nyvale, CA, USA).

RAW 264.7 cell proliferation assay determined the ability of cells

to reduce XTT. The amount of reduced XTT was measured by the

sample absorbance at 450 nm. This was proportional to the meta-

bolic activity of the cells. Thus, after cell culture harvest, 0.1 mL of

activated XTT reagent was added to each well and plates were incu-

bated at 37°C with 5% CO2 for 2 hour. Reduced XTT was quanti-

fied at 450 nm using a ThermoMax microplate reader (Molecular

Devices).

Absorbance readings were detected using a ThermoMax micro-

plate reader and standard curves were generated using a four‐para-
meter logistic curve fitting equation (SoftMax Pro 4.7.1; Molecular

Devices). Each sample reading was interpolated from the appropriate

standard curve. Duplicate interpolated sample values were averaged

and standard deviations were calculated. Calculated concentrations

were multiplied by the appropriate dilution factor.

2.6 | COX selectivity assay of SBL purified extracts
P8 and P9

Cyclo‐oxygenase selectivity assay was carried out by incubating test

compounds with Tris buffer (0.5 mL) at 37°C in the reaction cham-

ber followed by 5 μL of 100 μmol/L heme in DMSO. To the solution,

5 μL of COX‐1 (or 10 μL of COX‐2) enzyme solution was added. The

mixture was incubated for 1 minutes. A 5 μL test sample was added

and incubated for a further 1 minutes. Arachidonic acid at 5 μL was

added, and the reaction rate was monitored. The oxygen

concentration was monitored in real time by an Oxytherm (Hansat-

ech Instrumental, Norfolk, England). The initial oxygen consumption

rate was obtained from the kinetic curve. In the presence of COX

inhibitor, ibuprofen (control), the initial rate decreased. The IC50, the

concentration at which the initial oxygen consumption rate

decreased by 50%, was used to express the COX‐1 and ‐2 inhibition

activity for the test compounds.

2.7 | Statistical analysis

One‐way analysis of variance with Dunnett's post‐test was used in

comparing sample values. The levels of significance were *P < 0.05,

**P < 0.01 and ***P < 0.001 compared with control. The experi-

ment is representative of three independent experiments.

3 | RESULTS

3.1 | Bioavailable compounds present in the
ethanolic extract (JE) of the SBL

Various subclasses of flavanoids, namely apigeninidin (3‐deox-
yanthocyanidin), luteolinidin (anthocyyanidin), apigenin and luteolin

(flavones), and naringenin (favanone) were successfully identified in

the ethanolic extract of SBL. Apigeninidin was the predominant

compound in the ethanolic extract of SBL accounting for 83.5%

(29.87 ± 9.85 mg/g of dried leaf sheath) of the total amount of

phenolic compounds (Table 1), while apigenin, luteolin, luteolinidin

and naringenin accounted for 13.7% (4.90 ± 1.29), 1.5%

(0.52 ± 0.16), 1.0% (0.34 ± 0.21), and 0.4% (0.15 ± 0.005), respec-

tively (Table 1).

Apigenin and 7‐methoxyflavone‐apigeninidin adduct were identi-

fied in P8 while flavone‐apigeninidin adduct was identified in P9, as

previously reported.12 The amount of total flavonoids in the extracts

P8 and P9 were measured spectrophotometrically as previously

reported.12 The quantity of apigenin (29.87 ± 9.85 mg/g of dried leaf

sheath) in P8 was approximately 10 times that of 7‐methoxyflavone‐
apigeninidin adduct which was 2.8 mg/g while that of flavone‐api-
geninidin adduct was 7.7 mg/g.12

3.2 | Anti‐inflammatory potential of crude extracts
of the SBL

The comparison of COX‐1 and COX‐2 inhibitory activity from the

series of crude extracts of the SBL shows a ratio decrease from

COX‐2IC50:COX‐1IC50
41.2 in the aqueous extract (JA) to COX‐

2IC50:COX‐1IC50
16.3 in the crude extract (J) and COX‐2IC50:COX‐

1IC50
2.3 in the butanol extract (JB). Interestingly, the ethanolic

extract JE recorded a ratio of COX‐2IC50:COX‐1IC50
1.6 while its

derivative, JE5 showed the least ratio of COX‐2IC50:COX‐1IC50
0.49

and the highest COX‐1 inhibitory effect (Table 2). Potential anti‐
inflammatory activity observed in JE5 led to further purification

and isolation of the extracts P8 and P9 as previously

reported.12,13
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3.3 | Effects of SBL extracts on PG‐E2 production

Ibuprofen, a non‐selective COX inhibitor, significantly reduced PG‐E2
production from PBMC in the absence (27%) and presence (4%) of

LPS (P < 0.01). Also 1 and 10 μmol/L of CAY10404 (an inhibitor with

greater COX‐2 inhibitory activity than COX‐1) reduced PG‐E2 pro-

duction to 60% and 47% (P < 0.01), respectively, in the absence of

LPS and to 76% and 20% (P < 0.01), respectively, in the presence of

LPS. Meanwhile, the purified extracts, P8 and P9, reduced PG‐E2
production from LPS‐stimulated PBMC in a dose‐dependent manner

(Figure 2) with P8 displaying a greater inhibitory activity that was

significant (P < 0.01) at all concentrations of 2.5, 5, 20 and 100 μg/

mL, while P9 showed significant (P > 0.01) inhibitory effects at

TABLE 1 Natural bioactive compounds identified in the ethanolic extract (JE) of Sorghum bicolor with high‐performance liquid
chromatography (HPLC) UV/extracted ion chromatograms (described in Geera et al,12)

TABLE 2 Cyclo‐oxygenase (COX)‐1 and COX‐2 ratio of Sorghum
bicolor leaf sheath extracts

Sample ID
COX‐1 IC50

(mg/mL)
COX‐2 IC50

(mg/mL) COX‐2 IC50/COX‐1 IC50

J 0.0053 0.0865 16.3207

JA 0.0028 0.1154 41.2143

JB 0.0033 0.0076 2.3030

JE 0.0063 0.0102 1.6191

JE‐5 0.0238 0.0118 0.4958

JE‐6 0.0067 0.0074 1.1044

JE‐7 0.0073 0.0254 3.4794

JE‐8 0.0057 0.0450 7.8947

MAKANJUOLA ET AL. | 1491



higher concentrations of 20 and 100 μg/mL. In non‐stimulated

PBMC, although P8 and P9 significantly (P < 0.01) decreased their

PG‐E2 production at some of the concentrations tested, the effects

were not dose‐dependent (Figure 2).

3.4 | Effects of SBL purified extracts P8 and P9 on
RAW 264.7 cell proliferation

While ibuprofen (50 μmol/L) did not produce any significant change

in XTT cell proliferation in the presence and absence of LPS,

CAY10404 (1 and 10 μmol/L) significantly increased cell proliferation

of PBMC in the presence of LPS. Unlike P9, which produced a non‐
dose‐dependent increase in cell proliferation, P8 induced a dose‐
dependent reduction in RAW 264.7 macrophage cells, which was

significant (P < 0.05) at 100 mg/mL (Figure 3).

3.5 | Effects of SBL P8 and P9 purified extracts on
COX‐1 and COX‐2 ratio

The effect of P8 extract on COX‐2 inhibition was dose‐dependent
and more effective than that of ibuprofen and CAY10404 (1 and

10 μmol/L). On COX‐1 activity, P8 and P9 produced non‐dose‐

dependent and variable effects which were unlike ibuprofen and

CAY10404 (1 and 10 μmol/L) that were much more effective inhibi-

tors of COX‐1 when compared with the control across the four con-

centrations of P8 and P9 (Table 3).

4 | DISCUSSION

Rheumatoid arthritis is a chronic systemic inflammatory disease. The

main therapeutic goal for patients with RA is to suppress disease

activity as early in the disease process as possible, thereby achieving

sustainable remission, in order to prevent radiographic damage and

disability.14

Pharmaceutical inhibition of COX reduces the production of PG‐
E2, a key element in the generation of inflammatory response and

can provide relief from inflammation and pain. Most NSAIDs used in

the treatment of RA exert their effects through inhibition of the

COX enzyme.15 The two isoforms of this enzyme, COX‐1 and COX‐
2, differ in tissue expression and distribution.16 COX‐1 is responsible

for the production of protanoids that maintain mucosal blood flow,

promote mucous secretion, inhibit neutrophils adherence and main-

tain renal blood flow.17 Suppression of COX‐1 results in adverse

F IGURE 2 Mean Prostaglandin E2
Production in the Absence (−LPS) and
Presence (+LPS) of Lipopolyshaccharide
(LPS). *P < 0.05; **P < 0.01 for one‐way
analysis of variance with Dunnett's post‐
test
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reactions including a reduction in mucosal blood flow and mucous

secretion, and delay in healing of ulcers.18 COX‐2, on the other

hand, is effectively absent in healthy tissue and is induced in migra-

tory and other cells by pro‐inflammatory agents such as cytokines

and chemokines under pathological conditions such as chronic

inflammation.18 However, NSAIDs, the classic COX inhibitors, are

not selective and inhibit all types of COX enzymes. The resulting

inhibition of PGs reduces inflammation, but causes frequent adverse

effects associated with NSAIDs including irritation of gastric mucosa

and the gastrointestinal tract.19 Newer NSAIDs are selective for

COX‐2 and because COX‐2 is more specific to inflamed tissues,

there is much less gastric irritation associated with COX‐2 inhibitors.

Nonetheless, COX‐2 inhibitors present other adverse effects associ-

ated with NSAIDs, most notably an increased risk of renal failure,

heart attack, thrombosis and stroke.19 Although most drugs are able

to alleviate symptoms, they have secondary effects when used on a

long‐term basis. Hence, new approaches that reprogram the immune

dysregulation in RA are necessary. Many natural compounds exhibit

anti‐inflammatory and immunomodulatory properties and have the

potential for treating inflammatory diseases. In recent years there

has been a greater interest in natural compounds, such as dietary

supplements and herbal remedies to reduce pain and inflammation.

Many of these compounds work by inhibiting inflammatory media-

tors. Flavonoids are one such group of compounds with evidence of

anti‐inflammatory activity, including inhibitory activity on pro‐inflam-

matory mediator production such as reactive oxygen species (ROS)

and PGs as well as enzymes, such as COXs.20

The ethanolic extract of SBL grown in west Africa has indicated

potential anti‐inflammatory activities through inhibition of white

blood cells‐mediated release of free radicals and other inflammatory

mediators.21 In the present study the ethanolic extract of SBL

showed higher selectivity for COX‐2 inhibition than COX‐1, which

has not been previously reported. With growing evidence of the

anti‐inflammatory potential of flavonoids in sorghum, the identifica-

tion and characterization of these phenolic compounds in SBL was

important. Findings showed that 3‐deoxyanthocyanidin is among the

most abundant sub‐group of flavonoids in SBL. The major individual

flavonoids that were identified in the SBL species are apigeninidin

(29.87 ± 9.85 mg/g of dried leaf sheath) and apigenin (4.90 ± 1.29),

and in smaller amounts, luteolin, luteolinidin and naringenin. This

correlates with previous reports showing that SBL produces two dis-

tinct 3‐deoxyanthocyanidins, namely apigeninidin and luteolini-

din.22,23 It is believed that in order to deal with or avoid the

damaging effects of pathogens, plants possess intrinsic mechanisms.

Among the defense responses is the production of anti‐microbial

substances that are induced upon pathogen attack. Sorghum bicolor

is highly susceptible to pathogen attack, leading to accumulation of

large amounts of 3‐deoxyanthocyanidin.24,25 This results in the plant

having significant antioxidant properties.26,27 3‐deoxyanthocyanidin
constituted more than 83% of the total amount of phenolic com-

pounds identified in SBL, suggesting exceptionally high antioxidant

activity.

The antioxidant capacity of SBL is important in the management

of RA because it is evident that ROS levels are higher at the sites of

F IGURE 3 XTT Cell Proliferation in the
Absence and Presence of
Lipopolyshaccharide (LPS) *P < 0.05 for
One‐Way Analysis of Variance with
Dunnett's Post‐Test

TABLE 3 Cyclo‐oxygenase (COX)‐1 and COX‐2 ratio of Sorghum
bicolor purified extracts at various concentrations

Sample
concentration

COX‐1 IC50
(mg/mL)

COX‐2 IC50
(mg/mL)

COX‐2 IC50/
COX‐1 IC50

P8 (2.5 μg/mL) 2.66 × 10−8 3.9921 × 10−6 150.1

P8 (5 μg/mL) 3.58 × 10−8 2.8707 × 10−6 80.2

P8 (20 μg/mL) 4.17 × 10−8 1.974 × 10−6 47.3

P8 (100 μg/mL) 2.98 × 10−8 7.25 × 10−8 2.4

P9 (2.5 μg/mL) 30.1 × 10−8 5.6181 × 10−6 186.6

P9 (5 μg/mL) 24.7 × 10−8 5.1822 × 10−6 209.8

P9 (20 μg/mL) 33 × 10−8 3.5435 × 10−6 107.4

P9 (100 μg/mL) 36.1 × 10−8 2.702 × 10−6 74.8

Ibuprofen

(50 μmol/L)
1.13 × 10−8 2.09 × 10−7 18.5

CAY10404

(1 μmol/L)
4.14 × 10−8 5.607 × 10−6 135.4
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inflammation such as synovial joints, contributing significantly to tis-

sue injury.28,29 Studies revealed that the antioxidant system is

destroyed with surplus generation and action of ROS in joints collec-

tive with increased pressure in synovium cavity, reduced capillary

density, vascular changes and increased metabolic rate of synovial

tissue.30 In addition, activated leukocytes also produce ROS that fur-

ther exacerbates inflammation and worsens the joint tissue dam-

age.31 Therefore, compounds that have scavenging activities toward

ROS may be expected to have therapeutic potential for several

inflammatory diseases. 3‐deoxyanthocyanidins have many phenolic

hydroxyl groups; as such they exert their antioxidant activity by

donating hydrogen atoms from a hydroxyl group to a free radical,

thereby counterbalancing oxidant effects.32

Previous reports on the antioxidant capacity of the west African

SBL demonstrated reduced production of free radicals, reduced

migratory responsiveness toward inflammatory chemoattractants and

induction of several anti‐inflammatory cytokines by polymorphonu-

clear cells, suggesting that flavonoids in SBL could reduce inflamma-

tion and the production of ROS. Moreover, animal models of

inflammation using intra‐planter injection of carrageenan showed

that SBL elevates the concentration of glutathione in the inflamma-

tory exudates, suggesting ROS scavenging properties.21

Flavonoids also extend an anti‐inflammatory effect by inhibiting

the production of several pro‐inflammatory mediators. Apigenin was

reported to reduce the proliferation of fibroblast-like syvonicytes,

and induced apoptosis in human RA fibroblast‐like synovicytes

in vitro,33 while luteolin inhibited the proliferation of synovial fibrob-

lasts isolated from collagen‐induced arthritis rats.34 In a mice model

of inflammation, apigenin (10 μmol/L) showed inhibitory action on

nitric oxide and PG‐E2 by inhibiting the expression of inducible nitric

oxide synthase and COX‐2, respectively.
In the present study the ethanolic fraction of SBL also showed

significant inhibitory effect on COX‐2 signalling. Both P8 and P9,

which contain apigenin and apigeninidin adducts, exerted major inhi-

bition of PG‐E2 expression in the presence of LPS. Such reduction

seems to be partly due to the extracts’ abilities to inhibit the COX‐2
enzyme responsible for PG‐E2 expression. Higher selectivity for

COX‐2 rather than COX‐1 was also observed in P8 extract at higher

concentrations, which was more effective than that of ibuprofen, a

non‐selective COX inhibitor that inhibits PG‐E2 production and COX‐
1 and COX‐2 enzyme activity. PG production is important in the

pathogenesis of RA. PG‐E2 can be detected in the synovial tissue at

levels significantly greater than those of healthy subjects.35,36 PG‐E2
production can also potentiate the effects of other pro‐inflammatory

mediators, including cytokines, nitric oxide and connective tissue

degrading enzymes.37 Inhibition of PG‐E2 biosynthesis therefore

serves as an important target for the development of drugs with

anti‐inflammatory properties.

Moreover, the P8 isolate from SBL not only inhibited PG‐E2 pro-

duction but also reduced XTT cell proliferation, which results in lim-

ited presence of cells suitable for orchestrating the tissue response

to injury. This is in line with previous reports showing that SBL

supresses the volume of inflammatory fluid formation and decreases

the number of leucocyte counts in an animal model of

inflammation.21

In summary, P8 fraction isolated from the ethanolic extract of

SBL containing both apigeninidin‐flavene dimer and apigenin showed

antioxidant/stabilizing effects through decrease in cell proliferation of

macrophages and anti‐inflammatory effects through suppression of

COX‐2 secretion and reduction of PG‐E2 production. Further

research is necessary in order to assess the several mechanisms of

action that have been proposed to explain the anti‐inflammatory and

immunomodulatory actions of flavonoids. Modulation of the

recruitment and production of pro‐inflammatory cytokines and

altered pro‐inflammatory gene expression are some of the important

mechanisms by which these flavonoids present in SBL can provide

anti‐arthritis effects in RA.
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A B S T R A C T

Rheumatoid arthritis (RA) is a chronic inflammatory disease that affects the physical and psychosocial wellbeing
of the patients and a major cause of work disability. Current drugs for its treatment only provide palliative effect,
as cure for the disease still remains elusive. Jobelyn® (JB), a potent anti-oxidant and anti-inflammatory dietary
supplement obtained from Sorghum bicolor, has been claimed to relieve arthritic pain. Thus, this study was
designed to evaluate its effect on inflammatory and biochemical changes as well as neurobehavioural deficits
associated with complete Freund-adjuvant (CFA)-induced arthritis in mice. The effect of JB (50, 100 and
200mg/kg) on inflammatory oedema, neurobehavioural deficits, levels of biomarkers of oxidative stress and
inflammatory cytokines (tumor necrosis factor-alpha and interleukin-6) induced by 0.1 mL of CFA (10mg/mL)
was evaluated in male Swiss mice. Oral administration of JB (100 and 200mg/kg) reduced inflammatory paw
volume and reversed sensorimotor deficits induced by CFA. JB also reduced pain episodes, anxiety and de-
pressive-like symptoms in CFA-mice. The increased level of oxidative stress in the joint and brain tissues of CFA-
mice was reduced by JB. It also decreased tumor necrosis factor-alpha and interleukin-6 levels induced by CFA in
the joint tissue of mice. These findings suggest that Jobelyn® attenuates inflammatory responses induced by CFA
in mice via inhibition of oxidative stress and release of inflammatory cytokines. The ability of JB to attenuate
CFA-induced nociception, sensorimotor deficits and depressive-like symptom suggests it might improve the
quality of life of patients with arthritic conditions.

1. Introduction

Rheumatoid arthritis (RA) is a common chronic inflammatory dis-
ease that affects the physical, psychological and social wellbeing of the
patients and a major cause of work disability in people over 50 years of
age across the globe [1,2]. RA is characterized by chronic inflammation
of the synovial membrane, pain and restricted joint movement [3–5].
This results in disability and high degree of morbidity that often leads
to disturbed daily life of the patients and also known to shorten the
lifespan of the patients [1,5]. However, the symptoms of RA are not
always confined to the joints, as it can cause extra-articular manifes-
tations such as cardiovascular and neurological complications [6–8].
The incidence of RA increases with age, with women being affected 25-
times higher than men [9,10]. The risk of the disease appears to be
greatest for women between 40 and 50 years of age, and for men
somewhat later, which makes it to be an age and sex-related disorder
[1]. The chronic nature of RA and the understanding that the disease is

incurable may cause a wide range of emotional reactions such as grief,
worry, fatigue, dysthymia, anger and social withdrawal, which are the
major components of depression [11,12]. Anxiety and depression have
been reported as common features seen in patients with RA, with higher
prevalence than that of the normal population [13]. Patients with
symptoms of depression often exhibit feelings of sadness, helplessness
and loss of pleasure or interest and sometimes suicidal tendency [8].

Although the etiology of RA still remains largely unknown, in-
filtrations of inflammatory cells into the joint play a prominent role in
the mediation of tissue destruction that characterized the pathology of
the disease [9,10]. In fact, the increase in the activity of inflammatory
cells (leukocytes) plays a prominent role in the pathogenesis of the
disease [14,15]. The initiation and progression of the disease are ma-
jorly related to the migration of inflammatory cells to the inflamed joint
in response to the release of chemical mediators such as cytokines,
prostaglandins, and leukotrienes [15,16]. The activity of the leukocytes
results in the release of free radicals and other cytotoxic substances
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including proinflammatory cytokines, which initiate and propagate
bone destruction seen in patients with RA [15–17]. The extent of
macrophage infiltration into the synovial, for example has been shown
to correlate with the severity of the disease and its progression [2,18].

Current approach to the management of RA focuses on the alle-
viation of symptoms as cure for the disease still remains elusive. The
major goal of treatment is to reduce pain, decrease inflammation, and
improve on the quality of life of the patients [19]. The non-steroidal
anti-inflammatory drugs and steroids are used to relieve inflammatory
pains but their prolonged administration is beset with several adverse
effects [15]. Moreover, the disease-modifying anti-rheumatic drugs also
have limited clinical efficacy and serious adverse effects [1,19]. Thus,
there is an urgent need to continue to search for alternative agents for
the treatment of the disease. However, a number of medicinal plants
with multiple sites of action that could target both the inflammatory
and oxidative pathways that are the key elements involved in the pa-
thology of RA are being investigated as new medicines for the disease
[16–21].

Jobelyn® (JB) is an African-based food supplement derived from the
polyphenol-rich leaf sheath of Sorghum bicolor (L) Moench (family:
Poaceae), a plant reputed for its nutritional and medicinal qualities
across the globe [23]. Sorghum bicolor, commonly known as millet, has
been used for over hundred years for the treatment of a variety of ail-
ments in African traditional medicine [23]. Jobelyn® is manufactured
by Health Forever Products Ltd, Lagos, Nigeria and available as cap-
sules (250mg per capsule) in most pharmaceutical outlets in Nigeria
and also abroad including United States of America. JB has gained local
and international recognition for the treatment of moderate to severe
anaemia (as in sickle cell patients), cancer and HIV/AIDS [24,25]. It is
also widely used across the globe to combat stress and to restore the
much needed energy during the periods of recovery from debilitating
diseases [24,25]. The manufacturer also claimed that JB is helpful in
arthritis and neurological disorders such as psychosis, stroke and con-
vulsions. In addition, JB is known to boost the immune system, thereby
enhancing the body’s defensive mechanisms in response to stress, in-
fections or debilitating illnesses like RA [24,25]. The recommended
dose by the manufacturer is 1 or 2 capsules (1–3 times daily) depending
on the severity of the ailments. The major active ingredients in JB in-
clude proanthocyanidins, anthocyanidins, apigenidins, proapigenidins,
apigenins, luteolins and naringenins [23,26]. Most of these biologically
active compounds have been found to exhibit a wide range of phar-
macological activities including neuroprotection, anti-nociception,
anti-inflammatory and anti-amnesic activities [27–30]. Previous studies
have confirmed the anti-anemic effect of JB, as it was shown to boost
haemoglobin concentrations and packed cell volume in laboratory an-
imals [24,25]. In our previous studies, we have reported that JB de-
monstrated anti-inflammatory effect in carrageenan models and stabi-
lized erythrocyte membrane [31]. Moreover, Benson et al. [26] also
reported that JB demonstrated anti-inflammatory activity in culture
cells via inhibition of infiltrations of WBC, release of inflammatory
cytokines and free radical formation. However, no investigations have
been carried out to evaluate the effects of JB on complete Freund-ad-
juvant-induced arthritis that closely mimics the pathology of RA. This
study was therefore designed to investigate the effects of Jobelyn® on
the inflammatory and biochemical changes as well as neurobehavioural
deficits associated with complete Freund-adjuvant-induced arthritis in
mice.

2. Materials and methods

2.1. Experimental animals

Male Swiss mice (22–26 g) used in this study were obtained from the
Central Animal House, University of Ibadan. The animals were kept in
plastic cages at room temperature with 12:12 h light-dark cycle and
were allowed free access to commercial rodent pellet diet and water ad

libitum. They were acclimatized for one week before commencement of
experiments and all the experimental procedures in this study were
performed in compliance with the NIH Ethical Guidelines for the Care
and Use of Laboratory Animals.

2.2. Drugs and chemicals

Jobelyn®-JB (Health Forever Products Ltd, Lagos, Nigeria),
Celecoxib-CEL (Medico Remedies PVT), 5,5′-dithiobis-2-nitrobenzoic
acid (DTNB; Sigma Aldrich, USA), triochloroacetic acid (Sigma Aldrich,
USA), thiobarbituric acid (Sigma Aldrich, USA), complete Freund-ad-
juvant-CFA (Santa Cruz Biotech., USA), sodium carbonate (BDH Poole,
England), potassium carbonate (BDH Poole, England), and sodium
chloride (BDH Poole, England) were used in this study.

2.3. Drug preparation and treatment

Jobelyn® and celecoxib were dissolved in saline before use and were
administered orally. The doses of JB used in the study were chosen
based on the results obtained from previous investigations [31]. The
dose of CEL (20mg/kg) was selected according to exiting literature
[32].

2.4. Effect of Jobelyn® on inflammatory responses in complete Freund-
adjuvant-induced arthritis model

The effect of JB on inflammatory responses in complete Freund-
adjuvant-induced arthritis was carried out according to the method
previously described [33]. Briefly, mice were allotted into 6 groups
(n= 6) and baselines left hind paw volume were measured on day 0.
Mice in group 1, which served as vehicle-control were given saline
(10mL/kg, p.o.), group 2 serving as CFA-control also received saline
(10mL/kg, p.o.), group 3 had CEL (20mg/kg, p.o) while groups 4–6
received JB (50, 100 and 200mg/kg, p.o.) daily for 14 days. However,
treatments were given to mice in groups 2–6 on day 1 after intraplantar
injection of 0.1mL of CFA containing 10mg/mL of heat killed Myco-
bacterium tuberculosis into the left hind paw of the animals. The in-
creases in paw volume were measured using a plethylmometer on days
6, 9 and 14. The changes in paw volume were calculated as the dif-
ferences between the paw volume at day 0 and 6, 9 and 14 after in-
jection of CFA.

2.5. Neurobehavioural tests

The neurological deficits such as postural instability, anxiety, de-
pression and altered motor activity that often characterized the pa-
thology of RA were evaluated in this study. The neurobehavioural tests:
test for spontaneous motor activity (SMA), postural stability, anxiety
and depressive-like behaviours were carried out in this sequence on day
14 post-injection of CFA.

2.5.1. Test for spontaneous motor activity
The test for SMA was done on day 14 post-injection of CFA using

activity cage (Ugo Basile, Italy). Mice in each group were placed in-
dividually in the activity cage and the SMA was recorded as activity
counts per 5min.

2.5.2. Evaluation of postural stability
The sensorimotor functions of the animals were assessed im-

mediately after testing for SMA using the walk beam test (WBT). The
WBT is used to evaluate fine motor coordination and balance of naïve
animals or those under the influence of drugs. The beam apparatus
composed of a piece of wood of length 100 cm, width 2 cm and elevated
to a height of 40 cm. The beam is coated with black paint and marked at
5 cm and 1 cm intervals. The WBT consists of two phases; the trial and
test periods. In the test phase, the mouse was placed at one end of the
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beam and allowed to move freely on the beam after securing its grip on
it for a period of 2min. The beam was cleaned with 70% ethanol and
allowed to dry between each trial. The test phase was done after the
trial session and the total distance travelled, number of foot slips and
turns were recorded for a period of 2min. The total distance travelled
(cm) referred to the number of times the animal goes over the beam
within the 2min test period multiplied by its current position on the
beam. Foot slip occurs whenever the back foot of the animal slips off the
beam. Meanwhile, turning behaviour occurs when the animal on
reaching the end of the beam turns to the opposite direction.

2.5.3. Test for anxiety-like behaviour using light/dark box
The light-dark box was used in this study to evaluate the effect of

CFA-induced anxiety-like behaviour according to the procedure pre-
viously described [34]. Briefly, immediately after the WBT, the animals
were placed individually at the center of the bright compartment and
allowed to explore the apparatus for a period of 5min [34]. The total
time spent (s) in the light and dark compartments were recorded for a
period of 5min. The maze was cleaned with a solution of 70% ethyl
alcohol and permitted to dry between tests to prevent odor bias.

2.5.4. Test for depression using tail suspension test (TST)
The TST is widely used as a screening procedure for evaluation of

novel compounds for anti-depressant property in rodents [35]. Mice
were suspended 50 cm above the floor, with the help of an adhesive
tape placed approximately 1 cm from the tip of the tail immediately
after the light/dark box test. The period of immobility (s) was then
measured for 4min after the 2min delay and the animals were con-
sidered immobile whenever they remained motionless and hung pas-
sively [35].

2.5.5. Test for mechanical hyperalgesia
The nociceptive response to application of a clip on the inflamed

hind paw of CFA-mice as model of mechanical hyperalgesia was eval-
uated on day 15 post-CFA injection. Briefly, inflamed hind paws of the
animals were individually clipped with a clip and the time (s) it took
the animal to bite the clip, an index of nociception was recorded.
However, a cutoff time of 60 s was imposed to prevent tissue damage
and the clip was immediately removed whenever the animals show sign
of pain. The animals in the vehicle-control group that were not pre-
treated with CFA were also subjected to the pain episode in a similar
manner.

2.6. Preparations of tissues for biochemical studies

The animals were sacrificed through ether anaesthesia immediately
after testing for nociception and the joint, and brain tissues were iso-
lated, weighed and kept in 10%w/v phosphate buffer (0.1 M, pH 7.4).
The joint tissues or the whole brains of the mice were homogenized
with the 10% w/v phosphate buffer and the supernatant stored at
−20 °C until use for the different biochemical assays and enzyme im-
munoassay.

2.6.1. Determination of glutathione (GSH) concentration
The concentration of GSH in the joint tissue and brain supernatant

of mice in each group was determined using the method of Moron et al.
[36]. Briefly, equal volume (0.4mL) of the tissue homogenate and 20%
trichloroacetic acid (TCA) (0.4 mL) were mixed and then centrifuged
using a cold centrifuge at 10,000 rpm at 4 °C for 20min. The super-
natant (0.25mL) was added to 2mL of 0.6 mM DTNB reagent and the
final volume was made up to 3mL with phosphate buffer (0.2M, pH
8.0). The absorbance was read at 412 nm against blank reagent using
spectrophotometer. The concentrations of GSH in the joint tissues or
brain tissues were expressed as micromoles per gram tissue (μmol/g
tissue).

2.6.2. Estimation of concentration of malondialdehyde (MDA)
The MDA levels in the joint and brain tissues of mice in each group

were determined as previously described [37]. Briefly, 0.5mL of dis-
tilled water and 1.0mL 10% TCA were added to 0.5 mL of the joint
tissue and brain supernatant and centrifuged at 3000 rpm for 10min.
Then, 0.1 mL thiobarbituric acid (TBA) (0.375%) was added to the
supernatant. The mixture was then placed in a water bath at 80 °C for
40min and then cooled to room temperature. Upon cooling, the ab-
sorbance of the supernatant was measured at 532 nm using a spectro-
photometer. The MDA concentration was calculated using a molar ex-
tinction coefficient of 1.56×105M−1 cm−1 and values were expressed
as μmoles/g tissue.

2.6.3. Estimation of superoxide dismutase (SOD) activity
The levels of SOD activity were determined as previously described

[38]. Briefly, 1mL of the joint and brain tissues supernatant were di-
luted with 9mL of distilled water to make a 1 in 10 dilution. An aliquot
of 0.2mL of the diluted sample was added to 2.5mL of 0.05M carbo-
nate buffer (pH 10.2) to equilibrate in the spectrophotometer and the
reaction was started by addition of 0.3 mL of freshly prepared 0.3 mM
adrenaline to the mixture, which was quickly mixed by inversion. The
reference cuvette contains 2.5mL of buffer, 0.3 mL of adrenaline and
0.2 mL of water. The increase in absorbance at 480 nm was monitored
every 30 s for 150 s.

2.6.4. Estimation of the concentrations of tumor necrosis factor-alpha and
interleukin-6 in the joint tissues

The concentrations of tumor necrosis factor-alpha (TNF-α) and in-
terleukin-6 (IL-6) in the joint tissue supernatant were estimated using
ELISA MAXTM Deluxe kit (BioLegend, USA) according to the manu-
facturer’s instructions.

2.7. Statistical analysis

The data were analyzed using Graph Pad Prism software version 5.0
and expressed as mean ± standard error of mean (S.E.M). Statistical
analysis was done using one-way or two-way ANOVA, followed by
Newman–Keuls post-hoc test or Bonferroni post hoc test for multiple
comparisons as appropriate. P values less than. 05 were considered
statistically significant.

