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Abstract 

 

Valproic acid (VPA) is among the most commonly used antiepileptic drugs in childhood and 

adult epilepsy. Although VPA is well tolerated, it can cause life-threatening side effects. VPA 

has toxic and genotoxic effects. Antioxidants can reverse drugs' toxic and genotoxic effects. 

Therefore, our study aimed to evaluate the antigenotoxic protective effect of quercetin (QUE) 

against VPA genotoxicity by in vitro comet assay analysis method. Comet assay analysis was 

performed in five different groups. Group I; negative control (Sterile H2O), Group II; positive 

control (H2O2), Group III; VPA was applied in four different dose ranges, Group IV; QUE was 

applied in four different dose ranges, Group V; For the simultaneous combined administration 

of VPA and QUE, three different doses of VPA + four different doses of QUE were 

administered. Low-dose administration of QUE was more effective in ameliorating the damage 

caused by low-dose VPA (62.5 μg/ml) administration. It is seen that the genotoxic damage 

caused by the application of 125 μg/ml VPA can be eliminated by QUE at all doses. It was 

determined that different doses of QUE exhibited a significant antigenotoxic effect against 

damage caused by 125 µg/mL VPA (P<0.05). In our study, the curative effect of QUE on DNA 

damage was determined by in vitro comet analysis. Our analysis results showed that QUE 

ameliorates VPA-induced genetic damage. 

 

Keywords: Valproic acid, comet assay, in vitro, quercetin 

 

1. INTRODUCTION 

 

Epileptic seizures have been known since the 

early ages of humanity. Epilepsy is defined in 

the 2005 International League Against 

Epilepsy (ILAE) classification as “two or 
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more unprovoked epileptic seizures more 

than 24 hours apart” [1]. Epilepsy treatment 

includes drug therapy, surgical applications, 

or a ketogenic diet. The purpose of drug 

therapy is to control neuronal increased 

stimulation. It is vital that the treatment to be 
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chosen is with the drug that causes the most 

minor damage to the body and best prevents 

the development of seizures. It is preferred 

that an ideal antiepileptic drug can affect 

many types of seizures, its absorption and 

distribution are rapid, drug interaction is low, 

tolerance development is low, and its half-life 

is long. Antiepileptic drugs are classified as 

sodium channel inhibitors, calcium channel 

inhibitors, gamma-aminobutyric acid 

(GABA) potentiators, carbonic anhydrase 

inhibitors, and agents acting through other 

mechanisms according to their mechanism of 

action at the cellular level.  

 

Valproic acid (VPA) is among the most 

commonly used antiepileptic drugs in 

childhood and adult epilepsy [2]. When its 

mechanism of action is evaluated, it is among 

the mechanisms explained that it increases 

GABA synthesis, strengthens GABA 

conductivity, slows down the GABA cycle, 

and inhibits GABA destruction [3]. In 

addition, VPA decreases the amount of 

aspartate, an excitatory amino acid, while 

increasing the amount of glycine, an 

inhibitory neurotransmitter. VPA is highly 

bound to plasma protein. The therapeutic dose 

of total VPA (free and plasma protein bound) 

in the blood is 50-120 µg/mL [4-6].  

 

Although VPA is well tolerated, it can cause 

life-threatening side effects [7]. The effects of 

antiepileptic drugs on the antioxidant system 

are known. Previous studies have shown that 

long-term use of antiepileptics increases the 

formation of free radicals and causes 

oxidative damage in neurons. Increasing free 

radicals cause disruption of vital structures 

such as DNA, protein, and lipids and cause 

cell damage. DNA is one of the main targets 

of free radicals, and mutant components are 

formed on DNA by oxidation of nucleotides 

[8]. In particular, the use of VPA causes a 

decrease in carnitine levels. It can also trigger 

oxygen-dependent tissue damage and 

increase free radicals in the body [9]. Free 

radical attacks also cause the activation of the 

polysynthetase enzyme (ADP-ribose), 

leading to programmed cell death and DNA 

fragmentation [10].  

