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Abstract

Background: Cholangiocarcinoma (CCA) is an important public health problem in several tropical and subtropical
parts of the world particularly Thailand. Chemotherapy of CCA is largely ineffective and discovery and development
of effective alternative drugs is urgently needed. The objective of the study was to confirm the anti-CCA potential
as well as toxicity of the crude extract of Kaempferia galangal Linn. (rhizome) both in vitro and in animal models.

Methods: The ethanolic extract of K galanga Linn. rhizome, ethyl-p-methoxycinnamate (EPMC) and 5-fluorouracil
(5-FU) were evaluated for their cytotoxic activities against CCA cell line (CL-6) using MTT cell proliferation assay.
Acute and subacute toxicity of the extract were evaluated in ICR (Imprinting Control Region) mice according to the
OECD (International Organization for Economic Co-operation and Development) Guideline. Anti-CCA activity was
evaluated in CCA- xenografted nude mice.

Results: Results of cytotoxicity test showed moderate activity of the extract and EPMC with median (95%
confidence interval: 95% Cl) 50% inhibitory concentration (ICso) of 64.2 (57.76-72.11) and 49.19 (48.16-52.29) ug/m|,
respectively. The 1Csq of 5-FU was 107.1 (103.53-109.64) ug/ml. The selectivity index (SI) values for the extract, EPMC
and 5-FU against human normal cell line (OUMS) and cancer cell line (CL-6) were 2.2, 2.09 and 1.31, respectively.
Toxicity testing revealed no overt toxic effect up to the maximum single oral dose of 5000 mg/kg body weight and
up to daily dose of 1000 mg/kg body weight for 30 days. The extract at the maximum tolerated dose level of

1000 mg/kg body weight for 30 days exhibited promising anti-CCA activity in CL6-xenografted nude mice as
determined by inhibitory activity on tumor growth (58.41%) and lung metastasis (33.3%), as well as prolongation of
survival time (62 days).

Conclusion: The K galangal Linn. rhizome extract and its bioactive compound EPMC exhibited moderate cytotoxic
activity against human CCA tumor (CL-6) cell line. Results of toxicity testing suggest that the extract was well
tolerated up to the maximum single oral dose of 5000 mg/kg body weight and daily dose of 1000 mg/kg body
weight for 30 days. The extract exhibited promising anti-CCA activity in CL6-xenografed nude mice as determined
by significant inhibitory activity on tumor growth and lung metastasis, as well as prolongation of survival time.
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Background

Cholangiocarcinoma (CCA) is one of the important public
health problems in Southeast Asia, particularly Thailand.
It is an uncommon adenocarcinoma which arises from the
epithelial cells of bile ducts anywhere along the intrahepa-
tic and extra hepatic biliary tree excluding the papilla of
Vater and the gall bladder [1]. The highest prevalence of
CCA in Northeast of Thailand (with age-standardized
incidence rate of 33.4 per 100,000 in males and 12.3 per
100,000 in females) has been associated to the
consumption of improperly cooked and preserved
cyprinoid fish species which contains the liver fluke,
Opisthorchis viverrini [2-5]. In other Asian countries
like China, Korea and Japan, Clonorchis sinensis is the
main risk factor for CCA [6].

The major challenge for CCA control and treatment is
the lack of early diagnosis and resistance of this type of
cancer to most chemotherapeutics as well as radiother-
apy [7]. At present, surgical resection of detectable
tumors and adjunctive therapy with chemotherapeutic
agents including gemcitabine, cis-platin and 5- fluoro-
uracil (5-FU) leads to an improvement in the 5-year
survival rate, despite low clinical response rate and ex-
tremely high recurrence rate [7]. Discovery and develop-
ment of effective alternative chemotherapeutics for CCA
is therefore the first priority needed to be focused.

Plants have formed the basis of traditional medicine
systems which have been used for thousands of years
and the use of plant-based systems continues to play an
essential role in health care. It is estimated that approxi-
mately 80% of the population in developing countries
rely on traditional medicines for their primary health
care [8, 9]. In China, traditional herbal preparations ac-
count for 30 to 50% of the medicines consumed [10]. In
industrialized countries on the other hand, adaptation of
traditional medicine often termed complementary or al-
ternative medicine, also play an important role in the
health care system of about 20% of the population [10].
Plants afford a rich repository of remedies with diverse
chemical structures and bioactivities against several
health disorders including cancers. Several modern
anticancer drugs, ie, vinblastine, vincristine, etoposide,
teniposide, paclitaxel, vinorelbine, docetaxel, topotecan
and irinotecan have been developed from plant sources
[11, 12]. Thailand is a country which is rich in a wide
range of tropical habitats and remarkable biodiversity.
Traditional medicines are used for treatment of various
infections and chronic diseases including cancers [13].
Candidate medicinal plants or herbal formulations com-
monly used in Thai traditional medicine were screened
for their anti-CCA activities [11, 14, 15]. Among these,
ethanolic extract of the leaves of Kaempferia galanga
Linn. was shown to exhibit promising in vitro cytotoxic
activity against CCA [14]. The highly aromatic rhizome
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of this plant is valued in Southeast Asian countries as a
spice to flavor rice and also in folk medicine. Indigenous
medicinal practitioners use the rhizome extract of
Kaempferia galanga Linn. for various medical purposes
including treatment of scariasis, bacterial infections, can-
cers, cardiotonic and CNS stimulant. In addition, it is
also applied externally for abdominal pain in women
and for rheumatism [16-18]. Nevertheless, there has
been little evidence or report on the in vivo toxicity and
anti-CCA activity of this plant. The objective of the
study was to confirm the anti-CCA potential as well as
toxicity of the crude ethanolic extract of K. galangal
Linn. (rhizome) both in vitro and in animal models.

