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INTRODUCTION 
Breast cancer (BC) today is a leading cause of morbidity 

around the world, with the statistics showing increasing 

incidence rates.[1,2] Despite the available treatment choices 

available, up to this moment the fact remains that there is not a 

“cure” for BC or cancer in general. Therefore, medical 

scientists around the world are striving to come up with novel 

treatments that could enhance the “battle” against cancer.[2-4] 

The novel methods include hormonal therapy using selective 

estrogen receptor modulators like tamoxifen, raloxifene, 

etc.[2,5]  

Several food components play an important role that inhibits 

the initiation and progression of cancer or otherwise in the 

prevention of disease govern by epidemiological and animal 

studies.[6-8] The presence of numerous chalcone analogs in 

dietary compounds has beneficial effects such as antioxidant 

and free radical scavenging properties.[9,10] Herein, we have 

designed and synthesized 3, 5-diphenylpyrazolethanone 

(chalcone analogs) as Selective Estrogen Receptor Modulators 

(Figure 1, Scheme 1). The synthesized derivatives were  

 

 

 

screen for their anticancer activity on human breast cancer cell 

lines and animal models. 

 

 

Figure 1: Designing of 3, 5-pyrazole Scaffold as Novel 

SERM 
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MATERIALS AND METHODS 

Chemistry 

AR/LR grade reagents were used after purifying and drying 

appropriately. Characterization of the synthesized compounds 

is mentioned in the individual descriptions. Melting points 

were recorded in open capillaries with electrical melting point 

apparatus and were uncorrected. The yield of respective 

processes are mentioned in parentheses following the m. p. of 

respective derivatives. Silica gel G plates activated at 110 °C 

for 30 min were used for TLC, developed using the solvent 

system: (a) Chloroform: Ethyl acetate (3:7); (b) Benzene: 

Methanol (4:1); (c) Benzene: Methanol (9:1), and are enclosed 

in parentheses herein during individual characterization of the 

compound. The developed TLC plates were examined for 

colored spots that were apparent in exposing them to iodine 

vapors. The Rf values of purified compounds are represented 

herein as individual characterization. Single spot TLC, using 

various solvent systems, ascertained the purity of the 

compounds. Percentage yields shown are approximate along 

with the solvent used for crystallization in case of solid 

compounds and are mentioned within brackets after melting 

point (m. p.) reported in °C. IR spectra of all synthesized 

compounds were recorded on JASCO FT-IR 4000 

spectrophotometer using KBr as diluents, and are expressed 

herein cm-1
. The 1H NMR spectra were recorded on Bruker 

Avance (400 MHz) Spectrometer in DMSO solutions, whereas 

and 13C NMR spectra were recorded with 100 MHz on the 

same facility, using TMS as an internal reference. Chemical 

shifts (δ) in ppm are mentioned along with coupling 

frequencies as singlet (s), doublet (d), triplet (t) and multiplet 

(m); Mass spectra were recorded on a Varian Inc, 410 Prostar 

Binary LC with 500 MS IT PDA Detectors. 

 

Synthesis of 1-(4-hydroxyphenyl)-5-phenylprop-2-en-1-one 

[The Chalcones] (2a-2g) 

A mixture of 4-hydroxyacetophenone (3.1 mmol, 700 mg), the 

appropriate commercially available appropriately substituted 

benzaldehyde a–g (3.7 mmol) and 20% aq. NaOH (1 mL) in 

MeOH (10 mL) was stirred at room temperature. The reaction 

progress was monitored by TLC. After completion of the 

reaction, the reaction mixture was quenched with water and 

extracted with CHCl3. Then the organic phase was treated 

with anhydrous magnesium sulfate and the solvent was 

evaporated in vacuum. The dark viscous liquids either 

precipitate obtained was purified by column chromatography 

on silica gel employing 15:1 of CHCl3-MeOH as eluent. All 

the compounds were obtained as yellow to red viscous 

liquids.[11] 

 

Scheme 1: Synthesis of designed compounds (4a-4g). 

