
MECHANISM OF ACTION FOR JOBELYN 

Jobelyn works through 3 different but co-ordinated methods: 

1. Antioxidant properties 

2. Antiinflammatory properties 

3. Immune Modulation and Antiviral properties. 

 
The details of these have been published in peer-reviewed journals, some of which are listed below: 

1 West African Sorghum bicolor Leaf Sheaths Have Anti-Inflammatory and Immune-Modulating 

Properties In Vitro. 

2  Newly isolated compounds from West African Sorghum bicolor leaf sheaths Jobelyn® show potential 

in cancer immunosurveillance 

3  Apigenin and apigeninidin isolates from the Sorghum bicolor leaf targets inflammation via 

cyclooxygenase‐2 and prostaglandin‐E2 blockade 

4  The West African Sorghum bicolor leaf sheath extract Jobelyn® and its diverse therapeutic potentials  

5  Clinical Efficacy of a West African Sorghum bicolor-Based Traditional Herbal Preparation Jobelyn 

Shows Increased Hemoglobin and CD4 + T-Lymphocyte Counts in HIV + Patients 

6  Antioxidant Property of Jobelyn as the Possible Mechanism Underlying its Anti-amnesic Activity in 

Rodents 

7  Jobelyn® exhibited anti-inflammatory, antioxidant, and membrane-stabilizing activities in 

experimental models. 

 

WHAT IS OXIDATIVE STRESS? 

Oxidative stress is defined as a disturbance in the balance between the production of reactive oxygen 

species (free radicals) and antioxidant defenses 

Oxidative stress happens when the pro-oxidants are in excess of anti-oxidants and the destruction of 

human cells lays the foundation for the development of all diseases like Anemia, Anemia, Sickle Cell 

Anemia, Arthritis, Stroke, Hypertension, Diabetes, Infertility, Malaria, Cardiovascular diseases, HIV/AIDS, 

Leukemia, Multiple Myeloma, Breast Cancer, Hodgkin’s Lymphoma, Lupus, neurological diseases etc. 

What is Oxidative Stress? 

Oxidative Stress (OS) is a general term used to describe the steady state level of oxidative damage in a 
cell, tissue, or organ, caused by the reactive oxygen species(ROS). This damage can affect a specific 
molecule or the entire organism. Reactive oxygen species, such as free radicals and peroxides, represent 
a class of molecules that are derived from the metabolism of oxygen and exist inherently in all aerobic 
organisms. 



There are several sources by which the reactive oxygen species are generated. Most reactive oxygen 
species come from the endogenous sources as by-products of normal and essential metabolic reactions, 
such as energy generation from mitochondria or the detoxification reactions involving the liver 
cytochrome P-450 enzyme system. Exogenous sources include exposure to cigarette smoke, 
environmental pollutants such as emission from automobiles and industries, consumption of alcohol in 
excess, asbestos, exposure to ionizing radiation, and bacterial, fungal or viral infections. 

The level of oxidative stress is determined by the balance between the rate at which oxidative damage 
is induced (input) and the rate at which it is efficiently repaired and removed (output) (see Figure. 1). 
The rate at which damage is caused is determined by how fast the reactive oxygen species are 
generated and then inactivated by endogenous defense agents called antioxidants. The rate at which 
damage is removed is dependent on the level of repair enzymes. 

The determinants of oxidative stress are regulated by an individual's unique hereditary factors, as well 
as his/her environment and characteristic lifestyle. Unfortunately, under the present day life-style 
conditions many people run an abnormally high level of oxidative stress that could increase their 
probability of early incidence of decline in optimum body functions. 

What is oxidative stress? 

Your body constantly reacts with oxygen as you breathe and your cells produce energy. As 
a consequence of this activity, highly react ive molecules are produced known as free 
radicals. 

Free radicals interact with other molecules within cells. This can cause oxidative damage to 
proteins, membranes and genes.  

Oxidative damage has been implicated in the cause of many diseases, such 
as cancer and Alzheimer's and has an impact on the body's aging process.  

External factors, such as pollution, sunlight and smoking, also trigger the production of 
free radicals. 

 

Antioxidants:  
 

Working to protect the body on a cellular level 

To counteract oxidative stress, the body produces an armoury of antioxidants to defend 
itself. It's the job of antioxidants to neutralise or 'mop up' free radicals that can harm our 
cells. 

Your body's ability to produce antioxidants (its metabolic process)  is controlled by your 
genetic makeup and influenced by your exposure to environmental factors, such 
as diet and smoking. 



Changes in our lifestyles, which include more environmental pollution and less quality in 
our diets, mean that we are exposed to more free radicals than ever before.  

 

Oxidation. We know it’s a bad thing for the body, and doctors tell us to eat lots of antioxidant fruits and 
vegetables. But how does oxidation happen anyway? 

We need oxygen for life. Our lungs take it in, and a complex network of capillaries and alveoli enable red 
blood cells to acquire the oxygen and deliver it throughout the body. But, as oxygen is used in various 
processes, tiny electrons can break off. These unpaired electrons are called free radicals. Think of them as 
the waste product of cellular processes.  

There are some processes where free radicals are actually a good thing – for instance, to kill bad bacteria 
in certain immune system functions. But, generally free radicals are not helpful. They bounce around 
hitting cells and causing damage, sometimes even breaking off portions of DNA. The grand sum of this 
cellular damage is at the root of many health conditions including cardiovascular challenges, poor immune 
response, and even the appearance of wrinkles on the skin. This is the cumulative wear and tear that 
results from simply living life. Oxidation is also aggravated by stress, environmental factors, and poor diet. 

The effects can be tempered though, through a diet and supplement program rich in antioxidants. Just 

like it sounds, an antioxidant is a substance that naturally combats oxidation. Antioxidants are 

substances that bind up the stray electrons and render them harmless. Antioxidant foods and dietary 

supplements are rated using the ORAC scale, which is a measure of the substance’s ability to absorb free 

radicals. When compared to other recommended antioxidant foods, Jobelyn boasts one of the highest 

food-source ORAC ratings known. That makes it a superior choice for antioxidant supplementation. 

