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Abstract

Valproic acid (VPA) is a well-known and increasingly documented antiepileptic drug that has been widely used in the
treatment of epilepsy and/or epilepsy-related disorders. Prolonged clinical use of VPA has been reported to cause side
effects such as nephrotoxicity. Edaravone (EDA) is a powerful free radical scavenger. The aim of the study was to inves-
tigate the protective effects of EDA against VPA-induced oxidative renal injury. Four experimental groups were formed
by randomly assigning thirty-eight male Sprague Dawley rats. The first group, (Control Group, n=_8), consisted of healthy
rats. The second group, (Group II, n=10), comprised control rats given intraperitoneally EDA (30 mg/kg/day) for seven
days. The third group (Group III, »=10) was administered intraperitoneally only VPA (500 mg/kg/day) for seven days.
The last group (Group IV, n=10) was treated with VPA+EDA for seven days. On the 8th day, kidney tissues were
immediately removed from rats. In kidney homogenates, reduced glutathione levels and Na/K*-ATPase, paraoxonasel and
prolidase activities were remarkably decreased while catalase, superoxide dismutase, glutathione peroxidase, glutathione
reductase, myeloperoxidase, and xanthine oxidase activities and lipid peroxidation, protein carbonyl, advanced oxidized
protein products, and hydroxyproline contents were notably elevated in VPA given group. Consistently, administration
of EDA decreased renal degenerative changes seen in the kidney tissue of VPA given rats. Treatment with EDA in the
VPA group significantly resulted in the recovery of both biochemical and histopathological alterations. As a result, EDA
is potentially beneficial to revert oxidative renal damage induced by VPA.
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Introduction

Valproic acid (2-propylpentanoic acid, VPA) is a branched
short-chain aliphatic fatty acid, and it has anticonvulsant
effects that is ubiquitously used to treat certain types of sei-
zures, migraine, anxiety, bipolar, and posttraumatic stress
disorders as well as other psychiatric conditions in children
and adults (Wu et al. 2020). On the other hand, not only
dose-dependent but also prolonged use of VPA has been
reported to cause adverse effects on several organs such as
liver (Celik et al. 2021; Oztopuz et al. 2020), brain (Turky-
ilmaz et al. 2021), lung (Bayrak et al. 2021; Oztay et al.
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pancreas (Deschenes et al. 2020), intestinal (Drokov et al.
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University-Cerrahpasa, 34320 Aveilar-Istanbul, Tirkiye et al. 2018). In addition, it has a teratogenic effect (Lin et
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renal tubular injury, known as Fanconi syndrome (EI-
Shenawy and Hamza 2016; Heidari et al. 2018; Maneenin
et al. 2019). Furthermore, it has been shown that inflam-
mation and apoptosis markers in the kidney tissues of mice
increase as a result of exposure to VPA (Lee et al. 2023).
Similarly, it has been revealed by Almikhlafi et al. (2023)
that an acute overdose of VPA increases the formation of
pro-inflammatory cytokines, thereby leading to both liver
and kidney damage. Regarding the therapeutic use of VPA
or its sodium salt, especially histological changes in kid-
ney tissue have been investigated and it has been reported
to cause degeneration in renal tubules, edema, and atrophy
of the glomeruli (Al-Amoudi 2017). The data obtained by
Gezginci-Oktayoglu et al. (2016) show that VPA gives rise
to renal damage by promoting inflammation, oxidative
stress (OS), and fibrosis.

Under normal cellular conditions, free radicals (reactive
substances) called both reactive oxygen species (ROS) and
reactive nitrogen species (RNS) have been continuously
generated by cells. At low levels, they are involved in sev-
eral cellular processes (e.g., important signaling pathways,
apoptosis, cell differentiation, growth, and inflammation)
(Ratliff et al. 2016). On the other hand, OS has been associ-
ated with an imbalance of these reactive substances’ forma-
tion and detoxification, which brings about oxidative tissue
injury. Moreover, OS is accepted as an important factor in
the pathophysiology of the acute kidney injury which leads
to a loss of renal function within a week (Gyuraszova et al.
2020). On the other hand, accumulating evidence obviously
indicates that the pathogenesis of VPA-induced (nephro)
toxicity is the result of OS caused by the extravagant forma-
tion of ROS (Bayrak et al. 2021; Celik et al. 2022; Gezginci-
Oktayoglu et al. 2016; Kandemir et al. 2022).

