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Abstract: 
Oxidative stress induces lens opacity. Extracts of Annona muricata Linn., also known as graviola or soursop, are known for their 
potential anti-oxidant and curative efficacy. This study focused on the antioxidative and anticataractogenic effects of methanol 
and aqueous leaf extracts of A. muricata on sodium selenite-induced cataract in rat pups.
The study involved 55 Wistar suckling pups randomly split into 11 groups. Group 1 (normal control) received distilled water. 
The other groups received a single subcutaneous injection of sodium selenite (30 µmol/kg body weight) to induce oxidative 
stress in pups on life day 10. Additionally, Group 2 (test control, cataract-untreated) received distilled water, Group 3 (positive 
control) received vitamin C, Groups 4–7 received 100–250 mg/kg body weight of methanol extract, respectively, and Groups 
8–11 received 100–250 mg/kg body weight of aqueous extract, respectively, for 21 days.
Compared to the test control, malondialdehyde levels were significantly lower in the treated groups, while glutathione peroxidase 
activity was significantly higher in the aqueous-extract groups (p < 0.05). No significant differences were observed in plasma 
catalase activity across the groups. The rat pups treated with ascorbic acid and both extracts revealed remarkable reduction in the 
cataractous state.
The methanol and aqueous extracts of A. muricata demonstrated dose-dependent antioxidative and anticataractogenic effects on 
cataractous rat pups, which makes graviola a promising source of new anticataract drugs.
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INTRODUCTION
Globally, 285 million people are visually impaired: 

39 million people are totally blind while the remaining 
246 million have low vision [1]. Uncorrected refractive 
errors are the main cause of severe and moderate visual 
impairments, as indicated by the World Health Organi-
zation. Approximately 80% of global visually impaired 
population live in Africa and Asia, especially in the 
rural low-income areas with insufficient and under- 
utilized ophthalmological facilities [2, 3]. About 28,000 
new cases of visual impairment are reported daily, with 
cataract accounting for approximately 50% [4], which 
makes it the leading cause of blindness worldwide [5]. 

Blindness directly interferes with daily routine and 
imposes developmental challenges in children. In adults, 
it compromises gainful employment, leisure, and ability 
for independent living, resulting in the loss of social sta-
tus and self-esteem. 

Currently, the only method of cataract treatment 
is surgical removal. Cataract surgery means that the 
clouded or opaque lens is replaced with an artificial lens 
called intraocular lens implant, which is encapsulated 
in the normal lens capsule [6]. Cataract surgery has an 
extremely high success rate. In case of posterior capsu-
lar opacification, a second surgery is required. Poste- 
rior capsular opacification is caused by ectopic growth 
of remaining epithelial cells in the posterior lens cap-
sule. It obstructs the visual axis, wrinkling the capsule 
and causing eventual scattering of light [6].

Cataract remains a major public health problem. Tar-
geted therapeutic treatment requires a good understand-
ing of its formation [7] to select appropriate models for 
screening potential anti-cataract agents [8]. 

Sodium selenite-induced cataract is one of the best 
models for studying the fundamental mechanism of se-
nile, or age-related, cataracts. It helps identify optimal 
anti-cataract agents and assess the effect of different 
stressors on the lens [9]. A high dose of sodium selenite 
induces cataract in suckling pups of rats [10], with an 
accompanying increase in lenticular lipid peroxidation 
and the formation of H2O2 in the aqueous humor [11]. 

Oxidative stress remains a major threat to lens trans-
parency and the redox systems. Free radical-induced 
oxidative damage is one of the main factors that trigger 
the formation of age-related cataracts. The redox state 
plays a significant role in the development of many liver 
diseases. These free radicals are neutralized in the eye 
lens or body cells by antioxidant enzymes, vitamins, 
and drugs, including traditional medicines. Some tra-
ditional medicines are strong antioxidants and offer a 
more affordable alternative to cataract surgery [12, 13].

According to World Health Organization, over 80% 
of the world’s population rely on herbal medicine as a 
remedy [14–16], which explains why traditional medi-
cine is gaining popularity all around the world [17]. Tra-
ditional medicine provides new approaches to modern 
healthcare. Many modern pharmaceuticals are actually 
derived from plants and plant-related products. Medic-
inal plants are an actively developing field of research: 

herbal remedies require scientific rationale in order to 
ensure their proper use, as well as to evaluate the pos-
sibility of them being sources of new drugs. Bioassays 
may prove the efficacy of plant formulations while 
chemical analysis makes it possible to identify their ac-
tive components [18–22]. 

