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Pumpkin seed and grape seed extracts ameliorate cyclophosphamide 
-induced spermatogenesis inhibition in rat model: Histomorphometrical, 
immunohistochemical, and ultrastructural approaches

Introduction

The intersection of cancer treatment and reproductive health pres-
ents a complex challenge in modern medicine. Chemotherapy, while a 
cornerstone in the battle against cancer, often comes with adverse effects 
on fertility, particularly in males. Among the array of chemotherapeutic 
agents, CP stands out for its broad-spectrum efficacy but also its noto-
rious side effect: the induction of testicular toxicity (Ghafouri-Fard et al., 
2021). This toxicity was manifested in several forms, including oligosper-
mia, azoospermia, and disruption of the spermatogenesis cycle, thereby 
posing a severe risk to male reproductive health (Oliveira et al., 2020).

The detrimental impact of CP on the testes is largely attributed to 
its metabolites. Phosphoramide mustard and acrolein contribute to its 
anticancer properties but are also implicated in its toxic side effects, me-
diated through the overproduction of reactive oxygen species (ROS), 
DNA damage, protein adduct formation, endoplasmic reticulum stress, 
and ultimately cellular dysfunction in testicular tissues (Zirak et al., 2019). 
In light of these concerns, there is a growing interest in identifying ad-
junctive treatments that can mitigate CP’s reproductive toxicity without 
compromising its anticancer efficacy.

Pumpkin seeds from Cucurbita pepo have gained attention for their 
high nutritional and medicinal value. It is rich in unsaturated fatty acids, 
particularly omega fatty acids, and essential trace elements like mag-
nesium, iron, and zinc (Srivastava et al., 2021). PSE exhibits antioxidant, 
anti-inflammatory, and immunomodulatory properties (Vinayashree and 
Vasu, 2021). These characteristics have positioned PSE as a potential ther-
apeutic agent for protecting spermatogenic function, especially in the 
context of chemotherapy-induced damage (Elfiky et al., 2012; Shaban and 
Sahu, 2017).

Similarly, grape seed derived from Vitis vinifera, is a rich source of 
polyphenols and flavonoids (Gupta et al., 2020). These compounds are 
known for their potent antioxidant capabilities, which include scavenging 

free radicals, reducing lipid peroxidation, and modulating inflammato-
ry responses (Tabeshpour et al., 2018). GSE has shown promising results 
in enhancing mitochondrial enzyme activities and improving testicular 
histopathology, suggesting its potential as a gonadoprotective agent 
against various testicular injuries induced by cadmium chloride and bi-
sphenol A (Morsi et al., 2020; Malek et al., 2022). 

This study aimed to investigate the roles of GSE and PSE in combat-
ing CP-induced testicular toxicity in adult male albino rats via biochemi-
cal, histopathological, histomorphometrical, ultrastructural, and immuno-
histochemical analyses.

Materials and methods

Animals

The study was conducted on 36 apparently healthy adult male albi-
no rats weighing 300 ±10g, obtained from the Animal House, Faculty of 
Veterinary Medicine, Zagazig University, Egypt. Rats were acclimated for 
one week before the experiment at a temperature approximately 25±5°C, 
humidity 60±5% with a 12 h light/dark cycle and provided with stan-
dard feed and water ad libitum. All experimental procedures were carried 
out in accordance with the international guidelines for laboratory animal 
care and were approved by the Research Ethical Committee of the Fac-
ulty of Veterinary Medicine, Benha University (Ethical Approval Number: 
BUFVTM 06-03-23).

Chemicals
 

Cyclophosphamide (Endoxan) was produced by Baxter Oncology 
GmbH Kantstrasse2 D-33790 Halle, Germany, as vial 1g contains 1.069 g 
cyclophosphamide monohydrate equivalent to 1g anhydrous cyclophos-
phamide. The drug was dissolved in saline before intraperitoneal admin-
istration.
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Grape seed extract (GSE) and pumpkin seed extract (PSE) preparation

The grape and pumpkin fruits were procured from a local market 
and authenticated by the Department of Horticulture, Faculty of Agricul-
ture, Benha University, Egypt. Seeds were manually removed, dried, and 
powdered. Then ethanolic grape seed extract was prepared (Badavi et al., 
2013) and the ethanolic pumpkin seed extract was produced (Xantho-
poulou et al., 2009).

Experimental design

Rats were randomly divided into six equal groups (N=6): 
Group I (Control), rats were injected intraperitoneally with 0.5 ml of 0.9% 
saline solution weekly from the second week till the end of the experi-
ment.
Group II (PSE), rats were administrated PSE orally at a dose of 300 mg/kg 
b.wt daily for 8 weeks (Aghaei et al., 2014).
Group III (GSE), rats were administrated GSE orally at a dose of 150 mg/
kg b.wt daily for 8 weeks (Aboul-Ela and Omara, 2014).
Group IV (CP), rats were injected intraperitoneally with CP (60 mg/kg 
b.wt) weekly from the second week till the end of the experiment (Torabi 
et al., 2017).
Group V (PSE + CP), rats were administered PSE orally at a dose of 300 
mg/kg b.wt daily and injected intraperitoneally with CP (60 mg/kg b.wt) 
weekly from the second week till the end of the experiment.
Group VI (GSE + CP), rats were administered GSE orally 150 mg/kg b.wt/ 
daily and injected  intraperitoneally with CP (60 mg/kg b.wt) weekly from 
the second week till the end of the experiment.

