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involved in the attainment of cellular immortality and 
carcinogenesis.
Result  In vitro MTT screening assay showed the com-
pound 5-aminophenyl-2-butylthio-1,3,4-oxadiazole (5e) 
showing the highest inhibitory effect against MCF-7 cancer 
cell with IC50 value 10.05 ± 1.08 µM while it is much safer 
and less toxic on normal cell line (HEK-293). The dose-
dependent treatment of MCF-7 cells with 5e resulted in 
inhibition of cell migration in the wound healing assay. The 
flow-cytometry analysis showed the cells arrested in G0/
G1 phase of the cell cycle. Compound 5e induced apopto-
sis of MCF-7 cells was characterized using DAPI staining 
and Annexin V-PE/7-AAD dual binding assay. Reduction 
of NBT by compound 5e showed a reduced generation of 
ROS. Western blotting studies showed high activation of 
apoptotic protein Caspase3 and decrease in expression of 
anti-apoptotic protein BCL-2.
Conclusion  Based on the results of in vitro studies, it could 
be concluded that compound 5e showed a significant inhibi-
tory growth effect on MCF-7 cells and have the potential to 
be developed as lead molecule and further structural modifi-
cations may result in promising new anticancer agents.

Abstract 
Background  Cancer has become one of the global health 
issues and it is the life-threatening disease characterized by 
unrestrained growth of cells. Despite various advances being 
adopted by chemotherapeutic management, the use of the 
current anticancer drugs such as Doxorubicin, Asparginase, 
Methotrexate, Vincristine remains limited due to high tox-
icity, side effects and developing drug resistance. Apopto-
sis is a crucial cellular process and improper regulation of 
apoptotic signaling pathways may lead to cancer formation. 
Subsequently, the synthesis of effective chemotherapeutic 
agents that can induce apoptosis in tumor cell has emerged 
as a significant approach in cancer drug discovery.
Methods  The goal of this work is to develop a potential 
antitumor agent exerting significant inhibitory effects on 
cancer cell and low cytotoxicity, for which we focused on 
the structural features of 1,3,4-oxadiazoles as it a privileged 
scaffold in modern medicinal chemistry and have the ability 
to inhibit growth factors, enzymes and kinases potentially 
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Introduction

Cancer has become one of the global health issues arising 
various clinical challenges with increasing frequency every 
year [1]. It is the life threatening disease characterized with 
unrestrained growth of cells. It also invades to other body 
parts and ranked as most deadly health problem after car-
diovascular diseases [2]. Despite various advances being 
adopted by chemotherapeutic management, the use of the 
available anticancer drugs such as Doxorubicin, Aspargi-
nase, Methotrexate, Vincristine, Mercaptopurine remains 
limited due to high toxicity, side effects and developing 
drug resistance [3]. Thus, there is need to identify a novel 
drug that can exhibit effective anticancer activity with mini-
mum toxicity and lesser side effects. Antitumor agents act 
by stimulating apoptosis pathways leading to cell death [4]. 
Apoptosis is a crucial cellular process which plays a promi-
nent role in governing growth of tissues and homeostasis 
[5]. The improper regulation of apoptotic signaling pathways 
has resulted in many ailments including cancer [6]. Subse-
quently, the synthesis of effective chemotherapeutic agents 

that can induce apoptosis in tumor cell has emerged as a 
significant approach in cancer drug discovery [1, 7].

In the attempt of finding effective anticancer agents, many 
constructive efforts have been made on the development of het-
erocyclic moieties, depending on their structural framework. 
1,3,4-oxadiazole is a privileged scaffold in modern medicinal 
chemistry and is an attractive pharmacophore for the develop-
ment of new anticancer agents due to its wide spectrum and 
ability towards numerous biological targets [8]. The antitumor 
and cytotoxic potency of 1,3,4-oxadiazole derivatives (Fig. 1) 
are generally related to their ability to inhibit growth factors, 
enzymes and kinases potentially involved in the attainment of 
cellular immortality and carcinogenesis such as telomerase [9], 
HDAC [10], MetAP2, TS [11], GSK3 [12], FAK [13], VEGF 
[14] and EGFR [15]. Zibotentan (ZD4045) is an anticancer 
drug present in late clinical trial containing 1,3,4-oxadiazole 
nucleus, which has made the moiety more attractive for anti-
cancer drug discovery [16]. The presence of an acyl or alkyl 
linkage on 1,3,4-oxadiazoles enhances their biological profile 
[17] and also substitution at C-2 of 1,3,4-oxadiazoles with 
n-butyl chain improves binding with various receptors [18].

Therefore, in the quest of developing a potential antitumor 
agent, we focused on the structural features of 1,3,4-oxa-
diazoles with the aim of synthesizing new small molecule 
exerting anti-proliferation effects on certain human cancer 
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cells. Taking into consideration the therapeutic importance 
of 1,3,4-oxadiazole, we carried out the synthesis of new 
series of 5-aryl-2-butylthio-1,3,4-oxadiazole with objective 
to form promising anticancer agents (Fig. 2).

Results and discussion

Chemistry

Synthesis of the 5-aryl 2-butylthio-1,3,4-oxadiazole 5(a–f) 
has been performed using the feasible chemical reactions 
outlined in Scheme 1. Acid hydrazide 3(a–f), a main inter-
mediate in the formation of new oxadiazoles, was prepared 
by hydrazinolysis of (2a–f) with hydrazine hydrate in the 
presence of absolute alcohol by reported protocol [19]. 
2,5-Disubstituted-1,3,4-oxadiazole was synthesized as previ-
ously reported [20] from intramolecular cyclization of (3a–f) 
using CS2 and KOH in the presence of ethanol, followed 
by acidification. The synthesis of final compounds 5-aryl 
2-butylthio-1,3,4-oxadiazole was accomplished by refluxing 
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Fig. 1   Structure of some representative bioactive compounds con-
taining 1-3,4-oxadiazole moiety as anticancer agents
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Scheme 1   Synthetic protocol 
for 5-aryl-2-(butylthio)-1,3,4-
oxadiazole) derivatives (4a–5f)

R1

R2

R3 H

H

1(a-f)

i

R1H

R2

R3 H

ii
R1H

R2

R3 H

O

NHNH2

O

OH

O

OC2H5

2(a-f) 3(a-f)

iii
H

R2

R3 H

R1

O

NN
S

H

R1H

R2

R3

O

NN
SH

H
4(a-f)

H

R2

R3 H

R1

O

N
N S

iv

5(a-f)

R1 R2 R3

a. H H H
b. Cl H H
c. Cl Cl H
d. H Tert-C4H9 H
e. H NH2 H
f. Cl H NO2

Reagents and Conditions (i) ethanol, concentrated sulfuric acid; reflux, 8–12 h  (ii) 
NH2NH2.H2O ethanol ; reflux, 8–12 h (iii) (1) CS2/KOH, ethanol, reflux, 24 h; (2) HCl, pH 5–6; 
(iv) NaOH,  acetonitrile, reflux, 8–24 h.



