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ARTICLE INFO ABSTRACT 

Keywords   Cyclophosphamide (CP) is an anticancer and immunosuppressive drug associated with various 

complications, including cytotoxicity and infertility. This study aimed to evaluate the 
protective effect of pumpkin seed extract (PSE) against acute testicular damage induced by CP. 

Twenty-four male albino rats were divided into four equal groups: Group I, control (0.5 ml/kg 

saline); Group II, CP-treated group (20 mg/kg); Group III, PSE group (600 mg/ kg); Group IV, 
CP (20 mg/kg) + PSE (600 mg/ kg) treated group. PSE was orally given to rats for 14 successive 

days while CP was administered intraperitoneally for 7 consecutive days from the 8th day of 

the study. The intraperitoneal injection of CP-induced reduction in the testicular weight, serum 
testosterone levels, and sperm quality (count, motility, viability, and morphology). In addition, 

there were severe testicular disruption, impaired spermatogenesis, and marked apoptosis of 

germ cells. Ultrastructural, most germ cells appeared as irregular shrunken bodies with 
cytoplasmic vacuolation, mitochondrial swelling, and nuclear lysis. Spermatozoa showed 

marked irregularity with disrupted acrosomal cap and plasma membrane. The 

immunohistochemistry result confirmed this damage where there was a significant decrease in 
PCNA‐positive germ cells. Pretreatment with PSE significantly alleviated the histological 

testicular changes caused by CP and enhanced the spermatogenesis process evidenced by an 

increased number of PCNA-positive basal germ cell nuclei compared to the CP group. 

Furthermore, PSE improved the serum testosterone levels and sperm quality. In conclusion, 

PSE pretreatment effectively preserved the testicular histoarchitecture by attenuating the 
testicular oxidative DNA damage induced by CP..  
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1. INTRODUCTION 
 

Cyclophosphamide is one of the most commonly used 

agents for treating various neoplastic and non-neoplastic 

diseases. Despite its wide therapeutic applications, its 

consumption has been linked to male infertility (Ghobadi et 

al., 2017).  CP-induced reproductive dysfunctions such as 

impaired spermatogenesis, azoospermia, oligozoospermia, 

reduced hormonal synthesis, and significant histological 

damage in the reproductive system in both human and 

experimental animals (Skinner et al., 2017; Anan et al., 

2018). CP is an inactive prodrug that is metabolized in the 

liver by cytochrome P450, forming active metabolites, 

phosphoramide mustard and acrolein (Sherif, 2020). 

Acrolein is responsible for the increased production of 

reactive oxygen species (ROS) and lipid peroxidation, which 

are possible reasons for cyclophosphamide toxicity 

(Kwolek-Mirek et al., 2015).  Moreover, Phosphoramide-

mustard alkylates DNA through alkyl groups that react with 

the guanine base of DNA, and abnormal cytosine-

thymine pairs are created, preventing its replication and 

triggering cell apoptosis (Altayli et al., 2012; Kim et al., 

2012).  

Phytochemicals with high antioxidant activity, when given 

along with chemotherapeutic agents, improve the efficacy of 

chemotherapeutic drugs and preserve vital tissue toxicity 

(Goyal et al., 2019). Pumpkin (Cucurbita pepo L.) seeds are 

a rich natural source of proteins, phytosterols, and 

unsaturated fatty acids like linoleic, linolenic, palmitic, and 

stearic. Furthermore, it contains high levels of vitamins (A 

and E), phenolic compounds, like carotenoids, lutein, 

tocopherol, and chlorophyll, as well as trace elements like 

zinc and selenium which are considered potent antioxidant 

(Peiretti et al., 2017). Pumpkin seed extract (PSE) has 

various health benefits, including anthelmintic, antidiabetic, 

antihyperplastic, antitumor, antimicrobial, and 

cytoprotective properties (Dotto and Chacha, 2020). In 

addition, the gonadoprotective effect of PSE was described 

by Aghaei et al. (2014) and Abarikwu et al. (2022).  

