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Abstract
Methotrexate (MTX) and azathioprine (AZA) are chemotherapeutic, immunosuppressive, cytotoxic drugs with reported adverse 
effects, including oxidative damage to testis. This study aims to evaluate the potential effect of grape seed extract (GSE; gervital) 
to prevent testicular damage caused by MTX and AZA. Male albino rats were separated into six groups: group I, normal control 
group; group II, GSE (150 mg/kg/day); group III, MTX (8 mg/kg/week); group IV, AZA (15 mg/kg/day); group V, GSE (150 mg/kg/
day) + MTX (8 mg/kg/week); group VI, GSE (150 mg/kg/day) + AZA (15 mg/kg/day). All rats were sacrificed, blood samples were 
obtained for testosterone analysis, and testis was removed for histological and ultrastructural studies and oxidation measurements. A 
reduction in relative body and testis weight, along with a significant decrease in testosterone levels, was observed. Histopathological 
and ultrastructural alterations induced by MTX or AZA included reduced spermatozoa, sloughing, marked reduction of spermato-
genic cells, and pyknosis of some nuclei. Significant oxidative stress manifested as reduced glutathione (GSH) levels and catalase 
(CAT) and superoxide dismutase (SOD) activities, as well as increased malondialdehyde (MDA) levels. GSE administration showed 
an ameliorative effect on testosterone levels and histopathological and ultrastructural changes. GSE treatment also suppressed the 
increases in MDA levels and the decreases in GSH levels and CAT and SOD activities. In conclusion, these findings confirm that 
GSE is an effective antioxidant that protects testis from histopathological and ultrastructural damage induced by MTX and AZA. 
Therefore, GSE is a promising candidate for future use to minimize and alleviate MTX and AZA risks.
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Introduction

Chemotherapy is the utilization of chemical agents to suppress 
or kill proliferating cancer cells through several mechanisms, 
including cell membrane damage, intercalation into DNA, 
inhibition of DNA replication, or free radical generation. The 
target of anticancer drugs is not only the tumor but also other 
cells, thus causing the same deterioration among both defec-
tive and normal cells (Granados-Principal et al. 2010).

Methotrexate (MTX) and azathioprine (AZA) are classified 
as cytotoxic drugs and are utilized in the treatment of cancer. 
They have devastating reported side effects, such as damage to 
DNA/RNA and body organs (Elelaimy et al. 2012). AZA and 
MTX increase oxidative stress (OS) in testicular tissues and 
decrease testosterone hormones, and both have a destructive 
effect on the functions and morphology of the testes in adult 
Wistar rats, including the disruption of seminiferous tubules 
(Akinlolu et al. 2014).
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As mentioned, MTX is commonly utilized as a cyto-
toxic chemotherapeutic agent for the treatment of cer-
tain cancers (Zhang et al. 2022) and causes several side 
effects if used for long or short periods (Alahmadi and 
Abduljawad 2021). Numerous studies have documented 
the role of apoptotic cell death driven by MTX-associated 
testicular impairment (Maremanda and Jena 2017). Previ-
ous research has found that MTX causes a decrease in the 
diameter of the lumen of the seminiferous tubule, and the 
degeneration and shedding of germ cells (Liu et al. 2015).

AZA is a cytotoxic immunomodulatory drug that is 
commonly used to treat inflammatory bowel disease, auto-
immune disorders, organ transplant rejection, and cancer 
(Reggio et al. 2019; Bergasa 2022). AZA leads to inter-
stitial spaces being poorly defined, inadequate spermato-
genic cells and spermatozoa, and disrupted and shrunken 
seminiferous tubules (Shaikh et al. 2020b).

Antioxidants are considered an important line of defense 
against free-radical destruction and help maintain ideal health 
and well-being. They play a key role against reactive oxy-
gen species (ROS) in the body’s defense system (Hasanuz-
zaman et al. 2020). Grapes (Vitis vinifera) are one of the most 
frequently consumed fruits in the world and are among the 
world’s major fruit crops (Raja et al. 2020).

Grape seed extract (GSE), also known as gervital, is a potent 
antioxidant compound because it can surmount superoxide 
radicals in living cells through its primary proanthocyanidin 
components. It protects cells from harmful diseases and is 
considered to be anti-diabetic, anti-tumor, anti-microbial, anti-
aging, and anti-inflammatory (Kwatra 2020). This study aimed 
to evaluate the potential role of GSE in preventing testicular 
damage resulting from MTX or AZA, and clarify the ultras-
tructural changes induced by AZA since little is known about 
it from previous studies.

