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Zinc and selenium supplement mitigated
valproic acid-induced testis toxicity by
modulating the oxidative redox balance in
male rats
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Abstract: Valproic acid (VPA) is widely used antiepileptic agent which is associated with reproductive toxicity via impairment
in oxidative redox. Zinc (Zn) and selenium (Se) are trace element with antioxidant effect that known to be essential for
spermatogenesis. In the current study, the protective effect of co-administration of Zn and Se on VPA-induced reproductive
toxicity in male rats was evaluated. Forty-eight male rats were divided into 8 groups of six (n=6): Control group (treated with
normal saline); VPA only (250, 500, 1,000 mg/kg) group; VPA (500 mg/kg) plus Zn (2 mg/kg) group; VPA (500 mg/kg) plus
Se (1.5 mg/kg) group; VPA (500 mg/kg) plus a combination of Zn and Se group; and VPA+vitamin E (20 mg/kg) group. The
Animals were sacrificed after 28 days of treatment and sperm analysis was taken. Also, evaluation of oxidative stress markers
including malondialdehyde (MDA), protein carbonyl (PC), glutathione (GSH) and histopathological changes were done on
testis tissue. Morphological changes and a significant decrease in motility and sperm count in rats treated with VPA were
observed. Also, an increase in oxidative stress marker, including MDA and PC and a decrease in GSH level was evident in
VPA group. Zn and Se administration was able to protect against sperm abnormality, ameliorate the histological change in
testis tissue, and suppressed the increase in oxidative stress markers induced by VPA. These results indicated that combination
therapy with Zn and Se showed better an ameliorative effect than each one alone. Therefore, it can be suggested as an effective
supplement for reproductive impairment in VPA-treated patient.
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Introduction life, and nearly about 30% of this problem is related to dys-
function in the male reproductive system [1]. Spermatogen-

Infertility is one of the main health problems in human esis is a sensitive and complex process that various factors
can disturb this process and lead to decline sperm quantity

and quality and reduce male fertility [2]. One of the most

Corresponding author: common reasons of male infertility is long term use of some

Fatemeh Shaki drugs [3].
Department of Toxicology and Pharmacology, Faculty of Pharmacy,
Mazandaran University of Medical Sciences, Sari 4847193698, Iran

E-mail: fshaki.tox@gmail.com tic agent which is used for widespread of neurologic disorder

Valproic acid (VPA) is a commonly prescribed antiepilep-

such as bipolar affective disorders and migraine [4-6].
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Its pharmacologic action is mediated via an increase in
the neurotransmitter level, such as y-amino butyric acid
and glutamate [7]. In spite of the high efficacy of VPA in the
treatment of many neurological diseases, but VPA induced
toxicity such as hepatotoxicity [8] and also male reproductive
toxicity is a main concern for patients [9]. Previous studies
showed the VPA can interfere with the male reproductive
system function and lead to decrease of sperm count, motil-
ity and morphological abnormality [10]. However, limited
studies investigated the mechanism VPA induced the male
reproductive toxicity.

One of the most importantly suggested mechanisms is
oxidative stress [10]. Oxidative stress occurred when there is
an imbalance between the production and removal of reac-
tive oxygen species (ROS) [11, 12]. Previous studies showed
that over production of ROS or significant depletion of an-
tioxidant system (e.g., glutathione [GSH]) lead to oxidative
damage in different tissue after VPA treatment [12, 13].

In addition, both animals [14] and human [15] studies re-
vealed that VPA mediated male infertility is accompanied by
increased oxidative stress in testis.

Zinc (Zn) is known as the second most important trace
metals in the body after iron. It has critical roles in human
body as a structural component of proteins and as a cofactor
in various enzymes especially antioxidant enzymes [16].

On the other hand, severe Zn depletion could increase
oxidative stress biomarkers in rat plasma [17]. Interestingly,
previous studies showed that the plasma level of Zn in VPA-
treated rats was significantly depressed compared to control
groups [17]. Several evidences supported the protective effect
of Zn against oxidative damage to molecules, organelles, and
cells in vitro and in vivo [18].

