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ANTIPROLIFERATIVE ACTIVITY AND APOPTOSIS INDUCED
BY 6-BROMO-2-(MORPHOLIN-1-YL)-4-ANILINOQUINAZOLINE
ON CELLS OF LEUKEMIA LINES
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Quinazolines are known to be multitarget agents with broad spectrum of biological activity. Aim: To investigate anticancer activity of
newly prepared 6-bromo-2-(morpholin- 1-yl)-4-anilinoquinazoline (BMAQ) towards L1210, HL-60 and U-937 leukemia cells. Ma-
terials and Methods: Growth inhibition of BMAQ-treated cells was determined by cell counting using trypan blue staining technique.
Apoptosis and cell cycle profile changes were analysed using internucleosomal DNA fragmentation assay, fluorescence microscopy and
flow cytometry. Activity of caspase-3 was determined using colorimetric method. Results: Cell proliferation assay showed that BMAQ
caused significant decrease of cell number in a dose-dependent manner. BMAQ induced cell death by apoptosis, based on results from
DNA fragmentation, fluorescence microscopy and caspase-3 assays. Conclusion: Presented results clearly demonstrate that BMAQ
is a promising anticancer agent with significant antiproliferative and apoptotic activities towards leukemia cells in vitro.
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Quinazoline derivatives are known to possess a
broad spectrum of biological activities and are used
in pharmaceutical industry, in medicine and in agri-
culture because of their antimicrobial, antiinflamma-
tory, diuretic, anticonvulsant, antiallergic, and other
properties [1, 2]. As documented in the literature,
many derivatives of quinazoline act as anticancer
drugs [3, 4]. They act as multitarget agents possess-
ing inhibitory activities against thymidylate synthase,
dihydrofolate reductase, tyrosine kinase, and cyclic
GMP phosphodiesterase [5-7]. Some quinazolines
interact with cytoskeleton, induce apoptosis and inhibit
DNA topoisomerase [8-10].

Based on the above-mentioned effects of quinazo-
lines, a new series of substituted 4-anilinoquinazolines
was prepared by Stankovsky et al. [11,12]. These com-
pounds were screened for antibacterial, mutagenic
and cytotoxic activities in vitro. 6-bromo-2-(morpholin-
1-yl)-4-anilinoquinazoline (BMAQ) was found be the
most potent derivative. This drug inhibited the growth
of HeLa and B-16 cells and induced changes in actin
of HepG2 cells [13, 14].

The aim of this study was to evaluate the anticancer
activity of BMAQ towards selected leukemia cells, i. e.
murine L1210, human promyelocytic HL-60 and human
promonocytic U-937 leukemia cells. Additionally, the
effects of BMAQ on cell cycle and its potential to in-
duce apoptosis were studied.
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MATERIALS AND METHODS

Drug. 6-bromo-2-(morpholin-1-yl)-4-anilinoqui-
nazoline (BMAQ) (Fig. 1) was synthesized according
to Stankovsky et al. [11, 12]. The solution of BMAQ
(10 mM in 100% DMSO) was stored at —20 °C, protec-
ted from light. The final concentration of DMSO in the
medium was < 0.5% and did not affect cell growth.
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Fig. 1. Chemical structure of 6-bromo-2-(morpholin-1-yl)-4-
anilinoquinazoline (BMAQ)

Cell line. Murine L1210 leukemia cells, human pro-
myelocytic HL-60 leukemia cells and human promono-
cytic U-937 leukemia cells (ATCC, Rockville, MD, USA)
were grown in RPMI-1640 medium supplemented with
10% FCS, 100 units/ml penicillin, 100 ug/ml strepto-
mycin and 2 mM L-glutamine in an atmoshere of 5%
CO, in humidified air at 37 °C.

Drug treatment. Exponentially growing cells were
harvested by centrifugation and resuspended in fresh
medium to achieve culture density of 8 x 10*/ml for
L1210, 3 x 105/ml for HL-60 and 2 x 105/ml for U-937
cells. The cells were treated with 0.26—104.0 uM BMAQ
for 24, 48 and 72 h. Cell number and viability were
determined by trypan blue staining.

