
https://doi.org/10.1177/1534735420969814

Integrative Cancer Therapies
Volume 19: 1 –11
© The Author(s) 2020 
Article reuse guidelines:
sagepub.com/journals-permissions 
DOI: 10.1177/1534735420969814
journals.sagepub.com/home/ict

Creative Commons Non Commercial CC BY-NC: This article is distributed under the terms of the Creative Commons Attribution-
NonCommercial 4.0 License (https://creativecommons.org/licenses/by-nc/4.0/) which permits non-commercial use, reproduction and 

distribution of the work without further permission provided the original work is attributed as specified on the SAGE and Open Access pages  
(https://us.sagepub.com/en-us/nam/open-access-at-sage).

Research Articles

Introduction

Cancer is considered one of the principal causes of mortality 
worldwide and its management comprises the use of sev­
eral chemotherapeutic agents. Nevertheless chemotherapy 
has been linked with multiple unfavorable side effects.1 
One of the serious problems encountered with the use of 
chemotherapy in clinical practice is its organ toxicity.2 
Different types of malignancies as well as autoimmune dis­
eases have been effectively treated by the folate antagonist 
agent methotrexate (MTX).3 The MTX mechanism of 
action was mediated through the inhibition of folate meta­
bolism and nucleic acid synthesis.4 MTX cytotoxicity, as 
with other chemotherapeutic agents, was reported to affect 
many organs including liver, kidney, and testis in both clin­
ical and experimental studies.5­8

Methotrexate testicular toxicity is a devastating adverse 
effect that can cause sterility.9 Although the exact mecha­
nism through which MTX could induce testicular injury is 
not fully investigated, it was documented that oxidative 
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Abstract
Ginkgo biloba leaf extract (GIN) is a popular Chinese herbal medicine. It has a nephroprotective effect against the nephrotoxicity 
induced by the chemotherapeutic agent methotrexate (MTX). This work was designed to explore the testicular protective 
role of GIN on MTX-induced testicular injury in a rat model. The experimental protocol lasted for 10 days for the 4 studied 
groups. First group: received saline (normal control, NC group). The second group was administered GIN (100 mg/kg/day) 
orally for 10 days (GIN C). Third group: injected with MTX (20 mg/kg ip) only on the fifth day (MTX group). Fourth group: 
administered GIN for 10 days with MTX injection on the fifth day (GIN+MTX group). MTX induced testicular injury as 
evident by a marked rise in the malondialdehyde (MDA) content, interleukin-6 (IL-6) and IL-1β protein levels, nuclear 
factor kappa-B (NF-κB) protein expression, bcl-2 associated × protein (Bax) mRNA expression, p53 mRNA and protein 
expressions, and miRNA29-a expression along with a marked decline in the serum level of testosterone and superoxide 
dismutase (SOD) content in testicular tissue in relation to the NC group. Moreover, histopathological testicular damage 
with a notable decrease in the Johnsen score together with a significant elevation in the testicular injury score was observed 
in the MTX group in comparison to the NC group. The administration of GIN ameliorated the biochemical changes as 
well as the testicular histopathological findings and scores. GIN could protect against MTX-induced gonadotoxicity by its 
antioxidant, anti-inflammatory, antiapoptotic activities plus the regulation of the miRNA-29a testicular expression.
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stress, inflammatory cytokines, and apoptotic cascades 
have been involved.10,11

MTX contributes to a condition of imbalance between 
oxidative and antioxidative status in the affected tissue 
leading to excessive production of reactive oxygen species 
(ROS) comprising hydrogen peroxide, hydroxyl radical, 
and superoxide. In addition to the elevated levels of ROS, a 
decline in the antioxidant defense mechanism was encoun­
tered in the form of decreased activity of antioxidant 
enzymes like catalase and superoxide dismutase (SOD) as 
well as the non­enzymatic antioxidants like reduced gluta­
thione (GSH).12,13 As the testis was susceptible to MTX tox­
icity, subsequent oxidative damage with destruction in the 
membrane integrity and lipid peroxidation occurred.12­14