 

Antioxidants can reverse drugs' toxic and 

genotoxic effects by restoring the antioxidant 

balance. Antioxidants protect cells directly 

and indirectly against the undesirable effects 

of xenobiotics and free radicals [2]. In recent 

years, there has been a great interest in plant-

derived foods and their active components, 

which have antioxidant activity on oxidative 

stress. Polyphenols are the primary 

antioxidants in the plant-derived foods. They 

are classified according to their aromatic rings 

and other components [11].  

 

Flavonoids are the largest polyphenols group, 

subdivided into flavonols, isoflavones, 

anthocyanins, flavanols, flavones, and 

flavanones. These compounds have two 

benzene rings in their structure and a three-

carbon chain connecting them. Quercetin 

(QUE) is one of the flavonoids found in high 

amounts in plants, especially vegetables and 

fruits. There are three important functional 

groups in the structure of QUE. It has been 

reported that hydroxyl, catechol, and oxo 

groups in the structure of Que are effective in 

antioxidant activity. Que exerts its antioxidant 

effect by scavenging reactive oxygen species 

(ROS) and chelating metal cations. This 

feature stops the lipid peroxidation 

mechanism [12, 13].  

 

The fact that QUE has many different 

biological activities, including antioxidant, 

anti-inflammatory, antiproliferative, 

proapoptotic, and antiangiogenic, supports its 

evaluation as a natural anti-cancer agent and 

suggests that it may have antigenotoxic 

effects [11- 13]. It is necessary to elucidate the 

restorative effects of antioxidants on the 

toxicity of drugs used in chronic diseases that 

can trigger each other and to conduct further 

research. It has been established that the 

protective effects of antioxidant substances 

against VPA-induced genotoxicity have not 

been sufficiently explored in the existing 

literature. Hence, our study seeks to assess the 

antigenotoxic protective potential of QUE 
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against VPA genotoxicity through the in vitro 

comet assay analysis method. 

 

2. MATERIALS AND METHODS 
 

2.1. Chemicals 

 

Valproic acid (VPA) was purchased from 

Toronto Research Chemicals (North York, 

Canada). Quercetin dihydrate and all other 

chemicals in this study were purchased from 

Sigma-Aldrich (USA). 

 

2.2. Collection Of Blood Samples   

 

Peripheral venous blood was drawn from four 

healthy donors, two male and two female, 

aged 20 – 25 years, for all genotoxicity tests. 

These donors had no history of chromosome 

fragility, recent viral infection, or exposure to 

known mutagenic agents or drug therapy 

within the previous two years, nor had they 

received ionizing radiation within six months. 

 

2.3. Study Groups 
 

Comet assay analysis was performed in five 

different groups. i) Group I; Sterile H2O was 

used for negative control. ii) Group II; H2O2 

(3.4 µg/mL) was used for positive control. iii) 

Group III; For VPA administration, VPA was 

applied in four different dose ranges (31.2, 

62.5, 125, 250 µg/mL), including 

subtherapeutic, therapeutic, and toxic doses. 

iv) Group IV; For QUE administration, four 

different doses of QUE (1.6, 3.2, 6.5, 13 

µg/mL) were applied, including lower dose 

intervals than in the literature [14]. v) Group 

V; For the simultaneous combined 

administration of VPA and QUE, three 

different doses of VPA (62.5, 125, 250 

µg/mL), including therapeutic and toxic doses 

+ four different doses of QUE (1.6, 3.2, 6.5, 

13 µg/mL), were administered  

 

2.4. Comet Assay In Isolated Human 

Lymphocytes 

 

From the work of Singh et al., 2015, the 

Comet assay (SCGE=Single Cell Gel 

Electrophoresis) has been modified [15]. 

Before the test, a Heparinised Peripheral 

Blood Sample had been taken. The Biocoll 

Separating solution was used for the isolation 

of lymphocytes. To detect cell viability, the 

trypan blue exclusion test has been used. The 

viability of the cell was more than 99%. 

 

The obtained lymphocytes were distributed to 

Eppendorf as 100 µL. One hundred 

microliters each of negative control (sterile 

H2O), positive control (H2O2), and test 

substances (III., IV., and V. group) were 

added. It was incubated at 370C for 1 hour. 

