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Introduction

Aim. To evaluate in vitro antiproliferative effect of selected 1,2,3-triazole-4-carboxylic acids,
which are the key fragments and precursors of antitumor 1,2,3-triazole-4-carboxamides.
Methods. Organic synthesis, in vitro cytotoxicity assay, MTT assay, spectrophotometry, sta-
tistical analysis. Results. The selected 1,2,3-triazole carboxylic acids and their esters synthesized
according to a convenient synthetic procedure were tested for their anticancer activity in NCI60
cell lines within 9 cancer types at the 60 human tumour cell lines panel. These preliminary
results allowed identifying the most active compounds and finding the structure-activity rela-
tions. The most promising 1,2,3-triazole-4-carboxylic fragments were selected for the design
of 1,2,3-triazole-4-carboxamides for screening anticancer activity. Conclusions. The obtained
results of antitumour activity of the studied derivatives are interesting for the discovery of
selective and active anticancer agents among 1,2,3-triazole-4-carboxamides in terms of a
fragment-based drug discovery (FBDD) concept, that proves the necessity of further studies.

Keywords: 1,2,3-triazoles, 1,2,3-triazole-4-carboxamides, 1,2,3-triazole-4-carboxylic acids,
anticancer activity, cell proliferation

Currently, the compounds containing the
1,2,3-triazole-4-carboxamide motif are of spe-
cial interest in medicinal chemistry. For in-
stance, there are the well-known drugs among
such compounds: Rufinamide used for the
treatment of Lenox-Gastaut syndrome (a form
of epilepsy) since 2008 [1], and Carboxyami-

dotriazole used as calcium-activated potassium
channel activator [2]. Moreover, Carboxya-
midotriazole in the form of the orotic acid salt
demonstrated high activity against chronic
myelocytic leukaemia inhibiting the growth of
cells LAMAS84R and K562R [3]. Other com-
pounds related to the 1,2,3-triazole-4-carbox-
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amides are promising antiproliferative agents
for anticancer studies (selected compounds are
shown in Fig. 1). Thus, Elamari ef al. tested
asymmetric bis-triazoles in vitro for their cy-
totoxic activity toward the B16 melanoma cells
and found the compounds with activity at
nanomolar level (< 1 uM) [4, 5]. Furthermore,
Prasad et al. discovered cytotoxicity of 1-ben-
zyl-N-(2-(phenylamino)pyridin-3-yl)-1H-
1,2,3-triazole-4-carboxamides against the lung
cancer A549 cell line and proposed the tubulin
polymerization inhibition as the mechanism of
cytotoxicity [6]. At the same time, 1,2,3-tri-
azole-4-carboxamides containing podophyl-
lotoxin were screened for the DNA topoiso-
merase-Ila inhibitory activity [7]. In our previ-
ous work, we found 5-amino-1H-1,2,3-tri-
azole-4-carboxamides as potent antiprolifera-
tive agents toward the CNS cancer SNB-75
cell line [8]. The related condensed [1,2,3]
triazolo[1,5-a]pyrimidines were also studied
and the compounds with cytotoxic activity
were found [9, 10]. The 5-(trifluoromethyl)-
1H-1,2,3-triazole-4-carboxamides were dis-
covered as c-Met-targeting and apoptosis-in-
ducing agents for various tumour cell lines
(MCF-7, HepG2, A549, H460, HT-29, MKN-
45 and U87MG) with a 3—5-fold higher activ-
ity than the positive control drug foretinib [11,
12]. Taddei et al. reported the compound that
exhibited the heat shock protein 90 inhibition
[13]. Moreover, among 1-aryl-5-substituted-
1H-1,2,3-triazole-4-carboxamides, some high-
ly active compounds for various biotargets
were found. For example, Duan et al. studied
l1-aryl-5-methyl-1,2,3-triazole-4-carboxamide
as an inhibitor of ER stress-induced CHOP-
luciferase [14]. Recently, Bekheit et al. found
4-(4-(hydrazinecarbonyl)-5-methyl-1H-1,2,3-
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triazol-1-yl)benzenesulfonamide with mode-
rate selectivity toward COX-2 inhibition (se-
lectivity ratio of 6.99) [15]. Cohen ef al. dis-
covered 1H-1,2,3-triazole-4-carboxamide with
therapeutic effect in a zebrafish model of mus-
cular dystrophy that resulted from the mito-
chondrial permeability transition pore (mtPTP)
dysfunction [16, 17]. Furthermore, Obia-
nom et al. discovered 1,2,3-triazole-4-carbox-
amides as the inhibitors of the Wnt/B-catenin
signalling pathway [18].

