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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 ingparight
including the control group; SIL treated group; zinc treated group; SIL+Zinc treated group; IR group which irradiated wgidmZr@y
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 foonlefahainat
biochemical (MDA, GSH, SOD, and CAT) and molecular (Caspase-3, P21aTNFB, and NFKB) parameters. Fourteen days after
the irradiation, four other animals in each group were harvested to assessments of histological, stereological, and stermgsaram
well as the testosterone levels. We found that the sperm parameters, testosterone levels, the numerical density of spgminadogoni
spermatocytes, spermatids, sertoli, leydig cells, and seminiferous tubules, and biochemical factors (except MDA) wenghsignifica
higher in the IR+SIL, IR+Zinc, and IR+SIL+Zinc groups, especially in IR+SIL+Zinc ones, compared to IR group. This is wesisiexpr
of apoptotic and inflammatory genes, and MDA levels considerably decreased in the IR+SIL, IR+Zinc, and IR+SIL+Zinc groupd compa
to IR group and it was more pronounced in the IR+SIL+Zinc ones. Generally, SIL and zinc attenuated cellular and moletersr disor
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 anéertility and reproduction. Among potential reproductive
storing sperm (spermatogenesis) which is essential fioic agents, ionizing and non-ionizing radiation have been
reproduction, and also the synthesis of hormones playiegtensively studied that can affect the fertility and
an important role in the development of male sereproduction (Ehghaglet al, 2022). Paynet al (1992)
characteristics (Djureinovigt al, 2014). Spermatogenesisshowed that 24 h after the mice were exposed to 1-4 Gy
is a highly synchronized, regular, long and complex procesaliation, increases the frequency of apoptosis in the germ
that takes place in the germinal epithelium of the testése cells was found. lonizing radiation, e.g. X- gy,
(Raoofiet al, 2023). The seminiferous tubule within themay induce DNA damages resulting in mutation in
testes is sensitive to endogenous or exogenous stresgametes; thus, this could produce congenital diseases and
Exposure of testes to such stressors may affect somatialignancies in the next generation(s) (Huetragl, 2022).
testicular cells or germinal cells at different stages of- andy-ray can affect the cells directly/indirectly and
differentiation, leading to temporary or permanenproduce free radicals, oxidative stress and reactive oxygen
irreversible infertility (Fatehet al, 2018). Among potential species (ROS) (Solimaet al, 2020). Radioprotector
reproductive toxic agents, ionizing and non-ionizinggents can protect normal cells against the destructive effect
radiation have been extensively studied that can affect thé radiation in radiotherapy (Musat al.,, 2019).
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Radioprotectors decrease bystander effects of ionizihngedical Sciences, Sabzevar, Iran (Ethic no:
radiation, consequently, reducing the side effects ¢R.MEDSAB.REC. 1400.094). The animals were handled
radiotherapy (Sheikholeslamit al,, 2021). There is a long in accordance to the protocol of animal management and
history of the application of radioprotectors, namelyelfare of the University of Helsinki, Finland. Animals
chemical drugs as well as antioxidants. Radioprotectongere keptin a laboratory standard hutch with no limitation
play their roles via the following processes: free radicalccess to a rodent’s food and drinking water. All methods
scavenger, hydrogen atom detonation and electron transfegre carried out in accordance with relevant guidelines
detoxification of metabolic elements, DNA repair, andnd regulations. The study was carried out in compliance
activation of cytokines or melatonin hormone (Bgal, with the ARRIVE guidelines. All materials used in this
2022). Silymarin (SIL), a hydro-alcoholic extract from thestudy were obtained from Sigma-Aldrich (St. Louis, MO,
Silybum marianum (milk thistle) plant, consisting of dJSA), except where assigned otherwise.
mixture of the six flavonolignans (silychristin, silydianin,
silybin A, silybin B, isosilybin A and isosilybin B) and Animal and experimental designA total of 64 male adult
one flavonoid. Combined, these compounds representdiRI mice (25-30g) were recruited. The animals were
about 65-80 % of the total extract composition (Siegh randomly planned into 8 equal groups, including (1) the
al., 2023). In recent years, SIL is widely prescribed asumtreated (Control) group; (II) SIL treated group which
complementary and alternative treatment in preventing areteived only SIL daily for 8 days; (11l) Zinc treated group
reversing various diseases/disorders (Soleineardl, which received only zinc daily for 8 days; (V) SIL+Zinc
2019; Gillessen & Schmidt, 2020; Fallahal, 2021). In treated group which received SIL and zinc at the same
addition, SIL has been shown to be more potent Wolume and times as the SIL and zinc groups; (V) IR group
antioxidant capacity as compared to vitamin E (Poetos which irradiated with 2 Gy gamma rays to whole body
al., 2022). Ramadaet al (2002) documented that the SlLwithout any drug treatment; (VI) IR+SIL group which
act as a radioprotective agent against radiation inducexteived SIL for eight consecutive days and then mice were
hepatotoxicity in rat. In aim vitro study, Adhikari & Arora irradiated with 2 Gy gamma rays; (VII) IR+Zinc group
(2015) showed that specific dose (25 mg/ml) of SIL cawhich received zinc for eight consecutive days and then
ameliorate the deleterious effectsrafadiation on human mice were irradiated with 2 Gy gamma rays; and (VIII)
embryonic kidney cells. IR+SIL+Zinc group which received a combination of SIL
and zinc for eight consecutive days and then mice were
Moreover, zinc as antioxidant and anti-rradiated with 2 Gy gamma rays. The selected doses and
inflammatory has an important role in many biologicahdministration method for the SIL (200 mg/kg) and zinc
and physiological processes such as cell membra(® mg/kg) were based on previous studies and our pilot
integrity and scavenger of free radicals (Bashagtdgl, experiments (Qietal, 2019; Abo El-Atta & Ahmed, 2020;
2016; Fallahet al.,, 2018). Previous studies showRahimi-Madisetet al., 2020). Moreover, both drugs were
radioprotective effects of zinc on many systems especialigiministered by intraperitoneal (ip) injection dissolved in
reproductive, gastrointestinal, blood cells, visual, aneblume 50ul diluted in saline.
endocrine (Ramadaet al, 2013; Akbulutet al, 2018).
Protective role of zinc in reproductive system is significant One day after irradiation, four animals of each group
via increasing germ cell survival and sperm countyere anesthetized by ip injection of ketamine & xylazine
promotion of sperm capacitation, secretion of higher lev€l0 mg/kg: 80 mg/kg) and both testis were harvested for
of testosterone, and progression of spermatogeneditermination of the biochemical and molecular parameters
(Ramadaret al, 2013). (Amiri et al, 2022), and then the mice were euthanized
with a sodium thiopental overdose (200 mg/kg, ip). While
Therefore, with regard to the antioxidant, antihistological, sperm parameters, as well as the testosterone
inflammatory, and anti-apoptotic properties of SIL andevels assessments had been performed on 14th day as
zinc, the aim of the current study was to evaluatdescribed in Figure 1. For this purpose, first the animals
the protective effects of SIL, zinc, and SIL plus zinc againstere anesthetized and then blood was collected by cardiac
gamma-ray-induced testicular toxicity in the mice. 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
MATERIAL AND METHOD harvested and one of them was isolated for structural and
stereological evaluations (Amigt al, 2022). The study
Ethics Approval. All experimental protocols were has been carried out through the unbiased application of
approved by Ethics Committee of Sabzevar University astereological tools.

