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Abstract

Risperidone, though an anti-psychotic drug, have been reported to exhibit anti-ulcer activity. Observation
that drugs used in the treatment of gastric ulcer do have recurrence after use, have made the search for a
novel drug a continuous one. This study was undertaken to investigate the mechanisms underlying the anti-
gastric ulcer activity of risperidone whose anti-ulcer property has not been elucidated in male rats.
Male Wistar rats weighing between 180g and 210g were divided into four groups (n= 6): control (distilled
water) and risperidone treated (0.1, 0.3, 0.5 mg/kg) orally daily for 21 days were used in each of the studies.
Basal and stimulated gastric acid secretion (GAS) using histamine, pentagastrin, and carbachol were assessed
using continuous perfusion method. Malonialdehyde (MDA) concentration, gastric mucus secretion (GMS)
and gastric mucus cells count (GMCC) were assessed using spectrophotometric method and calibrated
microscopy respectively. Data were analysed using Student’s t-test and ANOVA at p= 0.05. The stimulated
histamine and pentagastrin GAS (mEq/l) were significantly reduced by risperidone over eighty minutes’
period, but not with carbachol. GMS (mg/g tissue x10-2) increased significantly in the 0.1mg/kg (1.1±0.1),
0.3mg/kg (1.3±0.1) and 0.5mg/kg (1.4±0.2) risperidone-pretreated groups compared with the control
(0.6±0.03) group. There was also a dose-dependent significant increase in the GMCC (mm2) of the 0.1mg/kg
(121.2±5.0), 0.3mg/kg (128.6±2.5) and 0.5mg/kg (129.3±3.8) risperidone treated rats compared with the
control (103.3±4.2). The MDA (µmol/L x 10-6) levels in the 0.1mg/kg (0.2±0.01), 0.3mg/kg (0.2±0.01) and
0.5mg/kg (0.1±0.05) risperidone groups were significantly decreased compared to control (0.3±0.09). The
study revealed that the anti-gastric ulcer activity of risperidone may be by blocking histamine H2 and gastrin
receptors, increasing gastric mucus secretion, number of gastric mucus cells count and by decreasing lipid
peroxidation level.
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Introduction
Gastric ulcer is an etiological disease in which
several factors such as stress, trauma, sepsis,
hemorrhagic shock, burns, Helicobacter pylori,
steroidal and non-steroidal drugs [1,2,3,4,5] play
significant roles. Regardless of great advances in the
field of medical science and understanding of the
peptic ulcer illness, gastric ulcers aetiology is still
not completely understood. Many of these anti-
ulcer drugs in use have been found to have adverse
effects and there is recurrent infection after a few
weeks [6]. Stress as one of the most commonly
used methods to produce ulcer models and an
aggressive factor in peptic ulcer formation,
underlies other diseases such as depression [7,8].
Depression, accompanied by psychotic and somatic
symptoms has been reported to be present in most
patients with gastrointestinal ulcers [9]. An
increased depression [10] and anxiety [11] has been
reported to parallel with ulcer development in
experimental animals and this holds true in humans
[12, 13]. Some anti-psychotic drugs such as
perospirone [14] and risperidone [15] have already
been reported to have anti-ulcer activity. The
successful treatment of gastric lesion depends on
augmentation of the defensive factors of the gastric
mucosa and blockage of acid secretion [16]. This
study was carried out to evaluate further the
gastroprotection activity of risperidone where
information on these areas are still scarty has not
been documented in male Wister rats.

