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Abstract
Introduction: The peresent study was conducted to research whether the intravenous (iv) anesthetics of propofol, midazolam and thiopental have a protective effect against gastric injury induced in rats with indomethacin.
Methods: Rats were randomly divided into 6 groups (n=7). Rats in Group 1 (n=7) had 8 ml/kg saline administered via gavage.
Rats in Group 2 (n=7) were administered 25 mg/kg indomethacin via gavage. Rats in Group 3 (n=7) were given 20 mg/kg
famotidine intraperitoneal. Rats in Group 4 (n=7) were given 40 mg/kg propofol intraperitoneal. Rats in Group 5 (n=7) were
administered 40 mg/kg thiopental intraperitoneal. Rats in Group 6 (n=7) were administered 10 mg/kg midazolam intraperitoneal and then 5 minutes later 25 mg/kg indomethacin via gavage in all groups except Group 1. All groups were sacrificed
6 hours after administration of oral indomethacin and gastrectromy was performed. All samples were photographed. Macroscopic photographs were uploaded to a computer. A pathologist used the “Olympus Stream Start” image analysis method to
measure the size of the ulcer areas on photographs of each stomach excision sample in “pixels”. The total number of ulcers
and total ulcer area were calculated for each rat. Other pieces of gastric tissue were assessed with histopathological study.
Results: Clear ulceration was observed in the gastric mucosa of the indomethacin group. The iv anesthetic medications of
propofol, midazolam and thiopental used in the study did not have any antiulcer efficacy.
Discussion and Conclusion: It was determined that propofol, midazolam and thiopental had no protective effect against
gastric injury induced in rats with indomethacin.
Keywords: Indomethacin; rats; stomach ulcer.

I

n anaesthesia and intensive care applications and after
surgical stress, the development of gastric ulcers is commonly observed. Among the causes of gastric ulcers, an
imbalance of aggressive factors (increased acid secretion)
and protective factors [mucus, bicarbonate, prostaglandins
(PGs)], stress, sepsis, trauma, haemorrhagic shock, Heli-

cobacter pylori, smoking, and the use of alcohol, steroids
and non-steroidal anti-inflammatory drugs (NSAIDs) may
be included[1]. The pathophysiological effects of gastric
ulcers include oxidative stress, reduced antioxidants, neutrophil accumulation, increased inflammatory cytokines
and reduced blood flow to the gastric mucosa[2]. Of the
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stress-related mucosal diseases, ulceration and bleeding
are the most important causes that increase morbidity
and mortality. The basic factor in preventing stress-related
mucosal ulcerations is the suppression of acid production.
Exposure to ulcerogenic substances causes an excessive
production of reactive oxygen species (ROS); however, the
mucus layer and endogenous antioxidants protect the gastro-intestinal system against cytotoxicity, which is linked
to free oxygen radicals (FORs)[3]. Excessive FOR production
causes infiltration of activated neutrophils, which leads to
disrupted gastric microcirculation. Reduced mucosal circulation is an aetiological factor for gastric ulcers[4].
Non-steroidal medications inhibit endogenous PG synthesis by cox blockage; however, inhibition of PG synthesis
is not sufficient alone to induce ulcer formation[5]. Other
mechanisms may include leukocyte adhesion to the vascular endothelium[6], the production of FORs and an increase
in proteases[4]. FORstamamdır sadece are a part of enzymatic reactions in organisms, often as products of oxidation reactions and play an important role in gastric ulcer
pathophysiology[7].
PGs in the L-arginine/nitric oxide pathway are the major protective factors that cause relaxation of arterial smooth muscle in the gastric mucosa. Nitric oxide synthase inhibition aggravates gastric injury in gastric ulcer animal models[8].
Among the traditional prophylactic choices for gastric ulcers there are antacids, sucralfate, histamine (H2) receptor antagonists, and proton pump inhibitors. Currently,
though there are many medications used for gastric ulcer
treatment, none of these medications are curative because
gastric ulcers are multi-aetiological and chronic diseases[9].
In anaesthesia and intensive care applications, many intravenous agents are used for anaesthesia and sedation.
Propofol (2,6-diisopropylphenol) is a commonly used intravenous anaesthetic, sedative and hypnotic agent. The hydroxyl group inhibits lipid peroxidation, and in continuous
infusion, especially for the management of refractory status
epilepticus, propofol has a low clearance rate. Thiopental is
a weak acid and has low solubility in water[10]. Midazolam
is a benzodiazepine with a high clearance rate and may be
used as premedication and induction agent during anaesthesia. It ensures sedation and hypnosis through GABA.
GABA is an inhibitory neurotransmitter in the CNS[11].
Previous studies have suggested that centrally administered endogenous opioids inhibit gastric acid secretion, but
peripheral administration of these compounds enhances
acid secretions and can potentiate gastric erosion[12].
However in the literature, the gastroprotective effects of
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different effective materials have been researched in a variety of experimental animal models[13,14]. Additionally,
the number of studies on the gastroprotective effects of
anaesthetic agents in experimental ulcer models are very
limited[15-20].
The hypothesis of our study is that the intravenous induction agents propofol, thiopental and midazolam, which
have antioxidant properties that have been emphasized in
previous studies, will have beneficial effects in preventing
the acute gastric injury induced by indomethacin. To test
this hypothesis in our study, the effects of propofol, midazolam and thiopental on the gastric ulcers of rats with indomethacin-induced gastric injury will be assessed.

