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Aim. To the purposeful search for the DHFR-inhibitors among substituted pteridine-2,4,7-
triones and 7-aryl-(hetaryl-)furo[3,2-g|pteridine-2,4(1H,3H)-diones for further biological re-
search. Methods. I vitro methods, molecular docking, SAR-analysis, statistical methods.
Results. The DHFR-inhibitory activity of substituted 1-methylpteridine-2,4,7-triones (2, 3, 4)
and 7-aryl-(hetaryl-)furo[3,2-g]pteridine-2,4(1H,3H)-diones (5, 6) was studied. It was estab-
lished that 6-(2-hydroxy-2-aryl-(hetaryl-)ethyl)-1-methylpteridine-2,4,7(1H,3 H,8 H)-triones
(3) and butyl 2-(7-aryl- (hetaryl-)-1-methyl-2,4-dioxo-1,4-dihydrofuro[3,2-g|pteridine-3(2H)-
yl)acetates (6) inhibited DHFR by 14.59-52.11 %, and were less active comparing to metho-
trexate. It was found that the introduction of aryl moiety with electron-accepting group,
naphthyl substituent or electron-accepting heterocycle (furan, thiophene and benzofuran) caused
an increase in the DHFR-inhibitory activity. Additionally, it was shown, that annulation of the
furan cycle to the pteridine system was reasonable in the scope of new DHFR-inhibitors syn-
thesis. Thereby it may be concluded that the calculated values of affinity are not reliable
predictors for the DHFR-inhibiting activity of studied compound. However, the molecular
docking study may be used for evaluation of the interactions between the studied inhibitor and
active center of DHFR. Conclusions. The conducted primary in vitro screening revealed low
or moderate DHFR-inhibiting activity of the synthesized compounds. The visualization of
molecular docking showed that despite the structural similarity to methotrexate, the obtained
compounds form different ligand-enzyme interactions. The calculated values of affinity cannot
be used as predictors of DHFR-inhibiting activity because of the absence of correlation between
the abovementioned indicators. The obtained compounds may be of interest for further studies
aimed at the search for anti-inflammatory, anti-viral, hypoglycemic, hypotensive, anti-ischemic
agents due to the expected low-toxicity associated with the slight DHFR-inhibiting activity.
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Introduction

Dihydrofolate reductase (DHFR) is an en-
zyme required for the regeneration of tetra-
hydrofolate from dihydrofolate, which is
formed under catalysis of thymidylate syn-
thase (TS) [1-7]. The latter uses N3, N10-
methylenetetrahydrofolate (MTHF) as a do-
nor of a single-carbon fragment in the bio-
synthesis of dTMP [6, 7]. Inhibition of the
DHFR-catalytic activity results in the reduc-
ing of intensity of abovementioned processes
and consequently prevents DNA replication
and cell division [8, 9]. Thus, inhibition of
DHFR is one of the possible mechanisms of
the chemotherapeutic drugs activity [10—13].
Most of “classical” (aminopterin, methotrex-
ate, pemetrexed, lometrexol, raltitrexed, efc.)
and “non-classical” (trimetrexate, trime-
thoprim, iclaprim, etc.) DHFR inhibitors may
be used as antibacterial, antimalarial or anti-
tumor drugs. Moreover, folate metabolism
has been reported to play an important role
in the development of chronic inflammation,
which allows using DHFR inhibitors as anti-
rheumatoid drugs [14].

Despite the existence of drugs with high
selectivity and affinity to DHFR, they do not
always meet the requirements of modern med-
icine in terms of toxicity and the possibility of
resistance appearance [15, 16]. The search for
new drugs, the inhibitors of the main enzy-
matic pathways of folate formation, which
consists in structural modification («bioiso-
steric» substitutions) of the pteridine cycle and
modification or replacement of p-aminoben-
zoyl-glutamate fragment by other functional
groups remains an urgent problem [10-13,
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17-19]. Moreover, many drugs (“non-classi-
cal” antifolates) do not have a p-aminobenzo-
yl-glutamate fragment in the molecule and
show high activity [10-13].

