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SUMMARY:  This study was aimed to evaluate the radioprotective effects of Silymarin (SIL) and zinc alone, and in combination
with each other against irradiation (IR) testicular toxicity in mice. Sixty-four male adult NMRI mice were allocated into eight groups,
including the control group; SIL treated group; zinc treated group; SIL+Zinc treated group; IR group which irradiated with 2 Gy gamma
rays; IR+SIL group; IR+Zinc group; and IR+SIL+Zinc group. Treatments commenced for eight consecutive days and then mice were
exposed to IR. One day after irradiation, four animals of each group were sampled and both testes were harvested for determination of the
biochemical (MDA, GSH, SOD, and CAT) and molecular (Caspase-3, P21, TNF-α, IL-1β, and NF-κβ) parameters. Fourteen days after
the irradiation, four other animals in each group were harvested to assessments of histological, stereological, and sperm parameters as
well as the testosterone levels. We found that the sperm parameters, testosterone levels, the numerical density of spermatogonia, primary
spermatocytes, spermatids, sertoli, leydig cells, and seminiferous tubules, and biochemical factors (except MDA) were significantly
higher in the IR+SIL, IR+Zinc, and IR+SIL+Zinc groups, especially in IR+SIL+Zinc ones, compared to IR group. This is while expression
of apoptotic and inflammatory genes, and MDA levels considerably decreased in the IR+SIL, IR+Zinc, and IR+SIL+Zinc groups compared
to IR group and it was more pronounced in the IR+SIL+Zinc ones. Generally, SIL and zinc attenuated cellular and molecular disorders
induced by gamma-radiation in the testis and these protective effects were more pronounced in the combined treatment group.
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INTRODUCTION

The main function of the testes is producing and
storing sperm (spermatogenesis) which is essential for
reproduction, and also the synthesis of hormones playing
an important role in the development of male sex
characteristics (Djureinovic et al., 2014). Spermatogenesis
is a highly synchronized, regular, long and complex process
that takes place in the germinal epithelium of the testes
(Raoofi et al., 2023). The seminiferous tubule within the
testes is sensitive to endogenous or exogenous stresses.
Exposure of testes to such stressors may affect somatic
testicular cells or germinal cells at different stages of
differentiation, leading to temporary or permanent
irreversible infertility (Fatehi et al., 2018). Among potential
reproductive toxic agents, ionizing and non-ionizing
radiation have been extensively studied that can affect the

fertility and reproduction. Among potential reproductive
toxic agents, ionizing and non-ionizing radiation have been
extensively studied that can affect the fertility and
reproduction (Ehghaghi et al., 2022). Payne et al. (1992)
showed that 24 h after the mice were exposed to 1–4 Gy γ
radiation, increases the frequency of apoptosis in the germ
line cells was found. Ionizing radiation, e.g. X- and γ-ray,
may induce DNA damages resulting in mutation in
gametes; thus, this could produce congenital diseases and
malignancies in the next generation(s) (Huang et al., 2022).
X- and γ-ray can affect the cells directly/indirectly and
produce free radicals, oxidative stress and reactive oxygen
species (ROS) (Soliman et al., 2020). Radioprotector
agents can protect normal cells against the destructive effect
of radiation in radiotherapy (Musa et al., 2019).
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Radioprotectors decrease bystander effects of ionizing
radiation, consequently, reducing the side effects of
radiotherapy (Sheikholeslami et al., 2021). There is a long
history of the application of radioprotectors, namely
chemical drugs as well as antioxidants. Radioprotectors
play their roles via the following processes: free radical
scavenger, hydrogen atom detonation and electron transfer,
detoxification of metabolic elements, DNA repair, and
activation of cytokines or melatonin hormone (Raj et al.,
2022). Silymarin (SIL), a hydro-alcoholic extract from the
Silybum marianum (milk thistle) plant, consisting of a
mixture of the six flavonolignans (silychristin, silydianin,
silybin A, silybin B, isosilybin A and isosilybin B) and
one flavonoid. Combined, these compounds represented
about 65–80 % of the total extract composition (Singh et
al., 2023). In recent years, SIL is widely prescribed as a
complementary and alternative treatment in preventing and
reversing various diseases/disorders (Soleimani et al.,
2019; Gillessen & Schmidt, 2020; Fallah et al., 2021). In
addition, SIL has been shown to be more potent in
antioxidant capacity as compared to vitamin E (Poulos et
al., 2022). Ramadan et al. (2002) documented that the SIL
act as a radioprotective agent against radiation induced
hepatotoxicity in rat. In an in vitro study, Adhikari & Arora
(2015) showed that specific dose (25 mg/ml) of SIL can
ameliorate the deleterious effects of γ–radiation on human
embryonic kidney cells.

