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ABSTRACT

Psychotria malayana Jack belongs to Rubiaceae family and known in Malaysia as
“meroyan sakat/salung”. It is widely available in Malaysia and other Southeast Asian
countries where it is traditionally used to manage diabetes. However, its folk claims as
an antidiabetic agent and proper metabolites profiling are yet to be carried out to
further confirm its role as an efficacious antidiabetic herbal remedy. Therefore, this
study was aimed to evaluate the anti-diabetic activity of this plant extracts (0, 25, 50,
75, and 100% v/v methanol-water) through a-glucosidase (AG) inhibitory assay as
well as toxicity determination using zebrafish embryos/larvae (Danio rerio) model.
The extracts were also assessed for antioxidant activity to further confirm its
antidiabetic potential. The AG inhibitors of the plant were identified using gas and
liquid chromatography fitted with mass spectrometry (GCMS and LCMS,
respectively) and nuclear resonance spectroscopy (NMR) based metabolomics
approach. While the ligand-protein interaction was elucidated through molecular
docking study. Furthermore, a validated analytical technique was also developed
applying a Fourier Transform Infrared Spectroscopy (FTIR) fingerprint and utilizing
an orthogonal partial least square (OPLS). The methanol extract possessed the highest
AG inhibitory activity (ICsp 2.83 + 0.32 pg/mL). In addition, methanol extract showed
potent insulin sensitizing and antioxidant activities. A total of eight putative bioactive
compounds were identified namely 1,3,5-benzenetriol (1); palmitic acid (2); cholesta-
7,9(11)-diene-3-ol (3); 1-monopalmitin (4); p-tocopherol (5); a-tocopherol (6); 24-
epicampesterol (7); and stigmast-5-ene (8) using GCMS-based metabolomics
approach. Furthermore, five putative bioactive compounds, namely 1-monopalmitin
(4), 4-hydroxyphenylpyruvic acid (10), 5’-hydroxymethyl-1'-(1, 2, 3, 9-tetrahydro-
pyrrolo (2, 1-b) quinazolin-1-yl)-heptan-1'-one (11), a-terpinyl-f-glucoside (12), and
machaeridiol-A (13) were identified through LCMS-based metabolomics approach.
Additionally, using NMR-based metabolomics, two putative bioactive compounds
were identified, namely 4-hydroxyphenylpyruvic acid (10) and glutamine (14).
Docking results of all thirteen putative bioactive compounds showed moderate to high
binding affinities (-5.5 to -10.0 kcal/mol) towards the active site of the enzymatic
protein. Several residues, namely ASP352, HIE351, GLN182, ARG442, ASH215,
SER311, ARG213, GLH277, GLN279, PRO312, HIE280, and GLUA411 established
hydrogen bond in the docked complex. The OPLS model developed by FTIR and
validated using six external samples of same plant sepcies and potentially predicted
the AGI activity of all extracts. Therefore, it can be suggested to be used as a tool in
the plant’s quality control. The median lethal concentrations (LCso) of 0%, 25%, 50%,
75% and 100% MeOH extract were found to be toxic (252.45, 119.40, 81.28, 64.71,
and 37.50 pg/mL, respectively). Conclusively, thirteen putative AG inhibitors from P.
malayana were identified through metabolomics approach in this study and methanol
extract is better to use based on its potency and safety. All of these findings might
prove helpful for this plant to be used as a promising anti-diabetic medicine in the
future.
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CHAPTER ONE
INTRODUCTION

1.1 BACKGROUND OF THE STUDY

Medicinal herbs are being extensively used in the pharmaceutical sector as the vital
sources of drugs. Nature has offered us an enormous abundance of natural products.
Natural products are well known as the key sources of new medicines and therapeutic
agents. Natural products are revealed via trials and errors to manage various unknown
diseases. The scientific evidence on the bioactivity of plants provide the beneficial
information to develop the new therapeutic agents. The research on the identification of
the bioactive compounds from various medicinal plants started after discovering
morphine from poppy in 1806 (Yang et al., 2016; Zhang et al., 2020). Around the world,
80% of the people are using medicinal plants to manage or prevent the sickness. But
majority of them are unaware of their appropriate use and safety of these plants which
may arise serious health problems (Adib-Hajbaghery & Rafiee, 2018; Tugume &
Nyakoojo, 2019). Therefore, it is very important to collect the scientific proof on the
quality, bioactivity, and toxicity of the medicinal plants.

The long-term metabolic disease produced by hyperglycemia is known as
diabetes mellitus (DM), referring to a condition where a consistently high blood sugar
level leads to an imbalance of tissue homeostasis. Various complications may develop
if diabetes is not well managed. Myopia, glaucoma, and retinal detachment may be
caused by diabetic retinopathy (Roglic, 2016). The World Health Organization (WHO)
has reported that diabetic retinopathy, heart attacks, kidney failure, strokes, and lower
limb amputation are all common complications of diabetes. Diabetes is the leading

cause of blindness in the world, accounting for 2.6 percent of all cases. Apart from this,



