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As sources of natural products, medicinal plants bear a great interest for researcher in recent decades and
this interest has increased considerably in finding naturally occurring antioxidant and antineoplastic
compounds. Kaempferia galangal Linn., is an important member of medicinal flora available in
Bangladesh and used traditionally for the prevention of numerous diseases. The present study was
designed to investigate the antioxidant and antineoplastic activities of methanol extract of Kaempferia
galanga rhizome (MEKGR). In vitro models and MTT assays were used to determine the antioxidant
and in vitro antineoplastic properties of MEKGR. Antineoplastic effect of MEKGR against Ehrlich ascites
carcinoma (EAC) were assessed in vivo by evaluating the viable tumor cell count, survival time, body
weight gain due to tumor burden, observing morphological changes and nuclear damage of EAC cells
by fluorescence microscope and estimating hematological profiles of experimental mice. Chemical com-
position was also analyzed by GC–MS. Treatment with MEKGR significantly (p < 0.05) reduced viable EAC
cells and weight gain and increased life span. MEKGR restored all hematological parameters, such as RBC,
WBC, hemoglobin (Hb%) of EAC-bearing mice towards normal level. Membrane blebbing, chromatin con-
densation, nuclear fragmentations were observed after treatment with MEKGR. MEKGR exhibited strong
antioxidant activity. TPC (Total phenolic content) and TFC (Total flavonoid content) were found strongly
correlated (P < 0.05) with antioxidant activities of MEKGR. 2-Propenoic acid, phthalic acid, palmitic acid,
sandaracopimaradiene, oleic acid, octadecanoic acid, 2-[2-(4-nonylphenoxy) ethoxy] ethanol and glycidyl
stearate were identified as the major constituents of MEKGR by GC–MS analysis. The overall findings of
this study suggest that MEKGR may provide a natural source of antioxidant and antineoplastic activities.
� 2017 The Authors. Production and hosting by Elsevier B.V. on behalf of King Saud University. This is an
open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction in a number of tissues and organs. ROS may also be very harmful as
The body’s normal uses of oxygen such as respiration and some
cell-mediated immune functions have continuously produced
reactive oxygen species (ROS). Excessive production of ROS was
found to play important roles in tissue damage and loss of function
they leads to damage of proteins, DNA and lipid thereby commenc-
ing various chronic diseases like cancer, atherosclerosis, diabetes,
cardiovascular disease, ageing and inflammatory diseases (Islam
et al., 2013). There is a close relation between excessive production
of ROS and induction of cancer (Islam et al., 2014a,b). So butylated
hydroxyl toluene and butylated hydroxyl anisole are largely
included in human diets as synthetic antioxidants but they are sus-
pected to possess harmful effects on health (Li et al., 2014). In this
aspect, plants and their products are considered as rich sources of
phytochemicals with less side effects and these phytochemicals
have been found to possess a variety of biological activities includ-
ing antioxidant and antineoplastic activities (Devasagayam et al.,
2004; Chen et al., 2011; Ramful et al., 2011; Harsha et al., 2013;
Habib Et al., 2010; Shynu et al., 2011; Rafik et al., 2014) Kaempferia
galangal Linn, also known as chandramulika, belongs to the Zingib-
eraceae family and has a wide spread occurrence in Bangladesh,
India, China and Malaysia (Ridtitid et al., 2008). Many ayurvedic
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drugs are prepared from this herbal spice and are traditionally
used to cure various ailments such as asthma, malaria, skin disease,
bronchitis, wounds and spleenic disorders (Kirtikar and Basu,
1997). Previously it was reported that this spice possess expecto-
rant, carminative, diuretic, anti-inflammatory and antimicrobial
activities (Hanumantharaju et al., 2010; Shirin et al., 2000;
Patnibul et al., 2008). Therefore, in the present study, the effects
of methanol extract of Kaempferia galanga rhizome against Ehrlich
ascites carcinoma (EAC) were analyzed. The study also focused on
the chemical composition as well as antioxidant potency of metha-
nol extract of Kaempferia galanga rhizome.

