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Nowadays, effective pharmacotherapy of acid-dependent gastrointestinal diseases remains an urgent problem of modern
gastroenterology. In this regard, the search for new drugs with a pronounced antisecretory activity still continues; their aim
is to keep the control over the acid production safe and effective.

The aim of this study was an experimental study of the antisecretory activity of the substance and the finished dosage form
(FDF) of dinitrate 2-phenyl-9-diethylaminoethylimidazo[1,2-a]benzimidazole.

Materials and Methods. The study of antisecretory activity was performed by method of a continuous perfusion of rats’
stomachs. The studied substance was administered at the doses of 3, 10 and 30 mg/kg, and the FDF — at the doses of 13
and 26 mg/kg. The substance of Ranitidine (Sigma Aldrich, USA) was used as a reference object in the study of the antise-
cretory activity of the substance under study, and Ranitidine (Hemofarm A.D., Serbia) was used as a reference drug in the
study of the FDF. In order to determine the stimulated secretion immediately before collecting the samples of the perfusate,
histamine was administered subcutaneously at the dose of 5 mg/kg. The content of hydrochloric acid in the perfusate was
determined by titration of a 0.01 M sodium hydroxide solution. The acidity value was determined in terms of the debit-hour
of hydrochloric acid.

Results and discussion. The obtained experimental data showed that the studied substance at the dose of 30 mg/kg de-
creased the basal hydrochloric acid secretion by 54%, which significantly exceeded the antisecretory effect of Ranitidine by
1.8 times. The FDF at the dose of 26 mg/kg, statistically reliable relative to the control and the group treated with Ranitidine,
decreased the basal secretion of gastric juice by 33%. The substance at the dose of 30 mg/kg reliably suppressed the stimu-
lated secretion of hydrochloric acid by 80%, while Ranitidine did it by 56%. The FDF at the dose of 26 mg/kg decreased the
histamine-stimulated secretion by 66%, and Ranitidine did it by 52%, which was statistically reliable.

Conclusions. The studied substance and its dosage form are more effective in suppressing basal activities and exceed the
anisecretory activity of H,-histamine antagonists of Ranitidine under the conditions of the secretion stimulated by histamine.
Keywords: dinitrate 2-phenyl-9-diethylaminoethylimidazo[1,2-a]benzimidazole, antisecretory effect, basal secretion, stimu-
lated secretion, preclinical studies
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SdbdekTMBHanA papmakoTepanua KMCI0TO3aBUCUMbIX 3aboneBaHul KT Ha cerofHALWHNUIA feHb OCTAEeTCA aKTyaslbHOM Npo-
61eMOl COBPEMEHHOW raCTPO3HTEPONOTUW. B CBA3M C STUM, MPOAONNKAETCA NMOUCK HOBbIX JIEKAPCTBEHHbIX MPEnapaTos, 06-
NaJAl0LWMX BblPaXKEHHOM aHTUCEKPETOPHOM aKTUBHOCTbIO, C Lie/iblo 6e30nacHoro U 3dpeKTMBHOIO KOHTPOIA KMCNOTOMPO-
OYKLUNN.

Lienbto AaHHOTo UccnefoBaHUA — SKCNEPUMEHTA/IbHOE U3YYEHUE aHTUCEKPETOPHOM aKTUBHOCTM CYH6CTaHLMKN U FOTOBOM Ne-
KapcTBeHHOMN dopmbl ([1D) anHUTpaTa 2-beHnN-9-aAnsTUNaMUHOITUAMMKUAA30[1,2-a]6eH3umunaasona.