Moreover, zinc as antioxidant and anti-
inflammatory has an important role in many biological
and physiological processes such as cell membrane
integrity and scavenger of free radicals (Bashandy et al.,
2016; Fallah et al., 2018). Previous studies show
radioprotective effects of zinc on many systems especially
reproductive, gastrointestinal, blood cells, visual, and
endocrine (Ramadan et al., 2013; Akbulut et al., 2018).
Protective role of zinc in reproductive system is significant
via increasing germ cell survival and sperm count,
promotion of sperm capacitation, secretion of higher level
of testosterone, and progression of spermatogenesis
(Ramadan et al., 2013).

Therefore, with regard to the antioxidant, anti-
inflammatory, and anti-apoptotic properties of SIL and
zinc, the aim of the current study was to evaluate
the protective effects of SIL, zinc, and SIL plus zinc against
gamma-ray-induced testicular toxicity in the mice.

MATERIAL AND METHOD

Ethics Approval.  All experimental protocols were
approved by Ethics Committee of Sabzevar University of

Medical Sciences, Sabzevar, Iran (Ethic no:
IR.MEDSAB.REC. 1400.094). The animals were handled
in accordance to the protocol of animal management and
welfare of the University of Helsinki, Finland. Animals
were kept in a laboratory standard hutch with no limitation
access to a rodent’s food and drinking water. All methods
were carried out in accordance with relevant guidelines
and regulations. The study was carried out in compliance
with the ARRIVE guidelines. All materials used in this
study were obtained from Sigma-Aldrich (St. Louis, MO,
USA), except where assigned otherwise.

Animal and experimental design. A total of 64 male adult
NMRI mice (25–30g) were recruited. The animals were
randomly planned into 8 equal groups, including (I) the
untreated (Control) group; (II) SIL treated group which
received only SIL daily for 8 days; (III) Zinc treated group
which received only zinc daily for 8 days; (IV) SIL+Zinc
treated group which received SIL and zinc at the same
volume and times as the SIL and zinc groups; (V) IR group
which irradiated with 2 Gy gamma rays to whole body
without any drug treatment; (VI) IR+SIL group which
received SIL for eight consecutive days and then mice were
irradiated with 2 Gy gamma rays; (VII) IR+Zinc group
which received zinc for eight consecutive days and then
mice were irradiated with 2 Gy gamma rays; and (VIII)
IR+SIL+Zinc group which received a combination of SIL
and zinc for eight consecutive days and then mice were
irradiated with 2 Gy gamma rays. The selected doses and
administration method for the SIL (200 mg/kg) and zinc
(50 mg/kg) were based on previous studies and our pilot
experiments (Qin et al., 2019; Abo El-Atta & Ahmed, 2020;
Rahimi-Madiseh et al., 2020). Moreover, both drugs were
administered by intraperitoneal (ip) injection dissolved in
volume 50 µl diluted in saline.

One day after irradiation, four animals of each group
were anesthetized by ip injection of ketamine & xylazine
(10 mg/kg: 80 mg/kg) and both testis were harvested for
determination of the biochemical and molecular parameters
(Amiri et al., 2022), and then the mice were euthanized
with a sodium thiopental overdose (200 mg/kg, ip). While
histological, sperm parameters, as well as the testosterone
levels assessments had been performed on 14th day as
described in Figure 1. For this purpose, first the animals
were anesthetized and then blood was collected by cardiac
puncture to evaluate testosterone levels. Immediately after
that, the scrotum opened and the tails of the epididymis
were isolated for semen analysis. Finally, testis tissues were
harvested and one of them was isolated for structural and
stereological evaluations (Amiri et al., 2022). The study
has been carried out through the unbiased application of
stereological tools.
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Irradiation method. A Cobalt-60 machine (Teratron 780,
Canada) in a radiotherapy unit was used as a source of
irradiation. The mice were restrained in well-ventilated
boxes and exposed the whole body radiation. One dose
of 2 Gy was applied as a single fraction at a dose rate of
50 cGy/min. Moreover, the source-to-skin distance was
chosen 80 cm (Bagheri et al., 2020).

