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Abstract
The newly synthesized, 3,4,5-Trihydroxy-N 0-[(2-methyl-1H-indol-3-yl)-methylidene]
benzohydrazide (TIBH), is an indole and gallic acid derivative. The aim of this research investigation
was to evaluate the acute toxicity and the ulcer prevention potential of TIBH in
HCl/Ethanol-induced gastric ulcer rat model. Six groups of rats were orally received 5ml/kg of
vehicle (1 % Carboxy methyl cellulose) for the normal and ulcer control groups each, Omeprazole
(20mg/kg) for positive control, 50 mg/kg, 100 mg/kg and 200 mg/kg of TIBH for experimental
groups, respectively. After one hour, instead of rats in the normal group which received 5ml/kg of
1% CMC, other groups received 5ml/kg of HCl/Ethanol. All rats were sacrificed after one
additional hour. Gastric juice, gastric mucosa, morphologies of gastric ulcers and protein
expressions of both control and treatment groups were evaluated. TIBH showed a ulcer
prevention potential by increase of the mucus secretion, decrease of the gastric acidity,
up-regulation of HSP70 protein, down-regulation of Bax protein, decrease of the lipid peroxidation
and the increase of the Superoxide dismutase (SOD) activity in gastric tissue homogenate. Acute
toxicity assay exposed valuable information on the safety of this compound. TIBH had a dose
dependent ulcer prevention potential against HCl/Ethanol-triggered gastric ulcer.
Key words: Gastric ulcer, Gastro-protective activity, Acute toxicity, Immunostaining.

Introduction
Peptic ulcer occurs in more than 10% of world
population [1]. It is one of the most important
ailments of gastrointestinal tract in the world and it
becomes a global problem due to its increasing
morbidity and mortality [2]. Peptic ulcer defined as a
mucosal damage with a length of more than 5 mm
which is caused due to the demolition of the balance
between defensive and aggressive factors. Defensive
factors are like mucus and bicarbonate production
while aggressive factors are caused by Helicobacter
pylori, non-steroidal anti-inflammation drugs (NSID),

alcohol consumption, overproduction of acid and
pepsin, age-related decline of the prostaglandin level,
stress and smoking [3].
Currently, researchers are studying on this
common pathology and many drugs are available for
instance agonists of the histamine H2 receptor
(Ranitidine) and the irreversible proton pump
inhibitors (Omeprazole) [2]. Conversely, sometimes
anti-acid drugs are ineffective and weaken the
absorption of calcium, iron, magnesium and vitamin
B12 [4]. Thus, medicinal plants and synthetic
http://www.medsci.org
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compounds that can contribute in ulcer healing and in
the prevention of the ulcer reoccurrence have been
used as alternative treatments [3].
In former studies, numerous synthesized
chemical compounds were discovered to have
biological properties together with gastric ulcer
prevention potential [5-12]. TIBH, 3,4,5-Trihydroxy-N
0-[(2-methyl-1H-indol-3-yl)-methylidene]benzohydra
zide, is synthesized as a result of the reaction of the
proper indole carboxaldehydes with gallic hydrazide.
This compound was found to exhibit significant
DPPH radical scavenging potential and also
possessed inhibitory effect against lipid peroxidation
[13]. The current study was carried out to determine
the acute toxicity and ulcer prevention potential of
TIBH against HCl/Ethanol induced gastric ulcer in
rats.

Methods
Omeprazole
Omeprazole, as an anti-ulcer medicine and
positive control was purchased from the University of
Malaya, Medical Center. Omeprazole is a proton
pump inhibitor drug that has being employed for the
treatment of peptic ulcer ailment. It acts as enzymes
inhibitor and stops the stomach from producing
excessive acid that can harm the gastric wall.
Omeprazole was dissolved in 1% w/v carboxymethyl
cellulose (CMC) and administered orally to the rats in
a dosage of 20 mg/kg body weight (5 mL/kg) (14).

TIBH
The TIBH was synthesized at Chemistry
Department, Faculty of Science, University of Malaya.
Microanalyses were performed on a Perkin-Elmer
2400 elemental analyzer. 1H-NMR and 13C-NMR
spectra were evaluated with a Lambda JEOL 400 MHz
FT-NMR (1H-NMR: 400 MHz and 13C-NMR: 100.4
MHz) spectrometer. TIBH is a newly synthesized
compound by [13].

