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ABSTRACT

Hymenocardia acida Tul (Euphorbiaceae), also known as "Heart-fruit" in English, is very popular in African
traditional medicine practice. The stem bark of the plant is widely used as an effective remedy for inflammatory
conditions and in treatment of chest pain by herbal medicine practitioners. The methanol stem bark extract of
Hymenocardia acida(100, 200, 500 mg/kg) was evaluated using acute inflammatory models in rodents
including: carrageenan-, dextran- and histamine-induced paw edema, carrageenan-induced peritonitis and
croton-oil ear edema. The highest dose of the extract, administered one hour before carrageenan showed
significant (p<0.05) reduction of the oedema response (31.3%) at the 3™ hour and the inhibitory effect lasted till
the 6th hour. The extract also caused a dose-dependent suppression of the paw swelling, at 1 hour in the dextran-
induced (Control: 70.30+6.90; 100mg/kg: 55.08+9.89; 200mg/kg: 55.34+4.67;, 500mg/kg: 48.60+5.87) and
histamine-induced (Control: 67.26+6.67; 100mg/kg: 47.59+10.53; 200mg/kg: 47.48+10.30; 500mg/kg:
42.24+8.20) paw oedema models. Administration of H. acida (500 mg/kg) and indomethacin (10 mg/kg)
significantly (p<0.05) decreased the volume of peritoneal exudate formed with the injection of carrageenan
(Control: 0.93+0.12; 500mg/kg: 0.24+0.03; Indomethacin: 0.23+£0.07), without any significant changes on white
blood cell (WBC) count, sodium (Na*) and potassium (K") ion concentrations. All doses of the extract
significantly (p<0.05) decreased ear oedema induced by croton oil but these were lower than that of
dexamethasone. The results of the study showed that methanol stem bark extract of H. acida possesses anti-
inflammatory effects, as demonstrated by inhibition of oedema induced by carrageenan, dextran and histamine,
peritoneal exudate formation by carrageenan, and ear oedema induced by croton oil. These observations provide
support for the use of the plant in folk medicine.
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INTRODUCTION

Inflammation is an important and integral part of rheumatoid arthritis, atherosclerosis, tuberculosis

host defense mechanisms, which acts to remove
and repair damaged tissue or to neutralize harmful
agent. There are three phases of inflammation
which include: acute phase which involves
transient local vasodilatation and increased
capillary permeability; sub-acute phase involving
infiltration of leucocytes and other phagocytic cells
and chronic phase which results in degeneration of
the affected tissue and fibrosis(Kumar et
al.,2004; Lacerda et al., 2009).Some of the most
common and disabling human diseases such as

and chronic lung disease and Alzheimer’s disease
are due to chronic inflammation (Kiecotl-Glaser,
2010). The available anti-inflammatory drugs such
as NSAIDs and corticosteroids only provide
symptomatic relief and possess many side effects
including gastric ulcers, renal failure, and hormonal
suppression, among other toxic reactions (Jaiswal
and Santakke, 2012). Hence there is a continued
search for plant-derived medicines that possess
anti-inflammatory activity as a means of treating
inflammation with little or no side effects.
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Hymenocardia acida (Euphorbiaceae) is very
popular in traditional (folk) medicine. Commonly
known as "Heart-fruit” in English (Schmelzer,
2008), ikalaga by the Igbo of Southeast Nigeria,
and Orunpa by the Yoruba of South West Nigeria
(Ibrahim et al., 2007), it occurs in the savanna and
deciduous woodland, and mainly on sandy, loamy
or clayey soils (Keay, 1989; Adjanohoun et al,
1991; Schmelzer, 2008).

All parts of the plant have been found useful as
remedies for various ailments (Abu et al., 2011).
Decoction or infusion of leaves and other parts of
this plant alone or mixed with other plant species
are used for chest complaints, abdominal and
menstrual pains and as poultices on abscesses and
tumours (Burkill, 1994). The stem bark is widely
used in traditional medicine as an anti-
inflammatory agent (Abubakar et al., 2007), for
bone setting by traditional bone healers and in the
treatment of chest pains (lgoli and Gray, 2008).
The stem bark and leaves have also been used for
the treatment of haemorrhoids or prolapsed recta
(Schmelzer, 2008; Ibrahim et al., 2010). Other
reported ethnomedical uses include antifungal and
antimycobacterial, anti-HIV and anti-inflammatory
activity (Muanza et al., 1995); anti-sickling
(Mpiana et al., 2009); antiplasmodial (Senecheau et
al., 2003); antimicrobial (Mann et al., 2008), anti-
ulcer (Ukwe 1997); antidiarrhoeal (Tona et al.,
1999).

