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1. Introduction

Annona senegalensis  PERS (Annonaceae) is a
small fire resistant plant found throughout the
savannah region of northern Nigeria. Its flowers
are strongly aromatic and are used to flavour
food. The fruit, yellow in colour with a sweet
clear jelly, when ripe is edible and has  a pleasant
flavour. Medicinally, the root and leaves are sold
in Nigeria as native medicines [1] for chest pain,
intestinal problems, vermifuges [2], cancer
treatment [3-5] diarrhoea, dysentery [6], arthritis

and rheumatism [7], and to fight Leishmaniasis
[8]. The plant has been reported to contain
mucilage, wax, tannin, glycosides, proteins,
amino acids and  anthraquinones [2,6]. In this
study, we investigated the pharmacological basis
for the use of Annona senegalensis in the
treatment of rheumatism using egg-albumin
induced oedema in rats, and formalin test as well
as acetic acid induced abdominal constriction and
hot-plate tests in mice.
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Abstract

Objective: To investigate the antinociceptive and anti-inflammatory effect of Annona senegalensis  in
mice and rats. Materials and Methods: The analgesic effects of the methanolic extract were studied using
acetic acid-induced writhing test, hot plate test and formalin test, while the anti-inflammatory effect was
evaluated using the egg-albumin induced hind paw oedema in rats. Results: The methanolic extract
exhibited antinociceptive activity against the acetic acid writhing test, hot plate test and the late phase
of formaline induced nociception and significant anti-inflammatory activity. Conclusion: The analgesic
and anti-inflammatory effect of the methanolic extract might be through peripheral mechanisms and
thus justifying its folkloric use in the treatement of rheumatic pain.
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2.   Materials and Method

2.1 Preparation of plant material

A consultant herbalist, Mal Achaba Lugudu at
Midlu, Adamawa state in March 2001, collected
the roots of the plant. The plant was authenticated
at the Taxonomy unit, Department of Medicinal
Plant Research and Traditional Medicine,
National Institute for Pharmaceutical Research
and Development, NIPRD, Abuja, Nigeria. A
voucher specimen was deposited at the herbarium
unit of the Institute. The root bark was removed,
cleaned and shade dried for a week.

The dried material was powdered using pestle
and mortar. 500 g of the powdered material was
extracted with 2 L of methanol (BDH, England)
using a soxhlet extractor (Gallenkamp, England)
and the solvent was evaporated under reduced
pressure using a rotary evaporator. This gave a
yield of 9.7% w/w. The extract was freshly
prepared to desired concentration with distilled
water before use. Parallel control experiments
were done to correct possible effects caused by
vehicle alone. Preliminary phytochemical
screening were carried out using standard
procedures. [9]

2.2 Animals

Adult Wistar rats (200 - 230 g) and Swiss
albino mice (28 - 34 g) obtained from the
Animal Facility Centre, NIPRD, were used for
the study. They were kept under standard
conditions of 12:12 h light and dark cycle kept
in plastic cages and fed with standard diet
(Ladokun Feeds Ltd, Ibadan, Nigeria).
Experiments were performed based on the
“principles of laboratory animals care” NIH
Publication No. 85 - 23, revised (1985).

2.3 Analgesic activity

2.3.1 Acetic acid induced writhing test

The method described by Koster et al [10] and
Freire [11] were used. Thirty mice were divided

into 5 groups (n = 6). Group 1 received normal
saline (10 ml/kg i.p.), groups 2, 3 and 4 received
the extract (50, 100 and 200 mg/kg i.p.)
respectively, while group 5 received
acetylsalicylic acid, (ASA 100 mg/kg p.o). [12]

Thirty minutes after treatment each mouse was
given 10 ml/kg of 0.7% aqueous solution of
acetic acid injected intraperitoneally. Each mouse
was then placed in a plastic transparent observation
cage and number of abdominal constrictions were
cumulatively counted from 5−15 min. Results
were expressed as % inhibition of analgesia.  [13]

2.3.2 Hot - plate test

This study was carried out according to the
method of Eddy and Leimback [14], as modified
by Hunkaar et al [15]. Mice that showed
nociceptive responses within 20s when placed on
Ugo Basile DS – 37 (Italy) hot plate maintained
at 55 ± 0.50°C, were selected. The mice so
selected were then grouped into 5 (n = 6), and
treated either with saline (10 ml/kg, p.o.),
methanolic extract (50, 100 and 200 mg/kg, p.o.)
or ASA (100 mg/kg, p.o.). Each mouse was
placed gently on the plate and its reaction time
noted. Reaction time was taken as the interval
between the time the animal was placed on the
plate till the moment it began to lick its fore
paws or jumps. [16]

2.3.3 Formalin test

The method of Tjolsen et al  [17] was adopted.
Pain was induced in rats with 2.5%
formaldehyde, injected into the sub-plantar
surface of the rats left hind paw. Pain was
induced 30 min following treatment with
either saline or methanolic extract (100 mg
and 200 mg/kg p.o). Severity of pain was
measured as scores [18] for the two distinct
phases i.e. 0 – 10 and 15 – 60 min post
formalin injection in the following manner;
0, normal weight bearing on the injected paw;
1, light resting of the paw on the floor;
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2, elevation of the injected paw; 3, licking,
biting and grooming of paw.

2.4 Anti-inflammatory activity

This was evaluated in 24 rats divided into 4
groups (n = 6) using fresh egg-albumin (100
%) as a phlogisic agent [19]. Briefly, 0.1 ml of
raw egg albumin was injected into rat left hind
paw 30 min after treatment with either saline
control, methanolic extract (100 and 200 mg/
kg i.p.) or ASA. Oedema was measured in
duplicates at an interval of 20 min for a total of
120 min using Letica plethysomometer (LE
7500, Spain) calibrated with 0.1% Triton X -
100 solution. Results were expressed as
percentage inhibition of inflammation in the
treated groups compared to the saline control.

