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Abstract
Background: Quinoline and its derivatives display various biological activities based on versatility 
in designing a new drug class for medicinal applications. Hence, synthesizing innovative and 
varied derivatives of quinoline has gained considerable attention among chemists and biologists. 
This study evaluated the anti-proliferative and apoptotic effect of tetrahydrobenzo[h]quinoline 
on Michigan Cancer Foundation-7 (MCF-7) human breast cancer cells. 
Methods:  The anti-proliferative effect of tetrahydrobenzo[h]quinoline was studied via MTT 
[3 0-(4, 5-dimethylthiazol-2-yl)-2, 5-diphenyl tetrazolium bromide] assays. A quantitative and 
qualitative study of apoptosis was carried out via flow cytometry and terminal deoxynucleotidyl 
transferase dUTP nick end labeling (TUNEL). Quantitative real-time PCR (qPCR) and 
immunoblotting analysis were employed to identify the expression level of genes and proteins 
involved in the apoptosis signaling pathway.
Results: The synthesized compound reduced 50% of cell growth at concentrations of 10 and 
7.5 µM during 24 and 48h, respectively, and induced apoptosis up to 30% in MCF-7 cancer 
cells. Regarding the gene expression level, Bcl-2 displayed considerable alleviation, whereas Bax 
expression increased significantly. Despite the remarkable increase in caspase 9 expression, there 
was no noticeable difference in the caspase 8 expression in treated cells compared to the control 
group. Western blotting data showed that the protein expression level of Bcl-2, pro-caspase 8, 
and 9 reduced. The protein content of Bax, cleaved-caspase 8, and 9 increased significantly, of 
which the protein level of cleaved-caspase 9 exhibited a tremendous rise in the treated group. 
Conclusion:  The newly synthesized tetrahydrobenzo[h]quinoline can be a promising organic 
compound for cancer treatment if its anti-cancer effect investigates by other types of breast 
cancer cells. In vivo studies should be used to investigate the anti-cancer efficiency of this 
compound. 

Article  Info 

Article History:
Received: 27 January 2021
Accepted: 10 September 2021
ePublished: 12 September 2021

Keywords:
-Apoptosis
-Breast cancer
-Cytotoxicity
-MCF-7
-RT-PCR
-Quinoline

Introduction 
As a life-threatening malignancy, cancer is an abnormal 
proliferation of cells in various parts of the body. Lung, 
breast, colon, uterus and prostate are the main target 
organs that cancer can frequently occur.1,2 Breast cancer 
is considered one of the most prevalent malignancies 
among the mentioned organs and is the second leading 
cause of cancer-related death in females worldwide.3-6 
Besides, chemotherapy is considered the most vital and 
conventional method for cancer treatment.7 However, 

the severe side effects of chemotherapeutic agents such as 
acute toxicity led to failure in cancer treatment.3

Consequently, the design and discovery of innovative 
and active agents are carried out to obtain a high 
therapeutic index and alleviate adverse effects in current 
cancer treatment approaches.2,8 Quinoline, termed a 
parental compound, displays a wide range of anti-cancer 
activities such as inhibiting cell migration, disruption in 
angiogenesis, and apoptosis resulting in considerable 
attention as a heterocyclic compound among newly 
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designed and modified chemotherapeutic agents in  
medicinal chemistry.9-11 It must be noted that reducing 
toxicity is the main advantage of modification carried 
out on quinoline derivatives, which gives rise to the 
improvement of biological properties of newly synthesized 
compounds compared to parental quinoline.12

Apoptosis, induced via two main intrinsic and extrinsic 
signaling pathways, is widely considered a vital target for 
anti-cancer therapies.13 The intrinsic apoptotic pathway, 
called the mitochondrial  pathway, is triggered by an 
imbalance between pro-apoptotic (Bax, Bid, Bad, and 
Bim) and anti-apoptotic molecules (Bcl-2, Bcl-xl) within 
mitochondria.14 Hence, Bcl-2 overexpression leads to 
tumorigenesis and drug resistance, while high-expression 
of Bax exhibits the opposite effect and induces cell  
death.15,16 Moreover, Bcl-2 proteins are an essential 
regulator of the intrinsic apoptosis pathway, and Bax 
protein is determined as a critical effector of apoptosis.17,18

Along with allosteric change occurring in Bax or 
Bak, macropores are formed at the mitochondrial 
surface, resulting in mitochondrial outer membrane 
permeabilization (MOMP).19 Then, the releases of 
cytochrome c from the inter-membrane of mitochondria 
cause apoptosome formation and induce caspase activation 
complex, consequently activating caspase 9.20,21 Likewise, 
caspase 9 activation paves the way for other downstream 
executioner caspases, including 3, 6, and 7 followed by 
activation of degrading cytoskeletal and Poly (ADP-
ribose) polymerase (PARP) proteins. Finally, it ends with 
manifestations of different biochemical and morphological 
changes in apoptotic cells.15,21,22 It should be noted that 
Bid, connecting both caspase-dependent and caspase-
independent signaling pathways, is activated by caspase 
8 and then transfer to mitochondria to activate intrinsic 
pathway.20,23 In this study, after synthesizing benzo- 
and tetrahydrobenzo-[h]quinoline derivatives and also 
evaluating DNA intercalation potential and anti-apoptotic 
effect of them,24 we selected the tetrahydrobenzo[h]
quinoline (Figure 1) to investigate its anti-cancer activity, 
apoptosis-inducing capability, and the anti-cancer 
mechanism by measuring the expression level of genes and 
proteins involved in both intrinsic and extrinsic apoptosis 
signaling pathways. 