Therefore, this research was assigned to evaluate the 

potential protective effect of pumpkin seed extract (PSE) 

against cyclophosphamide (CP) induced testicular injury 

through analysis of serum testosterone levels and sperm 

characteristics, as well as the histopathological, 

immunohistochemical, and ultrastructural examination of 

testes. 

2. MATERIAL AND METHODS 
 

Approval Ethics 

The animal care and all the experimental procedures were 

approved by the Ethics Committee, Faculty of Veterinary 
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Medicine, Benha University (Ethical No. BUFVTM 06-03-

23). 

 

2.1. Animals 

Adult male Albino rats weighing 250 ± 10 g were obtained 

from the Center of Laboratory Animals, Faculty of 

Veterinary Medicine, Zagazig University, Egypt. Rats were 

acclimated for one week before the experiment at a 

temperature of approximately 25± 5 °C, humidity 60 ± 5% 

with a 12 h light/dark cycle and provided with standard feed 

and water ad libitum.  

 

2.2. Chemicals  

2.2.1. Cyclophosphamide  

Cyclophosphamide (Endoxan®) was obtained from Baxter 

Oncology GmbH Kantstrasse2 D-33790 Halle, Germany. 

Each vial of Endoxan 1g contains 1.069 g cyclophosphamide 

monohydrate as the active ingredient.  
2.2.2. Preparation of pumpkin seed extract 

Pumpkin seeds found inside the pods were collected 

manually, and dried then ethanolic pumpkin seed extract was 

prepared according to Xanthopoulou et al. (2009). 

 

2.3. Experimental design 

Twenty-four rats were randomly divided into four equal 

groups. Group I; Control group, rats received saline as a 

vehicle (0.5 ml/kg bwt/ IP). Group II; CP-treated group, rats 

intraperitoneally injected with CP (20 mg/kg bwt) (Dönmez 

and Yetim, 2018). Group III; PSE group, rats orally given 

pumpkin seed extract (600 mg/kg bwt) (Aghaei et al., 2014). 

Group IV; CP (20 mg/kg bwt) + PSE (600 mg/kg bwt). In 

this study, PSE was given to rats in III and IV groups for 14 

successive days while CP was administered in II and IV 

groups for 7 successive days from the 8th day of the study. 

 

2.4. Determination of body and testicular weights  

The body weights of rats in all groups were recorded both at 

the start and end of the experimental period. Moreover, the 

testes weight for each rat was also recorded at the end of the 

study. The relative weight of the testes (organ weight/body 

weight × 100) was measured for each rat in all groups 

(Elgawish and Abdelrazek, 2014). 

 

2.5. Testosterone analysis 

Blood samples were collected from the retro-orbital plexus 

of each rat into gel and clot activator tube and centrifugated 

to separate serum (3000 rpm for 15 min). The serum 

testosterone hormone level was estimated by ELISA 

(Teilmann et al., 2014), using commercial Randox kits.  

 

2.6. Sperm analysis 

Epididymal sperm analysis including motility, viability, 

count, and abnormal morphology rates was done as 

described previously by Jalali et al. (2012). 

 

2.7. Histopathological study 

Small tissue specimens were collected from the testes of rats 

in all groups and immediately fixed overnight in Bouin's 

solution. Five μm thick paraffin sections were routinely 

prepared and stained with hematoxylin and eosin stain 

(Bancroft and Layton, 2019).  

2.8. Proliferating cell nuclear antigen immunohisto-

chemistry analysis 

Immunohistochemistry for proliferating cells nuclear 

antigen (PCNA) was carried out using a monoclonal anti-

PCNA antibody (clone PC10; Dako, Denmark, Glostrup, 

Denmark, diluted in the ratio of 1:200) as described earlier 

by D'Andrea et al. (2008).  

PCNA-Labeling Index (PCNA-LI) for each seminiferous 

tubule was estimated as a percentage of immuno-labeled 

cells to all basal cells. For each section, the mean ± SE was 

calculated (Köroğlu et al., 2019). 

