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A B S T R A C T   

The edible endosperm of Areca catechu is recognized as a potent carcinogenic agent either consumed alone or in 
combination with tobacco. Habitual chewing of areca nut leads to orally potential malignant disorders which are 
highly effective in malignant transformation and thereby lead to oral carcinogenesis. Human buccal epithelial KB 
carcinoma cells were used as an experimental cell system to inspect the mechanistic act of aqueous extract of 
areca nut on biochemical status and their implications on transcriptional activation of cancer signaling cascade 
that could possibly trigger numerous oncogenic players and finally decides the cells fate. Extract treated cells 
showed reduced viability with altered balance between oxidants and antioxidants which lead to redox status and 
which is known to distort various biological processes within the cell system. Results of RT-PCR demonstrated 
decreased expression of BCl2, cell cycle regulators along with Activator Protein − 1 (AP-1) components. While 
Bax, p16 and p21 mRNAs showed increased expression in extract treated KB cells. Likewise, the translational 
levels of proliferation cell nuclear antigen (PCNA), tumor suppressor p53, retinoblastoma (Rb) and cyclin 
dependent kinase 4 (CDK4) were decreased along with AP-1 subunits (c-Jun/c-Fos) with increased protein levels 
of p21 in extract treated KB cells. Further, the downstream activation and regulation of AP-1 transcription factors 
could be through stress activated c-Jun – N terminal Kinase (JNK) Mitogen Activated Protein Kinases (MAPKs) 
which downregulated both Jun and Fos mRNA transcripts in areca nut extract exposed KB cells. Thus, outcome of 
the study provides insights into mechanistic path of pathogenesis of areca related disorders. Further, it could aid 
in designing new therapeutic modalities that specific targets these oncogenic players and help in disease 
management.   

1. Introduction 

Mitogen-Activated Protein Kinases (MAPKs), a class of protein ki-
nases that auto phosphorylate their own serine and threonine residues or 
phosphorylate their transcriptional substrates, to activate or to suppress 
their downstream target genes which are actively involved in modula-
tion of numerous biological progression [1]. There are ubiquitously 
expressed and evolutionarily conserved in eukaryotes and are involved 
in signaling cascade that modulate physiological and pathophysiological 

cellular responses [2]. MAPKs are known to regulate key cellular pro-
cesses such as proliferation, stress responses, apoptosis, and immune 
defense [3]. Extracellular signal regulated kinases (ERK), c-Jun N-ter-
minal kinase (JNK), and p38 isoforms of MAPKs are grouped according 
to their activation motif, structure, and function [4]. Growth factors, 
hormones and proinflammatory cytokines activate ERK, whereas JNK 
and p38 MAPKs are activated by cellular and environmental stressors [4, 
5]. Further MAP Kinases also regulate numerous transcription factor 
that are stimulated either by mitogens, growth factor, cellular or 
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environmental stress factors. 
Likewise, Activator Protein − 1 (AP-1) is one such transcription fac-

tor that is activated and regulated by MAP Kinases. AP-1, a mammalian 
dimeric transcription factor composed of Jun, Fos or Activating Tran-
scription Factor (ATF) subunits, often binds to 12-O-tetradecanoyl-
phorbol 13-acetate (TPA) responsive elements as homo or hetero dimers 
and brings about various biological processes [6]. AP-1 activity is 
regulated by a broad range of physiological and pathological stimuli, 
including cytokines, growth factors, stress signals, infections, as well as 
on oncogenic stimuli [7]. The oncogenic subunit of AP-1 gets activated 
by upstream mitogen activated protein kinases upon mitogenic activa-
tion, growth factors, stress and so on [8]. Further components of MAPKs 
i.e., ERK regulate the expression of c-Fos [9], JNK tightly regulates the 
levels of c-Jun [10] and p38 MAPKs are known to modulate the act of 
Jun and Fos subunits of AP-1 [11,12]. Since AP-1 and its upstream 
regulator mitogen activated protein kinase are activated upon cellular 
stress. The present investigation discusses about the regulatory activa-
tion of AP-1 via MAPKs on treatment with aqueous areca nut extract. 