Medicinal plants help against infectious diseases 
due to alkaloids, flavonoids, tannins, and phenolic com-
pounds, all of which exert different physiological ac-
tions on the human body [23].

Annona muricata Linn. is commonly referred to as 
graviola or soursop. Its extracts are known for their po-
tential medicinal efficacy; all its aerial parts are used as 
natural remedies [24]. 

The Annonaceae family includes over 130 genera and 
2,300 species. A. muricata, also known as soursop [25, 26], 
contains a variety of pharmacologically active chemicals. 
It is farmed in tropical and subtropical regions like South-
east Asia, South America, and African rainforests. It pro-
duces edible fruit all year round, which makes it a popular 
traditional remedy for bacterial infections, skin conditions, 
respiratory disorders, fever, diabetes, high blood pressure, 
and cancer [27]. A.  muricata possesses reliable antioxidant 
properties [28–31]. Nam et al. [30] reported a strong posi-
tive correlation between the antioxidant activity and the to-
tal phenolic content in A.  muricata. Its extracts are rich in 
various phytochemicals, including rutin, epicatechin, ferulic 
acid, and p-coumaric acid, which makes graviola a potential-
ly useful source of substances with antioxidant effects [30]. 
Muthu & Durairaj [31] described the hydroalcoholic extract 
of A.  muricata leaves as a potent antioxidant nutraceutical 
with a radical scavenging activity strong enough to prevent 
human diseases caused by oxidative stress.  

Cataract can be caused by age, heredity, enzyme de-
fects, ultraviolet light exposure, trauma, diabetes, smok-
ing, heavy metal toxicity, etc., which makes it a major 
cause of blindness and visual impairment [32]. Cataract 
surgery being the only treatment option, a synthesis of 
phytomedicine with conventional medicine seems to be 
a promising and affordable alternative. This study eval-
uated the antioxidative and anticataractogenic effects of 
methanol and aqueous extract of A. muricata on sodium 
selenite-induced cataract in Wistar suckling pups.

STUDY OBJECTS AND METHODS
Care and management of laboratory animals. The 

experiment featured 55 healthy Wistar suckling pups 
weighing between 4.7 and 12.8 g. The animals were 
bred in the animal house of the Department of Bio-
chemistry, University of Port Harcourt, Rivers State, 
Nigeria. They were kept with their mothers to suckle, 
and their mothers were provided with water ad libitum.  
The animals were kept in well-ventilated cages un-
der standard conditions of temperature and humidity. 
Ethical approval was obtained from the University of 
Port Harcourt Research Ethics Committee (Reference  
no. UPH/CEREMAD/REC/MM79/085). The research 
followed the ARRIVE guidance (Animal Research: Re-
porting of In-Vivo Experiments).
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Collecting the leaves of Annona muricata. Annona 
muricata Linn. is locally known as graviola, or soursop 
in English and shawshopu in the Igbo language of east-
ern Nigeria. Fresh leaves were harvested from the field 
of the University of Port Harcourt, River State, between 
February and March 2024. The leaves were identified 
and authenticated as A. muricata (Annonaceae family) 
at the Plant Science and Biotechnology Department, 
University of Port Harcourt, River State, Nigeria. A 
voucher specimen (UPH/V/1191) of the plant was de-
posited in the Herbarium of Plant Science and Biotech-
nology, University of Port Harcourt. The leaves were 
washed, chopped, and air-dried at room temperature 
for four weeks. After that, they were ground into pow-
der using an electric grinder (Sorex SHB-520, Korea) 
at the Pharmaceutical Sciences Department, University 
of Port Harcourt. The resulting powder was stored and 
used for the study.

Phytochemical screening. Qualitative phytochem-
ical analysis. Alkaloids. The test for alkaloids followed 
the method developed by Sofowora [33]. Briefly, a por-
tion (0.5 g) of the leaf powder was stirred with 5 mL of 
5% HCl in a steam bath and filtered. An aliquot (1 mL) 
of the filtrate obtained was treated with five drops of 
Mayer’s reagent. Another aliquot (1 mL) of the filtrate 
was treated with Dragendorff’s reagent. The third ali-
quot (1 mL) was also treated with three drops of picric 
acid. The nature and color of the resulting precipitates 
were observed, noted, and recorded.