Body and testis weights

The body and testicular weights were recorded in this study. The 
body weights of each animal were recorded at the start and end of the 
experiment. At the end of the experiment, the testes were dissected and 
weighed. The Relative Testicular Weight (RTW) % was calculated.
Relative Testicular Weight = organ weight/ body weight x 100                         

Hormonal analysis

At the end of the experiment, blood samples were collected from the 
retro-orbital venous plexus of each rat into gel and clot activator tubes. 
Serum was obtained by blood centrifugation at 3000 rpm for 15 min. The 
serum testosterone level was measured by enzyme-linked immunosor-
bent assay (ELISA) methods (Teilmann et al., 2014), using commercial kits 
from Randox (UK). Testosterone value is expressed as nmol/L.

Estimation of oxidative stress markers

The testicular homogenate was obtained by grinding a small piece 
(1g) of freshly excised tissue in 10 volumes of ice-cold PBS saline solution, 
using a tissue homogenizer. After that, it was centrifuged at 4,000 rpm for 
15 minutes at 4°C. Once done, the supernatant was removed and stored 
at -80°C until needed for the determination of malondialdehyde (MDA) 
levels and reduced glutathione (GSH) levels (Taghizadeh et al., 2020) by a 
SPECTROstar Nano spectrometer (BMG LAB-TECH, USA) , using commer-
cial Biodiagnostic kits (Biodiagostic, Giza, Egypt).

Histopathological examination and testicular damage scoring

To evaluate the histological alteration of the seminiferous tubules, 
the testes of rats in all groups were collected and immediately fixed over-
night in Bouin’s solution, then routinely processed to prepare 5 μm thick 
paraffin sections and stained with hematoxylin and eosin stain (Bancroft 
and Layton, 2019). The severity of lesions was scored as follows: (−) ab-

sence of the lesion = 0%, (+) mild > 0–25%, (++) moderate > 25–50%, 
and (+++) severe > 50–100% of the examined tissue sections (Tohamy 
et al., 2021).

Spermatogenesis assessment through Johnsen Score
 
According to Johnsen (1970), 100 seminiferous tubules were exam-

ined in each rat to evaluate spermatogenesis using the Johnsen scoring 
system (Table 1). To calculate the mean Johnsen’s score in each rat testis, 
the sum of all the recorded scores was divided by the total number of the 
examined seminiferous tubular (100).

Morphometric analysis 

Morphometric analysis of the seminiferous tubules was conducted 
by measuring the diameter and epithelial thickness in a total of 100 tu-
bules for each group (10 tubules in each testicular section and 10 sec-
tions per group) (Karimi et al., 2018), using the ImageJ program (ImageJ 
Version 1.45 s, NIH, USA). The mean diameter of the seminiferous tubule 
(ST) was calculated through calculating the averages of the lengths of 
the short edge and the long edge (two diameters perpendicular to each 
other) measured in μm. 
Average ST diameter (μm) = ST diameter (μm)1 + ST diameter (μm)2/2

    
The germinal epithelial thickness (ET) of the seminiferous tubules was 

conducted by measuring the thicknesses of the epitheliums from the four 
sides and the four angles in μm, and the averages of the thickness lengths 
were calculated.
Average ET (μm) = ET length (μm)1 + ET length (μm)2+ ET length (μm)3+ 
ET length (μm)4/4                    

Immunohistochemical analysis

Immunohistochemistry for proliferating cells nuclear antigen (PCNA) 
was performed with 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).

Ultrastructural analysis
 
Small pieces of the testicular tissue were directly fixed in fresh 2.5% 

glutaraldehyde buffered with 0.1M phosphate buffer at pH 7.4 for 2 hours 
at 4ºC. Then postfixed in 1% osmium tetroxide in the same buffer for one 
hour at 4ºC. After that, the tissue was dehydrated in an ethanol series, 
embedded in Epon 812 resin (Woods and Stirling, 2019). Semithin sec-
tions (1 um thick) were stained with 1% toluidine blue and examined by 
a light microscope to ensure proper orientation. Ultrathin sections were 
contrasted with uranyl acetate and lead citrate to be examined with TEM 
(Jeol 1400 plus, Tokyo, Japan) in the Electronic Microscope Lab, Faculty of 
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Score Level of spermatogenesis (seminiferous tubule feature)

10 Complete spermatogenesis with many spermatozoa present

9 Slightly impaired spermatogenesis, many late spermatids, disorganized 
epithelium

8 Few spermatozoa per tubule, few late spermatids

7 No spermatozoa, no late spermatids, many early spermatids

6 No spermatozoa, no late spermatids, few early spermatids

5 No spermatozoa or spermatids, many spermatocytes

4 No spermatozoa or spermatids, few spermatocytes

3 Spermatogonia only

2 Presence of Sertoli cells only

1 No seminiferous epithelium.

Table 1. Johnsen scoring system for spermatogenesis assessment.