Figure 1. Structure of tetrahydrobenzo[h]quinoline.

Method and Materials
Materials
MCF-7 cells were supplied from Pasteur Research Institute 
(Iran). Tetrahydrobenzo[h]quinoline as a quinoline 
derivative synthesized via Jafari et al.24 in Mashhad 
University of Medical Sciences. Bax (B-9) sc-7480, Bcl-
2 (N-19) sc-492, GAPDH (6C5) sc-32233, m-IgGκBP-
HRP sc-516102, and mouse anti-rabbit IgG-HRP sc-2357 
were purchased from Santa Cruz Biotechnology (Texas, 
United States). Caspase-9 (C9) Mouse mAb and Anti-
Caspase-8 antibody ab138485 were obtained from Abcam 
Cell Signaling Technology (Massachusetts, United States). 
TUNEL Assay Kit (FITC or HRP-DAB) was provided from 
Elabscience (Texas, United States). MTT reagent dimethyl 
sulfoxide (DMSO) was supplied from Sigma Aldrich 
(Missouri, United States). The fetal bovine serum (FBS), 
penicillin-streptomycin (catalog number: 10566016), and 
RPMI-1640 (Roswell Park Memorial Institute) media were 
purchased from Gibco BRL Life Technologies (catalog 
number: 11995065 Gaithersburg, United States), and the 
culture plates were gained from SPL Life Sciences Co., Ltd 
(Gyeonggi-do, Korea).

MTT assay 
Cytotoxicity of newly synthesized quinoline derivative was 
evaluated on MCF-7 cancer cells in various concentrations 
employing MTT colorimetric kit. In brief, MCF-7 cells 
(15×103 cell/well) were plated into 96 well plates in 
RPMI medium supplemented with 10% FBS,100 UI/
mL penicillin, 100 μg/mL streptomycin in a humidified 
atmosphere at 37 °C in 5% CO2 and then incubated in the 
course of a night. The next step was treated with different 
concentrations of synthesized components for 24 and 
48h. After that, the medium of each well containing a 
quinoline derivative was replaced with freshly provided 
MTT solution (concentration of 2mg/ml) and cultured for 
another 4h. After eliminating the supernatant medium, 
200 μl DMSO was added to dissolve intracellular formazan 
blue crystals. Eventually, a microplate Reader was used to 
measure the absorbance at a wavelength of 490 nm. All the 
trails were fulfilled three times in triplicate.25

Flow cytometry assay
Annexin V-FITC /propidium iodide (PI) staining assay 
investigated the distinction between apoptotic and 
necrotic cells. First of all, MCF-7 cancer cells were seeded 
into a 6-well tissue culture plate at a density of 2×105 cells/
well and then allowed to attach during the night. After 
eliminating cell culture media, each well was treated with 
IC50 concentration of quinoline derivative acquired from 
MTT assay for 48 h. Afterward, the cells were harvested and 
washed twice with ice-cold PBS. Resuspending in binding 
buffer contains Annexin V-FITC and PI, and cells were 
incubated for 15 min in the dark at room temperature. The 
analysis of stained cells was conducted using the Becton 
Dickinson FACS Calibur System (San Jose, USA). It is 
worth noting that annexin V and PI double-negative cells 
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were showed as live cells, while annexin V and PI double-
positive were considered late apoptotic cells. Moreover, 
annexin V-positive and PI-negative cells were determined 
as early apoptotic cells, whereas annexin V-negative and 
PI-positive were defined as necrotic cells. Intact cancer 
cells were considered as a negative control.

DAPI staining assay
Observation of typical signs of apoptosis remarked as 
nuclear fragmentation, and chromatin condensation was 
illustrated by microscopic analysis of DAPI stained cells. 
MCF-7 cells were plated into a 96-well tissue culture 
plate (15×103) and subsequently incubated during the 
night. Next, each well was treated with a defined IC50 
concentration of quinoline derivative and DMSO (5%) 
as a positive control within 48h. Cancer cells without 
any treatment was a negative control. After removing the 
supernatant media, cells were washed with cold PBS twice. 
The cells then were fixed with 4% paraformaldehyde for 1h 
permeabilized in 0.1% (w/v) Triton X-100 for 5 minutes 
and washed again with PBS. Finally, the fixed cells were 
stained employing 1 μg/ml DAPI (4’,6-diamidino-2-
phenylindole) for 20 min. After washing with PBS, stained 
cells were imaged under a fluorescence microscope to 
indicate chromatin condensation and marginalization on 
DAPI staining.26

 
TUNEL assay
TUNEL assay was conducted to investigate further genomic 
DNA breaks caused by the apoptotic process. Firstly, 2×104 

cells were seeded into 8 well chamber slide plates, treated 
with IC50 concentration of tetrahydrobenzo[h]quinoline, 
and incubated for 48h. The fixation of the treated cells was 
performed via 4% paraformaldehyde at RT (15-25°C) for 
30 min and then 3% H2O2 in methanol at 25ºC used as a 
blocking solution. After 10 min incubation, the blocking 
solution was removed, washed with PBS three times, and 
incubated in permeabilization solution (0.1% Triton X-100 
in 0.1% sodium citrate) for 2 min on ice. Ten μl of TUNEL 
reaction mixture (TdT enzyme and nucleotide) were added 
to samples and again incubated at 37 ºC for 1 h in a water 
bath.  Next, the slide was washed with PBS (pH 7.4) three 
times and then added 10 μL DAPI incubated at RT for 5 
min, and then a mounting medium was used to seal the 
slides. Finally, the stained cells were imaged through a 
light microscope. Untreated cancer cell was considered as 
a negative control.

