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Introduction 

Oral cancer is the 6th most common cancer worldwide, 
reprising 48% of head and neck cancers (O'Callaghan et 
al., 2015). The dysregulation of inflammatory media-
tor’s production including interleukin-6 (IL-6), Nitric
oxide synthase 2, Prostaglandin-endoperoxide synthase 
2 participate in oral squamous cell carcinoma (Ma et al., 
2015; Lee et al., 2015). Hence, suppression of iNOS, 
COX-2, and IL-6 expression would produce a meaning-
ful therapeutic response. Apart from inflammation p53, 
Bcl-2, Bax and caspase-3 are major mediators for pro- 
and anti-apoptotic mechanism that is essential for 
treatment with anti-cancer chemotherapies through 
apoptosis (Li et al., 2015; Bi et al., 2015). Each of these 
pro-inflammatory and anti-apoptotic genes were activa-
ted response of several transcription factors. 

Nuclear factor-κB (NF-κB/Rel) is the most prominent

transcription factor for modulation of inflammation and 

apoptosis (Yi et al., 2014; Khandelwal et al., 2011). 

Uncontrolled NF-κB subunits gain enter the nucleus

and cause the synthesis of pro-inflammatory and anti-

apoptotic genes. Therefore, Nuclear factor kappa B gain 

attention in the treatment of several inflammatory 

diseases (Kim et al., 2013; Shou et al.,  2002).  

Quinine, natural alkaloid, has been isolated from the 
bark of the Rauvolfia caffra, that exhibits wide pharma-
ceutical activities like anti-pyretic, anti-inflammatory, 
anti-tumor and anti-malarial (Santos and Rao, 1998; 
Achan et al.,  2011).  No in vitro study has been done to 
evaluate the molecular mechanism and action of 
quinine on inflammatory and apoptotic gene. 
Therefore, the present work was aimed to determine 
the reduction in inflammation, programmed cell death 
potential of quinine in Hep-2 and KB cells. 
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Abstract
The present study evaluated the anti-proliferative and apoptotic effect of 
quinine on oral cancer cells Hep-2 and KB. Cell inhibition, apoptosis and anti-
inflammatory effects were explored by nuclear DNA cleavage, condensation, 
change in  membrane potential of mitochondria. Meanwhile, inflammatory 
and apoptosis-related mRNA and proteins expressions such as iNOS COX-2, 
IL-6, Bcl-2, mutant p53, Bax, caspase-3 and NF-κB were determined by RT-
PCR and Western blotting assays.  Results showed that, quinine treatment 
significantly inhibited the cell viability and colony formation, inhibited cell 
proliferation lead to increased generation of reactive oxygen species induction 
of MMP depolarization, morphological changes and DNA damage in dose- 
and time-dependent manner. Moreover, quinine significantly decreased the 
iNOS, COX-2, IL-6, Bcl-2 and mutant p53 simultaneously up-regulated Bax, 
caspase-3 expressions through the inhibition of NF-κB suggest that quinine
may serve as a potential candidate in the prevention of cell proliferation and 
enhances apoptosis via inhibiting up-stream signalling.  
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Materials and Methods 

Materials  

Quinine and Power SYBR® Green PCR master mix kit, 
protease inhibitor cocktail, bovine serum albumin, 
acrylamide, 2-mercaptoethanol, sodium dodecyl sulfate 
(SDS), N,N,N′,N′-tetramethylene diamine (TEMED), 
were purchased from Sigma Chemical Company (USA).  
Dulbecco's Modified Eagles Medium (DMEM), phos-
phate buffered saline, fetal bovine serum, 0.25% trypsin 
EDTA, antibiotics (penicillin, streptomycin), dimethyl 
sulfoxide, 2,7-diacetyl dichlorofluorescein (DCFH-DA), 
ethidium bromide,  rhodamine 123, acridine orange, 
Hoechst 33342 stain were obtained from Hi-media Lab 
Ltd., India. The antibodies against p53, Bcl-2, Bax, and 
caspase-3 were purchased from Santa Cruz Biotechno-
logy (USA).  

