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ABSTRACT: Valproic acid (n-dipropyl-acetic acid, VPA) is a medication used as anticonvulsant in the treatment of
bipolar disorder, and for migraine prophylaxis. Long-term use of VPA is known to trigger reproductive impairment,
which is mediated by elevation of testicular oxidative stress. Edaravone is used in the treatment of cerebrovascular
diseases. It can diffuse into many disease-affected organs, thus shows protective effects in numerous tissues including
the heart, lung, and testis. The main goal of the present study was to determine the possible protective role of edaravone
against VPA-induced oxidative testicular injury. Male Sprague Dawley rats were assigned into four groups. Control
rats; rats given only edaravone (30 mg/kg/day); rats given only VPA (500 mg/kg/day); rats given VPA+edaravone for
seven days. Edaravone and VPA were applied intraperitoneally. After eight days, testicular tissues were taken from
rats. There was a statistically significant increase in the levels of reduced glutathione, lipid peroxidation, reactive oxygen
species, total oxidant status, oxidative stress index, and DNA contents as well as catalase, superoxide dismutase,
glutathione-related enzymes, gamma-glutamyl transferase, acid and alkaline phosphatases, lactate dehydrogenase,
myeloperoxidase and sorbitol dehydrogenase activities in VPA group. More so, advanced oxidized protein products,
protein carbonyl, and nitric oxide levels were also significantly increased in VPA group. Activities of glucose-6-
phosphate dehydrogenase and sodium/potassium ATPase and total antioxidant status levels remarkably decreased in
VPA given group. Treatment with edaravone to VPA group significantly reverted these alterations. These findings
demonstrate that administration of edaravone has a beneficial effect against testicular injury in VPA-induced oxidative
stress.
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1. INTRODUCTION

Valproic acid (n-dipropyl-acetic acid, VPA), a low molecular weight carboxylic acid, is a broad-
spectrum medication generally used in both children and adults for treatment of epilepsy, mood stabilization
in bipolar disorder, as anticonvulsant against seizures, and management of various other conditions such as
migraine and neuropathic pain [1]. The antiepileptic properties of VPA have been associated with its ability
to inhibit the degradation of gamma-aminobutyric acid (GABA). Also, it is used as an antineoplastic agent via
its histone deacetylase inhibition [2]. Long-term use of VPA has been reported to have some toxic and/or side
effects on several organs such as the liver [3], kidney [4], and testis [5]. In recent years, studies have shown
that VPA has adverse effects on male reproductive system (sperm motility) in both male epileptic patients [6]
and experimental animal model [7]. These adverse effects have been reported that the use of VPA together
with chronic stress or diabetes give rise to altering the expression of specific proteins in seminal tissue and
fluids for example androgen receptors and tyrosine phosphorylated proteins [8,9]. Furthermore, it is known
to trigger reproductive impairment, which is mediated by elevation of testicular oxidative stress [10].
However, VPA is reported to reduce the secretion of sex hormones and their metabolites such as luteinizing
hormone (LH), follicle-stimulating hormone (FSH), testosterone, dehydroepiandrosterone sulfate (DHEAS)
[11].

The continuous formation and elimination of free radicals including reactive oxygen species (ROS) are
strictly controlled by a system called as redox balance. A disturbance of this redox balance favors ROS, thereby
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causing oxidative stress [12,13]. These precipitate the development of a wide variety of diseases, including
cancer, diabetes, and testicular damage [14]. In the biological system, several intra- and extracellular
molecules, and enzymes commonly referred to as antioxidants act against deleterious effects of ROS [15].

Edaravone (3-methyl-1-phenyl-2-pyrazoline-5-one), a neuroprotective drug, was first developed in
Japan. It has been shown to have novel and potent scavenging effects against ROS such as hydroxyl and
peroxyl radicals [16]. Due to its amphiphilic property, it dissolves easily in both aqueous and lipid phases.
Therefore, by giving an electron, edaravone neutralizes the harmful effects of peroxyl radicals in both
hydrophilic and hydrophobic phases. It has been reported that edaravone may have important effects on
oxidative stress-induced testicular damage [17].