Materials and methods

Drug and treatment

MTX tablets containing 2.5 mg were obtained from Orion 
Corporation (Espoo, Finland). AZA tablets containing 
50 mg were purchased from RPG Life Sciences Limited 

(Mumbai, India). GSE proanthocyanidin capsules contain-
ing 150 mg were purchased from Enshas-Sharkeya (Egypt) 
Pharmaceutical and Medicinal Plants Arab Company 
(MEPACO–MEDIFOOD).

Animals

A total of 36 male albino rats, 140–200 g each and aged 
6–8 weeks, were collected from the Nahda University 
Animal House Facility Center. All experimental rats were 
housed and maintained in a clean and well-ventilated 
rodent room under standard temperature (25 ± 5 °C) and 
humidity conditions, with 12-h dark/light cycles, and were 
provided free access to a standard diet of pellets and tap 
water. They remained under observation for 15 days before 
the experiment began to rule out any intercurrent infec-
tions. The animals received care in compliance with the 
recommendations of the Committee for the Control Pur-
pose. Animal care was in accordance with the European 
Community Directive (86/609/EEC Edition 8). This study 
was previously approved by the Committee of Zoology, 
Beni-Suef University, Egypt. IACUC (permit number 
BSU/FS/2018/1).

Experimental design

Animals were randomly allocated into six groups, as dem-
onstrated in Table 1. The dosage regimen of MTX (8 mg/
kg/week) and AZA (15 mg/kg/day) is in accordance to pre-
vious research (Akinlolu et al. 2014), and the dose of GSE 
(150 mg/kg/day) was selected according to previous research 
(Bagchi et al. 2001).

Sample collection and biochemical estimation

The rats were sacrificed after day 35 of the experiment 
under light diethyl ether anesthesia. Each rat had been 
examined weekly for bodyweight assessment. Blood sam-
ples were taken from the retro-orbital venous plexus into 
serum tubes with the aid of a capillary tube (Kumar et al. 
2011). Sera were separated by centrifugation for effect on 
serum testosterone according to the method of Maruyama 
et al. (1987).

Table 1   The experiment groups

Groups Experimental design

I (normal control) Rats were given 0.5 mL of distilled water orally daily for 35 days
II (GSE) Rats were given 0.5 mL of GSE (150 mg/kg/day) orally for 35 days
III (MTX) Rats were given 0.5 mL of MTX (8 mg/kg/week) dissolved in 5% Tween 80 and saline orally for 35 days
IV (AZA) Rats were given 0.5 mL of AZA (15 mg/kg/day) dissolved in 5% Tween 80 and saline orally for 35 days
V (MTX + GSE) Rats were given 0.5 mL of GSE (150 mg/kg/day) followed by MTX (8 mg/kg/week) orally for 35 days
VI (AZA + GSE) Rats were given 0.5 mL of GSE (150 mg/kg/day) followed by AZA (15 mg/kg/day) orally for 35 days
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Tissue homogenate preparation and oxidative 
stress–related marker assay

The testes were rapidly excised from surrounding tissues and 
weighed. Testis homogenate (25%) was maintained in isotonic 
ice-cooled normal saline. The resulting homogenate was centri-
fuged for 15 min at 10,000 × g. The supernatant was preserved 
at − 20 °C before analysis. The testicular homogenate was used 
for malondialdehyde (MDA) estimation according to Altintas 
et al. (2014). Testicular superoxide dismutase (SOD) and cata-
lase (CAT) activities were measured (Marklund & Marklund 
1974; Claiborne 1985), and glutathione (GSH) was calculated 
using the method of Sedlak and Lindsay (1968).

Histological examination

Left testis tissues were cut into 0.5-cm3 pieces and then fixed 
for 24 h in 10% neutral formalin buffer. Testis specimens were 
cleaned to remove the residual fixative and then dehydrated for 
45 min each in ascending grades of ethanol, then for 30 min 
each in two levels of absolute ethyl alcohol. This was followed 
by clearance of 30 min each in two xylene changes. The tissues 
were then soaked for 3 h at 60 °C with paraplast plus (three 
changes) and then embedded in paraplast plus. For histopatho-
logical tests, 4–5-μm-thick sections were stained with hematoxy-
lin and eosin (Bancroft and Gamble 2008).

