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Aripiprazole an atypical antipsychotic protects against 
ethanol induced gastric ulcers in rats 
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Abstract: The present investigation was undertaken, to study the gastro-protective potential of aripiprazole (ARI) an 
atypical antipsychotic drug in ethanol induced gastric ulcers in rats. ARI (10, 30, 100 mg/kg) was tested for gastric 
secretion and antiulcer activity in different groups of male Sprague Dawley rats. Gastric secretion and acidity stud-
ies were performed in pylorus ligated rats while indices of gastric ulcers were measured in ethanol (1 ml-100%) in-
duced gastric ulcers. Histological changes and the levels of gastric wall mucus, malondialdehyde (MDA), non-protein 
sulfhydryls (NP-SH), myeloperoxidase (MPO), and serotonin were used to assess ethanol induced gastric mucosal in-
juries. Exposure of rats to ethanol resulted in gastric mucosal injury and a high index of ulcer. Pretreatment with ARI 
significantly (P < 0.001), reduced the gastric lesions induced by ethanol and also resulted in a significant decrease 
in the gastric secretion, and total acidity in pylorus ligated rats. ARI also significantly attenuated the ethanol induced 
reduction in the levels of gastric wall mucus, and NP-SH (P < 0.001). The histological changes and the increased 
MDA and MPO activity were also significantly (P < 0.001) inhibited by ARI. Ethanol induced depletion in the levels of 
serotonin in the gastric tissue were also significantly restored by pretreatment with ARI (p < 0.001). ARI showed sig-
nificant antiulcer and gastroprotective activity against ethanol induced gastric ulcers. The gastroprotective effects 
of ARI may be due to its anti-secretory, antioxidant and anti-inflammatory action and also due to the restoration of 
the depleted gastric serotonin levels.
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Introduction 

Gastric ulcer is one of the common diseases of 
the digestive system among adults. Around 
5-10% of the people are affected by this dis-
ease during their life time [1] resulting in con-
siderable morbidity and high financial burden. 
It is a multi-etiologic disease and commonly 
associated with nutritional deficiencies, helico-
bacter pylori infection, use of alcohol, and anti-
inflammatory drugs and exposure to severe 
stress [2-6]. Some of the common mechanisms 
involved in the pathogenesis of gastric mucosal 
damage include an increase in acidity and gas-
tric secretions, ischemia, the production of free 
radicals, a decrease in antioxidants and blood 
flow of the gastric mucosa, neutrophil accumu-
lation and production of inflammatory cyto-
kines [7]. Monoamines, dopamine and sero-
tonin which are extensively found in the 

gastrointestinal (GI) tract also play important 
role in its physiological functioning including 
acid and mucus secretions, mucus formation, 
gastric motility, mucosal blood flow and fluid 
secretion. Changes in their levels have a pro-
found modulatory effect on the mucosal 
defense of the GI tract and severity of ulcer-
ations [8-12].

The two most commonly used approaches for 
the management of gastric ulcers is based on 
the reduction of gastric secretion and strength-
ening of the gastric mucosal defense [13]. 
Gastric secretion and gastric mucosal charac-
teristics are regulated through the brain-gut 
axis. Dopamine regulates gastric function 
through its modulatory effects on the gastroin-
testinal tract [14], while modulation of different 
serotonin receptors has been observed to play 
a vital role in attenuation of stress induced gas-
tric ulcers [5, 6, 10, 12, 15, 16].
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Aripiprazole (ARI) an atypical antipsychotic is 
used for the treatment of schizophrenia, and 
acute manic or mixed episodes associated with 
bipolar disorder and irritability in children with 
autism [17-19]. Besides the modulation of the 
monoaminergic system, the protective action 
of aripiprazole has been assigned to its pleio-
tropic activities including scavenging of free 
radicals [20], inhibition of glutamate-induced 
neurotoxicity associated with reactive oxygen 
species formation [21], and reduction of inflam-
matory reactions [22]. Recent reports show a sig-
nificant gastroprotective effects of antipsychotic 
drugs in cold restraint stress induced gastric 
lesions [5, 14, 15]. Risperidone an atypical anti-
psychotic has been reported to have significant 
gastroprotective effects in cold restraint stress 
induced gastric lesions. The protective effect 
was suggested to be mediated through activa-
tion of enzymatic endogenous nitric oxide, sulf-
hydryl group prostaglandins and opening of 
KATP channels [5]. Though risperidone and 
aripiprazole are both atypical antipsychotics 
they show a variation in their comparative effi-
cacy due to the differences in their pharmacoki-
netics and adverse effects [23]. At the same 
time aripiprazole is unlike other psychotropics 
and its dopamine agonist and antagonist prop-
erties hinge on regional monoamine concentra-
tions [24]. Therefore keeping in view the mono-
amine modulatory and other pleiotropic effects 
of ARI, this investigation was undertaken to 
study the gastroprotective potential of aripipra-
zole in ethanol induced gastric ulcers in rats.

