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The highly selective serotonin reuptake inhibitors are successful in the treatment of depression mood 
and anxiety disorders. The objective of this study is to investigate the effect of fluexotine and buspirone 
when given orally in three dose levels (5, 10 and 15 mg/ kg) not only for eight weeks on gastric lesions 
and oxidative markers in normal rats' mucosal integrity, but also for four weeks on gastric mucosal 
lesions in rats treated with indomethacin- induced ulcers. The results of this study showed that in 
normal rats, the administration of fluoxetine induced gastric lesions while buspirone caused no lesions. 
The indomethacin administration resulted in the development of gastric mucosal lesions. Furthermore, 
co-administration of fluoxetine and indomethacin enhanced the development of gastric mucosal lesions 
that were coupled with disturbance in antioxidant status. Buspirone, in contrast, significantly 
decreased the development of gastric mucosal lesions in rats treated with indomethacin. In conclusion, 
fluoxetine caused the development of gastric mucosal lesions and aggravate the effect of indomethacin 
to induce ulcer, however, buspirone had a protective effect that may be attributed to its antioxidant 
properties.  
  
Key words: Fluoxetine, buspirone, peptic ulcer, indomethacin-induced ulcer, oxidative stress. 

 
 
INTRODUCTION 
 
Serotonin is a neurotransmitter that plays an integral role 
in mediating a number of physiological processes; a wide 
distribution in the brain and gut (van Praag, 1980; 
Hanson and Hurley, .2014). Several studies (Kuhn et al., 
1980; Rickels and Schweizer, 1990; Ahmed and 
Simmons, 2013) said that selective serotonin reuptake 
inhibitors (SSRIs) are very successful in the treatment of 
psychological depression (Dworkin et al., 2007). 

Interestingly, although administration of an SSRI causes 
an immediate increase in synaptic release of 5-HT, 
antidepressant effects are not experienced until 
approximately 3 to 4 weeks of chronic administration in 
humans (Rickels and Schweizer, 1990; Stahl, 1988) and 
2 weeks in rat models of affective disorder (Gambarana 
et al., 2001). 

Most serotonin is found in  the  gut  being  produced  by  
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the enterochromaffin cells in the gastric and intestinal 
mucosa (Ener et al., 2003). Gut serotonin is involved in 
the control of smooth muscle tone and motility (Mazda et 
al., 2004; Fink et al., 2006). Studies in humans have 
suggested an association between the intake of SSRIs 
and increased episodes of gastric bleeding in patients 
with depressive disorders (De Abajo et al., 2006). As 
serotonin promotes platelet aggregation, and it is thought 
that SSRIs limit the uptake of blood serotonin by platelets 
consequently to serotonin promoting platelet aggregation 
(Meijer et al., 2004). The present work aimed to 
investigate the effect of long term treatment with drugs 
influencing serotonergic neurotransmission on gastric 
mucosal integrity in rats.  

In this experimental study, the effect of fluoxetine and 
buspirone were investigated in normal rats' stomach. In 
addition, the effect of both drugs on oxidant and 
antioxidant parameters in rats' stomach tissue was 
evaluated, as a first approach to investigate the 
mechanism behind their effect on the stomach. 
   
 
MATERIALS AND METHODS 
 
Animals 
 
Adult albino wistar rats, weighting 120 to 130 g of body weight, 
were obtained from the animal house colony in National Research 
Center (Giza, Egypt). The animals were housed in a conditioned 
room at 25 ± 2ºC, standard diet and tap water source were supplied 
ad libitum. Approval for this study was obtained from the Ethics 
Committee of The National Research Center-Egypt and in 
accordance with the recommendations of the proper care and use 
of laboratory animals. 
 
 
Drugs 
 
Fluexotine was purchased from lilly (England), buspirone from 
Squibb (Egypt) and indomethacin from Khahira Pharma-ceutical 
and Chemical IND Company (Egypt). The doses of the drugs were 
selected from published literature according to Abdel-Salam et al. 
(2003), Chial et al. (2003) and Ilahi et al. (2006), respectively.  
 