Therefore, the aim of this study is the
search for the DHFR inhibitors among sub-
stituted pteridine-2,4,7-triones and
7-arylfuro[3,2-g]pteridine-2,4(1H,3H)-diones
using in silico (molecular docking) and in
vitro methods, selection of promising com-
pounds and choice of direction for further
biological research.

Materials and Methods

6-Substituted 1-methylpteridine-2,4,7-triones
(2.1-2.5, 3.1-3.14, 4.1-4.2), 1-methyl-
7-arylfuro[3,2-g]pteridine-2,4(1H,3H)-diones
(5.1-5.3) and butyl 2-(1-methyl-2,4-dioxo-
7-aryl-1,4-dihydrofuro[3,2-g]pteridine-
3(2H)-yl)acetates (6.1-6.8) were selected for
screening the DHFR-inhibitory activity. The
synthesis and physicochemical data of the
tested compounds were described previously
[20-22].

In vitro DHFR inhibition assay

Reagents

Dihydrofolate Reductase Assay Kit (Sigma-
Aldrich, Catalog Number CS0340, Batch
Number 067M4065V) was used for evaluation
of the DHFR-inhibitory activity of synthesized
compounds. The protein content in supplied
dihydrofolate reductase was 0.032 mg/ml and
the activity of enzyme was 3.75 U/mgP.
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The procedure of estimation of the DHFR-
inhibitory activity of studied compounds

To the microcentrifuge tube (volume 2 ml)
966 ul of diluted 1:10 assay buffer were added.
Then sequentially 13 pl of dihydrofolate re-
ductase and 10 pl of 100 uM solution of stud-
ied compound in DMSO were added. The tube
was sealed, intensively shacked and the formed
mixture was transferred to the 1.4 ml quartz
cuvette. To the formed mixture 6 pl of 10 mM

solution of the NADPH were added, cuvette
was sealed by parafilm and shacked. 5 pl of
10 mM of dihydrofolic acid solution were
added the mixture, the cuvette was sealed by
parafilm, shacked, and immediately transferred
to spectrophotometer ULab 108 UV. The ab-
sorption of sample at 340 nm was measured
each 15 seconds during 150 seconds.

The activity of enzyme was calculated ac-
cording to the following formula:

AOD/ . sample —A0D/ . blank

Activity (Units};mg P) ==

where:
AOD/min g, = AOD/min for the blank,
from the spectrophotometer readings;
AOD/min g, = AOD/min. for the reac-
tion, from the spectrophotometer readings;
12.3 = extinction coefficient (¢, mM1*cm1)
for the DHFR reaction at 340 nm,;

12.3+0.013 = 0.032

0.013 = enzyme volume in ml (the volume

of enzyme used in the assay);

0.032 = enzyme concentration of the origi-

nal sample.

The value of DHFR-inhibitory activity in
% was calculated according to the formula:

3.75— Activity (Unitsfxmg P)

DHFR — inhibitory activity (%) =

*100%

Methotrexate was used as a reference com-
pound.

Molecular docking

The kesearch was conducted by flexible mo-
lecular docking, as an approach of finding the
molecules with affinity to a specific biological
target. Macromolecule from Protein Data Bank
(PDB) was used as biological targets, namely
DHFR (PDB ID - 1RG7) [Protein Data Bank.
http://www.rcsb.org/pdb/home/home.-do.
Accessed September 6, 2020]. The choice of
biological targets was based on the literature
data about novel antifolate drugs [10—13].

3.75

Ligand preparation. Substances were drawn
using MarvinSketch 20.20.0 and saved in mol
format [MarvinSketch version 20.20.0, Chem-
Axon http://www.chemaxon.com]. After that they
were optimized by program Chem3D, using mo-
lecular mechanical MM?2 algorithm and saved as
pdb files. Molecular mechanics was used to pro-
duce more realistic geometry values for most of
organic molecules, owing to the fact of being
highly parameterized. Using AutoDockTools-1.5.6,
the pdb files were converted into PDBQT, the
number of active torsions was set as default [23].

