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Abstract: Mercury (Hg) is widely used in nature. It is a substance that has toxic effects even in small amounts. Thymoquinone (TQ) is
the main active phenolic compound obtained from the essential oil of Nigella sativa L. (black cumin) seed. The protective effects of TQ
against diseases and toxic compounds have been studied for a long time. Aim: This study aimed to investigate the effect of TQ on
oxidative stress and behavior in rats exposed to mercury. In this study, 24 adult male Wistar Albino rats weighing between 250+20 g
were used. 5 mg/kg Hg and 10 mg/kg TQ were given via intragastric gavage for 21 days. Animals were randomly divided into four
groups. Group 1 is the Control, Group 2 TQ (10 mg/kg), Group 3 Hg (5 mg/kg), Group 4 Hg (5 mg/kg) + TQ (10 mg/kg). Open field test
and forced swimming test were performed to examine locomotor activity, anxiety, and depression-like behaviors in rats. At the end of
the experiment, Malondialdehyde (MDA), total nitric oxide (NO), and reduced glutathione (GSH/RSH) levels were examined in cerebral
cortex and plasma. In the open field test, Hg+TQ treatment increased the number of crossings and time spent in the center (P<0.01). In
the forced swim test, Hg+TQ treatment increased the swimming and climbing time (respectively P<0.01, P<0.001) and decreased the
immobility time (P=0.001). In cerebral cortex and plasma, TQ treatment decreased the increased MDA and NO levels (p=0.01) and
increased the decreased GSH/RSH levels (P<0.01) as a result of Hg exposure. Mercury exposure increased oxidative stress in plasma
and cerebral cortex, causing anxiety and depression-like behaviors. TQ is can be used to improve some behavioral changes and reduce

oxidative stress in Hg-exposed rats.

Keywords: Mercury, Behavior, Oxidative stress, Nigella sativa, Rats, Antioxidants

*Corresponding author: Kirsehir Ahi Evran University, Faculty of Medicine, Department of Physiology, 40100, Kirsehir, Ttrkiye

E mail: dilekkuzay@gmail.com (D. KUZAY AKSOY)
Dilek KUZAY AKSOY https://orcid.org/0000-0002-1460-9883

Received: May 14, 2025
Accepted: August 01, 2025
Published: September 15, 2025

Cite as: Kuzay Aksoy D. 2025. Effects of thymoquinone on oxidative stress and behavior in mercury-exposed rats. BS] Health Sci, 8(5): 182-189.

1. Introduction

Mercury, which the World Health Organization (WHO)
lists among the ten chemicals that cause significant
public health concerns, causes damage to many tissues
and organs and is considered the third most toxic
element in terms of human health (Yavuz, 2020). Hg has
been reported to cause behavioral and neurochemical
changes in rats (Minj et al, 2012). It was also found to
increase Reactive Oxygen Product (ROP) levels in cells
(Zhang et al, 2021). Increased ROP in cells causes
oxidative stress by disrupting the pro-
oxidant/antioxidant balance. It has been determined that
mercury at various doses decreases antioxidant weapons
such as Glutathione (GSH) in cells and increases
Malondialdehyde (MDA), which indicates lipid
peroxidation in cells (Gstraunthaler et al.,, 1983; Nath et
al,, 1996; Fouda et al., 2008).

Thymoquinone (TQ) is the primary active ingredient of
the essential oil obtained from black cumin seed (Nigella
sativa L.). Studies have shown that TQ protects cells from
inflammation and oxidative stress and has a
neuroprotective effect (Fouda et al,, 2008; Kuzay et al,,
2022). TQ has been shown to have antioxidant effects
against different toxic substances. (Akarsu and Cetin,

2022). Additionally, antioxidant and protective effects of
TQ on kidney and liver tissue were demonstrated in rats
exposed to mercury (Fouda et al., 2008; Owumi et al,,
2025). However, in rats exposed to Hg, the oxidative
stress levels and behavior of TQ in cerebral cortex and
behavior were not examined. Therefore, in the present
study, the oxidative stress levels and behavior of TQ in
cerebral cortex and behavior were examined in rats
exposed to Hg.