Quantitative real-time-PCR (qPCR) analysis
Real-time PCR was carried out in triplicate to analyze 
external and internal apoptosis signaling pathways 
quantitatively. First, MCF-7 cancer cells (5×105) were 
seeded into a 6-well plate and incubated for 24h, and 
cultured cells were treated based on IC50 concentration 
for 48h. DMSO with the concentration of 5% was used 
as a positive control, and untreated cells were considered 
a negative control. Tripure isolation reagent (Roche, Cat 

No. 11667165001) as a Total RNA Extraction Kit was used 
to extract RNA based on the manufacturer’s protocol. 
Then purity and concentration of acquired RNA were 
evaluated through the NanoDrop spectrophotometer at 
260/280 nm (NanoDrop ND-2000C Spectrophotometer, 
Thermo Fisher. Scientific, USA). cDNA syntheses were 
employed by Universal cDNA Synthesis Kit (Exiqon Cat 
No. 40023301). Afterward, Exlent SYBR Green Master Mix 
(Exiqon, Cat No. 400203421) and primer, set for each gene 
(Table 1), were used to accomplish quantitative real-time 
PCR to calculate gene expression level. Moreover, GAPDH 
(housekeeping gene) was considered to normalize the 
expression level of studied genes. Finally, by measuring 
the average of the duplicated Ct values, relative mRNA 
expression level of target genes was defined using the 
comparative Ct method, explained by Pfaffl.19

Western blot analysis
For Western blot analyses, the treated cells were washed 
first with ice-cold PBS. Then 100 μL lysis buffer was added 
to lysis the cells and extracted total protein through cold 
radioimmune precipitation assay (RIPA) (25 mM HEPES, 
1% Triton X-100, 2 mM EDTA, 0.1 mM NaCl, 25 mM NaF, 
1 mM Sodium Orthovanadate). Next, the equal amount 
of cell lysates, determined with Bradford protein assay, 
were loaded into each well of 10%-15% polyacrylamide 
gels and, after electrophoresis, shifted to nitrocellulose 
membranes. The membranes were blocked with bovine 
serum albumin (BSA) 3% in Tris-buffered saline (pH 
7.5) for 1 h and probed with primary antibodies (1:500 
concentrations) (Santa Cruz Biotechnology, USA) at 4 °C 
overnight followed by washing with PBS and incubation 
with HRP-conjugated secondary antibodies for 1 h at 
room temperature. Protein expression levels were assessed 
using enhanced chemiluminescence (ECL) detection kit 
(Pierce, Rockford, IL). Finally, Image J software was used 
to quantified the protein band intensities and normalized 
via control group (untreated cancer cells) and internal 
loading control.27

Statistical analysis
Statistical analysis was performed using the GraphPad 
Prism 6 Scientific software (GraphPad Software, Inc., 
La Jolla, CA). The results were expressed as the mean ± 

Table 1. Primer sequence employed in real-time PCR analysis (5′ 
to 3′).

Gene Sequence

GAPDH
Forward: CAAGATCATCAGCAATGCCTCC
Reversed: GCCATCACGCCACAGTTTCC

BCL-2
Forward: GAGCGTCAACAGGGAGATGTC
Reversed: TGCCGGTTCAGGTACTCAGTC

BAX
Forward: CGACGGCAACTTCAACTGGG
Reversed: CCCATGATGGTCCTGATCAACT

CASP-8
Forward: ACCTTGTGTCTGAGCTGGTCT
Reversed: GCCCACTGGTATTCCTCAGGC

CASP-9
Forward: GCAGGCTCTGGATCTCGGC
Reversed: GCTGCTTGCCTGTTAGTTCGC
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standard error of the mean (SEM). A P value of <0.05 
was considered to indicate statistical significance. The 
experimental tests were repeated two times (N=3).

Results
In vitro cell viability
Evaluation of cytotoxic activity of the quinoline derivative 
on MCF-7 cancer cells was fulfilled via MTT assay to 
determine the proliferation of cancer cells. Different 
concentrations of synthesized compound induced 
cytotoxicity in MCF-7 cells (Figure 2). Based on obtained 
results, cell proliferation of the treated groups was 

Figure 2. Cytotoxicity effect of quinoline derivative. MCF-7 cancer 
cells were treated with various concentrations of tetrahydroben-
zo[h]quinoline, ranging from 2.5 to 15μM for 24h and 48h. Untreat-
ed cancer cells were control. (n = 3, error bars indicate ± s.d.). *P 
< 0.05, **P < 0.01, ***P< 0.001 and ****P< 0.0001.

reduced in a concentration and time-dependent manner 
compared to the untreated group.  The results showed that 
tetrahydrobenzo[h]quinoline could reduce the growth of 
MCF-7 cancer cells by 50% at concentrations of 10μM and 
7.5μM for 24 and 48h, respectively. 

Annexin V-FITC apoptosis
Annexin V-FITC/ PI double staining is the most effective 
method to investigate cell apoptosis employed based on 
external phosphatidylserine (PS) detection on the plasma 
membrane. We measured apoptosis in MCF-7 cells using 
flow cytometry analysis. As shown in Figure 3, after treating 
with quinoline derivative, 11.53%, 19.14%, and 6.27% of 
MCF-7 cancer cells endured late apoptosis, early apoptosis, 
and necrosis, respectively. The result reveals that the 
studied compound exhibited much more apoptosis than 
negative and positive controls, which can be considered a 
significant demonstrative for its cytotoxic activity.