Additionally, the 1,2,3-triazole-4-carbox-
amide based compounds demonstrated prom-
ising results in discovering antimicrobial
[19-22], fungicidal [23] and anti-leishmanial
agents [24]. The 1,2,3-triazole-4-carbox-
amides were also found as inhibitors of the
acetylcholinesterase activity against Alzhei-
mer’s disease [25] and human plasma kalli-
krein (PKK) [26]. Krajczyk ef al. tested the
related ribavirin compounds for virus-inhi-
bitory activity [27].

Finally, new PROTACs were synthesised
via conjugation of corresponding focal adhe-
sion kinase (FAK) or Bruton’s tyrosine kinase
(BTK) inhibitors with the E3 ligase ligand
through 1,2,3-triazole-4-carboxamide contain-
ing linkers and showed rapid and reversible
degradation with a picomolar DCs, value in
various cell lines in vitro for FAK [28] and
BTK [29] respectively.

Thus, the compounds with a 1,2,3-triazole-
4-carboxamide moiety possess considerable
potential for the drug discovery. For this rea-
son, we decided to select and evaluate several
1,2,3-triazole carboxylic acids, which are key
fragments and precursors of antitumor
1,2,3-triazole-4-carboxamides for their antip-
roliferative activity.
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Fig. 1. Biologically active 1-aryl-1H-1,2,3-triazole-4-carboxamides
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Materials and Methods

Synthesis: All starting materials were pur-
chased from Merck and used without purifica-
tion. NMR spectra were determined with
Varian Mercury 400 (400 MHz) spectrometer,
in DMSO-dg4. Melting points were determined
in open capillary tubes and are uncorrected.
The purity of the compounds was checked by
thin-layer chromatography performed with
Merck Silica Gel 60 F254 aluminium sheets.
The 1,2,3-triazole carboxylic acids and their
ester derivatives were designed as building
blocks for the synthesis of antitumor 1,2,3-tri-
azole-4-carboxamides. Compounds 1, 2, 4-7
were obtained as described earlier [30] via the
reaction of azidoacetamides with -ketoesters
(Scheme 1, A). Methyl 1-(2-(diethylamino)-
2-oxoethyl)-1H-1,2,3-triazole-4-carboxylate 3
was prepared via CuAAC reaction of 2-azido-
N,N-diethylacetamide with methyl propiolate
in the presence of a catalytic amount of Cul
and triethylamine as a co-catalyst (Scheme 1,
B) [31]. Compounds 8 and 9 were obtained by
the reaction of corresponding ethyl 2-azido-
3-(2-chlorophenyl)propanoate and 2-azidobi-
cyclo[2.2.1]heptane (2-norbornyl azide) with
ethyl acetoacetate in DM SO under the K,CO;
catalyst (Scheme 1, A) [32, 33]. The 1-aryl-
5-R-1H-1,2,3-triazole-4-carboxylic acids 10—
12, 14-16 and 17 (Table 2) were synthesised
via convenient Dimroth reaction [34—36]. The
5-methyl-1-(thiazol-2-yl)-1H-1,2,3-triazole-
4-carboxylic acids 18-24 (Table 2) were pre-
pared via the reaction of 2-azido-1,3-thiazoles
with ethyl acetoacetate (Scheme 1, A) [37].
The 5-(1-methyl-1,4,5,6-tetrahydropyridin-
3-yl)-1-phenyl-1H-1,2,3-triazole-4-carboxylate
15 was prepared via quaternization of the
pyridine fragment of compound 14 with meth-
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yl iodide in acetone and following reduction
of pyridinium salt with sodium borohydride
(Scheme 1, C) [35].