Synthesis of 1-(3-(4-hydroxyphenyl)-5-phenyl-4, 5-

dihydro-1H-pyrazol-1-yl-ethan-1-one (3a-3g) 

A mixture of above mentioned chalcones 2a–g (0.23 mmol), 

hydrazine hydrate (0.5 mmol) and formic acid (2 mL) was 

subjected to reflux for 2–4 h with continuous stirring. The 

reaction progress was monitored by TLC. After completion of 

the reaction, ethanol was added and the precipitate formed was 

filtered. The filtrate was extracted using CHCl3, the organic 

phase was treated with anhydrous magnesium sulfate and the 

solvent was evaporated in vacuo. The viscous liquids obtained 

were washed with brine to form the compounds 3a–g. 

Synthesis of 1-(5-phenyl-3-(4-(2-(piperidin-1-yl-

ethoxy)phenyl)-1H-pyrazol-1-yl)ethan-1-one derivatives 

(4a-4g) 

A mixture of compounds 3a–g (3 g), 1-(2-

chloroethyl)piperidine hydrochloride 4 (25.59 mmol, 1.8 g), in 

acetic acid (20 mL), was subjected to refluxing with 

continuous stirring for 24 h in the presence of anhydrous 

potassium carbonate (52 mmol, 7.2 g). The reaction progress 

was monitored by TLC. After completion of the reaction, the 

resultant suspension was cooled to room temperature, 

quenched with cold water and the crude compound was 

extracted with CHCl3. Then the organic phase was treated 

with anhydrous magnesium sulfate and the solvent was 

evaporated in vacuo. The obtained derivatives 4a-4g, were 

purified by column chromatography on silica gel employing 

30:1 CHCl3-MeOH as eluent.  

 
Figure 2: Structure and numerical assignment of 

synthesized derivatives 
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1-(5-phenyl-3-(4-(2-(piperidin-1-yl)ethoxy)phenyl)-1H-

pyrazol-1-yl)ethan-1-one (4a) 

MP: 144-146°C (82.28); Rf: 0.72 (a); MW: 389.23; MF: 

C24H27N3O2; IR (KBr): 695 (Ar-H), 1186 (C-O), 1326 (C-N), 

1534 (C=C), 1719 (C=O) cm-1; 1H NMR (DMSO, 400MHz): 

δ= 7.7-7.4 (m, 5H, Ar-H), 7.1 (m, 2H, Ar-H5b, H5f), 6.9 (m, 

2H, Ar-H5c, H5e), 4.1 (t, 2H, CH2 at 1’), 3.7 (s, 1H, CH of 

pyrazole), 2.8 (t, 2H, CH2 at 2’), 2.4 (m, 4H, piperidine Ha & 

Ha’), 1.9 (s, 3H, CH3-C=O), 1.4-1.3 (m, 6H, piperidine Hb, Hb’ 

& Hc); 13C NMR (DMSO, 100MHz): δ= 168.7 (C=O), 157.4 

(C5d), 151.8 (C3), 136.6 (C3a), 134.1 (C5a), 131.2 (C3d), 128.9 

(C3c, C3e), 128.3 (C3b, C3f), 126.3 (C5b, C5f), 114.5 (C5c, C5e), 

66.4 (C1’), 65.8 (C5), 60.6 (C2’), 57.2 (Ca, Ca’), 39.8 (C4), 25.9 

(Cb, Cb’), 24.5 (Cc), 23.2 (CH3-C=O); MS: m/z = 389.23 [M+, 

100%], 390.23 [M+1, 26%], 390.22 [M+1, 1.1%]. 

 

1-[5-(4-chlorophenyl)-3-[4-(2-(piperidin-1-

yl)ethoxy)phenyl]-1H-pyrazol-1-yl)ethan-1-one  (4b) 

MP: 182-184°C (72.84); Rf: 0.74 (b); MW: 423.19; MF: 

