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BENZIMIDAZOLE DERIVATIVE AS ANTITUMOR DRUG AGAINST EXPERIMENTALLY INDUCED LUNG CARCINOMA
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Most cancer drugs used in a clinical setting are insufficiently effective and insufficiently safe. This prompts the search for novel substances to fight cancer. The aim of this
study was to explore the effects of dihydrobromide 2-(3,4-dihydroxyphenyl)-9-diethylaminoethylimidazo[1,2-a] benzimidazole (RU-185) on the growth and metastasis
of experimentally induced transplantable Lewis lung carcinoma (LLC). Fifty-five C57/BI6 male mice (weight 18-20 g) were subcutaneously inoculated with LLC cells.
The tested substance (0.5 ml) was administered intragastrically at 50, 220, and 500 mg/kg (groups 1, 2 and 3, respectively) once a day for 10 days starting at 48 h
after inoculation. The control group received normal saline. Intragastric administration of the tested substance resulted in significantly longer survival in group 2 only
(162.3%) and in the significant reduction of tumor size on day 1 after treatment in all groups. After the end of treatment, tumor sizes in groups 2 and 3 were 3.4 and 1.3
times smaller, respectively, on day 7 and 2.2. and 1.3 times smaller, respectively, on day 14 than in the control group (o < 0,05). The growth delay rate was sustained
in group 2 by day 14 after the end of treatment; tumor regression was observed in 20% of the animals. The number of metastases in the lungs was lower in groups 1
and 2 than in the control group (2.6 and 3.1-fold, respectively), and the metastasis inhibition was 68.1% and 80%, respectively. The tested substance RU-185 has an
anticancer effect in mice: it results in longer survival, slower growth of the primary tumor and fewer lung metastases of Lewis lung carcinoma.
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NMPON3BOOHOE BEH3MMWUOASOJIA KAK NMPOTUBOOIYXOJIEBOE CPEACTBO B OTHOLLUEHUA
9KCMEPUMEHTAJIbHON 3JTOKAYECTBEHHOW OMYyXOJW NIEFKOIro

E. ®. Komaposa'?, O. H. XKykosckas®, E. A. Nlyk6arosa' ™, M. A. EHrvibapsH’, J1. H. Bauerko!, [. A. Xaparesos', B. B. MosgHskoea',

H. O. Ywakosa', tO. C. LLatosa', HO. B. MNpxeneukuin’

" HaupoHanbHbIn MeauLMHCKNA NCCNefoBaTenbCKUn LIeHTP OHkonorun, PocTtos-Ha-LoHy, Poccust

2 POCTOBCKUIM FOCYAaPCTBEHHbIN MEAVUMHCKWIA yHUBEpCKTeT, PocToB-Ha-LloHy, Poccust

8 Hay4Ho-1cCnenoBaTenbCKuin UHCTUTYT (M3MHECKOM 1 OpraHnYeckon xummm KOxHoro defnepansHoro yHreepcuteTa, PoctoB-Ha-LloHy, Poccus