Edaravone (EDA; 3-methyl-1-phenyl-2-pyrazoline-
5-one or PMP and Radicava) is a clinically prescribed drug
that has been used in the treatment of cerebral infarction
and amyotrophic lateral sclerosis, since 2001 in Japan.
After its approval, EDA was also used in South Korea in
2015, in the U.S. in 2017 and in Chinese in 2019 for the
same therapeutic purpose (Cruz 2018; Bailly et al. 2020;
Dash et al. 2018). Kikuchi et al. (2012) have reported that
EDA can inhibit lipid peroxidation via its strong antioxidant
effects and suppress OS induced by ROS. Thus, it can play
a crucial role in multiple organ systems. Cumulative find-
ings from published articles indicate that EDA can be useful
to improve cancer treatment and protects against deleteri-
ous effects of chemotherapy as well as radiotherapy (Bailly
2019). Moreover, EDA has been shown to have vigorous
effects on scavenging free radicals (e.g., hydroxyl and per-
oxynitrite radicals) (Watanabe et al. 2018) and antinecrotic,
antiapoptotic, and anti-inflammatory activities (Atallah et
al. 2023; Hassanein et al. 2023; Kikuchi et al. 2013; Zhao
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et al. 2020; Zeng et al. 2022). More so, at doses of 1 mg/kg,
5 mg/kg, 10 mg/kg, and 100 mg/kg EDA administration has
recently been reported to have ameliorative effects against
renal injury models in rats (Koike et al. 2021; Yang et al.
2023).

With the presence of the information mentioned above,
the main goal of our work was to investigate potential
ameliorative effect of EDA against oxidative renal damage
induced by VPA.

Materials and methods
Chemicals and reagents

The VPA (catalog number 8.14439; > 99.0%) and EDA
(catalog number 8.07080; > 98.5%) were obtained from
Merck (Darmstadt, Germany). Other chemicals were of
analytical or HPLC grade and were used as received without
any further purification.

Animal treatment

In this work, Male Sprague Dawley rats were used as sub-
jects. The rats were 10—12 weeks old and clinically healthy.
The animal study protocol followed in this research was
approved by the Local Ethics Committee of the Istanbul
University (approval number 2010/54). Four experimental
groups were formed by randomly assigning thirty-eight rats.
The first group, named control (Group I, n=38), consisted
of healthy rats. The second group, referred to as Group II
(n=10), comprised control rats given intraperitoneally
EDA (30 mg/kg/day) for seven days (Hacihasanoglu and
Yanardag 2015). The third group (Group III, n=10) was
administered intraperitoneally only VPA (500 mg/kg/day)
for seven days (Tunali 2014). The last group (Group IV,
n=10) was treated with VPA+EDA for seven days (at the
same dose and at the same time). At the end of the adminis-
tration period, all the animals were sacrificed under anesthe-
sia (ketamine hydrochloride and xylazine HCI were used),
and kidney tissues were removed for biochemical and his-
topathological experiments. Kidney tissues taken from rats
were frozen at -80 °C for further experiment after they were
washed with cold saline.

On the day of the experiments, after blood and external
vessels were carefully discarded, kidney tissue samples
were homogenized in 10 volumes (1:10, weight/volume) of
cold physiologic saline with a glass equipment (homoge-
nizer). After centrifugation at 10.000 x g at 4 °C for 10 min,
clear supernatants were obtained and used for biochemical
assays.
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Biochemical analysis

Supernatants were used for the biochemical assays i.e.
reduced glutathione (GSH) and lipid peroxidation (LPO)
levels, catalase (CAT), superoxide dismutase (SOD), glu-
tathione peroxidase (GPx), glutathione reductase (GR),
myeloperoxidase (MPO), sodium/potassium adenosine
triphosphatase (Na"/K*-ATPase), xanthine oxidase (XO),
paraoxonasel (PON1), and prolidase activities and protein
carbonyl (PC), advanced oxidized protein products (AOPP),
hydroxyproline (Hyp) and total protein levels determination.