Carboxymethyl cellulose
Carboxymethyl cellulose (CMC) (Sigma Aldrich,
Germany) was used as a vehicle and solvent for
omeprazole and TIBH.

Animals
Adult (6 to 8 weeks) healthy Sprague-Dawley
(SD) rats weighing 200-250 g were [14] purchased
from the Animal Experimental Unit, Faculty of
Medicine, University of Malaya. Female and male rats
were respectively used for acute toxicity and ulcer
prevention studies. The use of animals in this research
study was approved by Ethics committee for Animal
experiment of the Faculty of Medicine, University of

1318
Malaya, Malaysia (Ethic No. 2015-181201/BMS/R/
MAAH) and the study was conducted according to
the National Academy of Science’s Guide for the Care
and Use of Laboratory Animals [15].

Acute toxicity study
Healthy females SD rats (n= 18) were allotted
equally between three groups (6 rats/group) and
categorized as the vehicle (1% CMC) and 300 and
2000mg/kg of TIBH, respectively [16]. The rodents
were fasted overnight (food but not water supply)
before treatment. After feeding of the TIBH the
animals were retained under monitoring for 30
minutes, 2, 4, 24, and 48 hours, for any toxicological or
clinical signs. After 15 days, blood samples of all
animals were taken and the animals were euthanized
using an overdose of ketamine and xylazine
anesthesia. Hematological evaluation of renal and
liver function parameters were done by Clinical
Diagnostic Laboratory of University Malaya. The
organs (kidney and liver) were evaluated
macroscopically and histologically [17].

Treatment and induction of gastric ulcer with
HCl/Ethanol
The experiment was designed having 6 groups
while 6 rats were randomly allotted to each group.
The rats were fasted for 24 hours before the oral
gavage pre-treatment (food but not water). Water
supplement had been removed two hours before oral
pre-treatment started. HCl/Ethanol-induced ulcer
generation was conducted according to the model that
previously described [18]. Accordingly rats in
experimental groups were received 50, 100 and 200
mg/kg of TIBH, normal control group and ulcer
control group rats were orally received 5 ml/kg of 1%
CMC each and rats of positive control group were fed
with 20 mg/kg of Omeprazole. After sixty minutes,
rats of normal group were orally fed with 5 ml/kg of
1% CMC while 5ml/kg of 150 mM (HCl/absolute
ethanol) 40:60 v/v were orally fed to the ulcer control,
positive control and experimental groups.
After additional hour, all rats were sacrificed by
overdose of ketamine and xylazine (150 and 15
mg/kg) [19]. The pyloric and the cardiac ends of the
stomach were knotted. The stomach was removed
and kept into cold phosphate buffer saline (PBS) for
further experiments.

Evaluation of gastric juice acidity and gastric
mucus
The gastric juice content of rat’s stomachs were
collected and centrifuged at 4000 rpm, 25°C for 10
min. The acidity of the resulted supernatant was
measured with a digital pH meter that was titrated
http://www.medsci.org
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with 0.1 N NaOH solution. To measure the mucus
secretion, the stomach was cut along the greater
curvature, then the glandular portion of the stomach
was lightly scrapped by a glass slide and the mucus
was collected and weighed [20, 21].

Evaluation of stomach morphology
The stomach was cut along its greater curvature,
distended over a clean and white background for
better visualization and photographed. Ulcers
showed as elongated bands of hemorrhagic lesions
parallel to the long curve of the stomach. The ulcer
area on the gastric mucosa was measured using Image
J (1.50i). The inhibition percentage of ulcer area (I %)
was determined using the subsequent formula where
UA(mm2) was the measured ulcer area [3].
(I %) = [(UA control – UA treated) / UA control] ×
100%

Evaluation of the gastric ulcer
Evaluation of gastric tissue homogenate
Finally the glandular portion of gastric tissue
specimens of each rat’s stomach was divided into two
halves. The first half of the stomach was kept in PBS
for tissue homogenate.

