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The study investigated the gastro-protective effects of certain antidepressants in relation to ranitidine 
on indomethacin-induced ulcer in depressed rats. Animals were divided into 6 groups (n = 8). Induction 
of depression was done by clonidine (0.8 mg/kg; i.p.) for 10 days in all groups except the 1st one 
(normal control). Depressive-like behavior was confirmed by increased immobility time in forced 
swimming test. Groups 1 and 2 received saline (normal and depressed controls, respectively). Groups 3 
to 6 received p.o. mirtazapine (10 mg/kg), escitalopram (10 mg/kg), venlafaxine (20 mg/kg) and ranitidine 
(50 mg/kg), respectively for 30 days. After the last treatment, gastric ulcer was induced using 
indomethacin (25 mg/kg; p.o.) in groups 2 to 6. An additional group received indomethacin alone 
(control indomethacin). Animals were sacrificed and ulcer scores were determined. Part of the stomach 
was preserved for histopathologic studies while the other part was used for determination of reduced 
glutathione (GSH), malondialdehyde (MDA), nitric oxide (NO), tumor necrosis factor-alpha (TNF-α) and 
interleukin-10 (IL-10) contents. Pretreatment with all antidepressants used ameliorated indomethacin-
induced changes in rat stomach. Biochemical findings were supported by histologic studies. In 
conclusion, the observed gastroprotective effects of mirtazapine, escitalopram and venlafaxine are 
possibly mediated by modulation of inflammatory cytokines and antioxidant effects. 
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INTRODUCTION 

 

Gastric ulcer is a multifactorial etiological disease 
involving depression, stress and production of reactive 
oxygen species (ROS) as major factors (Kwiecien et al., 
2012; Goodwin et al., 2013). An increased vulnerability to 
depression (Pare, 1989) in experimental animals is 
paralleled with ulcer development and the same occurs in 
humans (Sjodin et al., 1985). Interestingly, certain antide-
pressants, such as duloxetine, amitriptyline, fluoxetine, 
were shown to reduce stress ulcer formation, perhaps to 
a greater extent than that seen with traditional therapies 

 
 
 

 

such as cimetidine and antacids (Dajani et al., 2003; 
Olden, 2005; Bilici et al., 2009).  

Mirtazapine, escitalopram and venalfaxine are 
extensively used antidepressants in clinical practice. 
Mirtazapine, a norepinephrine and specific serotonin 
antidepressant, enhances both serotonin (5-HT) and 
norepinephrine (NE) neurotransmission (Haddjeri et al., 
1996). Escitalopram is the S-enantiomer of the racemic 
selective serotonin reuptake inhibitor compound 
citalopram with reported marked antidepressant and 
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anxiolytic activities (Sanchez et al., 2003). Venlafaxine 
inhibits the reuptake of 5-HT, NE and dopamine. 
Although its mechanism of action is similar to the tricyclic 
antidepressant (TCAs) drugs; it acts more specifically at 
those receptors and does not bind to the receptors 
responsible for the side effects of TCAs (Adelman et al., 
2000).  

Chronic inflammation and oxidative stress have been 
implicated in the pathophysiology of major depressive 
disorder (MDD) (Berk et al., 2011). MDD is accompanied 
by activation of inflammatory pathways, reflected by an 
increased levels of inflammatory cytokines, such as 
interleukin-1beta, interleukin-2, interleukin-6, interferon-
gamma and tumor necrosis factor-alpha (TNF-α) (Maes, 
1999).  

The current study aimed to examine the possible anti-
ulcer effect of mirtazapine, escitalopram and venlafaxine 
in indomethacin induced ulcer in depressed rats and to 
compare their effects with that of ranitidine, a well-known  

H2 blocker. Indomethacin-induced gastric ulcer model 

has been chosen as it produces higher gastric damage in 
rats when compared to other non-steroidal anti-
inflammatory drugs (NSAIDs) (Takeuchi et al., 2005). It 
seemed also important to investigate the effects of the 
chosen agents on certain factors known to be involved in 
ulcer and depression pathophysiology as oxidative stress 
bio-markers as well as production of pro-inflammatory 
and anti-inflammatory cytokines. 
 