Protein preparation. The PDB files were
downloaded from the protein data bank. Discovery
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Studio v19.1.0.18287 was used to delete the wa-
ter molecules and ligands. The structures of pro-
teins were saved as pdb files [Discovery Studio
Visualizer v19.1.018287. Accelrys Software Inc.,
https://www.3dsbiovia.com]. In AutoDock-
Tools-1.5.6 the polar hydrogens were added and
saved as PDBQT.Grid box was set as following:
center x =—1.657, center y =22.030, center z=
=23.080, size x =22, size y =22, size z=22
for DHFR. Vina was used to carry docking [23].
For visualization Discovery Studio v19.1.0.18287
was used.

Results

Synthesis of pteridine and furo[3,2-g]
pteridine-based derivatives

The general methods for the synthesis of the
target 6-substituted 1-methylpteridine-2,4,7-
triones (2.1-2.5, 3.1-3.14, 4.1-4.2), 1-methyl-
7-arylfuro|3,2-g]pteridine-2,4(1H,3H)-diones
(5.1-5.3) and butyl 2-(1-methyl-2,4-dioxo-
7-aryl-1,4-dihydrofuro[3,2-g]pteridine-3(2H)-
yl)acetates (6.1-6.8) are presented in Fig. 1.

Ar(Het)
0
HN/Hj
)\T
3.1-3.14
4.1-4.2
NaBHJNaOH
O n 24 h
HN ‘ NEg Ar(Het)
O)\N NH,
| | AcOH
reﬂux 60 min 1300
e No © 2123 CICH,COOBu(n);
DMF, K5COg reflux

Ar(Het) = Ph, 2-MeCﬁH4. 4‘MEC5H4I 4'!-‘PF05H4‘ 3-CF3C5H4‘ 2-FC.5H4I
4-FCgHy 2,4-F2CgH3 2-CICgH,4, 4-CICgH4, 2-BrCeH4 4-BrCgHy.
4-MeOCgH4, 3-NO2CgHy furyl-2, thienyl-2, benzofuryl-2, benzothienyl-2.

o
(n}BuO\n/\N)I\/N \
)\ | Ar
o & T/\ o]

6.1-6.8

Fig. 1. Synthesis of 6-substituted 1-methylpteridine-2,4,7-triones (2.1-2.5, 3.1-3.14,4.1-4.2), 1 -methyl-7-arylfuro[3,2-
glpteridine-2,4(1H,3H)-diones (5.1-5.3) and butyl 2-(1-methyl-2,4-dioxo-7-aryl-1,4-dihydrofuro[3,2-g]pteridine-

3(2H)-yl)acetates (6.1-6.8)
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DHFR inhibition assay

It was found that the substituted 1-methylpteri-
dine-2,4,7-triones (2, 3, 4) inhibited DHFR at the
level of 2.08-50.03 % (table 1). 6-(2-Hydroxy-
2-aryl)ethyl)-1-methylpteridine-
2,4,7(1H,3H,8 H)-triones (3) were characterized
by significant DHFR-inhibitory activity that was
higher comparing to the corresponding 1-meth-
yl-6-(2-ox0-2-aryl-(hetaryl-)ethyl)pteridine-
2,4,7(1H,3H,8H)-triones (2). It was found that
the introduction of an electron-accepting sub-
stituent to the aryl moiety (compounds 3.4-3.11)
led to the increasing of DHFR-inhibitory activ-
ity by 8.34-35.44 % compared with compounds
3.1-3.3. Compounds 3.12-3.14, which contain
an electron-accepting heterocycle (furan, thio-
phene and benzofuran) in their structure, also
showed high DHFR-inhibitory activity. Whereas,
1-methyl-6-styrylpteridine-2,4,7(1H,3H,8 H)-
triones (4.1, 4.2) show low DHFR-inhibitory
activity. The high activity of compounds 3 could
be explained by their higher lipophilicity.
Studies showed, that 1-methyl-7-arylfuro[3,2-
g]pteridine-2,4(1H,3H)-diones (5) inhibited
DHFR at the level of 14.59-39.46 % (Table 1).
So, annulation of the furan cycle to the pteridine
system was reasonable as an approach to the
search for DHFR inhibitors. However, subse-
quent introduction of the butoxycarbonylmeth-
yl moiety at 3™ position of the furo[3,2-g]
pteridine system alloweding highly active
agents only in some cases. In particular, it was
found, that butyl 2-(7-phenyl-1-methyl-2,4-di-
ox0-1,4-dihydrofuro[3,2-g|pteridine-3(2H)-yl)
acetate (6.1) inhibited DHFR by 6.25 %.
Additional modification of the phenyl moiety
at position 7 (compounds 6) via introduction of
methyl group to the para-position (6.3), of iso-
propyl group to the para-position (6.4) and of

