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Abstract

Ethanolic extract of Annona muricata leaf (AML) was used to investigateits anti-inflammatory and antinociceptive
activities by using carrageenan - induced oedema model and acetic acid induced writhing test. AML exhibited
significant and dose-dependent anti-inflammatory activity at adose of 10, 30, 100 and 300 mg/kg when administered
orally. It is also demonstrated that the intraperitoneal administration of AML at a dose of 30, 100 and 300 mg/kg
produced significant inhibition of abdominal constriction induced with 0.6% (v/v) acetic acid in dose dependent

manner. These resultsindicate that AML exhibits significant anti-inflammatory and antinociceptive effects.
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1. Introduction

Annona muricata (Annonaceae) commonly
known as soursop, is a typical tropical tree
with heart shaped fruits and black seeds and
widely distributed in most of tropical countries
[1]. It has ethnobotanic uses as sedative,
insecticidal, antiparasitic, antirheumatic,
astringent and emetic [2]. The bark, leaves, and
roots are considered sedative, antispasmodic,
hypotensive, and nervine [3]. From Annona
muricata, more than 80 acetogenins, mainly
came from leaves, roots, and seeds, have been
isolated. Acetogenins have been reported to
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possess anti-cancer activity and may also be
responsible for other properties such as anti-
parasitic and cytotoxic [4-5]. In the present
study, weinvestigated the anti-inflammatory and
analgesic effect of leaves extract of Annona
muricata (AML) in carrageenan-induced oedema
and acetic acid induced writhing tests.

2. Materials and methods
2.1. Plant Material

The leaves of Annona muricata were collected
from Muar, Johor, Malaysiain November 2006



98 A. H.Roslidaet al. / Journal of Natural Remedies, Vol. 10/2 (2010) 97 - 104

and identified by experts of the Herbarium of
Institute of Bioscience, Universiti Putra
Malaysia, Serdang, Selangor, Malaysia.

2.2. Preparation of extracts and drugs

The leaves were cut into small pieces and dried
a 60°C for 3 days. The dried leaves (500 Q)
were then grounded using Wiley laboratory mill
and macerated in cold agueous ethanol (70%
ethanol) for 48 hours. The extract was
concentrated under reduced pressure in arotary
evaporator at 40°C and the concentrates dried at
room temperatureto yield solid AML residues of
approximately 5.1% w/w on dry weight basis.
Theextract weredissolved in 5% agueous ethanol
solution at desired concentration (10, 30, 100
and 300 mg/kg) just before use and administered
orally 30 minutes prior to the administration of
inducers. Acetic acid, carrageenan and
indomethacin (IND) were purchased from Sigma
Chemical Co. (St Louis, Mo).

2.3. Experimental animals

Healthy Sprague dawley rats of either sex
weighing between 170-250 g and adult Balb/c

mice of either sex ( 20-30 g) were obtained from
Animal Unit of Faculty of Medicine & Health
Sciences, Universiti PutraMalaysiawith ethics
approval from the Animal Ethics Committee of
Universiti PutraMalaysia(00219). Theanimals
werefed on standard laboratory diet and allowed
free access to water.

2.4. Carrageenan - induced paw oedema

The anti-inflammatory property of AML was
evaluated using carrageenan-induced oedemaon
rat paw method, as described previously by
Winter et al [6]. The animals were pretreated
orally with AML (10, 30, 100 and 300 mg/kg).
Negative control animals received a similar
volume of 5% aqueous ethanol solution (oral)
and positive control animals received
indomethacin (IND; 10 mg/kg) intraperitoneally.
After 30 minutes, 0.1 ml of 1% w/v suspension
of carrageenan was injected subcutaneously
onto the plantar surface of right hind paw to al
the groups. Equal volume of salinewasinjected
onto the plantar surface of the left hind paw.
Thevolumes of both hind paws of each rat were

Table 1. Anti-inflammatory effects of ethanol extract of AML in carrageenan-induced paw oedemainrats.

