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CHAPTER I
INTRODUCTION

Background and rationale

The prevalence of diabetes mellitus worldwide has dramatically increased due
to the modern lifestyle, reduced physical activity and increased dietary fat consumption
[1]. Recently, the International Diabetes Federation, 2015 indicated that 415 million
people have diabetes, and the number of people with the disease is set to rise beyond
642 million in 2040 and type 2 diabetes accounts for at least 90% of all cases. Type 2
Diabetes mellitus (T2DM) is a chronic disease characterized by insulin resistance of
target tissues (skeletal muscles and adipocytes), caused by reduced communication of
insulin signaling, combined with progressive functional deterioration and decreased
insulin secreting from pancreatic beta cells [2]. These two pathological processes were
showed by impaired glucose tolerance of the affected individuals, leading to
hyperglycemia. Hyperglycemia can induce free radicals reactive oxygen species (ROS)
production, which is a major cause of cell injury and organs damage, especially
pancreatic beta cells that lead to the aggravation of type 2 diabetes. A key to successful
management of diabetes is to control postprandial hyperglycemia in order to reduce
short and long-term health complications including heart disease, nerve damage,
retinopathy and nephropathy [3]. Moreover, epidemiological studies indicated that the
risk of many types of cancer including pancreas, liver, and breast, is increased in diabetic

patients. Hyperinsulinemia most likely favors cancer in diabetic patients since, insulin is



acting as growth factor and mitogenic effects. Obesity, hyperglycemia, and increased
oxidative stress may also contribute to increased cancer risk in diabetes [4].
Hyperglycemia, insulin resistant, hyperinsulinemia, increased insulin-like growth factor-1
(IGF 1) level and inflammatory cytokines are potential mechanisms which believed act
as a key member that associated with increased cell proliferation, migration and invasion
and decreased apoptosis in cancer cell [5].

One of the major causes of type 2 diabetes is ROS and the NADPH oxidase (NOX)
complex that play a crucial role. The NADPH oxidase induces, under high glucose, ROS
production leading to insulin secretion and decreased insulin gene expression [6, 7].
Thus, the excessive or sustained production of ROS is negatively correlated with the
insulin secretory process, leading to impairment of pancreatic beta cells function. In
addition, oxidative stress mediated inhibition of insulin gene expression has been shown
to stem in part from the well-established decrease of pancreatic duodenum homeobox-
1 (PDX-1) binding to the insulin promoter [8]. Destruction of pancreatic islets leads to
decreased insulin secretion, resulting in an abnormally high blood glucose and
progressive generation of additional oxidative stress. The main signaling pathways
affecting insulin secretion is glucose transport into pancreatic beta cells by glucose
transporter 2 (GLUT2) which is then metabolized by glucokinase (GCK) to glucose-6-
phosphate, resulting in ATP production, which in turn induces Ca** influx, and then the
release of insulin. In parallel, PDX-1 is recognized as a key regulation factor in the

cascade regulating insulin secretion. Translocation of PDX-1 into the nucleus induces



proinsulin (PRE-INS) expression [9]. Thus, the suppression of NOX may reverse glucose-
induce insulin secretion. Another mechanism of diabetes type 2 is insulin resistance of
target tissues which skeletal muscles and adipose play a major role. Skeletal muscles
and adipose tissues are a major (80%) part of insulin-mediated glucose uptake from the
body in the post-prandial state, and play important roles in maintaining glucose
homeostasis [10]. In skeletal muscle and adipocytes, insulin increases glucose uptake
through signaling that leads to the activation of phosphatidylinositol-3 kinase (PI13K) and
Akt (also known as protein kinase B, PKB) resulting in increased translocation of glucose
transporter 4 (GLUT4) to the plasma membrane [10]. Another GLUT4 translocation
promoter is AMP-activated protein kinase (AMPK) [11].

Diabetes is chronic illnesses that depends on drugs for successful management.
However, diabetes medicines are very expensive and can cause serious side effects
such as kidney complications, increased risk of liver disease and increased anaemia risk
[12]. Traditional medicines derived from medicinal plants are used as an alternative
treatment by about 60% of the world’s population. The World Health Organization
(WHO) has listed 21,000 plants which are used for diabetes medicinal purposes around
the world [13]. Studies of medicinal plants have clearly established clinical information
to support anti-diabetes effect such as Allium sativa, Panax ginseng, Gymnema sylvestre,
Momordica charantia, Tinospora cordifolia and Murraya koenigii (L.) Spreng. [14].
However, numerous herbal plants have limited evidence to support anti-hyperglycemic,

side effect and long-term toxicity.



Many studies show the prevention and treatment of metabolic syndrome by
using natural compounds. Murraya koenigii (Linn.) Spreng (curry leaf) is defined in folk
medicine as a tonic, and for the treatment of stomach ache, and diabetes mellitus [15].
Several bioactive carbazole alkaloids have been isolated from the leaves of this plant,
including mahanine, mahanimbine, isomahanimbine, koenigine, koenine, girinimbine,
koenimbidine koenidine and murrayanine [15]. Carbazole alkaloids have been reported
for their various pharmacological activities such as anti-tumor, anti-viral, anti-
inflammatory, anti-diarrheal, diuretic, anti-oxidant and anti-diabetes activities [15].
Mahanine (3,11-dihydro-3,5-dimethyl-3-(4-methyl-3-pentenyl)-pyrano[3,2-alcarbazol-9-
ol) has been reported to be the major bio-active alkaloid [16]. Mahanine present in the
edible parts of some plants such as Micromelum minutum and Murraya koenigii, that
are consumed in some parts of Southeast Asia, including Thailand [17]. However,
evidence regarding the plant’s mechanisms of action by the active compounds from
Murraya koenigii has not been widely reported. Previous studies demonstrated the likely
mechanism of mahanine is its antioxidant and free radical-scavenging activities [18].
There are many mechanisms for reducing hyperglycemia such as increasing insulin
secretion, enhancing glucose uptake by skeletal muscle or adipose tissues and inhibiting
glucose absorption from the intestine. Some researchers have also demonstrated a
reduction of blood glucose and increased insulin sensitivity in obese rats [19], as well as

suppression of glucose uptake when treated with M. koenigii [20, 21]. However, any anti-



diabetes effect and the molecular mechanism signaling pathways for glucose uptake by
mahanine treatment still need investigation.

Currently, there are many studies on diabetes and cancer, such as using
metformin for cancer treatment [22]. There are problems in type 2 DM from
hyperglycemia, insulin resistant and hyperinsulinemia increased insulin-like growth
factor-1 (IGF 1) stimulation and inflammatory cytokines release which resulting in
promote cell proliferation, migration and invasion and decreased cell apoptosis which
favour on cancer. Cholangiocarcinoma is a malignant tumor that is originated from the
biliary epithelial cell, and is the second most common primary liver tumor, accounting
for about 10-15% after hepatocellular carcinoma [23]. Both types of hepatic cancer are
characterized by poor prognosis. Samatiwat et al. 2016 showed an inhibition of
Hedgehog signalling can increase the expression of MITF (total MITF) levels in human
hepatocellular carcinoma and cholangiocarcinoma cell lines [24]. In the presence of a
Hedgehog ligand, it smoothened enhances nuclear translocation of glioma-associated
transcription factors, glioma-associated oncogene 1 (GLI1) [25], thereby mediating the
Hedgehog signal. The increasing of GLI1 found in cancer cell proliferation. Because
Hedgehog signalling is required for normal development of RPE in the mouse [26], it is
tempting to speculate the Hedgehog signalling may influence MITF expression in the
liver. Mitf (transcription factors) ontains a basic helix-loop-helix and a leucine-zipper
(bHLH-LZ) structure, and it has been established as a key regulator for development of

melanocytes and the retinal pigment epithelium (RPE) [27-30]. However, subsequent



studies have suggested the pleiotropic functions of Mitf in various organs, including liver
[31], pancreas [32], kidney [33], lung [34], olfactory bulb [35] and frontal cortex [33]. A
first step to study the regulation of MITF in the liver by analysed the expression profile
of gene in human hepatocellular carcinoma and cholangiocarcinoma. We thus show that
MITF immunoreactivity is detected in subsets of human hepatocellular carcinoma and
cholangiocarcinoma specimens that also express GLI1. Subsequently, we study MITF
expression in human hepatic cancer cells treated with mahanine from Murraya koenigii.
This plant is used as folk medicine in Thailand, where the liver fluke-associated
cholangiocarcinoma is common [23]. In fact, the infection with the liver fluke
(Opisthorchis viverrini) is a well-known risk factor of cholangiocarcinoma in Thailand [36,
37]. We found that mahanine show not only anti-diabetes effect but also anti-cancer via
Microphthalmia-associated transcription factor (Mitf) pathway. The increase in MITF
expression was found in human hepatic cancer cells treated with mahanine [38, 39]. A
better understanding the regulation of MITF expression may contribute to developing a
novel anti-hepatic cancer agent.

In this study determination of anti-oxidative effect and anti-hyperglycemic
mechanisms of bioactive compounds from Murraya koenigii and Stevia rebuadiana were
performed. The mechanisms of oa-glucosidase and a-amylase inhibition activity,
stimulation of glucose uptake in both fat cells (3T3-L1) and skeletal muscle (L6) cell were
studied. The pancreatic beta cells protective effect of both compounds from free

radicals damaged in high glucose conditions were also determined. The results were



that mahanine showed more effective than steveiol to increase glucose uptake in
skeletal muscle and adipocyte cells. The effect of this compound to prevent
hyperglycemic occur through mechanisms such as increased glucose transporter 4
(GLUT4) translocation to the plasma membrane via the AMPK pathway or stimulation
of phosphatidylinositol 3-kinase (PI3K) Akt pathway. In addition, mahanine showed the
effect on NADPH oxidase mediated oxidative stress and insulin secretion of pancreatic
beta cells that response to high glucose condition and explored the underlying
mechanisms. Moreover, anti-cancer effect of mahanine via Mift mechanism was also

revealed in this study.



CHAPTER II
LITERATURE REVIEW

2.1 Epidemiology of diabetes mellitus

Nowadays, there are 382 million people living with diabetes mellitus. A more 316
million with impaired glucose tolerance are at high risk from the disease an disturbing

number that is set to reach 592 million by 2035 [40].

2.2 Definition of diabetes mellitus

Diabetes mellitus is well-defined as an elevated blood glucose related with absent
or inadequate pancreatic insulin secretion, with or without parallel impairment of insulin
action. The disease situations underlying the diagnosis of diabetes mellitus are classified
into four types: typel, insulin-dependent diabetes; type2, non-insulin-dependent
diabetes; type3, other; typed, gestational diabetes mellitus [41]. However, type 2
diabetes mellitus is importance because 90% of diabetes mellitus developed to this
type. In addition Type 2 diabetes mellitus leading to causes of diabetes complication
such as retinopathy, neuropathy and cardiovascular disease. Therefore, prevention or
treatment of type 2 diabetes is an importance to reduce complication and this study

will be focused on treatment of type 2 diabetes mellitus.



2.3 Glucose homeostasis

The preservation of glucose homeostasis is regulated by multipart interaction
between organs, hormone and the neuronal control system. Insulin and glucagon are
recognized to hold leading roles for balancing blood glucose levels, in case of feeding
and staving state [42, 43]. Insulin is a hypoglycemic hormone that increases glucose
storage into the cells (feeding state), while glucagon is hyperglycemic hormone that
stimulates the release of glucose from the liver (staving state) [43]. The rising of glucose
levels after intake response to pro-insulin undergoes posttranslational processing into
insulin and C-peptide secretion [44]. This process happens in the secretory vesicles just
before useful insulin is secreted form the pancreatic beta cells into blood circulation.
Insulin stimulates the uptake of glucose into outer tissue, mainly skeletal muscle and
adipose cells, and encourages storage of glucose in the liver in the form of glycogen
(glycogenesis); glycogen can be quickly released, broken down to glucose and used for
energy as required [45]. As a rule, the body’s energy supplies are met first, monitored
by the formation and storage of glycogen; finally, if excess glucose is still presented, it is
changed to fat and stored in adipose tissue. After the blood glucose level returns to the
normal state, insulin secretion is inhibited [46].

The stimulation of glucose uptake into muscle and adipose cells needs to have
insulin in process of translocation via glucose transporter (GLUT-4) [47]. Insulin starts
the biological properties by binding to its receptor on muscle and/or adipose cell

surface. The insulin receptor is a glycoprotein going to subfamily of tyrosine kinase
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receptor, and is composed of two alpha-subunits and two beta-subunits. When insulin
binds to alpha subunits of insulin receptor, tyrosine kinase activity be present in beta
subunit. After that Beta subunits is stimulated and catalases the phosphorylation of an
amount of cellular proteins such as insulin receptor substrate (IRS-1) and (IRS-2). In the
basal state, GLUT-4 is stored within secretory vesicles in cytoplasm. Upon
phosphorylation, these vesicles are released from intracellular site, letting trafficking of
GLUT-4 to the surface via exocytosis, where the vesicles then fuse with the cell
membrane and let glucose to move in the cell by facultative diffusion. This effect of
insulin on translocation of GLUT-4 is reversible. When insulin levels decrease, GLUT-4 is
removed from the cell surface and restored back to secretory vesicles in intracellular
sites. In opposition, glucose uptake into intestine, kidney, liver, and brain tissues is not
dependent on insulin. Glucose arrives the hepatocytes and pancreatic beta cells via
GLUT-2 glucose transporters, whereas GLUT-3 together with GLUT-1 are involved in non-
insulin mediated uptake of glucose into the brain [48]. During starvation, decreasing
blood glucose levels reason secretion of glucagon from the pancreas. Glucagon
stimulates the change of liver glycogen to glucose or glycogenolysis and synthesis of
glucose from the non-carbohydrate molecules or gluconeogenesis. The hepatic glucose
production reasons the releases of glucose into the blood circulation and gets blood
glucose levels to the normal range. This process is required for maintaining blood glucose
within homeostatic level to ensure a sufficient stock of glucose for normal organ function

and survival, since the brain and other neuronal tissue use glucose at a constant rate.
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Therefore, insulin is necessary endocrine hormone, which is importance for metabolic

process in both normal and diabetes mellitus [47, 49].

2.4 Insulin

Insulin is small protein contains 51 amino acid arrange in two chain connected
by disulfide bridges; there are species differences in the amino acid of both chain [50].
Proinsulin, a long single chain protein molecule, is managed with in the Golgi apparatus
of beta cells and packaged into granules, where it is hydrolyzed into insulin and a residual
linking segment called C-peptide by removed of four amino acid [50]. Insulin and C-
peptide are secreted in equimolar amounts in response to all insulin secretagogues; a
small quantity of unrefined or incompletely hydrolyzed proinsulin is released as well.
Although proinsulin may have some mild hypoglycemic action, C-peptide has no know
physiologic function. Granules within the beta cells store the insulin in the form of
crystals involving of two atom of zinc and six molecules of insulin. Basal insulin standards
of 5-15 puU/mL (30-90 pmol/L) are established in normal human, with a peak rise to 60-
90 pU/mL (360-540 pmol/L) during meals [51].

Insulin is secreted from pancreatic beta cells at a low basal rate and at much
higher stimulated rate on response to a variety of stimuli, especially glucose. Glucose-
stimulated insulin secretion (GSIS) relates glucose oxidation in order to produce ATP
and the anaplerotic/cataplerotic pathway which mediated generation of coupling factors
that activate insulin secretion [52, 53]. In the fasting state, insulin is not secreted,

glucagon derives out from the alpha cells to excite the liver to produce glucose, and
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these tend to raise the blood sugar back up to normal levels. Food consuming is as the
glucose goes up, that stimulates the beta cells in the pancreas to make insulin, which in
turn locks off glucagon, with decreased glucose output from the liver and of course,
peripheral tissues that are insulin-sensitive, such as muscle and adipose tissue, take up
glucose. Therefor is what happens in the normal state. In diabetes, there are some
major pathophysiologic defects in type 2 diabetes, and there is islet cell dysfunction.
There is an unsuitable secretion of glucagon leading to enlarged hepatic glucose output;
the beta cells is not making as much insulin as it should be so there is a relative insulin
deficiency. In addition, of course, in type 2 diabetes we usually have insulin resistance
as well, so that the insulin-sensitive tissues are not picking up glucose like they should.
These situation results in elevated levels of glucose in bloodstream. One mechanism of
stimulated insulin release is show on the Figure 1, hyperglycemia result in increased
intracellular ATP levels, which adjacent the ATP dependent potassium channels.
Decreased external potassium efflux results in depolarization of the beta cells and
opening of voltage gated calcium channels. The resulting improved intracellular calcium
triggers secretion of insulin. However, in type 2 diabetes mellitus represent abnormal

insulin secretion or insulin resistance in skeletal muscle cell.
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Figure 1: Mechanism of insulin secretion in beta cells [54].

2.5 Insulin resistance

Insulin resistance is a situation in which target tissues decrease sensitivity to
normal circulating heights of insulin. In the insulin resistant specific, the cell- surface
receptor on skeletal muscle, liver and adipocyte cells no longer muddles insulin
appropriately and/or responds to the insulin signal with the importance of reduce
glucose uptake. Consequently, the pancreas tried to reward by increasing insulin
secretion for maintaining glucose homeostasis. Many persons with insulin resistance
have increased heights of both glucose and insulin circulation in their blood concurrently
[55, 56].

2.6 Insulin signal transduction in type 2 diabetes

In the physiological condition, insulin regulates the blood glucose level, cell
growth and cell metabolism. When insulin bind to the insulin receptor, which is

transmembrane tryrosine kinase receptor it course receptor remodeling by
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phosphorylated the substrate protein such as Gabl, CbI - CAP and insulin receptor
substrate (IRS) protein. The activated receptor send the signal transduction to the cell
by two major pathways. First, mitogen activated protein kinase pathway, Ras activate
MAPK cascade that involve in cell growth [57, 58]. Second is phosphoinositide 3-kinase
(PI3K) pathway, insulin receptor substrate (IRS) protein induced PI3K,
phosphatidylinositol (3,4,5)-triphosphase (PIP3) and PDK1 activation. The downstream
signal transduction send to Protein serine/threonine kinase B (PKB) or AKT, P70S6K and
Protein kinase C leading to glucose transporter (GLUT) vesicles fuse with the cell

membrane and let glucose enter to the cell by facultative diffusion [57, 58].
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Figure 2: Insulin signal transduction [59]
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2.7 Cause of insulin resistance

Circumstances, insulin resistance is a risk of causing type 2 diabetes and found
that insulin resistance is associated with physical abnormalities such as obesity, high
blood pressure and infectious diseases. The mechanism of insulin resistance is caused
by the phosphorylation at serine or threonine of IRS proteins leading to send a negative
feedback to stop responding to insulin (Figure 3). Increasing of tumor necrosis factor a
(TNF a), cellular stress (ROS) and fatty acid (FFA) has been reported as the cause of
insulin resistance [60]. The increased free fatty acid passes through the cell by fatty acid
transporter protein and accelerates the process of metabolism of fatty acids and
stimulate protein kinase C (PKC). Induction of protein kinase C by the phosphorylation
at serine or threonine of IRS proteins lead to inhibition of PI3K signaling pathway caused

the reduction of intracellular glucose transport [58].
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Figure 3: Ser/Thr-phosphorylated insulin receptor substrate (IRS) proteins as

modulators of insulin action and insulin resistance [59].
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In addition, diabetes type 2 patients found the abnormalities of beta cells
function and quantity. The mechanism that causes the death of the beta cells is the
high level of blood glucose that stimulates the creation of reactive oxygen species (ROS).
The occurrence of ROS, resulting in the activation of cytokine leading to beta cells
destruction while the pancreas has low antioxidant property and easy causing further
damage [61].

2.8 Insulin signaling in skeletal muscle and adipocyte

Total body glucose homeostasis is controlled by hormone insulin, which is
secreted from beta cells in the pancreatic islets in response to a rise of glucose
concentration. Insulin stimulates glucose transport, oxidation and regulates protein
glycogen in target tissue such as skeletal muscle and adipose tissue. Skeletal muscle and
adipocyte is responsible for approximated 80% of whole body glucose uptake in insulin-
stimulated conditions, thus it is essential tissue to study the defect mechanism of insulin

signaling transduction and action [62].

2.9 Glucose transporter

Glucose transporter (GLUT) plays a crucial roles in glucose metabolism [10].
Glucose transporter isoform-4, a member of the GLUT family, is mainly articulated in
skeletal muscle, heart, and adipose tissues. When target cell was stimulated by insulin,
GLUT-4 from the intracellular pool will transfer to the plasma membrane resulting

glucose uptake [62].