	 Cancer Chemother Pharmacol

1 3

equimolar mixture of 4(a–f), with 1-iodobutane in the pres-
ence of NaOH using acetonitrile as solvent. Data obtained 
from various spectroscopic techniques such as FTIR, 
1HNMR, 13CNMR and ESI–MS provide structural confir-
mation of all target compounds. Purity was assessed using 
elemental analyses. When compound 3(a–f) was converted 
to the corresponding 1,3,4-oxadiazoles 4(a–f), the absorp-
tion bands appeared in IR spectra due to –NH/NH2 and 
–NHCO group disappeared instead, new absorption bands 
due to NH, C=N, –SH, –C–O–C appeared at 3264, 1602, 
2557, 1324 and 1163 cm−1, respectively. 1HNMR spectra 
of compounds 4(a–f) were confirmed by the appearance of 
a new broad signal at δ 14.95 representing thiol–thione tau-
tomerism while signals obtained in range of δ 7.86–δ 7.45 
correspond to aromatic protons. J values were shown to be in 
concurrence with various substitutions present on the phenyl 
ring. For 13CNMR spectra of compounds 4(a–f), C-2 carbon 
showed up field chemical shift at δ 177.53 while C-5 at δ 
161.15 as C-2 carbon is directly attached with sulfur. The 
carbon C-1 of phenyl ring attached directly to 1,3,4-oxadia-
zole ring appeared at δ 122.93, while the peaks at δ 126.54, 
128.30, 131.69, 133.54, 137.72 and 138.92 correspond to 
the phenyl ring. In general, for final compounds 5(a–f), NH 
and C=S groups which showed the sharp stretching band 
at 3266, 1234 cm−1, respectively, for compounds (4a–f) 
vanished signifying S-alkylation. Also the 1HNMR spectra 
of compounds 5(a–f) showed the presence of new signals 
at δ 3.33–3.19 due to –SCH2 representing the formation of 
S-alkyl derivative. Further, in 13CNMR spectrum of final 
compounds 5(a–f), the signal at δ 177.13 due to C=S was 
missing. Conversely, compound 4(a–f) showed its presence 
which is the strong evidence for S-alkylation. Further, mass 
spectra of 4(a–f) and 5(a–f) compounds confirmed their 
molecular ion peaks at m/z (see supplementary data).

Pharmacology

In vitro inhibition of cell growth by 5‑aryl 
2‑butylthio‑1,3,4‑oxadiazles

All the synthesized compounds 5-aryl-2-thio-1,3,4-oxa-
diazles 4(a–f) and 5-aryl-2-butylthio-1,3,4-oxadiazoles 
5(a–f) were screened for their inhibitory growth effect on 
breast (MCF-7) and liver (HepG-2) human cancer cell lines 
using 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium 
bromide (MTT) assay [4]. To further explore the toxicity 
and selectivity, the cytotoxic evaluation against normal 
human embryonic cell line (HEK-293) was carried out for 
all synthesized compounds. Doxorubicin was used as the 
reference drug in the assay. The IC50 (µM) values (con-
centration required to inhibit cancer cells growth by 50% 
after 48 h incubation) for both tested compounds and ref-
erence drug (Doxorubicin) have been shown in Table 1. 

The results of in vitro studies revealed that few synthesized 
compounds were potentially successful in inhibiting cell 
growth of MCF-7 cancer cell having IC50 values in range of 
10.05 ± 1.08 µM to 18.79 ± 2.13 µM.

From close observation of IC50 values, it is noticed that 
among all the compounds, 4e, 4f, 5e and 5f were more 
active having IC50 values less than 25 µM on MCF-7 can-
cer cell line. It was observed that the compound 5e dur-
ing cell growth showed highest growth inhibition on 
MCF-7 cancer cell line with IC50 value of 10.05 ± 1.08 µM 
which is less than standard drug Doxorubicin (IC50 value 
19.53 ± 1.50 µM). Since compound 5e was more sensitive 
for MCF-7 cells, thus signifying that the inhibition of growth 
may have occurred due to induction of apoptosis caused by 
compound 5e in MCF-7 cells. Further, it was observed that 
a compound 5e only was moderately active against HepG-2 
cell line, while rest of all compounds did not exhibit any 
activity up to 100 µM.

All the synthesized compounds were further tested for 
toxicity against one normal human cell line (HEK-293); 
among all, compounds 4e, 4f, 5e and 5f which have IC50 
value ≤25 µM on MCF-7 cell line displayed high viability of 
cells indicating that these compounds were less toxic toward 
normal cells, thus showing definite selectivity between can-
cerous and normal cell than doxorubicin. Out of them, com-
pound 5e displayed moderate selectivity towards the MCF-7 
and HepG-2 cancer cells where IC50 was almost 26.7 and 5.5 
fold higher in HEK-293, respectively, shown in (Figure S1) 
(supplementary data).

The selectivity indices were also measured for screening 
compounds. Compounds 5e and 5f showed good selectivity 
against MCF-7 and HEK-293 cell lines with the SI value 
more than 3 (Table 1). Higher SI value (>3) of a compound 
represents more selectivity and toxicity towards cancer cells. 
Whereas SI value <3 exhibits moderate toxicity; however, 
it also increases cytotoxicity for normal cells [21]. The 
observed values of selectivity indices for compounds 4e, 
4f, 5d and 5f were found to be 10.97, 9.70, 26.70 and 16.96, 
respectively, on breast cancer cell line MCF-7. Thus, from 
observations it was concluded that the synthesized com-
pounds showed significant results on MCF-7 cell line as 
compared to HepG-2 cell line.

Structure–activity relationship (SAR) of synthesized 
compounds (4a–5f)

On analyzing the MTT assay results, it was observed that the 
MCF-7 cells were found to be more sensitive towards syn-
thesized target compounds. The effect of substituents “R1” 
on phenyl ring at C-5 carbon and the presence of butyl chain 
at C-2 carbon of 1,3,4-oxadiazole scaffold were important 
in analyzing SAR study. On comparing both series, com-
pounds substituted with butyl linkage (5a–5f) were found 
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to be more potent than compounds containing free –SH 
group (4a–4f). Unsubstituted phenyl ring (4a) showed less 
inhibitory effects than compound having with substituted 
phenyl ring (5a). The presence of amino group appreciably 
contributed to the anticancer activity. In general, the com-
pounds with strong electron donating group such as amino 
(4e, 5e) at para-position of phenyl ring showed better inhibi-
tory activity than those with electron withdrawing groups 
such as –Cl (4b, 5b, 4c and 5c). Replacement of hydrogen 
atom with 3º-butyl group at para-position led to decrease in 
activity (4d, 5d). Replacement with –Cl group at o-position 
led to a slight increase in activity (4b, 5b); adding another 
–Cl group to para-position (4c, 5c) further increased activ-
ity as compared to (4b, 5b); however, it also increased the 
toxicity indicating that the addition of –Cl at para-position 
was not favored. Adding –NO2 to meta-position along with 
–Cl at ortho significantly increased antitumor activity with 
decreased toxicity, indicating that the presence of electron 
withdrawing group at the meta-position of phenyl ring was 
favored.

The significant anticancer activity of compound 5e on 
MCF-7 cells encouraged us to further study its effect at the 
cellular level, predominantly the mechanisms involved in 
inhibition of cell growth.

In silico analysis of drug‑like properties of designed 
compounds

Using free services provided by Molinspiration server 
(http://www.molinspiration.com), some of the physically 
and pharmaceutically important molecular properties based 
on Lipinski Rules of five were analyzed for all designed 
compounds as shown in Table 2. The entire sets of designed 
compounds showed no violations from the Lipinski’s rule of 
five and possess all drugs-like properties [22].

