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ABSTRACT Unripe fruit of Annona muricata Linn. (Annonaceae) (soursop) is used in traditional African medicine for

the treatment of neuralgia, rheumatism, and arthritic pain. This study sought to investigate the analgesic and anti-

inflammatory effects of lyophilized fruit extract of Annona muricata (AM) in rodents. The analgesic activity was evaluated

using the mouse writhing, formalin, and hot-plate tests while the anti-inflammatory action was investigated using the

carrageenan-induced rat paw edema and xylene-induced ear edema tests. Pretreatment with AM (50, 100, and 200 mg/kg,

p.o.) produced dose-dependent (P < .001) inhibition of writhes and formalin-induced pain in the late phase. AM and

morphine produced time-course increase in pain threshold in hot-plate test. However, the analgesic effect elicited by AM

was reversed (P < .05) by naloxone pretreatment. Similarly, the time-dependent increase in paw circumference induced by

carrageenan was inhibited by AM treatment with peak effect (0.23 – 0.10 cm; P < .001, 200 mg/kg; 6 h), which was com-

paratively similar to that of diclofenac treated. Further, the xylene-induced ear edema was significantly reduced by AM (50

or 100 mg/kg) pretreatment; however, the anti-inflammatory effect elicited by AM was prevented by pretreatment of mice

with NG-nitro-l-arginine (20 mg/kg, i.p., nitric-oxide synthase inhibitor) 15 min before AM (200 mg/kg, p.o.). The in vitro

cyclooxygenase assay also showed that AM produced concentration-dependent inhibition of both cyclooxygenase (COX)-1

and COX-2 activity by 39.44% – 0.05% and 55.71% – 0.12%, respectively, at 100 lg/mL. In conclusion, A. muricata

possesses analgesic effect through interaction with opioidergic pathway and anti-inflammatory property through inhibition

of chemical mediators of inflammation.
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INTRODUCTION

Annona muricata Linn. (Annonaceae) (soursop, gua-
nabana, graviola, or corossol), ‘‘Eko oyinbo’’ or ‘‘Eko

omode’’ (Yoruba; Southwest, Nigeria), is cultivated through-
out the tropical regions of the world.1 The ripe fruits are highly
perishable, as they become soft and are easily bruised. The
fruits have a unique pleasant, subacid, and aromatic flavor, but
in their fresh form they are not as popular as other tropical
fruits.1 Moreover, soursop pulp has been processed into a
nectar and its quality evaluated.2

Fruits of A. muricata are taken internally for worms, fe-
ver, to increase mother’s milk after child birth, and as an
astringent for diarrhea and dysentery3; unripe fruit mixed
with olive oil was used for neuralgia, rheumatism, and ar-
thritic pain.4 The leaves are used in traditional medicine to

treat headaches, hypertension, cough, and asthma and used as
antispasmodic, sedative, and nervine for heart condition.5,6

Annonaceous acetogenins, from Annona muricata L., were
found to be a promising new antitumor and anticancer agent
in numerous in vitro studies.7 These acetogenins were
demonstrated to be selectively toxic against various types of
the cancerous cells without harming healthy cells.8 Various
other plants from this family have also been reported for
their cytotoxic potential.9,10 Despite the use of the unripe
fruit of A. muricata in the management of painful conditions
and inflammatory disorders, no scientific investigation has
been carried out to ascertain the claimed folklore uses in
these conditions. Hence, this study was carried out to in-
vestigate the analgesic and anti-inflammatory properties of
the lyophilized fruit extract of A. muricata in rodents and its
possible mechanism of actions.

MATERIALS AND METHODS

The fruits of A. muricata were obtained from Mushin mar-
ket, Mushin, Lagos state, Nigeria. It was identified and au-
thenticated by Mr. T.K. Odewo, a forestry expert in the
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Department of Botany Herbarium, Faculty of Science, Uni-
versity of Lagos, Akoka, Lagos, Nigeria, and a voucher spec-
imen (LUH 5081) was deposited in the Herbarium of the
Department.

Extraction

The pericarps of unripe fruits (1500 g) were removed with
the seeds. The juice was extracted using a juice extractor
(Nikashi, Japan). The juicy exudate was freeze-dried using a
vacuum freeze drier (Telstar Model 9955-12, Grade 371H,
United Kingdom) and was stored until ready to use. The
percentage yield was 23.50%.