Table 1: The glucose transporter (GLUT) family of facilitative sugar
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The glucose transporter (Glut) family of facilitative sugar
Isoform Main tissue location Insulin Functional

sensitive characteristics

GLUT1 erythrocyte, brain, muscle No Glucose

GLUT2 liver, pancreas, intestine, kidney | No Glucose

GLUT3 brain No Glucose

GLUT4 heart, muscle Yes Glucose

GLUTS intestine, kidney, testis No Glucose/Fructose

GLUT6 brain, spleen, leucocyte No Glucose

GLUTS8 testis, brain No Glucose

GLUT9 liver, kidney No Glucose

GLUT10 Liver, pancreas No Glucose

GLUT11 heart, No Glucose/Fructose

GLUT12 heart, prostates, small intestine | Yes Glucose

2.10 Signaling pathway and glucose uptake in skeletal muscles and

adipocyte

The skeletal muscles and adipocytes are the majority (80%) part of insulin-

mediated glucose uptake

from whole body in post-prandial state which play an

important role in maintaining glucose homeostasis [10]. In skeletal muscle and

adipocyte, insulin increases glucose uptake through a signaling that leads to activation

of phosphatidylinositol-3 kinase (PI3K), Akt and atypical PKCs (aPKCs) resulting in
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increased translocation of glucose transporter 4 (GLUT4) to the plasma membrane [10].
Another GLUT4 translocation promoter is AMP activated protein kinase (AMPK) [11]. Two
different signals exist as AMPK activators; passing increase in intracellular Ca”™
concentration contributes to activation of AMPK, and AMPK-dependent pathway leads

to contraction-induced glucose uptake [11], which is linked to enhanced GLUT4 genesis

and translocation to the cell membrane [11].
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Figure 4: Glucose uptake signaling pathway [63].

2.11 Defects in insulin signaling and metabolism in skeletal muscle and
adipocyte

Skeletal muscle and adipocyte insulin resistance is an early defect in type 2
diabetes. Therefore, deeper empathetic of the mechanisms which lead to dysregulation
of insulin action in muscle may play a significant role in drug improvement. IRS-1 and
IRS-2, the major downstream target of IR, are the major IRS isoforms that expressed in

skeletal muscle. Reduced insulin-stimulated phosphorylation of IRS-1 has been

established in muscle from type 2 diabetes patients [64]. The phosphorylation of IRS at
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this serine residue lead to decreased IRS tyrosine phosphorylation with consequent
impaired activation of PI3K [64]. The phosphatidyl inositol-3 kinase (PI3K) plays a critical
role in insulin-mediated signal transduction, control glucose uptake and GLUT4
translocation. Significant defects in phosphorylation of AKT has been reported in human
primary muscle cell from Type 2 diabetes patients [65]. AS 160 is a downstream target
of AKT, and link PI3K/AKT signaling to GLUT4 translocation. The insulin-encouraged
phosphorylation of AS 160 is significantly decreased in skeletal muscle and adipocyte

from type 2 diabetes subjects [65].

2.12 AKT protein

AKT/PKB (a serine/threonine kinase with a, B and y isoforms) is an importance
key enzyme that regulating of insulin function [66, 67]. AKT a has a function in fat
metabolism, stimulates glycogen synthesis in muscle and a function of insulin in
adipocytes [68, 69]. AKT {3 is a main isoform in skeletal muscles [69, 70]. The lack of AKT
y activity showed in skeletal muscle of obese and insulin resistant persons [71, 72].
Therefore AKT is play a key role in insulin target tissues to activate the glucose uptake
[73].

2.13 AMPK protein

AMPK, the most important molecule that controlling energy metabolism and
maintain glucose balance, is recognized as a core in type 2 diabetes and other metabolic
syndromes [74]. AMPK is expressed in various organs that could be induced hormones

stimulations, cellular stress and movement and substances effecting cellular
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metabolism. The activation of AMPK could ameliorate metabolic dysfunctions triggered
by type 2 diabetes. AMPK exists as a heterotrimer complex consisting of a catalytic
subunit o and two further regulatory subunits 3 and y. Each of these subunits has
isoforms expressed by different genes [75]. N-terminal of a subunit consists of a
conservative site Thr172, the phosphorylation of which is integrant in the activation of
AMPK. Subunit y bind to adenosine triphosphate (ATP) or adenosine monophosphate
(AMP) [75, 76] lead to the increased ratio of AMP and ATP and activates AMPK.
Therefore, all metabolic stresses disturbing energy balance through interfering ATP
production can induce AMPK activation [75, 76]. AMPK reduction show the pathologic
level of type 2 diabetes and may make glycogen synthesis in skeletal muscle [77].
Metformin, a well-known drug to treat diabetes, is an activator of AMPK. Metformin show
various mechanisms in treatment of diabetes, including suppressing hepatic
gluconeogenesis, decreasing appetite of patients, reducing intestinal carbohydrate
absorption and increasing glucose uptake [78]. McBride A. et al. [79] found that AMPKa2
knockout mice appear a systematic insulin resistance, indicating the important function
of AMPK in regulating insulin sensitivity. Additionally skeletal muscle of AMPK mutation
appears to respond normally to insulin in vitro. Consequently, the future drug discovery
should not only concentrate on the activation of particular molecules contributing to
the traditional insulin signaling pathway, but also pay attention to insulin-resistant tissue

while responding to insulin.
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2.14 The effect of insulin resistance on beta cells failure

Though insulin resistance plays an importance role in the pathogenesis of T2DM,
beta cells failure is also important factor and accountable for the evolution of impaired
glucose tolerance (IGT) to T2DM. Many factors including age, genetic factors, and
developed factors like glucotoxicity contribute to beta cells failure. Early inhibition of
development of T2DM protect against the loss of beta cells mass and function.
Pancreatic islet cells are more subject to oxidative stress than cells in other tissue as
they produce less antioxidant enzymes. This balance is lost in diabetic persons where
enhanced ROS formation overcome and/or decreased the antioxidant defenses of the
organism. The link between oxidative stress and glucotoxicity has been submitted by
earlier studies in beta-cell cell lines, secluded islets, and diabetic animal models showed
that antioxidants can protect beta-cells against the toxic effects of high glucose levels
on insulin secretion, islet insulin content, insulin gene expression, and survival [80]. The
NADPH oxidase (NOX) complexes induce in high glucose increased ROS production
process [81, 82] and lead to insulin secretion, insulin gene expression decreased. In
addition, oxidative stress mediated inhibition of insulin gene expression has been shown
to stem in part from the well-established decrease of PDX-1 binding to the insulin
promoter [83]. Demolish pancreatic islets result in decreased insulin secretion, resulting
in hyperglycemic condition and continuous generation of additional oxidative stress. The
main signaling pathways affecting insulin secretion is glucose transported into pancreatic

beta cells by GLUT2, and then metabolized by GCK to glucose-6-phosphast, resulting in
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ATP production, which induces Ca”" influx, followed by the release of insulin. In parallel,
PDX-1 is recognized as a key regulation factor in the cascade regulating insulin secretion.
The translocation of PDX-1 to nuclease induced PRE-INS expression [84].

The various indications showed that oxidative stress was a central role of
pathogenesis in T2DM, hence antioxidant therapy should be hypothetically very helpful
to these patients. Antioxidant (pre) action of diabetic animal models (STZ-induced
diabetic mice and rats) provided some encouraging results over the last decade with
respect to the defense against diabetic complications [85]. Interestingly, clinical trials
using seed extracts of Silybum marianum (Silymarin) alone or in combination with
glibenclamide were very encouraging and showed a marked progress of glycemic control
in T2DM patients [86]. Some reports proposed that selenium and vitamin E
supplementation may increase T2D risk and all-cause mortality [87]. Therefore,
traditional medicines derived from medicinal plants which have antioxidant could to find

scientific research to support anti-hyperglycemic, side effect and long-term toxicity.

2.15 Cancer and diabetes

The prevalent of type 2 diabetes mellitus (T2DM) and obesity is becoming
increasingly globally. Over the past decades, many studies showed the evidences that
diabetes patient, especially type 2 diabetes increase the risk of several cancer such as
kidney, colorectal, breast, liver, pancreatic cancer [88]. The potential mechanisms that
proposed to contribute to the increased the risk of cancer in DM type 2 consist of

hyperglycemia, insulin resistant, hyperinsulinemia, increased insulin-like growth factor-1
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(IGF 1) level, dyslipidemia, and inflammatory cytokines. The physiological process that

might link obesity, diabetes and neoplasia was represented in Figure 5. Intake over

energy consumption for long time can lead to insulin resistance in insulin-target tissues

such as adipocytes and skeletal muscle resulting in hyperglycaemia. Obesity that might

influence neoplasia include increased levels of inflammatory cytokines, which stimulate

various processes in cancer development, and reduced levels of adiponectin which

normally inhibits cell proliferation via activation of AMP-activated protein kinase (AMPK)
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[89].

The direct link between cancer and diabetes is cancer cell needed the extra

energy to promote cell growth and cell proliferation which the major source of energy
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is glucose, whereas hyperglycemia was normally found in DM patient. The overall
potential mechanisms of diabetes and cancer are represent in Figure 6.
Hyperinsulinemia was believed act as a key member that associated with
increase the risk of cancer. Insulin and insulin-like growth factors (IGF) bind to the insulin
receptor (IR) and IGF receptor with different affinities. IGF-binding proteins (IGFBP) are
decreased by insulin and may result in increased bioavailable IGF-1 and IGF-2. Insulin
binding to IR activates the phosphoinositide 3-kinase (PI3K)-Akt—mammalian target of
rapamycin (mTOR) signaling pathway. Binding of IGF-1 and IGF-2 to IGF-1R stimulates
the PI3K-Akt-mTOR and Ras-Raf-MAPK pathways that resulting in increased cell

proliferation, migration and invasion and decreased apoptosis [5].
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Figure 6: Effects of hyperinsulinemia on the tumor cell microenvironment and
intracellular signaling that contribute to tumor growth and progression.

Cholangiocarcinoma (CCA) is a malignancy that arises from bile duct epithelia
that highly prevalent in Northeast Thailand. It hypothesized that chronic infection of
parasites such as Opisthochis viverrini may initiate the carcinogenesis via parasite factors
like mitogenic substances antigen coupled with immunological response that promotes
chronic inflammatory, leading to DNA damage and development of CCA. However, the
infection of O. viverrini alone may not produce CCA, but other carcinogens of risk factor
may also require to develop CCA. Several studies indicated that the common factor
such as smoking, obesity, alcohol consumption and DM as risks of CCA. The data from
several epidemiological strongly revealed that DM is a risk factor of CCA [90, 91], however
the extract mechanism of DM and CCA is unclear. Recent study represented that high
glucose enhanced CCA metastasis via modulation of O-GlcNAcylation, through the
expressions of glucosamine-fructose-6-phosphate amidotransferase (GFAT) and
vimentin [92].

2.16 Hedgehog signaling, MITF and Cholangiocarcinoma

Microphthalmia-associated transcription factor (Mitf) contains a basic helix-loop-
helix and a leucine-zipper (bHLH-LZ) structure, and it has been established as a key
regulator for development of melanocytes and the retinal pigment epithelium (RPE) [27-
30]. However, subsequent studies have suggested the pleiotropic functions of Mitf in

various organs, including liver [31], pancreas [32], kidney [33], lung [34], olfactory bulb
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[35], and frontal cortex [33]. In particular, the Mitf vitiligo mouse, Mitf"/Mitf™, is
characterized by retinal degeneration and the accumulation of retinyl palmitate in RPE
and the liver [31]. The Mitf" protein carries the Asp222Asn substitution [30] and its
mutant protein is predicted to show the decrease in Mitf function [93]. Thus, Mitf may
be involved in the metabolic function of hepatocytes and/or cholangiocytes. However,
the immununohistochemical analysis of the mouse liver revealed that Mitf
immunoreactivity was detected only in Kupffer cells, but not detectable in hepatocytes,
cholangiocytes, and other cell types [33]. In addition, the expression levels of Mitf mRNA
were 10-fold lower in the mouse liver than those in the mouse eyeball, as judged by the
real-time RT-PCR analysis [33]. Likewise, expression levels of MITF mRNA were marginally
detected in the human liver [24]. MITF represents a human orthologue of Mitf. We
therefore hypothesize that the expression of Mitf/MITF may be maintained at the low
level in hepatocytes and cholangiocytes.

Cholangiocarcinoma is a malignant tumor that is originated from the biliary
epithelial cell, and is the second most common primary liver tumor, accounting for
about 10-15% after hepatocellular carcinoma [23]. Both types of hepatic cancer are
characterized by poor prognosis. Hedgehog signaling plays a critical role in growth of
many cancer [94, 95], including hepatocellular carcinoma [95-98] and
cholangiocarcinoma [95] [99]. In addition, Hedgehog signaling is required for normal
development of RPE in the mouse [26]. It is therefore tempting to speculate the

regulatory role of Hedgehog signaling for MITF expression in the liver. In this context,
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we found that cyclopamine, an inhibitor of Hedgehog signaling, increased the expression
levels of MITF in human hepatocellular carcinoma and cholangiocarcinoma cell lines
[24]. Importantly, cyclopamine is a natural teratogen, contained in the plant Veratrum
californicum, and it causes craniofacial birth defects in sheep, such as cyclopia [100].
Cyclopamine acts on a signal transducer, Smoothened, located in plasma membrane
[100] to inhibit the Hedgehog signaling. In the presence of a Hedgehog ligand,
Smoothened enhances nuclear translocation of glioma-associated transcription factors,
glioma-associated oncogene 1 (GLI1) [25], thereby mediating the Hedgehog signal. In
particular, GLI1 is expressed in normal bile duct [95] and is overexpressed in
hepatocellular carcinoma [98] and cholangiocarcinoma [95] [99], suggesting that the

Hedgehog signaling pathway may be activated in hepatic cancer cells.

2.17 Diabetes pharmacotherapy and cancer

The blood glucose level in diabetes type 2 can be controlled by oral or injected
medication, while in diabetes type 1 require injection of insulin. Several studies indicated
that medication that used for DM treatment may increase or decrease the risk factor
of cancer development. Summarize of studies was represented in the Figure 7. Many
studies pay attention to metformin, an oral biguanide that is the first line treatment of
diabetes type 2. The mechanism of metformin on anti-cancer is unclear. There are two
hypothesis to explain the antineoplastic effect of metformin. First, it sensitizes the body
to insulin that reduce insulin production from beta-cell and decrease insulin in blood.

Second its decrease hepatic glucose production resulting in inhibit cancer growth [101].
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Mechanisms of Diabetes Medications and Potential Risks and Benefits in Oncology Patients

Sulfonylureas (glipizide, glimepiride, glyburide)
TZDs (rosiglitazone, pioglitazone)

GLP-1 RA (exenetide, liraglutide, albigiutde,
dulaglutide)

DPP-IV inhibitors (sitagliptin, finagliptin,
saxagliptin, alogliptin)

SGLT2 inhibitors {dapaglifiozin, canaglifiozin,
empaglifiozin)

Insulin analogs (glargine, detemir, degludec,
aspart, lispro, glulisine)

Drug Class {(available in the Mechanism of Preclinical Evidence of Effects Clinical Evidence of Potential Effects
United States) Action on Cancer on Cancer
Biguanides (metformin) | HGP Indirect efiects | Pancreatic cancz%r.‘g HCC.‘Q'Zo lung 1
c.ancsr,m CRC,” and breast cancar’
| Insulin resistance |} Circulating insulin® | Cancer-related mortality and al-cause

1 Insulin secretion
1 Insulin resistance

| Appetite
| Insulin resistance

1 Insulin secretion

1 HGP

1 Glucagon
secration

1 Urinary glucose
excretion

1 Insulin

mortality in cervical cancer,”” PC, % and
RCZB

} Glucose levels22

Direct effects

1 AMPK activation?®

| Signaling via mTOR%®

{ Cancer cell gl\«:oiysis27

| Hexokinase activity and tumor cell glucose

uptake’
1 Inflammatory signals in cancer cells®
No direct mitogenic activity found® 11 Overall cancer incidence” =2
} Lung tumor size in a rodent modat® 1 PSA levels in pcH
| CRC with rosiglitazone and breast cancer
with pioglitazone’
1 Bladder cancer™® > {conflicting data)
{ Thyroid C-cell hyfjerplasna and calcitonin No evidence in humans for thyroid C-ggll
secretion in rats’ hyperplasia and calcitonin secretion™
1 Small and large bowel tumor gmwth“ ~ Pancreatic cancer’>*
Overex}%ressed in ;;vancreatx:.:5 PC.45 and « Overzll cancer rates (dapagllﬂozm):"
CRC™
~ Mammary tumors (l:iemaghﬂczm)“E «~ Bladder, breast, renal, and malignant

adrenal tumors fcanaghflozm"”
1 Renal tubufes, adrenal glands, and testicular
Leydig cell tumors (canagiiflozin)
1 Proliferation of breast cancer cell lines +« Cancer incidence (glargine)s‘
(insulin AspB10)*"
+« Mammary gland neoplastic lesions
development (glargine)

Abbreviations: AMPK, adenosine monophosphate kinase; CRC, colorectal cancer; DPP-IV, dipeptidyl peptidase {V; GLP-1 RA, glucagon-iike peptide-1 receptor agonist;
HCC, hepatocellular carcinoma; HGP, hepatic glucose production; mTOR, mammalian target of rapamycin; PC, prostate cancer; PSA, prostate-specific antigen; SGLT2,
sodium glucose cotransporter 2; TZD, thiazoledinedione.

Figure 7: Mechanisms of diabetes medication and potential risks and benefits in

oncology patients [5].

2.18 Oral anti-diabetes agents

The mechanism of oral anti-diabetes are cassified into three groups; insulin

secretagugue, increses insulinsensitivity or reduce insulin resistance (insulin sensitizer)

and Alpha glucosidase inhibitor [102]. Some side effects and diabetes drug- drug

interactions have been reported as shown in table 2.
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Subclass

Mechanism of action

|

Effect

Toxicities, interaction

Insul

in secretagogue

Sulfonylureas

- Insulin secretagogue : Close
K+ channels in beta cells and

increase insulin release

The patients with functioning

beta cells and increased
glycogen, fat and protein
formation

Toxicities
hypoglycemia,  weight
gain, Liver cirrhosis

GFR = 30 mL/min

Glinide

- Insulin  secretagogue
Similar to sulfonylureas with
some overlap in binding sites
and

Close K channels in beta cells

rapid and short action

The patients with functioning

beta cells and increased
glycogen, fat and protein
formation

Toxicities: hypoglycemia,
weight gain,

hyperinsulinemia

DPP-4 inhibitor

- Blocks degradation of GLP-

1,raise circulation GLP-1 level

Prevents degradation of incretin
(GLP-1) due to stimulate insulin

secretion and inhibit glucagon

Toxicities: hypoglycemia,
headache, nausea,

hypersensitivity and skin

(Metformin)

gluconeogenesis
-Enhanced glucose transport
and

in  skeletal muscle

adipose tissue

production

secretion reactions
Insulin sensitizer
Biguanide - Reduced hepatic | Decreased endogenous glucose | Toxicities:

gastrointestinal

symptom, lactic acid,

and cannot use if

impaired renal/hepatic

function

Thiazolidinedio

- Regulates gene expression

Reduce insulin resistance

Toxicities: edema, weight

monosaccharide and reduce

postprandial hyperglycemia

ne by to PPARy gain cannot use hepatic
disease
Alpha glucosidase inhibitor
Acarbose - Inhibit  intestinal o | Reduce conversion of starch and | Gastrointestinal
glucosidase disaccharides to | symptom cannot use if

hepatic function,

intestinal disorder
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2.19 Pharmaceutical activators of insulin sensitizer

Metformin is a usually used as antidiabetic agent that mainly actions as a
suppressor of glucose production in liver [103]. It also improves glucose transport in
skeletal muscle. A decade ago, it was show that metformin activates the AMPK pathway
in rat hepatocytes [104]. In addition, AMPK activation by metformin in rat skeletal
muscle leads to an increase in glucose transport. Metformin has been exposed to
increase phosphorylation of AMPK in skeletal muscle of type 2 diabetes subject [105].
However, the main side effect of metformin is gastrointestinal symptom, lactic acid, and
cannot use if impaired renal/hepatic function [106].

Thiazolidiones (TZDs), such as rosiglitazone or pioglitazone, were widely used as
therapeutic agents to treat type 2 diabetes before the worries regarding cardiovascular
risks led to removal of rosiglitazone [107]. TZDs are known to increase insulin sensitivity
by improving glucose disposal and obstructing gluconeogenesis. TZDs improve insulin
action through activation of proliferator-activated receptor-y (PPAR-y), a transcription
factor that is extremely expressed in adipocyte [108, 109]. The activation of PPAR-y in
adipose tissue leads to enlarged differentiation of adipocyte and formation of smaller
adipocytes that are more sensitive to insulin. In addition, it has been suggested that
TZDs have direct metabolic effect on skeletal muscle independent of the activation of
PPAR-y [110]. However, the main side effect of thiazolidinediones is water retention,
edema, decompensation of heart failure and could not use in hepatic disease [111].

Since side effects of diabetes drug have been reported. Therefore, traditional medicines


http://en.wikipedia.org/wiki/Edema
http://en.wikipedia.org/wiki/Heart_failure
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derived from medicinal plants that used as an alternative treatment by about 60% of
the world’s population become more interesting. However, numerous herbal plants
have limit document to support anti-hyperglycemic properties, side effect and long-
term used toxicity.