Moreover, the release of pro­inflammatory cytokines 
like interleukin­6 (IL­6) and IL­1β along with cell death 
through apoptotic cascades was also documented in the 
pathophysiology of MTX­induced testicular injury.10,13,15 
Apoptosis is known as a process of programmed cell death 
and regulated by the family members of bcl­2 which has 
been documented to be involved in the testicular apopto­
sis.16­18 Bcl­2 has been reported to inhibit apoptosis and pro­
long cell survival while bcl­2 associated x protein (Bax) 
could block the capability of bcl­2 in inhibiting apoptosis 
and could be considered as an apoptosis regulator. Moreover, 
p53 is a tumor suppressor gene and can enhance apoptosis 
through the upregulation of Bax expression.17,18

On the other hand, microRNAs (miRNAs) are small 
non­coding RNAs with about 22 nucleotides and it was 
reported that they were implicated in the regulation of 
diverse physiological processes such as cell proliferation, 
apoptosis, fibrosis, inflammation and metabolism.19­21 One 
of these miRNAs is the miRNA­29s family which has  
3 members, miRNA­29a, miRNA­29b, miRNA­29c. The 
miRNA­29a is a vital part of the miRNA­29 family and was 
reported to have a proapoptotic activity.21,22

Many studies discussed the role of natural antioxidants 
in ameliorating MTX side effects.6­8,14 One of the tradi­
tional Chinese medicines that was utilized in the manage­
ment and treatment of different diseases is Ginkgo biloba.23 
Terpene lactones and flavone glycosides are the ingredi­
ents of the Ginkgo biloba standardized extract (GIN).24 
The pharmacological action of the GIN was thought to be 
related to its antioxidant activity which scavenges free 
radicals.25

Several reports showed an effective protective effect of 
GIN in different models of neurotoxicity26 and hepatotox­
icity,27 in addition to nephrotoxicity.28,29 Moreover, the 
protective effect of GIN against testicular toxicity induced 
by cisplatin,25 doxorubicin,30 cadmium,31 and cellphone 
radiation32 was reported. Nevertheless, the impact of GIN 
versus MTX­induced gonadotoxicity is still not been iden­
tified yet. Hence, the purpose of this work was to explore 
if GIN could mitigate the MTX­induced testicular toxicity 

and if so, elucidate its molecular protective mechanism 
through the determination of oxidative stress, inflamma­
tory, and apoptotic markers in addition to miRNA­29a 
expression in testicular tissues.

Materials and Methods

Adult male Sprague Dawley rats weighing 250 ± 50 g were 
utilized in our protocol. Animals were kept in cages and 
exposed to a cycle of 12 h light/ dark and a temperature of 
25°C. Free access to water and chow was permitted. The 
study protocol approval was obtained from the Ethics 
Committee of Faculty of Medicine, Mansoura University 
and was done in conformity with the Guide for Care and 
Use of Laboratory Animals (NIH publication No. 85­23, 
revised 2011).

Study Protocol

This study comprised 4 groups with 8 rats per each group. 
They were assigned according to the treatment protocol 
which lasted for 10 days. Group I: normal control group 
(NC) in which rats received normal saline. Group II: GIN 
control group (GIN C) in which rats received 100 mg/kg/
day Ginkgo biloba extract (GNC, Pittsburgh, USA, Code 
194732) by oral gavage.25 Group III: MTX group in which 
rats were intraperitoneally injected on the fifth day with  
a single dose 20 mg/kg methotrexate (MTX, 50 mg, TP, 
Shanxi PUDE Pharmaceutical Co. Ltd., Shanxi, China).14,33 
Group IV: GIN + MTX group in which rats received 
100 mg/kg Ginkgo biloba extract daily for 10 days by oral 
gavage25 with MTX injection on day 5.

Blood samples and testicular tissues were collected from 
all rats in the studied groups at the end of the experimental 
study. Separated sera were used for testosterone estimation. 
Testes were removed quickly and one testis was immersed 
in Bouin’s liquid for 48 hours while the other testis was snap 
frozen in liquid nitrogen and kept at −80°C for further ana­
lytical work.

Biochemical Analyses

Determination of serum testosterone level. Rat testosterone 
ELISA kit provided by Elabscience Biotechnology Co., 
Wuhan, China, Cat. No. E­EL­0155 was utilized for the 
estimation of testosterone serum levels according to the 
manufacturer’s instructions.

