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Nowadays, the search for new effective and safe medicines for the treatment of acid-dependent gastrointestinal diseases remains an urgent 
problem of modern pharmacology.
The aim of this study was an experimentally study of the anti-ulcer activity of 2-phenyl-9-diethylaminoethylimidazo[1,2-a]benzimida- 
zole dinitrate on the model of damage to the gastric mucosa caused by the administration of 80% ethanol and prednisolone combination  
(20 mg/kg).
Materials and methods. To simulate the damage to the gastric mucosa, the experimental animals (white male Wistar rats) were adminis-
trated with prednisone at the rate of 20 mg/kg and 80% ethyl alcohol at the dose of 0.6 ml/100 g of the animal body weight. Prednisolone 
was dissolved in 80% alcohol. Antisecretory antiulcer agents actively used in clinical practice, were selected as reference drugs: ranitidine  
(30 mg/kg, 10 mg/kg and 3 mg/kg) and omeprazole (3 mg/kg, 1 mg/kg and 0.3 mg/kg). The studied compound was used at the doses of 
30 mg/kg, 10 mg/kg and 3 mg/kg. All the substances under study were administered intragastrically with the use of an atraumatic probe.
Results. It has been established that the benzimidazole derivative in the studied doses contributes to a dose-dependent reliable reduction 
in the area and depth of ulcerative lesions of the gastric mucosae relative to the control and reference drugs (ranitidine and omeprazole). 
In addition, in the maximum studied dose (30 mg/kg), the proportion of the animals with ulcerative lesions significantly decreases by more 
than 2 times. The calculated ED50 values for the benzimidazole derivative and ranitidine were 5.09 mg/kg and 38.23 mg/kg, respectively.
Conclusion. The obtained experimental data indicate that the benzimidazole derivative has a pronounced dose-dependent antiulcer effect 
on the model of ethanol-prednisolone erosive-ulcerous defects of the rats’ gastric mucosae, which is superior to the effects of the reference 
preparations. It makes its further study promising.
Keywords: 2-phenyl-9-diethylaminoethylimidazo[1,2-a]benzimidazole dinitrate, antiulcer action, ethanol-prednisolone damages / injuries, 
preclinical studies
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INTRODUCTION
Nowadays, the search for new effective and safe 

medicines for the treatment of acid-dependent gastro-
intestinal diseases, remains an urgent problem of mod-
ern pharmacology [1, 2]. Chemical compounds from the 
group of benzimidazole derivatives, seem promising in 
terms of the development of new drugs, including those 
associated with an increase in acid production in the 
stomach [3, 4].

Nowadays, preclinical studies of the benzimidazole de-
rivative, i.e., 2-phenyl-9-diethylaminoethylimidazo[1,2-a]
benzimidazole dinitrate, which demonstrates antisecreto-
ry, antiulcer and gastroprotective effects in the experimen-
tal animal models of the laboratory pathologies associated 
with various pathogenetic mechanisms of ulcerogenesis in 
the gastric mucosae, are currently underway [5–7].

It is known that one of the mechanisms of the gastric 
ulcer formation is dissociation of the hypothalamic-pitu-
itary-adrenal system of functions regulation caused by a 
chronic stress. In particular, an increased level of gluco-
corticoids, which cause an increase in catabolic process-
es that inhibit regeneration, disrupt microcirculation and 
stimulate the secretion of hydrochloric acid, provokes ul-
cerogenesis against the background of ischemia of the 
stomach wall [8, 9].

Moreover, under experimental conditions, the ulcer 
model caused by the action of the pure prednisolone 
glucocorticoid in its pure form, is characterized by low 
reproducibility. Therefore, a model modification had 
been used. It proposed a combination of prednisolone 
with 80% alcohol [10].

Ethanol contributes to the dissolution of the pro-
tective mucosal barrier, making the stomach wall vul-
nerable to damage by proteolytic and acidic factors. In 
addition, ethanol reduces the blood flow, damages the 
vascular endothelium, unbalances the cellular antioxi-

dant defense, stimulating the formation of superoxidan-
ion and hydroperoxide radicals [11].