2. Materials and methods

2.1. Chemicals and reagents

Hoechst 33342, RPMI 1640-medium and MTT were obtained
from Sigma–Aldrich, USA. Penicillin-streptomycin and fetal calf
serum were purchased from Invitrogen (USA). Methanol was
obtained from Labscan, Thailand. Trypan blue and all other chem-
icals/reagents were of analytical grade obtained commercially.

2.2. Collection of plant materials and authentication

Rhizome of Kaempferia galanga L. was collected from the hilly
areas of Chittagong, Bangladesh. Authentication of the plant mate-
rial was identified by a taxonomist at the Department of Botany,
University of Rajshahi. The voucher sample (No. 06) of this collec-
tion was deposited for further reference.

2.3. Preparation of extract

The dried and powdered rhizome of Kaempferia galanga L. was
used for the extract preparation with methanol (200 g powder in
500 ml methanol) at room temperature and after filtration, filtrates
were evaporated under reduced pressure at 40 �C using a rotary
evaporator to have methanol extract (about 2% yield) and it was
designated as MEKGR (Methanol extract of Kaempferia galanga
rhizome).

2.4. Estimation of total phenolic and flavonoid content

Previously described methods were used to estimate the total
phenolic (TPC) and flavonoid (TFC) content of MEKGR (Singleton
and Rossi, 1965; Dewanto et al., 2002). TPC of MEKGR was calcu-
lated as gallic acid (used as reference standard) equivalents
(y = 0.117x + 0.051, R2 = 0.998) per gram of dry weight whereas
TFC was calculated from the standard curve of catechin
(y = 0.005x + 0.047, R2 = 0.998) as catechin equivalents per gram
of dry weight.

2.5. Determination of total antioxidant and ferrous reducing capacity

The total antioxidant and ferrous reducing potential of the
extract/catechin as standard was assessed by the method of
Prieto et al. (1999) and Oyaizu (1986).

2.6. DPPH, ABTS and nitric oxide radical scavenging assay

The DPPH free radical scavenging capacity of MEKGR was mea-
sured by the method Choi et al. (2000) with some modification
whereas the ABTS method was used according to Cai et al.
(2004). Nitric oxide scavenging activity of MEKGR extract was car-
ried out as reported by Marcocci et al. (1994) with some modifica-
tion. The absorbance was taken at 517 nm for DPPH assay, 734 nm
for ABTS assay and 546 nm for nitric oxide assay. Catechin was
used as reference in all cases. Percentage of DPPH/ABTS/nitric
oxide radical scavenging was calculated using the following
formula:

Percentageð%Þscavenging effect ¼ ½1� ðAsample=AcontÞ� � 100

where Asample = Absorbance of sample and Acont = Absorbance of
control.

IC50 values (mg/ml) were determined from the plotted graphs of
scavenging activity against the concentration of the extract.

2.7. Animals and ethical clearance

Swiss-albino mice of both sexes, average weighing 28–32 g
were collected from the Animal Research Branch of the Interna-
tional Centre for Diarrhoeal Diseases Research, Bangladesh
(ICDDR,B). The mice were grouped and housed in polypropylene
cages (maximum six mice per cage). Sterile paddy husk was used
as bedding material and the mice were fed with standard mouse
food-pellets (collected from ICDDR’B) and water ad libitum. The
room was maintained at a temperature of 25 ± 2 �C, humidity
55 ± 5% with 12:12 h light–dark cycle. Protocol used in this study
for the use of mice as a animal model for cancer research was
approved by the Institutional Animal, Medical Ethics, Biosafety
and Biosecurity Committee (IAMEBBC) for Experimentations on
Animal, Human, Microbes and Living Natural Sources, (225/320-
IAMEBBC/IBSc), Institute of Biological Sciences, University of Raj-
shahi, Bangladesh.

