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ABSTRACT

Momordica charantia Linn (Cucurbitaceae) has been widely commercialized based on
traditional usage as an antidiabetic product. However, the scientific evidence of its
antidiabetic activity is not sufficient. Hence, the major aims of this research were to
evaluate the antidiabetic activity of M. charantia fruit through proton-nuclear magnetic
resonance (*H-NMR) spectroscopy based metabolomics, to investigate its mechanism
of action, to profile the identified antioxidants as antidiabetic agents through liquid
chromatography-mass spectrometry (LC-MS) and gas chromatography-mass
spectrometry (GC-MS) based metabolomics, and to develop a validated regression
model using fourier transform infra-red spectroscopy (FT-IR) based fingerprinting.
Initially, the fruit was extracted by the solvent with different ethanol in water
concentration (0, 20, 40, 60, 80, 100%, v/v). Then, the extracts were subjected to
different in vitro assays. The 80% aqueous ethanolic extract possessing the highest in
vitro bio-activity was chosen for further in vivo antidiabetic evaluation utilizing *H
NMR based metabolomics approach. In vitro dipeptidyl peptidase-4 (DPP-1V)
inhibitory and 3T3-L1-cell glucose uptake activities were also tested for the same
extract to explain its mode of action in relation to the metabolomics results. LC-MS and
GC-MS based metabolomics approaches were applied to profile the bioactive
compounds present in the extract. Finally, a validated calibration model was developed
using FT-IR based fingerprinting. The 80% ethanolic extract showed a high inhibitory
activity on 1, 1-diphenyl-2 picrylhydrazyl (DPPH) radical and high ferric reducing
antioxidant power, but failed to exhibit inhibitory activity against a-glucosidase and
xanthine oxidase enzymes. Thereby, the antidiabetic activity of this extract was further
evaluated using streptozotocin obese-diabetic induced rats (STZ ob-db). The results
showed that the administration of the 80% ethanolic extract at 300 mg/kg bw for 4
weeks significantly (P < 0.05) reduced the blood glucose level and normalized the blood
lipid profile of rats. However, the data obtained from the metabolomics showed that the
metabolite profiles of the serum and urine of rats could not be fully normalized by the
80% ethanolic extract and metformin. The identified biomarkers in serum and urine
were 2-hydroxybutyrate, leucine, adipate, alanine, acetate, succinate, 2-oxoglutarate,
dimethylamine, creatine, creatinine, betaine, glucose, taurine, phenylacetylglycine,
allantoin and hippurate. Furthermore, it was found to ameliorate the energy metabolism
through the improvement of 3T3-L1-cell glucose uptake and inhibition DPP-1V but not
through the inhibition of a-glucosidase and xanthine oxidase. This extract displayed
strong antioxidant activities which further showed a positive correlation to antidiabetic
activity. LC-MS and GC-MS based metabolomics approaches helped to identify several
antioxidants in this extract such as ascorbic acid, margarolic acid, brevifolincarboxylic
acid, quercetin 3-O-glycoside, kuguacin H, cucurbitacin E, 3-malonylmomordicin I,
goyaglycoside G, gentiobiose, glucose, galactonic acid, palmitic acid, galactose,
mannose, and fructose. Finally, the validated regression model based on the FT-IR
based fingerprinting has been successfully developed for the first time through this
study in regard to predict the antioxidant activities of the new set of the extracts of
M. charantia. In conclusion, this study showed that the M. charantia fruit extract has a
great potential to be efficaciously used in the management of diabetes.
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CHAPTER ONE

INTRODUCTION

1.1 BACKGROUND OF THE STUDY

Plant-based traditional medicine always stands as a golden mark to exemplify the
outstanding phenomenon of symbiosis. Natural products from the medicinal plants
have been the popular alternative for the treatment of various diseases and primary
health care. Verma et al. (2008) stated that 80% of people in developing countries is
still dependent on traditional herbal medicine derived from plants and animals for
their primary and secondary health issues. Herbal medicines have been practiced
since antiquity by traditional medicine practitioners. It has been continuing in
practice until today because of its cultural beliefs in many parts of the world and
promising biomedical properties. Furthermore, owing to rising medical treatment
cost as well as the emergence of new diseases, prevailing focus on an idea of
evidence-based medicine in recent decades have been greatly addressed (Narins,
2000). According to Kim et al. (2015), it is forecast that, by the year 2050, the total
global herbal drug market will increase to US$ 5trillion.

