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Abstract: Traditionally, the leaves of Annona muricata L., Annonaceae, are used to
treat headaches, fever, toothache, cough and asthma. The decoction of the leaves
has parasiticide, antirheumatic and antineuralgic effects when used internally, while
the cooked leaves, applied topically, fight rheumatism and abscesses. The aim of
this study was to investigate acute and chronic anti-inflammatory potential of an
ethanolic leaf extract of A. muricata (AML) in animal models. The ethanolic extract
of A. muricata leaf extract was prepared and administered orally to experimental
animals used. The anti-inflammatory activity was determined by xylene-induced
ear edema in mice and Complete Freund’s adjuvant (CFA)-induced arthritis in
rats. The results demonstrated that AML is effective for both acute and chronic
inflammation. It also significantly attenuated both TNF-a and IL-1f levels in CFA-
induced arthritis model. Thus, these results have suggested that AML possesses both
anti-inflammatory and anti-arthritic activities. The findings also suggest that AML
presents notable anti-arthritic activity that may be mediated by suppressing pro-
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inflammatory cytokines.

Introduction

Rheumatoid arthritis is a chronic progressive
autoimmune disorder pathologically characterized by
synovial hyperplasia, inflammatory cell infiltration and
angiogenesis (Rajkapoor et al.,, 2007). Conventional
medicine, which including treatment with steroids, Non-
Steroidal Anti-Inflammatory Drugs (NSAID)andbiological
agents for example tumour necrosis factor alpha (TNF-a)
and interleukin-1 beta (IL-1B) antagonists has limited
ability against all forms of arthritis and are associated with
various unpleasant side effects (Chandrashekaran et al.,
2002). Therefore, a variety of herbal medicines developed
from plant extracts are being used in the treatment of a
wide variety of clinical diseases, through relatively little
knowledge about their mechanisms of action is known
(Ratheesh & Helen, 2007). Research and developmental
work in herbal medicine is essential because of its social
and economic benefits it has become persistent part of
present day healthcare in developing countries (Ighodaro
etal., 2010).

Annona muricata L. (AML), family Annonaceae
has many common names used by different countries'
people. It is more known as soursop, guanabana, nangka
blanda, pickly custard apple or durienbelanda. In Malaysia,
it is one of the popular striking fruits and has its potential
for the soft drink industry. The ethnobotanical uses of
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soursop in Malaysia, including astringent and remedy
for boil, cough, diarrhea, dermatosis, hypertension,
rheumatism and styptic (Mat Salleh & Ahmad, 1989).
Among the chemical constituents found in the
leaf of A. muricata are alkaloids (Le Bouefet al., 1981;
1982), essential oils (Pélissler et al., 1994; Kossouh
et al., 2007) and acetogenins (Wu et al., 1995a,b,c,d;
Zeng et al., 1996; Kim et al., 1998a,b; Chang et al.,
2003). In addition, 4. muricata leaf extracts have
antioxidant (Baskar et al., 2007) and molluscicidal
properties (Santos & Sant’Ana, 2001; Luna et al.,
2006). Although there are a few studies have been
reported on the anti-inflammatory actions of the
plant’s leaves (Roslida et al., 2010; De Sousa et al.,
2010), but none of them has yet reported the effect of
the plant’s leaves in the chronic inflammation. Various
non-steroidal anti-inflammatory drugs (NSAID) are
widely used clinically for inflammatory diseases as
well as rheumatoid arthritis. However, despite their
great number, their therapeutic efficacy seems to be
hampered by the presence of a number of undesired,
and often serious, side effects. It would, therefore, be
highly desirable to find less toxic alternatives, and
some medicinal botanicals might be candidates for
such alternatives. Therefore, in the present study, we
investigated the possible anti-inflammatory effect of
ethanolic extract from the leaves of AML in acute and
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chronic inflammation by using different animal models
from the reported studies.

Materials and Methods
Plant material

About 2.2 kg of fresh leaves of Annona
muricata L., Annonaceae, were obtained from Raub,
Pahang, Malaysia in December 2007. A voucher
specimen (number FRI 57966) has been deposited in
the herbarium of Forest Research Institute Malaysia,
Kepong, Selangor, Malaysia. The grounded leaf of 4.
muricata (1.5 kg) was extracted with 80% aqueous
ethanol by cold maceration for two days. The extract
was concentrated in a rotary evaporator at a reduced
pressure to yield 158.18 g (10.55%, w/w) of crude
ethanolic extract. The crude extract was weighed and
dissolved with 1% Tween 80 at the desired dose for
pharmacological testing.