1071



JAVAN, R.; ROSTAMZADEH, A.; MOJADADI, M.S.; HOSSEINPUR, K.; NASIRY, D. & RAOOFI, A. Ameliorating effects of Silymarin in combination with zinc against radiation.
Int. J. Morphol., 43(3)L070-1081, 2025.

A
IR Sampling Sampling
Day 0 1 2 8 9 14
|
Silymarin >
Zinc F >
Silymarin+Zinc = >
Biochemical and Molecular Evaluations I
Histological, Sperm parameters, and
Testosterone levels evaluations

B

Control group (untreated)

W S N

SIL group (received only SIL daily for 8 days)

Zinc group (received only zinc daily for 8 days)

SIL+Zinc group ({received SIL and zinc for 8 days)

i r."'j”
L
§

Total: 64 mice

IR group (irradiated with 2 Gy gamma rays)
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Fig. 1. Scheme of the experimental desi@ynTo irradiation, a Cobalt-60 machine (Teratron 780, Canada) in a radiotherapy unit was used.
In IR received groups, SIL, zinc, and SlL+zinc were received for eight consecutive days. Sampling was done in 2 timegrainfeumw
hours after IR, 4 mice from each group were sampled for qRT-PCR and biochemical evaluations. The remaining 4 mice inwaod group
sampled for histological, sperm parameters, and testosterone levels evaluations onBiayixty.four male adult NMRI mice were
randomly planned into 8 equal groups, including (I) Control group; (ll) SIL group; (ll) Zinc group; (IV) SIL+Zinc grou® @/pup;

(V1) IR+SIL group; (VII) IR+Zinc group; and (VIII) IR+SIL+Zinc group (The red star indicates IR in the studied groups).