Agriculture, Mansoura University.
 

Statistical analysis

All data analyses were performed using SPSS for Windows Version 
22.0 (IBM Corp. Released 2013). One-way analysis of variance (ANOVA) 
was used for comparison between groups followed by the least signifi-
cant difference (LSD) post hoc test. The data were expressed as mean ± 
standard error (SE) and P ≤ 0.05 was considered statistically significant.

Results

Impact of PSE and GSE on body and testicular weights
 
There was a notable significant reduction in the body and testicular 

weights at the end of the experiment in the CP-treated group compared 
to the control group. This reduction was significantly mitigated in the CP 
+ PSE and CP + GSE groups (Table 2).

Hormonal analysis

Compared to control group, there was a significant decrease in the 
testosterone level of the CP-treated group when compared to the con-
trol group (P <0.001), and other treated groups being significantly higher 
compared to the CP group (P <0.05) as shown in Fig. 1.

Effect of PSE and GSE on CP-induced testicular oxidative stress
   
CP treatment caused a significant increase in MDA levels (P <0.0001) 

in testicles with consequent reductions in GSH levels (P <0.001) com-
pared to control. Pretreatment with PSE and GSE caused a significant re-
duction in MDA levels (P <0.001) with a marked increase in GSH levels (P 
<0.05). This data is presented in Table 3.

Histopathological findings and testicular damage scoring

The majority of the examined testicular sections in the control group 

showed a normal histological structure of seminiferous tubules. These 
tubules were lined by stratified germinal epithelium with abundant sper-
matozoa into the lumens (Fig. 2A).  Similarly, almost all examined testicu-
lar sections of the PSE and GSE groups also displayed well-defined sem-
iniferous tubules at different stages of spermatogonial cells (Fig. 2B, C). 

Meanwhile, most of the examined testicular sections of the CP group 
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Groups 
Body weight (g) Testes weight

Initial Final Absolute (g)                      Relative (%)

Control 301.3±4.177 a 370.00±4.80b 1.81±0.09a                        0.55±0.03a

PSE 304.2±5.224 a 428.70±2.19a 1.93±0.04a                        0.53±0.00a

GSE 296.5±3.594 a 368.70±2.91b 1.83±0.16a                        0.55±0.01a

CP 302.0±5.916 a 201.30±5.70d 0.96±0.06c                       0.41±0.00b

CP+PSE 299.8±4.607 a 289.70±3.18c 1.51±0.02b                                   0.49±0.00a

CP+GSE 299.8±4.615 a 275.30±10.09c 1.49±0.04b                                   0.49±0.05a

Table 2. Comparative analysis of each experimental group’s average body and 
testicular weights.

Values (mean ± S.E) within the same column that has the same superscript letter indicate no 
significant difference (P>0.05).

Fig. 1. Effect of PSE and GSE on CP-induced reduction in serum testosterone level. Values 
are expressed as mean ± S.E. * P< 0.001 compared with control; # P< 0.05 compared with 
CP.

Table 3. Effect of cyclophosphamide, PSE and GSE on testicular MDA and GSH 
levels.

Group MDA level (nmol/g) GSH level (nmol/g)

Control 9.12±2.27c 250.80±20.34a

PSE 8.47±0.56c 294.00±19.58a

GSE 8.43±0.62c 279.90±46.3a

CP 40.73±1.15a 38.75±1.94c

CP+PSE 27.82±1.336b 151.00±8.97b

CP+GSE 27.66±1.78b 148.70±3.46b

Values are expressed as mean ± SE. Differences within the same column that have different 
superscript letters are considered statistically significant (P<0.05).