Phytochemical analysis

The extract was subjected to phytochemical
analysis for identification of alkaloid, saponin, tannins,
flavonoids, triterpenes and steroid detection using
conventional protocol (Evans, 1989).

Animals

Experiments were conducted using healthy
Sprague dawley rats of either sex weighing between 170-
250 g and adult ICR strain mice of either sex (20-30 g).
Animals were obtained from Animal Unit of Faculty of
Medicine & Health Sciences, Universiti Putra Malaysia
with ethics approval from the Animal Ethics Committee
of Universiti Putra Malaysia (UPM/FPSK/PADS/
BR.UUH/00267). The animals were housed in a group of
six in the standard cages at room temperature (2543 °C) in
12 h dark and 12 h light cycles with both food and water
ad libitum 24 h before the experiment. All animals were
acclimatized in the Animal House of Faculty of Medicine
and Health Sciences for at least one week before used.

Drugs

Indomethacin was obtained from Sigma Chemical
Co. (St. Louis, MO, U.S.A). Tween 80 was obtained from
Fluka BioChemika, Sigma-Aldrich. Xylene was obtained
from BDH Chemicals, UK, while complete Freund’s
adjuvant was obtained from Sigma Chemical Co, USA.
The kits for IL-1p and TNF-o ELISA were purchased from
USA Pierce Biotechnology, Inc.
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Anti-inflammatory activity
Adjuvant-induced arthritis assessments in rats

Rats were induced with arthritis by intradermal
injections of 100 pL of Freund’s complete adjuvant
containing 10 mg heat-killed Mycobacterium tuberculosis
in mineral oil (5 mg/mL) into the right foot paw of the rats
on day 0 (Newbould, 1963). The treated groups with tested
drug and extract were administered orally on the next day
onwards at the doses of 10, 30, 100 and 300 mg/kg up to
fifteen days. The reference group received indomethacin
(10 mg/kg, p.o.). During treatment, paw volume was
assessed every other day with a plethysmometer (IITC
Inc., Woodland Hills, CA). This was a device consists of
two vertical, interconnected, water-filled Perspex cells.
The water level in the smaller cell, which contains a
transducer will rise when the paw that to be measured was
dipped into the larger cell to the ankle line. The transducer
converts detected paw volume into milliliters, then the
exact volume was measured electronically on a monitor.
The volume was performed blinded by the investigators to
the treatment group to avoid bias.

Local tissue collection and ELISA

After arthritis assessment on day 15 post-
injection, the animals were fasted overnight and then deeply
anesthetized under ether anesthesia. The ankle tissue was
collected, frozen, weighed and immediately placed in 0.50
mL of ice-cold homogenization buffer (50 mmol/L NaCl,
10 mmol/L Tris, 2.5 mmol/L MgCI2, pH 7.4), to 50 mL of
which the complete protease inhibitor tablet (Boehringer
Mannheim, Germany) was added. The tissues were then
homogenized using an ultra-sonic tissue homogenizer. The
homogenate tissues were spun at 20000 x g for 30 min at 4
°C, and the supernatant was collected and stored at -80 °C.
The animals were euthanized after the tissue collection.

IL-1p and TNF-o level of the local tissue
homogenate supernatant were determined using enzyme-
linked immunosorbent assay (ELISA) kits according to the
procedures recommended by the manufacturer. The IL-13
protein was quantified by comparing the sample to the
standard curve generated from the kit. The same procedure
was applied to assay TNF-o with the substitution of
antibodies specific to that cytokine.

Xylene-induced ear edema

Mice were allotted into groups of 6 animals
each. After 1 h of oral treatment of mice with 1% Tween
80 (10 mL/kg), indomethacin (20 mg/kg) and extract
(10-300 mg/kg), edema was induced in each mouse by
applying xylene (0.03 mL) to the anterior and posterior
surfaces of the right ear. Mice were sacrificed under
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ether anesthesia 2 h after xylene application and both
ears were removed. Circular sections of both treated
and untreated ears were taken using a 7 mm diameter
cork borer and weighed. The mean of the difference
between the right treated ear section and left untreated
ear section was determined for each group (Tang et al.,
1984).

