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Effects of Thymoquinone and Citalopram on 
Oxidative Stress in Gastric and Duodenum Tissue
in Reserpinized Rats

Objective: Medicaments used in the therapy of GIS diseases have many detrimental impacts. Therefore, antioxidant ef-
fective molecules can help in the treatment process. This study aimed to examine the oxidant and antioxidant activity of 
thymoquinone (TQ) and citalopram in gastric and duodenum tissues of reserpinized rats.

Materials and Methods: In the study, we split the rats in six groups of six rats each: 1) Control (C) 1; 2) Control (C) 2; 3) 
reserpine (R); 4) Reserpine+citalopram (R+C); 5) Reserpine+thymoquinone (R+T); 6) Reserpine+citalopram+thymoquinone 
(R+C+T). Reserpine (0.2 mg/kg) was intraperitoneally administered. TQ (10 mg/kg) and citalopram (10 mg/kg) were intra-
gastrically administered 30 min before reserpine injection. The rats were treated for 14 consecutive days. At the end of the 
experiment, we examined total antioxidant status and total oxidant status in gastric tissue; and total nitric oxide, malondialde-
hyde, and glutathione levels in duodenum tissue.

Results: There was a reduction on total oxidant status in gastric tissue in the R+C group in comparison with the R group 
(p<0.01). The decrease in total oxidant status in the R+C+T and R+T groups was more significant (p<0.01). An increase 
in total antioxidant status was observed in the R+C, R+T, and R+C+T groups when compared to the R group (p<0.01). In 
comparison to the R group, there was a reduction in malondialdehyde and nitric oxide levels and a rise in glutathione level 
in duodenum tissue in the R+C+T and R+T groups (p<0.01).

Conclusion: Reserpine increased oxidative stress and decreased antioxidant capacity in gastric and duodenum tissues. TQ 
and citalopram+TQ treatment decreased oxidative stress and increased antioxidant capacity in gastric and duodenum tissues. 
TQ and citalopram+TQ treatments proved to be more effective in protection from oxidative stress caused by reserpine in 
gastric and duodenum tissues than citalopram treatment.
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INTRODUCTION

Prostaglandins (PGs) and nitric oxide (NO) protect gastric mucosa in physiological conditions. Breakdown of the 
balance between the defensive mechanisms of mucosa and aggressive factors (e.g., secretion of gastric acids, 
oxidants, free radicals) and exogenous factors (e.g., Helicobacter pylori infection, nonsteroidal anti-inflammatory 
drugs and some other drugs) causes gastrointestinal (GI) disorders (1, 2). Ulcers are widespread GI disorders that 
affect almost 10% of the world population (3). Reactive oxygen species (ROS) such as superoxide anions, hydroxyl 
radicals, hydrogen peroxide, and peroxinitrite are potent oxidizing agents that damage cellular membranes with 
lipid peroxidation (LPO) as a major consequence. It appears that oxidative stress is responsible for pathogenesis 
of several GI disease (4).

Reserpine, first obtained from the root of the Rauvolfia serpentina in 1952, revolutionized the treatment of hy-
pertension. However, long-term overdose use of reserpine causes depression and sexual dysfunction (5). Besides, 
long-term use of reserpine increases cholinergic tonus; and by suppressing adrenergic activity, it leads to gastric 
mucosal lesion with an increase in gastric acid production and motility (6). Some studies indicate that reserpine has 
strong oxidant activity in plasma and tissues (7–9). In spite of all these effects, reserpine is still used in China as it 
is more effective and cheaper along with other hypotensive drugs such as compound hypotensive tablets (CHTs) 
and compound reserpine tablets (5).

Selective serotonin reuptake inhibitors (SSRIs) such as citalopram act both centrally and peripherally to increase 
the availability of physiologically released serotonin (5-hydroxytryptamine; 5HT). 5-HT, a neurotransmitter in the 
enteric nervous system, is considered to responsible for control of GI motility. Myriad of studies have examined the 
act of 5-HT in the control of gastric motility (10). However, whether citalopram has any gastroprotective activity 
in terms of antioxidant and oxidative system has not been investigated.
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Thymoquinone (TQ) is the main component obtained from Nigella 
sativa. TQ is an antioxidant and cytoprotective compound that 
inhibits LPO. TQ has several favorable effects (hepatoprotective, 
antidiabetic, antibacterial) and is associated with the modulation of 
the immune system (4, 11).

