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ABSTRACT

The aim. To study the toxicity of 2-(6,8-dimethyl-5-nitro-4-chloroquinoline-2-yl)-5,6,7-trichloro-1,3-tropolone in
vitro and in vivo.

Materials and methods. 2-(6,8-dimethyl-5-nitro-4-chloroquinoline-2-yl)-5,6,7-trichloro-1,3-tropolone was
synthesized using a method for expanding the o-quinone cycle during the reaction between 5-nitro-2,6,8-trimethyl-
4-chloroquinoline and 3,4,5,6-tetrachloro-1,2-benzoquinone while boiled in dioxane. An in vitro experiment was
carried out in the human A549 cell line. Cell viability was assessed using the MTT colorimetric assay by reducing
the optical density of the experimental samples compared with the control ones. Acute toxicity was studied on
20 BALB/c Nude male mice. The test compound was administered once orally as a suspension in 1% starch gel at
three doses: 0.0055 (group 1), 0.055 (group 2) and 0.55 mg / g (group 3). The control group (group 4) received a
placebo.

Results. We synthesized a new compound, 2-(6,8-dimethyl-5-nitro-4-chloroquinoline-2-yl)-5,6,7-trichloro-1,3-tro-
polone. Its structure was established by 'H nuclear magnetic resonance (NMR), infrared (IR) spectroscopy, and
mass spectrometry. The yield was 19.8 g (52%), the melting point was 205-207 °C, bright yellow crystals (ben-
zene) were observed. The half-maximal inhibitory concentration (IC,)) of 2-(6,8-dimethyl-5-nitro-4-chloroquin-
oline-2-yl)-5,6,7-trichloro-1,3-tropolone was 0.21 £+ 0.01 uM, which was significantly lower (p < 0.05) than the
IC, of cisplatin (3.84 + 0.23). Following the in vivo experiment, no toxic effect of tropolone was detected when
administered once at a dose of 0.0055, 0.055, and 0.55 mg / g.

Conclusion. 2-(6,8-dimethyl-5-nitro-4-chloroquinoline-2-yl)-5,6,7-trichloro-1,3-tropolone demonstrated cytotoxic
effects on the A549 cell line at a lower IC, than cisplatin which is widely used in treatment of cancers, including
lung cancer. Insolubility of 2-(6,8-dimethyl-5-nitro-4-chloroquinoline-2-yl)-5,6,7-trichloro-1,3-tropolone in water
and the absence of its toxic effect in the studied modes determine the scope of its application for further study of
cumulative and antitumor effects.
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PE3IOME

Leab — uccnenoBanue TOKCUYHOCTH 2-(6,8-IUMETHII-5-HUTPO-4-XJTOPXUHOIUH-2-11)-5,6,7-Tpuxinop-1,3-tporio-
JIOHA in Vitro W in vivo.

MarepuaJjbl u MeToabl. [t cunTesa 2-(6,8-1uMeTHII-5-HUTPO-4-XTOpXUHOIMH-2-11)- 5,6, 7-Tpuxitop-1,3-Tpormo-
JIOHA UCTIOIB30BAaH METO PACIINPEHUSI 0-XMHOHOBOTO IIUKJIA B IIPOLIECCE PEaKIUH MEXIy S-HHTpo-2,6,8-TpuMe-
THII-4-XJIOpXUHOIMHOM U 3,4,5,6-TeTpaxiop-1,2-0€H30XHHOHOM TIPH KHUILSTYCHUH B JIHOKCAHE. DKCIIEPUMEHT in
Vitro IPOBEJICH Ha KJICTOYHOM JIMHHUU paKa JIETKoro denoBeka A549. OueHKy )KU3HECIIOCOOHOCTH KIIETOK IIPOBO-
e 1ipy iomory MTT-KkoopuMeTprudeckoro Tecta 0 yMEHBIICHAIO ONTHYECKOH ITIOTHOCTH OIBITHBIX P00
10 CPAaBHEHHMIO C KOHTPOJIBHBIMU. MccieoBanue ocTpoil TOKCHYHOCTH ITpoBeaeHo Ha 20 caMKaxX MBIIICH JTMHIH
Balb/c Nude. Hccnenyemoe coenyiHeHne BBOJMIM OXHOKPATHO HMEpPOpaIbHO B (opMe cycrieH3nu B 1%-M kpax-
MaJbHOM rene B Tpex po3ax: 0,0055 (1-a rpynma), 0,055 (2-a rpynmna) u 0,55 mr/r (3-1 rpynmna). KontponsHast
rpymma (4-s1) moydJana rmiame6o.

