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Histological Study for the Possible Protective Role of Zinc

Oxide Nanoparticles and Vitamin E on Testis from Cisplatin-

Induced Injury in Adult Albino Rats

Abstract
Background: Cisplatin (CP) is a standard chemotherapy that is commonly applied in the
cure of testicular cancer. Zinc oxide nanoparticles (ZnO-NPs) are metal oxides known for
their antioxidant activities. Vitamin E has been known for its protective effects against
oxidative stress-induced damage. The study's aim: This research focused on assessing
the potential protective effect of ZnO-NPs and vitamin E against testicular damage
caused by CP. Materials and Methods: This experimental study was conducted in the
Anatomy Department at Benha University between January 2024 and February 2024.
Fifty adult male rats divided into 5 equivalent groups: group I (controls), group II (CP),
group III (CP + ZnO-NPs), group IV (CP + vitamin E), and group V (CP + ZnO-NPs +
vitamin E). Testes specimens were taken and prepared for examination by light and
electron microscope. Results: light and electron microscopic examination showed
distorted architecture with degeneration & necrosis in group II. Group III showed limited
distortion, degeneration and necrosis. Group IV showed some damage. Group V appeared
nearly normal. Morphometric study showed a notable decline (P< 0.01) in mean area %
of groups III, IV, and V in comparison to group II. Group V had the most significant
reduction. Conclusion: ZnO-NPs and vitamin E, whether used separately or together, can
significantly safeguard the testes from damage caused by CP by reducing oxidative stress.
ZnO-NPs demonstrate superior results compared to vitamin E; however, the co-
administration of both ZnO-NPs and vitamin E shows a greater improvement in efficacy
than ZnO-NPs used alone.

Keywords: Histological; Protective Role; Zinc Oxide Nanoparticles; Vitamin E,
Cisplatin-Induced Injury.

Introduction

Tools and techniques based on nanomaterials are advancing quickly in biomedicine(1).
Zinc oxide nanoparticles (ZnO-NPs), approved by the FDA as safe, are notable among
these materials (2, 3). Zinc itself is essential for testicular development, function, and
spermatogenesis (4, 5).

Cisplatin (CP) is one of the major standard anticancer drugs that is widely used in
treatment of solid tumors such as tumor of the testis. However, it has severe reproductive
toxicity especially in males (6, 7).

CP inhibits cell division and induces apoptosis by joining DNA. Also, it increases the
reactive oxygen species (ROS), leading to increased oxidative insult. This condition is



2

marked by up-regulated lipid peroxidation and down-regulated levels of antioxidant
defensive enzymes (8).

Combining antioxidants with chemotherapy (CP) can reduce its toxicity and improve
treatment outcomes (4).

Vitamin E is an essential element of the non-enzymatic antioxidant defense system. It has
many functions, including: supporting enzymatic activity, regulating genes, and
inhibiting platelet aggregation (9). Vitamin E acts as a free radical scavenger, alleviating
cell membranes and maintaining their permeability (10).

The purpose of our research was to explore the probable defensive role of ZnO-NPs and
Vit-E on testes from CP induced injury of adult albino rats.

Drugs and methods

Drugs and chemicals:

CP was acquired from Pfizer Chemical Company (USA) in vial form and is produced
by Mylan in France. CAS. Number: 15663-27-1. The infusion concentrate in each vial
is 50 ml with (1 mg/mL CP), 9 mg/mL NaCl, HCL, and NaOH to bring the pH down to
about 4.0, and H2O for injection to reach a total volume of 50 ml. Rats were housed for 4
weeks after receiving a single dose of the medication intraperitoneally (IP) at dose of 8
mg/kg (11).

The supplier of ZnO-NPs was Nano Gate Company, located at 9254 Huda Shaarawy
St., Mokattam, Cairo, Egypt. CAS. Number: 1314-13-2. The powder was white to
yellow in color, was 30 ±5 nm in size, had a molecular wt of 81.408 gm/mol, and had a
purity of over 99.9%. For five weeks, each rat received injected IP/day of ZnO-NPs (5
mg/kg/day) beginning one week before the CP dose and continuing for four weeks
following the CP (4).

Vit E (400 mg) was brought in the form of capsules of yellow oily material from Pharco
Company, Amriya, Alexandria, Egypt. CAS. Number: 10191-41-0. It was given in
(100 mg/ kg/ every day) orally by gastric intubation for 5 weeks starting 1week prior the
dose of CP & then continued it for 4 weeks after CP (12).

