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Aim. To evaluate the in vifro cytotoxicity of novel spiro-substituted thiopyrano[2,3-d]thiazoles
towards tumor cells of different tissue origin. Methods. Organic synthesis; spectral methods;
MTT test, statistical analysis. Results. /n vitro screening of the cytotoxic activity of the
5’-carboxy-7’-aryl-1-aryl-3°,7’-dihydro-2H, 2 ’H, 5 H-spiro[ pyrolidin-3,6’-thiopyrano[2,3-d]
thiazol]-2,2’,5-triones and N-(4-chlorophenyl)-2-[ 1-(4-chlorophenyl)-2,5-dioxopyrrolidin-3-
ylidene]-acetamide was performed using various cancer cell lines (Jurkat human acute T-cell
leukemia cell line, MCF-7 human breast adenocarcinoma cell line, Skov3 human ovarian
carcinoma cells line, SK-Mel-28 human melanoma cells line, and SW-1573 human non-small-
cell lung cancer cell line). The tested compounds possessed different cytotoxic action towards
the studied tumor cells. Leukemia cells appeared to be more sensitive for the studied deriva-
tives. The cytotoxic effect of the compound 2 towards Jurkat cells was shown to be dose- and
time-dependent (3, 6, 24, 48 and 72 h). This compound demonstrated the cytotoxic action
towards Jurkat cells as soon as in 6 h after its addition to the cultured cells (ICs, = 66 uM),
and its toxicity towards these cells was more prominent after 24 h treatment (IC5,= 40 uM).
Conclusions. The panel of thiopyrano[2,3-d]thiazole derivatives was synthesized and screened
for their cytotoxic activity in vitro towards tumor cells of different tissue origin. The compound
2 was found to be the most active agent with selectivity for the leukemia cells. This compound
inhibits growth of the human acute T-cell leukemia cells of Jurkat line (ICs, = 33.5 uM) and
possesses relatively low toxicity towards the pseudo-normal mammalian cells.
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Introduction

Chemotherapy is one of the most effective
ways of treating cancer patients. Conventional
anticancer drug discovery and development
have been focused on the cytotoxic agents. The
drug discovery paradigms selected agents that
had significant cytostatic or cytotoxic activity
towards tumor cell lines in vitro and caused
tumor regression in vivo [1]. However, their
application in cancer treatment is accompanied
by frequent non-addressed actions leading to
numerous negative side effects in the orga-
nism [2]. Due to these effects, they demonstra-
te toxicity toward different normal cells of
tissues and organs, including the bone marrow
cells, mucous layer of the intestine, reproduc-
tion glands, and hair follicles.

4-Thiazolidinones and related heterocycles
have been demonstrated to be a perspective
source of the innovative anticancer agents
[3, 4]. In the previous studies, we identified a
large group of substances with high anticancer
potential and low toxicity [5, 6]. According to
the obtained data [6], most of the studied sub-
stances influenced cancer cell lines. 5-Ene-4-
thiazolidinones were identified to possess the
highest antitumor activity towards leukemia
cells and induction of apoptosis in the mam-
malian leukemia cells [7]. However, the mech-
anisms of the anticancer activity of these com-
pounds have not been studied yet.

Previously it has been reported that PPARy
agonists, namely 4-thazolidinone derivatives,
have a therapeutic potential in treatment of the
inflammation and some cancers. This scien-
tific assumption was successfully proved [8].
Among 4-thiazolidinones, there were also
identified the effective inhibitors of the anti-

apoptotic proteins Bcl-XL and BH3 interac-
tions [9], the inhibitors of the interaction be-
tween TNFa and the receptor TNFRc-1 [10],
and the inhibitors of translation initiation [11].
A significant influence on the above mentioned
pathogenic mechanisms of tumor growth de-
termines perspectives of 4-thiazolidinones as
potential anticancer drugs.

The studied thiopyrano[2,3-d]thiazoles
[12—14] keep the pharmacological profile of
5-ene-4-thiazolidinones and create new pos-
sibilities for biological activities. Among the
described thiopyrano[2,3-d]|thiazole deriva-
tives, there are anticancer [15—19], antitrypano-
somal [20], antimycobacterial, antibacterial,
and antifungal agents [21].