2.20 Stevia rebaudiana Bertoni

Stevia rebaudiana Bertoni is one of 150 known species of the genus Stevia that
produce sweet steviol glycosides. It generally known as stevia, sweet leaf, sweet herb of
Paraguay, honey leaf, candy leaf or Yawan in Thailand. In an ancient times, the Guarani
Indians of South America used this plant as tea sweetens. Today steviol glycosides which
extracted from this plant are commonly used as a food additive by the Japanese and
Brazilians as a non-caloric sweetener [112]. This non-caloric sweetening agent is sweet
around 300 times higher than sucrose. Vast of study noticed the biological activities of
the sweetening compound such as reducing blood pressure and cardioprotective,
antitumor effects and especially anti-hyperglycemic [113]. It is essential to noted that
there are many steviol glycosides that can be extracted from Stevia rebaudiana Bertoni
plant, generally are stevioside, rebaudioside A, rebaudioside C and dulcoside which exert

difference biological activities [114].
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Figure 8: Stevia rebaudiana Bertoni [112]

Some study believed that the antihyperglycemic activity of steviol is due to its
antioxidant properties. Further supported by the evidence that the leaves extracted
have a greater ability to scavenge free radicals and prevent lipid peroxidation than
hydroxytoluene [115]. Other than antioxidant activities it exert many biological effects
such as help maintenance blood-glucose levels, anti-inflammatory and influence on
insulin secretion. The data were reported that stevioside can affect both a and [-cells.
In o-cells, stevioside inhibits glucagon hyper-secretion induced by palmitate [116]. In
beta cells, stevioside and steviol stimulate insulin secretion in the presence of high levels
of glucose (16.7 mM). The stimulation of stevioside is independent of ATP-sensitive K
channel [117]. Research on the molecular level showed that stevioside improves
pancreatic beta cells function during glucotoxicity (16.7 mM glucose) [118] via regulation
of acetyl-CoA carboxylase (ACC) [119]. In STZ-induced diabetic rats, an insulin-resistant

animal model, feeding with stevioside increases the response to exogenous insulin. This
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result suggests that stevioside may be suitable as an adjuvant for diabetic patients [120].
Several tetracyclic diterpenoids have important biological activities. Isosteviol, a
tetracyclic diterpenoid from the beyerane series, was obtained from acid hydrolysis of
stevioside, aditerpenoid glycoside from leaves of stevia rebaudiana Bertoni. Many
studies noticed that this isosteviol processes many biological activities consist of reducing
blood pressure and cardioprotective, anti-tumor effects and anti-hyperglycemic [113].
Some study demonstrated that the mechanism of anti-diabetic effects in diabetes rat
of isosteviol is insulinotropic effect [121]. Other study illustrated anti-hyperglycemic
effects of isosteviol could enhance utilization of glucose in the periphery and reduce
beta cells damage induced by dyslipidemia. It might be due to the potential
enhancement of liver PPARa mRNA expression of isosteviol [122]. Moreover, isosteviol
can improves glucose and insulin sensitivity as well as improving the lipid profile and
upregulates the gene expression of key beta-cell genes, including insulin regulatory
transcription factors [123]. The data show isosteviol has greater activity than steviol.
Supplementation of diabetic KKAy mice with 20 mg/kg isosteviol for 9 weeks reduced
the plasma LDL cholesterol. In the test, it was noticed that isosteviol only affects the
metabolites that differed between healthy control mice and obese type 2 diabetic mice
[124]. Tt is likely that isosteviol also elicits its beneficial effect by stimulating insulin
release only in the diabetic stage, just as stevioside does [125]. Even though, there are
many unknowns of insulin-signalling pathways, the mechanisms of glucose uptake,

GLUT4 translocation, and insulin resistance and the mechanism of isosteviol that
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involving in these matters should be investigated. Plant-derived compounds and
synthetic derivatives of natural products have been an important source of several
clinical useful anti diabetes agents [126]. It has been recognized for a long time that
natural-product structures have the characteristics of high chemical diversity,
biochemical specificity and other molecular properties that make them favourable as
lead compounds for drug discovery. These characteristics serve to differentiate them
from libraries of synthetic and combinatorial compounds [127]. The biotransformation
of isosteviol has been investigated extensively. The researchers used isosteviol as a
substrate for Fusarium verticilloides (Sacc.) to select for therapeutic metabolites of
isosteviol [128]. Hydroxyl groups were introduced to isosteviol by fungi. This reaction
may enhance the existing properties of isosteviol or lead to new biological activities. The
metabolites of isosteviol metabolized microbial transformations of isosteviol by fungus
Cunninghamella echinulate NRRL 1386 elongate have yielded metabolites exhibiting
more potent inhibition effects on vasorelaxant promotion [113]. Isosteviol was also
metabolised by Cunninghamella echinulate NRRL 1386 to yield compounds that are
effective in the treatment of inflammation and immunomodulation [129]. Even though,
there are many unknowns of insulin-signalling pathways, the mechanisms of glucose
uptake, GLUT4 translocation, and insulin resistance and the mechanism of sevioside,
isosteviol and microbial transformation of isosteviol to analogs that involving in these

matters should be investigated.
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2.21 Murraya koenigii

Murraya koenigii know as curry leaf in English. It belongs to family Rutaceae
which have more than 150 types and 1600 species. This plant is the richest source of
carbazole alkaloids [130]. Murraya koenigii is widely used in Indian cooking and have an
adaptable role to play medicine. Fresh leaves, essential oil and dried leaf powder are
widely used for flavoring soups, curries fish, traditional curry powder blends and
seasoning. Mature leaves contain 63.2% moisture and a maximum of hot water soluble
extractive 33.45% [131]. A number of chemical ingredients from every part of the plant
extract of M. koenigii leves including carbazole alkaloids, namely murrayanine,
mahanimbine,  girinimbine, murrayacine, isomurrayazoline, isomahanimbine,
koenimbidine mahanine, koenine, koenigine, koenidine, koenimbine and 8,8-
biskoenigine [132]. Form the hexane extract of leaves has isolated mahanimbine,
isomahanimbine, koenimbidine, and murrayacine. Methanolic extract of M. Koenigii was
subjected to qualitative thin-layer chromatography and HPLC using different solvent
system [130, 133]. Then the structures of these 6-bioactive compounds confirmed as
carbazole alkaloids-mahanimbine, mirinimbine, isomahanimbine, murrayazoline,
murrayazolidine, and mahanine by the spectrometric data. From stem bark
Murrayazolinol (@ minor carbazole alkaloid), mahanimbinol, murrayazolidine,
murrayacinine, mukonidine, murrayazolinine, murrayanine, girinimibine and
mahanimbine, girinimbinol and mahanimbilol has also been identified and isolated [18,

134]. Normal and semi-synthetic carbazole alkaloids have been establish useful as a new
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class of therapeutic agents for many diseases related with tissue damage due to the
generation of free radicals, inflammation, rheumatoid arthritis and diabetes mellitus
[135, 136]. Several pharmacological activities and medicinal properties of various parts
of M. koenigii are well known. Biological activity of M. koenigii is informed with the crude

extracts and their different fraction form leaf, bark, roots, seed and oil.

Figure 9: Murraya koenigii (Linn.) Spreng [112]

2.21.1 Antioxidant

Antioxidant activity of carbazole alkaloids, one of the potential bioactives, has
been informed by a number of workers. The antioxidative properties of 12 carbazole
alkaloids isolated form M. koenigii leaves were evaluated on the basis of Oil Stability
Index (OSI) together with their radical scavenging ability against 1, 1- diphenyl, 2- picryl
hydrazyl (DPPH). Moreover, antioxidant activity of various extracts of M. koenigii as
measured by in-vitro nitric oxide scavenging activity follows the order seeds aqueous>
leaf aqueous> leaf CHCI2: MeOH> seed CHCI2: MeOH [18]. The aqueous extracts of

Murrya koenigii leaf showed significant antioxidant activity defense to rat cardiac tissue
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against cadmium-induced oxidative stress by increasing the levels of lipid peroxidation,
glutathione level, and protein carbonyl content. So this antioxidant activity of Murrya
koenigii could be helpful to people who are exposed to cadmium either globally or
occupationally [137].

2.21.2 Anticancer activity

The effects of M. koenigii extracts in in-vitro show anticancer in lymphoma cell
line and in-vivo. The anticancer models have been estimated in male Swiss albino mice.
The in-vitro anti-tumour encouraging activity and antioxidant properties of girinimbine
isolated from the stem bark of Murraya koenigii was studied by Yih et.al [138]. The
ethanolic extract displayed significant anti-inflammatory effects as compared with
petroleum ether and chloroform extracts. Curry leaf have been described to show
potent cytotoxic activity against human leukemia cells, prostate cancer cell lines [139,
140], viral and clinical pathogens [141, 142]. Girinimbine, acarbazole isolated from the
bark of Murrya koenigii significantly induced programmed cell death in HepG2 cells
telling the necessity for further calculations in preclinical human hepatocellular
carcinoma models [143]. The results from the study conducted by Bhattacharya et
al. 2010 [144] offers indication for the involvement of death receptor mediated extrinsic
pathway of apoptosis in mahanine-induced anticancer activity in MOLT-3 cells [144].
Furthermore, 3 carbazole alkaloids mahanine, pyrayafoline and murrafoline, showed
significant activity against HL-60 cells by inducing apoptosis through of capsase-

9/capsase-3 pathway, via mitochondrial dysfunction [145]. Down regulation of cell
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survival factors by activation of capsase-3 through mitochondrial dependent pathways
and interruption of cell cycle evolution could be an additional mechanism [17]. The
mean number of neoplasms in the colon and intestines were significantly low as
demonstrated by morphological and histological studies in the Murrya koenigii treated
animals [146]. The methanolic extract of Murrya koenigii leaves demonstrated a
significant increase in the phagocytic index by the rapid removal of carbon particles
from blood stream. It also demonstrated an increase in the antibody titer against
ovalbumin and protection against cyclophosphamide-induces myelosuppression.
Thus, Murrya koenigii holds promise as an immunomodulatory agent acting by
stimulating humoral immunity and phagocytic function. However, these extracts were
unable to stimulate cellular immunity [147].

2.21.3 Antiobesity and Antihyperlipidemic activities

The dichloromethane and ethyl acetate extracts of Murraya koenigii leaves
significantly reduced the body weight gain, plasma total cholesterol (TC) and triglyceride
(TG) levels significantly. The experiential antiobesity and antihyperlipidemic activities of
these extract are connected with the carbazole alkaloids, mahanimbine. When
mahanimbine was assumed orally significantly dropped the body weight gain as well as
plasma TC and TG levels. These answers prove the excellent pharmacological potential

of mahanimbine to prevent obesity [19].
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2.21.4 Lipid-lowering

Murrya koenigii leaves in dichloromethane and ethylacetate extracts show
significantly reduced the body weight gain, total cholesterol (TC) and triglyceride (TG)
levels in obese rats. These results suggest the potential role of Murrya koenigii to prevent
obesity [19]. Moreover the effect of one month oral administration of Murrya koenigii
aqueous leaves extract in normal and streptozotocin (STZ)-induced severe diabetic rats
were studied. The results demonstrated that the fasting blood glucose (FBG) level of
treated animals decreased total cholesterol (TC) and triglycerides (TG), increased the
HDL-cholesterol levels and reduced serum alkaline phosphatase values. Additionally the
serum creatinine levels reduced in the Murrya koenigii treated group. Thus the results
indicate that besides lipid-lowering activity the aqueous extract of Murrya koenigii also
reduced the severity of diabetes and its associated nephropathic complications [148].

2.21.5 Antidiabetic and islet protective

Hypoglycemic activity, serving the leaves to rats formed hypoglycemia by
increasing the hepatic glycogenesis as obvious by increased activity of glycogen
synthetase. A significant decrease in fasting blood sugar and postprandial blood sugar
was observed by feeding (12 gm) leaves powder to the Non Insulin Dependent Diabetes
Mellitus patients (NIDDM). Aqueous and methanolic extracts of leaves and fruits of M.
koenigii displayed very good antidiabetic activity in alloxan-induced diabetic rats. Plasma
insulin was perceived with significantly high levels on the 43rd and 58th days of

treatment in aqueous and methanol extracts of M. koenigii -treated groups. Fruit juice
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decreased blood glucose level at the 10th and 15th days of running in alloxan-induced
diabetic mice. Blood glucose level was reduced with the extreme fall of 14.68% in normal
and 27.96% in mild diabetic animals when aqueous extract of leaves at a dose of 300
meg/kg was used. These results submitted that M. koenigii  treatment uses a
therapeutically protective outcome in diabetes by decreasing oxidative stress and
pancreatic beta cells damage [149]. Extracts of Murrya koenigii resulted in pancreatic
beta cells protection and increase function of pancreatic islets that produce insulin. The
level plasma insulin and C-peptide levels after treatment in streptozotocin-induced
diabetic Swiss mice has become normalized. Additionally, the histochemical and
immunohistochemical analysis suggest and islet protective and insulin productive role.
Moreover, extracts of Murrya koenigii increased the heights of glucose-6-phosphate
dehydrogenase enzyme, normalized hepatic and muscle glycogenesis, subsequent in
appropriate glucose consumption. The levels of post-prandial hyperglycemia were
similarly reduced due to the pancreatic and intestinal glucosidase inhibitory activity of
the extracts of Murrya koenigii [150, 151].

2.21.6 Immunomodulatory

The leaf extracts of Murrya koenigii can regulate immunology related to oxidative
stress metabolism. This immunomodulatory and anti-inflammatory activity was marked

by interleukin (IL)-2, 4, 10 and tumor necrosis factor alpha (TNF-alpha) expression [151].
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2.21.7 Hepatoprotective

Hydroethanaolic leaf extracts of Murrya koenigiii proved significant decrease in
the levels of alanine aminotransferases, aspartate aminotransferases, alkaline
phosphatase and total bilirubin in CCld-treated hepatotoxic rats. Moreover, Murrya
koenigii treated rats also increase the hepatic superoxide dismutase, catalase, reduced
glutathione and decrease in lipid peroxidation. The tannins and carbazole alkaloids from
the aqueous extracts showed first-rate hepatoprotective activity against ethanol-
induced hepatotoxicity [140, 152]. This study proved that M. Koenigii is encouraging and
a rich source of free radical quenchers, which have been intermediated through
hepatocyte membrane stabilizing activity along with the reduction of fat metabolism
[153]. The usual morphology of cell was continued after ethanolic challenge when
aqueous extract enclosing tannins and carbazole alkaloids of M. Koenigii was assumed.
All three extracts of dichloromethane, ethanolic and methanolic of M. koenigii leaves
exhibited antilipase activity greater than 80% [154]. Mahanine (3,11-dihydro-3,5-
dimethyl-3-(4-methyl-3-pentenyl)-pyrano[3,2-alcarbazol-9-ol) has been reported to be
the major bio-active alkaloid [16]. It is present in the edible parts of some plants such
as Murraya koenigii, which are expended in some parts of Southeast Asia, including
Thailand [38]. The current study is therefore targeting to further study the role of the
carbazole alkaloidal extract from Murraya koenigii leaves (MK) with respect to its

antihyperglycemic effect.



CHAPTER III
OBJECTIVES

3.1 Objectives

1. Screening for highest antioxidative ability of bioactive compounds from herbal
extracts

2. Screening for highest antihyperglycemic ability of bicactive compounds from herbal
extracts through inhibition of a-glucosidase and o-amylase activity

3. To investigate the antioxidative mechanisms of bioactive compounds from Murraya
koenigii

4. To investigate the antihyperglycemic mechanisms of bioactive compounds from
Murraya koenigii and Stevia rebuadiana

5. To investigate the protective effect of bioactive compounds from Murraya koenigii on

diabetes (hyperglycemia) related hepatocellular carcinoma and cholangiocarcinoma
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3.2 Research Questions

1. Do the chosen herbal extracts contain antioxidant compounds, and do they show
antioxidant activity?

2. Do one or more herbal extracts would protect pancreatic beta cells from ROS stress
in culture?

3. Does any of herbal extracts process ability of inhibiting of a-glucosidase and a-amylase
activity?

4. Does any of herbal extracts process ability in glucose metabolism through the study
on molecular mechanisms for glucose uptake using cultured L6 myocytes and 3T3-L1
adipocyte?

5. Does any of herbal extracts process protective ability in diabetes (hyperglycemia)

related hepatocellular carcinoma and cholangiocarcinoma?
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3.3 Hypotheses

1. One or more of herbal extracts contain antioxidant compounds and possess
antioxidant properties.

2. Some of the chosen herbal extracts would protect pancreatic beta cells from ROS
stress.

3. Some of the chosen herbal extracts possess ability of inhibiting of a-glucosidase and
a-amylase activity.

4. Some of the chosen herbal extracts possess ability on glucose metabolism through
the study on molecular mechanisms for glucose uptake using cultured L6 myocytes and
3T3-L1 adipocyte.

5. Some of the chosen herbal extracts possess protective ability in diabetes

(hyperglycemia) related hepatocellular carcinoma and cholangiocarcinoma.
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The epidemic rise in the number of new cases of diabetes and diabetes related cancer such as
hepatocellular carcinoma and cholangiocarcinoma is one of the most alarming statistics regarding health

issues on a worldwide basis

¥

There has been an exponential growth in the field of herbal medicine and these drugs are gaining popularity

both in developing and developed countries because of their natural origin and less side effects

¥

The aim of this work is to investigate the mechanism of action of herbal medicine with potential anticancer

and antidiabetic properties mechanism including hyposglycemic effect and possessed antioxidant activity

L 2

To screening for antioxidative and antihyperglycemic ability of bioactive compounds by reduction

oxidative stress and glucose uptake

¥

Murraya koenigii and Stevia rebuadiana (pure compounds) have antioxidant and has been studies in

glucose-lowering in animal model but not signaling mechanism identification

L 2

To examine whether MK and SR pure compounds have hypoglycemic effect and possessed antioxidant
activity by reduction oxidative stress, inhibition of a-glucosidase and a-amylase activity, glucose uptake. The
anticancer mechanism will be studied in hepatocellular carcinoma and cholangiocarcinoma under

hyperglycemic condition

A 4

A 4

A4

N Examination of intracellular oxidative stress and
antioxidant status in high glucose condition
The imbalance of the production and
elimination of ROS lead to oxidative stress in y| Examination the expression of gene on insulin
B-cell which is the pathogenesis of DM secretion pathway in high glucose condition
L) Examination of insulin secretion activity in high
glucose condition
The dysfunction of insulin-regulated GLUT4 Examination the level of glucose uptake
trafficking is strongly linked with peripheral -+ Examination GLUT4 trafficking
insulin resistance and type 2 diabetes mellitus L, | Examination the expression of phospho Akt and
phospho AMPK
o-glucosidase and a-Amylase are two enzymes Examination the level of the inhibition of
which are involved in the hydrolysis of starch a-glucosidase and o-Amylase
into sugars and disaccharides leading to the Examination the mechanism by the inhibition
increase of blood glucose level enzyme pattern types
Examination the regulation of gene expression
Hepatocellular carcinoma and profile in human hepatocellular carcinoma and
Cholangiocarcinoma cell under hyperglycemic ’_’ cholangiocarcinoma
condition leading to the increase of cancer
cell proliferation, migration and invasion and L Examination the mechanism by inhibition of
decreased apoptosis which favor on cancer Hepatocellular carcinoma and

Cholangiocarcinoma cell living




3.5 Experimental design
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Herbal extracts were kindly provided by Prof. Apichart Suksamran, Department of Chemistry,

Faculty of Sciences, Ramkhamheng University, Bangkok, Thailand
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CHAPTER IV

MATERIALS AND METHODS

4.1 Materials
4.1.1 Reagents

Accupower RT premix

Accupower 2X Greenstar gPCR Master Mix
Adenosine 5’-triphosphate disodium salt
Akt (pan) (C67E7) Rabbit mAb

Anti-MITF (C5) Mouse mAb

Anti-GLI1 Rabbit pAb

Anti-Heme Oxygenase-1 Rabbit mAb
Anti-mouse IgG, HRP-linked Antibody
Anti-rabbit 1gG, HRP-Linked Antibody (1 mL)
AMPK (D63G4) Rabbit mAb

Aluminium chloride

Ascorbic acid

Beta-actin mouse mAb

Beta-actin (13E5) Rabbit mAb

B-nicotinamide adenine dinucleotide phosphate

DPPH (1,1-diphenyl-2-picrylhydrazyl)

Dimethyl Sulphoxide (DMSO)

Bioneer, Korea

Bioneer, Korea

Sigma Aldrich, USA

Cell Signaling Technology, USA
Thermo Scientific, USA

Cell Signaling Technology, USA
Cell Signaling Technology, USA
Cell Signaling Technology, USA
Cell Signaling Technology, USA
Cell Signaling Technology, USA
Sigma Aldrich, USA

Merck, Germany

Sigma Aldrich, USA

Cell Signaling Technology, USA
Sigma Aldrich, USA

Merck, Germany

Merck, Germany



Dulbecco's Modified Eagle Medium/High glucose
(DMEM: with 4 mM/L Glutamine, 4500 mg/L
Glucose Without Sodium Pyruvate)
Dorsomorphin