Synthesis of S5-(pyridin-4-yl)-1-(p-
tolyl)-1H-1,2,3-triazole-4-carboxylic acid 13.
4-Methylphenyl azide 1.33 g (0.01 mol) and
ethyl 3-ox0-3-(pyridin-4-yl)propanoate 1.93 g
(0.01 mol) were added to the solution of so-
dium methoxide prepared from methanol (25
mL) and sodium (0.3 g, 0.013 mol). The mix-
ture was heated under reflux during 30 min.
Then 25 mL of water was added, and the mix-
ture continued to be refluxed for additional 30
min. Solution was washed with TBME, poured
into 15 mL conc. HCI and left to a solid forma-
tion. The solid was collected by filtration and
if required could be recrystallized from di-
luted ethanol. Yield 87 %, m.p. 218-219 °C.
'H NMR (400 MHz, DMSO-d,) & 8.55 (dd,
J=4.5,1.4Hz, 2H, H»-3,5), 7.31 (dd, J=4.4,
1.5 Hz, 2H, H?v-2,6), 7.25 (d, J= 8.5 Hz, 2H,
HPy-2,6), 7.21 (d, J = 8.6 Hz, 2H, H»-3.5),
2.38 (s, 3H, Me). LCMS (ESI*) m/z 281
(M+H)*. Anal. Calcd. for CsH,N,0O,: C,
64.28; H, 4.32; N, 19.99. Found: C, 64.21; H,
4.33; N, 19.94.

2-{[(4-(Methoxycarbonyl)-1-phenyl-1H-
1,2,3-triazol-5-yl)methyl]carbamoyl}ben-
zoic acid 17. To a solution of phenyl azide
1.19 g (0.01 mol) in 4 mL of dimethyl sulfox-
ide, dry potassium carbonate (5.5 g, 0.04 mol)
and 3-ox0-4-phthalimido-butyric acid methyl
ester 2.61 g (0.01 mol) 1 were added. The
suspension was stirred at 40—50 °C until [the]
monitoring by TLC indicated that all starting
materials had disappeared (7—12 h). Then the
mixture was cooled to 5 °C, diluted with 15
mL of water, washed with TBME and acidified
with hydrochloric acid to a pH~1. The formed
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precipitate of pure 17 was filtered. Yield 71 %,
m.p. 238-239 °C. 'H NMR (400 MHz,
DMSO-d,) 6 12.96 (s, 1H, COOH), 8.60 (s,
1H, NH), 7.89-7.39 (m, Hz, 8H, HA™™), 6.95
(br.s, 1H, HAm) 4,76 (s, 2H, CH,), 3.90 (s,
3H, OMe). LCMS (ESI") m/z 381 (M+H)".
Anal. Calcd. for C;oH(N,Os: C, 60.00; H,
4.24; N, 14.73. Found: C, 60.07; H, 4.21; N,
14.74.

Anticancer assay

According to the protocol of the Drug
Evaluation Branch, National Cancer Institute,
Bethesda, a primary anticancer assay was per-
formed within nine cancer types at approxi-
mately 60 human tumour cell lines panel. The
tested compounds were added to the culture at
a single concentration (10-3 M) and left for 48
h incubation. Sulforhodamine B (SRB) was
used as a protein binding dye for the end-point
determinations. The percent of growth of the
treated cells when compared to the untreated
control cells was taken as a result for each
tested compound. The percentage growth was
evaluated spectrophotometrically versus con-
trols not treated with test agents. Growth per-
cent of 100 corresponds to the growth seen in
untreated cells. Growth percent of 0 indicates
the absence of net growth over the course of
the assay (i.e. equal to the number of cells at
time zero). Growth percent of -100 results
when all cells are killed.

Cell proliferation (MTT) assay

In vitro evaluation of anticancer activity of the
synthesized compounds and doxorubicin, used
as a reference drug control, towards cancer cell
lines was carried out by the MTT test [38].
Tumour cells were seeded for 24 h in 96- well

microtiter plates at a concentration of 5,000
substrate-dependent cells/well or 10,000 sus-
pension cells/well (100 pL/well). After that,
cells were incubated for 72 h with various
additions of the synthesized compounds (0—
50 uM). MTT, converted to dark violet, water
insoluble MTT formazan by the mitochon-
drial dehydrogenases, was used to determine
viable cells according to the Sigma-Aldrich
protocol. Absorbance Reader BioTek ELx800
(BioTek Instruments, Inc, Winooski, VT, USA)
was used for measurement of the reaction re-
sults.

