
The ability to overcome multidrug resistance of tumor cell

lines by novel acridine cytostatics with condensed

heterocyclic rings��

Maria M. Bontemps-Gracz1 �, Agnieszka Kupiec1, Ippolito Antonini2

and Edward Borowski1

1
Department of Pharmaceutical Technology and Biochemistry, Chemical Faculty, Technical

University of Gdañsk, Gdañsk, Poland;
2Department of Chemical Sciences, University of

Camerino, Camerino (MC), Italy

Received: 10 September, 2001; revised: 20 January, 2002; accepted: 20 February, 2002

Key words: antitumor compounds, acridine cytostatics, cytotoxic activity, multidrug resistance

Two recently synthesized groups of acridine cytostatics containing fused hetero-

cyclic ring(s): pyrazoloacridines (PAC) and pyrazolopyrimidoacridines (PPAC) were

tested in regard to their in vitro cytotoxic activity towards a panel of sensitive and re-

sistant human tumor cell lines. The obtained results corroborate our earlier hypothe-

sis on the essential role of heterocyclic ring fused to the acridine moiety in the ability

of acridine cytostatics to overcome multidrug resistance of tumor cells. The presence,

location and kind of substituents considerably influenced both the cytotoxic activity of

the derivatives and their ability to overcome multidrug resistance. The same factors

also affected the cytostatics ability to differentiate between tumor cell lines with vari-

ous types of drug exporting pumps.

The development of multidrug resistance

(MDR) of tumor cells due to the over-

expression of genes coding for plasma mem-

brane drug efflux pumps such as P-glyco-

protein (P-gp) and multidrug resistance asso-

ciated protein (MRP) has become a serious
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problem in clinical oncology [1–3]. A world-

wide effort has been made to design novel

cytostatics able to overcome this undesirable

effect. In this endeavor, the identification of

structural factors of modified cytostatics, cru-

cial for exhibiting activity towards the

multidrug resistant cells, is of utmost impor-

tance.

In our previous studies, we postulated that

for anthracenedione and related acridine

cytostatics the introduction to these mole-

cules of a fused five- or six-membered hetero-

cyclic ring yields compounds able to overcome

multidrug resistance, due to fast influx ex-

ceeding the velocity of ABC proteins mediated

efflux [4, 5]. It was shown that the kind and lo-

cation of substituents influenced the cytotoxic

potential of these compounds1 [6]. In order to

optimize the advantageous properties of such

compounds, more detailed structure-activity

relationship studies are indispensable.

In this paper, we present biological charac-

teristics of two recently synthesized groups of

acridine cytostatics. These are pyrazoloacri-

dines (PAC) and pyrazolopyrimidoacridines

(PPAC) (Fig. 1) [7–9]. PAC compounds con-

tain a fused five-membered heterocyclic

pyrazole ring, however, the formation of an

additional hydrogen bonded six-membered

ring can be also expected. The PPAC com-

pounds contain two fused covalently bonded

heterocyclic rings; pyrazole and pyrimidine

one.

In vitro cytotoxic activity of these com-

pounds, together with the reference cytosta-

tics, was examined against sensitive human
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Figure 1. Structures of

compounds.

1
M.M. Bontemps-Gracz et al., Multidisciplinary Conference on Drug Research, March 1999, Muszyna, Po-

land, Abstract Book, Abstract No. P-81.



leukemia cell lines MOLT-4, K562, HL60, and

their resistant sublines K562/DX, HL60/

VINC with P-gp dependent resistance and

HL60/DX with MRP-1 dependent resistance.

Also, the cytotoxic activity was examined to-

wards human small-lung carcinoma sensitive

cell line GLC4 and its resistant subline

GLC4/DX with MRP/LRP dependent resis-

tance.

MATERIALS AND METHODS

All reagents for tissue culture were pur-

chased from Gibco Bio-Cult (U.K.). The refer-

ence compounds were kindly donated by the

Nazionale Istituto Tumori (Milan, Italy, Doxo-

rubicin) and the Institute of Pharmaceutical

Research (Warszawa, Poland, Mitoxantrone).

Vincristine was purchased from Pierre Fabre.

Cell lines. Human acute lymphoblastic leu-

kemia cell line MOLT-4 (University of Man-

chester School of Biology, U.K.) was grown in

RPMI 1640 medium supplemented with 10%

FBS (foetal bovine serum), penicillin G

(100000 units/l), and streptomycin

(100 mg/l). Human myelogenous leukemia

sensitive cell line K562 and Doxorubicin resis-

tant subline K562/DX (Institut de Cancero-

logie et d’Immunogénétiques, Villejuif,

France) were grown in RPMI 1640 medium

supplemented with 10% FBS, penicillin G

(100000 units/l), streptomycin (100 mg/l),

and 2 mM L-glutamine. Reselection of the re-

sistant cell line was performed once a month

by exposure to 500 nM Doxorubicin. Human

promyelocytic leukemia sensitive cell line

HL60 and resistant sublines: Vincristine re-

sistant HL60/VINC and Doxorubicin resis-

tant HL60/DX (Kansas State University,

Manhattan, KS, U.S.A.), were grown in RPMI

1640 medium supplemented with 10% FBS,

penicillin G (100000 units/l), and streptomy-

cin (100 mg/l). Reselection of the resistant

cell lines was performed once a month by ex-

posure to 200 nM Doxorubicin and 1 �M

Vincristine for HL60/DX and HL60/VINC,

respectively. Human small-lung carcinoma

sensitive cell line GLC4 and Doxorubicin resis-

tant subline GLC4/DX (University of

Groningen, The Netherlands) were grown in

RPMI 1640 medium supplemented with 10%

FBS, penicillin G (100000 units/l), and strep-

tomycin (100 mg/l). Reselection of the resis-

tant cell line was performed once a month by

exposure to 1 �M Doxorubicin.

