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Introduction  

Infertility refers to a woman's inability to conceive after 

engaging in regular, unprotected sexual activity for a year. In many 

developing countries, including Nigeria, infertility is predominantly 

perceived as a problem that only affects women.1 However, scientific 

studies show that men are responsible for 20-30% of all cases of 

infertility.2 The prostate is a pea-sized, rubbery organ located in the 

pelvis between the base of the penis and the rectum. It plays an essential 

role in male reproduction as it is partly the source of seminal fluid. It 

can enlarge in a pathological condition (benign prostatic hyperplasia 

(BPH) or benign prostatic enlargement (BPE)), which often occurs in 

men over the age of 50.3,4 According to the American Neurology 

Association, the incidence of BPH increases in direct proportion to age, 

occurring in 8-50% of men aged 40-60 years and in 90% of men over 

the age of 85.5  
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Uncontrolled enlargement of the prostate leads to several clinical signs 

and symptoms such as urethral stricture, frequency of urination, 

haematuria, hesitancy, urinary dribbling, recurrent urinary tract 

infections, obstructive uropathy and pyelonephritis.6,7 Although the 

pathophysiology of BPH is not clearly understood, androgens and 

products of their metabolism have been linked to the etiology of prostate 

enlargement and the associated restructuring and proliferation of 

cellular elements in the prostate.7 Besides androgen stimulation, 

oxidative stress, inflammation, and aging are risk factors for BPH. 

Dihydrotestosterone from the reduction of testosterone in a reaction 

catalyzed by 5-reductase causes increased growth of the prostate and 

the development of the disease.4,6 Treatment options for BPH include 

drug treatment and surgical removal of the enlarged prostate. Surgical 

treatment of BPH is associated with various complications including 

bleeding and multiple blood transfusions, erectile dysfunction, 

decreased libido and postoperative sepsis. Drug treatment with 5-

reductase inhibitors such as finasteride and dutasteride and 1-

adrenoceptor antagonists such as tamsulosin, doxazocin and terazocin 

can cause impotence, gynaecomastia, erectile dysfunction and impaired 

libido as well as retrograde ejaculation.4,8 Changes in sperm DNA, 

sperm count and sperm motility have been observed in people taking 

BPH medications.9 Most BPH patients therefore refuse both drug and 

surgical treatments,  making ethnomedicine an alternative treatment 

option. The fruit pulp of A. muricata is one of the edible medicinal 

plants used in ethnomedicine for the treatment of prostate enlargement.  

Annona muricata is a tropical medicinal plant known for its edible fruit 

pulp. The fruit pulp is utilized in traditional medicine to treat pain, 

cancer, urethritis, inflammation, and to boost breast milk after 

childbirth.10-12 Previous studies have shown that A. muricata have 

anticancer, 13 anti-proliferative effect against BPH-1 cells as well as 

antioxidant activities.14 Despite the use of A. muricata in 

ethnomedicine, there is still little or no literature on the ameliorative 
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effect on hormonal profile and semen quality in testosterone-induced 

BPH in male rats. This study evaluated the effect of AAMFPE on the 

hormonal profile and semen quality in testosterone-induced BPH in 

rats.   

 

Materials and Methods  

Plant collection and identification 

The A. muricata fruits were purchased at Nkwo market in Abayi, 

Osisioma Ngwa LGA, Abia State, Nigeria. Identification of A. muricata 

fruit was carried out by a taxonomist from Michael Okpara University 

of Agriculture, Umudike. The plant name was confirmed on 

http://www.worldfloraonline.org, accessed 22 January 2024. A 

herbarium number (MOUAU/ZEB/HERB/23/003) was assigned and 

the A. muricata fruit was kept in the herbarium. 

 

Preparation of A. muricata fruit pulp extract 

The ripe fruits of A. muricata were thoroughly washed, then peeled and 

the seeds were removed from the pulp. To prepare AAMFPE, 500 g of 

the fresh fruit pulp was blended with 200 mL of distilled water using an 

electric blender for 5 min. The resulting mixture was then filtered and 

concentrated at 60 OC using hot air-oven. The final product obtained 

was a creamy-white paste-like extract weighing 86.32 g, which 

corresponds to an extract yield of 17.26%. 

The % yield was calculated as  

 

% yield of 

AAMFPE = 

Weight of dried AAMFPE (86.32) X 100 ....I 

Weight of the fresh fruit pulp  of A. 

muricata (500) 

  1 

 

 

Animal study  

Healthy male rats (unmated, weighing between 175-220 g) were used. 

