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CHARACTERIZATION OF ANTIDIABETIC AND ANTIOXIDANT ACTIVITY
OF Brucea javanica (L.) Merr. SEEDS
ABSTRACT
Brucea javanica (L.) Merr is a medicinal plant used for hyperlipidemia and diabetes in
Malay traditional medicine. This study was designed to evaluate antidiabetic and
antioxidant effects of Brucea javanica seed (BJS) in vitro and in vivo and also identify
chemical compounds that could be responsible for its pharmacological activity. The
results showed that the ethyl acetate fraction (EAF) was identified as a most active GPa
inhibitor with 1Csp = 0.75 mg/ml. The EAF effectively scavenged DPPH, NO and
superoxide radicals and it reduced ferric ion to ferrous, but failed to trap this ion
compared with other fractions in antioxidant assays. In animal study, the EAF exhibited
antihyperglycemic effect without causing weight gain and showed strong hypolipidimic
effect in diabetic rats. The EAF treatment to diabetic rats also significantly increased
insulin level, markedly improved glycogen metabolism and glucose tolerance which
validated its use as an antidiabetic agent in traditional medicine. It also enhanced
antioxidant defense by suppressing oxidative stress and exerted anti-inflammatory effect
by decreasing serum TNF a, IL-6 and IL-1p in diabetic rats compared with controls.
Chromatographic separation of the EAF led to the isolation of seven known compounds;
vanillic acid, bruceine D, bruceine E, parahydroxybenzoic acid, luteolin, protocatechuic
acid and gallic acid. The GPa and o-glucosidase inhibition assays resulted in
identification of luteolin as the most effective compound in BJS with the 1Cso values of
45.1 and 26.4 uM. While vanillic acid, bruceine D and bruceine E were inactive, other
compounds parahydroxybenzoic acid, protocatechuic acid and gallic acid showed weak
inhibition of GPa (ICsp = 357.9, 297.4 and 214.4 uM) and a-glucosidase (IC50 = 649.1,

368.7 and 277.0 uM). Overall, the EAF reduced glycemia of T2D rats through diverse



mechanisms acting as GPa and a-glucosidase inhibitors and luteolin most probably is
the major contributor to the observed antidiabetic effects.

Keywords: Brucea javanica (L.) Merr, T2D, GPa, hyperlipidemia, luteolin



PENCIRIAN AKTIVITI ANTIDIABETIK DAN ANTIOKSIDAN BI1JI Brucea
javanica (L.) Merr.
ABSTRAK
Brucea javanica (L.) Merr adalah tumbuhan ubatan yang digunakan dalam merawat
hyperlipidemia dan diabetes dalam perubatan Melayu tradisional. Kajian ini dirangka
untuk mengkaji kesan biji benih Brucea javanica (BJS) terhadap aktiviti antidiabetik
dan antioksidan secara in vitro dan in vivo, serta mengenalpasti sebatian kimia yang
mungkin berkaitan terhadap aktiviti farmakologi mereka. Hasil menunjukkan, fraksi etil
esitat (EAF) telah dikenalpasti sebagai perencat GPa yang paling aktif dengan nilai 1Csg
= 0.75 mg/ml. EAF telah secara efektif menjerap DPPH, NO dan radikal-radikal
superoksida serta menurunkan ion ferik kepada ferus, tetapi gagal untuk menjerap ion
ini jika dibandingkan dengan fraksi lain dalam ujian antioksidan. Dalam kajian terhadap
haiwan, EAF menunjukkan kesan antihiperglisemik tanpa menyebabkan pertambahan
berat badan dan menunjukkan kesan hipolipidemik yang kuat terhadap tikus diabetik.
Kajian EAF terhadap tikus diabetik menunjukkan peningkatan aras insulin yang
signifikan, menambahbaik metabolisma glikogen dan toleransi glukosa yang jelas yang
mana menyokong penggunaannya sebagai agen antidiabetik dalam perubatan tradisional.
la juga membantu meningkatkan pertahanan antioksidan dengan menekan tekanan
oksidatif dan terdapat kesan anti-inflamasi melalui penurunan aras serum TNFa, 1L-6
dan IL-1p terdadap tikus diabetik berbanding tikus kawalan. Pemisahan kromatografi
EAF membawa kepada pemencilan tujuh sebatian; asid vanilik, bruseina D, bruseina E,
asid parahidroksibenzoik, luteolina, asid protokatekuik dan asid gallik. Keputusan ujian
perencatan GPo dan a-glukosida telah mengenalpasti luteolina sebagai sebatian yang
paling efektif didalam BJS dengan nilai ICsy sebanyak 45.1 and 26.4 pM. Sementara itu,
asid vanilik, bruceina D dan bruceina E adalah tidak aktif, sebatian lain seperti asid

parahidroksibenzoik, asid protokatekuik dan asid gallik menunjukkan perencatan yang



lemah terhadap GPa (ICsg = 357.9, 297.4 dan 214.4 uM) dan a-glukosida (ICsp = 649.1,
368.7 dan 277.0 uM). Keseluruhannya, EAF menurunkan aras glysemia tikus T2D
melalui pelbagai mekanisma yang bertindak sebagai perencat GPa dan a-glukosida serta
sebatian luteolina adalah paling berkemungkinan memainkan peranan utama dalam
kesan antidiabetik yang ditemui.

Kata kunci: Brucea javanica (L.) Merr, T2D, GPa, hyperlipidemia, luteolin
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CHAPTER 1 : INTRODUCTION

1.1 Overview

Diabetes mellitus (DM) is becoming a major public health concern and regarded as
worldwide epidemic due to rapid rise in incidence and prevalence of diabetes globally
(Guariguata et al., 2014). It is estimated that nearly 415 million people afflicted in 2015
live with diabetes around the world and this number is predicted to rise to 642 million
by 2040 (International Diabetes Federation, 2016). The World Health Organization
(WHO) predicts that diabetes is a leading cause of mortality worldwide in the 21%
century. In 2015 alone, it was estimated that around 5 million people died from diabetes
and its complications. The main complications of diabetes are cardiovascular diseases
(CVD) which include both micro and macrovascular diseases (Huynh et al., 2014). The
CVD is one of the greatest risk factors of mortality among the people who has diabetes
and an estimated 52% of people died from cardiovascular disease have history of type 2

diabetes (The World Health Organization, 2016).

Type 2 diabetes (T2D) is a chronic metabolic disorder characterized by
hyperglycemia as result of insulin resistance in peripheral tissues and defects in insulin
secretion by pancreatic B-cells (Grundy, 2012). The T2D is the dominant type of
diabetes which accounts for 90 ~ 95% of all forms of diabetes. The evidences showed
that T2D is greatly associated with obesity and physical inactivity that have been shown
to lead to insulin resistance (Lorenzo et al., 2010). The clinical study showed that
people can have prediabetes for several years, and 50% of people who has T2D are
unaware of its conditions at the time of diagnosis, and the most of them are found to be
insulin resistance (Grundy, 2012). In fact, obesity is believed to be major risk factors of
insulin resistance and it is estimated that 80% of people with T2D are overweight

(Triplitt et al., 2006). The rise of this global phenomenon has been believed to be



associated with substantial changes in people’s lifestyle that refers to the combined
detrimental effects of reduced exercise and bad diet. The strict control of obesity and
lifestyle modification such as proper diet and regular exercise has been shown to
slightly delay the progression of disease at early stage and reduce the rate of the onset of
both T2D and prediabetes (Van Gaal & Scheen, 2015). The lifestyle modification
therapy has been initiated primarily by the WHO and the American Diabetes
Association (ADA) as a viable approach to prevent the onset of diabetes at earliest stage
and improve glycemic control. The scientific evidences showed that such method even
though is useful for controlling hyperglycemia for some period of time, it unable to
reduce diabetes-specific cardiovascular complications (The Look AHEAD Research
Group, 2013). Therefore, pharmaceutical therapy and metabolic surgery are remained as

an alternative therapeutic approach to control T2D and its complications.

The gastrointestinal operations termed as metabolic surgery have been suggested as
treatments for T2D (Cummings, 2012). The clinical trials evidenced that metabolic
surgery including pancreas and islet replacement therapy even though effectively
control hyperglycemia and decrease the risk factors of diabetes-mediated cardiovascular
complications in overweight or obese people with T2D, the function of B-cell is
progressively declined within few years after surgery (American Diabetes Association,
2017). As a result, most diabetes people have to revert to pharmacological treatments
using oral anti-diabetic drugs, insulin therapy, and or combination of both within years
(Meier et al., 2006). Monotherapy or combination therapies with oral antidiabetic drugs
improve glycemic control and preserve B-cell function at the early-stage therapies, but
unable to achieve glycemic goal in long-term and the progression of disease is

worsening with time (Cahn & Cefalu, 2016).

Insulin resistance and B-cell dysfunction underline the disease. In the initial stage of

insulin resistance, glucose homeostasis can be controlled through high amount of
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insulin secretion by B-cells. Overt diabetes only occurs when B-cells can no longer
compensate for insulin resistance (AbdulGhani et al., 2006). It is reported that the most
newly diagnosed patients with T2D have around 50% B-cell function due to reduction of
B-cell mass. In this study, increased blood glucose levels in patients treated with diet
alone or with intensive sulfonylurea therapy for 6 years, was associated with a reduction
of insulin levels due to progressive PB-cells dysfunction (The United Kingdom
Prospective Diabetes Study Group, 1995). Therefore, the improvement of the decline in

[-cell function and mass are critical in altering the progressive nature of the disease.

There is no effective cure for diabetes but the progression of the disease may be
retarded considerably through diet control and regular physical activity (Van Gaal et al.,
2015). Present therapy of diabetes is aimed at maintaining strict glycemic control and
while some diabetic patients may be managed by exercise and diet, but in the most cases,
one or a combination of antihyperglycemic agents are required for efficiently control
glycemia (Bianchi et al., 2007). However, even with current available pharmacological
therapy the disease progressively worsens with time. For these reason, the development

of novel drug is actively pursued.

Plants have been used traditionally to treat diabetes for generations. Brucea
javanica (L.) Merr. is a member of Simaroubaceae family in the plant kingdom. It
consists of six species and mostly originates in tropical Africa and throughout Asia (Liu
et al., 2009). In Malaysian Peninsula, the seeds of this plant are used by indigenous
people to treat lipid disorder and diabetes. It is reported that methanol extract of Brucea
javanica seed (BJS) exerted hypoglycemic effect in non-diabetic mouse. The
compounds (Bruceine D and E) isolated from BJS exhibited antidiabetic effect through
a single dose administration in both non-diabetic mouse and diabetic rats (Noorshahida

et al., 2009). In another study, compounds bruceajavanone B, bruceine A, and bruceatin



isolated from BJS have been demonstrated to have the ability to inhibit nuclear factor-
kappa B (NFkB) activation in colon cancer and leukemia cells in vitro (Kim et al.,
2010). Activation of NFB is known to induce B-cell apoptosis by generation of free
radical superoxide and develop insulin resistance and cardiovascular complications in
patients with T2D (Arkan et al., 2005). More recent study (Yang et al., 2013) has shown
that the BJS have anti-inflammatory effects in nondiabetic mouse. In diabetes,
inflammation has been shown to contribute B-cell dysfunction and insulin resistance
through cytokine production (Yekollu et al., 2011). Because of these beneficial effects

of BJS, it was selected for further study.

1.2 Research Objectives

1. To extract, isolate and determine phytochemicals from Brucea javanica seed.

2. To determine antidiabetic and antioxidant activities of fractions of B.
javanica seed in in vitro model.

3. To determine antidiabetic, anti-inflammatory and antioxidant activities of
active fraction from B. javanica seed in nicotinamide-streptozotocin induced
diabetic rats.

4. To determine antidiabetic effects of isolated compounds of B. javanica seed

in in vitro model.



CHAPTER 2 : LITERATURE REVIEW

2.1 Diabetes

Diabetes mellitus (DM) is a chronic metabolic dysfunction characterized by
hyperglycemia due to absolute loss of insulin production and/or insulin resistant and
impaired insulin secretion by pancreatic B-cell (Fonseca, 2009). The prevalence of
diabetes is on the rise in recent years and nearly 415 million people had diabetes in 2015
(International Diabetes Federation, 2016). Diabetes is a serious public health concern
that resulting increased morbidity and mortality due to diabetes-mediated cardiovascular
complications. In 2015, it was estimated that around 5 million people died from diabetes
and its complications, the mostly due to cardiovascular diseases, making it the seventh

leading cause of death in the world (The World Health Organization, 2016).

The T2D is the most predominant among all cases of diabetes and is commonly
associated with obesity, over-nutrition and physical inactivity. The mechanisms
whereby obesity contributed to the development of diabetes is incompletely understood
but it was estimated that 80% of people who has diabetes are overweight (Triplitt et al.,
2006). The insulin resistance is most common factor associated with obesity and
inflammation (Osborn & Olefsky, 2012). In terms of the total number of people
afflicted globally, China, India, and United States (US) are the top three countries
among the highest prevalence of diabetes in 2015. In China, 109.6 million people had
diabetes in 2015 and this number is predicted to increase to 150.7 million by 2040. In
India, 69.2 million had diabetes in 2015 increasing to 123.5 million by 2040. In the US,
29.3 million people had diabetes in 2015 and it is estimated to rise to 35.1 million by

2040 (International Diabetes Federation, 2015).

The T2D is a metabolic syndrome which refers to several metabolic disorders

characterized by hyperglycemia, obesity, hypertension and dislipidemia. Most T2D with



metabolic syndrome have abdominal obesity, excess visceral fat and also are insulin-
resistant (Després & Lemieux, 2006). It was found that the development of diabetes is
5-fold greater in people with metabolic syndrome compared with people without this
syndrome. In fact, the metabolic syndrome can be regarded as a pre-diabetic stage and

the most people with pre-diabetes have shown insulin resistance (Stern et al., 2004).

Insulin resistance and insulin deficiency are the major metabolic defects that
underline much of the pathology of diabetes. Insulin deficiency occur ether from a loss
of B-cell number or impairment in 3-cell function. In type 1 diabetes (T1D), the disease
occurs when there is absolute loss of insulin in the body and commonly believed to be
inherited genetically (Lewis et al., 2002). In the primary stage of insulin resistance,
glucose homeostasis can be maintained through higher insulin secretion by B-cells. The
T2D become overt only when B-cells can no longer compensate for insulin resistance
(Bluestone et al., 2010). The etiologic process underlining insulin resistance and
diabetes are still unknown and mostly genetic and environmental factors are thought to
be main contributor of ultimate failure of f-cell function (Talchai et al., 2009). It is
reported that newly diagnosed people who has T2D have approximately 50% p-cell
function and due in part a 30% reduction in B-cell mass. This study showed that an
elevation of blood glucose levels in patients treated with diet alone or with
sulfonylureas therapy for more than 6years, was associated with a decline in insulin
levels due to progressive impairment in [-cell function (The United Kingdom
Prospective Diabetes Study Group, 1995). Therefore, preservation of B-cell mass and
amelioration of B-cell function could be promising therapeutic approach and critical in
altering nature of the disease. Unfortunately, current available therapies for diabetes are
only able to control the symptoms of the disease and there is no effective way to prevent

decline in B-cell mass.



Aside from human pain and suffering, diabetes imposes huge economic burdens on
national health systems and countries. It was estimated that global health expenditure on
diabetes was between $ 673 billion and $1197 billion in 2015 and is predicted to exceed
$802 billion to $1452 billion by 2040. In terms of total spending with the diabetes-
related coast, the US, China and Germany are the top three countries in the world which
accounts for 60% of the total global health expenditure in 2015. Total cost in 2015 in
the US alone has been estimated at $320 billion and is estimated to rise to $349 billion
in 2040. The China which is number one in prevalence of diabetes in the world has
spent around $51 billion in 2015 and the coast is estimated to increase to $72 billion by
2040. In 2015, Germany, even not in the list of top 10 countries for number of people
with diabetes has spent $35 billion and this number is expected to increase $36 billion
by 2040. Meanwhile, India which is second highest number of people with diabetes
spent less than 3% the total global health expenditure on diabetes in 2015 (International
Diabetes Federation, 2015). Because of the enormous prevalence of the diabetes, cost-
effective therapies will be required to treat people, especially those from developing
countries that cannot afford precious medication. The solution to this problem is still
remains complex and will need a novel and concerted global effort that combines

modern medicine with alternative medicine used around the world.

There are three types of diabetes which include type 1, type 2 and gestational
diabetes. Type 1 diabetes (T1D) is recognized as an autoimmune disease caused by a
destruction of B-cells by its own antibodies, leading to absolute dependence on
exogenous insulin. T1D occurs in 5~10% of all cases of diabetes mostly among children
and young adults (Canivell & Gomis, 2014). Since insulin can no longer be produced,

T1D patients are depends on daily insulin injection for preserving their life.

It is estimated that 90~95% people with diabetes are T2D diabetes and is usually

caused by ether insulin resistance in adipose and muscle tissue and also in liver or
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decreased insulin production by B-cells in pancreas or a combination of both (Ashok &
Singh, 2018). In contrast to T1D, T2D diabetes has no dependency on exogenous
insulin. However, it may require insulin for the control of fasting hyperglycemia if
normal glycemic target cannot be achieved by the diet restriction, exercise or oral agents

(Van Gaal et al., 2015).

Gestational diabetes (GD) is obscure and a temporary condition that occurs in
pregnancy. It became overt through prenatal screening by oral glucose tolerance test
(OGTT) during pregnancy (Monteiro et al., 2016). GD is largely associated with intake
of high colory diets during pregnancy and is also believed to be inherited genetically. In
most cases, conditions of gestational diabetes are disappearing after childbirth. But
several studies (Agarwal et al., 2010; Seino et al., 2010) presented that women with GD

are at high risk to develop T2D in long term and increase the risk of T2D in offspring.

2.1.1 Diagnosis

In normal condition, fasting plasma glucose (FPG) levels are strictly maintained
within 5-6.7 mmol/L and most of the time it below than 5.6 mmol/L but in T2D the
patients are unable to maintain blood glucose levels within this range. Diabetes is
diagnosed by a FPG of > 7.0 mmol/L or by 2-hour plasma glucose (2h-PG) in response
to a 75 g oral glucose tolerance test (OGTT) of > 11.1 mmol/L or by glycosylated
haemoglobin (HbA1c) of > 6.5% (Kim et al., 2017). In gestational diabetes, it is
diagnosed by FPG between 5.1-6.9 mmol/L and by 2h-PG of 8.5-11.0 mmol/L during
pregnancy. The onset of diabetes is begun by a prediabetes with FPG between 6.1-6.9
mmol/L defined as impaired fasting glucose (IFG) and by 2h-PG during OGTT of 7.8-

11.1 mmol/L referred to as impaired glucose tolerance (IGT) (Benhalima et al., 2015).

More recently, the American Diabetes Association (ADA) recognized people with

HbA;. levels between 5.7% and 6.4% as prediabetes (American Diabetes Association,



2014). Defining prediabetes based on HbA;. levels are controversial but its use for
diagnosis of diabetes is recognized by the WHO, the IDF, the ADA and European
Association for the Study of Diabetes. Many studies presented that person with HbAlc
levels 5.7% to 6.4% have insulin resistance and most individuals have one or more
metabolic syndrome. People who have IFG and IGT plus metabolic syndrome are at
greater risk to develop diabetes and its complications than those with only one of them.
Many reports showed that HbAlc is directly proportional to blood glucose levels and is
a most accurate indicator of overall glycemic exposure because it reflects plasma
glucose levels over the period of 2 to 3 month. It has less biologic variability and
predicts most likely risk factors for long-term complications (Carlos et al., 2007;

Ferrannini et al., 2011).

2.1.2 Complications of Diabetes

Hyperglycemia primarily affects the heart, blood vessels, eyes, kidney, and nerves
and can cause severe micro and macro vascular complications as well as abnormalities
in lipid metabolisms (Born et al., 2016). Microvascular complications refer to those
affecting small blood vessels in the retina, renal glomerulus, and peripheral nerves and
can lead to diabetes-specific retinopathy, nephropathy and neuropathy. Diabetic
retinopathy is a leading cause of blindness and severe visual loss. Diabetic nephropathy
can develop end-stage of renal failure and responsible for around 20% of deaths in
diabetes. Diabetic neuropathy refers to a group of diabetes-specific nerve dysfunction
that affects approximately 60% people in diabetes. As a result of nerve damage, it can
cause tingling, pain, numbness, and weakness in the extremities and at the end most
possibly amputation (Rask-Madsen & King, 2013). Macrovascular complications refer
to diseases affecting large blood vessels that supply the heart, brain, and lower
extremities and leading to cardiovascular complications such as atherosclerosis, heart

failure, heart attack, stroke, myocardial infarction and limb amputation. Diabetic



dyslipidemia can cause atherosclerosis due to overproduction of triglycerides in the
liver. In gestational diabetes, hyperglycemia can cause heart defects through oxidative
stress and myocyte apoptosis in developing embryo (Brownlee, 2001). In addition to
these complications diabetes-specific vascular complications are the major cause of
morbidity and mortality that responsible for 50% of deaths in people with diabetes (The

World Health Organization, 2016).

It was discovered that there are four major mechanisms by which hyperglycaemia
cause diabetic complications. These mechanisms are: (i) increased polyol pathway flux;
(if) increased advanced glycation end-product (AGE) formation; (iii) activation of
protein kinase C (PKC) isoforms; and (iv) increased hexosamine pathway flux
(Brownlee, 2001). Diabetes cause cataract through accumulation of sorbitol on the lens
of the retina. Sorbitol is a product formed through overexpression of aldose reductase by
polyol pathway flux. Several studies demonstrated that sorbitol induce osmotic stress to

microvascular cells and cause organ damage (Hamada et al., 1991; Cardoso et al., 2016).

Diabetes can induce apoptosis by modifying protein function and gene expression
through generation of AGE precursors by AGE pathway. AGEs are by-products formed
through non-enzymatic reaction between proteins and glucose initiated by intracellular
hyperglycemia. Diabetes can cause vision loss and increased urinary albumin excretion
through abnormal blood flow in the retina and renal glomerulus by PKC pathway (Ishii
et al., 1996; Koya et al., 1997). Diabetes can cause insulin resistance trough influencing
regulations of insulin gene transcription (Marshall et al., 1991; Kajimoto & Kaneto,
2004) and induce hepatic steatosis, tissue damage, inflammation, and atherosclerosis
(Garg & Misra, 2002; James et al., 2002; Sage et al., 2010) by hexosamine pathway

flux.
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In addition to these effects, a common effect of these four pathogenic mechanisms
Is that they rise superoxide generation by the mitochondrial electron-transport chain.
Superoxide is a reactive oxygen species (ROS) that induce oxidative stress and decrease
antioxidant defence systems, and subsequently cause B-cell dysfunction, defective
insulin gene expression, and increased [-cell apoptosis. It is suggested that interrupting
the overproduction of superoxide by the mitochondrial electron-transport chain would
normalize the effects of four pathogenic pathways involved in the progression of
diabetic complications (Brownlee, 2001). Therefore, this suggests that antioxidant
therapy would provide novel mechanisms to treat diabetes and prevent the development

of diabetes related complications.

2.1.3 Pathogenesis of Diabetes

The pathogenesis of diabetes is unclear, but in most cases genetic factors and
immune systems coupling with other metabolic disorders are believed to be involved in
pathogenic process of both types of diabetes. Genetic mutation and pathological
activation of the immune systems are primarily considered as pathogenic factors in T1D
(Quinn et al., 1996; Weiss et al., 2008), but in T2D, the pathology of diabetes mostly

begins with insulin resistance at target organs such as liver, muscle and adipose tissues.

In general, normal circulation of blood glucose level and regulation of glucose
metabolisms are controlled by the balanced interplay between insulin action and insulin
secretion (Kahn et al., 2006). When insulin action is decreased, the body usually
compensates this resistance by increasing insulin secretion from pancreatic p-cells, but
at the same time, concentration of blood glucose is increase slightly. This phenomenon
is called hyperinsulinemia. This hyperinsulinemic state is only temporary and over time
insulin secretion diminishes duo to progressive decline of B-cell function. The combined

effects of insulin resistance and B-cell dysfunction result in a diminished capacity to
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suppress hepatic glucose production as well as decrease uptake and utilization of

glucose in skeletal muscle and adipose tissue (Lorenzo et al., 2010).

Insulin resistance is a complex metabolic syndrome and is the consequence of a
number of defects along with insulin signaling cascade. The most likely factors that
cause insulin resistance include obesity, visceral fat (Tanaka et al., 2016), inflammation,
oxidative stress along with increased concentration of free fatty acids (FFAS), tumor
necrosis factor o (TNFa), hormone resistin, nuclear factor kB (NFkB) and
phosphotyrosine phosphatase 1B (PTP1B). In obese T2D, elevation of triglyceride in
visceral adipose tissue decease the action of insulin which in turn leading to increased
FFAs production (Barma et al., 2009). Elevated FFAs cause insulin resistance by
inhibiting glucose uptake and its oxidation in skeletal muscle. FFA's also stimulate
hepatic gluconeogenesis. Both TNFa and hormone resistin are produced by adipose
tissue at the highest amount in obese people with diabetes. TNFa impairs insulin action
while resistin is known to antagonize the effects of insulin (Winkler et al., 2002).
PTP1B induce insulin resistance by inactivation of insulin receptor substrate (IRS)
proteins. Glucose oxidation in B-cells and inflammation increase production of reactive
oxygen species (ROS) and, In turn, produce proinflammatory cytokines IL-1p. The IL-
1B causes insulin resistance by impairment of insulin action (Cavelti-Weder et al.,
2012). Both IL-1p and ROS increase NFkB activity and ultimately cause [B-cell

apoptosis (Stumvoll et al., 2005).

Elevated hepatic glucose production and decreased utilization of glucose in T2D
are attributed to both hepatic insulin resistance and increased glucagon levels (Shiba et
al., 1998). Pancreatic B-cells can compensate for this resistance by subsequently
secreting more insulin. This resulting hyperinsulinemic state is only temporary, as [-
cells cannot maintain insulin levels required to maintain euglycemia. This is referred to

as the "petering out™ effect and occurs as a result of B-cell apoptosis. High glucose and
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FFA's contribute to B-cell dysfunction, in a condition called glucolipotoxicity. When
insulin resistance can no longer be overcome transition to T2D occurs. Thus, B-cell

dysfunction is a critical factor in the pathogenesis of T2D (Kahn et al., 2006).

2.2 Regulation of Glucose Homeostasis

Glucose is produced intracellularly and extracellularly by several mechanisms and
it was used as cellular energy for maintaining the life. It is also produced through
degradation of carbohydrate by activity of multiple enzymes during meal and utilized by
cells as energy. Glucose is stored as in the form of glycogen mainly in liver and in
skeletal muscle and acts as intracellular glucose store and is released to the bloodstream
when needed. Homeostasis of blood glucose is controlled by several hormones, the most
importantly by insulin and glucagon (Campbell & Drucker, 2015). Insulin is released by
pancreatic B-cells in response to high glucose and reduces glucose level by two general
mechanisms. These two mechanisms are inhibition of hepatic glucose production by
glycogenolysis and gluconeogenesis, and increase glucose uptake into adipocytes and
muscle to store it as triglycerides and glycogen. Glucagon is a hormone secreted by
pancreatic a-cells in response to hypoglycaemia and is responsible for rising blood
glucose levels. It antagonizes the effects of insulin by increasing glycogenolysis and
gluconeogenesis and also inhibiting glycogenesis and glycolysis in the liver (Zois et al.,

2014).

Other hormones such as amylin, glucagon-like peptide-1 (GLP-1) and glucose-
dependent insulinotropic polypeptide (GIP) are also responsible for maintaining normal
glucose levels. Amylin is released together with insulin from pancreatic -cells and
functions in reducing gastric emptying, which restrict glucose excursions following a
meal (Heptulla et al., 2005). GLP-1 and GIP are incretin hormones that secreted by

intestinal L cells in response to food ingestion. Increatin hormones stimulate the
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synthesis and secretion of insulin and inhibit glucagon release in glucose-dependent
manner (Irwin et al., 2006; Vella & Cobelli, 2015). Evidences presented that any
defects in the secretion of these hormones contribute to pathogenesis of diabetes and its

complications.

2.3 Current Antihyperglycemic Agents

The current management of T2D is aims to achieve effective glycemic control
initially using lifestyle modifications followed by pharmacologic treatment and reduce
the risk of diabetes-related complications in earliest stage. Maintaining fasting blood
glucose levels in nearly normal range and HbAlc levels lower than 7% has been shown
to decrease the risk of microvascular complications and is became an important
therapeutic goal (Pawlyk et al., 2014). Weight reduction and exercise followed by
monotherapy with metformin has been shown to improve insulin action in insulin
sensitive tissues and reduce hyperglycemia and microvascular complications, but target
glycemic goal is still not achieved in the long term, and large numbers of people with
diabetes remain in very poor glycemic control (Indelicato et al., 2017). When initial
treatment fails to achieve glycemic goal the use of additional antidiabetic agents become
essential. A variety of oral hypoglycemic drugs are currently available for the treatment
of T2D and they are generally be classifies as (i) insulin secretagogues, (ii) biguanides,
(iii) thiazolidinediones, (iv) a-glucosidase inhibitors, (v) sodium glucose cotransporter 2
(SGLT2) inhibitors, (vi) incretin mimetics, (vii) dipeptidyl peptidase-4 (DPP-4)

inhibitors, and (viii) glycogen phosphorylase o (GPa) inhibitors (Neumiller, 2014).

2.3.1 Insulin Secretagogues

The insulin secretagogues drugs include sulfonylureas and meglitinides and both
promote insulin release from pancreatic B-cells by a common mechanism. Sulfonylureas
and meglitinides stimulate insulin release by binding to the sulfonylurea receptor (SUR)

on the surface of pancreatic B-cells by blocking ATP-depended potassium channels.
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Meglitinides bind to a diffident site of sulfonylurea receptor as sulfonylureas do in f-
cells and promote insulin secretion by blocking ATP-depended potassium channels

(Proks et al., 2002).

Sulfonylureas are the first available oral drugs for diabetes medication. Based on
availability in this class, sulfonylurea drugs are further classified as first generation
sulfonylureas (chlorpropamide, tolazamide, tolbutamide and acetohexamide) and
second generation sulfonylureas (glibenclamide or glyburide, gliclazide, glipizide, and
glimepiride). All sulfonylurea drugs have the same mechanism of action but second
generation sulfonylureas are more potent and pharmacologically safer than first

generation sulfonylureas (Bell, 2004).

Meglitinides have efficacy similar to that of sulfonylureas, but they are
distinguished from sulfonylureas by metabolic have life. The current available
meglitinides include repaglinide and nateglinide. Both sulfonylureas and meglitinides
release insulin from B-cell dependent of glucose concentrations, but meglitinides has
little stimulatory effect on insulin secretion to that of sulfonylureas when treated in
fasting state (Fonseca et al., 2004). Therefore, comparing to sulfonylureas, meglitinides

have probably a slight lower tendency to cause hypoglycemia.