 
Studies in the intact rat 
 
Rats were randomly allocated into 7 groups, each consisting of 16 
rats. Daily administration orally of the test drugs in three dose levels 
was carried out for eight weeks. The animals were treated 
according to the following scheme: Group 1: Received saline and 
served as a negative control. Groups 2, 3 and 4 received fluexotine 
5, 10 and 15 mg/kg, respectively. Finally groups 5, 6 and 7 received 
buspirone 5, 10 and 15mg/kg, respectively.           
 
 
Studies in combination with indomethacin on normal rats 
 
Eleven groups, each consisting of 8 rats, daily administration orally 
of the test drugs in three dose levels was carried out orally for four 
weeks, along with indomethacin 1 mg / Kg / 24 h (Ilahi et al., 2006). 
Animals were treated according to the following scheme: Group 1: 
Received saline and served as the control. Group 2: Received 
indomethacin and served as the  control  +ve.  Groups  3,  4  and  5  

 
 
 
 
received fluexotine 5, 10 and 15 mg/kg, respectively and 
indomethacin. Groups 6, 7 and 8 received buspirone 5, 10 and 15 
mg/kg, respectively and indomethacin. 

At the end of the first experiment, eight animals of each group 
were sacrificed by decapitation. After which the brains were quickly 
isolated, the brains were frozen stored at -80°C, until analysis of 
serotonin brain levels. 

At the end of two experiments, animals were sacrificed by 
cervical dislocation then the abdominal cavity was opened and the 
stomach was removed. The stomach was opened along the greater 
curvature and pinned on a plastic board. The mucosa was 
examined for mucosal necrotic lesions, red streaks and red 
erosions (Mózsik et al., 1982). Immediately after gross lesion 
examination, the stomach was placed over an ice-cold surface. The 
glandular mucosa was cut, weighed then homogenized in ice-cold 
saline to obtain a 10 % (W/V) homogenate by using glass 
homogenizer. This was performed to determine the level of 
glutathione, lipid peroxides and nitric oxide.  

The stomach mucosa was examined for mucosal necrotic 
lesions, red streaks and red erosions (Mózsik et al., 1982). Total 
lesion number was counted and the lesion severity was determined 
based on the following scores:  
 
0 = no ulcer 
1 = lesion size ≤ than 1 mm. 
2 = lesion of size 1-2 mm. 
3 = lesion of size 2-3 mm. 
4 = lesion of size 3-4 mm. 
5 = lesion of size > 4 mm. 
 
 
Determination of oxidative stress 
 
Lipid peroxides were determined according to the method 
described by Mihara and Uchiyama (1978) and expressed as 
nmol/g wet tissue. Lipid peroxidation products were estimated by 
the determination of the level of TBARS that were measured as 
malondialdehyde (MDA). The latter is the decomposition product of 
the process of lipid peroxidation and is used as an indicator of this 
process. The principle of the assay depends on the colorimetric 
determination of a pink pigment product, resulting from the reaction 
of TBARS with thiobarbituric acid (TBA) in an acidic medium, at 
high temperature. Reduced glutathione (GSH) content was 
determined in the stomach homogenates according to the method 
of Beutler et al. (1963) and expressed as mg/g wet tissue. The 
method depends on the fact that both protein and non-protein thiol 
(SH-) groups (mainly GSH) react with Ellman’s reagent [5,5' -
dithiobis (2- nitrobenzoic acid)] to form a stable yellow color of 5-
mercapto -2- nitrobenzoic acid, which can be measured 
colorimetrically at 412 nm.  Stomach NO metabolites were 
determined according to the method described by Miranda et al. 
(2001) and expressed as μM/g wet tissue. The assay determines  
the total NOx content based on the reduction of any nitrate to nitrite 
by vanadium, followed by the detection of total nitrite (intrinsic + 
nitrite obtained from reduction of nitrate) by Griess reagent. The 
Griess reaction leads to the formation of a chromophore from the 
diazotization of sulfanilamide by acidic nitrite, followed by coupling 
with bicyclic amines such as N-(1-naphthyl) ethylenediamine. The 
chromophoric azo derivative can be measured colorimetrically at 
540 nm. 
 