PesyabTarsel. [lonyden 2-(6,8-mumeTui-5-HuTpo-4-XI0pXHUHOINH-2-11)-5,6,7-TpuXa0p-1,3-TpornosaoH no panee
pa3pabOTaHHOMY METOJLy, €r0 CTPOCHHE YCTAaHOBJICHO JaHHBIMHU 1€PHO-MarHUTHOTO-pe3oHanca 'H u nadpakpac-
HOM 1 Macc-criekTpomeTpun. Boixon cocrasun 19,8 1 (52%), Temneparypa miasienus 205-207 °C, sipro-xenTbie
kpuctamisl (6enson). Muarudupyromas konnentpanus [C, ) 2-(6,8-mumMeTnI-5-HUTPO-4-XTOPXUHOIUH-2-111)-5,6,7 -
Tpuxiop-1,3-rpomonona 6suta pasra 0,21 + 0,01 MkM, 9TO OKa3aJI0Ch CTATUCTUYECKU 3HAUNMO MeHb1e (p < 0,05)
uHrnOnpyromei koruenrpamun 1C, | nucnnactuna pasroi 3,84 + 0,23 MmxM. B pesynbrare ncenenoanus in vivo
HE BBISIBJICHO TOKCHYECKOTO JICHCTBUS TPOIIOJIOHA ITPU OJHOKpAaTHOM BBeneHHH B go3ax 0,0055; 0,055 u 0,55 mr/r.

3akaouenne. [Tokasano, 4ro 2-(6,8-1UMeTHII-5-HUTPO-4-XIOPXUHONNH-2-11)-5,6,7-Tpuxiop-1,3-TpornonoH npo-
SIBJISIET [IMTOTOKCHYECKYIO aKTUBHOCTh B OTHOIICHWH KJIETOUHOH nuHuu A549 B Goniee HU3KOW MHTHOMpYrOLIeH
koHneHTpaiuu 1C50, yem MCIIacTuH, MHUPOKO MPUMEHSIOMIUHICS B JeUeHUH 370KaYeCTBEHHBIX HOBOOOpa30Ba-
HMH, B TOM 4Hclie paka Jierkoro. HepactBopumocts B Bojie 2-(6,8-ANMETHII-5-HUTPO-4-XJIOPXUHONUH-2-11)-5,6,7-
TpUXJI0p-1,3-TPOI0JIOHa M OTCYTCTBUE €r0 TOKCHYECKOr0 IEHCTBUS B UCCIE0BAaHHBIX HAMHU PEXMMAaxX ONpe/es-
0T IPAHHUIIBI €70 UCTIOIb30BAHMS ISl JANbHEHIIEro H3ydeHns KyMyJIITHBHBIX U IPOTHBOOIYXO0JIEBHIX (P (HEKTOB.

KawueBsble c10Ba: TPOMOIOHBI, MPOTHBOOMYXOJIEBBIN 3P (EKT, KyIbTypa KICTOK HEMEIKOKICTOYHOTO paKa Jier-
Koro yenoBeka A549, MTT-tect

KonpaukT unTepecoB. ABTOPHI JEKIAPUPYIOT OTCYTCTBHUE SIBHBIX U MOTEHIMAIBHBIX KOH(OINKTOB HHTEPECOB,
CBSI3aHHBIX C MyOIUKaNneil HaCTOSIIEeH CTaThH.
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INTRODUCTION

In the modern world, cancer is considered one of
the most severe diseases with frequent fatal outcomes
[1]. In addition, low efficiency and low selectivity of
cytotoxic drugs used in clinical practice are combined
with many side effects [1] and a small range of effective
doses [3]. The use of effective treatment methods is one
of the key factors for improving the prognosis of the
course of cancer [4]. Therefore, development and study
of new anticancer drugs that combine high cytotoxic
activity with minimal side effects remain relevant.