Cell lines were grown in a controlled (air/5%

CO2) humidified atmosphere at 37�C and

were transplanted two–three times a week.

For the experiments only the cells in the loga-

rithmic phase of growth were used. The resis-

tant cell lines were maintained without the

reselection drugs at least one week before the

experiments.

In vitro cytotoxic activity. Cells of required

density were seeded and different concentra-

tions of the drugs were added. The experi-

ments were carried out in a controlled (air/5%

CO2) humidified atmosphere at 37�C. The

cytotoxic activity (IC50 value) of the com-

pound was defined as its in vitro concentra-

tion causing 50% inhibition of cell growth af-

ter continuous exposure to the drug (72 h), as

measured by cell counting with a ZbI Coulter

Counter (Coulter Electronics, Ltd., U.K.). The

results are given as mean of at least three in-

dependent experiments ± standard error of

the mean (S.E.M.). The resistance index (RI)

was defined as the ratio of the IC50 value for a

resistant cell line to the IC50 value for a sensi-

tive one.

Examined compounds. All compounds

studied were synthesized in our laboratories.

Their structures are presented in Fig. 1.

RESULTS AND DISCUSSION

The cytotoxic activity of tested compounds

on a panel of human sensitive and resistant

cell lines is presented in Table 1.

The cytotoxic potentials of pyrazoloacri-

dines (PAC) and pyrazolopyrimidoacridines

(PPAC) towards sensitive cell lines indicate
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that in general PPAC are much more active

than PACs. The most active derivative PPAC1

showed the activity similar to that obtained

for the reference cytostatics Mitoxantrone

and Doxorubicin. The cytotoxic activity was

influenced by the kind of substituents at posi-

tion 9 or 10 for PAC and PPAC, respectively.

Non-substituted compounds (PAC1 and

PPAC1) and their hydroxy analogues (PAC3

and PPAC3) were in general more active than

methoxy or amino derivatives.

Both PAC and PPAC exhibited excellent ac-

tivity towards the cell lines with induced

multidrug cross-resistance of various types

(P-gp, MRP-1, MRP/LRP), as opposed to the

reference compounds used. The resistance in-

dexes (RI) for the examined compounds were

very low. However, the nature of the substitu-

ents considerably influenced the ability of the

derivatives to overcome multidrug resistance

and to differentiate between tumor cell lines

with various types of drug exporting pumps.

Non-substituted compounds (PAC1 and

PPAC1) showed the most interesting proper-

ties: very high activity and ability to overcome

multidrug resistance in all cases. The com-

pounds with hydrophobic substituents

(OCH3: PAC2 and PPAC2) were optimal for

the low resistance indexes for all types of pro-

tein pumps (Fig. 2). It should be stressed that

discrimination between the P-gp and MRP

type resistant cells could be achieved by ap-

propriate substitution. A hydrophilic substitu-

tion (OH, NH2) allows the retaining of the

cytotoxic activity against MRP and MRP/LRP

cell lines. However, it leads to decreased

cytotoxicity towards the cell lines with P-gp

dependent resistance (Fig. 2). We demon-

strated earlier similar effects for other acridi-

ne derived compounds, pyrimidoacridine-

trione PAT1 and its 9-hydroxy analogue PAT2

(Fig. 1) [6]. The cytotoxic activity of PAT1 to-

wards several sensitive and resistant cell lines

with various types of resistance was high
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Table 1. In vitro cytotoxic activity of examined compounds towards sensitive and resistant human cell

lines



(comparable to those of Mitoxantrone and

Doxorubicin) and the resistance indexes were

low (1.4�1.9). The hydroxy substituent influ-

enced the ability of PAT2 to overcome

multidrug resistance. The activity was re-

tained only for the MRP/LRP cell line (RI = 2)

and decreased (several fold) for all the lines

with P-gp dependent resistance, although the

activity against sensitive lines was similar to

that for PAT1.

The obtained results corroborate our hy-

pothesis on the essential role of heterocyclic

ring(s) fused to the acridine moiety in the abil-

ity of acridine cytostatics to overcome

multidrug resistance of tumor cells. More-

over, the presence and kind of the substituent

considerably influenced the cytotoxic activity

of the derivatives and their ability to over-

come multidrug resistance. The substituents

also seem to affect the differentiation between

tumor cell lines with various types of drug ex-

porting pumps.

We suggest that the ability of examined

acridines to overcome the MRP type resis-

tance results from the fact that they are poor

substrates for transferases participating in

the formation of anionic conjugates (the sub-

strates of MRP pumps) or they cannot be

co-transported with glutathione or glucuro-

nate. The hydrophobic subtituent OCH3 is op-

timal for low resistance indexes for P-gp and

MRP dependent resistant cell lines.
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Figure 2. Dose/response curves for PAC2 (hydrophobic substituent), PAC4 (hydrophilic substituent) and

Doxorubicin.

Human promyelocytic leukemia sensitive cell line HL60 and resistant sublines HL60/VINC (P-gp) and HL60/DX

(MRP).
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