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 Scopoletin exerts anticancer effects on human cervical cancer 
cell lines by triggering apoptosis, cell cycle arrest, inhibition 
of cell invasion and PI3K/AKT signalling pathway
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Summary

Purpose: Cervical cancer causes considerable mortality in 
women world over and the current treatment options create 
severe adverse effects. Hence, there is an urgent need to devel-
op novel and efficient treatment regimens for cervical cancer. 
Herein, we examined the anticancer effects of a natural cou-
marin, Scopoletin, against a panel of cervical cancer cell lines.

Methods: The antiproliferative effect of Scopoletin was ex-
amined by cell counting and colony formation assays. Apop-
tosis was detected by acridine orange (AO) ethidium promide 
(EB) staining. Cell cycle distribution was determined by flow 
cytometry. Cell invasion was examined by Boyden chamber 
assay. Protein expression was checked by western blotting.

Results: Scopoletin inhibited the growth of all the cell lines 
and the IC50 ranged between 7.5 to 25 µM. Nonetheless, the 
cytotoxic effects of Scopoletin were comparatively negligible 
against the normal cells with an IC50 of 90 µM. Investiga-
tion of the mechanism of action, revealed that the anticancer 

effects of Scopoletin against the HeLa cervical cancer cells 
were due to induction of apoptotic cell death as indicated AO/
EB staining. Scopoletin treatment also resulted in enhance-
ment of the Bax, Caspase 3, 8 and 9 expression and decline 
of the Bcl-2 expression. Scopoletin also blocked the HeLa 
cells at G2/M checkpoint of the cell cycle. Furthermore, cell 
invasion assay revealed that Scopoletin inhibited the migra-
tion of the HeLa cells concentration-dependently. PI3K/AKT 
is an imperative pathway involved in theproliferation and 
tumorigenesis of cancer cells and herein it was found that 
Scopoletin could inhibit this pathway.

Conclusion: Taken together, Scopoletin may prove essential 
in the development of novel treatment regimes for cervical 
cancer.
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Introduction

 Cervical cancer, being one of the common types 
of cancers in women, ranks second in incidence of 
cancer world over [1]. Although, cervical cancer is 
more frequent in underdeveloped countries, it still 
accounts for 10% of all the cancer in women [2,3]. 
The treatment of cervical cancer involves radical 
hysterectomy, chemotherapy and/or radiotherapy 
[4]. However, the currently available chemothera-
peutic agents have adverse effects that negatively 
impact the patient quality of life. Hence, the iden-

tification of novel, effective and safer anticancer 
agents is required to curb the spread of cervical 
cancer. Nature has bestowed mankind with an wide 
array of chemical compounds. These astounding 
chemical entities stand as an outstanding source 
of drugs for the management of human diseases 
[5]. Although usage of herbal extracts dates back 
to centuries, the usage of pure isolated compounds 
started only in the 19th century [6]. Since then, a 
wide array of molecules have been isolated, evalu-
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ated and used for the treatment of several diseases 
and disorders [7]. Among plant derived products, 
coumarins constitute a large and widespread 
group of secondary metabolites [8]. They have been 
shown to exhibit a wide array of bioactivities such 
as anticancer activity [9]. Scopoletin is an impor-
tant coumarin that is commonly extracted from the 
plants belonging to Genus Scopolia [10]. Although 
Scopoletin has been shown to inhibit the growth 
of cancer cells [11], its anticancer effects have not 
been studied against cervical cancer cells. Herein, 
the anticancer effects of Scopoletin were examined 
against a panel of cervical cancer cell lines and an 
attempt was made to investigate its mechanism of 
action.

Methods 

Cell lines and culture conditions

 The normal cell line HCvEpC and the cervical cancer 
cell lines DoTc2, SiHa, HeLa and C33A were procured 
from American Type Culture Collection (Manassas, 
VA, USA). All cell lines were maintained in Dulbecco’s 
modified Eagle’s medium supplemented with 10% fe-
tal bovine serum (FBS) (Thermo Fisher Scientific, Inc., 
Waltham, MA, USA), antibiotics (100 Uml penicillin and 
100 μg/ml streptomycin), and 2 mM glutamine. The cells 
were cultured in a CO2 incubator (Thermo Fisher Scien-
tific, Inc.) at 37°C with 98% humidity and 5% CO2.

Cell viability and colony formation assays

 The viability of the normal cell line HCvEpC and the 
cervical cancer cell lines DoTc2, SiHa, HeLa and C33A 
was examined by cell counting assay. In brief, 5×104 
cells/well were seeded in 12-well plates and incubated 

for 24 h with different concentrations of Scopoletin. The 
aliquots of cells were then removed and counted 3 times 
following Tryphan blue staining. The effect of Scopoletin 
on the formation of HeLa colonies was investigated as 
described earlier [12].

AO/EB staining and comet assay for apoptosis

 For AO/EB staining, the cervical cancer HeLa cells 
(0.6×106) were grown in 96-well plates. Following an 
incubation of around 12h, the HeLa cells were subjected 
to Scopoletin treatment for 24 h at 37°C. As the cells 
sloughed off, 25 μl of cell culture were put onto glass 
slides and subjected to staining with 1 μl of AO and 
EB. The slides were cover-slipped and examined with 
fluorescent microscope. Comet assay was performed as 
described previously [13].