Areca nut is a common masticator which is often used alone or in 
combination with betel leaf, slaked lime with or without tobacco [13]. 
Habitual chewing of areca nut with or without tobacco is known to cause 
harmful effects on tissues of oral cavity. Chronic usage of areca nut will 
lead to infectious lesions that lead to various oral disorders and could 
transform to oral carcinogenesis, collectively called as orally potential 
malignant disorders (OPMDs) [14,15]. Areca alkaloid arecoline is a 
significant etiological factor that is responsible to cause cytotoxicity and 
genotoxicity in various cell system [16,17]. Various active constituents 
of areca nut extract have been reported to cause decreased viability with 
increased generation of free radicals [18]. This would cause imbalance 
in cellular homeostasis and could disrupt the normal functioning of 
various cellular processes like proliferation, growth and transformation. 
The distortion in the activity of oxidants and antioxidants which further 
influences the downstream stimulation of transcription factors that 
modulate numerous cellular acts that finally decides the cells fate are to 
be studied in detail. Hence, the present investigation helps in better 
understanding the lethal effects of aqueous areca nut extract on the 
human buccal KB cells. Further, the toxic implications caused on treat-
ment of areca nut extract on the biochemical status of in vitro cells are to 
be addressed. Additional, the study aids to comprehend the influence of 
stress on treatment of areca nut extract on downstream activity of AP-1 
subunits by using specific inhibitors of MAPK components to elucidate 
the signaling cascade that could possibly be involved in pathological 
status of numerous oral disorder which could contribute to the incidence 
of oral malignancy. 

2. Material and methods 

2.1. In vitro cell culturing of human buccal cancer cells 

Buccal KB cells were procured from National Centre for Cell Science, 
Pune and were sub-cultured into roux cell culture flask in 1:3 spilt ratio 
and were placed in CO2 incubator at 37 ◦C as per standardized culture 
conditions described in earlier protocol [19]. The confluent flask con-
taining cells was further sub-cultured into 96 and 6 well culture dish for 
performing other experiments on treatment with aqueous areca nut 
extract (ANE). 

2.2. Preparation of stock solutions of ANE 

Commercially available processed nut was purchased from Sirsi, 
Uttar Kannada district, Karnataka (Largest producer of areca nut in 
India). Finely powdered nuts were subjected for extraction of aqueous 
extract as per earlier protocol [20]. The concentration of prepared areca 
nut extract was 10 % (main stock) which was further diluted to obtain 
different concentrations (0.1–1.0 %) which were used for treatment. 

2.3. Cell viability (MTT) and Reactive Oxygen Species (ROS) assay 

Briefly 3 × 103 cells/well of buccal KB cells were cultured in a 96- 
well culture plate and incubated with different concentration of ANE 
(0.1–1.0 %) for 48 h to determine the cell viability by 3-(4,5-dime-
thylthiazol-2-yl)-2,5-diphenyl tetrazolium bromide (MTT) assay 
(Himedia, India) [21]. The percentage of viable cells was directly pro-
portional to the optical density (at 540 nm) of purple colored formazan 
formed. Estimation of reactive oxygen species was carried out by 
dichlorofluorescin diacetate (DCFDA) method (Himedia, India) from 
0 to 15 min soon after the treatment of areca nut extract as per earlier 
protocol [22]. Free radicals produced in cells on exposure of ANE was 
represented as percentage of fluorescent intensity at excitation (485 nm) 
and emission (527 nm) wavelength. 

2.4. Lipid peroxidation (LPO) and Glutathione Peroxidase (GSH-Px) 
assay 

KB cells on treatment with aqueous areca nut extract of different 
concentrations (0.1–1.0 %) for 24 h were subjected for assessment of 
acid reactive malondialdehyde (MDA) as per earlier protocol [50] and 
for the enzyme activity of GSH-Px as per standard procedure [23]. The 
extract treated KB cells were lysed and equal amount of protein in lysate 
was further subjected to assess LPO and GSH-Px activity. The optical 
density of acid reactive MDA was read at 532 nm. Further, the rate of 
formation of oxidized glutathione (GSSG) was analyzed by reduction in 
the optical density at 340 nm using spectrophotometry. 

2.5. Lactate dehydrogenase (LDH) and Glutathione S Transferase (GST) 
analysis 

Leakage of lactate dehydrogenase to the cell free supernatant was 
evaluated as per earlier protocol [24]. The spent media from extract 
treated cells was collected and analyzed for quantifying LDH at 490 nm. 
The absorbance of red formazan formed was directly proportional to the 
amount of LDH released into the culture media. GST, potent antioxidant 
often engaged in reducing the excessively liberated free radicals and 
counteract against the oxidative burden. GST enzyme activity was 
estimated as per standard procedure [25]. The cell lysates of areca nut 
extract treated cell samples were assessed for GST activity and the 
reduction in activity of GST were read at 340 nm. GST enzyme activity is 
expressed as μM of GST enzyme conjugates/min/mg protein. 

