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Quinazolines – 1,3-benzodiazines are biological active compounds, and some of them act as anticancer drugs. We evalu-
ated cytotoxic/antiproliferative activity of new synthetically prepared [1,2,4]triazolo[4,3-c]quinazolines using tumor cell
lines HeLa and B16. The in vitro cytotoxic studies of the most active derivative 3-(5-nitro-2-thienyl)-9-chloro-5-morpho-
lin-4-yl[1,2,4]triazolo[4,3-c]quinazoline (NTCHMTQ) were complemented by cell cycle analysis, and determination of
apoptotic DNA fragmentation. Possible direct interaction of NTCHMTQ with calf thymus DNA was tested by the
DNA-modified screen-printed electrode. Five quinazoline derivatives tested acted cytotoxically on both tumor cell lines.
The melanoma cells B16 were more sensitive to quinazolines treatment than HeLa cells. The most effective derivative was
NTCHMTQ which manifested significant in vitro cytotoxic/antiproliferative effect. NTCHMTQ at micromolar
concetrations induced morphological changes and necrosis of B16 cells. NTCHMTQ at concentrations tested did not cause
changes in cell cycle, did not induce apoptotic cell death in the B16 cells and did not even behave as a typical intercalating
agent.
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Recent development in the chemistry of quinazoline deriv-
atives gave rise to more than ten thousand publications or
patents, and yielded more than one thousand derivatives. It
was stimulated by the pharmaceutical utilization of some al-
kaloids with quinazoline skeleton, which are freely found in
nature. There are four types of alkaloids, from which, e.g.,
febrifugine known as Chans-San,s alkaloid was used as an
antimalaricum 200 years B.C. [1]. Most of these compounds
were tested for their pharmacological, phytoeffective,
biocide and other properties.

At present, quinazoline derivatives are used in the pharma-
ceutical industry, in medicine and in agriculture because of
their antimicrobial [2], antiinflammatory [3], diuretic [4],

anticonvulsant [5], antiallergic [6], antihypertensive [7], anti-
parkinsonian [8] effects and other properties.

As documented in the literature, many derivatives act as
anticancer active compounds [9, 10] and they act as multi-
target agents [11]. They are antifolate thymidylate synthase
inhibitors [12]; epidermal growth factor receptor tyrosine
kinase inhibitors [13]; inhibitors of enzymes dihydrofolate
reductase [14] and tyrosine kinase [15], aldozreductase [16]
and cyclic GMP phosphodiesterase [17]. Some quinazolines
interact with cytoskeleton [18], they induce apoptosis [19]
and influence DNA topoisomerase [20]. There are now a
number of thymidylate synthase inhibitors in development
(CB3717, ZD1694, LY231514, AG331, AG337). These
have broad spectrum of activity against different types of hu-
man cancers. Some of these (ZD1836, ZD 6474, OSI-774,
GW-2016) are now in clinical testing [13, 21].

In the aim of obtaining new antitumor agents, a series of
substituted triazoloquinazolines was prepared [22, 23].
These compounds were firstly tested for antimicrobial prop-
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erties in vitro on selected microorganisms [24]. The broadest
antimicrobial activity was found with NTCHMTQ in con-
centration of 24 µM for Bacillus subtilis, 120 µM for Staphy-

lococcus aureus and 240 µM for Candida tropicalis. The
highest tested concentration of this derivative caused 83.1%
growth inhibition of Rhizopus nigricans.

The main aim of this study was to investigate the cytotoxic
or antiproliferative effects of synthetically prepared fifteen
substituted [1,2,4]triazolo[4,3-c]quinazolines (Tab. 1) on the
transformed cell line HeLa. Simultaneously, the relation be-
tween their structure and their cytotoxic effect was studied.
Futher we investigated antiproliferative activity in vitro of
the most effective derivative NTCHMTQ. Furthermore, its
effect on cell morphology, cell cycle and induction of
apoptosis/necrosis in murine melanoma B16 cell lines were
monitored. The damage of calf thymus DNA was tested by
the DNA-modified screen-printed electrode, too.