  

2.9. Transmission electron microscopic (TEM) preparation 

Small pieces of the testicular tissue were fixed in 2.5% 

glutaraldehyde buffered with PBS (0.1 M, pH 7.2) for two 

hours at 4ºC. Then postfixed in 1% osmium tetroxide in the 

same buffer for one hour at 4ºC, after that, it was dehydrated 

in ethanol series, embedded in Epon 812 resin (Woods and 

Stirling, 2019). To ensure proper orientation, semithin 

sections (1µm thick) were stained with 1% toluidine blue 

and examined by a light microscope. Ultrathin sections were 

contrasted with uranyl acetate and lead citrate to be 

examined by a Joel 4000EX electron microscope operated at 

400 kV (Akishima, Tokyo, Japan) in the Electronic 

Microscope Lab, Faculty of Agriculture, Mansoura 

University.  

 

2.10. Statistical analysis 

Statistical analyses were performed using one-way ANOVA 

with GraphPad Prism software version 9 (La Jolla, CA, 

USA) followed by Tukey's multiple comparisons test. P ≤ 

0.05 was considered statistically significant. All values were 

expressed as means ± S.E. 
\ 

 

 

3. RESULTS 
3.1. PSE attenuated CP-induced body and testicular weight 

changes  

CP-treated rats showed significant (p < 0.05) reduction in 

final body and absolute testicular weights compared with the 

control group. Meanwhile, rats pretreated with PSE 

significantly improved body weight and absolute testicular 

weight. However, there was no significant difference in 

relative testicular weight among all groups as presented in 

Table 1. 

 
Table 1 Effect of PSE on CP-induced changes in body and testicular weight.   
 

 

 The values are expressed as mean ± SE. Values with different superscripts within the same 

column differed significantly at P ≤ 0.05. 

3.2. PSE mitigated the CP lowering serum testosterone 

levels 

Serum testosterone level was significantly (p <0.0001) 

decreased in the CP-treated group compared to the control 

group. Meanwhile, the pretreated group with PSE showed a 

significant (p <0.001) increase in the serum testosterone 

level compared to the CP-treated group. However, serum 

testosterone levels did not reach the level of the control 

group (Fig. 1). 

3.3. PSE improved CP-induced abnormal sperm quality  

Compared to the control group, CP caused significant 

decreases in sperm count (p <0.001), motility (p <0.001), 

and viability (p <0.0001) with significant (p <0.0001) 

increase in sperm abnormality rates (bent middle piece, 

headless tail, and twisted tail). Meanwhile, the pretreatment 

with PSE attenuated CP-induced abnormal sperm 

characteristics and minimized the toxic effects of CP on the 

Groups Body weight (g) Testes weight 

 Initial Final Absolute (g) Relative (%) 

Control  242.5±5.53  294.70±8.51ab 1.62±0.06Aab 0.555±0.01 

CP 249.2±5.34  210.30±8.41c 1.35±0.02c 0.550±0.01 

PSE 247.2±6.05  299.30±12.33a 1.67±0.03a 0.556±0.01 

CP+PSE 256.0±5.42  263.30±11.14b 1.50±0.05b 0.563±0.00 
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sperm where sperm count, motility (p <0.01), and viability 

(p <0.001) were significantly increased with a marked (p 

<0.001) decrease in sperm abnormalities (Fig. 2). 

 

 

 

 

 

 
 

Figure (1): Effect of PSE on serum testosterone level in CP administrated rat. ****p 

<0.0001 vs. normal control, ***p <0.001 vs. CP  group.   

 

 

 

 

 

 

 

 
 

Figure (2): Effect of CP and PSE on sperm characteristics. Statistical significance is 

represented as follows: ****p <0.0001, ***p <0.001, **p <0.01. 

 

 

3.4. PSE ameliorated the CP-induced testicular 

histoarchitecture damage  

3.4.1. Histopathological finding 

The histopathological examination of the testicular sections 

from the control and PSE groups showed closely packed, 

regular seminiferous tubules separated by narrow interstitial 

tissue containing Leydig cells and blood vessels. The 

majority of the examined testicular sections revealed that the 

most seminiferous tubules were lined with stratified 

germinal epithelial cells with abundant spermatozoa in the 

lumina (Fig. 3A, B). In contrast, CP-induced testicular 

damage where seminiferous tubules were distorted shrunken 

and devoid of spermatozoa. Some of these tubules were 

lined with apoptotic germ cells that appeared as acidophilic 

cells with darkly stained nuclei and separated from the 

irregular basement membrane (Fig. 3C). Furthermore, 

spermatogenesis was almost absent in most seminiferous 

tubules which showed intensified germ cells sloughing 

forming multi-nucleated giant cells (Fig. 3 D, E).  