The anti-inflammatory activity of the aqueous
extract of the stem bark of H. acida had previously
been investigated (Sackeyfio, 1988). The aqueous
leaf extract had also been shown to possess
significant anti-inflammatory and anti-nociceptive
activities (Sofidiya et al., 2010), hence providing a
rationale for the use of the plant in folk medicine.
The present study investigates the use of the
methanol stem bark extract in inflammatory
conditions, using various acute models of
inflammation.

MATERIALS AND METHODS
Plant collection

The fresh stem barks of Hymenocardia acida were
collected in June 2014 at Iwo Town in Osun State
Nigeria. The plant was identified by Prof. B. A.
Ayinde of the Department of Pharmacognosy,
Faculty of Pharmacy, University of Benin, Benin
City, Nigeria. Authentication of the plant was done
by Dr. O. S. Sashanya at the Forestry Research
Institute of Nigeria (FRIN), Ibadan, Nigeria where
a herbarium specimen (FHI 110465) was deposited
for future reference.

Preparation of Extracts

The fresh barks were air dried and blended to
coarse mass using a mechanical blender. A quantity
(750g) of the dried powdered stem bark was
successively extracted with 1.5L of methanol, for 4
hours, using a sohxet apparatus followed by
concentration with a rotary evaporator maintained
at 40°C. The resulting dried extract gave a yield of
15.03 g (2% wi/w). A stock solution (200mg/ml) of
the extract was prepared from which other
concentrations were made as required.

Animals

Albino mice (22.0+1.59) and Sprague-Dawley rats
(180.0+16.0g) of both sexes were used for this
study. The animals were obtained from the Animal
House of University of Ibadan, Ibadan, Nigeria.
They were allowed to acclimatize for two weeks
under standard laboratory conditions prior to the
commencement of the experiment. The animals
were fed with pelleted chow and water ad libitum
and handled according to standard protocols for the
use of laboratory animals (National Institute of
health USA; Public health service policy on
humane care and use of laboratory animals, 2002).

Drugs and chemicals

Acetone, Carrageenan, Croton oil, Dextran, Egg
albumin, Histamine and Indomethacin were all
purchased from Sigma-Aldrich Laborchenikalien,
GmbH Germany. Chlorpheniramine (Pharmanova,
Accra); Cyproheptadine (PT KALBE FARMA,
Indonesia); Dexamethasone (Jiangsu Pharm. Inc.,
China); Heparin (GlaxoSmithKline, England).
Other reagents used were of the analytical grade.
Stock solutions of drugs and reagents were
prepared, appropriately, prior to the experiment.

Antiinflammatory studies
Carrageenan-induced paw oedema

Rats were randomly allotted to different treatment
groups of six animals per group. Group 1 (control)
was pretreated orally with distilled water (5ml/kg)
while groups 2, 3 and 4 were given 100, 200 and
500 mg/kg of the methanol extract, respectively.
Indomethacin (10mg/kg) was used as the standard
drug. Oedema was induced in rats by injection of
freshly prepared carrageenan (0.1 ml, 1% in normal
saline) into the sub plantar region of the right hind
paw (Winter et al., 1962). Measurements of paw
diameter were made, using a digital vernier caliper
(Marry et al, 1998), immediately before and after
injection of carrageenan at hourly intervals for six
hours. The paw swelling at each time was
calculated as the difference between the paw
diameter at time t (D;) and that at zero hour (Dy).
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Histamine-induced paw oedema

Rats were divided into groups of at least five
animals per group. Groups 1, 2 and 3 were
pretreated orally with the aqueous extracts (100,
200 and 500 mg/kg) respectively, while the
standard group (group 4) received
chlorpheniramine  (10mg/kg). Distilled  water
(5ml/kg) was used as the control. Oedema was
induced one hour after administration of the extract
and standard drug by injection of histamine (0.1 ml,
1% wi/v in normal saline) into the sub-plantar tissue
of the right hind paw (Singh and Pandey, 1996).
The paw diameter was measured using a digital
vernier calipers. Measurements were made before
injection of histamine (i.e basal reading) and at 0.5,
1, 2and 3 hours post injection of histamine.