Ultrastructural examination

Testis specimens were cut into pieces measuring approximately 
1 mm3 and immediately fixed for 18–24 h in fresh 3% glutaral-
dehyde-formaldehyde at 4 °C. The specimens were then washed 
in a phosphate buffer (pH 7.4) and then set for 1 h at 4 °C in 
isotonic 1% osmium tetroxide (Bain and Mercer 1966). Alcohol 
series dehydration was performed. The specimens were then 
transmitted through a propylene oxide solution two times for 
10 min each. Embedding of the specimens in Epon epoxy resin 
began by infiltrating the specimens in a propylene oxide–resin 
mixture overnight. The specimens were transferred to fresh-resin 
capsules for polymerization to obtain hard blocks. Semithin sec-
tions were cut using an ultracut Reichert-Jung ultramicrotome 
from these blocks with the aid of glass knives and were then 
stained with toluidine blue stain. According to prior research 
(Bozzola and Russell 1999), ultrathin sections were then pre-
pared and stained with uranyl acetate and lead citrate, and then 
examined with a JEOL CX 100 transmission electron micro-
scope operating at 60 kV.

Statistical analysis

The Statistical Package for the Social Sciences (version 
20.0 for Windows; IBM, Armonk, NY, USA) was used. The 

results were elucidated as the mean ± standard error, and 
all statistical comparisons were calculated using one-way 
ANOVA testing (Rao et al. 1985). This was followed by 
Duncan’s multiple range test analysis. P < 0.05 was consid-
ered statistically significant.

Results

Body weight

MTX and AZA therapy affected the percentage of change 
between the two body weights, where the male albino rats 
suffered from a marked decrease (P < 0.05) as compared 
with the control and GSE groups, while GSE showed an 
insignificant increase in body weights in the MTX plus GSE, 
and AZA plus GSE groups, in comparison with MTX and 
AZA, respectively (Fig. 1).

Testis relative weight

MTX and AZA therapy affected relative testis weight, where 
the therapy rats exhibited a marked decrease (P < 0.05) in 
relative testis weight when compared with the control, GSE, 
MTX plus GSE, and AZA plus GSE groups. In addition, 
co-administration of MTX with GSE, or AZA with GSE, 
induced significant increases in relative testis weight com-
pared with the two groups which were treated with MTX or 
AZA only (Fig. 2).

Effect on serum testosterone

A significant decrease in testosterone (P < 0.05) in the MTX 
and AZA groups was observed in comparison with the con-
trol, GSE, MTX plus GSE, and AZA plus GSE groups. GSE 
treatment in the MTX plus GSE, and AZA plus GSE groups 
produced a significant augmentation of testosterone in both 
MTX and AZA-treated groups, compared with the two 
groups which were treated with MTX or AZA only (Fig. 3).

Testis antioxidant parameters

Lipid peroxidation (LP), articulated as MDA concentra-
tion, was measured as a biomarker of testis OS state. It 
demonstrated a significant increase in MTX and AZA-
treated groups when compared to control, GSE, MTX plus 
GSE, and AZA plus GSE-treated groups. GSE treatment 
in MTX plus GSE, and AZA plus GSE groups, produced 
a marked LP level decrease in comparison with MTX and 
AZA-treated groups, respectively. Concerning the enzymatic 
and non-enzymatic antioxidant defense system, CAT, SOD, 
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and GSH all revealed noticeable reductions in the MTX 
and AZA groups (P < 0.05). GSE in MTX plus GSE, and 
AZA plus GSE groups significantly increased the activi-
ties of these antioxidant enzymes and increased GSH levels, 
respectively, in the treated groups (Tables 1 and 2).

Histopathological changes

Examination of testicular tissue of both control and GSE-
treated animals revealed normal seminiferous tubules with 
active spermatogenesis, spermatogonia, and triangular 