Additionally, a few seminiferous tubules showed a 

multinucleated formation of round spermatids with 

condensed marginated chromatin.  

Shrunken apoptotic Leydig cells with small dark nuclei and 

highly eosinophilic cytoplasm were occasionally detected 

(Fig. 3F). Moreover, there was thickening of tunica 

albuginea with vascular damage including congestion of the 

intertubular blood vessels, thrombosis, hemorrhage, and 

interstitial edema (Fig. 3G). Interestingly, pretreatment with 

PSE significantly attenuated this testicular damage where 

well-organized seminiferous tubules with remarkable 

preservation of the germinal epithelium and active 

spermatogenesis were observed in most examined testicular 

sections. However, a few apoptotic germ cells with darkly 

stained nuclei and highly eosinophilic cytoplasm, along with 

cytoplasmic vacuolations in some germ cells were detected 

in some seminiferous tubules (Fig. 3H). Additionally, mild 

interstitial edema was occasionally observed (Fig. 3I).  

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure (3): Representative photomicrograph of H&E-stained testicular sections of different experimental groups, x 200. (A, B): The control and PSE groups show normal histoarchitecture 

of testicular tissue. (C-G) CP group; (C): distorted seminiferous tubules lined with apoptotic germ cells, separated from the irregular basement membrane, (Inset: apoptotic cells showing 

hypereosinophilic cytoplasm with darkly stained nuclei) (D): seminiferous tubules packed with desquamated germ cells, (E): sperm giant cells formation, (F): Multinucleated formation of 

round spermatids and apoptotic interstitial Leydig cells. (G): recent thrombus attached to injured endothelial cells accompanied by severe perivascular hemorrhage and interstitial edema. (H, 

I) PSE pretreated group; (H): seminiferous tubules lined with differentiated germ cells and surrounded by regular basement membranes, few exfoliated and apoptotic germ cells along with 

minimal cytoplasmic vacuolations in other germ cells, (I): mild interstitial edema. 
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3.4.2. PSE preserved the germ cell from CP-induced DNA 

damage  

The examined testicular sections in control and PSE groups 

revealed strong PCNA-positive nuclear immunoreaction of 

almost all basal spermatogenic cells of seminiferous tubules 

(Fig. 4A, B).  Compared with the control group, there was 

decreased expression of PCNA in the basal spermatogenic 

cells of seminiferous tubules in the CP group (Fig. 4C). 

Interestingly, the most examined testicular sections of rats 

pretreated with PSE showed high PCNA-positive nuclear 

immunoreaction of basal spermatogenic cells compared with 

CP-treated group (Fig. 4D). The result of PCNA-LI revealed 

that the percentage of immunolabelled cells to all basal cells 

in the seminiferous tubules of the CP-treated group was 

significantly (p <0.001) decreased compared to the control 

group. Meanwhile, there was a significant (p <0.001) 

increase in PCNA-LI in the PSE pretreated group in 

comparison with the CP-treated group (Fig. 4E). 

  

 
Figure (4): Representative photomicrographs of PCNA immunoexpression in the testicular tissues (x200) showing (A, B): an intensive brown nuclear positive reaction in the nuclei of almost 

all basal spermatogenic cells in the seminiferous tubules of rats in the control and PSE groups. (C): few numbers of spermatogonia have a positive reaction for PCNA in the testes of rats 

treated with CP. (D): marked PCNA immunoexpression in the nuclei of the basal spermatogenic cells of the seminiferous tubules of rats in PSE+CP. (E): PCNA-LI in different experimental 

groups, ****p<0.0001 compared to the control group and ***p<0.001 compared to the CP group. 