Treatment with Mean swelling in paw volume £ SE.M. (%)
(mg/kg) 0 30min 60min 9Omin  120min  150min 180min  210min  240min
5% EtOH 0 33.07 37.33 46.14 39.32 33.23 41.61 34.66 32.22
+245 +4.30 +580 £519 +4.49 +544 516 +4.93
Indomethacin 0 6.55 7.50 7.18 9.23 6.30 4.19 3.35 0.92
(10mg/kg) +181* +£137% +£136* 167 115 +1.40*  +1.63* +0.60*
AML Extract
10mg/kg 0 21.32 24.73 27.58 20.43 23.98 28.05 34.95 40.81
+2.30*  £3.75* +2.27%  £2.78* +3.80 +3.51 +2.64 +6.33
30mg/kg 0 16.22 15.41 17.93 26.78 32.47 30.29 28.41 20.90
+455%  £4.23* +4.77* +5.76 +5.67 +5.52 +6.36 +5.46
100mg/kg 0 7.37 12.84 17.42 16.76 17.93 13.45 10.66 11.46
+1.47  £155* +2.10* £249*  *4.30* +2.56*  +1.48* +2.13*
300mg/kg 0 512 6.77 9.55 7.07 7.86 6.43 6.07 573
+1.31*  +2.06* +2.06* +1.98*  *1.79* +1.563*  +1.77* +1.50*

Values are mean + SEE.M. *P < 0.05 significantly different from mean value control (t-test)
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Table 2. Percentageinhibition of carrageenan induced paw oedemaat 90 minutes
inratson various doses of leavesextract of AML given orally andindomethacin
administered intraperitoneally as compare to optimum oedema induced by
carrageenan at 90 minutes.

Group % of oedema % inhibition of oedema
(mean + SE.M) (Obtained from average value)

Control (5% EtOH) 46.14 + 5.80 0

AML 10 mg/kg 27.58 + 2.27 40.22*

AML 30 mg/kg 17.93+ 4.77 61.14*

AML 100 mg/kg 17.42 + 2.10 62.25*

AML 300 mg/kg 9.55+ 2.06 79.30*
Indomethacin 10 mg/kg (i.p) 7.18 + 1.36 84.44*

*P<0.001 indicate significant difference compare with control using ANOVA followed by
Tukey Comparison Test

Table 3. Effect of AML extract on acetic acid-induced writhing test in mice

Group Mean of writhings % inhibition
(60 min)(mean + S.E.M)
Control (5% EtOH) 1285 £10.2 -
AML 10 mg/kg 1257+ 14.9 22
AML 30 mg/kg 825+6.4 35.8*
AML 100 mg/kg 65.8 £ 2.7 48.8*
AML 300 mg/kg 383+ 4.8 70.2*
Indomethacin 10 mg/kg 46.7 + 4.6 63.7*

Values are mean + SEE.M. *P < 0.05 significantly different from mean value control
(ANOVA followed by Tukey’s test)
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Figure 1. Carrageenan induced- paw oedema in rats and attenuating effects in different doses of AML and 5% EtOH
oraly and indomethacin 10 mg/kg administered intraperitoneally.
Data presented as mean + S.E.M. (n = 6 animal). *P<0.05 compared with control group determined by t-test
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measured using a Plethysmometer (Model 7140,
Ugo Basile) at every haf-hourly interval until
the period of four hours after the injection of
the carrageenan. For a consi stent measurement,
aline was marked just above the ankle joint of
both rat’s hind limbs. Hind paw swelling was
measured when the paw was immersed at the
line marked and was calculated as oedema
percentage according to the formula given as
follows (7):

% swelling=Vr-Vvr0 - VI-VIO x 100
Vr0 VIO

Vr = Right Paw Volume

Vr0 = Right paw initial volume

VI = Left paw volume
V10 = Left paw initial volume
2.5. Acetic acid induced writhing test