Except this small effect, hypoglycemia is one of the most common side effects
for both sulfonylurea and meglitinides and they are did not associated with decreasing
microvascular or macrovascular complications and lipid levels. Another common side
effect is weight gain (Del Prato & Pulizzi, 2006). This adverse effect is undesirable
especially considering obese T2D patients. Despite these problems, sulfonylureas
treatment is considered as one of the well-validated core therapies for T2D to maintain
HbA1c levels below than 7%. Sulfonylurea can be used as monotherapy, combination

with insulin and in combination with all other oral agents except meglitinides. Based on
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clinical data, monotherapy with a sulfonylurea for 10 years, they become gradually
ineffective and most patients may require a second agent to maintain glycemic control
(Turner et al., 1999). Some examples of sulfonylureas are given in Figure 2.1, along

with meglitinides drugs repaglinide and nateglinide.
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Figure 2.1: Structures of sulfonylureas and meglitinides

2.3.2 Biguanides

Biguanides include metformin and phenformin. Phenformin is the first
discovered oral hypoglycemic agent among the biguanides, and it is discontinued later
duo to its severe side effects. Metformin is the only available drug in this class (Pawlyk
et al., 2014). The mechanisms of action of metformin is not completely understood, but
it is largely believed that metformin reduce blood glucose levels through inhibiting

hepatic glucose output by gluconeogenesis. Metformin has been shown to decrease
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intestinal glucose absorption, enhance insulin sensitivity, glucose uptake in skeletal
muscle and adipose tissues. In contrast to sulfonylureas and meglitinides, metformin
does not stimulate insulin release from pancreatic B-cells and does not cause

hypoglycemia and hyperinsulinemia (Liepinsh et al., 2011).

In addition, metformin treatment has been shown to increase insulin action and
improve glucose tolerance in T2D patients who have insulin resistance and it also
associated with decreasing lipid levels and macrovascular complications but does not
affect microvascular complications (Nesti & Natali, 2017). Abdominal pain and
diarrhea are the major side effects of metformin. Beside this, one of the important
beneficial adverse effects is that it’s associated with weight loss, and this makes it
preferable to sulfonylureas to treat severely obese diabetes. Recently, metformin has
been shown to increase concentrations of glucagon-like peptide-1 (GLP-1), a potent
incretin hormone that inhibits glucagon secretion thus reduce blood glucose levels
(Mannucci et al., 2001). Metformin is presently a best frontline treatment option that

may be used as alone or in combination with other agents.

II\IIH II\IIH CH,
H,N-C-N-C-N
H CH;
Metformin

Figure 2.2: Structure of metformin

2.3.3 Thiazolidinediones

Thiazolidinediones (TZDs) are the ligands of peroximose-proliferator-activated
receptor y (PPARYy). These drugs increase insulin sensitivity in muscle, adipose tissue,
fat, and liver to exogenous insulin by activating the nuclear PPARY receptor which

regulates lipid and glucose metabolisms through activation of specific genes (Kawai &
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Rosen, 2010). TZD drugs include troglitazone, rosiglitazone and pioglitazone. TZD
class of drugs decrease hyperglycemia by increasing insulin-stimulated glucose uptake
in skeletal muscle and reduce insulin resistance. They inhibit hepatic glucose production
when treated higher dose and do not stimulate -cells to secrete insulin thus do not
effect insulin levels. TZDs treatment protects p-cell survival by decreasing the levels of
glucose and fatty acid that have detrimental effects on insulin secretions. TZDs also
promote adipocyte differentiation and decrease lipolysis as a result cause weight gain as

a main side effect (Pravenec et al., 2008).

Troglitazone is the first oral agent among the TZDs approved for use the
treatment of T2D, and discontinued later duo to its cause of severe hepatotoxicity.
Rosiglitazone and pioglitazone in TZDs are currently available and used to counter the
side effects of troglitazone. Combination product of rosiglitazone and metformin has
been removed from the market duo to its associations with increased cardiovascular
complications. TZDs are indicated as use for monotherapy and only pioglitazone is
approved for use as combination with metformin, sulfonylurea and insulin (Inzucchi,

2002). The structure of rosiglitazone and pioglitazone are shown in Figure 2.3.
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Figure 2.3: Structures of rosiglitazone and pioglitazone
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2.3.4 a-Glucosidase Inhibitors

The a-glucosidase inhibitors inhibit the enzyme activities that responsible for
breakdown polysaccharides and complex carbohydrates to glucose and other
monosaccharides in the small intestine. They decrease hyperglycemia by preventing the
digestion and delaying absorption of carbohydrates and increase postprandial glucose
excursions (Casirola & Ferraris, 2006). The currently available a-glucosidase inhibitors
include acarbose, voglibose and miglitol. These drugs are capable of limiting
postprandial glucose levels without causing hypoglycemia and should be taken with
food for optimal effect. It has been clinically observed that they have only modest
antidiabetic efficacy if taken with meal. Therefore, a-glucosidase inhibitors are usually
used in combination therapy. Adverse effects of a-glucosidase inhibitors include
gastrointestinal discomfort such as flatulence, abdominal pain, and diarrhea (Borges de
Melo et al., 2006). The structure of a-glucosidase inhibitors acarbose, voglibose and

miglitol, are shown in Figure 2.4.
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Figure 2.4: Structures of acarbose, voglibose and miglitol
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2.3.5 Sodium Glucose Cotransporter 2 (SGLT2) Inhibitors

Sodium glucose cotransporter 2 (SGLT2) inhibitors are a class of drugs that used
for treatment of T2D. They selectively target a specific class of proteins called sodium
glucose cotransporters (SGLTs) which is present in the renal proximal convoluted
tubule (PCT) cells. The SGLTs are glycoproteins that have six isomers: SGLT1, SGLT2,
SGLT3, SGLT4, SGLT5, and SGLT6 (Wright & Turk, 2004; Wright et al., 2011). Two
types of sodium glucose transporter proteins SGLT1 and SGLT2 are mainly expressed
in the cell membrane of the PCT in the kidney and responsible for absorption of glucose.
SGLT2 has been shown to have high capacity for glucose transport and low affinity for
glucose where it is responsible for the reabsorption of 90% of the glucose while
remaining 10% was reabsorbed by SGLT1 (Lee & Han, 2007). During blood circulation,
glucose binds to glucose transporters where it pass through sodium gradient Na'/K"
ATPase channel in the membrane of the PTC and then it is transferred into the blood
stream for the use of other cells as an energy sources (Mackenzie et al., 1998). In people
with diabetes, upregulation of SGLT2 leads to increase the rate of reabsorption of
glucose in the kidney and progressively causing hyperglycemia (Rahmoune et al., 2005).

Therefore, it was believed that SGLT2 inhibition is crucial in glucose regulation.

Dapagliflozin is the first drug in the class of SGLT2 inhibitors and it was
approved for clinical use by the European Medicine Agency (EMA) in 2012 and by the
US food and drug administration (FDA) in 2014. Other drugs in this class include
canagliflozin, empagliflozin, ipragliflozin, tofogliflozin and luseogliflozin. Most
recently, remogliflozin atabonate was identifies as a selective SGLT2 inhibitor and is
now in the late stage of clinical trial (Nakano et al., 2015; Sykes et al., 2015). Among
the SGLT2 inhibitors, canagliflozin and empagliflozin including dapagliflozin are
approved for use in Europe and the US market by both EMA and FDA while others are

only available for use in Japan.
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SGLT2 inhibitors reduce hyperglycemia by binding to the SGLT2 proteins in
the membrane of renal PCT and causing the blockage of sodium glucose transport cycle
(Vick et al., 1973) and thus increase urinary glucose excretion. This class of drugs is
able to decrease blood glucose levels without causing hypoglycemia and is not
associated with the risk of cardiovascular complications. They do not stimulate insulin
secretion from pancreatic -cells (Nauck, 2014; Zinman et al., 2015). The most possible
side effects of SGLT2 inhibitors include urinary tract infection and weight loss due to
high amount of glucose excretion in urine (Cefalu & Riddle, 2015). SGLT2 inhibitors
are approved for use as monotherapy and in combination with insulin. Other possible
combinations such as combination with sulfonylureas, metformin and with other classes
are still in clinical trials and expected to be available for use soon. The structure of

currently available SGLT2 inhibitors is shown in Figure 2.5.
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Figure 2.5: Structure of sodium glucose cotransporter inhibitors
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2.3.6 Incretin Mimetics

Incretin is a gut derived hormone that released from intestinal cells into the
bloodstream and regulates insulin secretion in response to meal ingestion. The role of
intestinal factors in the regulation of insulin release was first proposed based on the
observation that the amount of insulin released following an oral glucose dose exceeded
that of a same dose administered intravenously (Mcintyre et al., 1964). In diabetic and
non-diabetic subjects, insulin concentrations in the blood following an intravenous
glucose dose were found around 30% of that after the same dose administered orally
(Godinho et al., 2015). This phenomenon was called the "incretin effect” and was
subsequently found to be primarily due to two incretin hormones, GLP-1 (glucagon-like
peptide-1) and GIP (glucose-dependent insulinotropic polypeptide). Both GLP-1 and
GIP are secreted by intestinal cells in response to orally ingested food and stimulate
insulin secretion in a glucose dependent fashion. They are responsible for up to 70% the

insulin secreted in response to glucose load (Ahren, 2009).

The incretin effect provides a rapid mechanism for glucose homeostasis by
correlating immediate release of insulin with ingestion of meal. GLP-1 acts as specific
G-protein-coupled receptors located not only on the pancreas, but also the brain, heart,
stomach, intestine, lung and kidney (Verspohl, 2009). The incretin hormone GLP-1
therapy has been shown to rapid decrease hyperglycemia by stimulating insulin
secretion through activation of the guanine nucleotide-binding protein (G protein)-
coupled GLP-1 receptors in pancreatic B-cells and inhibiting glucagon secretion and
decreasing appetite in patients with type 2 diabetes (Ahren, 2009). Other beneficial
effects of GLP-1 therapy are that it stimulates proinsulin production, inhibit B-cell
apoptosis caused by glucotoxicity, promote B-cell proliferation, and improve B-cell
function by increasing p-cell mass in a few days (Drucker & Nauck, 2006). GLP-1 has

been shown to have short half-life (1~2 min) due to its rapid degradation by the enzyme

22



DPP-4 and this limits the use of native GLP-1 as therapeutic agent. In order to
overcome this problem, the GLP-1 receptor agonists or incretin mimetics that have
strong affinity to the receptors and highly resistant to inactivation by DPP-4 has been
developed. Incretin mimetics are functional analogous of the human incretin GLP-1 that
capable of inhibit degradation by the action of DPP-4 and mimic all features of
antihyperglycemic activity of native GLP-1. They reduce hyperglycemia by activation
of GLP-1 receptors thus leading to increase insulin secretion, inhibit glucagon release

and improve B-cell function (Barber et al., 2010).

Several Incretin mimetic drugs have been developed by various pharmaceutical
companies and examined in clinical trials. These classes of drugs are currently
represented by exenatide, liraglutide, lixisenatide, albiglutide and dulaglutide and are
approved for clinical use by both FDA and EMA. Based on clinical data, Incretin
mimetics therapy has been shown to decrease overall HbAlc levels between 0.8% and
1.8% without causing hypoglycemia in people with T2D. Weight loss has been found to
be a common side effect for incretin mimetic drugs due to its association with gastric
appetying and reduced appetite and food intake. In addition to this, other main side
effects are nausea and diarrhea (Ahren, 2009). Incretin mimetics can be used as
monotherapy and in combination with other existing agents. Combination therapy with
sulfonylureas would not be expected to be useful since they both function by
stimulating insulin secretion from pancreatic p-cells. Another alternative strategy to
enhance incretin effects is to inhibit DPP-4 activity to prevent degradation and

inactivation of GLP-1 (Nauck & Smith, 2009).

2.3.7 Dipeptidyl Peptidase-4 (DPP-4) Inhibitors
DPP-4 is a ubiquitous enzyme that exists as both a membrane bound and plasma
soluble form. It is widely expressed in many tissues with highest levels found in kidney,

lung, small intestine, liver, pancreas, placenta, spleen, lymphocytes and endothelial cells
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(Mentlein, 1999; De Meester et al., 2004). DPP-4 is a serine peptidase that selectively
degrades a number of biologically active peptides including GLP-1 and GIP with
proline or alanine residue in position 2 of the aminoterminal of the peptide chain. Newly
secreted active GLP-1 (7-36 amide) is extensively metabolized by DPP-4 to yield a
dipeptide (His-Ala) and inactive form of GLP-1 (9-36 amide) and this metabolite has no
insulinotropic effect (Thornberry & Gallwitz, 2009). To enhance incretin effects,
selective inhibition of this enzyme is crucial and it was thought that this provides an
alternative therapeutic option in the treatment of diabetes. Sitagliptin and vildagliptin
are the first identified DPP-4 inhibitor class of drugs and are available for clinical use in
many countries. Other DPP-4 inhibitors identified to date and approved for clinical use
include saxagliptin, linagliptin and alogliptin (Thornberry et al., 2009) and structures of

these DPP-4 inhibitors are shown in Figure 2. 6.

The use of DPP-4 inhibitors have been shown to decrease hyperglycemia by
preventing inactivation of active GLP-1 thus stimulate insulin secretion in response to
glycemic rise, inhibit glucagon secretion and B-cell apoptosis, and improve B-cell
function through stimulation of cell proliferation (Drucker et al., 2006). Clinical studies
indicated that these drugs can be used safely as a monotherapy and in combination with
other oral antidiabetic agents in patients with T2D that unable to control blood glucose
at their desired level. Monotherapy with sitagliptin and vildagliptin or their combination
therapies with other oral agents such as metformin, thiazolidinediones, sulfonylureas
and sulfonylureas plus metformin have been shown to decrease hyperglycemia and
HbAlc levels by increasing insulin secretion without causing hypoglycemia and
decrease glucagon secretion following meal ingestion, and preserve B-cell function in
people with T2D (Verspohl, 2009; Karagiannis et al., 2014). DPP-4 inhibitors have a
number of distinct advantages over current antihyperglycemic agents. Since they

function by enhancing incretin effect, they are capable of stimulating insulin secretion
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without causing hypoglycemia and inhibiting glucagon secretion though the action of
native GLP-1. In addition, they have neutral effect on body weight and the potential to
preserve B-cell mass via cell proliferation. Antihyperglycemic agents that are capable of
restoring B-cell mass are highly desirable. Because of this effect, the search for novel

DPP-4 inhibitors is an active area of research (Nauck Michael et al., 2009; Ruscica et

al., 2017)
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Figure 2.6: Structure of DPP-4 inhibitors

Monotherapy with DPP-4 inhibitors improved glycemic control and reduced
HbAlc levels by 0.65-1.1% within 12 weeks and this effects is remained up to two
years of duration (Pratley et al., 2007; Debora et al., 2008). They showed similar effect
on HbAlc levels when comparison with sulfonylurea (Nauck et al., 2007), metformin
(Schweizer et al., 2007), and TZDs (Rosenstock et al., 2007) monotherapy.
Monotherapy with either a sulfonylurea or metformin for 3 years, approximately 50% of
patients have HbA1c above 7% and this number increases to approximately 75% after 9
years (Turner et al., 1999; Brown et al., 2010). When glycemic control does not

achieved by monotherapy, a second agent of a different class is usually added to the
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regimen to restore glycemic control through an additive or synergistic effect. The most
common combination is metformin with a sulfonylurea. More recent combination
therapy with metformin and DPP-4 inhibitors are even more attractive due to its rapid
action and weight neutral effect and its association with low risk of hypoglycemia
(Ahrén, 2009). Clinical studies to date showed that these combinations are able to
reduce glucose level nearly normal range in short term, overall efficacies are similar as
monotherapy of these agents and the risk of progression of cardiovascular complications
are not achieved in long term study. In the case when two agents are no longer effective
a third agent of another class might also be added. Combination therapy with more than
two drugs reduced HbAlc levels lower than 7%, but resulted in more gain weight than
that of patients with high glucose levels (Thornberry et al., 2009). Therefore, this
combination is unfavorable especially considering people who overweight in T2D

therapy.

These currently available hypoglycemic agents are wuseful in limiting
hyperglycemia ether in monotherapy or in combination with other hypoglycemic agents
in some period of time but they do not reduce the progression of cardiovascular risk
(Inzucchi, 2002). Therapies that can maintain blood glucose levels in normal range and
minimize cardiovascular complications to its harmless level would represent a major
advance. While a cure for diabetes is not currently available and both mono and
combination therapy are fail in long term study, research that led to a greater
understanding of the etiology of the disease, discover novel targets and identify
hypoglycemic agents that have strong potency, less side effects and possible use in long
term are urgent demand (DeFronzo et al., 2013). GPa inhibition therapy most likely
represents such a target and has already been successful in vivo diabetic animal model
(Nacide et al., 2005). GPa inhibitors inactivate the GPa by binding to its catalytic site

thus inhibit hepatic glucose output from glycogen (Goyard et al., 2016). Hepatic
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glucose output is elevated in T2D patients and several studies evidenced that both
glycogenolysis and gluconeogenesis is a major contributor to the abnormal hepatic
glucose production by the liver. GPa is the only enzyme that well-validated today to
catalyzes these processes and resulting in hyperglycemia (Treadway et al., 2001; Yoon
et al., 2001). Therefore, inhibition of this enzyme is a promising therapeutic strategy for

glycemic control and reducing its complications in T2D.

2.4 GPa: General Information and Function

Glycogen phosphorylase (GP) is an enzyme with a molecular weight of
approximately 97 kDa per subunit. It is found in large number of organism including
yeast, bacteria, fungi, plants, animals and mammalian tissues such as liver, muscle and
brain. It has three isoforms encoded by 3 genes PYGL, PYGM, PYGB which consists
of 846, 841 and 862 amino acid residues expressed in liver, muscle and brain. Amino
acid sequence of GP is almost similar in humans and animals where 97% sequence
homology was found between human and animal isoforms. There is 80% sequence
identity between liver and muscle isoforms while brain share 83% identity with liver
isoform (Newgard et al., 1989; Agius, 2015). GP was first discovered from a rabbit
skeletal muscle homogenate and shown to be exhibiting its regulatory properties by
activation of adenosine monophosphate (AMP) protein kinase (AMPK) (Newgard et al.,
1989). It was subsequently purified from rabbit skeletal muscle and later from human
liver. GP exists in two distinct forms a and b. The proportion that exists in the form o
(GPa) and b (GPb) is controlled by phosphorylation. GPb is the less active form of GP
and it is converted to more active form GPa by the action of phosphorylase kinase
through phosphorylation at the position of serine-14 in its amino-terminus (Newgard et
al., 1989). The unphosphorylated enzyme, GPb, exhibits low activity and has less
binding affinity for substrate while the phosphorylated enzyme, GPa, exhibits high

activity and has greater binding affinity for substrate. The GPo is subsequently
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dephosphorylated by the action of protein phosphatase 1 (PP1) whereby GPa is
converted to its less active GPb form. The rate of conversion from GPb to GPa is
mostly depends on the activation of AMP. Other factors including hormones such as
glucagon that rise AMP concentration, inorganic phosphate and calcium also increase
the rate of conversion from GPb to GPa (Stalmans & Hers, 1975; Agius, 2015).

GPa is one of the major enzymes that directly involved in glycogen metabolism.
It catalyzes o-1,4 glycosidic bond in glycogen by phosphorylation to yield glucose-1
phosphate (G1P) and free glucose where glycogenolysis take place. G1P is further
converted to glucose-6 phosphate (G6P) by the action of phosphoglucomutase (PGM)
for further metabolism and this conversion has three possible fates. (i) G1P can be
metabolized through glycolytic pathway to produce pyruvate for glycolysis and generate
ATP. (ii) It can be oxidized in pentose phosphate pathway and used as energy in
anabolic reactions and maintains the antioxidant defences of the cells or (iii) it can be
catalyzed by glucose-6-phosphatase and converted to free glucose in the liver by
gluconeogenesis, and released into the bloodstream. Glycogen is synthesized again by
several mechanisms in response to high glucose after meal and stored again in the liver.
In diabetes, both glycogenolysis and gluconeogenesis is stimulated during fasting or
starvation thus lead to increase hepatic glucose output even when blood glucose
concentrations are high (Yoon et al., 2001; Zois et al., 2014). Therefore, inhibition of

this enzyme is crucial in diabetes therapy.

2. 5 GPa Inhibition in Diabetes

There are 4 main reasons why GPa is important in diabetes therapy (i) GPa is
the first discovered enzyme that its biological activity is controlled by both allosterically
and phosphorylation. (ii) Glycogen is vulnerable to rapidly degradation by GPa during
prolonged fasting and starvation for providing energy for survival. (iii) GPa is the only

enzyme that catalyzes the rate-limiting step in hepatic glycogenolysis and
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gluconeogenesis to produce free glucose in glycogen metabolism and (iv) Glycogen is
the key contributor to hepatic glucose output in diabetes (Cori & Green, 1943; Consoli
et al., 1989). The discovery of the primary role of GPa in glycogen metabolism led to
suggest that inhibition of this enzyme may be useful in the treatment of diabetes through

reduction of hepatic glucose production.

This approach was first validated in mice and in primary human and rat
hepatocytes with the use of selective GPo inhibitor, CP-91149 (Figure 2.7), which
exerted 20-fold high GPa inhibition potency in the presence of high glucose and
resulted in rapid reduction of glucose levels within three hours without causing
hypoglycemia in obese diabetic mice (Hampson & Agius, 2005). This was in direct
correlation to the 3-fold increase in levels of hepatic glycogen in obese diabetic mice
treated with the selective inhibitor CP-91149. Increased inhibition (80%) of glycogen
breakdown by hormone stimulated glycogenolysis was also observed in primary human
hepatocytes treated with this compound. Conversion of lactate to glycogen was also
increased by 3-fold in rat hepatocytes treated with CP-91149. In this study, glucose
lowering effect was directly related to increased levels of glycogen due to inhibition of
GPa by CP-91149 (Martin et al., 1998). Therefore, these studies seem to validate the
notion that inhibition of GPa is a viable way of reduce hepatic glucose output and

improve effective management of diabetes.

CP-91149 Ingliforib

Figure 2.7: Structure of GPa inhibitors CP-91149 and ingliforib
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The evidences for the feasibility of GPa inhibition in diabetes were proved by
numbers of studies using plant based extracts, isolated compounds from the plants and
as well as synthetic compounds in both animal experiments and human clinical trials.
Several studies reported that Corosolic acid reduced glucose AUC in a 2 hour OGTT
(Fukushima et al., 2006), and significantly reduced blood glucose levels in T2D patents
treated with Corosolic acid for two weeks (Judy et al., 2003). Another study reported
that maslinic acid reduced fasting blood glucose levels and insulin resistance while
significantly increased glycogen contents in genetic-type diabetic mice (Liu et al., 2007).
It also significantly improved antioxidant defence by suppressing oxidative stress (Teng
et al., 2010), and significantly reduced insulin resistance by blocking NFkB pathway in
obese T2D mice (Jun et al., 2014). Ingliforib prevented cardiac injury and significantly
reduced fasting blood glucose levels in type 2 diabetic rabbits (Tracey et al., 2004).
These provide evidences for the effectiveness of GPa inhibitors therapy in diabetes.
GPa inhibitors have been shown to reduce hyperglycemia without causing
hypoglycemia. They have been shown to inhibit hepatic glucose output in the presence
of high glucose levels (lliana et al., 2015). There are also evidences that GPa inhibitors
have cardioprotective and antioxidant effects and this makes more attractive for the
treatment of T2D diabetes who suffering from cardiovascular complications (Tracey et
al., 2004). Hypoglycemic agents that capable of reducing cardiovascular complications
by increasing antioxidant defence and restoring B-cell mass are highly desirable.
Because of these effects, the search for novel GPo inhibitors is an active area of

research.

2.6 Traditional Medicine
In many parts of the world, plants are still used as the main source of treatment
for various diseases. According to the WHO estimation, around 80% of the population

in developing countries depends on traditional medicine for their primary health care
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needs (Mukherjee & Wahile, 2006). The utilization of plants in the treatment of diabetes
has a long and rich history. The Ebers Papyrus in ancient Egypt was written around
1550 B.C. and describes the earliest example of such use. Ayurveda in India, written in
4-5" century B.C, and Bencao Gangmu (The Compendium of Materia Medica) in China,
written about 104™ century B.C., record more than 2000 plant species and describe the
use of plants to treat a variety of diseases including diabetes. More than 1000 plants
species have been reported to treat diabetes around the world (Oubré et al., 1997), and

many of them originate in Malaysia (Fabricant & Farnsworth, 2001).

Traditional systems of medicine developed through experience and
experimentation. Knowledge was mostly gained by using a variety of plants to treat a
particular disease and observe their effects. Plants that had a positive effect in treating
the disease were recorded. In the case of diabetes, many plants have been used to help
control blood sugar levels. In recent times, the hypoglycemic effect of some of these
herbs has been shown in various animal models of diabetes and in some instances the
active constituents have even been isolated (Patel et al., 2012). But, the majority of
these herbs have far escaped scientific scrutiny and neither their mode of action nor the

active principles are largely known.

The current prevalence of diabetes has clearly led to a need for novel drugs.
Plants used traditionally to treat diabetes, particularly those that have been proven to
decrease blood sugar, can potentially lead to the isolation of novel compounds with
hypoglycemic effect. Because of a number of factors, such an approach can have some
advantages over the conventional approach to drug discovery. This approach is referred
to as ethnopharmacology and utilizes the information learned from various systems of
traditional medicine in the search for new drugs (Fabricant et al., 2001). Since humans
have used these plants for generations, it can be expected that bioactive compounds

isolated would have low toxicity. But this is not always true and not all of plants that
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have therapeutic efficacy are entirely safe. There is also a tremendous degree of
chemical diversity in a plant extract. This includes alkaloids, quassinoids, glycosides,
polysaccharides, flavonoids, steroids, carbohydrates, terpenoids, amino acids and
tannins. Such diversity can lead to interesting molecules that possibly useful as drug
entities or more likely serve as lead molecules in a medicinal chemistry research.
Metformin has its origins in the plant Galega officinalis L., which was used to treat
diabetes in medieval Europe. Its use as hypoglycemic agent was a direct result of the
isolation of galegine as an active antidiabetic agent (Oubré et al., 1997). While galegine
Is too toxic to be used directly, it served as the template for the synthesis of metformin,
which is a safer analog. The discovery of metformin emphasizes the role of the plants as
a heritage for modern medicine to treat diabetes. Gymnema sylvestre, a plant native to
the tropical forests of India, has long been used as a treatment for diabetes (Agarwal et
al., 2000). The use of Gymnema sylvestre extract and/or active constituents of this plant
to treat diabetes, especially obese diabetes (Lucy & Yuan, 2002; Mall et al., 2009) was

an example of such use of medicinal herbs in modern medicine.

2.7 Brucea javanica (L.) Merr.

Brucea javanica (L.) Merr. belongs to the Simaroubaceae family and is a shrub
3-5 meter in height with drupe fruits (Bawm et al., 2008). It is commonly called Melada
Pahit in Malay language and kosam in Javanese (Noorshahida et al., 2009). The black-
grey fruit is oval shaped and up to 0.5 cm long. It originates in tropical Africa and
throughout Asia. Different parts of the plant are used by indigenous healers for a
number of diseases including diabetes around the world. In China, seeds are used to
treat malaria, inflammation and lung cancer (Nie et al., 2012). In Indonesia, the leaves
are used to treat dysentery (Matsuura et al., 2007). In Malaysia, the seeds are used

traditionally by indigenous people in Malaysian Peninsula for lipid disorders and
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diabetes (Noorshahida et al., 2009). The seed is known to be reach source of

quassinoids, triterpenoids, polyphenols and alkaloids (Li et al., 2009; Liu et al., 2012).

Aside from the hypoglycemic effect, the ethyl acetate extract of B. javanica seed
(BJS) also exhibited anti-inflammatory effects in RAW 264.7 cells by decreasing
proinflammatory cytokines such as TNFa, IL-1B and IL-6 and increasing level of anti-
inflammatory cytokine IL-10 to near normal levels (Yang et al., 2013). Diabetes is
associated with overexpression of proinflammatory cytokines that often result in
cardiovascular complication and insulin resistance. In diabetes, increased levels of
proinflammatory cytokines such as TNFa, IL-1p and IL-6 have been shown to result in
B-cell apoptosis and insulin resistance (Pollack et al., 2016). The BJS exhibited anti-
inflammatory effects and inhibited NFB activation that causes insulin resistance and f-
cell apoptosis. However, to the best of our knowledge, no one has studied the effects of
Malaysian medicinal plant BJS on inhibition of GPa. It is the purpose of this study to
screen extracts of BJS for inhibition of GPa to identify novel compounds which may

serve as lead molecules to treat diabetes (Kim et al., 2010).

Figure 2.8: Brucea javanica (L.) Merr
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CHAPTER 3 : METHODOLOGY
3.1 Materials
3.1.1 Plant
Brucea javanica seed was collected from Bukit Tampin reserved forest, Tampin,
Negeri Sembilan, Malaysia, during the month of November. A voucher specimen
(KL5794) has been retained by the Herbarium at Institute of Biological Science,

University of Malaya for further reference.

3.1.2 General Chemicals and Solvents
Chemicals

Ascorbic acid, citric acid monohydrate, sodium nitrite, tri-sodium citrate
dehydrate, Bismuth nitrate, potassium iodide, quercetin tannic acid, Sodium phosphate
monobasic dihydrate, sodium phosphate dibasic dihydrate and carboxymethyl cellulose-

natrium (CMC-Na) were purchased from Sigma Chemical Co. (St. Louis, MO, USA).

Sodium hydroxide, a-D-Glucose, aluminum chloride, sodium chloride, Folin &
Ciocalteu’s phenol reagent, sodium acetate trihydrate were purchased from Merck

Chemical Co. (Malaysia).

Solvents

Ethanol, methanol, hexane, chloroform, glacial acetic acid, acetone, sulfuric acid,
anisaldehyde, and 25% ammonia, DMSO and hydrochloric acid (Merck, Germany)
were purchased from Merck Chemical Co. (Malaysia). All chemicals and solvents were

of analytical grade and used without further purification.

NMR grade deuterated pyridine (CsDsN) and deuterated methanol (CD3;OD)

were purchased from Merck Chemical Co. (Malaysia)
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3.1.3 Chromatographic Media
Silica gel 60 F,s4 — precoated TLC plates (Merck, Germany), silica gel (0.40-
0.63 uM), were purchased from Merck Chemical Co. (Malaysia). Sephadex LH-20

was purchased from Sigma Chemical Co. (St. Louis, MO, USA).