After these treatments, lymphocytes were 

centrifuged at 1060 rpm for 5 min, and the 

supernatant was removed. Cells were 

resuspended with PBS and mixed with the 

low-melting agarose (0.65%). After that, 100 

µL of suspension was dropped onto slides and 

covered by lamellas (Slides were coated with 

normal-melting agarose (0.65%) one day 

ago). The slides were placed at 5 oC for 20-25 

minutes.   

 

After this process, lamellas were removed, 

and slides were put into a lysing solution (2.5 

M NaCl, 10 mM Tris, 100 mM EDTA) at 4oC 

for 1 hour. Then, the slides were placed in the 

gel electrophoresis tank with electrophoresis 

buffer and waited for 20 minutes. After 20 

minutes, electrophoresis (1v/cm, 300mA) was 

carried out for 20 minutes. After 

electrophoresis, a neutralization buffer (0.4 M 

Tris, pH=7.5) was used to wash the slides. 

Each slide received 50 μl of EtBr (Applichem, 

cat. no. 1239-45-8) following the protocols, 

and lamellas were placed on top of the slides. 

 

The preparations evaluated three parameters. 

Three characteristics of DNA's tail—its 

length, moment, and intensity (%) were 

assessed. A fluorescent microscope and 

image analysis systems were used to analyze 

100 cells at each concentration for this 

evaluation. 
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2.5. Statistical Evaluation 

 

The possibility of DNA damage caused by 

test substances was evaluated using the 

student t-test. The regression coefficients for 

the mean comet tail length, tail moment, and 

tail intensity were used to determine dose-

response relationships. 
 

3. RESULTS 

 

Tail length, tail moment, and tail intensity 

changes in the results of the comet analysis to 

determine the genotoxic effect of VPA and 

QUE were evaluated between the groups 

(groups III and IV) compared to the negative 

control group. The in vitro genotoxic 

evaluation of VPA application at different 

doses is given in Table 1. When Table 1 was 

examined, it was observed that the DNA tail 

length increased at four different VPA doses 

(31.2, 62.5, 125, 250 µg/mL) compared to the 

negative control group. This increase was 

found to be statistically significant (P<0.001).  

When the increase in tail length was evaluated 

according to VPA doses, it was seen that the 

increase was dose-dependent (r: 0.96) (Figure 

1). Similarly, it was observed that the tail 

moment increased at four different VPA 

doses (31.2, 62.5, 125, 250 µg/mL) compared 

to the negative control group. This increase 

was found to be statistically significant 

(P<0.005). When the increase in the tail 

moment was evaluated according to VPA 

doses, it was seen that the increase was dose-

dependent (r: 0.83) (Figure 1). When the tail 

intensity between the groups was examined, 

the tail intensity was statistically significant in 

three VPA-treated groups (31.2, 125, 250 

µg/mL) compared to the negative control 

group (P<0.05) (Table 1). When the increase 

in tail intensity was evaluated according to 

VPA doses, it was seen that the increase was 

dose-dependent (r: 0.83) (Figure 1). As a 

result of these results, it was determined that 

VPA showed genotoxic properties at 

application doses.  

 

Table 1 In vitro genotoxic evaluation of valproic acid (VPA) and quercetin (QUE) in human 

lymphocytes 
Dose (µg/mL) Tail Length (µm) Tail Moment Tail Intensity (%) 

Valproic Acid (VPA) 

Negative Control H2O; 0 2.085±0.13 1.142± 0.03 171.501±12.59 

31.2 3.995±0.23** 1.296±0.04* 537.694±116.83* 

62.5 5.795±0.85** 1.371±0.08* 234.560± 39.29 

125 19.235±3.35** 4.289±0.85** 369.951± 38.45* 

250 Toxic Toxic Toxic 

Positive Control  

H2O2; 3.4 

33.480 ± 4.43 6.913 ± 0.85 308,570± 69.73 

Quercetin (Que) 

