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The present study focused on the effect of Pluchea indica (L.) Less. tea on free
radical scavenging activity, anti-adipogenesis in 3T3-L1 cells, activity on pancreatic
lipase and anti-dyslipidemia in high-fat-diet-induced mice. The 2,2-Diphenyl-1-
picrylhydrazyl ~ (DPPH),  2,2-azinobis-(3-ethylbenzothiazoline)-6-sulfonic  acid
(ABTS), Hypochlorous acid (HOCI), Nitric oxide, Peroxynitrite scavenging activities
and the scavenging activities of Copper (Cu®’), Azobis hydrochloride (AAPH), 3-
Morpholinosydnonimine hydrochloride (SIN-1) induced LDL oxidation which
isolated from a healthy volunteer were performed. P. indica (L.) Less. tea exhibited
good antioxidant activity in all test systems. The viability of 3T3-L1 cells was not
significantly decreased after exposure to 200 to 1000 pg/ml P. indica (L.) Less. tea
compared to controls (p ~ 0.05). The P. indica (L.) Less. tea at 750 to 1000 pg/ml
exhibited a significantly reduced lipid accumulation compared to the control (p <
0.05). The inhibitory effects of the P. indica (L.) Less. tea at 250 to 1000 pg/ml on
lipase activity were significantly increased compared to control (p < 0.05). The FTIR

results showed that the integrated areas of lipids, proteins, nucleic acids, glycogen and
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carbohydrates of the P. indica (L.) Less. tea-treated 3T3-L1 adipocytes were
significantly lower than the untreated 3T3-L1 adipocytes (p < 0.05). In addition, Oral
glucose tolerance test (OGTT) in mice was performed and P. indica (L) Less. tea at
400 and 600 mg/kg/d orally showed prevention of hyperglycemia with dose-
dependent manner compared with the untreated group. Moreover, oral administration
of P. indica (L) Less. tea at 400 and 600 mg/kg once daily for 4 weeks could protect
dyslipidemia and obesity from high fat diet induction with a dose-dependent manner
when compared to the untreated group. Furthermore, histological analysis expressed
that P. indica (L) Less. tea treated group significantly reduced adipocyte size and
increased number of adipocytes per field of Hematoxylin & Eosin stained perigonadal
fat tissue. Toxicity of the tea was investigated, and the results revealed that ALT,
ALP, Creatinine, RBC, WBC, Platelet and relative organ weight after feeding .
indica (L) Less. tea at 400 and 600 mg/kg/d orally once daily for 4 weeks did not
affect these parameters compared with the control group. P. indica (L.) Less. tea was
identified and quantified the main active ingredients by LC-MS/MS technique. P.
indica (L.) Less. tea was found 4-O-caffeoylquinic acid (4-CQ), 5-O-caffeoylquinic
acid (5-CQ), 3,4-O-dicaffeoylquinic acid (3,4-CQ), 3,5-O-dicaffeoylquinic acid (3,5-
CQ) and 4,5-O-dicaffeoylquinic acid (4,5-CQ). In conclusion, our findings provide
evidence that P. indica (L.) Less. tea is safe, has potentials to develop to be
antioxidant beverage or medicine, and use to prevent hyperglycemia, hyperlipidemia,

and obesity.
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CHAPTER I

INTRODUCTION

1.1 Introduction

Obesity is a global public health problem, and the prevalence of obesity is
increasing worldwide, rapidly (World Health Organization, 2000). Obesity is defined
as abnormal or excessive fat accumulation, caused by an imbalance of energy intake
and expenditure (Guo et al., 2015). The World Health Organization (WHQ) estimates
that over 1.5 billion adults are overweight based on Body Mass Index (BMI) > 25
and over 400 million of them are obese based on BMI > 30 (World Health
Organization, 2000). Obesity significantly increases the risk of morbidity and
mortality (Pi-Sunyer, 2009) and metabolic syndrome that relevant with dyslipidemia,
diabetes mellitus and cardiovascular (CV) disease (Haffner et al., 1992; Isomaa et al.,
2001; Trevisan et al., 1998). Obesity can be treated by the decreasing of lipid
accumulation by reducing calorific  intake, inhibiting adipocyte differentiation,
stimulating energy expenditure by increased physical activity but also regulating lipid
metabolism, the surgical option such as laparoscopic adjustable gastric banding
(LABG) in morbid obesity (Chapman et al., 2004; Guo et al., 2015; lordache et al.,
2002) and inhibiting pancreatic lipase. Pancreatic lipase is an important enzyme that
can hydrolyse dietary triacylglycerol to glycerol and fatty acids in the intestine (Birari

and Bhutani, 2007). Glycerol and fatty acids are regarded as the end products of lipid

digestion in the gut, the inhibition of pancreatic lipase may be considered as a fat



reducing absorption therapy (Birari and Bhutani, 2007; Moreno et al., 2003) is one
mechanism of obesity treatment (Mohamed et al., 2014).

Oxidative stress is defined as a disturbance in the balance between the production
of free radical and antioxidant defense mechanism which is a natural physiological
process in the biological systems (Dhawan, 2014). The major causes of oxidative
stress are the excesses of intracellular reactive oxygen species (ROS) and reactive
nitrogen species (RNS) that can progress the development of chronic and
degenerative diseases such as cancer, arthritis, aging, autoimmune disorders,
cardiovascular and neurodegenerative diseases (Pham-Huy et al., 2008). Furthermore,
oxidative stress may also injure biomolecules, including proteins, lipids, and DNA
(Toyokuni, 1999). The high level of free radical can damage to human low-density
lipoproteins which the process is called LDL oxidation. LDL oxidation is a process
that free radical oxidizes low-density lipoproteins transform to oxidized low-density
lipoproteins. The high level of oxidized low-density lipoproteins may affect the
progression of atherosclerosis, and it can progress further to cardiovascular
dysfunction (Bahorun et al., 2006).

Diabetes mellitus is a group of metabolic disorder characterized by high levels of
blood sugar that may occur by the insufficiency of secretion or action of endogenous
insulin (Kataoka et al., 1983; Like et al., 1979; Paik et al., 1982). The symptoms of a
diabetes patient are increased thirst and hunger and frequent urination. The long term
of uncontrolled diabetes may damage, dysfunction and failure of different organs such
as eyes, kidneys, nerves, heart, and blood vessels (Maritim et al., 2003). Diabetes
patient can become coma or death by acute complication when blood sugar is higher

that called diabetes ketoacidosis (Kitabchi et al., 2009). In 2015, an estimated 415



million people had diabetes worldwide, separate to type 2 Diabetes is over 90% of all
that equal rate when to compare with women and men. Moreover, trends of Diabetes
patient increase continuously (Zimmet, 2017).

Dyslipidemia is one of metabolic disorder characterized by an abnormal amount
of lipids such as Triglyceride, LDL-cholesterol, Cholesterol and HDL in the blood
(Ascaso et al., 2007). Dyslipidemia is one of the major cardiovascular risk factors that
precipitate coronary heart disease (CHD) and atherosclerosis (Mensink et al., 2003;
Miller, 2009). Dyslipidemia can be treated by lifestyle intervention by reduction in
total calorie intake and increased physical activity with associated weight loss
(Grundy, 2001; Lichtenstein et al., 2006) and using of lipid-lowering drugs such as
statin, niacin, fibrate, and Omega-3 are used for cardiovascular disease prevention
from dyslipidemia (Miller, 2009).

Nowadays, we currently have conventional medications for dyslipidemia,
diabetes mellitus and obesity treatment such as bile-acid sequestrants, fibrates,
nicotinic acid, cholesterol absorption inhibitors, HMG-CoA reductase inhibitors for
dyslipidemia and metformin, sulfonylurea and synthetic insulin for diabetes mellitus
and Orlistat for obesity that are widely used. However, some medications have limited
efficacies, critical adverse effects such as Orlistat, often associated with rebound
weight gain after the cessation of the drug and many patients cannot tolerate its
gastrointestinal side effects (Cheung et al., 2013). Simvastatin, an anti-hyperlipidemic
drug, can cause severe adverse events such as rhabdomyolysis (Omar and Wilson,
2002) and hypoglycemia from insulin and sulfonylurea (Bodmer et al., 2008; Shorr et
al., 1997). At present, the using of plants in therapy instead of synthetic drugs has

become increasingly popular during the last decade (Kelly et al., 2005) because it may



have minor adverse effects and traditional medicinal plants are often cheaper and
easily consumable (Amin and Nagy, 2009).

Herbal supplements from vegetables and fruits are widely used for healthy
enhancement purpose, and some antioxidant agents could be found from a natural
source (Slavin and Lloyd, 2012). One of the most popular herbal supplements is
herbal beverage such as herbal tea infusion. Tea is the most widely consumed
beverage in the world, second only to water (Koo and Noh, 2007). Some herbal tea
infusions have an evidence prove that may have a strong antioxidant capacity (Li et
al., 2014) and it has a potential to prevent diseases which occur with oxidative stress,
and it could prevent atherosclerosis and enhance cardiovascular health (Babu et al.,
2008; Miura et al., 2001).

The plant Pluchea indica (L.) Less. (P. indica) (Family: Asteraceae) is a large
evergreen shrub found abundantly in salt marshes. It is widely distributed in India,
Southern China, and Southeast Asia. In Thailand, P. indica (L.) Less. herbal tea has
been commercially available as a health-promoting drink (Kongkiatpaiboon et al.,
2018). P. indica leaves have been reported some biological activities including the
diuretic effect of its methanolic extract (Pramanik et al., 2007), anti-inflammatory
activity of the ethyl acetate fraction of ethanol extract of P. indica in
lipopolysaccharide (LPS)-stimulated RAW 264.7 macrophages (Buapool et al., 2013),
antioxidant activities of volatile oil of P. indica (Widyawati et al., 2013) and
hypoglycemic and antihyperglycemic activities of P. indica methanolic extract in
mice (Pramanik et al., 2006).

Pluchea indica (L.) Less. tea is one of potential herbal for anti-hyperglycemic,

anti-dyslipidemic and anti-oxidation effects, and it lacks the investigation to prove its



effects. The purposes of this study were to investigate the inhibitory effect of the
Pluchea indica (L.) Less. tea on pancreatic lipase activity and adipogenesis in 3T3-L1
cells, dyslipidemia and hyperglycemia prevention effects, anti-obesity and toxicity of
P. indica (L.) Less. tea in mice and to examine the free radical scavenging and LDL
oxidation prevention. The biochemical profile in 3T3-L1 adipocytes was also

investigated.

1.2 Research objectives

1.2.1 To investigate the effects of Pluchea indica (L.) Less. tea on anti-oxidation,
anti-human LDL oxidation, anti-adipogenesis in 3T3-L1 cells, anti-hyperglycemic
and anti-dyslipidemic activity in mice.

1.2.2 To investigate the active ingredient of Pluchea indica (L.) Less. tea.

1.2.3 To investigate the sub-chronic toxicity of Pluchea indica (L.) Less. tea in

mice.

1.3 Research hypothesis

Pluchea indica (L.) Less. tea had the effects on anti-oxidation, anti-human LDL
oxidation, anti-adipogenesis in 3T3-L1 cells, anti-hyperglycemic and anti-
dyslipidemic activity in mice, which did not show any toxicity in 3T3-L1 cells, and

mice.



1.4 Scope and limitation of the study

This research focused on anti-oxidation, anti-LDL oxidation in human LDL, anti-
adipogenesis in the 3T3-L1 adipocytes, anti-hyperglycemic, anti-dyslipidemic

activities and sub-chronic toxicity of Pluchea indica (L.) Less. in mice.

1.5 Significant of the study

The results showed that P. indica (L.) Less. tea had the effects on free radical
scavenging effect, anti-LDL oxidation, anti-adipogenesis in 3T3-L1 adipocytes,
reduced hyperglycemia and hyperlipidemia in mice. These findings suggest that this
tea may be further developed to use as herbal medicine. These data could be used for

further investigation about the pharmacological activity and safety in human.



CHAPTER Il

LITERATURE REVIEW

Oxidative stress occurs by the damaging effects of free radicals which are by-
products of cell metabolism in natural physiological processes in the biological
systems (Ames et al., 1993; Shenoy and Shirwaikar, 2002). There is increasing
evidence that the major causes of oxidative stress are the excesses of intracellular
reactive oxygen species (ROS) and reactive nitrogen species (RNS) that are
responsible for causing the development of chronic and degenerative diseases
including Alzheimer’s disease (Smith et al., 2000), mild cognitive impairment (Guidi
et al., 2006), Parkinson’s disease (Bolton et al., 2000), cancer (Kinnula and Crapo,
2004), neural disorders (Sas et al., 2007), cardiovascular disease (Singh and Jialal,
2006) and atherosclerosis (Upston et al., 2003). Furthermore, oxidative stress may

also injure biomolecules, including proteins, lipids, and DNA (Toyokuni, 1999).

2.1 Biological antioxidant capacity

Free radicals may be either oxygen-derived (ROS, reactive oxygen species) or
nitrogen derived (RNS, reactive nitrogen species). The oxygen-derived molecules are
O (superoxide), ROO (peroxyl), RO (alkoxyl), HO (hydroxyl), HO, (hydroperoxyl)
and H202. Nitrogen derived oxidant species are NO (nitric oxide), NO2 (nitrogen
dioxide), ONOO (peroxy nitrate) and N2Os (dinitrogen trioxide). Free radicals can be

protected by natural enzymatic and non-enzymatic antioxidant defense mechanisms in



the human body which counteracts the free radicals and other oxidants which is
appropriate oxidant: antioxidant balance. However, the defense mechanisms may be
an imbalance when radical species are increased or lack of antioxidants. The
protection against free radicals can be enhanced by dietary or natural antioxidants
from plants. Nowadays, more evidence indicates that foods and plants containing
antioxidants may have an important role in disease prevention.
2.1.1 The evaluation of antioxidant capacity

Various methods are used to investigate the antioxidant property of samples
(diets, plant extracts, commercial antioxidants, etc.). The example of these methods is
as follows:

2.1.1.1 DPPH Scavenging Assay
DPPH (2,2-diphenyl-1-picrylhydrazyl) is a free radical stable at room

temperature, which produces a violet solution in methanol. The DPPH scavenging
assay is a decolorization assay that measures the capacity of antioxidants, which
directly react with DPPH radicals by measuring the decolorization at 517 nm with a
spectrophotometer. The scavenging reaction between DPPH and an antioxidant (HA)
can be written as,

(DPPH) + (H-A) —> DPPH-H + (A)

Antioxidants react with DPPH and reduce it to DPPH-H and its color changes
to light yellow.
2.1.1.2 ABTS Scavenging Assay
The ABTS (2,2-azino-bis(3-ethylbenzthiazoline-6-sulfonic  acid))

radical is a stable radical not found in the human body. The ABTS scavenging activity



can be measured based on colorimetry by the loss of color when an antioxidant is
added to the blue-green chromophore ABTS radical.
2.1.1.3 Hypochlorous acid Scavenging Assay
Hypochlorous acid is a weak acid that could generate harmful ROS.
Hypochlorous acid could inactivate the antioxidant enzyme catalase by which breaks
down the heme prosthetic group. The hypochlorous acid scavenging can be evaluated
by measuring the decrease in absorbance of catalase at 404 nm.
2.1.1.4 Nitric oxide Scavenging Assay
Nitric oxide radical is a free radical and weak oxidant that can be
generated in biological tissues by specific nitric oxide synthases. The nitric oxide
scavenging can be investigated the reducing of nitric oxide radical after challenge
with an antioxidant by using Griess reagent (0.33% sulphanilamide in 20% glacial
acetic acid at room temperature for 5 min with 1 mL of naphthyl-ethylene-diamine
dichloride (0.1% wi/v)). The decolorization of the reaction between Griess reagent and
nitric oxide radical can be measured at 546 nm, and the amount of nitric oxide radical
inhibition is calculated following this equation:

% inhibition of NO radical = [Ao - A1]/Ao x 100

Where Ao is the absorbance before the reaction and A; is the absorbance after the
reaction has taken place with Griess reagent.
2.1.1.5 Peroxynitrite Scavenging Assay
Peroxynitrite (ONOO) is cytotoxic with strong oxidizing properties
which is one of the nitrogen-containing species. Generation of excess peroxynitrite
can attack toward various cellular constituents, including sulphydryls, lipids, amino

acids and nucleotides and can cause crucial pathogenic mechanical in conditions such
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as stroke, myocardial infarction, chronic heart failure, diabetes, circulatory shock,
chronic inflammatory diseases, cancer, and neurodegenerative disorders (Pacher et al.,
2007). Peroxynitrite Scavenging can be evaluated by Evans blue bleaching assay.
This assay measures the decolorization of the reaction at 611 nm.
2.1.2 LDL oxidation

LDL oxidation is the process that low-density lipoproteins transform to
oxidized low-density lipoproteins by the high level of free radical. The high level of
oxidized low-density lipoproteins may affect the progression of atherosclerosis, and it
can progress further to cardiovascular dysfunction (Bahorun et al., 2006). LDL
oxidation may be occurred within the artery wall and also in the peripheral sites of
inflammation. LDL oxidation is always catalyzed by transition metal ions and several
free radicals including RNS and ROS. The anti-LDL oxidation can be measured the
lipid peroxidation products in cells, tissues, and body fluids by using thiobarbituric
acid reactive substances (TBARS) technique. The assay is performed in the
malondialdehyde (MDA) standards as reference. MDA is reacted with the enzyme
degradation of polyunsaturated fatty acids in cells. The secondary end product of the
oxidation of polyunsaturated fatty acids reacts with two molecules of thiobarbituric
acid (TBA) and produce a pinkish-red color which detects by spectrophotometry at

532 nm.

2.2 Obesity

Obesity can cause health problems, due in part to an overabundance of fat cells.

Obesity is considered a major risk factor for noninsulin-dependent diabetes mellitus
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(NIDDM) (Moller and Flier, 1991) and hypertension (Spiegelman et al., 1993).
Besides, obesity has also been linked to some types of cancers, immune dysfunction
(Spiegelman et al., 1993). Obesity is identified into two main types; the first is
increased adipose tissue mass that results from both increased fat-cell number
(hyperplasia) and the second is increased fat-cell size (hypertrophy) (Couillard et al.,
2000). Hypertrophy, to a certain degree, is characteristic of all overweight and obese
individuals. Hyperplasia is correlated more strongly with obesity severity and is most
marked in severely obese individuals. The knowledge and understanding of the
differentiation process would allow for manipulation of adipocyte cell numbers and
control of certain diseases. It can lead to a find the substances that can use to treat
obesity and hyperlipidemia. The molecular mechanism study of adipocyte
development may propose important patterns for comparison to other developmental
systems and may provide an understanding of the physiology (Couillard et al., 2000).
However, research in human has many limitations such as ethics, the cost of
doing research and risk of human harmful or toxicity that may happen from the new
novel herbal. So, using of cell line experiment is a good alternative to reduce risks of
toxicity and to evaluate the efficacy of herbal before further studies in vivo. Various
models are used for studying the preadipocyte differentiation process that one of the

best models is a 3T3-L1 cell line.

2.3 Preadipocyte differentiation process

Egg transition to the determination and conversion of adipocyte precursor cells

into mature adipocytes produce in a series of stages as shown in Figure 2.1.
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Figure 2.1 From egg to mature adipocyte. A model for the development of adipocytes
from a fertilized mammalian egg. Darkened shapes represent nuclei or pronuclei. The
developmental stages of determination and commitment were depicted (Oliveira et al.,
2013).

The full developmental program of preadipose tissue from a fertilized egg is
unknown, but the multiple developmental lineages and multicellular organism start
from a single fertilized egg give rise to nearly 200 different cell types. The fibroblasts
are known to have mesodermal origins (Cornelius et al., 1994) and can differentiate
into committing preadipocytes, cartilage, bone or muscle tissue. Preadipocytes of

humanity start to differentiate into adipose tissue during late embryonic development,
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with a majority of the differentiation occurring shortly after birth (Burdi et al., 1984)
that difference from rat and mouse preadipocytes do not initiate conversion into the
adipose tissue until after birth (Ailhaud et al., 1992). All species have the ability to

differentiate preadipocytes up to the body’s fat storage demands.

2.4 Animal Cell Models

Pre-adipose cells and mature adipocytes have been used over the last many years,
especially pre-adipose cells from different animals and the most widely used always
collected from rodents, however, feline or porcine cells still have been used but to a
lesser extent. Studies in animal models of obesity and related metabolic diseases are
well modeled. Nevertheless, their application to humans is limited by the existing
differences in their metabolism and physiology (Lee and Fried, 2014).