DAPI staining analysis for morphological changes of the 
nucleus
Apoptosis induction and cytotoxicity on the nucleus of 
MCF-7 cancer cells were further proven using a DAPI 
staining assay. Provided microscopic images in Figure 
4 illustrate the cell nucleus upon staining with DAPI. 
The results demonstrated various signs of apoptotic cells 
called nuclear shrinkage, fragmentation in the chromatin, 
and DNA rings in nucleus of MCF-7 cancer cells upon 
treatment with quinoline derivative and DMSO (5%) 
as a positive control within 48h. In contrast, the nucleus 

Figure 3. Effects of quinoline derivatives on apoptosis induction. (A) plot and B) Bar graph showing the quantification of apoptotic popula-
tion represented in percentage. (n = 3, error bars indicate ± s.d.). *P < 0.05, **P < 0.01, ***P< 0.001 and ****P< 0.0001.
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Figure 4. Displaying MCF-7 cancer cell images for determination of apoptosis by DAPI staining of the nucleus after treatment with quino-
line derivatives. A (1-3) light, fluorescent microscopy and merged images of untreated cells as a negative control, B (1-3) light, fluorescent 
microscopy and merged images of positive control treated by 5% DMSO, and C (1-3) light, fluorescent microscopy and merged images of 
treated cancer cells with quinoline derivative. Images were captured under a fluorescence microscope.

Figure 5.  A representative of DAPI, TUNEL, and Merged images of MCF-7 cancer cells treated with quinoline derivative to evaluate 
cellular apoptosis of MCF-7 cells pictured via fluorescence microscopy. Untreated cancer cell was considered as a negative control.

morphology of untreated cells did not show any apoptosis 
induction. 

TUNEL staining for DNA damage detection
The observa tion of the TUNEL assay was used to confirm 
that tetrahydrobenzo[h]quinoline can produce apoptotic 
bodies and cause DNA fragmentation due to the anti-
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proliferative and apoptotic effect of this component in the 
treated cells compared to the control group (Figure 5). DNA 
fragmentation in MCF-7 cancer cells appeared after 48h of 
exposure to quinoline derivatives at IC50 concentration of 
7.5 μM obtained from MTT assay. 

Gene expression analysis with RT-PCR 
To evaluate the apoptosis mechanism triggering by 
quinoline derivative, the expression of apoptosis-associated 
genes (Table 1) was measured by real-time PCR. The 
obtained results showed that the expression of Bcl-2 mRNA 
was significantly downregulated (Figure 6A P<0.05). 
However, Bax mRNA expression level was considerably 
up-regulated in treated cells compared to untreated and 
control cells (Figure 6B P<0.01), led to misbalance in Bcl-2/
Bax ratio (Figure 6C P<0.001). Moreover, the expression of 
caspase-9 remarkably raised in the treated group compared 
to the negative control (Figure 6D P<0.001). On the other 
hand, the caspase-8 expression did not show detectable 
differences compared to negative and positive controls 
(Figure 6E).

Protein expression analysis with western blotting 
Western blot analysis was carried out to elucidate the 
apoptosis and anti-proliferative activity (Figure 7A) 
induced by tetrahydrobenzo[h]quinoline. As shown 
in Figure 7B, the level of pro-apoptotic protein (Bax) 
showed a considerable reduction in the treated group (P 

< 0.01). In contrast, the level of anti-apoptotic protein 
(Bcl-2) decreased (Figure 7C) when it was treated with 
the mentioned component (P < 0.001). Besides, the pro-
caspase 8 protein amount displayed gentle alleviation 
(Figure 7D) (P < 0.05), while after treatment, the protein 
content of cleaved caspase 8 increased (P < 0.01) compared 
to the control group (Figure 7E). Besides, there was a 
remarkable decrease in the level of pro-caspase 9 (Figure 
7F) (P < 0.001); however, cleaved caspase 9 protein level 
depicted a sharp increase (P < 0.0001) as a result of 
releasing cytochrome c from mitochondria (Figure 7G). 

Discussion
In this study, the anti-cancer effect of tetrahydrobenzo[h]
quinoline was assessed as a synthetic derivative of quinoline. 
It showed that treatment with this component could reduce 
cancer cell viability and induce apoptosis in MCF-7 cancer 
cells. TUNEL, Ladder, and DAPI staining represented 
further changes in the nucleus of treated cancer cells with 
tetrahydrobenzo[h]quinoline. Furthermore, an imbalance 
in gene and protein expression level of Bcl-2/Bax induced 
apoptosis confirmed via several morphological changes 
in MCF-7 cancer cells. We analyzed the anti-proliferative 
activity of tetrahydrobenzo[h]quinoline against the MCF-
7 cancer cell for the first step. Based on obtained results, 
this compound could lessen cell proliferation of treated 
cells in a dose and time-dependent manner. As mentioned 
in the previous study, quinolines as an amid derivatives 

Figure 6. RT-PCR analysis to calculate expression level of apoptosis regulation genes 5A) Bcl-2, 5B) Bax, 5C) the ratio of Bax to Bcl-2, 
5D) expression level of caspase 9, 5E) caspase 3 and 5F) caspase 8. (n = 3, error bars indicate ± s.d.). *P < 0.05, **P < 0.01, ***P< 0.001 
and ****P< 0.0001.
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Figure 7. Western blotting analysis of Pro- and anti-apoptotic proteins including Bcl-2, Bax, caspase 9 and caspase 8 when they were 
treated with tetrahydrobenzo[h]quinoline as a synthetic component in MCF-7 cancer cells. Western blotting images of proteins A), 
quantification of band density of B) Bax, C) Bcl-2, D) pro-caspase 8, E) cleaved caspase 8, F) pro-caspase 9 and G) cleaved caspase 9 
(n = 3, error bars indicate ± s.d.). *P < 0.05, **P < 0.01, ***P< 0.001 and ****P< 0.0001.

presented more toxicity on all studied cancer cells of 
which tetrahydrobenzo[h]quinolines showed more potent 
cytotoxicity than other benzo[h]quinoline derivatives due 
to lipophilic electron-donating substitution in the para 
position of the phenyl ring. Besides, our studied compound 
belongs to saturated quinolines (tetrahydrobenzo[h]
quinolines), which were more potent than unsaturated 
quinolines (benzo[h]quinolines).  