Irradiation method. A Cobalt-60 machine (Teratron 780,read at 640 nm using a microplate reader (Biocompare;
Canada) in a radiotherapy unit was used as a sourceAgflent Technologies) (Nasirgt al, 2021). All samples
irradiation. The mice were restrained in well-ventilate@vere performed in three replicates.
boxes and exposed the whole body radiation. One dose
of 2 Gy was applied as a single fraction at a dose rateS¢men AnalysisAfter isolation the semen samples from
50 cGy/min. Moreover, the source-to-skin distance wdbe epididymis tails, immediately transferred to 1 mL of
chosen 80 cm (Baghegt al, 2020). Ham’s F-10 medium and incubated for 20 min &tG7

To evaluate the sperm count, counting chamber was used.
Testosterone evaluationThe collected blood was placedIn order to evaluate the sperm motility, 10 mL of the
in a centrifuge with 2500 x g for 15 min and blood serursamples were separated and assessed with inverted
was isolated. To determination of testosterone levelsjcroscope. The sperm viability was exanimated by
ELISA Kits (Shanghai Yi Li Biological Technology, eosin-nigrosine staining. Moreover, sperm morphology
Shanghai, China) was used. For this purpose, the sampies assessed using Diff Quik staining kit (Tavated,
were added to 96-well microplates and absorbance w2313).
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Histological and stereological assessmentt the end of 2Q: the total number of seminiferous tubules; Sp: the total
the study in each group, after sacrificing the animals, the righnimber of each cells that counted inside the probe; a (area)/

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 selec}eg
and stained with hematoxylin and eosin (H&E). Histological( leld)

_2xQ
_Z]P'x-F

evaluation was Johnson test to assess the tissue StrUCtli8 -hemical evaluation After washing the harvested
Stereological evaluations were the total volumes of tesl§ a5 with sterile PBS to remove excess tissue residues,
tissue, length density of seminiferous tubules, and numerigghy \yere immediately frozen at S&Dfor further analysis.
densities of spermatogonia, primary spermatocyteg, ‘aqqess the biochemical status at the site of injury,
spermatld_s, sustentacular cell (Sertoli cell), and 'nt?rsm'%ncentrations of catalase (CAT), glutathione (GSH), and
cell (Leydig cell). To measure the total volumes, a thicknegg e roxide dismutase (SOD), as antioxidant biomarkers, and
of 5um was used, and a thickness of |#8 was used 10 \5|ondialdehyde (MDA), as oxidant factor, have been
determine the numerical density of cells and length densi eqtigated. Briefly, to measure the levels of CAT, hydrogen
of seminiferous tubules (Howard & Reed, 2004) peroxide was used together with phosphate buffer and the
) , . .. absorbance was recorded at a wavelength of 245 nm (Aebi,
Testicular tissue structure. After selecting and staining 1974y 1o measure GSH and SOD levels, trichloroacetic and
tissue sections, 5 areas of each section W|th_a magnlflcatl&,r}oga”m were used, respectively, and absorptions were
of 400 were photographed. The areas were in the upper gy 4eq at 420 nm and 412 nm wavelengths, respectively,
lower right and left corners as well as the center of the t'SSLﬂ%ing spectrophotometry (Ellman, 1959; Siral, 1988).
Then, using Johnsen scoring system, the extent of tiS§e@4)y " the concentration of MDA was measured using

structure damage was assessed. In this scoring system,{fi&, - hituric acid and the absorbance was recorded at a
minimum and maximum scores are 1 and 10, reSpeCt'Ve\Wavelength of 520 nm (Mihara & Uchiyama, 1978).
which are related to the absence of any epithelium in the '

seminiferous tubules and the completeness @fone expression evaluationin the present study, we
spermatogenesis, and the presence of countless spermatqzaasred the expression level of three genes effective in
respectively (Nasirgt al, 2021). apoptosis (Caspase-3 and P21), and three inflammatory
Testicular total volumes.To measure the volume of the 9M€S (TNFe, IL-1B, and NhFKdB) usm%.quantlta’[lve Leal- |
testicular tissue, stereological evaluation was performed baggﬁeA Svgsg(gtﬁl}zgsgir%elt?I\.ieésFyOI(/IEniISKiF’;LEgic;zee,nt) ?\lg’(’f[a
on the Caval_lerl me_thod (Howard_ & Reed, 2004)._For thi§ NA synthesis was done using iScript™ cDNA Syr.1thesi’s
purpose, a grid of points was superimposed on the microgra

which were taken from the 10 selected sections of each sam 5 (Bio-Rad) (Nasiryet al, 2022). In qRT-PCR, three

