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Abstract Original Research Article

The increasing global burden of neurodegenerative diseases such as Alzheimer’s disease has intensified
the search for effective, plant-based therapies. Annona muricata (soursop) is a tropical plant traditionally
used for various ailments, yet its neurotherapeutic potential remains underexplored. This study
evaluated the cognitive-enhancing and neuroprotective properties of Annona muricata leaf extracts
using a combination of phytochemical analysis, molecular docking, and behavioral testing.
Phytochemical screening revealed the presence of key bioactive compounds, including flavonoids,
alkaloids, glycosides, and saponins, with n-hexane extracting the highest total phytochemical yield at
45.5%, compared to 31.8% each for hydromethanol and methanol. Molecular docking showed that
luteolin and quercetin exhibited strong binding affinities to critical neurological targets, including
acetylcholinesterase (—12.0 docking score, —66.6%), NMDA receptors (—9.1 docking score, —50.5%),
muscarinic M1 receptors (—11.7 docking score, —65%), and dopamine receptors (up to —10.8 docking
score, —60%), suggesting a multi-target mechanism of neuroprotection. In vivo behavioral assessment
using the Barnes Maze test demonstrated that rats treated with 300 mg/kg of Annona muricata extract
significantly improved spatial learning and memory, with reductions in escape latency by up to 48.2%
and in some weeks exceeding control group performance. These findings suggest that Annona muricata
possesses promising neurotherapeutic potential and may serve as a natural multi-target agent in the
management of Alzheimer’s disease.
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INTRODUCTION muricata (commonly known as soursop) stands
out for its diverse array of bioactive compounds,
including acetogenins, flavonoids, and alkaloids
which are linked to various pharmacological
affects such as anti-inflammatory,

The growing reliance on natural products for
disease management has intensified scientific
interest in plant-based therapies. Annona
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antihypertensive, sedative, antidiabetic, and
neuroprotective activities (Fan et al.,2022). Its
leaves are traditionally used to treat ailments like
diabetes, hypertension, insomnia, liver disorders,
and digestive issues. To scientifically validate its
neurotherapeutic potential, especially in relation
to Alzheimer’s disease, molecular docking has
become an essential computational method
(Ogundipe et al., 2025). This technique predicts
how plant-derived compounds interact with
critical  neurological  targets such  as
acetylcholinesterase ~ (AChE), muscarinic
receptors, and dopaminergic receptors. This
study, therefore, aims to analyze the
phytochemical profile of Annona muricata and
assess the binding capabilities of its active
compounds through molecular docking. The
goal is to provide insight into the plant’s multi-
target mechanism of action and support its
development as a natural therapeutic agent
against Alzheimer’s disease (Gonzalez, et al.,
2023).

MATERIALS AND METHODOLOGY
Study Design

A total of 42 healthy Wistar rats was weighed.
The animals were acclimatized for a period of
two weeks. These animals were gotten from the
experimental animal unit of Department of
Human Physiology, Uniport, Rivers State.

Collection of Plants

Annona muricata was obtained from botanical
garden of the department of phamacognosy
University of Port Harcourt, Rivers State,
Nigeria. It was identified in the plant science and
Biotechnology green house, Port Harcourt,
Rivers State, Nigeria.

Phytochemical Screening

This is the process of identifying the various
bioactive compounds (phytochemicals) present
in these plants. These compounds often have
medicinal properties and can be classified into
various categories, such as alkaloids, flavonoids,
tannins, saponins, glycosides, terpenoids, and
more. The photochemical screenings of the

plants were screen by the faculty of
pharmaceutical ~ science,  department of
pharmacology and phyotheraphy, test and result
for phytochemical analysis of N-hexane,
methanol and hydromethanol (Sodiya et al.,
2024; Mbanefo et al., 2022).

Extraction of Leaves

The n-hexane extraction procedure for Annona
muricata leaves begins with washing and air-
drying the fresh leaves under shade to preserve
their bioactive compounds. The dried leaves are
then ground into fine powder using a mechanical
grinder. Approximately 100 grams of the
powdered leaves are soaked in 500 mL of n-
hexane, a non-polar solvent, in a clean container.
The mixture is macerated for 48 to 72 hours at
room temperature with intermittent shaking to
enhance the release of non-polar phytochemicals
(Coria-Téllez et al., 2018). After maceration, the
solution is filtered to separate the liquid extract
from the plant residues. The filtrate is then
concentrated using a rotary evaporator or water
bath at a temperature not exceeding 40°C to
prevent thermal degradation of heat-sensitive
compounds. The resulting crude extract is stored
in airtight containers for further phytochemical
screening (Moghadamtousi et al., 2023).