Methods
Risperidone (Jiangsu Suzhong Haixin Pharm CO,
China), Histamine acid phosphate (Sigma- Aldrich, St
Louis MO), Ketamine Hydrochloride (Rotexmedica,
Trittau, Germany), Carbamylcholine chloride
(Carbacol: Sigma- Aldrich MO), Pentagastrin (Sigma
Aldrich), Trichloroacetic acid (TCA) , Magnesium
chloride (Sigma- St Louis, MO), Sodium chloride
(Sigma- St Louis, MO), Hydrochloric acid (Sigma- St
Louis, MO), Thiobarbituric acid (TBA) (Sigma- St
Louis, MO), Alcian blue, Sodium acetate (Sigma- St
Louis, MO), Diethyl ether (Sigma- St Louis, MO),
Sodium hydroxide (Sigma- St Louis, MO).
Chemicals and reagents were of analytical grade.
Male Wister rats (180- 210g) were used for the
study. The choice of male rats was to maintain a
fairly constant physiological condition, as gastric
acid secretion does vary with oestrous cycle in
female rats [17]. The animals were purchased from
the Central animal house, College of Medicine,
University of Ibadan, Nigeria and housed in clean
plastic cages under standard condition 12 hours

light and 12 hours darkness. They were fed with
commercial rat chow obtained from Ladokun
Livestock Feed Limited, Ibadan, Oyo State, Nigeria
and water was provided ad libitum. The animals
were acclimatized for two weeks before the
commencement of the experiment and the study
conducted in accordance with the Principles of
laboratory animal care of NIH, 1985 [18]. Animals
were divided into four study groups; to determine
the effect of risperidone on basal and maximal
gastric acid secretion, to determine the effect of
risperidone on gastric mucus secretion, to estimate
the gastric mucus cells count in risperidone pre-
treated animals and to determine the antioxidant
effect in risperidone pre-treated animals by
measuring Malondialdehyde (MDA) concentration. In
each study, animals were further allocated into four
sub-groups (n=6). Group 1 was the control and
received distilled water. Groups 2, 3 and 4 were
administered risperidone orally at 0.1mg/kg, 0.3
mg/kg and 0.5 mg/kg respectively for 21 days as
earlier reported [15].

Gastric mucus secretion
The rats were sacrificed by cervical dislocation and
their stomachs removed and weighed. The glandular
portion of each stomach was opened along the lesser
curvature. Procedures for measurement of gastric
mucus secretion were that described by Corney et
al., 1974 [19]. Briefly, the inverted stomachs were
soaked for two hours in 0.1% Alcian blue dissolved in
0.16M sucrose buffered with 0.05M sodium acetate,
adjusted to pH 5.8 with hydrochloric acid.
Uncomplexed dye was removed by two successive
washes at 15 and 45 minutes in 0.25M sucrose. Dye
complexed with mucus was diluted by immersion in
10ml aliquots of 0.5M Magnesium Chloride for 2
hours. The resulting blue solution was shaken briefly
with equal volume of diethyl ether and absorbance
of the aqueous phase was measured at 605nm using
spectrophotometer. The absorbance of each solution
was then used to calculate the various
concentrations of dye. The weight of dye (expressed
in mg) was deduced using a standard curve. The
weight of dye was then expressed over the weight of
the stomach, to give the weight of mucus secreted.

Gastric mucus cell count
The rats were sacrificed by cervical dislocation and
their stomachs removed. The glandular portion of
each stomach was opened along the lesser
curvature. Gastric mucus cell count was done by
counting the number of gastric mucus cells that
stained with H&E, indicated as blue patches. The
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gastric mucus cells were counted in five random
cubic boxes each with an area of 1 mm2 using
calibrated microscope. This counting method is a
modified approach method earlier described [20].

Malondialdehyde concentration (MDA)
The malondialdehyde of the stomach mucosa, a
measure of the extent of lipid peroxidative tissue
damage was estimated using a standard method
[21]. In brief, 0.1 ml of the test sample was mixed
with 0.5 ml of 10% TCA, and 0.5 ml of 75% TBA was
then added it. The mixture was placed in water bath
at 80oC for 45 minutes. The absorbance of the
resulting pink colour solution was measured against
a reference blank of distilled water at 532 nm. The
test sample was calibrated using the MDA as
standard and the result was expressed as the
amount of free MDA produced or MDA quantified
by using the molar extinction coefficient, C of 1.56 x
105M-1cm-1.