The main objective of the current study was to assess the protective ability of edaravone against VPA-
induced testicular damage.

2. RESULTS

Reduced glutathione (GSH) and lipid peroxidation (LPO) levels are shown in Figure 1. The levels of
GSH in VPA group were obviously elevated than the control group (P < 0.0001). LPO levels notably declined
in edaravone group (P < 0.0001), whereas the levels of LPO notably increased in VPA group (P < 0.001)
compared to control rats. There was a significant recovery of both GSH (P < 0.001) and LPO levels (P < 0.0001)
when edaravone was administered to VPA group (Figure 1).
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Figure 1. Effect of edaravone on testis tissue reduced glutathione and lipid peroxidation levels of control
and experimental groups of rats. a) GSH, b) LPO. Data were presented as mean + S.D. Statistical significance
between the groups was employed by one-way ANOVA using a Tukey’s post hoc multiple comparison test.
Abbreviations: S.D., standard deviation; ANOVA, analysis of variance; EDA, edaravone.

ROS, total oxidant status (TOS), total antioxidant status (TAS), and oxidative stress index (OSI) levels
are depicted in Figure 2. ROS, TOS, and OSI levels were remarkably elevated (P < 0.0001 and P < 0.001), while
TAS levels were notably abated (I < 0.0001) in VPA group when compared to control group. On the contrary,
application of edaravone to VPA group resulted in a remarkable decline in ROS (P < 0.0001), TOS (P < 0.01),
and OSI (P < 0.0001) levels, and remarkably increased TAS levels (P < 0.0001) (Figure 2).

Activities of catalase (CAT), superoxide dismutase (SOD), glutathione peroxidase (GPx), glutathione
reductase (GR), and glutathione-S-transferase (GST) of experimental groups are presented in Table 1. A
remarkable increase in both CAT and SOD activities were detected VPA groups (P< 0.01 and P< 0.0001) when
compared with control group (Table 1). Moreover, a considerable elevation of GPx, GR, and GST activities in
VPA groups compared with control rats (P < 0.0001) was observed (Table 1). However, edaravone-
administered VPA group had remarkably decreased activities of testicular antioxidant enzymes (P < 0.001 and
P <0.0001) (Table 1).

Acid phosphatase (ACP), alkaline phosphatase (ALP), and lactate dehydrogenase (LDH) activities of
experimental groups are shown in Table 2. There was a remarkable rising in the activities of ACP, ALP, and
LDH in VPA given rats as compared to control rats (P < 0.0001). The administration of edaravone to VPA
group brought about a significant decline in the ACP, ALP, and LDH activities, respectively (P < 0.0001 and P
<0.05) (Table 2).
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Table 1. Testis tissue CAT, SOD, GPx, GR, and GST activities control and experimental groups of rats.

G (S?r:g (fJ(/)nll)g oPx (?JZ oSt
. % 3 *
protein)* protein)* (U/g protein) protein)* (U/mg protein)
Control 253+1.22 0.28 +£0.05 299.00 + 25.80 11.94 £1.90 0.43 £0.05
Control + EDA 248 +0.91 0.38 £0.03 274.90 £ 60.40 12.96 £1.59 0.46 £ 0.06
VPA 451+0452  0.71£0.07¢ 49140 £36.79c  16.85+1.95¢ 0.61 + 0.05¢

VPA + EDA 2.06£0.56>  0.26 £0.04d 335.10 +34.704 11.80 £1.194 0.51 £0.03b

*Data were presented as mean + S.D. 2P < 0.01 vs control. °P < 0.001 vs VPA. <P < 0.0001 vs control. 4P < 0.0001 vs VPA.
Statistical significance between the groups was employed by one-way ANOVA using a Tukey’s post hoc
multiple comparison test. Abbreviations: S.D., standard deviation; ANOVA, analysis of variance; EDA,
edaravone.
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Figure 2. Effect of edaravone on testis tissue reduced reactive oxygen species, total oxidant status, total
antioxidant status, and oxidative stress index levels of control and experimental groups of rats. a) ROS, b)
TOS, c) TAS, d) OSI. Data were presented as mean * S.D. Statistical significance between the groups was
employed by one-way ANOVA using a Tukey’s post hoc multiple comparison test. Abbreviations: S.D.,
standard deviation; ANOVA, analysis of variance; EDA, edaravone.