Tannins. The test for tannins was a ferric chloride 
test as described by Trease & Evans [34]. Another por-
tion (0.5 g) of the leaf powder was stirred with 10 mL 
of distilled water and filtered. After adding three drops 
of 5% FeCl3, we described the nature and color of the 
resulting precipitates.

Flavonoids. The test for flavonoids followed the pro-
tocol for the Shinoda test, as described by Trease & Ev-
ans [34]. A piece of magnesium metal was added to 5 g 
of leaf powder, and then 2–4 drops of concentrated hy-
drochloric acid were added to dissolve the powder and 
initiate the reaction. The nature and color of the result-
ing precipitates were observed, noted, and recorded.

Saponins. The presence of saponin was determined 
by the frothing test [3]. A portion (0.5 g) of leaf powder 
was placed in a test tube, which was filled with 10 mL  
of distilled water, shaken vigorously for 30 s, and al-
lowed to settle for 10 min. 

Cardiac glycosides. The presence of cardiac glyco-
sides was determined by the Keller-Killiani test [33]. A 
portion (5 g) of the leaf powder was treated with 1 mL 
of FeCl3 reagent. The solution and precipitates were de-
scribed after adding concentrated H2SO4 (2–4 drops).

Phenols. The ferric chloride test involved a portion 
(5 g) of the leaf powder put in 5 mL of distilled water, 
stirred in water bath, and filtered. After adding 1–2 drops  
of 1% neutral FeCl3 solution, the nature and color of the 
resultant solutions and precipitates were described. Then, 
sodium carbonate was added, and the observation was re-
peated.

Quantitative analysis of the phytochemical con-
tent. Alkaloids. The samples were extracted with metha- 
nol to be treated with H2SO4 and NaOH, and then  
re-extracted with chloroform. After that, we placed 20 g  
of the leaf powder in the macerator jar and poured in al-
iquot (200 mL) of absolute methanol. After 20 min of 
maceration and regular agitation, the mix was warmed 
in water bath at 40°C for about 10 min to quicken the 
extraction process. The mix was filled into a crucible to 
discard the residue. The filtrate was dried in water bath 
at 50°C to obtain methanol extract. Aliquot (10 mL) of 
H2SO4 was introduced into the methanol extract and 
stirred. The resulting mix was boiled in water bath at 
60°C for about 10 min and filled into a beaker to remove 
the residue. After adding concentrated NaOH into the 
filtrate dropwise, we used litmus paper to detect when 
the solution became alkaline. After that, the mix was 
poured into the separating flask and partitioned three 
times with chloroform (10 mL) for exhaustive extraction 
of crude alkaloids. At each interval, the mix was agitat-
ed for 2–5 min. The chloroform fraction was collected 
into a crucible to remove the aqueous layer. After dry-
ing the chloroform fraction in water bath at 4°C, we 
obtained crude alkaloid and weighed the residue. The 
alkaloid, %, share was calculated as follows:

                                                           (1)

Phenolic compounds. Phenolics were extracted with 
distilled water and filtered through lead acetate before 
drying and weighing. Another portion (20 g) of the leaf 
powder was macerated with 200 mL of distilled water in 
a 250-mL capacity beaker. The mix was boiled in wa-
ter bath at 50°C for 30 min and filtered while hot. 80 g  
of anhydrous lead acetate was packed on the clamped 
cylindrical glass column to serve as filtration bed; the 
column was clamped on retort stand. The filtrate was 
carefully poured into the column via capillary action 
while the phenolic compounds were complexed with 
lead acetate. After unpacking the content of the column 
into a crucible, we placed it into a hot oven at 50°C for 
the resulting dry substance to be weighed. The calcula-
tions phenolics, %, involved the following Eq. (2):

 

                                                      (2)

Saponins. The saponin content was determined by 
the solvent extraction gravimetric method. A third por-
tion (20 g) of the leaf powder was macerated with 200 mL  
of 20% methanol in a macerating jar. The mix was 
boiled in water bath for 20 min with continuous stirring 
at 50°C and filtered while hot into a crucible. The filtrate 
was reduced to 40 mL over water bath at about 70°C, 
transferred into a 250 mL separating flask (funnel), and 
clamped. After that, the mix was shaken vigorously with 
20 mL of diethyl ether. The aqueous layer was collect-

Weight, residueAlkaloids = ×100
Weight, sample

 