Along with well-known chemotherapeutic agents,
some scientists and physicians propose to use certain
podophyllotoxin derivatives, diterpenes, and alka-
loids as medicines [5]. A promising group of sub-
stances with a wide range of biological activities,
including antitumor ones, is non-benzenoid aromatic
compounds — tropolones [6, 7]. Their most studied
representatives are B-thujaplicin (hinoktiol), colchi-
cine, and colchamine. There are some approaches to
the synthesis of tropolones allowing to obtain a wide
range of substances with various biological proper-
ties, such as antioxidant, anti-inflammatory, antiviral,
antibacterial, antifungal, and antitumor ones [5, §].

2-[7-acetyl-9,11-di(tert-butyl)-4-methyl-5-
chlorobenzo[b][1,4]oxazepino[7,6,5-de]-quino-
line-2-yl1]-5,6,7-trichloro-1,3-tropolone has the most
similar structure to the studied compound; it shows
cytotoxic activity against breast tumor cells MCF-
7 and MCF-10 cell line, lung cancer cells Lu, liver
cancer cells Hep-G2, and tumor epithelial cells KB
[6]. Derivatives of 2-quinoline-2-yl-1,3-tropolones
have shown activity against various cancer cell lines
in the lungs (A549 and H441), ovaries (OVCAR-3
and OVCAR-8), colon (HCT 116), and pancreas
(Panc-1) in the range from IC,, . uM [9].

The aim of this study was to analyze the tox-
icity of 2-(6,8-dimethyl-5-nitro-4-chloroquino-

line-2-yl)-5,6,7-trichloro-1,3-tropolone in vitro and
in vivo.
MATERIALS AND METHODS

Studied compound. The structural formula of
2-(6,8-dimethyl-5-nitro-4-chloroquinoline-2-yl)-5,
6,7-trichloro-1,3-tropolone is presented in

NO, Cl

Fig. 1. Structural formula of 2-(6,8-dimethyl-5-nitro-4-
chloroquinoline-2-yl)-5,6,7-trichloro-1,3-tropolone

Fig. 1. Compound 1 (2-(6,8-dimethyl-5-ni-
tro-4-chloroquinoline-2-yl)-5,6,7-trichloro-1,3-tro-
polone) was synthesized using a method for expand-
ing the o-quinone cycle [10]. The reaction proceeded
between 5-nitro-2,6,8-trimethyl-4-chloroquinoline
(2) and 3,4,5,6-tetrachloro-1,2-benzoquinone (3)
while boiled in dioxane (Fig. 2)

Cytotoxic activity testing. The experiment was
carried out in the human non-small-cell lung cancer
A549 cell line. Cell viability was assessed using the
MTT colorimetric assay. The cells were cultured in a
96-well plate under standard sterile conditions: tem-
perature of +37 °C, 5% CO2, DMEM culture medi-
um, 10% FBS. The tested substance, the reference
drug (cisplatin), and the solvent (DMSO) were added
at the concentration of 0.004-2.226 uM. The cells
continued to be incubated under the same conditions
for 72 hours, after which 20 pL of the MTT solution
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was added to them. Then the incubation was contin-
ued for another 2 hours. Formazan crystals formed as
a result of the MTT assay were dissolved in DMSO,

NO. C1
NO: Ci
EC
CH; »
cl Cl
(¢}
=
| HO
2
A HEE a

Acute toxicity testing. Acute toxicity was studied
on 20 BALB/c Nude female mice weighing 25.5-27.5
g. They were divided into 4 groups of 5 animals each.
The study was conducted on females because they are
considered more sensitive to the effects of substances
than males (GOST 32296-2013). Since the experiment
included linear animals and followed the principles of
the 3Rs, 5 animals were used in each group, which
seemed possible for statistical analysis of the data [12].