These experimental rats were housed in adequately ventilated cages in 

the animal house. The rats were provided with both food and water. The 

environmental temperature was controlled at 25 ± 2 °C, and a 12-hour 

cycle of light and darkness was provided. Humidity was between 60 and 

90 during the acclimatization and experimental period. International 

guidelines for the use of laboratory animals were strictly followed. 

Ethical approval for this study was granted by the Ethics Committee of 

Abia State University on 20 September 2022 (approval number: 

ABSU/REC/BMR/080). 

 

BPH induction 

The method outlined by Gong et al.15 was utilized. Healthy, sexually 

mature male rats were randomly divided into six (6) groups (n=5). 

Group I (normal control) received 1 mL/kg olive oil (vehicle), while 

groups 2-6 received a subcutaneous injection of testosterone propionate 

(TP) diluted with olive oil at the dose 5 mg/kg body weight once daily 

for 28 days. After BPH induction, the experimental rats were treated 

daily for 14 days as follows: Group I served as the normal control group 

and did not receive TP and was not treated with either the standard drug 

or AAMFPE. Group II served as a negative control and received TP but 

no treatment with the standard drug or AAMFPE. Group III received 

TP and orally 5 mg/kg body weight finasteride (standard drug). Group 

IV received TP and orally 500 mg/kg AAMFPE. Group V received TP 

and orally 1000 mg/kg AAMFPE and group VI received TP and orally 

1500 mg/kg AAMFPE. The dose select was based on the acute study of 

AAMFPE. After the 14-day treatment period, the experimental rats 

were euthanized via cervical dislocation on the 15th day after an 

overnight fasting. Blood samples were collected via cardiac puncture 

with a sterile needle and syringe. 

 

Hormone assay 

The quantitative determination of prostate-specific antigen (PSA), 

testosterone, follicle-stimulating hormone (FSH) and luteinizing 

hormone (LH) were carried out using Chemiluminescence 

immunoassay (CLIA) with kits manufactured by Autobio Diagnostics 

Co., Ltd., Zhengzhou, China. The procedures outlined in the kits were 

strictly followed throughout the determination.  

 

Semen collection and analysis 

The sperm cells were obtained from the epididymal reserve. Rats were 

anesthetized using chloroform through inhalation, and their 

epididymides were extracted. The distal segment of each epididymis 

was meticulously dissected, and a smear was prepared on pre-warmed 

glass slides for subsequent analysis.1 

 

Sperm samples colour and consistency 

The macroscopic examination and recording of sperm involved 

assessing its consistency and colour. The consistency scale, as 

established by Chibundu16, was utilized, while the colour scale 

consisted of three categories: 1 (white), 2 (milky white), and 3 (creamy 

white). To ensure precision, the consistency scale ranged from 1 

(watery) to 4 (extremely thick), with 2 representing slightly thick and 3 

indicating thick consistency. 

 

Sperm mass motility 

In this study, we adopted the technique described by El-Sherbiny.17 The 

semen samples collected from each treatment group were analyzed to 

assess the presence of motile spermatozoa. This analysis was performed 

promptly following the collection. A small aliquot of semen was applied 

to a heated glass slide and examined under a light microscope at 

magnifications of ×10 and ×40. Only sperm cells that exhibited linear 

forward movement were considered for the motility assessment. Sperm 

cells that showed circular motion, backward movement, or pendular 

activity were not considered. The assessment of sperm motility was 

conducted using a defined scale: 1= vigorous progressive movement, 

2= progressive movement, 3= cycle movement and 4= stationary 

movement. 

 

Sperm cell viability (Live Proportion) 

A single drop of harvested sperm (epididymal washings) underwent 

staining with Eosin-Nigrosin in order to assess the proportion of viable 

sperm cells. Following staining, the glass slides were air-dried for half 

a minute before being fixed with ethanol. The assessment of viable 

sperm cells on the stained slides was performed utilizing a handheld 

stopwatch and a manual counter, while observing under a light 

microscope at a magnification below 100 (oil immersion). A cumulative 

count of 300 cells was recorded to ascertain the percentage of viable 

sperm cells. Specifically, 300 sperm cells were analyzed, with the viable 

sperm cells represented as a percentage of the total count. It was noted 

that viable sperm cells did not take up the stain, in contrast to the non-

viable cells, which absorbed the stain.17  

 

Sperm concentration  

Haemocytometer was employed for quantifying the sperm cell 

concentration in semen samples as described by Herbert18. A 1:200 

dilution was prepared using a pipette crafted from red blood cells. To 

immobilize the spermatozoa, a 10% buffered formalin solution was 

used as the diluent for the semen. A drop of the sperm suspension was 

applied to the haemocytometer and allowed to remain undisturbed for 2 

minutes on a damp paper surface, to facilitate the settling of the sperm 

cells. Following this, the haemocytometer was positioned on the stage 

of a light microscope and observed at a magnification of ×40. 

