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Abstract 

Aim: The study aims to evaluate the potential protective role of Radicut (RAD) in Valproic acid (VPA)-

induced oxidative stress in splenic tissues of rats. 

Method: Rats were divided into groups as follows: Group 1: Controls (n=8), Group II: R: RAD-given group 

(30 mg/kg/day, n=8), Group III: V: VPA-given group (0.5 g/kg/day, n=10), Group IV: V+R: VPA+RAD-

given group (30 mg/kg/day, n=11). VPA, RAD, and VPA+RAD were given to the animals for 7 days (i.p). 

Biochemical parameters related to oxidative stress were determined in spleen homogenates.  

Results: VPA elevated oxidative stress by increasing lipid peroxidation and sialic acid levels, increasing 

alkaline phosphatase activity, and decreasing superoxide dismutase, glutathione-S- transferase, and 

glutathione peroxidase activities. Administration of RAD to VPA-given group decreased LPO, SA levels, and 

acid phosphatase levels, and increased tissue factor, SOD, GST, and GPx activities. 

Conclusion: RAD reversed the biochemical results in the V group, by clarifying its protective effect. RAD 

has the potential to prevent oxidative stress during VPA treatment, which could be beneficial. 

Keywords: Radicut, valproic acid, oxidative stress, antioxidants, spleen, rat. 
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Radicut'ın Sıçan Dalağındaki Valproik Asite Bağlı Oksidatif Streste Potansiyel Koruyucu 

Rolü 

Öz 

Amaç: Çalışma, sıçanların dalak dokularında Valproik asitin (VPA) neden olduğu oksidatif streste 

Radikutun (RAD) potansiyel koruyucu rolünü değerlendirmeyi amaçlamaktadır. 

Yöntem: Sıçanlar belirtildiği gibi gruplara ayrılmıştır: Grup 1: Kontrol (n=8), Grup II: R: RAD verilen grup 

(30 mg/kg/gün, n=8), Grup III: V: VPA verilen grup (0,5 g/kg/gün, n=10), Grup IV: V+R: VPA+ RAD verilen 

grup (30 mg/kg/gün, n=11). Hayvanlara 7 gün süreyle (i.p) VPA, RAD ve VPA+RAD verildi. Oksidatif stresle 

ilgili biyokimyasal parametreler dalak homojenatlarında tayin edildi. 

Bulgular: VPA, dalakta lipid peroksidasyon ve siyalik asit seviyelerini yükselterek, alkalen fosfataz 

aktivitesini artırarak ve süperoksit dismutaz, glutatyon s transferaz ve glutatyon peroxidaz aktivitelerini 

azaltarak oksidatif stresi yükseltmiştir. VPA verilen gruba RAD uygulanması, LPO, SA ve asit fosfataz 

düzeylerini azaltırken, doku faktörü, SOD, GST ve GPx aktivitelerini artırdı. 

Sonuç: RAD, koruyucu etkisini göstererek VPA verilen gruptaki biyokimyasal sonuçları normale çevirdi. 

RAD, VPA tedavisi sırasında yararlı olabilecek oksidatif stresi önleme potansiyeline sahiptir. 

Anahtar Sözcükler: Radikut, valproik asit, oksidatif stres, antioksidanlar, dalak, sıçan. 

 

Introduction 

Valproic acid (2-Propyl-Pentanoic Acid, VPA) is a widely preferred antiepileptic drug in 

the world. In addition, it is used in controlling mood disorders, bipolar and 

schizophrenia, several kinds of seizures, and in the treatment of migraine1. The use of 

VPA may cause serious complications, although the mechanism of which has not yet been 

determined. These complications are thought to be caused by oxidative stress. 

Depending on the use of VPA, hepatotoxicity, teratogenicity, pancreatitis, and even coma 

or death may develop. VPA can inhibit various functions of both the innate and the 

adaptive immune cells2. 