Methods

Male adult Sprague Dawley rats, weighing 200-
250 g, fed on a standard chow diet were main-
tained in a temperature and humidity controlled 
room at 12 h light/dark cycles. The animals 
were divided into experimental groups of six 
animals each. The distribution of animals into 
groups and the treatment allotted to each 
group were randomized. The protocol of animal 
study was approved by Research and Ethical 
Committee of Prince Sultan Military Medical 
City, Riyadh, Saudi Arabia, and the guidelines of 
animal care were strictly adhered during animal 
maintenance and experimentation. All the 
experiments were started between 8 and 10 
am in the morning.

Aripiprazole was freshly prepared in doses of 
10, 30 and 100 mg/kg body weight before 

administration and given by gavage (i.g.) before 
pylorus ligation and administration of ethanol. 
The animals were sacrificed under deep anes-
thesia. The stomachs were removed and 
opened along the greater curvature.

Gastric secretions

Pylorus ligated (shay) rats: The animals were 
fasted for 36 h with access to water ad libitum 
before the pylorus was ligated under anesthe-
sia, care being taken not to cause bleeding or 
to occlude blood vessels [25]. Aripiprazole in 
doses of 10 mg, 30 mg and 100 mg/kg was 
administered by gavage 30 minutes before 
pylorus ligation. The animals were sacrificed at 
6 h after the pylorus ligation. The stomachs 
were removed, contents collected, volume 
measured, centrifuged and subjected to analy-
sis for titratable acidity against 0.01 N NaOH to 
pH 7 using a pH meter and total acid output 
was calculated.

Gastric lesions induced by ethanol (cytoprotec-
tion studies): The animals were administered 
(i.g.) with 1 ml of absolute ethanol [26]. Different 
doses of Aripiprazole were given (i.g.) 30 min 
before the administration of ethanol. One hour 
after the administration of ethanol the animals 
were sacrificed and examined for the lesions in 
stomachs. The scoring of lesions was done as 
follows: Patched lesions of the stomach 
induced by 100% ethanol were scored accord-
ing to the method described by Schiantarelli et 
al. [27] using the following scale; 0 = normal 
mucosa; 1 = hyperemic mucosa or up to three 
small patches; 2 = four-10 small patches; 3 = 
more than 10 small or up to three medium-
sized patches; 4 = four-six medium-sized patch-
es; 5 = more than six medium-sized or up to 
three large patches; 6 = four-six large patches; 
7 = seven-10 large patches; 8 = more than 10 
large patches or extensive necrotic zones. 
‘Small’ was defined as up to 2 mm across (max-
imum diameter), ‘medium-sized’ as between 2 
and 4 mm across, and ‘large’ as more than 4 
mm across.

Separate batches of ethanol treated rats were 
used for biochemical and histological studies. 
Aripiprazole (10 mg, 30 mg and 100 mg/kg), 
was administered 30 minutes before ethanol 
administration. The animals were killed 1 h 
after administering ethanol. The stomachs 
were collected and the levels of gastric mucus, 
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MDA, non-protein sulfhydryls group (NP-SH), 
and myeloperoxidase (MPO) and serotonin 
were determined. 

Determination of gastric wall mucus: Gastric 
wall mucus was determined according to the 
modified procedure of Corne et al. [28]. The 
glandular segment of the stomach was sepa-
rated from the lumen of the stomach, weighed, 
and transferred immediately to 10 ml of 0.1% 
w/v Alcian blue solution (in 0.16 M sucrose 
solution buffered with 0.05 ml sodium acetate 
at pH 5). Tissue was stained for two hours in 
Alcian blue, excess dye was removed by two 
successive rinses with 10 ml of 0.25 M sucrose, 
first for 15 min and then for 45 min. Dye com-
plexed with the gastric wall mucus was extract-
ed with 10 ml of 0.5 M magnesium chloride 
which was intermittently shaken for 1 min at 30 
min intervals for 2 hrs. Four milliliters of blue 
extract were then vigorously shaken with an 
equal volume of diethyl ether. The resulting 
emulsion was centrifuged at 3600 rpm for 10 
min and the absorbance of aqueous layer was 
recorded at 580 nm. The quantity of alcian blue 
extracted per gram of wet glandular tissue was 
then calculated.