Evaluation of histology of gastric tissue
The other half was placed in the cassettes and
was fixed in 10% buffered formalin. Later, these
second halves of the stomach were processed by
tissue-processing machine (Leica, Germany). Tissue
embedding, sectioning and staining were performed
for all of the tissue samples.

Hematoxylin and Eosin (H&E) staining
Sections of 5μm was stained with H&E dye to
evaluate the tissue structure [10]. Two dyes,
Hematoxylin (basic dye) and Eosin (acidic dye) were
used for the detection of the nucleus and the
cytoplasmic inclusions, respectively [22].

PAS staining
The sections of the 5μm thick glandular portion
of the rat stomach was stained with Periodic
acid-Schiff (PAS) as described [12].

Evaluation of Bax and HSP70 using
Immunostaining
Tissue sections were heated at 60oC in a hot-air
oven for 25 min (Venticell, MMM, Einrichtungen,
Germany). The 5 µm gastric tissue sections were
washed with xylene to remove the paraffin. They
were then rehydrated by graded ethanol. Antigen
recovery process was done using 10 mM of boiled
sodium citrate buffer. Immunostaining was
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accomplished consistent with manufacturer’s protocol
(Dakocytomation, USA).

Evaluation of the Lipid peroxidation and
Superoxide dismutase (SOD) activity
The first half of each stomach glandular portion
was sliced into nearly 200 mg for tissue homogenate.
One gram of tissue in 8 ml of phosphate-buffered
saline (PBS) was homogenized using a Teflon
homogenizer (Polytron, Heidolph RZR 1, Germany).
The mixture then was centrifuged at 4,500 rpm for 15
min at 4oC. The resulted supernatant was divided into
aliquots and retained at -80oC. Subsequently, the
supernatant was used for the evaluation of the lipid
peroxidation and SOD enzymatic assay using
commercial kits. All processes were preceded in
accordance to the manufacture’s instruction.
Lipid peroxidation is the degradation of lipids
happens due to the cellular injuries. It is an indicator
of oxidative stress. Malondialdehyde (MDA) as a lipid
peroxidation end product of the polyunsaturated
lipids of the ulcer tissue was determined using a
Cayman’s TBARS assay kit.
Superoxide Dismutase is a mettalloenzyme
catalyse the deactivation of the superoxide anions (O2)
to molecular oxygen (O2) and hydrogen peroxide
(H2O2) so it possesses a very vital function in the
system of antioxidant defence. Activity of the
superoxide dismutase (SOD) in the supernatant of all
the gastric tissue homogenates was measured using a
Cayman’s assay kit as stated by the kit’s instructions.

Statistical analysis
Values were expressed as mean ± SD. The
statistical significance was obtained by comparing the
control with experimental groups using one-way
analysis of variance (ANOVA) followed by Tukey's
post hoc test using IBM SPSS statistics 20 software.
Data obtained from the TIBH pre-treated animals
were compared with the data obtained from the ulcer
control animals.

Results
TIBH had no acute toxicity
No significant abnormality, toxicity or death was
observed among the experimental groups upon the
oral gavage of 300 and 2000 mg/kg of TIBH in 0.1%
CMC during 15 days of the experiment. Histological
analysis of liver and kidney showed no hepatotoxicity
or nephrotoxicity of the rats received 300 and 2000
mg/kg of the TIBH compared to the control group
(Figure 1). Liver and renal function hematological
parameters analysis did not reveal any significant
differences among groups (Table 1).

http://www.medsci.org
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Figure 1. Renal and liver sections of rats in acute toxicity study (H&E staining, 20x). a) Normal rat renal tissue; b) 300 mg/kg TIBH treated rat renal tissue,
c) 2000 mg/kg TIBH treated rat renal tissue; d) Normal rat hepatic tissue; e) 300 mg/kg TIBH treated rat hepatic tissue; f) 2000 mg/kg TIBH treated rat hepatic tissue;
No significant differences was observed in the analysed kidney and liver tissues between TIBH pre-treated and control groups (20× magnifications).