Martepuanbl u metoapl. MiccnegoBaHne aHTUCEKPETOPHOM aKTUBHOCTM BbIMOHANN METOAOM HenpepbiBHOW nepdy3unmn xe-
NyAKa Kpbic. M3yyaemas cybcTaHuma BBoaumaach B Ao3ax 3, 10 u 30 mr/kr, a [J1® B go3ax 13 v 26 mr/Kr. B KauecTtse o6beKTa
CpaBHeHWA NPU UCCNe0BaHUM aHTUCEKPETOPHOMN aKTUBHOCTU CYyb6CTaHLMM UCCAeQyemMoro BellecTsa bbina ncnonb3osaHa
cybcTaHuma paHuTMaunHa (Sigma Aldrich, CLUA), a B KauecTse npenapaTta CPaBHEHUA Npy U3ydeHnu N1 — PaHUTUAMH (Xemo-
dapm A.[., Cepbus). C uenbio onpeaeneHns CTMMyINMPOBaHHOM CEKpeLun HenocpeacTBEHHO nepes Hadyanom cbopa obpas-
LoB nepdysaTta NOAKOKHO BBOAW/ICA TMCTaMUH B fo3e 5 mr/Kr. CogepskaHue CONAHOM KUCOTbI B nepdy3aTte onpeaensnoch
TmTpoBaHMem 0,01M pacTBOPOM HATpUA TMAPOKCUAA. BEANUMHY KUCNIOTHOCTU ONpeaenann B nepecyete Ha aebut-yac co-
NAHOM KNCNOTbI.

Pe3ynbrathl. MoNy4eHHble 3KCNepUMEHTaIbHbIE AaHHbIE MOKa3aau, uYto ulyyaemas cybcraHuma 8 gose 30 mr/Kr cHUKana
6a3a/ibHYI0 CEKPEeLMIo CONAHOM KMCOTbl Ha 54%, Y4TO AOCTOBEPHO MPEBBIWANO AaHTUCEKPETOPHOE AEWUCTBME PAaHUTUAMHA
8 1,8 pas. [M1d B fo3e 26 Mr/Kr, AOCTOBEPHO OTHOCUTE/IbHO KOHTPO/IA M FPYMMbl, NOAyYaBLUEN PaHUTUAMH, CHUMKaa 6a-
3a/IbHYI0 CEKPELMIO KeyaoUYHOro coka Ha 33%. CybctaHuma B gose 30 Mr/Kr 4OCTOBEPHO NoAaBAsaa CTUMY/IMPOBAHHYIO
CEeKpeLMIo CONAHOMN KMCNOTbI Ha 80%, B TO BPeMA Kak PaHUTUAMH Ha 56%. [1® B fo3e 26 Mr/Kr CHUXana CTUMY/IMPOBaHHYIO
rMCTaMMHOM CeKpeLumto Ha 66%, a paHUTUAMH Ha 52%, YTO CTaTUCTUYECKU JOCTOBEPHO.

3akntoueHue. Mayyaemble cybctaHuma v MNP 6onee apdpeKTMBHO NOAABAAIOT 6a3aNbHYO U NPEBOCXOAAT aHTUCEKPETOPHYHO
aAKTUBHOCTb HZ-FVICTaMVIHOGHOKaTOpa PaHUTUAUNHA B YCNOBUAX CTVIMyIWIpOBaHHOVI TMCTaMMUHOM CeKpeLunun.

KnioueBble cnoBa: 2-peHuN-9-a1M3TMNAMUHOITUAMMNAA30([1,2-a]6eH3nmMmnaa300, aHTUCEKPETOPHOE AelcTBue, HasanbHasn
ceKkpeuua, CTUMYIMPOBAHHAA CEKpeLma, JOKIMHMYECKME UCCNef0BaHNA

INTRODUCTION

Nowadays, the treatment of acid-dependent diseas-
es, such as a gastroesophageal reflux disease (GERD),
gastric and duodenal kinds of ulcer, functional dyspep-
sia, appears to be an urgent problem in modern clini-
cal gastroenterology [1-4]. In the treatment of acid-de-
pendent diseases, the main pathogenetic principle is
the suppression of the secretion of hydrochloric acid by
parietal cells of the gastric mucosa, which eliminates or
attenuates the main clinical manifestations of the above
mentioned diseases [5, 6].

The inhibition of HCl secretion also significantly
eliminates the manifestations of gastrointestinal com-
plications when non-steroidal anti-inflammatory drugs
(NSAIDs), antiaggregants and anticoagulants are taken.
In the cases of infection with Helicobacter pilory, the in-
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hibition of HCl secretion increases the effectiveness of
the eradication therapy by increasing the anti-Helico-
bacter activity of antibacterial drugs [7, 8].