Drugs and chemicals

Morphine sulfate (Martindale Pharmaceuticals, Ranford,
United Kingdom), diclofenac (Hovid Pharmaceuticals,
Perak, Malaysia), glibenclamide (Swiss Pharma Nig. Lim-
ited, Agege, Nigeria), naloxone (Hameln Pharma Plus
GMBH, Hameln, Germany), formalin, carrageenan, xylene,
NG-nitro-l-arginine, glacial acetic acid, napthylethylene-
diamine dihydrochloride (NED), phosphate-buffered saline,
sodium nitroprusside (SNP), sulfanilamide (Sigma Aldrich,
St. Louis, MO, USA), and colorimetric cyclooxygenase
(COX; ovine) inhibitor screening assay kit (Cayman Che-
mical Company, Ann Arbor, MI, USA).

Laboratory animals

Male Sprague–Dawley rats (120–130 g) and 8-week-old
Swiss albino mice (20–25 g) were obtained from the La-
boratory Animal Centre, College of Medicine, University of
Lagos, Lagos, Nigeria. The animals were kept under stan-
dard environmental conditions (23–25�C, 12 h/12 h light/
dark cycle) and fed with standard rodent pellet (Livestock
Feed PLC, Lagos, Nigeria), and tap water was available
ad libitum but food was not allowed 12 h prior to and until
completion of the experiment. Experiments were performed
according to international ethical standards approved by the
Research Grant and Animal Experimentation Committee
of the College of Medicine, University of Lagos, Lagos,
Nigeria, and were in accordance with the United States
National Institutes of Health Guide for the Care and Use of
Laboratory Animals.11

Acute toxicity study

Mice were generally fasted for 12 h before the test. Five
groups of mice (n = 6) received 10 mL/kg distilled water and
A. muricata (250, 500, 1000, and 4000 mg/kg, p.o.). Mice
were observed for toxic symptoms and behavioral changes
(sedation, hyperactivity, diarrheal, writhing, piloerection,
restlessness, etc.) for 2 h postadministration and 14 days for
signs of delayed toxicity.12

Antinociceptive test

Acetic-acid-induced abdominal constriction test. Male
albino mice (20–25 g, n = 6) were treated with vehicle
(distilled water, 10 mL/kg), A. muricata (50, 100, or 200 mg/
kg, p.o.), or diclofenac (20 mg/kg, p.o.),13 60 min prior to
intraperitoneal injection of 0.6% (v/v) acetic acid (10 mL/
kg) to induce writhes (i.e., contraction of the abdominal
muscle with simultaneous stretching of the hind limbs), as
described by Koster et al.14 The number of writhes was
counted cumulatively over a period of 20 min by an observer
unaware of the treatment groups. The percentage inhibition
of writhing reflex was calculated using the formula:

Formalin test. Mice fasted overnight were divided into
five groups (n = 6). The different groups of animals were
treated with distilled water (10 mL/kg, p.o.), A. muricata
(50, 100, or 200 mg/kg, p.o.), or morphine (10 mg/kg, s.c.).13

One hour after drug administration or 30 min after subcu-
taneous injection, 20 lL of formalin (1% v/v in saline) was
injected into the right hind paw of each mouse. The time (in
sec) spent in licking or biting the injected paw, indicative of
pain, was recorded for each animal. The responses of the
mice were observed for the first 5 min (neurogenic phase)
and 15–30 min (inflammatory phase) postformalin injec-
tion13 by an observer unaware of the treatment groups.

Hot-plate test (central analgesic activity). To investi-
gate the involvement of central mechanism in the analgesic
effect elicited by A. muricata, the hot-plate assay was carried
out according to the method described by Eddy and Leim-
bach.15 Male albino mice (20–25 g, n = 6) were placed on
Columbus analgesiometer maintained at 55�C – 1�C. Re-
sponse time was recorded as the time elapsed before the
mouse responded by licking, flicking of a hind paw, or
jumping. Only mice with a control response of 2–4 sec were
included in the study. Each mouse acted as its own control.
Prior to treatment, the reaction time of each mouse was car-
ried out at 0- and 15-min intervals. The average of the two
readings was taken as the initial reaction time. Animals were
treated with distilled water (10 mL/kg, p.o.), A. muricata (50,
100, or 200 mg/kg, p.o.), or morphine (10 mg/kg, s.c.).13 The
nociceptive response was measured 30 min post-treatment
and every 30 min for 2 h. The increase in latency time in
relation to the initial time for each group was taken as an
index of analgesic activity. Ten-second post-treatment cutoff
time was used to prevent tissue damage. Percentage of the
maximum possible effect (% MPE) was calculated using the
formula:

% MPE¼ [TT�CT] · 100=[cutoff time�CT]

TT = mean reaction time to pain in drug, CT = mean re-
action time to pain threshold in control.

