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ABSTRACT

Purpose of the study. Evaluation of the effect of the benzimidazole derivative dihydrobromide-2-(3,4-dihydroxyphenyl)-
9-diethylamino-ethylimidazo-[1,2-a] benzimidazole (RU-185) on the growth of Lewis lung epidermoid carcinoma and B16-F10

melanoma when administered intragastrically.

Materials and methods. For the experiment, we used female C57BI/6j mice, which were inoculated subcutaneously with
syngeneic tumors: Lewis lung carcinoma (LLC) and B16-F10 melanoma. RU-185 was administered intragastrically to animals
in a volume of 0.3 ml for 10 days, 1 time per day. For both tumors, depending on single doses of the substance for admin-
istration, groups were divided: 1st and 4th — 50 mg/kg, 2nd and 5th — 220 and 3rd and 6th — 500 mg/kg. The control groups
were injected intragastrically with physiological saline in the same volumes and according to the same scheme. The following
parameters were assessed: tumor volume, increase in life expectancy (T/S, %) and tumor growth inhibition index (TGI, %).

Results. For animals with LLC in the 2nd group there is an increase in the indicator of life expectancy (T/S 162.3 %), and in the
3rd group there is a tendency to an increase in the T/S indicator. On the 1st day after the end of treatment in the 2nd and 3rd
groups TGl was 73.0 % and 30.1 %, respectively (p < 0.05). On the 7th and 14th days after the end of the use of RU-185 in the
2nd and 3rd groups the volume of tumors is 3.5 and 1.4 times less (on the 7th day) and 2.3 and 1.3 times (on the 14th day),
respectively than in the control group (p < 0.05). At a dose of 220 mg/kg, complete regression of LLC tumors was shown in

20 % of animals.

With the growth of B16-F10, the life expectancy of all groups did not differ. Intergroup differences in the dynamics of tumor
growth are provided. Highlighted changes were found in the 5th group (on the 14th day after the end of the administration of

RU-185, TGl was 48.7 %).

Conclusion. The investigated chemical substance dihydrobromide-2-(3,4-dihydroxyphenyl)-9-diethylamino-ethylimidazo-
[1,2-a] benzimidazole showed antitumor efficacy against syngeneic tumors: Lewis lung epidermoid carcinoma and B16-F10
melanoma when administered intragastrically which leads to further testing of RU-185 as a potential drug for the treatment

of malignant neoplasms.
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OPUTUHATIbBHASA CTATbA

MPOV3BOAHOE BEH3UMUAAZ0/IA KAK 3GOEKTUBHOE NPOTUBOOMYXOJIEBOE
CPEACTBO B NEYEHWW CUHTEHHBIX ONYXONEN JIETKOTO U MESIAHOMbI
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PE3IOME

Lienb uccnepoBanus. OLeHKa BIMSIHUA NPOU3BOAHOro 6eH3MMuaasona aurnapoépomua-2-(3,4-gurugpokcudermn)-
9-AuaTUNAMUHO-3TUNUMMAA30-[1,2-a] 6eHanMmuaasona (PY-185) Ha poCT aMMAEPMONLHON KapLMHOMbI fierkoro JSibtomca
1 MenaHombl B16-F10 npu BHYTpMXenyao4HOM MPUMEHEHUMN.