Material and methods

Cells. The human tumor cell line HeLa and murine mela-
noma cell line B16 (both obtained from the American Type
Culture Collection (Rockville, MD, USA)) were adherently
grown and propagated in minimal Eagle medium supple-
mented with heat-inactivated foetal bovine serum (10% (v/v)
for HeLa cells and 15% (v/v) for B16 cells); penicillin/strep-
tomycin (100 µg/ml) and kanamycin (100 µg/ml) (all ob-

tained from Biocom Bratislava, Slovakia). To maintain expo-
nential growth, the cultures were divided every third day by
dilution to concentration of 3x104 HeLa cells/ml and 8x104

B16 cells/ml. Viability of the cells was determined by 0.4%
trypan blue staining.

Cell treatment. Exponentially growing cells (24 h) in culti-
vation dishes at concentration of 3x104 HeLa cells/ml and
1x105 B16 cells ml were immediately treated with tested
triazoloquinazolines at concentrations in the range of
251.4–0.251 µM for Kenacid blue (KB) assay; 240–2.4 x
10-4 µM for the growth inhibition assay and morphological
observation; 1.2–2.4 x 10-2 µM for cell cycle analysis and de-
termination of apoptosis and 240–2.4 x 10-3 µM for determi-
nation of mutagenic effects. DMSO (0.1%) was used as con-
trol.

Chemicals. Substituted [1,2,4]triazolo[4,3-c]quinazolines
(Tab. 1) were prepared by ŠPIRKOVÁ et al [22, 23]. Chromato-
graphically pure fifteen substituted [1,2,4]triazolo[4,3-c]qui-
nazolines were dissolved directly in dimethyl sulfoxide
(DMSO); its final concentration never exceeded 0.1% (v/v)
in either control or treated samples. The solutions of tested
quinazoline derivatives were prepared freshly before each in-
cubation. Other chemicals were obtained from Sigma St
Louis, MO, USA.

Kenacid blue (KB) assay. After 24 hours exposure of HeLa
cells with the tested quinazolines, the wells were washed
with PBS and 100 µl of the fixate-destain solution (1% acetic
acid, 50% ethanol, 49% distilled water) was added. The
microplates were placed on a shaker for 20 min. After remov-
ing the fixate, 100 µl of Kenacid blue R staining solution (4
mg/ml) per well was added and the multiwell plates were
shaken for another 10 min. They were subsequently washed
twice with PBS, 150 µl of desorbing solution (98.15 g potas-
sium acetate, 700 ml ethanol, 300 ml distilled water) was
added, and the absorbance of each well was measured. In all
three cases, the 96-well plates were scanned with a
HUMAREADER microplate spectrophotometer equipped
with a 568 nm filter to record absorbancy. The results were
calculated for each concentration as a percentage of control.

Relative inhibition was calculated using the formula:

% inhibition = 100 –
A – A

A – A
x

0

�100

where A0 is absorbance A586 at the time of the addition of the
respective compound; A is absorbance A586 of control cells,
Ax is absorbance A586 of treated cells.

The growth inhibition assay. After 24, 48 and 72 h, the
treated and control HeLa and B16 cells were washed once
with phosphate buffered saline (PBS) to remove fragments
and dead cells. The dishes were harvested in triplicate with
0.25% trypsin, washed once with PBS and resuspended in the
latter. The cells were recognized by their ability to exclude
trypan blue stain (0.4%). Unstained cells were counted in a
counting chamber.

Cytotoxic effects were evaluated in terms of inhibition of
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Table 1. Values IC50 and IC100
* for HeLa cells exposed for 24 h to the substi-

tuted [1,2,4]triazolo[4,3-c]quinazolines, the cell viability was measured by
KB assay