 
Estimation of serotonin 
 
Estimation of serotonin in the midbrain region using rapid and 
precise liquid chromatography with mass spectrometric detection 
(LC/MS) method for the identification and quantification of serotonin 
from rat  brain  tissue  without  any  pre-analysis  adjustment  of  the  
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Table 1. Effect of fluoxetine and buspirone on gastric mucosal integrity. 
 

Groups  Number of ulcers (mean) Ulcer severity (score) Incidence of lesions 

Normal No lesion Zero Zero 

Fluoxetine 5 mg/kg 2.3 ± 0.4 3 ± 0.7 3/6 

Fluoxetine 10 mg/kg 2 ± 0.6 2 ± 0.6 4/6 

Fluoxetine 15 mg/kg 4 ± 0.6 6 ± 1 4/6 

Buspirone 5 mg/kg No lesion Zero Zero 

Buspirone 10 mg/kg No lesion Zero Zero 

Buspirone 15 mg/kg No lesion Zero Zero 
 

Values are means ± SE of 6 rats. 

 
 
 

Table 2. Effect of concurrent administration of fluoxetine and buspirone with indomethacin on 
gastric mucosal integrity. 
 

Groups  Number of lesions (mean) Severity of lesions (score) 

Indomethacin 1 mg/kg 3.2 ± 0.03 5 ± 0.09 

Fluoxetine 5 mg/kg 4.3 ± 0.04 5.3 ± 0.07 

Fluoxetine 10 mg/kg 5 ± 0.05 6.3 ± 0.08 

Fluoxetine 15 mg/kg 6.8 ± 0.07ª 11.7 ± 0.14ª 

Buspirone 5 mg/kg Zero Zero 

Buspirone 10 mg/kg Zero Zero 

Buspirone 15 mg/kg Zero Zero 
 

Values are means ± SE of 6 rats. 
a
P<0.05 vs. control group. 

 
 
 
sample such as pre-concentration or derivatization has been 
developed (Cao et al., 2006). 
 
 
Histopathological examination 
 
The dissected stomachs of different groups were washed with 
saline and fixed in 10% formalin for histopathological assessment. 
The prepared sections were stained with Haematoxylin and Eosin 
for assessing histopathological changes. 
 
 
Statistical analysis 
 
Values were expressed as means ± S.E.; the results of the ulcer 
number and severity were analyzed using Kruskal-Wallis non-
parametric one way analysis of variance (ANOVA), followed by 
Mann Whitney multiple comparison test. The results of the 
remaining experiments were analyzed using one way ANOVA 
followed by least significant difference (LSD) multiple comparison 
test. P<0.05 was accepted as being significant in all types of 
statistical tests.  Statistical analysis of results, were done using 
software SPSS 17. 

 
 
RESULTS 
 
Effect on ulcer index 
 
In normal rats, after eight weeks of drugs administration, 
fluoxetine caused lesions compared with buspirone 

(Table 1). The concurrent administration of fluoxetine and 
indomethacin for four weeks enhanced the development 
of gastric mucosal lesions (Table 2). 

After eight weeks the administration of fluoxetine 
reduced gastric NOx content while buspirone elevated 
gastric NOx (Figure 1). The concurrent administration of 
fluoxetine and buspirone with indomethacin for four 
weeks results in gastrointestinal mucosal damage 
decreasing NO cause by indomethacin. Moreover, gastric 
lesions caused by NSAIDs can be aggravated by 
vascular ischemia, which can explain why fluoxetine 
enhanced lesions with indomethacin co-administration 
through their decrease in nitric oxide.in the same manner 
gastric NOx content was reduced by fluoxetine (Figure 2). 
 
 

Effect on gastric NOx content 
 

Effect of fluoxetine and buspirone on gastric NOx in 
normal rats 
 
The effect of fluoxetine on NO concentration, in normal 
rats that received fluoxetine at 5 mg/kg, showed a 
significant decrease by 35% compared to the control 
(saline treated) group.  The other two doses of fluoxetine 
10 and 15 mg/kg resulted in an insignificant reduction in 
NO concentration compared to the normal group.  