3.1.4 Glycogen Phosphorylase Enzyme Assay

Glycogen phosphorylase a from rabbit muscle, Glycogen from rabbit liver (type
1), o-D Glucose-1-phosphate, HEPES [4-(2-Hydroxyethyl)  piperazine-1-
ethanesulfonic acid, N-(2-Hydroxyethyl) piperazine-N’'-(2-ethanesulfonic acid)],
Magnesium chloride (MgCI2), EGTA (Ethylene glycol-bis(2-aminoethylether)-
N,N,N’,N’-tetraacetic acid), Ammonium molybdate, Malachite green, Caffeine and
potassium chloride were purchased from Sigma Chemical Co. (St. Louis, MO, USA).

An ELISA reader (Tecan Sunrise, Austria) was used for absorbance determination.

3.1.5 a-Glucosidase Inhibition Assay
The a-glucosidase from Saccharomyces cerevisiae, and p-Nitrophenyl o-D-

glucopyranoside were purchased from Sigma Chemical Co. (St. Louis, MO, USA).

3.1.6 Antioxidant Assays
DPPH Assay
DPPH (2,2 diphenyl-1-picrylhydrazyl) were purchased from Sigma Chemical

Co. (St. Louis, MO, USA).

Ferric Reducing Antioxidant Power (FRAP) Assay
TPTZ (2,4,6-tripyridyl-s-triazine) and sodium acetate trihydrate were purchased
from Sigma Chemical Co. (St. Louis, MO, USA). Ferric chloride, Ferrous sulfate was

purchased from Merck Chemical Co. (Malaysia).

35



Metal Chelating Assay
Ferrozine, ferrous chloride, and ethylenediaminetetraacetic acid disodium

dehydrate were purchased from Sigma Chemical Co. (St. Louis, MO, USA).

Nitric Oxide (NO) Scavenging Activity Assay
Sodium nitroferricyanide (I11) dihydrate, griess reagent, curcumin and sodium

nitrate were purchased from Sigma Chemical Co. (St. Louis, MO, USA).

Superoxide Radical Scavenging Activity Assay
Nitro blue tetrazolium (NBT), xanthine and xanthine oxidase were purchased

from Sigma Chemical Co. (St. Louis, MO, USA).

3.1.7 Antihyperglycemic Activity Study

Healthy adult Sprague Dawley (SD) rats were purchased from University of
Malaya Animal House (Kuala Lumpur Malaysia). Accu-Check Performa glucose miter,
Accu-Check Performa glucose test strips and control solution (Roche Diagnostics, USA)
were purchased from Roche Diagnostics, Malaysia. Streptozotocin and nicotinamide
were purchased from Sigma Chemical Co. (St. Louis, MO, USA). Rat TNF-a, rat IL-6,
and rat IL-1p ELISA kits were purchased from eBioscience (San Diego, CA USA). Rat
insulin ELISA kit was purchased from Mercodia AB (Uppsala, Sweden). TBARS,
Glutathione, and Glycogen assay kits were purchased from Cayman chemical company

(Ann Arbor, MI, USA).

3.1.8 Other Instruments
Mass spectra were carried out on Agilent 6530 Q-TOF Mass Spectrometer
(California, USA). *H (400 MHz) and **C (100 MHz) NMR spectra were determined on

Bruker Avance 111 400 NMR spectrometer (Germany).
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3.2 Phytochemistry Study
3.2.1 Brucea javanica Seed Extraction

The 2 kg of dried Brucea javanica seed (BJS) was ground using mechanical
grinder and extracted three times with 95% ethanol (5 L) at room temperature for three
days. The extract was filtered with Whatman filter paper and combined together. It was
then concentrated under reduced pressure at 37 °C to dryness to give ethanol crude

extract. This was stored at -20 °C until use.

3.2.2 Solvent Fraction of BJS

The ethanol crude extract (53.6 g) was suspended in distilled water (200 ml) and
partitioned with n-hexane (250 ml x 3), chloroform (250 ml x 3), and ethyl acetate (250
ml x 3) in a separating funnel to obtain an n-hexane, chloroform, and ethyl acetate
soluble fractions. All of the fractions were evaporated to dryness under reduced pressure
to yield n-hexane fraction (HF), chloroform fraction (CF) and ethyl acetate fraction
(EAF) of the ethanol crude extract. The remaining aqueous layer was then lyophilized to
dryness to yield a light green powder as the water fraction (WF). The dried fractions

were kept in refrigerator at 2-8 °C for further use.

3.2.3 Determination of Polyphenolic Contents in BJS
(i) Determination of Total Phenolic Content

Total phenol content (TPC) of the fractions was measured by the Folin-Ciocaltu
method as described previously (Mdller et al., 2010). Sample solutions (1 mg/ml) were
prepared by dissolving 1 mg of each fraction in 1 ml of 95% ethanol and 20 pl of these
solutions was mixed with 100 pl of Folin-Ciocaltu reagent (diluted 10-fold) in a 96-well
microplate, incubated for 5 min, and 75 ul of sodium carbonate solution (75 mg/ml) was
added. After incubation period of 2 h in darkness at room temperature, the absorbance

was measured at 740 nm using a microplate reader (Tecan Sunrise, Austria). Tannic
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acid (100 — 1000 pM) was used for construction of a standard curve. The TPC was

estimated as mg tannic acid equivalent (mg TAE)/g of dry extract.

(ii) Determination of Total Tannin Content

Total extractable tannins (TET) were determined according to the method
(Royer et al., 2011) with some modification. Sample solutions from each fraction were
prepared by dissolving 10 mg of samples in water (10 ml) for water fraction and
methanol-H,O (1:1, 10 ml) for hexane, chloroform and ethyl acetate fractions. The
polyvinyl polypyrrolidone (PVP, 1.1g) was added to the solutions, and the mixtures
were vortexed thoroughly and centrifuged (3000 rpm, 15 min, 4°C) to precipitate the
tannin. Phenolic contents in the supernatant which is corresponds to the non-precipitable
phenol (NPP) were determined by the Folin-Ciocaltu method as described (Mdller et al.,
2010). The TET was calculated as differences using following equation: TET = TPC —
NPP. The results were estimated from tannic acid standard curve and expressed as mg

tannic acid equivalent (mg TAE)/g of dry extract.

(iii) Determination of Total Flavonoid Content

Total flavonoid contents (TFC) were measured according to the method
(Sasipriya & Siddhuraju, 2012) with some modification. Briefly, fractions (50 pl) were
added with 70 pl of distilled water and 15 pl of 5% sodium nitrite solution in a 96-well
microplate. The solutions were well mixed and incubated for 5 min at room temperature.
Then, 15 ul of 10% aluminum chloride solution was added into the mixture. After 6 min
of incubation, 100 pl of 1 M sodium hydroxide solution was added, and the absorbance
was measured at 510 nm with a microplate reader (Tecan Sunrise, Austria). The TFC
was estimated from quercetin (100 — 1000 uM) standard curve, and the results were

expressed as mg quercetin equivalent (mg QE)/g of dry extract.
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3.2.4 Isolation of Compounds
The EAF from ethanol crude extract was subjected to chromatographic analysis
in order to isolate the effective components from BJS and the structure of isolated

compounds was further confirmed by HPLC/MS and NMR.

(i) Column Chromatography

The EAF (7.6g) from BJS was chromatographed over silica gel by gradient
elution of n-Hexane and DCM (90:10-0:100) followed by DCM and MeOH (100:0 -
70:30) as mobile phase. All fractions were concentrated, monitored by TLC, and
visualized under UV light. Total 91 fractions were collected and R; values were

calculated as follows:

Rrvalue = (Distance of compound spot)/(Distance of solvent spot)

The fractions with similar R¢ values were combined together to afford twelve fractions

(F1-F12).

(ii) Isolation of Vanillic Acid

F1 was dried from 3 ml of a fraction 12 eluted with 10% n-Hexane: 90% DCM
on silica column to give 0.012 g (0.16%) of vanillic acid, a white crystal. TLC: (silica)
DCM: MeOH (9.5:0.5) Rf = 0.28 (visualised with UV and vanillin reagent). HR-ESI-

MS: m/z 167.09 [M-H]"

(iii) Isolation of Bruceine D

F7 was evaporated to dryness from fractions 34-35 (6 ml) eluted with 90% DCM:
10% MeOH over silica gel column to give 0.045 g (0.59%) of Bruceine D as a light
yellow solid. TLC: (silica) DCM: MeOH (8:2) Rs = 0.51 (visualised with UV and

vanillin reagent). HR-ESI-MS: m/z 411.3018 [M+H]".
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(iv) Isolation of Bruceine E

F9 was evaporated to dryness from fractions 54-56 (9 ml) eluted with 85% DCM:
15% MeOH over silica gel column to give 0.056 g (0.74%) of Bruceine E as a light
yellow solid. TLC: (silica) DCM: MeOH (8:2) Rs = 0.39 (visualised with UV and

vanillin reagent). HR-ESI-MS: m/z 435.3028 [M+Na]".

(v) Isolation of Parahydroxybenzoic Acid

F3 was chromatographed over sephadex LH-20 column with gradient elution of
DCM: MeOH (65:35 — 55:45) as a mobile phase. Fractions 29-35 were dried from 10
ml of solution eluted with DCM: MeOH (45:55) to give 0.199 g of a white, amorphous
solid as parahydroxybenzoic acid with 2.62% yield. TLC: (silica) DCM: MeOH (9:1) R¢

= 0.65 (visualised with UV and vanillin reagent). HR-ESI-MS: m/z 137.00 [M-H]".

(vi) Isolation of Luteolin

F5 was applied to a sephadex LH20 column, eluted with DCM: MeOH (65:35 —
55:45) as mobile phase. When it was eluted with 50 ml of 65% DCM: 35% MeOH, a
yellow band was observed moving down the column. When it comes down the bottom
of the column it (fractions 22-27, 6 ml) was collected. These fractions were combined
together and dried under reduced pressure to give 0.009 g (0.12%) of luteolin, a yellow
solid. TLC: (silica) DCM: MeOH (9:1) R¢ = 0.47 (visualised with UV and vanillin

reagent). HR-ESI-MS: m/z 285.10 [M-H]

(vii) Isolation of Protocatechuic Acid

F6 was chromatographed over sephadex LH20 column with gradient elution of
DCM: MeOH (65:35 — 55:45) as mobile phase. Fraction 27 (3 ml) was dried under
reduced pressure to give 0.054 g (0.71%) of protocatechuic acid, a light brown solid.
TLC: (silica) DCM: MeOH (9:1) Rf = 0.27 (visualised with UV and vanillin reagent).

HR-ESI-MS: m/z 153.00 [M-H]".
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(viii) Isolation of Gallic Acid

F8 was applied to a sephadex LH20 column and chromatographed with gradient
elution of DCM: MeOH (60:40 — 20:80) as mobile phase. Fraction 20 (3 ml) was
identified as white crystal and dried to give 0.0076 g of gallic acid with 0.1% yield.
TLC: (silica) DCM: MeOH (8:2) Rs = 0.40 (visualised with UV and vanillin reagent).

HR-ESI-MS: m/z 169.07 [M-H]".

3.2.5 HPLC-MS Analysis

All isolated compounds from EAF of BJS were analysed by Agilent 1200
HPLC-MS system. Chromatographic separation was carried out using an Agilent
Zorbax Eclipse Plus C18 column Rapid Resolution HT (2.1 x 1 mm, 1.8 um). The
mobile phase (solvent A, 0.1% formic acid in water; solvent B, 0.1% formic acid in
ACN) was eluted at a flow rate of 0.5 mL/min. The elution was gradient (90% A for 0-1
min, 50% A for 1-20 min and hold 4 min, 90% A for 25-30 min). The total run time was

30 min, and the injection volume was 10 pL.

3.2.6 Nuclear Magnetic Resonance (NMR)

'"H-NMR and **C- NMR (COSY, HSQC, HMBC, and NOESY) spectra for
isolated compounds except for gallic acid were obtained from the samples dissolved in
deuterated methanol (CDs;OD) using Bruker Avance 111 400 NMR spectrometer. *H-
NMR and *3C- NMR for gallic acid were acquired using concentrated solution of gallic
acid in pyridine (CsDsN). Chemical shifts (8) are expressed in ppm and coupling

constants (J) are given in Hz.

3.3 Biological Assays Using in vitro Models
3.3.1 GPa inhibition Assay of the Fractions
Glycogen Phosphorylase a (GPa) activity of fractions from BJS were measured

in the direction of glycogen synthesis by the release of phosphate from glucose-1-
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phosphate as described previously (Schweiker et al., 2014) with slight modification. A
stock solution (32 mg/ml) for each fraction was prepared by dissolving 32 mg of
fractions in 1 ml of 10% DMSO in 50 mM Hepes buffer (pH 7.2) which was then
serially diluted to two-fold, 4 times, to give 16, 8, 4, and 2 mg/ml solutions of each

fraction.

The assay was run by mixing 10 ul solutions of each fractions at different
concentrations with 40 pl of 50 mM Hepes buffer (pH 7.2) containing 100 mM KClI, 2.5
mM EGTA, 2.5 mM MgCl,, 0.25 mM glucose-1-phosphate, and 1 mg/ml glycogen in a
96-well microplate. The reaction was initiated by adding 50 ul of enzyme (GPa) in 50
mM Hepes buffer (pH 7.2) and incubated at 22°C for 30 min. The mixture was
subsequently incubated with 150 pl of 1 M HCI solution containing 10 mg/ml
ammonium molybdate and 0.38 mg/ml malachite green for 5 min, and phosphate
released was measured at 620 nm using a microplate reader (Tecan Sunrise, Austria).
The assay was performed in triplicate with appropriate blanks and 10% DMSO in 50
mM Hepes buffer was used as negative control. The caffeine was used as a standard.
The concentration of fractions required to inhibit 50% of glycogen phosphorylase
enzyme activity under the assay condition was defined as the ICs, value, and ICsq values

of all fraction were calculated using the equation below.

N . Absorbance of control — Absorbance of sample
GPacinhibition (%) = Absorbance of control * 100

The results were reported as pg/ml, and were expressed as the mean + standard

error (SE).

3.3.2 a-Glucosidase Inhibition Assay of the Fractions
The assay is a slight modification of a previously published method (Lordan et
al., 2013) which was designed for a 96-well plate reader. The enzyme solution was

made to a concentration of 0.1unit/ml at pH 6.9 with 0.1 M phosphate buffer. A solution
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of fractions (2000 pg/ml) was prepared in 10% DMSO in 0.1 M phosphate buffer at pH
6.9 which was then serially diluted two-fold, 4 times, to give 125, 250, 500, and 1000
pg/ml solutions of each fraction. 100 ul of a-glucosidase (0.1 U/ml) was premixed with
50 ul of fractions at varying concentrations and incubated for 10 min at 37°C. 50 pl of 5
mM p-nitrophenyl a-D-glucopyranoside (p-NPG) in 0.1 M phosphate buffer (pH 6.9)
was added to initiate the reaction and re-incubated at 37°C for 30 min. The reaction was
terminated by addition of 50 pl of 1 M NaCOs;. The 10% DMSO in 0.1 M phosphate
buffer (pH 6.9) was used as negative control. The quantity of p-nitrophenol released
from p-NPG in the presence of a-glucosidase was determined spectrometrically at 405
nm using microplate reader (Tecan Sunrise, Austria). The percentage of a-glucosidase

inhibition (aGI) was calculated as following formula:

Gl (%) = Absorbance of control — Absorbance of sample « 100
. v Absorbance of control

The results were reported as pg/ml, expressed as the mean + SE from triplicated test.

3.3.3 GPa and a-Glucosidase Inhibition Assays by Isolated Compounds
To determine antidiabetic effect of BJS, all isolated compounds were tested for
their inhibition of GPa and a-glucosidase by the same assays used to test BJS fractions

in the general screening as described in section 3.3.1 and 3.3.2.

In GPa inhibition assay, all isolated compounds were dissolved in 10% DMSO
in 50 mM Hepes buffer at pH 7.2 and were prepared at the concentrations of 31.25, 62.5,
125, 250, 500, 1000, and 2000 ug/ml. To determine a-glucosidase inhibition activity, all
compounds except luteolin were prepared in 10% DMSO in 0.1 M phosphate buffer (pH
6.9) at the concentrations of 62.5, 125, 250, 500 and 1000 pg/ml, while luteolin was
prepared at the concentrations of 12.5, 25, 50, 100, and 150 pg/ml in 10% DMSO in 0.1

M phosphate buffer at pH 6.9, respectively. The assays were performed in triplicate
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with appropriate blanks. The 1Cso values of compounds were determined by nonlinear

regression as pg/ml. The results were converted to uM and expressed as the mean + SE.

3.3.4 Antioxidant Activity of BJS Fractions
(i) DPPH Radical Scavenging Activity Assay

The DPPH radical scavenging activity of BJS was determined according to the
method as described previously (Ranilla et al., 2010) with some modifications. The
samples of each fraction were prepared in 95% ethanol at different concentrations (25 to
400 pg/ ml). A volume of sample (40 ul) was mixed with 200 pl of 50 uM DPPH
solution in 95% ethanol and incubated at 25 °C for 15 min in the darkness. The optical
density was measured at 517 nm using a microplate reader (Tecan Sunrise, Austria).
BHA was used as a standard and 95% ethanol (40 ul) was used as negative control. The

percentage of scavenging effect of fractions was calculated as follow:

o Absorbance of control — Absorbance of sample
% DPPH Inhibition = Absorbance of control * 100

The assay was performed in triplicate and results were expressed as the mean + SE

(i) Ferric Reducing Antioxidant Power (FRAP) Assay

The FRAP activities of fractions from BJS were measured as previously
described method (Miiller et al., 2010). The assay was run by mixing 20 ul of fraction
solutions (Lmg/ml and 100pug/ml) in 95% ethanol with 200 ul of freshly prepared FRAP
reagent (appendix 5.7) in 96-well microplate. After 8 min of incubation time, the TPTZ-
Fe?* complex formed was measured at 595 nm using a microplate reader (Tecan Sunrise,
Austria). Ethanol (95%) was used as blank. Ferrous sulphate (FeSO,) solution (0.1 mM
to 1 mM) was used for standard calibration curve. The FRAP value was determined
using the corresponding regression equation and the results were estimated as mmol

Fe?*/g of dry extract from triplicated tests.
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(iii) Metal chelating activity assay

The assay was performed according to the method (Srivastava et al., 2012) as
described previously. Sample solutions of all fractions were prepared in 95% ethanol at
different concentrations (50 - 800 pg/ml). The fractions (100 ul) were mixed with 120
pl of distilled water and 10 pl of 2 mM FeCl; in a 96-well microplate. The reaction was
initiated by addition of 5 mM ferrozine (20 pl) and the Fe**-ferrozine complex formed
was measured at 562 nm using a microplate reader for 20 min. EDTA-Na; (5 — 80
ug/ml) was used as a standard and the 95% ethanol (100 upl) was used as a negative
control. The blank reading (20 pl of distilled water instead of ferrozine) was subtracted

from each well. The percent of chelating activity of fractions was calculated as follow:

Acontrol - Asample

x 100

Ferrous ion chelating activity (%) =
Acontrol

Where, A is absorbance. The concentration required to chelate 50% of the Fe** ion was
defined as ICso. The results were reported as pg/ml and were expressed as the mean +

SE from triplicated test.

(iv) Nitric Oxide Scavenging Activity Assay

Nitric oxide (NO) radical scavenging activity was measured by Griess assay as
described previously (Srivastava et al., 2012). All fractions from BJS were prepared at
the concentrations of 100, 200, 400, 800, and 1600 ug/ml in 95% ethanol. 50 ul of
fraction solutions were mixed with 50 pl of 10 mM sodium nitroferricyanide in 20 mM
PBS (pH 7.4), preincubated for 150 min, and Griess reagent (125 ul) was added to the
mixture. Nitrite ions formed were measured at 546 nm for 10 min with a microplate
reader (Tecan Sunrise, Austria). Curcumin (10 - 160 pg/ml) was used as a standard and
95% ethanol was used as a negative control. The NO scavenging activity of the

fractions was calculated using the equation bellow:
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Acontrol - Asample

x 100

NO radical scavenging activity (%) = n
control

Where, A is absorbance. The assay was performed in triplicate, and the results were

expressed as pg/ml.

(v) Super Oxide Scavenging Activity Assay

The superoxide radical scavenging activity was measured by nitro blue
tetrazolium (NBT) reduction assay as described previously (Chandrasekara et al., 2012)
with some modifications. The xanthine—xanthine oxidase system was used for
generation of superoxide radicals. Sample solutions of all fractions were prepared at the
concentrations of 125, 250, 500, 1000, and 2000 pg/ml in 10% DMSO in 50 mM PBS
at pH 7.4. 50 pl of samples at different concentrations was mixed with 50 pl of NBT
solution containing 1 mM xanthine, 1 mM NBT, and 0.05 mM EDTA in 50 mM
phosphate buffered saline (PBS, pH 7.4). The reaction was initiated by addition of
xanthine oxidase (75 pl) freshly prepared in PBS (0.25 units/ml) and incubated at 37°C
for 20 min. The reaction was terminated by adding 25 pl of 1 M HCI and NBT
absorption was measured at 560 nm. The PBS (10% DMSOQO) was used as negative
control. Blank reading (without enzyme) was subtracted from each well. Quercetin was
used as a reference compound. The superoxide radical scavenging activity was

calculated as follows.

Acontrol - Asample

X 100

Superoxide radical scavenging activity (%) =
Acontrol

Where, A is absorbance. The concentration required to scavenge 50% of superoxide

radical was defined as ICs and the results were expressed as pug/ml from triplicated test.
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3.3.5 Determination of Antioxidant Activity of Isolated Compounds

To determine antioxidant effect of BJS, all isolated compounds were tested
against NO and superoxide radical scavenging activities in vitro and the procedures of
assays were identical to that described in sections 3.3.4 (iv) and 3.3.4 (v). In NO radical
scavenging assay, isolated compounds and curcumin were dissolved in 10% DMSO in
20 mM PBS at pH 7.4. All isolated compounds were tested at 12.5, 25, 50, 100, 200,
400, and 800 ul/ml, and standard drug curcumin was tested at 3.125, 6.25, 12.5, 25, and
50 ul/ml, respectively. To determine superoxide radical scavenging activity, all
compounds were dissolved in 10% DMSO in 50 mM PBS at pH 7.4 and were prepared
at the concentration range of 12.5, 25, 50, 100, 200, 400, and 800 wl/ml. The assays
were performed in triplicate with appropriate blanks. The ICsy value was calculated as

ug/ml and converted to uM and the results were reported as the mean = SE.

3.4 Biological Assays Using in vivo Models
3.4.1 Ethics Statement

Sprague Dawley (SD) rats were housed according to guidelines of the
Institutional Animal Care and Use Committee at the University of Malaya. All
procedures were carried out in compliance with standards for the Care and Use of
Laboratory Animals. The animal use protocol performed in this study was approved by
the Institutional Animal Care and Use Committee at the University of Malaya. Ethic No:

ISB/23/05/2013/AA (R).

3.4.2 Experimental Animals

Eight-week-old male and female SD rats (200 — 230 g) were purchased from
Animal Experimental Unit of the University of Malaya, housed according to Guide for
the Care and Use of Laboratory Animals prepared by the National Institutes of Health,

USA. Total 30 SD rats were housed in polypropylene cages ( 3 male or 3 female in each
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cage) and kept under controlled laboratory conditions at a temperature of 22 + 3 °C, a
humidity of 65 + 5%.), and a 12 h light-dark cycle and acclimated for one week prior to
treatment. The rats were offered access to Laboratory Rodent Chow (Germany) and

water ad libitum, received human care according to the guidelines.

3.4.3 Oral Acute Toxicity Test

Oral acute toxicity (OAT) of EAF from BJS was evaluated according to the
guidelines of the Organization for Economic Co-operation and Development (The
Organization for Economic Co-operation and Development, 2001). The SD rats were
divided into 5 groups (3 males and 3 females in each group), and fasted overnight but
had been allowed to free access to water. The samples were dissolved in 0.5% CMC in
distilled water. Group I: treated with in 0.5% CMC in distilled water. Group II: treated
with EAF at the dose of 300 mg/kg body weight. Group IlI: treated with EAF at the
dose of 250 mg/kg body weight. Group IV: treated with EAF at the dose of 125 mg/kg
body weight. Group V: treated with EAF at the dose of 50 mg/kg body weight. All
groups of rats were fed EAF in a volume of 10 ml/kg body weight using an oral gavage.
Rats were observed continuously for 2 h, and then at 6 h intervals for 24 h, and finally
after every 24 h up to tol14 days for any physical signs of toxicity such as motor activity,

sleep, urination, response to touch, and decreased respiratory rate or for any mortality.

3.4.4 Oral Glucose Tolerance Test in Non-Diabetic Rats

The selection of optimum dose of EAF was assessed by an OGTT as described
previously (Veerapur et al., 2012). Based on oral acute toxicity test, four doses (12.5, 25,
50 and 125 mg/kg) of EAF were selected for study. The EAF was prepared at the
concentrations of 1.25, 2.5, 5.0 and 12.5 mg/ml in 0.5% CMC solution and glucose
solution was prepared at the concentration of 200 mg/ml in distilled water. The standard
drug, glibenclamide (GLI), was prepared at the concentration of Img/ml in 0.5% CMC

in distilled water. The SD rats were divided into 6 groups (n = 6), fasted overnight (16
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h), and were fed with EAFs (12.5, 25, 50 and 125 mg/kg) and GLI (10 mg/kg) in a
volume of 10 ml/kg b.w by oral gavage, respectively. The control groups were received
0.5% CMC solution. Glucose (2.0 g/kg b.w) was fed all groups of rats 30 min after the
treatment of EAFs or GLI. Blood glucose levels were measured at 0, 30, 60, 90, 120 and
180 minute after glucose load using Accu-check glucose test strips and glucose meter

(Accu-check, Roche Diagnostics, USA). Data are expressed as the mean + SE.

3.4.5 Induction of Type 2 Diabetes

The type 2 diabetes (T2D) was produced from Sprague Dawley (SD) rats as the
method (Arya et al., 2012) described previously with slightly modification. Sprague
Dawley (SD) rats were fasted overnight (16 h) and the body weights of each rat were
measured before injection. The rats were made diabetic by single intraperitoneal (i.p)
injection of STZ (60 mg/kg b.w.) 15 minutes after injection (i.p) of NA (100 mg/kg b.w.)
in a volume of 1 ml/kg body weight. Diabetes was confirmed 3 weeks after NA-STZ

induction by measuring blood glucose levels from tail vein using glucose meter.

3.4.6 Treatment Protocol
(i) Sample Preparation

The EAF from BJS (2.5 and 5.0 mg/ml) and standard drug glibenclamide (1
mg/ml) were dissolved in 0.5% CMC solution. The solutions were prepared fresh before

use.

(i) Protocol Procedure

The non-diabetic rats (n = 6) were housed in cages (3 male and 3 female in each
cage) and labelled as Group I (non-diabetic control). The T2D rats were divided into 4
groups (n = 6, 3M/3F) and labelled as Group Il (diabetic control), Group IlI, Group IV
and Group V. Group | and Il were received 0.5% CMC solution. Group Ill and Group

IV were received EAF at 25 mg/kg b.w./day and 50 mg/kg b.w./day, Group V served as
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positive control and received glibenclamide (GLI) at 10 mg/kg b.w./day. All groups

were treated orally by using oral gavage for 28 days.

(iii) Measurement of Fasting Blood Glucose Levels

T2D rats were treated with EAF and standard drug glibenclamide for four weeks
and fasting blood glucose levels of experimental rats were measured weekly. At the end
of each week, rats were fasted overnight and blood was collected from rat’s tail vein
using Accu-check punching device. Fasting blood glucose concentrations were
measured using Accu-check glucose test strips and glucose meter (Accu-check, Roche

Diagnostics, USA).

(iv) Measurement of Body Weights
During the experimental period, at the end of each week, rats were fasted

overnight and body weights were recorded weekly using electronic balance.

(v) Oral Glucose Tolerance Test in T2D Rats

On the 25" day of treatment, the OGTT was carried out according to the
previously reported method (Veerapur et al., 2012). All animals were fasted overnight
(16h) before commencing the experiments. Group | (non-diabetic control) and Group Il
(diabetic control) were received 0.5% CMC solution, Group Il and Group IV were
given EAF (25 and 50 mg/kg b.w), and Group V was given glibenclamide (10 mg/kg
b.w.) using oral gavage, respectively. After 30 min, a-D-glucose (2 g/kg b.w.) was
administered orally into all groups of rats. Blood samples were collected from the tail
vein at 0 (immediately after glucose load), 30, 60, 90, and 120 min, and blood glucose
levels were determined by glucose oxidase method using a commercial glucose meter
(Roche, USA). Total glycaemic responses to OGTT were calculated from respective
areas under the curve for glucose (AUCygucose) by trapezoid rule for the 120 min.

Ci+Cy

Achlucose = 2 X (tz2—ty)
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Where, C; and C, are concentrations of glucose at different time points; t; and t, are

different tested time points.

(vi) Collection of Serum Samples

At the end of experiment, rats were fasted overnight. Blood samples were
collected by cardiac puncture, and allowed to clot for 30 min at 25 °C. The serum
samples were prepared by centrifuging the whole blood at 2000 x g at 4 °C for 15 min,

and stored at -80 °C until analysis.

(vii) Determination of Serum Insulin Levels
The serum insulin levels were quantified by using rat insulin ELISA kit

(Mercodia AB, Uppsala, Sweden) according to the manufacturer’s instructions.

(viii) Determination of Serum Lipid Profiles
The serum total cholesterol (TC), triglycerides (TG), low density lipoprotein
cholesterol (LDL-C), and high density lipoprotein cholesterol (HDL-C) levels were

analysed using commercial kits with biochemical analyzer.

(ix) Determination of Renal and Liver Functions
The urea and creatinine as markers of renal toxicity, and alkaline phosphatase
(ALP), alanine aminotransferase (ALT) and aspartate aminotransferase (AST) as

markers for liver toxicity were analysed using biochemical analyzer.

(x) Determination of Lipid Peroxidation

Malondialdehyde (MDA), a marker of lipid peroxidation, was determined by a
thiobarbituric acid reactive substance assay (Armstrong & Browne, 1994) for the
quantitative determination of MDA in the serum of experimental rats using calorimetric

assay following the instructions provided in the kit (Cayman, Ann Arbor, MI, USA).
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(xi) Measurement of Glutathione

The glutathione (GSH), a marker of antioxidant defense, was measured by
enzymatic recycling method (Eyer & Podhradsky, 1986) for the quantification of GSH
in the serum of experimental rats using calorimetric assay following the instructions

provided in the kit (Cayman, Ann Arbor, MI, USA).

(xii) Determination of Cytokines

The cytokines (TNF-a, IL-6 and IL-1p) in the serum of experimental rats were
measured by enzyme-linked immunosorbent assay (ELISA) using colorimetric assay
kits for rat TNF-a, IL-6 and IL-1p (eBioscience, San Diego, CA USA), according to the
manufacturer’s instructions. Briefly, an aliquot of serum was incubated with anti-rat
TNF-0, IL-6 and IL-1p antibody precoated in 96-well microplates, and the optical
density was read at 450 nm in an ELISA reader (Sunrise, Austria). The cytokines levels
were determined using standard curve specific for rat TNF-a, rat IL-6, and rat IL-1p and

expressed as pg/ml.