3.4.3. Ultrastructural finding 

Ultrastructural examination of the testicular sections of rats 

in control, and PSE groups displayed normal seminiferous 

tubules surrounded by regular basement membranes and 

ensheathed by a flat myoid cell. Sertoli cells appeared as 

pyramidal cells directly rested on the basement membrane 

and had an ovoid nucleus and prominent nucleolus with 

abundant mitochondria in their cytoplasm. The primary 

spermatocytes had large euchromatic nuclei with a thin rim 

of cytoplasm containing many small mitochondria. The 

spermatid cells at the Golgi phase had a rounded 

euchromatic nucleus covered with acrosomal vesicles. Their 

cytoplasm contained characteristic peripherally arranged 

mitochondria with centrioles and Golgi apparatus. The 

spermatozoa head had an electron-dense nucleus surrounded 

by a nuclear membrane and caudal tail sheath were intact 

(Fig. 5A-D).  

In the CP-treated group, the seminiferous tubules displayed 

irregular tubular basement membranes with a large 

separation of germ cells from these membranes leaving a 

large space. Degenerated spermatogonia with cytoplasmic 

vacuolations were observed (Fig. 6A). Furthermore, primary 

spermatocytes had a pyknotic nucleus, swollen 

mitochondria, and vacuolated cytoplasm (Fig. 6B). Clusters 

of degenerated germ cells appeared as irregular shrunken 

bodies with cytoplasmic vacuolation, mitochondrial 

swelling, with absence of nucleus (Fig. 6C). The cut section 

of spermatozoa showed irregularity with disintegration and 

lysis of fibrous sheath (Fig. 6D). 

In the PSE pretreatment group, most spermatogonia and 

spermatocytes showed intact nuclei, cytoplasmic organelles, 

and cell membranes. Spermatozoa mostly showed intact 

axoneme with only partial rupture of plasma membrane 

sheath. However, a few seminiferous tubules showed 

wrinkled and thickened basement membranes and some 

spermatogonia had shrunken nuclei and vacuolated 

mitochondria of different sizes, sometimes with ruptured 

cell membranes. Moreover, there were a few intercellular 

vacuoles between some germ cells (Fig. 7A-D).  
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Figure (5): Representative TEM micrographs of control testis. (A):  seminiferous tubule surrounded by a regular basement membrane (bm) ensheathed by a flat myoid cell (my). Sertoli cell 

(Sc) is a pyramidal cell with an ovoid nucleus (n) and prominent nucleolus (nu), its cytoplasm had abundant mitochondria (m) and rested on the basement membrane (bm). (B): Primary 

spermatocytes (PS) have large euchromatic nuclei (n) and prominent nucleolus (nu), with a thin rim of cytoplasm containing many small mitochondria (m). (C): The spermatid cell (sp) at 

the Golgi phase had a rounded euchromatic nucleus (n) covered with an acrosomal vesicle beginning (zigzag arrow), its nucleus surrounded with peripherally arranged mitochondria (m), its 

cytoplasm had centriole (tailed arrow) and Golgi apparatus (g). (D): Spermatozoal head surrounded by the intact plasma membrane (black arrow), had an electron-dense nucleus (n) surrounded 

by a nuclear membrane (white arrow), intact caudal tail sheath (curved arrow) and acrosomal cap (ac).  

 
Figure (6): Representative TEM micrograph of testis from the CP-treated group. (A): Seminiferous tubule showing irregular tubular basement membrane (bm) 

with large separation of germ cells from basement membrane leaving large space (thick arrow), degenerated spermatogonia (Sg) with cytoplasmic vacuolations 

(thin arrow) and vacuolated mitochondria (m). (B): Spermatocyte (PS) with pyknotic nucleus (pn), swollen vacuolated mitochondria (m) with vacuolated cytoplasm 

(v). (C): Marked disintegration of seminiferous tubules with irregular, thickened basement membrane (tbm) with clusters of degenerated cells (dc). All cells 

appeared as irregular shrunken bodies with cytoplasmic vacuolation (arrowhead), mitochondrial swelling (dm), with absence of nucleus. (D): Spermatozoal defect 

with irregularity, disintegration nd lysis of fibrous sheath (white arrow).  
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Figure (7): Representative TEM micrograph of testis from PSE pretreated group. (A): Seminiferous tubular section showing intact spermatogonia (Sg) and 

spermatocytes (Sp) with intact nuclei, cytoplasmic organelles and cell membrane, one necrotic spermatogonia with shrunken nucleus (n) and different sized 

mitochondria (m) rested on thickened, irregular basement membrane (tbm). (B): Seminiferous tubule showing intact spermatid (s), irregularly shaped 

spermatogonia (Sg) rested on regular basement membrane (bm), deformed spermatocytes (ps) with many cytoplasmic vacuolations (v), irregularity of mitochondria 

