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Summary

Purpose: Colon cancer (CC) is one of the deadly malignan-
cies and the second most frequent cancer in the world. The
development of drug resistance and dearth of the viable drug
options form a serious obstacle in the treatment of CC. Here-
in, the anticancer potential of Zingiberene was examined
against the CC cells.

Methods: The proliferation rate of the CC cells was assessed
by cell counting assay. Autophagy was detected by transmis-
sion electron microscopy (TEM). The transfected cells were
then treated with varied concentrations of Zingiberene (O,
10, 20 and 40 uM) for 24 h and monitored by fluorescent
microscopy. Cell cycle analysis was performed by flow cytom-
etry. Protein expression was determined by immunoblotting.

Results: Zingiberene could considerably inhibit the prolif-
eration of CC cells. The anticancer activity of Zingiberene

Introduction

Natural products, especially plants and mi-
crobes, have attracted huge attention as anticancer
drugs because of their potent activities and lower
side effects [1]. Plant-derived natural products such
as taxol are being used for the management of can-
cer [2]. Plants produce a wide array of metabolites
which are classified into different groups based
on their structure [3]. Sesquiterpenes constitute a
large assortment of molecules and are prevalently
found across the plant kingdom [4]. Sesquiterpenes
from several plants have shown the capacity to in-

against the HT-29 CC cells was found to be due to induction
of autophagy. The Zingiberene triggered autophagy was also
linked with increase in the expression of LC3-1I and decrease
in p62 expression. However, no apparent effects were observed
on the LC3-I expression. Moreover, it was found that zingi-
berine also caused activation of autophagy-related caspases
in the HT-29 cells. Further, it was found that Zingiberene
could inhibit the mTOR/PI3K/AKT signalling pathway in the
CC cells. Zingiberene also suppressed the weight and volume
of the xenografted tumors concentration-dependently.

Conclusions: These results indicate that Zingiberene may
inhibit the growth of CC in vitro and in vivo and may be used
for the development of systemic therapy against CC.
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hibit the proliferation of cancer cells, such as lung
cancer, breast cancer and gastric cancer to name
a few [5]. Sesquiterpenes have shown such potent
anticancer activities that even some of the Sesquit-
erpenes have reached clinical trials [6]. Zingiberene
is a monocyclic sesquiterpene prevalently biosyn-
thesized by different plant species. Zingiberene is
an important constituent of a medicinally impor-
tant plant Zingiber officinale[7]. Z. officinale has been
reported to inhibit the growth of different types of
cancer cells [8]. However, the anticancer effect of
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Zingiberene has not been thoroughly investigated.
Moreover, the underlying mechanisms for the anti-
cancer activity of Zingiberene were also investigat-
ed by performing a series of assays. Colon cancer
(CC) is the fourth prevalent cause of cancer-related
mortality, ranks third in incidence and around 1.4
million new cases of CC are reported every year [9].
In 2013, around 0.7 million deaths were reported to
be due to CC worldwide [10]. Although its incidence
has declined to some extent, it is believed that it
will increase by 60% till 2030 [11]. The late diagno-
sis and dearth of potent and safe chemotherapeutic
drugs and therapeutic targets form a serious ob-
stacle in the treatment of CC [12].The mTOR/PI3K/
AKT signalling pathway has been considered as
an essential therapeutic target for several cancers
[13]. This study was undertaken to investigate for
the first time the anticancer effects of Zingiberene
in colon cancer along with evaluating its effects on
autophagic induction, PI3K/AKT/mTOR signalling
pathway and caspase-2.

Methods

Cell viability and colony formation assays

The cell counting assay was employed to determine
the viability of the normal CCD-18Co and HT-29 CC cells.
In brief, 5x10* cells/well were seeded in 12-well plates
and incubated for 24 h with different concentrations of
Zingiberene. The aliquots of cells were then removed
and counted in triplicate following Trypan blue stain-
ing. The effect of Zingiberene on the formation of HT-29
colonies was investigated as described earlier [14].

Transmission electron microscopy (TEM)

Detection of autophagy was used to assess the
induction of autophagy in cancer cells. The cells were
fixed in 4% glutaraldehyde solution, 0.05 M sodium
cacodylate, postfixed in 1.5% OsO4, and dehydrated in
alcohol. Then, they were prepared for flat embedding
in Epon 812 and then observed using Zeiss CEM 902
electron microscope.