Inflammation:  
When the body’s crisis switch gets stuck in the “on” position 

The other core benefit of Jobelyn is its anti-inflammatory effect. It’s important to have a basic 
understanding of the inflammation process. Typically, when inflammation first occurs, it’s a good thing. 
Inflammation is the body’s standard response to injury or infection. When there’s a crisis in the body—
whether that’s a sprained ankle, a torn ligament, or a case of the flu—the body gears up, sending extra 
white blood cells and other immune system components to the place or places where there is a problem. 
That’s why an injury site swells up or your glands get big when you’re sick. Inflammation hurts, and the 
pain is the body’s way of demanding that you rest the injured part or get extra sleep.  

Inflammation is an intelligent system that, when working properly, initiates the first healing stages in 
response to an injury or illness. However, sometimes the inflammation cycle won’t calm down. One of the 
most common examples is that of a joint injury that continues to cause pain long after the original injury 
has healed. An ongoing state of inflammation can take the shape of degenerative diseases like arthritis. A 
hair trigger inflammation response is also at the core of allergic reactions and many asthma cases. So, not 
all inflammation is bad. But when inflammation won’t stop, or it happens in an unproductive manner (ie. 
allergies, asthma, rheumatoid arthritis), it can drastically limit people and threaten their quality of life.  

Scientists have found a group of enzymes involved in inflammation and other processes in the body. These 
enzymes are referred to as the COX (Cyclooxygenase) enzymes. One in particular, COX-2, is a major player 
in the bio-chemical cascade that results in inflammation and resulting pain. 

Common non-steroidal anti-inflammatory drugs (NSAIDs) inhibit all COX enzymes. This is called non-

selective COX-inhibition. Ongoing use typically results in unwanted side effects such as peptic ulcers—an 



inflammatory condition in itself. That’s a sad situation; having decreased inflammatory pain in one part 

of the body, you wind up inadvertently causing inflammation elsewhere! 

This is where Jobelyn comes in. Thankfully, some natural herbal sources have been found to exhibit 

selective inhibition for COX-2 only—the COX enzyme that is most active in the inflammation process. The 

traditional African extract of Sorghum bicolor is one of these herbal sources. Acting as a proven selective 

COX-2 inhibitor, Jobelyn soothes the inflammation cycle and brings it to a centered state.1, 2 Rather 

than acting as a pain-killer only, masking the symptoms, it works at the level of the inflammation 

process itself hindering COX-2 activity. This selective COX-2 inhibition results in a steady reduction of 

inflammation and pain, without the unwanted side effects common with NSAIDs 

How Sorghum bicolor leaf extract helps specific conditions  

Blood Cell Health – Jobelyn provides strong antioxidant support for red blood cells. Understanding the 
oxidation process, it’s easy to see how red blood cells might be particularly vulnerable to the damaging 
effects of oxygen radicals. Red blood cells are the body’s oxygen carriers. In the course of their 120-day 
lifespan, they are constantly in contact with this double-edged sword – the element that we require for 
life, which is also the origin of oxidation. Adding to the challenge is the fact that mature red blood cells do 
not have a nucleus, so they cannot produce new proteins in response to oxidative damage. One way to 
support red blood cell health is to prevent oxidation through strong antioxidant supplementation.  

Antioxidant supplementation is especially important for people whose red blood cell health is 
compromised due to anemia, including Sickle Cell Disease. Recent scientific studies have looked 
specifically at the effects of Jobelyn on anemia and found that it effectively increases packed cell volume 
(PCV – the sheer number of blood cells) and hemoglobin concentration (Hb – an indicator of red blood 
cell health).3-7 Preliminary human clinical research in Nigeria has confirmed these results, showing some 
beneficial effects after just a week of supplementation and significant improvements for 102 of 113 
patients after 6 weeks.8 

In the case of Sickle Cell Disease, not only does Jobelyn help in its antioxidant activity, but its anti-

inflammatory properties may be of benefit too. Some researchers believe that sickle red cells can 

provoke inflammation throughout the circulatory system because the deformed cells physically hinder 

smooth blood flow.9 Jobelyn works both at the level of protecting the red blood cells from oxidation and 

on the level of protecting the circulatory system from the inflammation state that can create even more 

free radicals. This herbal remedy cuts off the cycle of oxidation and inflammation that aggravates sickle 

cells. While it can’t cure the physical shape and structure of the sickle cells, it can lessen the damage and 

effects of the cell deformity.  

Cardiovascular Health – Seeing how helpful Jobelyn is for the stressed circulatory system in Sickle Cell 
Disease patients, it’s a small step to recognize how helpful it is for cardiovascular health in general. The 
medical community now views free radical oxidation and ongoing inflammation as primary contributors 
to heart disease, cholesterol build-up, and arteriosclerosis (severe thickening and hardening of artery 
walls). 

Just as red blood cells are exposed to lots of free radicals, so are heart and blood vessel cells. Heart cells 
also have the added stress of being involved in constant contraction. This muscle activity produces plenty 
of free radicals as a byproduct. Antioxidant protection is vital for the cardiovascular system.10  

Not only do antioxidants prevent damage to individual cells, they can also prevent the breakdown of nitric 
oxide (NO). NO is a gas naturally produced in the cardiovascular system, which helps promote relaxation 



and expansion of the blood vessels. By supporting NO, antioxidant supplementation can enhance blood 
flow. This explains why Jobelyn has been found to enhance circulation.11 

The cardiovascular system also benefits from Jobelyn’s anti-inflammatory effects. Fatty plaque build-up 

in blood vessels often occurs due to low-grade inflammation and irritation throughout the vessel walls. 

This inflammation makes it easier for cholesterol particles to stick to the lining of the blood vessels. 

Reducing inflammation can actually lower the incidence of atherosclerosis (fatty plaque deposits) and 

coronary events.1, 2, 10 

Joint Health – Just as oxidation and inflammation are at the core of blood cell and cardiovascular health 
threats, this troublesome duo is also involved in causing joint degeneration and pain. The intricate 
connective tissue and surfaces of our joints are under constant challenge from daily use. Ongoing wear 
and tear, along with occasional injury, result in plenty of free radical production and inflammation. 
Without antioxidant support and balancing of the inflammation process, the result can be achy joints and 
limited range of motion. 