 

The sperm concentration per ml = No. of cells counted × Dilution factor 

× 0.04 × 106.19……………………….II  

 

Abnormal sperm proportion (Sperm Morphology)  

The technique outlined by El-Sherbiny17 was used to evaluate the 

percentage of abnormal spermatozoa. A minimal volume of semen was 

combined with Eosin-Nigrosin stain, and the mixture was uniformly 

distributed on a glass slide. The slide was then analyzed under a 

magnification of ×40 to identify both essential and non-essential 

abnormal sperm cells. This analysis sought to ascertain the prevalence 
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of different types of irregularities, including abnormalities in the head, 

tail and midpiece regions. 

 

Statistical analysis  

Statistical analysis was conducted using Microsoft Excel and Graphpad 

Prism version 10.0.2. A significance level of p ≤ 0.05 was determined 

by employing a one-way analysis of variance (ANOVA) in combination 

with the Tukey post-hoc test. 

 

Results and Discussion  

Benign prostatic hyperplasia is still the most common age-related non-

malignant tumour in men.5,20 It is the most common urological disease 

in men over the age of 50.21 This condition poses a significant threat to 

life and diminishes the overall quality of life and life expectancy in men. 

This study evaluated the effect of AAMFPE on hormone levels and 

semen quality of testosterone-induced BPH male rats. Administration 

of AAMFPE at the dose up to 5 g/kg did not result in any toxic 

symptoms or death. Therefore, AAMFPE is not toxic but safe for 

therapeutic purposes. All experimental rats gained weight throughout 

the study (Figure1). However, administration of testosterone to the rats 

resulted in a significant increase (p<0.05) in testicular weight, prostate 

weight and PSA levels compared to the normal control group. 

AAMFPE consumption also significantly reduced the weight of the 

prostate and testes compared to the negative control group. In addition, 

the administration of the extract led to a decrease in PSA levels in the 

test rats compared to the negative control group. The reduction in 

testicular and prostate weight and the decrease in PSA levels observed 

in the rats treated with 500 mg/kg, 1000 mg/kg and 1500 mg/kg 

AAMFPE are similar to the effects caused by treatment with the 

standard drug (finasteride) (Figure 2). Previous studies have shown that 

testosterone administration increases testicular and prostate weight and 

PSA levels.21-24 Increase in prostate weight is a common indicator of 

benign prostatic hyperplasia. Studies by Arayombo et al.21 and Veeresh 

et al.25 have shown that the increase in prostate weight is an important 

tool for assessing the progression of BPH, which is characterized by the 

proliferation of prostatic muscle cells, epithelial cells and fibroblasts. 

Enlargement of the prostate can be characterized by narrowing of the 

urethra, leading to either partial or complete obstruction of urine flow 

or the occurrence of chronic or acute urinary retention. The decrease in 

prostate weight observed in this study following the administration of 

AAMFPE is consistent with the findings of Sasidharan et al.4 and 

Eyeghre et al.12 in which administration of 400 mg/kg C. bonuc and 500 

mg/kg A. muricata resulted in a significant reduction in the weight of 

the prostate and testes in experimental animals. This reduction in 

prostate weight was also supported by the results of Oluwatosin et al.26 

who reported that the administration of the hexane fraction of A. 