Cell cycle measurement. Untreated and drug-
treated cells (0.5 x 10%) were harvested, washed
twice in PBS and exposed to 0.05% Triton X-100
in PBS supplemented with RNAse (50 ug/ml) for
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25 min at 37 °C. Afterwards, DNA was stained by PI
(50 pg/ml) for 15 min at 4 °C. Samples were analyzed
by a Beckman-Coulter FC 500 flow cytometer (Beck-
man Coulter Inc, Fullerton, California, USA) with the
use of DNA Cell Cycle Analysis Software distributed by
Phoenix Flow Systems — MultiCycle AV for Windows.
A minimum of 10000 cells per sample were analyzed
at a flow rate of 200 cells/s.

Analysis of apoptotic DNA fragmentation. Un-
treated and drug-treated cells (1 x 108) were harvested,
washed in PBS and lysed with 100 pl of solution (10 mM
Tris, 10mMM EDTA, 0.5% Triton X-100) supplemented with
proteinase K (1 mg/ml). Samples were incubated at 37 °C
for 1 h and heated at 70 °C for 10 min. Following lysis,
RNAse (200 pg/ml) was added and repeated incubation
at 37 °C for 1 h followed. The samples were subjected to
electrophoresis at 40V for 3hin 1.3% (w/v) agarose gel
complemented with EtBr (1ug/ml). Separated DNA frag-
ments were visualized using UV transilluminator.

Fluorescence microscopy. Untreated and drug-
treated cells were resuspended in 1 ml of fresh medium
and 40 pl of Hoechst 33 258 (1 ug/ml) and 15 ul of PI
(5 ug/ml) were added. Cell suspension was incubated
for 30 min at RT. Cells were centrifuged, resuspended
in 40 pl of fresh medium and monitored by fluorescence
microscopy (Zeiss Jenalumar, Jena, Germany).

Caspase-3 activity assay. Cells were treated with
vehicle (DMSO) or 104 uM BMAQ for 24 h. Cell lysates
were prepared and caspase-3 activity was measured
according to the manufacturer's protocol (CaspACE™
Assay System Colorimetric, Promega Corporation,
USA). Briefly, an equal amount of cell lysate proteins
(adjusted to 10 pl with lysate buffer) was added to the
reaction mixtures containing colorimetric substrate
peptide specific for caspase-3 (Ac-DEVD-pNA). The
plate was incubated in the dark for 24 h at 37 °C. Ab-
sorbance at 405 nm was determined using microplate
reader (Humareader, Wiesbaden, SRN). Protein con-
centration was determined by Lowry method [15].

RESULTS

BMAQ inhibits growth andinduces cell cycle pro-
file changes. Proliferation of L1210, HL-60 and U-937
leukemia cells exposed to 0.26-104 uM of 6-bromo-
2-(morpholin-1-yl)-4-anilinoquinazoline (BMAQ) was
monitored within 24, 48 and 72 h. As shown in Table 1,
BMAQ induced concentration- and time-dependent
inhibition of cell proliferation. After 24 h of treatment, the
highest tested concentration of BMAQ (104 uM) com-
pletely inhibited cell division and after 72 h, part of cell
population degenerated. Assessment of cytoplasmic
membrane integrity by trypan blue staining revealed that
BMAAQ did not affect the membrane integrity of leukemia
cells significantly (data not shown).

As antiproliferative activity of anticancer drugs is con-
nected with cell cycle arrest, in the next experiments we
checked the cell cycle profile of BMAQ-treated leukemia
cells. As presented in Table 2, BMAQ induced G,/M cell cy-
clearrestof L1210 (P < 0.05) and HL-60 cells. U-937 cells
were found to be arrested in G,/G, phase (P < 0.05).