We’ve touched on the role of Jobelyn as a powerful antioxidant and a very selective COX-2 inhibitor. 
Jobelyn has also demonstrated an ability to inhibit the release of pro-inflammatory proteins called 
cytokines. We learned how the combination of anti-inflammatory and antioxidant support results in 
dramatic improvements for the cardiovascular system. The same benefits can improve joint health too. 

In the joints, inflammation and oxidation create a self-reinforcing cycle. Inflammation creates oxygen free 
radicals as a byproduct, which can in turn cause more damage, which creates more inflammation, and so 
the cycle goes. Sorghum leaf sheath extract, which provides both antioxidant and anti-inflammatory 
effects, has been found to bring a dynamic end to this cycle.1, 2  

A reduction in inflammation and pain means more range of motion and the freedom to work the joint 

and build strength. Strength-building through physical therapy helps prevent future injury. By ending a 

damaging pain cycle, Jobelyn has been found to begin a positive cycle of improving joint health 

especially when combined with an appropriate exercise program. 

 

Immune System Response – It takes a little more explanation to understand how Jobelyn supports the 
immune system. As with the case of red blood cell health, we need to drop down to a cellular and 
molecular level and think very small. It’s the antioxidant activity that is most vital for immune system 
support. Specifically, the extract provides components for the body to build its own super antioxidant: 
glutathione peroxidase. 

The body creates glutathione and uses it for several protective tasks including protecting certain immune 
system cells called CD4 T-lymphocytes. Glutathione contains selenium and three amino acids (cystein, 
glutamine, and tryptophan). Jobelyn contains all three of these amino acids, providing the body with some 
major building blocks of glutathione. 

Scientists believe this explains some astounding research coming out of Africa right now. In a preliminary 
human clinical study involving HIV-positive patients, Jobelyn supplementation improved compromised 
CD4 cell counts (30-300/1) by 200-300%. Those with initial CD4 counts greater than 300 also saw an 
increase of 20-30%. The increase in cellular immunity occurred regardless of whether the patient was 
taking other antiretroviral drugs.12  

Jobelyn is incredibly beneficial for the immune system when the body is under one of the heaviest 

attacks imaginable. It makes sense that the herbal would be helpful as a general immune system boost 

for anyone in fine health. Its effects appear to be moderated too; meaning it won’t make the immune 



system become overactive. That’s why we see such a dramatic increase for those with very 

compromised CD4 counts and a moderated increase for those who had higher initial counts. So, Jobelyn 

is a safe immune support supplement whether you’re looking for a little extra help during cold and flu 

season, or if you’re facing a much more daunting immune system challenge 
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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-inflammatory 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 profiles as 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, findings demonstrated 
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 inflammatory 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 significant levels 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 significant 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 fluidity, 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 fiber 50.30g -
Vitamins
Vitamin B12 0.83 µg 0.345
Riboflavin 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 beneficial role 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-neuroinflammation 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 inflammatory 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 neuroinflammatory 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 inflammation, 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 significant 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 inflammation 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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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.

Authenticated | umusolo@yahoo.com author's copy
Download Date | 12/4/15 11:49 AM



Umukoro et al.: In vivo anti-inflammatory activity of Jobelyn®      507

×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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Top

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
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.

Keywords: CD69; NK cells; T cells; NKT cells; innate immunity; flow cytometry

Abstract

Top

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
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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 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 CD3+CD56- 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; 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.

Top

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).

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.

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)
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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 µl/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.

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).

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



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).

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 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 × 10  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 µg/ml); JE5 and JE6 (250, 100, 50, and 20 µg/ml); and P8 and P9 (100, 20, 5, 2.5 µg/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% NaN ; 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% NaN
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 (CD3+CD56+) and T (CD3+CD56-). 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.

Top

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), CD3+CD56+ (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

Results
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concentration of 500 µg/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 to JA (P = 0.0001). JE-treated
CD3+CD56+ 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).

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.

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
µg/ml; secondary compounds JE5 and JE6 at 20, 50, 100, 250 µg/ml; and semi-purified compounds
P8 and P9 at 2.5, 5, 20, 100 µg/ml. Experiments were carried out in triplicates using 3 different
samples from 3 different donors (n = 3).

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.

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

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 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 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).

Top

The impact of Sorghum bicolor Jobelyn® on the immune response has been previously described by
Benson and colleagues [7]. The study showed activation of CD3+CD56+ 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 CD3+CD56+ NKT cells but also CD3-CD56+ NK cells and CD3+CD56- 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 α chain (IL-2Rα) [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.

Discussion



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.

Top

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

Received: 12 November 2017 | Accepted: 19 June 2018

DOI: 10.1111/1756-185X.13355

Int J Rheum Dis. 2018;21:1487–1495. wileyonlinelibrary.com/journal/apl © 2018 Asia Pacific League of Associations for

Rheumatology and John Wiley & Sons Australia, Ltd

| 1487



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
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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
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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.

ACKNOWLEDGEMNTS

We thank O. Okubena and Health Forever Product Inc., Nigeria, for

sponsoring this study. The study was performed in part at the

Department of Pharmaceutical Chemistry, Obafemi Awolowo

University, Ile‐Ife, Nigeria and MD Biosciences, Inc., MN, USA.

CONFLICT OF INTEREST

M.S.B.L, A.L.C and D.D. are employees of Lagos State University

College of Medicine and do not have anything to disclose. P.O.E. is

an employee of University of Benin and does not have anything to

disclose. MD Biosciences Inc. is an independent service provider and

does not have anything to disclose.

ORCID

Samira B. L. Makanjuola http://orcid.org/0000-0001-7738-096X

REFERENCES

1. Medzhitov R. Origin and physiological roles of inflammation. Nature.

2008;54:428‐435.
2. Contran RS, Kumar V, Collins T. Pathologic Basis of Disease. Rio de

Janeiro, Brazil: Sauders Company; 1999.