Primary preadipocytes are fibroblast-shaped cells that can differentiate into
mature adipocytes under the proper conditions. Adipogenesis can be divided into two
main phases, first is the commitment phase and the second is the terminal
differentiation phase. Adipogenesis is a process that preadipocytes have induced the
differentiation to an adipocyte phenotype that expressing some markers that include
the PPAR and C/EBP family of regulators. Adipogenesis process has a transcriptional
cascade which is activated that induces the expression of metabolic genes and
adipokines associated with the adipocyte phenotypes, such as fatty acid-binding
protein 4 (FABP4, also known as AP2), glucose transporter 4 (GLUT4, also known as
SLC2A4), leptin, and adiponectin (Cristancho and Lazar, 2011). Murine
preadipocytes have several major advantages of primary cultures because they can be

derived from animals of different ages to examine depot- or age-dependent
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adipogenic or secretory mechanisms are widely used for the study of adipocyte
biology and its mechanism (Hausman et al., 2014). However, these models have some
limitations such as they are more difficult to transfect with DNA, they do not
propagate in culture, they have some of the triacylglycerol stores that interfere with

biochemical and microscopy analyses (Wolins et al., 2006).

2.5 3T3-L1 Cell

The 3T3-L1 cell line is a pre-adipose cell line which is developed from murine
Swiss 3T3 cells (Green and Meuth, 1974). The 3T3-L1 cells are derived from
disaggregated 17 to 19-day-old Swiss 3T3 mouse embryos and contain only a single
cell type (Green and Kehinde, 1974) that has a fibroblast-like morphology, but it can
differentiate into an adipocyte-like phenotype under an appropriate condition.

Some models and techniques are being used to evaluate and understand adipocyte
biology (Poulos et al., 2010). Because of the 3T3-L1 cell have the potential to
differentiate from fibroblast to complete adipocytes. Therefore, the 3T3-L1 cell line
has been used widely in more than 5000 published articles on adipogenesis and the
biochemistry of adipocytes for the last 30 years (Zebisch et al., 2012).

The 3T3-L1 cell line has some advantages; it is especially easier to culture and
less costly to use when compared with freshly isolated cells, such as mature
adipocytes, although freshly isolated cells allow for various comparisons, such as the
in vitro evaluation of differences in vivo conditions. Furthermore, they can tolerate an
increased number of passages, and the cell populations are still homogeneous that
present a homogeneous response following treatments and changes in experimental

conditions (Poulos et al., 2010).
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3T3-L1 cells can be used to investigate the effects of compounds or nutrients on
adipogenesis, to establish the underlying molecular mechanisms of adipogenesis and
to evaluate the potential application of various compounds and nutrients in the
treatment of obesity (Kang et al., 2016; Lai et al., 2016; Tutino et al., 2016).
Moreover, 3T3-L1 cells can study a lot of key molecular markers including
transcription factors and various pathways during preadipocyte differentiation (Poulos
et al., 2010). The 3T3-L1 cell can be induced differentiation of pre-adipocytes to
adipocytes by many protocols. The most common to convert 3T3-L1 cells from their
fibroblast phenotype into adipocytes is treat them with adipogenic agents, such as
being insulin, dexamethasone, and 3-isobutyl-1-methylxanthine (IBMX) (Russell and
Ho, 1976), which elevates the intracellular cAMP levels in the presence of fetal
bovine serum (FBS). 3T3-L1 Pre-adipocytes cell contains a less amount of lipid, but
after 10 days induction cell initiates to accumulate lipid and can increase the size and

number over the differentiation time as Figure 2.2.

Figure 2.2 3T3-L1 cells. (A) Undifferentiated cells. (B) Cells after 10 days of
differentiation. (C) Cells stained with oil red after 10 days of differentiation. The
arrows indicate an adipocyte with lipid droplets in the cytoplasm (Oliveira et al.,

2013).
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Some experiment reported that 3T3-L1 cells could differentiate within 10 to 12
days by additional adipogenic agent rosiglitazone and can persist for at least up to cell
culture passage 10 (Zebisch et al., 2012). Furthermore, a new method by using a
combination of dexamethasone and troglitazone over fewer days can reduce the span
of differentiating promoted time of 3T3-L1 preadipocytes when compared to the
combination of IBMX and Dexamethasone with the standard protocol. Also, this
method can increase the lipid droplet accumulation to 112% and glucose transporter 4
(GLUT4) mediated a 137% higher glucose uptake compared to by using the
traditional method (Vishwanath et al., 2013).

The example of 3T3-L1 cell applications as follow; 3T3-L1 cells have been used
to investigate the effect of antioxidants (Calzadilla et al., 2013), melatonin (Kato et
al., 2015), reactive oxygen species (ROS) on adipogenic differentiation (Matsuo et al.,
2015); The inhibitory effects on adipogenesis in 3T3-L1 adipocytes of compounds
such as quercetin (Eseberri et al., 2015; Okabe et al., 2014) and resveratrol (Chang et
al., 2015; Patel et al., 2013); Moreover, 3T3-L1 cells have been useful to study the
mechanisms of action during the differentiation process to inhibit obesity in vivo
(Mammi et al., 2016); Also, some endocrine disruptors and obesogenic compounds
have also been investigated during the differentiation of 3T3-L1 cells (Regnier et al.,
2015). Additionally, the cell can be used to evaluate inflammatory pathways,
adipokine synthesis, and secretion of an enzyme’s function has been investigated
through gene silencing in adipocytes (Abdesselem et al., 2016; An et al., 2012; Choi
et al., 2016; Lien et al., 2016; Ma et al., 2012).

However, the 3T3-L1 model has several limitations, for example, the time of

initial subculture which requires at least two weeks (Student et al., 1980). Also, if
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3T3-L1 cells become confluent or they have been spread widely, they will no longer
differentiate into adipocytes. Besides, they are difficult to transfect, and it fails to
recapitulate the characteristics of primary cell culture models because these cell lines

grow from a single clone (Wolins et al., 2006).

2.6 Lipase Activity

Lipases (triacylglycerol hydrolases) are a group of ubiquitous enzymes that are
found in animals, plants, fungi and bacteria which successively hydrolyze
triacylglycerols to diacylglycerols and monoacylglycerols, with free fatty acids as
coproducts (Beisson et al., 2000). Lipases are normally water-soluble, after the
absorption of enzymes to do catalytic reactions that can change into an oil-water
interface (Beisson et al., 2000; Dellamora-Ortiz et al., 1997).

In the industrially developed countries. Modern biotechnology has promoted
several lipases for some applications such as detergents, foods, and pharmaceuticals
(Gupta et al., 2004). Lipase can be produced from several sources such as
recombinant human gastric lipase has been produced by insects (Canaan et al., 1998;
Wicker-Planquart et al., 1996), yeast (Crabbe et al., 1996), transgenic corn and
tobacco have been used as a host to express and produce recombinant dog gastric
lipase in seeds (Roussel et al., 2002). Moreover, the discovery of natural lipases and
the development of industrial processes for producing commercial lipases.

Various methods have been used to investigate lipase activity by measuring the
hydrolytic activity lipase as can be seen from the literature (Jensen, 1983; Tietz and

Shuey, 1993). These methods can be classified as follows:
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1. Titrimetry
2. Spectroscopy (photometry, fluorimetry, infrared)
3. Chromatography
4. Radioactivity
5. Interfacial Tensiometry
6. Turbidimetry
7. Conductimetry
8. Immunochemistry
9. Microscopy
The general Triacylglycerol hydrolysis reaction catalyzed by lipases can be

written as follows:

TAG ﬁ: DAG ﬁ: MAG j: Glycerol

FFA FFA FFA

TAG = triacylglycerols, DAG = diacyiglycerols, MAG =
monoacylglycerols, FFA = free fatty acids.

Figure 2.3 The general Triacylglycerol hydrolysis reaction (Beisson et al., 2000).

In summary, the reactions TAG are catalyzed by enzymes; we can investigate
lipase activity by measurements using various physicochemical methods of detecting
the rest of the substrate or the amount of product compared with a positive control.
This method can investigate lipase inhibitory effects which confirm that herbal can

treat obesity because lipase inhibitor can inhibit degradation of lipid and reduce lipid
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absorption. The example of conventional medicine that uses for treating obesity is

Orlistat that acts as a lipase inhibitor.

2.7 Pluchea indica (L.) Less.

The plant Pluchea indica (L.) Less. (Khlu or Kratagruea) (Family: Asteraceae) is
a large evergreen shrub up to 2 meters tall found abundantly in salt marshes. Pluchea
indica (L.) Less. can be found in Asia and Australia, and it is widespread in the
Pacific Islands as an introduced, and often invasive species (Pramanik et al., 2006),
but in South-East Asia, including Thailand Pluchea indica (L.) has been used in folk
medicine. Additionally, Pluchea indica (L.) Less. leaves are used in the preparation of
herbal tea.

2.7.1 Pharmacological properties of Pluchea indica (L.) Less.

Pluchea indica (L.) Less. leaves extract of various solvents (methanol,
water, ethyl acetate) showed the anti-diabetic effect that water extract was the most
potential as an anti-diabetic agent. Pluchea indica (L.) Less. leaves water extract,
could reduce blood sugar of Rattus Norvegicus Rats Wistra strain 56.37% that were
higher than glibenclamide (49.59%) and the other extracts (ethyl acetate extract =
19.11% and methanol extract = 24.27%). Moreover, the water extract of Pluchea
indica (L.) Less. leaves were also safe to the body healthy of Mus Musculus Mice (20-
30 g), Balb/c strain. The male mice oral administration of water extract at 2.6 mg/20 g
BW increased motoric activity. However, female mice at 1.3 and 2.6 mg/20 g BW,
respectively oral administration experienced motoric activity increasing and

establishment capacity decreasing. Widyawati et al. concluded that the potency of
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Pluchea indica (L.) Less. water extract as an anti-diabetic agent was predicted that
there was a cardiac glycoside compounds contribution to reducing blood glucose
(Widyawati et al., 2015).

Pluchea indica (L.) Less. extracts had an inhibitory effect against intestinal
maltase that can adapt to use for treating diabetes mellitus (Food and Administration)
which decrease postprandial hyperglycemia by suppressing carbohydrate digestion
using alpha-glucosidase inhibitors. The experiment used the enzyme assay-guided
fractionation by chromatography yielded five active caffeoylquinic acid derivatives.
About the active constituent, their structures were investigated by mass spectrometry
and NMR analysis and completed by comparison with reference data. 3,5-di-O-
caffeoylquinic acid (1), 4,5-di-O-caffeoylquinic acid methyl ester (2), 3,4,5-tri-O-
caffeoylquinic acid methyl ester (3), 3,4,5-tri-O-caffeoylquinic acid (4), and 1,3,4,5-
tetra-O-caffeoylquinic acid (5) were isolated. Arsiningtya et al. suggested that both
methyl esterification of quinic acid and the number of caffeate groups in the molecule
were important to the inhibitory activity (Arsiningtyas et al., 2014).

The investigation of the hypoglycemic and antihyperglycemic activities of
methanolic extract of Pluchea indica (L.) Less. (MEPI) leaves showed that it had
hypoglycemic and antihyperglycemic activity. The investigation was studied in
normal rats and streptozotocin-induced diabetic rats. The blood glucose levels were
measured at 1, 4, 8, 16 and 24 h intervals after the treatment. The results showed a %
reduction of blood glucose level in normal rat 35.12% and 36.01% for 200 and 400
mg/kg, p.o., respectively, and in streptozotocin-induced diabetic rats 36.10% and

41.87% for 200 and 400 mg/kg, respectively. Furthermore, a toxicity study has been
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investigated for the extract, which expressed that the extract was safe to although
orally fed (MEPI) at the doses of 3.2 gm/kg of body weight (Pramanik et al., 2006).

The methanol fraction of Pluchea indica (L.) Less. showed prevent
inflammation and lowest incidences of gastric damage effect when use pretreatment
with either Pluchea indica (L.) Less. and certain standard drugs that were evaluated
on platelet activation factor (PAF)-induced inflammation, gastric necrosis, ulceration
and haematological picture that induced by administration of PAF (i.v.) for 20 min
(Sen et al., 1996).

About another inflammatory study, Sen et al. reported that they evaluated the
influence of the methanol fraction of Pluchea indica (L.) Less. root extract for free
radical-scavenging activities, they induced lipid peroxidation by CCls and the
metabolism of arachidonic acid by lipoxygenase. Pluchea indica (L.) Less. root
extract expressed significant anti-inflammatory activity against paw edema (in vivo)
that induced by glucose oxidase, and also inhibited hydroxyl radical and superoxide
generation, lysis of erythrocytes induced by hydrogen peroxide, CCls-induced lipid
peroxidation and also dioxygenase activity of lipoxygenase (both in the presence and
absence of hydrogen peroxide) (Sen et al., 2002).

Pluchea indica (L.) Less. showed the antioxidant and acetylcholinesterase
inhibition properties of stems and leaves of hexane and methanolic extracts of its.
Especially methanolic extract of leaves expressed the highest antioxidant activity
(ICs0 = 24.45 £ 0.34 pg/ml) and total phenolic contents (573.52 + 6.2 mg GAE/100 g
crude extract), in DPPH radical scavenging and Folin-Ciocalteu assay respectively,
Nevertheless, in the TLC bioautographic detection experiment it couldn’t inhibit

acetylcholinesterase. However, other parts of plant extracts, including hexane extract
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of leaves and stems, methanolic extract of stems, had the effect to inhibit the
acetylcholinesterase properties (Hii et al., 2010).

The study of antioxidant activity that was generated by radical scavenging
assay of the hot water extract of Pluchea indica (L.) Less. tea leaves (HWEP) against
1,1-diphenyl-2-picrylhydrazyl, superoxide and hydroxyl radical, ferric ion reducing
power, as well as ferrous ion chelating. The results showed that HWEP showed good
concentration-dependent manner antioxidant activity in all test systems. Moreover,
HWEP has potent inhibitory effects on lipopolysaccharide-induced nitric oxide (NO)
and prostaglandin E2 (PGE2) production in RAW 264.7 macrophages. In summary,
the hot water extract of Pluchea indica (L.) Less. leaves contain a source of
antioxidants and inhibitors of NO and PGE2 production that can be used as dietary
supplements containing good health-promoting effect (Srisook et al., 2012).

The various concentrations of crude aqueous extracts of Pluchea indica (L.)
Less. leave, and root were investigated cancer cell proliferation and viability of
GBMB8401 human glioma cells and HeLa cervical carcinoma cells by measuring cell
growth curves, trypan blue exclusions, and the tetrazolium reduction assay.
Furthermore, the effects of the crude aqueous extracts on focus formation, migration,
and apoptosis of cancer cells were studied as well, and the molecular mechanism that
investigated the anti-cancer activities of crude aqueous extracts of Pluchea indica (L.)
Less. root was also investigated by using western blotting analysis. The results
expressed that crude aqueous extracts of Pluchea indica (L.) Less. leave, and root
could suppress proliferation, viability, migration of GBM8401 and HeLa cells. Crude
aqueous extracts of Pluchea indica (L.) Less. leaves and root could inhibit a

significant 75% and 70% on proliferation and viability of GBM8401 and HelLa cancer
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cells, respectively after treatment for 48 hours. Furthermore, the crude aqueous
extracts of Pluchea indica (L.) Less. root showed that it could inhibit focus formation
and promoted apoptosis. Pramanik et al. concluded that the in vitro anticancer effects
of crude aqueous extracts of Pluchea indica (L.) Less. leaves and root had sufficient
potential to warrant further examination and development as a new anti-cancer agent
(Pramanik et al., 2008).

Widyawati reported about the antioxidant activity of Pluchea indica (L.)
Less. extract by the decrease in absorbance as the result of DPPH which measured the
color changed from purple to yellow at 517 nm by using a stopped-flow spectrometer
UV-Vis. The results showed that Pluchea indica (L.) Less. extract and its fraction had
free radical-scavenging activity compared with control antioxidant based on EC (the
time needed to reach the steady state) (Widyawati, 2016).

Ethanolic extracts of Pluchea indica (L.) Less. root had anti-cancer activities
that could strongly inhibit the viability of the human nasopharyngeal carcinoma cells
(NPC-TW 01 and NPC-TW 04) in a time- and dose-dependent manner. Ethanolic
extracts of Pluchea indica (L.) Less. root expressed suppressed effect on migration of
cancer cells. Nevertheless, ethanolic extracts of Pluchea indica (L.) Less. root
significantly increased the occurrence of the cells in the sub-G1 phase and the extent
of DNA fragmentation in a dose-dependent manner that indicates ethanolic extracts of
Pluchea indica (L.) Less. root could increase apoptosis in NPC cells. Ethanolic
extracts of Pluchea indica (L.) Less. root showed up-regulation of pro-apoptotic Bax
protein and down-regulation of anti-apoptotic Bcl-2 protein, thus increasing the ratios
of Bax/Bcl-2 protein levels. That implicated that the apoptotic process triggered by

ethanolic extracts of Pluchea indica (L.) Less. root involved Bax/Bcl-2 protein.
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Nevertheless, ethanolic extracts of Pluchea indica (L.) Less. root could up-regulate
the p53 protein in a concentration-dependent manner. In conclusion, ethanolic extracts
of Pluchea indica (L.) Less. root could induce the apoptosis-signaling pathway in
NPC cells by activation of p53 and by regulation of apoptosis-related proteins (Kao et
al., 2015).

Widyawati et al. reported about the antioxidant capacity to scavenge a DPPH
(1,1-diphenyl-2-picrylnydrazyl) free radical and inhibit of lipid peroxidation of
Pluchea indica (L.) Less. leave essential oil that Pluchea indica (L.) Less. leave
essential oil was prepared by hydrodistillation method, and then their volatile
compounds were identified by GC-MS. The volatile compounds in the essential oil of
Pluchea indica (L.) Less. leave contains 66 components with (10S,11S)-Himachala-3-
(12)-4-diene (17.13%) made up the highest proportion of volatile compounds. Total
phenol levels in Pluchea indica (L.) Less. leave essential oils were 275 ppm. The
essential oil of Pluchea indica (L.) Less. leaves expressed inhibit DPPH scavenging
activity, and it showed inhibition activity of lipid peroxidation in Pluchea indica (L.)
Less. essential oil (Widyawati et al., 2013).

The ethanolic extract of Pluchea indica (L.) Less. leaves at a dose of 300
mg/kg orally exhibited significant and dose-dependent anti-inflammatory activity that
elucidated by using the carrageenan-induced edema model and acetic acid induced
writhing test. It is also demonstrated that the i.p. administration of Pluchea indica (L.)
Less. leaves ethanolic extract at a dose of 10, 30, 100 and 300 mg/kg exhibited
significant inhibition of abdominal constriction that induced by 0.6% (v/v) acetic acid

in a dose-dependent manner. These results implied that Pluchea indica (L.) Less.
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leaves had significant anti-inflammatory and antinociceptive effects (AK and Ahmad,
2008).

The methanolic extract of the leaves of the Pluchea indica (L.) Less. had
diuretic activity in Wistar albino rats. Urinary excretion parameters were studied for
evaluation of diuretic activity using Furosemide (20 mg/kg, p.0.) as standard. The
Pluchea indica (L.) Less. extract expressed significant diuretic activity at the doses of
100, 200 and 300 mg/kg. p.o. Moreover, an oral acute toxicity study was elucidated,
and the result showed that the LDso value was found to be 2,825 mg/kg body weight
(Pramanik et al., 2007).

Pluchea indica (L.) Less. extract had antimalarial properties. The air-dried,
powdered plant part (roots) was extracted, sequentially with solvents of increased
polarity (methanol, butanol, petroleum ether, and ethyl acetate). The ethyl acetate
insoluble fraction and isolated compound extract showed an antimalarial effect in
albino mice infected with malaria parasites by administrated with a dose of 100 and
300 mg/kg/d orally when compared with the standard (Chloroquine and Sodium
artesunate) (Kundu et al.).