Weight, residuePhenolics = ×100
Weight, sample
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ed; the diethyl ether was filtered off and discarded. After 
adding an aliquot (60 mL) of n-butanol, we used 10 mL 
of 5% aqueous NaCl to wash the mix twice. The remain-
ing solution evaporated at 50°C for 30 min to be placed 
in a hot oven. Using the weight of the crude saponins 
(the residue), we calculated the saponin content, %:

                                      (3)

Preparing the leaf extracts. Methanol extract. A 
portion (600 g) of leaf powder was mashed in 500 mL 
of 70% methanol for 72 h at room temperature and 
air-pressure. After filtering the crude methanol extract, 
we allowed the filtrate to evaporate at reduced pressure 
(600 mmHg) using a vacuum rotary evaporator. It yield-
ed 19.43 g of brown residue (methanol extract). After 
freeze-drying in a vacuum freezer dryer, the residue re-
mained in a dried and tight container until needed for 
bioassay.

Aqueous extract. 2.5 L of distilled water with an-
other portion (1,000 g) of leaf powder shaken occasion-
ally at room temperature for 48 h. Its filtrate (aqueous 
extract) was dried in a vacuum rotary evaporator under 
600 reduced pressure, providing 24.32 g of light green 
residue (aqueous extract). The residue was freeze-dried 
in a vacuum freeze dryer and stored in a dried and tight 
container until needed for bioassay.

Determining the lethal dose, 50% (LD50). The test 
involved tree groups of four Wistar suckling pups. The 
extract was administered subcutaneously at doses of 
200, 1,000, and 1,800 mg/kg body weight, respectively, 
to each group. The animals were observed over a period 
of 48 h for signs of acute toxicity. The number of deaths 
caused by the extract in each group within the time was 
noted and recorded. The LD50 was then calculated by a 
probit plot of the log of doses against percentage deaths 
(in probability units).

Evaluating the anticataract activity via ocular 
malondialdehyde assay. Sodium selenite (Sigma) was 
procured from a chemical shop; L-ascorbic acid was 
procured from a pharmacy in the University of Port Har-
court. They were administered orally to rat pups divided 
into 11 groups of five in each (Table 1). Group 1 (nor-
mal control) received distilled water. The other groups 
received a single subcutaneous injection of sodium sel-
enite (30 µmol/kg body weight) on postpartum day ten. 
Additionally, Group 2 (test control, cataract-untreated) 
received distilled water, Group 3 (positive control) re-
ceived vitamin C, Groups 4–7 received 100, 150, 200, 
and 250 mg/kg body weight of methanol extract, re-
spectively, and Groups 8–11 received 100, 150, 200, 
and 250 mg/kg body weight of aqueous extract, respec-
tively. The treatment continued for 21 days after the ini-
tiation of cataract. Cataract was observed when the pups 
first opened their eyes (16–20 days after birth).

Morphological examination of rat pup lenses. 
When the rat pups first opened their eyes (16–20 days 
after birth), their eye lenses were examined by an oph-

thalmologist from the Ophthalmology Department, Uni-
versity of Port Harcourt Teaching Hospital, to provide 
a morphological evaluation of any lenticular opacifi-
cation. Prior to the examination, the pupils were dilat-
ed using topical ophthalmic solution containing 1.0% 
tropicamide with phenylephrine. One drop of the solu-
tion was instilled every 7 min for 1 h into each eye, with 
the animals being kept in a dark room and viewed. By 
photographing the lenses after pupil dilation, we grad-
ed them for the presence and severity of cataract. At the 
end of the experimental period, the rats were rapidly 
sacrificed by cervical dislocation. We removed the lens-
es in an intra-capsular manner under surgical micro-
scopic magnification through an incision located 2 mm 
posterior to the limbus.

Sample collection. The animals were sacrificed by 
cervical dislocation under chloroform anesthesia. Blood 
samples were collected into heparin sample bottles and 
centrifuged at 3,500 rpm for 20 min. The plasma was 
collected and stored for the biochemical assays.

Biochemical assays. The superoxide dismutase ac-
tivity was determined using the spectrophotometric 
method according to Misra & Fridovich [35]. The cata-
lase activity was measured using the spectrophotometric 
method according to the method developed by Beers &  
Sizer [36]. To describe the plasma ascorbic acid concen-
tration, we used the method reported by Robitaille & 
Hoffer [37] and Kim & Kim [38]. The glutathione perox-
idase assay relied on the spectrophotometric method as 
in Rotruck et al. [39]. For the assay of ocular malond-
ialdehyde concentration, we adopted the method sug-
gested by Hunter et al. [40], as modified by Gutteridge &  
Wilkins [41].