3. Nathan C. Points of control in inflammation. Nature. 2002;420:846‐
885.

4. Feldmann M, Brennan FM, Maini RN. Role of cytokines in rheuma-

toid arthritis. Annu Rev Immunol. 1997;14:397‐440.
5. Eric LM. Current treatment strategies for rheumatoid arthritis. Mayo

Clin Proc. 2000;75(1):69‐74.
6. Clifford MN. Diet‐derived phenols in plasma and tissues and their

implications for health. Planta Med. 2004;70:1103‐1114.
7. Kim HP, Son KH, Chang HW, Kang SS. Anti‐inflammatory plant fla-

vonoids and cellular action mechanisms. J Pharmacol Sci.

2004;96:229‐245.
8. Burdette A, Garner PL, Mayer EP, Hargrove JL, Hartle DK, Green-

span P. Anti‐inflammatory activity of select sorghum (Sorghum bico-

lor) brans. J Med Food. 2010;13(4):879‐887.
9. Awika JM, Rooney LW, Waniska RD. Properties of 3‐dexoxyantho-

cyanins from sorghum. J Agric Food Chem. 2004;52:4388‐4394.

1494 | MAKANJUOLA ET AL.



10. Kayode APP, Nout MJR, Linnemann AR, Hounhouigan JD, Berghofer

E, Siebenhandl-Ehn S. Uncommonly high levels of 3‐deoxyanthocya-
nidins and antioxidant capacity in the leaf sheaths of dye sorghum. J

Agric Food Chem. 2011;59(4):1178‐1184.
11. Khalil A, Baltenweck-Guyot R, Ocampo-Torres R, Albrecht P. A novel

symmetrical pyrano‐3‐deoxyanthocyanidin from a Sorghum species.

Phytochem Lett. 2000;3(2):93‐95.
12. Geera B, Ojwang LO, Awika JM. New highly stable dimeric 3‐deox-

yanthocyanidin pigments from Sorghum bicolor leaf sheath. J Food

Sci. 2012;77(5):C566‐C572.
13. Makanjuola SBL, Dosunmu D, Ajonuma L, Ogundaini A, Okubena O.

Newly isolated compounds from West African Sorghum bicolor leaf

sheaths Jobelyn® show potential in cancer immunosurveillance. J

Cancer Res Ther. 2016;4(4):31‐37.
14. Smolen JS, Landewe R, Breedveld FC, et al. EULAR recommenda-

tions for the management of rheumatoid arthritis with synthetic and

bio‐ logical disease‐modifying antirheumatic drugs. Ann Rheum Dis.

2010;69:964‐975.
15. Picot D, Loll PJ, Gavarito M. The x‐ray crystal structure of the mem-

brane protein prostaglandin H2 synthase‐1. Nature. 1996;367:243‐
249.

16. Winzeler S, Rosenstein BD. Non‐steroidal anti‐inflammatory drugs: a

review. AAOHN J. 1998;46:253‐259.
17. Wallace JL, Chin BC. New generation NSAIDS: the benefits without

the risks? Drugs Today. 1997;33:371‐378.
18. Mitchell JA, Akarasereenont P, Thiemermann C, Flower RJ, Vane JR.

Selectivity of nonsteroidal anti‐inflammatory drugs as inhibitors of

constitutive and inducible cyclooxygenase. Proc Natl Acad Sci USA.

1994;90:11693‐11697.
19. Kurumbail RG, Stevens AM, Gierse JK, et al. Structural basis for

selective inhibition of cyclooxygenase‐2 by anti‐inflammatory agents.

Nature. 1996;384(6610):644‐648.
20. Kumar P, Abraham A. Inhibition of LPS induced pro‐inflammatory

responses in RAW 264.7 macrophage cells by PVP‐coated narin-

genin nanoparticle via down regulation of NF‐κB/P38MAPK medi-

ated stress signalling. Pharmacol Rep. 2017;69(5):908‐915.
21. Solomon U, Oluwafemi GO, Anthony TE, Omogbiya IA, Abayomi

MA. Jobelyn exhibited anti‐inflammatory, antioxidant, and mem-

brane‐stabilizing activities in experimental models. J Basic Clin Physiol

Pharmacol. 2015;26(5):501‐508.
22. Wharton PS, Nicholson RL. Temporal synthesis and radiolabelling of

the sorghum 3‐deoxyanthocyanidin phytoalexins and the antho-

cyanin, cyanidin 3‐dimalonyl glucoside. New Phytol. 2000;145:457‐
469.

23. Nicholson R, Wood K. Phytoalexins and secondary products, where

are they and how can we measure them? Physiol Mol Plant Pathol.

2001;59:63‐69.
24. Wharton P, Julian A. A cytological study of compatible and incom-

patible interactions between Sorghum bicolor and Colletotrichum subli-

neolum. New Phytol. 1996;134:25‐34.
25. Basavaraju P, Shetty NP, Shetty HS, de Neergaard E, Jørgensen HJL.

Infection biology and defence responses in sorghum against Col-

letotrichum sublineolum. J Appl Microbiol. 2009;107:404‐415.
26. Zhao H, Dong J, Lu J, Chen J, Li Y, Shan L. Effects of extraction sol-

vent mixtures on antioxidant activity evaluation and their extraction

capacity and selectivity for free phenolic compounds in barley (Hor-

deum vulgare L.). J Agric Food Chem. 2006;54:7277‐7286.
27. Awika M, Rooney LW, Wu X, Prior RL, Cisneros-Zevallos L. Screen-

ing methods to measure antioxidant activity of Sorghum (Sorghum

ialmatei) and Sorghum product. J Agric Food Chem. 2003;51:6657.