Matepuanbi n meToabl. [ SKCNEpUMEHTa UCMOMb30Banu Mblluen nuHumn C57BI/6j caMok, KOTOpbIM NMOAKOXHO NpUBMBanu
CUHreHHble OMyXou: anuaepMonaHas KapumHoma nerkux Jlbtounc (LLC) n menaHoma B16-F10. PY-185 BBOAMAN BHYTPUXKENY-
[I0YHO XMBOTHbIM B 06bemMe 0,3 M B TeueHnn 10 gHeit 1 pa3 B cyTku. [1na o6enx onyxonel B 3aBUCMMOCTH OT pa3oBbIX 103
cy6CcTaHuMmM Ans BBefeHWs BblgeneHbl rpynnbl: 1-a u 4-1 — 50 Mr/kr, 2-9 1 5-9 = 220 1 3-A 1 6-A — 500 Mr/Kr. KOHTPONIbHbIM
rpynnam BHYTPUXXENYAO0YHO BBOAWUAM GU3NONOrMYEeCcKUin pacTBOP B aHANOMMUYHbIX 06bemMax U No Tow xe cxeme. OueHnBanu
rokasaTenin: 06beM OMyXosu, yBeUYeHUe NPOAOIKUTENBHOCTU XU3HU (T/C, %) U UHAEKC TOPMOXEHUs pocTa onyxonu (TPO, %).
PesynbTatbl. [17 XMBOTHbIX ¢ LLC BO 2-11 rpynne oTMeyaeTcsl yBeSIMYeHWE NoKasaTess NPOACHKUTENbHOCTH XU3Hu (T/C
162,3 %), a B 3-1 NoKa3aHa TeHAEHLMA K NOBbILLeHMIO Noka3saTens T/C. B 1-e cyTKM nocsie OKOHYaHWsA fleyeHns Bo 2-it U 3-i
rpynnax TPO coctasun 73,0 % 1 30,1 % cooTBeTCTBEHHO (p < 0,05). Ha 7-e 1 14-e CyTKM NOC/Ie OKOHYaHUsA NpuMeHeHusa PY-185
BO 2-11 v 3-eli rpynnax 06beMbl onyxosiei MeHbLue B 3,5 1 1,4 pa3a (Ha 7-e cyTku) 1 2,3 1 1,3 pa3a (Ha 14-e CyTKM) COOTBETCTBEH-
HO, UeM B KOHTponbHOM rpynne (p < 0,05). B fose 220 Mr/Kr nokasaHa nosHas perpeccus onyxonei LLC y 20 % KMBOTHbIX.
Mpwu pocTe B16-F10 NpofomKUTENbHOCTb XMU3HM BO BCEX Fpynnax He pasnuyanach. [TokasaHbl MeXrpynnoBble pasnnmyus
AMHAMUKM POCTa OMyxonu. BbipaxeHHble M3MeHeHUst 06Hapy>eHbl B 5-i rpynne (Ha 14-e CyTKu Noc/ie OKOHYaHUs BBELEHWS
PY-185 TPO cocTtaBun 48,7 %).

3akntoyeHue. ViccnefoBaHHas xuMudeckas cy6cTaHums Aurnapo6pomua-2-(3,4-guruapokcndeHmun)-9-auatunamMmmHo-
atunumuaaso-[1,2-a] 6eHauMmaasona nokasana NnpoTUBOOMNYXONEBYHO 3QGHEKTUBHOCTb B OTHOLIEHUW CUHTEHHbIX OMYXONe:
3aNUAEPMOVAHONM KapLMHOMBI 1erkoro Jlbtovca u menaHomMbl B16-F10 npu BHYTpUXenyao4uHOM BBEAEHUM, YTO 06YC/TOBNMBAET
npoBefieHne AanbHenLwmx ucnbiTaHui PY-185 kak NoTeHLUManbHoro npenapara Tepanum 310Ka4ecTBEHHbIX HOBOOGPa3oBaHUIA.

KntoueBble cnosa:

AMrnapo6poMua-2-(3,4-aurnapokcudeHnn)-9-AmaTunaMmHo-aTUNMMuaaso-[1,2-al 6eHsumuaasona,
anuaepMounaHas KkapumHoMa nerkux Jlbtomca, MmenaHoma B16-F10, npotuBoonyxoneBast 3 heKTUBHOCTb,
BHYTPWXXENYAOYHOE BBEAEHUNE
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INTRODUCTION

The search for targets for the treatment of malig-
nant neoplasms, despite numerous developments in
modern oncology, is still relevant [1-3]. The identified
targets require the study of various means of influ-
encing. Chemical substances, in particular benzim-
idazole derivatives, can be useful and effective for
therapeutic purposes in practical oncology.

