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ABSTRACT
The design of this work was to screen the ethanol leaf extract of Spondias dulcis for its phytochemicals and study the anti-
inflammatory and analgesic efficacy in mice to support its local use in pain and inflammatory diseases management. The
leaves of S. dulcis were collected, shade dried, pulverised and extracted with ethanol (60%) for 72 hours. Filtration was
achieved by the use of Whatman filter paper and the filtrate was concentrated in vacuo. Part of the ethanol extract (100 g)
was partitioned successively with n-hexane, dichloromethane, ethyl acetate and butanol and the various fractions were again
concentrated to dryness individually. The ethanol leaf extract of S. dulcis was screened for the presence of secondary
metabolites, studied for anti-inflammatory effects using egg-albumin and xylene topical oedema models and also studied for
analgesic effects with acetic acid-induced writhing and hot plate pain models. The presence of alkaloids, flavonoids, tannins,
phlobatannins, saponins and terpenoids was detected in the ethanol leaf extract. The extract displayed significant (p< 0.05)
anti-inflammatory and analgesic properties in a dose-dependent way and similar to prototype drugs, ASA (Aspirin) and
dexamethasone when compared to control groups pretreated with distilled water (10 mL/kg). Ethyl acetate fraction (ETA)
was most potent in all experimental models. The result of this study validates the ethnomedicinal use of S. dulcis leaves by
the Usaka people in the management of inflammatory pain diseases.

INTRODUCTION

Pain and human beings are inseparable and man in an
attempt to be freed from the diseases of pain continues to
seek for natural remedies for pain management. Many
human diseases such as diabetes, hypertension, fracture,
child birth, arthritis, body aches, usually come with attendant
pain, that, if not properly managed, can reduce the quality of
human life (Pandelani et al., 2023).

Management of inflammatory pains is achieved by the use
of both conventional methods such as over-the-counter
drugs, prescribed opiates, non- opiates, antidepressants and
also, alternative and complementary procedures. Apart from
the high cost of these drugs, their use in the management of
inflammatory pains is not without untoward effects. Some of
the untoward effects such as abdominal discomforts, ulcers,
dependency and addiction are documented (Bicego et al.,
2021; Alorfi, 2023). In view of these effects, many
indigenous cultures resort to the use of materials from
natural sources to manage pain disorders with plants and
their materials being in the front row. Many plants have been
used over a long period for management of inflammatory
pain conditions with limited scientific data (Khumalo et al.,
2022).

Spondias dulcis L. (Anacardaceae), with common names
such as Ambarella, June plum, Golden apple is an
indigenous remedy of the Usaka people in kot Ekpene local
Government Area of Akwa Ibom State, Nigeria. A decoction
of the leaves, known as “Nsukakara” among the Usaka
people, is used for treating stomach aches and other
abdominal pains. In other regions, S. dulcis is reported as a
remedy for diarrhea, improved eye sight, itchiness, internal
ulceration, sore throat, skin inflammation, and also, as an

antidote (Wiart, 2006; Rahmatullah et al., 2009; Olatokunbo
and Akinjogunla, 2020). Other reported uses of S. dulcis in
ethnomedicine are to treat anemia, regulate blood glucose
levels, and to treat digestive problems (Yunus et al., 2021).
Reported biological activities of S. dulcis include:
antigenotoxic, anticancer, immunomodulation,
antimicrobial, antioxidant, antimutagenic, cytotoxic and
thrombolytic (Islam et al., 2013; Yolande et al., 2018;
Avraujo et al., 2019). The design of this work was to screen
the ethanol leaf extract for classes of phytochemicals and
also, study the anti-inflammatory and analgesic efficacy of
the leaf in mice to support its ethno medicinal uses in pain
and inflammatory diseases.

Fig. 1: S, dulcis in a natural environment
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MATERIALS AND METHODS

Preparation of Extract/Fractions

The leaves of S. dulcis were collected from a forest in Usaka
village, kot Ekpene Local Government Area in Akwa Ilbom
State. Dr. Imoh Imeh Johnny identified the plant, Prof. (Mrs)
Margaret Bassey, a taxonomist in the Department of Botany
and Ecological Studies in the University of Uyo,
authenticated it. A voucher specimen (UUPH 3(d)) was
deposited in the herbarium of the Department of
Pharmacognosy and Natural Medicine, Faculty of
Pharmacy, University of Uyo. The plant materials were
chopped into smaller pieces, dried under shade with enough
air flow. After drying for one week, material was further
pulverized with the aid of hammer mill and 1 kg weight
marcerated with 60% ethanol with intermittent agitation for
72 hours (Xia et al., 2011; Hikmawanti et al., 2020). The
resultant mixture was filtered with a Whatman filter paper
and filtrate concentrated using a rotary evaporator to obtain
ethanol extract (Sd). For the fractions, ethanol extract (100
g) was successively partitioned with enough volumes of
nhexane, dichloromethane, ethyl acetate and butanol to
obtain nhexane (NHEX) fraction, dichloromethane (DCM)
fraction, ethylacetate (ETA) fraction, butanol (BUT) fraction
and aqueous (AQ)] fraction. The fractions were individually
concentrated and kept in the refrigerator for the study.