Next, the total volumes were estimated via counting the poi gologlcal rep.Ilcates were performed using a real-time PC,R
that overlay on each tissue and using the following formuldfstrument (Bio-Rad) and harvested data were analyzed using
a the fold change method. The sequences of primers used are
Viotal = Z P x EX t

shown in Table I. In addition, Glyceraldehyde-3-phosphate
> total counted points: a (area)/p (point): t: thickness. dehydrogenase (GAPDH) was used as an internal control.

Table I. Primer sequences used for gene expression analysis

The numerical density of cells and seminiferous tubules. using quantitative RT-PCR.

To the assessment of the numerical density (Nv) of
spermatogonia, primary spermatocytes, spermatids, Sertoli, ©G€ne
and Leydig cells, the optical dissector method was used using
the following formula (Howard & Reed, 2004):

¥ Q t P21

Sequence (5>3")

F: AAGATACCGGTGGAGGCTGA
R: AAGGGACTGGATGAACCACG

F: CCTGGTGATGTCCGACCTG

Caspase-3

Ny = S Pxhxa " BA R: CCATGAGCGCATCGCAATC

f TNF-a F: TTGACCTCAGCGCTGAGTTG
>Q: cell number (nucleus); h: height of the dissedpr;the R: CCTGTAGCCCACGTCGTAGC
total number of each cells that counted inside the probe; a -1 F: TGCCACCTTTTGACAGTGATG
(area)/ f (field); BA: block advance of the microtome; t: section R: TGATGTGCTGCTGCGAGATT
thickness. NF-kB F: GCCAGACACAGATGATCGCC

R: GTTTCGGGTAGGCACAGCAA
F: TGGCCTTCCGTGTTCCTAC

Moreover, the below formula was used to assess GAPDH
R: GAGTTGCTGTTGAAGTCGCA

length density of seminiferous tubules:
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Statistical analysis.Utilizing SPSS software (version 21), significantly higher amounts of cell count (P<0.05 and
the data was analyzed. A one-way analysis of variance t€3t0.01, respectively), viability (P<0.01 and P<0.001,
(ANOVA) with Tukey's post hoc test was used to evaluateespectively), and morphology (both, P<0.05).

the relationships between groups. The outcomes were shown

as mearnt standard deviation (SD). The threshold foiTestosterone levelsThe results of testosterone levels

statistical significance was a p-value of 0.05. evaluation are shown in Figure 3. We found that there were
significantly more testosterone levels in the IR+SIL,
RESULTS IR+Zinc, and IR+SIL+Zinc groups in comparison to IR

group (P<0.05, P<0.05, and P<0.001, respectively).
As it is clear in all the graphs, the control and nonFurthermore, testosterone level in the IR+SIL+Zinc group
irradiated groups were better in comparison with othavas higher than the IR+SIL and IR+Zinc groups, but they
groups. Therefore, a comparison of the results has been damge not significant (P>0.05).
between the irradiated groups. 0.81 ok

g / ml)
%

Sperm characteristics The results of sperm characteristicsc 1 T T i | 1
are shown in Figure 2A-D. The results showed that trg T T
IR+SIL, IR+Zinc, and IR+SIL+Zinc groups had significantly’e °*]
higher sperm count (P<0.01, P<0.05, and P<0.000§ T
respectively), viability (P<0.01, P<0.05, and P<0.000J§ o
respectively), motility (P<0.05, P<0.05, and P<0.0012 0
respectively), and morphology (P<0.05, P<0.05, an Control  SIL Zne  Siezine R R+SIL IReZinc IR+SIL+Zinc
P<0.001, respectively) percentage compared to the IR gro&. 3. Effects of Silymarin-zinc combination on testosterone levels
Moreover, a comparison of the sperm characteristics betwé@the mice induced by irradiation. Data are presented as #ean
treated groups showed that the IR+SIL+Zinc grouSD. *p<0.05; **p<0.001.
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Fig. 2. Effects of Silymarin-zinc combination on sperm characteristics in the mice induced by irradiation. Comparing (é9spterm
(B) viability, (C) motility, and (D) morphology in the study groups. Data are presented astNd&artp<0.05; **p<0.01, ***p<0.001,
*kkk