 
MATERIALS AND METHODS 
 
Animals 

 
Adult male albino Wistar rats weighing 130 to 160 g between 10 to 
12 weeks age were obtained from the animal house colony of the 
National Research Center. The animals were housed under 
standard light, temperature, and room humidity conditions during 
the study. Animal experiments were performed in accordance with 
guidelines for the use and care of laboratory animals of the Ethics 
Committee of Faculty of Pharmacy, Cairo University. 
 
 
Chemicals 

 
All chemicals for laboratory experimentation were purchased from 
Sigma Chemical (Germany). Indomethacin, mirtazapine, escitalo-
pram, venlafaxine and ranitidine were obtained from Khahira 
(Egypt), Novartis (Egypt), Lundbeck (Denmark), Wyeth (USA) and 
Pharco (Egypt) companies, respectively. Drugs were prepared as 
suspensions in 1% tween 80 and orally administered. 
 
 
Experimental design 

 
Rats were divided into 6 groups (n = 8). Induction of depression 
was done by i.p. injection with clonidine (0.8 mg/kg) (Enginar and 
Eroglu, 1990) once daily for 10 days in all groups except the 1st 
one which received saline i.p. (normal control). From 10th day 

 
 
 
 

 
onwards, after the confirmation of depression by forced swimming 
test (FST), groups 3 to 6 were orally treated with mirtazapine (10 
mg/kg) (Ji et al., 2012), escitalopram (10 mg/kg) (Saglam et al., 
2008), venlafaxine (20 mg/kg) (Abdel-Wahab and Salama, 2011) 
and ranitidine (50 mg/kg) (Cayci and Dayioglu, 2009), respectively 
for 30 days. The 1st two groups received 1% tween 80 (p.o.) and 
served as normal and depressed control groups, respectively. Rats 
were subjected again to FST after the last dose of antidepressants. 
Thereafter, groups 2 to 6 in addition to a 7th group (indomethacin 
control) received 25 mg/kg indomethacin p.o. (Dengiz et al., 2013). 
Six hours later, all rats were sacrificed using a high dose of 
thiopental sodium (50 mg/kg, i.p.), the stomachs were excised and 
gastric erosions on the surfaces of the stomachs were examined 
macroscopically for mucosal necrotic lesions, red streaks and red 
erosions (Mozsik et al., 1982). Total lesions number was counted 
and the severity of lesions was determined based on the following 
scores: 

 
0 = No ulcer;  
1 = Lesion size < 1 to 2 mm; 
2 = Lesion of size 1 to 2 mm;  
4 = Lesion of size 3 to 4 mm. 
 
Part of each stomach was preserved in 10% formalin for 
histopathologic examination and the remaining part was used to 
prepare 10% homogenate in phosphate buffer. The prepared 
homogenates were used for estimation of stomach contents of lipid 
peroxides, reduced glutathione (GSH), nitric oxide (NO), TNF-α and 
interleukin-10 (IL-10). 

 

Forced swimming test 

 
Depression-like behavior in FST was assessed as previously 
described (Cryan et al., 2001). Rats were individually placed in a 
transparent plexi-glass cylinder. The latency to immobility was 
recorded. Immobility was defined as the total absence of movement 
except slight motions to maintain the head above the water (Cryan 
et al., 2002). At the end of the experiment, rats were dried and 
placed back into their home cage with littermates. 

 

Biochemical and histologic analysis 

 
Lipid peroxides were determined as thiobarbituric acid reactive 
substances (TBARS) using malondialdehyde (MDA) as a reference 
according to the method described by Mihara and Uchiyama (1978) 
and expressed as nmol/g wet tissue. GSH content was determined 
using Ellman's reagent according to the method of Beutler et al. 
(1963) and expressed as mg/g wet tissue. NO content was 
determined as total nitrate/nitrite (NOx) using Griess reagent 
according to the method described by Miranda et al. (2001) and 
expressed as μM/g wet tissue. Stomach contents of TNF-α and IL-
10 were estimated using rat specific immunoassay kit (Biosource, 
USA) and expressed as pg/g wet tissue. Tissue samples preserved 
for histopathologic examination were fixed in 10% formalin and 
used to prepare paraffin blocks. Sections of 5 μm were obtained 
and stained with Hematoxylin and Eosin (H & E). Images were 
captured and processed using Adobe Photoshop (version 8). 