Fig. 1   Percentage changes 
between initial and final 
body weights in control, 
gervital (GSE), methotrexate 
(MTX), azathioprine (AZA), 
gervital plus methotrexate 
(GSE + MTX), and gervital 
plus azathioprine (GSE + AZA) 
groups. Values with different 
superscript letters are con-
sidered significantly different 
(P < 0.05). Groups with the 
same superscript letter do not 
differ significantly
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Fig. 2   Changes in testis relative 
weights in control, gervital 
(GSE), methotrexate (MTX), 
azathioprine, gervital plus 
methotrexate (GSE + MTX), 
and gervital plus azathioprine 
(GSE + AZA) groups. Values 
with different superscript letters 
are considered significantly dif-
ferent (P < 0.05). Groups with 
the same superscript letter do 
not differ significantly
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Fig. 3   Changes in testosterone 
in control, gervital (GSE), 
methotrexate (MTX), aza-
thioprine (AZA), gervital plus 
methotrexate (GSE + MTX), 
and gervital plus azathioprine 
(GSE + AZA) groups. Values 
with different superscript letters 
are considered significantly dif-
ferent (P < 0.05). Groups with 
the same superscript letter do 
not differ significantly
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Sertoli cells resting upon the basement membrane. In addi-
tion, Leydig cells and clusters of spermatozoa were seen 
within the lumen. Primary spermatocytes were recognized 
by their large nuclei containing coarse clumps of chromatin. 
Furthermore, spermatids appeared with rounded nuclei in 
the control (Fig. 4a, b) and GSE (Fig. 4c, d).

Animals treated with MTX showed severely degenerated 
and variably sized seminiferous tubules, and many tubules 
appeared with a marked decrease in spermatogenic cells 
and few or no sperm. Detachment of spermatogenic cells 
from the basal lamina and vacuolated cytoplasm was also 
observed, and there was sloughing of spermatogenic cells 
into the lumen of the seminiferous tubules (Fig. 4e).

Animals treated with AZA revealed degenerated semi-
niferous tubules with ruptured basement membranes. The 
detachment of spermatogenic cells from the basal lamina 
and vacuolated cytoplasm was noticed, and the reduction of 
spermatogenic cells and pyknosis of some nuclei were also 
observed (Fig. 4f).

Examination of the testes of animals treated with GSE 
plus MTX revealed some recovery of seminiferous tubules, 
amelioration of spermatogenic cells, and spermatozoa, 
although few vacuoles were observed. In addition, normal 
Leydig cells were seen in the interstitial tissue (Fig. 4g). 
Examination of testes of animals treated with GSE and AZA 
showed improved spermatogenesis, and nearly normal struc-
ture in most seminiferous tubules. Compact spermatogenic 
layers with few degenerative germ cells and normal Leydig 
cells were also observed (Fig. 4h).

Ultrastructural changes

The electron microscopic examination of the control testis 
revealed spermatogonia resting on the basement membrane, 
myoid cells, Sertoli cells with triangular nuclei, primary 
spermatocytes with mitochondria, and large spherical nuclei 
(Fig. 5a). In addition, there were rounded spermatids with 
spherical nuclei, acrosomal cap, and peripherally located 
mitochondria observed (Fig. 5b). Also, lumen containing 

normal spermatozoan at the midpiece and tail region were 
observed (Fig. 5c). Normal interstitial tissue containing 
Leydig cells with a large nucleus, thin rims of chromatin, 
prominent nucleolus, lipid droplets, and capillaries were also 
seen (Fig. 5d).

The ultrastructure mitochondria in spermatogonia, Ser-
toli cells, and primary spermatocytes. The observation of 
the testes from animals which had been administered MTX 
revealed many vacuoles and vacuolated lysosomes in the 
Sertoli cells, and spermatogonia was seen (Fig. 6a). Dis-
torted spermatid with marked cytoplasmic vacuolation and 
rarified cytoplasm was surrounded by a large lytic area, and 
presence of some lysosome and some degenerated mito-
chondria was observed (Fig. 6b). A marked decrease in the 
number of sperm in the lumen of the seminiferous tubule 
was seen (Fig. 6c), and abnormal interstitial tissue with 
degenerated Leydig cells with an irregular nucleus having a 
thick rim of heterochromatin, few lipids drops, and dilated 
smooth endoplasmic reticulum were also observed (Fig. 6d).

The ultrastructure observation of the animal testes of 
AZA-treated group showed many vacuoles in both Sertoli 
cells and spermatogonia cells, and an overall decrease in 
cytoplasmic ground substance (Fig. 7a). Thick ruptured 
irregular basement membranes, vacuolated primary sper-
matocytes, and severe degenerated Sertoli cells with many 
vacuoles and some lysosomes were detected (Fig. 7b). 
There was distorted and vacuolated early spermatid. The 
dissolution of some cells was noticed (Fig. 7c). Degener-
ated vacuolated spermatid and dissolution of some cells 
were also observed (Fig. 7d), in addition to degenerated 
Leydig cells. Noteworthy were the irregular nuclear enve-
lopes with dark clumps of heterochromatin adjacent to 
the nuclear membranes, as well as the presence of few 
lysosomes (Fig. 7e).