p<0.0001.
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Histological evaluations and Stereological parameters. IR+SIL, IR+Zinc, and IR+SIL+Zinc groups were

considerably higher scores in comparison to IR group
Structure of testes.To investigate the histological structure(P<0.01, P<0.001, and P<0.0001, respectively). Moreover,
and the amount of stereological parameters, H&E stainitige tissue structure status was considerably better in the
was performed (Fig. 4A). The results of tissue structul®+SIL+Zinc group in comparison to the IR+SIL and
evaluation using Johnsen scoring system showed that tRe-Zinc groups (both, P<0.05) (Fig. 5B).

A
IR+SIL (&5
IR+Zinc IR+SIL+ZINC |.
B
- ok ok
%k ckck
o %k |
3 10 e ¥
N
.2 |
o T T
E 9 T
o
8
0- T T | T
Control SIL Zinc SIL+Zinc IR IR+SIL IR+Zinc IR+SIL+Zinc

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 M&D. *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 Evaluation of spermatid revealed that the numerical
significantly higher volume of testis in the IR+SIL+Zincdensity of these cells increased considerably in the IR+SIL
group in comparison to the IR group (P<0.05). Furthermorand IR+SIL+Zinc groups compared to the IR group (P<0.05
testis volume in the IR+SIL and IR+Zinc groups were higheand P<0.001, respectively). In addition, in the IR+SIL+Zinc

than the IR group, but they were not significant (P>0.0%roup, there were significantly more cells in comparison to
(Fig. 5A). the IR+SIL and IR+Zinc groups (both, P<0.05).

The numerical cells densities and length density of Considering the Sertoli cells, we found that the

seminiferous tubules.The quantitative results for IR+SIL+Zinc group had significantly higher cells in

stereological evaluations are shown in Figure 5B-Qomparison to the IR group (P<0.05).

Considering spermatogonia, we observed that these cells

were significantlyhigher in the IR+SIL+Zinc group Finally, in comparison of numerical density of Leydig

compared to the IR group (P<0.001). cells, we observed that the IR+SIL+Zinc group had
considerably more cells in comparison to the IR group

Comparison of primary spermatocyte densityP<0.01).
between groups showed there was significantly more cells

in the IR+SIL, IR+Zinc, and IR+SIL+Zinc groups Comparison of the length density of seminiferous
compared to the IR group (P<0.05, P<0.05, and P<0.Qabules indicated that the IR+SIL+Zinc group had significantly
respectively). more tubules in comparison to the IR group (P<0.01).
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Fig. 5. Effects of Silymarin-zinc combination on stereological parameters in mice induced by irradiation. (A) Volumegaldaistisd
by Cavalieri method. (B) Length density of seminiferous tubules and (C) numerical density of spermatogonia, primary sgermatocyt
spermatid, Sertoli, and Leydig cells. Data are presented as#/@Bn*p<0.05; **p<0.01, ***p<0.001, ****p<0.0001.
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Biochemical parameters.The results of the evaluation of P<0.05, and P<0.01, respectively), and CAT (P<0.05,

biochemical biomarkers are shown in Figure 6A. Assessmdnt0.05, and P<0.001, respectively) levels.

of the MDA levels indicated that the IR+SIL, IR+Zinc, and

IR+SIL+Zinc groups had considerably lower MDA levelsGene expression level$n evaluating the expression levels

than the IR group (P<0.01, P<0.01, and P<0.00bf apoptotic genes among the study groups, we found that

respectively). the IR+SIL, IR+Zinc, and IR+SIL+Zinc groups had
considerably lower levels of caspase-3 (P<0.01, P<0.01, and

Determination of antioxidative biomarkers levelsP<0.0001, respectively) and P21 (P<0.001, P<0.01, and

showed that the IR+SIL, IR+Zinc, and IR+SIL+Zinc group$<0.0001, respectively) genes in compared to IR group.

compared with the IR group had significantly higher GSHurthermore, the expression level of caspase-3 gene in the

