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A B S T R A C T  
Valproic acid (2-propyl valeric acid, VPA) is the drug of choice for the treatment of migraine, bipolar disorder, and 

epileptic disorders in both children and adults. Although VPA has beneficial effects, long-term administration is 

reported to damage many tissues and organs. VPA administration increases free-radical production. Edaravone (3-

methyl-1-phenyl-2-pyrazolin-5-one, EDA) is a potent antioxidant that protects against oxidative stress. The aim of our 

study was to investigate the protective effects of EDA against brain damage in VPA-treated rats. Male Sprague Dawley 

rats were used in our study. The rats were randomly divided into four groups: control, EDA, VPA, and VPA+EDA. EDA 

and VPA were administered intraperitoneally at doses of 30 mg/kg and 0.5 g/kg, respectively daily for 7 days. On day 

8, all animals were sacrificed under anesthesia, and brain tissues were removed. VPA caused decreases in the levels 

of reduced glutathione (GSH, P<0.05), glutathione peroxidase (GPx, P<0.001), glutathione reductase (GR, P<0.001), 

and paraoxonase (PON, P<0.0001). On the other hand, VPA increased values of lipid peroxidation (LPO, P<0.05), 

catalase (CAT, P<0.05), superoxide dismutase (SOD, P<0.0001), glutathione-S-transferase (GST, P<0.01), xanthine 

oxidase (XO, P<0.01), adenosine deaminase (ADA, P<0.001), protein carbonyl (PC, P<0.0001), myeloperoxidase (MPO, 

P<0.0001), sialic acid (SA, P<0.0001), and acetylcholinesterase (AChE, P<0.0001) compared with the control group. 

EDA reversed all values. These results suggest that EDA administration potentially reduces VPA-induced brain injury.  
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Introduction  

Epilepsy is a chronic neurological disorder characterized 

by sudden and recurrent seizures. The condition is caused 

by excessive, irregular or synchronized electrical activity 

in the brain (34). The highest incidence of epilepsy occurs 

in childhood, particularly during the first 10 years of life 

(1, 9). Epilepsy can be effectively controlled with 

appropriate use of anticonvulsant drugs (36).  

Valproic acid (VPA) is an anticonvulsant indicated 

as a first-line treatment for seizure disorders and epileptic 

syndromes (61). VPA is also used as a neuroprotective 

agent in brain disorders such as migraine (12) and bipolar 

disorder (15). Hepatotoxicity, pancreatitis, teratogenicity, 

hematologic disorders, weight gain, and cognitive 

impairment have been reported in individuals receiving 

the drug (62). Disruption of the balance between reactive 

oxygen species (ROS) and antioxidant mechanisms leads 

to physiological and biochemical dysfunction (23). 

Antioxidants play an important role in disease 

prevention due to their reactive oxygen species 

scavenging activity (23). Edaravone (EDA) is a new, 

lipophilic, low-molecular-weight molecule with 

antioxidant properties. This substance acts by inhibiting 

non-enzymatic peroxidation and lipoxygenase activity (2, 

54). EDA also exhibits anti-inflammatory, anti-apoptotic, 

and anti-necrotic effects (39). EDA has also been reported 

to be an effective neuroprotective agent for acute ischemic 

stroke (20) and amyotrophic lateral sclerosis (ALS) (66). 

Many studies have shown that EDA scavenges oxygen and 

nitrogen radicals, reduces oxidative stress-induced 

damage, exhibits neuroprotective effects (40), and aids in 

the management of oxidative stress-induced 
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neurodegenerative diseases such as Parkinson's disease 

(69), Alzheimer's disease (32), and multiple sclerosis       

(4). 

The aim of our study was to evaluate the protective 

effects of EDA, whose antioxidant effects have been 

previously demonstrated against VPA-induced brain 

damage. 

