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ABSTRACT

Oxyresveratrol (OXY) belongs to the group of phytochemicals known as
hydroxystilbenoids, and has a molecular structure similar to the-kweaiin
phytochemical resveratrol. It is found to be particularly concentrated in the heartwood of
Artocarpus lakoochaWwall. ex Roxb. (Family: Moraceae), an indigenous plant in
Thailand. This species has been used as a Thai traditional medicine for the treatment of
various parasitic diseasdrevious studies have also reported that it may exhibit pro
oxidative properties, which asso@dtwith the amount of the main compound in the
extracts.OXY may share biological activities with resveratrol deldevelogd as an
anticancer agenthis thesis aimed to investigate the cytotoxicity of OXY, consequently
The heartwood was ground, driadd extracted. The chromatographic and spectroscopic
analyses were carried out and OXY was identified as the major component in the extracts
(33.55%, 37.81% and 64.23 % w/w in water, ethanol and ethyl acetate, respectively).
Resveratrol was quantified asnanor compound, (0.37%, 0.45% and 0.65% w/w in
water, ethanol and ethyl acetate extracts, respectively). Thexftant actity was
investigated using DNi#nick, reactive oxygen specidROS) copper reducing and
glutathione depletion assays. The ressittswed that OXY induced DNA damage dose
dependently in the presence of copper (ll) ions. It was also found to geR&&ie a
dosedependent manner, reduce copper (ll) to copper (I) and depleting glutathione. OXY
was able to show higher capability tha@sveratrol at the same doses, whiletthes

stilbene did not show the activities. The thfedakoochaextracts also showed damaged
DNA consistent with the amount of OXY presented. The cytotoxicity of OXY to different
kinds of cancer cell lines inclutdy Human Caucasian lung carcinoma cells (A549),
human colorectal cancer cells (CACZ), Human Caucasian hepatocyte carcinoma cells
(HepG2), Human breast cancer cells (MCF7), Caucasian prostate adenocarcinoma cells



(PG 3), Mouse macrophage cells (RA¥%4.7 and the two nottransformed cell lines
including Human foetal lung cells (MR®G) and normal human breast cells (MCF10A),

was investigated using MTT (84,5dimethylthiazot2-yl)-2,5diphenyltetrazolium
bromide). Cells were either pteeated with 50uM C(DAc). for 24 h, or OXY in the
medium supplemented with 50uM Cu(OAthen exposed to OXY for 48dompared to

the control with no Cu(OAeg) More than 80% of the cells treated with OXY in the
presence of copper showed less toxicity than the condition wtitapper MCF7 cell

was the most susceptible to the compound and therefore chosen to be a model studying
molecular effects. The cells that OXY caused toxiiBso) to were MCFH (30.64+4.79

UM), HepG2(104.47+0.82uM), PQ 3 (106.90+8.63uM), RAW 264.7(115.95+11.28

uM) and A649 (148.63+4.48uM). Whereas the compound was not toxic to Ron
transformed cells (MR and MCF10A). Moreover, OXY and OXXopper (Il) did not
increase intracellular ROS and damage the DNAM@F7 at the concentration
investigatedMCF7 was chosen to be a cell line model for gene expression investigation.
The gendevel expression of more than 20,000 human -aefiotated genes was
determined using Clariom Affymetrix microarray under two different OXY treatments
(50 &M and 2410 A total bf)686 fgemes were found to have altered mRNA
expression levelsoftwb ol d or mor e Htreated gnoap (Z6Dupregulated X Y
and 424 downregulated genes). Total 2,338 genes were differentially expressed in the 100
uM-treated group (90Wpregulated and 1,431 downregulated genes). The relevant
visualized global expression patterns of genes and pathways were generated; genes
involved in cell cycle control, apoptosis and autophagy, as well as DNA repair, showed
the greatest differences irmression relative to controls. Gene expression was validated
by quantitative PCR and western blot protein analysis. OXY induced apoptbdsHn

and HepG2 cells. The cascade events were activated thratrgisie and irinsic

pathways through variouseges including caspase 3. The final stage was activated

v



resulting in losing cell membrane integrity, losing mitochondrial membrane potential,
chromatin condensation and eventually cell death. However, OXY did not cause TP53
activation, ROS generation arelvere cellular DNA breakage. OXY also dovagulated

genes controlling cell migration and metastasis, especially genes in theanonical
pathway (SMAD independent) such as PI3K/AKT, CXCR4 and its ligand (CXCL12)
which may consequently affect cell grawproliferation and cell survivalnterestingly,

OXY inhibited the gene expression in the cancer DNA repair pathway; the most
significantlyaffected were RAD5(P < 0.0001and genes in homologous recombination.
These results indicated that OXY could overcome drug resistance, enhance the efficacy
of chemotherapy drugs and could be developed as chemotherapy or chemosensitising

agent.
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CHAPTER 1 | NTRODUCTI |



1.1 Cancer and its hallmarks

Cancer is one of the leading causes of dgktbally; 9.6 million deaths are estimated to
occur in 2018 and the new incident number is projected to increase from 18 million in
2018 to 29.5 million cases in 204@/HO, 2020) The most common types of cancer in
men are lung and prostate cancers whilevomen are breast, colorectal and cervical
cancers. The cancer burden continues to grow exerting physical, emotional and financial

strain on individuals, communities and countries globally.

Cancer is a multistep process in which cells proliferate inecessive and uncontrolled
manner. Cancer causes major alterations in genetics and epig@vieticset al, 2006.

The gendc change is the alteration that modifies the DNA sequesaseral thousand of

the genes (3,008,000) encode proteins involved in genetic programmes deregulated in
cancer . The causes of DNA sequenciaifdes cha
basis, msertions and deletions, copy number changes and genomic rearrangements
(Strattonet al, 2009. These changes arise through the accumulation of modifications in
the genetic programmes that control the molecular and cellular activities including cell
proliferation, cellular defence mechanism, &sedpair, cell differentiation, migration,
relationshps with neighbouring cells, and capacity to escape the immune sy&ten.
process results in the formation of a mass of deregulated cells, which can cause cells to
become unstable and uncontrollal#fer example, a mutation in a gene called Kirsten rat
sacoma viral oncogene homolog (KRAS), one of the oncogenes, can promote
uncontrollable cell division and cell proliferation or the dysfunction of TP53, the cancer
suppressor gene, which becomes unable to stop the proliferation of cells when needed.
The othe way is epigenetics, which changes the programme of cells such as modifying
the conformation of chromatin or DNA strands, micro RNA, copying and repairing

machinery(Figure 1)
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Figurel Genetics and epigenetics changes cause a normal cell to be a cancer cell because

of genome instability and alteration of epigenetic enzyf@éenet al, 2019.

The causes of genetic and epigenetic changes are numerous. The genome contains 3
billion base pairs and there may be affected and modified by reactions with a variety of
chemical, physicaand toxicological agents. For instance, some chemicals classified as
carcinogens can cause changes in DNA bases, bind to them and modify the DNA
sequence resulting in the mistranslation of the enzymes. UV light can form the pyrimidine
dimer, called doublenutations, which are the signature of mutagenesis by UV light of
skin cancers. The ionising radiations also induce single or double DNA strand breaks.
Each time there is a perfect proofreading and repair reading systemever, the error

may occur andremain unrepaired, leading to mutation and malignant tumour

developmen{Chenet al, 2014.

In general, cancer cells have defects in the regulation of cell proliferation and

homeostasis Cell genotypes manifest the essential alterations in cell physiology



collectively dictating malignant growth includingvasion of programmed cell death
(apoptosis) selfi sufficiency in growth signals, insensitivity to growthhibitory
(antigrowth), limitless replicate potential, sustainmerdf angiogenesis, and tissue

invasion and metastagiFigure 2.
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Figure2 The hallmarks of cancer associated with the six major biological processes

adapted from Hanahan and Weinberg (2000)

Evasionof apoptosis:The evasion of apoptosis a key mechanism by which cancer
develops oncogenes such as BEZlare aniiapoptotic activity e.gBCL-2, BCL-XL,
BCL-W, MCL-1, BFL-1/Al1. The expression of BAL2 promoted the survival ofiB
lymphoid tumours in mice and the cooperation with itmyc promaed proliferation of
Bi cell precursors, some of which became tumourigéBic/arnaet al, 2019. One of
the most common losses of papoptotic activity involved the mutation of TP53 tumour

suppressor gene resulting in resistatacapoptosisn more than 50% of human cancers.
4



The p53 proteirhas been known to be the DNA damage sensor that induces apoptotic

cascad€Aubreyet al, 2019.

Sustaiment ofproliferative signal Normal cells maintain their cellular quiescence state
and homeostasis by receiviggpwth inhibitors and immobilized inhibitors embedded in

the extracellular matrix and on the surfaces of nearby cells. The extracellular signals
couple with transmembrane receptors and then induce the cells from active proliferative
cycle into GO phase dhe cell cycle. The other mechanism is that the cells are forced to
stop proliferative potential by being induced to enter intoipogotic stategMatson and

Cook, 2017.

Retinoblastoma protein (pRb) is one of the enzymlaging the crucial role in ariti
proliferative that can block and alter E2F transcription factor that controls the expression

of many enzymes in the procession of G1 to S phase of the cel(Egctaet al, 2019.

The transforming growth factopeta family (TGFb) i s a mul ti functi
protein can be aopetitive to pRiby preventing the phosphorylation and inactivating the
enzyme. Therefore, the cells are blocked through G1 phase. Moreovéfh) TGkl s o c au
synthesis p15INK4B and p21 proteins, which blocks the reaction of cyclin: CDK and then

sequentially dects to tle pRb phosphorylatiofDattoet al, 1997 Principeet al, 2017.

Insensitivity to antigrowth signal€ancer cells deregulate the production and seled
growth promoting signalg¢o control the progression of cell cycle agwth (Matson

and Cook, 2017

Tissue invasion and metastadidetastasis is the process of cancers travelling into the
other sites and settles new colonies, which the cause of more than 90% human cancer
deaths(Guan, 201k Several classes of proteiaseinvolved in this proess. The main
proteins affected are in the dalell adhesion molecules (CAMS) including the

5



immunoglobulin and calciundependent cadherin and integrin protein, which mediates

the cell toi cell interaction and link the cells to extracellular substr@asuet al, 2018.

Enablement ofeplicative immortality The immortal property of cancers means that they
could overcome cell senescence to unlimited proliferation. Human cancer cells can
counter the erosion or shortening of telomeres and losing telbbiedéng proteins by
expressing the significantly vast majoriip90%) of telomerase enzyme compared to
normal cells. Mice that lack telomerase activity and are more resistant to ¢8hagr

and Wright, 2000Blasco, 200h

Induction ofangiogenesisTumoui associated neovasculature is a process to sustain
nutrient and oxygen for neoplastic growths. The molecular mechanism of angiogenesis is
controlled by the inducer or inhibitor, which are vascular endothelial growth ifactor
(VEGF A) and thrombospadini 1 (TSH 1), respectively(Hanahan and Weinberg,

2011).

According to the knowledge of the cancer hallmarks, this brings about the subsequent
evolution of cancer treatment; the therapy targeting actionable alterations ontogenes

driven cancers. @chnologysuch as gene sequencing or human genome project acquire

tumour molecular profiling and the discovery of predictive molecular targets

(Zugazagoitieet al, 2019.

Cancer treatment has become more effective. The combination efaggated therapy
with immunetargeted approaches to overcome the complexity of tumour biology has
been developed such as checkpoint blockade, personabwethes and/or chimeric
antigen receptor -tells), hormonal therapy, chemotherapy and/or novel agents
(Tsimberidouet al, 2020. However it found that cancer treatment practically based on

the broad use of cytotoxic chemotherapies in patients reaching therapeutic a plateau,



worsen side effects and drug resistaiitere are mainly five types of chemotherapeutics
including alkylating agents, antimetabolites, amiicrotubule agents, topoisomerase
inhibitors and cytotoxic antibiotics, of which the mechanism of actions intenfithe
DNA, RNA or proteins regarding blocking DNA synthesis and cell proliferation witho

specificity to cancer cell@igure 3.

1 | I -

agents metabolites agents inhibitors antibiotics
Bind covalently to DNA Nucleotide-like structure  Prevent the formation Inhibit Topoisomerase Insert the molecules
via their alkyl group impedes DNA and RNA of the microtubules in during DNA replication between the two
_ synthesis mitosis or transcription strands of DNA
" ~ -
il o o - DNA DNA
= 7 A} e o - -
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N = scfgfooe T ofi@iess )
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Deoxycytidine —_— "E(‘}"\ : "’.ﬂm}u
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Figure 3 Chemotherapeutics and mechanisms of action; there are five types of
chemotherapeutics including alkylating agents -am@tabolites, artinicrotubule agents,
topoisomerase inhibitors and cytotoxic antibiotics that cause DNA damage through

apoptosis pathwa(Huanget al, 2017.

1.2 Cancer drugs from medicinal plants

Herbal medicines have been used mostly in developing countries as the primary sources
of medical treatment for human diseases including cancer. They are considered effective,
less toxic side effects and less cost consuming compared to current chemdibesapy

et al, 200§9. Currently, many studies and research report that the phytochemicals



presenting in plants such as polyphenols, flavonoids, protein and stilbenoids show
beneficial health effects and may reduce cancer incid€@oeenwell and Rahman,
2015. The biological activities of encounter the hallmarks of cancer cells without or less
toxic effect to normal cells via the various mechanism of actions including reduction of
cell cycle progression, anproliferative effects, inhibition of tumour growth and
progression, inhibition of cyclidependent kinases, immunomodulatory activity,ianti
angiogenesis, migration, invasion and metastasis, inhibition of DNA repair and induction

of apoptosigSchnekenburgest al, 2014.

Numerous phytochemicals, some already in clinical use and others in clinical trials as
anicancer agents, encounter intracellular targets of cancer cells reported. For instance,
vincristine is one of the first plawterived anticancer drugs approved by The United
States Food and Drug Administration (USFDA) in 1963. It is the alkaloid extrixotad

the leaves ofCatharanthus roseu¢lL.) G.Don, which has been effectively used as
chemotherapy for acute lymphoblastic leukemia, rhabdomyosarcoma, neuroblastoma,
lymphomas and nephroblastoma. The mechanism of action involves the interaction with
the spndle tubulins during mitosis, which leads to the disalisécell proliferation(Seca

and Pinto, 2018 Paclitaxel is the blockbustef the plartderived anticancer agent,
which has a tremendous impact on the pharmaceutical industry. This compound was
isolated from the bark ofaxus brevifoliaNutt. (Pacific Yew) and then sold under the
commercial name as Tafosince 1993. The mechanism of action is tubasembly
promotion and inhibition of cell proliferation and DNA repair that showed great success
in the treatment of breast, ovarian and lung can@#isaver, 2014 Bernabeuet al,

2017. Because of the development for the last few decades, there has been generated
several derivatives such as Lipfisdbraxan&, Taxoter& andJevtan&, which increased

its effectiveness and reduced side eff¢Bisca and Pinto, 20L8\nother well known

antioxidant, resveratrol, mostly found in grapes and berries was intensively reported the
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moalecular mechanisms and pathways against cancer cells by inducing cell cycle arrest,
autophagy, apoptosis, angiogenesis and invasion/metastasis mediated through
PI3K/Akt/mTOR, Wnt, ROS, N B, B A X /ABIRK, ERK, MAPK signalling
pathwayqFigure 4)(Kim and Kim, 2018. These phytochemicals have been studied both

in preclinical and clinical trials. Therefore, further active experimentabreh on these
molecules or chemical structiirelated compounds can give us a deeper understanding

of their mechanismof actionand therapeutic effects on cancer or other human diseases.

[ Resveratrol

 PB/AKT ) / .\\\‘ " RAS

VA ~osmr1 |
BAK mTORC MAPK Wnt/b-catenin \f " RAF

* b ke @&
Cytochrome ' | mTORCI p53 I - MEK

o BAX/Bcl-2 |
—

Apoptosis DNAdamage |, | Cell death

Figure 4 Effect of resveratrol osignalling pathways, Black arrows indicate activation

cascade, while red lines indicate the inhibition cas¢de and Kim, 2018.

Apoptosis is the central mechanism of chemotherapeutics and of most ofiptardd
anticancer drugéCragg and Pezzuto, 20L8Moreover, some polyphenolic cpaunds

have been already investigated to have the DNA breakage activity in the presence of only
themselves or oxidized metal iof®r exampleFe™ Cu?*, Zr?* or Ni?* couldtrigger the

Fenton mediatedROSgeneration. The pi@xidant property of phytochdanals was also
considered one of the mechanisms against cance(¢atizadaet al, 1985 Lopeset al,

1999 Subramaniaret al, 2004 Azmi et al, 2005. Therefore, the DNA damaging



property of phytochemicals could be used foii poeeeening the compounds dctncer

activity (Figure 5.

compounds

operty

Plant-derived

Cancer cell

Figure5 DNA damage causing cell death is the central mechanism of chemotherapeutics
(Huang et al, 201%. Plantderived compounds with the poxidant property may

consequently damage the DNA

1.3 DNA damage caused by phytochemicals

Some phytochemicalsave antioxidant propertyiowever, they can behave like pro
oxidants in some conditions such as high concentration, the high partial pressure of
dioxygen(pQ) or with transition metals such as uFe* or C* by generating ROS
such as super iyiddexy AO( AOH) o (Vakpetrag x y |
2009. All ROS are likely to interact with the cellular components including DNA or

RNA to produce the damaged bases or strand bigkdet and Wagner, 20L3or
10



example, carotenoid presents itself as a@aant at a highgsO> condition. Carotenoid
radical (Carotenod A) reacts t o 0 X Yy giparoxy gadicae r at i
(CarotenoitﬂOO&), at this stage the radical acts as ai pxadant by promoting the
oxidation of unsaturated lipid (RH). Finally, the lipid radicaﬁ(l%acts to @ and

generates peroxy radicals (R&Ohe reactions shown iBcheme {Valko et al, 2004.

Carotenoid+ ;Y Car otGOhoi d
CarotenoidOOA RH Y Ca0OH+Rhoi d

RA+O,Y RAO

Scheme T'he mechanism of ROS production by carotenoids

Ascorbic acid is a reducirggentthatcan also act as a praxidant. Ascorbate in agqueous
solution is oxidised by ferric (Ill) or cupric () into ascorbyl radicals. Then the reduced
metals produce the hydroxyl radicals by using hydrogen peroxide through the Fenton

reaction; the ractions shown inScheme 2Carr and Frei, 1999

Ascorbaté + Fe*Y AscorbyP+Hadi cal + Fe
Ascorbaté+ CL?*Y Ascorbyl radical + Cti + HY
H.0, + Fe* Y AOH*'+'GH Fe

H,O, + CU*Y AOHZ+'®H Cu

Scheme Z'he mechanismf ROSproductionby ascorbiacid

11



Another well known phytochemical; resveratrol in the presence of transition metals can
also generate ROSResveratrol reduces cupric (Il) into cuprous (I), then the cuprous
reacts withO,generatings u p e r o x i d ¢), theaatlicat causes ¢lirkdaDy oxidative
stress or reacts to hydrogen ions presenting hydrogen perbixidg.(Lastly, the cupric

ion andhydrogen peroxide in the reaction gener@té*Oxoi species complexyhich

damages DNAthe reactions are shown3theme 8Subramaniart al, 2004.

Resveratrol + Cti Y C'u+ Resveratrof
Cl+O,Y CwAo
A2)G-4H'Y 26b + O,

Cu* + 2H0, Y  CG'uOxoai species

Scheme Jhemechanism of ROS production by resveratrol

The scavenging of ROS in the presence of copper by hydroxystilbenoids, such as
resveratrol, is thought to be an important mechanism of action against carcinogenesis

(Alarcon de la lastra and Villegas, 20@alindoet al,, 2011).

1.4 Copper ions in cancer cells

Copper plays an important role iniological functions(Kalinowski et al, 20186.
However, the excess copper alséoisnd to be a potent catalyst of ROS generation and
DNA damaggTheophanides and Anastassopoulou, 2002). It has also been reported that

significantly elevated levels of copper have been found in both serum and tissue of cancer
12



patients. The amount of coppe serum and tissues of cancer patients has been reviewed;
the data shown were from the different age group of patierits@iears old), male and
female and different geographical locations in a wide spectrum of tumours including
acute lymphocytic leukemia, breast cancer, colorectal cancer, lung cancer, ovarian
cancer and prostate cancer (Gupte and Mumper, 2009). The copper level in serum in all
kinds of the tumowr was significantly higher than in normal patients. The highest
elevated serum copper whmind in acute lymphocytic leukaemia, roughly three times
higher than the normal (around 100 pg/dL). Breast and colorectal cancer were raised to
173 and 165 pg/dL, respectively. While in lung, ovarian and prostate cancers were
increased to lower than 1p@/dL. In tissues, the amount of copper in all types of cancer
collected was also higher than in normal tissues. In leukemic cells were also found to
present around three times higher than the normal (15 §ugéll8) (Carpentieriet al,

1986. In the solid tumours, breast cancer tissues gave the hagh2stug/g compared

to the others, which were raised tavkr than 5 pg/gindeed, the level of copper also was
investigated in the different progression stages of tumours with later stages if tumour

progression being associated with higher amounts ofrseopper.

Interestingly, serum copper levels have also been observed to be linked to drug resistance
in cancer(Majumderet al, 2009. Indeed, cancer patients that did not respond to drug
treatment demonstrated 13®0% higher levels of copper in their serum than treatment
responsive patient§viajumderet al, 2009. Moreover, ceruloplasmin (Cp), the major
copper carrying protein, was reported to elevate in lung, breast, colon and gastrointestinal
cancer patientélinder et al, 198). In addition, copper has associated with numerous
angiogenic factors such as basic fibroblast growth factor (0FGF), tumour necrosis factor
alpha(TNFU) , i nt eir6,ILé8iakd fibrondctifCarrheliet and Jain, 20P0T his

obvious evidence of raising copper levels in cancers triggers the cancer hallmarks to be

targeted for anticancer phytochemicals.
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1.5Artocarpus lakoocha

A.lakoochaWall. ex Roxb. (Family: Moraceaedn indigenous plant in Thailand known

as Mda Haad, is widely distributed in the southeast and south Asia. There are different
common names such as Monkey Jack (English), Dahu or Lakoocha (Hindi). There are
more than 50 plant species in this genus, whi&h emergreen and deciduous trees.
Different parts of the tree such as leaves, bark, stem or fruits contain different kinds and
proportions of main compounds, which have been shown to possess various biological
activities such as antibacterial, antiviraltiaralarial, antifungal, antidiabetic, antioxidant

and anticancefJagtap and Bapat, 2010

Figure6 Fruits and heartwood &. lakoocha(Homhual, S., 2021)
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A. lakoochahave been used in Thai traditional medicine, an aqueous extracted product of
its heartwood called Puagaad, is used for antihelminthic treatment. It has been
effectively used to treat Taeniasis and other human and cattle paiags#icorms and
alsoblood and liver fluke infectiorfPreyavichyapugdeet al, 2016. Moreover, it has

been found to have strong tyrosinase inhibition activity over kojic acid and liquorice
extract, and can be used as a potent skin whitening @gamamnuat al, 2006. The

wateii extracted compound also shows antibacterial activitigniterococcus famlis
(Singhatonget al, 2010 Teanpaisaret al, 2013. The tree bark containing high tan

is used to treat skin ailments. Recently, it has been reported to be a valuable resource of
phenolic compounds including flavonoids, tannins and stilben@idseechaiet al,

2009 Singhatonget al, 2010. More importantly, stilbenoids, especial@XY, seems to

be the promising active compound in this natural resource.