Oxidative stress markers estimation. Oxidative stress mark­
ers were determined in testicular tissue homogenate in 
which the testis was homogenized in PBS and centrifuged 
for 10 minutes at 4°C. For biochemical analysis, the super­
natant was kept at −80°C. Malondialdehyde (MDA) and 
superoxide dismutase (SOD) kits (Bio­Diagnostic, Cairo, 
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Egypt) were used for the assessment of MDA and SOD lev­
els, respectively in the testicular tissue homogenate.

Inflammatory markers determination. Inflammatory markers 
IL­6 and IL­1β were assayed in testicular tissues by ELISA 
according to the manufacturer’s instructions of the rat ELISA 
kits provided from Cusabio Biotech Co., Wuhan, China, Cat. 
No. CSB­E04640r, CSB­E08055r, respectively.

Real-time Quantitative Polymerase Chain 
Reaction (qPCR)

Bax and p53 mRNA expressions determination. A total RNA 
purification kit (Jena Bioscience, Munich, Germany) was 
used to isolate the total RNA from the testicular tissues.  
The cDNA archive kit (Applied Biosystems, Foster City, 
California, USA) was utilized for converting RNA into its 
cDNA. The qPCR was carried out by GoTaq PCR master 
mix (Promega Co., Madison, USA) using a StepOne  
Real­Time PCR System (Applied Biosystems, Foster City, 
California, USA). The Bax primers were: forward 5′­CCG 
GCAGGCCCATACTGAAT­3′; reverse, 5′­ CTTGGACA 
GG GCAGATAGCC­3′; for p53 were forward: 5′­TGGGT 
CACCTCCACACCTCC­3′, reverse: 5′­GGATGTTGCAG 
AGTTGTTAG­3′; and for β­actin (housekeeping gene) 
were forward: 5′­CGTTGACATCCGTAAAGACCTC­3′, 
reverse: 5′ TAGGAGCCAGGGCAGTAATCT­3′ were used. 
All values were normalized to the housekeeping gene and 
relative expression was estimated using the 2–ΔΔCT method.

miRNA-29a expression determination. The miRNeasy extrac­
tion kit from Qiagen, Valencia, CA, USA was used for  
miRNAs extraction. Then to convert the miRNA to the  
corresponding cDNA, a SuperScript IV TM Reverse Tran­
scription kit provided by Invitrogen, CA, USA was used. 
The qPCR was performed by utilizing a PowerUpTM 
SYBRTM Green Master Mix Kit provided by Applied Bio­
systems on a StepOne Real­Time PCR System (Applied 
Biosystems, Foster City, California, USA). The primers 
used were miRNA­29a primer forward 5′­GCGCAC 
TGATTTCTTTTGGTGTTCAG­3′ and reverse: 5′­GCG 
AGCACAGAATTAATACGAC­3′; and RNU6B primer 
(housekeeping gene) forward: 5′­CTCGCTTCGGCAGCA 
CATA­3′ and reverse: 5′­CGCTTCACGAATTTGCGTG­3′. 
All values were normalized to the housekeeping gene and 
relative expression was calculated using the 2–ΔΔCT method.

Histopathological Examination and Testicular 
Injury Scoring

Fixed testes in Bouin’s solution were dehydrated and placed 
in paraffin. The 5µm sections were cut from the testicular 
tissue and inspected using a light microscope after staining 
with hematoxylin & eosin (H&E). A spermatogenesis score 

by the Johnsen score method with grading from 1, no 
spermatogenesis to 10, full spermatogenesis was used as 
described previously.34 Moreover, a testicular injury score 
from 0 which stands for normal histopathology to 3 which 
stands for severe damage was used for the evaluation of 
seminiferous epithelial damage, interstitial edema, tubular 
necrosis, and congestion as previously reported.35

Immunohistochemistry (IHC) Evaluation

The other 5 µm sections of the testicular tissue blocks were 
deparaffinized and rehydrated. The IHC was accomplished 
using p53 polyclonal antibody (1:100; Invitrogen, Carlsbad, 
CA, USA) and NF­κB p65 monoclonal antibody (1:100; 
ABclonal Biotech Co. Ltd, Woburn, USA) according to the 
manufacturer’s instructions. The scoring of the IHC stain­
ing intensity was done with scoring scale 0, 1, 2, and 3 
which stands for negative, weak, moderate, and strong 
staining, respectively.36

Statistical Analysis

SPSS version 20 and GraphPad Prism version 6, computer 
software, were used for doing the statistical analysis of this 
study. One­way analysis of variance (ANOVA) followed by 
a post hoc Bonferroni test was utilized for the assessment of 
the differences among groups. However, the statistical anal­
ysis of all the histopathological and immunohistochemical 
scores was done by the Kruskal–Wallis test, followed by 
Dunn’s test. Data were presented as mean ± SD. A P­value 
< .05 was statistically significant.

