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ABSTRACT

Purpose of the study. To study the cytotoxic effect of 2-(1,1-dimethyl-1H-benzo[e]indolin-2-yl)-5,6,7-trichloro-1,3-tropolone
(JO-122 (2)) on the U87 MG cell line.

Materials and methods. The investigation of the cytotoxic effect of synthesized tropolone JO-122 (2) was performed using
the standard MTT colorimetric assay on the human glioblastoma cell line U87 MG. Test substance samples were prepared
by sequential twofold dilutions of the original stock solution with concentrations of 24 uM. Temozolomide was used as a ref-
erence drug, and its tested doses fell in the range of 250 to 0.4883 pM. Incubation time after the addition of the substances
were 24, 48, and 72 hours. The statistical processing of the obtained data was carried out using Microsoft Excel 2013 and
Statistica 10 software.

Results. The cytotoxic effect of 2-(1,1-dimethyl-1H-benzo[e]indolin-2-yl)-5,6,7-trichloro-1,3-tropolone on the U87 MG cell line
was investigated in the study. The assessment of cytotoxicity showed that at all investigated doses of tropolone, there was
a statistically significant inhibition of cell growth in the U87 MG cell line. After 24, 48, and 72 hours, the necessary minimum
concentration of JO-122 (2) for suppressing tumor cell growth was 3 pM, 0.0469 uM, and 0.1875 pM, respectively.

The comparison drug showed less pronounced suppression of tumor cell growth compared to tropolone. For an incubation
time of 24 hours, no significant decrease in cell viability was observed in any of the tested concentrations. The minimum con-
centration of Temozolomide required to inhibit U87 MG cell culture growth was obtained after 72 hours and was 3.9063 pM.
Conclusion. The conducted research demonstrated that both substances exhibited concentration-dependent toxicity towards
the human glioblastoma cell line. However, tropolone J0O-122 (2) showed a more pronounced ability to suppress the growth
of the U87 MG cell line.
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3.1.6. OHKonorus, nyyeBas Tepanus

OPUr'MHAJIbHASAl CTATbA

OueHka uutotokcuyeckoro aenctus 2-(1,1-aumetun-1h-6enso[e]unaonuu-2-un)-5,6,1-
Tpuxnop-1,3-tponosona B oTHoweHun knetoyHon nuuun UBT MG rnnobnactombl yenosexa
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PE3IOME

Lienb uccnefoBanusi. M3yuntb LUTOTOKCHUYECKMIt abdeKT 2-(1,1-aumeTun-1h-6eHsole]luHgonnu-2-un)-5,6,7-Tpuxnop-1,3-tpo-
nonoHa (JO-122 (2)) Ha KNeToYHOIN NIMHUK rno6nacTombl Yenoseka U87 MG.

Matepuanbl u metoapl. ViccnefoBaHue uMToTokcUyeckoro atddekta TpononioHa JO-122 (2) 66110 BbINONHEHO KONOPU-
METPMYECKUM aHann3oM C NpuMeHeHnem 3-[4,5-auMeTuntuason-2- unl-2,5-aubenHunterpasonusa 6pomuga (MTT-TecT)
Ha KNeToYHOM NMHUKM rnmo6nactoMbl Yenoeka U87 MG. O6pasLbl TECTUPYeMOro BellecTBa 6bl/iM NOAFOTOBNEHbI MNyTEM
nocnepoBaTeNibHbIX ABYKPaTHbIX Pa3BefeHN CXO[HOro CTOKOBOro pacTBOpa C KOHLeHTpaumin 24 MkM. B kayecTBe npe-
napara cpaBHeHUs 6bln UCMob3oBaH TeM03010MUa, ero uccneayemble f03bl HAXOAUUCE B AnanasoHe 250—-0,4883 MkM.
BpeMs nHKy6auum nocne gobasneHus BewecTB: 24, 48 n 72 4. Ctatuctmyeckas 06paboTKa nosyyeHHbIX 6blsia NpoBefeHa
B nporpammax Microsoft Excel 2013 u Statistica 10.

PesynbtaTtbl. B pa6oTe 6bi/1 UcCnefoBaH LUTOTOKCUYEeCcKUi athdekT TpononoHa JO-122 (2) Ha KneTouHyto nnHuio US7 MG.
OueHKa LMTOTOKCUYHOCTU NOKasana, YTo Npu uccrefyembix Ao3ax TPOMOMoHa HabnoAanocb CTaTUCTUYECKM 3HAYMMOe
MHrM6MpoBaHNe pocTa KNEeTOK NnHUM U87. Yepes 24, 48 n 72 yaca HeobxoaMMas MUHUManbHasi KoHLeHTpauua JO-122 (2)
ANA nofaBfieHnsa pocTa OnyxoneBbIX kyieTok coctaBuna 3 MkM, 0,0469 MkM u 0,1875 MKM COOTBETCTBEHHO.

