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Summary

Purpose: The main aim of this research was to evaluate the
anticancer and apoptotic effects of germanicol - a natural tri-
terpene - in HCT-116 and HT29 human colon cancer cells and
deciphering its mode of action by studying its effect on the cell
cycle and cell migration.

Methods: Cell cytotoxicity was evaluated by MTT assay,
while cell death was assessed by LDH assay. Fluorescence
microscopy, using DAPI and acridine orange/ethidium bro-
mide (AO-ETBR), was carried out to evaluate the effect of
germanicol on cellular morphology and apoptosis induc-
tion. Apoptosis quantification was performed by Annexin
V-FITC assay, while cell cycle analysis was performed by
flow cytometry using propidium iodide (PI).

Results: The results revealed that germanicol showed se-
lective, potent and dose-dependent cytotoxicity in HCT-116
and HT29 human colon cancer cells, while it showed low-
er cytotoxicity in normal colon cells (human colon fibro-
blast, CCD-18Co). LDH assay also showed that germanicol

Introduction

Cancer continues to be one of the major caus-
es of death worldwide and only slight progress has
been made in dropping the morbidity and mortal-
ity rates of this disease. Colon cancer, also known
as colorectal carcinoma, is the development of a
tumor in a part of the large bowell, known as co-
lon or rectum. Various risk factors which could

induced dose-dependent cell death in HCT-116 and HT29
cells. Fluorescence microscopy revealed that germanicol
induced apoptosis via chromatin condensation and DNA
damage in HCT-1106 colon cancer cells. It also revealed that
the percentage of cells with orange and red fluorescence in-
creased when adding a germanicol dose, indicating apopto-
sis. Germanicol also inhibited cancer cell migration.

Conclusion: The current findings reveal that germanicol
exhibits selective antiproliferative activity against two hu-
man colon cancer cells. The normal cell line was less af-
fected by the drug, as compared to the two cancer cell lines,
indicating that germanicol will not target normal living
cells. The antiproliferative effect was shown to be mediated
through the induction of apoptosis and suppression of cell
migration.
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cause colon cancer have been recognized and in-
clude older age, inherited genetic factors and life
style [1,2]. Colon cancer is recognized as the third
principal cause of cancer-related deaths in the
Western world. In the developing countries, the
prevalence of colon cancer is on the rise due to
many key factors, including changing food habits
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coupled with increasing life expectancy. As such,
colon cancer is a serious public health threat
throughout the globe [3]. According to reports,
cases of colorectal cancer in China have been in-
creasing every year which is expected to grow
within the next years. Colon cancer can be treated
with either chemotherapy, radiation therapy, sur-
gery or a combination of the above, depending on
the type and stage of the tumor. Colon cancer that
is limited within the colon wall can be cured by
simply surgically removing the tumor. However,
if the tumor is spread to other parts of the body;, it
is usually incurable [4].

Natural products, especially plant-based
drugs, have always played key roles by furnish-
ing quite a number of potential anticancer agents.
These include taxanes (paclitaxel, docetaxel),
camptothecin and its derivatives like irinotecan,
topotecan, vinca alkaloids such as vincristine, vin-
blastine and vinorelbine, anthracyclines like dox-
orubicin, epirubicin, daunorubicin etc. It is esti-
mated that around 65% of all the anticancer drugs
approved, have been either natural products or
their synthetic or semisynthetic derivatives [5-7].
Naturally occurring triterpenoids have been re-
ported to exhibit potent anticancer and apoptotic
activities against a range of cancer cells [8].

Keeping this in view, the focus of this cur-
rent study was to evaluate the anticancer and ap-
optotic activity of germanicol triterpene against
human colon cancer cell lines HCT-116 (colon),
HT29 (colon), by studying its effect on cell mor-
phology, cell cycle arrest and cancer cell migra-
tion. The present report on germanicol is the first
such study concerning these cell lines.

Methods

Reagents

3-[4,5-dimethylthiazol-2-yl]-2,5-diphenyltetrazoli-
um bromide (MTT), penicillin/ streptomycin solution,
Hoechst 33342, acridine orange/ethidium bromide, PI
and ethanol 96% were purchased from Sigma-Aldrich
Chemical (St. Louis, MO). Germanicol was purchased
from Wuxi Gorunjie Natural-Pharma Co., Ltd. China.
RPMI-1640 medium and heat-inactivated fetal bovine
serum (FBS) were purchased from Gibco (Carlsbad, CA,
USA). DNA Flow Cytometric Analysis Kit and FITC An-
nexin V Apoptosis Detection Kit were purchased from
KeyGEN, Nanjing, China.