Materials and Methods
The surgical procedure, use of anaesthesia, and animal
care methods in the experiments were consistent with the
guidelines in the National Institute of Health’s Guide for the
Care and Use of Laboratory Animals (National Institutes of
Health Publication No. 86–23, revised 1985, Bethesda, MD).
The study was completed after receiving approval from the
Dokuz Eylul University Animal Experiments Local Ethics
Committee (Project No: 18/2014, President Prof. Dr. Osman
Yılmaz, date: 15.04.2014) at Dokuz Eylul University Multidisciplinary Experimental Animals Laboratory. The study
used a total of 42 male Wistar Albino rats weighing 250-300
g with each group comprising of 7 animals. The rats were
housed in standard conditions (temperature 22-24 °C, 12
hours light/12 hours darkness).
All animals were fed with standard pellet feed and given a
sufficient amount of water. Considering that it may affect
the gastric function of all subjects, feeding was at the same
time every day to avoid diurnal variation[13].
Famotidine and indomethacin were dissolved in distilled
water. All medication solutions were prepared fresh. Rats
were administered oral indomethacin via gavage after 16-18
hours of starvation with the aim of creating a gastric ulcer.
For laboratory experimentation, indomethacin, famotidine,
and sodium thiopental, propofol, and midazolam were obtained from Deva Holding Cor. (Istanbul), Fako (Istanbul)
and IE-Ulagay (Istanbul), Abbot Co. (England), Dem Medical
and Pharmaceutical Warehouse Industry and Trade Limited
Company (Istanbul) respectively.

Experimental Groups and Protocol
Rats were randomly divided into 6 groups.
Group 1 (sham, n=7): rats were administered with 8 ml/kg
saline via gavage.
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Group 2 (indomethacin, n=7): rats were administered
with 25 mg/kg indomethacin in 8 ml/kg saline via gavage.
Group 3 (famotidine, n=7): rats were administered with
20 mg/kg famotidine (Nevofam-L IM/IV 20 mg ampoule
containing lyophilized injectable powder) i.p., then 25 mg/
kg indomethacin in 8 ml/kg saline via gavage 5 minutes
later.
Group 4 (propofol, n=7): As described previously rats
were administered with 40 mg/kg propofol intraperitoneally, then 25 mg/kg indomethacin in 8 ml/kg saline via
gavage 5 minutes later[21].
Group 5 (thiopental, n=7): As described previously rats
were administered with 40 mg/kg thiopental i.p., then 25
mg/kg indomethacin in 8 ml/kg saline via gavage 5 minutes later[22].
Group 6 (midazolam, n=7): As described previously rats
were administered with 10 mg/kg midazolam i.p., then 25
mg/kg indomethacin in 8 ml/kg saline via gavage 5 minutes later[23].
All animals completed the study. The antiulcer effects of
the intravenous anaesthetics were researched using an indomethacin-induced ulcer model[24]. All groups had 100
mg/kg ketamine (Ketalar®, Parke Davis-Eczacıbaşı, Istanbul,
Turkey) i.p. administered 6 hours after oral indomethacin
administration, and the rats were then sacrificed via cardiac puncture. Gastrectomy was rapidly performed via an
abdominal incision on the midline. Gastric tissue was divided in two, with one portion stored for histopathological
investigation[1,25].
Each stomach tissue sample obtained for pathology was
placed on a flat platform along the large curvature with
incision performed along the small curvature and then
washed with ice water. To photograph gastric tissue, all
corners were opened, and the tissue was stretched. All
samples were photographed from an equal distance at
equal magnification. Macroscopic photographs were
uploaded to a computer. A pathologist used the “Olympus Stream Start” image analysis software to measure
the size of the ulcer areas in “pixels” on photographs of
each excised sample. All images including the largest and
smallest ulcer area, the numbers were saved, and the total
number of ulcers and total ulcer area was calculated for
each rat[26].
Histopathological Assessment: A piece of gastric tissue
from each rat containing ulcer area and normal mucosa, as
determined using a light microscope, was placed in 10%
neutral formalin for 24 hours for fixation and processed
for routine tissue analysis. Sections 5 µm thick were ob-