The ultrastructure observation of the testes from ani-
mals which had been administered GSE and MTX showed 
amelioration in the structure of the spermatogonium, Ser-
toli cells, primary spermatocytes, and few degenerated 
mitochondria (Fig. 8a). Normal spermatid appeared with 

Table 2   The potential 
preventive effect of GSE 
against MTX- and AZA-
induced changes in MDA level, 
CAT, SOD activity, and GSH 
concentration in testis tissue of 
all experimental groups

Each value represents the mean ± standard error (SE). Values with different superscript letters are consid-
ered significantly different (P < 0.05)
GSE grape seed extract, MTX methotrexate, AZA azathioprine, MDA malondialdehyde, CAT​ catalase, SOD 
superoxide dismutase, GSH reduced glutathione

Parameters MDA
(nmol/g tissue)

CAT​
(U/g tissue)

(GSH)
(nmol/g tissue)

(SOD)
(U/g tissue)

Control 22.861 ± 1.9d 107.60 ± 2.8c 20.84 ± 0.93 cd 121.97 ± 2.2c

GSE 20.83 ± 1.05d 112.49 ± 5c 22.14 ± 0.82d 132.34 ± 1.9c

MTX 78.33 ± 2.4a 51.93 ± 2a 9.29 ± 1.3a 59.87 ± 3.1a

AZA 86.55 ± 1.7a 41.40 ± 3.7a 6.97 ± 1.2a 53.52 ± 1.3a

GSE + MTX 40.95 ± 2.1c 77.75 ± 1.8b 16.78 ± 0.34cb 94.68 ± 1.3b

GSE + AZA 56.4 ± 5b 71.44 ± 3b 14.95 ± 0.61b 84.03 ± 2.5b
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Fig. 4   A photomicrograph of testis sections of control rats revealing 
normal seminiferous tubules (arrow) with active spermatogenesis 
and spermatogonia (SG) resting upon the basement membrane (a, c). 
Interstitial tissue containing Leydig cell (LC) and a cluster of sper-
matozoa (SP) in the lumen (Lu) is seen. High magnification show-
ing primary spermatocytes (PS), recognized by their large nuclei 
containing coarse clumps of chromatin (b, d). Spermatids (SD) with 
rounded nuclei and spermatozoa (SP) were observed. Triangular Ser-
toli cell (SC) and spermatogonia (SG) at the basement membrane and 
the interstitial tissue containing Leydig cell (LC) are seen. e Photo-
micrograph of testis sections of rats treated with methotrexate show-
ing severe degenerated and variable-sized seminiferous tubules (thin 
arrow), where many tubules appeared with a marked decrease in 
the spermatogenic cells and few or no sperms. Detachment of sper-
matogenic cells from the basal lamina (arrowhead) and vacuolated 
cytoplasm (V) and noticeable sloughing of spermatogenic cells into 

the lumen of seminiferous tubules (thick arrow) are seen. f Photomi-
crograph of testis sections of rats treated with azathioprine reveal-
ing degenerated seminiferous tubules with ruptured basement mem-
brane (*). Notice the detachment of spermatogenic cells from the 
basal lamina (arrowhead) and vacuolated cytoplasm (V). Reduction 
of spermatogenic cells and pyknosis of some nuclei (arrow) are also 
observed. Interstitial tissue (IT) containing degenerated Leydig cell 
(LC). g Photomicrograph of testis sections of rats treated with metho-
trexate and gervital showing approximate recovery of seminiferous 
tubules. Amelioration of spermatogenic cells and spermatozoa (SP) 
except a few vacuoles (V) and normal Leydig cells are seen. h Pho-
tomicrograph of testis sections of rats treated with azathioprine plus 
gervital revealing improvement of spermatogenesis and nearly normal 
structure in most seminiferous tubules. Compact spermatogenic lay-
ers with few degenerative germ cells, except a few vacuoles (V) and 
normal Leydig cells (LC), are seen
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a rounded nucleus and peripherally located mitochondria 
except for a few cytoplasmic vacuolations and a few lys-
osomes (Fig. 8b). Lumen were seen with marked recov-
ery in transverse sections, and normal sperm at midpiece 
and tail regions (Fig. 8c). Leydig cells with large nuclei, 

smooth endoplasmic reticulum, lipid droplets, and blood 
capillaries were also seen (Fig. 8d).