Even though many drugs are used for the treatment of GI disor-
ders, all these drugs have adverse impacts and they are not reme-
dial. Therefore, antioxidant and anti-inflammatory treatments may 
be considered as encouraging method, and it would be possible 
to diminish the detrimental impacts of ROS by antioxidant drugs. 
Therefore, our study aimed to research the oxidant and antioxidant 
activity of TQ and citalopram in gastric and duodenum tissues of 
reserpinized rats. 

MATERIALS and METHODS

Animals
Adult male Wistar Albino rats (weighing 250±20 g) were obtained 
from the laboratory animal center. Animals were maintained in a 
standard 12 h light/dark cycle in cages with ad libitum access to 
food and water. They were allowed to acclimate to the environ-
ment for 14 days. 

Experimental Design
In this experiment, 36 rats were used. The rats were separated into 
six groups of six animals in each group: 

1.	 Control (C) 1, the negative control group was injected with 1% 
Tween 80 (0.5 mL·kg–1·d–1 once daily, ip.) for 14 days.

2.	 Control (C) 2, the negative control group was injected with 1% 
Tween 80 (0.5 mL·kg–1·d–1,ip) and tap water (1 mL, once daily, 
ig) for 14 days.

3.	 Reserpine (R), was injected with reserpine (0.5 mL·kg–1·d–1, 
once daily, ip.) for 14 days.

4.	 Reserpine+citalopram (R+C), was injected with reserpine (0.5 
mL·kg–1·d–1, once daily, ip) and citalopram (1 mL, once daily, 
ig) for 14 days.

5.	 Reserpine+TQ (R+T), was injected with reserpine (0.5 mL·kg–

1·d–1, once daily, ip) and TQ (1 mL, once daily, ig) for 14 days.

6.	 Reserpine+citalopram+thymoquinone (R+C+T), was injected 
with reserpine (0.5 mL·kg–1·d–1, once daily, ip) and citalopram 
(1 mL, once daily, ig) and TQ (1 mL, once daily, ig) for 14 days.

Reserpine was dissolved in 1% Tween 80 and was intraperitoneally 
injected 0.2 mg/kg. TQ (10 mg/kg) and citalopram (10 mg/kg) 
were dissolved in tap water and intragastrically administered 30 min 
before each reserpine injection. The drugs were prepared freshly 
each day and injected in a volume of 1 ml/kg. Administration was 
conducted from 8:00 to 10:00. Reserpine, TQ (CAYMAN Chem-
ical, USA), citalopram hydrobromide (Sigma-Aldrich, USA), and 
Tween 80 (Biomatic, USA) were used in this study.

Tissue Preparation
The rats were sacrificed by taking blood from their hearts under 
anesthesia with intra-muscular (IM) rompun (5 mg/kg) + ketamine 
(45 mg/kg). After decapitation, stomach and duodenum removed 

from subjects were frozen in liquid nitrogen and stored at -80°C 
until examination.

Determination of Tissue Total Antioxidant Status (TAS) and 
Total Oxidant Status (TOS) 
TAS and TOS (YL BİONT, China) were used in this study. Sample 
was incised and weighed up. The sample was then thawed and 
kept at 2°C–8°C. A certain amount of PBS (PH 7.4) was added, 
and the sample was thoroughly homogenized by hand or homog-
enizer. The sample was centrifuged (at 2000–3000 rpm) for ap-
proximately 20 min. The supernatants were carefully collected and 
stored at -80°C until use. The levels of TAS and TOS in gastric 
tissue were measured by ELISA kits.

Determination of Tissue Lipid Peroxide Level
To quantify LPO, the formation of thiobarbituric acid reactive sub-
stances (TBARS) was measured as designated formerly. Tissue 
samples were homogenized in ice-cold trichloroacetic acid (1 g tis-
sue plus 10 ml 10% trichloroacetic acid) in a tissue homogenizer.

After several stages of chemical reaction, absorbance of the sam-
ples was spectrophotometrically measured at 535 nm. The expres-
sion of lipid peroxide levels was made with respect to malondialde-
hyde (MDA) equivalents with an extinction coefficient of 1.56· 105 
mol–1. The lower limit of detection of TBARS was 0.03 µmol/l (12).

