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In silico forecasting methods are widely used to solve the current issues of pharmacology, which allow to
establish new functional and structural relationships of virus metabolism and cells, to conduct preliminary
screening of compounds for their biological activity. These methods play a key role in the discovery and
development of new biologically active compounds and have both scientific and practical importance. At
present, Herpesviridae have an important place in human infectious pathology but are poorly controlled.
Therefore, new effective drugs screening is an urgent and important problem. Aim. The aim of the study
was to conduct a prediction of antiviral and antitumor biological action of 1,2,3-triazoles derivatives
containing fluorine atoms. Methods The PASS (Prediction of Activity Spectra for Substances) program was
used to predict biological effects of the studied compounds. The inhibitory effect of the compounds on the
cell culture was determined using the MTT method. Results. It was established that perfluoropropyl-1,2,3-
triazole, trifluoromethyl-1,2,3-triazole, and difluoromethyl-1,2,3-triazole may have antiviral effect with
likelihood indicators of activity from 0.216 to 0.339. Correlation analysis of the potential antitumor effect
for the compound of fluorinated 1,2,3-triazoles with different radicals was performed. The probability of
antineoplastic action presence is slightly higher and ranged from 0.218 to 0.571. Correlation of results
was found for compound G18 (2-(p-D-ribofuranosyl)-4-tosyl-5-(trifluoromethyl)-2H-1,2,3-triazole) in
silico and in vitro with respect to the antitumor effect on cell B- human lymphoma. It should be noted
that the ability to inhibit the enzymes of nucleic acid synthesis and activate proteins involved in the
apoptotic cascades is predicted for many compounds. Conclusion. Potential biological action for novel
synthesized fluorine-containing derivatives based on 1,2,3-triazole was predicted using the PASS program.
Compounds are believed to be capable to realize high antiviral and antineoplastic properties. The data
obtained indicate the feasibility of further in vitro research of triazole derivatives with the prospect of
creating drugs on their basis.

Keywords: antiviral activity, structure-activity relationship, nucleoside analogs, triazoles.

One of modern directions of promising antiviral
substance investigation is a comparative analysis
of practical and predictable results. To this
purpose, in silico methods have been developed
and actively used, which allow to establish new
functional and structural interrelationships of
virus metabolism and cells of an organism, as
well as to conduct preliminary screening of
chemical compounds in relation to their biological
activity. These methods play a key role in the
discovery and development of new biologically
active compounds and have both scientific and
practical importance. Drugs are essential for the
prevention and treatment of diseases. Human
life is constantly threatened by many diseases
such as viral infections and cancer caused by
herpesviruses [1, 2, 3]. Within the Herpesviridae,

ISSN 1028-0987. Mixpobion. sicypn., 2020, T. 82, Ne 1

Kaposi’s sarcoma-associated herpesvirus causes
Kaposi’s sarcoma, and Epstein-Barr virus causes
Burkitt’s lymphoma, Hodgkin’s lymphoma, B
lymphoproliferative disorder [4, 5, 6, 7]. Antiviral
drugs are often presented by nucleoside analogs
(as DNA building-blocks), viruses include them into
genome during replication by mistake. Examples
of nucleoside analogs are acyclovir for herpes
simplex virus infections treatment and lamivudine
for HIV and Hepatitis B virus infections treatment.
Acyclovir is one of the oldest and most frequently
prescribed antiviral drugs [8, 9]. Therefore, ideal
drugs are always in great demand. To meet the
challenges of ideal drugs, an efficient method of
drug development is demanding. The process of
drug development is challenging, time-consuming,
expensive, and has other complicating aspects [10].
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Over the past decades, the development of drugs
has evolved into a new, large-scale, computer-aided
technology that is called drug design. Drug design,
often called rational drug design, is an inventive
process of finding new medications based on the
knowledge of biological target. Most commonly
the drug is an organic small molecule that activates
or inhibits the function of biomolecule such as
protein, which in turn results in a therapeutic
benefit to the patient. Thus, a new approach that
relies on computer modeling techniques called the
computer-aided drug design (CADD) has been
developed to simplify the procedure of new drugs
finding. Structure-based drug design (SBDD) and
ligand-based drug design (LBDD) are the two
general types of CADD approaches [10]. LBDD
methods focus on known target ligands to establish
a relationship between their physicochemical
properties and activities, referred to as a
quantitative structure-activity relationship (QSAR),
this information can be used for optimization
of known drugs or for design of new drugs with
improved activity [10, 11]. The process of QSAR
model development can be divided into three
stages — data preparation, model development,
and validation, representing a standard practice of
any QSAR modeling. 3D-QSAR methodologies
have been successfully used to generate models of
various chemotherapeutic agents [12, 13].

Heterocyclic compounds particularly 1,2,3-
triazole and their derivatives with specific activity
compounds are used in the treatment of infectious
disease. Biological activity of triazoles and their
derivatives have been demonstrated by various
studies [14, 15-18]. For instance, data came from
previous investigations showed that 1,2,3-triazole
nucleus possesses a wide range of pharmacological
activities such as analgesic, antibacterial [14],
antifungal [15-17], anti-inflammatory and
antioxidant [18-22]. Thus, 1,2,3-triazoles are the
promising class of heterocyclic compounds for
antiviral activity studies. Extension of data on
fluorine substances potential as antiviral agents,
namely the study of possible targets for their action
for abnormal fluorinated nucleosides involved
in the reproduction of herpes viruses, is very
important for the development of new antiviral
agents, which can be applied in medical practice in
the treatment of viral diseases in future.