Negative Control  

H2O; 0 

2.085 ± 0.13 1.146 ± 0.03 277.001± 47.16 

1.6 1.540 ± 0.10 0.946 ± 0.03 327.625± 159.52 

3.2 2.590 ± 0.37 1.087 ± 0.05 491.952± 50.91* 

6.5 2.935 ± 0.75 1.243 ± 0.08 373.504± 35.82 

13 3.040 ± 0.34* 1.256 ± 0.04* 234.581± 16.70 

Positive Control  

H2O2;3.4 

33.48 ± 4.43 5.127 ± 0.86 762.920± 123.71 

* statistically significant compared to control (P<0.05), ** statistically significant compared to control (P<0.001) 

 

In vitro comet assay genotoxic evaluation of 

QUE doses is given in Table 1. When Table 1 

is examined, the tail length of the lowest dose 

of QUE (1.6 µg/mL) was determined to be 
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lower than the negative control. It was 

determined that tail length increases at 

medium doses (3.2 and 6.5 µg/mL) were not 

statistically significant (P> 0.05). A 

statistically significant increase in tail length 

was detected by applying high-dose QUE 

(P<0.05). When the increase in tail length was 

evaluated according to the QUE dose, a strong 

positive regression was detected (r: 0.78) 

(Figure 1). When the tail moment results were 

analyzed, it was found that the tail moment 

decreased at two low doses of QUE (1.6 and 

3.2 µg/mL) compared to the negative control 

group. A significant increase in tail moment 

was observed for the high two doses 

compared to the negative control group (6.5 

and 13 µg/mL). Only the highest dose (13 

µg/mL) of these increases was statistically 

significant (P<0.05). When the increase in the 

tail moment was evaluated according to the 

QUE dose, a significant positive regression 

was detected in the increase (r: 0.67) (Figure 

1). When the tail intensity between the groups 

was examined, a decrease in tail intensity was 

determined with 13 µg/mL QUE application 

compared to the negative control group. In 

other dose applications, an increase in tail 

intensity was observed compared to the 

negative control group (Table 1). A negative 

regression was detected when the increase in 

tail intensity was evaluated according to the 

QUE dose (r: -0.34) (Figure 1). 

 

 

 
Figure 1 Dose-dependent regression graph of comet analysis results for groups III and IV. Valproic 

acid (VPA) dose-dependent regression graph of tail length (r: 0.96) (a), valproic acid (VPA) dose-

dependent regression graph of the tail moment (r: 0.83) (b), valproic acid (VPA) dose-dependent 

regression graph of tail intensity (r: 0.83) (c), quercetin (Que) dose-dependent regression graph of tail 

length (r: 0.78) (d), quercetin (Que) dose-dependent regression graph of the tail moment (r: 0.67) (e), 

quercetin (Que) dose-dependent regression graph of tail intensity (r: -0.34) (f) 
 

Tail length, tail moment, and tail intensity 

change in group V comet analysis to 

determine the antigenotoxic effect of Que 

were evaluated compared to the condition 

without Que dose. The results of the comet 

analysis performed with the simultaneous 

combination of VPA and QUE at different 

administration doses in human lymphocytes 
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are given in Table 2. Each VPA dose is 

combined with QUE doses (1.6, 3.2, 6.5, and 

13 µg/mL). These results determined that the 

lowest dose (1.6 µg/mL) of QUE combined 

with 62.5 µg/mL VPA administration 

significantly reduced the tail length and tail 

moment. (P<0.05). When the comet tail 

intensity was evaluated, it was determined 

that the 13 µg/ml QUE combination caused a 

statistically significant decrease. When the 

changes in the tail length (r: 0.71) and tail 

moment (r: 0.91) depending on the QUE 

administration doses were examined, a 

positive increase was determined depending 

on the dose (Figure 2).  