Compound R1 R2 IC50 IC100

1 Mo 3-indolyl 10.99 247.04

2 ** Mo 5-nitro-2-thienyl 14.37 24.0

3 Mo 5-nitro-2-furyl 24.67 124.84

4 Mo 5-phenylsulfonyl-2-furyl 189.32 >201.82

5 Mo 5-acetyl-2-furyl >251.38 >251.38

6 Mo 5-bromo-2-furyl 136.09 230.15

7 Mo 4-acetamidophenyl >236.69 >236.69

8 Mo 2-nitrophenyl >243.61 >243.61

9 Mo 2-chlorophenyl >250.0 >250.0

10 Mo 4-chlorophenyl 80.25 >210.35

11 PhP 5-nitro-2-furyl 114.75 210.13

12 PhP 5-chloro-2-furyl >214.92 >214.92

13 PhP 2-furyl >232.13 >232.13

14 PhP 5-bromo-2-furyl >196.16 >196.16

15 PhP 4-(N,N-dimethylamino-phenyl) >206.61 >206.61

*Such concentration of derivatives which, in comparison to the control, in-
hibited the contents of proteins by 50 and 100%, values are in µM and were
read out from the toxicity curves; **compound 2 = NTCHMTQ; Mo –
morpholine, PhP – N-phenylpiperazine. Data represent means ±SD of three
independent experiments. SD is <10%.



cell proliferation. Relative inhibition was calculated using
the formula:

% inhibition = 100 –
K – E

K – K
x

0

�100

where K0 is cell count at the time of the addition of the respec-
tive compound; K is cell count of control cells, Ex is cell
count of treated cells.

Preparation for light microscopy. The suspension of the
HeLa and B16 cells was prepared from 3-day culture at a cell
density of 3x104 HeLa cells/ml and 8x104 B16 cells/ml. Ster-
ile micro-cover slips (15x15x1 mm) were placed on the bot-
tom of plastic dishes (∅ 60 mm). These cover slips were
treated with 0.5 ml of the above-mentioned suspension. After
30 minutes, 4.5 ml of culture medium was added to the dishes
and the cells were cultured for 24 h at 37 °C in a humidified
atmosphere containing 5% CO2. Then the tested quinazoline
(NTCHMTQ) was added to the cells and after 24, 48 and 72 h
of treatment the cover slips with adhering control and treated
cells were taken out of the culture medium and photographed
under a light microscope (Meopta).

Flow cytometric analysis of cell cycle. Flow cytometry
was performed by using Epics XL flow cytometer (A Beck-
man Coulter Company, USA) equipped with an argon laser
operating at 488 nm for excitation of the propidium iodide.
The B16 cells (0.5x106) treated with 1.2; 0.24 and 0.12 µM
were exposed to 0.1% Triton X-100 in PBS supplemented
with RNA-ase (50 µg/ml) for 25 min at 37 °C. Afterwards,
DNA was stained by propidium iodide (50 µg/ml) for 15 min
at 4 °C. Samples were analyzed by EPICS XL with the use of
software System II provided by the manufacturer.

Detection of damage to DNA by using screen-printed elec-

trode [25]. For voltammetric measurements, a computerized
voltammetric analyzer ECA pol, model 110 (Istran, Brati-
slava, Slovakia) fitted with a screen-printed three-electrode
assembly (FACH, Presov, Slovakia) including a carbon
working electrode (SPE, 25 mm2 geometric surface area), a
silver/silver chloride reference electrode (Ag/AgCl/SPE with
the potential of 0.284 V vs conventional Ag/AgCl/sat. KCl
electrode) and a carbon counter electrode was used for
voltammetric measurements. The working electrode without
any electrochemical preconditioning was chemically modi-
fied ex situ by covering with 5 µl of the DNA solution (0.1
mg/ml) and leaving the electrode to dry overnight. The mea-
surements were carried out in a 10 ml glass one-compartment
voltammetric cell at room temperature (22 °C) and visible
light.

DNA marker signal. The modified procedure reported pre-
viously was used for the measurement with the DNA redox
marker. Briefly, the DNA/SPE sensor was pre-treated by im-
mersing to 5x10-3 M phosphate buffer pH 7.0 under stirring
for 5 min, and then rinsed with water. The [Co(phen)3]

3+

marker was accumulated from 5 ml of its 5x10-7 M solution in
5x10-3 M phosphate buffer under stirring for 120 s at an open
circuit. The differential pulse voltammogram (DPV) was re-

corded immediately from +0.300 to –0.500 V at the pulse am-
plitude of 100 mV, the scan step of 5 mV and the scan rate of
10 mV/s. The DNA marker peak current was obtained using
the evaluation against a base-line by standard software and
the subtraction of the mean marker peak current measured at
the unmodified SPE (n=10) under the same conditions. Then,
the DNA/SPE sensor was regenerated by a removal of the
electrostatically accumulated [Co(phen)3]