The acute toxicity of tropolone was studied on
BALB/c Nude mice, since this compound with a po-
tential antitumor effect can be studied on xenograft
models created on immunodeficient mice, which are
considered more sensitive to the exposure [13, 14].
The studied compound was administered once oral-
ly as a suspension in 1% starch gel at three doses:
0.0055 mg / g (group 1), 0.055 mg / g (group 2), and
0.55 mg / g (group 3). The choice of a maximum
dose was limited by the insolubility of the test com-
pound in water. The control group (group 4) received
1% starch gel. After the administration of the sub-
stance, the animals were examined daily for 14 days.
The body weight of the animals was determined on
days 7 and 14. The following parameters were used
to assess the dose-dependent effects of tropolone:
survival rate, health disorders during daily observa-
tion, weight dynamics; at necropsy: deviations from
the normal condition of the skin and visible mucous
membranes, as well as deviations from normal size,
shape, color, structure, and location of internal or-
gans, body cavity effusions, and secretions from nat-
ural body orifices (GOST R 56701-2015). Animals
were euthanized on day 14 of the experiment by cer-
vical dislocation.

and the optical density (the average wavelength was
492 nm) was measured using the Stat Fax 2100 Mi-
croplate Reader (Awareness Technology, USA) [11].

Fig. 2. Synthesis of 2-(6,8-dimethyl-
5-nitro-4-chloroquinoline-2-yl)-
o 5,6,7-trichloro-1,3-tropolone

Cl

Statistical analysis of the data. To determine the
inhibitory concentration when testing the cytotoxic
activity of the compound, the proportion (%) of vi-
able cells was calculated in the test wells relative to
the positive control wells, which cell viability was
considered as 100%. Logarithm of the concentration
at 50% cell viability was calculated by the probit
analysis, and then the half-maximal inhibitory con-
centration (IC50) was calculated [15]. In the statisti-
cal analysis of the results, the mean and the standard
deviation M + m were evaluated; the Wilcoxon —
Mann — Whitney test and the Kruskal — Wallis test
with the post-hoc Dunn’s test were used. The Graph-
Pad Prism 5.0 software was used for statistical anal-
ysis of the results.

RESULTS

2-(6,8-dimethyl-5-nitro-4-chloroquino-
line-2-yl)-5,6,7-trichloro-1,3-tropolone was obtained
according to the previously developed method [16],
and its structure was established by 'H nuclear mag-
netic resonance (NMR), infrared (IR) spectroscopy,
and mass spectrometry. When assessing the cyto-
toxicity of 2-(6,8-dimethyl-5-nitro-4-chloroquino-
line-2-yl)-5,6,7-trichloro-1,3-tropolone against the
AS549 cell culture, its IC, was determined. It reached
0.21+ 0.01 puM, which turned out to be statistically
significantly lower than the IC, of cisplatin equal to
3.8440.23 uM (the differences were statistically sig-
nificant compared with the control group (p < 0.05,
according to the Kruskal — Wallis test), widely used
in clinical practice [17].

The analysis of the acute toxicity of 2-(6,8-di-
methyl-5-nitro-4-chloroquinoline-2-yl)-5,6,7-tri-
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chloro-1,3-tropolone with its single administration
at the dose of 0.0055 mg / g (group 1), 0.055 mg/ g
(group 2), and 0.55 mg / g (group 3) showed 100%
survival rate, which did not allow to detect a lethal
dose. Administration of higher doses of the studied
substance was impossible because the volume frac-
tion of the solid dispersed phase exceeded that of
the liquid dispersed phase, and the substance was
water-insoluble. No health disorders were regis-
tered during 14 days of daily observation in all four
groups of animals. Necropsy showed no pathologi-
cal changes in most mice. In group 2, two mice had
single focal hemorrhages up to 1 mm in diameter in
the medial lobe of the liver. In group 3, two animals
had hyperemia in the liver, and one animal had focal
pulmonary hemorrhage. Pathological changes found
at necropsy in some experimental mice could result
from the toxic effect of tropolone or from euthanasia.
The analysis of the weight dynamics in mice with
a single tropolone administration showed its slight
decline by the end of the observation period in only
one animal from group 3. In the other animals, on the
contrary, an increase in weight by 0.5-2 g was ob-
served by the end of the experiment compared with
the baseline values. Such an increase was most pro-
nounced in the control group and in group 1, where
the mice received a minimum compound dose of
0.0055 mg / g. The weight dynamics in the animals
of these groups was significantly different from that
in group 3 with mice receiving the substance at the
maximum studied dose of 0.55 mg / g (Table).

