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This study aimed to evaluate the qualitative phytochemical profile of the hydroethanolic extract of Annona senegalensis leaves and to
validate its biological properties. High-performance thin-layer chromatography (HPTLC) analysis, quantification of phytochemical
compounds, followed by in vivo evaluation of antioxidant, analgesic and neuroprotective activities were performed using standardized
methods. HPTLC analysis revealed a rich profile of phenolic and terpenic compounds, with rutin and quercitrin identified as prominent
constituents and further confirmed by spectrophotometric quantification. The confirmed phytochemical profile is closely correlated with
in vitro antioxidant properties (ICso of 27.81 + 2.35 pug/mL) and significant inhibition of lipid peroxidation (70.84 £ 2.06%). The extract
was well tolerated and showed anxiolytic and analgesic effects without producing sedation. The phenolic and terpenic constituents of the
extract may contribute to its biological effects and to the ergogenic responses and metabolic adaptations observed under physical stress.
These findings provide scientific support for the traditional use of Annona senegalensis Pers. in African medicine.
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INTRODUCTION

Natural plant-based substances have attracted increasing
attention as potential alternatives to synthetic agents used to
combat fatigue and maintain physical and mental performance.
Their growing interest in pharmacological research is linked
to the need for safer approaches to managing fatigue and stress,
particularly in view of the adverse effects associated with
some synthetic stimulants and psychotropic agents [1,2].
Fatigue, whether physical or mental, remains a major public
health concern, affecting productivity, well-being and quality
of life among working populations [3,4]. Plant-derived com-
pounds that can enhance the body’s ability to cope with phy-
sical and psychological stress are commonly investigated as

adaptogenic or ergogenic agents. Their potential to improve
stress tolerance, sustain physical performance and support
recovery has made them an important area of research in
modern pharmacology [5-7].

In sub-Saharan Africa, traditional medicine offers a vast
reservoir of largely untapped plant-based therapeutic resour-
ces. Among these heritage species, Annona senegalensis Pers.
(Annonaceae) holds a prominent place [8,9]. This medicinal
plant is well documented in African ethnobotanical literature
for its broad therapeutic applications. Traditional uses extend
from the treatment of gastrointestinal disorders and metabolic
conditions to the management of asthenia, chronic fatigue and
febrile pain [8,10]. These traditional uses point to the pote-
ntial analgesic and tonic properties of the species, with a
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possible role in supporting the body’s homeostatic response
to stress [11]. In the Bankui region, the plant is traditionally
used to improve physical capacity and athletic performance
[10]. However, the transition from traditional empirical use
to rigorous scientific validation raises several methodological
challenges. Indeed, very few experimental or clinical studies
using standardized physical exertion models exist to validate
its effectiveness in improving motor capacity or post-exercise
recovery. This study aims to provide an integrated evaluation
of the antifatigue, metabolic, anxiolytic and analgesic effects
of Annona senegalensis leaf extract (ASE), with the goal of
addressing the existing knowledge gap and providing scien-
tific evidence for its traditional use as a natural ergogenic
agent and potential metabolic modulator.

EXPERIMENTAL

Preparation of plant extract: The leaves of Annona
senegalensis Pers. were collected in the Bankui region during
the rainy season (July 2024). The botanical identity of the
species has been formally verified in the national herbarium
of Burkina Faso at the National Center for Scientific and
Technological Research and a reference specimen has been
deposited under specimen no. 8767. The plant material was
cleaned with distilled water and dried in the dark and dry at a
controlled room temperature for two weeks. The dried leaves
were then ground using a mechanical grinder to obtain a fine,
homogeneous powder. Leaf powder (25 g) was subjected to
cold maceration in 250 mL of an ethanol/water mixture
(80:20, v/v) with continuous mechanical stirring for 24 h. The
macerate was filtered through Whatman No. 1 filter paper. The
filtrates were concentrated in an oven at a maximum temp-
erature of 40 °C. The crude extract of Annona senegalensis
obtained (ASE) was stored at 4 °C.

Standardized colorimetric and precipitation methods:
The detection of major families of secondary metabolites was
performed on the ethanolic extract using standardized colori-
metric and precipitation methods [12]. Alkaloids were detected
by Dragendorff’s reagent, phenolic compounds and tannins
by FeCls; reagent, flavonoids by the cyanidin reaction (Shinoda
test), saponins by measuring the foam index, terpenoids by the
Libermann-Burchard test and sugars by Fehling’s reagent [13].

Analysis of phenolics and terpene by HPTLC: The
chromatographic profiles were performed by following the
methods as described earlier [14,15]. HPTLC analysis of
terpene compounds was performed on 60Fs4 silica gel plates
(200 x 100 mm, Merck) on a glass support (Merck, Germany).
For each sample, 5.0 uL of extract was applied as 8.0 mm
bands using a TLC Sampler 4 autosampler (ATS 4, CAMAG,
Muttenz, Switzerland). Development was carried out in an
ADC 2 automated chamber (CAMAG) over a migration dist-
ance of 70 mm, after chamber saturation for 20 min and plate
activation for 10 min (MgCl; at 33% relative humidity). Two
distinct mobile phase systems were used: (i) for polyphenols:
Tetrahydrofuran/toluene/formic acid/water (7:3:1:1 v/viviv)
and (ii) for terpenes: ethyl acetate/ethanol/formic acid/water
(8:1:1:1 viviviv).

After 5 min of automatic drying, the specific detection
of the compounds was performed automatically using a

CAMAG Derivatizer sprayer (2 mL): Polyphenols/flavonoids:
Successive spraying of Neu’s reagent (green nozzle, level 3)
with heating at 100 °C for 3 min, followed by spraying of PEG
400 reagent. Terpenes: Spraying of vallilin reagent (0.5 mL
anisaldehyde, 85 mL methanol, 10 mL glacial acetic acid, 5
mL conc. sulphuric acid) followed by heating between 100 and
110 °C. Acquisition of the chromatographic profiles was cen-
tralized on a TLC Visualizer 2 system controlled by vision
CATS software (version 3.2), under white light, UV 254 nm
and UV 366 nm.