Cell cycle analysis

 The HeLa cells were incubated with varied concen-
trations Scopoletin (0, 7.5, 15 and 30 μM) for 24 h. The 
cells were then subjected to washing with phosphate 
buffered saline (PBS) and stained with propidium iodide 
(PI). The distribution of the cells in the cell cycle phases 
was assessed by FACS flow cytometer.

S. no. Cell line IC50

1 DoTc2 25

2 SiHa 15

3 HeLa 7.5 

4 C33A 25

5 HCvEpC 90

Table 1. Anticancer effects of Scopoletin on the cervical 
cancer and normal cell lines expressed as IC50 

Figure 1. A: Structure of Scopoletin. B: Scopoletin decreases the viability of the HeLa cervical cancer cells. C: normal 
HCvEpC cervical cells. The values represent the mean of three independent experiments ± SD (*p< 0.05).
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Cell invasion assay

 For cell invasion analysis, the HeLa cells were sub-
jected to treatment with 0, 7.5, 15 and 30 μM concen-
trations of Scopoletin. The cell invasion assay was then 
performed as described previously [14].

Western blotting

 The HeLa cells were firstly subjected to washing 
with ice-cold PBS and suspended in a lysis buffer at 4°C 
and then shifted to 95°C. Thereafter, the protein con-
tent of each cell extract was checked by Bradford assay. 
About, 40 μg of protein was loaded from each sample 
and separated by SDS-PAGE before being shifted to pol-
yvinylidene fluoride membrane. The membranes were 
then subjected to treatment with tris buffered saline 
(TBS) and exposed to primary antibodies at 4°C. There-
after, the cells were treated with appropriate secondary 
antibodies and the proteins of interest were visualised 
by enhanced chemiluminescence reagent.

Statistics

 Data are shown as mean ± standard error of the 
mean (SEM). Statistical analysis was done using Stu-
dent’s t-test with GraphPad prism 7 software. P values 
<0.05 were taken as indicative of significant difference.

Results

Scopoletin suppressed the growth of cervical cancer 
cells

 The anti-proliferative effects of Scopoletin 
(Figure 1A) were assessed on the normal cell line 

HCvEpC and the cervical cancer cell lines DoTc2, 
SiHa, HeLa and C33A. Scopoletin treatment caused 
dose-dependent inhibition on the growth of all the 
cervical cancer cell lines. The IC50 of Scopoletin 
against the different cervical cancer cell lines 
ranged from 7.5 μM to 25 μM (Table 1). The low-
est IC50 of 7.5 μM was reported against the HeLa 
cells (Figure 1B). Nonetheless, the cytotoxicity of 
Scopoletin on the HCvEpC non-cancer cells was 
comparatively negligible (IC50; 90 μM) (Figure 1C). 

Figure 2. Scopoletin affects the colony formation of the 
HeLa cervical cancer cells. The Figure shows that Scopole-
tin inhibits the colony formation of HeLa cells concen-
tration-dependently. The experiments were performed in 
triplicate.

Figure 3. Scopoletin induces apoptotic cell death in HeLa 
cervical cancer cells as depicted by AO/EB staining. Green 
arrows indicate early apoptotic cells, blue arrows depict 
late apoptotic cells, purple arrows depict membrane bleb-
bing, yellow arrows depict cells which appear shrunken 
and red arrows depict loss of membrane shape. The experi-
ments were performed in triplicate. 

Figure 4. Scopoletin causes DNA damage in the HeLa cer-
vical cancer cells as depicted by Comet assay. The Figure 
shows that Scopoletin induces DNA damage in the HeLa 
cells concentration-dependently. The experiments were 
performed in triplicate. 
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The effects of Scopoletin were also assessed on the 
colony formation potential of HeLa cells and it was 
revealed that this molecule exerted dose-dependent 
inhibitory effects (Figure 2).

Scopoletin activated apoptotic cell death of cervical 
cancer cells

 Since MTT assay showed more potent effects 
of Scopoletin on the HeLa cells, only this cell line 
was taken forward for further experimentation. To 
investigate the mechanism of the anticancer effects 
of Scopoletin, AO/EB staining was performed and 
remarkable changes were observed in the nuclear 
morphology and membrane blebbing of HeLa cells 
(Figure 3). Comet assay also showed that Scopole-
tin induced DNA damage in HeLa cells (Figure 4). 
Scopoletin also caused considerable increase in the 
expression of Caspase 3, 8, 9 and PARP and also 
activate their cleavage in HeLa cells (Figure 5).

Scopoletin caused the G2/M cell cycle arrest of cervical 
cancer cells

 The impact of Scopoletin on the distribution 
of HeLa cells in various cell cycle phases was as-
sessed by flow cytometry. It was found that Sco-
poletin caused remarkable increase in the percent-
age of the HeLa cells in the G2 phase of the cell 
cycle. The percentage of HeLa cells in the G2 phase 

Figure 5. Scopoletin alters the expression of the cleaved 
caspase 3, 8, 9 and PARP expression in HeLa cancer cells as 
depicted by western blotting. The Figure shows that Sco-
poletin increases the cleavage of the caspase-3, 8, 9 and 
PARP in a dose-dependent manner. The experiments were 
performed in triplicate. 