% inhibition¼ Mean no. of writhes in control�Mean no. of writhes in test drug treated

Mean no. of writhes in control
· 100
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Elucidation of mechanism(s) of analgesic activity

Involvement of opioid pathway. The involvement of
opioidergic pathway in the analgesic action produced by
A. muricata was investigated through subcutaneous injec-
tion of naloxone (5 mg/kg, nonselective opioid receptor
antagonist)16 15 min before A. muricata (200 mg/kg, p.o.)
and, after 1 h, formalin (20 lL of 1% solution) was injected
into the right hind paw. The time (in sec) spent in licking or
biting the injected paw, indicative of pain, was recorded for
each animal. The responses of the mice were observed
for the first 5 min (neurogenic phase) and 15–30 min (in-
flammatory phase) postformalin injection13 by an observer
unaware of the treatment groups.

Involvement of ATP-sensitive potassium channels. The
role played by potassium channels in the analgesic effect of
A. muricata was evaluated through pretreatment of mice
with glibenclamide (10 mg/kg i.p., an ATP-sensitive potas-
sium channel inhibitor),17 and after 15 min they received
A. muricata (200 mg/kg, p.o.) and, 1 h after extract admin-
istration, 20 lL of formalin (1% in normal saline) was in-
jected into the right hind paw. The duration of paw licking
was observed for early (0–5 min) and late phases (15–
30 min), respectively.18 The antagonists were used at doses
effective in blocking the in vivo effects induced by opioid
and potassium channel receptor agonists in mice.16,17

Carrageenan-induced rat paw edema. Male Sprague–
Dawley rats (120–130 g) were randomly divided into groups
of six animals each, and were used after a 12-h fast but
allowed free access to water except during the experiment.
Edema was induced by injection of 100 lL of carrageenan
(1% in normal saline) into the plantar surface of the right
hind paw.19 The animals were treated with vehicle (distilled
water, 10 mL/kg), A. muricata (50, 100, or 200 mg/kg, p.o.),
or diclofenac (20 mg/kg, p.o.),13 1 h before injection of
carrageenan. Paw diameter was measured using the cotton
thread method of Bamgbose and Noamesi,20 before and 1, 2,
3, 4, 5, and 6 h after injection of carrageenan. Anti-inflam-
matory activity was expressed as the percentage reduction in
edema in treated rats in comparison to controls.21

Xylene-induced ear edema. Mice were allotted to five
groups (n = 6). Thirty minutes after oral treatment of mice
with distilled water (10 mL/kg), prednisolone [(20 mg/kg),22

steroidal anti-inflammatory drug], or A. muricata (50, 100,
or 200 mg/kg), edema was induced in each mouse by in-
stilling 30 lL of xylene to the inner surface of the right ear.
Fifteen minutes after xylene application, the animals were
euthanized under ether anesthesia and both ears were cut off,
sized, and weighed. The mean of the difference between the
right and left ears was determined for each group and per-
centage inhibition was calculated.22,23

Involvement of nitric oxide pathway in the anti-inflam-
matory effect of A. muricata. Male Sprague–Dawley rats
(120–130 g) were pretreated with NG-nitro-l-arginine (L-

NNA; 20 mg/kg, i.p., nitric-oxide synthase inhibitor)24;
15 min after pretreatment, A. muricata (200 mg/kg, p.o.) was
administered and, 1 h post-treatment, 100 lL of carrageenan
(1% w/v in normal saline) was injected into the right hind
paw. Paw diameter was measured using the method of
Bamgbose and Noamesi,20 before and 1, 2, 3, 4, 5, and 6 h
after injection of carrageenan. Anti-inflammatory activity
was expressed as the percentage reduction in edema.14

Colorimetric COX inhibitory assay

The effect of graded concentration of AM on COX activity
was evaluated using the colorimetric COX (ovine) inhibitor
screening assay kit (No. 760111; Cayman). The peroxidase
activity was assayed by monitoring the appearance of oxi-
dized N,N,N0,N0-tetramethyl-p-phenylenediamine (TMPD) at
590 nm using plate reader as instructed by the manufacturer.
Aspirin and celecoxib served as standard reference drugs. The
standard reference drugs and AM were dissolved in 1% v/v
dimethylsulfoxide (DMSO; 12.5, 50, 100, and 200 lg/mL).
The plate was shaken for 30 sec and incubated for 5 min at
25�C and then 20 lL of the colorimetric substrate solution
(TMPD) was added to all the wells. Twenty microliters of
arachidonic acid was also added to all the wells. The plate
was shaken for a few seconds and incubated for 5 min at
25�C. The absorbance was read at 590 nm using a micro-
plate reader (n = 3). The mean absorbance for each back-
ground, sample, and inhibitor treated was determined. The
percentage of COX activity inhibition was calculated using
the formula:

% inhibition¼ (100% initial activity� inhibitor wells)

· 100=100% initial activity:

Nitric oxide radical scavenging

At physiological pH, nitric oxide generated from aqueous
SNP solution interacts with oxygen to produce nitrite ions,
which may be quantified by the Griess Illosvoy reaction.25

The reaction mixture contained 10 mM SNP, phosphate-
buffered saline (pH 7.4), and graded doses of AM (0–
100 lg/mL) in a final volume of 3 mL. After incubation for
150 min at 25�C, 1 mL of sulfanilamide (0.33% in 20%
glacial acetic acid) was added to 0.5 mL of the incubated
solution and allowed to stand for 5 min. Then, 1 mL of NED
(0.1% w/v) was added and the mixture was incubated for
30 min at 25�C. The pink chromophore generated during
diazotization of nitrite ions with sulfanilamide and subse-
quent coupling with NED was measured spectrophotomet-
rically at 540 nm against a blank sample. All tests were
performed six times. Ascorbic acid was used as a standard.

Statistical analysis

Results obtained were expressed as mean – SEM. The data
were analyzed using one-way analysis of variance (ANOVA)
followed by Tukey’s post hoc multiple-comparison test for
antinociceptive study while two-way ANOVA followed by
Bonferroni post hoc multiple-comparison test was used for
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anti-inflammatory study. Values were considered significant
when P < .05.

RESULTS AND DISCUSSION

Findings from this study showed that the lyophilized fruit
extract of A. muricata possesses analgesic and anti-inflam-
matory effects possibly mediated via interaction with
opioidergic pathway and inhibition of chemical mediators of
inflammation. The analgesic properties of the fruit extract
were investigated using both chemical and thermal models
of nociception in mice. The fruit extract of A. muricata (50–
200 mg/kg) protected mice against both chemical- and
thermal-induced noxious stimuli, which were evidenced
from the acetic-acid-induced writhing, formalin, and hot-
plate tests. Acetic-acid-induced mouse writhing test is
considered to be a very sensitive model since it can detect
antinociceptive effect of test drugs at the lowest dosages that
might not be effective in hot-plate or tail-flick test due to
direct interaction of the extracts/compounds with the vari-
ous peripheral receptors within the peritoneal cavity.26

However, this test also has been regarded as a nonspecific
test as it could not be used to stipulate the involvement
of peripheral or central mechanism in the analgesic effect of

A. muricata.27 As shown in Table 1, oral administration of
A. muricata (50–200 mg/kg) produced dose-dependent and
significant (P < .01) inhibition of acetic-acid-induced ab-
dominal constrictions in mice, with maximum inhibition of
55.19% at 200 mg/kg while diclofenac treatment produced
60.38% inhibition of writhes. Due to poor specificity of this
model (e.g., muscle relaxant can also reduce number of
writhes), and to differentiate between the central and pe-
ripheral analgesic effects of AM, the formalin test was
carried out. This model simulates clinical symptoms of
pain,28 which involves two distinct phases. The first phase,
neurogenic pain, occurs 0–5 min after the injection of for-
malin.29 Then, after a quiescent period, a second phase,
inflammatory pain, occurs 15–30 min postformalin injec-
tion.29 The first phase results from direct stimulation of
nociceptors.18 Moreover, the injection of formalin into the
right hind paw causes an immediate and intense increase in
the spontaneous activity of afferent C-fiber and evokes a
distinct quantifiable behavior indicative of pain (paw licking/
biting).30 The second phase, classified as inflammatory pain
(15–30 min), is a tonic response resulting from the inflam-
matory processes generated by the release of inflammatory
mediators, such as histamine, serotonin, prostaglandin E
(PGE), and bradykinin,18 or activation of the neurons in the
dorsal horns of the spinal cord.29 Centrally acting drugs (e.g.,
opioids) inhibit both phases, while peripherally acting drugs
(e.g., nonsteroidal anti-inflammatory drugs [NSAIDs]) inhibit
only the second phase. In this study, the results in Table 2
show that, in the first phase, the extract failed to inhibit the
direct effect of formalin on nociceptors but morphine pre-
treatment inhibited paw licking in the first phase with maxi-
mum inhibition of 83.78%. However, in the second phase,
A. muricata produced dose-dependent and significant (P < .001)
attenuation of formalin-induced nociception with maximum
inhibition of 89.76% at 200 mg/kg that was comparatively
similar to the inhibition of inflammatory pain produced by
morphine (96.08%) standard reference drug. The effect of
the extract in this phase indicates that the extract has a possible
anti-inflammatory effect. Interestingly, the antinociceptive
effect elicited by A. muricata in the second phase of forma-
lin test was reversed by pretreatment of mice with nalox-
one (opioid receptor antagonist)16 (Table 3), suggesting that