C24H26ClN3O2; IR (KBr): 698 (Ar-H), 715 (C-Cl), 1190 (C-O), 

1318 (C-N), 1542 (C=C), 1724 (C=O) cm-1; 1H NMR (DMSO, 

400MHz): δ= 7.7-7.3 (m, 4H, Ar-H), 7.1 (m, 2H, Ar-H5b, H5f), 

6.8 (m, 2H, Ar-H5c, H5e), 4.2 (t, 2H, CH2 at 1’), 3.7 (s, 1H, CH 

of pyrazole), 2.9 (t, 2H, CH2 at 2’), 2.4 (m, 4H, piperidine Ha 

& Ha’), 1.8 (s, 3H, CH3-C=O), 1.4-1.3 (m, 6H, piperidine Hb, 

Hb’ & Hc); 13C NMR (DMSO, 100MHz): δ= 166.5 (C=O), 

156.7 (C5d), 151.4 (C3), 137.5 (C3d-Cl), 136.4 (C3a), 134.2 

(C5a), 128.8 (C3c, C3e), 128.2 (C3b, C3f), 126.2 (C5b, C5f), 112.4 

(C5c, C5e), 67.2 (C1’), 65.6 (C5), 60.1 (C2’), 56.5 (Ca, Ca’), 39.7 

(C4), 26.0 (Cb, Cb’), 25.1 (Cc), 23.3 (CH3-C=O); MS: m/z = 

423.19 [M+, 100%], 425.19 [M+2, 2.7%], 427.19 [M+4, 1%]. 

 

1-[5-(4-methoxyphenyl)-3-(4-(2-(piperidin-1-

yl)ethoxy)phenyl]-1H-pyrazol-1-yl)ethan-1-one (4c) 

MP: 164-166°C (63.94); Rf: 0.68 (a); MW: 419.24; MF: 

C25H29N3O3; IR (KBr): 715 (Ar-H), 1182 (C-O), 1322 (C-N), 

1536 (C=C), 1718 (C=O) cm-1; 1H NMR (DMSO, 400MHz): 

δ= 7.8-7.4 (m, 4H, Ar-H), 7.2 (m, 2H, Ar-H5b, H5f), 6.7 (m, 

2H, Ar-H5c, H5e), 4.2 (t, 2H, CH2 at 1’), 3.9 (s, 3H, OCH3), 3.6 

(s, 1H, CH of pyrazole), 2.9 (t, 2H, CH2 at 2’), 2.3 (m, 4H, 

piperidine Ha & Ha’), 1.9 (s, 3H, CH3-C=O), 1.4-1.2 (m, 6H, 

piperidine Hb, Hb’ & Hc); 13C NMR (DMSO, 100MHz): δ= 

167.8 (C=O), 162.4 (C3d-OCH3), 158.2 (C5d), 152.6 (C3), 

136.3 (C3a), 133.9 (C5a), 128.5 (C3c, C3e), 127.4 (C3b, C3f), 

126.4 (C5b, C5f), 113.7 (C5c, C5e), 67.6 (C1’), 65.1 (C5), 60.2 

(C2’), 56.6 (Ca, Ca’), 54.6 (OCH3), 39.8 (C4), 26.2 (Cb, Cb’), 

25.2 (Cc), 23.4 (CH3-C=O); MS: m/z = 419.24 [M+, 100%], 

420.24 [M+1, 27%]. 

 

 

1-(5-(2, 6-dichlorophenyl)-3-(4-(2-(piperidin-1-

yl)ethoxy)phenyl)-1H-pyrazol-1-yl)ethan-1-one (4d) 

MP: 174-176°C (88.12); Rf: 0.58 (c); MW: 457.15; MF: 

C24H25Cl2N3O2; IR (KBr): 690 (Ar-H), 716 (C-Cl), 1195 (C-

O), 1327 (C-N), 1540 (C=C), 1722 (C=O) cm-1; 1H NMR 

(DMSO, 400MHz): δ= 7.6-7.3 (m, 3H, Ar-H), 7.0 (m, 2H, Ar-

H5b, H5f), 6.7 (m, 2H, Ar-H5c, H5e), 4.2 (t, 2H, CH2 at 1’), 3.7 

(s, 1H, CH of pyrazole), 2.9 (t, 2H, CH2 at 2’), 2.4 (m, 4H, 

piperidine Ha & Ha’), 1.8 (s, 3H, CH3-C=O), 1.4-1.3 (m, 6H, 

piperidine Hb, Hb’ & Hc); 13C NMR (DMSO, 100MHz): δ= 

166.8 (C=O), 156.4 (C5d), 151.2 (C3), 138.1 (C3a), 135.4 

(C3b,3f-Cl),134.2 (C5a), 130.6 (C3d), 129.1 (C3c, C3e), 126.5 

(C5b, C5f), 112.7 (C5c, C5e), 67.3 (C1’), 65.8 (C5), 60.2 (C2’), 

57.1 (Ca, Ca’), 39.3 (C4), 25.8 (Cb, Cb’), 25.0 (Cc), 23.4 (CH3-

C=O); MS: m/z = 457.15 [M+, 100%], 459.15 [M+2, 63.9%], 

461.15 [M+4, 1.7%]. 

