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Abstract: 1’-(S-1'-Acetoxychavicol acetate (ACA) isolated frometiMalaysian ethno-
medicinal planfAlpinia conchigeraGriff. was investigated for its potential as ati@gancer
drug. In this communication, we describe the cytimt@and apoptotic properties of ACA on
five human tumour cell lines. Data from MTT cellability assays indicated that ACA
induced both time- and dose-dependent cytotoxanityall tumour cell lines tested and had
no adverse cytotoxic effects on normal cells. Totalrtality of the entire tumour cell
population was achieved within 30 hrs when treatéd ACA at 40.0 uM concentration.
Flow cytometric analysis for annexin-V and Pl datdining demonstrated that cell death
occurred via apoptosis, followed by secondary re@srolThe apoptotic effects of ACA
were confirmed via the DNA fragmentation assay,which consistent laddering of
genomic DNA was observed for all tumour cell lirdter a 24 hrs post-treatment period at
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the 1G, concentration of ACA. A cell cycle analysis usiRfstaining also demonstrated
that ACA induced cell cycle arrest at thg/G, phase, corresponding to oral tumour cell
lines. In conclusion, ACA exhibits enormous potahtior future development as a
chemotherapeutic drug against various malignancies.

Keywords: 1'-(§)-1'-acetoxychavicol acetat&lpinia conchigeraapoptosis; cytotoxicity;
cell cycle arrest

1. Introduction

Medicinal herbs have always been used as traditipnaary health care agents, especially in
Asian countries, and over the last 20 years, thaxe been rapid changes in the popularity of tlee us
of natural systems to maintain health and for alive therapy [1,2]. However, scientific studigs o
the use of most traditional medicinal plants toueagheir efficacy and non-toxicity have not been
carried out.

The plantAlpinia conchigeraGriff. (Family: Zingiberaceae; Section: Zingibeea¢ Sub-section:
Strobidia) is known locally akengkuas rantinglengkuas kecjllengkuas padandengkuas getingr
chengkenanj3-5]. It is a herbaceous perennial, 2-5 ft. talynd in Eastern Bengal and southward
towards Peninsular Malaysia and Sumatera (Sum@y2)) It is used as a condiment in the northern
state of Peninsular Malaysia and occasionally aditronal medicine on the east coast to treat funga
infections [8]. In Thailand, the rhizomes are usedtraditional Thai medicine to relieve gastro-
intestinal disorders and in the preparation of Toad dishes [9].

1'-(9-1'-Acetoxychavicol acetate (ACA, Figure 1), whichn be isolated frorlpinia conchigera,
has been the subject of various biological actisttydies. One of the early studies with this conmgou
showed itgn vitro inhibitory effects on tumour-promoted-induced EpstBarr virus activation [10].
Subsequent studies demonstrated that ACA inhibhslidd ascites tumour cells, skin tumour
promotion and adenocarcinoma formation [11-14]. éMogcently, ACA was shown to inhibit the
cellular growth of the hematological malignant séfl vitro andin vivo by the induction of apoptosis
via mitochondrial- and Fas-mediated dual mechanismyeloid leukemic cells [15]. Because of our
interest in the antitumourigenic properties of iiadal herbs, our goal was to investigate the piodé
of ACA to induce apoptosis in various human tumoells: breast adenocarcinoma (MCF-7), oral
squamous carcinoma (HSC-2 and HSC-4), hepatocytgnoana (HepG2) and epidermoid cervical
carcinoma (CaSki). This communication thereforecdbes the cytotoxic and apoptotic properties of
1'S-1’-acetoxychavicol acetate on various human maligiesin vitro to better understand its
potential therapeutic value.

Figure 1. Chemical structure of $1’-acetoxychavicol acetate.
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2. Results and Discussions
2.1. LC-MS Analysis

1'-(9-1'-Acetoxychavicol acetate (ACA) was injected antan LC-MS system to give a
chromatogram (Figure 2) recorded at 254 nm, in WA€CA gave a strong peak@t= 4.1 min.