Table 1. Effect of Annona muricata Fruit Extract

Against Acetic-Acid-Induced Writhing Test in Mice

Treatment
Mean number of
writhes in 20 min % Inhibition

Vehicle (mL/kg)
10 73.20 – 6.06 —

A. muricata (mg/kg)
50 63.20 – 1.53 13.66
100 50.80** – 2.59 30.6
200 32.80**a – 0.80 55.19

Diclofenac (mg/kg)
20 29.00** – 0.71 60.38

Values are expressed as mean – SEM; **P < .01 versus vehicle-treated

control; aP < .05 versus A. muricata 50 mg/kg–treated group using one-way

ANOVA followed by Tukey’s post hoc multiple-comparison test.

ANOVA, analysis of variance.

Table 2. Effect of A. muricata Fruit Extract Against Formalin-Induced Nociception in Mice

Duration of paw licking (sec) Duration of paw licking (sec)

Treatment 0–5 min % Inhibition 15–30 min % Inhibition

Vehicle (mL/kg)
10 84.75 – 0.85 — 166.00 – 32.05 —

A. muricata (mg/kg)
50 112.00 – 1.10 — 97.00 – 15.38 41.57
100 78.80 – 11.80 7.02 78.25* – 11.57 52.86
200 83.00 – 7.38 2.06 17.00***a – 6.00 89.76

Morphine (mg/kg)
10 13.75***# – 8.00 83.78 6.50***# – 1.50 96.08

Values are expressed as mean – SEM; *P < .05, ***P < .001 versus vehicle 10 mL/kg treated; #P < .05 versus A. muricata 200 mg/kg; aP < .05 versus A. muricata

50 mg/kg treated using one-way ANOVA followed by Tukey’s post hoc multiple-comparison test.
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an activation of opioid receptors and/or an increase in en-
dogenous opioids might be involved in the antinociceptive
effect of the extract. In an effort to further elucidate the
mechanism of antinociceptive effect of A. muricata fruit ex-
tract, involvement of ATP-sensitive K+ channels was in-
vestigated. Previous reports showed that glibenclamide
specifically blocks ATP-sensitive K + channels, with no effect
on Ca2 + or voltage-dependent K + channels.31 In this study,
the antinociceptive effect elicited by the fruit extract was not
affected by pretreatment of mice with glibenclamide (KATP

channel antagonist) as shown in Table 3 in formalin test. But,
in agreement with the previous studies by Alves et al.,31

glibenclamide pretreatment completely reversed the anti-
nociceptive effect of diclofenac (NSAIDs; on inflammatory
pain in formalin test) (Table 3). This result rules out the in-
volvement of ATP-sensitive K+ channels in the antinocicep-
tive effect of A. muricata.

To elucidate the effect of A. muricata on supraspinally
mediated nociception, hot-plate test was carried out in mice.
Pretreatment of mice with A. muricata fruit extract before
exposure to thermal-induced pain increased the pain thresh-
old of the animal. Hot plate is a more complex pain model,
producing two behavioral components (i.e., paw licking and
jumping) considered to be supraspinally integrated re-
sponses.32 As shown in Table 4, two-way ANOVA revealed

time course and dose-dependent significant [F (4, 29) = 28.41,
P < .001] increase in pain threshold following oral pretreat-
ment with A. muricata with peak effect observed at 200 mg/
kg with MPE of 32.03%, which is similar to antinociceptive
effect of morphine (29.22% MPE) 2 h post-treatment. Thus, it
confirms the central analgesic (opioid-like) effect of A.
muricata. The results of this study revealed antinociceptive
effect of A. muricata fruit extract in centrally and peripherally
mediated models of pain in mice.

