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Abstract 

Background: Cyclophosphamide (CP) is an anticancer and immunosuppressive agent commonly used in men of 
reproductive age. Annona muricata(soursop) is a tropical plant with a widely acclaimed history of various therapeutic 
properties. 

Objective: This study was aimed at determining the effect of the ethanolic leaf extract of Annona muricata on the 
reproductive system of male rats treated with cyclophosphamide. 

Materials and Methods: Twelve (n-12) male wistar rats were randomly divided into three groups of four rats each. 
Group 1 served as control and received only feed and water. Group 2 was administered a single dose of CP (100 mg/kg 
body weight) intraperitoneally on the 15th day, while group 3 was administered 100 mg/kg body weight of ethanolic 
extract of Annona muricata for 14 days and a single intraperitonealdose of CP on the 15th day. At the end of the 
experiment, the animals were sacrificed under anaesthesia, blood and tissue samples were collected for biochemical 
and histological evaluations respectively. 

Result: The result showed that serum concentrations of LH and FSH were significantly increased (p<0.05) in group 2 
(5.53±1.28 and 10.95±1.44) when compared to the control group (1.38±1.02 and 4.97±1.53) and decreasedin group 
3(1.14±0.93 and 4.97±1.45) when compared to the control group (1.38±1.02 and 4.97±1.53). Serum testosterone level 
decreased significantly in group 2 (1.31±1.08) when compared to the control group (5.08±1.02) andincreasedin group 
3 (4.95±1.23) when compared to the control group (5.08±1.02). Testicular SOD and MDA was significantly decreased 
in group 2 (3.23±0.41 and 1187.71±1.21) when compared to the control group (6.00±1.65 and 371.91±1.47) and 
slightly elevated in group3 (6.05±0.97 and 371.97±1.47). The histology of the testicular tissue shows markedly 
shrunken seminiferous tubules with severe germ cell aplasia and basement membrane thickening following 
cyclophosphamide administration which was restored to normal after treatment with aqueous extract of Annona 
muricata. 

Conclusion: The study reveals that Annona muricata possess protective effect against cyclophosphamide-induced 
reproductive toxicity in male wistar rats. 
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1. Introduction 

Humans employ a variety of chemotherapeutic medications to treat various diseases, however many of these drugs have 
side effects which are harmful and destructive. Many human malignant tumors are treated with cyclophosphamide (CP), 
an alkylating drug of the oxazaphosphorine class, on a regular basis and in large quantities [1,2]. CP is a drug of choice 
for the treatment of non-Hodgkin's lymphoma, acute myeloid leukemia, chronic myelogenous leukemia, acute 
lymphoblastic leukemia, solid tumors, and breast cancer. Pharmacologically, it is categorized as a cytotoxic alkylating 
drug with anti-tumor and immunosuppressive potentials [3,4]. Nevertheless, despite its therapeutic significance and 
advantages, it has a variety of negative side effects, including reproductive toxicity and leucopenia in both humans and 
animals[1,2]. Additionally, it causes oxidative stress and has cytotoxic effects on healthy cells, particularly those found 
in the reproductive organs [5]. 

Despite the emergence of modern drugs, medicinal plants continue to be advantageous to man [6]. Around 5.2 billion 
people worldwide, or 80% of the population, rely only on medicinal plants for their healthcare needs [7]. Secondary 
metabolites, a class of chemically active plant constituents, are what give these plants their therapeutic value [8]. 
Secondary metabolites, or phytochemicals, have amazing therapeutic benefits, such as anti-oxidant, anti-allergic, 
antibacterial, hypoglycemic, anti-carcinogenic, sedative, analgesic, antipyretic, cardioprotective, and antiviral 
characteristics [9]. Significant scientific interest in the biological activities of these phytochemicals have been sparked 
in recent times to investigate the cardinal therapeutic roles of these active components of plants in both agriculture and 
medicine [10]. Despite these investigations, only a small number of plant species have undergone thorough scientific 
examination, and our understanding of their possible function in nature is very limited. A significant number of 
physiologically active compounds in medications or drugs are obtained from plants. Traditional medicinal plants offer 
an intriguing and still remains a largely untapped source for the creation of new drugs [11]. Since the dawn of medicine, 
natural products, particularly those made from plants, have been used to support human health. Plant phytochemicals 
have played a key role in pharmacological discoveries throughout the past century [10]. 