The rats, that received  buspirone  at  5 mg/kg  showed  
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Figure 1. Effect of fluoxetine and buspirone at 5, 10 and 15 mg/kg on rat stomach nitric oxide 
(NO) concentration. 
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Figure 2. Effect of fluoxetine and buspirone NO concentration in 
indomethacin- induced gastric ulcer in rats. 

 
 
 

an insignificant increase in NO concentration by 23% 
compared to the normal group. In rats that were 
administered buspirone at 10 and 15 mg/kg, NO 
concentration was significantly increased compared to 
normal group by 41 and 55%, respectively (Figure 1).  

Drugs were suspended in 1% Tween 80 and orally 
administered daily for 8 weeks. The normal and control 
group received 1% Tween 80 daily. In all groups, animals 
were sacrificed by cervical dislocation under ether 
anesthesia. Stomachs were dissected and part of each 
stomach was homogenized and the homogenate was 
used for the determination of gastric total nitrate/nitrite 

(NOx) content. Each value represents the mean of 6 rats 
± S.E. Statistical analysis was carried out by one way 
analysis of variance (ANOVA) followed by least 
significant difference (LSD) multiple comparison test. 
 
Effect of fluoxetine and buspirone NO concentration 
in indomethacin induced gastric ulcer in rats  
 
Indomethacin significantly decreased NO content by 36% 
compared to the control group. Fluoxetine at 5, 10 and 15 
mg/kg was given to indomethacin treated rats resulting in 
significant decrease in NO concentration compared to the 
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Figure 3. Effect of fluoxetine and buspirone at 5, 10 and 15 mg/kg bodyweight on rat gastric 
reduced glutathione (GSH) content. 

 
 
 

control group by 31, 46 and 50% respectively. In the 
same manner, NO concentration showed insignificant 
decreased compared to the indomethacin treated group. 
Buspirone was given at 5, 10 and 15 mg/kg to 
indomethacin treated rats resulting in a significant 
decrease in NO concentration compared to the control 
group by 45, 40 and 30%, respectively.  However, no 
significant effects were seen after treating with buspirone 
in NO concentration compared to indomethacin treated 
group. 

Drugs were suspended in 1% Tween 80 and orally 
administered daily for four weeks with 1% indomethacin. 
The normal received 1% Tween 80 daily and the control 
group received 1% indomethacin. In all groups, animals 
were sacrificed by cervical dislocation under ether 
anesthesia. Stomachs were dissected and part of each 
stomach was homogenized and the homogenate was 
used for the determination of gastric total nitrate/nitrite 
(NOx) content. Each value represents the mean of 6 rats 
± S.E. Statistical analysis was carried out by one way 
analysis of variance (ANOVA) followed by least 
significant difference (LSD) multiple comparison test.  

 
 
Effect on gastric GSH content 

 
Effect of fluoxetine and buspirone gastric on 
glutathione (GSH) content in normal rats 

 
Normal rats were given fluoxetine; GSH content showed 
an insignificant change compared to the control group.  
Rats that received buspirone at 5 mg/kg showed an 
insignificant increase in GSH content compared to the 
control group. In rats treated with buspirone at 10 and 15 
mg/kg, GSH content was a significantly increased 
compared to the control group by 27 and 36% 
respectively (Figure 3). 

Drugs were suspended in 1% Tween 80 and orally 
administered daily for 8 weeks.  The  normal  and  control 

group received 1% Tween 80 daily. In all groups, animals 
were sacrificed by cervical dislocation under ether 
anesthesia. Stomachs were dissected and part of each 
stomach was homogenized and the homogenate was 
used for the determination of gastric total reduced 
glutathione content. Each value represents the mean of 6 
rat's ± S.E. Statistical analysis was carried out by one 
way analysis of variance (ANOVA) followed by least 
significant difference (LSD) multiple comparison test. 
 
