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ABSTRACT
Zingiber zerumbet (Zz) is a medicinal herb that has been used for centuries
to heal diseases. Here, the cytotoxicity of Pressurize Liquid Extraction
(PLE) of Zz rhizome to human myeloid leukemia (HL60) and Chinese’s
hamster fibroblast (V79) cells were investigated. Treatment of HL60 cells
with hexane (HEX) and ethanol (ET) extract of Zz rhizome was compared
with doxorubicin (DOX). The toxicity of Zz extracts was essentially the
same as that of doxorubicin to HL60 cells, but doxorubicin is much more
effective to inhibit the growth of the HL60 cell line than Zz rhizome extracts.
HEX extract of Zz rhizome also toxic on normal V79 cells and exhibited
non selective activity. Mode of cell death regulated by HEX extract of Zz
rhizome on HL60 cells were necrosis and apoptosis.
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INTRODUCTION

KEYWORDS
Zingiber zerumbet (Zz);
Pressurize liquid extraction
(PLE);
Human myeloid leukemia
(HL60);
Chinese hamster fibroblast
(V79);
Doxorubicin (DOX).

method for the extraction process of Zz rhizome. PLE
is a recent extraction approach that was developed and
Malaysia has about 1300 species from 12000 of meets the demand of less solvent extraction requireflowering plant species that can givemedicinal values[14]. ment and shorter extraction time[31]. Thus, the present
Zingiber zerumbet (Zz) is one of medicinal plant that study used the most recent method of extraction to exvery popular among Malaysian people. Zingiber tort Zz rhizome components and furthermore to meazerumbet or locally known as ‘ L empoyang’ is a wild sure their efficiencyas anti carcinogenic activity.
ginger that belongs to Zingiberaceae family[1].
The feature of selective cancer cell killing by the
Zingiberaceae was frequently used as a raw material anti carcinogenic agent is very crucial in order to refor formulationof traditional medicine that is commonly duce toxicity on normal cells[12]. Previous research by
sold at local market[25,30]. Even there was much research Heny et al.[15] who reported that the anticancer drug
about anticancer properties of Zz rhizome extracts, but, not only attack cancer cells but also causes toxicity to
most of them used traditional method as extraction pro- normal cell. It was supported byHanderson and Frei[14],
cedure. Based on the best updated, there was no re- who was reported the doxorubicin is an effective anti
search that used Pressurized Liquid Extraction (PLE) tumor drugs with variety of activity but it also cause
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severe side effects on normal cell. In order to evaluate
the safeties of Zz rhizome extract, the present study
used untargeted normal cell which is Chinese hamster
lung (V79) cells to monitor the toxicity of the treatments to the non cancerous cell.
MATERIAL AND METHODS
Collection of raw material
Fresh sample of matured Zz rhizome was purchased
at Chow Kit wet market, Kuala Lumpur. The rhizomes
immediately chop into a small slice and dried in the oven
with temperature 45°C for 3 days. The plant sample
was dried to avoid contamination by fungus and stored
in dried and dark box[24]. A human myeloid leukemia
(HL60) cell line and V79 cell line were donated from
the Faculty of Health Sciences, Universiti Kebangsaan
Malaysia (UKM) and stored in -80 ºC.
Pressurize liquid extraction (PLE) condition
In this study, Pressurize Liquid Extraction (PLE)
method was applied. This method was use Acceleration Solvent Extraction (ASE) machine as equipment
for extraction. This extraction method took 10 minutes
of static time for one cycle with 1500psi of pressure
and 80ºC of temperature. The extracts produced are
light, temperature and moisture sensitive; therefore the
extracts were stored at -20 ºC in dehydrogenaze potassium bicarbonate[13].