Numerous medical uses have been ascribed to Annona muricata which also have a long history of pharmacological 
impact. The decoction of bark, root, seed, or leaf with a variety of applications is the most popular preparation in 
traditional medicine. Malaysian natives use the leaves of A. muricata to treat both internal and external parasites. In 
South America, the fruit is valued not just as food but also for its juice, which is used as a galactagogue to cure diarrhea, 
heart and liver ailments, as well as intestinal parasites [12].For cancer treatment, some patients take A. muricata 
decoctions or capsules. As biopesticides, bioinsecticides, and topical insect repellents, unripe fruit, seeds, leaves, and 
roots are also employed. The fruit is also consumed to enhance lactation in breastfeeding women after childbirth, and 
it is used as a natural remedy for rheumatism, neuralgia, arthritis, dysentery, fever, malaria, and skin rashes [13].The 
leaves are also used to treatcystitis, diabetes, headaches, insomnia and abscesses[14]. 

In pharmacological landscape, plants with a long history of use in ethnomedicine are a rich source of active 
phytoconstituents that provide medicine or health benefits against various ailments and diseases. One of such plant 
with extensive traditional use is Annona muricata. This plant has received a lot of interest lately because of its possible 
implications on sexual function [15]. It is against this background; the researchers wish to evaluate the effect of aqueous 
extract of Annona muricata leaves on fertility parameters in cyclophosphamide induced-reproductive toxicity in male 
wistar rats. 

2. Material and methods 

2.1. Chemicals 

All chemicals used were of analytical grade quality. 

2.2. Preparation of extracts 

Fresh leaves of Annona muricata were collected from a residential quarter in Niger Delta University (N.D.U.), 
Wilberforce Island, Amassoma, Bayelsa State, Nigeria. After being botanically identified, the leaves were deposited in 
the herbarium of the Department of Biological Science at N.D.U., Wilberforce Island, Amassoma, Bayelsa State, Nigeria. 
The leaves were thoroughly cleaned with distilled water to get rid of any dirt or contaminants, dried in an oven at 40°C 
andpulverized into powder with an electric blender. 1350ml of 75% ethanol was used to extract about 450grams of the 
powdered leaves. The resultant decoction was filtered, treated to a low but thorough solvent evaporation using a water 
bath at a temperature of 60°C and the filtrate was then stored in an airtight container with a lid for later administration. 
The protocol outlined by [16] was used to prepare Annona muricata leaf extract. 
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2.3. Experimental Animals 

Twelve (12) healthy adult male wistar rats weighing between 117 g and 250 g were purchased from the animal house 
of the Faculty of Pharmacy at Niger Delta University, Wilberforce Island, Amassoma, Bayelsa State, Nigeria. The rats 
were housed in cages made of metal nesting in the animal house of the Department of Medical Biochemistry, Niger Delta 
University, Wilberforce Island, Amassoma, Bayelsa State, Nigeria where they were allowed two (2) weeks to acclimatize 
under standard environmental conditions of a 12hr light/dark cycle and were fed with grower’s mash and distilled 
water ad libitum. The beddings were changed and the cages cleaned every morning and disinfected at interval of three 
days. All procedures were carried out in compliance with the Institutional Animal Ethical Committee's (IAEC) directives 
for the control and supervision of animal experimentation (CPCSEA). 

2.4. Experimental design 

Twelve (12) adult wistar rats weighing between 117 g and 250 g were used in this research work.The animals were 
divided into three groups: 

 Group 1:served as negative control and was fed with pelleted growers feed and distilled water for 14 days. 
 Group 2:served as positive control and received a single dose of 100mg/kgbody weightof cyclophosphamide 

intraperitoneally on the 14thday and left for 24 hoursbefore sacrificing.  
 Group 3: Received aqueous extract of Annona muricata leaves (100mg/kgbody weight)orally for 14 days and 

a single intraperitonealdose of CP on the 15th day. 

2.5. Estimation of Reproductive Hormones 

The levels of follicle stimulating hormone (FSH), luteinizing hormone (LH), and testosterone in theserum were 
estimated usingstandard operating procedure and specific commercial kits(IBL-Hambug GmbH, Germany) based on the 
ELISA technology described by [17]. The assays were performed in accordance with the manufacturer's protocols as 
stated in the manual. The absorbances were measured using a microtitre plate reader using the appropriate wavelength 
for each analyte, and the associated concentrations were determined. 

