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Type 2 diabetes mellitus (T2DM) is a heterogeneous metabolic disorder, causing 

various health complications, and apparently affects the human’s life. The controversy 

over taking antidiabetic medications for diabetic patients has a definite side effect on 

either short-term or long-term effects. Despite a wide solution that has revealed in 

providing systematic relief in T2DM, considerable research attention has been 

focussing on exploring a better therapeutic alternative research that generally 

employed to increase antidiabetic values from the natural plant extract. The aim of the 

current study was to elucidate on antioxidant and antidiabetic activities on root and 

fruit extracts of Curculigo latifolia via in vitro and molecular docking studies. The 

evaluation in the phytochemical and antioxidant activity has been assessed by total 

flavonoid content (TFC), total phenolic content (TPC), 2, 2′-azino-bis-3-

ethylbenzthiazoline-6-sulphonic acid (ABTS) and 1,1-diphenyl-2-picrylhydrazyl 

(DPPH) radical. Besides, antidiabetic activity was subsequently explored based on the 

inhibition of α-amylase, α-glucosidase and dipeptidyl peptidase (IV) assay, along with 

in vitro studies through glucose uptake activity, insulin secretion assay and screening 

agonist of Peroxisome proliferator-activated receptor gamma (PPAR-γ). Then, the 

activity of the protein was further assessed through molecular docking analysis with 

the selected ligands from the screening of compounds using liquid chromatography-

mass spectrometry (LCMS). The effect of subcritical water extraction (SWE) 

temperature on TPC, TFC and antioxidant capacity (ABTS & DPPH) shows a 

significant (p < 0.05) while the extraction’s times shows no significant effect.The 

highest results for the root extracts recorded with extraction yield (36.5g/100g), TPC 

(92.55 mg GAE/g), TFC (13.26 mg RE/g) ABTS (66.8 mg trolox equiv/g) and DPPH 

(128.7 mg trolox equiv/g) at 180oC and 30 minutes extraction time. Conversely, the 

highest results for the fruit extracts recorded with extraction yield (16.7g/100g), TPC 

(78.63 mg GAE/g), TFC (5.79 mg RE/g) ABTS (54.8 mg trolox equiv/g) and DPPH 

(127.3 mg trolox equiv/g) also at 180oC and 90 minutes extraction time. Moreover, a 
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significant positive correlation between TPC, TFC and antioxidant capacity (DPPH 

and ABTS) values was detected for both of the extracts. In an enzymatic assay, both 

extracts show a significant positive inhibition (p < 0.05). The highest inhibition by the 

roots extracts with α-glucosidase (IC50 2.72±1.43 mg/ml), α-amylase (IC50 0.31±2.31 

mg/ml), DPP (IV) (IC50 3.9±0.95 mg/ml) compared with fruit extract that recorded 

with α-glucosidase (IC50 5.6±0.66 mg/ml), α-amylase (IC50 1.3±0.75 mg/ml), DPP 

(IV) (IC50 5.7±0.66 mg/ml). In addition, both of the extracts caused a significant 

increase (p< 0.05) in glucose uptake activity in adipocyte 3T3-L1 and L6 cell lines. 

The highest glucose uptake by 3T3-L1 for the root and fruits extract was 67% and 

49% respectively. Meanwhile, the highest glucose uptake by L6 muscle cells for the 

root extract was 85% while for the fruit extract was 68%. Besides, both of the extracts 

displayed a significant increase (p< 0.05) in insulin secretion with the highest activity 

by the root and fruit was 13.74 μg/ml and 11.06 μg/ml respectively in pancreatic 

BRIN-BD11cell line. The results on the screening of ppar-γ agonist assay show that 

root extracts exhibit 25%,  and fruit extracts give 14% significance with p ≤ 0.05 by 

comparing both of the extracts. Molecular docking results indicated that phlorizin, 

scandenin, pomiferin and mundulone were selected as a potential inhibitor in 

most of the targeted protein by having the least binding energy and some of these 

ligands were observed that interact with crucial residues in the active site region of 

the protein. In conclusion, the present study indicated that there is potential in the 

development of C. latifolia as a therapeutic alternative agent for T2DM management, 

particularly by benefiting the simultaneous targeting in the main mechanism of action 

in T2DM. 
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Diabetes melitus jenis 2 (T2DM) adalah gangguan metabolik heterogen yang 