(m) and rupture of the cell membrane and increased space between cells (star). (C): Intact spermatocyte (ps) with granular cytoplasm and few vacuolated 

mitochondria (vm) and partial loss of tight junction with adjacent cells leaving space (star). (D): Spermatozoa mostly showing intact axoneme (a) and fibrous 

sheath (fs) with partial rupture of plasma membrane sheath (thin arrow). 

4.DISCUSSION 

Cyclophosphamide is a highly effective anticancer drug, but 

it is linked to various toxicities in different organs. The testes 

are particularly susceptible to the side effects of CP due to 

the presence of rapidly proliferating cells, leading to male 

infertility (Ghobadi et al., 2017). Numerous studies 

documented that natural compounds with antioxidant 

properties may have the ability to mitigate the testicular 

injury induced by cyclophosphamide (Srideepthi et al., 

2024). Therefore, the present study aimed to investigate the 

potential effect of PSE in the mitigation of CP-induced 

testicular toxicity in male rats. 

In the present study, the administration of CP caused 

decreases in body weight. These results were parallel with 

Afkhami-Ardakani et al. (2018). Malnutrition and decreased 

feed consumption after CP treatment could explain the 

reduction in body weight (Rezvanfar et al., 2008). 

Meanwhile, pre-treatment with PSE significantly inhibited 

the CP-induced reductions in body weight, which could be 

attributed to the high protein and vitamins in pumpkin seeds 

(Nkereuwem et al., 2011).  In addition, CP-induced severe 

testicular damage where the most examined seminiferous 

tubules exhibited spermatogenesis arrest with 

hypocellularity, devoid of sperms, and marked apoptosis of 

germ cells and the interstitial Leydig cells. This result was 

consistent with Iqubal et al. (2020). The recorded testicular 

damage was reflected in the testicular weight which 

significantly decreased, indicating the reduction in 

spermatogenic cells and testosterone release (Srideepthi et 

al., 2024). The Leydig cell damage was reflected in serum 

testosterone levels which significantly decreased in the CP 

group, similarly reported by Alkhalaf et al. (2020).  

Testosterone level is essential to initiate and maintain the 

spermatogenesis process (Dutta et al., 2019). Therefore, the 

low testosterone hormone level indicates germ cell damage 

and impaired spermatogenesis induced by CP. The 

ultrastructural analysis confirmed the testicular damage 

induced by CP where most germ cells appeared as shrunken 

apoptotic bodies with nuclear lysis cytoplasmic vacuolation, 

and mitochondrial swelling.  Furthermore, the majority of 

the seminiferous tubules were surrounded by thickened and 

irregular basement membranes. These results were 

consistent with Anan et al. (2018). The increased thickness 

of the basement membrane led to changes in its binding 

properties. This could impair spermatogenesis by limiting 

access to hormones and paracrine factors involved in 

spermatogenesis regulation (Aitken and Roman, 2008).  

Pretreatment with PSE attenuated the testicular weight 

through improvement of the testicular histological integrity 

with normal spermatogenesis, increased differentiated 

spermatogenic cell mass, and abundant luminal spermatozoa 

in the most examined seminiferous tubules of the PSE 

pretreated group. These findings were consistent with 

Agrawal et al. (2023) who found the histological testicular 

alterations induced by escitalopram oxalate were improved 

when treated with ethanolic extract of pumpkin seed. 