3+ ions from the
DNA layer at treating in the buffer medium of higher ionic
strength (1x10-1 M phosphate buffer pH 7.0) under stirring
for 60 s. A negligible marker signal was checked by the DPV
record in blank. The marker peak current was obtained in
triplicate and its mean value was calculated (I0). To detect the
damage to DNA, the same DNA/SPE sensor was incubated
in quinazoline solution (240, 120, 24, 2.4, 0.24 µM) in 5x10-3

M phosphate buffer pH 7.0 for 10 min under stirring, and
then rinsed with water. The DNA marker peak current was
obtained in duplicate after medium exchange for 5x10-7 M
[Co(phen)3]

3+ in 5x10-3 M phosphate buffer using the DPV
measurement/biosensor regeneration scheme (see above)
and the mean value was calculated (I). Finally the normalized
(relative) signal I/I0 was received.

Signals of DNA bases. The anodic signals of 8-oxogua-
nine, guanine and adenine moieties were obtained at
DNA/SPE in the blank 5x10-3 M phosphate buffer solution
pH 7.0 recording the DPV scans from 0.1 to 1.6 V at the pulse
amplitude of 100 mV, the scan step of 1 mV and the scan rate
of 10 mV/s. The peak current values were evaluated against a
base-line.

Statistics. All data represent the results obtained from
three separate experiments (for each concentration of tested
compounds five separate Petri dishes or three separate
microplates were used). The individual data points are pre-
sented as the arithmetic means ±SD (standard deviation). The
statistical significance of the results obtained from in vitro

studies was evaluated by Student’s t-test, with probability
values of 0.05 being considered as significant.

All statistical analyses were performed in Graphic pro-
gram ORIGIN 6.1, MS Excel 2003 for Windows XP.

Results

The results in the primary screening of cytotoxicity of the
fifteen substituted [1,2,4]triazolo[4,3-c]quinazolines are
shown in Table 1. The values of inhibitory concentrations
IC50 and IC100 were obtained from the total cell protein con-
tent measured by KB assay. The highest cytotoxic effect on
the HeLa cells was induced 3-(5-nitro-2-thienyl)-9-chloro-5-
morpholin-4-yl[1,2,4]triazolo[4, 3-c]quinazoline (NTCHMTQ,
derivative 2, IC50=14.37 µM, IC100=23.97 µM) and
3-(5-nitro-2-furyl)-9-chloro-5-morpholine-4-yl[1,2,4]triazolo
[4,3-c]quinazoline (derivative 3, IC50=24.67 µM, IC100=
124.84 µM). Certain cytotoxicity was observed in 3-(3-in-
dolyl)-9-chloro-5-morpholine-4-yl[1,2,4]triazolo[4,3-c]qui-
nazoline (derivative 1, IC50=10.99 µM, IC100=247.04 µM),

ANTIPROLIFERATIVE EFFECTS OF NEW [1,2,4]TRIAZOLO[4,3-C]QUINAZOLINES 293



3-(5-bromo-2-furyl-9-chloro-5-morpholine-4-yl[1,2,4] tria-
zolo[4,3-c]quinazoline (derivative 6, IC50=136.09 µM,
IC100=230.15 µM) and 3-(5-nitro-2-furyl)-9-chloro-5-mor-
pholine-4-yl[1,2,4]triazolo[4,3-c]quinazoline (derivative 11,
IC50=114.75 µM, IC100=210.13 µM). Other tested [1,2,4]tria-
zolo[4,3-c]quinazolines (derivatives 4, 5, 7, 8, 9, 10, 12, 13,
14, 15) showed weak activity (the values IC100 were higher
than of the highest concentration tested).

Table 2 shows the values of growth inhibitory concentra-
tions IC100 of five the most active derivatives (1, 2, 3, 6, 11).
The values were obtained from the growth curve of HeLa and
B16 cells. The most effective quinazoline on the both tumor
cell lines was 3-(5-nitro-2-thienyl)-9-chloro-5-morpho-
lin-4-yl[1,2,4]triazolo[4,3-c]quinazoline (NTCHMTQ, deri-
vative 2).