Determination of malondialdehyde

Gastric mucosal malondialdehyde designated 
as an index of lipid peroxidation was measured 
according to the method of Ohkawa et al. [29]. 
Pre weighed gastric mucosa was homogenized 
in 1.15% KCL. For the assay of MDA, 0.1 ml of 
homogenate was supplemented with 0.2 ml of 
8.1% sodium dodecyl sulfate (SDS), 1.5 ml of 
0.8% aqueous solution of thiobarbituric acid 
and the mixture was kept in boiling water bath 
at 95°C  for 1 h and cooled at room tempera-
ture for 15 minutes. After cooling 1.0 ml of dis-
tilled water and 5.0 ml of the mixture of n - 
butanol and pyridine (15:1, v/v) were added. 
After centrifugation at 4000 rpm for 10 min, 
the absorbance of the organic layer (upper layer 
was measured at 532 nm against TBA as a 
blank. Results were calculated as nmol TBARS 
formed/h/gm tissue using an extinction coeffi-
cient of 1.56 × 106.

Determination of nonprotein sulfhydryl groups 
(NP-SH)

NP-SH levels in the gastric mucosa were deter-
mined by following the method described by 
Sedlak and Lindsay [30]. Homogenates of the 

isolated glandular part of the stomach were 
prepared in ice-cold 0.02 M mmol/L EDTA. 
Aliquots of the of the homogenates (5 ml ) were 
mixed with distilled water (4 ml) and 50% tri-
chloroacetic acid (1 ml) in a test tube and the 
mixture was centrifuged at 3000 g after shak-
ing intermittently for 15 minutes. The superna-
tant was collected and 2 ml of the supernatant 
were added to 4 ml of 0.4 M Tris buffer (pH 8.9) 
and 0.1 ml of DTNB [5, 5’-dithio-bis-(2-nitroben-
zoic acid)]. The mixture was shaken, and the 
absorbance was read at 412 nm against a 
reagent blank with no homogenate. Care was 
taken to record the absorbance in less than 5 
minutes after adding DTNB.

Determination of myeloperoxidase (MPO)

The method as described by Bradley et al. [31] 
was used to determine the gastric mucosal 
MPO activity. The homogenates were subjected 
to three cycles of freezing and thawing and son-
icated in an ice bath for 20 seconds. The super-
natant collected after centrifugation of sam-
ples was assayed for MPO activity.

Determination of serotonin

The level of serotonin in the stomach tissue 
was determined by the method of Patrick et al. 
[32]. The stomachs were weighed and homog-
enized for 10 s in 0.1 M perchloric acid contain-
ing 0.05% EDTA using Teflon homogenizer. The 
homogenates were immediately centrifuged at 
17,000 rpm at 4°C for 10 min. The superna-
tants were filtered using 0.45 µm pore filters 
and analyzed by high performance liquid chro-
matography (HPLC). The HPLC system consist-
ed of an electrochemical detector (Model 
2465), and an auto injector (Model 2707,), a 
solvent delivery pump (Waters Model 1525 
Waters Associate Inc., Melford, MA, USA). The 
mobile phase consisted of a mixture of 0.1 M 
citric acid monohydrate, 0.1 M sodium acetate, 
7% methanol, 100 mM EDTA and 0.01% sodi-
um octane sulfonic acid and the column was 
C-18 m Bondapak (3.9 mm × 150 mm). The 
flow rate was maintained at 1.5 ml/min and the 
injection volume was 20 µl.

Histology of ethanol-induced gastric lesions

Separate batch of rats were used for histologi-
cal studies. Rats were treated with aripiprazole 
and ethanol as mentioned above and the ani-
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Figure 1. Effect of Aripiprazole on ethanol-induced gastric lesions in rats. Values are represented as mean ± SEM 
from 6 rats per group. Animals in control group were killed 1 h after the oral administration of ethanol. In the test 
group, Aripiprazole was given by gavage 30 min before the administration of ethanol. *P < 0.001 as compared with 
control group using ANOVA followed by Dunnett’s multiple comparison test.

mals were killed under deep anesthesia. 
Stomach was opened along the greater curva-
ture, washed with saline and fixed in 10% neu-
tral buffered formalin for 24 h. The specimens 
were then processed overnight for dehydration 
and clearing steps, using an automatic tissue 
processor (Shandon Southern 2L Processor 
MKÏ; Runcorn. Cheshire, UK). The specimens 
were embedded in paraffin blocks and sections 
of 5 µm thickness were cut and stained with 
hematoxylin-eosin. The slides were examined 
for the histological changes under a light 
microscope.

Statistical analysis

Data were analyzed by one-way analysis of vari-
ance (ANOVA) followed by Dunnett’s multiple 
comparison tests. Differences with a P value 
less than 0.05 were considered statistically sig-
nificant. The statistical program SPSS (Version 
15) was used to analyze the data.