Animals of the study:

This histological study involved 50 healthy adult male albino rats aged about eight-ten
weeks and weighing (185-220 g). The rats were brought from the animal house-
Moshtohor Faculty of Veterinary Medicine, Benha University and utilized according to
the lab strategies of animal's care under approval number: (MS 15-2-2023) from the
Institutional Animal Care Committee.
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Experimental Design:

An experimental animal study was done from January 2024 to February 2024.The dose
was adjusted according to the individual rat's weight. After five weeks of housing, the
rats (50) were divided into 5 groups, 10 rats/group (n=10):

Group I (control group): 10 rats evenly divided into five sub-groups:

Ia: 2 rats that given no treatments.

Ib (serving as a control group for CP injection): 2 rats received an intraperitoneal (IP)
injection of 0.9% NaCl at a rate of (8 ml/ kg/ day) administered once during the
experiment.

Ic (serving as a control group for CP and ZnO-NPs injection): 2 rats received an IP
injection of normal saline, similar to group Ib, and were also given IP normal saline at a
dosage of (5 ml /k g/daily) for a duration of five weeks.

Id (serving as a control group for CP and vit E): Two rats were administered IP with
normal saline similar to group Ib and received a sunflower oil solution orally via a gastric
tube at a dosage of (100 mg/kg/daily) for five weeks.

Ie (serving as a control group for CP+ ZnO-NPs+ vit E): 2 rats received IP injections
of normal saline as in group Ic and a sunflower oil solution as in group Id.

Group II (CP group): rats received one IP injection of CP (8 mg/kg) and were observed
for 4 weeks.

Group III (CP + ZnO-NPs group): rats received one IP injection of CP as in group II
and were given ZnO-NPs (5 mg/kg/day), beginning ZnO-NPs one week prior to the CP
dose and continuing for 4 weeks after CP (4).

Group IV (CP + vitamin E group): rats received one IP injection of a single dose of CP
as in group II and were administered oral vitamin E (100 mg/kg/day), beginning one
week prior to the CP dose and continuing for 4 weeks after CP (12).

Group V (CP + ZnO-NPs + vitamin E group): rats received one IP injection of CP as
in group II and ZnO-NPs as IP injection along with oral vitamin E at the similar doses as
in groups III and IV, beginning one week prior to the CP dose and maintaining the
treatments for 4 weeks post-CP.

Sampling:

Rats were anesthetized by ether and cervical decapitated after four weeks from CP
injection in groups II, III, IV and V & 5 weeks in group I, then testis specimens were
obtained from rats of experimental groups, then the animals were eliminated by
incineration in Benha University Hospital incinerator.
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Histological methods:

Hematoxylin and Eosin staining for histological evaluation: testicular samples were
dipped in 10% formalin and handled for preparing paraffin sections of (5-7 µm thick),
fixed on glass slides for H&E. Sections prepared according to standard protocol (13).
Results: the nuclei were blue and the cytoplasm was pink.

Masson’s Trichrome for collagen fibrotic changes: Other sections were treated with
Masson’s Trichrome as Bancroft and Lyton as a reference (13). Results: the nuclei were
blue-black, the cytoplasm, muscle and RBCs were red and the collagen was blue.

Transmission electron microscope technique (TEM):

Small tissue sections were cut into slices and fixed immediately in buffered formol-
glutaraldehyde for 24 hs to preserve the ultrastructure. Semi-thin sections were treated
with Toluidine blue. Later, ultrathin sections (80 nm thick) were obtained from certain
areas using glass knife. All steps were carried according to standard protocol (14). Grids
were scanned and images were captured by TEM (Joel/JEM/100 SX electron
microscope) in EM Unit, Faculty of Medicine at Tanta University.

Morphometric study:

The average of collagen fiber area % deposition (Masson trichrome stain) was measured
in ten images from ten distinct fields for each group of rats utilizing Image-Pro Plus
software version 6 (Media Cybernetics Inc., Bethesda, Maryland, USA). The digital
photos were obtained by Leica DM-500 optical microscopes- Histology department,
Benha faculty of Medicine.

Approval code: (MS 15-2-2023)

Statistical analysis:

The obtained data were analyzed carefully using windows statistical software IBM SPSS,
Version 23 (IBM Corp., USA). Morphometric results were compared for variations with
a one-way analysis of variance (ANOVA) then Post Hoc LSD test; in every test, the data
were explained as the mean (M) value, standard deviation (SD), and changes were
supposed significant at � < 0.01.

