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Abstract 

Purpose: To investigate the anticancer effects of swertiamarin against taxol-resistant human cervical 
cancer cells.  
Method: Cell viability was investigated using 3-(4,5-dimethylthiazol-2-yl)-2,5–diphenyl tetrazolium 
bromide (MTT) assay while colony survival was evaluated by clonogenic assay. Apoptotic cell death 
was assessed by AO/ETBR staining and western blotting techniques. The levels of reactive oxygen 
species (ROS) were measured using 2,7, dicholoro dihydrofluoresceindiacetate (H2DCFDA) staining. 
Cell migration and invasion were monitored with Transwell chamber assay. Western blotting assay was 
used to determine the expression levels of proteins of the MEK/ERK signaling pathway.      
Results: Swertiamarin induced dose- and time-dependent inhibition of proliferation of HeLa cervical 
cancer cells (p < 0.05). It also suppressed the colony formation potential of HeLa cells, and induced 
various structural modifications in HeLa cells. Swertiamarin exposure resulted in the formation of early-
apoptotic, late-apoptotic and necrotic cells, and significant modulation of apoptosis-allied proteins. It 
was observed that the migration and invasion of HeLa cells were potentially suppressed in dose-reliant 
fashion by swertiamarin. Western blotting results showed that the expressions of p-MEK and p-ERK 
were markedly reduced, while those of MEK and ERK were unaffected (p < 0.05). 
Conclusion: Swertiamarin exerts in vitro anticancer activity against cervical cancer cells (HeLa). Thus, 
it is promising for use in cervical cancer chemotherapy. However, there is need for confirmation of these 
findings through further in vivo and in vitro investigations. 
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INTRODUCTION 
 
Natural products possess great medicinal 
potential and enormous biological activities. 
Natural products contain a rich variety of 
chemical entities with huge structural diversity 

that are beneficial in addressing different health 
issues [1-4]. Enicostemma littorale Blume is a 
naturally prevalent herb belonging to the family of 
Gentianaceae, often termed Nagajihva in 
Ayurveda [5]. Several medicinal benefits of 
Enicostemma littorale Blume have been 
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reported. These include anticancer, anti-
inflammatory and hepatoprotective properties [6-
8]. The plant contains a variety of biochemical 
compounds, amongst which is swertiamarin 
triterpene [9-11]. Swertiamarin is a bioactive 
compound which has been reported to exert anti-
diabetic effects, as well as regulatory effects on 
adipose and hepatic tissue gene expressions 
[12,13].  
 
Cervical cancer (CC) is a deadly tumor of the 
female reproductive system. It has been ranked 
as the 4th most frequent cancer and the 4th 
leading cause of cancer-related death among 
women [14]. Statistics revealed that there were 
0.5 million new cases of CC and 0.25 million 
deaths caused by CC in 2012. This accounted 
for 8% of the entire cancer-associated deaths in 
2012 [15]. Nearly 90 % of CC-related mortality 
and 70 % of CC cases are reported in developing 
countries [16]. It has been reported that countries 
which are economically weak have higher cases 
of cancer-related deaths [17]. The extensive use 
of CC screening programs has led to marked 
reduction in the incidence of the disease [18]. 
The major risk factors for CC are prolonged HPV 
infection, HIV infection and smoking [19]. 
However, although several other factors have 
been implicated, the detailed pathogenesis of CC 
has not been completely understood till date [20]. 
 
Several different treatment strategies are applied 
worldwide for management of CC. It has been 
reported that CC responds positively to radiation 
therapy. Thus, radiation therapy is globally used 
extensively in treatment of almost every type of 
CC. Other treatment options include 
chemotherapy, targeted therapy and surgical 
resection. However, notwithstanding these 
available treatment strategies, CC management 
still remains a big challenge to researchers and 
scientists. 
 
The overall survival of CC cases is very poor. 
Therefore, the search for promising 
chemotherapeutic agents that may produce 
better effects and lower side-effects, is on-going. 
In the present study, the anticancer effect of 
swertiamarin on human taxol-resistant CC was 
investigated with respect to ROS generation, 
induction of mitochondrial-dependent apoptosis, 
inhibition of cell migration and invasion, and 
targeting MEK-ERK signaling pathway. 
 