Results

Effect of ARI on ethanol-induced gastric le-
sions

Administration of absolute ethanol produced 
extensive gastric lesions in the glandular muco-

sa of the stomach in 100% of the control ani-
mals. The ulcer index was 7.28 ± 0.18 in con-
trol rats 1 h after ethanol administration. 
Pretreatment of rats with ARI at the doses of 
30 mg/kg (4.0 ± 0.3) and 100 mg/kg (2.71 ± 
0.35) significantly inhibited the formation of 
gastric lesions and their severity (ANOVA, F = 
43.67, P < 0.001) (Figures 1, 2). Although ARI 
in low dose (10 mg/kg) reduced gastric lesions 
the difference was not statistically significant.

Effect of ARI on gastric secretion and acidity in 
6 h pylorus-ligated shay rats

Our results show that ARI possesses significant 
anti gastric secretory activity. In control rats’ 
pylorus ligation for 6 h resulted in the accumu-
lation of 7.0 ± 0.24 ml of gastric secretion and 
total acid output of 1054.1 ± 58.25 mEq (Table 
1). The volume of gastric secretion in the rats 
treated with 10, 30 and 100 mg/kg of ARI was 
significantly (ANOVA, F = 14.06, P < 0.001) 
reduced to 4.0 ± 0.49 ml, 2.7 ± 0.32 ml and 2.1 
± 0.14 ml respectively (Table 1). Treatment 
with ARI showed a significant and dose depen-
dent reduction in the total acid output in the 
rats treated with 10 mg/kg (636.6 ± 131.5 
mEq), 30 mg/kg (273.3 ± 43.33 mEq), and 100 
mg/kg (196.0 ± 18.1 mEq) of ARI (ANOVA, F = 
29.31 P < 0.001).
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Figure 2. Morphological appearance of 
hemorrhagic lesions in the stomach of 
rats treated with. A. Saline only; B. Ethanol 
only; C. Aripiprazole 10 mg/kg + ethanol; 
D. Aripiprazole 30 mg/kg + ethanol; E. Ar-
ipiprazole 100 mg/kg + ethanol.



 Gastroprotective effect of aripiprazole in rats

2036 Int J Clin Exp Med 2014;7(8):2031-2044

Table 1. Effect of Aripiprazole (ARI) on gastric secretions 
and total acid output in pylorus ligated shay rats

Treatment Volume of gastric 
secretion (ml)

Total acid out-
put (mEq)

Pylorus ligation alone 7.0 ± 0.24 1054 ± 58.25
Ligation + ARI 10 mg/kg 4.0 ± 0.49* 636.6 ± 131.5*

Ligation + ARI 30 mg/kg 2.7 ± 0.32** 273.3 ± 43.33**

Ligation + ARI 100 mg/kg 2.1 ± 0.14** 196.0 ± 18.1**

Values are mean ± standard error of means (SEM). *P < 0.05 and **P < 
0.0001 as compared with pylorus ligation alone using ANOVA followed 
by Dunnett’s multiple comparison test.

Table 2. Effect of Aripiprazole (ARI) on ethanol 
induced changes in Alcian blue binding capacity 
(gastric wall mucus) in gastric mucosa of rats
Treatment Alcian blue binding (μg/g tissue)
Normal 4877 ± 25.74
Ethanol alone (EtOH) 978.2 ± 20.28#

ARI 10 mg + EtOH 1218 ± 132.63
ARI 30 mg + EtOH 1478 ± 204.79*

ARI 100 mg + EtOH 2423 ± 171.72##

Values are mean ± SEM. *P < 0.001 as compared with control 
group and #P < 0.05, ##P < 0.001 as compared with Ethanol 
(ulcer only) group using Dunnett’s multiple comparison test.

Effect of ARI on ethanol-induced changes in 
gastric wall mucus

Alcian blue binding capacity of gastric wall 
mucus was significantly reduced in the rats 
exposed to ethanol treatment (978.16 ± 20.28 
µg/g of tissue) as compared to control rats 
(4877.5 ± 25.74 µg. Pretreatment of rats with 
ARI at the doses of 10 mg/kg (1218.3 ± 132.6 
µg/g), 30 mg/kg (1478.6 ± 204.79 µg/g) and 
100 mg/kg (2423 ± 171.7 µg/g) significantly 
enhanced alcian blue binding capacity of gas-
tric mucosa (ANOVA F = 159.34, P < 0.001) 
(Table 2).