Selenium (Se) is a cofactor of glutathione peroxidase,
which is a cyto-antioxidant enzyme. Se enhances the avail-
ability of GSH, which is one of the most abundant intrinsic
antioxidants that help in preventing lipid peroxidation and
the resulting cell damage [19].

Therefore, in this study, we investigated the protective ef-
fects of Zn and Se against VPA induce reproductive toxicity
in male rats via assessment of oxidative stress parameter, se-
men analysis and pathology evaluation of testicular tissue.

Material and Methods

Chemical and reagents
Valproic acid sodium salt, sodium selenite (Na,SeO,), and

https://doi.org/10.5115/acb.20.280

Maloos Naderi, et al

zinc sulfate were purchased from Sigma Aldrich (St. Louis,
MO, USA). All other chemicals were of analytical grade and
were purchased from standard commercial suppliers.

Animals and treatments

Male Wistar rats from our own breeding colony were used
in the study (ethical code. IRMAZUMS.REC.94-1764). The
animals were caged individually and kept under standard
laboratory conditions (temperature25°C+1°C, natural light-
dark cycle). The rats had free access to drinking water and
commercial standard laboratory diet. Rats (n=48) weighting
approximately 220-250 g were randomly divided into 8 ex-
perimental groups composed of six animals each, and treated
as follows: Group 1 (control group) received normal saline;
Group 2-4 received different dose of VPA (250, 500 and 1,000
mg/kg); Group 5 received (VPA 500 mg/kg+Zn 2 mg/kg);
Group 6 received (VPA 500 mg/kg+Se 1.5 mg/kg); Group 7
received (VPA 500 mg/kg+combination of Zn+Se); Group 8
received (VPA+vitamin E 20 mg/kg as a positive control) by
gavage for 28 consecutive days.

Measurement of lipid peroxidation

Lipid peroxidation (LPO) was measured in the testes tis-
sue using thiobarbituric acid reacting substance and was
expressed in terms of malondialdehyde (MDA) content.
Sample aliquots were incubated with 10% trichloroacetic
acid and 0.67% thiobarbituric acid. The mixture was heated
in a boiling water bath for 30 minutes, an equal volume of n-
butanol was added, and the final mixture was centrifuged.
The absorbance of the samples was determined at 532 nm.
The results were expressed as uM MDA [12].

Measurement protein carbonyl in testis and
epididymides

Protein carbonyl content was measured by a method
based on the reaction of carbonyls with 2,4-dinitrophenyl-
hydrazine forming dinitro phenyl hydrazone, a yellow com-
pound. The standard curve was prepared by using different
bovine serum albumin concentrations and the slope was
used to express the levels of carbonyl protein as uM protein
[20].

Measurement of glutathione

Content GSH content was determined using 5,5-dithiobis
(2-nitrobenzoic acid) as the indicator and the developed yel-
low color was read at 412 nm on a spectrophotometer [21].
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Sperm count and motility assay

The epididymal sperm suspension was prepared in 1 ml
of phosphate buffered saline (PBS) at pH 7.2 and incubated at
32°C for 10 minutes. An aliquot from the suspension (1 ml)
was diluted in a ratio of 1:40 with PBS. A sample of the dilut-
ed suspension was charged into a hemocytometer. The total
sperm count in eight squares (except the central erythrocyte
area) of one mm’ each was determined and multiplied by
5x104 to get the total count [22]. Then the same eight squares
were also examined for motile sperms and the percentage of
motile sperm were recorded [23].

Sperm morphology assay

A fine epididymal sperm suspension was made and
stained with 0.2 ml of 1% aqueous eosin. About one drop
of stained suspension was placed on a clean slide and was
dried. Slides were examined for abnormalities in five hun-
dred sperms per animal and were classified into normal and
abnormal sperms. Further, the abnormal sperms were desig-
nated under head abnormalities and tail abnormalities. The
head abnormalities were further sub-grouped as amorphous,
hookless and banana shaped, and the tail abnormalities as
coiled/folded and broken [22, 23].