The method of Collier et al [8] was adopted
with dight modification. Adult Balb/c albinomice
weighing 20-30 g were used in this study.
Animaswerefirst pretreated with either control
(5% ethanol) or the extracts; AML (10, 30,
100 and 300 mg/kg) via peritoneum
administration while for the standard drug,
indomethacin was given intraperitoneally at 10
mg/kg. Extract were administered 30 minutes
before the intraperitoneal injection of 0.15 ml/
10 g body weight of 0.6% acetic acid to induce
the typical stretching response. Control animals
received similar volume of the vehicle. As
described by previous reports [8-9], abdominal
constriction known as writhing reflex was
induced by 0.6% acetic acid was observed on
the abdominal muscletogether with astretching
of hind limb. After induction, pairsof micewere
placed in separate boxes and the writhings or
stretchings per animal were counted for aperiod
of 5 minutes under a double blind observation
for the duration of 60 minutes. The
antinociceptive effect was measured by

calculating the mean reduction in the number
of abdominal constriction for each extract as
compared with the control group. The evauation
of antinociceptive activity was expressed as
inhibition or reduction percentage of the number
of total abdominal writhes [10].

2.6. Satistical analysis

The data for each experiment were expressed
as the mean value £ SE.M (standard error of
mean) (n=6). Unless otherwise specified,
differences between vehicle control and
treatment groups were tested using one way
Analysis of Variant (ANOVA) followed by
Tukey's Test. A value of P <0.05 was
considered statistically significant.

3. Results
3.1. Carrageenan-induced paw oedema

The anti-inflammatory effect of AML on
carrageenan - induced paw oedema are
summarized in Table 1. Optimum oedema
volume in control group was achieved at 90
minutes. Thus, the optimum percentage of
inhibition of each AML doses and 10 mg/kg
indomethacin were calculated at 90 minutes as
compared to the optimum oedema effect in
control group as showed in Table 2. AML at
300 mg/kg showed 79.3% inhibition of oedema
as compared to 84.4% of oedema inhibition by
indomethacin (10 mg/kg).

AML leaves extract produced a dose-dependent
anti-inflammatory effects showed in Table 1.
Further statistical analysis (ANOVA followed by
Tukey Comparison Test) showed that AML at
300 mg/kg and 10 mg/kg indomethacin are the
homogenous subset where they produce the
nearly same effect. However, AML at 10 mg/kg
and 30 mg/kg did not show significant difference
in anti-inflammatory response. The anti-
inflammatory response has significant decrease
when dose was increased to 100 mg/kg.
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3.2. Abdominal writhing test

The antinociceptive effect of AML extract (i.p)
on the abdominal writhes of mice induced by
0.6% acetic acid issummarized in Table 3. The
i.p administration of AML extract at doses of
30, 100 and 300 mg/kg produced significant
and dose dependent reduction in the number of
abdominal writhes with 35.8%, 48.85 and
70.2% of inhibition respectively, as compared
in relation to the respective control value.
Indomethacin exerted a significant inhibitory
effect, inducing aninhibition of 63.7% at adose
of 10 mg/kg. Therefore, the effect of AML at
300 mg/kg is comparableto indomethacin at 10
mg/kg.

4. Discussion

It has been documented that carrageenan-
induced rat paw edema is a suitable in vivo
model to predict the value of anti-inflammatory
agents, which act by inhibiting the mediator of
acute inflammation [11]. This method was
chosen for this study since oedema induced by
carrageenan is the most prominent acute
experimental model in search for new anti-
inflammatory drugs [12]. In addition, it is a
method that has been frequently used to assess
the anti-oedematous effect of natural products
[13-14]. Furthermore Mossa et al [15] found
carrageenan-induced inflammatory model to be
very useful in the search for oral anti-
inflammatory drugs acting peripherally via
inhibiting the mediator of acuteinflammation.

