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Derivatives of 2-amino-5-benzylthiazole are heterocyclic pharmacophores that exhibit different pharmacological activities including anticancer action. The mechanisms of such action of these compounds are not clear. The aim of the present study was to investigate apoptosis induction, particularly DNA
damage in human leukemia cells, by the novel synthesized thiazole derivatives ‒ 2,8-dimethyl-7-(3-trifluoromethyl-benzyl)pyrazolo[4,3-e]thiazolo[3,2-a]pyrimidin-4(2H)-one (compound 1) and 7-benzyl-8-methyl2-propylpyrazolo[4,3-e]thiazolo[3,2-a]pyrimidin-4(2H)-one (compound 2). Western-blot analysis, DNA comet
assay in alkaline conditions, diphenylamine DNA fragmentation assay, agarose gel retardation, and methyl
green DNA intercalation assays were used to study the effects of the studied compounds in human leukemia
cells. These compounds induced PARP1 and caspase 3 cleavage in the leukemia cells, also increased the level
of pro-apoptotic Bim protein and the mitochondrion-specific EndoG nuclease, and decreased the level of the
anti-apoptotic Bcl-2 protein. They caused DNA single-strand breaks and DNA fragmentation in the leukemia
cells without direct DNA binding or DNA intercalation. Thus, novel 2-amino-5-benzylthiazole derivatives may
be promising agents for apoptosis induction in the targeted human leukemia cells.
K e y w o r d s: 2-amino-5-benzylthiazole, Doxorubicin, apoptosis, DNA damage, leukemia.

C

ancer is one of the major worldwide health
problems. Standard chemotherapeutic
strategies used for treatment of cancer patients do not have specific action and cause general
toxicity. Another drawback of cancer chemotherapy
is development of multidrug resistance in the treated
patients [1].
As potential anticancer agents, heterocyclic
compounds have been synthesized and their activity
has been investigated [1-5]. Antifungal, antimicrobial, anticonvulsant, and antiproliferative activities
have been also reported for thiazoles [1, 3, 4]. Li
et al. demonstrated that thiazolo[5,4-d]pyrimidine
(5-(benzylthio)-7-morpholino-N-phenylthiazolo[5,4d]pyrimidin-2-amine) possesses growth inhibition
effects towards human gastric cancer MGC803, gas-

tric carcinoma HGC27, and lung cancer H1650 cells
[4]. The pyridyl-thiazoles possess antiproliferative
activity for human acute T lymphocyte leukemia
Jurkat and colorectal HT-29 cells [5].
Introduction of fluorine-containing groups into
the structure of the molecules of bioactive agents
was shown to increase plasma membrane permeability, metabolic stability of targeted cells, efficacy and selectivity of action [1]. The fluorinated
pyrazolo[3,4-d]pyrimidine derivatives possess antitumor activity towards human leukemia HL-60
cells. Besides, compounds with the H atom at position 1 of the pyrazole ring were more active than
those with a phenyl group [6]. The thiazole derivatives with a 4-(trifluoromethyl)-benzylidene possess
antiproliferative activity towards human bronchial
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epithelial NCI-H292, carcinoma HEp-2, and leukemia (K562, HL-60) cells [1].
In a previous study, we have shown that 2,8-dimethyl-7-(3-trifluoromethyl-benzyl)pyrazolo[4,3-e]
thiazolo[3,2-a]pyrimidin-4(2H)-one (compound 2 in
[7], in this manuscript ‒ compound 1) and 7-benzyl-8-methyl-2-propylpyrazolo[4,3-e]thiazolo[3,2-a]
pyrimidin-4(2H)-one (compound 7 in [7], in this
manuscript ‒ compound 2) possess cytotoxic action towards human leukemia cells (K562, HL-60
and the multidrug resistant subline of human myeloid leukemia HL-60/ADR cells) [7]. At the same
time, these compounds possess low cytotoxicity towards non-tumor human embryonic kidney HEK293
cells, human keratinocytes of the HaCaT line, and
murine macrophages of the J774.2 line, and were
less toxic than doxorubicin (Dox) [7]. The mechanism underlyingsuch anti-proliferative activity of
those 2-amino-5-benzylthiazole derivatives was not
studied. Here we investigated the pro-apoptotic action, specifically the DNA damaging effects, of compounds 1 and 2 in human leukemia cells.
