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ORIGINAL ARTICLE

Sugiol (12-hydroxyabieta-8,11,13-trien-7-one) targets hu-
man pancreatic carcinoma cells (Mia-PaCa2) by inducing ap-
optosis, G2/M cell cycle arrest, ROS production and inhibi-

tion of cancer cell migration
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Summary

Purpose: Plants produce a diversity of molecular scaffolds
with tremendous pharmacological potential. In the present
study we evaluated the anticancer activity of the plant-de-
rived natural product sugiol. We also evaluated its effects
on apoptosis-related key proteins, cell cycle phase distri-
bution, reactive oxygen species (ROS) and mitochondrial
membrane potential (MMP).

Methods: Cell viability was evaluated by MTT assay
while clonogenic assay was done to determine the effects of
sugiol on the cancer cell colony formation. Flow cytometric
measurements were carried out in order to assess the effects
of sugiol on cell cycle progression, apoptosis, MMP and
ROS generation.

Results: Sugiol reduced the cell viability of Mia-PaCa2 hu-
man pancreatic cancer cells in a concentration-dependent

Introduction

Plants produce a tremendous diversity of com-
pounds categorized as primary and secondary me-
tabolites [1]. The plant secondary metabolites have
great importance in pharmacology and always fas-
cinated scientists to venture into their biological
activities. Among plant secondary metabolites, ter-
penes form one of the largest and diverse classes
[1]. Several studies have reported that monoterpe-
nes prevent the proliferation of different cancers

manner. The ICsq of sugiol on the cell line was 15 uM. The
anticancer activity of sugiol was found to be ROS-mediated
alterations in MMP, ultimately favoring apoptosis as de-
termined by the annexin V/propidium iodide (PI). Addition-
ally, sugiol caused cell cycle arrest in G2/M phase of the cell
cycle and uprequlated the expression of Bax, with concomi-
tant downregulation of Bcl-2 expression in comparison to
the untreated cells. It also inhibited the migratory capacity
of Mia-PaCa2 cells at the ICsy concentration.

Conclusion: In conclusion our results indicate that sugiol
is a potent anticancer molecule and may prove essential in
pancreatic cancer therapy.

Key words: apoptosis, cell migration, flow cytometry, pan-
creatic cancer, sugiol

[2] and have been shown to possess anticancer ac-
tivities against many human cancers like breast,
liver, skin, lung, colon, prostate, and pancreatic
carcinomas [3]. Due to their diverse molecular
scaffolds they exhibit the capacity to interact with
anumber of cellular enzymes and other molecular
entities explaining thus their activities [4].

One of the important and rare diterpene is su-
giol which has recently been reported to exhibit
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great pharmacological potentials. Several biologi-
cal activities have been reported for this molecule
[5] which include antiinflammatory, antioxidant,
antimicrobial and anticancer properties [6,7].
However, the anticancer activity of sugiol has not
been studied thoroughly. The present study there-
fore ventured to evaluate the anticancer activity
of sugiol against Mia-PaCa2 human pancreatic
cancer cell line. Pancreatic cancer is considered
as one of the leading causes of death across the
globe ranking fourth in United States alone [6].
The treatment regimens for pancreatic cancer pri-
marily depend on the disease stage. Moreover, the
symptoms of pancreatic cancer generally appear
at advanced disease stages [7]. Therefore, pancre-
atic cancer is generally detected at an advanced
stage when it has already spread to other organs.
Owing to these factors, only 15-20% of patients
undergo surgery and the outcomes are very poor
with 5-year survival rate up to only 5% [8]. The
upsurge of drug resistance, limited treatment op-
tions and the associated side effects with the exist-
ing drugs has driven extensive researches for the
development of substitute options for the treat-
ment of pancreatic cancer. The present study was
designed to investigate the anticancer effects of
sugiol on human pancreatic carcinoma cells (Mia-
PaCa 2) and examine its effects on the migration
of these cells.

Methods

Reagents, chemicals and cell culture

Sugiol, RNase A triton X-100, and dimethylsul-
foxide (DMSO) were obtained from Sigma-Aldrich Co.
(St. Louis, MO, USA). The fluorescent probes DCFH-DA,
DiOCo6, 4’-6-diamidino-2-phenylindole (DAPI), fetal bo-
vine serum (FBS), RPMI-1640 medium, L-glutamine
and antibiotics were obtained from Invitrogen Life
Technologies (Carlsbad, CA, USA). The human pancre-
atic cancer cell lines Mia-PaCa2 was procured from
Cancer Research Institute of Beijing, China, and it was
maintained in RPMI-1640 medium (Gibco-Invitrogen)
supplemented with L-glutamine (2 mM), sodium pyru-
vate (1 mM), penicillin (100 U/mL), streptomycin (100
mg/mL), and 10 % FBS.