Diaphorase

1,1-Dimethylbiguanide, hyfrochloride
2-Deoxy-d-glucose
3-(4,5-dimethylthianisol-2-yl)-2,5-diphenyl-
2H-tetrazolium bromide (MTT)

Ethanol

EDTA-Trypsin 0.25% (1X)

Folin Ciocalteu’s phenol reagent

Fetal Bovine Serum (FBS)

Gallic acid

Glutd (1F8) Mouse mAb

G6PDH

Hexokinase

Insulin solution
3-Isobutyl-1-methylxanthine

Krebs—Ringer bicarbonate buffer

Maltose

a8

HyClone, USA

Sigma Aldrich, USA
Sigma Aldrich, USA
Sigma Aldrich, USA
Sigma Aldrich, USA

Calbiochem, Germany

Merck, Germany
HyClone, USA
Sigma Aldrich, USA
HyClone, USA
Sigma Aldrich, USA
Cell Signaling Technology, USA
Sigma Aldrich, USA
Sigma Aldrich, USA
Sigma Aldrich, USA
Sigma Aldrich, USA
Sigma Aldrich, USA

Merck, Germany



Mem-PER Plus membrane Protein Extraction kit
Mercodia High Range Rat Insulin

ELISA Kit (10-1145-01)

methanol

O-dianisidine dihydrochloride

Qil red O

OMNIPUR HEPES, FREE ACID

PdX1 (D59H3) XP Rabbit mAb
Penicillin-Streptomycin Solution

(10,000 units/mL Peniciliin/10,000 pg/mL
Streptomycin)

PGO enzyme

Phospho Akt (Serd73) (D9e) XP Rabbit mAb
Phosphate Buffered Saline

(PBS: without calcium without magnesium)
Phospho Akt (Serd73) (D9e) XP Rabbit mAb
Phospho-AMPK (Thr172) (40H9) Rabbit mAb
Pierce ECL Western Blotting Substrate
Potassium chloride

Potassium persulfate

Protease inhibitor Cocktail

Thermo Scientific, USA

Sigma Aldrich, USA

Merck, Germany

Sigma Aldrich, USA

Sigma Aldrich, USA

Sigma Aldrich, USA

Cell Signaling Technology, USA

HyClone, USA

Sigma Aldrich, USA
Cell Signaling Technology, USA

HyClone, USA

Cell Signaling Technology, USA
Cell Signaling Technology, USA
Biorad, USA

Sigma Aldrich, USA

Merck, Germany

Cell Signaling Technology, USA
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Protein marker

Quercetin

Rat intestinal acetone powder

Resazurin sodium salt

RIBOZOL RNA EXTRACTION REAGENT
Rosilglitazone

RPMI 1640 Medium

Sodium acetate

Sodium carbonate

Sodium Chloride

Sodium phosphate dibasic anhydrous
Sodium phosphate monobasic anhydrous
Sucrose

Supersignal West Femto Substrate Trial kit
Spectra Multicolor Broad Range Protein Ladder
Sterile Water (deionized water)
Triethanolamine hydrochloride

Trypan Blue Stain 0.4%

Wortmanin

Thermo Scientific, USA
Sigma Aldrich, USA
Sigma Aldrich, USA
Sigma Aldrich, USA
Amersco, Canada
Sigma Aldrich, USA
HyClone, USA

Sigma Aldrich, USA
Merck, Germany
Merck, Germany
Sigma Aldrich, USA
Sigma Aldrich, USA
Merck, Germany
Biorad, USA

Thermo Scientific, USA
General Hospital Products
Sigma Aldrich, USA
Invitrogen, USA

Sigma Aldrich, USA
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4.1.2 Tools and Devices

Analytical Balances

Auto pipette

Block heater

Cell Culture Flask (25, 75 cm?)
Centrifuge tube (15, 50 mL)
CO; incubator

Cryovial tube 2.0 mL
Confocal Microscopes
Disposable Serological pipette (5, 10 mL)
Electrophoresis power supply
Exicycler™ 96

Fluorescence microscope
Glassware

Hemocytometer

Incubator

Inverted microscope
Larminar Flow Cabinet

Light microscope

Liquid Nitrogen Tank

Multichannel pipette
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Mettler Toledo, Switzerland
GILSON, France

Wealtec Corp., USA
Corning Inc., USA

Corning Inc., USA

Sheldon Manufacturing, USA
Corning Inc., USA

Zeiss, Germany

Corning Inc., USA

Biorad laboratories, USA
Bioneer, Korea

Zeiss, Germany

Pyrax, USA

Hausser Scientific, USA
Memmert, Germany
Olympus Optical, Japan
E.S.I. Flufrance, France
Olympus Optical, Japan
Taylor-Wharton, USA

GILSON, France



Microcentrifuge tube (0.2 and 0.6 mL)
Microcentrifuge tube (1.5 mL)

Micro refrigerated centrifuge
Multichanel pipette

Mini Trans-Blot® Electrophoretic Transfer cell

0.2 mL Opaque White 8-Strip PCR tube, 250 strip

Pipette tips (10, 200, 1000 uL)

Sonicator

Sterile aerosol pipette tip (10, 200, 1000 pL)
Vortex Mixer

Vortex Mixer (FINE VORTEX)

Water Bath

-20 °C Freezer

-80 °C ULT Deep Freezer

1.5 mL microcentrifuge tube

2 mL Cryovial tube

4 °C Refrigerator

6 well cell culture plate flat bottom with lid

96 well cell culture plate flat bottom with lid
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Axigen scientific, USA

Biologix Research company, USA

Vision Scientific, South Korea

GILSON, France

Bio-Rad Laboratories, USA
Bioneer, Korea
Sorenson™ BioScience, Inc., USA
Soniclean, USA

Corning Inc., USA
FINEPCR, Korea

FINEPCR, Korea
Memmert, Germany
Sanyo Electric, Japan

Shin Lab, Korea
Eppendorf, Germany
Corning Inc., USA

Sharp, Japan

Corning Inc., USA

Corning Inc., USA
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4.2 Method

4.2.1 To Study the effect of bioactive compounds from herbal extract in

regulation of anti-hyperglycemic mechanism

4.2.1.1 Investigation for the effect of bioactive compounds from herbal extract in

regulation of antioxidant mechanism
4.2.1.1.1 Pure Compound

Mahanine from Murraya koenigii, steviol, isosteviol and 7 [-OHisosteviol from
Stevia rebuadiana were kindly provided by Prof. Apichart Suksamran, Department of
Chemistry, Faculty of Sciences, Ramkhamheng University, Bangkok, Thailand.
Preparation and identification of mahanine was described as previously reported [39].
Briefly, dried Murraya koenigii leaves were pulverised and extracted with
dichloromethane and methanol. The extract was filtered and concentrated to give the
total alkaloid residue. The residue was chromatographed over silica gel and the eluates
were examined by thin-layer chromatography. The selected fraction was
chromatographed on Sephadex LH-20 and silica gel. Mahanine was acquired after
purified by recrystallisation and column chromatography. The purity of mahanine was
more than 90% after NMR identification [39]. The structure of mahanine (Table 3) was
identified by nuclear magnetic resonance spectroscopy. Steviol, isosteviol and 7 [-
OHisosteviol from Stevia rebuadiana were prepared as previously reported [113]. Briefly,
dried Stevia rebuadiana leaves were pulverised and extracted with methanol. The
residue was chromatographed over silica gel and the eluates were examined by thin-

layer chromatography to get stevioside, a diterpenoid glycoside from the leaves.
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Isosteviol (ent-16-ketobeyeran-19-oic acid), a tetracyclic diterpenoid from the beyerane
series was obtained from acid hydrolysis of stevioside. Then Isosteviol was chosen as
the parent compound for structural modification to its analogs. Microbial transformation
of isosteviol with Cunninghamella echinulata NRRL 1386 (fungi) produced the 7 -
OHisosteviol. The isolated metabolites were characterized by nuclear magnetic
resonance spectroscopy and the purity of three compounds were more than 90%.
Mahanine, steviol, isosteviol and 7 [3-OHisosteviol were dissolved in dimethyl sulfoxide
(DMSO) at 100 mM as stock solution and then further diluted with serum free media for
cell treatment, however the final concentration of DMSO in treatment medium was not
more than 0.01 %. Mahanine, steviol, isosteviol and 7 [3-OHisosteviol were stored at -20

°C until the experiment was performed.
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Table 3: Chemical structures of mahanine from Murraya koenigii, steviol, isosteviol and

T-beta-OH isosteviol from Stevia rebuadiana.

Formula Pure
Plant Structure
(MW.) compounds

C23H25NOZ

Murraya koenigii ~ mahanine
(347.19)
CZOHEOO3

Stevia rebuadiana steviol
(318.45)
Ca1H3303

Stevia rebuadiana isosteviol

(333.2)

C20H3004 | 7-3-OH -
Stevia rebuadiana
(334.45) isosteviol

HO

CeHsOs
HO Ascorbic acid
(176.12)

HO OH

4.2.1.1.2 Measurement of antioxidant activity by using DPPH Assay

All fraction of herbal extracts were screened for antioxidant activity by measuring
the ability to scavenge the free radical 2, 2-diphenyl-1-picrylhydrazyl (DPPH) compared

with ascorbic acid (positive control). Briefly, DPPH and herbal extracts were dissolved in
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dimethyl sulfoxide (DMSO) to 1 mM and 100 mM, respectively. Then the herbal extracts
were prepared to the ratio of 1:10 with DPPH solution in 96-well plate. The absorbance
will be measured at 517 nm after 30 min of incubation using a microplate reader. The
results will be represented as 50 % inhibition concentration (IC50).

4.2.1.1.3 Cell culture

Rat pancreatic beta cells (RIN-m5F) were purchased from the American Type
Culture Collection (ATCC, Manassas, VA). RIN-m5F cells were maintained in RPMI-1640
supplemented with 10% fetal bovine serum (FBS) as described previously [155].

4.2.1.1.4 Measurement of cell viability by using MTT reduction assay

The effect of mahanine on RIN-m5F cell viability was determined by the MTT
assay, which is a measure the enzyme activity that reduce (3-(4, 5-Dimethylthiazol-2-yl)-
2, 5-diphenyltetrazolium bromide (MTT) to purple formazan. MTT was dissolved in
phosphate buffer saline (PBS), filtered and protected from light and stored at 4 °C. RIN-
m5F cells were seeded in 96-well flat-bottom culture plates at a density of 2 x 10°
cells/well. Cells were treated and incubated with mahanine for 24 h. Then media was
removed and new RPMI was added. MTT at a final concentration of 0.5 mg/mL was
added into each well in the 96-well plate which was incubated for another 3 h in a
humidified atmosphere at 37 °C, 5 % CO.. After that the medium was removed and 100

puL DMSO was added to dissolve the formazan crystals. The absorbance was measured

at 550 nm using a microplate reader. After subtraction of background, cell viability was
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expressed as a percentage relative to control that was designated as 100 %. DMSO
treated cells and untreated cells were positive and negative controls, respectively.

4.2.1.1.5 Measurement of intracellular oxidative stress

Intracellular ROS levels were monitored using the fluorescent probe 2',7'-
dichlorodihydrofluorescein diacetate (H,DCFDA) according to manufacturer’s protocol
with some modifications as described previously [156]. In briefly RIN-m5F cells were
seeded in 96-well flat bottom culture plates at a density of 2 x 10* cells/well. Cells were
pre-incubated in RPMI-1640 medium at either a maintenance glucose conditions (11
mM) or a high glucose conditions (33 mM) for 48 h, after which time, cells were treated
or not treated with mahanine. The medium was removed and 20 uM of H,DCFDA was
then added. After an additional 30 min of incubation in the dark at 37 °C, cells were
washed twice with PBS and then maintained in phenol-red free RPMI without fetal
bovine serum. The results were analyzed immediately using a fluorescence microplate
reader (Bio-Tek Instruments) at 485 and 528 nm, respectively. H-0, (50 uM) was used
as a positive control. After measurement of 2',7'-dichlorofluorescein (DCF) fluorescence,
an MTT assay was performed immediately according to the procedures described
above. The ratio of the DCF fluorescence and MTT absorbance was taken as the extent
of intracellular ROS generation normalized to the absorbance of the cell viability. The
result are presented as a fold of control. In parallel, intracellular ROS was also observed
directly under a fluorescent microscope. RIN-m5F cells were seeded into a 35 mm

culture dish at a density of 2x 10° cells/well and allowed to grow for 2 days under
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maintenance glucose conditions (11 mM) or high glucose conditions (33 mM) before
switching to Krebs-Ringer bicarbonate buffer containing 25 mM glucose (fed state
condition) cotreated with mahanine for 2 h. The medium was then removed and 50 uM
of H,DCFDA was added. After an additional 30 min incubation in the dark at 37 °C, cells
were washed twice with serum free medium and observed under a Zeiss Axio Observer
Al inverted microscope with a QImaging Retiga CCD.

4.2.1.1.6 Assessment of quantitative — reverse transcription polymerase chain

reaction (qPCR)

RIN-m5F cells were seeded in 60 mm culture dishes and treated with mahanine
as described above. After treatment, total RNA was extracted from the cells using TRI
reagent (Favorgen Biotech Corp, Ping-Tung Taiwan) according to the manufacturer’s
instructions with some modifications. The total RNA was reverse transcribed to cDNA
using oligo (dT) primers and a reverse transcriptase kit (Bioneer, Daejeon, Korea)
following the manufacturer’s protocol. Quantitative - reverse-transcription polymerase
chain reaction was performed in 96-well plates using the Exicycler™ 96 Real time
Quantitative Thermal Block (Bioneer, Daejeon, Korea). The SYBR green system was used
to analyze PDX-1, PRE-INS, GLUT2, GCK, NADPH oxidase (NOX1, NOX4), and GAPDH
expression using gene specific primer pairs as listed in table 4. All sample mRNA levels
were normalized to the values of GAPDH and the results expressed as fold changes of

-AACE

threshold cycle (Ct) value relative to controls using the 2 method.



Table 4: Specific primer pairs used.
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Fragment size
Pair Name Sequence 5'-3' T(°O)
(bp)
PDX-1-F CGGACCTTTCCCGAATGGAA
1 56 314
PDX-1-R TCCACTTCATGCGACGGTTT
PRE-INS-F AGGC GTCAAACAGCACCTT
2 60 212
PRE-INS-R ATCCACAATGCCACGCTTCTG
GLUT2-F TTAGCAACTGGGTCTGCAAT
3 54 343
GLUT2-R GGTGTAGTCCTACACTCATG
GCK-F GC GAGACCCGTTTCGT
4 54 119
GCK-R CGCACAATGTCGCAGTCA
NOX1-F CTTCCTCACTGGCTGGGATA
5 58 219
NOX1-R CGACAGCATTTGCGCAGGCT
NOX4-F GTTAAACACCTCTGTCTGCTTG
6 64 454
NOX4-R CACCTGTCAGGCCCGGAACA
GAPDH-F CAGGGCTGCCTTCTCTTGTG
7 57 359
GAPDH-R TCTCGTGGTTCACACCCATC

4.2.1.1.7 Assessment of PDX-1 protein expression

PDX-1 protein expression in RIN-m5F cells was examined by western blotting.

Cells were seeded in 60 mm culture dishes and allowed to grow overnight (80-90%
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confluence), and then incubated with vehicle (DMSO), Insulin (0.1 uM) or mahanine (5
or 10 uM) under 11 and 33 mM glucose as appropriate. The treated cells were washed
twice with ice-cold PBS, detached with cell scrapers and pelleted by centrifugation at
5,000 g at 4°C for 3 minutes. The pelleted cells were lysis with RIPA buffer (Merck
Millipore, Billerica, USA) containing protease/phosphatase inhibitor cocktail (Cell Signaling
Technology, Boston, USA). The cell lysate supernatants were collected after
centrifugation at 14,000 g for 15 minutes at 4 °C. Cell lysates (30 pg protein per lane)
were subjected to western blot analysis. Equal amounts of total cellular protein were
resolved by SDS-PAGE and transferred onto polyvinylidene difluoride (PVDF)
membranes [Millipore (Billerica, MA, USA)], and probed with a primary antibody against
PDX-1 (1:2000 dilution) overnight at 4 °C, followed by incubation with a horseradish
peroxidase (HRP)-conjugated secondary antibody (1:5000 dilution for 1 hour).
Immunoblots were exposed to X-ray film to produce bands in the linear range. Equal
loading was confirmed by analysis of the internal control of beta-actin, and bands were
quantified using densitometry by the Image J Software (NIH, Bethesda, MD, USA).

4.2.1.1.8 Assessment of the intracellular localization PDX-1

The intracellular localization of PDX-1 in RIN-m5F cells was examined by
immunofluorescence staining. Cells were seeded on a coverslip that was placed in the
well of a 6-well plate at 37 °C overnight, pre-incubated in RPMI-1640 medium at either
maintenance glucose (11mM) or high glucose (33 mM) for 48 h. After incubation, cells

were treated in the absence or presence of mahanine. Ascorbic acid and H,0, were
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used as positive controls. Cells were washed with PBS and fixed in 4% paraformaldehyde
for 15 minutes, washed with PBS with 0.5% Triton X-100 5 times, and then blocked with
1% FBS-BSA for 1 hour. Cells were incubated with primary antibodies for PDX-1 at a
1:500 dilution in 1% BSA-PBS (v/v) at 4 °C overnight. Cells were washed three times with
PBS, and incubated with a goat anti-rabbit IgG-Alexa Fluor 488 secondary antibody at a
1:3000 dilution in 1% BSA-PBS (v/v), for 1 hour at room temperature. Coverslips were
washed with PBS three times, incubated with DAPI (4',6-diamidino-2-phenylindole) at 0.2
ug/mL in PBS (v/v) for 10 minutes. Thereafter, samples were washed with PBS three
times, and mounted on microscope slides with Prolong® Gold antifade reagent
(Invitrogen, Carlsbad, USA). The localization patterns of PDX-1 proteins were analyzed
using @ LSM700 laser confocal scanning microscope (Carl Zeiss Microscopy GmbH,
Oberkochen, Germany). Fluorophores were excited with a 405-nm laser for DAPI and a
561-nm laser for Alexa 488. PDX-1 immunofluorescence staining images were analyzed
by Image) v 1.50 software (National Institute of Health, USA) [157]. The data are
presented as the average fluorescence intensity for each image from cells or nuclei.

4.2.1.1.9 Measurement the glucose stimulated insulin secretion (GSIS)

RIN-m5F cells (2 x 10° cells/well) were seeded in 24-well plates. After 2 days,
cells were pre-incubated with glucose (11 or 33 mM) for 48 hour and then cells were
washed twice with Krebs-Ringer bicarbonate buffer [ 25 mM HEPES, 115 mM NadCl, 24
mM NaHCO3,5 mM KCl, 2.5 mM CaCl2, and 1 mM MgCI2 supplemented with 0.1% bovine

serum albumin, pH 7.4]. Subsequently, the medium was replaced and cells were
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incubated in KRB 25 mM glucose (simulated fed state with glucose-stimulated insulin
secretion) with or without mahanine (5 uM and 10 pM), and then the cells were
incubated for 2 h at 37 °C. The supernatant was collected for measurement of secreted
insulin using a high range rat insulin ELISA kit (Mercodia Inc., Uppsala, Sweden).

4.2.1.2 Investigation for the hypoglycemic effect of herbal extract through

inhibition of a-glucosidase and a-amylase activity
4.2.1.2.1 Pancreatic a-amylase inhibitory activity

The pancreatic a-amylase inhibition assay was performed follow by a previous
report [12]. Porcine pancreatic a-amylase (3 units/mL) was dissolved in 0.1 M phosphate
buffer saline, pH 6.9. The various concentrations of the extract (10 yL) were added to
a solution containing starch (1 g/1). The reaction was started by adding enzyme solution
(10 pL) to the incubation tube. After 10 min of incubation, the reaction was stopped by
adding 10 pL dinitrosalicylic (DNS) reagent (1% 3,5-dinitrosalicylic acid, 0.2% phenol,
0.05% Na,SO and 1% NaOH in aqueous solution) to the reaction mixture. The mixtures
were heated at 100°C for 10 min in order to stop the reaction. Afterward, 200 uL of
40% potassium sodium tartarate solution was added to the mixtures to stabilize the
color. After cooling to room temperature in a cold water bath, the absorbance was
recorded at 540 nm using a microplate reader. Acarbose was used as positive control

4.2.1.2.2 Intestinal a-glucosidase inhibitory activity

The valuation of intestinal a-glucosidase inhibitory activity was followed by the
previously modified method [12]. Briefly, rat intestinal acetone powder was

homogenized in 0.9% NaCl solution at concentration 100 mg/mL. The solution was
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centrifuged at 14,000 rpm for 30 min and then was subjected to assay. The crude
enzyme solution (as maltase assay, 10 pL; as sucrase assay, 40 yL) were incubated with
30 uL maltose (86 mM) or 30 pL sucrose (120 mM) respectively. 10 pL of the extract
was added at various concentrations, followed by the addition of 0.1 M phosphate
buffer, pH 6.9 to give a final volume of 100 uL. The reaction was incubated at 37 °C for
30 min for maltase assay and 60 min for sucrase assay. Next, the mixtures were incubate
at 100 °C for 10 min to stop the reaction. The concentrations of glucose unobstructed
from the reaction mixtures were determined by glucose oxidase method with
absorbance at a wavelength of 450 nm. Intestinal a-glucosidase inhibitory activity was
expressed as percentage inhibition. Acarbose was used as positive control.

