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ABSTRACT

Important sources of bioactive substances with potential medical applications are medicinal plants. Soursop
(Annona muricata L.) has long been used to treat pain, fever, hypertension, and inflammation, but there is still
little scientific evidence to support its stembark. Standard qualitative assays were used to screen the A. muricata
stembark extract for phytochemicals. Ferric reducing antioxidant power (FRAP) and DPPH radical scavenging
tests were used to measure antioxidant activity. Using the carrageenan-induced paw edema paradigm, anti-
inflammatory efficacy was evaluated in Wistar rats at dosages of 100, 200 and 400mg/kg, with indomethacin
(10mg/kg) serving as the reference medication. Alkaloids, flavonoids, tannins, saponins and phenolic substances
were identified by phytochemical investigation. With a DPPH ICso of 47.2ug/mL and a FRAP value of
312.5umol Fe?* equivalents/g extract, the extract showed significant antioxidant activity. The extract
dramatically and dose-dependently decreased paw edema in vivo. The 200mg/kg dose provided 58.6%
inhibition at 4 hours, while the 400mg/kg dose produced 71.4% inhibition as opposed to 85.2% for
indomethacin. The stembark of Annona muricata has powerful antioxidant capacity, anti-inflammatory
properties and rich compounds. These results demonstrate its potential as a natural substitute for synthetic
antioxidants and anti-inflammatory medications and validate its historic use.
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INTRODUCTION

Author for Correspondence: Medicinal plants have long been recognized as
Cletus Anes Ukwubile, valuable sources of bioactive compounds with
Department of Pharmacognosy, Faculty of Pharmacy, therapeutic ~ potential'?.  Throughout  cultures,
University of Maiduguri, Maiduguri, Nigeria. traditional medicine has relied on plant-derived
Email: doccletus@yahoo.com remedies to treat a wide range of ailments, from

infections and inflammation to chronic diseases
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such as diabetes and cancer>®. The scientific
investigation of phytochemicals-naturally occurring
compounds in plants-has provided evidence that
many of these traditional remedies are effective due
to the presence of alkaloids, flavonoids, tannins,
phenolics and acetogenins*®. These compounds are
known to exert diverse biological activities,
including antioxidant, anti-inflammatory,
antimicrobial and anticancer effects.

Annona muricata L, commonly known as soursop,
is a tropical evergreen tree belonging to the family
Annonaceae. It is widely distributed in lowland
tropical regions and produces edible, aromatic fruits
with prickly green exteriors. In Nigeria, it is locally
referred to as “choo-choo” or “sapi sapi”’”.
Ethnopharmacological reports indicate that different
parts of the plant-leaves, fruits, seeds, and
stembark-are used in traditional medicine for the
management of pain, fever, hypertension,
respiratory disorders, diabetes, and even cancer’81,
Phytochemical screening of Annona muricata has
revealed the presence of alkaloids, flavonoids,
tannins, saponins and acetogenins, which are
believed to contribute to its pharmacological
properties.

Oxidative stress is a major factor in the
pathogenesis of chronic diseases, arising from an
imbalance between reactive oxygen species (ROS)
and the body’s antioxidant defenses. Excessive
ROS can damage proteins, lipids and DNA, leading
to cellular dysfunction and disease progression.
Antioxidants play a critical role in neutralizing free
radicals, protecting cellular components and
modulating signaling pathways involved in
oxidative damage'**®. Natural antioxidants derived
from plants are increasingly recognized as safer
alternatives to synthetic compounds, offering both
therapeutic and preventive benefits. The presence of
polyphenols and flavonoids in A. muricata suggests
strong antioxidant potential, which may contribute
to its protective effects against oxidative stress.
Several studies have reported that extracts of
Annona muricata exhibit significant free radical
scavenging activity, supporting its role in mitigating
oxidative damage and enhancing cellular resilience.
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Inflammation, another key area of investigation, is a
central immune response to injury or infection. It is
mediated by chemical signals that recruit leukocytes
to affected tissues. Acute inflammation is
characterized by vascular changes and leukocyte
recruitment, producing the classical signs of heat
(calor), redness (rubor), swelling (tumor), pain
(dolor) and loss of function (functio laesa). Chronic
inflammation, in contrast, is prolonged and involves
mononuclear cell infiltration, tissue destruction, and
fibrosis'*¢. While inflammation is protective,
uncontrolled or persistent inflammation contributes
to the development of chronic diseases such as
arthritis, cardiovascular disorders and cancer. Anti-
inflammatory drugs such as non-steroidal anti-
inflammatory drugs (NSAIDs) and corticosteroids
are widely used to manage inflammation, but their
long-term administration is associated with adverse
effects, including renal toxicity, gastrointestinal
ulceration and cardiovascular complications’%°,
Moreover, oral administration is limited by factors
such as first-pass metabolism and poor
bioavailability. These limitations highlight the need
for safer, plant-derived alternatives with fewer side
effects. Traditional uses of Annona muricata for
managing inflammation provide
ethnopharmacological support for its investigation,
and its phytochemical constituents may act through
suppression  of  pro-inflammatory  mediators,
inhibition of nitric oxide production and modulation
of signaling pathways such as NF-xB"%,