BMAQ induces apoptosis of leukemia cells. To
evaluate the type of cell death induced by BMAQ, we
analyzed the cells treated with BMAQ for markers related
to programmed cell death. As shown in Fig. 2, 104 uM
BMAQ induced significant apoptosis represented by
typical patern of internucleosomal DNA fragmentation.
The double staining of treated cells by Hoechst and
Pl revealed the apoptotic bodies formation in treated
leukemia cells (Fig. 3). Additionally, the activation of cas-
pase-3 was confirmed by colorimetric assay (P < 0.01)

(Fig. 4).
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Fig. 2. Electrophoretic analysis of internucleosomal DNA frag-
mentation of A: L1210, B: HL-60 and C: U-937 leukemia cells
treated with 6-bromo-2-(morpholin-1-yl)-4-anilinoquinazoline
(BMAQ) for 24 h. Pt = 6.0 uM cisplatin. Figure is representative

of three independent experiments
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Fig. 3. Detection of apoptotic body formation in L1210, HL-60
and U-937 leukemia cells treated with 104.0 uM of 6-bromo-
2-(morpholin-1-yl)-4-anilinoquinazoline (BMAQ) for 24 h by
fluorescent microscopy (magnification =600 X)
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Fig. 4. Activity of caspase-3 after 24 h treatment of leukemia
cells with the 104.0 uM of 6-bromo-2-(morpholin-1-yl)-4-ani-
linoquinazoline (BMAQ). Pt = 6 uM cisplatine. Data represent
mean values = s. d. of three independent experiments
*P<0.01, **P<0.001.

DISCUSSION

Recently we have synthetized a series of substituted
4-anilinoquinazolines. Some of these compounds showed
biological activities towards bacteriaand cancer cells [13,
14]. Although 6-bromo-2-(morpholin-1-yl)-4-anilinoqui-
nazoline (BMAQ) did not possess antibacterial activities,
this derivative manifested significant antiproliferative acti-
vity towards Hela, B-16 and HepG2 cells [ 14].

In this study, we monitored the anticancer activity
of BMAQ towards murine L1210, human promyelocytic
HL-60 and human promonocytic U-937 leukemia cells. We
found that BMAQ inhibits proliferation of all tested leuke-
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mia cells in time- and concentration- dependent manner
(see Table 1). This finding is consistent with our previous
observation that BMAQ can significantly reduced the
growth of HelLa, B-16 and HepG2 cells [14]. The fact that
antiproliferative activities of anticancer drugsis connected
with cell cycle changes prompted us to analyze the cell
cycle profile of BMAQ-treated leukemia cells. We found
that cell treated with the drug are arrested in G,/M phase
(L1210 and HL-60 cells) or in Gy/G; phase (U-937 cells)
(see Table 2). Although we do not know reason for different
effects of BMAQ on cell cycle profile of leukemia cells, it
is likely that the differences in cell cycle perturbation are
duetodifferencesin responce of particular leukemia cells
to this drug. The experiments elucidating the effects of
BMAQ on cell cycle regulatory proteins (e. g. cyclins and

cyclin-dependent kinases) are currently in progress.
Table 1. The values of ICs, and IC;, of 6-bromo-2-(morpholin-1-yl)-4-
anilinoquinazoline (BMAQ) towards L1210, HL-60 and U-937 cells after
24, 48 and 72 h treatment
24h 48 h 72h

1Csg ICiq0 ICqo ICi0 1Csg ICio
L1210 35.8+1.4 >104.0 13.3+0.5 104.0+1.6 10.9+0.7 104.0+1.2
HL-60 47.1+2.8 >104.0 153+09 >1040 13.8+0.8 104.0+1.8
U-937 37.7+1.9 >104.0 13.7+0.8 104.0+1.7 12.0+0.8 104.0+1.9
Note. Data represent mean values * s. d. (uM) of three independent
experiments.
Table 2. Cell cycle analysis of L1210, HL-60 and U-937 leukemia cells
treated with 6-bromo-2-(morpholin-1-yl)-4-anilinoquinazoline (BMAQ) for 24 h

BMAQ [uM] Gy/G; S Go/M

0 4408 +4.26 50.40+4.84 5.53+0.47

L1210 13.0 38.37+3.75 52.29+497 9.34+0.76
26.0 38.71+3.74 51.63+4.87 9.65+0.83

52.0 35.39£3.47* 54.10+5.17 10.51+0.97*

0 49.86+3.47 38.83+3.51 11.31+0.95

HL-60 13.0 46.08+3.98 39.64+3.02 14.28+0.98
26.0 4758 +4.00 39.29+3.24 13.13+1.00

52.0 46.38 + 4. 10 39.37+295 14.25+1.23

0 4319+421 4171386 15.10+1.16

U-937 13.0 52.90 + 4. 68* 41.44+3.97 5.66+0.41*
26.0 55.78 £4.95* 40.13+3.78 4.10+0.26*

52.0 57.47+5.01* 35.73+298 6.81+0.51*

Note. Data represent mean values * s.d. of three independent experiments.
*P<0.05.