2.6. RNA extraction and RT-PCR studies 

Buccal cells were cultured in a 6-well plate and was incubated with 
or without ANE (0.35 %) or inhibitors of ERK, JNK and p38 in combi-
nation with ANE for 48 h. Further, RNA was extracted from control and 
treated cell samples using TRIzol reagent as per manufacturer’s in-
structions (Sigma Aldrich, USA). The obtained RNA samples were 
quantified and subjected to reverse transcription and PCR analysis as per 
earlier protocol [26]. 2 μg of RNA from different samples were reverse 
transcribed by using superscript reverse transcriptase (Invitrogen, 
India). The synthesized cDNA was subjected to 30 cycles of PCR in a 
gradient Eppendorf thermo cycler using different forward and reverse 
primers of apoptosis, cell cycle regulators [19] and AP-1 factors [20]. 
β-actin was used as a house keeping gene and a positive control for 
normalization. Amplified PCR products were analyzed on agarose gel 
electrophoresis. 

2.7. Western blotting 

Total protein samples from ANE treated and control cells were 
extracted and assessed by Western blotting as per the earlier protocol 
[27]. The extracted protein’s concentration were determined as per 
standard procedure [28]. Further, 60 μg of protein sample from different 
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treated and untreated control samples were subjected to SDS-PAGE 
followed by transfer on to PVDF membrane electrophoretically. The 
blotted membrane was blocked with 5 % Carnation fat-free milk at room 
temperature for 1 h followed by treatment of primary antibody (PCNA, 
CDK4, RB, p53, p21, c-Jun or c-Fos) in blocking solution (1:1000) (Neo 
Biolab, USA) for overnight, then washed in TBST for twice or thrice and 
later incubated with anti-rabbit/mouse secondary antibody-HRP 
(1:1000) (Merck-Millipore, India) for 2 h at room temperature. Immu-
noreactive proteins bands were visualized using Luminata Forte Western 
HRP substrate as per the requirements provided by the supplier in a 
Syngene Gel Documentation system (MD, USA). Immunoreactive bands 
were quantified using image analysis software (ImageJ). GAPDH was 
used as a positive control and for normalization. 

2.8. Statistical analysis 

Statistical analysis for cell viability/oxidant and antioxidant assays 
was performed by Student’s t-test. Statistical analysis for RT-PCR and 
blotting analysis was performed by using one-way ANOVA followed by 
post hoc Tukey test. Experimental data were represented as mean ± SD 
from at least three independent experiments. Difference between control 
and ANE treated cell samples were considered significant if the level was 

*P < 0.05, **P < 0.01 and ***P < 0.001 for Student’s t-test while *P <
0.05 for one-way ANOVA. 

3. Results 

3.1. Effect of ANE on cell viability, oxidant, and anti-oxidant levels in 
buccal KB cells 

3.1.1. ANE amplified the liberation of free radicals with reduction in 
viability of KB cells 

Buccal cells on were treated with different concentration of ANE to 
determine cell viability by MTT assay and ROS generation by DCFDA 
method. Results of the study showed increase in concentration of ANE 
increased the generation of free radicals with decreased viability of KB 
cells when compared to untreated control. Maximum of 2.7-fold in-
crease in generation of ROS was observed at higher concentration of 
ANE (1%) (Fig. 1a) with 90% reduction in viability of KB cells (Fig. 1b). 
The 50% inhibitory concentration was recorded at 0.35% ANE in buccal 
KB cells. Therefore, the cytotoxic nature of areca nut extract resulted in 
elicitation of free radicals that could be responsible for decreased cell 
viability of human buccal KB cells. 

Fig. 1(a&b). Generation of ROS and its consequences on viability of KB cells: Results were stated as (a) % fluorescence intensity (ROS) and (b) % of viable cells 
(MTT) as compared to control (mean ± SD, n = 4). The represented data was statistically significant distinct from control group if *P < 0.05, **P < 0.01 and ***P <
0.001 by performing student’s t-test. 