In this study, newly fluorinated derivatives of
1,2,3-triazoles were studied using PASS Online
web-resource to predict their potential biological
activity, especially antiviral, and possible
mechanism of action. Also, the potential cytotoxic
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effect of new compounds was studied on the human
cancer cell line.

Material and methods. Tested substan-
ces: Fluorinated derivatives of 1,2,3-triazoles:
2-(3-chlorotetrahydro-2 H-pyran-2-yl)-4-tosyl-
5-(trifluoromethyl)-2H-1,2,3-triazole (G6); 2-(3-
chlorotetrahydro-2 H-pyran-2-yl)-4-(perfluo-
ropropyl)-5-tosyl-2H-1,2,3-triazole (G7); 2-(3-
chlorotetrahydrofuran-2-yl)-4-tosyl-5-(trif-
luoromethyl)-2H-1,2,3-triazole (G8); 2-(3-chlo-
rotetrahydrofuran-2-yl)-4-(perfluoropropyl)-
5-tosyl-2H-1,2,3-triazole (G9); 2-(3,4-dihydro-
2H-pyran-6-yl)-4-tosyl-5-(trifluoromethyl)-2 H-
1,2,3-triazole (G10); 2-(3,4-dihydro-2H-pyran-
6-yl)-4-(perfluoropropyl)-5-tosyl-2H-1,2,3-
triazole (Gl11); 2-(4,5-dihydrofuran-2-yl)-4-
tosyl-5-(trifluoromethyl)-2H-1,2,3-triazole
(G12); 2-(4,5-dihydrofuran-2-yl)-4-(perflu-
oropropyl)-5-tosyl-2H-1,2,3-triazole (G13);
2-(tetrahydro-2 H-pyran-2-yl)-4-tosyl-5-(trif-
luoromethyl)-2H-1,2,3-triazole (G14); 2-(1-
etoxyethyl)-4-tosyl-5-(trifluoromethyl)-2H-1,
2,3-triazole (G15); 2-(2-deoxy-2-chloro-f-
D-arabinofuranosyl)-4-tosyl-5-(perfluoro-
propyl)-2H-1,2,3-triazole (G16); 2-(2-deoxy-
2-chloro-B-L-arabinopyranosyl)-4-tosyl-5-
(perfluoropropyl)-2H-1,2,3-triazole (G17);
2-(B-D-ribofuranosyl)-4-tosyl-5-(trifluoromethyl)-
2H-1,2,3-triazole (G18); 5-(difluoromethyl)-2-
(B-D-ribofuranosyl)-4-tosyl-2H-1,2,3-triazole
(G19); 2-(tetrahydrofuran-2-yl)-4-tosyl-5-
(trifluoromethyl)-2H-1,2,3-triazole (G20); 5-
(perfluoropropyl)-2-(tetrahydrofuran-2-yl)-4-
tosyl-2H-1,2,3-triazole (G21); 2-(2-chloro-1-
ethoxyethyl)-4-tosyl-5-(trifluoromethyl)-2H-1,
2,3-triazole (G22); 2-(2-chloro-1-(2,2,2-trifluoro-
ethoxy)ethyl)-4-tosyl-5-(trifluoromethyl)-2H-
1,2,3-triazole (G23); 4-tosyl-2-(1-(2,2,2-trifluoroe-
thoxy)vinyl)-5-(trifluoromethyl)-2H-1,2,3-triazole
(G24); 2-(1-(4-tosyl-5-(trifluoromethyl)-2H-1,2,3-
triazol-2-yl)ethoxy)ethan-1-ol (G25); 2-(3-cloro-
tetrahydrofuran-2-yl)-4-tosyl-5-(perfluoropropyl)-
1,2,3-triazole (G29), were studied in this research
(table 1). All derivatives (G6 — 25, G29) were syn-
thesized in Institute of Organic Chemistry of NAS
of Ukraine [23].

Prediction of biological activity. PASS
(Prediction of Activity Spectra for Substances)
was used in this study. This program provides
simultaneous predictions for many types of
biological activities (activity spectrum) based on
the structure of drug-like compounds [18, 19, 20].
Biological activities are described qualitatively
(active or inactive) in PASS. The algorithm of the
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activity spectrum estimation is based on the naive
Bayes approach with some significant enhance-
ments [21]. Activity of the molecule is predicted
by “comparing” the structure of the new compound
with the structure of a well-known active substrate
existing in the database. The PASS prediction tool
predict Pa:Pi (active, inactive) ratio with Pa > 30%,
Pa > 50%, and Pa > 70% prediction threshold.
The average accuracy of prediction is about
95% according to leave-one-out cross-validation
estimation. Accuracy of PASS prediction depends
on comprehensive information about the biological
activity spectrum for each compound available in
the PASS training set, and therefore, the estimate of
biological activity is more accurate [24-26].