The ultrastructure observation of testes from animals 
which had been administered GSE and AZA revealed a 
relatively normal basement membrane, improvement in 

Fig. 5   a–d Electron micrograph 
of a portion of a seminifer-
ous tubule of control testis 
showing a the spermatogonia 
(SG) resting on the basement 
membrane (BM), myoid cell 
(MC), the Sertoli cell (SC) 
having a triangular nucleus, 
and primary spermatocyte 
(PS) with mitochondria (M) 
and large spherical nucleus. b 
Normal-looking early rounded 
spermatid (SD) with spherical 
nuclei, acrosomal cap (AC), and 
peripherally located mitochon-
dria (M). c Lumen (Lu) contains 
normal spermatozoan (SP) at 
the mid-piece and tail region. d 
Normal interstitial tissue con-
taining Leydig cell (LC) with 
large nucleus (N), thin rim of 
chromatin, prominent nucleolus, 
lipid droplet (Li), and capillar-
ies were observed

Fig. 6   a–d Electron micrograph of a portion of a seminiferous tubule 
of testis treated with methotrexate showing a many vacuoles (V), 
vacuolated mitochondria (M) in addition to the presence of some 
lysosome (LY) in spermatogonia (SG), Sertoli cell (SC), and primary 
spermatocyte (PS). b Distorted spermatid (SD) with marked cytoplas-
mic vacuolation (V) and rarified cytoplasm surrounded with the large 

lytic area (*). Notice the presence of some lysosome (LY) and some 
degenerated mitochondria (M). c Marked decrease in the number of 
sperms (SP) in the lumen (Lu) of the seminiferous tubule. d Degener-
ated Leydig (LC) cell with irregular nucleus (N), a thick rim of het-
erochromatin, few lipid droplets (Li), and dilated smooth endoplasmic 
reticulum (arrow) was also observed

21920 Environmental Science and Pollution Research  (2023) 30:21914–21926

RETRACTED A
RTIC

LE



1 3

the structure of cells except vacuolation in Sertoli cells, 
spermatogonia, primary spermatocyte, and spermatid with 
rounded nuclei and normal acrosomal cap (Fig. 9a). In 
addition, a round spermatid appeared with an acrosomal 
cap, peripherally located mitochondria, and few cytoplas-
mic vacuolations (Fig. 9b). Round spermatids and a mod-
erate number of cross-sections at the midpiece and tail 
region of sperm were also observed in the lumen (Fig. 9c). 
Interstitial tissue and Leydig cells with normal nuclei and 
a moderate number of lipid droplets were also observed 
(Fig. 9d).

Discussion

Testis is affected by MTX and AZA as chemotherapeutic 
drugs, where they induce OS, apoptosis, and histopathologi-
cal changes. This research primarily focused on analyzing 
the antioxidant and anti-apoptotic properties of GSE which 
improve OS and protect against testicular injury.

MTX belongs to the anti-metabolic class of chemother-
apeutic agents. As an analog of folic acid, MTX inhibits 
dihydrofolate reductase that is required for DNA synthe-
sis (Rajagopalan et al. 2002). AZA is a prodrug, which is 
converted into the active metabolite of 6-mercaptopurine 
and 6-thieosinic acid in the body that impairs the immune 
response and inhibits purine synthesis (Abd-Elfatah et al. 
2021). Grape seed extract contains a high value of poly-
phenols which are powerful antioxidants. GSE is a remark-
able biological agent with promising chemotherapeutic and 
chemopreventive effects. GSE is a clinical alternative for 
its antioxidant, anti-inflammatory, nerve-protecting, heart-
protecting, kidney-protecting, and anti-ovulatory properties 
(Khan et al. 2021).

Chemotherapy drugs can cause testicular apoptosis, which 
is an obviously harmful side effect (Abu-Risha et al. 2022). 
GSE is a powerful antioxidant as demonstrated by previous 
studies (Abdul-Hamid et al. 2022; Priyadarshi et al. 2022) 
which compared the efficacy of GSE and Ginkgo biloba to 
reduce hepatotoxicity induced by antidysrhythmic drugs. 