3. Results

3.1. Jobelyn® reduces inflammatory responses induced by complete Freund-
adjuvant

The inflammatory responses induced by intraplantar injection of
CFA as measured by increase in paw volume are presented in Fig. 1.
Two-way ANOVA revealed that intraplantar injection of CFA produced
significant differences in paw volume on day 6 [F (6, 36)= 13.75;

0.0
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0.4

0.6

0.8
VEH
VEH + CFA

#

# #

* * *
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* *
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Fig. 1. Effects of Jobelyn® (JB) and celecoxib (CEL) on complete Freund-adjuvant (CFA)-
induced increase in paw volume in mice. Vertical bars represent mean ± S.E.M for 6
animals per group. #p < .05 compared to vehicle (VEH)-treated group and *p < .05
compared to VEH+CFA-treated group (Two-way ANOVA followed by Bonferroni post
hoc test for multiple comparison).
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p < .0001], day 9 [F (6, 36)= 42.60; p < .0001] and day 14 [F (6,
36)= 30.55; p < .0001]. However, the increased paw volume induced
by CFA was significantly (p < .05) reduced by JB (100 and 200mg/kg,
p.o.) or CEL (20mg/kg) (Fig. 1).

3.2. Effect of Jobelyn® on spontaneous motor activity in complete Freund-
adjuvant-treated mice

Table 1 showed the effect of JB on SMA as assessed by the activity
cage (Ugo Basile, Italy) in CFA-mice. One-way ANOVA showed that
there were no significant differences between treatment group: activity
counts [F(6. 36)= 1.471; p= .2433]. As shown in Table 1, CFA in-
creased activity counts but was not significant (p > .05) when com-
pared with control. Moreover, neither JB nor CEL significantly alters
the activity counts in comparison with CFA group (Table 1).

3.3. Jobelyn® ameliorates sensorimotor deficits induced by complete Freund-
adjuvant

The effect of JB on sensorimotor deficits induced by CFA as mea-
sured by the walk beam paradigm is depicted in Table 2. One-way
ANOVA showed that there were significant differences between treat-
ment group: distance travelled [F(6, 36)= 2.472; p= .00768], number
of foot slips [F(6, 36)= 4.892; p= .0066] and number of turns [F(6,
36)= 4.159, p= .0130]. Post-hoc analysis by Newman–Keuls test re-
vealed that CFA produced a significant (p < .05) decreases in distance
travelled by mice in the horizontal beam relative to control. As shown
in Table 2, CFA significantly (p < .05) increased the number of foot
slips from the horizontal beam and also impaired the number of turns

made by mice when compared with control. However, JB (100 and
200mg/kg) or CEL (20mg/kg) attenuated the sensorimotor deficits
produced by CFA as shown by increased distance travelled, reduced
incidence of foot slips and increased turning behaviour in the WBT
(Table 2).

3.4. Jobelyn® reduces anxiety-like behaviour induced by complete Freund-
adjuvant

The effect of JB on anxiety-like behaviour induced by CFA in mice is
presented in Table 3. One-way ANOVA revealed that there were sig-
nificant differences between treatment groups: time spent in light
compartment [(F6, 36)= 10.201; p < .0001] and time spent in dark
compartment [(F6, 36)= 8.605; p < .0001] when compared with
control. Post-hoc analysis by Newman–Keuls test showed that JB (50,
100 and 200mg/kg, p.o.) or CEL (20mg/kg) significantly (p < .05)
attenuated the anxiety-like behaviour induced by CFA in mice as evi-
denced by increased time spent in the light compartment of the box
(Table 3).

3.5. Jobelyn® attenuated depressive-like symptom induced by complete
Freund-adjuvant

The effect of JB on depressive-like behaviour induced by CFA in the
TST in mice is presented in Fig. 2. CFA-mice exhibited significant [F (6,
36)= 13.63; p < .0001] increase in the period of immobility when
compared with control. However, JB (50, 100 and 200mg/kg) pro-
duced a significant and dose-related decreases in the immobility time
relative to CFA group (Fig. 2).

3.6. Effect of Jobelyn® on complete Freund adjuvant-induced mechanical
hyperalgesia

One-way ANOVA showed that there were significant differences
between treatment group: latency to nociceptive behaviour [F(6,
36)= 4.956; p= .0015]. Post-hoc analysis by Newman–Keuls test re-
vealed that intraplantar injection of CFA produced significant
(p < .05) decreases in pain threshold in the inflamed paw of CFA-mice
relative to control (Fig. 3). However, CEL (20mg/kg, p.o) but not JB
(50–200mg/kg, p.o) reduced the reaction time to pain stimulus in a
significant manner (Fig. 3).

3.7. Jobelyn® decreases MDA concentrations in the joint and brain of CFA-
mice

The effects of JB on the concentrations of MDA in the joint and brain
tissue homogenates of CFA-mice is shown in Fig. 4. One-way ANOVA

Table 1
Effect of Jobelyn® on spontaneous motor activity of mice treated with complete
Freund-adjuvant.

Treatment Activity Counts/5min

Vehicle 233.3 ± 30.88
Vehicle+CFA 319.3 ± 26.47
CEL (20mg/kg)+CFA 323.4 ± 46.59
JB (50mg/kg)+CFA 375.7 ± 47.72
JB (100mg/kg)+CFA 286.6 ± 18.78
JB (200mg/kg)+CFA 284.0 ± 56.0

Values represent the mean ± S.E.M for 6 animals per group; p > .05.

Table 2
Effect of Jobelyn® (JB) and celecoxib (CEL) on sensorimotor deficits induced by complete
Freund-adjuvant (CFA) in mice.

Treatment Distance travelled
(cm)

Number of foot slips Number of turns

Vehicle 186.3 ± 21.45 0.0 ± 0.0 4.500 ± 1.190
Vehicle+CFA 137.5 ± 46.26# 3.000 ± 0.41# 1.500 ± 0.65#

CEL+CFA 225.5 ± 29.49* 0.2500 ± 0.25* 4.000 ± 0.41*

JB (50mg/
kg)+CFA

131.3 ± 39.86 2.000 ± 0.82 1.250 ± 0.25

JB (100mg/
kg)+CFA

192.5 ± 30.86* 1.500 ± 0.65* 2.500 ± 0.29*

JB (200mg/
kg)+CFA

322.5 ± 77.50* 1.500 ± 0.50* 2.500 ± 0.50*

Each value represents the mean ± S.E.M for 6 animals per group.
# p < .05 compared to vehicle.
* p < .05 compared to vehicle+CFA-treated group (One-way ANOVA followed by

Newman Keuls test). The sensorimotor functions were performed by placing the animal
on horizontal beam of length 100 cm and the total distance travelled, number of foot slips
and turns were recorded for a period of 2 min. The total distance travel referred to the
number of times the animal goes over the beam within the 2min test period multiplied by
its current position on the beam. Foot slip occurs whenever the back foot of the animal
slips off the beam while turning behaviour occurs when the animal on reaching the end of
the beam turns to the opposite direction.

Table 3
Jobelyn® (JB) and celecoxib (CEL) reduced anxiety-like behaviour induced by complete
Freund-adjuvant (CFA) in mice.

Treatment Duration (s) in the light
compartment

Duration (s) in the dark
compartment

Vehicle 122.36 ± 20.76 106.10 ± 7.52
Vehicle+CFA 85.31 ± 6.12# 205.20 ± 24.61#

CEL+CFA 243.68 ± 11.31* 54.80 ± 10.41*

JB (50mg/
kg)+CFA

232.3 ± 4.06* 62.57 ± 2.6*

JB (100mg/
kg)+CFA

226.2 ± 4.84* 71.40 ± 4.62*

JB (200mg/
kg)+CFA

207.23 ± 3.30* 87.13 ± 3.10*

Values represent the mean ± S.E.M for 6 animals per group.
# p < .05 compared to vehicle-treated group.
* p < .05 compared to vehicle+CFA group (One-way ANOVA followed by Newman

Keuls test).
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showed that there were significant differences between treatment
groups: MDA joint tissue level [F (6, 36)= 14.81; p < .0001] and
Brain MDA level [F (6, 36)= 7.906; p < .0004]. Post-hoc analysis by
Newman–Keuls test revealed that CFA produced significant (p < .05)
elevation of the concentrations of MDA in the joint and brain tissues
relative to controls. However, oral administration of JB (50, 100 and
200mg/kg) or CEL (20mg/kg) significantly reduced the level of MDA
in the joint and brain tissues in comparison with CFA group (Fig. 4).

3.8. Jobelyn® attenuates complete Freund adjuvant-induced GSH depletion
in the joint and brain tissues of mice

The effects of JB on the concentrations of GSH in the joint and brain
tissues of CFA-treated mice are shown in Fig. 5. As shown in Fig. 5, oral
administration of JB (50, 100 and 200mg/kg) or CEL (20mg/kg) at-
tenuated CFA-induced depletion of the concentrations of GSH in the
joint tissue [F(6, 36)= 13.48; p < .0001] and brain tissue [F(6,
36)= 6.059; p < .0019].

3.9. Effect of Jobelyn® on the activity of SOD in the joint and brain tissues of
CFA-mice

The effect of JB on the activity of SOD in the joint and brain tissues
of CFA-mice is presented in Fig. 6. One-way ANOVA showed that there
were significant differences between treatment groups: joint tissue [F
(6,36)= 15.90; p < .0001] and brain tissue [F(6, 36)= 9.662;
p= .0007] SOD activity. However, the reduced SOD activity induced
by CFA in these tissues was elevated by JB (100 and 200mg/kg) or CEL
(20mg/kg) in a significant (p < .05) manner (Fig. 6).

3.10. Jobelyn® decreases the level of inflammatory cytokines (interleukin 6
and tumor necrosis factor-α) in the joint tissue of CFA-mice

The effect of JB on the concentrations of inflammatory cytokines
(TNF-α) and IL-6) induced by CFA in the joint tissue of mice is pre-
sented in Figs. 7 and 8. One-way ANOVA showed that there were sig-
nificant differences between treatment groups: IL-6 level [F (6,
36)= 11.87; p= .0002] and TNF-α level [F (6, 36)= 86.49;
p < .0001]. However, the increased levels of IL-6 and TNF-α in the
joint tissue of mice was significantly (p < .05) attenuated by JB (50,
100 and 200mg/kg) or CEL (20mg/kg) when compared with CFA
group (Figs. 7 and 8).

Fig. 2. Effect of Jobelyn® (JB) and celecoxib (CEL) on immobility time in complete
Freund- adjuvant (CFA)-treated mice in the tail suspension test. The vertical bars re-
present the mean ± S.E.M for 6 animals per group. #p < .05 compared to vehicle
(VEH)-treated group and *p < .05 compared to VEH+CFA-treated group (One-way
ANOVA followed by Newman Keuls test).
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Fig. 3. Effect of Jobelyn® (JB) and celecoxib (CEL) on complete Freund-adjuvant (CFA)-
induced mechanical hyperalgesia in mice. #p < .05 compared to vehicle (VEH) and
*p < .05 compared to VEH+CFA-treated group (One-way ANOVA followed by Newman
Keuls test).

Fig. 4. Effect of Jobelyn® (JB) and Celecoxib (CEL) on MDA levels in the joint tissue (plate A) and brain tissue (B) of mice injected with complete Freund-adjuvant (CFA). Each value
represents the mean ± S.E.M for 6 animals per group. #p < .05 compared to vehicle (VEH)-treated group and *p < .05 compared to VEH+CFA-treated group (One-way ANOVA
followed by Newman Keuls test).
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4. Discussion

The results of this study showed that JB reduces inflammatory and
nociceptive responses induced by intraplantar injection of CFA in mice.
In the walk beam test, JB ameliorated the sensorimotor deficits induced
by CFA. Moreover, the anxiety- and depressive-like behaviours induced
by CFA were reduced by JB. In the biochemical studies, JB or CEL at-
tenuated CFA-induced increases in oxidative stress in the joint and
brain tissues of mice. In addition, CFA-induced increase in the levels of
IL-6 and TNF-α in the joint tissue of mice was also reduced by JB or
CEL.

CFA-induced arthritis in rodents has been shown to replicate most of
the clinical and pathological features of RA and thus is the most com-
monly used model for the detection of novel compounds with anti-ar-
thritic activity [40–42]. Previous studies have shown that unilateral
intraplantar injection of CFA triggers inflammatory responses in ro-
dents [41]. Chemical mediators like IL-6, IL-1 and TNF-α and pros-
taglandins have been implicated in the inflammatory effect of CFA
[39,40,42]. IL-6, IL-1 and TNF-α, for examples, are known to play

prominent roles in joint inflammation because they mediate the for-
mation of other inflammatory mediators such as prostaglandins, nitric
oxide, matrix metalloproteinases and C-reactive protein [2,43]. Speci-
fically, IL-6 has been implicated in the upregulation of adhesion mo-
lecules, activation of osteoclasts and activation of B cells [2,43–45]. The
increased expression of adhesion molecules on endothelial cells wall, of
course, produce recruitment of more inflammatory cells to the joint
whose activity leads to further release of cytotoxic metabolites such as
reactive oxygen species (ROS) and reactive nitrogen species (RNS).
Thus, the findings that JB reduced inflammatory oedema induced by
CFA suggest that it might offer some beneficial effects in arthritic
conditions. This suggestion is further supported by the findings from the
biochemical studies, which showed that JB significantly reduced the
levels of IL-6 and TNF-α, the prime cytokines known for the induction
and propagation of joint inflammation [2,39–43]. The inhibition of the
release of these pro-inflammatory cytokines suggest that JB might also
affect the levels of other mediators especially prostaglandins at the site
of inflammation. It is worthy to note that prostaglandins are known for
their ability to potentiate other inflammatory mediators and thus

Fig. 5. Effect of Jobelyn® on glutathione concentrations in the joint tissue (A) and brain tissue (B) of mice injected with complete Freund-adjuvant (CFA). Each vertical bar represents the
mean ± S.E.M for 6 animals per group. #p < .05 compared to vehicle (VEH)- treated group and *p < .05 compared to VEH+CFA-treated group (One-way ANOVA followed by
Newman Keuls test).

Fig. 6. Effect of Jobelyn® on superoxide dismutase activity in the joint tissue (A) and brain tissue (B) of mice injected with complete Freund-adjuvant (CFA). Vertical bars represent the
mean ± S.E.M for 6 animals per group. #p < .05 compared to vehicle (VEH) and *p < .05 compared to VEH+CFA group (One-way ANOVA followed by Newman Keuls test).
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contribute significantly to the progression of chronic inflammatory
diseases [2]. Previous studies have also confirmed that JB demonstrated
anti-inflammatory activity and inhibited the release of inflammatory
mediators from culture cells [26]. Moreover, luteolin, a major con-
stituent of JB was shown to inhibit nuclear factor-κB (NF-κB), a major
transcription factor in immune cells, which further support the poten-
tial benefit of JB in chronic inflammatory diseases [46]. However, more
studies are needed to establish the relevance of these findings in the
anti-arthritic effect of JB demonstrated in this study.

Increased oxidative stress and nitrergic alteration have also been
reported in the inflammatory responses produced by CFA in rodents
[40]. The increased recruitment of inflammatory cells to the inflamed
joint, is known to be the major source of these oxidant molecules in
patients with RA [2,15]. Specifically, the activity of the inflammatory
cells in the inflamed joint leads to release of cytotoxic metabolites such
as ROS and RNS that result in bone deformity seen in patients with RA
[2,43–45]. Moreover, increased levels of malondialdehyde, a major
biomarker of oxidative stress and low levels of endogenous antioxidants
have been found in patients with rheumatoid arthritis [2,47]. Low le-
vels of GSH, tocopherols, β-carotene and SOD are known to be

associated with RA [48].Thus, the use of antioxidants is being proposed
as a strategy for the prevention or treatment of this chronic in-
flammatory disorder [2,47–51]. The results of this study showed that JB
demonstrated potent antioxidant effect, as it reduced the levels of MDA
and nitrite; accompanied by increased antioxidant molecules (GSH and
SOD) in the joint tissue of CFA-mice. This finding, which collaborates
the reports of Benson et al. [26] further suggest that JB supplementa-
tion may serves as an option for the prevention of free radical-mediated
tissue injury associated with chronic inflammatory diseases.

Both preclinical and clinical studies have shown that RA does not
only affect the physical activity of the sufferers but also impair the
psychosocial wellbeing of the individuals [2,52,53]. RA like every
chronic disease is known to produce psychosocial stress that could
precipitate depression and other neurobehavioural deficits such as al-
tered locomotion and postural instability or impaired sensorimotor
functions [1,52]. The intense persistent pain due to RA [16] is known to
cause a wide range of emotional reactions such as worry, distress, ag-
gression, anger, depression and social withdrawal [1,52,53]. Notably,
emotional disturbances related to anxiety, worry or depression also
exacerbate painful conditions [61]. Thus, anxiety and depression are
integral components of chronic pains in clinical settings [59,60,62].
Previous studies have shown that CFA produced nociceptive responses
via the release of pain mediators such as bradykinin, serotonin and
prostaglandins [54–56], which either stimulate or sensitize nociceptors
to cause pain in response to algogenic substances [57,58]. However, JB
was found to slightly elevate the pain threshold to a mechanical sti-
mulus in the inflamed hind paw of CFA-mice. Meanwhile, apigenin and
naringenin, which are major constituents of JB have been reported to
exhibit analgesic activity in both acute and chronic animal models of
pain [30,67]. These findings appear to support the acclaimed benefit of
JB in patients with arthritic pains in ethnomedicine.

In the neurobehavioural studies, JB was found to reverse motor
dysfunctions and also reduced anxiety and depressive-like behaviours
induced by CFA in mice. It is generally believed that RA alters physical
activity (PA) of the patients as a consequence of joint pain and fatigue
[5]. Previous studies using accelerometer have shown that PA was
lower in RA patients compared with the general population, though
only in terms of moderate and vigorous activity [5]. An accelerometer
like an activity cage is known to capture salient behavioural char-
acteristics including the frequency, intensity and duration of PA, as well
as resting periods [5]. However, the results of this study showed that
CFA slightly increased activity counts but significantly impaired sen-
sorimotor functions, as revealed by reduced locomotion, increased falls
and decreased number of turnings in the walk beam test. The slight
increase in activity counts in CFA-mice might have resulted from
overall increase in bodily activity occasioned by severe pain despite
reduced active movement. However, the findings that JB attenuated the
sensorimotor deficits induced by CFA suggest that it might be helpful in
improving the quality of life of arthritic patients. This assertion is fur-
ther confirmed from the findings that JB attenuates anxiety- and de-
pression-like behaviours induced by CFA in mice. Previous studies have
established heightened anxiety and depression as the major medical
conditions that affect the psychosocial functioning of patients suffering
from RA [63–65]. Moreover, CFA-induced anxiety- and depressive-like
symptoms in rodents have been shown to be related to increased oxi-
dative stress in the brain of rodents [40]. In addition, a close association
between oxidative stress and depressive illnesses has also been estab-
lished in literature [13,66]. However, more studies are needed to
confirm whether the antioxidant activity of JB has any role in its ability
to reduce CFA-induced anxiety and depressive-like symptoms in mice.
Meanwhile, Jobelyn® has been shown to possess various bioactive
substances such as apigenin, luteolin and naringenin, which have been
reported to exhibit antidepressant, antineuroinflammatory, antioxidant
and membrane stabilizing properties [23,26–28]. However, the roles of
these active constituents in the anti-arthritic effect of JB remain to be
investigated as future studies.
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Fig. 7. Effect of Jobelyn® (JB) and celecoxib (CEL) on the levels of interleukin 6 (IL-6) in
the joint tissue of mice treated with complete Freund-adjuvant (CFA). Vertical bars re-
present the mean ± S.E.M for 6 animals per group. #p < .05 compared to vehicle
(VEH)-treated group and *p < .05 compared to VEH+CFA-treated group (One-way
ANOVA followed by Newman Keuls test).

VEH

VEH + 
CFA

0

5

10

#

*

* *
*

Fig. 8. Effect of Jobelyn® (JB) and celecoxib (CEL) on the levels of tumor necrosis factor
alpha (TNF-α) in the joint tissue of mice treated with complete Freund-adjuvant (CFA).
Vertical bars represent the mean ± S.E.M for 6 animals per group. #p < .05 compared
to vehicle (VEH)-treated group and *p < .05 compared to VEH+CFA-treated group
(One-way ANOVA followed by Newman Keuls test).
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5. Conclusions

The results of this study show that JB attenuates inflammatory and
nociceptive responses as well as neurobehavioural deficits induced by
CFA in mice, which support its acclaimed benefit in individuals with
arthritic disorder. The attenuation of complete Freund-adjuvant-in-
duced inflammatory responses may involve inhibition of oxidative
stress and release of proinflammatory cytokines.
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Introduction: The prevalence of sickle cell 
anemia (haemoglobin SS) in South West 
Nigeria is about 2.4% and the frequency of 
heterozygotes  who are asymptomatic traits 
(hemoglobin AS) is stable at 20-25%.1 Sickle 

cell anaemia is an autosomal inherited disorder 
of haemoglobin (Neel and Beet 1947-1949) due 
to a point mutation in the 6th codon of the  beta 
globin gene  (Ingram and Hunt 1956-1958).2 
This mutation results in the substitution of a 

Abstract: Sickle cell anaemia in South West Nigeria has a prevalence of 2.4 %.It is characterized by 
recurrent crisis like bone pain, hyper haemolysis, acute sequestration, red cell aplasia and progressive 
organ damage. These cause high absenteeism at school and at work with a significant reduction in life 
expectancy. The phytochemical extract of sorghum bicolor has been shown to have anti-inflammatory 
and antioxidant effect; and to increase the haemoglobin in experimental rat. The extract is consumed 
widely in Nigeria by patients with sickle cell anaemia. This study seeks to assess the effect of this 
extract on haemopoiesis in these patients. 
The study population was the patients attending the adult haematology clinic of the Lagos State 
University Teaching Hospital. It was a randomized open label study with 105 consenting participants. 
One group was given folic acid 5mg twice daily and paludrine 200mg daily. The other group had in 
addition, 1gm of extract per day in two divided doses for 4 weeks. The haematological parameters 
were taken weekly. 
After 4 weeks of taking the extract, there were reduction in white blood cells (p= 0.10) and platelet 
counts (p= 0.03).There were significant reductions in the mean red cell haemoglobin (p=0.0004), mean 
cell haemoglobin concentration (p=0.0001) while the reduction in mean cell volume and haematocrit 
changes were minimal (p=0.3and 0.5 respectively).  
The reduction in leukocytes and platelets counts suggests an anti-inflammatory effect of the extract 
which may have a clinically positive effect. The significantly reduced cellular haemoglobin 
concentration and minimal changes in haematocrit demonstrate that the extract will not unduly 
increase the red cell haemoglobin concentration which may promote sickling. 
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hydrophilic amino acid (glutamic acid) by a less 
hydrophilic amino acid (valine). 2 The variant 
haemoglobin is therefore less soluble in reduced 
oxygen tension as seen in the tissue capillaries 
or rising cytosolic hemoglobin concentration. 
The precipitation of deoxyhemoglobin makes 
the red cell more rigid and the membrane 
expresses increased phosphatidyl serine on their 
surface thereby making the cell more sticky to 
the endothelium (Hebbel, Eaton and Steinberg 
1980). 2 There is subsequent blockage of the 
venules with tissue congestion and hypoxia. A 
vicious cycle of tissue hypoxia and reperfusion 
becomes established and cytokines that mediate 
pain and inflammation are released. At 
reperfusion, reactive oxygen series are released. 
The rigid cells with the associated membrane 
lipid peroxidation are prone to increased 
intravascular and extravascular hemolysis. 
There is intravascular release of hemoglobin 
and arginase. Arginase mops the blood of L- 
arginine, a source of nitric oxide. Polyamines 
and L-proline are formed from arginine by 
arginase. These are essential for smooth muscle 
growth and collagen synthesis.3 the released 
hemoglobin reduces the constitutive nitric oxide 
(Eno). Nitric oxide has vasodilatation effect, it 
reduces platelet aggregation and endothelial 
adhesion molecule expression. Reduced nitric 
oxide will cause increased vascular tone and 
promote tissue hypoxia with pain and release of 
inflammatory cytokines. Recurrent hypoxia and 
reperfusion results in reperfusion tissue injury, 
chronic anaemia, hyper haemolysis, recurrent 
bone pain, sequestration of blood in organs like 
the spleen, the liver, the lungs, the veins of the 
male erectile organ and progressive organ 
damage as seen in pulmonary hypertension.4,5,6 
The phytochemical extract of sorghum bicolor 
bran has been shown to have anti-inflammatory 
and anti-oxidant effects due to the presence of 

phenolic acids, various flavonoids and trace 
elements.7, 8 These phytochemicals have been 
shown to inhibit the gene expression of 
transcription factor i.e. nuclear factor NF-KB 
and the activities of tumor necrosis factor, 
interleukin 1 and COX 2.9 These are mediators 
of inflammation and pain. These 
phytochemicals are also known to have strong 
anti-oxidant effect. 9 They also increase the 
production of red blood cells in rat infected with 
Trypanosoma brucei to cause anaemia.10The 
anti-oxidant effect will reduce the noxious 
effects of inflammation while the haemopoietic 
effect should offer some protection against the 
development of red cell aplasia in sickle cell 
anaemia which is usually caused by viral 
infection (Human Parvovirus B19) of erythroid 
precursors and folate deficiency. It is therefore 
expected that the extract of sorghum bicolor 
should give clinical improvement and prevent 
tissue damage in sickle cell anaemia. This study 
seeks to assess the effect of the extract on the 
haematological parameters in sickle cell 
anaemia. 
Methodology: This was an interventional, open 
label and randomized study to identify the effect 
of extract of sorghum bicolor on the 
hematological parameters in patients with sickle 
cell anaemia. Ethical approval was obtained 
from the Lagos State University Teaching 
Hospital health research and ethics committee. 
The study was registered with Clinical 
Trials.gov Identifier: NCT01703104. 
The patients were recruited from the outpatient 
department of the Lagos State University 
Teaching Hospital with explanation. Written 
informed consents were obtained from the 
participants or their guardian or parents if below 
18 years old. The exclusion criteria were age 
below 14 years. Presence of co-morbid 
conditions like tuberculosis, HIV infection, 
hepatitis infection and patients with severe 
organ damage like renal failure or 
cardiomyopathy were also excluded from the 
study. The participants were initially screened 
with liver function tests, renal function tests, 
Mantoux test, HIV, hepatitis screen and 
electrocardiography. Fingertip prick using rapid 
kits was used to screen for HIV and hepatitis. 
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These test were to exclude participants before 
randomization. 
Participants with haemoglobin SS were 
randomized using sealed envelopes into 2 
groups: one group was placed on the extract 
capsule 500mg twice daily , folic acid 5mg 
twice daily and paludrine 200mg daily (group 
A) while the other group was placed on folic 
acid and paludrine at the same dosage (group 
B). After 2 weeks those in group B had the 
extract added to their treatment due to high 
missed appointments. The participants were 
monitored for a total of 4 weeks. 
Appointments were given every week to make 
enquiries on drug adherence and intolerance. 
Follow up was strengthened by regular text 
messages and phone calls. Adverse events and 
abnormal laboratory values were to be reported 
to the consultant haematologists and the 
principal investigator immediately. 
Questionnaire was used to determine the 
demography of the participants.  
Four milliliters of blood was collected each into 
EDTA bottles for full blood count and 
heparinized bottles for chemistry analysis at 
recruitment. Subsequently blood samples were 
taken at weekly visits for 4 weeks. The blood 
collected were analyzed within 2 hours of 
collection using SYSMEX KX-21N™ 
automated hematology analyzer by Sysmex 
Corporation, Kobe, Japan. The chemistry tests 
were done with VITROS 350 chemistry auto 
analyzer manufactured by Orth clinical USA.  
The recruitment which started in September 
2011 took about 10 weeks and therefore the 
whole study span a period of 14 weeks 
All the patients were treated free and 
appropriately for other clinical presentations 
during the study period. 
Drop Out Rate: The number of participants 
that signed consent was one hundred and forty 
five.  Twenty-one participants presented for 
randomization but were excluded from the 
study because eight had significantly positive 
Mantoux test, nine were not homozygote 
haemoglobin S, two were hepatitis positive and 
two screened positive to HIV. One hundred and 
forty five participants were randomized. 

Seventy three started with the extract and 
seventy two were started on routine drugs. 
Eight participants from the group on the extract 
dropped out. Twenty eight participants dropped 
out from among those that started on routine 
drugs 
Statistical Analysis: Each parameter was 
analyzed using the repeated measure ANOVA if 
the normality test is positive and the Friedman’s 
test if negative. Where there is a significant 
difference, a linear trend posttest was done. The 
pre and post extract data were analyzed with the 
student t test. 
Results: The age range was 14 to 45 years with 
a mean of 24± 8 years.  There were forty three 
males (41%)and sixty two females (59%). All 
the participants had haemoglobin SS on 
haemoglobin electrophoresis. 
No adverse event of any degree was reported 
during the study. There was no evidence of 
deterioration in the health condition of any of 
the participants. 
There was no statistical difference in the means 
of the baseline values of the haematological 
parameters in the controls (on routine drugs) 
and those on Jobelyn.  
After 2 weeks of treatment with routine drugs 
only (control group)  and 4 weeks of  taking the 
extract Jobelyn (test group), there were 
reductions in both groups in the haematocrit, 
mean cell volume, red cell distribution width, 
red cell count and white cell count. The 
reductions were not statistically significant 
(tables 1 and 2). In both groups, the reduction in 
haemoglobin concentration, mean cell 
haemoglobin and mean corpuscular 
haemoglobin were statistically significant but 
the reduction in platelet count was only 
significant in the Jobelyn group (tables 1 and 2). 
Discussion: The pathogenesis of the various 
clinical presentation of sickle cell disease starts 
with cytosolic precipitation of the mutant 
deoxy-hemoglobin. This tendency is initiated by 
a combination of cellular dehydration, tissue 
hypoxia and the intrinsic property of the mutant 
hemoglobin to release its oxygen more readily 
than the normal adult hemoglobin. At a 
concentration of deoxy hemoglobin that is 
probably peculiar to the beta globin gene 
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haplotype and individual hemodynamics, the 
cell takes on the characteristic sickle cell shape. 
The variation in the degree of gene expression 
of alternative genes on the beta globin gene 
cluster i.e. fetal or gammaglobin genes and on 
the reduced production of hemoglobin as seen 
in the beta thalassemia add to the clinical 
diversity seen in sickle cell disease. Most 
antisickling agents alter the cellular hemoglobin 
S concentrate or the proportion of other 
hemoglobin within the cell. An example is 
hydroxyurea.11, 12Another method of preventing 
sickling is the prevention of cellular 
dehydration. Three processes are identified; the 
Gardos channel inhibition (Calcium activated 
potassium channel inhibition), magnesium 
linked potassium- chloride co-transport and 
chloride permeability pathway.13, 14Blockage of 
cellular loss of potassium through the inhibition 
of these pathways has been shown to reduce 
hemolysis and the percentage of dense 
erythrocytes with a significant amelioration of 
anemia in sickle cell disease.15, 16 
This study showed that there was no change in 
red cell volume but there was a significant 
decrease in mean cell hemoglobin concentration 
in patients on the sorghum extract (table 1). A 
similar event was observed in participants on 
routine drugs only. This suggests that the 
sorghum extract does not unduly increase the 
red cell haemoglobin concentration which will 
otherwise promote sickling. 
The marrow, when challenged, may increase 
haemopoiesis 6-8 times its normal activity. 
However infections such as human parvovirus 
in sickle cell disease may prevent this marrow 
response thereby causing prolonged red cell 
aplasia. The phytochemicals in sorghum bicolor 
have been shown to increase red cell formation 
in rats whose marrow were damaged by 
parasitic infection. This was not demonstrated 
in this study. There was reduction in 
haemoglobin values in both the participants on 
Jobelyn and the control group (tables 1 and 2). 
An explanation may be that the presence of 
abnormal haemoglobin with lower affinity for 
oxygen may prevent the hypoxic drive for 
haemopoiesis. Moreover, the marrow may be at 
its maximum level of haemopoiesis in the 

steady state such that there was no potential for 
further increase in haemopoiesis in both the 
control and those on Jobelyn. The ability of the 
extract to protect against aplastic crisis in sickle 
cell due to parvovirus as seen in the 
experimental rat infected with trypanosomes 
can only be demonstrated by a study over a 
prolonged period, using a larger sample size and 
including participants in aplastic crisis.10 

There was reduction in the blood cellular counts 
in both groups at the end of the study however 
the values were within normal ranges (tables 1 
and 2). This suggests that the extract of 
sorghum bicolor is not toxic to the marrow and 
would not increase the red cell mass which may 
make the blood more viscous (tables1). An 
increase in blood viscosity will promote blood 
sequestration in tissues. An increase in red cell 
mass beyond an optimal level would therefore 
be a disadvantage in sickle cell anemia. 
Once sickled, the cell becomes more rigid, the 
phospholipid at the surface is altered to favor 
adhesion of the red cells to the endothelium, 
platelets and leukocytes. The cells may become 
activated with increase in their expression of 
adhesion molecules such as selections and may 
release agents of inflammation like interleukin 
6.17,18 Agents that block these pathways should 
reduce the degree of organ damage. 
The phytochemicals in sorghum bicolor have 
very potent anti-inflammatory and antioxidant 
effects in tissues. 17, 18 They are therefore 
expected to moderate organ damage, pain, and 
sequestration crisis in sickle cell anaemia. There 
were reduction in white cell though not 
statistically significant but may be clinically 
important and a significant reduction in platelet 
counts in this study (table 1).This effect is 
probably a demonstration of the anti-oxidant 
and anti-inflammatory effects.17,18 Extract of 
sorghum bicolor may therefore contribute to 
reduction of organ sequestration, painful crisis 
and progressive organ damage in sickle cell 
disease.17 
This study, however, was not designed to 
determine the in vivo antioxidant and anti-
inflammatory effect of sorghum extract in sickle 
cell anemia.19, 20. These could have been 
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secondary end points. The time interval was too 
short to make any conclusion on clinical effects. 
In conclusion, the reduction in leukocytes and 
platelets counts suggests an anti-inflammatory 
effect of the extract which may have a clinically 
positive effect. The significantly reduced 
cellular hemoglobin concentration and minimal 
changes in hematocrit suggests that the extract 
would not unduly increase the red cell 
haemoglobin concentration which is a factor 
that may precipitate sickling. The antioxidant 
effect may also be beneficial in the reduction of 
the sickling phenomenon because increased 
oxidative stress has been shown to contribute to 
damage to red cell membrane and hence 
permanent sickling. 19,20.There is therefore need 
for  randomized, controlled and blinded studies 
that would include clinical measures like 
painful crises, jaundice, transfusion 
requirements, oxidative stress biomarkers, 
inflammatory markers and weight gain over a 
longer period. 
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Table 1: Data from participants commenced on extract of sorghum bicolor from the start. 

