Biomeditsinskaya Khimiya, 2024 vol. 70, issue 1, pp. 33—40.

©Klyushova et al.

THE CYTOTOXIC AND ANTIPROLIFERATIVE PROPERTIES
OF RUTHENIUM NITROSYL COMPLEXES AND THEIR MODULATION EFFECT
ON CYTOCHROME P450 IN THE HepG2 CELL LINE

L.S. Klyushova*, V.A. Vavilin, A.Yu. Grishanova

Institute of Molecular Biology and Biophysics,
Federal Research Center of Fundamental and Translational Medicine,
2/12 Timakova str., Novosibirsk, 630060 Russia; *e-mail: klyushovals@mail.ru

Ruthenium nitrosyl complexes are actively investigated as antitumor agents. Evaluation of potential
interactions between cytochromes P450 (CYPs) with new compounds is carried out regularly during early drug
development. In this study we have investigated the cytotoxic and antiproliferative activities of ruthenium
nitrosyl complexes with methyl/ethyl esters of nicotinic and isonicotinic acids and y-picoline against 2D and 3D cultures
of human hepatocellular carcinoma HepG2 and non-cancer human lung fibroblasts MRC-5, assessed their photoinduced
activity at A,q = 445 nm, and also evaluated their modulating effect on CYP3A4, CYP2C9, and CYP2C19. The study
of cytotoxic and antiproliferative activities against 2D and 3D cell models was performed using phenotypic-based
high content screening (HCS). The expression of CYP3A44, CYP2CY9, and CYP2C19 mRNAs and CYP3A4 protein
was examined using target-based HCS. The results of CYP344 mRNA expression were confirmed by real-time
reverse transcription-polymerase chain reaction (RT-PCR). The ruthenium nitrosyl complexes exhibited
a dose-dependent cytotoxic effect against HepG2 and MRC-5 cells. The cytotoxic activity of complexes
with ethyl isonicotinate (1) and nicotinate (3, 4) was significantly lower for MRC-5 than for HepG2, for a complex
with methyl isonicotinate (2) it was higher for MRC-5 than for HepG2, for a complex with y-picoline (5)
it was comparable for both lines. The antiproliferative effect of complexes 2 and 5 was one order of magnitude
higher for MRC-5; for complexes 1, 3, and 4 it was comparable for both lines. The cytotoxic activity of all compounds
for 3D HepG2 was lower than for 2D HepG2, with the exception of 4. Photoactivation affected the activity
of complex 1 only. Its cytotoxic activity decreased, while the antiproliferative activity increased. The ruthenium nitrosyl
complexes 14 acted as inducers of CYP344 and CYP2C19, while the complex with y-picoline (5) induced of CYP3A44.
Among the studied ruthenium nitrosyl complexes, the most promising potential antitumor compound is the ruthenium
compound with methyl nicotinate (4).
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INTRODUCTION in turn are involved in carcinogenesis and inhibition

The use of coordination compounds as therapeutic of tumor growth [10]. It is important to note that

antitumor agents is of increasing interest [1-3].
Platinum(II) complexes, primarily cisplatin, carboplatin,
and oxaliplatin, are widely used as anticancer drugs [4].
However, they affect not only tumor cells, but also
other rapidly dividing cells (bone marrow cells,
gastrointestinal mucosa cells, etc.) thus leading
to various complications [5]. Currently, new coordination
compounds based on platinum, gold, copper, iron,
ruthenium, and other metals are actively investigated
as antitumor agents with improved antitumor properties
with new mechanisms of action [6, 7].

Among the ruthenium complexes, NAMI-A
{(ImH)[trans-Ru(DMSO)(Im)Cl,], Im — imidazole},
KP1019 {(IndH)[¢rans-Ru(Ind),Cl,], Ind — indazole},
and KP1339 {Na[trans-Ru(Ind),Cl,]}, are the best
known ones, which reached clinical trials [8].
Ruthenium nitrosyl complexes are of particular
interest, since after photoactivation or reduction
they are capable of releasing NO molecules [9], which

a slight change in the structure of the ruthenium nitrosyl
complex can lead to a change in the biological effect,
which can be further modulated by light radiation [11].

In previous studies, ruthenium nitrosyl complexes
mer-[RUNOCLL,] (where L is the methyl/ethyl ester
of nicotinic/isonicotinic acid or y-picoline) showed
a significant dose-dependent cytotoxic effect against
tumor cells [12, 13]. However, the effect of these
compounds on non-tumor cells and on the metabolic
system has not been studied.

