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ABSTRACT

Background: Spermatogenesis system is one of the most radiosensitive organs in
the body. A usual therapeutic dose of radiation such as the conventional 2 Gy in each
fraction of radiotherapy and lower doses seen in diagnostic radiology or a radiation
disaster affect the process of spermatogenesis potently. Selenium and zinc are two
important elements playing key roles in the development of sperms and also have
radioprotective effects.

Objective: In this study aims to evaluate the radioprotective effect of zinc and
selenium against radiation-induced mice testis injury.

Material and Methods: In this experimental study, 30 mice were divided
equally into 6 groups, including control selenium treated, zinc treated, radiation,
radiation + selenium, radiation + zinc. Treatments started from 2 days before irradia-
tion with 2 Gy cobalt-60 gamma rays. After 37 days, all mice were killed for histo-
pathological evaluations.

Results: Results showed that exposure to radiation caused a potent effect on
spermatogenesis system. Treatment with selenium reversed these radiation effects po-
tently, while zinc had some limited protective effects. Zinc treatment itself caused a
detrimental effect on epididymis and, in combination with radiation, it leads to more
damage to seminiferous tubules.

Conclusion: In contrast to previous studies that proposed zinc to protect sper-
matogenesis against various toxic agents, results of this study showed that although
zinc may protect from some parameters, it potentiates radiation damage on semi-
niferous tubules and has a detrimental effect on the epididymis. By contrast, zinc
and selenium could alleviate radiation-induced toxicity on the most of the evaluated
parameters.
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Introduction

permatogenesis system is one of the most sensitive organs to vari-

ous types of environmental toxic agents such as metals, non-ion-

izing and ionizing radiation [1]. The process of spermatogenesis
procedure takes between 64 to 72 days in humans. This procedure takes
place in the seminiferous tubules within the testis. In these tubules, the
germ cells divide and produce spermatogonia, spermatocytes, sperma-
tids, and finally mature spermatozoa. The high rate of division of these
cells into the seminiferous tubules causes thier high sensitivity to toxic
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agents [2]. Clastogenic agents such as ioniz-
ing radiation can damage genomic contents of
these cells leading to cells death. In addition,
damage to these cells may lead to persistent
changes such as epigenetic modulation of
some gene expressions, which can be trans-
ferred to subsequent generations [3].

It is well known that spermatogenesis sys-
tem is one of the most radiosensitive organs in
the body. A usual therapeutic dose of conven-
tional radiotherapy (2 Gy in each fraction) has
potent detrimental effects on spermatogenesis.
Even lower doses of ionizing radiation seen in
diagnostic radiology can affect spermatogen-
esis. Exposure to radiation with a sub-lethal
dose during a radiation disaster is another
indication for inhibition or potent injury on
sperm counts, seminiferous tubules and sper-
matogenesis cell division [4]. Leyding cells
are another type of cells in the testis support-
ing spermatogenesis procedure via hormone
secretion such as testosterone. Although, these
cells are more resistant to clastogenic effects
of ionizing radiation, the detrimental effects
on them have been proposed as a mechanism
for spermatogenesis arrest [5].

Selenium and zinc are two important ele-
ments playing key roles in the development
and maturation of sperm. Zinc deficiency has a
direct relation with testicular growth suppres-
sion, damage to tubular epithelium and sperm
counts. Therefore, decreased level of zinc af-
fects pituitary gonadotrophins and testosterone
hormones [6]. In addition to the crucial role of
zinc in sperm development, it has shown pro-
tective effects against toxic agents, including
ionizing radiation [7]. Zinc has the ability to
activate superoxide dismutase (SOD) and en-
hance free radical scavenging by antioxidant
defense of cells [8]. Floersheim et al. pro-
posed that zinc has a similar radioprotective
effect on some thiol agents, including cyste-
amine S,2- aminoethylisothiourea [9]. Similar
to zinc, selenium has shown the involvement
in the process of spermatogenesis as well as
radioprotective effects against ionizing radia-

tion. Dietary supplement with selenium has
shown improved sperm motility and semen
quality, leading to an increase in fertility [10].
In addition, selenium as an important element
in the activity of glutathione peroxidase (Gpx)
plays a key role in protection of cells against
oxidative injury [11]. In response to ionizing
radiation, treatment with a low dose of se-
lenium has shown the ability to increase the
expression of different subfamilies of GPx up
to 2 fold, and attenuate genotoxicity in spleen
and intestine [12].

Since both selenium and zinc have radiopro-
tective properties and been involved in sper-
matogenesis, it aims to evaluate their possible
protective effects against radiation-induced
testicular injury in mice.