Numerous studies have demonstrated that apop-
tosis may be involved in cell death induced by different
chemotherapeutic agents. Apoptosis can be executed
through two basic signalling pathways: one is mediated
by death receptors on the cell surface and the other
is mediated by mitochondria [16, 17]. Accumulating
evidence reveals that the efficacy of antitumor agents
is related to the intrinsic propensity of the tumor cells to
respond to particular agents by apoptosis. Therefore, in
the next experiments we analysed BMAQ-treated leu-
kemia cells for apoptotic DNA fragmentation, apoptotic
bodies formation and activation of caspase-3. We found
that all leukemia cells treated with BMAQ are presenting
typical apoptotic markers, asinternucleosomal DNA frag-
mentation (see Fig. 2), apoptotic bodies formation (cells
had undamaged cytoplasmic membrane) (see Fig. 3)
and activation of caspase-3 (see Fig. 4). Our findings are
consistent with previous studies demonstrating the ability
of some quinazoline derivatives to induce changesin cell
cycle profile and to induce apoptosis [3-7, 14].

In summary, we can conclude that BMAQ pos-
sesses significant antiproliferative activity and is potent
inducer of programmed cell death in leukemia cells.

ACKNOWLEDGEMENTS

This work was supported by the Grant Agency for
Science Research of the Ministry of Education of the
Slovak Republic, VEGA number 1/1173/04 and Tech-
nology Assistance Agency under the contract No.
APVT 20-007304.

REFERENCES

1. Abdel-Rahman TM. Synthesis of some new biologically
active 2,3-disubstituted quinazolin-4-ones. Boll Chim Farm
1998; 137: 43—7.

2. Kornet MJ. Synthesis and anticonvulsant activity of
3-alkyl-3,4-dihydro-2(1H)-quinazolinones. J Heterocyclic
Chem 1992; 29: 103-5.

3. Jantova S, Letasiova S, Repicky A, er al. The effect of
3-(5-nitro-2-thienyl)-9-chloro-5-morpholin-4-yl-[1,2,4]
triazolo[4,3-c]quinazoline on cell growth, cell cycle, induction
of DNA fragmentation, and activity of caspase in murine leu-
kemia L1210 cells and fibroblast NIH-3T3 cells. Cell Biochem
Funct 2006; 24: 519—30.

4. Cipak L, Repicky A, Jantova S. Growth inhibition and
apoptosis induced by 2-phenoxymethyl-3H-quinazolin-4-one
in HL-60 leukemia cells. Exp Oncol 2007; 29: 13—7.

5. Tonkinson JL, Marder P, Andis SL, et al. Cell cycle effects
of antifolate antimetabolites: implications for cytotoxicity and
cytostatis. Cancer Chemother Pharmacol 1997; 39: 521—31.

6. Takemura Y, Jackman A. Folate-based thymidylate
synthase inhibitors in cancer chemotherapy. Anti-Cancer
Drugs 1997; 8: 3—16.

7. Al-Rashood ST, Aboldahab IA, Nagi MN, et al. Synthe-
sis, dihydrofolate reductase inhibition, antitumor testing, and
molecular modeling study of some new 4(3H)-quinazolinone
analogs. Bioorg Med Chem 2006; 14: 8608—21.

8. Hamel E, Lin CM, Plowman J, et al. Antitumour 2,3-di-
hydro-2-(aryl)-4(1H)-quinazolinone derivatives. Interactions
with tubulin. Biochem Pharmacol 1996; 51: 53-9.

9. Huang S, Armstrong EA, Benavente S, er al. Dual-agent
molecular targeting of the epidermal growth factor receptor
(EGFR): combining anti-EGFR antibody with tyrosine kinase
inhibitor. Cancer Res 2004; 64: 5355—62.