Fig. 1(c&d). Depicts the level of lipid peroxidation and the GPx activity in ANE treated KB cells: (c) The levels of lipid peroxidation is expressed as n moles of MDA/ 
μg of protein and (d) GPx enzyme activity is expressed as mM of glutathione peroxidase oxidized/min/mg protein. The OD values were represented as mean ± SD (n 
= 3). The represented data was statistically significant distinct from control group if *P < 0.05, **P < 0.01 and ***P < 0.001 by performing student’s t-test. 
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3.1.2. Decreased enzymatic functioning of GPx augmented lipid 
peroxidation on ANE exposure 

ANE treated KB cells were subjected to LPO and GPx assay to 
determine the levels of lipid peroxides and the activity of GPx, respec-
tively. Results showed increased malondialdehyde (MDA) levels along 
with decreased enzyme activity of glutathione peroxidase with 
increasing concentration of aqueous areca nut extract. About 1.8-fold 
rise in formation of MDA was observed at 1% concentration of ANE as 
compared to control (Fig. 1c). While a maximum of 57% decline in the 
action of glutathione peroxidase enzyme was recorded at 1 % concen-
tration of ANE when compared to untreated control sample (Fig. 1d). 
Thus, results of the study confirms the lethal effect of ANE in KB cell with 
increased generation of free radicals that lead to increased degradation 
of lipid moieties which could be due to lack of antioxidant defensive 
action of GPx in detoxifying the liberated free radicals. 

3.1.3. Loss of membrane integrity with decreased GST activity in ANE 
treated buccal cells 

ANE exposed buccal KB cells were assessed for loss of membrane 
integrity and GST activity. Results of the study showed that ANE treated 
cells showed increased leakage of LDH into culture supernatant with a 
maximum of 4-fold increase in leakage of LDH was noted at higher 
concentration of ANE (1%) as compared to control (Fig. 1e). While the 
enzyme activity of GST was found to be decreased with increasing 
concentration of areca nut extract. A maximum of 52% decrease in ac-
tivity of GST was observed at 1% areca nut extract as compared to 
control (Fig. 1f). Further results of the study depicts the detrimental 

effect of ANE on KB cells with increased leakage of LDH that may cause 
increased membrane damage due to excessive production of free radi-
cals as a result of decreased activity of potent antioxidant (GST) that 
could possibly reduce the viability of KB cells. 

3.2. Impact on mRNA levels of aqueous areca nut extract on apoptosis 
and cell cycle progression 

3.2.1. ANE induced apoptosis by decreased mRNA levels of anti-apoptotic 
BCL2 in KB cells 

The mRNA expression of anti and pro apoptotic genes in ANE treated 
KB cells were analyzed by RT-PCR studies. Outcome of the study 
demonstrated that 0.25 and 0.35 % ANE showed decreased mRNA 
expression of BCL2 by 28 and 75 % respectively. Wherein the pro- 
apoptotic Bax showed a marginal increase in the level of mRNA 
expression when compared to control (Fig. 2a). This altered ratio be-
tween anti and pro apoptotic proteins BCL2/Bax could be due to the 
lethal effect of areca nut extract that has driven the cells to undergo the 
programmed cell death. 

3.2.2. Down regulated expression of Cyclin and its dependent kinases in 
ANE treated KB cells 

The mRNA expression of Cyclin E1, Cyclin D1, CDK4, Rb, E2F, p53, 
p21 and p16 on treatment with ANE was examined by RT-PCR studies. 
Results of the study showed that aqueous areca nut extract (at concen-
trations 0.25 and 0.35 %) treated KB cells showed decreased mRNA 
levels of cyclin E1 by 44 and 54%, cyclin D1 by 72 and 78%, CDK4 by 18 

Fig. 1(e&f). Displays increased leakage of LDH with diminished activity of GST in ANE treated KB cells: Results of (e) LDH is expressed as n moles/mg protein and (f) 
GST activity as μM of Chloro Dinitro Benzene conjugated/min/mg protein as compared to control. The OD values were represented as mean ± SD (n = 3). The 
represented data was statistically significant distinct from control group if *P < 0.05, **P < 0.01 and ***P < 0.001 by performing student’s t-test. 