The human hepatocellular carcinoma (HCC) cell
line HepG2 is a widely used cell model for studying
specific metabolic pathways associated with liver
tumors, as well as testing anticancer drug candidates,
including the evaluation of cytochrome P450 (CYP)
inducing effects. However, HepG2 cells may be less
sensitive to the effects of CYP inducers
as compared to primary human hepatocytes (PHH) [14];
this is associated with a reduced CYP content
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in HCC tumor samples compared to the surrounding
non-tumor (reference) tissue [15]. Like other diseases,
HCC affects the activity of CYPs, which are responsible
for the metabolism of xenobiotics and drugs. Indeed,
CYP2C9, CYP2C19, and CYP3A4, mainly localized
in the liver, are prognostic markers for HCC [16, 17].
It has been shown that low expression of the CYP2C9
and CYP2C19 genes is associated with an unfavorable
prognosis for the HCC development [16], and
suppression of CYP3A4 is a predictor of its early
relapse [17]. In addition, cytochromes of the CYP2C
and CYP3A subfamilies are induced by many
drugs and affect the pharmacokinetics and
pharmacodynamics of a large number of drugs [18].
Therefore, in the early stages of drug development,
potential interactions between CYPs and new
compounds are regularly assessed [19].

The aim of this study was to investigate
the cytotoxic and antiproliferative activity
of the ruthenium nitrosyl complexes mer-[RuNOCI;L,]
on 2D and 3D cultures of HepG2 and non-tumor
human lung fibroblasts MRC-5, to assess the effect
of photoactivating radiation on the activity of the studied
compounds, and to study their modulating effect
on CYP2C9, CYP2C19, and CYP3A4.

MATERIALS AND METHODS

Compounds Tested

We have studied the following nitrosyl
complexes of ruthenium with methyl/ethyl ester
of nicotinic/isonicotinic acid and y-picoline were studied:
[RuNOCI,(InicEt),] (1), [RuNOCI;(InicMe),] (2),
[RuNOCI;(NicEt),] (3), [RuNOCI;(NicMe),] (4),
and [RuNOCI;(y-Pic),] (5), where InicEt is ethyl
isonicotinate, InicMe is methyl isonicotinate,
NicEt is ethyl nicotinate, NicMe is methyl nicotinate,

were provided by the scientific group of the Laboratory
of Rare Platinum Metals of the Nikolaev Institute
of Inorganic Chemistry SB RAS (NIIC SB RAS)
(headed by Doctor of Chemistry G.A. Kostin).
The clinically used drugs carboplatin and cisplatin
were used as references for cytotoxic and
antiproliferative activity, and dexamethasone (DEX)
and rifampicin (RIF) were used as positive controls
for CYP induction.

Cell Lines, Culture Conditions,
and Compound Treatments

Human cell lines HepG2 (hepatocellular carcinoma)
and MRC-5 (lung fibroblasts) were provided
by colleagues from the State Research Center of Virology
and Biotechnology VECTOR (Russia). HepG2 cells
were cultured in IMDM medium, MRC-5 fibroblasts
were cultured in DMEM medium (Dulbecco's Modified
Eagle Media, Sigma-Aldrich, USA) containing
10% fetal bovine serum in a CO, incubator at 37°C.
Cells were seeded on 96-well (5x10° cells per well) or
12-well (4x10* cells per well) plates in the appropriate
medium. Spheroids were used as a 3D model.
They were prepared by culturing HepG2 cells, which
were seeded on 96-well low-adhesive U-shaped plates
(Thermo Fisher Scientific, USA) (1.5x10° cells per well)
and cultured in a CO, incubator at 37°C. Cells were
treated with clinically used drugs and test complexes
24 h after seeding.

To study cytotoxic and antiproliferative activity,
cells were incubated with ruthenium nitrosyl
complexes 1-5 (0.5-25 puM or 1-50 puM), cisplatin
and carboplatin (1-50 uM) for 48 h. For evaluation
of the photoinduced effects, cells were additionally
exposed to LED light for 30 min (wavelength 445 nm,
power 30 mW) 4 h after the addition of drugs,
then placed again in a CO, incubator for 48 h.

and y-Pic is y-picoline (Figure 1). The complexes [12,13] To assess the modulating effects on CYPs,
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Figure 1. Structural formulas of the ruthenium nitrosyl complexes used in this study.
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HepG2 cells were incubated with ruthenium nitrosyl
complexes 1-5 (0.1-5 uM), DEX (10 uM, 100 uM),
and RIF (25 uM, 100 uM) for 48 h with replacement
of the medium and addition of compounds every 24 h.
The final concentration of solvent (DMSO)
in the medium did not exceed 1% (v/v).