Table 1. Effects of TIBH on Renal and liver function parameters in acute toxicity test in rats
kidney function parameters in acute toxicity test in rats
Animal groups
Sodium (mM/L) Potassium (mM/L)
Normal control
141.32 ± 0.33
5.40 ± 0.61
TIBH (300 mg/kg)
142.56 ± 0.37
5.43 ± 0.26
TIBH (2000mg/kg)
143.09 ± 0.51
5.5 ± 0.65
Liver function parameters in acute toxicity test in rats
Animal groups
Albumin (g/L) Total bilirubin (µM/L)
Normal control
TIBH (300 mg/kg)
TIBH (2000mg/kg)

40.69 ± 0.88
43.35 ± 1.2
45.61 ± 1.45

<2
<2
<2

Chloride
(mM/L)
101.45 ± 0.88
102.98 ± 0.33
103.75 ± 0.88

Carbon
dioxide(mM/L)
31.67 ± 0.88
33.20 ± 0.51
32.05 ± 0.65

Alkaline phosphatase (IU/L)
232 ± 9.87
191 ± 12.73
205 ± 10.35

Urea
(mM/L)
8.1 ± 0.68
7.41 ± 0.73
9.3 ± 0.47

Alanine amino
Transaminase (IU/L)
64.25 ± 7.8
65.67 ± 5.4
68.55 ± 8.68

Creatinine (µM/L)
27.67 ± 1.43
27.33 ± 0.67
28.58 ± 1.0

G-Glutaml. Transferase (IU/L)
-1.3 ± 0.6
-2.1 ± 0.2
-2.6 ± 0.5

All values are expressed as mean ± SD (n = 6). * Shows the significant value was set at p < 0.05, compared with control group.

Evaluation of gastric juice acidity and gastric
mucus
Administration of the HCl/Ethanol increased
the gastric acidity in ulcer control group comparing to
the normal control group. Gastric acidity reduced
significantly in rats pre-fed with TIBH compared with
the rats of the ulcer control group and the resulted pH
was comparable for the omeprazole pre-treated rats
(Table 2). The gastric mucus was significantly
increased in the TIBH high dose and medium dose
pretreated rats compared to the ulcer control rats
(Table 2).

TIBH caused a significant reduction in ulcer
area
The macroscopic appearance of the stomach in
TIBH pre-treated groups and control groups are
shown in Figure 2. Ulcer area and the inhibition

percentage of all groups are presented in Table 2. The
rats pre-fed with the TIBH showed a significant
reduction in ulcer area when compared to the ulcer
control. Pretreatment of rats with the TIBH
diminished the ulcer area generation which was
comparable to the supportive effect of omeprazole.

TIBH displayed a gastric mucosal protection
H & E staining
Microscopic analysis of the H&E stained gastric
tissues revealed that ulcer control group possessed
substantial injuries of the gastric mucosa and in some
areas gastric submucosa layer was associated with
leucocytes infiltration and severe edema comparing to
the TIBH pre-treated groups. TIBH pretreated groups
displayed a gastric mucosal protection and a decline
in edema and leucocytes infiltration of the
submucosal layer (Figure 3A).
http://www.medsci.org

Int. J. Med. Sci. 2017, Vol. 14

1321

TIBH increased gastric mucosal glycoproteins
There was an increase in PAS staining of the
gastric mucosa in rats pretreated with TIBH
compared with the rats of ulcer control group, which
specified an increase in the glycoprotein content of the
gastric mucosa (Figure 3B) and indicated that TIBH
increases gastric mucus secretion.

Expression of HSP70 protein in gastric tissue
Immunostaining results indicated that rats fed
with TIBH had over-expression of HSP70 protein
compared to ulcer control group (Figure 4A).

Expression of Bax protein in gastric tissue
Immunohistochemical staining of Bax protein
demonstrated that rats pre-treated with TIBH had a
decrease in the expression of Bax protein (Figure 4B).

TIBH effects on SOD enzymatic activity and
lipid peroxidation

decreased compared to the ulcer control group (Table
2). SOD activity was significantly enhanced in the
TIBH pre-treated groups in comparison to ulcer
control (Table 2).