 
Table 2 Genotoxic profile of the combination of valproic acid (VPA) and quercetin (QUE)  in 

human lymphocytes 
VPA 

µg/mL 

QUE 

µg/mL 
Tail Length (µm) Tail Moment Tail Intensity (%) 

62.5 0 5.795 ±0.85 1.371±0.08 494.560 ± 62.29 

1.6 2.015±0.18* 1.044±0.06*   989.920  ±  

118.21 

3.2 4.680 ±0.80 1.233 ± 0.05 415.390 ± 55.11 

6.5 4.745 ±1.43 1.481 ± 0.23 734.643 ± 83.01 

13 8.490 ±0.70 2.883 ± 0.27 79.914 ± 4.59 * 

125 0 19.235±3.35 4.289 ± 0.85 369.951± 38.45 

1.6 2.290±0.18** 1.092±0.04** 357.125 ± 29.77 

3.2 2.465±0.20** 1.164±0.06* 440.290 ± 43.69 

6.5 3.595±1.08** 1.404 ±0.18* 343.880 ± 28.73 

13 2.945±0.43** 1.163±0.05** 217.251 ± 11.16* 

250 0 Extremely toxic Extremely toxic Extremely toxic 

1.6 NC NC NC 

3.2 NC NC NC 

6.5 NC NC NC 

13 NC NC NC 

Positive Control 

(H2O2) 

3.4  39.265 ± 2.47 1051.298 ± 99.28 806.160 ± 93.66 

* statistically significant compared to control (P<0.05), ** statistically significant compared to control (P<0.001), 

NC; not comparable 

 

On the other hand, negative regression was 

detected in tail intensity depending on the 

QUE dose (r:-0.63) (Figure 2). QUE exhibited 

a dose-dependent significant antigenotoxic 

effect on the comet tail intensity caused by 

62.5 µg/mL VPA. QUE doses (1.6, 3.2, 6.5 ve 

13 µg/mL) combined with 125 µg/mL VPA 

administration statistically reduced comet tail 

length occurrences (P<0.001). The tail 

moment showed a statistically significant 

decrease at all combination doses of QUE 

(P<0.001). When the tail intensity was 

evaluated, a decrease was observed in the tail 

intensity in 1.6, 6.5, and 13 µg/mL QUE 

combinations, while an increase was observed 

in the 3.25 µg/ml QUE combination. 

 

The QUE combination level, which is 

statistically significant in the decrease in 

comet tail intensity, was determined as 13 

µg/ml (P<0.05) (Table 2). Que doses 

combined with 125 µg/mL VPA 

administration decreased tail length (r: -0.50) 

(Figure 2), tail moment (r: -0.51) (Figure 2), 

and tail intensity (r: -0.82) (Figure 2) dose-

dependently. It was determined that different 

doses of QUE exhibited a significant 

antigenotoxic effect against DNA damage 

caused by 125 µg/mL VPA (Figure 2). The 

administration of 250 µg/mL VPA could not 

be included in the analysis due to its highly 
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toxic effect on human lymphocytes; therefore, 

no comparison could be made (Table 2). 

 

Figure 3 shows photomicrographs showing 

the varying intensities of fluorescence in the 

comet tail in our study groups. While DNA 

damage was not observed in the negative 

control and Que-treated groups (Figure 3), 

DNA damage was observed in the groups 

exposed to VPA (Figure 3). 

 

4. DISCUSSION 

 

This study evaluated the genotoxic effect of 

the antiepileptic drug VPA on human 

lymphocytes and the antigenotoxic role of 

QUE. VPA is among the antiepileptic drugs 

widely and long-term used by epileptic 

patients in a wide age range. VPA is absorbed 

rapidly and easily after oral administration. 

The time to peak plasma concentration is 

approximately 2-8 hours, and the half-life is 

approximately 8-18 hours. It is rapidly 

distributed throughout the body and reaches 

the central nervous system within minutes. It 

is approximately 90% protein bound, 

primarily to albumin [4, 5]. It is extensively 

metabolized in the liver, and some 

metabolites are active as anticonvulsants. 

Effective blood levels recommended for use 

as antiepileptic and antimanic are 

approximately 50-120 μg/ml. If the blood 

level is 100 μg/ml, the possibility of side 

effects increases gradually [4-6]. When the 

literature studies on the genotoxic effects of 

VPA are examined, it is seen that VPA 

toxicity represents an increasing concern for 

toxicologists. In the study of Sardas et al. 

(1994), sister chromatid exchanges (SCE) 

were analyzed in epilepsy patients receiving 

anticonvulsant medication.  