Phenotypic Screening

Cell viability and proliferation were assessed using
the Hoechst/propidium iodide (PI) double staining
method. 2D cultures were stained with a mixture
of fluorescent dyes Hoechst 33342 (Sigma-Aldrich,
Switzerland) and PI (Invitrogen, USA) for 30 min [20],
spheroids were stained for 3 h [21] at 37°C. Cytotoxic
activity (LCs,, the concentration at which the percent
of living cells is reduced by 50% compared to the control)
and antiproliferative activity (ICs,, the concentration
at which the percent of the number of cells is reduced
by 50% compared to the control) were calculated after
nonlinear function approximation of the experimental
curve of the dependence of live cells (%) and
number of cells (%) respectively on the concentration
of the compound tested (uM). The ICs, parameter
for the 3D model was calculated after nonlinear
function approximation of the experimental
curve of the dependence of spheroid area (%)
on the concentration of the compound tested (LM).

Targeted Screening

Expression of CYP344, CYP2C9, and CYP2C19
at the mRNA level was determined using
the ViewRNA Cell Plus Assay Kit (Invitrogen)
in accordance with the manufacturer's instructions.
CYP3A4, CYP2C9, and CYP2C19 mRNAs
were detected using the fluorescent probes
ViewRNA type 1 (CYP3A4, VA1-10196-VCP),
type 4 (CYP2C9, VA4-3084099-VCP), and
type 6 (CYP2C19, VA6-3169546-VCP). Cell nuclei
were stained with DAPI. Expression of CYP3A44
at the protein level was assessed using
immunofluorescence assay [22]. Cells were fixed with
4% paraformaldehyde solution for 10 min, permeabilized
with 0.1% Triton X-100 solution for 15 min, and
blocked with 1% bovine serum albumin for 30 min.
Cells were incubated with primary monoclonal
antibodies CYP3A4 (Invitrogen, MA5-17064) (1:200)
for 1 h, with secondary antibodies (Invitrogen, A-10631)
labeled with Alexa Fluor™ 488 for 1 h at room
temperature. To visualize nuclei Hoechst 33342
was added 5 min before the end of incubation with
secondary antibodies.

Image Acquisition and Analysis

Imaging was performed using an IN Cell
Analyzer 2200 device (GE Healthcare, UK).
2D cultures were imaged in 4 fields per well
at 200x magnification. For spheroids, z-stacks of images
were obtained at 100x magnification in the bright field

and fluorescent channels (7-11 images separated
along the z axis of 15 um, starting from the bottom).
Images were analyzed using IN Cell Investigator
software (GE Healthcare). For spheroids, individual
z-planes were segmented and analyzed as 2D images
to count live/dead cell nuclei, then objects displaced
relative to each other in each plane were summed
(maximum nuclear displacement 5-10 um) [21].

Real-time RT-PCR Analysis of CYP3A44

RNA was isolated wusing the RealBest
Extraction 100 kit (Vector-Best, Russia), treated with
DNase (Promega, USA) and precipitated. 1 pg of RNA
was reverse transcribed using oligo(dT)18 primers and
M-MuLV-RH reverse transcriptase (Biolabmix, Russia).
The mRNA level was assessed in the BioMaster
HS-qPCR SYBR Blue (2x) reaction mixture
(Biolabmix) on CFX96 (Bio-Rad Laboratories, USA).
Samples were analyzed in triplicate (technical
replicates) and in triplicate experiments. The fold
change of CYP344 mRNA was calculated using
the 2 method relative to housekeeping genes
(GADPH and RPLPO).

The following primers were used: human
CYP3A4, 5-CATTCCTCATCCCAATTCTTGAAGT-3'
(forward) and 5'-CCACTCGGTGCTTTTGTGTATCT-3'
(reverse); human GAPDH, 5'-CATGAGAAGTAT
GACAACAGCC-3' (forward) and 5'-AGTCCTTC
CACGATACCAAAG-3" (reverse); human RPLPO,
5'-TCTACAACCCTGAAGTGCTTGAT-3' (forward)
and 5'-CAATCTGCAGACAGACACTGG-3' (reverse).