tained and stained with haematoxylin and eosin. Histological changes were assessed with a light microscope by
a pathologist who was blind to the study. This assessment
was used to show that ulcers had developed microscopically. All stomach tissue was not monitored, and there was
no microscopic measurement made related to ulceration.
Rats with resuscitation requirements were planned to be
excluded from the study; however, no rat required resuscitation in any group.

Statistical Analysis
Statistical analysis was performed using Statistical Package for the Social Sciences (SPSS) Version 15. Comparisons
between the groups were assessed by the Mann-Whitney
U test. All data are presented as the mean±SD. Values of
p<0.05 were accepted as statistically significant.

Results
The study included a total of 42 rats. All of the rats finished
the study. There were no significant differences between
the ages or the weights of the rats (p>0.05).
Besides the sham and famotidine groups, all groups were
observed to have ulcer formation linked to NSAIDs.
When we compared the sham group with the indomethacin
group, there was a significant difference in terms of the
number of ulcers and the ulcer area (p<0.05).
There was no significant difference observed in terms of ulcer number or area between the famotidine group and the
sham group (p>0.05).
There were significant differences observed between each
of the other 3 experimental groups that were administered
anaesthetic medications and the sham and famotidine
groups (p<0.05).
In the groups administered intravenous anaesthetics, the
number of gastric mucosal ulcers was higher, and the ulcer area was greater compared to that in the indomethacin
group, though there was no significant difference (p>0.05).
In terms of the smallest ulcer area, there were no significant
differences observed between the groups administered
intravenous anaesthetics and the indomethacin group
(p>0.05).
In terms of the largest ulcer area, though there were no significant differences between the groups given intravenous
propofol and midazolam, and the largest ulcer area in the
thiopental group was significantly larger than that in the
indomethacin group (p<0.05) (Table 1). In the damaged
stomachs, mucosal lesions of various sizes and forms were
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Table 1. Effects of intravenous anaesthetic (propofol, thiopental, and midazolam) administration on indomethacin-induced ulcers in the
rat stomach
Group

Ulcer count

Ulcer area (pixels)

Largest ulcer area (pixels)

Smallest ulcer area (pixels)

Sham
Indomethacin
Famotidine
Propofol
Thiopental
Midazolam

1.85±4.91
9.42±10.42*
1.00±1.00
17.00±10.39*
13.57±6.77*
13.71±5.49*

4.12±10.9
323.52±513.87*
16.51±17.26
510.22±372.71*
486.99±246.37*
392.24±168.54*

2.1±5.57
53.25±59.48*
11.51±12.32
80.80±58.10*
133.18±47.45*†
73.39±39.36*

0.89±2.37
4.03±3.37
7.91±8.07
5.15±1.96*
7.18±5.03*
5.38±4.91*

*: p<0.05; Significantly different from the sham group; Mann-Whitney U test; †: p<0.05; Significantly different from the indomethacin group; Mann-Whitney U test.

dispersed over all stomach surfaces. Lesions of the gastric
mucosa in each group are shown in Figure 1.
Microscopic views of the normal and damaged gastric mucosa are shown in Figure 2.
a

b

c

d

e

f

Discussion
In our study assessing the protective effects against ulcers
of different intravenous anaesthetic medications in an indomethacin-induced ulcer model in rats, there was clear
ulceration observed histopathologically in the gastric mucosa of the group that was administered indomethacin
alone. None of the intravenous anaesthetics were observed
to have any protective effect against gastric ulcers caused
by indomethacin; contrarily, dense ulcer areas were identified in these groups. The increase in the largest ulcer diameter in the group administered thiopental is noteworthy.
The protective effects of different agents on ulcers have
been shown in experimental ulcer models in rats. Experimental studies have determined the beneficial effects on
induced gastric injury in different rat models for many
medications such as sildenafil[25], coenzyme-Q10[27], vardenafil[13], minocycline[28], and mirtazapine[1].
Some anaesthetic medications have been used in a variety
of ulcer models in previous studies.