2.8. In vitro cell viability test by MTT colorimetric assay

MTT assay was performed to assess the viability of EAC cells as
reported by Kabir et al. (2016). In shortly, the dose-dependent
effects of extract on the viability of EAC cells were investigated
by MTT assay. The cells (2 � 106) were plated in 200 ml RPMI
1640 media in the presence of various concentrations (3.125–
100 mg/ml) of extracts and allowed to stand for 24 h at 37 �C in
CO2 incubator. Following incubation, aliquot were removed and
180 ml of PBS and 20 ml of MTT were added to each well and again
incubated at 37 �C for 8 h. After clearing away the supernatant,
200 ml of acidic isopropanol was put into each well of the culture
plate and finally incubation was carried out at 37 �C for 1 h. Titer
plate reader was used to measure the absorbance at 570 nm.

2.9. Determination of cell growth inhibition (in vivo)

To explore the in vivo cell growth inhibition properties of the
extract, three groups of Swiss albino mice (n = 6) weighing 26 ± 3
gm were used (Islam et al., 2016). For this purpose, 1.6 � 106 EAC
mice cells were inoculated into each group of mice on the first day.
After 24 h of tumor injection treatments were commenced and con-
tinued for five days. In brief, groups 1 and 2were receivedMEKGR at
the doses of 5 and 10 mg/kg/per day, respectively, via intraperi-
toneal injection. Group 3 was used as untreated control mice. On
day 6, mice were sacrificed and viable tumor cells of MEKGR-
treated groups were compared with those of control group.

2.10. Survival time and tumor weight

Studies on survival time and tumor weight of extract were car-
ried out using the method of Khanam et al. (2010). In summary,
Swiss albino mice were divided into three groups (six in each
group) and each group of mice received 1.6 � 106 EAC cells. Group
1 and group 2 mice were administered with MEKGR at 5 and
10 mg/kg/mouse/day, respectively for 10 days whereas group 3
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was used as untreated control. Then tumor weight gain and mean
survival time of each group were recorded.

2.11. Observation of EAC cells morphological change

The nuclear morphological changes of EAC cells in MEKGR-
treated (10 mg/kg/mouse/day) and untreated control mice were
investigated using a fluorescence microscope (Olympus iX71,
Korea). Briefly, the EAC cells from both groups of mice were col-
lected and stained with Hoechst 33342 at 37 �C for 10 min in the
dark. The cells were then washed with PBS. Finally, the morpholog-
ical changes were studied using a fluorescence microscope.

2.12. Studies on hematological parameters

Studies on hematological profiles of extract were carried out
using the method of Islam et al. (2014a). Experimental mice were
divided into four groups (n = 6) and each mice were injected with
EAC cells (1.6 � 106 cells/mouse) intraperitoneally except the nor-
mal group (Group 1). Group 2 was used as control. Group 3 and
group 4 mice were administered with MEKGR at 5 and 10 mg/kg/-
mouse/day, respectively for 10 days. On the 12th day, after tumor
transplantation, tail vein blood was collected which was used to
measure hematological profile.

2.13. Brine shrimp lethality bioassay

Brine shrimp lethality bioassaywas carried out according to pub-
lished method for the determination of cytotoxic property of the
sample extracts (Kabir et al., 2011). Briefly, 3 mg of the extract was
prepared in 0.6 ml of distilled water to get a concentration of 5 lg/
ll and solution of different concentrations such as 10, 20, 30, 40
and 50 lg/ml were obtained. After 24 h. of incubation the percent
of lethality of the brine shrimp nauplii was calculated for each
concentration.

2.14. GC–MS analysis of MEKGR

Separation and identification of the components of ethanol
extract were performed by GC–MS agilent 6890 N gas chromatog-
Table 1
Phytochemical analysis and antioxidant effect of MEKGR.