(xiii) Measurement of Hepatic Glycogen Contents

Collection of Liver Samples

At the end of experiment, liver samples were carefully collected from
experimental rats, and were washed in ice-cold phosphate buffered saline (PBS, pH 7.4)
to remove the blood. One gram of liver samples was added with 5 ml of PBS (pH 7.4)
and homogenized by using mechanical homogenizer, centrifuged at 1600 x g for 10
minutes at 4 oC. The supernatants were collected and stored at -80 oC for glycogen

assay.
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Assay Procedure
The assay was performed as stated by the method described in glycogen assay
kit (Ann Arbor, MI, USA). The glycogen concentrations in the liver were calculated

using glycogen standard curve and expressed as mg of glycogen/g of liver tissue.

3.4.7 Statistical Analysis
The difference between the groups was statistically significant as determined by
one-way ANOVA followed by Tukey’s multiple comparison test (P < 0.05) using the

statistical program (SPSS 16.0 version, Chicago, IL, USA).
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CHAPTER 4 : RESULTS

4.1 Phytochemistry Study

4.1.1 Brucea javanica Seed Extractions

The dry, powdered Brucea javanica seeds (BJS) (2 kg) were extracted with 95%
ethanol tree times at room temperature for 3 days. The filtrate were combined together
and ethanol in the solution was removed under reduced pressure using rotary evaporator

to give 53.6 g green oily gum in 2.68% vyield as the ethanol crude extract (ECE).

4.1.2 Solvent Fraction of BJS

The ECE (53.6 g) was suspended in distilled water and partitioned with n-
hexane. The n-hexane was evaporated under reduced pressure to give dark green oil as
the n-hexane fraction (HF). The aqueous layer was continuously extracted with
chloroform. The chloroform was removed under reduced pressure to yield a green solid
as the chloroform fraction (CF). The remaining aqueous layer was then extracted with
ethyl acetate for 3 days. The ethyl acetate layer was evaporated to dryness under
reduced pressure to yield a light brown powder as the ethyl acetate fraction (EAF). The
aqueous layer was lyophilized to dryness to give a light green powder as the water
fraction (WF). Table 4.1 lists weights and vyields of the fractions obtained after

lyophilization.

Table 4.1: Weights and yields of the fractions obtained from ECE of BJS

Fractions Weight (g) Yield (%)
HF 18.1 33.8
CF 3.2 6.0
EAF 1.7 3.2
WF 20.4 38.1

HF, hexane fraction; CF, chloroform fraction; EAF, ethyl acetate fraction; WF, water fraction; ECE,
ethanol crude extract; BJS, Brucea javanica seed.
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4.1.3 Determination of Polyphenolic Contents in BJS

The polyphenolic contents in the fractions from BJS were determined according
to the description by Muller et al. (2010) and Sasipriya et al. (2012). The amount of
total phenolic (TPC), total extractable tannin (TET) and non-precipitable phenol (NPP)
contents were calculated by using tannic acid standard curve. The TPC was calculated
by putting absorbance of the fractions into the equation (y = 0.0076x) obtained from
tannic acid standard curve (Appendix 3). The amount of NPP in the fractions was
measured in the same way as TPC after precipitation of tannins. The TET was
calculated as differences using the following equation: TET = TPC — NPP and the
results were reported as mg tannic acid equivalent (mg TAE)/g of dry extract. The total
flavonoid contents (TFC) were determined by using equation y = 0.0002x obtained from
quercetin standard curve (Appendix 4) and were reported as mg quercetin equivalent
(mg QE)/g of dry extract. The results were expressed as the mean + standard error (SE)
from tree independent tests. Table 4.2 lists the amount of polyphenolic contents in BJS
and it shows that EAF contained the highest amount of polyphenolic content compared

to that of other fractions.

Table 4.2: Different classes of polyphenol contents in BJS

Fractions TFC (mg QE/g) TPC(mg TAE/g) TET (mg TAE/g) NPP (mg TAE/qg)

HF 15.60 + 4.82° 0.82 + 0.39° 0.45 + 1.50° 0.37 +2.21°

b b b b
CF 49.45 + 4.46 119.98 + 2.58 15.02 + 2.21 104.97 + 4.72
EAF 154.73 + 0.61° 169.03 + 3.54° 107.00 + 1.74° 62.02 + 1.50°

WF 33.33+5.77° 46.71 + 4.08° 11.71+5.12° 34.99 + 1.75"

Data are mean = SE (n = 3). The means with different lower case letters (a, b, ¢, and d) in the same
column are significantly different at p < 0.05 (ANOVA, followed by Duncan’s multiple comparison test).
TFC, total flavonoid content expressed as mg quercetin equivalent (mg QE)/g of dry extract. TPC, total
phenolic content; TET, total extractable tannin; NPP, non-precipitable phenol contents expressed as mg
tannic acid equivalent (mg TAE)/g of dry extract. BJS, Brucea javanica seed
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4.1.4 Isolation of Compounds
Column chromatography coupled with other separation methods led to the
isolation of seven known compounds; vanillic acid, bruceine D, bruceine E,

parahydroxybenzoic acid, luteolin, protocatechuic acid and gallic acid.

Isolation of Vanillic Acid

Vanillic acid was isolated from the EAF of BJS in 0.16% yield as a white crystal.
It shows a single spot with R value of 0.28 on TLC developed by DCM: MeOH (95:5)
as mobile phase. The negative mode HR-ESI-MS data showed an ion peak [M-H] at
m/z 167.09 (calcd for CgH;04, 167.03), suggesting a molecular formula of CgHgO,. *H
NMR (400 MHz, CDsOD): & 3.91 (3H, s, OCH3-8), 4.90 (1H, brs, H-4), 6.85 (1H, d,
H-5), 7.57 (1H, brs, H-2), 7.57 (1H, brs, H-6). **C NMR (100 MHz, CDs0OD): § 55.0
(C-8), 112.4 (C-2), 114.4 (C-5), 121.7 (C-1), 123.9 (C-6), 147.3 (C-3), 151.3 (C-4),
168.8 (C-7). It was confirmed by HR-ESI-MS, *H NMR and **C NMR by comparison
to the literature (Grieman et al., 2015). The structure of vanillic acid is shown in Figure

4.1.

Isolation of Bruceine D

Bruceine D was isolated from the EAF in 0.59% vyield as a light yellow solid.
TLC: (silica) DCM: MeOH (80:20) R = 0.51.The HR-ESI-MS shows a molecular ion
peak at m/z 411.3018 [M+H]" (calcd for CyoH»70q, 411.1655), indicating a molecular

formula of CooH260o.. Its *H NMR and **C NMR data were shown in Table 4.3

Isolation of Bruceine E

Bruceine E was isolated from the EAF of BJS in 0.74% vyield as a light yellow
solid. TLC: (silica) DCM: MeOH (8:2) Rs = 0.39. It shows a molecular ion peak
[M+Na]* at m/z 435.3028 (calcd for CooH2s09Na, 435.1631) and its molecular formula

was determined to be CaoH,50s. Its *H NMR and **C NMR data were given in Table 4.3
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Table 4.3: *H and *C NMR of bruceine D and E in CD;0D

Position

© 00 N O O B~ W DN PP

U e = e T T S SN T
© 0 O DM W DN L O

N DN
= O

Bruceine D Bruceine E

B dc o dc
4.26 (1H, 5) 81.6 3.54 (1H, d 7.3) 81.4
i 1985 4.01 (1H, dd 1.3, 7.3) 72.8
6.05 (1H, 5) 1238 5.41 (1H, d 1.3) 1238
i 164.3 i 135.3
2.96 (1H, d) 43.0 242 (1H, d 12.8) 42.4
2.38 (1H, f(tj )) L8 (H. 973 217(1H, dt2.8), 1.70 (1H, td)  27.2
5.12 (1H, t) 79.8 5.08 (1H, t 2.7) 80.6
i 493 i 49.6

242 (1H, d) 448 2,08 (1H, d 4.2) 459
i 448 [ 44.0

4.60 (1H, d) 74.1 4.60 (1H, d 4.4) 74.4
3.78 (1H, brs) 80.0 3.76 (1H, brs) 79.8
i 83.6 i 83.4

i 81.0 i 81.0

5.24 (1H, ) 69.3 5.15 (1H, ) 69.2
i 174.9 i 175.0

1.99 (3H, ) 21.2 1.67 (3H, s) 19.7
1.19 (3H, s) 10.1 1.24 3H, s) 10.8
454 (1H,d), 384 (1H,d) 690 +B3(H.d 77?) 383(IH.d 494
1.44 (3H, ) 17.1 1.43 (3H, s) 17.0

Chemical shifts are in ppm. Coupling constants in the parentheses are in Hz.

The column chromatography showed bruceine D and E were major components

of BJS. Structures of these compounds confirmed by HR-ESI-MS, *H NMR and *C

NMR are identical to this reported in the literature (Lee et al., 1979) and are shown in

Figure 4.1.

Isolation of Parahydroxybenzoic Acid

Parahydroxybenzoic acid was isolated from the EAF of BJS in 2.64% yield as a

white, amorphous solid. TLC: (silica) DCM: MeOH (90:10) Rt = 0.65. The HR-ESI-MS

in negative mode showed an ion peak [M-H] at m/z 137.00 [M-H] (calcd for C;Hs0s3,
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137.02) and gave a molecular of C;HsO3. *H NMR (400 MHz, CDs0D): ¢ 7.90 (2H, d,
J=14 Hz, H-2, H-6), 6.83 (2H, d, J=14 Hz, H-3, H-5). *C NMR (100 MHz, CD;0D): &
114.6 (C-3, C-5), 121.3 (C-1), 131.6 (C-2, C-6), 162.0 (C-4), 168.7 (C-7). It was
confirmed by HR-ESI-MS, *H NMR and *C NMR in comparison with the literature

(Yu et al., 2006) and its structure is shown in Figure 4.1.

(=)H
o HOL _~
H
OH
(0) OH
O\CH3
2 O
H H
07 "OH CHj;
Vanillic acid Bruceine D
OH
0~ “OH
Bruceine E p-hydroxybenzoic acid

Figure 4.1: Structures of vanillic acid, bruceine D & E, and p-hydroxybenzoic acid

Isolation of Luteolin

Luteolin was isolated from the EAF of BJS in 0.12% yield as a yellow solid.
TLC: (silica) DCM: MeOH (90:10) R = 0.47. The HR-ESI-MS shows a molecular ion
at m/z 285.10 [M-H] (calcd for C15HgOs, 285.04), indicating a molecular formula of
Ci5H1006. *H NMR (400 MHz, CD;0D): 6 6.23 (1H, s, H-6), 6.46 (1H, s, H-8), 6.56
(1H, s, H-3), 6.92 (1H, d, J=8.4 Hz, H-5"), 7.39 (1H, s, H-2"), 7.40 (1H, d, J=8.4 Hz, H-
6'). *C NMR (100 MHz, CDs0D): J 93.6 (C-8), 98.7 (C-6), 102.5 (C-3), 103.9 (C-10),
112.8 (C-2'), 115.4 (C-5'), 118.9 (C-6'), 122.3 (C-1"), 145.6 (C-3"), 149.6 (C-4), 158.0

(C-5), 161.8 (C-9), 164.4 (C-2), 165.0 (C-7), 182.5 (C-4). Its structure was confirmed
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by HR-ESI-MS, *H NMR and **C NMR and in agreement with literature (Li & Jiang,

2006). The structure of luteolin is shown in Figure 4.2.

Isolation of Protocatechuic Acid

Protocatechuic acid was isolated from the EAF of BJS in 0.71% yield as a light
brown solid. TLC (silica) DCM: MeOH (90:10) Rf = 0.27. The HR-ESI-MS shows a
molecular ion at m/z 153.00 [M-H] (calcd for C;Hs0,4, 153.01), indicating a molecular
formula of C;HgO4. *H NMR (400 MHz, CD;0D): 6 6.82 (1H, d, J=8.2 Hz, H-5), 7.45
(1H, dd, J=14 Hz, 2.0 Hz, H-6).7.46 (1H, d, J=2.0 Hz, H-2), *C NMR (100 MHz,
CD;0OD): ¢ 114.4 (C-5), 116.3 (C-2), 121.7 (C-1), 122.5 (C-6), 144.7 (C-), 150.1 (C-,
168.9 (C-7). It was confirmed by HR-ESI-MS, *H NMR and **C NMR by comparison

to the literature (Yu et al., 2006) and Its structure is shown in Figure 4.2.

Isolation of Gallic Acid

Gallic acid was isolated from the EAF of BJS in 0.1% yield as a white solid.
TLC (silica) DCM: MeOH (80:20) Rs = 0.40. The HR-ESI-MS shows a molecular ion
peak at m/z 169.07 [M-H] (calcd for C;Hs0s, 169.01), suggesting molecular formula of
C7Hs0s. 'H NMR (400 MHz, CsDsN): 6 8.08 (2H, s, H-2, H-6), **C NMR (100 MHz,
CsDsN): 6 110.3 (C-2, C-6), 122.7 (C-1), 140.3 (C-4), 147.4 (C-3, C-5), 169.4 (C-7). It
was confirmed by TLC in comparison with authentic sample and HR-ESI-MS, *H NMR
and *C NMR. Its structure is identical to those reported in the literatures (NGfiez Sellés

et al., 2002; Wang et al., 2013). The structure of gallic acid is shown in Figure 4.2.

OH OH
OH HO OH
OH O O OH @) OH
Luteolin Protocatechuic acid Gallic acid

Figure 4.2: Structures of luteolin, protocatechuic acid and gallic acid
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4.2 Biological Assays Using in vitro Models

4.2.1 Screening Fractions for GPa Inhibition

The fractions were screened for inhibition of GPa in an assay previously
published methods (Schweiker et al., 2014). All fractions were tested at the
concentration up to 3.2 mg/ml and the results were shown in Figure 4.3. The most
potent fraction in Figure 4.3 was ethyl acetate and its 1Csp is 0.75 £ 2.0 mg/ml. The
caffeine was tested as a standard and determined to have an ICsy of 0.49 £+ 2.3 mg/mi

(Figure 4.3).

100 -
90 -
80 -

—o—Caffeine —e—EAF WF —a—-HF —CF

70 1 1Cx0=0.49 = 2.3 ma/ml
60 -
oy N
40 -
30 -
20 -
10 -

IC50=0.75 %+ 2.0 ma/ml

% inhibition of GPa activity

"

T

0.50 0.75 1.00 1.25 1.50
Concentrations (mg/ml)

Figure 4.3: Inhibition of GPa activity by the fractions of Brucea javanica seed

0.00 0.25

HF: n-hexane fraction. CF: chloroform fraction. EAF: ethyl acetate fraction. WF: water fraction.

4.2.2 Screening Fractions for a-Glucosidase Inhibition

All fractions were tested for their inhibition of a-glucosidase. Figure 4.4 shows
that the EAF is the most active inhibitor of a-glucosidase and it has an 1Csy = 483.93 +
0.2 pg/ml, while HF, CF, and WF showed maximal inhibition of 17.07%, 9.89%, and

2.53% at the highest concentration tested, respectively.
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Figure 4.4: Inhibition of a-glucosidase activity by the fractions of BJS

HF: n-hexane fraction. CF: chloroform fraction. EAF: ethyl acetate fraction. WF: water fraction. BJS:
Brucea javanica seed

4.2.3 GPa and a-Glucosidase Inhibition by Isolated Compounds

Seven known compounds were isolated from the EAF of BJS by various
chromatographic methods and were tested for their inhibition of GPa and a-glucosidase
activity in vitro as described in detail in materials and methods. They were each tested
at various concentrations up 2000 pg/ml for GPa inhibition assay and were tested at the
concentrations up to 150 ug/ml except luteolin which was tested at 150 pg/ml for a-
glucosidase inhibition. The results are converted to uM and are reported as mean = SE
from triplicate test. Luteolin was identifies as the most potent inhibitor for both GPa and

a-glucosidase and Table 4.4 shows that its ICsg is 45.08 uM and 26.41 pM.
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Table 4.4: GPa and a-glucosidase inhibition by isolated compounds

Compounds (G = 1) "G i)
Vanillic Acid ND' ND'
Bruceine D ND? ND?
Bruceine E ND? ND?
Para-hydroxybenzoic acid 357.88 £ 0.07 649.07 £ 0.29
Luteolin 45.08 £ 0.04 26.41 +0.04
Protocatechuic acid 297.37+£0.13 368.74 £0.13
Gallic acid 214.38 £0.12 277.04 £0.12
Acarbose - 145.83 £ 0.03
Caffeine 457.34 £0.05 -

IND: ICs values were not determined at concentrations below 6 mM (a-glucosidase) and 12 mM (GPa).

ND: ICs, values were not determined at concentrations below 2.5 mM (a-glucosidase) and 5 mM (GPa).

4.2.4 Antioxidant Activity of BJS Fractions

(i) Ferric Reducing Antioxidant Power (FRAP) Assay

The FRAP activity assay was performed in a manner described previously

(Muller et al., 2010) with some modification. All fractions were prepared at the

concentration of 1 mg/ml in 95% ethanol. The FRAP values of each fraction were

calculated by putting absorbance of BJS fractions into the equation (y = 0.0016x)

obtained from ferrous sulphate (FeSO,) standard curve (Appendix5) and were reported

as mmol Fe?*/g extract. Figure 4.5 shows that the most potent fraction was EAF and it

gives a FRAP value of 1.64 + 0.1 mmol Fe®*/g extract.
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Figure 4.5: FRAP activity of BJS fractions

HF: n-hexane fraction; CF: chloroform fraction; EAF: ethyl acetate fraction; WF: water fraction; BJS:
Brucea javanica seed.

(ii) DPPH Radical Scavenging Activity Assay

All fractions except EAF were tested at final concentrations from 66.67 to
333.33 pg/ml. Table 4.5 shows that WF has an ICsy = 184.6 £ 4.5 pg/ml, and CF and
HF showed 33.9% and 22.2% inhibitions at the highest concentrations. The EAF was
tested at final concentrations of 4.17, 8.33, 16.67, 33.33 and 66.67 pg/ml and
determined to have an 1Cs of 33.65 £ 3.0 pg/ml as shown in Table 4.5. The ICsq of the

BHA was shown 5.95 + 3.5 ug/ml (Table 4.5).

(iii) Metal Chelating Activity Assay

The assay was performed according to the method (Decker & Welch, 1990) as
described in detail in materials and methods. Table 4.5 shows that the most active
ferrous ion chelator was HF and it has an 1Csp = 93.7 £ 5.9 pg/ml, and the ICs, values of
the EAF and CF were determined to be 165.0 £ 1.6 and 314.5 = 0.9 pug/ml. The standard

drug EDTA-Na shows ICs, value of 10.5 £ 0.9 pg/ml as shown in Table 4.5.
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(iv) Nitric Oxide Radical Scavenging Activity Assay

The assay was performed based on the method (Srivastava et al., 2012) as
described previously. The EAF was identified as a most active nitric oxide scavenger
among the fractions tested and was determined to have an ICsq of 86.2 = 3.8 pg/ml as
shown in Table 4.5, and the 1Cso of the standard drug curcumin was determined to be

9.5+ 2.0 pg/ml (Table 4.5).

Table 4.5: DPPH and NO radicals and metal chelating activities of BJS fractions

Samples/standards DPPH Metal chelating NO
(1Cs0 png/ml) (1Cs0 pg/ml) (1Cs0 ng/ml)
HF ND 93.7+59 ND
CF ND 3145+0.9 ND
EAF 33.65+3.0 165.0+ 1.6 86.2+ 3.8
WF 184.6 +4.5 ND ND
BHA 5.95+35 - -
EDTA-Na - 105+0.9 -
Curcumin - - 95+20

NO: nitric oxide. HF: n-hexane fraction. CF: chloroform fraction. EAF: ethyl acetate fraction. WF: water
fraction. BJS: Brucea javanica seed. ND: not detected.

(v) Superoxide Radical Scavenging Activity Assay

The assay was performed according to the method as described in detail in
materials and methods. The EAF was identified as the most active superoxide radical
scavenger compared with other fractions and determined to have an 1Csq0f 251.7 £ 3.0
pg/ml, and the 1Csq of the standard quercetin was determined to be 125.3 + 4.4 pg/ml as

shown in Figure 4.6.
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Figure 4.6: Superoxide radical scavenging activity of BJS fractions

HF: n-hexane fraction. CF: chloroform fraction. EAF: ethyl acetate fraction. WF: water fraction. BJS:
Brucea javanica seed.

4.2.5 Determination of Antioxidant Activity of Isolated Compounds

For the evaluation of antioxidant effect of BJS, all isolated compounds were
tested for their ability to scavenge nitric oxide (NO) and superoxide radicals in vitro as
described in detail in materials and methods. Among them, only luteolin and gallic acid
exerted NO radical scavenging activity at the concentrations tested and Table 4.5 shows
that they have ICsy values of 425.2 and 772.4 pM. In superoxide radical scavenging
assay, protocatechuic acid demonstrated the highest radical scavenging activity and
determined to have an ICsy value of 469.5 uM. Other two compounds gallic acid and
luteolin also exerted superoxide radical scavenging activity and their 1Cso values were

determined to be 591.4 and 690.3 uM (Table 4.6).
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Table 4.6: Scavenging NO and superoxide radicals by isolated compounds

Compounds Nitric oxide (ICsp = uM)  Superoxide (ICso = puM)

Vanillic Acid ND ND

Bruceine D ND ND

Bruceine E ND ND
Para-hydroxybenzoic acid ND ND

Luteolin 425.2+0.5 690.3+ 0.6
Protocatechuic acid ND 469.5+0.7

Gallic acid 7724 +0.5 591.4+0.2
Curcumin 155+0.3 -

Quercetin - 4595+0.3

ND: 1Cs,values were not determined. NO: nitric oxide

4.3 Biological Assays Using in vivo Models
4.3.1 Oral Acute Toxicity

The SD rats in both sexes fasted for 16 h were used in acute toxicity test. The
EAF fraction was tested at concentrations of 50, 125, 250 and 300 mg/kg body weight
and observed for 14 days. At the dose of 125 mg/kg body weight or lower, EAF did not
show any toxic signs or lethality. Therefore, the dose of 125 mg/kg body weight was

selected as maximum dose for further study.

4.3.2 Oral Glucose Tolerance Test in Non-Diabetic Rats

The non-diabetic SD rats that fasted for 16 h were used in dose selection study
as described in detail in materials and methods. Table 4.7 shows fasting glucose
concentrations for control, EAF from BJS and glibenclamide treated rats during OGTT.
The difference between the two groups at corresponding time was statistically
significant as determined by student t-test using SPSS software. The glucose AUC for

control, EAF and glibenclamide treated groups was calculated by trapezoid rule and the
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results are shown in Figure 4.7. The difference in AUC between these groups was

determined to be significant by ANOVA with Tukey’s multiple-comparison test.

Table 4.7: Effect of EAF on OGTT in non-diabetic rats

Groups

Group |
Group 1l
Group 11
Group IV
Group V

Group VI

Blood glucose level (mmol/L)

0 min 30 min 60 min 90 min 120 min
48+0.2 108+ 0.4 81+0.6 6.9+0.2 5.6+0.2
4.7+0.5 95+1.1 8.3+0.8 6.8+0.5 5.8+0.6
52+04 8.7 £ 0.6* 7.1+0.6 6.4+0.7 55+04
54+0.3 8.6 +£0.7* 6.9+0.8 6.3+0.6 5.8+04
5.2+0.3 6.5+ 0.5* 5.8+0.7* 5.5+0.3* 5.1+0.2
46+0.2 6.4 +0.4* 55+04* 49+0.3* 4.3+0.2*

The values are shown in mean = SE (n = 6). Group I: normal control (0.5% CMC in water); Group II:
treated with EAF (12.5 mg/kg); Group I11: treated with EAF (25 mg/kg); Group 1V: treated with EAF (50
mg/kg); Group V: treated with EAF (125 mg/kg); Group VI: treated with oral antidiabetic drug
glibenclamide (10 mg/kg); All groups orally received glucose (2.0 g/kg) at 30 minutes after treatment. *p

< 0.05, compared with normal control values at the corresponding time.
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Figure 4.7: AUC for glucose tolerance in non-diabetic rats

Group I: normal control (0.5% CMC in water); Group Il: treated with EAF (12.5 mg/kg); Group IlI:
treated with EAF (25 mg/kg); Group IV: treated with EAF (50 mg/kg); Group V: treated with EAF (125
mg/kg); Group VI: treated with oral antidiabetic drug glibenclamide (10 mg/kg).
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4.3.3 Induction of Type 2 Diabetes (T2D)

The SD rats were given STZ (60 mg/kg) 15 min after NA (100 mg/kg) injection.
Three weeks after NA-STZ treatment, the rats having blood glucose level between 10.8

and 21.4 mmol/L were selected for study.

4.3.4 Measurement of Fasting Blood Glucose Levels

The rats in diabetic control groups had significantly (p < 0.05) higher fasting
blood glucose levels compared with non-diabetic control groups. The diabetic rats fed
with EAF at the concentrations of 25 and 50 mg/kg b.w. and glibenclamide (10 mg/kg
b.w.) showed a significant (p < 0.05) decrease in fasting blood glucose levels compared

to their corresponding 0 days (Table 4.8).

Table 4.8: Effect of EAF on fasting blood glucose levels in T2D rats

Fasting blood glucose level (mmol/L)

Groups
0 Day Day 7 Day 14 Day 21 Day 28
NDC 44+03 45+04 43+0.2 42+0.1 42+0.1
DC 128+10 139+08 16.2+12 193+15 223+20*

D + EAF25 134+10 133+11 121+17 110+x16 94=+1.1*

D + EAF50 143+09 127+0.7 11.0+0.6 8.8+0.7 79+1.2*

D + GLI 169+16 176+21 13.0+0.7 118+13 9.2+0.7*

The results are expressed as mean + SE (n = 6). NDC: non-diabetic control; DC: diabetic control, D +
EAF25: diabetic rats treated with ethyl acetate fraction 25 mg/kg b.w.; D + EAF50: diabetic rats treated
with ethyl acetate fraction 50 mg/kg b.w.; D + GLI: diabetic rats treated with glibenclamide 10 mg/kg b.w.
The results are considered significant when p < 0.05, "Compared with 0 day.

4.3.5 Measurement of Body Weights

The body weights of non-diabetic control rats were significantly increased,

whereas diabetic rats exhibited significant decrease in their body weights due to STZ
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toxicity compared to their initial days. The diabetic rats treated with EAF and GLI
exhibited no difference in body weight after four weeks of treatment when compared

with their respective 0 days (Table 4.9).

Table 4.9: Effect of EAF on body weight in T2D rats

Body Weight (g)

Groups
0 Day Day 7 Day 14 Day 21 Day 28

NDC 2140+10.8 236.8+74 2595*7.7 2722+8.7 2852+8.8*

DC 232.7+74 2208+7.6 2153+72 197.2+9.7 188.7+7.5*

D+EAF25 215.0%+99 207.0+10.2 203.7+104 198.2+10.8 201.0%+9.9

D+EAF50 222.8+109 2188=*124 2168127 216.7+125 217.8+120

D+GLI 2110+6.2 2035+89 2058%+73 2060%x6.6 209.3%+7.9

The results are expressed as mean + SE (n = 6). NDC: non-diabetic control; DC: diabetic control, D +
EAF25: diabetic rats treated with ethyl acetate fraction 25 mg/kg b.w.; D + EAF50: diabetic rats treated
with ethyl acetate fraction 50 mg/kg b.w.; D + GLI: diabetic rats treated with glibenclamide 10 mg/kg b.w.
The results are considered significant when p < 0.05, "Compared with 0 day.

4.3.6 Oral Glucose Tolerance Test in T2D Rats

At the end of 4-week study, the rats were fasted overnight and glucose tolerance
test was carried out as described in detail in materials and methods. Figure 4.8 shows

effect of EAF on glucose tolerance and AUC for glucose (Figure 4.9) during OGTT.
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Figure 4.8: Effect of EAF on OGGT in experimental rats

NDC: non-diabetic control; DC: diabetic control, D + EAF25: diabetic rats treated with ethyl acetate
fraction 25 mg/kg b.w.; D + EAF50: diabetic rats treated with ethyl acetate fraction 50 mg/kg b.w.; D +
GLI: diabetic rats treated with glibenclamide 10 mg/kg b.w. The results represent the mean + SE for 6
rats in each group.
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Figure 4.9: Area under the curve (AUCgycose) for 0-120 min after glucose load

The results represent the mean + SE for 6 rats in each group. * P < 0.001 compared with diabetic control
group. NDC: non-diabetic control; DC: diabetic control, D + EAF25: diabetic rats treated with ethyl
acetate fraction 25 mg/kg b.w.; D + EAF50: diabetic rats treated with ethyl acetate fraction 50 mg/kg
b.w.; D + GLI: diabetic rats treated with glibenclamide 10 mg/kg b.w.
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4.3.7 Effects of EAF on Serum Insulin Levels

The determination of insulin was performed on rat serum samples after 4-week
study using rat insulin ELISA as described in the kit. Amount of insulin was quantified
by using rat insulin standard curve (Figure 4.10) and the results were expressed as
pmol/L insulin in the serum. Figure 4.11 showed that diabetic rats treated with EAF at
the dose of 50 mg/kg b.w. had significantly higher insulin level compared with diabetic
control group, while diabetic rats treated with EAF at the dose of 25 mg/kg b.w. and
GLI showed a relative increase in their insulin levels, but significance was not achieved

during 4-week study period compared with diabetic control group.
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Figure 4.10: Rat insulin standard curve
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Figure 4.11: Effect of EAF on serum insulin levels in T2D rats

DC: diabetic control, D + EAF25: diabetic rats treated with ethyl acetate fraction 25 mg/kg b.w.; D +
EAF50: diabetic rats treated with ethyl acetate fraction 50 mg/kg b.w.; D + GLI: diabetic rats treated
with glibenclamide 10 mg/kg b.w. The results represent the mean £ SE (n = 6). * compared with NDC
group. # compared with DC group.
4.3.8 Effects of EAF on Serum Lipid Profiles

The lipid profiles were assessed at the end of study in all groups of experimental
rats. A significant decrease in TG, TC and LDL levels, while significant increase in

HDL levels were found in diabetic rats treated with EAF as well as GLI compared with

diabetic control group as shown in Table 4.10.