 

Materials and Methods 

Experimental Animal Model: Thirty-eight Sprague 

Dawley rats (2.5-3 months old, males) were randomly 

divided into 4 groups. Animals were housed in standard 

cages under optimal temperature (20 ± 2°C) and a 12-h 

light/12-h dark cycle. Control group: Control animals 

administered physiological saline intraperitoneally once 

daily for 7 days (n=8). EDA group: Animals received 30 

mg/kg EDA, dissolved in physiological saline, 

intraperitoneally, once daily for 7 days (n = 10). VPA 

group: Animals were administered 0.5 g/kg VPA, dissolved 

in physiological saline, by intraperitoneal injection once 

daily for 7 days (n = 10). VPA+EDA group: Animals were 

administered 0.5 g/kg VPA and 30 mg/kg EDA, both 

dissolved in physiological saline, via intraperitoneal 

injection once daily for 7 days (n = 10); the two drugs were 

given simultaneously. All animals were euthanized under 

anesthesia 16 hours after administration of VPA and EDA. 

On day 8, brain tissues were collected. Brain homogenates 

(10% w/v) were prepared in physiological saline (0.9% 

NaCl). To determine MPO activity, tissues were 

homogenized in hexadecyltrimethylammonium bromide 

(HETAB) solution. 

 

Biochemical Analysis: Weighed brain tissue samples 

were homogenized in 0.9% saline using a glass 

homogenizer to prepare a 10% (w/v) brain tissue 

homogenate. The homogenate was centrifuged at 10,000 

rpm for 20 minutes at +4 °C. The obtained brain tissue 

homogenates were placed in eppendorf tubes and stored at 

-76 °C until the day of the experiment. The supernatants 

were prepared for biochemical analyses and frozen until 

the experiments were performed. For this purpose, GSH 

and LPO values and CAT, SOD, GPx, GR, GST and XO 

activities were determined according to the methods of 

Beutler (11), Ledwozyw et al. (43), Aebi (3), Mylroie et 

al. (49) Wendel (79), Habig and Jakoby (25) and Corte and 

Stirpe (16), respectively. ADA was determined according 

to Karker's method (35), PON1 according to Furlong et al. 

(21), PC according to Levine et al. (45), MPO activity 

according to Wei and Frenkel (78). SA levels were 

determined according to Warren's method (77) and AChE 

activities were determined according to Ellman et al. (19). 

The protein content was determined according to the 

Lowry method using Bovine Serum Albumin (BSA) as a 

standard (46). 

Statistical Analysis: Biochemical results were analyzed 

using GraphPad Prism 9.0 (GraphPad Software, San 

Diego, California, USA). Values are expressed as mean ± 

standard deviation (SD). For statistical analysis, a t-test 

and analysis of variance (ANOVA), followed by Tukey 

multiple comparison tests were used. P<0.05 was 

considered statistically significant. 

 

Results 

Brain Results: Significant decreases were observed in 

brain glutathione levels in the VPA group compared with 

the control group (P<0.05). GSH values decreased, but not 

significantly, in the EDA group compared with the control 

group and in the VPA group compared with the EDA 

group. 

Significant increases in lipid peroxidation levels 

(P<0.05), catalase activity (P<0.05), and superoxide 

dismutase activity (P<0.0001) were detected in the VPA 

group compared with the control group (Figure 1, Table 

1). In the EDA group, the LPO value decreased non-

significantly, whereas CAT and SOD activities increased 

non-significantly compared with the control group. In the 

VPA group, the LPO value and the activities of CAT and 

SOD increased significantly compared to the EDA group 

(P<0.05, P<0.01). The VPA+EDA group reversed the 

changes in GSH (P˂0.01), LPO (P˂0.05), CAT, and SOD 

(P˂0.01) in brain tissue compared with the VPA group. 

Brain GPx (P<0.001) and GR (P<0.001) activities were 

significantly decreased in the VPA group compared with 

the control group, while activities of GST (P<0.01) and 

XO (P<0.01) were increased. In the VPA+EDA group, 

GPx (P<0.01) and GR (P<0.0001) enzyme activities in 

brain tissue increased, whereas GST (P<0.01) and XO 

(P<0.001) enzyme activities decreased compared to the 

VPA group (Figure 2, Table 2). In the EDA group, GPx 

and GR activity values decreased non-significantly 

compared with the control group, while GST and XO 

activity values increased non-significantly. In the VPA 

group, compared with the EDA group, a significant 

decrease in GPx activity (P<0.01) and a significant 

increase in XO activity (P<0.05) were observed, whereas 

changes in GR (decrease) and GST (increase) were not 

significant. 