Number 65 

TESTS DAY 1 
(MEAN +/- SD) 

WEEK 
2 

WEEK3 
 WEEK 4 P VALUE 

PCV IN % 23.383±4.085 23.323±3.984 22.912±3.925 23.156±3.675 0.5455 
RBC 2.887±0.689 2.915±0.7036 2.850±0.6807 2.862±0.6561 0.6071 
HB 7.198±1.317 7.047±1.256 6.841±1.200 6.829±1.065 0.0013 
WBC 11.275±4.329 10.543±3.992 10.480±4.096 10.653±3.972 0.1053 
PLATELET 390.41±146.9 400.861±159.51 360.307±137.68 369.646±141.90 0.0344 
MCV 82.332±8.567 81.495±495 81.896±8.970 82.415±8.784 0.3534 
MCH 25.418±3.543 24.670±3.225 24.527±3.342 24.404±3.199 0.0004 
MCHC 30.798±1.847 30.233±1.637 29.887±1.551 29.535±1.170 0.0001 
RDW 
(CV) 

24.561±3.947 24.050±3.639 25.398±7.045 24.006±3.734 0.698 

 
PCV- HAEMATOCRIT, RBC – RED BLOOD CELL COUNT X 1012/L,HB – 
HAEMOGLOBIN CONCENTRATION IN gm/l, WBC- WHITE CELL COUNT X 109/L, 
PLATELET X109/L, MCV MEAN CELL VOLUME IN Femtoliters, MCH – MEAN CELL 
HAEMOGLOBIN IN PICOGRAM, MCHC – MEAN CELL HAEMOGLOBIN 
CONCENTRATION IN gm/dl,  RDW – RED CELL DISTRIBUTION WIDTH  IN PERCENT 
COEFICIENT OF VARIATION 
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Table 2: Data From Participants Commenced on Routne Drugs and Change to Include 
Extract on From Week 3.Number 40 

TESTS 
 

DAY 1 
(MEAN +/- 

SD) 

WEEK 1 WEEK  2 P 
VALUE 

PCV 25.082±4.848 24.857±4.628 24.922±4.327 0.4789 
HB 7.823±1.535 7.753 ±1.486 7.574 ±1.391 0.0037 

WBC 10.585±2.375 10.225±2.794 9.8475±2.245 0.2131 
PLATELET 395.52±151.5 386.65±132.6 372.35±112.6 0.6398 

MCV 81.025±8.073 80.460±8.677 80.110±8.135 0.1335 
MCH 25.347±3.414 25.180±3.795 24.377±3.393 <0.0001 

MCHC 31.212±1.813 31.182±1.909 30.337±1.695 <0.0001 
RDW (CV) 24.215±3.335 23.980±3.100 24.502±2.802 0.4796 

RBC 3.146 ±0.774 3.135 ±0.735 3.1655±0.752 0.9773 
 

PCV- HAEMATOCRIT, RBC – RED BLOOD CELL COUNT X 1012/L, HB – 
HAEMOGLOBIN CONCENTRATION IN gm/l, WBC- WHITE CELL COUNT X 109/L, 
PLATELET X109/L, MCV MEAN CELL VOLUME IN Femtoliters, MCH – MEAN CELL 
HAEMOGLOBIN IN PICOGRAM, MCHC – MEAN CELL HAEMOGLOBIN 
CONCENTRATION IN gm/dl,  RDW – RED CELL DISTRIBUTION WIDTH  IN PERCENT 
COEFICIENT OF VARIATION 
DROP OUT RATE  
166 DID INITIAL TESTS FOR EXCLUSION 

 

21 EXCLUDED (8 MANTOUX POSITIVE, 9 NOT HOMOZYGOTE, 2  

HEPATITIS, 2 HIV) 

145 RANDOMISED 

 
 73 ON EXTRACT                     72  ON ROUTINE DRUGS 

            

8 DROP OUT                                         28 DROP OUTIN FIRST WEEK 

4 HAD POOR FOLLOW UP FOR SAMPLING 

65                                       40FOR ANALYSIS  
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Abstract
 
PURPOSE: Jobelyn

®
 is a commercial herbal product 

recommended for the management of anemia related 
illnesses. Despite its wide use, there is limited report on its 
toxicological profile. This study examined the acute and short-
term chronic toxicity profiles of the product with emphasis on 
the LD50, gross morphological and histopathological effects. 

METHODS: Albino mice (mean weight: 16.45±3.14g) were 
used in this study.  For acute toxicity, graded concentrations 
of Jobelyn

®
 were administered orally and intraperitoneally as 

single doses to the mice. Intraperitoneal administration of 
sub-lethal doses daily for 14 days was adopted for the short-
term chronic toxicity studies.  
RESULTS: The LD50 following oral and intraperitoneal 
administration were 215.06 mg/kg (r = 0.916) and 193.37 
mg/kg (r = 0.995), respectively. The major behavioral/ 
morphological effects at high doses were reduction in motor 
activity, piloerection and sedation. The sub-lethal doses did 
not significantly modify the normal behavioral repertoire of 
licking, grooming and sniffing. Histopathological examination 
also did not indicate severe pathological changes. At the 
lethal doses, some degree of congestion was noticed in the 
lung, liver splenic and kidney tissues.  Short-term chronic 
studies did not produce further toxic effects but transient mild 
sedation and piloerection and histopathological examination 
revealed only mild congestion in the organs. No death of the 
animals was recorded during the period of sub-chronic 
toxicity assessment. 
CONCLUSION: Jobelyn

®
 is likely to be safe for use in 

humans when administered at recommended doses.  
 
Keywords: Jobelyn, safety profile, LD50, toxicity 
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Introduction 
 
The Alma Ata declaration of 1978 
encouraged the use of all available 
resources for primary healthcare and 
recommended that government should give 
high priority to using traditional health 
practices and incorporate proven traditional 
remedies into National Drug Policy and 
Regulations [1]. As much as 80% of people 
in developing world are said to depend on 
traditional medicines for primary healthcare 
[2]. Over the years, there has been 
worldwide recognition of the vital role of 
herbal medicines in healthcare [3, 4]. 
Unfortunately, most of the herbal medicines 
are poorly regulated and controlled in many 
countries. Nevertheless, there is a dearth of 
scientific proofs of effectiveness and safety 
of herbal preparations, which is required for 
marketing authorization [5, 6].  
 
Jobelyn

®
, manufactured by Health Forever 

Products Ltd., Lagos, Nigeria, is a 
commercial herbal preparation from 
Sorghum bicolor leaf-sheaths which contains 
carbohydrates, protein, tannins, saponins 
and iron. It is claimed to stimulate rapid 
production of red blood cells and maintains 
the integrity of white blood cells even with 
the presence of viral or bacterial infections. 
Jobelyn

®
 is said to strengthen the immune 

system and thereby enhances body’s 
defensive mechanisms. Unpublished studies 
revealed the anti-trypanosomal activities of 
the product and haematinic effects in 
laboratory animals. The manufacturers 
recommend it as remedy for anemia in sickle 
cell anemia, cancer, HIV/AIDS, malaria, 
typhoid fever, aplastic anemia and 
pregnancy. Preliminary pilot preclinical 
studies in mice showed that Jobelyn

®
 does 

not create significant adverse effects but it 
significantly lowered serum creatinine and 
cholesterol levels. However, unpublished 
toxicological evaluation of the product in 
mice has shown its lethal effects at high 
doses. Although Jobelyn

®
 is currently used 

by people in many countries, the clinical 
efficacy and safety have not been 
scientifically reported [7].  The main objective 

of this work was to evaluate its toxicity 
profiles after acute and short-term chronic 
administration. 
 

Materials and Methods 
    
Animals 
 
Healthy albino mice (58 males and 50 
females; average weight, 16.45 ±3.14 g; 
weight range 13.75 – 19.48 g) were obtained 
from the Animal House of the College of 
Medicine, University of Lagos, Nigeria. The 
animals were kept in clean cages (10 
mice/cage) in well-ventilated room and 
allowed unrestricted access to livestock 
feeds (from Ladokun feeds, Ibadan) and 
fresh water. They were also allowed to 
acclimatize to the environment for one week 
before each experiment. During this period of 
acclimatization, the animals were periodically 
assessed for gross morphological/behavioral 
changes. The animal cages were cleaned 
out of waste alternate days. 
 
Acute toxicity testing  

 
This was carried out to determine dose-
response effects, sub-lethal and lethal 
doses, and to calculate the LD50 using both 
the oral and intraperitoneal routes 
 
Oral Route: 42 mice were divided into 7 
equal groups (A – G). Mice in groups A to F 
were administered 6, 12, 18, 24, 30 and 42 
ml/kg of 20% solution of JOBELYN® (8.2 
mg/ml) orally. The animals in group G that 
served as control, were given 0.3 ml of 
deionized water orally.  
 
Intra-peritoneal (IP) route: 36 mice were 
also divided into 6 equal groups (A – F). 
Mice in groups A to E were given 6, 12, 18, 
24, 30 and 60 ml/kg of the stock solution of 
Jobelyn

®
 (8.2 mg/ml) intra-peritoneally whilst 

animals in group F, serving as control, 
received 0.3 ml of de-ionized water IP.  
 
For each of the above routes, all the animals 

were monitored for gross morphological and 
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behavioral changes (including changes in 

locomotor activity, pilo-erection, normal 

behavioral repertoire [grooming/licking/ 

biting], sedation, aggressiveness, catalepsy, 

appetite, urination, defecation, vomiting, 

sneezing/wheezing) over 72 hr and the LD50 

was determined using probit analysis within 

95% confidence limit. The animals were then 

sacrificed and essential organs (preserved in 

10% formaldehyde solution for 4 weeks 

before processing) subjected to histological 

examination for pathological changes. The 

various organs were processed using the 

automatic tissue processor. This technique 

involved dehydrating the well-fixed 3 mm-

sized tissues placed in tissue baskets with 

their respective labels by passing them 

through graded alcohol. They were then 

moved into xylene solution baths and then 

placed in molten wax for impregnation. The 

solidified blocks were trimmed and sectioned 

using the Rotary microtome at 5 ̩µ thickness. 

Sections were then floated on water bath at 

50 
o
C and picked up using albuminized 

microscopic slides. The cut sections were 

dried on hot plates at 60 
o
C and then stained 

by haematoxytocin and eosin to demonstrate 

tissue structures. 

 

Sub-acute toxicity testing/short-term 

chronic toxicity 

 

Thirty (30) mice were divided into three equal 

groups (A – C). Those in groups A and B 

were given 0.1 and 0.2 ml of 20% solution of 

JOBELYN® (8.2 mg/ml) IP daily for 2 weeks 

while those in group C (control) were given 

0.3 ml de-ionized water intraperitoneally daily 

for the same period. The animals were 

monitored for morbidity and mortality 

(including changes in locomotor activity, 

piloerection, normal behavioral repertoire 

[grooming/licking/biting], sedation, aggres-

siveness, catalepsy, appetite, urination, 

defecation, vomiting, sneezing/wheezing), 

sacrificed after 15 days and essential organs 

(preserved in 10% formaldehyde solution for 

4 weeks before processing) were examined 

histologically for pathological changes as 

described earlier.  

 
Results 
 
Acute toxicity testing 
 
Following oral treatment of the animals, the 
observed changes in behavior of the animals 
is presented in Table 1. The mortality rates 
and probit analysis report are recorded in 
Table 2. Reduced mobility accompanied the 
administration of Jobelyn

®
 from the 0.3 ml 

dose level within 1 hr.  However, the animals 
were alert, except at high doses where a 
slight degree of sedation was noted. There 
was also some degree of pilo-erection and 
the surviving animals recovered motility soon 
after 48 hr. The normal behavioral repertoire 
was maintained. There was no noticeable 
reduction in appetite or changes in urine 
output. The LD50 values for oral route was 
found to be 215.06 (147.30 – 313.99) mg/kg. 
The summary of observed behavioral 
changes following intraperitoneal 
administration of Jobelyn

®
, mortality rates 

and probit analysis are presented in Tables 3 
and 4, respectively. 
 
Short-Term Chronic Toxicity Testing 
.  
The observed behavioral changes following 
the administration of 0.1ml and 0.2 ml of the 
stock solution of Jobelyn to 2 groups of ten 
mice each daily for 2 weeks are presented in 
Table 5. 
 
Histopathological examination revealed no 
marked pathological changes in the heart 
and kidneys but moderate congestion in the 
lungs and liver and slight congestion in the 
spleen at lethal doses. 
 

Discussion 
 
Most of the toxicological studies report that 
toxic effects due to the use of herbal 
medicine are associated with hepatotoxicity. 
Other toxic effects on the kidneys, nervous 
system, blood, and cardiovascular system,  
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Table 1: Behavioral changes following acute oral doses of Jobelyn
®
 

 

Dose (ml) Dose (mg/kg) Observations 

Control 0.0 
Normal behavioral repertoire; no sedation; no piloerection over 
the 72 hr of observation. 

0.1 49.85 
Mobile, alert, grooming and licking; slight piloerection. Very 
active over the 72 hr of observation 

0.2 99.70 
Slight reduction in motility; normal repertoire, slight piloerection. 
Active over the 72 hr of observation. No mouse died. 

0.3 149.54 
Reduced mobility, slight sedation and piloerection over 24 hr. 
Recovered motility, active and feed normally over the next 48 hr. 
1 mouse died after 24 hr. 

0.4 199.39 
Reduced motility, sedation and piloerection over 24 hr. 2 mice 
died after 24 hr. Recovered motility after 36 hr although not very 
active. Fully recovered after 48 hr 

0.5 249.24 
Marked reduction in motility, sedation and piloerection over 48 
hr. 3 mice died within 24 hr. Recovered motility after 72 hr 

0.7 348.95 Marked reduction in motility. 5 mice died within 24 hr. 

 
 
Table 2: Mortality rates and probit  analysis result after acute oral administration of Jobelyn

®
 

 

Dose 
(ml) 

Dose (mg) Dose 
(mg/kg) 

# mice # mice 
that died 

Mortality % Mortality Probit +5 

Control 0.0 0.0 6 0 0/6 0 0.0 

0.1 0.82 49.85 6 0 0/6 0 0.0 

0.2 1.64 99.70 6 0 0/6 0 0.0 

0.3 2.46 149.54 6 1 1/6 17 4.0458 

0.4 3.28 199.39 6 2 2/6 33 4.5601 

0.5 4.10 249.24 6 3 3/6 50  

0.7 5.74 348.95 6 5 5/6 83 5.9542 

LD50 value = 215.06 mg/kg; r = 0.916; confidence limit = 147.30 – 313.99 mg/kg 
 
Table 3: Observed behavioral changes after acute IP administration of Jobelyn

® 

 

Dose (ml) Observations 

Control  0.0 Normal behavioral repertoire. Alert. 

0.2 Normal behavioral repertoire. Slight piloerection. 1 mouse died after 24 hrs. Full 
recovery after 48hrs 

0.3 Slight reduction in motility, mild sedation over 24hrs. 2 mice died within 24hrs. 
Recovers fully after 48hrs 

0.4 Reduced motility, sedation, piloerection over 48 hrs. 3 mice died after 24 hrs. 

0.5 Reduced motility, marked sedation over 48hrs. 4 mice died after 24 hrs 

1.0 Reduced motility, marked sedation over 12hrs. All died within 24hrs 
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Table 4: Mortality rates and probit analysis result after acute IP administration of Jobelyn
®
 

 

Dose 
(ml) 

Dose 
(mg) 

Dose 
(mg/kg) 

# mice # mice that 
died 

Mortality % Mortality Probit +5 

Control  0.0 0.0 6 0 0/6 0 0.0 

0.2 1.64 99.70 6 1 1/6 17 4.0458 

0.3 2.46 149.54 6 2 2/6 33 4.5601 

0.4 3.28 199.39 6 3 3/6 50  

0.5 4.10 249.24 6 4 4/6 67 5.4399 

1.0 8.20 498.48 6 6 6/6 100  

LD50 value = 193.37 mg/kg; r = 0.995; confidence limit = 131.54 – 284.25 mg/kg 
 

Table 5: Observed behavioral changes after subchronic IP administration   
 

Dose (ml) Observations 

Control Normal behavioral repertoire throughout the 14 days of observation. No mice died. 

0.1 Normal behavioral repertoire. Slight piloerection. No mice died. Slight reduction in 
appetite 

0.2 Reduced motility, piloerection. Slight sedation. No mice died. Slight reduction in appetite. 

 
 
as well as medicinal herbs’ mutagenicity and 
carcinogenicity have also been published in 
medical journals [5]. The true incidence of 
hepatic damage caused by herbal 
medications is unknown. In the case of 
Chinese herbal remedies, the incidence of 
hepatotoxicity has been estimated at 
between 0.2% and 1% [6]. No accurate 
estimate of the prevalence of herbal 
remedies in Africa has been reported.  
 
The manufacturers of Jobelyn recommend 
as much as 500 mg per dose (2 capsules) 
and 1.5 g per day (6 capsules) for humans. 
For any average adult weighing 70 kg, the 
recommended doses translate to a dosage 
of about 7.14 mg/kg per dose and 21.42 
mg/kg/day, which are much smaller than the 
LD50 in this study. Even though the 
extrapolation of data from animals to humans 
is anticipated and not definitive, the 
recommended dosage regimen in man can 
be said to be comparatively very safe. For 
the oral route, the product has a tolerance 
limit of 99.70mg/kg. This gives a large room 
for dosage manipulation, which may be 

applicable to man.In this study, Jobelyn
®
 has 

been found to produce only toxic effects at 
high doses in the animals suggesting that 
Jobelyn is relatively safe when used at usual 
doses for a long time in the animals. Lethal 
consequences of the product may be 
expected in sufficiently high dosages.  
 
Some behavioral changes in the animals 
(reduced motility and sedation) may not be 
mutually exclusive; i.e. one could be 
responsible for the other. These effects may 
also have been responsible for the seeming 
loss of appetite that was observed at high 
doses in this study. The eye irritation 
observed in the animals when the product 
was administred through the oral route is 
attributable to direct contact of the product 
with the eye during administration.  
 

Conclusion 
 
There are indications that Jobelyn could be 
safe in humans when used at at doses 
recommended by the manufacturers. 
However, further toxicological screening in 
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humans is required to ascertain the safety 
profile. 
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Abstract. The aim of the present study was to investigate the sub-acute toxicological effects of Jobelyn® on pregnant 
albino rats by employing biochemical, haematological and histopathological methods. A total of 32 pregnant female rats 
were randomly assigned to four different groups of eight rats each. The control group received distilled water and 
different doses of Jobelyn®; 250, 500, 1000 mg kg-1were administered orally once a day for 2 weeks to the other groups. 
Biochemical analysis revealed a significant decrease (p<0.05) in the levels of alanine aminotransferase, albumin, urea, 
PCV and Hb in the treatment groups when compared to the control. However, the significant decrease in PCV and Hb 
was observed solely in the group treated with 1000 mg kg-1body weight, suggesting that this decrease could be dose-
dependent. Alkaline phosphatase, total protein, triglycerides, cholesterol, HDL cholesterol, LDL cholesterol, eosinophils, 
basophils, neutrophils, monocytes, lymphocytes, WBC count, revealed no significant difference (p<0.05) when compared 
to the control. The results show that at an appropriate dosage, the use of Jobelyn® during pregnancy may have no adverse 
effect on the liver and kidney tissues and may possess hepatoprotective and nephroprotective properties however the 
histopathological studies revealed that very high levels of Jobelyn may be hepatotoxic. 

INTRODUCTION 

Jobelyn® is a multifunctional natural ingredient derived from the leaf sheaths of Sorghum bicolor, a member of 
the Poaceae family [1].All parts of the plant, Sorghum (bicolor) have been useful in disease treatment, making the 
plant a phytoceutical. The leaf sheath of Sorghum bicolor is commonly used as a remedy against anaemia by 
traditional medicine healers [2]. The root is used in treating malaria in Southern Rhodesia; the seed has been 
employed for the treatment of breast disease and diarrhoea while the stem has been used for tubercular swellings 
treatment [3]. Recently, focus has been on the leaf sheath of S. bicolor being used as herbal remedy for anaemia and 
having a boosting effect on blood concentration; possessing hematinic potentials [2, 4]. This powder extract from 
Sorghum bicolor(Jobelyn®), contains proteins, carbohydrates, dietary fibre as well as bioactive substances known as 
phytochemicals, which have the potential to significantly affect human health positively [5]. The high concentration 
of phytochemicals, including proanthocyanidins, anthocyanins, phenolic acids, apigenin, proapigeninidin, 
apigeninidin, luteolin, naringenins in this wholly, natural, herbal product confers on it, very high antioxidant activity 
with a total oxygen radical absorbance capacity (ORAC) score of 37,000 μmolTE/g of dry powder[6]. It is capable 
of inhibiting peroxyl free radicals, hydroxyl free radicals, singlet oxygen and possesses a high capacity for 
quenching superoxide anions, hence its usefulness in maintaining human health [7]. The inhibition of peroxyl free 
radicals per gram of jobelyn® is 3,549 μmoleTE/g as compared to 997, 68, 24, 15, 8 and 7 μmoleTE/g of acai berry, 
cherry tart, blueberry, strawberry, oranges, red grape, respectively [8].This indicates that the antioxidant capacity of 
Jobelyn® is about 4 times higher than that of acai berry and 50 times than that of tart cherries [8] thussignifying the 
antiradical properties of Jobelyn® [9]. This herbal formulation is believed to alleviate symptoms of anaemia of 
diverse origin, among which are malaria, sickle cell disease, leukaemia, stroke, arthritis, pregnancy, enteric fever, 
helminthiasis, multiple myeloma, and tuberculosis, its use in pregnancy being quite notable [1, 10]. Elevation of 
packed cell volume (PCV) from 21 percent to 32 per cent has been observed in pregnant women within eight days of 
ectopic pregnancy operation following the use of Jobelyn® [unpublished]. Despite the wide use of this herbal 
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formulation, there is a paucity of studies on its toxicological profile. In relation to its effect on pregnant women, 
there has been no previous work done to ascertain if it poses health risks on the mother or not.  The plethora of 
previously reported and unreported adverse drug reactions associated with the use of herbal medicines makes it 
imperative that pre-clinical toxicological studies be carried out on these natural products [11]. Furthermore, the 
recommendation of the herbal drug as a dietary supplement, establishes the need for toxicological studies on its 
effects on pregnant women. The primary aim of the present study was to investigate the sub-acute toxicological 
effect of Jobelyn® by employing the biochemical, haematological, and histological indices in pregnant albino Wistar 
rats. 

MATERIALS AND METHODS 

A total of thirty two healthy cyclic female Wistar albino rats weighing 82-190 g were used in this study. Animals 
were acclimatized for two weeks prior to commencement of treatment housed under standard environmental 
conditions and fed with a standard rat diet (obtained from Graceline feeds, Ota, Ogun state) with free access to 
water. During this period of acclimatization, the animals were exposed to a photoperiodicity of 12h light/12h 
darkness and were periodically assessed for gross morphological/behavioural changes.  

Experimental Design 

The animals were divided into 4 groups of 8 rats each and treated daily for 2 weeks; beginning from the 5th to 
19th day of gestation during the period of foetal organogenesis. Group I served as the control group and received 
distilled water while groups II, III and IV received 250, 500 and 1000 mg kg-1of Jobelyn®. All animals were 
weighed and sacrificed on the 20th day of pregnancy. Their uteri were dissected and blood samples were 
immediately collected. The liverand kidney was collected, trimmed of excess fat and weighed and a portion was 
separated for histological studies. 

Haematological assays 

Blood samples were withdrawn from the heart to measure the levels of haemoglobin (Hb), packed cell volume 
(PCV), white blood cell count (WBC), WBC differentials (neutrophils, monocytes, lymphocytes, basophils and 
eosinophil) [12] 

Biochemical assays 

The commercial test kits for liver function test were purchased from Randox Laboratory, United Kingdom. 
Standard procedures were used to evaluate the protein concentration [13], aspartate aminotransferase (AST) [14], 
alkaline phosphatase (ALP) [15], alanine aminotransferase (ALT)[16],  albumin[17], direct bilirubin [18], urea[19] 
and creatinine[20]. 

Histopathological studies 

The organtissues were fixed in normal saline for a period of 72 h and cut into thin slices 2.1 mm thick. The 
tissues were dehumidified using liquor. They were thereafter treated with paraffin wax and cast into blocks; tissue 
sectionswere then slit into 5μm using microtome and allowed to dry on a slide. The slides were afterwards soiled 
with haematoxylin-eosin stain, analyzed using a light microscope and photomicrographs recorded [21]. 

Statistical analysis 

Differences between means of biochemical and haematological analysis of all the groups were estimated using a 
one-way analysis of variance followed by least significant difference test (post hoc) using the SPSS software (SPSS 
15 for Windows). The p<0.05 were considered statistically significant. Graph pad prism was used in presentation of 
charts. 

RESULTS 
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TABLE 1. Effect of Jobelyn® on Weight of Selected Organs of Pregnant Albino Rats 

Parameters Control (A)   250 mg kg-1 (B)   500 mg kg-1 (C)  1000 mg kg-1 (D) 

LIVER 5.97+0.53 6.03+0.87 6.27+0.45 5.24+0.77 
KIDNEY 0.47+0.03 0.47+0.04 0.47+0.02 0.46+0.02 
HEART 0.45+0.03 0.47+0.04 0.49+0.02 0.49+0.04 

LUNGS 1.13+0.09 1.13+0.13 1.29+0.06 1.15+1.15 
BRAIN 1.41+0.06 1.16+0.18 1.32+0.04 1.35+0.05 
SPLEEN 0.58+0.06 48.50+5.74 0.76+0.05 1.02+0.18 

Values represent mean + SEM of 8 replicates. From the Table 1, there was no significant difference p<0.05 in 
the weight of the kidney, heart, lungs, brain, spleen of treatment groups administered with Jobelyn® when compared 
with the control group. 

TABLE 2. Effect of Jobelyn® on in Liver Homogenate of Pregnant Albino Rats. 

Parameters Control (A) 250 mg kg-1 (B) 500 mg kg-1 (C) 1000 mg kg-1 (D) 
ALT (U/I) 94.09+5.01 90.54+1.42 86.57+1.12 88.16+1.84 
ALP (U/I) 104.420+23.26 237.65+127.25 77.54+14.93 140.66+66.50 
AST (U/I) 118.21+4.10 103.25+17.63 117.02+15.01 136.59+2.57 
TP (mg/dl) 2.08+0.41 2.20+0.43 1.79+0.35 1.55+0.28 

ALB (mg/dl) 0.61+0.12 0.65+0.89 0.44+0.08 0.57+0.10 

Values represent mean + SEM of 8 replicates p<0.05, significantly different from the control group. ALT = 
Alanine aminotransferase, ALP =Alkaline phosphatase, AST = Aspartate aminotransferase, TP = Total protein, 
ALB = Albumin, D BIL=Direct Bilirubin. From Table 2, there was no significant difference p<0.05 in the activity of 
ALT, ALP, AST, TP, Albumin and Direct Bilirubin in the liver homogenate of groups administered Jobelyn® when 
compared with the control group. 

TABLE 3. Effect of Jobelyn® in Kidney Homogenate of Pregnant Albino Rats. 

Parameters Control (A) 250 mg kg-1 (B) 500 mg kg-1 (C) 1000 mg kg-1 (D) 
UREA (mg/dl) 27.22+1.64 20.98+1.92 10.39+2.63 25.50+9.96 
CREA (mg/dl) 1.83+0.32 1.75+0.32 1.27+0.31 1.55+0.48 

Values represent mean + SEM of 8 replicates p<0.05, not significantly different from the control group. CREA = 
Creatinine. From Table 3, there was no significant difference p<0.05 in the levels of urea and creatinine in the 
kidney homogenate of the treatment groups administered with Jobelyn® when compared with the control group. 

TABLE 4. Eect of Jobelyn® on Selected Lipid Profile Parameters in Plasma of Pregnant Albino Rats. 

Parameters Control (A) 250 mg kg-1 (B) 500 mg kg-1 (C) 1000 mg kg-1 (D) 

TRIGS (mg/dl) 47.02+10.33 41.53+8.05 52.60+8.51 43.48+14.48 

T.CHOL (mg/dl) 66.66+8.19 48.16+1.34 59.26+4.46 53.84+5.90 

Values represent mean + SEM of 8 replicates p<0.05, not significantly different from the control group. TRIGS 
= Triglycerides, T. CHOL = Total Cholesterol. From Table 4, there was no significant difference p<0.05 in the 
levels of Triglycerides and Total cholesterol in the plasma of the treatment groups administered with Jobelyn® when 
compared with the control group. 

TABLE 5. Effect of Jobelyn® on Selected Lipid Profile Parameters in Liver homogenate of Pregnant Albino Rats.  

Parameters Control (A) 250 mg kg-1 (B) 500 mg kg-1 (C) 1000 mg kg-1 (D) 

TRIGS (mg/dl) 119.52+13.88 102.93+11.85 102.33+9.93 146.34+23.26 

T.CHOL (mg/dl) 25.00+5.01 23.41+3.00 36.95+8.20 32.48+9.29 

HDL CHOL (mg/dl) 206.89+3.73 201.80+0.83 202.77+0.90 207.11+6.76 
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Values represent mean + SEM of 8 replicates p<0.05, not significantly different from the control group. TRIGS 
= Triglycerides, TOTAL CHOL = Total Cholesterol, HDL CHOL = High Density Lipoprotein Cholesterol. From 
Table 5, there was no significant difference p>0.05 in the levels of Triglycerides, Total cholesterol and HDL 
cholesterol in the liver homogenate of the treatment groups administered with Jobelyn® when compared with the 
control group. 

TABLE 6. Effect of Jobelyn® on Selected Lipid Profile Parameters in Kidney of Pregnant Albino Rats. 

Parameters Control (A) 250 mg kg-1 (B) 500 mg kg-1 (C) 1000 mg kg-1 (D) 
TRIGS (mg/dl) 60.24+2.95 60.70+7.55 56.20+3.50 54.52+3.19 

T.CHOL (mg/dl) 48.16+3.32 39.94+3.47 52.46+6.95 42.58+6.31 

HDL CHOL (mg/dl) 21.19+6.11 15.77+3.60 14.74+1.98 14.62+1.31 

Values represent mean + SEM of 8 replicates p<0.05, not significantly different from the control group. TRIGS 
= Triglycerides, TOT CHOL = Total Cholesterol, HDL CHOL = High Density Lipoprotein Cholesterol. From Table 
6, there was no significant difference p<0.05 in the levels of Triglycerides, Total cholesterol and HDL cholesterol in 
the kidney homogenate of the treatment groups administered with Jobelyn® when compared with the control group. 

TABLE 7. Effect of Jobelyn® on Haematological Parameters in Plasma of Pregnant Rats. 