The main aim of this study was to measure
the toxic effect in vitro of novel spiro-substi-
tuted thiopyrano[2,3-d]thiazoles towards tumor
cells of different tissue origin.

Materials and Methods

All chemicals used in the study were of the
analytical grade and commercially available.
All reagents and solvents were used without
further purification and drying.

Chemistry

Series of rel-(5’R,6’R,7’R)-5’-carboxy-7 -aryl-
l-aryl-3°,7’-dihydro-2H,2 'H,5H-
spiro[pyrolidin-3,6’-thiopyrano[2,3-d]thiazol]-
2,2°,5-triones (1a-e) for screening cytotoxicity
were synthesized via hetero-Diels-Alder reac-
tion (Scheme 1) starting with trans-aconitic
acid, corresponding aromatic amine and ap-
propriate 5-arylidene-4-thioxo-2-thiazolidinone
in the presence of the catalytic amount of hyd-
roquinone (23 mg) for preventing polymeriza-
tion processes, as it was described in our previ-
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Scheme 1. General synthetic path used for getting rel-(5’R,6’R,7’R)-5-carboxy-7’-aryl-1-aryl-3’,7’-dihydro-
2H,2’H,5H-spiro[pyrolidin-3,6’-thiopyrano[2,3-d]thiazol]-2,2’,5-triones.

ous work [22]. The 5-arylidene-4-thioxo-2-thi-
azolidinones were synthesized via Knoevenagel
condensation of 4-thioxo-2-thiazolidinone with
the aromatic aldehydes [23].

Notably, we have identified 2-(2,5-dioxo-
l-arylpyrrolidin-3-ylidene)-N-aryl-acetamides
as minor products of the mentioned one-pot
three-component reaction. These compounds
were easily removed during the recrystalliza-
tion of crude products. We have found that the
mentioned 2-(2,5-dioxo-1-arylpyrrolidin-
3-ylidene)-N-aryl-acetamides are formed with
good yields via the interaction of #rans-aconi-
tic acid and appropriate aniline in the ratio 1:2.
Thus, N-(4-chlorophenyl)-2-[1-(4-chlorophe-
nyl)-2,5-dioxopyrrolidin-3-ylidene]-acetamide
2 was synthesized in the glacial acetic acid
medium using 4-chloroaniline as amino com-
ponent (Scheme 2).

COOH

HOOCJ;

COOH

Screening of cytotoxic activity. Materials

10 mM stock solution of synthesized com-
pounds was prepared in the dimethyl sulfoxide
(DMSO, Sigma-Aldrich, USA), and additio-
nally dissolved in culture medium prior to its
addition to the cell culture. 3-(4,5-Dimethyl-
thiazol-2-yl)-2,5-diphenyl-tetrazolium bromide
(MTT) was 99.5 % pure. Cell culture medium
DMEM was obtained from Sigma-Aldrich
(USA), and RPMI — from APP (Austria). Fetal
bovine serum (FBS) was obtained from APP
(Austria), and Doxorubicin — from Pharma-
chemie B.V. (the Netherlands).

Cell cultures

Human acute T-cell leukemia cells of Jurkat
line, human breast adenocarcinoma cells of
MCF-7 line, human ovarian carcinoma cells
of Skov3 line, human melanoma cells of SK-

@)
NH, 0
IO
Cl 2

Scheme 2. Synthesis of N-(4-chlorophenyl)-2-[1-(4-chlorophenyl)-2,5-dioxopyrrolidin-3-ylidene]-acetamide.
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Mel-28 line, human non-small-cell lung cancer
cells of SW-1573 line, transformed mouse fi-
broblasts of L.929 line, human embryonic kid-
ney cells of HEK293 line were obtained from
Cell culture collection at R.E. Kavetsky
Institute of Experimental Pathology, Oncology
and Radiology (Kyiv, Ukraine). Cells were
grown in the RPMI or DME culture medium
supplemented with 10 % fetal bovine serum.
Cells were cultivated in the CO,-thermostate
at 37 °C in atmosphere of 95 % air and 5 %
CO, at 100 % humidity.