Cell culture. B-lymphoblastoid Raji cell line
(human B-lymphocyte isolated from Burkitt’s
lymphoma) was used as a model of EBV-infection
in vitro. Cells were obtained from Culture Bank
of D.I. Ivanovsky Institute of Virology of Russian
Academy of Medical Sciences (Moscow, Russia).
Cells were cultured in RPMI 1640 medium
(Sigma, USA) containing 10% (v/v) fetal calf
serum (Sigma, USA) and gentamicin (100 pg/mL)
and incubated at 37 °C in 5% CO, atmosphere.
Stock compound solutions were prepared in 50%
dimethylsulphoxide (DMSO) and 50% serum-free
media at 10 mg/ml. After using the stocks were
kept at -20°C. The compounds were further diluted

Table 1
Chemical structure of studied fluorinated derivatives of 1,2,3-triazoles
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for MTT-assays to the concentration in a range
from 62.5 to 2000 pg/ml using complete medium
and incubated for 48h.

MTT assay. The inhibitory concentration of
tested substances, in which the viability of Raji
cells population was reduced to 50% (IC,)) was
studied by MTT-method. This method is based
on the ability of mitochondrial dehydrogenase
system of intact cells to convert the pale yellow
artificial substrate MTT (Sigma, USA) to a blue
formazan, which could be spectrophotometrically
measured. After 48h incubation, the 96-well
plates were spin at 1000xg, 4°C for 5 minutes in
a microplate-compatible centrifuge, the media
was carefully aspirated. MTT solution (25 pl;
5 mg/mL) and 100 pL of serum-free media were
added in each well of a 96-well microtiter plate
containing cells and incubated for 3h at 37 °C
in 5% CO, atmosphere. After incubation period
experimental material was centrifuged at 1500 rpm
for 10 min, then supernatant from each well was
collected and 200 pul of 96% ethanol was added to
dissolve the dye. After 10 min gentle shaking at
37°C, the measurement of optical density (OD) at
540 nm was done using Multiskan FC universal
microplate reader (Thermo Scientific, USA). The
ratio of MTT into formazan conversion in each
well was calculated by comparing their OD at 540
nm with the untreated sample control. Three wells
were used for each concentration of the compounds
with the calculation of the mean. The colonies
formed by the control and test cells were counted to
calculate the inhibitory concentration (IC, ) values
at the appropriate dilution gradient [27].

Results. Current research was focused on a
specific activity that may play an important role
in the antiviral effect of 1,2,3-triazoles containing
several atoms of fluorine. Quantitative structure-
activity relationship (QSAR) model was used
for biological activity prediction of the modified
compounds. Studied derivatives of triazoles were
divided into two groups by the number of fluorine
atoms, namely, the first group was represented by
G6, G8, G10, G12, G14, G15, G18-20, G22-25
compounds, which contained three fluorine atoms,
while the second group compounds (G7, G9,
Gl11, G13, Gl16, G17, G21, G29) contained seven
fluorine atoms.

Analysis of the results obtained with the use of
PASS allowed to establish general patterns between
the two groups. G18 and G19 compounds may
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have antiviral activity as predicted (table 2). The
probability of Pa/Pi was 0.339/0.043 for G18 and
0.310/0.054 for G19. Thus, both compounds contain
a chlorinated substituent pyran (6-membered) ring,
but G18 compound contains three fluorine residues,
while G19 — only two. Also, 22-24 compounds
could be promising molecules for the development
of more potent and safe antiviral drugs, like 3C-like
protease inhibitor of coronaviruses.

G6, G8, G10, G12, G14 compounds, based on
chlorine substituted furan (5-membered) ring and
G15 compound with acyclic substituent, did not
have antiviral activity according to the results of
forecasting (table 2). However, it should be noted
that all of these compounds may be a substrate for
cytochrome 450 (CYP2D15). The probability of the
presence of activity/inactivity (Pa/Pi) ranged from
0.355/0.116 to 0.508/0.018. Cytochrome is one of
the important components of mitochondrial system
and plays an important role in metabolism of
drugs. On the one hand, the cytochrome molecule
is capable to deactivate drugs, either directly or by
facilitating excretion from the body. On the other
hand, many substances are activated by CYP to
form their active forms. Also, cytochrome blocking
and it’s releasing from mitochondria is one of the
apoptosis triggers. It should be noted that antitumor
activity is among the list of probable activities for
G6, G8, G14, and G15 compounds (table 2), the
Pa/Pi index ranged from 0.262/0.024 to 0.268/0.017,
which is relevant in the context of antitumor
compounds search. The ability to stimulate caspase
3 is among the probable activities reported for G10
and G12 compounds, to inhibit DNA-dependent
and RNA-dependent DNA polymerases — for G6,
G8, G14, and G15 compounds. The Pa/Pi index
was within the range 0f 0.228/0.029 — 0.285/0.158.