Histological changes

Administration of ethanol to rats resulted in a 
severe ulcerative injury to the glandular part of 
gastric mucosa. The gastric mucosal injury was 
characterized by a loss of glandular cells, 
numerous hemorrhagic red bands (patches) of 
various sizes distributed in the glandular stom-
ach (Figure 2). Histological examination of gas-
tric mucosa showed the appearance of these 
lesions in the form of hemorrhagic gastric pits 
with inflammation, and disruption of the sur-
face epithelium; epithelial cells appeared to be 
vacuolated and the microvessels were elongat-

ed (Figure 3). Pretreatment with ARI 
reduced the size and severity of ethanol 
induced damage to the gastric mucosal 
architecture (Figures 2 and 3C-E).

Effect of ARI on ethanol-induced 
changes in the levels of malondialde-
hyde (MDA) in the gastric mucosa

The effect of ARI on ethanol induced 
changes in the gastric mucosa MDA lev-
els is given in Table 3. Administration of 
ethanol resulted in a significant increase 

in the levels of MDA in the gastric mucosa 
(168.58 ± 4.05 nmol TBA/g tissue) as com-
pared to the levels in control animals (139.04 ± 
5.2 nmols/g). Pretreatment with ARI at 30 mg/
kg (148.07 ± 3.69 nmols/g) and 100 mg/kg 
(141.8 ± 6.47 nmols/g) resulted in a significant 
inhibition of the ethanol induced increase of 
MDA (ANOVA F = 5.084, P < 0.05).

Effect of ARI on ethanol-induced changes in 
gastric mucosa levels of non-protein sulfhy-
dryls (NP-SH)

Administration of ethanol resulted in a signifi-
cant reduction in the levels of NP-SH in the gas-
tric mucosa of ethanol treated rats (1.64 ± 
0.61 μmol/g tissue) as compared to normal ani-
mals (2.56 ± 0.13 μmol/g tissue). Pretreatment 
of rats with ARI at 30 mg/kg (2.16 ± 0.57 
μmol/g tissue) and 100 mg/kg (2.17 ± 0.87 
μmol/g tissue) significantly increased the gas-
tric mucosal NP-SH levels (ANOVA F = 11.33 P 
< 0.001). ARI in low dose (10 mg/kg) though 
increased the NP-SH levels (1.92 ± 0.90), as 
compared to ethanol alone treated rats, the 
change was statistically insignificant (Table 3).

Effect of ARI on ethanol-induced changes in 
the levels myeloperoxidase (MPO) activity of 
gastric mucosa

Changes in gastric accumulation of neutrophils 
following ethanol induced gastric lesions were 
assessed by measurement of MPO activity. 
Administration of ethanol resulted in a signifi-
cant increase in the levels of MPO (7.28 ± 0.75 
∆/g tissue) as compared to the levels in the 
control animals (1.6 ± 0.29 ∆/g tissue). 
Pretreatment with ARI at 30 mg/kg (4.66 ± 
0.64 ∆/g tissue) and 100 mg/kg (4.09 ± 0.79 
∆/g tissue) significantly attenuated ethanol 
induced increase in gastric MPO activity (ANOVA 
F = 12.79 P < 0.001). However the gastric MPO 
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Figure 3. Representative light micrographs show-
ing the effect of pretreatment with Aripiprazole 
on ethanol induced gastric lesions. A. Stomach 
from normal rats (saline). B. Stomach from rats 
administered with ethanol showing breaches in 
the gastric mucosa with loss of epithelial cells, 
edema and hemorrhage. C. Stomach of rats pre-
treated with Aripiprazole 10 mg/kg + ethanol 
showing less damage to gastric mucosa with 
slight hemorrhage and edema. D, E. Stomach of 
rats pretreated with 30 and 100 mg/kg Aripip-
razole showing preservation of gastric mucosa 
and an outline similar to that of normal rats.

activity in the low dose ARI treated rats (10 mg/
kg) was less than ethanol treated rats but the 
levels were not statistically significant (Table 3).

Effect of ARI on ethanol-induced changes in 
the gastric serotonin levels 

The effect of ARI on ethanol induced changes in 
the gastric serotonin levels is given in Figure 4. 
Administration of ethanol resulted in a signifi-

cant decrease in the gastric serotonin levels 
(0.133 ± 0.04 μg/g tissue) as compared to the 
levels in control animals (1.430 ± 0.16 μg/g tis-
sue). Pretreatment with ARI at 30 mg/kg (0.98 
± 0.12 μg/g tissue) and 100 mg/kg (1.38 ± 
0.12 μg/g tissue) resulted in a significant inhibi-
tion of the ethanol induced decrease of sero-
tonin levels (ANOVA F = 8.96 P < 0.001). 
However ARI at low doses did not produce a 
statistically significant change in the levels of 
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gastric serotonin levels as compared to ethanol 
alone treated animals (Figure 4).