Determination of reduced glutathione (GSH) levels

Beutler’s method was used to determine the GSH levels
of kidney tissues (Beutler 1975). Protein contents found in
homogenate was precipitated with metaphosphoric acid and
GSH was determined by reading the color of the complex
formed with 5,5’-dithiobis-2-nitrobenzoic acid spectropho-
tometrically at 405 nm. Findings were presented in terms of
nmol GSH/mg protein.

Determination of lipid peroxidation (LPO) levels

Evaluation of LPO levels in kidney tissues of experimental
groups was done according to the methodology of Ledwo-
zyw et al. (1986). The absorbance of the pink color pro-
duced at the conclusion of the reaction between the LPO
product malondialdehyde (MDA) and thiobarbituric acid
was evaluated spectrophotometrically at 532 nm in order to
ascertain the extent of LPO. The results were presented as
nmol MDA/mg protein.

Determination of catalase (CAT) activity

CAT activity was determined by following the reduction of
H,0, to H,O and by monitoring decline in the absorbance
at 240 nm (Aebi 1984). The results obtained were presented
as U/mg protein.

Determination of superoxide dismutase (SOD)
activity

The reaction protocol utilized a phosphate buffer with a pH
of 7.8, o-dianisidine dihydrochloride, and riboflavin. After
the addition of riboflavin under a fluorescent lamp, the
absorbance values of the mixture were recorded at initial
and after 8 min at 460 nm. The results were given as U/g
protein by using the standard graph (Mylroie et al. 1986).

Determination of glutathione peroxidase (GPx)
activity

In the determination of GPx activity, the reduction of H,0,
to H,0 was measured at 366 nm, after the addition of GSH,
NADPH, and glutathione reductase to the reaction mixture
during this measurement (Paglia and Valentine 1967) GPx
activity was expressed as U/g protein.

Determination of glutathione reductase (GR)
activity

The activity of the GR, which is catalyzed by oxidized glu-
tathione to GSH, was performed by methodology of Beu-
tler (1971). GR activity was determined by calculating the
amount of NADH oxidized during the reduction of oxidized
glutathione with GR. GR activity was given as U/g protein.

Determination of myeloperoxidase (MPO) activity

Activities of MPO in kidney homogenates were determined
by the reaction of 4-aminoantipyrine, phenol (2%) and H,0,
with homogenate. The resulting color change was read at
510 nm in the spectrophotometer (Wei and Frenkel 1991).
The results were defined as mU/g protein.

Determination of xanthine oxidase (X0) activity

This enzyme, XO, converts xanthine to uric acid. To evalu-
ate its activity, phosphate buffer (pH 7.4), EDTA, xanthine,
and sample were kept in the same environment and the ini-
tial absorbance reading was taken on the spectrophotometer.
Second absorbance values were recorded spectrophotomet-
rically after 10 min of incubation period at room tempera-
ture and at 286 nm (Corte and Stirpe 1968). XO activity was
expressed as U/g protein.

Determination of sodium/potassium-adenosine
triphosphatase (Na*/K*-ATPase)

The methodology of Ridderstap and Bonting (1969) was used
for the determination of Na*/K*-ATPase activity in renal tis-
sue with the help of the determination of Mg?*-ATPase in
the presence of ouabain and ATP in acidic medium. The out-
comes were expressed as nmol P,/mg protein/h.