Results

Histological studies:

By light microscope:

H&E results (Figure 1-I):
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The usual architecture of seminiferous tubules divided by interstitial tissue (including
clusters of Leydig cells) was observed in group I (control group), (Figs: IA- IB).

In group II, the distorted architecture of seminiferous tubules was revealed, along with
degeneration, vacuolation, shedding of germinal epithelium, necrotic germ cells in the
tubule's center, and decreased sperms appearance. The interstitial tissue also displayed
vacuoles and congestion, and the blood vessels between the seminiferous tubules
appeared dilated and clogged, (Figs: IC-ID).

Significantly better seminiferous tubules with regular outlines were seen in group III.
With some vacuolations, the tubules were narrow-spaced and lined with integral stratified
germinal epithelium, and minor vacuolations. There are still some exudate fluid and
vacuoles in the interstitial tissue, (Figs: IE-IF).

Group IV showed reduced but still notable seminiferous tubule damage, with disturbed
outlines and partial germ cell loss. Tubules exhibited vacuolation, cell shedding, and
basement membrane discontinuity. Interstitial tissue showed vacuoles, exudate, vascular
congestion, and inflammatory cells, (Figs: IG-IH).

In group V, the seminiferous tubules were almost identical to normal. A thick layer of
intact stratified germinal epithelium coated the tubules, which seemed to be adhering to
the BM. The seminiferous tubules' spermatogenic cells displayed every stage of
spermatogenesis, from outward to inward, with mature spermatozoa filling the lumen
(spermatogonia, primary spermatocytes, spermatids). There were clusters of normal
Leydig cells with few vacuoles and exudation in the interstitial spaces, (Figs: I I-IJ).

Masson trichrome results (Figure 1-II):

In group I: The Masson’s trichrome stained tissues of this group showed the regular
spreading of fine collagen fibres at the BM of seminiferous tubules, perivascular and in
between the tubules, (Fig: II-A). Group II: revealed marked accumulation of dense
collagen fibers at the BM of seminiferous tubules, in the wall of the vasculature and in
between the tubules, (Fig: II-B). Group III: showed collagen fibers accumulation at the
BM of seminiferous tubules and in-between the seminiferous tubules, (Fig: II-C). Group
IV: accumulation of collagen fibers at the BM of seminiferous tubules, around the
enlarged vasculature and in the interstitial tissue in-between the seminiferous tubules,
(Fig: II-D). Group V: deposition of fine collagen fibers at the BM of seminiferous
tubules, perivascular and in between the tubules, (Fig: II-E).

Morphometric results:

In comparison to group II, the mean area % of groups III, IV, and V decreased

significantly (P<0.01). In comparison to each of groups III and IV, the mean area

percentage of groups V decreased significantly (P<0.01), but it was still lesser than that

of group I (Table 1).



6

Table 1: Table Shows the mean area percentage and SD of collagen fiber accumulation in each group,
compared across all groups using the Post Hoc LSD test

TEM results:

Group I: Electron microscopic examination revealed seminiferous tubules surrounded by
one layer of myoid cells with normal structure of cells, Sertoli cells in Fig. (2A),
Spermatogonia in Fig. (2B), 1ry spermatocytes in Fig. (2C) and spermatids with
acrosomal vesicle and Cap in Fig. (2D). longitudinal section of sperms showed the
pyriform shaped nucleus covered anteriorly by acrosomal cap and posteriorly by caudal
sheath of the tail and cut section of sperm had: 1) principal piece 2) middle piece and 3)
end piece in Fig. (2E), and interstitial tissue showed Leydig cell in Fig. (2F).

Group II: showed widespread degeneration of seminiferous epithelium. Sertoli and germ
cells had nuclear damage, cytoplasmic vacuolation, and swollen organelles. Sperm and
Leydig cells were severely deformed with structural and mitochondrial damage. Fig.
(3A): showed Sertoli cell changes. Fig. (3B): changes in Spermatogonia. Fig. (3C):
Primary spermatocytes with nuclear and mitochondrial changes. Fig. 3D: distorted
Spermatids with nuclear and cytoplasmic changes. Fig. (3E): Longitudinal section of
sperms showed distortion and disassembly. Fig. (3F): Leydig cells changes.