The VPA group showed significant increases in brain 

ADA activity (P<0.001), MPO activity (P<0.0001), and 

PC levels (P<0.0001), and a significant decrease in PON 

activity (P<0.0001) compared to the control group. The 

VPA+EDA group reversed the changes in the parameters 

ADA (P<0.001), PON (P<0.05), MPO (P<0.001), and PC 

(P< 0.001) in brain tissue, compared with the VPA group 

(Figure 3, Table 3). PON activity was decreased 

significantly in the EDA group compared with the control 

group (P<0.05). Changes in ADA, MPO activities, and PC 

levels between the EDA and control groups were not 

significant. A significant decrease in PON activity 
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(P<0.001) and significant increases in ADA activity 

(P<0.01), MPO activity (P<0.001), and PC levels 

(P<0.0001) were observed in the VPA group compared 

with the EDA group. Brain SA levels (P<0.0001) and 

AChE activity levels (P<0.0001) were significantly 

increased in the VPA group compared with the control 

group. The VPA+EDA group had significantly decreased 

SA levels (P<0.0001) and AChE activity (P<0.0001) in 

brain tissue compared with the VPA group (Figure 4, 

Table 4). In the VPA group, significant increases in SA 

levels (P<0.001) and AChE activity (P<0.0001) were 

observed compared with the EDA group. 

 

 

 

 

 

 

 

 

 

 

 
Figure 1. Brain GSH, LPO levels, and CAT, SOD activities  

The columns represent mean ± SD. EDA: Edaravone group, VPA: Valproic acid group, VPA+EDA: Valproic acid+Edaravone, GSH: Glutathione, 

LPO: Lipid peroxidation, CAT: Catalase, SOD: Superoxide dismutase, arepresent P<0.05, brepresent P<0.01, drepresent P<0.0001. 

 
 

 

 

 

 

 

 

 

 

 
Figure 2. Brain GPx, GR, GST and XO activities 

The columns represent mean ± SD. EDA: Edaravone group, VPA: Valproic acid group, VPA+EDA: Valproic acid+Edaravone, GPx: Glutathione 

peroxidase, GR: Glutathione reductase, GST: Glutathione-S-transferase, XO: Xanthine oxidase. brepresent P<0.01, crepresent P<0.001, d represent 
P<0.0001. 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 3. Brain ADA, PON, MPO activities and PC levels 

The columns represent mean ± SD. EDA: Edaravone group, VPA: Valproic acid group, VPA+EDA: Valproic acid+Edaravone, ADA: Adenosine 

deaminase, PON: Paraoxonase, MPO: Myeloperoxidase, PC: Protein carbonyl. arepresent P<0.05, crepresent P<0.001, drepresent P<0.0001. 
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Figure 4. Brain sialic acid levels and AChE activities 

The columns represent mean ± SD. EDA: Edaravone group, VPA: Valproic acid group, VPA+EDA: Valproic acid+Edaravone. AChE: Acetylcholine 

esterase. d represent P<0.0001. 

 

 
Table 1. Brain GSH and LPO levels and CAT and SOD activities of all groups*.  

Groups 
GSH 

(nmol GSH/mg protein) 

LPO 

(nmol MDA/mg protein) 

CAT 

(U/g protein) 

SOD 

(U/g protein) 

Control 76.09  13.71 0.76  0.13 6.80  1.19 15.61  2.66 

EDA 66.67  10.11 0.72  0.21 6.88  1.86 18.84  2.80 

VPA 59.38  9.12a 1.13  .16a,d 9.31  1.79 a,d 23.87  2.66e,f 

VPA+EDA 81.73  10.15b 0.79  0.29c 6.49  1.56b 18.56  3.22b 

PANOVA 0.01 0.05 0.01 0.0001 

*Mean ± SD, EDA: Edaravone group, VPA: Valproic acid group, VPA+EDA: Valproic acid+Edaravone, GSH: Glutathione, LPO: Lipid peroxidation, 

CAT: Catalase, SOD: Superoxide dismutase, aP<0.05, eP<0.0001 vs control group; bP<0.01, cP<0.05 vs VPA group; dP<0.05, fP<0.01 vs EDA group. 

 

 

 

Table 2. Brain GPx, GR, GST, and XO activities of all groups*.  