Figure 2. Chromatogram of B-1’-acetoxychavicol acetate at 254 nm.
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2.2. ACA Induced Dose- and Time-Dependent Cytotoxicimour Cells

To determine if cytotoxicity was dose- and time-giegiant, the MTT cell viability assay which
measures the mitochondrial activity in viable c&ss conducted. Results indicated that cells tdeate
with ACA induced cytotoxicity in a dose dependanarmer. Highest levels of cytotoxicity were
observed in oral squamous carcinoma cells (HSCdl H8C-2), with IGy values of 8.0uM and
9.0 uM, respectively, at 12 hrs post-treatment time (Feg3A). At 80.0uM ACA concentration, more
than 80% of tumour cells assayed died after 12hexposure to ACA (Figure 3A). MTT assay data
in Figure 3B demonstrated that the cytotoxic effeat ACA on tumour cell lines were also time
dependant. At 40.0M, all cell lines were killed after a 30 hrs inctiba period and the viability of all
cell lines were reduced to 40%-50% after 12 hrB@A treatment, with the exception of HepG2 cells
(Figure 3B). Reductions in cell viability was onagain found to be greatest in HSC-4 and HSC-2
cells, indicating that ACA induced cell death meficiently in oral squamous carcinoma type cells
(Figure 3B). The 12 hrs Kgvalues of ACA in all cancer cell lines with theception of HSC-2 and
HSC-4 oral cancer cell lines, were considerabl\hhignging from 34.uM to 48.0uM in MCF-7,
HepG2 and CaSki cell lines. This suggested the gagimapplication of ACA against oral carcinomas,
consistent with reports indicating the traditiocahsumption ofAlpinia conchigerarhizomes orally.
Viability of cells treated with DMSO without ACA we insignificantly affected (<1.0%; data not
shown), indicating that cytotoxicity was induced AZA and not the DMSO solvent, which has been
reported to be cytotoxic at high concentrationg.[EFegure 3A and 3B also indicated that no adverse
cytotoxic effects were observed when treated wiMB€ normal human cells with viability levels
maintained above 90.0%. Based on initial MTT assesults, the concentration of ACA in all
subsequent experiments were set at thev&@ue of respective cell lines with a 12 hrs indidratime
(Table 1). Both time and dose dependant assayodegpthe need to further investigate the apoptotic
effects of ACA in oral cancer cells.
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Table 1.1C5q values of ACA in various human cancer cell lineditierent incubation periods.

Human Cancer ICso Incubation
Cell Lines value (UM) Time (hours)
Breast adenocarcinoma (MCF-7) 34.0% 12*
30.0 24
Oral squamous carcinoma (HSC-2) 9.0* 12*
5.0 24
Oral squamous carcinoma (HSC-4) 8.0* 12*
55 24
Hepatocyte carcinoma (HepG2) 48.0* 12*
18.0 24
Epidermoid cervical carcinoma (CaSki) 48.0* 12*
17.0 24

*Denotes treatment parameters used in flow cytoyreatd DNA fragmentation assays.

Figure 3. The cytotoxic effects of ACA on tumour cell linassessed using the MTT cell
viability assay. A) Comparison of total viable cell count between vasitumour cell lines
after treatment with ACA at different concentragdi®9—80.0uM) at 12 hrs post-treatment
time. B) Comparison of total viable cell count between wasidumor cell lines after
treatment with 40.QM ACA for 30 hrs. All experiments were plotted asan values (n = 3).
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2.3. ACA Induced-Potential Cell Cycle Arrest at @G, Phase

As cytotoxicity was best demonstrated on oral carcadls, we next compared the cell cycle
distribution patterns before and after ACA treattn&oth attached and floating oral cancer cellsewer
stained with propidium iodide and analyzed by floygometry. Cultivation with ACA significantly
decreased the population of HSC-2 and HSC-4 celthe G/G; phase, indicating a potential arrest
during the pre-DNA replication 485, checkpoint (Figures 4A and 4B). Both tumour celes also
demonstrated an indication of apoptosis by the a@mee of a hypodiploid DNA peak within the sub-
G1 phase 24 hrs after ACA exposure (Figures 4A and 4B

Figure 4. Cell cycle distribution of cancer cell lines usifigw cytometry after staining
with PI. (A) HSC-2 cells treated with ACA; (B) HSCcells treated with ACA. M1:
Sub-G phase; M2:@G; phase; M3:S phase; M4:®1 phase. All experiments are a
representative of 10,000 cells and the percentdgeelts in all cell cycle phases are

indicated.
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2.4. ACA Induced Cell Death via Apoptosis

In order to investigate if tumour cells were dyihgough apoptosis as opposed to primary necrosis,
a double fluorescence staining of annexin V-FIT@jagate and propidium iodide was performed on
tumour cells before and after 4CACA treatment, and analyzed using a flow cytome#tsiter
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exposure of all five tumour cell lines to ACA foR hrs and 24 hrs, the population of cells indicated
shift from viable cells to early stage and lategstapoptosis, followed by secondary necrosis. HSC-2
cells displayed a higher percentage of apoptotils eeith 76.94% compared to HSC-4 cells with
19.46% (Figures 5A and 5B). Agarose gel electrogsisrof DNA extracted from cancer cells treated
with ACA demonstrated partial and complete fragraBoh of genomic DNA after 12 hrs and 24 hrs,
respectively (Figure 6). This confirmed the indantof apoptosis, in which the consistent laddeahg
genomic DNA represents one of the major hallmafkapoptosis.