1.6 OXY

OXY (OXY)(C14H1204, M.W. 244.24 g/mol) is one of the small structure phytochemicals
belonging to the group of the stilbenoids, which was richest ilmkoochaheartwood.

The amount of OXY (182,000 ug/g) and resveratrol (90,000 ug/g) were higher than
resveratrol presentingn other plants such as grapes (0.5 pg/g), itadori (523 ug/g) or
peanuts (5.1 ug/giBurns et al, 2002 Maneechaiet al, 2009 Borah et al, 2017.
Recently, these compounds have been extensively studied for their efficacy. The chemical

structure of OXY, resveratrol anthng stilbene areshownin Figure 7
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Figure7 Chemical structure ddXY, resveratrol antrans stilbene

OXY has been shown to possess various potent bioactivities with the main property being
an antioxidant(Lorenz et al, 2003. With other reported properties being anti
inflammatory (Lee et al, 20195, antiherpes, vaogella zoster virus, human
immunodeficiency virus (HIV) and swine flu virg€huanasat al, 2008 Galindoet al,

2017, anticancer (Rahmanet al, 2017, hepatoprotective(Choi et al, 20189,
neuroprotective and ainstroke (Andrabi et al, 2004 Weber et al, 2012, DNA
protective(Hu et al, 2015, anti diabetegTan et al, 2015, antiglycation(Povichit et

al., 2010 and tyrosinase inhibitio(Likhitwitayawuid et al, 200§. In consideration of
these traditional uses, this compound provides opportunities for the development of

dietary supplements, functional foods and cosmetics or even pharmaceuticals.
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However, concerns have been retrastendOXYver t
It has been previously reported these compounds might actiasjolants causing lipid
peroxidation to human blood at the concentration 50 and 100 y@mghatonget al,

2010. Moreover, it has been reported that the chemically related resveratrol and some
hydroxystilbenes couldauseDNA breakagen normal humarymphocyte cellsn the

presence of Ctiion and oxyger{Subramaniat al, 2009.

1.7 Molecular targets ofOXY and transi stilbenoids in cancer cells

Stilbenoids, such as resveratrol, pterostilbene and piceatannol, has been intensively
studied for cytotoxicity against cancers and some molecular targets have been identified
(Varoniet al, 2019. These compounds share a common backbone structure but differ in
the nature and position of substituents. Therefore, they may share biological activities
including anticancer properties. At clinical tniasveratrol has been found to have several
molecular targets, with its efficacy depamglupon thdype and stagef cancers, dosage
levelsand treatment periods. Moreover, there have bemmer of investigations on
stilbenoids focusing on their celiur mechanism of actiofBermanet al, 2017. In
consideration of the cancer hallmarks mentioned previo@®{Y has been shown to
affect several hallmarks. In particular, it has been found to be a selective target multiple

a cancer hallmark capabilities, some of them shown in Figure 8.
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Figure8 Potential molecular targets of aigaincer compounds adapted frétanahan
and Weinberg (2000).

1.7.1 prd apoptotic

Apoptosis is the mechanism of programmed cell death activated through two different
intracellular signals; thantrinsic and extrinsic pathways, which referred to the
mitochondrial and death receptor signalling, respectively. Cancer therapy targeting
apoptosis is effective to all typexf cancerbecause apoptosis evasion is one of the

important hallmarks of canc@pfeffer and Singh, 20)8

OXY has been reported to induce the intrinsic pathway of apoptosis in neuroblastoma
cells(Rahmaret al, 2017. Rahmaret al. (2017) have provided the supporting evidence
of the apoptotic cell morphology changes that the O&ated cells shrank and became
rounded with membrane blebbing and apoptotic vacuoles. The molecular targets of this

pathway included Bax and Bd@ proteins, which triggered the cascade proteins through
18



mitochondrial apoptosis, resulting in significantoges in the Bax/BER ratio and the
mitochondria membrane potential néuroblastoma cells/as greatly depolarized by
OXY. Likewise, resveratrol has been intensively investigated for the property of
apoptotic activation in several cancer ceflerinstance, it also increased the expression
of proapoptotic proteins such as Bax, iBci antagonist/killer 1 (Bak), p53 upregulated
modulator of apoptosis, the B& Homology (BH)}i containing proteins, TRAIL death
receptorqFulda and Debatin, 20p5Whereas aritapoptotic proteins including B,

B-cell lymphomaextra large (B@IXL), survivin, and Xlinked inhbitor of apoptosis
protein (XIAP) were downregulatg@&hankaret al, 2007. Other stilbenoids derivatives
including deoxyrhaponticin, rhaponticin, pterostilbene, and piceatannol have also been
confirmed to exhibit apoptosis induction in human acute promyelocytic leukaemia and
acute lymphoblasticeukaemia cell linefCzopet al, 2019). Other phenolic compounds
including stilbenoids also showaah antii TRAIL expression property, which could be a

promising approach to Kill resistant cancer cgleEcquemiretal., 2010.

1.7.2 Antii proliferative signalling

Several phytochemicals inhibit cancer cell proliferation by modulating the genes that
control several aspects of the cell cycle. Cydependent kinases (CDKs) and E3
ubiquitin ligases mainly play a cnat role throughout the procefBuronio and Xiong,

2013.

OXY inhibited Human SHSY5Y neuroblastoma cell growth déskependently and
found to arrest G2/M phase. The molecular target was investigated to reduce cyclin D1,

CDK3 and CDK4 expressiofiRahmaret al, 2017.
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Resveratrol also caused the growth inhibition of human epidermoid carcinoma (A431)
cells via cellcycle arrest and apoptosis induction. Treatment with resverafll ¢ M
for 24 h) causes an induction of WAF1/p21 that inhibits cyclin DLII2K6, cyclin
D1/D2i CDK4, and cyclin ECDK2 complexes, thereby imposing an artificial
checkpoi nt asitiontofthe celbdyctéB8hmiadetaaly 2001). More evidence

of cell cycle arrest property was investigated via idEd-/DP pathway;
hyperphosphorylated was decreased with hypophosphorylated pRb was relatively

increased and E2F protein expression was downreguatigmiet al, 2007).

1.7.3Growth suppression

Generally, epidermal growth factor (EGF) and related receptor i(BG8timulate cell

growth and differentiation while transforming growth factmeta (TGFb) f unct i on
a potent cell proliferation inhibit¢Plaut, 1993 Resveratrol shows antigrowth signalling
activity by inhibiting EGF and related receptor (H&), a transmembrane tyrosine
kinase activated by ligands and TiG®F. I n breast icamcemotced |
migration and invasion abilities of breast canoells, along with the increase in EGFR
expression through Smad3 signalling pathw@jpao et al, 201§. Some studies
illustrated thafTGFi b, IGF1 and EGF signalling inhibitors could be the keyhamism

of cancer therapeuticfringling et al, 2009. Resveratrol also showed the growth
inhibition in SKOW 3 and OVCARS8 ovarian cancer cells by the cleaving PARP
reducing the phosphorylation of human epidermal growth factor receptor R2fjHer

EGFR and expressing extracellular signagjulated kinasediogget al, 2015.
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1.7.4 Antii migration, antiiinvasion and metastasis

OXY suppressed cell migration of Jurkat T cells in response to stromdeceiéd factor

1 (SDHR 1). The mechanistic study indicated t@Y diminished CXCR4 mediated T

cell migration via inhibition of the MEK/ERK signalling cascafeéhenet al, 2013.
Resveratrol showed antnigration and invasion by dowregulating and inactivating
Akt. Moreover, the compound also showed its efficacyninivo experiment by oral
administration of 1 mg resveratrol in thealignant mouse model in three weeks.
Interestingly, the tumour volume was inhibited more than 60% (p=0.001) compared to
the control group. The study was concluded that resveratrol could réduoelignant
properties of highly invasive melanoma cells by inactivating (@@ktattacharyeet al,
201]). The other stilbene, Pterostilbene suppressed AKTIE&IUlated assembly on
suspended Lewis lung carcinoma cells and pulany metastasis. The compound also
possessed potendy both preventing and treatingetastasis of lung cancer cells in
apoptosisindependent and apoptdsikependent manners, respectiv§iyang et al,

2017).

1.7.6 Autophagy

Aut ophagy neaningp, isel fan evolutionarily
eukaryotes and it plays a significant role in the recyclingetifilar components as part

of a housekeeping function. @&ampoundtriggered cell via this pathway was described

to be a promising, novel mechanism for enhancing anticancer treatments and overcoming
current challenges such as chemotherapy resistéDao#fy et al, 2019. During
autophagy, some autophagglated proteins were activated such as Beclinl, Atgjs At

Atgl2 and LC3 and played an essential role in mediating autophagosome initiation and

expansion stage$Geng and Klionsky, 2008 OXY has been reported to exhibit
21



autophagy independently from apoptosis in neuroblastoma cells. The molecular targets
were mostly via inhibition of PI3BK/AKT/mTOR/pS6 signalling and activation of p38

MAPK pathway(Rahmaret al, 2017.

1.7.7 PARP and other DNA repair inhibitors

Poly (ADPR ribose) polymerases (PARPS) are enzymes involved inilidkage repair.
Recently, inhibition of PARP is a promising strategy for targeting cancers with defective
DNATi damage repair, including BRCA1 and BRCA2 mutatmssociated breast and
ovarian @ancergLivraghi and Garber, 20}5The original concept of the activity of PARP
inhibitors was that they acted through synthetic lethality by targeting the base excision
repair pathway (BER) in BRCAdeficient tumour. Therefore, disruption of the two
pathways led to cell deaffflglehart and Silver, 20Q9Resveratrol has been reported to
show cleavage induction of PARFR2emoulinet al, 2015. The compound also reduced

the expression of genes in homologous recombination (HR) of the DNA damage repair
pathway including RAD51 ilfMCF7 cells, which enhance the antiproliferative effect of
cisplatin(Leon-Galiciaet al, 201§. RAD51 is an important part of the mechanism and
has been observed that the gene was overexpressed in chemoresistan{Slapaansk

et al, 2001 Hannayet al, 2007%.

1.7.8 Inhibitors of VEGF signalling (angiogenesis)

The vascular endothelial growth factor (VEGF) and its receptor (VEGFR) have been
shown to play major roles not only in physiological but also in most pathological
angiogenesis such as cancatse major VEGFA ligand is a single gene product and it
utilizes only two receptors (VEGRFR and VEGFR2) involved in pathological

angiogenesis in tumour vasculat&hibuya, 201l OXY decreased micitlood and
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microi lymphatic vessel density in the lymph node metastasis by inhibiting the expression
of CD31, VEGFR3, and VEGK (Liu et al, 201§. More evidence from resveratrol, it
also has the synergised effect of paclitaxel on EB€2lIs thhough p27kipl, Ecadherin,

EGFR and Bdl2 expressioriKubotaet al, 2003.

1.7.9 Antii inflammatory

Epidemiological studies have revealed that chronic inflammation predisposes to different
forms of cancerMolecular and cellular pathways linking inflammation and cancer have
been identified. The main pathway linking to inflammation and cancdudes
transcription factors (e.g. nuclear factor kagpa ( NFa B) ) , cytokines
chemokines(Mantovaniet al, 201)Q. OXY showed ant. i nfl ammat
murine macrophage celhie RAW 264.7 by inhibiting theitnic oxide synthase (iNOS)

and cyclooxygenas2 ( COX 2) e x pdoevers iroeng utlhartoiuognh o f

activity (Chunget al, 2003.

There have been studies that have identified the molecular targets of stilbenoids on
various kinds of canceifhe molecular targets and pathways in cancer celdf are

shown inTablel.
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Tablel Molecular targets oDXY

inhibition

Target in Cancer cells Molecular pathways References
carcinogenetic
processes
1.1 Antii Neuroblastoma| G2/M phase arrest, cyclin D1, | (Rahmaret
proliferative, cel CDKS3 and CDK4 reduction al., 2017
growth expression, p38 activation,
ERK1/2, and JNK inactivation
Prostate cancer p27(kipl) inhibition (Kim et al,
cells 2008
1.2 Antii Acute T cell CXCR4i mediated Tcell (Chenet al,
invasion and leukemia migration via inhibition of the 2013
migration MEK/ERK signalling cascade
1.3 Neuroblastoma| Procaspase decrease, active | (Rahmaret
Proapoptotic cleaved caspas® andi 3 ug al., 2017
regulation, p38 MAPK activation
Bax/Bcli 2 ug regulation
1.4 Lymph node CD31, VEGFR3, and VEQE (Liu et al,
Angiogenesis | tumour expression inhibition 2018
1.5 Autophagy | Neuroblastoma| Beclini 1, LC3,Atg5 and Atg7 (Rahmaret
increase, p38 MAPK activation, | al., 2017
PI3K/AKT/mTOR signalling
decrease
1.6 anti Murine Inducible nitric oxide synthase | (Chunget
inflammatory | macrophage (i NOS) and NF al., 2003
cell line cyclooxygenase
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1.8 Aims & Objectives

The aim of this research was to investigate the cytotoxici®0f and its effects

on the expression of genes associated with the hallmarks of cancer.

Objectives

1 Investigate and verifthe phytochemical profile &k. lakoochaheartwood

as a major source of OX{Chapter 3)

1 Investigate the pii@xidant activities of OXY and other stilbenoids in the

presence and absence of copper i(frele) (Chapter 4)

1 Identify a cell line model (transfmed and noitransformed)in which
cytotoxicity is demonstrated in response to OXWith and without

copper)(Chapter 5)

1 Elucidate gee level expression profileand assess changes in key genes
and pathways that involved in the biological response to Qsivig

microarray and quantitative polymerase chain reaction an&Gisépter 6)

1 Investigate the expression of key genes in apoptosis, cell proliferation,
metastasis and DNA repair pathways following treatment with OXY

(Chapter7 and §.
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The materials and methods utilised in this research are listed in this chapter, along with

the procedures and protocols.

2.1General chemicals

Table 2General chemicals and suppliers

Chemicals Company City/ Country
2N\jNgjichlorodihydrofluorescein | Sigma Aldrich Jerusalem, Israel
diacetate (HDCFDA)

5 , 1 8itNipbis (2 nitrobenzoic Sigmd Aldrich Saint Louis, MO, USA

acid)

Acetic acid Thermo Fisher Waltham, MA, USA
Scientific

Acetonitrile, HPLC grade ThermoFisher New York, NY, USA
Scientific

Bathocuproinedisulfonic acid Sigmd Aldrich New South Wales

disodium salt hydrate Australia

Copper acetate (CuOAc Sigmd Aldrich Darmstadt, Germany

(99.99%)

Dimethyl sulfoxide anhydrous, | Thermo Fisher New York, NY, USA

099. 9% Scientific

Ethanol Sigma Aldrich Saint Louis, MO, USA
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Table 2Continue

Ethyl acetate Sigmd Aldrich Darmstadt, Germany
Ethylene diamine tetraacetic aci(¢ Sigma Aldrich Darmstadt, Germany
anhydrous® 9 9 %

Glutathione reduced Sigmd Aldrich Tokyo, Japan

Hoechst 33342

Thermo Fisher

Scientific

New York, NY, USA

Hydrogen Peroxide (30% in
Water)

Thermo Fisher

Scientific

New York, NY, USA

Iron (lll) chloridehexahydrate
(FeCk-6H0) ( O9 9 %)

Sigmd Aldrich

Saint Louis, MO, USA

Methanol

Fisher Scientific

Loughborough, UK

(D20), methanol (CBOD),
dimethyl sulfoxide (DMS®d6)

and acetone (acetadidy)

NMR solvents including water

Cambridge Isotope

Laboratories

Tewksbury, MA,JUSA

OXY (>97%) Sigma Aldrich Buchs, Switzerland
Resveratrol (>99%) Sigmd Aldrich Saint Louis, MO, USA
Trang stilbene (96%) Sigmd Aldrich Milan, Italy

zZinc chloride (znc)) ( O 9 8| Sigmd Aldrich Saint Louis, MO, USA

28



2.2 Cell lines media and reagents

Names and tissues of origin of each celldinsed in this study are listed Trable 3and
media and reagents regarding cell culture work listed in TalllAZOi 2, MCF7 were
purchased from European Collection of Authenticated Cell Cultures (ECACC)
(Salisbury, UK); while HCC1937 and MCF10A were fraéhe American Type Culture
Collection (ATCC) (Manassas, VA, USA); and the other cells were obtained from Dr

Kenneth Ritchie cells bank (LJMU, Liverpool, UK).

Table3 Name and origin of the cell lines

Name Origin
A549 Adenocarcinoma human alveolar basal epithelial ¢
CACOi 2 Human colorectal cancer cells
HCC1937 Human breast cancer cell line (invasive cells)
HepG2 Human Caucasian hepatocyte carcinoma cells
MCE7 Human breast adenocarcinoma cells
PG 3 Humanprostate cancer cell line
RAW 264.7 | Mouse blood cells
MRGi 5 Human foetal lung cells
MCFE10A Human breast cells
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Table 4 Medh, reagents and suppliers

Media/ reagents

Company

City/ Country

0.25% trypsin/EDTA

Sigmd Aldrich

Saint louis, MO, USA

0.4%Trypan blue stain

Thermo Fisher

New York, NY, USA

Scientific
1 M HEPES solution, pH 7(@.6 | Sigma Aldrich Darmstadt, Germany
Agarose BioReagent, low EEO | Sigmd Aldrich Saint Louis, MO,
USA
Cholera toxin Sigmd Aldrich Darmstadt, Germany
Doxorubicin Sigmd Aldrich Saint Louis, MO, USA

Dul beccobds modi

(DMEM, high glucose)

Biosera Europe

Nuaille, France

Dulbecco's modified eagle
medium: Nutrient mixture iFL2
(DMEM/F12)

Thermo Fisher

Scientific

New York, NY, USA

FoetalBovine Serum (FBS)

Thermo Fisher

Scientific

New York, NY, USA

Horse serum

Thermo Fisher
Scientifi

North Shore City,
New Zealand

Lamda DNA Hind Il digest

Sigma Aldrich

Saint louis, MO, USA
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Table 4Continue

Mammary Epithelial Cell Growth
Kit

ATCC

Manassas, VA, USA

Minimum Essential Medium
(MEM)

Thermo Fisher

Scientific

New York, NY, USA

Noni essential amino acids
(NEAA)

Thermo Fisher
Scientific

New York, NY, USA

pBR322 Supercoid plasmid DNA

Thermo Fisher

Vilnius, Lithunia

Scientific
Penicillini Streptomycin (100X) | Biosera Boussens , France
Phosphate buffer saline (PBS) | Sigma Aldrich Saint louis, MO, USA
Sodium Pyruvate (100 mM) Thermo Fisher Paisley, UK

Scientifi
Thiazolyl blue tetrazolium Sigmd Aldrich Saint Louis, MO, USA
bromide (MTT) 8%
Trisi Boraté EDTA buffer Sigma Aldrich Darmstadt, Germany
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2.3Equipment

Table 5 Ejuipment and suppliers

Equipment Company City/ Country
High-Performance Liquid Thermo Fisher New York, NY, USA
Chromatography (HPLG}he Scientific

analysis was performed on a
Phenomenex liquid chromatograph
system consistingf a Chomeleon
system, WPB3000TSL Autosample
and DAD 3000 detector

Luna@ C18 column (4.6 mmx15cn Phenomenex Torrance, CA, USA
5 & m

Biosafety cabinet class I, Envair | Monmouth Somerset, UK
laboratory equipment Scientific

Refrigerated centrifuge, 810R Eppendorf Hamburg, Germany
Inverted microscope, Olympus Olympus Manila, Philip

CKX41, with Cellsens Entry 1.16 | Corporation

software

Microplate reader, Clariostar MBG Labtech Ortenberg Germany
GmBH

Geldocumentation imaging system| Bioi Rad Hercules, CA, USA

Flow cytometer BD Biosciences San Jose, CA, USA
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2.4 Methods

All statistical analysis was carried out using Microsoft excel 2016 or GraphPad Prism 8

(GraphPad Software, La Jolla, CA, USA).

2.4.1. Investigate and verify the phytochemical profiles oA. lakoochaheartwood

2.4.1.1 Plant collection

A. lakoochaheartwood was collected from Chanthaburi province of Thailand seen in
Figure 9 in June 2018. The voucher specimens were identified as DMSC 5237 and

deposited voucher specimens at DMSC International Herbarium, Department of Medical

Sciences, Ministry of Public Health, Thailand.

R e
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Figure9 Map showing Thailand geographical position and Chanthaburi province where

the plant samples were collected
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2.4.1.2. Plant extraction

2.4.1.2.1 Reflux extraction

The heartwood was ground into a powder and dried until constant weight. The dried
powder was extracted with two different solvents including distilled water and ethanol
using reflux extraction method modified from Borahal (2017) as briefly described;

250 g of the powder was filled in a rotutbttomed flask containing 3,000 mL of solvent

and connected to a reflux condenser. Constant boiling temperature and agitation were
maintained throughout the 1.5 h. Afterwards, the solvent was collected and tp&amthe
particles were further extracted with the fresh solvent and repeated twice the same
procedure. All of the extracted solvents were pooled, filtered and dried by rotary
evaporation or lyophilization. The Reflux extractiand its accessories are shoimn

Figure 10
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Water out

Condenser

Water in

Extraction flask

Electromantle

Figure10 Reflux extraction

2.4.1.2.2 Soxhlet Apparatus

Ethyl acetate fraction extracted by Soxhlet apparatus (showEdjune 1) as briefly
described; 800 g of dried powder was extracted with 4,500 mL ethyl acetate using Soxhlet
apparatus constant boiling temperature and agitation were maintainedhaxtéaction
period. Afterwards, the solvent was collected andrélie Finally, the extract was

concentrated and dried under a fume hood.
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Condenser

Extraction chamber

Collection flask

Electromantle

Figurell Soxhlet apparatus

2.4.1.3 Preparation of standard solutions andjuality control samples.

Standard stock solutions of OXY and resveratrol were prepared at the concentration of
1000 pg/mL in methanol. Then the stock solution was subsequentttd2diluted to

obtain 5 different concentrations of working solution intiieges 122 0 0. 00 e g/ r
forOXYand 1.252 0. 00 e€g/ mL for resveratrol. Al |

in the vessel protected from light in the day of analysis.

The sample solutions of the extracts were prepared at the concent@@mg/mL in

methanol by weighing 5.00 g of each dried powder. Then, they were diluted with
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methanol and sonicated for 1 min. The volume was adjusted to reach 5 mL in volume
metric flasks. Finally, the solutions were filtdréy the solid phase extractidnefore

andysing by HPLC.

2.4.1.4 Highgperformance liquid chromatography

HPLC was performed to analyse the amount of OXY and resveratrol. The standard curves
of the two compounds were created to qualify the total contextlakoochd s e xt r ac
The phytochemical profiles of the three extracts were generated based on their retention
times and UV spectra. The mobile phase was (A) water (0.5% acetic acid) and (B)
acetonitrile using a gradient elution ofi BD% (v/v) B at Q 30 min, 50100 %(v/v) B at
301 33 min, 100 % Rv/v) at 33 35 min and 10010 % (v/v) B at 35 37 min. The flow

rate and injection volume were setat10mmi n and 20 €L, respec

2.4.1.5 Nuclear magnetic resonance

HiNMR (600 MH,) spectra were used to investigate the configomaiisi or transi),

purity of the compound and configuration stability of the compounds using TM3for
NMR) as an internal standard at 25°C. OXY was dissolved in four different solvents
including waterdz, methandlds, dimethyl sulfoxidéds and acetorigls and then all

solutions were transferred to 5 mm NMR sample tubes and then me8sukdR.