The gamma-glutamyl transferase (GGT), sodium/potassium ATPase (Na*/K*-ATPase),
myeloperoxidase (MPO), glucose-6-phosphate dehydrogenase (G6PD), and sorbitol dehydrogenase (SDH)
activities of experimental groups are depicted in Table 3. As seen in Table 3, an obvious increase in GGT, MPO,
and SDH activities was detected in VPA given rats than that of control rats (P < 0.0001 and P < 0.001). On the
other hand, G6PD and Na*/K*-ATPase activities remarkably declined in VPA groups as compared to control
group (P <0.001 and P< 0.01). The application of edaravone to VPA group brought about a notable decline in
the activities of GGT, MPO, and SDH (P < 0.001 and P < 0.0001), and a notable elevation in the activities of
G6PD (P < 0.0001), and Na*/K*-ATPase (P < 0.05) (Table 3).

Testicular tissue levels of advanced oxidized protein products (AOPP), protein carbonyl contents (PC),
and nitric oxide (NO) levels and deoxyribonucleic acid (DNA) contents of experimental groups are given in
Figure 3. The content of DNA in the edaravone group was remarkably higher than that of control group (P <
0.001). Moreover, the levels of AOPP, PC, NO, and DNA contents in the VPA group were obviously elevated
when compared to control group (P < 0.0001 and P < 0.001). Treatment of the VPA group with edaravone
resulted in a significant decrease in all these parameters in testis tissue (P < 0.0001) (Figure 3).
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Table 2. Testis tissue ACP, ALP, and LDH activities of control and experimental groups of rats.

Celik et al.
Testis protective effect of edaravone

Groups ACP ALP ](‘E/I;
4 * 1 *
(U/g protein) (U/g protein) protein)*
Control 28.66 £ 1.63 27.10+2.36 16.99 +4.05
Control + EDA 26.14 +3.25 33.41+5.08 20.33 £5.71
VPA 35.62 +3.50a 46.04 +7.812 36.88 +4.48a
VPA + EDA 27.66 + 2.64b 37.97 £ 5.68¢ 15.92 +2.37v

*Data were presented as mean + S.D. 2P < 0.0001 vs control. °P < 0.0001 vs VPA. <P < 0.05 vs VPA. Statistical significance
between the groups was employed by one-way ANOVA using a Tukey’s post hoc multiple comparison test.

Abbreviations: S.D., standard deviation; ANOVA, analysis of variance; EDA, edaravone.

Table 3. Testis tissue GGT, G6PD, MPO, Na*/K*-ATPase, and SDH activities of control and experimental

groups of rats.

Groups GGT G6PD MPO Nat*/K*-ATPase SDH
(Us (Us (mU/g (nmol Py/mg Us
protein)* protein)* tissue)* protein/h)* protein)*
Control 35.58 +8.83 10.62 +0.87 4.61+0.55 14.67 £3.46 1521 +£3.01
Control + EDA  43.98 £7.48 8.40 £0.70 3.84+0.92 11.66 +0.68 18.27 £5.84
VPA 60.36 £ 9.59a 6.22 +£1.08¢ 7.88 £0.70a 7.81 £1.41e 26.71 £7.01¢
VPA + EDA 4477 £ 6.66> 1239+0.23d  3.77 +£0.734d 15.57 + 3.08¢ 1513 £4.48p

*Data were presented as mean + SD.2P < 0.0001 vs control. ®P < 0.001 vs VPA. <P < 0.001 vs control. 4P < 0.0001 vs VPA.
<P < 0.01 vs control. P < 0.05 vs VPA. Statistical significance between the groups was employed by one-way
ANOVA using a Tukey’s post hoc multiple comparison test. Abbreviations: S.D., standard deviation;
ANOVA, analysis of variance; EDA, edaravone.