3HauMTEeNbHOE YMCNO MPYIMEHSIEMbIX B KIIMHUKE MPOTVBOOMYXOMNEBbIX CPEACTB HEAOCTATOYHO 3(OPEKTUBHO 1 6E30MacHO, YTO 0OYCMOBAMBAET MOUCK HOBbIX
NEKaPCTBEHHbIX CybcTaHLI. Lienb paboTbl — m3y4nTb BAVsHYE avrppodpomMmaa 2-(3,4-amriapokcndeHinn)-9-amatunaMmHosTmimimnaadol 1,2-aloeHsnmmaasona (PY-
185) Ha POCT 1 MeTacTa3VpoBaHMe NMEPEBVBAEMON aKCNepUMeHTabHOM onyxonn nerkoro Jlstonc (LLC). LLC npvevBanv 55 Mbiam-camvkam C57/BI6 maccon 18-20 r
NoaKoXXHO. BryTpwkenynoyHoe (0,5 Mn B CyT.) BBEAEHWE Npenapara HaumHam Yeped 48 4 nocne nepesvBky ornyxonn 1 pas B cyTkm 10 aHel B pasosbix fo3ax 50,
220, 500 Mr7kr (Mfpynnbl 1, 2 1 3 cOOTBETCTBEHHO). MblLLIaM KOHTPOMBHOM MpyMMbl BBOAUN (O3MONOMHECKII pacTBOp. [Mpr BHYTPKENYAOHHOM BBEAEHWM CyOCTaHLN
MPOVCXOANIO AOCTOBEPHOE YBEMNHEHME MPOAOIIKUTENBHOCTU XKM3HN XKMBOTHbIX TOMBKO B rpymne 2 (162,3%), a Tarkke 3Ha4MOoe yMEHbLLIEHNE OOBEMOB OMyXOmn YXKe
Ha 1-e CyTKM Nocne OKOHYaHWs nedeHns. Ha 7-e 1 14-e cyTkin OT MOMEHTA OKOHYaHKS NIEHeHNs paaMepbl OryxXomn B rpynnax 2 1 3 Bbiin CHKEHbI MO CPaBHEHO C
KOHTPOSbHOM rpynnoi B 3,4 1 1,3 pasa (Ha 7-e cyTkv) n B 2,2 1 1,3 pasa (Ha 14-e CyTKu) COOTBETCTBEHHO (D < 0,05). VIHAEKC TOPMOXKEHIS POCTa OMyXOsv COXPaHICS
B rpynne 2 kK 14-M cyTkam rnocne okKoHYaHust nedeHns 1y 20% >XMBOTHbIX OTMEHYEH PEMPECC OMyXOon. Y1cno MeTacTa3oB B fierkix B rpynnax 1 v 2 6blio CHKEHO
OTHOCUTENBHO KOHTPONSA B 2,6 1 3,1 pasa COOTBETCTBEHHO, a MHAEKC MHIMOMPOBaHIS MeTacTaanpoBanns coctasun 68,1 1 80% cooTBeTCTBEHHO. VlccnenoBaHHbIi
PY-185 okaablBaeT MpOTVBOONYXOSIEBOE AENCTBIME, HTO BbIDKEHO B YBENMHEHNN MPOAOMKUTENBHOCTIN MU3HN XMBOTHBIX, CHPKEHW CKOPOCTN POCTa NEPBUHHOM

onyxonu, a TakxKe 4aCTtoTbl PasBUTUA U KOTMYECTBa JNIErO4HbIX METaCTa3oB 3KCI'IepI/IMeHTaJ'IbHOI7I 3I'IVI,D.8DMOI/I,D,HOI7I KapuHOMbI Nerkoro JIblONC MbILLIENA.

KniouyeBble cnoBa: anvaepmMonaHas kapLyHomMa nerkux Jlstonc, aurugpobpommns 2-(3,4-aurnapokcndeninn)-9-auatnnaMmHoaTunnmMmnaasol 1,2-al6eHsnmmnaaso-
na, NPOTUBOOMYXONEeBasi akTUBHOCTb, aHTUMETaCTaTUYeCKas aKTMBHOCTb, BHYTPVKENYAOHHOE BBEAEHE

DuUHaAHCMPOBaHMWE: CLHTES VICCNEAYEMOro COEANHEHMS OCYLLECTBASANM NPK (hMHAHCOBOW Noaaepkke MUHMCTEPCTBa Hayku 1 BbICLLEro 06pa3oBaHnst POCCUINCKOM
Ddepepaumn (rocynapCTBeHHOe 3afaHne B 0611acTy HayHHON akTUBHOCTY, KOxkHbIN theilepanbHbiii yHuBepeuTeT, 2020, npoekt FENW-2020-0031 (0852-2020-0031).
Vccnenosanns in vivo mpoBoann B paMkax rocyAapCTBEHHOMO 3adaHns «/13ydeHne npoTUBOOMyXONEBOM akTUBHOCTY (DapMaKOIOrMHecKux Cy6CTaHLMIA in Vivo 1
in vitro» (121031100253-3).
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Numerous studies of mechanisms underlying tumor growth and
progression are laying the groundwork for the discovery of new
therapeutic targets [1-3]. Development of novel antineoplastic
and antimetastatic targeted therapies is in progress. Still, a lot
of anticancer medications used in the clinical setting cannot
boast sufficient efficacy or safety. This makes the search for
novel anticancer drugs a priority field of experimental medicine.