In vitro inhibition of cell migration 
by 5‑(aminophenyl)‑2‑(butylthio)‑1,3,4‑oxadiazole (5e)

Cell migration is important to various biological pro-
cesses, specifically for cancer cells where migration 

Table 1   Selectivity index (SI) and IC50 values of compounds on HEK-293, MCF-7 and Hep G-2

R1
O

NN
SR2

2,5-Disubstituted 1,3,4-oxadiazole

The bold values represent active compounds
a  HEK293—normal human embryonic kidney cell line
b  MCF7—breast cancer
c  HepG2—liver cancer. No activity >100 µM. The values (in µM) represent the mean ± SE of three independent experiments
d  Selectivity index (SI) = IC50 of pure compound in a normal cell line/IC50 of the same pure compound in cancer cell line, where IC50 is the con-
centration required to inhibit 50% of the cell population

Compound no. R HEK-293a MCF-7b HepG-2c

IC50 (µM) ± SD IC50 (µM) ± SD SId IC50 (µM) ± SD SI

4a R1 = H; R2 = H 47.59 ± 1.00 53.01 ± 1.52 0.89 37.95 ± 1.52 1.23
4b R1 = Cl; R2 = H 51.92 ± 0.95 41.85 ± 1.50 1.22 27.57 ± 1.84 1.79
4c R1 = Cl, Cl; R2 = H 114.46 ± 2.00 55.69 ± 1.90 2.05 44.43 ± 1.60 2.57
4d R1 = tertbutyl; R2 = H 51.14 ± 1.19 48.26 ± 1.50 1.05 38.96 ± 1.72 1.76
4e R1 = NH2; R2 = H 183.31 ± 1.63 16.71 ± 2.11 10.97 78.50 ± 1.67 2.33
4f R1 = Cl, NO2;

R2 = H
182.34 ± 1.51 18.79 ± 2.13 9.70 84.75 ± 0.95 2.15

5a R1 = H; R2 = n-butyl 51.82 ± 1.37 75.30 ± 1.82 0.68 55.70 ± 1.50 0.93
5b R1 = Cl; R2 = n-butyl 96.86 ± 2.05 37.21 ± 1.70 2.60 42.04 ± 1.49 2.30
5c R1 = Cl, Cl;

R2 = n-butyl
75.67 ± 1.84 37.60 ± 1.66 2.01 26.52 ± 1.56 2.85

5d R1 = tertbutyl; R2 = n-butyl 70.02 ± 1.61 26.13 ± 1.56 2.82 35.16 ± 1.65 1.99
5e R1 = NH2; R2 = n-butyl 268.35 ± 1.66 10.05 ± 1.08 26.70 80.30 ± 1.29 3.34
5f R1 = Cl, NO2;

R2 = n-butyl
242.02 ± 1.09 14.27 ± 1.51 16.96 79.44 ± 1.08 3.04

Doxorubicin 140.20 ± 1.00 19.53 ± 1.50 7.17 19.80 ± 1.49 7.08

http://www.molinspiration.com
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played a chief step in tumor progression and metastatic 
cascade [23]. The protocol for in vitro cell migration 
assay/wound healing assay is based on the fact that, when 
a new wound is formed artificially on a confluent cell 
monolayer, the cells present on the border of the freshly 
formed wound will migrate towards opening to cover up 
the wound till new cell–cell interaction formed. Move-
ment of cells to cover up the wound can be restricted by 
treating cells with antitumor agent [24]. Thus, by carry-
ing out in vitro cell migration assay, we have studied the 
outcome of the most active compound 5e on the migration 
potential of cancerous MCF-7 cells. Wound was created 
on a confluent cell monolayer culture of MCF-7 cells 
using 200-µL pipette tip and treated separately with 5, 10 
and 15 µM concentrations of compound 5e. The migra-
tion of cancerous MCF-7 cells to cover up the wound 
on treatment with different concentrations of compound 
5e was observed and photographed after 48 h (Fig. 3a). 
The results showed that the width of wound increased 
efficiently on being treated with compound 5e, whereas 
it decreased when remained untreated (control) for 48 h 
and scale bars were added to all images using ImageJ 
(Fig. 3b). The percentage of wound thickness for con-
trol and at 5, 10 and 15 µM concentrations of 5e com-
pound was found to be 100, 141.36, 167.56 and 183.97%, 
respectively. These results revealed that migration of 
MCF-7 cancer cells was substantially suppressed by this 
derivative of 1,3,4-oxadiazole. All results were com-
pared with control using unpaired t test and were shown 

to be statistically significant with a level of significance 
(p < 0.0001).

Nuclear morphological changes using DAPI stain 
by 5‑(aminophenyl)‑2‑(butylthio)‑1,3,4‑oxadiazole (5e)

DAPI (4′,6-diamidino-2-phenylindole) is a fluorescent dye 
which firmly binds with A-T rich region in DNA and also 
identifies the nuclear damage or condensation of chromatin. 
DAPI cannot pass through the membrane of live cells very 
effectively; thus, the stain is not so effective in live cells. 
Due to the condensed nucleus, the apoptotic cells appeared 
as bright colored on staining with DAPI; this is a distinc-
tive characteristic of apoptosis [25]. Hence, we studied the 
effect of compound 5e in MCF-7 cells by using DAPI stain-
ing assay, which distinguishes live cells from apoptotic cells 
based on nuclear morphology. As observed from Fig. 4a, 
the nuclear structure of control cells remains intact while 
morphological changes of cells were observed after treat-
ment was done for 48 h with 5, 10 and 15 µM concentrations 
of compound 5e. The percentage of apoptotic cell at 5, 10 
and 15 µM concentrations of compound 5e was found to 
be 68.57, 77.14 and 88.57%, respectively (Fig. 4b). When 
the cells had treated with increasing concentrations of com-
pound 5e, the total number of apoptotic cells was increased. 
All results were shown to be statistically significant and 
compared with control using unpaired t test with a level of 
significance (p < 0.0001).

Table 2   Molecular properties 
of compounds

MW molecular weight, nviolations number of violations, natoms number of atoms, nON number of hydro-
gen bond acceptors, nOHNH number of hydrogen bond donors, nrotb number of rotatable bonds, miLogP 
log P value predicted by Molinspiration, TPSA topological polar surface area, MV molecular volume

Com-
pounds 
no
Desirable 
value

Milogp
<5

TPSA
<140

No. of atoms
–

MW
<500

nON
<10

nOHNH
<5

Volume
–

Nrotb
<10

4a 2.32 38.92 12 178.22 3 0 146.37 1
4b 2.95 38.92 13 212.66 3 0 159.9 1
4c 3.61 38.92 14 247.11 3 0 173.44 1
4d 3.63 38.92 16 234.32 3 0 213.12 3
4e 1.40 64.95 13 193.23 4 2 157.66 1
4f 2.89 84.75 16 257.66 6 0 183.24 2
5a 3.97 38.92 16 234.32 3 0 213.80 5
5b 4.60 38.92 17 268.77 3 0 227.34 5
5c 5.25 38.92 18 303.21 3 0 240.87 5
5d 5.27 38.92 20 290.43 3 0 280.55 7
5e 3.04 64.95 17 249.34 4 2 225.09 5
5f 4.53 84.75 20 313.77 6 0 313.77 6
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Measurement of reactive oxygen species 
(ROS) using NBT reduction assay 
by 5‑(aminophenyl)‑2‑(butylthio)‑1,3,4‑oxadiazole (5e)