 

Statistical analysis 

 
Values were expressed as means ± standard error (SE). Results of 
ulcer number and severity were analyzed using Kruskal-Wallis non- 
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Table 1. Effects of 30 days administration of mirtazapine, 
escitalopram, venlafaxine and ranitidine on immobility time of 
depressed rats in forced swimming test (FST).  
 
 

Group 
Immobility time 

 

 

Day 0 Day 30 
 

  
 

 Normal 1.42
@

±0.28 1.61±0.24 
 

 Control 2.73*±0.09 3.13*±0.15 
 

 Depressed rats  
2.05

@
±0.16 

 

 Mirtazapine (10 mg/kg) 2.58*±0.20 
 

 Escitalopram (10 mg/kg) 2.86*±0.14 1.67
@

±0.10 
 

 Venlafaxine (20 mg/kg) 2.88*±0.10 1.05
@

±0.15 
 

 Ranitidine (50 mg/kg) 2.68*±0.16 2.88*±0.10 
 

 
Induction of depression was done by i.p. administration of clonidine (0.8 
mg/kg) for 10 successive days. FST was performed after the last dose 
of clonidine (day 0) and after the last dose of test agents (day 30). 
Values are means ± SE of 8 rats. Statistical analysis was done by one 
way ANOVA followed by Tukey Kramer multiple comparisons test. 
*Significantly different from normal control group at p < 0.05.  
@

Significantly different from control depressed group at p < 0.05. 
 

 
parametric one way analysis of variance (ANOVA) followed by 
Mann Whitney multiple comparisons test. The results of the 
remaining experiments were analyzed using one way ANOVA 
followed by Tukey Kramer multiple comparisons test. P < 0.05 was 
accepted as being significant in all types of statistical tests. Graph 
Pad Software InStat (version 2) was used to carry out these 
statistical tests. 

 

RESULTS 
 
Effects of mirtazapine, escitalopram, venlafaxine and 
ranitidine on immobility time of depressed rats in 
forced swimming test 
 
The results depicted in Table 1 show that clonidine-
induced depression increased immobility time of rats in 
FST when compared to the normal control group. 
Administration of mirtazapine (10 mg/kg), escitalopram 
(10 mg/kg) and venlafaxine (20 mg/kg) for 30 days 
decreased the immobility time of depressed rats by 
34.50, 46.64 and 66.45%, respectively when compared to 
control group. On the other hand, administration of raniti-
dine (50 mg/kg) did not significantly change immobility 
time when compared to control depressed group (Table 
1). 
 
 
Effects of mirtazapine, escitalopram, venlafaxine and 
ranitidine on gastric ulcer number and severity 
induced by indomethacin in depressed rats 
 
Macroscopic lesions with evident borderlines in various 
forms and sizes were dispersed irregularly on all stomach 

 
 

 
 

 
Table 2. Effects of 30 days administration of mirtazapine, 
escitalopram, venlafaxine and ranitidine on gastric ulcer number 
and severity induced by indomethacin in depressed rats.  

 
 

Groups 
 Score 

 

  

Ulcer number Ulcer severity 
 

   
 

 Normal - - 
 

 Indomethacin 12.50*±0.89 18.80*±1.51 
 

 Depressed + indomethacin   
 

 Control 13.00*±1.53 20.30*±2.22 
 

 Mirtazapine (10 mg/kg) 3.50
@

±0.43 6.17*
@

±1.66 
 

 Escitalopram (10mg/kg) 5.00*
@

±1.29 5.83*
@

±0.62 
 

 Venlafaxine (20 mg/kg) 3.17
@

±0.91 3.33
@

±0.21 
 

 Ranitidine (50 mg/kg) 2.17
@

±0.28 2.33
@

±0.21 
 

 
Induction of depression was done by i.p. administration of clonidine (0.8 
mg/kg) for 10 successive days. Treatment with test agents started 
following induction of depression. Gastric ulcer was induced by oral 
administration of indomethacin (20 mg/kg) after the last dose of test 
agents. Values are means ± SE of 8 rats. Statistical analysis was done 
by Kruskal-Wallis non-parametric one way ANOVA followed by Mann 
Whitney multiple comparisons test. *Significantly different from normal  
control group at p < 0.05. 