Results and Discussion

Chemistry

The compounds presented in the article were
obtained using simple and convenient syn-
thetic protocols based on the Dimroth reaction.
Diversity of azides and B-keto esters can be
used for substituent variation in all positions
of the triazole ring. The reaction is useful for
the preparation of the heterocyclic, aromatic
and aliphatic 1,2,3-triazole carboxylic acids.
The method is well suited for the concept of
diversity-oriented synthesis (DOS) and allows
obtaining a large number of such acids as
convenient structural blocks in the synthesis
of carboxamides for drug discovery. The syn-
thesis of acids can be described by the General
Scheme 1. Noteworthy, ester formed during
the cyclization can be in sifu hydrolysed to the
corresponding acid or kept as ester depending
on the reaction conditions. In particular, the
ester is the main product when the reaction is
performed in dry DMSO with K,CO; as a
catalyst. Compounds 13 and 17 were obtained
in this work for the first time. Their structure
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was confirmed by NMR, LCMS and elemental
analysis.

Evaluation of antiproliferative activity

in vitro

The synthesized 24 examples of 1,2,3-triazole
carboxylic acids and their esters 1-24 were
submitted and evaluated at the single concentra-
tion of 10> M towards a panel of approxi-
mately sixty cancer cell lines. The human tu-
mour cell lines were derived from nine different
cancer types: leukaemia, non-small cell lung,
colon, CNS, melanoma, ovarian, renal, prostate
and breast cancers. Primary anticancer assays
were performed according to the US NCI pro-
tocol (http://dtp.nci.nih.gov), which was de-
scribed elsewhere [39—42]. The results for each
compound are reported as growth percentage
(GP) in Table 1. The range of growth (%) shows
the lowest and highest growth that was found
among different cancer cell lines.

Initially, triazole acids containing a frag-
ment of an acetamide at position 1 of the tri-
azole ring were tested. For note, such a scaf-
fold is found in the compound that possessed
an antimicrobial effect [19]. The 1-(2-amino-
2-oxoethyl)-1H-1,2,3-triazole-4-carboxylic
acids showed mostly low antiproliferative ac-
tivity, but had a slight effect on the lung cancer
cells NCI-H522 line, inhibiting an average
growth by 75 %. One of the most active com-
pounds, the ethyl 5-methyl-1-(2-0x0-2- (phe-
nylamino)ethyl)-1H-1,2,3-triazole-4-carbox-
ylate, inhibited 69.80 % NCI-H522 cells
growth. The ethyl 1-(3-(3-(2-chlorophenyl)-
1-ethoxy-1-oxopropan-2-yl)-5-methyl-1H-
1,2,3-triazole-4-carboxylate 8 with 68 %
growth percent value was the most active
among ester derivatives. It is also important to

note that the introduction of large substituents
at position 5 of the triazole leads to a decrease
in the activity (compound 5, 6). Interestingly,
the replacement of the acetic moiety with nor-
bornane led to a change in the targeted cells
line. Thus, compound 9 inhibited the kidney
cancer cells A498 and UO-31 lines growth
(GP = 68.12 % and 75.54 % respectively).
Among the selected 1-aryltriazole acids, sev-
eral of them were the motif of scaffolds of
molecules that showed high antitumour activ-
ity. For example, 1-(4-chlorophenyl)-5-(trifluo-
romethyl)-1H-1,2,3-triazole-4-carboxylic acid
10 is a structural fragment of 1-(4-chloro-
phenyl)-N-(3-fluoro-4-(thieno[3,2-d]pyrimi-
din-4-yloxy)phenyl)-5-(trifluoromethyl)-1H-
1,2,3-triazole-4-carboxamide, which was
found [to be the] selective inhibitor of the
c-Met, inducing apoptosis of various tumour
cell lines (MCF-7, HepG2, A549, H460, HT-
29, MKN-45 and U87MG) [11]. The
1-(4-chlorophenyl)-5-(trifluoromethyl)-1H-
1,2,3-triazole-4-carboxylic acid 10 possessed
the highest activity among the tested 1-aryl-
1,2,3-triazole acids targeting the lung cancer
NCI-H522 cells with GP value of 68.09 %.
Another acid that had a similar value of growth
inhibition (GP = 70.01 %) and also acted on
[the] NCI-H522 cells, contained a tetrahydro-
furan-2-yl substituent in position 5. The ethyl
1-phenyl-5-(pyridin-3-yl)-1H-1,2,3-triazole-
4-carboxylate, which inhibited the growth of
these cells by 30 % (GP = 70.94 %), demon-
strated similar growth value. In general, this
NCI-H522 cell line was the most sensitive to
such molecular scaffolds (10—14, 17) and the
average growth was 75.52 %, the percent of
growth was from 68.09 to 86.18 %. Noteworthy,
several compounds 10—-13, 17 inhibited the
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Table 1. Anticancer screening data of most active 1,2,3-triazole-4-carboxylic acids
at the concentration of 105 M