Discussion

The present investigation was undertaken to 
assess the gastro protective potential of aripip-
razole a novel antipsychotic drug against etha-
nol induced gastric ulceration in rats. The 
results of this study suggest that ARI has sig-
nificant protective action against alcohol 
induced gastric ulcers. The gastroprotective 
effect of ARI was associated with the regulation 
of gastric secretion and protection of gastric 
mucosa against ethanol induced oxidative 
stress and suppression of inflammation by 
inhibiting the activation of neutrophils. The pro-
tective action of aripiprazole may also be due to 
the attenuation in the levels of ethanol induced 
decrease in the serotonin levels of the 
stomach.

Pretreatment with ARI significantly reduced the 
gastric secretion and acidity in pylorus ligated 
shay rats (Table 1). Our results differ from ear-
lier results of Saxena et al. [5] who failed to 
observe any change in the gastric secretion in 
pylorus ligated and stress induced ulcers upon 
treatment with another atypical antipsychotic 
drug risperidone. While another recent report 
[33] showed ziprasidone also an atypical anti-
psychotic and a dopamine receptor antagonist 
to enhance indomethacin induced ulcers in 
pylorus ligated rats by increasing the gastric 
secretion, and peptic activity. On the contrary 
bromocriptine a dopamine agonist did not 
affect the gastric output in pylorus ligated rats 
[16] The observed reduction in gastric secre-
tion and acidity in our study may be assigned to 
the distinct characteristics of aripiprazole 

Table 3. Effect of Aripiprazole (ARI) on ethanol induced changes 
in Myeloperoxidase, NP-Sulfhydryl groups and Malondialdehyde 
levels in gastric mucosa of rats

Treatment MPO
A/g tissue ∆

NP-SH
μmol/g tissue

MDA
Nano mol/g tissue

Normal 1.60 ± 0.29 2.56 ± 0.13 139.04 ± 524
Ethanol alone (Etoh) 7.28 ± 0.75# 1.64 ± 0.61# 168.58 ± 4.05#

ARI 10 mg + EtOH 6.93 ± 1.01 1.92 ± 0.90 154.60 ± 1.97
ARI 30 mg + EtOH 4.66 ± 0.64* 2.16 ± 0.57* 148.07 ± 3.69**

ARI 100 mg + EtOH 4.09 ± 0.79** 2.17 ± 0.88** 141.80 ± 6.47**

Values are means ± standard error of mean #P < 0.001 as compared with 
control group and *P < 0.05 **P < 0.009 as compared with Ethanol (ulcer only) 
group using Dunnett’s multiple comparison test.

which acts as a partial dopa-
mine D2 and 5HT1A agonist 
and 5HT 2 A receptor antago-
nist [23]. Dopamine D2 recep-
tors play a protective role in the 
stomach, and activation of 
these receptors results in a 
long-term inhibitory effect on 
induced gastric secretion. This 
long lasting effect on gastric 
secretion may be due to the 
extensive distribution of dopa-
mine D2 receptors in the cen-
tral nervous system and/or in 
the gut, as well as in the enteric 

nervous system and non-neuronal membranes. 
On the contrary dopamine D1 receptors are 
considered as a prerequisite for a reduction in 
stress induced gastric lesions, while D2 recep-
tors agonists are inactive in stress induced gas-
tric ulcerogenesis [34].

Regulation of serotonin levels in the gastric tis-
sue is another possible mechanism through 
which gastric secretion is influenced. Serotonin 
is extensively distributed in the enterochromaf-
fin cells of the gastric mucosa and enteric neu-
rons of the gastrointestinal tract [35]. It is an 
important neurotransmitter in the gastrointesti-
nal system and helps in the regulation of mucus 
secreting process [36], gastric acid secretion 

[11, 37], motility and blood flow to the mucosa 
[38]. Serotonin levels in the gastrointestinal tis-
sue are decreased in ulcerated conditions. The 
severity of gastric ulceration was observed to 
increase with a decrease in the level of gastric 
serotonin levels and enterochromaffin cell den-
sity in different models of ulcers [10, 36, 39, 
40]. Serotonin inhibits gastric acidity by increas-
ing the gastric mucus secretion [36]. Agents 
that enhance gastric serotonin levels help in 
the reduction of gastric secretion and pepsin 
output in rat stomach [9, 11]. The inhibitory 
action of ARI on gastric secretion in our study 
may be assigned to its stabilization action on 
serotonin and also due to its potential to stabi-
lize dopamine serotonin balance [41, 42], which 
is reflected in the restoration of the ethanol 
induced depletion of gastric serotonin (Figure 
4) and dopamine levels in the cortex of the eth-
anol treated rats (data not shown).

