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Aerial parts of Bridelia micrantha, a semi-deciduous tree are widely used in African traditional medical practice
in the treatment of painful inflammatory conditions of the joints. This study evaluated the anti-inflammatory
activities of the methanol leaf extract of Bridelia micrantha using acute, sub-acute and chronic models of
inflammation in Wistar rats. In the carrageenan-induced acute inflammation model, 400 mg/kg of extract
produced 71.79 % edema inhibition while 200 mg/kg of the extract produced 55.13 % inhibition relative to 56.41
% inhibition of the rat paw edema with 200 mg/kg of Acetylsalicylic Acid (ASA) within 5 h. In the histamine-
induced rat paw edema model, the extract exhibited 72.97 % protection at 400 mg/kg compared to 83.33 %
edema inhibition with phenylbutazone (100 mg/kg) after 6 h. In the sub-acute model using formaldehyde-induced
paw edema, 400 mg/kg of extract showed 59.77 % (0.35+0.03) inhibition after 24 h, while 54.02 % inhibition
was produced by 200 mg/kg of extract and 200 mg/kg of ASA produced 56.32 % (0.38+0.04) inhibition when
compared with the negative control group (0.87+0.05). In the cotton pellet-induced granuloma test, 400 mg/kg of
extract gave 52.55 % (40.57+1.3) protection, while 200 mg/kg extract gave 47.25 % protection and 200 mg/kg
ASA gave 49.38 % (43.25+1.8) when compared with normal saline treated group (85.5+3.2) after 7 days. The
results obtained in this study showed that Bridelia micrantha leaf extract exhibited potent anti-inflammatory
activities thus authenticating its acclaimed anti-inflammatory efficacy. It was concluded that the extract of
Bridelia micrantha may be a potential anti-inflammatory agent in alleviating edema associated with arthritis and
musculo-skeletal pains in humans.

INTRODUCTION

injury may cause swelling and pain in the affected area (Peartman,
1999; Khan, 2005). Also, tense skin, pain and limited movement