Determination of paraoxonasel (PON1) activity
In kidney tissue homogenates, PON1 activities was per-
formed according to method of Furlong et al. (1988). Briefly,

the reaction medium containing assay buffer (Tris-HCI,
pH 8.5, CaCl,, and NaCl), tissue homogenate, and freshly
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prepared paraoxon-ethyl as substrate. At 37°C, the reac-
tion was initiated by the addition of the substrate solution,
and the absorbance was recorded spectrophotometrically at
405 nm. The PONI activity was expressed as U/g protein.

Determination of prolidase activity

This method is based on the color reaction of proline, found
in tissue homogenate, with acidic ninhydrin solution (1:1
ratio of concentrated acetic acid) at pH 1.0 in boiling water
for 1 h, thereafter the absorbance at 515 nm was measured
with a spectrophotometer (Chinard 1952). The outcomes
were expressed as U/mg protein.

Determination of protein carbonyl (PC) levels

The levels of PC were determined with 2,4-dinitrophenyl-
hydrazone, which is formed by the reaction of carbonyl
groups in proteins with 2,4-dinitrophenylhydrazine (DNPH)
(Levine et al. 1990). Tissue homogenate and DNPH solution
were added same tube, and the incubation was performed at
room temperature. After trichloro acetic acid solution (20%)
was added to each tube. The resultant precipitates were
washed. Then, guanidine-HCI was put into each tube and
the incubation was formed at 37°C for 30 min. Finally, the
absorbance values were taken by using a spectrophotometer
at 370 nm. The results were given in nmol PC /mg protein.

Determination of advanced oxidized protein
products (AOPP) levels

The AOPP levels in kidney tissues were determined accord-
ing to the method of Witko-Sarsat et al. (1996). The color
of the product was measured at 340 nm in the presence of
phosphate buffer (pH 7.40), KI, and concentrated acetic
acid. The results were shown as pmol AOPP/mg protein.

Determination of hydroxyproline (Hyp) levels

In kidney tissue homogenates, Hyp levels were measured
via collagen status, a major skin protein (Reddy and Enwe-
meka, 1996). The samples were hydrolyzed in the acidic
medium and then neutralized. The neutralized samples were
mixed with chloramine-T reagent. The chromophore was
then developed with the addition of p-dimethylaminobenz-
aldehyde (Ehrlich’s) reagent, and the absorbance of the red-
dish-purple complex was measured at 550 nm. The results
obtained were expressed as pug Hyp/mg protein.

@ Springer

Determination of total protein contents

The amount of protein in the kidney tissues were quantified
by the methodology of Lowry et al. (1951). This involved
the measurement of the intensity of the blue-violet color,
which is formed as a consequence of the reduction of pro-
teins that have been reacted with copper ions in an alka-
line medium with Folin reagent (phosphomolybdotungstic
acid). This process was conducted spectrophotometrically
at 500 nm.

Histopathological evaluation

Kidney tissues were fixed in Bouin’s solution, dehydrated in
increasing ethanol series, cleared in xylene, and embedded
into paraffin blocks. The kidney tissue sections at 5 pm were
taken by rotary microtome (Leica, Germany) and renal his-
tology was evaluated by observation of the tissue sections
stained with Masson’s trichrome using Olympus (Tokyo,
Japan) BX53 light microscope.

Statistical analysis

The data obtained from each analysis were entered into
GraphPad Prism 6.0 (San Diego, USA) statistics software
for statistical analysis. The Tukey’s multiple comparison
tests and one-way analysis of variance (ANOVA) were
used to identify any significant differences (p < 0.05). In this
research, all results were reported as the mean value along
with the standard deviation (SD).

Results
Biochemical evaluations

Figure 1 illustrates GSH and LPO levels of kidney tissues.
Levels of GSH in the VPA group were notably lower than
that of control rats (p < 0.05). On the other hand, LPO levels
remarkably rose in the VPA treated rats compared to control
group (p<0.001). Both GSH and LPO levels (p<0.0001
and p<0.001, respectively) considerably reverted after
exposure to EDA in the VPA group (Fig. 1).