Statistical Data Analysis

Statistical data analysis was carried out using
the Statistica 8 software package. Data on cytotoxic
and cytostatic activity are expressed as the average
of three independent experiments (12 values in each
experiment) + standard deviation (M£SD). The statistical
significance of close mean values was tested using
Student's ¢-test. Data on the effect of compounds tested
on the CYP expression are presented as the median
and interquartile range Me [Q1-Q3]. The statistical
significance of differences was assessed using
the nonparametric Mann-Whitney test. The results
were considered statistically significant at p<0.05.

RESULTS

The effect of ruthenium nitrosyl complexes
[RuNOCI;(InicEt),] (1), [RuNOCIl;(InicMe),] (2),
[RuNOCI;(NicEt),] (3), [RuNOCI;(NicMe),] (4),
and [RuNOCI;(y-Pic),] (5) on the viability of human
MRC-5 cells and 2D and 3D HepG2 cultures
without and with photoactivation were studied
using phenotypic screening. Tables 1 and 2 show
the LCs, and ICs, values after a 48 h-incubation of cells
with these compounds.
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Table 1. Cytotoxic activity (LCs,) of the ruthenium nitrosyl complexes after 48 h-incubation with cells (n=3)

LCsp, uM
Compound 2D-HepG2
MRC-5 3D-HepG2
Without photoactivation After photoactivation

[RuNOCIl;(InicEt),] (1) 10.0+0.2 2.9+0.2 6.5+0.4 9.2+0.2
[RuNOCl;(InicMe),] (2) 1.8+0.2 3.6+0.3 3.8+0.2 7.4+0.1
[RuNOCI;(NicEt),] (3) 24.7£0.5 132425 17.1£1.0 38.8£1.5
[RuNOCI;(NicMe),] (4) >25 12.84+0.3 14.2+0.7 8.0+0.2
[RuNOCI;(y-Pic),] (5) 2.840.2 3.5£0.2 4.240.3 7.0£0.2
Carboplatin 35.7£0.3 32.242.1 — >50
Cisplatin >50 33.0+£54 — 49.0+1.3

Table 2. Antiproliferative activity (ICs,) of the ruthenium nitrosyl complexes after 48 h-incubation with cells (n=3)

1Cs, UM
Compound 2D-HepG2
MRC-5 3D-HepG2
Without photoactivation After photoactivation

[RuNOCI;(InicEt),] (1) 3.7+0.1 7.44+0.3 2.9+0.2 5.0+0.2
[RuNOCl5(InicMe), ] (2) 0.42+0.04 3.8+0.3 3.940.4 4.8+0.3
[RuNOCI5(NicEt),] (3) 6.8+0.1 10.2+0.6 9.8+0.3 10.8+0.3
[RuNOCl;(NicMe),] (4) 5.9+0.1 8.7+0.2 7.1£0.3 7.3+0.4
[RuNOCI,(y-Pic),] (5) 0.45+0.04 3.3+0.3 3.6£0.3 6.6+0.2
Carboplatin 6.0+0.3 3.8+0.2 — 10.6+0.3
Cisplatin 5.8+£0.2 3.6+0.2 — 11.6+0.2
For HCC (2D model), the cytotoxic activity before and after irradiation was comparable.

of complexes

based

on y-picoline

(5) and The activity of complexes with nicotinate (3, 4)

isonicotinic acid (1, 2) was almost 4 times higher
than for complexes based on nicotinic acid (3, 4),
(Student's #-test, p<0.05); the presence of ethyl/methyl
ester had no influence on their activity. Photoinduction
(445 nm, 30 mW, 30 min) caused a 2-fold decrease
in the cytotoxic effect of complex 1 (Student's #-test,
p<0.05), but had no effect on the other compounds
studied. For non-tumor fibroblasts, complex 2
containing methyl isonicotinate in its structure
was the most active; its toxicity was higher
for MRC-5 than for HepG2, while the toxicity
of complexes 1, 3, and 4, on the contrary, was lower
for MRC-5 than for HepG2 (Student's #-test, p<0.05).
For HepG2 spheroids, all complexes were almost
2 times less toxic than for 2D-HepG2, with the exception
of the complex with methyl nicotinate (4) — its activity
for spheroids was higher (Student’s #-test, p<0.05).