The reactive oxygen species generation is an important char-
acteristic of many anticancer drugs as they regulate various 
biological processes such as cell proliferation, cell death and 
signaling [26]. Therefore, we evaluated the generation of 
ROS by compound 5e in MCF-7 cells using NBT assay. 
Colorimetric nitro blue-tetrazolium (NBT) assay involves 
selective reduction in yellow water-soluble tetrazolium 
chloride by superoxide to an insoluble violet di-formazan 
[27]. We assessed the reduction in NBT by treating with 5, 
10 and 15 µM concentrations of compound 5e. The results 
have revealed that the level of NBT on MCF-7 cells reduced 
from 92.68% (Doxorubicin) to 85.6% (5e) at 2.5  µM; 
82.29% (Doxorubicin) to 69.29% (5e) at 5 µM; 67.24% 

(Doxorubicin) to 55.96% at 10 µM and 55.23% (Doxoru-
bicin) to 43.9% (5e) at 15 µM. Therefore, MCF-7 cells on 
treatment with increasing concentration of 5e compound 
could remarkably result in a reduction in NBT as compared 
to standard (Doxorubicin) (Fig. 5). All results were shown to 
be statistically significant and compared with standard using 
unpaired t test with a level of significance (p < 0.0001).

Inhibition of cell growth using cell cycle analysis 
by 5‑(aminophenyl)‑2‑(butylthio)‑1,3,4‑oxadiazole (5e)

Inhibition of cell growth by arresting cell cycle at a cer-
tain specific checkpoint is a characteristic property exhib-
ited by anticancer compounds [28]. Thus, obstructing the 
progression of the cell cycle using chemotherapeutic agents 
has become the most significant approach for developing 
antitumor therapeutics. In vitro screening results showed 

Fig. 3   In vitro cell migration 
assay: a MCF-7 cells were 
treated with compound 5e (5, 
10 and 15 µM) and artificial 
scratches were done with sterile 
200 mL pipette. The images 
were at photographed 0 and 
48 h. b The rate of wound 
closure was photographed after 
48 h and scale bars were added 
to images using ImageJ. Figure 
shows that the width of the 
wound increased effectively 
after the treatment with 5, 10 
and 15 µM concentrations of 
compound 5e for 48 h in MCF-
7cell lines ****p < 0.0001 
versus controls
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that the compound 5e had significant inhibitory growth 
effects against MCF-7 cells. Hence, we studied the effect 
of compound 5e on MCF-7 cancer cells by analyzing the 

distribution pattern of cells in different phases of cell cycle 
using flow cytometry [29]. MCF-7 cancer cells were treated 
with 5, 10 and 15 µM concentrations of compound 5e for 

Fig. 4   Nuclear morphology 
of MCF-7 cells after DAPI 
staining. a Cells were treated 
with different concentrations 
of compound 5e for 48 h and 
stained with DAPI. The control 
represents DAPI stain of MCF-7 
cells without 5e treatment. 
The images were captured 
with fluorescence microscope. 
b Histogram representation 
of the percentage of total and 
observed apoptotic cells against 
the different concentrations of 
compound 5e for compounds 
on MCF-7 cancer cells. The 
control represents DAPI stain of 
MCF-7 cells without 5e treat-
ment ****p < 0.0001 versus 
controls
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48 h; cells were then fixed in ethanol and stained with pro-
pidium iodide which were further analyzed by flow cytom-
etry. The results from (Fig. 6a) showed that the ratio of 
MCF-7 cells increased for G0/G1 phase from 68.6% control 
(DMSO) to 73.2% at 5 µM, 73.3% at 10 µM and 73.8% at 
15 µM concentrations of compound 5e, respectively. Con-
comitantly, there was a decrease in the number of cells in 
both S and G2/M phases in a dose-dependent manner. How-
ever, the cell cycle analysis was not found so significant. 
Therefore, results from flow cytometry studies revealed that 
the treatment of MCF-7 cells with compound 5e led to G0/
G1 cell cycle arrest (Fig. 6b).

Apoptosis induction using Annexin‑V/
PE and 7‑AAD binding assay 
by 5(aminophenyl)‑2‑(butylthio)‑1,3,4‑oxadiazole (5e)

In addition to further quantify the number of apoptotic cells 
after the treating with different concentrations of 5e, annexin 
V-PE/7AAD dual staining analysis has been carried out [30]. 
The Annexin V-PE/7AAD binding assay identifies healthy 
cells (AV−/7AAD−), early apoptotic cells (AV+/7AAD−), 
late apoptotic cells (AV+/7AAD+) and complete dead cells 
(AV−/7AAD+). MCF-7 cells were treated with 5, 10 and 
15 µM concentrations of compound 5e for 48 h and stained 
using annexin V-PE and 7AAD. The results from Fig. 7 
showed rise in the total percentage of apoptotic cells (early 
and late apoptotic cells) and dead cells from 4.7% (control) 
to 33.3% (5 µM), 34.14% (10 µM) and 71.3% (15 µM) con-
centrations of compound 5e, respectively. The noteworthy 
increase in total percentage of (early and late apoptotic cells) 
and dead cells from 4.7 to 71.3% in a dose-dependent man-
ner clearly signifies that the compound 5e induced apoptosis 
in MCF-7 cells.

Western blotting analysis for apoptotic related proteins

Caspases and BCL-2 are some of the proteins whose expres-
sion plays a critical role in the apoptotic process. Particu-
larly, caspase-3 is a member of cysteine-aspartic acid pro-
tease family which is known for catalyzing specific cleavage 
of many vital cellular proteins [31]. Therefore, to study the 
molecular mechanisms of compound 5e on apoptosis, we 
have checked the expression of BCL-2 and caspase-3 on 
MCF-7 cancer cells using the western blot method [32]. 
As shown in Fig. 8, on being treated with 5, 10 and 15 µM 
concentrations of compound 5e it led to the concentration-
dependent increase in expression of caspase-3 in MFC-7 
cells, which is a hallmark feature of apoptosis. Moreover, 
the compound 5e treatment resulted in decreased expres-
sion of anti-apoptotic BCL-2 in a concentration-dependent 
manner. An increase in the expression of Caspase-3 and a 
decrease in BCL-2, respectively, were shown to be signifi-
cant for MCF-7 cells. Therefore, these results illustrate that 
compound 5e induced apoptosis through apoptosis-related 
protein expression.