Parameters Control 250 mg kg-1 500 mg kg-1 1000 mg kg-1 
EOSINO (x 1012/L) 41.00+3.49 34.80+4.76 38.11+1.88 40.29+4.14 
NEUTRO (x1012/L) 46.50+1.55 56.80+5.32 52.67+1.70 54.50+2.81 

BASO (x 1012/L) 4.0+1.73 3.4+1.03 2.25+0.37 1.86+0.55* 
LYMPH (%) 4.25+0.63 5.00+1.30 5.22+0.97 3.83+1.08 
MONO (%) 1.50+0.29 1.0+0.0 1.57+0.30 1.40+0.24 

PCV (x 1012/L) 55.5+6.51 48.50+5.74 51.38+1.46 41.50+1.74* 
Hb (g/L) 17.90+2.10 15.65+1.85 16.57+0.47 13.39+0.56* 

Values represent mean + SEM of 8 replicates.*p<0.05: significantly different from the control group. WBC 
COUNT = White Blood Cell Count, NEUTRO = Neutrophils, EOSINO: =Eosinophils, BASO = Basophils, LYMPH 
= Lymphocytes, MONO = Monocytes, PCV: =Packed Cell Volume, Hb = Haemoglobin. From Table 7, there was 
no significant difference p<0.05 in the levels of neutrophils, eosinophils, basophils, lymphocytes, monocytes, white 
blood cell count, whereas, there was a significant difference p<0.05 in levels of haemoglobin and packed cell 
volume in the plasma of the treatment groups administered with Jobelyn® when compared with the control group. 

Histopathological examination 

In the histopathological examination, hepatoytes in control group revealed normal nuclei membrane, rough 
endoplasmic reticulum and mitochondria (Fig. 3A). But in the 250mg kg-1 group, mild to moderate portal 
inflammation was observed (Fig. 3B). The 500 mg kg-1 group (Figure 3C) revealed moderate inflammation, while 
moderate to severe portal inflammation was observed in the 1000 mg kg-1 (Fig. 3D). 

DISCUSSION 

Toxicological assessment of drugs, herbs and extracts are necessary to establish the safety limit of these 
substances in animals. These are then commonly used to assess the possible health risk in humans [22]. The liver is 
a metabolically active organ responsible for many vital life functions, some of such primary functions include; bile 
production and excretion; excretion of bilirubin, cholesterol, hormones, and drugs; metabolism of fats, proteins, and 
carbohydrates; storage of glycogen, vitamins, and minerals; synthesis of plasma proteins, such as albumin, and 
clotting factors, as well as blood detoxification and purification [23]. Due to these important activities, the liver is 
one of the body's organs most subject to injury. It is the central organ in the metabolism and detoxification of drugs 
and toxins. Consequently, drugs affect the liver more frequently than any other organ and place the liver at great risk 
for toxic damage [24]. The cells in the liver contain proteins called enzymes that drive these chemical reactions. 
When liver cells are damaged or destroyed, the enzymes in the cells leak out into the blood. Alanine 
aminotransferase (ALT), aspartate aminotransferase (AST), alkaline phosphatase (ALP) are specific markers of 
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hepatic injury and hepatocellular necrosis [25]. A Significant decrease (P<0.05) in the activity of alanine 
aminotransferase (ALT) was observed in groups treated with 500 and 1000 mg/kg body weight of Jobelyn® when 
compared with the control (Fig 1). Hence, suggesting that Jobelyn® may possess hepatoprotective properties. ALT is 
localized in the cytosol of the hepatocytes and is a more sensitive marker of hepatocellular damage as opposed to 
AST which can also be produced from other tissues like heart, kidney and pancreas other than the liver [26]. 
However, AST and ALP levels were not significantly different (P<0.05) in the treated groups when compared with 
the control groups. A significant decrease (P<0.05) in albumin levels in the group administered 500 mg/kg body 
weight of Jobelyn® was observed (ig 1). A similar study conducted by Salawuet al. [27] and Mancini-Filho[28] 
revealed similar results.  The possible hepatoprotective effects of Jobelyn® could be attributed to the presence of 
significant levels of flavonoids such as tannins and anthocyanidins which help to clear up free radicals. It has been 
established that free radicals play a significant role in various pathogenesis, inflammatory diseases and can result in 
necrosis of the liver [29, 30]. Flavonoids are known for their ability to exhibit antioxidant potential, and their effects 
on human health and nutrition are considerable. The mechanisms of action of flavonoids are through chelating or 
scavenging processes [31]. Chemically, the remarkable antioxidant properties of flavonoids is due to the hydrogen 
donating substituents (hydroxyl groups), which are attached to the aromatic ring structures of flavonoids, enabling 
the flavonoids to undergo a redox reaction and thus helping them to rapidly scavenge free radicals easily. Flavonoids 
also mediate their antioxidant effect by a stable delocalization system, which consist of heterocyclic and aromatic 
rings as well as multiple unsaturated bonds, and helps to delocalize the resulting free radicals [32]. Finally, the 
presence of certain structural moieties which are capable of forming transition metal chelating complexes that can 
regulate the production of reactive oxygen species such as O2- and OH is also a mechanism through which 
flavonoids mediate their antioxidant effect [33]. Sorghum bicolour, the plant extract of Jobelyn® is known to possess 
high concentration of flavonoids which include tannins and anthocyanins, significantly possessing high 
concentrations of dimeric 3-deoxy-anthocyanidins [34, 35]. Phenolic compounds, which have also been found to 
exist in high concentrations in Sorghum bicolor [36] are considered to play an important role as dietary antioxidants 
for theprevention of oxidative damage in living system, further establishing the antiradical properties of 
Jobelyn®[36].Epidemiological studies have suggested association between the comsumption of phenolic acid - rich 
foods or beverages and the prevention of many diseases [37]. The potential hepatoprotective properties of this 
wholly herbal drug is further supported by the significant decrease (P<0.05) in albumin levels in the group 
administered 500 mg/kg body weight of Jobelyn®. This could have been pregnancy-induced, as albumin is often 
decreased in normal pregnancy as a consequence of haem dilution. It is noteworthy though, that a low albumin level 
is often temporary, and is not a reliable way to diagnose liver disease. In contrast, the concentrations of the 
transaminases (alanine and aspartate) and γ-glutamyltransferase normally increase during pregnancy. Thus, the 
decreased levels of ALT observed in pregnant rats treated with Jobelyn® is a further proof of the possible 
hepatoprotective effect of Jobelyn® The histological findings revealed mild to moderate portal inflammation in the 
liver of animals treated with 250 and 500 mg/kg bodyweight of Jobelyn®, while the liver of rat treated with 1000 
mg/kg bodyweight of Jobelyn® showed moderate to severe portal inflammation (Fig 3). This is possibly as a result 
of the dose of Jobelyn® administered to the animals as the severity of liver abnormality increased with increasing 
dosage. Bilirubin levels were not significantly different (p<0.05) when compared with the control. Bilirubin is a 
waste product from the breakdown of red blood cells. The liver processes bilirubin so it can be excreted in stool. 
Bilirubin flows through the liver's bile ducts, dissolved in bile. Bilirubin blood levels may be elevated in people with 
impaired bile flow. This can occur in severe liver disease, gallbladder disease, or other bile system conditions. Very 
high bilirubin levels cause jaundice, in which the skin and whites of the eyes turn yellow [38]. Bilirubin can be a 
useful liver function test in people with a known bile flow problem. Higher than normal levels of direct or indirect 
bilirubin may indicate different types of liver problems. Occasionally, higher bilirubin levels may indicate an 
increased rate of destruction of red blood cells. Hence, the stable level of bilirubin in animals treated with Jobelyn® 
further supports the safety and possible hepatoprotective role of Jobelyn®. A significant decrease (p<0.05) in Urea 
concentration was observed, suggesting that Jobelyn® may have protective effects on renal function. Salawuet al. 
[27] also observed similar effects when Sorghum bicolor aqueous extract was administered to rats fed with low and 
high iron diet. This implies that the administration of Jobelyn® has no toxic effect on the kidney and may thereby 
preserve the integrity of the kidney. Urea is the major end product of protein metabolism in humans and other 
mammals. Factors which tend to increase urea excretion include increases in glomerular filtration rate, increased 
dietary protein intake, protein catabolic conditions, and water diuretic states. Factors which reduce urea excretion 
include low protein intake and conditions which result in low urine output such as dehydration), although low urea 
levels are seen during normal pregnancy. Biochemical analysis revealed significant decrease (p<0.05) in the levels 
of Hb and PCV in only the group administered 1000mg/kg which could be due to the high-dose (Table 7). The PCV 
(packed cell volume) determines the percentage of red blood cells in the plasma. During Pregnancy, however, 
decreased hematocrit levels are observed, especially in the last trimester as plasma volume increases. Haemodilution 
occurs physiologically in pregnancy [39]. This may result in lower haemoglobin concentrations than in the non-
pregnant state. Sorghum contains such hard-to-find nutrients as iron, calcium and potassium. In the past, doctors 
prescribed sorghum as a daily supplement for those low in these nutrients. No significant difference was observed in 
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the levels of triglyceride, total cholesterol and high density cholesterol. Implying that Jobelyn® poses no threat on 
the body as relates to diseases caused by increased cholesterol such as atherosclerosis. In addition to the high content 
of anti-inflammatory phenolic compounds, sorghum contains several groups of bioactive compounds with the 
capacity to induce pro-inflammatory immune responses. Water-soluble beta-glucans are found in sorghum that 
showed biologically active beta-glucans capable of initiating macrophage activation. 

 

 

 

FIGURE 1. Effects of Jobelyn on plasma of pregnant albino rats. ALT = Alanine aminotransferase, ALP = Alkaline phosphatise, 
AST = Aspartate transaminase, TP = Total protein, ALB = Albumin. Values are presented as mean ± standard error of mean 

(SEM) of 8 replicates; *significant at p < 0.05 as compared with control 

 
 

FIGURE 2. Effects of Jobelyn on Kidney functions of pregnant albino rats. Values are presented as mean ± standard error of 
mean (SEM) of 8 replicates; *significant at p < 0.05 as compared with control. 

RECOMMENDATION 

Jobelyn® should be subjected to further analysis to clearly ascertain the mechanisms involved in its suggested 
haematocrit boosting property, as well as its proposed hepatoprotective and renal protective property, with emphasis 
on pregnant women. This would help further confirm the safety of the drug for consumption by pregnant women. 
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FIGURE 3. Photomicrograph of liver tissues of rat (H&E x 400)(A) with normal features in the control (B) treated with 
250mg/kg bodyweight of Jobelyn® Showing mild to moderate portal inflammation, H&E x 400 (C) treated 500 mg/kg 

bodyweight of Jobelyn®(D)treated with  1000 mg/kg bodyweight of Jobelyn®. 

CONCLUSION 

In conclusion, Jobelyn may enhance liver and kidney functions in pregnant women when taken at an appropriate 
dose. It may also boost haematocrit level, and thus could be ideal for intake by pregnant women. 
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Abstract
 
PURPOSE: Jobelyn

®
 is a commercial herbal product 

recommended for the management of anemia related 
illnesses. Despite its wide use, there is limited report on its 
toxicological profile. This study examined the acute and short-
term chronic toxicity profiles of the product with emphasis on 
the LD50, gross morphological and histopathological effects. 

METHODS: Albino mice (mean weight: 16.45±3.14g) were 
used in this study.  For acute toxicity, graded concentrations 
of Jobelyn

®
 were administered orally and intraperitoneally as 

single doses to the mice. Intraperitoneal administration of 
sub-lethal doses daily for 14 days was adopted for the short-
term chronic toxicity studies.  
RESULTS: The LD50 following oral and intraperitoneal 
administration were 215.06 mg/kg (r = 0.916) and 193.37 
mg/kg (r = 0.995), respectively. The major behavioral/ 
morphological effects at high doses were reduction in motor 
activity, piloerection and sedation. The sub-lethal doses did 
not significantly modify the normal behavioral repertoire of 
licking, grooming and sniffing. Histopathological examination 
also did not indicate severe pathological changes. At the 
lethal doses, some degree of congestion was noticed in the 
lung, liver splenic and kidney tissues.  Short-term chronic 
studies did not produce further toxic effects but transient mild 
sedation and piloerection and histopathological examination 
revealed only mild congestion in the organs. No death of the 
animals was recorded during the period of sub-chronic 
toxicity assessment. 
CONCLUSION: Jobelyn

®
 is likely to be safe for use in 

humans when administered at recommended doses.  
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Introduction 
 
The Alma Ata declaration of 1978 
encouraged the use of all available 
resources for primary healthcare and 
recommended that government should give 
high priority to using traditional health 
practices and incorporate proven traditional 
remedies into National Drug Policy and 
Regulations [1]. As much as 80% of people 
in developing world are said to depend on 
traditional medicines for primary healthcare 
[2]. Over the years, there has been 
worldwide recognition of the vital role of 
herbal medicines in healthcare [3, 4]. 
Unfortunately, most of the herbal medicines 
are poorly regulated and controlled in many 
countries. Nevertheless, there is a dearth of 
scientific proofs of effectiveness and safety 
of herbal preparations, which is required for 
marketing authorization [5, 6].  
 
Jobelyn

®
, manufactured by Health Forever 

Products Ltd., Lagos, Nigeria, is a 
commercial herbal preparation from 
Sorghum bicolor leaf-sheaths which contains 
carbohydrates, protein, tannins, saponins 
and iron. It is claimed to stimulate rapid 
production of red blood cells and maintains 
the integrity of white blood cells even with 
the presence of viral or bacterial infections. 
Jobelyn

®
 is said to strengthen the immune 

system and thereby enhances body’s 
defensive mechanisms. Unpublished studies 
revealed the anti-trypanosomal activities of 
the product and haematinic effects in 
laboratory animals. The manufacturers 
recommend it as remedy for anemia in sickle 
cell anemia, cancer, HIV/AIDS, malaria, 
typhoid fever, aplastic anemia and 
pregnancy. Preliminary pilot preclinical 
studies in mice showed that Jobelyn

®
 does 

not create significant adverse effects but it 
significantly lowered serum creatinine and 
cholesterol levels. However, unpublished 
toxicological evaluation of the product in 
mice has shown its lethal effects at high 
doses. Although Jobelyn

®
 is currently used 

by people in many countries, the clinical 
efficacy and safety have not been 
scientifically reported [7].  The main objective 

of this work was to evaluate its toxicity 
profiles after acute and short-term chronic 
administration. 
 

Materials and Methods 
    
Animals 
 
Healthy albino mice (58 males and 50 
females; average weight, 16.45 ±3.14 g; 
weight range 13.75 – 19.48 g) were obtained 
from the Animal House of the College of 
Medicine, University of Lagos, Nigeria. The 
animals were kept in clean cages (10 
mice/cage) in well-ventilated room and 
allowed unrestricted access to livestock 
feeds (from Ladokun feeds, Ibadan) and 
fresh water. They were also allowed to 
acclimatize to the environment for one week 
before each experiment. During this period of 
acclimatization, the animals were periodically 
assessed for gross morphological/behavioral 
changes. The animal cages were cleaned 
out of waste alternate days. 
 
Acute toxicity testing  

 
This was carried out to determine dose-
response effects, sub-lethal and lethal 
doses, and to calculate the LD50 using both 
the oral and intraperitoneal routes 
 
Oral Route: 42 mice were divided into 7 
equal groups (A – G). Mice in groups A to F 
were administered 6, 12, 18, 24, 30 and 42 
ml/kg of 20% solution of JOBELYN® (8.2 
mg/ml) orally. The animals in group G that 
served as control, were given 0.3 ml of 
deionized water orally.  
 
Intra-peritoneal (IP) route: 36 mice were 
also divided into 6 equal groups (A – F). 
Mice in groups A to E were given 6, 12, 18, 
24, 30 and 60 ml/kg of the stock solution of 
Jobelyn

®
 (8.2 mg/ml) intra-peritoneally whilst 

animals in group F, serving as control, 
received 0.3 ml of de-ionized water IP.  
 
For each of the above routes, all the animals 

were monitored for gross morphological and 
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behavioral changes (including changes in 

locomotor activity, pilo-erection, normal 

behavioral repertoire [grooming/licking/ 

biting], sedation, aggressiveness, catalepsy, 

appetite, urination, defecation, vomiting, 

sneezing/wheezing) over 72 hr and the LD50 

was determined using probit analysis within 

95% confidence limit. The animals were then 

sacrificed and essential organs (preserved in 

10% formaldehyde solution for 4 weeks 

before processing) subjected to histological 

examination for pathological changes. The 

various organs were processed using the 

automatic tissue processor. This technique 

involved dehydrating the well-fixed 3 mm-

sized tissues placed in tissue baskets with 

their respective labels by passing them 

through graded alcohol. They were then 

moved into xylene solution baths and then 

placed in molten wax for impregnation. The 

solidified blocks were trimmed and sectioned 

using the Rotary microtome at 5 ̩µ thickness. 

Sections were then floated on water bath at 

50 
o
C and picked up using albuminized 

microscopic slides. The cut sections were 

dried on hot plates at 60 
o
C and then stained 

by haematoxytocin and eosin to demonstrate 

tissue structures. 

 

Sub-acute toxicity testing/short-term 

chronic toxicity 

 

Thirty (30) mice were divided into three equal 

groups (A – C). Those in groups A and B 

were given 0.1 and 0.2 ml of 20% solution of 

JOBELYN® (8.2 mg/ml) IP daily for 2 weeks 

while those in group C (control) were given 

0.3 ml de-ionized water intraperitoneally daily 

for the same period. The animals were 

monitored for morbidity and mortality 

(including changes in locomotor activity, 

piloerection, normal behavioral repertoire 

[grooming/licking/biting], sedation, aggres-

siveness, catalepsy, appetite, urination, 

defecation, vomiting, sneezing/wheezing), 

sacrificed after 15 days and essential organs 

(preserved in 10% formaldehyde solution for 

4 weeks before processing) were examined 

histologically for pathological changes as 

described earlier.  

 
Results 
 
Acute toxicity testing 
 
Following oral treatment of the animals, the 
observed changes in behavior of the animals 
is presented in Table 1. The mortality rates 
and probit analysis report are recorded in 
Table 2. Reduced mobility accompanied the 
administration of Jobelyn

®
 from the 0.3 ml 

dose level within 1 hr.  However, the animals 
were alert, except at high doses where a 
slight degree of sedation was noted. There 
was also some degree of pilo-erection and 
the surviving animals recovered motility soon 
after 48 hr. The normal behavioral repertoire 
was maintained. There was no noticeable 
reduction in appetite or changes in urine 
output. The LD50 values for oral route was 
found to be 215.06 (147.30 – 313.99) mg/kg. 
The summary of observed behavioral 
changes following intraperitoneal 
administration of Jobelyn

®
, mortality rates 

and probit analysis are presented in Tables 3 
and 4, respectively. 
 
Short-Term Chronic Toxicity Testing 
.  
The observed behavioral changes following 
the administration of 0.1ml and 0.2 ml of the 
stock solution of Jobelyn to 2 groups of ten 
mice each daily for 2 weeks are presented in 
Table 5. 
 
Histopathological examination revealed no 
marked pathological changes in the heart 
and kidneys but moderate congestion in the 
lungs and liver and slight congestion in the 
spleen at lethal doses. 
 

Discussion 
 
Most of the toxicological studies report that 
toxic effects due to the use of herbal 
medicine are associated with hepatotoxicity. 
Other toxic effects on the kidneys, nervous 
system, blood, and cardiovascular system,  
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Table 1: Behavioral changes following acute oral doses of Jobelyn
®
 

 

Dose (ml) Dose (mg/kg) Observations 

Control 0.0 
Normal behavioral repertoire; no sedation; no piloerection over 
the 72 hr of observation. 

0.1 49.85 
Mobile, alert, grooming and licking; slight piloerection. Very 
active over the 72 hr of observation 

0.2 99.70 
Slight reduction in motility; normal repertoire, slight piloerection. 
Active over the 72 hr of observation. No mouse died. 

0.3 149.54 
Reduced mobility, slight sedation and piloerection over 24 hr. 
Recovered motility, active and feed normally over the next 48 hr. 
1 mouse died after 24 hr. 

0.4 199.39 
Reduced motility, sedation and piloerection over 24 hr. 2 mice 
died after 24 hr. Recovered motility after 36 hr although not very 
active. Fully recovered after 48 hr 

0.5 249.24 
Marked reduction in motility, sedation and piloerection over 48 
hr. 3 mice died within 24 hr. Recovered motility after 72 hr 

0.7 348.95 Marked reduction in motility. 5 mice died within 24 hr. 

 
 
Table 2: Mortality rates and probit  analysis result after acute oral administration of Jobelyn

®
 

 

Dose 
(ml) 

Dose (mg) Dose 
(mg/kg) 

# mice # mice 
that died 

Mortality % Mortality Probit +5 

Control 0.0 0.0 6 0 0/6 0 0.0 

0.1 0.82 49.85 6 0 0/6 0 0.0 

0.2 1.64 99.70 6 0 0/6 0 0.0 

0.3 2.46 149.54 6 1 1/6 17 4.0458 

0.4 3.28 199.39 6 2 2/6 33 4.5601 

0.5 4.10 249.24 6 3 3/6 50  

0.7 5.74 348.95 6 5 5/6 83 5.9542 

LD50 value = 215.06 mg/kg; r = 0.916; confidence limit = 147.30 – 313.99 mg/kg 
 
Table 3: Observed behavioral changes after acute IP administration of Jobelyn

® 

 

Dose (ml) Observations 

Control  0.0 Normal behavioral repertoire. Alert. 

0.2 Normal behavioral repertoire. Slight piloerection. 1 mouse died after 24 hrs. Full 
recovery after 48hrs 

0.3 Slight reduction in motility, mild sedation over 24hrs. 2 mice died within 24hrs. 
Recovers fully after 48hrs 

0.4 Reduced motility, sedation, piloerection over 48 hrs. 3 mice died after 24 hrs. 

0.5 Reduced motility, marked sedation over 48hrs. 4 mice died after 24 hrs 

1.0 Reduced motility, marked sedation over 12hrs. All died within 24hrs 



Eniojukan & Aina                                           Toxicity profile of Jobelyn 

 

Int J Health Res, December 2009; 2(4):   373 

Table 4: Mortality rates and probit analysis result after acute IP administration of Jobelyn
®
 

 

Dose 
(ml) 

Dose 
(mg) 

Dose 
(mg/kg) 

# mice # mice that 
died 

Mortality % Mortality Probit +5 

Control  0.0 0.0 6 0 0/6 0 0.0 

0.2 1.64 99.70 6 1 1/6 17 4.0458 

0.3 2.46 149.54 6 2 2/6 33 4.5601 

0.4 3.28 199.39 6 3 3/6 50  

0.5 4.10 249.24 6 4 4/6 67 5.4399 

1.0 8.20 498.48 6 6 6/6 100  

LD50 value = 193.37 mg/kg; r = 0.995; confidence limit = 131.54 – 284.25 mg/kg 
 

Table 5: Observed behavioral changes after subchronic IP administration   
 

Dose (ml) Observations 

Control Normal behavioral repertoire throughout the 14 days of observation. No mice died. 

0.1 Normal behavioral repertoire. Slight piloerection. No mice died. Slight reduction in 
appetite 

0.2 Reduced motility, piloerection. Slight sedation. No mice died. Slight reduction in appetite. 

 
 
as well as medicinal herbs’ mutagenicity and 
carcinogenicity have also been published in 
medical journals [5]. The true incidence of 
hepatic damage caused by herbal 
medications is unknown. In the case of 
Chinese herbal remedies, the incidence of 
hepatotoxicity has been estimated at 
between 0.2% and 1% [6]. No accurate 
estimate of the prevalence of herbal 
remedies in Africa has been reported.  
 
The manufacturers of Jobelyn recommend 
as much as 500 mg per dose (2 capsules) 
and 1.5 g per day (6 capsules) for humans. 
For any average adult weighing 70 kg, the 
recommended doses translate to a dosage 
of about 7.14 mg/kg per dose and 21.42 
mg/kg/day, which are much smaller than the 
LD50 in this study. Even though the 
extrapolation of data from animals to humans 
is anticipated and not definitive, the 
recommended dosage regimen in man can 
be said to be comparatively very safe. For 
the oral route, the product has a tolerance 
limit of 99.70mg/kg. This gives a large room 
for dosage manipulation, which may be 

applicable to man.In this study, Jobelyn
®
 has 

been found to produce only toxic effects at 
high doses in the animals suggesting that 
Jobelyn is relatively safe when used at usual 
doses for a long time in the animals. Lethal 
consequences of the product may be 
expected in sufficiently high dosages.  
 
Some behavioral changes in the animals 
(reduced motility and sedation) may not be 
mutually exclusive; i.e. one could be 
responsible for the other. These effects may 
also have been responsible for the seeming 
loss of appetite that was observed at high 
doses in this study. The eye irritation 
observed in the animals when the product 
was administred through the oral route is 
attributable to direct contact of the product 
with the eye during administration.  
 

Conclusion 
 
There are indications that Jobelyn could be 
safe in humans when used at at doses 
recommended by the manufacturers. 
However, further toxicological screening in 
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humans is required to ascertain the safety 
profile. 
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a b s t r a c t

Objective: Anemia in patients presenting for elective surgery is associated with increased
morbidity, allogeneic blood transfusion, and delay of surgery. Extract of sorghum bicolor has been
shown to have hemopoietic, immune-stimulating, and antioxidant effects in rats and in patients
with HIV. The aim of this study was to determine the effect of the extract in patients with pre-
operative anemia booked for myomectomy.
Methods: Consenting patients (N ¼ 66) were randomly assigned to two groups. The test group
(n ¼ 34) was given folic acid 5 mg/d, 200 mg iron tablet three times daily, and 500 mg/d of the
extract. The control group (n ¼ 32) was given the same doses of folic acid and iron for a period of
3 wk. Blood samples were taken at baseline andweekly for full blood cell count and liver and kidney
function tests. Participants were screened for tuberculosis, HIV, hepatitis, and sickle cell anemia.
Results: Increases in red blood cell count, hematocrit, and hemoglobin concentration in participants
in the test group were highly significant (P < 0.0002, P < 0.0001, and P < 0.0001, respectively).
Participants in the control group had a significant increase in the hemoglobin concentration
(P > 0.04). The changes in liver enzymes, urea, and creatinine for participants in the test group
were within the normal ranges.
Conclusion: The addition of the extract of sorghum bicolor to routine hematinics is superior to the
use of routine hematinics alone. Although the difference is not statistically significant, the extract
will correct preoperative anemia in an additional 15% of the patients.

� 2016 Elsevier Inc. All rights reserved.
Introduction

Anemia is defined as a condition in which the number of red
blood cells (RBCs) with oxygen-carrying capacity known as he-
moglobin (Hb) is insufficient to meet the body’s physiological
needs. The Hb count in nonpregnant women at sea level is 120 g/
ducted data analysis. AOT
AA, and BIO recruited the
employment of the Lagos
e any financial interest in
the text.

fax: þ234 127 06644.
. Makanjuola).
L, whereas the cutoff level for severe anemia is 80 g/L and that of
mild anemia is 110 g/L [1]. Studies have shown that anemia has a
prevalence of about 39.5% in surgical patients and that it is
independently associated with increased mortality [2–4]. The
Network for the Advancement of Transfusion Alternatives
(NATA) therefore recommends the following guidelines in the
evaluation and management of preoperative anemia in patients
presenting for orthopedic surgery:
1. Screening for anemia should be done �28 d before surgery.
2. The target for Hb level before elective surgery should be

within the normal range (female �12 g/dL, male �13 g/dL
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according to the World Health Organization’s [WHO]
criteria).

3. Laboratory testing should be performed to further evaluate
anemia due to concurrent multiple micronutrient de-
ficiencies, chronic renal insufficiency, and/or chronic in-
flammatory disease.

4. Micronutrient deficiencies must be treated and an erythro-
poietin stimulatory agent should be added to the treatment
of anemia [3].

Preoperative anemia, advancing age, female sex, small body
size, and comorbidities such as cardiovascular disease are pre-
dictive of perioperative allogeneic blood transfusion [3,5]. Blood
transfusion is, however, associated with adverse events (AEs)
and risk for transfusion-transmissible infections [4,5]. Moreover,
perioperative blood transfusion as a result of perioperative
anemia, which is worsened by surgical blood loss, release of in-
flammatory cytokines, and hemodilution during surgery, is
associated with increased morbidity and mortality [5,6]. None-
theless, if allowance is made for risk factors such as the existence
of cardiovascular disease, there is no increased mortality due to
blood transfusion, provided the Hb level is <7 g/dL [6,7]. As
studies have demonstrated, a transfusion trigger of 7 g/dL may
present superior outcomes to a more liberal transfusion schedule
in critical care patients [8,9]. Therefore, it is more prudent to
investigate and treat preoperative anemia >7 g/dL than to give a
blood transfusion because blood is a scarce product with huge
economic implications.

Recombinant erythropoietin, a glycoprotein normally pro-
duced in the cortical interstitial cells of the kidneys and to a
minor extent in the liver, has been approved for use because it
improves Hb in anemia originating from renal impairment,
chronic inflammatory disease, chemotherapy in cancer patients,
orthopedic surgery, and preoperative or intraoperative autolo-
gous blood transfusion [10–12]. Perioperative use of recombi-
nant erythropoietin has been found to reduce the use of
allogeneic blood transfusion and has been associated with
increased postoperative Hb levels [12]. The risk–benefit analysis
in these conditions is inconclusive due to few cases of AEs like
hypertension, thromboembolism, development of anti-
erythropoietin antibody, seizures, low potassium levels, and the
need for parenteral administration [13–16]. These findings
reduced the strength of recommendation of recombinant
erythropoietin by NATA in the recommended guidelines for
preoperative anemia in orthopedic surgery. Therefore, in most
patients with uterine fibroids, where the cause of anemia is
essentially due to excessive blood loss, or in proven cases of
micronutrient-deficiency anemia, the correction of these factors
may be sufficient, particularly in resource-poor countries where
the cost of recombinant erythropoietin is deemed high. In such
conditions, the combination of phytomedicines with therapeutic
routine in different clinical situations may be justified and may
represent a significant and viable alternative, particularly in
Nigeria where the flora is diverse and plentiful.

The extract is from the leaf sheath of a sorghum bicolor strain
grown in South West Nigeria and formulated into a commercial
pharmaceutical product under the name Jobelyn�. It contains
anthocyanins and anthrocyanidins. The most common anthro-
cyanidins found in this variety of sorghum bicolor are the three
deoxyanthrocyanidins and their derivatives, which include api-
genin dimers, apigeninidin-flavene dimers, and luteolinin, and
are not commonly found in higher plants [17]. This extract has
been proven to have antioxidant, antiangiogenesis,
antineoplastic, antiinflammatory, immunomodulatory, and
erythropoietic properties in tissue culture models, experimental
rat models, and clinical trials involving patients with HIV
[18–23]. It also has been recommended for human consumption
since studies on its toxicology profile have provided extensive
information about the effects of the extract in different body
systems [24]. The purpose of the present study was to assess the
erythropoietic activity of sorghum bicolor extract in anemic
women being prepared for myomectomy in a tertiary hospital in
South West Nigeria.

Methods

This was an interventional, randomized, open-label, positive-controlled,
parallel-group clinical study conducted in a single institution, Lagos State Uni-
versity Teaching Hospital (LASUTH). The study was approved by the hospital’s
ethical review committee and was registered with ClinicalTrial.gov identifier:
NCT01670955.

The study was spontaneous and had the external support of Health Forever
Products Inc. (Lagos Nigeria) and Hains Herbal Products LLC. (Gaithersburg, MD,
USA), which provided the study extract (sorghum bicolor) at no cost. Health
Forever Products and Hains Herbal Products had no role in data collection,
analysis, and quality control. Data property belongs to the Hematology Clinic,
LASUTH. All patients signed a written informed consent to participate in the
study.

Over a period of 3 mo, 73 participants were recruited. Inclusion criteria were
hematocrit (Hct) <36% (WHO definition of anemia in nonpregnant women), age
�18 y, presentation �1 mo before surgery (myomectomy). Exclusion criteria
were Hb level <7 g/dL, evidence of renal impairment, evidence of chronic in-
flammatory disease, sickle cell anemia, and age >55 y.

Intervention

Participants were randomized into two groups using sealed envelopes. The
randomization ratio of the treatment arms was 1:1. An investigator at the site
managed the randomization process, as well as participant screening and
enrollment. The research officer collected and analyzed the blood samples in the
laboratory. Figure 1 shows the patient distribution in each of the groups.

Thirty-four participants were randomly allocated to receive the extract of
sorghum bicolor and routine hematinics (test group), whereas 32 were allocated
to receive routine hematinics alone (control group). The extract sorghum bicolor
was harvested, processed, packaged, and supplied by Health Forever Products
and Hains Herbal Products.