@
Significantly different from control 

indomethacin group at p < 0.05. 
 
 
 
surfaces of untreated rats receiving indomethacin (control 
indomethacin and control depressed). Similarly, 
hyperemia was more evident in either groups when 
compared to the groups treated with ranitidine or any of 
the antidepressants used (Table 2). The severity of 
hyperemia paralleled with an increase in ulcer numbers. 
As seen in Table 2, treatment with mirtazapine (10 
mg/kg), escitalopram (10 mg/kg), venlafaxine (20 mg/kg) 
and ranitidine (50 mg/kg) decreased ulcer number by 72, 
60, 74.64, and 82.64%, respectively as compared to 
control indomethacin group. 

 

 

Effects of mirtazapine, escitalopram, venlafaxine and 
ranitidine on stomach contents of malondialdehyde, 
reduced glutathione and total nitrate/nitrite in 
depressed rats with indomethacin-induced gastric 
ulcer 

 
Indomethacin administration significantly decreased 

stomach contents of GSH and NOx by 30.2 and 84.25%, 
respectively parallel to an increase in MDA content by 
65.65% when compared to the normal group. Similarly, 
administration of indomethacin in depressed rats 

decreased stomach contents of GSH and NOx by 31.5 
and 68%, respectively parallel to an increase in MDA 
content by 62.51%. Treatment of depressed rats with 
mirtazapine, venlafaxine, escitalopram and ranitidine 
protected against indomethacin-induced depletion of 



   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 1. Effects of 30 days administration of mirtazapine (10 
mg/kg), escitalopram (10 mg/kg), venlafaxine (20 mg/kg) and 
ranitidine (50 mg/kg) on stomach reduced glutathione (GSH) 
content of depressed rats with indomethacin-induced ulcer. 
Induction of depression was done by i.p. administration of clonidine 
(0.8 mg/kg) for 10 successive days. Treatment with test agents 
started following induction of depression. Gastric ulcer was induced 
by oral administration of indomethacin (20 mg/kg) after the last 
dose of test agents. Ind: indomethacin; Mirt: mirtazapine; Escit: 
escitalopram; Ven: Venlafaxine; Ran: ranitidine. Values are means  
± SE of 8 rats. Statistical analysis was done by one way ANOVA 
followed by Tukey Kramer multiple comparisons test. *Significantly  
different from normal control group at p < 0.05. 

@
Significantly 

different from control indomethacin group at p < 0.05. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 2. Effects of 30 days administration of mirtazapine (10 
mg/kg), escitalopram (10 mg/kg), venlafaxine (20 mg/kg) and 
ranitidine (50 mg/kg) on stomach total nitrate/nitrite (NOx) content of 
depressed rats with indomethacin-induced ulcer. Induction of 
depression was done by i.p. administration of clonidine (0.8 mg/kg) 
for 10 successive days. Treatment with test agents started following 
induction of depression. Gastric ulcer was induced by oral 
administration of indomethacin (20 mg/kg) after the last dose of test 
agents. Ind: indomethacin; Mirt: mirtazapine; Escit: escitalopram; 
Ven: Venlafaxine; Ran: ranitidine. Values are means ± SE of 8 rats. 
Statistical analysis was done by one way ANOVA followed by 
Tukey Kramer multiple comparisons test. *Significantly different  
from normal control group at p < 0.05. 

@
Significantly different from 

control indomethacin group at p < 0.05. 

 

 

 
stomach GSH content (Figure 1). Similarly, treatment with 

venlafaxine and ranitidine prevented the decrease in NOx 
stomach content induced by indomethacin (Figure 2). In 
addition, both mirtazapine and ranitidine prevented 
indomethacin-induced lipid peroxidation in stomach 
tissues (Figure 3). 
 

 

Effects of mirtazapine, escitalopram, venlafaxine and 
ranitidine on stomach contents of tumor necrosis 
factor-alpha and interleukin-10 in depressed rats with 
indomethacin-induced gastric ulcer 

 

Indomethacin administration in normal and depressed 
rats significantly increased stomach TNF-α contents by 
44.45 and 42.51%, respectively when compared to the 
normal control group (Figures 4 and 5). Meanwhile, IL-10 
content decreased in both groups by 28.11 and 36%, 
respectively when compared to the normal group. 
Treatment of depressed rats with any of the test agents 
prevented indomethacin-induced increase in stomach 
TNF-α content. Similarly, all treatments except escitalo- 

 
 
pram prevented the decrease in IL-10 content induced by 
indomethacin. 
 