Ne Compound gr(l)\;lvi?:,l% Grow(tgl[)))e’ r:/:ntage The most sensitive cell lines ce?le ;::le‘:i "
0 n=N 0 99.80 74.40 to 118.61 |NCI-H522 (Lung cancer) 74.40
/UVN'\/?J( SR (Leukaemia) 74.50
N oo @ HCT-116 (Bowel cancer) 79.52
o x=N 0 100.95 71.96 to 114.02 | NCI-H522 (Lung cancer) 71.96
Et /U\/TII\/)‘{
I\II O—Me
Et (3)
o NI P 99.18 69.80 to 122.21 |NCI-H522 (Lung cancer) 69.80
/u\/l'q\/e—(w A549/ATCC (Lung cancer) 76.13
i Me @ UACC-257 (Melanoma) 75.35
al =N o 100.71 68.91to 117.38 |NCI-H522 (Lung cancer) 68.91
»'1\/2‘/( A549/ATCC (Lung cancer) 82.56
Ve OEt
O OEt (8)
NN 97.67 68.12to 113.81 | A498 (Kidney cancer) 68.12
‘i ,N’\%\(OH UO-31 (Kidney cancer) 75.54
I’\I=N 0 97.94 68.09 to 110.32 | NCI-H522 (Lung cancer) 68.09
/©/N 7 - A549/ATCC (Lung cancer) 75.17
CF,4
Cl (10)
95.09 70.01 to 110.98 | NCI-H522 (Lung cancer) 70.01
A549/ATCC (Lung cancer) 76.92
UACC-257 (Melanoma) 77.25
Me:
l (11)
98.85 70.94 to 133.91 |NCI-H522 (Lung cancer) 70.94
98.42 62.47 to 116.68 | NCI-H522 (Lung cancer) 62.47
95.53 44.78 t0 122.77 |LOX IMVI (Melanoma) 44.78
NCI-H522 (Lung cancer) 70.45
MDA-MB-231/ATCC (Breast cancer) 68.74
M= 101.64 62.25 to0 122.53 |LOX IMVI (Melanoma) 62.25
XN A

24
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growth of A549/ATCC cell lines (lung cancer),
and two compounds 15, 16 were weakly active
toward UO-31 (kidney cancer). Among the
studied by us triazole carboxylic acids, 5-meth-
yl-1-(thiazol-2-yl)-1H-1,2,3-triazole-4-carbox-
ylic acid turned out to be the most active. For
example, 5-methyl-1-(5-(3-methylbenzyl)thi-
azol-2-yl)-1H-1,2,3-triazole-4-carboxylic acid
19 inhibited the growth of NCI-H522 (lung
cancer) cells by almost 40 % (GP = 62.47 %).
Noteworthy, 1,2,3-triazoles bearing 5-ben-
zyl-1,3-thiazol-2-yl fragments are promising
agents toward tumour cells. For instance, we
have recently found that N-(5-benzyl-1,3-
thiazol-2-yl)-4-(5-methyl-1H-1,2,3-triazol-
I-yl)benzamide inhibited the growth of the
colon cancer cell lines [43]. Additionally, the
compounds 5-methyl-1-(4-phenylthiazol-
2-yl)-1H-1,2,3-triazole-4-carboxylic acid 23
and 5-methyl-1-(4,5,6, 7-tetrahydrobenzo[d]
thiazol-2-yl)-1H-1,2,3-triazole-4-carboxylic
acid 24 showed a significant inhibitory effect
on the LOX IMVI (Melanoma) cells (GP =
=44.78 % and 62.25 %, respectively). Finally,
it can be concluded that such a fragment is
quite promising for the creation of compounds
for screening of antiproliferative properties.
According to our results, the acids display
slight or low activity in the in vitro screen on
the tested cell lines and are significantly less
active than the corresponding structurally sim-
ilar amides. One of the reasons for this may
be their high acidity, which is a consequence
of the influence of the electron-acceptor tri-
azole ring on the carboxylic group. This can
lead to their non-selective binding, reducing
their cell permeability and other side process-
es with their participation in the cell. The fact
that in the case of 1-(thiazol-2-yl)-1H-1,2,3-