Edema is the medical term for swelling or accumulation
of excess fluid in body tissues either within cells or in the
interstitial spaces (Aukland and Reed, 1993; Dongaonkar et al.,
2008; Reed et al., 2010; Svendsen et al., 2011). Edema formation
limits diffusional removal of toxins and byproducts of cellular
metabolism, limits diffusion of oxygen and nutrients to tissues and
may compromise cellular metabolism (Scallan et al., 2010).
Edema symptoms depend on the amount of fluid in the affected
body part. In congestive heart failure, nephrotic syndrome and
cirrhosis, fluid accumulates in extremities and abdominal cavity
(Runyon, 1993; Khan, 2005). Local allergic reaction and tissue
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can be symptoms of edema (Yuen et al., 2008; Edge et al., 2001;
Suryakumar and Shukla, 2011). Most edema is associated with
inflammation and treatment of the underlying cause of the
inflammation cures the edema (Edge et al., 2001). Thus depending
on the underlying cause, edematous conditions can be treated using
anti-histamines, corticosteroids, diuretics and non-steroidal anti-
inflammatory drugs (Khan, 2005; Deschenis et al., 2004). These
synthetic drugs reported to be used for the treatments of
inflammatory disorders are of least interest nowadays due to their
potential side effects and serious adverse effects in humans and
animals (Freidman and Kaiser, 2007; Rocca et al., 2005; Green et
al., 2004; Abatan et al., 2006). In the last few decades, alternative
anti-inflammatory and analgesic agents have regained their
popularity in the treatment against several human ailments such
as inflammation (Bawa and Khanum, 2009; Tripathy et al., 2010).
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These anti-inflammatory agents contain various classes of phyto-
constituents including  flavonoids, alkaloids, glycosides,
terpenoids, steroids and polyphenolic compounds which act singly
or synergistically in relieving inflammation (Gupta et al.,2006;
Mohammad et al., 2012 ). Due to the efficacy and safety of plant
derived drugs, there is immense interest on medicinal plants used
in traditional medicine in the treatment of inflammatory disorders.
Plant materials have been reported to be present in or have
provided the models for about 50 % of Western drugs, with herbal
remedies demonstrating encouraging results in the cure of many
diseases (Ndip et al., 2007). These plants include Acanthopanax
senticosus, Albizia chinensis, Croton zambesicus, Cussonia
paniculata, Kalopanax pictus, Khaya grandifoliola, Kigelia
africana, Securidaca longipedunculata, Uncaria tomentosa,
Zizyplus rugosa, Mallotus oppositifolius, Sterculia tragacantha,
(Yuen et al., 2008; Suryakumar and Shukla, 2011; Bawa and
Khanum, 2009; Schriner et al., 2009; Udegbunam et al., 2011;
Nwaehujor et al., 2012). Bridelia micrantha (Hochst.) Baill.
(Euphorbiaceae), also known as Coast gold leaf in English
(Munzere in Venda) is a semi-deciduous to deciduous tree
of up to 20 m tall, with a dense rounded crown and tall, bare stem
which is widespread in  Africa. The stem bark has been
traditionally employed in South Africa to treat several pathological
conditions, including helminthosis, gastro-enteritis, acquired
immune deficiency syndrome, infertility, neurosis, psychosis and
painful joints (Bessong et al., 2006; lwalewa et al., 2007; Lin et
al., 2002). The leaf sap of Bridelia micrantha is used by the Haya
(Northwestern Tanzania) as an application to sore eyes; the
Shambala (Tanzania) use the roots as a remedy for severe
epigastric pain while the Zigula (Southern Tanzania) rub a
preparation of the powdered root, made with oil or butter, into the
scalp for the relief of headache (Samie et al., 2005). In both East
and West Africa the root is used as a purgative (Watt and Breyer-
Brandwijk, 1992). Steenkamp reported the use of the bark as an
abortifacient with a potentially toxic effect probably due to the
presence of delphinidin and methyl salicylate (Steenkamp, 2003).
In five districts of Lagos state of Nigeria, Bridelia micrantha stem
bark is used in traditional medicine for treating diabetes (Gbolade,
2009); in South Western Nigeria a leaf decoction is used
traditionally as part of recipe for the management of diabetes
mellitus and inflammation of joints (Abo et al., 2008). In the
Sango bay ecosystem in Rakai district, central Uganda, a
decoction of bark and leaves is indicated for treating syphilis and
the bark for pre-hepatic jaundice (Ssegawa and Kasenene, 2007).
To the best of our knowledge no empirical study has evaluated its
anti-inflammatory effect. Therefore, bearing in mind its use in
South Africa and South western Nigeria in the management of
joint inflammation, we considered it worthwhile to investigate
the anti-inflammatory effect of Bridelia micrantha.

MATERIALS AND METHODS
Plant Material

Fresh leaves of Bridelia micrantha were collected in
September, 2011 from Orba in Nsukka area, Enugu State, Nigeria.

They were authenticated by Mr. A.O. Ozioko, a taxonomist with
the International Centre for Ethno medicine and Drug
Development, Nsukka, Enugu State, Nigeria.

Preparation of Extract

The fresh leaves were air dried and pulverized. The plant
materials (1.0 kg) were cold macerated in 80 % v/v of methanol
for 72 h with intermittent shaking. Thereafter, filtration was done
using Whatman #1 filter papers. The solvent was evaporated in a
rotary evaporator at 40 °C to obtain the extract (yield: 11.15 %
wi/w). The extract was stored at 4 °C.

Animals

Adult Wistar rats weighing 130-140 g and albino mice
weighing 22 -32 g were used for the experiments. They were
housed at 25 + 5 °C under a 12-h light/12-h night conditions with
free access to standard pelleted feed and clean drinking water. All
experiments carried out in this study were approved by the Animal
Ethics Committee, University of Calabar, Nigeria.