Fig. 2a. Indicates the mRNA expression of apoptotic genes in ANE treated buccal cells (Reverse transcription PCR): Data presented are mean ± SD (n = 3) and 
changes in mRNA expression of apoptotic genes are statistically significant, if *P < 0.05 when compared with control and was evaluated using one-way ANOVA 
followed by post hoc Tukey test. The bar graph represents their respective densitometric analysis. 
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and 73%, Rb by 40 and 63%, E2F by 35 and 42% and p53 by 40 and 85% 
respectively when compared to untreated control cell samples. While the 
mRNA level of p16 (1.9 and 5.0-fold) and p21 (2.1 and 2.2-fold) was 
found to be significantly upregulated in KB cells on treatment with 0.25 
and 0.35 % ANE respectively (Fig. 2b). Thereby results of the study 
showed the increased expression of CDK inhibitor p16 and p21 which 
could possibly trigger G1/S cell cycle arrest by downregulating the cell 
cycle regulators which are involved in transition of G1/S phase in ANE 
treated KB cells. 

3.2.3. Decreased protein levels of major cell cycle regulators on ANE 
treatment in KB cells 

Cells were treated with different concentrations of aqueous areca nut 
extract for 48 h and were analyzed for protein levels of PCNA, CDK4, RB, 
p53 and p21 by western blotting. KB cells on treatment with ANE (0.25 
and 0.35%) showed decreased protein levels of PCNA by 64 and 85%, 
CDK4 by 34 and 63%, RB by 31 and 57% and p53 by 39 and 51% 
respectively in a dose dependent manner as compared to control. While 
the protein levels of p21 were found to be significantly increased by 2.5- 

fold at 0.35 % concentration of aqueous areca nut extract in treated KB 
cells as compared to control (Fig. 2c). Thereby, the results of mRNA 
transcripts were in accordance with protein levels which in turn con-
firms the detrimental effect of aqueous areca nut extract in triggering 
G1/S phase cell cycle arrest and may drive the cells to undergo 
apoptosis. 

3.3. Effect of areca nut extract on mRNA and protein levels of AP-1 
transcription factors 

3.3.1. ANE downregulated the mRNA transcripts of Jun/Fos AP-1 factors 
in KB cells 

The mRNA levels Jun and Fos AP-1 subunits in aqueous areca nut 
extract treated KB cells were analyzed by RT-PCR. Results of the study 
showed decreased mRNA expression of Jun and Fos family members of 
AP-1 factors in a dose dependent manner in treated KB cells as compared 
to control. There was a significant decrease in mRNA levels of c Jun by 
33 and 44%, Jun B by 11 and 29%, c Fos by 34 and 62%, Fra 1 by 40 and 
67% and Fra 2 by 40 and 75% with (at concentration 0.25 and 0.35 %) 

Fig. 2b. Represents the effect of ANE on the expression of cell cycle regulators in KB cells (Reverse transcription PCR): Data shown are mean ± SD (n = 3) and 
differences in mRNA levels of cell cycle regulators are statistically significant, if *P < 0.05 when compared to control, as analyzed using one-way ANOVA followed by 
post hoc Tukey test. The bar graph represents their respective densitometric analysis. 

Fig. 2c. Shows the implications of ANE on protein levels of cell cycle regulators in KB cells (Western Blotting): Data shown are mean ± SD (n = 3) and differences in 
protein levels of cell cycle regulators are statistically significant: if *P < 0.05 compared with control using one-way ANOVA followed by post hoc Tukey test. The bar 
graph represents their respective densitometric analysis. 
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Fig. 3a. Shows the effect of ANE on the mRNA expression of AP-1 factors in KB cells (Reverse transcription PCR): Data shown are mean ± SD (n = 3) and differences 
in mRNA levels of AP-1 factors are statistically significant, if *P < 0.05 compared with control, as analyzed using one-way ANOVA followed by post hoc Tukey test. 
The bar graph represents their respective densitometric analysis. 

Fig. 3b. Blot results shows the effect of ANE on the protein levels of c-Jun and c-Fos AP-1 factors in KB cells (Western Blotting): Data shown are mean ± SD (n = 3) 
and differences in protein levels of c- Jun and c- Fos AP-1 factors are statistically significant, if *P < 0.05 compared with control, as analyzed using one-way ANOVA 
followed by post hoc Tukey test. The bar graph represents their respective densitometric analysis. 