4.2.1.3 Investigation for the hypoglycemic effect of herbal extract through glucose
uptake by using cultured myocytes and adipocyte

4.2.1.3.1 Cell culture and differentiation

The muscle myoblast cell line L6 (ATCC CRL 1458) and a murine preadipocytes
cell line 3T3-L1 (ATCC CL 173) were purchased from the American Type Culture
Collection (ATCC, Manassas, VA). L6 cells were maintained in DMEM containing 10% (v/v)
FBS and 1% penicillin-streptomycin, cultured in a humidified atmosphere of 5% CO, at
37 °C. To differentiate the myoblast cell into myotubes, the medium was switched to
DMEM containing 2% (v/v) FBS for 7 days to induce to myotube formation. The
differentiation medium was replaced every 2 days prior to use as describe previously
[155, 158]. Total RNA was used to assess the mRNA expression of myogenin, a myotubes

marker and beta-actin was used to normalize the expression as a house keeping gene



64

(data not shown). 3T3-L1 cells were maintained in DMEM, supplemented with 10% fetal
bovine serum (FBS). To induce differentiation of 3T3-L1 cells, they were cultured as
described previously [158, 159]. The differentiated adipocytes were confirmed by
determination of lipid accumulation as assessed by Oil Red O staining. Briefly, the
differentiated cells were washed with phosphate-buffered saline (PBS) and fixed with
10% formalin-PBS solution for 1 h. After air drying, the plates were stained with Oil Red
O dye (Sigma Aldrich, St. Louis, MO) for 30 min at room temperature. The plates were
rinsed four times with distilled water. Cell images were obtained using a Zeiss Axio

Observer Al inverted microscope with a QImaging Retiga CCD at 10 X magnification.

4.2.1.3.2 Measurement of cell viability by using MTT assay

The effects of mahanine, steviol, isosteviol and 7 [3-OHisosteviol on L6 and 3T3-
L1 cell viability were determined by the MTT assay. L6 and 3T3-L1 cells were seeded
into 96-well plates at a density of 2 x 10> cells/well and 0.5 x 10° cells/well respectively.
After differentiation, myotube and adipocyte cells were incubated with mahanine,
steviol, isosteviol and 7 3-OHisosteviol for 24 hour in a humidified atmosphere at 37 °C,
5 % CO,.Cell viability was expressed as a percentage relative to control that was
designated as 100 %. DMSO treated cells and untreated cells were positive and negative

controls, respectively.
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4.2.1.3.3 Glucose uptake assay

Glucose uptake by myotubes and adipocyte cells was analyzed by measurement
of 2-NBDG uptake [160]. Briefly, differentiated cells were cultured under serum
starvation conditions (DMEM with 0.1% BSA) overnight in a CO, incubator. Then cells
were washed and starved in Krebs-Ringer phosphate HEPES (KRPH) buffer containing
[NaCl 118 mM, KClI 5 mM, KH,PO, 1.2 mM, CaCl, 1.3 mM, MgSO4 1.2 mM and HEPES 30
mM (pH 7.4)] for 1 hour. The cells were treated with or without 5 or 10 uM mahanine
for 30 min and with or without 50 pM steviol, isosteviol and 7 [3-OHisosteviol for 60 min
in KRPH buffer, with insulin used as a positive control. Then 2-NBDG (100 uM in KRPH
buffer) was added to each well followed by incubation for 30 min at 37 °C. After washing
the fluorescence intensity of cells containing 2-NBDG were analyzed immediately using
a fluorescence microplate reader (Bio-Tek Instruments) with excitation at 485 nm and
emission at 535 nm.

4.2.1.3.4 Assay for GLUT4 translocation

For measuring the amount of GLUT4, membrane-and-cytoplasmic protein
fractions of cultured myotubes cell were obtained with a Mem-PER Plus Membrane
Protein Extraction Kit (Catalog number 89842). Myotubes cells were treated with 5 or
10 uM mahanine for 30 min and with or without 50 UM steviol, isosteviol and 7 [3-
OHisosteviol for 60 min. A 15 min-incubation with insulin (0.1 uM) served as positive
control. The levels of GLUT4, Na+/K+ ATPasea-1 (membrane protein marker) and an

internal control (beta-actin) were determined by western blot analysis. The membrane
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protein was probed with primary antibodies to either GLUT4 (1:1000 dilution) or Na+/K+
ATPasea-1 (1:1000 dilution) overnight at 4 °C then incubated with an HRP-conjugated
anti-mouse IgG secondary antibody or an HRP-conjugated anti-rabbit IgG antibody
(1:2000, dilution) for 1 hour at room temperature. The membranes were analyzed by
ECL detection reagents with Image) Software (NIH, Bethesda, MD, USA). The level of
GLUT4 in the plasma membrane was calculated by the ratio of the levels of GLUT4 to
beta-actin.

4.2.1.3.5 Assay for phosphorylations of both Akt and AMPK

The cells were treated with or without 5 or 10 uM mahanine and with or without
50 uM steviol, isosteviol and 7 3-OHisosteviol in KRPH buffer together with the presence
or absence of 0.1 uM wortmannin (an Akt inhibitor) and 20 uM compound C (an AMPK
inhibitor) as per the previous protocol [161]. The inhibitors were incubated with cells for
30 min prior to sample treatment. After the incubation time the treated cell were
washed and lysed with cell lysis buffer (RIPA buffer). The amounts of p-Akt, Akt, p-AMPK
and AMPK proteins were determined by western blot analysis. The PVDF membrane
was probed with the primary antibodies for either p-Akt (1:5000 dilution) or p-AMPK
(1:2500 dilution) overnight at 4 °C then incubated with a HRP-conjugated anti-rabbit 1gG
secondary antibody (1:5000 dilution) for 1 hour at room temperature. The membrane
was analyzed by ECL detection reagents with ImageJ Software (NIH, Bethesda, MD, USA).
The relative band intensities of p-Akt, p-AMPK, Akt and AMPK were expressed as a fold

of the untreated control.
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4.2.2 Investigation for the antihyperglycemic mechanisms of bioactive

compounds from Murraya koenigii and related anticancer
4.2.2.1 Immunohistochemical analysis of human hepatic cancer arrays

The liver cancer tissue array contained 40 cases of hepatocellular carcinoma
and 8 cases of cholangiocarcinoma (LV484, US Biomax, Inc.), and two arrays of the same
lot were used for analyzing the expression of MITF and GLI1. However, one
hepatocellular carcinoma specimen and one cholangiocarcinoma specimen were
excluded, because one of the tissue specimens derived from a same patient was peeled
from a slide glass during the immunohistochemical procedure with either anti-MITF
antibody or anti-GLI1 antibody. In addition, one hepatocellular carcinoma specimen was
excluded, because its grade in Pathology Diagnosis was not available. Accordingly, the
remaining 38 hepatocellular carcinoma cases and 7 cholangiocarcinoma cases were
analyzed. The specificity of polyclonal anti-MITF antibody was reported [35] [162].
Dilutions of primary antibodies were 1:400 for anti-MITF and 1: 100 for anti-GLI1 (BIOSS,
Woburn, MA 01801 U.S.A). For simplicity, the presence of detectable immunoreactivity
was defined as positive, irrespective of the staining intensity, while the absence of
detectable immunoreactivity was defined as negative. In case of positive specimens,
almost all cancer cells were reactive with a given polyclonal antibody (anti-MITF or anti-
GLI1 antibody). As negative control, the tissue sections were incubated with normal

rabbit IgG (DAKO), instead of a primary antibody (data not shown).
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4.2.2.2 Cell culture

Human cholangiocarcinoma cell lines, KKU-100 and HuCCT1, were obtained from
JCRB Cell Bank (Osaka, Japan) and RIKEN Cell Bank (Tsukuba, Japan), respectively. KKU-
100 cells were cultivated in Dulbecco’s Modified Eagle’s Medium (DMEM) containing 10%
fetal bovine serum (FBS), and HuCCT1 cells were cultivated in RPMI1640 medium
containing 10% FBS. HepG2 hepatocellular carcinoma cells were cultivated in DMEM
containing 10% FBS.

4.2.2.3 Assessment of cytotoxicity

Cytotoxicity of mahanine was determined in KKU-100 and HuCCT1
cholangiocarcinoma cells and HepG2 hepatocellular carcinoma cells by MTT assay. Cells
were seeded and grown in 96 well flat bottom culture plates at a density of 1 x 10°
cells/well for 24 h before were treated with varying concentrations of mahanine for 24
h. After treatment, culture medium was removed and fresh medium was added. MTT
at a final concentration of 1 mg/mL was added into each well in the 96-well plate and
incubated for 4 h in a humidified atmosphere at 37°C, 5% CO,. After that, the medium
was removed and 100 uL acidic isopropanol was added to dissolve the formazan crystal.
The amount of formazan was determined based on absorbance at 570 nm, using a
plate reader (FlexStation 3 Microplate Reader, Molecular Devices). After subtraction of

background, cell viability was expressed as a percentage relative to control that was

designated as 100%.
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In another series of experiments, cells were seeded in 60-mm culture dishes
and allowed to grow overnight (80-90% confluence), then incubated with vehicle (DMSO)
or mahanine (up to 25 uM) in fresh medium containing 10% FBS for 24. Treated cells
were washed twice with ice-cold PBS, detached with cell scrapers, and pelleted by
centrifugation at 5,000 g at 4°C for 3 minutes. The cell lysate supernatants were collected
after centrifuged at 14,000 g for 15 minutes at 4°C. Cell lysates (30 pg protein per lane)
were subjected to Western blot analysis. The relative intensity of a specific protein band
was assessed with the intensity of beta-actin (loading control).

4.2.2.4 Western blot analysis

Whole cell lysates were prepared from KKU-100 and HuCCT1
cholangiocarcinoma cells and HepG2 hepatocellular carcinoma cells, as described
previously [24]. Cell lysates (30 pg protein per lane) were fractionated by SDS-PAGE and
blotted to a polyvinylidene fluoride membrane (Immobilon™-P, Millipore Corporation)
in the buffer containing 20% methanol, 48 mM Tris, 39 mM glycine, and 0.037% SDS.
The membranes were treated with Tris-buffered saline (TBS) with 0.1% Tween 20 (TBS-
T), containing 5% non-fat dried milk for 1 h at room temperature, exposed with each
antibody in TBS-T for 2 h at room temperature, and were washed three times each for
10 min in TBS-T at room temperature. The antibodies used were mouse monoclonal
anti-MITF antibody (C5) (NeoMarkers, Fremont, CA), anti-heme oxygenase (HO)-1
antibody (ADI-SPA-896) was from Enzo Life science (Farmindale, NY, USA), and anti-

beta-actin antibody (Sigma-Aldrich, St. Louis, MO). Finally, immunoreactive proteins were
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detected with a Western blot kit (Millipore Corporation). Horseradish peroxidase (HRP)-
conjugated donkey anti-rabbit immunoglobulin (NA9340) and HRP-conjugated sheep
anti-mouse immunoglobulin (NA931) were from GE Healthcare (Buckinghamshire, UK).

4.2.2.5 Statistical analysis

The results are expressed as mean + SD of at least three independent
experiments in which triplicate sample were performed. Statistical significance was
assessed by Student t-test, Chi-Square and one-way ANOVA followed by a Tukey
comparison test and Dunnett’s post hoc comparison test using the GraphPad Prism
program version 5 (GraphPad software, San Diego, CA, USA). A value of p < 0.05 was

considered as statistically significant.



CHAPTER V
RESULTS

5.1 Investigation for the effect of bioactive compounds from herbal

extract in regulation of antioxidant mechanism

5.1.1 Antioxidant activity of from Murraya koenigii and Stevia rebuadiana

crude extraction determined by DPPH assay

Antioxidant activity of from Murraya koenigii, Stevia rebuadiana were
determined by DPPH assay the result were shown in table 5. Murraya koenigii and Stevia
rebuadiana possess different degrees of antioxidant capacity. Murraya koenigii
possessed high antioxidant capacities was 45.75 + 2.1 mg vit C / g Dry weigh of sample,
while Stevia rebuadiana showed 15.49 + 1.85 mg vit C / g Dry weigh of sample. Murraya
koenigii showed stronger antioxidant activity than Stevia rebuadiana.

Table 5: Antioxidant activities of Murraya koenigii, Stevia rebuadiana. The data were
represented in mg vit C / g Dry weigh of sample and performed in triplicate and

determined at 10 min

Part ; ;
Scientific Name Solvent mg vit C /' Dry weigh of

Used sample (Mean + SD)
Murraya koenigii Leaf Methanol 45.75 £ 2.1

Stevia rebuadiana Leaf Methanol 15.49 + 1.85
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5.1.2 Antioxidant activity of pure compounds from Murraya koenigii, Stevia

rebuadiana and ascorbic acid determined by DPPH assay

Antioxidant activity of pure compounds from Murraya koenigii, Stevia rebuadiana
and ascorbic acid were determined by DPPH assay as shown in table 6. All fractions
possess different degrees of antioxidant capacity. Mahanine possessed the highest
antioxidant capacities; IC50 was 49.00 + 1.67 uM, while Steviol, isosteviol and 7 beta-
OH-isosteviol showed no antioxidant activity. Based on these results, mahanine were
used to examined the protective effect on pancreatic beta cells from high glucose
induce ROS damage in cell culture.

Table 6: Antioxidant activities of mahanine from Murraya koenigii, steviol, isosteviol and
7 beta-OH —isosteviol from Stevia rebuadiana and ascorbic acid.

The data were represented in 50% inhibition concentration (IC50) and

performed in triplicate and determined at 10 min. NA; no antioxidant activity (the

absorbance of DPPH does not change).

I1C50 (uM)
Plant Pure compounds

(Mean + SD)

Murraya koenigii Mahanine 49.00 + 1.67
Stevia rebuadiana Steviol NA
Stevia rebuadiana isosteviol NA
Stevia rebuadiana 7-B-OHisosteviol NA

Ascorbic acid 3579 +1.61
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5.1.3 Mahanine protect RIN-m5F pancreatic beta cells death in high-glucose

condition

To determine the cytotoxic effect of high-glucose treatment on pancreatic beta
cells, RIN-m5F cells were treated with glucose at the concentrations of 11, 22 and 33
mM and incubated for 48 hour. A glucose concentration of 33 mM showed a significantly
decreased cell viability to 81.98+ 7.96 % of control (Figure 10A). To determine the
cytotoxic effect of mahanine on pancreatic beta cells viability, RIN-m5F cells were
cultured and treated with various concentrations of mahanine for 24 h followed by MTT
assay Figure 10B. Treatment with mahanine at concentrations of 25, 50 and 100 uM
significantly decreased cell viability to 69.65 + 7.01, 11.58 + 2.54 and 9.45 + 4.65 %,
respectively Figure 10B. Based on these results, glucose at the concentration of 33 mM
and mahanine at the concentrations up to 12.5 uM was used in the subsequent
experiments. Moreover, it was found that exposure of the RIN-m5F cells to 33 mM
glucose together with mahanine at 5 and 10 uM showed cyto-protective effects when
compare to the treatment with 33 mM glucose alone as shown in Figure 10C. At 33 mM
glucose cell viability was 75.10 + 3.00 %, while co-treatment with mahanine at 5 and 10
UM showed cell viability of 88.91+ 4.99 % and 95.36+ 1.00% compared to the high

glucose conditions.
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Figure 10: Mahanine protects against RIN-m5F pancreatic beta cell death in high-
glucose condition.

(A) RIN-m5F cells were incubated with various concentration of glucose for 48
hour and cell viability determines by MTT assay. (B & C) RIN-m5F cells were incubated
with mahanine (MK) at different concentrations for 24 hour and cell were exposured to
33 mM glucose for 48 h together with increasing concentration of mahanine and cell
determines by MTT assay. Data represent mean + S.D. of three independent
experiments. P < 0.05 compared to control.

5.1.4 Mahanine reduce intracellular ROS generation in high glucose-treated

RIN-m5F pancreatic beta cells

The protective effect of mahanine against pancreatic beta-cells damage from
high glucose conditions induced ROS production was investigated. To confirm that high
glucose induced ROS production, RIN-m5F cells were treated with glucose at
concentrations of 11, 22 and 33 mM for 48 hour. The result are shown in Figure 11A.
The 33 mM glucose treatment group showed significantly increased ROS levels of 1.52
+ 0.46 fold as compared to maintenance glucose (11 mM). Therefore, incubation of cells
with 33 mM of glucose for 48 hour was used to further study ROS induced beta cells
damaged. To investigate the ROS inhibition effect of mahanine, RIN-m5F cells were
treated with mahanine at concentrations of 5 or 10 uM, for 2 h after exposure to high
glucose (33 mM) for 48 hour. Treatment with 50 uM H,0, for 30 min was used as a

positive control. The ROS levels showed 2.11 + 0.35 fold of control in the H,0, treated
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group. Mahanine at the concentrations of 5 and 10 uM, and ascorbic acid showed
significantly reduced levels of ROS production to 1.29 + 0.31, 1.16 + 0.34 and 1.05 +
0.64 fold, respectively as compared to the high glucose treatment (33 mM) as shown in

Figure 11B and 11C. These results indicate that mahanine possesses antioxidant activity.
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Figure 11: Mahanine reduces intracellular ROS generation in high glucose (33 mM) -
treated RIN-m5F pancreatic beta cells.

(A) Effect of high glucose on intracellular ROS generation in RIN-m5F pancreatic
beta cells. (B) Effect of mahanine (MK) on intracellular ROS generation in 33 mM glucose
treated RIN-m5F pancreatic beta cells. (C) Intracellular ROS production in cells was

observed under a fluorescence microscope after staining with H,DCF-DA. Results are
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presented as the mean + SD (n=3) of three independent experiments. # P < 0.05,
compared with cells exposed to maintenance glucose conditions (11mM). *P < 0.05
compared with cells exposed to high glucose conditions (33 mM).

5.1.5 Effect of mahanine involved in gene expression of insulin secretion

pathway

To investigate the levels of gene expression of regulators of the insulin secretion
pathway, mRNA levels of insulin transcription factor PDX-1, preinsulin (PRE-INS), glucose
transport 2 (GLUT2), and glucokinase (GCK) were determined by gPCR. RNA of RIN-m5F
was collected after exposure to maintenance glucose conditions (11mM) or high glucose
conditions (33mM) and co-treatment for 48 hour with or without mahanine treatment.
The result are shown in Figure 12. The 33 mM glucose treatment group significantly
downregulated transcription levels of regulatory genes in the insulin secretory pathway
as compared to the maintenance glucose conditions (11 mM). The 11 mM glucose
treatment group showed no statistically significant difference in the expression of target
genes after treatment with 5 or 10 uM mahanine. However, under 33 mM glucose, 5
and 10 uM mahanine significantly increased expression of PDX-1, PRE-INS, GLUT2, and
GCK gene as compared with the 11 mM maintenance glucose condition. These results
indicate that mahanine can ameliorated beta cells function in high glucose induced beta
cells damage. We next analyzed the expression profile of the NOX family genes which
are potential sources of ROS production in pancreatic beta cells. Real time RT-PCR

showed the expression of NOX1 and NOX4 were significantly increased in expression in
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high glucose treated cells Figure 12E and 12F. Importantly, in high glucose treated cells
NOX1 and NOX4 were significantly decreased in the mahanine co-treatment groups. This
data demonstrates that mahanine suppresses ROS levels, reverses high glucose—induced

impaired synthesis and secretion of insulin via inhibition of NADPH oxidase.
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Figure 12: Relative mRNA expression gene expression of insulin secretion pathway.

Relative mRNA expression of PDX-1, PRE-INS, GLUT2, GCK, NOX1 and NOX4 at
glucose doses of 11 and 33 mM with or without treatment of 5 uM (5 MK) and 10 uM
(10 MK) mahanine. The data are shown as fold change compared with 11 mM glucose
maintenance condition. Values are shown as mean + SD (n = 3) of three independent
experiments. The data values were analyzed by one-way ANOVA followed by Tukey’s
post hoc multiple comparison tests, and significantly different values are represented
as # P < 0.05, compared with cells exposed to maintenance glucose conditions (11 mM).
*P < 0.05 compared with cells exposed to high glucose conditions (33 mM).