At recruitment, participants were screened for HIV with determine kit,
hepatitis B with rapid kit, tuberculosis with Mantoux test, sickle cell anemia with
Hb electrophoresis, and renal impairment with raised serum creatinine. These
were to screen for exclusion. Participants with sickle cell traits (6.7%) were
included. Participants’ baseline tests also were taken.

Thereafter, participants were seenweekly at the hematology clinic (LASUTH)
for clinical assessment and 8 mL of venous blood was taken into EDTA bottle
(4 mL) and heparin bottle (4 mL). Samples were analyzed within 2 h of collection
for full blood count using the SYSMEXKX-21 N� automated hematology analyzer
(Sysmex Corporation, Kobe, Japan). The chemistry tests were done with VITROS
350 chemistry autoanalyzer (Ortho Clinical, Raritan, NJ, USA).

A questionnaire was used to assess the demographic features of the
participants.

The primary endpoints were increases in RBC indices over a period of 3 wk.
The secondary endpoints were derangement in liver and renal function tests to
determine probable toxic effect on the liver and kidneys.

Sample size

The assumptions for the sample size were based on the primary endpoint of
increases in RBC indices over a 3-wk period. Effect size, which quantifies the
strength of the event was settled based on increases of 3 mg/dL over the 3-wk
period for both treatment groups as clinically relevant and specified such an
effect to be detectedwith 80% power (0.80) and a significance level a of 0.05. Data
retrieved from patient files of previous years suggest that the data will be
approximately normally distributed with an SD of 2.25 mg/dL. The sample size
was calculated with 56 patients (28 in each arm). Considering a withdrawal rate
of 25%, the number of patients to be enrolled was 70.

Dropout rate

The initial number of participants recruited was 73. Three were HIV positive,
two were hepatitis positive, one had high creatinine, and one had a white blood
cell count >12,000/dL, which is suggestive of an infective process. Once these

http://ClinicalTrial.gov


Fig. 1. Participant distribution, intervention, follow-up, and analysis by group.
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individuals were excluded, 66 participants were left for inclusion in the inter-
vention. Among the 34 participants (test group) allocated to take sorghum
bicolor extract, 8 dropped out. The total number of participants for analysis,
therefore, was 26. Among the 32 participants allocated to routine hematinics, 10
dropped out and 2 required transfusion after heavy bleeding. The total number of
participants for analysis in the control group was 20. The cause of the high
dropout rate was believed to be due to the majority of participants being adults
with financial responsibilities that affected their consistency with the last two
appointments.
Statistical analysis

Themeans of the parameters at baseline and after 3 wkwere compared using
paired test in all participants (Tables 1–3). The differences in appropriate he-
matologic parameters over the weeks in the test participants were compared
Table 1
Changes in hematologic parameters in participants receiving routine drugs

Parameter Baseline 0 wk (N ¼ 26) After 3 wk (N ¼ 26) P value

WBC (�109) 6.13 � 1.91 4.94 � 0.71 0.06
RBC (�1010) 3.89 � 0.68 4.33 � 0.49 0.0002
Hb (g/dL) 7.916 � 2.047 9.628 � 1.469 0.0001
Hct (%) 29.47 � 5.8 34.98 � 4.2 <0.0001
MCV (fl) 75.75 � 0.66 81.52 � 7.50 <0.0001
MCH (pg) 20.29 � 3.75 22.32 � 3.14 0.0002
MCHC (g/L) 26.5 � 2.4 27.7 � 1.92 0.0008
Platelet (�106) 292.8 � 167.0 262.8 � 122.0 0.26

Hb, hemoglobin; Hct, hematocrit; MCH, mean cell hemoglobin; MCHC, mean
corpuscular hemoglobin volume; MCV, mean corpuscular volume; RBC, red
blood cell; WBC, white blood cell
with those of the control group who received routine hematinics (Table 4). The
level of significance was P < 0.05.
Results

The age range of participants was 19 to 55 y. The mean age
was 38� 9 y in participants in the test group and 39.8� 10.3 y in
the control group. There was no significant difference in age
between the two groups (P ¼ 0.96).

There were no significant differences in the baseline RBC
count, Hb concentration, and Hct of the two groups (P ¼ 0.47,
P ¼ 0.60, and P ¼ 0.31, respectively).
Table 2
Changes in hematologic parameters in participants receiving the sorghum
bicolor extract in addition to routine drugs

Parameter Baseline 0 wk (N ¼ 20) After 3 wk (N ¼ 20) P value

WBC (�106) 5.4 � 2.4 5.5 � 2.05 >0.05
RBC 3.74 � 0.7 3.82 � 1.09 0.129
Hb 7.475 � 2.096 9.838 � 2.47 0.04
Hct 27.4 � 6.8 31.8 � 6.0 0.267
MCV 72.8 � 8.8 87.78 � 21.6 0.0007
MCH 20.4 � 4.0 33.2 � 22.9 0.0007
MCHC 27.0 � 3.7 34.0 � 1.5 0.0002
Platelet 312 � 120 342 � 162 0.2

Hb, hemoglobin; Hct, hematocrit; MCH, mean cell hemoglobin; MCHC, mean
corpuscular hemoglobin volume; MCV, mean corpuscular volume; RBC, red
blood cell; WBC, white blood cell



Table 3
Changes in chemistry parameters in participants receiving the sorghum bicolor
extract in addition to routine drugs

Parameter Baseline 0 wk (N ¼ 26) After 3 wk (N ¼ 26) P value

ALT (IU/L) 18.25 � 2.77 23.45 � 15.67 0.67
AST (IU/L) 17.4 � 5.78 24.05 � 11.83 0.034
Urea (mg/dL) 23.88 � 12.04 23.19 � 15.14 0.7
Creatinine (mg/dL) 0.99 � 0.63 0.74 � 0.17 0.05

ALT, alanine aminotransaminase; AST aspartate aminotransferase
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Participants who were administered the routine drugs alone
(Table 1) showed no significant differences in white blood cell,
platelet, or RBC counts or in Hct (P > 0.05, P ¼ 0.2, P ¼ 0.129,
P ¼ 0.267, respectively) during the 3-wk treatment. However,
participants in the test group (Table 2), demonstrated significant
increases in the RBC count, Hb concentration, and Hct
(P ¼ 0.0002, P ¼ 0.0001, and P < 0.0001, respectively). There
were also decreases in white blood cell and platelet counts,
although these were not statistically significant (P ¼ 0.06 and
P ¼ 0.26, respectively). All participants had significant increases
in mean cell volume (P < 0.0001 and P ¼ 0.0007, respectively),
mean cell Hb (P¼ 0.0002 and P¼ 0.0007, respectively) andmean
cell Hb concentration (P ¼ 0.0008 and P ¼ 0.0002, respectively).

The difference in RBC indices after 3 wk (Table 4) were higher
in participants in the test group than in control group partici-
pants; however, this was not statistically significant (P � 0.3).

There was a significant increase (P ¼ 0.034) in aspartate
aminotransferase (AST) from 17.4 to 24.05 IU/L and a significant
decrease (P ¼ 0.05) in creatinine from 0.99 to 0.74 mg/dL,
although the values were still within normal reference ranges
after 3 wk of extract use (Table 4).

Discussion

The standard approach to treating patients with mild to
moderate anemia is to investigate the cause and treat accord-
ingly [3]. One-third (30%) of preoperative anemia is due to
nutritional deficiencies (e.g., iron deficiency, folate utilization,
and B12 deficiency) [3,4]. These groups of patients would benefit
from simple replacement therapy if the anemia is detected and
investigated early at least 28 d before the surgery. Among the
participants in the control group, 75% had an increase in Hct
levels, whereas only 40% could attain the recommended Hct
level of 36% for surgery. Among the participants who had the
extract added to their therapy, 80% had an increase in Hct levels
and 55% could attain the recommended Hct level of 36%. Addi-
tionally, 15% of selected patients, therefore, would benefit from
the addition of the sorghum bicolor extract to their hematinics,
Table 4
Comparison of the differences in RBC indices parameters

Parameter Mean � SD test group* Mean � SD control groupy P value

Hb 1.86 � 1.97 1.77 � 2.3 0.91
RBC 0.44 � 0.77 0.18 � 0.9 0.44
Hct 6.57 � 7.1 3.85 � 8.0 0.3
MCV 5.92 � 8.3 5.9 � 7.1 0.99
MCH 2.0 � 3.2 3.1 � 2.6 0.41
MCHC 1.16 � 2.2 1.08 � 2.7 0.94

Hb, hemoglobin; Hct, hematocrit; MCH, mean cell hemoglobin; MCHC, mean
corpuscular hemoglobin volume; MCV, mean corpuscular volume; RBC, red
blood cell

* Test group comprised individuals receiving extract in addition to routine
drugs.
y Control group comprised individuals receiving routine drugs only.
thus avoiding blood transfusion, postponement of surgery, or
erythropoietin injections.

There were highly significant increases (�0.0001) in Hct, Hb
concentration, and RBC count in the test group, whereas only the
Hb concentrationwas significantly increased in the control group.
All participants had low baseline mean cell volume and mean
corpuscular volume (MCV). When anemia is observed, RBC dis-
tribution width (RDW) is used together with MCV to determine
the possible causes of anemia. Vitamin B12 or folate deficiencies
produce a macrocytic anemia or large cell anemia in which the
RDW is elevated in roughly two-thirds of all cases. However, a
varied size distribution of RBCs is characteristic of iron-deficiency
anemia (IDA) and as such, it shows increased RDW in virtually all
cases [25]. In line with this, IDA usually presents with high RDW
and lowMCV,whereasvitaminB12 and folatedeficienciespresents
with high RDW and high MCV and mixed deficiency of both iron
and vitamin B12 and folate usually presents with high RDW and
often MCV is within the normal range [25]. In the present study,
preoperative individuals demonstrated low MVC of 72.8 � 8.8 in
the control group and 75.75 � 0.66 in the test group. This is sug-
gestive of IDA probably due to excessive menstrual bleeding. If so,
it is expected that administration of the iron supplement during
the 3-wk period would substantially increase the Hb concentra-
tion (7.475�2.096 to9.838�2.47,P¼0.04) andwouldaccount for
the significant increase in MCV (72.8 � 8.8 to 87.78 � 21.6,
P ¼ 0.0007); mean cell Hb concentration (27 � 3.7 to 34 � 1.5,
P¼ 0.0002); andmean cell Hb (20.4� 4 to 33.2� 22.9, P¼ 0.0007)
as seen in the control group. However, the addition of the extract
increased not only the Hb (7.916 � 2.047 to 9.628 � 1.469,
P ¼ 0.0001); but also the RBC count (3.89 � 0.68 to 4.33 � 0.49,
P ¼ 0.0002) and Hct (29.47 � 3.7 to 34.98 � 4.2, P < 0.0001). This
suggests that theextract supports erythropoiesis by increasing the
number of cells in mitosis and RBC mass, whereas the addition of
iron increases the total Hb. Therefore, it may be inferred that the
participants receiving sorghum bicolor extract would have had a
greater increase in RBC indices if they had received more iron
supplement because more RBCs would have been produced.

There were no significant differences when the means of the
hemogram at baseline and after the thirdweek in the two groups
were compared. The increases were higher in participants in the
test group, but there were large deviations from the means in
both groups, which probably obscured a significant difference.
For instance, patients were screened for HIV, hepatitis B, tuber-
culosis, and sickle cell anemia. However, it would have been
meaningful to test for malaria due to its associations to iron
status in patients. This is because the malaria parasite requires
iron availability for growth and replication, but it appears that
the parasite is dependent on a very small pool of iron in the
cytoplasm but is sensitive to external iron. Hence, iron supple-
mentation in participants who might have been carrying the
malaria virus during the study could have influenced the con-
centration of iron available to these participants [26]. Other
factors obscuring the significance in the hemogram at baseline
and after the third week of treatment may include differences in
menstrual blood loss associated with the nature and size of the
fibroids in this group of participants. Blood loss of >80 mL per
menstrual cycle leads to decreased iron levels and increased risk
for anemia [27]. Prolonged menstrual blood loss or menorrhagia
is a common occurrence in womenwith fibroids that are located
within the uterine wall underneath the endometrium (submu-
cosal) and to a lesser extent in fibroids that are located in the
myometrium or muscle of the uterus (intramural), as it may
inhibit muscle contracture, thereby preventing normal uterine
attempts at hemostasis. In many cases, these fibroids increase
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the size and volume of the uterus and uterine lining with
increased bleeding [28]. As a result, some participants may have
experienced substantial decrease in iron levels due to prolonged
menstrual blood loss. The size of the fibroid also may have
contributed to menstrual blood loss in some participants. How-
ever, there are reports that menstrual blood loss does not
correlate with fibroid size and subsequent decrease in iron levels
[29].

Furthermore, there was a decrease, although not a significant
one, in white blood cell and platelet counts in participants in the
testgroup; an increase in these sameparameterswasobserved for
participants on routine hematinics alone, but also was not sta-
tistically significant. This may reflect the antiinflammatory and
antioxidant effects of the extract, which may moderate post-
operative wound healing [20,21,23]. A study designed to investi-
gate the postoperative outcome in patients who have been given
the extract for preoperative anemia is therefore desirable.

The increase in ASTand the decrease in creatininewerewithin
normal range and may not reflect hepatotoxicity effect. Plasma
activities of AST and alanine aminotransferase are well-
established biomarkers of hepatocellular integrity in vivo [30].
The increase inASTactivitymaybe due todenovo synthesis in the
enzyme molecules or adaptation of the liver to the assault from
the plant extract leading to higher enzymatic activity than the
control [31,32]. On the other hand, decrease in creatinine in par-
ticipants receiving sorghum bicolor extract and routine therapy
represents increased functional capacity of tubular excretion [33].
Like other herbal preparations, sorghum bicolor extract is rich in
flavonoids [18], which help increase renal excretion, eliminate
excess amounts of creatinine, and increase the blood flow to the
kidneys, thus increasingurinefiltration [34].However, itwouldbe
prudent to suggest the regularmonitoring of liver functionswhile
on long-term extract consumption.

Conclusion

Approximately 15% of patients with preoperative anemia will
benefit from the addition of the extract of sorghum bicolor to
routine hematinics. However, there is need to screen for chronic
inflammatory disease, renal impairment, and other causes of
anemia to select patients who will benefit from this simple and
low-cost intervention.
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Introduction
Sorghum bicolor is an ancient plant that has been cultivated in 

North-eastern Africa for over 5000years.1 This is a cane like grass, up 
to 6 meters tall with large branched clusters of grains. The individual 
grains are around 3-4 mm in diameter and vary in colour from white, 
red, brown, yellow, purple, to black. The leaves resemble those of 
maize and grow rapidly. Sorghum grains of different cultivars are 
a rich source of phenolic compounds. These are natural bioactive 
compounds found in plants, which offer potential health benefits.
Examples include secondary metabolites and antioxidants. As 
plants absorb the sunlight they produce high levels of oxygen and 
secondary metabolites by photosynthesis, which results in medicinal 
components being produced and stored in plant leaves. Flavonoids and 
phenolic acids are the most important group of secondary metabolites 
and bioactive compounds in plant.2 In planta, antioxidant polyphenols 
have a range of roles including protection against herbivores and 
microbial infection, as allelopathic agents and UV protectants.3 In 
humans, there is now increasing evidence on the role of phenolic 
compounds as protective dietary agents.4 They are also considered 
to be natural and antioxidant substances capable of scavenging 
free superoxide radicals, supporting anti-aging mechanisms and 
reducing the risk of cancer. The Sorghum grain is a rich and diverse 
source of phenolic compounds, particularly phenolic acids and 
flavonoids. Similar to other cereals like maize and wheat, most of 
the phenols in the Sorghum grain are located in the bran, but differ 
in that Sorghum grain contains higher levels of phenolic compounds 
compared to most cereals and even fruits and vegetables depending 
on their variety.5 Anthocyanidins are the primary flavonoids found 
in Sorghum grain and include apigeninidin, apigeninidin 5-glucoside, 

luteolinidin, luteolinidin 5-glucoside and 3-deoxyanthocyanidins, 
which is the most common.6 The biosynthetic pathway that is 
responsible for the accumulation of 3-deoxyanthocyanins flavonoid
compounds is controlled by the yellow seed1 (ys1) gene present in most 
varieties of Sorghum grains.7 The uncommonly high levels of flavonoid
accumulation in the Sorghum grain differentiates Sorghum from other 
grains and certainly makes it an interesting grain for healthy dietary 
applications or a source of bioactive compounds. More intriguing 
is the fact that the West African variety of Sorghum synthesizes 
exceptionally high amounts of 3-deoxyanthocyanins pigments in their 
non-grain tissue.8 Compared to the Sorghum grain, the leaf sheath 
and glumes contribute to a greater biomass and may provide an easier 
and more cost-effective approach to obtain large quantities of stable 
3-deoxyanthocyanins pigments.

The intensively coloured leaf sheaths of this wild variety 
of Sorghum found within the Nigeria flora has been formulated into 
a commercial pharmaceutical product under the name Jobelyn®. 
The immediate interest in this herbal preparation originated from its 
unique phytochemical profile compared to other variants of Sorghum 
bicolor as it has been reported to contain significantly high amounts 
of anthocyanins. Anthocyanins are flavonoids believed to contribute 
to plant’s high antioxidant capacity and provide overall disease 
protection in vivo through anti-oxidative mechanisms. With regards 
to the beneficial phytochemicals in medicinal plants and the shift 
towards natural products in pharmaceuticals, research on medicinal 
plants particularly is as important as the research on conventional 
drugs. In this review, we discuss the features of the West African 
Sorghum bicolor leaf sheath (SBLS) extract on the human health and 
its diverse therapeutic potentials.
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Abstract

The West-African variety of Sorghum bicolor leaf sheath (SBLS) Jobelyn® is a 
natural remedy, which has gained international recognition for its anti-anaemic 
effect and energy boosting qualities in debilitating diseases. The widespread use of 
traditional medicine in the region usually confirms its safety, but not its efficacy 
or deep assessment of their pharmacological properties. The other major issue for 
herbal-based treatments is the lack of definite and complete information about the 
composition of the extracts. Despite limitations, efforts have been made in isolation 
and characterisation of active compounds in this specie of Sorghum showing various 
subclasses of flavonoids including apigeninidin, a stable 3-deoxyanthocyanidin and 
potential fungal growth inhibitor, which accounts for 84% of the total extract. Non-
clinical in vitro and in vivo studies support previous indications that this variety 
of Sorghum bicolor possesses several biologically active compounds with potent 
antioxidant, anti-inflammatory, anti-aging and neuro-protective properties. Clinical 
studies show that SBLS has the ability to boost haemoglobin concentrations in anaemic 
conditions and most remarkably to increase CD4 count in HIV-positive patients. The 
multiple effects and high safety profiles of this extract may encourage its development 
as a therapeutic agent for the treatment of anemia, chronic inflammatory conditions or 
in the symptomatic management of HIV infections. This review describes the potential 
therapeutic aspects of SBLS extract and its potential benefits.

Keywords: sorghum bicolor leaf extract, SBLS, jobelyn®, antioxidant, immune-
modulatory, anti-inflammatory, anti-anemia, HIV
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Isolation and characterisation of phytochemical 
compounds in Sbls

Phytochemical characterisation of bioavailable 
compounds in the ethanolic extract (JE)

To evaluate the qualitative and quantitative presence of various 
subclasses of flavonoids from the SBLS ethanolic extract (JE) was 
dissolved in methanol (70%) at 10mg/mL, filtered in a vacuum 
and HPLC analyses was performed as previously described in.9 
Flavonoids were identified by comparison of HPLC retention 
times, UV Spectra and co-elution with authentic samples analysed 
in the same condition. The concentration of the measured peaks 
were determined from the calibration lines by linear regression 
analysis and the sample accuracy was estimated as the percentage 
of each measured concentration from the nominal (added) 
concentrations. Various subclasses of flavonoids, namely apigeninidin 
(3-deoxyanthocyanidin), luteolinidin (anthocyyanidin), Apigenin and 
luteolin (flavones), and naringenin (flavanone) were successfully 
identified and analysed from the ethanolic extract (JE) of the SBLS. 
Apigeninidin was the predominant compound in the ethanolic extract 
(JE), which accounted for 83.5% of the total amount of identified
phenolic compounds. The proportions of luteolinidin, apigenin, 
luteolin and naringenin as a percentage of the total quantities of the 5 
compounds were 1.0%, 13.7%, 1.5%, and 0.4%, respectively.

Isolation and characterisation of bioavailable 
compounds in the ethanolic extract (JE)

As previously described in9 JE of the SBLS was sub-fractionated 
adopting a Medium Pressure Liquid Chromatography (MPLC) 
technique.10 Fractions of 15ml each were collected in test tubes 
and monitored by thin layer chromatography (TLC). The fractions, 
which had the same TLC characteristics were bulked as appropriate 
and concentrated in vacuo to give 4 major fractions labelled JE-5 to 
JE-8 (Figure 1). Fractions labelled J, JA, JB, JE and JE-5 to JE-8 
were subjected to COX-1 and COX-2 inhibition bioassays and the 
fraction, JE-5, which had the least ratio of COX-2:COX-1 activity 
hence suggesting greater anti-infl mmatory activity, was subjected 
to repeated column chromatography to produce two further fractions 
(monitored on a thin layer plate to be relatively pure components) 
which were concentrated in vacuo and labelled P8 and P9, respectively. 
The P8 and P9 were further analysed using an MDS Sciex API QStar 
Pulsar mass spectrometer with electrospray ionization (AB SCIEX, 
Foster City, California, USA). Identification of the compounds 

was based on matching UV-Vis spectra analysis, and MS data with 
authentic standards. The absorbance profiles of P8 and P9 revealed 
the presence of 2 peaks in P8 and a single peak in P9. One of the MS 
data of the compounds in P8 showed m/z 271 and was later identified
as apigenin when matched against apigenin standard. The second 
compound in P8 and the single compound in P9 showed m/z 523 
and 509 respectively and were later identified as dimeric flavonoid
molecules differing from each other in one methyl group. Using both 
UV-Vis data and LC elution profilesas described in9 the two compounds 
were inferred to be 3-deoxyanthocyanidin dimers. The second 
compound in P8 was identified as 7-methoxyflavone-apigeninidin
adduct while that in P9 was identified as flavone-apigeninidin
adduct.11 The amount of total flavonoids in the extracts P8 and P9 
were measured spectrophotometrically as previously reported in. The 
quantity of apigenin (29.87±9.85mg per g of dried leaf sheath) in P8 
was approximately ten times that of 7-methoxyflavone-apigeninidin
adduct which was 2.8mg/g while that of flavone-apigeninidin adduct 
was 7.7mg/g (Figure 1).12

Figure 1 A brief summary of the general approaches in the extraction, 
isolation and characterization of bioavailable compounds in dried Sorghum 
bicolor leaf sheath (adopted from Makanjuola et al, 2018; under review at 
International Journal of Rheumatic Disease).

Sbls extract role in anemia
The anti-anemic potential of the Sorghum bicolor leaf has been 

extensively reported.13,14 In studies involving rats and rabbits made 
anemic by inoculation with trypanosoma brucei, findingsdemonstrated 
significant increases in the red cell count, hemoglobin and packed 
cell volume within 5weeks of administration of the SBLS.14,15 The 
anti-anemic potential use of the extract was also investigated in a 
randomized, open label clinical trial in women with preoperative 
anemia being prepared for myomectomy. A group of the subjects 
were given SBLS plus hematinics for 4 weeks and the other group 
was placed on hematinics alone. There was an increase in the red 
blood cell count, hemoglobin and packed cell volume in the subjects 
that took SBLS such that there was a 15% increase in subjects that 
met the criteria for surgery (packed cell volume of 36%). In this trial, 
there was no evidence of hepatotoxicity or nephrotoxicity. White 
blood cells and platelet counts were reduced though not significantly
and were within the normal ranges.16 In separate studies SBLS was 
used on HIV patients to assess its potentials in preventing anemia 
originating from HIV infection. This was a pilot study conducted on 
10 HIV subjects and surprisingly results showed that SBLS not only 
increased hemoglobin levels but also the CD4 count in antiretroviral 
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naive patients (Table 1). These findings suggest that SBLS could assist 
as a dietary supplement in the management of anaemic HIV-positive 
patients to improve anemia, primarily related to iron depletion due 
to chronic disease status. The early haematological changes observed 

in this pilot study could serve as basis for a clinical study that would 
describe the prevalence and characteristics of anemia in a larger 
cohort of HIV-infected patients. 

Table 1 Pilot data on 10 HIV patients showing CD4+ T cell counts and hemoglobin levels after treatment with SBLS. Data analysis utilized 2-tailed paired t-test 
to compare changes for Week 4 and Week 8 to baseline values

ID Gender ARBT Jobelyn Week 0 Week 4 Week 8

1 M No Yes
CD4 399 CD4 617 CD4 708

HB 11.6 HB 12.6 HB 13.3

2 M No Yes
CD4 656 CD4 704 CD4 824

HB 12.3 HB 12.8 HB 13

3 M No Yes
CD4 452 CD4 662 CD4 724

HB 12.1 HB 12.8 HB 13

4 M No Yes
CD4 518 CD4 530 CD4 560

HB 12 HB 13 HB 14

5 F No Yes
CD4 352 CD4 390 CD4 564

HB 10.3 HB 12 HB 12.5

6 F No Yes
CD4 460 CD4 617 CD4 669

HB 10.6 HB 11 HB 11

7 F No Yes
CD4 499 CD4 550 CD4 550

HB 10.3 HB 11.2 HB 11.4

8 F No Yes
CD4 830 CD4 1082 CD4 1203

HB 9.8 HB 10.3 HB 11.4

9 F No Yes
CD4 350 CD4 461 CD4 475

HB 8.9 HB 9.6 HB 10.6

10 F No Yes
CD4 385 CD4 358 CD4 622

HB 10.2 HB 11.3 HB 12

Average
CD4 490 CD4 607 CD4 690

HB 10.8 HB 11.7 HB 12

SEM
CD4 47.64 CD4 61.29 CD4 65.51

HB 0.36 HB 0.37 HB 0.36

2-Tailed Paired T-Test
CD4 - CD4 p<0.01 CD4 p<0.001

HB - HB p<0.001 HB p<0.001

Sbls extract role in inflammation
In response to fungal infection Sorghum bicolor has been shown 

to produce a complex mixture of flavonoid secondary metabolites, 
which are structurally related compounds to 3-deoxyanthocyanidins, 
apigeninidin, luteolinidin, and luteolinidin 5-methylether and 
apigeninidin 7-methylether. This family of compounds may function 
as plant pigments17 or serve as phytoalexins.18 Phytoalexins are 
low-molecular weight antimicrobial compounds produced by 
plants in response to infection or stress.19 In the Sorghum leaf, these 
phytoalexins first appear in the cells that are being invaded, where they 
accumulate inclusions in the cytoplasm.20,21 The inclusions migrate 
to the site of attempted penetration, becoming pigmented and losing 

their spherical shape. Ultimately they release their contents into the 
cytoplasm, killing the cell and restricting further development of the 
pathogen. The accumulation of 3-deoxyanthocyanidin phytoalexins 
is a site-specific response localized around the site of attempted 
fungal penetration22 and prevents fungal proliferation through the 
tissue.23 Similarly, inflammation in humans is a consequence of 
release of agents like leukotrienes; prostaglandins; thromboxane 
and other products of phospholipid metabolism; reactive oxygen 
species; cytokines like tumour necrotic factors, interleukins-1,-2,-4,-6 
and -8; and chemokines like CCL5, CXCL4 and CCL3 by 
immunocompetent cells. The essence is to increase the blood flow
and mobilize immunocompetent cells to sites of tissue damage as a 
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result of invasive organisms, chemical, metabolic, radiation toxicity 
or physical damage. It is therefore a nonspecific protective event. 
However, uncontrolled stimulation of inflammation perturbs body 
hemodynamics, homeostasis and thermoregulation causing tissue 
damage and pains. The various combinations of these events will 
define most diseases

The effect of crude and purified extracts of SBLS on 
prostaglandins

 Protaglandins E2 (PGE-2) is a principal mediator of inflammation.
Selective cyclooxygenase-2 (COX-2) inhibitors reduce PGE-2 
production to diminish inflammation  Sorghum bicolour leaf crude 
and purified extracts were tested for anti-inflammatory effects based 
on PGE-2 production from peripheral blood mononuclear cells 
(PBMC) in the presence of lipopolisacchraride (LPS). Ibuprofen, 
a non-selective COX-2 inhibitor and CAY10404, an inhibitor with 
greater COX-2 inhibitory activity compared to COX-1, were used 
as controls for the study. The crude extract JE5 derived from the 
ethanol extraction (JE) of SBLS had the greatest inhibitory activity 
with the least COX2IC50: COX1IC50 ratio and reduced production 
of PGE2. Of the purified compounds, P8 (purified from JE5) had 
greater inhibitory activity with the least COX2IC50: COX1IC50 ratio 
and reduced PGE-2 production from LPS-stimulated PBMC, which 
was dose dependent. COX-2, the enzyme that catalyses the synthesis 
of PGE-2 also shows enhanced expression in a number of cell types 
including circulating coenocytes, tissue macrophages, lymphocytes 
and neuronal cells during chronic inflammation 24,25 COX-2-derived 
PGE-2 production is also dependent on oxidative stress26 as reports 
suggest that ROS is an up-regulator of COX-2 expression and activates 
COX-2 to release PGE-2.27 Therefore, the role of SBLS in a) reducing 
PGE-2 production levels through inhibition of COX-2 expression and 
b) possibly reducing COX-2 expression through antioxidant capacity 
of the extract could be used as targets for therapeutic development in 
the management of chronic inflammation

Anti-inflammatory effects of the SBLS extracts on 
cytokines and chemokines

A study on the effects of the West African Sorghum 
bicolor leaf sheath extracts on LPS-induced cytokine and PGE-
2 release in human monocytes was performed and results revealed 
inhibition of LPS-induced release of cytokines (IL-1β; IL-6; 
TNFα; IL-8) and PGE-2.28 The ability of the SBLS to inhibit these 
cytokines involved in inflammator  recruitment as well as inhibiting 
PGE-2 production possibly through inhibition of COX-2 enzyme 
activity could be explained by the extract’s antioxidant properties. 
We speculate that the antioxidant capacity of the SBLS has the 
ability to reduce oxidative stress environment thus reducing COX-
2 expression in macrophages and other cells, which will in turn 
reduce the production of PGE-2 as well as limit the release of pro-
inflammatory cytokines that assist with immunocompetent cell 
recruitment during the onset of infection. Further studies are indeed 
required to validate such theory, however, there seems to be a direct 
correlation between the SBLS extract’s antioxidant capacity: oxidative 
stress: COX-2 expression: PGE-2 and pro-inflammatory cytokines 
production during LPS-induced inflammation. In the same study, 
interferon–alpha (IFN-), an antiviral cytokine showed increased 
expression by 12-fold following treatment with SBLS extract.29 There 
seems to be a correlation between high IFN- production capacities 
and low HIV viral loads as well as high CD4 cell counts and lack 
of opportunistic infections.30,31 This effect can be related to the direct 

anti-viral role of IFN- on infected HIV cells. LPS-treated mononuclear 
cells after exposure with the SBLS extract showed a 12-fold increase 
in the production of IFN- suggesting that the extract may contribute 
not only in suppressing chronic inflammation originating from HIV 
infection but possibly in reducing the viral load and increasing CD4 
count through IFN- stimulation.

SBLS extract as a powerful antioxidant
Antioxidant activities of the SBLS by ORAC

 Studies carried out at the Brunswick Laboratories (South borough, 
MA, United States) have shown that SBLS ranks among the highest 
Oxygen Radical Absorbance Capacity (ORAC) of all food plants with 
total ORACFN of 37,622µmoleTE/g of the dry powder (Figure 1). This 
variety of Sorghum was found to contain significantlevels of antioxidant 
activities against peroxyl radicals (3,549µmoleTE/g), peroxylnitrite 
(269µmoleTE/g), hydroxyl radicals (18,387µmoleTE/g), superoxide 
ions 11,417µmoleTE/g) and singlet oxygen (4,000µmoleTE/g). In 
fact, the antioxidant capabilities of SBLS extract is greater than that 
of the anthocyanin-rich acai berry indicating its exceptionally high 
antioxidant potential (Figure 2). According to these findings it seems 
that specific varieties of Sorghum like the one described here could 
positively assist in reducing the severity of several health conditions, 
as the antioxidant activity is able to contribute to cellular adjustments 
to oxidative stress.

Figure 2 Antioxidant activities of SBLS® assessed by ORAC. (Brunswick 
Laboratories)

Figure 3 Comparisons in inhibition of peroxyl free radicals per gram of 
product between SBLS and other antioxidant-rich foods (USDA, 2010).