The antiproliferative activity of ruthenium
complexes with methyl isonicotinate (2) and with
y-picoline (5) was significantly higher (almost 6 times)
for non-tumor cells than for tumor cells
(Student’s z-test, p<0.05), activity on 2D-HepG2
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was higher for MRC-5, photoactivation increased
the activity of complexes 4 and 1. The complex with
ethyl nicotinate (1) was the least active for 2D-HepG2
without irradiation (Student's ¢-test, p<0.05).

Table 3 shows results of evaluation
of CYP3A44, CYP2C9, and CYP2C19 mRNAs by in situ
hybridization. Complexes 1-4 showed an inducing
effect on CYP3A44 and CYP2C19 mRNAs, complex 5
on CYP344 mRNA; however, it was observed
in a smaller concentration range than the classical
inducers DEX and RIF. No statistically significant
changes in CYP2C9 mRNA were detected
for the studied ruthenium nitrosyl complexes.
Among nicotinic acid-based compounds, the complex
with methyl nicotinate (4) was more active
for CYP3A4 than with ethyl nicotinate (3). The results
of CYP344 mRNA expression were also confirmed
by real-time RT-PCR and were consistent with data
obtained by in situ hybridization (data not shown).
Expression of CYP3A44 at the protein level (Table 3)
was comparable for all compounds, with the exception
of the complex with y-picoline.
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Table 3. Fold change in the fluorescence intensity of CYP mRNA and CYP3A4 protein in the 2D-HepG2 culture
relative to the level in the control after cell incubation with compounds studied for 48 h, (ME [Q1-Q3]) (n=12)

Fold change in the fluorescence intensity
Compound Concentration, uM mRNA Protein
CYP2C9 CYP2C19 CYP344 CYP344
01 1.00 1.07 1.13 .
' [0.66-1.16] [0.92-1.26] [0.92—-1.36]
[RuNOCI;(InicEt),] (1)
| 1.16 1.44%* 2.01* 1.79*
[0.90-1.39] [1.27-1.72] [1.81-2.19] [1.45-1.96]
0.1 1.15 1.24 1.36 o
' [1.01-1.28] [0.77-1.43] [1.05-1.96]
[RuNOCI,5(InicMe),] (2)
| 1.05 1.58* 2.49% 1.93*
[0.72-1.23] [1.50-1.76] [2.03-3.01] [1.68-2.16]
| 0.73 1.02 1.65% o
[0.53-1.27] [0.72—-1.50] [1.45-2.03]
[RuNOCI;(NicEt),] (3)
5 1.16 1.49% 2.09% 1.96*
[1.05-1.36] [1.31-2.06] [1.47-2.90] [1.88-2.12]
| 0.98 1.27 2.25% o
[0.79-1.27] [1.01-1.47] [2.05-2.81]
[RuNOCL;(NicMe),] (4)
5 1.11 1.55% 1.93* 1.95*
[0.83-1.50] [1.28-1.85] [1.81-2.95] [1.89-2.32]
0.1 0.68 0.96 1.06 o
' [0.51-1.27] [0.67-1.51] [0.79-1.40]
[RuNOCI,(y-Pic),] (5)
| 0.75 0.98 1.62%* 1.35
[0.66-1.17] [0.81-1.24] [1.28-2.18] [1.15-1.49]
10 1.93* 4.20%* 5.73* o
[1.57-2.16] [3.82-4.70] [4.95-6.30]
Dexamethasone
100 2.10%* 5.25% 5.50% 1.75%
[1.92-3.26] [4,43-6,05] [3.43-6.45] [1.48-2.24]
25 0.89 3.98* 2.90* .
[0.76-1.04] [3.06-4.17] [2.51-3.49]
Rifampicin
100 2.05* 6.26% 5.51* 1.84%
[1.80-2.39] [4.49-7.79] [4.69-6.63] [1.49-2.48]

* — Statistically significant difference versus control (p<0.05).

DISCUSSION

Some ruthenium complexes demonstrate pronounced
antitumor activity, which contributes to increasing
interest in ruthenium based compounds [7]. Interest
in ruthenium nitrosyl complexes is also due to the fact
that their activity can be additionally modulated
by light radiation [11]. Our previous research resulted
in identification of several ruthenium compounds that
could potentially act as effective cytotoxic drugs.
For example, it was shown that complexes 1-3 and 5
were equally active for different human tumor cells
Hep2 (larynx carcinoma) and HepG2, while the activity
of complex 4 differed for different cell lines [12, 13].

