Sub-project 1: Extraction/isolation/structure elucidation of natural products

ABSTRACT

Our research group has compiled 725 samples of natural, modified and synthetic
compounds, as well as fractions and extracts from our laboratory and tabulated as a list which
contains information about types of the isolated compounds, plant sources, sample types,
plant parts and bioassays. In addition three more plants have been chemically investigated. The
structures of forty-nine pure compounds and a mixture of B—sitosterol/stigmasterot were

established on the basis of spectroscopic methods.

Keywords: Flavonoids, terpenoids, lignans, phenolics, Styryllactones, iridoids, xanthones

benzophenones
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The information covering the code of sample, natural (Nat) or modified (Mod) or
synthetic (Syn) compound, type of compound, plant source, sample type, plant part and
bioassay are tabulated (Table 1). A collection of 725 samples, including crude extracts (E),

fractions (F) and pure compounds (P) are also categorized.

Table 1.1 Compound Library
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Sub-project 2: Cytotoxicity, Anticancer effects of natural derived compounds

and their mechanism at molecular targets

Abstract

Cancer remains the leading cause of death and becomes a significant public health burden
worldwide including in Thailand and China. Chemotherapy is the gold standard for aggressive and
metastasis cancer, however, the satisfactory outcome is poor because of the limitations from their
side effects. Therefore, searching for novel compounds with great anticancer activities is our
challenge. Herein, under the collaboration between Thai and Chinese scientists, we discover
promising compounds from natural resources with anticancer activities. First, we screened 151
compounds from marine-derived actinobacteria and their analogs using sulforhodamine B assay. We
found that 90 out of 151 (69.6%) exhibited cytotoxic activity. Among them, 27 compounds showed
the IC50 less than 10 mM against all 6 cancer cell lines. Next, we investigated the mechanisms
related to the anticancer activity of compound HD ZWM 978 identified from the screening against
gastric cancer cell lines, AGS, and MKN 45. HD ZWM 978 was potentially more cytotoxic than the
clinically used etoposide, with IC50 values at 48 h of 1.7+0.2 mM and 4.3+1.0 mM in AGS and MKN
45 cells, respectively, whereas the IC50 values of etoposide were 8.6+2.4 mM and >20 mM in AGS
and MKN 45 cells. Treatment with HD ZWM 978 markedly induced apoptotic cell death in AGS
cells. Moreover, HD ZWM 978 significantly inhibited Topo IO activity leading to DNA damage as
demonstrated by an increase in Y-H2A.X expression, the DNA damage marker, in a dose-dependent
manner. The anticancer mechanism of HD ZWM 978 was further investigated in the WNT/b-catenin
pathway and found that HD ZWM 978 significantly reduced the expression of b-catenin protein and
WNT target gene; c-MYC, and survivin. Our results indicate that HD ZWM 978 induces gastric cancer
cell apoptosis partly through induction of DNA damage-mediated by topoisomerase IOl enzyme
inhibition and inhibition of the WNT/B—catenin signaling pathway. In addition, we investigated the
anticancer mechanism of two andrographolide analogs, analog 6 (19-triisopropyl-andrographolide)
and analogs 3A.1 (19-tert-butyldiphenylsilyl-8,17-epoxy andrographolide) on gastric cancer and
colorectal cell lines, respectively. analog 6 exhibited highly cytotoxic than parent Andrographolide
or the clinical drug etoposide with IC50 values of 6.3+0.7 mM and 1.7+0.05 mM at 48 h for MKN 45
and AGS cells, respectively. Analogue 6 reduced the expression of Topo Il enzyme, induced DNA
damage, and activated PARP-1 and Caspase 3, leading to late apoptosis in AGS cells whereas
treatment with the compound did not affect the expression of tumor suppressor p53. Similarly,
analogs 3A.1 exhibited a significant cytotoxic effect against CRC cells and more potent than the
parent compound. Mechanistically, analogs 3A.1 induced apoptotic cell death probably through
inhibition of WNT/b-catenin signaling pathway-mediated DNA damages. Taken together, under the
collaboration project between Thai and Chinese scientists, we able to discover the promising
compounds that have the potential to be developed as novel anticancer compounds for cancer
treatment.