SBLS cellular antioxidant protection

Apart from ORAC measurements, SBLS was also submitted to 
relative antioxidant protection capacity analysis, which was carried 
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out by Natural Immune Systems Laboratories (NIS), Oregon, USA. 
The extract was digested after exposure to gastric acid with pepsin, 
bile and pancreatic enzymes. Some of the products were further 
fermented by a blend of common probiotic bacteria for 24hours. The 
products were centrifuged and filtrated in a spin column to remove 
the digestive enzymes. The cellular antioxidant protection (CAP-e) 
bioassay was performed and results showed that in vitro digestion 
though reduced the total antioxidant capacity of SBLS, it increased 
the cellular antioxidant uptake and protection from free radical 
damage in erythrocytes. In separate animal experiments carried out 
by Ames BN,32 SBLS was shown to tolerate oxidative stress as oral 
administration of the extract (50-200mg/kg) in rats decreased the 
levels of malondihydehide (MDA) in the serum suggesting antioxidant 
property. This variety of Sorghum also elevated the concentrations of 
reduced glutathione (GSH) in inflammation exudates indicating free 
radical scavenging activity. Furthermore, it significantly inhibited red
blood cells lysis caused by hypotonic medium, suggesting membrane-
stabilising property.33

 The impact of SBLS extract on aging protection

 Analysis at the Brunswick Laboratories showed that the SBLS 
causes significan  inhibition of collagenase, elastase and protein 
glycation. Such properties in Sorghum should promote healthy skin 
and retard aging. Reported collagenase inhibition had 15-fold potency 
to that of vitamin C and 30-fold potency of ferrulic acid while elastic 
inhibition showed a 22-fold potency to that of vitamin C and 8-fold 
potency of ferrulic acid (Table 2). The on-going attacks of free radicals 
during HIV infection damage the elastic and collagen fibres 34 The 
skin protects itself against these impairments with the aid of radical 
scavengers. Effective elastase and collagenase inhibition reported 
with SBLS could be related to its exceptional antioxidant ability 
although further experiments are required in order to confirm these 
events. Over the course of a lifetime, significant chronic metabolism 
disruption may occur when consumption of micronutrient is below 
the current recommended dietary allowance but above the level 
that causes acute metabolic symptoms. When, a component of the 
metabolic network is inadequate, there may be a variety of setbacks 
in metabolism.35 As a result, dietary supplements, most commonly 
multivitamins and minerals are given to fill the nutritional gaps. In 
HIV infected persons, low serum concentrations of vitamins and 
nutrients has been associated with an increased risk of HIV disease 
progression and mortality.36 In 1996, highly active antiretroviral 
therapy (HAART) became the new standard for HIV treatment. 
HAART restores the immunologic function,37 but does not eliminate 
weight loss, micronutrient deficiency and wasting syndrome,38 which 
are strong independent predictors of mortality.39

Table 2 Data showing the anti-aging properties of SBLS (Brunswick 

Laboratories)

Assays performed Results IC50
Collagenase inhibition1 60µg/mL

Elastase inhibition1 17µg/mL

Anti-glycation2 4 µg/mL

Mineral contents in SBLS

SBLS’s nutritional contents were assessed by GMP Laboratories 
of America, Inc., CA, USA. SBLS was proven to be a good source 
of minerals like calcium (35.2% RDA), magnesium (59.03% RDA), 

sodium (95.83% RDA), selenium (28.0% RDA), Zinc (13.62% 
RDA) and copper (127.77% RDA) (Table 3). More interestingly, it 
was observed that 100g of this extract provides around 285% of the 
daily recommended levels of iron (Table 3). HIV infection increases 
the release of pro-oxidants, cytokines and ROS leading to increased 
utilization and excretion of proteins and micro minerals such as zinc, 
iron, selenium manganese and copper. This can result in an imbalance 
between pro-oxidants and antioxidants which may lead to increased 
oxidative stress and cause further damage to human cells, proteins 
and enzymes, thus accelerating HIV replication and mortality of the 
patient.40,41 Therefore, vitamins and minerals are crucial in reducing 
HIV disease progression especially as the cost of effective strategy 
for reducing HIV disease progression, improving nutritional status 
and possibly reducing vertical transmission of HIV in low-income 
countries is high. Anemia, in particular is a common clinical finding
in HIV-infected patients and iron deficiency or maldistribution may 
contribute to the development of low haemoglobin levels. Due to 
the effects of inflammation in HIV patients, iron is diverted from 
circulation into the reticulo-endothelial system and other storage 
sites. Iron maldistribution reduces iron availability in the circulation, 
increase susceptibility to opportunistic infections and accelerate 
disease progression.42 Treating severe anemia in HIV-infected 
patients is critical because recovery from anemia is associated with 
increased length of survival, however, excess of iron in the storage 
sites is associated with an increased viral replication.43 The SBLS 
contains large amounts of iron and as such it is used in the treatment 
of anemia. However, most of the excess iron from SBLS is cheated 
by the polyphenols in the Sorghum extract and as a result the excess 
iron is not presented to the body. Such observation suggests that the 
use of SBLS can help improve hemoglobin concentrations and quality 
of life in anemic HIV-positive patients as well as reduce several 
micronutrients deficiencies, which are common in advanced HIV 
disease. Observational studies have shown low serum concentration 
of several micronutrients including selenium and zinc to be associated 
with low CD4 cell counts, advanced HIV-related disease, faster 
disease progression or HIV-related mortality.44,45 Similarly, anemia 
due to deficiency in iron is more common and more severe with 
advanced HIV disease progression.46 

Vitamin contents in SBLS

The West African Sorghum also contains substantial amounts of 
vital vitamin B12 (Table 3). Vitamin B12, is a water soluble vitamin that 
acts as a cofactor in the conversion of homocysteine to methionine 
and methyl tetrahydrofolate to tetrahydrofolate. Polyglutamate is 
further added tetrahydrofolate to prevent the diffusion of folates out 
of the cell. Folates are essential for the building blocks of DNA in 
rapidly regenerating organs like the production of blood while excess 
homocysteine is known to cause endothelial damage and therefore 
cardiovascular disease. It is well documented that the body cannot 
produce B12and that it can only be sourced from animal foods or in the 
form of B12 vitamin supplement. Deficiency usually results in anemia, 
impaired brain function, and symptoms of mental disorder.47 The 
only good food sources of B12 are primarily animal foods like meat, 
fish and eggs producing 2.8µg/100; 1.95µg/100; 4.15µg/100 of B12, 
respectively. Interestingly, SBLS is a good source of B12 producing 
0.83µg/100 g. This is the first time a plant product has been reported 
to contain significant amounts (34%) of vitamin B12. Low levels of 
B12 have been associated with a reduction in CD4+ T cell count in 
HIV-infected patients.48 There have also been claims that nutrient 
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supplementation could restore immune function and boost CD4+ T 
cell counts in people with early stages of HIV infection.49 Vitamin 
B12 could potentially be a useful antioxidant as it directs reaction with 
reactive oxygen species and through glutathione sparing effect, can 
modify signaling molecules to decrease oxidative stress and increase 
total antioxidant capacity.50 However, such effects are yet to be 
evaluated in HIV-infected persons.

Fatty acids contents in SBLS

 SBLS provides an impressive 1:3 ratio of Omega-3 to that of 
Omega-6 (Table 3) and as population studies indicate, our diet 
should contain no more than three parts of Omega-6 to one part of 
Omega-3, which is ideal for the heart’s health.51 Omega-6 fats have 
pro-inflammatory effects while omega-3 fats have anti-inflammatory
effects. The ratio of 3:1 will reduce the chronic inflammation that most 
people recognize as the root cause of many chronic diseases, including 
diabetes. Omega-3 fatty acids play an important role in every cell in 
the body. Omega-3 makes up cell membrane and helps in maintaining 
membrane fluidit , keeps the nervous system functioning by up 
regulating brain derived neurotropic factor (BDNF) and modulating 
neurotransmitters re-uptake, degradation, synthesis and anti-apoptotic 
effects once it gets converted into fatty acids eicosapentaenoic acid 
(EPA) and later docosahexaenoic acid (DHA). However, Omega-6 
inhibits the conversion of Omega-3 into DHA and EPA, therefore, the 
adequate ratio of 1:2 or 1:3 is usually required to allow conversion 
of adequate amounts of Omega-3. The Omega balance is critical as 
Omega-3 and Omega-6 compete for absorption into the cells, and 
an excess of dietary Omega-6 will result in too few of Omega-6 
being incorporated into cell membranes, from where they exert 
their essential effects.52 Earlier in the HIV epidemic the observation 
of increased oxidative stress and elevated cytokines led to a dietary 
intervention study on whether supplementation with Omega-3 fatty 
acids would decrease cytokines or markers of inflammation. Omega 
3 showed beneficial effects on systemic inflammation mediated my 
multiple mechanisms including a decrease in the activation of NFkB 
by inflammatory stimuli. In a pro-oxidative stress environment, 
ROS has the ability as start a cascade as second messengers for the 
activation of NFkB, which increase the replication of HIV, because 
this factor controls the transcription for the HIV viral replication.53 
Thus, the right supplementation of Omega 3 and 6 fatty acids would 
prove beneficial in a pro-oxidative stress environment as experienced 
in HIV infection.
Table 3 Comparisons between daily recommended dietary intakes for 
vitamins, minerals and elements and amount found in SBLS (GMP Laboratories)

Principle Nutrient value Percentage of RDA
Energy 324 cal -
Carbohydrates 75.3g -
Pro 4.87g -
Dietary fibe 50.30g -
Vitamins
Vitamin B12 0.83 µg 0.345
Riboflavi 0.18 mg 0.1636
Niacin 3.55 mg 0.2535
Minerals
Calcium 352 mg 0.352
Magnesium 183 mg 0.5903
Iron 51.20 mg 6.4
Zinc 1.09 mg 0.1362

Copper 900 µg 1.2777
Phosphorus 700 mg 0.2014
Selenium 15.40 µg 0.28
Electrolytes
Potassium 0.5 g 0.1063
Sodium 1.15 g 0.9583
Total omega-3 fatty 
acids 36 mg -

Total omega-6 fatty 
acids 110 mg -

The role of Sbls extract in neurocognitive 
deficits

 SBLS may exert a beneficialrole in the treatment of neuropsychiatric 
symptoms associated with depression, memory deteriorations and 
psychotic manifestations. Preclinical studies have shown that the 
extract ameliorated the characteristic feature of immobility in 
mice subjected to ‘forced swimming test’ (FST), a well recognized 
animal model of depression. Mice subjected to FST experienced a 
period of immobility, which indicates a depressive-like behavior and 
antidepressant drugs are known to decrease the period of immobility. 
These findings have provided the impetus for the proposed clinical 
trials of the Sorghum for treatment of psychotic ailment in Yaba 
psychiatric hospital Lagos, Nigeria. Results from the clinical study 
showed that SBLS suppresses amphetamine-induced stereotypy and 
antagonises hyperlocommotion due to amphetamine injection, which 
indicate antipsychotic potentials. More importantly, antipsychotic-like 
activity of the extract was devoid of the adverse effect of cataleptic 
behavior.54 In another neurological study conducted by Devi KP et 
al.54 SBLS was shown to reverse memory impairment induced by 
scopolamine in mice. Interestingly, the extract was found to attenuate 
memory deficits in mice subjected to unpredictable chronic mild stress 
(UCMS), which is an animal model that mimics the pathological 
changes seen in humans exposed to stress on daily basis.55

 Inhibition of inflammatory cytokines as previously reported by 
Sharma B et al.56 may serve as an important target for development 
of drugs with potential efficacy against neurological disorders. A 
recent in vitro study showed that SBLS extract inhibited infiltrations
of WBC, release of inflammatory mediators, and formation of free 
radicals,57 which are the major culprits involved in neurodegenerative 
diseases. Furthermore, Oyinbo et al.50 shows that the SBLS extract 
demonstrated anti-neuroinflamma ion and reduced the death of 
astrocytes.58 Charles et al demonstrates that Jobelyn® Supplement 
Lowered Neuronal Degeneration.59 Omorogbe et al.52 also shows 
that Jobelyn attenuates inflammat ry responses induced by CFA in 
mice via inhibition of oxidative stress and release of inflammatory
cytokines.60

CFA-induced nociception, sensorimotor deficits and depressive-
like symptom suggests it might improve the quality of life of patients 
with arthritic conditions. Specific phytochemicals such as luteolin, 
naringenin, and apigenin found in this extract have previously 
demonstrated anti-inflammation activity in cultured cells.61 Luteolin, 
in particular, was shown to inhibit nuclear factor-κB (NF-κB) 
signaling in immune cells, which supports its therapeutic efficacy in 
conditions associated with chronic inflammation 62

HIV and immunity
The sub-Saharan Africa is home to more than two-thirds (69%) 

of people living with HIV (World Health Organization (WHO)). 
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Interestingly, it is also a region suitable for the cultivation of a 
unique variety of Sorghum bicolor. The SBLS extract has gained 
interest because of its antioxidant capability. Antioxidants are 
specific compounds that protect human, animal and plants against 
the damaging effects of free radicals or reactive oxygen species. 
Imbalance between antioxidants and free radicals results in oxidative 
stress, which may lead to cellular damage.63 It has been observed 
that perturbations in antioxidant defense systems, and consequently 
redox imbalance, are present in many tissues of HIV-infected 
patients. Moreover, the level of production of free radical species 
in HIV infected individuals receiving highly active antiretroviral 
drugs (HAART) was reported to be higher than those who harbor 
HIV infection without receiving any treatment or normal and healthy 
subjects.56 In HIV infection, the deficiency of total antioxidant status 
might markedly increase oxidative stress. The increase in reactive 
oxygen species may enhance viral replication by activating nuclear 
transcription factors, which ultimately could lead to viral gene 
expression.57 Enhanced oxidative stress also occurs after initiating 
HAART due to persistent tumor necrosis factor-α (TNF-α) activation 
in HIV-infected patients.58 Therefore, the antioxidant activity of SBLS 
may positively act on individual’s immunological status and decrease 
HIV replication. Further, this variety of Sorghum could reduce cellular 
damage due to oxidative stress originating from HAART treatment. 
HIV infection causes chronic inflammation, which is beneficial to 
HIV replication but detrimental for human host leading to senescence 
of the immune system. The inflammation molecule PGE-2 levels 
are markedly enhanced during HIV infection as a result of chronic 
inflammation. COX-2, the enzyme that catalyses the synthesis of 
PGE-2 also shows enhanced expression in a number of cell types 
including circulating monocytes, tissue macrophages, lymphocytes 
and neuronal cells during HIV infection.61 HIV infection increases 
the release of pro-oxidants, cytokines and ROS leading to increased 
utilisation and excretion of proteins and micro minerals such as zinc, 
iron, selenium manganese and copper. This can result in an imbalance 
between pro-oxidants and antioxidants which may lead to increased 
oxidative stress and cause further damage to human cells, proteins 
and enzymes, thus accelerating HIV replication and mortality of the 
patient.35,36 Therefore, vitamins and minerals are crucial in reducing 
HIV disease progression especially as the cost of effective strategy 
for reducing HIV disease progression, improving nutritional status 
and possibly reducing vertical transmission of HIV in low-income 
countries is high. Anemia, in particular is a common clinical finding
in HIV-infected patients and iron deficiency or maldistribution may 
contribute to the development of low haemoglobin levels. Owing 
to the effects of inflammation in HIV patients, iron is diverted 
from circulation into the reticulo-endothelial system and other 
storage sites. Iron maldistribution reduces iron availability in the 
circulation, increase susceptibility to opportunistic infections and 
accelerate disease progression. Such observation suggests that the 
use of SBLS can help improve hemoglobin concentrations and quality 
of life in anemic HIV-positive patients as well as reduce several 
micronutrients deficiencies, which are common in advanced HIV 
disease.

Multiple studies have shown increased levels of oxidative 
stress after HIV infection in the Central Nervous System (CNS)62 
and have even correlated increased levels of oxidative stress 
with the severity of the disease. Neurons are exposed to extensive 
amounts of oxidative species with the reduced concentration of 
endogenous antioxidant defenses such as glutathione during HIV 

neuropathogenesis. Despite the advent of combination of HAART, 
the CNS complications associated with HIV infection still present a 
great challenge in the management of neuroAIDS. As survival with 
chronic HIV-1 infection improves, due to the use of HAART, the 
number of people harboring the virus in their CNS increases because 
the brain is largely impervious to HAART. Moreover, it is becoming 
clear that the brain is an important reservoir for the virus, and that 
neurodegenerative and neuroinfla matory changes may continue 
despite HAART and thus, HAND remains a significant independent 
risk factor for AIDS mortality. Several studies carried out to assess 
the potentials of SBLS in treating indicators of HIV infection such 
as chronic inflam ation, oxidative stress, HAND, anemia and other 
micronutrient deficiencies has led to speculate that SBLS extract may 
contribute too many aspects in the management of HIV infection. 
As previously described in SBLS role in anemia, a pilot study on 10 
HIV subjects was conducted and results showed that SBLS not only 
increased hemoglobin levels but the CD4 count in antiretroviral naive 
patients (Table 1). This encouraged a randomised controlled clinical 
trial in HIV patients on antiretroviral therapy (HAART). Findings from 
the trial (Figure 3) show significan  increase in CD4 count for HIV 
patients with initial CD4 count >350/µl and placed on SBLS alone and 
also significant increase in the CD4 count for patients with initial CD4 
count <350/µl placed on SBLS+antiretroviral drugs (AVRs) compared 
to the CD4 count for patients with initial CD4 count <350/µl placed 
on antiretroviral drugs alone.63 Such achievements within 3 months of 
treatment suggests that the SBLS extract should be evaluated in a long-
term clinical disease progression to establish if the supplementary or 
alternative treatment with SBLS for HIV/Aids patients can serve as an 
immune system booster and a probable “virus-cidal” factor.

Figure 4 Data from the randomised controlled clinical trial in HIV patients on 

antiretroviral therapy (HAART) and SBLS therapy.

Toxicology
A toxicological evaluation of SBLS on both the acute and short-

term chronic administration in mice was performed. Acute toxicity 
studies revealed that the LD50 values for oral and intraperitoneal 
routes were 215.06mg/kg and 193.37mg/k, respectively. SBLS would 
produce a lethal effect via oral route in about 10times the maximum 
recommended dose per day, which are 6 capsules. Behavioral changes 
including reduced motility and sedation were observed at high 
doses. Histopathological examination of the liver, lung, spleen and 
kidney tissues did not indicate any organ damage. At toxic levels, 
however, there was some degree of congestion in the lungs, liver, 
spleen and kidney tissues. Short-term chronic studies using sub-lethal 
administered over 14days showed no serious behavioral abnormalities 
or histopathological changes in the lungs, liver, spleen and the 
kidneys.64
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Conclusion
In summary, it is widely reported that increased levels of oxidative 

stress and depletion of endogenous antioxidant defense systems are 
associated with HIV pathology. It is also believed that increased 
oxidative stress triggers inflammatio  changes and immunosuppressant 
that contribute to the severity and symptomatologies of the 
disease. Therefore, antioxidant supplementation might be a better 
option in reducing the severity of the devastating effects of HIV 
on the immune system and body organs including the brain. The 
standardized dried powder from the West African SBLS described 
in this review has been shown to possess a unique combination 
of phytochemicals known to exhibit a wide range of biological 
activities. Photochemical antioxidants found in SBLS may assist in 
decreasing oxidative stress-mediated cellular damage and improve 
immune functions. The nutritional contribution of SBLS will increase 
hemoglobin concentration and micronutrients deficiencies. While the 
anti-inflammatory effects of the extract will improve neurocognitive 
activities in psychiatric patients as well as address the uncontrolled 
inflammation that causes tissue damage and pains in HIV-infected 
individuals. More importantly, SBLS will promote increase in CD4 
count as it targets chronic inflammation, oxidative stress and the 
destruction of the adaptive immune response (CD4 T cells), which are 
the most significant factors in the pathogenesis of HIV-AIDS. There 
are no reported cases of adverse events or allergic reactions during 
the use of this extract over the years and acute and chronic studies 
revealed that SBLS was well tolerated by laboratory animals. The 
high safety profile of this extract coupled with its potent antioxidant 
properties makes this unique Sorghum-based natural product a 
potential therapeutic target in the management of HIV-AIDS, chronic 
inflammatory conditions and anemia
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Report 14.  Evaluation of the effects of Jobelyn™ consumption on red 
blood cell count and quality. 

 

 

Executive Summary 
 

The goals for this clinical study were to examine the effects of Jobelyn™ on the 
blood count in general, and specifically on red blood cell health in a borderline 
anemic, otherwise healthy North American population, as a parallel to several 
studies performed in West Africa, where sickle cell anemia, HIV, malaria, and 
other microbial diseases affecting red blood cell health, production, and 
senescence, are prevalent. 

The outcomes were clear, and included the following: 

1) Safety documentation 

Overall, people consuming Jobelyn™ for 8 weeks had a similar blood 
count profile as people consuming placebo for 8 weeks. 

 

2) Red blood cell health 

People consuming Jobelyn™ showed extremely small, but significant 
changes to red blood cell parameters. However, the changes were 
not as simple as expected, and point to a complex array of effects in 
bone marrow and spleen with consumption of Jobelyn™. The 
surprising reduction in red blood cell counts (mild, but significant), 
accompanied by an increase in mean cell volume, and changes in 
other parameters reveals a complex effect of Jobelyn™ on formation 
of blood cells, suggesting an improved clearance of senescent RBC, 
accompanied by increased production of new RBC. The changes 
may also be related to a reduced inflammatory status.  Further 
testing of cytokine profile will help put this data into context. 
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3) Effects on immune cells 

Consumption of Jobelyn™ was associated with a rapid increase in 
the blood levels of monocytes and platelets.  Whether this is 
associated with immune activation as well as bone marrow support 
is a question for future study. 

 

4) Blood glucose 

Consumption of Jobelyn™ was in general not associated with 
reduced fasting blood glucose in this study population.  A few cases 
showed rapid changes, and based on this data further work may be 
planned. 

 
During the study serum samples were banked from each blood draw.  This 
material is available to pursue further testing without repeating the clinical part of 
the study.  Serum testing may include detailed analysis of pro- and anti-
inflammatory cytokines, as well as stem cell related growth factors.  
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Report 

 

Purpose 

The purpose of the study was to evaluate the timing and magnitude of improvements to red 

blood cell health with consumption of Jobelyn™, to incorporate data into existing marketing 

efforts and to publish data in the medical literature as a peer-reviewed credible publication.  

 

Introduction 

Health Forever Products has case studies in Nigeria, as well as testimonials from all over the 

world, of seeing a robust increase in hemoglobin within days and within a few weeks, in people 

with serious cases of anemia present under either disease conditions like sickle cell, Malaria, 

HIV, or cancer.  In parallel, improvements in red blood cell health were also seen in many 

healthy people with general low blood counts due to undetermined factors. 

A clinical study on anemia is currently ongoing in Nigeria.  The study population is focused on 

women and aims at evaluating whether Jobelyn™ consumption can help increase hemoglobin 

and thus reduce risk factors associated with gynecological surgery.   

http://clinicaltrials.gov/ct2/show/NCT01670955  

As a parallel to the ongoing study in Nigeria, this study protocol helped to systematically 

examine the effects of Jobelyn™ on anemic conditions in an otherwise healthy population, and 

helped document the speed and magnitude of improvements in a population without 

concomitant infections or sickle cell anemia.   

 

Study design 

Twenty-five human subjects of both genders were enrolled, and twenty-three completed the 

study with testing over the period of 8 weeks. Both genders were enrolled in the study, but we 

expected more women to be eligible, due to effects of menses and prolonged consumption of 

birth control pills. 

Recruiting of study participants happened via NIS Labs.  The study location was Klamath Falls, 

Oregon, which is located in the high desert of central Oregon, where people live and work at an 

altitude of 4,000-5,000 feet above sea level.  

http://clinicaltrials.gov/ct2/show/NCT01670955
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Subjects were monitored at baseline, and after 3 days, 7 days, and 2, 4, and 8 weeks.   

 

 
 

 

 

 

 

 

 
 

Figure 1.  Diagram illustrating the involvement of each human subject. 

 

A blood sample was taken at each visit.  The primary purpose of the blood draws was to 

perform a complete blood count (CBC) with differential count.  Each CBC was performed in 

triplicate at NIS Labs, using an AC-T 5-diff Coulter counter (Beckman-Coulter). 

Fasting blood glucose was performed using a glucometer which was calibrated on each morning 

of every clinic visit for this study.   

The blood draws also allowed for serum banking.  This provides the option to add testing later 

without having to repeat a clinical study.  Such testing may include antioxidant status and a 

number of test types for collecting data on inflammatory status.  The baseline, 7 day, and 4, and 

8 week samples align with the planned blood draws from the proposed chronic pain study, and 

this will allow synchronized testing at a later time, and a combined evaluation of inflammatory 

and other metabolic markers across both studies.  This will allow data collection of antioxidant 

capacity and anti-inflammatory effects of Jobelyn™ across several studies, for a more robust 

sample size. 
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Study population 

We recruited a total of 25 healthy subjects of both genders.  Upon written informed consent, 

they went through a screening process to verify anemia or borderline anemic conditions.   They 

were randomized to receive either Jobelyn™ or placebo. 

Inclusion criteria 

 18-65 year old people of both genders 

 Borderline anemic (This is compensated for 4,000-5,00 feet altitude of study location): 
o Males: Hemoglobin 13.5 g/dL or lower 

o Females: Hemoglobin 11.5 g/dL or lower  

 

Exclusion criteria 

 Known diagnosis with pernicious, aplastic, or sickle cell anemia, thalassemias; 

 Splenectomy; 

 Serious active illness within past 12 months;  

 Active cancer and/or chemotherapy within the last 12 months; 

 Major surgery during past 8 weeks; 

 Received blood transfusion past 8 weeks; 

 Having donated blood for 6 weeks prior to study, or planning to donate blood during the 
8 week study; 

 Consuming high doses of vitamin B12; 

 Significant active uncontrolled disease (such as lymphoma, cirrhosis, nephritis, 
uncompensated heart failure); 

 Use of multiple medications, indicating that the person’s self-reported state of ‘good 
health’ is questionable; 

 History of drug abuse past 2 years; 

 Record of non-compliance in previous studies; 

 Display of cognitive impairment or mental instability during pre-screening and 
screening; 

 Poor compliance during screening visits; 

 Any other condition or observation that the study coordinator judges may adversely 
affect the person’s ability to complete the study;  

 Currently experiencing intense stressful events/ life changes that would negatively 
affect compliance; 

 Pregnant, nursing, or trying to become pregnant; 

 Women not using effective contraception; 

 Food allergies related to ingredients in test product. 
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Prescreening 

The pre-screening involved an interview to document gender, age, estimated BMI, 

medical/surgical history, diet/lifestyle, current health issues, medication, and supplement use. 

 

Screening 

The screening visit involved signing a consent form, asking specific questions, verifying current 

BMI, and taking a blood draw to determine baseline hemoglobin levels.  

 

Demographics of the study population 

We recruited a total of 25 healthy subjects of both genders.  Upon written informed consent, 

they went through a screening process to verify anemia or borderline anemic conditions.   They 

were randomized to receive either Jobelyn™ or placebo. 

 

Table 1.  Demographics of study participants.        

      Jobelyn™   Placebo 

Females:    7                8 

Age average*    44.1 ± 16.2   55.6 ± 7.5 

Age range    20.9 - 65.3   44.4 - 64.6 

BMI average*    26.3 ± 4.3   25.5 ± 5.7 

BMI range    22.7 - 34.4   18.2 - 32.9        

Males:     5                5  

Age average*    56.7 ± 5.9   40.2 ± 18.8 

Age range    49.4 - 63   22.3 - 64.1 

BMI average*    31.3 ± 4.9   27 ± 4.6 

BMI range    26 - 38.8   20.5 - 31.1  

* The average ± standard deviation is shown. 
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Consumables 

Jobelyn™ was provided by Health Forever Products.  A placebo powder was produced by NIS 

Labs.  Rice flour was used, as it represents another grain, and of a type that very few people 

have allergies to.  Other presumed inert substances can cause gastrointestinal upset, or have 

their own biological effects.  Food color was added to the rice flour until a desired color was 

reached, and then was crushed into a powder that resembled Jobelyn™.   The product and 

placebo were both encapsulated in identical, clear capsules.   

Each study participant consumed 2 capsules per day during the study.  This translated to the 

consumption of 500mg of Jobelyn™ for the people in the Jobelyn™ group. 
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Recruitment 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2.  Consort flow chart of the study participants. 
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Randomization  

For a study of this nature, it is ideal to randomize study participants of each gender separately, 

so there is less risk of having more people of one gender in the placebo group and of the other 

gender in the active product group.  Therefore, the randomization was performed as follows:  A 

coin was tossed to determine the group assignment of the first female study participant.  The 

first male study participant was then allocated to the other group.   For subsequent volunteers, 

the group assignment was assigned alternately within each gender.  The exception was family 

members or very close friends, who would be assigned to the same group to eliminate the risk 

of an accidental switch of bottles during the study within one household. 

 

Compliance 

Compliance during a study involves adhering to the study guidelines and consuming the 

allocated test product on a daily basis, as well as avoiding making major life style or diet 

changes during the study. 

Compliance pertaining to consumptions was tracked by counting the remaining capsules in the 

returned bottles.  Compliance to other requirements was tacked during interviews at each visit. 

 

Table 2.  Compliance based on capsule count.      

                Average compliance (%)*     

Compliance during first 2 weeks   96.59% 

Compliance during second two weeks  94.37% 

Compliance during last 4 weeks   96.36% 

Compliance during entire study   97.12%    

* These % include all study participants, except drop-outs. 
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Statistical analysis 

Two kinds of statistical analyses were performed.  The independent 2-tailed t-test was used to 

examine differences between the Jobelyn™ and placebo group for each time point.  The 

unpaired t-test was performed both on raw data and on the percent changes seen for each 

parameter. 

In addition, the paired t-test was used to compare each group’s scores before and after the 

intervention.  This type of statistical analysis is ideal for comparing repeat measurements of the 

same subject over time.    
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Results 
The complete blood count (CBC) data is presented in the following order: 

 White blood cell count (WBC) 

 Red blood cell count (RBC) 

 Hemoglobin (HGB) 

 Hematocrit (HCT) 

 Mean corpuscular volume (MCV) 

 Mean corpuscular hemoglobin (MCH) 

 Mean corpuscular hemoglobin concentration (MCHC) 

 Red cell distribution width (RDW) 

 Platelet (PLT) 

 Mean platelet volume (MPV) 

 Neutrophil percentages (NE%) 

 Lymphocyte percentages (LY%)   

 Monocyte percentages (MO%) 

 Eosinophil percentages (EO%) 

 Basophil percentages (BA%) 

 Neutrophil number (NE#) 

 Lymphocyte number (LY#) 

 Monocyte number (MO#) 

 Eosinophil number (EO#) 

 Basophil number (BA#) 

 
 
On the following pages, data graphs are shown for each CBC parameter.  For each parameter, 
there are two graphs, reflecting two different ways of analyzing the data. 

 Top graphs: 
o Data are shown in a graph format that allows ‘between-group’ analysis, using the 

independent 2-tailed t-test.   
o For most data sets, there are no significant differences at any time point 

between the two groups. 