5.1.6 Effect of mahanine on PDX-1 protein level and translocation

Western blot analysis and immunocytochemistry were performed to investigate
the effect of mahanine on PDX-1 protein expression and translocation. Under high
glucose conditions (33 mM) PDX-1 protein level was significantly decreased as compared
to cells treated the maintenance glucose condition (11 mM). PDX-1 protein level in

maintenance condition and co-treatment with mahanine at 5 or 10 uM showed no
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statistically significant difference. In high glucose condition co-treatment with mahanine,
PDX-1 protein showed a significant increase Figure 13A and 13B. Translocation of PDX-
1 was determined using a confocal microscope. In the high glucose condition, PDX-1
was significantly translocated from the nucleus to the cytoplasm, similar to H,0,
treatment (positive control). Co-treatment with mahanine at 5 and 10 uM reversed the
translocation of PDX-1 Figure 13C and 13D. This result indicates that mahanine is able
to restore PDX-1 protein levels under high glucose conditions. Moreover, mahanine
increased PDX-1 translocation from the cytoplasm to the nucleus leading to PDX-1 gene

expression and finally increased insulin secretion.
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Figure 13: Western blot analysis of PDX-1. RIN-m5F cells were incubated with glucose
at 33 mM or vehicle for 48 h.

Cells were incubated with mahanine (MK) at different concentrations for 2 h
before stimulation with glucose at 25 mM (the data are shown from three independent
experiments). Each lane contained cell extracts (30 ug protein) (A). A 10% gel was used
for detecting PDX-1 and beta-actin (top and bottom). (B) Quantification of PDX-1 protein
expression. Molecular mechanisms involved in PDX-1 of pancreatic beta cells induced
glucose 11 and 33 mM with or without the treatment mahanine (MK) stimulated the
PDX-1 translocation glucose dose of 11 and 33 mM with or without the treatment of 5
uM (5 MK) and 10 pM (10 MK) mahanine (C&D). The values are presented as the

cytoplasm/nuclear ratio. # P < 0.05, compared with cells exposed to maintenance
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glucose conditions (11mM). *P < 0.05 compared with cells exposed to high glucose

conditions (33mM).

5.1.7 Effect of mahanine to maintained the glucose =stimulated insulin
secretion (GSIS) potential of RIN-m5F pancreatic beta cells chronically

exposed to high glucose levels

To confirm the effect of mahanine on PDX-1 nuclear translocation, insulin gene
expression and secretion, an ELISA was performed. Insulin secretion was significantly
decreased by around 50% under high glucose conditions as compared to the
maintenance glucose conditions. When co-treated with 5 and 10 uM of mahanine, no
effect was observed under maintenance glucose conditions. However, under high
glucose conditions co-treatment with mahanine 10 uM and vitamin C (positive control)
showed a significant increase in insulin secretion as compared to 33 mM glucose treated
group. This data suggests that mahanine is able to restore the effect of insulin secretion,
under high glucose conditions, but has no effect on insulin secretion under maintenance

glucose conditions.
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40+

Insulin secretion (mg/L)

Figure 14: The effect of mahanine on maintenance glucose conditions (11 mM glucose)
and high glucose conditions (33 mM glucose) stimulated insulin secretion.

The supernatant was collected for measurement of secreted insulin using a high
range rat insulin ELISA kit .Each value is expressed as mean+ SD (n=3). # P < 0.05,
compared with cells exposed to maintenance glucose condition (11mM). *P < 0.05

compared with cells exposed to high glucose conditions (33mM).

5.2 Investigation for the hypoglycemic effect of herbal extract through

inhibition of a-glucosidase and a-amylase activity

5.2.1 The effect of Murraya koenigii and Stevia rebuadiana crude extraction

determined by a- Amylase activity

Both plants have been evaluated the effect on a-Amylase activity and results
were showed in table 7. Acarbose was used as the positive control. Murraya koenigii

(Img/mL) showed less potential on a- Amylase inhibition which inhibit 15 + 3.6% while
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Stevia rebuadiana inhibit 23 + 4.1%. Acarbose displayed 70 + 51% of inhibition at 0.25
mg/mL. This results concluded that crude extracts from the Murraya koenigii and Stevia
rebuadiana are showed inhibition effect on a-Amylase, but may not the main
mechanism. Therefore, the pattern of enzyme activity form crude extracts and pure
compounds were not studied.
Table 7: the inhibitory effect of Murraya koenigii, and Stevia rebuadiana on pancreatic
o-amylase activity.

The data were represented in percentage inhibition and performed in triplicate.
The absorbance was recorded at 540 nm using a microplate reader. Acarbose was used

as positive control.

Treatment
0 I o
Scientific Name (/) % Inhibition of a Amylase activity
(Mean + SD)
Murraya koenigii 1 mg/mL 15+ 3.6
Stevia rebuadiana 1 mg/mL 23+4.1
Acarbose 0.25 mg/mL 70 +5.1

5.2.2 The effect of Murraya koenigii and Stevia rebuadiana crude extraction

determined by a- glucosidase activity

Evaluation of carbohydrate digestive enzyme inhibition have beneficial to
diabetes mellitus patient. Therefore in table 8 showed the inhibition effect on a -

glucosidase activity (maltase and sucrase). Acarbose was used as the positive control.
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Murraya koenigii (1mg/mL) showed less potential a -glucosidase activity which inhibit 12
+ 2.53% of maltose enzyme and 4 + 2.01% of sucrose enzyme while Stevia rebuadiana
inhibit 33 + 5.67% and 21 + 8.45% respectively. Acarbose displayed 47 + 2.5% inhibition
of sucrose enzyme and 55 + 0.6% at 0.25 mg/mL. This results concluded that crude
extracts from the Murraya koenigii and Stevia rebuadiana are showed inhibition effect
on a -glucosidase, but may not the main mechanism. Therefore, the pattern of enzyme
activity form crude extracts and pure compounds were not studied.
Table 8: the inhibitory effect of Murraya koenigii, and Stevia rebuadiana on intestinal a-
glucosidase (maltase and sucrase).

Intestinal o-glucosidase  inhibitory activity were expressed as percentage
inhibition and performed in triplicate. The absorbance was recorded at 450 nm using a

microplate reader. Acarbose was used as positive control.

% Inhibition of % Inhibition of
Treatment o o
Scientific Name (mg/mL) maltase activity sucrose activity
(Mean + SD) (Mean + SD)
Murraya koenigii 1 mg/mL 12 + 2.53 4+201
Stevia rebuadiana 1 mg/mL 33+ 5.67 21 + 8.45
Acarbose 0.25 mg/mL ar + 2.5 55 + 0.6
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5.3 Investigation for the hypoglycemic effect of herbal extract through

glucose uptake by using cultured myocytes and adipocyte
5.3.1 Cell differentiation

Skeletal myoblast were cultured in differentiation medium for 7 days. L6 cells
morphologically changed in term of the placement, elongation, and fusion of
mononucleated myoblasts into multinucleated myotubes as shown in Figure 15A. The
expression of a myotube specific marker (myogenin) was used to evalutate myotube
formation as determined by RT-PCR (data not shown). In contrast, 3T3-L1 preadipocytes
differentiation to mature adipocyte cells was evaluated by lipid accumulation as
assessed by Oil Red O staining. The adipocyte cells that present lipid accumulation

more than 80 % positive were used for further experiments as show in Figure 15B.

A Undifferentiated L6 Differentiated 1.6

Figure 15: Differentiation of muscle myoblasts (A) and murine pre-adipocytes (B).
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5.3.2 Effect of mahanine on cell viability

To determine the optimal concentration of mahanine, we assessed the viability
of mahanine in L6 myotube and 3T3-L1 adipocyte cells using the MTT assay. The results
of myotubes and adipocytes are shown in Figure 16A and 16B, respectively. Mahanine
at a concentration up to 10 uM was appropriate to use in glucose uptake assays for
both L6 myotubes and adipocytes cells because this concentration did not affect cell

viability after 24 hours of treatment.
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Figure 16: Myotube cells were treated with various doses of mahanine.
Myotube cells were treated with various doses of mahanine 0-100 uM for 24 h
(A). Adipocyte cells were treated with various doses of mahanine 0-100 uM for 24 h (B).

5.3.3 Mahanine stimulates glucose uptake in myotubes and adipocyte cells

The effect of mahanine induced glucose uptake into the cell was determined
using a fluorescent glucose analogue (2-NBDG). Differentiated myotubes and adipocytes
were treated with various concentrations of mahanine for 30 min or with 0.1 uM of

insulin for 15 min, then 2-NBDG uptake was measured as in a previous described
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protocol [161]. The results showed that mahanine increased uptake of glucose. In
myotubes, it was observed that 5 and 10 uM of mahanine increased the glucose uptake
by 128.3 + 5.4 % and 138.0 + 8.4 %, respectively. In adipocyte cells, it was observed
that glucose uptake increased by 131.0 + 14.6 % and 180.0 + 12.7 %, respectively when

compared with control (Figure 17).
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Figure 17: The effect of mahanine on 2-NBDG glucose uptake assay.

The effect of mahanine on 2-NBDG glucose uptake assay was performed in both
myotube and adipocyte cell using insulin (0.1 uM) as a positive control. Data represent
the mean + standard error of five separate experiments, each performed in triplicate,

*p < 0.05 vs. control.
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5.3.4 Mahanine stimulates on GLUT4 translocation in myotubes

The effect of mahanine on GLUT4 translocation to the cell membrane was
determination by western blot analysis. The results are shown in Figure 18, insulin and
mahanine significantly increased GLUT4 translocation to the cell membrane as 2.06 +
0.40 and 1.42 + 0.07 fold of control, respectively. The Na/K ATPase, membrane protein

marker and GLUT4 protein in cytosol fractions showed no significant difference when

compared with the control group.
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Figure 18: Effects of mahanine on GLUT4 translocation.

Myotubes were treated with 10 uM of mahanine for 30 min or 0.1 uM of insulin
for 15 min. Plasma membrane and cytosolic fractions were used to assess the GLUT4

expression using western blot analysis. Treatment with 0.1 uM insulin for 15 min was
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used as a positive control. Data are presented as the mean +SD of three independent
experiments. *p < 0.05, compared to the control.

5.3.5 Effects of mahanine on p-Akt, and p-AMPK protein level

5.3.5.1 p-Akt

To investigate the effect mahanine on the time-course of phosphorylated p-Akt
protein level in myotube and adipocyte cells. Myotube and adipocyte cells were
incubated with mahanine (10 uM) for indicated times (30, 60, 90, 120, 180 and 240 min).
Then, the p-Akt protein level was assessed by western blot analysis. As illustrated in
Figure 19, p-Akt protein level significantly increased at every time points of Mahanine
incubation. The maximum p-Akt level was observed at 30 min. Hence based on these
results, exposure to mahanine (10 pM) for 30 min will be used in other related

experiments.
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Figure 19: Effects of mahanine on p-Akt protein level.
Myotube and adipocyte cells were incubated with 10 uM mahanine for indicated

times. The p-Akt protein level was measured using Western blot analysis. Total Akt
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protein level was used as internal control. The values were expressed as mean + SD
from at least three separate experiments;*p<0.05 compared with control group.

5.3.5.2 p-AMPK

To investigate whether the stimulation effect of mahanine on glucose uptake
was associated with the increasing of p-AMPK. Myotube and adipocyte cells were treated
with mahamine at the concentration of 10 uM for indicated times (30, 60, 90, 120, 180
and 240 min). As illustrated in Figure 20, Mahanine increased p-AMPK protein level
significantly increased the p-ampk protein compared with untreated group. Based on
these results, exposure to mahanine (10 uM) for 240 min will be used in other related

experiments.
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Figure 20: Effects of Mahanine on p-AMPK protein level.
Myotube and adipocyte cells were incubated with 10 uM of mahanine for
indicated times. The p-AMPK protein level was measured using western blot analysis.

Total AMPK protein level was used as internal control. The values were expressed as
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mean + SD from at least three separate experiments; * p=~0.05 compared with control

group.
5.3.6 Mahanine stimulates glucose uptake through the Akt pathway

The involvement of mahanine in insulin-signaling pathways was examined next.
The previous experiment showed that mahanine promoted 2-NDBG uptake in both
myotubes and adipocytes in the presence of 0.1 UM insulin (P < 0.05), revealing the
possibility of an insulin dependent or independent pathway. Subsequent studies on the
Akt pathway supported this finding as presented in Figure 21A and Figure 21B. Insulin
at a concentration of 0.1 uM promoted Akt phosphorylation in both myotubes and
adipocytes cells. This result is with mahanine, which significantly increased Akt
phosphorylation. Moreover, the effect of mahanine and insulin were abolished by
wortmanin. This suggests that the stimulation of glucose uptake induced by mahanine

in both myotubes and adipocytes involves the Akt pathway.
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Figure 21: Effects of mahanine on the phosphorylation of Akt at Serd73 in myotube and
adipocyte cells.

To study effect of mahanine on Akt signaling pathway, cells were treated with
10 uM of mahanine in the absence or presence of 0.1 uM of wortmanin (an Akt inhibitor).
Treatment with 0.1 pM insulin for the indicated time was used as a positive control.
Data are presented as the mean +SD of three independent experiments. *p < 0.05,
compared to the control

5.3.7 Mahanine stimulates glucose uptake is not regulated by the AMPK
pathway

To study the effect of mahanine on the AMPK pathway signaling pathway, the
phosphorylation levels of AMPK a at Thrl72 was examined. Metformin, the AMPK
activator, was used as a positive control with treatment for 2 hour [163]. Results showed
that mahanine treatment showed no significant difference when compared to the
untreated group, while the effect of metformin was abolished by compound C. This data
suggests that mahanine stimulated glucose uptake in myotubes and adipocyte does not

involve in the AMPK pathway (Figure 22A), (Figure 22B).
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Figure 22: Effects of mahanine on the AMP-activated protein kinase AMPK a at Thr-172
in myotube and adipocyte cells.

To study the effect of mahanine on AMPK signaling pathway, cells were treated
with 10 uM of mahanine in the absence or presence of 20 uM compound C (an AMPK
inhibitor). Treatment with 2 mM metformin for 2 hour was used as a positive control.
Data are presented as the mean +SD of three independent experiments. *p < 0.05,

compared to the control.
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5.3.8 Effect of steviol, isosteviol and 7 B—OHisostevioI on cell viability

To determine the best concentration of steviol, isosteviol and 7 3-OHisosteviol
that will be used for the further experiment. The viability of these compounds treatment
were performed in L6 myotube cells using the MTT assay. The results of myotubes cell
viability are shown in Figure 23, treatment with steviol, isosteviol and 7 [3-OHisosteviol
respectively. At a concentration up to 50 uM was appropriate for used in glucose uptake
assays for L6 myotubes because this concentration did not affect cell viability after 24
hours of treatment. There for the results concluded that the substances showed highly

safe to use in L6 myotube.
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OHisosteviol 0-100 uM for 24 h (A) (B) (C).
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5.3.9 Steviol, isosteviol and 7 B-OHisosteviol stimulate glucose uptake in

myotubes

The effect of steviol, isosteviol and 7 3-OHisosteviol induced glucose uptake into
the cell was determined using a fluorescent glucose analogue (2-NBDG). Differentiated
myotubes were treated with various concentrations of steviol, isosteviol and 7 [>-
OHisosteviol for 60 min or with 0.1 uM of insulin for 15 min, then 2-NBDG uptake was
measured as a previous described protocol [161]. The results showed that steviol,
isosteviol and 7 B-OHisosteviol increased glucose uptake. At the same concentration, it
was observed that 50 UM of three compounds increased the glucose uptake by 174.3

+ 4.5%, 175.2 + 11.0% and 169.8 + 4.9% ,respectively when compared with control

(Figure 24).
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Figure 24: The effect of steviol, isosteviol and 7 B-OHisosteviol on 2-NBDG glucose uptake

assay.
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The effect of steviol, isosteviol and 7 B-OHisosteviol (50 uM) on 2-NBDG glucose
uptake assay was performed in myotube cell using insulin (0.1 uM) as a positive control.
Data represent the mean =+ standard error of five separate experiments, each
performed in triplicate, *p < 0.05 vs. control

5.3.10 Steviol, isosteviol and 7 p-OHisosteviol stimulate on GLUT4

translocation in myotubes

The effect of steviol, isosteviol and 7 [B-OHisosteviol on GLUT4 translocation to
the cell membrane was determination by western blot analysis. The results are shown
in Figure 25, insulin, steviol, isosteviol and 7 3-OHisosteviol significantly increased GLUT4
translocation to the cell membrane as 2.73 + 0.86, 2.11 + 0.45, 2.58 + 0.12, and 2.13 +
0.28 fold of control, respectively. The total GLUT4 showed no significant difference when

compared with the control group.
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Figure 25: Effects of steviol, isosteviol and 7 [3-OHisosteviol on GLUT4 translocation.

Myotubes were treated with 50 uM of three compounds for 60 min or 0.1 uM
of insulin for 15 min. Plasma membrane and total GLUT4 ratio were used to assess the
GLUT4 expression using western blot analysis. Treatment with 0.1 pM insulin for 15 min
was used as a positive control. Data are presented as the mean + SD of three
independent experiments. *p < 0.05, compared to the control.

5.3.11 Steviol, isosteviol and 7 B-OHisosteviol stimulate glucose uptake is not

regulated by the Akt pathway

To study the effect of steviol, isosteviol and 7 3-OHisosteviol on the Akt signaling
pathway, the phosphorylation levels of Akt at Serd73 was examined. Insulin, the Akt
activator, was used as a positive control with treatment for 15 min [163]. Results showed
that steviol, isosteviol and 7 B-OHisosteviol treatment showed no significant difference
when compared to the untreated group. This data suggests that steviol, isosteviol and
7 [3-OHisosteviol stimulated glucose uptake in myotubes do not involve in the Akt

pathway (Figure 26A), (Figure 26B), (Figure 26C).
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Figure 26: Effects of steviol, isosteviol and 7 3-OHisosteviol on the phosphorylation of

Akt at Serd73 in myotube cells.

To study effect of steviol, isosteviol and 7 [3-OHisosteviol on Akt signaling
pathway, cells were treated with 50 uM of steviol, isosteviol and 7 3-OHisosteviol in the
presence of 0.1 uM of wortmanin (an Akt inhibitor). Treatment with 0.1 uM insulin for
the indicated time was used as a positive control. Data are presented as the mean +

SD of three independent experiments. *p < 0.05, compared to the control.
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5.3.12 Steviol, isosteviol and 7 B-OHisosteviol stimulate glucose uptake is not

regulated by the AMPK pathway

To study the effect of steviol, isosteviol and 7 [-OHisosteviol on the AMPK
pathway signaling pathway, the phosphorylation levels of AMPK a at Thrl72 was
examined. Metformin, the AMPK activator, was used as a positive control with treatment
for 2 hour [163]. Results showed that steviol, isosteviol and 7 3-OHisosteviol treatment
showed no significant difference when compared to the untreated group. This data
suggests that steviol, isosteviol and 7 [-OHisosteviol stimulated glucose uptake in

myotubes do not involve the AMPK pathway (Figure 27A), (Figure 27B), (Figure 27C).
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Figure 27: Effects of steviol, isosteviol and 7 3-OHisosteviol on the AMP-activated protein
kinase AMPK a at Thr-172 in myotube.

To study the effect of steviol, isosteviol and 7 B-OHisosteviol on AMPK signaling
pathway, cells were treated with 50 uM of three compounds in the absence or presence
of 20 uM compound C (an AMPK inhibitor). Treatment with 2 mM metformin for 2 hour
was used as a positive control. Data are presented as the mean + SD of three

independent experiments. *p < 0.05, compared to the control.

5.4 Investigation for the antihyperglycemic mechanisms of bioactive

compounds from Murraya koenigii related anticancer
5.4.1 Expression profiles of MITF and GLI1 in hepatocellular carcinoma

The findings with the hepatic cancer cell lines suggest that MITF expression may
be differentially regulated, depending on the microenvironment of hepatocellular
carcinoma and cholangiocarcinoma cells. Accordingly, we immunohistochemically
analyzed the expression profiles of MITF in hepatocellular carcinoma and
cholangiocarcinoma of the human liver cancer tissue array. Because we used two
separate tissue arrays containing the same series of cancer specimens, it is not
necessarily possible to analyze the consecutive tissue sections. GLI1 expression was also
analyzed as a poor prognosis marker of hepatocellular carcinoma [164]. Figure 28 shows
representative tissue sections of one hepatocellular carcinoma that was negative for
both MITF and GLI1 immunoreactivities (tissue sections of panel A) and one sample

that was positive for both MITF and GLI1 immunoreactivities (tissue sections of panel
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B). Notably, MITF and GLI1 immunoreactivities were consistently detected in cytoplasm,
but not detectable in cell nuclei.

The immunohistochemical analysis of 38 hepatocellular carcinoma specimens
revealed the two groups of carcinoma (Table 9): cancer cells with undetectable MITF
immunoreactivity (n = 32, 84%) and those with detectable MITF immunoreactivity (n =
6, 16%). Thus, MITF was expressed below the immunologically detectable levels in most
cases of hepatocellular carcinoma. Importantly, three of the six MITF-positive
hepatocellular carcinomas were categorized as poorly differentiated histology (50%),
whereas eight of 32 MITF-negative hepatocellular carcinomas (25%) were categorized
as poorly differentiated histology (Table 9). Thus, MITF immunoreactivity is associated
with poor prognosis in patients with hepatocellular carcinoma (Table 9).