MpenapaT cpaBHeHWs NMokasan MeHee BbIpaXXeHHOe NojaBsieHne pocTa OnyXoneBoWn IMHUN B CPaBHEHWU C TPOMOSIOHOM.
[ns BpeMeHn nHKy6aumm 24 yaca He HabnNtOAANOCH JOCTOBEPHOIO CHUXXEHUS XXM3HECTTOCOBHOCTH KNETOK HY B OQHON M3
nccnepyembix KOHUEHTpauuit. MMHMManbHas KoHUeHTpauusa Temosonomuaa, HeobxoavMas ANt UHIMGMPOBaHUA pocTa
KneToK KynbTypbl U87 MG, 6blna nonyyeHa Yepes 72 yaca u coctaBuna 3,9063 MkM.

3aknoyeHue. B pesynbrate NpoBefEHHOIO NCCNeaoBaHNUA BbII0 MokasaHo, YTo o6a BelecTBa NPOAEMOHCTPYUPOBa
3aBUCSILLYHO OT KOHLIEHTPaLMN TOKCUYHOCTb B OTHOLLIEHUW KJTIETOYHOW IMHWM rNMo61acToMbl YenoBeka. OfHako TPOMosioH
JO-122 (2) noka3zan 6onee BbipaXKeHHY CNOCOGHOCTb NMoAaBAATb PocT KynbTypbl U7 MG.

KntouyeBble cnoBa: rnnmo61actoma, TPOMOJIOH, onyxosieBas Kynbtypa knetok U87, MTT-TecT, oLeHKa LIUTOTOKCUYHOCTH
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INTRODUCTION

Malignant primary brain tumors originate from
the tissues that make up the central nervous sys-
tem and its membranes and are dangerous types
of neoplasmes. This is due to both, the deterioration
of cognitive functions and the quality of life of pa-
tients in general, and to an extremely unfavorable
prognosis [1]. The causes of primary brain malig-
nancies may be genetic abnormalities, changes in
metabolism or hormonal background, environmen-
tal influences, ionizing radiation, viral infections or
injuries, however, to date, the pathogenesis of brain
tumors has not been fully elucidated [2].

Among malignant primary brain tumors, glio-
blastoma (GBM) is the most common, charac-
terized by rapid progression over several months,
as well as, like most gliomas, diffuse growth with
invasion into surrounding normal brain tissues [1].
GBM treatment includes neurosurgery, fractional
radiation and chemotherapy. One of the standard
antitumor drugs widely used in GBM treatment
is temozolomide (TMZ), which has a cytostatic
effect, as well as targeted drugs such as bev-
acizumab (vascular endothelial growth factor
inhibitor), dabrafenib and vemurafenib (BRAF ki-
nase inhibitors with activating mutations in the
V600E codon) [3], however, the effectiveness of
treatment is very low. The median overall sur-
vival of patients with GBM does not exceed 15
months [4]. Therefore, at the present, the urgent
task is to develop new drugs for the treatment
of GBM.

In recent years, tropolone alkaloids (tropolones),
which can have antioxidant, antibacterial, anti-in-
flammatory, and antitumor effects, have been of
great interest in this aspect. Among the proposed
mechanisms of antitumor activity of tropolones
and their derivatives are activation of caspases-3
and -9, inhibition of tubulin polymerization, inhi-
bition of matrix metalloproteinases and histone
deacetylases, induction of apoptosis, and other
actions [5]. The most studied tropolones are B-thu-
japlicin (hinokitiol), colchicine, and colhamine. The
studies of foreign scientists have shown their cy-
totoxic effect on some tumor lines [6—8].

It was previously found that 2-(1,1-dimeth-
yl-1h-benzole]indoline-2-yl)-5,6,7-trichloro-1,3-tro-
polone (JO-122(2)) has cytotoxic activity against

skin cancer cell culture A431 and lung cancer
H1299 [9]. In this regard, it was suggested that
this tropolone may have a cytotoxic effect on other
tumor cell lines.

Purpose of the study: to study the cytotox-
ic effect of 2-(1,1-dimethyl-1h-benzol[elindo-
line-2-yl)-5,6,7-trichloro-1,3-tropolone (JO-122(2))
on the human glioblastoma cell line U87 MG.