Determination of phytochemicals: The quantification
of Annona senegalensis leaf extract (ASE) secondary meta-
bolites were carried out by spectrophotometry according to
standardized protocols: total polyphenols were determined by
the Folin-Ciocalteu method at 760 nm and expressed in milli-
grams of gallic acid equivalent per 100 g (mg GAE/100 g)
[16,17], while total alkaloids were evaluated at 470 nm after
complexation with green bromocresol (BCG) in buffered
medium (pH 4.7) and chloroform extraction, with contents
expressed in milligrams of atropine equivalent (mg EATTY/)
[4,12,13,18]. Vitamin C was quantified at 530 nm by the
KMnO4 decolorization method and expressed in milligrams
of ascorbic acid equivalent (mgEA), while terpenoids, total
tannins and sugars were quantified by respective spectro-
photometric methods based on the vanillin-perchloric acid
reaction (548 nm), polyvinylpyrrolidone (PVP) precipitation
coupled to the Folin-Ciocalteu reagent and the universal
phenol-sulfuric acid method [18-20].

in vitro Antioxidant activities: The evaluation of anti-
oxidant potential was carried out by complementary spectro-
photometric methods. Radical scavenging activity was deter-
mined by the DPPH test at 517 nm after 30 min of incubation
in the dark, the results being expressed as 50% inhibitory
concentration (ICsp) [21], while reducing power was meas-
ured via the FRAP test at 700 nm by evaluating the ability to
reduce the ferric complex [22]. In parallel, the membrane-
protective effect of the extract was quantified on liver homo-
genate by the inhibition of lipoperoxidation (LPO) was mea-
sured at 532 nm by the assay of thiobarbituric acid reactive
substances (TBARS) [13,23].

Experimental animals and ethics: Non-inbred Swiss
mice, weighing between 20 and 30 g, were obtained from
Laboratory of Animal Physiology of Université Joseph KI-
ZERBO. The animals were housed in standardized poly-
propylene cages under a controlled 12 h light/dark cycle, at a
constant ambient temperature of 22 + 2 °C and a relative
humidity of 50 £ 10%. They had ad libitum access to standard
rodent pelleted food and distilled water throughout the experi-
ment. All animal handling and experimentation procedures
were approved by the Animal Ethics Committee of Joseph
KI-ZERBO University (approval code CE-UJKZ/2025-16).

Assessment of acute oral toxicity: The acute toxicity
test was performed according to OECD guideline no. 423 [24].
Twelve nulliparous female mice, 9 weeks old, with a mean
body weight of 27 + 2.44 g, were used for the acute toxicity
study. The animals were randomly divided into two groups
of six mice each. Water was withheld for 4 h before treat-
ment. Group 1 served as the control and received distilled
water, whereas Group 2 received a single oral dose of ASE at
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2000 mg/kg body weight. The animals were observed conti-
nuously for 1 h following treatment and were then provided
with food and water. Further observations were performed at
24, 48 and 72 h and once daily for 14 days. Mortality and
changes in mobility were recorded throughout the observation
period. Body weight was measured on days 1, 3, 7 and 14.
On day 14, all animals were euthanized and the liver, kidneys,
heart, spleen and lungs were collected and weighed to deter-
mine their absolute organ weights.

Analgesic activity: This test was performed according
to the method described previously [22,25]. The peripheral
analgesic potential of the extract was evaluated using a
chemotherapy induced abdominal contortion model in mice.
Nociception was induced by intraperitoneal injection of a
0.6% (v/v) acetic acid solution at a dose of 10 mL/kg body
weight. A total of 24 male NMRI mice were randomly assi-
gned to four experimental groups (n = 6 per group): (i) a
negative control group receiving distilled water orally; (ii) a
positive control group receiving diclofenac (10 mg/kg body
weight, orally) as the reference non-steroidal anti-inflam-
matory drug and (iii—iv) two test groups receiving ASE at
doses of 200 and 400 mg/kg body weight, respectively, by oral
administration. One hour after treatment with ASE, diclofenac
or distilled water, each mouse received an intraperitoneal
injection of 0.6% acetic acid. Five minutes after the injection,
the number of abdominal contortions, defined as contractions
of the abdominal muscles accompanied by extension of the
hind limbs, was counted individually for each mouse over a
20 min observation period. The antinociceptive effect was
expressed as the percentage inhibition of pain-related resp-
onses, calculated by comparing the number of abdominal con-
tortions in each treated group with that of the negative control
group. The analgesic effect was evaluated using the following
formula:

Inhibition (%) = 100

Nte — Nt
—X
Nte
where Nte: number of contortions in the negative control
group, Nt: number of contortions in the test group or the

positive control group.

Elevated plus-maze test: The elevated plus-maze test
was performed according described methods [26,27]. Anxiety
was assessed using a device consisting of two open arms (30
x 5 c¢m) and two arms enclosed by 15 cm high walls, inter-
secting at the center and raised 50 cm above the ground.
Thirty minutes after oral administration of the respective treat-
ments viz. distilled water, diazepam (2 mg/kg body weight),
or ASE at doses of 200 and 400 mg/kg body weight-
behavioural testing was conducted in a noise-attenuated room
under dim lighting. A total of 20 male NMRI mice were
randomly assigned to four experimental groups (n = 5): (i)
a negative control group receiving the vehicle (distilled
water, orally); (ii) a positive control group treated with a
reference (diazepam, 2 mg/kg body weight, ip); (iii-iv) two
test groups receiving the ASE at doses of 200 and 400 mg/kg
(orally).

Each mouse was individually positioned on the central
platform, facing an open arm. During a standardized 5 min
session, the number of entries and the total time spent with

arms open (indices of anxiolysis), the total number of entries
(an indicator of spontaneous locomotor activity) and the freq-
uency of head dipping (a marker of curiosity and exploration)
were automatically recorded. The maze was cleaned with
70% v/v ethanol after each session to remove olfactory cues.
An arm entry was defined as a mouse having entered one arm
of the maze with all four limbs. Behaviours were defined as
protected if they occur in the closed arms or center and
unprotected when they were exhibited in the open arm region
of the maze [28].

