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Abstract

The cyclization of chalcone®a-3uwith 3-hydrazinyl-6-phenylpyridaziné under
basic condition led to the formation of new pyrazel derivatives8a-8u All final
compounds were characterized by spectral and etaim@malyses. They were screened
for their antiproliferative activities against A54Qung), HepG-2 (liver), CaCo-2
(intestinal) and MCF-7 (breast) cancer cell linBsme of the synthesized compounds
exhibited promising antiproliferative activitiespegially compoundk with 1Cso values
of 8.33, 1.67 and 1M against HepG-2, MCF-7 and CaCo-2 cancer cellsline
respectively. Moreover, their antiproliferative igity was due to apoptosis rather than
necrosis induction except compouBt which exhibited equal apoptotic and necrotic
properties. Compoun8k showed 5 fold increase in caspase-3 activity atihg that the

apoptosis proceeds via caspase-3 activation.
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1. Introduction

Cancer is a group of diseases characterized byninotied growth and spread of
the abnormal cells [1]. Among all diseases thaedaffhumanity, cancer ranks as the
second leading cause of death after cardiovasdidaases [2]. The worldwide cancer
burden is expected to increase by as much as 1®milew cancer cases per year by
2020, according to the World Health Organizationless further preventive measures
are put into practice [3]. Generally, cancers & bneast, lung, colorectal, and prostate
are the most frequent types in developed counwvlele those of the stomach, liver, oral
cavity, and cervix, in developing countries, altgbuthis pattern seems to be evolving,
especially due to population aging and life stylemges [4,5]. Strategies used for
treatment of cancer include surgery, radiationpubtberapy, hormone therapy, immune
therapy, and targeted therapy [1]. Despite majoraades in the chemotherapeutic
management of some patients, the use of availdidenatherapeutics is often limited
mainly due to toxicities and emerging drug resistajo]. Therefore, there is a continued
commitment to discover new anticancer agents.

Pyrazoline is an important scaffold of many bioastagents that display different
biological activities. This can be represented bye pyrazolines that exhibit antiviral
[7], antitproliferative [8-15], antibacterial [168)}, anti-inflammatory [9, 16, 19, 20],
analgesic [16], and antihyperglycemic activitied][ZRecently, it was reported that 3,5-
diaryl pyrazolined andll (Fig.1) exhibited potent cytotoxic activity against ditéait
cancer cell lines [12, 14]. Furthermore, 6-phepyltazine can be considered as an
essential core responsible for various biologicetivdies of different candidates. In
literature, some pyridazines act as antidepreqd@2ht antinociceptive [23], interleukin-
1B inhibitory [24], formyl peptide receptors agonif2§], antidiabetic [26], antimicrobial
[27] and antiproliferative agents [27-33]. 6-Arytdazineslll andIV (Fig. 1) revealed
promising cytotoxic activity [29, 32].

From the molecular design point of view, the comabion of two pharmacophores
into a single molecule represents one of the meattioat can be adopted for the synthesis
of new anticancer molecules [34-40]. This approa@s supported by compound
which is a pyrazole substituted pyridazinone witttemt antiproliferative and c-Met

inhibitory activities [41]. Therefore, based on frevious findings, this work deals with
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synthesis of a novel serigga-u through hybridization of the pharmacophores, 3,5-
diarylpyrazoline and 6-phenylpyridazingig. 2), hoping to obtain new promising
antiproliferative hits. Additionally, all the syrdgkized derivatives were screened against
diverse human tumor cell lines, including A549 ‘(GnNHEPG2 “liver”, MCF7 “breast”
and CaCo2 “intestinal” cancer cell lines. Moreovre most active compounds were
further tested for their necrotic and/or apoptqtioperties. Additionally, the apoptotic
mechanism of compoun8k having the most promising égwas investigated through

caspase-3 colorimetric assay.



Fig. 1. Structures of some 3,5-diarylpyrazolines, 6-anyilggzines and pyrazole-pyridazine hybrid with
antiproliferative activity



8a-u

Fig.2. General structure of target compounds

2. Results and discussion
2.1. Chemistry

The target compound8a—8u were prepared as outlined in Scheme 3. First, a
series of chalcone3a-u were prepared according to scheme 1 by the Cla&gmmidt
condensation between acetophenofiasc and different aromatic aldehyd&a-g in
absolute ethanol in the presence of sodium hydeoxid 80-85% vyield [42-53].
Furthermore, the reaction of acetophendmewith glyoxilic acid 4 was followed by
treatment with hydrazine hydrate to afford 6-phe8wdyridazinone5 [54]. Moreover,
reflux of 5 in phosphorous oxychloride resulted in 3-chloriggzine6 that was reacted
with hydrazine hydrate in absolute ethanol to obfai(Scheme 2) [55]. The target
pyrazoline derivatives 8a-u were prepared by reaction of 3-hydrazinyl-6-
phenylpyridazine7 with the appropriate chalconea-u in absolute ethanol in the
presence of sodium hydroxide (Scheme 3). All thalf compounds8a-u were
characterized by IR'H NMR and elemental analyse$d NMR spectra showed three
signals doublet of doublet at 3.05-3.32, 3.77-38d 5.83-6.17 ppm corresponding to
the pyrazoline protons in addition to the signdlpwridazine and aromatic protons (c.f.

experimental part). On the other harfldlC NMR of 8u as a representative example



revealed signals at 43.4 and 62.1 of,@Ad CH of the pyrazoline ring, respectively, as
well as signals at 55.4, 56.1 and 60.7 attribubefdtir methoxy moieties.

e} (@) H (@]
= X
+ N NaOH [
R | % Absolute ethanol R “R
R 3a-u
la-c ‘ 2a-g 3a R=R'=H, 3k R=CI R'=4-CF;
la R=H 2a R 3b R=H,R'=4-Cl 3l R=ClLR'=4-0CH;
Ib R=Cl 2b R=4-Cl 3¢ R=H,R'=4F, 3m R=ClL R'=24-(OCH;),
le R=OCH;  Ze R 4T 3d R=H, R'=4-CF;, 3n R=CLR'=3.4,5-(0CIH,);
;g 1]:‘::-823}1 3e R=H,R'=4-OCH;, 30 R=OCHs;, R'=H

3f R=H,R'=24-(OCHs),. 3p R=0CH;, R'=4-Cl

2f R=2,4-(0CHs), 3g R=H,R'=34,5-(0CHy);, 3q R= OCH;, R'= 4-F

2g R'=3,4,5-(OCH3);