Sample TPC (mg of gallic acid
equivalent/g of extract)

TFC (mg of
catechin
equivalent/g
of extract

DP
sca
act
val
ml

MEKGR 15.40 ± 0.35 37.72 ± 0.50 16
Catechin – – 2.6

Total antioxidant and reducing power capacity of MEKGR and catechin
MEKGR Total antioxidant capacity

Concentration (mg/ml) Absorbance

3.125 0.086
6.25 0.211
12.5 0.341
25 0.452
50 0.685
100 0.771

Catechin Total antioxidant capacity

3.125 0.123
6.25 0.246
12.5 0.418
25 0.673
50 1.327
100 1.855

Data are expressed as mean ± SD.
raphy hooked to agilent 5973 N mass selective detector. They
equipped with a flame ionization detector and capillary column
with HP-5MS (30 m � 0.25 mm � 0.25 lm). In GC settings: the ini-
tial oven temperature was set at 60 �C for 1 min and ramped at
10 �C min�1to 180 �C for 1 min and then ramped at 20 �C min�1

to 280 �C for 15 min. The temperature of the injector was con-
trolled at 270 �C. The samples (1 ll) were injected neat, with a split
ratio of 1:10. Helium was used as the carrier gas at a flow rate of
1.0 ml min�1. Spectra were scanned from 20 to 550 m/z at
2 scans s�1. Identification of most constituents by gas chromatog-
raphy was done by comparing their retention indices with those
reported in the literature or with those of authentic components
available in database.

2.15. Statistical analysis

All results were represented as mean ± standard deviation (SD).
SPSS software (version 16) was used to perform one way analysis
of variance (ANOVA) followed by Dunnett’s ‘t’ test and IC50 was cal-
culated using GraphPad Prism 6. P < 0.05 were considered to be
statistically significant.

3. Results

3.1. Total phenolic and flavonoid contents

The TPC and TFC of MEKGR which were 15.40 ± 0.35 mg of gallic
acid equivalent/g of extract and 37.72 ± 0.50 mg of catechin equiv-
alent/g of extract, respectively (Table 1).

3.2. Total antioxidant and ferrous reducing capacity

As shown in Table 1, The MEKGR was found to increase the total
antioxidant and ferrous reducing capacities with the increasing
concentration of the extract.

3.3. DPPH, ABTS and nitric oxide radical scavenging activity

Table 1 shows DPPH, ABTS and nitric oxide radical scavenging
activities of MEKGR and catechin (CA). In each radical scavenging
PH radical
venging
ivity (IC50

ues in mg/
)

ABTS radical
scavenging activity
(IC50 values in mg/ml)

Nitric oxide scavenging
activity (IC50 values in
mg/ml)

.58 8.24 38.16
7 4.53 3.18

Ferrous reducing capacity

Concentration (mg/ml) Absorbance

3.125 0.113
6.25 0.265
12.5 0.343
25 0.479
50 0.565
100 0.865

Ferrous reducing capacity

3.125 0.217
6.25 0.434
12.5 0.733
25 1.176
50 2.040
100 2.509



Fig. 1. (A) Growth inhibition of EAC cells by MEKGR when EAC cells were treated with various doses of MEKGR for 5 days. The inhibition ratios were measured by the MTT
assay (n = 3, Mean ± SD). (B) IC50 value of MEKGR was calculated from the dose–response curve.

Table 2
Effect of MEKGR on Ehrlich ascites carcinoma (EAC) cell growth inhibition.

Group Treatment Viable EAC cells on day 6 after
inoculation (�107 cells/ml)

Percentage (%) cell
growth inhibition

1 EAC
+ Control

3.81 ± 0.62 –

2 EAC
+ MEKGR
(5 mg/kg)

1.80 ± 0.21* 52.44 ± 4.52

3 EAC
+ MEKGR
(10 mg/kg)

1.11 ± 0.08* 70.58 ± 2.71

Data are expressed as mean ± SD for six animals in each group. P < 0.05: against EAC
control group.

Fig. 2. (A) Mean survival time of experimental mice. (B) Percentage of life span increase
different doses. Data are expressed as mean ± standard deviation (n = 6). Level of signifi
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assay, the activity of MEKGR was found to be increased with
increasing its concentration. In case of DPPH, ABTS and nitric oxide
scavenging assay, the IC50 values of MEKGR were 16.58, 8.24 and
38.16 mg/ml, respectively whereas for catechin these were 2.67,
4.53 and 3.18 mg/ml, respectively.