MATERIALS AND METHODS

2-(1,1-dimethyl-1h-benzol[e]indoline-2-yl)-
5,6,7-trichloro-1,3-tropolone with the non-commer-
cial name J0-122 (2) was synthesized at the Re-
search Institute of Physical and Organic Chemistry,
Southern Federal University. The substance under
study belongs to the compounds of the 2-het-
aryl-1,3-tropolones family. It is a yellow powder
formed because of several stages of the expansion
reaction of the o-quinone cycle [9].

The cytotoxic effect of tropolone JO-122 (2)
was studied on a culture of human glioblastoma
U87 MG cells, which is widely used in biological re-
search related to the study of brain cancer. Tumor
cells were cultured in DMEM medium (Gibco, USA)
with the addition of 10 % fetal bovine serum (Bio-
loT, Russia), 2 mM L-glutamine (PanEco, Russia)
and an antibiotic (100 u/ml penicillin, 700 mg/ml
streptomycin, BioloT, Russia) at a temperature of
37 °C and an atmosphere of 5 % CO,. The U87 MG
culture was replanted 2-3 times a week to achieve
80 % monolayer confluence.

The viability of tumor cells was analyzed with
use of the MTT colorimetric test. For this pur-
pose, the U87 MG cell culture was seeded into
96-well plates at a concentration of 5 x 10° cells
per well. A day later, after attaching tumor cells to
the tablet, a solution of tropolone JO-122 (2) was
added to the wells in concentrations of 24, 12,
6,3,1.5,0.75,0.375,0.1875, 0.0938, 0.0469 pm
with further incubation under standard conditions
in three time intervals — 24, 48 and 72 hours.
Then, the medium with the test substance was
replaced with a medium without serum and
20 pl of a working solution of 3-(4,5-dimeth-
ylthiazol-2-yl)-2,5-diphenyltetrazolium bromide
(Maclin Inc., China) was added. After 2 hours of
incubation, the medium was removed, 100 pl of
DMSO was added to each well (BioloT, Russia),
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pipetted, and then incubated in a thermostat for
5 minutes. The optical density was then mea-
sured using a Stat Fax 2100 microplate reader
(Awareness Technology, USA) at a wavelength
of 540 nm. DMSO at a concentration of 1 % was
used as a control. Temozolomide was used as
a comparison drug in concentrations of 250,
125, 62.5, 31.25,15.625, 7.8125, 3.9063, 1.9531,
0.9766, 0.4883 pm. In total, there were 8 repeti-
tions for each experience option. The experiment
was performed three times.

The effect of tropolone on the distribution of
the cell population by phases of the cell cycle was
evaluated using an ADAMII LS analyzer (Nano En-
tek, Korea). Previously, JO-122 (2) was introduced
into the U87 MG cell culture at concentrations of
2,1,and 0.5 ym and incubated for 24 hours. At the
end of incubation, the cells were washed with
a solution of phosphate-salt buffer. Propidium io-
dide was added in equal volume to an aliquot con-
taining 106 washed pipetted cells, and the sample
was placed on an ADAMII slide. The analysis was
performed by ADAMII LS software. For control of
each concentration, the experiment was repeated
three times.

Statistical analysis

Statistical data processing was performed us-
ing Microsoft Excel 2013 and Statistica 10 soft-
ware. The IC50 concentration of tropolone, which
caused 50 % death of tumor cells, was determined
for a time interval of 72 hours by constructing
dose-effect curves. A comparative analysis of the
values was performed using the Student's t-test
at a confidence level (p < 0.05). When making
multiple comparisons, the Bonferroni correction
was used.

STUDY RESULTS AND DISCUSSION

Despite the progress in the treatment of cancer,
glioblastoma is one of the most aggressive and
resistant to existing types of tumor therapy. There-
fore, the search and testing of new substances
with antitumor potential is an urgent task.

To assess the cytotoxic effect of tropolone
J0-122 (2) on glioblastoma, a DNA analysis was
performed on the human glioblastoma cell line
u87 (Fig. 1).

U87 MG rnno6nactombl Yenoseka

The minimum concentration of JO-122 (2) at
which there was a statistically significant inhibition
of tumor cell growth compared with the control
at incubation times of 24, 48 and 72 hours was
3 um, 0.0469 pm and 0.1875 pum, respectively. With
an increase in the concentration of the test sub-
stance, the proportion of living cells in the culture
decreased naturally, which indicates the dose-de-
pendent nature of the action of the test compound.

Temozolomide is known to be used for the treat-
ment of glioblastoma after surgical resection [2, 3].
Therefore, this drug was chosen as a reference
drug during the MTT test (Fig. 2).