Statistical analysis

The values of statistical analysis were expressed
as mean values+tSEM. The results of the experiment were
performed as changes of percentage from control value.
Data was analyzed by ANOVA followed by Dunnett’s
multiple comparison tests. p<0.05 was considered to be
statistical significance.

Results
Phytochemical screening

Phytochemical screening of the AML leaves
extract discovered the presence of various constituents
(alkaloids, saponins, flavonoids, tannins, triterpenes or
steroids).

Anti-inflammatory activity
Effects of AML on arthritic paw edema

The present study (Figure 1) elicited that the time
course of edema and inhibition rate after administration
of CFA and AML extract. Edema value of the injected
footpad increased and reached a peak at day 15. The
extract had mild anti-inflammatory effect at dose 3 mg/kg.
However, administration of AML at the highest dose 100
mg/kg significantly (p<0.05) attenuated the development
of the swelling induced by CFA. The dose of 100 mg/
kg demonstrated anti-inflammatory property, which was
upheld until the experiment was terminated on day 15. The
anti-inflammatory activity of AML at dose 30 and 100 mg/
kg was comparable to indomethacin (Table 1).

AML effects on local arthritic tissue cytokines

In Figure 2, AML at 30 mg/kg significantly
suppressed IL-1B levels (702.4+£36.99 pg/mg protein,
p<0.05) compared to the vehicle control arthritic
rats (1139£174.9 pg/mg protein). AML at 100 mg/kg
significantly decreased IL-1P levels (648.6+£35.11 pg/mg
protein, p<0.01) and the inhibitory effect was greater than
indomethacin (664.4+87.67 pg/mg protein, p<0.05) on day
15 post-CFA injection.

Control (Tween 80 1%)
-& Indomethacin 10 mg/kg
3+ =& AML 3 mg/kg
 AML 10 mg/kg
- AML 30 mgkg
-6~ AML 100 mg/kg

b

Paw volume (mL)

0 1 2 3 4 5 6 7 8 9 10 1" 12 13 14 15

Post CFA injection (day)
Figure 1. Effect of AML on arthritis assessed with paw
volume (mean+S.E.M.) in rats. *p<0.05 compared to vehicle
control, at the same time point.

On day 15 post-CFA injection, AML dosage-
dependently attenuated TNF-a in local arthritic tissue by
one-thirds in the 30 mg/kg group (281417.08 pg/mg protein,
»<0.05) and by half in the 100 mg/kg group (242.9+51.4
pg/mg protein, p<0.01) compared to the vehicle control
arthritic group (444.6+35.35 pg/mg protein). The extract’s
inhibitory effect at the highest dose was greater than
the indomethacin (278.9+11.25 pg/mg protein, p<0.05)
(Figure 3).

1500

Control (Tween 80 1%)
Indomethacin 10 mg/kg
AML 3 mg/kg

AML 10 mg/kg

P AML 30 mg/kg

N AML 100 mg/kg

Cytokines (pg/mg protein)

Groups

Figure 2. Effect of AML on IL-1p level (pg/mg protein,
mean+SEM) fifteen days post-CFA injection. *p<0.05 and
**p<0.01, compared to the vehicle control.

E=E Control (Tween 80 1%)
Indomethacin 10 mg/kg
AML 10 mg/kg

AML 3 mg/kg

2 AML 30 mg/kg

N AML 100 mg/kg

600

Cytokines (pg/mg protein)

Figure 3. Effect of AML on TNF-a level (pg/mg protein,
mean+SEM) fifteen days post-CFA injection. *p<0.05 and
**p<0.01, compared to the vehicle control.
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Table 1. Effect of AML on Complete Freund's Adjuvant induced paw edema in rats.

Paw volume (mL)

Drug treatments Dose (mg/kg)
3 day 5t day 10" day 15" day
Control 10 mL/kg 1.10+0.14 0.83+0.18 0.93+0.18 1.14+0.06
AML 3 1.14+0.04 0.69+0.12 0.48+0.08* 0.54+0.07*
10 1.08+0.07 0.49+0.03 0.31+0.02* 0.30+0.06*
30 0.91+0.10 0.38+0.07* 0.19+0.07* 0.26+0.04*
100 0.77+0.04* 0.31£0.04* 0.26+0.04* 0.16+0.03*
Indomethacin 10 0.90+0.05 0.44+0.03* 0.25+0.02* 0.20+0.03*

Data is expressed as mean+SEM of six animals. *p<0.05 indicates significant difference when compared with control by using ANOVA followed by

Dunnett’s Test.