Results

Effect on the Testosterone Level

In Figure 1, the testosterone serum level was markedly 
decreased after MTX by 53.1% compared with the NC 

Figure 1. Impact of Ginkgo biloba extract (GIN) on serum 
testosterone levels in the experimental groups. @P < .001 versus 
NC group. $P < .001 versus MTX group.
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group. Pretreatment with GIN significantly increased the 
testosterone level by 64% in comparison to the MTX group 
(P < .001).

Effect on the Oxidative Stress Markers

Figure 2 illustrated the effect of GIN on the MDA levels (A) 
and SOD (B) in the testicular tissue. A notable rise in the 
testicular MDA level was detected in the MTX group by 
1.2­fold compared with the NC; nevertheless, a marked 
reduction in MDA content by 39.3% was noticed in the GIN 
+ MTX group in comparison to MTX group (P < .001).

Furthermore, MTX provoked a significant decline in the 
testicular SOD level by 45.1% in comparison to NC. After 
GIN treatment, a notable elevation of the SOD testicular 
level by 50.5% was reported in comparison to the MTX 
group (P < .001).

Effect on the Inflammatory Markers

Determination of protein levels by ELISA assay. As presented 
in Figure 3, the injection of MTX induced a marked ele­
vation in the testicular protein levels of IL­6 (A) and IL­1β 
(B) inflammatory cytokines by 2.4­fold and 1.3­fold, cor­
respondingly in comparison to NC. Moreover, GIN treat­
ment significantly reduced the IL­6 and IL­1β testicular 
contents by 53.7% and 39.3%, respectively when compared 
with the MTX group (P < .001).

Determination of protein expression by IHC. Concerning 
the IHC staining of NF­κB which is illustrated in  
Figure 4, the NC (A) and GIN C (B) groups showed a 
weak NF­κB testicular expression. In the MTX group, a 
strong positive NF­κB expression was observed (C), 
while a moderate expression was seen in the GIN+MTX 
group (D).

Figure 2. Impact of Ginkgo biloba extract (GIN) on the malondialdehyde (MDA) (A) and superoxide dismutase (SOD)  
(B) contents in the testicular tissues of the experimental groups. @P < .001, @@P < .05 versus NC group. $P < .001 versus  
MTX group.

Figure 3. Impact of Ginkgo biloba extract (GIN) on the interleukin-6 (IL-6) (A) and IL-1β (B) levels in the testicular tissue of the 
experimental groups. @P < .001 versus NC group. $P < .001 versus MTX group.
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Statistical analysis of the IHC intensity scores in the  
testicular sections as presented in Figure 4E exhibited a 
marked increase in the NF­κB expression in the MTX group 
compared with the NC group, while the GIN+MTX treat­
ment group showed significantly decreased NF­κB expres­
sion in respect to the MTX group (P < .05).

Effect on the Apoptotic Markers

Determination of mRNA expression by qPCR. The effect of 
GIN on the apoptotic marker Bax in the testicular tissue is 
elucidated in Figure 5A. Injection of MTX led to a marked 
upregulation of Bax mRNA testicular expression by 1.7­
fold when compared with NC. Significant downregulation 
of testicular Bax mRNA expression by 48.9% was noticed 

in the GIN +MTX group in comparison to the MTX group 
(P < .001).

In addition, the impact of using GIN on testicular p53 
mRNA expression is illustrated in Figure 5B. Significant 
upregulation of p53 mRNA expression by 3.3­fold in com­
parison to NC was detected. GIN treatment showed a sig­
nificant downregulation of p53 mRNA expression by 37.6% 
when compared with the MTX group (P < .001).

Determination of protein expression by IHC. Moreover, p53 
protein expression in testicular tissues was determined by 
IHC as illustrated in Figure 6. Weak p53 expression was 
observed in the NC (A) and GIN C (B) groups while a 
strong p53 expression was seen in the MTX group (C). 
Treatment with GIN showed moderate p53 expression in 
the GIN+MTX group (D).