Fig. 4a. Represents the outcome of U0126 on the expression of AP-1 factors in ANE treated KB cells (Reverse transcription PCR): Data shown are mean ± SD (n = 3) 
and differences in mRNA levels of AP-1 factors are statistically significant: if *P < 0.05 compared with control and #P < 0.05 as compared to areca nut values using 
one-way ANOVA followed by post hoc Tukey test. The bar graph represents their respective densitometric analysis. 
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aqueous areca nut extract treated KB cells respectively as compared to 
control (Fig. 3a). Jun and Fos AP-1 factors are known to be actively 
involved in regulation of cell growth, proliferation, and death. Thus, RT- 
PCR studies displayed decreased expression of Jun and Fos AP-1 sub-
units that are prime for modulating proliferative status in extract treated 
cells which exert its lethal effect on KB cells and drive them to undergo 
apoptosis. 

3.3.2. Decreased protein levels of c-Jun and c-Fos AP-1 factors in ANE 
treated cells 

KB cells on treatment with different concentration of ANE was 
analyzed for protein levels of c-Jun and c-Fos AP-1 subunits by western 
blotting. Results of the studies showed decreased protein levels of c-Jun 
and c-Fos in a dose dependent manner on treatment with aqueous areca 
nut extract in KB cells as compared to control (Fig. 3b). KB cells on 
treatment with 0.25 and 0.35% aqueous areca nut extract showed 
downregulated protein levels of c-Jun by 24 and 71 % and c-Fos by 45 
and 57% respectively as compared to control. Results of the study are in 
accordance with that of mRNA levels of AP-1 factor, with decreased 
protein levels of c-Jun and c-Fos AP-1 members that are engaged in 
regulation of various biological processes. 

3.4. Role of MAPK in activation of AP-1 transcriptional factor 

3.4.1. Effect of ERK inhibitor (U0126) on the mRNA expression of AP-1 
factors in ANE treated KB cells 

KB cells were pretreated with U0126 inhibitor for 1 h before treat-
ment with ANE for 48 h and were compared with cells treated only with 
areca nut extract to study the role of ERK pathway on downstream 
expression pattern of AP-1 subunits. Cells on treatment with (0.35 %) 
areca nut extract showed significant decrease in the mRNA expression of 
c-Jun by 37 %, c-Fos by 48 % and Fra 1 by 10 % as compared to control. 
KB cells on treatment in combination with U0126 along with 0.35 % 
areca nut extract showed a significant decrease in mRNA levels of c-Jun 
by 87 %, Jun D by 23% and c-Fos by 30 % as compared to areca nut 
treated KB cells (Fig. 4a) 

3.4.2. Effect of JNK inhibitor (SP600125) on the mRNA expression of AP- 
1 factors in ANE treated KB cells 

KB cells were pretreated with SP600125 inhibitor for 1 h before 
treatment with aqueous areca nut extract for 48 h and compared with 
cells treated only with areca nut extract to study the role of JNK pathway 
on downstream expression pattern of AP-1 subunits. Cells treated with 

Fig. 4b. Effect of SP600125 on the expression of AP-1 factors in aqueous areca nut extract treated KB cells (Reverse transcription PCR): Data shown are mean ± SD 
(n = 3) and differences in mRNA levels of AP-1 factors are statistically significant: if *P < 0.05 compared with control and #P < 0.05 as compared to areca nut values 
using one-way ANOVA followed by post hoc Tukey test. The bar graph represents their respective densitometric analysis. 

Fig. 4c. Effect of SB202190 on the expression of AP-1 factors in aqueous areca nut extract treated KB cells (Reverse transcription PCR): Data shown are mean ± SD 
(n = 3) and differences in mRNA levels of AP-1 factors are statistically significant: if *P < 0.05 compared with control and #P < 0.05 as compared to areca nut values 
using one-way ANOVA followed by post hoc Tukey test. The bar graph represents their respective densitometric analysis. 
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0.35 % areca nut extract showed prominent decrease in mRNA expres-
sion of c-Jun by 20 %, c-Fos by 74 % and Fra-2 by 43 % subunits of AP-1 
as compared control. Cells on treatment in combination with SP600125 
along with areca nut extract; showed significant downregulated mRNA 
levels of c-Jun by 53 %, Jun B and Jun D by 41 %, c-Fos by 47 % and Fra- 
2 by 11 % as compared to areca nut extract treated cells (Fig. 4b). 