The aim of this study is therefore to evaluate the
phytochemical composition, antioxidant potential,
and anti-inflammatory activity of Annona muricata
L. stembark in Wistar rats. By integrating
phytochemical screening with biological assays, this
research seeks to validate the traditional use of
Annona muricata and provide scientific evidence
for its therapeutic potential. The findings are
expected to contribute to the growing body of
knowledge on medicinal plants and support the
development of natural alternatives to conventional
anti-inflammatory drugs, with implications for
improving health outcomes and reducing reliance
on synthetic pharmaceuticals.
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MATERIAL AND METHODS

Plant Material Collection and Preparation

In March 2025, fresh Annona muricata L. stembark
was gathered from Nsukka, Enugu State, Nigeria. A
voucher specimen (UMM/FPH/ANO/002) was
placed in the herbarium after the plant was verified
at the University of Maiduguri's Department of
Pharmacognosy. The stembark was cleaned,
allowed to air dry for three weeks at room
temperature (25-28°C) and then ground into a
coarse powder. 500g of powdered stembark was
macerated in 2.5L of 70% ethanol for 72 hours
while being shaken periodically to facilitate
extraction. A rotary evaporator operating at 40°C
was used to filter and concentrate the extract under
decreased pressure, producing 42.6g of crude
extract (8.5% yield).

Phytochemical Screening

Alkaloids, flavonoids, tannins, saponins, glycosides,
phenolics and terpenoids were identified by
qualitative phytochemical analysis using
conventional techniques?24,

Antioxidant Assays

DPPH Radical Scavenging Assay

The 2, 2-diphenyl-1-picrylhydrazyl (DPPH) radical
scavenging techniqgue was used to assess the
antioxidant activity of the Annona muricata
stembark extract. One milliliter of a 0.1 mM DPPH
solution in methanol was combined with one
milliliter of extract at different doses (10-200
pug/mL). For 30 minutes, the mixture was allowed to
react in the dark at room temperature. A UV-visible
spectrophotometer was used to detect absorbance at
517nm?®. The typical antioxidant was ascorbic acid.
The following formula was used to determine the %
inhibition of DPPH radicals:

Acontrol - Asample

% Inhibition = x 100

Acontrol
where A.ontror 1S the absorbance of the DPPH

solution without the extract and Aggmpe is the
absorbance with the extract. ICso values
(concentration required to inhibit 50% of radicals)
were determined from dose—response curves.
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Ferric Reducing Antioxidant Power (FRAP)
Assay

The FRAP assay was used to determine the extract's
reducing capability. A fresh FRAP reagent was
made by combining 300mM acetate buffer (pH 3.6),
10mM TPTZ (2,4,6-tripyridyl-s-triazine) solution in
40mM HCI, and 20 mM FeCl:-6H2O in a 10:1:1
ratio. After adding 100 pL of extract (10-
200ug/mL) to 3mL of FRAP reagent, the mixture
was incubated for 30 minutes at 37°C.
Spectrophotometric measurements of the reduction
of the Fe**~TPTZ complex to Fe*-TPTZ were
made at 593nm. A standard curve made using
ferrous sulfate was used to express the results as
umol Fe?* equivalents per gram of extract?528,
Experimental Animals

The Animal House of PJ Rats Farm, Jos, provided
thirty male Wistar rats weighing between 150 and
180 grams. The animals were kept in normal
housing with free access to food and water and a
12-hour light/dark cycle at 25 + 2°C. The PJ Rats
Farm Animal Ethics Committee accepted every
experiment (approval number PJR/2025/C010).
Anti-inflammatory Assay

Anti-inflammatory activity was evaluated using the
carrageenan-induced paw edema model. Rats were
divided into five groups (n = 6):

Group I: Control (normal saline, 10mL/kg)

Group Il: Indomethacin (10mg/kg)

Group I1: Extract (100mg/kg)

Group IV: Extract (200mg/kg)

Group V: Extract (400mg/kg)