2.6. Estimation of Superoxide Dismutase (SOD) 

The protocol by[18] was used to quantify superoxide dismutase (SOD) activity. It is based on the capacity of superoxide 
dismutase to suppress epinephrine autoxidation at pH 10.2. Procedure: After being adjusted to 420 nm, the 
spectrophotometer was zeroed using a blank comprised of 3.0 ml of distilled water. The reference tube received 0.2ml 
of pure water, while the test tube received 0.2 ml of the appropriate enzyme extracts. Each of these tubes received 2.5ml 
of phosphate buffer, and after equilibration at room temperature, 0.3 ml of the 0.3mM adrenaline solution was 
dispensed to the reference and each of the test solutions. This was then allowed to mix, and the absorbance was 
measured at 420 nm. 

2.7. Determination of Malondialdehyde 

The technique by [19] was used to measure lipid peroxidation product as an index of MDA production. Malondialdehyde 
was determined to be a conjugate with TBA. TCA was used to precipitate proteins, which were then centrifuged to 
remove them. The MDA-TBA complex was measured at 534 nm. The procedure was as follows: two test tubes were 
labelled as test and blank, respectively. 1ml of the test solution was poured into the test tube and 1ml of distilled water 
into the blank tube. Reagents 1, 2, and 3 were added to the test and blank in 1 ml amounts and mixed. The tubes were 
incubated in a boiling bath for 15 minutes before cooling for 20 minutes at room temperature.After 15 minutes of 
centrifuging the test tubes at 2000 rpm, the supernatant layer was read at 534 nm. The following formula was used to 
compute the MDA concentration (nmol/ml): Abs (test) - Abs (blank) / 1.56 x 1000000 is the test's concentration. 

2.8. Histopathological Analysis 

At the end of the experimental period, animals were sacrificed using chloroform inhalation method and the testes of 
control and treatment groups were harvested and fixed in 10%Bouin’s fluid. Routine tissue processing was carried out 
using automatic tissue processor; Histokinette (LEICA TP 1020). The tissues were embedded in paraffin wax in tissue 
embedder (LE1CA EG 1160) and trimmed with a rotary microtome (LEICA P.M 2125 RTS) at 20 microns and sectioned 
at 5 microns thickness. The sectioned tissues were attached to slides and subsequently dewaxed in xylene and stained 
in haematoxylin and eosin for general tissue architecture. The stained slides were then examined using compound light 
microscope at X400 magnification.  
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2.9. Statistical Analysis 

All data obtained were presented as mean and standard deviation (Mean±SD).TheSPSS Software ofversion23.0 was 
used for the analysis of the data obtained. Comparison of result between control and test was done using one-way 
analysis of variance (ANOVA) and group means were compared using Bonferroni multiple comparison. Level of 
significance was determined at a probability level of p˂0.05. 

3. Results 

Results presented in table 1 reveals that the serum levels of LH(5.53±1.28) and FSH(10.95±1.44) was significantly 
increased (p<0.05) while serum concentration of testosterone(1.31±1.08) decreased significantly following treatment 
with CP alone when compared to the normal (LH: 1.38±1.02; FSH: 4.97±1.53) and testosterone (5.08±1.02). The study 
also showed that following administration of Annona muricata (100mg/kg) and CP (100mg/kgbody weight),there was 
a decreased (p<0.05) in LH(1.14±0.93) andFSH(4.97±1.41) levels compared to the negative control (1.38±1.02 and 
4.97±1.53) while serum testosterone level was increased (4.95±1.23) to near normal level (5.08±1.02). Hence, Annona 
muricata leaf extract reversed CP induced reproductive toxicity. Results in table 2 shows that the administration of CP 
alone significantly decreased(p<0.05) the antioxidant activity of SOD (3.23±0.41)and MDA (1187.71±1.21) when 
compared to the negative control-group 1 (6.00±1.65 and 371.91±1.47).The study also observed a significant increase 
(p<0.05) in antioxidant activity of SOD(6.05±0.97) and MDA (371.97±1.47) in the rats administered with aqueous 
extract of Annona muricata leaves (100mg/kg) and CP (100mg/kgbody weight)when compared to rats in group 1 
(6.00±1.65and 371.91±1.47).The study also observed normal morphology of the testes, seminiferous tubules (ST), 
sperm cell(C) and the lumen of rats in negative control group and a marked cytoarchitectural alteration which includes: 
shrunken seminiferous tubules with severe germ cell aplasia and basement membrane thickening in rats induced with 
100mg/kg body weight of cyclophosphamide. Morphology of the testes after the administration of Annona muricata 
leaves extract (100ml/kgbody weight) for 14 days and a single dose of cyclophosphamide (100mg/kg body weight.) 
reveals a normal morphology of the testes, seminiferous tubules (ST), sperm cell(C) and the lumen (L). 

