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Abstract:

Background: In previous papers we demonstrated that the activity of short heteroretinoids as anti-proliferative and pro-apoptotic

compounds was deeply linked to their heterocyclic moiety and that ionone-derived 1,5-pyrazoles had the highest anti-proliferative

activity in our preliminary experiments. We then demonstrated the high and pharmacologically significant anti-proliferative and

apoptotic activities of the pyrazole compounds 2-(1-(4-chlorophenyl)-1H-pyrazol-5-yl)-5-methoxyphenol (EN12-4), 5-methoxy-

2-(1-(pyridin-2-yl)-1H-pyrazol-5-yl)phenol (EN12-2A) and 2-(5-(4-methoxyphenyl)-1H-pyrazol-1-yl)pyridine (EN7-2) establish-

ing, especially for EN12-2A, a possible mechanism of action involving the cell microtubular system.

Methods: Here, the anti-proliferative activity of these pyrazole compounds was analyzed in vitro by the MTT assay in six drug-

resistant cell lines, five of which were selected after exposure to increasing concentrations of cisplatin (L1210/DDP), doxorubicin

(A2780/DX3), 5-fluorouracil (HCT-8/5FU), taxol (A549/T24) and etoposide (MCF-7/VP), and one was obtained by transfection of

the ABCG2 membrane transporter (HEK-293/R2).

Results: Our data show that these compounds have a similar anti-proliferative activity in nearly all resistant and sensitive cell lines,

demonstrating their ability to overcome the most common mechanisms of drug resistance with two exceptions regarding the

MCF-7/VP cell line over-expressing the ABCC1 (MRP1) transporter, and the MDR1 over-expressing A2780/DX3 cells, with a cal-

culated RI = 3.2 for EN12-2A, relative to their sensitive cellular counterpart. On the other hand, the taxol-resistant A549/T24 cell

line showed a significantly increased sensitivity to our compounds.

Conclusions: Our data suggest that our pyrazole compounds are able to overcome in vitro the most common drug-resistance mecha-

nisms demonstrating a significant anti-proliferative activity and confirming a mechanism of action involving the depolymerization

of microtubules.
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Introduction

We previously reported the synthesis of heterocyclic

ionone-like derivatives called ‘short heteroretinoids’.

These compounds, whose chemical structure involves

a cyclohexenyl group linked to a heterocyclic moiety

by a short ethenylic chain, possess different pharma-

cological properties which are potentially antimicro-

bial [3], anti-inflammatory and histoprotective [7].

As known, heterocyclic rings and, in particular, the

pyrazole scaffold are a recurrent motif in many active

drugs characterized by a wide range of pharmacologi-

cal properties such as anti-bacterial, anti-fungal [27,

28], anti-inflammatory [13, 26], anti-hyperlipidemic

[21], hypoglycaemic [10, 12], and anti-angiogenic ac-

tivities [1]. In particular, some pyrazole compounds

have also been characterized by their significant anti-

proliferative activities in vitro and anti-tumor activity

in vivo [16, 19, 20, 22, 23].

We demonstrated that the anti-proliferative and

pro-apoptotic activities of short heteroretinoids were

deeply linked to their heterocyclic moiety (pyrazole,

isoxazole, pyrimidine). The best anti-proliferative ac-

tivity, associated or not with the apoptotic one, in our

preliminary experiments was shown by the class of

ionone-derived 1,5-pyrazoles [4].

We tried to optimize this chemical series by explor-

ing new and potentially active additional modifica-

tions introducing new substituents in the N position of

the pyrazole. We thus synthesized two new series of

molecules removing the cyclohexenyl ring maintain-

ing the ethenylic chain or removing the ethenylic

chain as well. Finally, we tested the effectiveness of

introducing a third substituent in the pyrazole ring.

This synthesis procedure has allowed the isolation of

four active compounds in terms of antiproliferative

activity [6], that is 2-(1-(4-chlorophenyl)-1H-pyrazol-

5-yl)-5-methoxyphenol (EN12-4), 5-methoxy-2-(1- (pyri-

din-2-yl)-1H-pyrazol-5-yl)phenol (EN12-2A), 2-(5-(4-

methoxyphenyl)-1H-pyrazol-1-yl)pyridine (EN7-2) and

1-(4-chlorophenyl)-5-(4-methoxyphenyl)-1H-pyra- zole

(Scheme 1). These compounds were also tested for

their apoptotic activity by the classical methods of nu-

clear morphological analysis and western blot, dem-

onstrating that triggering of apoptosis was their pre-

vailing killing mechanism.