Material and Methods

Experimental design

This experimental study involved 30 mice
(30+£5 gr) which were divided into 6 groups (5
mice in each group), including control without
any contravention, zinc treatment, selenium
treatment, radiation, radiation + zinc, radia-
tion + selenium in order. All mice were kept
under suitable conditions of temperature and
humidity (22 °C, 55%), light/dark cycle as 12
hours light (SAM-5PM) and 12 hours dark
(5PM-5AM). Before irradiation, mice were
anesthetized using an appropriate dose of ket-
amine and xylazine. All mice were killed 37
days after irradiation. Afterwards, their right
testis was extracted after abdomen opening
and immediately fixed in 10% normal bufter
formalin.

Drug treatment and irradiation
Selenium was purchased from Webber natu-
ral (Canada) and dissolved in distilled water to
obtain the concentration of 0.05 mg per milli-
liter. Zinc (Nature Made, USA) was dissolved
in distilled water with the concentration of 2
mg per milliliter. Selenium and zinc were ad-
ministered as a dose of 0.8 mg/kg (0.5 ml) and
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30 mg/kg (0.5 ml), respectively. These drug
doses were selected based on previous stud-
ies [13, 14]. Treatment with selenium or zinc
started 2 days before irradiation up to the day
of irradiation. The last doses of drugs were
administered 30 minutes before irradiation. Ir-
radiation of group’s 4-6 mice was done using
a cobalt-60 gamma rays source stationed at
Imam Khomeini Hospital, Tehran University
of Medical Sciences. All rats were irradiated
by 2 Gy gamma rays at a dose rate of 50 cGy/
min.

Histopathological evaluation

After fixation, testis tissues were embedded
in paraffin and sections were cut at 0.4-mi-
cron thickness. Afterwards, slides were pro-
vided and stained with hematoxylin and eosin
(H&E). Morphological parameters such as
spermatogenic arrest, atrophy of seminifer-
ous tubules, thickening of basal lamina, leydig
cell hyperplasia, edema, epididymis decreased
sperm density, and epididymis vacuolation and

Johnsen scoring were evaluated by a patholo-
gist. These parameters were scored from 1 to
4, while Johnsen scoring was from 0 to 10.

Statistical analysis

All results were analyzed using SPSS soft-
ware version 24 (IBM, Chicago, USA). Dif-
ferences between groups were evaluated using
ANOVA as well as Tukey’s HSD post hoc test.
P value <0.05 was considered statistically sig-
nificant.

Results

As shown in Table 1, treatment with seleni-
um did not cause any cytotoxic effects on the
testis. Results of this group was completely
similar to the control group; however, treat-
ment with zinc led to significant detrimental
effects on spermatogenesis. Although Zinc
treatment did not cause any significant effects
on spermatogenic arrest, basal lamina and ley-
dig cells, its effect was significant on epididy-
mis. Results showed that irradiation of mice

Table 1: Results of radiation effects and treatment with selenium or zinc on spermatogenesis
parameters. Histological parameters were scored from 0-4 and Johnsen scoring ranged from

0-10.
Control Zinc Selenium Rad Rad+Sel Rad+Zinc
Spermatogenic arrest 0.00+£0 0.00+0 0.00+0 21.00+0 °0.00£0 0.75£0.5
Atrophy of seminiferous ;0.0 100:057 00040  “1.25:05  ©0.0060 2504057
tubules
Th'c"el'““9 of basal 0000 033057 0000  2.00:081 025£05  %0.25£05
amina
Leydig cell hyperplasia 0.00+0 0.33+0.57 0.00+0 a2.25+0.50 ®1.00+0 2.50+0.57
Edema 0.00+0 0.33+0.57 0.00+0 a1 .50+0.57 1.2540.5 1.25+1.25
Epididymis decreased
. 0.00+0 2.33+0.57 0.00+0 24,000 ®1.75+0.5 v2.75+0.5
sperm density
Epididymis vacuolation 0.00+0 31.33+0.57 0.00+0 a2.75+0.50 ®1.00+0 2.66+0.57
Johnsen scoring 9.00+0 26.66+0.57 9.75+0.5  24.00+0.81  °7.00+0.81 ®6.00+0
Number of spermatogonia
171.66+34 149.66+4.64  175+6.37 ag7+4.54  ©181.33+1.24 ©149.33+5.25

per tubules
a: A significant increase compared to control group
b: A significant reduction compared to radiation group

c: A significant increase compared to radiation group
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with 2 Gy gamma rays led to a potent effect
on spermatogenic arrest, atrophy of seminifer-
ous tubules, thickening of basal lamina, leydig
cell hyperplasia, edema, epididymis decreased
sperm density and epididymis vacuolation.
Therefore, irradiation caused a significant
decrease in Johnsen scoring. Treatment with
selenium reversed the damage significantly
except edema; however, treatment with zinc
only caused protection of basal lamina, epi-
didymis and Johnsen scoring. Treatment with
zinc potentiated damage to seminiferous tu-
bules when treated before irradiation. In addi-
tion, treatment with zinc alone without expo-
sure to radiation reduced Johnsen scoring and
caused damage to epididymis in comparison
with control group. Exposure to radiation led
to severe reduction of spermatogonia, while
treatment with selenium or zinc reversed it.
The complete results are presented in Table 1,
Figure 1.