2. Material and Methods

In our study, 24 adult male Wistar Albino rats weighing
250+£20 g (12-13 weeks old) were acquired from the
Animal Experiment Laboratory. This study was
supported by Institutional Scientific Research Projects.
The Project number is TIP.A3.24.011.

2.1. Chemicals

HgCl2 (Tekkim, Tirkiye) and TQ (CAYMAN Chemical,
USA) were used in this study.

2.2, Exposure to Mercury

Rats were given mercury (II) chloride (HgCl2) by
intragastric gavage at 5 mg/kg for three weeks. In their
preclinical studies, Minj et al., reported that Hg caused
neurologic impairment (Minj et al., 2021).
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2.3. Experimental Design

The total duration of the study was 22 days. 5 mg/kg Hg
and 10 mg/kg TQ were dissolved in tap water and
administered via intragastric gavage for 21 days. Animals
were randomly divided into four groups (n=6 for each
group). Group 1 is the Control, Group 2 TQ (10 mg/kg),
Group 3 Hg (5 mg/kg), Group 4 Hg (5 mg/kg) + TQ (10

Body Weight

D1 D21

Hg exposure ‘ OFT

TQ treatment

mg/kg). The control group received only tap water to
induce gavage stress. Chemicals were freshly prepared
every day and administered in a total volume of 1 ml/kg
(Fouda et al.,, 2008; Minj et al,, 2021; Kuzay et al., 2022).
TQ was given half an hour before Hg. The experimental
protocol is summarized in Figure 1.

At the end of
protocol day

Examination of oxidative
D22 stress markers in brain
homogenates and blood
plasma samples

Body Weight

’ Brain Weight/Body Weight ‘

Figure 1. Timeline depicting the sequence of experimental events. D indicates day of experiment. Rats were tested in
the forced swim test (FST) on day 22 and in the open field test (OFT) on day 21. Body weight was taken on day 1 and

day 22. Brain weight / Body weight was taken on day 22.

2.4. Measurement of Body Weight

Rats were weighed on days 1 and 22 of the study.

2.5. Evaluation of the Relative Brain/Body Weight
Ratio

Hg exposure can cause toxic effects on the brain.
Therefore, on the 22nd day of the study, the brain
weights of the rats were measured to establish a
relationship between brain-body weight losses. To
examine the change in absolute brain weight, the ratio of
brain weight/body weight was calculated and this
formula was used. Brain weight / Body weight x 100
(Shandilya et al.,, 2022).

2.6. Behavior Parameters

2.6.1. Forced swim test (FST)

FST was performed on day 22 to assess depression-like
behavior in animals. It evaluates an animal's resilience to
water stress. One day before, a 15-minute pre-test was
performed to prevent acute stress in rats. After the
pretest, rats were individually exposed to 30 cm of water
at 25°C+1°C in cylindrical containers with a diameter of
15 cm and a height of 50 cm for 5 minutes. During the
test period, swimming, climbing, and immobilization
times were recorded with a video camera (Kuzay et al,
2022).

2.6.2. Open field test (OFT)

OFT was performed on the 21st day to assess locomotor
activity and anxiety-like behavior in animals. In a 90 cm x
35 cm white Plexiglas arena divided into 24 units with a
black strip on the floor, the individual movements of each
rat were recorded by video camera for 5 minutes. The
period spent in the center and periphery of the open field
and the number of crossings were recorded (Brocardo et
al,, 2012). Two hours after the treatment, the behavioral
tests of each rat were measured.

2.7. Evaluation of Oxidative Stress Markers

On day 22, all rats were sacrificed under im. 5mg/kg
Rompun + 45mg/kg Ketamine anesthesia by removing
blood from their hearts. The cerebral cortex separated
from the rats were stocked at -80°C until the day of the
study. The blood is centrifuged (at 2000-3000 RPM) for
approximately 20 minutes at 4°C. (NUVE NF 80O0R,
Tiirkiye). The supernatant is carefully collected and kept
at -80°C until used.

