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Introduction 

Cervical cancer comprises the third most commonly 
detected cancer in females throughout the world. In the 
year 2008, more than five lac cases of cervical cancer 
were detected and more than 2.7 lac deaths were caused 
by cervical cancer (Ferlay et al., 2010). In most of the 
cervical cancer patients, contraction papillomavirus is 
the main cause of mortality (Steben and Duarte-Franco, 
2007). It has also been observed that the initial stage of 
cervical cancer is not associated with the symptoms 
making its detection difficult (Steben and Duarte-
Franco, 2007). However, the development new treat-
ment strategies and discovery of novel molecules have 
led to a reduction in the rate of cervical cancer deaths. 
Despite the reduction in the number of deaths, cervical 
cancer continues to be a challenge for clinicians (Jemal 

et al., 2007). Therefore, the development of a novel and 
efficient treatment for cervical cancer is desired. 

Natural products have an advantage of being safe and 

efficient in the treatment of various diseases over the 

synthetic compounds (Toh et al., 2011). Glycyrrhiza 

glabra is a herbaceous plant with a wide range of 

traditional medicinal applications. The extract of G. 

glabra, known as licorice, was used in China for the 

treatment of swelling, injury and detoxification (Wang 

and Nixon, 2001; Nomura and Fukai, 1998). One of the 

active compounds present in licorice is glycyrrhizin 

(Baltina, 2003) which is found to inhibit inflammatory 

reaction (Rackova et al., 2007), enhances immunity 

(Takahara et al., 1994), prevents ulcer formation (He et 

al., 2001) and acts as anti-tumor agent (Thirugnanam et 

al., 2008; Niwa et al., 2007). 18α-Glycyrrhetinic acid is 
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Abstract 

The present study was aimed to investigate the effect of 18α-glycyrrhetinic 
acid on induction of apoptosis and DNA-damage in HR5-CL11 cervical 
carcinoma cells. The results revealed 73.6% reduction in HR5-CL11 cell 
viability on treatment with 5 µM concentration of 18α-glycyrrhetinic acid for 
48 hours. The DNA of 18α-glycyrrhetinic acid-treated cells showed a ladder-
like pattern. Fragmentation of DNA in the 18α-glycyrrhetinic acid-treated 
cells was markedly higher compared to the control cells. Examination of the 
DNA damage in HR5-CL11 cells after treatment with 18α-glycyrrhetinic acid 
showed breakage in DNA strands and formation of comet-like structures. The 
frequency of comet formation in 18α-glycyrrhetinic acid treated cells was 
found to be 7.8 after 48 hours. The population of cells with more than four 
γH2AX foci was increased to 38.6% on treatment with 5 µM concentration of 
18α-glycyrrhetinic acid. Thus, 18α-glycyrrhetinic acid inhibits the viability of 
HR5-CL11 cervical cancer cells through induction of apoptosis by DNA 
damage and can be used for the treatment of cervical cancer.  
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another active compound present in the licorice which 

exists as a trans-isomer (Zeng et al., 2006; Ha et al., 

1991). 

In the present study, the effect of 18α-glycyrrhetinic 
acid on cervical cancer cells along with the mechanism 
was investigated. It was observed that treatment of 
cervical cancer cells with 18α-glycyrrhetinic acid 
inhibited cell viability, induced DNA damage and 
apoptosis.   

Materials and Methods 

Cell line 

HR5-CL11 cervical carcinoma cell line was purchased 
from American Type Culture Collection (USA). The 
cells were then cultured in Dulbecco's modified Eagle's 
medium (DMEM) containing 10% fetal bovine serum 
(FBS). The medium was also supplemented with 
antibiotics like streptomycin and penicillin (1%). The 
cells were incubated in a 5% CO2 and 95% air incubator 
at 37°C. 

Reagents and chemicals 

18α-Glycyrrhetinic acid (purity>98%) was purchased 
from Shanghai Sangon Biotech Co., Ltd. (China). 
Dimethylsulfoxide, DMEM and 3-(4,5-dimethylthiazol-
2-yl)-2, 5-diphenyltetrazolium bromide (MTT) were
supplied by Gibco/Life Technologies (USA). Tween 20
and propidium iodide were obtained from Sigma-
Aldrich Corp. (USA).

Analysis of cell viability (Video Clip)

HR5-CL11 cervical carcinoma cells at a density of 5 x 
106 cells per well were put into 96-well plates and 
allowed to adhere for overnight. The cells were then 
incubated with various concentrations of 18α-glycy-
rrhetinic acid (1, 2, 3, 4 and 5 µM) for 12, 24, 36, 48 and 
72 hours. After incubation, 50 µL of 5 mg/mL MTT was 
put into each well of the plate and incubated for 4 hours 
at 37°C. Dimethyl sulfoxide (200 µL) was added to each 
well of the plate to dissolve the resulting formazan 
crystals if formed. Absorbance for each well was 
measured by a microplate spectrophotometer (Bio-Tek 
Instruments Inc., USA) at 565 nm. The results were 
presented by comparison with the control which was 
assigned arbitrarily a value of 100% viability. The 
experiments for analysis of viability were performed 
three times independently for each well. 