Table

Weight dynamics in BALB/c Nude mice on day 14 of the
experiment after a single dose of 2-(6,8-dimethyl-5-nitro-
4-chloroquinoline-2-yl)-5,6,7-trichloro-1,3-tropolone, M + m

Group Body weight, g
I,n=>5 1.6+0.117
2,n=5 1.3+0.29
3,n=35 0.8 +0.38%°
4, controls, n =15 1.7 £0.14®

Note: * differs from values in the control group, p < 0.01; * differs
from values in group 1, p <0.01, ® differs from values in group 3, p <
0.01; Wilcoxon — Mann — Whitney test.

The above intergroup differences may be associ-
ated with metabolic and other changes in the body
of mice under the influence of the studied substance.

DISCUSSION

A number of studies demonstrated high antitumor
effect of tropolones together with their minimal ef-
fect on normal tissues and low toxicity, which makes

this group of compounds promising [18]. To date,
hinoktiol (B-thujaplicin) is the most studied tropo-
lone, which exhibits high antitumor activity against
various cancer cell lines [19, 20].

L. -H. Li et al. determined the viability of A549
tumor cells exposed to hinoktiol as 52.7 + 3.6 and
34.7 £ 5.2 when exposed for 48 hours at a concen-
tration of 5 and 10 pM, respectively, and 28.9 +
1.1 and 18.2 + 7.2 when exposed for 72 hours at a
concentration of 5 and 10 puM, respectively [21]. H.
Wakabayashi et al. demonstrated that IC50 of syn-
thesized compounds from the group of tropolones,
7-bromo-2(4-hydroxyanilino)-tropone and 4-iso-
propyl-2-(2-hydroxyanilino)-tropone, against hu-
man oral squamous cell carcinoma cell lines HSC-2,
HSC-3, and HSC-4 varied from 31 to 450 pM de-
pending on the incubation time (24, 48, 72, and 96
hours), which was significantly higher than the IC50
of the tropolone we synthesized [22]. Our results are
consistent with the data of other researchers and may
indicate high antitumor efficacy of a new compound,
7-bromo-2(4-hydroxyanilino)-tropone and 4-isopro-
pyl-2-(2-hydroxyanilino)-tropone.

A number of studies explained high antitumor ef-
ficacy of hinoktiol. L. -H. Li et al. confirmed that
hinoktiol induces autophagy, cell cycle arrest in the
S-phase, and cellular aging in lung cancer cells and
inhibits cell proliferation. Thus, hinoktiol, probably
like other substances from the tropolone group, can
act as an effective anticancer agent due to induction
of DNA damage, autophagy, cell cycle arrest, and
cellular aging [21].

A comparison of the acute toxicity of our synthe-
sized compound with that of other analogous sub-
stances showed its minimal toxic effect on the body
of laboratory animals. Thus, LD50 for y-thujaplicin,
-dolabrin, and hinoktiol were 277 mg / kg, 232 mg
/ kg, and 191 mg / kg, respectively [23]. Y. Morita
et al. determined LD50 for 4-acetyltropolone, hi-
noktiol, B-dolabrin, y-thujaplicin, and a-thujaplicin,
which are 335.2; 191; 232; 277, and 256 mg / kg,
respectively [24]. In our study, the acute toxicity of
7-bromo-2(4-hydroxyanilino)-tropone and 4-isopro-
pyl-2-(2-hydroxyanilino)-tropone was not detected.

CONCLUSION

The MTT assay showed that 2-(6,8-dimethyl-5-ni-
tro-4-chloroquinoline-2-yl)-5,6,7-trichloro-1,3-tro-
polone exhibited cytotoxic activity against the hu-
man non-small-cell lung cancer A549 cell line, and
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the IC50 of the proposed compound was lower than
that of cisplatin.

Insolubility of 2-(6,8-dimethyl-5-nitro-4-chlo-
roquinoline-2-yl)-5,6,7-trichloro-1,3-tropolone  in
water limited the range of its investigated doses and
did not allow for determination of its lethal dose
and toxicity class while studying the acute toxicity.
The absence of pronounced toxic effect of tropolone
administered at a single dose of 0.0055, 0.055, and
0.55 mg/ g determines the scope of its use for further
study of cumulative and antitumor effects.
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