Thus, the combination of ethanol and prednisone 
makes it possible to recreate erosive-ulcerous defects of 
the gastric mucosa with a high (100%) statistical probability.

The aim of this study was an experimentally study 
of the anti-ulcer activity of 2-phenyl-9-diethylaminoe-
thylimidazo[1,2-a]benzimidazole dinitrate on the model 
of damage to the gastric mucosa caused by the admin-
istration of 80% ethanol and prednisolone combination 
(20 mg/kg).

MATERIALS AND METHODS
Animals
A study of the pharmacological activity was per-

formed on outbred Wistar male rats (aged 10–12 weeks) 
weighing 180–250 g, obtained from the Rappolovo lab-
oratory animal nursery (Rappolovo village, Leningrad re-
gion). At the time of the study, the rats were kept under 
standard vivarium conditions at the air temperature of 
22 ± 20°C, the relative humidity of 60 ± 5% and a natu-
ral change in the daily cycle. Extruded food and tapwater 
were received by the rats ad libitum. The dispersion in the 
initial animals’ mass in the group did not exceed 10% [12].

The conditions of keeping the animals met the re-
quirements of the Decree of the Chief State Sanitary Doc-
tor of the Russian Federation No.51 dated 29.08.2014 
“On approval of SP 2.2.1.3218-14 “Sanitary and epide-
miological requirements for the device, equipment and 
maintenance of experimental biological clinics (vivaria)”.

Manipulations with the experimental animals were 
performed in accordance with the generally accepted 
ethical standards adopted by the European Convention 
for the protection of vertebrate animals used for exper-
imental and other scientific purposes (1986) and taking 
into account the International recommendations of the 

Поиск новых эффективных и безопасных лекарственных средств для лечения кислотозависимых заболеваний желудочно-кишечно-
го тракта до настоящего времени остаётся актуальным вопросом фармакологии. 
Цель данного исследования – экспериментальное изучение противоязвенной активности субстанции динитрата 2-фенил-9-диэти-
ламиноэтилимидазо[1,2-а]бензимидазола на модели повреждения слизистой оболочки желудка, вызванной введением комбина-
ции 80% этанола и преднизолона (20 мг/кг). 
Материалы и методы. Для моделирования повреждения слизистой оболочки желудка экспериментальным животным (белые кры-
сы-самцы линии Wistar) вводили преднизолон из расчета 20 мг/кг и 80% этиловый спирт в дозе 0,6 мл на 100 г массы тела живот-
ных. Преднизолон растворяли в 80% спирте. В качестве препаратов сравнения были выбраны антисекреторные противоязвенные 
средства, активно применяемые в клинической практике: ранитидин (30 мг/кг, 10 мг/кг и 3 мг/кг) и омепразол (3 мг/кг, 1 мг/кг и 0,3 
мг/кг). Изучаемое соединение использовалось в дозах 30 мг/кг, 10 мг/кг и 3 мг/кг. Все исследуемые вещества вводились внутриже-
лудочно с помощью атравматичного зонда. 
Результаты и обсуждение. Установлено, что производное бензимидазола в исследуемых дозах способствует дозозависимому до-
стоверному относительно контроля и препаратов сравнения (ранитидина и омепразола) снижению площади и глубины язвенных 
поражений слизистой оболочки желудка. Кроме того, в максимальной исследованной дозе (30 мг/кг) достоверно снижается более 
чем в 2 раза доля животных с язвенными поражениями. Расчетные значения ЕД50 для производного бензимидазола и ранитидина 
составили 5,09 мг/кг и 38,23 мг/кг, соответственно.
Заключение. Полученные экспериментальные данные свидетельствуют о том, что производное бензимидазола оказывает выра-
женный дозозависимый противоязвенный эффект на модели этанол-преднизолоновых эрозивно-язвенных дефектов слизистой 
оболочки желудка крыс, превосходящий эффекты препаратов сравнения, что делает перспективным его дальнейшее изучение.
Ключевые слова: динитрат 2-фенил-9-диэтиламиноэтилимидазо[1,2-а]бензимидазола, противоязвенное действие, этанол-предни-
золоновые повреждения, доклинические исследования
Список сокращений: СОЖ – слизистая оболочка желудка, СИ – степень изъязвления, ИИ – индекс изъязвления
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European Convention for the protection of vertebrate 
animals used in experimental studies (1997) [13, 14].