Testosterone evaluation.  The collected blood was placed
in a centrifuge with 2500 x g for 15 min and blood serum
was isolated. To determination of testosterone levels,
ELISA Kits (Shanghai Yi Li Biological Technology,
Shanghai, China) was used. For this purpose, the samples
were added to 96-well microplates and absorbance was

read at 640 nm using a microplate reader (Biocompare;
Agilent Technologies) (Nasiry et al., 2021). All samples
were performed in three replicates.

Semen Analysis. After isolation the semen samples from
the epididymis tails, immediately transferred to 1 mL of
Ham’s F-10 medium and incubated for 20 min at 37° C.
To evaluate the sperm count, counting chamber was used.
In order to evaluate the sperm motility, 10 mL of the
samples were separated and assessed with inverted
microscope. The sperm viability was exanimated by
eosin-nigrosine staining. Moreover, sperm morphology
was assessed using Diff Quik staining kit (Tavares et al.,
2013).

Fig. 1. Scheme of the experimental design. A. To irradiation, a Cobalt-60 machine (Teratron 780, Canada) in a radiotherapy unit was used.
In IR received groups, SIL, zinc, and SIL+zinc were received for eight consecutive days. Sampling was done in 2 time points. Twenty four
hours after IR, 4 mice from each group were sampled for qRT-PCR and biochemical evaluations. The remaining 4 mice in each group were
sampled for histological, sperm parameters, and testosterone levels evaluations on day 14. B. Sixty four male adult NMRI mice were
randomly planned into 8 equal groups, including (I) Control group; (II) SIL group; (III) Zinc group; (IV) SIL+Zinc group; (V) IR group;
(VI) IR+SIL group; (VII) IR+Zinc group; and (VIII) IR+SIL+Zinc group (The red star indicates IR in the studied groups).
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Histological and stereological assessments. At the end of
the study in each group, after sacrificing the animals, the right
testicle was removed and fixed in 4 percent paraformaldehyde.
Then, after tissue processing and molding in paraffin, ten
sections with equal distances from each other were selected
and stained with hematoxylin and eosin (H&E). Histological
evaluation was Johnson test to assess the tissue structure.
Stereological evaluations were the total volumes of testis
tissue, length density of seminiferous tubules, and numerical
densities of spermatogonia, primary spermatocytes,
spermatids, sustentacular cell (Sertoli cell), and interstitial
cell (Leydig cell). To measure the total volumes, a thickness
of 5 µm was used, and a thickness of 20 µm was used to
determine the numerical density of cells and length density
of seminiferous tubules (Howard & Reed, 2004).

Testicular tissue structure. After selecting and staining
tissue sections, 5 areas of each section with a magnification
of 400 were photographed. The areas were in the upper and
lower right and left corners as well as the center of the tissue.
Then, using Johnsen scoring system, the extent of tissue
structure damage was assessed. In this scoring system, the
minimum and maximum scores are 1 and 10, respectively,
which are related to the absence of any epithelium in the
seminiferous tubules and the completeness of
spermatogenesis, and the presence of countless spermatozoa,
respectively (Nasiry et al., 2021).

Testicular total volumes. To measure the volume of the
testicular tissue, stereological evaluation was performed based
on the Cavalieri method (Howard & Reed, 2004). For this
purpose, a grid of points was superimposed on the micrographs
which were taken from the 10 selected sections of each sample.
Next, the total volumes were estimated via counting the points
that overlay on each tissue and using the following formula:

Σ: total counted points;  a (area)/p (point); t: thickness.

The numerical density of cells and seminiferous tubules.
To the assessment of the numerical density (Nv) of
spermatogonia, primary spermatocytes, spermatids, Sertoli,
and Leydig cells, the optical dissector method was used using
the following formula (Howard & Reed, 2004):

ΣQ: cell number (nucleus); h: height of the dissector; Σp: the
total number of each cells that counted inside the probe; a
(area)/ f (field); BA: block advance of the microtome; t: section
thickness.