Determination of Tissue Glutathione Levels
The glutathione (GSH) levels were defined using the previously de-
scribed procedure. Briefly, tissue samples were homogenized in ice-
cold trichloroacetic acid (1 g tissue plus 10 ml 10% trichloroacetic 
acid) in a tissue homogenizer. After several stages of chemical reac-
tion, absorbance at 412 nm was measured. The GSH levels were 
estimated with an extinction coefficient of 13.600 mol–1 cm–1. The 
bottom limit of detection of GSH was 0.5 µmol/l (12).

Determination of Tissue Total NO Levels
To obtain duodenum NOx levels from ELISA reader, vanadium 
chloride (VCl3)/Griess assay was used. Before the detection of 
NOx, tissues were homogenized in five volumes of phosphate buf-
fer saline (pH=7) and then centrifuged at 2000 × g for 5 min. After 
several stages of chemical reaction, the samples were measured at 
540 nm using ELISA reader (13).

Statistical Analysis
All data were expressed as mean±standard deviation (SD). Data 
were analyzed using the Statistical Package for Social Sciences 
15.0 software program. One-way ANOVA was performed to test 
for differences among the groups. Leven’s test statistic was used 
to variance homogeneous. Shapiro–Wilk’s test was used to assess 
the data normality. Variances were homogeneous, and parametri-
cal test was used because the normality test results were p>0.05. 
Tukey test was used for post hoc analysis because the variances 
were homogeneous. P<0.05 was considered statistically significant.

RESULTS

When compared to the C1 group, there was a rise in TOS lev-
els and a reduction in TAS levels in the R group gastric tissue 
(p<0.01). The TOS levels in gastric tissue decreased in the R+C 
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group when compared to the R group (p<0.01). The reduction in 
TOS levels in the R+C+T and R+T was more significant (p<0.01). 
When compared to the R group, an increase in TAS levels in the 
R+C, R+T, and R+C+T groups was observed (p<0.01). No sta-
tistically important differences were observed among the R+C+T 
and R+T groups in terms of TOS and TAS levels in gastric tissue 
(p>0.05) (Fig. 1a, b).

There was a rise in MDA and NOx levels and a reduction in GSH 
level in duodenum tissue in the R group in comparison to the 
C1 group (p<0.01). When compared to the R group, there was 
a reduction in MDA and NOx levels and a rise in GSH level in 
duodenum tissue in the R+C+T and R+T groups (p<0.01). No 
differences were observed between the R+C group and R group in 
terms of NOx, MDA, and GSH levels in duodenum tissue (p>0.05). 
No statistically important differences were observed among the 
R+C+T and R+T groups in terms of NOx, MDA, and GSH levels 
in duodenum tissue (p>0.05) (shown in Fig. 1c–e).

DISCUSSION

In this study, a daily single dose ip. reserpine injection of 0.2 mg/
kg for 14 days caused a rise in TOS levels and a reduction in TAS 

levels in gastric tissue. At the end of 14 days, MDA and NOX levels 
increased and GSH levels decreased in duodenum tissue.

In literature, there is a study that examines the relation between 
oxidative stress caused by reserpine and GIS damage (14). The 
results of this study support our findings. It was observed that in 
rats injected with 10 mg/kg ip. reserpine, serum MDA and LPO 
levels increased; and superoxide dismutase (SOD), glutathione per-
oxidase (GSH-Px), and catalase (CAT) levels decreased. It was re-
ported that the breakdown of oxidant-antioxidant balance in gastric 
tissue and plasma could cause gastric tissue damage (14). There are 
other studies in literature that investigate different activity mecha-
nisms of reserpine. One study reported that a daily single dose ip. 
reserpine injection of 0.5 ml/kg for 14 days decreased the number 
of G cells responsible for gastrin release and D cells responsible for 
somatostatin release in gastric antrum and jejunum; however, the 
increased amount of acid released due to the increase in G cells / 
D cells proportion caused ulcer (15). It was also reported that 25 
mg/kg ip. reserpine injection increased hepatocyte growth factor 
(HGF) and cyclooxygenase-2 (COX-2) expression, and thus, induc-
ing local inflammation, it caused ulcer (16). It was observed that 6 
mg/kg ip. reserpine injection induced inflammatory mediators and 
thus caused ulcerative colitis (17). Besides, in another study, it was 
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reported that reserpine-induced depression-like behaviors and that 
depression and ulcerative colitis are correlated (18).