The hydromethanol extraction of Annona
muricata leaves involves soaking 100 g of shade-
dried, powdered leaves in 500 mL of 70%
methanol and 30% distilled water for 48-72
hours at room temperature. The mixture is then
filtered, and the filtrate is evaporated at 40°C
using a rotary evaporator to concentrate the
extract. This method efficiently extracts polar
and semi-polar phytochemicals such as
flavonoids, alkaloids, glycosides, and phenols,
which are known for their antioxidant and
neuroprotective properties (Coria-Tellez et al.,
2020; Soni et al., 2022)

To extract phytochemicals using methanol, 100
grams of shade-dried, powdered Annona
muricata leaves are soaked in 500 mL of pure
methanol in a clean container. The mixture is
macerated at room temperature for 48-72 hours
with occasional stirring to ensure thorough
extraction. After the soaking period, the solution
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is filtered using muslin cloth or filter paper to
remove plant debris Coria-Téllez et al., 2021).
The filtrate is then concentrated using a rotary
evaporator at 40°C to remove excess methanol.
The dried methanolic extract is stored in an
airtight container at 4°C until needed for
phytochemical screening. Methanol, being a
polar solvent, is effective in extracting
flavonoids, saponins, glycosides, alkaloids, and
phenolic compounds, which are known for their
antioxidant, anti-inflammatory, and
neuroprotective activities (Coria-Téllez et al.,
2021; Soni et al., 2022).

Molecular Docking

The structures of the target proteins with their
respective bound ligands were retrieved from the
Protein Data Bank (https://www.rcsb.org). The
selected targets were the NMDA receptor (PDB
ID: 1PBQ) , Nicotinic acetylcholine receptors
(PDB ID: 7EKP) , Muscarinic (M1)
acetylcholine receptors (PDB ID: 6ZG4) ,
Acetylcholinesterase enzyme (PDB ID: 604W) ,

Dopamine receptor D1 (PDB ID: 8IRR) and
Dopamine receptor D2 (PDB ID: 8IRS) ,
respectively. PyMOL Molecular Graphics
System, Version 2.5 Schrodinger, LLC was used
for visualization of the proteins. The proteins
were prepared using the protein preparation
wizard tool in Maestro’s Schrodinger Suite.

Ethnics Approval

Ethics Was Approved By the Ethics Committee
with Ethics Number
UPH/CEREMAD/REC/MMI11/089

Statistical Analysis

SPPSS version 20.0 was adopted to examine the
numerical data got from the study, the result
were presented as, mean plus or minus () SEM.
Comparison of mean values was achieved by
carrying out the analysis of variance - ANOVA,
and posts Hoc tests were used to compare the
mean and p < 0.05 was considered statistically
significant. Results were tabulated in tables.

RESULTS
Table 1: Phytochemical Analysis of Annona Muricata
Compounds N- hexane % differences Hydromethanol % differences Methanol % differences
Alkaloids 9.09 454 4.54
Mwyers test ++ve +ve +ve
Drangendorffs test e +ve +ve
Hagers test ++ve +ve +ve
Flavornoids 9.09 454 4.54
Shin oda test e +ve +ve
Acl3 +ve +ve +ve
NaOH +4ve +ve +ve
Carbohydrate 9.09 4.54 4.54
Fehling solution +hve +ve +ve
Molisch test +hve +ve +ve
Anthraquinnones 0 0 0
Free anthraquinnone test -ve -ve -ve
Combined anthraquinnone
test -ve -ve -ve
@ SSR Journal of Medical Sciences (SSRIMS) | Published by SSR Publisher
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Saponin 9.09 9.09 4.54
Froting test e e +ve
Emulsion e e +ve

Phlobatannin 0 0 0
1% hydrochloric acid -ve -ve -ve

Table 2: Pattern of Spatial learning and memory using Barnes Maze test week 1 to 5

Groups Week1 % Week?2 % Week3 % Week4 % Week5 %
Time (Sec.) Time (Sec.) Time (Sec.) Time (Sec.) Time (Sec.)

Scopolamine 51.20+4.49 168.4 30.60+13.63 57.8 81.00+6.89 252.1 93.60+13.42 220.6 89.60+13.29
Only

Scopolamine + 33.00+3.51 73.6 128.80+9.89 573.6 163.80+9.22 608.6 53.40+8.65 82.7 69.40+11.01
100 mg/kg
Anonna
muricata

(cc) (DS . . . .
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Table 3: Pattern of Spatial learning and memory using Barnes Maze test week 6 to 10.

Groups Week6 % Week7 Time % Week8 Time % Week 9 Time % Week10 Time %
Time (Sec.) (Sec.) (Sec.) (Sec.) (Sec.)
Control 21.60+4.88 0 22.20+4.19 0 21.00+9.00 0 19.61+5.34 0 23.00+0.00 0
Group

Scopolamine  111.20+4.3 4285 109.80+7.74 395.4 179.80+4.59 752.2 164.40+6.35 763.1  256.60+4.92 1011
Only 9

Scopolamine  19.80+8.12 -10.5 17.60+8.59 -22.7 19.80*+47.3 -9.5 25.80+£29.17 31.5 20.20*#+7.01 -130.0
+ 5 mg/kg 5
Donpezil

Scopolamine  105.60+7.2 400 209.60+5.36 850 300.00+0.00 1328 217.20#+5.7 1044. 300.00+0.00 1204.
+100 mglkg 4 0 3

Anonna

muricata

Scopolamine  26.20+4.44 23.8 31.60+7.07 47.6 25.80+3.77 19.0 21.80+4.23 10.5 22.2045.19 -4.3
+ 300mg/kg

Anonna

muricata

Table 4: Shows the docking scores (kcal/mol), MMGBSA (kcal/mol), and the interacting residues
of the selected receptors with t-60.5heir co-crystallized ligands and best hit compounds from
annona muricate.