Fig. 2. Representative photomicrograph of H&E-stained testicular sections of different ex-
perimental groups, x 200. (A) Control group showing normal seminiferous tubules were 
lined by stratified germinal epithelium with abundant luminal spermatozoa. (B, C) PSE and 
GSE groups respectively, exhibiting well-defined seminiferous tubules at different stages of 
spermatogonial cells. (D- H) CP group, (D) showing atrophied seminiferous tubules lined 
by one or two layers of vacuolated germinal epithelium, with no spermatogenesis. Note 
the diffuse interstitial tissue proliferation, (E) sperm stasis in the lumen of the atrophied 
seminiferous tubules, (F) spermatogonia cells had darkly stained nuclei with cytoplasmic 
vacuolations (arrow), Notice irregular and undulant basement membranes with spaces be-
tween them and basal germ cells, with the absence of primary and secondary spermatocytes 
in some tubules, (G) within the lumen of some seminiferous tubules exfoliated germ cells 
and apoptotic germ cells (arrowhead). Note the arrested spermatocyte at various stages of 
development with wide intercellular spaces (arrow). The interstitial Leydig cells show cy-
toplasmic vacuolation, (H) necrosed seminiferous tubules filled with fibrillar eosinophilic 
debris. (I, J) PSE + CP group revealing (I) normal histoarchitecture of seminiferous tubules 
with mild cytoplasmic vacuolation, (J) and mild interstitial edema. (K, L) GSE + CP group 
showing (K) remarkable preservation of the germinal epithelium with different stages of 
spermatogenesis, few apoptotic cells in between well-organized intact germ cells, few inter-
cellular spaces, (L) and mild interstitial edema.



revealed marked testicular damage in the form of testicular atrophy and 
even necrosis. The atrophied seminiferous tubules were reduced in size 
with a significant loss of germ cells. They were lined by one or two layers 
of the vacuolated germinal epithelium with no spermatogenesis process 
and luminal sperms. Diffuse interstitial tissue proliferation was prominent 
in between these atrophied tubules (Fig. 2D). Sperm stasis was infrequent-
ly seen in the lumen of these atrophied tubules (Fig. 2E). Moreover, some 
seminiferous tubules showed spermatogenesis arrest with the absence 
of some differential stages as primary and secondary spermatocyte and 
luminal spermatozoa. Some of these seminiferous tubules had irregular, 
undulant basement membranes with spaces between these basement 
membranes and the basal spermatogonia. Most of these spermatogonia 
had pyknotic nuclei with cytoplasmic vacuolation (Fig. 2F). Most semi-
niferous tubules were packed with exfoliated germinal epithelium and 
showed shrunken apoptotic germ cells with hyper-eosinophilic cyto-
plasm and fragmented nuclei. Furthermore, these seminiferous tubules 
showed arrest of spermatocytes at various stages of development with 
wide intercellular spaces (Fig. 2G). Furthermore, there were focal necrosis 
of seminiferous tubules was accidentally seen. These necrotic seminifer-
ous tubules revealed a significant reduction in spermatogenesis and were 
lined only with very few spermatogonia or only Sertoli cells. Most of these 
tubules had thickened basement membranes and their lumina were filled 
with fibrillar eosinophilic necrotic debris (Fig. 2H). The interstitial Leydig 
cells had cytoplasmic vacuolation. In addition to the seminiferous tubule 
damage induced by CP, severe vascular changes were also seen in the ex-
amined testicular sections of rats treated with CP. These vascular changes 
were congestion of intertubular blood vessels with injured endothelial 
cells, thrombosis, and interstitial edema.  

Almost all the examined PSE + CP group testicular sections revealed 
normal histoarchitecture of the seminiferous tubules with abundant lu-
minal spermatozoa. However, mild degenerative changes were detected 
in some seminiferous tubular epithelium represented by cytoplasmic vac-
uolation (Fig. 2I), mild congestion, and minimal interstitial edema were 
infrequently seen (Fig. 2J). The majority of testicular sections from the 
GSE + CP group showed well-preserved germinal epithelium with vari-
ous stages of spermatogenesis. However, some sections revealed a few 
apoptotic germ cells with fragmented nuclei and highly eosinophilic cy-
toplasm, along with cytoplasmic vacuolations in some germ cells (Fig. 2K). 
Additionally, mild interstitial edema was occasionally observed (Fig. 2L).

The histopathological alterations in H&E-stained testicular sections 
of different experimental groups were represented as a score (Table 4). 
The CP-treated group had the highest score for the recorded lesions in 
the seminiferous tubules particularly tubular atrophy, necrosis, germ cell 
apoptosis, tubular vacuolation, germ cell loss and giant cell formation in 
addition to vascular damage. In contrast, pretreatment with PSE or GSE 
groups was related to a reduction in these scores, indicating the gonado-
protective effect of these extracts against CP-induced testicular injury.

Spermatogenesis assessment through the Johnsen scoring

A notable significant (p <0.0001) decrease in Johnsen’s testicular 
score was evident in the CP group, indicating impaired spermatogene-
sis. This impairment is further reflected in the higher prevalence (58.4%, 
and 33.2%) of lower Johnsen scores (3-4 and 5-6) when compared to the 
control group which exhibited the highest proportion of higher Johnsen 
scores (9-10). However, these high scores were not recorded in the CP 
group. Conversely, pretreatment with PSE or GSE exhibited improved 
Johnsen scores compared to the CP group alone which was evidenced by 
the return of scores 9-10 in 39.2% and 49.9% of the tubules, respectively. 
This is visually captured in Fig. 3A, where the mean Johnsen score for each 
group is represented by bars, and in Fig. 3B, which shows the frequency 
distribution of the scores, across the groups. 