Moreover, the below formula was used to assess
length density of seminiferous tubules:

ΣQ: the total number of seminiferous tubules; Sp: the total
number of each cells that counted inside the probe; a (area)/

f (field)

Biochemical evaluation. After washing the harvested
samples with sterile PBS to remove excess tissue residues,
they were immediately frozen at -80°C for further analysis.
To assess the biochemical status at the site of injury,
concentrations of catalase (CAT), glutathione (GSH), and
superoxide dismutase (SOD), as antioxidant biomarkers, and
malondialdehyde (MDA), as oxidant factor, have been
investigated. Briefly, to measure the levels of CAT, hydrogen
peroxide was used together with phosphate buffer and the
absorbance was recorded at a wavelength of 245 nm (Aebi,
1974). To measure GSH and SOD levels, trichloroacetic and
pyrogallol were used, respectively, and absorptions were
recorded at 420 nm and 412 nm wavelengths, respectively,
using spectrophotometry (Ellman, 1959; Sun et al., 1988).
Finally, the concentration of MDA was measured using
thiobarbituric acid and the absorbance was recorded at a
wavelength of 520 nm (Mihara & Uchiyama, 1978).

Gene expression evaluation. In the present study, we
measured the expression level of three genes effective in
apoptosis (Caspase-3 and P21), and three inflammatory
genes (TNF-α, IL-1β, and NF-κβ) using quantitative real-
time PCR (qRT-PCR) method. For this purpose, the total
RNA was gathered using RNeasy Mini Kit (Qiagen). Next,
cDNA synthesis was done using iScript™ cDNA Synthesis
Kit (Bio-Rad) (Nasiry et al., 2022). In qRT-PCR, three
biological replicates were performed using a real-time PCR
instrument (Bio-Rad) and harvested data were analyzed using
the fold change method. The sequences of primers used are
shown in Table I. In addition, Glyceraldehyde-3-phosphate
dehydrogenase (GAPDH) was used as an internal control.

Table I. Primer sequences used for gene expression analysis
using quantitative RT-PCR.
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Gene Sequence (5 ' > 3 ')

Caspase-3 F: AAGATACCGGTGGAGGCTGA
R: AAGGGACTGGATGAACCACG

P21 F: CCTGGTGATGTCCGACCTG
R: CCATGAGCGCATCGCAATC

TNF-α F: TTGACCTCAGCGCTGAGTTG
R: CCTGTAGCCCACGTCGTAGC

IL-1 β F: TGCCACCTTTTGACAGTGATG
R: TGATGTGCTGCTGCGAGATT

NF- κβ F: GCCAGACACAGATGATCGCC
R: GTTTCGGGTAGGCACAGCAA

GAPDH F: TGGCCTTCCGTGTTCCTAC
R: GAGTTGCTGTTGAAGTCGCA
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Statistical analysis. Utilizing SPSS software (version 21),
the data was analyzed. A one-way analysis of variance test
(ANOVA) with Tukey's post hoc test was used to evaluate
the relationships between groups. The outcomes were shown
as mean ± standard deviation (SD). The threshold for
statistical significance was a p-value of 0.05.

RESULTS

As it is clear in all the graphs, the control and non-
irradiated groups were better in comparison with other
groups. Therefore, a comparison of the results has been done
between the irradiated groups.

Sperm characteristics. The results of sperm characteristics
are shown in Figure 2A-D. The results showed that the
IR+SIL, IR+Zinc, and IR+SIL+Zinc groups had significantly
higher sperm count (P<0.01, P<0.05, and P<0.0001,
respectively), viability (P<0.01, P<0.05, and P<0.0001,
respectively), motility (P<0.05, P<0.05, and P<0.001,
respectively), and morphology (P<0.05, P<0.05, and
P<0.001, respectively) percentage compared to the IR group.
Moreover, a comparison of the sperm characteristics between
treated groups showed that the IR+SIL+Zinc group
compared with the IR+SIL and IR+Zinc groups had

significantly higher amounts of cell count (P<0.05 and
P<0.01, respectively), viability (P<0.01 and P<0.001,
respectively), and morphology (both, P<0.05).

Testosterone levels. The results of testosterone levels
evaluation are shown in Figure 3. We found that there were
significantly more testosterone levels in the IR+SIL,
IR+Zinc, and IR+SIL+Zinc groups in comparison to IR
group (P<0.05, P<0.05, and P<0.001, respectively).
Furthermore, testosterone level in the IR+SIL+Zinc group
was higher than the IR+SIL and IR+Zinc groups, but they
were not significant (P>0.05).