Procurement of Mice for Animal Study

Albino mice of both sexes procured from the Faculty of
Pharmacy, University of Uyo animal house, weighing 20 to
30 g were procured and were kept under standard conditions,
starved for 24 hours prior to the experiments and given only
access to water.

Animal Ethics

The handling of animals was done with humane care in
accordance with best practice and supervised by the Faculty
of Pharmacy Ethics Committee.

Acute Toxicity Study

The median lethal dose of the ethanol leaf extract of S. dulcis
was estimated according to the Organisation of Economic
Co-operation and Development (OECD) guidelines (2002).
Three groups of mice (three per group) were selected for the
study. The first three mice were administered with 300
mg/kg of ethanol leaf extract of S. dulcis. After twenty-four
(24) hours, only one mouse died. Following OECD
guidelines, a dose of 2000 mg/kg was administered to the
next set of three mice and all died. The dose of 2000 mg/kg
was repeated with another group of three mice and all the
three mice died. All administration was done orally and
manifestation of physical signs of toxicity such as writhing,
decreased motor activity, decreased respiration apart from
death were also noted (Erhirhie et al., 2008) .

Phytochemical Screening

The phytochemical screening methods reported by Sofowora
(2008) was adopted to screen the ethanol leaf extract of S.
dulcis to detect the presence of secondary metabolites.
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Anti-inflammatory Study

Egg Albumin-induced Oedema: In this study, 20 mice were
randomized and divided into 5 groups of 4 mice. Group one
received distilled water (10 mL/kg), groups 2 to 4 received
low, median and low doses of the ethanol extract while group
5 mice received ASA 100 mg/kg. Induction of inflammation
was achieved with 0.1 mL of egg albumin injected into the
sub planter surface of the right hind paw of the mice 1 h
following pretreatments with the extracts and the standard.
Paw sizes were measured using digital venier caliper (Umoh
et al., 2020).

Xylene-induced topical oedema: Here, 40 mice were
grouped into 10 groups of 4 per group. Group one received
distilled water (10 mL/kg), groups 2 to 4 received low,
median and low doses of the ethanol extract, groups 5 to 9
received the various fraction at the median dose of the
ethanol extract while group 10 mice received
dexamethasone 4 mg/kg. This was followed by induction of
oedema by topical application of 50 microliter of xylene to
both surfaces of the right ears while the left ears served as
control. Mice were sacrificed after 5 hours and both ears
removed. The average weight differences (using digital
analytical balance) between the ears were taken as a measure
of inflammatory response.

Analgesic Study

Acetic acid —induced writhing in Mice: Forty (40) mice were
grouped in similar manner as earlier described in acetic acid
experiment and pretreated with extract and fractions, thirty
minutes before induction of pain by intraperitoneal
administration of acetic acid. The number of writhing
movements for acetic acid experiment was recorded for
another thirty minutes at five minutes interval and analgesia
was expressed as the reduction in the number of writhing
between control animals and the mice pretreated with
extract/fractions/prototype drug (Okokon and Nwafor, 2010;
Umoh et al., 2020).

Thermal-induced Pain: In the thermal model, another set of
forty (40) mice were randomized and grouped into 10 groups
of 4 mice per group and pretreated as earlier described in
acetic acid experiment. The animals were placed onto a hot
plate that was standardized at 50 + 1°C and the response of
the mice between placement and licking of paws was taken
as the index of response latency (Umoh et al., 2020).

Statistical Analysis: Data obtained were presented as mean
+ standard error of mean (SEM) and analyzed using analysis
of variance and comparison test calculated using version
5.03 graph pad prism software. The differences between the
means were considered significant at p< 0.05.

RESULTS

The phytochemical screening result revealed that the ethanol
leaf extract of S. dulcis contain alkaloids, flavonoids,
tannins, phlobatannins, saponins and terpenoids in different
quantities (Table 1). The most abundant phytochemicals
were alkaloids, tannins and saponins. Cardiac glycosides and
anthraquinones were absent.
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Table 2 presents the anti-inflammatory response of the
ethanol leaf extract of S. dulcis on egg —induced oedema
while Table 3 is the response of both extract and fractions to
xylene-induced topical oedema in mice. In this study, the
ethanol extract dose-dependently reduce inflammation
caused by egg albumin and xylene while the fractions also,
reduced topical inflammation in the xylene experimental
model at the dose of 100 mg/kg.