Morphometric analysis

Effect of CP, PSE, and GSE on seminiferous tubule diameter and epithe-
lium thickness

The result of the histomorphometric analysis of seminiferous tubule 
diameter and epithelium thickness were illustrated in Table 5. In terms of 
seminiferous tubular diameter, CP treatment caused a notable reduction 
compared to the control group. However, when rats were pretreated with 

Fig. 3.  (A) Effect of cyclophosphamide, PSE and GSE on spermatogenesis in each experi-
mental group through evaluation of Johnsen score. Data was analyzed by one-way ANOVA 
followed by post hoc test and p < 0.05 was significant. * P< 0.001 compared with control; 
# P< 0.001 compared with CP. (B) Frequency distribution of Johnsen’s testicular scores in 
rats’ experimental groups.

Lesion Control, PSE, GSE CP CP+PSE CP+GSE

Tubular atrophy - +++ + +

Tubular necrosis - ++ + +

Germ cell apoptosis - +++ + +

Tubular vacuolation - +++ + +

Germinal cells desquamation & giant cell formation - +++ + +

Sperm stasis - + - -

Interstitial edema - ++ + +

Interstitial fibrosis - + - -

Diffuse Interstitial proliferation  - + - -

Vascular lesion & thrombus formation - +++ + +

(-): Normal histology, (+): Mild, (++): Moderate, (+++): Severe.

Table 4. Comparative scoring of the testicular histopathological changes in each treatment group.

E.M. Samy et al. /Journal of Advanced Veterinary Research (2024) Volume 14, Issue 7, 1118-1125

1121



PSE or GSE, statistically significant increases in the tubular diameters were 
recorded compared to CP-treated rats. Furthermore, the germinal epi-
thelial thickness of seminiferous tubules in the PSE and GSE pretreatment 
groups were nearly similar to those of the control rats. Conversely, in rats 
treated with CP, a significant reduction in the germinal epithelium thick-
ness was observed compared to the control. Interestingly, pretreatment 
with PSE or GSE significantly mitigated the reduction in the germinal epi-
thelium thickness when compared to CP-treated group.

Immunohistochemical evaluation

The seminiferous tubules of the control group exhibited marked 
expression of PCNA characterized by intense brown labelling of sper-
matogonia and spermatocyte nuclei (Fig. 4A). Similar expression was ob-
served in PSE and GSE groups. Meanwhile, CP-treated rats showed weak 
PCNA-positive reactions for spermatogonia and spermatocyte nuclei in 
seminiferous tubules (Fig. 4B). Interestingly, rats co-treated with PSE (Fig. 
4C) or GSE (Fig. 4D) revealed strong positive brown expression of PCNA in 
nuclei of the basal spermatogenic cells compared to CP group.

Ultrastructural Observations 

Transmission electron microscopy of the testes of the control group 
showed spermatogonia with large oval nuclei resting on a regular base-

ment membrane. The primary spermatocyte had normal large euchro-
matic nuclei with synaptonemal complex and a thin rim of cytoplasm 
containing an aggregation of abundant small mitochondria. The early 
spermatid had an intact plasma membrane, rounded euchromatic nu-
clei covered by the acrosomal cap and many peripherally situated mito-
chondria.  The cross-section of spermatozoa displayed an intact axoneme 
formed from nine doublets of microtubules and two central singlets. The 
axoneme was enclosed by a dense fibrous cap and intact plasma mem-
brane sheath (Fig. 5A-D).

The seminiferous tubules of CP displayed significant ultrastructural 
changes affecting germ cells that separated from the thickened irregular 
basement membrane leaving large spaces. Most germ cells were lost due 
to complete cytolysis with the presence of necrotic debris of ruptured 
fragmented cells and apoptotic bodies (membrane-bounded cytoplasmic 
ribosome and vacuoles). The primary spermatocyte revealed an irregular 
membrane bounding with loss of cellular tight junction and increased 
intercellular space. Additionally, there were abundant cytoplasmic and 
nuclear changes, including an irregular shrunken, pyknotic nucleus with 
clumping of the synaptonemal complex, and cytoplasmic aggregations of 
ribosome with dilated or shrunken electron-dense mitochondria.  Most 
spermatozoa exhibited deformity with complete lysis and loss of its nor-
mal ultrastructure.  Others showed irregularity with shrunken irregular ax-
oneme, loss of fibrous caps and dilated plasma membranes, or ruptured 
head acrosomal caps and dilated tails (Fig. 6A-F).

In the CP + PSE group, most spermatogonia appeared normal with 
an intact nucleus and normal mitochondria with minimal cytoplasmic 
vacuolation. However, some of them showed separation from the base-
ment membrane, leaving intercellular spaces. Many spermatocytes had 
intact centrally located nuclei with minimal mitochondrial dilation, while 
others had irregularly shaped nuclei. Additionally, some spermatocytes 
exhibited lysis with extracellular diffusion of mitochondria and ribosomes. 
Spermatozoa varied in size with normal axoneme and only minimal ir-
regularity in fibrous and plasma membrane sheaths was observed (Fig. 
7A-D).

