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Abstract: (E)-1-(4-Ethoxycarbonylphenyl)-5-(3,4-dimethoxyphenyl)-3-(3,4-dimethoxystyryl)-2-pyrazoline
was synthesized via the cyclization reaction between the monocarbonyl curcuminoid
(2E,6E)-2,6-bis(3,4-dimethoxybenzylidene)acetone and ethyl hydrazinobenzoate in high yield and
purity (>95% by High-performance liquid chromatography (HPLC)). The compound has been fully
characterized by 'H, *C NMR, FTIR, UV-Vis and HRMS and its activity was evaluated in terms of
its potential interaction with DNA as well as its cytotoxicity against resistant and non-resistant
tumor cells. Both DNA thermal denaturation and DNA viscosity measurements revealed that a
significant intercalation binding takes place upon treatment of the DNA with the synthesized
pyrazoline, causing an increase in melting temperature by 3.53 + 0.11 °C and considerable DNA
lengthening and viscosity increase. However, neither re-sensitisation of Doxorubicin (DO
X)-resistant breast cancer and multidrug resistance (MDR) reversal nor synergistic activity with
DOX by potentially increasing the DOX cell killing ability was observed.

Keywords: pyrazolines; curcuminoids; nitrogen heterocycles; cytotoxic; DNA binding; MDR
reversal

1. Introduction

Nitrogen-containing heterocycles are important core structures found in many natural products
[1] and synthetic compounds exhibiting a broad range of biological activities. Recent analysis of a
Food and Drug Administration-approved drug database revealed that 59% of unique
small-molecule drugs contain at least one nitrogen heterocycle [2]. Pyrazolines in particular,
constitute a class of five-membered heterocycles incorporating a nitrogen-nitrogen (N-N) bond [3],
with remarkable pharmacological applications [4] as anticancer [5-9], anti-inflammatory [10-12],
antimicrobial [13,14], and antimalarial drugs [15].

Representative examples of synthetic bioactive pyrazolines are depicted in Figure 1. Thiazolone
containing pyrazoline 1 has been found to be selectively active against colon cancer cell lines,
especially on HT-29 [6]. Benzimidazole pyrazoline 2 has been reported by Shaharyar et al. as the
most active antitumor compound among a library of selected similar derivatives [7], whereas
benzenesulfonamide pyrazoline 3 was shown by Rathish et al. in in vitro and in vivo studies to be a
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more potent anti-inflammatory agent than celecoxib [10]. Manna et al. investigated
1-acetyl-3,5-diaryl-pyrazolines 4a and 4b for their anticancer activity and binding affinity to
P-glycoprotein [16]. On the other hand, 3,5-divinylpyrazole 5 (Figure 1) which is a curcumin
derivative, has been reported by Kolotova et al. as a potent inhibitor of P-glycoprotein, which is
associated with the induction of multidrug resistance in cancer chemotherapy [17,18]. Such
molecules have consequently caused resensitisation of the resistant cells and reversal of the
multidrug resistance phenomenon [18]. Taking into account the aforementioned promising findings,
we synthesized compound 6 (Figure 2) which is the pyrazoline analogue of the curcuminoid
pyrazole derivative 5, and we studied its interaction with DNA as well as its cytotoxicity against
chemo-resistant and non-resistant tumor cells.
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Figure 1. Structures of known biologically active pyrazolines 1-4, pyrazole 5 and title pyrazoline 6.
The numbering of compound 6 skeleton is according to common pyrazoline nomenclature. The
product 6 is racemic, however the relative configuration is shown for clarity and simplicity purposes
to describe the AMX system and the assignments.
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2. Results and Discussion

2.1. Synthesis and Characterization

The synthetic route towards the preparation of the title compound 6 is outlined in Schemes 1
and 2. In the first step, the intermediate symmetrical monocarbonyl curcuminoid 7 was synthesized
from acetone and veratraldehyde via base-catalyzed Claisen-Schmidt condensation reaction and
used after recrystallization from ethanol (Scheme 1).
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Scheme 1. Synthesis of monocarbonyl curcuminoid intermediate 7. Reagents and conditions: (i)
NaOH, EtOH, 2 h, r.t.

