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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.
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1 | INTRODUCTION

Inflammation is a normal response of the body to protect tissues

from infection, injury or disease. The inflammatory response is

associated with an increase in capillary permeability, which allows

neutrophils, monocytes and macrophages to swarm to the site of

infection and ingest, damage or kill the foreign material, thus help-

ing the body to heal. During resolution of inflammation, granulo-

cytes are eliminated and macrophages and lymphocytes return to

normal pre‐inflammatory numbers and phenotypes. The usual out-

come of the acute inflammatory episode is the successful resolu-

tion and repair of tissue damage.1 Inflammatory response can
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become the problem rather than a solution when chronically

inflamed tissues continue to generate signals that attract leuko-

cytes from the bloodstream. This chronic inflammatory response

contributes to the damage of healthy tissues in a misdirected

attempt at repair and healing. Rheumatoid arthritis (RA) is a dis-

ease characterized by chronic inflammation and it is usually the

result of inflammation in the synovial membrane that surrounds

the joints.2,3 This inflammation allows leukocytes, or white blood

cells, which are normally filtered out of the joint, to invade the

joint space. The inflamed synovial membrane and the leukocytes

release destructive enzymes such as cyclo‐oxygenase‐2 (COX‐2)
and an array of inflammatory mediators including prostaglandin E2

(PG‐E2) all of which are not only damaging to the articular carti-

lage, but also activate macrophages that contribute to pain and

swelling at the inflammatory site.4 Pharmacological treatments

comprise several classes of agents, including non‐steroidal anti‐
inflammatory drugs (NSAIDs), steroids and disease modifying anti‐
rheumatic drugs (DMARDs), all of which relieve pain and reduce

inflammation. Although these agents are effective in treating RA,

the persistent long‐term use leads to increased risk of gastroin-

testinal damage, among other adverse effects.5

In recent times, Sorghum bicolor (L) Moench (family: Poaceae), a

drought‐resistant herb cultivated in southern African regions for

over 3000 years has become a useful plant to many pharmaceutical

industries as it possesses therapeutic attributes valuable in various

health applications. The consumption of sorghum has been linked

to reduced incidence of inflammatory diseases. Numerous experi-

mental studies using acute and chronic models of inflammation

have demonstrated the anti‐inflammatory effects of the sorghum

grain.6-8

Health benefits found in the sorghum grain are related to the

presence of flavonoids such as anthocyanidins and 3‐deoxyanthocya-
nidins, which are not commonly found in higher plants.9

Coincidentally, S. bicolor grown in west Africa shows high levels of

3‐deoxyanthocyanin pigments in non‐grain tissues.10,11 Such findings

suggest that the non‐grain tissue of sorghum may accumulate a

greater variety of flavanoids and may possess significant bioactivities

that have not been reported in the grain form. Therefore, the pur-

pose of this study is to investigate the phenolic compounds present

in this variety of S. bicolor leaf (SBL) grown in south‐western Nigeria

and its role in attenuating inflammation.

2 | MATERIALS AND METHODS

2.1 | Sample collection

In this study we tested dried SBL domesticated from a wild variety

that is native to west Africa. This variety has been in use for cen-

turies as traditional medicinal food by people of south‐western Nige-

ria. It differs from other varieties of S. bicolor in the intense dark

brown pigmentation present. The botanical material is a proprietary

blend of SBL from the sub‐Saharan belt in west Africa. It is har-

vested, processed, packaged and supplied under the trade name

Jobelyn™ by Health Forever Product Inc., Lagos, Nigeria and Hains

Herbal Products LLC, Gaithersburg, Maryland, USA.

2.2 | Preparation of plant extract

The dried powdered SBL was extracted with 50% v/v aqueous

ethanol for 24 hour following thorough agitation. The extract was

subsequently filtered through cotton wool and concentrated in

vacuo to give the crude extract designated (J). This was then dis-

solved in 80% v/v aqueous methanol and partitioned successively

into equal volumes of the solvent at 50% v/v ethyl acetate

(EtOAc), 50% v/v n‐butanol and 50% v/v distilled water. The

EtOAc, n‐butanol and aqueous fractions were concentrated in

vacuo to give fractions labelled JE, JB and JA, respectively (Fig-

ure 1).

2.3 | Phytochemical characterization of bioavailable
compounds in the ethanolic extract (JE)

To evaluate the qualitative and quantitative presence of various

subclasses of flavonoids from the SBL, ethanolic extract (JE) was

dissolved in methanol (70%) at 10 mg/mL, filtered in a vacuum

and high‐performance liquid chromatography (HPLC) analyses were

performed on an Shimadzu apparatus equipped with SPD‐M10A

diode array detector, LC‐10AD pump and CBM‐10 interface, UV‐
Vis detector. Data acquisition, peak integration, and calculation

were interfaced to a computer workstation running the Analyst

1.3.1 software (Applied Biosystems, Foster City, California, USA).