3. DISCUSSION

Although VPA is prescribed in the treatment of epilepsy and bipolar disorders [18], its long-term use
has adverse/side effects on various tissues such as liver [19], kidney [4], and testis [5]. Increasing evidence
obviously shows that administration of VPA triggers oxidative stress as a result of overproduction of ROS
[20]. In the present study, LPO levels in edaravone group there was statistically lower than that of the control
group. The reason for diminishing LPO levels in edaravone group may be due to the antioxidant effect of
edaravone which is based on the quenching of hydroxyl radicals as well as inhibiting LPO [21]. On the
contrary, both GSH and LPO levels were notably elevated in VPA given rats as compared to control group.
The outcomes for GSH analysis are not consistent with findings of Vidya and Subramanian [22] who reported
that GSH levels decreased in testis of sodium-valproate (SVP)-treated rat. In contrast, administration of 500
mg/kg of SVP for seven days has been reported to result in elevation of GSH levels in the testicular tissues of
rats [23]. The reason for the discrepancies in the GSH levels caused by VPA-mediated testicular damage may
be due to the different test protocol conditions such as VPA or SVP treatment dose. On the other hand, our
findings for LPO are in parallel with a recent paper [10]. Administration of edaravone to VPA given rats gave
rise to the reversion of these alterations. Edaravone probably neutralizes ROS via its potent antioxidant role.

Highly reactive and harmful chemical species that occur as a result of insufficient reduction of oxygen
in the organism are called ROS, which may bring about serious damage to the testicular tissue containing large
amounts of polyunsaturated fatty acids [24]. Moreover, TOS is frequently used to determine the overall
oxidant produced during oxidative stress, while TAS is used to evaluate the whole antioxidant status. On the
other hand, the degree of oxidative stress, which can be considered as the main damage mechanism for organ
injury, may also be determined by the evaluation of the levels of OSI [25-27]. In this study, ROS, TOS, and OSI
levels in VPA given group were remarkably elevated, while TAS levels notably decreased compared to control
rats. Current outcomes were in harmony with the findings of Savran et al. [28], who reported that an increase
in TOS levels was concomitant to a decrease in TAS levels, thus increasing OSI levels in VPA-mediated in
testicular toxicity. It was shown that TOS levels remarkably increased whereas TAS levels notably decreased
in children with seizures taking sixty days on VPA monotherapy [29]. Present findings are line with our recent
article [30]. In the present study, administration of edaravone to VPA given rats resulted in decreased ROS,
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TOS, and OSI levels and increased TAS levels. These findings may have noteworthy effects of edaravone
against ROS induced testicular damage. Arslan et al. [31] revealed that treatment with edaravone led to a
significant decline in TOS levels and an obvious elevation in TAS levels in experimental brain
ischemia/reperfusion injury in rats. Present findings were consistent with the aforementioned study.
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Figure 3. Effect of edaravone on testis tissue advanced oxidized protein products, protein carbonyl, nitrite
oxide, and deoxyribonucleic acid levels of control and experimental groups of rats. a) AOPP, b) PC, ¢) NO,
d) DNA. Data were presented as mean * SD. Statistical significance between the groups was employed by
one-way ANOVA using a Tukey’s post hoc multiple comparison test. Abbreviations: S.D., standard
deviation; ANOVA, analysis of variance; EDA, edaravone.