Neuromuscular test grip test: The grip strength test
was performed according to the protocol described above
[29,30], using a low-force measurement system. Each mouse
was placed on a metal grid (2 mm in diameter, 7.5 cm long)
connected to a force sensor and then gradually pulled back-
ward by its tail until it released its grip. This assessment was
repeated five times per animal and the maximum tension of
each trial was recorded using a digital dynamometer. This test
was carried out after one week of gavage feeding (oral route)
for the following experimental groups (n = 5 for each group):
(i) Group 1: Distilled water (negative control); (ii) Group 2:
Vitamin C (positive control); (iii) Group 3: ASE (200 mg/kg
body weight); and (iv) Group 4: ASE extract (400 mg/kg body
weight).

Forced swim test: The forced swim test was performed
according to the reported protocols [31,32]. Twelve weeks
old mice, with a mean weight of 29.30 + 3.31 g, were used.
The swim was performed in plastic containers (50 cm long,
35 c¢m high and 25 cm wide) filled with water to a depth of
30 cm, at a temperature of 28 + 1 °C. The mice (n = 12) were
randomly divided into two equal groups (n = 6): a negative
control group (distilled water) and an experimental group
receiving an extract of A. senegalensis (200 mg/kg, orally)
for 10 consecutive days. After these 10 days of supplemen-
tation, a metallic foil representing 9% of body weight was
attached to the mice’s tails for a swim-to-exhaustion test. Mice
were considered exhausted if they did not surface to breathe
after 7 sec. The time it took them to swim to exhaustion was
used as a performance indicator.

Post-exercise serum biochemical analyses: Immedia-
tely after the forced swim test, blood samples were collected
from the mice. Glucose concentrations and catalytic activities
of serum creatine kinase total and lactate dehydrogenase (LDH)
were determined by standardized enzymatic and Kinetic
methods on a Cobas ¢ analyzer (model 311/501/502, Roche/
Hitachi) using dedicated commercial reagent kits from Roche
Diagnostics GmbH (Germany).

Statistical data processing: Results are expressed as mean
* standard deviation (SD). Statistical analyses were conduc-
ted using appropriate parametric methods. An independent-
samples Student’s t-test was used for comparisons between
two groups, while one-way analysis of variance (ANOVA)
followed by Dunnett’s post-hoc test was applied for compari-
sons of multiple groups with the negative control. Statistical
calculations were performed using dedicated statistical soft-
ware. A p-value < 0.05 was considered statistically significant.
Exact p-values are provided in the relevant figure and table
legends to ensure transparent reporting of the results.



2738 Traoré et al.

Asian J. Chem.

RESULTS AND DISCUSSION

Phytochemical profile: The qualitative phytochemical
screening of ASE revealed a diverse range of secondary meta-
bolites (Table-1). Tannins, flavonoids, saponins, terpenoids,
cardiac glycosides, alkaloids and reducing sugars were dete-
cted in the extract. The TLC chromatogram (Fig. 1) showed
several well-resolved bands with different migration character-
istics, reflecting the presence of compounds with a broad
range of polarities. The terpenoid and steroid profiles (Fig. 1.1
and 1.2) showed a visible spot with intense cyan fluorescence
at 366 nm after vanillin-sulphuric acid and anisaldehyde—
sulphuric acid derivatization, with a Rr value of ~ 0.40. This
band may represent a phytosterol or pentacyclic triterpene,
but confirmation requires authentic standards or spectro-
scopic analysis.

TABLE-1
PHYTOCHEMICAL SCREENING OF THE HYDRO-
ETHANOLIC LEAVES EXTRACT OF Annona senegalensis

Phytochemical

. Test/reagents used ASE
constituents
Tannins Ferric chloride test (FeCls) Presence
Flavonoids Alkaline reagent/Shinoda test Presence
Saponins Frothing test Presence
Terpenoids Liebermann-Burchard test Presence
Cardiac glycosides Keller-Kiliani test Presence
Alkaloids Dragendorff’s reagent Presence
Reducing sugars Fehling’s test Presence

Distinct fluorescence-quenching bands were observed at
R values of approximately 0.28 and 0.56. These bands are
consistent with the presence of phenolic or flavonoid consti-
tuents. The band at Rs ~ 0.28 showed intense blue-white
fluorescence and may correspond to a flavonol glycoside such
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as rutin, whereas the band at R¢ ~ 0.56 was tentatively assig-
ned to quercitrin. Such assignments should be regarded as
tentative unless supported by reference standards or comple-
mentary spectroscopic data [10].

Previous phytochemical investigations have reported
variation in the abundance of quinones and alkaloids in A.
senegalensis leaves [33]. Ziyaev et al. [34], through detailed
phytochemical isolation, identified several alkaloids belon-
ging to the aporphinoid and benzyltetrahydroisoquinoline groups.
Reported compounds include the noraporphins anonaine,
nornuciferin and asimilobine; the aporphine and oxo-aporp-
hine alkaloids roemerin, nuciferin, lysicamine, liriodenine,
N-oxyroemerin and benzyltetrahydroisoquinoline alkaloid
coclaurine. These constituents provide a plausible phyto-
chemical basis for some of the biological activities previ-
ously associated with the species [34,35]. Regional studies
have reported considerable variation in the phytochemical
composition of A. senegalensis leaves. Samples from Togo
contained sterols, triterpenes, carotenoids, flavonoids such as
rutin and isoquercitrin, anthocyanins, saponins and tannins,
whereas epicatechin and related compounds were more pro-
minent in samples from Burkina Faso [36,37]. Such differ-
ences may reflect geographical, environmental or extraction
related factors.