Conclusion

A new series of 5-(aryl)-2-(butylthio)-1,3,4-oxadiazole has 
been synthesized and their cell growth inhibitory effect was 
estimated using in vitro MTT assay on human cancer cell 
lines MCF-7 (breast) and HepG-2 (liver) along with the 
normal kidney embryonic cell line (HEK-293). The screen-
ing results showed that a few of the synthesized compounds 
showed significant inhibition of growth on MCF-7 can-
cer cell line with IC50 value less than 25 µM. Also, these 
compounds showed lesser cytotoxicity on normal kid-
ney embryonic cells. All compounds exhibited good drug 
like properties in accordance with Lipinski’s rule of five. 
Among all, compound 5e showed the most significant inhi-
bition of cell growth on MCF-7 cell line with IC50 value 
10.05 ± 1.08 µM. The exposure of MCF-7 cancer cells to 
compound 5e resulted in in vitro inhibition of cell migra-
tion using the wound healing assay. The cell cycle analysis 
confirmed that the compound 5e targets the G0/G1 phase of 
MCF-7 cells in a dose-dependent manner. Further investiga-
tion using DAPI staining and Annexin V-PE/7-AAD assays 
showed the compound 5e induced apoptosis in MCF-7 can-
cer cells. NBT reduction assay of compound 5e on MCF-7 
cells led to the generation of superoxide ROS. Additionally, 
western blot analysis showed that dose-dependent treatment 
of compound 5e on MCF-7 cancer cells led to increased 
expression of apoptotic protein caspase-3 and decreased 
expression of anti-apoptotic protein BCL-2. Based on the 
results of all studies, it could be concluded that 5-aminophe-
nyl-2-butylthio-1,3,4-oxadiazole (5e) has the potential to be 
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Fig. 5   Compound 5e reduced the ROS on the MCF-7 cells in a 
dose-dependent manner determined by the NBT reduction assay 
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developed as lead molecule and further structural modifica-
tions may result in the development of new promising anti-
cancer agents.

Experimental

The acquisition of different chemicals and reagents had 
carried from Sigma-Aldrich, Merck (Germany) and had 
used without any further purification. Assessment and 
completion of the reaction were done analytically using 
aluminum precoated (silica gel 60 F254, Merck Germany) 
sheets by thin-layer chromatography (TLC) technique by 

taking hexane/ethyl acetate in the ratio of (7.5:2.5) as 
eluting medium. Spots were visualized under UV light 
(256 nm). Using MEL-temp apparatus, melting points 
for all compounds were determined and the results were 
uncorrected. CHNS Elemental analyzer (Vario EL-III) 
had used to carry out elemental analysis of compounds 
and values so obtained were within range of ±0.3% of 
calculated values. Bruker Tensor 37 FTIR spectrometer 
had used to obtain IR spectrum of all compounds and 
wave numbers were calculated in cm−1. Bruker Advance 
300 MHz spectrometer had used for obtaining NMR (1H 
NMR and 13C NMR) spectra using MeOD/DMSO-d6 as 
solvent. Taking tetramethylsilane as an internal reference, 

Fig. 6   Cell cycle analysis of 
MCF-7 cancer cells. a MCF-7 
cells treated with compound (5, 
10 and 15 µM) for 48 h. The 
cell cycle distribution was per-
formed using propidium iodide 
staining method and analyzed 
by flow cytometry FACSaria-
III. b Data from 10,000 cells 
were collected for each data 
file. The percentage of cells in 
G0/G1, S and G2/M phase was 
quantified by means of Diva 
software
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all chemical shift (δ) values were reported in parts per 
million (ppm) and coupling constant (J) in Hertz while 
different abbreviations were used for specifying splitting 
pattern as follows: s, singlet; bs, broad singlet; d, doublet; 
t, triplet; q, quadruplet; m, multiplet. AB-Sciex 2000 had 
used for recording ESI–MS spectra. Spectral analysis data 
so obtained for all compounds had found to be in accord-
ance with the proposed structure.

General procedure for synthesis of 5‑(substituted 
benzyl)‑1,3,4 oxadiazole‑2‑thione 4(a–f)

A solution of compounds 3(a–f) (1 mmol) and CS2/KOH 
(1 mmol) was taken in a mixture of ethanol/water in 1:1 
ratio and refluxed for 15 h. With the help of TLC taking 
hexane: ethyl acetate (7.5:2.5) as mobile phase, the synthesis 
of reaction mixture had monitored. After reaction undergoes 
completion, its volume had reduced under pressure to half of 
its original volume. The reaction mixture was diluted with 
cold water and acidified with conc.HCL that resulted in the 
formation of solid precipitation. The product was filtered and 
the resulting precipitate was washed with water. Recrystal-
lization was performed using methanol: dichloromethane 
(8:2) to obtain the desired product.

5‑(Phenyl)‑1,3,4‑oxadiazole‑2‑thione 4(a)

Yield = 61.9%; light brown crystal; mp = 135 °C; Rf = 0.270 
[hexane: ethyl acetate (7.5: 2.5)]; IR νmax (cm−1): 3264 
(–NH), 1604 (–C=N), 1232 (–C=S), 1326, 1164 (–C–O–C): 
1HNMR (DMSO-d6, 300  MHz, ppm): δ 14.75 (s, 1H, 
thiol–thione tautomerism), 7.89–7.56 (m, 5H); 13CNMR 
(DMSO-d6, 300 MHz, ppm): δ 177.97, 161.15, 133.10, 
132.71, 130.06, 129.86, 127.04, 122.93; Elemental analysis 

Fig. 7   Annexin V-PE/7-AAD 
dual staining assay. MCF-7 
cells were treated with (5, 10 
and 15 µM) concentrations 
compound 5e and stained with 
Annexin V-PE/PI and ana-
lysed for apoptosis using flow 
cytometer

BCL -2

CASPASE -3

GAPDH

Control 5µM 10µM 15µM

Western Blotting Analysis

Fig. 8   MCF-7 cells were treated with compound 5e compound at 
(5, 10 and 15 µM) concentrations for 48 h and then the total protein 
extracts were analyzed using western blotting for BCL-2 and cas-
pase-3
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(calc.) for C8H6N2OS (%): C, 53.91 (53.92); H, 3.38 (3.39); 
N, 15.71 (15.72); S, 17.93 (17.99); mass m/z (M+) 179.4.

5‑(2‑Chlorophenyl)‑1,3,4‑oxadiazole‑2‑thione 4(b)

Yield = 63.3%; white crystal; mp = 145 °C; Rf = 0.160 [hex-
ane: ethyl acetate (7.5:2.5)]; IR νmax (cm−1): 3222 (–NH), 
1612 (–C=N), 1231 (–C=S), 1321, 1163 (–C–O–C), 788 
(–C–Cl): 1HNMR (DMSO-d6, 300 MHz, ppm): δ 14.91 
(s, 1H, thiol–thione tautomerism), 7.92–7.90 (m, 1H), 
7.71–7.60 (m, 1H), 7.66–7.62 (m, 1H), 7.57–7.54 (m, 1H); 
13CNMR (DMSO-d6, 300 MHz, ppm): δ 177.25, 158.40, 
133.30, 131.52, 131.16, 130.74, 127.80, 121.31; Anal 
found (calc.) for C8H5ClN2OS (%): C, 45.21 (45.21); H, 
2.37 (2.46); N, 13.17 (12.30); S, 17.44 (15.08); mass m/z 
(M + 2) 212.6.