DNA is the main target of many antineoplastic and
antimetastatic drugs from various classes and chemical groups
with different mechanisms of action. Studies have shown that
3H-triazolo[1,5-albenzimidazole, the parent compound for
tricyclic benzimidazole-based systems, effectively binds to the
ADP site of checkpoint kinase 2 and inhibits this enzyme. Since
checkpoint kinase 2 plays the definitive role in the activation of
signal transduction pathways participating in cellular response
to DNA damage, its inhibition in tumor cells is expected to
block DNA repair and trigger apoptosis [4]. In addition, the
anticancer activity of benzimidazole derivatives is associated
with their effects on other cellular targets involved in DNA repair.
For example, they are capable of inhibiting poly(ADP-ribose)
polymerase (PARP-1 and -2), the key enzyme of the DNA repair
system, and potentiating the cytotoxicity of DNA damaging
agents [5]. Simpler monocyclic imidazole-based compounds
can block effective DNA replication through electrostatic
interactions, intercalation and groove binding [6].

Another important target for anticancer drugs is tubulin; by
binding to this protein, anticancer drugs prevent its participation
in some processes critical for cell division, including tubulin
polymerization and depolymerization. For example, tubulin
can be inhibited by benzimidazole derivatives that disrupt
microtubule assembly [7]. Some benzimidazole derivatives
are characterized by good pharmacokinetics and can
overcome multidrug resistance in many cell lines. For instance,
benzimidazole-2-urea derivatives are potent B-tubulin inhibitors:
according to the literature, they exert a cytotoxic effect on
human NCI-H460, Colo205, K562, A431, HepG2, Hela, and
MDA-MB-4358S cells [8].

The cytotoxic effect of benzimidazole derivatives on A549
(human lung adenocarcinoma) cells in hypoxic conditions is
linked to the activation of their caspase-dependent apoptosis
[9]. It is reported that one of structurally complex benzimidazole
derivatives inhibits oncogenic kinases MEK1 and PI3K [10].

The aim of this study was to investigate the effect of
2-(3,4-dihydroxyphenyl)-9-diethylaminoethylimidazo[1,2-a]
benzimidazole dihydrobromide (RU-185) on the growth and
metastasis of LLC cells.

METHODS

The experiment was conducted on 55 male C57BI/6 mice
weighing 18-20 g. The animals were purchased from Andreevka
breeding facility (Moscow region).

Table 1. The design of the experiment
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Cancer was modelled using transplantable Lewis lung
carcinoma cells characterized by 100% spontaneous spread
to the lungs. The cells were obtained from the tumor bank of
the Laboratory for Combination Therapy of Tumors (Research
Institute of Experimental Diagnostics and Therapy of Tumors
of Blokhin National Medical Research Center of Oncology).
The cells were maintained and subcutaneously transplanted
following standard protocols.

The tested compound RU-185 was synthesized at
the Research Institute of Physical and Organic Chemistry,
Southern Federal University, from 1-diathylaminethyl-
2-aminobenzimidazole by quaternization with
3,4-dimethoxyphenacylbromide followed by cyclization of
the produced quaternary salt in the presence of 48% boiling
hydrobromic acid, which was accompanied by O-demethylation [11].