One hour before the carrageenan injection (0.1mL
of 1% carrageenan into the subplantar area of the
left hind paw), all treatments were given orally. A
plethysmometer was used to measure the paw
volume at 0, 1, 2, 3 and 4 hours. In comparison to
the control group, the percentage inhibition of
edema was computed?®-3L,

Statistical Analysis

Data were expressed as mean £ SEM (n = 3).
Statistical comparisons were performed using one-
way ANOVA followed by Tukey’s post hoc test.
Differences were considered significant at p < 0.05.
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RESULTS AND DISCUSSION

Phytochemical Contents

Several bioactive substances, including alkaloids,
flavonoids, tannins, saponins, phenolics, terpenoids
and glycosides, were found in the Annona muricata
L. stembark extract using phytochemical screening
(Table No.1). Alkaloids and phenolics were the
most prevalent of them, whilst flavonoids and
tannins were only moderately prevalent. These
results are in line with previous studies??2432 that
found comparable phytochemical profiles in
Annona muricata and related species. Since
alkaloids and phenolics are well known for their
anti-inflammatory and antioxidant qualities, the
high concentrations of these substances point to
significant therapeutic potential. The antioxidant
tests carried out in this study are supported by
flavonoids, which have been found in modest
concentrations and are known to scavenge free
radicals and protect against oxidative stress3334,
Similar to tannins, which have antibacterial and
anti-inflammatory  properties,  saponins  may
improve immune regulation and work in concert
with other phytochemicals while being present in
smaller quantities®>. Overall, the phytochemical
makeup of Annona muricata stembark offers a solid
biochemical  foundation for its traditional
application in the treatment of illnesses linked to
oxidative stress and inflammation. The prevalence
of alkaloids and phenolic chemicals in particular
highlights their probable role in the anti-
inflammatory and antioxidant properties seen in
later tests.

Antioxidant Activity

The stembark extract from Annona muricata
showed concentration-dependent radical scavenging
activity. The extract reduced 22.4% of DPPH
radicals at 25ug/mL and 78.6% at 200ug/mL. By
contrast, the activity of ascorbic acid (standard) was
higher, with 35.6% inhibition at 25ug/mL and
92.4% at 200ug/mL. Ascorbic acid had a lower 1Cs
of 18.5ug/mL, indicating a stronger potency of the
standard, although the extract's ICso value was
47.2pg/mL (Table No.2). Additionally, the extract
showed dose-dependent lowering power. The FRAP
value was 102.4pumol Fe** equivalents/g extract at
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25ug/mL, and it climbed gradually to 312.5umol
Fe** equivalents/g extract at 200ug/mL. Strong
electron-donating ability and the ability to convert
ferric ions to ferrous form are indicated by this
(Table No.3).

The antioxidant tests verify that Annona muricata
stembark has strong reducing and free radical
scavenging capabilities. The FRAP assay shows its
reducing potential, while the DPPH assay
emphasizes its capacity to contribute hydrogen
atoms or electrons to neutralize free radicals. The
extract's 1Csp value (47.2ug/mL) indicates
significant antioxidant strength for a crude plant
extract, despite its lower potency compared to
ascorbic acid. These results are consistent with the
phytochemical profile (Table No.1), which showed
a high concentration of phenolic chemicals and
flavonoids. The obtained results are supported by
the well-documented radical scavenging and
reduction activities of both classes®®*°. The
antioxidant properties may also be enhanced by the
mild presence of tannins. All things considered, the
antioxidant capacity of Annona muricata stembark
offers a biochemical foundation for its customary
application in the treatment of illnesses linked to
oxidative stress. The extract may help prevent
chronic illnesses like cancer, cardiovascular disease
and inflammation by reducing the damage caused
by free radicals.

Anti-inflammatory Effects

In a dose-dependent fashion, the Annona muricata
stembark extract dramatically decreased paw edema
in Wistar rats. The extract inhibited edema by
41.4% at 100mg/kg, 58.6% at 200mg/kg, and 71.4%
at 400mg/kg. At 10mg/kg, the reference medication,
indomethacin, demonstrated 85.2% inhibition.
Strong anti-inflammatory action of the extract was
demonstrated by the statistically significant (p <
0.05) decrease in paw volume when compared to
the control group (Table No.4). The anti-
inflammatory findings show that Annona muricata
stembark exhibits significant action against paw
edema generated by carrageenan, a well-used model
for acute inflammation. The extract's bioactive

components appear to efficiently decrease
inflammatory mediators based on the dose-
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dependent inhibition. The extract had significant
action at higher dosages (400mg/kg), achieving
over 70% inhibition, while being less powerful than
indomethacin.