Acute Toxicity

Acute toxicity of the extract was investigated as
described by Lorke (1983). Five groups of mice of both sexes were
treated orally with the extract (200, 400, 800 and 1600 and
2500 mg/kg). The control group received distilled water (0.03
ml/10 g). They were observed for 48 h for mortality and adverse
reactions.

Anti-Inflammatory Studies
Carrageenan-Induced Rat Paw Edema

Paw edema was induced by the modified method of
Winter et al. (1962). Thirty (30) rats of mixed sexes were divided
into 5 groups of 6 rats each. Group 1 (negative control) rats
received 10 ml/kg normal saline, group 2 (positive control) rats
were given 100 mg/kg Acetylsalicylate Acid (ASA) while groups
3, 4 and 5 rats received 100, 200 and 400 mg/kg of Bridelia
micrantha extract respectively all by gastric gavage. Extracts and
drug were given 1 h before paw edema induction. Induction in the
rats was by injecting 0.1 ml of 1 % carrageenan in physiological
solution into the subplantar aponeurosis of the left hind paw of
each of the rats.

The right hind paw served as control. The paw volume of
the rats was measured at 1, 2, 3, 4 and 5 h after carrageenan
injection by the mercury displacement method using a
plethysmograph. Percent inhibition of edema volume between
treated and control groups were calculated as follows:

Bc - Bt
Bc

Percent inhibition = x100

where, Bc and Bt represent the mean increase in paw volume in
control and treated groups, respectively.

Histamine-Induced Rat Paw Edema
The experiment was conducted according to the
methodology used by Singh and Pandey (1996). Thirty (30)
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mature albino rats were randomly divided into 5 groups of 6 rats
each for this study.

Histamine (1 mg/ml) was used as the phlogistic agent.
The effect of Bridelia micrantha extract at 100, 200 and 400
mg/kg, per os, was tested. Right hind paw edema was induced by
the sub plantar injection of 0.1 ml of histamine. Extract was
administered 1 h prior to the inflammatory challenge. The pedal
volume was measured just before 1, 3 and 6 h after the phlogistic
challenge. Phenylbutazone (100 mg/kg, per os) was used in this
study as reference standard and normal saline was used as negative
control.

Formaldehyde-Induced Hind Paw Edema

Mature albino rats (n=30) were randomly divided
into 5 groups of 6 rats each. Initially, the left hind paw
thickness of the rats was measured using plethysmometer.
Inflammation was induced by injection of 0.02 ml of 25 %
freshly prepared formaldehyde solution into the sub
plantar area of the hind paw of the rats (Sen and Nag-Chaudhari,
1991).

The rats were pre-treated per os using gastric gavage
prior to formaldehyde injection as follows: Groups 1, 2 and 3
received 100, 200 and 400 mg/kg of Bridelia micrantha extract
respectively. Group 4 (positive control) rats received 200 mg/kg
Acetylsalicylic Acid (ASA). Group 5 (negative control) rats were
given 0.03 ml/10 g normal saline. The left hind paw thickness of
each of the rats was measured daily before each treatment from
day 2.

Cotton Pellet-Induced Granuloma test

Wistar Albino rats of both sexes were divided into 5
groups of 6 rats per group. Two sterilized and autoclaved cotton
pellets weighing 10 mg each were implanted subcutaneously into
both sides of the dorsal area of each rat (D’Arcy et al., 1960).
Group 1, 2 and 3 received 100, 200 and 400 mg/kg of Bridelia
micrantha extract respectively. Group 4 (positive control) rats
received 200 mg/kg ASA. Group 5 (negative control) rats were
given 0.03 ml/10 g normal saline. All treatment was orally by
gastric gavage for 7 days. On the 8th day the animals were
sacrificed and the pellets together with the granuloma tissues were
carefully removed, dried in the oven at 60 °C, weighed and
compared with the control.