3h R=CLR'=H, 3r R=OCH;, R'=4-CF,
3i R=CLR=4-Cl, 3s R=OCH;, R'=4-OCH;
3j R=CLR=4-F, 3t R=OCH;, R'=2,4-(OCHs),

3u R=OCH;, R'=3,4,5-(0CH;);
Scheme 1Preparation of chalcon8s-u
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Scheme 2Preparation of 3-hydrazinyl-6-phenylpyridazine



N N=N_  NH,
R | /\R‘ ' \_/ " NaOH
3a-u a
" Ethanol
3a,8a R=R'=H, 3k,8k R=Cl, R'=4-CF;
3b,8b R=H, R'=4-Cl, 31,81 R=Cl, R'=4-OCHj;
3¢, 8¢ R=H, R'=4-F, 3m, 8m R=Cl, R'=2,4-(OCHj3), 8a-u
3d,8d R=H,R'=4-CF;, 3n,8n R=Cl, R'=3,4,5-(OCH;);
3e,8¢ R=H, R'=4-OCHj, 30,80 R=OCH; R'=H

3f,8f R=H,R'=24-(OCH;),, 3p,8p R=OCH;, R'=4-Cl
3g,8¢ R=H,R'=345-(OCH;);, 3q,8q R=OCH;, R'=4-F

3h,8h R=CLR'=H, 3r, 8r R= OCHs, R'= 4-CF;
3i,8i R=ClLR'=4-Cl, 35,85 R=OCH;, R'=4-OCH;
3j,8) R=Cl, R'=4-F, 3t,8t R=OCH;, R'=2,4-(OCHj;),

3u,8u R=OCH;, R'=3,4,5-(OCHs);

Scheme 3Preparation of target compoungs-u

2.2. Biological evaluation

2.2.1. Antiproliferative activity

In-vitro antiproliferative activity of the testedmpounds was performed utilizing
MTT cell viability assay [56]. The target compourts-u were screened against A549
“lung”, HEPG2 “liver”, MCF7 *“breast” and CaCo2 ‘“iestinal” cancer cell lines,
Doxorubicin was used as a reference standard. Ererobserved dat@able 1), it has
been noticed thahany compounds exerted significant activity agaldepG-2 “liver”
cell line compared with the other assayed cell sin€onsidering the observed
antiproliferative screening data against A549 “luogncer cell line, only compoun@sl
and 8f revealed the highest activities withsiGralues 9.16 and 9.56M, respectively.
However, compound8c and8k resulted in 50% viability of CaCo-2 “intestinalaicer
cell line at concentration of JM. Additionally, compoundq exerted moderate activity
with ICso value 18.07uM, while, compound$a, 8d and8r revealed mild activity with



ICso values 40.86 - 65.00M against the same cell line. Otherwise, compo@ki$;j, 8i
and 8h exhibited promising activity against MCF-7 “bréastincer cell line with 16
values 1.67, 3.75, 8.80 and 1M, respectively. On the other hand, compou8dsand
8q revealed moderate activity, meanwhile, compow8pland8r showed mild activity.

Furthermore, compoundb-d, 8h-k and8q resulted in promising activity against
HepG-2 “liver” cancer cell line with I§ values 6.31-10uM. Structure activity
relationship study of the obtained antiproliferatactivity of the target compoun8sa-u
against HepG-2 cancer cell line indicated that swit®n with electron withdrawing
groups at one or both phenyl rings of the pyrasolmiety, seemed more favorable for
activity than the case when electron donating gsoupre incorporated in either phenyl
rings. However, compourfly is an exception (I§= 9.16uM).

Moreover, the most active compoun8, 8c, 8d, 8f, 8h, 8i, 8 and 8k were
screened for their cytotoxicity against human erobiy kidney cells 293 as example of
normal cells at 10, 100, 200 and 30@. The % viable cells and Kgvalues were shown
in Table 2. All tested compounds were safe to #stetd normal cells up to 3QOM.

Therefore, these compounds were selective to Htedeancer cell lines.

2.2. 2. Evaluation of Cell Death Pathways
The most active compounds were further screen&@ g for their cytotoxicity

mechanism either apoptosis or necrosis by applthegflow cytometry technique. The
obtained results were shown in the flow cytometrgirts (Figures 3-6). The % apoptosis
or necrosis induction for each compound was caledlay taking the difference between
% apoptotic or necrotic cells of each compound thatl of the negative control, and they
were summarized in Table 3. From the obtained datan be concluded that all tested
compounds can be considered as apoptotic induagrsrrthan necrotic inducers except

compoundBh which exhibited equal apoptotic and necrotic progs.



Table 1 1Cso of the target compounda-u against the tested cancer cell lines in MTT

assay
8a-u

Compound R R IC50 (uM) against
ID A549 HepG2 MCF7 CaCo2
8a H H >10C 10 23.7¢  40.8¢
8b H 4-Cl 10C 6.31 10C 10C
8c H 4-F 89.2 8.4z 10C 10
8d H 4-CF3 9.1¢ 10 10C 50
8e H 4-OCH; 91.6 >10( 10C >10(
8f H 2,4-(OCHg), 9.5€ 10C >10C  >10C
8g H 3,4,5-(OCHy); 83.7¢ 10C 70 >10(
8h Cl H 96.61 8.7¢ 10 10C
8i Cl 4-Cl >10C 1C 8.8( >10(
8 Cl 4-F >10( 10 3.7¢ >10(
8k Cl 4-CF; >10( 8.3¢ 1.67 10
8l Cl 4-OCH; 10C >10( 10C >10(
8m Cl 2,4-(OCHs), >10( >10C  >10C  >10C
8n Cl 3,4,5-(0OCHy); 83.3¢ >10( 10C >10(
80 OCH; H 75.9( >10( >10C >10(
8p OCH; 4-Cl 10C >10( 58 >10(
8q OCH; 4-F >10(C 9.1¢€ 20 18.07
8r OCH; 4-CF; >10( >10( 46.¢ 65
8¢ OCH; 4-OCH; >10( >10( 10C >10(
8t OCH; 2,4-(OCHy), 10C >10( 10C >10(
8u OCH; 3,4,5-(OCHy); >10( >10( 10C >10(