By it's structure, benzimidazole is a heterocyclic
compound in which benzene and imidazole rings
are connected. The antitumor efficacy of imidazoles
has long been known, some of which, for example,
dacarbazine, temozolomide, zoledronic acid, mercap-
topurine, nilotinib, tipifarnib, etc., are used in oncolog-
ical practice in the treatment of various oncological
diseases [4]. This antitumor effect of imidazoles is
due to their ability to easily bind to protein molecules
and destroy them, and in high concentrations directly
inhibit the synthesis of the main components of the
cell membrane [5].

The potential antitumor effect of benzimidazole is
also due to the similarity of it's structure with natural
nucleotides, and therefore cell DNA is an important
target for them. Thus, triazolobenzimidazole is able to
inhibit check point kinase 2, which plays an important
role in the cell's response to DNA damage, and there-
fore has an antitumor effect [6]. The benzimidazole
derivative 2-[(R)-2-Methylpyrrolidin-2-yl]-1H-benzimid-

Nerkoro u MenaHombl

azole-4-carboxamide can inhibit DNA repair by inhibit-
ing poly (ADP-ribose) polymerase (PARP)-1 and -2 [7].

The effect of benzimidazole derivatives on the
microtubule protein tubulin has been shown, in
which it's polymerization and depolymerization are
disrupted [8]. The inhibitor of B-tubulin is benzimidaz-
ole-2-urea - it's cytotoxic effect against an extensive
panel of tumor cells has been shown [9; 10]. The
participation of some benzimidazole derivatives ben-
zimidazole-4,7-diones in the activation of caspase-
dependent apoptosis on the lung adenocarcinoma
cell line was found [11].

The purpose of the study: to evaluate the effect
of benzimidazole derivative dihydrobromide-2-
(3,4-dihydroxyphenyl)-9-diethylamino-ethylimidazo-
[1,2-a] benzimidazole (RU-185) on the growth of
Lewis lung epidermoid carcinoma and melanoma
B16-F10 with intragastric use.

MATERIALS AND METHODS

Mice of the C57BI/6j female line weighing 20—22
grams were used for the experiment. The animals
were obtained from the Andreevka vivarium of the
FSBIC of biomedical technologies of FMABA Russia
(Moscow region) with a veterinary certificate. The
study was conducted according to the principles of
humane treatment of animals in scientific research
in accordance with the European Convention.

Table 1. Study design

Groups/ . Duration of
Number of Supplement drug Dosesmg/kg V. ml ﬁ?r)\leorftzgign supplemen-
animals P tation
15112 mice 50
dihydrobromide-2-(3,4-
) dihydroxyphenyl)-9-
nd
2'12 mice diethylaminoethylimidazo-[1,2-a] 220
LLC benzimidazole
3112 mice 500
Control .
. Normal saline
12 mice
0.3 ml I/g 10 days
4t 12 mice 50
dihydrobromide-2-(3,4-
) dihydroxyphenyl)-9-
th
5712 mice diethylaminoethylimidazo-[1,2-a] 220
B16-F10 benzimidazole
6" 12 mice 500
Contrpl 1 Normal Saline
12 mice

Note: LLC - Lewis lung epidermoid carcinoma, B16-F10 - melanoma, I/g — intragastric.
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Syngenic tumors were used: Lewis epidermoid
lung carcinoma (LLC) and melanoma B16-F10. The
tumors were inoculated in mice subcutaneously in
a standard way.

The design of the experiment is presented in
Table 1. The investigated chemical substance di-
hydrobromide 2-(3,4-dihydroxyphenyl)-9-diethyl-
aminoethylimidazo-[1,2-a] benzimidazole (RU-185)
(RF patent No. 2391979) was dissolved in saline
solution and administered intragastrically to ani-
mals using a nasogastric probe in a volume of 0.3
ml. The mode of administration was 10 days daily,
1 time per day.

