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SUMMARY: Valproic acid (VPA), an antiepileptic drug, has been demonstrated to damage histology and to change tyrosine
phosphorylation patterns with increased oxidative stress in perirenal tissues. This study aimed to investigate the effect of VPA on
microstructure, tyrosine phosphorylation, and lipid peroxidation of rat kidney. Adult male rats were divided into control and VPA-treated
groups intraperitoneally injected with normal saline and VPA 500 mg/kgBW for 10 consecutive days, respectively (n = 7 each). The
blood serum was examined for biochemical levels. The kidney tissues were routinely processed for histological observation. Total
proteins from kidney were extracted to assay the malondialdehyde (MDA) levels and phosphorylation expression. The results showed
that VPA significantly decreased blood glucose levels while tend to increase urea nitrogen and creatinine. MDA levels in VPA group
were significantly higher that of control. Renal cortex of VPA-treated animals revealed vasodilatations. Although the ratio of a renal
phosphorylated 72 kDa protein/ beta actin expression seemed to be not different in both groups, VPA significantly decreased the intensity
of beta actin. In conclusion, VPA dilates renal microvasculature with increasing of MDA but suppresses the actin expression.
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INTRODUCTION

Sodium valproate or valproic acid (VPA) is an
antiepileptic drug which is commonly used in the treating
of epileptic seizures and many brain disorders (Löscher,
2002; Gelder et al., 2006). Although VPA posses many
therapeutic properties including anti cancers (Gelder et al.;
Berendsen et al., 2012; Glister et al., 2012), its side effects
have also been reported previously. VPA has been shown to
cause congenital malformations (Jentink et al., 2010;
Witczak et al., 2010), adenocarcinomas of the female
reproductive tract (Watkins et al., 1992), sex hormone
disorders (Sveberg Røste et al., 2002; Bauer et al., 2004;
Isojärvi et al., 2004; Herzog et al., 2004; Isojärvi, 2008;
Taubøll et al., 2008), male reproductive tissue damages
(Hamza & Amin, 2007; Krogenaes et al., 2008; Vijay-Kumar
et al., 2010; Iamsaard et al., 2017a,b; Sukhorum & Iamsaard,

2017). Moreover, VPA has been documented to affect the
kidney at both biochemical and histological levels (El-
Shenawy & Hamza, 2016). Recently, it was reported that
VPA induces the kidney proximal tubular injury and renal
failure contributed by mitochondrial dysfunction and
oxidative stress (Heidari et al., 2018).

Protein tyrosine phosphorylation is a posttranslational
process important for the cell proliferations, divisions, and
differentiations in normal and cancer/ abnormal cells of many
mammal tissues (Hunter, 1987; Hanks et al., 1988; Ullrich
& Schlessinger, 1990; Arun et al., 2016a,b; Sukhorum &
Iamsaard). Such tyrosine phosphorylated proteins are clearly
demonstrated to be localized in highly division tissue such
as seminiferous epithelium (Chaichun et al., 2017). Indeed,
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VPA is shown to alter the protein tyrosine phosphorylation
especially in the reproductive system (Arad-Dann et al.,
1993; Iamsaard et al., 2014; Iamsaard et al., 2015; Sukhorum
et al., 2016; Iamsaard et al., 2017a,b; Sukhorum & Iamsaard;
Maneenin et al., 2018). In this issue, the changes of such
process in VPA treated animal models have never been
elucidated. We, therefore, aimed to not only investigate the
effect of VPA on renal function and microstructure but also
on tyrosine phosphorylation.

MATERIAL AND METHOD

Animals and experimental design: The male Wistar rats
(6-8 weeks) were purchased from the National Laboratory
Animal Center, Salaya, Nakhon Pathom province, Thailand.
Animals were transferred and housed (23±2 °C, 350-400
Lux, 30-60 % of relative humidity and under a 12 h light/
dark cycle) at the Northeast Laboratory Animal Center, Khon
Kaen University, Thailand. Samples were collected from rats
in control and VPA groups (intraperitoneally injected with
VPA500 mg/kgBW for 10 consecutive days) under an ani-
mal ethic approved project of Dr. Chanwit Maneenin
(IACUC-KKU-1/B1).

Histology: Right kidney was immediately collected and
fixed in 10 % formalin. The fixed kidney was embedded in
paraffin, sectioned at 5-7 mm thicknesses, and stained with
hematoxylin and eosin. Kidney sections were observed and
captured by a Nikon light ECLIPSE E200 microscope
equipped with a DXM1200 digital camera.

Serum collection and biochemical assays: Blood was
collected by cardiac puncture. The blood was centrifuged at
5000 r/min at 4 °C for 10 min. The plasma glucose, blood
urea nitrogen, and creatinine were assayed by hexokinase,
enzyme Kinetic Urease/GLDH, enzymatic method,
respectively at the Clinical Chemistry Unit, Srinagarind
Hospital, Faculty of Medicine, KKU, Thailand.