 

Effect of fluoxetine and buspirone GSH content in 
indomethacin- induced gastric ulcer in rats 
 
Indomethacin was given at 1 mg/kg for four weeks, 
resulting in an insignificant increase in GSH content 
compared to the control group. Fluoxetine administration 
to indomethacin treated rats at 5 mg/kg caused an 
insignificant decrease in GSH content compared to both 
the control and the indomethacin treated group.  
Fluoxetine at 10 and15 mg/kg administrations to 
indomethacin treated rats showed a significant increase 
in GSH content compared to the control group by 38 and 
84%, respectively. Fluoxetine at 15 mg/kg caused a 
significant increase in GSH content by 72% compared to 
the indomethacin treated group. 

Buspirone at 5, 10 and 15 mg/kg was given to 
indomethacin treated rats resulted in a significant 
increase in GSH content not only compared to the control 
group by 29, 57and 84%,  but also to the indomethacin 
treated group by 27, 54 and 72%, respectively (Figure 4). 

Drugs were suspended in 1% Tween 80 and orally 
administered daily for four weeks with 1% indomethacin. 
The normal group received 1% Tween 80 daily and the 
control group received 1% indomethacin. In all groups 
animals were sacrificed by cervical dislocation under 
ether anesthesia. Stomachs were dissected and part of 
each stomach was homogenized and the homogenate 
was used for the determination of gastric reduced 
glutathione content. Each value represents the mean of 6 
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Figure 4. Effect of fluoxetine and buspirone GSH content in indomethacin- induced gastric ulcer in rats. 
*Significantly different from normal group at p<0.05. 

 
 
 
rats ± S.E. Statistical analysis was carried out by one way 
analysis of variance (ANOVA) followed by least 
significant difference (LSD) multiple comparison test. 

 
 
Effect on gastric MDA content 
 
Effect of fluoxetine and buspirone on normal rat 
stomach malondialdehyde (MDA) content 
 
The fluoxetine group resulted in a significant increase in 
MDA content compared to the control group.  Buspirone 
at 5, 10 and 15 mg/kg, MDA content showed an 
insignificant change compared to the control group 
(Figure 5).   

 
 
Effect of fluoxetine and buspirone MDA content in 
indomethacin induced gastric ulcer in rats 
 
Indomethacin given at 1 mg/kg for four weeks resulted in 
significant increase in MDA content compared to the 
control group. Fluoxetine at 5 and 10 mg/kg given to 
indomethacin treated rats, resulted in a significant 
increase in the MDA content compared to the control 
group. This elevation was insignificant compared to the 
indomethacin treated group. However, fluoxetine at 15 
mg/kg given to indomethacin treated rats, resulted in a 
significant increase in the MDA content compared to both 
the control and the indomethacin treated groups.   

Buspirone  was  given  to  indomethacin   treated   rats, 

resulted in a significant decrease in gastric mucosal the 
MDA content compared to the indomethacin treated 
group (Figure 6). 
 
 

Effect on serotonin level 
 
Effect of fluoxetine and buspirone on rat gastric 
mucosal serotonin 
 
In normal rats, that were given fluoxetine at 5 and 10 
mg/kg, the gastric mucosal serotonin level was 
decreased compared to the control group by 50 and 12%, 
respectively. Fluoxetine at 15 mg/kg increased gastric 
mucosal serotonin level by 32% compared to the control 
group. Buspirone at 5 and 10 mg/kg decreased the 
gastric mucosal serotonin level compared to the control 
group.  Buspirone at 15 mg/kg showed no effect on the 
gastric mucosal serotonin level compared to the control 
group (Figure 7).  
 
 