muricata seeds resulted in a remarkable reduction in prostate weight in 

male rats compared to the control group. Prostate-specific antigen, a 

known biomarker for BPH, is a glycoprotein produced in the secretory 

epithelium of the prostate.4 Serum levels of PSA increase in both BPH 

and prostate cancer, with a more marked increase in the latter.27,28 The 

increase in PSA levels in the testosterone-induced group indicates 

progression of BPH. In contrast, the decrease in PSA levels in the rats 

treated with finasteride and AAMFPE demonstrates the potential of the 

extract in the treatment of BPH and leads to promising results 

comparable to those of the standard drug. The suppression of the 

isoenzymes of 5α-reductase (types 1 and 2), which facilitate the 

transformation of testosterone into the biologically active 

dihydrotestosterone, is considered a plausible mechanism by which 

finasteride and AAMFPE exert their effect against BPH.5,29 

Dihydrotestosterone is recognized for its ability to enhance the 

transcription of various peptide growth factors, including insulin-like, 

fibroblast and epidermal growth factors. In addition, it activates 

androgen receptors, all of which play a role in the pathogenesis of 

BPH.30 

In addition, both FSH and LH levels were significantly increased after 

administration of AAMFPE and standard medication finasteride 

compared to the negative control group. The testosterone, FSH and LH 

levels in the test groups did not differ from that of the normal control 

group. Gonadotropins, also known as adenohypophyseal hormones, are 

peptide hormones released by the anterior pituitary gland. They play a 

vital role in the regulation of ovarian and testicular functions and thus 

influence gametogenesis.31 They are essential for male fertility as they 

are involved in spermatogenesis.32 The observed increase in FSH and 

LH levels in the extract-treated group compared to the negative control 

group indicates a potential improvement in the reproductive capacity of 

the rats (Table 1). This is particularly significant considering that FSH 

and especially LH contribute to male reproductive function by 

stimulating testosterone production within the normal physiological 

range.33 Treatment with the standard drug finasteride and AAMFPE in 

experimental rats resulted in a restoration of testosterone levels similar 

to that of the normal control group. Our findings are similar to the report 

of Onyegeme-Okerenta et al.7 who demonstrated that treatment with the 

aqueous leaf extract of A. muricata resulted in the normalization of 

testosterone and FSH levels in animals subjected to high doses of 

testosterone propionate. 

Medicinal plants such as M. pudica and C. dactylon have been shown 

to improve sperm quality in rats as they are rich in flavonoids and 

phytoconstituents such as sterols, tannins, glycosides and quercetin.34 

This study showed that AAMFPE improves both sperm morphology 

and sperm quality in male rats. Sperm motility, sperm count, normal 

and abnormal sperm, head and tail abnormalities, midline abnormalities 

and total abnormal sperm are well-established parameters used in 

urology to assess sperm quality and male fertility status. Factors such 

as varicocele, orchitis, high testicular temperatures, smoking, alcohol 

consumption, diabetes, pelvic surgery and environmental factors such 

as exposure to heavy metals are all known to influence the above 

parameters.35 The increase in THAb, TTAb, TCD, MPAb and TAS 

levels observed in the testosterone-induced animals was reversed when 

the male rats received the standard drug or different doses of AAMFPE 

(Table 2). This reversal is similar to the level observed in the normal 

control group. The sperm colour, consistency, pH, progressive motile 

sperm, live sperm percentage, sperm count, normal sperm percentage 

and total abnormal sperm in the AAMFPE-treated group showed no 

significant difference (p>0.05) compared to the positive control group 

(Table 3). Our results leave no doubt that AAMFPE improves sperm 

quality better than finasteride.  

 

 
Figure1: Body weight of testosterone-induced benign prostatic 

hyperplasia in adult male rats 
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Figure 2: Weight of testes, prostate and value of PSA of testosterone-induced benign prostatic hyperplasia in adult male rats

Table 1: The effect of A. muricata fruit pulp on profiles of selected hormones on testosterone-induced benign prostatic hyperplasia in adult male rats 

    AAMFPE (mg/kg) 

Parameter/Treatments Normal control Negative control Positive control 

(5 mg/kg Finasteride ) 
 500  1000   1500  

Testosterone (ng/mL) 11.50 ± 0.89 17.50 ± 1.46* 12.89 ± 0.78 12.98 ± 1.00 11.84 ± 0.43 11.75 ± 0.24 

FSH (miu/mL) 7.90 ± 0.78 5.74 ± 0.82* 7.30 ± 0.57 6.30 ± 0.72 6.70 ± 0.88 7.32 ± 0.93 

LH (miu/mL) 5.97 ± 0.62 4.10 ± 0.31* 5.39 ± 0.67 5.28 ± 0.71 5.45 ± 0.94 5.64 ± 0.67 

Values in the row bearing (*) are not statistically significant (P >0.05). Values represent the mean ± SD for n=3. FSH, Follicle stimulating hormone; LH, Luteinizing hormone. 
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Table 2: The effect of aqueous A. muricata fruit pulp on sperm morphology of testosterone-induced benign prostatic hyperplasia in adult male rats 