2.4.1.6 IncLine Liquid Chromatography/ Mass Spectrometry

Analyses were performed using an inlihguid ChromatographyUltraviolet Mass
SpectroscopyCi UVi MS) system equipped with an electrospray ion source. All of the

LC separations were carried out at room temperature and in the gradient mode using a
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Waters 2695 series Alliance quaternary pump (Waters, Milford, MA, USA) equipped
with model WatnbserhBdBcdeddat eet or . | nj ect
LC column was 150 x 4.6 mm Luna C18 packed with 5 pm particles. A Luna C18
cartridge C18 was used as theip@umn. The mobile phase consisted of agueous formic
(A) and acid acetonitrile (B) at the florate of 1 mL/min. The solvent delivered to the
ESI interface was split in a 1:3 rati o,
Micromass LCT instrument (Micromass, Manchester, UK) equipped with a
pneumatically assisted electrospray interface. §ystem was controlled by Masslynx
software version 3.4 (Micromass). The nebulizing gas (nitrogen, 99.999% purity) and the
desolvation gas (nitrogen, 99.999% purity) were delivered at flow rates of 20 and 700
L/h, respectively. Infusion experiments were docted by infusing the standard solution

of OXY (100 pug/mL) with a Harvard syringe pump (Harvard Apparatus, South Natick,
MA , USA) at the f 1l ow r aMSanalyseswere caeiéd/ouinn .
positive ion mode. Optimized conditions of thdenfiace were as follows: capillary
voltage, 3 kV; cone voltage, 30 V; rf lens, 300 V; source temperature, 100 °C; desolvation
temperature, 200°C. Fuican mass spectra were acquired over the scan range m/z 150

1000.

2.4.2 Investigate the pragoxidant of OXY and other stilbenes in the presence and
absence of copper in a celfree environment

2.4.2.1 DNA nicking assay

The reaction mixture (total volume 20 ¢lL
ng) and Cu(OA®)(50 uM) or 50 pM Fe@or50uM zZnCki n 10 eL of 10 m
buffer pH 7.2. The stock solutions of OXY, resveratrol aads stilbene were pared

at the concentration ofOD0 pM in 1% (v/v) DMSO/MiIlliTQ water. A. lakoocha
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heartwood extracts were prepared at the concentration of 1.00 mgfalLvolume 5

mL, in 1%(v/v) DMSO/MilliT Q water.

To study the effect of OXY to cause nicks in DNA; the stock compound was diluted to
six different concentrationacluding 1000, 500, 250, 50, 10 an@d, respectively. The
reactions were initiatedlyd di ng 5 €L of each dilution i
so that thdinal concentrations were 200, 100, 50, 1@n# 0.40 uM, respectively. After

the addition of the compound, the tubes were incubated at 37 °C for 15 min.

To study the effect oftelating metal$o cause nicks in DNAthe three chelating metals
including Cu(OAc), FeCk-6H-O and ZnCl were prepared at the concentration of 50 uM

in 10 mM HEPES buffer pH 7.2.XX at the concentration of 50M was chosen to test.

The reactions wereint i at ed by adding 5 €L of OXY i

and incubated at 37 °C.

To study the déct of the amount of Cu(ll) to cause nicks in DiNAthe presence of a

fixed concentration of OXY. The suifferent doses of Cu ljl were diluted inalding

200, 100, 50, 10, and 0.40 uM, respectively. OXY was chosen at the dose of 50 uM
contained 200 ng of the plasmid DNA as t|
concentration was mixed with 10 gL of OX

at 37 °C.

To study the effect of other stilbentss cause nicks in DNAresveratrol andrans

stilbene were prepared at the concentration of 50 uM in 10 mM HEPES buffer pH 7.2.
Additionally, the thred\. lakoochaheartwood extracts including water, ethanol and ethyl
acetate fractions were also investigated and prepared at the concentration of 1.00 mg/mL
in the presence and absence of Cu(QAthe other two stilbenes were added into the
reaction mixture the sameolume as OXY. While each fraction of ti#e lakooch& s

extract was Bfold serially diluted to the three tested concentrations at 200.00, 25.00 and
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3.13 Og/ mL, respectivel y. The reaction w

i nt o 20 ¢ lonnoixturetarndrcubated @atST °C for 15 min

After the incubation, the reaction was terminated by placing the tubes on ice and adding
DNA gel | oading dye before |l oading to 0. ¢
Gelred. The samples were loadedha gel and subjected to electrophoresis at 75 V for

1.50 h. After the running period, the gel was removed and visualized under UV light. The

image of the gel was quantified by BRad documentation imaging system.

2.4.2.2 Reactive oxygen species assay

DCFH. preparation

Total 2.5 mg of 2',7dichlorodihydrofluorescein diacetateBICFDA) was weighed and

di ssolved in 5 mL methanol, then 500 e¢L
sodium hydroxide (NaOH). The mixed solution was incubated for 30 ahiroom
temperature. After that 8 mL of 10 mM HEPES buffer pH 7.2 was added. In this
experiments, 50 L of this sol uiwellplate wa s
format so that the final concentration flTHCF DA was 10 €M ad prev

(Cohnet al, 2008. The chemical reaction showskigure 12
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NaOH .

DCFDA-AM”“ __ HZDCFDA R O —

H2 O o (Non-fluorescent) ' 3

(Fluorescent)

Figure12 H.DCFDA transformation to DCF (Fluorescent)

ROS assay of OXY, stilbenes &mel extracts

The stock solution of OXY was freshly paaed at the concentration @@ pM in 1%
DMSO/MilliT Q water, volume 5.00 mL. Then, it wasf@d serially diluted for different

eight concentrationsof31800. 00 OM. Total 100 &L of ea
into each well of the 96Gvell plate for triplicates. The reaction svanitiated by adding 50

eL of 200 OM Cu(ll) or HEPES buffer into
that the finalconcentration of OXY were 200, 100, 50, 22.50, 6.25, 3.13 and 1.56

UM, respectively. After addition, the tubes were incubat&¥ &C for 15 min. DCF, the
fluorescence product of the reaction, was quantitated spectrofluorimetrically with

excitation and emission wavelengths of 492 nm and 525 nm, respectively.

Resveratrol anttans stilbene were also ppared at the concentrationi00 uM in 1%

DMSO/HEPES buffer. Then the experiment was carried out in the same protocol as OXY.

41



Moreover, the thee solutions éf lakoochaheartwood extracts were prepared at the
concentration of 1.00 mg/mL in 1% DMSO /HEPES buffer and was investitegd&tOS

production at the concentration of 1i2600 pg/mL.

2.4.2.3 Copper reducing assay

Cu(ll) reduction by OXY was determined colourimetrically using the Csi@pilizing

reagent bathocuproine disulfonic aaedapted fronsubramaniaet al (2004) The stock

solution of OXY (resveratrol drans stilbene) was prgared at the concentration @0

png/mL and diluted to eight different concentrations betweeni 3@ ug/mL in 10 mM

HEPES buffer pH 7.0. The reaction mixture (total volume for eachdtestecentration

200 e€L) contained 50 €L of 2,000 mM bathoc
in 10 mM HEPES buffer. The reaction was
Cu(OAc) in the sample tubes and the absorbance of the mixture at 484 nm Was rea

the end of 5 min. Appropriate blanks, without OXY, were used in each experiment. The

chemical reaction shows Kigure 13
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Bathocuproine disulfonic acid Bathocuproine disulfonic acid-Cu+ complex
(Amax: 484 nm)

Figurel3 Formation of Cu(lstabilizing reagent bathocuproine disulfonic acid

2.4.2.4Glutathione (GSH) assay

Standard curve of glutathione

Glutathione stock solution was prepared at 4,000 nmol/mL, volume 5.00 mL in phosphate
buffei EDTA. Then it was diluted to different ten concentrations betweeri 7081

nmol / mL of 20 OThettiplicates bf&dch cormdntuatioa were measured by
adding 20 eL of 2 1.dithiobia NB nigobdnzoit acan(DTOB) in5 , 5 Nj
phosphate buffer/ EDTA ( pH 7 .i@ithiobendolt acidy e | |
(TNB) was measured spectrophotorizatlly at 412 nm. The chemical reaction shows in

Figure 14
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GSH

e

Glutathione reductase

\ DTNB

TNB <

NO;
HOOC s H /©[
oSS pa
O:N

O.N

5-Mercapto-2-nitrobenzoic acid
(Amax: 412 nm)

Figurel4Tr an s f or ma dithiabis (2 nittobebzoi&adjil DT NB)Ii t o 5 Nj

dithiobenzoic acid (TNB)

GSH assay of OXY, resveratrol and trastdbene

OXY wasprepared at the concentration ddd0 pM and was diluted to seven different
concentrations in phosphate buffer (pH 7.0) with and without 100 uM CugOBath
concentration of OXY (50 L) was initiate
mixtureswee i ncubated at 37UC for 30 min. Aft
PBS EDTA was added to 96vell microliter plates and continued incubation for 1 h. The
GSH was detected by addi nidithbliis(Znitrobenzoic2 . 5 r
acid (DTNB) in phosphate buffer/EDTA (pH 7.0) by spectrophotometry at the

absorbance 412 nm.
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2.4.3.In-vitro cytotoxicity assays

2.4.3.1. Growth curve study

The growth of cells in a 96vell plate was studied to ensure that cells number was suitable
and cells wergrown in the log phase of the growth by counting the cell under the
microscope. CACO2, HepG2, MCF, and MRGC5 cellswere cultured in EMEM. While,

A549, PG 3 and RAW 264.7 cells were maintained in DMEM; both EMEM and DMEM
meda were supplemented with 2 m$futamine, 19%{v/v) NEAA and 10%v/v) FBSin

cell culture incubator at 37°C and 5% £@hereas, MCF10A cells were cultured in
DMEM/F12 medium supplemented with 5% horse serum, 20 ndZpithelial growth

factor, 0.5 mg/mL hydrocortisone, 100 ng/mL chalgoxin, 10 pg/mL insulin and 1X
penicillini streptomycin.All cells were maintained in growth media. On the day of the
experiment, the cells were trypsinised, resuspended with the medium and centrifuged to
collect the cells. After receiving the cell pelldte medium solution was discarded and
resuspended the pellet with fresh growth medium. The viable cells were counted using a
haemocytometer and trypan blue stain. Thel mi@ble cells would be stained in blue.

The viable cells were counted and the celhslty was recorded. The cell suspension
volumes were calculated to makKeetinitial cell density at 5x£0 7 x10°%, 1x10* and

2 x10%cells per well. Each cell group was seeded in duplicated wells to be counted daily
for four consecutive days. The cell number was counted each day and average+SD cells

were calculated.
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2.4.3.2 Cell viability using MTT assay

Total 1.2 mg of OXY was dissolved in 5 mL 1% DMSO/growth medium to réaol

MM and then diluted to 200 uM as a working solution. It was seridlfgl@ diluted for

seven concentrations for cell treatment. Doxorubicin was used as a standard drug in the
experiment(Chatsumpuret al, 2016. The stock solution was prepared at 2 mg/mL and
then waddiluted to 10 pg/mL as a working solution. It was serialiyold diluted for

seven concentrations for cell treatment. Total 0.5 mg/mL MTT solution was prepared by
dissolving 50 mg in 10 mL PBS. It then was diluted 10 times before incubating with cells.
Cdls were seeded at 5x16ells (1x10 cells forMCF7 and PQ3) (optimal growth) in

100 &L medi uiwelpdates anceléftiin the ihcultér for 24 h. The medium
was removed and the cells were treated with eight different concentrations of OXY in
triplicate and then incubated for 48 h. The medium was removed arid 200 MT T
reagent was added in each well, and then continued to incubate for 4 h. The MTT solution
was di scarded and 100 €L DMSO was added t
product. The cell control did not add the tested chemical and the blank wells were no
seeded cells used for determining background absorbance. The absorbance of the
formazan product of viable cells was read using the microplate reader at 570 nm. The
mean absdrance and standard deviation were calculated for each concentration of OXY,
controlled cells and blank. The background absorbance was reduced by the blank. The

mean % cell viability was calculated as follows;

% cell viability = (absorbance sample/ absortEcontrol) x 100%
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The 50% inhibitory concentration (3¢} was calculated using GraphPad softwate

chemical reaction of MTT showshiigure 15

; NADPH NAD+ ;

N-N  s_ _CHs N-NH s ___CHs
I

D=L - AL
CHj CH,

Figurel5 MTT transformation to formazan

2.4.3.3 Toxicity of OXY to cancercells in the presence or absence of copper

Copper (Il) acetate was diluted with cell media to betwee20Q pM and then cells
treated the cells using an MTT assay described above. Thiéormnconcentration of
copper for each cell was chosen to inveséighe toxicity of OXY in the presence and
absence of copper; the investigation was separated into two procedures. The first, cells
were préincubated with 50 pM Cu(OAgXOXYi Pré Cu?*) for 24 h in 96well plate,

after that the cells were rinsed with theltare medium and replaced with different
concentrations of OXY for 48 h. The other procedure was that the cells were treated for
48 h with different concentrations of OXY (without copperifmeubation), which was
diluted with medium supplemented with 50 Cu(OAck(OXYi Cu?*). Cell viability

was detected using MTT assay.
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The celllines which had demonstrated OXY toxicity 4@ or around 100
chosen to investigate further (pteeatment with different concentrations of copper).
Four different concentrations of copper at 25, 50, 100 and 200 uM were usedifor pre
treatment. Then they were treated with OXY for 48 h. THewability was detected

using MTT assay.

The intracellular ROS production was also investigated. Cells werdrgated with
different concentrations of copper at the dosed of 25, 50 and 100 uM, and then treated
with OXY. They were determined intracdlmn ROS levels generated at the time 2, 6, 24
and 48 h of the incubation followed the protocol describe(Playichet d., 2012. The
cells were washed twice with 100:DAfr PBS
1 h at 37°C. DCF fluorescence intensity of ROS formation was evaluated by
spectrofluorometry at the excitation/emission wavelength of 485/530 nm. The data wer
expressed as the percentage of intracellular oxidant formation (relative fluorescence units,

RFUSs) of the control cells.

2.4.4 Investigation of the mechanisms of action
2.4.4.1 Microarray gene expression assay

RNA extraction

Total RNA was extracted using the RNeasy Mini Kit (Qiagen, Hilden, Germany) pre
treated with oncolumn DNase digestion with RNaseee DNase set (Qiagen, Hilden,

Ger many) according to the manufactureros
nucleasefreewat er and stored at T80AC until fu

of the RNA samples were analysed by NanoDropZD@€rmo Fisher Scientific (New

York, NY, USA) and the samples weran on an Agilent RNA 6000 Pico chip to assess
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RNA integrity usingthe 2100 Expert Softwar@gilent Technologies, Palo Alto, CA,

USA). RNA integrity numbers wemaeasured fron8.1 to 9.0.

Amplification and labelling process

Total RNA was processed usir@eneChip WT PLUS ReagentsThermo Fisher
Scientific, Palo Alto, CA, USA) containing WT amplification kit module 1, WT
amplification kit module 2, PoiYA RNA Control Kit, WT Teminal Labelling Kit and
Hybridisation Control Kit The workflow step of the amplification and labelling process

is shownin Figure 16
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Figure 16 Amplification and labelling processhe RNA samplevas convertedinto
cDNA and then the secorsdrand cDNA was synthesisethd used as a template for
cRNA amplificationIn thelast amplification process, tisensestrandDNA (with dUTP)
was generated, fragmentesing UDG & APEland labelled with biotin. Finally, the oligo

DNA was hybridised onto microarrgyhermofisherscientific2017)

50



Prepare total RNA/polyA RNA control mxture

Tot al 3 €L of (106 ngadtal irpiwere prapaned, and then added 2

e L o f"ditutiore Poli A spike controlsf or a final volume of !
Synthesis firststrand cDNA

In the reverse transcription procedure, total RNA was primed with primers containing a
T7 promoter sequence. The reaction synthesised ssigdeded cDNA with T7 promoter

sequence at the 5' end.

The procedure was briefly described; the fisgtand mastemix was prepared in a
nucleasef r ee tube oimstiraend( bud lf édtranchenymelfora L f i
reaction). The tubes were thoroughly mixed by gentle vortexing and then were briefly
centrifuged. The 571ARNA afitrol mktwes werettrarisferl@dN A/ P
i nto the tube c onstraad mastan mix, the sanmpleowere thdraughfy i r s
mixed by gentle vortexing. The sample tubes were incubated in a thermal cycler for 1 h

at 25°C, then for 1 h at 42°C, and finally incubateddbleast 2 min at 4°C. After the
incubation, the tubes were immediately centrifuged to collect thédirahd cDNA at

the bottom of the tube or well and then the samples were placed on ice for 2 min before

proceeding immediately to the next step.

Synthesis secoridstrand cDNA

In this procedure, the singlstranded cDNA was converted to dotilsganded cDNA,
which acted as a template frvitro transcription. The reaction used DNA polymerase

and RNase H to simultaneously degrade the RNA and synthesisdsgtrand cDNA.

The seconilstrand master mix was prepared in a nucldese tube on ice, which

contained 18 istLr @fidtihef fserc dsirandl enzyme foraof s

51



reaction (tot al volume 20 ¢L). The& mas:
centrifuged. The 20 cilstwan dt rcDNAf esrarmpd et
final reaction volume of 30 €L, then t|
centrifuged. The sample tubes were incubated in a thermal cycler for 1 h at 16°C, then
for 10 min at 65°C, then the last for at least 2 min at 4°C. After that, the samples were

briefly centrifuged to collect the secdrstrand cDNA, before proceeding to the next step.

SynthesicRNA by in vitro tanscription

In this procedure, antisense RNA (complementary RNA or cRNA) was synthesised and
amplified byin vitro transcription (IVT) of the secoiidtranded cDNA template using

T7 RNA polymerase.

The I VT master mix containing 24ekELt ovVal
vol ume) was prepared at room istandoc®NAat ur e
samples were transferred to each | VT mas
60 ¢eL. The tubes were gently vorteered an
incubated in a thermal cycler for 16 h at 40°C, and then at 4°C. The samples were briefly

centrifuged and then proceeded to purify cRNA.

The c¢cRNA products were purified using th
were added t o Asampleh ThéngitOvasniixied by gRoltting up and down

10 times and transferred to a well of addttom plate. The samples were incubated for

10 min. The sample plate was moved to a magnetic stand to capture the purification beads
catching cRNA. After 10 nm placing,the supernatant was carefully aspirated and
discarded without disturbing the beads. The plate was still kept on the magnetic stand, a
200 €L of 80% et hanol tvwed dndiscobatedtfar 3DFhewa s &
wash solution was slowlspirated and discarded from each widle beads were washed

t wi ce mor e with 200 e L of 80% et hanol W
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completely removediri dried on the magnetic stand for 5 min until no liquid is visible.

The plate wasthenraav ed from t he magnetic stand, a
nucleasefree water was added to each sample. The sample was incubated for 1 min, then
mixed by pipetting up and down 10 times. The plate was then moved back to the magnetic
stand and placedf ~5 min. The supernatant which contained the eluted cRNA was
transferred to a nucleddece tubeThe purified cRNA samples were placed on ice, RNA

Yield was determinedoy UV Absorbance and quantified by 2100 Bioanalyzer

Instrument.

Synthesi2"% cycle $nglei stranded cDNA

In this procedure, serisgtrand cDNA is synthesised by the reverse transcription of CRNA
using 2% cycle primers. The serisgirand cDNA contained dUTP at a fixed ratio relative

to dTTP. Tot al 15 &g 8fcycleshledstrandads cDNAe q u i
synt hesi s. 15 e¢g cRNA in a volume of 24 ¢
The cRNA sampl e wa%cycla prichers] then thoraughly nixed &nd 2
briefly centrifuged. The sample tubes were incubated for 5 mif°4at, then 5 min at

25°C, and the last for 2 min at 4°&fter that, the tubes were briefly centrifuged and
immediately placed on ice. Th&%cycle s§ cDNA master mix was prepared by pipetting

8 ¢ L%odlestc DNA buf f er "YaydasscDNAehzyneffor 2reaction,

then thoroughly mixed and briefly centrifuged. The sample tubes were incubated for 10
min at 25°C, then 90 min at 42°C, then 10 min at 70°C, then for at least 2 min at 4°C.
Afterwards, all samples were briefly centrifuged and plagedce and mmediately

proceeded to hydrolgsRNA using RNase H.
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Hydrolyse RNA sing RNase H

In this procedure, RNase H hydrolysed the cRNA template leaving isstigleded

cDNA.

Total4 €L of the RNasieyclHHssswSA adalmmpl!l d¢adia de L
reaction volume of 44 gL, and then the
centrifuged. The tubes incubated for 45 min at 37°C, then for 5 min at 95°C, and the last
step for at least 2 min at 4°C. The samples were briefly centrifuged and placee.

Totall 1 & L o fifree watet vesialded to each hydrolyz&4 &cle s§cDNA
sample for a final reaction volume of 55
The samples were placed on ice, then purified, or immediately fratzeB0°C for

storage.
Purify 2" cycle singléstranded cDNA

After hydrolysis, the 2 cycle singléstranded cDNA was pified to remove enzymes,
saltsand unincorporated dNTPs. This step prepared the cDNA for fragmentation and

labelling.

Tot al plriicgatiom deads were added of to eachi2ydle s§cDNA sample (55

eL), then mixed by pipetting uipotteampthte.d o wn
50 eL of 100% et h acbNA/Beadasampie didessample was iniked s S
well by pipetthg up and down 10 times and then incubated at room temperature for 20
min. The plate was moved to a magnetic stand to capture the purification beads. After 10
min placingthe supernatant was carefully aspirated and discarded without disturbing the
beadsThe pl ate was still kept on the magnet
solution was added to dawell and incubated for 30 $he washing solution was slowly
aspirated and discarded from each wBtle beads were washed 3 times more with 200
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¢ Lof 80% ethanol wash solution. The final wash solution was completely renaisied,

dried on the magnetic stand fonbn until no liquid is visible.

The plate was then removed from the magn:
nucleasefree water wa added to each sample and incubated for 1 min, then mixed well

by pipetting up and down 10 times. The plate was then moved back to the magnetic stand
and placed for ~5 min. The supernatant that contained eltiteldd8 was pipetted to a
nucleasefree tube The samples were put on i@d the singlestranded cDNA was

assessed for yield and size distributionimmediately frozen &t20°C for storage.

Fragment and label singliestranded cDNA

In this procedure, the purified, seihstand cDNA was fragmenteoly uracii DNA
glycosylase (UDG) and apurinic/apyrimidinic endonuclease 1 (APE 1) at the unnatural
dUTP residues and broke the DNA strand. The fragmented cDNA was labelled by
terminal deoxynucleotidyl transferase (TdT) using the proprietary DNA labelkaggne

t hat was covalentl y | i iskranded ¢DBA vas requirechfor Al |

fragmentation and labelling.