2.7.1. Determination of plasma MDA levels

Plasma lipid peroxide levels were estimated by the
method as per Kurtel et al. (1992). The supernatants
were added into 1 ml of a solution with 15% (wt/vol)
tricarboxylic acid, 0.375% (wt/vol) thiobarbituric acid,
and 0.25 N HCL following the centrifugation of aliquots
(0.5 ml). Protein precipitate was eliminated through
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centrifugation and the supernatants were placed in glass
test tubes with 0.02% (wt/vol) butylated hydroxytoluene
with the aim of avoiding further peroxidation of lipids in
the preceding steps. Next, the samples were heated at
100C in a boiling water bath for 15 min, cooled, and
centrifuged to eliminate the precipitant. The absorbance
of each sample was decided at 532 nm. (Spectrostar
Nano, Germany). The expression of lipid peroxide levels
was achieved with regards to MDA equivalents by
employing an extinction coefficient of 1.56 x 105 mol-1
(Kurtel et al.,, 1992).

2.7.2. Determination of plasma NO levels

NO levels were estimated by the method as per Miranda
et al,, The supernatants were deproteinized with 0.3 M
NaOH and 5% (w/v) ZnSOs, centrifuged at 14 000 rpm
for 5 min, and supernatants were utilized for the assays.
Experiments were carried out at room temperature.
Nitrate standard solution was consecutively diluted.
After loading the plate with samples (100 pl), vanadium
III chloride (VCI3) (100 ul) was added to each well and
this was quickly followed by addition of Griess reagents,
sulphanilamide (SULF) (50 pl) and N-(1-naphtyl)
ethylenediamine dihydrochloride (NEDD) (50 pl). After
incubation (usually 30-45 min), samples were measured
at 540 nm by ELISA reader. (Miranda, Espey, Wink,
2001).

2.7.3. Determination of plasma RSH levels

The GSH levels were determined by the method as per
Kurtel et al., 0.5 ml of each sample was blended with 1 ml
of a solution with 100 mM Tris-HCl (pH 8.2), 1% sodium
dodecyl sulfate, and 2 mM EDTA. Next, the mixture was
incubated for 5 min at 25C and centrifuged to eliminate
any precipitant. 5,5-dithiobis (2-nitrobenzoic
acid)/DTNB 0.3 mM was added to each reaction volume
and incubated for 15 min at 37C. The absorbance of each
sample was 412 nm (Kurtel et al,, 1992).

2.7.4. Determination of cerebral cortex MDA levels
Lipid peroxidation was quantified by measuring the
formation of thiobarbituric acid reactive substances
(TBARS). Samples were homogenized in
trichloroacetic acid (1 g tissue in 10 ml 10%
trichloroacetic acid) in a tissue homogenizer (DAIHAN
Scientific, Korea). Following centrifugation of the
homogenate at 3,000 rpm for 10 min. 750 ul of
supernatant was added to an equal volume of 0.67%
(m/v) thiobarbituric acid and heated at 100°C for 15 min.
The absorbances of the samples were measured at 535
nm. Lipid peroxide levels are expressed in terms of MDA
equivalents using an extinction coefficient of 1.56 x 105
mol/cm (Casini et al.,, 1986).

2.7.5. Determination of cerebral cortex NO levels

ice-cold

NO levels were measured by Griess assay (Miranda,
Espey, Wink, 2001). Prior to NO determination, the
tissues were homogenized in five volumes of phosphate
buffer saline (pH 7.4) and centrifuged at 2,000 g for 5
min. NaOH 0.25 ml, 0.3 M was added to 0.5 ml of the
supernatant. After incubation for 5 min at room
temperature, 0.25 ml of 5% (w/v) ZnSO4 was added for

deproteinization. This mixture was then centrifuged at
14,000 rpm for 5 min and supernatants were used for the
assays. A nitrate standard solution was serially diluted.
After loading the plate with samples (100 ul), addition of
vanadium III chloride (VCl3) (100 ul) to each well was
rapidly followed by addition of Griess reagents,
sulphanilamide (SULF) (50 pl) and N-(1-naphtyl)
ethylenediamide dihyrochloride (NEDD) (50 pl). After
the incubation at 37°C (usually 30-45 min), samples were
measured spectrophotometrically at 540 nm.