On the other hand, the interaction studies in this article 
revealed a strong interaction between this component and 
the CT-DNA double helix. Tetrahydrobenzo[h]quinolines 
as intercalators contain non-intercalating moieties such as 
sugar and peptides located in the minor or major groove, 
leading to complex stability. Therefore, unsaturated 
cyclohexyl group-oriented into the minor or major groove 
of DNA can be a reason for the extreme cytotoxicity of 
quinoline derivatives on cancer cells.24,28 In line with this 
study, Kuang et al.29 investigated quinoline derivatives 
on human liver cancer cells. They found that quinoline 
derivatives displayed a higher anti-proliferative effect 
against liver cancer cells than normal cells and 5-FU and 
cisplatin as conventional anti-cancer drugs.

Apoptosis is one of the critical signaling pathway control 
programmed cell death led to eliminating harmful cells over 
treatment with anti-cancer drugs in cancer treatment.30 

In addition, nuclear shrinkages, apoptotic body 
formation, plasma membrane blebbing, and chromatin 
condensation are several significant morphological signs 
of apoptosis.31 In this survey, we showed the potential of 
tetrahydrobenzo[h]quinoline in apoptosis induction by 

Annexin-V/PI doubled staining assay and measured the 
number of apoptotic cells. Besides, DAPI staining and 
TUNEL assays presented the morphological changes in the 
apoptotic cells. Acquired results from these assays showed 
that treatment with quinoline derivatives resulted in a 
considerable increase in the apoptotic cell population in 
MCF-7 cancer cells compared to the control group. 

The DAPI staining assay showed quite a few changes 
in the morphology of treated cells, which is evidence for 
approving the obtained results of the TUNEL assay. In line 
with this study, Ding et al.32 studied PQ anticancer effect as a 
quinoline derivative on breast cancer cells. Flow cytometry 
results revealed that treated cells with PQ underwent cell 
death via apoptosis.

Both intrinsic and extrinsic apoptosis pathways lead to 
activating a common set of effector caspases.33 The extrinsic 
pathway commences binding death receptors (DRs) to 
their natural ligands and triggers their trimerization. 
DRs as members of the tumor necrosis factor receptor 
(TNFR) are attached to adaptor protein FADD and make 
death-inducing signaling complex (DISC), which activates 
caspases 8 and 10, followed by triggering apoptosis.18,22

To the best of our knowledge, we investigated both 
intrinsic and extrinsic apoptosis signaling pathways on 
this newly synthesized quinoline derivative to recognize 
apoptotic mechanisms and illustrate the morphological 
change of apoptotic cells for the first time. Real-time 
PCR was carried out to define the mechanism by which 
quinoline derivatives induce apoptosis. We measured the 
expression of genes involved in both signaling pathways.
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The observations indicated that quinoline derivatives 
decreased Bcl-2 expression level while Bax expression 
experienced a significant increase compared to the control 
group. In terms of the Bax to Bcl-2 ratio as a vital factor 
for triggering apoptosis, the results showed remarkable 
increase in the Bax/Bcl-2 ratio, which is an indicator of 
cancer cell susceptibility to apoptosis.

Furthermore, caspase 9 expression level raised upon 
treatment with quinoline derivatives as a vital result of 
the change in the ratio of Bax/Bcl-2 and formation of the 
apoptosome complex. Moreover, the extrinsic pathway of 
apoptosis was analyzed by evaluating the expression of 
caspase 8 in cells,34 exposing them to quinoline derivatives. 
The result indicated that caspase 8 expression did not show 
detectable change compared to the control group and can 
acclaim that our synthesized compound could induce 
apoptosis through the intrinsic pathway. 

We conducted a western blotting assay to examine the 
level of both pro-apoptotic and anti-apoptotic (Bax, Bcl-
2) proteins and caspases 8 and 9 to estimate the protein 
level of mentioned molecules, which are responsible for 
triggering the apoptosis signaling pathway after treatment 
with quinoline derivatives. The family of Bcl-2 is of great 
significance in the molecular mechanisms of apoptosis as 
these proteins are either in cell membranes or free in cytosol 
and have a potent function in intracellular membranes to 
trigger intrinsic apoptosis.35 It is well known that these two 
apoptotic proteins are divided into pro-apoptotic proteins, 
including Bax, Bak, Bok/Mtd, and anti-apoptotic ones 
such as Bcl-2, Bcl-xL, Bcl-w, and Mcl-1.36 Bcl-2 gene plays a 
key role in regulating apoptosis based on encoding various 
molecules responsible for apoptosis regulation. As another 
protein of the Bcl-2 family member, the Bax gene is an 
enhancer of apoptosis. When transferred from the cytosol 
to mitochondria, apoptosis is induced via increasing 
apoptotic stimulant signals production.33

Further, the reduction of Bax expression in breast 
cancer cells leads to relative drug resis tance.37 Hence, the 
interaction between Bcl-2 and Bax molecules determines 
whether the cell experiences cell death or survives.35 In 
this study, the results showed that there was a reduction in 
the protein expression of Bcl-2. In contrast, Bax as a pro-
apoptotic protein showed a considerable increase in protein 
content following treatment with tetrahydrobenzo[h]
quinoline, confirming that quinoline derivatives may be a 
potential component in developing apoptosis.