Analysis of DNA fragmentation 

HR5-CL11 cervical carcinoma cells were incubated with 
1, 2, 3, 4 and 5 µM concentrations of 18α-glycyrrhetinic 
acid for 12, 24, 36, 48 and 72 hours. The nitrosamine 
derivative, N-methyl-N-nitro-N-nitrosoguanidine (10 
µM) was taken as the positive control. After incubation, 
the cells were collected and then washed with 

phosphate-buffered saline. DNA from the control and 
ginsenoside‑Rg5-treated cells was isolated using 
commercially available Wizard Genomic DNA purifica-
tion kit (Gibco/Life Technologies, USA). For the analy-
sis of DNA fragmentation in the cells electrophoresis 
was performed using urea polyacrylamide gel after 
staining with silver nitrate solution. 

Analysis of cell apoptosis 

Analysis of the induction of apoptosis in HR5-CL11 
cervical carcinoma cells was performed using the BD 
Accuri™ C6 flow cytometer (BD Biosciences, USA). 
Propidium iodide staining (Invitrogen Life Techno-
logies) was used for the quantification of PBS exposure 
on the extracellular side of the cell membrane. The cells 
after 24 hours of incubation in six-well plates were 
treated with 18α-glycyrrhetinic acid for 48 hours. The 
cells were harvested and then centrifuged to collect the 
cell pellets which were subjected to PBS washing. 
Following washing, the cells were incubated with 
propidium iodide (5 µL) for a period of 20 min under 
dark conditions. Then 1x binding buffer (400 µL) was 
put into each of the tube and induction of apoptosis 
was analyzed using flow cytometry. 

Alkaline comet assay 

HR5-CL11 cervical carcinoma cells were treated with 1, 
2, 3, 4 and 5 µM concentrations of 18α-glycyrrhetinic 
acid for 48 hours. Then the cells were harvested, 
subjected to PBS washing and finally put in PBS (pH 
7.4). The cells at a density of 2 x 105 were treated with 
1% molten low melting point agarose at room 
temperature. The Olympus BX53 fluorescent micros-
cope (Olympus Corporation, Japan) was used to 
capture the images of the cells pasted on to microscopic 
slides. 

Analysis of γH2AX staining 

Into the six-well culture plates, HR5-CL11 cells were 
distributed at a density of 2 x 106 cells per plate. The 
cells were incubated with 1, 2, 3, 4 and 5 µM concen-
trations of 18α-glycyrrhetinic acid for 48 hours. The 
cells were then subjected to paraformaldehyde fixing, 
PBS washing and finally 1% Triton‑X 100 mediated 
permeabilization. Incubation with primary monoclonal 
goat anti‑gH2AX antibody (1:1, 500; Cell Signa-
lling Technology, Inc., USA) for 12 hours was
followed by anti-rabbit secondary antibodies (1:360, 
Cell Signaling Technology, Inc.) incubation for 2 hours. 
The cells were treated with DAPI (1 mg/mL) for 30 
min at room temperature. The Olympus BX53 
fluorescent microscope (Olympus Corporation) 
was used for the capturing of images. 

Statistical analysis 

The data presented are the means ± standard deviation. 
Determination of the statistically significant differences 
was performed by SPSS software, version 20.0 (SPSS, 
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Inc., Chicago, IL, USA). The significant differences were 
tested using Student's t-test or one-way analysis of 
variance. p<0.05 was considered to indicate a 
statistically significant difference.  

Results 

Growth and viability of cervical carcinoma cells 

HR5-CL11 cells were treated with 18α-glycyrrhetinic 
acid (1, 2, 3, 4 and 5 µM) for 12, 24, 36 48, and 72 hours. 
A concentration- and time-dependent decrease was 
observed in the cell viability of HR5-CL11 cell cultures 
(Figure 1). Among the tested concentrations viability 
was decreased by 73.6% in the cells treated with 5 µM 
concentration of 18α-glycyrrhetinic acid compared to 
control after 48 hours of the treatment (Figure 1). 

Induction of apoptosis in cervical carcinoma cells 

HR5-CL11 cells were treated with various 
concentrations of 18α-glycyrrhetinic acid for 48 hours 
and then examined for DNA fragmentation and 
apoptosis. DNA of the 18α-glycyrrhetinic acid treated 
cells showed ladder-like pattern after 48 hours (Figure 
2A). Fragmentation of DNA in the 18α-glycyrrhetinic 
acid treated cells was markedly higher compared to the 
control cells. Flow cytometry revealed a markedly 
higher number of apoptotic cells in the cultures treated 
with 5 µM concentration of 18α-glycyrrhetinic acid after 
48 hours (Figure 2B). 