The present study has shown that the cytotoxic
activity of ruthenium nitrosyl complex with methyl
nicotinate (4) is significantly higher for HepG2 HCC
than for non-tumor MRC-5 fibroblasts. In addition,
the cytotoxic activity for 2D-HepG2 (2-fold) and
3D-HepG2 (more than 6-fold) is higher than that
of cisplatin and carboplatin, but the antiproliferative
activity is comparable for both cell lines, as well
as with the reference drugs cisplatin and carboplatin.
The cytotoxic activity of compound 4 is higher
for spheroids than for 2D culture and remains
unchanged after exposure to photoinducing radiation.
In the concentration range that did not affect
the viability of HepG2, the complex induced CYP3A44
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at the mRNA and protein levels and CYP2CI9
at the mRNA level, starting at a concentration of 1 pM,
and did not affect CYP2C9 mRNA expression.
It has been shown that low expression of the CYP2C9
and CYP2C19 genes is associated with an unfavorable
prognosis for the development of hepatocellular
carcinoma [16], and suppression of CYP344
is a predictor of its early relapse [17].

The effect of complex with ethyl nicotinate (3)
on the viability of HepG2 and MRC-5 is comparable
to cisplatin and carboplatin, and the antiproliferative
activity was also comparable to complex 4.
Complex 3 was a weaker inducer of CYP344
compared to complex 4 and did not affect
the expression of CYP2C9. Complexes with
methyl isonicotinate (2) and y-picoline (5) exhibited
comparable cytotoxic and antiproliferative effects
for both 2D- and 3D-HepG2, but were one order
of magnitude more active for MRC-5. At the mRNA
level, the complex with methyl isonicotinate (2)
induced CYP3A44 and CYP2C19, while the complex with
y-picoline (5) induced CYP3A4. Upon photoactivation,
the complex with ethyl isonicotinate (1) changed
its activity: the cytotoxic activity of complex 1
decreased, while its antiproliferative activity increased.
Despite the fact that the mechanisms of action
of the cytotoxic and antiproliferative effects
of chemical compounds often overlap, some differences
could be identified [23]. A decrease in the cytotoxic
and an increase in the antiproliferative activity
of complex 1 after photoactivation is probably
due to the fact that the mechanism of action
of the photoproducts of the complex on cells
differs significantly from the mechanism of action
of the complex itself. Selectivity of complex 1
for HepG2 and MRC-5 was also found: the cytotoxic
activity was 3 times higher for HepG2, while
the antiproliferative activity, on the contrary, was lower.
The effect on cell growth for 2D and 3D-HepG2
was comparable, but the cytotoxic effect was three
times lower for the 3D model. Complex 1 also induced
CYP3A44 and CYP2CI9.

CONCLUSIONS

The ruthenium nitrosyl complex with methyl
nicotinate (4) is the most promising compound in terms
of potential antitumor activity among all the complexes
studied. It exhibits dose-dependent cytotoxic activity,
which is higher than that of cisplatin and carboplatin
and is specific for tumor cell lines. However,
it should be noted that the antiproliferative activity
for tumor cells is comparable to that for non-tumor
MRC-5 fibroblasts. Photoactivation did not affect
the activity of the complex. Compound 4 was equally
effective on both 2D and 3D HepG2 -cultures.
The complex induced CYP344 at the mRNA and
protein levels, CYP2CI19 at the mRNA level and
did not affect the expression of CYP2C9 mRNA.
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IUTOTOKCUYECKHE U AHTUITPOJIU®EPATUBHBIE CBOMCTBA
HUTPO30KOMILJIEKCOB PYTEHUS U X MOJIYJIUPYIOUIEE JIEUCTBUE
HA IIATOXPOMBI P450 B KJIETOYHOM JIMHUU HepG2

