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Zingiber officinale Roscoe has been widely used as a folk medicine to treat various diseases, including

cancer. This study aims to re-examine the therapeutic potential of co-administration of natural products

and cancer chemotherapeutics. Candidate material for this project, α-zingiberene, was extracted from Zin-

giber officinale Roscoe, and α-zingiberene makes up 35.02 ± 0.30% of its total essential oil. α-Zingiber-

ene showed low IC50 values, 60.6 ± 3.6, 46.2 ± 0.6, 172.0 ± 6.6, 80.3 ± 6.6 (μg/mL) in HeLa, SiHa, MCF-

7 and HL-60 cells each. These values are a little bit higher than IC50 values of general essential oil in those

cells. The treatment of α-zingiberene produced nucleosomal DNA fragmentation in SiHa cells, and the per-

centage of sub-diploid cells increased in a concentration-dependent manner in SiHa cells, hallmark features

of apoptosis. Mitochondrial cytochrome c activation and an in vitro caspase-3 activity assay demonstrated

that the activation of caspases accompanies the apoptotic effect of α-zingiberene, which mediates cell death.

These results suggest that the apoptotic effect of α-zingiberene on SiHa cells may converge caspase-3 acti-

vation through the release of mitochondrial cytochrome c into cytoplasm. It is considered that anti-prolifera-

tive effect of α-zingiberene is a result of apoptotic effects, and α-zingiberene is worth furthermore study to

develop it as cancer chemotherapeutics.
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INTRODUCTION

Aromatic plant is a very precious source for developing

new drugs. Plant essential oil, its components and second

metabolite have many applications in folk medicine. For

example, it has been used increasingly for the purpose of

aromatherapy based on its various properties, such as anti-

oxidative, anti-inflammatory, anti-bacterial and anti-cancer

activities (1-3). Zingiber officinale Roscoe (Zingiberaceae)

has been used in folk medicine for treating pain, inflamma-

tion, arthritis, urinary infections, female diseases and gas-

trointestinal disorders (4). Ginger is a common name of

Zingiber officinale Roscoe. Most of the studies on the eval-

uation of ginger products for disease control potential have

been centered around crude extracts on various physiologi-

cal activity. Ginger essential oil (GEO) has been demonstrated

to have anti-inflammatory, anti-nociceptive, and immune-

modulatory effects in animal models (5,6). Regarding the

anti-inflammatory action of GEO, its inhibitory actions on

leukocyte-endothelial cell interactions in the microcircula-

tory network have been demonstrated (7).

Since 2000, there have been a very few research regard-

ing cancer chemotherapeutic activity of Zingiber officinale

Roscoe. A report found that [6]-gingerol and [6]-paradol

exerted inhibitory effects on the viability and DNA synthe-

sis of human promyelocytic leukemia (HL-60) cells (8).

Another report showed that several ginger constituents,

including some diarylheptanoids and gingerol-related com-

pounds, had significant cytotoxic and apoptotic activities

against human promyelocytic leukemia cells (9). In addi-

tion, the phenolic alkanone 6-gingerol was found to affect

the viability of cancer cells only slightly, while 6-shogaol

had a significant inhibitory effect by damaging microtu-

bules and inducing mitotic arrest (10). Though α-zingiber-

ene has been reported to be the major constituent of

Zingiber officinale Roscoe, even the latest studies with

advanced analysis techniques (11-15) provided nearly no

mechanistic evidence for its medicinal activity. The aim of

this study is to provide a basic insight on the chemopreven-
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tive potential of GEO and its component by in vitro research.