Figure 2 depicts activities of CAT, SOD, GPx, and GR.
Activities of CAT remarkably elevated in EDA adminis-
tered group in comparison with control group (p <0.01). All
enzyme activities notably heightened in VPA given group in
comparison to control group, respectively (p<0.0001 and
p<0.001). Contrarily, EDA treated with the VPA-adminis-
tered animals caused a notable decrease in the CAT, SOD,
GPx, and GR activities, respectively (» <0.0001, p <0.001,
and p<0.01) (Fig. 2).
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Fig. 3 Effect of edaravone on kidney tissue (a) MPO, (b) XO, (c)
Na"/K*-ATPase, (d) PONI, and (e) prolidase activities of all groups
of rats. All data are presented as mean +SD. EDA: Edaravone; MPO:
Myeloperoxidase; XO: Xanthine oxidase; Na"/K*-ATPase: Sodium/

potassium adenosine triphosphatase; PON1: Paraoxonasel; VPA: Val-
proic acid; VPA+EDA: Valproic acid+ Edaravone. ###5 <0.0001;
#p<0.05 vs. control; “*p<0.001; “p<0.05 vs. VPA

Hyp
P ) C
al o b) AOPP ‘ -
15 sava - 4- o e 91 Ir
= € . 3 -
2 10 = 31 T z 2
a & 1
g o 24 T &
- { i E 4]
;o 54 3 2 1
- E— 14
0 T T o nJ T T
contral  EDA VPA VPA<EDA N > ,.,,,',I.‘l 0A Contrel  EDA VPA  VFPA+EDA

Cantrol
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AOPP: Advanced oxidized protein products; EDA: Edaravone;

MPO, Na*/K*-ATPase, PON1, XO, and prolidase activi-
ties of all experimental groups are depicted in Fig. 3. We
observed a notable elevation of both MPO (p <0.0001) and
XO activities (p <0.05) in the VPA-administered animals in
comparison with the control group. Treatment with EDA to
VPA group resulted in a considerable diminishment in these
enzyme activities, respectively (p<0.001 and p<0.05)
(Fig. 3). On the contrary, there was a considerable decrease in
Na'/K*-ATPase (p <0.05), PON1 (p <0.05), and prolidase
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Hyp: Hydroxyproline; PC: Protein carbonyl; VPA: Valproic acid;
VPA +EDA: Valproic acid+ Edaravone. **p <0.0001; #p <0.01 vs.
control; “*"p<0.0001; “p<0.01 vs. VPA

(»<0.0001) activities in the VPA-administered animals
compared to the control group. These enzyme activities
sharply elevated when EDA was administered to the VPA
group, respectively (p<0.05 and p <0.001) (Fig. 3).

Figure 4 shows the PC, AOPP, and Hyp contents of kid-
ney tissues. As seen in Fig. 4, we detected that PC, AOPP,
and Hyp contents were found to be a remarkable increase
in VPA treated group in comparison with the control group
(»<0.0001 and p < 0.01). On the other hand, administration
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of EDA to VPA given group notably reverted these altera-
tions, respectively (p<0.0001 and p <0.01) (Fig. 4).

Histopathological evaluations

Figure 5 illustrates VPA-induced histopathological damage.
The kidney tissues in the control and EDA-given groups
were normal. VPA caused significant histopathological
damage in the kidney tissues such as necrotic areas and dis-
ruption of epithelium in proximal and distal tubules, desqua-
mated nuclei in tubule lumens. EDA treatment decreased
the degenerative changes seen in the kidney tissues of VPA
given group (Fig. 5).