Table 4.10: Effects of EAF on serum lipid profiles in T2D rats

Serum lipid profiles (mmol/L)

Groups
TG TC HDL LDL
NDC 0.45+0.07 1.20 £ 0.08 1.37 £0.02 0.52 +0.03
DC 0.93+0.21° 1.55 +0.08" 0.47 £0.06" 0.87 +0.15°
D+EAF25 049+0.01"  080+0.09°  112+0.05%  0.44+0.04°
D+EAF50 0.48 +0.04* 0.82 + 0.06° 1.22 +0.04° 0.39 +0.03°
D + GLI 0.52 + 0.09% 1.12 +0.05% 1.31 +0.08 0.59 + 0.04%

TG: triglyceride; TC: total cholesterol; HDL: high-density lipoprotein; LDL: low-density lipoprotein.
*Compared with NDC, ® Compared with DC, ® Compared with DC and NDC
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4.3.9 Effects f EAF on Renal and Liver Functions

At the end of study, renal toxicity markers urea and creatinine, and liver toxicity
markers such as ALP, ALT and AST were measured and the results were shown in

Table 4.11.

Table 4.11: Effects of EAF on renal and liver functions in T2D rats

Groups Urea  Creatinine o) py/L)  ALT(U/L)  AST (UL)
(mmol/L)  (umol/L)

NDC 62206 292+10 1413+161 455+25  1292+89

DC 19.0+2.7* 350+21 3193+109* 172.7+151* 290.0 +11.6*

D+EAF25 112+13 305+36 17/98+198 812+7.1* 1595+15.7

D+EAFS0 95%15 27.5+11 159.2+24.0 60.7 + 3.4 1453+ 15.6

D + GLI 104+18 29.0+09 146.7+10.5 58.3+4.5 138.8 + 8.3

ALP: alkaline phosphatase; ALT: alanine aminotransferase; AST: aspartate aminotransferase. The results
are presented the mean + SE for 6 rats in each group. NDC: non-diabetic control; DC: diabetic control, D
+ EAF25: diabetic rats treated with ethyl acetate fraction 25 mg/kg b.w.; D + EAF50: diabetic rats
treated with ethyl acetate fraction 50 mg/kg b.w.; D + GLI: diabetic rats treated with glibenclamide 10
mg/kg b.w. The results are considered significant when p < 0.05. *Compared with NDC.

4.3.10 Determination of Lipid Peroxidation

The MDA, a marker of oxidative stress, was determined in the serum of
experimental rats using TBARS assay as described in detail in materials and methods.
The MDA levels were gquantified using MDA standard curve (Figure 4.12). The results

are reported in uM as shown in Figure 4.13.
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Figure 4.13: Effects of EAF on serum MDA levels in T2D rats

NDC: non-diabetic control; DC: diabetic control, D + EAF25: diabetic rats treated with ethyl acetate
fraction 25 mg/kg b.w.; D + EAF50: diabetic rats treated with ethyl acetate fraction 50 mg/kg b.w.; D +
GLI: diabetic rats treated with glibenclamide 10 mg/kg b.w. The results are considered significant when p
< 0.05. *Compared with NDC, *Compared with DC.
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4.3.12 Measurement of Glutathione

The GSH, a marker of antioxidant defense, was measured in the serum of

experimental rats using glutathione assay kit as described in detail in materials and

methods. The GSH levels were quantified using GSH standard curve (Figure 4.14). The

results are reported as uM for serum as shown in Figure 4.15.
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Figure 4.14: GSH standard curve
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Figure 4.15: Effects of EAF on serum GSH levels in T2D rats

NDC: non-diabetic control; DC: diabetic control, D + EAF25: diabetic rats treated with ethyl acetate
fraction 25 mg/kg b.w.; D + EAF50: diabetic rats treated with ethyl acetate fraction 50 mg/kg b.w.; D +
GLI: diabetic rats treated with glibenclamide 10 mg/kg b.w. The results are considered significant when p
< 0.05. *Compared with NDC, *Compared with DC.

4.3.13 Determination of Cytokines

The serum TNF-a, IL-6 and IL-1B levels were determined using colorimetric
assay Kits specific for rat TNF-a, rat IL-6 and rat IL-1p according to the manufacturer’s
instructions as described in detail in materials and methods. The concentrations of TNF-
a, IL-6 and IL-1p were calculated by using standard curves (Figures 4.16, 4.18 and 4.20)
and reported as pg/ml of TNF-a, IL-6 and IL-1f in the serum. The rats treated with EAF
had a significant (p <0.05) decrease in TNF-a (Figure 4.17), 1L-6 (Figure 4.19) and IL-

1P (Figure 4.21) levels compared to the specific diabetic control groups.
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Figure 4.17: Effects of EAF on serum TNF-a level in T2D rats

NDC: non-diabetic control; DC: diabetic control, D + EAF25: diabetic rats treated with ethyl acetate
fraction 25 mg/kg b.w.; D + EAF50: diabetic rats treated with ethyl acetate fraction 50 mg/kg b.w.; D +
GLlI: diabetic rats treated with glibenclamide 10 mg/kg b.w. The results are considered significant when p
< 0.05. ®Compared with NDC, **Compared with DC.
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Figure 4.18: Rat IL-6 standard curve
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Figure 4.19: Effects of EAF on serum IL-6 level in T2D rats

NDC: non-diabetic control; DC: diabetic control, D + EAF25: diabetic rats treated with ethyl acetate
fraction 25 mg/kg b.w.; D + EAF50: diabetic rats treated with ethyl acetate fraction 50 mg/kg b.w.; D +
GLI: diabetic rats treated with glibenclamide 10 mg/kg b.w. The results are considered significant when p
< 0.05. *Compared with NDC, **Compared with DC.
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Figure 4.21: Effects of EAF on serum IL-1f level in T2D rats

NDC: non-diabetic control; DC: diabetic control, D + EAF25: diabetic rats treated with ethyl acetate
fraction 25 mg/kg b.w.; D + EAF50: diabetic rats treated with ethyl acetate fraction 50 mg/kg b.w.; D +
GLI: diabetic rats treated with glibenclamide 10 mg/kg b.w. The results are considered significant when p
< 0.05. *Compared with NDC, **Compared with DC.
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4.3.14 Measurement of Hepatic Glycogen Contents

The determination of glycogen was carried out on liver samples collected from
experimental rats after 4-week study. The hepatic glycogen content was quantified using
glycogen standard curve (Figure 4.22) and the results are reported as mg of glycogen/g

tissue as shown in Figure 4.23.
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Figure 4.22: Glycogen standard curve
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Figure 4.23: Effects of EAF on hepatic glycogen levels in T2D rats

NDC: non-diabetic control; DC: diabetic control, D + EAF25: diabetic rats treated with ethyl acetate
fraction 25 mg/kg b.w.; D + EAF50: diabetic rats treated with ethyl acetate fraction 50 mg/kg b.w.; D +
GLI: diabetic rats treated with glibenclamide 10 mg/kg b.w. The results are considered significant when p

< 0.05. *Compared with NDC, **Compared with DC.
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CHAPTER 5 : DISCUSSION

5.1 Phytochemistry Study

Brucea javanica seed (BJS) has been used to treat lipid disorders and diabetes
by indigenous people in Malaysian Peninsular. Traditionally, it was taken orally by
grinding 5 to 10 dried seeds daily. In the initial step of this study, BJS was extracted by
maceration with 95% ethanol because this procedure was best suited for traditional
preparation of this plant and it was also consideration of extracting extensive chemical
compounds that may be found in the plant. In an attempt to separate out active
compounds, a common liquid-liquid extraction technique was applied to fractionate a
crude extract between water and organic solvents with increasing polarity. In
phytochemical analysis, the highest amount of polyphenols was identified in ethyl
acetate fraction (EAF), while the lowest yield of polyphenolic contents was detected in
non-polar hexane fraction (HF). When comparing the yields of polyphenol contents
between organic and aqueous medium, most of the polyphenols were extracted with
organic solvent that has a high polarity, and amount of polyphenols were increased with
the increasing polarity of the solvent. This is in agreement with previously reported
result (Wang et al., 2009) that polyphenolic compounds are best soluble in polar organic

solvent than in aqueous medium.

In general, plant seeds contain various chemical compounds such as polyphenols,
alkaloids, flavonoids, amino acids, polysaccharides, lipids, and proteins and so on. In
the form of mixture, mostly lipids can be found in non-polar phase of solvent system,
and proteins, amino acids, and other hydrophilic molecules such as polyphenols and
polysaccharides were retained in polar phase (Wanasundara & Shahidi, 1994).
Therefore, the diversity in extraction yields could be explained by a higher mass transfer

between solvents employed due to hydrophobic interactions with water phase.
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5.2 Biological Assays Using in vitro Models

Inhibition of glycogen phosphorylase a (GPa) is a novel approach to reducing
blood glucose levels by inhibiting hepatic glucose output in patients with type 2
diabetes (T2D) (Agius, 2015). Inhibition of a-glucosidase is also an alternative
approach to lowering blood glucose by suppressing the influx of glucose from intestinal
tract to blood vessels in diabetes (leyama et al., 2011). In this study, all fractions from
BJS were tested for their inhibition of GPa and a-glucosidase under the assay
conditions in colorimetric assays that are detailed in materials and methods. The results
showed that the EAF fraction is the most potent inhibitor for both GPa and a-
glucosidase enzymes compared to other fractions tested indicating an important clinical
future of EAF of BJS in diabetes therapy. Oxidative stress plays a critical role in the
development of diabetes complications including microvascular and macrovascular
complications and pancreatic p-cell dysfunction (Giacco & Brownlee, 2010).
Antioxidant therapy prevents these effects and exerts beneficial effects for controlling
of T2D (Kajimoto et al., 2004). Therefore, to determine antioxidant activity of BJS, all
fractions were evaluated by several antioxidant assays including DPPH, FRAP, metal
ion chelating, nitric oxide, and superoxide radical scavenging activity assays. The
results showed that the EAF exhibited potent antioxidant activity to DPPH, FRAP,
nitric oxide and superoxide except for against metal chelating activity compared with
other fractions tested. The EAF followed by water fraction (WF) exhibited higher
scavenging activities on DPPH radicals, but both of them exerted 5.5-fold and 31-fold
less DPPH radical scavenging activity compared to standard antioxidant compound

BHA. Chloroform fraction (CF) along with HF has almost no inhibition.

The EAF gave high FRAP value, while other fractions exhibited little or no
reducing power activity. The EAF was also found the most active radical scavenger of

both nitric oxide and superoxide. When comparing with specific reference compounds,
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it showed 9-fold less potency than that of curcumin in nitric oxide and 2-fold less
potency than that of quercetin in superoxide radical scavenging assays. The HF, CF, and
WEF exhibited less than 40% scavenging potency in both nitric oxide and superoxide
assays. The HF, which contained significantly lower polyphenol contents than that of
other fractions, was identified as the most potent ferrous ion chelator, whereas, the EA
and CF are less active. When compared to standard metal chelator EDTA-Na,, all of

them showed low chelating potency.

Inhibition of GPa and a-glucosidase enzymes by polyphenols from plants as
well as isolated compounds and correlation between polyphenolic content, enzyme
inhibition and antioxidant potential have been studied extensively (Apostolidis et al.,
2011; Roy et al., 2011). In this study, strong correlations were observed between
polyphenolic contents and GPa and a-glucosidase inhibition activities, suggesting that
polyphenols are most likely responsible for GPa and a-glucosidase inhibitory activities
of BJS. In antioxidant assays, the ferrous ion chelating activity of the fractions of BJS
did not correlated with its polyphenolic contents indicating that chemical components in
BJS exert its antioxidant effects by scavenging free radicals rather than trapping ferrous
ions. Based on initial screening, the EAF was the most active for inhibition of GPa and
a-glucosidase, and also possess potent antioxidant efficiency among other fractions
tested. Therefore, it was selected for evaluation of its hypoglycemic activity in vivo and

isolation of chemical compounds that responsible for antidiabetic effects of BJS.

The chromatographic analysis of the active fraction EAF afforded seven known
compounds; vanillic acid, bruceine D, bruceine E, parahydroxybenzoic acid, luteolin,
protocatechuic acid and gallic acid. All isolated compounds from BJS were evaluated
for inhibition of GPa and a-glucosidase and its antioxidant effects was also evaluated

by nitric oxide and superoxide radical scavenging assays.
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Luteolin exhibited strong inhibition potency to both GPa and a-glucosidase
enzymes, where its GPa inhibition activity was first reported in this study. Luteolin has
been shown in previous study (Yan et al.,, 2014) to have oa-glucosidase inhibition
potency, but its effect is 6.6-fold less potent compared to this study. The deference
between this result and other studies could be due to the techniques applied and nature

of assay conditions used.

Gallic acid, protocatechuic acid and para-hydroxybenzoic acid which are
phenolic derivatives of benzoic acid exhibited moderate to low inhibition activity
against GPa and a-glucosidase by increasing number of hydroxyl substituent on the
skeleton of benzoic acid, indicating hydroxyl substituent of these compounds determine
their biological activity. Vanillic acid, which is a direct structural analogue of para-
hydroxybenzoic acid without the methoxy group, exhibited little to no inhibition
against GPa, and did not inhibit a-glucosidase at the concentrations tested up to 6 mM,
suggested that the methoxy functionality in vanillic acid was influential on its biological
effect. Both bruceine D and E isolated from EAF of BJS as major compounds exerted
no inhibitory activity against GPo and a-glucosidase. Previously, antihyperglycemic
activity of bruceine D and E have been reported (Noorshahida et al., 2009), but possible

mechanisms of action of these compounds are still unknown.

In antioxidant activity assays, luteolin and gallic acid exhibited scavenging
efficiency against both nitric oxide and superoxide radicals, while protocatechuic acid
exerted its potency only in superoxide radical scavenging assay. Several studies have
been reported to have reactive oxygen species (ROS) scavenging activities of luteolin
(Madhesh & Vaiyapuri, 2012; Naso et al., 2016; Reddy et al., 2016), gallic acid
(Yilmaz & Toledo, 2004; Roidoung et al., 2016), and protocatechuic acid (Vari et al.,
2011; Liu et al., 2016; Erukainure et al., 2017). Therefore, the results of the GPa and a-

glucosidase inhibition and antioxidant activity studies strongly suggest that luteolin is
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the major contributor for antidiabetic effect and antioxidant activity of BJS could be due
to the synergistic effect of luteolin, protocatechuic acid, and gallic acid existed in BJS.
Due to the poor yield of the most active compound luteolin, the EAF that contains

luteolin was selected for further study in in vivo animal model.

5.3 Biological Assays Using in vivo Models

In the first step of in vivo study, the EAF was assessed for acute oral toxic effect
in healthy SD rats and OECD-423 guidelines for the testing of chemicals (The
Organization for Economic Co-operation and Development, 2001) was applied for
evaluation. The results confirmed that the EAF treatment at the dose of 125 mg/kg body
weight (b.w.) or lower to the SD rats did not produce any mortality or alter the
behavioral patterns of the rats during the acute oral toxicity study. In previous studies,
acute toxicity of bruceine D and bruceine E isolated from BJS were reported and it
showed that bruceine D exhibited LDsg value of 31.86 mg/kg b.w. and bruceine E
showed LDsy value of 3.52 mg/kg b.w. in mice when treated intraperitoneally

(Noorshahida et al., 2009).

In this study, about 45 mg of bruceine D in 0.59% vyield and 56 mg of bruceine E
in 0.74 % vyield were isolated from 7.6 g of EAF of BJS. Thus, 125 mg of EAF contains
about 0.74 mg of bruceine D and 0.93 mg of bruceine E. Therefore, concentrations of
bruceine D and bruceine E in EAF in this study were much lower than that of reported
toxic effect. Another difference in this study with previous one is that differences in
animal models used and rout of delivery of compounds. In this study, EAF which
contained bruceine D and E was delivered orally to the SD rats, but in other study
(Noorshahida et al., 2009), bruceine D and E were injected intraperitoneally to the mice.
Therefore, some compounds including bruceine D and E in the EAF of BJS may have

become less toxic as they go through the digestion process, causing a lower

86



concentration of these compounds to be absorbed. Through administration via injection,
these compounds bypass the gut, so they are not broken down to a great extent, thus
possibly providing close to their full potential action. Therefore, the EAF was non-toxic

when treated at single dose of 125 mg/kg b.w. or lower to the SD rats.

Research on in vivo effects of BJS on hyperglycemia has not been thoroughly
evaluated in previous studies. In the first step of this study, pharmacologically active
dose was selected by OGTT in nondiabetic rats. The EAF of BJS at the dose of 25
mg/kg b.w. or higher showed significance in its ability to improve glucose tolerance,
thus, seems to validate the use of BJS as antihyperglycemic agent in traditional
medicine. This result coupled with the initial data, suggest that the glucose reducing
ability of this plant may be due to at least in part to inhibition of GPa and a-glucosidase.
Therefore, on this basis the doses of 25 and 50 mg/kg were selected for evaluation of

antihyperglycemic effects of the EAF in diabetic rat model.

Diabetic rat model was made by intraperitoneal (i.p) injection of nicotinamide
(NA) and STZ into SD rats. The reason for selecting combined injection of NA-STZ in
rats is that the STZ causes hyperglycemia by selective destruction of B cells in the islets
of Langerhans and nicotinamide protects B-cell death caused by STZ toxicity. Diabetic
animal model induced by NA-STZ was extensively used for screening antidiabetic
effect of chemicals and herbal products because it provides a very good model for type

2 diabetes which is most common to humans (Masiello et al., 1998).

In this study, hypoglycemic effect of the EAF from BJS was evaluated NA-STZ
induced T2D rats. The rats treated with NA-STZ exhibited severe diabetes and the
fasting blood glucose levels were continuously increased during 4-week study. Fasting
blood glucose levels were similar at initial day among diabetic control, EAF and

glibenclamide treated rats and it was significantly increased in diabetic control rats
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compared to the initial day. The EAF treatment at the dose of 25 and 50 mg/kg and
glibenclamide were found to significantly reduce elevated fasting blood glucose levels
in diabetic rats and reduction in glucose levels were 29.78%, 44.77% and 45.44%,
respectively, compared with initial day of the respective groups. The EAF treatment
also improved glucose tolerance in diabetic rats. Previous study reported that bruceine
D and E are the active components of BJS and have antihyperglycemic effect
(Noorshahida et al., 2009). Thus, the results in this study evidenced that administration
of EAF which contains bruceine D and E has antidiabetic effect, but possible

mechanism of action of these compounds on hyperglycemia are still unknown.

In this study, both non-diabetic and diabetic control rats exhibited greater weight
change and it was found that body weight was significantly increased in non-diabetic
control rats while diabetic control rats demonstrated significant weight loss at the end of
4-week study compared to the initial day. The EAF treatment (25 and 50 mg/kg)
displayed a slight decrease in body weight and no significant changes in body weight
was observed compared to the initial day during study. To confirm the reduction of
body weight in EAF treated rats ether caused by diabetes or consequence of EAF
treatment, the kidney and liver toxicity markers in the serum were evaluated and
compared with non-diabetic control. The EAF treatment exhibited significant decrease
of these toxic markers in diabetic rats compared with non-diabetic control and its effect
is similar compared with standard drug glibenclamide treated rats. This observation

suggests that the EAF is safe when treated up to 50 mg/kg b.w to T2D rats.

It was found that the insulin level in diabetic rats was significantly decreased
compared to the non-diabetic control group. The EAF treatment at the dose of 50 mg/kg
resulted in a significant elevation in the insulin levels of diabetic rats during 4-week
study and it showed 23.7% increase in the insulin levels of diabetic rats compared with

diabetic control. The EAF at the dose of 25 mg/kg and glibenclamide have only 10.0%
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and 16.5% increased insulin levels and failed to show significance compared to the
diabetic control. These results suggest that the EAF are able to protect p-cell from
glucose toxicity in a dose-dependent manner and increase amount of insulin by

increasing pB-cell mass.

In the current study, it was also found that the serum TG, TC and LDL levels are
significantly high while serum HDL levels are significantly low in diabetic control rats
compared with non-diabetic control. The EAF treatment at different doses (25 and 50
mg/kg) exhibited a significant decrease in TG, TC and LDL levels of diabetic rats while
HDL levels were increased significantly. Interestingly, this study also showed that the
administration of the EAF decreased TC levels of diabetic rats significantly lower than
that of normal rats had despite differences in treatment doses and insulin levels
compared to the non-diabetic control. It also showed that the EAF treatment at different
doses have almost similar glycemic control. These observations suggest that the EAF
has potent hypolipidimic effect in T2D rats, but possible mechanism which is
responsible for reducing TC levels are unknown and no literature to date on how BJS
effects hyperlipidemia have been reported. The reduction of TC by the EAF of BJS in
this study may have an important clinical significance, since hyperlipidemia is often
associated with T2D. Therefore, more studies need to be conducted to further clarify

active components of BJS that responsible for hypolipidimic effect.

In this study, antioxidant effect of the EAF was also evaluated by measuring
markers for oxidative stress and antioxidant defense in the serum of experimental rats.
The diabetic control rats exhibited significantly higher serum MDA level compared to
the nondiabetic control rats. The EAF treatment at the doses of 25 and 50 mg/kg for 4-
week resulted in a significant reduction in the serum MDA levels of diabetic rats
compared to the diabetic control rats and no significance in serum MDA levels was

found in the EAF treated rats in comparison to the non-diabetic control, indicating that
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the EAF treatment improves oxidative stress by preventing lipid peroxidation in T2D
rats. The serum GSH levels were significantly increased in diabetic rats treated with the
EAF at the dose of 50 mg/kg when compared with the diabetic control rats. The EAF
treatment at the dose of 25 mg/kg and glibenclamide showed increase in serum GSH
levels of diabetic rats but did not have any significance in its ability to improve
antioxidant defense. This result indicate that the EAF prevent oxidative stress by
improving antioxidant defense in T2D rats and it also showed more potent antioxidant
effect compared to the standard drug glibenclamide. Several studies (Cai et al., 2004;
Choi & Hwang, 2005; Kim et al., 2010) reported that BJS inhibit NFkB activity which
induces pancreatic B-cell apoptosis by oxidative stress. It was also reported that BJS
inhibit nuclear factor-kappa B (NFkB) activation (Kim et al., 2010). Activation of NF.B
is known to be cause insulin resistance, [B-cell apoptosis and cardiovascular
complications in type 2 diabetes patients (Arkan et al., 2005). The results in the current
study supported by previous reports strongly suggest that the EAF treatment protect
pancreatic -cell apoptosis by antioxidant mechanism. Antioxidant mediated protection
of B-cell mass could have a considerable effect on diabetes by preventing the

progression of the disease and its related complications.

In this study, diabetic control rats showed a significant increase in serum
concentration of proinflammatory cytokines TNFa, I1L-6, and IL-1p compared with non-
diabetic control. The EAF and glibenclamide treatment exhibited a significant reduction
of these cytokines in diabetic rats compared with non-diabetic control. Previous study
(Yang et al., 2013) revealed that EAF of BJS exhibited anti-inflammatory effect through
inhibition of proinflammatory cytokines generation in lipopolysaccharide-activated
RAW 264.7 macrophage. Therefore, the results in current study indicate that the EAF

has anti-inflammatory effect in T2D rats.
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Hepatic glycogen was severely exhausted and almost 60 % of glycogen was
degraded in diabetic control rats compared with non-diabetic control. The EAF
treatment inhibited glycogen degradation and glycogen accumulation in the liver was
improved in the EAF and glibenclamide treated diabetic rats in comparison to the
diabetic control. Hepatic glycogen levels were positively correlated with amount of
insulin secreted in the EAF treated rats. These results coupled with in vitro study
suggest that EAF of BJS exerts its antihyperglycemic effects possibly due at least in part
to inhibition of GPa, thus, reduce blood glucose level through inhibition of hepatic

glucose output by glycogenolysis.
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CHAPTER 6 : CONCLUSION

In this study, antihyperglycemic and antioxidant activities of BJS were evaluated
in vitro and in vivo. Column chromatography and other separation methods, combined
with GPa and a-glucosidase inhibition assays resulted in identification of luteolin as the
most effective compound in the ethyl acetate fraction (EAF) of Brucea javanica seed
(BJS), indicating that BJS may have a multiple mechanism of action, effects of GPa and
a-glucosidase inhibitors. The major compounds Bruceine D and E isolated from the
EAF of BJS did not show inhibition of either GPa or a-glucosidase, suggesting that it
may exert its potency other than these mechanisms reported in this study. Thus, possible
mechanisms of action of these compounds responsible for antihyperglycemic effect of
BJS in previous study (Noorshahida et al., 2009) remained unknown. Therefore, long
term and more molecular based studies are required to further characterize the possible

mechanisms of Bruceine D and E on hyperglycemia in diabetic animal models.

Animal study showed that the EAF treated diabetic rats exhibited a significant
reduction in blood glucose levels compared with diabetic control and improved glucose
tolerance in diabetic rats, indicating that the EAF of BJS has antihyperglycemic effect.
The EAF treatment did not alter body weight or show toxic signs in diabetic rats
compared to the diabetic control. These effects were further supported by measuring
liver and renal function of experimental animals at the end of study. The results
revealed that EAF treatment for 4-week showed normal liver and renal function
suggesting that administration of EAF to these animals, at the doses and frequency used,
is safe. The EAF treatment also exhibited a significant decrease in total cholesterol
levels in diabetic rats compared to non-diabetic and diabetic control animals. This result
strongly suggests that the EAF has hypolipidimic effect, but it is presently unclear how

EAF reduced cholesterol levels in diabetic rats.
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The study showed that the EAF treated diabetic rats at dose of 50 mg/kg has
slightly higher insulin levels than that of standard drug glibenclamide treated diabetic
rats and it also showed consistency in improved antioxidant defense on the EAF treated
diabetic rats, indicating that the EAF has the effect of preserving -cell to produce more
insulin through antioxidant mechanism. This study also showed greater hepatic
glycogen level in the EAF treated diabetic rats compared to the standard drug
glibenclamide treated control, suggesting that the glycogenolysis was inhibited by the

EAF in diabetic rats.

In overall, the EAF exhibited antihyperglycemic effect without causing weight
gain and showed strong hypolipidimic effect in diabetic rats. These are highly desirable
characteristics that current antidiabetic drugs have never achieved. Therefore, this study
suggests that development of herbal supplement from the EAF of BJS has beneficial
effects for the management of T2D. However, it remains unknown as to which
component of BJS is responsible for its antihyperglycemic and hypolipidimic effects. In
bioassay study, two beneficial mechanisms as inhibitors of GPa and a-glucosidase were
discovered in a single compound luteolin isolated from the EAF of BJS. Further in vivo
studies are needed to clearly identify the precise mechanisms of luteolin behind

observed effects.

93



REFERENCES

Abdul-Ghani, M. A., Tripathy, D., & DeFronzo, R. A. (2006). Contributions of -cell
dysfunction and Insulin resistance to the pathogenesis of impaired glucose
tolerance and impaired fasting glucose. Diabetes Care, 29(5), 1130-1139.

Agarwal, M. M., Dhatt, G. S., & Shah, S. M. (2010). Gestational diabetes mellitus.
Diabetes Care, 33(9), 2018-2020.

Agarwal, S., Singh, S., Verma, S., Lakshmi, V., Sharma, A., & Kumar, S. (2000).
Chemistry and medicinal uses of Gymnema sylvestre (Gur-mar) leaves-a review.
Indian Drug-Bombay, 37(8), 354-360.

Agius, L. (2015). Role of glycogen phosphorylase in liver glycogen metabolism.
Molecular Aspects of Medicine, 46(2015), 34-45.

Ahren, B. (2009). Islet G protein-coupled receptors as potential targets for treatment of
type 2 diabetes. Nature Reviews Drug Discovery, 8(5), 369-385.

Ahrén, B. (2009). Clinical results of treating type 2 diabetic patients with sitagliptin,
vildagliptin or saxagliptin—diabetes control and potential adverse events. Best
Practice & Research Clinical Endocrinology & Metabolism, 23(4), 487-498.

American Diabetes Association. (2014). Diagnosis and classification of diabetes
mellitus. Diabetes Care, 37(Supplement 1), S81-S90.

American Diabetes Association. (2017). Obesity management for the treatment of type
2 diabetes. Sec. 7. In Standards of Medical Care in Diabetes-2017. Diabetes
Care, 40(Suppl. 1), S57-S63.

Apostolidis, E., Karayannakidis, P. D., Kwon, Y.-I., Lee, C. M., & Seeram, N. P. (2011).
Seasonal variation of phenolic antioxidant-mediated a-glucosidase inhibition of
Ascophyllum nodosum. Plant Foods for Human Nutrition, 66(4), 313-319.

Arkan, M. C., Hevener, A. L., Greten, F. R., Maeda, S., Poli, G., Olefsky, J., & Karin,
M. (2005). IKK-B links inflammation to obesity-induced insulin resistance.
Nature Medicine, 11(2), 191-198.

Armstrong, D., & Browne, R. (1994). The analysis of free radicals, lipid peroxides,
antioxidant enzymes and compounds related to oxidative stress as applied to the
clinical chemistry laboratory Free Radicals in Diagnostic Medicine. Advances in
Experimental Medicine and Biology (Vol. 366, pp. 43-58): Springer, Boston,
MA.

Arya, A., Chung, Y. L., Shiau, C. C., Rais Mustafa, M., & Ali Mohd, M. (2012). Anti-
diabetic effects of Centratherum anthelminticum seeds methanolic fraction on
pancreatic cells, B-TC6 and its alleviating role in type 2 diabetic rats. Journal of
Ethnopharmacology, 144(1), 22-32.

Ashok, A., & Singh, N. (2018). Prion protein modulates glucose homeostasis by
altering intracellular iron. Scientific Reports, 8(1), 6556.

94



Barber, T. M., Begbie, H., & Levy, J. (2010). The incretin pathway as a new therapeutic
target for obesity. Maturitas, 67(3), 197-202.

Barma, P., Bhattacharya, S., Bhattacharya, A., Kundu, R., Dasgupta, S., Biswas, A., &
Bhattacharya, S. (2009). Lipid induced overexpression of NF-kB in skeletal
muscle cells is linked to insulin resistance. Biochimica et Biophysica Acta (BBA)
- Molecular Basis of Disease, 1792(3), 190-200.

Bawm, S., Matsuura, H., Elkhateeb, A., Nabeta, K., Subeki, Nonaka, N., & Katakura, K.
(2008). In vitro antitrypanosomal activities of quassinoid compounds from the
fruits of a medicinal plant, Brucea javanica. Veterinary Parasitology, 158(4),
288-294.

Bell, D. S. H. (2004). Practical considerations and guidelines for dosing sulfonylureas
as monotherapy or combination therapy. Clinical Therapeutics, 26(11), 1714-
1727.

Benhalima, K., Devlieger, R., & Van Assche, A. (2015). Screening and management of
gestational diabetes. Best Practice & Research Clinical Obstetrics &
Gynaecology, 29(3), 339-349.

Bianchi, C., Penno, G., Romero, F., Del Prato, S., & Miccoli, R. (2007). Treating the
metabolic syndrome. Expert Review of Cardiovascular Therapy, 5(3), 491-506.