Data Analysis

All data was presented as mean + SEM and n = 6.
The paw edema and granuloma weights of the groups were
compared using one-way ANOVA followed by Duncan multiple
range tests. p<0.05 was accepted as statistically significant.

RESULTS

Effects of B. micrantha methanol leaf extract on carrageenan-
induced paw edema in rats

Table 1 shows the dose-dependent reduction of the size
of carrageenan-induced rat paw edema with time in Wistar rats. A

dose of 400 mg/kg b.w of the extract gave results which compared
favorably with the results showed by Acetylsalicylic Acid (ASA)
at between 1 to 4 h of drug administration. At 5 h after drug
administration the extract at 400 mg/kg b.w reduced the rat paw
edema by 71.79 % which was significantly (p<0.05) higher than
the reduction (56.41 %) by ASA at 200 mg/kg b.w dose.

Table. 1: Effects of B. micrantha methanol leaf extract on carrageenan-
induced paw edema in rats.

Dose Edema rate as mean + S.E.M. (% inhibition)
(mg/kg) 1h 2h 3h 4h 5h

100 0.78+0.07  0.75+0.04  0.62+0.07 0.52+0.02 0.45+0.02*
(12.36%)  (10.71%) (26.57%) (28.00%) (42.31%)

200 0.77+0.06  0.69+0.01  0.60+0.02 0.44+0.04* 0.350.05***
(13.48%)  (17.86%) (28.57%) (45.00%) (55.13%)

400 0.73+0.05  0.61+0.03  0.54+0.08*  0.41+0.02**  0.22+0.02***
(17.98%) (25.84%) (35.71%) (48.75%) (71.79%)

ASA(200) 0.74+0.08  0.61+0.06  0.51+0.04*  0.40£0.05**  0.34+0.03***
(16.85%)  (25.84%) (39.29%) (50.00%) (56.41%)

Normal 0.89+0.12  0.84+0.10  0.84+0.08 0.80+0.07 0.78+0.03

saline

(0.03ml/10 g

Values are mean + S.E.M. n = 6. *p<0.05, **p<0.01, ***p<0.001 compared to
respective negative control group

Effects of B. micrantha methanol leaf extract on histamine-
induced paw edema in rats

As shown in Table 2, the performance of the
extract at 400 mg/kg b.w against histamine-induced rat paw edema
showed a similar comparison with Phenylbutazone at 100 mg/kg
b.w. dose. In the histamine-induced rat paw edema model,
Phenylbutazone gave significant (p<0.05) reduction (83.33 %)
in edema size compared to the extract which gave 72.92 % after 6
h.

Table. 2: Effects of B. micrantha methanol leaf extract on histamine-induced
paw edema in rats.

Edema rate as mean = S.E.M. (% inhibition)

Dose (mg/Kkg) 1h 3h 3h

100 0.48+0.03 0.42+0.02 0.22+0.06**
(12.73 %) (12.50 %) (54.17 %)

200 0.40+0.02 0.36+0.01* 0.18+0.05***
(27.27 %) (25.00 %) (62.50 %)

400 0.35+0.03*  0.22+0.03***  0.13+0.03***
(36.36 %) (54.17 %) (72.92 %)

Phenylbutazone (100 mg/kg) ~ 0.31+0.01*  0.18+0.01***  0.08+0.02***
(43.64 %) (62.50 %) (83.33 %)

Normal saline (0.03 ml/10g)  0.55+0.01 0.48+0.02 0.48+0.03

Values are mean + S.E.M. n = 6. *p<0.05, **p<0.01, ***p<0.001 compared to
respective negative control group

Table. 3: Effects of B. micrantha methanol leaf extract on formaldehyde-
induced paw edema in rats.