Additionally, ultrastructurally, most germ cells of 

seminiferous tubules in the PSE pretreated group had intact 

nuclei, cytoplasmic organelles, and cell membranes. The 

protective effect of PSE in this study may be attributed to the 

antioxidant activity of PSE as it is rich in potent free radical 
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scavenger vitamins including A, C, and E as well as essential 

trace minerals such as zinc that neutralize free radical 

generation or directly engross the iron or copper binding 

sites of lipids, proteins, and DNA molecules (Shaban and 

Sahu, 2017). Moreover, PSE contains an abundant amount 

of oleic acid, a monounsaturated fatty acid, that reduces the 

susceptibility of the testicular tissue to lipid peroxidation 

(Adsul and Madkaikar, 2021). In addition, PSE enhanced 

spermatogenesis via improved testosterone levels which 

significantly increased compared to the CP-treated group. 

These findings were in line with Hamdi, (2020). The high 

testosterone levels recorded in the PSE pretreated group may 

be attributed to the high constituent of the unsaturated fatty 

acids in PSE such as omega 3, 6, and 9 that promote 

dehydrogenase activity which is key in testosterone 

production (Aghaei et al., 2014). In addition, PSE is rich in 

squalene and triterpene content that is related to testosterone 

synthesis (Nimptsch et al., 2012). 

The immunohistochemical analysis of PCNA in the current 

study showed that the number of PCNA-positive nuclei in 

the basal germ cells of most examined testicular sections was 

significantly decreased. These results were parallel with 

Adana et al. (2022). This reflects the damaging effect of CP 

on the DNA of the germ cells as PCNA (Proliferating Cell 

Nuclear Antigen) plays a crucial role in DNA synthesis and 

cell proliferation and is commonly used as a cell 

proliferative marker for diagnosing germinal arrest, which 

results from the deterioration in DNA synthesis (Pan and 

Zhang, 2021). Meanwhile, the immunohistochemical 

analysis of PCNA- LI in the PSE pretreated group was 

markedly increased in the basal germinal cells compared 

with the CP-treated group indicating the increased 

proliferation rate of the germ cell with active 

spermatogenesis. These results were parallel with Mousa et 

al. (2023). 

On the other hand, sperm quality including sperm count, 

motility, viability, and morphology are crucial indicators of 

spermatogenesis in the testes, sperm maturation in the 

epididymis, and fertility capacity assessment (Agrawal et al., 

2023). In the present work, semen analysis of CP-treated rats 

revealed a significant reduction in sperm quality including 

sperm count, motility, and viability with a significant 

increase in morphological abnormalities (bent middle piece, 

headless tail, and twisted tail). Ultrastructural, sperm 

displayed irregularity with disintegration and lysis of fibrous 

sheath.  Similar findings were also reported by Anan et al. 

(2018). The sperm abnormalities could be attributed to its 

high sensitivity to oxidative stress induced by CP as its 

membrane has a high level of polyunsaturated fatty acids 

with low antioxidant capacity (Asadi et al., 2017). Excessive 

production of ROS can damage the fluidity of the sperm 

plasma membrane which affects sperm motility and viability 

(Noh et al., 2020). In addition, the direct effect of CP on 

sperm DNA resulted in an increasing rate of morphological 

defects because cellular DNA is a primary target of CP in its 

anti-neoplastic and toxic activity (Ilbey et al., 2009). 

PSE significantly improved sperm characteristics 

particularly viability with a significant reduction in sperm 

abnormalities. These findings were parallel with Aghaei et 

al. (2014). The recorded ultrastructural sperm abnormalities 

in the CP group were decreased as most spermatozoa had 

intact axoneme with minimal abnormalities on the plasma 

membrane sheath of some sperms.  PSE improves sperm 

quality by containing high levels of carbohydrates, which 

enhance sperm motility and viability via increasing glucose 

metabolism, resulting in ATP synthesis (Salman et al., 

2008). In addition, PSE is rich in L-carnitine which improves 

sperm quality and initiates sperm motility (Zhu et al., 2015).  

5. CONCLUSIONS 

Based on the results of the present study, it could be 

concluded that PSE pretreatment effectively preserved the 

testicular histoarchitecture by attenuating the testicular 

oxidative DNA damage induced by CP. Furthermore, PSE 

enhanced the testosterone hormone levels and sperm quality. 

However, Further research is needed to evaluate different 

protection periods and dosages against CP-induced testicular 

damage. 
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