Radicut (RAD, 3-methyl-1-phenyl-2-pyrazoline-5-one, Edaravone) was the first 

neuroprotective drug to be introduced worldwide. RAD acts as a radical scavenger and 

performs anti-oxidant ability by inhibiting lipid peroxidation3. RAD can diffuse into 

many disease-affected organs and protect many tissues. As well as being a free radical 

scavenger, RAD has anti-cytokine, anti-apoptotic, and anti-necrotic effects in several 

diseases4.  

The spleen, being the biggest peripheral lymphatic organ, stores approximately one-

fourth of the body's lymphocytes and is critical in launching an immune response5. It 
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combines the innate and adaptive immune systems and is also responsible for making 

substances that have a key role in inflammation and healing6. Thus, dysfunction of the 

spleen as a result of VPA-induced toxicity or damage may also lead to impaired immune 

response. Soria-Castro et al have reported an increased bacterial load of 24 and 48 hpi 

in the spleen of VPA-treated mice2. Espandiari et al. have revealed that VPA toxicity 

tends to affect the spleen significantly and appears to be the most susceptible in the 

young7. 

Based on the suppression of the immune system functions by VPA, the study aims to 

evaluate the potential protective role of RAD in VPA-induced oxidative stress in splenic 

tissues of rats.  

Material and Methods 

Subjects  

All experimental protocols were approved by the Marmara University Animal Care and 

Use Committee (134.2013mar, Date:20.02.2014). Thirty-seven female Sprague Dawley 

rats were included in the study. The animals were fed with a standard pellet provided by 

Varnalı Feed Mill in Silivri, Istanbul. (Turkey) and they access water ad libitum.  

Experimental Design 

Rats were divided into four groups: Group 1: Controls (n=8), Group II: R: RAD-given 

group (30 mg/kg/day, n=8), Group III: V: VPA-given group (0.5 g/kg/day, n=10), Group 

IV: V+P: VPA+RAD-given group (30 mg/kg/day, n=11). VPA (Merck, Germany), RAD 

(Fluka, Switzerland), and VPA+RAD were dissolved in saline and given to the animals 

for 7 days (i.p). On the 8th day, rats were sacrificed under anesthesia, tissues were taken, 

and homogenized, and 10% (w/v) spleen homogenates were prepared.  

Parameters 

Biochemical parameters; total protein8, lipid peroxidation (LPO)9, sialic acid (SA)10, 

glutathione (GSH)11, acid phosphatase (ACP)12, alkaline phosphatase (ALP)12, tissue 

factor (TF)13, superoxide dismutase (SOD)14, glutathione-S-transferase (GST)15, 

glutathione peroxidase (GPx)16, catalase (CAT)17 were determined in spleen 

homogenates.  
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Statistics 

Statistical analysis of the study was performed by using Kruskal Wallis and Dunn’s 

multiple comparison tests of the GraphPad Prism 6.0 (San Diego, USA). Values are given 

as mean±standard error and a p-value less than 0.05 was regarded as significant. 

Results  

Levels of LPO, SA and GSH  

Figure 1 shows the LPO, SA, and GSH levels. Significant increases in spleen LPO and SA 

levels were found in the V group compared to the controls (p<0.05, p<0.001, 

respectively), and a significant decrease in LPO and SA levels were detected in the V+R 

group compared to the V group (p<0.05, p<0.001, respectively). GSH activity was 

increased in the V group compared to the controls and also administration of VPA 

decreased GSH activity in the V+R group compared to the V group, but these results were 

statistically insignificant. 

Figure 1. Levels of LPO, SA, and GSH in spleen tissue. 
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R: Radicut-given group; V: Valproic acid-given group; V+R: Valproic acid and Radicut-

given group. *p<0.05, ***p<0.001 significantly different from Controls; +p<0.05, 

+++p<0.001 significantly different from group V. 