Dose (mg/Kkg) Edema rate as mean + S.E.M. (% inhibition)
3h 6h 24h
100 0.88+0.09 0.56+0.09* 0.50+0.03
(7.37 %) (42.86 %) (42.53 %)
200 0.77+0.05 0.53+0.06**  0.40+0.03**
(18.95%) (45.92%) (54.02%)
400 0.74+0.03 0.50+0.05**  0.35+0.03***
(22.11%) (48.98%) (59.77%)
ASA (200 mg/kg) 0.84+0.03 0.54+0.07* 0.38+0.04**
(11.58%) (44.90%) (56.32%)
Normal saline (0.03ml/10g)  0.95+0.06 0.98+0.07 0.87+0.05

Values are mean + S.E.M. n = 6. *p<0.05, **p<0.01, ***p<0.001 compared to
respective negative control group
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Effects of B. micrantha methanol leaf extract on formaldehyde-
induced paw edema in rats
In the formaldehyde-induced rat paw edema

model (Table 3), the extract (400 mg/kg b.w) reduced
the edema (59.77 %), better than the reduction (56.32 %) observed
in ASA (200 mg/kg b.w) at 24 h after drug administration.

Effects of B. micrantha methanol leaf extract on cotton pellet-
induced granuloma in rats

Table 4 shows the results obtained in the cotton pellet-
induced granuloma model in which the extract (400 mg/kg b.w)
produced 52.55 % protection against the edema inflammation
when compared to the protection (49.38 %) by ASA at 200 mg/kg
b.w dose after 7 days drug treatment.

Table. 4: Effects of B. micrantha methanol leaf extract on cotton pellet-
induced granuloma in rats.

Weight of cotton pellet ~ % protection

D2 (i) granuloma (mg) (after 7 days)
100 52.76+2.1 38.36

200 45.18+1.8%** 47.25

400 40.57£1.3%** 52.55

ASA (200 mg/kg) 43.25+1.8%** 49.38

Normal saline (0.03 ml/10 g) 85.50+3.2 0.00

*p<0.05, *** p<0.001 compared to respective negative control. Values are
mean + S.E.M. n= 6 in each group

DISCUSSION

It is evident that carrageenan-induced edema is biphasic.
In order words, the first phase is attributed to the release of
histamine, serotonin and kinin and the second phase is related to
the release of prostaglandins and bradykinins (Vane and Booting,
1987; Gupta et al., 2006). Therefore the effect of the Bridelia
micrantha extract against inflammation produced by histamine
was studied. The extract effectively suppressed the inflammation
produced by histamine (Table 2).

In carrageenan-induced inflammation, upon challenge by
phlogistic stimuli, Bridelia micrantha extract produced significant
inhibitory activity against carrageenan-induced hind paw edema in
rats. The edema and inflammation induced by carrageenan is
mediated by histamine and 5-HT during first 1 h, after which
increased vascular permeability is maintained by the release of
kinins up to two and half hours and from two and half hours to six
hours, the mediators may be prostaglandins, the release of which is
closely associated with migration of leucocytes into the inflamed
site (Di-Rosa et al., 1971). The carrageenan-induced paw edema
model in rats is known to be sensitive to Cyclooxygenase (COX)
inhibitors (Seibert et al., 1994; Wallace et al., 1998). It has been
used to evaluate the effect of non-steroidal anti-inflammatory
agents (Rao et al., 2005). In histamine-induced inflammation,
Bridelia micrantha extract exhibited a significant inhibitory action
against histamine-induced hind paw edema, which indicates that
the extract may be exhibiting its anti-inflammatory action by
inhibiting the synthesis, release or action of inflammatory
mediators like histamine, 5-HT and prostaglandins (Rao et al.,
2005).