MATERIALS AND METHODS

Isolation of ginger essential oil and α-zingiberene.
Fresh rhizomes of Zingiber officinale Roscoe were pur-

chased from Omni Herb Co. (Daegu, Korea), which was

established by the group of Korean oriental M.D. in the

year of 1975. It was identified that the Zingiber officinale

Roscoe we used in this study was harvested in Korea. Gin-

ger essential oil (GEO) was extracted by conventional steam

distillation using a clevenger-type apparatus for 3 hr. The

essential oil was kept at 4oC in dark glass vials, and then used

in tests. The oil was quantitatively and qualitatively ana-

lyzed using gas chromatography (GC) with flame ionization

detector (Shimadzu GC-17A) and GC with mass spectrometry

detector (QP 5050A) operating at 70 eV and with a mass

range of 40~400 amu. Compounds were tentatively identi-

fied by comparing experimentally obtained linear tempera-

ture programmed retention indices with those reported in

the literature. Mass spectra of the essential oil compounds

were compared with the ones reported in the Wiley mass

spectra library (sixth edition) as an aid to identification (16).

Part of GEO was subjected to flash chromatography on

SiO2 gel soaked with AgNO3 (10%) column (63 cm × 5 cm

i.d.) chromatography eluted with CH2Cl2-acetone in propor-

tions of 99 : 1, 95 : 5 and 90 : 10 (200 mL for each eluent)

to afford 30 fractions which were individually analyzed

using GC-FID and then pooled into nine groups (1 to 9).

Fraction 6 was composed of pure α-zingiberene. 1H NMR

spectra of α-zingiberene was recorded on a Jeol 300 MHz

instrument using deuterated chloroform as solvent and

tetramethylsilane as internal standard. 13C NMR was per-

formed on a Jeol (75 MHz) instrument.

Cell lines. HeLa (cervix cancer cell), SiHa (cervix can-

cer cell), MCF-7 (breast cancer cell) and HL60 cell (leuke-

mia) lines were obtained from Korean Cell Line Bank

(KCLB). The HeLa and MCF-7 cells were cultured in Min-

imal Essential Medium, and SiHa cells in Dulbecco’s Modi-

fied Eagle’s Medium, and HL60 cells in RPMI medium with

10% fetal bovine serum in a water-saturated atmosphere of

95% O2 and 5% CO2 at 37oC.

Cell proliferation assay. This is based on the conver-

sion of 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium

bromide (MTT) to MTT-formazan by mitochondrial enzymes

as previously described (17). HeLa, SiHa, MCF-7 and HL60

cells were seeded at a density of 7 × 104, 5 × 104, 4 × 104,

and 7 × 105 cells per well each in 24-well plates and incu-

bated for 24 hr. GEO, α-zingiberene and cisplatin (Sigma,

St. Louis, MO, USA) was dissolved in PBS and added to

the culture media at concentrations of 0~200 μg/mL range,

and the cells were incubated for 24 hr. 120 μL of stock

MTT (Sigma, St. Louis, MO, USA) solution was added into

each well under the dark condition, and plates were incu-

bated at 37oC for 24 hr. After centrifugation, 1 mL of the

diluted DMSO with ethylalcohol (1:1) was added, which

was performed to dissolve formazan. After shaking for

10 min at room temperature, 100 μL of each solution was

transferred to 96-well plates, and the absorbance value of

each well was read at 540 nm using ELISA reader (Model

550 Microplate Reader, Bio-Rad, Hercules, California, USA).

Quantitative analysis of fragment DNA. SiHa cells

were incubated in growth medium for 4 hr with 1 μCi/mL

[3H]-thymidine (Amersham-Pharmacia Biotech., London,

UK). Then the cells were washed twice with PBS and incu-

bated for 24 hr after treatment of α-zingiberene. The cells

were washed and lysed with lysis buffer (10 mM Tris-HCl,

pH 8.0, 1 mM EDTA, 0.2% Triton X-100) (18). Low and

high molecular weight DNA were separated by centrifuga-

tion and the amount of [3H]-thymidine of each supernatant

was determined by liquid scintillation counter (Beckmann,

Danvers, MA, USA). The percent change of DNA frag-

ments was calculated as follows: % Fragments = [cpm of small

DNA/(cpm of small DNA + cpm of large DNA) × 100].

