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ABSTRACT

The use of herbal remedies in the prevention of disease conditions has been the focus
of many studies due to their multiple health benefits. One such condition is a state of
hyperglycemia which may be altered with the use of natural products originating from
herbs, fruits or vegetables. Three of the proclaimed vegetables were used in this study,
a commonly consumed gourds belonging to the Cucurbitaceae family, namely:
Momordica charantia (also known as Bitter gourd, Karela or Peria Katak),
Trichosanthes cucumerina (known as Snake gourd or Labu Ular) and Lagenaria
siceraria (known as Bottle Gourd, Opo squash or Calabash). Water and ethanol
extracts from whole vegetable, peels and seeds were assessed for antioxidant activities
using 2, 2-diphenyl-l-picrylhydrazyl assay (DPPH assay), total phenolic assay (TPC
assay) and total flavonoid assay (TFC). The total phenolic contents were highest in the
ethanol extract of Lagenaria Siceraria peels (LSPe), the water extract of Momordica
charantia seeds (MCSw) and the ethanol extract of Trichosanthes cucumerina peels
(TCPe) being 35.58+1.2, 33.03+1.4 and 20.70+£1.26 mg GAE/qg, respectively. Total
flavonoid contents were highest in the seeds of all three vegetables for the ethanol
extract of Lagenaria Siceraria seeds (LSSe), the water extract of Trichosanthes
cucumerina seeds (TCSw) and the ethanol extract of Momordica charantia seeds
(MCSe) being 0.73+0.01, 0.67+0.02 and 0.65+0.02 mg QE/g, respectively in
accordance with the high total phenol content. The extracts exhibited high free radical
scavenging activity with the highest inhibition for DPPH being 79.80, 73.92 and
71.97% for LSPe, TCPe and MCSw, respectively. Cell viability assay for water and
ethanol extracts revealed that 3T3-L1 adipocytes maximum toleration concentration
was 0.063 mg/ml. The extracts were further tested on adipocytes’ differentiation and
showed a stimulation of lipid droplets formation during adipogenesis. The extracts
significantly (p<0.001) increased glycerol release levels during adipolysis compared
to the control and were higher in all three sources for the ethanol extracts of
Trichosanthes cucumerina whole vegetable (TCWe), Lagenaria siceraria whole
vegetable (LSWe) and Momordica charantia peels (MCPe), respectively. The extracts
also significantly (p<0.001) promoted the uptake of glucose in the cells for the ethanol
extract of Lagenaria siceraria whole vegetable (LSWe), ethanol extract of
Trichosanthes cucumerina whole vegetable (TCWe) and water extract of Momordica
charantia seeds (MCSw) for up to 81.31, 71,24 and 56.18%, respectively. The effect
of the extracts was further tested on adiponectin and leptin concentrations in
adipocytes using ELISA kit assay where it indicated a significant (p<0.01) increase in
adiponectin concentrations for the water extract of Lagenaria siceraria peels (LSPw),
the water extract of Momordica charantia peels (MCPw) and the water extract of
Trichosanthes cucumerina seeds (TCSw) with 54051557, 4966+1097 and 35931225
ng/ml, respectively and a decrease in leptin concentrations for the extracts LSPw and
MCSe with 14633+£612 and 17578+1536 pg/ml, respectively. The present study data
showed that there is a beneficial effect of the extracts on adipogenesis, adipolysis and
glucose uptake in 3T3-L1 adipocytes. Furthermore, the observed adipocytes
concentrations of adiponectin and leptin could be of clinical importance in energy
regulation which is a key factor in diabetes, obesity and metabolic syndrome.
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CHAPTER ONE
INTRODUCTION

1.1 GENERAL INTRODUCTION

Vegetables consumption is considered an integral part of daily human diet in all
cultures around the world. Fruits and vegetables represent excellent sources for
nutrients such as vitamins, minerals, dietary fiber and antioxidants (Kader, 2001). A
fruit and vegetable-rich diet has been promoted since the early ages where it has been
consumed as whole or segmented such as seeds, leaves, roots, and tubers. Long term
consumption of fruits and vegetables may be protective in nature from certain diseases
such as cancer (Roleira et al., 2015), cardiovascular disease (Hu, 2011), obesity
(Newby, 2009), Diabetes Mellitus (particularly Type 2 Diabetes) (Leiherer, Miindlein,
& Drexel, 2013) (Zaklos-Szyda, Majewska, Redzynia, & Koziolkiewicz, 2015),
gastrointestinal disorders (Floch & Hong-Curtiss, 2002) and several other diseases.
Despite the immense breakthrough in medicine and the wide variety of treatments
available in the market, it remains a basic fact that good nutrition is the single cost
effective way to improve health and well-being and avoid side effects, the failure of
long term desirable results and the economic burden resulting from the use of drugs
(Wang, Wang, & Chan, 2013).

The prevalence of non-communicable diseases (NCDs) has been a growing
health concern in the recent years around the world including Malaysia. According to
World Health Organization (2014), 38 million deaths were recorded worldwide in
2012 that were related to NCDs in which 42% could have been preventable with an
adjustment of dietary intakes while diabetes Mellitus prevalence increased from 100

million people in 1990 to 250 million in 2007 and is expected to reach 350 million by



the year of 2030 (NHMS, 2015). Among the Southeast Asian countries, Malaysia is
on the top of the charts in the prevalence of Diabetes which increased from 2% in
1960 to 15.2% in 2009 and reached 3.2 million cases in 2014 (4th International
Diabetes Conference, 2013). Obesity prevalence went from 200 million obese adults
in 1995 to 400 million by the year 2005 with 800 million people being overweight.
Malaysia represents the highest country in obesity prevalence in Asia with 45.3% of
the population being obese (MASO, 2014). Cardiovascular disease represents the
leading cause of death with an estimation of 17.3 million deaths per year worldwide
which is expected to grow to 23.6 million by the year of 2030 (World Health
Organization, 2014). In Malaysia, the mortality due to CVD has increased from 15.7%
in 1996 to 25.4% in 2006 (Amiri et al., 2014) which is a consequence to the high
obesity rates. Cancer prevalence has reached 32.5 million people worldwide in 2012
with 9.7% for colorectal cancer while in Malaysia it is estimated that 90 000 to 100
000 people are living with cancer wherein colorectal cancer comes in second place
after breast cancer (NCSM, 2012).