Effect of fluoxetine and buspirone on rat midbrain 
serotonin level 
 

Fluoxetine at 5 and 10 mg/kg, decreased the brain 
serotonin level compared to the control group by 82 and 
52% respectively.  Fluoxetine at 15 mg/kg increased the 
brain serotonin level by 42% compared to the control 
group. Buspirone at 5, 10 and 15 mg/kg, increased the 
brain serotonin level compared to the control group 
(Figure 8).   
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Figure 5. Effect of fluoxetine and buspirone at 5, 10 and 15 mg/kg bodyweight on rat stomach 
malondialdehyde (MDA) content. Drugs were suspended in 1 % Tween 80 and orally administered daily 
for 8 weeks. The normal and control group received 1% Tween 80 daily. In all groups animals were 
sacrificed by cervical dislocation under ether anesthesia. Stomachs were dissected and part of each 
stomach was homogenized and the homogenate was used for the determination of gastric total reduced 
glutathione content. Each value represents the mean of 6 rats ± S.E. Statistical analysis was carried out 
by one way analysis of variance (ANOVA) followed by least significant difference (LSD) multiple 
comparison test. *Significantly different from normal group at p<0.05.  
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Figure 6. Effect of fluoxetine and buspirone MDA content in indomethacin-induced 
gastric ulcer in rats. Drugs were suspended in 1% Tween 80 and orally administered 
daily for four weeks with 1% indomethacin. The normal received 1% Tween 80 daily 
and the control group received 1% indomethacin. In all groups animals were sacrificed 
by cervical dislocation under ether anesthesia. Stomachs were dissected and part of 
each stomach was homogenized and the homogenate was used for the determination 
of gastric mucosal thiobarbituric acid reactive substances (MDA) content. Each value 
represents the mean of 6 rats ± S.E. Statistical analysis was carried out by one way 
analysis of variance (ANOVA) followed by least significant difference (LSD) multiple 
comparison test. *Significantly different from normal group at p<0.05; aSignificantly 
different from indomethacin group at p<0.05. 
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Figure 7. Effect of fluoxetine and buspirone at 5, 10 and 15 mg/kg on rat 
gastric mucosal serotonin. Drugs were suspended in 1% Tween 80 and orally 
administered daily for 8 weeks. The normal and control group received 1% 
Tween 80 daily. In all groups animals were sacrificed by cervical dislocation 
under ether anesthesia. Stomachs were dissected and part of each stomach 
was homogenized and the homogenate was used for the determination of 
gastric mucosal serotonin level. Each value represents the mean of 6 rat’s ± 
S.E. Statistical analysis was carried out by one way analysis of variance 
(ANOVA) followed by least significant difference (LSD) multiple comparisons 
test. *Significantly different from normal group at p < 0.05 using one way 
ANOVA followed by LSD for multiple comparisons. 
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Figure 8. Effect of fluoxetine and buspirone at 5, 10 and 15 mg/kg on rat midbrain 
serotonin level. Drugs were suspended in 1 % Tween 80 and orally administered daily for 
8 weeks. The normal and control group received 1% Tween 80 daily. In all groups animals 
were sacrificed by cervical dislocation under ether anesthesia. Brain was dissected and 
midbrain rejoin was homogenized and the homogenate was used for the determination of 
midbrain serotonin level. Each value represents the mean of 6 rats ± S.E. Statistical 
analysis was carried out by one way analysis of variance (ANOVA) followed by least 
significant difference (LSD) multiple comparison test. *Significantly different from normal 

group at p < 0.05 using one way ANOVA followed by LSD for multiple comparisons. 
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Figure 9. Photomicrograph of sections of gastric mucosa of normal rats (A), fluoxetine 15 mg/kg (B), buspirone 15 mg/kg (C), 
Indomethacin 1 mg/kg (D), fluoxetine 15 mg/kg + Indomethacin 1 mg/kg (E) and buspirone 15 mg/kg + Indomethacin 1 mg/kg (F) (Hx. 
& E. X 100). 

 
 
 
Histopathological changes 
 
Examination of the gastric mucosa of normal rats showed 
normal stomach structure (Figure 9A). Gastric mucosa of 
normal rats treated with fluoxetine at 15 mg/kg showed 
slight cellular infiltration in the muscularis mucosa layer. 
The rest of the tissue appears normal (Figure 9B). 
Gastric mucosa of normal rats treated with buspirone at 
10 mg/kg showed quite normal gastric mucosal structure 
(Figure 9C). 