Basal and stimulated gastric acid secretion
The animals were prepared according to the
modified continuous perfusion technique [22]. The
animals were fasted overnight and were only
allowed free access to water so as to provide
relatively clean stomach. They were anaesthetized
with intraperitoneal injection of urethane solution
(25% w/v) at 0.6 ml/100g body weight. The
stomach was perfused with normal saline
(0.9g/100ml) instead of NaOH. The acidic effluent
was collected from the stomach at 10 minute
interval and titrated to end point against 0.0025N
NaOH using phenolphthalein as indicator.

Histamine-induced gastric acid secretion
After the collection of basal secretion from each
animal, a dose of 2.5 ml/100g body weight
histamine acid phosphate was injected
intravenously through the femoral vein into the
rats. Stimulated secretion of gastric contents was
later collected at the rate of 1ml per minute for one
hour twenty minutes (80 minutes) through
gastroduodenal cannula.

Pentagastrin-induced gastric acid secretion
Pentagastrin at a dose of 25 µg/kg body weight was
administered intraperitoneally [23]. The same
procedure as above was uses for pentagastrin-
stimulated secretion.

Carbachol-induced gastric acid secretion
Carbachol at a dose of 4 µg/kg body weight was
administered intraperitoneally [24]. Also, the same

procedure was used here as in histamine-stimulated
secretion for the collection of effluent.

Measurement of basal and maximal gastric acid
concentration in samples
The acidity of the gastric effluent was determined by
calculations using the principle of volumetric
analysis. This was used to determine the strength
(meq/litre) of the effluents collected.

Statistical analysis
Statistical analysis of data was done using one-way
analysis of variance (ANOVA) and Student’s t-test for
paired data. The data were analyzed using Graphpad
prism software version 5 (San Diego, CA, USA) and
were expressed as Mean ± SEM (standard error of
mean). P-values less than 0.05 (p ≤ 0.05) were
considered statistically significant.

Results
Gastric mucus secretion
In Figure 1, there was significant increase in gastric
mucus secretion (mg/g tissue) in the 0.1mg/kg
risperidone (1.06 ± 0.11), 0.3mg/kg risperidone
(1.31±0.12) and 0.5mg/kg risperidone (1.39±0.20)
pretreated rats compared to the control rats 0.60±
0.03 (p≤ 0.05). This increase in gastric mucus
secretion is dose-dependent.

Gastric mucus cells count
In Figure 2, risperidone caused dose-dependent
increase in gastric mucus cells count. These
increases were significant with the three doses of
risperidone in the treated rats 121.2± 5.04 cells/cm2,
128.6± 2.46 cells/cm2 and 129.3 ± 3.73 cells/cm2

respectively compared to the control rats (103.3±
4.18 cells/cm2).

Malonialdehyde (MDA) concentration
Figure 3 shows the effect of risperidone on MDA
concentration. There was a significant decrease in
MDA with 0.1mg/kg risperidone treated rats (0.194 ±

0.0072) as against the control rats (0.257 ± 0.0087)
(p≤0.05). Also, the concentration of MDA
concentration in the 0.3mg/kg (0.183 ± 0.0073) and
the 0.5mg/kg (0.106 ± 0.0049) risperidone treated
rats showed significant decrease compared to the
control (p≤0.05). These decreases were equally dose
dependent.

Histamine-induced GAS
Results obtained from this study showed that
risperidone decreased gastric acid secretion in
experimental animals in a dose dependent manner_______________________________________
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compared with the controls. There were significant
reductions in gastric acid secretion after histamine
administration compared with control (p≤0.05).
Between 0-40 minutes, the basal secretion was
fairly normal in all the groups. After 40 minutes,
histamine was administered intravenously through
the femoral vein and 10 minutes later, there was a
sharp increase in gastric acid secretion in the
control rats, while the risperidone-treated groups
showed an inhibition of gastric acid secretion to the
normal response of histamine. This was significant
with the three doses used compared to the control
group (p≤ 0.05).