Hydrogen-potassium adenosine triphosphatase
blockers (proton pump inhibitors), histamine H2 recep-
tor antagonists, selective M-cholinoblockers, antacids,
and partly gastrin and cholecystokinin CCK-2 receptor
blockers are used as antisecretory agents [2, 4, 5, 9].

Of course, the positive effects of the drugs of these
groups are undeniable and all of them are widely used
in the treatment of acid-dependent diseases, but they
have certain disadvantages and side effects.

Before the introduction of proton pump inhibitors
into the clinical practice, H2-histamine receptor antag-
onists were “the gold standard” of the antisecretory
therapy [9]. However, along with the resistance to their
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use in about 1/5 patients with acid-dependent diseases,
there is a rapid development of tolerance in previously
susceptible patients, withdrawal syndrome. In addition,
the side effects characteristic of this group of drugs, such
as decreased libido, bradycardia, hepatotoxicity and
others, largely limit the intake and prescription of these
preparations [10-14].

It has been proved that a long-term treatment
with proton pump inhibitors can cause a number of
undesirable effects, such as magnesium deficiency, hy-
pergastrinemia and a risk of tumors, vitamin B12 defi-
ciency, acute interstitial nepbhritis, osteoporosis and an
increased risk of fractures, an intestinal bacterial over-
growth syndrome, a risk of cardiovascular accidents [15].

M-cholinoblockers, including selective ones, such as
pyrenzepine, have a full range of side effects, character-
istic of the “classic” non-selective drugs, although less
pronounced, such as dry mucous membranes, tachycar-
dia, accommodation disorders and photophobia, intesti-
nal and bladder atony, dizziness, headaches [11, 16-18].

Under modern conditions, antacid agents can be
considered only as additional means of auxiliary therapy
of acid-dependent diseases [11].

In this regard, it remains relevant to search for new
acid-dependent diseases treatment. They should be saf-
er, more effective in suppressing acidity and, at the same
time, available to the consumer.

Currently, the pharmaceutical market offers a wide
range of drugs based on benzimidazole derivatives, such
as anti-ulcer agents, inhibitors of hydrogen-potassium
adenosine triphosphatase — omeprazole, lansoprazole;
antihistamines — astemizole; antihypertensive agents —
telmisartan, candesartan; antiviral agents — enviradin,
maribavir; antiparasitic agents — albendazole, oxfen-
dazole and many others[19-22]. This factor indicates a
significant medical value of this group of chemicals and
provides a high interest in them.

The aim of this study was the experimental study of
the antisecretory activity of the substances and the fin-
ished dosage forms of dinitrate 2-phenyl-9-diethylami-
noethylimidazo[1,2-a]lbenzimidazole by the method of a
continuous perfusion of the rats’ stomachs.

MATERIALS AND METHODS

Animals

The studies of the antisecretory activity were per-
formed on outbred Wistar rats of both sexes (aged 10—
12 weeks) weighing 180.0-250.0 grams. The variation
in the initial mass of the animals in the group did not
exceed 10% [23]. The animals were received from “Rap-
polovo”, the Federal State Unitary Enterprise “Nursery of
laboratory animals”.

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
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“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)”.

During the experiment, the animals were kept un-
der controlled conditions: the ambient temperature of
20-26°C and the relative humidity of 30-70%. Macrolon
cells T-3 (for rats) equipped with steel grating covers
were used to accommodate the animals. Sawdust was
used as a nesting material. The animals were on a stan-
dard diet with a free access to feed (Complete feed rec-
ipe PK-120 for the maintenance of laboratory animals,
GOST R 50258-92, the manufacturer of “Laboratory
Feed”), and water. A nesting material, cages and acces-
sories, drinking bowls changed weekly.

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
European Convention for the protection of vertebrate
animals used in experimental studies (1997) [24, 25].

Investigated substances

The studied pharmaceutical substance of dinitrate
2-phenyl-9-diethylaminoethylimidazo[1,2-a]lbenzimid-
azole is a fine crystalline powder of a white or light gray
color. It is moderately soluble in water. For the studies,
purified water was used as a solvent of the substance
during intragastric administration.

The finished dosage form of dinitrate 2-phenyl-9-di-
ethylaminoethylimidazo[1,2-a]lbenzimidazole was pre-
sented as film-coated tablets: 60 mg, biconvex, light
green, odour-free.