Another promising area of research is the
predicted ability of G10, G12, G14, and G15
compounds to act as a chemosensitizer. According
to the definition of the National Cancer Institute,
chemosensitizers are a class of drugs that increase
the sensitivity of tumor cells to chemotherapy.
This potential activity was predicted for
two compounds (G10 and G12), Pa/Pi was
0.373/0.073 and 0.501/0.020, respectively. Also,
compounds of this group may effect on different
systems of viruses and cells, such as inhibitor of
transactivator transcription protein, phosphatase,
dihydropyrimidine dehydrogenase, antagonist of
sphingosine 1-phosphate receptor 1, and heat shock
protein 27.
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Table 2

The results of the biological activity prediction of fluorinated derivatives of 1,2,3-triazoles
containing 3 atoms of fluorine

Biological activity

Probability of activity, Pa/Pi

Go6 G8 G10 G12 Gl14 G15
0.355*%/ | 0.397/ | 0.482/ | 0.503/ | 0.448/ | 0.448/
CYP2DIS substrate 0.116 | 0.074 | 0.025 | 0.018 | 0.040 | 0.040
. _r . 0.277/ | 0.285/
Transactivator transcription protein inhibitor 0.021 0.015 - - -
. 0.373/ | 0.501/
Chemosensitizer - - 0.073 0.020 - -
. o o 0.274/ | 0.247/ 0.410/ | 0.410/
Dihydropyrimidine dehydrogenase inhibitor 0.009 | 0012 - - 0.003 | 0033
. . 0.258/ | 0.268/ 0.226/ | 0.226/
Antineoplastic (bone cancer) 0.021 0.017 - - 0.024 0.024
o 0.342/ 0.324/ | 0.324/
Phosphatase inhibitor - 0.252 - 0273 0273
. o 0.233/ | 0.255/ 0.346/
RNA directed DNA polymerase inhibitor 0.059 | 0.047 - - 0.022 -
o 0.227/ | 0.307/
Sugar-phosphatase inhibitor - - 0.205 0.180 - -
. . 0.307/ | 0.307/
Heat shock protein 27 antagonist - - - - 0.205 0.205
. 0.285/ | 0.274/
Caspase 3 stimulant - - 0.158 0.180 - -
. o 0.228/ | 0.228/
DNA directed RNA polymerase inhibitor - - - 0.029 | 0029
. . . 0.223/ | 0.223/
Sphingosine 1-phosphate receptor 1 antagonist - - - 0.033 0.033
Table 2. (Continued)
. . o Probability of activity, Pa/Pi
Biological activity GIS | G19 | G20 | G22 | G23 | G24 | G2s
s 0.664/ | 0.629/ 0.217/ 0.361/| 0.369/
Sugar-phosphatase inhibitor 0.041 | 0048 | ~ |0235| * |o0.145]0.141
0.439/ 0.517/ | 0.502/
CYP2D15 substrate - - 0.044 - - 0.015 | 0.018
0.489/
CYP2C18 substrate - - - - 0.021 - -
. 0.626/ | 0.616/

Adenosine regulator 0.009 | 0.009 - - - - -
Sphingosine 1-phosphate receptor antagonist - - 0.226/1 0.313/1,0.306/ 0.336/ 0.236/
pAmg PRosP P g 0.079 | 0.164 | 0.005 | 0.04 | 0.023
Antineoplastic 0.572/ | 0.520/ | 0.235/ | 0.218/ ) ) 0.224/

P 0.051 | 0.005 | 0.012 | 0.214 0.176
. . 0.538/ ] 0.529/ | 0.302/
Heat shock protein 27 antagonist 0.010 | 0011 | 0215 - - - -
. o 0.356/ | 0.331/ | 0.356/
RNA directed DNA polymerase inhibitor 0.021 | 0.024 | 0.021 - - - -
. . o 0.200/ | 0.208/ | 0.239/
3C-like protease (Human coronavirus) inhibitor - - - 0.172 | 0.156 | 0.093 -
C 3 stimulant 0.310/ 0.282/ | 0.252/
aspase 2 sty 0.0320] ~ ] ] "~ o164 | 0235
. o 0.443/ | 0.435/ 0.261/
CDKO9/cyclin T1 inhibitor 0.029 | 0.031 - - - - 0.197
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Table 2. (Continued)

TP53 expression enhancer (())?)%96/ (())31?8/ - %226‘53/ - - -
Anti-inflammatory - (())4(1)28(3)5/ - - - - -
Anti-metastatic %‘(‘)2398/ %‘(‘)281/ - - - - -
NF kappa B transcription factor stimulant %4:)1‘27/ %4(1)(;%/ - - - - -
DNA synthesis inhibitor - %%21/ - - - - -
Antiviral (Poxvirus) 003i§/ %%15(‘)‘/ - - - - -
Antiviral (Herpesvirus) (())::)2726/ %392:;/ - - - - -
Antiviral (Picornavirus) %?;(159/ - - - - - -

Annotation:*The range of Pa from 0.3 to 0.6 indicates potentially novel compounds and has a high likelihood of

exhibiting the required biological activity in the in vitro system.

Another group of studied compounds that

contain seven atoms of fluorine (G7, G9, Gl1,
G13,G16, G21, and G29) was analyzed. Only G17
compound may have antiviral activity (Pa/Pi was
0.216/0.083), while other compounds do not have

potential antiviral activity (table 3).