Doxorubicin = —memeeemm e 2.12 3.82 2.7¢ 3.0C




Table 2: % viable cells and 1§ of the most active compounds against normal human

embryonic kidney cells 293

Compd. % Viability of normal human embryonic kidney 29+ SE at IC50(uM)
ID 10uM 100 uM 200 uM 300 uM
8b 96.6:+3.13 91.17 £ 2.58 88.:3+1.2¢ 74.(3%1.6¢ > 30(
8c 93.68 +4.2¢€  91.88:5.41 86.31:2.4¢€ 78.61:4.91 > 30(
8d 89.75:1.9¢ 86.28+1.7¢ 82.3:+1.61 70.75:5.2¢ > 30(
8f 85.16:4.6z  82.87 14.5( 81.1:+0.7¢  74.19:1.41 > 30(
8h 83.9€+2.3: 81.56:1.64 78.12:2.1:  71.57:2.4¢ > 30(
8i 85.6(+2.0¢  81.€7+3.6C 79.61+2.6z 76.42:1.9¢ > 30(
8j 85.3+4.3C 82.22+1.7¢ 75.77+2.0z  68.78:4.4% > 30(
8k 92.70:5.57 87.€7+0.97 84.€2+3.45  79.10:1.8C > 30(
Control Compound 8d Compound 8f
: 1 1 € : :
T T '?’?_rﬂ'l'ﬂ_'l"‘. =TT H

Figure 3. Effect of compoun@d, 8f on the induction of apoptosis/necrosis in A54%scel
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Table 3: % apoptotic and necrotic induction of the mosive@ctompounds at 10M

Compd. A54¢ HepC-2 MCF7 CaCo:
ID %Apoptotic % necrotic %Apoptotic % necrotic %Apoptotic % necrotic %Apoptotic % necrotic
induction induction induction induction induction induction induction induction

8b NT NT 44.4( 4.4C NT NT NT NT

8c NT NT 30.5( 8.8¢ NT NT NT NT

8d 46.6( 11.11 NT NT NT NT NT NT

8f 27.0C 1.04 NT NT NT NT NT NT

8h NT NT 22.7( 23.4¢ NT NT NT NT

8i NT NT NT NT 39.0( 0.1C NT NT

8j NT NT NT NT 32.1( 1.9¢ NT NT

8k NT NT 24.8( 4.97 27.2( 1.2¢ 13.4( 1.87

* NT: not tested
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2.2.3. Caspase-3 activation assay

Caspase-3 is a ubiquitously-expressed cysfaiotease involved in programmed cell
death (apoptosis). In non-apoptotic cells, thisyem exists as an inactive zymogen
known as procaspase-3. Intracellular procaspasea8tivated when cells are committed
to die via apoptosis. The active enzyme cleavesnaber of intracellular protein targets
important for cell survival. Therefore, monitoringaspase-3 enzyme activity is a
fundamental means to measure apoptosis in cétisan attempt to find out whether the
induction of apoptosis of compoun8sb, 8c, 8d, 8f, 8i, 8j and8k is dependent on caspase-3
activity or not,8k was selected as a representative for testing saspactivity in MCF-7
cell lines as it is the most active candidate wptlomising 1G, = 1.67 uM. Caspase-3
colorimetric detection kit was used. The cleavafjéhe caspase 3-specific tetrapeptide
substrate (ac-Asp-Glu-Val-Asp-pNA) that is labeleith the chromophore p-nitroaniline
(PNA) by the activated caspase-3 leads to the seledthe chromophore pNA. The free
pNA group has a yellow color which is visible inethwells and was quantitated
spectrophotometrically at 405 nm. A significantdbdf increase was observed in the
induction of caspase-3 in MCF-7 cells treated wetimpound8k relative to the control

(Fig. 7).Therefore, the apoptotic pathway may proceed thr@agpase-3 activation.

0.4 -
0.35
0.3 A
0.25 A
0.2 A

0.15

0.05 | .
0

Control 8k

Optical density change

Figure 7. Effect of compoun@k on caspase-3 activity in MCF-7 cell lines compérethe negative

control (untreated cells).
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3. Conclusion

In summary, novel pyrazolyl pyridazine derivatis-8u were synthesized by
the cyclization of chalcone3a-3u with 3-hydrazinyl-6-phenylpyridaziné under basic
condition. All target compound8a-u were screened for their antiproliferative actesti
against A549 (lung), HepG-2 (liver), CaCo-2 (inteaf) and MCF-7 (breast) cancer cell
lines using MTT cell viability assay. Many composndxhibited moderate to good
activity against MCF-7 and HepG-2 cancer cell li@s the other hand, only compounds
8d and8f showed promising activity against A549 cancer liedls, whereas, compounds
8c and8k exhibited good activity against CaCo-2 cell linkwreover, these compounds
can be considered as apoptotic inducers except @amip8h which showed equal
apoptotic and necrotic properties. They may exhib#ir apoptosis through caspase-3
activation as illustrated by compout that resulted in 5 fold increase in caspase-3
activity in MCF-7 cell lines.

4. Experimental
4.1. Chemistry

Melting points were recorded on StusMP10 digital melting point apparatus.
IR spectra (KBr disc) were recorded on a ShimadZl+xIRF 8400S infrared
spectrophotometer. NMR spectra were recorded omuiieB Ascend 400/ R'd: 400,
13C: 100 MHz) spectrometer. Elemental analyses wargetl out at the Regional center
for mycology and biotechnology, Al-Azhar Universitigypt. Chalcone8a-u [42-53]
and 6-phenylpyridazines-7 [54, 55] were prepared according to the reportedegxiures.

4.1.1. General procedure for preparatio@aifu

A mixture of the appropriate chalcd@gu (1.5 mmol), the hydrazine derivative
(2.5 mmol) and sodium hydroxide (3.75 mmol) in dbto ethanol (5 ml) was heated
under reflux for 12 hours. The obtained precipitatecooling was filtered and washed
with water and crystallized from ethanol.

15



4.1.1.1. 3-(3,5-Diphenyl-4,5-dihydropyrazol-1-yhpBienylpyridazinea

Obtained from the reaction 8a with 7, mp 198-199°C, yield 64% (0.36 g). IRsa/cm™*
3061, 3030, 2916, 1589, 1547, 1458, 1485NMR (CDCk, 400 MHz):6 3.23 (dd, 1H,

J =5.26, 17.42 Hz, pyrazoline proton), 3.84 (dd, IH; 12.20, 17.40 Hz, pyrazoline
proton), 5.94 (dd, 1HJ) = 5.22, 12.14 Hz, pyrazoline proton), 7.11-7.23 8H, arom.
protons), 7.27-7.38 (m, 8H, arom. protons), 7.641d, J = 9.40 Hz, pyridazine proton),
7.71 (d, 2H,J = 6.68 Hz, arom. protons), 7.76 (d, 1H7 9.40 Hz, pyridazine proton),
7.89 (d, 2H,J = 7.44 Hz, arom. protons)>C NMR (CDCk, 100 MHz): § 42.9
(pyrazoline CH), 61.9 (pyrazoline CH), 115.2, 125.3, 126.0, 12626.2, 127.4, 128.7,
128.8, 129.6, 132.0, 136.8, 142.3, 151.5, 152.8,6Laromatic carbons).Anal.Calcd. for
CasH20N4 (376.46): C, 79.76; H, 5.35; N, 14.88. Found: C929H, 5.41; N, 15.03.