28. Lloyds D, Davies EV, Williams BD, Hallett MB. Tyrosine phosphory-

lation in neutrophils from synovial fluid of patients with rheumatoid

arthritis. Br J Rheumatol. 1996;35:846‐885.
29. Mirshafiey A, Mohsenzadegan M. The role of reactive oxygen spe-

cies in immunopathogenesis of rheumatoid arthritis. Iran J Allergy

Asthma Immunol. 2008;7(4):195‐202.
30. Ozturk HS, Cimen MY, Cimen OB, Kacmaz M, Durak I. Oxidant/an-

tioxidant status of plasma samples from patients with rheumatoid

arthritis. Rheumatol Int. 1999;19:35‐37.
31. Fay J, Varoga D, Wruck CJ, Kurz B, Goldring MB, Pufe T. Reactive

oxygen species induce expression of vascular endothelial growth fac-

tor in chondrocytes and human articular cartilage explants. Arthritis

Res Ther. 2006;8(6):189.

32. Kähkönen MP, Hopia AI, Vuorela HJ, et al. Antioxidant activity of

plant extracts containing phenolic compounds. J Agric Food Chem.

1999;47:3954‐3962.
33. Sun Q, Jiang S, Yang K, Zheng J, Zhang L, Xu W. Apigenin enhances

the cytotoxic effects of tumor necrosis factor‐related apoptosis‐indu-
cing ligand in human rheumatoid arthritis fibroblast‐like synovio-

cytes. Mol Biol Rep. 2011;39:5529‐5535.
34. Hou Y, Wu J, Huang Q, Guo L. Luteolin inhibits proliferation and

affects the function of stimulated rat synovial fibroblasts. Cell Biol

Int. 2009;33:135‐147.
35. Sano H, Hla T, Maier JA, et al. In vivo cyclooxygenase expression in

synovial tissues of patients with rheumatoid arthritis and
osteoarthritis and rats with adjuvant and streptococcal cell wall
arthritis. J Clin Invest. 1992;89:97‐108.

36. Crofford LJ, Wilder RL, Ristimaki AP, et al. Cyclooxygenase-1 and -2
expression in rheumatoid synovial tissues. Effects of interleukin-1
beta, phorbol ester, and corticosteroids. J Clin Invest. 1994;93:1095‐
1101.

37. Miller EJ, Cohen AB, Nagao S, et al. Elevated levels of NAP‐1/inter-
leukin‐8 are present in the airspaces of patients with the adult respi-

ratory distress syndrome and are associated with increased

mortality. Am Rev Respir Dis. 1992;146:427‐432.

How to cite this article: Makanjuola SBL, Ogundaini AO,

Ajonuma LC, Dosunmu A. Apigenin and apigeninidin isolates

from the Sorghum bicolor leaf targets inflammation via cyclo‐
oxygenase‐2 and prostaglandin‐E2 blockade. Clin Transplant.

2018;21:1487‐1495. https://doi.org/10.1111/1756-
185X.13355

MAKANJUOLA ET AL. | 1495



Resources How To

Go to:

Journal List J Med Food PMC3598435

J Med Food. 2013 Mar; 16(3): 230–238.
doi: 10.1089/jmf.2012.0214

PMCID: PMC3598435
PMID: 23289787

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

▸ Author information ▸ Article notes ▸ Copyright and License information
Disclaimer

This article has been cited by other articles in PMC.

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
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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-1α/CCL3, and MIP-1β/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

C������ ������������ ��� � ����� negative impact on
immune defense mechanisms,  and is an underlying phenomenon
for many health problems. Treatment modalities involving anti-
inflammatory intervention are discussed for improved outcomes in
antibacterial, antiviral, and anticancer treatments. The
inflammatory response is essential to survival, but needs to be
regulated; if unsuccessfully resolved, the chronic situation affects
many aspects of immune, metabolic, hormonal, neurological, and
cardiovascular health.

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.  As obesity continues
to rise, representing malnutrition and metabolic disease, it is
suggested that specific food components may exert specific
immune regulatory effects.  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 diseases 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. Increased bacterial resistance to
antibiotic treatments has led to restrictions on the use of antibiotics,
and support of immune function remains a fundamental factor.

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,
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particularly 3-deoxyanthocyanidins, such as luteolinidin and
apigenidin.  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.  The leaf sheath has
a different chemical composition than the leaf blade.  The sorghum
leaf sheaths have a high concentration of dimeric 3-deoxy-
anthocyanidins.  Sorghum extracts have a strong
chemoprotective potential and inhibit proliferation of
gastrointestinal cancer cell lines, and these effects are partially
independent of their antioxidant content.  The anticancer
properties of sorghum are due in part to the high content of 3-
deoxyanthocyanidins.

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.

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.  It is not known whether some of the effect involves
activation of immune defense mechanisms or are targeted directly
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,  cancer, and a variety of
infectious diseases, including viral diseases. An aqueous extract
from sorghum leaf sheaths has hepatoprotective and hematopoietic
effects,  including the generation and hemoglobin-content of
erythrocytes ; 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
antinociceptive properties.

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 centuries as traditional medicinal food
by people of southwestern Nigeria. It differs from other varieties of
S. bicolor in the intense dark brown pigmentation present. The
botanical 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.
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Go to: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 (NaN ) 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, processed, 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 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 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 saline. 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 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).

Cellular antioxidant protection

The cellular antioxidant protection assay using erythrocytes (CAP-
e) was performed according to the method published by Honzel et
al.,  but using an accelerated and more sensitive microplate-based
protocol. Briefly, a red blood cell suspension was prepared for the
CAP-e assay by adding 0.1 mL packed red blood cells to 10 mL
physiological saline (pH 7.4) in a V-bottom 96-well microplate. Six
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wells served as negative controls (no oxidative damage was
induced) and six wells served as positive controls (maximum
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 precursor 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 peripheral
blood mononuclear cells (PBMC) and polymorphonuclear (PMN)
cells was performed as previously described.  The PMN cells
were used for evaluation of anti-inflammatory activity in assays for
production of reactive 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% CO  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-μg
aliquot of DCF-DA. A working 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 H O  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 fluorescence intensity was immediately
analyzed by flow cytometry. Data were collected in triplicate for
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controls and for each dose of the SBLS extracts. The mean
fluorescence intensity of PMN cells was compared between
untreated, H O -treated, and extract-pretreated cells. A reduction in
mean fluorescence intensity in samples pretreated with test
products before challenge with H O  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 performed 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-μm pore size) migration
plates were coated with 50 μg/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 μL. 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 evaluated 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 lymphocytes, 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 intensity) 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% NaN ; 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 containing 0.02%
NaN  and transferred into 5-mL Falcon tubes each containing 0.4 
mL of 1% formalin in PBS. Samples were acquired by flow
cytometry using a FACSCalibur cytometer (Becton-Dickinson, San
Jose, CA, USA). Analysis was performed using the FlowJo (Tree
Star Inc., Ashland, OR, USA) software.
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Antioxidant capacity and cellular protection

