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ABSTRACT

Type 2 diabetes mellitus (T2DM) is the commonest type of diabetes mellitus and
characterized by the insulin resistance. Many literatures showed that insulin resistance
in T2DM and obesity is due to oxidative stress. Most of the traditional medicinal plants
that are claimed useful in treating diabetes having antioxidant activity and believe to be
beneficial in preventing the oxidative stress. The study tried to relate the relationship
between antioxidant and insulin resistance. The study was conducted by determining
the effect of Ficus deltoidea phenolics fraction that having the strongest antioxidant
activity on glucose uptake of the myotubes and adipocytes in insulin resistance
condition. The study consists of sequential extraction of the F. deltoidea and followed
by fractionation using DPPH guided activity. The identified fraction by UPLC-QTOF-
MS/MS that had the strongest antioxidant activity was used on insulin resistance models
in order to see whether the fraction is able to enhance glucose uptake. Eleven fractions
were collected. The DPPH assay result showed methanol extracts and F1 fraction (ethyl
acetate fraction) was the strongest antioxidant active fraction. The identified
components from the negative mode of UPLC-QTOF-MS/MS were euparin,
dihydroresveratrol, feralolide, Moracin M-3’-O-B-D- glucopyranoside, cinchonain lIa,
piceatannol, 3,5,4’- trihydroxystillbene, protosappanin A, cearoin, procyanidin C-1,
protosappanin C, smilaxin, ceasalpins J, ceasalpins P, moracin F, protosappanin A,
neosappanone A, 1-(4-hydroxybenzyl)-4-methoxy-2,7-dihydroxyphenanthrene, 1,5-
Bis(4-hydroxy-3-methoxyphenyl)-1,4-pentadien-3-one, albaspidin AA, moracin O and
moracin C. The identified components from the positive mode of UPLC-QTOF-MS/MS
were epicatechin gallate, populnin, catechin, kaempferol, chlorogenic acid, 4-O-p-D
Glucopyranosyl-trans-cinnamic acid and kaempferol-7-O-a-L-rhamnoside. For the cell
culture, palmitate was able to induce insulin resistance in C2C12 myotubes but not in
3T3-L1 adipocytes. None of the strength of the fraction able to improve the insulin
resistance. 10 pg/mL and 100 ug/mL of ethyl acetate fraction significantly reduced
glucose uptake in C2C12 myotubes at concentration of 17.92 uM + 2.53 and 7.40 uM
+ 3.92 whereas in 3T3-L1 adipocytes, all concentration of ethyl acetate fraction reduced
glucose uptake but significant at 100 pg/mL (18.6286 uM = 1.18). Further investigation
is needed to be done on the other possible mode of action by F. deltoidea in reconciling
its anti-diabetic claims. The finding implies that not all antioxidants rich medicinal
plants can reverse the insulin resistance and their beneficial effects on T2DM need detail
elaboration. It is suggested that palmitate induced insulin resistance in skeletal muscle
is a useful screening tool in searching a potential remedy for T2DM particularly in
considering the disease pathophysiological aspect.
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CHAPTER ONE

INTRODUCTION

1.1 RESEARCH BACKGROUND

Diabetes mellitus is one of the epidemic diseases which affect globally. Asia is the most
affected region with China and India as the top two countries where the people with
diabetes (Zheng et al., 2018). About 415 million of adults have suffered from diabetes
and 90% of cases are type 2 diabetes mellitus (T2DM). The International Diabetes
Federation (IDF) reported about 6.8% of global mortality equivalent to 3.96 million
deaths are due to diabetes mellitus in year 2010 and was raised to 5.0 million deaths in
year 2015 (Zheng et al, 2018). Factors affect this rapid emerging epidemic are due to
sedentary lifestyle and unhealthy diet aside from genetic predisposition. Further
complication of T2DM can leads to heart disease, stroke, impaired in vision, foot ulcer
and kidney damage (Jain, 2010). Among all of the complications, mortality and
morbidity of the patients are mainly due to cardiovascular complication and in Asia,
kidney damage in diabetes mellitus are more prevalence (Zheng et al., 2018). T2DM is
a metabolic syndrome which affects the proper production of insulin and the decrease
in sensitivity of cells towards the insulin stimulation. The essential precursor of the
development of T2DM is insulin resistance and both T2DM and obesity linked to the
development of insulin resistance especially in peripheral tissues (Al-Goblan, Alfi &
Khan, 2014). Oxidative stress is one of the pathways which leads to insulin resistance
in obesity and T2DM patient. Studies has discovered insulin resistance has related with
obesity due to the high fat intake and glucose intake which provide extra subtract for

the body to produce reactive oxygen species (ROS) and causes oxidative stress.