EXPERIMENTAL 
 
Determination of cytotoxicity of swertiamarin 
 
The effect of swertiamarin on the proliferation of 
CC HeLa cells was determined using 3-(4,5-

dimethylthiazol-2-yl) -2,5–diphenyl tetrazolium 
bromide (MTT) assay. HeLa cells were seeded in 
96-well plate at a density of 1 × 104 cells/well in 
200 μL of complete culture medium. The cells 
were thereafter treated for 48 h and 72h with 
gradient doses of swertiamarin, i.e., 10, 20, 40 
and 80 μM. After incubation at 37 oC in a 
humidified incubator, 20 μL of stock solution of 
MTT was added to each well. After further 
incubation, the medium was carefully removed, 
and the cells were shaken with DMSO (150 μL) 
for 15 min to dissolve the formazan crystals 
formed. Finally, the absorbance of each well was 
read at 490nm in an ELISA microplate reader. 
Untreated HeLa cells (control) were taken as 
100% viable. 
 
Clonogenic assay 
 
The HeLa CC cells were treated with different 
concentrations of swertiamarin (10, 40 and 80 
μM) for 24h. Thereafter, the colonies were 
diluted in agar solution (0.3%) and reloaded on 
35-mm culture plates. Each plate contained 
about 320 HeLa cell colonies. When the agar 
solution solidified, cell colonies were left 
untouched for two weeks. Finally, the cell 
colonies were enumerated in 2-mm grid culture 
dish (Corning). 
 
Assessment of morphology of HeLa cells 
 
Cellular morphology of HeLa CC cells was 
examined using phase contrast microscopy. 
HeLa cells were incubated in 60-mm culture 
dishes at a density of 5 × 104 cells/dish for 48h. 
Thereafter, different concentrations of 
swertiamarin were added to the dishes viz 10, 40 
and 80 μM, and left untouched for 24 h. The 
swertiamarin treatment was followed by washing 
with PBS and discarding of culture medium. 
Finally, changes induced by swertiamarin in 
HeLa cells were observed and photographed 
under a phase contrast inverted microscope 
(Leica DMI 3000B, Germany). 
 
AO/EB-staining for apoptosis analysis 
 
HeLa cells were harvested in 96-well plate at 
75% confluence. The cells were then subjected 
to swertiamarin treatment doses of 10, 40 and 80 
μM for about 24 h. Drug treatment was followed 
by trypsinization (20 μl). The trypsinized cells 
were sloughed off and transferred to glass slides. 
Each suspension was stained with 1 μL of dual 
fluorescent staining solution [100 μg/mL AO and 
100 μg/ml EB (Sigma, St. Louis, MO)] and 
protected with coverslips. Finally, fluorescent 
microscope (OLYMPUS, Japan) was used to 
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visualise the intra- and extracellular 
morphologies of HeLa cells. 
 
Determination of levels of reactive oxygen 
species (ROS)  
 
The H2DCFDA staining assay was used to 
determine ROS levels in HeLa CC cells. The 
cells were cultured and harvested at 80% 
confluence, followed by swertiamarin exposure at 
graded doses viz 10, 40 and 80 μM. The treated 
cells were then stained for 30 min with 2 μM 
H2DCFDA. Finally, the cells were washed using 
phosphate-buffered saline (PBS), and 
fluorescence was recorded using a flow 
cytometer (ACEA NoVoCyte). 
 
Transwell migration and cell invasion assays 
 
Transwell migration assay was used to 
determine the migration potential of HeLa cells. 
In the upper chamber, nearly 3×103 HeLa cells 
were cultured in RPMI-1640 medium (600 μL). 
The lower chambers contained medium and FBS 
(10 %) only. The upper chamber was treated with 
different doses of swertiamarin (10, 40 and 80 
μM) for 24 h. The Transwell chambers were then 
incubated for 6 h at 37 °C. The upper chambers 
were thereafter cleaned with a cotton swab to 
remove non-migrated cells. The migrated cells 
were fixed and stained with 4 % formalin and 0.1 
% crystal violet for 20 min. Different fields were 
photographed using microscopy at x200. A 
similar procedure was performed for cell invasion 
assay, except that Transwell chambers were 
coated with Matrigel. 
 
Western blotting assay 
 
Protein expressions in HeLa CC cells were 
assayed with western blotting. The cells were 
treated with graded doses of swertiamarin viz 10, 
40 and 80 μM., and thereafter lysed with lysis 
buffer. The protein content of the lysate was 
measured using BCA method. Then, 10-40 μg of 
protein samples were separated on SDS-PAGE 
and loaded to PVDF membranes. The 
membranes were treated with primary antibodies 
against BAX, BCL-2, Cyt-c, caspase-3, caspase-
9, MEK, and ERK overnight at 4oC. This was 
followed by incubation of the membrane with 
HRP-linked secondary antibody at room 
temperature for 1 h. Finally, signals were 
detected using chemiluminescence reagent kit 
(Amersham Pharmacia, Piscataway, NJ). 
 
Statistical analysis 
 
Experimental data are presented as mean ±SD. 
Student’s t-test was used for determination of 

statistical significance, while comparison among 
multiple groups was performed with ANOVA. 
Values of p < 0.05 were considered reflective of 
statistically significant differences. 
 