These results are consistent with the phytochemical
profile (Table No.1), which showed a high
concentration of phenolics, flavonoids and
alkaloids. Alkaloids may alter the formation of
nitric oxide, whilst flavonoids and phenolics are
known to inhibit the cyclooxygenase and
lipoxygenase pathways, lowering prostaglandin and
leukotriene synthesis3®4L. This mechanism is further
supported by the antioxidant results (Table No.2
and Table No.3), since attenuation of inflammation
is closely associated with reduction of oxidative
stress*243, Overall, the study validates the traditional
use of Annona muricata for managing inflammatory
conditions and highlights its potential as a natural
alternative to synthetic NSAIDs, with fewer risks of
adverse effects.

Table No.1: Phytochemical Constituents of Annona muricata L. Stembark Extract

S.No | Phytochemical | Presence Relative Remarks
Abundance
1 Alkaloids ot High Strongly detectgq; may contrlbute_tq
analgesic and anti-inflammatory activity
2 Flavonoids it Moderate Known for its ar_1t|OX|dant a}nd radical
scavenging properties
3 Tannins it Moderate Assouate_d with antimicrobial and anti-
inflammatory effects
4 Saponins N Low Detected in trace amounts; may enhance
immune modulation
5 Phenolics ot High Strong presence; Ilnk_ed to a_nt_lomdant
and cytoprotective activity
5 Terpenoids N Low Weakly o!etected; may contrlpute to anti-
inflammatory potential
Cardiac Present may play a role in
7 . ++ Moderate cardioprotective and anti-inflammatory
glycosides offects

Legend: + = trace; ++ = moderate; +++ = high.
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Table No.2: DPPH Radical Scavenging Activity of Annona muricata L. Stembark Extract

S.No Co?ﬁgg‘gﬁg'on % Inhibition (Extract) | % Inhibition (Ascorbic Acid)
1 25 24+18 356+2.1
2 50 417423 62.8 % 2.5
3 100 63.5 2.9 85.2 + 3.0
4 200 786+ 3.1 92.4+28

ICso values: Extract = 47.2ug/mL; Ascorbic acid = 18.5ug/mL. Values are mean £ SEM (n = 3).
Table No.3: Ferric Reducing Antioxidant Power (FRAP) of Annona muricata L. Stembark Extract

S.No | Concentration (ug/mL) FRAP Value (umol Fe?** equivalents/g extract)
1 25 1024 £4.2
2 50 178.6+5.1
3 100 245.3 £ 6.4
4 200 3125+7.2

Values are mean + SEM (n = 3).
Table No.4: Anti-inflammatory Activity of Annona muricata L. Stembark Extract in Wistar Rats
(Carrageenan-induced Paw Edema)

Dose Paw Edema Volume (mL) % Inhibition of
S.No | Treatment Group (mg/kg) at4n Edema
1 Control (Saline) — 1.40 + 0.08 —
2 Indomethacin 10 0.21 £ 0.03 85.2
3 Extract 100 0.82 +£0.05 41.4
4 Extract 200 0.58 + 0.04 58.6
5 Extract 400 0.40 £ 0.03 714

Values are mean + SEM (n = 3).

CONCLUSION

The current investigation showed that a variety of
phytochemicals, including alkaloids, flavonoids,
tannins, saponins, phenolics, and glycosides, which
are known to have pharmacological qualities, are
present in the stembark extract of Annona muricata
L. Significant DPPH radical scavenging (ICso =
47.2ug/mL) and  ferric  reducing capacity
(312.5umol Fe** equivalents/g extract at 200pug/mL)
demonstrated that the quantity of flavonoids and
phenolics provided a robust biochemical basis for
the observed antioxidant activity. The extract's anti-
inflammatory properties were further supported by
in vivo investigations, which showed dose-
dependent suppression of carrageenan-induced paw
edema in Wistar rats. The extract had significant
efficacy at 400mg/kg, achieving 71.4% inhibition as
opposed to 85.2% for indomethacin. These results
imply that by lowering oxidative stress and
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modifying inflammatory mediators, the extract's
antioxidant qualities may support its anti-
inflammatory actions. Overall, the findings support
the traditional application of Annona muricata in
the treatment of illnesses linked to inflammation
and oxidative stress. With possible benefits in terms
of safety and tolerability, stembark extract exhibits
promise as a natural substitute for synthetic anti-
inflammatory medications. In order to improve
bioavailability and therapeutic efficacy, future
research should concentrate on identifying
particular bioactive chemicals, clarifying molecular
mechanisms of action and investigating formulation
techniques.
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