Oxidative stress further damage cells and signaling pathway thus leads to insulin
resistance. Recently, antioxidant therapy has been introduced in preventive and
management of T2DM (Bajaj, 2012). There are studies that showed antioxidant is
capable as anti-diabetic especially the dietary polyphenols (Mazumder et al., 2012).
Many commercial herbal medicines with antioxidant properties have anti-diabetic
effects. This study is to investigate the antioxidant containing plant Ficus deltoidea var.
kunstleri (King) Corner and its antioxidant active phenolic fraction on palmitate induced

insulin resistance in C2C12 myotubes and 3T3-L1 adipocyte.

1.2 RESEARCH PROBLEM STATEMENT

Insulin resistance in obesity and T2DM are related to oxidative stress. High amount of
free fatty acids and glucose increases ROS production and create oxidative stress due
to the imbalance of the antioxidant system and increases in ROS level. Thus, external
antioxidants are needed to combat the harmful condition in T2DM and obesity patients
and prevent further complications. Nowadays, the commercialized herbal medicines are
claimed to have anti-diabetics effect and most of the herbals have antioxidant activity.
Antioxidants have several classes according to their mode of actions. Dietary
polyphenols are the phytochemicals which responsible for the antioxidants activity of
herbals and some of the dietary polyphenols have dual action either as antioxidant or
pro-oxidants which will further deteriorate conditions if taken without consultation or
proper evaluation. Some of the dietary polyphenols also have more specific mechanism
in glycemic control which involve in insulin signaling pathway either inhibition or
stimulation pathway. Thus, extensive investigation needs to be done on the effect of
antioxidant properties of herbals which have the anti-diabetic effects. F. deltoidea is

one of the herbal plants traditionally used as antidiabetic which contained abundant



antioxidant compounds. Other than as a-glucosidase inhibitor, this study was trying to
explore other possible pathways of F. deltoidea as antidiabetic. F. deltoidea leave was
used in the study to investigate the antioxidant properties of the leaves either ameliorate

or deteriorate the insulin resistance condition.

1.3 SIGNIFICANT OF STUDY

The study is important to provide better understanding on the effects of antioxidant
towards glycemic control and on the relationship between obesity and insulin resistance
in T2DM. The preemptive claim that all antioxidants are able to cure diabetes can be
explained and reconciled. The study on the antioxidant of herbs and characterizing the
type of antioxidants is important to ensure their efficacy on diabetes mellitus as well.
This will avoid misleading information by the consumers and the sellers. The study also

illustrates the relationship between obesity causes insulin resistance in T2DM.

1.4 OBJECTIVES

1.4.1 General Objective
To evaluate the effect of the antioxidant active fractions of F. deltoidea extracts on

insulin-resistance in C2C12 myotubes and 3T3-L1 adipocytes cell models.

1.4.2 Specific Objective
1. To investigate the most antioxidant active fraction from F. deltoidea extracts by
bio-assay-guided fractionation using vacuum liquid chromatography.
2. To induce and develop insulin-resistant cells in C2C12 myoblast and 3T3-L1

adipocytes cell line.



3. To evaluate the activity of the antioxidant active fraction of F. deltoidea leaf
extract in reversing the induced-insulin resistance cell lines by glucose uptake

assay.

1.5 RESEARCH HYPOTHESIS

1. Palmitate is responsible for inducing insulin resistance in C2C12 myotubes and
3T3-L1 adipocytes.

2. Phenolic compounds in F. deltoidea var. kunstleri leaves have different effects

on palmitate-induced insulin resistance cell models.



1.6 STUDY FLOW

1.6.1 Phase one

F. deltoidea powdered leaves

Sequential extraction
. Hexane

®  Dichloromethane

®  methanol

F. deltoidea extracts

Antioxidant screening
. DPPH assay
e Ascorbic acid as
standard

\_____J —

The strongest antioxidant active extract

Fractionation:
e  Vacuum liquid
chromatography

F. deltoidea leaf fractions

. DPPH assay
e Ascorbic acid as
standard

{Antoxdaﬂt screenlng

—

The strongest antioxidant fractions

LCMS-Q-TOF analysis

 S—

Characterized antioxidant active fraction of F. deltoidea leaf




1.6.2 Phase two

Cell culture

Cell growth and cell
differentiation

C2C12 muscle cell

3T3-L1 adipocyte cell

Free fatty acid treatment using
palmitate

Insulin resistance C2C12 muscle
cell

Insulin resistance 3T3-1L adipocyte
cell

The strongest antioxidant

active fraction

Glucose uptake study

Glucose uptake assay

Data collection and analysis