Bluestone, J. A., Herold, K., & Eisenbarth, G. (2010). Genetics, pathogenesis and
clinical interventions in type 1 diabetes. Nature, 464(7293), 1293.

Borges de Melo, E., da Silveira Gomes, A., & Carvalho, 1. (2006). [alpha]- and [beta]-
Glucosidase inhibitors: Chemical structure and biological activity. Tetrahedron,
62(44), 10277-10302.

Born, J. C., Hammes, H.-P., Greffrath, W., van Goor, H., & Hillebrands, J.-L. (2016).
Gasotransmitters in vascular complications of diabetes. Diabetes, 65(2), 331-345.

Brown, J. B., Conner, C., & Nichols, G. A. (2010). Secondary failure of metformin
monotherapy in clinical practice. Diabetes Care, 33(3), 501-506.

Brownlee, M. (2001). Biochemistry and molecular cell biology of diabetic
complications. Nature, 414(6865), 813-820.

Cahn, A., & Cefalu, W. T. (2016). Clinical considerations for use of initial combination
therapy in type 2 diabetes. Diabetes Care, 39(Supplement 2), S137-S145.

Cai, Y., Luo, Q., Sun, M., & Corke, H. (2004). Antioxidant activity and phenolic
compounds of 112 traditional Chinese medicinal plants associated with
anticancer. Life Sciences, 74(17), 2157-2184.

Campbell, J. E., & Drucker, D. J. (2015). Islet a cells and glucagon—critical regulators
of energy homeostasis. Nature Reviews Endocrinology, 11, 329.

Canivell, S., & Gomis, R. (2014). Diagnosis and classification of autoimmune diabetes
mellitus. Autoimmunity Reviews, 13(4), 403-407.

95



Cardoso, F. S., Araujo-Lima, C. F., Aiub, C. A. F., & Felzenszwalb, I. (2016). Exposure
to sorbitol during lactation causes metabolic alterations and genotoxic effects in
rat offspring. Toxicology Letters, 260, 36-45.

Carlos, L., Williams, K., Hunt, K. J., & Haffner, S. M. (2007). The National cholesterol
education program—Adult treatment panel 11, International Diabetes Federation,
and World Health Organization definitions of the metabolic syndrome as
predictors of incident cardiovascular disease and diabetes. Diabetes Care, 30(1),
8-13.

Casirola, D. M., & Ferraris, R. P. (2006). a-Glucosidase inhibitors prevent diet-induced
increases in intestinal sugar transport in diabetic mice. Metabolism, 55(6), 832-
841.

Cavelti-Weder, C., Babians-Brunner, A., Keller, C., Stahel, M. A., Kurz-Levin, M.,
Zayed, H., & Donath, M. Y. (2012). Effects of gevokizumab on glycemia and
inflammatory markers in type 2 diabetes. Diabetes Care, 35(8), 1654-1662.

Cefalu, W. T., & Riddle, M. C. (2015). SGLT2 Inhibitors: The latest “new kids on the
block”. Diabetes Care, 38(3), 352-354.

Chandrasekara, A., Naczk, M., & Shahidi, F. (2012). Effect of processing on the
antioxidant activity of millet grains. Food Chemistry, 133(1), 1-9.

Choi, E. M., & Hwang, J. K. (2005). Screening of Indonesian medicinal plants for
inhibitor activity on nitric oxide production of RAW?264.7 cells and antioxidant
activity. Fitoterapia, 76(2), 194-203.

Consoli, A., Nurjhan, N., Capani, F., & Gerich, J. (1989). Predominant role of
gluconeogenesis in increased hepatic glucose production in NIDDM. Diabetes,
38(5), 550-557.

Cori, G. T., & Green, A. A. (1943). Crystalline muscle phosphorylase Il. Prosthetic
group. Journal of Biological Chemistry, 151(1), 31-38.

Cummings, D. E. (2012). Metabolic surgery for type 2 diabetes. Nature Medicine, 18,
656.

Dawson, R. M. C., Daphne C. Elliott, William H. Elliott, & Kenneth M. Jones. (1986).
pH, buffers, and physiological media. Data for biochemical research (3rd ed.,
pp. 417-448). New York: Oxford University Press.

De Meester, I., Lambeir, A. M., Proost, P., & Scharpé, S. (2004). Dipeptidyl peptidase
IV substrates: Dipeptidyl aminopeptidases in health and disease. Advances in
Experimental Medicine and Biology (Vol. 524, pp. 3-17): Springer, Boston, MA.

Debora, W. H., Round, E., Swern, A. S., Musser, B., Davies, M. J., Stein, P. P., &
Amatruda, J. M. (2008). Safety and tolerability of sitagliptin in patients with
type 2 diabetes: A pooled analysis. BMC. Endocrine Disorders, 8(1), 14.

Decker, E. A., & Welch, B. (1990). Role of ferritin as a lipid oxidation catalyst in
muscle food. Journal of Agricultural and Food Chemistry, 38(3), 674-677.

96



DeFronzo, R. A., Eldor, R., & Abdul-Ghani, M. (2013). Pathophysiologic approach to
therapy in patients with newly diagnosed type 2 diabetes. Diabetes Care,
36(Supplement 2), S127-S138.

Del Prato, S., & Pulizzi, N. (2006). The place of sulfonylureas in the therapy for type 2
diabetes mellitus. Metabolism, 55, S20-S27.

Després, J.-P., & Lemieux, I. (2006). Abdominal obesity and metabolic syndrome.
Nature, 444, 881.

Drucker, D. J., & Nauck, M. A. (2006). The incretin system: Glucagon-like peptide-1
receptor agonists and dipeptidyl peptidase-4 inhibitors in type 2 diabetes. The
Lancet, 368(9548), 1696-1705.

Erukainure, O. L., Hafizur, R. M., Choudhary, M. I., Adhikari, A., Mesaik, A. M.,
Atolani, O., & Islam, M. S. (2017). Anti-diabetic effect of the ethyl acetate
fraction of Clerodendrum volubile: Protocatechuic acid suppresses phagocytic
oxidative burst and modulates inflammatory cytokines. Biomedicine &
Pharmacotherapy, 86, 307-315.

Eyer, P., & Podhradsky, D. (1986). Evaluation of the micromethod for determination of
glutathione using enzymatic cycling and Ellman's reagent. Analytical
Biochemistry, 153(1), 57-66.

Fabricant, D. S., & Farnsworth, N. R. (2001). The value of plants used in traditional
medicine for drug discovery. Environmental Health Perspectives, 109(Suppl 1),
69.

Ferrannini, E., Gastaldelli, A., & lozzo, P. (2011). Pathophysiology of prediabetes.
Medical Clinics of North America, 95(2), 327-339.

Fonseca, V. A. (2009). Defining and characterizing the progression of type 2 diabetes.
Diabetes Care, 32(suppl 2), S151-S156.

Fonseca, V. A., Kelley, D. E., Cefalu, W., Baron, M. A., Purkayastha, D., Nestler, J. E.,
& Gerich, J. E. (2004). Hypoglycemic potential of nateglinide versus glyburide
in patients with type 2 diabetes mellitus. Metabolism, 53(10), 1331-1335.

Fukushima, M., Matsuyama, F., Ueda, N., Egawa, K., Takemoto, J., Kajimoto, Y., &
Seino, Y. (2006). Effect of corosolic acid on postchallenge plasma glucose
levels. Diabetes Research and Clinical Practice, 73(2), 174-177.

Garg, A., & Misra, A. (2002). Hepatic steatosis, insulin resistance, and adipose tissue
disorders. The Journal of Clinical Endocrinology & Metabolism, 87(7), 3019-
3022.

Giacco, F., & Brownlee, M. (2010). Oxidative stress and diabetic complications.
Circulation Research, 107(9), 1058-1070.

Godinho, R., Mega, C., Teixeira-de-Lemos, E., Carvalho, E., Teixeira, F., Fernandes, R.,
& Reis, F. (2015). The place of dipeptidyl peptidase-4 inhibitors in type 2
diabetes therapeutics: a “me too” or “the special one” antidiabetic class? Journal
of Diabetes Research, 2015, 1-28.

97



Goyard, D., Kdénya, B., Chajistamatiou, A. S., Chrysina, E. D., Leroy, J., Balzarin, S., &
Duret, C. (2016). Glucose-derived spiro-isoxazolines are anti-hyperglycemic
agents against type 2 diabetes through glycogen phosphorylase inhibition.
European Journal of Medicinal Chemistry, 108, 444-454.

Grieman, M., Greaves, J., & Saltzman, E. (2015). A method for analysis of vanillic acid
in polar ice cores. Climate of the Past, 11(2), 227-232.

Grundy, S. M. (2012). Pre-diabetes, metabolic syndrome, and cardiovascular risk.
Journal of the American College of Cardiology, 59(7), 635-643.

Guariguata, L., Whiting, D. R., Hambleton, 1., Beagley, J., Linnenkamp, U., & Shaw, J.
E. (2014). Global estimates of diabetes prevalence for 2013 and projections for
2035. Diabetes Research and Clinical Practice, 103(2), 137-149.

Hamada, Y., Kitoh, R., & Raskin, P. (1991). Crucial role of aldose reductase activity
and plasma glucose level in sorbitol accumulation in erythrocytes from diabetic
patients. Diabetes, 40(10), 1233-1240.

Hampson, L. J., & Agius, L. (2005). Increased potency and efficacy of combined
phosphorylase inactivation and glucokinase activation in control of hepatocyte
glycogen metabolism. Diabetes, 54(3), 617-623.

Heptulla, R. A., Rodriguez, L. M., Bomgaars, L., & Haymond, M. W. (2005). The role
of amylin and glucagon in the dampening of glycemic excursions in children
with type 1 diabetes. Diabetes, 54(4), 1100.

Huynh, K., Bernardo, B. C., McMullen, J. R., & Ritchie, R. H. (2014). Diabetic
cardiomyopathy: mechanisms and new treatment strategies targeting antioxidant
signaling pathways. Pharmacology & Therapeutics, 142(3), 375-415.

leyama, T., Gunawan-Puteri, M. D. P. T., & Kawabata, J. (2011). a-Glucosidase
inhibitors from the bulb of Eleutherine americana. Food Chemistry, 128(2),
308-311.

lliana, L.-S., Zafra, D., Duran, J., Adrover, A., Calbo, J., & Guinovart, J. J. (2015).
Liver glycogen reduces food intake and attenuates obesity in a high-fat diet—fed
mouse model. Diabetes, 64(3), 796-807.

Indelicato, L., Dauriz, M., Santi, L., Bonora, F., Negri, C., Cacciatori, V., & Bonora, E.
(2017). Psychological distress, self-efficacy and glycemic control in type 2
diabetes. Nutrition, Metabolism and Cardiovascular Diseases, 27(4), 300-306.

International Diabetes Federation. (2015). IDF diabetes atlas (7th ed). International
Diabetes Federation Retrieved from www.diabetesatlas.org

International Diabetes Federation. (2016). Diabetes and cardiovascular disease.
Brussels, Beljium: International Diabetes Federation Retrieved from
www.idf.org/cvd.

Inzucchi, S. E. (2002). Oral antihyperglycemic therapy for type 2 diabetes. Scientific
Review and Clinical Applications, 287(3), 360-372.

98


http://www.diabetesatlas.org/
http://www.idf.org/cvd

Irwin, N., Green, B. D., Parker, J. C., Gault, V. A., O'Harte, F. P. M., & Flatt, P. R.
(2006). Biological activity and antidiabetic potential of synthetic fragment
peptides of glucose-dependent insulinotropic polypeptide, GIP(1-16) and
(Pro3)GIP(1-16). Regulatory Peptides, 135(1-2), 45-53.

Ishii, H., Jirousek, M. R., Koya, D., & Takagi, C. (1996). Amelioration of vascular
dysfunctions in diabetic rats by an oral PKC beta inhibitor. Science, 272(5262),
728.

James, L. R., Tang, D., Ingram, A., Ly, H., Thai, K., Cai, L., & Scholey, J. W. (2002).
Flux through the hexosamine pathway is a determinant of nuclear factor kB—
dependent promoter activation. Diabetes, 51(4), 1146-1156.

Judy, W. V., Hari, S. P., Stogsdill, W. W, Judy, J. S., Naguib, Y. M. A., & Passwater,
R. (2003). Antidiabetic activity of a standardized extract (Glucosol™) from
Lagerstroemia speciosa leaves in Type Il diabetics: A dose-dependence study.
Journal of Ethnopharmacology, 87(1), 115-117.

Jun, L., Xue, W., Chen, Y. P., Mao, L. F., Shang, J., Sun, H. B., & Zhang, L. Y. (2014).
Maslinic acid modulates glycogen metabolism by enhancing the insulin
signaling pathway and inhibiting glycogen phosphorylase. Chinese Journal of
Natural Medicines, 12(4), 259-265.

Kahn, S. E., Hull, R. L., & Utzschneider, K. M. (2006). Mechanisms linking obesity to
insulin resistance and type 2 diabetes. Nature, 444(7121), 840.

Kajimoto, Y., & Kaneto, H. (2004). Role of oxidative stress in pancreatic B - cell
dysfunction. Annals of the New York Academy of Sciences, 1011(1), 168-176.

Karagiannis, T., Boura, P., & Tsapas, A. (2014). Safety of dipeptidyl peptidase 4
inhibitors: A perspective review. Therapeutic Advances in Drug Safety, 5(3),
138-146.

Kawai, M., & Rosen, C. J. (2010). PPARy: A circadian transcription factor in
adipogenesis and osteogenesis. Nature Reviews Endocrinology, 6, 629.

Kim, J. A, Lau, E. K., Pan, L., & de Blanco, E. J. C. (2010). NF-«kB inhibitors from
Brucea javanica exhibiting intracellular effects on reactive oxygen species.
Anticancer Research, 30(9), 3295-3300.

Kim, S. H., Park, T. S., & Jin, H. Y. (2017). Rethinking the accuracy of 75¢g glucose
used in the oral glucose tolerance test in the diagnosis and management of
diabetes. Primary Care Diabetes, 11(6), 555-560.

Koya, D., Jirousek, M. R., Lin, Y. W., Ishii, H., Kuboki, K., & King, G. L. (1997).
Characterization of protein kinase C beta isoform activation on the gene
expression of transforming growth factor-beta, extracellular matrix components,
and prostanoids in the glomeruli of diabetic rats. Journal of Clinical
Investigation, 100(1), 115.

Lee, K. H., Imakura, Y., Sumida, Y., Wu, R. Y., Hall, I. H., & Huang, H. C. (1979).
Antitumor agents. 33. Isolation and structural elucidation of bruceoside-A and-B,
novel antileukemic quassinoid glycosides, and brucein-D and-E from Brucea
javanica. The Journal of Organic Chemistry, 44(13), 2180-2185.

99



Lee, Y., & Han, H. (2007). Regulatory mechanisms of Na+/glucose cotransporters in
renal proximal tubule cells. Kidney International, 72(106), S27-S35.

Lewis, G. F., Carpentier, A., Adeli, K., & Giacca, A. (2002). Disordered fat storage and
mobilization in the pathogenesis of insulin resistance and type 2 diabetes.
Endocrine Reviews, 23(2), 201-229.

Li, L. P., & Jiang, H. D. (2006). Determination and assay validation of luteolin and
apigenin in human urine after oral administration of tablet of Chrysanthemum
morifolium extract by HPLC. Journal of Pharmaceutical and Biomedical
Analysis, 41(1), 261-265.

Li, P., Chin, Y. W., Chai, H. B., Ninh, T. N., Soejarto, D. D., & Kinghorn, A. D. (2009).
Bioactivity-guided isolation of cytotoxic constituents of Brucea javanica
collected in Vietnam. Bioorganic & Medicinal Chemistry, 17(6), 2219-2224.

Liepinsh, E., Skapare, E., Svalbe, B., Makrecka, M., Cirule, H., & Dambrova, M.
(2011). Anti-diabetic effects of mildronate alone or in combination with
metformin in obese Zucker rats. European Journal of Pharmacology, 658(2-3),
277-283.

Liu, J., Meng, C.-g.,, Yan, Y.-h., Shan, Y.-n, Kan, J., & Jin, C.-h. (2016).
Protocatechuic acid grafted onto chitosan: Characterization and antioxidant
activity. International Journal of Biological Macromolecules, 89, 518-526.

Liu, J., Sun, H., Duan, W., Mu, D., & Zhang, L. (2007). Maslinic acid reduces blood
glucose in KK-Ay mice. Biological and Pharmaceutical Bulletin, 30(11), 2075-
2078.

Liu, J. H., Jin, H. Z., Zhang, W. D., Yan, S. K., & Shen, Y. H. (2009). Chemical
constituents of plants from the genus Brucea. Chemistry & Biodiversity, 6(1),
57-70.

Liu, J. H., Zhao, N., Zhang, G. J,, Yu, S. S., Wu, L. J.,, Qu, J.,, & Bai, J. (2012).
Bioactive quassinoids from the seeds of Brucea javanica. Journal of Natural
Products, 75(4), 683-688.

Lordan, S., Smyth, T. J., Soler-Vila, A., Stanton, C., & Ross, R. P. (2013). The a-
amylase and a-glucosidase inhibitory effects of Irish seaweed extracts. Food
Chemistry, 141(3), 2170-2176.

Lorenzo, C., Wagenknecht, L. E., D'agostino, R. B., Rewers, M. J., Karter, A. J.,, &
Haffner, S. M. (2010). Insulin resistance, 3-cell dysfunction, and conversion to
type 2 diabetes in a multiethnic population. Diabetes Care, 33(1), 67-72.

Lucy, D., & Yuan, C.-S. (2002). Complementary and alternative therapies for obesity.
Oriental Pharmacy and Experimental Medicine, 2(1), 17-27.

Mackenzie, B., Loo, D. D. F., & Wright, E. M. (1998). Relationships between
Na+/Glucose cotransporter (SGLT1) currents and fluxes. The Journal of
Membrane Biology, 162(2), 101-106.

100



Madhesh, M., & Vaiyapuri, M. (2012). Effect of luteolin on lipid peroxidation and
antioxidants in acute and chronic periods of isoproterenol induced myocardial
infarction in rats. Journal of Acute Medicine, 2(3), 70-76.

Mall, G. K., Mishra, P. K., & Prakash, V. (2009). Antidiabetic and hypolipidemic
activity of Gymnema sylvestre in alloxan induced diabetic rats. Global Journal
of Biotechnology & Biochemistry, 4(1), 37-42.

Mannucci, E., Ognibene, A., Cremasco, F., Bardini, G., Mencucci, A., Pierazzuoli, E.,
& Rotella, C. M. (2001). Effect of metformin on glucagon-like peptide 1 (GLP-1)
and leptin levels in obese nondiabetic subjects. Diabetes Care, 24(3), 489-494.

Marshall, S., Bacote, V., & Traxinger, R. (1991). Discovery of a metabolic pathway
mediating glucose-induced desensitization of the glucose transport system. Role
of hexosamine biosynthesis in the induction of insulin resistance. Journal of
Biological Chemistry, 266(8), 4706-4712.

Martin, W. H., Hoover, D. J., Armento, S. J., Stock, I. A., McPherson, R. K., Danley, D.
E., & Treadway, J. L. (1998). Discovery of a human liver glycogen
phosphorylase inhibitor that lowers blood glucose in vivo. Proceedings of the
National Academy of Sciences, 95(4), 1776-1781.

Masiello, P., Broca, C., Gross, R., Roye, M., Manteghetti, M., Dominique, H. B., &
Ribes, G. (1998). Experimental NIDDM: Development of a new model in adult
rats administered streptozotocin and nicotinamide. Diabetes, 47(2), 224-229.

Matsuura, H., Takahashi, K., Nabeta, K., Yamasaki, M., Maede, Y., & Katakura, K.
(2007). Screening of Indonesian medicinal plant extracts for antibabesial activity
and isolation of new quassinoids from Brucea javanica. The Journal of Natural
Products, 70(10), 1654-1657.

Mcintyre, N., Holdsworth, C., & Turner, D. (1964). New interpretation of oral glucose
tolerance. The Lancet, 284(7349), 20-21.

Meier, J. J., Bhushan, A., & Butler, P. C. (2006). The potential for stem cell therapy in
diabetes. Pediatric Research, 59(4), 65R-73R.

Mentlein, R. (1999). Dipeptidyl-peptidase IV (CD26)-role in the inactivation of
regulatory peptides. Regulatory Peptides, 85(1), 9-24.

Monteiro, L. J., Norman, J. E., Rice, G. E., & Illanes, S. E. (2016). Fetal programming
and gestational diabetes mellitus. Placenta, 48, S54-S60.

Mukherjee, P. K., & Wahile, A. (2006). Integrated approaches towards drug
development from Ayurveda and other Indian system of medicines. Journal of
Ethnopharmacology, 103(1), 25-35.

Miller, L., Gnoyke, S., Popken, A. M., & Béhm, V. (2010). Antioxidant capacity and
related parameters of different fruit formulations. LWT - Food Science and
Technology, 43(6), 992-999.

101



Nacide, E. F., Taylor, M. R., Treadway, J. L., Levy, C. B., Genereux, P. E., Gibbs, E.
M., & Nuttall, F. Q. (2005). Endogenous effectors of human liver glycogen
phosphorylase modulate effects of indole-site inhibitors. American Journal of
Physiology - Endocrinology and Metabolism, 289(3), E366-E372.

Nakano, S., Katsuno, K., Isaji, M., Nagasawa, T., Buehrer, B., Walker, S., & Cheatham,
B. (2015). Remogliflozin etabonate improves fatty liver disease in diet-induced
obese male mice. Journal of Clinical and Experimental Hepatology, 5(3), 190-
198.

Naso, L. G., Lezama, L., Valcarcel, M., Salado, C., Villacé, P., Kortazar, D., &
Williams, P. A. M. (2016). Bovine serum albumin binding, antioxidant and
anticancer properties of an oxidovanadium(lV) complex with luteolin. Journal
of Inorganic Biochemistry, 157, 80-93.

Nauck, M., Meininger, G., Sheng, D. O., Terranella, L., & Stein, P. P. (2007). Efficacy
and safety of the dipeptidyl peptidase - 4 inhibitor, sitagliptin, compared with
the sulfonylurea, glipizide, in patients with type 2 diabetes inadequately
controlled on metformin alone: A randomized, double - blind, non - inferiority
trial. Diabetes, Obesity and Metabolism, 9(2), 194-205.

Nauck, M., & Smith, U. (2009). Incretin-based therapy: How do incretin mimetics and
DPP-4 inhibitors fit into treatment algorithms for type 2 diabetic patients? Best
Practice & Research Clinical Endocrinology & Metabolism, 23(4), 513-523.

Nauck, M., Vilsbgll, T., Gallwitz, B., Garber, A., & Madsbad, S. (2009). Incretin-based
therapies: Viewpoints on the way to consensus. Diabetes Care, 32(suppl 2),
S223-S231.

Nauck, M. A. (2014). Update on developments with SGLT2 inhibitors in the
management of type 2 diabetes. Drug Design, Development and Therapy, 8,
1335-1380.

Nesti, L., & Natali, A. (2017). Metformin effects on the heart and the cardiovascular
system: A review of experimental and clinical data. Nutrition, Metabolism and
Cardiovascular Diseases, 27(8), 657-669.

Neumiller, J. J. (2014). Efficacy and safety of saxagliptin as add-on therapy in type 2
diabetes. Clinical Diabetes, 32(4), 170-177.

Newgard, C. B., Hwang, P. K., & Fletterick, R. J. (1989). The family of glycogen
phosphorylases: Structure and function. Critical Reviews in Biochemistry and
Molecular Biology, 24(1), 69-99.

Nie, Y. L., Liu, K. X,, Mao, X. Y., Li, Y. L, Li, J.,, & Zhang, M. M. (2012). Effect of
injection of Brucea javanica oil emulsion plus chemoradiotherapy for lung
cancer: a review of clinical evidence. Journal of Evidence - Based Medicine,
5(4), 216-225.

Noorshahida, A., Wong, T. W., & Choo, C. Y. (2009). Hypoglycemic effect of
quassinoids from Brucea javanica (L.) Merr (Simaroubaceae) seeds. Journal of
Ethnopharmacology, 124(3), 586-591.

102



Nufez Sellés, A. J., Vélez Castro, H. T., Juan, A. A., Johanes, G. G., Naddeo, F., De
Simone, F., & Rastrelli, L. (2002). Isolation and quantitative analysis of
phenolic antioxidants, free sugars, and polyols from mango (Mangifera indica L.)
stem bark aqueous decoction used in Cuba as a nutritional supplement. Journal
of Agricultural and Food Chemistry, 50(4), 762-766.

Osborn, O., & Olefsky, J. M. (2012). The cellular and signaling networks linking the
immune system and metabolism in disease. Nature Medicine, 18, 363.

Oubré, A. Y., Carlson, T. J., King, S. R., & Reaven, G. M. (1997). From plant to patient:
An ethnomedical approach to the identification of new drugs for the treatment of
NIDDM. Diabetologia, 40(5), 614-617.

Patel, D., Kumar, R., Laloo, D., & Hemalatha, S. (2012). Diabetes mellitus: an
overview on its pharmacological aspects and reported medicinal plants having
antidiabetic activity. Asian Pacific Journal of Tropical Biomedicine, 2(5), 411-
420.

Pawlyk, A. C., Giacomini, K. M., McKeon, C., Shuldiner, A. R., & Florez, J. C. (2014).
Metformin pharmacogenomics: Current status and future directions. Diabetes,
63(8), 2590-2599.

Pollack, R. M., Donath, M. Y., LeRoith, D., & Leibowitz, G. (2016). Anti-inflammatory
agents in the treatment of diabetes and its vascular complications. Diabetes Care,
39(Supplement 2), S244-S252.

Pratley, R. E., Rosenstock, J., Pi-Sunyer, F. X., Banerji, M. A., Schweizer, A., Couturier,
A., & Dejager, S. (2007). Management of type 2 diabetes in treatment-naive
elderly patients. Diabetes Care, 30(12), 3017-3022.

Pravenec, M., Kazdova, L., Maxova, M., Zidek, V., Mlejnek, P., Simakova, M., &
Kurtz, T. W. (2008). Long-term pioglitazone treatment enhances lipolysis in rat
adipose tissue. International Journal of Obesity, 32, 1848.

Proks, P., Reimann, F., Green, N., Gribble, F., & Ashcroft, F. (2002). Sulfonylurea
stimulation of insulin secretion. Diabetes, 51(suppl 3), S368-S376.

Quinn, M., Angelico, M., Warram, J., & Krolewski, A. (1996). Familial factors
determine the development of diabetic nephropathy in patients with IDDM.
Diabetologia, 39(8), 940-945.

Rahmoune, H., Thompson, P. W., Ward, J. M., Smith, C. D., Hong, G. Z., & Brown, J.
(2005). Glucose transporters in human renal proximal tubular cells isolated from
the urine of patients with non-insulin-dependent diabetes. Diabetes, 54(12),
3427-3434.

Ranilla, L. G., Kwon, Y. I., Apostolidis, E., & Shetty, K. (2010). Phenolic compounds,
antioxidant activity and in vitro inhibitory potential against key enzymes
relevant for hyperglycemia and hypertension of commonly used medicinal
plants, herbs and spices in Latin America. Bioresource Technology, 101(12),
4676-4689.

Rask-Madsen, C., & King, George L. (2013). Vascular complications of diabetes:
Mechanisms of injury and protective factors. Cell Metabolism, 17(1), 20-33.

103



Reddy, K. E., Bodduluru, L. N., Barua, C. C., & Gogoi, R. (2016). Antioxidant and
antitumor efficacy of luteolin, a dietary flavone on benzo(a)pyrene-induced
experimental lung carcinogenesis. Biomedicine & Pharmacotherapy, 82, 568-
577.

Roidoung, S., Dolan, K. D., & Siddig, M. (2016). Gallic acid as a protective antioxidant
against anthocyanin degradation and color loss in vitamin-C fortified cranberry
juice. Food Chemistry, 210, 422-427.

Rosenstock, J., Baron, M. A., Dejager, S., Mills, D., & Schweizer, A. (2007).
Comparison of vildagliptin and rosiglitazone monotherapy in patients with type
2 diabetes. Diabetes Care, 30(2), 217-223.

Roy, M.-C., Anguenot, R., Fillion, C., Beaulieu, M., Bérubé, J., & Richard, D. (2011).
Effect of a commercially-available algal phlorotannins extract on digestive
enzymes and carbohydrate absorption in vivo. Food Research International,
44(9), 3026-3029.

Royer, M., Diouf, P. N., & Stevanovic, T. (2011). Polyphenol contents and radical
scavenging capacities of red maple (Acer rubrum L.) extracts. Food and
Chemical Toxicology, 49(9), 2180-2188.

Ruscica, M., Baldessin, L., Boccia, D., Racagni, G., & Mitro, N. (2017). Non-insulin
anti-diabetic  drugs: An update on pharmacological interactions.
Pharmacological Research, 115(2017), 14-24.

Sage, A. T., Walter, L. A, Shi, Y., Khan, M. I., Kaneto, H., Capretta, A., & Werstuck,
G. H. (2010). Hexosamine biosynthesis pathway flux promotes endoplasmic
reticulum stress, lipid accumulation, and inflammatory gene expression in
hepatic cells. American Journal of Physiology-Endocrinology and Metabolism,
298(3), E499-E511.

Sasipriya, G., & Siddhuraju, P. (2012). Effect of different processing methods on
antioxidant activity of underutilized legumes, Entada scandens seed kernel and
Canavalia gladiata seeds. Food and Chemical Toxicology, 50(8), 2864-2872.

Schweiker, S. S., Loughlin, W. A., Lohning, A. S., Petersson, M. J., & Jenkins, I. D.
(2014). Synthesis, screening and docking of small heterocycles as glycogen
phosphorylase inhibitors. European Journal of Medicinal Chemistry, 84(2014),
584-594.

Schweizer, A., Couturier, A., Foley, J., & Dejager, S. (2007). Comparison between
vildagliptin and metformin to sustain reductions in HbAlc over 1 year in drug -
naive patients with type 2 diabetes. Diabetic Medicine, 24(9), 955-961.

Seino, Y., Nanjo, K., Tajima, N., Kadowaki, T., Kashiwagi, A., Araki, E., & Kasuga, M.
(2010). Report of the committee on the classification and diagnostic criteria of
diabetes mellitus. Diabetology International, 1(1), 2-20.

Shiba, Y., Yamasaki, Y., Kubota, M., Matsuhisa, M., Tomita, T., Nakahara, I., & Hori,
M. (1998). Increased hepatic glucose production and decreased hepatic glucose
uptake at the prediabetic phase in the Otsuka Long-Evans Tokushima Fatty rar
model. Metabolism, 47(8), 908-914.

104



Srivastava, P., Raut, H. N., Wagh, R. S., Puntambekar, H. M., & Kulkarni, M. J. (2012).
Purification and characterization of an antioxidant protein (~16 kDa) from
Terminalia chebula fruit. Food Chemistry, 131(1), 141-148.