MTT cell viability assay

The cytotoxic effect of sugiol against the pancreatic
cancer cell line Mia-PaCa2 was determined using MTT
assay as previously described [8] and was expressed as
ICso. Cancer Mia-PaCa2 cells were placed at a density
of 2x105 cells/well into 12-well plates and treated with
sugiol 7.5-60 pM for 48 hrs. Afterwards, cell viability
was estimated as previously reported [8]. Since, sugiol
exhibited lower ICsy against Mia-PaCa2 cell line, fur-
ther studies were carried out on this cell line.
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Colony formation assay

For clonogenic assay, Mia-PaCa2 cells at the expo-
nential growth phase were harvested and counted with
a hemocytometer. Seeding of the cells was done at 200
cells per well and incubation for 48 hrs followed to al-
low the cells to attach. Then different doses (0, 7.5 15
and 30 pM) of sugiol were added to the cell culture. Af-
ter treatment, the cells were again kept for incubation
for 6 days, washing was done with phosphate buffered
saline (PBS) and methanol was used to fix colonies and
then stained with crystal violet for about 30 min before
being counted under light microscope.

Estimation of cell cycle distribution of Mia-PaCaz2 cells

The cells were placed in 12-well plates at a density
of 2x105 cells/well and sugiol was added to the cells at
0, 7.5, 30 and 60 pM concentrations, followed by 24-h
incubation. DMSO was used as control. For estimation
DNA content, PBS was used to wash the cells and fixed
in ethanol at -20°C. This was followed by re-suspension
in PBS holding 40 pg/ml PI RNase A (0.1 mg/ml) and
Triton X-100 (0.1%) for 30 min in the dark at 37°C. Af-
terwards, analysis was carried out by flow cytometry as
previously reported [8].

Reactive oxygen species and mitochondrial membrane
potential

Mia-PaCa2 cells were seeded at a density of 2x105
cells/well in a 12-well plate, kept for 24 hrs and treated
with 0, 20, 40 and 80 pM sugiol for 72 hrs at 37°C in 5%
CO, and 95% air. Thereafter, the cells treated with dif-
ferent concentrations of sugiol were collected, washed
twice with PBS and re-suspended in 500 pl of DCFH-DA
(10 pM) for ROS estimation and DiOC6 (1 pmol/l) for
MMP estimation at 37°C in the dark for 30 min. The
samples were then analyzed instantly using flow cy-
tometry as previously reported [9].

Flow cytometric analysis of cell apoptosis

Human pancreatic cancer Mia-Paca cells at a den-
sity of 2x105 cells/well were platted in 6-well plates and
exposed to 0, 7.5, 15 and 30 pM sugiol for 48 hrs. For
estimation of apoptotic cell populations FITC-Annexin
V/PI Apoptosis Detection Kit was used following the
manufacturer’s instructions (Beijing Biosea Biotech-
nology, China).

Cell migration assay

Cell migration assay was carried out by Boyden
chamber assay with some modifications. Cells at the
density of 5x10% cells/well were suspended in 2% FBS
medium and placed in the upper chamber of 8 pm pore
size transwells. Afterwards, medium supplemented with
10% FBS was added to the lower chamber. This was fol-
lowed by 48-h incubation. On the upper surface of the
membrane, non-migrated cells were removed, while on
the lower surface of the membrane the migrated cells
were fixed in methanol (100%) and stained with Giem-
sa. The cell migration was estimated by counting the
number of migrated cells under a microscope.
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Western blot analysis

After treatment with various concentrations of su-
giol, cells were harvested and lysed in lysis buffer (20
mM HEPES, 350 mM NaC(l, 20% glycerol, 1% Nonidet
P 40, 1 mM MgCI2, 0.5 mM EDTA, 0.1 mM EGTA, 1
mM DTT, 1 mM PMSEF, protease inhibitor cocktail, and
phosphatase inhibitor cocktail). Out of the total protein
samples a 20 pg aliquot was separated on 10% SDS-
PAGE gel. The gel was then transferred to nitrocellulose
membranes, blocked with 5% bovine serum albumin
(BSA) and probed with a primary antibody. This was fol-
lowed by probing with the required secondary antibody.
Finally, the signal was perceived with WEST-SAVE Up™
luminal-based ECL reagent (ABFrontier, Korea).

Statistics

All experiments were carried out in triplicate and
the values were expressed as mean + SD. The values
were considered significant at p*<0.01, p**<0.01 and
***p<0.0001. The statistical analysis was carried out by
Graph pad prism 7.