Dextran-induced paw oedema

Rats were randomly selected into different
treatment groups of six animals per group. Control
group was given distilled water (5ml/kg, oral).
Groups 2, 3 and 4 animals were pretreated orally
with the methanol extract at doses of (100, 200 and
500 mg/kg) respectively, while the standard group
received cyproheptadine (10mg/kg). Paw swelling
was induced in the rats by injection of freshly
prepared dextran (0.1 ml, 1% w/v in normal saline)
into the sub-plantar aponeurosis of the right hind
paw (Nishida et al., 1979). Measurement of paw
diameter was made before and at one hour intervals
after injection of dextran, for 3 hours, using a
digital vernier calipers. Oedema was monitored as
the percentage increase in paw thickness in the
dextran injected paw.

Croton oil-induced ear oedema

Mice were selected into six groups of six animals
each. Groups 1, 2 and 3 received 100, 200 and 500
mg/kg of the methanol stem bark extract of
Hymenocardia acida, respectively. Group 4 was
given dexamethasone (2mg/kg) while group 5
served as the control and was given distilled water
(5 ml/kg). All administrations were via the oral
route. Thirty minutes after drug administrations,
inflammation was induced by application of 20uL
croton oil (1% v/v in acetone solution) to the inner
surface of the right ear while the left served as the
control (Tubaro et al., 1985). Four hours later, the
animals were sacrificed by cervical dislocation, and
the left and right ears were cut off. The difference
between the weights of the two ears was recorded
as the result of the oedema induced by the croton
oil.

Carrageenan-induced
formation

peritoneal exudate

Rats were divided into 5 groups of, at least, six
animals each. Groups 1, 2 and 3 received 100, 200
and 500 mg/kg of the methanol stembark extract of
Hymenocardia acida, respectively. Group 4 was
given indomethacin (10mg/kg) while group 5
served as the control and was given distilled water
(5 ml/kg). Pre-treatment of animals was via the oral
route, one hour before intraperitoneal injection of
carrageenan (0.15ml, 1% w/v in normal saline)
(Ribeiro et al., 1991). The animals were sacrificed
three hours later and the peritoneal cavity washed
with 2 ml phosphate buffered saline (containing 5
iu/ml heparin and 3% egg albumin). The exudate
volume (minus the wash fluid, 2 ml) was measured,
using a measuring cylinder. Total leucocyte counts
were performed using Neubauer WBC counting
chamber. The potassium and sodium contents of
the wash fluid were determined using a flame
photometer (FP 640).The percentage inhibition of
leukocyte migration was calculated as: 100 x (1-
T/C) where, T represents the WBC counts of the
treated groups and C represents the WBC counts of
the control groups (Umapathy et al., 2010).

Statistical analysis

The values were expressed in Mean = SEM animals
in each group. All groups were analysed for one
way ANOVA by Dunnette’s test using Graph Pad
Prism for Windows version 6.0 (Graph Pad
Software, San Diego, CA, USA). The groups with
p<0.05 were considered significant.

RESULTS

Carrageenan — induced oede ma

Administration of carrageenan into the hind paw of
rats caused a peak swelling at the 3" hour. The
methanol stem bark extract of Hymenocardia
acida, administered one hour before carrageenan
caused dose-dependent suppressions of the peak
oedema response at 3 hours (Table 1). The greatest
and significant (p<0.05) inhibition (31.30%) was
seen at the highest dose (500 mg/kg) of the extract
but this was significantly (p<0.01) less than that
produced by the standard anti-inflammatory drug-
indomethacin (64.93%).

Dextran-induced paw oedema

Pretreatment of rats with the methanol extract
(500mg/kg) caused a significant suppression of the
paw swelling one hour after sub-plantar injection of
dextran into the right hind paw of rats. The effects
of the extract, at the different doses did not differ
significantly from each other but were significantly
(p<0.01) lower than that obtained with
cyproheptadine (Table 2).
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Table 1: Effect of methanol extract of H. acida stembark on carrageenan-induced oedema

Treatment Dose Time (Hours) Inhibition
(mg/ (%) #
o) 1 2 3 4 5 6

Control 10 33.02+2.87 42.34+2.54 44.22+6.96 38.22+3.17 31.37+1.96 25.94+4.70
H. acida 100 29.89+3.75 39.10+3.32 37.21£5.41 33.51+9.82* 32.70+10.95 21.03+£3.16 15.85
200 27.37£3.35 37.64+2.90* 33.96+3.45° 31.46+2.15° 20.23+£3.16** 12.29+2.81* 23.20
500 21.0146.54* 34.58+6.13° 30.3845.39* 28.75%7.50* 22.3418.44* 14.71+7.24* 31.30
Indo methacin 10 18.56:+4.41* 16.84+3.74** 15.51+2.96** 15.88+3.52** 9.25.00+2.47** 6.78+2.11** 64.93

Values are mean + SEM. *p<0.05, **p<0.001significantly different from control; 9<0.01, significantly diferent fro m indomethacin, One-way ANOVA (n=6
rats per group). “Percentage inhibition: oedema at 3hours.