Study design
The substance of 2-phenyl-9-diethylaminoethylim-

idazo[1,2-a]benzimidazole dinitrate was synthesized at 
the Scientific Research Institute of Physical & Organic 
Chemistry (FSAEI HE “Southern Federal University”, Ros-
tov-on-Don).

The evaluation of the antiulcer effect of the sub-
stances was carried out at the doses of 3 mg/kg, 10 mg/
kg and 30 mg/kg. The omeprazole substance of 0.3 mg/
kg, 1 mg/kg and 3 mg/kg (Sigma Aldrich, USA) and the 
ranitidine substance of 3 mg/kg, 10 mg/kg and 30 mg/
kg (Sigma Aldrich, USA), were used as reference drugs.

The maximum volume of the drugs for the intragas-
tric administration to the rats did not exceed 3 ml for the 
animals weighing up to 200 g, 5 ml for the animals from 
200 to 240 g and 6 ml for the animals weighing more 
than 240 g.

Peptic ulcers were caused by the administration of 
prednisone at the rate of 20 mg/kg and 80% ethyl alco-
hol at the dose of 0.6 ml per 100 g of the animal body 
weight. Prednisolone was dissolved in 80% alcohol.

24 hours before the simulation of the pathology, the 
animals were subjected to a food deprivation with а free 
access to water.

In the experimental study, the animals had been di-
vided into 10 groups of 10 individuals in each. The individ-
uals of the control group were given a combination of eth-
anol and prednisone intragastrically as a single dose. In 
the experimental groups, the studied benzimidazole de-
rivative and comparison preparations were administered 
1 hour before the ethanol and prednisolone combination. 
The animals were euthanized 12 hours after the adminis-
tration of the ethanol and prednisone combination.

After opening the abdominal cavities, the stomachs 
were removed and bathed with physiological saline. 
Then a macroscopic assessment of the mucous mem-
brane was carried out, the tissues were photographed 
(macro photography). For histological studies, the stom-
achs were fixed in 10% neutral formalin and embedded 
in paraffin. Then, with the use of a sled microtome, the 
sections were prepared. They were stained with hema-
toxylin-eosin and probed microscopically. The process 
was followed by a description of the histological picture. 
Then the assessment of the depth of damage to the wall 
of the stomach was carried out.

Microphotography was performed using a LeicaDM 
1000 microscope and the Leica Application Suite soft-
ware package (Leica, Germany). The morphometric 
study was carried out using Leica Application Suite soft-
ware tools, where the depth of the damage to the gas-
tric mucosa was determined.

Defined indicators
To assess the severity of the damage in the study of 

the antiulcer action in the simulation of all pathological 
conditions, a point system was used [15].

In each group, the total score was calculated. The 
arithmetic mean value characterizing the average de-
gree of ulceration in the group, was derived from that. 
In addition, the ulceration index was calculated in the 
group. The ulceration index reflects both the percentage 
of the frequency of animals with ulcers and the degree 
of degenerative disorders in the stomach. The depth of 
the damage was assessed by a histological examination.

According to the results of the study, the ED50 values 
were calculated for the benzimidazole derivative and for 
ranitidine, since they had been used in the same doses. 
The ED50 for omeprazole was not determined, since this 
substance has a different order of the doses used, and 
therefore, the comparison of the ED50 values as a criteri-
on for evaluating the effectiveness, is incorrect.