Results

Sugiol effects on the viability of Mia-PaCa2 pancre-
atic cancer cells

For evaluation of the antiproliferative activ-
ity of sugiol (Figure 1) against Mia-PaCa 2 cancer
cells, different concentrations of sugiol were used
ranging from 0-60 pM. The results indicated that
sugiol exerted its antiproliferative activity in a
dose-dependent manner and significantly reduced
the viability of Mia-PaCa2 cancer cells (Figure
2). Sugiol was found to exhibit an ICs, of 15 pM
against the Mia-PaCa2 cancer cells. Moreover,
treatment of cells with sugiol caused significant
reduction in the colony formation. Again, the ef-
fect of sugiol on colony formation was concentra-
tion-dependent (Figure 3).

Sugiol caused G2/M cell cycle arrest of Mia-PaCa2
cells

It was observed that the percentage of Mia-
PaCa2 cells was considerably increased in the G2
phase of the cell cycle at 0 to 30 pM of sugiol

H\
0

Figure 1. Chemical structure of sugiol.

concentrations, causing G2/M cell cycle phase ar-
rest (Figure 4). Additionally, the populations of
Mia-PaCa2 cells in G2 phase were significantly
increased at a dose of 7.5 pM, however the most
evident effects of sugiol on Mia-PaCa2 cell cycle
were observed at the highest test concentration
of 30 pM. Thus, sugiol-induced G2/M increase of
Mia-PaCa2 cancer cells was dose-dependent.
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Figure 2. Effect of indicated doses of sugiol on the viabili-

ty of Mia-PaCa2 cancer cells. All experiments were carried
out in triplicate and expressed as mean + SD. ***p<0.0001.
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Figure 3. Effect of indicated doses of sugiol on colony
forming potential of Mia-PaCa2 cancer cells at indicated
doses. All experiments were carried out in triplicate and
expressed as mean + SD. p**<0.01 and ***p<0.0001.
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Sugiol augmented the accretion of ROS and reduced
the MMP level

Mia-PaCa2 cells were exposed to different
concentrations of sugiol and the levels of ROS and
MMP were evaluated. A considerable upsurge in
intracellular ROS and a significant reduction of
MMP levels were observed in the sugiol-treated
Mia-PaCa2 cells as compared to the control. Su-
giol treatment considerably augmented the ROS
levels at 7.5, 15, and 30 pM as compared to the
control (Figure 5). Furthermore, sugiol consider-
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Figure 4. Effect of indicated doses of sugiol on cell cycle
arrest as determined by flow cytometry. The Figure shows
that sugiol triggered G2/M cell cycle arrest in Mia-PaCa
2 cancer cells in a concentration-dependent manner. All
experiments were carried out in triplicate.
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Figure 5. Induction of apoptosis by sugiol at indicated
doses as depicted by annexin V/PI flow cytometry. The ex-
periments were carried out in triplicate. The Figure shows
that apoptotic populations increased in a concentration-
dependent manner.
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ably reduced MMP level up to around 38% in 48
hrs at 100 pM concentration in Mia-PaCa2 cells
compared to the control (Figure 5).

Sugiol induced apoptosis in Mia-PaCa?2 cells

The effect of sugiol on cell cycle arrest was
carried out at different concentrations ranging
from 7.5 to 30 uM. The apoptotic cell populations
increased from 4.2% in the control to 37.6% at 80
BM concentration (Figure 6). To assess whether
sugiol triggers apoptosis in Mia-PaCa2 cells via
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Figure 6. Effect of indicated doses of sugiol on (A) ROS
generation and (B) mitochondrial membrane potential.
The Figure shows that MMP decreased and ROS increased
in Mia-PaCa2 cells as the concentration of sugiol in-
creased. All experiments were carried out in triplicate and
expressed as mean + SD. p**<0.01 and ***p<0.0001.
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Figure 7. Effect of sugiol on the expression of Bax and
Bcl-2 determined by western blot analysis. The Figure
shows that the expression of Bcl-2 decreased and that Bax
increased with increasing concentrations of sugiol. All ex-
periments were carried out in triplicate.
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the mitochondrial pathway, we investigated the
expression levels of the pro-apoptotic protein Bax
and the anti-apoptotic protein Bcl-2 through west-
ern blot analysis. The results revealed that that
sugiol upregulated the expression of Bax, with
concomitant downregulation of Bcl-2 expression
in comparison to the untreated cells kept as con-
trol (Figure 7). Taken together, the results indicate
that mitochondria and Bcl-2 family members are
associated with sugiol-triggered cell apoptosis in
Mia-PaCa2 cells.