2.7.6. Determination of cerebral cortex GSH levels
The total GSH levels were determined by the Ellman
method with some modifications (Aykag et al, 1985).
Briefly, samples homogenized in ice-cold
trichloroacetic acid (1 g tissue in 10 ml 10%
trichloroacetic acid) in a tissue homogenizer. After
centrifugation of the homogenates at 3,000 rpm for 10

were

min, 0.5 ml of supernatant was added to 2 ml of 0.3 M
NapHPO4+ 2 H20 solution. A 0.2 ml solution of
dithiobisnitrobenzoate (0.4 mg/ml 1% sodium citrate)
was added and after mixing, the absorbance at 412 nm
was immediately measured using a spectrophotometer at
room temperature.

2.8. Statistical Analysis

Comparisons between the groups were performed using
a one-way analysis of variance followed by post hoc
Tukey tests. Paired Samples T-test was used to compare
the initial and final measurements of body weight in the
same group. The data were examined using spss 29.0
software and presented as mean * Standard Deviation
(SD).

3. Results

3.1. Impact of TQ on Body Weight in Rats Exposed to
Hg

On day 22, rats exposed to Hg showed significantly lower
body weight compared to both the control and TQ groups
(P<0.01). However, co-administration of TQ with Hg
(Hg+TQ group) partially reversed this weight loss,
leading to a significant recovery compared to Hg-exposed
rats (P<0.05) (Figure. 2).

3.2. Impact of TQ on Relative Brain/Body Weight
Ratio in Hg Exposed Rats

When compared with the control group, no statistically
significant was determined in the relative brain/body
weight ratio of the TQ group (P=0.3). When compared
with the control group and TQ group, there was a
decrease in the relative brain/body weight ratio of rats
exposed to Hg (P<0.01). When compared with Hg-
exposed rats, TQ treatment given together with Hg
caused an increase in the relative brain/body weight
ratio (P<0.05) (Figure 3).
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Figure. 2. Mean body weights of the rats (gm). D
indicates day of experiment. Body weight was taken on
day 1 and day 22. *P<0.01 Significant differences with
Control and TQ groups; **P<0.05 Significant differences
with Hg group. C: No treatment was performed, TQ:
Received TQ, Hg: Received Hg, Hg+ TQ: Received Hg and
TQ.
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Figure. 3. Relative Brain/Body Weight Ratio. *P<0.01
Significant differences with Control and TQ groups;
**P<0.05 Significant differences with Hg group. C: No
treatment was performed, TQ: Received TQ, Hg: Received
Hg, Hg+ TQ: Received Hg and TQ.

3.3. Behavior Parameters

Effects of TQ on Locomotor Activity and Anxiety-like
Behavior in Hg Exposed Rats

On the 21st day of the study, an OFT made to evaluate
locomotor activity and anxiety-like behaviors. For
appraise the locomotor activity in Hg-exposed rats, the
number of passes was recorded as the number of
crossings that the animals crossed with their four paws.
When the control group and TQ group were compared,
there was no statistically significant in the number of
crossings (P=0.2). When compared with the control and
TQ groups, it was determined that there was a decrease
in the number of crossings in rats exposed to Hg
(P<0.001). When compared with Hg-exposed rats, TQ
treatment given together with Hg increased the number
of crossings (P<0.01).

The period spent in the center and periphery of the open
field were examined to evaluate anxiety-like behaviors in
rats exposed to Hg. When the control group and TQ
group were compared, there was no statistically
significant in the time spent in the center and periphery
of the open field (P=0.3). Compared with the control and

TQ groups, there was a decrease in the time spent in the
center of the open field and an increase in the time spent
in the periphery in rats exposed to Hg (P<0.001).

When compared with Hg-exposed rats, TQ treatment
given together with Hg caused an increase in the period
spent in the center of the open field and a decrease in the
time spent in the periphery (P<0.01) (Figure 4A4, 4B, 4C).
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Figure. 4A. Number of crossings in the open field test.
The values are means+SD; n=6. *P<0.001 Significant
differences with Control and TQ groups; **P<0.01
Significant differences with Hg group. C: No treatment
was performed, TQ: Received TQ, Hg: Received Hg,
Hg+TQ: Received Hg and TQ.
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Figure. 4B. Time spent in the center (sec) in open field
test. The values are means+SD; n=6. *P<0.001 Significant
differences with Control and TQ groups; **P<0.01
Significant differences with Hg group. C: No treatment
was performed, TQ: Received TQ, Hg: Received Hg,
Hg+TQ: Received Hg and TQ.
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Figure 4C. Time spent in the periphery (sec) in open field
test. The values are means+SD; n=6. * P<0.001 Significant
differences with Control and TQ groups; ** P<0.01
Significant differences with Hg group. C: No treatment
was performed, TQ: Received TQ, Hg: Received Hg,
Hg+TQ: Received Hg and TQ.