Statistical processing
The obtained experimental data have been analyzed 

based on the method of variation statistics. The sum-
mary tables show the group averages (M) and the stan-
dard error of the mean (m). Intergroup differences have 
been analyzed based on a nonparametric criterion - the 
Mann-Whitney U test. The differences were determined 
at the 0.05 significance level. For statistical processing of 
the results, the StatPlus 2009 software package was used.

RESULTS
Macroscopically, this model reproduces the ulcer-

ous defects affecting a significant area of the gastric mu-
cosa, while both erosive and ulcerative lesions up to the 
necrotic ones, are clearly expressed.

The obtained experimental data showed that the 
benzimidazole derivative at the doses of 3, 10 and  
30 mg/kg, contributes to the dose-dependent reliable 
control and reference drugs (ranitidine and omeprazole) 
reducing the ulcer lesions, the degree of perforation 
(DP) and the index of perforation (IP) by 35%, 74% and 
91%, respectively. In these conditions, the proportion 
of the animals with ulcerative lesions of the gastric mu-
cosaе reduced by 60% at the dose of 30 mg/kg (Table 1).

Ranitidine at the dose of 10 and 30 mg/kg also 
caused a significant decrease in the area of peptic ulcer 
lesions relative to the control. However, taking into ac-
count the degree of perforation points and the frequen-
cy of manifestations of peptic ulcers, the decrease in 
the index of perforation did not exceed 38% and 44%, 
respectively.

The administration of omeprazole at the doses of 1 
and 3 mg/kg contributed significantly to the control de-
crease in the area of ulcerous defects, the degree of per-
foration and the index of perforation by 35% and 46%, 
respectively, while the proportion of the animals with 
ulcerative lesions of the gastric mucosae did not differ 
significantly from the control ones with the administra-
tion of both ranitidine and omeprazole (Table 1).

DOI: 10.19163/2307-9266-2019-7-6-339-345
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Table 1 – Macroscopic analysis of the effect of the benzimidazole derivative substance and reference 
preparations on the gastric mucosae in response to the administration of the ethanol  

and prednisolone combination (male rats), n = 10, M ± m

Substance Dose, 
mg/kg

Type  
of injury

Area of  injury 
(mm2/animal)

Proportion of an-
imals with gastric 

mucosae (%)

Degree  
of perfora-

tion

Index  
of perforation 

Index of perfora-
tion decline (%)

Control 
Ethanol + 
Prednisolone 

–
Ulcers 88.9±25.7 100% 4.0 ±0.0 4.00 –

36.7±15.9 90% –

Benzimidazole 
derivative

3
Ulcers 23.7±15.1* 100% 2.6±0.4* 2,60 –35

Erosions 16.3±6.5 90%

10
Ulcers 3.2±0.9*#& 70% 1.5±0.4*# 1.05 –74

Erosions 7.9±5.8 80%

30
Ulcers 4,4±3,4*#& 40% 0.9±0.4*# 0.36 –91

Erosions 16.3±7.1 80%

Ranitidine

3
Ulcers 38.6±7.8 90% 3.3±0.4 2.97 –26

Erosions 19,2±4,2 90%

10
Ulcers 28,5±6,2* 80% 3.1±0.5 2.48 –38

Erosions 15.7±5.7 70%

30
Ulcers 18.1±5.6* 80% 2.8±0.6* 2.24 –44

Erosions 27.1±9.3 70%

Omeprazole

0,3
Ulcers 47.0±7.6 100% 3.9±0.1 3.90 –3

Erosions 29.7±8.2 80%

1
Ulcers 42.9±10.8* 90% 2.9±0.5* 2.61 –35

Erosions 28.2±8.8 80%

3
Ulcers 21.8±5.7* 80% 2.7±0.5* 2.16 –46

Erosions 17.6±6.7 70%

Note: * – significantly relative to control, P <0.05; # – significantly relative to the group receiving ranitidine, P <0.05; & – 
significantly relative to the group receiving omeprazole, P <0.05.