Group III: Showed better tubular structure with slightly thickened basement membranes.
Sertoli and germ cells appeared near normal, with some vacuolations and swollen
mitochondria. Spermatids and sperm showed minimal abnormalities, and Leydig cells
had moderate mitochondrial and nuclear changes. Figs. (4A-4B): Sertoli cells and
spermatogonia cells. Fig. (4C): Primary spermatocytes showed a very important sign of
improvement: autophagosome. Fig. (4D): Spermatid showed with some changes. Fig.
(4E): longitudinal section of sperm. Fig. (4F): Leydig cell with nuclear and cytoplasmic
changes.

Group IV: revealed persistent degeneration in Sertoli, spermatogonia, and spermatocyte
cells. Spermatids and sperm showed structural deformities, and Leydig cells displayed
swollen mitochondria and nuclear abnormalities. Generally better than Group II but less
than Group III. Fig. (5A): showed Sertoli cell. Fig. (5B): spermatogonia cell. Fig. (5C):

Data represented as standard deviation (SD) or frequency, *1=significance with group I, 2=significance
with group II, 3=significance with group III, 4=significance with group IV, 5=significance with group V
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Primary spermatocyte. Fig. (5D): Spermatid. Fig. (5E): longitudinal sections of sperms.
Figure 5F: Leydig cell with ill-defined cell boundary.

Group V: Showed semi-normal seminiferous tubule structure with normal Sertoli,
spermatogonia, and spermatocyte cells. Spermatids and sperm appeared normal, and
Leydig cells showed healthy organelles and lipid droplets. Fig. (6A): Sertoli cell resting
over thin BM. Fig. (6B): Spermatogonia were seen lying on basement membrane. Fig.
(6C): Primary spermatocytes. Fig. (6D): Normal spermatid with acrosomal cap on part of
nucleus. Fig. 6E: Longitudinal section of sperms showed the pyriform shaped nucleus
covered anteriorly by acrosomal cap and posteriorly by caudal sheath of the tail. Fig.
(6F): Leydig cell appeared nearly normal with multiple mitochondria and many lipid
droplets of variable sizes.

Discussion

It has been proved that testicular function is reduced due to oxidative insult,
inflammation, and germ cell loss, which are the causes behind CP-induced testicular
damage. When antioxidant defenses and reactive oxygen radicles production are out of
equilibrium, oxidative stress results. Increased ROS levels brought on by CP therapy
have been demonstrated to cause lipid peroxidation and cellular structural damage (15).
Because ZnO-NPs and vitamin E have comparable modes of action, they may work in
concert to protect testicular tissue from oxidative damage (16).

In line with our results concerning disruption and degeneration of testicular cells and
increased collagen in Group II (CP- Treated), Ismail et al. (17) indicated that CP exposure
leads to an imbalance in antioxidant defenses, resulting in up-regulated malondialdehyde
(MDA) and down-regulated glutathione (GSH) in testicular sections. This oxidative
stress was linked to degeneration of germ cells and alterations in sperm parameters. Also,
Abdel-Latif et al. (15) stated that CP treatment resulted in azoospermia (absence of sperm)
and significant histological changes in testicular architecture, including deteriorated
tubules and increased collagen deposition. These changes were attributed to CP- induced
inflammation as well as oxidative stress.

The observed vacuolation and fluid exudate in interstitial tissue suggest an inflammatory
response to cellular injury. Also, damage to the germinal epithelium disrupts the normal
process of sperm production, leading to decreased sperm count and necrosis of germ cells
(18, 19). Moreover, the enlarged spaces in-between germ cells and loss of interaction
between them, according to Gong et al. (20), are likely caused by disruptions of Sertoli
cells that in turn result in the loss of germ cells, testicular tissue damage, and infertility.

On the other hand, lipid peroxidation is the primary cause of intracellular H2O
accumulation, which leads to the creation of vacuoles and the dilatation of cytoplasmic
organelles such the endoplasmic reticulum, according to Ghadially (21). The study's
electron microscopic results in group II confirmed the vacuolation of Sertoli cells.
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The prior research (22) suggested that vacuoles of Sertoli cell indicated direct impairment
to this cell and highlighted its initial reaction to harm. It was clarified that the
autophagosomes' formation caused the vacuolation, which allowed Sertoli cells to
phagocytize dead germ cells (23). Another further explanation for vacuolated Sertoli cells
could be the expansion and aggregation of membranous organelles such as the ER (24).