Go to:

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 background
fluorescence. Results were read using a LuminexMagPix
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

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 a total content per dry weight of 3-
deoxyanthocyanidins exceeding 40,000 μg/g, equaling over 4% of
the dry weight (Table 1). SBLS was shown to have a very high
chemical antioxidant capacity of 37, 622 μM 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.



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
ethanol 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 1.

Content and Properties of Flavones in the West African
Sorghum bicolor Leaf Sheaths

Open in a separate window

 μg/g Rings Phenolic class Solubility
in water

Solu

eth

Naringenin 130 3 Flavanone Almost
insoluble

Y

Apigeninidin 39,900 3 3-
deoxyanthocyanidin

  

Luteolinidin 450 3 3-
deoxyanthocyanidin

  

Apigenin 6910 3 Flavone   

Luteolin 570 3 Flavone Almost
insoluble

Y



Table 2.

Antioxidant Capacity of the West African Sorghum bicolor
Leaf Sheaths

 (μmol 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

ROS formation by PMN cells

PMN cells are capable of rapid formation of ROS in response to
inflammatory stimuli. The produced ROS serves both as
antimicrobial defense mechanisms and also accelerates an
inflammatory response. When ROS production was induced in
PMN cells previously treated with the 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.

FIG. 2.

Formation of reactive oxygen species (ROS) in polymorphonuclear
(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
oxidative stress to provoke intracellular ROS formation. 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).



Effect on migratory behavior of PMN cells toward the
inflammatory chemoattractant LTB4

The PMN cell population contributes 50%–70% of circulating
white blood cells. The cells are capable of rapidly entering an
activated state where they migrate toward chemoattractants of
either microbial or inflammatory nature. The effect of SBLS on the
migration of PMN cells in response to the inflammatory
chemoattractant LTB4 was evaluated, where both the aqueous and
ethanol extracts were compared over a dose range of 0.1 μg/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).

FIG. 3.

Migration of PMN cells toward the inflammatory chemoattractant
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).

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 negative for the
activation marker CD69. Given appropriate test stimuli, CD69
expression will increase and correlates to increased cytotoxic
capacity.  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).
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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 significantly 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.

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 activation of NK versus NKT and T cells.

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 significantly 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.

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.

In addition, the expression level of CD69 on the monocyte
population, as distinguished by its forward/side scatter properties
during flow cytometry analysis, was affected by both the 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.



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.

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-1α, and MIP-1β.

Table 3.

Changes in Cytokine Levels After Exposure of Peripheral
Blood Mononuclear Cells to SBLS Ethanol Extract

 Target MFI
(untreated)

MFI
(SBLS)

Fold
change

Concentrat
(ng/mL)

 IL-1β 1.00 9.00 9 <12.07

 IL-1Rα 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

a b c



Go to:

Open in a separate window

No change: IL-2, IL-2R, IL-4, IL-5, IL-17, eotaxin/CCL11, GM-CSF,
IFN-γ, MIG/CXCL9, TNF-α.

Cytokine levels in untreated cell cultures.
SBLS ethanol extract (111 mg/L).
Calculated from net mean fluorescence intensity (MFI) data.
Calculated from the standard curves for the Luminex array.

Concentrations reflect treatment with SBLS.

SBLS, Sorghum bicolor leaf sheaths.

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 complexity 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
cytokines IL-1β and TNF-α in vitro.  In addition, the antioxidant
protection capacity of the leaf sheaths from SBLS is many-fold
higher than that reported for cereal grains and vegetables (Table 2
).  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-inflammatory action was seen at much lower doses than the
cellular antioxidant protection measured in the CAP-e assay,
indicating complex cellular signaling by both aqueous and
nonaqueous compounds in SBLS. Previous work  has elucidated
the relative advantages and disadvantages of differing assays that
could be used to characterize the antioxidant 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 capturing antioxidant protection of SBLS within a cellular
environment, but without eliciting complex signaling and
inflammatory pathways. The ROS formation in PMN cells assay
may be better suited to studying such signaling and inflammatory
pathways.  Antioxidant assays that employ malignant or

 IL-15 1.00 8.50 9 <11.61

CCL2 MCP1 13.00 1890.25 145 >592.51

CCL3 MIP-1α 0.50 120.50 241 62.97

CCL4 MIP-1β 2.50 418.75 168 127.27

CCL5 RANTES 156.00 337.25 2 94.84

 IFN-α 1.00 12.00 12 33.38

CXCL10 IP10 1.00 5.50 6 <1.62

a
b
c
d

25

26

21

27,28

Anti-inflammatory activity of select
sorghum (Sorghum bicolor) brans.[J Med Food. 2010]

Comparison of chemical and cell-based
antioxidant methods for evaluation of[J Agric Food Chem. 2008]



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 capacity, 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 published proinflammatory effects of
water-soluble beta-glucans in sorghum,  are therefore only one
part of the overall biological effects, and we suggest that other
compounds are responsible for the anti-inflammatory effect
reported 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.

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 activity, and the adoptive transfer of such
cells as part of immunotherapy for treatment of solid tumors is
currently subject for discussion.  The cell type has also been
reported to play a role in recognition of bacterial super-antigens
and attenuated vaccines.  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 possibly 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 cytokine mediated.