Fig. 7   a–e Electron micrograph 
of a portion of a seminifer-
ous tubule of testis treated 
with azathioprine showing a 
degenerated Sertoli (SC) cells 
and spermatogonia cells (SG) 
with many vacuoles (V) and 
an overall decrease in cyto-
plasmic ground substance. 
b Thick irregular basement 
membrane (BM). Vacuolated 
(V) primary spermatocyte (PS) 
and severe degenerated Sertoli 
cells (SC) with many vacu-
oles (V) and many lysosomes 
(LY) were seen. c Degenerated 
and vacuolated (V) spermatid 
(SD). Notice the dissolution 
of some cells (D). d Abnormal 
spermatid (SD) with vacuolated 
cytoplasm (V), degenerated 
nucleus, and some lysosomes 
(LY) in addition to an obvi-
ous decrease in the number of 
sperms (SP) in the lumen (Lu). 
e Abnormal interstitial tissue 
with degenerated Leydig cell 
(LC), its nucleus (N) with dark 
clumps of heterochromatin, and 
presence of few lysosomes (LY)
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Fig. 8   a–d Electron micrograph of a portion of a seminiferous tubule 
of testis treated with methotrexate plus gervital showing a ameliora-
tion in the structure of spermatogonium (SG), Sertoli cell (SC), and 
primary spermatocyte (PS) except few degenerated mitochondria 
(M). b Normally rounded spermatid (SD) with a rounded nucleus and 
peripherally located mitochondria (M) except few cytoplasmic vacu-

olations (V) and few lysosomes. c Lumen (Lu) with marked recovery 
in transverse sections of normal sperms (SP) at the mid-piece and tail 
region. d Normal interstitial tissue that contained Leydig cells with a 
large nucleus (N), prominent nucleolus, smooth endoplasmic reticu-
lum, lipid droplets (Li), and blood capillaries (C)

Fig. 9   a–d Electron micrograph of a portion of a seminiferous tubule 
of testis treated with azathioprine plus gervital showing a slightly 
normal basement membrane (BM), improvement in the structure of 
cells except vacuolation in Sertoli cell (SC), spermatogonia (SG), pri-
mary spermatocyte, and spermatid (SD) with a rounded nucleus and 
normal acrosomal cap (AC). b Normal-looking early rounded sper-

matid (SD) with a rounded nucleus, acrosomal cap (AC), and periph-
erally located mitochondria (M) with few cytoplasmic vacuolation 
(V). c Spermatid and a moderate number of cross-sections at mid-
piece and tail region of sperms (SP) in the lumen (LU). d Interstitial 
tissue and Leydig cell with normal nucleus (N) and a moderate num-
ber of lipid droplets (Li)
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The present study revealed a significant reduction in both 
body weight and relative testes weight in MTX-treated rats 
when compared with the control and GSE groups. Similar 
results were observed by Arisha (2017) who demonstrated 
that the reduction may reflect direct toxicity, low feed intake, 
and water intake. Animals exhibited diarrhea, the probable 
cause of which could be the corrosive and irritating impact of 
MTX on gastrointestinal mucosa, as reported by Patel et al. 
(2014). This study manifested decreases in both body weight 
and relative testis weight in association with AZA, and this 
was also reported recently by Shaikh et al. (2020a). Testis 
relative weight returned to near normality after treatment with 
GSE, and this concurs with a study conducted by Hajizadeh 
et al. (2016) who found that male albino rats treated with 
GSE after treatment with fluoxetine significantly increased 
testis relative weight. Testes are the most seriously affected 
goal organs by OS as a result of their high polyunsaturated 
membrane lipid content (Belhan et al. 2017). An imbalance 
between the formation and elimination of free radicals can 
produce a pathological condition (Bhattacharya 2015). OS 
can harm biological molecules, such as lipids, proteins, poly-
saccharides, and DNA (Yüncü et al. 2019). The present study 
observed disruptions in testis oxidation associated with MTX 
or AZA which were manifested by increased MDA levels, 
decreased GSH production, and reduced CAT and SOD activ-
ity. This concurs with the findings of Akinlolu et al. (2014). 
In testicular development and spermatogenesis, SOD plays 
a critical function. Changes in this enzyme can cause sperm 
development to cease and testicular function to be affected 
(Prahalathan et al. 2004). In the present study, male albino 
rats treated with GSE plus MTX, or rats treated with GSE 
plus AZA, revealed a decrease in MDA levels and an increase 
in GSH, CAT, and SOD values in accordance with Hui et al. 
(2020) who confirmed the radical scavenger activity of GSE. 
The present study revealed decreases in testosterone levels in 
MTX or AZA-treated group. The production and secretion of 
testosterone drops due to the loss of sexual cells, Sertoli cell 
damage, atrophy of interstitial cells, and OS-caused decreases 
in the anabolic effect of testosterone (Ramadan et al. 2018). 
Treatment with GSE plus MTX restored serum testosterone 
levels to normal, and these results concurred with Arisha 
(2017) who found that treatment with GSE following MTX 
administration restored serum testosterone levels to normal. 
The present study also found that treatment with GSE fol-
lowing AZA exposure restored serum testosterone levels to 
normal. Similarly, Mohamadpour et al. (2020) reported that 
GSE enabled the resumption of normal levels of serum tes-
tosterone. The present light microscopic examination revealed 
that the testis of MTX or AZA-exposed rats demonstrated his-
topathological changes in the seminiferous tubules when com-
pared with the control and GSE groups. This agreed with the 
prior results of Akinlolu et al. (2014). In the present study, the 
MTX-exposed group showed degenerated and variable-sized 