Tot al 5ic5DNA ionf assvol ume of 31.2 eL (176
on ice. The fr agment @ltdumefor meeactior) was prepared( 1 6 .
inanucleasd r ee tube contaiimireg WwWadtekb, ofh. Buel
Fragmentation Buffer, 11@8QU/osfL 1APHBR/ k.L TUDL
mi x (16.8 ¢€L) was tr acnDsNAe rsraendp [teo (e3alc.h2 peu
reaction volume of 48 eL. Al tubes were
The sample tubes were incubated for 1 h at 37°C, then for 2 min at 93°C, and then the

last incubation for at least 2 min at 4°C, dyiefentrifuged and placed on ice.
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Tot al 45 ¢ L o ficDNA sample wasgransfarreceaohewstusdbe or well

tube or well.The labelling master mix was prepared inanucidasee e t ube ( 15.

volume for a reaction), which combined the gpmmnent s f ol |l owi ng 12
buffer, 1 ¢L of 5 mM DNA | abelling reage
gently vortexed and briefly centrifugel.l5 €L of the Labelling M

each fragmentedss DNA sampl e (4beadcd)i drmorval dme ad f
gently vortexed and briefly centrifuged. The sample tubes were incubated for 1 h at 37°C,
then for 10 min at 70°C, then for at least 2 min at 4°C. The samples were placed on ice,

then proceeded to array hybrigi®n, or imméiately frozeati 20°C for storage.

Array hybridisation

The samples were hybrigéid in biological triplicate to Human Clariom S arrays (a 400
format array), f ol | owendaions. Briefly, ha hybrithkdioat ur e |
master mi x volumé fdr agdactidn)owasdrepared by mixing components
including 1.7 B2 (oX nchM)n,t r5 | cationl adiggod2(lBioB, hy b r
bioC,bi oD, cre), 58tebanomi X HAybLidf sDIMSO a
free water. The solutionag gently vortexed andibfly centrifuged. The hybridation
master mix was added t o eac hilal#lied ssdDNA 2 . 3
sample to prepare the hybridigon cockail for each array. The hybridison cocktail

reaction was gently vtexed and briefly centrifuged, before incubated in a thermal cycler

for 5 min at 99°C (tubes) or 95°C (plates), then for 5 min at 45°C. After the incubation,

the cocktail solution was briefly centrifuged, andt®e €L of each hybr
was loadednto the array.The arrays were sealed with tough spots and plaued
hybridisation oven trays. Finally, the trays were loaded into the Gen&C€hip
hybridisation oven 645 and incubated with rotation at 60 rpm for 16 h at J87€.

thermal cycler programes show inrable2.
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Table2 Thermal cycler programmes

Programme | Heated | Alternate | Step 1 Step 2 Step 3 | Volume
lid protocol
temp.

Firsti strand | 42°C 105°C 25°C, 60 | 42°C,60 |4°C,2 10 ¢

cDNA min min min

synthesis

Secondstrand | RT or Lid open | 16°C, 60 | 65°C, 10 | 4°C, 2 30 ¢

cDNA disable min min min

synthesis

In vitro 40°C 40°C 40°C, 16 | 4°C, hold 60 ¢

transcription oven h

cRNA

synthesis

2nd cycle 70°C 105°C 70°C,5 |25°C,5 |4°C,2 28 ¢

primers min min min

cRNA

annealing

2nd cycle s§ | 70°C 105°C 25°C, 10 |42°C,90 |[70°C,10{40 ¢

cDNA min min min

synthesis

RNA 70°C 105°C 37°C, 95°C,5 |4°C, 44 ¢

hydrolysis 45min min hold

Fragmentation| 93°C 105°C 37°C, 60 |93°C, 2 4°C, 48 ¢
min min hold

Labelling 70°C 105°C 37°C, 60 | 70°C, 10 | 4°C, 60 ¢
min min hold

Hybridisation | 65°C 105°C 65°C, 5

control min

Hybridisation | 99°C 105°C 95°Cor |45°C,5

cocktail 99°C, 5 min
min
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Washing and &ining

The arrays were removed from the oven. The tosgbts alsoemoved and released the
hybridisation cocktail mix from each arrayash buffer A was filled into each array and
allowed thearrays to equilibrate at room temperature before washing and staining. The
vials of stain cocktail and array holding buffer were placed into sample holders on the
GeneChipM Fluidics Station 45@Thermo Fisher Scientifid?alo Alto, CA, USA) The

washing ad staiing script used was FS450_0007.

Scanning

A GeneChip 3000G scanner (Affymetrix Inc.) and the Expression Console software
(Affymetrix Inc.) was used to obtain fluorescent signals and quality control data of the
scanned arrays. Signal intensitiesrireach array were analysed using Partek Genomic

Suite version 6.4 (Partek, St Louis, MO, USA).

Data processing and analysis

The microarray data were deposited at the NCBI GEO database [&&15113P To
identify those biological processes that shaifferentially expressed genes, The
Transcriptome Analysis Console (TAC) Softwafdérmo Fisher Scientifid?alo Alto,

CA, USA), a bioinformatic tool used for the visualization of the expression data in the
biological pathways context. The data set waalymed using this tool and a gene
expression fold change > 2 ori. Ebayes was used for statistical analysis with a

significant difference (walue < 0.05).
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2.4.4.2 Quantitative polymerase chain reaction assay

Reversétranscription

The RNA sample waready for reverse transcription using a master mix prepared from
Quantiscript Reverse Transcriptase, Quantiscript RT Buffer, and RT Pkike The

entire reaction tooklace at 42°C ahthen was inactivated at 95°C.

The reversetranscription master mixvas prepared by pipetti |
Reverse Transcriptase, 8 €L Quantiscript
template for the total volume of 12 eL r
was added to each tube of the master mix. Alesuwere mixed by pipetting and placed

on ice. The tubes were incubated at 42 °C for 15 min, then incubated at 95 °C for 3 min.
The cDNA products were quantified by NanoDrop2000 and then proceeded qPCR or

stored at20°C.

Quantitative plymerase chain reamon (qPCR)

This procedure the cDNA templates were amplified using QuantiTect SYBR Green PCR
Kit (Qiagen, Valencia, CA, USA) and QuantiTect Primer Assay (Qiagen, Valencia, CA,
USA). The fluorescent dye SYBR Green | in the master mix enabled the analysis of
different targeted genes without having to synthesize iapetific labelled probes.
High specificity and sensitivity in PCR are achieved by the use of thethdtenzyme
HotStarTag DNA Polymerase together with a specialized PCR buffer. The buffer als

contained ROX dye, which allows fluorescencenmalization on certain cyclers.

QuantiTect SYBR Green PCR Master Mix, 10x QuantiTect Primer Assay, template
cDNA and RNasdree were thawed and mixed individual solutions. The reaction mix
was prepared bypiet t i ng 25 €L of 2x Quanti Tect SY

5 eL 10x Quanti Tect Pri mer Assay, added
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individual PCR tubes containing the reaction mix. The teak cycler was programmed

the steps, temperature amué details inTable 4

Table3 Polymerase chain reaction programme

Step Temperature (°C) Time
PCR initial 95 15 min
Denaturation 94 15s
Annealing 50i 60* 30s
Extension 72 30s
Number of cycles | 3545

*Approximately 5 8°C below Tm of primers

The PCR tubes were placed in thergale cycler, and the cycling program was sirte
MRNA ratios relative to thelgceraldehyde Bphosphate dehydrogenase (GAPDH)
housekeeping gene were calculated for the stdimddion of gene expression levels. A
melting curve analysis was also performed to verify the specificity and identity of PCR
products. Finally, the products were run agarose gel electrophoresis to check the

specificity of the PCR.
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Data analysis usinghe 2 ®®%iethod

For selected genes, reame PCR was performed on the corresponding cDNA
synthesized from each sample. The data were analysed using the equation described by
Livak and Schmittgerf2001) Amount of target was equal tb 2%<The average Ct of
GAPDH in each treatmentwas usedtocalcidja®t of t he target gen
OXYiuntreatedCF7cel | s was wused as a calibrator
Each gene was performed in triplicate and data were presentechasShe Statistical
evaluation of significant differences was carried out the unpditedttusing GraphPad

Prism 8. Differences of P value less than 0.05 were considered statistically significant.

2.4.4.3 Lactate dehydrogenasedalease

To determine cellular toxicity of OXY, the level of lactate dehydrogenase (LDH) released
from MCF7 cells was measured. After exposure to OXY for 48 hj freé supernatant
aliquots were collected from each experimental sample, and LDH in the culture
supenatants was measured using the Pierce LDH Cytotoxicity Assay Kit
(ThermoScientific, Rockford, Illinois, USA)The protocol was followed by the
manufacturebéds instructions. Al sampl es
microplate reader at thevavelength of 490 nm and 680 nm. The cytotoxicity was
calculated by subtracting the background of the blank control. LDH activity of the
spontaneous LDH release control (untreated) and the OXY treated groups were calculated

as a percentage of the blank.
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2.4.4.4 Nuclear morphological detection using Hoechst 33342 staining

The nuclear morphological changes of chromatin condensation and chromosome
fragmentation induced by OXY was examined using Hoechst 33342 staining. The
protocol was followed by the manafa ur eds i1 nstructi on. Brie
with different concentrations of OXY inié&ve | | plates for 24 and
Hoechst stock solution was prepared and diluted with PBS (1:2000). The medium was
removed from each wellandthen 590 of t he dye working so
plate was incubated in the cell incubator protected from light for 10 min. Afterwards, the
cells were washed with 1 mL PBS for 3 times. The cells were viewed under the
fluorescence microscope (Olympus, Hambugrmany). The mode of cell death was

then determined in term of distinct morphological changes, including membrane
blebbing, nuclear and cytosolic condensation and nuclear fragmentation in the treated

group compared to the untreated cells served as timto

2.4.4.5 Determination of intracellular ROS

The intracellular ROS detection was adapted fRamichet al (2012).Cells were pre
treated with different three concentrations of Cu(QAa) 24 h and then treated (fixed
dose) with 50 pM (foMCF7 ) or 100 uM (for HepG2) OXY for 2, 6, 24 and 48 h,
respectively. The cells were washed twice with 100 uL PBS and then incubated with 5
UM DCFHDA for 1 hat 37°C. DCF fluorescence intensity of ROS formation evaluated
by spectrofluorometry at the excitatiomission wavelength of 485/530 nm. The data
were expressed as percentage of intracellular oxidant formation (relative fluorescence

units, RFUs) of the control cells.
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2.4.4.6 Measurement of DNA damage by Comet Assay

The comet assay was performed unalkaline conditions. Cells were seeded invéll

tissué culture plates. They were treated with 25 and 50 uM OXY. After 24 and 48 h of
exposure with OXY or 100 uM #D- for 4 h as the positive control, cells were collected

by trypsinization, washed with PB&hd resuspended inficeo |l d PBS. About
the resuspended cells was mixed with 100
spread the suspension over the well with the pipette tip. The slides were placed at 4 °C in
the dark until gelling occurceand then immersed in pichilled lysis buffer at 4 °C. After

60 min incubation, the buffer was aspirated and replaced wificlubed alkaline
solution for 30 min at 4 °C. After lysis and unwinding, the slides were placed in a
horizontal electrophoresitank filled with freshly prepared alkaline electrophoresis
buffer. The electrophoresis was run for 25 min at 15V and 300 mA. After electrophoresis,
the slides were transferred to jpehilled distilled water and immerse for 2 min, aspirate

and repeat twiceThe final water rinse was aspirated and replaced with cold 70% ethanol
for 5 min. Thereafter, the slides were al
Green DNA dye was added to each slide for 15 min in the dark at room temperature for
DNA staning. DNA migration was observed using the fluorescence microscope at a

magnification of 10X (Leica Microsystems CMS GmbH, Germany).

2.4.4.7 Cell cycle analysis using flow cytometry

Cel | cycle analysis was conducteacds, 3ay BD
Diego, CA, USA) using propidium iodide as a DNA stain to determine DNA content in
the cells. The effect of OXY treatment on the cell cycle was determined by flow
cytometry as described by t MEF7am MepGact ur
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cells were seeded at 2.5 x°X@lIs/well in G well plates MCF7 cells were treated with

OXY at the concentration of 25, 50, and
100, and 200 &M for 6 and 24 h. Ceinl s we
solution for 3 min in the cell i ncubator
then all of the cell suspension was transferred into a 15 mL centrifuge tube. The
suspension was centrifuged at 300 rcf for 5 min. The supernatant was discardetl, the
pellet was resuspended with 1 mL buffer solution (contsiaum citrate, sucrose, and
DMSO). The cells were centrifuged and resuspended one more tunthem the cells

were counted using hermgtometer for 5x10cells. Cells were frozen in the freszi 80

°C) for PI staining. The cell suspensions were thawed in a water bath, centrifuged at 400

g for 5 min at room temperature (2045°C). All the supernatant was carefully decanted.

A 250 €L of solution A (trypstlymixbytadpihger ) v
the tube by hand, i ncubated for 10 min &
Solution B (trypsin inhibitor and RNase buffer) was added to each tube and gently mix

by tapping the tube by hand, incubate for 10 min at room tempeeatu Fi nal | vy,
solution C (Pl stain solution) was added to each tube and incubated for 10 min in the dark
onice or in the refrigerator (8°C) until analysed by flow cytometer. A total number of

1 x 10 cells was subjected to cell cycle analysisigsa flow cytometer. The detected

cells were calculated into the percentage of cells population by the software.

2.4.4.8Quantification of apoptotic cells

Annexin V is a 3536 kDa, that was in the PE Annexin V Apoptosis Detection Kit | (BD
Biosciences Inc., San Jose, CA, USA) and has a high affinity for negatively charged
phospholipid phosphatidylserine, and binds to cells that are actively undergoingsapopto

was used to determined apoptotic cells after exposing to OXY; the protocol was briefly
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described. MCF7 and HepG2 cells were seeded im@ll plates and then treated with

OXY at different concentr ait7jwhieg, 50 MWand25, !
200 €M for HepG2) for 3, 6, 24 and 48 h.
with icei cold PBS, and then cells were resuspended at a concentration of®imk 10
cells in binding buffer. A 100 eL maf t hi
mi crocentrifuge tube and aaioh@adtindnycnD (aPE a'r
vital nucleic acid dye). The cells were gently mixed and incubated in the dark for 15 min

at room temperature. Finally, a 4ubelnde L of
the apoptotic cells were gatified using a flow cytometevithin 1 h. Cells that stained

positive for PE annexin V and negative faramind actinomycin D were undergoing
apoptosis; cells that stain positive for both PE annexin V &adcind actinomycin D

were either in the end stage of apoptosis, are undergoing necrosis, or were already dead;
and cells that stain negative for both PE annexin V dmanihd actinomycin D were

alive and not undergoing measurable apoptosis.

2.4.4.9 Determination of caspasé&3 expression induced by OXY

Active caspadse8 staining protocol was performed following the manufacturer's
instructions (PE active casp&8eapoptosis kit, BD biosciences, San Diego, CA, USA).

The 5 x 18cells ofMCF7 and HepG2 treated with different concentrations of OXY were
harvested and transferred into 15 mL centrifuge tubes and then the suspension was
centrifuged at 300 xg for 5 min at 4 °C. Cells were washed twice with 1 mtoicePBS

and then resuspended il mL BD Cytofi x/ Cytoper mE s
incubated on ice for 20 min. After that the buffer was removed, the cells were washed
twice with 0.50 mL BD Perm/ WashE buffer

resuspended with EODutLemBDplPes maiwaishody
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min at room temperature. Finally, the cells were washed with 1 mL washing buffer and
rei suspended in 0.50 mL washing buffer. The cells were maintained at 4 °C until

analysing by flow cytometer.

2.4.4.10Mitochond r i a | membr ane pot entiilf#ubres¢equg m) an

Cellular mitochondrial dysfunction can be reflected by the loss of the mitochondrial
membrane potential, which can be indirectly measured by the fluorescent piidbe JC
using The BDTM MitoScreeKit (BD Biosciences, Sandiego, CA, USA). The protocol

was foll owed manuf act MCH rar@dsHepG2 setateduvdth i o n .
different concentrations of OXY were harvested and transferred into 15 mL centrifuge
tubes and then the suspension was ifagad at 300 x g for 5 min at 4 °C. Then the cells

were resuspended with 0.50 mLidJC wor ki ng solution and i nc
incubator for 15 min. The cells pellet was washed twice with 1X assay buffer (2 mL and

1 mL, respectively). Finallyhe cells were resuspended with 0.50 mL 1X assay buffer,

then analysed bgflow cytometer.

2.4.4.11Wound healing assay (scratch test)

Plates containing confluent cultures MCF7 or HepG2 cells grown in the seriim
containing medium were scratched witlstarile 200 pL pipette tip. The medium was
replaced with serumeduced medium with OXY or DMSO and returned to 37°C for
designated times. Cells were captured. Distances between the gaps formed by the scratch
were measured with Olympus CellSense Entry $dfware. The wourictlosure (fold)

were calculated relative to the gap size immediately after scratching.
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2.4.4.12Invasion assay

Mi gration assays were investigated wusi ni
chamber (corning corporatebewksbury, MA,USA). It was coated on the lower surface

with a 5 pg/mL fibronectinn FBS solution of overnight at 4°C. In a separate series of
experiments to measure invasiveness, the upper surface of the inserts was coated with
Matrigel and on the lower surface wereatad with 5ug/mL fibronectin at 4°C for 24 h.
Actively growingHCC1937and HepG2 cells were trypsinized, washed and resuspended

at 1x1@ cells/mL in serurifree medium with either DMSO or OXY. Total 1>1€ells

in 0.1 mL were carefully placed in the uppé&amber. The upper and lower chambers
contained the same media as the cell suspensions. Following incubation for 24 h, cells
from the upper surface were wiped clear and cells on the lower surface were fixed with a
4% buffered formaldehyde solution. Crystalolet stained membranes were then

transferred to slides, coverslipped, photographed and cells were counted manually.

2.4.4.13Western blot analysis

Cells were seeded on thévéell dishes and wait for the adherence. Cells were treated
with OXY at the corentrations of 50 uM and 100 uM for 24 h and then washed twice
with icef cold PBS. The cells were lysed in lysis buffer (protease inhibitor cocktail). After

5 min incubation on ice, swirling the plate occasionally for uniform spreading, the
solution was trasferred to centrifuge tubes, sonicate the pellet for 30 seconds with 50%
pulse and the lysates were centrifuged at ~14,000x g for 15 min to pellet the cell debris.
The supernatants were collected, and protein concentrations were determined by the
Bradfordassay (BioRad, Richmond CA, USA). An equal amount of protein sample (20

Kg) was resolved by a volume of 2x Laemmli sample buffer, then boiled the cell lysate at
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95 °C for 5 min. The protein was loaded in the well of 7.5% MIROTEAN® TGX

Stairi F r e e HBeinmelsqBid Rad, Richmond CA, USA) and run the gel for 1 h at 180

V. The gel disassembled from the cassette and visualised via the Gel documentation
system. Then, the gel was assembled to the transfer sandwich usirig8Traost E Tur b o
mini PVDF transfempacks (Bié Rad, Richmond CA, USA). Proteins were transferred

onto PVDF membrane at 1.3 A for 7 min. Membranes were blocked with 5% skim
milk/TBST for 1 h at RT and then probed with indicated primary antibody overnight at 4

°C and then blotted with approate horseradish peroxidds®njugated secondary ainti

rabbit antibody. Visualization was performed using an enhanced chemiluminescence kit
(Bi oRad I nc. , Hercul es, CA) with Clarity

normalized to the matchingdensite t r i ¢ val ue ofiladhe i ntern

2.4.5 Statistical analysis

All bioassay experiments were carried out in triplicate with a minimum of three replicates
per assayed concentration. Data were expressed as means + SEM (standard error of the
mean). Statistical significance was assessed bywmeanalysis of variance followed

by Dunnett's test or the unpairédetst using GraphPad Prism 8 (GraphPad Software, La

Jolla CA, USA). Values of p < 0.05 were considered significant.
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3.1 Introduction

A. lakoochas a medium to large deciduous tree distributed in tropical countries of Asia.
Puag Haad,a product from aqueous extract of its heartwood, has been traditionally used
as an anthelminthic medicine, and contains high amounts of (J¥dneechaiet al,

2009. Previous pieces of literature including the traditional extraction reported that the
method generally used was aqueous reflux extraction or boiling, which could retrieve
high yield of active compoundéongolsuk et al, 1957 Maneechaiet al, 2009
Preyavichyapugdeet al, 2016 Borahet al, 2017. Several publications used ethanol as
an extracting solvent focusing on the main compound, @M¥neechaiet al, 2009
Povichitet al, 201Q Singhatonget al, 2010. whereas, a few studies used ethyl acetate

to make it more soluble (Preyavichyapugeeal, 2016).

Geometric isomerism or configurational isomerismisi (or trang ) and stability of a
compound in the environment also are important. In terms of stability, stilbenoids are
sensitive to heat, air, light and oxidative enzymes. For example, ultraviolet and visible
light could transforntrans’ to cisi isomerization of rewratrol(Silva et al, 2013. The
transform is known to be the more predominant and stable natural form of resveratrol
(Rius et al, 201Q. Therefore, the phytochemical propertiesGXY illustrated in this

chapter will be the background information for investigating its cytotoxicity.

3.2 Aims

To investigate the phytochemical profiles of the thiedakoochaheartwood extracts,
using chromatographic and spectroscopic methods. The stability of OXY was also
investigated in different types of solutions including water, DMSO, methanol and

acetone.
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3.3 Results

3.3.1 Yield of extraction

The heartwood was ground into a powder and dried ig&@13C until constant weight.

The powder was successively extracted with a reflux extraction using water and ethanol,
and anothefraction was extracted by a Soxhlet apparatus using ethyl acetate. The three
extracts were obtainedrigure 17andTable4). As the three solvents useave different
polarity index, the constituents of the plant were gradually extracted according to their
affinity with each solvent. The highest yield percentage of extraction was that of ethanol
with a 9.53 % recovery percentage while water and ethyl tacgielded the lower

extraction percentage of 7.9 % and 3.36 %, respectively.

Figurel7 A. lakoochaheartwood extracts a) water extract using reflux extraction; b)
e t h a n o lusing reflux eatadtion; and et hy |l ac ading Soxhlee xt r act

apparatus.
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Table4 Extraction method and the extractive content.

Powder weight Extract weight Yield

(@) (@)
Water extraction 250.00 18.23 7.29
Ethanolextraction 250.00 23.83 9.53
Ethyl acetate extraction 800.00 26.88 3.36

3.3.2 Quantification of OXY and resveratrol

OXY was reported as the most abundant compound in the heartwdadlakoocha
(Burnset al, 2002 Maneechaet al, 2009 Borahet al, 2017. Therefore, the compound
and the wellknown stilbenoid, resveratrol were quantified in the three estnasing
HPLC. The chemical profiles of the two compounds were shoviigure 18and Figure

19 OXY was a dominant single peak at the retention time (RT) 14.0 min in the three
extracts, while resveratrol was found to be one of the minor peaks at the.Rimih7

The relative amount of the compounds were calculated and shovabl@5; OXY was
found to be the highest amount in ethyl acetate fractiod2£6+0.281g/mL (64.23%),

while in ethanol and water extracigere found to be roughly half at 378.144/mL
(37.81%) and 335.4fg/mL (33.55%), respectively. Whereas, resveratrol was quantified
as a minor compound, which was 0.65%, 0.45 % and 0.37% in ethyl acetate, ethanol and

water extracts, respectively.
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Table5 Quantity of OXY and resveratrol in water, ethanol and ethyl acetate extracts.

Values express mean = SD (n=3).