were collect, 20ul of cell mixed with 80ul of trypan
blue dye and manually counted. Actual cell numbers
were calculated by multiplying diluted times compared
with initial cell numbers. Each well of 96 well plates
were seeded with 100ul of 1x106cells and treated with
100ul of 0-1000ug/ml of HEX and ET extract of Zz
rhizome. After 24hours, 20ul of MTT solution were
added into each well and put in the incubator for 4
hours. Furthermore, 200ul of DMSO were added into
each well for 15 minutes. Cell viability was read using
microplate reader at 570nm[23]. Cell viability was calculated using an equation (1)[32]. Furthermore, cytotoxicity effects were expressed by IC50 values calculated from dose responses curve. On the other hand,
adherent cell culture technique was used to maintain
Chinese hamster lung (V79) cells growth. The V79
cells were grown in DMEM medium supplemented
with 1% penicillin-streptomycin and 10% Fetal Bovine Serum (FBS) in a humidified atmosphere in a 5%
CO2 incubator. V79 cells were exposed to HEX extract of Zz rhizome extract in order to evaluate their
toxicity on normal cells.
% cell survival = (At -Ab) / (Ac-Ab) × 100

(1)

At = Absorbance of Test; Ab= Absorbance of Blank
(Media); Ac= Absorbance of control (cells).
Apoptosis assessment

HL60 cells were treated to 60ug/ml of Zz rhizome
extract in order to investigate the mode of cell death
induction. Moreover, HL60 cells were treated to 5uM
Cell viability and cytotoxicity test
of Etoposide (ETO) (positive control). Apoptosis was
Suspension cell culture technique was used to assessed in suspension cell by annexin V-FITC[33]. Afmaintain Human myeloid Leukemia (HL60) cell lines. ter 24 hours of treatment, the cells were harvested and
HL60 cells were cultured by initially seeding 1x105 centrifuged at 15000g for 5 minutes. The pellet was
cells/ml in fresh Dulbecco’s Modified Eagle Medium added with PBS and centrifuged again. The pellet was
(IMEM) supplemented with 20% Fetal Bovine Se- added with 150ul annexin buffer and then added with
rum (FBS), 10% Penicillin-Streptomycin in a humidi- 2.5 ul annexin V-FITC and left for 15 minutes. After
fied atmosphere of 95% air, 5% CO2, at 37 ºC. To that, 10ul PI was added and let it for 2 minutes. After 2
avoid possible effects of cell density on cell growth minutes, 350 ul of annexin buffer was added. The perand survival, cells were maintained when cell density centage of annexin V positive cells was determined by
reach 8x105 not exceed 1x106 cells/ml. Cell were flow cytometry.
poured into centrifuge tube and centrifuged at 1500g
for 5 minutes. Five ml of warm media was added in Statistical analysis
The results are expressed as the mean ± standard
the pellet and gently re-suspended. Cells were seeded
5
at 1x10 cells/ml with daily adjustment of cell concen- error of the mean (SEM). The Post Hoct test of Duncan
trations by adding fresh medium. At assay time, cells was used to determine statistical significance (p0.05).
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RESULT
Pressurize liquid extraction (PLE)
TABLE 1 showed the percentage of mass yield
(mass of extract (g)/ mass o raw (g) x 100) of Zz rhizome by using different polarity of solvents. ET solvent
showed the best extractor solvent because 3.86% mass
of Zz extract was yielded as compared to HEX solvent
produced only 7.70% of mass yield. It was seen that
the extraction time using non polar HEX solvent was
approximately 2 times longer than polar ET solvent.
The extraction time and solvent consumption increased
with the increased of weight of raw sample. On the
other hand, both solvent extractors were produced aromatic dark yellow oil extract of Zz rhizome (TABLE
2). It was observed that highly non polar of HEX solvent was produced greater oily structure of extract than
less polar of ET solvent.
TABLE 1 : The total volume of solvent consumption, extraction time and mass yield

Solvent
Hexane (HEX)
Ethanol (ET)

Extract Properties
Oil
Sticky oil

Color
Dark yellow
Dark yellow

TABLE 2 : Crude extract characteristic
Solvent
Hexane
(HEX)
Ethanol
(ET)

Volume
(ml)

Time
(Min)

Raw

Extract

Percentage of
mass yield
(%)

475

122min
16s

210

0.70

0.30

236

61 min 8s

100

3.86

3.86

Mass (g)