 

1-(5-(2, 4-dimethoxyphenyl)-3-(4-(2-(piperidin-1-

yl)ethoxy)phenyl)-1H-pyrazol-1-yl)ethan-1-one (4e) 

MP: 182-184°C (80.42); Rf: 0.56 (a); MW: 449.25; MF: 

C26H31N3O4; IR (KBr): 721 (Ar-H), 1178 (C-O), 1326 (C-N), 

1534 (C=C), 1714 (C=O) cm-1; 1H NMR (DMSO, 400MHz): 

δ= 7.8-7.5 (m, 3H, Ar-H), 7.2 (m, 2H, Ar-H5b, H5f), 6.8 (m, 

2H, Ar-H5c, H5e), 4.2 (t, 2H, CH2 at 1’), 3.9 (s, 6H, OCH3), 3.6 

(s, 1H, CH of pyrazole), 3.0 (t, 2H, CH2 at 2’), 2.2 (m, 4H, 

piperidine Ha & Ha’), 1.9 (s, 3H, CH3-C=O), 1.4-1.2 (m, 6H, 

piperidine Hb, Hb’ & Hc); 13C NMR (DMSO, 100MHz): δ= 

168.0 (C=O), 163.7 (C3d-OCH3), 162.4 (C3b-OCH3), 157.9 

(C5d), 152.5 (C3), 137.1 (C3a), 133.8 (C5a), 129.1 (C3c, C3e), 

127.6 (C3f), 126.3 (C5b, C5f), 113.5 (C5c, C5e), 67.5 (C1’), 65.2 

(C5), 59.5 (C2’), 56.7 (Ca, Ca’), 53.4 (OCH3), 39.2 (C4), 26.1 

(Cb, Cb’), 25.1 (Cc), 22.8 (CH3-C=O); MS: m/z = 449.25 [M+, 

100%], 450.25 [M+1, 28.1%]. 

 

1-(3-(4-(2-(piperidin-1-yl)ethoxy)phenyl)-5-(2, 3, 4-

trimethoxyphenyl)-1H-pyrazol-1-yl)ethan-1-one (4f) 

MP: 188-190°C (77.64); Rf: 0.62 (a); MW: 479.26; MF: 

C27H33N3O5; IR (KBr): 733 (Ar-H), 1181 (C-O), 1325 (C-N), 

1529 (C=C), 1722 (C=O) cm-1; 1H NMR (DMSO, 400MHz): 

δ= 7.8-7.4 (m, 2H, Ar-H), 7.2 (m, 2H, Ar-H5b, H5f), 6.7 (m, 

2H, Ar-H5c, H5e), 4.2 (t, 2H, CH2 at 1’), 3.8 (s, 9H, OCH3), 3.5 

(s, 1H, CH of pyrazole), 2.8 (t, 2H, CH2 at 2’), 2.1 (m, 4H, 

piperidine Ha & Ha’), 1.8 (s, 3H, CH3-C=O), 1.5-1.3 (m, 6H, 

piperidine Hb, Hb’ & Hc); 13C NMR (DMSO, 100MHz): δ= 

167.4 (C=O), 161.5 (C3d-OCH3), 159.8 (C3b-OCH3), 158.0 

(C5d), 153.2 (C3), 151.2 (C3c-OCH3), 137.5 (C3a), 133.7 (C5a), 

129.2 (C3e), 127.8 (C3f), 126.4 (C5b, C5f), 111.6 (C5c, C5e), 67.3 

(C1’), 64.9 (C5), 59.1 (C2’), 56.8 (Ca, Ca’), 54.4, 53.5 (OCH3), 

38.1 (C4), 26.3 (Cb, Cb’), 25.7 (Cc), 22.5 (CH3-C=O); MS: m/z 

= 479.26 [M+, 100%], 480.26 [M+1, 29.2%]. 
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1-(5-(4-fluorophenyl)-3-(4-(2-(piperidin-1-

yl)ethoxy)phenyl)-1H-pyrazol-1-yl)ethan-1-one (4g) 