On the other hand, GLI1 immunoreactivity was detected in 55% of
hepatocellular carcinoma specimens (21 out of 38 specimens) and undetectable in 45%
specimens (17 out of 38 specimens; Table 10). Moreover, GLI1-positive hepatocellular
carcinoma specimens showed poorly differentiated phenotypes (Table 10), whereas all
of GLI1-negative hepatocellular carcinoma specimens showed moderately differentiated
phenotypes. These results support the implication of GLI1 expression as a poor
prognosis marker [164].

Importantly, MITF immunoreactivity was detected only in GLI1-positive
hepatocellular carcinoma specimens (6 out of 21 GLI1-positive specimens, 29%; Table

11); namely, MITF immunoreactivity was undetectable in most of GLI1-positive
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hepatocellular carcinoma (n = 15, 71%). These results are consistent in part with the
notion that MITF expression is associated with poor prognosis in hepatocellular
carcinoma. MITF expression may be correlated to GLI1 expression in a subset of
hepatocellular carcinoma (Table 11). In other words, GLI1 may differentially influence

MITF expression, depending on the microenvironment of hepatocellular carcinoma cells.

A. MITF-negative_and GLII-negative hepatocellular carcinoma
.-;2. v 4 o : - .

MITF GLI1

Figure 28: Expression profiles of immunoreactive MITF and GLI1 in hepatocellular
carcinoma.

(A) One representative hepatocellular carcinoma specimen that is negative for
MITF immunoreactivity (left) and GLI1 immunoreactivity (right) (magnification: x400), out
of 17 double negative specimens. The presented hepatocellular carcinoma specimen

was categorized as grade 2 (moderately differentiated) (see Tables 9 and 10); namely,
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cells appear slightly different than normal. (B) One representative hepatocellular
carcinoma specimen that is positive for MITF immunoreactivity (left) and GLI1
immunoreactivity (right) (magnification: x400), out of six double-positive specimens. The
presented hepatocellular carcinoma specimen was categorized as grade 3 (poorly
differentiated) (see Tables 9 and 10); namely, cells appear abnormal. Note that MITF
immunoreactivity was detected only in GLI1-positive hepatocellular carcinoma.

Table 9: MITF expression in Hepatocellular Carcinoma

MITF immunoreactivity

P value
positive (n = 6) negative (n = 32)

Age (years)* 52 £ 12 52 + 11 0.97
Sex

Male 6 28

Female 0 4 0.99
Stage

I 0 0

II 3 16

111 R 16 0.99
Histological grade

1 (well) 2 0

2 (moderate) 1 25

3 (poor) 3 7 0.0006

*Data are presented as the mean + SD. All other values represent the number of

patients. P-values < 0.05 are considered to be significant, indicated bold.
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Table 10: GLI1 expression in Hepatocellular Carcinoma

GLI1 immunoreactivity

P value
positive (n = 21) negative (n = 17)

Age (years)* 52 + 13 52+ 9 0.60
Sex

Male 21 13

Female 0 4 0.03
Stage

I 0 0

I 10 9

111 11 8 0.99
Histological grade

1 (well) 2 0

2 (moderate) 9 17

3 (poor) 10 0 0.0008

*Data are presented as the mean + SD. All other values represent the number of
patients. P values < 0.05 are considered to be significant, indicated bold.

Table 11: Expression Profiles of MITF and GLI1 in Hepatocellular Carcinoma

MITF immunoreactivity

P value
positive (n = 6) negative (n = 32)
GLI1 status
positive (n = 21) 6 15
negative (n = 17) 0 17 0.02

All other values represented the number of patients. P values < 0.05 are considered

to be significant, indicated bold.
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5.4.2 Expression profiles of MITF and GLI1 in cholangiocarcinoma specimens

We also analyzed the expression profiles of MITF and GLI1 in
cholangiocarcinoma specimens (n = 7), because the Hedgehog signaling pathway is
activated in cholangiocarcinoma, with GLI1 overexpression [94]. Representative tissue
sections are shown in Figure 29, one cholangiocarcinoma that was negative for both
MITF and GLI1 immunoreactivities (tissue sections of panel A) and one sample that was
positive for both MITF and GLI1 immunoreactivities (tissue sections of panel B). MITF
immunoreactivity were detected in cytoplasm of cholangiocarcinoma cells, except for a
cholangiocarcinoma cell with the nuclear expression (Fig 29B). Although the sample size
is small, MITF immunoreactivity was detected in two cholangiocarcinoma specimens
(29%, 2 out of seven specimens). All of the seven cholangiocarcinoma specimens showed
moderately differentiated phenotypes (Table 12).

GLI1 immunoreactivity was detected in six cholangiocarcinoma specimens (86%;
6 out of seven specimens) (Table 13). The clinical features of the cholangiocarcinoma
patients are summarized in Tables 12 and 13. In this context, earlier reports showed
that higher expression of GLI1 was associated with poor prognosis of patients with
cholangiocarcinoma [94]. These results suggest that Hedgehog signaling may be
aberrantly activated in most cases of cholangiocarcinoma, which is also associated with
MITF expression in a subset of cholangiocarcinoma. Importantly, MITF
immunoreactivity was detected in the GLI1-positive cholangiocarcinoma (Table 13),

which is similar to the finding in hepatocellular carcinoma.
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MITF _ GLI1
0 : - fa

Figure 29: Expression profiles of immunoreactive MITF and GLI1 in cholangiocarcinoma.
0

(A) One cholangiocarcinoma specimen that is negative for MITF
immunoreactivity (left) and GLI1 immunoreactivity (right) (magnification: x400). Among
seven cholangiocarcinoma specimens, there was only one sample that is negative for
both MITF and GLI1. (B) One cholangiocarcinoma specimen that is positive for MITF
immunoreactivity (left) and GLI1 immunoreactivity (right) (magnification: x400). The
tissue sections shown represent one of two cholangiocarcinoma specimens that are
positive for both MITF and GLI1. Note that MITF immunoreactivity was detected in the

nucleus of a single cholangiocarcinoma cell (indicated with red triangle). All of the
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cholangiocarcinoma specimens were categorized as grade 2 (moderately differentiated)

(see Table 12).

Table 12: MITF expression in Cholangiocarcinoma

MITF immunoreactivity

positive (n = 2) negative (n = 5)

Age (years)* 55 53+ 38
Sex

Male 1 2

Female 1 3
Stage

I 0 0

II 0 2

111 2 3
Histological grade

1 (well) 0 0

2 (moderate) 2 5

3 (poor) 0 0

*Data are presented as the mean + SD. All other values represent the number of

patients.
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Table 13: GLI1 expression in Cholangiocarcinoma

GLI1 immunoreactivity

positive (n = 6) negative (n = 1)

Age (years)* 53 +8 55
Sex

Male 3 1

Female 3 0
Stage

I 0 0

II 3 0

111 3 1
Histological grade

1 (well) 0 0

2 (moderate) 6 1

3 (poor) 0 0

*Data are presented as the mean + SD. All other values represent the number of
patients.

Table 14: Expression Profiles of MITF and GLI1 in Cholangiocarcinoma

MITF immunoreactivity

positive (n = 2) negative (n = 5)
GLI1 immunoreactivity
positive (n = 6) 2 a
negative (n = 1) 0 1

All values represent the number of patients.
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5.4.3 Differential effects of GANT61 on MITF expression in hepatic cancer cell

lines

We previously reported that the treatment for 24 h with cyclopamine, a
Hedgehog signaling antagonist, caused the induction of MITF expression in HepG2
hepatocellular carcinoma cells and HUCCT1 cholangiocarcinoma cells, but tended to
decrease the MITF level in KKU-100 cholangiocarcinoma cells, as judged by Western blot
analysis [[24]; data not shown]. To explore the role of the Hedgehog signaling in MITF
expression, we analyzed the effects of GANT61, an inhibitor of GLI1-mediated gene
transactivation, on the MITF expression in HepG2 hepatocellular carcinoma, HuCCT1
cholangiocarcinoma, and KKU-100 cholangiocarcinoma. The treatment for 24 h with
GANT61 at 20 pM did not significantly influence the cell viability and MITF expression
levels in these cell lines (data not shown). However, the treatment for 48 h with GANT61
at 20 pM significantly decreased the viability of HepG2 cells and HUCCT1 cells, but not
KKU-100 cells (Figure 30A). Among these cell lines, HepG2 cells appeared to be more
sensitive to the toxicity of GANT61, compared with HUCCT1 cells and KKU-100 cells.
Importantly, the treatment for 48 h with GANT61 induced the MITF expression in
HUCCT1 cells, but decreased MITF expression levels in HepG2 cells and KKU-100 cells
(Figure 30B). We also analyzed expression levels of HO-1 that is an enzyme responsible
for physiological heme catabolism [165], which also plays a cytoprotective role in
cholangiocarcinoma cells [166]. GANT61 at 10 or 20 uM induced the expression of HO-

1 in HepG2 cells, HUCCT1 cells, and KKU-100 cells, which may support the survival of
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cancer cells. Because the effects of GANT61 were detected only after 48 h, we suggest
that GANT61 may indirectly influence the MITF expression. Considering the seemingly
consistent effects of GANT61 and cyclopamine, we assume that Hedgehog signaling may
down-regulate MITF expression in HUCCT1 cholangiocarcinoma cells and may up-
regulate MITF expression in KKU-100 cholangiocarcinoma cells. On the other hand, in
HepG2 hepatocellular carcinoma cells, cyclopamine and GANT61 exerted the opposing
effects on MITF expression, suggesting that cyclopamine or GANT61 may influence MITF
expression through a mechanism that is unrelated to Hedgehog signaling. These results
suggest the heterogeneity in the biological properties of hepatocellular carcinoma and

cholangiocarcinoma cells.
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Figure 30: Induction of MITF by mahanine in hepatic malignant cells.

-32 kDa

(A) The effect of mahanine on viability of HepG2 hepatocellular carcinoma cells
and HUCCT1 and KKU-100 cholangiocarcinoma cells. Cells were incubated with mahanine
at different concentrations for 24 h. MTT assay was used to determine the number of
cell viability. Data represent mean + S.D. of three independent experiments. “P < 0.05
compared to concurrent control. (B) Western blot analysis of MITF and HO-1. Cells were
incubated with mahanine at different concentrations for 24 h. The data are shown from

one of two independent experiments with similar results. Each lane contained cell
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extracts (30 pg protein). Under the conditions used, MITF proteins were detected as a
single band of about 60 kDa [93]. A 10% gel was used for detecting MITF and beta-actin
(top and bottom).

5.4.4 Induction of MITF expression by mahanine in hepatic cancer cells

The findings with the hepatic cancer tissue array suggest that MITF may be over-
expressed in subsets of hepatocellular carcinoma and cholangiocarcinoma, although
MITF expression was undetectable in most of hepatocellular carcinoma and
cholangiocarcinoma. To explore the cellular microenvironment that may influence MITF
expression, we used three human hepatic cancer cell lines: HepG2 hepatocellular
carcinoma, HuCCT1 cholangiocarcinoma, and KKU-100 cholangiocarcinoma. Among
these cell lines, HUCCT1 cholangiocarcinoma cells were most resistant to cisplatin,
compared with KKU-100 cholangiocarcinoma cells and HepG2 hepatocellular carcinoma
cells [24]. Incidentally, KKU-100 cholangiocarcinoma cells were established from a Thai
patient with liver fluke infection [167]. We therefore focused on mahanine, a carbazole
alkaloid that has been used as folk medicine in Thailand. Mahanine was shown to induce
cell death in human cancer cells through inhibiting the autophagic degradation activity,
a mechanism different from cisplatin [39]. Treatment for 24 h with mahanine at 25 pM
significantly decreased the viability of HepG2 hepatocellular carcinoma cells and HUCCT1
and KKU-100 cholangiocarcinoma cells (Figure 31A). Moreover, the treatment for 24 h
with mahanine induced the MITF expression in all of the three cell lines (Fig. 31B). We

also analyzed expression levels of HO-1 that is an enzyme responsible for physiological
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heme catabolism [168] and also plays a cytoprotective role in cholangiocarcinoma cells
[169]. Unexpectedly, MITF expression levels were increased in these dying cells treated
with mahanine (Figure 31B). Moreover, the increase in the MITF expression levels was
associated with the decrease in HO-1 expression levels, the latter of which may enhance
the cell toxicity of mahanine, as reported for the antitumor effect of 5-fluorouracil and
gemcitabinein on cholangiocarcinoma cells [165]. These results support the possibility

that mahanine is a potential reagent for the treatment of hepatic cancer
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Figure 31: Induction of MITF by mahanine in hepatic malignant cells.
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(A) The effect of mahanine on viability of HepG2 hepatocellular carcinoma cells
and HUCCT1 and KKU-100 cholangiocarcinoma cells. Cells were incubated with mahanine
at different concentrations for 24 h. MTT assay was used to determine the number of
cell viability. Data represent mean + S.D. of three independent experiments. “P < 0.05
compared to concurrent control. (B) Western blot analysis of MITF and HO-1. Cells were
incubated with mahanine at different concentrations for 24 h. The data are shown from
one of two independent experiments with similar results. Each lane contained cell
extracts (30 pg protein). Under the conditions used, MITF proteins were detected as a
single band of about 60 kDa [93]. A 10% gel was used for detecting MITF and beta-actin

(top and bottom)



CHAPTER VI
DISCUSSION

Recently, many studies have focused on the prevention and treatment of
chronic diseases including metabolic syndrome and its correlated health risks using
natural compounds. Murraya koenigii and Stevia rebuadiana were showed the inhibition
effects on rising of fasting blood sugar levels and improve metabolic condition in type 2
diabetic rat [170-173]. The present study was aimed to clarify the anti-diabetic
mechanisms effect of mahanine from Murraya koenigii, steviol, isosteviol and 7 beta-OH
—isosteviol from Stevia rebuadiana at the molecular and cellular levels enrolling RIN-
m5F pancreatic beta-cells, L6 myotube and 3T3-L1 adipocytes . In addition the effect
of mahanine after induction of MITF by mahanine in hepatic malignant cells were study.
ROS may be play an important role in the study of diabetic mellitus. Ongoing beta-cell
failure lead to impairment of insulin secretion, insulin resistance, and causes type 2
diabetes. Several study show the protective effect of antioxidative drugs from oxidative
stress-induced in beta-cell lines and isolated pancreatic islets from rodents [174, 175].
Pancreatic islet cells are more susceptive to oxidative stress than cells in other tissue
because they produce less antioxidant enzymes. Pancreatic beta-cells contain very low
levels of antioxidant enzyme and accordingly they are exquisitely sensitive to ROS. This
is consistent with physiological instruction of beta-cell function when ROS levels are low,
but deleterious effects to the beta-cells occur when ROS levels are abnormally high

[176]. Under diabetic situations, ROS levels are increased in numerous tissues and
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organs, leading to the progression of beta-cell dysfunction in type 2 diabetes, since
pancreatic islet cells express a moderately low amount of anti-oxidative enzymes such
as glutathione peroxidase and catalase [177]. Hence, the model of pancreatic islet cells
damage induced by high glucose is susceptible to study. Murraya koenigii (L.) Spreng
leaves are well-known as curry leaves and have been used as one of the essential herbs
of southern Indian for cooking as well as in folk medicine. Phytochemical studies of the
leaves of this plant found that they contained various carbazole alkaloids [178]. A
previous study suggested that the hypoglycemic effect of MK aqueous extract may be
mediated through the stimulation and/or secretion of insulin from beta cells from
pancreatic islet of Langerhans [179]. An aqueous extract of Murraya koenigii leaves
contains a range of active pharmacological agents including carbazole alkaloids,
flavonoids and tannins [138, 180, 181]. These compounds are known to be bioactive for
the administration of diabetes [182-184]. It well known that certain alkaloids and
flavonoids display hypoglycemic activity [185] and they are also known for their ability
to regenerate beta cells [186-188]. Mahanine which has a hydroxyl group at the meta
position, showed antioxidant activity against the oxidation of methyl linoleate in a bulk
system, and radical scavenging activity [18]. The origin of ROS generation in insulin-
secreting pancreatic beta-cells has commonly been examined to be the mitochondrial
electron transport chain, but recent the study has focused on NOX enzymes as a likely
source of ROS production [189]. The suppression of NADPH oxidase substantially

restores the glucose-induced dysfunction of pancreatic cells [83]. NADPH oxidase is a
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ubiquitous multi-subunit enzyme which creates superoxide from molecular oxygen using
NADPH as an electron donor. Seven isoforms of the catalytic subunit NOX (NOX1-5,
Duox1 and 2) with different cellular localization, tissue distribution and expression are
known. RIN-m5F pancreatic beta cells (a sub-clone) express only NOX1 and NOX4 [190].
NOX4 is expressed and active, whereas NOX1, like the NOX2 isoform, requires other
works for activity. In fact, Nox1 is constitutively connected with NOXO1 and NOXA1, the
p47phox and p67phox homologues, respectively. In the present study, we investigated
the effect of mahanine on RIN-m5F cells under hyperglycemia conditions, and its
underlying  mechanism. Induction the hyperglycemia condition was achieved by
incubating cells with 33 mM glucose, as previously reported [83]. The high glucose
induced ROS generation was eliminated by mahanine treatment in pancreatic beta cells
as shown in Figure 11. Cell that were exposed to mahanine reversed the chronic
hyperglyceamia induced ROS production and the impaired insulin secretion from beta
cell. The effect of mahanine on gene expression in oxidative stress and insulin secretion
were assessed and data are shown in Figure 12. Mahanine reversed the NOX1 and NOX4
gene expression that is known as a source of ROS production. Moreover, mahanine
promoted insulin gene expression under the chronic exposure to a high glucose
concentration. PDX-1 has important roles in pancreatic development and differentiation,
but also regulates insulin gene transcription [191]. Chronic hyperglyceamia increases
PDX-1 expression in the nucleus of pancreatic beta cells which is decreases the insulin

secretion [191]. It has also been shown that depression of insulin secretion was inhibited
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by antioxidant treatment. Mahanine restored the regulatory mechanisms of insulin
secretion by increasing the levels of PDX-1, an insulin-related transcription factor, and
insulin secretion. The results showed that treatment with mahanine reversed the high
glucose induced translocation of PDX-1 from intranuclear to cytoplasm in RIN-m5F cells,
as shown in Figure 13, and significantly increased the level of insulin secretion as shown
in Figure 14. Consistent with the curry leaf from aqueous extract results, mahanine has
the same effect on of antioxidant activity via inhibiting high glucose induced ROS
production, the increasing PDX-1 translocation from the cytoplasm to the nucleus in
RIN-m5F cells and promoting insulin secretion and attenuated pancreatic beta-cell
function. However, Stevia rebuadiana crude extract and pure compound did not study
the preventive effect on pancreatic beta-cells from high glucose-induced oxidative
damage because it less affective on antioxidant activity.

One of the importance mechanism for diabetes mellitus control is prevention
and treatment by increase the glucose uptake. GLUT4 protein translocation is necessary
to maintaining glucose in the blood stream. The GLUT4 translocation in skeletal muscle
and adipocyte cells could be regulated via an insulin dependent (Akt signaling pathway)
or an insulin-independent (AMPK signaling pathway). AMP-activated protein kinase is
suggested to play a role in improving insulin sensitivity by direct stimulation of glucose
uptake in muscle independently of insulin signaling pathway [192, 193]. The stimulation
of GLUT4 translocation by insulin requires the insulin receptor via tyrosine

phosphorylation of insulin receptor substrate (IRS) proteins and PI-3-kinase activation



125

then Akt posphorylation, while the AMPK pathway has been shown to regulate GLUT4
translocation via an insulin-independent mechanism [63]. This study aimed to
investigate the effects of mahanine from Murraya koenigii, steviol, isosteviol and 7 [3-
OHisosteviol from Stevia rebuadiana in facilitating glucose uptake in skeletal muscle and
adipocyte cells. Initially, the hypoglycemic effect of mahanine on glucose uptake activity
were elucidate. Our study demonstrated that mahanine could be effective in increasing
glucose uptake in skeletal muscle and adipocyte cells. Mahanine significantly stimulated
glucose uptake in myotube and adipocyte cells when comparable to untreated cells.
Treatment with mahanine at 10 uM for 30 min revealed that glucose uptake was
increased (Figure 17), this was mediated primarily by the rapid movement of GLUT4
from an intracellular compartment to the plasma membrane (Figure 18). The effect of
mahanine is very similar to insulin, by mahanine significantly increasing the translocation
of GLUT4 protein from intracellular vesicles into the plasma fraction. The investigation
of the hypoglycemic effect of curry leaf also established the specific induction of glucose
uptake in myotube cells [194]. Consistent with the curry leaf results, mahanine has the
same effect on glucose uptake and GLUT4 translocation. The stimulation of glucose
uptake by insulin in myocytes needs the insulin receptor-mediated tyrosine
phosphorylation of IR substrate (IRS) family members and subsequent activation of PI3K
and Akt. In addition to the PI3K pathway, the AMPK pathway has been shown to regulate
glucose transport in muscle and adipocytes via an insulin-independent mechanism. In

this study we also investigated biochemical mark to demonstrate that mahanine exerted
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its insulin-like activities through activation of the Akt pathways. From the result it was
shown that the anti-diabetic activities of mahanine by increasing glucose uptake and
membrane translocation of glucose transporters, was through the activation of
phosphorylation of Akt. In addition, the level of phosphorylation of Akt protein was
decreased when co-treated with wortmanine (an Akt inhibitor). This result indicated that
the effect of mahanine in glucose uptake and glucose transporters is through the
activation of Akt signaling pathway. The M. koenigii crude extract has been shown to act
as an insulin-mimetic in activating the Akt signaling pathways [194]. The AMPK pathway
is an important therapeutic target for regulating whole-body energy balance.
Compounds that activate AMPK showed improvement of hypoglycemic effect by helping
glucose uptake and GLUT4 translocations. It has been shown that many compounds or
drugs with helpful activity to metabolic syndrome are known to activate AMPK and
metformin is a prominent example [195]. This study provides a mechanistic explanation
for the increased glucose uptake, GLUT4 translocation, and GLUT4 gene expression in
mahanine treated myotubes. The effects of mahanine on GLUT4 translocation were
shown not to be associated with the activation of the AMPK signaling pathway.