3.4. Inhibition of cancer cell growth with MEKGR (in vitro)

In MTT assay, MEKGR induced EAC cell death in a dose depen-
dent manner (Fig. 1A). A reduced cell growth was observed with
MEKGR at a concentration as low as 3.125 mg/ml which markedly
increased with increasing concentration of MEKGR as compared
to control. A strong inhibition (76.56%) of EAC cell growth was
with the treatment and (C) reduction of body weight gain due to tumor burden at
cance *p < 0.05 when compared with that of control group.



Table 4
Chemical constituents of methanol extract of Kaempferia galanga rhizome.

Peak# Name of compound Retention
Time

(%) percentage
composition

1 2-Propenoic acid 18.456 10.18
2 Phthalic Acid 18.532 3.37
3 Hexadecanoic acid 21.598 35.17
4 Sandaracopimaradiene 21.786 8.20
5 Oleic acid 24.027 22.15
6 Octadecanoic acid 24.274 10.10
7 2-[2-(4-Nonylphenoxy)

ethoxy]ethanol
24.625 3.57

8 Glycidyl stearate 26.280 7.27
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observed at concentration 50 lg/ml which is further increased
(89.37%) at concentration 100 lg/ml of MEKGR. The IC50 value of
the MEKGR was determined as 17.10 mg/ml against EAC cell
(Fig. 1B).

3.5. Cell growth inhibition (in vivo)

Table 2 showed the cell growth inhibition of MEKGR. Maximum
cell growth inhibition was observed with the treatment of MEKGR
at the dose of 10 mg/kg (i.p.) (70.58% inhibition).

3.6. Average tumor weight and survival time

The effect of MEKGR on survival time at different doses had
been summarized in Fig. 2A. Administration of methanol extract
at doses 5 and 10 mg/kg in EAC induced mice resulted in increase
of life span markedly by 12.95% and 38.39%, respectively, com-
pared with the control (p < 0.05) (Fig. 2B). MEKGR also reduced
the tumor weight, compared with control group (p < 0.05) (Fig. 2C).

3.7. Effect of MEKGR on cell morphological change

Hoechst 33342 staining was performed to confirm the metha-
nol extract induced apoptosis of EAC cells and the results were pre-
sented in Fig. 3. In this morphological examination, the control
cells were round, regular, and homogeneously stained with
Hoechst 33342 (Fig. 3A) while treated EAC cells exhibited mem-
brane and nuclear fragmentation a hall mark of apoptosis (Fig. 3B).
These results indicate that the extract could induce apoptosis of
EAC cells.

3.8. Hematological studies

Effects of the methanol extract on the hematological profile of
the EAC cell bearing mice were examined and the results were pre-
sented in table 3. Administration of EAC cells resulted in the reduc-
Fig. 3. MEKGR induced apoptosis is in Ehrlich ascites carcinoma (EAC) cell. EAC cells we
bearing mice and stained with Hoechst 33342 and observed by fluorescence microscopy.
noted that apoptotic characteristics e.g. nuclear condensation and fragmentation are se

Table 3
Effect of MEKGR on blood parameters of tumor bearing and normal Swiss albino mice.

Parameters Normal EAC + Control

Hgb (g/dL) 14.48 ± 0.52 10.5 ± 1.08
RBC(�109 cells/mL) 6.67 ± 0.23 1.59 ± 0.12
WBC(�106 cells/mL) 8.75 ± 0.53 39.5 ± 4.4

Data are expressed as mean ± SD for six animals in each group.
* P < 0.05: against EAC control group.
tion of Hb content and RBC counts, whereas an increase was found
in WBC counts. Interestingly, the EAC-bearing mice restored their
hematological profiles moderately after administration of the
extract.

3.9. Brine shrimp lethality bioassay

The brine shrimp lethality bioassay was carried out to assess
the in vitro cytotoxic effect of MEKGR. Percent of mortality of nau-
plii were increased with the increasing concentration of MEKGR
and the medium lethal concentration (LC50) was found to be
11.37 mg/ml.