Cell viability and cytotoxicity effect
As shown in the Figure 1 indicated that HL60 viable
cells more sensitive to HEX extract than ET extract of Zz
rhizome. It was seen that at whole dose of HEX extract
of Zz rhizome the HL60 viable cells was greater reduced
as compared to ET extract of Zz rhizome (p  0.05).
The proliferation of HL60 cells was inhibited in the dose
dependent manner of both solvent extracts. The cytotoxicity effects of Zz rhizome extract and DOX on HL60
and V79 cells were summarized in TABLE 3. The results showed indicated that HEX extract of Zz rhizome
was greater cytotoxic on HL60 cells than ET extract of
Zz rhizome with lower IC50 value. It was seen that both
solvent extracts and DOX showed similar effect on HL60

cells, but DOX exhibited greater cytotoxic effects with
lowest IC50 value. Moreover, HEX extract of Zz rhizome
was toxic on normal V79 cells as their IC50 value on V79
cells lower than on HL60 cells. Both cell lines were cotolerant with HEX extract of Zz rhizome.

Figure 1 : Cell viability inhibitions at different concentrations of ET and HEX extracts of Zz rhizome on HL60 cell for
24 hours treated. (Note: * significant at p < 0.05 compared to
negative control (Untreatment), n = 3 of cell viability)

Mode of cell death
The results shown in the Figure 2 indicated that HEX
extract of Zz rhizome and positive control showed similar
induction on the HL60 cell death mode. It was seen that
both agent was induced apoptosis and necrosis mode.
However, HEX extract of Zz rhizome exhibited greater
apoptosis and lower necrosis induction of HL60 cells than
etoposide. Untreated cells (Negative control) showed high
proliferation of HL60 cells than treated cells with both HEX
Extract of Zz rhizome and positive control.
Different molecular event target by MTT assay
and FITC annexin-V flow cytometry
Figure 3 showed the percentage of HL60 death
TABLE 3 : The cytotoxicity effect of PLE extract of Ns seed on
HL60 and V79 cell lines. DOX was used as a positive control
to validate the anti cancer properties of plant extracts

IC50 value (ug/ml)
Cell
lines
HL60
V79

Zingiber zerumbet (Zz)
HEX
63.72±5.363
38

ET
345.3±34.69
-

Positive
control
DOX
0.714
-
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Figure 2 : The mode of cell death induction by 5uM of Etoposide
and 60ug/ml of HEX extract of Zz rhizome. The HL60 cell
death regulation by HEX extract of Zz rhizome was compared
with positive and and negative control assessment

Figure 3 : Percentage of HL60 cell death after exposed to
60ug/ml of HEX extract of Zz rhizome computed using MTT
assay and FIT-C annexin-V flow cytometry assay. (Note: *
significant at p < 0.05 in comparison between both MTT and
Annexin-V assay, n = 3 of assay)

after treated to 60ug/ml of HEX extract of Zz rhizome
computed using MTT assay and VIT-C annexin-V flow
cytometry analysis.Both assay showed not significant
different of cell death outcome. It was seen that MTT
assay resulted greater cell death consequence than
annexin-V flow cytometry assay.
DISCUSSION
Plants have been exploited as medicines for thou-