The result of the anti-inflammatory test carried
out on the crude extract of AML showed that
the ethanol extract has significantly reduced the
paw volume (edema) in every dose tested (10,
30, 100 and 300 mg/kg). Thisindicated possible
anti-inflammatory activity of leaves part of the
plant. Itisubiquitously known that carrageenan-
induced paw oedema involves many mediators
which induce inflammatory reaction in two

different phases [16]. These two different
phases have caused two peaks which can be
clearly observed in the effects of the control
group (Figure 1). The initial phase, which
occurs between 0 and 2.5 hours after the
injection of the phlogistic agent, has been
attributed to the action of mediators such as
histamine, serotonin and bradykinin on vascular
permeability [17]. It has been reported that
histamine and serotonin are mainly released
during first 1.5 hours while bradykinin is
released until 2.5 hours after carrageenan
injection [18]. Histamine was one of the
important inflammation mediators and it was a
potent vasodilator substance and increases the
vascular permesability [19]. The edema volume
reaches its maximum approximately 3 hours
post-treatment and then begins to decline. The
late phase, which is also a complement-
dependent reaction has been shownto bearesult
of overproduction of prostaglandins in tissues
and may continue until 5 hours post-carrageenan
injection [20]. The second phase is correlated
with the oxygen-derived free radicals and
production of inducible cyclooxygenase besides
elevated production of prostaglandin[21]. It has
been reported that the second phase of edema
issensitiveto both clinically useful steroida and
non-steroida anti-inflammatory agents[22-23].
This can be observed in the positive control,
indomethacin (10 mg/kg) where it has
significantly reduced in the second phase of
oedema (Figure 1).

According to theresult of this study, the ethanol
extract of Annona muricata L was able to
effectively inhibit oedemaduring the early phase
of theinflammation at low and higher doses (10,
30, 100, and 300 mg/kg). However, the
inhibitory effect also continue occurred later
phase only at higher doses (100 and 300 mg/
kg) (Figure 1). Based on this observation and
the biphasic nature of carrageenan-induced paw
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edema, it is possible to propose that the
significant activity observed in the suppression
of the first phase of inflammation may be due
to the ability of the extract to inhibit the release
and/or activity of the early mediators involved
in carrageenan-induced paw edema.

Oral administration of the ethanol extract of
Annona muricata L at 100 and 300 mg/kg
suppressed the oedematous response 30 minutes
after carrageenan injection and the effect
continued up to 4 hours (Figure 1). The
observed effect was similar to 10 mg/kg
indomethacin, awell known NSAID, which is
also a COX-1 inhibitor. In fact, the ethanol
extract caused a statistically significant
reduction at optimum oedema (90 minutes) at
all dosestested (Table 2,). Theinhibitory effect
was comparablein magnitudewith theinhibition
action of indomethacin. Based on the result
obtained, it is likely that the mechanisms of
action of the Annona muricata L leavesat higher
doses (100 and 300 mg/kg) are similar to that
of non steroidal anti-inflammatory drugs, namely
inhibition of prostaglandins biosynthesis.
However, this can only be clarified by doing
further study on determining its prostaglandin
or COX contents in rat paw in the end of the
experiment.

Itisalso well known that irritating compounds,
may cause pseudo inhibition of oedemainduced
by carrageenan [24]. However, studies have
aso indicated that such pseudo inhibition can
only be caused by the local application of a
counter irritant [24]. In the present study, since
extract was given orally, their activity could not
be due to their counter irritant property.

In this study, we also utilized another model for
pain on abdominal constriction response
induced by acetic acid. Regarding this model,
itisknown that theintraperitoneal administration
of agents that irritate serous membrane, such
asacetic acid, provokes astereotypical behavior

in mice characterized by abdominal
contractions, movementsof the body asawhole,
twisting of dorsoabdominal muscles, and a
reduction in motor activity and coordination
[25]. Acetic acid causes analgesia by liberating
endogenous substances and many other that
excite pain at nerve ending [26-27].

According to Deraedt et al [28], the
quantification of prostaglandins by
radioimmunoassay in the peritoneal exudates of
rats, obtained after intraperitoneal injection of
acetic acid demonstrated high levels of
prostaglandins PGE,a and PGF,a during 30
minutes after stimulus. The extract at 30, 100
and 300 mg/kg administered intraperitoneally,
significantly inhibited the acetic acid-induced
writhing in mice (Table 3). These may berelated
to the level of prostaglandin. The results
strongly suggested that the mechanism of action
of the extract may be linked partly to
lipoxygenases and/or cycloxygenaseswhich are
enzymesfor prostaglandin synthesis. The effect
of the extract is in dose-dependent manner. At
300 mg/kg, the extract produced 68.75% of
inhibition and was comparablewith the reference
drugs used, indomethacin at 10 mg/kg (67.71%)
(Table 3).