Methods

Chemicals and reagents

Ethanol (95%) used for extraction of Kaempferia galanga
Linn. rhizome was obtained from Labscan Asia Co. Ltd.
(Bangkok, Thailand). HPLC grade methanol and distilled
water were purchased from Fisher Scientific (Leicestershire,
UK). The cell culture reagents including RPMI 1640,
DMEM, fetal bovine serum (FBS), phosphate buffer saline
(PBS), penicillin and streptomycin antibiotics were pur-
chased from Gibco Life Technologies (NY, USA). The
cholangiocarcinoma cell line (CL-6) was kindly pro-
vided by Associate Professor Adisak Wongkajornsilp,
Department of Pharmacology, Faculty of Medicine,
Siriraj Hospital, Bangkok, Thailand. Methyl thiazoldi-
phenyl tetrazolium (MTT) was obtained from Life
Technologies (CA, USA) and dimethyl sulfoxide (DMSO)
was purchased from MP Biomedicals (CA, USA). 5-
Fluorouracil (5-FU) was purchased from Wako Pure Chem-
ical Industries Ltd. (Osaka, Japan). Tween-80 was purchased
from Sigma-Aldrich (MO, USA). Neutral buffered formalin
(NBE, 10%) was purchased from Bio-Optica (Milano, Italy).
Isoflurane for euthanasia was purchased from Minrad Inc.
(PA, USA). All other chemicals and reagents were high pur-
ity grade obtained from commercial suppliers. The standard
ethyl-p-methoxy cinnamate (EPMC) was kindly supplied by
Dr. Sumet Kongkiatpaibo, Drug Discovery and Develop-
ment Center, Thammasat University, Thailand.

Preparation of plant extract
The dried and powdered rhizomes of K. galanga Linn.
was obtained from Nakhon Pathom Province, Thailand.
Authentication of plant materials was carried out at the
herbarium of the Department of Forestry, Bangkok,
Thailand, where the herbarium vouchers have been kept.
Preparation of the ethanolic extracts of the plant materials
was according to the previously described method [19].
The extract was standardized for extraction efficiency
and quality control using high performance liquid chro-
matography (HPLC) to determine the amount of the
marker compound ethyl-p-methoxycinnamate (EPMC)
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[18]. The HPLC system consisted of HPLC 1200 Series
(Agilent Technologies, CA, USA), Hypersil Gold Col-
umn (250 x 4.6 mm ID, 5 pm particle size, reversed
phase C;g: Thermoscientificc, MA, USA); UV-detector
(270 nm, Thermoscientific, MA, USA), and an isocratic
solvent of methanol and distilled water (54:46% v/v) run-
ning at a flow rate of 1 ml/min. The injection volume
was 10 pl. The plant extract and standard EMPC were
prepared as stock solutions of 20 and 10 upg/ml,
respectively.

In vitro cytotoxic activity of K. galanga Linn. Extract and
ethyl-p-methoxycinnamate (EPMC)

Cytotoxic activity of the crude ethanolic extract of K. galanga
Linn. and its bioactive compound ethyl-p-methoxycinnamate
(EPMC) against the CCA cell line CL-6 was evaluated ac-
cording to the previously described method based on the
MTT colorimetric assay [20]. The extract, EPMC and the
standard control 5-FU were initially dissolved in 50% ethanol
to prepare stock solutions (500 pg/ml). Working solutions
were prepared at eight final concentrations (500, 250, 125,
62.5, 31.25, 15.6, 7.8, and 3.9 pg/ml) by diluting stock solu-
tions with RPMI 1640 medium. The CL-6 cell line was cul-
tured in Tys cm® culture flasks (Corning Inc., NY, USA) with
RPMI 1640 medium supplemented with 10% heated fetal bo-
vine serum (FBS) and 100 IU/ml of penicillin-streptomycin
solution. The culture was maintained at 37 °C in a 5% CO,
atmosphere with 95% humidity. Cultured cells were
seeded in 96-well plates (Corning Inc., USA) at a dens-
ity of 10* cells/well in 100 pl culture medium. Follow-
ing 24-h incubation and attachment, the cells were
treated with various concentrations of the extract,
EPMC and 5-FU for 24 h. Following incubation with
MTT solution (20 pl of 5 mg/ml in PBS) at 37 °C for
3 h, the media was removed and cells were lyzed with di-
methyl sulfoxide (DMSO). Absorbance (OD) was mea-
sured at 570 nm using a Varioscan™ flash microplate
reader machine (Thermoscientific, MA, USA). Results
were evaluated from three independent experiments, trip-
licate for each experiment. The ICs, value (concentration
that inhibits cell growth by 50%) was calculated using
Calcusynl\/ersion 1.1 software (Biosoft, Cambridge, UK).
Similarly, cytotoxic activities of the extract, EPMC and 5-
FU against normal human fibroblast cell lines (OUMS,
cultured in Dulbecco's modified eagle's medium) were
evaluated for estimation of selectivity index which is the
IC5y ratio of the extract or 5-FU in normal cell line
(OUMS) and that in cancer cell line (CL-6) [14].