Effect of risperidone on pentagastrin induced
gastric acid secretion
When compared with the normal response of
gastric acid secretion to pentagastrin as in the
control group, there were significant reductions in
gastric acid secretion after pentagastrin
administration (25 µg/kg, i.p.) in the risperidone
pre-treated groups (0.1, 0.3, and 0.5 mg/kg
(p≤0.05). Between 0-40 minutes, the basal
secretion was fairly constant in all the groups.
Between the period 50th – 80th minute’s interval,
post secretagogues injection, showed significant
decrease in gastric output in the pre-treated rats
compared to the control rats group.

Effect of risperidone on carbachol induced gastric
acid secretion
The basal secretion was similar in all the groups,
control and pre-treated (figure 6), however, there
were no significant change in gastric acid secretion
after carbachol (4 µg/kg, i.p.) administration when
compared to the control (p≥0.05). The trend was
observed in all the groups.

Discussion
The results obtained from the study on GAS showed
that risperidone affected the normal gastric acid
secretory response to histamine (H2) and
pentagastrin stimulation. Histamine (0.1 mg/kg)
administration to the different risperidone pre-
treated animals, showed complete removal of the
normal response to histamine. On pentagastrin
secretory response, there were no remarkable
changes on the basal secretion of gastric acid with
the different doses of risperidone (0.1 mg/kg, 0.3
mg/kg and 0.5 mg/kg). but, when pentagastrin (25
µg/kg) was injected, there was an initial increase in
gastric acid secreted followed by significant
decrease in gastric output with the risperidone pre-
treated used as against the normal expectation