Target Compound Docking %difference MMGBSA %difference Key Interaction
score
1PBQ CCL -8.8 -48.8 —49.22 -273.4 H-bond: ARG131, THR126
Pi-pi: PHE92
Quercetin -89 -4.9 —44.71 -248.3 H-bond: ARG131, THR126
Pi-pi: PHE92
Luteolin -91 -50.5 —42.25 -234.7 H-bond: ARG131
Pi-pi: PHE92
604W CCL -123 -68.3 —82.30 -457.2 H-bond: PHE295

Pi-pi: TRP86, TRP286
Pi-cation: TRP86, TYR337, PHE338

Quercetin -11.1 -61.6 —54.86 -304.7 H-bond: TYR124, PHE295
Pi-pi: TRP286
Luteolin -12.0 -66.6 -36.14 -200.7 H-bond: ASP74, PHE295, TYR337
Pi-pi: TRP286, TYR341
62G4 CCL —-114 -61.6 —40.86 -227 Pi-cation: TRP400
Quercetin - 11.6 -64.4 -51.14 -284.1 H-bond: TYR106, ILE180, LEU183,
TYR381
Luteolin -11.7 -65 —30.23 -167.9 H-bond: TYR106, CYS178, ILE180,
SER184
Pi-pi: TYR404
TEKP CCL -10.4 -57.7 =179.17 -439.83 Halogen bond: SER56

H-bond: TRP171, CYS212
Pi-cation: TRP77, TRP171,
TYR210, TYR217

Quercetin -9.8 -54.4 —50.63 -281.2 H-bond: TRP77, CYS212
Pi-pi: TRP171, TYR210
Luteolin -10.4 -57.7 —54.68 -303.7 H-bond: TYR115, CYS212
Pi-pi: TYR210
8IRR CCL -95 -52.7 —31.58 -175.4 H-bond: ASP314
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Quercetin - 10.6 -58.8
Luteolin -10.8 -60
8IRS CCL -10.1 -56.1
Quercetin -104 -57.7
Luteolin -10.0 -55.5

—32.54 -180.7 H-bond: LYS 81, GLU85, ASP187,
THR303, ASP314
—33.81 -187.8 H-bond: ALA84, THR303, ASP314
=72.90 -405 H-bond: SER193
Pi-pi: PHE390
Pi-cation: HIE393
Salt bridge: ASP114
—51.56 -286.4 H-bond: ILE184, SER193, TYR416
Pi-pi: PHE390
—48.42 -26.9 H-bond: SER193

Pi-pi: PHE390, HIE393

DISCUSSION OF FINDINGS

The phytochemical analysis of Annona muricata
leaves showed that n-hexane was the most
effective solvent, extracting the highest levels of
key bioactive compounds; alkaloids, flavonoids,
carbohydrates, glycosides, and saponins, with a
total yield of 45.5%, compared to 31.8% from
methanol and hydromethanol. Alkaloids and
flavonoids, which are known for their
neuroprotective properties, were most abundant
in the n-hexane extract. Anthraquinones, tannins,
and phlobatannins were absent in all extracts.
These results support the potential of Annona
muricata as a rich source of neuroactive
compounds, correlating with the molecular
docking findings in the study.

The study demonstrated that Annona muricata
extract, particularly at 300 mg/kg, significantly
improved cognitive performance in
scopolamine-induced memory-impaired rats. In
the Barnes Maze test, treated rats showed up to
48.2% faster escape times, indicating enhanced
spatial learning and memory. Molecular docking
analysis revealed that the major phytochemicals;
luteolin and quercetin, had strong binding
affinities to multiple neurological targets
involved in Alzheimer’s disease, including
acetylcholinesterase, NMDA, muscarinic (M1),
and dopamine receptors (D1 and D2). Luteolin
consistently showed the best docking scores,
suggesting it plays a major role in the cognitive
benefits observed. Together, the behavioral and
docking results support the neuroprotective
potential of Annona muricata, indicating that its
compounds may help reverse cognitive deficits

through multi-target mechanisms involving
neurotransmitter modulation.

CONCLUSION

The Barnes Maze test revealed that rats treated
with Annona muricata extract, especially at 300
mg/kg, showed marked improvements in spatial
learning and memory, nearly reversing
scopolamine-induced cognitive deficits. In
conclusion, the combined evidence from
phytochemical profiling, molecular docking and
behavioral testing supports the role of Annona
muricata as a promising natural therapeutic
agent for managing cognitive impairment and
Alzheimer’s disease through a multi-targeted
mechanism of action.
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