5‑(2,4‑Dichlorophenyl)‑1,3,4‑oxadiazole‑2‑thione 4(c)

Yield = 67.7%; yellow crystal; mp = 152 °C; Rf = 0.145 
[hexane: ethyl acetate (7.5: 2.5)]; IR νmax (cm−1): 3267 
(–NH), 1601 (–C=N), 1233 (–C=S), 1321, 1163 (–C–O–C), 
789 (–C–Cl): 1HNMR (DMSO-d6, 300 MHz, ppm): δ 14.724 
(s, 1H, thiol–thione tautomerism), 7.88–7.85 (d, J = 8.3, 
1H), 7.77–0.76 (d, J = 8.2 Hz, 1H), 7.59–7.56 (m, 1H); 
13CNMR (DMSO-d6, 300 MHz, ppm): δ 177.52, 158.19, 
137.72, 133.01, 132.23, 131.24, 128.56, 120.73; Anal 
found (calc.) for C8H4Cl2N2OS (%): C, 37.71 (38.89); H, 
1.63 (1.86); N, 11.34 (10.29); S, 12.98 (13.17); mass m/z 
(M + 2) 249.1.

5‑(4‑tertbutylphenyl)‑1,3,4‑oxadiazole‑2‑thione 4(d)

Yield = 63.3%; yellow crystal; mp = 142 °C; Rf = 0.251 
[hexane: ethyl acetate (7.5: 2.5)]; IR νmax (cm−1): 3264 
(–NH2), 1605 (–C=N), 1222 (–C=S), 1342, 1167 
(–C–O–C): 1HNMR (DMSO-d6, 300 MHz, ppm): δ 14.60 
(s, 1H, thiol–thione tautomerism), 7.81–7.71 (m, 2H), 
7.50–7.39 (m, 2H), 4.24–4.22 (d, 2H), 1.42–1.0 (m, 1H): 
13CNMR (DMSO, d6, 300 MHz, ppm): δ 177.89 165.97, 
160.90, 156.44, 155.56, 129.39, 127.87, 125.73, 60.8, 14. 
Elemental analysis (calc.) for C8H7N3OS (%): C, 52.39 
(49.73); H, 4.39 (3.65); N, 21.61 (21.75); S, 16.59 (16.25); 
MS (ESI): 1194.06.

5‑(4‑Aminobenzyl)‑1,3,4‑oxadiazole‑2‑thione (4e)

Yield = 63.9%, mp = 146 °C; Rf = 0.23 [hexane: ethyl 
acetate (7.5:2.5)]; IR νmax (cm−1): 3278 (–NH2), 3010 
(–C(CH3)3), 1614 (–C=N), 1256 (–C=S), 1340, 11,789 
(–C–O–C); 1HNMR (DMSO-d6, 300 MHz, ppm): δ 14.609 
(s, 1H, thiol–thione tautomerism), 7.80–7.78 (m, 2H), 
7.51–7.42 (m, 2H), 5.9 (s, 2H); 13CNMR (DMSO-d6, 

300 MHz, ppm): δ 177.8, 165.97, 160.90, 156.44, 155.56, 
129.39, 127.82, 127.62, 126.54, 126.26, 125.73, 125.2. 
Elemental analysis (calc.) for C12H14N2OS (%): C, 60.52 
(60.51); H, 5.60 (5.62); N 10.03 (11.96); S, 18.14 (18.68); 
MS (ESI): 235.08.

5‑(2‑Chloro‑5‑nitrobenzyl)‑1,3,4‑oxadiazole‑2‑thione (4f)

Yield = 53.23%; brown crystal; mp = 177 °C; Rf = 0.187 
[hexane: ethyl acetate (7.5: 2.5)]; IR νmax (cm−1): 
3212 (–NH), 1657 (–C=N), 1266 (–C=S), 1344, 1178 
(–C–O–C), 1HNMR (DMSO-d6, 300 MHz, ppm): δ 14.89 
(s, 1H, thiol–thione tautomerism), 7.92 (s, 1H), 7.65–7.63 
(d, J = 8.1, 1H), 7.62–7.61 (d, 1H); 13CNMR (DMSO-
d6, 300 MHz, ppm): δ 175.45, 160.34, 138.34, 136.78, 
134.67, 132.33, 128.83, 126.34. Anal found (calc.) for 
C8H4ClN3O3S (%): C, 39.9 (37.29); H, 2.31 (1.56); N, 
15.98 (16.31); S, 12.46 (12.45).

General procedure for preparation of 5‑(substituted 
benzyl)‑2‑butylthio‑1, 3, 4‑oxadiazole 5(a–f)

1 mmol of compounds 4(a–f) and 1 mmol of NaOH were 
mixed and stirred in 20 mL of acetonitrile. To the above 
mixture, 1 mmol of 1-iodobutane dissolved in 5 mL of 
acetonitrile was added dropwise continuously with stir-
ring. The reaction mixture had left on reflux for 24 h. TLC 
had used taking hexane: ethyl acetate (7.5:2.5) as mobile 
phase to access the progress of reaction mixture. The solu-
tion had allowed cooling to room temperature and excess 
of solvent had distilled off under pressure. The residue 
was diluted using ethyl acetate and washed with saturated 
brine thrice. The organic layer had separated and dried 
over anhydrous Na2SO4, filtered and the solvent had finally 
distilled off. Recrystallization was done from methanol to 
afford desired products 5(a–f).

2‑(Butylthio)‑5‑(phenyl)‑1,3,4‑oxadiazole 5(a)

Yield = 51.2%; mp = 105 °C; Rf = 0.375 [hexane: ethyl 
acetate (7.5: 2.5)]; IR vmax (cm−1): 3313 (C–H, Ar–H), 
1657 (–C=N), 1266 (–C=S), 1344, 1178 (–C–O–C): 
1HNMR (DMSO-d6, 300 MHz, ppm): δ 7.86–7.41 (m, 
5H), 3.22–3.17 (t, 2H), 1.45–1.41 (m, 2H), 1.38–1.31 
(m, 2H), 0.94–0.90 (t, 3H); 13CNMR (DMSO-d6, 
300  MHz, ppm): δ 158.15, 134.10, 133.71, 131.06, 
128.86, 126.04, 123.162, 31.811, 29.3, 12.698; Ele-
mental analysis (calc.) for C12H14N2OS (%): C, 61.51 
(61.52); H, 6.02 (6.04); N, 11.96 (11.92); S, 13.68 
(13.67); mass m/z (M+) 235.09.
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5‑(2‑Chlorophenyl)‑2‑(butylthio)‑1,3,4‑oxadiazole 5(b)

Yield = 85.2%; mp = 116 °C; Rf = 0.156 [hexane: ethyl 
acetate (7.5: 2.5)]; IR vmax (cm−1): 3313 (C–H, Ar–H), 1657 
(–C=N), 1266 (–C=S), 1344, 1178 (–C–O–C), 778 (C–Cl): 
1HNMR (DMSO-d6, 300 MHz, ppm): δ 7.83–7.80 (m, 1H), 
7.78–7.7.76 (m, 1H), 7.45–7.40 (m, 1H) 3.24–3.19 (t, 2H), 
1.44–1.41 (m, 2H), 1.39–1.34 (m, 2H), 0.89–0.84 (t, 3H); 
13CNMR (DMSO-d6, 300 MHz, ppm): δ 165.92, 163.90, 
132.95, 132.44, 131.0, 130.77, 122.24, 31.83, 31.28, 31.28, 
12.53; Elemental analysis (calc.) for C12H12N2OSCl (%): 
C, 53.64 (53.62); H, 4.87 (4.88); N, 10.46 (10.42); S, 11.93 
(11.94); mass m/z (M + 2) 270.04.