nitro group to the meta-position (6.8) resulted
[in the] increasing of activity by 12.5-35.4 %.
Introduction of the fluorine (6.5), chlorine (6.6)
and bromine (6.7) to the para-position of the
phenyl substituent had a positive effect on the
level of DHFR-inhibitory activity as well.
Replacement of the phenyl moiety by naphthyl
increased the DHFR-inhibitory activity up to
35.44 %.

The conducted studies showed that the most
significant DHFR-inhibitory activity was char-
acteristic for 6-(2-hydroxy-2-aryl-(hetaryl-)
ethyl)-1-methylpteridine-2,4,7(1H,3H,8H)-
triones (3), 1-methyl-7-arylfuro[3,2-g]|pteri-
dine-2,4(1H,3H)-diones (5) and butyl 2-(7-ar-
yl-1-methyl-2,4-dioxo-1,4-dihydrofuro[3,2-g]
pteridine-3(2H)-yl)acetates (6). However, the
activity of the above-mentioned substances
was lower comparing to the reference com-
pound methotrexate (89.57 %).

Molecular docking

Molecular docking was used to elucidate the
main types of interactions of substituted pter-
idine-2,4,7-triones (2—4) and 7-arylfuro[3,2-g]
pteridine-2,4(1H,3H)-diones (5, 6) with an
active center of DHFR as well as a tool for
possible future prediction of enzyme-inhibito-
ry activity of these compounds. The results of
molecular docking showed, that in most of
cases the tested compounds revealed higher
calculated affinity comparing to methotrexate
(Table 1).

Visualization of the X-ray diffraction study
by Discovery Studio showed [Protein Data
Bank. http://www.rcsb.org/pdb/home/home.-
do. Accessed September 6, 2020] a significant
number of conventional hydrogen bonds be-
tween methotrexate and the active center of
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Table 1. Data of molecular docking and inhibition of DHFR for synthesized compounds

Affinity (kcal/ e Affinity (kcal/ e
Ne | Comp. Ar(Het) mol) toylgHFR Ing;l{)i:t;gl'}/of Ne | Comp. Ar(Het) mol) toylgHFR Ing;bﬁ:t;gt;/of
(1RG7) 70 (1RG7) >0