Figure 5. Detection of apoptosis using flow cytometry afs@nexin V-FITC/ propidium
iodide (PI) staining indicating that ACA potentiatapoptosis-mediated cell death after 12
hrs and 24 hrs of exposure. (A) HSC-2 cells treatéd ACA; (B) HSC-4 cells treated
with ACA. Viable cells are in the lower left quadtaearly apoptotic cells are in the lower
right quadrant, late apoptotic cells are in thearpmght quadrant and non-viable necrotic
cells are in the upper left quadrant. Dot plots anepresentative of 10,000 cells from a
single replicate.
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Figure 6. Confirmation of apoptosis using the DNA fragmeioiatassay. Cells were both
untreated and treated with ACA for 12 hrs and 24 tor observe its effects on DNA
laddering (M: 100 bp DNA Size Marker).

HSC-2 MCFE-7 CaSki HepG2 HSC-4
M OH I2H 24H OH 12H 24H OH 12H 24H OH 12H 24H OH 12H 24H

Various plants species have been utilized as nmmexlicfor thousands of years, and traditional
medicine has been a fertile source of novel leattoutes for modern drug discovery. In this study,
MTT and flow cytometric assays were conducted vighr main objectives: firstly, to determine
whether the cytotoxic activity of ACA, a naturalnopound isolated from the Malaysian ethno-
medicinal plantAlpinia conchigeraGriff., was dose or time dependant; secondly,niestigate the
cytotoxic effects of 1'-§-1'-acetoxychavicol acetate (ACA) on normal celthjrdly, to find out
whether cell death was induced through apoptosis,faurthly, to determine the igvalues of ACA
in each cancer cell type, which is crucial in sujpsat downstream assays.

Cells undergoing apoptosis can be observed viaipteihallmarks such as the appearance of a sub-
diploid DNA peak during Pl-based cell cycle anadyshe staining of exposed phosphatidylserine on
the cell surface which is demonstrated during atm&xFITC/PI dual staining flow cytometry, and
the consistent laddering of genomic DNA [17-18]eTiact that ACA induced cytotoxicity in a dose
and time dependant manner was both important andecient, as this allowed the manipulation and
use of lower drug dosages with longer exposureogsyiwhich can result in fewer side effects on non-
cancerous tissue. On the contrary, higher druggissavith shorter exposure periods would also be
beneficial when performing downstream assays inkglprotein and gene expression, as these assays
are necessary to investigate drug mechanisms,rargeaerally conducted shortly upon drug exposure
to capture intracellular molecular changes and @ven

Despite the fact that most toxicants may initisgh damage or cell death, the cellular proteing tha
are involved in control of cell cycle and apoptoars the final arbiters of cell fate. This studgaal
demonstrates the ability of ACA to induce cell Ho@sed arresting variations in cell cycle distridit
patterns following treatment. The effect of ACAtarms of cell cycle arrest in this study has alserb
consistent with past reports in myeloma cells,dating cell cycle arresting effects at thg@& phase
[19]. The appearance of a suh-@poptotic peak describes a systematic anti-pralifee effect
brought upon by ACA, where various cell divisiortiaties governed by various CDKs and cyclin
proteins are halted, followed by cellular breakdothimough the expression of apoptotic effector
proteins. Additionally, cell cycle arrest incidescaso provide a clear indication that the p53 wath
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is somewhat involved, hence a probable target oA Athis anti-proliferative modulation of ACA is
desirable, and provides a more gradual killing afcer cells in comparison to certain anti-cancer
drugs such as cisplatin and gemcitaine-HCI, whithgéneral, imposes a more aggressive effect
through the direct interference of DNA replicatias means of cellular termination.