The alteration of redox status in a cell, as well as microenvironment of the cell in favor of ROS-mediated
oxidative stress, may also give rise to impairment of antioxidant balance. In the current study, it was observed
that CAT, SOD, GPx, GR, and GST activities in VPA given group were significantly elevated when compared
with control group. The possible explanation of these enhancements of enzyme activities may be linked to a
chain reaction as follows: VPA treatment results in the generation of superoxide radicals, which in turn is
converted to HxO, by SOD. Because of the toxic nature of the generated HO,, it has to be immediately
disintegrated into water molecules by CAT or GPx. During GPx catalyzed decomposition of H>O», the GSH is
oxidized to GSSG, which is then reduced to GSH by GR. In addition, GSH (as a cofactor) is made use of by
GST for the detoxification of organic hydroperoxides and other electrophiles derived as by-products from LPO
[32]. The study of Ourique et al. [10] on VPA-induced toxicity against epididymides fraction of testes tissue of
rats reveals that CAT, SOD, and GST activities were slightly elevated in VPA-treated group than in the control
rats. It has been reported that CAT and GPx activities significantly increased, and SOD activity is slightly
elevated in another study that examined Adriamycin induced toxicity on testis [33]. In our study, the
application of edaravone to VPA group caused an obvious decrease in all these enzyme activities. These
findings were in parallel with outcomes of Saini et al. [34]. On the contrary, a study on oxidative tissue damage
showed that the activities of antioxidant enzymes decreased, but treatment with edaravone reversed these
effects [35].

ACP is an enzyme widely distributed in lysosomal membranes of Sertoli cells of the testicular tissues.
It provides a phosphate group to tissue, which is necessary during growth and development. It is known that
ACP activities increase in many disease conditions (e.g., prostate cancer, bone-related disease, etc.) [36]. ALP
is another enzyme that is associated with the activities of cell division, metabolism, and energy transfer. The
measure of the alteration of the activities of these enzymes is a marker that indicates the degree of damage to
the testicular tissue [37]. LDH is also closely associated with the maturation of spermatogenic cells and the
energy metabolism of testes and spermatozoa [38]. In the current study, ACP, ALP, and LDH activities
remarkably rose in VPA given rats when compared with control rats. Similar findings have been reported in
two different studies conducted on the effects of flubendiamide and copper alone (or in combination) and
cyclophosphamide on the testis, respectively [32,39]. An elevation of these enzyme activities may be due to
disruption of membrane integrity, resulting from the deleterious effect of high ROS levels. In this study,
edaravone treatment to rats of VPA group caused reverted effects on ACP, ALP, and LDH activities. These
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results may be associated with the ameliorative effect of edaravone that reduces the cellular oxidative stress,
via interaction and regulation of testicular oxidative defense enzymes.