Discussion

As earlier mentioned, testis is one of the
most radiosensitive organs that is potentially
affected by diagnostic and therapeutic doses
of ionizing radiation. Moreover, accidental
exposure to ionizing radiation during a ra-
diological terror or nuclear disaster can lead
to temporary or permanent infertility. Several
natural and chemical agents have been studied
for protection of animal testis against ioniz-
ing radiation by now. Radioprotective effects
of natural antioxidants such as ascorbic acid,
alpha-tocopherol, melatonin, and hesperidin
have been studied [15-18]. In present study,
we aim to evaluate the radioprotective effects
of two natural body antioxidant, including se-
lenium and zinc.

As the results have shown, irradiation of
mice with 2 Gy gamma rays (as a topical dose
in radiotherapy or radiation disasters) caused
the potent damage to the testis. The most obvi-
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Figure 1: Results of radioprotective effect of selenium or zinc on mice spermatogenesis system.
A: Control; B: Zinc treatment; C: Selenium treatment; D: Radiation; E: Radiation plus Zinc; F:
Radiation plus Selenium. Irradiation led to severe reduction of germ cells, while zinc attenuated
decreased numbers of germ cells, and selenium completely reversed radiation toxicity (H&E
staining x40).
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ous damage was observed in the epididymis.
Furthermore, basal lamina and leydig cells
were damaged severely, while Johnsen score
was reduced potently. Other parameters were
mildly affected. Selenium treatment could
protect mice testis from radiation toxicity on
all parameters except edema. For some param-
eters such as spermatogenic arrest and atrophy
of seminiferous tubules, selenium could in-
hibit radiation toxicity completely. These pa-
rameters for radiation plus selenium treatment
were similar to the control group. These results
may indicate that selenium is a potent antioxi-
dant that is able to neutralize most free radi-
cals produced by ionizing radiation; however,
it could not prevent inflammation. In recent
years, some studies have shown that selenium
has ability to potently mitigate radiation tox-
icity in various organs such as hematopoietic
and gastrointestinal system as well as kidney
[19, 20]. Since reduction/oxidation reactions
are involved in radiation-induced oxidative
injury, it seems that selenium via modulation
of GPx enzyme attenuates both early and late
effects of ionizing radiation [21].

In contrast to selenium, zinc has shown that
it is not an appropriate radioprotector for sper-
matogenesis protection against radiation. Zinc
treatment in a common dose (based on previ-
ous studies) led to toxicity in mice testis. This
toxicity was significant for epididymis leading
to decreased sperm density and epididymis
vacuolation. Furthermore, Johnsen scoring
was reduced while seminiferous tubules were
affected. The severity of these parameters af-
ter zinc treatment was intermediate between
the control and radiation groups. Moreover,
when zinc was administered before irradia-
tion, the severity of damage to seminiferous
tubules was potentiated. However, for some
other parameters such as decreased numbers
of spermatogonia and sperm, as well as basal
lamina, zinc could attenuate radiation toxicity
mildly. Similar to selenium, zinc has ability
to stimulate antioxidant enzymes. The main
mediator of antioxidant effect of zinc is Cu/

Zn-SOD. However, studies have shown that it
attenuates radiation injury via increased activ-
ity of other antioxidant enzymes such as re-
duced glutathione (GSH) and glutathione re-
ductase (GR) [22], further studies are needed
for confirmation and better understanding of
our results.

Conclusion

Results of this study has shown that treat-
ment with selenium before irradiation can
protect spermatogenesis system potently. Re-
sults also indicated that the protective effect of
selenium in the administered dose was with-
out any cytotoxicity. Results for zinc is very
different in comparison with selenium. Zinc
treatment was associated with cytotoxicity in
epididymis. In addition, when administered
before irradiation, it potentiates seminiferous
tubule damage. The radioprotective effect of
zinc was lower than selenium, some parame-
ters and not most of them. Results of this study
showed that selenium has ability to reverse de-
creased number of spermatogonia and sperms
completely.
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