4.1.1.2. 3-[5-(4-Chlorophenyl)-3-phenyl-4,5-dihydyoazol-1-yl]-6-phenylpyridazin8b

Obtained from the reaction &b with 7, mp 225-227°C, yield 50% (0.31 g). IRpay
cm™*3048, 3028, 2924, 1591, 1553, 1468, 14BBNMR (CDCk, 400 MHz):4 3.29 (dd,
1H,J=5.48, 17.44 Hz, pyrazoline proton), 3.94 (dd, 1&,12.20, 17.44 Hz, pyrazoline
proton), 6.00 (dd, 1H) = 5.46 , 12.18 Hz, pyrazoline proton), 7.27-7.34 &, arom.
protons), 7.41- 7.49 (m, 5H, arom. protons), 7d51{H,J = 9.36 Hz, pyridazine proton),
7.80 (dd, 2HJ = 1.66, 7.82 Hz, arom. protons), 7.85 (d, IH; 9.40 Hz, pyridazine
proton), 7.99 (d, 2HJ = 7.08 Hz, arom. protons). Anal.Calcd. fossid;dCIN, (410.91):
C, 73.08; H, 4.66; N, 13.63. Found: C, 73.17; 894N, 13.78.

4.1.1.3. 3-[5-(4-Fluorophenyl)-3-phenyl-4,5-dihydyoazol-1-yl]-6-phenylpyridazin8c

Obtained from the reaction 8t with 7, mp 166-168°C, yield 41% (0.24 g). IRsa/cm*
3061, 2935, 1591, 1553, 1506, 1470, 148ONMR (CDCk, 400 MHz):6 3.31 (dd, 1H,
J = 5.36, 17.44 Hz, pyrazoline proton), 3.94 (dd, IH; 12.16, 17.44 Hz, pyrazoline
proton), 6.02 (dd, 1H) = 5.32, 12.16 Hz, pyrazoline proton), 7.00 (t, 3H; 8.70 Hz,
arom. protons), 7.35- 7.49 (m, 8H, arom. protoidsj5 (d, 1H,J = 9.40 Hz, pyridazine
proton), 7.81 (dd, 2HJ = 1.62, 7.90 Hz, arom. protons), 7.85 (d, 1Hs 9.40 Hz,
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pyridazine proton), 7.99 (d, 2H,= 7.04 Hz, arom. protons). Anal.Calcd. fofsid:FN,4
(394.46): C, 76.12; H, 4.86; N, 14.20. Found: C286H, 4.89; N, 14.37.

4.1.1.4. 3-Phenyl-6-{3-phenyl-5-[4-(trifluoromethghenyl]-4,5-dihydropyrazol-1-
yl}pyridazine 8d

Obtained from the reaction @&d with 7, mp 225-227°C, yield 60% (0.40 Q). |Rpay
cm™* 3055, 2950, 2849, 1591, 1553, 1470, 14#INMR (CDCk, 400 MHz):6 3.20 (dd,
1H,J=5.64, 17.44 Hz, pyrazoline proton), 3.88 (dd, 1&,12.28, 17.44 Hz, pyrazoline
proton), 5.97 (dd, 1HJ) = 5.62, 12.22 Hz, pyrazoline proton), 7.30-7.39 8H, arom.
protons), 7.49 (d, 2H] = 8.20 Hz, arom. protons), 7.68 (d, 1Hs+ 9.40 Hz, pyridazine
proton), 7.70 (dd, 2HJ = 1.80, 7.72 Hz, arom. protons), 7.78 (d, 1Hs 9.40 Hz,
pyridazine proton), 7.89 (d, 2H, = 7.08 Hz, arom. protonsj3C NMR (CDCk, 100
MHz): 0 42.8 (pyrazoline Chj, 61.6 (pyrazoline CH), 115.3, 122.7, 125.4, 12372%.8,
125.9, 126.4, 128.7, 128.8, 128.9, 130.3, 131.6.613146.3, 151.4, 152.9, 155.5
(aromatic carbons). Anal.Calcd. ford19 F3N4 (444.45): C, 70.26; H, 4.31; N, 12.61.
Found: C, 70.44; H, 4.37; N, 12.80.

4.1.1.5. 3-[5-(4-Methoxyphenyl)-3-phenyl-4,5-dihggyrazol-1-yl]-6-phenylpyridazine
8e

Obtained from the reaction 8&with 7, mp 173-175°C, yield 66% (0.40 g). IRsa/cm’™
3049, 3011, 2955, 2930, 2835, 1587, 1549, 15080,124456, 1435'"H NMR (CDCl,
400 MHz):¢ 3.32 (dd, 1HJ = 5.18, 17.42 Hz, pyrazoline proton), 3.77 (s, 8Hs),
3.94 (dd, 1HJ = 12.06, 17.42 Hz, pyrazoline proton), 6.00 (dd, 1= 5.14, 12.06 Hz,
pyrazoline proton), 6.84 (d, 2H,= 8.64 Hz, arom. protons), 7.33 (d, 2Hs 8.68 Hz,
arom. protons), 7.38- 7.48 (m, 6H, arom. protoidsj2 (d, 1H,J = 9.40 Hz, pyridazine
proton), 7.80-7.85 (m, 3H, 2H arom. protons + 1Higgzine proton), 7.99 (d, 2H, =
7.28 Hz, arom. protons). Anal.Calcd. fopgB,oN4O (406.49): C, 76.83; H, 5.46; N,
13.78. Found: C, 76.98; H, 5.53; N, 13.96.
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4.1.1.6. 3-[5-(2,4-Dimethoxyphenyl)-3-phenyl-4,Brgtiropyrazol-1-yl]-6-phenyl-
pyridazine3f

Obtained from the reaction 8f with 7, mp 185-187°C, yield 69% (0.45 g). IR;a/cm*
3050, 2928, 2890, 1589, 1551, 1466, 1487NMR (CDCk, 400 MHz):6 3.09 (dd, 1H,
J =5.00, 17.36 Hz, pyrazoline proton), 3.66 (s, 8€Hs), 3.74-3.81 (m, 4H, OC#
pyrazoline proton), 6.10 (dd, 1B+ 4.98, 11.98 Hz, pyrazoline proton), 6.24 (dd, dH,
2.24, 8.40 Hz, arom. proton), 6.40 (d, 1Hs 2.24 Hz, arom. proton), 6.90 (d, 18~
8.44 Hz, arom. proton), 7.28-7.38 (m, 6H, arom.tame), 7.65 (d, 1HJ = 9.44 Hz,
pyridazine proton), 7.69 (d, 2H,= 6.52 Hz, arom. protons), 7.77 (d, 1Hz 9.40 Hz,
pyridazine proton), 7.91 (d, 2Hd,= 7.24 Hz, arom. protons). Anal.Calcd. forid,4N4O,
(436.51): C, 74.29; H, 5.54; N, 12.84. Found: C524H, 5.57; N, 13.03.