 

Effects of mirtazapine, escitalopram, venlafaxine and 
ranitidine on histopathologic changes in stomach of 
depressed rats with indomethacin-induced gastric 
ulcer 

 

Administration of indomethacin in normal or depressed 
untreated rats caused marked necrosis and hemorrhage 
in mucosal layer coupled with edema of sub-mucosal 
layer. Treatment of depressed rats with ranitidine or any 
of the used antidepressants ameliorated indomethacin-
induced histologic changes (Figure 6). 
 

 

DISCUSSION 

 

FST remains one of the most used tools for assessing 
pharmacological antidepressant activity (Petit-Demouliere et 
al., 2005). Antidepressant treatments reduce immobility time 
of rats in this test. Indeed in the current 



  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 3. Effects of 30 days administration of mirtazapine (10 
mg/kg), escitalopram (10 mg/kg), venlafaxine (20 mg/kg) and 
ranitidine (50 mg/kg) on stomach malondialdehyde (MDA) content 
of depressed rats with indomethacin-induced ulcer. Induction of 
depression was done by i.p. administration of clonidine (0.8 mg/kg) 
for 10 successive days. Treatment with test agents started following 
induction of depression. Gastric ulcer was induced by oral 
administration of indomethacin (20 mg/kg) after the last dose of test 
agents. Ind: indomethacin; Mirt: mirtazapine; Escit: escitalopram; 
Ven: Venlafaxine; Ran: ranitidine. Values are means ± SE of 8 rats. 
Statistical analysis was done by one way ANOVA followed by 
Tukey Kramer multiple comparisons test. *Significantly different  
from normal control group at p < 0.05. 

@
Significantly different from 

control indomethacin group at p < 0.05. 
 

 

experiments, treatment of depressed rats for 30 days with 
mirtazapine, escitalopram or venlafaxine reduced 
immobility time of rats in FST. The present results are in 
accordance with other studies that revealed the 
effectiveness of escitalopram and venlafaxine in FST 
(Zomkowski et al., 2010).  

The present results demonstrated that mirtazapine, 
escitalopram and venlafaxine displayed a significant 
reduction of the mucosal damage induced by 
indomethacin. The three antidepressants reduced ulcer 
numbers and severity as well as indomethacin-induced 
histopathologic injuries and their results were comparable  

to ranitidine, a well-known H2 blocker used in treatment 

of gastric ulcers. Similar results were reported by Bilici et 
al. (2009), using mirtazapine in doses 15, 30 and 60 
mg/kg. Similarly, Ji et al. (2012) reported anti-ulcer effects 
of mirtazapine (10 and 20 mg/kg) in gastric ulcer models 
induced by water-immersion plus restraint stress or 
reserpine. The gastroprotective effect of citalopram, an 
enantiomer of escitalopram, was also reported in stress 
and pyloric ligation mediated ulcers (Saxena and Singh, 
2011).  

Antidepressant drugs have been shown to produce 
antiulcer effects by reducing histamine secretion from 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 4. Effects of 30 days administration of mirtazapine (10 
mg/kg), escitalopram (10 mg/kg), venlafaxine (20 mg/kg) and 
ranitidine (50 mg/kg) on stomach tumor necrosis factor-alpha (TNF-  
α) content of depressed rats with indomethacin-induced ulcer. 
Induction of depression was done by i.p. administration of clonidine 
(0.8 mg/kg) for 10 successive days. Treatment with test agents 
started following induction of depression. Gastric ulcer was induced 
by oral administration of indomethacin (20 mg/kg) after the last 
dose of test agents. Ind: indomethacin; Mirt: mirtazapine; Escit: 
escitalopram; Ven: Venlafaxine; Ran: ranitidine. Values are means  
± SE of 8 rats. Statistical analysis was done by one way ANOVA 
followed by Tukey Kramer multiple comparisons test. *Significantly  
different from normal control group at p < 0.05. 