Cell culture treatment 

Human laryngeal epithelial cancer cells (Hep-2 and KB) 
were bought from the National Center for Cell Science, 
Pune, India. Allow the cells to grow in Eagle's minimal 
essential medium augmented with Fetal bovine serum 
10%, with 100 μg/mL of pencillin- streptomycin. The 
cells were incubated at 37°C and at 5% CO2 atmosphere.  

Reactive oxygen species (ROS) assessment 

Reactive oxygen species  was assessed  according to 
Rastogi et al, (2010). Probe used was 2,7-diacetyl 
dichlorofluorescein (DCFH-DA). Treat 8 x 106 cells 
(Hep2 and KB) with IC50 concentration of  quinine  for 
24 and 48 hours and made up to 2 mL using phosphate 
buffered saline (pH 7.4). To 1 mL of cells added 100 μL 
of DCFH-DA (10 μM), incubated for 30 min at 37°C. 
Observe the cells  under Nikon fluorescence microscope  
via blue filter  at excitation and  emission wavelength of 
480 nm and 530 nm.  

Change in membrane potential analysis of  mitochon-
dria 

Change in membrane potential of mitochondria was 
performed according to Scaduto and Grotyohann 
(1999). Culture 1 x 106 cells/mL (Hep2 , KB ) in a 6-well 
plate  along with IC50 concentration of quinine for 24 
and 48 hours. Control groups were maintained without 
quinine. Rhodamine 123 at 10 μM/mL was used to 
stain the cells and incubated at 5% atmospheric CO2 in 
a CO2 incubator for 30 min. Wash the cells with 
phosphate buffered saline and observe using fluores-
cence microscope via blue filter.  

Programmed cell death assay by dual staining (Video 
Clip) 

Programmed cell death was assessed  by the method of 
Lakshmi et al, (2008) using dual stain. Culture 5 x 103 
cells in a 6-well plate with IC50 concentration of  quinine 
for  24 and 48 hours. Control groups were treated 

similarly lacking quinine. The cultures were  incubated 
at  5% CO2  for 24 hours in a CO2 incubator.  The cells 
were trypsinized, stained with  acridine orange/
ethidium bromide (1:1), then washed with phosphate 
buffered saline  and  observe using blue filter at the 
magnification of 40x under fluorescence microscope.    

RT –PCR  analysis for mRNA expression 

Total RNA was extracted from Hep and KB cells using 
RNeasy® Mini Kit (Qiagen, Germany). The RNA 
concentration determined using Nanodrop 2000 
(Thermo Scientific, USA). 5 mg of RNA was reverse-
transcribed to convert cDNA in a reaction  mixture 
containing 4 mL of 5x reaction  buffer, 20 units of  
RNase  inhibitor, 2  mL of dNTPs mixture (10  mM), 200  
units of  avian-myeloblastosis virus (AMV) RT enzymes 
and 0.5 mg of oligo (dT) primer sense and antisense 
primers (Sigma-Aldrich, USA) in a final volume of  20  
mL. The reaction mixture was incubated at 42ºC for 60 
min and the reaction was terminated by heating at 70ºC 
for 10 min. The cDNA was stored at -80ºC until further 
use. Gene expression was evaluated by PCR amplifica-
tion using primer pairs based on published sequences. 
The amplification products were analyzed by electro-
phoresis using 2% of agarose gel containing ethidium 
bromide (EtBr). The PCR products were  visualized  as 
bands with a UV transilluminator and  photographs 
were taken using gel documentation system.   

Western blotting 

SDS-PAGE was performed using equivalent protein 
extracts (50 µg) from each sample. The resolved 
proteins were electrophoretically transferred to poly-
vinylidene difluoride membranes. The blots were incu-
bated in 1 x TBS containing 5% bovine serum albumin  
for 2 hours to block non-specific binding sites. The blot 
was incubated with 1:200 dilutions of primary 
antibodies overnight at 4ºC. After washing, the blots 
were incubated with 1:1000 dilution of horseradish 
peroxidase-conjugated secondary antibody for 45 min 
at room temperature. After extensive washes with high 
and low salt buffers, the immunoreactive proteins were 
visualized using DAB and enhanced chemilumi-
nescence detection reagents.   