3.5. The Effect of TQ on Depression-Like Behavior in
Hg-Exposed Rats

On the 22nd day of the study, a forced swim test was
performed to depression-like  behaviors.
Swimming, climbing, and immobility times
recorded to examine depression-like or hopelessness
behaviors. When the control group and TQ group were
compared, there was no statistically significant in

assess
were

swimming, climbing, and immobilization times (p=0.2).
When compared to the control and TQ groups, there was
an increase in immobility time and a decrease in
swimming and climbing time in rats exposed to Hg (
P<0.001). When compared with Hg-exposed rats, TQ
treatment given together with Hg caused a decrease in
immobility times (P<0.001) and a rise in swimming and
climbing times (Figure. 54, 5B, 5C) (respectively P<0.01,
P<0.001).
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Figure. 5A. Swimming time (sec) in the forced swimming
test. The values are means+*SD; n = 6. * P<0.001
Significant differences with Control and TQ groups; **
P<0.01 Significant differences with Hg group. C: No
treatment was performed, TQ: Received TQ, Hg: Received
Hg, Hg+TQ: Received Hg and TQ.

3.4. The Effect of TQ on Oxidative Stress Markers in
Rats Exposed to Hg

MDA, NO and GSH/RSH levels were analyzed to
determine oxidative stress levels in cerebral cortex and
plasma. When the control group and TQ group were
compared, it was determined that there was no
significant difference in MDA, NO and GSH levels in
cerebral cortex (p=0.3). When compared to the control
and TQ groups, it was determined that MDA and NO
levels (respectively P<0.001, P<0.01) in the cerebral
cortex of rats exposed to Hg increased, and GSH levels
decreased (P<0.01). When compared with Hg-exposed
rats, TQ treatment given together with Hg provided a
significant improvement by increasing GSH levels in
cerebral cortex and decreased MDA and NO levels
(P<0.01) (Table 1).
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Figure 5B. Climbing time (sec) in the forced swimming
test. The values are means+*SD; n = 6. * P<0.001
Significant differences with Control and TQ groups; **
P<0.001 Significant differences with Hg group. C: No
treatment was performed, TQ: Received TQ, Hg: Received
Hg, Hg+TQ: Received Hg and TQ.
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Figure 5C. Immobility time (sec) in the forced swimming
test. The values are meanstSD; n = 6. * P<0.001
Significant differences with Control and TQ groups; **
P<0.001 Significant differences with Hg group. C: No
treatment was performed, TQ: Received TQ, Hg: Received
Hg, Hg+TQ: Received Hg and TQ.

In plasma, there was no statistically significant in MDA,
NO and RSH levels when the control group and TQ group
were confront (P=0.8). When compared to the control
group and TQ group, MDA and NO levels rised, and RSH
levels reduced in the plasma of rats exposed to Hg
(P<0.001). When compared with Hg-exposed rats, TQ
treatment given together with Hg provided a significant
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improvement by increasing RSH levels in plasma and
reduced MDA and NO levels (P<0.01) (Table 2).

Table 1. The results of Cerebral Cortex MDA, NO ve GSH
levels

Cerebral cortex

MDA Levels NO Levels GSH Levels
(nmol/g) (nmol/g) (nmol/g)
Control 4.43+0.18¢ 0.29+0.03 ¢ 4.2+0.08 ¢
TQ 4.62+0.21¢ 0.27£0.01¢ 4.6+0.2 ¢
Hg 7.5+£0.12a 0.45+0.02 a 2.7+0.03 a
Hg+TQ 5.1+0.093 b 0.3£0.01b 3.4+0.19b
a: 0.001 a: 0.01 a: 0.01
P value b: 0.01 b: 0.01 b: 0.01
c:0.03 c:0.03 c:0.03

The values are means+SD; n = 6. P<0.05 statistically significant.
There is statistical significance between mean values shown
with different letters in the same column.

a: Significant differences with Control and TQ groups,

b: Significant differences with Hg group.