Quantitative analysis (Table-2) showed that ASE
contained appreciable amounts of total polyphenols (98.39 +
1.49 mg GAE/100 g extract) and total flavonoids (4.32 + 0.40
mg QE/100 mg extract). The extract also contained terpenoid
compounds (30.75 + 1.15 g B-sitosterol equivalents/100 g),
total sugars (93.76 £ 16.86 mg sucrose equivalents/100 mg)
and vitamin C (17.33 + 0.13 mg EAA/100 mg). ASE exhi-
bited antioxidant activity in the DPPH assay, with an 1Csg of
27.81 + 2.35 pg/mL, together with an iron-reducing anti-
oxidant capacity of 610.06 + 0.00 umol EAA/g. The extract

Fig. 1. HPTLC profiles of polyphenols, terpenes and steroids in the hydroethanolic leaf extract of A. senegalensis (ASE). (1) Polyphenol
profile visualized with NEU reagent, showing rutin and quercetin alongside reference standards; (2) Terpene and steroid profiles
visualized without reagent (A), with anisaldehyde (B) and vanillin—sulphuric acid (C)
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TABLE-2
RESULTS OF QUANTITATIVE EVALUATION OF Annona senegalensis HYDROETHANOLIC
Parameter type Metabolic parameters Value (Mean = SD)
Alkaloids (ug Atropine equivalent/100 g of powder) 366.70 + 33.55
Polyphenols (mg EAG/100 mg of extracts) 98.39 £1.49
P Total flavonoids (mg EQ/100 mg of extract) 4.32 £0.40
Terpenoids (g equivalent B-sitosterol/100 g of extract) 30.75 +£1.15
Vitamin C (mgEAA/100 mg of extract) 17.33+0.13
Total sugar (mg Sucrose equivalent/100 mg of dry extract) 93.76 + 16.86
LPO (% inhibition) 70.84% + 2.06%
Antioxidant capacities FRAP (umol EAA/Q) 610.06 + 0.00
DPPH (ug/mL) 27.81+2.35

EAG: Gallic acid equivalent; EQ: Quercetin equivalent; EAA: Ascorbic acid equivalent; LPO: Lipid peroxidation; CAT: Catalase; FRAP: Ferric
reducing antioxidant power; DPPH: 2,2-Diphenyl-1-picrylhydrazyl; (ICso): Half-maximal inhibitory concentration.

showed 70.84 £ 2.06% inhibition of lipid peroxidation, with
a corresponding reduction in oxidative membrane damage.
The antioxidant findings are consistent with previous
work by Diallo et al. [13], who reported a high DPPH radical
scavenging activity for A. senegalensis leaves, with 95.06 +
0.10% inhibition. The coexistence of phenolic, flavonoid,
terpenoid and alkaloid constituents provides a plausible phyto-
chemical basis for the antioxidant activity observed in ASE.
Acute toxicity and physiological tolerance: As shown
in Fig. 2, oral administration of ASE leaves did not trigger
any sign of systemic toxicity or behavioural anomalies over
the 14-day monitoring timeline. Throughout the experiment,
both cohorts displayed a steady and healthy weight progre-
ssion Student’s t-test demonstrated that these minor differ-
ences were statistically non-significant (p > 0.05) at every
single temporal checkpoint (D1, D3, D7 and D14). Adminis-
tration of an oral limit dose of 2,000 mg/kg did not induce
any mortality, with the LDso being greater than 2,000 mg/kg.
In accordance with OECD Guideline 423, this extract is
classified as non-toxic or low-risk product [38]. The changes
in hepatic, renal, cardiac, pulmonary and splenic function
remained non-significant (p > 0.05). This high physiological

35 =
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ot

30 =1

25—

Weight (g)

20 =
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tolerance confirms that the bioactive constituents of the extract
do not disrupt basal nutrient absorption or the homeostatic
mechanisms of organic metabolism.

Previous experimental toxicological studies [39-41] con-
ducted on different organs of A. senegalensis generally
conclude that the plant has an excellent safety profile in cases
of acute exposure, although caution is advised during sub-
acute or prolonged administration at high doses. It was showed
that a single oral limit dose of up to 5,000 mg/kg body weight
in mice resulted in no mortality, behavioural abnormalities,
or histopathological changes in liver tissue, placing the
median lethal dose (LDsg) well above this threshold [42].
Extracts of A. senegalensis leaves protect vital organs against
xenobiotic-induced cellular damage by promoting hepatocyte
regeneration and reducing transaminases in response to afla-
toxin [43] and by normalizing the lipid profile in liver cancer
by reducing total cholesterol [39]. It also appears to be nephro-
protective by reversing gentamicin-induced renal toxicity [44].
However, some authors report that oral administration of an
aqueous leaf extract (100-300 mg/kg body weight) for 21
days to male Wistar rats induced a significant reduction in the
testis weight/body weight ratio and total testicular protein
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Fig. 2. Effect of Annona senegalensis hydroethanolic leaf extract on body weight during the 14-day observation period. Left: body weight
(9) recorded on days 1, 3, 7 and 14. Right: absolute weights (mg) of vital organs (liver, heart, lung, kidney and spleen) at study
completion. Data are mean + SD (n = 3/group). Statistical comparison between treated and control groups was performed using

Student’s t-test (ns, p > 0.05)
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content [45]. Furthermore, the root bark of A. senegalensis
exhibits more pronounced acute toxicity than other parts of
the plant. Other researchers [40,46] have indicated that pro-
longed administration of stem bark or root extracts causes
severe liver toxicity, even at moderate doses, leading to the
metabolic alterations, elevated liver enzymes and liver tissue
necrosis.