The choice of doses to study the antitumor ef-
fect is due to the value of the semi-lethal toxicity
of LD50, which was determined with a single intra-
gastric administration to outbred mice (LD50 was
1860.4 mg/kg) [12]. For both tumors, depending on
single doses of the substance for administration,
groups were divided: 1st and 4th — 50 mg/kg, 2nd
and 5th — 220 and 3rd and 6th — 500 mg/kg. The

control groups, which consisted of animals with
transplanted tumors B16-F10 and LLC, were intra-
gastrically injected with saline solution in similar
volumes and according to the same scheme. Both
the surviving and fallen animals underwent necropsy
within 2 hours after death.

The study of the antitumor activity of the sub-
stance was carried out in accordance with regulato-
ry documents [13; 14], the following indicators were
evaluated: tumor volume, increase in life expectancy
(T/S, %), calculated as the ratio of the average life
expectancy of animals subjected to therapy to con-
trol indicators, and the tumor growth inhibition index
(TGI, %) was calculated.

The normality of the distribution of features was
assessed using the Shapiro-Wilk and Kolmogorov-
Smirnov criteria. Median and interquartile range were
calculated for quantitative data. The statistical sig-
nificance of the differences between the groups was
assessed using the Mann-Whitney criterion, and in
dynamics using the Wilcoxon criterion. The signifi-

Table 2. The impact of PY-185 on LLC and B16-F10 growth dynamics

Tumor volume (cm?), Me [25-75] (TGI, %)

Group number (Single

The day after treatment termination

dose, mg/kg) Ul %
1 7 14
LLC

1t (50) 94.3 2.3[1.9-2.7) 8.6 [7.8-9.2]'2 10.3[9.9-10.9]? (14.8)

4.5[4.1-5.0]"> (55.0) -
27 (220) 162.3 0.4[0.2-0.7]'2 (73.0) 2.1[1.9-2.3]'2(70.0) 80 % abdomen

0 (100) — 20 % abdomen
31 (500) 112.9 1.1[0.8-1.4]'2 (30.1) 5.2 [4.8-5.5]'2 (22.1) 7.4[6.9-8.0]'2 (28.6)
Control 0 1.6 [1.1-2.1] 6.7 [6.3-7.1] 9.8[9.3-10.2]

B16-F10 Melanoma

4 (50) 96.2 0.4[0.1-0.9] 2.7 [2.3-3.1] 5.9 [5.3-6.1]
5t (220) 131.1 0.4[0.2-0.7] 2.6[2.3-2.9] (4) 2.4[1.9-2.7]'2 (48.7)
6" (500) 103.1 0.4[0.1-0.9] 2.1[1.8-2.4]% (20.4) 4.5[3.9-4.9] (4.5)
Control 0.3[0.1-0.7] 2.7[2.1-3.4] 4.7 [3.9-5.1]

Note: 1 - the differences are significant relative to the control (p < 0.05); 2 - the differences are significant relative to the subgroups of the

experimental group (p < 0.05).
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cance level for the methods used was set as p < 0.05.
Statistical data processing was carried out using the
STATISTICA 12.0 program.

RESEARCH RESULTS AND DISCUSSION

The use of RU-185 in tumor-bearing animals
with LLC caused a change in life expectancy and
tumor size in experimental groups (Table 2). Thus,
it was found that when a single dose of 220 mg/
kg (group 2) was administered, an increase in
life expectancy (T/S 162.3 %) was noted. In the
group of animals administered a dose of 500 mg/
kg (group 3), a tendency to increase the T/S index
was shown, which has insignificant differences
with the animals of the control group. In group 1,
the life expectancy indicator was reduced in com-
parison with the control.