Our results concerning Group III agreed with Daoud et al. (25) who reported that
nanoparticles, such as ZnO, possess properties that can reduce oxidative stress and
improve histological outcomes in testicular tissues. Their use has been associated with
decreased collagen deposition in models of induced toxicity.

These findings also came in parallel with Perumal et al. (26) who described that rats given
CP with subsequent administration of antioxidants showed improvements in
histopathological parameters, down-regulated fibrosis and preserved
spermatogenesis. They concluded that antioxidant therapies can counteract the fibrogenic
effects of CP.

These nanoparticles have been studied for their protective effects in several biological
systems, including their role in down-regulating oxidative stress and inflammation in
different organ systems. Recent studies have suggested that ZnO-NPs may play a
protective role against chemotherapeutic-induced toxicity, although their specific effects
on testicular tissue remain underexplored (27).

However, other studies have reported adverse effects of ZnO-NPs, suggesting that their
impact on testicular tissue is dose- and duration-dependent. Hosney et al. (28) observed
that rats exposed to high doses led to severe damage, including deteriorated seminiferous
tubules, abnormal germ cells with deeply stained pyknotic nuclei, desquamation,
increased Sertoli cells, and interstitial vacuolation. These variations could be attributed to
differences in ZnO-NP concentration, as high doses have been associated with oxidative
stress rather than antioxidant protection (29).

Similarly, Almansor et al. (30) and Pinnho et al. (31) emphasized the potential cytotoxic
effects of ZnO-NPs, informing that they can destruct and even disrupt cellular
membranes, leading to destruction of Sertoli cells and germ cells.

In contrast to our findings, Mozaffari et al. (32) found that ZnO-NPs did not significantly
affect tunica albuginea thickness, but they increased the number of degenerated
seminiferous tubules. This can be attributed to variations in nanoparticle size, surface
modifications, and administration routes, all of which influence their biological
interactions and toxicity (33).

Moreover, while some studies observed a protective effect, others, such as Ahmed et al.
(33), reported significant histopathological changes in ZnONP-exposed rats, including
disorganization of seminiferous tubules, thickened and separated BM, widened interstitial
tissues, congested vasculature, and pyknotic germ and Sertoli cells. The ultrastructural
findings further confirmed these alterations, showing extensive degeneration of Sertoli
cells, spermatogonic cells, and interstitial cells. This suggests that the duration of
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exposure and the ability of testicular tissue to metabolize ZnO-NPs may also play a role
in determining whether they exert protective or toxic effects.

Overall, the findings indicate that ZnONPs have a dual effect on testicular tissue, acting
as a protective agent at lower doses and durations but potentially exerting toxic effects at
higher doses and prolonged exposure. This highlights the need for careful dose
optimization and further investigation into the mechanisms underlying their action.

In agreement with our results concerning Group IV, Vitamin E may have defensive
properties against CP-induced testicular deterioration, according to a study by Omar et al.
(34) that studied the protective effects of vitamin E in CP-induced toxicity. They found
that these antioxidant molecules reduced cellular injuries associated with CP
administration.

Hosney et al. (28) observed that rat testes sections treated with vitamin E displayed
testicular histoarchitecture that was almost normal, which is consistent with our findings.
Rats given vitamin E had seminiferous tubule structures and spermatogenic cell series
that resembled those of control groups.

In accordance with our findings, Pearcce et al. (35) suggested that vitamin E might
contribute to improve semen quality and, consequently, fertility. This could be achieved
by reducing apoptosis and DNA disintegration and increasing sperm quality. These
findings showed that oxidative stress and metabolic endotoxemia might be a major cause
of sperm DNA damage in obese males.

In parallel with us, Ziamajidi et al. (36) demonstrated that antioxidants like vitamins A, C,
and E could ameliorate testicular damage caused by oxidative insult from various agents,
including nanoparticles. The study found that these vitamins significantly reduced
collagen deposition in testicular histology after exposure to harmful substances like ZnO-
NPs.

According to other researchs, vitamin E lowers endothelial cell toxicity and CP-induced
nephrotoxicity and contains tocopherol, tocotrienol, and free radical scavengers (37, 38).
Vitamin E prevents free radical injury to the fatty acids that comprise unsaturated
phospholipid membranes and may act as an inhibitor of lipid peroxidation reactions (38, 39,

40).