Dopamine regulates gastric function through 
the brain gut axis, and in ulcer pathogenesis 
dopamine appears to act through both periph-
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Figure 4. Effect of Aripiprazole (ARI) on ethanol induced changes in serotonin levels of the glandular stomach of 
rats. Values are means ± standard error of mean. #P < 0.001 as compared with control group and *P < 0.001 as 
compared with Ethanol (ulcer only) group using Dunnett’s multiple comparison test. Control-Normal rats; Etoh-
Ethanol alone; Etoh + Ari 10, 30, 100 - Ethanol + Aripiprazole 10 mg, 30 mg, and 100 mg/kg.

eral and central components [43]. Dopamine 
receptors are extensively distributed in the gas-
tro intestinal tract signifying the importance of 
dopamine in the gastrointestinal function [44, 
45]. Endogenous dopamine produced in nor-
mal stomach tissue is responsible for control of 
a wide range of physiological functions includ-
ing reducing gastric acid secretion and stimu-
lating bicarbonate and mucus secretion [46-
48]. These actions are mediated through 
dopamine receptors. Dopamine D2 receptors 
have been suggested to have a protective role 
in gastric cancer [49], as well as in the regula-
tion of gastric acid secretion [14]. Carbachol, 
pentagastrin and histamine induced gastric 
secretion were inhibited by a selective D2 
receptor agonist quinpirole [14], confirming the 
strong role of dopamine D2 receptors in the 
regulation of gastric secretion. Chemically 
induced ulcers were also dose and time 
dependently prevented by dopamine D2 ago-
nists [50]. Aripiprazole possesses unique phar-
macological characteristics. It acts as a partial 
agonist as opposed to an antagonist or inverse 
agonist at the dopamine D2 receptor [51]. ARI’s 
partial agonism stabilizes dopamine D2 recep-

tor mediated neurotransmission: in hyper dopa-
minergic states ARI behaves more like an 
antagonist blocking the effects of increased 
dopamine levels while in hypo dopaminergic 
state it produces agonist effects [52, 53]. 
Therefore the gastroprotective action of ARI 
may also be assigned to its regulatory effect on 
gastric secretion through its unique pharmaco-
logical properties.

Oral administration of ethanol resulted in ulcer-
ative gastric lesion formation in the glandular 
part of mucosa and a significant reduction in 
the levels of gastric wall mucus (Figures 1, 2; 
Table 2). Exposure to ulcerogens such as aspi-
rin, alcohol, and non-steroidal inflammatory 
substances (NSAIDs), results in the thinning of 
the protective mucus gel and the phospholipids 
layer, leading to acid back diffusion and muco-
sal injury [54, 55]. Any breach of the gastric 
mucosal defense may lead to ulceration even 
at the normal rate of acid secretion [56]. On the 
contrary, agents that restore the mucosal 
defense capacity exert a protective effect 
against ulcerogens induced gastrointestinal 
lesions [3, 4, 57, 58]. ARI pretreatment not only 
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reduced gastric secretion and acidity but also 
shielded the gastric mucosa against ethanol 
induced gastric lesions by restoring the reduced 
levels of gastric wall mucus (Table 2). Increased 
secretion of mucus by gastric mucosal cells 
helps to prevent gastric ulcer by better buffer-
ing of the acidic gastric secretions, by reducing 
stomach wall friction during peristalsis and 
gastric contraction [54], and by assisting in the 
repair of the damaged gastric epithelium [59]. 
Epithelial cells of the gastric mucosa secrete 
mucus gel produced by mucin (MUC) genes 

[56]. Mucin and Zone Occludes -1 (Zo-1) a 
trans-membrane protein that preserves the 
tight junctions’ integrity are the indicators of 
mucosal epithelial integrity [57]. A decrease in 
their levels has been associated with mucosal 
damage in an animal model of inflammatory 
bowel disease (IBD) [60]. 

ARI was effective in augmenting the protective 
mechanism of the gastric mucosa and the res-
toration of the damaged histological structure 
(Table 2; Figure 3). This may be due to its effect 
on 5HT and dopamine levels. Penissi et al. [9] 
have demonstrated that dehydroleucodine, a 
sesquiterpene lactone prevents ethanol 
induced damage to the gastric mucosa by pre-
venting the depletion of gastric dopamine and 
5 HT levels. Dehydroleucodine was suggested 
to act as a cell stabilizer by inhibiting the 
degranulation of monoamines containing cells 
and help in the secretion of abundant mucoid 
blanket that acts as a diffusion barrier against 
ethanol induced damage of gastric mucosa [9]. 
ARI has also been confirmed as a dopamine 
system stabilizer [61]; in addition to its poten-
tial to stabilize dopamine serotonin balance 