In the CP+GSE group, most spermatogonia had an intact nucleus 
and numerous mitochondria. However, some of them showed irregu-
larities with the presence of a few cytoplasmic vacuoles, variable-sized 

Group STD (µm) GET (µm)

Control 324.75±5.02a 97.35±2.79b

PSE 308.90±5.95b 96.19±2.55b

GSE 316.96±6.24ab 106.12±3.65a

CP 225.46±3.17e 71.79±1.37d

CP+PSE 270.06±4.90 c 87.96±2.22c

CP+GSE 250.31±4.98d 82.01±2.3c

Table 5. Comparative analysis of each experimental group’s average seminifer-
ous tubule diameter and germinal epithelium thickness.

Values are expressed as mean ± SE. Differences within the same column that have different 
superscript letters are considered statistically significant (P<0.05). STD: seminiferous tu-
bule diameter and GET: germinal epithelium thickness.

Fig. 4. Representative photomicrograph of immunohistochemical staining of PCNA in tes-
ticular sections of different experimental groups, x 200. (A) Control group, marked expres-
sion of PCNA was characterized by intense brown labelling of spermatogonia and sper-
matocytes in seminiferous tubules. (B) CP treated group, mild positive reaction for PCNA 
expression in seminiferous tubules. (C) CP+PSE treated group, strong positive brown ex-
pression of PCNA in nuclei of the basal spermatogenic cells. (D) CP+GSE treated group, 
strong positive immunoreactivity in nuclei of the basal spermatogenic cells.

Fig. 5. Representative TEM micrographs of control testis showing (A) large spermatogonia 
(Sg) with oval nucleolus (nu) resting on a regular basement membrane (BM). (B)  sper-
matocyte showing normal large euchromatic nuclei (N) with synaptonemal complex and a 
thin rim of cytoplasm containing an aggregation of abundant small mitochondria (m). (C) 
spermatid showing intact plasma membrane, intact rounded nucleus (N) with acrosomal cap 
(AC) and many peripherally arranged mitochondria (m). (D) cross section of spermatozoa 
showing intact axoneme (a) enclosed within dense fibrous cap (f) and intact plasma mem-
brane sheath (arrow).
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mitochondria, and electron-dense lysosomes. Spermatocytes with a di-
vided nucleus, minimal cytoplasmic vacuolation, a massive number of ri-
bosomes, and peripherally arranged mitochondria with mild dilation were 
also detected. Normal spermatozoa with only partial irregularity in the 
fibrous sheath were observed (Fig. 8A-D).

Discussion

This study highlights the significant adverse effects of cyclophospha-
mide (CP) and the possible protective roles of PSE and GSE on male re-
productive health. CP-induced reproductive toxicity with impaired sper-
matogenesis, the main cause of male infertility, despite its effectiveness in 
treating neoplastic and immunosuppressive diseases (Zhao et al., 2015). 
Therefore, potential protective agents are needed to reduce testicular in-
jury caused by CP and test their efficacy in preserving fertility for cancer 
survivors aiming to resume their normal reproductive life after chemo-
therapy (Ghobadi et al., 2017).

As recorded in this study, weight loss is a common side-effect of 
cyclophosphamide therapy. Mechanisms responsible for this include the 
direct effect of CP on energy metabolism and its antiproliferative effects 
on adipocyte progenitors (Myers et al., 2017). Testicular weight is a critical 
indicator of normal spermatogenesis and reproductive health which is 
often measured in reproductive studies (Hassanzadeh-Taheri et al., 2019). 
In  the present study, CP administration was associated with significantly 
decreased testicular weight compared with the control group, these re-
sults were inconsistent with Torabi et al. (2017). Furthermore, CP induced 
drastic microscopical changes in the testicular tissue where seminiferous 
tubular atrophy, spermatogenesis arrest, germ cell apoptosis, and multi-
nucleated giant cell formation were frequently observed. This testicular 
damage was reflected in the result of the histomorphometric analysis

where there was a significant decline in the seminiferous tubule diame-
ters, tubular epithelial thickness, and Johnsen score, which was matched 
with previous studies (Kamarzaman et al., 2013; Salimnejad et al., 2018). 
Additionally, the ultrastructural examination of the seminiferous tubules 
revealed abundant cytoplasmic and nuclear changes, including a shrunk-
en pyknotic nucleus, and cytoplasmic aggregations of the ribosome with 
dilated or shrunken electron-dense mitochondria. These results were in-
consistent with Moustafa et al. (2020). 

The recorded testicular damage induced by CP may be elucidated by 
generating free radicals and suppressing antioxidants which are evident 
by a significant decrease in GSH level with marked elevation in MDA level. 