2.1 4-FC¢H, -9.2 2.08 3.13 thienyl-2 -8.1 29.18
2.2 2,4-F,C¢H; 9.5 16.67 3.14 | benzofuryl-2 9.5 22.93
2.3 4-BrC¢H, 9.1 14.59 4.1 Ph 9.1 4.17
2.4 furyl-2 —8.3 8.34 4.2 3-CF;C¢H, -9.7 14.22
2.5 | benzothienyl-2 -10.0 8.34 5.1 Ph -10.4 39.46
3.1 Ph —8.9 14.59 5.2 4-i-PrC¢H, -10.0 14.59
3.2 2-MeC¢H, —8.9 18.76 53 2,4-F,C¢H; -10.4 28.62
3.3 4-MeC¢H, -9.1 18.76 6.1 Ph —8.6 6.25
3.4 2-FC¢H, —8.8 29.76 6.2 naphthyl-1 —8.6 35.44
3.5 4-FC¢H, —8.9 25.01 6.3 4-MeCgH;4 —8.4 31.25
3.6 2,4-F,C¢H; -9.2 22.93 6.4 4-i-PrC¢H, —8.4 18.76
3.7 2-CIC¢H, -9.0 27.09 6.5 4-FCcH, —8.5 41.69
3.8 4-CIC¢H, —8.9 50.03 6.6 4-CIC¢H, —8.2 52.11
3.9 2-BrC¢H, -9.2 22.93 6.7 4-BrC¢H, —8.2 12.3
3.10 4-MeOC¢H, —8.6 39.61 6.8 3-NO,C¢H, —8.5 41.69
3.11 3-NO,C¢Hy -9.0 18.76 MTX* — —8.7 89.57
3.12 furyl-2 -7.9 25.01 Note: — * Methotrexate

DHFR. They are formed by electron-donor
interactions of the amino groups of 27 and 4t
positions in the pteridine cycle with amino
acids A:ASP27 (2.64A), A:ILES (2.77A),
A:ILE94 (2.90A) and A:TYR100 (3.23A) re-
spectively. The pteridine cycle of the molecule
was characterized by Pi-sigma interactions
with A:ALA19 (3.65A), A:ILES (5.23A),
A:ASN18 (3.36A) and Pi-alkyl interactions
with A:ALA19 (4.15A) and A:ALA7 (4.49A).
Attractive bonds, conventional and carbon
hydrogen bonds of methotrexate were formed
with the enzyme by interactions of the car-
boxyl and methylamine groups of the p-me-
thylaminobenzoyl-glutamate moiety with
A:ARG57 (2.96A), A:LYS32 (4.40A),
A:ARGS52 (4.20A), A:ARG57 (2.56A) and
A:ASN18 (3.36 A). Additionally, the metho-
trexate molecule formed hydrogen bonds with
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water in the active center of the enzyme
(Fig. 2).

Visualization of the interaction of com-
pound 3.8, 5.1 and 6.6 with DHFR, showed
that these structures were characterized by
other types of interactions with amino acids
residues in the active site (Fig. 2). Thus,
6-(2-hydroxy-2-(4-chlorophenyl)ethyl)-
1-methylpteridine-2,4,7(1H,3H,8 H)-trione
(3.8) had two conventional hydrogen bonds
between Oxygen atoms of 27 position of the
pteridine ring with A:ALA7 (3.40A),
A:TYR100 (2.79A) and carbon hydrogen bond
with A:ILE94 (3.24A) and A:ALA6 (3.28A).
Whereas, 1-methyl-7-phenylfuro[3,2-g]pteri-
dine-2,4(1H,3H)-dione (5.1) unlike compound
3.8 had a methotrxate-like location in the ac-
tive center of the enzyme and provided three
conventional hydrogen bonds of the Oxygen
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Fig. (2). Visualization of affinity according to the docking study of compounds 3.8 (A), 5.1 (B), 6.6 (C) and metho-

trexate (D) with DHFR (1RG7).

atom at the 2" and 4% positions of the pteri-
dine ring with A:ALA7 (3.15A), A:TYR100
(2.70A) and A:ASN18 (3.09A) and carbon
hydrogen bond with A:ALA6 (3.18A)
(Fig. 2, B). Visualization of the interaction

between compound 6.6 and DHFR active cen-
ter (Fig. 2, C) revealed that this structure, like
the previous ones (3.8 and 5.1), did not have
a significant number of interactions similar to
methotrexate — enzyme interactions.
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Visualization was characterized by conven-
tional hydrogen bonds between the Oxygen
atom of the butoxycarbonylmethyl group at
the 3t position of the pteridine ring with
A:ASNI18 (3.13A) and the carbon hydrogen
bond between the Oxygen atoms of the 2nd
position of the pteridine cycle with A:SER49
(3.53A) and A:ASN23 (3.58A). Other enzyme
binding sites of compounds 3.8, 5.1 and 6.6
were rather weak and were associated with the
presence of Van der Waals, Pi-sigma, Pi-Pi-
staked, Pi-alkyl and alkyl interactions.