Figure 6. Effect of Scopoletin on the distribution of the cell cycle arrest of the HeLa cells as depicted by flow cytometry. 
The Figure shows that Scopoletin induces G2/M arrest of the HeLa cells in a concentration-dependent manner. The 
experiments were performed in triplicate. 
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increased from 5.12% to 28.17% upon treatment 
with Scopoletin (Figure 6). These results clearly 
indicated that Scopoletin induced G2/M cell cycle 
arrest of the cervical cancer cells.

Scopoletin inhibited the migration of cervical cancer 
cells

 The anti-metastatic effects of Scopoletin were 
investigated by cell invasion assay. It was found 
that Scopoletin could significantly inhibit the inva-
sion of the cancer cells in a dose-dependent manner 
(Figure 7). 

Scopoletin inhibited the PI3K/AKT signalling pathway

 Next, we sought to know the effects of Sco-
poletin on the PI3K/AKT signalling pathway of 
HeLa cancer cells. The results showed that Sco-
poletin caused concentration-dependent decline in 
the phosphorylation of p-PI3K and p-AKT while no 
apparent effect was observed on the expression of 
total PI3K and AKT (Figure 8). 

Discussion

 Cervical cancer is considered as the second 
most common type of cancer in females across the 
world [15]. Since the clinical outcomes are far from 
satisfactory and the treatment options have a num-
ber of side effects, the identification of novel anti-
cancer molecules and subsequent development of 
efficient and safer treatment regimens for clinical 
cancer are required [1-3]. In this study, we exam-
ined the anticancer properties of Scopoletin. It was 
found that Scopoletin exerted growth inhibitory 
effects on all the cervical cancer cell lines. None-
theless, the cytotoxic effects of Scopoletin were 
comparatively lower against the normal HCvEpC 
cells, indicative of the selective activity of Scopole-
tin on cancer cells. The antiproliferative effects of 
Scopoletin were also confirmed by the colony for-
mation assay. Previous studies have also shown 
that Scopoletin inhibits the growth of melanoma 
cells and prostate cancer cells [16,17]. In order to 
understand the mechanism for the anticancer activ-
ity of Scopoletin, we performed the AO/EB stain-
ing which clearly showed membrane blebbing and 
induction of apoptotic cell death. The apoptotic 
cell death of the HeLa cervical cancer cells was 
confirmed by examining the expression of apopto-
sis marker proteins. It was found that Scopoletin 
treatment prompted increase in the expression of 
Bax and cleavage of caspase 3, 8 and 9. Moreover, 
the expression of Bcl-2 was considerably down-
regulated. Furthermore, comet assay also showed 
that Scopoletin treatment causes DNA damage in 
the HeLa cells. These results are also supported 
by previous investigations wherein Scopoletin has 
been shown to induce apoptosis in melanoma and 
promyeloleukemic cells [16,18]. Also Scopoletin 
derivatives have been reported induce DNA dam-
age in hepatocellular carcinoma [19]. Apoptosis is a 
vital process that removes the defective cells from 
the body and maintains tissue homeostasis. It also 
prevents the development of chemoresistance in 
cancer cells [20]. Scopoletin was also found to block 
the HeLa cells at the G2/M check point. Previously, 
several plant-derived coumarins have been shown 
to cause cell cycle arrest of cancer cells. For exam-

Figure 8. Scopoletin inhibits PI3K/AKT signalling path-
ways as shown by western blot analysis. The Figure shows 
that Scopoletin inhibits the phosphorylation of PI3K and 
AKT in a concentration-dependent manner. The experi-
ments were performed in triplicate.

Figure 7. Scopoletin inhibits the invasion of the HeLa 
cancer cells as depicted by cell invasion assay. The Figure 
shows that Scopoletin inhibits the invasion of the HeLa 
cells in a concentration-dependent manner. The experi-
ments were performed in triplicate. 
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ple, 7-hydroxy-coumarin causes cell cycle arrest 
of lung cancer cells [21]. Next, the anti-metastatic 
potential of Scopoletin was examined by the cell 
invasion assays and the results showed that this 
molecule inhibits the migration of HeLa cells con-
centration-dependently, indicating that Scopoletin 
may prove beneficial against metastatic cancers. 
PI3K/AKT signal transduction pathway is consid-
ered important because it regulates the prolifera-
tion and tumorigenesis of several types of cancers 
[22]. Herein, we found that Scopoletin blocks this 
pathway by inhibiting the phosphorylation of PI3K 
and AKT proteins.

Conclusion

 In conclusion, Scopoletin is an important 
coumarin with anticancer properties. Scopoletin 
inhibits the growth of cervical cancer cells by in-
duction of apoptosis and cell cycle arrest. Hence, 
it may prove beneficial in treating cervical cancer 
and therefore warrants in vivo evaluation.
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