Materials and Methods
Studied compounds. The 2,8-dimethyl-7-(3trifluoromethylbenzyl)pyrazolo[4,3-e]thiazolo[3,2a]pyrimidin-4(2H)-one (compound 1) and 7-benzyl8-methyl-2-propylpyrazolo[4,3-e]thiazolo[3,2-a]
pyrimidin-4(2H)-one (compound 2) were synthesized at the Organic Chemistry Department of Ivan
Franko National University of Lviv, Ukraine and
dissolved in dimethyl sulfoxide (DMSO, SigmaAldrich, St. Louis, Missouri, USA). Then, working
solutions of these compounds were prepared using
culture medium [7]. Dox was purchased from Teva
(Haarlem, the Netherlands) and used as a positive
control.
Cell culture. Human myeloid leukemia HL-60
and K562 cells were obtained from a Collection of
the Institute for Cancer Research at Vienna Medical University (Vienna, Austria). Cells were cultured
under standard conditions in the RPMI-1640 medium (APP, Vienna, Austria) supplemented with 10%
fetal bovine serum (FBS, APP, Vienna, Austria).
Western-blot analysis. The leukemia HL-60
cells were treated with compounds 1, 2, and Dox (all
at 0.09 µM) and K562 cells were treated with compounds 1, 2 (both at 3 µM), and Dox (10 µM) for
48 h. Concentrations of the compounds were chosen based on their IC50 in HL-60 and K562 cells.
The IC50 of compounds 1 and 2 towards HL-60
30

cells were 0.090 and 0.096 μM, respectively, and
for K562 cells, the IC50 were 3.0 μM and 3.1 μM,
respectively. The IC50 of Dox towards HL-60 cells
was 0.090 μM and was 10.2 μM for K562 cells [7].
Cellular proteins were extracted with a lysis buffer
(20 mM Tris-HCl, pH 8.0, 1% Triton-X100, 150 mM
NaCl, 50 mM NaF, 0.1% SDS) that contained 1 mM
phenylmethanesulfonyl fluoride (PMSF) and 10 µg/
ml of protease inhibitors cocktail “Complete” (Basel, Roche, Switzerland). Proteins (30 µg/lane) were
separated by SDS/PAGE gel-electrophoresis and
transferred onto a polyvinylidene difluoride (PVDF)
membrane [8]. The primary antibodies used were
against Bim, cleaved Caspase 3 (Asp175), cleaved
poly (ADP-ribose) polymerase 1 (PARP1) (Asp214),
EndoG, phospho-extracellular signal-regulated kinase (ERK) 1/2 (Thr 202/Tyr 204) (Cell Signaling
Technology, New England Biolabs GmbH, Vienna,
Austria), Bcl-2 (Santa Cruz Biotechnology, Inc., Dallas, Texas, USA), and beta-actin monoclonal mouse
AC-15 (Sigma-Aldrich, St. Louis, Missouri, USA).
Secondary peroxidase-conjugated antibodies (Cell
Signaling Technology, New England Biolabs GmbH,
Vienna, Austria) were applied at a working dilution
of 1:5,000. The enhanced chemiluminescence (ECL)
detection reagents (Sigma-Aldrich, St. Louis, Missouri, USA) were used for protein visualization.
Densitometric analysis of the protein level was performed using open source ImageJ software.
DNA comet assay in alkaline conditions. Human leukemia HL-60 cells were treated for 24 h
with compounds 1, 2, and Dox (all at 0.09 µM) and
human leukemia K562 cells with compounds 1, 2
(both at 3 µM), and Dox (10 µM) for 24 h. 100 µl of
treated cells (n = 25,000) were mixed with 100 µl of
0.5% low melting agarose (Promega, Madison, Wisconsin, USA) and transferred to microscopic slides
covered with 1% normal molten agarose (Lachema,
Brno, Czech Republic). Cells were lysed for 4-6 h
at 4 °C in a buffer (2.5 M NaCl; 100 mM EDTA;
10 mM Tris, pH 10.0; 10% DMSO, 1% Triton X-100).