Cytotoxicity assay

Cytotoxic activity of the synthesized com-
pounds and doxorubicin used as a reference
drug control towards cancer cell lines cul-
tured in vitro was measured by the MTT
test [24]. Tumor cells were seeded for 24 h
in 96-well microtiter plates at a concentration
of 2,000 of substrate-dependent cells/well or
10,000 of suspension cells/well in 100 pL.
After that, cells were treated for 72 h with
various additions of the synthesized com-
pounds (0; 1; 10; 50; 100 uM). The MTT
reagent, which is converted by mitochon-
drial dehydrogenases to dark blue, water in-
soluble MTT formazan, was used to measure
the vitality of cells according to the manufac-
turer’s protocol (Sigma-Aldrich, USA). The
ICs, of tested compounds was calculated as
a lethal concentration of drug decreasing cell
vitality by 50 % in comparison with drug-free
culture medium.

Statistical analysis

All data are presented as the mean + standart
deviation (SD). Results were analyzed and
illustrated with GraphPad Prism (version 6;

GraphPad Software, San Diego, CA). Statisti-
cal analyses were performed using two-way
ANOVA with Bonferroni post-tests (tumor
growth). P-value of <0.05 was considered as
statistically significant.

Results and Discussion

Measuring of cytotoxic activity

In vitro screening of cytotoxic activity of the
synthesized compounds towards various tumor
cell lines (human acute T-cell leukemia cells
of Jurkat line, human breast adenocarcinoma
cells of MCF-7 line, human ovarian carcinoma
cells of Skov3 line, human melanoma cells of
SK-Mel-28 lines, and human non-small-cell
lung cancer cells of SW-1573 line) was per-
formed using the MTT assay. The tested com-
pounds were added to cultured cells in differ-
ent final concentrations (0—100 uM), and then
the cells were treated for 72 h (Fig. 1). The
IC5o was calculated and used while comparing
the values of the cytotoxic effect.

The tested compounds were found to pos-
sess different cytotoxic action towards human
tumor cells of various tissue origin. The tumor
cells of epithelial origin (MCF-7, Skov3, SK-
Mel-28 and SW-1573 lines) were relatively
resistant to the action of compounds la-e, 2
used in concentrations up to 100 uM (Fig. 1).

The anticancer cytotoxic effect in vitro of
the compounds 1a-e, 2 was also studied using
human acute leukemia T-cells of Jurkat line.
The compound 2 possessed cytotoxic activity
towards Jurkat cells with the ICs, = 33.5 uM
(Fig. 2).

Thus, the cytotoxic activity of synthesized
compounds la-e, 2 seems to depend on the
targeted tumor cell line, although the leukemia
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Fig. 1. Results of testing cytotoxicity of compounds towards different tumor cell lines. After a total time of experiment

(72 h), cytotoxic effect was measured by the MTT assay.
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Fig. 2. Results of testing cytotoxicity of compounds to-
wards human acute T-cell leukemia cells of Jurkat line.
After a total time of experiment (72 h) cytotoxic effect
was measured by the MTT assay.
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cells appeared to be the most sensitive to the
action of studied derivatives.

Most of chemotherapeutic drugs demon-
strate toxicity toward normal cells of tissues
and organs, namely the bone marrow cells,
cells of mucous layer of the intestine, repro-
duction glands, and hair follicles [25]. We have
measured the cytotoxic effect of the com-
pounds under study towards non-tumor cells,
such as transformed mouse fibroblasts of L929
line and pseudo-normal human embryonic
kidney cells of HEK293 line (Fig. 3). There
was no significant cytotoxic effect of used
compounds towards HEK293 and 1.929 cells.
Thus, one could suggest the lack of general
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Fig. 3. Results of testing cytotoxicity of compounds towards non-tumor mammalian cells. After a total time of ex-
periment (72 h) cytotoxic effect was measured by the MTT assay.

toxicity of novel synthetic compounds towards
normal cells of tissues and organs.