Cell lines

Human colon cancer cell lines HCT-116 (colon)
and HT29 (colon) and human colon normal cell line
(Human colon fibroblast, CCD-18Co) were procured

from Chinese Academy of Science, Shanghai, China.
Cells were grown in RPMI-1640 medium supplement-
ed with 10% FBS and 100 U/mL penicillin and 100 pg/
mL streptomycin. Cell cultures were maintained in a
humidified atmosphere with 5% CO, at 37 °C. Cells
were allowed to adhere for 24 hrs before treatment
with germanicol.

Evaluation of cell viability and cell death

Cell viability testing was assessed by MTT assay
while cell death was assessed by LDH assay. In brief,
the cells were seeded in 96-well cell culture plates
(2x10° cells/well) and subsequently treated with ger-
manicol (0, 5, 10, 20, 40 and 100 pM) at 37 °C for 6
and 24 hrs. After the incubation, 20 pL of the MTT rea-
gent (final concentration 1.0 mg/ml) were added to each
well. The plate was incubated for 3 hrs in a humidified
atmosphere. Then, 150 pl of the DMSO solution were
added into each well. Finally, the plate was allowed to
stand overnight. Absorbance of the samples was meas-
ured spectrophotometrically, using a microplate reader
(Automated Microplated Reader, Bio-Tek, VT, USA) at a
wavelength of 570 nm. A solution of RPMI-1640 medi-
um (assay medium) acted as negative control.

LDH cell death assay was performed as per the
manufacturer’s protocol (Roche Diagnostics GmbH)
given for the LDH cytotoxicity detection kit. The loss
of intracellular LDH and its release into the culture me-
dium is an indicator of irreversible cell death, due to
cell membrane damage [9]. The cells were seeded into
96-well plate and subjected to treatment with german-
icol for 24 hrs. Next, LDH (10 pL) release reagent was
added in each well. The cell culture plates were then
centrifuged after 1 h at 1200 g for 20 min and 200 pL
of the supernatant from each well was drawn out and
placed into a new black 96-well plate. Afterwards, 50
pL of LDH assay mixture were added to each well and
the plate was incubated at 37 °C for 30 min. The absorb-
ance was measured spectrophotometrically at 490 nm
wavelength.

Fluorescence microscopic study of germanicol-induced ap-
optosis in colon cancer cells, using Hoechst 33342 staining

HCT-116 colon cancer cells were seeded into 12-
well plates at a density of 2x106 cells/well. Following
treatment with 0, 10,40 and 100 uM dose of germanicol
for 48 hrs, cell apoptosis was assessed by the Hoechst
staining kit as per instructions of the manufacturer.
After compound treatment, the cells were fixed with
3.5% polyoxymethylene and then incubated in Hoechst
33342 solution for 20 min in the dark. The images were
recorded using a fluorescence microscope (Olympus
IX-70, Tokyo, Japan) at 200x magnification, to identify
morphological signs of apoptosis.

Fluorescence microscopic study of germanicol-induced ap-
optosis in colon cancer cells, using acridine orange/ethidi-
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um bromide (AO/EB) staining

HCT-116 cells, at a concentration of 2x10° cells/
mL, were taken in a Petri dish and treated with O, 10,
40 and 100 pM dose of germanicol for 48 hrs. The cells
were washed with PBS and stained with acridine or-
ange (20 pg/mL): ethidium bromide (20 pg/mL) 1:1 ra-
tio for 30 min. 10 pL of the cell suspension were put
on a slide and images were taken using a fluorescence
microscope (200x magnification; Olympus IX-70, To-
kyo, Japan).

Apoptosis quantification by Annexin V-FITC assay

Annexin V-FITC apoptosis detection kit was used to
evaluate the apoptosis induced by germanicol in HCT-
116 colon cancer cells. In brief, HCT-116 cells, treated
or not with germanicol (0, 10, 40 and 100 pM) were
stained with propidium iodide and Annexin V-FITC as
per the guidelines from the manufacturer. After stain-
ing, flow cytometry of the HCT-116 cells was carried
out using FACS Calibur instrument (BD Biosciences,
San Jose, CA, USA) equipped with Cell Quest 3.3 soft-
ware to analyze the data for quantifying the fraction of
necrotic, apoptotic and viable cells.

In vitro wound healing assay for cell migration

HCT-116 cells (2x10° cells/ml) were seeded in a
6-well plate and incubated at 37 °C until 100 % full
confluent monolayer of cells was attained. A straight
cell-free wound was made by a 50 ml pipette tip af-
ter 12-h starvation. Each well was washed three times
with PBS, to eliminate any cellular debris, and then ex-
posed to a number of doses of germanicol (0, 10, 40 and
100 pM) in a medium. After 48 hrs of incubation, the
cells were fixed and stained with 5% ethanol containing
0.5% crystal violet powder for 30 min, and randomly
selected fields were captured by a light microscope (in-
verted light microscope (IX71; Olympus, Tokyo, Japan).
The lengths of the wound were determined by Image ]
(version 1.46) software.