Figure 1 represents the growth curves of HeLa cells
(Fig. 1a) and B16 cells (Fig. 1b) treated for up to 72 h with

NTCHMTQ at concentrations ranging from 240 to 0.24 µM
for HeLa cells and from 240 to 2.4x10-4 µM for B16 cells. Af-
ter 24 h, the three highest concentrations tested (240, 180 and
120 µM) had an acute cytolytic effect manifested by degener-
ation-lysis (necrosis) of certain parts of the HeLa cells. In the
next time intervals the degeneration of cell population in-
creased. The concentration of 24 µM induced a delayed
cytotoxic effect. After 24 h of cultivation, 39.1% of the cell
population proliferated but after 48 h and 72 h 100% degen-
eration of cell population was found. The concentration
2.4 µM of NTCHMTQ induced a cytotoxicity that was di-
rectly time-dependent. The HeLa cells treated for 72 h with
the lowest concentration (0.24 µM) grew as well as the con-
trol cells. The six highest concentrations tested of
NTCHMTQ (240, 180, 120, 24, 2.4, 0.24 µM) induced an
acute cytotoxic effect demonstrated by degeneration of cer-
tain parts of the B16 cells (NTCHMTQ concentrations of
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Table 2. Values IC50 and IC100
*
for HeLa and B16 cells exposed for 24, 48 and 72 h to the active [1,2,4]triazolo[4,3-c]quinazolines (compounds 1, 2, 3, 6, 1)

Cells HeLa B16

Time (h) 24 48 72 24 48 72

Compound IC50 IC100 IC50 IC100 IC50 IC100 IC50 IC100 IC50 IC100 IC50 IC100

1 6.52 123.52 1.58 123.52 6.74 123.52 0.2x10-1 24.7 0.3x10-3 2.47 0.3x10-3 2.47

2** 8.85 24.0 13.99 24.0 6.43 24.0 0.2x10-1 2.41 0.3x10-3 0.24 0.3x10-3 0.24

3 9.01 24.97 9.66 24.97 7.79 24.97 0.12 24.97 0.7 2.49 0.7 2.49

6 5.51 115.07 4.92 170.82 0.53 115.07 2.60 23.01 0.9x10-2 2.3 0.9x10-2 2.3

11 – 210.12 – 210.12 – 210.12 0.41 21.01 0.8x10-2 21.01 0.2x10-1 21.01

*Such concentration of derivatives which, in comparison to the control, inhibited the cell number by 50 and 100%, values are in µM and were read out from the
toxicity curves; **compound 2 = NTCHMTQ; Data represent means ±SD of three independent experiments. SD is <10%.

Figure 1. The growth curves of HeLa (a) and B16 (b) cells treated for up to 72 h with NTCHMTQ. Concentration of derivative (µM): (a) – for HeLa

cells: + = control, = 240, � = 180, � = 120, = 24, * = 2.4, = 0.24; (b) – for B16 cells: — = control, = 240, 180, 120, � = 24, � = 2.4, = 0.24,

* = 2.4x10
-2

, = 2.4x10
-3

and 2.4x10
-4

. Data represents means ±SD of three independent experiments. SD is <10%.

a b



240, 180, 120 and 24 µM) or total inhibition of B16 cell pro-
liferation (NTCHMTQ concentrations of 2.4 and 0.24 µM).
After 24 h and 48 h of cultivation, the B16 cells treated by
NTCHMTQ concentration of 2.4x10-2 µM did not prolifer-
ate, but in the next 24 h interval, 5.8% cell proliferation was
found. The other two concentrations (2.4x10-3 and 2.4x10-4

µM) manifested a cytotoxicity that was directly time- and
concentration-dependent. These changes in viable cell num-
ber were also observed when aliquots of the cultures were ex-
amined by light microscopy (Figs. 2, 3).