Stalmans, W., & Hers, H. G. (1975). The stimulation of liver phosphorylase b by AMP,
fluoride and sulfate. European Journal of Biochemistry, 54(2), 341-350.

Stern, M. P., Williams, K., Clicerio, G. V., Hunt, K. J., & Haffner, S. M. (2004). Does
the metabolic syndrome improve identification of individuals at risk of type 2
diabetes and/or cardiovascular disease? Diabetes Care, 27(11), 2676-2681.

Stumvoll, M., Goldstein, B. J., & Haeften, T. W. (2005). Type 2 diabetes: Principles of
pathogenesis and therapy. The Lancet, 365(9467), 1333-1346.

Sykes, A., O'Connor - Semmes, R., Dobbins, R., Dorey, D., Lorimer, J., Walker, S., &
Kler, L. (2015). Randomized trial showing efficacy and safety of twice - daily
remogliflozin etabonate for the treatment of type 2 diabetes. Diabetes, Obesity
and Metabolism, 17(1), 94-97.

Talchai, C., Lin, H., Kitamura, T., & Accili, D. (2009). Genetic and biochemical
pathways of B - cell failure in type 2 diabetes. Diabetes, Obesity and
Metabolism, 11(s4), 38-45.

Tanaka, S., Kanazawa, I., Notsu, M., & Sugimoto, T. (2016). Visceral fat obesity
increases serum DPP-4 levels in men with type 2 diabetes mellitus. Diabetes
Research and Clinical Practice, 116, 1-6.

Teng, G., Qian, Y. S., Huang, M. H., Huang, L. F., Tang, X. Z., Li, Y. M., & Bin, S. H.
(2010). Neuroprotection of maslinic acid, a novel glycogen phosphorylase
inhibitor, in type 2 diabetic rats. Chinese Journal of Natural Medicines, 8(4),
293-297.

The Look AHEAD Research Group. (2013). Cardiovascular effects of intensive lifestyle
intervention in type 2 diabetes. New England Journal of Medicine, 369(2), 145-
154,

The Organization for Economic Co-operation and Development. (2001). OECD
Guideline for testing of chemicals (OECD-423). Retrieved from
www.oecd.org/chemicalsafety/risk-assessment/1948370.pdf.

The United Kingdom Prospective Diabetes Study Group. (1995). U.K. Prospective
Diabetes Study 16: Overview of 6 years' therapy of type Il diabetes: A
progressive disease. Diabetes, 44(11), 1249-1258.

The World Health Organization. (2016). Global report on diabetes. Retrieved from
http://www.who.int/diabetes/publications/grd-2016/en/.

Thornberry, N. A., & Gallwitz, B. (2009). Mechanism of action of inhibitors of
dipeptidyl-peptidase-4 (DPP-4). Best Practice & Research: Clinical
Endocrinology & Metabolism, 23(4), 479-486.

105


http://www.oecd.org/chemicalsafety/risk-assessment/1948370.pdf
http://www.who.int/diabetes/publications/grd-2016/en/

Tracey, W. R., Treadway, J. L., Magee, W. P., Sutt, J. C., McPherson, R. K., Levy, C.
B., & Knight, D. R. (2004). Cardioprotective effects of ingliforib, a novel
glycogen phosphorylase inhibitor. American Journal of Physiology - Heart and
Circulatory Physiology, 286(3), H1177-H1184.

Treadway, J. L., Mendys, P., & Hoover, D. J. (2001). Glycogen phosphorylase
inhibitors for treatment of type 2 diabetes mellitus. Expert Opinion on
Investigational Drugs, 10(3), 439-454.

Triplitt, C., Wright, A., & Chiquette, E. (2006). Incretin mimetics and dipeptidyl
peptidase - IV inhibitors: Potential new therapies for type 2 diabetes mellitus.

Pharmacotherapy: The Journal of Human Pharmacology and Drug Therapy,
26(3), 360-374.

Turner, R. C., Cull, C. A,, Frighi, V., & Holman, R. R. (1999). Glycemic control with
diet, sulfonylurea, metformin, or insulin in patients with type 2 diabetes mellitus:
Progressive requirement for multiple therapies (UKPDS 49). JAMA-Journal of
the American Medical Association, 281(21), 2005-2012.

Van Gaal, L., & Scheen, A. (2015). Weight management in type 2 diabetes: Current and
emerging approaches to treatment. Diabetes Care, 38(6), 1161-1172.

Vari, R., D'Archivio, M., Filesi, C., Carotenuto, S., Scazzocchio, B., Santangelo, C., &
Masella, R. (2011). Protocatechuic acid induces antioxidant/detoxifying enzyme
expression through JNK-mediated Nrf2 activation in murine macrophages. The
Journal of Nutritional Biochemistry, 22(5), 409-417.

Veerapur, V., Prabhakar, K., Thippeswamy, B., Bansal, P., Srinivasan, K., &
Unnikrishnan, M. (2012). Antidiabetic effect of Ficus racemosa Linn. stem bark
in high-fat diet and low-dose streptozotocin-induced type 2 diabetic rats: A
mechanistic study. Food Chemistry, 132(1), 186-193.

Vella, A., & Cobelli, C. (2015). Defective glucagon-like peptide 1 secretion in
prediabetes and type 2 diabetes is influenced by weight and sex. Chicken, egg,
or none of the above? Diabetes, 64(7), 2324-2325.

Verspohl, E. J. (2009). Novel therapeutics for type 2 diabetes: Incretin hormone
mimetics (glucagon-like peptide-1 receptor agonists) and dipeptidyl peptidase-4
inhibitors. Pharmacology & Therapeutics, 124(1), 113-138.

Vick, H., Diedrich, D. F., & Baumann, K. (1973). Reevaluation of renal tubular glucose
transport inhibition by phlorizin analogs. The American Journal of Physiology,
224(3), 552-557.

Wanasundara, J. P. D., & Shahidi, F. (1994). Alkanol-ammonia-water/hexane extraction
of flaxseed. Food Chemistry, 49(1), 39-44.

Wang, L., Halquist, M. S., & Sweet, D. H. (2013). Simultaneous determination of gallic
acid and gentisic acid in organic anion transporter expressing cells by liquid
chromatography—-tandem mass spectrometry. Journal of Chromatography B,
937(2013), 91-96.

106



Wang, T., Jonsdottir, R., & Olafsdéttir, G. (2009). Total phenolic compounds, radical
scavenging and metal chelation of extracts from Icelandic seaweeds. Food
Chemistry, 116(1), 240-248.

Weiss, L., Zeira, M., Reich, S., Slavin, S., Raz, I., Mechoulam, R., & Gallily, R. (2008).
Cannabidiol arrests onset of autoimmune diabetes in NOD mice.
Neuropharmacology, 54(1), 244-249.

Winkler, G., Cseh, K., Baranyi, E., Melczer, Z., Speer, G., Hajos, P., & Vargha, P.
(2002). Tumor necrosis factor system in insulin resistance in gestational diabetes.
Diabetes Research and Clinical Practice, 56(2), 93-99.

Wright, E. M., Loo, D. D. F., & Hirayama, B. A. (2011). Biology of human sodium
glucose transporters. Physiological Reviews, 91(2), 733-794.

Wright, E. M., & Turk, E. (2004). The sodium/glucose cotransport family SLC5.
Pfligers Archive - European Journal of Physiology, 447(5), 510-518.

Yan, J., Zhang, G., Pan, J., & Wang, Y. (2014). a-Glucosidase inhibition by luteolin:
Kinetics, interaction and molecular docking. International Journal of Biological
Macromolecules, 64, 213-223.

Yang, J. H., Li, S. C., Xie, C. F,, Ye, H. Y., Tang, H., Chen, L. J., & Peng, A. H. (2013).
Anti-inflammatory activity of ethyl acetate fraction of the seeds of Brucea
Javanica. Journal of Ethnopharmacology, 147(2), 442-446.

Yekollu, S. K., Thomas, R., & O’Sullivan, B. (2011). Targeting curcusomes to
inflammatory dendritic cells inhibits NF-xB and improves insulin resistance in
obese mice. Diabetes, 60(11), 2928-2938.

Yilmaz, Y., & Toledo, R. T. (2004). Major flavonoids in grape seeds and skins:
Antioxidant capacity of catechin, epicatechin, and gallic acid. Journal of
Agricultural and Food Chemistry, 52(2), 255-260.

Yoon, J. C., Puigserver, P., Donovan, J., Rhee, J.,, Adelmant, G., Stafford, J., &
Spiegelman, B. M. (2001). Control of hepatic gluconeogenesis through the
transcriptional coactivator PGC-1. Nature, 413(6852), 131-138.

Yu, Y., Gao, H., Tang, Z., Song, X., & Wu, L. (2006). Several phenolic acids from the
fruit of Capparis spinosa. Asian Journal of Traditional Medicines, 1(3/4), 1-4.

Zinman, B., Wanner, C., Lachin, J. M., Fitchett, D., Bluhmki, E., Hantel, S., & Woerle,
H. J. (2015). Empagliflozin, cardiovascular outcomes, and mortality in type 2
diabetes. New England Journal of Medicine, 373(22), 2117-2128.

Zois, C. E., Favaro, E., & Harris, A. L. (2014). Glycogen metabolism in cancer.
Biochemical Pharmacology, 92(1), 3-11.

107



LIST OF PUBLICATIONS AND PAPERS PRESENTED

A. Publications

Ablat, A., Halabi, M. F., Mohamad, J., Hasnan, M. H. H., Hazni, H., Teh, S.-h., . ..
Awang, K. (2017). Antidiabetic effects of Brucea javanica seeds in type 2
diabetic rats. BMC Complementary and Alternative Medicine, 17(1), 94.

Ablat, A., Mohamad, J., Awang, K., Shilpi, J. A., & Arya, A. (2014). Evaluation of
antidiabetic and antioxidant properties of Brucea javanica seed. The Scientific
World Journal, 2014, 8.

B. Papers presented in international conference

Ablat, A., Mohamad, J., & Awang, K. (2016). Antidiabetic, anti-inflammatory, and
antioxidant effects of Brucea javanica seeds in type 2 diabetic rats Paper

presented at the 21% Biological Science Graduate Congress Kuala Lumpur,
Malaysia.

Ablat, A., Mohamad, J., & Awang, K. (2014). Antidiabetic and antioxidant activities of

Malaysian medicinal herb Brucea javanica seed. Paper presented at the 18"
Biological Sciences Graduate Congress, Kuala Lumpur, Malaysia.

108



Ablat et al. BMC Complementary and Alternative Medicine (2017) 17:94
DOI 10.1188/512906. 0171610 " BMC Complementary and

Alternative Medicine

RESEARCH ARTICLE Open Access

Antidiabetic effects of Brucea javanica @
seeds in type 2 diabetic rats

Abdulwali Ablat’, Mohammed Faroug Halabi®®, Jamaludin Mohamad ™, Muhammad Hafiz Husha Hasnan®,
Hazrina Hazni*, Ser-huy Teh®, Jamil A. Shilpi*”, Zulgarnain Mohamed® and Khalijah Awang®

Abstract

Background: Srucea javanica (B javanica) seeds, also known as “Melada pahit’ in Indo-Malay region are traditionally
used to treat diabetes, The objective of this study was to determine antidiabetic, antioxidant and anti-inflammatory
effects of 8. jawanica seeds on nicotinamide (MA}-streptozotocin (5TZ) induced type 2 diabetic (T20) rats and to
analyze its chemical composition that correlate with their pharmacological activities.

Methods: A hydroethanolic extract of B. jovanica seeds was fractionated with n-hexane, chloroform and ethyl
acetate, An active fraction was selected after screening for its ability to inhibit a-glucosidase and glycogen
phosphorylase a (GP-g). Isolation and characterization were carried out by using column chromatography, NMR and
LCMS/MS, All isolates were assayed for inhibition of GP-a and a-glucosidase. Antidiabetic effect of active fraction
was further evaluated in T2D rat model. Blood glucose and body weight were measured weekly. Serum insulin,
lipid profile, renal function, liver glycogen and biomarkers of oxidative stress and inflammation were analyzed after
Aweek treatment and compared with standard drug glibenclamide.

Results: Ethyl acetate fraction (EAF) exerted good inhibitory potential for a-glucosidase and GP-a compared with
other fractions. Chromatographic isolation of the EAF led to the identification of seven compounds: vanillic acid (1),
bruceine D (2), bruceine E (3), parahydroxybenzoic acid (4), luteolin (5), protocatechuic acid (8), and gallic acid (7).
Among them, Compound (5) was identified as the most potent inhibitor of GP-0 and a-glucosidase and its GP-o
inhibitory activity (Ce, = 4508 uM) was 10-fold higher than that of caffeine (ICs, =457 34 pM), and a-glucosidase
inhibitory activity (Csp=2641 uM) was 5.5-fold higher than that of acarbose (Cey = 14583 uM), respectively.
Compounds (4), (8), and (7) inhibited GP-a activity in 2 concentration-dependent manner with 1Cs, values of 357,88,
29737, and 21438 pM, and their inhibitory effect was higher than that of caffeine. These compounds exhibited
weak potency on a-glucosidase compared with acarbose. Compounds (1), (2), and (3) showed no inhibition on
both GP-a and a-glucosidase. In vivo study showed that EAF treatment significantly reduced blood glucose level,
increased insulin and glycogen contents, decreased markers of oxidative stress and inflammation, and lipid levels in
T2D rats compared with untreated group.

Conclusions: The EAF has potential therpeutic value for the treatment of T2D via acting as GP-0 and a-glucosidase
inhibitors by improving hepatic glucose and carbohydrate metabolism, suppressing oxidative stress, and preventing
inflammation in T2D rats. According to the results, the efficacy of EAF could be due to the presence of luteolin along
with synergistic effect of multiple compounds such as parahydroxybenzoic acid, protocatechuic acid, and gallic acid in
B javanica seeds.
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The ethanol extract of B. javanica seed was fractionated with solvents of different polarities and tested for antioxidant activities by
several assays including DPPH radical scavenging activity, ferric reducing antioxidant power (FRAP), ferrous ion chelating activity
(FCA), and nitric oxide radical scavenging activity (NORSA) along with their polyphenolic contents. Antidiabetic activity was
evaluated both in vitro and in vivo using a glycogen phosphorylase & (GPa) inhibition assay and oral glucose tolerance test (OGTT)
in nondiabetic rats. The ethyl acetate fraction (EAF), rich in tannin, exhibited the strongest antioxidant activities to DPPH, FRAP,
and NORSA, except for FCA. The EAF also exerted a dose-depended inhibition of GPe (IC,, = 0.75 mg/ml). Further evaluation
of hypoglycemic effect on OGGT indicated that rats treated with EAF (125 mg/kg bw) showed a 39.91% decrease (P < 0.05) in
blood glucose levels at 30 min, and continuous fall (P < 0.05) of 28.89% and 20.29% was observed in the following hours (60
and 90 min) compared to the normal control during OGTT. The EAF was applied to polyamide column chromatography, and the
resulting tannin-free fraction was tested for both GPar inhibition and antioxidant (DPPH only) activity. The GPa inhibitory activity
was retained, while antioxidant activity was lost (4.6-fold) after tannin removal. These results concluded that the GPa inhibitory
activity initially detected was primarily due to the compounds other than tannins, whereas antioxidant activity was mainly due to
the tannins.

1. Introduction time. Oxidative stress has been suggested to be critically
involved in the pathogenesis and progression of diabetes,
including cardiovascular diseases [3], chronic kidney disease

[4], ageing [5], and diabetes [6].

Diabetes is one of the most common chronic diseases
characterized by hyperglycemia as a result of impaired insulin

secretion by pancreatic 8 cells and by cellular resistance to
insulin [1]. Diabetes mellitus is recognized by the World
Health Organization (WHO) as a tremendously increasing
global epidemic with more than 285 million people around
the world afflicted in 2010 and it is estimated that the number
of people with diabetes will increase to 439 million by 2030
[2]. The current pharmacological treatment of diabetes is
aimed at maintaining strict control of glycemia using oral
hypoglycemic agent and insulin or combination of both.
However, currently available oral antihyperglycemic agents,
even when used intensively, are often unable to control the
hyperglycemia and the disease progressively worsens with

The ethnopharmacological evidence has proven that the
use of herbal medicine is a viable alternative for the control
of diabetes and other diseases. The beneficial properties of
herbal medicine include significant efficiency, fewer side
effects, relative safety, and especially low cost for a patient who
cannot afford precious medication [7]. In fact, the medicinal
plants are important natural sources of molecules with
potential antidiabetic effects. Many plant species have been
reported to have hypoglycemic effect, which may act through
different mechanisms, including inhibition of a-glucosidase
[8], inhibition of DPP-IV [9], and inhibition of glycogen
phosphorylase and/or enhancement of insulin secretion,
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APPENDIX

Appendix 1: Reagent preparation for total phenolic content determination

Preparation of 75 mg/ml sodium carbonate solution
For the preparation of 50 ml, 3.75 g of sodium carbonate was dissolved in 50 ml

of distilled water, and this solution was kept in a colonial flask until use.

Preparation of 10-fold diluted Folin-Ciocaltu reagent

To prepare 100 ml, 10 ml of Folin-Ciocaltu reagent purchased from Merck
Chemical Co. (Malaysia) was diluted to a final volume of 100 ml with distilled water
and it was kept in a colonial flask for further use. This solution was prepared fresh

before use.

Preparation of 1 mM tannic acid solution for preparation of tannic acid standard
curve
For the preparation of 10 ml, 0.017 g of tannic acid was dissolved in 10 ml of

distilled water and it was kept in a glass container for further use.

Appendix 2: Reagent preparation for total flavonoid content determination

Preparation of 5% sodium nitrite solution
For the preparation of 100 ml, 5 g of sodium nitrite was dissolved in 100 ml of

distilled water and the solution was kept in a colonial flask.

Preparation of 10% aluminum chloride solution
For the preparation of 100 ml, 10 g of aluminum chloride was dissolved in 100

ml of distilled water and the solution was kept in a colonial flask.
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Preparation of 1M sodium hydroxide solution
The following procedure is for the preparation of 1liter. 40 g of sodium
hydroxide was dissolved in 1 liter of distilled water to give a solution of 1M NaOH.

This can be stored in the refrigerator for several months.

Preparation of 1 mM quercetin solution for preparation of quercetin standard
curve
For the preparation of 10 ml, 0.003 g of quercetin was dissolved in 10 ml of 95%

ethanol and it was kept in a glass container for further use.

Appendix 3: Tannic acid standard curve
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Appendix 4: Quercetin standard curve
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Appendix 5: Ferrous sulphate (FeSO,) standard curve
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Appendix 6: Reagent preparation for Glycogen phosphorylase a enzyme assay

1. Preparation of 0.1 M NaOH solution
The following procedure is for the preparation of 250 ml 0.1 M NaOH solution.
1 g of NaOH (MW = 40 g/mole) was dissolved in 250 ml HPLC grade water by stirring

with a magnetic stir-bar. This solution is stable for several months while stored at 4 °C.

2. Preparation of 0.1 M HEPES buffer stock solution
Hepes buffer was prepared as previously described method (Dawson et al.,
1986). To prepare 100 ml, 0.1M Hepes stock solution, 2.3838g Hepes was dissolved in

100 HPLC grade water and stored in a flask.

3. Preparation of 50 mM HEPES buffer (pH 7.2)
The following procedure is for the preparation of 200 ml. 100 ml Hepes stock

solution was added 0.1 M NaOH by dropwise (approximately 40 ml) to give a solution
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with pH 7.2. Then this solution was diluted with HPLC grade water (approximately 60
ml) to give 50 mM Hepes buffer with pH 7.2. This solution is stable for several months

while stored at 4 °C.

4. Preparation of 0.5 mg/ml GPa enzyme solution
10 mg of Glycogen phosphorylase o obtained from Sigma (St. Luis, MO) was
dissolved in 20 ml of 50 mM Hepes buffer (pH 7.2) in a flask to give a solution of 0.5

mg/ml. The GPa enzyme solution was prepared fresh before use.

5. Preparation of 50 mM HEPES buffer (pH 7.2) solution containing 100 mM KClI,
25 mM EGTA, 25 mM MgCI2, 0.25 mM glucose-1-phosphate, and 1mg/ml
glycogen.

To prepare 100 ml solution, 0.750 g KCI, 0.095 g EGTA, 0.0510 g MgCl,,
0.0084g glucose-1-phosphate, and 0.1g glycogen were dissolved in 100 ml of 50 mM
Hepes buffer (pH = 7.2) and mixed until all the chemicals are completely dissolved.

This solution is stable for several weeks when stored in a refrigerator at 4 °C.

6. Preparation of 1M HCI solution

For the preparation of 500 ml, add 41.1 ml concentrated HCI (37%, SG = 1.19
kg/L) into a glass bottle containing 125 ml HPLC grade water, and adjust the final
volume of solution to 500 ml with HPLC grade water (333.9 ml) to give a 1M HCI

solution. This solution can be stored in the refrigerator for several months.

7. Preparation of 1M HCI containing 10 mg/ml ammonium molybdate and 0.38
mg/ml malachite green.

To prepare 50 ml solution, 0.5 g of ammonium molybdate and 0.019 g of
malachite green were dissolved in 50 ml of 1M HCI, mixed well until it is completely
dissolved, and filtered with Whatman filter paper. The solution was kept in a flask

wrapped with aluminum foil and prepared fresh before use.
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Appendix 7: Reagent preparation for a-glucosidase enzyme assay

1. Preparation of 0.1 M sodium phosphate buffer (pH 6.9)

A. Preparation of 0.2 M sodium phosphate monobasic stock solution.

For the preparation of 250 ml, weigh out 7.8 g of sodium phosphate monobasic
dihydrate (156.01 g/mol) in a colonial flask and dissolve it into 250 ml of HPLC grade
water by stirring with a magnetic stir-bar to give a 0.2M sodium phosphate monobasic

stock solution.

B. Preparation of 0.2 M sodium phosphate dibasic stock solution.

For the preparation of 250 ml, weigh out 8.9 g of sodium phosphate dibasic
dihydrate (MW=177.99 g/mol) in a colonial flask and dissolved it into 250 ml of HPLC
grade water by stirring with a magnetic stir-bar to give a 0.2M sodium phosphate

dibasic stock solution.

C. Preparation of 0.1 M sodium phosphate buffer (pH 6.9)

The following procedure is for the preparation of 500 ml. 130 ml of 0.2 M
sodium phosphate dibasic stock solution was mixed with 120 ml of 0.2 M sodium
phosphate monobasic stock solution. Then final volume of this solution was diluted to
500 ml with HPLC grade water to give a 0.1M sodium phosphate buffer with pH 6.9.

This solution is stable for several months while stored at 4 °C.

2. Preparation of 5 mM p-nitrophenyl- a-D-glucopyranoside solution

The following procedure is for the preparation of 50 ml. 0.0753g of p-
nitrophenyl- a-D-glucopyranoside was dissolved in sodium phosphate buffer (0.1M, pH
6.9), and mixed until it is completely dissolved. The substrate should be prepared fresh

before use.
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3. Preparation of 10 U/mL of a-glucosidase enzyme stock solution and 0.1 U/mL of

solution for a-glucosidase enzyme assay

100 units of a-glucosidase from Saccharomyces cerevisiae obtained from Sigma
(St. Louis, MO) was diluted to a final volume of 10 ml with sodium phosphate buffer
(0.1M, pH 6.9) in a volumetric flask to give a stock solution of 10 U/ml. The assay
required 0.1 U/ml. Therefore, the stock was diluted hundred-fold. For the preparation of
100 ml, 1 ml of stock enzyme solution was diluted with 99 ml of sodium phosphate

buffer (0.1M, pH 6.9). This enzyme solution should be prepared fresh just before use.

Appendix 8: Preparation of 50 uM DPPH reagent

For the preparation of 50 ml, 0.001 g of DPPH was dissolved in 50 ml of
methanol and it was kept in a flask wrapped with aluminum foil. This solution was

prepared immediately before use.

Appendix 9: Reagent preparation for FRAP assay

1. Preparation of 0.04M HCI solution

For the preparation of 100 ml, 4 ml of 1M HCI stock solution was diluted to
final volume of 100 ml with distilled water to give a 0.04M HCI solution. When stored

in the refrigerator at 4°C it was stable for several months.

2. Preparation of 10 mM TPTZ stock solution in 0.04M HCI

For the preparation of 5 ml, 0.0156g of TPTZ (MW = 312.33g/mole) was
dissolved in 5 ml of 0.04M HCI solution, and it was kept in a container wrapped with

aluminum foil. This solution was prepared fresh immediately before use.
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3. Preparation of 20 mM ferric chloride (FeCl3) stock solution

This procedure is for the preparation of 5 ml. Weigh out 0.0162 g of ferric
chloride (MW = 162.21 g/mole) in a small glass container and dissolve it into 5 ml of

HPLC grade water. This solution can be prepared fresh before use.

4. Preparation of 0.3M acetic acid stock solution

To prepare a 0.3 M, 500 ml solution, slowly add 8.6 ml concentrated acetic acid
(CH3CO2H, 99.7%w/w, p = 1.049 g/ml, MW=60.05 g/mol) into a glass bottle
containing 125 ml HPLC grade water, and adjust the final volume of solution to 500 ml
with HPLC grade water (366.4 ml) to give a 0.3M acetic acid stock solution. This

solution can be stored in the refrigerator for several months.

5. Preparation of 0.3M sodium acetate stock solution

To prepare 100 ml of 0.3 M sodium acetate stock solution, weigh out 4.083g of
sodium acetate trihydrate in a glass bottle and dissolve it into 100 ml of HPLC grade
water. This solution is also stable for several months when stored in a refrigerator at

4°C.

6. Preparation of 0.3M acetate buffer (pH 3.6)

For the preparation of 300 ml, 270 ml of 0.3M acetic acid stock solution was
mixed with 30 ml of sodium acetate (0.3M) stock solution dropwise to give a 0.3 M

acetate buffer with pH 3.6. This can be stored in the refrigerator for several months.

7. Preparation of FRAP reagent
To prepare FRAP reagent, 50 ml of 0.3M acetate buffer (pH 3.6) was mixed 5
ml of 20 mM FeClz; and 5 ml of 10 mM TPTZ stock solution. This reagent should be

prepared fresh immediately before use.
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8. Preparation of 1mM ferrous sulphate solution for standard curve

For the preparation of 10 ml, 0.0028 g of ferrous sulphate (FeSO,4.7H,O, MW =
278.02 g/mol) was dissolved in 10 ml of distilled water to give a 1 mM ferrous sulphate

solution. This solution was kept in a glass container and prepared fresh before use.

Appendix 10: Reagent preparation for metal chelating assay

1. Preparation of 2 mM ferrous chloride solution
For the preparation of 50 ml, weigh out 0.0199 g of ferrous chloride
(FeCl,-4H,0, MW = 198.81 g/mol) in a suitable container and dissolve it into 50 ml of

95% ethanol. This solution is stable for several days when stored in a refrigerator at 4°C

2. Preparation of 5 mM ferrozine solution
The following procedure is for the preparation of 25 ml. Weigh out 0.0616 g of
ferrozine (MW = 492.45 g/mol) and dissolve it into 25 ml of HPLC grade water. This

solution should be prepared fresh before use.

Appendix 11: Reagent preparation for nitric oxide scavenging assay

1. Preparation of 10 mM sodium nitroferricyanide solution
For the preparation of 25 ml, 0.0745 g of sodium nitroferricyanide (l11I)
dihydrate (MW = 297.95 g/mol) was dissolved in 25 ml of HPLC grade water. This

solution should be prepared fresh immediately before use.

Appendix 12: Reagent preparation for super oxide radical scavenging assay

1. Preparation of NTB solution
For the preparation of 50 ml, weigh out 0.041g of nitro blue tetrazolium, 0.0076
g of xanthine, 0.0008 g of EDTA, and dissolve it into 50 ml of 0.1M Tris-HCI buffer.

This solution should be prepared fresh immediately before use.
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2. Preparation of 0.25 units/ml xanthine oxidase solution

5 units of xanthine oxidase were diluted to a final volume of 5 ml with 0.1 M
Tris-HCI buffer (pH 7.5) in a container to give a stock solution of 1 unit/ml. The assay
required 0.25 units/ml. The stock solution was diluted four-fold. For the preparation of
10 ml, 2.5 ml of xanthine oxidase stock solution was diluted with 10 ml of 0.1 M Tris-

HCI buffer. This enzyme solution should be prepared fresh immediately before use.

Appendix 13: Reagent preparation for induction of type 2 diabetic rats

A. Preparation of 0.9% saline solution.
To prepare 100 ml, 0.9 g sodium hydroxide was dissolved in 100 ml distilled

water and this solution was kept in a refrigerator at 2- 4 °C for future use.

B. Preparation of 0.1 M citrate buffer (pH 4.5)
Citrate buffer was prepared according to the method described previously (Dawson

etal., 1986).

0.1M citric acid solution.
To prepare 100 ml, 2.10 g citric acid monohydrate (MW = 210.14 g/mole) was

dissolved in 100 ml distilled water.

0.1 M trisodium citrate solution

To prepare 100 ml, 2.94 g trisodium citrate dihydrate (MW = 294.12 g/mole) was
dissolved in 100 ml distilled water.

For the preparation of 100 ml 0.1 M citrate buffer (pH 4.5), 47 ml 0.1 M citric acid
solution was mixed with 53 ml 0.1 M trisodium citrate solution to give a 0.1 M citrate
buffer solution with pH 4.5. The solution was kept in refrigerator at 2- 4 °C for future

use.
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C. Preparation of 100 mg/ml nicotinamide (NA) solution
For the preparation of 10 ml, 1 g of nicotinamide was dissolved in 10 ml of 0.9 %

saline solution. This solution was prepared fresh immediately before use.