Gomes et al. reported that (-sitosterol and stigmasterol which isolated from
the root extract of Pluchea indica (L.) Less. could neutralize of viper and cobra
venom. The active fraction was isolated and purified by silica gel column
chromatography, and the structure was identified by using spectroscopic analysis

(EIMS, 1H NMR, 13C NMR) (Gomes et al., 2007).
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MATERIALS AND METHODS

3.1 Materials

3.1.1 Plant Materials
Fresh herb of Pluchea indica (L.) Less. was collected from Nakhon
Ratchasima and North-East region of Thailand. The plant specimen was authenticated
by Dr. Paul J Grote. Identification was made in comparison with the voucher
specimen (BKF 194428) and deposited at Forest Herbarium, National Park, Wildlife,
and Plant Conservation Department, Ministry of Natural Resources and Environment,
Thailand. This herb was washed thoroughly; then it was ground and dried in an oven.
The production process was performed by the Crystal Biotechnology Co., Ltd and
Suranaree University of Technology. Pluchea indica (L.) Less. tea dry sample was
added to boiling distilled water or PBS, then further heated for 10 min, and then
filtered through Whatman No.1 paper. The concentration of Pluchea indica (L.) Less.
tea (PIT) sample was calculated from the concentration of Pluchea indica (L.) Less.
tea dry weight in a solvent (ug /ml).
3.1.2 Chemicals and Reagents
3T3-L1 mouse embryonic fibroblasts and bovine calf serum were
purchased from the American Type Culture Collection (ATCC, USA). Dulbecco's
Modified Eagle's Medium (DMEM) with high glucose, Penicillin, Streptomycin, N-2-

hydroxyethylpiperazine-N-2-ethane sulfonic acid (HEPES), 3-(4,5-Dimethylthiazol-2-
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yl)-2,5-diphenyltetrazolium bromide (MTT) were obtained from Gibco Invitrogen
(Grand Island, NY). Bovine calf serum (BCS), Fetal bovine serum (FBS), Oil Red O
was obtained from Hyclone (Logan, Utah). Insulin solution from bovine methyl
isobutyl xanthine (IBMX), lipase from porcine pancreas, 4-Nitrophenyl dodecanoate
(pNP), Orlistat, Gallic acid, Folin—Ciocalteau reagent, Catechin, A total of 10%
neutral buffered formalin solution, sucrose, D-(+)-Glucose, xylenes, Mayer's
hematoxylin solution, eosin Y solution, Simvastatin, Glibenclamide, 2,2-Diphenyl-1-
picrylnydrazyl ~ (DPPH),  2,2-azinobis-(3-ethylbenzothiazoline)-6-sulfonic  acid
(ABTS), potassium persulfate, sodium hypochlorite (NaOCI), catalase, sulfanilamide,
naphthylethylenediamine  dihydrochloride = (NED),  3-Morpholinosydnonimine
hydrochloride (SIN-1), Diethylenetriamine-pentaacetic acid (DTPA), Evans Blue,
iodixanol (Optiprep™), 2,2’-azobis(2-amidinopropane) dihydrochloride (AAPH),
copper sulfate (Cu2SQg), trichloroacetic acid (TCA) and Thiobarbituric acid were
obtained from Sigma-Aldrich (St. Louis, USA). 60% High fat mouse diet was
purchased from Bio-Serv (Frenchtown, NJ, USA). Dexamethasone (DEX) was
obtained from G Bioscience (St. Louis, USA). Dimethyl sulfoxide (DMSQO) was
obtained from Carlo Erba Reagents S.r.l. (Chaussée du Vexin, Val de Reuil, USA). 4-
O-caffeoylquinic  acid  (4-CQ), 5-O-caffeoylquinic acid (5-CQ), 3,4-O-
dicaffeoylquinic acid (3,4-CQ), 3,5-O-dicaffeoylquinic acid (3,5-CQ) and 4,5-O-
dicaffeoylquinic acid (4,5-CQ) were purchased from Chengdu Biopurify

Phytochemicals Ltd., China. Other reagents used were all analytical grade.
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3.2 Methods

3.2.1 Quantitative estimation of chemical constituency
3.2.1.1 Determination of Total Phenolic Content (TPC)

The Folin—Ciocalteu assay has been used for investigating the total
phenolic content as previously described by Singleton and Rupasinghe et al.
(Rupasinghe et al., 2008; Singleton et al., 1999). In brief, 100 pl of 0.2 N of Folin-
Cioculteu was pipetted into a 96 well microtitre plate. This was followed by the
addition of either 20 pl of the PIT or various concentrations of gallic acid prepared in
methanol (0-0.0625 mg/ml). Finally, 80 pl of 7.5% (W/V) sodium carbonate was
added, and the mixture was incubated at room temperature for 2 h. The absorbance of
the blue color solution was measured at 765 nm by spectrophotometry, and the total
phenolic content was determined using a gallic acid standard curve. The results were
expressed as mg gallic acid equivalents (mg GAE/g) per gram of dry weight.

3.2.1.2 Determination of Total Flavonoid Content (TFC)

The aluminium chloride colorimetric assay has been used for
investigating the total flavonoid content (Chen and Li, 2007; Settharaksa et al., 2014).
Briefly, 125 pl deionized water was pipetted into 96 well microplates. This was
followed by either the addition of 25 ul standard catechin at various concentrations
(0-0.4 mg/ml) or PIT. Upon completion of the addition of standards or PIT, 10 ul of
5% NaNO was also added. The mixture was incubated at room temperature for 6
min. To initiate a color change, 15 ul of 10% AICIz solution was added. The solution
was allowed to stand for 5 min at room temperature. To prevent a further reaction, 50
ul of 1 M NaOH was added and shaken in microplate reader spectrophotometry for 5

min before measuring absorbance at 595 nm. The total flavonoid content was
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determined using a catechin standard curve. The results were presented as mg
catechin equivalents (mg CE/g) per gram of dry weight.
3.2.1.3 LC-MS/MS instrument and conditions
The chemical characteristic of PIT was investigated by using LC-
MS/MS instrument. The LC-MS/MS system was made up of a combination of
chromatographic separation Agilent HPLC 1290 Infinity and the mass analyzer 6490
Triple Quad LC/MS Agilent Technologies equipped with electrospray ionization
(ESI) source system, consisting of an auto-sampler, a binary pump, and vacuum
degasser. The chromatographic separation was set on Agilent ZORBAX Rapid
Resolution High Definition (RRHD) SB-C18, 2.1 mm id x 150 mm (1.8 um). The
mobile phase system used solvent A and solvent B which consisted of 1% formic acid
in water and 1% formic acid in acetonitrile, respectively. A combination of both
solvents in LC system was set at a ratio of solvent A: solvent B, 100:0 with gradient
elution: from 30% solvent B at 10 min and 100% solvent B at 30 min at a flow rate of
0.2 ml/min. The column temperature was maintained at 25 °C, and the sample
injection volume was set at 5 pl. The stock solutions of standards (4-CQ, 5-CQ, 3,4-
CQ, 3,5-CQ, and 4,5-CQ) were prepared to a final concentration of 1000 pug/ml by
dissolving in methanol, and working solutions were diluted by methanol to obtained
the desired concentration and PIT sample working solution was prepared to a final
concentration of 150 pg/ml.
3.2.2 3T3-L1 preadipocytes
3.2.2.1 Cell Culture
The 3T3-L1 preadipocytes at a density of 5x10° cells/well were seeded in a 6-

well plate and cultured in DMEM with high glucose, added with 100 pg/mi
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streptomycin, 100 U/ml penicillin and 10% bovine calf serum until confluent. The
cells were kept in an incubator at 37 °C in 5% CO2 and 95% humidity.
3.2.2.2 Differentiation Procedures

After post confluence, two days (day 0), Differentiation process of the
3T3-L1 preadipocyte cells was initiated. Cells were induced into adipocytes by adding
differentiation medium containing 1.0 pg/ml insulin, 1.0 uM dexamethasone, 10%
FBS, and 0.5 mM of IBMX in DMEM for 48 h (day 2) after that the differentiation
medium was changed to maintain medium which consisted of 1.0 pg/ml insulin and
10% FBS in DMEM for 48 h (day 4). The medium was replaced every 48 h until day
10. The 3T3-L1 pre-adipocytes were treated with various concentrations of the PIT at
final concentrations (250 - 1000 pg/ml) for 48 h during periods of the differentiation
phase (at day 0, 2, 4, 6, and 8). At day 10, the differentiation of 3T3-L1 preadipocytes
was observed.

3.2.2.3 In vitro Cytotoxic Test (MTT Assay)

The cytotoxic effect of the PIT on cell proliferation was determined
using the MTT assay (Denizot and Lang, 1986). Briefly, the cells were seeded in a 96-
well plate at a density of 5x103 cells/well. The cells were allowed to adhere for 48 h
and then were induced to differentiate into adipocytes by adding differentiation
medium and treated with PIT between 250 - 1000 pg/ml. The differentiation medium
was changed to maintain medium and treated with PIT in various concentrations on
day 2, and the maintain media with PIT in various concentrations was replaced every
48 h until day 10. After that, the cytotoxic effect of the PIT on cell proliferation was
investigated. The culture medium was removed, and 0.5 mg/ml MTT reagent was

added, and the cells were incubated at 37 °C for 4 h. The viable cells formed
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formazan crystal and were dissolved in DMSO. The absorbance was measured at 540
nm with a microplate spectrophotometer (Benchmark Plus, Bio-Rad, Japan).
3.2.2.4 Oil Red O and Hematoxylin Staining

The increased amount of lipid accumulation of adipocyte
differentiation was measured. Oil Red O Staining can assess the increased amount of
lipid accumulation normally associated with adipocyte differentiation (Naowaboot et
al., 2012). Briefly, after induced 3T3-L1 preadipocytes to start adipogenesis by
standard adipogenic medium and treated with a PIT at various concentrations (250,
500, 750, and 1000 pg /ml) for 48 h, differentiation medium was changed to
maintaining medium with different concentrations of the PIT. The medium with
various concentrations of the PIT was replaced every 48 h with maintaining medium
until day 10. At day 10, the cells were washed with PBS twice and fixed with 10%
formaldehyde in PBS for 1h. After that, cells were washed with distilled water twice
and stained with 0.5% Oil Red O solution in 60:40 (v/v) isopropanol: distilled water
for 30 min at room temperature. The Oil Red O stained cells were washed twice with
distilled water and treated with hematoxylin solution for 10 min at room temperature.
The lipid droplets were washed twice with 60% isopropanol, eluted with 100%
isopropanol and transferred to new 96 well plates. The lipid accumulation was
quantified by measuring the absorbance at 490 nm with a microplate
spectrophotometer.

3.2.2.5 FPA-FTIR Micro-Spectroscopy

FTIR micro-spectroscopy technique was performed to investigate the

effect of the PIT on 3T3-L1 adipocyte cells following the method of Eumkeb et al.

and Dunkhuntod et al. (Dunkhunthod et al., 2017; Eumkeb et al., 2012) with minor
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modifications. In brief, 3T3-L1 cells were seeded at the density 5x10° cells/well in a
24-well plate. The samples were divided into 4 groups, including differentiated group
(DIF), PIT at 750 pg/ml (PIT 750), Simvastatin at 1.67 pg/ml (SIM 1.67) and non-
differentiate group (ND, preadipocytes). The 3T3-L1 cells were collected after
treatment for 10 days and centrifuged at 400xg for 5 min. Cells were washed with
0.85% NaCl and recentrifuged at 400xg for 5 min. Cell pellets were dropped onto
Barium Fluoride (BaF>) optical window 13 mm @x2 mm (Crystran, Crystran Ltd) and
air vacuum dried for 30 min in a desiccator to eliminate the excess water. The
dropped cell slides were kept in a desiccator until analysis with FTIR.

FTIR spectra were performed by using a spectroscopy facility, at the
Synchrotron Light Research Institute (Public Organization), Thailand. FTIR spectra
were obtained on a Bruker Vertex 27 spectrometer coupled with a Bruker Hyperion
3000 microscope (Bruker Optics Inc., Ettlin-Gen, Germany). The microscope was
equipped with nitrogen-cooled 64x64 element MCT, FPA detector, which allowed
simultaneous acquisition of spectral data with a 15 x objective.

The spectra were obtained in the transmission mode with the wavenumber
range of 4000-700 cm™. Each of the images used to construct 4x4 binning FTIR
image mosaic, 4 cm? spectral resolution, 64 scans. The area of the sample, from
which single spectra were acquired, was approximately 20 umx20 pum. OPUS 7.2
software (Bruker Optics Ltd, Ettlingen, Germany) was used to acquire FTIR spectral
data and control instrument system.

The spectra of DIF, PIT (750), SIM (1.67) and ND groups were identified by
Principal Component Analysis (PCA) using variability of the Unscrambler 10.1

software (CAMO Software AS, Oslo, Norway). The spectral range of 3000-2800 cm'*
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and 1800-850 cm™ was used for treated cells. The preprocessing of the spectra was
performed by second derivative transformations using Savitzky-Golay algorithm (nine
smoothing points) and normalized with extended multiplicative signal correction
(EMSC) using the spectral regions from 3000-2800 cm™? and 1800-950 cm™. This
method is used for identifying the overlapping of absorption peaks, reducing variation
between replicates spectra, and correcting for baseline shift. Score plots (2D) and
loading plots were used to represent the different classes of data and relations among
variables of the data set, respectively. The integrated peak areas of all groups were
analyzed using OPUS 7.2 software (Bruker).
3.2.3 Pancreatic Lipase Assay

Lipase activity assay was based on the lipase cleaving pNP-laureate to
produce a colored product. The method was based on the method of Guo et al. (Guo et
al., 2015). In brief, 5 mg/ml porcine pancreas lipase type 2 was dissolved in distilled
water. The solution was centrifuged at 10,000 x g for 5 min, and the supernatant was
collected. pNP laurate in reaction buffer (100 mM Tris buffer pH 8.2) was used as a
reaction substrate. 0.1% (w/v) pNP laurate was mixed with 5 mM sodium acetate (pH
5.0) containing 1% Triton X-100 and was heated in boiling water for 2 min until all
solid matters were dissolved. The solution was then mixed well and cooled to room
temperature. All test samples were dissolved in 50% DMSO in reaction buffer. Then
mixed 20 pl of the sample and 30 pl of lipase and added to 40 ul reaction buffer, and
the reaction was started by adding 30 pl substrate solution. 50% DMSO instead of the
sample was performed as a negative control, and the solution of Orlistat was used as a
positive control. Sample blank for each test sample was prepared by the reaction

solutions without enzyme. The mixtures were incubated at 37 °C for 6 h and
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measured at 409 nm using a microplate spectrophotometer. The inhibition rate (%)

was described as,

Inhibition rate (%) = (1 - —zmple”ODsamplebnk

)x100

ODnegative control

3.2.4 Animals experiment
3.2.4.1 Sample size calculation
The formula for sample size calculation: (Charan and Kantharia, 2013)
Sample size = 2 SD? (22 + ZP) ?/d?

Where, Standard deviation = from previous studies or pilot study Z“?> = Z s = Z
0.025=1.96 (From Z table) at type 1 error of 5% ZP = Z o0 = 0.842 (From Z table) at
80% power d = effect size = difference between mean values
Hence the sample size will be = 2 x 24.06% x (1.96 + 0.842)%/30? = 10.09.

3.2.4.2 Animals and experimental design

Forty adult male ICR mice were used in each experiment, weighing

30-40 g, aged about 8 weeks, were obtained from the Animal Care Building,
Suranaree  University of Technology, Nakhon Ratchasima, Thailand. The
experimental protocol was approved in accordance with a guideline for the care and
use of laboratory animal by animal care and use committee (ACUC), Suranaree
University of Technology. Mice were housed in a light, humidity and temperature-
controlled room (light on 12h/day, temperature 25 + 0.5 °C and the humidity 40 +
2%) at the animal care building at Suranaree University of Technology, Nakhon
Ratchasima, Thailand. The mice had free access to food pellets and water except

when fasted before blood collection and necropsy.
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3.2.4.2.1 The effect of P. indica (L.) Less. tea on oral glucose
tolerance test (OGTT)
An oral glucose tolerance test was performed to measure
how well the body can process a larger amount of sugar. After acclimation for 2
weeks, mice were randomly divided into 4 groups (n=10). After fasting for 16-h, all
mice were collected blood for measuring blood glucose before receiving single oral
administration of 2 g/kg body weight D-glucose with; The control group (CON) was
fed with water. The positive control group (GLI) was fed, a single oral administration,
with Glibenclamide at 10 mg/kg. The P. indica (L.) Less. tea at a low dose (PIL) and
high dose (PIH) treated groups were fed with PIT at 400 and 6 0 0 mg/kg/day,
respectively. Blood glucose was measured by an Accu-Chek glucometer (Roche,
Basel, Switzerland) using Accu-Chek test strips at 0, 15, 30, 60 and 120 min that
initiated from the oral glucose administration.
3.2.4.2.2 The anti-dyslipidemia and toxicity testing
The anti-dyslipidemia and toxicity testing, The effect of P.
indica (L.) Less. tea on serum lipid profile had been investigated. Mice were
randomly divided into 4 groups (n=10). The control group (CON) was fed with 60%
High fat diet (HFD) and water. The positive control group (SIM) was fed with 60%
HFD and simvastatin at 2 0 mg/kg /day. The P. indica (L.) Less. tea at a low dose
(PIL) and high dose (PIH) treated groups were fed with HFD and PIT at 400 and 600
mg/kg/day, respectively. The experimentation was performed for 4 weeks. At the end
of the treatment period, all mice were sacrificed under thiopental sodium anesthesia
and subjected to necropsy. The blood was collected to analyze total cholesterol, LDL-

cholesterol, Triglyceride, and HDL-cholesterol.
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3.2.4.2.3 The measurement of body weight, food intake, relative
organ and perigonadal fat weight
The body weight of all mice was measured every week, and
food intake was assessed daily, and average daily food intakes were calculated. At
day 28, mice were sacrificed, and liver, heart, kidney, lung, spleen, and perigonadal
fat were collected and weighted. The relative organ and perigonadal fat weight per
100 g of total body weight of each mouse were calculated as follows:
Relative organ weight = Weight of mice organ (g) x 100/Mice body weight
3.2.4.2.4 Biochemical analysis
Before treatment, mice were fasted for 16-h, and blood
samples were collected for chemistry analysis. Serum lipid profile (Serum
Cholesterol, Triglyceride, HDL-C, and LDL-C) was measured for anti-dyslipidemia
analysis. Creatinine, Alanine transaminase (ALT), Alkaline Phosphatase (ALP) and
Complete Blood Count (CBC) were measured for toxicity testing. At day 28, mice
were sacrificed, and blood was collected. Serum lipid profile, Creatinine, ALT, ALP,
and CBC were measured for biochemical analysis compared with pre-treatment.
3.2.4.2.5 Histological analysis
After 4 weeks of treatment, all mice were sacrificed, and
histological analysis was performed. The perigonadal fat pad was collected and
preserved in 10% (w/v) neutral phosphate buffer formaldehyde. The tissues were
fixed in 10% neutral buffered formalin and were embedded in paraffin and microtome
sectioned at 5 um. The sectioned tissues were placed in xylenes and rehydrated
through serial alcohol gradients (100%, 95%, 90%, 80%, 70%, and 50%, 2 min each).

Hematoxylin and eosin were used for staining. The histopathology of the tissue slide
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was examined under a light microscope. The number of adipocytes per each field and
the mean areas of each adipocyte was counted and analyzed.
3.2.5 Biological antioxidant capacity experiment
3.2.5.1 DPPH Scavenging Assay

The DPPH scavenging activity of PIT compared with C. sinensis tea
was evaluated by the method of Brand-Williams et al. (Brand-Williams et al., 1995)
with minor modification. Briefly, tea samples were mixed with 0.002% DPPH w/v in
methanol at various concentrations (0-300 ug/mL final concentration). The reaction
was done in 96-well plate and was shaken suitably. This plate was kept in the dark
room at room temperature for 30 min. PBS instead of the extract was mixed with the
same volume of DPPH% solution in methanol was used as a control sample. The
absorbance of all samples was measured at 515 nm. Radical scavenging activity was
repeated for six times and expressed as scavenging percentage.

3.2.5.2 ABTS Scavenging Assay

The ABTS scavenging activity of PIT was measured and compared
with C. sinensis tea. The regenerated ABTS" radical cation was prepared by mixing 7
mM ABTS stock solution with 2.45 mM potassium persulfate (final concentration) in
methanol and kept them in the dark at room temperature for 16 h until the reaction
was completed. The solution was adjusted absorbance by diluting with ethanol at
room temperature to 0.70 (x 0.02) before initiating the reaction. The reaction was
done in 96-well plate by mixed 0.9 ml ABTS" radical cation solution with 0.1 ml of
the test sample in various concentrations (final concentration 0-40 pg/ml final

concentration). The 96-well plate was shaken for 45 seconds, and the absorbance was
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measured by spectrophotometry at 734 nm after 15 min of the reaction. The assay was
repeated for six times, and the percentage inhibition of absorbance was presented.
3.2.5.3 Hypochlorous acid Scavenging Assay

The hypochlorous acid scavenging assay was performed following
Aruoma and Halliwell (Aruoma and Halliwell, 1987) with little modification. Briefly,
hypochlorous acid (HOCI) was generated by adjusting the pH of a 10% (v/v) solution
of NaOCI to 6.2 with 0.6 M H2SOs. Generated HOCI was mixed with 50 mM
phosphate buffer (pH 6.8), catalase (7.2 uM) and tea samples various concentration
(0-300 pg/ml final concentration) in 96 well-plate and the mixture was incubated at
25 °C for 20 min. The scavenging activity was measured by the decrease in
absorbance of catalase at 404 nm. The assay was performed in triplicate.