Nevertheless, it was found that the
intraperitoneal administration of acetic acid
inducestheliberation not only of prostaglandin,
but also the sympathetic nervous system
mediators [29-31]. Thus, the results obtained
for thewrithing test using acetic acid are similar
to those obtained for the oedematogenic test
using carrageenan, sinceAML (30, 100 and 300
mg/kg) waseffectiveininhibiting the acetic acid
induced writhing in mice. Therefore, an anti-
inflammatory substance may aso be involved
in the peripheral antinociceptive activity.

According to Hosseinzadeh & Younesi [32], the
antinociceptive activity of most plant extracts
tested in the writhing test was not inhibited by
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naloxone. Therefore, these finding indicated that
the extracts may not act via opiod reaction and
may exert their activity viaperipheral mechanism.
Thus, the preliminary resultsof AML extract also
suggested that its antinociceptive activity might
be via a peripheral mechanism.

Although, the abdominal constriction response
induced by acetic acid is a very sensitive
procedure that enable the detection of peripheral
antinociceptive activity of compounds using
animal protocols, but it is not a specific model
[33]. Thismodel involves different nociceptive
mechanisms, such as sympathetic system
(biogenic amines release), cyclooxygenase and
their metabolites [29] and opoid mechanisms
[8]. Therefore, the writhing test may not be
conclusive enough to determine the mechanism
of action of antinociceptive effects of the
extracts. On the other hand, it was reported that
it wasimpossible to evaluate the duration of an
analgesic as the frequency of cramps decrease
spontaneously with time and the number cramps
was subject to a great deal of variability [34].

In conclusion, AML ethanolic extract possesses
significant anti-inflammatory effect in
carrageenan-induced paw oedema test. The
effect of the extract is dose-dependence. It was

demonstrated in the present study that lower
doses of extract cause inhibition of early phase
of oedemainduced by carrageenan. Higher dose
of extract show inhibition in first and second
phase of oedema. AML extract at higher dose
may also be a potential COX inhibitor as it
possessed the effect similar to indomethacin.
Indeed, AML ethanol extract presents a
peripheral antinociceptive effect in acetic acid-
induced writhing test in dose dependent manner.
Asit was demonstrated in the present study that
AML ethanol extract possess both anti-
inflammatory and antinociceptive responses,
therefore, further studies should be done to
elucidate the exact mechanism action underlying
the effectsof AML. Inthisexperiment, the exact
nature of the active compound has yet to be
determined. It is highly recommended that
further studies should be carried out, especialy,
in identifying the composition of the active
compound itself, in order to help build a profile
of its bioactive constituents.

5. Acknowledgement

The authors wish to thank the Faculty of
Medicine and Health Sciences, Universiti Putra
Malaysiafor thefacilitiesand funding (Project
no : 04/01/07/1019RU) provided for the study.

References

1 DeFeoV.(1992) Fitoterapia 63, 417-440.

2. Dos Santos AF, Sant’Ana AEG. (2001)
Phytomedicine 8, 115-120.

3. Taylor L. (2002) Herbal Secrets of the
Rainforest, 11 Edn, Sage Press, In, 35

4. Liaw CC, Chang FR, Lin CY, Chou CJ,
ChiuHF, WuMJ,WuY C. (2002) J. Nat. Prod.
65, 470-475.

5. Chang FR, Liaw CC, Lin CY, Chou CJ, Chiu
HF, WuY C. (2003) Planta Med. 69, 241-246.

6. Winter CA, Risley EA, Nuss GW. (1962)
Proc. Soc. Exp. Biol. Med. 111, 544-547.

7. SasoY, Conner EM, Teegarden BR, Yuan CS.
(2001) J. Pharmacol. Exp. Ther. 296, 106-112.

8 Collier HDJ, Dinneen LC, Johnson CA,
Schneider C. (1968) Br. J. Pharmacol. 32(4),
295-310

9. Santos ARS, Filho VC, Niero R, Viana
AM, Moreno FM, Campos MM, YunesRA,
Calixto JB. (1994) J. Pharm. Pharmacol. 46,
755-759.