Table 2: Effect of methanol extract of H.acida stembark on dextran-induced oedema

Treatment Dose Time (Hours) Inhibition (%)*
(mg/lg) 0.5 1 2 3
Control 10 69.55+4.54 70.30+6.90 61.75+6.31 46.22+7.22
H. acida 100 43.19+9.23* 55.08+9.89° 63.53+10.68° 41.48+10.99 21.65
200 40.17+8.93* 55.34+4.67° 58.51+6.50° 40.0447.19° 21.28
500 46.61+4.97* 48.605.87* 48.1246.37* 30.63+6.03* 30.87
Cyproheptdine. 10 29.31+4.03** 26.49+3.10** 19.61+3.99%* 17.09+3.31** 61.74

Values are mean + SEM. *p<0.05, **p<0.01significantly different fro mcontrol; *p<0.01, significantly different fro mcyproheptadine, One-way ANOVA (n=6
rats per group).’Percentage inhibition: oedema at 1hour.

Table 3: Effect of methanol extract of H.acida stembark on histamine-induced oedema

Treatment Dose Time (Hours) Inhibition (%)*
(mg/ig) 0.5 1 2 3
Control 10 66.02+5.39 67.26+6.67 47.11+4.72 38.67+3.29
H. acida 100 42.79+9.23 47.59+10.53 30.1744.93 17.99+2.81* 29.24
200 47.40+9.30 47.48+10.37 23.50+6.54* 16.41+4.12* 29.40
500 44.97+10.27 42.24+8.20* 22.11+6.13* 16.93+4.21* 37.20
Chlorpheniramine 10 33.25+£3.45 31.4846.91* 19.64+3.44* 7.95%3.60** 53.20

Values are mean + SEM. *p<0.05, **p<0.01 significantly different from control; One-way ANOVA (n= 6 rats per group). "Percentage inhibition: oedema at
lhour.

Table 4: Effect of methanol extract of H. acida stembark on carrageenan-induced exudate formation.

Treatment Dose Exudate Exudate WBC count Na* K*
(mg/kg) volume (ml) inhibition (10%p1) (mM/L) (mM/L)
(%)
Control 10 0.93+0.17 - 4.09+0.93 136.42+4.88 4.02+0.09
H.acida 100 0.48+0.07 48.38 3.86+0.79 149.93+13.36 3.93+0.12
200 0.48+0.14 48.38 2.73+0.32 163.33+1.96 3.68+0.11
500 0.24+0.03* 74.19 2.70+0.36 180.27+1.04 3.97+0.16
Indomethacin 10 0.23+£0.07* 75.27 2.71+0.39 172.5044.70 3.82+0.20

Values are mean = SEM. *p<0.05, significantly different from control; One-way ANOVA (n= 6 rats per group).

Histamine-induced paw oede ma Carrageenan- inducedexudate for mation

Table 4 shows the effect of oral administration of
the extract on peritoneal exudate formation. Only
the highest dose (500mg/kg) of the extract showed
a significant (p<0.05) reduction in exudate volume,
an effect similar to that of indomethacin. However
no significant alterations were produced by the
extract, at any dose level, on white blood cell
(WBC) count as well as sodium ion (Na®) and

potassium ion (K*) concentrations.

Histamine produced a peak oedema response one
hour after injection and gradually faded out (Table
3). The methanol extract of Hymenocardia acida at
various doses reduced the oedema produced, but
only the highest dose showed a significant
(*p<0.05) reduction (42.24+8.20) relative to the
control (67.26+6.67).
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Croton oil — induced ear oedema

The effect of the extract on croton oil-induced
mouse ear oedema is summarized on Table 5.

All doses of the extract caused significant (p<0.05)
decreases in the ear oedema, which were however,
lower than that of the positive control -
dexamethasone.