The result of acetic acid-induced writhing in mice (Table 4)
showed the dose-dependent involvement of the ethanol leaf
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extract in reducing the number of abdominal twitchings in
pretreated mice groups. The ethyl acetate fraction (ETA)
was able to significantly (p<0.05) reduced abdominal
writhing in mice throughout the entire period of the
experiment. Butanol fraction (BUT), as the second most
potent, reduced abdominal writhing in mice at the first 10
minutes and also at 25 minutes. The result of hot plate
experiment (Table 5) revealed that the extract dose-
dependently prolonged the latency period before paw licking
in mice. All fractions displayed varying significant (p<0.05)
levels of effect though not as potent as ASA, a standard drug.

Table 1: Result of Phytochemical screening of ethanol leaf extract of S. dulcis

Composition Test Observation Inference
Alkaloids Dragendorff's reagent Red precipitate ++
Flavonoids Magnesium metal in acid test Red precipitate +
Tannins Ferric-chloride reagent Blue-black precipitate ++
Phlobatannins 1% aqueous hydrochloric Red precipitate +

acid
Saponins Frothing test Frothing persisted ++
Terpenoids Lieberman's test Reddish brown colouration at interphase +
Cardiac Keller-Killiani's test Brown ring formed at interphase -
glycosides

Anthraquinone
S

Salkowski's test

Modified Borntrager's test

Reddish-brown ring at interphase

No pink, red or violet coloration in the lower
phase

— = Absent; + = Present; ++ = Highly present

Table 2: Anti-inflammatory effects of ethanol extract of S. dulcis on egg albumin-induced oedema in mice

Treatments Time (Minutes)

(ma/kg) 0.5 1h 2h 3h 4 h 5h

Distilled water 1.29+0.013 0.96 +0.02 0.82+0.02 0.71+0.13 0.57+0.01 0.36+0.04
10 mL/kg

Sd 50 mg/kg 1.21+0.02 0.80+0.03* 0.67+0.02* 0.61+0.01 0.53+0.01 0.26 £ 0.02*
Sd 100 mg/kg 1.17+0.03* 0.76 +0.01 0.65+0.02* 050+0.03* 0.39+0.02* 0.25+%0.02*
Sd 150 mg/kg 1.19+0.01* 0.80+0.02* 0.66+0.02* 0.51+0.02* 041+0.03* 0.25+0.02*
ASA 100 mg/kg  1.27+0.02 0.79+0.03* 0.64+0.02* 053+0.01* 0.40+0.04* 0.27+0.03*

Values are expressed as mean = SEM, where n=4 and *p<0.05 is considered significant

Table 3: Anti-inflammatory effects of ethanol extract/fractions of S. dulcis on xylene-induced topical oedema in mice

Treatments Mean weights (mm)
Distilled water 10 mL/kg ~ 0.074 £ 0.012
Sd 50 mg/kg 0.046 + 0.007*
Sd 100 mg/kg 0.034 + 0.005*
Sd 150 mg/kg 0.042 + 0.008*
NHEX 100 mg/kg 0.047 + 0.005 *
DCM 100 mg/kg 0.030 + 0.004*
ETA100 mg/kg 0.038 + 0.008*
BUT 100 mg/kg 0.040 + 0.004*
AQ 100 mg/kg 0.040 + 0.004*
Dexa 4 mg/kg 0.036+ 0.005*

Values are expressed as mean £ SEM, where n=4 and *p<0.05 is considered significant
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Table 4: The effect of the ethanol extract and partitioned fractions of S. dulcis on acetic acid-induced writhing in mice

Treatments Time (Minutes)

(mg/kg) 5 10 15 20 25 30

Distilled water 10 10.00£0.02  11.33+0.02  14.66 +0.02  15.00+ 0.02 14.00+0.02  11.00+0.01
mL/kg

Sd 50 mg/kg 5.00+£0.03*  7.00+0.02* 9.00+0.02* 10.33+0.02* 8.67+0.02* 3.00+ 0.00*
Sd 100 mg/kg 4.67+0.03* 9.00+0.02 12.00+0.02* 8.67+0.03* 9.37+0.02* 7.00+0.02*
Sd 150 mg/kg 1.674£0.01* 1.67+0.01* 8.00+0.02* 5.67+0.02* 3.00+0.01* 2.33+0.02*
NHEX 100 mg/kg 7.15+£0.02* 7.01+0.02* 12.33+0.02 13.33+0.02 10.33+0.02* 9.33+0.02
DCM 100 mg/kg 5.00£0.02* 15.67+0.03 19.00£0.04 12.33+0.03 12.33+x0.02 13.00 £0.02
ETA 100 mg/kg 5.00+0.02*  5.00£0.02* 9.33+0.02* 8.33%0.02* 5.33+0.02* 3.00+0.01*
BUT 100 mg/kg 2.33+0.02*  3.33+0.02* 12.33+0.02 11.00+0.02 8.33+0.02* 10.00 £ 0.02
AQ 100 mg/kg 4.33+0.02* 833+0.02 11.33+0.02 13.00+0.02 9.37+0.02* 10.00+0.02
ASA 100 mg/kg 1.6741.60* 2.80+1.39* 2.60+0.68* 0.67+0.02* 1.00+0.03* 0.33+0.01*