For the research, a weighed portion of the finished
dosage form or reference preparations, previously
ground into powder, was taken and dissolved in purified
water. The resulting suspension was administered intra-
gastrically using an atraumatic gastric catheter. The max-
imum volume for intragastric administration to rats did
not exceed 3.0 ml for the animals weighing up to 200 g,
5.0 ml for the animals from 200 to 240 g, and 6.0 ml for
the animals weighing more than 240 g.

Reference preparations

In the experiments on the study of basal and stim-
ulated secretion of a pharmaceutical substance, Raniti-
dine (Sigma Aldrich, USA) was chosen as the reference
preparation. In the study of the antisecretory action of
the finished dosage form, Ranitidine was used (Hemo-
farm A.D., Serbia, series M703084).

Study design
In the first series of the experiments, the influence
of the studied substance at the doses of 3 mg/kg, 10 mg/
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kg and 30 mg/kg on the basal and histamine-stimulated
secretion of hydrochloric acid was evaluated. The sub-
stance of Ranitidine at the doses of 3 mg/kg, 10 mg/kg
and 30 mg/kg (Sigma Aldrich, USA) was used as the ref-
erence object. The data obtained were used to calculate
the ED50 value for the substance of dinitrate 2-phe-
nyl-9-diethylaminoethylimidazo[1,2-a]benzimidazole.
Further on, in the study of the antisecretory activity, the
doses of the finished dosage form (FDF) equal to the
ED50 values were used, and the doses of the reference
drug were calculated relative to the therapeutic dose for
a person, taking into account the interspecific transfer
coefficient; it amounted to 28 mg/kg. The control group
of the animals received a solvent (purified water) in the
equivolume amount of the administered drugs.

Before the experiment, the animals were subjected
to a 24-hour food deprivation with a free access to wa-
ter. After the anesthesia with chloral hydrate (350 mg/
kg), a median laparotomy was performed. The stomach
was removed to the surgical wound. A cannula was in-
serted through the discission in the proximal part of the
duodenum up to the level of the pyloric sphincter. It was
fixed with a ligature. The second cannula was inserted
into the lumen of the stomach through the discission in
the cardiac part and then fixed to the lower food sphinc-
ter. The stomach was perfused through the esophageal
cannula with a 0.1 M phosphate buffer solution (pH 7.4,
the temperature 37°C, 77.4 ml of 1M disodium hydro-
gen phosphate and 22.6 ml of 1M sodium dihydrogen
phosphate per 100 ml of buffer) using a peristaltic pump
at the constant speed of 0.5 ml/min. The perfusion sam-
ples were collected from the pyloric cannula.

In order to study basal secretion, 3 samples of the per-
fusate were collected at a 20-minute interval for 1 hour.
The test substance was injected intragastrically through
the gastric catheter 1 hour before the beginning of the
sample collection. The finished dosage form (FDF) was ad-
ministered intragastrically through the gastric catheter 2
hours before the beginning of the sample collection.

The acid content in the perfusate was determined
by titration with a 0.01 M sodium hydroxide solution.
The acidity value was determined in terms of the deb-
it-hour of hydrochloric acid.

In order to determine the stimulated secretion, im-
mediately before the collection of the perfusate sam-
ples, histamine dihydrochloride was administered sub-
cutaneously at the dose of 5 mg/kg. The subcutaneous
administration was carried out with sterile syringes. The
test substance was administered 1 hour before the col-
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lection of perfusate samples intragastrically through the
gastric catheter.

The acid content in the perfusate was determined
by titration with a 0.01 M sodium hydroxide solution.
The acidity value was determined in terms of the deb-
it-hour of hydrochloric acid.

The calculation of the debit-hour of hydrochloric
acid:

Dh = V1*E1*0,001+V2*E2*0,001+V3*E3*0,001,

where Dh is the debit-hour of hydrochloric acid,
mmol; V is the volume of the portion of the gastric con-
tents, ml; E is the concentration of free hydrochloric acid
of the same portion in the titration units; 0.001 is the
amount of hydrochloric acid in 1 ml of the gastric con-
tents at the concentration of 1 mmol/I.