Human monocytes constitutively express CD69 cell surface
molecules. The present study indicates that SBLS upregulates
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 activated macrophages.  Similarly, it may be
possible that elevated CD69 expression may influence
differentiation and activation of monocytes. Additional data also
support this hypothesis.  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-
1α/CCL3, and MIP-1β/CCL4, since these chemokines have
previously been implicated in suppression of HIV activity.  Other

14

29,30

31

32

33

34

35

Non-cellulosic mixed linkage beta-D-
glucan in sorghum, Sorghum bicolor (L.)[Indian J Exp Biol. 2000]

Hwanggeumchal sorghum induces cell
cycle arrest, and suppresses tumor[PLoS One. 2012]

Chemical characterization of a
procyanidin-rich extract from sorghum[J Agric Food Chem. 2011]

Review  Cytokine-induced killer (CIK)
cells as feasible and effective adoptive[Expert Opin Biol Ther. 2012]

CD56+-T-cell responses to bacterial
superantigens and immune recognition of[Clin Diagn Lab Immunol. 2003]

Interferon-gamma switches monocyte
differentiation from dendritic cells to[Blood. 2003]

Triggering of human monocyte activation
through CD69, a member of the natural[J Exp Med. 1994]

Identification of RANTES, MIP-1 alpha,
and MIP-1 beta as the major HIV-[Science. 1995]
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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 proinflammatory cytokines, included IL-1β 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-α) production was increased 12-fold,
and since this cytokine has a dual action 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 monocytes, 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 synergistic, active compounds. The work presented here
reflects 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 evaluating anti-inflammatory and
immune modulating effects in clinical studies, which may also help
explain the traditional use of sorghum-based products and extracts
thereof in traditional medicine across the world. Given the
dichotomy 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.
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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/μL were
receiving ARVT. The eight patients with baseline CD4+ T-cell
counts above 350 cells/μL 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
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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

T���� �� � ��������� ����������� of the vital roles of the
need for integrated interventions, including herbal medicines, as a
necessary tool in global health care, particularly in third-world
countries with poor access to pharmaceutical therapeutic strategies
that are widely used in industrialized countries. With a focus on the
human immunodeficiency 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 traditional remedies
into a comprehensive health care.  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 traditionally used medicinal plants.

Jobelyn  is a natural product developed from tropical plants found
within the Nigerian flora. Toxicological evaluation in laboratory
animals has shown a satisfactory safety and side-effects profile.  It
has been found to induce rapid and marked improvement in
anemia.  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,  as well as
unique polyphenol compounds identified in Jobelyn.  Evidence in
vitro for many biological properties of Jobelyn was recently
published. The data include immune modulation, activation of
natural killer cells involved in antiviral immune defense actions,
and up-regulating of the production of antiviral chemokines.

Jobelyn's effects on anemia  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-naïve HIV-infected subjects as well as
patients on highly active antiretroviral therapy (HAART) has
suggested some improvement in several hematological parameters
and quality of life.  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
reconstitution, including an increase in CD4+ T-cell counts.
However, even with heavy subsidy, HAART is neither accessible
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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 recently 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 polyphenols, particularly apigeninidin, which was
present at approximately 4% of the dry weight of the botanical
material (Table 1). This level is consistent with other lots tested for
immune-modulating activities.

����� 1.

������������� �� ���� ���������� ������
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Trial Lot
number

Unit Apigeninidin Luteolinidin Apigenin Luteo

Trial
1

06-
4812

μg/g 38,650 323 6020 58

Trial
2

09-
0590

μg/g 47,380 890 6460 67
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West African Sorghum bicolor leaf
sheaths have anti-inflammatory and[J Med Food. 2013]
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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.

Trial 1

Ten patients (4 men and 6 women, age range 23–49 years) with
confirmed HIV+, a reduced number of CD4+ T 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 hemoglobin 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/μL were treated with ARVT,
which consisted of nevirapine (200 mg), lamivudine (150 mg), and
stavudine (40 mg) twice daily. All 51 patients who participated 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 randomized 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 participants,
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.
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CD4+ T-cell counts are shown as cells/μL whole blood.
Hemoglobin levels are shown as g/dL.
Data 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.

Trial 2

Among the 51 patients participating in this controlled trial, 43
patients had baseline CD4+ T-cell counts at or below 350 cells/μL,
and received ARVT.

As expected, people on ARVT showed a statistically significant
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

     CD4+ T-cell counts

Vol. no. Gender Age ARVT JOB Week
0

Week
4

Week
8

Week
0

1 M 25 No Yes 399 617 708 11.6

2 M 49 No Yes 656 704 824 12.3

3 M 35 No Yes 452 662 724 12.1

4 M 31 No Yes 518 530 560 12.0

5 F 23 No Yes 352 390 564 10.3

6 F 45 No Yes 460 617 669 10.6

7 F 31 No Yes 499 550 550 10.3

8 F 47 No Yes 830 1082 1203 9.8

9 F 31 No Yes 350 461 475 8.9

10 F 40 No Yes 385 458 622 10.2

Average     490 607 690 10.8

SEM     47.64 61.29 65.51 0.36

p-
Value

     <0.01 <0.001  

a

c

a
b
c

®



reached a high level of statistical significance 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
receiving ARVT alone, both at 6 and 12 weeks (p<0.001).

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/μL, 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/μL
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 consumed 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 statistical significance are indicated by asterisks:
**for p<0.01, and ***for 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
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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 consumed Jobelyn when
compared to the group treated with conventional antiretroviral
treatment only. An additional observation from the initial pilot
study is the improved hemoglobin 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 function. The data from the
controlled study involving 51 people suggest support of T-cell
production. The primary mechanism 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.

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 concomitant 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 chemokines. 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 ongoing 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 population,
consideration should be given to expanding its use in other
countries with different health challenges, to help augment health
improvements in acute and chronic viral illnesses.
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Abstract

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
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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.

Keywords: Jobelyn, Anti-Amnesic, Antioxidant, Malondialdehyde
Levels, Glutathione Concentrations

1. Introduction

Amnesia 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 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 oxygen species (ROS) accumulate 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 particularly
susceptible to free radical-mediated injury because of its high
content of readily oxidized fatty acids, high oxygen demand and
low levels of antioxidant defense 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, Linseman, 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
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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 several 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
beneficial 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
acclimatized for 7 days before use in all experiments. 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 investigations.