Discussion

VPA, an antiepileptic drug, has been used in the treatment of
psychiatric conditions such as epilepsy and bipolar disorder
for over 45 years (Richens and Ahmad 1975). Even though
VPA has been revealed to be well tolerated and primarily
detoxified by the liver, to date, many research articles have
been published that clinical use of VPA can cause adverse/
side effects on both human and experimental animal models
on several tissues and organs such as skin (Tunali-Akbay et
al. 2017), and kidney (Maneenin et al. 2019). In kidneys,
the use of sodium salt of VPA (as an antiepileptic drug)
can result in excessive production of ROS accompanied
with OS, giving rise to structural changes in proximal renal
tubules and thereby bringing about in loss of their ability
to reabsorb amino acids, electrolytes, urea, and glucose

Fig. 5 Histopathological changes in kidney tissues. C: Control;
EDA: Control group given Edaravone; VPA: Valproic acid group;
VPA+EDA: Valproic acid+Edaravone given group. G: Glomerulus;
P: Proximal tubules; D: Distal tubules, *: Necrotic areas in proximal

tubules, «: Necrotic areas in distal tubules, black arrowhead: Epithelial
disruption proximal tubules, whitearrowhead: Epithelial disruption in
distal tubules, =>: Desquamated nuclei in tubule lumens (Magnifica-
tion x200)
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(Knights and Finlay 2014; Azirak et al. 2022). On the other
hand, EDA is as robust an antioxidant as natural antioxi-
dants (e.g., GSH) (Kamogawa and Sueishi 2014). Because
of EDA’s powerful antioxidant role, we aimed to investigate
whether EDA has ameliorative effects on VPA-induced oxi-
dative renal damage in rats.

Important biochemical markers such as GSH and LPO
were evaluated as an index of oxidative renal injury. In the
present work, remarkable declining levels of GSH were
seen whereas notable rising levels of LPO were detected
in the VPA given group in comparison to normal rats. In a
study on the influence of caffeic acid against sodium val-
proate (SVP)—induced nephrotoxicity in rats conducted by
Gad (2018), it was found similar alterations in both GSH
and LPO levels. El-Shenawy and Hamza (2016) reported
that administration of both low and high dose SVP caused
nephrotoxicity and they found a remarkable elevation of
LPO levels. In another article about liver toxicity induced
by VPA has been shown that GSH levels were significantly
lower whereas LPO levels were notably higher than that of
the control group (Abdelkader et al. 2020). Another study
done by Jutri¢ et al. (2023) reported similar findings in
mouse kidneys with a 3.33-fold lower dose of valproic acid
salt. According to our results, we detected a considerable
recovery of both GSH and LPO levels as a result of EDA
given to the VPA group. EDA treatment to kidney tissue
showed an ameliorative effect since EDA has a potent free
radical scavenger (Kikuchi et al. 2012).

In addition to non-enzymatic antioxidants in cells, there
are important first-line antioxidant enzymes such as CAT,
SOD, GPx, and GR which protect the cells from the delete-
rious effects of free radicals. If effective measures for the
prevention and management of oxidant formation are not
put in place by antioxidants in the cell, a decrease and/or
increase in the activities of these antioxidant enzymes occurs
(Chaudhary et al. 2015). In the present study, it was seen
that all aforementioned enzyme activities tended to increase
markedly in VPA-induced renal OS. However, there are
inconsistent results regarding the change of these enzyme
activities in the literature. There are published studies incon-
sistent with our results (Bayrak et al. 2021; El-Shenawy and
Hamza 2016; Gezginci-Oktayoglu et al. 2016) and in the
same line with our findings (Chaudhary et al. 2015; Celik et
al. 2022; Tunali 2014). On the other hand, a study by Kan-
demir et al. (2022), was conducted on the effects of SVP in
rat liver and kidney tissues and reported that SVP induced
OS in both tissues by inhibiting SOD, CAT, and GPx activi-
ties. Another research with opposite outcomes by Jutri¢ et
al. (2023) also revealed that the administration of 150 mg of
valproate per kg of body weight a day in the kidneys of mice
gave rise to a drop SOD and CAT activities. The possible
reason for their contradictive findings may be related to the
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difference between duration time and application route of
SVP. In the current study, a considerable drop in the activi-
ties of these enzymes was seen when EDA was implemented
in VPA given rats. This may be associated with the elevated
GSH and declined LPO levels in kidney tissues concomi-
tantly with the EDA administration, which could explain a
notable recovery of the first-line defense enzymes.