Keywords: anticancer activity, medicinal plants, marine microbes, gastric cancer cells, colorectal
cells
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Sub-project 3: Anti-diabetic effect of compounds

ABSTRACT

Kidney plays is one of the most important organ regulating blood glucose by
reabsorption of filtered glucose from glomerulus via renal glucose transporters located at
renal proximal tubular cells. Sodium glucose cotransporter (SGLT) 2 inhibition has been
found to be anti-diabetic drug target for type 2 diabetes, all SGLT2 inhibitors have same core
structure as same as phlorizin (first SGLT2 inhibitor). So, it is interesting to find a new SGLT2
inhibitor from natural for diabetic treatment. First, the inhibitory effect of 134 compounds
was screened by uptake assay in human renal proximal cell line (HK-2 cell) using [SH]—Z—
deoxy-d-glucose (2DG) as radioactive substrate. 3 marines (HD-ZWM-1081, HD-ZWM-1083,
HD-ZWM-1084) inhibited SGLT2 in HK-2 cells with cytotoxicity effect. Kaempferia parviflora
extract (KPE) and Boesenbergia pandurata extract (BPE) were found to inhibit SGLT2-
mediated [3H]—2DG uptake in HK-2 cell with IC5y of 124 and 211 pg/ml, respectively.
Moreover, effect of KPE and BPE on glucose transporter (GLUT) 2 inhibition was examined.
KPE and BPE inhibited GLUT2-mediated [3H]—2DG uptake with ICsq of 71.59 and 190.9 pg/ml,
respectively. Selectivity of hit compounds was tested by examining effects of hit compounds
on SGLT1 and GLUTs inhibition in enterocytes (Caco-2 cell). KPE did not inhibit SGLT1 while
BPE significant inhibited SGLT1. Both KPE and BPE had no effect on GLUTs inhibition. The
effect of KPE and BPE on anti-hyperglycemia was examined in diabetic rat (Goto Kakizaki (GK)
rat). Orally administration of KPE and BPE reduce plasma glucose without changing plasma
insulin indicating the therapeutic potential for type 2 DM treatment. In addition to the
therapeutic potential application of Boesenbergia pandurata on diabetes, compounds from
this plant panduratin A and pinostrobin showed protective effect of nephrotoxicity induced
by drug including cisplatin, anti-cancer, and antibiotic drug, colistin. The protective effect of
these compounds were mediated by decrease in ROS, pro-apoptotic proteins, ERK and
caspases, and mitochondria damage. Collectively, panduratin A and pinostrobin have

potential protective effect on nephrotoxicity induced by cisplatin and colistin.

Keywords: Diabetes; Sodium glucose co-transporter 2; flavonoids; kidney injury;

Boesenbergia pandurata
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INTRODUCTION

Diabetes mellitus (DM) is a group of metabolic disorder, which is more prevalent in
elderly. The causes of T2DM are resulted from the defects in insulin secretion and/or insulin
action. Approximately 2.8% of the population worldwide suffers from T2DM and it may

reach 5.4% by the year 2025 (Wild, 2004). The prevalence of T2DM increases with age and it

affects nearly 1 in 5 individuals over the age of 65 years. Blood glucose control is
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similar as found in in vitro data. Although, KPE and BPE showed the plasma glucose in
diabetic rats, the mechanisms responsible are unknown. The further studies concerning the

mechanisms are required.

Sub-project 4. Lipid lowering and anti-adiposity effects of

naturally occurring compound

ABSTRACT

The incidence of obesity has substantially increased worldwide and has been received
considerable attention as a major health hazard. It is common in aging population. The
present study aimed to investigate lipid lowering effect of Curcuma comosa Roxb. (C.
comosa) which contains phytoestrogen on adiposity and lipid metabolism in estrogen-
deprived rats. Adult female rats were ovariectomized (OVX) and received daily doses of
either a phytoestrogen from C. comosa [(3R)-1,7-diphenyl-(4E,6F)-4,6-heptadien-3-ol, DPHD],
C. comosa extract, or estrogen (17B—estradiol; E2) for 12 weeks. Adipose tissue mass, serum
levels of lipids and adipokines were determined. In addition, genes and proteins involved in
lipid synthesis and fatty acid oxidation in visceral adipose tissue were analyzed. The results
showed that ovariectomy for 12 weeks elevated level of serum lipids and increased visceral
fat mass and adipocyte size. These alterations were accompanied with the up-regulation of
lipogenic MRNA and protein expressions including LXR-Ol, SREBP1c and their downstream
targets. OVX rats showed decrease in proteins involved in fatty acid oxidation including
AMPK-OL and PPAR-OL in adipose tissue, as well as alteration of adipokines; leptin and
adiponectin. Treatments with E2, DPHD or C. comosa extract in OVX rats prevented an
increase in adiposity, down-regulated lipogenic genes and proteins with marked increases in
the protein levels of AMPK-OL and PPAR-QL. These findings indicated that their lipid lowering
effects were mediated via the suppression of lipid synthesis in concert with an increase in
fatty acid oxidation and AMPK-QOL activity in adipose tissues, supporting the use of this plant
for health promotion in the post-menopausal women.