The analysis of correlation between DHFR-
inhibiting activity of synthesized compounds
and their calculated affinity to DHFR showed
the absence of direct dependency of above-
mentioned values. Thus, among compounds
2.5, 5.1, 5.2 and 5.3 that according to the dock-
ing results have affinity values > 10.0 the com-
pounds 2.5 and 5.2 reveal low DHFR-inhibiting
activity. Noteworthy, despite the highest en-
zyme-inhibiting activity, the calculated affin-
ity of reference compound methotrexate to
DHFR has value 8.7 kcal/mol, which compa-
rable or lower than the affinity of most of
studied compounds. Thereby it may be con-
cluded that for the studied compound the cal-
culated values of affinity are not reliable pre-
dictors for DHFR-inhibiting activity. However,
the molecular docking study may be used for
evaluation of interactions between studied
inhibitor and active center of DHFR.
Abovementioned information is valuable for
the search for promising DHFR-inhibitors
among various pteridine derivatives.

Conclusion

The conducted primary in vitro screening re-
vealed low or moderate DHFR-inhibiting ac-
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tivity of synthesized compounds. The visual-
ization of molecular docking showed that de-
spite the structural similarity to methotrexate,
the obtained compounds form different ligand-
enzyme interactions. The calculated values of
affinity cannot be used as the predictors of
DHFR-inhibiting activity because of the ab-
sence of correlation between abovementioned
indicators. The obtained compounds may be
of interest for further search for anti-inflam-
matory, anti-viral, hypoglycemic, hypotensive,
anti-ischemic agents due to the expected low-
toxicity associated with the slight DHFR-
inhibiting activity.
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IuridiTopu nurigpodosarpenykrasu cepen
NOXiAHUX NTepUINHY Ta ¢ypo[3,2-g|nTepuauny

I. C. Hocynenko, M. C. Kazynin, A. O. Kiniuenko,
O. M. Anrunenko, JI. P. XKXypaxiBcrka,
O. 10. Bockoboiinuk, C. I. KoBaneHko