sands of years. These medicines primarily used in the
form of crude extracts such as powder, tea and other
formulation. The utilized of medicinal plant was then
developed into anticancer drugs. The crude extracts
were isolated to get the compound tested on their biological activity on cancer cells. The present study was
used crude extract of Zz rhizome to test on targeted
HL60 and V79 cells. It was because the previous study
work by Beckstrom-Sternberg and Duke[3], was
stresses the uses of whole crude extracts for pharmacological test as they was founded that the different
components in crude extracts act in multiple pathway
and more synergetic than a compound alone. Furthermore, Rajesh et al.[26], was reported about properties
of aromatic plant species is attributed in the form of oil
fraction. Therefore, aromatic species of Zz rhizome was
resulted yellowish oil of PLE extract. As reported by
Rosnani et al.,[27] the yellowish oil was due to the present
of curcumin from oleoresin extracted from Zz rhizome.
Curcumin is the compound that gives the yellow coloration to the crude extracts. The yellow oil produced
was reported to compose the anti carcinogenic agent[4].
On the other hand, rhizome maturation has a great influenced on the composition of natural constituent. According to Chien et al.,[6], the component content of
the rhizome was 3 times greater in matured rhizome as
compared than younger rhizome. Therefore, the present
study was used mature rhizome as a tested sample in
order to grasp more natural constituent.
Pressurize Liquid Extraction (PLE) with nitrogen
gas is a feasible technique for the isolation of active
substances from Zingiber zerumbet (Zz). Previous
work by Valeria et al.,[35] demonstrated PLE method
was utilized in elevated pressure and temperature that
enable the solvents to be heated to temperature in excess of their boiling point which results in more efficient
extraction process and moreover, produced high yield
of crude extracts. The use of elevated temperature
amplified the capability of solvent to solubilize the analyte,
lessen the viscosity of liquid solvents, permitted better
diffusion of the solvent into the matrix. Furthermore,
the employ of elevated pressure assist the extraction of
the analytes from samples by improving the solvent accessibility to the analytes that is spellbound in the matrix
pores. On the other hand, high yield of crude extract
mass was influenced by the solvents properties that have
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different extractive capacity. As evaluated by Wahida[36],
polar solvents have unequal distribution electrical
charges molecules with one of their end was positive.
Therefore, polar solvent have ability to trap hydrophilic
analyte which is polar component. On the other hand,
non polar solvents have equally distributed electrical
charges molecules and not miscible in water. For the
extraction of Zz rhizome, polar ET solvent have better
efficiency to trap their component as the yield of crude
extract was greater than HEX solvent. Therefore, ET
was selected as the best extractor solvent to bound
more component in the matrix pore of Zz rhizome. The
result was consistent with Rout et al.[34], that showed
polar solvent extractive was significant higher than non
polar solvent extractive.
However, the cytotoxicity effectiveness of solvent
extracts on HL60 cells was influenced by the present
of anti carcinogenic agent not the amount yield of entire
component. Therefore, the present study was important to measure the present of anti carcinogenic agent
extracted by both solvent extractor assessed by the 3(4,5-dimethylthiazol-2-yl)-2,5-diphenyl tetrazolium bromide (MTT) test. According to Mosmann[18], cell viability quantified based on the reduction of 3-(4,5dimethylthiazol-2-yl)-2,5-diphenyl tetrazolium bromide
(MTT) to formazan crystal by mitochondrial dehydrogenases. The reduction of tetrazolium salt was mediated by mitochondria uncoupling and reduce in ATP
content[28]. The results showed ET solvent was constructed high yield of crude extract than HEX solvent in
PLE process, but their cytotoxicity to HL60 cells much
lower than HEX extract of Zz rhizome. It was revealed
that HEX solvent has high efficiency to trapp anti carcinogenic agent than ET solvent. It was seen that less
formazon blue appeared after HL60 cells treated with
HEX extract of Zz rhizome as compared to ET extract
of Zz rhizome. It was indicated the increased dose of
HEX extract of Zz rhizome strongly reduced tetrazolium salt than the increased dose of ET extract of Zz
rhizome. This results was supported that high yield of
crude extracts has no relation with the cytotoxicity activity of HL60 cells.
In term of toxicity on normal cells, Zz rhizome extract showed least protective effects on HL60 cells.
MTT assay showed that HEX extract of Zz rhizome
exhibit strong cytotoxicity effects on both HL60 and