Inhibition of cell growth in U87 culture at an in-
cubation time of 48 hours after the addition of
Temozolomide occurred at a concentration of
62.5 microns, and at 72 hours — 3.9063 pm and
increased as the dose of the drug increased.
24 hours after exposure to the reference drug,
there was no significant decrease in cell viability
in any of the studied concentrations.

During this work the IC50 of substances was
also compared at an incubation time of 72 hours
(Fig. 3).

At an exposure time of 72 hours, both sub-
stances demonstrated dose-dependent toxicity
to U87 MG cells. The IC50 value for JO-122(2)
was 1.9559 microns, and for Temozolomide it
was 191.824 microns, which is significantly higher
than that of tropolone. This indicates a more pro-
nounced ability of JO-122 (2) to inhibit the growth
of U87 MG culture cells.

Cell cycle assessment using a cell analyz-
er showed that incubation for 24 hours with
JO-122 (2) at concentrations of 2 pm, 1 pm and
0.5 pym for U87 MG culture showed a decrease
in the percentage of cells in the G1 phase and
an increase in cells in the G2/M phases of the
cell cycle, suggesting induction of apoptosis
(Table 1).

The obtained data is comparable with the re-
sults of other scientists. For example, in the work
of Ma QG et al. [10], the antiproliferative activity
of 9 new tropolones and 14 known tropolone de-
rivatives was investigated. Of all the candidates,
5 demonstrated moderate antiproliferative activity
in vitro against the following human tumor cell
lines: HGC-27, MDA-MB-231, A-549, HCT-116, and
A2780, with IC50 values ranging from 0.5 + 0.2 to
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15.5+ 2.7 ym. Balsa LM et al. [11] demonstrated
a stronger cytotoxic effect of tropolone copper
(1) than when exposed to cisplatin against hu-
man breast cancer cells cultured in 2D and 3D.
The IC50 for MCF7 culture was 5.2 + 1.8 pm, for
MDA-MB-231-4.0 = 0.2 pm. In a study by Haney
SL et al. [12], the antitumor effect of a-substituted
tropolone was evaluated on five human osteosar-
coma cell lines (143B, CAL-72, HOS, MG-63, and

130

Sa0S-2). To varying degrees, 72-hour incubation
with the test substance induced concentration-
dependent cytotoxicity in all 5 cell lines, with
the HOS cell line being the most sensitive
(IC50 = 0.67 um) and Sa0S-2 being the least sen-
sitive (IC50 = 5.93 pym). The authors believe that
tropolone leads to activation of the unfolded pro-
tein response pathway (UPR), which in turn leads
to induction of caspase-dependent cell death.
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CONCLUSION

According to the outcomes of the study, the
cytotoxic activity of 2-(1,1-dimethyl-1h-benzo[e]
indoline-2-yl)-5,6,7-trichloro-1,3-tropolone against

U87 MG rnno6nactombl Yenoseka

U87 MG tumor cell culture has been studied, and
an inhibitory IC50 concentration of the suggested
compound has been obtained, which turned out
to be lower than that for Temozolomide. The ob-
tained data are of considerable scientific interest

Dose-dependent effect graph for JO-122
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Table 1. Distribution of the U87MG cell population by cell cycle phases in the control group and 24 hours after the addition of
the tested tropolone. The data is expressed as mean * standard deviation

Cell cycle phases

Group

G1 S G2/M
Control 71.77 £0.91 6.79 £ 0.54 17.63 £ 0.83
JO-122 (2) -2 ym 28.08 + 1.02* 10.63+1.70 58.56 + 0.83*
JO-122 (2) =1 pm 29.71 £ 0.67* 11.81+0.77 56.61 + 0.54*
JO-122 (2) - 0.5 um 34.45 + 1.55% 9.06 + 0.65 52.65 + 1.56*

Note: * - the differences are statistically significant at p < 0.05 compared to the control
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Khodakova D. V.*%, Kuznetsova N. S., Filippova S. Yu., Goncharova A. S., Galina A. V., Gurova S. V., Gusakov E. A., Sayapin Yu. A, Rostorguev E. E. The assessment of the
cytotoxic activity of 2-(1,1-dimethyl-1H-benzo[e]indolin-2-yl)-5,6,7-trichloro-1,3-tropolone against the human glioblastoma U87 MG cell line

and indicate the prospects for further research on  including evaluation of the proliferative activity
2-(1,1-dimethyl-1h-benzole]indoline-2-yl)-5,6,7-tri- ~ of tumor cells and the cell cycle, as well as CDX
chloro-1,3-tropolone. One possible direction isto ~ and PDX models, which will allow us to more fully
study the effect of JO-122(2) on other cell lines, assess the effect of tropolone on glioblastoma.
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