 Bottom graphs: 
o The exact same data are shown in a format that allows a closer look at any minor 

fluctuations within each group, and allows indication of statistical significant 
changes within each group, using the ‘within-subject’ paired 2-tailed t-test. 

o Many graphs show one of the following: 
 Some significant changes within the Jobelyn™ group, without a matching 

change in the placebo group. 
 Or no change in Jobelyn™ group, despite a change in the Placebo group, 

such as may be caused by seasonal changes including allergies. 
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Figure 3.  White blood cell (WBC) counts are shown as the group averages ± SEM for each 
visit/blood draw.  The top graph serves to illustrate that there were no significant differences at 
any time points between the average WBC counts in the placebo group and the Jobelyn™ 
group.   
The bottom graph serves to illustrate that when ‘within-subject’ analysis was performed for 
each group separately, minor fluctuatons in WBC counts were seen.  A general mild reduction 
in WBC counts were seen for the placebo group over the 8 weeek study period.  During the 
same time, no change was seen in the group consuming Jobelyn™, except a drop at Day 28 
(borderline significant (*) when compared to baseline), which returned to the original level at 8 
weeks.  The data suggest that seasonal or other environmental changes occuring in the 
general population during that time were not affecting people as much if they were 
consuming Jobelyn™.  
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Figure 4.  Red blood cell (RBC) counts are shown as the group averages ± SEM for each 
visit/blood draw.  The top graph serves to illustrate that there were no significant differences at 
any time points between the average RBC counts in the placebo group and the Jobelyn™ group.   
The bottom graph serves to illustrate that when ‘within-subject’ analysis was performed for 
each group separately, minor fluctuatons in RBC counts were seen over time in the Jobelyn™ 
group (p<0.01, **).  During the same time, no change was seen in the group consuming 
Placebo.  The data suggest that Jobelyn™’s support of macrophage function may lead to an 
improved clearance of senescent RBC in the spleen, which if the study had been longer (3-4 
months), and had allowed for a complete replenishment of the RBC pool, should be expected 
to return to normal. 
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Figure 5.  Hemoglobin levels (HGB) (g/dL) are shown as the group averages ± SEM for each 
visit/blood draw.  The top graph serves to illustrate that there were no significant differences at 
any time points between the average hemoglobin levels in the placebo group and the Jobelyn™ 
group.   
The bottom graph serves to illustrate that when ‘within-subject’ analysis was performed for 
each group separately, minor fluctuatons in hemoglobin were seen.  A mild reduction in 
hemoglobin was seen for the group consuming Jobelyn™ at Day 56 (p<0.001, ***) when 
compared to baseline for the Jobelyn™ group).  This follows the data for the red blood cell 
(RBC) count.   
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Figure 6.   Hematocrit (HCT) (% volume) are shown as the group averages ± SEM for each 
visit/blood draw.  The top graph serves to illustrate that there were no significant differences at 
any time points between the average hematocrit in the placebo group and the Jobelyn™ group.   
The bottom graph serves to illustrate that when ‘within-subject’ analysis was performed for 
each group separately, minor fluctuatons in hematocrit were seen.  A very mild reduction in 
hematocrit was seen for the group consuming Jobelyn™ at Day 56 (p<0.01, **) when compared 
to baseline for the Jobelyn™ group).  This follows the data for the red blood cell (RBC) count.   
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Figure 7.  Mean corpuscular volume (MCV) is shown as the group averages ± SEM for each 
visit/blood draw.  The top graph serves to illustrate that there were no significant differences at 
any time points between the average MCV in the placebo group and the Jobelyn™ group.   
The bottom graph serves to illustrate that when ‘within-subject’ analysis was performed for 
each group separately, minor fluctuatons in MCV were seen.  A very mild increase in MCV was 
seen for the group consuming Jobelyn™ at Day 56 (p<0.05, *) when compared to baseline for 
the Jobelyn™ group.  Interestingly this change seen in the context of the previous red blood 
cell associated parameters may suggest that over time, with daily consumption of Jobelyn™, 
fewer but larger red blood cells are produced. 
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Figure 8.  Mean corpuscular hemoglobin (MCH) is shown as the group averages ± SEM for each 
visit/blood draw.  The top graph serves to illustrate that there were no significant differences at 
any time points between the average MCH in the placebo group and the Jobelyn™ group.   
The bottom graph serves to illustrate that when ‘within-subject’ analysis was performed for 
each group separately, minor fluctuatons in MCH were seen in both groups.  A very mild 
decrease in MCH was seen for the group consuming Jobelyn™ at Day 56 (p<0.01, **) when 
compared to baseline for the Jobelyn™ group.  This result may reflect that hemoglobin 
production (per cell) remained constant while the cell size slightly increased (MCV). 
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Figure 9.  Mean corpuscular hemoglobin concentration is shown as the group averages ± SEM 
for each visit/blood draw.  The top graph serves to illustrate that there were no significant 
differences at any time points between the average MCHC in the placebo group and the 
Jobelyn™ group.   
The bottom graph serves to illustrate that when ‘within-subject’ analysis was performed for 
each group separately, very minor decreases in MCHC were seen in both groups.  This decrease 
was signficant for the placebo group (p<0.05, *), and highly significant for the Jobelyn™ group 
(p<0.01, **) at Day 56 when compared to each respective baseline.  This result may reflect that 
hemoglobin production (per cell) remained constant while the cell size slightly increased 
(MCV). 
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Figure 10.  Red cell distribution width (RDW) is shown as the group averages ± SEM for each 
visit/blood draw.  The top graph serves to illustrate that there were no significant differences at 
any time points between the average MCHC in the placebo group and the Jobelyn™ group.   
The bottom graph serves to examine the data for any minor fluctuations.  No significant 
changes were seen for either the placebo or the Jobelyn™ group, neither by between-group or 
within-subject analysis. 
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Figure 11.  Platelet numbers (PLT) are shown as the group averages ± SEM for each visit/blood 
draw.  The top graph serves to examine for differences between the average MCHC in the 
placebo group and the Jobelyn™ group at each time point.  Interestingly, at Day 3, a significant 
difference was seen between the two groups, where a mild decrease in the placebo group, and 
a mild increase in  the Jobelyn™ group resulted in significance between the Day 3 data 
(p<0.05,*). 
The bottom graph serves to illustrate that when ‘within-subject’ analysis was performed for 
each group separately, minor decreases in PLT were seen in both groups.  This decrease was 
signficant for the placebo group (p<0.05, *) at Day 3, and highly significant (p<0.01, **) at Day 
56 when compared to baseline.  
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Figure 12.  Mean platelet volume (MPV) is shown as the group averages ± SEM for each 
visit/blood draw.  The top graph serves to illustrate that there were no significant differences at 
any time points between the average MCHC in the placebo group and the Jobelyn™ group, 
using between-group statistical analysis.  The bottom graph serves to examine the data for any 
minor fluctuations.  No significant changes were seen for either the placebo or the Jobelyn™ 
group, using within-subject analysis. 
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Figure 13.  Neutrophil percentages (NE%) are shown as the group averages ± SEM for each 
visit/blood draw.  The top graph serves to illustrate that there were no significant differences at 
any time points between the average NE% in the placebo group and the Jobelyn™ group.   
The bottom graph serves to illustrate that when ‘within-subject’ analysis was performed for 
each group separately, very minor decreases in NE% were seen in both groups.  This decrease 
was highly significant for the placebo group (p<0.01, **) at Day 56, and significant for the 
Jobelyn™ group (p<0.05, *) at Day 3 when compared to each respective baseline.  The slow 
reduction in the placebo group may reflect seasonal changes. The apparent rapid change in 
the Jobelyn™ group needs to be evaluated in context of neutrophil numbers (NE#), see Figure 
18, below.  The combined data suggest that the rapid drop in NE%, while NE# remain 
constant, suggests a rapid increase of another white blood cell type.  
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Figure 14.  Lymphocyte percentages (LY%)  are shown as the group averages ± SEM for each 
visit/blood draw.  The top graph serves to illustrate that there were no significant differences at 
any time points between the average LY% in the placebo group and the Jobelyn™ group.   
The bottom graph serves to illustrate that when ‘within-subject’ analysis was performed for 
each group separately, very minor decreases in LY% were seen in both groups.  This decrease 
was highly significant for the placebo group (p<0.01, **) at Day 56 when compared to baseline.   
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Figure 15.  Monocyte percentages (MO%) are shown as the group averages ± SEM for each 
visit/blood draw.  The top graph serves to examine for significant differences at each time point 
between the average MO% in the placebo group and the Jobelyn™ group.  At Day 14, a 
significant difference was seen between the placebo and Jobelyn™ groups, where the Jobelyn™ 
group showed a transient decrease in MO%, compared to the placebo group at the same time 
point (p<0.05,*).  The bottom graph serves to illustrate that when ‘within-subject’ analysis was 
performed for each group separately, two changes were noteworthy in the Jobelyn™ group.  In 
the Jobelyn™ group, a rapid increase in MO% was seen at Day 3 (p<0.05, *), followed by the 
reduction at Day 14 when compared to baseline.  This is parallel to decreases in MO#, see 
Figure 20, below. 
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Figure 16.  Eosinophil percentages (EO%) are shown as the group averages ± SEM for each 
visit/blood draw.  The top graph serves to illustrate that there were no significant differences at 
any time points between the average EO% in the placebo group and the Jobelyn™ group.   
 
The bottom graph serves to illustrate that when ‘within-subject’ analysis was performed for 
each group separately, there were no significant changes seen in either group.  Interestingly, 
there was a rapid decrease in the Jobelyn™ group, already after three days of consumption. 
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Figure 17.  Basophil percentages (BA%) are shown as the group averages ± SEM for each 
visit/blood draw.    The top graph serves to illustrate that there were no significant differences 
at any time points between the average EO% in the placebo group and the Jobelyn™ group.  
The bottom graph serves to illustrate that when ‘within-subject’ analysis was performed for 
each group separately, there were only very minor fluctuations in the BA% over the 8 weeks.  
 
When evaluating this data, keep in mind the very low frequncy of basophil cells.  The normal 
range for BA% is 0-2%, so all data were minor fluctuations well within this normal range. 
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Figure 18.  Neutrophil number (NE#) %) are shown as the group averages ± SEM for each 
visit/blood draw.  The top graph serves to illustrate that there were no significant differences at 
any time points between the average NE# in the placebo group and the Jobelyn™ group.   
The bottom graph serves to illustrate that when ‘within-subject’ analysis was performed for 
each group separately, a minor decrease in NE# was seen in the placebo group.  This decrease 
was trending towards significance (p<0.1, (*)) at Day 56 when compared to baeline.  The slow 
reduction in the placebo group may reflect seasonal changes. The NE# remained more 
constant in the Jobelyn™ group over the 8-week period. 
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Figure 19.  Lymphocyte number (LY#)  are shown as the group averages ± SEM for each 
visit/blood draw.  The top graph serves to illustrate that there were no significant differences at 
any time points between the average LY# in the placebo group and the Jobelyn™ group. At Day 
28, the mild reduction in the Jobelyn™ group was borderline significant (p<0.1, (*)) when 
compared to the lack of changes in the placebo group over the same time period.   
The bottom graph serves to illustrate that when ‘within-subject’ analysis was performed for 
each group separately, the only noticeable change was the mild reduction in LY# in the 
Jobelyn™ group at Day 28 (p<0.01, **).   
 
Keeping in mind that the normal range for LY# in 1-4 x 103/µL for males and 0.9 – 3.6  103/µL 
for femailes, the fluctuations seen are very minor,and well within the normal range.  
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Figure 20.  Monocyte number (MO#) are shown as the group averages ± SEM for each 
visit/blood draw.  The top graph serves to examine for significant differences at each time point 
between the average MO# in the placebo group and the Jobelyn™ group.   
The bottom graph serves to illustrate that when ‘within-subject’ analysis was performed for 
each group separately, a rapid increase in MO# was seen at Day 3, followed by the reduction at 
Day 14 when compared to baseline (p<0.05, *).  The levels of MO# returned to baseline at Day 
56.   This is parallel to decreases in MO%, see Figure 15, above. 
 
The fluctuations seen during the first 2 weeks of the study may reflect effects on Jobelyn™ 
consumption on monocyte numbersas part of increased immune surveillance, returning to 
pre-study levels after 8 weeks.  

0.00

0.05

0.10

0.15

0.20

0.25

0.30

0.35

0.40

0.45

Day 0 Day 3 Day 7 Day 14 Day 28 Day 56

1
0

³/
µ

L

MO# Placebo

Jobelyn

0.20

0.25

0.30

0.35

0.40

0.45

Day 0 Day 3 Day 7 Day 14 Day 28 Day 56

1
0

³/
µ

L

MO# Placebo

Jobelyn

*



NIS/Health Forever Report 14 32 of 38 

 

1437 Esplanade Ave, Klamath Falls, OR  97601 • Telephone (541) 884-0112  

E-mail:  tech@nislabs.com • Web Site:  www.nislabs.com 

 

 
 

Figure 21.  Eosinophil number (EO#) are shown as the group averages ± SEM for each 
visit/blood draw.  The top graph serves to illustrate that there were no significant differences at 
any time points between the average EO# in the placebo group and the Jobelyn™ group.   
 
The bottom graph serves to illustrate that when ‘within-subject’ analysis was performed for 
each group separately, there were no significant changes seen in either group.   
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Figure 22.  Basophil number (BA#) are shown as the group averages ± SEM for each visit/blood 
draw.    The top graph serves to illustrate that there were no significant differences at any time 
points between the average BA# in the placebo group and the Jobelyn™ group.  The bottom 
graph serves to illustrate that when ‘within-subject’ analysis was performed for each group 
separately, there were only very minor fluctuations in the BA# over the 8 weeks.  
 
When evaluating this data, keep in mind the very low frequncy of basophil cells.  The normal 
range for BA# is 0-0.1 x 103/µL %, so all data were minor fluctuations well within this normal 
range. 
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Figure 22.  Fasting blood glucose levels are shown as the group averages ± SEM for each 
visit/blood draw.  The baseline levels of fasting blood glucose were similar in the placebo and 
the Jobelyn™ groups, and showed that the study population overall was pre-diabetic with an 
average fasting blood glucose level above 110 mg/dL.  There were no significant differences at 
any time points between the average fasting glucose levels in the placebo group and the 
Jobelyn™ group.  Even thoguh there were no statistically significant differences, it is interesting 
that the group consuming Jobelyn™ showed lower fasting glucose levels than the placebo group 
from Day 14 and during the rest of the 8-week study.   
   

  

105.00

110.00

115.00

120.00

125.00

130.00

135.00

Day 0 Day 3 Day 7 Day 14 Day 28 Day 56

m
g/

d
L

Glucose

Placebo

Jobelyn



NIS/Health Forever Report 14 35 of 38 

 

1437 Esplanade Ave, Klamath Falls, OR  97601 • Telephone (541) 884-0112  

E-mail:  tech@nislabs.com • Web Site:  www.nislabs.com 

Conclusions 
 

Safety 

The data presented here helps document basic safety aspects of Jobelyn™ consumption in a 

North American population.  The rapid changes in red blood cell numbers and T cell numbers in 

West African studies in HIV+ populations could raise the question whether Jobelyn™ 

consumption is safe to consume for people who have close to normal numbers of such cell 

types, and whether Jobelyn™ consumption may trigger cellular production in the bone marrow 

that may be out of control.  The data presented in this report clearly documents that Jobelyn™ 

consumption does not trigger such unhealthy production of cells.  This can be seen as an 

important part of Jobelyn™’s safety data portfolio. 

The highly specific activation of immune cells, documented in vitro [Benson et al. 2013], could 

lead to safety related concerns, such as whether Jobelyn™ consumption may trigger over-

activation of immune reactions.  The current data presented in this report does not suggest 

such events.  Rather, the changes seen were either normalizing or transient, suggesting that 

Jobelyn™ consumption supports a healthy normalization of many aspects of red and white 

blood cell production and function. 

 

Red blood cell health 

Previous and ongoing studies in West Africa have seen very rapid improvement in RBC status, 

including improvements in hemoglobin in an HIV+ population.  The data from these studies 

were performed in study populations where some common health challenges affecting RBC 

health include sickle cell anemia and parasitic infections such as malaria, i.e. conditions 

associated with accelerated RBC senescence and clearance. 

In the study performed at NIS Labs, quite different results were obtained.  Several factors may 

help explain this data in context of the West African studies.  We suggest that the very mild, but 

highly significant changes seen in all parameters of RBC health, associated with consumption of 

Jobelyn™, may be associated with the following: 

 Jobelyn™ activation of RBC production, leading to increased production of new RBC that 

are slightly larger than senescent RBC, thereby affecting RBC mean cell volume; 
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 Jobelyn™ activation of macrophage function, leading to a better clearance of senescent 

RBC over time; 

These mild changes in relative cell numbers seen associated with Jobelyn™ consumption should 

be interpreted with an open mind, since there are several unknown factors.  The data should be 

considered in context of overall effect on bone marrow function and production of many 

different cell types.   

An alternative suggested explanation of the reduced RBC numbers may be if Jobelyn™ has 

negative effects on iron absorption – however, this goes against the West African data where a 

much more challenged population saw huge benefits. Alternative explanations include 

production of healthier RBC with a proper senescence process, and healthier clearance of 

senescent RBC by spleen macrophages. 

It is also possible that an ‘overworked’ bone marrow at high altitude and chronic low-grade 

inflammation may have been the status of the recruited subjects, where Jobelyn™ consumption 

allowed the marrow to produce a slightly lower amount of red blood cells of a higher quality, 

and redirect bone marrow efforts to an increased production of immune cells as needed (such 

as the increase in platelets and monocytes by Day 3).   

Whether this also allowed the bone marrow to increase the production of stem cells was not 

answered by this study, buy could be addressed in future studies.   

Interestingly, the population was pre-diabetic, as almost the entire population started the study 

with fasting glucose levels at 100 mg/dL or above.   The association between circulating glucose 

levels and anemia is illustrated by the prevalence of anemia in a large proportion of diabetic 

patients. 

 

Immune cells 

Several observations are of interest here. 

A rapid increase in monocytes was seen at Day 3, followed by a slight decrease at Day 14, after 

which time the monocyte percentage and numbers returned to baseline levels. This suggests 

that the initial consumption of Jobelyn™ initiated an immune response to latent or potential 

pathogens, which a slightly compromised immune system had been unresponsive to.  (The 

elevated fasting glucose levels and borderline anemic conditions are suggestive of a possible 

association with mild systemic stressors, including low grade chronic inflammation). 
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Changes were seen in the platelet numbers in the placebo group, where a slight reduction 

happened across the 8-week study period.  In contrast, the platelet levels in the Jobelyn™ group 

showed a mild increase at Day 3.  This increase became statistically significant with the removal 

of one outlying data set, such that at Day 3 there was a significant difference in platelet 

numbers between the placebo and the Jobelyn™ group.  This supports the suggestion of a rapid 

effect of Jobelyn™ on bone marrow production of various cell types.  Interestingly, the 

progenitor stem cells that differentiate into red blood cells are shared with the progenitor path 

that leads to production of platelets and monocytes. 

 

Fasting blood glucose 

The study population was almost entirely comprised of pre-diabetic people with a fasting 

glucose level of 100 mg/dL or higher at study start.  This was not associated with obesity, as 

many study participants had low-normal range BMI. 

The measure of fasting glucose levels during this study aimed at collecting pilot data on 

whether Jobelyn™ consumption would be associated with regulation of fasting blood glucose.  

No significant changes were seen.  There were a few cases where a drop in fasting glucose 

levels was seen at day 3 compared to baseline.  Further study of the effects of Jobelyn™ 

consumption on fasting blood glucose is warranted, also in overweight and obese people. 

 

Recommendations for future studies 

The following options for further work may help increase our understanding of Jobelyn™ on 

regenerative functions, including red blood cell production and immune status: 

1) Testing of comprehensive cytokine profile on the banked serum samples from this study 

may point to mechanisms that could further explain the data presented in this report; 

this may for example include the increased production of anti-inflammatory, immune 

regulatory, and stem cell supportive cytokines; 

2) A study of longer duration, allowing us to follow RBC levels and quality for at least the 

120 day typical life span of RBC; 

a. Study would examine markers for RBC senescence; 

b. Study would drill into more detail regarding immune cells: 



NIS/Health Forever Report 14 38 of 38 

 

1437 Esplanade Ave, Klamath Falls, OR  97601 • Telephone (541) 884-0112  

E-mail:  tech@nislabs.com • Web Site:  www.nislabs.com 

i. Even though lymphocyte numbers seemed constant in both groups, it is 

possible that subsets of T and B lymphocytes were changed in the 

Jobelyn™ group, compared to the placebo group; 

ii. This may include important changes within the lymphocyte population, 

for example involving T regulatory cells and natural killer cells, as well as 

antigen-presenting monocyte/macrophage and dendritic cell types. 

3) Study may address other cell types, such as circulating stem cells. 
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Report 14.  Evaluation of the effects of Jobelyn™ consumption on red 
blood cell count and quality. 

 

 

Executive Summary 
 

The goals for this clinical study were to examine the effects of Jobelyn™ on the 
blood count in general, and specifically on red blood cell health in a borderline 
anemic, otherwise healthy North American population, as a parallel to several 
studies performed in West Africa, where sickle cell anemia, HIV, malaria, and 
other microbial diseases affecting red blood cell health, production, and 
senescence, are prevalent. 

The outcomes were clear, and included the following: 

1) Safety documentation 

Overall, people consuming Jobelyn™ for 8 weeks had a similar blood 
count profile as people consuming placebo for 8 weeks. 

 

2) Red blood cell health 

People consuming Jobelyn™ showed extremely small, but significant 
changes to red blood cell parameters. However, the changes were 
not as simple as expected, and point to a complex array of effects in 
bone marrow and spleen with consumption of Jobelyn™. The 
surprising reduction in red blood cell counts (mild, but significant), 
accompanied by an increase in mean cell volume, and changes in 
other parameters reveals a complex effect of Jobelyn™ on formation 
of blood cells, suggesting an improved clearance of senescent RBC, 
accompanied by increased production of new RBC. The changes 
may also be related to a reduced inflammatory status.  Further 
testing of cytokine profile will help put this data into context. 
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3) Effects on immune cells 

Consumption of Jobelyn™ was associated with a rapid increase in 
the blood levels of monocytes and platelets.  Whether this is 
associated with immune activation as well as bone marrow support 
is a question for future study. 

 

4) Blood glucose 

Consumption of Jobelyn™ was in general not associated with 
reduced fasting blood glucose in this study population.  A few cases 
showed rapid changes, and based on this data further work may be 
planned. 

 
During the study serum samples were banked from each blood draw.  This 
material is available to pursue further testing without repeating the clinical part of 
the study.  Serum testing may include detailed analysis of pro- and anti-
inflammatory cytokines, as well as stem cell related growth factors.  
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Report 

 

Purpose 

The purpose of the study was to evaluate the timing and magnitude of improvements to red 

blood cell health with consumption of Jobelyn™, to incorporate data into existing marketing 

efforts and to publish data in the medical literature as a peer-reviewed credible publication.  

 

Introduction 

Health Forever Products has case studies in Nigeria, as well as testimonials from all over the 

world, of seeing a robust increase in hemoglobin within days and within a few weeks, in people 

with serious cases of anemia present under either disease conditions like sickle cell, Malaria, 

HIV, or cancer.  In parallel, improvements in red blood cell health were also seen in many 

healthy people with general low blood counts due to undetermined factors. 

A clinical study on anemia is currently ongoing in Nigeria.  The study population is focused on 

women and aims at evaluating whether Jobelyn™ consumption can help increase hemoglobin 

and thus reduce risk factors associated with gynecological surgery.   

http://clinicaltrials.gov/ct2/show/NCT01670955  

As a parallel to the ongoing study in Nigeria, this study protocol helped to systematically 

examine the effects of Jobelyn™ on anemic conditions in an otherwise healthy population, and 

helped document the speed and magnitude of improvements in a population without 

concomitant infections or sickle cell anemia.   

 

Study design 

Twenty-five human subjects of both genders were enrolled, and twenty-three completed the 

study with testing over the period of 8 weeks. Both genders were enrolled in the study, but we 

expected more women to be eligible, due to effects of menses and prolonged consumption of 

birth control pills. 

Recruiting of study participants happened via NIS Labs.  The study location was Klamath Falls, 

Oregon, which is located in the high desert of central Oregon, where people live and work at an 

altitude of 4,000-5,000 feet above sea level.  

http://clinicaltrials.gov/ct2/show/NCT01670955
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Subjects were monitored at baseline, and after 3 days, 7 days, and 2, 4, and 8 weeks.   

 

 
 

 

 

 

 

 

 
 

Figure 1.  Diagram illustrating the involvement of each human subject. 

 

A blood sample was taken at each visit.  The primary purpose of the blood draws was to 

perform a complete blood count (CBC) with differential count.  Each CBC was performed in 

triplicate at NIS Labs, using an AC-T 5-diff Coulter counter (Beckman-Coulter). 

Fasting blood glucose was performed using a glucometer which was calibrated on each morning 

of every clinic visit for this study.   

The blood draws also allowed for serum banking.  This provides the option to add testing later 

without having to repeat a clinical study.  Such testing may include antioxidant status and a 

number of test types for collecting data on inflammatory status.  The baseline, 7 day, and 4, and 

8 week samples align with the planned blood draws from the proposed chronic pain study, and 

this will allow synchronized testing at a later time, and a combined evaluation of inflammatory 

and other metabolic markers across both studies.  This will allow data collection of antioxidant 

capacity and anti-inflammatory effects of Jobelyn™ across several studies, for a more robust 

sample size. 
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Study population 

We recruited a total of 25 healthy subjects of both genders.  Upon written informed consent, 

they went through a screening process to verify anemia or borderline anemic conditions.   They 

were randomized to receive either Jobelyn™ or placebo. 

Inclusion criteria 

 18-65 year old people of both genders 

 Borderline anemic (This is compensated for 4,000-5,00 feet altitude of study location): 
o Males: Hemoglobin 13.5 g/dL or lower 

o Females: Hemoglobin 11.5 g/dL or lower  

 

Exclusion criteria 

 Known diagnosis with pernicious, aplastic, or sickle cell anemia, thalassemias; 

 Splenectomy; 

 Serious active illness within past 12 months;  

 Active cancer and/or chemotherapy within the last 12 months; 

 Major surgery during past 8 weeks; 

 Received blood transfusion past 8 weeks; 

 Having donated blood for 6 weeks prior to study, or planning to donate blood during the 
8 week study; 

 Consuming high doses of vitamin B12; 

 Significant active uncontrolled disease (such as lymphoma, cirrhosis, nephritis, 
uncompensated heart failure); 

 Use of multiple medications, indicating that the person’s self-reported state of ‘good 
health’ is questionable; 

 History of drug abuse past 2 years; 

 Record of non-compliance in previous studies; 

 Display of cognitive impairment or mental instability during pre-screening and 
screening; 

 Poor compliance during screening visits; 

 Any other condition or observation that the study coordinator judges may adversely 
affect the person’s ability to complete the study;  

 Currently experiencing intense stressful events/ life changes that would negatively 
affect compliance; 

 Pregnant, nursing, or trying to become pregnant; 

 Women not using effective contraception; 

 Food allergies related to ingredients in test product. 
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Prescreening 

The pre-screening involved an interview to document gender, age, estimated BMI, 

medical/surgical history, diet/lifestyle, current health issues, medication, and supplement use. 

 

Screening 

The screening visit involved signing a consent form, asking specific questions, verifying current 

BMI, and taking a blood draw to determine baseline hemoglobin levels.  

 

Demographics of the study population 

We recruited a total of 25 healthy subjects of both genders.  Upon written informed consent, 

they went through a screening process to verify anemia or borderline anemic conditions.   They 

were randomized to receive either Jobelyn™ or placebo. 

 

Table 1.  Demographics of study participants.        

      Jobelyn™   Placebo 

Females:    7                8 

Age average*    44.1 ± 16.2   55.6 ± 7.5 

Age range    20.9 - 65.3   44.4 - 64.6 

BMI average*    26.3 ± 4.3   25.5 ± 5.7 

BMI range    22.7 - 34.4   18.2 - 32.9        

Males:     5                5  

Age average*    56.7 ± 5.9   40.2 ± 18.8 

Age range    49.4 - 63   22.3 - 64.1 

BMI average*    31.3 ± 4.9   27 ± 4.6 

BMI range    26 - 38.8   20.5 - 31.1  

* The average ± standard deviation is shown. 
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Consumables 

Jobelyn™ was provided by Health Forever Products.  A placebo powder was produced by NIS 

Labs.  Rice flour was used, as it represents another grain, and of a type that very few people 

have allergies to.  Other presumed inert substances can cause gastrointestinal upset, or have 

their own biological effects.  Food color was added to the rice flour until a desired color was 

reached, and then was crushed into a powder that resembled Jobelyn™.   The product and 

placebo were both encapsulated in identical, clear capsules.   

Each study participant consumed 2 capsules per day during the study.  This translated to the 

consumption of 500mg of Jobelyn™ for the people in the Jobelyn™ group. 
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Recruitment 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2.  Consort flow chart of the study participants. 
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Randomization  

For a study of this nature, it is ideal to randomize study participants of each gender separately, 

so there is less risk of having more people of one gender in the placebo group and of the other 

gender in the active product group.  Therefore, the randomization was performed as follows:  A 

coin was tossed to determine the group assignment of the first female study participant.  The 

first male study participant was then allocated to the other group.   For subsequent volunteers, 

the group assignment was assigned alternately within each gender.  The exception was family 

members or very close friends, who would be assigned to the same group to eliminate the risk 

of an accidental switch of bottles during the study within one household. 

 

Compliance 

Compliance during a study involves adhering to the study guidelines and consuming the 

allocated test product on a daily basis, as well as avoiding making major life style or diet 

changes during the study. 

Compliance pertaining to consumptions was tracked by counting the remaining capsules in the 

returned bottles.  Compliance to other requirements was tacked during interviews at each visit. 

 

Table 2.  Compliance based on capsule count.      

                Average compliance (%)*     

Compliance during first 2 weeks   96.59% 

Compliance during second two weeks  94.37% 

Compliance during last 4 weeks   96.36% 

Compliance during entire study   97.12%    

* These % include all study participants, except drop-outs. 
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Statistical analysis 

Two kinds of statistical analyses were performed.  The independent 2-tailed t-test was used to 

examine differences between the Jobelyn™ and placebo group for each time point.  The 

unpaired t-test was performed both on raw data and on the percent changes seen for each 

parameter. 

In addition, the paired t-test was used to compare each group’s scores before and after the 

intervention.  This type of statistical analysis is ideal for comparing repeat measurements of the 

same subject over time.    
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Results 
The complete blood count (CBC) data is presented in the following order: 

 White blood cell count (WBC) 

 Red blood cell count (RBC) 

 Hemoglobin (HGB) 

 Hematocrit (HCT) 

 Mean corpuscular volume (MCV) 

 Mean corpuscular hemoglobin (MCH) 

 Mean corpuscular hemoglobin concentration (MCHC) 

 Red cell distribution width (RDW) 

 Platelet (PLT) 

 Mean platelet volume (MPV) 

 Neutrophil percentages (NE%) 

 Lymphocyte percentages (LY%)   

 Monocyte percentages (MO%) 

 Eosinophil percentages (EO%) 

 Basophil percentages (BA%) 

 Neutrophil number (NE#) 

 Lymphocyte number (LY#) 

 Monocyte number (MO#) 

 Eosinophil number (EO#) 

 Basophil number (BA#) 

 
 
On the following pages, data graphs are shown for each CBC parameter.  For each parameter, 
there are two graphs, reflecting two different ways of analyzing the data. 

 Top graphs: 
o Data are shown in a graph format that allows ‘between-group’ analysis, using the 

independent 2-tailed t-test.   
o For most data sets, there are no significant differences at any time point 

between the two groups. 