In addition, DPHD also inhibited adipocyte differentiation of human bone marrow-
derived mesenchymal stem cells (hBMSCs) by suppressing the expression of genes involved
in adipogenesis through the activation of ER and Wnt/B catenin signaling pathways. This
finding suggests the potential role of DPHD in preventing bone marrow adiposity which is
one of major factor that exacerbates osteoporosis in post-menopause.

Keywords: anti-adiposity, diarylheptanoid, phytoestrogen, ovariectomy, Curcuma comosa,
adipocyte differentiation
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1. INTRODUCTION
1.1 Statement and significance of the research problem, and objectives

Obesity is a disorder of energy balance caused by the energy intake exceeds the
expenditure resulting in an excessive accumulation and expansion of adipose tissue. The
increase of visceral adipose tissue, specifically in adipocyte size, contributes to a chronic
state of low-grade inflammation affecting adipose tissue functionality. Dysfunction of adipose
tissue has been reported to be a major cause of metabolic disorders including insulin

resistance, type 2 diabetes, and cardiovascular diseases (Romeo, et al., 2012). The
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Sub-project 5: Neuroprotective effects of compounds

ABSTRACT

Alzheimer’s disease (AD) and Parkinson’s disease (PD) are the most two common
neurodegenerative diseases related with aging. The cause of these two diseases are still
unknown and treatment is unavailable. Oxidative stress occurred form free radical
accumulation increased with age and consequences of metabolic disorders are believed to
be a major cause of damage and death of neurons. Therefore, preventing oxidative stress
could be a strategy preventing neurodegeneration. In this project, in collaboration with
chemist from Thailand and China, we have tested several natural product derived
compounds and modified compounds for their ability to prevent neurons from damages and
death caused by both oxidative stress and factors known to induce neurodegeneration. We
found that several plant-derived compounds showed high scavenging property and can
protect neurons from oxidative stress induced cell damage and death. Interestingly,
modification of a known anti-oxidant compound also yielded compounds with better
activities. Among these, linking Alpha-lipoic acid (ALA) with an anti-ischemic drug 3-n-
butylphthalide (NBP) produced compounds that contain significantly greater neuroprotective
effect. Together the results from this study shade light to several possible compounds that
can be further developed into novel therapeutic agents for treatment of neurodegenerative
diseases.
Keywords: Neurodegenerative diseases, Alzheimer's disease, Parkinson disease,

modified natural compounds, neuroprotection, antioxidant
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Introduction

Neurodegenerative diseases such as Alzheimer’s disease (AD) and Parkinson’s disease
(PD) are progressive and irreversible damage of the nervous system. The pathogenesis of
these diseases is still unclear but several evidences suggest that oxidative stress, resulted
from accumulation of free radicals and decreasing function of endogenous anti-oxidant
system, is one of major causes of the degeneration [1-4]. The free radicals oxidize cellular
components such as lipids, proteins, and DNA leading to neuronal damage and death.
Mitochondrial electron transport chain generates reactive oxygen species (ROS) which toxic
to neuron. The ROS that are generated by mitochondrial respiration, including hydrogen
peroxide (H,0,), hydroxyl radical (OH), superoxide anion (o} )[5, 6] are potent inducers of
oxidative damage and mediators of ageing. Moreover, ROS particularly active in neurons as
the excitatory amino acid and neurotransmitters serve as source of oxidative stress. In
addition, neurons are post-mitotic cells and therefore, they are particularly sensitive to free
radicals leading to neuronal dysfunction, neuronal cell death and eventually
neurodegenerative diseases [7]. Currently there is no treatment for these diseases once they
occur, therefore protecting neurons from such damages is the best way to prevent these
neurodegenerative diseases.