Momordica charantia is a popular medicinal plant of the Cucurbitaceae
family that is widely available in local market. It is known as ‘peria katak’ in Malay
and bitter melon or bitter gourd in English (Premila and Lisa, 2007). It also has been
reported to possess antidiabetic, antimicrobial, antioxidant, antiviral and antitumor
activities (Grover and Yadav, 2004; Wu and Ng, 2008). Numerous studies have been
reported on antidiabetic properties of M. charantia fruit extract using various rat

models since 1950’s (Raman and Lau, 1996; Basch et al., 2003; Ojewole et al.,



2006). However, previous studies only analyzed some targeted biomarkers such as
glucose and insulin to evaluate the efficacy of this fruit. It causes a bias interpretation
of the results since the metabolism in diabetes is very complex. Our knowledge is
still limited to reveal all metabolite alterations responsible to cause diabetes. Thus,
the best approach to evaluate the efficacy of the sample is to analyze all possible
metabolites in biofluids using a new holistic approach known as metabolomics.
Metabolites profile of an organism reflects significant information about its
physiological status. Another advantage of using this approach is the possibility to
identify new biomarkers causing a particular disease, and to reveal the mode of
action of herbs in the treatment of this disease (Gabrielsson et al., 2006). Some
examples of this specific work are the application of NMR-based metabolomics to
evaluate antidiabetic activity of natural Centella asiatica (Maulidiani et al., 2016),
Phyllanthus niruri (Mediani et al., 2016), Andrographis paniculate (Akthar et al.,
2016), and green tea (Zhang et al., 2013).

In recent years, the major obstacle faced by the herbal industries is
overlooked findings of many possibly bioactive natural compounds during drug
discoveries based on bioassay guided fractionation approach. It is because of the fact
that the single bioactive agent found to be present in low abundance in natural
sources and biological effect could arise due to a synergistic action of multiple
bioactive ingredients in a single source or from a multiple source in a particular
formulation (Williamson, 2001). Currently, metabolomics approach has been
practiced to overcome the bottlenecks in the identification of bioactive compounds in
medicinal herbs (Wang et al., 2006). It can help to rationalize the therapeutic
superiority of many plant extracts over single isolated constituent. It identifies and

quantifies multiple targets in order to obtain an overview of all compound classes



and brings an important insight into the natural product by linking putative
bioactivity with some compounds in a targeted plant (Fiehn, 2002; Newman and
Cragg 2007).

Identification of antioxidants in M. charantia fruit is important since these
compounds correlate with antidiabetic activity through suppression of glycation of
proteins, inactivation of enzymes, and alteration in structural functions of collagen
basement membrane of pancreatic g-cell (Nirmala et al., 2011). Some antioxidants
have been identified in this fruit, but there is a complete lack of information from the
existing literature on the correlation of these compounds with an antidiabetic
activity. Moreover, the antioxidant activity of the fruit crude extract does not confirm
precisely about the total number of compounds responsible for an antioxidant effect
of the fruit crude extract since all the existing studies had been based on the
antioxidant activities of the different individual compounds. It is a well-known fact
that the bioactivity of an individual compound may differ when these compounds are
within the complex matrix of the plant material. For example, it is quite common that
the antioxidant activity of a sample can disappear when it is fractionated,
phenomenon attributed to possible synergistic effects with other components of the
sample (Kuhlisch et al., 2015). Thus, the reported antioxidant compounds may not be
solely or individually responsible for the antioxidant activity of the whole fruit. One
way of detecting all the compounds related to antioxidant activity is to use
metabolomics approach (Verpoorte et al., 2009).

The analytical methods that are used in metabolomics are varied. No single
analytical instrument is available up to date to detect all range of compounds with
high sensitivity and resolution. Thus, the use of different analytical instruments is

highly recommended to detect as much as possible bioactive compounds in a sample.