MP: 156-158°C (82.24); Rf: 0.72 (b); MW: 407.22; MF: 

C24H26FN3O2; IR (KBr): 699 (Ar-H), 718 (C-F), 1194 (C-O), 

1308 (C-N), 1528 (C=C), 1725 (C=O) cm-1; 1H NMR (DMSO, 

400MHz): δ= 7.7-7.3 (m, 4H, Ar-H), 7.1 (m, 2H, Ar-H5b, H5f), 

6.8 (m, 2H, Ar-H5c, H5e), 4.3 (t, 2H, CH2 at 1’), 3.7 (s, 1H, CH 

of pyrazole), 2.8 (t, 2H, CH2 at 2’), 2.4 (m, 4H, piperidine Ha 

& Ha’), 1.8 (s, 3H, CH3-C=O), 1.4-1.2 (m, 6H, piperidine Hb, 

Hb’ & Hc); 13C NMR (DMSO, 100MHz): δ= 164.1 (C=O), 

156.8 (C5d), 152.7 (C3), 136.8 (C3d-F), 135.9 (C3a), 133.7 (C5a), 

128.7 (C3c, C3e), 128.3 (C3b, C3f), 126.4 (C5b, C5f), 113.5 (C5c, 

C5e), 67.3 (C1’), 65.7 (C5), 60.2 (C2’), 56.6 (Ca, Ca’), 38.4 (C4), 

26.1 (Cb, Cb’), 25.2 (Cc), 23.8 (CH3-C=O); MS: m/z = 407.22 

[M+, 100%], 409.22 [M+2, 2.7%]. 

 

Biological Evaluation  

In vitro 

Anti-cancer tests were performed using SRB assay protocols 

[12], each drug is tested at 4 dose levels (1x10-7M, 1x10-6M, 

1x10-5M, 1x10-4M, or 10, 20, 40, 80 µg/mL). Appropriate 

positive controls are run in each experiment and each 

experiment is repeated thrice. Results are given in terms of 

GI50, TGI and LC50 values. The compounds were tested for 

their cytotoxic assay using MCF-7 and ZR-75-1 breast cancer 

cell lines. 

In vivo 

Animal experiments were approved by the IAEC of the 

concerned center. Female virgin SD rats were obtained from 

Wockhardt Pvt. Ltd. (Aurangabad, India) at 35 days of age, 

and were housed at 6 per cage, maintained at 25±2 °C under 

12 h dark/light cycles with access to standard diet and water 

ab libitum. Solutions of carcinogen, N-Nitroso-N-methylurea 

(NMU), were purchased from Sigma (USA), were prepared 

afresh immediately before administration to the animals, using 

3% acetic acid, normal saline, and NMU to get carcinogenic 

solution 10mg/mL. Solutions equivalent to 50 mg NMU /Kg 

weight of animals were administered i.p. on the 50th and 57th 

day of age. Animals were grouped to have six each, and were 

as follows: Group I was negative control receiving only saline; 

Group II was experimental positive control receiving the 

carcinogenic solution.  Group III – Group VI receiving 

Tamoxifen, 4b, 4c, and vehicle Tween 80, respectively. 

Animals in respective groups received the drug and the 3, 5-

diphenylpyrazole derivatives, 10 mg/Kg each in Tween 80, 

orally after a two week induction period, once a day for six 

weeks. Animals in the intact control group and untreated 

NMU group were given vehicle (Tween 80) according to the 

experimental protocol. Regular weekly palpation was carried 

until the detection of mammary tumors under light ether 

anesthesia.   