Fig. 6. Representative TEM micrographs of testis from CP group. (A) seminiferous tubules 
showing complete lysis and disruption of germ cell lining, loss of most cells and necrotic 
debris of rupture and fragmented cells (fc) with the presence of the apoptotic body (ap). (B) 
primary spermatocyte (Ps) with irregular membrane bounding, irregular small-sized nucleus 
(n) and aggregation of dilated or shrunken, electron-dense mitochondria (m). (C) separation 
of germ cells (ge) from the thickened basement membrane (BM) leaving a large space (star). 
(D) loss of normal ultrastructural germ cell lining with dilated basement membrane, dilated 
primary spermatocytes with shrunken, pyknotic nucleus (pn), increased ribosome amount 
(R), dilation of scattered mitochondria (dm), clumping of synaptonemal complex (sy), ad-
jacent to this cells, shrunken cells (S) with shrunken nucleus (n) and few mitochondria (m) 
in addition to loss of cellular tight junction with increase intercellular space (star). (E) sper-
matozoa exhibited deformity with either shrunken irregularly shaped axoneme (thin arrow) 
with loss of fibrous cap and dilated plasma membrane (zigzag arrow), other spermatozoa 
showed complete lysis and loss of its normal ultrastructure (arrowhead). (F) deformation 
of the mature spermatozoa with either rupture of the head acrosomal cap (thin arrow) or 
dilation of the tail (zigzag arrow).

Fig. 7. Representative TEM micrographs of CP + PSE group. (A) seminiferous tubule show-
ing separation of spermatogonia (Sg) from the basement membrane (BM) leaving wide 
intercellular space (star), spermatogonia mostly appeared normal with intact nucleus (N), 
mitochondria (m) and presence of minimal cytoplasmic vacuolation (arrow) while sper-
matocytes (Sp) showing either complete loss of nucleus with irregular shaped mitochondria 
(im) or cell lysis with presence of wide intercellular space (star). (B) spermatocyte (Sp) 
showing intact centrally located nucleus (N) with minimal mitochondrial dilation (m). (C) 
spermatocytes (Sp) with irregularly shaped nucleus (N) and aggregation of mitochondria 
(m). (D) spermatozoa showing variable-size with normal axoneme (a) and few irregular 
fibrous (f) and plasma membrane sheath (arrow).

Fig. 8. Representative TEM micrographs of testes from CP + GSE group. (A) seminifer-
ous tubule showing large spermatogonia (Sg) rested in regular basement membrane (BM) 
with intact nucleus (n) and numerous mitochondria (m), increased electron-dense lysosomes 
(ly), variable-sized mitochondria (m) and presence of a few cytoplasmic vacuoles (v). (B) 
enlarged germ cell with divided nucleus (N) minimal cytoplasmic vacuolation (v). (C) sper-
matocyte with intact nucleus (N), a massive amount of ribosome (R), and peripherally ar-
ranged mitochondria (m) with mild dilation. (D) spermatozoa with partial irregular fibrous 
sheath (arrow).
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These findings were also recorded by Cengiz et al. (2020). The toxic effect 
of CP is also attributed to phosphoramide mustard, which interacts with 
the N7 of guanine on opposing strands of DNA. Thus, the cross-linking of 
DNA occurs, resulting in preventing both DNA replication, gene transcrip-
tion, hindrance of cell proliferation, and induction of cell apoptosis (Dab-
bish et al., 2024). In the present study, the immunohistochemical analysis 
of PCNA revealed a weak positive reaction of the basal germ cell nuclei 
in the majority of examined testicular sections, reflecting the damaging 
effect of CP on the DNA of the germ cells. These results were parallel with 
Adana et al. (2022) where PCNA (Proliferating Cell Nuclear Antigen) is a 
nuclear matrix protein involved in DNA synthesis and repair during sper-
matogenesis and used as a marker for diagnosing germinal arrest due to 
DNA synthesis deterioration (Pan and Zhang, 2021). The present study 
recorded a significant reduction in testosterone hormone levels. The low 
testosterone level was commonly associated with impaired spermato-
genesis and germ cell apoptosis as the normal testosterone level acts as 
a cell survival factor, in some way protecting germ cells from apoptotic 
death. A similar result was reported by Potnuri et al. (2018). Moreover, the 
ultrastructural findings revealed CP-induced marked sperm deformities 
such as irregular axoneme, loss of fibrous cap, dilated plasma membrane, 
ruptured head acrosomal cap and dilated tail. This could be attributed to 
the sensitivity of spermatozoa to lipid peroxidation and oxidative stress 
induced by CP due to their high concentrations of polyunsaturated fatty 
acids and low levels of antioxidants, which affected sperm integrity and 
increased sperm abnormalities (Lu et al., 2015; Ghobadi et al., 2017). 