Table 1 Experimental assay design 

Groups Treatment group Details
Group 1 Normal control Distilled water (no treatment)
Group 2 Negative (test) 

control
Sodium selenite + distilled 
water

Group 3 Positive control Sodium selenite + vitamin C 
(100 mg/kg)

Group 4 Methanol extract 
100 mg/kg

Sodium selenite + methanol 
extract (100 mg/kg)

Group 5 Methanol extract 
150 mg/kg

Sodium selenite + methanol 
extract (150 mg/kg)

Group 6 Methanol extract 
200 mg/kg

Sodium selenite + methanol 
extract (200 mg/kg)

Group 7 Methanol extract 
250 mg/kg

Sodium selenite + methanol 
extract (250 mg/kg)

Group 8 Aqueous extract 
100 mg/kg

Sodium selenite + aqueous 
extract (100 mg/kg)

Group 9 Aqueous extract 
150 mg/kg

Sodium selenite + aqueous 
extract (150 mg/kg)

Group 
10 

Aqueous extract 
200 mg/kg

Sodium selenite + aqueous 
extract (200 mg/kg)

Group 
11 

Aqueous extract 
250 mg/kg

Sodium selenite + aqueous 
extract (250 mg/kg)

 
Sodium selenite was introduced at amount of 30 µmol/kg body weight

Weight, residueSaponins = ×100
Weight, sample
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Histopathologic evaluation. The lenses were fixed 
in a solution of 10% formaldehyde for histology. The 
tissues were fixed, sectioned, read, and interpreted at 
the Anatomy Laboratory, Department of Basic Medi-
cal Sciences, University of Port Harcourt, Rivers State, 
Nigeria. The tissues were embedded in paraffin wax 
to obtain sections of 4–6 µm. The multiple sectioning 
of paraffin blocks made it possible to obtain lens sec-
tions with maximal anterior-posterior diameter cutting 
through the middle of the lens.

Statistical analysis. The data evaluation involved 
a statistical package for social sciences, Version 23.0. 
A One-way ANOVA test revealed the differences be-
tween the means and the standard deviations; the LSD 
test was used to compare the means. The p-values below  
0.05 were considered significant. The LD50 determi-
nation relied on the probit-log analysis as described by  
Finney [42]. All the graphs were prepared with the Excel 
2010 package.

RESULTS AND DISCUSSION
Phytochemical composition of Annona muricata 

Linn. leaf powder. Tables 2 and 3 illustrate the phyto-
chemical composition of the A. muricata leaves. 

The phytochemical screening of the leaf powder 
showed the presence of alkaloids, tannins, flavonoids, 
saponins, and phenolics (Tables 2 and 3). These com-
pounds are known for their pharmacological activities. 
For example, papaverine is a vasodilator used to treat 
gastrointestinal spasms, bile ducts, and urethra [43, 44], 
as well as erectile dysfunction [45]. Morphine is convert-
ed to codeine, which is used as a cough suppressant, an-
algesic, hypnotic, and antidiarrheal agent [46]. Saponins 

possess a broad range of expectorant, anti-inflammato-
ry, vasoprotective, hypocholestrolemic, hypoglycemic, 
antiparasitic, antioxidant, anticancer, and antiprotozoal 
activities [47].

Phenolics exert antioxidant, anticarcinogenic, anti-
mutagenic, anti-inflammatory, vasodilatory, and anti-
thrombotic activities [48]. The pharmacological range 
of flavonoids includes antioxidant, anti-inflammatory, 
antimicrobial, antitumor, anti-ulcer, and hepatoprotec-
tive effects [47]. Tannins have been reported to possess 
anticancer, antidiarrheal, anti-asthmatic, cardioprotec-
tive, antidiabetic, anticataractogenic, anti-inflamma-
tory, and hepatoprotective properties [47]. Al-Sayed & 
El-Naga [49] reported the gastroprotective potential of 
ellagitannin, a tannin derivative. These pharmacologi-
cal activities may be responsible for the biological ef-
fects of the A. muricata extracts in this study.