Table 2 – Results of morphometric assessment of the benzimidazole derivative and reference drugs’  
effect on the development of ulcerative lesions of the gastric mucosae in response to the administration  

of the ethanol (80%) and prednisolone 20 mg/kg (n = 50) combination  

 Group Dose, mg/kg Depth of injury, mkm Average reduction in 
injury depth, %

Control (ethanol 80% + prednisolone 20 mg / kg) – 311.22±9.83 –

Benzimidazole derivative
3.0 194.91±9.03*& –38

10.0 179.79±10.17*#& –42
30.0 89.76±10.27*#& –71

Ranitidine
3.0 251.28±15.94* –20

10.0 283.03±21.53 –9
30.0 282.33±22.11 –9

Omeprazole
0.3 225.76±12.48* –28
1.0 246.35±14.14* –21
3.0 189.55±16.95* –39 

Note: * – significantly relative to control, P <0.05; & – significantly relative to the group receiving ranitidine at the equivalent 
dose, P <0.05; # – significantly relative to the group receiving omeprazole at the equivalent dose, P <0.05
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Thus, on the model of ethanol-prednisolone ulcers, 
the benzimidazole derivative had a pronounced antiul-
cer effect that exceeded the results in the ranitidine and 
omeprazole groups by an average of 2 times.

The calculated ED50 value for the benzimidazole de-
rivative was 5.09 mg/kg, and the ED50 value for ranitidine 
was 38.23 mg/kg.

Fig. 1 shows the most typical macroscopic picture of 
the gastric mucosa against the background of the action 
of the studied substance of the benzimidazole derivative 
in comparison with ranitidine and omeprazole in model-
ing ethanol-prednisolone ulcerative lesions.

Histological studies showed that the combination of eth-
anol with prednisolone causes the development of extensive 
superficial defects of gastric mucosae with impressive zones of 
eosin masses affecting the submucosal base, profound leuko-
cyte infiltration, hemorrhage and tissue necrosis (Fig. 2).

1                                                    2                                                    3

4 5 6 7

Figure 1 – Macrographs of the rats’ stomachs in modeling erosions caused by the administration  
of the ethanol and prednisolone combination (natural scale):

Note: 1 – Control (ethanol + prednisolone), 2 – Benzimidazole derivative 10 mg/kg, 3 – Benzimidazole derivative 30 mg/kg,  
4 – Ranitidine 10 mg/kg, 5 – Ranitidine 30 mg/kg, 6 – Omeprazole 1 mg/kg 7 – Omeprazole 3 mg/kg

Figure 2 – Micrograph of the mucous membrane of the rats’ stomachs in modeling erosions caused 
by the administration of the 80% ethanol and prednisolone (20 mg/kg) combination against the background 

 of the benzimidazole derivate administration 
Note: 1 – Control (ethanol + prednisone), 2 – Benzimidazole derivative 3 mg/kg, 3 – Benzimidazole derivative 10 mg/kg,  

4 – Benzimidazole derivative 30 mg/kg 

1 2 3 4

The benzimidazole derivative contributed to the 
dose-dependent decrease in the degree of mucosal in-
jury, reduction of edema, hemorrhage, necrosis and de-
struction of blood vessels (Fig. 2).

In this model of injury, ranitidine and omeprazole 
showed a significantly less pronounced protective effect. 
The frequencies of the injuries reaching the submucosa, 
necrosis, destruction of glands and hemorrhages in the 
mucous membrane were comparable with the control 
(Fig. 3).

The results of morphometric studies indicate that 
the substance of the benzimidazole derivative at the 
doses of 3, 10 and 30 mg/kg contributed significantly 
to the control and reference drugs to reduce the in-
jury depth by 38%, 42% and 71%, respectively (Table 
2), significantly exceeding ranitidine and omeprazole 
effects.