Histopathological assay

The left testis were removed and fixed at 4% buffered for-
maldehyde solution for 24 hours for histological examina-
tion. The samples were embedded in paraplast, cut into 5
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Fig. 1. Effects of Selenium (Se) and Zinc (Zn) on valproic acid (VPA)-
induced lipid peroxidation in testis tissue. Data were expressed as
mean. NS, normal salin (control group); Vit E, vitamin E. *P<0.05
compared to control. ***P<0.001 compared to control. "2<0.05
compared to VPA (500 mg/kg). “"P<0.001 compared to VPA (500
mg/kg).
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mm thick sections and stained with hematoxylin and eosin
(H&E) for light microscopic evaluation. Six aleatory fields
of each section of the testis were qualitatively analyzed [9].
Spermatogenesis was assessed using the Johnsen scoring sys-
tem [24].

Statistical analysis

Results are presented as meantstandard deviation from
six times assay. All statistical analyses were performed using
the SPSS software (version 13; SPSS Inc., Chicago, IL, USA)
and one-way ANOVA test, followed by the post hoc Tukey
test was used. Statistical significance was set at P<0.05.

Results

Effects of zinc and selenium on lipid peroxidation in
rat testis

MDA levels were significantly increased in VPA-treated
rats compared to control group. We observed significant
differences in MDA concentration between VPA+Zn and
VPA+combination of Zn and Se compared to VPA (500 mg)-
treated rats (Fig. 1).

Effects of zinc and selenium on protein carbonyl in rat
testis

The protein concentration was found to be increased as a
consequence of oxidative stress in VPA (500 mg)-treated rats
compared with the control group. Significant difference in
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Fig. 2. Effects of Selenium (Se) and Zinc (Zn) on valproic acid (VPA)-
induced protein carbonyl in testis tissue. Data were expressed as
mean. NS, normal salin (control group); Vit E, vitamin E. **P<0.01
compared to control. ***P<0.001 compared to control. “P<0.05
compared to VPA (500 mg/kg). “*P<0.001 compared to VPA (500
mg/kg).
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protein carbonyl concentration between VPA+Zn, VPA+Se,
and VPA+combination of Zn and Se groups compared to
VPA-treated rats were observed. Also, the Administration of
Se and combinations of Zn+Se showed significant difference
in protein carbonyl concentration from the Zn alone (Fig. 2).

Effects of zinc and selenium on glutathione in rat testis

We yielded a significant decrease in GSH level after
VPA administration. Also, co-administration of Zn and Se
showed significant difference in GSH concentration of Se or
Zn alone (Fig. 3).

Effects of zinc and selenium on sperm motility
Spermatozoa motility decreased in rats treated with VPA
compared to control groups, while co-administration of
Zn+Se, Zn and Se alone showed significant difference in
sperm motility compared to VPA-treated groups (Table 1).

Effects of zinc and selenium on sperm morphology

Light microscopical analysis testicular sections assessed
qualitative morphology sperm cells. Sperm morphology af-
fected in rats treated with VPA compared to control groups,
while co- administration of Zn+Se, Se and Zn alone signifi-
cantly restore the altered (Table 1).

Effects of zinc and selenium on sperm count

Sperm concentration was affected by treatment with VPA,
the combination of Zn+Se, Se and Zn alone increased sperm
count, but showed no significant difference in sperm count
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Fig. 3. Effects of Selenium (Se) and Zinc (Zn) on valproic acid (VPA)-
induced GSH oxidation in testis tissue. Data were expressed as
mean. NS, normal salin; Vit E, vitamin E. *P<0.05 compared to control.
***P<0.001 compared to control. “*P<0.001 compared to VPA (500 mg/kg).
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compared to VPA-treated groups (Table 1).