Peripheral analgesia and preservation of motor perfor-
mance: Intraperitoneal injection of acetic acid in the control
group induced a standardized pain syndrome, characterized
by a high mean of 45.00 £ 2.55 abdominal contortions
(Table-3). This experimental model validates its sensitivity
based on the results of the reference group. Administration of
diclofenac (a non-steroidal anti-inflammatory drug) signifi-
cantly reduced (p < 0.05) the number of contortions to 27.80
+ 2.95, which represent an inhibition rate of 38.2%. At a dose
of 400 mg/kg, ASE caused a drastic and highly peripheral
decrease in the pain score. A maximum inhibition of 43.1%
was observed. At this concentration, the extract showed higher
analgesic activity than diclofenac (43.1% vs. 38.2%). Similar
activity has been reported for the aqueous extract, with 63.36%
inhibition following oral pretreatment at 200 mg/kg [38].
Bakrou et al. [47] reported an 87.37% protective effect, when
compared with 45.07% for aspirin. The antinociceptive
activity may be associated with phytoconstituents such as
flavonoids, tannins and terpenoids [33]. Such activity may be
relevant to pain associated with muscle contusions and exer-
cise induced microtrauma, although its role in improving
athletic performance requires further investigation [10].

TABLE-3
ANALGESIC EFFECT OF ASE AND DICLOFENAC

Number of writhings

Experimental Group Inhibition (%)

(mean + SD)
Distilled water 45.00 £2.55 0.0%
Diclofenac 27.80 +2.95 38.2%™
ASE (200 mg/kg) 39.40 £5.03 12.4% "
ASE (400 mg/kg) 25.60 + 2.07 431%™

Data are reported as mean + standard deviation. Statistical signifi-
cance compared to the negative control group (distilled Water) was
analyzed using one-way ANOVA followed by a post-hoc test (ns:
non-significant, p > 0.05; ***p < 0.001). Abbreviations: AS: Annona
senegalensis leaf extract

Preservation of motor performance and functional
safety: A major pharmacological advantage of ASE may lie
in the absence of deleterious side effects on the musculo-
skeletal system. Two behavioural tests confirm this biolo-
gical safety in vivo. The grip test (Fig. 3) showed preserved
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Fig. 3. Limb grip strength following ASE administration (n = 5/group).

One-way ANOVA showed no significant difference among groups
(F=1.94,p=0.164)

neuromuscular strength at 200 mg/kg, with a score of 164.50
+15.31 g and no significant difference from the control group
(p>0.05). The elevated cross-maze test yielded a comparable
number of entries, which support the absence of detectable
impairment in motor coordination or exploratory activity. The
analgesic effect was therefore not accompanied by apparent
muscle relaxation or neurobehavioral impairment under the
tested conditions. These findings support the traditional use
of the plant for managing bruises and related pain, although
its effects on muscle recovery and physical performance
require further investigation.

Anxiolytic activity and adaptive resistance to muscle
fatigue: Table-4 presents the elevated plus maze (EPM) results,
an established in vivo model for assessing anxiety-related
and sedative-like behavioural responses in rodents. ASE incr-
eased the time spent in the open arms at 400 mg/kg (147.20 £
102.68 s) compared with the control (53.00 + 4.00 s) and dia-
zepam (123.40 £ 44.97 s). The extract-treated animals further
showed increased head-dipping behaviour, with 17.00 + 6.36
entries compared with 4.25 + 0.96 in the control group. These
findings are consistent with previous reports [42,44] attribu-
ting the behavioural effects of the plant to its flavonoid content,
while saponins have been associated with nootropic effects
[48].

The total number of EPM entries remained comparable
between the extract and control groups (9.40 vs. 8.60) and
shows no clear evidence of generalized locomotor suppression
under the tested conditions. The traction test similarly showed
preserved forelimb grip strength, with a value of 164.50 +
15.31 g at 200 mg/kg. The behavioural profile observed in
the present study is therefore compatible with an anxiolytic
like effect without marked motor impairment or sedation at
the tested doses. Previous studies [36] reported reduced loco-
motor activity, prolonged pentobarbital-induced sleep and

TABLE-4
ANXIOLYTIC PROPERTIES

Open arm entries (n) Time in open arms (s) Total entries (n) Head-dippings (n)

Control 3.80 +3.56 53.00 + 24.00 8.60 +5.59 4.25 +0.96

ASE (200 mg/kg) 3.00 +2.92™ 116.20 +£91.48™ 9.00 £5.15™ 11.00 +10.22™
ASE (400 mg/kg) 4.60 +2.07™ 147.20 £ 102.68" 9.40 £ 2.70™ 17.00 + 6.36™
Diazepam (1 mg/kg) 13.20 £+ 6.61™ 123.40 + 44.97" 28.80 £9.12™ 23.40 +£14.02™

Data are presented as mean + standard deviation (SD) for n = 5 mice per group. Statistical significance compared to the negative control group
(distilled Water) was analyzed using one-way ANOVA followed by a post-hoc test (ns: non-significant, p > 0.05; *p < 0.05; **p < 0.01).
Abbreviations: AS: Annona senegalensis leaf extract; ED: distilled Water (Vehicle); s: seconds; n: number.
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attenuated apomorphine-induced stereotypy, with responses
varying by dose and experimental conditions.

The observed activity may be related to the combined
effects of alkaloids and polar flavonoid glycosides [49,50],
with rutin and quercitrin detected by HPTLC. Flavonoids have
been proposed to interact with the y-aminobutyric acid-A
(GABAA) receptor system [51,52], but such receptor-level
effects cannot be established from the present data. Since
rutin and quercitrin were detected rather than individually
isolated and pharmacologically tested, their involvement remains
a literature-based hypothesis.

Active adaptive strategy and cellular protection stress
mechanisms: Fig. 4 presents the behavioural and plasma bio-
chemical responses of mice treated with A. senegalensis leaf
extract (200 mg/kg) immediately after the forced swimming
test. The treated group showed a shorter active swimming time
than the control group (74.90 £ 14.87 vs. 123.20 £ 70.81 s).
Plasma glucose remained comparable between groups (199.62
+ 29.38 vs. 213.20 + 44.79 mg/dL), while CK2 levels were
similar (2497.80 vs. 2509.80 U/L) and LDH was lower in the
treated group (1260.34 + 372.80 vs. 1406.16 + 165.16 U/L).
None of these differences reached statistical significance (p >
0.05). The stable CK2 and LDH values provide no evidence
of marked acute muscle injury under the tested conditions.