The solvent used was a gradient of distilled water + 0.1% phos-

phoric acid (A) and methanol (B). The gradient was as follows: 1‐
10 minutes (30% B), 20 minutes (40% B), 60 minutes (100% B).

The flow was 1 mL/min. The prepared mobile phase was degassed

using ultrasonic agitation. The elution was monitored at 280 and

410 mn. Flavanoids were identified by comparison of HPLC reten-

tion times, UV spectra and co‐elution with authentic samples ana-

lyzed in the same condition. Standards were dissolved in methanol

(70%) at 1 mg/mL and analyzed in the same elution. For co‐elu-
tion, a mixture (1:1, v/v) of extracts was prepared at 10 mg/mL

and standards at 1 mg/mL. The injections were repeated three

times. Determination of the content of the flavonoids was per-

formed by external standard method, using authentic standards.

Calibration lines for apigeninidin, apigenin, luteolinidin, luteolin, and

naringenin were prepared over the range of 10‐1000 ng/mL. Linear

regression analysis was adopted in calculation of the slope, inter-

cept and correlation coefficients (r2) of each calibration line. The

assay precision (coefficient of variation, CV%) was assessed as

previously reported.11 Specificity was assessed by the absence of

interference at the retention times of the peaks of each com-

pound (including the internal standard) by other peaks. The con-

centration of the measured peaks was determined from the

calibration lines by linear regression analysis and the sample accu-

racy was estimated as the percentage of each measured concen-

tration from the nominal (added) concentrations.
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2.4 | Isolation and characterisation of bioavailable
compounds in the ethanolic extract (JE)

As previously described by Geera et al,12 JE of SBL was sub‐frac-
tionated adopting a medium pressure liquid chromatography

(MPLC) technique. Fractions of 15 mL each were collected in test

tubes and monitored by thin layer chromatography (TLC). The

fractions, which had the same TLC characteristics were bulked as

appropriate and concentrated in vacuo to give four major frac-

tions, labelled JE‐5 to JE‐8 (Figure 1). Fractions labelled J, JA, JB,

JE and JE‐5 to JE‐8 were subjected to COX‐1 and COX‐2 inhibi-

tion bioassays (as described earlier) and the fraction, JE‐5, which

had the least COX‐2:COX‐1 ratio (Table 2) was subjected to

repeated column chromatography to produce two additional frac-

tions (monitored on a thin layer plate to be relatively pure com-

ponents) that were concentrated in vacuo and labelled P8 and P9,

respectively (Figure 1).

P8 and P9 fractions of SBL were further analyzed using an MDS

Sciex API QStar Pulsar mass spectrometer with electrospray ioniza-

tion (AB SCIEX, Foster City, CA, USA). Identification of phenolic

compounds was based on matching UV‐Vis spectra analysis, and

mass spectrometry (MS) data with authentic standards. The absor-

bance profiles of P8 and P9 revealed the presence of two peaks in

P8 and a single peak in P9. MS data of compounds in P8 showed m/

z 271, which was identified as apigenin when matched against the

apigenin standard. The second compound in P8 and the single com-

pound in P9 showed m/z 523 and 509, respectively and were identi-

fied as dimeric flavonoid molecules differing from each other in one

methyl group. Using both UV‐Vis data and LC elution profiles as

described by Geera et al,12 the two compounds were inferred to be

3‐deoxyanthocyanidin dimers. The second compound in P8 was

identified as 7‐methoxyflavone‐apigeninidin adduct while the com-

pound in P9 was identified as flavone‐apigeninidin adduct.12 Detailed

discussion on the identification and stability of the new dimeric com-

pounds has previously been reported12 and were reproduced here to

obtain the various SBL fractions used for the bioassays as summa-

rized in Figure 1.

2.5 | Bioassay of SBL extracts on PGE2 production
and/or cell proliferation

Cryopreserved peripheral blood mononuclear cells (PBMC) were

thawed, washed with complete culture media (CM: RPMI‐
1640 + 10% fetal bovine serum + 100 units/mL peni-

cillin + 100 μg/mL streptomycin) and tested for viability using try-

pan blue (viability was 93%). The cells were re‐suspended to

F IGURE 1 Brief Summary of the General Approaches in the Extraction, Isolation and Characterization of Bioavailable Compounds in Dried
Sorghum bicolor Leaf Sheath
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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

1490 | MAKANJUOLA ET AL.



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.
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