Due to the folkloric use of A. muricata in rheumatism and
its potent inhibitory effect in second phase of formalin test,
the anti-inflammatory property of A. muricata was investi-
gated in acute models of inflammation induced by carra-
geenan and xylene. Carrageenan-induced paw edema in the
rat hind paw is due to various mediators, such as histamine,
5-hydroxytryptamine (5-HT), bradykinin, and prostaglan-
dins (PGs),33 which operate in parallel to produce this in-
flammatory response. In this study, intraplantar injection of
carrageenan (100 lL, 1% w/v in normal saline) into the right
hind paw resulted to an increase in hind paw circumference
(edema) characterized by a rapid ‘‘early’’ phase (up to 2 h)
response followed by a more sustained ‘‘late’’ phase
(2 – 6 h) response that peaked 4 h postphlogistic injection
(1.43 – 0.10 cm) (Table 5). However, pretreatment with
A. muricata (50–200 mg/kg, p.o.) produced time course

Table 3. Mechanisms of Analgesic Effect of A. muricata

Duration of paw licking (sec) Duration of paw licking (sec)

Treatment Dose 0–5 min % Inhibition 15–30 min % Inhibition

Vehicle 10 mL/kg 69.75 – 0.85 73.16 – 2.05
A. muricata 200 mg/kg 83.00 – 7.38 — 17.00*** – 6.00 76.76
Naloxone 3 + 10 mL/kg 67.4 – 9.66 3.37 76.25 – 4.88 0
Naloxone + A. muricata 3 + 200 mg/kg 68.20 – 13.97 2.22 72.60c – 6.42 0.76
Naloxone + morphine 3 + 10 mg/kg 80.00 – 5.08 — 70.30 – 5.36 3.91
Glibenclamide + control 10 + 10 mL/kg 65.40 – 7.88 6.24 56.20 – 7.62 23.18
Glibenclamide + diclofenac 10 + 20 mg/kg 66.80 – 13.67 4.22 78.80 – 6.58 0
Glibenclamide + A. muricata 10 + 200 mg/kg 77.40 – 12.27 — 23.00**# – 2.05 68.56

Values are expressed as mean – SEM; **P < .01, ***P < .001 versus vehicle-treated control; cP < .001 versus A. muricata 200 mg/kg treated; #P < .01 versus

glibenclamide 10 mg/kg–treated group using one-way ANOVA followed by Tukey’s post hoc multiple-comparison test.

Table 4. Effect of Annona muricata Fruit Extract Against Hot-Plate-Induced Thermal Pain in Mice

Reaction latency (sec)

Treatment Dose 0 min 30 min 60 min 90 min 120 min

Vehicle 10 mL/kg 1.58 – 0.12 1.43 – 0.07 1.48 – 0.07 1.61 – 0.11 1.63 – 0.08
A. muricata 50 mg/kg 1.39 – 0.14 1.82 – 0.32 2.43 – 0.13 2.73* – 0.13 1.56 – 0.07

(5.02) (12.10) (15.52) (1.97)
100 mg/kg 1.64 – 0.14 2.67 – 0.30 2.81** – 0.27 2.67 – 0.09 3.46*** – 0.71

(12.30) (14.04) (12.27) (21.72)
200 mg/kg 1.26 – 0.14 3.82*** – 0.47 3.03** – 0.43 2.83* – 0.22 4.22***a – 0.31

(29.33) (20.32) (17.94) (32.03)
Morphine 10 mg/kg 1.38 – 0.21 3.37*** – 0.48 3.78*** – 0.49 3.34*** – 0.12 3.90*** – 0.34

(23.17) (27.85) (22.82) (29.22)

Values are expressed as mean – SEM; *P < .05, **P < .01, ***P < .001 versus vehicle-treated control; aP < .05 versus A. muricata 50 mg/kg, statistical level of

significance by two-way ANOVA followed by Bonferroni post hoc multiple-comparison test. Values in parenthesis are % MPE.