4.1.1.7. 3-Phenyl-6-[3-phenyl-5-(3,4,5-trimethoxgpll)-4,5-dihydropyrazol-1-yl]
pyridazine8g

Obtained from the reaction 8f with 7, mp 183-185°C, yield 46% (0.32 g). IRsa/cm™
3051, 2968, 2833, 1589, 1549, 1458, 148ENMR (CDCk, 400 MHz):6 3.21 (dd, 1H,
J = 5.56, 17.44 Hz, pyrazoline proton), 3.71 (s, 8CHs), 3.72 (s, 6H, 2 OC#), 3.82
(dd, 1H,J = 12.20, 17.44 Hz, pyrazoline proton), 5.86 (dHl, 1 = 5.58, 12.14 Hz,
pyrazoline proton), 6.47 (s, 2H, arom. protonsy077.40 (m, 6H, arom. protons), 7.68
(d, 1H,J = 9.48 Hz, pyridazine proton), 7.71 (dd, 2H; 1.70, 7.90 Hz, arom. protons),
7.79 (d, 1HJ = 9.40 Hz, pyridazine proton), 7.92 (d, 2Hz 7.20 Hz, arom. protons).
Anal.Calcd. for GgH26N4O3 (466.53): C, 72.09; H, 5.62; N, 12.01. Found: C262H,
5.69; N, 12.17.

4.1.1.8. 3-[3-(4-Chlorophenyl)-5-phenyl-4,5-dihygyoazol-1-yl]-6-phenylpyridazin8h

Obtained from the reaction &h with 7, mp 215-217°C, yield 42% (0.26 Q). |Rpay
cm* 3075, 3057, 3028, 2918, 2849, 1593, 1545, 1493,14439."H NMR (CDCk, 400
MHz): ¢ 3.30 (dd, 1HJ= 5.32, 17.36 Hz, pyrazoline proton), 3.91 (dd, IH; 12.26,
17.38 Hz, pyrazoline proton), 6.06 (dd, 1Hs 5.32, 12.20 Hz, pyrazoline proton), 7.24-
7.48 (m, 10H, arom. protons), 7.73 (d, 2H, J = 8#4 arom. protons), 7.75 (d, 1H, J =
9.32 Hz, pyridazine proton), 7.84 (d, 1H= 9.40 Hz, pyridazine proton), 7.99 (d, 2H,
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= 7.16 Hz, arom. protons). Anal.Calcd. foss810CIN4 (410.91): C, 73.08; H, 4.66; N,
13.63. Found: C, 73.22; H, 4.71; N, 13.81.

4.1.1.9. 3-[3,5-bis(4-Chlorophenyl)-4,5-dihydropgoé 1-yl]-6-phenylpyridazindi

Obtained from the reaction 8f with 7, mp 189-191°C, yield 46% (0.31 g). IRsa/ cmi™
3084, 3032, 2922, 2853, 1591, 1551, 1464, 144INMR (CDCk, 400 MHz):¢ 3.26
(dd, 1H, J= 5.56, 17.44 Hz, pyrazoline proton), 3.91 (dd, IHs 12.26, 17.42 Hz,
pyrazoline proton), 6.01 (dd, 1H,= 5.54, 12.22 Hz, pyrazoline proton), 7.27-7.33 (m,
3H, arom. protons), 7.39-7.49 (m, 6H, arom. profors/2 (d, 2H, J = 8.56 Hz, arom.
Protons), 7.76 (d, 1H, J = 9.40 Hz, pyridazine gnpt 7.83 (d, 1H,J = 9.40 Hz,
pyridazine proton), 7.99 (d, 2HJ = 7.08 Hz, arom. protons). Anal.Calcd. for
CasH1sCIoN,4 (445.36): C, 67.42; H, 4.07; N, 12.58. Found: C587H, 4.10; N, 12.73.

4.1.1.10. 3-[3-(4-Chlorophenyl)-5-(4-fluorophenyll)s-dihydropyrazol-1-yl]-6-phenyl-
pyridazine8;j

Obtained from the reaction 8f with 7, mp 203-205°C, yield 63% (0.40 g). IRsa/cm*
3075, 3053, 3036, 2922, 2853, 1603, 1541, 15140,14841."H NMR (CDCk, 400
MHz): ¢ 3.15 (dd, 1HJ = 5.42, 17.42 Hz, pyrazoline proton), 3.78 (dd, IH; 12.24,
17.40 Hz, pyrazoline proton), 5.91 (dd, 1H, J38512.18 Hz,pyrazoline proton), 6.89
(t, 2H, J = 8.64 Hz, arom. protons), 7.24 (dd, 285.34, 8.50 Hz, arom. protons), 7.30—
7.37 (m, 5H, arom. protons), 7.60-7.65 (m, 3H, 2bna protons + pyridazine proton),
7.71 (d, 1HJ = 9.36 Hz, pyridazine proton), 7.88 (d, 2Hz 7.24 Hz, arom. protons).
3C NMR (CDCE, 100 MHz): § 42.8 (pyrazoline Ch), 61.5 (pyrazoline CH), 115.2,
115.6, 115.8, 125.4, 126.2, 127.1, 127.4, 127.7@.2I28.7, 128.8, 128.9, 129.0, 130.2,
130.4, 135.6, 136.7, 137.9, 138.0, 150.3, 152.8,515160.9, 163.3 (aromatic carbons).
Anal.Calcd. for GsH31sCIFN, (428.90): C, 70.01; H, 4.23; N, 13.06. Found: C1%0H,
4.29; N, 13.22.

4.1.1.11. 3-{3-[4-Chlorophenyl]-5-[4-(trifluoromey)phenyl]-4,5-dihydropyrazol-1-yl}-
6-phenylpyridazingk
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Obtained from the reaction &k with 7, mp 201-203°C, yield 49% (0.35 Q). IRpay
cm* 3067, 3024, 2995, 2849, 1589, 1555, 1464, 1443NMR (CDCk, 400 MHz):§
3.17 (dd, 1HJ= 5.76, 17.44 Hz, pyrazoline proton), 3.86 (dd, IH; 12.34, 17.46 Hz,
pyrazoline proton), 5.98 (dd, 1H,= 5.74, 12.26 Hz, pyrazoline proton), 7.30-7.40 (m,
7H, arom. protons), 7.49 (d, 2H8,= 8.20 Hz, arom. protons), 7.63 (d, 2Hs 8.52 Hz,
arom. protons), 7.68 (d, 1H,= 9.36 Hz, pyridazine proton), 7.77 (d, 1H= 9.40 Hz,
pyridazine proton), 7.89 (d, 2H,= 7.12 Hz, arom. protons). Anal.Calcd. fosgd:sCl
FsN4(478.90): C, 65.21; H, 3.79; N, 11.70. Found: C385H, 3.76; N, 11.82.