The compound was dissolved in normal saline. The
animals were divided into 3 groups. The tested compound was
administered to the animals intragastrically via a nasogastric
tube, at 50 mg/kg (group 1), 220 mg/kg (group 2) and 500 mg/kg
(group 3), which equals to 1/40, 1/8 and 1/4 of LD, once a
day for 10 days. Treatment was initiated 48 after inoculation
with LLC cells (Table 1). The control group consisted of mice
with transplantable LLC and received normal saline (placebo)
intragastrically in the same volumes following the same regimen.

On day 26 after inoculation, the mice were sacrificed in a
CO, chamber and subsequently necropsied. The antineoplastic
and antimetastatic activities of the compound were studied
according to the guidelines from [12]. The antineoplastic
and antimetastatic activities were estimated using standard
parameters, such as tumor volume, survival time (T/C%)
calculated as the ratio of mean survival time in the treatment
group to that in the control group, and the number of
metastases. Based on the obtained estimates, tumor growth
inhibition index (TGI%) and metastasis inhibition index (M%)
were calculated [12].

Prior to the experiment, LD, for intragastrically administered
RU-185 was calculated. The obtained value (1,980,4 mg/kg)
corresponded to Category 4 of GHS criteria for acute toxicity.
According to criteria described in [13], the compound can be
classified as moderately hazardous (Class 3).

Statistical analysis was conducted in STATISTICA 12.0
(StatSoft Inc.; USA). Normality of distribution was tested using
the Shapiro-Wilk and Kolmogorov-Smirnov tests. For mean
values, the significance of differences between independent
samples was determined using Student’s t-test. Differences
were considered significant at p < 0.05.

RESULTS
The antitumor effects of intragastrically administered RU-185

are analyzed in Table 2. At the studied doses, RU-185 had
different effects on survival times in the groups. A significant

Groups
Basic parameters Experimental
Control
1 2 3

Number of animals in group 18 18 19 10
Treatment 2-(3,4-dihydroxyphenyl)-9-diethylaminoethylimidazo[1,2-a]benzimidazole dihydrobromide Normal saline
Dose, mg/kg 50 220 500
Treatment duration 10 days
Volume administered 0.5 ml a day

Route of administration Intragastric via a nasogastric tube

BECTHVK PIMY | 3, 2021 | VESTNIKRGMU.RU




ORIGINAL RESEARCH | PHARMACOLOGY

Table 2. Effects of intragastrically administered 2-(3,4-dihydroxyphenyl)-9-diethylaminoethylimidazo[1,2-a]benzimidazole dihydrobromide on LLC growth

Tumor volume (cm®), M + m
Dose, mg/kg T/C, % (TPO, %)
Day after end of treatment
50 94.3 2.34 +0.42 8.63 + 1.3'2 10.4 + 0.52
4.5 +0.1'2
220 162.3 0.41 +0.3'2 2.04 +0.5'2 (565.0) — 80% of animals
0 (100) - 20% of animals
1.2
500 112.9 1.08 + 0.45"2 (30.1) 5.21 £1.21.2 (22.1) 74(2%%)3
Control 0 156 +1.4 6.7 +0.4 9.8 +0.7

Note: 1 — differences are significant relative to the control group (p < 0.05); 2 — differences are significant relative to the subgroups of the experimental group (o < 0.05).

increase in survival time was observed only in group 2
(T/C =162.3%). In group 3, survival time was longer than in the
control group, but T/C did not differ significantly between these
two groups. By contrast, survival time was shorter in group 1
than in the control group.

The dynamics of primary tumor growth was assessed
based on tumor volume on days 1, 7 and 14 after the end of
treatment. The volume of the primary tumor differed between
the groups as early as day 1 after inoculation. Moderate and
high doses of RU-185 (groups 2 and 3, respectively) resulted
in the reduction of tumor volume relative to the control group
indicated by the TGl index. However, significant changes in
tumor volume at this time was observed only in group 2. In
group 1, the tumor was progressing and its size exceeded 1.5
times the tumor size in the control group (o < 0.05).