Electrophoresis was performed at 25 V for 25 min
in a buffer (1 mM EDTA; 300 mM NaOH, pH 13.0)
at 4 °C. Slides were stained with ethidium bromide
(EtBr, 10 µg/ml, Sigma Aldrich, St. Louis, Missouri, USA), and visualization was performed under
a Zeiss fluorescent microscope with AxioImager A1
camera (Carl Zeiss, Birkerod, Germany) and AxioVision image analysis software Release 4.6.3.0 for
Carl Zeis microscopy (Imaging Associates Ltd.,
Cork, Ireland). For calculation of the olive tail mo-
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ment (OTL), Casplab-1.2.3b2 software (CASPLab,
Wroclaw, Poland) was used. OTL was studied as a
product of the detectable DNA in the comet tail, and
distance between centers of the head mass and tail
region, and calculated as OTL = (Tail mean – Head
mean)×% of tail DNA [9, 10].
Diphenylamine assay of DNA fragmentation.
For quantitative determination of DNA fragmentation, the diphenylamine assay was used. Diphenylamine interacts with deoxyribose and results in
an increase of blue colored product. Human leukemia
HL-60 cells were treated for 24 h with compounds 1,
2, and Dox (both at 0.1 µM). K562 cells were trea
ted with compounds 1, 2 (both at 3 µM), and Dox
(10 µM). Cells were lysed in 0.5 ml Tris-EDTA
buffer, pH 7.4, supplied with 0.2% Triton X-100 and
centrifuged for 10 min at 12,000 g at 4 °C. The fragmented DNA (labelled as A) was separated in a tube
from intact chromatin. Supernatant that contained
fragmented DNA (labelled as B) was transferred into
a new tube. 0.5 ml of 25% trichloroacetic acid (Sfera
Sim, Lviv, Ukraine) was added to tubes A and B,
mixed and incubated for 1 h at 56 °C. DNA samples
were centrifuged for 10 min at 14,000 g at 4 °C. 1 ml
of freshly prepared diphenylamine reagent (150 mg
diphenylamine (Sigma Aldrich, St. Louis, Missouri,
USA) 10 ml glacial acetic acid, 150 ml concentra
ted H2SO4 and 50 ml of acetaldehyde solution) was
added to pellets A and B and incubated overnight at
37 °C. Afterwards, 200 ml of the colored solution
was transferred to a 96-well plate. The optical density (OD) was measured at 630 nm using Absorban
ce Reader BioTek ELx800 (BioTek Instruments, Inc.,
Winooski, Vermont, USA). The percentage of DNA
fragmentation was calculated as {OD tube B/(OD
tube A + OD tube B)×100%} [11].
Gel retardation assay of plasmid DNA. Plasmid DNA (1 μg/μl) pEGFPc-1 (Clontech, Mountain
View, California, USA) was mixed with 2 μl of compounds 1, 2 (0.09, 1.0, 10.0 μM), and Dox (0.09 μM)
in 18 µl of 0.9% sodium chloride (Arterium, Lviv,
Ukraine) at room temperature for 1 h. The prepared
mixture was analyzed by electrophoresis in 1% agarose gel (Lachema, Brno, Czech Republic) with 1×
Tris acetate (TAE) buffer containing 1 μg/ml of EtBr
(Sigma-Aldrich, St. Louis, Missouri, USA) for 1 h
at a constant voltage of 70 V. A trans-illuminator
(MacroVue UV-20, Hoeffer Pharmacia Biotech Inc.,
San Francisco, California, USA) was used for visua
lization of plasmid DNA [10].

DNA intercalation assay based on using methyl
green. Methyl green binds to DNA with an absorption maximum at 642 nm. Free methyl green does
not show absorption at this wavelength. Compounds
that bind/intercalate with DNA replace methyl green
from the methyl green–DNA complex and decrease
the OD at 642 nm. 485 µl of salmon sperm DNA
(50 μg/ml, Sigma-Aldrich, St. Louis, Missouri, USA)
were incubated for 1 h at 37 °C with 15 µl of methyl
green (Sigma-Aldrich, St. Louis, Missouri, USA) solution (1 mg/ml in H2O). 500 µl of compounds 1, 2
(1 and 10 μM), or Dox (1, 10 μM) were added to the
methyl green-DNA complex and incubated for 2 h at
37 °C in the dark. EtBr (1 and 10 μg/ml) was used as
a positive control. Absorption of methyl green was
measured at 630 nm [12] using a fluorescence plate
reader (Absorbance Reader BioTek ELx800, BioTek
Instruments, Inc., Winooski, Vermont, USA).