[41]. Therefore, the cytoprotective effect of ARI 
against ethanol induced gastric lesions may be 
ascribed in part to its stabilization action. This 
is further supported by the results of histologi-
cal studies (Figure 3). Ethanol induced changes 
in the gastric mucosa such as loss of glandular 
cells, interruption of epithelium and edema 
were all reduced in ARI treated groups and 
showed a better histological architecture with a 
more compact mucosa, less inflammation and 
hemorrhage (Figure 3C-E). ARI and other atypi-
cal antipsychotics such as clozapine and ris-
peridone have anti-inflammatory action and 
reduce serum levels of IL-2, IL-6 and tumor 
necrosis factor (TNFα), all of which play impor-
tant roles in the mucosal damage [62]. 
Therefore, the gastro protective effect of ARI 

against ethanol induced gastric damage may 
be due to the replenishment of gastric mucosal 
levels and its anti-inflammatory action.

The specific mechanism of gastric ulceration is 
not very clear, but the gastric mucosal injury 
induced by ethanol has been associated with 
enhanced oxidative stress and depletion of 
antioxidants [2, 3, 63-65]. MDA is a major oxi-
dative marker for lipid peroxidation, while sulf-
hydryls are considered the first line of defense 
in cytoprotection against free radicals induced 
damage. Our observation of a significant 
increase in the MDA levels following ethanol 
administration (Table 3) is in agreement with 
earlier studies [2, 3] and suggests a massive 
release of reactive oxygen species (ROS). The 
release of ROS plays a significant role in etha-
nol induced gastric mucosal damage [2, 64, 
66]. On the other hand, ARI is a potent anti-
oxidant. Both in vitro and in vivo studies have 
shown ARI to possess potent antioxidant prop-
erties. The protective effect of ARI in animal 
models of depression and neurodegenerative 
diseases has been linked with decrease of oxi-
dative stress and an increase in the level of 
antioxidants [20, 67], which are evident from 
the results of this study. Treatment of rats with 
ARI resulted in a significant depletion of the 
ethanol induced increased MDA levels and res-
toration of the decreased NP-SH levels of the 
gastric tissue (Table 3). Non-protein sulfhydryls 
are endogenous anti-oxidants and protect the 
cells by different mechanisms, primarily by lim-
iting the production of free radicals [68, 69]. 
Secondarily, they protect the gastric mucous by 
strengthening the disulfide bridges of its sub-
units. A decrease in these bridges reduces 
mucus thickness and makes it more vulnerable 
to harmful agents [70]. Changes in the SH lev-
els may be crucial for ulcer formation, given 
that they help in the preservation of mucosal 
integrity, and their reduced levels in the gastric 
mucosa result in the formation of gastric ulcers. 
Moreover, depletion in glutathione levels 
results in a significant increase of ulcerogens 
induced gastric mucosal damage [2, 5], while 
compounds that augment the mucosal NP-SH 
levels have gastro protective effects [2, 63]. 
The cytoprotective effects of ARI against etha-
nol induced gastric lesions may therefore be 
attributed to the direct antioxidant and free 
radical scavenging activity of ARI and also to 
the augmentation of the NP-SH levels (Table 3).
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Besides generation of free radicals, infiltration 
of inflammatory cells (neutrophils, macro-
phages) also plays a major role in ethanol 
induced gastric ulcers. Accumulation of neutro-
phils may lead to microcirculatory disturbances 
and induce ischemia by occluding microvessels 
[71]. Activated neutrophils also release many 
injurious factors that include free radicals, 
metabolites and proteolytic enzymes [72]. 
MPO, which is expressed in neutrophils, is con-
sidered as a reliable indicator for neutrophil 
infiltration and inflammation in the gastric 
mucosa [2, 73]. We observed a significant 
increase in gastric mucosal MPO activity after 
treatment with ethanol, indicating an increase 
in the infiltration of activated neutrophils. On 
the other hand, treatment with ARI had a signifi-
cant attenuating effect on ethanol induced 
increase in MPO activity (Table 3). A decrease 
in the MPO activity along with the reduction in 
the gastric lesions in ARI pretreated rats sug-
gest that the anti-ulcerogenic effect of ARI may 
also be due to its anti-inflammatory action [22].

In conclusion, the results of the present study 
suggest that acute ARI has significant gastro 
protective effects against ethanol induced gas-
tric ulcers. The protective effects were associ-
ated with reduced gastric secretion, oxidative 
stress, neutrophil activity and gastric mucosal 
breakdown. These protective actions may also 
be ascribed to the modulating and stabilizing 
effect of ARI on the serotonin and dopamine 
levels. Our study is limited in the use of a single 
dose of ARI, whereas ARI is generally used for a 
long term. Further studies are warranted to 
determine the effects of chronic use of ARI in 
gastric ulcers.
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