(P<0.01, P<0.05, and P<0.001, respectively), SOD (P<0.0&+SIL+Zinc group was significantly lower than the IR+SIL
and IR+Zinc groups (both, P<0.05) (Fig. 6B).
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Fig. 6. Effects of Silymarin-zinc combination on testicular oxidative biomarkers and gene expression in the mice indackatioy irfA)
Concentrations of oxidant (MDA) and antioxidant (GSH, SOD, and CAT) factors on the testis tissues were determined byntiigtyioche
method. (B) The amount of transcripts for three genes effective in apoptosis (Caspase-3 and P21), and three inflamn{atéFyagehes

1B, and NFkp) were analyzed using gRT-PCR. Data are presented as#V&an*p<0.05; **p<0.01, ***p<0.001, ****p<0.0001.
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Regarding the inflammatory genes, we found that icapacity results in oxidative stress. The most important free
the IR+SIL, IR+Zinc, and IR+SIL+Zinc groups, comparedadicals in human semen include superoxide anion radical,
to the IR group, the expression levels of TMRP<0.05, hydrogen peroxide and hydroxyl radical. These free radicals
P<0.05, and P<0.001, respectively) and &F=(P<0.01, are typically produced during oxygen metabolism (Detai
P<0.05, and P<0.001, respectively) genes were significandll, 2009; Kesari & Behari, 2012). Besides that, the structure
reduced. However, regarding the 13-Dene, only the of sperm DNA can also be damaged during the oxidative
IR+SIL and IR+SIL+Zinc groups were significantly stress process.
decreased compared to the IR group (P<0.05 and P<0.001,
respectively). Moreover, the expression level of TiNgene Bases and phosphodiester bonds in this structure are
in the IR+SIL+Zinc group was significantly lower than thesusceptible to free radical-induced peroxidation damage that
IR+SIL and IR+Zinc groups (both, P<0.05) (Fig. 6B). can lead to certain abnormalities such as bases exchange

and dislocation, producing sites containing free bases, bases

deletion, and chromosomal rearrangements. The apoptotic
DISCUSSION process can help eliminate abnormal germ cells and prevent

their excessive production (Gavella & Lipovac, 2000;

Our results showed that gamma radiation causd@dmas-Zapico & Coto-Montes, 2005; Zini & Libman, 2014).
destruction of testicular tissue, reduction of spermatogerficee radicals are able to trigger the apoptotic process cascade.
cell line, reduction of testosterone concentration, occurrenbamage in DNA can accelerate the apoptosis process, which
of oxidative stress and expression of inflammatory andtimately leads to a reduction in sperm count, a decrease in
apoptotic genes in testicular tissue. However, we found thaembrane thickness, degeneration of interstitial tissue, and
the administration of Silymarin and zinc alone reduced th@ossibly cell inability to survive (Tremellen, 2008; Zini &
damage and protected the testicular tissue, and thésieman, 2014) which was also observed in the present study.
protective effects were significantly better in the combinetR reduces the production of protein and glucose in
treatment group. spermatogonia and primary spermatocytes, leading to

disruption of cell divisions in germ cells and eventually

Due to the growing trend of cancer, especially ipyknosis and karyolysis. Radiation also increases the death
young people, and the lack of available suitable medicatiofigerm cells in the testicular tissue by activating the caspase
for protecting patients, as well as the importance of fertilitgathways, which are the main mediators of apoptosis, thus
for these people, herbal drugs with low side effects and higgading to decreased thickness of the germinal epithelium
efficacy promise an effective strategy. and testicular tissue atrophy (Adhikat al, 2013). SIL