Table 1Effect of ethanolic leaf extract of Annona muricata on serum concentration of sex hormones 

Groups  Sex hormones Testosterone 

(mg/ml) LH(mg/L) FSH(mg/L) 

Group 1 (Control) 1.38±1.02a 4.97±1.53a 5.08±1.02a 

Group 2 (Positive Control)Cyclophosphamide 5.53±1.28b 10.95±1.44b 1.31±1.08b 

Group 3 (Annona muricata + CP) 1.14±0.93c 4.97±1.41a 4.95±1.23c 

Data are expressed as mean ± SD (n=4). Mean in the same column with different superscript letter(s) are significantly different; P<0.05 one way 
ANOVA followed by post-hoc and Tukey. 

 

Table 2Effect of ethanolic leaf extract of Annona muricata on superoxide dismutase (SOD) and malondialdehyde (MDA) 

GROUPS  Antioxidants  

 SOD(U/mg protein)   MDA(nmol/g protein) 

Group 1 (Control) 6.00±1.65a 371.91±1.47a 

Group 2 (Positive Control)Cyclophosphamide 3.23±0.41b 1187.71±1.21b 

Group 3 (Annona muricata + CP) 6.05±0.97c 371.97±1.47c 

Data are Mean ± SD (n=4). Mean in the same column with different superscript letter(s) are significantly different, (P<0.05). 
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Figure 1 The morphology of the testis of control group. Slide shows normal morphology of the testes seminiferous 
tubules (ST), sperm cell (C) and the lumen (L) (X400) 

 

Figure  2 Photomicrograph of testicular section of Cyclophosphamide (100mg/kg bwt) treated rats reveals markedly 
shrunken semeniferous tubules with severe germ cell aplasia and basement membrane thickening, seminiferous 

tubules (ST), sperm cell (C) and the lumen (L) (X400) 

 

Figure 3 The morphology of the testes after the administration of Annona muricata leave extract and 
cyclophosphamide. Slide shows normal morphology of the testes seminiferous tubules (ST), sperm cell (C) and the 

lumen (L) (X400) 
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4. Discussion 

The value of medicinal plants cannot be overestimated, since the majority of herbal plants are used to maintain good 
health and to treat medical conditions. The efficacy of herbal plants have been proven; and has triggered scientific 
interest and research in recent times [20, 21, 22]. It has been demonstrated that medicinal plants are useful for treating 
a variety of ailments. Their powerful phytochemical components which have strong antioxidant qualities are 
responsible for the pharmacological actions they exhibit [23, 24, 25 26]. 

Reproductive hormones significantly influenced the regulation of spermatogenesis. Male fertility depends on the 
production of sperm and testosterone, both of which are produced in the testes [27]. Endocrine hormones that are 
necessary for the synthesis of testosterone and sperm are produced by the testes and the hypothalamic-pituitary axis 
of the brain. LH activates the Leydig cells in the testes to produce testosterone, while hypothalamic GnRH 
(gonadotropin-releasing hormone) stimulates the pituitary gland to produce LH and FSH [28, 29, 30].  