In the second step, 7 reacted with ethyl hydrazinobenzoate 9, prepared from the esterification of
the corresponding carboxylic acid 8 with ethanol and concentrated sulfuric acid. The cyclization
reaction between curcuminoid 7 and the hydrazine 9 in refluxing glacial acetic acid afforded the
desired pyrazoline 6 in high yield and purity without the need for further purification. However, for
analytical or biological purposes, even higher purity was achieved by ethanol precipitation (= 95%),
as determined by high performance liquid chromatography (HPLC, see Supplementary Materials )
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Scheme 2. Synthesis of (E)-1-(4-ethoxycarbonylphenyl)-5-(3,4-dimethoxyphenyl)-3-(3,4-dimetho-
xystyryl)-2-pyrazoline 6. Reagents and conditions: (i) H2504, EtOH, reflux, 5 h; (ii) 7, glacial AcOH,
reflux, 5 h.

The structure of 6 has been confirmed by NMR spectroscopy and HRMS spectrometry. The
characteristic signals assigned to the protons on C-4 (Hw, Ha) and C-5 (Hx) of the pyrazoline ring
(Figure 1) can be described as a typical AMX spin system. Three doublets of doublets appear at 3.03
(Ha), 3.78 (Hm) and 5.51 (Hx) ppm. The coupling constants conform to this abovementioned pattern
having the following ] values: Jav=17.2 Hz the Jax=4.6 Hz for the cis- configuration and Jux=12.2 Hz
for the trans. Moreover, the large | value (16.4 Hz) of the vinylic Hx and Hp protons, appearing at 6.81
and 7.21 ppm respectively, is in accordance with the expected E-configuration of the double bond.
The rest of the 'H signals, along with the *C signals, were assigned by means of 2D NMR (COSY,
HSQC and HMBC —see Supporting material).

The FTIR spectrum of the prepared compound further supports the formation of a 2-pyrazoline.
The characteristic C=N and C-N bonds of the molecule appear at 1600 and 1250 cm™! respectively as
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strong bands, while the medium intensity band at 1700 cm™ is assigned to the C=O of the aromatic
ester.

2.2. Biological Evaluation

2.2.1. DNA Binding Studies

The potential of compound 6 to interact with CT-DNA was studied by means of the biophysical
methods of DNA melting and DNA viscosity changes. Firstly, in thermal denaturation experiments
for CT-DNA alone, under our experimental conditions, a Tm of 69.02 + 0.31 °C was recorded, a value
that is in good agreement with reported literature values [19]. Upon co-incubation of increasing
concentrations of compound 6 with CT-DNA (5 x 10> M), a concentration-dependent rise of Tm
values was recorded reaching a ATm value of 3.53 + 0.11 °C at the highest [compound 6]/[DNA] ratio
of R = 0.5 (Figure 2A). As in the literature an increase in melting temperature with ATm values
ranging from +3 °C to +14 °C is associated with intercalative binding [20], the observed ATm value
suggests that compound 6 may interact with DNA through intercalation. To further investigate the
nature of this interaction with CT-DNA, viscosity measurements were carried out. In general,
interaction of a compound with DNA results in changes in the length of DNA [21]. When classical
intercalation occurs, DNA lengthening is usually observed, due to the separation of base pairs at the
intercalation site, which produces a concomitant increase in the relative specific viscosity of such
solutions. As it is shown by the viscosity data obtained (Figure 2B), with increasing concentration of
compound 6, the relative viscosity of CT-DNA increases continuously, providing additional
evidence of intercalation mode of binding. Curcumin and curcumin derivatives are known to
interact with DNA via groove binding [22-25], as demonstrated by UV-visible, competitive
fluorescence studies, CD spectroscopy, DNA viscosity and melting studies. The interaction of the
pyrazoline curcuminoid 6, with DNA via the intercalative mode, demonstrates the fact that
structural modifications of bioactive molecules modulate dramatically their mechanism, mode and
specificity of action.
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Figure 2. Thermal denaturation data of CT-DNA (A) and Effect of increasing amounts on the relative
viscosity of CT-DNA (B) upon addition of compound 6 with ratios R = [compound 6]/[DNA] ranging
from 0 to 0.5.