3.2.5.4 Nitric oxide Scavenging Assay

The nitric oxide in this experiment was generated by RNS generator 3-
Morpholinosydnonimine hydrochloride (SIN-1) and was quantified by Griess reaction
assay. The test solution was prepared in 96-well plate by mixed 0.25 mM SIN-1 with
PBS (pH7.4) and tea samples various doses (0—100 pg/ml final concentration) in a
final volume of 40 pul. The test solutions were incubated at 25 °C for 30 min. Then 80
ul of Griess reagent (0.33% sulfanilamide in 20% glacial acetic acid) was added to the
incubated solution and was suitably shaken for 5 min before adding 80 ul of 0.1%
naphthyl ethylenediamine (NED), and the final solution was incubated at 25 °C for 15
min. The nitric oxide scavenging was measured spectrophotometrically at 540 nm

against a blank sample. All tests were repeated for six times.
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3.2.5.5 Peroxynitrite Scavenging Assay
Peroxynitrite has been generated by peroxynitrite donor SIN-1, and
Evans blue bleaching assay has been used for measuring peroxynitrite scavenging
activity. In brief, the assay was performed in a 96-well plate. The reaction mixture
contained 50 mM phosphate buffer (pH7.4), 0.1 mM DTPA, 90 mM NaCl, 5 mM
KCl, 12.5 uM Evans Blue, 1 mM SIN-1, 37.5 and 75 ug/ml of PIT and C. sinensis tea
in a final volume of 200 pl. The mixture was incubated at 37 °C for 300 min, and the
absorbance was measured at 611 nm every 30 min. The percentage scavenging of
peroxynitrite at various times was calculated by comparing the absorbance of tea
samples and blank. The assay was performed for six times.
3.2.6 LDL oxidation

3.2.6.1 LDL isolation by ultracentrifugation technique

The experiment was investigated at Liverpool John Moores University
(LIMU) Liverpool, the United Kingdom and the protocol has been approved by the
ethical committee of LIMU. Whole blood was obtained from the vein of healthy
volunteers aged between 24 and 70 years who were normolipidemic, non-smoking,
had not taken any medications and supplements within the last two weeks. The 9 parts
of whole blood were added into 1 part of 3.8% (w/v) sodium citrate solution as an
anticoagulant. Plasma was obtained by centrifugation at 1500 g for 20 min and was
transferred to a separate plastic tube. LDL was isolated by density gradient
ultracentrifugation using a method developed by Graham et al. (1996) with minor
modification (Graham et al., 1996). Briefly, 0.5 ml of 60% (v/v) iodixanol (Optiprep
™) was mixed with 4.5 ml of plasma and was transferred to an 11.2 ml capacity

Optiseal tube. This was over-layered with 5 ml of 12% v/v iodixanol prepared with
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human plasma, and PBS was used to fill the rest of the tube. The tubes were
ultracentrifuged in a Beckman L8-80 ultracentrifuge using a vertical rotor V65.1 at
350000 g for 3 h with slow acceleration and deceleration. Auto Densi-Flow gradient
fractionator (Labconco, UK) has been used to separate the gradient by unloading the
fraction from top to bottom of the tube. Each tube was fractionated into 0.5 ml of 20
tubes. All fractions were measured triglycerides, cholesterol, LDL and apoB100
components by using reagents and standards from Randox (Eire). Pooled LDL
fraction was measured protein concentration by Bradford assay and was kept in -20
°C until used.
3.2.6.2 AAPH induce LDL Oxidation Assay

AAPH was used for reactive oxygen species (ROS) generating in this
experiment. AAPH 20 mM was mixed with 50 pg/ml of LDL protein was used as a
sample solution. The 50 pg/ml and 75 pg/ml of PIT and C. sinensis tea were added in
the test samples. A control sample was 50 pg/ml of LDL protein added with PBS and
AAPH-treated sample was 50 pg/ml of LDL cholesterol added with AAPH 20 mM.
All samples were incubated at 37 °C and were collected and kept in -20 °C to stop the
reaction before measuring plasma oxidation products using the thiobarbituric acid
reacting substance (TBARS) formation in various times (0, 30, 60, 90, 120, 150, 180
min). All collected samples at various times determined TBARS concentration by
added 20% TCA and spun down by centrifugation at 10,000 RPM for 10 min. The
supernatant was collected and added with 1% thiobarbituric acid. The samples were
heated at 95 °C for 20 min. TBARS concentration was determined by UV absorption
at 532 nm, compared with an MDA standard curve, and results were expressed as

MDA equivalence. The assay was measured in triplicate.
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3.2.6.3 Copper induces LDL Oxidation Assay
Copper sulfate (Cu2SOs4) has been used to investigate the inhibition of
Copper (Cu?*)-mediated LDL oxidation. LDL cholesterol was challenged with Cu?*
by adding Cu>SO; at a final concentration of 40 uM to 50 pg/ml of LDL protein in a
volume of 1 ml. A control sample was 50 pg/ml of LDL protein added with PBS, and
Cu?*-treated sample was 50 pg/ml of LDL protein added with Cu2SO4 40 uM. The 15
pg/ml of PIT and C. sinensis tea was added in the test samples that contain Cu.SO4 40
MM mixed with LDL protein 50 pg/ml. All samples were incubated at 37 °C and were
collected and kept in -20 °C to stop the reaction for measuring plasma oxidation
products using the TBARS form at various times (0, 30, 60, 90, 120, 150, 180 min).
Collected test samples at various times were determined TBARS concentration by
TBARS assay as expressed as MDA equivalence. The assay was done in triplicate.
3.2.6.4 SIN-1 induce LDL Oxidation Assay
SIN-1 which is peroxynitrite donor has been used for investigating the
SIN-1-mediated LDL oxidation. 1 mM of SIN-1 challenged with 50 pg/ml of LDL
protein was used as SIN-1-treated sample and control sample was 50 pg/ml of LDL
protein added with PBS. In test samples, 15 pg/ml of PIT and C. sinensis tea were
mixed 50 pg/ml of LDL protein and 1mM of SIN-1. The samples were incubated at
37 °C for 18 h and were kept in -20 °C to stop the reaction before measuring plasma
oxidation products by TBARS assay and the results were presented by MDA
equivalence. The assay was repeated for three times.
3.2.7 Statistical Analysis
All the data were expressed as a mean + standard deviation (SD). The

statistical significances difference between treatment and control groups of cell
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viability, the amount of lipid accumulation, biomolecular changes, lipase activity,
blood toxicity testing, epididymal fat pads, relative organ weight, Peroxynitrite, Cu?",
AAPH and SIN-1 scavenging assay were analysed by One-way analysis of variance
(ANOVA) with a Turkey’s HSD post-hoc test. The differences of serum lipid profile,
food intake, and mouse weight analysis of pre- and post-treatment between groups
were calculated by ANCOVA using the Tukey’s HSD post-hoc test methods. The
statistically significant differences between groups of DPPH, ABTS, HOCI and Nitric
oxide scavenging assay were analyzed by independent t-test. VValues were considered

statistically significant when p < 0.05.



CHAPTER IV

RESULTS

4.1 Quantitative estimation of chemical constituency

4.1.1 Total Phenolic Content (TPC) of P. indica (L.) Less. tea
The total phenolic content was investigated by using the Folin—Ciocalteu
colorimetric assay. Gallic acid was used as a standard of the phenolic compound. A
standard calibration curve of gallic acid with an R? value of 0.9991 and standard
equation y = 51.696x + 0.0624. The total phenolic content was calculated and showed
as gallic acid equivalents (GAE)/g of dry weight. The results indicated that total
phenolic of the PIT was 107.95 + 4.87 mg GAE/g of dry weight.
4.1.2 Total Flavonoid Content (TFC) of P. indica (L.) Less. tea
Total flavonoid content was investigated by using the aluminium chloride
colorimetric assay and expressed regarding catechin equivalent (CE)/g of dry weight.
The total flavonoid content was calculated by a standard calibration curve of catechin
with an R? value of 0.994 and the standard equation of y = 3.3315x + 0.0825. The
results showed that the total flavonoid content of PIT was 95.33 + 0.48 mg CE/g of

dry weight.
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4.1.3 Chemical Identification of P. indica (L.) Less. tea by LC-MS/MS

The negative ion mode was selected for ESI-MS analysis in this study, and
the Multiple Reaction Monitoring (MRM) mode has been used for identification. Two
pairs of MRM transition were selected at m/z 353.1—191.0 and 515—353. MRM
chromatograms of PIT and standards (4-CQ, 5-CQ, 3,4-CQ, 3,5-CQ, and 4,5-CQ) of
MRM transition at m/z 353—191.0 are shown in Figure 4.1a. The result showed that
the PIT had been detected 4-CQ and 5-CQ in the extract. Figure 4.1b revealed the
chromatograms of PIT and standards of MRM transition at m/z 515—353 which
explained that 3,4-CQ, 3,5-CQ, and 4,5-CQ were the main ingredient of PIT.

The quantification of the analyses was performed. We focused on the
highest peak of chromatogram that was 3,5-CQ, and the resulted from MRM data
acquisitions showed that PIT concentration 1500 pg/ml composed of 3,5-CQ 169.93

pg/ml.
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Figure 4.1 MRM chromatograms of PIT and standards (4-CQ, 5-CQ, 3,4-CQ, 3,5-CQ

and 4,5-CQ) of MRM transition at m/z 353—191.0 (A) and at m/z 515—353 (B).
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4.2 The effects P. indica (L.) Less. tea of oxidative stress assays

4.2.1 DPPH Scavenging Assay

The activities of P. indica (L.) Less. tea compared with C. sinensis tea were
investigated. DPPH radical scavenging was calculated from the decolorization of
DPPH which was measured spectrophotometrically at 515 nm. The results showed
that P. indica (L.) Less. tea initiated significantly stronger antioxidant capacity of 75
pg/ml compared to C. sinensis tea (p < 0.05) (Figure 4.2) and still continuously
stronger when the dose was increased up to 300 pg/ml. At concentration 300 pg/mi
which was the highest concentration of both teas, P. indica (L.) Less. tea displayed
51.19 £ 4.02% DPPH scavenging while C. sinensis tea exhibited 41.46 + 3.83%
DPPH scavenging. The ICso value of P. indica (L.) Less. tea was less than C. sinensis

tea, which was 245.85 + 15.83 pg/ml and 315.41 + 24.18 pg/ml, respectively.
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Figure 4.2 The DPPH radical scavenging activity of P. indica (L.) Less. tea and C.
sinensis tea in various concentrations. The data represent the percentage of DPPH
inhibition. Each value represents mean + S.D. (n = 6). ** indicates a statistical

difference between the group at p < 0.01.
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4.2.2 ABTS Scavenging Assay

The ABTS scavenging assay was used to investigate the abilities of the
extract to inhibit ABTS" radical. The extracts interacted with ABTS" which decrease
the absorbance of the ABTS" radical. The absorbance was measured
spectrophotometrically at 734 nm. Figure 4.3 shows the %ABTS radical scavenging
of P. indica (L.) Less. tea and C. sinensis tea. The results displayed that C. sinensis
tea. significantly inhibited ABTS™ radical stronger than P. indica (L.) Less. tea in all
tested concentrations (p < 0.05). The ICso of P. indica (L.) Less. tea and C. sinensis

tea were 30.47 £ 2.20 and 21.59 + 0.67 pg/ml, respectively.
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Figure 4.3 The ABTS radical scavenging activity of P. indica (L.) Less. tea and C.
sinensis tea in various concentrations. The data represent the percentage of ABTS
inhibition. Each value represents mean + S.D. (n = 6). ** indicates a statistical

difference between the group at p < 0.01.

4.2.3 Hypochlorous acid Scavenging Assay
The hypochlorous acid scavenging activity of P. indica (L.) Less. tea and
C. sinensis tea are displayed in Figure 4.4. The results showed that P. indica (L.)
Less. tea at 18.75 pg/ml exhibited a significantly higher scavenging effect than C.
sinensis tea (p < 0.05). Nevertheless, the other test concentrations of P. indica (L.)
Less. tea demonstrated some higher scavenging effect than C. sinensis tea, but not a

significant difference.
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Figure 4.4 The hypochlorous acid radical scavenging activity of P. indica (L.) Less.
tea and C. sinensis tea in various concentrations. The data represent the percentage of
HOCI inhibition. Each value represents the mean £ S.D. (n = 3). * indicates a

statistical difference between the group at p < 0.05.

4.2.4 Nitric oxide Scavenging Assay
Griess reaction method was used to detect nitric oxide radical in this
experiment, and the scavenging effect was also measured by the decolorization of the
sample. Figure 4.5 expresses the % inhibition of nitric oxide of P. indica (L.) Less. tea
and C. sinensis tea. The results showed that P. indica (L.) Less. tea indicated
significantly higher % nitric oxide scavenging activities than C. sinensis tea start from
20 pg/ml of testing agents (p < 0.01). The ICso of P. indica (L.) Less. tea and C.

sinensis tea were 116.48 = 5.08 pg/ml and 178.42 + 15.52 ug/ml, respectively.
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Figure 4.5 The nitric oxide radical scavenging activity of P. indica (L.) Less. tea and
C. sinensis tea in various concentrations. The data represent the percentage of nitric
oxide inhibition. Each value represents mean £ S.D. (n = 6). ** indicates a statistical

difference between the group at p < 0.01.

4.2.5 Peroxynitrite Scavenging Assay
The peroxynitrite scavenging effect of the teas at various times was
measured by Evan’s blue assay. The results are shown in Figure 4.6. High
concentration of P. indica (L.) Less. tea (75 pg/ml) almost fully prevented the
peroxynitrite oxidation over 5 h. Whereas at 37.5 pg/ml, the %peroxynitrite
scavenging was continuously reduced to 64.50 + 8.07 at 2 h and gradual rise until 5 h.
The peroxynitrite scavenging activity of C. sinensis tea at high concentration (75

png/ml) was significantly lower peroxynitrite scavenging activity than P. indica (L.)
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Less. tea at the same concentration (p < 0.05) and continuously reduced to 51.55 +
2.15% at 3h and stable until 5 h. Besides, C. sinensis tea at 37.5 pg/ml continuously
reduced the peroxynitrite scavenging to 38.73 £ 3.12% at 2 h and maintain this effect

until the end of the experiment.
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Figure 4.6 The peroxynitrite radical scavenging activity of P. indica (L.) Less. tea
and C. sinensis tea at various times at the doses of 37.5 and 75 pg/ml. The data
represent the percentage of peroxynitrite inhibition. Means + SD is illustrated for six
replicates. Means with the same superscript are not significantly different from each

other (Tukey’s HSD test, p < 0.05).
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4.2.6 Copper induces LDL Oxidation Assay
Isolated human LDL was challenged by Cu?* and various teas in each test
sample at 15 pg/ml. The result was presented by MDA equivalence (nmol/mg
Protein), which calculated from the MDA calibration standard curve. Figure 4.7
showed that Cu?*-treated group continuously increased the MDA equivalence to
222.73 + 2.22 nmol/mg Protein at 210 min. Interestingly, P. indica (L.) tea and C.
sinensis tea treated groups could almost entirely prevent Cu?* from oxidized human

LDL.
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Figure 4.7 The copper induces LDL oxidation scavenging activity of P. indica (L.)
Less. tea and C. sinensis tea at 15 pg/ml at various times. The data represent the MDA

equivalence. Means + SD is illustrated for three replicates. Means with the same
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superscript are not significantly different from each other (Tukey’s HSD test, p <

0.05).

4.2.7 AAPH induce LDL Oxidation Assay

The reactive oxygen species induce LDL oxidation scavenging effect has
been investigated by measuring TBARS after challenged isolated human LDL with
AAPH, which is reactive oxygen species. P.indica (L.) Less. tea and C. sinensis tea at
50 and 75 pg/ml were used for the experiment. The samples were incubated for 3h
and were kept in -80 °C at various times to stop the reaction before measuring
TBARS. The result showed that the anti-oxidative effects of both teas were
significantly lower MDA equivalence initiating from 60 min until the end of the
experiment compared to AAPH-treated group (p < 0.05) (Figure 4.8). Furthermore, a
higher concentration of both teas showed stronger LDL oxidation inhibition than
lower concentrations. A lag time of the oxidation was observed, the increasing of
TBARS in every concentration of both teas were increased lag-time from 40 min to

70 min approximately.
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Figure 4.8 The AAPH induce LDL oxidation scavenging activity of P. indica (L.)
Less. tea and C. sinensis tea at 50 and 75 pg/ml at various times. The data represent
the MDA equivalence. Means + SD is illustrated for three replicates. Means with the

same superscript are not significantly different from each other (Tukey’s HSD test, p

< 0.05).

4.2.8 SIN-1 induce LDL Oxidation Assay
SIN-1 which is reactive nitrogen species generator was used for
investigating the scavenging effect of RNS induced LDL oxidation. After incubating,
isolated human LDL with SIN-1 and tea extracts were added. The result showed that
the RNS scavenging effect of both P.indica (L.) Less. tea and C. sinensis tea at 15

pug/ml were significantly lower MDA equivalence compared to SIN-1 group (p <

0.05) (Figure 4.9).
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Figure 4.9 The SIN-1 induce LDL oxidation scavenging activity of P. indica (L.)
Less. tea and C. sinensis tea at 15 pg/ml. The data represent the MDA equivalence.
Means £ SD is illustrated for three replicates. Means with the same superscript are not

significantly different from each other (Tukey’s HSD test, p < 0.05).

4.3 3T3-L1 preadipocytes

4.3.1 In vitro 3T3-L1 cytotoxic test (MTT Assay)
Concentrations of the PIT from 250 — 1000 pg/ml did not significantly
affect the viability of 3T3-L1 preadipocytes viability compared to control untreated
cells (Figure 4.10), as assessed by the MTT assay (p > 0.05). In all subsequent

experiments, doses of 1000 pg/ml or less were used.
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Figure 4.10 The effect of PIT on the viability of 3T3-L1 preadipocytes. DIF =
Differentiate 3T3-L1 adipocytes; PIT(250) = PIT at 250 pg/ml treated-3T3
adipocytes; SIM(1.67) = Simvastatin at 1.67 pg/ml treated-3T3 adipocytes; ND =
3T3-L1 preadipocytes (non-differentiated cells). Means + SD is illustrated for three
replicates. Means with the same superscript are not significantly different from each

other (Tukey’s HSD test, p < 0.05).
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4.3.2 Effect of the PIT on 3T3-L1 preadipocyte differentiation and lipid
accumulation
Cells were treated with the PIT at various concentrations (250, 500, 750,
and 1000 pg/ml) during the differentiation of 3T3-L1 preadipocytes to adipocytes.
After treated, the intracellular lipid level was quantified using an Oil Red O staining
method. The 3T3-L1 preadipocytes exposure to differentiation medium resulted in a
significant increase of lipid accumulation in comparison to untreated-adipocytes
(DIF) (p < 0.05) (Figure 4.11). Microscopic observation of Oil Red O and
hematoxylin-stained cells exhibited that PIT decreased Oil Red O stained droplets of
mature adipocytes in a dose-dependent manner (Figure 4.12). The intracellular lipid
accumulation showed that PIT at 750 and 1000 pg/ml significantly decreased the
intracellular lipid accumulation to 76.87 + 3.99% and 71.93 £ 2.05% respectively,
compared to untreated 3T3-L1 adipocytes (DIF) (p < 0.05). The 33% and 50%
inhibitory effect (1Czs and ICsp) of the PIT on lipid accumulation were determined to
be 1085.5 + 129.40 and 1841.07 + 272.60 pug/ml, respectively. In addition, simvastatin
at 1.67 pg/ml exhibited a 33% lipid accumulation reduction (ICs3). The effect of
simvastatin is therefore 650 times more effective than a PIT. Accordingly, the PIT

concentration at 750 pg/ml was chosen to study FTIR microspectroscopy.
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Figure 4.11 Microscopic imaging of intracellular lipid after Oil Red O and
hematoxylin staining of samples. (a) = Differentiate 3T3-L1 adipocytes (untreated
adipocytes); (b) = PIT at 250 pg/ml treated adipocytes; (¢) = PIT at 500 pg/ml treated
adipocytes; (d) = PIT at 750 pg/ml treated adipocytes; (e) = PIT at 1000 pg/ml treated
adipocytes; (f) = Simvastatin at 1.67 ug/ml treated adipocytes; (g) = 3T3-L1
preadipocytes (non-differentiated cells) (original magnification at x100, scale bar; 100

pm and inset view at x600, scale bar; 25 pm).
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Figure 4.12 Graphically represents the effect of the PIT on the percentage of
intracellular lipid in 3T3-L1 differentiated cells after Oil Red O staining. DIF =
Differentiate 3T3-L.1 adipocytes (untreated adipocytes); PIT(250) = PIT at 250 pg/mi
treated adipocytes; SIM(1.67) = Simvastatin at 1.67 pg/ml treated adipocytes; ND =
3T3-L1 preadipocytes (non-differentiated cells). Means £ SD is illustrated for three
replicates. Means with the same superscript are not significantly different from each

other (Tukey’s HSD test, p < 0.05).
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4.3.3 Biomolecule changing detected by FTIR microspectroscopy

FTIR microspectroscopy was used to determine the biochemical
composition of pre-adipocytes (ND), untreated adipocytes (DIF), Simvastatin- and
PIT-treated adipocytes. The FTIR absorption spectrum of the sample at wavelengths
between 4000-950 cm™ is shown in Figure 4.13. The three distinct areas of the lipid
region (3000-2800 cm™), the protein regions (1700-1500 c¢cm?), carbohydrate and
nucleic acid regions (1300-950 cm™) were investigated. Hence, the spectrum was very
difficult to analyze due to the different spectral between the groups. In order to
overcome this problem second derivative of the spectral range at 3000-2800 cm™ and

1800-950 cm* were analyzed (Figure 4.14a and 4.14b).
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Figure 4.13 Average original FTIR spectra (4000-950 cm™) obtained from 3T3-L1
cells. DIF = Differentiate 3T3-L1 adipocytes (untreated adipocytes); PIT(750) = PIT
at 750 pg/ml treated adipocytes; SIM(1.67) = Simvastatin at 1.67 pg/ml treated

adipocytes; ND = 3T3-L1 preadipocytes (non-differentiated cells).
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Figure 4.14 Average the secondary derivative spectra of 3T3-L1 cells. DIF =
Differentiate 3T3-L1 adipocytes (untreated adipocytes); PIT(750) = PIT at 750 pg/ml
treated adipocytes; SIM(1.67) = Simvastatin at 1.67 ug/ml treated adipocytes; ND =
3T3-L1 preadipocytes (non-differentiated cells). The data were represented in two
regions: (a) lipid regions (3000-2800 cm™) and (b) protein, nucleic acid, glycogen and

other carbohydrate regions (1800-950 cm™).
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The strong peak at 2923 cm® and 2854 cm® correspond to the CH:
asymmetric and symmetric stretching frequency (mainly lipids, with the little from
proteins, carbohydrates, nucleic acids), respectively (Aksoy and Severcan, 2012). The
decrease in signal intensity and area of the peaks (at 2954 cm™ and 2923 cm®), which
reflected an absorption peak of lipids of the PIT-treated adipocytes, presented less
than untreated adipocytes (Figure 4.15a). Then, we calculated the ratio of the
integrated area of several functional groups, including CH» (2938-2906 cm™, centered
at 2923 cm™)/CHs (2973-2954 cm, centered at 2965 cm™) asymmetric stretching that
belongs to lipids. The results showed that the ratio of the integrated area of the lipids
region in the PIT- and Simvastatin-treated adipocytes displayed significantly less than
the untreated adipocytes group (p < 0.05) (Figure 4.15b). The major contributor in the
spectrum ranges from 1700-1500 cm?, which are attributed to an absorption peak of
proteins amide | and Il. The ratio of integrated area of several functional groups,
including CH: asymmetric stretching (2938-2906 cm™, centered at 2923 cm)/amide |
(1674-1624 cm?, centered at 1654 cm?) that belong to proteins of the PIT- and
simvastatin-treated adipocytes displayed significantly less integral area ratio than the
untreated adipocytes group (p < 0.05) (Figure 4.15b).