The use of plant foods and traditional herbal remedies against NCDs has
dominated research recently especially for the treatment and prevention of type 2
Diabetes Mellitus (T2DM) due to its fast expansion throughout the world each year.
According to Patel et al., (2012), there are over 1200 species claimed to possess
antidiabetic properties although most of them are in lack of the scientific validation,
this led the recent researchers to focus more on providing scientific substantiation of
these plant foods and the health benefits emitting from their phytochemicals. Among
these various and widely spread medicinal plants in Asia generally and Malaysia
particularly is the Cucurbitaceae family which, despite its abundance and availability,

has not been thoroughly investigated for its potential benefits on diseases. The



vegetables from this family, also called gourds, are considered a great dieting food
due to their high water and fiber content and are considered a great source of vitamins
A, K and C, minerals such as potassium and antioxidants (flavonoids and carotenoids)
(Saboo, Thorat, Tapadiya, & Khadabadi, 2013). Minor research has been made on the
investigation of these plants’ whole and separated parts for their properties in the
prevention of NCDs such as T2DM. The studies aiming for the anti-hyperglycemic
effect were mainly focused on certain genres than others. As the incidence of NCDs
grows higher each year especially in Malaysia, it is wise to consider alternative
preventive tools such as dietary management using fruits and vegetables. This
approach can reduce the costs of treatment and help in the prevention of various
modern diseases such as T2DM.

In this study, three common Malaysian vegetables of the Cucurbitaceae family,
namely: Momordica Charantia (also known as Bitter gourd, Karela or Peria Katak),
Lagenaria Siceraria (known as Bottle gourd, Opo squash or Calabash) and
Trichosanthes Cucumerina (known as Snake gourd or Labu Ular) were investigated
for the effect of their water and ethanol extracts (extracted from whole vegetable,
peels and seeds) on 3T3-L1 adipocytes differentiation, adipolysis and glucose uptake
in addition to adiponectin and leptin concentrations.

1.2 SIGNIFICANCE OF THE STUDY

Vegetables and their components namely peels, seeds and whole vegetable are being
consumed all over the world as parts of the diet. As previously mentioned, these
vegetables under investigation are important sources of vitamins, minerals, dietary
fiber and of course carbohydrates. However, the components from the seeds and peels
are yet to be fully determined and their effect on health conditions lack scientific-

based evidence.



In this study, we investigated the effect of three extracts (extracted from whole
vegetable, peels and seeds) of three common vegetables grown in highlands of
Malaysia namely: Momordica charantia (also known as bitter gourd, Peria Katak or
Karela), Trichosanthes Cucumerina (also known as Labu Ular or snake gourd) and
Lagenaria siceraria (also known as Labu Air or bottle gourd) on 3T3-L1 adipocytes
differentiation, adipolysis, glucose uptake in addition to adiponectin and leptin
concentrations. This investigation provides a preliminary understanding of the extracts
which have an effect on glucose and lipid metabolism as well as the effect of

adipokines on energy regulation observed in 3T3-L1 adipocytes.

1.3 OBJECTIVES

1.3.1 General objective

The main objective of this study was to evaluate the effect of water and ethanol
extracts from whole vegetables, peels and seeds of three common Malaysian
vegetables, namely: Momordica charantia, Trichosanthes Cucumerina and Lagenaria
siceraria and on the differentiation, adipolysis and glucose uptake in 3T3-L1

adipocyte model.

1.3.2 Specific objectives

The specific objectives of this study were as follows:
i.  To determine the total phenol content (TPC), total flavonoid content (TFC)
and free radical scavenging activity (DPPH) of the extracts.
ii. To study and determine the effect of the extracts on adipogenesis and

adipolysis.



iii.  To evaluate the effect of the extracts on glucose uptake using a radioactive
tracer.
iv.  To assess the effect of the extracts on adiponectin and leptin concentrations

in the adipocytes.

1.4 HYPOTHESIS
Momordica charantia, Trichosanthes Cucumerina and Lagenaria siceraria extracts
extracted from whole vegetable, peels and seeds will have the following effects:
i.  antioxidant activity using TPC, TFC and DPPH scavenging activity.
ii.  stimulation of 3T3-L1 differentiation in the adipocytes.
iii.  increase of glycerol release during adipolysis and increase glucose uptake in
the adipocytes.
iv.  increase adiponectin concentrations and decrease leptin concentrations in

the adipocytes.

1.5 EXPECTED OUTCOME

The treatment of 3T3-L1 adipocytes with the extracts of whole vegetable, peel and
seeds of Momordica charantia, Trichosanthes Cucumerina and Lagenaria siceraria
will improve the cells’ differentiation and adipolysis, increase the glucose uptake in
the cells, increase adiponectin concentrations and decrease leptin concentrations in
adipocytes. These mechanisms related to adipocytes differentiation, adipolysis and
glucose uptake have been linked to a better regulation of glucose and lipid metabolism
in the human body as well as the regulation of energy homeostasis especially by the
adipokines such as leptin and adiponectin which is beneficial in the prevention of

various diseases such as Type 2 Diabetes Mellitus and obesity.