4000
B AS 200 mg/Kg pc
3000 - [E Control group
2000 -
1000 B
é — L

0- T T T T
Swimming Glucose CK2 LDH
time (s) (mg/dL) (UL) (UL)

Fig. 4. Effects of ASE on FST parameters and muscle-stress biomarkers.
No significant differences were observed between groups (p > 0.05;
ns = not significant)

The forced swimming test is widely used to assess fatigue
related behaviour and responses to acute stress [30,53]. The
present biochemical profile may reflect preserved metabolic
and muscular homeostasis following exercise. The antioxi-
dant properties of the extract, particularly its flavonoid and
tannin content, may contribute to this response, although the
present study does not establish a direct mechanistic relation-
ship [54]. As a whole, the EPM, grip-strength, analgesic and
forced-swimming findings suggest that the extract produces
distinct behavioural and physiological responses under diffe-
rent experimental conditions. Its anxiolytic-like and antino-
ciceptive effects, together with the absence of significant
changes in selected post-exercise biochemical markers, provide
preliminary support for its traditional use in stress, pain and
fatigue-related conditions. The antioxidant findings from DPPH,
FRAP and lipid-peroxidation assays provide preliminary evid-
ence of antioxidant activity. Since endogenous markers such
as SOD, CAT and MDA were not measured, the underlying
cellular mechanism remains unresolved.

Conclusion

The present study provides preliminary evidence of the
pharmacological potential of Annona senegalensis Pers. leaf
extract (ASE). Phytochemical screening revealed a diverse
profile of secondary metabolites, with measurable polyphenols,
flavonoids, terpenoids, sugars and vitamin C. ASE exhibited
appreciable antioxidant activity in DPPH, FRAP and lipid-per-
oxidation assays. Oral administration at 2000 mg/kg produced
no mortality or significant alterations in the evaluated physio-
logical and biochemical parameters during the 14-day obser-
vation period, which support its tolerance under acute exposure
conditions. ASE produced peripheral antinociceptive activity,
with 43.1% inhibition of acetic acid-induced writhing at 400
mg/kg. The extract did not significantly impair grip strength or
general exploratory behaviour at the tested doses. Increased
open-arm exploration in the elevated plus maze was compati-
ble with an anxiolytic-like behavioural effect, although the
underlying mechanism remains to be established. Following
forced swimming, glucose, CK2 and LDH levels remained
statistically comparable with the control group, however, no
evidence of marked acute metabolic or muscular injury under
the experimental conditions is provided. The findings support
the traditional relevance of A. senegalensis leaves in pain,
stress and oxidative processes, justifying further pharmaco-
logical investigation.

ACKNOWLEDGEMENTS

The phytochemical analyses were performed using
High-Performance Thin-Layer Chromatography (HPTLC)
equipment and reagents hosted at LABIOCA (Université
Joseph KI-ZERBO, Burkina Faso), supported by the ARES
(Belgium) PRD-MT-QUAL 2022-2027 project.

CONFLICT OF INTEREST

The authors declare that there is no conflict of interests
regarding the publication of this article.

DECLARATION OF AI-ASSISTED TECHNOLOGIES

During the preparation of this manuscript, the authors
used an Al-assisted tool(s) to improve the language and no
data, results or scientific conclusions were generated by Al.
All analyses, interpretations and conclusions are the authors’
own. The authors reviewed and edited the content and take
full responsibility for the published work.

REFERENCES

1. A Panossian, T. Lemerond and T. Efferth, Pharmaceuticals, 18, 261
(2025);
https://doi.org/10.3390/ph18020261

2. V. Todorova, K. Ivanov, C. Delattre, V. Nalbantova, D. Karcheva-
Bahchevanska and S. Ivanova, Nutrients, 13, 2861 (2021);
https://doi.org/10.3390/nu13082861

3. AM. Ali, EM. Ali, A.A. Mousa, M.E. Ahmed and A.O. Hendawy,
Sports Med. Health Sci., 3, 177 (2021);
https://doi.org/10.1016/j.smhs.2021.06.002.

4.  M.T. El-Saadony, A.M. Saad, D.M. Mohammed, S.A. Korma, M.Y.
Alshahrani, A.E. Ahmed, E.H. lbrahim, H.M. Salem, S.S. Alkafaas,
A.M. Saif, S.S. Elkafas, M.A. Fahmy, T.A. Abd El-Mageed, M.M.



https://doi.org/10.3390/ph18020261
https://doi.org/10.3390/nu13082861
https://doi.org/10.1016/j.smhs.2021.06.002

2742 Traoré et al.

Asian J. Chem.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.
22.

23.

24.

25.

26.

21.

28.

Abady, H.Y. Assal, M.K. El-Tarabily, B.T. Mathew, S.F. AbuQamar,
K.A. El-Tarabily and S.A. Ibrahim, Front. Immunol., 16, 1491777 (2025);
https://doi.org/10.3389/fimmu.2025.1491777

L. Liao, Y. He, L. Li, H. Meng, Y. Dong, F. Yi and P. Xiao, Chin.
Med., 13, 57 (2018);

https://doi.org/10.1186/513020-018-0214-9

N.H. Nambi, Eurasian Exp. J. Med. Med. Sci., 6, 177 (2025).