3.4.3. Effect of p38 inhibitor (SB202190) on mRNA levels of AP-1 factors 
in ANE treated KB cells 

KB cells were pretreated with SB202190 inhibitor for 1 h before 
treatment with aqueous areca nut extract for 48 h and compared with 
cells treated only with areca nut extract to study the role of p38 pathway 
on downstream expression pattern of AP-1 subunits. Cells treated with 
0.35 % areca nut extract showed significant decrease in the mRNA 
expression of c Jun by 37 %, Jun B by 27 %, and c Fos by 41 % as 
compared control. Cells on treatment in combination with SB202190 
along with areca nut extract showed significant decrease in mRNA levels 
of Jun D by 51 %, c-Fos by 11 %, and Fra 2 by 42 % as compared to areca 
nut extract treated KB cells (Fig. 4c). 

4. Discussion 

Areca catechu, a popularly known masticator and a psychoactive 
substance [29] often used in numerous geographically locations in and 
around the world specially in Asian subcontinent from centuries [30]. It 
is reported to possess several medicinal properties and has been used in 
traditional Indian medicine for managing several ailments [31]. Besides 
habitual chewing of betel nut it is also reported to be connected with the 
development of several pathologies associated with the oral cavity 
including the development of malignant conditions [16,17]. The Inter-
national agency for Research on Cancer (IARC) has categorized areca 
nut as a Group I carcinogen [32] as areca nut chewing along with to-
bacco, piper betel leaf along with lime or alone has recognized areca nut 
as a major etiological factor in advancement of oral carcinogenesis [33]. 
Although several studies report the beneficial/detrimental effects of 
areca nut, studies pertaining to its toxicity and its detailed mechanistic 
act are scarce. Most of the reports on areca nut indicate the lethal effect 
on prolonged exposure of the nut at low to moderate concentration. 
Present study efforts to examine the toxicological implications of areca 
nut especially on exposure of small to high-level dose for a shorter in-
cubation time has not clearly understood. Hence, the current study is an 
attempt to understand the effects of short-term exposure to a high-level 
dose of ANE on appropriate cell culture model. Human buccal KB cells 
were used as model system to inspect the toxicological effects of ANE 
and their implications on biochemical status which would further bring 
about alterations in various biological processes such as cell cycle con-
trol and apoptosis. 

Results of cell viability and ROS assay displayed decreased viability 
of KB cells with induced production of reactive oxygen species thereby 
confirms the lethal effect of ANE with that of untreated control group. 
Similar annotations were observed in many experimental models that 
exhibited increased generation of ROS [34] with induced cytotoxicity 
and genotoxicity on ANE exposure [35,36]. Excessive production of free 
radicals was responsible for increased lipid peroxidation with high levels 
of acid reactive malondialdehyde levels which could be a consequence 
of decreased activity of detoxifying antioxidant GPx in ANE treated KB 
cells. These findings were in accordance with previous tryouts that 
showed enhanced liberation of acid-reactive MDA in human oral kera-
tinocytes with amplified ROS on exposure of gutkha and pan masala 
extracts [37]. Lipid degradation led to membrane destruction with 
consequential seepage of lactate dehydrogenase to culture supernatant 
along with decreased enzyme activity of GST which further ensued in 
reduced viability of buccal KB cells on treatment of areca nut extract. 
Earlier studies of Gurunathan et al. (2013) and Kumari and Dutta (2013) 
marked the increased generation of free radicals with loss of membrane 
integrity due to persistent exposure of gutkha and pan masala in oral 

keratinocytes. Similarly, oral cancer patients who were frequently sub-
jected to betel nut chewing showed deteriorated readings of the anti-
oxidant enzymes [38]. Aqueous areca nut extract exhibited altered 
balance between production and elimination of liberated free radicals 
that prompted redox status in buccal KB cells which could affect both at 
transcriptional as well as translational levels and may be responsible for 
modulation of several cellular targets which actively participate in 
regulation of various biological functions like proliferation, growth, 
transformation, apoptosis and so on. 