The cytolytic effect of 3-(5-nitro-2-thienyl)-9-chloro-5-mor-
pholin-4-yl[1,2,4]triazolo[4,3-c]quinazoline (NTCHMTQ)
observed by light microscopy at concentrations 240, 180,
120 µM for HeLa cells and 24, 2.4, 0.24 µM for B16 cells
during 72 h of culturing is illustrated in Figure 2 and 3. The
control cells (Figs. 2a, 3a) grew on the surface of cultivation
slide and during 72 h of incubating a monolayer was formed.
Figures 2 b,c,d and 3 b,c,d show significant changes in mor-
phology which occurred within 72 h in different stages of dy-
ing cell detached from the covering slip. As seen from figures
NTCHMTQ induces integrity damage of cytoplasmic mem-
brane and lysis-necrosis of cells. The dying cells were stained
by trypan blue dye (0.4%).

To elucidate in more details how NTCHMTQ-treated cells
are dying, we monitored cell cycle profile (Fig. 4) and induc-
tion of apoptosis (data not shown) of NTCHMTQ-treated

B16 cells. As shown in Figure 4, quinazoline at concentra-
tions of 1.2, 0.24, 0.12 and 2.4 x 10-2 µM had no effect on cell
cycle profile of B16 cells. Similarly, NTCHMTQ at tested
concentrations (1.2, 0.24, 0.12 and 2 x 10-2 µM) did not in-
duce the apoptotic DNA fragmentation in B16 cells.

Damage to dsDNA was expressed by the relative signal
I/I0. dsDNA on the surface of screen-printed electrode was
exposed to different concentrations (240, 120, 24, 2.4,
0.24 µM) of NTCHMTQ. Values of the relative signal of the
DNA marker obtained after the biosensor incubation are
summarized in Table 3. These data demonstrate practically
no damage to DNA. Small damage was detected for concen-
tration 240 µM of quinazoline. DNA marker signal was
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Figure 2. The cytolytic effect of NTCHMTQ on morphology of HeLa cells after 72 h exposure. Concentration of derivative (µM): a – control cells,

b – 240, c – 180, d – 120. Magnification 10x8.

a c

db

Table 3. Effect of NTCHMTQ on dsDNA expressed by the relative DNA

marker signal

Conc. of NTCHMTQ,
µM

DNA marker signal (I/Io)
at DNA/SPE incubated

Damage to
dsDNA, %

240 0.91 ± 0.02 9

120 0.97 ± 0.03 3

24 0.99 ± 0.04 1

2.4 1.02 ± 0.04 0

0.24 1.03 ± 0.03 0

The reference I/I0 value for 1.8 mg/l cisPt was 0.54±0.04.



0.91±0.02 (only 9% of damage). The reference of the relative
signal I/I0 for 1.8 mg/l cisplatin (cisPt) was 0.54±0.04.

Damage to dsDNA has also been proved by a change of
voltammetric signals of the DNA bases. The incubation of
DNA/SPE in the quinazoline solution for 10 min leads to no
significant decrease of the anodic peaks corresponding to gua-
nine moiety (about 700 mV) and adenine moiety (1100 mV)
[26].

Discussion

With the aim of obtaining new antitumor agents, a series of
substituted [1,2,4]triazolo[4,3-c]quinazolines were prepared
[22, 23]. Therefore, a lot of clinically used cytostatics show
antimicrobial effects too. As a first step, we tested these com-
pounds for cytotoxic properties in vitro on four bacterial
strains, four yeast strains and two filamentous fungi strains
[17]. The most effective derivatives had the triazolo-
quinazoline skeleton substituted with the pharmacologically
active chromophores-morpholine, chlorine and nitro-group.
The broadest antimicrobial activity was found with 3-(5-ni-
tro-2-thienyl)-9-chloro-5-morpholin-4-yl[1,2,4]triazolo [4,
3-c]quinazoline (NTCHMTQ).

Further, in our primary screening we studied cytotoxic ef-
fect of fifteen substituted [1,2,4]triazolo[4,3-c]quinazolines
on human tumor cell line HeLa (Tab. 1). The highest

cytotoxic effect was demonstrated by 3-(5-nitro-2-tie-
nyl)-9-chloro-5-morpholine-4-yl[1,2,4]triazolo[4, 3-c]quina-
zoline (NTCHMTQ, derivative 2). The comparison of the
triazole structure and it’s cytotoxic effect on the HeLa cells
(Tab. 1) showed that the most active derivatives were
non-substituted in the aromatic ring or substituted by bromo-
or chloro-group, and in the pyrimidine ring of quinazoline
skeleton by phenylpiperazinyl or morpholino group. We ob-
tained the similar results with selected microorganism.