Statistical analysis of the IHC intensity scores in the tes­
ticular sections as illustrated in Figure 6 E showed a marked 
rise in the p53 expression in the MTX group in comparison 
to NC. However, the GIN+MTX treatment group showed 
significantly reduced p53 expression in relation to the MTX 
group (P < .05).

Effect on miRNA-29a Expression

As illustrated in Figure 7, the MTX treated group exhibited 
a marked upregulation of miRNA­29a testicular expression 
by 1.73­fold when compared with NC, whereas GIN admin­
istration displayed a significant downregulation of miRNA­
29a testicular expression by 44.3% in comparison to the 
MTX group (P < .001).

Effect on Histopathology

Histopathological investigation of the testicular tissues 
from all groups is represented in Figure 8. Testis from the 
NC (A&B) and GIN C (C&D) groups revealed normal his­
topathology of seminiferous tubules with full spermato­
genesis. Moreover, testis from the MTX group showed 
congestion in the interstitial blood vessels, interstitial 
edema, leukocytic cells infiltration, marked vacuolization 
of spermatocyte, necrotic spermatids, and lowered sper­
matogenesis (E&F). Marked improvement in the histo­
pathological changes was noticed in the treated group 
GIN+MTX group (G&H). Statistical analysis of the tes­
ticular injury scores showed a marked increase in the MTX 
group in comparison to NC while a significant reduction of 
the injury score was detected in the GIN+MTX in com­
parison to MTX, P < .05 (I). Furthermore, a marked decline 
in the Johnsen score was noticed in the MTX group in com­
parison to NC. After GIN treatment a notable rise in the 
Johnsen score was noticed in comparison to the MTX 
group, P < .05 (J).

Figure 4. Microscopic pictures of rats’ testes immunostained 
against inflammatory NF-κB (A–D) and statistical analysis 
of IHC intensity scores of NF-κB expression (E). Testicular 
sections showed a weak positive brown expression for  
NF-κB expression in the NC and GIN C groups (A and B), a 
strong positive brown staining for NF-κB expressions in the 
MTX group in the germ cells (C), a moderate positive brown 
staining for NF-κB expressions in the GIN+MTX treated 
group (D). IHC counterstained with Mayer’s hematoxylin. 
X400, bar = 50 µm. ***P < .05 versus NC, #P < .05  
versus MTX.
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Discussion

The use of chemotherapeutic agents, such as MTX, has 
been rising with the increased prevalence of cancer world­
wide. At the same time, its use is associated with toxic side 
effects on different body organs including testes.37 In the 
current work, we evaluated the possible protective effect of 
GIN when given with MTX in a rat model.

Our study showed that MTX induced a marked decline 
in the testosterone level in comparison to normal group 
as described in previous reports.16,37 Our histopathologi­
cal findings revealed testicular tissue damage after MTX 
injection with interstitial edema, marked vacuolization 
of spermatocytes, necrotic spermatids, and lowered sper­
matogenesis, These findings were consistent with our 
statistical analysis of the spermatogenesis Johnsen score 

Figure 6. Microscopic pictures of rats’ testes immunostained 
against apoptotic p53 (A–D) and statistical analysis of IHC 
intensity scores of p53 expression (E). Testicular sections 
showed a weak positive brown staining for p53 expression 
in the NC and GIN C groups (A and B), a strong positive 
brown staining for p53 expression in the MTX group (C), a 
moderate positive brown staining for p53 expressions in the 
GIN+MTX treated group (D). IHC counterstained with Mayer’s 
hematoxylin. X100, bar = 100 µm. ***P < .05 versus NC, #P < .05 
versus MTX.

Figure 7. Impact of Ginkgo biloba extract (GIN) on miRNA-
29a expression in testicular tissue of the experimental groups. 
@P < .001 versus NC group, $P < .001 versus MTX group.