menyebabkan pelbagai komplikasi kesihatan dan turut memberi kesan kepada 

kehidupan manusia. Kontroversi dalam pengambilan ubat antidiabetik untuk pesakit 

diabetes mempunyai kesan sampingan sama ada untuk jangka pendek atau jangka 

panjang. Walaupun terdapat penyelesaian yang luas dalam memberi bantuan 

sistematik untuk T2DM, fokus penyelidikan masa kini tertumpu dalam penerokaan 

kajian alternatif terapeutik yang lebih baik dan kebiasaanya digunakan dengan 

meningkatkan nilai antioksidan dan antidiabetik daripada ekstrak tumbuhan 

semulajadi. Tujuan kajian semasa adalah untuk mengkaji aktiviti antioksidan dan 

antidiabetik pada ekstrak akar dan buah Curculigo latifolia melalui kajian in vitro dan 

penyelidikan docking molekul. Penilaian terhadap ujian fitokimia dan aktiviti 

antioksidan dianalisis menggunakan jumlah kandungan flavonoid (TFC), jumlah 

kandungan phenolic (TPC), radikal 2, 2′-azino-bis-3-etilbenzilthiazoline-6-sulphonic 

acid (ABTS) dan 1,1-difenil-2-pikrilhidrazil (DPPH). Selain itu, aktiviti antidiabetik 

kemudiannya diterokai berdasarkan perencatan enzim α-amilase, α-glukosidase dan 

asai dipeptidil peptidase (IV), bersama-sama dengan kajian in vitro melalui aktiviti 

pengambilan glukosa, ujian rembesan insulin dan pemeriksaan agonis Peroxisome 

proliferator-aktivated reseptor gamma (PPAR-γ). Kemudian, aktiviti protein yang 

terlibat dalam antidiabetes telah dikaji dengan lebih lanjut melalui analisis docking 

molekul dan ligan dipilih berdasarkan penyaringan sebatian dengan menggunakan 

kromatografi cecair- spektrometri jisim (LCMS). Kesan suhu pengekstrakan air 

subkritical (SWE) pada TPC, TFC dan kapasiti antioksidan (ABTS & DPPH) 

menunjukkan signifikan (p <0.05) sementara masa pengekstrakan tidak menunjukkan 

kesan yang signifikan. Hasil tertinggi untuk ekstrak akar dicatatkan dengan hasil 

pengekstrakan (36.5g / 100g), TPC (92.55 mg GAE / g), TFC (13.26 mg RE / g) ABTS 

(66.8 mg trolox equiv/g) dan DPPH (128.7 mg trolox equiv/g) pada suhu 
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pengekstrakan 180oC dan 30 minit. Sebaliknya, hasil tertinggi untuk ekstrak buah 

dicatatkan dengan hasil pengekstrakan (16.7g / 100g), TPC (78.63 mg GAE /g), TFC 

(5.79 mg RE / g) ABTS (54.8 mg trolox equiv / g) dan DPPH ( 127.3 mg trolox equiv 

/g) juga pada suhu pengekstrakan 180oC dan 90 minit. Selain itu, korelasi positif yang 

signifikan antara nilai TPC, TFC dan keupayaan antioksidan (DPPH dan ABTS) 

dikesan untuk kedua-dua ekstrak tersebut. Dalam ujian enzimatik, kedua-dua ekstrak 

menunjukkan perencatan positif yang signifikan (p <0.05). Perencatan tertinggi oleh 

ekstrak akar dengan α-glukosidase (IC50 2.72 ± 1.43 mg/ml), α-amilase (IC50 0.31 ± 

2.31 mg/ml), DPP (IV) (IC50 3.9 ± 0.95 mg/ml) berbanding dengan ekstrak buah yang 

direkodkan dengan α-glukosidase (IC50 5.6 ± 0.66 mg/ml) , α-amilase (IC50 1.3 ± 0.75 

mg/ml), DPP (IV) (IC50 5.7 ± 0.66 mg/ml). Di samping itu, kedua-dua ekstrak tersebut 

menyebabkan peningkatan yang ketara (p <0.05) dalam aktiviti pengambilan glukosa 

pada sel adiposit 3T3-L1 dan L6. Pengambilan glukosa tertinggi pada 3T3-L1 untuk 

akar dan ekstrak buah masing-masing adalah 67% dan 49%. Sementara itu, 

pengambilan glukosa tertinggi oleh sel otot L6 untuk ekstrak akar adalah 85% 

manakala untuk ekstrak buah adalah 68%. Selain itu, kedua ekstrak menunjukkan 

peningkatan yang signifikan (p <0.05) dalam rembesan insulin dengan aktiviti 

tertinggi oleh akar dan buah masing-masing adalah 13.74 μg / ml dan 11.06 μg / ml 

pada garis BRIN-BD11cell pankreas. Hasil pemeriksaan saringan agonis ppar-γ 

menunjukkan ekstrak akar memberikan 25%, dan ekstrak buah memberikan 14% 

signifikan p ≤ 0.05 dengan membandingkan kedua-dua ekstrak tersebut.Keputusan 

docking molekul menunjukkan phlorizin, scandenin, pomiferin dan mundulone dipilih 

sebagai perencat yang berpotensi dalam kebanyakan protein dengan mempunyai 

tenaga pengikat yang tertinggi dan beberapa ligan ini berinteraksi dengan sisa 

terpenting di kawasan tapak aktif protein. Kesimpulannya, kajian menunjukkan 

bahawa terdapat potensi yang terkandung di dalam  C. latifolia sebagai agen alternatif 

terapeutik untuk pengurusan T2DM, terutama dengan memberi manfaat di dalam 

mekanisme utama T2DM. 
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CHAPTER 1 