stabilizes membrane structures and inhibits the release of

Studies have shown that free radicals triggeinflammatory mediators such as cyclooxygenase and
phosphorylation and activation of certain messenger proteiigoxygenase. SIL prevents activation of MB-and cell
such as histone and creatine kinases. These changes regsuliferation-associated kinases, such as TiN&nd reduces
in a significant increase in the production rate of ROS arnll cytotoxicity to prevent apoptosis. Due to its antioxidant
enhance the caspase-3 pathway in the sperm cell, resul@ngroperty, SIL is also able to scavenge free radicals and
in apoptosis during spermatogenesis or sperm maturati@®S (Dehmlowet al,1996; Adhikariet al, 2013).
and influencing fertility (Kesari & Behari, 2012). Because
ionizing radiation plays a significant role in the In a study by Ramadaat al (2002) they investigated
developmentof inflammation and increase in the expressitime radioprotective effect of SIL on rat liver after 3 Gy of
of the cyclooxygenase-2 (COX-2) enzyme, it seems thgamma radiation and reported that radiation caused a
increasing this enzyme in vascular tissues with high divisia@ignificant increase in serum alkaline phosphatase (AP) level,
potential increases the production and activation of certaime day after radiation. They also reported that in rats
factors such as prostaglandin-2 (PGE-2), NF-kBreceiving one single dose of SIL at 70 mg/kg one hour before
lipoxygenase, IL-6, and TNE- These factors play an radiation, the activities of AP and other liver enzymes, such
important role in the destruction of cell membranes and cel$ glutathione peroxidase (GSH), returned to normal levels.
death so that interleukins and prostaglandins cause neutroftéinother study by Katiyat al (2011) the protective effect
accumulation, ROS production, induction of oxidative stresef SIL on apoptosis of human epidermal keratinocytes
and also the production of arachidonic acid from celhduced by UV-B irradiation was assessed, and they observed
membrane phospholipids (Alahmar, 2019; Dwdtaal, that administration of 10 and 20 mg/ml of SIL 3 h before
2019). The human body has a defense system to fight firagliation reduced 40 % and 73 % of apoptotic cells due to
radicals known as the antioxidant system. The imbalancadiation, respectively. Razavi-Azarkhiaei al. (2014)
between the free radical amount produced and the antioxidantestigated the protective effect of SIL on bleomycin-
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induced pulmonary toxicity in BALB/c mice, and found thatAn ideal radioprotector should be cheap and have negligible
administration of 50 and 100 mg/kg of SIL after bleomycitoxicity at a wide range of concentrations, be absorbed
administration reduced lipid peroxidation, and also the levetpiickly, have an appropriate dose reduction coefficient
of glutathione (GSH) and catalase (CAT) in the lung. The{acceptable half-life), and act through different mechanisms,
results also showed a significant reduction in the TNF-a asd the pharmacodynamics characteristics of SIL and zinc
NF-kB levels after the administration of SIL. The results ofan fulfill these criteria. Moreover, the current study showed
Ramadaret al (2002), Katiyaret al. (2011) and Razavi- SIL was an inhibitor and potent radioprotector that can
Azarkhiaviet al (2014) are consistent with the findings ofpromise new therapies. Success in the development of
the present study and confirm the protective role of Sltadioprotectors depends on certain factors such as the proper
against radiation-induced malignant effects. understanding of molecular biology of radiation-induced
damage, tissue and organ response to radiation, and
Chromatin and flagellate in mammalian sperndifferentiation between tumor cells and normal cells. As
contain high amounts of protamine rich in thiols anduture research, it is suggested that further research should
sulfhydryl groups; semen also contains many antioxidane planned to elucidate the role of SIL and zinc combination
such as turin, vitamin C, CAT and SOD that contribute tantioxidant molecules on gene expression and its
maintaining sperm and protecting it against oxidative strestownstream pathways. Since zinc has the ability to activate
Also, they maintain the motility of sperm when they ar&OD and enhance free radical scavenging by antioxidant
deprived of their supporting environment, i.e., seminalefense of cells, it therefore plays a regulator role in the
plasma in the testis. The decrease in the count of progressivganization of DNA, stability of cell membranes, sperm
sperm seen in this study, may be due to (radiation-inducetBvelopment as well as cell division (Mrekal., 2002).
free radical binding to thiol or sulfhydryl groups of sperm
protein or inhibition of mitochondrial enzymes responsibleONCLUSION
for sperm motility. The results of this study indicated that SIL
could act as a strong radio protector through regulation of cell Our results demonstrated that the IR causes sperm
membrane permeability, by inhibiting the 5-lipoxygenasparameters reduction and testicular dysfunction through
pathway and ROS, as well as reducing the DNA damage Imflammation, oxidative stress, and apoptosis induction. This
suppressing the Nk (Ramadaret al, 2002; Adhikariet was while Silymarin and zinc, especially in combined
al., 2013; Surai, 2015). Overall, of the properties of SIL, whichdministration can improve sperm parameters and infertility
have already been proven by various studies, antioxidant asdues related to IR.
anti-apoptotic properties can be mentioned. Increased

antioxidant properties ofSILI_ead to trapping more free rad.ic_aﬁVAN, R.. ROSTAMZADEH, A.: MOJADADI, M.S.:
and increasing cell glutathione content and SOD activifjosSEINPUR, K.: NASIRY, D. & RAOOFI, A. Efectos de
(Ramadaret al, 2002; Takeet al, 2009; Surai, 2015). mejora de la silimarina en combinacién con zinc contra la radiacion.
Int. J. Morphol., 43(3)L070-1081, 2025
The protective effect of zinc, as a modulator factor,
against lipid and protein oxidation in membrane structure RESUMEN: Este estudio tuvo como objetivo evaluar los
can also be related to its ability to scavenge oxidatioffectos radioprotectores de la silimarina (SIL) y el zinc, por