RESULTS 
 
Swertiamarin exerted anti-cell proliferative 
effects on HeLa cells 
 
The proliferation of HeLa CC cells after 
swertiamarin treatment was determined using 
MTT assay. The results revealed that 
swertiamarin inhibited proliferation in a 
concentration- and time-dependent manner 
(Figure 1). Cell proliferation was reduced to 
nearly 20% after 48h exposure to swertiamarin, 
relative to control. It was also observed that cell 
proliferation was reduced to nearly 5% by higher 
swertiamarin doses after 72 h of exposure 
(Figure 2). 
 

 
 
Figure 1: Chemical structure of swertiamarin, a 
triterpene sapogenin 
 

 
 
Figure 2: Effect of swertiamarin on the viability of 
HeLa cervical cancer cells. Data are shown as mean ± 
SD (n = 3); p < 0.05 
 
Swertiamarin inhibited cell colony formation 
of HeLa cells 
 
Since swertiamarin induced anti-cell growth 
effects on HeLa cells, its effect on cell colony 
formation was determined using clonogenic 
assay. The results revealed dose-dependent 
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suppressive effects of swertiamarin on HeLa cell 
colonies (Figure 3 A). The numbers of cell 
colonies observed at swertiamarin doses of 75 at 
10, 40 and 80 μM, were 325, 270 and 200, 
respectively (Figure 3 B). Therefore, 
swertiamarin induced potent and concentration-
dependent inhibition of HeLa cell colony 
formation. 
 

 
Figure 3: (A) Images of culture dishes showing HeLa 
cell colonies after performing clonogenic assay at 
indicated doses. (B) Graphical representation of the 
effect of swertiamarin on cell colony formation 
 
Swertiamarin induced structural changes in 
HeLa cells 
 
The effect of swertiamarin treatment on HeLa cell 
structure was studied via phase contrast 
microscopy. The results indicated that 
swertiamarin induced dose-dependent 
morphological modifications in HeLa cells, as 
depicted by presence of condensed nuclei, 
membrane rupture, membrane blebbing and cell 
disintegration (Figure 4). These structural 
modifications indicated apoptotic cell death. 
 

 
 
Figure 4: Photomicrographs captured under phase 
contrast inverted microscope, showing changes in 
cellular morphology of HeLa cells after swertiamarin 
exposure. The experiments were performed in 
triplicate 
 

Swertiamarin induced apoptosis of HeLa cells  
 
Structural modifications indicative of apoptotic 
cell death were observed in HeLa cells under 
phase contrast microscopy. Therefore, AO/ETBR 
staining assay was performed to analyse 
swertiamarin-induced apoptotic cell death. The 
results revealed necrotic, as well as late and 
early apoptotic cells with orange-red, orange, 
and yellow-green fluorescence, respectively 
(Figure 5). The number of necrotic cells was 
significantly increased by increases in drug 
doses (10, 40 and 80 μM). Thus, AO/EB staining 
revealed that the anti-proliferative effects and 
structural modifications were apoptosis-
mediated. Furthermore, to verify if the cell death 
in HeLa cells was apoptosis-related, western 
blotting was used to measure the expressions of 
apoptosis-related proteins. The results revealed 
that swertiamarin downregulated the expressions 
of Bcl-2 and significantly upregulated the 
expressions of Bax, Cyt-c, caspase-3 and 
caspase-9 (Figure 6). Thus, the results from 
western blotting assay were consistent with the 
earlier results showing that swertiamarin induced 
mitochondrion-mediated apoptotic cell death. 
 

 
 
Figure 5: Results of AO/ETBR staining of HeLa cells 
treated with swertiamarin at indicated doses. The 
apoptotic cells are indicated with arrows. Early 
apoptotic cells produced yellow fluorescence, whereas 
late apoptotic cells produced orange fluorescence. 
The experiments were performed in triplicate 
 
Swertiamarin enhanced ROS production 
 
The effect of swertiamarin on ROS production 
was studied using H2DCFDA staining assay. The 
results revealed that swertiamarin enhanced 
intracellular ROS concentration in a dose-
dependent fashion. The carboxyl-H2DCFDA 
fluorescence intensities observed at swertiamarin 
doses of 10, 40 and 80 μM were 250, 500, 1700 
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and 2200, respectively (Figure 7). Fluorescence 
intensity was directly proportional to the ROS 
concentration. 
 