The signal intensity and area of the peaks of the PIT- and simvastatin-treated
adipocytes at 1157 cm™ and 1041 cm* which are attributed to an absorption peak of
C-0 vibrations from glycogen and other carbohydrates (Cao et al., 2013) undoubtedly
exhibited significantly less than untreated 3T3-L1 adipocytes (p < 0.05) (Figure
4.15a). The functional group of PO stretching mode from mainly nucleic acids at
1238 cm?® and 1087 cm® regions of the PIT-treated adipocytes displayed signal

intensity and area less than the untreated adipocytes and demonstrated significantly
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less integrated area than that of the untreated adipocytes group (p < 0.05) (Figure

4.15a) (Garip et al., 2009).
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Figure 4.15 The histogram of integrated areas of 3T3-L1 cells. DIF = Differentiated
3T3-L1 adipocytes (untreated adipocytes); PIT(750) = PIT at 750 pg/ml treated
adipocytes; SIM(1.67) = Simvastatin at 1.67 pg/ml treated adipocytes; ND = 3T3-L1
preadipocytes (non-differentiated cells). (a) The integral area of nucleic acids,
glycogen, and other carbohydrates. (b) The ratio of the integral area of lipids

(CH2/CH3 asymmetric stretching) and proteins (CH2 asymmetric stretching/Amide 1).
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Means £ SD is illustrated for three replicates. Means with the same superscript are not

significantly different from each other (Tukey’s HSD test, p < 0.05).

We further investigated the second derivative spectra using the principal
component analysis (PCA). The PCA score plot showed that PIT (750) and DIF
cluster were isolated from SIM (1.67), and ND cluster with PC-1 (42%) and the
cluster of DIF group was separated from PIT (750), SIM (1.67) and the ND group
with PC-2 (14%) (Figure 4.16a). The PCA loading plot was used to detect the
wavelength of the spectrum that discriminated the clustering (Figure 4.16b). PC-1 is
discriminated by negative loading in the C-H stretching region (centered at 2919 cm™
and 2854 cm?), negative loading of C-O vibrations from glycogen and other
carbohydrates at 1153 cm?, positive loading of C-O vibrations from glycogen and
other carbohydrates at 1064 cm™, protein amide | and amide Il (positive loading
centred at 1658 cm™ and 1548 cm?, respectively) and negative loading from C=0
stretching vibrations of lipids ester (centered at 1734 cm™). These results suggest that
DIF and PIT (750) groups possess higher lipids, glycogen and other carbohydrates,
and proteins than SIM (1.67) and ND groups.

The discrimination along PC-2 that expressed the separation between DIF
group and other groups which demonstrated positive loading in C-H stretching region
(centred at 2911 cm? and 2846 cm™), negative loading of C-O vibrations from
glycogen and other carbohydrates at 1153 cm™ and 1022 cm, positive loading of C-
O vibrations from glycogen and other carbohydrates at 1064 cm™, protein amide |
(positive loading centered at 1627 cm™), PO,-symmetric stretching vibrations of

nucleic acid (negative loading centered at 1083 cm™), and positive loading from C=0
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stretching vibrations of lipids ester (centered at 1728 cm?). These results seem
consistent with PC-1 that DIF group expresses higher lipids, glycogen and other

carbohydrates, proteins, and nucleic acid than other groups.
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68

L1 adipocytes (untreated adipocytes); PIT(750) = PIT at 750 pg/ml treated
adipocytes; SIM(1.67) = Simvastatin at 1.67 pg/ml treated adipocytes; ND = 3T3-L1
preadipocytes (non-differentiated cells) at day 10 after differentiation. The biomarker
differences over a spectral range of samples are identified by PC1 and PC2 loading

plots.

4.4 Effect of the PIT on Pancreatic Lipase Activity

Pancreatic lipase is an enzyme responsible for the hydrolysis of lipid into free
fatty acid and glycerol. The PIT concentrations between 250 to 1000 pg/ml showed
significantly higher inhibitory lipase activity than those of the controls (p < 0.05)
(Figure 4.17). Furthermore, the ICso of the PIT for the inhibition of pancreatic lipase
was 1708.35 + 335.85 pg/ml. While the inhibitory effect of the positive control
orlistat at 6.25 to 50 pg/ml, demonstrated an 1Cso at 68.23 £ 6.67 pg/ml. Under those
circumstances, the potential strength of the PIT on lipase activity inhibition is
approximately 25 times lower than orlistat. These results suggest that the inhibitory
implications of the PIT on pancreatic lipase activity increased in a dose-dependent

manner.



69

50 -
X
: 40 |
o
=t
0
‘T 30 - bcd
c
= cd
> |
-
= 20 -
(& ]
4+
&
o 10
=
-
0 - |
) N
S S
& 6‘\\'
]

Figure 4.17 Inhibitory effects of PIT (%) at various concentrations on lipase activity.
CON = Control; ORL(12.5) = Orlistat at 12.5 pg/ml; PIT(250) = PIT at 250 pg/ml.
Orlistat was used as a positive control. Means + SD is illustrated for three replicates.
Means with the same superscript are not significantly different from each other

(Tukey’s HSD test, p < 0.05).
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4.5 Effects of P. indica (L.) Less. tea on mice

4.5.1 The effect of P. indica (L.) Less. tea on oral glucose tolerance test
(OGTT)

The effect on oral glucose tolerance test of P. indica (L.) Less. tea was
evaluated in normal mice. P. indica (L.) Less. tea at 400 and 600 mg/kg were
compared with Glibenclamide 10 mg/kg, which used as a positive control. The blood
samples were measured for glucose content at 0, 15, 30, 60 and 120 min after
receiving dextrose, respectively. Figure 4.18 displayed that PIL, PIH and GLI groups
exhibited significantly lower blood glucose level than the untreated group initiated
since 15, 30, and 60 min after oral administration of the extracts (p < 0.05). At 30 min
after oral administration of the extracts, the high dose of P. indica (L.) Less. tea (PIH)
expressed significantly lower blood glucose level compared with GLI and CON (p <
0.05). At 120 min after oral administration of the extracts, a blood sugar of all groups
was reduced, and blood sugar of PIL showed no significant difference with CON

whereas PIH and GLI were significantly lower than CON and PIL (p < 0.05).
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Figure 4.18 Effect of PIT on the oral glucose tolerance test. CON = Control; PIL = P.
indica (L.) Less. tea at 400 mg/kg; PIH = P. indica (L.) Less. tea at 600 mg/kg; GLI =
Glibenclamide at 10 mg/kg. Data are expressed as means £ SD (n = 10). Means with
the same superscript are not significantly different from each other (Tukey’s HSD

test, p < 0.05).
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4.5.2 Effect of P. indica (L.) Less. tea on serum lipid profile

The effect of P. indica (L.) Less. tea on serum cholesterol, LDL, HDL, and
Triglyceride have been investigated. PIL and PIH groups were fed with HFD and P.
indica (L.) Less. tea at 400 and 600 mg/kg/d, respectively. CON group was fed with
HFD and water, and the SIM group was fed with HFD and simvastatin 20 mg/kg/d
which was used as positive control. The serum total cholesterol level in the PIL, PIH
and SIM groups were 235.29 + 39.43 mg/dl, 231.14 + 29.39 mg/dl and 231.8 + 22.44
mg/dl, respectively, that significantly lower than the CON which was 293.42 + 55.63
mg/dl at week 4 (p < 0.05; Figure 4.19a). Furthermore, Figure 4.19b showed the
serum LDL-C level of PIL (48.17 + 21.47 mg/dl), PIH (37.7 + 14.42 mg/dl) and SIM
(28.34 £ 4.81 mg/dl) at week 4, were significantly lower than the CON (86.96 + 12.92
mg/dl) (p < 0.05). Interestingly, the serum triglyceride level of PIT treated group with
PIH (149 + 35.05 mg/dl) was significantly lower than the positive control (SIM, 229.8
+ 35.28 mg/dl) and CON (229.8 + 35.28 mg/dl) (p < 0.05). However, the reduction of
the serum triglyceride level of PIH treated group was not a significant difference from
the PIL group (p > 0.05; Figure 4.19c). The result of serum HDL-C level is shown in
Figure 4.19d. The result displayed that the increase in serum HDL-C level at week 4

of PIL, PIH, and SIM treated groups were not a significant difference (p > 0.05).
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Figure 4.19 Effect of PIT on serum lipid profile. CON = Control; PIL = PIT at 400
mg/kg/d; PIH = PIT at 600 mg/kg/d; SIM = Simvastatin at 20 mg/kg/d. (a) Serum
cholesterol (b) Serum LDL-C (c¢) Serum HDL-C and (d) Serum TG. Data are
expressed as means + SD (n = 10). Means with the same superscript are not

significantly different from each other (Tukey’s HSD test, p < 0.05).

4.5.3 Effect of P. indica (L.) Less. tea on food intake and body weight
The average food intake of mice had been investigated. Figure 4.20 shows
the effect of PIT at low (PIL) and high (PIH) doses on food intake compared with
CON and SIM groups. PIH showed significantly lower food intake than the CON

group start at week one until the end of the experiment (p < 0.05). Furthermore, the
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food intake of PIL and SIM groups were significantly lower than the CON group from
week 2 to week 4.

The body weight of mice in all groups had been measured every week. The
result was consistent with the average food intake result (Figure 4.21). At week one,
PIH showed significantly lower body weight than the CON group, but not a
significant difference from PIL and SIM. The body weight of PIH group was
significantly lower than the CON group throughout the end of the experiment (p <
0.05). Moreover, the body weight of PIL group was significantly lower than the CON
group from week 3 to week 4. Interestingly, at a final week, the body weight of the

PIH group was significantly lower than CON, SIM, and PIL groups (p < 0.05).
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Figure 4.20 Effect of PIT on average food intake. CON = Control; PIL = PIT at 400
mg/kg/d; PIH = PIT at 600 mg/kg/d; SIM = Simvastatin at 20 mg/kg/d. Data are
expressed as means + SD (n = 10). Means with the same superscript are not

significantly different from each other (Tukey’s HSD test, p < 0.05).



76

55

Mouse weight (g)
Y
o

30

25 T T T T T T 1
0 5 10 15 20 25 30
Time (day)

Figure 4.21 Effect of PIT on mouse weight. CON = Control; PIL = PIT at 400
mg/kg/d; PIH = PIT at 600 mg/kg/d; SIM = Simvastatin at 20 mg/kg/d. Data are
expressed as means + SD (n = 10). Means with the same superscript are not

significantly different from each other (Tukey’s HSD test, p < 0.05).

4.5.4 Effect of P. indica (L.) Less. tea on relative organ weight
Liver, Heart, Kidney, Lung, and Spleen weights of mice after fed with
HFD, HFD plus PIT at 400 and 600 mg/kg/d and HFD plus simvastatin at 10 mg/kg/d
are shown in Table 1. The relative weight of the liver, heart, kidney, lung, and spleen

of PIL, PIH, and SIM were not significant differences from the CON (p > 0.05).
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Table 4.1 Effect of PIT on relative organ weight. CON = Control; PIL = PIT at 400

mg/kg/d; PIH = PIT at 600 mg/kg/d; SIM = Simvastatin at 20 mg/kg/d. Data are

expressed as means + SD (n =

significantly different from each other (Tukey’s HSD test, p < 0.05).

10). Means with the same superscript are not

Relative weight (g/100 g body weight)

Groups
Liver Heart Kidney Lung Spleen
HFD 3.80+£0.33* 0.45+0.01* 1.43+0.23* 0.51+0.03* 0.27+£0.12°
PIL 3.96 £0.23* 0.48+0.03* 1.67+0.25* 0.57+£0.15* 0.30 +0.05?
PIH 3.93+£0.08* 0.46+0.01% 1.72+0.21* 0.63+0.06* 0.33+0.09?
SIM 3.63+£0.35* 0.44+0.04° 1.44+0.11* 0.54+0.04* 0.28 +0.05?

4.5.5 Effect of P. indica (L.) Less. tea on biochemical parameters in serum

The serum creatinine level, serum alanine transaminase levels (ALT),
serum alkaline phosphatase levels (ALP) and complete blood count (CBC) had been
measured to investigate the toxicity of P. indica (L.) Less. tea on the liver, kidney,
and blood. Figure 4.22a showed that the serum creatinine level of PIL, PIH, and SIM
were not significant difference compared to the CON (p > 0.05). These results suggest
that PIL, PIH, and SIM may not be toxic to the kidney. In addition, the serum alanine
transaminase levels (ALT) and serum alkaline phosphatase levels (ALP) of the PIL,
PIH, and SIM were not significantly different from the CON (p > 0.05, Figure 4.22b
and 4.22c). These results imply that PIL, PIH, and SIM should not be toxic to the

liver. The toxicity of blood had been evaluated by measuring the complete blood
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count (CBC). Generally, the CBC test provides important information regarding three
major types of cells in the blood, RBC count, WBC count, and platelets. Figure 4.23a
to 4.23c display RBC count, WBC count, and platelets, respectively. These results

presented that all treated groups were not significantly different compared to the CON

(p > 0.05).
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Figure 4.22 Effect of PIT on biochemical parameters in serum. CON = Control; PIL
= PIT at 400 mg/kg/d; PIH = PIT at 600 mg/kg/d; SIM = Simvastatin at 20 mg/kg/d.
() Serum creatinine (b) Serum ALT and (c) Serum ALP. Data are expressed as
means + SD (n = 10). Means with the same superscript are not significantly different

from each other (Tukey’s HSD test, p < 0.05).
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Figure 4.23 Effect of PIT on complete blood count. CON = Control; PIL = PIT at 400
mg/kg/d; PIH = PIT at 600 mg/kg/d; SIM = Simvastatin at 20 mg/kg/d. (a) Red blood
cell count (b) White blood cell count and (c) Platelet count. Data are expressed as
means + SD (n = 10). Means with the same superscript are not significantly different

from each other (Tukey’s HSD test, p < 0.05).
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4.5.6 Effect of P. indica (L.) Less. tea on perigonadal fat

The perigonadal fat of all groups had been collected after the end of the
experiment, and perigonadal fat weight was investigated. The result is expressed in
Figure 4.24. The perigonadal fat weight of PIL and PIH were significantly lower than
the CON group (p < 0.05), but not a significant difference from SIM. Moreover, the
histology of perigonadal fat was examined by using histology microscopy. The H&E
staining of perigonadal fat photographs is shown in Figure 4.25. The adipocytes size
(area) and a number of adipocytes per field are demonstrated in Figure 4.26a and
4.26b, respectively. The mean area of adipocytes of PIL and PIH were significantly
lower than the CON group (p < 0.05), but not a significant difference from SIM which
is correspondence with the result of adipocytes number per field that PIL and PIH

were significantly higher this parameter than the CON group (p < 0.05).
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Figure 4.24 Effect of PIT on perigonadal fat weight. CON
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expressed as means + SD (n = 10). Means with the same superscript are not

significantly different from each other (Tukey’s HSD test, p < 0.05).
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Figure 4.25 Microscopic imaging of perigonadal fat tissue after Hematoxylin & Eosin

staining of samples. (a) = Control; (b) = PIT at 400 mg/kg/d; (c) = PIT at 600
l
mg/kg/d; (d) %/astatin at 20 mg/kg/d. Original magr@gﬁon 10x (Scale bars =
N

o) .
100 pm). /7&738"1 n[u‘a{)a?
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adipocytes size (area) and (b) number of adipocytes per field. Data are expressed as
means £ SD (n = 10). Means with the same superscript are not significantly different

from each other (Tukey’s HSD test, p < 0.05).



CHAPTER V

DISCUSSION AND CONCLUSION

5.1 Discussion

Obesity and hyperlipidemia are caused by an imbalance between energy
consumption and energy expenditure which can cause some of the health problems
such as type 2 diabetes, ischemic heart disease, stroke and cancer (Artham et al.,
2008; Guo et al., 2015). Nowadays, we have conventional medicine for treat
dyslipidemia, diabetes mellitus and obesity, such as Simvastatin for dyslipidemia and
Orlistat for obesity, but the medication has limited efficacies and has some side
effects such as rhabdomyolysis (Van Puijenbroek et al., 1996), nausea, vomiting
(Filippatos et al., 2008). Therefore, traditional medicine is an essential alternative
medicine to alleviate these diseases and may have minor side effects and easily
consumable when compared with modern medicine. Furthermore, if traditional
medicine can use alone or combine with modern medicine, it will decrease the using
of modern medicine or reduce the dose and side effects of modern medicine as well
(Liu et al., 2004; Liu et al., 2002).

P. indica (L.) Less. was reported that it had many therapeutic indications such as
decrease blood sugar (Pramanik et al., 2006), reduce blood pressure. In addition, from
folk medicine, it can help lower the hyperlipidemia, but this indication has not been

proven the efficacy by the researcher. Nevertheless, P. indica (L.) Less. has the
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potential for prevention and treatment of metabolic syndrome because it may have
effects on both lower blood glucose and blood lipid. Moreover, no work has been
done on its efficacy and safety.

5.1.1 The radical scavenging of P. indica (L.) Less. tea

Free radical including Reactive oxygen species (ROS) and Reactive
nitrogen species (RNS) are derived from both endogenous sources (mitochondria,
peroxisomes, endoplasmic reticulum, phagocytic cells, etc.) and exogenous sources
(pollution, alcohol, tobacco smoke, heavy metals, transition metals, industrial
solvents, pesticides, certain drugs like halothane, paracetamol, and radiation)
(Phaniendra et al., 2015). The imbalance between free radical and antioxidant system
can cause extensive damage to tissues and biomolecules (Halliwell and Gutteridge,
2015) leading to various diseases, especially degenerative diseases of aging such as
cancer, immune-system decline, brain dysfunction and cardiovascular (Ames et al.,
1993). The preventions of free radical are using the synthetic drug or using
antioxidant from natural sources such as herbal beverage, especially teas which are
widely used for an alternative solution to prevent free radical (Fukushima et al., 2009;
Wojcik et al., 2010).

In this study, P. indica (L.) Less. tea had been investigated the antioxidant
activities compared to well-known and popular antioxidant tea, C. sinensis tea, with
several antioxidant assays, including scavenging of DPPH, ABTS, Hypochlorous
acid, Nitric oxide, Peroxynitrite and the scavenging of ROS, RNS, and copper induces
LDL oxidation assay.