Figure 1. Photographs of rat gastric mucosa. (a) Normal mucosa in the
sham group. (b) Severe mucosal injury in the indomethacin group. (c)
Protected gastric mucosa in the famotidine group (d) Severe mucosal
injury in the group pretreated with propofol. (e) Severe mucosal injury
in the group pretreated with thiopental. (f) Severe mucosal injury in
the group pretreated with midazolam.
a

b

Cheney et al.[15] induced stress ulcers in rats by leaving
them hungry for 48 hours and then restraining them within
wire mesh for 4 hours, while rats in the other group were
left for 4 hours without restraint. They completed 10 different experiments with subjects collected in three series. The
researchers identified that though ketamine alone did not
create ulcers in the unrestrained subjects, with restraint it
significantly increased the ulcer-inducing effect. They em-

▶

c

d

e

▶

▶
Figure 2. Histopathological examination of rat gastric mucosa. (a) Normal gastric mucosa in the sham group and the famotidine group. (b)
Deep mucosal ulceration in the indomethacin group. (⬈) (c, d, e) Widespread necrosis with loss of the surface epithelium (⇨) and marked
neutrophil infiltration (▶).
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phasized that this effect was probably related to the vasoactive properties of the anaesthetics. Ketamine administered to rats before restraint increased the ulcer incidence
by 35-98%[15].
Cho et al.[16] researched the efficacy of morphine for the
prevention and treatment of stress ulcers in rats. In a pretreatment experiment, 3 groups were first administered 2
and 8 mg/kg morphine in 1 ml of saline i.p. and then exposed to 3 hours cold stress before sacrifice.
The post-treatment experiment first exposed rats to 3 hour
of cold stress and then the rats were returned to room temperature and administered 2 and 8 mg/kg morphine in 1 ml
of saline i.p. This treatment was repeated 3 hours later, and
rats were sacrificed after 24 hours.
To observe the effect of opioid receptor blockage on ulcer
amelioration, 15 min before administering morphine, 8
mg/kg naloxone i.p. was administered, and rats were sacrificed after 24 hours. The macroscopic lesion length was
measured.
In both the pre- and post-treatment experimental groups,
a dose-linked reduction in ulcer severity was reported.
The ameliorative effect of morphine on ulcers was partially negated by naloxone, which showed that the effect
of morphine is mediated by opioid receptors. Cho et al.[16]
reported that morphine had a certain level of anti-inflammatory effect (by reducing myeloperoxidase activity) and
increased cell proliferation and mucus secretion in gastric
tissue, ensuring lesion repair.
Debreceni et al.[17] researched whether there were gastroprotective effects of morphine and naloxone on gastric ulcers that were induced by indomethacin, ethanol and HCl.
A 10 mg/kg dose of naloxone did not reduce ulcers, but
gastric acid secretion was clearly reduced, while a 20 mg/
kg dose had a clear protective effect against ulcers linked
to indomethacin and HCl, though there was no effect reported against ethanol-linked ulcers (not acid dependent).
Morphine, even at 10 mg/kg i.p., had no protective effect,
and at 2 mg/kg, HCL-induced ulceration increased; however, there was no effect on ulcers linked to indomethacin
or ethanol. The effect of morphine on stress-linked ulcers is
very complex and is reported to vary based on dose, time
and administration route[17].
al.[18]

Gyires et
induced ulcers in rats with ethanol and indomethacin and studied the effect of clonidine on ulcer development and whether there was an interaction between
alpha-2 receptors and the opioid system. Clonidine was
shown to inhibit gastric injury in both ulcer models. Gyires
et al.[18] identified that naloxone, naltrindole and yohim-