OoxXY Yield Resveratrol Yield

(Mg/mLzSD) (% £SD) (Mg/mL£SD) (% £SD)

Water extract | 335.45+0.83] 33.55+0.08| 3.73+0.00 0.37+0.00

Ethanol extract 378.14+9.03| 37.81+0.90| 4.46+0.01 0.45+0.00

Ethyl acetate 642.26+0.28| 64.23+0.03| 6.54+0.14 0.65+0.01

extract

3.3.3 Structure elucidation oftransi OXY

OXY collected from the peak of HPLC at the RT 14.0 min in the ethyl acetate extract was
dried and obtained as a yellow powder. The authentication of the predominant peak was
carried out using NMR with thtHi NMR and**Ci NMR spectral patterns (Figuoi

22) of main peak were in good agreemt with those of standard OXand also with those

reported in the literature (Poviclgt al,, 2010).

The signals ofHINMR and’®*CiINMR of t he peak were assig
7.38 (1H, dJ=8.5 Hz, H 6), 7.31 (1Hd, J=16.4Hz, HU) , 6. &616.4HL,Hp) d ,

6.50 (2H, s, H2 6 6 6H) , 6 . ¥D4AHZ, B B),6.381(1H, dd, J=8.5, 2.4Hz] B),

622 (1H,s, M4 06) . 1%®B.@BrOJC 158 .iB0]C 14,8560 (C( C
2),140.7(€C106) , 16,1538 (léfiicab), 123. 4U),0l BEE n4 c( |

107.5 (G5), 1045 (@6 6 i®r0)C 1808 .i@rd JC 13),2012(C4E) .
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Position

116.4

156.0

102.7

158.2

107.5

127.3

123.4

125.4

G.m (Jin Hy)

6.44 d (2.4)

6.39 dd (2.4, 8.2
7.41d (8.4)
7.41d (16.4)

6.89 d (16.4)

Position

2iOH

47 OH

3i60H

5 i60H

tc
140.7
104.6
158.6
101.4
158.6

104.6

dHm (Jin H,)
.
6.53 dd (2.1, 2.5)
.
6.241(2.1)
.
6.53 dd (2.1, 2.5)
8.48 brs
8.30 brs
8.09 brs

8.09 brs

Figure20*C NMR (300 MHz, Acetonals) and*H (300 MHz, Acetonals) data of

OXY.
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Figure21 Integration values for théHi NMR of OXY in acetonéds.
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Figure22 Integration values for thECi NMR of OXY in acetonéds.

Mass spectra of standard OXFigure 23 gave the main and spectral patterns the same
as the main peak detected at RT 14.0 in the three extraktsadoochaFigure24i 26).
Its molecular formula GH1204+ was deduced from the ESAS spectrum in positive ion

mode by the pseudomolecular iogg atm/z245 [MH]*.
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Figure23 ESIi MS spectrum of standa@Xy .
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Figure24 ESIi MS spectrum of the peak RT 14.0 in the water extract.
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Figure25 ESIi MS spectrum of the peak RT 14.0 in the ethanol extract.

LCT 27-Feb-2018
13:49:14
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Figure26 ESI MS spectrum of the peak RT 14.0 in the ethyl acetate extract.
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3.3.4Transi OXY stability test in different solvents

OXY dissolved in differensolutions including RO, DMSQ ds, CD3OD and acetoriels

were investigated the configuration stability. The coupling constant afHJ(  @Hhfd)

was analysed at the time of 0, 0.5, 1, 2, 4, 6, 24 and 48 h. In all solutions, the coupling
constants were quitgtable in the normal laboratory environment for 48 h. JhéJ i n
D20, DMSQOi ds, CD:OD and Acetorieds were 16.46+0.11, 16.46+0.02, 16.47+0.04 and
16.46+0.02, respectively. Whereas, Theb D@y DMSGOi ds, CD3OD and Acetonie

ds were 16.50£0.00, 16.44+0.21, 16.42+0.01 and 16.41+0.01, respectively. The coupling

constants are shown Trable6.

Table6 Thecoupling constant values fHbetween HU a iifid  @XY in different

four solutions during the time @8 h.

h D20 DMSOQOi de CDsOD Acetoné ds

JHU |JHDb JHU |JHDb JHU |JHb JHU |JHDb

0 16.53 | 16.50 | 16.47 | 16.32 | 16.47 | 16.41 | 16.47 | 16.41

05| 1641 | 16,50 | 16.44 | 16.47 | 16.47 | 16.41 | 16.44 | 16.44

1 16.50 | 16.50 | 16.44 | 16.53 | 16.47 | 16.41 | 16.44 | 16.41

2 16.29 | 16.50 | 16.47 | 16.41 | 16.47 | 16.44 | 16.47 | 16.41

4 16.65 | 16.50 | 16.47 | 16.11 | 1644 | 16.41 | 16.47 | 16.41

6 16.44 | 16.50 | 16.44 | 16.35 | 16.44 | 16.41 | 16.44 | 16.41

24 | 16.50 | 16.50 | 16.47 | 16.83 | 16.47 | 16.41 | 16.47 | 16.41

48 | 16.38 | 16.50 | 16.47 16.5 16.56 | 16.44 | 16.44 | 16.41
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3.4 Discussion

A. lakoochais one of the plants in the genéstocarpus(Moraceae), which is an
important source of edible fruit, timber and more importantly, it has been traditionally
used for illness treatment in Thailand and Southeast(8agtap and Bapat, 2010 he
traditional preparation of heartwood is by boiling to produce a yellowish exivhith

is abundant ifOXY (Mongolsuket al, 1957 Maneechakgt al, 2009 Saowakoret al,

2009. OXY is a small polyphenolic compound belonging to stilbenes, which could be
well dissolved in alcohol and some ongasolvents. OXY yield extracted from the three
different solvents revealed that it was the dominant stilbene in the heartwood extracts that
showed a dominant peak of HPLC chromatogr
of 260, 280 and 320 nfrigurel19 a, b and c)Extraction using alcohol gave the highest
yield (3.60 % w/w drietheartwood powder), which was close to using hot water giving
2.44 % wiw driedheartwood powder. Whereas extraction in ethyl acetate, the low
polarity solvent, gave the lowegeld of 2.15 % w/w drietheartwood powder. However,

OXY extracted using ethyl acetate gave the highest purity of 64.23% OXY (HPLC), more
or less two times higher than using the two solvents. Therefore, the dried extracted
powder was found to show a brigfellow colour in ethyl acetate fraction compared to

the two crude powders extracted with water and ethanol found to showi lyedlewish

colour. Therefore, the traditional extracting method using boiled water retrieved a high
amount of OXY(Mongolsuket al, 1957 Maneechagt al, 2009 Preyavichyapugdeet

al., 2016 Borahet al, 2017, which reported to show poteauithelmintic activity higher

than the standard praziquantel at the concentration of ¥ |(&aowakoret al, 2009
Preyavichyapugdeet al, 2019. There were around 10 minor peaks in the HPCL
chromatogram of the three solvents when tiveye expanded. Each peak was a minor
component compared to OXY, which was less than 1% in the extracts. One of the peaks

assumed to be resveratrol (RT 17.4), which was quantified the amduB7o0.45 and
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0.65 % w/w in water, ethanol and ethyl acetatsspectively.lt has been reported

previouslythatresveratrolvas also found id. lakoocheheartwoodBorahet al, 2017.

Structure elucidation of OXY was carried out by spectroscopic analyses includitig 1D (
and*C NMR) and mass spectrometry. OXY collected from the dominant peak in ethyl
acetate extractwhich is the purest fraction. Mass spectrometry is a technique useful in
the determination of the molecular weight of compounds, the possible molecular formula
and fragmentation pattefde Hoffmannet al, 2007. This technique was implemented

to identify the compound at the peak, which was the same retention time as the standard

OXY.

OXY was evidently the most dominant compound in the three extra&s lakoocha
heartwood Extracting with ethanol gave a higher yield than what was achieved using
either water or ethyl acetaté/hereas using ethyl acetate as the extracting solvent gave a
higher purity than others did. The chemical profile of the extracts showed the main peak
to be OXY (around 33%4%) and other peaks including resveratrol, which was lower than
1% detected. Masand NMR spectroscopic analysis identified that the main peak
presented in the three extracts wemns OXY and this configuration was stable in
different solutions of aqueous and some organic solvents in the normal lab environment.
These provided the phytbemical information of OXY for studying its chemical and

biological activities.
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4.1 Introduction

OXY belongs to the group of phytochemicals known as hydroxystilbenoids, and has a
molecular structure similar to the widkhown phytochemical resveratriviereet al,

2012. Both compounds demonstrate similar biological activities and are used in the
treatment of atherosclerosis, inflammatory, pigmentation and carcinogéhl@sisumi

et al, 2019. Interestingly, however, several biological activities are unique to OXY
(antivirus andanthelminthic)(Galindo et al, 2011 Preyavichyapugdeet al, 2016.

Further, several reports suggest that OXY or the heartwood extractalfoochamight

cause DNA damage and cause oxidative s{&isghatongt al, 2010. Previous studies

report that resveratrol and its dexiives are capable of doubstranded DNA cleavage
specifically in the presence of copper ions and oxygen, generating ROS in the reaction.
Speculation exists as to the exact mechanism responsible although it has been previously
noted that Cli Oxo complexesan cause DNA damag&ubramaniaret al, 2004.
Piceatannol, a resratrol derivative, is also able to fragment DNA in human peripheral
blood (Azmi et al, 2005. Copper at some certain extent is Wetlown to be one of the
transition metals paying an important role in biological functions. However, It has been
reported that significantly elevated levels of copper have been found in both serum and
tissueof cancer patientéKuo et al, 2009. Moreover, elevated copper levels have been
documented in breast, cervical, ovarian, lung, prostate, stomach cancers and leukemia.
Serum copper concentratitias also been found to correlate with tumour incidence and
burden, malignant progression in Hodgkin's lymphoma, leukemic, sarcoma, brain, breast,
cervical, liver and lung cancefGupte and Mumper, 2009 Some polyphenolic
compounds are already well known to cause DNA damage and are being investigated as

useful leads in the development of chemotherapeutic {Magradaet al, 1985.
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In this study, we consequently investigatedahaity of OXY from the heartwood oA.

lakoochato induce DNA damage and the mechanism by which the damage occurs.

4.2 Aims

To investigate the pf@xidant properties of OXY and other stilbenes including the three
extracts ofA. lakoochaheartwood in th@gresence and absence of copper in a fceé

environment.

4.3 Results and discussion

4.3.1 DNA nicking assay

The gel etctrophoresis pattern (Figurei8D) showed the DNA nicking ability of OXY

in the presencef 50 uM copper (Il). Figure 28hows the doselependent effect on DNA
cleavage of OXY; in the condition of presenting only the plasmid DNA or the DNA + 50
UM OXY or the DNA + 50 uM Cu(OAe) there was no evidence of DNA cleavdgme

2i 4). It was found that the compound damaged théldbstranded supercoil plasmid
DNA dosé dependently (lanei3.0); 200 uM was by far the most active transforming all
of the supercoil(S) DNA into nicked and a little linear(L) forms, while there was no
nicking activity at the dose of 0.2.0 uM OXY (Figure28). The DNA nicking activity

of OXY was found to be specific to the copper (ll) ions, not to Fe(ll) or Zn(ll) shown in
Figure 29 OXY in the presence of copper ion exhibited nicking DNA (lane5). Whereas,
OXY or with the metal chelators themselves coudtl ireak the DNA strand (lane 3, 4,

6 and 8). Moreover, the molecule incubated with iron (II) and zinc (Il) did not give a

significant band of nickddNA (lane 7 and 9). The DNA cleavage of OXY was also
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compared to the small molecular stilbenes includesyeratrol andrans stilbene. The

DNA cleavage activity was shown figure 29 OXY posed the damage higher than
resveratrol at the concentration of 50 uM (lane 3 and 4), wiales stilbene did not
show the activity (lane 5A. lakoochaextracts showethe DNAI breakagecapability
consistent with OXY (Figure 30The three extracts could not break the DNA (lahe 3

5), while the activity of each extract was found to pose the damage in the condition
presenting copper ions and be dependent on the dosesxtithets used (lané 64). The

three different concentrations of water extract (lainf®),@here was complete damage to
supercoil DNA a200 pug/mL, which presented some linear fragment of the DNA (lane
6). While the nicking activity was loweat the concentrations of 25 pg/mL and 3.13
pug/mL, which transformed supercoil form to open circular form in a big band and small
band, respectively (lane 7 and 8). Similarly, the effect of the three concentrations of
ethanol extract posing slightly higheffect (lane 811), than those with the water extract.
Whereas, ethyl acetate extract at the doses of 200 pug/mL and 25 pug/mL completely
damaged supercoil DNA (lane 12 and 13) and partially damaged at the lowest

concentration treated (lane 14).
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Figure27 Gel electrophoresis pattern of supercoiled pBR322 plasmid DNA cleavage by

six different concentrations @XY in the presence of Cu(OAdB0 LM).

Lane 1: Ladder, Lamda DNA Hind Il digest

Lane 2: pBR322

Lane 3: pBR322+50 uNOXY

Lane 4: pBR322 + 50 uNCu(OAc)

Lane 5: pBR322 + 50 uM Cu(OAcH 200 uMOXY
Lane 6: pBR322 + 50 pM Cu(OAcH 100 pMOXY
Lane 7: pBR322 + 50 pM Cu(OAcH 50 pM OXY
Lane 8: pBR322 + 50 uM Cu(OAcH 10 uMOXY
Lane 9: pPBR322 + 50 uM Cu(OAcH 2 uM OXY
Lane 10: pBR322 + 50M Cu(OAc) + 0.4 uMOXY

O = open circular form or nicked DNA

L = linear form

S = circular form or supercoiled DNA
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Figure 28 Gel electrophoresis pattern of supercoiled pBR322 plasmid DNA cleavage by
50 uM OXY in the presence of different chelating metals; Cu(QAERCk-H-O and

ZnClb.

Lane 1: Ladder, Lamda DNA Hind Il digest
Lane 2: pBR322

Lane 3: BR322+50 uMOXY

Lane 4: pBR322 + 50 uM Cu(OAg)

Lane 5: pBR322 + 50 pM Cu(OAcH 50 pM OXY
Lane 6: pBR322 + 50 pM Feg&l

Lane 7: pBR322 + 50 uM Fe@{ 50 pM OXY
Lane 8: pBR322 + 50 uM Zn¢l

Lane 9: pBR322 + 50 pM Zngt 50 uM OXY

O = open circulaform or nicked DNA

S = circular form or supercoiled DNA
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Figure29 Gel electrophoresis pattern of supercoiled pBR322 plasmid DNA cleavage by

50 uM OXY, 50 uM resveratrol and 50 pMang stilbene in the presence of Cu(OAc)

Lane 1: Ladder, Lamda DNA Hind Il digest
Lane 2: pBR322

Lane 3: pBR322+50 uNOXY

Lane 4: pBR322+50 uM resveratrol

Lane 5: pBR322+50 pNrang stilbene

O = open circular form anicked DNA
S = circular form or supercoiled DNA
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10 11 12 13

Figure30 Gel electrophoresis pattern of supercoiled pBR322 plasmid DNA cleavage by

A.lakoochehear t woodbés extracts in tohhe presenc

Lane 1: Ladder, Lamda DNA Hind Il digest

Lane 2: pBR322

Lane 3: pBR322+25 pg/mL waiterxtracted fraction

Lane 4: pBR322+25 ug/mL ethari@xtracted fraction

Lane 5: pBR322+25 pg/mL ethyl acetagatracted fraction

Lane 6: pBR322 + 50 uM Cu(OAgc)H 200 pg/mL watdrextracted fraction

Lane 7: pBR322 + 50 pM Cu(OAcH 25 pg/mL waterextracted fraction

Lane 8:pBR322 + 50 uM Cu(OA@) + 3.13 pg/mL watédrextracted fraction

Lane 9: pPBR322 + 50 uM Cu(OAgc)H 200 pug/mL ethandkextracted fraction
Lane 10: pBR322 + 50 uM Cu(OAc) 25 pg/mL ethandlextracted fraction
Lane 11: pBR322 + 50 uM Cu(OAc) 3.13 pg/mL ebanol extracted fraction
Lane 12: pBR322 + 50 uM Cu(OAc) 200 pg/mL ethyl acetatextracted fraction
Lane 13: pBR322 + 50 uM Cu(OAc) 25 pg/mL ethyl acetatextracted fraction
Lane 14: pBR322 + 50 uM Cu(OAc) 3.13 pug/mL ethyl acetatextracted fration

O = open circular form or nicked DNA

L = linear form

S = circular form or supercoiled DNA

91



4.3.2Reactive oxygen species assay

The ability of OXY orA. lakoochaextracts to generate reactive radical species in the
presence or absence of copperflis compared with its derivatsimcluding resveratrol
andtrang stilbene.Figure 31shows the dogelependent formation of OXY increasing

the relative fluorescence signals. The formation of the relative fluorescence sharply
increased from around 8002,400 RFU at the low doses between 1i560 uM and
linearly raised from around 2,408,300 RFU at the doses of Q00 uMi OXY. These

results indicated that OXY in the presence of 50i pbpper (II) generated ROS dose
dependentlyWhilst in the absence abpper ions, OXY did not cause RQBe negative
control). Comparison with its derivativeBigure 33, OXY generated ROS formation
higher than resveratrol at the same concentrationsi@096uM) which resveratrol
generated the fluorescence signals from aroundzZ800 RFU. While the formation did

not raise irtrang stilbene. ROS generation by the thea¢racts ofA. lakoochawvas also
investigated shown ifrigure 33 the relative fluorescence signals generated by ethyl
acetate extract was the highest compared to the others in the condition with copper. It
dramatically increased at the doses tested {2BB00 pg/mL). Whereas, the formation

of water and ethanol extracts were similar; the relative fluorescence of the ethanol extract
slightly increased from the baseline around 900 RFU at 1.56 pug/mL to reach 3,000 RFU
at 200 pg/mL, but of which water exttashowed a little bit lower than ethanoic extract

at the highest dose. However, there was no significant formation of ROS raised by the

three extracts in the absence of copper.
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Figure 31 The relationshifbetween the concentration of copper (UM) and the relative

fluorescencen the presence of Cu(OAdBO0uM). Values express mean = SD (n=3).
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Figure32 The relationshigpetween the concentration of stilbenes (uM) and the relative

fluorescencen the presence of Cu(OAQB0uUM). Values express mean + SD (n=3).
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Figure33 The relationshifpetween the concentration Af lakoocha heartwood extracts
(ug/mL) and the relative fluorescence in the presence and absence of GYBDAN)).

Values express mean = SD (n=3).
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4.3.3Copper reducing assay

The Copper (II) reducing abilities of OXY was investigated using thé)Cstabilizing
reagent bathocuproine disulfonic acid. Copper (I), the product of the reactions between
OXY or resveratrol with copper (ll) reacted to bathocuproinalftisic acid generating

cu(l)i bathocuproinedisulfonate complex, which was detecteueavavelength 484 nm.
Figure34s howed t he absorbance at 484 nm dete
copper (l1); it was raised dosgependently from 0.090.65 OD at the concentrations of
1.56 100 uMi OXY. While there was no signal increased in thaditon absent of
copper (Il). These results indicated that OXY reduced copper (I) to copper (I). When
compared to its derivatives, the reducing ability of OXY was more potent compared to
resveratrol. However, the formation of copper (1) in the reactidribe two stilbenes
tended to remain constant at the concentration o@D uM. Thetrans stilbene clearly

showed the absorbance at the baseline in all concentrations tagtee 39.
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Figure34 Therelationshipbetween the concentration XY (uM) and the absorbance
of the Cy{l)i bathocuproinedisulfonate complex at 484 nm in the presence and absence

of Cu(OAc) (50uM). Values express mean + SD (n=3).

97



0.87

&
c
5 0.6 -8~ oxyresveratrol
::s 0.4 —&- resveratrol
® ' —+ trans-stilbene
= 0.2
2
§ 0.0 ] I* ] ] I#I ] ] ] ] ] Iﬁ ] ] ] 1
< 50 100
-0.2- Concentration (uM)

Figure35The relationshifpetween the concemation (uUM) of OXY, resveratrol otrang
stilbene ad the absorbance of the Ciliathocuproinedisulfonate complex at 484 nm in

the presence of Cu(OAdBOuM). Values express mean = SD (n=3).
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4.3.4 GSH assay

The depletion of authentic GSH was investigated in the reaction of OXY and copper (I1)
ions. After ROS was generated in the reaction, the authentic reduced GSH 50 nmol/mL
was incubated in the reactiéor 1 hour Then the remaininGSH was measuragsing

spectrophotometry.

The reduced GSH decreased from 100 % of control to around 93% at the concentration
of OXY treated (6.26400 uM) in the presence of copper (Il). Howevwbe GSH amount
remained close to 100% of contiolthe reaction of OXY without cogp. These results

were consistent with ROS assay previously. The graph is illustratéidune 36 The
depletion of reduced GSH was also investigated for resveratrotargistilbene; OXY
reduced GSH dosdependently between 62800 uM. The GSH deplain ability of

OXY at the highest dose (400 uM) was greater than that of resveFitjotd 37.
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Figure36 The relationship betweeahe concentrationldg pM) of OXY or Cu(OAc)

(50uM) and glutathione %o of contro)). Values express mean + SD (n=3).
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Figure 37 The relationship betweethe concentration (UMpf OXY, resveratrol and
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4.4 Discussion

Reports of DNA breakage mediated by hydroxystilbenoids has gained momentum in the
last few years, especially resveratrol and derivatives because the compounds are capable
of doubléd stranded DNA breakage specifically in the presence of cojgpst The
condition included oxygen to promote a *Coxo intermediate and some amount of
superoxide damaging the DNA. This property was expected to be the promising
mechanisms of cytotoxic or antiancer agent§Subramaniaret al, 2004. The DNA

break in cellular systems was confirmed in lymphocytes isolated from humriphgyal

blood using comet assay; the results indicated that piceatannol, which has more hydroxyl
group than resveratrol, was more potent activity. Wheteass stilbene, which does not

have any hydroxyl groups, is inacti@&zmi et al, 2005. Some polyphenolic compounds
have been already weknown to behave as groxidants in the conton of presenting

only themselves or oxidized metal ions such &%, &¢f*, Zré* or Ni?*, which trigger the

Fentorni mediatedROSgeneration(Yamadaet al, 1985 Lopeset al, 1999.

This current study found that OXY showed a higher ability to cleave supercoiled plasmid
pBR322 DNA The higher doses of the compound could break the supercoiled form into
open circular and linear forms. The DNA nick ability was specifically induced by copper
ions, one of the most abundant metal ions in the biological sy#tatmowski et al,

2016, which might trigger the Fenton mediated ROS generation the same mechanism as
other phenolic compounds previously reportidran et al, 1997. More interestingly,

the three extracts also showecdhick DNA at similar doses to OXYTrhe three dilutions

of A.lakoochaheartwood including 200, 25 and 3.13 pg/mL of ethyl acetate extract were
equivalent to OXY around 525, 65 aBquM, respectively. Therefore, the damaged bands of
DNA were similar to thee inFigure27. Copper at some certain extent is WwkHown to be

one of the transition metals paying an important role in biological functions. However, it
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has been reported that significantly elevated levels of copper have been found in both

serum and tissue of cancer patigiiso et al, 2003.

The copper (I) detected tended to be ddependent m OXY. However, at the dose of

50i 100 uM the formation was constant. The formation of copper (I) remained constant
because it could be oxidized by Or O in the reaction and returned to copper (I
(Subramaniamet al, 2004 Valko et al, 2004 Gupte and Mumper, 20D9The results of

the three stilbenes also correlated well with their ROS generating abilities.