 

 

GPx 

(U/g protein) 

GR 

(U/mg protein) 

GST 

(U/mg protein) 

XO 

(mU/mg protein) 

Control 454.00  49.30 0.018  0.001 0.019  0.004 1.53  0.31 

EDA 445.00  42.03 0.016  0.002 0022  0.003 2.09  0.24 

VPA 331.30  9.54a,c 0.014  0.001a 0.027  0.002e 3.03  1.12d,f 

VPA+EDA 425.00  63.05b 0.019  0.002d 0.020  0.004b 1.34  0.38g 

PANOVA 0.0001 0.0001 0.01 0.0001 

*Mean ± SD, EDA: Edaravone group, VPA: Valproic acid group, VPA+EDA: Valproic acid+Edaravone, GPx; Glutathione peroxidase, GR: Glutathione 

reductase, GST: Glutathione-S-transferase, XO: Xanthine oxidase. aP<0.01, eP<0.01 vs control group; bP<0.01, dP<0.0001, fP<0.001 vs VPA group; 

cP<0.001, gP<0.05 vs EDA group. 

 

 

 

Table 3. Brain ADA, PON, MPO activities and PC levels of all groups*.  

 

Groups 

ADA 

(U/g protein) 

PON 

(U/g protein) 

MPO 

(U/g tissue) 

PC 

(nmol carbonyl/mg protein) 

Control 4.71  1.93 8.86  3.50 0.073  0.014 1.06  0.19 

EDA 6.05  2.66 6.20  0.95f 0.080  0.019 1.03  0.12 

VPA 10.31  3.77a,c 2.20  0.18d,g 0.133  0.032d,g 1.65  0.18d,h 

VPA+EDA 4.72  1.02b 4.63  0.52e 0.082  0.009b 116  0.20b 

PANOVA 0.001 0.0001 0.0001 0.0001 

*Mean ± SD, EDA: Edaravone group, VPA: Valproic acid group, VPA+EDA: Valproic acid+Edaravone. ADA: Adenosine deaminase, PON: 

Paraoxonase, MPO: Myeloperoxidase, PC: Protein carbonyl. aP<0.001, dP<0.0001, fP<0.05 vs control group; bP<0.001, eP<0.05 vs VPA group; cP<0.01, 
gP<0.001, hP<0.0001 vs EDA group. 
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Table 4. Brain sialic acid levels and AChE activities of all groups*.  

Groups 
Sialic acid 

(μmol sialic acid/g protein) 

AChE 

(U/mg protein) 

Control 13.44  2.41 1.86  0.85 

EDA 11.95  3.32 1.54  0.48 

VPA 26.97  2. 36a,c 3.60  1. 01a,c 

VPA+EDA 11.35  2.12b 1.61  0.49b 

PANOVA 0.0001 0.0001 

*Mean ± SD, EDA: Edaravone group, VPA: Valproic acid group, VPA+EDA: Valproic acid+Edaravone, AChE: Acetylcholine esterase. 

 

 

Discussion and Conclusion 

VPA is used to treat many seizures, but it is associated 

with systemic toxic effects. ROS formation is one of the 

causes of VPA toxicity. Jafarian and colleagues (31) noted 

that ROS formation in mitochondria increased following 

VPA administration. EDA's beneficial effects on 

mitochondria and its role in suppressing mitochondrial 

ROS formation have been previously reported (27, 28, 37, 

55). 

GSH is an important cell protective biomolecule 

against cytotoxic damage that is synthetically activated 

through electrophilic compounds and GST conjugation 

(59). In sodium valproate-induced autistic rats, GSH 

levels were decreased in the VPA group compared with 

the control group (47, 53). Another study examining VPA-

induced autistic-like behaviors and brain oxidative stress 

markers reported reduced GSH levels following VPA 

administration (65). Amounts of GSH in the kidneys and 

liver of VPA-poisoned rats were reported to decrease 

compared with those in the control group (29,52). 