DOI: 10.19163/2307-9266-2019-7-6-339-345
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Figure 3 – Microphotographs of the mucous membrane of the rats’ stomachs in modeling erosions caused  
by the administration of the 80% ethanol and prednisolone (20 mg/kg) combination against the background  

of the reference drugs administration 
Note: 1 – Ranitidine 3 mg/kg, 2 – Omeprazole 0.3 mg/kg, 3 – Ranitidine 10 mg/kg, 4 – Omeprazole 1 mg/kg,  

5 – Ranitidine 30 mg/kg, 6 – Omeprazole 3 mg/kg

DISCUSSION
The mechanism of the damaging effect of glucocor-

ticoids on the gastric mucosa is in reducing the resis-
tance of the protective barrier by inhibiting the synthesis 
of prostaglandins, which have a gastroprotective effect. 
It is also in inhibiting the activity of peroxidase, which 
leads to an increase in the level of H2O2 and, accordingly, 
the level of hydroxyl radicals, which, in their turns, en-
hances the gastric mucosa injury with hydrochloric acid 
secreted by the parietal cells of the stomach [16]. Glu-
cocorticoids also slow down the repair and regeneration 
of the gastric mucosa by inhibiting angiogenesis [17], 
suppressing EGF-stimulated proliferation of the gastric 
mucosa epithelial cells, and under these circumstanc-
es one of the ways is to inhibit the activation of ERK1/
ERK2, followed by suppression of COX-2 and a decrease 
in Cyclin D1 expression and DNA synthesis [18]. Etha-
nol, in its turn, helps to dissolve the protective mucous 
barrier, reduces the blood flow, damages the vascular 
endothelium and stimulates the formation of superox-
ide anion and hydroperoxide radicals [11]. The studied 
pharmaceutical substance of 2-phenyl-9-diethylamino-
ethylimidazo[1,2-a]benzimidazole dinitrate has shown a 
pronounced dose-dependent antiulcer effect in model-
ing a gastric mucosa injury caused by a combination of 
80% ethanol and prednisolone. It has been recorded at 
both – macro- and micro-morphological levels, reducing 
the area and degree of the damage to the gastric mu-
cosa, reducing edema, the intensity of hemorrhages, 
necrosis and destruction of blood vessels. Under these 
circumstances, the data obtained are consistent with the 
results of several previous studies, indicating the pres-
ence of antiulcer and gastroprotective effects under the 

1 2 3

4 5 6

conditions of reproduction of helicobacter-like damage 
in rats modeled by intragastric administration of ammo-
nia in combination with acute dosed blood loss [5] and 
immobilization stress [6].

The antiulcer action of the benzimidazole derivative 
can be associated with several mechanisms. First, it is 
due to the pronounced antisecretory effect, manifested 
by suppression of HCl secretion, both basal and under 
the conditions of stimulation with histamine [7]. It leads 
to a decrease in the acidity of the gastric contents and, 
accordingly, a decrease in its ulcerogenic potential. Sec-
ond, it is connected with the probable antioxidant activ-
ity, which is shown in a number of studies on the biolog-
ical activity of benzimidazole derivatives [19–21], which, 
however, requires additional studying.

CONCLUSION
The obtained experimental data indicate that the ben-

zimidazole derivative has a pronounced dose-dependent 
antiulcer effect on the model of ethanol-prednisolone ero-
sive-ulcerous defects of the gastric mucosa, on average 2 
times greater than the effects of the reference drugs.

The research results are consistent with the previ-
ously obtained data on the antisecretory and antiulcer 
activity of 2-phenyl-9-diethylaminoethylimidazo[1,2-a] 
benzimidazole dinitrate. A further study of the phar-
macological effects of this compound in order to create 
a new antisecretory antiulcer drug, can be suggested 
as promising if we take into consideration the level of 
anti-ulcerogenic effect exceeding that of the reference 
drugs widely used in clinical practice, H2-histamine 
blocker ranitidine and an inhibitor of hydrogen-potassi-
um ATPase omeprazole. 
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