Similarly, the quinazoline derivatives non-substituted in
the aromatic ring or substituted by halogen and in the pyrimi-
dine ring of quinazoline skeleton by phenyl or morpholino
group demonstrated the most active by the study of cytotoxic
effects of some substituted tetrazolo[1,5-c]quinazolines [27].

As it follows from the growth curves of the HeLa and B16
cells (Fig. 1), NTCHMTQ caused different cytotoxic effects
depending on concentration and time of influence. The high-
est tested concentrations of quinazoline induced an acute
cytotoxic effect which was manifested by immediate de-
crease of viable cells, respectively by the total inhibition of
the cell proliferation. NTCHMTQ at concentrations of
24 µM (for HeLa cells) and 0.24 µM (for B16 cells) induced
a delayed cytotoxic effect. While after the first 24 h of influ-
ence we monitored the increased cell number, in the next time
intervals the decrease of cell number was found. The
cytotoxic effect of NTCHMTQ at the other tested concentra-
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Figure 3. The cytolytic effect of NTCHMTQ on morphology of B16 cells after 72 h exposure. Concentration of derivative (µM): a – control cells,

b – 24, c – 2.4, d – 0.24. Magnification 10x8.

a c

db



tions (2.4 µM for HeLa cells and 2.4x10-3 and 2.4x10-4 µM
for B16 cells) was directly proportional to the concentration
and time of influence. We observed similar type of combined
cytotoxic effect by monitoring the effects of berberine on
proliferation of the Hela and L1210 cells [28].

The compared values IC100 as determined by the cell

growth inhibition assay (Tab. 2) show that the most effective
quinazoline on both tumor cell lines was NTCHMTQ. The
melanoma B16 cells were more sensitive to quinazolines
treatment than HeLa cells.

Light microscopy (Figs. 2, 3) showed that NTCHMTQ
concentration of 240, 180 and 120 µM (for HeLa cells) and
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Figure 4. Flow-cytometric analysis of the untreated (control) and NTCHMTQ-treated B16 cells at concentrations of 0.12, 0.24 and 1.2 µM for 24, 48

and 72 h. A – apoptotic cells, B – intact cells, C – dead cells.



24, 2.4, 0.24 µM (for B16 cells) induced necrosis of cells (es-
tablished by trypan blue).

On the basis of the results obtained from recordings of pro-
ducing fragments of DNA by means of gel electrophoresis
(data not shown) it can be stated, that the NTCHMTQ at used
concentrations did not induce apoptosis after 24, 48 and 72 h
exposure and did not influence cell cycle as presented in
Figure 4.

On the other hand, the ability of quinazolines to influence
cell proliferation and to induce apoptosis was found by many
authors [29–35]. The apoptotic fragmentation in cancer cell
lines was already reported for quinazolines that are under
clinical use in cancer patient [36]: ZD1839 (gefitinib),
ZD6474 [37–39], OSI-774 (Tarceva) [40] or are in the pre-
clinical development – doxazosin, HMJ-38 [41, 42], too.

In our previous study, we have shown that NTCHMTQ
acted cytotoxically on cell lines L1210 and NIH-3T3 [43].
The sensitivity of leukemia L1210 cells to the quinazoline
was higher than that of fibroblast NIH-3T3. The IC100 was
12 µM for L1210 cells and 24 µM for NIH-3T3. No effect of
quinazoline on the cell cycle profile of L1210 and NIH-3T3
was detected, however quinazoline induced an increase of
the sub-G0 cell fraction, apoptotic DNA fragmentation and
apoptotic morphological changes at a concentration of
12 µM. This quinazoline concentration induced caspase 3 ac-
tivity. Our results demonstrated that induction of apoptotic
cell death via activation of caspase 3 contributed to the
cytotoxic effects of NTCHMTQ in murine lekemia L1210
cells.