MPE, maximum possible effect.
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significant (P < .001) inhibition of edema induced by car-
rageenan with peak effect of 80.85% inhibition of edema at
200 mg/kg as compared with vehicle-treated control group
(Table 5). During the first phase (0–1 h), all the doses
tested significantly inhibited edema formation (P < .01).
Interestingly, the antiedematogenic effect of A. muricata was
effective up to 6 h postcarrageenan injection [F (4, 29) =
94.83, P < .0001], which was similar to the antiedematogenic
effect of diclofenac. Carrageenan-induced paw edema has
been shown to be a biphasic event.34 Findings from this study
show that the lyophilized fruit extract of A. muricata inhibited
the initial phase of edema (0–1 h), which has been attributed
to the release of histamine, 5-HT, and bradykinin.33 So also,
the second accelerating phase of swelling (1–6 h), which has
been well correlated with the elevated production of PG,35

and induction of inducible COX-2 in the hind paw36 was
equally protected by the fruit extract. The carrageenan-
induced hind paw edema in rat is known to be sensitive to
COX inhibitors, but not to lipoxygenase inhibitors, and has
been used to evaluate the effect of NSAIDs that primarily
inhibit the COX involved in PG synthesis.37 It has been
demonstrated that the suppression of carrageenan-induced
inflammation after the third hour correlates reasonably with
therapeutic doses of most clinically effective anti-inflammatory
agents.37 In addition, in a separate series of experiments,
possible inhibition of nitric oxide release in the mechanisms
of the anti-inflammatory effect of the extract was also in-

vestigated (in vivo and in vitro). Pretreatment with L-NNA
(20 mg/kg, i.p., nitric oxide synthase inhibitor) produced time
course [F (2, 17) = 58.23, P = .0004] inhibition of edema
formation (Table 6), which is in agreement with the study of
Salvemini et al.38 Moreover, coadministration of L-NNA and
A. muricata revealed an additive anti-inflammatory effect.
The enhanced anti-inflammatory action of A. muricata in the
presence of L-NNA may involve inhibition of inducible NO
production.38 Interestingly, in vitro assay in this study showed
that A. muricata and ascorbic acid produced concentration-

Table 5. Effect of A. muricata Against Carrageenan-Induced Rat Paw Edema

Change in paw circumference (cm) after treatment

Treatment Dose 1 h 2 h 3 h 4 h 5 h 6 h

Vehicle 10 mL/kg 0.88 – 0.10 1.05 – 0.09 1.23 – 0.06 1.43 – 0.10 1.33 – 0.05 1.18 – 0.06
A. muricata 50 mg/kg 0.56* – 0.05 0.85 – 0.07 1.10 – 0.07 1.30 – 0.11 1.08 – 0.10 0.78 – 0.06*

34.29 19.05 10.20 8.77 18.87 34.04
100 mg/kg 0.45** – 0.03 0.65** – 0.03 0.80* – 0.04 0.93* – 0.03 0.66** – 0.03 0.43** – 0.05

48.57 38.10 34.69 35.09 49.06 63.83
200 mg/kg 0.45** – 0.03 0.63** – 0.05 0.73** – 0.05 0.68** – 0.11 0.43** – 0.12 0.23*** – 0.10

48.57 40.48 40.82 52.63 67.92 80.85
Diclofenac 20 mg/kg 0.43** – 0.09 0.63** – 0.09 0.70** – 0.07 0.73** – 0.075 0.50*** – 0.058 0.35*** – 0.07

51.43 40.48 42.86 49.12 62.26 70.21

Values are expressed as mean – SEM; statistical level of significance *P < .05, **P < .01, ***P < .001 versus distilled water vehicle–treated group using two-way

ANOVA followed by Bonferroni post hoc multiple-comparison test. Bold values indicate percentage inhibition of edema.

Table 6. Influence of N
G

-Nitro-l-Arginine on Anti-Inflammatory Effect of A. muricata Fruit Extract

Change in paw circumference (cm)

Treatment Dose 1 h 2 h 3 h 4 h 5 h 6 h

Vehicle 10 mL/kg 0.73 – 0.10 1.05 – 0.03 1.18 – 0.03 1.23 – 0.08 1.03 – 0.08 0.83 – 0.11
L-NNA 20 mg/kg 0.45 – 0.13 0.58** – 0.12 0.68** – 0.12 0.58*** – 0.09 0.53** – 0.08 0.45* – 0.09
% Inhibition 37.93 45.24 42.55 53.06 48.78 45.45
L-NNA + AM 20 + 200 mg/kg 0.40 – 0.08 0.48*** – 0.09 0.58*** – 0.09 0.60*** – 0.07 0.55** – 0.09 0.40** – 0.11
% Inhibition 44.83 54.76 51.06 51.02 46.34 51.52

Values are expressed as mean – SEM. Statistical level of significance, *P < .05, **P < .01, ***P < .001 as compared with vehicle control–treated using two-way

ANOVA followed by Bonferroni post hoc multiple-comparison test. Bold values indicate percentage inhibition of edema.