Activities of ACP, ALP, and TF 

Activities of ACP, ALP, and TF are shown in Figure 2. ACP level was significantly 

increased in the V group compared to the controls (p<0.01) and administration of RAD 

decreased ACP level significantly in the V+R group compared to controls, R group, and 

the V group (p<0.01, p<0.01, p<0.001, respectively). A slight increase was found in the 

ALP activity of the V group compared to the controls, but the result was statistically 

insignificant. TF activity increased in the V group compared to the controls, but the result 
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was statistically insignificant. Besides, administration of RAD significantly decreased TF 

activity in the V+R group compared to the V group (p<0.05).   

Figure 2. Activity of ACP, ALP, and TF in spleen tissue.  

Controls R V V+R
0.0

50.0

100.0

150.0

A
c
id

 P
h

o
s
p

a
ta

s
e

 (
U

/g
 p

)

**


**
+++

Controls R V V+R
0

2

4

6

A
lk

a
li
n

e
 P

h
o

s
p

h
a

ta
s

e
 (

U
/g

 p
)

Controls R V V+R
0.0

20.0

40.0

60.0

80.0

100.0

+

T
is

s
u

e
 F

a
c
to

r
A

c
ti

v
it

y
 (

s
e

c
o

n
d

)

 

R: Radicut-given group; V: Valproic acid-given group; V+R: Valproic acid and Radicut-

given group. **p<0.01 significantly different from Controls; aap<0.01 significantly 

different from group R; +p<0.05, +++p<0.001 significantly different from group V. 

Activities of SOD, GST, GPx, and CAT 

Activities of SOD, GST, GPx, and CAT are shown in Figure 3. Significant decreases in 

spleen SOD, GST, and GPx activities were detected in the V group compared to the 

controls (p<0.05, p<0.001, p<0.05, respectively), and RAD administration caused a 

significant increase in SOD, GST, and GPx activities in the V+R group compared to the 

V group (p<0.05, p<0.01, p<0.01, respectively). CAT activity increased slightly in the V 

group compared to the controls, however, the result was statistically insignificant. 
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Figure 3. Activities of SOD, GST, GPx, and CAT in spleen tissue. 

 

R: Radicut-given group; V: Valproic acid-given group; V+R: Valproic acid and Radicut-

given group. *p<0.05, ***p<0.001 significantly different from controls; aap<0.01 

significantly different from group R; +p<0.05, ++p<0.01 significantly different from 

group V. 

Discussion 

The spleen is closely related to the liver due to the blood flow connection between them. 

As a result, disorders affecting the liver impair the spleen. It was known that VPA has 

many side effects on liver function and it may cause serious and life-threatening damage 

to the liver which results in liver toxicity, cirrhosis, and hepatic encephalopathy18. VPA 

also affects other organs by increasing free radicals, triggering oxygen-dependent tissue 

injury, and causing oxidative damage in the body19. Since there are limited studies on the 

effects of VPA on the spleen, the findings of this study will form the basis for new studies. 

Oxidative stress occurs when there are too many free radicals and/or low antioxidant 

defense. LPO is considered a good biomarker of oxidative stress due to its production by 

free radicals20. In previous studies, it was shown that VPA treatment increases the 

production of free radicals and elevates LPO levels21-23. In the present study, VPA 

elevated LPO levels significantly. This increase in LPO levels may be a result of increased 
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ROS production due to VPA administration and may also represent VPA's negative 

effects on antioxidant homeostasis in the spleen, which might result in reduced 

immunological function. The administration of RAD to the V group reversed the 

increased LPO levels which might be attributed to RAD's ability to function as a radical 

scavenger and as a tissue protector against oxidative stress in spleen tissue. RAD 

scavenges the radicals by donating electrons and inhibits lipid peroxidation by 

scavenging peroxyl radicals in addition to hydroxyl radicals. 