Statistical analysis. The results were analyzed
and illustrated with GraphPad Prism (version 6;
GraphPad Software, La Jolla, California, USA), and
presented as a mean ± standard deviation. For analy
sis of statistical data, ANOVA test (by Dunnett’s
test) was used. P-value of <0.05 was considered to
be statistically significant.
Results and Discussion
In a previous study [7], we demonstrated
that compounds 1 and 2 possess high cytotoxici
ty towards human leukemia HL-60 (IC50 equal to
0.09 μM and 0.096 μM, respectively) and K562 (IC50
equal to 3.0 μM and 3.1 μM, respectively) cell lines.
The acute promyelocytic leukemia HL-60 cells and
chronic myeloid leukemia K562 cells are good in vitro model systems for studying cellular and molecular
events involved in proliferation and differentiation of
leukemic cells. Since the antineoplastic agents that
selectively induce apoptotic pathways of tumor cells
are of great interest for anticancer therapy strategy,
in this study, we investigated the pro-apoptotic action of compounds 1 and 2.
The results of Western-blot analysis of proteins
from treated human leukemia HL-60 and K562 cells
are presented in Fig. 1 and 2. We detected cleavage of
caspase 3 and PARP1 under the action of the studied
compounds. The effector caspase 3 plays a pivotal
role in apoptotic cell death [13], while PARP1 is involved in DNA repair. Besides, PARP is a substrate
for caspase cleavage and, thus, can be a participant
in the caspase-dependent pathway of apoptosis [13].
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Thus, the cleavage of caspase-3 and PARP plays an
essential role in the DNA damage of target cells.
Treatment of HL-60 cells with the compounds 1 and 2 also led to the up-regulation of
Bim and EndoG together with a down-regulation of
Bcl‑2 proteins (Fig. 1). The members of the Bcl-2
family are the main regulators of apoptosis due to
their ability to activate caspases and release cytochrome c from mitochondria [4]. In complex with
cytochrome c and the pro-apoptotic protein APAF1,
caspase 9 forms a cell destructive machine called
the apoptosome. EndoG, a cell death-related endonuclease G, is released from the mitochondria during
apoptosis and causes DNA fragmentation in the nucleus [14]. The compounds 1 and 2 did not change
the amount of the phosphorylated form of ERK1/2
kinase in the treatedHL-60 cells (Fig. 1), however,
they decreased the amount of the phosphorylated
form of this enzyme in K562 cells (Fig. 2). Downregulation of ERK could be crucial for the anti-proliferative effect of anticancer agents, as well as for
their anti-metastatic and anti-angiogenic properties
in tumor cells [15]. We suggest that heterogeneity of
these leukemia cells could be one of the reasons for
the detected difference between them in ERK phosphorylation. HL‑60 cells are represented mostly by
the granulocyte/monocyte/macrophage lineage and
approximately 10% of these cells differentiate spontaneously [16], while K562 cells are not a B-cell line
and not lymphoid, rather they have a low level of
differentiation and are a granulocytic type of cell
[17]. K562 cells have been reported as particularly
resistant to the action of apoptosis-inducing agents
[18].
The effect of Dox on the level of apoptosis-related proteins in human leukemia HL-60 and K562
cells was similar to the above described effects of
compound 1 and 2 (Fig. 1, 2).