Discussion
The results of the toxicity test of this study
indicated that the TIBH was not toxic upon the oral
administration of 2000 mg/kg. TIBH is a derivative of
an indole and gallic hydrazide (a gallic acid
derivative). A former study showed gallic acid is not
toxic upon the oral administration of 5000 mg/kg
(body weight) of the mice [23]. However indole
derivatives have exhibited wide range of toxicity and
have showed various LD50 from 1 up to 5000 mg/kg
and above [14, 24, 25]. Our results showed that TIBH
LD50 was greater than 2g/kg. TIBH used dosage for
ulcer prevention was far lesser than the TIBH toxic
dosage [26, 27].

The MDA level in the gastric tissues homogenate
of the TIBH pre-treated groups was significantly
Table 2. Effects of the TIBH on gastric pH, mucus secretion, ulcer area, MDA level and SOD activity
Animal
Groups
Normal control
Ulcer control
Positive control
TIBH LD
TIBH MD
TIBH HD

Pre-treatment
(5ml/kg)
1% CMC
1% CMC
Omeprazole (20mg/kg)
TIBH (50mg/kg)
TIBH (100mg/kg)
TIBH (200mg/kg)

Gastric
pH
5.8 ± 0.2
3.2 ± 0.25
7.2 ± 0.22*
6.4 ± 0.24
6.8 ± 0.31*
7.2 ± 0.35*

Mucus
Weight (g)
0.89 ± 0.03
0.41 ± 0.01
0.7 ± 0.05*
0.46 ± 0.02
0.68 ± 0.04*
0.77 ± 0.06*

Ulcer area
(mm2)
0
246.4 ± 35
31.6 ± 4*
111.2 ± 9*
42.0 ± 2*
24.4 ± 2*

Inhibition
(%)
0
0
87.2
54.9
83
90.1

MDA
(nmol/ml)
17.43 ± 0.41
43.59 ± 0.83
32.85 ± 0.76*
40.20 ± 0.93
30.80 ± 0.93*
29.26 ± 0.49*

SOD
(U/µl)
352 ± 9.15
222 ± 6.7
321 ± 8.1*
230 ± 7.25
280 ± 5.1*
306 ± 7.2*

All values are expressed as mean ± SD (n = 6). * Shows the significant value was set at p < 0.05, compared with ulcer control group.

Figure 2. Effect of TIBH on macroscopic morphology of the rat’s stomach in the HCl/ethanol-induced ulcer in the experimental groups (n = 6).
a) Normal control group did not display any lesions in the gastric mucus membrane; b) in ulcer control group, strong ulceration was generated in the stomach; c)
Positive control group (Omeprazole, 20 mg/kg) displayed minor gastric damages; d) low dose group pre-treated with 50 mg/kg of the TIBH also displayed moderate
gastric damages; e) Medium dose and f)High dose pretreated groups with respectively 100 and 200 mg/kg of the TIBH revealed decrease of the gastric damages in
comparison with the ulcer control. White arrows show the example of ulceration.

http://www.medsci.org
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Figure 3 A. Histological analysis of gastric tissues obtained from TIBH pre-treated groups and control groups using H&E staining 10x.
Histopathology of gastric tissue of 3a) Normal control group; 3b) Ulcer control group; 3c) Positive control (Omeprazole); 3d, 3e, 3f) TIBH low dose, medium dose
and high dose pre-treated groups, respectively. B. Histological analysis of gastric tissues obtained from TIBH pre-treated groups and control groups
using PAS staining 10×. Histopathology of gastric tissue of 3a) Normal control group; 3b) Ulcer control group; 3c) Positive control (Omeprazole); 3d, 3e, 3f) TIBH
low dose, medium dose and high dose pre-treated groups, respectively. Medium (3e) and high dose (3f) TIBH pre-treated groups showed increment of magenta color
(white arrow) compared to ulcer control groups (3b) which indicated the increase of the secreted mucus by gastric glands due to TIBH pre-treatment.