MPO, a lysosomal enzyme and OS marker, is present
in granulocytic and monocytic cells and it has also peroxi-
dase activity. MPO catalyzes the conversion of H,O, and
chloride anion to form hypochlorous acid and other ROS
(Ojo et al. 2022). MPO activity in kidney homogenate was
evaluated as a marker of VPA-induced renal damage. XO is
an enzyme that has both dehydrogenase and oxidoreductase
activities, which is responsible for the formation of reac-
tive substances (e.g., superoxide anion and H,0,) (Nishino
et al. 2008). According to the current study, we observed a
noteworthy elevation of both MPO and XO activities in the
VPA group when compared with the control group. Previous
researches on VPA-induced liver and kidney toxicity were
in parallel with our results (Gezginci-Oktayoglu et al. 2016;
Sokmen et al. 2012). Moreover, VPA-induced OS led to a
considerable rise in MPO activities in rat’s small intestine
(Oktay et al. 2015) and Oztopuz et al. (2020) showed that
SVP-induced hepatotoxicity in rats caused an insignificant
increase in MPO activity. In our study, there was a signif-
icant decline in both MPO and XO activities when EDA
given to the VPA group. Similar findings were reported for
liver (Hacihasanoglu Cakmak and Yanardag 2015), gingiva
(Oktay et al. 2016), and pancreas (Oktay et al. 2017). Na™/
K*-ATPase, an integral membrane enzyme, acts as an ion
pump in all eukaryotic cells and that is necessary for the
regulation of both Na* and K ion homeostasis against their
electrochemical gradients (Azalim et al. 2020). It has been
reported that a rise in both ROS and RNS gives rise to a
decrease in Na*/K*-ATPase activity as a result of oxidative
modification of this enzyme such as S-glutathionylation
of Na*/K*-ATPase subunits (Liu et al. 2018; Petrushanko
et al. 2012). In the present study, decreased renal Na'/
K'-ATPase activity was observed in VPA injected rats.
Gezginci-Oktayoglu et al. (2016) also showed that Na®/
K*-ATPase activity in the kidney notably declined in VPA
given group. The possible reason for the decrease in renal
Na'/K*-ATPase activity after 500 mg/kg/day VPA injection
may be linked to an increase in LPO levels and concomi-
tantly disruption of membrane integrity as a consequence of
oxidative damage in the kidney caused by VPA. On imple-
menting EDA, the Na'/K*-ATPase activity in renal tissue
increased significantly. PON1 is an enzyme that is widely
used as a biomarker based on its protective effect against
organophosphate toxicity. Besides, it has been demonstrated
that a decrease in PON1 activity is related to a rise in OS
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because of its antioxidant properties (Ceron et al. 2014;
Permpongpaiboon et al. 2011). In our study, PONI activ-
ity in VPA given group was significantly found to be lower
than control group. It has been reported by Sokmen et al.
(2012) that VPA given rats caused a remarkable decrease
in PONI activity in liver tissues. In another research on
SVP and Levetiracetam treatment in children, serum PONI1
activity also decreased (Tiire and Yazar 2020). Tavafi et al.
(2020) reported that PONT1 activity declined as a result of
OS induced by renal ischemia/reperfusion injury. Accord-
ing to our study, kidney PONI1 activity in VPA given group
was attenuated by EDA administration. Our findings were
in parallel with the findings of Hacihasanoglu Cakmak and
Yanardag (2015). Prolidase, a metallo-dependent hydrolase,
is the only intracellular enzyme that is essential for cleaving
the iminodipeptides containing a proline or a Hyp residue at
the carboxyl terminus (Wilk et al. 2021). Furthermore, sev-
eral research groups reveal that change in prolidase activ-
ity in blood or tissue is used as an index of biomarker for
OS (Kapucu et al. 2021; Piringg¢i et al. 2016). In the current
work, there was a notable diminishment in kidney prolidase
activity in the VPA injected group compared to control rats.
The decrease in prolidase activity in kidney tissue may be
owing to leakage from cells. This could result from the dis-
ruption of cell membrane integrity caused by VPA-medi-
ated OS in renal tissue, hence accompanied by an increase
in LPO levels concomitantly with a decrease in renal Na'/
K*-ATPase activity. On the other hand, it has been indicated
that OS-related nephropathy, as well as renal cell carci-
noma, resulted in the elevation of serum prolidase activity
(Piringgi et al. 2016; Verma et al. 2014). In the present study,
EDA treatment caused a rise in prolidase activities in VPA
given rats by providing restoration of the disrupted renal
cell membrane, thus decreasing OS.