The outer membrane protrusion of phosphatidylseareommon phosphoprotein which is typically
inaccessible in viable cells, is detected by amrm&xFITC, and indicates the early stages of apaptos
This hallmark is part of a sequence of events teath the loss of membrane integrity, hence allgwin
fluorescence PI dyes to permeate into the celind huclei acid, marking the entry of late apoposi
and secondary necrosis [20]. The ability of ACAinduce apoptosis was then confirmed with the
conventional DNA fragmentation assay. Unlike necroells where DNA is randomly degraded by a
range of nucleases, apoptotic cells go throughstesatic breakdown of DNA by endonucleases at
specific exposed points of the DNA that are nottgrted by histone protein complexes [21]. This
study showed that DNA fragmentation of cancer tie#s following ACA treatment was consistent
with both previous MTT and flow cytometry assaydene partial killing of cells were observed
within 24 hrs of exposure.

3. Experimental
3.1. General

All spectral data were obtained on the followingtiraments: IR on a Perkin EImer RX1 FT-IR
spectrometer, UV on a Shimadzu UV-160A UV-Visibledarding Spectrophotometer, NMR on a
JEOL (Japan Electronic Optics Laboratory Co. Ltdgkyo, Japan) JNM-LA400 FT-NMR
spectrometer system (400 MHz) and MS on a Shim&i2tMS spectrometer (HP 6890 Series Mass
Selective Detector and HP 6890 Series GC System).

3.2. Chemicals

RPMI-1640, fetal bovine serum (FBS) and all antilo® were purchased from Lonza Inc. (USA).
MTT (3-(4,5-dimethyl-2-thiazolyl)-2,5-diphenyl-2Hetrazolium bromide) reagent, Annexin V-
FITC/PI apoptosis detection kit, propidium iodid®)( RNase A and Suicide Track™ DNA Ladder
Isolation Kit were purchased from EMD Chemicals. lf@€albiochem, San Diego, CA, USA).

3.3. Plant Materials

The rhizomes of wildhlpinia conchigeraGriff were collected from Jeli, province of Kelant east-
coast of Peninsular Malaysia. The sample was ffietitby Halijah Ibrahim from the Institute of
Biological Science, Faculty of Science, Universify Malaya. A voucher specimen (KL5049) was
deposited in the Herbarium of Chemistry DepartmEatulty of Science, University of Malaya.

3.4. Extraction and Isolation

Air-dried and powdered rhizomes oAlpinia conchigera (2.1 kg) were extracted with
dichloromethane (7.0 L) at room temperature (72. Alse solvent was evaporatedvacuoto give the
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dichloromethane extract, which was subjected tormool chromatography (CC) on silica gel (Merck
Kiesegel 60) eluting with a stepwise gradient afdree-ethyl acetate (1009 50:50). The fractions
were collected separately and concentratechcuoat 40 °C. The fractions with similar TLC profiles
were pooled together to give six sub-fractions Wwhiere then subjected to further chromatographic
analysis, which yielded 1'gj-1’-acetoxychavicol acetate as the major congtitu€he structure of this
compound was determined based on comparison ofpistral data with those reported in the
literatures [22-26].

3.5. 1'-(S)-1’-Acetoxychavicol Acetate

A yellowish oil, Calculated for GH140,4, 234.2479; Found 234, 192, 150, 149, 132, 104|R7.
(CCly) vmax cmM’: 1761, 1645, 1234, UNVmay nM: 304.5H-NMR (CDCL), 8: 2.08 (3H,s), 2.27
(3H, 9), 5.22 (2H,dd, J = 10.0 Hz), 5.98 (1Hm), 6.23 (1H,d, J = 5.8 Hz), 7.03 (2Hd, J = 8.8 Hz),
7.33 (2H,d, J = 8.8 Hz).*C-NMR (CDC}), &: 21.2 (CH), 21.3 (CH), 75.6 (CH), 117.2 (Ch), 121.7
(2CH), 128.5 (2CH), 136.1 (CH), 136.5 (C), 150.5,(1569.4 (C), 169.7 (C).

3.6. LCMS Analysis

The LCMS analysis was done using Shimadzu LCMS-OFTinstrument (Columbia, MD, USA)
equipped with a binary pump, an automatic injeattat a photodiode array detector (SPD-M20A). The
separation was carried out on a Waters Xbridge €ol@nn (50 x 2.1 mm, 2.pm). A binary gradient
solvent system of double-distilled water (eluent-Acetonitrile (eluent B) was used as follows: 100%
A and 0% B (0.0 min), 0% A and 100% B (6.0 min)Q¥®A and 0% B (8.5—10.0 min). A flow-rate of
0.5 mL/min was used and absorbance was detect@84ahm. The solution was filtered through
Whatman 13 mm, 0.2 pum nylon membrane syringe $ilbefore use.