DNA of cervical carcinoma cells 

In the HR5-CL11 cells treatment with 18α-glycyrrhe-
tinic acid caused breakage of DNA strands which then 

assembled to form comet-like structures. However, the 
DNA of control cells was found to be normal without 
any breakage and the comet-like structures were absent. 
The frequency of comet formation in 18α-glycyrrhetinic 
acid treated cells was found to be 7.8 after 48 hours. The 
length of tail and its moment was significantly (p<0.05) 
higher in the 18α-glycyrrhetinic acid treated cells 
compared to the control cells (Figure 3). 

Appearance of γH2AX foci 

Analysis of the effect of 18α-glycyrrhetinic acid showed 
a significant increase in the population of HR5-CL11 
cells with more than four γH2AX foci compared to the 
control cells (Figure 4). The population of cells with 
more than four γH2AX foci was increased to 38.6% on 
treatment with 5 µM concentration of 18α-
glycyrrhetinic acid for 48 hours. 

Discussion 

The present study demonstrates the role of 18α-
glycyrrhetinic acid in inhibition of cervical cancer cell 
growth and viability through induction of DNA 
damage and apoptosis. Natural products have an 
advantage of being safe and efficient in the treatment of 
various diseases over the synthetic compounds (Toh et 
al., 2001). 

Glycyrrhizin treatment in prostate cancer cells leads to 
the inhibition of growth and reduction in the cell 
viability (Thirugnanam et al., 2008). The results from 
the present study demonstrated that 18α-glycyrrhetinic 
acid treatment induced concentration and time-
dependent reduction in the viability of cervical cancer 

Figure 1: Effect of 18α-glycyrrhetinic acid on inhibition in the viability of HR5-CL11 cervical cancer cells  

The cells were treated with 1, 2, 3, 4 and 5 µM concentration of 18α-glycyrrhetinic acid for 12, 24, 36 48, and 72 hours. The cell viability was then 
determined using an MTT assay. The results were compared with control which was assigned 100% viability. The data presented are the mean ± 
standard deviation of the experiments performed three times independently. ap<0.05, and bp<0.01 and vs control cultures  
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cells. It reduced the viability of HR5-CL11 cells after 36 
hours of the treatment. Cell death in cancer tissue-scan 
be induced by various mechanisms like necrosis, 
mitotic catastrophe, apoptosis etc. but the commonly 
observed one is apoptosis (Bras et al., 2005; Edinger and 
Thompson, 2004). The process of cell apoptosis is 
caused by various processes which lead to DNA 
damage and fragmentation (Robertson and Orrenius, 
2002). 

In the present study, treatment of HR5-CL11 cells with 
various concentrations of 18α-glycyrrhetinic acid led to 
a ladder-like pattern of DNA after 48 hours. DNA 
fragmentation was markedly higher in the 18α-
glycyrrhetinic acid treated cells compared to the control 
cells. The 18α-glycyrrhetinic acid treatment caused 
induction of apoptosis in markedly higher proportion 
of cells compared to the control cells. 

Like 18α-glycyrrhetinic acid, tanshinone IIA also causes 
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Figure 2: Effect of 18α-glycyrrhetinic acid on induction of apoptosis in HR5-CL11 cells. (A) Fragmentation of DNA in HR5-CL11 
cells by 18α-glycyrrhetinic acid treatment at various concentrations. (B) Induction of apoptotic in HR5-CL11 cells on treatment 
with 18α-glycyrrhetinic acid and nitroso derivative control. The data presented are the mean ± standard error of the three exper-
iments performed independently. ap<0.05 and bp<0.01, compared to the control cell cultures 
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Figure 3: Images of the cells obtained during alkaline gel electrophoresis following18α-glycyrrhetinic acid treatment. The posi-
tive control used in the experiment was a derivative of nitosoamine 
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death in cervical cancer cells (Li et al., 2015). The 
mechanism of cell death is different. Tanshinone IIA 
inactivates Akt and induces caspase-dependent death 
via the mitochondrial pathway. Anticancer activity of 
oleanolic acid methyl ester derivative in HeLa cervical 
cancer cells is mediated through apoptosis induction 
and reactive oxygen species production (Song et al., 
2015). 

Induction of DNA damage can be determined by the 
analysis of γH2AX accumulation in the nucleus (Yu et 
al., 2006). The results from the present study 
demonstrated that 18α-glycyrrhetinic acid significantly 
increased the population of HR5-CL11 cells possessing 
more than four γH2AX foci. Treatment with 5 µM 
concentration of 18α-glycyrrhetinic acid for 48 hours 
increased the population of cells with more than four 
γH2AX foci to 38.6%. 

Conclusion 

18α-Glycyrrhetinic acid reduces the viability of cervical 
cancer cells through induction of DNA damage. Thus 
18α-glycyrrhetinic acid can be used for the treatment of 
cervical cancer. 
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