These previous experiments also helped to define

a possible mechanism of action, particularly evident

for compound EN12-2A. In fact, this molecule was

able to interact with b-tubulin, acting as a disaggre-

gating agent, in a similar fashion to colchicine or vin-

blastine, but probably interfering with a binding site

different from those already described for this target,

as suggested by docking analysis.

It is well known that the onset of drug resistance is

one of the factors responsible for the failure of che-

motherapeutic treatment of cancer patients. This also
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Scheme 1. Scheme of the synthesis of EN7-2, EN12-4 and EN12-2A



represents the main driver for the research of new lead

molecules with anticancer activity able to overcome

the known mechanisms of resistance. In general, the

mechanisms of resistance may involve an altered

drug-target interaction, an increased efficiency of

DNA damage repair, low efficiency of apoptotic path-

ways and increased expression of defense factors

such as the ABC membrane transporters [14]. These

mechanisms may also co-exist in resistant cells thus

complicating their definition and above all, the treat-

ment of patients.

In this paper, we evaluate the ability of some anti-

proliferative pyrazole compounds to overcome drug

resistance by the determination of the inhibition of

cell proliferation and by using six human and murine

tumor cell lines, each characterized by a different

drug-specific or multidrug-resistance mechanism.

Materials and Methods

Chemistry

Scheme 1 outlines the synthetic route followed for the

synthesis of EN12-2A, EN7-2 and EN12-4, as already

reported in our recent work [6]. Arylmethylketones A re-

act with dimethylformamide dimethylacetal (DMFDMA)

to give dimethylamino-4-methoxyphenyl-propenone

intermediates B. The desired pyrazoles were then

achieved through the reaction with the opportune hy-

drazine hydrochlorides.

Determination of anti-proliferative activity by

the MTT assay

Human and murine cell lines: A2780 (ovary, adeno-

carcinoma), A549 (lung, carcinoma), HCT-8 (colon

carcinoma), Hek-293 (embryonic kidney), MCF-7

(breast, carcinoma) L1210 (leukemia) and their resis-

tant counterparts [resistant to doxorubicin ABCB1

over-expressing A2780/DX3 (kindly provided by Dr.

Y.M. Rustum), resistant to taxol A549/T24 (kindly

provided by Dr. S.B. Horwitz), resistant to 5-fluoro-

uracil HCT-8/5FU (kindly provided by Dr. A. Sobrero),

over-expressing ABCG2 transporter Hek-293/R2,

over-expressing MRP1 transporter MCF-7/VP (both

cell lines over-expressing ABC transporters were

kindly provided by Dr. S. Bates), and resistant to cis-

platin L1210/DDP (kindly provided by Dr. F. Zunino)]

were plated at the opportune concentrations into flat-

bottomed (for adherent cells) and U-bottomed (for

non-adherent cells) 96-well microtiter plates. After

6-8 h cells were treated with five 1 : 10-fold concen-

trations (from 100 to 0.01 µM) of EN12-2A, EN7-2

and EN12-4.

Three days later, 50 µl of 3-(4,5-dimethylthiazol-2-

yl)-2,5-diphenyltetrazolium bromide (MTT, Sigma, St.

Louis, MO, USA) solution (2 mg/ml in PBS) was

added in each well and cells were incubated for other

4 h at 37°C. After centrifugation at 275 × g for 5 min,

the medium was aspirated and 100% dimethyl sulfox-

ide added (100 µl/well). Solubilization of formazan

crystals was achieved by shaking of well contents after

30 min of incubation at 37°C. The absorbance was

measured at 540 nm on a microculture plate reader 400

ATC (SLT Labinstruments, Austria) [9, 15]. IC50s were

calculated on the basis of the analysis of single dose re-

sponse curves. Each experiment was repeated 5–13

times to allow a reliable calculation of the mean IC50s.

All tumor cells were maintained in culture in their

specific culture media. In particular, resistant cells

were cultured in the presence of their selecting anti-

cancer drugs except Hek-293/R2 cells that were cul-

tured in the presence of G-418 solution (Roche Diag-

nostics, Indianapolis, IN, USA) for the selection of

neomycin resistant transfected cells. Taxol-resistant

and -dependent A549/T24 cells were continuously

maintained in the presence of 24 nM taxol.

Statistical analysis

The Mann-Whitney test for non-parametric data was

used for statistical analysis. The resistance indexes (RI)

were calculated for each drug as the ratio between the

IC50 of resistant and corresponding wild-type cells.