3.7. Cultivation of Cells

A total of five tumour cell lines were used in tlsgidy. Human breast adenocarcinoma (MCF-7)
and oral squamous carcinoma (HSC-2 and HSC-4) ale@ned from the Cancer Research Initiative
Foundation (CARIF, Malaysia), while human hepateayarcinoma (HepG2) and epidermoid cervical
carcinoma (CaSki) cells were obtained from the ©rsity Malaya Medical Centre (UMMC,
Malaysia). Human mammary epithelial cells (HMEC)oKiza, USA) were used as normal cell
controls. All cells were cultured in DMEM except M& cells which were cultured as monolayers in
RPMI 1640, supplemented with 10.0% (v/v) FBS, 10@@mL penicilin and 100.0 pg/mL
streptomycin. Cultures were maintained in a hunedifCQ incubator at 37 °C in 5.0% GGnd
95.0% air.

3.8. Cell Viability Assay

Cell viability was determined using the MTT assdyich measures mitochondrial activity in viable
cells ACA was dissolved in DMSO to a final concatitn of 10.0 mM. Briefly, 2.0 x focells were
treated in triplicates on 96-well plates in thegemce or absence of ACA at final concentrations of
10.0 pM to 80.0 uM up to 30 hrs. Final DMSO concatiin in each experiment was maintained
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below 0.05% (v/v) to prevent solvent induced cyxatty. 20.0ul of MTT dye reagent (5.0 mg/ml)
was added to each well and cells were incubatdterdark at 37 °C. After 2 hrs of incubation, the
media containing excess dye was aspirated and 2000 DMSO was added to dissolve the purple
formazan precipitates. A microtiter plate readeeqdn Sunris® Switzerland) was used to detect
absorbance at a test wavelength of 570 nm, widieagnce wavelength of 650 nm.

3.9. Cell Cycle Analysis

Cell cycle analysis was performed using Pl basethisiy methods. Briefly, ACA-treated and
untreated cells were fixed in ice-cold 70.0% (€thanol and kept at —30 °C. Staining of nuclear DNA
content was conducted by adding PI (5030mL) and RNase A (10.0 mg/mL), followed by incubat
at 37 °C for 30 mins in the dark. Fluorescence feopopulation of 1.0 x f@ells was detected using
the BD FACSCalibur™ flow cytometer at 488 nm andrexed on the CellQuest Pro (IVD) software
(Becton Dickenson, Mountain View, CA, USA).

3.10. Annexin-V Apoptosis Assays

Detection on the various stages of apoptosis waduaied using the Annexin V-FITC/PI apoptosis
detection kit according to manufacturer’s protod#iiefly, media binding reagent containing FITC-
conjugated annexin V anti-coagulant (200gYmg) was added to ACA treated and untreated cells,
followed by 15 mins incubation at room temperaték samples were centrifuged and re-suspended
in 1X cold binding buffer and PI (3040y/mL). Detection of signals from a 1.0 x*1¢ell population
was obtained using the BD FACSCalibur™ flow cytoeneand examined on the CellQuest Pro
IVD software.

3.11. DNA Fragmentation Assays

Total DNA was extracted from both untreated andtt&@ cells using the Suicide Track™ DNA
Ladder Isolation Kit according to the manufactuseprotocol. Extracted DNA was analyzed on a
1.0% (w/v) agarose gel electrophoresis and stawtidethidium bromide. Fragmentation of DNA was
observed under UV illumination and visualized usangel documentation system (Alpha Inotech, USA).

3.12. Statistical Analysis

Results were expressed as mean values with + sthieder of the mean (SEM). All data were
performed in triplicates and analyzed using one-W&OVA, where differences were considered
significant atp < 0.05.

4. Conclusions

This study describes the initial drug developmentess chain beginning from compound isolation
to biological pre-screening assays, and finallyapoptotic assays, confirming the apoptotic inducing
effects of ACA on various cancer cell lines, thentification of pathways and genes modulated are
vital in the drug development process chain in ortte fully understand its apoptotic-inducing
machinery. The knowledge and understanding on h@® Aotentiates apoptosis as shown in this
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study is of great importance in further understagdhe mechanisms underlying tumourigenesis. This
knowledge will provide the basis for newly targetkdrapies, hence giving cancer researchers a bette
insight for future chemotherapeutic approaches.
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