2‑(Butylthio)‑5‑(2,4‑dichlorophenyl)‑1,3,4‑oxadiazole 5(c)

Yield = 56.2%; mp = 145 °C; Rf = 0.114 [hexane: ethyl 
acetate (7.5: 2.5)]; IR vmax (cm−1): 3323 (C–H, Ar–H), 
1654 (–C=N), 1268 (–C=S), 1178 (–C–O–C), 778 (C–Cl): 
1HNMR (DMSO-d6, 300  MHz, ppm): δ 7.79–7.76 (d, 
J = 8.4, 1H), 7.51–7.49 (d, J = 8.1, 1H), 7.38–7.35 (m, 1H), 
3.22–3.17 (t, 2H), 1.444–0.142 (m, 2H), 1.37–1.32 (m, 2H); 
13CNMR (DMSO-d6, 300 MHz, ppm): δ 175.15, 165.59, 
139.10, 134.56, 132.71, 131.06, 127.86, 126.04, 122.93, 
33.18, 32.56, 31.67, 13.85; Elemental analysis (calc.) for 
C12H12N2ClOS (%): C, 47.52 (47.52); H, 3.99 (3.98); N, 
9.24 (9.23); S, 10.58 (10.54); mass m/z (M + 2) 304.0.

2‑(Butylthio)‑5‑(p‑tertbutylphenyl)‑1,3,4‑oxadiazole 5(d)

Yield = 58.2%; mp = 107 °C; Rf = 0.1135 [hexane: ethyl 
acetate (8.5: 1.5)]; IR vmax (cm−1): 3323 (C–H, Ar–H), 
3200 (NH2) 1654 (–C=N), 1268 (–C=S), 1178 (–C–O–C): 
1HNMR (DMSO-d6, 300 MHz, ppm): δ 7.85–7.67 (m, 2H), 
7.54–7.40 (m, 2H), 4.28–4.26 (d, 2H), 4.055–4.033 (m, 6H), 
3.41–3.23 (t, 2H), 0.93–0.89 (t, 3H); 13CNMR (DMSO-d6, 
300 MHz, ppm): δ 156.15, 133.10, 132.71, 130.06, 128.86, 
127.04, 121.93; Elemental analysis (calc.) for C12H15N2OS 
(%): C, 57.81 (57.82); H, 6.69 (6.68); N, 16.84 (16.0.83); S, 
12.86 (12.84); mass m/z (M+) 249.3.

2‑(Butylthio)‑5‑(p‑aminophenyl)‑1,3,4‑oxadiazole 5(e)

Yield = 48.6%; mp = 133 °C; Rf = 0.277 [hexane: ethyl 
acetate (7.5: 2.5)]; IR vmax (cm−1): 3123 (C–H, Ar–H), 1613 
(–C=N), 1216 (–C=S), 1168 (–C–O–C): 1HNMR (DMSO-
d6, 300 MHz, ppm): δ 7.83–7.80 (m, 2H), 7.78–7.76 (m, 2H), 
5.0 (s, 2H), 3.24–3.19 (t, 2H), 1.44–1.41 (m, 2H), 1.39–1.34 
(m, 2H), 0.89–0.84 (t, 3H); 13CNMR (DMSO d6, 300 MHz, 
ppm) 165.688, 165.096, 131.788, 129.029, 126.223, 125.91, 
123.162, 31.87, 29.37, 12.69, 12.53; Anal found (calc.) for 
C16H22N2OS (%): C, 66.17 (67.12); H, 7.64 (7.63); N 9.65 
(9.64); S, 11.04 (11.04); mass m/z (M+) 291.43.

2‑(Butylthio)‑5‑(2‑chloro‑5‑nitrophenyl)‑1,3,4‑oxadiazole 
5(f)

Yield = 42.6%; mp = 121.1 °C; Rf = 0.1937 [hexane: ethyl 
acetate (7.5: 2.5)]; IR vmax (cm−1): 3133 (C–H, Ar–H), 1645 
(–C=N), 1223 (–C=S), 1165 (–C–O–C): 1HNMR (DMSO-
d6, 300 MHz, ppm): δ 7.79–7.76 (d, 1H), 7.51–7.49 (d, 
1H), 7.38–7.35 (m, 1H), 4.73 (MeOD), 3.33–3.17 (t, 2H), 
1.45–1.41 (m, 2H), 1.38–1.31 (m, 2H), 0.94–0.90 (t, 3H); 
13CNMR (DMSO-d6, 300 MHz, ppm): δ 167.132, 164.30, 
139.22, 134.56, 133.54, 131.04, 129.0, 122.42, 33.18, 
32.188, 13.85, 11.60; Anal found (calc.) for C12H12N3O3SCl 
(%): C, 66.17 (67.12); H, 7.64 (7.63); N 9.65 (9.64); S, 11.04 
(11.04); mass m/z (M+) 314.03.

Pharmacological evaluations

Anticancer activity

All the human cell lines including MCF-7 (breast cancer cell 
line), HepG-2 (Liver cancer cell line) and HEK-293 (normal 
Embryonic kidney cell line) used in these experiments had 
taken from NCCS (Pune, India). The cells had cultured in 
Roswell Park Memorial (RPMI) (Sigma Aldrich) contain-
ing 10% fetal bovine serum (Gibco-life technologies) along 
with 1% penicillin–streptomycin–neomycin in a humidified 
atmosphere having 5% CO2 maintained at 37 °C. On obtain-
ing confluence of 80%, all the adherent cells were trypsi-
nized using 0.25% of trypsin and re-suspended in medium 
supplemented with 10% FBS, 1% penicillin–streptomycin 
[33].

Cytotoxicity assay

MTT (3-(4,5-dimethylthiazol-2-yl)-2-5-diphenyltetrazolium 
bromide) assay was used to determine the cytotoxicity of cells 
through reduction in MTT by mitochondrial dehydrogenase to 
form thiazolyl blue formazan; the formazan so produced cor-
responds to the number of viable or active cell present in the 
medium [34]. 96-Well plate media were seeded with 5 × 103 
cells/well which contains 10% fetal bovine serum along with 
1% penicillin–streptomycin and was then kept for overnight 
incubation time period at a humidified atmosphere containing 
5% CO2 at 37 °C. The incubation media after keeping for 24 h 
had removed and to initiate serum starvation FBS-free media 
had added. Subsequently, the media were substituted with 
200 µL of completely fresh medium that consists of compounds 
and Doxorubicin in concentration range of 5–80 µM for cancer 
cell lines and from 5 to 200 µM for HEK 293. Doxorubicin was 
taken for reference standard drug (positive control). The super-
natants after keeping for 48 h had removed and washing of 
cell was done with PBS. Then, adding 20 µL of MTT solution 
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(5 mg/mL in PBS) to each well followed by 4 h of incubation 
in a humidified atmosphere chamber at 37 °C. The supernatant 
was removed from each well after 4 h. The colored formazan 
crystal so formed from MTT had mixed in 100 µL of DMSO 
and the absorbance had calculated at 570 nm wavelength using 
ELISA (enzyme linked immunoabsorbent assay reader (Bio-
Rad)) reader. The IC50 values for all tested compounds had 
evaluated in Excel using best-fit regression curve method. All 
the experiments had been carried out in triplicate.