Malondialdehyde (MDA) level assay: The kidney tissues
of both groups were extracted using RIPA buffer (Cell
Signaling Technology, Inc., USA) containing a protease
inhibitor cocktail (Sigma-Aldrich, Inc., USA) and incubated
on ice. After that, it was homogenated using grinder and
ultrasonic homogenizer (Microprocessor controlled 100 Watt
Model). The homogenate was centrifuged. Then, the total
protein concentration of the kidney supernatant was
measured at absorbance of 280 nm using a NanoDrop ND-
1000 Spectrophotometer. Subsequently, the concentration
of kidney MDA was measured by TBARS assay (Luangaram
et al., 2007). The kidney lysate was mixed whit TBARS

reagents and it was boiled in water bath. Then, the pink
cooling mixture was centrifuged to separate supernatant from
debris. The supernatant was measured using Microplate
reader at absorbance 540 nm. The 1,1,3,3-tetraethoxypropane
(TEP) concentration between 2-200 nMol are the standard
curve (R2 = 0.991). The MDA concentration was expressed
as nMol MDA/mg protein.

SDS-PAGE and western blot: Left kidney was
homogenized with RIPA buffer (Cell Signaling Technology
Inc., USA) containing a cocktail of protease inhibitors
(Sigma Inc., USA). The homogenate was centrifuged at
13,000 rpm at 4 °C for 10 min. Then, the total protein
concentrations of the kidney lysate were measured using a
NanoDrop ND-1000 Spectrophotometer (NanoDrop
Technologies Inc., USA) at an absorbance of 280 nm. To
conduct sodium dodecyl sulfate–polyacrylamide gel
electrophoresis (SDS-PAGE) and determine the expression
of tyrosine phosphorelated protein, the total kidney proteins
(100 mg) were loaded and separated on 10 % SDS-PAGE.
After that, separated proteins were stained with Coomassie
Blue or transferred onto nitrocellulose membrane.
Subsequently, the membrane was blocked with non-specific
protein and incubated with anti-phosphotyrosine primary
antibody [1:2000 (v/v); Millipore Co., USA] or b-actin
antibody [1:2000 (v/v) dilution; Santa Cruz Biotechnology
Inc., USA] at 4 °C overnight. Then, the membrane was
incubated with goat anti-mouse conjugated horseradish
peroxidase (HRP) secondary antibody for 1 h at room
temperature. The antigen-antibody complex was detected
by using enhanced chemiluminescence (ECL) substrate
under gel doct 4 (Image Quant 400, GH Healthcare, USA).
The ImageJ program (Version 1.49p) was used to measure
the intensity of target proteins.

Statistical analysis: The data were analysed using SPSS
version 19. The independent t-test was used to determine
the statistical significance of mean differences between
experiment and control groups.

RESULTS

Weight of kidneys: After treatment for 10 consecutive days,
the absolute and relative weights of kidney between control
and VPA groups were significantly not different (Figs. 1A,
B, P>0.05)

VPA affect vasodilation of renal vessels: Figure 2 showed
representative histology of kidney in control and VPA-
treated rats. It was found that renal cortex of VPA-treated
animals revealed some vasodilatations (Figs. 2 B, D) as
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compared to that of control (Figs. 2 A, C). However, no
other cellular histopathology was observed in both groups
(Fig. 2).

VPA affects serum biochemical levels: Significantly,
blood glucose levels were decreased in VPA-treated rats
when compared to the control (Fig. 3A, P<0.05). Although
blood urea nitrogen and creatinine in VPA group were ten-
ded to increase, such parameters were not different between
groups (Figs. 3B, C, P>0.05)

VPA affects MDA levels: MDA is a lipidperoxidative
marker present in damaged-kidney tissue. This study
showed MDA level in kidney lysate of VPA-treated rat was
significantly higher (P<0.05) than the control rats as shown
in Figure 4.

Effects of VPA on renal tyrosine-phosphorylated protein
and beta actin: The profiles of renal proteins performed
by SDS-PAGE were used to confirm equal amounts of to-
tal proteins in triplicate control and VPA groups (Fig. 5A).
The expression patterns of renal phosphorylated proteins
are represented in Figure 5B. The result showed only
phosphorylated 72 kDa protein bands in both groups (Fig.
5B).

Fig. 1. Showing the absolute (A) and relative (B) weights of kidney
in control and VPA-treated rats. Data are expressed as mean±SD
(n=7).

Fig. 2. Histological micrographs showing representative rat kidney stained by H&E of control and VPA groups. Control group (A&C;
magnified from A). VPA-treated group (B&D; magnified from B, note: some vasodilatations observed).
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Fig. 3. Serum biochemical levels
showing glucose (A), blood urea
nitrogen (B), and creatinine (C)
between control and VPA groups.
*Significant differences (P<0.05)
as compared with the control
group. Data are expressed as
mean±SD (n=7).

Fig. 4. Showing malondialdehyde
(MDA) levels of kidney lysate in
control and VPA groups using
thiobarbituric acid reactive
substance (TBARS) assay.
* Significant difference (P<0.05) as
compared with control group.