C: No treatment was performed, TQ: Received TQ, Hg: Received
Hg, Hg+ TQ: Received Hg and TQ

Table 2. The results of plasma MDA, NO ve RSH levels

Plasma
MDA Levels NO Levels RSH Levels
(nmol/ml) (umol/ml) (nmol/ml)
Control  0.52+0.006¢ 8.2+0.2 ¢ 154.2+3.81 ¢
TQ 0.47£0.01 ¢ 7.9+0.4 ¢ 150.6+1.23 ¢
Hg 0.72+0.0092  11.6+0.15a  122.7+1.37a
Hg+TQ  0.59+0.002b 9.3x0.3 b 138.4+£2.19b
a: 0.001 a: 0.001 a: 0.001
P value b: 0.01 b: 0.01 b: 0.01
c: 0.08 c: 0.08 c:0.08

The values are means+SD; n = 6. P<0.05 statistically significant.
There is statistical significance between mean values shown
with different letters in the same column.

a: Significant differences with Control and TQ groups,

b: Significant differences with Hg group.

C: No treatment was performed, TQ: Received TQ, Hg: Received
Hg, Hg+ TQ: Received Hg and TQ

4. Discussion

Experimental studies show that Hg causes damage to
brain tissue looking at the literature (Minj et al,, 2021;
Shandilya et al,, 2022). In this study, body weight and
brain/body weight rate were calculated; behavioral tests
were used; the levels of some oxidative stress markers in
the brain and plasma were investigated to determine
whether TQ has healing effects in rats exposed to Hg.
Exposure to 5 mg/kg Hg for 21 days caused a decrease in
body weight and brain/body weight ratio of rats, which is
also supported by the studies in the literature. In rats
given 5 mg/kg Hg for three weeks, a reduction in body
weight and brain weight/body weight rate was observed.
The investigators reported significant demyelination
with a total decrease in brain weight and shrinkage and

demyelination in the basal ganglia, cortex, and

hippocampus regions (Minj et al., 2021; Shandilya et al,,
2022). In this study, 10 mg/kg TQ given with Hg for 21
days improved both body weight and brain/body weight
ratio. In the literature, when postnatal body and brain
weights were evaluated in fetuses exposed to lead in the
womb, it was shown that 10 mg/kg TQ treatment
produced a rise in body and brain weights. Researchers
have reported that TQ is neuroprotective (Saleh et al,,
2019). In rats with experimental Huntington's disease-
like symptoms, 14 days of 40 and 80 mg/kg TQ
suspension treatment caused a rise in body weight
(Ramachandran and Thangarajan, 2016).

In this study, exposure to 5 mg/kg Hg for 21 days
produced a decrease in the number of crossings in OFT,
i.e, a decrease in locomotor activity in rats. In OFT, Hg
exposure caused a reduction in the time spent in the
center and a rise in the time spent in the periphery. This
result suggests that Hg increases anxiety and causes
neophobia in rats (Olczaka et al.,, 2011), which is in line
with the studies in the literature. In rats exposed to 5
mg/kg Hg for three weeks, it was reported that there was
a decrease in the number of crossings in OFT and
locomotor activity and anxiety-like behaviors in rats
(Minj et al,, 2021; Shandilya et al., 2022). In the present
study, 10 mg/kg TQ treatment increased the number of
crossings and locomotor activity in OFT in rats exposed
to Hg and caused improvement in anxiety-like behaviors.
In 21-day-old infant rats with experimental attention
deficit and hyperactivity disorder, it was found that 10
mg/kg TQ therapy for eight weeks increased locomotor
activity in OFT (Abu-Elfotuh et al, 2023). TQ therapy
with 5 mg/kg for three days before arsenic exposure
increased locomotor activity in OFT, caused an increase
in the period spent in the center of the open field and
produced an anxiolytic effect (Firdaus et al., 2018). It was
reported that 14 days of 40 and 80 mg/kg TQ suspension
treatment increased locomotor activity in OFT in rats
with  experimental Huntington's
(Ramachandran and Thangarajan, 2018).