Chaudhary and colleagues reported VPA-induced kidney 

damage and increased GSH levels (13). In studies of VPA-

induced brain damage, GSH levels were significantly 

lower in the VPA group than in the control group 

(72,74,75). In this study, we found that VPA decreased 

GSH levels compared with the control group. The 

decrease in GSH levels following VPA administration 

suggests an imbalance between oxidative damage and 

antioxidant defenses. The decrease in GSH levels in the 

VPA group suggests a reduced ability to neutralize ROS 

and protect cell components such as lipids, proteins, and 

nucleic acids from oxidative damage. A study on VPA-

induced autism spectrum disorder reported that 

VPA+EDA caused an increase in GSH levels compared to 

the VPA group (47). EDA has been reported to increase 

GSH levels in rats with contrast agent-induced acute 

kidney injury (5). A study investigating the protective 

effect of EDA on cyclophosphamide-induced oxidative 

stress and neurotoxicity in rats reported that EDA 

increased GSH levels (62). In rats with VPA-induced 

kidney injury, EDA administration increased GSH levels 

compared to the VPA group (8). In our study, VPA 

administration decreased brain GSH levels, whereas 

VPA+EDA administration increased brain GSH levels. 

The increase in GSH levels is attributable to the 

therapeutic effect of EDA, a potent free-radical scavenger 

(41). 

 LPO is an important parameter measured to assess 

pathogenic processes resulting from oxidative stress (71). 

Measured oxidative stress markers, such as LPO, indicate 

significant damage to cell membranes. Studies have 

reported a significant increase in LPO levels in VPA-

induced Fanconi syndrome (29) and in VPA-induced 

hepatotoxicity and kidney damage (8, 26, 52). Chaunhary 

and Parvez reported that VPA has neurotoxic effects, 

causing an increase in LPO levels (14). In VPA-induced 

toxicity, LPO levels in brain tissue were increased in the 

VPA group compared with the control group, and 

administration of chard extract to the VPA group 

decreased these levels (72). In this study, VPA caused an 

increase in LPO levels in brain tissue compared with the 

control group. In our study, a significant decrease in LPO 

levels was observed when EDA was co-administered with 

VPA. The reduction in LPO levels suggests that EDA 

exerts a protective effect on brain lipids, likely by directly 

scavenging free radicals and preventing lipid 

peroxidation. This antioxidant effect may help preserve 

cellular function and prevent damage caused by oxidative 

stress. 

Oxidative-antioxidant balance is maintained by a 

system of endogenous antioxidant enzymes that protect 

cells against the harmful effects of ROS, which increase 

with VPA application in liver tissue. When this balance is 

disrupted, changes occur in the activities of these 

antioxidant enzymes (60). Chaundhary and Parvez 

reported that VPA causes neurotoxic effects and reduces 

antioxidant activities, such as CAT and SOD (14). It has 

been reported that antioxidant enzyme activities, such as 

CAT and GPx, decreased in pancreatic tissue with VPA-

induced damage in the VPA group compared with the 

control group (56). Türkyılmaz et al. reported that CAT, 

SOD, GPx, GR, and GST activities increased following 

VPA administration in liver tissue (76). Bayrak and 

colleagues also reported increased levels of antioxidant 
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enzymes, such as CAT and SOD, in their studies of kidney 

damage caused by VPA (8). In this study, we found that 

VPA increased CAT, SOD, and GST activities compared 

with the control group. Because of decreased GSH levels, 

we can establish a relationship between increased 

activities of enzymes, such as CAT, SOD, and GST, and 

free radical production. However, we observed decreases 

in GPx and GR activities, which may be related to 

increased ROS levels and to depletion of GSH required for 

GR and GST activities. Administration of EDA to the 

VPA group reversed the findings because of EDA's 

antioxidant properties.  

XO is one of the most important enzymatic sources 

of superoxide radicals and catalyzes the conversion of 

hypoxanthine and xanthine to uric acid. It is an important 

producer of ROS. In the presence of the XO enzyme in the 

tissue, free radical production is triggered by a large 

increase in the formation of its substrates, inosine and 

hypoxanthine (33). ADA plays an important role in acute 

immune-inflammatory conditions, and its serum level is 

an important biochemical marker of inflammation (64). 

The enzymes involved in purine metabolism are ADA and 

XO. ADA catalyzes the formation of inosine from 

adenosine. XO catalyzes the formation of uric acid from 

xanthine (22). In VPA-induced liver injury, XO and ADA 

activities increased (26). Türkyılmaz et al. reported that 

XO and ADA increased significantly in the VPA group 

compared to the control group (74, 75). In this study, we 

found that VPA increased the activities of XO and ADA 

compared with the control group. VPA is a potential 

source of free radicals. In parallel with the increase in ROS 

observed in this study, XO and ADA activities may also 

have increased in the VPA group. EDA regulated the 

antioxidant enzyme activities and decreased the XO and 

ADA activities by reducing ROS levels.  