A. Tibiri, W.R. Sawadogo, A. Dao, B.G. Elkington, N. Ouedraogo and
I.P. Guissou, J. Altern. Complement. Med., 21, 294 (2015);
https://doi.org/10.1089/acm.2014.0016

B.S.M. Al Kazman, J.E. Harnett and J.R. Hanrahan, Molecules, 27,
3462 (2022);

https://doi.org/10.3390/molecules27113462

K. Almamy, D. Franck, W.S. Richard, F. Lotfi, B. Norah, M. Valérie,
O. Evelyne, 1.G. Pierre and C. Olivier, Afr. J. Pharm. Pharmacol., 15,
1(2021);

https://doi.org/10.5897/AJPP2020.5203

H. Sama, M. Traoré, S. Guenné, 1. Séré, A. Hilou and M.H. Dicko,
Medicines, 9, 10 (2022);

https://doi.org/10.3390/medicines9020010

A.M. Quilez, M.A. Fernandez-Arche, M.D. Garcia-Giménez and R. De
la Puerta, J. Ethnopharmacol., 225, 244 (2018);
https://doi.org/10.1016/j.jep.2018.06.014

M. Dubois, K.A. Gilles, J.K. Hamilton, P.A. Rebers and F. Smith,
Anal. Chem., 28, 350 (1956);

https://doi.org/10.1021/ac60111a017

D. Diallo, A. Dramé, L. Niang, E. Badock, I. Diallo, S. Sow and N.
Ayessou, Adv. Biochem., 12, 105 (2024);
https://doi.org/10.11648/j.ab.20241203.13

M. Schendzielorz, T. Schmidt, N. Puchalla, R. Csuk and A.E. Kramell,
Phytochem. Anal., 35, 64 (2024);

https://doi.org/10.1002/pca.3273

D. Zatuski, R. Kuzniewski and Z. Janeczko, Saudi J. Biol. Sci., 25, 520
(2018);

https://doi.org/10.1016/j.sjbs.2016.01.018

A. Lema, K.J. Zongo, W.L.M.E. Belem-Kabre, M. Sawadogo, H.Y.
Ouoba, P.AE.D. Sombie, N. Ouedraogo and M.J. Bangou, J.
Pharmacogn. Phytochem., 13, 22 (2024);
https://doi.org/10.22271/phyto.2024.v13.i5a.15054

P.A.E.D. Sombié, A.Y. Coulibaly, S. Zongo, I.M. Choudhary and M.
Kiendrébéogo, Afr. Crop Sci. J., 26, 389 (2018);
https://doi.org/10.4314/acsj.v26i3.5

M. Ajanal, M. Gundkalle and S. Nayak, Anc. Sci. Life, 31, 198 (2012);
https://doi.org/10.4103/0257-7941.107361

Z. Jiang, C. Kempinski and J. Chappell, Curr. Protoc. Plant Biol., 1,
345 (2016);

https://doi.org/10.1002/cppb.20024

L. Wozniak, S. Skapska and K. Marszatek, Molecules, 20, 20614 (2015);
https://doi.org/10.3390/molecules201119721

P. Molyneux, Songklanakarin J. Sci. Technol., 26, 211 (2004).

M.N. Yougbaré-Ziébrou, N. Ouédraogo, M. Lompo, H. Bationo, B.
Yaro, C. Gnoula, W.R. Sawadogo and I.P. Guissou, Phytotherapie
(Paris), 14, 213 (2016);

https://doi.org/10.1007/s10298-015-0992-5

M. Bandé, A.K. Sakira, N.R. Zangré, H.W. Bonkoungou, E.B.
Zoungrana, C. Delporte, P. VVan Antwerpen and T.I. Somé, Trop. Med.
Health, 53, 96 (2025); https://doi.org/10.1186/s41182-025-00773-X
OECD, Test No. 423: Acute Oral Toxicity-Acute Toxic Class Method,
OECD Guidelines for the Testing of Chemicals, Section 4, OECD
Publishing, Paris (2002).

B. Phukan, A. Kumar and B.B. Kakoti, Asian J. Chem., 28, 1127 (2016);
https://doi.org/10.14233/ajchem.2016.19606

S. Pellow, P. Chopin, S.E. File and M. Briley, J. Neurosci. Methods,
14, 149 (1985);

https://doi.org/10.1016/0165-0270(85)90031-7

E.R. Payne, M. Aceves-Martins, J. Dubost, A. Greyling and B. De
Roos, Nutr. Rev., 83, 1873 (2025);
https://doi.org/10.1093/nutrit/nuaf054

C.K. Benneh, R.P. Biney, D.W. Adongo, P.K. Mante, F.A. Ampadu,
A. Tandoh, J. Jato and E. Woode, Depress. Res. Treat., 2018, 1 (2018);
https://doi.org/10.1155/2018/1537371

29.

30.

3L

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45,

46.

47.

48.

49.

50.

51.

52.

53.

54.

Y.-J. Hsu, W.-C. Huang, C.-C. Chiu, Y.-L. Liu, W.-C. Chiu, C.-H.
Chiu, Y.-S. Chiu and C.-C. Huang, Nutrients, 8, 648 (2016);
https://doi.org/10.3390/nu8100648

C. Liu, H. Zhao, Y. Yan, W. Yang, S. Chen, G. Song, X. Li, Y. Gu, H.
Yun and Y. Li, Nutrients, 15, 582 (2023);
https://doi.org/10.3390/nu15030582

F. Peng, H. Yin, B. Du, K. Niu, X. Ren and Y. Yang, J. Funct. Foods,
79, 104365 (2021);

https://doi.org/10.1016/j.jff.2021.104365

Y. Peng, L. Zhao, K. Hu, Y. Yang, J. Ma, Y. Zhai, Y. Jiang and D.
Zhang, Int. J. Mol. Sci., 23, 10920 (2022);
https://doi.org/10.3390/ijms231810920

D. Yeo, R. Dinica, H.F. Yapi, B. Furdui, M. Praisler, A.J. Djaman and
J.D. N’Guessan, Therapie, 66, 73 (2011);
https://doi.org/10.2515/therapie/2010076

R. Ziyaev, M.S. Sidibe, O. Panjiev, A. Panjiev and S. Fofana, Middle
Eur. Sci. Bull., 16, 178 (2021).

H.-T. Li, H-M. Wu, H.-L. Chen, C.-M. Liu and C.-Y. Chen,
Molecules, 18, 8257 (2013);
https://doi.org/10.3390/molecules18078257

S.0. Otimenyin and F.-N. Omeri, Int. J. Pharmacol. Pharm. Res., 1, 1
(2014).