G7, G9, G16, G17, and G29 compounds may

have antineoplastic activity, their Pa/Pi index
ranged from 0.248/0.035 to 0.571/0.052. Our PASS
analysis of 1,2,3-triazoles derivatives structure with
seven atoms of fluorine shown that these compounds

may possess their antineoplastic activities through

Table 3
The results of the biological activity prediction of fluorinated derivatives of 1,2,3-triazoles
containing 7 atoms of fluorine

Biological activit Probability of activity, Pa/Pi
& Y G7 | G9 | GIl | GI3 | Gl6 | GI7 | G21 | G29
) ) 0.419/
Heat shock protein 27 antagonist - - - - 0.050 - - -
.. ) 0.300/|0.335/
NF kappa B transcription factor stimulant - - - - 0.185 | 0.088 - -
Transactivator transcription protein 0.257/| 0.265/ 0.275/10.261/ 0.265/
inhibitor 0.040 | 0.031 i ©10.022]0.034| ~ ]0.025
TP53 expression enhancer i 0.291/ i i 0.573/10.272/ i 0.291/
P 0.218 0.058 | 0.236 0.218
) e 0.319/ 0.289/
RNA directed DNA polymerase inhibitor - - - - 0.027 - 0.034 -
Lo e 0.394/| 0.405/ | 0.424/ {0.430/|0.364/|0.379/|0.414/|0.405/
Protein kinase (CK2) inhibitor 0.003 | 0.003 | 0.003 |0.003 | 0.004 | 0.004 | 0.003 | 0.003
. 0.263/
DNA synthesis inhibitor - - - - 0.073 - - -
o 0.329/
DNA polymerase I inhibitor - - - - 0.101 - - -
.. 0.335/ |0.444/
Chemosensitizer - - 0.112 | 0.034 - - - -
. . 0.216/
Antiviral - - - - - 0.083 - -
Antineoplastic (bone cancer) 0.248/ | 0.257/ ) ) 0.571/| 0.270/ ) 0.257/
P 0.035 | 0.025 0.052 | 0.172 0.025
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multiple mechanisms including protein kinase
(CDK2) inhibiting, enhancing of TP53 expression,
stimulation of NF kappa B transcription factor and
heat shock protein. Also G11 and G13 compound
may act as a chemosensitizer.

G16 compound contains a chlorinated sub-
stituent furan (5-membered) ring, which may
inhibit the activity of DNA polymerase I, RNA
directed DNA polymerase, and DNA synthesis,
respectively. Thus, the prediction of biological
activity plays an important role in new active
compounds screening.

Studies on the cytotoxic effects of compounds
with detectable antitumor activity on the Raji
cell culture model (human B-lymphoma) were
conducted. The drug concentration that reduced
the viability of cells by 50% (IC, ) was determined
by using MTT-method. This test is widely used
in the in vitro evaluation of the cytotoxic potency
of drugs. In vitro cytotoxicity assays were used
to evaluate anti-neoplastic effects of drugs on the
target cell line.

In this paper, we used the MTT assay to
evaluate the potential antineoplastic activity of
new fluorinated compounds in comparison with
the prediction by PASS. IC, is the concentration of
tested drug able to cause death of 50% of the cells
and can be used for prediction of cytotoxic effect
degree. The lower the value, the more cytotoxic is
the substance. Figure 1 shows the comparison of
the 1C, of fluorinated compounds against human
cancer B-lymphoma cell lines. It was found that
the G16 and G18 compounds, for which predicted
activity level was the highest, had the most
pronounced cytotoxic effect in vitro (figure 1).

Figure 1 shows that the relative potency of
antineoplastic activity of tested compounds is
almost the same as it was predicted by PASS.
The range of the value of IC,; is comparable to
Pa (predicted by PASS). According to the PASS
prediction, G16 and G18 compounds have the
highest probabilities of antineoplastic action,
0.571 and 0.572, respectively. At the same time, it
should be noted that the IC,; of these compounds
is quite little, for the G16 IC,, compound it was
250pg/ml, and for the G18 — 125nug/ml. The data
obtained indicate a high toxic effect of the test
compounds on the cancer cells by inhibiting the
mitochondria metabolic activity. Mitochondrial
dysfunction is one of the possible apoptosis
triggering ways. Since one of the options for
neoplastic disorders combating is the elimination of
transformed cells from the body, it can be assumed
that the antitumor effect of fluorinated derivatives
(16 and 18) can be realized due to the high toxicity.

Discussion. 1,2,3-triazoles and their derivatives
are important group of heterocyclic compounds
characterized by a five-membered ring of two
carbons and three nitrogen atoms. Triazole provides
moderate dipole characteristics, hydrogen binding
properties, stability and rigidity both under acidic
and basic conditions. Triazoles constitute an
important class of heterocycles because of their
varied biological activities. Available 1,2,3-triazole
drugs includes tazobactam, cefatrizine, and
carboxyamidotriazole [28]. Several compounds
with 1,2,3-triazole nucleus are registered as drugs,
such as ribavirin (antiviral agent), terconazole and
fluconazole (antifungal agents) [18, 19].
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Fig.1 Comparison of the data of prediction of PASS and IC_,
*IC,, — The drug concentration, pg/ml, that reduced the viability of cells by 50%, (P>0.05);
**Pa — "to be active''.
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Also, the results of different studies describe
the N-heterocyclic ring system as a core structure
in many synthetic compounds exhibiting a broad
range of biological activities. These include ben-
zimidazole, benzothiazole, pyrazole, triazoles and
other drugs containing pyridazine, pyridine and
pyrimidines [28, 29].