In vivo toxicity and anti-cholangiocarcinoma activity of K.
galanga Linn. Extract

Animals

The in vivo toxicity of K. galanga Linn. extract was evalu-
ated in ICR (Imprinting Control Region) male and female
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mice, aged 6-7 weeks, and weighing 26-40 g. The anti-
CCA activity of the extract was evaluated in BALB/c nude
mice models of both genders, aged 7-8 weeks, and weigh-
ing 15-24 g. All animal stocks were obtained from the
National Laboratory Animal Center, Thailand. Animals
were housed under standard conditions and acclimatized
for about 1 week before the experiment. The nude mice
were maintained in the laboratory in sterilized and indi-
vidual ventilated cages fitted with molded filter (polyester
fiber) covers and all experimental procedures were con-
ducted in a biosafety cabinet to maintain specific pathogen
free condition. Mice were allowed free access to food
(standard pellet) and water ad libitum throughout the ex-
perimental period. The temperature of the room was
maintained at 20-21 °C with relative humidity of 47-53%.
Good hygiene was maintained by constant cleaning and
removal of feces and spilled feed from cages twice a week.
Effort was made to minimize animal suffering during the
experimental period. The animals were handled according
to the International Guidelines for Animal Welfare and
the study protocol was approved by the Ethics Committee
for Animal Research of Thammasat University, Thailand
(Ethical approval number 005/2558).

In vivo toxicity (acute and subacute) evaluation

Acute and subacute toxicity tests were performed in ICR
mice according to the OECD (International Organization
for Economic Co-operation and Development) Guideline
for Chemicals [21, 22] with modifications, to obtain the
three dose levels (maximum tolerated, medium, and low
dose levels) of each test material which did not cause any
unacceptable sign of toxicity or death. These three toler-
ated dose levels were further used for assessment of the
anti-CCA and pharmacological activities of each test ma-
terial. The mice (5 males and 5 females for each group)
were fed (via gastric gavage) with three dose levels (start-
ing from the highest dose of 5000 mg/kg bodyweight and
lowered down to the two additional dose levels, ie.,
medium and low doses) of the test materials (resuspended
in a mixture of distilled water and Tween-80 4:1, v:v). The
control animals were fed with a mixture of distilled water
and Tween-80. Animals were closely observed for signs of
toxicity during the first 30 min, periodically during the
first 24 h, and then daily for 14 days (acute toxicity) or
30 days (subacute toxicity).

At the end of the observational period (on the 15th
day), all animals were sacrificed by euthanasia with iso-
flurane anaesthesia followed by cervical dislocation. Vital
organs (brain, heart, kidneys, liver, spleen, stomach, large
and small intestine, and lungs) were removed from all
animals for gross and histopathological examination.
Blood samples were collected in vacutainer tubes (with
and without EDTA anticoagulant) at terminal stage fol-
lowing euthanasia of mice for estimation of hematology
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and serum chemistry parameters. Histopathological tis-
sue processing and specimen staining with hematoxylin
and eosin was performed on the preserved organs ac-
cording to the previously described methods [15, 23].
The morphological changes within the tissues of the
control and treated groups of mice were observed under
binocular compound light microscope with camera
(Leica Microsystems, Wetzlar, Germany) at 100x (oil
immersion) magnification.

Anti-cholangiocarcinoma activity in CCA-xenografted
nude mice

The CCA cell line CL-6 (1 x 10° cells) was used for xe-
nografting all nude mice. Cells were removed from cul-
ture flask by trypsinization, collected in a 50 ml conical
tube and centrifuged at 100xg for 10 min. Supernatant
was removed and cells were resuspended in 5 ml of
complete media and cell number was counted using
hemocytochamber. Cells for injection were prepared by
diluting cell suspension to obtain 1 x 10° cells/200 ul
normal saline (0.85% NaCl) and injected subcutaneously
into the right upper flanks of the nude mice [24]. Tu-
mors were allowed to develop for 14 days until they
reached approximately 50 mm® tumor volume. Tumor
volume was measured using a caliper. Body weight was
recorded once every three days.