@
Significantly 

different from control indomethacin group at p < 0.05. 
 
 

 

mast cells, inhibiting gastric acid secretion, and blocking 
leukotriene receptors (Hano et al., 1978). Moreover, 
Saxena and Singh (2011) mentioned that the protective 
effects of citalopram was related to increasing –SH 
groups, NO production and PGs.  

In the current experiments, indomethacin administration 

resulted in increased lipid peroxidation manifested by 

increased stomach content of MDA, an end product of the 

process of lipid peroxidation parallel to reduced GSH 

content. The important primary factor in indomethacin-

induced gastric damage is ROS mediated lipid peroxidation 

(Naito et al., 1998) coupled with reduced antioxidant 

defenses (Hassan et al., 1998). We investi-gated effects of 

mirtazapine (10 mg/kg), escitalopram (10 mg/kg) and 

venlafaxine (20 mg/kg) on stomach contents of GSH, MDA, 

and NO in indomethacin-induced ulcer in rats. Similarly, the 

effects of the chosen antidepressants on stomach content of 

TNF-α as a pro-inflammatory cytokine and IL-10, as an anti-

inflammatory cytokine were assessed as an approach to 

investigate the mechanism behind their antiulcer effects. 

Treatment of depressed rats with mirtazapine or ranitidine 

prevented indomethacin- 



   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 5. Effects of 30 days administration of mirtazapine (10 
mg/kg), escitalopram (10 mg/kg), venlafaxine (20 mg/kg) and 
ranitidine (50 mg/kg) on stomach interleukin-10 (IL-10) content of 
depressed rats with indomethacin-induced ulcer. Induction of 
depression was done by i.p. administration of clonidine (0.8 mg/kg) 
for 10 successive days. Treatment with test agents started following 
induction of depression. Gastric ulcer was induced by oral 
administration of indomethacin (20 mg/kg) after the last dose of test 
agents. Ind: indomethacin; Mirt: mirtazapine; Escit: escitalopram; 
Ven: Venlafaxine; Ran: ranitidine. Values are means ± SE of 8 rats. 
Statistical analysis was done by one way ANOVA followed by 
Tukey Kramer multiple comparisons test. *Significantly different  
from normal control group at p < 0.05. 

@
Significantly different from 

control indomethacin group at p < 0.05. 
 
 

 

induced lipid peroxidation and depletion in stomach GSH 
stores. Similarly, venlafaxine and escitalopram protected 
against indomethacin-induced GSH depletion, although 
stomach MDA contents were still elevated in both groups. 
In a study performed by Bilici et al. (2009), using 
mirtazapine was associated with similar protection 
against indomethacin-induced lipid peroxidation. Mirtaza-
pine restored stomach content of GSH and activities of 
superoxide dismutase and catalase. Similarly, 
venlafaxine in doses of 5, 10 and 20 mg/kg/day for 21 
days protected against stress-induced DNA oxidative 
damage in hippocampus of mice and reduced associated 
lipid peroxidation while increasing brain GSH and total 
antioxidant stores (Abdel-Wahab and Salama, 2011). 
Moreover, the protective effects of escitalopram were 
reported against depression-induced oxidative stress in 
rat brains (Eren et al., 2007).  

The present findings indicate the important relationship 
between gastric GSH contents and ulcer severity. GSH 
detoxifies hydrogen peroxide and/or organic acids 
chemically; thus hydrogen peroxide accumulates in the 

 
 
 
 

 

absence of GSH and in the presence of transition metals 
such as Fe and Cu, it reacts with superoxide anion to 
form hydroxyl radical, the most reactive and cytotoxic 
form of ROS (Dalle-Donne et al., 2003).  