 Bottom graphs: 
o The exact same data are shown in a format that allows a closer look at any minor 

fluctuations within each group, and allows indication of statistical significant 
changes within each group, using the ‘within-subject’ paired 2-tailed t-test. 

o Many graphs show one of the following: 
 Some significant changes within the Jobelyn™ group, without a matching 

change in the placebo group. 
 Or no change in Jobelyn™ group, despite a change in the Placebo group, 

such as may be caused by seasonal changes including allergies. 
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Figure 3.  White blood cell (WBC) counts are shown as the group averages ± SEM for each 
visit/blood draw.  The top graph serves to illustrate that there were no significant differences at 
any time points between the average WBC counts in the placebo group and the Jobelyn™ 
group.   
The bottom graph serves to illustrate that when ‘within-subject’ analysis was performed for 
each group separately, minor fluctuatons in WBC counts were seen.  A general mild reduction 
in WBC counts were seen for the placebo group over the 8 weeek study period.  During the 
same time, no change was seen in the group consuming Jobelyn™, except a drop at Day 28 
(borderline significant (*) when compared to baseline), which returned to the original level at 8 
weeks.  The data suggest that seasonal or other environmental changes occuring in the 
general population during that time were not affecting people as much if they were 
consuming Jobelyn™.  
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Figure 4.  Red blood cell (RBC) counts are shown as the group averages ± SEM for each 
visit/blood draw.  The top graph serves to illustrate that there were no significant differences at 
any time points between the average RBC counts in the placebo group and the Jobelyn™ group.   
The bottom graph serves to illustrate that when ‘within-subject’ analysis was performed for 
each group separately, minor fluctuatons in RBC counts were seen over time in the Jobelyn™ 
group (p<0.01, **).  During the same time, no change was seen in the group consuming 
Placebo.  The data suggest that Jobelyn™’s support of macrophage function may lead to an 
improved clearance of senescent RBC in the spleen, which if the study had been longer (3-4 
months), and had allowed for a complete replenishment of the RBC pool, should be expected 
to return to normal. 
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Figure 5.  Hemoglobin levels (HGB) (g/dL) are shown as the group averages ± SEM for each 
visit/blood draw.  The top graph serves to illustrate that there were no significant differences at 
any time points between the average hemoglobin levels in the placebo group and the Jobelyn™ 
group.   
The bottom graph serves to illustrate that when ‘within-subject’ analysis was performed for 
each group separately, minor fluctuatons in hemoglobin were seen.  A mild reduction in 
hemoglobin was seen for the group consuming Jobelyn™ at Day 56 (p<0.001, ***) when 
compared to baseline for the Jobelyn™ group).  This follows the data for the red blood cell 
(RBC) count.   
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Figure 6.   Hematocrit (HCT) (% volume) are shown as the group averages ± SEM for each 
visit/blood draw.  The top graph serves to illustrate that there were no significant differences at 
any time points between the average hematocrit in the placebo group and the Jobelyn™ group.   
The bottom graph serves to illustrate that when ‘within-subject’ analysis was performed for 
each group separately, minor fluctuatons in hematocrit were seen.  A very mild reduction in 
hematocrit was seen for the group consuming Jobelyn™ at Day 56 (p<0.01, **) when compared 
to baseline for the Jobelyn™ group).  This follows the data for the red blood cell (RBC) count.   
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Figure 7.  Mean corpuscular volume (MCV) is shown as the group averages ± SEM for each 
visit/blood draw.  The top graph serves to illustrate that there were no significant differences at 
any time points between the average MCV in the placebo group and the Jobelyn™ group.   
The bottom graph serves to illustrate that when ‘within-subject’ analysis was performed for 
each group separately, minor fluctuatons in MCV were seen.  A very mild increase in MCV was 
seen for the group consuming Jobelyn™ at Day 56 (p<0.05, *) when compared to baseline for 
the Jobelyn™ group.  Interestingly this change seen in the context of the previous red blood 
cell associated parameters may suggest that over time, with daily consumption of Jobelyn™, 
fewer but larger red blood cells are produced. 
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Figure 8.  Mean corpuscular hemoglobin (MCH) is shown as the group averages ± SEM for each 
visit/blood draw.  The top graph serves to illustrate that there were no significant differences at 
any time points between the average MCH in the placebo group and the Jobelyn™ group.   
The bottom graph serves to illustrate that when ‘within-subject’ analysis was performed for 
each group separately, minor fluctuatons in MCH were seen in both groups.  A very mild 
decrease in MCH was seen for the group consuming Jobelyn™ at Day 56 (p<0.01, **) when 
compared to baseline for the Jobelyn™ group.  This result may reflect that hemoglobin 
production (per cell) remained constant while the cell size slightly increased (MCV). 
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Figure 9.  Mean corpuscular hemoglobin concentration is shown as the group averages ± SEM 
for each visit/blood draw.  The top graph serves to illustrate that there were no significant 
differences at any time points between the average MCHC in the placebo group and the 
Jobelyn™ group.   
The bottom graph serves to illustrate that when ‘within-subject’ analysis was performed for 
each group separately, very minor decreases in MCHC were seen in both groups.  This decrease 
was signficant for the placebo group (p<0.05, *), and highly significant for the Jobelyn™ group 
(p<0.01, **) at Day 56 when compared to each respective baseline.  This result may reflect that 
hemoglobin production (per cell) remained constant while the cell size slightly increased 
(MCV). 
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Figure 10.  Red cell distribution width (RDW) is shown as the group averages ± SEM for each 
visit/blood draw.  The top graph serves to illustrate that there were no significant differences at 
any time points between the average MCHC in the placebo group and the Jobelyn™ group.   
The bottom graph serves to examine the data for any minor fluctuations.  No significant 
changes were seen for either the placebo or the Jobelyn™ group, neither by between-group or 
within-subject analysis. 
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Figure 11.  Platelet numbers (PLT) are shown as the group averages ± SEM for each visit/blood 
draw.  The top graph serves to examine for differences between the average MCHC in the 
placebo group and the Jobelyn™ group at each time point.  Interestingly, at Day 3, a significant 
difference was seen between the two groups, where a mild decrease in the placebo group, and 
a mild increase in  the Jobelyn™ group resulted in significance between the Day 3 data 
(p<0.05,*). 
The bottom graph serves to illustrate that when ‘within-subject’ analysis was performed for 
each group separately, minor decreases in PLT were seen in both groups.  This decrease was 
signficant for the placebo group (p<0.05, *) at Day 3, and highly significant (p<0.01, **) at Day 
56 when compared to baseline.  
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Figure 12.  Mean platelet volume (MPV) is shown as the group averages ± SEM for each 
visit/blood draw.  The top graph serves to illustrate that there were no significant differences at 
any time points between the average MCHC in the placebo group and the Jobelyn™ group, 
using between-group statistical analysis.  The bottom graph serves to examine the data for any 
minor fluctuations.  No significant changes were seen for either the placebo or the Jobelyn™ 
group, using within-subject analysis. 
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Figure 13.  Neutrophil percentages (NE%) are shown as the group averages ± SEM for each 
visit/blood draw.  The top graph serves to illustrate that there were no significant differences at 
any time points between the average NE% in the placebo group and the Jobelyn™ group.   
The bottom graph serves to illustrate that when ‘within-subject’ analysis was performed for 
each group separately, very minor decreases in NE% were seen in both groups.  This decrease 
was highly significant for the placebo group (p<0.01, **) at Day 56, and significant for the 
Jobelyn™ group (p<0.05, *) at Day 3 when compared to each respective baseline.  The slow 
reduction in the placebo group may reflect seasonal changes. The apparent rapid change in 
the Jobelyn™ group needs to be evaluated in context of neutrophil numbers (NE#), see Figure 
18, below.  The combined data suggest that the rapid drop in NE%, while NE# remain 
constant, suggests a rapid increase of another white blood cell type.  
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Figure 14.  Lymphocyte percentages (LY%)  are shown as the group averages ± SEM for each 
visit/blood draw.  The top graph serves to illustrate that there were no significant differences at 
any time points between the average LY% in the placebo group and the Jobelyn™ group.   
The bottom graph serves to illustrate that when ‘within-subject’ analysis was performed for 
each group separately, very minor decreases in LY% were seen in both groups.  This decrease 
was highly significant for the placebo group (p<0.01, **) at Day 56 when compared to baseline.   
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Figure 15.  Monocyte percentages (MO%) are shown as the group averages ± SEM for each 
visit/blood draw.  The top graph serves to examine for significant differences at each time point 
between the average MO% in the placebo group and the Jobelyn™ group.  At Day 14, a 
significant difference was seen between the placebo and Jobelyn™ groups, where the Jobelyn™ 
group showed a transient decrease in MO%, compared to the placebo group at the same time 
point (p<0.05,*).  The bottom graph serves to illustrate that when ‘within-subject’ analysis was 
performed for each group separately, two changes were noteworthy in the Jobelyn™ group.  In 
the Jobelyn™ group, a rapid increase in MO% was seen at Day 3 (p<0.05, *), followed by the 
reduction at Day 14 when compared to baseline.  This is parallel to decreases in MO#, see 
Figure 20, below. 
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Figure 16.  Eosinophil percentages (EO%) are shown as the group averages ± SEM for each 
visit/blood draw.  The top graph serves to illustrate that there were no significant differences at 
any time points between the average EO% in the placebo group and the Jobelyn™ group.   
 
The bottom graph serves to illustrate that when ‘within-subject’ analysis was performed for 
each group separately, there were no significant changes seen in either group.  Interestingly, 
there was a rapid decrease in the Jobelyn™ group, already after three days of consumption. 
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Figure 17.  Basophil percentages (BA%) are shown as the group averages ± SEM for each 
visit/blood draw.    The top graph serves to illustrate that there were no significant differences 
at any time points between the average EO% in the placebo group and the Jobelyn™ group.  
The bottom graph serves to illustrate that when ‘within-subject’ analysis was performed for 
each group separately, there were only very minor fluctuations in the BA% over the 8 weeks.  
 
When evaluating this data, keep in mind the very low frequncy of basophil cells.  The normal 
range for BA% is 0-2%, so all data were minor fluctuations well within this normal range. 
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Figure 18.  Neutrophil number (NE#) %) are shown as the group averages ± SEM for each 
visit/blood draw.  The top graph serves to illustrate that there were no significant differences at 
any time points between the average NE# in the placebo group and the Jobelyn™ group.   
The bottom graph serves to illustrate that when ‘within-subject’ analysis was performed for 
each group separately, a minor decrease in NE# was seen in the placebo group.  This decrease 
was trending towards significance (p<0.1, (*)) at Day 56 when compared to baeline.  The slow 
reduction in the placebo group may reflect seasonal changes. The NE# remained more 
constant in the Jobelyn™ group over the 8-week period. 
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Figure 19.  Lymphocyte number (LY#)  are shown as the group averages ± SEM for each 
visit/blood draw.  The top graph serves to illustrate that there were no significant differences at 
any time points between the average LY# in the placebo group and the Jobelyn™ group. At Day 
28, the mild reduction in the Jobelyn™ group was borderline significant (p<0.1, (*)) when 
compared to the lack of changes in the placebo group over the same time period.   
The bottom graph serves to illustrate that when ‘within-subject’ analysis was performed for 
each group separately, the only noticeable change was the mild reduction in LY# in the 
Jobelyn™ group at Day 28 (p<0.01, **).   
 
Keeping in mind that the normal range for LY# in 1-4 x 103/µL for males and 0.9 – 3.6  103/µL 
for femailes, the fluctuations seen are very minor,and well within the normal range.  
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Figure 20.  Monocyte number (MO#) are shown as the group averages ± SEM for each 
visit/blood draw.  The top graph serves to examine for significant differences at each time point 
between the average MO# in the placebo group and the Jobelyn™ group.   
The bottom graph serves to illustrate that when ‘within-subject’ analysis was performed for 
each group separately, a rapid increase in MO# was seen at Day 3, followed by the reduction at 
Day 14 when compared to baseline (p<0.05, *).  The levels of MO# returned to baseline at Day 
56.   This is parallel to decreases in MO%, see Figure 15, above. 
 
The fluctuations seen during the first 2 weeks of the study may reflect effects on Jobelyn™ 
consumption on monocyte numbersas part of increased immune surveillance, returning to 
pre-study levels after 8 weeks.  
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Figure 21.  Eosinophil number (EO#) are shown as the group averages ± SEM for each 
visit/blood draw.  The top graph serves to illustrate that there were no significant differences at 
any time points between the average EO# in the placebo group and the Jobelyn™ group.   
 
The bottom graph serves to illustrate that when ‘within-subject’ analysis was performed for 
each group separately, there were no significant changes seen in either group.   
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Figure 22.  Basophil number (BA#) are shown as the group averages ± SEM for each visit/blood 
draw.    The top graph serves to illustrate that there were no significant differences at any time 
points between the average BA# in the placebo group and the Jobelyn™ group.  The bottom 
graph serves to illustrate that when ‘within-subject’ analysis was performed for each group 
separately, there were only very minor fluctuations in the BA# over the 8 weeks.  
 
When evaluating this data, keep in mind the very low frequncy of basophil cells.  The normal 
range for BA# is 0-0.1 x 103/µL %, so all data were minor fluctuations well within this normal 
range. 
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Figure 22.  Fasting blood glucose levels are shown as the group averages ± SEM for each 
visit/blood draw.  The baseline levels of fasting blood glucose were similar in the placebo and 
the Jobelyn™ groups, and showed that the study population overall was pre-diabetic with an 
average fasting blood glucose level above 110 mg/dL.  There were no significant differences at 
any time points between the average fasting glucose levels in the placebo group and the 
Jobelyn™ group.  Even thoguh there were no statistically significant differences, it is interesting 
that the group consuming Jobelyn™ showed lower fasting glucose levels than the placebo group 
from Day 14 and during the rest of the 8-week study.   
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Conclusions 
 

Safety 

The data presented here helps document basic safety aspects of Jobelyn™ consumption in a 

North American population.  The rapid changes in red blood cell numbers and T cell numbers in 

West African studies in HIV+ populations could raise the question whether Jobelyn™ 

consumption is safe to consume for people who have close to normal numbers of such cell 

types, and whether Jobelyn™ consumption may trigger cellular production in the bone marrow 

that may be out of control.  The data presented in this report clearly documents that Jobelyn™ 

consumption does not trigger such unhealthy production of cells.  This can be seen as an 

important part of Jobelyn™’s safety data portfolio. 

The highly specific activation of immune cells, documented in vitro [Benson et al. 2013], could 

lead to safety related concerns, such as whether Jobelyn™ consumption may trigger over-

activation of immune reactions.  The current data presented in this report does not suggest 

such events.  Rather, the changes seen were either normalizing or transient, suggesting that 

Jobelyn™ consumption supports a healthy normalization of many aspects of red and white 

blood cell production and function. 

 

Red blood cell health 

Previous and ongoing studies in West Africa have seen very rapid improvement in RBC status, 

including improvements in hemoglobin in an HIV+ population.  The data from these studies 

were performed in study populations where some common health challenges affecting RBC 

health include sickle cell anemia and parasitic infections such as malaria, i.e. conditions 

associated with accelerated RBC senescence and clearance. 

In the study performed at NIS Labs, quite different results were obtained.  Several factors may 

help explain this data in context of the West African studies.  We suggest that the very mild, but 

highly significant changes seen in all parameters of RBC health, associated with consumption of 

Jobelyn™, may be associated with the following: 

 Jobelyn™ activation of RBC production, leading to increased production of new RBC that 

are slightly larger than senescent RBC, thereby affecting RBC mean cell volume; 
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 Jobelyn™ activation of macrophage function, leading to a better clearance of senescent 

RBC over time; 

These mild changes in relative cell numbers seen associated with Jobelyn™ consumption should 

be interpreted with an open mind, since there are several unknown factors.  The data should be 

considered in context of overall effect on bone marrow function and production of many 

different cell types.   

An alternative suggested explanation of the reduced RBC numbers may be if Jobelyn™ has 

negative effects on iron absorption – however, this goes against the West African data where a 

much more challenged population saw huge benefits. Alternative explanations include 

production of healthier RBC with a proper senescence process, and healthier clearance of 

senescent RBC by spleen macrophages. 

It is also possible that an ‘overworked’ bone marrow at high altitude and chronic low-grade 

inflammation may have been the status of the recruited subjects, where Jobelyn™ consumption 

allowed the marrow to produce a slightly lower amount of red blood cells of a higher quality, 

and redirect bone marrow efforts to an increased production of immune cells as needed (such 

as the increase in platelets and monocytes by Day 3).   

Whether this also allowed the bone marrow to increase the production of stem cells was not 

answered by this study, buy could be addressed in future studies.   

Interestingly, the population was pre-diabetic, as almost the entire population started the study 

with fasting glucose levels at 100 mg/dL or above.   The association between circulating glucose 

levels and anemia is illustrated by the prevalence of anemia in a large proportion of diabetic 

patients. 

 

Immune cells 

Several observations are of interest here. 

A rapid increase in monocytes was seen at Day 3, followed by a slight decrease at Day 14, after 

which time the monocyte percentage and numbers returned to baseline levels. This suggests 

that the initial consumption of Jobelyn™ initiated an immune response to latent or potential 

pathogens, which a slightly compromised immune system had been unresponsive to.  (The 

elevated fasting glucose levels and borderline anemic conditions are suggestive of a possible 

association with mild systemic stressors, including low grade chronic inflammation). 
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Changes were seen in the platelet numbers in the placebo group, where a slight reduction 

happened across the 8-week study period.  In contrast, the platelet levels in the Jobelyn™ group 

showed a mild increase at Day 3.  This increase became statistically significant with the removal 

of one outlying data set, such that at Day 3 there was a significant difference in platelet 

numbers between the placebo and the Jobelyn™ group.  This supports the suggestion of a rapid 

effect of Jobelyn™ on bone marrow production of various cell types.  Interestingly, the 

progenitor stem cells that differentiate into red blood cells are shared with the progenitor path 

that leads to production of platelets and monocytes. 

 

Fasting blood glucose 

The study population was almost entirely comprised of pre-diabetic people with a fasting 

glucose level of 100 mg/dL or higher at study start.  This was not associated with obesity, as 

many study participants had low-normal range BMI. 

The measure of fasting glucose levels during this study aimed at collecting pilot data on 

whether Jobelyn™ consumption would be associated with regulation of fasting blood glucose.  

No significant changes were seen.  There were a few cases where a drop in fasting glucose 

levels was seen at day 3 compared to baseline.  Further study of the effects of Jobelyn™ 

consumption on fasting blood glucose is warranted, also in overweight and obese people. 

 

Recommendations for future studies 

The following options for further work may help increase our understanding of Jobelyn™ on 

regenerative functions, including red blood cell production and immune status: 

1) Testing of comprehensive cytokine profile on the banked serum samples from this study 

may point to mechanisms that could further explain the data presented in this report; 

this may for example include the increased production of anti-inflammatory, immune 

regulatory, and stem cell supportive cytokines; 

2) A study of longer duration, allowing us to follow RBC levels and quality for at least the 

120 day typical life span of RBC; 

a. Study would examine markers for RBC senescence; 

b. Study would drill into more detail regarding immune cells: 
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i. Even though lymphocyte numbers seemed constant in both groups, it is 

possible that subsets of T and B lymphocytes were changed in the 

Jobelyn™ group, compared to the placebo group; 

ii. This may include important changes within the lymphocyte population, 

for example involving T regulatory cells and natural killer cells, as well as 

antigen-presenting monocyte/macrophage and dendritic cell types. 

3) Study may address other cell types, such as circulating stem cells. 
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ClinicalTrials.gov PRS DRAFT Receipt (Working Version)
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ClinicalTrials.gov ID: NCT01936064
 

Study Identification
Unique Protocol ID: LASUTH/09/2012

Brief Title: The Safety and Efficacy of Jobelyn in the Treatment of Breast Cancer Patients

Official Title: A Prospective Phase II Randomized, Blinded Study to Demonstrate the Effectiveness of
Jobelyn for the Treatment of Breast Cancer Patients.

Secondary IDs: HEALTH FOREVER PRODUCT LTD [Grant/Funding Number: LAGOS STATE
UNIVERSITY]

Study Status
Record Verification: October 2016

Overall Status: Recruiting

Study Start: October 2016

Primary Completion: October 2017 [Anticipated]

Study Completion: January 2018 [Anticipated]

Sponsor/Collaborators
Sponsor: Lagos State University

Responsible Party: Principal Investigator
Investigator: Abiodun Popoola [apopoola]

Official Title: CONSULTANT IN THE DEPARTMENT OF ONCOLOGY LASUTH
Affiliation: Lagos State University

Collaborators:
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FDA Regulated?: No

IND/IDE Protocol?: No

Review Board: Approval Status: Approved
Approval Number: NHREC04/04/2008

Board Name: Ethics Committee, Lagos State University Teaching Hospital
Board Affiliation: Nigerian National Ethical Board
Phone: 08033021434
Email: pabiodun2001@yahoo.com

Data Monitoring?: Yes

Plan to Share IPD?:  NOTE : Plan to Share IPD?: data not entered.
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Oversight Authorities: Nigeria: The National Agency for Food and Drug Administration and Control

Study Description
Brief Summary: To determine the effective functionality/potency of Jobelyn as an immunologic and

haematologic booster in Breast cancer patients (start-off), thus improving the outlook
and the quality of life of such patients generally

Detailed Description: Breast cancer is one of the most frequent malignant tumor of women in Nigeria.
In Nigeria, among the urban women, the numbers of breast cancer patients were
increasing annually, both to aging of the population and increase in age-specific
incidences. Case control studies in parts of the country have identified the factors such
as null parity, late age at marriage, and late age at first pregnancy are important risk
factors. It has also been suggested that western dietary influences changed the lifestyle
of urban women could be one of the major causes of the slowly rising incidence of
breast cancer in Nigeria. Therefore early detection and search for potential anti-tumour
compounds are important in the control of breast cancer.Standard treatment modalities
have improved the overall outlook and quality of life for women with breast cancer;
however, the fact that more than 50% still succumb to disease highlights the need for
new therapeutic approaches and identification of new therapeutic targets.

Jobelyn is made from Sorghum bicolor which grows abundantly in many parts of the
world. Major component analysis of the raw materials and the finished product showed
that the herbal product contains oligomeric and polymeric proanthocyanidin (OPCs)
which are a class of flavonoid complexes. They are also referred to as condensed
tannins. They were first discovered in 1948 by Jacques Masquelier, who developed and
later patented techniques for the extraction of proanthocyanidin from pine needles and
grape seeds. They can also be found in apples, coconut, cocoa beans, black currant,
green tea, black tea. Cocoa beans contain the highest concentrations.

In preliminary research, proanthocyanidin was reported to have anti-mutagenic activity.
Studies also show that proanthocyanidin antioxidant capabilities are 20 times more
powerful than vitamin C and 50 times more potent than vitamin E2. They also work
directly to help strengthen all the blood vessels and improve the delivery of oxygen
to the cells. Having affinity for cell membranes, they provide nutritional support to
reduce capillary permeability and fragility. These they owe to their role in stabilization of
collagen and maintenance of elastin.

Oligomeric proanthocyanidin helps in cancer treatment by inhibiting the initiation and
progress of cancer cells. This is why according to a study, it was found that Jobelyn
water extract had a stronger effect on increasing Cluster of Differentiation 69 expression
in Natural Killer cells (higher cytotoxic activity) while Jobelyn Ethyl Alcohol extract had
the greatest effect on increasing Cluster of Differentiation 69 expression in Natural Killer
T-cells, T-cells and monocytes (activation & proliferation). In addition to its selective
cytotoxicity property, oligomeric proanthocyanidin may up-regulate certain apoptosis
promoter genes and down-regulate apoptosis-inhibitor genes in cancerous cells.

3-Deoxyanthocyanidins are a rare type of flavonoids restricted to a few plant species.
They are the major pigments in flowers of sinningia (Sinningia cardinalis) and are
found in silk tissues of certain maize lines. Sorghum is the only dietary source for
3-deoxyanthocyanidins, which are present in large quantities in the bran of some
cultivars . Many plants use secondary metabolites to protect themselves against
pathogen attack. In sorghum, this defense response is an active process resulting in the
accumulation of high levels of 3-deoxyanthocyanidin phytoalexins in infected tissues.
Luteolinidin and apigeninidin are the two major 3-deoxyanthocyanidins. Flavonoids are
increasingly recognized for their range of health benefits, such as reducing the risks
of cardiovascular diseases and cancers due to their antioxidant, anti-inflammatory,
and chemoprotective properties. In particular, anthocyanins and anthocyanidins from
different sources were shown to suppress proliferation and induce apoptosis in cancer
cell lines. In a recent study, 3-deoxyanthocyanidins were found to have antioxidant
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properties similar to those of anthocyanins, but they are more stable to power of
hydrogen, temperature, and light changes,suggesting that they could serve as an
alternative source of natural pigments with nutraceutical properties.

The unique properties of 3-deoxyanthocyanidins may extend to their biochemical activity
as well. For example, Shih et al. recently demonstrated that the major sorghum 3-
deoxyanthocyanidins aglycons, apigeninidin and luteolinidin, were more cytotoxic to
human cancer cells than their anthocyanidin analogues, cyanidin and pelargonidin

Recent research publication confirmed that the variety of Sorghum bicolor from
which Jobelyn was produced contained two unique compounds which are being
reported for the first time in Sorghum and in nature and these compounds have been
tested in vitro for their anti-inflammatory properties using Ibuprofen as control. They
showed superior results to Ibuprofen for their safety and efficacy properties. Hitherto,
3-deoxyanthocyanidins which have been known to contain two main compounds,
apigeninidin and luteolinidin has now been increased to four compounds, courtesy of
the two new additions discovered from the unique Sorghum variety which is the main
ingredient of Jobelyn.

Anaemia, commonly defined as a haemoglobin level of <14g/dl in men and <12g/dl in
women, occurs in over 30% of cancer patients at any point in time, and its incidence
increases with treatment and disease progression. This anaemia could be related to
the patient (haemoglobinopathies, gastrointestinal problems, thalassemia, etc.), related
to the disease (bone marrow infiltration, bowel resection, hypersplenism, diminished
nutritional state) or related to therapy (drug-induced haemolysis, hypoplasia of bone
marrow-bearing areas such as the pelvis secondary to radiotherapy, bone marrow
and renal toxicity secondary to chemotherapy, etc.). Inflammatory cytokines such
as tumour necrotic factor-alpha and interleukin-6, among others, play a major role
in the pathophysiology of anaemia in the cancer patient, not only through complex
mechanisms of the purely inflammatory situation but also through genetic regulatory
aspects of erythropoiesis.

Oxidative stress brought about by overwhelming of the body by free radicals from
the disease itself (cancer) and the therapy both contribute to increased haemolysis
and immune depression, as these degrade cell linings and disrupt many biochemical
pathways. Jobelyn, which contains majorly oligomeric proanthocyanidin, prevent cell
membrane damage by disrupting the biochemical formation of free radicals, thus
preventing the release of haemolytic inflammatory cytokines.

In tandem, by mopping up free radicals, it would be found useful in delaying the onset of
opportunistic infection in cancer patients, which in itself can provoke further haemolysis.
However, these functions are still being proven in Human Clinical Trials which has so
far been carried out in two research centres in Nigeria, though primarily amongst sickle
cell and HIV/AIDS patients1. However, this experimental trial is now being extended to
cancer patients to assess its usefulness in this condition.

Conditions
Conditions: Haematological Abnormality

Keywords: Breast Cancer
Jobelyn
Sorghum bicolor

Study Design
Study Type: Interventional

Primary Purpose: Treatment



-  Page 4 of 6    [DRAFT]  -

Study Phase: Phase 1/Phase 2

Intervention Model: Parallel Assignment

Number of Arms: 2

Masking: Double Blind (Subject, Caregiver, Investigator)

Allocation: Randomized

Endpoint Classification: Efficacy Study

Enrollment: 60 [Anticipated]

Arms and Interventions
Arms Assigned Interventions

Active Comparator: Jobelyn + Cyclophosphamide-
Epirubicin6

Cyclophosphamide- Epirubicin 6 course regimen to be
used with Jobelyn

Dietary Supplement: Jobelyn + Cyclophosphamide-
Epirubicin6

Jobelyn (dietary Supplement) to be used with
Cyclophosphamide-Epirubicin6
Other Names:

•  Sorghum bicolor extract
Active Comparator: Placebo + Cyclophosphamide-
Epirubicin 6

Routine drugs for treatment of Breast Cancer used
with Placebo

Drug: Placebo + Cyclophosphamide - Epirubicin 6
Routine drugs for the treatment of breast cancer to be
used with Placebo
Other Names:

•  Breast Cancer drugs

Outcome Measures
Primary Outcome Measure:

1.  Natural Killer Cells Expression
[Time Frame: 6 months] [Safety Issue: No]
Evaluation of the expression of activated natural killer cells CD3-CD56+CD69+ after treatment with Jobelyn

Secondary Outcome Measure:
2.  Use of health related quality of life measures tool Safety Fractor-36 and self reporting questionnaires

[Time Frame: 6 months] [Safety Issue: No]
Subjects would use form Safety Fractor-36 to score aspects of well-being

3.  Hematocrit Changes
[Time Frame: 6 months] [Safety Issue: No]
Changes in levels of hematocrit after treatment with Jobelyn

Eligibility
Minimum Age:

Maximum Age:

Gender: Female

Accepts Healthy Volunteers?: Yes

Criteria: Inclusion Criteria:
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Women with histologically confirmed breast cancer who had undergone complete or
segmental mastectomy plus axillary node dissection were included

Exclusion Criteria:

Patients were excluded if they had distant metastases residual disease in the breast
or axilla other serious medical illnesses, or a previous cancer. Women considering
pregnancy or using hormones were excluded

Patients who refuse to sign consent form

Contacts/Locations
Central Contact: Abiodun Popoola, M.D.

Telephone: 2348033021434
Email: pabiodun2001@yahoo.com

Central Contact Backup:

Study Officials: Abiodun Popoola, M.D.
Study Principal Investigator
Lagos State University

Locations: Nigeria
Lagos State University
[Recruiting]

Ikeja, Lagos, Nigeria, 100001
Contact: Abiodun Popoola, M.D. 2348033021434   pabiodun2001@yahoo.com
Sub-Investigator: A. O. Dosunmu, M.D.
Sub-Investigator: O A Fatiregun, M.D.
Sub-Investigator: N S Bello, M.D.
Sub-Investigator: S Makanjuola, MD
Sub-Investigator: A I Igwilo, MD

Lagos State University Teaching Hospital
[Recruiting]

Ikeja, Lagos, Nigeria, 100001
Contact: Abiodun Popoola, M.D. 2348033021434   okubena@health-forever.com
Principal Investigator: Abiodun Popoola, M.D.
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EVALUATION OF JOBELYN ADMINISTRATION DURING BREAST 
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Parameters Chemotherapy cycles P value 
 Cycle 1 Cycle 2 Cycle 3 Cycle 4 Cycle 5 Cycle 6   

PCV 
(meanSD) 

Jobelyn (23) 
Placebo (19) 

 
 

35.99 2.8 
36.322.9 

 
 

35.743.4 
34.122.9 

 
 

34.063.2 
33.342.6 

 
 

34.973.4 
33.102.6 

 
 

35.152.9 
32.313.1 

 
 

35.223.1 
32.133.19 

 
 

*** 

RBC 
(meanSD) 

Jobelyn (23) 
Placebo (19) 

 
 

4.320.3 
4.410.4 

 
 

4.310.4 
4.200.4 

 
 

4.250.4 
3.990.4 

 
 

4.160.5 
4.030.3 

 
 

4.130.4 
3.900.3 

 
 

4.120.4 
3.910.3 

 
 
- 

Hb (meanSD) 
Jobelyn (23) 
Placebo (19) 

 
11.591.0 
11.610.8 

 
11.541.1 
11.080.9 

 
10.762.3 
10.881.0 

 
11.200.9 
10.870.9 

 
11.280.9 
10.531.0 

 
11.321.0 
10.701.1 
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Parameters Chemotherapy cycles P value 
 Cycle 1 Cycle 2 Cycle 3 Cycle 4 Cycle 5 Cycle 6   

WBC 
(meanSD) 

Jobelyn 
Placebo 

 
 

5.6 1.9 
4.7 1.9 

 
 

5.2 2.0 
4.1 1.9 

 
 

5.1 2.1 
5.22.6 

 
 

4.32.5 
3.72.6 

 
 

4.21.1 
3.63.1 

 
 

3.92.1 
4.13.19 

 
 
- 

Neutrophils 
count,/mm3 

Jobelyn 
Placebo 

 
 

2.311.06 
2.160.79 

 
 

2.611.77 
2.221.88 

 
 

2.130.89 
3.992.81 

 
 

2.011.19 
1.790.73 

 
 

2.210.90 
1.850.81 

 
 

2.331.49 
2.622.35 

 
 
- 

Lymphocytes  
count,/mm3 

Jobelyn 
Placebo 

 
 

2.030.48 
2.080.62 

 
 

1.700.49 
1.520.34 

 
 

1.580.48 
1.360.55 

 
 

1.490.58 
1.220.55 

 
 

1.470.42 
1.200.40 

 
 

1.340.45 
1.340.47 

 
 
- 

NLR 
Jobelyn 
Placebo 

 
1.0 

1.03 

 
1.54 
1.48 

 
1.34 
2.27 

 
1.34 
1.39 

 
1.5 
1.53 

 
1.73 
1.94 

 

Platelets 
Jobelyn 
Placebo 

 
291.4149 
245.761.4 

 
350.1118 

308.295.4 

 
355.1121 

325.889.9 

 
304121 
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280.1105 
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287.2107 
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• A total 42 cases of breast cancer cases undergoing adjuvant 

chemotherapy following surgery were studied. 23 of the breast cancer 
patients were administered jobelyn during the 6 cycles of chemotherapy 
whereas 19 were given chemotherapy alone. 
 

• Using PCV >33% as a cut-off, it is evident that the administration of 
jobelyn during chemotherapy improves the levels of packed cell volume. 

 
• Administration of jobelyn during chemotherapy also shows slight 

improvement of RBC and Hb levels during treatment. 
 

• Normal range of white blood cell count is usually between 4.0-10.8 
x109cells per L. Administration of jobelyn during chemotherapy assists in 
maintaining WBC levels above minimum WBC range, which is not 
comparable to WBC count when administering chemotherapy alone. 

 
• The immune system relies on 2 specific types of WBC, lymphocytes that 

includes (natural killer cells, T cells, and B cells) protect us from viruses 
and cancer, while neutrophils protect us from bacterial infection and 
respond to inflammation. When we experience inflammation this drives 
up surface immunity/neutrophils and drives down anti cancer 
immunity/lymphocytes. When we look at neutrophils-lymphocyte ratio 
(NLR) it becomes clear how inflammation can suppress cancer immunity. 
A NLR of 3:1 or even less in breast cancer can be associated with poorer 
prognosis. 

 
• Administration of jobelyn during chemotherapy shows slight 

improvement of lymphocyte levels suggesting that it is assisting with anti-
cancer immunity.  

 
• Neutrophils levels show greater variation in the placebo group suggesting 

that patients are fighting potential infections while patients that received 
jobelyn during chemotherapy showed less variation of neutrophil levels 
during the various courses of chemotherapy.  

 
• When analyzing the NLR it becomes clear that due to potential infections 

in the placebo group, the lymphocyte levels were down and the 
neutrophils levels were up in an attempt to fight inflammation resulting 
in higher NLR levels compared to the group that received jobelyn. 

 
• Normal range of platelet is usually between 150,000-400,000 per 

microliter. Both placebo and jobelyn groups were within the range during 
chemotherapy treatment.  
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