The DPPH radical scavenging assay has been widely used in the

determination of antioxidant activity of natural antioxidants from plant sources
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(Brand-Williams et al., 1995; Yen and Duh, 1994). This assay determines the
reduction of DPPH radical by measuring the color changing from the violet color of
DPPH radical to yellow of non-radical DPPH by spectrophotometer at 515 nm. C.
sinensis tea or green tea is a well-studied source of polyphenols antioxidants, and it
can also scavenge the DPPH radical (Bastos et al., 2007; Manian et al., 2008).
Interestingly, P. indica (L.) Less. tea showed significantly stronger antioxidant
activity than C. sinensis tea in all concentrations. These results are in substantial
agreement with Srisook et al. (Srisook et al., 2012) that hot water extract of P. indica
tea leaves (HWEP) have the DPPH radical scavenging activity (ECso value = 23.8
1.0 pg/ml).

ABTS" radical cation decolorization assay has been used for measuring the
antioxidant capacity of P. indica (L.) Less. tea compared with C. sinensis tea. The
result showed that C. sinensis tea displayed significantly inhibit ABTS* radical better
than P. indica (L.) Less. tea. This result may from C. sinensis tea contains various
classes of polyphenols which have been linked to being a potent antioxidant to
ABTS" radical (Lee et al., 2014; Tsao, 2010).

Hypochlorous acid is a weak acid that could generate harmful ROS.
Hypochlorous acid could inactivate the antioxidant enzyme catalase by which breaks
down the heme prosthetic group (Sarkar et al., 2009). The results suggest that both P.
indica (L.) and C. sinensis tea is a potent scavenger to hypochlorous acid, which was
reported by Valentdo et al. and Cabrera et al. that the hypochlorous acid scavenged
activity of C. sinensis tea (Cabrera et al., 2006; Valent&o et al., 2003).

Nitric oxide has an important role in several physiological processes like

neural signal transmission, immune response, control vasodilation and control of
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blood pressure (Palmer et al., 1987; Rees et al., 1989). Nevertheless, the elevation of
the nitric oxide causes inflammation and sustains levels of nitric oxide results in tissue
toxicity and several pathological including in vascular disease (Li and Forstermann,
2000). The present study expressed that P. indica (L.) Less. tea indicated significantly
higher nitric oxide scavenging effect than a reference C. sinensis tea. Tsai et al.
reported that C. sinensis tea had I1Cso values of nitric oxide scavenging less than 500
pug/ml and was proven to be good nitric oxide suppressor (Tsai et al., 2007).
Therefore, P. indica (L.) Less. tea was also proven to be good nitric oxide suppressor.

Peroxynitrite (ONOO-) is one of the nitrogen-containing species that
indicates as reactive nitrogen species (RNS). Generation of excess peroxynitrite
represents a crucial pathogenic mechanism in conditions such as stroke, myocardial
infarction, chronic heart failure, diabetes, circulatory shock, chronic inflammatory
diseases, cancer, and neurodegenerative disorders (Pacher et al., 2007). According to
the results, P. indica (L.) Less. tea could almost fully inhibit peroxynitrite oxidation at
75 pg/ml that better than C. sinensis tea at the same concentration. These results are in
substantial agreement with those of Chung et al. that catechins with a galloyl group in
green tea can inhibit peroxynitrite formation by SIN-1 and scavenge peroxynitrite
itself (Chung et al., 1998).

LDL lipid oxidation is considered to be essential in the pathogenesis of
atherosclerotic vascular diseases (Yoshida and Kisugi, 2010). Several lines of
evidence suggest the important mechanisms of LDL lipid oxidation occurs by ROS,
RNS in vivo (Govindarajan et al., 2005) and Cu?* in vitro (Witztum, 1994). The
natural compounds with anti-LDL oxidation activity could have some beneficial

effects in the prevention of the disease (Craig, 1999; Fuhrman and Aviram, 2001).
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The investigation of anti-LDL oxidation activity in vivo can be measured in vitro by
using whole plasma/serum (Spranger et al., 1998). In this study, we measured the
LDL oxidation in AAPH, Cu?* and SIN-1 challenged isolated human LDL by using
TBARS assay and presented the results by MDA equivalence. AAPH which is ROS
generator was scavenged and lag time phase was also increased by both P. indica (L.)
Less. tea and C. sinensis tea. These results are correspondence with those of Liu et al.
that polyphenolic component extracted from green tea leaves is effective antioxidants
against AAPH-initiated photosensitized LDL oxidation (Liu et al., 2000). As one
might expect, this is the first reported that P. indica (L.) Less. tea had AAPH
scavenging activity compared to the reference tea. In addition, the Cu?* scavenging
activity effect of both P. indica (L.) Less. tea and C. sinensis tea could inhibit Cu?*
induced LDL oxidation. This finding is also the first reported of Cu?* scavenging
activity of P. indica (L.) Less. tea compared with C. sinensis tea. These findings are
correspondent with Yokozawa et al. that green tea extract markedly delays Cu?*
induced LDL oxidation with a dose-dependent pattern (Yokozawa and Dong, 1997).
In the same way, SIN-1, which is RNS generator, was used to investigate SIN-1
induced LDL oxidation scavenging activity. The RNS, which is produced from SIN-1
was scavenged by both teas. These results are consistent with a peroxynitrite
scavenging assay that P. indica (L.) Less. tea and C. sinensis tea could inhibit
peroxynitrite, which was generated by SIN-1.

P. indica (L.) Less. tea has been identified the main chemical constituents
by using LC-MS/MS technique. The results presented that caffeoylquinic acid
derivatives were the main chemical compositions of P. indica (L.) Less. tea. This

result is correspondence with Kongkiatpaiboon et al. (Kongkiatpaiboon et al., 2018)
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that P. indica (L.) Less. tea contains six caffeoylquinic acid derivatives. Interestingly,
caffeoylquinic acid derivatives were reported that it was a potent antioxidant
substance. Caffeoylquinic acid derivatives from Dipsacus asper Wall (Dipsacaceae)
demonstrated antioxidant activity against free radical, Cu?*-mediated LDL oxidation
and may have a role to play in preventing the development and progression of
atherosclerotic disease (Hung et al., 2006). Furthermore, caffeoylquinic acid
derivatives also showed high DPPH-radical and peroxynitrite scavenging activity
(Islam et al., 2003; Park et al., 2009). These findings provide evidence that
caffeoylquinic acid derivative from P. indica (L.) Less. tea plays an important role in
free radical scavenging activities and anti-LDL oxidation effects, whereas, polyphenol
catechins which are the main active ingredients of C. sinensis tea may act these
effects. (Folch-Cano et al., 2010).
5.1.2 The in vitro study of P. indica (L.) Less. tea on 3T3-L1 cells

The inhibition of adipogenesis using 3T3-L1 cells can predict the efficacy
of P. indica (L.) Less. on lipid formation inhibition (Naowaboot et al., 2012). In
addition, cell viability can be investigated by MTT assay, which has been widely used
to evaluate the cell viability, that can investigate the preliminary safety and acute
toxicity of the compound.

The MTT assay can detect the cytotoxicity of the compound on the cells.
Viable cells can generate MTT to formazan which has a purple color. The MTT
results showed that the viability of cells treated with a PIT at 250 — 1000 ug/ml was
not significantly different compared to the controls (DIF) (p > 0.05). These findings
provide evidence that PIT at < 1000 ug/ml is safe for 3T3-L1 cells. Our results are in

substantial agreement with those of Srisook et al. and Pramanik et al. that P. indica
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(L.) Less. alone at 25 to 400 pg/ml showed no cytotoxic effect in RAW 264.7
macrophage cells (Srisook et al., 2012) and at 400 mg/kg did not cause any side
effects to rat (Pramanik et al., 2006).

Oil Red O staining is a technique that can be used for investigation of the
adipogenesis of 3T3-L1 cell. The microscopic observation results of Oil Red O and
hematoxylin-stained cells displayed that the PIT decreased Oil Red O stained droplets
of mature adipocytes in a dose-dependent manner. Also, we can detect the quantity of
lipid by eluting Oil Red O dye by 100% isopropanol and measuring lipid
accumulation by microplate spectrophotometer. Interestingly, the effect of the PIT at
750 and 1000 pg/ml did not show significantly different in lipid accumulation
compared to 1.67 pg /ml of simvastatin, which is a leading lipid-lowering drug.

The main active ingredients of PIT had been investigated by using LC-
MS/MS technique. The result showed that the main chemical compositions of PIT
were caffeoylquinic acid derivatives, which correlated with Kongkiatpaiboon et al.
(Kongkiatpaiboon et al., 2018). Interestingly, caffeoylquinic acid has been reported
about the effect on hyperlipidemia that the enriching of the caffeoylquinic acid
derivative in Pandanus tectorius Fruit Extract moderated hyperlipidemia and
improved the liver lipid profile in hamsters fed with high fat diet. These effects may
be caused by increasing the expression of PPARa and its downstream genes and by
upregulation of LPL and AMPK activities (Zhang et al.,, 2013). Moreover, the
flavonoid ingredient of PIT had been investigated by using the HPLC technigque (data
not shown). Luteolin, apigenin, kaempferol, catechin, and quercetin have been used as
reference standard. The results showed that the PIT contained quercetin that is

consistent with those of Srisook et al. (Srisook et al., 2012).
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The total phenolic and total flavonoid content of PIT might be reduced
from the production processes. The P. indica leaves were dried with high temperature
that might affect phenolic and flavonoid content. However, the total phenolic and total
flavonoid content results are in substantial agreement with those of Susetyarini et al.
(Susetyarini and Ariesandyb, 2016) that tannin which is phenolic compound was
found in P. indica (L.) Less. Furthermore, these results are consistent with
Andarwulan et al. that the active flavonoid and phenolic compounds were discovered
in P. indica (L.) Less. (Andarwulan et al., 2010). Likewise, P. indica (L.) Less.
appeared to possess eudesmane derivatives, terpene glycosides, benzenoids,
phenylpropanoids, lignan glycosides, stigmasterol glucoside, quercetin and
chlorogenic acid (Srisook et al., 2012).

Moreover, the data are consistent with those of Hsu et al. that flavonoids
and phenolic acids caused 3T3-L1 cell cycle arrest in the G1 phase that may play a
role in the control adipogenesis of 3T3-L1 cell and might have the further implication
of in vivo anti-obesity effects (Hsu et al., 2006). Apart from this, the previous study
reported that quercetin, which is one of the active ingredients in P. indica (L.) Less.,
could inhibit adipogenesis in 3T3-L1 adipocyte cell (Park et al., 2008). In addition,
quercetin was reported that it could improve hypertriglyceridemia, alleviate
hypercholesterolemia and elevate HDL-cholesterol in db/db mice by decreasing the
expression of peroxisome proliferator-activated receptor-a (PPAR-a), sterol
regulatory element-binding protein-1c (SREBP-1c) and reducing acetyl-CoA
carboxylase (ACC) activity (Jeong et al., 2012). These results provide evidence that
PIT may decrease the adipogenesis of the cells and have the potential to develop to be

an herbal supplement that can prevent hyperlipidemia.
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FTIR microspectroscopy has previously been used to characterize the spectral
properties of biological change in various samples (Dunkhunthod et al., 2017;
Manoharan et al., 1993). These results showed that the integrated area of lipids,
proteins, nucleic acids, glycogen and carbohydrates of the PIT-treated adipocytes
group were significantly lower than the untreated adipocytes group (DIF) (p < 0.05).
The results are correspondence with those of Dunkhuntod et al. that baicalein which is
one of the ingredients in PIT can reduce lipids, proteins, glycogen, and other
carbohydrates in baicalein-treated 3T3-L1 adipocytes compared to untreated 3T3-
Lladipocytes. Moreover, the decreasing of integrated area of lipids of FTIR is
consistent with the Oil Red O staining results. PCA analysis exhibited discriminate of
four clusters of the FTIR spectra of pre-adipocyte (ND), untreated adipocyte (DIF),
simvastatin- and PIT-treated adipocytes.

5.1.3 Effect of the P. indica (L.) Less. tea on Pancreatic Lipase Activity

The pancreatic lipase activity investigation can suggest the efficacy of PIT
on lipid absorption inhibition from the gastrointestinal tract to the blood results in
blood lipid reduction.

Lipase is the enzyme responsible for the digestion of the lipid before it is
absorbed into the bloodstream. The inhibition of the enzyme can reduce the
absorption of lipid which can minimize the risk of obesity and hyperlipidemia disease.
The results indicated that PIT could inhibit the enzyme lipase activity in a dose-
dependent manner and had the potency less than orlistat for 25.04 times. These results
are correspondence with those of Zhang et al. and Birari that a polyphenolic
compound like flavonoid could inhibit the enzyme lipase activity and reduce lipid

absorption in the intestine (Birari and Bhutani, 2007; Zhang et al., 2015). Besides,
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Dunkhunthod et al. reported that baicalein could inhibit pancreatic lipase activity
(Dunkhunthod et al., 2017). As well as, the polyphenol-rich plants extract derived
from grape seed extract, fermented oats, berry or strawberry had been reported to
inhibit lipases activity, and TPC enhanced the pancreatic lipase inhibitory effect (Cai
et al.,, 2012; McDougall et al., 2009). Thus, the inhibitory effect of the PIT may
depend on the amount of TPC and TFC, which vary with the PIT concentrations.

5.1.4 The in vivo study of P. indica (L.) Less. tea on anti-hyperglycemia, anti-
dyslipidemia, and toxicity

High fat diet feeding model in mice has been widely used as a model for
dyslipidemia studies for evaluation of anti-dyslipidemia because it can induce obesity
and dyslipidemia. P. indica (L.) Less. tea has been used for a health-promoting drink
(Kongkiatpaiboon et al., 2018) that has the potential to prevent hyperglycemia,
obesity, and dyslipidemia. In this study, P. indica (L.) Less. tea had been investigated
its anti-hyperglycemia compared with glibenclamide which is conventional medicine
for treating hyperglycemia. The anti-obesity and anti-dyslipidemia were also studied
compared to simvastatin which is HMG-CoA reductase inhibitor for dyslipidemia
treatment.

The anti-hyperglycemia of P. indica (L.) Less. tea was investigated by
using an oral glucose tolerance test which used to measure the response of insulin
receptors to elevate exogenous glucose (Megalli et al., 2006). The results showed that
P. indica (L.) Less. tea at 400 and 600 mg/kg showed a significant hypoglycemic
effect in mice after feeding with glucose. The PIT showed a hypoglycemic effect
initiated from 15 min and maintained the duration of action similar to the standard

oral hypoglycemic agent, glibenclamide. Interestingly, at 30 min P. indica (L.) Less.
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tea at a high dose reduced the plasma glucose level to 190 £ 19.76 mg/dl, which
significantly lower than the standard drug, glibenclamide. These results are in
substantial agreement with Pramanik et al. (Pramanik et al., 2006) that the methanolic
extract of P. indica Less. leaves treat normal rats, and streptozotocin-induced diabetic
rats exhibit hypoglycemic and anti-hyperglycemic activity. Apart from this, P. indica
(L.) Less. tea had been reported that the main chemical constituents were
caffeoylquinic acid derivatives (Arsiningtyas et al., 2014; Kongkiatpaiboon et al.,
2018; Sirichaiwetchakoon et al., 2018). The isolated caffeoylquinic acid derivatives
from P. indica (L.) Less. could inhibit intestinal maltase which might delay
postprandial hyperglycemia (Arsiningtyas et al., 2014). Likewise, the caffeoylquinic
acid derivative from Pandanus tectorius fruit extract had been reported that it might
be beneficial for the treatment of diabetes by alleviating hyperglycemia, increasing
insulin sensitivity via activation of AMPK-AS160-GLUT4 pathway in skeletal
muscles, and inhibiting of gluconeogenesis in the liver (Wu et al.,, 2014). These
findings lead us to believe that caffeoylquinic acid derivatives from P. indica (L.)
Less. tea can reduce hyperglycemia by increasing insulin sensitivity via activation of
AMPK-AS160-GLUT4 pathway and inhibiting the gluconeogenesis in the liver.
Furthermore, the HFD-fed mice were fed with P. indica (L.) Less. tea (400
and 600 mg/kg daily) resulted in lower TG, TC, and LDL-cholesterol compared to the
HFD group. Several studies reported that improving serum lipid parameters were
related to anti-obesity of the extracts (Cho et al., 2010; Choi et al., 2007; Poirier et al.,
2005). In this study, P. indica (L.) Less. tea at low and high doses could prevent
obesity in HFD-fed mice with the dose-dependent manner that corresponds to food

intake result of the PIT. As well as, the PIT could decrease perigonadal fat pad
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weight, and H&E staining of perigonadal fat showed the reducing of adipocyte size
and increasing the number of adipocyte per field after receiving the PIT. Our data are
consistent with Sirichaiwetchakoon et al. (Sirichaiwetchakoon et al., 2018) that P.
indica (L.) Less. tea inhibits lipids and carbohydrate accumulation in adipocytes and
also inhibits pancreatic lipase activity that has the potential to reduce obesity and
serum lipid parameters. Likewise, caffeoylquinic acid derivatives in coffee and
polyphenols, which were reported that appeared in P. indica (L.) Less. tea
(Arsiningtyas et al., 2014; Kongkiatpaiboon et al., 2018; Sirichaiwetchakoon et al.,
2018), suppressed diet-induced body fat accumulation by downregulating SREBP-1c
and related molecules in C57BL/6J mice (Murase et al., 2010). Furthermore, several
studies had reported about caffeoylquinic acid derivatives containing herbal expressed
anti-hyperlipidemia and anti-obesity effects. Nugroho et al. (Nugroho et al., 2010)
reported that oral administration of caffeoylquinic acid-rich, L. stenocephala in BuOH
fraction form, decreased the rat body weight to the level of the untreated group and
decreased abdominal fat pad weight. It could be used for the treatment or prevention
of obesity. These results are correspondence with the study of Zhang et al. (Zhang et
al., 2013) that caffeoylquinic acid-rich, Pandanus tectorius fruit extract, has anti-
hyperlipidemia effect in high fat-diet hamsters and the effects might be caused by
increasing the expression of PPARa, its downstream genes, and upregulation of LPL
and AMPK activities. Our findings lead us to believe that P. indica (L.) Less. tea acts
the anti-dyslipidemia by increasing the expression of PPARa and upregulation of LPL
and AMPK activities.

The toxicity of P. indica (L.) Less. tea on relative organ and biochemical

parameters in serum had been investigated. The PIT at high and low doses did not
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change the liver, heart, kidney, lung, and spleen weight after feeding the PIT for 4
weeks compared with the control group. Also, the PIT at high and low doses did not
change ALP, ALT, creatinine, RBC, WBC and platelet which could be implied that
the PIT was safe for liver, kidney, and blood after feeding for 4 weeks. Our results are
in substantial agreement with those of Pramanik et al. (Pramanik et al., 2006) that the
toxicity study of a methanolic extract of Pluchea indica (L.) Less. in the rat was safe
to use even at the doses of 3.2 gm/kg of body weight orally. The doses of P. indica
(L.) Less. tea in these experiments could be converted to human dose by a simple
practice guide for dose conversion between animals and human (Nair and Jacob,
2016). From the formula, P. indica (L.) Less. tea at 400 and 600 mg/kg/d in mice are
approximately 35.52 and 48.78 mg/kg/d in human, respectively. From these
calculated dosages, we can imply that P. indica (L.) Less. tea drinking at 35 - 45
mg/kg/d once daily should be effective for anti-dyslipidemia, anti-hyperglycemic and

safe for a human to drink once daily for 4 weeks.

5.2 Conclusion

These results provide evidence that the P. indica (L.) Less. tea can decrease lipid
accumulation in 3T3-L1 adipocytes, primarily inhibit adipogenesis. The P. indica (L.)
Less. tea also modifies the lipid, carbohydrate, protein, nucleic acid and glycogen
concentrations within the cells. This study also demonstrates that FTIR
microspectroscopy can provide valuable information on the biochemical changes
within the 3T3-L1 adipocytes. Furthermore, the PIT could inhibit lipase activity in
vitro. Moreover, in vivo study provides evidence that the P. indica (L.) Less. tea could

protect hyperglycemia and dyslipidemia. In addition, the P. indica (L.) Less. tea could
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reduce appetite and weight gain from the high-fat diet-induced dyslipidemia mice. In
this study, P. indica (L.) Less. tea also showed the scavenging effects by preventing
DPPH, ABTS, HOCI, Nitric oxide and Peroxynitrite radical. Besides, P. indica (L.)
Less. tea acted as anti-LDL oxidation by scavenging Copper, AAPH and SIN-1
induced LDL oxidation.

Moreover, the safety of P. indica (L.) Less. tea was also investigated, and the
MTT assay investigation displayed safety of this tea at 1000 pug/ml in the 3T3-L1
adipocytes. Apart from this, in vivo study demonstrated that the PIT at 600 mg/kg/day
was safe for the tested major organs of mice.

From this study, P. indica (L.) Less. tea has potentials to develop to be an
antioxidant beverage for preventing atherosclerotic disease, diseases that occur by
free radical, anti-hyperglycemic, anti-dyslipidemia, and anti-obesity beverage or
medicine. However, the results need to be further pharmacological activity

investigation and safety in human.
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APPENDIX A

CULTURE MEDIUM FOR 3T3-L1 CELLS

B.1 Phosphate buffer saline (PBS), 1X, pH 7.4

e KH2PO4 0.144 g
e Na2HPO4.7H20 0.795¢g
e NaCl 9.0¢g

e DI water 11

Adjust pH to 7.2 £ 0.1 and filters sterile (store at 4 °C).