A B

Fig. 2. Effects of Silymarin-zinc combination on sperm characteristics in the mice induced by irradiation. Comparing (A) sperm count,
(B) viability, (C) motility, and (D) morphology in the study groups. Data are presented as Mean ± SD. *p<0.05; **p<0.01, ***p<0.001,
****p<0.0001.

DC

Fig. 3. Effects of Silymarin-zinc combination on testosterone levels
in the mice induced by irradiation. Data are presented as Mean ±
SD. *p<0.05; ***p<0.001.
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Histological evaluations and Stereological parameters.

Structure of testes. To investigate the histological structure
and the amount of stereological parameters, H&E staining
was performed (Fig. 4A). The results of tissue structure
evaluation using Johnsen scoring system showed that the

IR+SIL, IR+Zinc, and IR+SIL+Zinc groups were
considerably higher scores in comparison to IR group
(P<0.01, P<0.001, and P<0.0001, respectively). Moreover,
the tissue structure status was considerably better in the
IR+SIL+Zinc group in comparison to the IR+SIL and
IR+Zinc groups (both, P<0.05) (Fig. 5B).

Fig. 4. Effects of Silymarin-zinc combination on histological structure in the mice induced by irradiation. (A)
Histological photomicrographs stained with H&E. (B) Comparing histological structure based on Johnson scores
in experimental groups. Data are presented as Mean ± SD. *p<0.05; **p<0.01, ***p<0.001, ****p<0.0001.
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Volume of testis. The results indicated that there was a
significantly higher volume of testis in the IR+SIL+Zinc
group in comparison to the IR group (P<0.05). Furthermore,
testis volume in the IR+SIL and IR+Zinc groups were higher
than the IR group, but they were not significant (P>0.05)
(Fig. 5A).

The numerical cells densities and length density of
seminiferous tubules. The quantitative results for
stereological evaluations are shown in Figure 5B-C.
Considering spermatogonia, we observed that these cells
were significantlyhigher in the IR+SIL+Zinc group
compared to the IR group (P<0.001).

Comparison of primary spermatocyte density
between groups showed there was significantly more cells
in the IR+SIL, IR+Zinc, and IR+SIL+Zinc groups
compared to the IR group (P<0.05, P<0.05, and P<0.01,
respectively).

Evaluation of spermatid revealed that the numerical
density of these cells increased considerably in the IR+SIL
and IR+SIL+Zinc groups compared to the IR group (P<0.05
and P<0.001, respectively). In addition, in the IR+SIL+Zinc
group, there were significantly more cells in comparison to
the IR+SIL and IR+Zinc groups (both, P<0.05).

Considering the Sertoli cells, we found that the
IR+SIL+Zinc group had significantly higher cells in
comparison to the IR group (P<0.05).

Finally, in comparison of numerical density of Leydig
cells, we observed that the IR+SIL+Zinc group had
considerably more cells in comparison to the IR group
(P<0.01).

Comparison of the length density of seminiferous
tubules indicated that the IR+SIL+Zinc group had significantly
more tubules in comparison to the IR group (P<0.01).

Fig. 5. Effects of Silymarin-zinc combination on stereological parameters in mice induced by irradiation. (A) Volumes of testis calculated
by Cavalieri method. (B) Length density of seminiferous tubules and (C) numerical density of spermatogonia, primary spermatocyte,
spermatid, Sertoli, and Leydig cells. Data are presented as Mean ± SD. *p<0.05; **p<0.01, ***p<0.001, ****p<0.0001.
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Biochemical parameters. The results of the evaluation of
biochemical biomarkers are shown in Figure 6A. Assessment
of the MDA levels indicated that the IR+SIL, IR+Zinc, and
IR+SIL+Zinc groups had considerably lower MDA levels
than the IR group (P<0.01, P<0.01, and P<0.001,
respectively).

Determination of antioxidative biomarkers levels
showed that the IR+SIL, IR+Zinc, and IR+SIL+Zinc groups
compared with the IR group had significantly higher GSH
(P<0.01, P<0.05, and P<0.001, respectively), SOD (P<0.05,

P<0.05, and P<0.01, respectively), and CAT (P<0.05,
P<0.05, and P<0.001, respectively) levels.