triazole-4-carboxylic acid the antiproliferative
effect was higher can also be explained by the
abovementioned thesis, because such com-
pounds are zwitterionic. On the other hand, the
highest value of growth inhibition in the case
of 1-(4-chlorophenyl)-5-CF;—1H-1,2,3-tri-
azole-4-carboxylic acid in comparison with
other aryl derivatives, may indicate a decisive
role of such motif in the interaction with bio-
targets (such as c-Met). These motifs are se-
lected for creating new derivatives.

Conclusion

In the present article, in vitro anticancer activ-
ity of the selected 1,2,3-triazole carboxylic
acids and their esters was evaluated. The pre-
liminary results allowed identifying the most
active compounds and finding the structure-
activity relations. The obtained data on the
antitumour activity of such derivatives are
interesting for the discovery of selective and
active anticancer agents among the fused
1,2,3-triazole-4-carboxamides in terms of a
fragment-based drug discovery (FBDD) con-
cept and prove the necessity of further studies.
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Ouinka aHTHNIPOJTi(pepaTUBHOI AKTUBHOCTI
BHOpanux 1,2,3-Tpua3os-4-kapooHOBUX KHCJIOT —
KJII0Y0BHUX (pparMeHTiB Ta NMonepeIHuKiB
nporunyxJuHHux 1,2,3-rpua3os-4-kapéoxcamiais

H. T. IToxoauino, B. C. Mariitayk

Mera. Ouinuty in vitro antunposideparuBHy Iit0 Biji-
Opanux 1,2,3-Tprazoin-kapOOHOBUX KHCIIOT, sIKi € KITHOYO-
BUX (pparMeHTaMH Ta IONEPEAHUKAMH ITPOTHITYXJIMHHHIX
1,2,3-tpua3zon-4-kapookcamiais. Meroau. OpraHidHuin
CHHTE3, aHaJi3 IUTOTOKCHYHOCTI in vitro, aHamiz MTT,
CHEKTPO(OTOMETPIs, CTATUCTUIHUI aHai3. Pe3yiabrarn.
Biniopani 1,2,3-Tpuazon-4-kapOoHOBI KKCIIOTH Ta iX edipy,
CHHTE30BaHi BiflIOBITHO /10 3pyYHOI CHHTETHYHOI IpO-
LeaypH, OyJId IPOTECTOBaHI Ha 1X IIPOTHITYXJIMHHY aKTHB-
HIiCTh Ha 60 JTiHisIX pakoBuX KiIiTHH. [lonepeani pe3yssra-
TH JTO3BOJIMJIM BUSIBUTH HAMOUTBII aKTHBHI CIIOJIYKH Ta
3HAHTH B3a€EMO3B’ 30K MiXK CTPYKTYPOIO Ta aKTHBHICTIO.
Haii6inbm aktuBHI 1,2,3-Tpuason-4-kapOOHOBI KHUCIOTH
00paHi, sIK epPCIeKTHBHI JUIst TpoeKTyBaHHs 1,2,3-Tpuazon-
4-kapOOKcaMifiB U CKPUHIHTY TIPOTHITYXJIMHHOT aKTHB-
HocTi. BucHoBKH. OTprMaHi pe3yisTaTy MPOTUITYXJIMHHOT
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AKTHBHOCTI TaKUX MOXITHUX ITIKaBi JJIS BIIKPUTTS aKTHB-
HUX TPOTUITYXJIMHHHUX areHTiB cepen 1,2,3-Tpuazon-4-
KapOOKCaMiIiB 3 TOUKH 30py KOHIIENIii (hparMeHT-opicH-
TOBaHOTO IU3aifHy Jikapchkux 3acobosi (FBDD) Ta min-
TBEPIKYIOTh HEOOXITHICTh MOJANIBIINX JOCIHTiIKEHb.