Statistical analysis 

Statistical analysis was performed using one-way 
analysis of variance (ANOVA) followed by Duncan’s 
multiple range test (DMRT) by using Statistical Package 
of Social Science (SPSS) version 12.0 for windows. The 
values are mean ± SD for six samples in each group. p 
values <0.05 were considered as level of significance. 

 

Results 

Generation of intracellular ROS  

The generation of ROS in Hep-2 and KB was studied  in 
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control as well as in treatment with quinine (Figure 1). 
The maximum of ROS generation was observed in the 
IC50 value of quinine among all doses. 

Mitochondrial membrane potential  

Changes of mitochondrial membrane potential in Hep-2 
and KB cells were observed when treated with quinine 
(Figures 2). Rhodamine 123 green fluorescence obser-

ved in cells with high membrane potential. Decrease in 
the fluorescence upon treatment with effective doses of 
quinine when compared to the untreated control cells 
evidenced apoptotic properties of quinine. 

Apoptotic morphological changes  

Figure 3 shows increased apoptotic cell deaths in Hep-2 
and KB cells by treatment with quinine. The changes 
were determined by the color of DNA binding dyes 
acridine orange/ethidium bromide stain in individual 
cells. Live cells show bright green spots. The stained 
cells with IC50 concentration of quinine for 24 and 48 
hours showed gradual increase in the apoptotic death 
(orange), whereas necrotic (red) cells were found. 

iNOS, COX-2, IL-6 and NF-κB production 

Figure 4 shows the effect of quinine on Hep-2 and KB 
cells (24 and 48 hours) against inflammation and 
apoptosis.  iNOS, COX-2, IL-6 and NF-κB were hardly 
detected in control group. Treatment with quinine 
markedly attenuated expression of iNOS, COX-2, IL-6 
and NF-κB by RT-PCR analysis, a marked reduction in 
both pro-inflammatory and transcription factors.   

Modulation of p53, Bcl-2, bax and caspase-3 expression 

To predict the quinine induces apoptosis, Western blot 
analysis to determine the protein expressions of mutant 
p53, bcl-2, bax and caspase-3 (Figure 5) in Hep-2 and 
KB  cells at 24 and 48 hours. Quinine treatments signifi-
cantly down-regulated anti-apoptotic mediator’s mu-
tant p53 and Bcl-2, at the same time up-regulated pro-
apoptotic markers like caspsae-3 and Bax protein 
expression in Hep-2 and KB cells as compared to 
control. Therefore, both RT-PCR and Western blot ana-
lysis result showed that quinine modulates the expre-
ssion levels of inflammatory and apoptotic mediators 
expression near to normal. 

 

Discussion 

The present study clearly focuses on the natural 
alkaloid quinine against an imbalanced expression of 
proteins in cancer cells and correlating that regulation 
with clinical endpoints by molecular studies. Quinine 
treated with Hep-2 and KB cells showed reduced cell 
viability, MMP and increased ROS. In addition, quinine 
significantly prevented the altered expression of pro-
inflammatory (iNOS, COX-2, IL-6), anti-apoptotic (Bcl-

2, p53) proteins and simultaneously recovered pro-
apoptotic (Bax, caspase-3) genes expression via 
inhibition of the NF-κB nuclear translocation. 

However, immoderate ROS levels with reduced cellular 
proliferation in the treated cells demonstrates that the 
cell death induced by quinine. Our result was 
supported by Liu et al., (2015). The analysis of the 
apoptotic phenomenon changed into similarly showed 
by the records of acridine orange/ethidium bromide 
staining. In our findings, treated cells showed 
fragmented apoptotic bodies in contrast to the large 
nucleus in untreated cells. The reduced mitochondrial 
membrane potential suggests apoptosis and assists to 
block cell death from necrosis (Baracca et al., 2003). Our 
findings also confirmed the reduced mitochondrial 
membrane potential when Hep-2 and KB cells were 
treated with quinine. Similar to our previous study 
(Krishnaveni and Suresh, 2015) above oxidative damage 
and morphological changes demonstrated that the drug 
might bring about mobile events signalling the apop-
totic activity inside the cells within 48 hours of 
treatment.   