 
 
Figure 6: Effect of swertiamarin on expression levels 
of different apoptosis-related proteins. Data are shown 
as mean ± SD (n = 3); p < 0.05 
 

 
 
Figure 7: ROS levels after swertiamarin treatment of 
HeLa cells at indicated doses. H2DCFDA fluorescence 
intensity was directly proportional to ROS levels. Data 
are shown as mean± SD (n = 3); p < 0.05 
 
Effect of swertiamarin on the migration and 
invasion of HeLa cells  
 
Cell migration ability of HeLa CC cells was 
measured with Transwell migration assay. The 
results revealed that swertiamarin exerted dose-
dependent inhibitory effect on the migration of 
HeLa cells (Figure 8). Furthermore, cell invasion 
ability of HeLa cells was investigated through 
Transwell chambers coated with Matrigel, and it 
was revealed that swertiamarin exposure led to 
potent and concentration-dependent suppression 
of invasive ability of HeLa CC cells (Figure 9). 
Thus, swertiamarin suppressed the migration 
and invasion of cancerous HeLa cells dose-
dependently. 
 

 
 
Figure 8: Inhibitory effect of swertiamarin on Hela 
cells. Experiments were performed in triplicate 
 

 
 
Figure 9: Effect of swertiamarin on invasion of HeLa 
cells. The experiments were performed in triplicate 
 
Effect of swertiamarin on the MEK/ERK 
signaling pathway 
 
Swertiamarin produced anti-proliferative effects 
on HeLa cells. Therefore, its impact on 
MEK/ERK signaling pathway was measured 
using western blotting, since MEK/ERK signaling 
pathway is important for cell survival and 
differentiation. The results depicted dose-
dependent downregulations of the protein 
expressions of p-MEK and p-ERK, with almost 
no alterations in MEK and ERK (Figure 10). 
 
DISCUSSION 
 
Reactive oxygen species (ROS) are extremely 
reactive by-products of metabolic processes. 
They exert beneficial and deleterious impacts. 
Normal physiological functions are regulated by 
ROS acting as secondary messengers on 
signaling cascades [21]. 
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Figure 10: Western blotting assay of expressions of 
MEK/ERK signaling pathway-associated proteins. 
Data are shown as mean ± SD. The experiments were 
performed in triplicate 
 
Overproduction of ROS is harmful to cells 
because ROS damage biomolecules i.e. lipids, 
DNA, proteins and carbohydrates. In the recent 
past, ROS have been shown to be associated 
with angiogenesis, tumorigenesis and 
metastasis. Overproduction and accumulation of 
ROS in cancer cells lead to cancer cell death.  
 
Studies have also reported that cancer cells 
contain high ROS levels due to mitochondrial 
dysfunction and increased metabolic rate. Thus, 
cancer cells reach the threshold of oxidative 
stress faster than normal cells. Therefore, 
bioactive compounds which increase ROS levels 
are often selected for targeted cancer therapies. 
In the present study, the anticancer property of 
swertiamarin was evident in its capacity to 
mediate ROS production and mitochondria-
mediated apoptosis, inhibition of cell migration 
and invasion, and targeting of MEK/ERK 
signaling pathway. The cytotoxic potency of 
swertiamarin on HeLa CC cells was monitored 
with MTT assay which showed that viability of 
HeLa cells declined significantly with increasing 
concentrations of swertiamarin and duration of 
exposure.  
 
The effect of swertiamarin on clonogenic 
property of HeLa cells was monitored via 
clonogenic assay which revealed that 
swertiamarin suppressed the clonogenic potency 
of the cells. Moreover, results from phase 
contrast microscopy revealed that swertiamarin 
caused significant morphological changes on 
HeLa cells, indicating its apoptotic cell death-
inducing potency. Therefore, AO/EB staining was 

performed to analyse apoptotic cell death in 
HeLa cells after swertiamarin exposure. The 
results revealed dose-dependent increases in the 
number of early, late apoptotic and necrotic cells. 
Western blotting assay revealed increased 
protein expression levels of caspase-3, caspase-
9, Bax and Cyt-c. Thus, the anti-proliferation 
effect of swertiamarin in HeLa CC cells was 
mediated through apoptosis. Swertiamarin 
increased ROS production in a dose dependent 
manner, and inhibited the migration and invasion 
potency of HeLa cells. Western blot analysis 
showed that swertiamarin significantly enhanced 
the protein expressions of p-MEK and p-ERK but 
had no effect on MEK and ERK even at higher 
doses of exposure. Thus, swertiamarin blocked 
the MEK/ERK signaling pathway.  
 
CONCLUSION 
 
The results obtained in this study indicate that 
swertiamarin exerts anti-cervical cancer effects 
via induction of mitochondria-mediated 
apoptosis, ROS generation, inhibition of cell 
migration, and invasion and targeting of MEK-
ERK signaling pathway. These findings suggest 
that swertiamarin may be a potential anti-cervical 
cancer agent. 
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