GGT is found on the outer surface of cellular membranes of many tissues, mainly the liver, kidney,
pancreas, and testis [40]. GGT participates in preserving the physiological levels of cytosolic GSH and cellular
defense against oxidative stress. Thus, elevated GGT activity is a biomarker of antioxidant inadequacy and
elevated oxidative stress [41]. The enzymes participating in cysteine formation, which have a strong
antioxidant effect play a pivotal role in GSH metabolism. Thus, GGT also helps support the intracellular
antioxidant system. In the current study, GGT activities significantly elevated in the VPA given rats. GGT
activity may be increased as a response to oxidative stress caused by VPA, facilitating further transport of GSH
precursors into cells [42]. In a recently published study, it was stated that 500 mg/kg of VPA administration
brought about an obvious elevation in GGT activities in the liver of rats [43]. Besides, the elevation of GSH
levels in VPA group may be associated with an increase in GGT activities of the present study. G6PD, the rate-
limiting and key-regulatory enzyme of the pentose phosphate pathway, is a primary source of NADPH that
is required by many crucial cellular systems with the inclusion of the antioxidant pathways, nitric oxide
synthase, NADPH oxidase, cytochrome P450 system [44]. The present study shows that VPA treatment to
control rats caused an obvious decrease in G6PD activity. G6PD activity significantly increased as a result of
the administration of edaravone to VPA group. Ahmad et al. [45] revealed that treatment with edaravone to
cerebral ischemic rats resulted in the elevation of G6PD activity. The increase in its activity may probably be
attributed to overexpression of G6PD, which was associated with a decrease in intracellular ROS accumulation
[46]. MPO, a cationic heme-containing peroxidase, is found mainly in activated neutrophils and to a lesser
degree in lysosomes of monocytes. Increased MPO activity serves as a local marker of tissue injury [47]. In the
present study, MPO activity, a marker of local mediator of tissue damage, significantly increased in VPA
treated group. Our finding is consistent with an earlier published report on VPA toxicity on different tissues
[48]. Elevation of MPO activity in testicular tissue may be associated with activation of neutrophils, triggered
by excessive generation of ROS. The decrease in the activity of MPO in the testis was detected when edaravone
was administered to the VPA group. These outcomes were in parallel with the results of Tunali-Akbay et al.
[35]. Na*/K*-ATPase, also known as Na*/K*-pump, is an amphipathic heterodimeric protein composed of a
and P subunits that is found in several membrane segments. The a subunit is located in the testicles and in the
middle region of the sperm [49]. In this study, we observed a remarkable decrease in Na*/K*-ATPase activity
in VPA treated rats as compared to control group. On the other hand, edaravone treatment resulted in the
restoration of these enzymes activity. Similar results were reported by Hacihasanoglu Cakmak and Yanardag
[3] and Gezginci-Oktayoglu et al. [4], respectively. SDH reversibly catalyzes the oxidation reaction of sorbitol
to fructose with the cofactor NAD. Moreover, this enzyme is found in the cytoplasm and mitochondria of liver
and kidney, as well as seminal vesicles that are also responsible for supplying energy [39]. In the current study,
there was detected an obvious increase in SDH activity in VPA group. In a study examining VPA-toxicity on
rat’s liver, hepatic SDH activity elevated as a result of administration of VPA to rats [50]. SDH activity notably
declined when the rats were treated with edaravone. Similar findings were reported by Hacihasanoglu
Cakmak and Yanardag [3]. A decrease in SDH activity may have caused an improvement in testicular tissue
following edaravone administration.

The determination of AOPP, as well as PC levels, are the most practical biomarker of oxidative protein
damage. Tissues damaged by oxidative stress usually contain increased concentrations of carbonylated
proteins [51]. In this study, both AOPP and PC levels notably elevated in VPA given group. In a study
examining the toxic effects of VPA on testicular tissue and epididymides of Wistar rats, PC levels were shown
to remarkably increase in the experimental group [5]. This outcome was in harmony with our findings.
Edaravone treatment to VPA group reversed these effects through showing excellent antioxidant effect against
VPA-induced oxidative damage, thereby decreasing oxidation and carbonylation of proteins. This effect may
be due to detoxifying free radicals and/or inhibiting protein carbonylation by direct carbonyl-scavenging
effect [16,52]. NO is both water and lipid-soluble molecule that is involved in physiological and
pathophysiological conditions such as tissue injury. VPA treatment caused a notable increase in NO levels as
compared to control rats. A possible cause of an increase in NO levels may be due to oxidative stress, triggering
the elevation of nitrate and nitrite levels which are source of endogenous NO production in the testis [53]. In
a study conducted on the protective effects of L-cysteine treatment against oxidative damage caused by SVP
in the testis of rats, it was found that NO levels notably increased in testicular tissue [7]. In the present study,
edaravone treatment of VPA group gave rise to a notable decline in NO levels. Edaravone has been effective
in supporting antioxidant mechanisms by acting as a direct free radical scavenger. On the other hand, DNA
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content in VPA group was significantly elevated when compared with control rats. The increase in DNA
content may be caused by rather elevated LPO, ROS, and TOS levels, which are an indicator of oxidative stress.
Furthermore, ROS and TOS levels may indicate that testicular oxidative stress may be involved in the elevation
of DNA damage [54].