In this study, citalopram treatment decreased TOS levels and in-
creased TAS levels in gastric tissue in reserpinized rats. No impor-
tant differences were observed in duodenum tissue NOx, MDA, 
and GSH levels. In literature, there is a study that investigates the 
gastroprotective effects of citalopram administered orally at a dose 
of 10 mg/kg twice a day for 14 days in rats that were exposed to 
cold restraint stress (CRS). In CRS model, there was an increase 
in gastric tissue LPO and nitrite levels and a decrease in PGE

2
 

levels. In citalopram-treated rats, LPO, nitrite, and PGE
2
 levels ap-

proached those of the control group. It was found that citalopram 
decreased inducible nitric oxide synthase (iNOS) levels induced es-
pecially by stress. Moreover, it was reported that citalopram stim-
ulated endogenous PG

E
 synthesis through K

ATP
 channel and PG

E
 

had protective and acid release regulating effects regarding gas-
tric mucosa by improving the amount and blood flow of mucosa 
(19). One study reported that tricyclic antidepressants, SSRIs (such 
as citalopram), and serotonin norepinephrine reuptake inhibitors 
(SNRI) inhibited IFN- gamma, IL-6, and NO production through 
cAMP-dependent protein kinase A (PKA) pathway and thus had 
anti-inflammatory activity (17). Another study reported that fluox-
etin, an SSRI drug, protects from mucosal damage by increasing 
prostoglandin and mucus production (20).

In this study, TQ treatment caused a decrease in gastric tissue TOS 
levels and a rise in TAS levels in reserpinized rats. TQ treatment 
decreased duodenum tissue MDA and NOx levels and caused an in-
crease in GSH levels. In one study, in a gastric ulcer model formed 
with acetylsalicylic acid induction, the effects of orogastric gavage 
implementation of TQ at a dose of 20 mg/kg were investigated. 
TQ treatment caused a decrease in gastric tissue iNOS, TOS, and 
oxidative stress index and an increase in TAS, GSH-Px, SOD, and 
total thiol levels. In contrast to our findings, TQ treatment caused 
an increase in NO and endothelial eNOS levels (21). For hypoxia/
reoxygenation-induced gastric damage, rats were treated with 10 
and 20 mg/kg TQ. Following the treatment, there was a decrease 
in increased levels of MDA and MPO and an increase in decreased 
levels of GSH and SOD. Again in contrast to our findings, an in-
crease in NOx levels was observed after TQ treatment; 20 mg/kg 
TQ treatment ensured a more effective improvement than 10 mg/
kg TQ treatment (22). In these studies, a single dose of TQ was 
given. But in our study, TQ was given 14 consecutive days. TQ 
may increase eNOS activity as an acute effect and increase total 
NOx levels. However, it may reduce total NOx levels by inhibiting 
both iNOS and eNOS activity in long-term use.

In accordance with our results, in another study, the effects of 
four-day 15 mg/kg TQ treatment in rats with diclofenac-induced 
gastroenteropathy were examined. Diclofenac induction caused a 
decrease in gastric and duodenum tissue TAS levels and increase in 
ROS/RNS proportion. While increasing gastric and duodenum tis-
sue TAS levels, TQ treatment did not cause a change in ROS/RNS 
proportion (23). In rats with acute alcohol-induced gastric mucosa 
damage, the effects of 10 mg/kg TQ were investigated. Alcohol 
induction caused a rise in gastric tissue MDA and CAT levels and a 
decrease in GSH, glutathione-S-transferase (GST), and SOD levels. 
TQ treatment decreased MDA and CAT levels while it increased 
GSH, GST, and SOD levels (24).

CONCLUSION

Reserpine caused an increase in gastric and duodenum tissue oxida-
tive stress and a decrease in antioxidant capacity. Citalopram+TQ 
and TQ treatment decreased gastric and duodenum tissue oxida-
tive stress and increased antioxidant capacity in reserpinized rats. 
Citalopram treatment decreased gastric tissue oxidative stress and 
increased antioxidant capacity. TQ and citalopram+TQ treatments 
were more effective in decreasing reserpine-induced gastric tissue 
oxidative stress when compared to citalopram treatment. While 
TQ was effective on both gastric and duodenum tissues, citalopram 
was effective on only gastric tissue. Further studies are required to 
explain the protective mechanisms of citalopram and TQ from a 
damage formed in gastric and duodenum tissues and to determine 
whether these drugs can be used clinically.
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