In accordance with us, Ali et al.(41) demonstrated that antioxidants like selenium can
protect testicular tissue from toxic effects, resulting in decreased collagen deposition
compared to control groups. This aligns with our findings regarding the defensive
properties of vitamin E and ZnO-NPs against CP -induced damage.

In agreement with results of Group V, Xia et al. (42) stated that combination of zinc and
vitamin E enhance the improvement of testicular tissue and spermatid against oxidative
factors. The adding of vitamin E to ZnO-NPs has enhanced its capacity to combat
oxidative damage, according to a study by Abd Elmonem et al. (43)
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Collagen deposition in the testis can be predisposed by various factors, including
oxidative stress, inflammation, and cellular signaling pathways. CP is known to induce
oxidative stress, leading to cellular damage and subsequent fibrotic changes. However,
ZnO nanoparticles overcome this oxidative stress and inflammation, thereby decreasing
collagen synthesis (44, 45).

Additionally, vitamin E is an antioxidant that protects against oxidative damage and may
help maintain normal collagen metabolism. The significant reduction in collagen fiber
deposition observed in the combination treatment groups suggests a synergistic effect that
helps preserve testicular architecture and function (46).

The limitations of the study were that the study utilized a limited number of adult albino
rats, which may affect the statistical power and generalizability of the findings. The
treatment duration of four weeks may not be sufficient to observe long-term effects or
recovery patterns following CP -induced injury and although protective effects were
observed, the potential toxicity of ZnO-NPs at higher concentrations was not thoroughly
investigated.

Conclusion

Zinc oxide nanoparticles and Vitamin E, either alone or in combination, can effectively
protect the testes against cisplatin-induced injury by ameliorating oxidative stress and
preserving testicular structure and function. With little differences in their effectiveness:
the effect of ZnO-NPs is better than Vitamin E, but their combined use revealed more
increase in efficiency than ZnO-NPs alone. These findings suggest a potential therapeutic
application of ZnO-NPs and Vitamin E in mitigating cisplatin-related testicular toxicity.

Therefore, future studies should involve larger number of animals and longer durations.
Dose optimization is recommended to ensure efficacy and minimize ZnO-NPs toxicity.
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Figure 1: (I) H&E (X200 & 400), A photomicrograph of a section in testis of an adult male albino
rat's testis. (A,B) Control group showing (A): normal seminiferous tubules with regular outline showing
myoid cell (black ↑). The tubules densely packed with spermatogenic cells and normal interstitial tissue
containing Leydig cell (L) in between, (B): magnified seminiferous tubules with interstitial tissue among
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them. The seminiferous tubule lined with Sertoli cell (black ↑), Spermatogonia laying on BM (blue ↑),
primary spermatocyte (green ↑), Round spermatid (star) and spermatozoa (S). The interstitial tissue
contains clumps of Leydig cells (L) with oval or rounded nuclei and pale eosinophilic cytoplasm. (C,D)
Cisplatin group showing, (C): destruction in the testicular tissue, with apparent decrease in spermatozoa
population (S) and areas of cell loss (↑) between the spermatogenic cells. The interstitial tissue (L) showing
exudate with dilated and congested blood vessels, (D): detached basement membrane in the seminiferous
tubule epithelium (star) and multiple areas of cell loss (↑) between the spermatogenic cells. The interstitial
tissue shows dilated and congested vasculature between the tubules (BV). (E,F): (Cisplatin + ZnO-NPs)
group showing, (E): some changes with regular outline of the majority of seminiferous tubules. The
tubules are packed together and lined with stratified germinal epithelium with some areas of cell loss (↑).
The interstitial tissue between the tubules containing dilated vasculature and exudate fluid (star). (F):
vacuolations (arrow) in spermatogenic cells in the germinal epithelium. The interstitial tissue between the
tubules has congested blood vessels and exudate fluid (star). (G,H): (Cisplatin + Vitamin E) group
showing, (G): disturbed architecture of the seminiferous tubules with corrugated outlines. Some tubules
show areas of spermatogenic cell loss (black↑), discontinuation of basement membrane (blue↑) and areas of
vacuolations (V) and separation (star). The interstitial tissue shows exudate fluid and congested blood
vessels (L). (H): shedding of cells into the lumen (star) and areas of vacuolations (↑) between the
spermatogenic cells in the germinal epithelium. The interstitial tissue between the tubules containing
exudate fluid and inflammatory cells (L). (I,J): (cisplatin + ZnONPs + Vitamin E) group showing, (I):
nearly regular assembly of seminiferous tubules with ordered outlines and packed with spermatogenic cell
and the lumen displaying spermatozoa (S) with interstitial tissue (L) in between. (J): apparently normal
seminiferous like control group. The seminiferous tubule displays Sertoli cell (black ↑), Spermatogonia
(blue↑) laying on basal lamina, 1ry spermatocyte (green ↑), Round spermatid (star), spermatozoa (S). The
interstitial tissue in between contains Leydig cells (L).