To evaluate the anti-CCA activity of the extract, CCA-
xenografted nude mice were divided into groups of 6
mice (3 males and 3 females) for each dose level,
matched-pair according to tumor size (approximately to
50 mm?® tumor volume), and body weight. The extract
was given at the three dose levels, i.e, high (maximum
tolerated dose of 1000 mg/kg body weight, medium dose
of 500 mg/kg body weight, and low dose of 100 mg/kg
body weight) based on the maximum tolerated dose ob-
served in the toxicity test. The extract was fed to animals
by intragastric tube (0.3 ml) daily for 30 days. The un-
treated and 5-FU treated control groups were fed with
an equal volume of normal saline daily for 30 doses and
40 pg/ml for 14 doses, respectively. On day 0 (the day of
first dose), 2, 5, 8, 11, 14, 18, 21, 24 and 28, animals were
weighed on a triple-beam balance and tumor size was
measured in two linear dimensions (maximum longitu-
dinal and transverse diameters) using a caliper with
accuracy of 0.1 mm. The tumor volume (TV) was calcu-
lated from the formula: tumor volume = (length)
(width)?/2 [25]. Tumor growth inhibition (TGI) was cal-
culated at the end of treatment period (on day 31th) as
follows: TGI (%) = (TV control-TV treatment) x100/TV
control. For survival time determination, date of death
of each mouse was recorded following treatment initi-
ation. Mice were sacrificed with CO, euthanasia [26]
when the growing tumor burden impaired their locomo-
tion and other activities as well as ability to eat or drink
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(protocol end points). The median survival time (in
days) of CCA-xenografted nude mice receiving test
extract and reference control at all dose levels after initi-
ation of treatment were compared with the untreated
(vehicle) group. Tumor metastasis to other organs
(lungs, kidneys, heart, liver, and spleen) was examined
macro- and microscopically.

Statistical analysis Statistical analysis was performed
using SPSS software version 18. Qualitative variables are
presented as number (n) and/or percent (%). Quantita-
tive data are presented as median and 95% confidence
interval (95%CI). Comparison of quantitative variables
between two or more than two groups was performed
using Mann-Whitney U-test and Kruskal Weallis test
(followed by pairwise comparison), respectively. Statis-
tical significance level was set at « = 0.05 for all tests.

Results

K. galanga Linn. Rhizome extract and marker
identification

The ethanolic extract of K. galanga Linn. rhizome was a
semi-solid oily solution, with fruity odor and amber color.
The extract was evaluated for content of the biological ac-
tive marker compound ethyl-p-methoxycinnamate (EPMC).
HPLC analysis of the extract showed a peak at the same
retention time of EPMC, ie, 19.99 min, with peak area of
94.09% of the total peak area (Fig. 1).

In vitro cytotoxic activity of K. galanga Linn. Rhizome
extract and EPMC

K. galanga Linn. extract exhibited 80% and 94% inhibi-
tory activity on CL-6 cell growth at 125 and 250 pg/ml,
respectively. The median (95%CI) ICso values of the ex-
tract, EPMC and 5-FU were 64.2 (57.76-72.11), 49.19
(48.16-52.29) and 107.1 (103.53-109.64) pg/ml, respect-
ively. The corresponding ICs, values of the extract, EPMC
and 5-FU against OUMS cell line were 138.79 (138.43—
160.5), 103.18 (99.17-110.84) and 140.38 (132.11-146.04)
pg/ml, respectively. The selectivity index (SI) values for
the extract, EPMC and 5-FU were 2.2, 2.09 and 1.31,
respectively.

In vivo toxicity of K. galanga Linn. Rhizome extract

Acute toxicity test

Mice receiving K. galanga Linn. rhizome extract and
untreated control (20% tween-80) showed no sign of
toxicity (general behavior, body weight change, and
histopathology of vital organs) at a single highest dose
level of 5000 mg/kg body weight, with no death during
the observation period of 14 days.
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Fig. 1 HPLC chromatograms of a standard ethyl-p-methoxycinnamate (EPMC) and b K. galangal Linn.rhizome extract. Chromatographic
separation condition used was as follows: Thermoscientific” Hypersil Gold Column 5 um C18 column; mobile phase consisting of a mixture of
water and methanol with isocratic elution (46%: 54% v/v) at follow rate of 1 ml/min; injection volume of 10 ul; and UV-detection at 270 nm

Subacute toxicity test
Three (30%) and 4 (40%) mice receiving 5000 mg/kg
(highest dose level) and 3000 (medium dose level) of the
extract respectively, died. All of the deaths were ob-
served during the first two weeks of dosing. All mice re-
ceiving the lowest dose level of 1000 mg/kg body weight
of the extract and the control mice receiving 20%
Tween-80 survived during the 30 day observation
period. The maximum tolerated dose level of the extract
was therefore 1000 mg/kg. The animals did not show
any major changes in general behavior or other physio-
logical activities (including respiratory pattern, cardio-
vascular signs, motor activities, reflexes, feeding and
drinking activities) particularly at the low dose level and
in the control group. At 5000 and 3000 mg/kg body
weight dose levels however, transient signs of reduced
activity (lethargy) and piloerection were observed in
both male and female mice. No remarkable histopatho-
logical change was detected in cellular morphology and
general architecture of tissues performed on the internal
organs between different dose levels and control. Minor
forms of microvascular haemorrhage in some organs,
i.e, liver, lungs and heart were observed in both treated
and control groups of mice, which was likely to be
associated to bleedings occurred during autopsy and
trimming process of the respective tissues for specimen
collection.