Determined indicators

To evaluate the antisecretory effect, the content of
hydrochloric acid in the gastric juice was determined un-
der the conditions of basal and histamine-stimulated se-
cretion (total acidity), and the debit-hour of hydrochlo-
ric acid was calculated. According to the results of the
study, the ED50 values were calculated for the studied
substance, the finished dosage form and Ranitidine.

Statistical processing

The obtained experimental data were analyzed
using the method of variation statistics. The summary
tables show the group averages (M) and the standard
error of the mean (m). The intergroup differences were
analyzed using a nonparametric test — Mann-Whitney
U-test. The differences were determined at a 0.05 signi-
ficance level. For statistical processing of the results, the
“StatPlus 2009” software package was used.

RESULTS

The analysis of the experimental data showed
that the test substance at the dose of 10 mg/kg and
30 mg/kg statistically reliably decreased the basal hydro-
chloric acid secretion relative to the control by 35% and
54%, respectively. The administration of the substance
at the dose of 3 mg/kg did not significantly affect the
basal secretion of hydrochloric acid. Ranitidine, at the
doses similar to the studied substance, also contributed
to the suppression of the secretion statistically reliably
by 22% and 29% relative to the control, respectively.
Hereby, the substance of the test drug at the dose of 30
mg/kg decreased the basal secretion relative to Raniti-
dine significantly more effectively (Table 1).

Volume VI, Issue 4, 2019



OPUTNHAJIbBHAA CTATbA
DOI: 10.19163/2307-9266-2019-7-4-231-240

Hay4HO-npakTn4eckuin xypHan

OAPMALIA 1
OAPMAKOSIOMS

Table 1 - Influence of the pharmaceutical substance of dinitrate
2-phenyl-9-diethylaminoethylimidazo[1,2-a]benzimidazole on basal gastric secretion

Debit-hour Percentage of secretion
Substance Dose of hydrochloric acid suppression
mg-EQ/hour (%)
Control
Purified water - 0.27£0.010 B
Test substance 3 mg/kg 0.22+0.023 -18
Test substance 10 mg/kg 0.18+0.004* -35
Test substance 30 mg/kg 0.13+0.009*# -54
Ranitidine 3 mg/kg 0.2610.017 —4
Ranitidine 10 mg/kg 0.21+0.014* =22
Ranitidine 30 mg/kg 0.19+0.007* -29

Note: * — reliability relative to control P<0.05

# — reliability compared to the group treated with Ranitidine, P<0.05

The data reflecting the percentage of the decreased
basal secretion relative to the control, made it possible
for us to calculate the ED50 values for the test substance

and Ranitidine (Fig. 1, 2). The calculated data were 26
mg/kg for the test substance, and 54.0 mg/kg for Raniti-
dine.
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Figure 1 — Calculation of the ED50 value of basal secretion suppression of hydrochloric acid by the substance
of dinitrate 2-phenyl-9-diethylaminoethylimidazo[1,2-a]benzimidazole

The finished dosage form at the dose of 26 mg/kg  obtained are statistically reliable relative to the control
contributed to a decrease in the basal level of the secre-  and the values of the group treated with Ranitidine at
tion reliably relative to the control by 33%. The results  the dose of 28 mg/kg (Table 2).

Table 2 - Influence of the finished dosage form of dinitrate 2-phenyl-9-diethylaminoethylimidazo[1,2-a]
benzimidazole on basal gastric secretion

Debit-hour Percentage of secretion
Substance Dose of hydrochloric acid, wu ?ession (%)
mg-Eq/hour PP ?
Control
— + -
Purified water 0.259:0.005
Finished dosage form 26 mg/kg 0.172+0.004*# -33
Ranitidine 28 mg/kg 0.207+0.007* -20

Note: * — statistical reliability relative to control P <0.05
# — statistical reliability relative to the group treated with Ranitidine P <0.05
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Figure 2 — Calculation of the ED50 value of basal secretion suppression of hydrochloric acid by the substance
of Ranitidine

According to the results of the study stimulated by
histamine secretion, it was established that the adminis-
tration of histamine, increased the production of hydro-
chloric acid by 1.8 times relative to the basal level. The
studied substance significantly inhibited the secretion of
hydrochloric acid at all the studied doses. At the dose of
30 mg/kg, the secretion decreased by 80%, while Ranit-
idine inhibited the secretion by 56%, which is statisti-

cally reliable. The studied substance and Ranitidine at
the dose of 10 mg/kg also contributed to a statistically
reliable suppression of the acid production relative to
the control, but no statistically reliable intergroup differ-
ences were observed. The administration of the dose of
3 mg/kg did not have the expected pharmacological ef-
fect either in the experimental group or in the reference
group (Table 3).