Thus, the results of Western-blot analysis
demonstrated that compounds 1 and 2 induce apoptosis in human leukemia HL-60 and K562 cells. The
cytotoxic action of other thiazole derivatives, such
as 4-(3-acetyl-5-oxo-6-phenyl-8-(thiophen-2-yl)
pyrido[2,3-d] [1,2,4]triazolo[4,3-a] pyrimidin-1(5H)yl)benzenesulfonamide, (e)-4-(2,4-dichlorophenyl)2-{2-[4-(trifluoromethyl) benzylidene]hydrazinyl}
thiazole and 5-(benzylthio)-N-phenyl-7-(p-tolylthio)
thiazolo[5,4-d]pyrimidin-2-amine is related to upregulation of caspase3/3, Bax and down-regulation of
Bcl-2 [1, 4, 19]. The 7-methoxy-2-oxo-2H-chromene3-carboxylic acid [4-(4-methoxy-phenyl)-thiazol32

2-yl]-amide cleaved caspase-8, caspase-3, PARP,
and affected caspase activated DNase, and H2A histone family member X (γ-H2AX) in murine ascitic
carcinoma cells [20]. Since the studied compounds
in the leukemia cells increased the level of the mitochondrial pro-apoptotic proteins Bim protein (induces Bax/Bak oligomerization on mitochondria [4])
and EndoG (nuclease that specifically degrades the
DNA), and decreased the level of the mitochondrial
anti-apoptotic Bcl-2 protein, we suggest a mitochondria-dependent action of these compounds. Their
capability for activating caspase 3, which is a proteinase degrading intracellular regulatory proteins
including PARP1 (DNA repair enzyme), together
with the above noted elevation of the EndoG nuclea
se could be responsible for degradation of chromosomal DNA (DNA single-strand breaks and DNA
fragmentation in the leukemia cells).
DNA damage induced by the derivatives of
thiazole. DNA fragmentation is a characteristic
feature of apoptosis. We used an alkaline comet assay in order to identify single-strand DNA breaks
and alkali-labile base damage in human leukemia HL‑60 and K562 cells from their treatment
with compounds 1, 2, and Dox. The OTL was
checked as a parameter for analysis of the DNA
damage. Compounds 1 and 2 induced DNA dama
ge in HL‑60 cells with the OTL = 11.0 ± 5.8%
for compound 1 and OTL = 14.9 ± 7.7% for compound 2 (Fig. 3, C, D and Fig. 4); and in K562 cells
with the OTL = 10.5 ± 4.0% for compound 1 and
OTL = 10.1 ± 7.2 for compound 2 (Fig. 3, G, H and
Fig. 4). Some DNA damage was detected in control (untreated) cells (OTL = 2.4 ± 1.1% in HL‑60
cells and OTL = 1.7 ± 0.7% in K562 cells). Dox
caused more significant DNA damage in the leukemia cells (OTL = 31.4 ± 7.9% in HL-60 cells and
OTL = 24.3 ± 11.9% in K562 cells; Fig. 3, B, F and
Fig. 4).
A colorimetric diphenylamine assay was used
in order to define the amount of DNA fragmentation
from treatment with compounds 1, 2, and Dox. An
increase in the absorbance at 630 nm corresponded
to an elevation in the amount of the apoptotic DNA
fragments. The level of DNA fragmentation from
Dox treatment was higher than from treatment with
compounds 1 and 2. The level of fragmented DNA in
HL-60 cells reached 3.8% and 3.3% from the action
of compounds 1 and 2, respectively, and 7.9% from
the action of Dox (Fig. 5). The level of fragmented
DNA in K562 cells was 7.1% and 9.6% from the ef-
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Fig. 1. The effect of compounds 1, 2, and doxorubicin (Dox) on the level of apoptosis-initiating proteins in human leukemia HL-60 cells: A ‒ Western-blot analysis of proteins; B ‒ densitometry of protein amount. Cells
were treated for 48 h with compounds 1, 2 and Dox. * P ≤ 0.05; ** P ≤ 0.01;*** P ≤ 0.001, ns – non-significant
changes (difference compared with the non-treated control cells). C – control (untreated) cells; Cl – cleaved;
EndoG – endonuclease G; ERK – extracellular signal-regulated kinase; PARP – poly (ADP-ribose) polyme
rase; ph – phosphorylated
fects of compounds 1 and 2, respectively, and was
33.9% from the effect of Dox (Fig. 4). Similar effects
were reported for the (E)-4-(2,4-dichlorophenyl)2-{2-[4-(trifluoromethyl)benzylidene] hydrazinyl}
thiazole on DNA fragmentation: 19.7-22.4% after
treatment with this compound at a concentration of
17-34 μM [1].
Study of binding of the thiazole derivatives to
DNA. The intercalation or binding of nuclear DNA is
one of the mechanisms of the antineoplastic action of
specific anticancer drugs (e.g. anthracyclines, 5-fluorouracil, mesalamine, cisplatin) [12, 21]. Binding
with DNA blocks DNA replication, thus enhancing
an efficiency of drug action [21, 22].