Protein expression of pro-caspase 8 decreased, 
whereas the protein amount of cleaved-caspase 8 
experienced a remarkable increase in the cells treated with 
tetrahydrobenzo[h]quinoline. 

When it comes to caspases, as a group of ICE (interleukin 
1 b-converting enzyme)-like proteases are essential 
molecules in apoptosis mediation.32 As an initiator caspase, 
caspase-9 has potent activity in apoptosis, which shows 
stimulation against chemotherapy, radiation, and stress 
agents. Based on the caspase activation domain (CARD) 
motif, caspase 9 is an effective multiprotein that breaks up 

cells into apoptotic bodies.38 In this study, the expression 
of pro-caspase 9 protein declined significantly. However, 
cleaved-caspase 9, a key protein in the intrinsic pathway 
of apoptosis and caspase cascade triggering, witnessed a 
tremendous increase after being treated with quinoline 
derivatives.

It is shown that forming heterodimers of Bax and Bcl-2 
brings about the release of cytochrome c from mitochondria, 
consequently accelerating apoptosis.39 Eventually, the 
results of this study revealed that tetrahydrobenzo[h]
quinoline could inhibit the proliferation of MCF-7 cancer 
cells via induction of apoptosis. Besides, this component 
activates the intrinsic more than extrinsic apoptotic 
pathway via Bax and Bcl-2 dependent mechanism, which 
might be a prominent compound as an anti-cancer agent 
for treating human cancer.

Conclusion
This study evaluated the anti-cancer activity of 
tetrahydrobenzo[h]quinoline in the MCF-7 cancer cell line. 
The mentioned compound could inhibit cell proliferation 
and induce apoptosis in MCF-7 cancer cells. Besides, further 
apoptosis induction was assessed through fluorescent 
microscopy, and TUNEL demonstrated that quinoline 
derivatives induced apoptosis by changing the morphology 
of cells. Intrinsic pathway triggered considerably than that 
of extrinsic one over occurring unbalance between Bcl-2 
and Bax genes expression. Therefore, protein expression 
level showed intrinsic pathway as a central mechanism 
for the induction of apoptosis. The result concludes 
that tetrahydrobenzo[h] quinoline can be considered a 
therapeutic agent for inducing apoptosis. However, further 
experiments are needed to approve our observation.

Acknowledgments
The authors would like to thank the Drug Applied 
Research Center, Tabriz University of Medical Sciences, for 
supporting this project (grant No: 67394).

Author Contributions
MG: Formal analysis; Investigation and Writing original 
draft, DS: Formal analysis and Investigation, SS: Formal 
analysis and Investigation, MHA: Investigation, MMM: 
Investigation, GD: Conceptualization, RG: Investigation, 
JEND: Conceptualization;  Formal analysis;  Supervision 
and Writing - review & editing. 

Conflict of Interest
The authors report no conflicts of interest.

References
1. Ghaffari M, Dehghan G, Abedi-Gaballu F, Kashanian S, 

Baradaran B, Ezzati Nazhad Dolatabadi J, et al. Surface 
functionalized dendrimers as controlled-release 
delivery nanosystems for tumor targeting. Eur J Pharm 
Sci. 2018;122:311-30. doi:10.1016/j.ejps.2018.07.020

2. Abdizadeh T, Kalani MR, Abnous K, Tayarani-Najaran 



Anti-proliferative Effect of Tetrahydrobenzo[h]quinoline

  Pharmaceutical Sciences, 2022, 28(2), 304-313  | 312

Z, Khashyarmanesh BZ, Abdizadeh R, et al. Design, 
synthesis and biological evaluation of novel coumarin-
based benzamides as potent histone deacetylase 
inhibitors and anticancer agents. Eur J Med Chem. 
2017;132:42-62. doi:10.1016/j.ejmech.2017.03.024

3. Shobeiri N, Rashedi M, Mosaffa F, Zarghi A, Ghandadi 
M, Ghasemi A, et al. Synthesis and biological 
evaluation of quinoline analogues of flavones as 
potential anticancer agents and tubulin polymerization 
inhibitors. Eur J Med Chem. 2016;114:14-23. 
doi:10.1016/j.ejmech.2016.02.069

4. Zhang H, Zhao B, Wang X, Zhang F, Yu W. Linc00511 
knockdown enhances paclitaxel cytotoxicity in breast 
cancer via regulating mir-29c/cdk6 axis. Life Sci. 
2019;228:135-44. doi:10.1016/j.lfs.2019.04.063

5. Xu X, Peng W, Liu C, Li S, Lei J, Wang Z, et al. Flavone-
based natural product agents as new lysine-specific 
demethylase 1 inhibitors exhibiting cytotoxicity 
against breast cancer cells in vitro. Bioorg Med Chem. 
2019;27(2):370-4. doi:10.1016/j.bmc.2018.12.013

6. Sathish Kumar B, Kumar A, Singh J, Hasanain M, Singh 
A, Fatima K, et al. Synthesis of 2-alkoxy and 2-benzyloxy 
analogues of estradiol as anti-breast cancer agents 
through microtubule stabilization. Eur J Med Chem. 
2014;86:740-51. doi:10.1016/j.ejmech.2014.09.033