Fig. 5. Showing the equal Coomassie blue-stained protein profiles (A) and immuno-Western bolt images of tyrosine
phosphorylated protein and beta actin expressions (B) in kidney of triplicate control and VPA groups. Bovine serum
albumin (BSA) and epidermal growth factor (EGF)-like growth factors were used as negative and positive controls,
respectively. The intensities of the 72-kDa renal phosphorylated protein (C) and beta-actin (D) between control and
VPA groups. Data were represented as mean ± S.D. *P<0.05, compared with the control group.
In addition, the expressions of the phosphorylated protein seemed to be equal in both groups (Fig. 5B) as confirmed by
its intensity (Fig. 5C). Interestingly, the expressions of beta-actin in kidney VPA groups were expressed lower than that
of controls as shown in Figure 5D. This was significantly confirmed (P<0.05) by its intensity (Fig. 5D).
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DISCUSSION

Recently, the nephrotoxicity of VPA has been
documented. VPA can damage kidney at biochemical and
histological levels in adult rats (El-Shenawy & Hamza).
In an explanation of Fanconi syndrome, VPA was found
to involve in mitochondrial dysfunction and oxidative
stress in rat kidney (Heidari et al.). Additionally, it was
reported that renal toxicity effect of VPA associated with
thrombotic microangiopathy (Hebert et al., 2017).
Although our study showed no difference of kidney weight
between control and VPA groups, it was found that such
relative weight in VPA group tended to be increased the
kidney (Fig. 1 B). It is possible that VPA dilated the renal
vessels resulted in increasing the blood volume in tissue
(Fig. 2); however it was not enough to reach statistical
significance. The levels of blood urea nitrogen and
creatinine in VPA group tended to increase indicating that
the VPA kidney begins to dysfunction after 10 days of
experiment. However, VPA significantly decreased blood
glucose levels indicating hyper glucose reabsorption in
body system. To clarify this issue, the levels of glucose
transporters present in renal tissues should be further
investigated in both groups. Some oxidative stress markers
have been reported to be altered in VPA-treated animals
(Heidari et al.). Previously VPA was demonstrated to
increase the MDA levels in testicular tissue with changes
of protein tyrosine phosphorylation (Hamza & Amin;
Sukhorum & Iamsaard). The tyrosine phosphorylated
proteins have been postulated to play many roles in
biological functions. Herein, a renal 72 kDa phosphorylated
protein expression was detected this study for the firs time
and tending found to be decreased in VPA-treated rats (Fig.
5). It is very interesting to further identify and characterize
this renal phosphorylated protein to elucidate its actual
function. Interestingly, the expression of beta actin used
as an internal control for protein loading in immune western
blot was significantly decreased in VPA rats. However,
the equal loading of renal protein lysate also was confirmed
by SDS-PAGE in triplicates. Since VPA has inhibitory
effect of histone deacetylase (Kanai et al., 2004), it is
possible that VPA could partially suppress the beta action
transcription and translation respectively. It also may be
associated with increasing of MDA levels (Fig. 4) leading
to disturbance of actin protein synthesis. This event is
assumed that VPA begins to injure renal structure and
function at day 10 of experiment.

In conclusion, our results have demonstrated the re-
nal toxicity of VPA on vasodilatation, serum biochemical
changes, and increased MDA level with low beta actin
expression, respectively. 
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RESUMEN: Se ha demostrado que el ácido valproico
(AVP), un fármaco antiepiléptico, daña la histología y cambia los
patrones de fosforilación de la tirosina con el aumento del estrés
oxidativo en los tejidos perirrenales. Este estudio tuvo como obje-
tivo investigar el efecto del AVP en la microestructura, la
fosforilación de la tirosina y la peroxidación lipídica del riñón de
rata. Se dividieron ratas macho adultas en grupos control y trata-
dos con AVP. Durante 10 días consecutivos fueron inyectadas por
vía intraperitoneal con solución salina normal y 500 mg / kg de PC
respectivamente (n = 7 cada uno). Se analizó el suero sanguíneo
para determinar los niveles bioquímicos. Los tejidos renales se
procesaron de forma rutinaria para la observación histológica. Las
proteínas totales del riñón se extrajeron para analizar los niveles
de malondialdehído (MDA) y la expresión de la fosforilación. Los
resultados mostraron que el AVP disminuyó significativamente los
niveles de glucosa en la sangre, mientras que tienden a aumentar
el nitrógeno ureico y la creatinina. Los niveles de MDA en el gru-
po de AVP fueron significativamente más altos que los del control.
La corteza renal de los animales tratados con AVP reveló
vasodilataciones. Aunque la proporción de una expresión de pro-
teína / actina de 72 kDa fosforilada renal no parece ser diferente en
ambos grupos, el AVP disminuyó significativamente la intensidad
de la actina beta. En conclusión, el AVP dilata la microvasculatura
renal al aumentar el MDA, pero suprime la expresión de actina.

PALABRAS CLAVE: Ácido valproico; Vasodilatación;
Fosforilación de tirosina; Riñón; Ratas.
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