2.2.2. In Vitro Cytotoxicity Studies Against Doxorubicin-Resistant Breast Cancer Cells

To assess the relative toxicity of compound 6, Doxorubicin (DOX) and their combination, the
MTT colorimetric method was employed against MCF-7 breast cancer cell line and the
corresponding DOX-resistant (MCF-7/DOXR) cell line. Compound 6 exhibited moderate toxicity
against both MCF-7 DOX-sensitive and resistant cells, with ICs values of 53.09 uM and 85.11 uM
respectively, following a 48 h treatment (Table 1). Furthermore, the ICso value obtained for the
cytotoxity of DOX in MCF-7 was in good agreement with literature data [26], and as expected, in the
MCE-7/DOXR cells DOX was found to be less toxic compared to corresponding non-resistant cells
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(14-fold lower). In order to evaluate the potential ability of compound 6 to re-sensitize the
DOX-resistant cells and re-establish a low ICso value for DOX, or investigate the potential synergistic
activity of compound 6 with DOX in the parental cell line, both the MCF-7 and the MCE-7/DOXR
cells were pre-treated with a small amount of compound 6 before the DOX co-incubation. As
presented in Table 1, compound 6 did not alter ICso values of DOX in either cell lines and no
significant reduction was observed. Our data reveal that even though compound 6 has a close
structural similarity with 5 it does not seem to reverse drug resistance in DOX-resistant
MCE-7/DOXR and re-sensitize them as well as no synergistic activity was exhibited with DOX
against the parental MCF-7 cells.

Table 1. Effect of curcuminoid pyrazoline 6 on DOX sensitivity in MCF-7 and MCEF-7/DOXR.

Compound ICs (uM)
MCE-7  MCEF-7-DOXR
6 53.09+3.58  85.11 +4.68
DOX 522+133  70.90+8.75

DOX (pre-incubated with 6) 7.71+1.59  72.55+4.99

3. Materials and Methods

3.1. General

All reagents were purchased from Sigma-Aldrich (St. Louis, MO, USA) and Alfa Aesar
(Lancaster, UK) unless otherwise stated and used without further purification. All the media/agents
for the cultures of cells were purchased from Thermo Fisher Scientific (Cleveland, OH, USA).
Melting points were determined with a Gallenkamp MFB-595 melting point apparatus (Weiss
Gallenkamp, London, UK). NMR spectra were recorded with a Bruker Avance 500 MHz
spectrometer (Bruker, Rheinstetten, Germany) operating at 500 MHz ("H) and 125 (**C). Chemical
shifts are reported in ppm relative to DMSO-ds (‘H: & = 2.50 ppm, 1*C: d = 39.52 + 0.06 ppm) or CDCls
(*H: 6 =7.26 ppm). UV-Vis spectra were recorded with a Hitachi U-3010 spectrophotometer (Hitachi,
Tokyo, Japan). IR spectra were recorded on a Perkin-Elmer Spectrum 100-IR spectrophotometer
(Perkin-Elmer, San Francisco, CA, USA). HRMS spectra were recorded on UHPLC LC-MSn Orbitrap
Velos-Thermo instrument (Thermo Scientific; Bremen, Germany) in the Institute of Biology,
Medicinal Chemistry and Biotechnology of the National Hellenic Research Foundation. HPLC
analysis was performed with a Waters 600E Chromatography System coupled with a Waters 486 UV
detector (at 254 nm) (Waters, Manchester, UK). Separation was achieved on a C-18 reverse phase
column (250 x 4 mm, 5um) eluted with a binary gradient system at 1 mL/min flow rate. Mobile phase
A was methanol containing 0.1% trifluoroacetic acid, while mobile phase B was water containing
0.1% trifluoroacetic acid. The elution gradient was 0-1 min 5% A (95% B), followed by a linear
gradient to 70% A (30% B) in 5 min; this composition was held for another 3 min; 85% A (15% B) for
17 min. After a column wash with 95% A (5% B) for 10 min, the column was re-equilibrated by
applying the initial conditions 5% A (95% B) for 10 min prior to the next injection.