Indices of lethality. Within 48 h, the aqueous ex-
tract at 1,000 and 1,800 mg/kg produced 25 and 100% 
mortality, respectively. Figure 1 shows the probit plot of 
death frequency against various extract doses. This re-
gression plot resulted in the following Eq. (4):

                        (4)

Eq. (4) provided the indices of lethality of the extract 
(Table 4). The oral LD50 of the extract was 1,110.42 mg/kg,  
while its LD01 was 771.44 mg/kg, and the zero-mortality 
dose was 696.85 mg/kg.

Table 2 Qualitative phytochemical tests of Annona muricata Linn.  
leaf powder

Constituent Test Observation Inference
Alkaloids Dragendorff’s 

test
Meyer’s test
Picric acid

 
Pink coloration 
Yellow precipitate
Yellow precipitate

 
Positive
Positive
Positive

Tannins Ferric chloride 
test

Brown color Positive 

Saponins Froth test Slightly foamy Positive 
Flavonoids Shinoda test Dark orange color Positive
Cardiac 
glycosides

Keller-Killiani 
test

Greenish blue Negative

Phenols Ferric chloride 
test

A pale green color Positive

Table 3 Quantitative phytochemical tests of Annona muricata Linn.  
leaf powder

Component Composition, mg/g
Alkaloids 17.4 ± 0.3
Saponins 29.1 ± 0.2
Phenolic compounds 32.5 ± 1.5
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Figure 1 Death frequency probit plot for various Annona 
muricata Linn. extract doses

Table 4 Lethality indices of Annona muricata Linn. extract

Index Value, mg/kg
LD50 1,110.42 ± 21.30
LD01 771.44 ± 15.80
Highest non-lethal dose 696.85 ± 12.30

( )Probit = – 39.8579869786464 + 14.7293289928821 × log dose  

( )Probit = – 39.8579869786464 + 14.7293289928821 × log dose  
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Anti-oxidative stress activity. Table 5 and Fig. 2 
show the effects of methanol and aqueous leaf extracts of 
A. muricata on plasma and ocular markers of oxidative 
stress in selenite-treated rats. The plasma glutathione 
peroxidase activity of the test control, the normal con-
trol, the positive control, and all the methanol extracts 
were significantly (p < 0.05) lower than the aqueous ex-
tracts, but not significantly different from one another.

The activity of plasma superoxide dismutase in 
the plasma of the test control group was significantly  
(p < 0.05) lower than those of the normal control, the 
methanol extracts 200 and 250 mg/kg, the aqueous ex-
tract 100, 150, and 200 mg/kg, but was not significantly 
different from the others. 

The superoxide dismutase of the normal control 
and the methanol extract 250 mg/kg were significantly 
higher (p < 0.05) than the test control, the positive con-
trol, the methanol extracts 100 and 150 mg/kg, as well 
as the aqueous extract 250 mg/kg, but not significant-
ly different from one another or the remaining groups. 
The reference treatment group was significantly lower  
(p < 0.05) than those of the normal control, the test con-
trol, and the methanol extract 250 mg/kg, but not sig-
nificantly different from the others. 

We detected no significant differences in the plasma 
catalase activities across the groups. The plasma ascor-
bic acid level of the test control group was significant-
ly lower (p < 0.05) than that of the normal control, but 
not significantly different from the others. The plasma 
ascorbic acid level of the normal control was signifi-
cantly higher (p < 0.05) than those of the test control 
and the aqueous extracts 100, 150, and 250 mg/kg, but 
not significantly different from the others. Those of the 
reference treatment and methanol extract 100 mg/kg 
were significantly higher (p < 0.05) than those of the 
aqueous extracts 150 and 250 mg/kg, but not signifi-
cantly different from the others. 

The plasma malondialdehyde levels of the test con-
trol group was significantly higher (p < 0.05) than all 
the other groups. That of the normal control group was 
significantly lower (p < 0.05) than the test control, the 
methanol extract 150 mg/kg, and the aqueous extract 
150 mg/kg, but not significantly different from the oth-
ers. The plasma malondialdehyde levels of the reference 
treatment, the methanol extract 100 mg/kg, the metha-
nol extract 200 mg/kg, the methanol extract 250 mg/kg,  
the aqueous extract 100 mg/kg, the aqueous extract  
200 mg/kg, and the aqueous extract 250 mg/kg were 

Table 5 Effect of methanol and aqueous Annona muricata Linn. leaf extracts on oxidative stress markers