Gene expression levels. In evaluating the expression levels
of apoptotic genes among the study groups, we found that
the IR+SIL, IR+Zinc, and IR+SIL+Zinc groups had
considerably lower levels of caspase-3 (P<0.01, P<0.01, and
P<0.0001, respectively) and P21 (P<0.001, P<0.01, and
P<0.0001, respectively) genes in compared to IR group.
Furthermore, the expression level of caspase-3 gene in the
IR+SIL+Zinc group was significantly lower than the IR+SIL
and IR+Zinc groups (both, P<0.05) (Fig. 6B).

Fig. 6. Effects of Silymarin-zinc combination on testicular oxidative biomarkers and gene expression in the mice induced by irradiation. (A)
Concentrations of oxidant (MDA) and antioxidant (GSH, SOD, and CAT) factors on the testis tissues were determined by the biochemistry
method. (B) The amount of transcripts for three genes effective in apoptosis (Caspase-3 and P21), and three inflammatory genes (TNF-α, IL-
1β, and NF-κβ) were analyzed using qRT-PCR. Data are presented as Mean ± SD. *p<0.05; **p<0.01, ***p<0.001, ****p<0.0001.
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Regarding the inflammatory genes, we found that in
the IR+SIL, IR+Zinc, and IR+SIL+Zinc groups, compared
to the IR group, the expression levels of TNF-α (P<0.05,
P<0.05, and P<0.001, respectively) and NF-κβ (P<0.01,
P<0.05, and P<0.001, respectively) genes were significantly
reduced. However, regarding the IL-1β gene, only the
IR+SIL and IR+SIL+Zinc groups were significantly
decreased compared to the IR group (P<0.05 and P<0.001,
respectively). Moreover, the expression level of TNF-α gene
in the IR+SIL+Zinc group was significantly lower than the
IR+SIL and IR+Zinc groups (both, P<0.05) (Fig. 6B).
.

DISCUSSION

Our results showed that gamma radiation caused
destruction of testicular tissue, reduction of spermatogenic
cell line, reduction of testosterone concentration, occurrence
of oxidative stress and expression of inflammatory and
apoptotic genes in testicular tissue. However, we found that
the administration of Silymarin and zinc alone reduced the
damage and protected the testicular tissue, and these
protective effects were significantly better in the combined
treatment group.

Due to the growing trend of cancer, especially in
young people, and the lack of available suitable medication
for protecting patients, as well as the importance of fertility
for these people, herbal drugs with low side effects and high
efficacy promise an effective strategy.

Studies have shown that free radicals trigger
phosphorylation and activation of certain messenger proteins
such as histone and creatine kinases. These changes result
in a significant increase in the production rate of ROS and
enhance the caspase-3 pathway in the sperm cell, resulting
in apoptosis during spermatogenesis or sperm maturation
and influencing fertility (Kesari & Behari, 2012). Because
ionizing radiation plays a significant role in the
developmentof inflammation and increase in the expression
of the cyclooxygenase-2 (COX-2) enzyme, it seems that
increasing this enzyme in vascular tissues with high division
potential increases the production and activation of certain
factors such as prostaglandin-2 (PGE-2), NF-kB,
lipoxygenase, IL-6, and TNF-α. These factors play an
important role in the destruction of cell membranes and cell
death so that interleukins and prostaglandins cause neutrophil
accumulation, ROS production, induction of oxidative stress,
and also the production of arachidonic acid from cell
membrane phospholipids (Alahmar, 2019; Dutta et al.,
2019). The human body has a defense system to fight free
radicals known as the antioxidant system. The imbalance
between the free radical amount produced and the antioxidant

capacity results in oxidative stress. The most important free
radicals in human semen include superoxide anion radical,
hydrogen peroxide and hydroxyl radical. These free radicals
are typically produced during oxygen metabolism (Desai et
al., 2009; Kesari & Behari, 2012). Besides that, the structure
of sperm DNA can also be damaged during the oxidative
stress process.