3.10. Chemical profile of MEKGR analyzed by GC-MS

The chemical profile of MEKGR extract that was identified by
GC–MS spectrum, are summarized in table 4. A total of eight com-
ponents, 2-propenoic acid (10.18%), phthalic acid (3.37%), palmitic
acid (35.17%), sandaracopimaradiene (8.20%), oleic acid (22.15%),
octadecanoic acid (10.10%), 2-[2-(4-nonylphenoxy)ethoxy]ethanol
(3.57%) and glycidyl stearate (7.27%) were identified in the metha-
nol extract and the presence of these compounds had a significant
correlation with the inhibition of EAC cell growth (R2 = 0.078,
p < 0.05) in vitro.
re treated for 24 h then cells were collected from the treated and non-treated EAC-
Left panel (A) indicates control and right panel (B) indicates MEKGR (10 mg/kg/day)
en in figure B.

EAC + MEKGR (5 mg/kg) EAC + MEKGR (10 mg/kg)

12.65 ± 0.65* 14.35 ± 0.25*

2.82 ± 0.31* 4.10 ± 0.41*

28.5 ± 3.10* 20.00 ± 1.82*
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4. Discussion

Plant secondary metabolites have vital roles in balancing the
intracellular redox status and in antioxidant function. Polyphenolic
compounds are thought to be the most important and abundant
antioxidants found in the plant kingdom and have been claimed
to possess anticancer activities (Mates et al., 2008). Flavonoids
have been shown to possess antimutagenic and anti-malignant
effect (Mates et al., 2009). The present study showed that MEKGR
contain a good amount of phenolic and flavonoid compounds
which fascinating its free radical scavenging capability. The results
of this study are in good contract with previous studies on other
plant materials (Islam et al., 2013).

Several in vitro assay models were employed in the present
investigation to assess the antioxidant activity of MEKGR. DPPH
is stable free radical which undergoes reaction with a hydrogen
donor and gets reduced. In DPPH assay, antioxidants present in
the extract are thought to act as hydrogen donor and responsible
for the reduction of DPPH. By scavenging free radical antioxidants
play a preventive role in different diseases including cancer
(Pisoschi and Negulescu, 2011). DPPH activity of MEKGR exhibited
a strong and positive correlation with its total phenolics
(R2 = 0.932, p < 0.05) and flavonoid (R2 = 0.955, p < 0.05) contents
suggesting the probable reduction of the DPPH radicals by the
hydrogen donating ability of phenolic and flavonoid rich MEKGR
(Islam et al., 2013).

MEKGR can react with free radicals to generate more stable
products, ceasing radical chain reactions. The ABTS cation radical
reacts with a hydrogen donating antioxidant and therefore the
solution is decolorized. The assay is commonly used to measure
the radical scavenging activity of hydrogen donating and chain
breaking antioxidants in plant extracts (Pisoschi and Negulescu,
2011). ABTS scavenging activity of this extract was also found to
be highly correlated with the content of phenolics (R2 = 0.978,
p < 0.05) and flavonoid (R2 = 0.994, p < 0.01). Biological tissues gen-
erate NO in a biochemical reaction catalyzed by specific nitric
oxide synthases (Alam et al., 2013). In buffered saline, sodium
nitroprusside reacts with oxygen to give rise to nitrite ions that
can be measured by using Griess reagent (Sre et al., 2012). A high
value of Pearson’s correlation coefficients (R2 = 0.999, p < 0.01)
indicates a strong relationship between nitric oxide activity and
phenolics. Flavonoids also showed a strong correlation
(R2 = 0.985, p < 0.05) with nitric oxide scavenging activity. This
study demonstrated the potency of MEKGR as significant source
of natural phytoconstituents and antioxidant supplements, indi-
cating their strong potential to be used in traditional medicine sys-
tem. Compounds of natural origin containing antioxidant
properties have been reported to be the important therapeutic
intervention for cancer (Lamoral-Theys et al., 2010; Fotsis et al.,
1997). From this view point, we further extended our study to
examine the anticancer activity of MEKGR.