3.2. (1E,4E)-1,5-Bis(3,4-dimethoxyphenyl)penta-1,4-dien-3-one (7)

To a solution of veratraldehyde (3.32 g, 20 mmol) and acetone (0.98 g, 10 mmol) in ethanol (10
mL) was added a suspension of NaOH (5 g, 125 mmol) in ethanol (40 mL). The resulting suspension
was stirred for 2 h at room temperature. After 10 min, a yellow solid started to precipitate. The
mixture was filtered, washed with water (x3) and dried. The resulting solid was recrystallized from
ethanol to afford the product as yellow needles (2.84 g, 7.20 mmol, 72%). Mp: 79-80 °C; 'H NMR (500
MHz, DMSO-ds): d 3.82 (s, 6H, OMe), 3.84 (s, 6H, OMe), 7.03 (d, ] = 8.3 Hz, 2H, Ph), 7.23 (d, ] = 15.9
Hz, 2H, -CH=CH-Ph), 7.33 (d, ] = 8.3 Hz, 2H, Ph), 740 (s, 2H, Ph), 7.70 (d, ] = 159 Hz, 2H,
-CH=CH-Ph) [27-29].
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3.3. Ethyl 4-hydrazinobenzoate (9)

To a solution of 4-hydrazinobenzoic acid (1.52 g, 10 mmol) in absolute ethanol (20 mL) was
added dropwise concentrated H2SOs (1 mL). After stirring under reflux for 8 h, the mixture was
cooled to room temperature and then concentrated under vacuum. The residue was suspended in
AcOEt (40 mL) and washed with a saturated K2CO:s solution. The latter was extracted two times with
AcOEt (20 mL). The combined organic solutions were dried over Na:SOs and the solvent was
evaporated to afford the product as off-white solid (1.35 g, 7.5 mmol, 75%). Mp: 106-107 °C; 'H NMR
(500MHz, CDCls): d 1.37 (t, ] = 7.0 Hz, 3H, CHsCHz), 3.31 (br, 2H, NHNH>), 4.33 (q, ] = 7.0 Hz, 2H,
CHsCHz), 5.52 (br, 1H, NHNH-2), 7.40 (d, ] =7.4 Hz, 2H, Ph), 7.92 (d, | = 7.4 Hz, 2H, Ph) [30].

3.4. (E)-1-(4-Ethoxycarbonylphenyl)-5-(3,4-dimethoxyphenyl)-3-(3,4-dimethoxystyryl)-2-pyrazoline (6)

A mixture of the curcuminoid 7 (177 mg, 0.50 mmol) and ethyl 4-hydrazinobenzoate 9 (270 mg,
1.50 mmol) was refluxed in glacial acetic acid (6 mL) for 5 h. The solution was cooled to 50 °C and
then poured into ice-cold water (50 mL). The completion of the reaction was monitored by TLC
(n-hexane/AcOEt = 7:3) after mini work-up. The precipitate was filtered and washed thoroughly
with water (x3). The product (199 mg, 0.39 mmol, 78%) was dried in a desiccator over CaClz
overnight. For analytical purposes, it was precipitated from hot ethanol. Yellow solid. Mp: 76-77 °C;
UV-Vis (EtOH) Amax (log €): 388 nm (4.65); FTIR (KBr, cm-1): 1700, 1600, 1510, 1265, 1170, 1105, 1025,
765; 'TH NMR (500 MHz, DMSO-de): d 1.26 (t, ] = 6.8 Hz, 3H, CH3CH20-), 3.03 (dd, Jmx = 4.6 Hz, Jam =
17.1 Hz, 1H, CHaHw), 3.69 (s, 3H, MeO), 3.71 (3H, s, MeO), 3.74 (dd, Jax=11.8 Hz, Jam =17.1 Hz, 1H,
CHaHw), 3.77 (s, 3H, MeO), 3.81 (s, 3H, MeO), 4.21 (q, ] = 6.8 Hz, 2H, CHsCH:0-), 5.51 (dd, Jmx = 4.6
Hz, 1H, Jax=11.8 Hz, CHx), 6.65 (d, ] = 7.8 Hz, 1H, Ph), 6.81 (d, ] = 16.2 Hz, 1H, Hp), 6.87 (1H, s, Ph),
6.88 (d, ] =7.8 Hz, 1H, Ph), 6.94 (d, ] = 8.4 Hz, 1H, Ph), 6.99 (d, ] = 8.6 Hz, 2H, Ph), 7.08 (d, ] = 8.4 Hz,
1H, Ph), 7.21 (d, J = 16.2 Hz, 1H, Ha), 7.26 (s, 1H, Ph), 7.74 (d, ] = 8.6 Hz, 2H, Ph); 3C NMR (125 MHz,
DMSO-ds): & 14.3 (CHsCHz), 42.0 (C-4), 55.46 (2C, CHs0O-), 55.48 (2C, CH50-), 59.8 (CHsCHz), 61.8
(C-5), 109.2 (CH-arom), 109.5 (CH-arom), 111.7 (CH-arom), 112.0 (2C, CH-arom), 112.2 (CH-arom),
117.3 (CH-arom), 118.8 (Ca), 120.8 (CH-arom), 129.2 (2C, Cg-arom), 130.6 (2C, CH-arom), 134.0
(Cg-arom), 135.1 (Cg), 146.9 (Cg-arom), 148.1 (Cq-arom), 149.0 (Cq-arom), 149.1 (Cq-arom), 149.4
(Cg-arom), 151.9 (C-3), 165.6 (-COOEt); HRMS: calcd for CaoH:sN20s (M* + H) 517.2333; found
517.2328; HPLC: tr = 16.5 min.