Bases and phosphodiester bonds in this structure are
susceptible to free radical-induced peroxidation damage that
can lead to certain abnormalities such as bases exchange
and dislocation, producing sites containing free bases, bases
deletion, and chromosomal rearrangements. The apoptotic
process can help eliminate abnormal germ cells and prevent
their excessive production (Gavella & Lipovac, 2000;
Tomás-Zapico & Coto-Montes, 2005; Zini & Libman, 2014).
Free radicals are able to trigger the apoptotic process cascade.
Damage in DNA can accelerate the apoptosis process, which
ultimately leads to a reduction in sperm count, a decrease in
membrane thickness, degeneration of interstitial tissue, and
possibly cell inability to survive (Tremellen, 2008; Zini &
Libman, 2014) which was also observed in the present study.
IR reduces the production of protein and glucose in
spermatogonia and primary spermatocytes, leading to
disruption of cell divisions in germ cells and eventually
pyknosis and karyolysis. Radiation also increases the death
of germ cells in the testicular tissue by activating the caspase
pathways, which are the main mediators of apoptosis, thus
leading to decreased thickness of the germinal epithelium
and testicular tissue atrophy (Adhikari et al., 2013). SIL
stabilizes membrane structures and inhibits the release of
inflammatory mediators such as cyclooxygenase and
lipoxygenase. SIL prevents activation of NF-κβ and cell
proliferation-associated kinases, such as TNF-α, and reduces
cell cytotoxicity to prevent apoptosis. Due to its antioxidant
a property, SIL is also able to scavenge free radicals and
ROS (Dehmlow et al.,1996; Adhikari et al., 2013).

In a study by Ramadan et al. (2002) they investigated
the radioprotective effect of SIL on rat liver after 3 Gy of
gamma radiation and reported that radiation caused a
significant increase in serum alkaline phosphatase (AP) level,
one day after radiation. They also reported that in rats
receiving one single dose of SIL at 70 mg/kg one hour before
radiation, the activities of AP and other liver enzymes, such
as glutathione peroxidase (GSH), returned to normal levels.
In another study by Katiyar et al. (2011) the protective effect
of SIL on apoptosis of human epidermal keratinocytes
induced by UV-B irradiation was assessed, and they observed
that administration of 10 and 20 mg/ml of SIL 3 h before
radiation reduced 40 % and 73 % of apoptotic cells due to
radiation, respectively. Razavi-Azarkhiavi et al. (2014)
investigated the protective effect of SIL on bleomycin-
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induced pulmonary toxicity in BALB/c mice, and found that
administration of 50 and 100 mg/kg of SIL after bleomycin
administration reduced lipid peroxidation, and also the levels
of glutathione (GSH) and catalase (CAT) in the lung. Their
results also showed a significant reduction in the TNF-a and
NF-kB levels after the administration of SIL. The results of
Ramadan et al. (2002), Katiyar et al. (2011) and Razavi-
Azarkhiavi et al. (2014) are consistent with the findings of
the present study and confirm the protective role of SIL
against radiation-induced malignant effects.

Chromatin and flagellate in mammalian sperm
contain high amounts of protamine rich in thiols and
sulfhydryl groups; semen also contains many antioxidants
such as turin, vitamin C, CAT and SOD that contribute to
maintaining sperm and protecting it against oxidative stress.
Also, they maintain the motility of sperm when they are
deprived of their supporting environment, i.e., seminal
plasma in the testis. The decrease in the count of progressive
sperm seen in this study, may be due to (radiation-induced)
free radical binding to thiol or sulfhydryl groups of sperm
protein or inhibition of mitochondrial enzymes responsible
for sperm motility. The results of this study indicated that SIL
could act as a strong radio protector through regulation of cell
membrane permeability, by inhibiting the 5-lipoxygenase
pathway and ROS, as well as reducing the DNA damage by
suppressing the NF-κβ (Ramadan et al., 2002; Adhikari et
al., 2013; Surai, 2015). Overall, of the properties of SIL, which
have already been proven by various studies, antioxidant and
anti-apoptotic properties can be mentioned. Increased
antioxidant properties of SIL lead to trapping more free radicals
and increasing cell glutathione content and SOD activity
(Ramadan et al., 2002; Take et al., 2009; Surai, 2015).

The protective effect of zinc, as a modulator factor,
against lipid and protein oxidation in membrane structure
can also be related to its ability to scavenge oxidation-
triggering agents that are produced during the oxidation of
proteins and lipids (Amara et al., 2008).