triggering agents that are produced during the oxidation fﬁp;ra‘_jf) y”‘;” Com?inacmsn’ g.or.l;.ra la tOXiCiO:ad teStiCL”art por
prOteInS and |IpIdS (Amaret al, 2008) Irradiacion ( ) en ratones. Se aividieron 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 +
Improvement of sperm parameters and testicular c{,c: grupo IR irradiado con rayos gamma de 2 Gy: grupo IR +

structure in zinc receptor groups can be due to protecti¥ ; grupo IR + zinc; y grupo IR + SIL + zinc. Los tratamientos

properties and increased antioxidant levels of cells. Hama@menzaron durante ocho dias consecutivos y posteriormente los
et al (report that zinc protects normal cells via mechanismsitones fueron expuestos a IR. Un dia después de la irradiacion, se
increased sperm DNA integrity, decrease in the ROS contei@maron muestras de cuatro animales de cada grupo y se retiraron

and also improves reproductive function during prepubert@nbos testiculos para la determinacion de los parametros
period-cisplatin administration. bioquimicos (MDA, GSH, SOD y CAT) y moleculares (Caspasa-

3, P21, TNFe, IL-1B y NF«p). Catorce dias después de la

Due to the inh t toxicity of theti d chemi ai(lradiacic')n, se sacaron otros cuatro animales de cada grupo para
ue to the inherent toxicity of synthetic and chemical, 5 aciones de parametros histolégicos, estereolégicos y

substances at active concentrations that protect agaiggtermaticos, asf como los niveles de testosterona. Encontramos
radioactive substances and ionizing radiation, researchg® los parametros espermaticos, los niveles de testosterona, la

have focused on natural products and are seeking out th@sidad numérica de espermatogonias, espermatocitos primarios,
main solution in the active ingredients of medicinal plant®spermatidas, células sustentaculares, células intersticiales, tibulos

1079




JAVAN, R.; ROSTAMZADEH, A.; MOJADADI, M.S.; HOSSEINPUR, K.; NASIRY, D. & RAOOFI, A. Ameliorating effects of Silymarin in combination with zinc against radiation.
Int. J. Morphol., 43(3)L070-1081, 2025.

seminiferos, y los parametros bioquimicos (excepto MDA) fuerdehghaghi, A.; Zokaei, E.; Modarressi, M. H.; Tavoosidana, G.; Ghafouri-
significativamente mayores en los grupos IR+SIL, IR+Zinc e Fard, S.; Khanali, F.; Motevaseli, E. & Noroozi, Z. Antioxidant and
IR+SIL+Zinc, especialmente en los IR+SIL+Zinc, en comparacion anti-e_lpoptqtic effe_cts of selenium nanpparticles and Lactobacillus
con el grupo IR. Esto se debe a que la expresién de gelﬁscasel on mice testis after X-réyndrologia, 54(11p14591, 2022.

P~ . . . ) man, G. L. Tissue sulfhydryl groupsrch. Biochem. Biophys.,
apoptoticos e inflamatorios, asi como los niveles de MDA, 82(1)70-7, 1959 yary group Phy

disminuyeron considerablemente en los grupos IR+SIL, IR+Zingyjan, A.; Mohammad-Hasani, A. & Colagar, A. H. Zinc is an essential
e IR+SIL+Zinc en comparacion con el grupo IR, siendo Mas element for male fertility: a review of Zn roles in men's health,
pronunciada en los grupos IR+SIL+Zinc. En general, SIL y zinc germination, sperm quality, and fertilizatiah. Reprod. Infertil.,
atenuaron los trastornos celulares y moleculares inducidos por la19(2)69-81, 2018.

radiacién gamma en los testiculos, y estos efectos protectores fudr@fah, M.; Davoodvandi, A.; Nikmanzar, S.; Aghili, S.; Mirazimi, S. M.

mas pronunciados en el grupo de tratamiento combinado. A.; Aschner, M.; Rashidian, A.; Hamblin, M. R.; Chamanara, M.;
Naghsh, N.et al, Silymarin (milk thistle extract) as a therapeutic agent
in gastrointestinal cancéBiomed. Pharmacother., 14242024, 2021.
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