On the other hand, based on our previous study, we have
shown that 9-bromo-5-morpholino-tetrazolo[1,5-c]quinazo-
line (BMTQ) has different effects on the cell cycle of cancer
and non cancer cell lines [27]. BMTQ observed the S phase
specific effect on the cell cycle of synchronous population of
non cancer cell line V79B. In contrast, BMTQ had no effect
on the cell cycle profile of asynchronous population of can-
cer cell lines L1210 and Caco-2 but increased the level of
ssDNA breaks in comparison to the control.

The reason why NTCHMTQ induces apoptosis in the
L1210 cells via activation of caspase 3 activity however in
the B16 cells, which were much more sensitive to
NTCHMTQ it induces rather necrosis, is still unclear. It
probably depends on a type of a cell line (on the character of
the growth of cell line growing in suspension – L1210 cells
and of that growing as a monolayer, on a different length of a
cell cycle) on the specific drug sensitivity and on the different
activation of cell death pathway.

Our results are in accordance with the knowledge that in-
duction of apoptosis by xenobiotics depends on used concen-
tration, time of influence and cell line [44].

Some of quinazolines, such as PD153035 and its N-methyl
derivative [45] bind to DNA and behave as typical intercalat-
ing agents. In contrast, other quinazolines, such as dialkoxy-
quinazolines [46] show little interaction with DNA. There-
fore in the next part of our study, we monitored possible

interaction of quinazoline with dsDNA on electrode surface.
DNA-based biosensor acts as an effective chemical toxicity
sensor which can be simply used for the rapid detection of
DNA damaging species and screening of DNA anticancer
compounds. A possibility to investigate redox changes of
DNA bases belongs also to advantages of the electrochemical
DNA biosensor.

The redox marker can be accumulated effectively within
the DNA double helix from the [Co(phen)3]

3+ solution at both
a polarization of the modified electrode by a positive poten-
tial as well as open circuit. Depending on an ionic strength of
the medium, intercalation (predominantly at high ionic
strength) and electrostatic forces (predominantly at low ionic
strength) take part in binding of the marker particles.

DP voltammograms of the [Co(phen)3]
3+ indicator at

screen-printed electrode after incubation in solution of
quinazoline shows no damage to DNA. Little damage was
observed by concentration 240 µM. Although some increase
in the relative marker signal with decreasing concentration of
quinazoline was observed.

In our experiments, we tested the changes of DNA bases.
The quinazoline did not cause change of DNA bases. We can
say, that the quinazoline can interact by dsDNA intercalation,
because NTCHMTQ did not cause damage at the tested con-
centration. It is the same result, which correlates with results
about mutagenity. In our preliminary study concerning the
protective effects of [1,2,4]triazolo[4,3-c]quinazolines, we
did not found their mutagenic activity on Euglena gracilic

and NTCHMTQ was very effective DNA protector, particu-
larly at low concentration level, either [47].

Based on results obtained we can conclude that 3-(5-ni-
tro-2-tienyl)-9-chloro-5-morpholine-4-yl[1,2,4]triazolo[4,3-
c]quinazoline (NTCHMTQ) manifested the significant in vi-

tro cytotoxic/antiproliferative effect. The derivative at cytot-
oxic concetrations induced morphological changes, the in-
tegrity damage of cytoplasmic membrane of HeLa and B16
cell lines and the treated cells were dying by necrosis. On the
other hand, at other tested concetrations dose- and time-de-
pendent antiproliferative effects were demonstrated.
NTCHMTQ at concentrations tested did not cause changes in
cell cycle, did not induce apoptotic cell death in the B16 cells
and did not behave as a typical intercalating agent.

Because of the significant in vitro antiproliferative effects
of NTCHMTQ achieved, the preliminary experiments of
antitumor activity in vivo on C57BL/6 mice were done. In our
preliminary experiments we found out that NTCHMTQ ad-
ministered intraperitoneally at doses of 1, 10 and 50 mg/kg
sligthly reduced the tumor weight. It is known that the effect
of the drug depends on an application dose, on the way of ap-
plication and on dose interval. A route of administration of
NTCHMTQ and its effect on anticancer activity will be the
object of our next studies.

We would like to thank Dr. HORVÁTHOVÁ for her help measuring
cell cycle profiles.
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