L-NNA, NG-nitro-l-arginine.

Table 7. Effect of A. muricata Fruit Extract

Against Xylene-Induced Ear Edema

Treatment
Change in the

weight of ear (mg) % Inhibition

Vehicle (mL/kg)
10 34.00 – 3.00 —

A. muricata (mg/kg)
50 6.00***a – 2.00 82.35
100 8.00***a – 2.00 76.47
200 24.00 – 3.00 29.41

Prednisolone (mg/kg)
20 18.00*** – 3.00 47.06

Values are expressed as mean – SEM (n = 6). Statistical level of significance

***P < .001 as compared with vehicle 10 mL/kg control–treated group;
aP < .05 as compared with prednisolone 20 mg/kg–treated group using one-

way ANOVA followed by Tukey’s post hoc multiple-comparison test.
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dependent attenuation of nitric oxide generation (in vitro)
with an IC50 of 76.50 lg/mL (Y = 0.8304 · X + 3.145) and
41.50 lg/mL (Y = 0.5869 · X + 26.07), respectively. More-
over, there was a strong correlation between inhibitory effect
of A. muricata (R2 = 0.98) and ascorbic acid (R2 = 0.97) on
nitric oxide generation.

In the present study, the effect of A. muricata on acute
exudative inflammation was done using the xylene-induced
ear edema in mice. Xylene-induced ear edema model is
useful for the evaluation of anti-inflammatory topical steroids
and nonsteroidal antiphlogistic agents, especially those in-
hibiting phospholipase A2.

39 Xylene application causes instant
irritation of the mouse ear, which leads to fluid accumulation
and edema, characteristic of the acute inflammatory response,
suggesting the role of xylene in neurogenous inflammation.40

Suppression of this response is a likely indication of anti-
inflammatory effect. The results of this study revealed that
topical application of 30 lL xylene to the inner surface of the
right ear increased the ear weight by 34.00 – 3.00 mg in ve-
hicle-treated control group. However, the increase in ear
weight was significantly (P < .001) reduced to 6.00 – 2.00,
8.00 – 2.00, and 18.00 – 3.00 mg, respectively, by 50 and
100 mg/kg A. muricata and 20 mg/kg prednisolone (steroidal
anti-inflammatory drug) treatment (Table 7). Prednisolone
was used as standard reference drug in this assay because
steroidal anti-inflammatory drugs are more sensitive to the
xylene-induced ear edema than NSAIDs.41 In the present
study, the possible inhibitory effect of A. muricata to both
COX isoforms (COX-1 and COX-2) was evaluated colori-
metrically by monitoring the appearance of oxidized TMPD at
590 nm using plate reader (in vitro). Aspirin (nonselective
COX inhibitor) and celecoxib (selective COX-2 inhibitor)
were used as standard reference. AM, aspirin, and celecoxib
were found to have potent inhibitory effect on COX-2 with an
IC50 value of 69.56 – 3.76, 24.54 – 1.98, and 47.35 – 2.32 lg/mL,
respectively, and COX-1 inhibitory concentration of (IC50

values) 88.37 – 4.81, 33.96 – 3.14, and 42.95 – 1.67 lg/mL,
respectively. The colorimetric in vitro assay also revealed
concentration-dependent increase in percentage inhibition of
both COX isoforms by AM, which was comparable to the
inhibitory effect of celecoxib. COX-2 inhibition was more
prominent with peak effect at 200 lg/mL (Table 8). The
ability of the extract to produce time course inhibition of
edema induced by carrageenan and colorimetric inhibition
of COX activity suggests an anti-inflammatory effect of
A. muricata through inhibition of proinflammatory release.

Acute toxicity testing showed that A. muricata up to
4000 mg/kg did not induce any form of mortality nor any
visible signs of toxic behaviors. According to OECD test
guidelines on acute oral toxicity TG 420,42 no dose-related
toxicity should be considered above 4 g/kg body weight.
Also, our previous subchronic toxicity assay showed that the
fruit extract is relatively safe for consumption.43 In view of
this assertions, the fruit extract of A. muricata can be con-
sidered safe when administered via the oral route.

In conclusion, findings from the results of this study showed
that A. muricata possesses analgesic and anti-inflammatory
activities in various models. The analgesic effect involves
interaction with peripheral mechanisms and opioid system,
whereas the anti-inflammatory property involves inhibition of
COX activity and nitric oxide generation. Hence justify its use
in traditional African medicine in the management of painful
conditions and inflammatory disorders.
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