Glutathione (GSH) is one of the most vital antioxidants in living organisms. It is able to
prevent damage tonaimportant intracellular component from ROS, the toxicity of
xenobiotic electrophiles and maintaining redox homeost@sman et al, 2009.
Glutathione exists in reduced (GSH) and oxidized (GSSG) states. The ratio of reduced
glutathione to oxidized glutathione within cells is a measure of cellular oxidative stress,
therefore the conversion of GSH to oxidised GSSG is used as a modekirenR®S
generated in any reactigBabichetal., 2009. The prd oxidant activity of OXY, which
caused GSH depletion was similar to the activity noted for phytochemical extraat
previous repor(Babichet al, 2009. Gingkobiloba leaf extract was found to cause jpro
glutathione oxidation both in céfree reaction and in HS@ cells. The property of pro
oxidant of the plaritderived compounds is illustrated and well documented to link

directly to apoptosis causing cytotoxicity tancars (Vallejcet al, 2017).

In this chapter should be concluded tRaXY exhibited the prboxidant activity generating
ROS in the specific presence of copper (Il) ions. This could cause damage ta double
stranded DNA into the open chain or linear forms.YOMas able to show higher capability
than resveratrol at the same doses, whilerdnes stilbene did not show the activity. The
threeA. lakoochaextracts also showed the damaged DNA consistent with the amount of

OXY presented. OXY caused damage to DNA nhosédependent manner reducing copper
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(I) to copper (I) and depleting GSH. In consideration of these findings, it can be implied
that OXY has the potential to be developed as a promising anticancer drug candidate and t

cause cytotoxicity to cancer t=l
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CHAPTER 5 CYTQOT @XIYCN

THE PRESENCE(COPPER
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5.1 Introduction

OXY has been shown to possess various potent bioactivities with the main property being
an antioxidant (Lorenet al, 2003), aniiinflammatory (Leeet al, 2015), tyrosinase
inhibition (Likhitwitayawuid et al., 2006) aniivirus (Chuanasat al, 2008) and ariti

cancer (Rahmaet al, 2017).

In consideration of its chemical structure, which is similar to the wetiwnantioxidant

and anticancer property, resveratrol, OXY may sharé @aricer property. The previous
report found that OXY posed cytotoxicity vitro to some kinds of cancerous cell lines
such as human hormdrdependent breast cancer (T47D), human cervical
adenocarcinoma (HelLa), humaonnsmall cell lung carcinoma (B49) (Chatsumpuret

al., 2016. Therehave been no reports regarding the molecular targets or biological

pathways affected by elevated copper levels in cancer cells.

5.2 Aims

Toidentify a cell line model (transformed and intansformed) in which cytotoxicity is

demonstrated in response@XY.

5.3 Results

5.3.1 Growth curve analysis

The gowth curve of different kinds of cancerouslls in the study including 249,
CACOi 2, HepG2, MCF, PQ 3, RAW264.7 and the two notransformed cell lines

including MRQ 5 and MCF10A, was investigat@gigure 3§. Growth curves of the cells
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were investigated in 96vell plates to optimize the cell number used in the cytotoxicity
assay. The cells were grown in growth medium depending on cell designation and then
the cell number was counted for faxonsecutive days. The initial cell number that gave
the growth curve in log phase was chosen to be optimal and used in the MTT cytotoxic
assay. Growth curves of the eight cells used in the experiment were sheigari 39

A549, CACQ 2, HepG2, MCF10A, MET7 havean epithelialike morphology. MRC5

and PQ3 cells have fibroblastlike morphology. While RAW 264.7 cells are
monocyte/macrophagléke cells. The initial cell number for seeding in B&ell plates

were chosen from the resultsFigure 39. All cell lines were initially seeded at 5x3,0
7.5x1@, 1x10¢ and 2x10 cells and left in the incubator for 4 days. The cell number was
counted every day. Figure 39 showed th&s49, CACQ 2, HepG2, MCF10A and RAW
264.7 increased cell number quickly; the segdiensities of 1x1Dand 2x10 cells
reached the plateau phase in 3 days. MR€zlls had linear growth curves for the three
initial seeding densities. Whereas, MCF7 and ®€ells grew more slowly; Therefore,
A549, CACQ 2, HepG2, RAW264.7, MR(G and MCF1@ cells were selected to be
used at a seeding density of 5x103 cells/ well, while MCF7 an@® [eélls were used at

a seeding density of 1x104 cells/wigt MTT assay.
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A549 CACQOi 2

PC 3 RAW 264.7

Figure38 Cell lines used in the cytotoxicity ass@agnification =x20, scale bars =

200 pm.
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5.3.2 Cytobxicity of copper

Toxicity of Cu(OAckr was also evaluated to makare that the copper added to the
reaction did not directly cause damage to the cells. The viability of the cells after

incubated to different concentrations of copper (Il) for 48 h showAgire 40

Copper tended to cause toxicity to the cells dspendently between the doses of 0.13
400 pM, except in RAW 264.7 celld549 and MCF10A cells were significantly
sensitive and vulnerable to the low doses of 1.25 up topMd@opper. CACO?2 cells
were inmoderate; 25 uM caused significd<0.01)toxicity and at the high dose of 400
UM reduced cell viability down to around 10%. Whereas, Hep@®2F7, MRC'5 and
PG 3 cells were tolerant to Cu(OA®@t the dose between 011800 uM, while the higher

doses redced cell viability significantlf{P<0.01)compared relatively to the control
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Figure40 Toxicity of Cu(OAc}to the cellsused in the study; the cells were incubated

with Cu(OAc) with different concentrations (0.13400 puM) for 48 h. Then cell viability

was detect by MTT assay.alues express mean + SD (n=3})atistical analysis was
carried out using Origzvay ANOVA andDunnett 6s post hoc te
difference was compared relatively to the control (*P < 0.1, *P < 0.01, **P < 0.001

and ***P < 0.0001).
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5.3.3Toxicity of OXY to cancer cells in the presence or absence of copper

This assay aimed at investigajithe effect of copper ions on the cytotoxicity of OXY in
cancerous cells. The cells were eitheii preated with 50uM Cu(OAeg)for 24 h (OXYi

Prd Cu), or OXY in medium supplemented with 50uM Cu(OCAEPXY+Cu) and no
Cu(OAc) (OXY) then exposed to OXY for8th. The cell viability was calculated to the
percentage of cell control and the nbmear regression graph of log concentration (UM)
and percent viability shown iRigure 41 The inhibitory concentration (Kg) of each
condition was generated and sumrpedi in Table 7. The cells that OXY caused
cytotoxicity to several cell lines ranged from the highest (logg)I@ the lowest (high
ICs0) were MCH, HepG2, PC3, RAW 264.7 andA549 with the 1Go of 30.64+4.79
104.47+0.82106.90+863, 115.95+11.2&nd 148.63+4.48.M, respectively. Whereas,
the compound showed low toxicity @ACOI 2, MCF10A and MRC5 (IC50>200 uM).
Interestingly, copper (50 uM) teed to make OXY less or no toxic to the cells. The
coppei preincubated cellsQXYi Pré Cu?*) (MCF7, PQ 3 and RAW 264.7Wwere not
significantly different (P>0.1) inthe 1Gyo values compared to the OX¥eated cells
without copper (OXY). There was milxicity but not significantly differen{P>0.1)
from MCF10A and MRE5. OXY in the presence of copper (OXY+ushowed less
toxicity to the cells than treated with only OXY, which was a significant difference
(P<0.1)in MCF7 and RAW 264.7 cells. Doxorubitwas used as a standard cancei cell

toxic drug.
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Figure41 Cell viability (% of control)after treated with different concentrations of OXY,
pre treat wth copper and treat with OXYOXYT Prd Cu = cells prétreated with 50 uM
Cu(OAc) for 24 h then rinsed with medium and treated with OXY; OXY+Cu = cells
treated with OXY in the medium supplented with 50uM Cu(OAcg), and OXY= cells
treated with OXY without Cu(OAg) Values express mean + SD (n=3).
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Table 7 Inhibitory concentration (163, uM) of OXY to the cells;A549, CACG 2,
HepG2, MFQ, P 3, RAW 264.7, MRG 5 and MCF10Acells in medium; cells pre
treated with 50uM Cu(OAeg)for 24 h (OXYi Pré Cu), OXY in medium supplemented
with 50 pM Cu(OAc) (OXY+Cu) and no Cu(OAg)(OXY). Values express mean *
SEM (n=3).Statistical analysis was carried out using Qveey ANOVA and Dunnt¢ 6 s
post hoc test or unpaireddst. The significant difference was compared relatively to the

control (OXY) (*P < 0.1 and **P < 0.01).

OXY OXY1iPrei Cu?* | OXY+Cu?* Doxorubicin
(UM £ SEM) (UM £ SEM) (UM £ SEM) (MM £ SEM)
A549 148.63+4.48 | >200 >200 2.21+0.08
CACQOi 2 >200 >200 >200 13.39+4.34
HepG2 104.47+0.82 | 136.90+12.08* | >200 3.44+0.33
MCF7 30.64+4.79 31.31+8.25 102.17+24.37* | 0.86+0.29
PG 3 106.90+8.63 | 109.35+9.63 >200 12.61+1.97
RAW 264.7| 115.95+11.28| 125.90+4.32 164.28+4.87** 0.86+0.29
MRCIi 5 >200 164.16+6.91 >200 1.51+0.04
MCF10A >200 112.44+16.87 | >200 NA
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5.3.4Investigation of synergizing activity between copper and OXY

MCF7 and HepG2 cells, the cell lines that demonstrated the greatest degree of OXY
induced toxicity, were chosen to stuslynergizingeffect with copper. According to the
method modified from(Andrade Volkartet al, 2017, they were prireated with
different three levels of copper including 20, and 100 uM then treated with OXY. The
results were illustrated iRigure 42showing that the cells pgramcubated with the higher
levels of copper were not significantly differg>0.1)compared to those treated only

with OXY in the two cell lines.
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Figure 42 Cell viability (% of control) afterpre incubated withthree different
concentrationsf copperfor 24 hand then treated with 50 pNMCF7 cells) or 100 uM
(HepG2 cells) of OXYfor 48 h Valuesexpress mean = SD (n=3). Statistical analysis was
carried out using Ori;vay ANOVA and Dunnettdos post

difference was compared relatively to the control (*P < 0.1 and **P < 0.01).
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5.3.5Determination of intracellular ROS production in the reactions between

copper and OXY

ROS formation was investigated in the cells neated with copper (1) and then treated
with the fixed dose of OXY. The intracellular ROS detected was not raised after the cells
were prétreated with copper or OX¥ompared relatively to cell conttdloreover, there
was no correlation between the dose of copper and the time of treatment to the ROS
formation. The relative fluorescence (% of control) of the conditions investigated
Figure 43.
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Figure43 Relative fluorescence (% of control) of ROS formation in MCF7 cells (A) and
HepG2 cells (B) after prreatment with three different concentrations of Cu(OAc)2 for
24 h followed by with 50 uM (for MCF7) or 100 puM (fétepG2) OXY for 2, 6, 24 and

48 h, respectively. Signal values are compared relative to the control (mean = SD (n=3).
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5.4 Discussion

The cancerous cells chosen to test cytotoxim this chapter were chosdollowing
consideration of previous literature that reported elevation of copper level in serum and

tissue of cancer patients (Gupte and Mumper, 2009)

The main cell viabilitycytotoxicity assay used was MTT metabolic assay, which is
suitable for high thraghput screening of the cell viability that transformed MTT into
formazan product. The amount of formazan is generally proportional to the number of
metabolically active viable cells in log phase growth as demonstrated by the linearity of
response. Therefe, each cell line needed to be evaluated the growth curve during the
period of 4872 h before implementing the asg®jisset al, 2013). The results showed
that the optimal cells seeded @& well plate were betweenx®0% 1x10* cells/well,

which gave logphase growth during the treating time.

Cu(OAc) caused toxicity to almost of the cells at high doses. Some cell lines were
vulnerable at the very low dose (1.25 uM or 25 pM) such as MCF10A and CACO

cells. The previous study reported that copper(ll) @aetlcaused toxicity to HepG2
220.5 N 2 8By igducinggstresd. genes includingfas, HMTIIA, HSP70,

GRP78, RARE, GADD153, and RAREchounwouet al, 2008. CopperwasZ 0 0 & M)
also found to induce cytotoxicity in the human colon carcinoma cell line2Bi,Twhich
correlated with the induction of cell apoptosis, increased oxidative stress, alteration of
mitochond i a | b oxidati on, and the configur

metabolism(Xiao et al, 2016.

In the condition supplemented with 50 uM Cu(OAda)enonstrated copper(ll) has the
tendency to make OXY less toxic to the cells tRayi Pre Cu?*. Copper ions oxidized
OXY the same way as Fe(Ihasbeen reported previously for piceatannol, catechin,

epicatechin, hydroxytyrosol, affeic acid, chlorogenic acid, rosmarinic acid, gallic acid or
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resveratrolShingaiet al., 201]). Moreover, the medium with sodium bicarbonate can
oxidize or reduce the amount of phytochemicals such as resvdéharg et al, 2010.
Therefore, the potency of OXY was attenuatBdth approaches were found to make
OXY less cytotoxic. It can bassumed that copper penetrated M@GF7 cells but the
amount was very low. Additionally, the intracellular copper was lower in the presence of

stilbenoids (Volkaret al, 2017).

The synergizing effect of copper (Il) to OXY toxicity was investigated by varying the
prel incubated doses of copper in the presence of 50 uM OXWGR7 cells or 100 uM

OXY in HepG2 cells. There was no significant differerfPe0.1) between the doses
applied in the two kinds of cell. Moreover, there was no significant ROS formation
changed in the conditions of jprecubated with copper. Therefore, the assumption of
intracellular copper enhancing the toxicity of OXY by generating ROS has not been

verified inthis study.

In consideration of the abundant concentration of copper in breast cancer cells, OXY may
potentially be cytotoxic to breast cancer catissitu. Therefore, MCF7 cell line was

chosen to be a model to study the molecular effects of OXY.

In this chapter,it can be concluded th&@XY caused toxicity to MCF, HepG2, PC3,

RAW 264.7 andA549 cells with EGo of 30.64+4.79, 104.47+0.82, 106.90+8.63,
115.95+11.28 and 148.63+4.48uM, respectively without causing toxicity to the normal
cells. Whereas,apper was likely to make OXY less toxic. OXY and Odépper (1)

did not increase intracellular ROSMCF7 and HepG2 cells.
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6.1 Introduction

The microarraybased technique or GeneChipigure 44 is a highi throughput
technology for genetic explorations including gene expression analysis. It consists of the
number of technologies that have been developed as a single platform, which provides
extensive information on gene networks and functions og dfficacy and toxicity
(Taylor et al, 2005. Over the years, the kind of platform has been extensively
implemented to evaluate the effect of OXY and derivatives, especially of resveratrol on
several cancerouwll lines,suchas multiple myeloma celigGeng and Klionsky, 2008
andcolorectal canceflLeeet al, 2018. However, OXY showed toxicity tMCF7 cells

in this study and has several unique properties different from other stilbenoids. In
consideration of this, gene expression and cellular coesegs of OXY exposure need

to be elucidated to provide the insight into the mechanism of actions of OXY in the cancer

cells model.

To explore the mechanisms of action of a new drug or a promising compound, there are

several platforms which may be used.

In the work reported here, the microarray was implemented using the human Clariom S
arrays (a 400 format array) (Affymetrix Inc., Santa Clara, CA, USA) as the gene probe.
The targets or the RNA samples were obtained Mi®i7 cellstreated with OXY at the
concentrations of O, 50, and 100 &M for =
manufactur er 6 s The@enesmmost affdcéet! weventtsen validated using

gPCR analysis.
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Figure 44 Affymetrix microarrays: Photolithographic synthesis of oligonucleotides on
microarrays.A chip consists of hundreds of thousands of microscopically small probe
cells. Each cell contains millions of copies of oligonucleotide sequences whiehase
templae for the hybridiation of the probes with their fluorescently labelled mRNA
targets. The fluorescent signals are read by a high definition laser scanner and are

combined into one raw expression value per probe set (Affymetrix, 2017).
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6.2 Aims

To elucidategené level expression profileand assess changes in key genes and pathways
that are involved in the biological response to OXY using microarray and quantitative

polymerase chain reaction analysis.

6.3 Results

6.3.1 Microarray assay

Global expression patterns of genes and pathways were obtained using microarray
technology and data analysis software. The genes responsive to the treatment of OXY for
24 h was performed in three biological replicates, the samples proceeded as described in
the materials and methods in chaptgpage 4858). After analysis, the labelling and
hybridising controls have passed the criteria. The number of different significantly
(P<0.1) expressed genes under both conditions compared to the control group was
observed. The gene expression summartyigure 45andFigure46. The expressed genes

in some significant pathways were illustratedrigure 47

Total 686 genes were differentially expressed in the 50tpgdted groups; among these,
262 were upregulated amt?4 were downregulated genes. While, 2,338 genes were
differentially expressed in the 100 [ikMeated groups; among these, 907 were

upregulated and 1,431 were downregulated genes.

More than 80% of the gene population changed in the two treatments wenelthie
complex genes. Therefore, the genes altered were the combinations of coding, noncoding
and/or pseudogene. While the genes less than 20% were coding, noncoding and

unassigned genes.
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WikiPathways (wikipathways.org), a biology community maintained website that
displays biological pathways, allowed to identify those in the most relevant biological

mechanisms, pathways and functions of the genes altered by OXY treatm&@& n

cells.

The affected genes from these analyses showed that the most affected processes under
both conditions of OXY treatment were cell cycle control, DNA repair and autophagy, as
well as apoptosis pathwafigure 47. Majority of the genes in cell cycle control and

DNA repair were downregulated, while those in apoptosis and autophagy were

upregulated dos$elependently.
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Expression Analysis Settings:
+ Gene-Level Fold Change < -2 or » 2
+ Gene-Level P-value < Q.03
+ Anova Method: ebayes

« A Probeset (Gene/Exon) is considered expressed if = 50% samples have DABG values below DABG Threshald.
« DABG < 005

Comparison Group 1 Group 2 Count 1 Count 2 Up Down

50ub Oy ws 100uM Oy | S0uM Oy 100uMOxy 3 3 753 339
S0uMOxy vs Control F0uM Oy Control 3 3 262 424
100uM Oy vs Control 100uM Oy | Control 3 3 907 1431

Differential Expressed Genes

1092]
50uMOxy vs 100uMOxy 753
339
636
50uMOCixy vs Control | 262
229
2338
100uMOxy vs Control 907
1431]

[ Total O Up-Regulated O Down-Regulated

Figure45 Gene expression summaryMCF7 cells treated with 50 uM and 100 pM
compared to thantreated control ; 686 genes changed in the 50QXY treatment
and 2,338 genes changed in the 100 @MY treatment.
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Total number of genes: 21448
= Genes passed filter criteria: 686 (3.2%)
* Up-Regulated: 262 (38.19%)
» Down-Regulated: 424 (51.51%)

a) Down-Regulated (424)

Up-Regulated (262}

Coding {13.92%)
———NonCoding (2.83%)
Unassigned (2.36%)

Coding (5.49%)
, ~_—MonCoding (2.67%)
“~Unassigned (0.7635)

Multiple_Complex——— Multiple_Compley——

b)

« Genes passed filter criteria: 2338 (10.9%)
* Up-Regulated: 307 (38.79%)
« Down-Regulated: 1431 (61.21%)

Up-Regulated (30 _ _ Down-Requlated (1431

Coding {14.55%)

:‘—NonCDding[B.E:l%]
“~Unassigned (0,883

—Coding (8.46%)
S~ —MonCoding (1.12%)

Unassigned [1.19%)

Multiple_Comple—— Multiple_Complex———

Coding = Genes contain only proteaoding transcripts;
NonCoding = Genes contain only rigmoteiri codingtranscripts;
Multiple Complex = Gene contains more than one locus type above;

Unassigned = Locus type could not be determined based on source data.

Figure46 Differential expressed genes ; a) 686 out of 21,448 genes (3.2%) changed in
the 50 uM OXY treatment, while b) 2,338 out of 21,448 genes (10.9%) changed in the
100 pMi OXY treatment, were classified as iu@nd dowiiregulated for coding,

noncoding, pseudoge, multiple complex and unassigned.
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a)

up-regulated
down-regulated

up-regulated
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Figure47 Gene ontologybased biological process pathways altered by OXM@F7

breast cancer cells. Differentially expressed gen®G#i7 cells treated with 50 uM

(A) or 100uM (B) of OXY for 24 h. To determine the biological process pathways

involved, the list of significant upegulatedP<0.1)and downrregulated genes were

analysed using Fisher's Exact Test, and then analysed using WikiPathways.org.
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Cell cycle control wasme of the significanthaffected pathway@<0.05) At the dose

of 50 a itceatedd0F7 cells) DNA damagéinducible alpha (GADD45A) and
cyclini dependent kinase inhibitor 1A (p21, Cipl) (CDKN1A) were the dramatically
upregulated expression. Whereaglini dependent kinase 2 (CDK2), E2F transcription

factor one (E2F1) were downregulated in G1 to S cell cycle fRrapare 48)

At t he c¢ onc e nitreatedMCle7rtellsocobmpdréd @o the bkl control, OXY
appeared to upregulate the expression négén apoptosis both in extrinsic and intrinsic
pathways including Fas cell surface death receptor (FAS), caspase 8, apmitdscts
cysteine peptidase (CASP8), tumour necrosis factor receptor superfamily, member 10b
(TNFRSF10B), BCLRassociated X prein (Bax), DIABLO, BCL2 binding component

3; microRNA 3191 (BBC3) and jun prdtoncogendHo et al) (Figure49). The sample
signals (average log 2) of the key genes in several biological agghwere elucidated

in Figure 5053. The pictures showed the signals of the genes affected hiyldaes

OXY treatments compared to the untreated control (0 uM OXY); CDK2 and E2F1 genes
were significantly decreas€@<0.01) doses dependently in the & cell cycle control
pathway. Most of the genes in apoptosis pathway were likely toiregidated such as
FAS, CASP8, TNFRSF10B, Bax, DIABLO, BBC3 and MAPK8. Whereas, most of the
genes in DNA repair pathway tend to be dovegulated including RAD51 recombinase
(RAD5S1), breast cancer 1, early onset (BRCAL), breast cancer 2, early onset (BRCA2),
Xiray repair complementing defective repair in Chinese hamster cells 2 (XRCIC2), X
ray repair complementing defective repair in Chinkaester cells 3 (XRCC3) and
poly(ADPi ribose) polymerase 1(PARPXBome genes in senescence and autophagy in
cancer pathway were upregulated significaiiix0.1)suchas microtubuléassociated
protein 1 light chain 3 beta (MAP1LC3B), sequestosome 1 (SQ$TMABA(A)
receptor associated protein like 2 (GABARAPL2), while AKT1 substrate 1 (proline rich)

(AKT1S1) was significantly dowiregulatedP<0.01)
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Figure48 Cell cycle control pathway integrating expression datdGF7 cells treated
with 100 uM OXY for 24 h. Genes labelled in green are up regulated and in red are down

regulated.

128



Apoptosis

-4 N 4[] filtered out

Fas Ligand

oo [mesael) 75577 @

IGF1R signaling pathway

Lez]

s =

v

CASPZ

= AP Interferon regulatory factors
> 7557
- i 72 A e
Y T, 55

Activator of Cell Death

Inhibitor of Cell Death ~ ———

Figure 49 Apoptosis pathways integrating expression dataiGF7 cells treated with
100 uM OXY for 24 h. Genes labelled in green are up regulated and in red are down

regulated.