 
 

 
Figure 2 Dose-dependent regression graph of comet analysis results for group V. Quercetin 

(Que) dose-dependent regression graph of tail length (r: 0.71) in 62.5 µg/mL valproic acid (VPA) 

toxicity (a), quercetin (Que) dose-dependent regression graph of the tail moment (r: 0.91)  in 62.5 

µg/mL valproic acid (VPA) toxicity (b), quercetin (Que) dose-dependent regression graph of tail 

intensity (r:-0.63) in 62.5 µg/mL valproic acid (VPA) toxicity (c), quercetin (Que) dose-dependent 

regression graph of tail length (r: -0.50)  in 125 µg/mL valproic acid (VPA) toxicity (d), quercetin 

(Que) dose-dependent regression graph of tail moment (r: -0.51) in 125 µg/mL valproic acid (VPA) 

toxicity (e), quercetin (Que) dose-dependent regression graph of tail intensity (r: -0.82) in 125 µg/mL 

valproic acid (VPA) toxicity (f) 
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Figure 3 Photomicrographs showing the varying intensities of fluorescence in the comet tail in 

our study groups. Undamaged (a) in the negative control and Que-treated groups, slightly damaged 

(b), maximally damaged (c) in the groups exposed to valproic acid (VPA) 

 

At the end of the study, it was observed that 

the frequency of SCE per metaphase 

increased significantly in all patients 

compared to the control group, and it was 

reported that anticonvulsant drugs may have 

genotoxic effects [16]. Hu et al. (1990) 

reported that the frequency of SCE in 

peripheral lymphocytes of epileptic children 

treated with VPA monotherapy was 

significantly higher compared to the control 

group [17]. 

 

Another in vitro study reported a significant 

increase in SCE frequency and decreased 

proliferation rate index (PRI) values of 

lymphocyte cultures treated with VPA 

monotherapy [18]. Mahmoud et al., in their 

2019 study, studied the DNA damage that 

may develop due to the use of VPA in 

epileptic children. The study concluded that 

patients treated with VPA were at risk of 

developing significant DNA damage effects 

compared to those who did not receive 

treatment [19]. In a 2011 study by Khan et al., 

germ cell damage and genotoxic effects of  

VPA use were investigated in male mice. At 

the end of the study, it was observed that VPA 

treatment significantly decreased sperm 

count, increased sperm head abnormality, 

sperm DNA damage, and oxidative stress in 

the testes of mice [20].  

 

Denli et al. (2000) found that the frequency of 

comet scores in epileptic patients treated with 

VPA was significantly higher than in the 

control group [21]. In the animal study of Sakr 

et al. 2014, cytogenetic and testicular damage 

caused by VPA was investigated in rats. In the 

study, it was reported that VPA causes 
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chromosomal aberrations and DNA damage 

[22].  

 

In our study, when the genotoxic effect of 

VPA on human lymphocytes was examined, 

including the therapeutic plasma 

concentration range, it was observed that the 

tail length and tail moment increased 

depending on the VPA dose (Table 1). When 

the tail intensity was evaluated, the tail 

intensity formed at 31.2, 125, and 250 µg/mL 

VPA exposure was higher than the tail 

intensity formed with the H2O2 exposure used 

as a positive control. The highest dose of the 

working range, 250 µg/mL of VPA, caused 

highly toxic effects (Table 1). As a result of 

these results, it was determined that VPA 

showed genotoxic properties at application 

concentrations (Figure 1). Considering the 

literature data and the in vitro comet assay 

analysis data in our study (Figure 3), it is 

thought that long-term use of VPA at the 

upper limits of the therapeutic range or alarm 

level may cause adverse effects on human 

lymphocytes. 

 

Natural-origin products with known 

medicinal effects are often used alongside 

drug treatments to eliminate the side effects 

that may occur or increase the drug's expected 

effect. QUE is found in many pharmaceutical 

and dietary supplements taken by patients 

suffering from epilepsy and being treated with 

antiepileptic drugs. No significant adverse 

effects of QUE were reported in the 50 to 500 

mg/kg/day dose range [23]. The effect of 

QUE on the central nervous system has been 

demonstrated in both experimental and 

clinical studies [24]. In the study of 

Chaudhary et al. (2014), it was determined 

that QUE supplementation with VPA 

significantly restored the levels of antioxidant 

enzymes and non-enzymatic antioxidants in 

rats [25].  