Flow Cytometry analysis. After treatment with α-zin-

giberene for 24 hr, SiHa cells were washed with cold PBS

and resuspended in PBS. DNA contents of cells were mea-

sured using a DNA staining kit (Cyle Test Plus DNA Reagent

Kit, Becton Dickinson, Heidelberg, Germany). Propidium

iodide (PI)-stained nuclear fractions were obtained by fol-

lowing the kit protocol. Data were acquired using Cell

Quest Software with a FACS calibur (Becton Dickison)

flow cytometry system using 20,000 cells per analysis. Cell

cycle distributions were calculated using Mod Fit LT 2.0

software (Verity Software House, Topsham, ME, USA).

Preparation of cytosolic extracts and immunoblotting.
After treatment of α-zingiberene for 24 hr, the cells were

collected and resuspended in 500 μL of extraction buffer

(50 mM Pipes-KOH, 220 mM mannitol, 68 mM sucrose,

pH 7.4, 50 mM KCl, 5 mM EGTA, 2 mM MgCl2, 1 mM

EDTA, 1 mM dithiothreitol, and protease inhibitors). After

30 min incubation on ice, cells were homogenized using a

glass dounce and a tight pestle (50 strokes). Cell homoge-

nates were centrifuged and 10 μL of protein was loaded on

15% SDS-polyacrylamid gels (19). Mitochondrial cyto-

chrome c was detected with anti-cytochrome c monoclonal

antibody (Phar Mingen).

Caspase-3 assay. After treatment of α-zingiberene for

24 hr, SiHa cells were harvested, washed twice with ice-

cold PBS, and resuspended in lysis buffer (10 mM HEPES,

pH 7.4, 2 mM Ethylenediaminetetraacetic acid (EDTA),

0.1% 3-((3-cholamidopropyl dimethylammonio)-1-propane-
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sulfonate) (CHAPS), 5 mM DL-Dithiothreitol (DTT), 1 mM

Phenylmethylsulfonyl fluoride (PMSF), 10 μg/mL aproti-

nin, 20 μg/mL leupeptin). The rest of the protocol followed

the manufacturer’s instruction (Bio-Fad Lab., Hercules, CA,

USA). The fluorescence was measured in a microplate reader

(BIO-TEK Instruments, Winooski, VT, USA) using 360 nm

excitation and 530 nm mission. Data were expressed fold-

induction of caspase-3 activity compared to that of control

cells.

Statistical analysis. The data were processed using

(Graph Pad Software, CA, USA), and the statistical param-

eters, mean value, and SEM (standard error of mean) were

calculated and compared among the groups. Statistical sig-

nificance was determined using ANOVA (*p < 0.05, **p <

0.01).

RESULTS

Isolation of ginger essential oil and α-zingiberene.
The main constituents as detected by GC/MS analysis was

α-zingiberene which constituted 35.02 ± 0.30% of general

essential oil (GEO), ar-curcumene (15.27 ± 0.85%), β-ses-

quiphellandrene (12.32 ± 0.43%) and others are minor com-

ponents less than 5% each.

Inhibition of cell viability by ginger essential oil or α-
zingiberene. The general essential oil as well as its one

component, purified α-zingiberene were evaluated for its

anticancer activity in vitro, initially against cervix cancer

cell line SiHa (Table 1). The obtained results indicated that

GEO was cytotoxic against this cell line with an IC50 value

of 38.6 μg/mL. Further, the cytotoxic potential of GEO and

α-zingiberene were evaluated against different human tumor

cell line and positive control assay was carried out with cis-

platin. The GEO displayed activity against all cell lines

tested with IC50 values ranging from 38.6 to 82.0 μg/mL,

being SiHa the most sensitive cell line to the GEO, with an

IC50 of 38.6 μg/mL. Otherwise, the purified α-zingiberene

from the essential oil showed a cytotoxic activity against

HeLa, SiHa, MCF-7 and HL60 cell lines, ranging from 46.2

to 172.0 μg/mL.

Concentration dependent cytotoxic effect of α-zingi-
berene. Dose dependent cytotoxic effect of α-zingiber-

ene on two cervix cancer cell lines were evaluated. The via-

bility was inhibited > 81.5% in HeLa cells exposed to

200 μg/mL of α-zingiberene, and the viability of SiHa was

inhibited 86%, exposed to 200 μg/mL of α-zingiberene.