Groups Treatment Superoxide dismutase 
activity, ×10–2, U/L

Glutathione 
peroxidase activity, 
×10–2, U/L

Catalase activity, 
×10–8, U/L

Ascorbic acid 
concentration, 
mmol/L

1 Normal control 3.30 ± 0.29a 6.38 ± 0.50a 10.20 ± 6.39a 4.30 ± 1.52a

2 Negative (test) control 1.83 ± 0.60c 5.93 ± 0.81a 4.43 ± 2.44a 2.29 ± 0.45b,c

3 Positive control 2.53 ± 0.85b,c,d,e 6.28 ± 0.54a 10.10 ± 11.29a 4.20 ± 0.89a,b

4 Methanol extract 100 mg/kg 2.25 ± 0.57b,c,e 5.38 ± 0.84a 5.15 ± 3.41a 4.06 ± 2.81a,b

5 Methanol extract 150 mg/kg 2.13 ± 0.41b,c 5.83 ± 0.15a 6.43 ± 3.55a 2.83 ± 0.80a,b,c

6 Methanol extract 200 mg/kg 3.20 ± 0.28a,d 5.85 ± 1.14a 10.10 ± 9.98a 3.28 ± 1.41a,b,c

7 Methanol extract 250 mg/kg 3.45 ± 0.90a 6.43 ± 0.92a 6.80 ± 1.92a 3.45 ± 0.64a,b,c

8 Aqueous extract 100 mg/kg 2.95 ± 0.13a,d,e 11.95 ± 1.51b 2.98 ± 0.90a 2.45 ± 0.34b,c

9 Aqueous extract 150 mg/kg 2.80 ± 0.28a,b,d,e 12.00 ± 0.00b 8.85 ± 4.79a 2.20 ± 0.36c

10 Aqueous extract 200 mg/kg 3.00 ± 0.30a,d 12.33 ± 0.58b 3.67 ± 1.05a 2.73 ± 0.91a,b,c

11 Aqueous extract 250 mg/kg 2.17 ± 0.15b,c 12.33 ± 0.58b 6.47 ± 0.61a 2.13 ± 0.67c

Values are mean ± standard deviation, n = 5 animals per group. Values on the same column with different superscript letters are significantly 
different at p < 0.05

Figure 2 Effect of methanol and aqueous leaf extracts of Annona muricata Linn. on malondialdehyde concentration in rat pup lenses

ME – methanol extract; AE – aqueous extract; Each bar represents the mean ± SD for each group of rat pups, n = 5. Bars with the different letters 
are significantly different at p < 0.05
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not significantly different from each other, the normal 
control, the methanol extract 150 mg/kg, and the aque-
ous extract 150 mg/kg, but were significantly (p < 0.05) 
lower than the test control. 

Oxidative stress occurs when the rate of produc-
tion of free radicals is higher than the body’s ability 
to counteract or detoxify their harmful effects through 
neutralization by antioxidants [50, 51]. Oxidative stress 
was implicated in the pathogenesis of cataracts in lens 
epithelial cells [52–54]. High tissue and blood levels of 
thiobarbituric acid-reactive substances (mainly malond-
ialdehyde) are very reliable indicators of oxidative stress 
and lipid peroxidation [55]. In this study, the extracts 
improved the glutathione peroxidase (only the aqueous 
extract) and superoxide dismutase activities of the rat 
pups in the experimental groups. They also had lower 
malondialdehyde levels but demonstrated no significant 
difference in catalase activities and ascorbic acid levels, 
compared to the test control animals.

The levels of malondialdehyde in the treated animals 
clearly indicated that the extracts protected them against 
oxidative stress. This antioxidant protective effect may 
have been mediated by the saponin and phenolic com-
pounds, e.g., flavonoids, in the leaves. These compounds 
are reputed to possess antioxidant properties [56–60]. 

Histopathological studies for ocular lens injury 
assessment. Figures 3–13 show photomicrographs of 
the ocular lenses of normal and selenite-treated rat pups 
on day 21 post-treatment with the extracts. 