Statistics

Data are shown as the mean + standard error of the
mean (SEM) of the control. All experiments were per-
formed at least in triplicate. The differences between
groups were analyzed by one-way ANOVA, and signifi-
cance of difference was indicated as *p<0.05, **p<0.01.

Results

Selective cytotoxicity and cell death induced by ger-
manicol against HCT-116 and HT29 colon cancer
cells

The chemical structure of germanicol is
shown in Figure 1. The cytotoxicity of german-
icol against two cancer cell lines (HCT-116 and

JBUON 2016; 21(3): 628

Figure 1. Chemical structure of germanicol.

HT29) and one normal cell line (human colon fi-
broblast, CCD-18Co) was evaluated by using MTT
assay. The results which are shown in Figure 2
indicates that germanicol at low concentrations
(5,10 and 20 pM) did not show significant effect
on cell cytotoxicity. However, at higher doses (40,
80 and 100 pM), germanicol exhibited potent and
dose-dependent cytotoxic effect on both HCT-116
and HT29 colon cancer cells. Interestingly, ger-
manicol showed less cytotoxicity against normal
colon cell line even at higher doses. These results
are interesting since germanicol has shown se-
lectivity against cancer cells without, however,
affecting normal cells to that extent.

The results of the LDH assay are shown in
Figure 3. Germanicol in low doses did not induce
significant release of LDH from the cell culture,
while, at higher doses, significant LDH release
was detected from the cell cultures indicating cell
death. The LDH release induced by germanicol at
100 pM was much more significant. It was no-
ticed that LDH release from HCT-116 was much
more pronounced than that from HT-29 colon can-
cer cells.

Effect of germanicol on the apoptosis induction, via
chromatin condensation and DNA damage in HCT-
116 colon cancer cells

In order to evaluate the effect of germanicol
on chromatin condensation and DNA damage,
HCT-116 colon cancer cells were examined un-
der fluorescence microscope. HCT-116 cells were
treated with various doses of germanicol for 48
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Figure 2. Dose-dependent and selective cytotoxic effect of germanicol in two human colon cancer cell lines (HCT-
116 and HT-29) and a normal cell line (human colon fibroblast, CCD-18Co). Data is shown as the mean+SD of three
independent experiments. * p<0.05, ** p<0.01, vs 0 pM (control).
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Figure 3. Germanicol induced cell death in HCT-116 and HT-29 colon cancer cells in a dose-dependent manner.
Data is shown as the mean + SD of three independent experiments. * p < 0.05, ** p < 0.01, vs O uM (control). The
percentage of LDH release is an indication of cell death which was found to be greater in HCT-116 cells as compared

to HT-29 cells.

hrs and then stained with DAPI. The results which
are shown in Figure 4 indicate that germanicol in-
duced potent and dose-dependent chromatin con-
densation, accompanied by subsequent DNA dam-
age. The drug treatment also led to a decrease in
the number of viable cells. The signs of apoptosis
could be easily seen from the bright fluorescence
in higher germanicol-dose treated cells.

Apoptotic detection of HCT-116 colon cancer cells
by fluorescence microscopy, using AO/ETBR double
staining

The results from this assay are shown in Fig-

ure 5 and reveal that viable cells with undamaged
DNA have a round and green nucleus, while apop-
totic cells have damaged or fragmented DNA and
stain as orange and red. Germanicol treatment of
HCT-116 cells revealed that it was able to reduce
the number of viable cells significantly and in a
dose-dependent manner. With an increase in the
dose of germanicol, an increasing number of cells
were stained orange and red indicating apoptotic
process taking place within the cells. Germani-
col-treated cells displayed characteristic features
of apoptosis, including membrane blebbing, chro-
matin condensation and apoptotic body forma-
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Figure 4. Germanicol induced chromatin condensation
in HCT-116 human colon cancer cells. The cells were
treated with O (A), 10 (B), 40 (C) and 100 (D) pM of
germanicol for 48 hrs and then harvested, treated with
DAPI and finally analyzed using fluorescence microsco-
py (magnification x400). Arrows indicate apoptotic cells
with chromatin condensation and cell shrinkage.
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Figure 6. Germanicol induced apoptosis in human HCT
colon carcinoma cells analyzed and quantified by flow
cytometry, using Annexin V-FITC-/PI. The Q1, Q2, Q3
and Q4 represent necrotic, late apoptotic, early apoptotic
and viable cells respectively. A, B, C and D represent
HCT-116 cells treated with 0, 10, 40 and 100 uM of ger-
manicol for 48 hrs.

tion, which was not detected in untreated cells.