7. Dhanwal V, Katoch A, Singh A, Chakraborty S, 
Faheem MM, Kaur G, et al. Self-assembled organic 
nanoparticles of benzimidazole analogue exhibit 
enhanced uptake in 3d tumor spheroids and oxidative 
stress induced cytotoxicity in breast cancer. Mater Sci 
Eng C Mater Biol Appl. 2019;97:467-78. doi:10.1016/j.
msec.2018.12.039

8. Naouri A, Djemoui A, Ouahrani MR, Lahrech MB, 
Lemouari N, Rocha DHA, et al. Multicomponent and 
1,3-dipolar cycloaddition synthesis of triazole- and 
isoxazole-acridinedione/xanthenedione heterocyclic 
hybrids: Cytotoxic effects on human cancer cells. 
J Mol Struct. 2020;1217:128325. doi:10.1016/j.
molstruc.2020.128325

9. Keri RS, Patil SA. Quinoline: A promising antitubercular 
target. Biomed Pharmacother. 2014;68(8):1161-75. 
doi:10.1016/j.biopha.2014.10.007

10. Jain S, Chandra V, Kumar Jain P, Pathak K, Pathak 
D, Vaidya A. Comprehensive review on current 
developments of quinoline-based anticancer agents. 
Arab J Chem. 2019;12(8):4920-46. doi:10.1016/j.
arabjc.2016.10.009

11. Afzal O, Kumar S, Haider MR, Ali MR, Kumar R, Jaggi 
M, et al. A review on anticancer potential of bioactive 
heterocycle quinoline. Eur J Med Chem. 2015;97:871-
910. doi:10.1016/j.ejmech.2014.07.044

12. Mandewale MC, Patil UC, Shedge SV, Dappadwad 
UR, Yamgar RS. A review on quinoline hydrazone 
derivatives as a new class of potent antitubercular and 
anticancer agents. Beni-Suef Univ J Basic Appl Sci. 
2017;6(4):354-61. doi:10.1016/j.bjbas.2017.07.005

13. Ghaffari M, Dehghan G, Baradaran B, Zarebkohan 

A, Mansoori B, Soleymani J, et al. Co-delivery of 
curcumin and bcl-2 sirna by pamam dendrimers for 
enhancement of the therapeutic efficacy in hela cancer 
cells. Colloids Surf B Biointerfaces. 2020;188:110762. 
doi:10.1016/j.colsurfb.2019.110762

14. Abd El Hameid MK. Design, synthesis, and screening 
of 5-aryl-3-(2-(pyrrolyl)thiophenyl)-1,2,4-oxadiazoles 
as potential antitumor molecules on breast cancer mcf-
7 cell line. Chem Pharm Bull. 2018;66(12):1181-95. 
doi:10.1248/cpb.c18-00636

15. Singh R, Letai A, Sarosiek K. Regulation of apoptosis 
in health and disease: The balancing act of bcl-2 family 
proteins. Nat Rev Mol Cell Biol. 2019;20(3):175-93. 
doi:10.1038/s41580-018-0089-8

16. Yamaguchi R, Lartigue L, Perkins G. Targeting mcl-
1 and other bcl-2 family member proteins in cancer 
therapy. Pharmacol Ther. 2019;195:13-20. doi:10.1016/j.
pharmthera.2018.10.009

17. Wei L, Chen Q, Guo A, Fan J, Wang R, Zhang H. 
Asiatic acid attenuates CCl 4-induced liver fibrosis in 
rats by regulating the PI3K/AKT/mTOR and Bcl-2/Bax 
signaling pathways. Int Immunopharmacol. 2018;60:1-
8. doi: 10.1016/j.intimp.2018.04.016

18. Yu S, Gong LS, Li NF, Pan YF, Zhang L. Galangin (GG) 
combined with cisplatin (DDP) to suppress human lung 
cancer by inhibition of STAT3-regulated NF-κB and 
Bcl-2/Bax signaling pathways. Biomed Pharmacother. 
2018;97:213-24. doi:10.1016/j.biopha.2017.10.059

19. Ahagh MH, Dehghan G, Mehdipour M, Teimuri-
Mofrad R, Payami E, Sheibani N, et al. Synthesis, 
characterization, anti-proliferative properties 
and DNA binding of benzochromene derivatives: 
Increased bax/bcl-2 ratio and caspase-dependent 
apoptosis in colorectal cancer cell line. Bioorg Chem. 
2019;93:103329. doi:10.1016/j.bioorg.2019.103329

20. Wu H, Medeiros LJ, Young KH. Apoptosis signaling 
and BCL-2 pathways provide opportunities for 
novel targeted therapeutic strategies in hematologic 
malignances. Blood Rev. 2018;32(1):8-28. doi:10.1016/j.
blre.2017.08.004

21. Pearce MC, Gamble JT, Kopparapu PR, O’Donnell EF, 
Mueller MJ, Jang HS, et al. Induction of apoptosis and 
suppression of tumor growth by Nur77-derived Bcl-
2 converting peptide in chemoresistant lung cancer 
cells. Oncotarget. 2018;9(40):26072-85. doi:10.18632/
oncotarget.25437

22. Kumar D, Haldar S, Gorain M, Kumar S, Mulani FA, 
Yadav AS, et al. Epoxyazadiradione suppresses breast 
tumor growth through mitochondrial depolarization 
and caspase-dependent apoptosis by targeting pi3k/
akt pathway. BMC Cancer. 2018;18(1):52. doi:10.1186/
s12885-017-3876-2