Cyclophosphamide (CP) is a chemotherapeutic drug used to treat a variety of cancers and autoimmune disorders [31, 
32].According to [33] and [34], cyclophosphamide can disrupt the hypothalamic-pituitary axis and the testes with a 
resultant detrimental effect on the regulatory function of GnRH and affects the amount of male reproductive hormones. 
This present study observed that cyclophosphamide-treated rats had significantly lower testosterone levels and 
significantly higher LH and FSH levels (P 0.05). However, the administration of Annona muricata leaves extract 
significantly reduced serum levels of LH and FSH to within normal ranges while significantly increasing serum levels of 
testosterone in the treatment group, thus reversing the toxicity caused by CP and restoring the ability of the 
hypothalamic-pituitary axis of the brain to regulate hormone production (Table 1).The results of this investigation are 
consistent with the study by [35], who likewise noted a drop in the serum testosterone concentration in 
cyclophosphamide-induced rats. A possible explanation for the significant drop in serum testosterone in the CP-
impaired group is the increased production of free radicals, which is one of the potential mechanisms underlying Leydig 
cell degeneration caused by CP. Additionally, it has been reported that CP induces cell death, which could be the source 
of the decreased number of epididymal sperm count seen in CP-treated rats [36, 37, 38]. 

Some studies have also shown that CP can reduce testicular weight, induce disturbance in markers of oxidative stress, 
induce oligospermia and azoospermia, alter gonadotrophin levels and because permanent infertility at higher doses in 
both human and animal models [39, 40, 42, 43]. It has also been established that CP mostly causes oxidative stress in 
biological systems by producing reactive oxygen species [35, 41]. This study revealed that rats given CP had 
considerably lower SOD and MDA activity compared with the control group. But the administration of Annona muricata 
leaf extract caused a significant increase in SOD and MDA levels to within normal range when compared to the CP treated 
group. The outcome of this research demonstrates that the administration of Annona muricata was effective in 
preventing or lessening testicular damage and hormonal disruption after exposure to CP, possibly as a result of its 
antioxidant properties, which is consistent with the findings of [44] and other studies involving curcumin plantain stem 
juice, which reduced the negative effects of cyclophosphamide toxicity and increased fertility in rats [30, 45, 46,]. 
Antioxidants effectively scavenge ROS produced in tissues through oxidative stress; and herbs with antioxidant 
properties have the ability to reduce the negative effects caused by ROS formation [47]. 

It has been established that several drugs cause infertility by generating ROS in the testes. Although the precise 
mechanism of CP-induced testicular toxicity is unknown, it may be related to the action of highly reactive metabolites 
that are mutagenic to mammalian cells [48, 35, 41]. Cytochrome P450 (CYP) enzymatically converts the 
cyclophosphamide to produce toxic metabolites [49]. The two active metabolites of CP are phosphoramide mustard and 
acrolein. While acrolein is linked to harmful consequences such as cell death, apoptosis, oncosis, and necrosis [44, 50], 
phosphoramide mustard has antineoplastic properties. The majority of the oxidative damage linked to the 
administration of CP has been primarily attributed to acrolein, a reactive electrophilic molecule [51]. Exposure to CP 
results in the accumulation of ROS, the production of oxidative stress, and the suppression of antioxidant enzymes by 
interfering with the tissue antioxidant defense system [52, 53, 54]. 

Studies have shown that cyclophosphamide can harm nearly all bodily organs, including the testes, liver, lung, spleen, 
kidneys, and heart [55, 56]. This is due to the drug's ability to produce toxic reactive oxygen species, which interact with 
protein and amino acids to alter their structural and functional properties [57, 58] additionally, in the testes and 
epididymis of experimental animals, [59] and [60] reported DNA reduction, impaired cytoarchitecture, and germ cell 
apoptosis. Our study also reveal that cyclophosphamide-induced rats had a noticeable cytoarchitectural modification of 
the testes, including constricted seminiferous tubules, severe germ cell aplasia, and thickened basement membranes. 
The administration of Annona muricata leaves extract resulted in the restoration of the normal morphology of the testes. 
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The results of this study showed that compounds in the A. muricata mitigated the destructive effects of 
cyclophosphamide and its metabolites. 

5. Conclusion 

The study revealed that oral administration of ethanolic extract of Annona muricata exhibited protective and 
therapeutic effects against cyclophosphamide-induced reproductive toxicity in male wistar rat model. Thus, A. muricata 
leaves possesses potent antioxidants that combats reproductive toxicity inducedby cyclophosphamide, and may 
therefore serve as a potential source of safe, effective and affordable therapy for infertility and other reproductive 
disorders. 
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