 

At the end of the experimental period, all the rats were 

sacrificed by cervical dislocation. All gross palpable 

mammary lesions were excised, fixed in 10 % phosphate-

buffered neutral formalin, embedded in paraffin. The 

observations were scored as follows: The time taken since the 

day of challenge for first incidence of tumor was noted as 

Tumor Latency Period (TLP), number of tumors/rat as marked 

as Tumor Burden. Size of every tumor was recorded using 

micrometer calliper, and volume was calculated using the 

formula V = 4/3 пr3, where, r is half of the average diameter.  

Intermittently, blood samples were collected from those 

animals in the fifth week since NMU challenge, i.e. at the start 

of the treatment period, and in the tenth week from the 

challenge, i.e. at the end of treatment period, from retro orbital 

plexus in blood collection tubes and were analyzed for 

estrogen level measurement. These were analyzed for estrogen 

levels by ELISA.[13] 

 

Molecular Docking studies 

Simulations were performed using solutions provided by 

Schrödinger. [14] The aforementioned structures were 

constructed using ACD Freeware and converted into *.mol 

files, before transferring into OPLS. Three dimensional crystal 

structure (PDB: 1ERR, Sequence identity 95 %) was obtained 

and a cavity grid was prepared using GLIDE. The three 

dimensional structures in flexible modes (generated using 

LigPrep) were docked in the rigid grid of the protein. The 

study was carried with and without bound-water molecules 

within 5 Ǻ vicinity of the cavity, whereas, hydrogen-bonds, 

ring interactions, π-π stacking opted for the study. These 

studies were carried using the Xtra Presicion (XP) module of 

the Schrödinger software for scoring the energy minimum. 

 

RESULTS AND DISCUSSION 

Chemistry 

The condensation reaction of Claisen-Schmidt between the 4-

hydroxyacetophenone and different benzaldehydes a-g, was 

carried out affording the corresponding chalcones 2a-g 

(Scheme 1). [11] In second step, 1, 3-dielectrophile 

cyclization reactions of chalcones 2a-g were carried out, 

employing a three-part methodology, in which the chalcones 

were mixed with hydrazine hydrate and acetic acid. Lastly, the 

designed compounds (4a-4g) were synthesized by alkylation 

of the hydroxyl group (3a-g) with the 1-(2-

chloroethyl)piperidine Hydrochloride (4) and K2CO3. DMF 

was used as the solvent of the reaction, which was carried out 
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under reflux. The designed compounds were characterized by 

using FT-IR, 1H-NMR, 13C-NMR and LC-MS techniques that 

allowed elucidating its structures.  

Biological Evaluation 

The synthesized compounds were evaluated for their in vitro 

anticancer activity against ERα+ human breast carcinoma cell 

line (MCF-7 & Zr-75-1) using the SRB assay. [12] 

Cytotoxicity results of synthesized compounds with their 

LC50, TGI and GI50 value on breast cancer cell line is enlisted 

in Table 1. The concentration of candidate derivatives in 

μg/mL inhibiting 50 % of cancerous cell growth is expressed 

as GI50, the concentration inhibiting total cancerous cell 

growth expressed as TGI, and the concentration inducing 

cytocidal effect in 50 % population of cancerous cell 

expressed as LC50. The percentages of inhibition/cytocidal 

effects induced by them are calculated considering the effect 

of standard Tamoxifen as 100.  

 

The derivatives 4b and 4c show the most potent activity 

amongst the lot. The compound 4b is 4-chloro substituted 

whereas 4c compound contains 4-methoxy substitution. The 

di-halo substituted and trimethoxy substituted compounds 

shows very less cytocidal activity.  

 

Table 1: In-vitro anticancer activity (µg/mL) of synthesized compounds 

Sr. No. R 
MCF-7 ZR-75-1 

LC50
a TGIb GI50

c LC50 TGI GI50 

4a 

 

88.3 61.7 22.9 >100 >100 36.7 

4b 

 

81.3 38.4 12.2 >100 >100 19.8 

4c 

 

54.7 39.2 10.8 >100 >100 16.4 

4d 

 

62.6 41.4 16.2 >100 >100 32.8 

4e 

 

70.8 78.9 24.8 >100 >100 58.4 

4f 

 

94.8 79.2 39.9 >100 >100 57.9 

4g 

 

91.4 89.9 43.5 >100 >100 82.6 

TAM - 39.5 16.3 <10 >100 >100 <0.1 

Most potent compounds shown by bold text as compare to standard 
TAM tamoxifen 

a Compound concentration that produces 50 % cytocidal effect 
b Compound concentration that produces total growth inhibition 
c Compound concentration that produces 50 % growth inhibition 
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Oral administration of 4b and 4c to the laboratory animals 

induced with mammary carcinogenesis resulted in decreased 

incidences of the tumor, reduced tumor burden and tumor 

volume. The recorded observations are tabulated in Table 2. 