seminiferous tubules, with a marked decrease in spermato-
genic cells. A similar result was seen by Shrestha et al. (2007), 
who indicated that the size of seminiferous tubule cellular 
contents changed significantly and that this may be because 
primary spermatocytes and spermatids were unsuccessful in 
DNA replication because of the inhibition of dihydrofolate 
reductase, an important enzyme essential for normal DNA 
synthesis. This study observed many tubules with damage to 
the structure of germ cells. Moreover, Ateşşahin et al. (2006) 
found that damage to the structure of germ cells was caused 
by OS. The current AZA-treated group revealed degenerated 
seminiferous tubules, marked decrease in spermatogenic cells, 
pyknotic nuclei, and vacuolated cytoplasm. The cytoplasmic 
vacuolation may be due to Sertoli cell damage since Sertoli 
cells control the spermatogenic process as explained in a 
recent research by Abdelbaky et al. (2020). The present ultra-
structural study of the MTX group revealed several extreme 
changes in spermatogonia and Sertoli cells. Richburg (2000) 
observed that when Sertoli cell numbers diminish, the num-
ber of germinal cells declines dramatically. The present study 
also revealed cytoplasmic vacuolations and marked decreas-
ing of sperm number in the lumen of seminiferous tubules. 
Reduced relative testicular weight, damage to sperm DNA, 
as well as sperm count (Padmanabhan et al. 2009) and sper-
matozoa have all been highly susceptible to LP resulting from 
ROS due to high polyunsaturated fatty acid content, as seen by 
Alvarez et al. (1987). The current ultrastructural study of the 
AZA group revealed a germ cell with pyknotic nuclei and 
vacuolated cytoplasm. Degenerated Sertoli cells and sper-
matogonia cells with many vacuoles were also observed. This 
result is in agreement with Karawya and El-Nahas (2006) who 
demonstrated that the decrease in testis weight is indirectly 
indicative of the effect on spermatogenesis. The current study 
also revealed a marked decrease in the number of sperm in 
the lumen. Similar results were observed by Onanuga et al. 
(2014). The present light microscopic examination and ultras-
tructural study of testis treated with GSE plus MTX, and testis 
treated with GSE plus AZA, showed nearly normal structures 
in most seminiferous tubules, improvement of spermatogenic 
cells, Sertoli cell, and primary spermatocytes, except for a 
few degenerated mitochondria. These results are similar to 
several studies conducted on the use of antioxidant substances 
to reduce the side effects of MTX (Yucel et al. 2017; Yüncü 
et al. 2019). Furthermore, Arisha (2017) concluded that GSE 
improved the histology and ultrastructure of testes resulting 
from toxicity induced by MTX. Another study found that 
GSE prevents AZA toxicity in male albino rats (El-Ashmawy 
et al. 2010). The current study agreed with another study that 
showed that GSE possesses cytoprotective ultrastructure and 
antitoxic effects in hepatocytes during CCL4 intoxication 
(Hovnanyan et al. 2014).

The current study has some limitations including 
the investigation of the exact mechanism of MTX or 
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AZA-induced testicular damage and also the inflammatory 
and apoptotic biomarkers which could potentially reveal 
the anti-inflammatory and anti-apoptotic role of GSE.

Conclusion

The present study determined that GSE had preventive 
effects against MTX- or AZA-prompted testicular dam-
age. This was confirmed through histological, ultrastruc-
tural, and biochemical studies. The preventive effects of 
GSE may be attributed to its antioxidant potential against 
free radicals. This study revealed marked amelioration 
after treatment with GSE on toxicity induced by MTX 
and AZA, but fewer improvements were observed in 
the MTX-treated group compared with the AZA-treated 
group.
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