The study of the growth dynamics of the sub-
cutaneous tumor node LLC with the use of RU-185
revealed differences in the study groups. On the
1st day after the end of treatment in the 2nd and
3rd groups, the tumor growth inhibition index indi-
cated a decrease in the size of the primary focus
and amounted to 73.0 % and 30.1 %, respectively
(p < 0.05) (Table 2). On the 7th and 14th days af-
ter the end of the use of RU-185 in the 2nd and 3rd
groups, tumor volumes were statistically significantly
less by 3.5 and 1.4 times (on the 7th day) and 2.3
and 1.3 times (on the 14th day), respectively, than in
the control group (p < 0.05). When applying a dose
of 220 mg/kg, a complete regression of LLC tumors
was shown in 20 % of animals, which was confirmed
by the results of necropsy. At the same time, there
was a tendency to tumor growth in group 1, but no
statistically significant differences were found in
comparison with the control group.

When analyzing the study results of the subcuta-
neous melanoma B16-F10 growth, we've shown that
the life expectancy of all experimental groups didn’t
differ from the control group (p > 0.05) (Table 2). The
T/S index in tumor-bearing animals with melanoma
B16-F10 when using RU-185 was 96.2, 131.1 and
103.1 %, respectively, in groups 4, 5 and 6.

Analysis of the dynamics of tumor growth in 16
showed intergroup differences. In the group with
a single dose of RU-185 50 mg/kg, the administra-
tion of the substance did not affect the growth of
the subcutaneous node, the tumor size indicators
at all stages were similar to the control group. The

Nerkoro u MenaHombl

most pronounced changes were shown in the group
with a single dose of 220 mg/kg. So, on the 14th day
after the end of the administration of RU-185, the
TGl index was 48.7 %, which indicates a decrease
in tumor size compared to the control group (by 2
times at p < 0.05).

CONCLUSION

The studied chemical substance dihydrobromide-2-
(3,4-dihydroxyphenyl)-9-diethylamino-ethylimidazo-
[1,2-a] benzimidazole (RU-185) showed antitumor ef-
ficacy against syngenic transplantable tumors: Lewis
lung epidermoid carcinoma and melanoma B16-F10.
It was shown that with intragastric administration of
the substance in a single dose of 220 mg/kg for 10
days, a significant decrease in the size of tumors was
noted. In animals with melanoma B16-F10, a signif-
icant decrease in tumor volume occurs on the 14th
day after the end of the administration of the sub-
stance. Unlike melanoma, in animals with epidermoid
lung carcinoma at a dose of 220 mg/kg, RU-185 has
a pronounced inhibition of the growth of the subcu-
taneous tumor node already on the first day after the
end of the use of the substance.

We explain the differences in the effectiveness
of the substance under study by the peculiarities
of metabolic phenotypes of tumors. Metabolic
phenotypes of melanoma demonstrate dynamism
between glycolysis and oxidative phosphorylation,
which gives an advantage in the survival of tumor
cells and in the formation of chemoresistance [15;
16]. Moreover, simultaneous activation of both ox-
idative phosphorylation and glycolysis (metabolic
symbiosis) is vital for the progression of melano-
ma [15; 16]. At the same time, the metabolism of
lung cancer cells is characterized by the activation
of glucose oxidation enzymes, which indicates it’s
glycolytic phenotype [17]. Along with the activation
of glycolysis for lung cancer, an increase in the in-
tensity of other glucose-related processes, such as
gluconeogenesis, the tricarboxylic acid cycle, has
been shown [17].

Thus, the revealed antitumor efficacy of dihyd-
robromide-2-(3,4-dihydroxyphenyl)-9-diethylamino-
ethylimidazo-[1,2-a] benzimidazole determines fur-
ther testing of RU-185 as a potential drug for the
treatment of malignant neoplasms. However, further
studies are needed to identify the mechanism of it's
antitumor action.
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