    AAMFPE (mg/kg) 

Parameters Normal control Negative control Positive control 

(5 mg/kg Finasteride) 

 500  1000   1500 

THAb (%) 1.26 ± 0.12 2.99 ± 0.83* 3.46 ± 0.22* 2.21 ± 0.31 2.03 ± 0.02 1.93 ± 0.03 

TTAb (%) 0.75 ± 0.05 1.13 ± 0.18* 2.12 ± 0.03* 0.77 ± 0.18 0.90 ± 0.03 0.86 ± 0.02 

TCD (%) 1.70 ± 0.37 3.26± 0.80* 3.21 ± 0.09* 2.16 ± 0.09 2.87 ± 0.11 2.03 ± 0.02 

M-PAb (%) 0.37 ± 0.29 3.52 ± 0.88* 0.68 ± 0.13 0.80 ± 0.74 0.67 ± 0.16 0.43 ± 0.19 

TAS (%) 4.08 ± 0.77 10.90 ± 0.96* 9.48 ± 0.08* 5.94 ± 1.22 6.47 ± 0.21 5.26 ± 0.18 

Values in the row bearing (*) are not statistically significant (P >0.05). Values represent the mean ± SD for n=3. THAb, total head abnormality; TTAb, total tail abnormality; TCD, total cytoplasmic 

droplets, MPAb, mid piece abnormality; TAS, total abnormal spermatozoa. 

 

 

Table 3: The effect of A. muricata fruit pulp on the semen quality of testosterone-induced benign prostatic hyperplasia in adult male rats 

    AAMFPE (mg/kg) 

Parameter/Treatments Normal  

control 

Negative  

control 

Positive control  5 mg/kg 

Finasteride) 
500  1000   1500  

Semen colour (1-2) 2.00 ± 0.00 2.00 ± 0.00 2.00 ± 0.00 2.00 ± 0.00 2.00 ± 0.00 2.00 ± 0.00 

Semen consistency (1-4) 4.00 ± 0.00 2.00 ± 0.00* 3.30 ± 0.00 4.00 ± 0.00 3.67 ± 3.67 4.00 ± 0.00 

Semen pH 7.04 ± 0.01 7.03 ± 0.08 7.10 ± 0.01 7.02 ± 0.06 7.11 ± 0.04 7.15 ± 0.02 

% progressive motile sperm cells 81.09 ± 1.40a 65.27 ± 0.60* 72.10 ± 2.19** 71.21 ± 0.99** 77.03 ± 1.05 84.48 ± 3.32 

Live proportion (%) 91.28 ± 0.78 81.71 ± 2.05* 79.27 ± 1.07* 94.88 ±0.33 93.52 ± 1.45 93.09 ± 0.47 

Sperm count (x106/Cep) 131.47 ± 2.76 113.64 ± 3.19* 109.38 ± 3.33* 141.70 ± 2.09 131.40 ± 4.90 142.78 ± 2.14 

Normal sperm proportion (%) 95.92 ± 0.77 89.10 ± 0.96* 90.52 ± 0.08* 94.06 ± 1.22 93.53 ± 0.21 94.74 ± 0.18 

Total abnormal sperm (%) 4.08 ± 0.77 10.90 ± 0.96* 9.48 ± 0.08* 5.94 ± 1.22 6.47 ± 0.21 5.26 ± 0.18 

Values in the row bearing (*) are not statistically significant (P >0.05).Values represent the mean ± SD for n=3 
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Conclusion 

In conclusion, the acute toxicity evaluation showed that AMFPE did not 

exhibit toxic effects at doses up to 5 mg/kg body weight, suggesting its 

safety for therapeutic applications. The result also showed that 

administration of AAMFPE over a 14-day period reduced testicular and 

prostate weights and improved PSA levels in male rats whose BPH was 

induced with testosterone propionate. In addition, male rats treated with 

AAMFPE showed improved hormonal profile and sperm morphology, 

such as abnormalities of total head, total tail, total cytoplasmic droplets, 

midpiece, and total abnormal sperm. The parameters of sperm 

consistency, pH, percentage of progressively motile sperm, percentage 

of live sperm, sperm count, percentage of normal sperm and total 

abnormal sperm were better in AAMFPE-treated rats. The pulp of A. 

muricata could, therefore, be useful in the treatment of male infertility. 
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