Improvement of sperm parameters and testicular cell
structure in zinc receptor groups can be due to protective
properties and increased antioxidant levels of cells. Hamam
et al. ( report that zinc protects normal cells via mechanisms,
increased sperm DNA integrity, decrease in the ROS content,
and also improves reproductive function during prepubertal
period-cisplatin administration.

Due to the inherent toxicity of synthetic and chemical
substances at active concentrations that protect against
radioactive substances and ionizing radiation, researchers
have focused on natural products and are seeking out the
main solution in the active ingredients of medicinal plants.

An ideal radioprotector should be cheap and have negligible
toxicity at a wide range of concentrations, be absorbed
quickly, have an appropriate dose reduction coefficient
(acceptable half-life), and act through different mechanisms,
so the pharmacodynamics characteristics of SIL and zinc
can fulfill these criteria. Moreover, the current study showed
SIL was an inhibitor and potent radioprotector that can
promise new therapies. Success in the development of
radioprotectors depends on certain factors such as the proper
understanding of molecular biology of radiation-induced
damage, tissue and organ response to radiation, and
differentiation between tumor cells and normal cells. As
future research, it is suggested that further research should
be planned to elucidate the role of SIL and zinc combination
antioxidant molecules on gene expression and its
downstream pathways. Since zinc has the ability to activate
SOD and enhance free radical scavenging by antioxidant
defense of cells, it therefore plays a regulator role in the
organization of DNA, stability of cell membranes, sperm
development as well as cell division (Mruk et al., 2002).

CONCLUSION

Our results demonstrated that the IR causes sperm
parameters reduction and testicular dysfunction through
inflammation, oxidative stress, and apoptosis induction. This
was while Silymarin and zinc, especially in combined
administration can improve sperm parameters and infertility
issues related to IR.

JAVAN, R.; ROSTAMZADEH, A.; MOJADADI, M.S.;
HOSSEINPUR, K.; NASIRY, D. & RAOOFI, A.  Efectos de
mejora de la silimarina en combinación con zinc contra la radiación.
Int. J. Morphol., 43(3):1070-1081, 2025.

RESUMEN: Este estudio tuvo como objetivo evaluar los
efectos radioprotectores de la silimarina (SIL) y el zinc, por
separado y en combinación, contra la toxicidad testicular por
irradiación (IR) en ratones. Se dividieron sesenta y cuatro ratones
machos adultos con NMRI en ocho grupos: grupo control; grupo
tratado con SIL; grupo tratado con zinc; grupo tratado con SIL +
zinc; grupo IR irradiado con rayos gamma de 2 Gy; grupo IR +
SIL; grupo IR + zinc; y grupo IR + SIL + zinc. Los tratamientos
comenzaron durante ocho días consecutivos y posteriormente los
ratones fueron expuestos a IR. Un día después de la irradiación, se
tomaron muestras de cuatro animales de cada grupo y se retiraron
ambos testículos para la determinación de los parámetros
bioquímicos (MDA, GSH, SOD y CAT) y moleculares (Caspasa-
3, P21, TNF-α, IL-1β y NF-κβ). Catorce días después de la
irradiación, se sacaron otros cuatro animales de cada grupo para
evaluaciones de parámetros histológicos, estereológicos y
espermáticos, así como los niveles de testosterona. Encontramos
que los parámetros espermáticos, los niveles de testosterona, la
densidad numérica de espermatogonias, espermatocitos primarios,
espermátidas, células sustentaculares, células intersticiales, túbulos
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seminíferos, y los parámetros bioquímicos (excepto MDA) fueron
significativamente mayores en los grupos IR+SIL, IR+Zinc e
IR+SIL+Zinc, especialmente en los IR+SIL+Zinc, en comparación
con el grupo IR. Esto se debe a que la expresión de genes
apoptóticos e inflamatorios, así como los niveles de MDA,
disminuyeron considerablemente en los grupos IR+SIL, IR+Zinc
e IR+SIL+Zinc en comparación con el grupo IR, siendo más
pronunciada en los grupos IR+SIL+Zinc. En general, SIL y zinc
atenuaron los trastornos celulares y moleculares inducidos por la
radiación gamma en los testículos, y estos efectos protectores fueron
más pronunciados en el grupo de tratamiento combinado.

PALABRAS CLAVE: Radiación; Silimarina; Zinc;
Estrés Oxidativo; Radioprotector; Toxicidad Testicular.
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