D. Preparation of 60 mg/ml streptozotocin (STZ) solution
For the preparation of 5 ml, 300 mg of STZ was dissolved in 5 ml of 0.1 M
citrate buffer (pH 4.5) in a glass container and kept on ice. This solution was prepared

fresh immediately before use.
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Appendix 14: Effect of the EAF on OGTT in non-diabetic rats

Multiple Comparisons

Mean Difference 95% Confidence Interval
() Group  (J) Group (I-9) Std. Error Sig. Lower Bound Upper Bound
Control EAF 12.5 38.00000f 27.21902 .729 -44.7892 120.7892
EAF25 103.250007 27.21902 .008 20.4608 186.0392
EAF50 106.800007| 27.21902 .006 24.0108 189.5892
EAF125 242.10000 27.21902 .000 159.3108 324.8892
GLI 289.250001| 27.21902 .000 206.4608 372.0392
EAF 12.5 Control -38.00000] 27.21902 .729 -120.7892 44.7892
EAF25 65.25000f 27.21902 .189 -17.5392 148.0392
EAF50 68.80000| 27.21902 .148 -13.9892 151.5892
EAF125 204.100007| 27.21902 .000 121.3108 286.8892
GLI 251.250007| 27.21902 .000 168.4608 334.0392
EAF25 Control -103.250007| 27.21902 .008 -186.0392 -20.4608
EAF 12.5 -65.25000] 27.21902 .189 -148.0392 17.5392
EAF50 3.55000{ 27.21902 1.000 -79.2392 86.3392
EAF125 138.850001 27.21902 .000 56.0608 221.6392
GLI 186.000007 27.21902 .000 103.2108 268.7892
EAF50 Control -106.800007| 27.21902 .006 -189.5892 -24.0108
EAF 12.5 -68.80000| 27.21902 .148 -151.5892 13.9892
EAF25 -3.55000| 27.21902 1.000 -86.3392 79.2392
EAF125 135.30000°| 27.21902 .000 52.5108 218.0892
GLI 182.450007| 27.21902 .000 99.6608 265.2392
EAF125 Control -242.100007| 27.21902 .000 -324.8892 -159.3108
EAF 12.5 -204.100007| 27.21902 .000 -286.8892 -121.3108
EAF25 -138.85000| 27.21902 .000 -221.6392 -56.0608
EAF50 -135.300007| 27.21902 .000 -218.0892 -52.5108
GLI 47.15000( 27.21902 522 -35.6392 129.9392
GLI Control -289.250007| 27.21902 .000 -372.0392 -206.4608
EAF 12.5 -251.250007| 27.21902 .000 -334.0392 -168.4608
EAF25 -186.000007| 27.21902 .000 -268.7892 -103.2108
EAF50 -182.450007| 27.21902 .000 -265.2392 -99.6608
EAF125 -47.15000] 27.21902 522 -129.9392 35.6392

*. The mean difference is significant at the 0.05 level.
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Appendix 15: Effect of EAF on serum insulin levels in T2D rats

Multiple Comparisons

Insulin
Tukey HSD
Mean Difference 95% Confidence Interval
(I) Group (J) Group (I-9) Std. Error  |Sig. Lower Bound Upper Bound
NDC DC 20.47000" 5.32669 .006 4.8262 36.1138
D + EAF50 }4.71500 5.32669 .900 -10.9288 20.3588
D + EAF25 []13.82167 5.32669 .102 -1.8221 29.4655
D + GLI 9.48667 5.32669 406 -6.1571 25.1305
DC NDC -20.47000° 5.32669 .006 -36.1138 -4.8262
D + EAF50 |-15.75500 5.32669 .048 -31.3988 -.1112
D + EAF25 ]-6.64833 5.32669 724 -22.2921 8.9955
D + GLI -10.98333 5.32669 .267 -26.6271 4.6605
D + EAF50 NDC -4.71500 5.32669 .900 -20.3588 10.9288
DC 15.75500° 5.32669 .048 112 31.3988
D + EAF25 ]9.10667 5.32669 446 -6.5371 24.7505
D + GLI 4.77167 5.32669 .896 -10.8721 20.4155
D+ EAF25 NDC -13.82167 5.32669 .102 -29.4655 1.8221
DC 6.64833 5.32669 724 -8.9955 22.2921
D + EAF50 ]-9.10667 5.32669 446 -24.7505 6.5371
D + GLI -4.33500 5.32669 .924 -19.9788 11.3088
D + GLI NDC -9.48667 5.32669 406 -25.1305 6.1571
DC 10.98333 5.32669 .267 -4.6605 26.6271
D + EAF50 |-4.77167 5.32669 .896 -20.4155 10.8721
D + EAF25 ]4.33500 5.32669 .924 -11.3088 19.9788

*. The mean difference is significant at the 0.05 level.
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Appendix 16: Effect of EAF on serum lipid profiles in T2D rats

1. Effect of EAF on serum TG levels

Multiple Comparisons

TG

Tukey HSD

(Lipd  @)Lipid  |Mean Difference 95% Confidence Interval

profile profile (1-9) Std. Error Sig. Lower Bound Upper Bound

NDC DC -.48333" .15170 .029 -.9289 -.0378
D + EAF50 -.03333 .15170 .999 -.4789 4122
D + EAF25 -.03667 .15170 .999 -.4822 .4089
D + GLI -.06667 .15170 .992 -.5122 .3789

DC NDC 48333 .15170 .029 .0378 .9289
D + EAF50 45000 .15170 .047 .0045 .8955
D + EAF25 44667 .15170 .049 .0011 .8922
D + GLI 41667 .15170 .075 -.0289 .8622

D+ EAF50 NDC .03333 .15170 .999 -.4122 4789
DC -.45000° .15170 .047 -.8955 -.0045
D + EAF25 -.00333 .15170 1.000 -.4489 4422
D + GLI -.03333 .15170 .999 -.4789 4122

D+ EAF25 NDC .03667 .15170 .999 -.4089 4822
DC - 44667 .15170 .049 -.8922 -.0011
D + EAF50 .00333 .15170 1.000 -.4422 .4489
D+ GLI -.03000 .15170 1.000 -.4755 4155

D + GLI NDC .06667 .15170 .992 -.3789 5122
DC -.41667 .15170 .075 -.8622 .0289
D + EAF50 .03333 .15170 .999 -.4122 4789
D + EAF25 .03000 .15170 1.000 -.4155 4755

*. The mean difference is significant at the 0.05 level.
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2. Effect of EAF on serum TC levels

Multiple Comparisons

TC

Tukey HSD

(Lipd  ()Lipid  |Mean Difference 95% Confidence Interval

profile -TC  profile -TC (1-9) Std. Error Sig. Lower Bound Upper Bound

NDC DC -.35000" .10403 .019 -.6555 -.0445
D + EAF50 38333 .10403 .009 .0778 .6889
D + EAF25 .40000" .10403 .006 .0945 .7055
D + GLI .08333 .10403 .928 -.2222 .3889

DC NDC .35000" .10403 .019 .0445 .6555
D + EAF50 73333 .10403 .000 4278 1.0389
D + EAF25 75000 .10403 .000 4445 1.0555
D + GLI 43333 .10403 .003 1278 .7389

D+ EAF50 NDC -.38333" .10403 .009 -.6889 -.0778
DC -.73333 .10403 .000 -1.0389 -.4278
D + EAF25 .01667 .10403 1.000 -.2889 3222
D + GLI -.30000 .10403 .056 -.6055 .0055]

D + EAF25 NDC -.40000" .10403 .006 -.7055 -.0945
DC -.75000° .10403 .000 -1.0555 -.4445
D + EAF50 -.01667 .10403 1.000 -.3222 .2889
D + GLI -.31667 .10403 .040 -.6222 -.0111

D + GLI NDC -.08333 .10403 .928 -.3889 2222
DC -.43333 .10403 .003 -.7389 -.1278
D + EAF50 .30000 .10403 .056 -.0055 .6055
D + EAF25 31667 .10403 .040 .0111 .6222

*. The mean difference is significant at the 0.05 level.
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3. Effect of EAF on serum HDL levels

Multiple Comparisons

HDL
Tukey HSD
Mean Difference 95% Confidence Interval

() HDL (J) HDL (1-9) Std. Error Sig. Lower Bound Upper Bound

NDC DC .90000" .07706 .000 .6737 1.1263
D + EAF50 .15000 .07706 .320 -.0763 .3763
D + EAF25 25000 .07706 .025 .0237 4763
D + GLI .05833 .07706 .940 -.1680 .2847

DC NDC -.90000" .07706 .000 -1.1263 -.6737
D + EAF50 -.75000" .07706 .000 -.9763 -.5237
D + EAF25 -.65000" .07706 .000 -.8763 -.4237
D + GLI -.84167 .07706 .000 -1.0680 -.6153

D+ EAF50 NDC -.15000 .07706 .320 -.3763 .0763
DC 75000 .07706 .000 .5237 .9763
D + EAF25 .10000 .07706 .695 -.1263 .3263
D + GLI -.09167 .07706 757 -.3180 .1347

D + EAF25 NDC -.25000° .07706 .025 -.4763 -.0237
DC .65000" .07706 .000 4237 .8763
D + EAF50 -.10000 .07706 .695 -.3263 1263
D + GLI -.19167 .07706 126 -.4180 .0347

D + GLI NDC -.05833 .07706 .940 -.2847 .1680
DC 84167 .07706 .000 .6153 1.0680
D + EAF50 .09167 .07706 757 -.1347 .3180
D + EAF25 19167 .07706 126 -.0347 4180

*. The mean difference is significant at the 0.05 level.
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4. Effect of EAF on serum LDL levels

Multiple Comparisons

LDL
Tukey HSD
Mean Difference 95% Confidence Interval

() LDL (J) LDL (1-9) Std. Error Sig. Lower Bound Upper Bound

NDC DC -.34833 .09508 .009 -.6276 -.0691
D + EAF50 .13333 .09508 .632 -.1459 4126
D + EAF25 .07667 .09508 .926 -.2026 .3559
D + GLI -.07000 .09508 .946 -.3492 .2092

DC NDC 34833 .09508 .009 .0691 .6276
D + EAF50 48167 .09508 .000 .2024 .7609
D + EAF25 42500 .09508 .001 .1458 .7042
D + GLI .27833 .09508 .051 -.0009 .5576

D+ EAF50 NDC -.13333 .09508 .632 -.4126 .1459
DC -.48167 .09508 .000 -.7609 -.2024
D + EAF25 -.05667 .09508 974 -.3359 .2226
D + GLI -.20333 .09508 .236 -.4826 .0759

D + EAF25 NDC -.07667 .09508 .926 -.3559 .2026
DC -.42500° .09508 .001 -.7042 -.1458
D + EAF50 .05667 .09508 974 -.2226 .3359
D + GLI -.14667 .09508 .546 -.4259 .1326

D + GLI NDC .07000 .09508 .946 -.2092 .3492
DC -.27833 .09508 .051 -.5576 .0009
D + EAF50 .20333 .09508 .236 -.0759 .4826
D + EAF25 14667 .09508 .546 -.1326 4259

*. The mean difference is significant at the 0.05 level.
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Appendix 17: Effect of EAF on renal function in T2D rats

1. Effect of EAF on urea levels

Multiple Comparisons

Urea

Tukey HSD

(I) Renal (J) Renal Mean Difference 95% Confidence Interval

function function (1-9) Std. Error Sig. Lower Bound Upper Bound

NDC DC -12.75000° 2.56954 .000 -20.2964 -5.2036
D + EAF50 -3.28333 2.56954 .707 -10.8298 4.2631
D + EAF25 -4.98333 2.56954 .324 -12.5298 2.5631
D + GLI -4.13333 2.56954 .506 -11.6798 3.4131

DC NDC 12.75000° 2.56954 .000 5.2036 20.2964
D + EAF50 9.46667 2.56954 .009 1.9202 17.0131
D + EAF25 7.76667 2.56954 .041 .2202 15.3131
D + GLI 8.61667 2.56954 .020 1.0702 16.1631

D+ EAF50 NDC 3.28333 2.56954 .707 -4.2631 10.8298
DC -9.46667 2.56954 .009 -17.0131 -1.9202
D + EAF25 -1.70000 2.56954 .963 -9.2464 5.8464
D + GLI -.85000 2.56954 .997 -8.3964 6.6964

D+ EAF25 NDC 4.98333 2.56954 324 -2.5631 12.5298
DC -7.76667 2.56954 .041 -15.3131 -.2202
D + EAF50 1.70000 2.56954 .963 -5.8464 9.2464
D + GLI .85000 2.56954 .997 -6.6964 8.3964

D + GLI NDC 4.13333 2.56954 .506 -3.4131 11.6798
DC -8.61667 2.56954 .020 -16.1631 -1.0702
D + EAF50 .85000 2.56954 .997 -6.6964 8.3964
D + EAF25 -.85000 2.56954 .997 -8.3964 6.6964

*. The mean difference is significant at the 0.05 level.

128




2. Effect of EAF on creatinine levels

Multiple Comparisons

Creatinine

Tukey HSD

() Renal (J) Renal Mean Difference 95% Confidence Interval

Function Function (1-9) Std. Error Sig. Lower Bound Upper Bound

NDC DC -5.83333 2.90708 .292 -14.3711 2.7044
D + EAF50 1.66667 2.90708 .978 -6.8711 10.2044
D + EAF25 -1.33333 2.90708 .990 -9.8711 7.2044
D + GLI .16667 2.90708 1.000 -8.3711 8.7044

DC NDC 5.83333 2.90708 .292 -2.7044 14.3711
D + EAF50 7.50000 2.90708 .105 -1.0377 16.0377
D + EAF25 4.50000 2.90708 .543 -4.0377 13.0377
D + GLI 6.00000 2.90708 .267 -2.5377 14.5377

D+ EAF50 NDC -1.66667 2.90708 .978 -10.2044 6.8711
DC -7.50000 2.90708 .105 -16.0377 1.0377
D + EAF25 -3.00000 2.90708 .838 -11.5377 5.5377
D + GLI -1.50000 2.90708 .985 -10.0377 7.0377

D + EAF25 NDC 1.33333 2.90708 .990 -7.2044 9.8711
DC -4.50000 2.90708 .543 -13.0377 4.0377
D + EAF50 3.00000 2.90708 .838 -5.5377 11.5377
D + GLI 1.50000 2.90708 .985 -7.0377 10.0377

D + GLI NDC -.16667 2.90708 1.000 -8.7044 8.3711
DC -6.00000 2.90708 .267 -14.5377 2.5377
D + EAF50 1.50000 2.90708 .985 -7.0377 10.0377
D + EAF25 -1.50000 2.90708 .985 -10.0377 7.0377
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Appendix 18: Effect of EAF on liver function in T2D rats

1. Effect of EAF on ALP levels

Multiple Comparisons

ALP

Tukey HSD

(1) Liver (J) Liver Mean Difference 95% Confidence Interval

function function (1-9) Std. Error Sig. Lower Bound Upper Bound

NDC DC -178.000007| 24.17538 .000 -249.0000 -107.0000]
D + EAF50 -17.83333 24.17538 .945 -88.8333 53.1666
D + EAF25 -38.50000 24.17538 516 -109.5000 32.5000]
D + GLI -5.33333 24.17538 .999 -76.3333 65.6666

DC NDC 178.000007| 24.17538 .000 107.0000 249.0000}
D + EAF50 160.16667| 24.17538 .000 89.1667 231.1666
D + EAF25 139.500007| 24.17538 .000 68.5000 210.5000}
D + GLI 172.66667 | 24.17538 .000 101.6667 243.6666

D+ EAF50 NDC 17.83333| 24.17538 .945 -53.1666 88.8333
DC -160.16667 | 24.17538 .000 -231.1666 -89.1667
D + EAF25 -20.66667| 24.17538 .910 -91.6666 50.3333
D + GLI 12.50000| 24.17538 .985 -58.5000 83.5000]

D+ EAF25 NDC 38.50000 24.17538 516 -32.5000 109.5000
DC -139.500007| 24.17538 .000 -210.5000 -68.5000
D + EAF50 20.66667| 24.17538 .910 -50.3333 91.6666
D + GLI 33.16667 24.17538 .650 -37.8333 104.1666

D+ GLI NDC 5.33333| 24.17538 .999 -65.6666 76.3333
DC -172.66667 | 24.17538 .000 -243.6666 -101.6667
D + EAF50 -12.50000 24.17538 .985 -83.5000 58.5000]
D + EAF25 -33.16667| 24.17538 .650 -104.1666 37.8333

*. The mean difference is significant at the 0.05 level.
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2. Effect of EAF on ALT levels

Multiple Comparisons

ALT

Tukey HSD

() Liver (J) Liver Mean Difference 95% Confidence Interval

Function Function (1-9) Std. Error Sig. Lower Bound Upper Bound

NDC DC -127.16667 | 11.23200 .000 -160.1536 -94.1797
D + EAF50 -15.16667 11.23200 .664 -48.1536 17.8203
D + EAF25 -35.66667 | 11.23200 .029 -68.6536 -2.6797
D + GLI -12.66667 11.23200 791 -45.6536 20.3203

DC NDC 127.16667 | 11.23200 .000 94.1797 160.1536
D + EAF50 112.000007|  11.23200 .000 79.0131 144.9869
D + EAF25 91.500007 11.23200 .000 58.5131 124.4869
D + GLI 114.500007 11.23200 .000 81.5131 147.4869

D+ EAF50 NDC 15.16667 11.23200 .664 -17.8203 48.1536
DC -112.000007| 11.23200 .000 -144.9869 -79.0131
D + EAF25 -20.50000 11.23200 .382 -53.4869 12.4869
D + GLI 2.50000 11.23200 .999 -30.4869 35.4869

D + EAF25 NDC 35.66667 | 11.23200 .029 2.6797 68.6536
DC -91.500007| 11.23200 .000 -124.4869 -58.5131
D + EAF50 20.50000 11.23200 .382 -12.4869 53.4869
D + GLI 23.00000[ 11.23200 274 -9.9869 55.9869

D + GLI NDC 12.66667 11.23200 791 -20.3203 45.6536
DC -114.500007| 11.23200 .000 -147.4869 -81.5131
D + EAF50 -2.50000| 11.23200 .999 -35.4869 30.4869
D + EAF25 -23.00000 11.23200 274 -55.9869 9.9869

*. The mean difference is significant at the 0.05 level.
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3. Effect of EAF on AST levels

AST

Tukey HSD

Multiple Comparisons

0]

©)

Mean Difference

95% Confidence Interval

LiverFunction LiverFunction (1-9) Std. Error Sig. Lower Bound Upper Bound
NDC DC -160.83333"|  17.59867 .000 -212.5184 -109.1483
D + EAF50 -16.16667 17.59867 .887 -67.8517 35.5184
D + EAF25 -30.33333 17.59867 .438 -82.0184 21.3517
D + GLI -9.66667| 17.59867 .981 -61.3517 42.0184
DC NDC 160.83333| 17.59867 .000 109.1483 212.5184
D + EAF50 144.66667 | 17.59867 .000 92.9816 196.3517
D + EAF25 130.500007| 17.59867 .000 78.8150 182.1850}
D + GLI 151.16667 | 17.59867 .000 99.4816 202.8517
D+ EAF50 NDC 16.16667 17.59867 .887 -35.5184 67.8517
DC -144.66667 | 17.59867 .000 -196.3517 -92.9816
D + EAF25 -14.16667 17.59867 .927 -65.8517 37.5184
D + GLI 6.50000 17.59867 .996 -45.1850 58.1850]
D + EAF25 NDC 30.33333| 17.59867 438 -21.3517 82.0184
DC -130.50000| 17.59867 .000 -182.1850 -78.8150)
D + EAF50 14.16667 17.59867 .927 -37.5184 65.8517
D + GLI 20.66667| 17.59867 .766 -31.0184 72.3517
D + GLI NDC 9.66667 17.59867 .981 -42.0184 61.3517
DC -151.16667 | 17.59867 .000 -202.8517 -99.4816
D + EAF50 -6.50000| 17.59867 .996 -58.1850 45.1850|
D + EAF25 -20.66667 17.59867 .766 -72.3517 31.0184

*. The mean difference is significant at the 0.05 level.

132



Appendix 19: Effect of EAF on serum MDA levels in T2D rats

Multiple Comparisons

MDA

Tukey HSD

() Serum (J) Serum Mean Difference 95% Confidence Interval

MDA MDA (1-9) Std. Error Sig. Lower Bound Upper Bound

NDC DC -11.63833" 2.56680 .001 -19.1767 -4.1000]
D + EAF50 .92000 2.56680 .996 -6.6184 8.4584
D + EAF25 -1.17667 2.56680 .990 -8.7150 6.3617
D + GLI -2.75833 2.56680 .818 -10.2967 4.7800]

DC NDC 11.63833" 2.56680 .001 4.1000 19.1767
D + EAF50 12.55833" 2.56680 .000 5.0200 20.0967
D + EAF25 10.46167 2.56680 .003 2.9233 18.0000]
D + GLI 8.88000° 2.56680 .015 1.3416 16.4184

D + EAF50 NDC -.92000 2.56680 .996 -8.4584 6.6184
DC -12.55833" 2.56680 .000 -20.0967 -5.0200]
D + EAF25 -2.09667 2.56680 .923 -9.6350 5.4417
D + GLI -3.67833 2.56680 .613 -11.2167 3.8600]

D+ EAF25 NDC 1.17667 2.56680 .990 -6.3617 8.7150I
DC -10.46167 2.56680 .003 -18.0000 -2.9233
D + EAF50 2.09667 2.56680 .923 -5.4417 9.6350]
D + GLI -1.58167 2.56680 971 -9.1200 5.9567

D + GLI NDC 2.75833 2.56680 .818 -4.7800 10.2967
DC -8.88000° 2.56680 .015 -16.4184 -1.3416
D + EAF50 3.67833 2.56680 .613 -3.8600 11.2167
D + EAF25 1.58167 2.56680 971 -5.9567 9.1200

*. The mean difference is significant at the 0.05 level.
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Appendix 20: Effect of EAF on serum GSH levels in T2D rats

Multiple Comparisons

GSH

Tukey HSD

() Serum (J) Serum Mean Difference 95% Confidence Interval

GSH GSH (1-9) Std. Error Sig. Lower Bound Upper Bound

NDC DC 15.51000° 2.05965 .000 9.4611 21.5589
D + EAF50 4.52000 2.05965 214 -1.5289 10.5689
D + EAF25 11.59000" 2.05965 .000 5.5411 17.6389
D + GLI 10.12667 2.05965 .000 4.0778 16.1756

DC NDC -15.51000° 2.05965 .000 -21.5589 -9.4611
D + EAF50 -10.99000° 2.05965 .000 -17.0389 -4.9411
D + EAF25 -3.92000 2.05965 .342 -9.9689 2.1289
D + GLI -5.38333 2.05965 .098 -11.4322 .6656

D+ EAF50 NDC -4.52000 2.05965 .214 -10.5689 1.5289
DC 10.99000° 2.05965 .000 4.9411 17.0389
D + EAF25 7.07000° 2.05965 .016 1.0211 13.1189
D + GLI 5.60667 2.05965 .079 -.4422 11.6556

D+ EAF25 NDC -11.59000° 2.05965 .000 -17.6389 -5.5411
DC 3.92000 2.05965 .342 -2.1289 9.9689
D + EAF50 -7.07000° 2.05965 .016 -13.1189 -1.0211
D + GLI -1.46333 2.05965 .952 -7.5122 4.5856

D + GLI NDC -10.12667 2.05965 .000 -16.1756 -4.0778
DC 5.38333 2.05965 .098 -.6656 11.4322
D + EAF50 -5.60667 2.05965 .079 -11.6556 4422
D + EAF25 1.46333 2.05965 .952 -4.5856 7.5122

*. The mean difference is significant at the 0.05 level.
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Appendix 21: Effect of EAF on serum TNFa in T2D rats

Multiple Comparisons

TNFa
Tukey HSD
Mean Difference 95% Confidence Interval

(I) Groups (J) Groups (1-9) Std. Error Sig. Lower Bound Upper Bound

NDC DC -93.66667°| 13.78558 .000 -134.1531 -53.1802
D + EAF50 -30.16667 13.78558 217 -70.6531 10.3198
D + EAF25 -47.83333"|  13.78558 .015 -88.3198 -7.3469
D + GLI -41.16667°| 13.78558 .045 -81.6531 -.6802

DC NDC 93.66667| 13.78558 .000 53.1802 134.1531
D + EAF50 63.50000°| 13.78558 .001 23.0135 103.9865,
D + EAF25 45833337 13.78558 .021 5.3469 86.3198
D + GLI 52.50000| 13.78558 .007 12.0135 92.9865

D+ EAF50 NDC 30.16667 13.78558 .217 -10.3198 70.6531
DC -63.50000| 13.78558 .001 -103.9865 -23.0135
D + EAF25 -17.66667 13.78558 .705 -58.1531 22.8198
D + GLI -11.00000 13.78558 .929 -51.4865 29.4865

D+ EAF25 NDC 47.83333"| 13.78558 .015 7.3469 88.3198
DC -45.83333"|  13.78558 .021 -86.3198 -5.3469
D + EAF50 17.66667 13.78558 .705 -22.8198 58.1531
D + GLI 6.66667| 13.78558 .988 -33.8198 47.1531

D + GLI NDC 41.16667 | 13.78558 .045 .6802 81.6531
DC -52.50000| 13.78558 .007 -92.9865 -12.0135
D + EAF50 11.00000| 13.78558 .929 -29.4865 51.4865
D + EAF25 -6.66667 13.78558 .988 -47.1531 33.8198

*. The mean difference is significant at the 0.05 level.
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Appendix 22: Effect of EAF on serum IL-6 in T2D rats

Multiple Comparisons

IL6
Tukey HSD
Mean Difference 95% Confidence Interval

(I) Groups (J) Groups (1-9) Std. Error Sig. Lower Bound Upper Bound

NDC DC -82.50000°| 10.41397 .000 -113.0845 -51.9155
D + EAF50 -8.61000 10.41397 .920 -39.1945 21.9745
D + EAF25 -27.77667 10.41397 .088 -58.3612 2.8078
D + GLI -33.88833°| 10.41397 .025 -64.4728 -3.3038

DC NDC 82.50000| 10.41397 .000 51.9155 113.0845
D + EAF50 73.89000°( 10.41397 .000 43.3055 104.4745
D + EAF25 54.72333°|  10.41397 .000 24.1388 85.3078
D + GLI 48.61167°| 10.41397 .001 18.0272 79.1962

D+ EAF50 NDC 8.61000 10.41397 .920 -21.9745 39.1945
DC -73.89000°| 10.41397 .000 -104.4745 -43.3055
D + EAF25 -19.16667 10.41397 374 -49.7512 11.4178
D + GLI -25.27833 10.41397 141 -55.8628 5.3062

D+ EAF25 NDC 27.77667 10.41397 .088 -2.8078 58.3612
DC -54.72333"|  10.41397 .000 -85.3078 -24.1388
D + EAF50 19.16667 10.41397 374 -11.4178 49.7512
D + GLI -6.11167 10.41397 976 -36.6962 24.4728

D + GLI NDC 33.88833"| 10.41397 .025 3.3038 64.4728
DC -48.61167 | 10.41397 .001 -79.1962 -18.0272
D + EAF50 25.27833 10.41397 141 -5.3062 55.8628
D + EAF25 6.11167 10.41397 976 -24.4728 36.6962

*. The mean difference is significant at the 0.05 level.
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Appendix 23: Effect of EAF on serum IL-1p in T2D rats

Multiple Comparisons

IL-1B
Tukey HSD
Mean Difference 95% Confidence Interval

(I) Groups (J) Groups (1-9) Std. Error Sig. Lower Bound Upper Bound

NDC DC -565.75500"|  45.98408 .000 -700.8043 -430.7057
D + EAF50 -114.99667| 45.98408 .123 -250.0460 20.0527
D + EAF25 -363.78500| 45.98408 .000 -498.8343 -228.7357
D + GLI -94.69500( 45.98408 .269 -229.7443 40.3543

DC NDC 565.75500°| 45.98408 .000 430.7057 700.8043
D + EAF50 450.75833°|  45.98408 .000 315.7090 585.8077
D + EAF25 201.97000°| 45.98408 .002 66.9207 337.0193
D + GLI 471.06000°| 45.98408 .000 336.0107 606.1093

D + EAF50 NDC 114.99667( 45.98408 123 -20.0527 250.0460
DC -450.75833"|  45.98408 .000 -585.8077 -315.7090
D + EAF25 -248.78833"|  45.98408 .000 -383.8377 -113.7390
D + GLI 20.30167| 45.98408 .992 -114.7477 155.3510

D+ EAF25 NDC 363.78500°| 45.98408 .000 228.7357 498.8343
DC -201.970007| 45.98408 .002 -337.0193 -66.9207
D + EAF50 248.78833"|  45.98408 .000 113.7390 383.8377
D + GLI 269.09000°|  45.98408 .000 134.0407 404.1393

D + GLI NDC 94.69500( 45.98408 .269 -40.3543 229.7443
DC -471.06000| 45.98408 .000 -606.1093 -336.0107
D + EAF50 -20.30167 45.98408 .992 -155.3510 114.7477
D + EAF25 -269.09000| 45.98408 .000 -404.1393 -134.0407

*. The mean difference is significant at the 0.05 level.
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Appendix 24: Effect of EAF on hepatic glycogen levels in T2D rats

Multiple Comparisons

LG
Tukey HSD
Mean Difference 95% Confidence Interval

(I) Groups (J) Groups (I-9) Std. Error Sig. Lower Bound Upper Bound

NDC DC 9.30167 2.54948 .010 1.8142 16.7892
D + EAF50 2.89333 2.54948 787 -4.5942 10.3808,
D + EAF 25 5.45000 2.54948 .236 -2.0375 12.9375
D + GLI 4.01833 2.54948 .525 -3.4692 11.5058

DC NDC -9.30167" 2.54948 .010 -16.7892 -1.8142
D + EAF50 -6.40833 2.54948 .120 -13.8958 1.0792
D + EAF 25 -3.85167 2.54948 .565 -11.3392 3.6358
D + GLI -5.28333 2.54948 .263 -12.7708 2.2042

D + EAF50 NDC -2.89333 2.54948 .787 -10.3808 4.5942
DC 6.40833 2.54948 120 -1.0792 13.8958
D + EAF 25 2.55667 2.54948 .852 -4.9308 10.0442
D + GLI 1.12500 2.54948 .992 -6.3625 8.6125

D+ EAF25 NDC -5.45000 2.54948 .236 -12.9375 2.0375
DC 3.85167 2.54948 .565 -3.6358 11.3392
D + EAF50 -2.55667 2.54948 .852 -10.0442 4.9308
D + GLI -1.43167 2.54948 979 -8.9192 6.0558

D + GLI NDC -4.01833 2.54948 .525 -11.5058 3.4692
DC 5.28333 2.54948 .263 -2.2042 12.7708
D + EAF50 -1.12500 2.54948 .992 -8.6125 6.3625
D + EAF 25 1.43167 2.54948 979 -6.0558 8.9192

*. The mean difference is significant at the 0.05 level.
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Appendix 25: *H NMR spectrum of vanillic acid
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Appendix 26: *C NMR spectrum of vanillic acid
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Appendix 27: *H NMR spectrum of bruceine D
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Appendix 28: *C NMR spectrum of bruceine D
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Appendix 29: *H NMR spectrum of bruceine E
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3C NMR spectrum of bruceine E

Appendix 30
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Appendix 31: *H NMR spectrum of parahydroxybenzoic acid
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Appendix 32: *C NMR spectrum of parahydroxybenzoic acid
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Appendix 33: *H NMR spectrum of luteolin
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3C NMR spectrum of luteolin

Appendix 34
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Appendix 35: *H NMR spectrum of protocatechuic acid
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Appendix 36: *C NMR spectrum of protocatechuic acid
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Appendix 37: *H NMR spectrum of gallic acid

H BJ F7 ?
&
8 2 83 >
e I
[
Le
- o
| 1.1 L
o v o
:
<
15 10 5 0 [ppm]

151



ic aci

13C NMR spectrum of galli
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