JI.C. Kntowosa*, B.A. Basunun, A.FO. I'pumanosa

Hayuno-uccnenoBarenbCKuit HHCTUTYT MOJIEKYJISIpHON OHosioruu 1 Onodu3uku,
®denepalbHBIA HCCIIEA0BATEIBCKHMA IIEHTP QYHIAMECHTALHON U TPAHCIAIIUOHHON MEIUIHHEI,
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B HacTosmee BpemMs aKTHBHO BEAyTCA HUCCIEAOBAHMS HHUTPO30OKOMIUIEKCOB PpYTEHUS B KauyecTBe
MPOTHBOOIYXOJIEBBIX areHToB. Ha paHHEell cramgmm pa3pabOTKM JIEKAPCTBEHHBIX MPENapaToB pPETYISIPHO
MPOBOJUTCS OICHKA IMOTCHIMATIBHBIX B3aMMOICHCTBHHA Mexay muroxpomamu P450 ¥ HOBBIMH COCIUHEHHSMHU.
Llens paGoThI 3aKIII0YaIach B H3y4EHHH UTOTOKCHYECKON U aHTUNPOIH(epaTHBHON aKTHBHOCTH HUTPO30KOMIIEKCOB
PYTECHUSI C METHIOBBIM/3THIOBBIM 3(HPOM HUKOTHHOBOH W W30HUKOTHHOBOW KHCJIOTBHI, @ TaKKE Y-TIMKOJIWHOM
Ha 2D- m 3D-kyapTypax TenaTolesuTIoNspHON KapuuHOMBI 4enoBeka HepG2 um HeomyxoneBbix (uOpobnacTos
nérkux yenoBeka MRC-5, onenke (OTOMHAYIHMPOBAHHON AKTHMBHOCTH HCCIEAYEMBIX COCAMHEHHWH W H3y4eHUH
Mopnynupytomero neficteust Ha 1mToxpoMmbl P450 (CYP) — CYP3A4, CYP2C9 u CYP2C19. Hccnenosanue
IIUTOTOKCHYECKOX M aHTUNPOIN(EPaTHBHON aKTUBHOCTH MPOBOAMIH HA 2D- 1 3D-KII€TOYHBIX MOJETSX C IIOMOIIBIO
(heHOTUIIMYECKOTO CKPMHHMHTa Ha OCHOBe (uiyopecueHuud. C NOMOIIBIO IIEJIEBOIO CKPUHHUHTA HAa OCHOBE
(diryopecueHIMH UccaenoBanu skcipeccuio reaoB CYP2CY9, CYP2C19 u CYP3A4. Pesynsrarsl sxcipeccun CYP3A44
MOATBEPIKIAM METOJOM IOJIMMEPA3HOW IEMHOM peakiuu ¢ obparHoit Tpanckpummueii (OT-IILP) ¢ aerexumeit
B peallbHOM BpeMeHH. lccnenoBaHHble HUTPO3OKOMILIEKCHl PYTEHHsI MPOSBISLIN 10303aBUCUMBINA TUTOTOKCHYECKUI
a¢pdext Ha HepG2 m MRC-5. LluroToKkcmueckass aKTHBHOCTh KOMIUICKCOB € ITHIW3OHUKOTHHaToM (1) u
HuKoTHHATOM (3, 4) cymectBenHO Hrpke it MRC-5, wem mis HepG2, mis koMIuiekca ¢ METHIH30HUKOTHHATOM (2)
Beime 1 MRC-5, wem nmns HepG2, ans KomIiekca ¢ y-HKOJWHOM (5) cpaBHUMA Isi 00€MX JIMHUH.
AntunponudeparuBHbIil 3G dekT KoMIuIeKcoB 2 U 5 Ha nopsaok Beie it MRC-5, st komruiekcos 1, 3 u 4 cpaBHUM
Ui obeux nuHUHN. [[UTOTOKCHYEeCKass aKTHBHOCTh Bcex coenuHenmd st 3D-HepG2 mmxe, uem mis 2D-HepG2
3a NCKJIIOUYCHHEM KOMIUIEKCAa C METHIIHUKOTHHATOM (4). DOoTOaKTHUBALMs BIIMsIa HA aKTUBHOCTh TOJIBKO KOMILIekca 1:
IIUTOTOKCHYECKasl aKTMBHOCTh CHIDKAJNACh, & aHTUNpOIM(epaTHBHAS aKTHBHOCTh BO3pacTaia. HUTPO30KOMIIEKCHI
pyrerus 1-4 spmstorcs naaykropamu CYP344 u CYP2C19, xoMIUTIeKe ¢ Y-TUKOMHHOM (5) — mHIykropom CYP3A4.
Cpenu n3ydeHHBIX HUTPO30KOMIUIEKCOB PYTEHHSI HanOoJsiee NMEPCHEKTUBHBIM MTOTCHIUAIBHBIM MIPOTHBOOITYXOICBBIM
COCIMHEHUEM SIBIISICTCS COSIMHEHNE PYTEHUS C METUIIHUKOTHHATOM (4).
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aKTUBHOCTE; P450
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