All of the hematological and biochemical parameters
of all mice were within normal ranges [27]. Significant
changes in some of the parameters were observed in

mice receiving the extract compared with control mice.
Since data were available only for the dose level of
1000 mg/kg body weight in the group of female mice,
comparison with control was possible only for this dose
level. In male mice, a trend of increase in hematocrit
value was observed at all dose levels of the extract, but
significant difference was only found with the extract at
the medium dose level of 3000 mg/kg body weight. The
mean corpuscular hemoglobin concentration (MCHC)
was significantly decreased at all dose levels compared
with control (Table 1a). For serum biochemistry, a trend
of increase in BUN levels was observed in male mice re-
ceiving all dose levels, but significant difference from the
control group was only detected with the high dose of
5000 mg/kg body weight (Table 2a). Furthermore, a
significant increase in the AST level was observed in
female mice receiving 1000 mg/kg body weight of the
extract (Table 2b).

Anti-cholangiocarcinoma activity of K. galanga Linn.
Extract against CCA-xenografted nude mice

The median (95% CI) TV at the end of treatment period
(on day 31th) for the groups treated with the extract at
high (1000 mg/kg body weight), medium (500 mg/kg
body weight) and low (100 mg/kg body weight) dose
levels were 1390 (933-1846), 2067 (1074—3059), and
2438 (1421-3455) mm?, respectively. The TV for 5-FU
treated and the untreated control mice were 1441 (929—
1953) and 3342 (2578—4105) mm>, respectively (Fig. 2).
The corresponding TGI in mice receiving the extract at
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Table 1 Haematological profiles of (A) male and (B) female mice at the end of subacute toxicity dosing of K. galanga Linn. rhizome
extract (1000, 3000, and 5000 mg/kg body weight) and untreated control mice. Data are presented as median (95% Cl)

Control K. galanga Linn. rhizome extract (mg/kg body weight)

1000

3000

5000

Red blood cells (x10%/ul)
Hemoglobin (g/dl)

Hematocrit (%)

7.31 (6.16-8.46)
12.27 (9.83-14.71)
34.7 (29.5-39.8)

MCV 47.1 (46.19-47.94)
MCH (pg)
MCHC (g/dl) 35.6 (32.89-38.37)

White blood cells (x10%/pl)
Platelets (x10°/ul)

Red blood cells (x10%/1)
Hemoglobin (g/dl)

Hematocrit (%)

(

(

8 (15.73-17.80)

(

5.30 (1.02-9.58)

6.29 (1.73-10.85)

7.59 (495-10.22)

1344 (11.89-14.99)

37.80 (24.50-51.10)

49.82 (48.83-50.82)
(11 )
( )

MCV
MCH (pg) 19.06 (11.39-26.73
MCHC (g/dl) 3822 (2321-5323

White blood cells (x10%/ul)
Platelets (><105/pl)

3.66 (1.03-6.28)
4.36 (091-7.81)

8.13 (6.90-9.36)
12.80 (11.48-14.11)
420 (37.7-46.3)
51.17 (46.48-55.86)
15.77 (14.00-17.53)
30.8 (30.21-31.46)*
391 (3.30-4.53)
1067 (7.08-14.27)

6.92 (3.78-13.88)
12.60 (8.85-16.35)
34.00 (20.47-54.53)
4943 (40.10-58.76)
18.20 (7.01-29.39)
36.53 (13.32-59.75)
4.15 (2.78-5.53)
3.03 (0.44-6.05)

8.11 (7.59-862)
13.03 (12.38-13.67)
435 (37.5-49.5)*
53.85 (45.19-62.51)
16.10 (14.69-17.51)
30.0 (27.48-32.52)*
5.38 (3.98-6.79)
743 (294-11.92)

NA
NA
NA
NA
NA
NA
NA
NA

7.92 (749-835)
1243 (12.03-12.82)
41.8 (40.9-42.6)
52.80 (50.46-55.13)
15.73 (14.99-16.45)
29.8 (28.66-30.84)*
3.63 (290-4.35)
6.53 (1.03-13.02)

NA
NA
NA
NA
NA
NA
NA
NA

“Significantly different from the control group, p = 0.01, 0.23, and 0.21 for the dose levels of 1000, 3000 and 5000 mg/kg body weight, respectively NA, data not
available due to death or small sample. No statistical significant difference (p > 0.05) for the parameters evaluated between the treatment groups and

control group

1000, 500 and 100 mg/kg body weight, 5-FU and
untreated control were 58.41, 38.15, 27.04, 56.87 and 0%
of control, respectively (Table 3). The median survival
time of the CCA-xenografted nude mice treated with
the high dose extract (1000 mg/kg body weight) and 5-
FU [62 (53.2-71.8) and 59.0 (55.0-63.0) days] were
significantly longer (p = 0.01) than the untreated control
mice [49 (45.4-52.6) days]. The survival time of mice
receiving medium and low dose extract were 53 (42.2—
63.8) 49 and (34.6-63.4) days, respectively (Fig. 3).

At autopsy, mice were examined visually for primary
tumor observation and distant metastases. Macro-
metastases were found in all the lungs of control and
mice receiving 1000 mg/kg body weight extract. The
proportions of mice receiving 1000, 500, and 100 mg/kg
body weight extract and 5-FU without lung metastases
were 33.3 (2/6), 16.7% (1/6), 0% (0/6) and 16.7% (1/6),
respectively (Table 3).