(II) Masson trichrome (X200): (A): Control group showing: the regular spreading of fine collagen fibers
(curved ↑) at the BM of seminiferous tubules, perivascular, and in between the tubules. (B): cisplatin
group showing: increased deposition of dense collagen fibers (curved ↑) at the BM of seminiferous tubules,
in the wall of vasculture and peri-tubular. (C): (Cisplatin + ZnO-NPs) group showing: collagen fibers
accumulation (curved ↑) at the BM of seminiferous tubules and in-between the tubules. (D): (Cisplatin +
vitamin E group) showing: increased accumulation of collagen fibers (curved ↑) at the BM of
seminiferous tubules, around the dilated ,congested vasculature and in-between the tubules. (E): (Cisplatin
+ ZnONPs + vitamin E group) showing: negligible buildup of fine collagen fibers (curved ↑) at the BM
of seminiferous tubules, peri-vascular and in-between the tubules.
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(A) (B)

(C) (D)

(E) (F)

Figure 2: In group I (control) group (A): Sertoli cell laying on thin regular BM, surrounded by flat
myoid cell (M.C). Sertoli cell showing typical indented nucleus (N) with noticeable eccentric nucleolus
(Nu). Its cytoplasm has mitochondria (M) and SER (S) (TEM X 1500), (B): spermatogonia cell lying on
BM surrounded by flat myoid cell (M.C). The cell showing ovoid nucleus (N) with regular nuclear envelop
and multiple mitochondria (M) (TEM X 2500), (C): primary spermatocyte with big, circular nucleus (N)
with electron dense chromatin, many mitochondria (M) and cisternae of smooth ER (S) (TEM X 2500),
(D): spermatid with pale rounded nucleus (N), plentiful peripheral mitochondria (M) with electron lucent
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center, acrosomal vesicle (V) elaborated by large Golgi apparatus (G) (TEM X 2500), (E): sperm depict
the middle pieces (MP), the principal piece (PP), the end piece (EP), cytoplasm(cy) and mitochondrial
sheath (m). B) Longitudinal sections in sperms depict the pyriform nucleus (N), acrosomal cap (AC) and
caudal sheath of the tail (TEM X 5000), (F) Leydig cell with oval euchromatic nucleus (N) with clusters
of heterochromatin. The cytoplasm has many fat droplets (L) of dissimilar sizes and numerous
mitochondria (M) (TEM X 2500)
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(A) (B)

(C) (D)

(E ) (F)

Figure 3 : In Group II (cisplatin group), (A): thickened BM and Sertoli cell with degenerating nuclei and
disintegrated chromatin (N), areas of rarified cytoplasm (R), swollen cisternae of SER (black↑), ballooned
mitochondria with lost cristae (blue ↑) (TEM X 1500), (B): Spermatogonium rested on thick irregular
basement membrane (BM). The cytoplasm is dark with ill-defined organelles(C) and ill-defined cell
boundary (arrow). The nucleus (N) is shrunken and irregular with perinuclear dilatation (D) (TEM X
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2500), (C): 1ry spermatocyte with widespread patches of heterochromatin in their nucleus (N) and focal
dilatations of the nuclear membrane (D). The cytoplasm shows numerous mitochondria (M) and ill-defined
cell boundary (arrow) (TEM X 2500), (D): distorted early spermatid with irregular nuclei (N) and dilated
acrosomal cap (C). The cytoplasm shows degeneration and multiple huge vacuolations (v) and ill-defined
cell boundary (TEM X 2500), (E): longitudinal section of sperm with focal distortion of acrosomal cap
(AC), disassembled axoneme with extrusion of its content (AX) and broken plasma membrane (PM)(TEM
X 5000) , (F): Leydig cell with disrupted cell boundary (arrow) and indentation of the nucleus and
condensed chromatin (N). The cytoplasm shows condensation (C), vacuolations (V) and decreased lipid
content (L). Also, there is ballooned mitochondria with destructed cristae (M) (TEM X 2500)
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(A) (B)