23. Fan F, Xiuwen Z, Yongyi L, Weiping C, Lu G, Yueqin 
L, et al. The CD44 variant induces K562 cell acquired 
with resistance to adriamycin via NF-κB/Snail/
Bcl-2 pathway. Med Hypotheses. 2018;121:142-8. 
doi:10.1016/j.mehy.2018.09.002



Anti-proliferative Effect of Tetrahydrobenzo[h]quinoline

  Pharmaceutical Sciences, 2022, 28(2), 304-313  | 313

24. Jafari F, Baghayi H, Lavaee P, Hadizadeh F, Soltani F, 
Moallemzadeh H, et al. Design, synthesis and biological 
evaluation of novel benzo- and tetrahydrobenzo-[h]
quinoline derivatives as potential DNA-intercalating 
antitumor agents. Eur J Med Chem. 2019;164:292-303. 
doi:10.1016/j.ejmech.2018.12.060

25. Karimi Z, Ghaffari M, Ezzati Nazhad Dolatabadi J, 
Dehghan P. The protective effect of thymoquinone on 
tert-butylhydroquinone induced cytotoxicity in human 
umbilical vein endothelial cells. Toxicol Res (Camb). 
2019;8(6):1050-6. doi:10.1039/c9tx00235a

26. Sohrabi Y, Mohammadzadeh-Aghdash H, Baghbani E, 
Dehghan P, Ezzati Nazhad Dolatabadi J. Cytotoxicity 
and genotoxicity assessment of ascorbyl palmitate 
(AP) food additive. Adv Pharm Bull. 2018;8(2):341-6. 
doi:10.15171/apb.2018.039

27. Farajdokht F, Mohaddes G, Karimi-Sales E, Kafshdooz 
T, Mahmoudi J, Aberoumandi SM, et al. Inhibition 
of PTEN protects PC12 cells against oxygen-glucose 
deprivation induced cell death through mitoprotection. 
Brain Res. 2018;1692:100-9. doi:10.1016/j.
brainres.2018.05.026

28. Gencer N, Demir D, Sonmez F, Kucukislamoglu M. 
New saccharin derivatives as tyrosinase inhibitors. 
Bioorg Med Chem. 2012;20(9):2811-21. doi:10.1016/j.
bmc.2012.03.033

29. Kuang W-B, Huang R-Z, Fang Y-L, Liang G-B, Yang C-H, 
Ma X-L, et al. Design, synthesis and pharmacological 
evaluation of novel 2-chloro-3-(1h-benzo[d]imidazol-
2-yl)quinoline derivatives as antitumor agents: In vitro 
and in vivo antitumor activity, cell cycle arrest and 
apoptotic response. RSC Adv. 2018;8(43):24376-85. 
doi:10.1039/c8ra04640a

30. Ghasemian M, Mahdavi M, Zare P, Hosseinpour Feizi 
MA. Spiroquinazolinone-induced cytotoxicity and 
apoptosis in k562 human leukemia cells: Alteration 
in expression levels of bcl-2 and bax. J Toxicol Sci. 
2015;40(1):115-26. doi:10.2131/jts.40.115

31. Mohammadi A, Mansoori B, Aghapour M, Baradaran 
B. Urtica dioica dichloromethane extract induce 

apoptosis from intrinsic pathway on human prostate 
cancer cells (PC3). Cell Mol Biol (Noisy-le-grand). 
2016;62(3):78-83. doi:10.14715/cmb/2016.62.3.13

32. Ding Y, Nguyen TA. Pq1, a quinoline derivative, 
induces apoptosis in t47d breast cancer cells through 
activation of caspase-8 and caspase-9. Apoptosis. 
2013;18(9):1071-82. doi:10.1007/s10495-013-0855-1

33. Huang K, Zhang J, O’Neill KL, Gurumurthy CB, 
Quadros RM, Tu Y, et al. Cleavage by caspase 8 and 
mitochondrial membrane association activate the BH3-
only protein bid during TRAIL-induced apoptosis. J 
Biol Chem. 2016;291(22):11843-51. doi:10.1074/jbc.
M115.711051

34. Im JY, Kim BK, Lee JY, Park SH, Ban HS, Jung KE, 
et al. DDIAS suppresses trail-mediated apoptosis by 
inhibiting disc formation and destabilizing caspase-8 
in cancer cells. Oncogene. 2018;37(9):1251-62. 
doi:10.1038/s41388-017-0025-y

35. Sharifi S, Barar J, Hejazi MS, Samadi N. Doxorubicin 
changes bax /bcl-xl ratio, caspase-8 and 9 in breast 
cancer cells. Adv Pharm Bull. 2015;5(3):351-9. 
doi:10.15171/apb.2015.049

36. Letai A. Apoptosis and cancer. Annu Rev Cancer 
Biol. 2017;1(1):275-94. doi:10.1146/annurev-
cancerbio-050216-121933

37. Liu YH, Wei XL, Hu GQ, Wang TX. Quinolone-
indolone conjugate induces apoptosis by inhibiting 
the EGFR-STAT3-HK2 pathway in human cancer 
cells. Mol Med Rep. 2015;12(2):2749-56. doi:10.3892/
mmr.2015.3716

38. Li P, Zhou L, Zhao T, Liu X, Zhang P, Liu Y, et al. 
Caspase-9: Structure, mechanisms and clinical 
application. Oncotarget. 2017;8(14):23996-4008. 
doi:10.18632/oncotarget.15098

39. Kluck RM, Bossy-Wetzel E, Green DR, Newmeyer 
DD. The release of cytochrome c from mitochondria: 
A primary site for bcl-2 regulation of apoptosis. 
Science. 1997;275(5303):1132-6. doi:10.1126/science. 
275.5303.1132