Quantification of apoptosis induced by germanicol

In order to quantify the extent of apoptosis
induced by germanicol, Annexin V-FITC assay
was performed. In brief, HCT-116 cells were treat-
ed with different concentrations of germanicol,
stained with Annexin V-FITC/PI and observed by
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Figure 5. Induction of apoptosis by germanicol in HCT-
116 human colon cancer cells. The cells were treated
with O (A), 10 (B), 40 (C) and 100 (D) pM of germanicol
for 48 hrs and then harvested, treated with AO/ETBR
double stain and finally analyzed using fluorescence mi-
croscopy (magnification x400). Arrows indicate apoptotic
cells which increased with increasing dose of germanicol
while cells without arrows are mostly viable and necrot-
ic cells.

flow cytometry for signs of apoptosis. The results
indicated that germanicol induced a dose-depend-
ent increase in the percentage of apoptotic cells.
The results are shown in Figure 6, which indicate
that, when the cells were treated with O, 10, 40
and 100 pM dose of germanicol, the average pro-
portion of Annexin V-staining positive cells (ap-
optotic cells) increased from 7.2% in the control
to 18.5, 26.7 and 45.2%, respectively.

Germanicol induced suppression of cell migration

Figure 7 shows the effect of germanicol on the
cell migration ability in HCT-116 colon carcinoma
cells at different time intervals and different doses
of the compound. It was observed that after dif-
ferent time intervals, the cell migration tendency
decreased significantly following treatment with
0, 10, 40 and 100 pM dose of the compound. As
compared to the untreated control which exhib-
ited a small wound area, the germanicol-treated
cells showed a larger wound area which became
bigger and bigger when increasing the dose.

Discussion

Natural products have always been used as
anticancer agents for many decades. They have
played an important role in the design and devel-
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Figure 7. Germanicol suppressed cell migration in HCT-116 human colon cancer cells. The cells were treated with
0, 10,40 and 100 pM dose of germanicol for 0, 12, 24 and 48 hrs. * p<0.05, ** p<0.01, vs O ptM (control).

opment of more than 60% of the clinically used
anticancer drugs. In addition, there are sever-
al natural products, or their analogs, which are
currently in preclinical and clinical stage. The
World Health Organization (WHO) has assessed
that about 75-80% of the world population de-
pends mainly on traditional medicines for their
health care [10,11]. Natural products, which are
highly effective and provoke less side-effects, are
a promising substitute for chemotherapy, which
has deleterious side-effects. These non-cytotoxic
bioactive molecules have great potential for use
against cancer, because most of these natural
products exhibit pleiotropic properties [12]. The
multistep nature of cancer development provides
a rationale for cancer prevention. Activation of on-
cogenes, inactivation of tumor suppressor genes
and modulation of mitogenic signal transduction
pathways are critical in cancer progression and
present attractive targets for cancer prevention/
intervention [13,14].

Numerous anticancer agents work primarily
to induce apoptosis in cancer cells and prevent tu-
mor development. The morphological changes of
apoptosis, detected in most cell types, primarily
start with a decrease in cell volume and conden-
sation of the nucleus [15,16]. Tumor invasion and
cell migration are collective features of various
malignant tumors, leading to high morbidity and
mortality, due to their high growth rate, invasive
potential, and resistance to drug treatment. Mi-
gration and invasion are the significant features
of cancer progression and metastasis [17]. As a
result, therapeutic approaches for preventing or
suppressing cancer invasion, migration and me-
tastasis can significantly improve the survival of

patients. After migration, cancer cells need to at-
tack the cellular membranes to launch the metas-
tasis process successfully at a remote site.

The results of the present study indicate that
germanicol has the potential to induce selective
and dose-dependent cytotoxic effects in two hu-
man colon cancer cells HCT-116 and HT-29. The
compound was also tested against the normal cell
line (human colon fibroblast CCD-18Co), which
showed that this cell line was less susceptible
to the drug treatment. Furthermore, it was not-
ed that these cytotoxic effects of germanicol were
mediated via induction of apoptosis which was
demonstrated by fluorescence microscopy using
DAPI and AO/ETBR as staining agents. Germani-
col induced apoptosis via chromatin condensation
and DNA damage. When the cells were treated
with 0, 10, 40 and 100 pM dose of germanicol, the
average proportion of Annexin V-staining positive
cells (apoptotic cells) increased from 7.2% in the
control to 18.5, 26.7 and 45.2%, respectively. Ger-
manicol also led to inhibition of the cancer cell
migration.

In conclusion, the current findings reveal that
germanicol exhibits selective antiproliferative ac-
tivity against two human colon cancer cells lines.
The normal cell line was less affected by the drug,
as compared to the two cancer cell lines, indicat-
ing that germanicol will not target normal living
cells. The antiproliferative effect was shown to be
mediated through the induction of apoptosis and
suppression of cell migration.
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