Figure 5. Impact of Ginkgo biloba extract (GIN) on bcl-2 associated x protein (Bax) (A) and p53 (B) mRNA expressions in testicular 
tissue of the experimental groups. @P < .001, @@P < .05 versus NC group. $P < .001 versus MTX group.
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and testicular injury score, in which MTX showed 
marked reduction in Johnsen score along with significant 
elevation of the testicular injury score compared with the 
normal group. Several studies were consistent with our 
findings confirming the reproductive toxicity of using 
MTX.1,37

This study discussed for the first time the GIN protective 
role versus MTX­induced­reproductive damage. GIN 
increased significantly the serum level of testosterone and 
improved the histopathological scores confirming its ame­
liorating role in the testicular damage induced by MTX. In 
a similar way, many natural products proved their protec­
tive effect versus MTX­induced testicular toxicity.1,14,37 
Also, GIN ameliorated the histopathological testicular 
changes observed after chemotherapeutic agents like cispla­
tin and doxorubicin.25,30

Oxidative stress is one of the principal pathophysio­
logical mechanisms that is involved in the MTX­induced 
gonadal toxicity.37 Compared with normal rats, our results 

reported that MTX induced a notable rise in MDA level 
with a marked reduction in the SOD level in the testicular 
tissue and similar findings were reported previously.8,12,37 
Injection of MTX led to reactive oxygen species (ROS) 
overproduction and subsequently to a status of oxidative 
stress thus this explained the increased levels of MDA, a 
toxic metabolite released from lipid peroxidation, and the 
reduction of the antioxidant enzymes like SOD which 
converted the superoxide into hydrogen peroxide and 
oxygen.37

These findings contributed to the testicular tissue sensi­
tivity to chemotherapy induced­oxidative injury.30 There­
fore, it is acceptable to suggest that antioxidant agents were 
able to minimize the oxidative stress induced by MTX and 
could protect the testes from this oxidative damage. Our 
results documented that the administration of GIN exhib­
ited a marked decrease in the MDA level and a marked 
elevation in the SOD level in the testicular tissue in com­
parison with the MTX group, confirming its antioxidant 

Figure 8. Histopathological pictures of testicular tissues stained with hematoxylin and eosin (H and E) in all groups. Testis showed 
normal histopathology of seminiferous tubules with full spermatogenesis in NC (A and B) and GIN C (C and D) groups, interstitial 
edema (asterisks), leukocytic cells infiltration (blue arrows), marked vacuolization of spermatocytes (black arrows), desquamated 
spermatocytes (red arrow), necrotic spermatids and lowered spermatogenesis in MTX group (E and F). Interstitial edema (asterisks), 
partially restored spermatogenesis, hyalinization of spermatids is detected in lumen of few seminiferous tubules (yellow arrow) 
in GIN+MTX treated group (G and H). A, C, E, G X100, bar = 100 µm and B, D, F, H X 400, bar = 50 µm. Statistical analysis of 
testicular injury (I) and Johnsen (J) scores. ***P < .05 versus NC, #P < .05 versus MTX.
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effect. The antioxidant activity of GIN was reported to be 
related to its ingredients of terpenoids and flavonoids that 
are able to scavenge the free radicals and minimize the 
ROS.30,38 GIN was reported to attenuate chemotherapy­
induced testicular toxicity through its ability to restore the 
normal levels of the antioxidant testicular enzymes like 
SOD and catalase along with reduction of the content of 
testicular MDA.25,30

Inflammation has a central impact in the pathogenesis of 
the testicular toxicity induced by MTX.10,13 Inflammatory 
cytokines are secreted by immune cells and have multiple 
functions involved in the regulation of the immune and 
inflammatory responses.13 Furthermore, under normal con­
ditions the transcriptional factor NF­κB is sequestered in the 
cytoplasm with its associated inhibitory protein IκB, and 
when activated the IκB dissociates and NF­κB translocates 
to the nucleus, activating genes of proinflammatory cyto­
kines as IL­6 and IL­1β. NF­κB is thus considered an impor­
tant regulator of inflammation.13

MTX was reported to induce a marked rise in the 
inflammatory mediators like IL­6 and IL­1β in testicular 
tissues10,13,15,39 along with upregulation of the NF­κB 
mRNA and protein testicular expressions.13,15 In our study, 
MTX induced a marked testicular inflammation response 
which was confirmed by the marked elevation in the 
inflammatory markers of IL­6 and IL­1β testicular levels 
as well as the marked upregulation of the testicular NF­κB 
expression, which was in harmony with previous studies.