The newly synthesized 1,2,3-triazole derivatives
tested in this study may have significant antiviral
activity against various types of viruses, such as
herpesviruses, poxviruses, coronaviruses, and
picornaviruses. The G18 and G19 compounds may
be active against herpesviruses, poxviruses, and
picornaviruses. The Herpesviridae and Poxviridae
are large families of double-stranded DNA viruses
responsible for many human and animal diseases.
Viruses of both families have enveloped viruses
that encode proteins for DNA replication and gene
expression, but herpes viruses are replicated in
the nucleus, while poxviruses — in the cytoplasm.
Viruses encode in their genome a lot of necessary
proteins, such as helicase-primase complex, DNA-
polymerases, and other. However, many cellular
proteins are involved in the reproduction of viruses
that include proteins of DNA and RNA synthesis.
According to the prediction of PASS, the 18 and
19 compounds can inhibit DNA polymerase and
DNA synthesis in general. So, this may be one
of the possible mechanisms of action of these
compounds.

Also, our PASS analysis of the 1,2,3-triazoles
structure shown that these compounds may
possess their antitumor activities through multiple
mechanisms including protein kinase inhibiting
(CDK2, TP53 expression enhancer, CDK9/cyclin
T1), caspase 3, heat shock protein stimulation.
Obtained results are comparable to the literature
data [9, 28-30]. Since many researchers describe
a wide range of biological activity of triazoles,
we anticipated the antiviral and antitumor activity
of triazole derivatives, such as G6, G7, GS,
G9, G14-20, G22, G25, and G29 compounds.
There are only few 1,2,3-triazole-containing
molecules on the market or in the last stage of
clinical trials. Potential pharmaceuticals based on
1,2,3-triazoles include the anticancer compound
carboxyamidotriazole (CAl), nucleoside derivative
non-nucleoside reverse transcriptase inhibitor tert-
butyldimethylsilylspiro-aminooxathioledioxide
(known as TSAOQ), B-lactam Tazobactum antibiotic,
Cefatrizine cephalosporin antibiotic, and so on.
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It is known from literary sources, that medicinal
chemists pay much attention to the selective
introduction of a fluoro group into biologically
active molecules [30]. Incorporating of fluorine
atoms into a bioactive nucleoside as an isosteric
replacement of hydrogen or as an isopolar mimic
of hydroxyl group frequently leads to a dramatic
change in biological activities and becomes an
important strategy in the design and discovery of
novel drug candidates [30]. It was established in our
studies, that an increase in the number of fluorine
atoms in the second group of compounds does not
increase the probability of antiviral activity. But
results analysis shown that 1,2,3-triazoles, which
contains 7 atoms of fluorine, may inhibit RNA
directed DNA polymerase, protein kinase, DNA
polymerase, and other promising targets.

The MTT assay reported by Mosmann is a rapid
and convenient colorimetric method of cells growth
and survival in vitro investigation. In this paper,
the MTT assay was used as a chemosensitivity
test, and its potential was investigated. Our
research shows the comparison of the IC of some
chemotherapeutic drugs against human cancer cell
line Raji. Thus, the fluorinated compounds with
higher cytotoxic effect may possess antineoplastic
potential.

Conclusion. Present research indicate the
importance of 1,2,3-triazole and its fluorine
containing derivatives studying. It is interesting
that the fluorine substituent group also appeared
to have a positive impact on the antiviral activity
of these newly synthetic 1,2,3-triazole compounds.
In this paper, we used the “Prediction of Activity
Spectra for Substances” program for forecasting
potential biological activity as the first step and fast
way for screening promising compounds for further
research. The results indicated that 17, 18, 19, 22,
23 and 24 compounds shown a potential activity
against viruses, and 6-9, 14-17, 18-22, 25 and
29 compounds shown good antineoplastic activity
against human cancer cell line Raji by inhibiting
metabolic activity in MTT-assay. So, 1,2,3-triazoles
are an important family of heterocyclic compounds
that have a prominent place in medicinal chemistry.
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MNPOIHO3YBAHHS BIOJIOTTYHOI
AKTHUBHOCTI HOXITHHUX
TPUA30JIIB

K. Haymenko, A. I'onosanw, C. 3a2opoons

ITucmumym mikpooionoeii i ipyconoeii
im. JI.K. 3abonomnoco HAH Yxpainu,
8yn. Akaoemixa 3abonomuoeo, 154, Kuis, 03143,
Yrpaina