4.1.1.12. 3-[3-(4-Chlorophenyl)-5-(4-methoxypherb-dihydropyrazol-1-yl]-6-phenyl
pyridazine8l

Obtained from the reaction 8f with 7, mp 173-175°C, yield 70% (0.46 g). IRiay/ cmi*
3055, 3038, 2984, 2957, 2918, 2837, 1589, 15749,15464, 1439'"H NMR (CDCl,
400 MHz):¢0 3.18 (dd, 1HJ = 5.14, 17.42 Hz, pyrazoline proton), 3.66 (s, 8GH;),
3.77 (dd, 1HJ = 12.14, 17.42 Hz, pyrazoline proton), 5.93 (tld, J = 4.94, 11.98 Hz,
pyrazoline proton), 6.74 (d, 2H,= 8.60 Hz, arom. protons), 7.21 (d, 2Hz 8.60 Hz,
arom. protons), 7.30-7.38 (m, 5H, arom. proton€§37d, 3H,J = 8.80 Hz, arom. protons
+ pyridazine proton), 7.71 (d, 1Hd,= 9.40 Hz, pyridazine proton), 7.88 (d, 2Hs 7.44
Hz, arom. protons)-*C NMR (CDCE, 100 MHz):6 42.7 (pyrazoline Ch), 55.3 (OCH),
61.6 (pyrazoline CH), 114.2, 115.2, 125.3, 126.27.4, 128.7, 128.8, 129.0, 130.6,
134.3, 135.4, 136.8, 150.3, 152.6, 155.5, 158.9ntatic carbons). Anal.Calcd. for
C6H21CIN4O (440.92): C, 70.82; H, 4.80; N, 12.71. Found7@94; H, 4.85; N, 12.83.

4.1.1.13. 3-[3-(4-Chlorophenyl)-5-(2,4-dimethoxypkB-4,5-dihydropyrazol-1-yl]-6-
phenylpyridaziné@m

Obtained from the reaction &m with 7, mp 195-197°C, yield 57% (0.40 g). IRsay
cm'3057, 3003, 2951, 2934, 2832, 1589, 1551, 15082,14437.'H NMR (CDCk, 400
MHz): § 3.05 (dd, 1H,) = 4.96, 17.32 Hz, pyrazoline proton), 3.66 (s, 8;Hs), 3.70-
3.77 (m, 4H, OCH+ pyrazoline proton), 6.10 (dd, 1H,= 4.92, 11.96 Hz, pyrazoline
proton), 6.25 (d, 1HJ = 8.36 Hz, arom. protons), 6.40 (s, 1H, arom.q@pt6.89 (d, 1H,
J = 8.40 Hz, arom. proton), 7.29-7.38 (m, 5H, arpnatons), 7.62 (d, 2H] = 8.32 Hz,
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arom. protons), 7.65 (d, 1Hd,= 9.48 Hz, pyridazine proton), 7.74 (d, 1H+ 9.36 Hz,
pyridazine proton), 7.91 (d, 2H, = 7.60 Hz, arom. protonsj3C NMR (CDCk, 100
MHZz): 0 41.7 (pyrazoline C}J, 55.4 (OCH), 55.5 (OCH), 57.8 (pyrazoline CH), 99.1,
103.8, 114.9, 121.8, 125.2, 126.1, 126.9, 127.8,712.28.9, 130.9, 135.2, 136.8, 151.4,
152.2, 155.7, 157.4, 160.2 (aromatic carbons). Aadtd. for G/H23CIN,O, (470.95):
C, 68.86; H, 4.92; N, 11.90. Found: C, 69.03; ¥84N, 12.04.

4.1.1.14. 3-[3-(4-Chlorophenyl)-5-(3,4,5-trimeth@kenyl)-4,5-dihydropyrazol-1-yl]-6-
phenylpyridaziné3n

Obtained from the reaction @&hnh with 7, mp 196-198°C, yield 50% (0.38 Q). IRpay
cm™ 3032, 2967, 2916, 2887, 1587, 1576, 1547, 14589.143 NMR (CDCk, 400
MHz): ¢ 3.17 (dd, 1HJ = 5.50, 17.42 Hz, pyrazoline proton), 3.71 (s, 8&Hs), 3.72
(s, 6H, 20CH), 3.79 (dd, 1H,) = 12.24, 17.36 Hz, pyrazoline proton), 5.87 (dd, 1=
5.48, 12.12 Hz, pyrazoline proton), 6.45 (s, 2knarprotons), 7.32-7.40 (m, 5H, arom.
protons), 7.63 (d, 2H] = 8.40 Hz, arom. protons), 7.68 (d, 1Hs 9.40 Hz, pyridazine
proton), 7.76 (d, 1HJ = 9.36 Hz, pyridazine proton), 7.91 (d, 2Hz= 7.48 Hz, arom.
protons). Anal.Calcd. for £H2sCIN4O3 (500.98): C, 67.13; H, 5.03; N, 11.18. Found: C,
67.24; H, 5.08; N, 11.27.

4.1.1.15. 3-[3-(4-methoxyphenyl)-5-phenyl-4,5-dihyglyrazol-1-yl]-6-phenylpyridazine
8o

Obtained from the reaction 8b with 7, mp 201-202°C, yield 48% (0.29 g). IRsa/cm™
3082, 3024, 2916, 2849, 1609, 1591, 1547, 15166,14837."H NMR (CDCk, 400
MHz): ¢ 3.30 (dd, 1HJ = 5.22, 17.30 Hz, pyrazoline proton), 3.87-3.95 4id, OCH; +
pyrazoline proton), 6.02 (dd, 1H= 5.22, 12.06 Hz, pyrazoline proton), 6.98 (d, dH,
8.84 Hz, arom. protons), 7.21-7.33 (m, 5H, aronutqgms), 7.37-7.47 (m, 5H, arom.
protons), 7.73 (d, 1H] = 9.40 Hz, pyridazine proton), 7.74 (d, 2Hx 8.76 Hz, arom.
protons), 7.83 (d, 1H] = 9.40 Hz, pyridazine proton), 7.99 (d, 2H= 7.20 Hz, arom.
protons).’*C NMR (CDCE, 100 MHz): 6 43.1 (pyrazoline Cbj, 55.4 (OCH), 61.8
(pyrazoline CH), 114.2, 115.0, 124.7, 125.2, 12627.3, 127.8, 128.6, 128.7, 128.8,
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136.9, 142.5, 151.4, 152.1, 155.7, 160.8 (aronwdibons).Anal.Calcd. for &H22N4O
(406.49): C, 76.83; H, 5.46; N, 13.78. Found: C976H, 5.52; N, 13.89.