Table 3 - Influence of the pharmaceutical substance of dinitrate
2-phenyl-9-diethylaminoethylimidazo[1,2-a]lbenzimidazole on histamine-stimulated gastric secretion

Substance Dose
Control =
Test substance 3 mg/kg
Test substance 10 mg/kg
Test substance 30 mg/kg
Ranitidine 3 mg/kg
Ranitidine 10 mg/kg
Ranitidine 30 mg/kg

Note: * — statistical reliability relative to control P <0.05

Debit-hour .
L Percentage of secretion
of hydrochloric acid suppression (%)

mg-Eq/hour PP °
0.51+0.022 =
0.40+0.015* =22
0.23+0.011* -56
0.1040.008*# -80

0.4610.032 -10
0.294+0.013* -43
0.22+0.013* -56

# — statistical reliability relative to the group treated with Ranitidine P <0.05

The value of ED50 was calculated by the trend
equation; for the substance under study it was 13.0
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mg/kg (Fig. 3); for Ranitidine it was 23.6 mg/kg
(Fig. 4).
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Figure 3 — Calculation of the ED50 value for the substance of dinitrate
2-phenyl-9-diethylaminoethylimidazo[1,2-a]benzimidazole under the conditions of histamine-stimulated secretion
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Figure 4 — Calculation of the ED50 value for the substance of Ranitidine under the conditions
of histamine-stimulated secretion

According to the results of the study of hista- [1,2-a]benzimidazole at the dose of 26 mg/kg statistical-
mine-stimulated secretion, it was established that the ly reliably inhibited hydrochloric acid secretion by 66%,
FDF of dinitrate 2-phenyl-9-diethylaminoethylimidazo  while Ranitidine did it by 52% (Table 4).

Table 4 - Influence of the finished dosage form of dinitrate 2-phenyl-9-diethylaminoethylimidazo[1,2-a]
benzimidazole on histamine-stimulated gastric secretion

Debit-hour Percentage of secretion
Substance Dose of hydrochloric acid wu fession (%)
mg-Eq/hour PP ?
Control - 0.522+0.010 -
FDF 13 mg/kg 0.179+0.008*# —66
Ranitidine 28 mg/kg 0.250+0.008* -52

Note: * — statistical reliability relative to control P <0.05
# — statistical reliability relative to the group treated with Ranitidine P <0.05
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DISCUSSION

Benzimidazole contains nitrogen atoms of two types
(pyrrole and pyridine) both acting as a donor and a pro-
ton acceptor, and existing in two tautomeric forms. Ben-
zimidazole Bicycle can not only attach or give a proton,
but also easily enter into various non-valent interactions
(hydrogen bonds, van der Waals interactions, stacking
interactions). These features of the structure of the
benzimidazole molecule cause the possibility of its bind-
ing to a variety of therapeutic targets, providing a wide
range of biological activity of benzimidazole derivatives.

The spectrum of benzimidazole derivatives’ bio-
logical activity includes antiviral [26], antifungal [27],
antimicrobial [28], anticancer [29], anthelmintic [30],
analgesic and antipyretic [31], antidiabetic [32], antipro-
tozoal [33], antioxidant [33, 34], anticonvulsant [27], an-
tipsychotic [35], antiulcer [36], anesthetic [37] and other
types of activity.

A significant medical value of benzimidazole-con-
taining drugs provides a high interest and an intensive
development of this direction in pharmacology.

The analysis of the data obtained during the exper-
iment revealed the capability of the studied substance
of dinitrate 2-phenyl-9-diethylaminoethylimidazo[1,2-a]
benzimidazole to suppress basal and histamine-stimu-
lated secretion of hydrochloric acid in a model of a con-
tinuous gastric perfusion.

The results are consistent with the specific pharma-
cological activity of H2-histamine-blocking action of the
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