Table 2. Effect of Annona muricata leaves extract on xylene-induced ear edema.

Groups Dose (mg/kg)  Weight of right ear (mg) ~ Weight of left ear (mg) Difference (mg) Inhibition (%)
Control 10 mL/kg 17.42+0.69 11.53+0.28 5.88+0.89 -
AML 10 16.10+0.67 11.25+0.77 4.85+1.08 17.52

30 17.23+£1.18 13.67+0.64 3.55+1.16 39.63
100 14.93+0.72 12.77+0.26 2.17+1.42%* 63.10
300 14.02+0.73 12.47+0.51 1.55+£0.71** 72.41
Indomethacin 20 12.77+0.92 10.15+0.79 2.62+0.74* 55.44

Data are expressed as mean+=SEM of six mice. *p<0.05, **p<0.01 indicates significant difference when compare with control by using ANOVA

followed by Dunnett’s Test.

Effect of AML on xylene-induced ear oedema

Oral administration of the ethanolic extract of
A. muricata (Annonaceae) (10-300 mg/kg), 1h before
topical application of xylene, inhibited the development
of ear edema in a dose dependently manner. The dose
of 100 and 300 mg/kg significantly (p<0.05) reduced
the weight of xylene-induced ear edema in mice with
an inhibitory effect of 63.10 and 72.41%, respectively
while the smaller dose produced no significant effect.
The inhibition produced by both 100 and 300 mg/kg of
the extract were greater than that produced by 20 mg/
kg of indomethacin (55.44%) (Table 2).

Discussion

The efficacies of herbal medicines have been
studied in many previous cases, including acute and
chronic inflammatory as well as arthritic illnesses
(Ahmed et al., 2005). In this study, experimental results
show that the ethanolic extract of AML performs as
an anti-inflammatory agent in mice and rats in both
acute and chronic inflammation models. Priorly,
AML has been reported on its anti-inflammatory and
antinociceptive effects on different animal models (De
Sousa et al., 2010; Roslida et al., 2010; 2012). Thus,
the current findings have strongly supported the claim
that AML possesses anti-inflammatory effect as well as
anti-arthritic activity based on the data from the current
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results. Furthermore, AML administered topically has
also been observed to show similar activity when
compared with the previous studies which were
administered orally (Roslida et al., 2010)

Basically, there are many reports on studies of
Annona muricata L., Annonaceae, in general but only a few
on its isolated acetogenins especially acetogenins in the
leaves of the plant. A screening program by NCI reported
that 4. muricata leaves extract showed active toxicity
against cancer cells and researchers have been following
up on these findings ever since (Tormo et al., 2003).
Priorly, acetogenins isolated from A. muricata leaves such
as annonacin has been reported to cause significant cell
death in various cancer cell lines including skin cancer
cell lines (Yuan et al., 2003), whilst muricatocin A and
annomuricin A has significantly enhanced cytotoxicity
against the A-549 human lung tumor cell line (Wu et al.,
1995a; 1995b; 1995c¢). Furthermore, annonacin was also
reported to be highly toxic to ovarian, cervical, breast,
bladder and skin cancer cell lines at very low dosages
(Yuan et al., 2003) and also acts as mitochondrial complex
I inhibitor (Gonzalez-Coloma et al., 2002).

Xylene-induced ear oedema test substitutes
a skin inflammation model appropriate for the
experimental of topical anti-inflammatory agent.
Ear oedema model allows the evaluation of anti-
inflammatory steroids and is less sensitive to non-
steroidal anti-inflammatory agents (Zaninir et al.,
1992). Xylene-induced mouse ear oedema also reflects
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the oedematization during the early stages of acute
inflammation, which was probably related with the
release and inhibition of the inflammation factors (Lin
et al., 2007). Histopathologically, severe vasodilation,
oedematous changes of the skin and infiltration of
inflammatory cells are detected as signs of acute
inflammation after topical application of xylene
(Kou et al., 2003). In the present study, the increases
in ear weight were inhibited significantly by a dose-
related manner in the higher doses of the extract;
which indicates possible anti-phlogistic but not anti-
proliferative effects of the extract (Atta & Alkofahi,
1998). The effect of AML extract in this model may
also suggest inhibition of phospholipase A, (PLA2)
(Akindele & Adeyemi, 2007).