PON1 is another antioxidant enzyme associated with 

high-density lipoproteins. It acts by detoxifying lipid 

peroxides. It is a calcium-dependent esterase. It is also 

found in many organs such as liver, brain, lung, heart, 

kidneys and small intestines (6) Increased oxidative stress 

decreases PON1 synthesis in vivo and in vitro (51). A 

study investigating changes in the antioxidant system in 

adult epilepsy patients using anti-epileptic drugs reported 

that VPA use caused a decrease in PON activity (30). 

Different studies have shown that PON1 activity decreases 

significantly following VPA administration compared 

with the control group (73, 74, 75). PON activity has been 

reported to decrease in various metabolic disorders 

(67,70). In our study, we also found a decrease in PON 

activity in the VPA group. This decrease may be related to 

the elevated levels of free radicals induced by VPA. 

Administration of EDA to the VPA group increased the 

activity of this enzyme. This increase in PON activity may 

have enabled EDA to restore and stabilize antioxidant 

enzymes and GSH levels. 

PC levels are among the most widely used markers 

of protein oxidation (68). There is growing evidence that 

toxic carbonyls cause many human diseases (10). Our 

study demonstrates that VPA significantly increases PC 

levels. The increase in PC production is due to increased 

oxidative stress induced by the substance administered to 

the experimental group. EDA prevented increases in PC 

levels and effectively restored brain cells to their normal 

physiological state. 

MPO is released by neutrophils in response to 

various stimuli, including substances that damage tissue 

(38). In a study investigating valproate-induced liver 

oxidative stress and cellular imbalance, increased MPO 

activity was reported (26). MPO overactivity results from 

high levels of ROS during inflammation, necrosis, and 

other toxic insults (7). Furthermore, MPO causes collapse 

of the central nervous system. It has been reported that 

MPO activity brain tissue increases with VPA 

administration (42). In this study, MPO activity in the 

brain increased with VPA administration. Treatment with 

EDA decreased brain tissue MPO activity, as suggested by 

Lehmann et al. (44), probably because it exerts both 

antioxidant and restorative effects on the blood-brain 

barrier. 

SA levels have been reported to increase in 

inflammatory conditions, possibly due to increased levels 

of acute-phase glycoproteins, hypertriglyceridemia, and 

atherosclerosis (17, 18). Many studies have reported that 

SA is a marker for inflammatory diseases. Natori et al. 

reported that VPA caused sialic acid disruption in neurons 

and brain tissue (50). SA levels increased in valproic acid-

induced toxicity (74). The increase in SA levels in the 

VPA group was consistent with other studies. EDA 

administration has been reported to cause a significant 

decrease in SA levels related to pancreatic function 

compared with VPA animals (57). Our study also found 

increased brain SA levels in VPA-treated rats, whereas 

EDA administration decreased SA levels. EDA treatment 

reversed these levels, likely through preservation of 

membrane stability. Acetylcholinesterase (AChE), which 

hydrolyzes the neurotransmitter acetylcholine (ACh), 

plays an important role in neurodegenerative diseases and 

is found at neuromuscular junctions and cholinergic brain 

synapses (58). A study in adult patients with epilepsy who 

were receiving antiepileptic drugs reported that VPA 

decreased AChE activity (30). A study investigating 

stereotypic repetitive behaviors in sodium valproate-

induced autism reported increased AChE levels (53). In 

this study, we found that VPA increased AChE activity 

compared to the control group. This increase in AChE 

activity may be due to elevated levels of neurotoxic 

compounds. When EDA was administered to rats in the 
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experimental group, the elevated AChE activity was 

reduced due to the antioxidant effect of this EDA. 

As a conclusion VPA is a widely used antiepileptic 

agent. Although it has beneficial effects, it also has serious 

side effects that can be observed in brain tissue. For this 

purpose, EDA was chosen as a protective agent because 

its effects have been demonstrated in previous studies, and 

it is a potent antioxidant. The biochemical results obtained 

from this study support the protective effects of EDA on 

brain tissue exposed to VPA. 
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