EAC cells offer special benefits for anticancer drug test due to
their suitability to study in almost any mouse host. Moreover,
EAC cells lack H-2 histocompatibility antigens, which is the proba-
ble reason for their quick proliferation (Chen and Watkins, 1970).

MTT assay was performed in the present study where MEKGR
was found to inhibit EAC cells growth in a dose-dependent manner.
Reduction of average tumor weight, cell growth inhibition and
enhancement of life of the EAC-cell bearing mice are measured
for the judgment of potency of a certain compound as anticancer
agent (Price and Greenfield, 1958). EAC cell bearing mice were
found to increase tumor weight swiftly, but it was observed that
the treatment of the EAC-cell bearing mice with the methanol
extract reduced tumor burden significantly, inhibited cell growth
sufficiently and increased the life span remarkably. The data are
also consistent with those reported in the literature (Perveen
et al., 2012).

For many years, chemotherapy has been used as a principle
mode of treatment for cancer, but the major problems with this
therapy are myelosuppression and anemia. Anemia in EAC-
bearing mice is mainly observed due to breakdown of red blood
cell (Kabir et al., 2012) and this may result from deficiency of iron
in hemolytic or myelopathic condition. The treatment with metha-
nol extract under investigation can also reverse all the depleted
hematological parameters back towards almost normal level and
similar results were also observed in EAC-bearing mice treated
with plant extract (Perveen et al., 2012).

Apoptosis, an intrinsic cell-suicidal mechanism regulated by
various cellular signaling pathways, is characterized by cell shrink-
age, condensation of chromatin and apoptotic body formation
(Kabir et al., 2016). Ability of inducing apoptosis is a highly desired
aspect of an anticancer drug since this process selectively removes
cancer or malignant cells without damaging normal cells. Fluores-
cence microscopic analysis of cells stained with Hoechst 33342, a
blue fluorescing dye that stains chromatin DNA, is a rapid and con-
venient way to observe cell morphological features such as nuclear
fragmentation, chromatin condensation etc. Apoptosis in EAC cells
by methanol extract was confirmed by the study of changes in
nuclear component and cell shape which was compared with that
of control EAC cells suggesting that MEKGR can play significant
role in cancer prevention by inducing apoptosis. A number of stud-
ies conducted previously also reported the induction of apoptosis
in EAC cells during the treatment with different plant extracts
(Islam et al., 2014b).

2-Propenoic acid, 3-(4-methoxyphenyl)-, ethyl ester (10.18%),
phthalic acid, 6-ethyloct-3-yl2-ethylhexyl ester (3.37%) palmitic
acid (35.17%), sandaracopimaradiene (8.20%), oleic acid (22.15%),
octadecanoic acid (10.10%), 2-[2-(4-nonylphenoxy)ethoxy]ethanol
(3.57%) and glycidyl stearate (7.27%) were identified as the major
constituents of MEKGR by GC–MS analysis. In previous studies,
oleic acid (Carrillo et al., 2012), phthalic acid (Hayshi et al., 1998)
and octadecanoic acid (Lee et al., 2006) were found to possess anti-
tumor activity suggesting that the potent anticancer activity of
methanol extract of MEKGR may be responsible for the presence
of these active components. Hexadecanoic acid was found to have
potential antioxidant activity (Rajalakshmi and Mohan, 2016).
5. Conclusion

In this study, the synergistic effect of some the individual com-
pounds (such as phthalic acid, oleic acid, octadecadienoic acid and
hexadecanoic acid) confirmed by GC–MS analysis and antioxida-
tive phenolic and flavonoid contents may be responsible for anti-
cancer and antioxidant activity of methanol extract of Kaempferia
galanga rhizome. The exact anticancer mechanism of methanol
extract is yet to be discovered, hence the present study suggested
to isolate active principles from the methanol extract of Kaempferia
galanga rhizome and to investigate their effects on cancer signaling
pathways.
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