Histopathological examination

The histological appearance of the testicular tissues of
the control group was normal in appearance (Fig. 4A). VPA
induced histopathological variations in the testis such as
decrease in germinal cell layer thickness (Fig. 4B), vacuoliza-
tion and degenerative changes in germinal cells (Fig. 4C),
impaired spermatogenesis, stop maturation in some parts
(Fig. 4D), increase in leydig cells (Fig. 4E) An improvement
was showed in the groups which received combination of Zn
and Se, thus showing its protective action (Fig. 4F-H).

Spermatogenesis was evaluated using the Johnsen scoring
system (Table 2).

Discussion

VPA is frequently used for the treatment of various epi-
leptic states, but its side effect such as reproductive toxicity
limited its use [25]. It has been well shown that abnormalities
in the sperm analysis were seen in patients treated with VPA
[26].

On the other hand, in animal studies, oral administration
of VPA for 60 days in rats significantly decreased testicular
weight, sperm cell concentration, live sperms, and percent-
age of progressively motile spermatozoa and increased per-
centage of morphologically abnormal spermatozoa [27].

The mechanism by which VPA treatment leads to im-
paired sperm quality has not been completely known. An
increasing of evidence suggested that oxidative stress may be
involved in VPA testis toxicity [28].

Table 1. Effects of VPA on sperm parameters

Sperm Sperm Sperm
Group . - 6
abnormality (%)  motility (%) count (x10°/ml)
NS 13.6+3 94.1+1 39+4
VPA 47+4" 71417 24.3+2.5"
VPA+Se 35439 85.3+1.5% 2643
VPA+Zn 34.2+39 84+1Y 26.6 +4
VPA+(Zn+Se) 30.8+3% 81.1+1Y 26.6+2.5
VPA+VitE 10437 81.7+0.7" 34+2"

Values are presented as mean+SD. VPA, valproic acid; Se, selenium; Zn, zinc;
Vit E, vitamin E. Sperm morphology, motility and count were evaluated in
control (normal saline), VPA, VPA+Se, VPA+Zn, VPA+Zn+Se and VPA+Vit E
groups. “Significantly different from control group (P<0.001). "Significantly
different from VPA-treated group (P<0.05). “Significantly different from
VPA-treated group (P<0.01). “Significantly different from VPA-treated group
(P<0.001).
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Fig. 4. H&E-stained testis histology pictures (with x40 objective lens) showing normal testis. Morphology (control) (A), VPA-treated groups
showed a decrease in germinal cell layer thickness (B), degenerative. changes and vacuolization in germinal cells (C), impaired spermatogenesis,
stop maturation in some parts (D), increase in leydig cells (E). VPA+Zn-treated group (F), and VPA+Se-treated group (G) showed a normal
germinal cell layer thickness and improve maturation. (H) VPA+Zn+Se-treated groups (combination therapy) showed better effect than Zn and
Sealone. VPA, valproic acid; Zn, zinc; Se, selenium.

Table 2. Effects of Zn and Se on testicular weight and histology

Parameter NS VPA VPA+Se VPA+Zn VPA+Sn+Zn VPA+VitE
Testicular weight (g) 1.65+0.09 1.36+0.11° 1.56+0.06° 1.59+0.08" 1.63+0.05” 1.54+0.07"
Johnson score 9.3+0.74 420.57" 5.8+0.68° 7+0.81° 8.3+0.74" 6.3+0.74"

Values are presented as mean+SD. NS, normal salin (control group); PA, valproic acid; Se, selenium; Zn, zinc; Sn, selenium; Vit E, vitamin E. Johnsen score -
scale of 10 to 1: 10, normal spermatogenesis with open lumen; 9, many spermatozoa with obliteration of lumen; 8, only a few sprmtozoa; 7, no spermatozoa but
many spermatids present; 6, no spermatozoa and only a few spermatids; 5, no sperms/spermatids but several sprmatocytes; 4, only a few spermatocytes present;
3, spermatogonia only germ cells present; 2, no germ cells but sertoli cells only present; 1, no cells in tubular section. “Significantly different from control group
(P<0.0001). "Significantly different from VPA-treated group (P<0.05). “Significantly different from VPA-treated group (P<0.01). “Significantly different from
VPA-treated group (P<0.001). “Significantly different from VPA-treated group (P<0.0001).