To prevent the detrimental effects of CP on the testes, it is highly 
recommended to use it combined with other natural byproducts with 
strong gonadoprotective activity (Singh et al., 2014). In this study, PSE 
pretreatment greatly negated the harmful effect of CP on the testicu-
lar tissue. There were improvements in the testicular architecture where 
almost all seminiferous tubules exhibited active spermatogenesis and 
abundant luminal spermatozoa. These results were in line with Ofoego et 
al. (2019). This mitigating effect was reflected in testicular weight which 
significantly increased compared with the CP-treated group. This finding 
was also recorded by Hashemi (2013). Similarly, there was a significant 
alleviation in the histomorphometric parameters such as seminiferous 
tubule diameters, tubular epithelial thickness, and Johnsen score which 
significantly increased compared with the CP-treated group. The electron 
microscopical findings confirmed the protective effect of the PSE where 
most germ cells had intact nuclei and normal mitochondria. The protec-
tive effect of the PSE could be attributed to the antioxidant and free rad-
ical scavenging activities as it is rich in Phenolic compounds, vitamins E 
and A, and Carotenoids that break down the oxidative chain reaction and 
increase the body’s capacity to fight free radical-induced oxidative stress 
(Mohammadi et al., 2013). This opinion was supported by the testicular 
oxidative stress assessment status where the GSH level was significantly 
increased while the MDA level was markedly decreased. Similar results 
were in parallel with Hamdi (2020). Furthermore, PSE enhanced germ cell 
proliferation and protected against DNA damage, evidenced by marked 
increases in PCNA immunoexpression in the basal germ cell nuclei com-
pared with the CP-treated group. These results were consistent with 
Mousa et al. (2023). In addition, PSE promoted spermatogenesis progres-
sion through improved testosterone levels compared to the CP-treated 
group. These findings were in line with Ofoego et al. (2019). This effect 
could be attributed to the high concentrations of squalene in the Pump-
kin seeds, which is a precursor of steroid hormones such as testosterone. 
Additionally, pumpkin seeds are rich in triterpene, a precursor of vitamin 
D that has been shown to increase testosterone levels in both humans 
and experimental animals (Nimptsch et al., 2012). Moreover, PSE reduced 
the ultrastructural sperm deformities induced by CP, where most sperma-
tozoa had normal axonema with minimal irregularities in the fibrous and 
plasma membranes. This effect could be attributed to PSE containing an 
abundant amount of oleic acid, a monounsaturated fatty acid that reduc-
es the susceptibility of the spermatozoa to lipid peroxidation (Adsul and 

Madkaikar, 2021). 
Similarly in the current study, pretreatment with grape seed ex-

tract substantially alleviated the CP-induced histological alterations in 
the testicular tissue, where most seminiferous tubules displayed normal 
spermatogenesis with different stages of germ cells. These results were 
consistent with Morsi et al. (2020). The ameliorative effect of the GSE 
on the testicular histoarchitecture was reflected in the testicular weight 
which significantly increased. Moreover, the result of the histomorpho-
metric analysis revealed improvement in the recorded histomorphomet-
ric parameters where seminiferous tubule diameter, germinal epithelium 
thickness and mean Johnsen score were significantly increased, indi-
cating active spermatogenesis. These results were in line with Sönmez 
and Tascioglu (2015). The testosterone level was associated with normal 
differentiation of the germ cells. In the current study, GSE pretreatment 
significantly increased the testosterone levels compared to the CP-treat-
ed group. The electron microscopical findings confirmed the active sper-
matogenesis in the GSE pretreated group, where most spermatocytes had 
divided nuclei and numerous ribosomes. In addition, GSE pretreatment 
ameliorated the deteriorating effects of CP on sperm morphology where 
most spermatozoa had normal ultrastructural except only partial irreg-
ularity in the fibrous sheath was observed. Furthermore, in the present 
work, GSE preserved the DNA integrity of the germ cells against damage 
induced by CP where strong PCNA-positive immunolabelled basal germ 
cell nuclei were recorded, indicating the progression of spermatogenesis. 
These results were also recorded by Morsi et al. (2020). This protective 
effect of  GSE is based on its antioxidant activity due to its high resveratrol 
content, which protects the testicular parenchyma against ROS-induced 
lipid peroxidation in cell membranes and DNA damage (Truong et al., 
2018). This explained the significant increase in GSH levels with a marked 
reduction in MDA levels in this study. These findings were supported by 
Mohamed and Aly (2014) and Abdel-kawi et al. (2016).

Conclusion

The histomorphometry, immunohistochemical and ultrastructural 
data confirmed that CP induced spermatogenesis arrest with oxidative 
DNA damage to germ cells. Interestingly, PSE and GSE markedly atten-
uate these harmful effects triggering improvements in the testicular an-
tioxidant status, testicular histoarchitecture, and histomorphometric pa-
rameters of the seminiferous tubules as well as the proliferative state of 
germ cells, probably due to their powerful antioxidant activities.
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