Sialic acids (Sas) are monosaccharides with a nine-carbon backbone localized on the 

surface of cell membranes. SAs are cytoprotective and altered SA level is used as a marker 

of various inflammatory diseases24. SA is suggested to be an inflammation marker and it 

was pointed that increased levels of SA in intestinal and cardiac tissues as a result of VPA 

treatment25,26. In our current study, VPA administration caused an elevation in the 

spleen SA level which reflects the self-protection of the organism. The SA-lowering effect 

of RAD might be attributed to its protective effect on membrane stability in the spleen. 

GSH is an endogenous cellular protector in the antioxidant system. It is crucial in the 

detoxification of hydrogen peroxide and other peroxides27. VPA treatment slightly 

increased GSH level, which may be an initial adaptive response of the immune system to 

elevated oxidative stress in VPA-induced toxicity. 

ACP is an enzyme that provides a phosphate group to tissues. It is also a useful parameter 

as its amount increases in diseases. Consistent with previous studies28,29, VPA caused an 

increase in spleen ACP activity which may be a reason for the disruption in membrane 

integrity and deleterious effects of radicals. With the RAD administration, VPA-induced 

spleen ACP increase was reduced. Therefore, treatment with RAD may have been 

effective in reversing the VPA-induced spleen damage due to the curative effect of RAD.  

ALP plays a role in inflammation, thus it can be used as a parameter in diseases. Besides, 

it is an important enzyme in the calcification process of the cell and it was suggested that 

ALP may be a target in the prevention of diseases30. In this study, a slight decrease in 

ALP activity was found in the VPA-given group. It may be the result of VPA's effect on 

spleen tissue ALP activity in the direction of inhibition. However, this result was 

statistically insignificant.  

TF is an important cell membrane component and also a coagulation factor. TF activity 

is measured by the prothrombin time test and shortened clot formation time indicates 

increased activity31. VPA administration decreased clot formation time indicating 

http://en.wikipedia.org/wiki/Monosaccharide
http://en.wikipedia.org/wiki/Carbon
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increased TF activity in the V group, which may be a consequence of altered membrane 

composition in spleen tissue. RAD reversed this situation by maintaining membrane 

stability and thereby decreasing spleen TF activity significantly in the V+R group.  

The antioxidant enzymes SOD, GST, CAT, and GPx are crucial in defending against the 

deleterious effects of radicals to protect the cell. Immune cells are very susceptible to 

changes in antioxidant status because they play critical roles in the immune system by 

releasing large amounts of ROS. Furthermore, immunocytes have plasma membranes 

that are high in polyunsaturated fatty acids, making them susceptible to LPO32. SOD and 

CAT enzymes, in this perspective, are essential for first-line defense responses. VPA 

modulates the enzymatic antioxidant activity negatively or positively33. Thus, the results 

of antioxidant levels associated with VPA treatment have varied in various studies. This 

may also be due to the difference in the dose and duration of treatment used in the 

treatment of VPA. Although Kurekci et al.34 and Cengiz et al.19 found increased activities 

of these enzymes, decreased activities of SOD, GST, and GPx in several tissues caused by 

VPA administration were reported in previous studies35-38. Based on these findings, in 

our study, although GSH and CAT were not affected by VPA or RAD treatments, 

decreased SOD, GST, and GPx activities were found in the V group compared to the 

controls. Besides, RAD treatment increased these antioxidant enzyme activities in the V 

group. This diminishment in SOD, GST, and GPx activities may be related to higher levels 

of ROS, as well as the depletion of antioxidant enzymes that are in defense against ROS. 

RAD was potentially effective in eliminating the detrimental effects of VPA 

administration on tissues. Administration of RAD to the V group reversed the results 

probably by its ameliorative effect on spleen tissue. RAD-given V group reversed these 

defects which may have done with the feature of RAD being a radical scavenger and it 

acts as a tissue protector against oxidative stress in the spleen. In previous studies, RAD 

also showed its tissue protective property on different tissues3,4,28,29,39. 

Conclusion 

We suggest that RAD may be potentially useful for preventing the spleen from oxidative 

stress during VPA treatment which may restore the functions of the spleen in the 

immune response.  
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