In the formaldehyde-induced inflammation, the Bridelia
micrantha extract showed significant anti-inflammatory activity
that lasted up to 24 h which was comparable to ASA, suggesting
its long duration of action even in crude form. Acute inflammation
induced by formaldehyde results from cell damage, which
provokes the production of endogenous mediators, such as,
histamine, serotonin, prostaglandins and bradykinin (Yuh-Fung et
al., 1995). This acute inflammatory response is usually biphasic
comprising of an early neurogenic phase mediated by substance P
and bradykinin followed by a tissue mediated response where
histamine, 5-HT, prostaglandins and bradykinin are known to be
involved (Wheeler-Aceto and Cowan, 1991). It is well known that
inhibition of edema induced by formaldehyde in rats is one of the
best suitable test procedures for sub-acute anti-inflammatory
agents as it closely resembles human inflammation (Greenwald,
1991). Inflammation induced by formaldehyde is also a model
used for the evaluation of an agent with probable anti-proliferative
activities (Kyei et al., 2012). The popularly used cotton pellet-
induced granuloma test was also performed to further investigate
the efficacy of the extract on proliferative phase of inflammation
in which tissue degeneration and fibrosis occur.

When tissue repair is going on in inflammation, there is
proliferation of macrophages, neutrophils, fibroblasts and
multiplication of small blood vessels, which are the basic sources
of forming a highly vascularized reddish mass, termed granulation
tissue (Bhattacharya et al., 1992; Kyei, 2012)). Bridelia micrantha
extract (400 mg/kg, per os) significantly reduced the granuloma
formation better when compared with ASA (200 mg/kg, per 0s)
having the maximum percentage inhibition of 52.55 versus 49.38
respectively. The mechanism of anti-inflammatory activity of the
extract on proliferative phase of inflammation in a rat model of
cotton pellet granuloma is not exactly known and requires further
study.

During inflammatory responses, the activation of
phospholipase A2 induces the mobilization of fatty acids, in
particular arachidonic acid from the membrane lipid pool (Fiorucci
et al., 2002). Arachidonic acid is then oxidized by constitutive
Cyclooxygenase-1 (COX-1) or inducible cyclooxygenase-2 (COX-
2) enzymes, leading to the production of prostaglandins (Modi et
al., 2012). Prostaglandins are a group of inflammatory mediators,
implicated in many pain-related ailments (Rang et al., 2001).
COX-1 was constitutionally present in low abundance in most
human tissues, acting as a housekeeping enzyme by regulating
normal physiological processes such as the maintenance of gastric
mucosal integrity, kidney function and platelet aggregation
(Crofford, 1997). Conversely, COX-2 is selectively up regulated
after exposure to inflammatory mediators or trauma, causing
subsequent inflammatory responses and mediation of pain (Claria
and Romano, 2005). There are number of non-steroidal anti-
inflammatory drugs (COX-1 and COX-2 inhibitors) available in
the market; and they are having good potential as anti-
inflammatory and antipyretic drugs (e.g., diclofenac, aspirin,
indomethacin,), but they cause undesired, unpleasant and serious
adverse side effects on liver and gastrointestinal tract due to
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inhibition of prostaglandin synthesis (Green et al., 2004; Abatan et
al., 2006). Therefore, development of new and more powerful
anti-inflammatory and hepatoprotective drugs is needed to
substitute the chemical therapeutics. The extract of Bridelia
micrantha may serve as a safer anti-inflammatory agent compared
to acetylsalicylic acid and Phenylbutazone in the alleviating edema
associated with arthritis and musculoskeletal pains in humans and
animals.

CONCLUSION

This study showed that although well-established anti-
inflammatory drugs are known to alleviate edema and pain
conditions, the extract of Bridelia micrantha showed more potent
anti-inflammatory effect in laboratory animal as shown by
carrageenan, histamine, formaldehyde and cotton-pellet induced
edema models. The significant reduction in rat paw edema size
observed with the extract in the carrageenan-induced, histamine-
induced and formaldehyde-induced paw edema models in rats is a
definite proof of the anti-inflammatory effects of the plant which
compared favorably with ASA and Phenylbutazone. It was
concluded that this effect is caused by active secondary principles
in the plant extract. Further studies are on-going to isolate the
active compound(s), identify and characterize them.
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