We found that the cytotoxic effect of com-
pound 2 towards human acute T-cell leukemia
cells of Jurkat line was dose- and time-depen-
dent (3, 6, 24, 48 and 72 h). Compound 2
showed such effect as soon as in 6 h after
starting cell treatment (ICs, = 66 uM), where-
as its toxicity towards Jurkat cells was more
prominent after 24 h treatment (IC5, = 40 uM)
(Fig. 4).
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Fig. 4. Exposure time-dependency of compound 2 cyto-
toxicity. Pulsing experiments were performed using hu-
man acute T-cell leukemia cells of Jurkat line treated for
3,6, 24, 48 and 72 h with compound 2. Cytotoxic action
was determined using MTT assay.

Conclusion

Novel spiro-substituted thiopyrano[2,3-d]thia-
zole derivatives were synthesized and tested
for their cytotoxic activity towards human
tumor cells in vitro. Generally, they possessed
low toxicity towards tumor cells. Compound
2 was found to be the most cytotoxic agent
specifically towards the human acute T-cell
leukemia cells of Jurkat line (IC5, = 33.5 uM).
A low toxicity of this compound towards the
pseudo-normal human embryonic kidney cells
of HEK293 line should be noted.
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CxpuHiHT cnipo-3aminenux tionipano|2,3-d]
Tia30J1iB M0/10 IX HUTOTOKCUYHOI il HA MYXJIUMHHI
KJITHHH

H. 1. Bemicko, H. C. ®inrok, B. M. IlIBernp,
1O. O. Mengine, P. C. Croiika, P. b. Jlecuk

Meta. BuBYEHHS IIUTOTOKCUYHOI aKTUBHOCTI HOBHX CITi-
PpO-3aMillleHHX MOXIHUX TiomipaHo[2,3-d|Tia3ony Ha myX-
JIMHHI KITITHH pi3HOTO noxomkeHHs. MeTtonu. Opraniaauit

cuHTe3; criekTpaibHi Metoan; MTT tect, craTiucTHIHui
anami3. PesyabraTrn. IIpoBeneHo mnocmiuKeHHs in vitro
5’-kapbokcu-7’-apui-1-apun-3°,7’-nurinpo-2H,2 'H,5 H-
cripo[miponiauH-3,6’-Tionipano|[2,3-d]Tiazomn]-2,2",5-
TpioHiB i N-(4-xnopodenin)-2-[ 1-(4-xmopodenin)-2,5-
JIIOKCOITIPOITIIMH-3-1JTi/ICH |-alieTaMi Ty MO0 Pi3HUX JIHIN
myxJMHHUX KniTHH (T-kmituaHOT nefikemii Jurkat, ageHo-
KapiuHOMHU MoJIouHOi 3a5to3u MCF-7, kaprimHoMu sie€d-
nuka Skov3, memanomu SK-Mel-28, HenpiOHOKITI THHHOTO
paky sereHi SW-1573). CunTe30BaHi CHOIYKH MarOTh
pi3HY IIUTOTOKCHYHY Mif0 IIOI0 BUKOPUCTAHUX JiHIH
MyXJIMHHUX KTiTHH. Kinituau neiikeMii BUSIBUITUCST Hal-
OLUTBIII Yy TIIMBUMH JIO Jii IIUX TOXiTqHUX. [IuToTOKCHIHMI
etext comykn 2 oo T-xmiTrHHOT Neiikemii Jurkat 3a-
JISKUTH BiJl IO3U CIIONYKH 1 TpUBAIOCTI ii 1ii (3, 6, 24, 48
i 72 rom). Crioiyka 2 BOJNOIIE IATOTOKCHYIHOIO JTI€I0 HA
JefikeMivHi KiiTiHA JiHiT Jurkat Bxe gyepes 6 rop micst ii
JonaBaHHs 10 Kynsrypu 1ux kimitiH (ICs, = 66 uM), a
yepes 24 rox ii murotokenaHicTh 3poctae (ICs, =40 pM).
BucHoBku. [IpoBeieHO CKPUHIHT HOBHX CITIPO-3aMillIeHUX
MOXiZHUX TiomipaHo[2,3-d|Tia30:1y Moo X U TOTOKCHY-
HAMBHIIOI0 aKTUBHICTIO y JIeHiKeMiyHnX T-KITliTHHAX JTiHIT
Jurkat (ICs, = 33,5 MxM), Tozi sIK T{ TOKCHYHICTB III0/I0
TICEBI0-HOPMAIIBHUX KITITHH CCABIIB € BIITHOCHO HI3BKOIO.