It is exactly known that whenever ROS generated as a
result of an imbalance of redox status in cell, oxidative mod-
ification of protein molecules as well as enzymes may occur
in physiologic and pathophysiologic processes (Levine et
al. 1994). When we measured PC and AOPP levels to deter-
mine the extent of kidney tissue damage caused by VPA, it
was observed a significant increase in both PC and AOPP
levels after VPA exposure. The administration of EDA pre-
vented these alterations. A notable decrease in these mark-
er’s levels may be due to the potent antioxidant action of
EDA (Kamogawa and Sueishi 2014). More so, SVP treat-
ment (5, 10, and 20 mg) to kidney postnuclear homogenate
has been revealed to cause a significant elevation of PC lev-
els in terms of a dose-dependent manner under in vitro con-
ditions (Chaudhary et al. 2015). Hyp is the chief component
of fibrous protein in the extracellular matrix such as collagen
and high levels of Hyp are considered an important indica-
tor of fibrosis in tissues (Sharma et al. 2021). Measurement

of the Hyp contents is used to assign the effect of OS-
induced pathophysiological processes on the tissue (Cissel
et al. 2017). For this reason, we determined Hyp levels as an
index of tissue fibrosis in the kidney (Heidari et al. 2019). In
the current study, there was a significant elevation in renal
Hyp levels in VPA given group in comparison to the control
group. Our results were in agreement with Abdelkader et
al. (2020). When rats were treated with EDA, the renal Hyp
levels remarkably declined. These data suggest that EDA
may have shown a protective effect against kidney fibrosis
by reducing the level of Hyp that has increased due to OS.

The beneficial effects of EDA were demonstrated on the
impaired oxidant/antioxidant status of the heart in VPA-
induced toxicity (Emekli-Alturfan et al. 2015). It is also
known that EDA prevented inflammatory and oxidative
reactions in the skin tissue after the VPA administration
(Tunali-Akbay et al. 2017). In our study, biochemical results
support histopathological results in the kidney tissue of rats
given VPA. EDA which has an antioxidant effect decreased
degenerative changes seen in the kidney tissue of VPA-
given rats in agreement with biochemical results.

Conclusions

Reducing GSH levels, increasing LPO, PC, AOPP, and Hyp
levels as well as altered enzymatic antioxidants levels in
kidney tissues is harmonious with tissue damage and with
histopathological changes (i.e. necrotic areas and disruption
of epithelium in proximal and distal tubules, desquamated
nuclei in tubule lumens) in kidney tissues, which is due to
500 mg/kg VPA administration to healthy rats.

We concluded that EDA, a robust antioxidant molecule,
ameliorates against OS, thereby preventing renal injury
induced by VPA when the following findings were observed:
This is supported by the observation that rats treated with
EDA showed recuperation in degenerative changes in their
proximal and distal tubules, a decline in LPO, PC, and
AOPP rates, and a return of nearly normal levels of marker
enzymes in kidney tissues.

The usefulness of the present work is that 30 mg/kg EDA
treatment to rats under OS conditions induced by VPA, bio-
chemical results supported the findings showing histopatho-
logical changes.

The weaknesses/limitations of the current study are that
the lack of glomerular filtration rate which is a test for deter-
mining to check out how well the kidneys of rats are work-
ing. Secondly, the accuracy of real-time PCR and/or Western
blot results showing selected markers of OS and antioxidant
factors cannot be confirmed due to financial problems.
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