Results

Anti-proliferative activity of pyrazole

compounds

The anti-proliferative activity of EN12-2A, EN7-2

and EN12-4 pyrazole compounds was evaluated in

six pairs of parental (drug-sensitive) and drug-

resistant cell lines, displaying different mechanisms

of resistance. In 5 out of 6 cell lines tested, the three
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pyrazole compounds showed, in general, IC50s in the

micromolar range of concentrations in both sensitive

and resistant cell lines (Tab. 1). Unlike the other cell

lines, sensitive and resistant to taxol A549 cells and

sensitive and resistant to 5FU HCT8 cells, these last

cells when treated with EN12-4, showed higher IC50s
ranging from 44.7 ± 10.8 to 64.7 ± 6.7 µM (Tab. 1).

Pyrazole compounds were more active than the

corresponding antitumor drugs in resistant L1210/

DDP cells whereas the two compounds EN12-2A and

EN7-2 were more active than 5FU in both resistant

and parental HCT8 cells (Tab. 1). In all other cell

lines, pyrazoles showed a lower degree of activity

than the corresponding anticancer drugs, but without

significant differences between sensitive and resistant

cells in most cases.

On the contrary, the taxol- and doxorubicin-resistant

A2780/DX3 cells were slightly resistant to EN12-2A.

In fact, this compound showed a significantly lower

anti-proliferative activity (1.37 ± 0.41 vs. 4.39 ± 1.79

µM, p < 0.001) in these cells over-expressing the

ABCB1 membrane transporter, rendering these cells

partially cross-resistant to this pyrazole.

Similarly, when we used the ABCC1 over-ex-

pressing MCF-7/VP cells and their sensitive counter-

part MCF-7, we found significant drug-resistance to-

wards all our pyrazole compounds, with the RI > 15

and > 250 (as calculated by approximation using the

mean concentration-response curves for MCF-7/VP)

in the case of EN12-2A and EN7-2, while for EN12-4

the RI was 16.6 (Tab. 1).

On the contrary, taxol-resistant A549/T24 cells

were at least 5-fold more sensitive to all three pyra-

zole compounds than the drug-sensitive A549 cells

(RI ranging from 0.19 to 0.07). In this case, it is sig-

nificant that a similar finding was also observed when

cells were treated with the depolymerizing agent vin-

cristine (RI = 0.53, p = 0.028).

Discussion

The search of new anticancer drugs capable of over-

coming the known intrinsic or acquired mechanisms

of drug resistance in cancer cells is a continuous chal-

lenge for pharmacological research. This is the reason

why new anticancer compounds are always tested to

verify their ability to block the proliferation of spe-

cific or multidrug resistant tumor cells. The final goal

is to improve the general outcome of cancer chemo-

therapy, counteracting the resistance phenomena that

are one of the most frequent obstacles in the success-

ful treatment of cancer patients.

In a previous paper [4], we described the potential

anti-proliferative activity of some pyrazole com-

pounds initially synthesized as heterocyclic ionone-

like derivatives or “short heteroretinoids”, demon-

strating that the pyrazole moiety was deeply linked to

the anti-proliferative and pro-apoptotic features of

these compounds. This research has finally led to the

synthesis of a series of molecules with significant

anti-proliferative and apoptotic activities in vitro in

human A2780 and A549 and murine P388 tumor cells

and, in the case of EN12-2A, to the identification of

a possible mechanism of action involving the binding

to the b subunit of the tubulin dimer [6].

In the present paper, we describe the activity of

three of these active molecules against some couples

of sensitive and resistant cell lines which were ob-

tained in vitro by continuous exposure to the selecting

anticancer drugs or by transfection of specific ABC

membrane transporters [2, 5, 8, 11, 18, 24, 25].

The first clear result of our experiments was the

good and constant activity, although in many cases

lower than that of selecting anticancer drugs, of the

pyrazole compounds in nearly all cell lines tested (IC50
ranging the micromolar range of concentrations).

The second important result was the lack of cross-

resistance in all the cell lines tested for our drugs ex-

cept for the MDR1 over-expressing A2780/DX3 cells

treated with EN12-2A and the ABCC1 over-

expressing MCF-7/VP cell line treated with all our

pyrazole compounds. In fact, while A2780/DX3 cells

demonstrated a partial but significant cross-resistance

to our compound, with the RI = 3.20 much lower than

those for doxorubicin (RI = 75) and taxol (RI = 190),

the ABCC1 over-expressing breast cancer MCF-7/VP

cell line was highly resistant to all pyrazole com-

pounds (RI > 15). This finding suggests that ABCC1

may be involved in resistance to pyrazole compounds.

The third important result was that our resistant to

taxol A549/T24 cells, characterized by an increased

instability of microtubules due to the expression of

higher levels of class III b-tubulin isotype [17] favor-

ing the action of depolymerizing agents (see Tab. 1),

were highly sensitive to our compounds and, simi-

larly, to vincristine.