Discussion

Qualitative analysis of the marker EPMC in the test
extract was made between sample retention time with
retention times of the standard. From the high content
of volatile oil in the rhizome of K. galangal Linn., the
marker compound EPMC was detected using HPLC

with a major peak area of about 94.09%. As one of the
phenolic compounds, the chemical marker EPMC, in K
galangal can be considered to have higher solubility in
organic solvents including dichloromethane and ethanol
as compared with that of water [28]. Apart from CCA,
this compound has been shown to inhibit proliferation of
human hepatocellular liver carcinoma (Hep G2 cell line)
in a dose-dependent manner and annexin-fluorescein
isothiocyanate and propidium iodide staining showed an
increased early apoptotic population in human hepatocel-
lular carcinoma cells [29]. Variation of the content of
EPMC from the volatile oil of K. galanga Linn. was re-
ported from various studies as 31.77% [18] and 80% [30].
This variation could be due to different extraction and
analytical procedures. In addition, phytochemicals are
mostly minor plant constituents whose concentration var-
ies considerably according to seasonal and agronomic fac-
tors, the variety, age, and part of the plant examined [31].
Results of cytotoxicity test showed moderate activity
of both the K galanga Linn. rhizome extract and its
bioactive compound EPMC against CL-6 cell lines with
median ICs5, of 64.2 and 49.9 ug/ml, respectively. Their
potency of cytotoxicity and selectivity on CCA cells was
similar, but was about 1.5 to 2-fold of 5-FU (107.1 pg/ml).
It was noted however for the relatively low potency of the



Amuamuta et al. BMC Complementary and Alternative Medicine (2017) 17:213

Page 7 of 11

Table 2 Serum biochemistry profiles of (A) male and (B) female mice at the end of subacute toxicity dosing of K. galanga Linn.
rhizome extract (1000, 3000, and 5000 mg/kg body weight) and untreated control mice. Data are presented as median (95% Cl)

Cholesterol (mg/dl)
Triglycerides (mg/dl)
HDL (g/dl)

113.0 (100.6-1254)
81.00 (31.32-130.7)
113.0 (110.5-115.5)

109.0 (95.17-122.8)
1353 (83.15-187.5)
99.67 (83.70-115.6)

153.7 (69.27-238.2)
2423 (68.70-415.8)
137.8 (67.01-208.5)

Control K. galanga Linn. rhizome extract (mg/kg body weight)
1000 3000 5000

A
BUN (mg/dl) 18.7 (15.8-21.54) 220 (154-286) 235 (19.71-27.29) 283 (21.09-3541)*
Creatinine (mg/dl) 3(0.10-0.27) 0.23 (0.14-0.61) 0.20 (0.20-0.20) 0.20 (0.07-0.33)
Total protein (g/dl) 4.70 (445-4.95) 4.77 (448-5.05) 5.62 (437-6.88) 5.05 (4.75-5.36)
Albumin (g/dl)) 3.03 (2.89-3.18) 290 (2.65-3.15) 3.15 (246-3.84) 3.00 (2.78-3.23)
AST (U/) 57.0 (27.2-86.8) 97.0 (20.5-173.5) 109.5 (26.7-192.3) 87.8 (59.7-115.8)
ALT (U/1) 39.0 (21.6-564) 533 (27.9-1346) 685 (11.5-1485) 56.5 (38.3-74.7)
ALP (U/1) 90.0 (85.0-95.0) 79.0 (57.5-101) 68.5 (51.5-85.5) 77.3 (544-100.1)
Sodium (mEq/L) 150.3 (144.1-156.6) 150.3 (140.9-159.7) 1495 (143.3-155.7) 150.5 (146.5-154.5)
Potassium (mEg/L) 11.5(9.9-13.2) 10.7 (5.6~15.9) 13.7 (89-185) 129 (10.8-15.0)

126.3 (108.2-144.3)
207.0 (147.9-266.0)
125.0 (9448-155.5)

LDL (mg/dl) 12.0 (9.5-14.5) 9.7 (45-14.8) 135 (4.3-227) 9.0 (4.7-13.3)
BUN (mg/dl) 19.25 (15.07-23.43) 2233 (20.9-23.77) NA NA
Creatinine (mg/dl) 0.15 (0.06-0.24) 0.13 (0.01-0.27) NA NA
Total protein (g/dl) 455 (4.27-4.83) 463 (401-5.26) NA NA
Albumin (g/dl)) 3.13 (3.05-3.21) 320 (2.95-345) NA NA
AST (U/1) 56.75 (49.83-63.67) 9233 (78.65-106.01)* NA NA
ALT (U/1) 23.25 (16.71-29.79) 23,67 (2.54-44.79) NA NA
ALP (U/)) 101.75 (83.78-119.72) 97.33 (86.13-108.53) NA NA
Sodium (mEg/L) 150.75 (148.03-153.47) 151.03 (151.00-151.06) NA NA
Potassium (mEg/L) 845 (6.14-10.77) 840 (7.90-8.90) NA NA
Cholesterol (mg/dl) 66.75 (51.58-81.92) 69.67 (18.74-120.60) NA NA
Triglycerides (mg/dl) 94.50 (60.96-120.04) 117.33 (8846-136.21) NA NA
HDL (g/dl) 67.00 (53.56-80.44) 63.00 (18.29-107.71) NA NA
LDL (mg/dl) 850 (5.19-11.81) 10.00 (2.55-17.45) NA NA