As one of the most current traditional treatments used around the world,
mahanine present as a promising candidate as an insulin-like natural medicine. However,
the detailed mechanism of these compounds requires further investigation especially
regarding the long-term effects of mahanine on diabetic patients. Our findings provide

evidence of mahanine with marked insulin-like activity, has the potential for the
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treatment of metabolic syndrome like diabetes. Another path of this study, we also
investigated steviol, isosteviol and 7 B-OHisosteviol from Stevia rebuadiana on the Akt
activation in vitro. The results shown that they did not promote AMPK signaling pathway.
However, three compounds show the increasing of glucose uptake and increase
endogenous GLUT4 translocation to plasma membrane in L6 myotubes, which was
visually demonstrated by ELISA and western blot. This stimulatory tendency on glucose
uptake level and GLUT4 translocation to plasma membrane was also observed in vivo
and in vitro model when treated with Stevia rebuadiana crude extract [120, 196]. The
limitation of our study is that we only have investigated the effects of steviol, isosteviol
and 7 [3-OHisosteviol from Stevia rebuadiana on signaling pathway only in in vitro model.
Further intensive studies such as measurement of the Akt and AMPK protein level of
the glucose uptake and endogenous GLUT4 translocation to plasma membrane from
skeletal muscle and adipose tissue in rat are required to verify their effect. Moreover,
There are eight compounds have been isolated from Stevia rebuadiana including
stevioside, rebaudioside A, B, C, D, E, dulcoside A and steviolbioside. Three compounds
were investigated in this study from stevioside extraction so the result may be not cover
for another metabolite. Adiponectin is the most widely reported adipokine in the
research of metabolic disease. Serval datal and clinical studies shown that adiponectin
improves insulin sensitivity [197]. Adiponectin helps increase glucose uptake in rat

skeletal muscle and adipocyte cells [198]. From this result steviol, isosteviol and 7 [3-
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OHisosteviol may be play a role in the modulation of insulin sensitivity dependent on
adiponectin in adipocyte cells.

High glucose in diabetes mellitus patents is associated with the progression in
many types of cancer including liver cancer, pancreas cancer and breast cancer. Some
diabetes mellitus medications are used to treat diabetes patient have a side effect in
tumor growth so it is essential to having experience in wide range of idea. Therefore,
this study was performed on the model that represent treatment of cancer with
diabetes mellitus medication. Hepatocellular carcinoma and cholangiocarcinoma cell line
were used in this study because the liver is an important glycogen storage and it
originate for progression to be a bile duct cancer. Melanogenesis Associated
Transcription Factor (MITF) protein was found to be involved in cancer. Cytoplasmic
expression of MITF in hepatocellular carcinoma and cholangiocarcinoma was studied.
Using the human liver cancer tissue array, we found the cytoplasmic expression of MITF
in subsets of hepatocellular carcinoma and cholangiocarcinoma specimens. Importantly,
MITF is co-expressed with GLI1, a poor prognosis marker for hepatic cancer [164]. The
clinical data also support that MITF expression is a poor prognosis marker for
hepatocellular carcinoma (Table 9). However, the impact of MITF expression in the
prognosis of cholangiocarcinoma remains to be investigated, due to the limited number
of cholangiocarcinoma specimens. On the other hand, MITF expression is undetectable
in most of hepatic cancer specimens, irrespective of GLI1 expression (Tables 11 and

14). We are interested in the cytoplasmic expression of MITF in hepatic cancer cells,
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because the cytoplasmic retention of MITF was reported in pancreatic cancer cells [166].
The nutritional starvation enhanced the nuclear translocation of MITF, which in turn
could stimulate the processes of autophagy in pancreatic cancer [166]. We thus assume
that the cytoplasmic expression of MITF may reflect the sufficient nutrition in hepatic
cancer cells, which may be beneficial for cancer cell proliferation but may be predictive
of poor prognosis in cancer patients. In this context, we have shown the cytoplasmic
expression of Mitf in various cell types of the mouse kidney, except for the renal tubular
epithelial cells with the nuclear localization of Mitf [33]. It is therefore conceivable that
cytoplasmic MITF/Mitf may exert a hitherto unknown function essential for cellular
homeostasis. Another question remains to be clarified is the identity of MITF isoform
that is over-expressed in hepatocellular carcinoma and cholangiocarcinoma specimens,
because MITF consists of multiple isoforms with different amino-termini [199].
Moreover, to the best of our knowledge, an MITF isoform-specific antibody is not
available. In this context, using the real-time RT-PCR analysis, we have shown that among
MITF isoform mRNAs, only MITF-A and MITF-H mRNAs were detected in the human
liver [24], although their expression levels were about three-fold lower than those in
HuCCT1 and KKU-100 cholangiocarcinoma cells [24]. In these cholangiocarcinoma cell
lines, MITF-A and MITF-H mRNAs are similarly expressed [24]. Potential role of Hedgehog
signaling for regulation of MITF expression. The earlier reports showed the activation of
Hedgehog signaling in hepatocellular carcinoma [96-98] and cholangiocarcinoma [95, 99].

In fact, we have shown that GLI1 immunoreactivity was detected in 55% of
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hepatocellular carcinoma (21/38 specimens) and 86% of cholangiocarcinoma (6/7
specimens) (see Tables 10 and 13). Furthermore, GLI1 has been shown as a poor
prognosis marker for hepatic cancer [164]. Importantly, MITF is co-expressed with GLI1
only in subsets of hepatocellular carcinoma and cholangiocarcinoma. These results
suggest that Hedgehog signaling may differentially regulate MITF expression in
hepatocellular  carcinoma and cholangiocarcinoma, depending on cellular
microenvironment. We previously showed that the treatment for 24 h with cyclopamine,
a Hedgehog signaling antagonist, caused the induction of MITF expression in HepG2
hepatocellular carcinoma cells and HuCCT1 cholangiocarcinoma cells, but tended to
decrease the MITF level in KKU-100 cholangiocarcinoma cells, as judged by Western blot
analysis [24]. Tt is therefore conceivable that Hedgehog signaling may down-regulate
MITF expression or up-regulate MITF expression, depending on the microenvironment
of hepatic cancer cells. In fact, sonic hedgehog, a glycoprotein, is expressed in HUCCT1
cholangiocarcinoma cells and HepG2 hepatocellular carcinoma cells [97]. HUCCT1 cells
also expressed Smoothened [200]. However, it is also possible that cyclopamine may
influence MITF expression through a mechanism that is unrelated to Hedgehog signaling,
as evident from the mahanine-mediated induction of MITF. Mahanine as a potent
inducer of MITF expression. Mahanine exerted the potent cell toxicity in the hepatic
cancer cell lines, including HUCCT1 cells that were resistant to cisplatin [24]; namely,
mahanine may kill hepatic cancer cells through the mechanism different from cisplatin.

Recently, mahanine was shown to inhibit the autophagic degradation activity [39]. The
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decrease in HO-1 expression may also contribute to the severe cell toxicity of mahanine
in hepatic cancer cells. By contrast, the mahanine-mediated MITF induction may reflect
the compensatory mechanism for restoring the cell survival. However, these unexpected

findings need further experiments.



CHAPTER VII
CONCLUSION

Hyperglycemia or diabetes condition, induces the oxidative stress that leads to
suppression of insulin biosynthesis and secretion, along with the reduction of nuclear
PDX-1 expression, translocation and insulin gene expression [191]. Diabetic therapy is
usually focused on reducing oxidative stress in diabetic patients by antioxidant
treatments [176]. Our current study was confirmed that high glucose induces pancreatic
beta cells damage, whereas mahanine inhibited high glucose induced pancreatic beta
cell damage by suppressed ROS production. In addition, mahanine prevented the
translocation of PDX1 from the nucleus to the cell membrane that promoting the insulin
secretion and attenuated pancreatic beta-cell function. Moreover, mahanine treatment
promoted a dose dependent increased glucose uptake in L6 myotubes and adipocyte
cells via activation of the Akt signaling pathway. Mahanine induced Akt-activation was
reversed by co-treatment with wortmannin, an Akt inhibitor. In addition, it was found
that mahanine significantly enhanced GLUT4 translocation to the plasma membrane in
L6 myotubes. These results suggest that increased activation of the Akt signaling
pathway lead to increased plasma membrane GLUT4 content and increased glucose
uptake. We have shown the cytoplasmic expression of MITF in subsets of hepatocellular
carcinoma and cholangiocarcinoma specimens. Importantly, MITF immunoreactivity is
detected only in the cancer specimens that also express GLI1 immunoreactivity.

Subsequently, we showed that MITF expression was upregulated in dying hepatic cancer
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cells treated with mahanine. Thus, MITF expression level may be determined by the
balance between the activity of the Hedgehog signaling pathway and the degree of the
cellular stress. Enhancement of the glucose uptake level and endogenous GLUT4
translocation to plasma membrane in L6 myotubes were found in steviol, isosteviol and
7 [3-OHisosteviol treated group. However, the effect not related to Akt and AMPK
signalling pathway but they may act as insulin enhance since co-treatment with insulin
show very strong AKT activation. Hence the further studies needed to be performed to

verify the mechanism of action.



134

ymoas3 ||3)

7 15311 31942 []9D 7

Owna1s0sIHO-] £

paleande sauad ja8ie h.

P
e

[omnz150s|

|01A=15

||92 430ue)

s||22 @1haodipy
§||92 9|ashwi [e13|3YS

elwauljnsuliadAy
e1wadA|S1adAH

loudazay
uynsuy

uopaun4 |130-¢
uoljeionalag

o fﬁ/ ul[nsu| m
00 g0 _0 00 o L X ® o0
© 00°© 00 0 °%e%°0% 0 ¢ %o ‘o0

elwadA|81adAH

UOoIEIO[SUEL] T-XAd
Jiwse|dojfo-osppnN

SSEPIXO HdAVYN

$52135 SAIIEPIXO




135

Figure 32: Scheme of the pharmacological effect of mahanine, steviol, isosteviol and 7
B-OHisosteviol.

(A) The effect of mahanine from herbal extract in regulation of antioxidant
mechanism. (B) The hypoglycemic effects of mahanine, steviol, isosteviol and 7 B-
OHisosteviol through glucose uptake by using cultured myocytes and adipocyte. (C) Anti-
cancer effect of mahanine in HepG2 hepatocellular carcinoma cells and HuCCT1 and
KKU-100 cholangiocarcinoma cells.

7.1 Benefits from this study

1. To understand the mechanisms of diabetes and new knowledge that gain from the
study could bring to further research.

2. To discover a new drug for treatment of diabetes without or less side effects than
the present drugs and reduce the cost of the treatment.

3. The diabetic patient will have an alternative medication diabetes.

4. Expect to publish the results of this research project in the international journals.

7.2 Limitations of this study

1. In vitro methods or cells model are treated outside their normal environment such

as no surrounding tissues, blood supply, normal supply of nutrients and hormone.

2. In vitro model can be stimulated by addition of specific chemical agents.

3. Enhanced reliability when same effect are also demonstrated in vivo
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LISTS OF ABBREVIATIONS

a Alpha

B Beta

) Delta

°C Degree Celsius

Y Gamma

ug Microgram

l Microliter

uM Micro molar

pu Micro Unit

% Percent

Ab Antibody

AKT Protein kinase B (PKB)

ANOVA Analysis of variance

ATCC American type culture collection
AMPK AMP-activated protein kinase
ATP Adenosine triphosphate

BSA Bovine serum albumin

cAMP cyclic adenosine monophosphate
Ca Calcium

2 . .
Ca™ Calcium ion
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LISTS OF ABBREVIATIONS (cont.)

cDNA Complementary DNA

cGMP Cyclic guanosine monophosphate
CH.CL, Dichloromethane

cm’ Centimeter

CREB cAMP-response element binding protein
Ct Cycle threshold

DCF Dichlorofluorescein

ddH,O Double distilled water

DMEM Dulbecco’s modified Eagle’s medium
DMSO Dimethyl sulfoxide

DM Diabetes mellitus

DNA Deoxynucleic acid

EDTA Ethylenediaminetetraacetic acid

e g For example

FBS Fetal bovine serum

FFA Fatty acid

g Gram

GAPDH Glyceraldehyde-3-phosphate dehydrogenase
GCK Glucokinase

GLI1 Glioma-associated oncogene 1



GLUT-4

GSIS

HBSS
H.DCFDA
HO-1
H20;

HRP
IC50

IL-1

IL-4
IL-1B
IL-6
IRS-1 and IRS-2
kDa

LBs

LDH

MAPKAPK 2/3

MAPKKK
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LISTS OF ABBREVIATIONS (cont.)

Glucose transporter type 4
Glucose-stimulated insulin secretion

Hour

Hank’s balanced salt solution

2,7 —dichlorodihydrofluorescein diacetate
heme oxygenase

Hydrogen peroxide

Horseradish peroxidase

Fifty-percent inhibitory concentration
Interleukin-1

Interleukin-4

Interleukin-1 beta

Interleukin-6

Insulin receptor substrate

Kilodalton

Lewy Bodies

Lactic dehydrogenase

Mitogen activated protein kinase activated protein
kinase 2 and 3

Mitogen activated protein kinase kinase kinase



LISTS OF ABBREVIATIONS (cont.)

MAPKK Mitogen activated protein kinase kinase

MAPK Mitogen activated protein kinase

MEM Modified Eagle’s medium

MeOH Methanol

mi Milliliter

me Milligram

min Minute

mm Millimeter

mM Millimolar

Mitf Microphthalmia-associated transcription factor

MMP Mitochondiral membrane potential

MTT 3-(4,5-Dimethylthiazol-2-y1)-2,5-diphenyltetrazolium
bromide

MW Molecular weight

NaCl Sodium chloride

NAD" Nicotinamide adenine dinucleotide

NADPH Nicotinamide adenine dinucleotide phosphate

NaF Sodium fluoride

NaHCOs Sodium bicarbonate

Na,HPO,4 Disodium hydrogen phosphate
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LISTS OF ABBREVIATIONS (cont.)

nm Nanometer

0, Superoxide

OH’ Hydroxyl radical

PAGE Polyarcrylamide gel electrophoresis
PARP Poly-ADP rinose polymerase

PBS Phosphate-buffered saline

PBS-T Phosphate-buffered saline tween
PDK1 Pyruvate Dehydrogenase Kinase 1
PDX-1 Pancreatic duodenum homeobox-1
PI3K Phosphatydil-inositol-3-inase

PIP3 Phosphatidylinositol (3,4,5)-triphosphase
PKC Protein kinase C

pmol Picomole

PRE-INS Pre-insulin

PPAR-y Proliferator-activated receptor-y
S6K1 Ribosomal protein S6 kinase beta-1
ROS Reactive oxygen species

Rpm Revolutions per minute

RPE Retinal pigment epithelium

RT-PCR Reverse transcriptase PCR
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LISTS OF ABBREVIATIONS (cont.)

S Second

SAR Structure-activity relationship
SDS Sodium dodecyl! sulfate
SDS-PAGE SDS-polyacrylamide gel electrophoresis
SOD Superoxide dismutase

TBS Tris-buffer saline

TPS-T Tris-buffer saline tween

TGF-a Transforming growth factor-alpha
TNF-a Tumor necrosis factor-alpha
T2DM Type 2 Diabetes mellitus

uv Utraviolet

\Y Volt

WHO World Health Organization



REAGENTS PREPARATION
A. Treatment reagents

1. Hydrogen peroxide (H,0,) 1 M
® HO, 821M
® Serum free media
Freshly prepare and protect from light
2. Ascorbic acid 100 mM in DMSO
® Ascorbic acid
® DMSO
Protect from light and store at — 20 °C
3. Wortmanin 100 mM in DMSO
® \Wortmanin
® DMSO
Protect from light and store at — 20 °C
4. Compound C 100 mM in DMSO
® Compound C

® DMSO

Protect from light and store at — 20 °C

23

177

17.613

23

125

169

pL

pL

ms

mL

mg

pL

mg

pL



5. Metformin 100 mM in DMSO
® Metformin 150
® DMSO 12

Protect from light and store at — 20 °C

6. 2NBDG 10 mM in DMSO
® ?7NBDG 5
® DMSO 1.4
Protect from light and store at — 20 °C

B. Experimental reagents

1. Reagents for using in cell culture

1.1 0.01 M Phosphate-buffered saline (PBS(-); 10X)

NaCl 80
KCl 2
NEhHPOa 14.4
KH,PO4 2.4

Add ddH,0 to 1000 mL and stored as stock solution

mg

mL

ms§

mL

170

To prepare 1X 0.01M PBS, dilute to 100 mL 10X PBS with 900 mL H,0 and

adjust pH to 7.4
1.2 MTT solution

MTT 0.01

g

Add 1X PBS to 10 mL and passed through 0.45 uM sterile filter membrane
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Protect from light and stored at 4°C

1.3 0.25% Trypsin-EDTA

0.5% Trypsin-EDTA 25 mL

0.01IM PBS 7.5 mL

1.4 0.1% Trypan Blue

0.4% Trypan Blue 2.5 mL

0.01IM PBS 75 mL
2. Reagents for Western blot analysis

2.1 4X Running Gel Buffer (1.5M Tris-Cl, pH 8.8)

Tris 366 ¢

ddH,O 200 mL

Adjust to pH 8.8 with HCl

Store up to 3 months at 4°C and protect from light

2.2 4X Stacking Gel Buffer (1.5M Tris-Cl, pH 8.8)

Tris 3 g

ddH,0 50 mL

Adjust to pH 6.8 with HCI

Store up to 3 months at 4°C and protect from light

2.3 10% Sodium Dichosyl Sulphate (SDS)

SDS 10 g



ddH,0 100 mL
2.4 10% Ammonium Persulfate (APS)

Ammonium Persulfate 0.1 g
ddH,0 1 mL
Freshly prepare and protect from light

2.5 Loading/sample/dye buffer 6X, 1 mL

0.5 M TrisHCl pH 6.8 700 L
10% SDS 0.1 g
Glycerol 300 L
DTT 0.093 ¢
Bromophenol blue 0.0012 g
Add ddH,0 to 1 mL and store at 4 °C

2.6 10X Running Electrophoresis buffer

Tris base 30.28 ¢
Glycine 14413 ¢
SDS 10 g
ddH,0 1 L

Working concentration 1X

2.7 10X Transfer buffer

Tris-base 15.15 ¢
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Glycine 721 g

ddH,O 400 mL

To prepare 1X transfer buffer, mix 80 mL of 10X transfer buffer with 200
mL 100% methanol and 720 mL ddH.O

2.8 1X phosphate buffer saline Tween-20 (1X PBST)

10X PBS 100 mL
ddH,0 900 mL
Tween 20 1 mL

2.9 1X RIPA lysis buffer

1M Tris pH 7.4 25 mL
3 M NaCl 25 mL
Triton X-100 5 mL
DOC 5 g
20% SDS 2.5 mL
Na;HPOq4 2 g
NaF 1 g
EDTA 1 g
ddH,0 440  mL

Before use, add 1 % protease inhibitor cocktail
2.10 Gel (12.5%) Preparation for 1.5 mm glass

Running gel



4X running gel buffer (1.5 M Tris-Cl, pH 8.8)
Bis/acrylamide solution
ddH.0
10% SDS
10% APS
TEMED
Stacking gel
4x stacking gel buffer (0.5 M Tris-Cl, pH 6.8)
Bis/acrylamide solution
ddH,0
10% SDS
10% APS
TEMED
2.11 Stripping buffer for 1 membrane
10% SDS
4Xx stacking gel buffer (0.5 M Tris-Cl, pH 6.8)
ddH,0

B-mercaptoethanol

2.5

4.2

3.2

100

150

15

1.03

440

1.822

33

50

7.5

25

135

140

mL

mL

mL

pL

pL

pL

mL

mL

pL

pL

mL

mL

mL

pL
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