Kawuyosi caosa: 1,2,3-tpuazonu, 1,2,3-tpuazon-4-
KapOokcaminw, 1,2,3-Tpuaszon-4-kapOoHOBI KHCIIOTH, TIPO-
THUITyXJIMHHA aKTUBHICTb, KJIITHHHA Tpostidepartis

Onenka aHTUNIPOJIM(EePATHBHOI AKTHBHOCTH
BbIOpaHHbIX 1,2,3-TpHa30/1-4-kapOOHOBBIX
KHCJI0T — KJIK4YeBbIX (pparMeHToOB

H NpeAleCTBeHHUKOB IPOTHBOOIYX0JIEeBbIX
1,2,3-Tpua3on-4-kapooxkcaMmmuaoB

H. T. IToxoxsino, B. C. Maruitayx

Meuasb. OneHnTs in vitro anTAponrdepaTnBHOe OeHCTBHE
oTo0OpaHHbIX 1,2,3-Tprazon-KapOOHOBBIX KHCIIOT, KOTOpbIE
SIBJISTIOTCS KJTIOYEBBIMH (PparMEHTaMH M TIPE/IIIECTBEHHH-
KaM# IPOTHUBOOITYXOJIEBEIX 1,2,3-Tpra3zon-4-kapOokcamu-
J0B. MeTonbl. OpraHU4eCKUil CUHTE3, aHAJIN3 LIUTOTOK-
CHUYHOCTH in vitro, anamm3 MTT, cnekrpodoromerpus,
CTaTUCTHYECKUM aHanmm3. Pe3yjabTarbl. BEIOpaHHBIC
1,2,3-TprazoikapOOHOBBIE KHCIIOTHI U UX CIIOXHBIE 3(u-
PBI, CHHTE3UPOBaHHBIC B COOTBETCTBUH C YIOOHOH CHH-
TETHYECKOHN TpOLeAypoii, OBLIH MPOTECTHPOBAHBI HAa HX
MPOTHBOPAKOBYIO aKTUBHOCTH 60 JIMHUSIX PAKOBBIX KIIETOK.
[IpenBapuTenbHBIE pe3ynbTaThl IIO3BOIIIN HACHTH(UIIN-
poBaTh HanOoOJIee aKTUBHBIE COENMHEHUSI U yCTAHOBUTH
B3aUMOCBSI3b MEXJy CTPYKTYpPOH M aKTHBHOCTHIO.
HaubGonee axruBHbIE 1,2,3-TpHaszon-4-kapOOHOBBIE KHC-
JIOTBI BBIOPAHBI, KaK IIEPCIIEKTHBHBIC TS IPOCKTHPOBAHUSA
1,2,3-Tpuazon-4-kapOOKCaMUIOB /ISl CKDHHUHTA ITPOTH-
BOOITYXOJIEBOM akTUBHOCTH. BhIBoabl. Ilomyuennsle pe-
3yJBTAThl IPOTUBOOITYXOJICBOH AKTHBHOCTH TAKUX MPOU3-
BOJTHBIX MHTEPECHBIE AJIS1 OTKPBITUS aKTUBHBIX IIPOTHBO-
OITyXOJIEBBIX areHTOB cpeau 1,2,3-Tprazon-4-kapOokcamu
C TOUKH 3pEHHS KOHIETIINHY (pparMeHT-OpHEHTHUPOBAHHO-
To Au3aiiHa JekapcTBeHHbIX cpeacty (FBDD) u monreep-
JK/TAI0T HEOOXOTMMOCTh TATBHEHIIINX HUCCIIET0BAaHHH.

KawueBsbie caoBa: 1,23-tpuazonsl, 1,2,3-Tpua-
3011-4-KapOokcamuibl, 1,2,3-Tpraszon-4-kapOOHOBBIE KHC-
JIOTBI, IPOTUBOPAKOBAS! aKTHBHOCTB, TPOITH(Epariyst KIETOK
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