2.5 Data analysis

Results were all expressed as mean ± SEM.
Differences between more than two means were
determined by ANOVA followed by Dunnet’s
test for multiple comparison among groups.
Data were considered significant at p < 0.05.

3 Results and discussion

The methanolic extract of Annona senegalensis
root bark gave positive test for saponins,
tannins and resins. The extracts caused
significant inhibition of acetic acid induced
writhing in mice, by 23.29%, 38.93 %, 62.04
% at doses of 50, 100 and 200 mg/kg
respectively when compared to the saline
control. ASA caused a 89.41% inhibition in
the same study (Table 1).

Table 1.
The methanol extract of A. senegalensis  on acetic acid induced writhing in mice.

Treatment   Dose Writhing count Inhibition (%)
Control (saline)   10 ml/kg i.p.   34. 67± 3.52     -

A. senegalensis   50 mg/kg i.p   28.12 ± 3.13 23.29

A. senegalensis 100 mg/kg, i.p   21.17 ± 2.56 38.93

A. senegalensis 200 mg/kg i.p.   13.16 ± 1.25 62.04

ASA 100 mg/kg, p.o.     3.67 ± 0.47 89.41

   Value are mean ± SEM (n=6)

Table 2.
Effect of the methanol extract of A. senegalensis  on hot plate nociception test in mice.
Time                     Reaction Time (s)
(min) Control (saline) Extract Extract Extract ASA

10 ml/kg 50 mg/kg 100 mg/kg 200 mg/kg 100 mg/kg
    0   9.6 ± 0.68   8.9 ± 0.83   9.1 ± 0.45 10.2 ± 0.04   9.8  ± 0.38

  15   9.8 ± 0.35 10.12 ± 0.42 10.27 ± 1.62 10.4 ± 0.35* 12.13 ± 0.64*

  30 10.6 ± 0.72 11.02 ± 0.47 11.9 ± 0.91 12.73 ± 0.83 * 23.76 ± 2.11*

  45 10.9 ± 1.33 11.34 ± 0.91 11.53 ± 1.30 13.55 ± 1.36* 27.73 ± 1.89*

  60 10.8 ± 0.76 11.88 ± 0.32 11.17 ± 0.73 13.97 ± 0.59* 22.26 ± 1.35*

  90 11.8 ± 0.69 12.14 ± 0.33 12.47 ± 0.45* 16.47 ± 0.49* 19.17 ± 1.07*

120 12.26 ± 1.70 12.41 ± 0.63 13.77 ± 1.09* 19.17 ± 0.49* 18.13 ± 1.07*
Values expressed as mean ± SEM (n = 6). * (p<0.05) control vs.  treated groups
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Table 3
Effect of the methanol extract of A. senegalensis  on formalin-induced pain in rats

Treatment Dose           Score of Pain
Early phase % Inhibition Late phase % Inhibition

Saline   10 ml/kg 2.4 ± 0.25    - 2.2 ± 0.32 -

A. senegalensis 100 mg/kg 2.2 ± 0.38 8.33 1.2 ± 0.37 45.45

A. senegalensis 200 mg/kg 2.0 ± 0.32 16.67 0.8 ± 0.39 63.64

Table 4
Effect of the methanol extract of A. senegalensis  on egg albumin-induced
oedema in rats

Treatment Dose    % Inhibition of Oedema (min.)
30 60 90 120

Saline   10 ml/kg - - - -

A. senegalensis 100 mg/kg 18.18 30.90 27.78 19.04

A. senegalensis 200 mg/kg 27.27 43.63 33.33 34.92

ASA 100 mg/kg 40.00 45.45 29.62 44.44

The extract may therefore possess analgesic
properties.  Acetic acid induced writhing is a
sensitive method of screening anti-nociceptive
effect of compounds.

It causes an increase in peritoneal fluid
concentration of PGE

2
 and PGF

2
α [20, 21]. The

activity of the extract may therefore be exerted
via inhibition of prostaglandin synthesis. The
extract also increased the latency of pain
reaction in mice following hot plate stimulation
thereby supporting the peripheral mechanisms
of pain inhibitions (Table 2).

Formalin produces biphasic pain reaction; agents
acting primarily via  central mechanisms inhibit
both phases while peripherally acting agents inhibit
the late phase [22]. The extract significantly (p <
0.05) inhibited only the late phase of the formalin
induced nociception (45.45% and 63.64% for 100
and 200 mg/kg respectively; Table 3). This
suggests that the action of the extract in relieving
pain is primarily peripheral.

It is therefore clear from the foregoing that the
root extract of Annona senegalensis  may have
strong analgesic properties, which are likely to
be mediated peripherally. Paw oedema induced
by phlogistic agents is a widely accepted model
for the evaluation of anti-inflammatory effect
of drugs [22, 23]. The methanolic extract of
Annona senegalensis  showed a significant
suppression of rat paw oedema in a dose
depended manner (Table 4).

Such ability to significantly (p < 0.05) reduce
the increase in oedema induced by egg albumin
is an indication of an anti-inflammatory activity
[19].  We conclude thus that the root extract of
Annona senegalensis  has anti-inflammatory and
anti-nociceptive properties that may justify the
traditional use of the plant in Nigeria for the
treatment of rheumatism and other pain related
diseases [7].

Bio-activity guided isolation of the active
principle is on going in our laboratory with the
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