Gastric mucosa of rats subjected to indomethacin 
showed a wide area of damage in the upper 2/3 of the 
gastric mucosa. Only the bases of the fundic glands are 
still present, while numerous sorts of cells were 
separated. (Figure 9D). Gastric mucosa of rats subjected 
to indomethacin and fluoxetine at 15 mg/kg showing 
marked thickening of muscularis mucosa (Ms). The 
gastric mucosa shows partial detachment of the upper 
third or half of the gastric glands (Figure 9E). Gastric 
mucosa of rats subjected to indomethacin and buspirone 
at 15 mg/kg showed mild gaps in between the gastric 
glands occupied by connective (fibrous) tissue, with a 
mild deformity of the normal structure of gastric mucosa 
(Figure 9F). 
 
 
DISCUSSION 
 
The gastric side effects of SSRI drugs have been 
reported (Lewis et al., 2008). However, numerous 
serotonin 1A receptor (5HT1-A)  agonists,  as  buspirone, 

developed as anxiolytics, appeared with antisecretory 
and gastroprotective effects in rats (Glavin et al., 1995), 
by decreasing stomach and intestinal distension (Tack, 
1999). Fluoxetine was found to cause a few number of 
ulcers with moderate severity in a dose-dependent 
manner. On the other hand, buspirone was found to be 
safe on the gastric mucosal. This study investigated 
fluoxetine and buspirone effect on GSH, NO and MDA 
activities in normal stomach tissue of rats, as a first 
approach to investigate the mechanism behind their 
effect on the stomach. 

In the current study, all doses of fluoxetine and  
buspirone increased gastric NO levels significantly when 
compared to the normal group. 

The present investigation revealed that eight weeks 
administrations of fluoxetine resulted in a decreased 
production of gastric NO content of the gastric mucosa in 
a dose dependent-manner with a marked decrease in low 
doses. By contrast, administrations of buspirone resulted 
in an increased gastric NO content in a dose dependent-
manner; however, both markedly increased gastric 
mucosal lipid peroxides. 

The increase in gastric GSH content was reported in 
the current results. Buspirone showed marked increase in 
the gastric GSH content; in the same way fluoxetine 
showed a slight increase in the gastric GSH content. This 
lesser increase in reduced glutathione was observed at 
the higher dose of fluexotine which markedly enhanced 
lipid peroxidation in gastric content. 

The findings that lipid peroxidation was markedly 
increased by fluoxetine, was correlated with  its  ability  to  
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cause gastric lesions. Alternatively, buspirone 
insignificantly increased gastric lipid peroxidation was 
visually previewed compared to control group in all 
experiments. Conversely, the increase of GSH by 
buspirone, may explain the effect of buspirone on gastric 
mucosa compared to fluoxetine.  

SSRIs increase the 5-HT concentration in tissue, as a 
result of the inhibition of 5-HT reuptake at nerve endings 
and platelets. An increased serotonin level in the 
stomach plays a role in the aggravation of gastric lesions 
due to the vasoconstrictor effect of serotonin as shown by 
Cho et al. (1989); that the blood flow was decreased by 
5-HT in a dose dependent-manner. On other hand, 
Takeuchi et al. (2011) found that aggravating effect of 
SSRIs to induce lesions were mimicked by exogenous 5-
HT, symptomatic of the effect of endogenous 5-HT in this 
action. Ohta et al. (1997)  confirmed the current results 
by serum serotonin concentration, an index of mast cell 
degranulation, increased with the formation of gastric 
mucosal lesions, and this increased serotonin level was 
attenuated with lesion progression and recovery.  

A conseguential increase in the serotonin level in the 
midbrain may be due to the enhancement of serotonin 
synthesis secondary to an increased hydroxylation of 
tryptophan by tryptophan hydroxylase; the rate-limiting 
enzyme of the serotonin biosynthetic pathway. Serotonin 
additionally represents the aggressive ulcerogenic 
amines, which stimulate ulcer formation by raising total 
acidity and decreasing the volume of gastric secretion 
(Ibrahim et al., 1996). 
 
 
Conclusion 
 

The administration of fluoxetine caused the development 
of gastric mucosal lesions. This effect may be attributed 
to oxidative stress and an imbalance in gastric acid, 
peptic activity, mucin, GSH and NO, as well as increase 
in MDA contents. Buspirone appeared to be devoid of a 
deleterious effect on the gastric mucosa through 
antioxidant properties and by improving of the immunity 
in the gastric mucosa. 
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