Merta. [Tomyk iuri6iTopis AI'®P cepen 3amimeHux
nrepuauH-2,4,7-TpruoHiB Ta 7-apuin-(rerapui-)dypo[3,2-g]
nrepunuH-2,4(1 H,3H)-muoHiB Ta BUOIp HAPSAMKY IIO-
HaJbIIMX OlOJOriYHMX JOCIIIKeHb. MeToaM in vitro,
MOJICKYJISIpHUH JOKIHT, SAR-aHami3, CTaTUCTHYHI METO/IH.
Pe3yabraTu. JlocimipKkeHa 31aTHICTh HOBUX 3aMIIICHHUX
1-metnnmirepunnn-2,4,7-tpuoHiB (2, 3, 4) Ta 7-apwii-
(rerapui-)dypol3,2-g|nrepuann-2,4(1 H,3 H)-nuoHis (5,
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6) momno inriOysamHs [II'®P. BcranoBneHo, mio
6-(2-TimpoKcH-2-aprit-(TeTapuil- )eTHI )- | -METHIIITEPH TUH-
2,4,7(1H,3H,8H)-tpuonn (3) ta Oyrun 2-(7-apui-
(rerepun-)-1-metun-2,4-nuokco-1,4-nurigpo[3,2-g]
nrepuanH-3(2H)-im)aneraru (6) inridytors JI'@P nHa
14.59-52.11 %, noctynarounick MeToTpekcary. BussneHo,
[0 BBEICHHS €JIEKTPOHOAKIENTOPHUX 3aMICHHUKIB 10
apIIIbHOI CyOCTUTYEHTH, Ha(pTUIFHOTO 3aMiCHHKa abo
CJICKTPOHOAKIICTITOPHOTO TeTepOIMKIy ((pypaH, TiodheH Ta
OeH30(ypaH) MPUBOANTH A0 IOCHIICHHS aKTUBHOCTI. Kpim
TOTO, MOKA3aHO, 10 aHEeNIOBaHHS (yPaHOBOTO LUKITY JI0
NTEPUANHOBOI CUCTEMH € BHUIPABIAHUM Y KOHTEKCTI TO-
mryky iHrioiTopiB AT'®P. TIpoBeneHnit MONCKYIISIPHUI
JIOKIHT TTOKa3aB, III0 OCHOBHUIH MacCHB JOCTIKYBaHUX
CIIOJIyK Ma€ BUCOKY criopigaeHicTs g0 AT ®P, xou i mero
iHIIIE PO3MIIIICHHS B aKTUBHOMY IIEHTPi (hepMeEHTY.
BucnoBku. [IpoBenenuii MepBUHHUI CKPUHIHT in Vitro
JIO3BOJIMB BUSIBUTH HU3bKY 200 nioMipHy J{I"®P-inriOyrouy
aKTHBHICTh CHHTE30BaHHX PEYOBHH. Bizyamizamis JOKiH-
TOBHX JIOCITIJDKEHb T03BOJIHJIA BUSBUTH, 1110 HE3BAXKAIOUH
Ha CTPYKTYPHY MOMIOHICT JI0 METOTPEKCATy CHHTE30BaHi
CHONYKH (POPMYFOTH BiZIMiHHI JIraH — €H3UMHI B3a€MOIi.
PospaxoBani 3HaueHHsI adiHOCTI HE MOXYTh OyTH BHUKO-
pucTtasi sik npeaukropu JII'@P-iHriOyro40i akTHBHOCTI
BHACIIIZIOK BIJICYTHOCTI KOPEJISLii MiXK 3a3HaYECHIMH T10-
kazHukamu. OpepikaHi peYOBUHU € IIKAaBUMHU IS T10-
JIATIBIINX JOCIIPKEHb CIPSIMOBAHUX Ha ITOLIYK MPOTH-
3aMaNbHUX, MIPOTHBIPYCHUX, TIlTOTIIIKEMIYHUX, TilTOTEH-
3UBHUX, T4 AaHTU-IIIIEMIYHAX areHTiB B HACIIOK OYiKyBa-
HOI HU3BKOi TOKCHYHOCTI acOIif{OBaHOIO 3 HEBHUCOKOIO
JT' ®P-iHTi0yI09010 HTi€TO.

KawuoBi caosa: JII'®P-inriOyroya akruBHICTb, IITE-
punuay, Gypo[3,2-g|nTepunuHn, MONEKY/ISIPHAHN JTOKIHT,
QSAR-anamis.

HNHruodutops! auruapodgoiaTpeayKkTasbl cpeau
NMPOM3BOJHBIX NTepuaAnHa H ¢pypo[3,2-g|nTepuauna

. C. Hocynenxo, M. C. Ka3ynnn, A. A. Kuanuenko,
A. H. Antunenko, JI. P. XKypaxosckas,
A. 10. Bocko6oiinuk, C. 1. KoBaneHko