(c) (D)

(E) (F)

Figure 4: In Group III (cisplatin + ZnO-NPs group), (A): Sertoli cell resting on irregular thick BM and
surrounded by flat myoid cell (M.C). It has normal indented nucleus (N) with noticeable nucleolus. Its
cytoplasm displays mitochondria (M) but some vacuolations are still depicted (V) (TEM X 1500), (B):
spermatogonia cell lying on basement membrane (B.M.) surrounded by flat myoid cell (M.C). The cell
showing circular nucleus (N), with condensed chromatin along the nuclear envelope, multiple mitochondria
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(M) and some vacuolations (V) (TEM X 2500), (C): some nuclei of primary spermatocytes with
prominent tight junction between cells (white↑). The nucleus is large, rounded (N) with electron dense
chromatin. There are also some swollen mitochondria (M) and an autophagosome as a sign of improvement
(black ↑) (TEM X 2500), (D): early spermatid with nearly rounded nucleus (N), an abnormally dilated
acrosomal cap (C) and acrosomal vesicle (V) and numerous peripherally arranged mitochondria (M) but
swollen with destructed cristae (TEM X 2500), (E): longitudinal section of sperm showing normal
acrosomal cap (AC) and pyriform nucleus (N) but tail distortion still depicted (arrows) (TEM X 5000), (F):
Leydig cell with circular nucleus (N) with marginated heterochromatin and surrounded by small focal
dilatations of nuclear membrane (arrows). The cytoplasm has several lipid droplets (L) of dissimilar sizes
and numerous mitochondria (M) (TEM X 2500)



19

(A) (B)

(C) (D)

(E) (F)

Figure 5: In Group IV (cisplatin + vitamin E group), (A): Sertoli cell resting on slightly thickened BM.
The nucleus (N) doesn’t have typical shape but with noticeable nucleolus (Nu). The cytoplasm still
degenerated with areas of vacuolations (V). Some mitochondria (M) and sER (S) are still swollen (TEM X
1500), (B): spermatogonia cells lying on irregular BM. The cell showing ovoid nucleus (N), with focal
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condensed chromatin along the nuclear envelope. The cytoplasm shows mitochondria (M) and vacuolation
(V) (TEM X 2500), (C): 1ry spermatocyte with slightly oval nucleus (N). The cytoplasm shows
vacuolations (V) and distended mitochondria (M) (TEM X 2500), (D): early spermatid with oval nucleus
(N) and acrosomal cap and vesicle. The cytoplasm (C) is ill-defined with ill-defined organelles and
multiple vacuoles (V) (TEM X 2500), (E): longitudinal sections of sperms with abnormal middle piece
(M) of one sperm and an area of disassembly (white ↑). Another deformed spermatozoon (D) with small
nucleus and abnormal acrosomal cap (TEM X 5000), (F): Leydig cell nucleus (N) is rounded with focally
dilated nuclear envelop (↑). The cytoplasm has several lipid droplets (L) of dissimilar sizes and numerous
swollen mitochondria (M) (TEM X 2500)
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(A) (B)

(c) (D)

(E) (F)

Figure 6: In Group V (cisplatin + ZnONPs + vitamin E group), (A): nearly normal Sertoli cell on thin
BM. Sertoli cell showing indented nucleus (N) with noticeable nucleolus. The cytoplasm has mitochondria
(M). Note prominent tight junction between cells (arrow) (TEM X 1500), (B): Spermatogonia cell lying
on basement membrane (B.M.). The cell showing ovoid nucleus (N), slightly swollen mitochondria (M)
(TEM X 2500), (C): primary spermatocyte with big, rounded nucleus (N) and slightly swollen
mitochondria (M) and cisternae of sER (S) (TEM X 2500), (D): spermatid with pale rounded nucleus (N),
abundant peripherally organized mitochondria (M) with electron lucent center, acrosomal vesicle (V) and
acrosomal cap (c). Note intercellular junctions between cells (arrows) (TEM X 2500), (E): nearly normal
longitudinal sections in sperms depict the pyriform nucleus (N), acrosomal cap (AC) and tail (T) (TEM X
5000), (F): apparently normal Leydig cell with ovoid euchromatic nucleus (N) with marginated
heterochromatin. The cytoplasm has many fat droplets (L) of variable sizes and numerous mitochondria (M)
(TEM X 2500)
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