Inhibition of inflammatory mediators are targeted to 
develop an effective strategy to prevent inflammatory 
diseases (Jung et al.,  2015;  Liu et al.,  2014). The over 
expression of iNOS, COX-2 and IL-6 has been 
previously reported in head and neck squamous cell 
carcinoma as well as in many cancers to promote the 
inflammatory response (Jabłonska  et al.,  2006; Van 
Tubergen  et al.,  2011; Mohammad  et al.,  2011). Once 
activated by transcription factors these pro-
inflammatory mediators produces high concentrations 
of NO and PEG-2 for a prolonged period of time (Kang 
et al., 2012). In the present study, Western blot analysis 
revealed that quinine was found to decrease 
inflammation through down-regulation of iNOS and 
significantly diminished COX-2 expression which could 
account for the protective role of quinine in Hep-2 and 
KB cells. IL-6, a pro-inflammatory cytokine associated 
with increased cancer cell proliferation and progression 
(Zhang et al., 2013). In fact, expression of IL-6 in the 
serum or tissue of patients with cancer correlates with 
poor prognosis (Bachelot et al., 2003). Quinine 
treatment effectively suppress pro-inflammatory 
cytokine interferon beta 2 synthesis  which might be 
acting as a  target to treat disorders linked with 
inflammation. 

p53, a tumor suppressor controls cell proliferation  and 
cell death by inducing apoptosis in response to various 
stresses (Mendoza Rodriguez and Ceron, 2001). How-
ever, overexpression of p53 mutant protein has been 
demonstrated in precancerous and cancerous lesions of 
the oral cavity (Lawall Mde and Crivelini, 2006). Our 
results were in line with these observations. Quinine 
treated Hep-2 and KB cells were found to decrease 
mutant p53 activity could account for the protective 
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role of natural alkaloid. 

Bcl2, through complete cell survival, will make possible 
the acquirement of additional mutations in other 
oncogenes, tumor suppressor genes  leading to clonal 
progression (Lee et al., 2007). Several studies 
pronounced that overexpression of Bcl-2 favors the cell 
towards abnormal proliferation through inhibiting pro-
apoptotic genes activities. Caspases are critical enzymes 
that operate in apoptosis, in particular, caspase-3 
activation is considered a convenient marker of 

apoptosis as it induces apoptosis via intinsic and 
extrinsic pathways. Caspase-3 is essential for the 
amplification of caspases 8 and 9 which initiates 
disassembly either by means of  extracellular signals or 
by releasing  mitochondrial cytochrome c. Bax and 
caspase-3 deficiency or down-regulation has been 
reported in oral cancer and other kinds of cancer cells 
including Hep-2 and KB (Kochubei  et al.,  2015; Moon  
et al.,  2013; Zhang  et al.,  2014). In the present study, 
quinine treatment to these oral cancer cells significantly 
triggers the induction of apoptosis with reduced Bcl-2, 
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up-regulated Bax, caspase-3 expressions via inhibiting 
transcription factors activities. 

NF-κB induces the expression of pro-inflammatory and 
anti-apoptotic mediators, transcription factors (Karin 
and Delhase, 2000). In NFkB cascade, cytokine activates 
IkB kinase complex-IKK. The activated IKK further 
stimulates the phosphorylation of IkBǂ, which subse-
quently allow its dissociation from NFkB, allowing 
translocation of NFkB to nucleus there by causing 
altered expression of gene. In the present study, there 
was an observed reduction in inflammatory mediators, 
anti-apoptotic Bcl2, mutant p53 and at the same time 
inducing caspase-3 and Bcl2 associated x protein 
expression in Hep2, KB oral cancer cells which might be 
due to the inhibition of NFkB signaling. 

 

Conclusion 

Quinine showed potent anti-inflammatory and apop-
totic effects through the inhibition of NF-κB, this could 
modulate the expression of pro-inflammatory and anti-
apoptotic mediators. Thus, quinine may provide a 
potential preventive candidate for inflammatory and 
apoptotic related disorders. 
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