In addition to its potent antioxidant 

properties, QUE's antigenotoxic effects are 

also being investigated. The ability of QUE to 

protect against ionizing radiation (IR)-

induced genotoxicity in human lymphocytes 

was investigated by Patil et al. [14]. The study 

observed that QUE (10-25 μg/ml) gradually 

reduced comet formation in irradiated human 

lymphocytes [14]. When the genotoxic effect 

of QUE (1.6, 3.2, 6.5, 13 μg/ml) used at low 

dose ranges on human lymphocyte cells is 

examined in our study, it is observed that the 

tail length and tail moment are close to the 

negative control group. It is observed that 

these values increase depending on the dose 

(Table 1). 

 

The tail length and tail moment at the lowest 

dose of QUE (1.6 μg/ml) were also lower than 

the negative control group. The tail intensity 

between groups varied independently of dose. 

The tail intensity at the highest dose of QUE 

(13 μg/ml)  was lower than that of the 

negative control group. Tail length, moment, 

and intensity values in human lymphocytes 

exposed to QUE at all levels significantly 

differed from positive control (H2O2). Since 

the effects of all levels of QUE used in the 

study were close to the negative control 

group, these levels were found to be reliable 

in terms of genotoxicity (Table 1).  

 

Genotoxicity-safe doses of QUE used in the 

study were applied to human lymphocytes in 

combination with the therapeutic and toxic 

doses of VPA (62.5, 125, 250 μg/ml) in 

plasma (Table 2). Our study's data shows that 

QUE can correct DNA damage depending on 

the dose of VPA. QUE exhibited a dose-

dependent significant antigenotoxic effect on 

the comet tail intensity caused by 62.5 µg/mL 

VPA (r: -0.63) (Figure 2). Low-dose 

administration of QUE was more effective in 

ameliorating the damage caused by low-dose 

VPA (62.5 μg/ml) administration (Table 2). It 

is seen that the genotoxic damage caused by 

the application of 125 μg/ml VPA can be 

eliminated by QUE at all doses. (Table 2).  It 

was determined that different doses of QUE 

exhibited a significant antigenotoxic effect 

against damage caused by 125 µg/mL VPA  

(Figure 2). Since the genotoxic effect of the 

highest dose of VPA was found to be 

extremely toxic, a comparison with QUE 

doses could not be made. In a 2008 study by 

Ramos et al., the chemoprotective effect of 
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QUE on tert-butyl hydroperoxide (t-BHP)-

induced DNA damage was investigated by 

human hepatoma cell line (HepG2) comet 

assay. At the end of the research, it was 

determined that quercetin has an effect on 

removing DNA damage [26]. In our study, the 

curative effect of QUE on DNA damage was 

determined by in vitro comet analysis. Our 

analysis results showed that QUE ameliorates 

VPA-induced genetic changes. 

 

5. CONCLUSION 

 

It is known that long-term drugs used in 

chronic diseases can adversely affect many 

mechanisms in our body, especially oxidative 

stress.  Bioactive molecules with high 

antioxidant activity, which are widely 

accepted as safe, are used to naturally reduce 

these adverse effects of drugs. Our study has 

also shown that QUE, one of these molecules, 

can reverse any damage that may occur in the 

body thanks to its potent antioxidant activity. 

Several previous literature studies have 

reported the curative effect of QUE against 

genotoxicity. However, since the studies on 

the curative effect of QUE against 

genotoxicity that may occur with the use of 

VPA are limited, the data of our study 

contributed to the elimination of this 

deficiency in the literature. In our study data, 

QUE has been shown to ameliorate the 

genetic damage caused by VPA. In light of 

these data, it is thought that VPA toxicity can 

be reduced by incorporating QUE as a dietary 

supplement or in new drug formulations. 
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