Ulcer model of this study was generated using
the HCl/Ethanol. The effects of ethanol on the gastric
mucus membrane are damaging and dose-dependent
with higher concentrations being more harmful. The
injury occurs 30 minutes after the intake and is
maximized at about 60 minutes later [28].
Acidification of ethanol enhanced the severity of the
development of the gastric lesions compared with
equivalent concentrations without HCI. HCl/Ethanol-

induced peptic ulcer has been frequently used as a
simulated model of peptic ulcer for the evaluation of
the gastro-protective and ulcer treatment potential of
the various chemicals [11, 29, 30]. The harmful effect
of the HCl on gastric mucosa has been known since
years ago [31]. Ethanol on the other hand rapidly
penetrates to submucosa, increases the generation of
the reactive oxygen species (ROS) and decreases the
mucus membrane secretion which together cause the
http://www.medsci.org
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damage of the gastric mucosal cells [7, 32]. Ethanol
also inhibits cyclooxygenase and suppresses the
secretion of prostaglandins from the non-parietal
gastric epithelial cells [21, 33, 34]. Our study showed
that administration of the TIBH significantly protects
the gastric epithelium and suppresses the deleterious
effects of the ethanol on the rat stomach gastric
mucosa. This finding is consistent with previous
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studies [11, 35, 36]. We found that TIBH pre-treatment
decreased the HCl/Ethanol produced ulcer area. The
deduction of the damaged area caused by TIBH was
comparable with healing effect of Omeprazole.
Results derived from the macroscopic evaluation of
the stomachs supported the protective effect of the
TIBH against peptic ulcer and they were in agreement
with the results of the previous studies [11, 24, 37].

Figure 4 A. Expression of HSP70 proteins in the gastric tissue obtained from TIBH pre-treated groups and control groups. 4a) Normal control
group; 4b) Ulcer control group; 4c) Positive control group (Omeprazole); 4d) Low dose TIBH pre-treated group; 4e) Medium dose TIBH pre-treated group; 4f) High
dose TIBH pre-treated group. Positive control, TIBH high dose and medium dose pre-treated rats show the over-expression of HSP70 protein (HSP70 stain 20x). B.
Expression of Bax proteins in the gastric tissue obtained from TIBH pre-treated groups and control groups. 4a) Normal control group; 4b) Ulcer
control group; 4c) Positive control group (Omeprazole); 4d) Low dose TIBH pre-treated group; 4e) Medium dose TIBH pre-treated group; 4f) High dose TIBH
pre-treated group. Ulcer control group animals show Bax over-expression (brown color) while in positive control, TIBH high dose and medium dose pretreated rats,
Bax expression decreased (Bax stain 20x).