Hean. TTouck uuaruoutopos JII'®P cpemu 3aMerieHHbIX
nrepuayHa-2,4,7-TpuoHoB U 7-apmit-(retapuit-)ypo[3,2-g]
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nrrepunuHa-2,4(1H,3 H)-auoHOB 1 BEIOOP HAIIPABIICHHS
NATBHENIINX OMOJIOTMUECKHUX MCCIenoBaHmil. MeToabl in
Vitro, MOJIEKYIISIpHBIN TOKUHT, SAR-aHaMM3, CTaTUCTHYECKHUE
mertonsl. Pesynsrarsl. VccnenoBana criocOOHOCTh HOBBIX
3aMeIIeHHBIX 1-MeTnimrepunni-2,4,7-TpruoHoB (2, 3, 4) u
7-apun-(retapi-)ypo[ 3,2-gnrepunnna-2,4(1 H,3 H)-nuo-
HOB (5, 6) no narn6upoBanmto JII'®P. YeraHosneHo, uTo
6-(2-TunpokcH-2-apri-(reTapuii- )eThi )- | -MeTHIIITTepH-
mn-2,4,7(1H,3H,8H)-Tprions (3) u Oytun 2-(7-apui-(re-
Tepwi-)-1-metmi-2,4-mokco- 1, 4-muruapo[ 3,2-grepu-
1H-3(2H)-mn)anerarst (6) narnoupyror AT OP Ha 14.59—
52.11 %, yctymnas MeToTpekcary. BeIsiBieHo, 4To BBE/ICHUE
JEKTPOHOAKLIETITOPHBIX 3aMECTHUTENEH K apHiIbHOM CyO-
CTUTYEHTE, HAQTUIBHOTO 3aMECTUTENISI M JIEKTPOHOAK-
LENTOPHOTO rereporwkia (pypan, TnodeH u oeH30dypaH)
TIPUBOIUT K YCUJIEHHIO akTHBHOCTH. Kpome Toro, rokasaHo,
YTO aHHENMPOBaHUE (PypaHOBOIO IMKIIA K NTEPUIHMHOBOM
CHCTEME OIPAaBJaHO B KOHTEKCTE MOMCKAa WHTHOUTOPOB
JI'®P. ITposeneHHbI MONEKYIISIPHBINA JOKHHT [IOKa3al, YTo
OCHOBHOM MaCCHUB HCCIIEAYEMBIX COETUHEHNI NIMEET BBICO-
koe cpozcTBo K JII ' DP, X0Ts 1 HECKOJIBKO MHOE Pa3MELLCHUS
B aKTHBHOM IIeHTpe (epMmenTa. BoiBonbl. [1poBeeHHbII
NIEPBUYHBIA CKPUHMHT i71 Vifro BBISABWJI HU3KYIO WIH yMe-
pennyto JII'®P-uHrnoupyromyro akTiBHOCTb CHHTE3HPO-
BaHHBIX BEIIECTB. Bu3yanusanust nccienoBaHnii, mpoBencH-
HBIX METOaMU MOJIEKYJIIPHOTO JOKHHIA, MOKa3aja, YTo
HECMOTpSI Ha CTPYKTYPHYIO MOIOOHOCTh K METOTPEKCATY,
CHHTE3HMPOBaHHBIE COCAMHEHHS (POPMHUPYIOT MHBIE JIU-
ra"a-hepMEeHTHbIC B3anMONecTBYS. PaccunTanHblie 3Have-
HUs a(PUHHOCTH HE MOTYT OBITH MCITOIE30BaHbI KakK IIpe-
JkTopsl 1T OP-mHrHONpyroIeit akTHBHOCTH BCIICACTBUC
OTCYTCTBHS KOPPEISILIMN MEXITy BBIIIICYKa3aHHBIMH TIOKa-
3arensami. [lodyueHHbIe cOeTMHEHNs IPEACTABIIIOT UHTE-
pec W1 AATbHEHIINX MCCIIENOBAHHHN 110 TIOMCKY TIPOTHBO-
BOCTIAJINTEIBHBIX, TPOTUBOBHPYCHBIX, TUITOIINKEMUYECKHX,
TUIOTEH3HBHBIX, M aHTHUIIIEMUYECKHX areHTOB BCJIE/ICTBUE
OKUJTaeMON HU3KOH TOKCHYHOCTH, KOTOPasi aCCOLMMPOBAHA
¢ Hu3KkuM I @P-uHrnbupyronmM neiicTereM.

Knwouessie cuaosa: Il OP-uarudupyromnias akrus-
HOCTb, ITepUANHBL, (ypo[3,2-g|nTepuanHbl, MOJIEKYIIIp-
HbI ToKUHT, QSAR-ananmms.

Received 27.01.2021



	_Hlk58513514
	_Hlk50464522
	_Hlk26187995