KawuoBi cJiosa: Tionipano[2,3-d]|ria3onu, nporu-
MyXJIMHHA aKTUBHICTh

CKpHMHHMHI CIUPO-3aMellleHHbIX THONMPAaHO[2,3-d]
THA30JI0B OTHOCHTEIbHO UX IUTOTOKCHYECKOI0
JAeHCTBHSA HA OMyX0JIeBble KJIeTKH

H. U. 3enucko, H. C. ®unrok, B. H. IlIsens,
10. O. MenBunp, P. C. Croiika, P. b. Jlecbik

eab. M3yueHne NUTOTOKCMYECKOW aKTUBHOCTH HOBBIX
CIIMPO-3aMEIICHHBIX TPOU3BOIHBIX THOMHUPaHO[2,3-d]
THA3071a Ha OITyXOJIEBbIE KJIETKU Pa3IMYHON ITHOJIOTHU.
MeTtonabl. OpraHn4ecKuii CHHTE3; CIICKTPaIbHBIE METOIB;
MTT Tect, cratuctuueckuii aHanui. Pe3yabrarbl.
Wccnenosano neficteue 5°-kapOokcu-7’-apwi-1-apui-
3,7’ -purunpo-2H,2 'H,5 H-cnupo[tuponuanu-3,6’ -
tronupano|2,3-d|tnazon]-2,2°,5-rpuonoB u N-(4-
xnmopodenun)-2-[1-(4-xnopodpennn)-2,5-
JTIOKCOITUPOITUTNH-3-MITH/ICH |-alleTaMH/Ia Ha OITyXOJIEBBIM
kitetkaM (T-kierouHoid nefikemun Jurkat, aeHOKapLITHOMBI
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MOJIOYHOH xene3pl MCF-7, kapriHOMEI stmaHnKa Skov3,
mernaHoMbl SK-Mel-28, HeMEIKOKIIETOUHOTO paka JIErKuX
SW-1573) in vitro. CunTe3upyembie COeTMHEHUS UMEIOT
pa3IMYHOE MUTOTOKCHYECKOE JISHCTBUE IO OTHOIICHHIO
K UCTIOIB3YEMBIX JIHHIA OITyXOJIEBBIX KJIETOK. KieTku
JICWKEMHUH OKa3aJTHCh HAHOOJICe UyBCTBUTEIIBHBIME K 3TUM
npon3BoHbIM. LlnToToKcHyeckuii adpdext coenunenus 2
OTHOCHTENBHO T-KIIeTOUHOIT Jtetikemun Jurkat 3aBucuT Bifg
JIO3BI COCAMHCHMUS 1 TPOAOJDKUTEIIFHOCTH € IeicTBuA (3,
6, 24, 48 i 72 ton). (3, 6, 24, 48 u 72 4). CoenuHeHue 2
0051a1aeT HUTOTOKCHYECKIM Ha JEWKEMHUYECKUE KIICTKH
muann Jurkat y)xe gepes 6 9 mociie ee 100aBICHUS K
KymbType 31X KIeTok (ICs, = 66 MkM), a uepes 24 daca
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ee nuTorokcnuHocTh yBennumsaercs (ICs, = 40 MxM).
BeiBoabl. OnpeneneHo MUTOTOKCUYECKOTO JEHCTBHSI HO-
BBIX CIUPO-3aMEIIICHHBIX IIPOU3BOIHBIX THOMHUPAHO[2,3-d|
THA30J1a Ha OIyXOJIeBbIC KIETKH in vitro. CoenquHeHue 2
o0aiaeT HaUBBICIIEH aKTHBHOCTBIO HA JICHKEMUYECKUE
T-xnerounsie muann Jurkat (ICs, = 33,5 MmxM), B TOXe
BpeMsI €¢ TOKCHYHOCTB Ha TICEBI0-HOPMAIBHBIX KIIETKAaX
MJICKOTIATAIOIINX OBIJIa OTHOCHTEIIEHO HEBBICOKOM.

KnaoueBsbie cJoBa: Tnonupano|2,3-d|Tuas3onsl, mpo-
THBOOITYXOJICBAsl aKTHBHOCTb.
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