Transfection assay

To demonstrate the induction of autophagy, the HT-
29 cells were grown to 80% confluence and transfected
with GFP-LC3 plasmids using Lipofectamine 2000 (Inv-
itrogen) as per manufacturer’s guidelines. The transfect-
ed cells were then treated with varied concentrations of
Zingiberene (0, 10, 20 and 40 pM) for 24 h and monitored
by fluorescent microscopy.

In vivo xenograft study

Healthy Swiss Albino mice weighing 25 + 2.0 g
were obtained from the animal house of the Third Xi-
angya Hospital of Central South University, Changsha,
Hunan, China. The mice were randomly divided into
four groups- one group was untreated control and the

other three groups received Zingiberene dissolved in
0.1% DMSO at 10, 20 and 40 mg/kg. The HT-29 cells
were subcutaneously injected into the left flank. The
mice were monitored and as the growth of the tumors
was apparent, the three groups received Zingiberene dis-
solved in 0.1% DMSO at 10, 20 and 40 mg/kg, while the
fourth group, kept as control, received 0.1% DMSO in
normal saline thrice weekly. The mice were euthanized
at the end of the study (5 weeks) and the tumors were
harvested and used for further experimentation.

Western blotting

Briefly, the HT-29 cells were washed with ice-cold
PBS and suspended in a lysis buffer at 4°C and then
shifted to 95°C. Thereafter, the protein content of each
cell extract was checked by Bradford assay. About, 40 pg
of protein were loaded from each sample and separated
by sodium dodecyl sulfate-polyacrylamide gel electro-
phoresis (SDS-PAGE) before being shifted to polyvi-
nylidenefluoride membrane. The membranes were then
subjected to treatment with tris-buffered saline (TBS)
and then 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

All the experiments were performed in triplicate,
and the data were presented as mean+standard deviation.
SPSS version 17 was used to carry out the statistical
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Figure 1. A: Chemical structure of Zingiberene. B: Cell
counting assay showing the viability of the HT-29 and CDD-
18Co cells. The experiments were performed in triplicate
and shown as mean+SD (p<0.05). Zingiberene led to dose-
dependent and selective inhibition of cell proliferation.
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analyses, and the results were studied using Student’s
t-test and one-way ANOVA. P<0.05 was considered sta-

tistically significant.

Results

Zingiberene suppresses the growth of CC cells

The growth inhibitory effects of Zingiberene
(Figure 1A) were assessed on the HT-29 CC cell line
and CCD-18Co non-cancer cell line. Zingiberene

Control 10 pM

Figure 2. Morphology of the Zingiberene-treated HT-29
cells at indicated concentrations. The experiments were per-
formed in triplicate and shown as mean + SD (p< 0.05). Zin-
giberene caused significant changes in cellular morphology.

Control

Figure 3. Colony formation assay of the Zingiberene-treat-
ed HT-29 cells at indicated concentrations. The experiments
were performed in triplicate. The results show that zin-
giberene led to inhibition of cancer cell colony formation
in a dose-dependent manner.

JBUON 2019; 24(4): 1472

treatment caused dose-dependent inhibition on
the growth HT-29 CC cells. The ICs, of Zingiberene
against the HT-29 CC cells was 20 pM (Figure 1B).
However, the cytotoxic effects of Zingiberene on
the CCD-18Co non-cancer cells were comparatively
negligible (ICs, 80 pM). Additionally, Zingiberene
also induced some morphological changes, such
as shrinkage and membrane blebbing of the HT-29
cells (Figure 2). The effects of Zingiberene treat-
ment were also assessed on the colony formation
potential of the HT-29 cells, which showed that
Zingiberene exerts dose-dependent inhibitory ef-
fects on the colony formation of the HT-29 cells
(Figure 3).

Zingiberene induces autophagy in the CC cells

The examination of the Zingiberene treated
HT-29 cells by electron microscopy showed that
Zingiberene treatment of these triggered the de-
velopment of the autophagic vesicles in the CC
cells at ICs, (Figure 4A). Fluorescence microscopy
showed that Zingiberene enhanced the LC3 expres-
sion (Figure 4B). Western blot analysis further con-
firmed the induction of autophagy in the HT-29
cells as the LC3-II expression increased and of p62
decreased considerably. However, the expression
of LC3-I showed no remarkable change (Figure 5).
Zingiberene also caused dose-dependent deactiva-
tion of caspase 3 in the Zingiberene-treated HT-29
cells (Figure 0).