3.5. Preparation of DNA Samples

All DNA experiments were performed in phosphate buffer (0.05 M, pH = 7.2) consisting of
Na:HPOs and KH2POs4. The CT-DNA solution was sufficiently free of protein as evidenced by the
ratio of its UV absorbance at 260 and 280 nm that was approx. 1.9:1 [20]. The DNA concentration per
nucleotide was determined spectrophotometrically by using the molar absorption coefficient of € =
6600 M-1-cm-! per nucleotide at 260 nm. Before each measurement, fresh stock solutions of CT-DNA
and compound 6 (in DMSO at a concentration of 10 M) were prepared and the corresponding
mixtures were incubated for 24 h at 25 °C to reach the equilibrium state. Each reported measurement
value is the average of three independent experiments.

3.6. Thermal Denaturation Studies

DNA melting temperature measurements were performed using a Varian Cary 300
spectrophotometer (Agilent Technologies, Inc., Santa Clara, CA, USA) equipped with a heating
multiple cell block apparatus. Temperatures were maintained under computer control and were
increased at a 0.5 °C/min rate. DNA melting experiments were carried out by monitoring the
absorbance of DNA at 258 nm in the temperature range from 25.0 °C to 95.0 °C. Solutions were
allowed to equilibrate for 1 min at each temperature. Cuvettes (1.0 cm capped quartz) were mounted
in a thermal block and the solution temperatures were monitored by a thermistor in the reference
cuvette. The melting temperature (Tm) of DNA was determined as the midpoint of the optically
detected transition and the measurement was repeated three times for each sample. The melting
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experiments were performed in phosphate buffer solution (final percentage of DMSO = 2%) by
keeping the DNA concentration constant (5 x 10> M) while varying the concentration of compound 6
(0-2.5x10% M) to achieve ratios R = [compound 6]/[DNA] of 0, 0.01, 0.05, 0.1, 0.33, 0.5.

3.7. Viscosity Studies

Viscosity measurements were carried out using Ostwald’s viscometer (Schott geréte, type 531
01/0a, thermostat Schott gerate GT 1150, meter Schott gerdte AVS 300) at 25 °C (Schott —Instruments
GmbH, Germany). The viscometer was thermostated at 25.0 + 0.1 °C in a constant temperature bath.
Flow time of solutions was measured with a digital stopwatch and each sample was measured three
times and an average flow time was calculated. The values did not differ by more than 0.2 s from
each other. All solutions were filtered through 0.22 pm filter (Millipore, Billerica, MA) prior to the
measurements. Experiments were carried out in phosphate buffer solution (final percentage of
DMSO = 2%) by keeping the DNA concentration constant (5 x 10 M) while varying the
concentration of compound 6 (0-2.5 x 10 M) to achieve ratios R = [compound 6]/[DNA] of 0, 0.02,
0.033, 0.05, 0.1, 0.2, 0.5. The intrinsic viscosity [n] was calculated according to the relation [n] = (t -
to)/tv, where tv is the flow time for the buffer and t is the observed flow time for DNA in the presence
or absence of the compound 6. Data were presented as (n/no)'® versus R where n and no are the
intrinsic viscosities in the presence or absence of the compound 6. For the low DNA concentrations
used in these experiments, the intrinsic viscosity [n] is proportional to the difference in the flow time
for the buffer with and without DNA, resulting in the following Eq. (1) [31]:

L [’”]3 (t. tb)]3
Lo ] (to —t)'"

where L and Lo are the DNA lengths and [n] and [no] are the intrinsic viscosities with and without
the compound. The t», to and t are the flow times of the buffer, the plain DNA and the
DNA/compound solution, respectively.