bine antagonized the gastroprotective effect of clonidine.
This situation shows that the gastroprotective effect of
clonidine occurs via the opioid and alpha-2 receptors[18].
Beyzagul et al.[19] used an indomethacin-induced ulcer
model in rats to research the gastroprotective effect of a
new intravenous anaesthetic agent: dexmedetomidine.
Additionally, they researched whether there was a role
for oxidant and antioxidant parameters in the antiulcer
mechanism. Rats were randomly divided into 7 groups:
the sham, famotidine 20 mg/kg (p.o.), indomethacin 25
mg/kg and dexmedetomidine 10, 25, 50 and 100 µg/kg
groups. The sham group was administered distilled water via gavage. Five minutes after the study medications
were administered, all groups were administered 20 mg/
kg indomethacin via gavage, sacrificed 6 hours later and
had a rapid gastrectomy performed. Ulcerous regions were
macroscopically assessed and measured with millimetric
paper. The anti-ulcerative effect of dexmedetomidine was
compared with that of the famotidine and sham groups.
Additionally, the glutathione peroxidase, catalase, SOD,
myeloperoxidase enzyme activity, MDA and glutathione
levels in the stomach tissue were assessed. Groups with
dexmedetomidine doses of 25, 50 and 100 µg/kg had
similar antiulcer effects to those in the famotidine group.
The GPO, SOD and MPO activity levels and the GSH level
were clearly increased in the famotidine group and all of
the dexmedetomidine groups compared to those in the
indomethacin group, with CAT and MDA activity clearly reduced.
The study by Beyzagul et al.[19] identified that the doselinked dexmedetomidine effects did not have a direct antioxidant effect on gastric ulcers in rats but prevented them
by increasing antioxidant enzyme activities. Dexmedetomidine was reported to have a dose-linked anti-ulcerative
effect on rat gastric tissue.
In previous studies Suleyman et al.[29] reported a gastroprotective effect of alpha-2 receptors. In other studies,
presynaptic alpha-2 adrenergic receptors were shown to
play an inhibitory role on indomethacin, aspirin and stressrelated ulcers. The presynaptic alpha-2 receptors regulate
gastric acid secretion.
El-Ficky et al.[20] studied the protective effects of 0.5, 1 and
2.5 mg/kg midazolam and the effects on gastric acid secretion in a stress-induced ulcer model by immobilization of
rats. At all 3 doses, they identified that midazolam reduced
gastric acid secretion. Again, histopathologically, as the
midazolam dose increased, they reported that the ulcer
severity reduced. The study by El-Ficky et al.[20] reported
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that the central effect of midazolam prevented the stress
ulcers.
Midazolam reduced the excitatory stimuli transmission
frequency to the vagal nucleus found in the medulla oblongata in the central pathway and thus reduced the risk
of local vascular paralysis and gastric mucosal ulceration.
However, in the NSAID-linked ulcer model used in our
study, the 10 mg/kg dose of midazolam did have any gastric protective effect.
Erol et al.[30] researched the antioxidant effects of midazolam in a renal ischaemia reperfusion model in rats and
determined that the use of midazolam did not reduce the
FOR activity in the renal ischaemia reperfusion model. The
results of our study are in parallel to these study results,
and we believe that the lack of antioxidant properties of
midazolam is the cause of the lack of effect on indomethacin-induced ulcers[30].
Propofol and thiopental are two medications with positive
effects on oxidative stress and antioxidant mechanisms.
Studies have shown that both propofol and thiopental reduce lipid peroxidation[31].
The structure of propofol is different from that of other hypnotic sedatives and is similar to that of the non-enzymatic
antioxidant of vitamin E with a phenolic hydroxyl group
(-OH) inhibiting lipid peroxidation and ensuring cleaning
of ROS. Additionally, midazolam, propofol and thiopental
used in our study were not determined to have any protective efficacy.
This outcome may be linked to the fact that even though
propofol and thiopental have antioxidant efficacy, the aetiology of gastric ulcers is multifactorial.
Of course, we do not fully know the location of the anaesthetic effects in ulcer pathogenesis (peripheral/central).
However, the majority of patients have a greater tendency
for ulcers observed during the postoperative period, which
provides the potential for stress ulcers.

Study Limitations
In our study, MDA and NO concentrations were measured
biochemically as gastric tissue oxidant/antioxidant parameters, but biochemical results were very inconsistent and
incorrect. Our study was evaluated by gastric tissue ulcer
index and histopathological study.
In our study we identified that the i.v. anaesthetics midazolam, propofol and thiopental, which are commonly used
in anaesthesia practice, have no antiulcer efficacy in an
NSAID-induced rat ulcer model.
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The protective effect of midazolam on a stress ulcer model
has been reported[27]; however, there are no data on the
protective effect of propofol or thiopental on stress ulcers.
As a result, proven ulcer prophylaxis should definitely be
administered to all these patients. There is a need for advanced studies with different animal models on this topic.
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