The consequence caused on treatment of aqueous areca nut extract in 
KB cells demonstrated decreased mRNA levels of anti-apoptotic BCL2 
with increased expression of pro-apoptotic Bax as compared to control. 
Therefore, altered the ratio of Bax/BCL2 triggered the cells to undergo 
apoptosis. Earlier studies carried out in human oral and tongue squa-
mous cell carcinoma (SCC), HSC-2 and HSC-3 and HaCaT and Hel 
(human erythroleukemia) cells exhibited the induction of apoptosis on 
treatment with areca nut extract [39] with altered Bax/Bcl2 ratio. 
Apoptotic events could be due to an irreversible arrest in cell cycle 
progression. Similarly, ANE treated buccal epithelial cells underwent 
cell cycle arrest at G1/S phase with decreased mRNA expression of 
Cyclin D1, Cyclin E1, CDK4, RB, E2F and p53 with increased expression 
of p16 and p21 which take part in transition of cells from G1 to S phase 
of the cell cycle. Additionally, translational levels of PCNA, CDK4, RB 
and p53 were downregulated along with increased protein expression of 
p21 in ANE treated KB cells. Zhou et al. [40], reported HaCaT cells 
indicated lowered mRNA and blot readings of Cyclin D1, CDK4 and E2F 
the major cell cycle regulators that initiate cell cycle arrest at G1/S 
phase on areca alkaloid arecoline exposure. Parallel results were 
observed in oral carcinoma 3 cells upon areca nut extract exposure for 
24 h which displayed G1/S phase of cell cycle arrest [41]. The results of 
the study reveal that the G1/S phase arrest of cell cycle could be as a due 
to upregulated levels of p21 and p16 CDK inhibitor. The upstream 
activation of p21 may be independent of p53 in buccal KB cells on ANE 
treatment. Comparable findings were noticed in A549 lung cells on 
treatment with ANE exhibited cell cycle arrest at G1/S phase with 
increased p21 levels with decreased functioning of p53 [19]. 

The regulation of downstream apoptotic and cell cycle regulators is 
modulated by Activator Protein-1 transcription factor that are respon-
sible for carrying out various cellular functions. Activator Protein-1 
factor encode genes that behave as “immediate or early” genes and 
are quickly transcribed in response to various extracellular stimuli, such 
as growth factor [42,43] and internal and external stressors [44,45]. 
However, the present study was interested to record the results at 48 h 
time interval and with IC50 and a dose less than IC50 value of areca nut 
extract exposure to study the responsiveness of the cell system in terms 
of induction or repression of AP-1 activity. The research showed reduced 
expression of AP-1 transcripts along with reduced translational levels of 
c-Jun and c-Fos on exposure of ANE in buccal KB cells. Thereby, the 
reduced activity of c-Jun AP-1 inhibited the mRNA transcripts of cyclin 
D1, tumor suppressor p53 with increased levels of CDK inhibitor p21 
which play a critical role in arresting buccal cells at G1/S phase of cell 
cycle on treatment of ANE. 

Additionally, these AP-1 factors are activated and regulated by up-
stream MAPKs. To explicate the activation of AP-1 was through MAPKs 
specific inhibitors of ERK, JNK and p38 MAPKs were used along with 
aqueous areca nut extract to the study mRNA expression pattern of Jun 
and Fos AP-1 subunits. The results of the study showed reduced mRNA 
levels of almost all the AP-1 subunits on treatment of JNK inhibitor alone 
and in combination with aqueous areca nut extract in KB cells when 
compared to cells on treatment with ERK and p38 MAPK and areca nut 
extract. Areca nut extract exhibited pleiotropic effects on many biolog-
ical systems. Reports have confirmed the activation of JNK by induced 
ROS [46]. Pant et al. reported the activation TGF-β pathway in oral 
submucous fibrosis an areca related oral disorder is induced through 
JNK/ATF2/Jun axis [47]. Further, areca nut extract treatment SAS and 
OC3 cells showed low and transient JNK activation [41]. Thereby, ROS 
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act as a potent signaling molecule which aid in activation of numerous 
signaling cascade which could act as a double-edged sword that 
demonstrated both beneficial and harmful effects. Additionally, JNK and 
p38 MAPKs and their targets when deregulated plays a crucial role in 
malignant transformation which could be the possible trigger in the 
present study and numerous reports are in correspondence with the 
above results [48]. Further, these oncogenic players which are down-
stream targets of JNK MAPKs could possibly be the therapeutic targets 
for cure of various cancer forms in the near future [49]. 

5. Conclusion 

The research investigation illuminates the act of aqueous areca nut 
extract on buccal KB cells. The study provides inference on toxic effect of 
aqueous areca nut extract on biochemical parameters that could influ-
ence various transcriptional factors which regulate their respective 
target genes which works in a coordinated manner to perform various 
cellular functions and thereby decides the fate of the cell (Fig. 5). 
Further, the experimental analysis aids in understanding the patholog-
ical state of various oral disorders caused due to constant usage of areca 
nut extract and helps in designing new therapeutic modalities that 
specifically target those marker genes thereby facilitates in better dis-
ease management. 
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