104

10.

14,

16.

17.

A. H.Roslidaet al. / Journal of Natural Remedies, Vol. 10/2 (2010) 97 - 104

DambisyaYM, LeeTL, SathivaluM, Mat Jais
AM. (1997) J. Ethnopharmacol. 66,181-186.

Moreibise O, Fafunso MA, Makinde JM,
Olajide OA, Awe EO.(2002) Phytother. Res.
16, S75-S77.

BadillaB, AriasAY,AriasM, MoraGA, Poveda
LJ. (2003) Fitoterapia 74, 45-51.

Asres K, Gibbons S, Hana E, Bucar F. (2005)
Pharmazie 60, 310-312.

Loro JF, Del Rio L, Perez-Santa L. (1999)
J. Ethnopharmacol. 67, 213-218.

Mossa JS, Rafatullah S, Galal AM, Al-
Yahya MA. (1995) Int. J. Pharmacol. 33,
242-246.

GarciaMD, Fernandez MA, Alvarez A, Saenz
MT. (2004) J. Ethnopharmacol. 91, 69-73.

Maity TK, Mandal SC, Mukherjee PK. (1998)
Phytother. Res. 12, 221-223.

Cifuente DA, Simirgiotis MJ, Favier LS,
Rotelli. AE, Pelzer LE. (2001) Phytother. Res.
15,529-531.

LinLT,NgJJ,HsumYF. (2002) TheAmerican
Journal of Chinese Medicine 30, 225-234

Perez-Gurrero C, Herrera MD, Ortiz R,
de Sotomayor MA, Fernandez MA. (2001)
J. Ethnopharmacoal. 76, 279-284.

Panthong A, Kanjanapothi D, Taesotikul T,
Phankummoon A, Panthong K, Reutrakul V,
(2004) J. Ethnopharmacol. 91, 237-242.

Vinegar R, Scheirber W, Hugo R. (1969)
J. Pharmacol. 150, 328-334.

24,

3L

Di RosaM, Giroud PJ, Willoughby DA. (1971)
J. Pathol. 101, 15-29.

Samud AM, Asmawi MZ, Sharma JN, Yusof
APM. (1999) Immunophar macol ogy 43, 311-
316.

Bars D, Gozariu M, Cadden SW. (2001)
Pharmacol. Rev. 53, 597-652.

Rao ChV, Kartik R, OjhaSK, Amresh G Rao
GMM. (2005) In;: Experimental animals.
Hamdard Medicus XLV 111, 102-106.

Witkin LB, Huebner CF, Galdi F, O’ KeefeE,
SpitalettaP, Plummer AJ. (1961) J. Pharmacol.
Exp. Ther. 133, 400-408.

Deraedt R, Jougney S, Deleval cee F, Falhout
M. (1980) Eur. J. Pharmacol. 51,17-24.

Duarte JDG, Nakamura M, Ferreira SH.
(1988) Brazilian J. Medicinal & Biol. Res.
21,341-343.

Hokanson GC. (1978) J. Nat. Prod. 41, 497-
498.

Neto AG, Costa IMLC, Belati CC, Vinholis
AHC, Possebom LS, Da Silva Filho AA,
Cunha WR, Carvalho JCT, Bastos JKT,
Bastos JK, e Silva MLA. (2005)
J. Ethnopharmacol. 96, 87-91.

Hosseinzadeh H, Younesi HM. (2002) BMC
Pharmacal. 2, 7.

Takashi RN, Paz MM. (1987) Brazillian J. Med.
Biol. Res. 20 (5), 607-610

Elisa-Betsky E, Amador T, Albuguerque RR,
Nunes DS, Carvalho ACT. (1995)
J. Ethnopharmacoal. 48, 77-83