Rheumatoid arthritis (RA), defined as a
symmetric polyarticular arthritis that basically affects
small diarthroidal joints of the hands and feet, is the
most common inflammatory arthritis as well as a major
cause of disability (Firestein, 2003). The model of
adjuvant induced arthritis in rats has been extensively
used in the study of inflammatory processes (Jones &
Ward, 1966) and validated as a model of chronic pain
(Colpaert et al., 1982). Rats were selected to induce
arthritis because they develop a chronic swelling in
multiple joints due to accumulation of inflammatory
cells, erosion of joint cartilage and bone destruction.
Furthermore, it also has close similarities to human
rheumatoid diseases (Singh & Majumdar, 1996). The
determination of paw swelling is an apparently simple,
sensitive and quick procedure for evaluating the degree
of inflammation and the therapeutic effects of drugs
(Tripathy et al., 2009).

CFA-induced polyarthritis is associated with an
immune-mediated inflammatory reaction, and the rat is
unique in developing polyarthritis after CFA treatment
(Caietal.,2006). The initial reaction of edema and soft-
tissue thickening at the depot site in this model is caused
by the irritant effect of the adjuvant, whereas the late-
phase arthritis and flare in the injected foot are presumed
to be immunologic events (Ward & Cloud, 1965). The
appearance of secondary lesions, i.e. non-injected paw
swelling is a manifestation of cell-mediated immunity.
The suppression of such secondary lesions by a drug
shows its immunosuppressive activity (Singh et al.,
2003; Bani et al., 2007). The arthritis-like symptoms in
adjuvant induced rats share several histopathological
features with human RA, such as mononuclear cell
infiltration and synoviocyte hyperplasia that results
in pannus formation followed by bone and cartilage
destruction (Bendele et al., 1999).

Paw swelling is one of the major factors in
evaluating the degree of inflammation and therapeutic
efficacy of the drugs (Begum & Sadique, 1988). The
initial inflammatory response is developed within

hours, but more critical clinical signs observed from
the 10™ post-inoculation day and thereafter and the
changes remain detectable for several weeks (Colpaert
et al., 1982). The present study demonstrated that AML
extract is able to suppress the swelling of the paws in
both acute and chronic phases. This maybe due to the
suppression of the inflammatory mediator released due
to the induction of CFA (Tripathy et al., 2009)

Further, we found that at the higher dosage i.e 30
and 100 mg/kg, AML extract significantly decreased the
concentration of the pro-inflammatory cytokines TNF-a
and IL-1pB at the local inflammation site in the AA. It
was reported that increased expression of inflammatory
cytokines, including TNF-o and IL-1B was observed in
the bone region of the knee joint or serum samples from
human osteoarthritis or rheumatoid arthritis patients
(Kaneko et al., 2001). TNF-o and IL-1B enhance the
proliferation of fibroblasts, stimulate the production of
PGE, (Arend & Dayer, 1995), and increase the expression
of other cytokines and synthesis of collagen by synovial
cells, contributing to cartilage and bone destruction (Dayer
& Fenner, 1992). Thus, various strategies to block their
activity are now being clinically applied and have been
shown to be effective in the treatment of experimental
arthritis (Moreland et al., 1999). In the present study, the
anti-inflammatory action of AML extract is associated with
significantly reduced TNF-a and IL-1f levels in the sera of
AA.

Phytochemical screening done on the ethanolic
extract of AML indicated that it contains alkaloids,
saponins, flavonoids, tannins, triterpenes and steroid.
Flavonoids and tannins have been reported to inhibit
prostaglandin synthesis (Alcaraz & Ferrandiz, 1987).
It is ubiquitously known that flavonoids have a great
potential as anti-inflammatory agents (Tapas etal., 2008;
Tufion et al., 2009; Serafini et al., 2010). Therefore, we
postulated that flavonoids in the extract may correlate
appropriately for the present activities. The presence
of other constituents in the extract such as tannins may
give the synergistic effect to the flavonoids.

In summary, the present study indicates that the
ethanolic extract of AML has the potential of becoming
an inflammatory agent as it has been shown to be effective
for acute inflammation (xylene-induced ear edema) and
chronic inflammation (CFA-induced arthritis) in a dose
dependent manner. The study also indicates that AML
is able to produce anti-arthritic effects in AA model by
significantly suppressing pro-inflammatory cytokines
such as TNF-a and IL-1 B. This suggests that, AML may
be beneficial as an adjuvant to conventional drugs in the
treatment of arthritis and related inflammatory.
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