Their increase in sensitivity is the effect of the na-

tive instability of the microtubular system of these

720 Pharmacological Reports, 2013, 65, 717�723
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Tab. 1. Inhibition of cell proliferation by pyrazole compounds EN12-2A, EN7-2 and EN12-4 on sensitive and resistant to cisplatin, 5-fluoro-
uracil, doxorubicin, taxol, etoposide and mitoxantrone cell lines

Cell lines Anticancer drugs and pyrazole compounds

DDP 5FU Taxol Doxorubicin Etoposide Mitoxantrone Vincristine EN12-2A EN7-2 EN12-4

L1210 0.34
± 0.18a

— — — — — — 2.24
± 0.52

4.09
± 1.20

2.16
± 0.70

L1210/DDP 6.98
± 1.95

— — — — — — 5.19
± 1.24

3.87
± 1.07

2.54
± 0.55

Rib 20.50 2.32 0.95 1.18

HCT8 — 18.10
± 4.90

— — — — — 7.74
± 2.15

10.20
± 2.40

64.70
± 6.70

HCT8/5FU — 176.20
± 49.80

— — — — — 17.70
± 7.10

10.90
± 2.70

53.30
± 16.00

RI 9.73 2.29 1.07 0.82

A549 — — 0.021
± 0.005

— — — 0.081
± 0.025

57.70
± 19.30

37.80
± 13.50

63.40
± 16.00

A549/T24 — — 1.832
± 0.445

— — — 0.043
± 0.021

3.92
± 1.64

3.61
± 1.32

11.80
± 5.02

RI 87.20 0.53 0.07 0.10 0.19

A2780 — — 0.0023
± 0.0008

0.02
± 0.01

— — — 1.37
± 0.41

3.03
± 0.76

2.99
± 1.13

A2780/DX3 — — 0.437
± 0.174

1.49
± 0.18

— — — 4.39
± 1.79

6.69
± 1.84

6.38
± 1.97

RI 190.00 75.00 3.20 2.21 2.13

Hek293/pcDNA — — — 0.054
± 0.014

— 0.059
± 0.02

— 7.95
± 1.18

8.00
± 2.25

8.57
± 1.78

Hek293/R2 — — — 0.167
± 0.041

— 0.634
± 0.125

— 7.34
± 3.13

12.1
± 4.2

7.10
± 2.41

RI 3.09 10.70 0.92 1.51 0.83

MCF-7 — — — 0.067
± 0.031

38.80
± 17.70

— — 67.09
± 22.16

3.93
± 1.41

5.76
± 1.28

MCF-7/VP
(MRP1)

— — — 0.449
± 0.129

132.50
± 39.80

— — >1000.00 >1000.00 95.70
± 20.10

RI 6.70 3.41 >15.00 >250.00 16.60

a The values represent the IC50s expressed as the mean ± SD of a number of experiments ranging from 5 to 13. b RI = resistance index, as cal-
culated for each drug by the ratio between the IC50s of resistant and corresponding wild-type cells. The RI value 2.5 was arbitrarily chosen to
define a pharmacologically significant drug-resistance



cells, in part balanced by the addition in culture of

a low concentration of taxol (24 nM) that allows cells

to survive. It is of note that reducing this drug concen-

tration to 8 nM, that is reducing the stabilizing effect

of taxol to one third, the sensitivity of A549/T24 cells

increased accordingly (RI = 0.08, data not shown).

On the other hand, the binding to the new target

site of our depolymerizing agents, distinct from those

of the other anti-microtubule agents of the Vinca alka-

loid family and reported in our previous paper [6], is

the other necessary condition for this effect. In fact,

we already showed [7] by docking analysis the ability,

in particular of our compound EN12-2A, to depolym-

erize the microtubules thanks to the formation of

a bridge between the a and b-subunits that disturbs

the regular curvature of the tubulin complex and con-

sequently its correct growth, leading to depolymeriza-

tion.

On the whole, our data suggest that the pyrazole

compounds here treated are able to overcome the

most common specific and multidrug resistance

mechanisms, even taking into account the cross-

resistance, though quite modest, observed for EN12-

2A on ABCB1 over-expressing A2780/DX3 cells, and

that due to the ABCC1 pump, which may be involved

in a more pharmacologically relevant resistance to all

the pyrazole compounds tested, as evidenced by the

high degree of resistance of ABCC1-transduced

MCF-7/VP cells.

Our data once again demonstrate the good antipro-

liferative activity of our pyrazole compounds con-

firming that EN7-2, EN12-4 and EN12-2A may be

considered as good lead compounds for subsequent

developments.
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