3.8. Cell Culture

Human breast adenocarcinoma MCE-7 cells (American Type Culture Collection, Manassas, VA,
USA), were grown in DMEM growth medium of pH 7.4 supplemented with 10% FBS, 100 U/mL of
penicillin, 2 mM glutamine and 100 pug/mL of streptomycin. Cell cultures were maintained in flasks
and were grown at 37 °C in a humidified atmosphere of 5% CO: in air. Subconfluent cells were
detached using a 0.25% (w/v) trypsin—0.03% (w/v) EDTA solution and the split ratio was 1:3-1:5..
Doxorubicin-resistance was established by stepwise exposure of MCE-7 cells to increased
concentrations of DOX ranging between 0.01 and 1 pg/mL. Finally, the MCF-7/DOXR cells were able
to grow continually in medium with 0.1 ug/mL DOX. The stock solutions of compound 6 and DOX
at a concentration of 10 mM dissolved in DMSO were diluted to different concentrations as required.

3.9. In Vitro Cytotoxicity Assay

In vitro cytotoxicity of compound 6, DOX and the combination of them against the MCF-7 and
MCEF-7/DOXR cell lines was determined by the MTT colorimetric assay. Cells were seeded in 96-well
plates (10* cells/well) and grown overnight at 37 °C in a 5% COzincubator. Exponentially growing
cells were incubated for 48 h with various concentrations ranging between 10-*-10-* M of compound
6 and DOX and the final DMSO concentration never exceeded 0.2%. For the combination
experiments, MCF-7/DOXR cells were pre-incubated for 1 h with compound 6 (10-° M) and then DOX
was added in various concentrations (10-3-10-% M) for another 47 h. The medium was then removed
and replaced with 100 pL of MTT solution (Sigma-Aldrich, Darmstadt, Germany, 1 mg mL-). After a
4 h incubation, the solution was aspirated, formazan crystals were solubilized in 100 pL of dimethyl
sulfoxide (DMSO) and absorbance was recorded at 540 nm (Tecan well plate reader, Tecan, Grodig,
Austria). The results were expressed as % cell viability = (mean optical density (OD) of treated
cells/mean OD of untreated cells) x 100. Data were plotted against the corresponding compound
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concentration in a semi-log chart and the values of ICso (the concentration of test compound required
to reduce the fraction of live cells to 50% of the control) were calculated from the dose-response
curves using GraphPad Prism 5.0 software (GraphPad Software Inc, CA, USA).

4. Conclusions

(E)-1-(4-Ethoxycarbonylphenyl)-5-(3,4-dimethoxyphenyl)-3-(3,4-dimethoxystyryl)-2-pyrazoline
was successfully synthesized for the first time from the corresponding monocarbonyl
acetone-derived curcuminoid and ethyl hydrazinobenzoate in high yield and purity. The compound
exhibited significant intercalation binding activity with CT-DNA, which renders it a suitable lead
compound for further derivatisation aiming to improve its DNA binding capacity. However, despite
its structural similarity with the corresponding curcumin pyrazoline derivative which has shown
MDR reversal activity no re-sensitisation of DOX-resistant breast cancer was observed and there was
no synergistic activity with DOX against non-resistant cell lines. Further investigation is underway
to identify whether conversion of the pyrazoline to pyrazole moiety may improve the MDR reversal
activity of such monocarbonyl curcumin derivatives.

Supplementary Materials: All the spectroscopic data of the title compound 6 namely 'H and *C NMR, 'H-'H
COSY NMR, HSQC and HMBC NMR, FT-IR, HRMS, UV-Vis spectra, and HPLC are available online.
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