In the current study, gastric NO content was reduced by 
indomethacin administration. The present findings 
confirm the positive correlation between the decrease in 
NO content and the severity of gastric damage as 
previously reported (Lanas et al., 2000; Cadirci et al., 
2007). NO, as a vasodilator, maintains gastric epithelium 
integrity by accelerating ulcer healing (Li et al., 2000) and 
modulating acid levels as well as gastric mucus secretion 
(Martin et al., 2001). Moreover, NO has also been 
reported to prevent membrane lipid peroxidation (Hogg 
and Kalyanaraman, 1999). Treatment with escitalopram 
or ranitidine, in the current study, increased gastric NO 
levels significantly when compared to control 
indomethacin group. The ability of ranitidine to increase 
stomach NO content in indomethacin-induced ulcer was 
previously reported and explained by its ability to 
increase constitutive nitric oxide synthase (Bayir et al., 
2006). The noted effect of escitalopram on stomach NO 
content could be one of the factors responsible for its 
observed decrease of ulcer-index and ulcer severity 
induced by indomethacin. The effects of escitalopram on 
NO content could be mediated via increased synthesis of 
NO through nitric oxide synthases (NOS). Indeed, 
Saglam et al. (2008) reported increased NOS activity in  

brain of rats treated with escitalopram in doses of 2.5, 5 
and 10 mg/kg.  

Induction of indomethacin ulcer in normal or depressed 
rats was associated by increased stomach contents of 
TNF-α, a pro-inflammatory cytokine, parallel to decreased 
IL-10, an anti-inflammatory cytokine. This observation is 
consistent with previous observations showing the 
importance of TNF- α in the process of ulcer healing 
(Konturek et al., 2000). Indeed, TNF-α was shown to 
delay ulcer healing by inhibition of cell proliferation, 
angiogenesis and gastric microcirculation (Shimizu et al., 
2000). Treatment with any of the three used antidepres-
sants or ranitidine attenuated indomethacin-induced 
changes in stomach TNF-α and IL-10 contents except for 
escitalopram which did not significantly affect IL-10 
content when compared to indomethacin control group.  

The present findings find support in previous published 
literature. Ranitidine inhibited the production of TNF-α in 
monocytes stimulated with lipopolysaccharide in vitro 
(Okajima et al., 2002) and in stomach of rats subjected to 
pyloric ligation (Sood and Muthuraman, 2009). 
Mirtazapine was shown to reduce TNF-α expression in 
tumor-bearing mice (Fang et al., 2012) and to reduce 
TNF-α in brain of rats parallel to IL-10 up-regulation (Zhu 
et al., 2008). Venlafaxine was also shown to suppress 
TNF-α up-regulation and up-regulate IL-10 level in 
patients and experimental animals (Kubera et al., 2001; 



  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 6. Effects of 30 days administration of mirtazapine (10 mg/kg), escitalopram (10 mg/kg), venlafaxine (20 mg/kg)  
and ranitidine (50 mg/kg) on stomach histopathologic changes of depressed rats with indomethacin-induced ulcer. (A): 
Stomach of normal control rat showing normal structure of stomach tissue; (B): Stomach of rat treated with indomethacin 
showing necrosis of the surface mucous cells and fundus gland, hemorrhage in mucosal layer and edema of submucosal 
layer; (C):Stomach of control depressed rat treated with indomethacin showing major injuries in mucosal layer, as well as 
necrosis of the surface mucous cells; (D): Stomach of depressed rats treated with indomethacin and mirtazapine showing 
necrosis of the surface mucous cells and fundus gland, hemorrhage in mucosal layer; (E): Stomach of depressed rat 
treated with indomethacin and escitalopram showing no obvious injuries in mucosal layer; (F): Stomach of depressed rats 
treated with indomethacin and venlafaxine showing no obvious injuries in the most of the mucosal layer . (G): Stomach of 
depressed rats treated with ranitidine showing regular and intact structure. (H & E; ×100). 

 
 
 
Li et al., 2013). Moreover, suppression of TNF-α was 
recognized as one of the antidepressant mechanisms of 
escitalopram (Bah et al., 2011; Powell et al., 2012). The 
current data indicate the important role played by TNF-α 
and IL-10 in the observed gastroprotective effects of 
mirtazapine, escitalopram and venlafaxine. 

 
 

 

exert their antiulcer effects by activation of antioxidant 
mechanisms, inhibition of toxic oxidant mechanisms in 
stomach tissues in addition to their anti-inflammatory 
effects revealed by reducing TNF-α and increasing IL-10 
contents. Histologic examination of stomach tissues 
confirmed the present biochemical findings. 
 

 

Conclusion 

 

We report that mirtazapine, escitalopram and venlafaxine 
have antiulcer effects in depressed rats receiving 
indomethacin. The chosen antidepressants appear to 
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