4. CONCLUSION

Considering the present outcomes, it can be suggested that VPA treatment may give rise to oxidative
stress. This is indicated by the elevation of LPO, AOPP, PC, and NO levels, and consequently the
overproduction of ROS. As obviously seen, testicular damage may be due to an increase in enzymatic
antioxidants such as glutathione-related enzymes as well as testicular oxidative stress biomarkers (that
included ACP, ALP, and LDH). On the other hand, administration of edaravone, a robust antioxidant agent,
attenuates lipid peroxidation and protein oxidation. Moreover, edaravone improves testicular biomarkers
against VPA-induced oxidative stress. These results suggest that edaravone showed a beneficial effect on
testicular injury caused by VPA-induced excessive formation of free radicals.

5. MATERIALS AND METHODS
5.1. Chemicals and apparatus

All chemicals were of the highest purity. Unless otherwise stated, all chemicals were supplied from
Merck Chemical Company (Darmstdat, Germany) and/or Sigma-Aldrich Chemical Company (St. Louis, MO,
USA). The VPA and edaravone were purchased from Merck (Darmstadt, Germany) with catalog numbers
8.14439 and 8.07080, respectively.

5.2. Animals and experimental design

Male Sprague Dawley rats, 2.5-3 months old and clinically healthy, were chosen in this study. The rats
were randomly separated into four groups as follows: Group I (n = 8) which comprised intact control animals.
Group II (n = 10) were intraperitoneally (i.p.) given only edaravone (30 mg/kg/day) for seven days [55].
Group III (n = 10) were given only VPA i.p. (500 mg/kg/day) for seven days [3], and lastly, Group IV (n =10)
which were given VPA+ edaravone i.p. (at the same dose and at the same time). After overnight fasting, all
animals were sacrificed under anesthesia (on the 8th day).

All the experimental procedures were approved by the Istanbul University Local Ethics Committee on
Animal Research (2010/54-the ethic committee number). The rats were maintained under standard
environmental conditions and fed with laboratory pellet chow and given water.

5.3. Biochemical analyses

Testicular tissue samples were dissected out, immediately washed in ice-cold 0.9% NaCl solution, and
then homogenized to make up to 10% homogenate (w/v). These homogenates were centrifuged at 10000 x g
at 4°C for 10 minutes. After centrifugation, only clear supernatants were collected. The clear supernatants were
used for biochemical assays. For this purpose, GSH and LPO levels were determined according to the methods
published previously by Beutler [56] and Ledwozyw et al. [57], respectively. ROS were assessed according to
Zhang et al. [25]. TOS, TAS, and OSI levels were estimated by the methods described by Erel [26,27],
respectively. Oxidative stress index (OSI) was calculated by the formula OSI (arbitrary unit) = [(TOS, pmol/g
protein)/(TAS, pmol/g protein)x100]. CAT, SOD, GPx, GR, and GST activities were done according to the
methods published previously by Aebi [58], Mylroie et al. [59], Paglia and Valentine [60] and modified by
Wendel [61], Beutler [62], and Habig and Jakoby [63], respectively. ACP, ALP, and LDH activities were
assessed according to Walter and Schiitt [64] and Bais and Philcox [65], respectively. GGT, Na*/K*-ATPase,
MPO, G6PD, and SDH activities were evaluated by the methods described by Szasz [66], Ridderstap and
Bonting [67], Wei and Frenkel [68], Beutler [69], and Barretto and Beutler [70], respectively. AOPP, PC, and
NO levels and DNA contents were determined according to the methods of Witko-Sarsat et al. [71], Levine et
al. [51], Miranda et al. [72] and Burton [73], respectively. The protein content in the supernatants was estimated
by the method of Lowry using Bovine Serum Albumin (BSA) as standard [74].

5.4. Statistical analyses

The results of the current study were evaluated by using GraphPad Prism Software, version 6.01 (San
Diego, USA). Data were stated as mean * standard deviation (S.D.) by using one-way analysis of variance
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(One-way ANOVA) followed by Tukey’s multiple comparison post hoc test. P < 0.05 was considered
statistically significant.
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