The data from tumor incidences were statistically analyzed by 

the Chi-Square test for the assessment of significance in 

protection against tumor occurrence. A difference of P<0.05 

was considered significant in all cases. The Chi-square 

analysis indicated that drug/tamoxifen treatment exhibited 

significant anti-tumor activity [(df= 13.37, 5), P<0.0201] 

against NMU (N-Nitroso-N-methylurea)-induced breast tumor 

as observed by reduction in the tumor incidences. 

Corresponding to this, there was a reduction in the tumor 

volume (mm3) in both groups.  

 

Estrogen level of all groups measured on day 35 of 

intoxication (90th day since birth) was compared with the 

control and NMU group. [13] Mean observed estrogen levels 

given in Table 3. The results show that the compound 4b and 

4c had protuberant affinity towards estrogen receptor, similar 

to standard Tamoxifen (TAM). 

 

Docking Study 

Computer-aided simulations assisted in selecting molecules 

from the designed set. The results indicated acceptable 

reliability of the parameters specified in Maestro- Glide in 

reproducing the binding mode for these compounds. After the 

successful reproduction of the binding mode of Raloxifen 

(RAL) (Fig. 3a), the docking method was used to search for 

the binding modes of the whole data set. Binding propensity 

was analyzed by docking on 1ERR, the crystal structure of 

ERα.[14] All the compounds were successfully docked into 

the binding pocket of ERα. In this research, the attention has 

been focused on protein– ligand interactions of the 

unsubstituted compound 4a, the p-chloro substituted 

compound 4b and the p-fluro-substituted compound 4g  to 

illustrate the interaction mechanism. 

 

 

Table 2: Effect of treatment on mammary tumorigenesis 

Group Treatment 
No. of rats with 

tumor 
Incidences (%) 

Tumor 

Latency 

(week) 

Tumor burden 
Tumor volume 

(mm3) 

I MNU 6/6 100 4.1±0.8 3.1± 0.14 4.8±0.16 

II TAM 2/6 33.3 6.8±0.3 6.2± 0.21 2.7±0.11 

III 4b 2/6 33.3 6.2±0.7 6.3± 0.03 2.6±0.10 

IV 4c 3/6 50 6.1±0.6 6.1± 0.12 3.1±0.5 

 

Table 3: Estrogen levels (pg/mL) of animals on day 90 

Group Treatment 
Estrogen level on 90th Day 

(mean± SE) 

I Control 17.1±1.14b 

II MNU 34.25±2.1a 

III TAM 18.13±1.01a 

IV 4b 16.48±1.08a 

V 4c 20.14±1.20a 

 

The results are expressed as Mean ± SEM. The data is analyzed using One-way Analysis of Variance (ANOVA) followed by 

Tukey’s test. (n=6), aP< 0.001, b P < 0.01, c P < 0.05, d non significant. 
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a)  

b)  

c)  

d)  

Figure 3: 2D Ligand Interaction diagram of (a) Raloxifen, 

(b) Compound 4a, (c) Compound 4b and (d) Compound 

4g. 

a)   

b)  

Figure 4: Docking analysis of (a) compound 4a and (b) 

compound 4g. 

 

CONCLUSION 
In summary a series of N-aryl-2-pyrazolines derivatives were 

synthesized and evaluated for their binding activity with the 

estrogen receptor (ER) receptor and modulate it. The 

derivatives with electronegative substitution on the 

benzylidene motif turned out to be ineffective in the in vitro 

assays performed for evaluating the binding activity with the 

ER. The derivative with p-methoxy substitution on the 

benzylidene motif (4c) tends to bind effectively with the ERα; 

its ability to bind with the receptor was also substantiated by 

in vivo activity. 
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