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ABSTRACT

Agarwood; a dark-aromatic resinous substance released by Aquilaria trees upon
infection; is one of the most treasured forest valuable resources. The plant materials
from the trees were also reported to be utilized traditionally across various communities
to fulfil religious, medicinal, and aromatic preparations. There has also been an increase
of modern ethnomedicinal reports of agarwood or its plant materials towards various
diseases. While a lot of focus has been on the resin itself, less has been focused on the
agarwood non-infected branch which is abundant all year round and mostly considered
as a waste from agarwood plantation. Our previous work done on Aquilaria subintegra
non-infected branch has demonstrated profound growth inhibitory effects against
Michigan Cancer Foundation-7 (MCF-7) breast cancer cells. Thus, the current study
attempted to investigate the underlying cell death mechanisms behind the agarwood
branch ethanolic extract (ABEE) against MCF-7 cells as well as enhance the extraction
process conditions via one factor at a time analysis (OFAT) and Response Surface
Methodology (RSM)-based experimental design; employing the Faced Centered
Central Composite Design (FCCCD). The study also employed a bio-guided approach
in an attempt to isolate and identify potential active compounds using column
chromatography, thin layer chromatography, Gas Chromatography Mass Spectroscopy
(GCMYS), Fourier Transformed Infrared Spectroscopy (FTIR), Proton (H-NMR) and
Carbon-13 (C-NMR) Nuclear Magnetic Resonance Spectroscopy, Ultraviolet-visible
spectroscopy (UV) and Liquid Chromatography Mass Spectroscopy (LCMS). The
study first replicated the established extraction process conditions to obtain the extract,
which was then subjected to flow cytometry analysis and gene expression profiling with
pathway analysis via real time Human Cell Death PathwayFinder™ RT? Profiler PCR
array. It was observed that the extract caused time-dependent apoptosis-necrosis of
MCEF-7 cells and significantly affected 48 genes (41 down-regulated and 7 up-regulated
genes) indicative of cellular responses towards stimuli of specific apoptotic signals. NF-
KB1 gene was the most down-regulated gene (fold change of -26.704) and TRAF2 gene
was the most up-regulated gene (fold change of 5.52). Pathway analysis conducted
using online KEGG tool suggested that these differentially expressed genes (DEGS)
regulated cell death mechanisms via the apoptosis and p53 signalling pathways. Then,
through combination of OFAT and FCCCD; an optimal extraction process employing
the temperature and solid-liquid ratio at 45 °C and 1:19 (w/v), respectively, with
desirable factors; (i) safe temperature (less risk towards thermos-labile compounds) and
(i1) economical solvent volume, was obtained. The model predicted ABEE yield of
30.232 £ 0.266 mg/g dried materials (DM) and validation run afforded ABEE at 25.35
+ 1.19 mg/g DM (p-value = 0.007). ABEE obtained from the recommended process
conditions showed cytotoxicity effects on MCF-7 cells with 1Csg estimate of 3.645 +
0.099 pg/mL. The extract also affected MCF-7 cell attachment and viability with altered
morphology. Th bio-guided approach of fractionation and isolation process then led to
a plethora of fractions. However, decrease of cytotoxicity was observed after each phase
of fractionation suggesting synergism-dependent effect (of the crude extract) which
became more apparent towards the end of the fractionation study. Nonetheless, the
study isolated and identified a non-active orange-yellow needle-like crystal flavonoid,
ABEE-FR4AL1; characterized to be 5-hydroxy-7,4’-dimethoxyflavone (13.7 mg, 6.13 %



w/w). The parent fraction (FR 2-3, 2037 mg) and subfraction (FR 3A3, 223.5 mg)
exhibited moderate cytotoxic effects (28.52 + 0.1524 and 23.11 £ 0.1141 pg/mL), but
inferior to the crude extract. In conclusion, the study had determined the underlying cell
death mechanisms of ABEE against MCF-7 cells, optimized the extraction process
conditions and identified several compounds with varying cytotoxic effects. These
finding would add value to the non-infected agarwood branch that is abundant in
agarwood plantations thus help promote the sustainable growth of agarwood industry;
and pave the way towards development of locally sourced natural anti-cancer
therapeutics.
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Cancer statistics in Malaysia as reported by Globocan in
2018. Data obtained from
https://gco.iarc.fr/today/data/factsheets/populations/458-
malaysia-fact-sheets.pdf

Representative images of BRCA1 and BRCAZ2 genes located
in the long arms of chromosome 17 and 13, respectively.
Image was retrieved from Macrogen:Humanizing Genomics
website at
https://www.macrogen.com/en/business/diagnosis_servicel.p

hp

Aquilaria tree a) cultivated in Bangi aged around 6 to 7 years
with trunk diameter ranging from 20 cm to 40 cm measured
1.3m from the ground. Image was taken in August 2018. b)
Wild agarwood tree in Melaka and image was taken in
January 2010.

Representative images of agarwood presence in felled
branches of Aquilaria subintegra in Nilai, Negeri Sembilan
taken on 28" February 2019. Aquilaria sinenis chip images
are graded according to the system adopted by the local trader
in Kuala Kangsar, Perak. Images were taken on 4" March
2020

Artificial inoculation of agarwood tree in farm located in
Nilai, Negeri Sembilan. The process used agarwood inducer,
a biologically formulated combination of bacteria and fungi,
loaded into the tree trunk using Chemjet. Images were
captured on 11" April 2018.