Pesrome

3 MeTor0 BUPINICHHS HAaraJdbHUX HHUTaHb (ap-
MaKoJIOTii HIMPOKO 3aCTOCOBYIOTHCS METOAU IPO-
THO3YBaHHA in silico, AKi A03BOJSIOTh BCTAHOBUTHU
HOB1 CTPYKTYpHO-(YHKIIIOHaJbHI B3a€MO3B’SI3KH
MeTabomi3My BipyCy Ta KIITHHHU, IPOBOJUTH TIOME-
PEeIHIM CKPUHIHT CITOJNIYK MO0 1X 010JIOT1YHOT aK-
THBHOCTI Ta 3aiMalOTh KJIFOUOBE MiCIle Y BIIKPHUTTI
Ta po3poO1i HOBUX O10JOTiYHO AKTMBHHUX CIOJYK
SK Ha HAyKOBOMY, TaK 1 Ha MpakTUYHOMY piBHsX. Ha
CHOTOJIHI Bipycu poauHu Herpesviridae 3aiimaioTh
BXJIMBE Miclle B 1HEKIIHHIN nmaToiorii JroIuHu,
ajie MOTaHoO KOHTPOIIOIOTECSI. TOMy CKPHHIHT HOBUX
e(heKTHBHUX TpemnapariB € akTyaJbHOK 1 BaXKIIH-
Bo1o npodiiemoro. Meta. IIpoBecTu nporuHo3yBaHHs
0ioJIOTiYHOT aKTUBHOCTI TOXigHUX 1,2,3-Tpuasonis,
10 MICTSTh aToM (Topy 3a HampsMKaMu “aHTHBi-
pycHa” Ta “IPOTUIYXJMHHA aKTUBHICTH. MeToqH.
Jns mporHo3yBaHHsT 010J0TIYHHX €(EKTIB J0CITi-
JDKYBAaHUX CTIONYK 3acTocoByBanu nporpamy PASS
(Prediction of Activity Spectra for Substances). [u-
ribyrounil BIUIMB CHOJYK Ha KyJIbTypy KJIITHH BH-
3”ayanu 3a ponomororo MTT-recty. Pesyibrarn.
BcranosneHo, 1m0 aHTHBIPYCHY M0 MOXYTh MaTH
nepdropuponii-1,2,3-Tpuazon, TpudTOopMETHII-
1,2,3-tpuazon ta nupropmerni-1,2,3-Tpuazon 3 mo-
Ka3HUKaM¥U WMOBIPHOCTI HAsIBHOCTI aKTHBHOCTI BiJl
0,216 mo 0,339. [IpoBeneHO KOpeNsAIIMHUN aHaIi3
MOTEHIIHHOT NPOTUITYXJIMHHO] Ji1 VIS CIOMYKH (TO-
poBaHMX MoxinHuX 1,2,3-TpHa3oiniB 3 pi3sHUMH paau-
Kaami. MMOBIpHICTb HASBHOCT] aHTHHEOILTACTHYHOL
aKTHUBHOCTI Jieno Bumia i ckiana Big 0,218 mo 0,571.
Bussneno xopemnsuito pesyisraris 11 cnoiayku G18
(2- (B-D-pubodypanoszuin) -4-to3un-5- (Tpudpropme-
tun) -2H-1,2,3-tpuason) in silico ta in vitro moao
MPOTHITYXIHHHOI Aii Ha Momeni kiiTHH B-miMdomn
monuHU. CIi BIAMITHTH, O JJIs 0araThboX CIOIYK
CIPOTHO30BaHa 3/IaTHICTh 1HrI0yBaTH (hepMEHTH CHH-
Te3y HyKJIETHOBUX KHCIIOT Ta aKTHBYBATH 3a1y4eHi B
amnoNTOTHYHI Kackaau Oinku. BucHoBkm. I3 3acTocy-
BaHHSAM nporpamMu PASS 3mporHozoBaHo MOTeHIIiH-
Hy O10JIOT1YHY aKTHBHICTH JIII HOBOCHHTE30BAHHUX
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(TOPOBMICHUX TOX1THUX Ha OCHOBI 1,2,3-TpHa3oiy.
[lepenbayeHo, 1o COMYKH 3/1aTHI peani3yBaTH BH-
COKY aHTHBIPYCHY, aHTHHEOIUIACTUYHY aKTUBHICTb.
OTtpumaHni JaHi CBiT9aTh MPO AOIINBHICT IMONATH-
MIUX JOCTIDKEHB i1 Vitro TIOXITHUX TPHA30Iy 3 Tep-
CTICKTHBOIO CTBOPCHHS Ha X OCHOBI JIIKAPCHKUX 3a-
CO0iB.

Knrouosi cnosa: anTuBipycHa akTUBHICTb, 3aJI€kK-
HICTB “‘CTPYKTypa-aKTHBHICTh , HyKJICO3U/IHI aHAJIOTH,
TPHA30IIH.

MPOTHO3UPOBAHUE BUOJIOT U-
YECKOU AKTUBHOCTH
IMMPOU3BOJIHBIX TPUA3OJIA

K. Haymenko, A. I'onosans, C. 3azopoonsns

Hnemumym muxpobuonoeuu u upyconoeuu
um. J{.K. 3abonomnoco HAH Yrpaunoi,
yi. Akademuxa 3abonomuoeo, 154, Kues, 03143,
Vkpauna