http://www.medsci.org
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Our results also presented that the oral
administration of the TIBH before HCl/Ethanol
administration significantly decreased the gastric
acidity of the pre-treated groups compared to the
ulcer control group. The capability to decrease the
gastric acidity is considered to be a support for the
treatment of the gastric ulceration and it has
improved the management of peptic ulcer disease
[38]. Omeprazole as a standard drug for peptic ulcer
has shown healing effects against peptic ulcer due to
its ability to minimize the degree of gastric acidity
through the inhibition of the proton pumps in the
parietal cells of the stomach [6, 39]. TIBH high dose
pretreatment had a comparable effect with the
Omeprazole pretreatment [10, 22, 40, 41].
Mucus is a protective gel layer attached to the
mucosal surface. When the physiological conditions
are normal, the mucus and bicarbonate defense
mechanism is adequate to protect the gastric mucosa
in contrast to acid and pepsin secretion. However, a
number of agents such as ethanol and HCl can reduce
the gastric mucus content and damage the gastric
mucosa [36, 42].In our study, the mucus content of the
stomach increased in TIBH medium and high dose
pre-treated groups compared to ulcer control group.
PAS staining was also used to localize and measure
the degree of mucus secretion as a histological
method. The Glycol functional groups presented in
the mucus were oxidized by periodic acid into
dialdehydes which on reaction with Schiff’s reagent
gave an insoluble purple magenta reagent [22, 43].
Increase of the magenta color of stomach tissue in the
high dose and medium dose TIBH pretreated groups
compared to the control group indicated that the
mucus secretion increased due to TIBH pretreatment.
The PAS staining histology and the mucus content
evaluation were in agree with each other and both
confirmed the promoting effect of the TIBH on mucus
formation as a barrier against HCl/Ethanol triggered
mucosal necrotic damages. Former investigators
showed similar results for mucus production
promoting effect of other chemicals [10, 20, 36, 40].
Oxidative stress contributes to the formation of
numerous syndromes such as peptic ulcers and
gastric carcinoma [33]. Ethanol metabolism in the
stomach releases hydroxyl and superoxide radicals.
Former investigations have confirmed that lipid
peroxidation is involved in the occurrence of acute
gastric damages triggered by ethanol [12, 21, 36]. A
previous in vitro study showed that the TIBH has an
inhibitory effect on lipid peroxidation [13]. The results
also specified that the gastro-protective effects of the
TIBH on the HCl/Ethanol induced ulcer model in the
rat is correlated with its ability to decrease the lipid
peroxidation. Studies showed that the ethanol exert a
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destructive effect on the rat gastric mucosa by the
generation of ROS resulting in the lipid peroxidation
and decrease of the SOD activity [10, 44]. Excessively
produced superoxide damages the surrounding
tissues. Sufficient amount of SOD in the cells and
tissues keeps the superoxide anions at a very low
concentration [45, 46]. A study demonstrated that the
administration of the SOD to the rats could protect
their gastric mucosa against the induced injury by
ethanol [47]. Other studies showed that the SOD
activity of the gastric tissue increased due to the
exposure to various chemicals [5, 10, 36]. In this study,
SOD activity was significantly decreased due to
HCl/Ethanol administration. However, TIBH
medium dose and high dose pretreatment could
reverse the detrimental effects of the HCl/Ethanol on
the gastric mucosa. Our study determined that the
TIBH pretreatment has gastro-protective potential
against the ROS induced gastric damages which is
resulted from the HCl/Ethanol administration.
HCl/Ethanol administration resulted in the
increase of the haemorrhagic ulcer, gastric
submucosal oedema and infiltrated leucocytes [11,
20]. Hemorrhagic ulcer occurs due to the mucosal
vasodilation as a result of endothelin-1 release into the
blood under the effect of the ethanol. Furthermore,
ethanol produces apoptosis that induces the cell death
[48]. It also destroys the blood vessel resulting in the
increased vascular permeability, the edema formation
and the epithelial cell loss. Hemorrhagic ulcer,
epithelial cell loss, submucosal edema and infiltrated
leucocytes were observed in the histopathological
evaluation of the stomach tissues. Our results
revealed that all of the symptoms were efficiently
suppressed by TIBH medium and high dose
pre-treatment as it was shown by former
investigations [7-9, 26].
HSP70 protein is expressed in mammalian cells
and belongs to the family HSP proteins. It protects the
cells by decreasing intracellular protein denaturation
induced by oxidative stress or heat shock. This 70 kDa
protein is a highly conserved and richly formed
protein in the occurrence various forms of stress like
heat, toxic substances, infection and proliferation [49].
Bax stimulates apoptosis, while BCL-2 prevents it.
Apoptosis happens due to the imbalance of the
expression of BCL-2 family anti-apoptotic proteins
and apoptotic Bax proteins [50, 51]. Ethanol creates
reactive oxygen species (ROS) which down regulates
the HSP70 and up-regulates the Bax. Bax and HSP70
proteins are accountable to support intercellular
homeostatic mechanism. They inhibit physiologic
damages by conserving the structure of other normal
proteins and by repairing or eliminating impaired
proteins. Up-regulation of HSP70 proteins and
http://www.medsci.org
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down-regulation of Bax proteins resulted in this
research study suggested these regulations as
gastro-protective mechanism of the TIBH against
ethanol-induced hemorrhagic of gastric mucosal
membranes in rat. The obtained results of the present
investigation confirmed the previous results on the
protection of the mucosal damages through the
regulations of the Bax and HSP70 proteins [11, 29] and
showed that TIBH has a potential role in prevention of
gastric ulcer by regulating these proteins.

Conclusion
TIBH is a safe compound in rats upon 2000
mg/kg oral administration. TIBH had a dose
dependent ulcer prevention potential against
HCl/Ethanol-triggered gastric ulcer which could be
due to the increase of the mucosal secretion, decrease
of the gastric acidity, up-regulation of HSP70 protein,
down-regulation of Bax protein, decrease of the lipid
peroxidation and the increase of the superoxide
dismutase activity in gastric homogenate. Therefore,
TIBH would be a useful gastric ulcer preventive
compound, but future studies in human and clinical
practice are needed.
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