Measurements of tumor volumes on days 7 and 14 after
the end of treatment revealed the dynamics of tumor growth
relative to the first days of therapy in all groups. For example,
tumor volume in group 1 was larger than in the control group,
whereas tumor volume in groups 2 and 3 was 3.4 and 1.3 times
smaller (day 7) and 2.2 and 1.3 times smaller (day 14) than in the
control group, respectively (o < 0.05). The value of the TGl index
suggested the significant efficacy of the tested compounds
at 220 mg/kg; tumor growth inhibition was observed on day
14 after the end of treatment. Importantly, tumor regression
confirmed by necropsy was noted among 20% of the animals
in this group (Table 2).

Interestingly, the intragastric administration of the tested
compound had an antimetastatic effect against LLC (Table 3).

This effect manifested as the pronouncedly reduced rate of
metastasis and fewer lung metastases in groups 1 and 2: the
number of lung metastases in these groups was 2.6 and 3.1
times lower, respectively, in comparison with that in the control
group, and Ml was 68.1% and 80%, respectively. In group 3,
administration of high doses of the tested compound resulted
in the inhibition of metastasis.

Thus, we conclude that intragastrically administered RU-185
exhibited antitumor activity against experimentally induced
Lewis lung carcinoma, inhibiting its growth and metastasis. At
220 mg/kg, RU-185 increased mean survival time and caused

tumor regression in 20% of the animals by day 14 after the
beginning of treatment. The most pronounced antitumor and
antimetastatic effect of the studied benzimidazole derivative
was observed at 220 mg/kg. Reduction in the number of lung
metastases and the metastatic rate (the metastasis inhibition
index) was observed at all tested doses, indicating the
pronounced antimetastatic effect of RU-185 against the spread
of LLC to the lungs.

DISCUSSION

Earlier studies investigating the effects of intragastrically
administered RU-185 on the growth of transplantable
subcutaneous B16 melanoma showed that the compound
had a greater inhibiting effect on metastasis to the lungs than
on the growth of the primary tumor [14, 15]. However, our
study has demonstrated a pronounced antitumor effect on
both primary LLC and its metastases. Perhaps, the antitumor
effect of the studied compound against the primary tumor can
be explained by differences in the phenotypic characteristics
of melanoma and lung carcinoma [16, 17]. Pronounced
inhibition of metastatic spread to the lungs suggests that there
are common factors that determine the adaptation of cancer
cells to the metastatic niche and the growth of metastases in
a given metabolic environment, predicating the mechanism of
action of the tested compound [18]. The metastatic proteome
and transcriptome of the tumor are dynamically modulated by
the metabolome. Metabolome-induced signal cascades can
modulate tumor aggression and metastatic spread via different
pathways involved at each stage of the metastatic cascade [19].
However, further research is needed to support the hypothesis
about the possible mechanism underlying the antitumor effect
of the tested compound.

CONCLUSION

RU-185 administered intragastrically at 220 mg/kg once a day
exerts antitumor activity reflected in the significant increase
in survival time, slower primary tumor growth, the reduced
rate of metastasis and the reduced number of metastases of

Table 3. Effects of intragastrically administered 2-(3,4-dihydroxyphenyl)-9-diethylaminoethylimidazo[1,2-a]benzimidazole dihydrobromide on LLC spread

Dose, mg/kg Number of mts per mouse Mill, %
50 12.3 £1.0'2 68.1 +2.1"2
220 10.3 £ 0.6'2 80.0 + 3.1"2
500 27.5+0.92 139+ 1.1
Control 322+1.2 -

Note: 1 — differences are significant relative to the control group (p < 0.05); 2 — differences are significant relative to the subgroups of the experimental group (p < 0.05).
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experimentally induced epidermal LLC in a mouse model. The
antimetastatic effect of the compound against transplantable
LLC is observed at 50 and 500 mg/kg. Identification of metabolic
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