V79 viable cells. The yellow color remains even after
all solution was suck out. It might due, the feature of
both cells allows the components of HEX extract of Zz
rhizome to freely cross the plasma membrane, embedded inside the cell, targeted mitochondria and regulated
uncoupling effects. Therefore, the results showed contradicted than previous research by Emanuela et al.[8],
who reported about independent effects on uncoupling
miochondria in different cells type. No selective activity
of Zz rhizome extract on normal cells resulted in this
study opposite with the work by Nakamura et al.,[20].
They showed that the anti proliferation effects of HEX
extract of Zz rhizome on colonic adenocarcinoma cell
lines is in a dose dependent manner and showed selective effects on normal human dormal and colon fibroblast. However, their extraction method used was different that might be extracted non toxic components.
Non toxic compound was included zerumbone which
exhibit pharmacology strategy with selective activity and
less cytotoxic on normal cells[19]. Therefore, the present
study that used PLE extraction method might be attracted toxic component that showed no cytostatic activity, but cytotoxic activity on both HL60 and V79 cells.
DOX is an anti-cancer agent that was used clinically. As shown in the results, the anti cancer activity of
DOX on HL60 cells was more proficient as compared
whole extract of Zz rhizome. It might be their pharmacology pathway on targeted HL60 cells was more efficient as compared crude extracts of Zz rhizome. However, whole extracts of Zz rhizome showed anti-cancer
activity on HL60 cells as their IC50 value resulted were
include in the range value of anti-cancer properties which
is less than 1000ug/ml[17].
Cell regeneration and proliferation are stabilized by
cell death/apoptosis under normal health conditions.
However, during tumor development this balance was
swing towards proliferation. Cancer progression was
due to hysterically cell proliferation and restraint of
apoptosis. An effective and definite therapeutic consequence was hunted to target these crucial events[9]. The
present study was used FIT-C Annexin-V assay in order to measure the mode of cell death exhibited by HL60
cells after treated to HEX extract of Zz rhizome. At
60ug/ml of HEX extract of Zz rhizome, 50% of HL60
cells undergo apoptosis and less than 5% is undergo
necrosis. It was negotiation with the work conducted
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by Takada et al.[29], who reported the activity of the
agent of Zingiber zerumbet rhizome to suppressed the
anti apoptosis genes but upregulated the apoptosis expression. Etoposide is an established anticancer drug
that was used since 1961[16]. Etoposide was directed
both apoptosis and necrosis cell death. Necrosis is the
mechanism of cell death that cause inflammation and
cell damage which directed by inflammation factor such
as interleukin, tumor necrosis factor (TNF) and etc.
Clinically, necrosis is the pathway of cell death that not
necessitates[2]. The population of necrosis cells were
more responded by this drug as compared to Zz rhizome extract. Therefore, Zz rhizome extract is more
outstanding because have dominant responses to
apoptosis than necrosis event. The reason for the
apoptosis event on HL60 cells that convey by both plant
extracts is not known at present. Therefore, it was recommended to further investigation on mechanism of the
apoptosis.
Cytotoxicity has been defined as the cells exterminate properties of a treatment agent independent from
the mechanism of death[10]. Therefore, the unparallel
results showed by both MTT and Annexin-V assay was
clarified because both assay corresponded to the different molecular target. MTT is an assay that targeted
the activity of mitochondrial dehydrogenase[5] but
annexin-V flow cytometry assay is used to target the
exposure of phophotydilserine to the outer membrane[22]. In this study, the death cell that exposed to
HEX extract of Zz rhizome alone was higher when computed by MTT assay but, after computed using annexinV flow cytometry assay HL60 death cells reduced. This
might be the plant extracts was dictated the suppression activity of mitochondria but has less authority to
the exposure of PS. The inclusion of this in vitro cytotoxicity assay provides an imperative advantage in identifying potentially cytotoxic agent[11]. Moreover, the insertions of annexin-V flow cytometry assay provide a
precise measurement of cell death[21].
CONCLUSION
From the results, PLE method was successfully
extract anti cancer agent from Zz rhizome using both
ET and HEX solvent. However, HEX extract of Zz
rhizome showed greater cytotoxicity effects on HL60

cells than ET extract of Zz rhizome. Moreover, HEX
extract of Zz rhizome also cytotoxic on V79 cells and
revealed as not selective agent. It also was declared
that PLE method was successfully extract anti cancer
agent from Zz rhizome. Therefore, this approach can
be an alternative for researcher to extract the valuable
component in the plant sample in short extraction time,
less expensive and safe for environmental used. Moreover, HEX extract of Zz rhizome was targeted both
mitochondrial and externalization PS to measure cytotoxic agent and mode of cell death assessment.
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