The current study documented that GIN has the ability 
to minimize the inflammation induced by MTX through a 
significant decline in the testicular levels of IL­6 and 
IL­1β and downregulation of NF­κB expression. The anti­
inflammatory action of GIN was reported previously in 
different animal models through suppression of NF­κB 
activation together with the inflammatory cytokines IL­1β 
and IL­6.25,40,41

Apoptosis is also involved in the pathophysiological 
mechanism of MTX­induced gonadotoxicity.11 It was 
reported that MTX treatment led to defects in DNA synthe­
sis resulting in induction of apoptosis, which is regulated by 
bcl­2 family proteins involving antiapoptotic proteins such 
as bcl­2 and proapoptotic protein as Bax as a response to 
cellular damage.16,42,43 Moreover, Sheikhbahaei et al in 2016 
documented that MTX injection induced damage in testicular 
tissue with degeneration of seminiferous tubules and germ 
cells apoptosis via pathways of p53, Bax, and bcl­2.11

These features coincided with the findings of this current 
work which revealed a significant upregulation in Bax 
mRNA expression as well as p53 mRNA and immunoreac­
tivity protein expressions in the testicular tissue of the MTX 
group when compared with NC. Additionally, p53 was 
reported to be upregulated following the DNA damage 
leading to apoptosis initiation.18 The findings of this study 
were consistent with other previous reports.11,16,44

Many natural products like resveratrol,8 propolis,1 beta­
carotene,12 and thymoquinone11 have been evaluated to pro­
tect the testes from testicular injury provoked by MTX 
chemotherapy and were shown to reduce apoptosis through 
their antiapoptotic activity by acting on various apoptotic 
pathways. In a similar way, GIN in our study exhibited an 
antiapoptotic activity through significant downregulation  
of testicular Bax mRNA expression and p53 mRNA and 
protein expressions. Moreover, the antiapoptotic activity of 
GIN was reported in various animal models confirming its 
ability to inhibit apoptosis through working on apoptotic 
pathways including Bax/bcl­2 and p53.30,45,46

The upregulation of miRNA­29a expression was docu­
mented in various models involving type II diabetes,20 dextran 
sodium sulfate­induced ulcerative colitis,47 hyperoxia­induced 
bronchopulmonary dysplasia,48 and myocardial ischemia/
reperfusion22 suggesting its role in inducing cell apoptosis.

Regarding the involvement of miRNA­29 testicular 
expression, it was reported that the administration of estra­
diol benzoate as well as doxorubicin, which both induced 
germ cell apoptosis, was related to the upregulation of  
the miRNA­29 family expression including miR­29a.49,50 
Furthermore, it has been documented that the miRNA­29 
family members induce apoptosis in a p53­dependent way.51 
This current study was in accordance with those mentioned 
findings in which the injection of MTX induced upregula­
tion of the testicular miRNA­29a expression in comparison 
to NC.

A similar mechanistic pathway was documented before 
in other studies in which the upregulation of miRNA­29a 
expression was concomitant with oxidative stress activa­
tion through increasing MDA along with decreasing SOD 
levels.22 Moreover, it was documented that upregulation of 
miR­29a expression increased IL­6 and IL­1β production 
along with NF­κB activation.52

Many natural products can regulate various miRNAs 
expression that are involved in many pathophysiological 
conditions.53,54 Similarly, GIN presented for the first time  
a marked downregulation in the testicular miRNA29­a 
expression indicating its ability to reduce the testicular 
damage induced by MTX. Our finding coincided with what 
was reported with previous studies which suggested that the 
suppression of miRNA­29a expression improved medical 
disorders besides reducing apoptosis.22,47,48

Conclusion

In conclusion, this work showed for the first time a definitive 
testicular protective effect of GIN against MTX­induced 
testicular injury. Its molecular protective mechanism 
involved:(1) minimizing oxidative stress status induced by 
MTX through declining MDA level besides SOD elevation 
in the testicular tissue; (2) suppression of the testicular 
inflammation via reduction of the inflammatory cytokines 
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IL­6 and IL­1β and suppression of NF­κB testicular expres­
sion (3) inhibition of testicular apoptosis via downregula­
tion of the apoptotic markers such as Bax mRNA and p53 
mRNA and protein testicular expressions; (4) downregula­
tion of the apoptotic factor miRNA­29a testicular expression 
which was implicated for the first time in the pathogenesis 
of the MTX­induced gonadal toxicity (Figure 9). Concurrent 
treatment of GIN with MTX could be utilized to reduce 
MTX gonadotoxicity; nevertheless, further investigations 
are required to verify the findings of this study and explore 
other molecular protective mechanisms of GIN.
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