4.1.1.16. 3-[5-(4-Chlorophenyl)-3-(4-methoxypher4Id-dinydropyrazol-1-yl]-6-
phenylpyridazinep

Obtained from the reaction 8p with 7, mp 203-205°C, yield 73% (0.48 g). IR/ cm
13046, 3026, 2953, 2928, 2835, 1609, 1593, 15516,15468, 1441'H NMR (CDCl,
400 MHz):6 3.26 (dd, 1HJ = 5.42, 17.34 Hz, pyrazoline proton), 3.87-3.94 4H,
OCH;s + pyrazoline proton), 5.96 (dd, 1Bi= 5.40, 12.08 Hz, pyrazoline proton), 6.98 (d,
2H, J = 8.84 Hz, arom. protons), 7.27-7.34 (m, 4H, arpnotons), 7.40-7.48 (m, 3H,
arom. protons), 7.73-7.75 (m, 3H, 2H arom. protérsgridazine proton), 7.82 (d, 1H, J
=9.40 Hz, pyridazine proton), 7.98 (d, 2Hz= 7.08 Hz, arom. protons). Anal.Calcd. for
C26H21CIN4O (440.94): C, 70.82; H, 4.80; N, 12.71. Found: C930H, 4.84; N, 12.86.

4.1.1.17. 3-[5-(4-Fluorophenyl)-3-(4-methoxypherb-dihydropyrazol-1-yl]-6-phenyl
pyridazine8q

Obtained from the reaction &g with 7, mp 168-170°C, yield 52% (0.33 g). IRpay
cm'3038, 2959, 2920, 2837, 1609, 1593, 1549, 15068,14439."H NMR (CDClk, 400
MHz): ¢ 3.26 (dd, 1H,J = 5.30, 17.34 Hz, pyrazoline proton), 3.86- 3.93 4, OCH +
pyrazoline proton), 5.98 (dd, 1Hd,= 5.28, 12.04 Hz, pyrazoline proton), 6.97-7.02 (m
4H, arom. protons), 7.34-7.48 (m, 5H, arom. protofis7/1- 7.75 (m, 3H, 2H arom.
protons + pyridazine proton), 7.82 (d, 1H, J= 93) pyridazine proton), 7.99 (d, 2H,

= 7.08 Hz, arom. protons). Anal.Calcd. foss,1FN4O (424.48): C, 73.57; H, 4.99; N,
13.20. Found: C, 73.73; H, 5.03; N, 13.37.

4.1.1.18. 3-[3-(4-Methoxyphenyl)-5-(4-(trifluoronimst)phenyl)-4,5-dihydropyrazol-1-
yl]-6-phenylpyridazine8r

Obtained from the reaction 8f with 7, mp 220-222°C, yield 40% (0.28 g). IRsa M
13060, 2928, 2839, 1593, 1514, 1464, 144L NMR (CDCk, 400 MHz):¢ 3.17 (dd,
1H,J = 5.60, 17.36 Hz, pyrazoline proton), 3.79 (s, 8€Hs), 3.85 (dd, 1H, = 12.20,
17.36 Hz, pyrazoline proton), 5.94 (dd, 1H, J =05.82.16 Hzpyrazoline proton), 6.89
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(d, 2H,J = 8.80 Hz, arom. protons), 7.29-7.41 (m, 5H, arpnotons), 7.48 (d, 2H] =
8.24 Hz, arom. protons), 7.63-7.67 (m, 3H, 2 arprotons+ pyridazine proton), 7.75 (d,
1H, J = 9.40 Hz, pyridazine proton), 7.89 (d, 2H=J7.20 Hz, arom. protons).
Anal.Calcd. for G/H21F3N4O (474.49): C, 68.35; H, 4.46; N, 11.81. Found: C488H,
4.52; N, 11.96.

4.1.1.19. 3-[3,5-bis(4-Methoxyphenyl)-4,5-dihydrogzol-1-yl]-6-phenylpyridazin&s
Obtained from the reaction 86with 7, mp 195-196°C, yield 64% (0.42 g). IR;a/cm™*
3042, 3009, 2949, 2934, 2832, 1595, 1549, 15146,14639."H NMR (CDCk, 400
MHz): 6 3.29 (dd, 1H, = 5.08, 17.32 Hz, pyrazoline proton), 3.77 (s, 84;Hs), 3.84-
3.91 (m, 4H, OCH + pyrazoline proton), 5.97 (dd, 1H,= 5.06, 11.98 Hz, pyrazoline
proton), 6.84 (d, 2H, J= 8.64 Hz, arom. protons®¥86(d, 2H,J = 8.80 Hz, arom.
protons), 7.32 (d, 2H, J = 8.68 Hz, arom. protoisd7-7.48 (m, 3H, arom. protons), 7.71
(d, 1H,J = 9.44 Hz, pyridazine proton), 7.75 (d, 2H; 8.80 Hz, arom. protons), 7.80 (d,
1H, J = 9.40 Hz, pyridazine proton), 7.99 (d, 2B,= 7.24 Hz, arom. protons).
Anal.Calcd. for G7H24N40, (436.52): C, 74.29; H, 5.54; N, 12.83. Found: C534H,
5.59; N, 13.01.

4.1.1.20. 3-[5-(2,4-Dimethoxyphenyl)-3-(4-methoxgplyl)-4,5-dihydropyrazol-1-yl]-6-
phenylpyridazinest

Obtained from the reaction 8t with 7, mp 183-185°C, yield 59% (0.41 g). IRsa/cm’™
3051, 2916, 2833, 1607, 1589, 1551, 1508, 14647 .148NMR (CDChk, 400 MHz):6
3.15 (dd, 1HJ = 4.94, 17.26 Hz, pyrazoline proton), 3.76 (s, 8Hs), 3.81-3.88 (m,
7H, 2 OCH + pyrazoline proton ), 6.17 (dd, 1B~ 4.92, 11.84 Hz, pyrazoline proton),
6.34 (dd, 1H,J = 2.14, 8.38 Hz, arom. protons), 6.50 (d, IH; 2.12 Hz, arom. protons),
6.94-7.00 (m, 3H, arom. protons), 7.37-7.48 (m, 8¥m. protons + pyridazine proton),
7.73 (d, 2H,J = 8.72 Hz, arom. protons), 7.83 (d, 1Hz 9.40 Hz, pyridazine proton),
8.01 (d, 2HJ = 7.40 Hz, arom. Protons). Anal.Calcd. foild:sN4O3 (466.54): C, 72.09;
H, 5.62; N, 12.01. Found: C, 72.24; H, 5.64; N]1B2.
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4.1.1.21. 3-[3-(4-Methoxyphenyl)-5-(3,4,5-trimetlypkenyl)-4,5-dihydropyrazol-1-yl]-
6-phenylpyridazin&u