Estimation of the selectivity index (SI)

The selectivity index corresponds to the ratio of IC50 value cal-
culated for the activity of synthesized compounds and standard 
drug on normal cell line HEK-293 to that of IC50 calculated 
for cancer cell lines (MCF-7 and HepG-2). Values higher than 
three were considered to be optimum for an efficient selectivity 
index [21].

In vitro wound healing assay (cell migration assay)

Cell migration assay was executed as described previously [35]. 
In short, cells were seeded in a 96-well plate and were left to 
grow overnight to the confluence. After keeping for 24 h, cultures 
had replaced with fresh medium carrying 0.5% FBS (control) 
and compound 5e at their 5, 10 and 15 µM concentrations along 
with standard drug Doxorubicin. Monolayer cells had smashed 
with a 200-µL pipette tip to form a wound and kept in a 37 °C 
containing 95% air and 5% CO2. After keeping for 48 h, washing 
of cells had done twice with DMEM to take out floating cells. 
The rate of wound closure had estimated and photographed after 
48 h, and scale bars had added to images using ImageJ.

Fluorescence microscopic analysis of cell death (DAPI 
staining)

Fluorescence microscopy was used to observe cell nuclear 
morphology that had followed by 4′,6-diamidino-2-phe-
nylindole (DAPI) staining. The breast cancer MCF-7 cells 
had treated with fresh media (control) and also with 5, 10 
and 15 µM concentrations of synthesized compound 5e and 
Doxorubicin for 48 washing of cells had done with PBS (pH 
7.4) followed by fixing with ice-cold 70% ethanol and sus-
pended in 50 µL of DAPI (1 µg/mL DAPI in distilled water), 
and incubated for 20 min at 37 °C wrapped in aluminum foil. 
The cells had examined under Nikon Eclipse Ti fluorescence 
microscope. The following formula was used to calculate the 
percentage of apoptotic cells using the following formula [36].

% of apoptotic cells

=
Total number of apoptotic cells

Number of normal cells + Number of apoptotic cells

× 100.

NBT reduction assay

Superoxide anion produced in cancer cells was determined 
by nitro blue tetrazolium (NBT) assay. NBT is a colorimet-
ric assay which is conducted by figuring out the cells con-
taining blue NBT formazan deposits, and this formazan is 
equivalent to the number of viable or active cells available 
in the medium [37]. 8 × 103 cells/well were seeded into the 
96-well tissue culture plates, media having 10% FBS along 
with 1% penicillin–streptomycin and left for incubation at 
a temperature of 37 °C overnight. On completing 24 h, the 
incubation media were detached and FBS-free media and 
then added for starvation. The following day, media were 
changed with 200 µL of fully freshen medium consisting 
of concentration 5e compound. Doxorubicin had taken as a 
standard reference drug (positive control) and its concentra-
tion ranging 2.5–15 µM for breast MCF-7 cancer cell lines 
was taken. After completion of 48 h, the supernatants taken 
off and washing of cells was then done with PBS and 100 µL 
of 0.1% NBT solution was added to each well, then the cells 
were incubated in a humidified atmosphere at 37 °C for 4 h. 
After 4 h, reduced NBT was then solubilized with 100 µL 
of DMSO along with 2 M KOH for another 30 min. The 
value of absorbance measured at 570 nm wavelengths using 
enzyme linked immunoabsorbent assay reader (ELISA) 
(BioRad). All experiments had repeated at least three times.

Cell cycle analysis

MCF-7 cells were treated with 5, 10 and 15 µM concentra-
tions of compound 5e for 48 h. After treatment, cells were 
washed in PBS. Cells were then fixed in cold 70% ethanol and 
were added dropwise to the cell pellet while vortexing. Cells 
were fixed for at least 30 min at 4 °C. The cells were washed 
twice in PBS and were spin at 2000 rpm while maintaining 
and avoiding the cell loss when the supernatant was discarded, 
especially after spinning out of ethanol. To ensure that only 
DNA is stained, cells were treated with Ribonuclease. 50 μL 
of 100 μg/mL RNase was added. 200 μL of propidium iodide 
(50 μg/mL) was added. The samples were then analyzed for 
propidiumiodide fluorescence from 15,000 events by flow 
cytometry using BD Pharmingen flow cytometer [4].

Annexin V‑PE/7‑AAD dual staining assay

The Annexin V-PE/7-AAD dual staining assay was carried 
out using reported protocol [4, 38]. The Annexin V-PE/7-
AAD dual staining assay was carried out using MCF cells to 
quantify the percentage of apoptotic cells. MCF-7 cells were 
plated in six-well culture plates and grown for 48 h. After 
treating with increasing concentrations of compound 5e (5, 
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10 and 15 µM) for 48 h, cells were collected by trypsinisa-
tion. The collected cells were washed two times with ice-
cold PBS, and then incubated in binding buffer containing 
Annexin V-PE, and 7-AAD for 5 min at room temperature 
in the dark. After 15 min of incubation, cells were analyzed 
for apoptosis using BD Pharmingen flow cytometer.

Western blotting analysis

Cells were grown in 10% FBS (Invitrogen), in DMEM (Life 
technologies) high gluco media with anti-(gibco) up to the 
60% of the confluency. Compound was dissolved in the 
100% ethanol and diluted up to the concentrations of 5, 10 
and 15 µM in the media. Cells were incubated for the 48 h in 
the CO2 incubator. Cells were washed by the ice cold PBS, 
and lysed using the lysis buffer (sigma) with the help of cell 
scrapper. Cell lysate was centrifuged at 13,000 rpm for 15 min 
at the 4 °C. Total cell protein was collected as the supernatant. 
Bradford reagent (G-Biosciences) was used for the protein 
estimation, using the BSA as the standard. 12% of the SDS-
PAGE was run with 70 µg of the total protein and transferred 
to the 0.4 micron PVDF (MDI) membrane. Then, membrane 
was blocked using the 5% BSA in TBST for 1 h. The blot was 
washed with TBST three times and incubated with primary 
antibody (1:1000) in 2% BSA in TBST for 12 h at the 4 °C. 
After 12 h, the primary antibodies were recovered and the blot 
was washed three times, each for 10 min with TBST. Then, 
the blot was incubated in secondary antibody (1:10,000) in 2% 
BSA in TBST for 1 h at the room temperature. The blot was 
washed by TBST, three times and developed using the ECL 
(G-bioscience) and Fujifilm LAS4000 chemiluminator. Fur-
ther editing was done using the Fujifilm multiguage software. 
The primary antibodies used were anti-BCL2 (cell signaling 
technologies cat no. #2876) and anti-Caspase3 (Cell signaling 
technologies cat no. #9662) and anti-Rabbit (Cell signaling 
technologies cat no. #7074) were taken as secondary [38].

Lipinski rules of five

We have analyzed some physically important descriptors 
and Drug like relevant properties of compounds based on 
Lipinski Rules of five, like log P, molecular weight, number 
of hydrogen bond acceptor and donor, using Molinspiration 
server (http://www.molinspiration.com) and ChemDraw 
software [39].

Statistical analysis

Statistical analysis had performed using GraphPad Prism 
version 5.00. The results were expressed as mean value ± SD 

(n = 3). Statistical analysis was done by unpaired t test. Prob-
ability values of less than 0.0005 had considered significant.
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