Pesrome

C 1enbio peleHns HEOTI0KHBIX BOMPOCOB (ap-
MaKOJIOTHH IIUPOKO MPUMEHSFOTCS METOJIbI TIPOTHO-
3UPOBaHUS in Silico, KOTOPBIE TTO3BOJISIOT YCTAHOBHUTh
HOBBIE (DYHKIIMOHAIEHO-CTPYKTYPHBIC B3aUMOCBS3H
MeTaloyu3Ma BUpyca U KJIETKU, MPOBOAUTH Mpes-
BapUTEIbHBIA CKPUHUHT COCIUHEHUN MO UX OMOJI0-
TUYECKOW aKTUBHOCTHU M 3aHUMAIOT KIFOYEBOE MECTO
B OTKPBITHU U pa3pabOTKe HOBBIX OMOJIOTHUCCKH aK-
THBHBIX COCJIMHEHUH KaK Ha HAYYHOM, TaK U TpaK-
THUYECKOM ypOBHAX. Ha cerogHs BUpyCHl cemeincTra
Herpesviridae 3aanMaroT BaKHOE MECTO B HH(EKITH-
OHHOM MAaTOJIOrUK YeJloOBeKa, HO TIOXO KOHTPOIHUPY-
torcsi. [loaToMy CKpUHHMHT HOBBIX 3()()EKTHUBHBIX TIpe-
[IapaToB SBJISAETCS aKTYaIbHOM 1 BaXKHOM MPpoOIeMOii.
Hens. [IpoBectn mporHo3upoBaHue OMOIOTHYECKON
AKTUBHOCTH MPOM3BOAHBIX 1,2,3-Tprasonos, comep-
Kalmx atoM (Topa, o HaIpaBICHUSM “‘aHTHBHPYC-
Has” ¥ “IIPOTHBOOITYX0JIeBas” aKTUBHOCTh. MeTO/ABI.
st mporHo3upoBanusi Ononorudeckux 3h(exTon
HCCIIEelyeMbIX COCTUHEHUH MPUMEHSIIN TPOTpamMmy
PASS (Prediction of Activity Spectra for Substances).
HNHrnbupyroniee BIUSHUEC COCIUHEHUN HA KYJBTY-
py Kjietok ompenensnu ¢ nomombo MTT-tecTa.
PesynbTarhl. YCTaHOBJIEHO, YTO aHTUBUPYCHOE JIEH-
CTBHE MOTYT UMETh nepdToprnponui-1,2,3-Tpuazon,
Tpudropmernn-1,2,3-rpuazon u aupTopmerun-1,2,3-
TpHUA30JI C MMOKA3aTeNIMH BEPOSTHOCTH HaUUYHUS
akruBHOocTH oT 0,216 mo 0,339. [IpoBenen xoppe-
JISLMOHHBIN aHAJIM3 MOTEHIIUATBHOTO IPOTHBOOITYXO0-
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JIEBOTO JIEHCTBUS IS COSMHEHNI (hTOPHPOBAHHBIX
IIPOU3BOIHBIX 1,2,3-TpHa3oiI0B ¢ pa3IMYHbIMU PAIU-
KajaMH. BeposiTHOCTh HanW4Hsl aHTHHEOIIaCTHYe-
CKOIl aKTHBHOCTH HECKOJIBKO BEINIC U COCTaBHJIA OT
0,218 mo 0,571. BeisiBiena Koppemnsiiust pe3yabTaToB
st coenuuenust G18 (2- (B-D-pubodypanosmn)-4-
To3un-5 (Tpudrtopmerun)-2H-1,2,3-rpuason) in si-
lico W in vitro IO TPOTHUBOOIYXOJIEBOTO ACHCTBHUS
Ha Mojienu KJeTok B- nmuMdomsl yenoseka. Cnenyer
OTMETHUTB, UTO Ui MHOTHUX COCAMHEHHUH CIIPOTHO3H-
pOBaHa CIIOCOOHOCTh HHTHOMPOBATH PEPMEHTHI CHH-
Te3a HYKJICHHOBBIX KHCJIOT U aKTHBHPOBATh OCJKH,
BOBJICUCHHBIEC B alONTOTUYECKUE KacKajabl. BbIBo-
abl. C npumenenueM nporpammsl PASS cnporso-
3MPOBAHO MOTCHINAIBHYIO OHOTOTHYECKYIO0 aKTHB-
HOCTB TSI HOBOCHHTE3UPOBAHHBIX (PTOPCONIEPIKAIIINX
MMPOM3BOJHBIX Ha OcHOBE 1,2,3-Tpmazona. [Ipexamo-
JIaraeTcsl, YTO COCTUHCHUS CIIOCOOHBI peaIn30BaTh
BBICOKYIO0 aHTHBHPYCHYIO, aHTUHEOIIACTHUECKYIO
aKTUBHOCTbH. [lodydeHHBIE NaHHBIC CBUJETEIbCTBY-
0T O 11e71eCcO00Pa3HOCTH AATbHEHIIINX UCCIET0BAHIN
in vitro IpON3BOAHBIX TPHA30J1a C TIEPCIIEKTUBOM CO3-
JJaHMs Ha UX OCHOBE JIEKAPCTBEHHBIX CPE/ICTB.

Krouesvie cnosa: npoTUBOBUPYCHAsi aKTUBHOCTD,
3aBUCHUMOCTb “‘CTPYKTYpa-aKTUBHOCTbB ', HyKIJICO3U]I-
HBIE AHAJOTH, TPUA30JIbL.
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