Table 5: Effect of methanol extract of H.acida stem bark on croton oil-induced ear oedema

Treatment Dose Change inear Inhibition
(mg/kg) weight (mg) (%)
Control 10 30.33+1.61 -
H.acida 100 20.60+5.49* 32.08
200 17.20+3.30* 43.29
500 17.40+4.97* 42.63
Dexamethasone 2 10.60+3.31** 65.05

Values are mean + SEM. *p<0.05, **p<0.001, significantly different from control; (n=6 rats per group).

DISCUSSION

Acute models of infllmmation in rodents were
employed in investigating the possible anti-
inflammatory activity of the methanol stem bark
extract of Hymenocardia acida. The results
obtained showed dose dependent anti-inflammatory
effects on the various models used.

The carrageenan-induced oedema in rat is a useful
model to detect the action of anti-inflammatory
agents (Di Rosa et al., 1971) and consists of three
distinct phases. The first phase is mediated by
histamine and serotonin released from mast cells,
the second phase is provided by kinins and the third
phase is mediated by prostaglandins, particularly
cyclooxygenase products, including prostacyclins
and thromboxanes (Nishida et al 1979; Silva et al.,
2005).  Suppression of carrageenan-induced
inflammation after the third hour correlates
reasonably with therapeutic doses of most clinically
effective anti-inflammatory agents (Mequanint et
al., 2011).

The highest dose of the extract showed significant
effect at both the early and later stages of the
carrageenan-induced paw oedema, with more
prominent effects on the later stages, mediated by
prostaglandins. This i similar to the results
obtained by Sofidiya et al. (2010) using the
aqueous leaf extract of Hymenocardia acida, which
showed significant inhibitory effects between the
third and sixth hour of oedema response.

Dextran-induced oedema results from liberation of
histamine and serotonin from mast cells (Aziz et
al., 2011). The highest dose of extract showed a
significant activity on the oedema produced by
dextran. This effect is a further proof that the
extract may inhibit the cellular release of histamine
or serotonin. Additionally, the significant reduction
of paw oedema observed in the histamine-induced
model suggests that the extract, apart from
interfering with mediator (histamine) release from
the mast cells, may antagonize the effect(s) of
already released histamine at the receptor sites.

The extract caused a reduction in the peritoneal
exudate volume without significantly affecting the
number of leucocytes in the exudate. The main
characteristics of acute inflammation are the
exudation of fluid and plasma proteins (oedema)
and the emigration of leucocytes, predominantly
neutrophils; a process dependent on the release of
chemotactic mediators by resident cells (Sonza et
al., 1988; Furst and Muster, 2001). The decrease in
the WBC count by the methanol stem bark extract
of H. acida suggests that it inhibited migration of
WABCs to the site of inflammation. Inhibition of cell
migration is associated with anti-inflammatory
effect (Okoliet al., 2008).

During the inflammatory process, leucocytes are
known to release lysosomal enzymes resulting in
cell membrane damage and inflammation (Chou,
1997). Membrane proteins are largely responsible
for the physical properties of the cell membrane
and are implicated in regulation of the volume and
water content of cells by controlling the movement
of sodium ions (Na") and potassium ions (K"
(Rowman, 1996). Inflammatory exudate has a low
Na® and high K" content (Guarino, 1966; Cividalli
and Nathan, 1974). An anti-inflammatory agent
will therefore increase the level of Na® while
reducing the K™ content. The effect of the extract in
elevating the Na* content coupled with its ability to
reduce the peritoneal exudate volume, WBC count
and K* content though not significantly, suggest
anti-inflammatory property.

Dermatitis induced by croton oil represents a model
of acute infllmmatory response. Topical
application of croton oil provokes an intense
dermatitis, characterized by vasodilatation,
oedema, leukocyte migration and local liberation of
the infllmmatory mediators such as histamine,
serotonin, bradykinin and prostaglandins (Tubaro et
al., 1985, Inoue et al., 1986). Inhibition of croton
oil effect is an indication of anti-infllmmatory
activity (Veras et al., 2013). The pronounced effect
observed with H. acida at all doses used may be
related to its ability to inhibit the formation of
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inflammatory mediators, especially arachidonic
acid and its metabolites, prostaglandins and
leukotrienes.

The results of this study have provided evidence to
support the use of methanol stem bark extract of
Hymenocardia acida as an anti-inflammatory agent
in traditional medicine. These effects might be
partially or wholly due to possible inhibition or
interference with the formation, release or receptor
activity of some inflammatory mediators,
especially prostaglandins and histamine. Thus the
present results indicate the efficacy of H. acida as
an efficient therapeutic agent in acute anti-
inflammatory conditions.
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