Natural products from plants and marine microbes are sources of various biological
active compounds. Several of these compounds demonstrated potent anti-oxidation activity.
As oxidative stress in a major course of neurodegeneration, compounds derived from these
natural products might be able to protect neurons from damages and death caused by
oxidative stress or other related factor. Alpha-lipoic acid (ALA) is a naturally occurring
compound that has been shown to exert antioxidant and anti-inflammatory properties.
Several studies showed that ALA elicits neuroprotective effects both in vitro and in vivo
models [8-16]. Synergistic protective effect has been observed if ALA is combined with other
drugs in several different animal models of pathology [17-23].

In this study, a clinical anti-ischemic and neuroprotective drug 3-n-butylphthalide
(NBP) [24] was conjugated with lipoic acid by an amide bond and determined its

neuroprotective activities against oxidative stress-induced neuronal cell damage.
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Sub-project 6: Targeted drug delivery systems (TDDS) for anticancer activities

ABSTRACT

Andrographolide  analogue, namely  19-tert-butyl  diphenylsilyl-8,17-epoxy
andrographolide, or 3A.1, has been reported to be a potential anticancer agent for several
cancer types. Due to its poor aqueous solubility, 3A.1 was incorporated within pH-sensitive
amphiphilic chitosan derivatives (N-naphthyl-N,O-succinyl chitosan (NSCS), N-octyl-N-O-
succinyl chitosan (OSCS) and N-benzyl-N,O-succinyl chitosan (BSCS). These 3A.1-loaded
nanoparticles were nano-sized (<200 nm) and spherical in shape with a negative surface
charge. 3A.1-loaded nanoparticles were produced by dropping method. 40% initial 3A.1-
loaded NSCS exhibited the highest entrapment efficiency. The release of 3A.1 from these
nanoparticles displayed a delayed release pattern. Under acidic conditions (pH 1.2) there
was no free drug release. After the pH was adjusted to 6.8, a high cumulative 3A.1 release
was obtained. In vitro anticancer activity against colorectal cancer cell HT-29 indicated that
the 3A.1-loaded nanoparticles had significantly lower IC50 than the free drug and promoted
apoptosis. In addition, in vitro wound healing migration assay on head and neck cancer cell
(HN-22) revealed that free 3A.1 and the 3A.1-loaded nanoparticles inhibited cell motility
compared to untreated cells. Moreover, we synthesized folic acid conjugated NSCS (F-NSC)
for active targeting. The result of anticancer activity against HT-29, which are overexpressed
folate receptors on cell surface, clearly showed that 3A.1-loaded F-NSC had greater potency
than unconjugated NSCS nanoparticles and also more accumulation into cancer cells
through folate receptor-mediated endocytosis. These pH-sensitive amphiphilic chitosan
nanoparticles decorated with folate may be promising nanocarriers for oral anti-cancer drug

delivery to the targeted colon cancer sites.

Keywords: Anticancer, Andrographolide analogue, nanocarrier decorated with folate
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. INTRODUCTION

1.2 Statement and significance of the research problem

Drug delivery systems (DDS) are processes or methods of pharmaceutical compounds'
administration for an improved therapeutic effect in humans or animals body. DDS improve
therapeutic efficacy through control of rate, time and place of drug release. There are
commonly used routes of drug delivery including parenteral delivery, oral delivery,
transdermal delivery, mucosal delivery (e.g. pulmonary, ocular, sublingual). Oral
administration is the most widely used route of drug delivery due to its convenience in
terms of self-administration, pain free and high patient compliance, especially in the case of
chronic therapies. However, some properties of drugs are not suitable for oral route due to
side effects, rapid metabolism, and poor solubility. The low solubility of drug, that is
classified in Biopharmaceutical Classification System (BCS) class Il and class IV, is a crucial
obstacle due to low absorption in the gastrointestinal (GI) tract. Accordingly, the low
solubility leads to low bioavailability (Li et al., 2009; Lu and Park, 2013). More than 40% of
new chemical entities (NCEs) developed in pharmaceutical industry are practically insoluble
in water (Kalepu, 2013). The techniques used for solubility enhancement of drug include
particle size reduction, cosolvents, solid dispersions, complexation (Kumar, 2011). Recently,
scientists have challenged to generate novel carriers of oral drug delivery for obtaining

higher levels in bioavailability such as polymeric micelles, microemulsions, nanoparticles.
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