“Significantly different from the control group, p = 0.01 NA, data not available due to death or small sample “Significantly different from the control

group, p = 0.012

extract (about 50%) compared with that reported during
the initial screening of the leaf extract against the same
CL6 cell line (mean + SD ICso = 37.36 + 3.98 pg/ml,
SI = 2.9) [14]. The ICs, of the plant extract and 5-FU ap-
pears to be too high above recommended threshold for
any compound or extract to be regarded as anticancer
agent. CCA is the cancer that is highly resistant to
anticancer drugs and this multidrug resistant nature might
explain the low sensitivity of this type of cancer to chemo-
therapeutics including those obtained from medicinal
plant sources [4, 32]. There is a general agreement
between a particular tumor type and its corresponding
clinical cancer with respect to their response to a given
drug or set of drugs [33]. Since the tumor cell line (CL-

6)was derived from human CCA tumor, the patient from
whom this tumor line was obtained might have received
5-FU based chemotherapy. This may explain the relatively
low sensitivity of the cells to 5-FU compared with the
extract. With regard to cytotoxic activity against other
cancer cells, the ethanolic extract of K. galanga Linn.
rhizomes has been reported to exhibit potent activity
against SW 620 (human colorectal adenocarcinoma cell
line (IC59 = 6.13 + 0.52 pg/ml), DU145 (human prostate
cancer cell line (IC5o = 10.51 + 0.34 pg/ml), PA1 (human ovar-
ian teratocarcinoma cell line (IC5, = 10.53 + 0.22 pg/ml), and
B16F10 (murine melanoma cell line (IC5y = 12.63 + 1.24 pg/
ml) [34]. The discrepancy in cytotoxic activities of the extract
against various cancer cells could be associated with variations
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Fig. 2 Anti-CCA activity and tumor volume (TV) progression (mm?) in CCA (CL6)-xenografted nude mice following initiation of treatment with K.
galanga Linn. extract at high (1000 mg/kg body weight), medium (500 mg/kg body weight), and low (100 mg/kg body weight) dose levels
versus the control groups (vehicle treated and 5-FU treated) during the investigation period. Treatment was started on day 7th after tumor
transplant induction. Median survival time of the CCA-xenografted nude mice treated with the high dose extract [1000 mg/kg body weight: 62
(53.2-71.8) days] and 5-FU [59.0 (55.0-63.0) days] were significantly longer than the untreated control mice [49 (54.4-52.6) days]. Each data point
is the median value of 6 tumors (from 3 male and 3 female mice) for each treatment group
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in geographic origins of the herb or extraction methods, and
in particular, difference in sensitivity of the cancer cells.
Results from the acute toxicity test with K. galangal
Linn. extract indicated virtually no toxicity with respect
to mortality and morbidity (body weight changes,
internal organ weights, and signs of abnormalities of the
internal organs at gross and microscopic levels) at the
highest dose level of 5000 mg/kg body weight (single
oral dose). In the subacute toxicity test (daily doses for
30 days), relatively low toxicity was observed up to the
dose of 1000 mg/kg body weight. At higher dose levels
(3000 and 5000 mg/kg body weight), deaths of mice and
behavioral signs of lethargy and piloerection were ob-
served. Nevertheless, significant differences in body
weight changes, organ weights, post-mortem gross organ
lesions and histopathological changes were not observed
between different dose levels and control. The effect of
the extract on mortality of mice was dose-independent
manner and only observed during the first two weeks.
Comparatively higher frequency of death incidence was
observed in mice receiving the extract at the dose of
3000 compared with 5000 mg/kg body weight (4/10 vs.
3/10 mice). This difference was minor and could be ex-
plained by variability in the response of the animals as
well as the complication of the gavage methodology [35].
The observation of death during the first two weeks of
the subacute toxicity period suggests immediate toxic
effect of the extract which could lead to severe adverse
effects such as organ function loss leading to death [36].
In a study conducted in mice with the dichloromethane
extract of K. galanga Linn. relatively lower dose level
(100 mg/kg body weight) and EPMC (120 and 160 mg/
kg body weight) for 28 consecutive days, no significant
signs of morbidity was observed [30]. In rats, no toxicity

was observed when treated with the extract at the oral
dose of up to 100 mg/kg body weight [37].

With regard to the toxicity of the extract on hematological
and biochemical profiles, most of values except hematocrit,
MCHC, BUN and AST, were not significantly different
between the extract treated and control groups. This was in
agreement with that previously reported in rats in a sub-
acute toxicity test of K. galanga Linn. rhizome extract at the
oral dose of up to 1000 mg/kg body weight [38]. A signifi-
cant increase in hematocrit (3000 mg/kg body weight) and a
decrease in MCHC (all the 3 dose levels) were observed in
male mice compared with control. In addition, a significant
increase in BUN and AST was found in male and female
mice receiving the extract at the dose levels of 5000 and
1000 mg/kg body weight, respectively. The observed vari-
ability in toxicity in male and female mice could be due to
normal variation among animal groups. The changes in
some of the laboratory parameters however, remained
within the normal ranges reported in mice, suggesting that
such variations were not associated with the K galangal
extract [27, 38].