Sugiol inhibited migration of Mia-PaCaZ2 cells

We next examined if sugiol can inhibit the
migration of Mia-PaCa2 cancer cells at the ICs,
concentration at different time intervals by wound
healing assay. The results of the assay showed
that sugiol reduced the migratory capacity of
Mia-PaCa2 as observed by Boyden chamber assay,
while the control cells showed fairly good capac-
ity to migrate, as depicted in Figure 8.
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Figure 8. Cell migration inhibitory potential of sugiol at
ICso concentration (15 pM). The Figure shows that sugiol
at 15pM decreased the migration of Mia-PaCa 2 cells. All

experiments were carried out in triplicate and expressed as
mean + SD. p**<0.01.
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Discussion

Pancreatic cancer is considered as one of the
most disastrous malignant tumors worldwide.
The treatment regimens for pancreatic cancer pri-
marily depend on the disease stage. Moreover, the
symptoms of pancreatic cancer generally appear
at advanced disease stages [06,7]. Therefore, this
malignancy is generally detected at an advanced
stage when it has already spread to other organs.
Owing to these factors, only 15-20% of patients

undergo surgery and the outcomes are very poor
with 5-year survival rate up to 5% only [8]. The
sharp increase in the incidence of pancreatic can-
cer [10], lack of proper therapy and the severe side
effects associated with the existing drugs has made
it necessary to search for new and more effective
molecules. Since natural products have minimum
toxicity, they are being considered as potential an-
ticancer agents. In the current study, sugiol was
evaluated against the pancreatic cancer cell line
Mia-PaCa2 for its potential anticancer activity
and the results indicated that this molecule ex-
hibits significant anticancer activity against these
cells. The cytotoxic effect of sugiol was found to
be dose-dependent and the ICs, of sugiol was 15
PM against Mia-PaCa2 cell line. Moreover, sug-
iol also reduced the colony forming tendency of
these cells, suggesting that it is a potent cytotoxic
agent. One of the reasons for apoptosis might be
the observed capacity of sugiol to cause cell cycle
arrest as it induced G2/M phase increase of Mia-
PaCa2 cancer cells in a dose-dependent manner.
Cell cycle arrest and apoptosis are known to be
essential mechanisms for normal cell growth and
proliferation. Apoptotic cell death is triggered
when explicit checkpoints are arrested during cell
cycle [11]. Consistent with this, several anticancer
agents cause cell cycle arrest and have been found
to be clinically effective for cancer treatment [12].
In addition, drugs with apoptosis-inducing prop-
erties may minimize potential drug resistance.
Our results indicated that cells treated with sugiol
underwent apoptosis in a dose-dependent man-
ner. Although apoptosis is triggered via different
routes, the mitochondrial pathway is the crucial
signalling pathway in the induction of apoptosis.
It is well established that Bcl-2 family proteins are
frequently the main players in the mitochondrial
apoptotic pathway and the antiapoptotic and proa-
poptotic protein members of Bcl-2 protein family
control apoptosis by regulating the mitochondri-
al membrane permeability [13]. While Bcl-2 is a
strong antiapoptotic protein, Bax is inducer of ap-
optosis. Bax is present in the outer membrane of
the mitochondria, facilitating the discharge of cy-
tochrome C. In the current study involvement of
the mitochondrial apoptotic pathway in sugiol-in-
duced cell death was first detected by the observed
reduction in the MMP. This was further strength-
ened by the changes observed in the Bcl-2 and Bax
expression levels, since mitochondrial malfunc-
tion is often due to MMP loss and discharge of cy-
tochrome C into the cytoplasm. Protein expression
analysis revealed that sugiol caused considerable
downregulation of Bcl-2 expression and upregula-
tion of Bax protein, therefore ultimately favoring
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apoptosis. Additionally, it was also observed that
the sugiol induced intracellular ROS alterations in
Mia-PaCa-2 pancreatic cells in a dose-dependent
manner. The results suggest that sugiol may trig-
ger apoptosis through ROS-mediated reduction in
MMP. Our results are in agreement with previous
studies [10,14,15] wherein a number of anticancer
agents induce apoptosis in cancer cells by gener-
ating high levels of intracellular ROS [14]. Sugiol
also inhibited the cell migration of Mia-PaCa2
cells as evidenced from the Boyden chamber as-
say. Cell migration is the key feature of cancer
progression and metastasis [15] and suppression
of cell migration may prove essential in suppres-
sion of metastasis. This may ensure comparative-
ly longer patient survival. Therefore, the potential
of sugiol to suppress migration of Mia-PaCa2 can-
cer cells indicates that it may prove as an efficient
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