B.2 Trypsin/EDTA preparation

e Trypsin 0.25¢g
e EDTA 0.04 g
e PBS, 1X 100 ml

Filter, sterile and aliquot (store at 4 °C).
B.3 Culture media preparation

e FBS (heat inactivated)

Slowly thaw the frozen FBS in a beaker filled with water.
- Put in a water bath at 37 °C till completely thaw.

- Heat inactivate (56 °C, 20 min), gentle mix every 10 min.
- Aliquot 45 ml into conical tubes.

(Store at -20 °C).
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HEPES buffer, 1M

- HEPES 23.83¢

- DI water 100 ml
Filter, sterile and aliquot (store at -20 °C).

Penicillin/Streptomycin, 100X

- Penicillin 0649
- Streptomycin 1.34¢g
- PBS, 1X 100 ml

Filter, sterile and aliquot (store at -20 °C).

DMEM, high glucose, 1X (incomplete medium)

- DMEM, high glucose, 1X with L-glutamine and phenol red 1 pack

- NaHCOs3 3.7¢

- DI water 11
Adjust pH to 7.2-7.4 and filter sterile (store at 4 °C).

DMEM, high glucose, 1X (complete medium)

- Inactivated FBS 20 ml
- Penicillin/Streptomycin 2 mi
- HEPES buffer, 1M 3mi

Adjust volume to 200 ml with DMEM, high glucose, 1X (incomplete

medium). (Store at 4 °C)
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Obesity and hyperlipidemia are a major problem in the world. Pluchea indica (L.) Less. tea (PIT) is a beverage that has various
indications. This study focused on the effect of the PIT on inhibiting adipogenesis of 3T3-L1 cells and pancreatic lipase enzyme
activity. The viability of 3T3-L1 cells was not significantly decreased after exposure to 200 to 1000 g mL™" PIT compared to controls
(p > 0.05). The PIT at 750 to 1000 g mL ™" exhibited a significantly reduced lipid accumulation compared to the control (p < 0.05).
The inhibitory effects of the PIT at 250 to 1000 ug mL ™ on lipase activity were significantly increased compared to control (p < 0.05).
The FTIR results showed that the integrated areas of lipids, proteins, nucleic acids, glycogen, and carbohydrates of the PIT-treated
3T3-L1 adipocytes were significantly lower than the untreated 3T3-L1 adipocytes (p < 0.05). These findings may indicate that
the PIT is not only capable of inhibiting lipids and carbohydrate accumulation in adipocytes but also has a potential to inhibit
pancreatic lipase activity. So, the PIT may be further developed to the novel lipid-lowering herbal supplement for the management

of overweight or obesity.

1. Introduction

The global prevalence of obesity is increasing worldwide
rapidly [1]. Obesity is caused by an imbalance of energy
intake and expenditure [2]. The World Health Organization
estimates that over 1.5 billion adults are overweight based on
Body Mass Index (BMI) > 25 and over 400 million of them are
obese based on BMI > 30 [1]. The consequences of an obese
population are that they are more prone to develop major
health problems such as type 2 diabetes, ischemic heart dis-
ease, stroke, and cancer [3, 4]. It is necessary to treat obese
individuals by encouraging a reduced calorific intake, inhibit-
ing pancreatic lipase and adipocyte differentiation, and stim-
ulating energy expenditure by increasing physical activity, but
also by regulating lipid metabolism and the surgical option
such as laparoscopic adjustable gastric banding (LABG) in

morbid obesity [2, 5, 6]. Reducing fat digestion and absorp-
tion can be effective in treating obesity [2]. Pancreatic lipase is
an important enzyme that can hydrolyse dietary triacylglyc-
erol to glycerol and fatty acids in the intestine [7]. Glycerol
and fatty acids are regarded as the end products of lipid diges-
tion in the gut; the inhibition of pancreatic lipase may be
considered as a fat reducing absorption therapy [7, 8]; that
is one mechanism of obesity treatment [9].

The 3T3-L1cell line is a preadipose cell line which is devel-
oped from mouse cells. The 3T3-LI preadipocyte cells will
differentiate into adipocyte cells under an appropriate condi-
tion [10]. The inhibition of adipogenesis in 3T3-L1 adipocyte
cells by Oil Red O staining method can be implied to attenu-
ate hyperlipidemia and obesity [11].

Fourier transform infrared microspectroscopy (FTIR) is
a technique which is used to obtain an infrared spectrum



of absorption or emission with high sensitivity of different
functional groups such as lipids, carbohydrates, proteins, and
nucleic acids in biological structure. In addition, FTIR has
also been used for analysis biomolecular changes in 3T3-L1
adipocytes [11].

Conventional antiobesity and antihyperlipidemic drugs
have limited efficacies and critical adverse effects such as
Orlistat, often associated with rebound weight gain after the
cessation of drug and many patients cannot tolerate its gastro-
intestinal side effects [12]. Simvastatin, an antihyperlipidemic
drug, can cause severe adverse event such as rhabdomyolysis
[13]. At present, there is an increased demand for using plants
in therapy instead of using synthetic drugs because it may
have minor adverse effects and traditional medicinal plants
are often cheaper and easily consumable [14].

The plant Pluchea indica (L.) Less. (P. indica) (family:
Asteraceae) is a large evergreen shrub found abundantly in
salt marshes. The plant is also known to be used in rheuma-
toid arthritis [16]. The plant has also been reported to possess
diuretic effects. So far some chemical constituents have been
isolated from different parts of the plant [17]. Two new thio-
phene derivatives and two pentacyclic triterpenes have been
isolated from the root of this plant [17, 18]. The methanolic
extract of P indica leaves showed a reduction in blood glucose
level in normal (35.12% and 36.01% for 200 and 400 mg
kg™, respectively) and streptozotocin-induced diabetic rats
(36.10% and 41.87% for 200 and 400 mg kg™, respectively)
[19]. The methanol fraction of P. indica root extract has been
reported to possess significant hepatoprotective properties
[20]. In a separate study the extract displayed significant anti-
inflammatory activity against glucose oxidase induced paw
oedema in vivo, inhibited hydroxyl radical and lysis of
erythrocytes induced by hydrogen peroxide, and significantly
reduced serum enzyme levels (AST, ALT, LDH, and serum
alkaline phosphatase), serum bilirubin content in acute liver
injury, and total serum protein, albumin, and albumin/globu-
lin ratio [21].

The purpose of this study was to investigate the inhibitory
effect of the PIT on pancreatic lipase activity and adipogen-
esis. The biochemical profile in 3T3-L1 adipocytes was also
investigated using the FTIR technique. The total phenolic and
flavonoid contents in the PIT were also measured.

2. Materials and Methods

2.1. Plant Materials. Fresh herb of Pluchea indica (L.) was
collected from Nakhon Ratchasima and Northeast region
of Thailand. The plant specimen was authenticated by Dr.
Paul ] Grote. Identification was made in comparison with
the voucher specimen (BKF 194428) and deposited at Forest
Herbarium, National Park, Wildlife, and Plant Conservation
Department, Ministry of Natural Resources and Environ-
ment, Thailand. This herb was washed thoroughly. The pro-
duction process was performed by the Crystal Biotechnology
Co., Ltd., and Suranaree University of Technology. PIT dry
sample was added to boiling distilled water. The concen-
tration of PIT sample was calculated from concentration of
Pluchea indica (L.) dry weight in distilled water (ug mL™),
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further heated for 10 min, and then filtered through Whatman
No.1 paper.

2.2. Chemicals and Reagents. 3T3-L1 mouse embryonic
fibroblasts and bovine calf serum were purchased from the
American Type Culture Collection (ATCC, USA). Dulbecco’s
Modified Eagles medium (DMEM) with high glucose,
Penicillin, Streptomycin, N-2-hydroxyethylpiperazine-N-2-
ethane sulfonic acid (HEPES), and 3-(4,5-Dimethylthiazol-
2-yl)-2,5-diphenyltetrazolium bromide (MTT) was obtained
from Gibco Invitrogen (Grand Island, NY). Bovine calf serum
(BCS), fetal bovine serum (FBS), and Oil Red O were obtained
from Hyclone (Logan, Utah). Insulin solution from bovine,
3-Isobutyl-1-methylxanthine (IBMX), lipase from porcine
pancreas, 4-nitrophenyl dodecanoate (pNP), Orlistat, gallic
acid, Folin-Ciocalteau reagent, and catechin were obtained
from Sigma-Aldrich (St. Louis, USA). Dexamethasone (DEX)
was obtained from G Bioscience (St. Louis, USA). Dimethyl
sulfoxide (DMSO) was obtained from Carlo Erba Reagents
S.rl. (Chaussée du Vexin, Val de Reuil, USA). 4-O-caffe-
oylquinic acid (4-CQ), 5-O-caffeoylquinic acid (5-CQ), 3,4-
O-dicaffeoylquinic acid (3,4-CQ), 3,5-O-dicaffeoylquinic
acid (3,5-CQ), and 4,5-O-dicaffeoylquinic acid (4,5-CQ) were
purchased from Chengdu Biopurify Phytochemicals Ltd.,
(Sichuan, China). Other reagents used were all analytical
grade.

2.3. Cell Culture. The 3T3-L1 preadipocytes were seeded in
a 6-well plate at a density of 5x10° cells/well and cultured in
DMEM with high glucose, added with 100 U mL™" penicillin,
100 g mL™" streptomycin, and 10% bovine calf serum until
confluent. The cells were maintained at 37°C in 5% CO, and
95% humidity.

2.4. Differentiation Procedures. Two days after confluence
(day 0), the 3T3-L1 preadipocyte cells were induced to dif-
ferentiate into adipocytes by adding differentiation medium
containing 1.0 g mL™" insulin, 1.0 uM dexamethasone, 10%
EBS, and 0.5 mM of IBMX in DMEM for 48 h (day 2). The
differentiation medium was changed to maintain medium
on day 2. The maintenance media consisted of 1.0 yg mL™!
insulin and 10% FBS in DMEM for 48 h (day 4). The
medium was replaced every 48 h until day 10. The 3T3-L1
preadipocytes were treated with various concentrations of the
PIT at final concentrations (250 - 1000 ug mL™") for 48 h dur-
ing periods of the differentiation phase (at day 0, 2, 4, 6, and
8). At day 10, the differentiation of 3T3-L1 preadipocytes was
observed.

2.5. In Vitro Cytotoxic Test (MTT Assay). The cytotoxic effect
of the PIT on cell proliferation was determined using the
MTT assay [22]. Briefly, the cells were seeded in a 96-well
plate at a density of 5x10° cells/well. The cells were allowed
to adhere for 48 h and then were induced to differentiate
into adipocytes by adding differentiation medium and treated
with PIT between 250 and 1000 zg mL™". The differentiation
medium was changed to maintain medium and treated with a
PIT in various concentration on day 2, and the maintenance
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medium with a PIT in various concentrations was replaced
every 48 h until day 10. At day 10, the cytotoxic effect of
the PIT on cell proliferation was investigated. The culture
medium was removed and 0.5 mg mL™" MTT reagent was
added, and the cells were incubated for 4 h at 37°C. The viable
cells formed formazan crystal and were dissolved in DMSO.
The absorbance was measured at 540 nm with a microplate
spectrophotometer (Benchmark Plus, Bio-Rad, Japan).

2.6. Oil Red O and Hematoxylin Staining. Oil Red O staining
can assess the increased amount of lipid accumulation nor-
mally associated with adipocyte differentiation [23]. Briefly,
3T3-L1 preadipocytes were induced to start adipogenesis by
standard adipogenic medium and treated with a PIT at vari-
ous concentrations (250, 500, 750, and 1000 ug mL™"). After
48h, differentiation medium was changed to maintaining
medium with different concentrations of the PIT. The medi-
um with various concentrations of the PI'T was replaced every
48 h with maintaining medium until day 10. The cells were
washed with PBS twice and fixed with 10% formaldehyde in
PBS for 1h. After that, cells were washed with distilled water
twice and stained with 0.5% Qil Red O solution in 60:40 (v/v)
isopropanol: distilled water for 30 min at room temperature.
The Oil Red O stained cells were washed twice with distilled
water and treated with hematoxylin solution for 10 min at
room temperature. The triglyceride droplets were washed
twice with 60% isopropanol, eluted with 100% isopropanol,
and transferred to new 96 well plates. The lipid accumulation
was quantified by measuring the absorbance at 490 nm with
a microplate spectrophotometer.

2.7. FPA-FTIR Microspectroscopy. FT-IR microspectroscopy
technique was performed to investigate the effect of the PIT
on 3T3-L1adipocyte cells following the method of Eumkeb et
al. and Dunkhuntod et al. [11, 24] with minor modifications.
In brief, 3T3-L1 cells were seeded at the density 5x10°
cells/well in a 24-well plate. The samples were divided into
4 groups, including differentiated group (DIF), PIT at 750 g
mL™! (PIT 750), Simvastatin at 1.67 ug mL™" (SIM 1.67), and
nondifterentiate group (ND, preadipocytes). The 3T3-L1 cells
were collected after treatment for 10 days and centrifuged at
400 x g for 5 min. Cells were washed with 0.85% NaCl and
recentrifuged at 400 x g for 5 min. Cell pellets were dropped
onto Barium Fluoride (BaF,) optical window 13 mm © x 2
mm (Crystran, Crystran Ltd) and air vacuum dried for 30
min in a desiccator to eliminate the excess water. The dropped
cell slides were kept in a desiccator until analysis with FTIR.

FTIR spectra were performed by using a spectroscopy
facility, at the Synchrotron Light Research Institute (Public
Organization), Thailand. FTIR spectra were obtained on a
Bruker Vertex 27 spectrometer coupled with a Bruker Hyper-
ion 3000 microscope (Bruker Optics Inc., Ettlin-Gen, Ger-
many). The microscope was equipped with nitrogen-cooled
64x64 element MCT, FPA detector, which allowed simulta-
neous acquisition of spectral data with a 15 x objective.

The spectra were obtained in the transmission mode with
the wavenumber range of 4000-700 cm ™. Each of the images
used to construct 4x4 binning FTIR image mosaic, 4 em™
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spectral resolution, and 64 scans. The area of the sample, from
which single spectra were acquired, was approximately 20 ym
x 20 ym. OPUS 7.2 software (Bruker Optics Ltd, Ettlingen,
Germany) was used to acquire FTIR spectral data and control
instrument system.

The spectra of DIE, PIT (750), SIM (1.67), and ND groups
were identified by principal component analysis (PCA) using
variability of the Unscrambler 10.1 software (CAMO Software
AS, Oslo, Norway). The spectral range of 3000-2800 cm™’
and 1800-850 cm™" was used for WEP-treated cells. The pre-
processing of the spectra was performed by second deriva-
tive transformations using Savitzky-Golay algorithm (nine
smoothing points) and normalised with extended multiplica-
tive signal correction (EMSC) using the spectral regions from
3000-2800 cm ™" and 1800-950 cm™". This method is used for
identifying the overlapping of absorption peaks, reducing
variation between replicates spectra, and correcting for base-
line shift. Score plots (2D) and loading plots were used to
represent the different classes of data and relations among
variables of the data set, respectively. The integrated peak
areas of the all groups were analysed using OPUS 7.2 software
(Bruker).

2.8. Pancreatic Lipase Assay. Lipase activity assay was based
on the lipase cleaving pNP-laureate to produce a coloured
product. The aim of this experiment was to determine if
PIT could inhibit lipase activity. Any inhibitory activity was
compared to Orlistat, a known inhibitor of lipase activity. The
method was based on the method of Guo et al. [2]. In brief,
porcine pancreas lipase type 2 was dissolved in distilled water
ata concentration of 5mg mL™". The solution was centrifuged
at 10,000 x g for 5 min, and the supernatant was collected.
Reaction substrate was prepared by pNP laurate in reaction
buffer (100 mM Tris buffer pH 8.2). 0.1% (w/v) pNP laurate
was mixed with 5 mM sodium acetate (pH 5.0) containing 1%
Triton X-100 and was heated in boiling water for 2 min until
all solid matters were dissolved. After that, the solution was
mixed well and cooled to room temperature. All test samples
were dissolved in 50% DMSO in reaction buffer. Then 20 uL
of the sample and 30 uL of lipase were mixed and added to
40 uL reaction buffer, and the reaction was started by adding
30 pL substrate solution. 50% DMSO instead of the sample
was performed as a negative control, and the solution of
Orlistat was used as a positive control. Sample blank for each
test sample was prepared by the reaction solutions without
enzyme. The mixtures were incubated at 37°C for 6 h and
measured at 409 nm using a microplate spectrophotometer.
The inhibition rate (%) was described as

ODypyple ~ OD,

sample blank )
ODnegalive control (1)

Inhibitionrate (%) = (1 -
x 100

2.9. Determination of Total Phenolic Content (TPC). 'The total
phenolic content was investigated using the Folin-Ciocalteu
assay as previously described by Singleton and Rupasinghe
et al. [15, 25]. In brief, 100 uL of 0.2 N of Folin-Cioculteu



was pipetted into a 96-well microtitre plate. This was followed
by the addition of either 20 uL of the PIT or various con-
centrations of gallic acid prepared in methanol (0-0.0625 mg
mL™"). Finally, 80 uL of 75% (W/V) sodium carbonate was
added and the mixture was incubated at room temperature
for 2 hours. The absorbance of the blue colour solution was
measured at 765 nm by spectrophotometry, and the total
phenolic content was determined using a gallic acid standard
curve. The results were expressed as mg gallic acid equivalents
(mg GAE/g) per gramme of dry weight.

2.10. Determination of Total Flavonoid Content (TFC). The
total flavonoid content was measured using an aluminium
chloride colourimetric assay [26, 27]. In brief, 125 uL
deionised water was pipetted into a 96-well microtitre plate.
This was followed by either the addition of 25 uL standard
catechin at various concentrations (0-0.4 mg mL™") or the
PIT. Upon completion of the addition of standards or PIT, 10
uL of 5% NaNO, was also added. The mixture was incubated
at room temperature for 6 min. To initiate a colour change,
15 uL of 10% AICl; solution was added. The solution was
allowed to stand for 5 min at room temperature. To prevent a
further reaction, 50 uL of 1 M NaOH was added and shaken
in microplate reader spectrophotometry for 5 min before
measuring absorbance at 595 nm. The total flavonoid content
was determined using a catechin standard curve. The results
were presented as mg catechin equivalents (mg CE/g) per
gramme of dry weight.

2.11. LC-MS/MS Instrument and Conditions. The chemical
characteristic of the PIT was investigated by using LC-
MS/MS instrument. The LC-MS/MS system was made up
of a combination of chromatographic separation Agilent
HPLC 1290 Infinity and the mass analyzer 6490 Triple Quad
LC/MS Agilent Technologies equipped with electrospray
ionization (ESI) source system, consisting of an autosampler,
a binary pump, and vacuum degasser. The chromatographic
separation was set on Agilent ZORBAX Rapid Resolution
High Definition (RRHD) SB-CI18, 2.1 mm id x 150 mm (1.8
pum). Mobile phase system used solvent A and solvent B which
consisted of 1% formic acid in water and 1% formic acid in
acetonitrile, respectively. Combination of both solvents in LC
system was set at a ratio of solvent A: solvent B, 100:0 with
gradient elution: from 30% solvent B at 10 min and 100%
solvent B at 30 min at a flow rate of 0.2 mL/min. The column
temperature was maintained at 25°C, and the sample injec-
tion volume was set at 5 L. The stock solutions of standards
(4-CQ, 5-CQ, 3,4-CQ, 3,5-CQ, and 4,5-CQ) were prepared
to a final concentration of 1000 ug mL ™" by dissolving in
methanol, and working solutions were diluted by methanol
to obtain the desired concentration and PIT sample working
solution was prepared to a final concentration of 1500 ug
ml:

2.12. Statistical Analysis. All the data were expressed as a
mean + standard deviation (SD). The statistical significance
difference between treatment and control groups of cell
viability, the amount of lipid accumulation, biomolecular
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changes, and lipase activity was analysed by one-way analysis
of variance (ANOVA) with a Turkey’s HSD post hoc test.
Values were considered statistically significant when p < 0.05
and data were representative of at least three independent
experiments.

3. Results

3.1. In Vitro 3T3-LI Cytotoxic Test (MTT Assay). Concentra-
tions of the PIT from 250 - 1000 ug mL™" did not significantly
affect the viability of 3T3-L1 preadipocytes viability compared
to control untreated cells (Figure 1), as assessed by the MTT
assay (p > 0.05). In all subsequent experiments, doses of 1000
ug mL™" or less were used.