Table 1. IC50 (μg/mL) values of α-zingiberene to general essential oil (GEO) from Zingiber officinale Roscoe. and control (cisplatin)
against cell lines

Sample HeLa SiHa MCF-7 HL60

GEO 46.0 ± 0.9 38.6 ± 0.87 082.6 ± 3.2 39.1 ± 4.2

α-Zingiberene 60.6 ± 3.6 46.2 ± 0.60 172.0 ± 6.6 80.3 ± 6.6

Cisplatin (control) 28.2 ± 2.6 56.2 ± 3.80 031.2 ± 2.2 31.1 ± 1.8

Fig. 1. Decreased cell viability by α-zingiberene in HeLa and
SiHa cells. After treatment of α-zingiberene for 24 hr, the cell
viability was assessed by MTT staining. Results are expressed as
the percent change of the control condition in which the cells
were grown in the medium without drug. Data points repre-
sent the mean values of five replicates with the bars indicating
s.e.m.

Fig. 2. Effect of α-zingiberene on quantitation of DNA frag-
mentation. DNA fragmentation was analysed by [3H]-thymidine
incorporation test, after cells were treated with each concentra-
tion of α-zingiberene for 24 hr. Data were presented as percent-
age of counts per minute (cpm) of fragmented DNA compared
to total cpm. Data point represent the mean values of five repli-
cates with bars indicating s.e.m. *p < 0.05 compared to control.
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Cell viabilities of two cervix cancer cells were inhibited in a

concentration dependent manner (Fig. 1).

Effect of α-zingiberene on DNA fragmentation. The

apoptotic response, as judged by the appearance of a DNA

ladder, was examined. A characteristic nucleosomal DNA

fragmentation pattern, which is the biochemical hallmark of

apoptosis, was quantitatively analysed using [3H]-thymi-

dine incorporation test (Fig. 2). Fragmented DNA was sig-

nificantly increased ranging from 80~160 μg/mL of α-

zingiberene (*p < 0.05).

Effect of α-zingiberene on sub-diploid cell population.
These results that the inhibitory action of α-zingiberene on

the proliferation of SiHa cells was caused by the induction

of apoptosis were also confirmed by the quantitation of

apoptotic sub-diploid cells. As shown in Fig. 3, the percent-

age of sub-diploid cells was increased to 23.6%, 36.1%, and

43.0 5% by α-zingiberene treatment at concentrations of 80,

120, and 160 μg/mL respectively in SiHa cells. These results

suggest that α-zingiberene induces clear apoptosis in SiHa

cells in the range of 80~160 μg/mL (*p < 0.05, **p < 0.01).

Cytochrome c release and caspase-3 activation. The

activation of caspases is regulated by the release of cyto-

chrome c from mitochondria to the cytosol (20,21). The

present study showed that cytochrome c release was mark-

edly induced by treatment with α-zingiberene for 24 hr in SiHa

cells (Fig. 4A). We confirmed these results using a caspase-

3 activity assay. As shown in Fig. 4B, caspase-3 activities

were increased by treatment with α-zingiberene 120, 160 μg/

mL respectively (*p < 0.05). These results suggest that α-

zingiberene induces apoptosis through the release of mito-

chondrial cytochrome c and subsequently activates caspase-3.

DISCUSSION

This study found that GEO mostly consists of α-zingiber-

ene, ar-curcumene and β-sesquiphellandrene. But other recent

studies with developed analysis technique show slightly dif-

ferent results. Some reported α-zingiberene as the biggest

component (11-15), while other found ar-curcumene was

the biggest one (22-25). These differences in the chemical

composition of the oil from the same plant part could be

due to the environmental, developmental, genetic or some

other factors. Yield and composition of oil and oleoresins

differ widely with the production conditions (26), variety,

cultivars or population (27) and on climatic and soil fac-

tors. Besides, some study showed that, as separation error,

α-zingiberene transformed to ar-curcumene depending on

the fraction because it is thermally labile (22,28).