Dox, used as a positive control, at 0.09 µM inhibited the electrophoretic mobility of plasmid DNA
in the agarose gel (Fig. 6, lane 2). This DNA was not
retarded by compounds 1 and 2 used at 0.09, 1 and
10 µM doses (Fig. 6, lanes 3-8).

Compound 1 used at 1 and 10 μM concentrations slightly replaced the methyl green in a DNAmethyl green complex (1.9 ± 0.2% and 2.4 ± 0.3%,
respectively, Fig. 7). Compound 2 used at 1 and
10 μM doses showed a similar ability for methyl
green replacement (1.6 ± 0.1% and 1.7 ± 0.2%, respectively, Fig. 7). While Dox at 1 and 10 μM doses
totally replaced the methyl green (94.1 ± 10.1% and
105.8 ± 13.7%, respectively). EtBr (1 and 10 μg/ml),
a well-known intercalating agent, was used as a
positive control and demonstrated 74.8 ± 10.1% and
96.5 ± 13.71% of methyl green replacement, respectively.
A capability of binding to calf thymus DNA
was reported for different thiazole derivatives
(pyrazolo[3,4-d]pyrimidine-benzimidazoles) [23],
as well as for iminoacylated 2-amino pyridylthiazole derivatives and copper-containing thiazolepyridine compounds [24]. Molecular docking and
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Fig. 2. The effect of compounds 1, 2, and doxorubicin (Dox) on the level of apoptosis-initiating proteins in
human leukemia K562 cells: A ‒ Western-blot analysis of proteins; B ‒ densitometry of protein amount.
*P ≤ 0.05; **P ≤ 0.01;***P ≤ 0.001. C – control (untreated) cells; Cl – cleaved; ERK – extracellular signalregulated kinase; PARP – poly (ADP-ribose) polymerase; ph – phosphorylated
fluorescent spectroscopy (EtBr replacement) approaches were applied to confirm binding of studied compounds to the DNA molecule [23, 24]. We
have used the electrophoretic retardation of plasmid
DNA and replacement of methyl green dye for confirmation of our suggestion that compounds 1 and
2 neither bind DNA directly nor intercalate into the
DNA molecule. Earlier, it was demonstrated that an
anticancer alkaloid (chelidonine) does not bind DNA,
however, it induced apoptosis with delayed (12-24 h)
DNA damage revealed by the DNA comet assay and
DNA ladderinganalysis [25]. In that study, it was
suggested that such DNA damage was a result of
secondary events in the apoptosis pathway, since the
related alkaloids (sanguinarine and chelerythrine)
which definitely intercalated salmon sperm DNA
caused DNA damage much earlier (1-3 h) [25]. There
is another potential mechanism by which the cytotoxic agents (anticancer drugs) can damage the DNA
even without a direct interaction with its molecule.
Recently, we have detected that N-(5-benzyl-1,3thiazol-2-yl)-3,5-dimethyl-1-benzofuran-2-carboxamide derivative did not bind the DNA, however, it
induced hydrogen peroxide (i.e., reactive oxygen
34

species [ROS]) accumulation and DNA fragmentation (DNA comet assay in alkaline conditions) in
human glioblastoma U251 and T98G cells [10]. The
ROS-induced death of tumor cells was associated
with the down-regulation of PARP1 (DNA repair
enzyme) and mitochondrial depolarization (indicator
of apoptosis) [26]. Thus, we suggest that compounds
1 and 2 induced apoptosis in the studied leukemia
cells via mechanisms that are not directly dependent
on DNA binding or intercalation.