Dark region formation in agarwood tree trunk as a result of
modern day induction. Images were taken after a few months
induction in an agarwood farm in Nilai, Negeri Sembilan on
the 10" and 28" of February 2019

Representative images of Aquilaria subintegra trees locally
cultivated in Melaka, Malaysia. Images were captured in
October 2018

Common Soxhlet extraction apparatus setup
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Figure 2.9

Figure 2.10

Figure 2.11

Figure 3.1

Figure 3.2

Figure 3.3

Figure 3.4

Representative basic chromatographic separation mechanism.
Compound elution responded to the type of mobile phase
used as well as selection of proper solid/stationary phase.

Assembled CC apparatus used in this study. Cotton ball and
acid-washed sand layer are placed at the bottom of the glass
column followed by silica gel slurry. The setup is completed
by additional layer of acid-washed sand at the top of silica gel
slurry added protection to the packed bed column

Catalogued PCR array layout embedded with 84 pathway-
specific by SABiosciences, QIAGEN. Wells H1 through H5
are embedded with a panel of housekeeping genes (HK1-
HKS5) for normalization purpose. Genomic DNA Control
(GDC) primer high sensitivity set that specifically detects
non-transcribed, repetitive genomic DNA is placed in well
H6. Wells H7 through H9 are embedded with replicate
Reverse Transcription Controls (RTC) that verify the RT
reaction efficiency. The replicate Positive PCR Controls
(PPC) embedded in wells H10 through H12 is for measuring
the overall efficiency of the polymerase chain reaction.

Overall flow of work according to objectives lined up for this
study

Pre-treated agarwood branch sample used in this study.
Sample was cleaned, washed, dried and ground prior to
extraction process

RT2 Profiler PCR array format C layout. Wells Al to G12
were embedded with different genes for a specific
pathway/disease/function. Wells H1 to H5 were embedded
with housekeeping genes (ACTB, B2M, HPRT1, GAPDH
and RP1PO0) for array data normalization. Well H6 was setup
as genomic DNA control (GDC), H7 to H9 embedded with
replicate reverse transcription controls (RTC), and H10 to
H12 embedded with replicate positive PCR controls (PPC).
Image was retrieved from RT2 Profiler PCR array handbook
available at
https://www.giagen.com/us/resources/resourcedetail?id=f4b1
3eaa-884f-4357-abe6-1a5f9469bc32&lang=en

Representative gravity column chromatography setup for
separation, isolation and purification purpose in this study. a)
Gravity column bed setup for the study purpose with glass
column loaded with silica gel 230-400 mesh (38-63 pum)
protected by acid washed sand at both end and cotton wool at
the exit of the column. b) Representative image of sample
loaded onto the column bed. Note that at all time, the solvent
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Figure 3.5

Figure 3.6

Figure 4.2.1

Figure 4.2.2

Figure 4.2.3

Figure 4.2.4

level must be above the sample or stationary phase to avoid
bed cracking

Sample binding/pre-adsorbing process using DCM as the
mixing solvent. a) Sample-bound silica was collected from an
almost dried mixture and air-dried to complete dryness. b)
Completely dried sample-bound silica. ¢) If mixture was
evaporated to a complete dryness by the rotary evaporator,
hard crust formation will occur and sample loss cannot be
avoided.

Preparative TLC flow conducted for sample/fraction in order
to isolate the potential major compound/s. The process
includes a) TLC profiling, b) scraping off confirmed location
of major compound/s, c) collection of compound-bound silica
flake and d) eluting out the isolated compound from the silica
flake using selected solvent through a simple glass dropper
experimental setup

Apoptotic cells analysis using Annexin-V-FITC staining
through flow cytometry. Scatter plots correspond to 24, 48
and 72 hours of ABEE16-treated with the 72 hours control
MCEF-7 cells showing a small increase in apoptotic cells at 72
hours ABEE16 treatment (1.80 %) compared to 72 hours
control (0.05 %). Necrotic characterized cells were observed
to increase in a time-dependent manner in which 5.50 %, 8.21
%, and 54.48 % cells measured at 24, 48, and 72 hours,
respectively

Cell viability at 24, 48 and 72 hours of treatment of 8 pug/ml
ABEE16 compared to control (0.1 % DMSO v/v). Highest
viability reduction was recorded at 72 hours at 74.35 %
compared to control. Results are based on three independent
experiments (n =3 £s.d.).

Representative images of MCF-7 cells population density in
this investigation. Control group a) 24 hours, b) 48 hours, and
c) 72 hours showed normal cell morphology with increasing
cell population density. ABEE16-treated MCF-7 cells showed
abnormal morphology in all time point with decreasing cell
population density

Bar chart representing ABEE16-treated DEGs with fold
change normalized against control set with fold regulation
threshold set up at 2 and p-value < 0.05. Highest fold change
analyzed was TRAF2 genes up-regulated by 5.52 fold while
the lowest was NFKB1 down-regulated by 26.704 fold
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