129



Gl to S cell cycle control pathway

15+
-o- CDK2
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Figure50 Expressed gene signal (log 2) in G1 to S cell cycle control pathwel\C6f7

cells treated witlOXY at O uM, 50 uM and 100 uM for 24 Data are the mean + SD

(n=3). Statistical analysis was carried out usingi@neay ANOVA and Dunn:
hoc test. The significant difference was compared relatively to the control (**P <
0.01,***P < 0.001 and *** < 0.0001).
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Apoptosis pathway

15
-~ FAS
_ = CASP8
S 10 —+ TNFRSF10B
2 Bax
g ==
@
o> gk — DIABLO
¥ = BBC3
= MAPKS
O T 1T rrrrruiriua I T Trrrrrrnoriua I T T rTrrrroriua I
0 50 100 150

Oxyresveratrol (LM)

Figure51 Expressed gene signal (log 2) in apoptosis pathwdjC¥7 cells treated with

OXY at 0 uM, 50 uM and 100 uM for 24 IData are the mean £ SD (n=3). Statistical
analysis was carried out using Omay ANOVA and Dunnettoés pos
significant difference was compared relatively to the control (**P < 0.01, ***P < 0.001

and ****P < 0.0001)
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Senescence and autophagy in cancer pathway
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Figure52 Expressed gene signal (log 2) in senescence and autophagy in cancer pathway
of MCF7 cells treated with OXY at 0 uM, 50 uM and 100 pM for 2fkata are the mean

+ SD (n=3). Statistical analysis was carried out usingi@rey ANOVA and Du
post hoc tet. The significant difference was compared relatively to the control (*P,< 0.1

**P < 0.01, **P < 0.001 and ***P < 0.0001).
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DNA repair pathway
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Figure 53 Expressed gene signal (log 2) in G1 to DNA repair pathwaW©F7 cells

treated with OXYat 0 uM, 50 uM and 100 uM for 24 IRata are the mean + SD (n=3).
Statistical analysis was carried outusing@may ANOVA and Dunnett o
The significant difference was compared relatively to the control (*P < 0.1, **P < 0.01,
***P < 0.001 ard ****P < 0.0001).
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6.3.2 Quantitative polymerase chain reaction (qQPCR)

The gold standard approach for quantitative analysis of RNA expression is quantitative
polymerase chain reaction (QPCR) due to its accuracy, sensitivity, specificity,
reproducibility and the potential to be a high throughput analysis. Therefore, the
techngue is always chosen for validating expression of the genes after microarray assay
(Bustinet al, 2005 Chenet al, 2016. The cells weré¢reated with OXY and extracted
tot al RNA. Al protocols followed the ma
using the validated primer sets for human.

The genes were randomly chosen and the expression was calculated as a relative
quantificationusing the glyceraldehyde Bhosphate dehydrogenase (GAPDH) for the
standardization of gene expression levels. The Ct (cycle threshold) values from triplicates
of each gene showed Trable8.

The relative quantification of the gene expression was followetidg ®®¢ivak and
Schmittgen methodLivak and Schmittgen, 2001). The untreated contrqgiNDOXY)

was used to normaligbe twa OXY treatments foeach target gene. The fold change of

the target genes treated with uM OXY and 10QuM OXY are shown irFigure 54

Total 12 out of 19 gen€63%), the expression was increased ddspendently including

Bax, CDKN1A, GADD45A, CASP8, DIABLO, FAS, JUNB, MAPKS8, TNFSF10B,
GABARAPL2, MAP1LC3B and SQSTM1, while the other genes (37%) (CDK2, E2F1,
PARP1, BRCAL, RAD51, AKT1, ESR1) were suppressed byctimepound. The fold
change of GADD45A and FAS were quite high around 7.5 times ipnNA0OXY
treatment and around 15 times in 100 uM OXY treatment compared to the untreated.
Whereas, the others were roughly or below 5 fold for the two treatnBaxsCDKN1A,
GADDA45A, FAS, MAP1LC3B and SQSTMere significantly up regulateP<0.1)
comparedetween the two treatments. Whit@F1, PARP1, BRCA1 and RAD5ere
significantly down regulate(P<0.1)
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Table8 C; (cycle threshold) values efach amplified gene from MG extracted RNA

treated with 50uM OXY and 100uM OXY compared to untreated control.

Genes Sample OpuM OXY 50 uM OXY 100 pM OXY
GAPDH replicate 1 10.26 11.33 11.97
replicate 2 10.34 11.87 10.98
replicate 3 10.43 11.71 11.06
average 10.34 11.64 11.34
SD 0.09 0.28 0.55
CDK2 replicate 1 17.89 19.48 18.45
replicate 2 18.24 19.85 18.47
replicate 3 18.02 19.40 18.01
average 18.05 19.58 18.31
SD 0.18 0.24 0.26
E2F replicate 1 20.32 21.59 21.30
replicate 2 20.10 21.68 21.48
replicate 3 19.49 22.03 21.57
average 19.97 21.77 21.45
SD 0.43 0.23 0.14
BAX replicate 1 15.85 15.33 14.80
replicate 2 16.15 15.55 14.91
replicate 3 16.04 15.48 14.96
average 16.01 15.45 14.89
SD 0.15 0.11 0.08
CDKN1A replicate 1 17.44 15.34 14.54
replicate 2 17.40 15.51 14.56
replicate 3 17.23 15.60 14.59
average 17.36 15.48 14.56
SD 0.11 0.13 0.03
GADDA45A replicate 1 19.13 17.54 16.36
replicate 2 19.14 17.19 16.15
replicate 3 18.99 17.29 16.14
average 19.09 17.34 16.22
SD 0.08 0.18 0.12
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Table 9continue

CASPS8 replicate 1 20.96 22.49 19.97
replicate 2 22.22 21.81 19.87
replicate 3 21.23 22.53 19.75
average 21.47 22.28 19.86
SD 0.66 0.40 0.11
DIABLO replicate 1 18.20 18.74 16.9
replicate 2 17.07 18.62 17.13
replicate 3 17.50 18.35 17.37
average 17.59 18.57 17.13
SD 0.57 0.20 0.24
FAS replicate 1 22.91 21.50 19.10
replicate 2 22.82 21.47 19.30
replicate 3 22.90 21.22 19.38
average 22.88 21.40 19.26
SD 0.05 0.15 0.14
JUNB replicate 1 24.39 25.16 29.98
replicate 2 24.58 24.82 29.46
replicate 3 24.41 25.00 29.65
average 24.46 24.99 29.70
SD 0.10 0.17 0.26
MAPKS8 replicate 1 18.94 19.90 18.43
replicate 2 18.95 19.74 18.60
replicate 3 19.02 19.82 18.30
average 18.97 19.82 18.44
SD 0.03 0.36 0.29
TNFSF10 replicate 1 30.15 32.57 29.32
replicate 2 30.30 31.78 29.98
replicate 3 30.36 30.98 29.12
average 30.27 31.78 29.47
SD 0.11 0.80 0.45
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Table 9continue

PARP1 replicate 1 16.20 16.33 15.72
replicate 2 15.97 16.32 15.30
replicate 3 16.17 16.34 15.70
average 16.11 16.33 15.57
SD 0.13 0.01 0.24
BRCAl replicate 1 18.76 19.53 22.67
replicate 2 18.65 19.94 21.53
replicate 3 18.75 19.85 21.82
average 18.72 19.77 22.01
SD 0.06 0.22 0.59
RAD51 replicate 1 17.64 19.04 20.40
replicate 2 17.65 18.86 20.38
replicate 3 17.70 19.02 20.38
average 17.66 18.97 20.39
SD 0.03 0.10 0.01
AKT1 replicate 1 13.84 16.72 16.88
replicate 2 14.00 15.91 15.89
replicate 3 14.11 16.44 15.27
average 13.98 16.36 16.01
SD 0.14 0.41 0.81
ESR1 replicate 1 17.07 18.99 19.3
replicate 2 17.16 19.35 19.36
replicate 3 16.88 18.69 19.55
average 17.04 19.01 19.40
SD 0.14 0.33 0.13
GABARAPL2 replicate 1 16.78 17.23 16.81
replicate 2 16.23 17.27 16.53
replicate 3 16.65 16.85 16.8
average 16.55 17.12 16.71
SD 0.29 0.23 0.16
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Table 9continue

MAP1LC3 replicate 1 15.97 16.11 15.41
replicate 2 16.06 15.97 15.37
replicate 3 16.17 15.96 15.08
average 16.07 16.01 15.29
SD 0.10 0.08 0.18

RAD51 replicate 1 17.64 19.04 20.40
replicate 2 17.65 18.86 20.38
replicate 3 17.70 19.02 20.38
average 17.66 18.97 20.39
SD 0.03 0.10 0.01

SQSTM1 replicate 1 16.05 16.55 15.4
replicate 2 16.06 16.62 15.26
replicate 3 15.9 16.66 15.36
average 16.00 16.61 15.34
SD 0.09 0.06 0.07
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Figure54 Relative quantity of mRNA extracted froMCF7 treated with 50 uM or 100
UM of OXY; Validation of selected genes differentially expressed fid@F7 cells
treated for 24 h with 50 uM or 100 uM of OXY versus the control data set (ih&).
statistical difference between the two treatments was carried out using umpesgtP

< 0.5, *P < 0.05 and ***P < 0.0001).

139



6.4 Discussion

The indepenent triplicateMCF7 cells of the control (untreated), 50 uM and 100 uM
treated with OXY for 24 h (165 = 368.37 uM) were designed to analyse the gene
expression, which the exposure time enough to study the main molecular changes at the
early stage, espedia welli known RNA and proteins inside the cefls and Sarkar,

2002).

The total all wellk n o wn 21,448 human genes were |
assays, of which the probe sets consist of a subset of 10 probes per gene. There was
enough to perform genkevel expression profiling studies and to assess changes in key

geres and pathways affected by OXMacGregor and Sgre, 2002.

The analysis was performed using the data filter of probe sets with a fold change > 2 or
<12 and with a pvalue < 0.05 for the data of 50[iM@XY treatment vs the control and
100uMi OXY treatment vs the control. The statistical analysis wasd eBayes
correcting the variance of the ANOVA analysis with an empirical Bayes approach that
used the information from all the probe sets to yield an improved estimate for the
variance. The eBayes correction is especially important when the numbenmtsa

being analysed is smgRahmaret al, 2017%.

Total 686 genes (3.2%) passed the filter criteria in 50 QMY treatment, while 2,338

genes (10.9%) passed the filter criteria in 10071 @MY treatment compared to the
untreated control. The number of genes changed in the two groups weiigetiated

roughly twice higher than those iipggulated. The gene expression was the DdOge
dependent. The genes changed more than 90% were coding and multiple complex genes,

which can translate into proteins.

The most affected and significant changed géRe8.1) regarding DNA synthesis such

as cell cycle, cell cycle control, DNA replication, mitotic as well as DNA repair pathways
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were like to be dowiregulated because the compound inhibited cell proliferation and
cell growth as reported in chapter 5. The inhdnitof the cell cycle pathway also links
directly to the DNA repair mechanism and breast cancer pat{idedgdayet al, 2007).
Apoptosis, programmed cell death was also induced by OXY exposure. OXY increased
apoptosis genes the same as other stilbenoids, especially ned&eabniet al, 2016.

OXY was found here to induce the expression of several genes in the cell senescence and
autophagy pathway, which has also been reported that tiq@ocmd increased levels of
autophagy in neurddstoma cell lineshrough the mediation of PIS3K or mTOR genes

(Rahmaret al, 2017.

All gene expression validateusing gPCR gave the results consistent with those from
microarrays. The apoptotic process has been reported to be one of the important
therapeutic hallmarks of cancer. OXY was also confirmed posing cytotoxicity through
apoptosis. The expression of geme®NA repair was the highest significant difference
(P<0.0001)betweenthe two treatments especially RAD51. This gene has been reported
overexpression in several canc@g¢g/oharaet al, 2012. The suppression of DNrepair

gene may also help increase drug sensitivity or mediate resistance. Moreover, the
mediation of cell proliferation, cell growth and metastasis may play the important

mechanism of action of OXY.

In this chapter should be concluded t2XY showed egulation of some genes that
played an important role in the biological patlywaluring carcinogenesis in MCF
human breast cancer cells. OXY decreased the expression of CDK2, E2F1 and the MCM
complex, which affected the initial stage ofiGlphase otell proliferation. OXY also
enhanced apoptosis genes through extrinsic and intrinsic pathways, accompanying with
autophagy and DNA repair genes. Therefore, further research is required to investigate

the potential mechanisms of action.
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CHAPTER 7 APOGPPATHWAY

AFFECTEDXBKY
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7.1 Introduction

Apoptosis or the process of programmed cell death is generally characterized by distinct
morphological characteristics and enémgpendent biochemical mechanisms.
Apoptosis is considered a vitabmponent of various processes including normal cell
turnover, proper development and functioning of the immune system, hdrmone
dependent atrophy, embryonic development and cheimmdaiced cell deatfiEImore,

2 0 Q.7The ability to modulate the life or death o€ell is recognized for its immense
therapeutic potential. Therefore, research continues to focus on the elucidation and

analysis of signalling pathways that control apoptosis (Kruidering and Evan. 2000).

There ardwo main pathways of apoptogisigure 59; extrinsic and intrinsic pathways.

Each route requires specific triggering signals to begin an érdaggndent cascaaé
molecular events. Briefly, the extrinsic pathwayolves transmembrane receptor
mediated interactions. To illustratbgtinteraction of FasL/FasR or TNBE/ TNFR1 t he
activates through procaspé8eand caspas$8, respectivelfTummers and Green, 2017

The other, intrinsic pathway is nioreceptor mediated stimuli that produce intracellular
signals within the cells or mitochondridhis cascade causes changes in the inner
mitochondrial membrane resulting in losing the mitochondrial transmembrane potential,
then releasing pi@poptotic proteins such as BAX, tBID and Cytc from the

intermembrane space into the cytodeimore, 2007.

Both pahways activate the executioners through caspase 2, 3, 6 and 7. The execution
pathway results in characteristic cytomorphological features including cell shrinkage,

chromatin condensation, the formation of cytoplasmic blebs and apoptotic bodies and
finally phagocytosis of the apoptotic bodies by adjacent parenchymal cells, neoplastic

cells or macrophages.
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Figure55 Apoptosis pathway adapted from Kruidering & Evan0)

7.2 Aims

To investigate the expression of the key genes in the apoptosis pathiv&Fihand

HepG2 cells, following treatment with OXY. This was achieved by using microarray
data, gPCR, as well as flow cytometry, to analyse apoptotic cell population, caspase 3
activation and mitochondri al membr ane p:
changes includingolasma membrane integrity, nuclear morphology, nuclear damage and

intracellular ROS generation were also investigated.

7.3 Results and discussion

7.3.1 Apoptosis gene expression

The picture Figure 56 reveals the intensities (signal p@f apoptotic genes in OXY

treatedMCF7 cells compared to the control; all genes includampptotic peptidase
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activating factor 1 (APAF1), apolipoprotein L, 2 (APOL2); dll CLL/lymphoma 2
(BCL2), BCLZ antagonist/killer 1 (BAK1), BCLRassociated X proie (BAX), caspase

8, apoptosikrelated cysteine peptidase (CASP8), cydiependent kinase inhibitor 1A
(p21, Cipl)(CDKN1A), diablo, IAPbinding mitochondrial protein (DIABLO), Fas cell
surface death receptor (FAS), growth arrest and Dinagéinducible, alpha
(GADDA45A), jun B protéoncogene (JUNB), mitogénctivated protein kinase 8
(MAPKS), tumour necrosis factor receptor superfamily, member 10b (TNFRSF10B) and
TP53. APAF1, APOL2, BAK1, BAX, CASP8, CDKN1A, DIABLO, FAS, GADDA45A,
JUNB, MAPK8 and TNFRSF10B/ere significantly upregulated/P<0.1)comparedo

the untreated control, while BCL2 was not altered by the two doses of OXY treated.
Interestingly, tumour protein p53 (TP53) gene was doegulated by the compound

dosé dependently.

The selected genegere validated using RGPCR. Triplicates were performed for each
gene and the amplification of each gene was used validated specific primer. In all cases,
the RTT gPCR data confirmed those obtained from 50 ance1B0OXY treated array
analyses (Figurg7). APARF1, APOL2BAX, CASP8, CDKN1AFAS, GADD45A

and TNFSF10Bave significantly increasd#<0.1)the expression dosdependently.

The two doses of OXY did not make significant chan@e€.1)in BCL2 and TP53

expression.
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Figure 56 The expression signals of key genes in apoptotic pathwalyBsC6i7 treated

with two different doses of OXY( 50 uM and 100 uM) for 24Data are the mean *

SEM (n=3).Statistical analysis was carried outusinglmay ANOVA and Du
post hoc test. The significant difference was compared relatively to the control (*P < 0.1,
**pP < 0.01, **P < 0.001 and ****P < 0.0001).
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Figure 57 Relative quantity of mMRNA expression acquired from qPCRIGF7 cells
treated with different two doses of OXData are the mean + SD (n=3). The statistical
difference between the two treatments was carried out using unptes(P < 0.5 and

P < 0.05).
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7.3.2 Quantification of apoptotic cells

Apoptosis is a normal physiologic process, which occurs during embryonic development
or in the maintenance of tissue homeostasis. In apoptotic cells, the membrane
phospholipid phosphatidylserine (PS) is translocated from the inner to the outer leaflet of
the plasma membrane, thereby exposing PS to the external cellular environment
(Rothkamm et al). Annexin V that has a high affinity for PS, conjugated to
fluorochromes, phycoerythrin. Therefore, this method can be useddtysing cells that

are undergoing apoptosis by flow cytometry. This platform was also provided with a vital
dye, 7 Aminoi Actinomycin (4 AAD) to identify early apoptotic cells (AAD negative,

PE Annexin V positive). Viable cells with intact membranedwae 7 AAD, whereas

the membranes of dead and damaged cells are permeabkeAD.7

Camptothecin, the standard compound induced apoptosis around 4% of the cell
population iINMCF7 and HepG2 cells after treated for 4 h at the concentrationubf.4
The cellsremained alive more than 80 % and roughly 10 % were at the end of apoptosis

or already deadTl@ble 10andFigure58).

TablelOandTable1l1lshow OXY induced apoptosis MCF7 cells dosédependently at

the concentratins tested of 25, 50 and 100 puM. This occurrence changed betina&n 6

h treatment; the cells treated with OXY 25, 50 and 100 uM at 3 and 6 h became apoptotic
but not significantly different compared to contr@&>0.1) while those treated with

OXY 50 and100 uM at 24 h treatment were significantly differ@&0.0001)¥rom the
controls. The apoptotic cells were changed from 2.85+0.60 % of the control to 3.14+0.37,
5.74+0.53 and 11.69+1.15 % of 25, 50 and 100 uM OXY, respectively. These results
illustratedthat most of the cells treated with 50 and 100 pM OXY within 24 h underwent

apoptosis and consequently died.
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Apoptosis was induced in HepG2 cells following treatment with OXY, in a idasé
timel dependent fashion, similar to that observelll©F7 cellsfollowing OXY exposure
sea in Tablel2andTablel13. There were no significant apoptotic cells during thé I3
treatment in He@2 cells, while some cells turned apoptotic ddspendently duringi6
24 h treatment; it was significantly differefr<0.01)at the doses of 100 and 200 uM

OXY, which was the apoptotic population roughly 4 and 7 %, respectively.
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Table9 Camptothecin (4M) induced apoptosis iIMCF7 and HepG2 cells after treated
for 4 h.
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Live = cell population (%) was indicated live cells (Annexin V PE andAD negative)
Apoptotic = cellpopulation (%) was indicated undergoing early apoptosis (Annexin V
PE positive andi7AAD negative)

Dead/late apoptosis = cell population (%) was indicated dead cells (Annexin V PE and

71 AAD positive)
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Figure 58 Apoptotic MCF7 and H@G2 cell population induced by 4 pMamptothecin

after 4 h exposurd®ata are the mean £+ SD (n=3).
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Table10 OXY induced apoptosis iINICF7 cells doseé and timé& dependently

OXY concentratior(uM)
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Table 11 Effect of OXY in MCF7 cells determined using flow cytometry. Bar graphs
showing the percentages MfCF7 cells population (live, apoptotic and dezglls) when
treated with OXY 261 00 e M f or 3, 6 and 24 h and
analysis. Data are the mean + SD (n=3).
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Table12 OXY inducedapoptosis in HepG2 cells dasand timé& dependently.
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Table 13 Effect of OXY in HepG2 cells determined using flow cytometry. Bar graphs
showing the percentages of HepG2 cells population (live, apoptotic and dead cells) when
treated with OXY 261 00 e M f or 3, 6 and 24 h and tF

analysis. [@ta are the mean £ SD (n=3).
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7.3.3 Determination of Caspase3

Camptothecin could induce the expression of ca$@asearound 1% oMCF7 and

HepG2 cells at 4 uM for 4 h imr@able 15andFigure59).

MCF7 cells treated with different concentrations of OXY at the doses of (25, 50 and 100
UM for 24 h) showed a dramatically changed amount of caspasmmpared to the
control; more than 98% population was caspageositive, whie the cell population of

the caspase& negative decreased. All treatments were significantly diff¢R¢@.0001)

compared with the control &ble 16andFigure60).

Likewise, HepG2 cells were also investigated the expression of ca3pas24fi OXY
treament. The results showed that the casigagxpression was ddsgependent; the
expression remained roughly 86 % at 50 I/ @XY treatment and then they were
increased to around 99% and close to 100% at the doses of 100 and 200 uM, respectively,
while the poplation of caspa$@& negative were in the opposite direction. The expression

of caspasie3 positive in HepG2 cells was also significantly differ@?t0.01)compared

with the control Table16 andFigure 6.
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Table14 Camptothecin induced expression of active cas@asgpression iMCF7

and HepG2 cells.
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Caspase 3+ = cell population (%) expressed caspase
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Figure59 Caspasi3 expression of MCF7 and HepGaisdollowing exposure to 4 pM
camptothecin (CTC) for 4 h. The cells were stained with PE rabbit easpase3 and

analysed by flow cytometry. Data are the mean £ SD (n=3).
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Table15 OXY induced active caspas&expression iMCF7 cells.
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Figure 60 Caspasie3 expression in MCF7 cells following exposure to various
conentrations of OXY for 24 h andamptothecin (CTC) for 4 h. The cells westained
with antii active caspa$® and analysed by flow cytometry. Data are the mean + SD
(n=3). Statistical analysis was carried out using-@ag ANOVA analysis of variance
followed by Dunnett's test. The significant difference was compared relativetyntrol

(***P < 0,0001).
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Table16 OXY induced active caspasgexpression in HepG2 cells.
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Figure 61 Caspase3 expression in HepG2 cells following exposure to various
coneentrations of OXY for 24 h ancamptothecin (CTC) for 4 h. The cells were stained
with antii active caspa$® and analysed by flow cytometry. Data are the mean = SD
(n=3). Statistical malysis was carried out using Onay ANOVA analysis of variance
followed by Dunnett's test. The significant difference was compared relatively to control

(**P <0.01 and ****P < 0.0001).
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7.3.4 Mitochondri al membr ane potenti al (¢

Camptothecin was used as a positive control in this assay to cause the loss of mitochondria
membrane potential (MMP) in MCF7 and HepG2 cells as analysed using flow cytometry.
The cells were exposed to 4 pMraptothecin for 4 h; MCF7 and HepG2 cells showed

loss of membrane potential of 7.56+0.41 and 2.39 +0.16 % cell population (Table 18 and

Figure 62).