Values are expressed as mean = SEM, where n=4 and *p<0.05 is considered significant

Table 5: The effect of ethanol extract of S.dulcis on thermal-
induced pain in mice

Treatments Time (seconds)
Distilled water 10 mL/kg 15.35+1.90
Sd 50 mg/kg 30.01 + 1.20*
Sd 100 mg/kg 34.11+£1.13*
Sd 150 mg/kg 36.73 £ 1.20*
NHEX 100 mg/kg 25.27 £ 1.12*
DCM fraction 100 mg/kg 25.80 £ 2.10*
Ethyl acetate fraction100 mg/kg  26.00 + 1.70*
Butanol fraction 100 mg/kg 25.81 +1.10*
Agqueous fraction 100 mg/kg 29.01 + 0.90*
ASA 100 mg/kg 35. 21+ 1.00*

Values are expressed as mean + SEM, where n=5 and
*p<0.05 is considered significant

DISCUSSION

Considering the result, the leaf extract was able to reduce
both systemic and topical oedema caused by egg-albumin
and xylene, respectively. These reductions were statistically
significant (p<0.05) and in a dose-related manner (mostly at
t = 2h, 5 h) and also, in a way similar to a standard anti-
inflammatory agent, ASA. Looking at the xylene
experiment’s result, the ethanol extracts reduced
inflammation caused by xylene in a dose dependent manner
and DCM and ETA, were the most potent among the
fractions. The presence of chemicals in plants’ tissues, most
especially the secondary ones, are the reason they are used
as medicines. Alkaloids, flavonoids and saponins are known
for their anti-inflammatory and analgesic properties (Babu et
al., 2021; Gonfa et al., 2023; Sun and Shahrajabian, 2023).
The ethanol extract of S. dulcis may be exhibiting anti-
inflammatory and analgesic effects in mice because of the
presence of these secondary metabolites (Umoh et al., 2024).

The result of Table 2 showed that the ethanol leaf extract of
S. dulcis reduced inflammation inducted by egg albumin in
a dose-dependent manner and the reductions were
statistically (p<0.05) significant. The use of egg albumin as
a phlogistic agent, in anti-edematous experimental model is
thought to cause the release of inflammatory mediators by

two mechanisms. The first mechanism, is locally mediated
leading to release and formation of autocoids, while the
second, mediated neurogenically, stimulates primary
sensory neurons and subsequent release of substance P from
peripheral nerve endings (Gamse et al., 1980; AmicoRoxas
et al., 1984). The first mechanism is partly dependent on the
second with resultant release of histamine from mast cells.
The blocking of the pathway for the release of these
mediators may be taken as a reason for the observed anti-
inflammatory efficacy of ethanol leaf extract of S. dulcis. In
the xylene topical model, where the ethanol extract in a
significant (p< 0.05) manner, dose-dependently reduced
topical inflammation caused by xylene. The fractions also
demonstrated marked topical anti-inflammatory effects with
the DCM being more potent than ASA, a standard analgesic
drug and this was followed by ETH. In this model,
inflammatory pain is seen as a product of the release of
phospholipase A2. Thus, blocking this pathway may be the
reason the extract and fractions were able to reduce oedema
induced by xylene (Okokon et al., 2008; Umoh et al., 2020;
Umoh et al., 2024).

The acetic acid pain induction model is said to be a
peripheral and through the cyclooxygenase (COX) pathways
with subsequent activation of pain receptors and the release
of proinflammators such as prostaglandins while hot plate
pain induction model is used to mimic narcotic properties of
plant extracts. Thus, the extract and fractions demonstrate
analgesic effects in both acetic acid and thermal models,
could possibly be as a result of blocking these pathways
((Nwafor and Okwuasaba, 2003; Umoh et al., 2020; Umoh
et al., 2024).

CONCLUSION

This study has shown that the ethanol extract and fractions
of S. dulcis leaf possessed anti-inflammatory and analgesic
properties which may be attributable to its chemical
constituents, alkaloids, flavonoids and saponins. These
effects are comparable to standard drugs, ASA and
dexamethasone. Therefore, the result of this study supports
the ethnomedicinal application of the leaf of S. dulcis in the
management of stomach pains and also provide the scientific
basis on its use in traditional medicine. Further studies are
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recommended to unravel the exact mechanism(s) of
action(s) involved in the observed effects.
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