Some organs such as testis known to be particularly sensi- ~ damage [30-32]. We observed an increase of LPO, protein
tive to oxidative stress and can lead to significant damage in  carbonyl level and significant decrease of GSH content as
this tissue [29]. In fact, both the testis and the sperm cells are  indicators of oxidative damage to cellular macromolecules
rich in polyunsaturated fatty acids, which make them sus-  after VPA treatment in rat testis.
ceptible to ROS attack and consequently result in oxidative Therefore, this study confirmed the role of oxidative dam-
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age in VPA induced reproductive toxicity.

In addition, VPA induced histopathological changes such
as a decrease in germinal cell layer thickness, degenerative
changes in germinal cells, vacuolization in Sertoli cells, im-
paired spermatogenesis, stop maturation in some parts, in-
crease in Leydig cells and impaired spermatogenesis in testis
tissue of rats (Fig. 4).

This study has demonstrated significant effects of Zn and
Se on rat spermatogenesis. As shown by the Johnsen scores,
VPA toxicity is related with impaired spermatogenesis, On
the other hand, Zn and Se supplementation is related with
amelioration of the impairment induced by VPA toxicity,
thus resulting in a higher Johnsen score and obviously, nor-
mal spermatogenesis (Table 1).

Also, morphological changes and decrease in motility and
sperm count in rats treated with VPA were observed. Previ-
ous studies showed that Zn concentration of plasma was
significantly decreased after chronic VPA treatment. So, Zn
deficiency may be considered as a mechanism involved in
oxidative damage due to VPA therapy [33]. Several evidences
demonstrated a protective role of Zn against oxidative dam-
age to molecules, organelles, and cells in vitro [18]. Interest-
ingly, Bedwal et al. [34] reported that prostate has a higher
Zn content than any other organ of the human body.

Indeed, it was shown that Zn deficiency leads to gonadal
dysfunction, decreased weight of testes and caused shrink-
age of seminiferous tubules [34]. A recent study has shown
that Zn-deficient in the diet paves promote the cell damage
in the rat testis. Moreover, Zn-deficiency increases LPO in
various rat tissues, while the Zn supplementation restored
this impairment [35]. On the other hand, the administration
of high dose of Zn prevented tissue damage due to various
toxic agents such as acetaminophen, bromobenzene, carbon
tetrachloride, pesticide, nickel, endotoxin and cadmium [35-
39].

In our study, Zn administration restore the impairment
of sperm motility and morphological changes and improve
pathological changes in testis tissue. Also, oxidative stress
markers in testis tissue of VPA-treated rats significantly
reduced by Zn administration. Therefore, the antioxidant ef-
fect of Zn can be considered as a possible protective mecha-
nism against VPA induced testis toxicity.

Moreover, Se is another trace elements in all biological
systems such as reproduction and its antioxidant effects have
well known [40]. Testis and epididymis contain excessive
concentrations of Se which demonstrating its important role

https://doi.org/10.5115/acb.20.280

Maloos Naderi, et al

during spermatogenesis for improvement of semen quality.
Also, this study showed Se ameliorated VPA-induced oxida-
tive stress in the testis tissue. On the other hand, VPA in-
duced pathological changes in testis tissue as well as abnor-
malities in the sperm analysis restored after administration
of Se.

In this study, we observed Zn and Se administration
considerably inhibited oxidative stress in VPA-treated rats.
Interestingly, determination of sperm count, motility and
morphological changes which are sensitive biomarkers of tes-
ticular damage showed that co-administration of Zn and Se
has a better effect than each one alone against VPA-induced
sperm abnormality. This study demonstrated that VPA treat-
ment caused oxidative damage and spermatogenesis abnor-
malities in rat testis tissue. Also, Zn and Se administration
ameliorated these disturbances caused by VPA, whereas Se
and Zn together exert a better effect against the observed
oxidative stress and reproductive toxicity induced by VPA.
Therefore, use of Zn and Se supplement can be suggested for
attenuation of the side effects of VPA therapy.
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