MCF7 cells lost mitochondria membrane potential ddependently (Table 19 and
Figure 63) following exposure to several concentrations of OXY, which cade#y

cells to undergo apoptosis (24 tteatment). They also were found to cause loss
membrane potential to a significant degree (P<0.001) compared to the untreated control
(4.15%=0.08, 4.77%+2.56 and 11.47%=2.75 for 25, 50 and 10@XM, respectively).
Whereas, the normal potential cells also decreased significantly (P<0.001) with the higher

doses treated.

HepG2 cells also lost mitochondria potential following treatment with OXY at 100 and
200 pM (Table 20 and Figure 64). The membrane potential loss pGHeells was

0.85%=0.21, 1.58%+0.02 and 2.96%+0.49 at 50, 100 and 20@XM.
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Table17 Mitochondrial membrane potential MICF7 cells following exposure to various

concerrations of the standard drugaraptothecin a#4 uM for 4 h. The cells were stained

with JO 1 and analysed by flow cytometry.
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Figure 62 Mitochondrial membrane potential of MCF7 and HepGasctllowing
exposure to 4 uM amptothecin (CTC) for 4 h. The cells were stained withlJ@nd

analysed by flow cytometry. Data are the mean £ SD (n=3).
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Table18Mitochondrial membrane potential MICF7 cells following exposure to various

concentrations of OXY. The cells were stained withi J@Gnd analysed by flow

cytometry.
Concentration FSC JG 1A
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Figure 63 Mitochondrial membrane potential &ICF7 cells following exposure to
various conentrations of OXY for 24 h andamptothecin (CTC) for 4 h. The cells were
stained with JC1 and analysed by flow cytometripata are the meat+ SD (n=3).
Statistical analysis was carried out using @y ANOVA analysis of variance followed

by Dunnett's test. The significant difference was compared relatively to the control (***P
< 0.001 and ****P < 0.0001).
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Table 19 Mitochondrial membrane potential of HepG2 cells following exposure to

various concentrations of OXY. The cells were stained wiilJhd analysed by flow

cytometry.
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Figure 64 Mitochondrial membrane potential of HepG2 cells following exposure to
various conentrations of OXY for 24 h andamptothecin (CTC) for 4 h. The cells were
stained with JC1 and analysed by flow cytometripata arethe mean + SD (n=3).
Statistical analysis was carried out using @y ANOVA analysis of variance followed

by Dunnett's test. The significant difference was compared relatively to the control (***P
< 0.001; and ****P < 0.0001).
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7.3.5 Lactatedehydrogenase (LDH) cytotoxicity assay

The results of LDH cytotoxic assay of OXY MCF7 and HepG2 cells are shown in
Figure65. MCF7 cells released LDH dosdependently after treatment with OXY for 48

h with 11+4, 2046, 28+5 and 41+9 % of the control at the concentration of 0, 25, 50 and
100 uMi OXY. Whereas, HepG2 gave the LDH detected with 12+2, 13+2, 17+2 and

81127 % of the control dhe concentration of 0, 50, 100 and 2001 DXY.

7.3.6 Nuclear morphology detection using Hoechst 33342 staining

MCF7and HepG2 have been investigated the nuclear and chromatin changes after treated
with OXY and the pictures of chromatin changed showmhahle20. MCF7 cells were
observed the chromatin condensation at all doses treated; the higher doses of 50 uM and
100 puM gave clearly condensethromatin. Likewise, HepG2 showed condensed

chromatins at the high doses of 100 uM and 200 @MY treatment.

7.3.7 Measurement of DNA damage by Comet assay

MCF7 cells treated with OXY were investigated the DNA damage showralie 21.
The cells treated with 25 and 50 uM of OXY for 24 and 48dne found not to have
damagehe DNA compared to the cell treated with 100 udOpl OXY at the effective

doses did not cause damage to DNMIGF7 cells.
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Figure 65 Lactate dehydrogenase cytotoxicity assayM&@F7 and HepG2 cells after
OXY exposureData are the mean + SEM (n=3). Statistical analyais carried out using
Oneway ANOVA analysis of variance followed by Dunnett's test. The significant

difference was compared relatively to the control (*P < 0.1 and ****P < 0.0001).
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Table20 MCF7 and HepG2 nuclei staining by HoecB8B842for apoptosis detection
treated with different concentrations of OXY for 24 h (control cells are untreated).

Condensed nuclei at the area with white arrdagnification =x20; scale bars 200 pum.

MCFi7 HepG2

Cell control Cell control

Oxy 25 uM Oxy 50 uM

Oxy 50 pM Oxy 100 pM

Oxy 100 pM

£
Joh

.
3 — ¢
& ® o;" p 2
/ﬂo‘s‘ .
P4 o
® .

=
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Table21 Photomicrographs of stained DNA MICF7 cells for alkaline comet assay.

Damaged DNA at the areas with white arroMiagnification, x20; scale bars, 200 pm

24 h of OXY treatment 48 h of OXY treatment

Control

Oxy50uM

Oxy100

H-O. 100
UM for 4 h
treatment
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7.4 Discussion

Apoptosis has been triggeredMCF7 and HepG2 cells following treatment with OXY.

The mechanisms of action via this pathway could be elucidated through two main routes:
the extrinsic or death receptor pathway and the intrinsic or mitochondrial pathway.
However, the two pathways have been proved that it is interconnected and the molecules
in one could influence the oth@gney and Krammer, 2002FAS and TNFRSF10B, the

two welli characterised death reders, were upregulatedAshkenazi and Dixit, 1998

FAS was activated and induceae ttecruitment of Fasissociated death domain (FADD),
which then activated casp&8e(CASP8). Apoptosis ligand 2/tumour necrosis factor
related apoptosisnducing ligand (Apo2L/TRAIL) is one of the @rapoptotic ligands at

the cell membrane, which can actig apoptosis through FADD and caspase 8. The
activation of apoptosis via the Apo2L/TRAIL pathway has reported to be significant
potential for cancer therapy and act independently fron{A8i3kenazet al, 1999. The
cascade of apoptotic molecules was then activated through caspase 3 or mitochondrial
routes; the genes upegulated including BAX, BAK1, DIABLO and APAF1. The
activation via caspasg8 is known to propagate the apoptotic signal either by directly
cleaving and activating downstream caspases or by cleaving the BH3nB=iacting
protein, which leads to the releasé cytochrome c from mitochondria, triggering
activation of caspa$8 in a complex with dATP and APAF1 and induce cells death

(Kruidering and Evan, 2000

The induction of apoptosis XY in MCF7 cells was interesting because TP53 was not
activated as indicated by the gene expression and comet assay results. Even though TP53
functionally responds to cell cycle arrest, cell senescence, DNA repair, metabolic
adaptation and cell deafAubrey et al, 2018, The modulation of OXY dependently

from TP53 has also beeaported in neuroblastoma cell linggahmaret al, 2017) or

prostate cancecell linestreated with camptothecin. The report also found that p53

medated apoptosis only occurred in severe DNA damage, not with low DNA damage
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(Ho et al, 2019. The results also found not to generateese DNA damage and ROS
generation (Chapter 5) at the doses apoptosis occurred. The genes responsible for ROS
including adaptdrrelated protein complex 1 sigma (AP1), activating transcription factor

1 (ATF1) and nuclear factor of kappa light polypeptidenegeenhancer in RBells
1(NFKB1) (Turpaev, 200R were not activated (data was not shown). OXY did not
significantly cause loss of the cell membrane integrity after treated for 48 h, it may
indicate the compound did not directly change the physical properties of theThells.

release of LDH detected the two kinds of cells may be the effect of apoptosis in late stage.

Caspasi3, a key protease in the executed phase of apoptosis, was also determined in
MCF7and HepG2 cells. AlthougidCF7 cells have been reported not to express cagpase

3 protein(Janicke, 200p the antibody can be positive to key enzymes involved in cellular
repair and maintenance such as poly(ABBose) polymerase (PARP), the i RD unit

of theU1i ribonucleoprotein (Ull70kD), the catalytic subunit of DNAlependent protein
kinase (DNA PK) and sterdglregulatory element binding proteins (SREBRam et al,

1997. These proteins are also involved in apoptosis ey€aisausz and Althaus, 2009

The loss of mitochondria membrane potential (MMP) in the two cell lines occurred dose
dependently after OXY exposure 24 Therefore, OXY mainly modulated apoptosis

pathway via intrinsic pathway dependent from TP53.

In this chapter should be concluded tl&XY induced apoptosis iIMCF7 and HepG2

cells. The cascade events were activated through extrinsic and extrinsic paiDeatiis
receptors, TNFRSF10B, FAS aAgo2L were increased in expressid®ASP 8 caused
activation via intrinsic genes and proteins includB®gX, BAK, DIABLO and APAF1
resulting in the loss of mitochondria membrane potential. The executioners, mainly
caspase 3 and its paralogues were activated resulting in loss integrity of the cell
membrane, chromatin condensation and eventually cell death. However, OXY did not
cause TP53 activation, ROS generation and severe cellular DNA bre@kagedings

reported m this chapter consequently demonstrate that OXY can induce apoptosis.
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8.1 Introduction

Transforming growth factétb ( TGFb) signalling, which 1is
of more than 30 different members play crucial roles in tumour initiation, development
and metastasis. Therefore, the inhibition of epidermal growth factor is onetafdhes

of cancer therapeuti¢gSmithet al, 2012 Neuzilletet al, 2015. Some stilbenes such as
resveratrol, have been reported inhibiting epit@ growth factor (EGF) and related
receptor (EGFR), a transmembrane tyrosine kinase activated by ligands, and the
transforming growth factobeta (TGKFb )(Zhao et al, 2018. Some other genes
MEK/ERK signalling cascadesuch asCXCR4 and its ligands also take part in
controlling proliferation and metastasis of cancer cells and may be mediated by
stilbenoids(Bhattacharyaet al, 2011 Chenet al, 2013 Wanget al, 2017). Therefore,

such genes may be thought of as indicator genes that should be monitored if a compound,
such as OXY is considered to shows igmtbliferation, antimigration or aniiinvasion

in cancer cells.

Cyclini dependent kinases (CDKs) play a crucial role in cell proliferation and control of
the cell cycle and are moderated by interactions with cyclins or CDKs inhibitors. For
example, CDK2 and CDK4/6 in association with their respective catalytic partners
including cyclin D and E types are responsible for retinoblastoma proteins (Rbs) and then
bind to sequester members of the E2F family of transcription factors directly regulating
S phase of the cell cycléim and Kaldis, 2013 CDK2 could also be inhibited by p21
(CDKN1A) which represents a major target of p53 activity. Recently, CDK2 inhibitor
has been reported as a possible therapeutic target for new cancer therapeutics to limit
tumour growth and help reduce the side effettsurrent chemotherapy dru@#/oodet

al., 2019. P53 also strictly controls GADD45A, one of the apoptotic inducers, playing a

negative role in cell proliferation and cell growthn et al, 20032.
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The interconnected link between the cell cycle and DNA repair is a cell cycle stage in
which the doublestrand breaks (DSB) may be generated. Most homologous
recombination events occur during sister chromatid synthesiséia Bhase of theell
cycle(Rothkammet al, 2003. The regulation of CDKs in the cell cycle is directly related

to homologous recombination and restricted the processiif @liase in eukaryotic cells
(Aylon et al, 2009. Therefore, mhibition of CDKs activities may affect the cell cycle
process and homologous recombination repair accordingly. Cisplatin (Cis) is a pfatinum
based chemotherapy drug widely used to treat several types of solid cancer including
breast cancer. However, thdsug can cause a toxic side effect and resistance to cancer
(Dasari and Bernard Tchounwou, 2D1%he inhibition of the gene overexpression in
DNA repair pathway has been reported éodme of the new strategies to overcome the
resistance or rsensitise them to chemotherapeutic compouiadliey et al, 2014
LeonGalicia et al, 2019. OXY was also investigatetbr its ability to increase the

sensitivity of selected cancer cells to selected chemotherapeutic drugs.

8.2 Aims

To investigate the effect of OXY exposure on the key genes and proteins in cell
proliferation, metastasis and DNA repair pathwaysMi@F7 and HepG2 cells. The
investigation was carried out using microarray data, gPCR, as well as flow cytometry to

analyse the cell cycle, cell migration and invasion.
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8.3 Results

8.3.1 Effect of OXY on cell proliferation and cell growth
8.3.1.1 Genes exssion

OXY inhibited genes involving in transforming growth faétor ( T GF b)) sign
i ncl udi nNfGFRBZGARGLIBP1 through dovvstreamed deregulation of Smad1,
Smad3, Smad4,ad6, Smad7 and Smad9 (Figuré &§. Moreover, OXY also dowin
regulatedgenes in SMADindependent pathways including NFkB, TNF, MAPK of
TGFb signalling family and genes Figure Pl 3K
66), which involvedin cell proliferation procesOXY significantly (P<0.05)inhibited

the expression of geaen DNA synthesis and cell cycle pathwaifg(re 67, directly

related to cell proliferation and growth. The key genes in this process including CDK2,
CDK4 and E2F. Several genes in G1 phase such as CDK4/CCND complexes were also
significantly inhibited.While, G1/S transition phase was the most dawgulated of

CDK2 and Cyclin Es complex. The process was also disphosphorylated by the expression
of CDKN1A and GADDA45A resulting in blocking the DNA polymerase and DNA
replication. While, the gene in G2 phaskphase such as CDK1 was not significantly
affected by the OXYtreatment. The expression signals of key geneI@F7 cells

treated with 0 uM, 50 uM and 100 uM for 24 h were elucidate8igure 68 CDK2,

CDK4, E2F1, FoxM1, TP53 and TGFB1 were signifitcgndowni regulated, while

CDKN1A and GADDA45A were significantly tipegulated.

The relative quantity of mMRNA expression of the relevant geneslitproliferation and
growth was validated by gPCR using specific primer sets. The gene expression was
consistehwith the data acquired from microarray showrrigure 69 CDK4 and E2F1

were significantly dowinregulated, while CDKN1A and GADD45A were significantly

upi regulated dogalependently.
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Figure 66 Gene expression in TR®eta receptor pathway altered by 100 iDXY
treatment ilMCF7 breast cancer cells and then the genes were imported to the database

of WikiPathways.org. Genes labelled in green were up regulated and in red were down
regulated.
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down regulated.
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variance followed by Dunnett's test. The significant difference was compared relatively
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182



207

<

5 "

g 157 m— 50UM OXY
g = 100uM OXY
% 10— |

>

(@4

p ,

E 5 -

o

[}

@
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8.3.1.2 Cell cycle analysis

To investigate the effect of OXY on cell growth and division, the cell cycle analysis was
implemented using flow cytometry technique. Generally, after receiving signals for
proliferation, diploid cells exit the resting state Gap 0 (G0) phase and enBaph#

(G1) phase. At this stage, the diploid cells maintain their ploidy by retaining two complete
sets of chromosomes (2N). As the cells enter the synthesis (S) phase, DNA replication
starts, and in this phase, cells contain varying amounts of DNA. Thie r@plication
continues until the DNA content reaches a tetraploid state (4N) with twice the DNA
content of the diploid state. Tetraploid cells in the G2 phase start preparing for division
and enter the mitosis (M) phase when the cells divide into twdidaémliploids (2N)
daughter cells. Therefore, when based on DNA content, cell cycle is commonly described

by the GO/G1, S, and G2/M phases.

The results show (Table 236) that although OXY did not affect DNA contentMiCF7

and HepG2 cells following tee hours of exposure. the compound decreased DNA
content dos@lependently in GO/G1 phase of the cell cycle at 24 h. Compared with the
untreated control (0 uM), 25, 50 and 100 uM OXY decreased the percentage of the cell
population from 85.43+0.34 to 75.39¥6, 72.34+0.82 and 62.27+0.68%, respectively.

S phase also significantly decreased from 19.37+0.09 to 19.35+0.48, 16.47+0.63 and
14.66£0.57%, respectively. Whereas G2/M phase was likely to be induced from
3.52+0.11 to 4.50+0.46, 3.68+0.17 and 7.40+0.38&spectively during the time

incubated.

Likewise, there were no changes in the DNA content of HepG2 cells within 6 h exposure.
However, the cell population in GO/G1 and S phases was decreasédepesalently.

These results indicated that OXY arres8G1 and S phases of the cell cycle.
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Table22 Effect of OXY on cell cycle distribution iMCF7 cells determined using flow

cytometry. The histograms showing the numbers of cells in different phasegl@ker

cells were treated/ith OXY 251 0 0

analysis.

e N124fth and thén subject to flow cytometric
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Table23 Effect of OXY on cell cycle distribution iMCF7 cells determined using flow
cytometry. Bar graphs showing the percentagdg©F7 cells in GO/G1, S phases and
G2/M when treated with OXY 23 0 0 & Mi24 loand tBen subjected to flow

cytometric analysis. Data are the mean + SD (n=3).
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Table24 Effect of OXY on cell cycle distribution in HepG2 cells determined using flow
cytometry. The histograms showing the numbers of cells in different phases after HepG2

cells were treated with OXY 5@ 0 0 & M24t and theéh subjected to flow cytometric

analysis.
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Table25 Effect of OXY on cell cycle distribution in HepG2 cells determined using flow
cytometry. Bar graphs showing the percentages of HepG2 cells in GO/G1, S phases and
G2/M when treated with OXY 5@ 0 0 ¢ W24t and theh subject to flow cytometric

analysis. Data are theean = SD (n=3).
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8.3.2Effect of OXY on cell migration, invasion and metastasis

8.3.2.1 Gene expression results

OXY was found to dowiregulate genes involved in chemotaxis and metastagisiré 70)
including chemokine (X1 C motif) receptor 4 (CXCR4), chemokinei(C motif) receptor 7
(CCR7) and chemokine (&Xi C motif) ligand 12 (CXCL12). Moreover, the compound also
downi regulated the important genes in the PI3K/Akt signal transduction patiiicaye 70
including phosphoinositid&i kinase, PI3KR1, phosphoinositid# kinase, regulatory subunit 2
(beta); interferon, gamrivanducible protein 30 (PI3KR2), phosphoinositi@ekinase, regulatory
subunit 3 (gamma) (PI3KR3), AKT1, AKT2 and other ddwstmeam genes, which inhibited cell
growth, migration and survival. The average signal (log2) of the key genes in cell migration,
invasion and metastasis pathwaysMEF7 treated with 0 uM, 50 uM and 100 pM for 24 h
retrieved from microarray shown Figure 71 Gene CXCR4, CCR, XCL12, PI3KR2, PI3KR3,

AKT1 and AKT2 were dowiregulated significantly compared to the controls.

The relative quantity of mMRNA expression of the several geneslimigration, invasion and
metastasis pathways was also validated byRjB€ing specific primer sets. The gene expression
was consistent with the data acquired from microarray shoviigure 72 all gene selected
including CXCR4, CXCL12 and PIK3R were significantly dawegulated dosalependently,

while AKT1 was not significatly different.
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Figure 70 Chemotaxis, metastasis and PI3K/AKT signal transduction pathways
integrating expression data BICF7 cells treated with 100 uM OXY for 24 h. Genes

labelled in green were up regulated and in red were down regulated.
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Figure71 The expression signals of key genes in cell migration, invasion and metastasis
pathways oMCF7 treated withwo different doses of OXY( 50 uM and 100 uM) for 24

h. Data are the mean + SEM (n=3tatistical analysis was carried out using Qs
ANOVA analysis of variance followed by Dunnett's test. The significant difference was
compared relatively to the cootr(*P < 0.1, *P < 0.01, **P < 0.001 and ****P <
0.0001).
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Figure 72 Real time qPCR fromMCF7 cells treated with OXY. Validation of selected
genes differentially expressed fraCF7 cells treated for 24 h with 50 uM or 100 puM
of OXY versus the control data sBtata are the mean = SD (n=3). Statistaifference
between the two treatmenigas carried out using unpairédest (*P < 0.5 and **P <
0.05).
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8.3.2.2Wound healing assay

The woundhealing assay was developed and implemented to study directional cell
migrationin vitro. This method mimics cell migration during wound healingvivo
(Rodiiguezet al, 2005. OXY inhibited the cell migration dosdependently.Figure 73
elucidated the gaps and woiictbsure folds oMCF7 cells treated with different three
doses of OXY; 25 uM, 50 pM and 100 pM compared to untreated control (O Til).
untreated cells migrated to each other and nearly closed the gap at 48 h. The cell treated
with 25 pMi OXY the gap also closed tirméependently in 24 h. However, the gaps
remained the same at the doses afdd and 100 uM treatments. The wouiidlosure

folds compared to the gaps at the beginning of each treatment. The untreated cells did
not close the gaps completely moving around half of the wounds. Th&25XY made

the fold a bit closer than the control at B4and 48h treatments. While 5QuM and 100

MM OXY inhibited the wound closure to around 0.1 and 0.2 fold ah2thd 48h

treatments, respectively.

Likewise, woundhealing results in HepG2 were alsosd dependently effect shown in
Figure 74 The monolayer cells closed the gap finkependently in 48 and some cells
closed the gaps completely at #8reatment of untreated control and 6XY. Whereas,

the gaps tended to be constant ati2dnd 48h of 100 uM OXY and 200 uM OXY
treatmentFigure 74shows line graphs of the wodurdosure fold of HepG2¢ated with
different three doses of OXY (50 uM, 100 uM and 200 uM) compared to the untreated
control. The untreated control cells closed the gaps linearly given around 0.4 fold and 0.7
fold at 24 h and 48 h treatment. Similarly, the closing fold ¢fuB0 treatment was in
linear given the values around 0.25 fold and 0.5 fold at 24 h and 48 h treatment,
respectively. Whereas 100 uM OXY made the gaps close at afolifald and 0.2fold

at 24 h and 48 h treatment, respectively. Moreover, the Vaologlire ted to be

completely inhibited at the dose of 200 uM OXY.
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Figure 73 OXY inhibits MCF7 cell migration; average number of cells migrating to the
scratch lines and treated with 50 uM 100 uM and 200 uM OXY compared to the untreated
group. The gaps were measured at 0, 24 and 48 h after exposed to the coptaund.

are the mean = SEM (n=3).
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Figure74 OXY inhibited HepG2 cell migration; average number of cells migrating to the
scratch lines and treated with 50 uM 100 uM and 200 uM OXY the gaps were measured
at 0, 24 and 48 h after exposed to the compadDath are the mean £ SEM (n=3).

195



8.3.2.3Invasion assay

Transwell invasion assay was conducted in HCC1937 (invasive breast cancer cells) and
HepG2 cells. Cells were plated into the matiigebhted upper chamber of ai2vkll

format transwell platand then challenged with OXY. Total 5pg/mL fibronectin was used

as a chemoattractant. After 24 h of incubation, cells that invaded through the membrane
were stained with crystal violet. The representative fields of three independent
experiments are shown Table26. The relative invasion was evaluated by counting the
number of stained cells shownkigure 75 HCC1937 and HepG2 cells invaded through
marigel at some certain numbers. The two kinds of the cell were inhibited the invasion
dosé dependently. The relative invasion of HCC1937 cells was reduced to roughly 25%
and 10% in 50uM and 100uM OXY treatments, respectively. Likewise, OXY also
inhibitedthe HepG2 invasion to around 50% and 10% ii0 and 100 uM treatment,

respectively.
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Table 26 OXY inhibits HCC1937 andHepG2 cell invasion; cells migrating through
matrigel in the medium treated with 50 uM 100 pM | @XY compared to the untresat

group for 24 h. Each of thaglires is representative of three separate experiments.
Magnification =x20; scale bars 200 pm.
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