Fig. 3. The percentage of sub-diploids cells by flow cytometry
analysis after treatment with 0 to 160μg/mL of α-zingiberene
on SiHa cells for 24 hr. Cells were stained with PI, and the num-
ber of sub-diploids cells were countered using FACScan flow
cytometry. Cells with a subdiploid DNA content (> 5% of G0

content) were considered to be apoptotic. The distribution of
cell cycle was analysed with ModiFitLT V 2.0. Data point rep-
resents mean values of five replicates, with bars indicating s.e.m.
*p < 0.05, **p < 0.01 compared to control.

Fig. 4. Induction of cytochrome c release and caspase-3 activity
by α-zingiberene. SiHa cells were treated with each concentra-
tion of by α-zingiberene for 24 hr. (A) Mitochondrial cytochrome
c was detected by anti-cytochrome c monoclonal antibody. The
aggregated cytochrome c, X-protein bends were used to nor-
malize the protein loading. (B) Caspase-3 activity was measured
by reading samples in fluorescence microplate reader. Data rep-
resents relative activity of caspase-3 after normalization with
protein amounts. Data indicate mean values of four replicates,
with bars indicating s.e.m. *p < 0.05 compared to control.
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The purified α-zingiberene from GEO showed a cyto-

toxic activity against HeLa, SiHa, MCF-7 and HL60 cell

lines, but the IC50 values were higher than those obtained

from the GEO, indicating that there may be a synergism or

additive activity between α-zingiberene and other sub-

stances present in the GEO (Table 1). It is highly desirable

to have compounds that cause cancer cell death via apopto-

sis. Apoptosis eliminates malignant or cancer cells without

damaging normal cells and surrounding tissues (29).

Thus, we herein study the apoptotic effect of α-zingiber-

ene, which showed lower IC50 values in HeLa, SiHa, MCF-

7 and HL60 cell lines. Fragmented DNA was significantly

increased in the ranges of 40~160 μg/mL of α-zingiberene

(Fig. 2). Since DNA fragmentation is one of the evidence of

apoptosis (30-32), concentration-dependent inhibition of

α-zingiberene in two cervix cancer cell line proliferation

(Fig. 1) can be the result of apoptosis. SiHa cells treated

with α-zingiberene in several concentrations (40~200 μg/

mL) showed a concentration-dependent viability decrease

with increased sub-diploid DNA production (Fig. 1 and Fig.

3). It is considered that α-zingiberene inhibited cell cycle

progression and induced DNA fragmentation. It is reported

that increased sub-diploid DNA population is also one of

the evidence of apoptosis (33-35). It is also reported that

DNA fragmentation reflects sub-diploid (sub-G1) increase

and these result apoptosis (36-38). From this research, it is

also considered that decreased cell viability of α-zingiber-

ene in SiHa cells is the result of apoptotic effect, not

necrotic effect.

There are some reports that caspases were implicated in

apoptosis with the discovery that CED-3, the product of a

gene required for cell death in the nematode C. elegans, is

related to mammalian interleukin 1 B-converting enzyme

(39,40). Our studies showed that α-zingiberene treatment to

SiHa cells caused a concentration-dependent activation of

caspase-3, one of the main executers of the apoptotic pro-

cess (41-43). This study also showed that activation of

caspase-3 is regulated by the release of cytochrome c from

mitochondria to the cytosol (Fig. 4). Therefore, this study

indicate that the pathway for apoptosis by α-zingiberene

exists, in part, due to cytochrome c release and caspase acti-

vation, resulting in apoptosis.

Taken together, these findings suggest that α-zingiberene

exhibits apoptotic effects, as reflected by the appearance

of the, DNA fragmentation, sub-diploid cell increase and

caspase 3 activation. Since the safety of this plant for human

consumption has been known for many years, and its com-

ponent α-zingiberene showed apoptotic effects in cervix

cancer cell, SiHa, α-zingiberene is considered to be worth

furthermore study to develop it as chemotherapeutics.
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