2.2. Drugs and Chemicals

Jobelyln (Health Forever Products Ltd, Lagos, Nigeria),
physostigmine-PHY (Burroughs Wellcome Co. London) and
scopolamine-SC (BDH) were used in the study. The drugs were
dissolved in distilled water immediately 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.

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 percentage
alternations, which indicates memory performance was calculated.
The percentage alternation was calculated 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
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their potential impact on human health.[Phytochemistry. 2004]

Naringenin from Citrus junos has an
inhibitory effect on acetylcholinesterase[Dement Geriatr Cogn Disord. 2004]

The anti-amnesic effects of luteolin
against amyloid beta(25-35) peptide-[Neuroscience. 2009]

Luteinizing hormone modulates cognition
and amyloid-beta deposition in Alzheimer[Biochim Biophys Acta. 2006]

Protection against beta-amyloid peptide
toxicity in vivo with long-term[Br J Pharmacol. 2001]



Biochemical Assays

Estimation of acetylcholinesterase activity

Determination of Reduced Glutathione Concentrations

Determination of Lipid Peroxidation

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.

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 cortex and hippocampus were dissected from the solidified
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 homogenates was separated into 3
portions for the different biochemical assays.

Acetylcholinesterase
activity in the brain tissues was measured according to the method
of Ellman, Courtney, Andre, & Featherstone (1961). Briefly, the
acetylcholinesterase 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 acetylcholine iodide solution was
added to the reaction mixture. The absorbance was read at 412nm
using spectrophotometer and the change in absorbance was
measured at two min interval for a period of ten min.
Acetylcholinesterase activity was expressed as micromoles per
minute per milligram tissue (µmol/min/mg tissue).

The
concentrations of reduced glutathione in the brain tissues were
determined by the method of Moron, Depierre, Mannervik (1979).
Equal volumes of each tissue 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 solution 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 concentrations of reduced GSH in the brain
tissues were expressed as micromoles per gram tissue (µmol/g
tissue).

The levels of lipid peroxidation
in the brain tissues were determined by estimating MDA formation
using the thiobarbituric acid test (Ohkawa, Ohishi, & Yagi, 1979).
Briefly, 0.5 ml of distilled water and 1.0 ml 10% TCA were to 0.5
ml of each homogenate of the brain tissues. 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
incubated 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).

A new and rapid colorimetric
determination of acetylcholinesterase[Biochem Pharmacol. 1961]

Levels of glutathione, glutathione
reductase and glutathione S-transferase[Biochim Biophys Acta. 1979]

Assay for lipid peroxides in animal tissues
by thiobarbituric acid reaction.[Anal Biochem. 1979]
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The data were analyzed using Graph pad prism
software version 4.00 and data are expressed as mean ± S.E.M.
Statistical analysis of data was done using Oneway ANOVA,
followed by Newman-Keuls post-hoc test. P-values less than 0.05
were considered statistically 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 memory enhancing activity (Fig. 1). SC (5 mg/kg) given i.p
daily for 7 days produced a significant (p < 0.05) reduction in
alternation behaviors of mice when compared 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.

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).



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).

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).



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).

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 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

* *

* *

* *

*

* *

*

* *

* *

*

* *
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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 significantly suppressed the
concentrations of MDA in both the cortex and hippocampus of rats
(Table 3).

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).

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 addition, 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 absence
of CNS stimulation. The primary behavioral parameter indicative
of memory in the Y-maze test is the ability of rodents to remember

*

* *

* *

* *

* *

* *

*

Effects of purine analogues on
spontaneous alternation in mice.[Psychopharmacology (Berl). 1996]

Review  Molecular mechanisms of
learning and memory.[Expert Rev Mol Med. 2003]



the sequence of arms entry commonly known as spontaneous
alternation (Blokland, 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 former 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 (Dunning & 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 neurotransmission 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 inhibit 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 action, 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 clinically 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 involved in the
pathological abnormalities of AD, including 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; Markesbery, 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 susceptible to the deleterious effects of
ROS because unlike many other tissues, it contained small amounts
of protective antioxidant defense systems (Markesbery, 1997). The
memory impairment in scopolamine-induced animal model of AD
was also shown to be associated with increased oxidative stress,
which results in the degeneration of cholinergic neurons and of

Review  Free radicals as mediators of
toxicity in Alzheimer's disease: a review[Adverse Drug React Toxicol Rev. 2000]

Review  Neurotransmitter systems
involved in learning and memory in the[Brain Res Brain Res Rev. 2003]

Memory and the septo-hippocampal
cholinergic system in the rat.[Psychopharmacology (Berl). 1983]

Effects of rolipram on scopolamine-
induced impairment of working and[Psychopharmacology (Berl). 2000]

Effect of rivastigmine on scopolamine-
induced memory impairment in rats.[Eur J Pharmacol. 1999]

Review  Oxidative stress hypothesis in
Alzheimer's disease.[Free Radic Biol Med. 1997]

Review  Free radicals as mediators of
toxicity in Alzheimer's disease: a review[Adverse Drug React Toxicol Rev. 2000]

Elevated thiobarbituric acid-reactive
substances and antioxidant enzyme[Neurology. 1995]

Review  Nutraceutical antioxidants as
novel neuroprotective agents.[Molecules. 2010]
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Hypericum perforatum extract
demonstrates antioxidant properties[Pharmacol Biochem Behav. 2003]
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other neurotransmitter systems (Blokland, 2005; Myhrer, 2003; El-
Sherbiny, Khalifa, Attia, Eldenshary, 2003; Jimenez-Jimenez,
Alonso-Navarro, Avuso-Peralta, Jabbour-Wadih, 2006).

Oxidative stress in brain generates oxygen radicals, which initiate
and propagate lipid peroxidation producing 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 findings 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
progression 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 significant 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, naringenin
and luteolin have been found to increase memory performance and
to reverse scopolamine-induced amnesia 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 phytochemicals
might be contributing a significant role in the antiamnesic 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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