3.2. Effect of the PIT on 3T3-L1 Preadipocyte Differentiation
and Lipid Accumulation. During differentiation of 3T3-L1
preadipocytes to adipocytes, the cells were treated with the
PIT at various concentrations (250, 500, 750, and 1000 ug
mL™"), and the intracellular lipid level was quantified using
an Oil Red O staining method. The 3T3-L1 preadipocytes
exposure to differentiation medium resulted in a significant
increase of lipid accumulation in comparison to untreated
adipocytes (DIF) (p < 0.05) (Figure 3). Microscopic obser-
vation of Oil Red O and hematoxylin-stained cells exhibited
that PIT decreased Oil Red O stained droplets of mature
adipocytes in a dose-dependent manner (Figure 2). The intra-
cellular lipid accumulation showed that PIT at 750 and 1000
g mL™" significantly decreased the intracellular lipid accu-
mulation to 76.87 + 3.99 and 71.93 + 2.05, respectively, com-
pared to untreated 3T3-L1 adipocytes (DIF) (p < 0.05) (Fig-
ure 3). The 33 and 50% inhibitory effects (IC;3 and IC4) of the
PIT on lipid accumulation were determined to be 1085.5 +
129.40 and 1841.07 + 272.60 ug mL™", respectively. In addi-
tion, Simvastatin at 1.67 ug mL™" exhibited a 33% lipid accu-
mulation reduction (ICs;). The effect of Simvastatin is there-
fore 650 times more effective than a PIT. Accordingly, the
PIT concentration at 750 ug mL ™" was chosen to study FTIR
microspectroscopy.

3.3. Biomolecule Changing Detected by FTIR Microspec-
troscopy. FTIR microspectroscopy was used to determine the
biochemical composition of preadipocytes (ND), untreated
adipocytes (DIF), Simvastatin- and PIT-treated adipocytes.
The FTIR absorption spectrum of the sample at wavelengths
between 4000 and 950.cm™" is shown in Figure 4. The three
distinct areas of the lipid region (3000-2800 cm™), the pro-
tein regions (1700-1500 cm™"), carbohydrate, and nucleic acid
regions (1300-950 cm™") were investigated. Hence, the spec-
trum was very difficult to analyse due to the spectral differ-
ence between the groups. In order to overcome this problem
second derivative of the spectral range at 3000-2800 cm ™' and
1800-950 cm ™" was analysed (Figures 5(a) and 5(b)).

The strong peak at 2923 cm ™" and 2854 cm™ corresponds
to the CH, asymmetric and symmetric stretching frequency
(mainly lipids, with the little from proteins, carbohydrates,
and nucleic acids), respectively [28]. The decrease in signal
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FIGURE 1: The effect of Pluchea indica (L.) tea [15] on the viability of 3T3-L1 preadipocytes. DIF = differentiate 3T3-L1 adipocytes; PIT(250)
= PIT at 250 pug mL™" treated-3T3 adipocytes; SIM(4) = Simvastatin at 1.67 g mL™" treated-3T3 adipocytes; ND = 3T3-L1 preadipocytes
(nondifferentiated cells). Means + SD are illustrated for three replicates. Means with the same superscript are not significantly different from

each other (Tukey’s HSD test, p < 0.05).

intensity and area of the peaks (at 2954 cm ' and 2923 em™),
which reflected an absorption peak of lipids of the PIT-
treated adipocytes, presented less than untreated adipocytes
(Figure 5(a)). Then, we calculated the ratio of the integrated
area of several functional groups, including CH, (2938-2906
em™, centred at 2923 cm ™! )/CH; (2973-2954 cm™}, centred
at 2965 cm™") asymmetric stretching that belongs to lipids.
The results showed that the ratio of the integrated area of the
lipids region in the PIT- and Simvastatin-treated adipocytes
displayed significantly less than the untreated adipocytes
group (p < 0.05) (Figure 6(b)). The major contributor in the
spectrum ranges from 1700 to 1500 cm™", which is attributed
to an absorption peak of proteins amide I and II. The ratio
of integrated area of several functional groups, including
CH, asymmetric stretching (2938-2906 cm ™, centred at 2923
cm_l)/amide 1 (1674-1624 cm™}, centred at 1654 cm_l), that
belong to proteins of the PIT- and simvastatin-treated adipo-
cytes displayed significantly less integral area ratio than the
untreated adipocytes group (p < 0.05) (Figure 6(b)).

The signal intensity and area of the peaks of the PIT- and
simvastatin-treated adipocytes at 1157 cm™ and 1041 cm™
which are attributed to an absorption peak of C-O vibrations
from glycogen and other carbohydrates [29] undoubtedly
exhibited significantly less than untreated 3T3-L1 adipocytes
(p < 0.05) (Figure 6(a)). The functional group of PO, stretch-
ing mode from mainly nucleic acids at 1238 cm ! and 1087
cm™! regions of the PIT-treated adipocytes displayed signal
intensity and area less than the untreated adipocytes (Fig-
ure 5(b)) and demonstrated significantly less integrated area
than that of untreated adipocytes group (p < 0.05) (Fig-
ure 6(a)) [30].

We further investigated the second derivative spectra
using the principal component analysis (PCA). The PCA
score plot showed that PIT (750) and DIF cluster were isolated
from SIM (1.67) and ND cluster with PC-1 (42%) and the
cluster of DIF group were separated from PIT (750), SIM

(1.67), and the ND group with PC-2 (14%) (Figure 7(a)). The
PCA loading plot was used to detect the wavelength of the
spectrum that discriminated the clustering (Figure 7(b)). PC-
1is discriminated by negative loading in the C-H stretching
region (centred at 2919 cm™' and 2854 cm™'), negative
loading of C-O vibrations from glycogen and other carbo-
hydrates at 1153 cm ™", positive loading of C-O vibrations
from glycogen and other carbohydrates at 1064 cm™", protein
amide I, and amide II (positive loading centred at 1658 cm™"
and 1548 cm ™!, respectively), and negative loading from C=0
stretching vibrations of lipids ester (centred at 1734 cm_l).
These results suggest that DIF and PIT (750) groups possess
higher lipids, glycogen and other carbohydrates, and proteins
than SIM (1.67) and ND groups.

The discrimination along PC-2 expressed the separation
between DIF group and other groups which demonstrated
positive loading in C-H stretching region (centred at 2911
cm™' and 2846 cm™"), negative loading of C-O vibrations
from glycogen and other carbohydrates at 1153 cm™" and 1022
em™", positive loading of C-O vibrations from glycogen and
other carbohydrates at 1064 cm™, protein amide I (positive
loading centred at 1627 cm™"), PO,-symmetric stretching
vibrations of nucleie acid (negative loading centred at 1083
cm™}), and positive loading from C=0 stretching vibrations
of lipids ester (centred at 1728 cm™!). These results seem con-
sistent with PC-1 that DIF group expresses higher lipids, gly-
cogen and other carbohydrates, proteins, and nucleic acid
than other groups.

3.4. Effect of the PIT on Pancreatic Lipase Activity. Pancreatic
lipase is an enzyme responsible for the hydrolysis of lipid
into free fatty acid and glycerol. The PIT concentrations
between 250 and 1000 ug mL™" displayed significantly higher
inhibitory lipase activity than those of the controls (p < 0.05)
(Figure 8). Moreover, the IC5, of the PIT for the inhibition



136

Evidence-Based Complementary and Alternative Medicine

Figure 2: Microscopic imaging of intracellular lipid after Oil Red 'O and haematoxylin staining of samples. (a) = Differentiate 3T3-L1
adipocytes (untreated adipocytes); (b) = PIT at 250 g mL™" treated adipocytes; (c) = PIT at 500 ug mL™" treated adipocytes; (d) = PIT
at 750 ug mL™" treated adipocytes; (e) = PIT at 1000 ug mL™" treated adipocytes; (f) = Simvastatin at 1.67 g mL™ treated adipocytes; (g) =
3T3-L1 preadipocytes (nondifferentiated cells) (original magnification at x100, scale bar; 100 ym and Inset view at X600, scale bar; 25 ym).

of pancreatic lipase was 1708.35 + 335.85 ug mL™", while the
inhibitory effect of the positive control Orlistat at 6.25 to 50 ug
mL™" demonstrated an ICs, at 68.23 + 6.67 ug mL™". Under
those circumstances, the potential strength of Orlistat on

lipase activity inhibition is approximately 25 times greater
than the PIT. These results suggest that the inhibitory impli-
cations of the PIT on pancreatic lipase activity increased in a
dose-dependent manner.
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FiGure 3: The figure graphically represents the effect of the PIT on the percentage of intracellular lipid in 3T3-L1 differentiated cells after Oil
Red O staining. DIF = differentiate 3T3-L1 adipocytes (untreated adipocytes); PIT(250) = PIT at 250 g mL™ treated adipocytes; SIM(1.67)
= Simvastatin at 1.67 g mL™" treated adipocytes; ND = 3T3-L1 preadipocytes (nondifferentiated cells). Means + SD are illustrated for three

replicates. Means with the same superscript are not significantly different from each other (Tukey’s HSD test, p < 0.05).
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FIGURE 4: Average original FTIR spectra (4000-950 cm™") obtained from 3T3-L1 cells. DIF = differentiate 3T3-L1 adipocytes (untreated
adipocytes); PIT(750) = PIT at 750 ug mL™" treated adipocytes; SIM(1.67) = Simvastatin at 1.67 ug mL™" treated adipocytes; ND = 3T3-L1

preadipocytes (nondifferentiated cells).

3.5. Total Phenolic Content (TPC) of PIT. The total pheno-
lic content was investigated by using the Folin-Ciocalteu
colourimetric assay. Gallic acid was used as a standard of the
phenolic compound. A standard calibration-curve of gallic
acid had an R? value of 0.9991 and standard equation y =
51.696x + 0.0624. The total phenolic content was calculated
and showed as gallic acid equivalents (GAE)/g of dry weight.
The results indicated that total phenolic of the PIT was 107.95
+4.87 mg GAE/g of dry weight.

3.6. Total Flavonoid Content (TFC) of PIT. Total flavonoid
content was investigated by using the aluminium chloride
colourimetric assay and expressed regarding catechin equiv-
alent (CE)/g of dry weight. The total flavonoid content was

calculated by standard calibration curve of catechin with an
R? value of 0.994 and the standard equation of y = 3.3315x +
0.0825. The results showed that the total flavonoid content of
PIT was 95.33'+.0.48 mg CE/g of dry weight.

3.7. Chemical Identification of PIT by LC-MS/MS. Negative
ion mode was selected for ESI-MS analysis in this study,
and the Multiple Reaction Monitoring (MRM) mode has
been used for identification. Two pairs of MRM transition
were selected at m/z 353.1-—191.0 and 515—353. MRM
chromatograms of PIT and standards (4-CQ, 5-CQ, 3,4-CQ,
3,5-CQ, and 4,5-CQ) of MRM transition at m/z 353—191.0
are shown in Figure 9(a). The result showed that PIT had been
detected 4-CQ and 5-CQ in the extract. Figure 9(b) revealed
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FiGURE 5: Average the secondary derivative spectra of 3T3-L1 cells. DIF = differentiate 3T3-L1 adipocytes (untreated adipocytes); PIT(750)
= PIT at 750 ug mL™" treated adipocytes; SIM(1.67) = Simvastatin at 1.67 pug mL™" treated adipocytes; ND = 3T3-Ll preadipocytes
(nondifferentiated cells). The data were represented in two regions: (a) lipid regions (3000-2800 cm™") and (b) protein, nucleic acid, glycogen,

and other carbohydrate regions (1800-950 cm™).
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FiGure 6: The histogram-of integrated areas of 3T3-LI cells. DIF = differentiate 3T3-L1 adipocytes (untreated adipocytes); PIT(750) = PIT at
750 pug mL™" treated adipocytes; SIM(1.67) = Simvastatin at 1.67 pg mL™" treated adipocytes; ND = 3T3-L1 preadipocytes (nondifferentiated
cells). (a) The integral area of nucleic acids, glycogen, and other carbohydrates. (b) The ratio of the integral area of lipids (CH,/CH,
asymmetric stretching) and proteins (CH, asymmetric stretching/Amide I). Means + SD are illustrated for three replicates. Means with
the same superscript are not significantly different from each other (Tukey's HSD test; p'<-0.03).

the chromatograms of PIT and standards of MRM transition
at m/z 515—353 which explained that 3,4-CQ, 3,5-CQ, and
4,5-CQ were the main ingredients of the PIT.

The quantification of the analytes was performed. We
focused on the highest peak of chromatogram that was 3,5-
CQ, and the result from MRM data acquisitions showed that
PIT concentration 1500 ug mL™" composed of 3,5-CQ 169.93
pgmL™",

4. Discussion

Obesity and hyperlipidemia are caused by an imbalance
between energy intake and energy expenditure which can
cause some of the health problems such as type 2 diabetes,
ischemic heart disease, stroke, and cancer [2, 31]. Obesity and
hyperlipidemia can be treated with conventional medicine
example Simvastatin for dyslipidemia and Orlistat for obesity,



139

Evidence-Based Complementary and Alternative Medicine 9

010 -
008 -
006 -
004
002
0.000 -
-.002 -
—.004 -
~.006 -
~.008 -
=010 -

-.012 T T T T J
-.010 -.005 0.000 .005 010 015 .020

PC-1(42%)

PC-2 (14%)

1153 1022

3000 2900 1800 1600 1400 1200 1000

Wavenumber (cm™)
e DIF m SIM(1.67) — PC-1
v PIT(750) + ND — PC-2

(a) (b)

FiGURE 7: PCA analysis of FTIR spectral ranges 3000-2800 cm™ and 1800-950 cm™ giving PCA score plot (a) and PCA loading plot (b). The
2D PCA score plots showed the clustering separation spectra between groups. DIF = differentiate 3T3-L1 adipocytes (untreated adipocytes);
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and at m/z 515—353 (b).
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but the medication has limited efficacies and has some side
effects such as rhabdomyolysis [32], nausea, and vomiting
[33]. Therefore, traditional medicine is an essential alternative
medicine to alleviate these diseases and may have minor side
effects when compared with modern medicine. Moreover, if
traditional medicine can be used alone or combined with
modern medicine, it will decrease the use of modern medi-
cine or reduce the dose and side effects of modern medicine
as well [34, 35].

P. indica (L.) was reported that it had many therapeutic
indications such as decreasing blood sugar [19] and reducing
blood pressure. In addition, folk medicine can help lower
the hyperlipidemia, but this indication has not proven the
efficacy by the researcher. Nevertheless, P. indica (L.) has
the potential for prevention and treatment of metabolic syn-
drome because it may have effects on both lower blood glu-
cose and blood lipid. Moreover, no work has been done on its
efficacy and safety.

The inhibition of adipogenesis using 3T3-L1 cells can pre-
dict the efficacy of P, indica (L.) on lipid formation inhibition
[23]. In addition, the use of MTT assay that has been widely
used to evaluate cell viability can investigate the preliminary
safety and acute toxicity of the compound. The pancreatic
lipase activity investigation can suggest the efficacy of PIT on
lipid absorption inhibition from the gastrointestinal tract to
the blood results in blood lipid reduction [2].

The MTT assay can detect the cytotoxicity of the com-
pound on the cells. Viable cells can generate MTT to for-
mazan which has a purple colour. The MTT results showed
that the viability of cells treated with a PIT at 250-1000 ug
mL™" was not significantly different compared to the controls
(DIF) (p > 0.05). These findings provide evidence that PIT at
<1000 ug mL™" is safe for 3T3-L1 cells. Our results are in sub-
stantial agreement with those of Srisook et al. and Pramanik
et al. that P. indica (L.) alone at 25 to 400 ug mL ! showed no
cytotoxic effect in RAW 264.7 macrophage cells [36] and at
400 mg kg™! did not cause any side effects to rat [19].

The investigation of the adipogenesis of 3T3-L1 cell can be
tested by using Oil Red O staining technique and illuminated
by a microscope. The microscopic observation results of Oil
Red O and hematoxylin-stained cells displayed that the PIT
decreased Oil Red O stained droplets of mature adipocytes
in a dose-dependent manner. Also, we can detect the quan-
tity of lipid by eluting Oil Red O dye by 100% Isopropa-
nol and measuring lipid accumulation by microplate spectro-
photometer. Interestingly, the effect of the PIT at 750 and
1000 g mL™" did not show significantly different in lipid
accumulation compared to 1.67 jig mL™" of Simvastatin, which
is a leading lipid-lowering drug.

The main active ingredients of the PIT have been inves-
tigated by using LC-MS/MS technique. The result showed
that the main chemical compositions of the PIT were caf-
feoylquinic acid derivatives which correlated with Kongkiat-
paiboon et al. [37]. Interestingly, caffeoylquinic acid has been
reported for its effect on hyperlipidemia, where the enriching
of caffeoylquinic acid derivatives in Pandanus tectorius fruit
extract moderated hyperlipidemia and improved the liver
lipid profile in hamsters fed high fat diet and these effects

141

1

may be caused by increasing the expression of PPAR« and
its downstream genes and by upregulation of LPL and AMPK
activities [38].

The total phenolic and total flavonoid content results are
in substantial agreement with those of Susetyarini et al. [39]
that tannin which is phenolic compound was found in P,
indica (L.). Furthermore, these results are consistent with
Andarwulan et al. that the active flavonoid and phenolic com-
pounds were discovered in P. indica (L.) [40]. Likewise, P.
indica (L.) appeared to possess eudesmane derivatives, ter-
pene glycosides, benzenoids, phenylpropanoids, lignan gly-
cosides, stigmasterol glucoside, quercetin, and chlorogenic
acid [36].

Furthermore, our data are consistent with those of Hsu
et al. that flavonoids and phenolic acids caused 3T3-L1 cell
cycle arrest in the Gl phase that may play a role in the
control adipogenesis of 3T3-L1 cell and might have the further
implication of in vivo antiobesity effects [41]. Apart from
this, the previous study reported that quercetin, which is the
one of active ingredients in P. indica (L.) [37], could inhibit
adipogenesis in 3T3-L1 adipocyte cell [42]. Moreover,
quercetin was reported to have the ability to improve hyper-
triglyceridemia, alleviate hypercholesterolemia, and elevate
HDL-cholesterol in db/db mice by decreasing the expression
of peroxisome proliferator-activated receptor-a (PPAR-«) and
sterol regulatory element-binding protein-1c (SREBP-Ic) and
reducing acetyl-CoA carboxylase (ACC) activity [43]. These
results provide evidence that PIT may decrease the adipogen-
esis of the cells and have the potential to develop to be a herbal
supplement that can prevent hyperlipidemia after efficacy and
toxicity in animal and human have been investigated.

FTIR microspectroscopy has previously been used to
characterise the spectral properties of biological change in
various samples [11, 44]. These results showed that the
integrated areas of lipids, proteins, nucleic acids, glycogen,
and carbohydrates of the PIT-treated adipocytes group were
significantly lower than untreated adipocytes group (DIF)
(p < 0.05) (Figures 6(a) and 6(b)). Our results are in corre-
spondence with those of Dunkhuntod et al. that baicalein
reduces lipids, proteins, glycogen, and other carbohydrates
in baicalein-treated 3T3-L1 adipocytes compared to untreated
3T3-Lladipocytes [11]. Moreover, the decreasing of integrated
area of lipids of FTIR is consistent with the Oil Red O staining
results. PCA analysis exhibited discrimination of four clusters
of the FTIR spectra of preadipocyte (ND), untreated adipo-
cyte (DIF), and Simvastatin- and PIT-treated adipocytes
(Figures 7(a) and 7(b)).

The lipase is the enzyme responsible for the digestion of
the lipid before it is absorbed into the bloodstream. The inhi-
bition of the enzyme can reduce the absorption of lipid which
can minimise the risk of obesity and hyperlipidemia disease.
The results indicated that PIT could inhibit the enzyme lipase
activity in a dose-dependent manner and had potency less
than Orlistat for 25.04 times. These results are in corres-
pondence with with those of Zhang et al. and Birari that
polyphenolic compound like flavonoid could inhibit the
enzyme lipase activity and reduce lipid absorption in the
intestine [7, 45]. Moreover, Dunkhunthod et al. reported that
baicalein could inhibit pancreatic lipase activity [11]. Also,
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the polyphenol-rich plants extract derived from grape seed
extract, fermented oats, berry, or strawberry had been re-
ported to inhibit lipases activity, and TPC enhanced the pan-
creatic lipase inhibitory effect [46, 47]. Thus, the inhibitory
effect of the PIT may depend on the amount of TPC and TFC,
which vary with the PIT concentrations.

5. Conclusions

Our results provide evidence that the PIT can decrease lipid
accumulation in 3T3-L1 adipocytes and primarily inhibit
adipogenesis. The PIT also modifies the lipid, carbohydrate,
protein, nucleic acid and glycogen concentrations within the
cells. Furthermore, the PIT could inhibit lipase activity in
vitro. This study also demonstrates that FTIR microspec-
troscopy can provide valuable information on the biochem-
istry of 3T3-L1adipocytes. The safety of PIT on 3T3-L1adipo-
cytes suggests that PIT may be developed to hyperlipidemia
or anti-obesity herbal. However, these in vitro results have to
be still confirmed in an animal or human test to achieve blood
and tissue therapeutic levels.
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