disease  model
In this study, exposure to 5 mg/kg Hg for 21 days caused
depression-like behaviors or hopelessness behaviors in
rats by decreasing swimming and climbing times in FST
and increasing immobility time. Studies in the literature
support our results. In rats exposed to 5 mg/kg Hg for
three weeks, a rise in immobility period in FST was
reported (Minj et al., 2021; Shandilya et al., 2022). In the
present study, in rats exposed to Hg, 10 mg/kg TQ
treatment increased swimming and climbing times,
decreased immobility time in FST, and
improvement in depression-like behaviors. In rats in
which experimental Huntington's disease-like symptoms
were induced by Ramachandran and Thangarajan,
(2016) 14 days of 10 and 20 mg/kg TQ therapy caused a
reduce in immobility time in FST. In rats with an
experimental depression model, 14 days of 10 mg/kg TQ
treatment increased swimming and climbing and
reduced immobility time (Kuzay et al., 2022). In another
study in which an experimental depression model was

caused
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established, it was reported that TQ improved behavior
and was effective as an antidepressant in FST (Aquib et
al, 2015). These results related to behavioral tests
support that TQ treatment shows neuroprotective effects
by causing improvement.

Oxidative stress has been shown to play an important
role in neurotoxicity caused by Hg exposure (Barber and
Shaw, 2010). In this study, exposure to 5 mg/kg Hg for 21
days caused an increase in MDA and NO levels and a
decrease in GSH levels in the cerebral cortex and plasma
of rats. Our findings are consistent with previous studies
showing that oxidative stress plays a major role in
neurotoxicity caused by Hg exposure. In rats exposed to 5
mg/kg Hg for three weeks, an increase in MDA and NO
levels and a decrease in GSH levels in brain tissue were
reported (Minj et al,, 2021; Shandilya et al.,, 2022). In the
present study, 10 mg/kg TQ treatment caused a
reduction in MDA and NO levels and a rise in GSH/RSH
levels in cerebral cortex and plasma in rats exposed to
Hg. This result shows that TQ acts as an antioxidant and
may reduce the risk of oxidative damage. Studies in the
literature also support this result. In rats exposed to 3
mg/kg mercury, 10 mg/kg TQ treatment decreased MDA
levels in kidney tissue and increased GSH levels, and was
observed to cause recovery (Fouda et al,, 2008). In rats
exposed to 20 pg mercury for 28 days, 5 mg/kg TQ
treatment increased GSH levels in kidney and liver tissue
and caused recovery (Owumi et al., 2025). Elevated MDA
levels in the brain tissues of fetuses and pregnant rats
exposed to lead were reduced following 10 mg/kg TQ
treatment. Previous studies suggest that TQ acts as a
potent free radical scavenger, preserving the activity of
multiple antioxidant enzymes (Saleh et al, 2019). In the
hippocampus of rats given 5 mg/kg TQ three days before
arsenic exposure MDA levels due to arsenic exposure
decreased, and decreased GSH levels increased. It has
been reported that TQ reduces the general toxic
environment in the cell thanks to its free radical
scavenging mechanism (Firdaus et al,, 2018).

5. Conclusion

In this study, it was investigated whether TQ has a
neuroprotective effect in rats exposed to Hg. Although
there are studies examining the antioxidant activity of TQ
in liver, kidney and plasma in mercury exposure, there is
no study examining its effects on cerebral cortex and
behavior. Hg caused an increase in oxidative stress by
increasing MDA and NO levels and decreasing GSH/RSH
levels in cerebral cortex and plasma of rats. Hg decreased
body weight and brain weight/body weight rate of rats.
According to behavioral test results, Hg caused decreased
locomotor activity, increased anxiety, and depression-
like behaviors. In Hg-exposed rats, TQ treatment
decreased Hg caused oxidative stress by reducing MDA
and NO levels and increasing GSH/RSH levels. It
increased body weight and brain/body weight rate and
improved behavioral tests. TQ may be a hoping curative

drug candidate in improving behavioral and biochemical
changes due to Hg exposure.
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