whereby the basal secretion increased in the control.
From these observations, risperidone appears to
cause a complete inhibition of H2 receptors, but with
pentagastrin, there was partial inhibition indicating
partial inhibition of CCK-B receptors for gastrin. In
both cases, gastric acid secretion (GAS) responses to
these secretagogues were fully and partially
abolished respectively. The explanation adduced may
be a significant depression in intracellular free Ca2+.
Since gastrin acts mainly by releasing histamine from
the enterochromaffin-like (ECL) cells in the oxyntic
mucosa, and also from direct action on parietal cells
where they are equally distributed [25,26], similarity
in gastric acid secretory response noticed with both
drugs is likely affected by the former pathway.
Furthermore, it has been reported that
prostaglandins do exert inhibitory effects on parietal
cells [27]. From this study, apart from antagonizing
H2 and gastrin CCK-B receptors, risperidone may also
be potentiating the effect of endogenous
prostaglandins leading to inhibition of gastric acid
secretion. Acetylcholine from nerve endings have
been shown to acts by two possible pathways. First,
it releases histamine from the ECL cells, which in turn
stimulate acid production and secondly, by
interaction with muscarinic (M3) receptors on the
oxyntic cells resulting in increase in intracellular
calcium concentration [28]. Thus, the inability of
risperidone to decrease acid secretion after
carbachol administration may be due to lack of
antagonizing effect on the muscarinic receptors.
From this work, there was significant increase in
gastric mucus secretion (mg/g tissue) in the
risperidone-treated rats compared to the control
rats. Similarly, gastric mucus cells count (GMCC)
showed a graded increase with increasing doses of
risperidone. The possible explanation may likely be
linked to potentiating of endogenous prostaglandins.
Several other works are in support of this hypothesis
[29, 30, 31, 32] and they reported threefold increase
in mucus layer thickness when topical prostaglandins
and intravenous secretin were administered.
Risperidone may equally be generating and
potentiating the effect of endogenous prostaglandins
which has been reported to be involved in mucosal
defense by its stimulation of mucus and bicarbonate
secretion [33]. Prostaglandin has also been reported
to be important in ulcer healing and protection of
gastric mucosal from digestive juice [34, 33].
The study on gastric MDA concentration showed a
significant dose-dependent decrease with 0.1mg/kg,
0.3 mg/kg and 0.5 mg/kg risperidone when
compared to the control. However, it is known that
indomethacin-induced gastric damage is reactive
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oxygen species (ROS) mediated via lipid
peroxidation [35] and that scavenging these free
radicals may play an appreciable role in healing
gastric ulcers. Defensive factors such as mucus and
reduced lipid peroxidation protect gastric mucosa
against a variety of noxious agents-induced
damages. The thiobarbituric acid reactive substance
(TBARS) has been used as an indicator of lipid
peroxidation or free radical scavenging activity in
biological samples. These radicals are reported to
be involved in acute mucosal ulceration induced by
indomethacin [36]. The product of these free
radicals, the lipid peroxides, can elicit tissue
inflammation [37]. Thus risperidone from this study
has been shown to have a strong reducing effect on
lipid peroxidation and this could be a good reason
for the prevention of mucosal damage. The
inhibition of cyclooxygenase (COX) enzymes
induced by indomethacin leads to the depletion of
endogenous prostaglandins thus leading to
decrease of gastric mucus production [38] and
generation of reactive oxygen species, which are
implicated in the pathogenesis of ulceration [39].
Risperidone was found to have likely scavenged
reactive oxygen species as evident in its ability to
decrease lipid peroxidation level. The important
roles of oxygen-derived ROS and lipid peroxides
(LPO) in acute gastric lesions, which are induced by
non-steroidal anti-inflammatory drugs (NSAIDs)
such as indomethacin, have been supported by
experimental data [40, 41]. Similarly, indomethacin
has been shown to produce damage via increasing
mucosal MDA levels in gastric tissue [42].
Indomethacin causes gastric damage by not only
inhibiting cytoprotective prostaglandin synthesis,
but also by affecting antioxidant mechanisms, such
as MDA. Thus, risperidone appears to exert its anti-
ulcer effects by activation of antioxidant
mechanisms in stomach tissues. This study showed
that risperidone significantly prevented the
negative effect of indomethacin on gastric MDA
levels at all doses used. This report is supported by
earlier work indicating that antioxidant parameters
have been shown to be reduced in stomach tissue
damaged by indomethacin [43]. The roles of toxic
oxygen radicals has also been reported to be
involved in indomethacin- induced gastric damage
as was determined in etiopathogenesis [35].
Increased levels of reactive oxygen species (ROS)
are indicated in the mechanism of both stress and
indomethacin-induced gastric damage [44].
Excessive production of MDA and other reactive
radicals cause oxidative damage which is
represented by measuring lipid peroxidation levels

[45]. Lipid peroxidation is an important reason for
cell membrane damage; MDA is the end product of
lipid peroxidation and is used to determine lipid
peroxidation levels [46]. This study revealed that the
anti-gastric ulcer activity of risperidone may be by
blocking histamine H2 and gastrin receptors,
increasing gastric mucus secretion, number of gastric
mucus cells count and by decreasing lipid
peroxidation level. However, more detailed studies
are necessary to confirm the relevance of this finding
and its implications.
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Figure 1. Effect of risperidone on gastric
mucus secretion
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Figure 2. Effect of risperidone on gastric mucus cells
count
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Figure 3. Effect of risperidone on malonialdehyde (MDA) 
concentration 

Figure 4. Effect of risperidone on gastric acid secretion induced by
histamine

= Before arrow shows basal secretion
= Arrow indicates point of injection of histamine

administration, i.v.
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Figure 5. Effect of risperidone on gastric acid secretion 
induced by pentagastrin

= Before arrow shows basal secretion.        
= Arrow indicates point of injection pentagastrin

administration, i.p.

Figure 6. Effect of risperidone on carbachol induced gastric acid
secretion

= Before arrow shows basal secretion
= Arrow indicates point of injection of histamine

administration, i.p.