A. Tukur, N.M. Musa, H.A. Bello and N.A. Sani, ChemSearch J., 11,
16 (2020).

1. Koussoubé, F. L. Da, M. Sia, B. Tindano, B. Bayala and A. Soudre,
Int. J. Biosci., 24, 10 (2024);
https://doi.org/10.12692/ijb/24.2.110-119

G.O. Anyanwu, D. Anzaku, Y.J. Bulus, J.N. Girgi, C.C. Donwell, J.O.
lhuma, E.C. Onyeneke, G. Bermano and V. Steenkamp, J. Obes., 2025,
5568216 (2025);

https://doi.org/10.1155/jobe/5568216

T.C. Okoye, P.A. Akah, A.C. Ezike, M.O. Okoye, C.A. Onyeto, F.
Ndukwu, E. Ohaegbulam and L. Ikele, Asian Pac. J. Trop. Med., 5, 277
(2012);

https://doi.org/10.1016/S1995-7645(12)60039-X

S. llboudo, H. Some, G.G. Ouedraogo, F.B. Kini, S. Ouedraogo and
I.P. Guissou, Afr. J. Biochem. Res., 13, 44 (2019);
https://doi.org/10.5897/AJBR2019.1030

C.O. Okoli, C.A. Onyeto, B.P. Akpa, A.C. Ezike, P.A. Akah and T.C.
Okoye, Afr. J. Biotechnol., 9, 8435 (2010).

R. Makhuvele, K. Foubert, N. Hermans, L. Pieters, L. Verschaeve and
E. Elgorashi, Onderstepoort J. Vet. Res., 91, a2133 (2024);
https://doi.org/10.4102/0JVR.v91i1.2133

C.E. Okolie, T.A. Ojo, A.A. Adeyanju, C.0. Nwonuma, E.O.
Irokanulo and S.O. Owa, SMU Med. J., 5, 88 (2018).

C.0. Nwonuma, E.O. Irokanulo, A.E. Jolaiya and A. Ore, Am. J. Life
Sci., 3, 203 (2015);

https://doi.org/10.11648/j.ajls.20150303.21

R.A. Adisa, N. Kolawole, L.A. Sulaimon, B. Brai and A. ljaola,
Toxicol. Res., 35, 13 (2019);
https://doi.org/10.5487/TR.2019.35.1.013

E.O.D. Bakrou, D. Dah-Nouvlessounon, Y. Koudoro, B. Boya, E.S. Adjou,
G.A. Alitonou, F. Avlessi, L. Baba-Moussa and D.C.K. Sohounhloue,
Int. J. Adv. Res., 11, 1241 (2023);
https://doi.org/10.21474/1JAR01/17343

K.M. Geetha, S.R.B. Priyadharshini and V. Murugan, Asian J. Chem.,
20, 4269 (2008).

Z. Chunmei and W. Shuai, Front. Pharmacol., 16, 1599167 (2025);
https://doi.org/10.3389/fphar.2025.1599167

A.K. Jager and L. Saaby, Molecules, 16, 1471 (2011);
https://doi.org/10.3390/molecules16021471

J.R. Hanrahan, M. Chebib and G.A.R. Johnston, Br. J. Pharmacol.,
163, 234 (2011);

https://doi.org/10.1111/j.1476-5381.2011.01228.x

A.M. Schwarz, A. Keresztes, T. Bui, R.J. Hecksel, A. Pefia, B. Lent,
Z.-G. Gao, M. Gamez-Rivera, C.A. Seekins, K. Chou, T.L. Appel, K.A.
Jacobson, F.A. Al-Obeidi and J.M. Streicher, Pain, 165, e145 (2024);
https://doi.org/10.1097/j.pain.0000000000003265

F. Liudong, F. Zhai, D. Shi, X. Qiao, X. Fu and H. Li, Sci. Res. Essays,
6, 2624 (2011).

J. Bowtell and V. Kelly, Sports Med., 49(S1), 3 (2019);
https://doi.org/10.1007/s40279-018-0998-x



https://doi.org/10.3389/fimmu.2025.1491777
https://doi.org/10.1186/s13020-018-0214-9
https://doi.org/10.1089/acm.2014.0016
https://doi.org/10.3390/molecules27113462
https://doi.org/10.5897/AJPP2020.5203
https://doi.org/10.3390/medicines9020010
https://doi.org/10.1016/j.jep.2018.06.014
https://doi.org/10.1021/ac60111a017
https://doi.org/10.11648/j.ab.20241203.13
https://doi.org/10.1002/pca.3273
https://doi.org/10.1016/j.sjbs.2016.01.018
https://doi.org/10.22271/phyto.2024.v13.i5a.15054
https://doi.org/10.4314/acsj.v26i3.5
https://doi.org/10.4103/0257-7941.107361
https://doi.org/10.1002/cppb.20024
https://doi.org/10.3390/molecules201119721
https://doi.org/10.1007/s10298-015-0992-5
https://doi.org/10.1186/s41182-025-00773-x
https://doi.org/10.14233/ajchem.2016.19606
https://doi.org/10.1016/0165-0270(85)90031-7
https://doi.org/10.1093/nutrit/nuaf054
https://doi.org/10.1155/2018/1537371
https://doi.org/10.3390/nu8100648
https://doi.org/10.3390/nu15030582
https://doi.org/10.1016/j.jff.2021.104365
https://doi.org/10.3390/ijms231810920
https://doi.org/10.2515/therapie/2010076
https://doi.org/10.3390/molecules18078257
https://doi.org/10.12692/ijb/24.2.110-119
https://doi.org/10.1155/jobe/5568216
https://doi.org/10.1016/S1995-7645(12)60039-X
https://doi.org/10.5897/AJBR2019.1030
https://doi.org/10.4102/OJVR.v91i1.2133
https://doi.org/10.11648/j.ajls.20150303.21
https://doi.org/10.5487/TR.2019.35.1.013
https://doi.org/10.21474/IJAR01/17343
https://doi.org/10.3389/fphar.2025.1599167
https://doi.org/10.3390/molecules16021471
https://doi.org/10.1111/j.1476-5381.2011.01228.x
https://doi.org/10.1097/j.pain.0000000000003265
https://doi.org/10.1007/s40279-018-0998-x