The results from the current toxicity study indicate
that oral administration of K. galanga Linn. extract up
to 1000 mg/kg body weight was well tolerated and this
dose level was therefore considered as the maximum
tolerated dose level for further evaluation of anti-CCA
activity of the extract in CCA-xenografted nude mouse
model. The nude mouse/human tumor xenograft system
provides a useful model for cancer therapy studies
involving human neoplasms. Moreover, the system lends
itself to the development of screening protocols for the
identification of potential anticancer drugs which
would be clinically effective against a given type of
cancer [24, 33]. Despite the fact that not all human
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Table 3 Representative tumor metastasis and proportion of mice with metastasis in CL-6 xenografted nude mice treated with K

galanga Linn. extract and control (untreated and 5-FU) groups

Treatment group

Time at
autopsy (weeks)

Lung metastasis

Macrometastasis Proportion of mice without metastasis

Low dose K. galanga Linn. extract (100 mg/kg body weight) 3-9

Medium dose K. galanga Linn. extract (500 mg/kg body weight)  5-9

High dose K. galanga Linn. extract (1000 mg/kg body weight) 7-10
Untreated control 6-7
5-FU treated (40 mg/kg body weight) 7-9

' 0/6 (0%)
I | I 1/6 (16.7%)
‘ 2/6 (33.3%)
I 0/6 (0%)
‘ 1/6 (16.7%)

tumors can be successfully xenografted, the histology
and biochemical properties of the tumors that do grow in
nude mice closely resemble those of the original tumor
specimens [25]. The rhizome extract of K. galanga Linn. at
1000 (high) and 500 (medium) mg/kg body weight and 5-
FU showed significant anti-CCA activity in CL6-xenografted
nude mice based on TV progression, TGI and inhibitory on
lung metastasis compared with the control group. The anti-
CCA activity of the extract was clearly seen at the high dose
level of 1000 mg/kg body weight (TGI 58.41%, median sur-
vival time 62 days, proportion of mice without lung metasta-
sis 33.3%). Although the extract and 5-FU did not arrest
tumor growth or progression during the observation period
(Fig. 3), the rate of tumor growth was considerably slow
particularly for the high dose extract and 5-FU treated
groups. The rapid increase in TV progression observed in

all groups might be due to multidrug resistance nature of
the CCA tumor [32]. A significant prolongation of the mean
survival time of CCA-xenografted nude mice treated with 5-
FU compared with untreated control (55 + 0.87 days vs
40.0 + 0.57 days) was also reported in our previous study
[15]. Metastasis is a major cause of treatment failures and
death in many cancers including CCA. Macrometastasis
examination at autopsy in this study revealed lung me-
tastasis of CL-6 tumor in all mice receiving low dose
extract and untreated control mice in the current study.
The high metastatic rates observed in these groups
could be associated with the higher respective tumor
burdens in these groups. In addition, delay in the
autopsy time due to prolongation of the survival time
observed in most animals led to metastatic spread of
the tumor to the lungs.
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Fig. 3 Median survival time (days) of CCA-xenografted nude mice receiving the three dose levels of K galanga Linn, i.e, high (1000 mg/kg body
weight), medium (500 mg/kg body weight) and low (100 mg/kg body weight), and reference drug (5-FU) during the observation period (3 male
and 3 female mice for each group). Abbreviations: KG = K. galangal Linn,,

5-FU = 5-fluorouracil

Conclusions

Results of the present and previous studies suggest that
the K galangal Linn. rhizome extract and its bioactive
compound EPMC exhibited moderate cytotoxic activity
against human CCA tumor (CL-6) cell line. Although re-
sult of cytotoxicity test suggests relatively low selectivity
of the extract on CCA cells, results of toxicity testing re-
vealed no overt toxicity up to the maximum single oral
dose of 5000 mg/kg body weight and daily dose of
1000 mg/kg body weight for 30 days. The extract at the
maximum tolerated dose of 1000 mg/kg body weight for
30 days exhibited promising anti-CCA activity in CL6-
xenografed nude mice as determined by significant in-
hibitory activity on tumor growth and lung metastasis,
as well as prolongation of survival time. In an effort to
develop an effective alternative treatment option against
CCA, further studies should be carried out to confirm
its tolerability profile following chronic dosing, as well
as pharmacological activities, molecular and cellular
mechanisms of action, and pharmacokinetics of the bio-
active compound EPMC. In vivo evaluation of anti-CCA
activity of EPMC in animals may not be required consid-
ering the markedly low concentrations and equipotent
cytotoxic activity of both the crude extract and the pure
compound EPMC against CCA cells. It is likely that
other unidentified constituents in the extract may act
synergistically to produce anti-CCA.

Abbreviations

5-FU: 5-fluorouracil; CCA: Cholangiocarcinoma; EPMC: Ethyl-p-
methoxycinnamate; OECD: International Organization for Economic Co-
operation and Development; SI: Selectivity index
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