Obtained from the reaction @&u with 7, mp 193-195°C, yield 41% (0.31 Q). IRpay
cmi' 3050, 2980, 2963, 2837, 1607, 1591, 1508, 14629.1483 NMR (CDCk, 400
MHz): ¢ 3.18 (dd, 1HJ = 5.52, 17.32 Hz, pyrazoline proton), 3.71 (s, 8&Hs), 3.72
(s, 6H, 2 OCH), 3.75-3.83 (m, 4H, OC#tH pyrazoline proton), 5.83 (dd, 1H~= 5.48,
12.04 Hz, pyrazoline proton), 6.47 (s, 2H, aronot@ns), 6.88 (d, 2H] = 8.84 Hz, arom.
protons), 7.29-7.39 (m, 3H, arom. protons), 7.652(d, J = 8.76 Hz, arom. protons),
7.66 (d, 1H,J = 9.36 Hz, pyridazine proton), 7.76 (d, 18,= 9.40 Hz, pyridazine
proton), 7.92 (d, 2HJ = 7.24 Hz, arom. protons)*C NMR (CDC}k, 100 MHz):d 43.4
(pyrazoline CH), 55.4 (OCH), 56.1 (20CH), 60.7 (OCH), 62.1 (pyrazoline CH),
102.5, 114.2, 115.2, 124.6, 125.2, 126.1, 127.8,8,236.8, 137.1, 138.4, 151.6, 152.3,
153.6, 155.9, 160.9 (aromatic carbons). Anal.Cdiod CogH2gN4O4 (496.56): C, 70.15;
H, 5.68; N, 11.28. Found: C, 70.29; H, 5.72; N4#1.

4.2. In-vitro MTT assay

Human cancer cell lines of different origins pursda from ATCC were used for
evaluation of the anticancer effect of the targgtapolines. MCF7 (ATCC; HTB-22),
CaCo-2 (ATCC; HTB-37), HepG2 (ATCC; HB-8065) & A54ATCC; CRM-CCL-185).
Cells were cultured and maintained as monolayaitimer Dulbecco’s modified Eagle’s
medium (DMEM) for A549 and HepG2, or Rose Well Pdt&morial Institute medium
(RPMI) for MCF-7 and CaCo-2 cell lines. Each mediwas supplemented with 10% of
fetal calf serum (Lonza), antibiotics: 100 IU/mL ménicillin (Lonza) and 100 mg/mL of
streptomycin (Lonza). All cells were cultured in & diameter culture plates at’87in
100% humidity atmosphere and 5% of £[56]. Only viable cells were used in the
assay. Stock solutions of 1M from the tested compeuwere prepared in serum free
culture medium containing 1% (v/v) dimethylsulfogidDMSO). Cells were seeded
overnight in 96 multiwells plate (f0cells/well) before treatment with the prepared
compounds to allow the attachment of cells to tla#l of the plate. A further dilution of
the stock solution from each compound in complegeliom (10% serum) was added to

the seeded cells at concentrations of 0, 5, 10,aBd, 100 uM. Each cell line was
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incubated with the compounds for 24 h at standaltuie conditions. The potential
cytotoxicity of the tested compounds was evaluae®4 h post incubation with the
respective compounds using MTT colorimetric as3MsT-1 premix cell proliferation
assay — Takara, Germany), measured at a wavelendthO nm. Compounds mediated
cellular toxicity was calculated using the followinformula (specified by the kit
protocol); % Cell viability = [(Absorbance of treat cells — absorbance of blank) /
(Absorbance of control cells — Absorbance of blhrk)00.

After 24 h incubation with the cells, control (uated cells) did not exhibit
significant changes compared to the 1% DMSO vehitlee 1G, mean value and
standard error were determined, and data were €sguleas the mean + standard error of
the mean (SEM). Statistical analysis was done usirgway ANOVA Tukey’s Multiple

Comparison Test via GraphPad Prism 5.0 software.

4.3. Evaluation of Cell Death Pathways

Flow cytometry was applied in order to determine thechanism of cancer cell
death for each cell line. Fluorescent markers abriéscein isothiocyanate (FITC)-
Annexin V and Ethidium Homodimer III (EthD-11l) fra (Biotium, USA) for detection
of apoptotic and necrotic cell deaths were usegeasely. A number of 2-3 x f0
cells/ml treated with the L§g— PDT conditions were re-suspended in 1 ml of irkling
buffer diluted in distilled water, then 5 pl of KIFAnnexin V, together with 5 pl of
EthD-Ill were added to 100 pl of cell suspensiod arcubated at room temperature for
15 min in dark. 400 pul of 1X binding buffer was addto the cell suspension and
fluorescence was measured within 1 h of stainindliyrescence associated cell sorter
(FACS) analysis.

4.4. Caspase-3 activation assay

The activity of caspase-3 was determined at Vac&#wkki, Cairo, Egypt, using
MaxDiscovery™caspase-3 colorimetric detection Kgioo Scientific Corporation
(BIOO), USA. Briefly, MCF-7 cells (5x1Tcells/well) in 6-well plate were treated with
ICso concentrations of compour8k for 24 h. The cell culture medium was gently

removed from the control and treated culture wahsl then the cells were lysed by
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adding cell lysis buffer (1000 pL) to each cultwell. The plate was gently shaken for
10 minutes to facilitate cell lysis and sample hgerozation. Caspase-3 Substrate (100
pL) was diluted into 10 mL of Reaction Buffer. Ihet reaction microplate, 100 pL
Caspase-3 Reaction Buffer was added to each vedihwied by 100 pL of cell lysate.
The absorbance was measured using a plate readbefoicrease in absorbance at 405
nm in 30 minutes. Caspase-3 activity was expressethe change of the activity in

treated cancer cells compared to the untreatedatsb7].
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Highlights:

- Pyrazoline derivatives 8a-u were synthesized under basic condition.

- All compounds were screened for their cytotoxic activity against four cell lines.
- Their cytotoxicity is mainly due to apoptotic rather than necrotic induction.

- Compound 8k revealed promising activity against HepG-2, MCF-7 and CaCo-2.

- Compound 8k resulted in 5 fold increase in caspase-3 activity relative to control.