B Control

Figure 4. A: Electron microscopic analysis of Zingiberene-
treated HT-29 cells. Arrows indicate the formation of au-
tophagic vesicles in the CC cells at ICs, value. B: Effect of
Zingiberene on the expression of the LC3 II proteins at ICs;
fluorescence microscopy showed that Zingiberene enhanced
the LC3 expression. The experiments were performed in
triplicate.
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Zingiberene blocks the PI3K/mTOR/AKT signalling
pathway

We also examined the effects of Zingiberene
on the PI3K/AKT signalling pathway of HT-29 can-
cer cells. It was revealed that Zingiberene caused
concentration-dependent decline in the phospho-
rylation of mTOR, PI3K and AKT, while no appar-
ent effect was observed on the expression of total
mTOR, PI3K and AKT (Figure 8).

Zingiberene inhibited xenografted tumor growth in
vivo

The effects of Zingiberene were investigated on
the xenografted tumor growth in vivo. The results
showed that the administration of Zingiberene at
0, 10, 20 and 40 mg/kg caused significant decrease
in the tumor volume and weight of the xenografted
tumors, indicative of the in vivo anticancer activity
of Zingiberene.
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Figure 5. Effect of Zingiberene on the expression of au-
tophagy-related proteins as depicted by western blotting.
The LC3-II expression increased and of p62 decreased con-
siderably while LC3-I did not show any significant change.
The experiments were performed in triplicate.
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Figure 6. Effect of Zingiberene on the Caspase-2 expres-
sion as depicted by western blotting. The results showed
that the expression of caspase-2 decreased significantly in
a dose-dependent manner. The experiments were performed
in triplicate.

Discussion

Ranked as the fourth most prevalent type of
cancer, colon cancer causes significant morbidity
and mortality across the globe [15]. The clinical
outcomes with the current treatment strategies are
far from descent owing to the side effects and low
efficacy of the drugs [11]. Therefore, the identifi-
cation of novel anticancer molecules and subse-
quent development of efficient and safer treatment
regimes for clinical cancer are required. Natural
products possess impressive potential acting as
drugs for the alleviation of human disorders and
several natural products are already being used as
drugs throughout the world [16]. Herein, we exam-
ined the anticancer potential of Zingiberene. It was
found that Zingiberene exerted growth inhibitory
effects on the HT-29 CC cell line. Nonetheless, the
cytotoxic effects of Zingiberene were comparative-
ly negligible against the CCD-18Co cells, indicative
of the cancer cell specific activity of Zingiberene.
The antiproliferative effects of Zingiberene were
also confirmed by alteration in the morphology and
colony formation of the HT-29 CC cells. Previous
studies have also shown that Z. officinale of which
Zingiberene is an important constituent inhibits
the growth of cancer cells [17]. Next, to investigate
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Figure 7. Western blots showing the effect of Zingiberene
on the phosphorylation of PI3K/AKT/mTOR signalling
pathway at indicated concentrations. Zingiberene caused
concentration-dependent decline in the phosphorylation
of mTOR, PI3K and AKT, while no apparent effect was ob-
served on the expression of total mTOR, PI3K and AKT. The
experiments were performed in triplicate.
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Figure 8. Zingiberene decreases the tumor weight (A) and tumor volume (B) in xenografted mice models concentration-
dependently. The experiments were performed in triplicate and shown as mean + SD (*p<0.05).

the underlying mechanism of anticancer action of
zingiberene, we carried out electron microscopic
analysis and the results showed that Zingiberene
leads to development of autophagic vesicles in the
HT-29 CC cells and the Zingiberene-induced au-
tophagy was also accompanied with upregulation
of LC3 II and downregulation of p62. Autophagy is
a vital process that helps in the elimination of dys-
functional and abnormal cells from the body [18].
Several of the sesquiterpenes have been shown
to induce autophagy in cancer cells, for example,
Zerumbone, a natural sesquiterpene, induces au-
tophagy in prostate cancer cells via oxidative stress
[19]. Similarly, sesquiterpene Bigelovin induces au-
tophagy in liver cancer cells [20]. The mTOR/PI3K/
AKT signal transduction pathway is considered an
important pathway that regulates the proliferation
and tumorigenesis of several types of cancers [21].
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Herein, we found that Zingiberene blocks this path-
way by inhibiting the phosphorylation of mTOR,
PI3K and AKT proteins. The evaluation of the Zin-
giberene in vivo in xenografted mice revealed that
this molecule could suppress the growth of xeno-
grafted tumors in vivo, suggestive of its potent an-
ticancer effects.

In conclusion Zingiberene is an important ses-
quiterpene with anticancer potential. Zingiberene
inhibits the growth of the colon cancer cells by
inducing autophagy and it also suppresses the
growth of xenografted tumors in vivo. Hence, it may
prove beneficial in treating colon cancer.
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