Summarizing, the anti-proliferative action of
the studied compounds 1 and 2 is associated with
apoptosis induction via a mitochondria-dependent
mechanism. Particularly, these compounds increased
the level of the pro-apoptotic Bim protein and decreased the level of the anti-apoptotic Bcl-2 protein,
as well as increased the level of the mitochondrionspecific EndoG nuclease, and also activated caspase 3 and caused cleavage of PARP1. Besides,
these compounds caused DNA single-strand breaks
and DNA fragmentation in human leukemia cells
without significant DNA binding or DNA intercalation. Thus, the 2-amino-5-benzylthiazole derivatives
may be promising agents for killing human leukemia
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Fig. 3. The DNA damage from compounds 1, 2, and doxorubicin (Dox) in human leukemia HL-60 cells (A –
control; B – Dox, 0.09 μM; C – compound 1, 0.09 μM; D – compound 2, 0.09 μM) and K562 cells (E – control;
F – Dox, 10 μM; G – compound 1, 3 μM; H – compound 2, 3 μM)
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Fig. 4. The quantitative data of DNA damage (Olive Tail Moment) from compounds 1, 2, and doxorubicin
(Dox) human leukemia HL-60 and K562 cells. ***P < 0.001 (significant changes compared with control (untreated) cells)
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Fig. 5. The level of DNA fragmentation caused by compounds 1, 2, and doxorubicin (Dox) in human leukemia
HL-60 and K562 cells. The diphenylamine method was used for quantitative identification of DNA fragmentation. ***P < 0.001 (significant changes compared with control (untreated) cells). DMSO – dimethyl sulfoxide

Fig. 6. The results of electrophoretic retardation of plasmid DNA (pDNA) by doxorubicin (Dox) and compounds 1 and 2: lane 1 ‒
control (native) pDNA pEGFP c-1; 2 ‒ Dox,
0.09 μM + pDNA; 3 ‒ compound 1, 0.09 μM
+ pDNA; 4 ‒ compound 1, 1 μM + pDNA; 5 ‒
compound 1, 10 μM + pDNA; 6 ‒ compound
2, 0.09 μM + pDNA; 7 ‒ compound 2, 1 μM +
pDNA; 8 ‒ compound 2, 10 μM + pDNA. The
studied compounds were added to a sample
of pDNA pEGFPc-1, the mixture was kept for
1 h at room temperature, and then subjected
to electrophoresis in the agarose gel
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Fig. 7. The results of measuring replacement of methyl green from a DNA-methyl green complex by compounds 1, 2 and doxorubicin (Dox) and ethidium bromide (EtBr, positive control). *** P < 0.001 (significant
changes compared with EtBr (10 μg/ml) effect); Δ P < 0.05 (significant changes compared with Dox (10 μM)
effect); ΔΔΔ P < 0.001 (significant changes compared with Dox (10 μM) effect)
cells. Further studies of the mechanism of cytotoxic
action of 2-amino-5-benzylthiazole derivatives using
flow cytometry for evaluation of cell cycling, production of ROS, and flow cytometry, fluorescence
microscopy examinations of mitochondria transmembrane potential, as well as studies of the effects
of these derivatives in tumor-bearing mice are in
progress.
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1

Похідні
2-аміно-5-бензилтіазолу
є
гетероциклічними сполуками, які виявляють різноманітні фармакологічні властивості,
в тому числі протипухлинну дію, механізми
якої ще недостатньо вивчені. Метою цього
дослідження було з’ясування дії двох новосинтезованих похідних тіазолу ‒ 2,8-диметил-7-(3трифторметил-бензил)піразоло[4,3-е]тіазоло[3,2-а]піримідин-4 (2Н)-он (сполука 1) і 7-бензил8-метил-2-пропілпіразоло[4,3-е] тіазоло[3,2-а]піримідин-4(2Н)-он (сполука 2) ‒ на індукцію
апоптозу та структуру ДНК у лейкозних клітинах
людини. У цій роботі застосовували Вестернблот аналіз, ДНК-комет аналіз в лужних умовах,
дифеніламіновий метод, ДНК-електрофорез в
агарозному гелі, аналіз інтеркаляції ДНК із застосуванням метилового зеленого для вивчення
впливу досліджуваних сполук на клітини лейкозу. Встановлено, що ці сполуки активують розщеплення PARP1 і каспази 3, а також збільшення
рівня проапоптотичного протеїну Bim та
специфічної мітохондріальної нуклеази EndoG, і
зниження рівня антиапоптичного протеїну Bcl2. Дія цих речовин призводить до одноланцюгових розривів у молекулі ДНК і фрагментації
ДНК у лейкозних клітинах. Проте ці сполуки не
зв’язуються з ДНК і не інтеркалюють у структуру її молекули. Отже, нові похідні 2-аміно-5бензилтіазолу є потенційними сполуками, які
індукують апоптоз у лейкозних клітинах людини.
Ключові
с л о в а:
2-аміно-5бензилтіазол, доксорубіцин, апоптоз, пошко
дження ДНК, лейкоз.
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