The lens of a normal control rat pup (Fig. 3) showed 
healthy capsule, epithelium, and lens fibers. The lens pho-
tomicrograph of a test control rat pup (Fig. 4) showed cu-
boidal lens epithelium, capsule, and compact fibers. The 
cortical lens contained eosinophilic globular degeneration. 
The pale and swollen fibers had two prominent clefts (ar-
tefactual). The lens photomicrograph of a cataractous rat 
treated with 100 mg/kg body weight of ascorbic acid (Fig. 5)  
showed capsule, epithelium, and lens fibers. The pale-
ness was minimal. Figure 6 shows the photomicrograph 
of a cataract lens that belonged to a rat pup treated with 
methanol A. muricata extract at a dose of 100 mg/kg body 
weight. The lens fibers were pale, with cortical regenera-
tion. The lens of a cataract rat pup treated with 150 mg/kg 
methanol A. muricata extract showed pale areas in the lens 
fiber with signs of regeneration in the cortical part (Fig. 7).  
The cataract lens treated with 200 mg/kg of methanol 
A. muricata extract was less pale. The photomicrograph 
demonstrated a resolving cataract (Fig. 8). Figure 9 shows 
the ciliary body, iris, and lens of a cataractous rat pup ad-
ministered with 200  mg/kg of methanol A.  muricata ex-
tract. The capsule, epithelium, and lens fibers demonstrated 
less paleness, indicating a resolving cataract. The lens tissue 
of a cataractous rat pup treated with 100 mg/kg of aque-
ous A.  muricata extract (Fig. 10) showed patchy areas of 
pale fiber, indicating a resolving cataract. The cataract lens 
tissue of an experimental rat pup treated with 150 mg/kg  
body weight of aqueous A.  muricata extract (Fig. 11) also 
showed patchy areas of paleness, with slightly swollen fibers. 
The result indicated the areas of healing cataract. Figure 12 

Figure 3 Normal control: Ciliary body, iris and lens 
(hematoxylin and eosin stain, 5× magnification)

Figure 4 Negative control: Cataract lens (hematoxylin and 
eosin stain, 5× magnification)

Figure 5 Positive control: Cataract lens (hematoxylin and 
eosin stain, 5× magnification)

Figure 6 Methanol extract 100 mg/kg: Cataract lens 
(hematoxylin and eosin stain, 5× magnification)

Figure 7 Methanol extract 150 mg/kg: Cataract lens 
(hematoxylin and eosin stain, 5× magnification)
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illustrates the lens epithelium, fiber, and capsule of an exper-
imental rat pup administered with 200 mg/kg body weight 
of aqueous A. muricata extract. In this case, the lens showed 
a minimal of paleness and was very close to a healthy lens. 
The result indicated a resolving cataract. Figure 13 shows the 
capsule, epithelium, and lens fiber that belonged to a catarac-
tous rat pulp treated with 250 mg/kg body weight of aqueous 
A. muricata extract. The area immediately beneath the lens 
epithelium showed paleness, but the result indicated a gener-
ally resolving cataract.

The histopathology of the ocular lens revealed re-
markable reduction in the cataractous state in the rat 
pups treated with ascorbic acid and both extracts. The 
results indicated a dose-dependent regeneration. In tan-
dem with the malondialdehyde level, this effect indicat-
ed a possible amelioration of lipid peroxidation by the 
extracts, which led to anticataract results.

The anticataract activity of the A. muricata extracts 
may be due to tannins, flavonoids, and phenolics, all of 
which are known to have antioxidant activities [47]. For 
instance, tannins were reported to possess reliable anti-
cataractogenic and hepatoprotective properties [47].

CONCLUSION
The aqueous extract of Annona muricata Linn. 

leaves reduced oxidative stress in sodium selenite-in-
duced cataract in rat pups, as indicated by reduced 
malondialdehyde levels and increased glutathione perox-
idase activity. However, no significant differences were 
observed in plasma catalase activity across the exper-
imental groups. The findings suggest that A. muricata 
leaf extracts may have antioxidative and cataract-ame-
liorating effects in this experimental model, although 
further studies are required to clarify the underlying 
mechanisms and therapeutic potential. 
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Figure 8 Methanol extract 200 mg/kg: Cataract lens 
(hematoxylin and eosin stain, 5× magnification)

Figure 9 Methanol extract 250 mg/kg: Cataract lens 
(hematoxylin and eosin stain, 5× magnification)

Figure 10 Aqueous extract 100 mg/kg: Cataract lens 
(hematoxylin and eosin stain, 5× magnification)

Figure 11 Aqueous extract 150 mg/kg: Cataract lens 
(hematoxylin and eosin stain, 5× magnification)

Figure 12 Aqueous extract 200 mg/kg: Cataract lens 
(hematoxylin and eosin stain, 5× magnification)

Figure 13 Aqueous extract 250 mg/kg: Cataract lens 
(hematoxylin and eosin stain, 5× magnification)
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