10. Holden SA, Teicher BA, Robinson MF, et al. Antifolates
can potentiate topoisomerase II inhibitors in vitro and in vivo.
Cancer Chemother 1995; 36: 165—71.

11. Stankovsky S, Martvon A. Synthesis of substituted
4-anilinoquinazolines. Coll Czech Chem Comm 1979; 45:
1079-85.

12. Stankovsky S, Mrazova D. Preparation of substituted
2-phenyl-4-anilinoquinazolines through imidoylcarbodiim-
ides. Chem Papers 1983; 38: 549—55.

13. Gottasova R, Kubikova J, Cipak L. Antibacterial effect
of some 2,6-disubstituted 4-anilinoquinazolines. Folia Mic-
robiol 1998; 43: 679—82.

14. Jantova S, Urbancikova M, Maliar T, ef al. Biological
activity of some 4-anilinoquinazolines: cytotoxic, genotoxic
and antiprotease effects, induction of necrosis and changes of
actin cytoskeleton. Neoplasma 2001; 48: 52—60.

15. Lowry OH, Rosebrough NJ, Farr AL, Randal RJ.
Protein measurement with the Folin phenol reagent. J Biol
Chem 1951; 143: 265.

16. Pfeiler G, Horn F, Lattrich C, er al. Apoptotic effects
of signal transduction inhibitors on human tumor cells with
different PTEN expression. Oncol Rep 2007; 18: 1305-9.

17. Philchenkov A. Caspases: potential targets for regulating
cell death. J Cell Mol Med 2004; 8: 432—44.



142 Experimental Oncology 30, 139-142, 2008 (June)

AHTUNPOJINDEPATUBHOE U MPOANONTOTUYECKOE
OEWCTBUE 6-5POMO-2-(MOP®OJIUH-1-UN)-
4-AHWIVMHOMUHASOJIMHA HA JIEMKO3HbIE KNETKU

KBuna301MHbI 13BeCTHBI KAK XHMHOTPENAPATHI IMPOKOTO CIIEKTPA AeicTBHs. []eab: HA MOJENISX JIeHKO3HbIX KieToK uawii L1210,
HL-60 n U-937 u3y4uTs NpOTHBOOITYX0.JIEBYI0 AKTUBHOCTH HOBOT'O Mpenapara 6-opomo-2-(mMopdouH- 1-11)-4-aHATHHOMHA30JHMHA
(BMAQ). Memoov:: uArnOMpoBanne pocTa KiIeTok mon neiicteBueM BMAQ m3yuyann myreM MOICYeTa KOJIMYECTBA KIIETOK,
OKpAaIIeHHbIX TPUITIAHOBHIM CHHIM. ATIONTO3 ¥ U3MeHeHHsI PO KIETOYHOTO IUKJIA HCCJIEIOBAIH C TOMOMIBIO (hryopeceHTHOI
MuUKpocKonuu, 3jaekTpodope3a JHK u nporounoii nnToMeTpun. AKTHBHOCTb KAacna3bi-3 onpenessid KOJOPUMeTPUIEeCKAM
MeTonoM. Pe3yasmameot: mokaszano, yto BMAQ BbI3bIBaeT 3HAUMTEIbHOE 10303aBUCHMOE YMEHbIIEHHE KOJINIeCTBA JEHKO3HBIX
KjeTok. IIpu aTom KieTkn, oopadoranasie BMAQ, norn0aior myreM anonrosa, 4ro MOATBEPKIAETCSA 00PA30BAHUEM AMONTO-
THYECKHX TeJiell, MeKHyKIeocomHoii parmentamueii JIHK n aktuBanmeii kacnasbi-3. Bboi6odbe: NIpeACTABIEHHbIE PE3YIbTAThHI
CBUIIETEJLCTBYIOT 0 TOM, 4T0 BMAQ o6:1agaer antunposmngepaTuBHOil W MPOANONTOTHYECKOH AKTUBHOCTHIO B OTHOIIEHUH
JIEKO3HBIX KJIETOK in vitro.

Karouesnie cio6a: nna3oimi, anonTo3, Jeiko3.
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