1 INTRODUCTION 

1.1 Background 

Globally, diabetes mellitus (DM) is recognized as one of  the major disease in the 

world with the highest crisis diseases in the 21st century (Okur et al., 2017). 

Nonetheless, the evolution of patients that suffering from diabetes has been increasing 

rapidly over the past year especially in most developing countries that experiencing 

an economic transformation, particularly from low to medium income (Zheng et al., 

2014). 

According to the International Diabetes Federation, 9th edition in 2019, it has been 

revealed that approximately 425 million adults between the ages of 20-79 years were 

diagnosed with diabetes. However, if this does not recover or reduced, this figure is 

expected to rise around 700 million by 2045. From the records, almost 49.7% was 

undiagnosed and living with diabetes (Cho et al., 2018). Globally, around 374 million 

people are at risk due to the development of type 2 diabetes mellitus (T2DM). 

Therefore, these occurred evolution is increasing awareness of people about T2DM 

(International Diabetes Federation, 2019). Additionally, the major causes of diabetes 

disease are mostly due to the unhealthy lifestyle factors, overweight (obesity), lack of 

exercise, smoking and some others (Zheng et al., 2014). According to National Health 

and Morbidity Survey in 2015, Malaysia also includes as one of the countries with a 

strong rise in diabetes and nearly 1.8 million out of 3.5 million among Malaysians 

diagnosed living with diabetes in these recent years.This record is the latest recorded 

data since the National Health and Morbidity Survey was conducted every 5 years. 

Therefore, an increasing trend in all the aspects give out diabetes disease as one of the 

most crucial and serious diseases to be treated. 

Type 2 diabetes mellitus or shortly known as T2DM is a type of diabetes disease that 

has features of insulin resistance from the decrease in the peripheral glucose uptake in 

most of the targeted tissue. For T2DM, the cell becoming unresponsive towards 

insulin (Cersosimo et al., 2018). Heterogeneous metabolic disorders such as T2DM 

mainly caused by the inadequacy of insulin-producing β-cells to keep up with the 

demand. The resistance towards insulin occurring in peripheral tissues such as liver, 

muscle, and adipose tissues. In short, patient with T2DM are capable of producing 

insulin but becomes resistance and turns out to be ineffective (Okur et al., 2017). Due 

to the ongoing resistance to insulin, failure of pancreatic β-cell producing insulin and 

abnormality of insulin production are mostly leading to the production of high blood 

glucose in the body (Deepthi et al., 2017). Recently, the pathogenies of T2DM is 

intertwined with various type of mechanism such as increasing insulin secretion, 

insulin sensitivity, increased response towards incretin hormones, decreased 

absorption of glucose (Min et al., 2018).  Therefore, several alternative techniques 
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are required to control high blood glucose levels in T2DM patients. One of the most 

potent approaches in the management of T2DM is by delaying the absorption of sugar 

in the bloodstream that through an inhibitory potential of α-glucosidase and α-amylase 

enzyme, known as the main enzyme in the carbohydrate mechanism. The inhibitors of 

these enzymes are able to delay the absorption of monosaccharides from dietary 

complex carbohydrates, preventing any sudden rise in meal-induced blood glucose 

level (Oboh et al., 2014). Besides, Dipeptidyl peptidase (IV) inhibition also considered 

as a glucose-lowering treatment for T2DM. The overall mechanism for inhibition in 

DPP (IV) enzyme is to prevent the breakdown of Glucagon-like peptide (GLP-1) that 

responsible in lowering blood glucose level such as improving homeostasis of glucose 

by increasing insulin secretion and decreasing the secretion of glucagon (Min et al., 

2018). 

Besides from changes in diet or having healthy lifestyles, T2DM patient can be treat 

by consuming the antidiabetic oral drugs that act through with the varied mechanisms 

in terms to control the increased of glucose level. Clinically, there are several oral 

hyperglycemic drugs used to control this disease. These drugs are classified into 

different classes such as biguanides, sulfonylureas, thiazolidinediones (TZD), 

meglitinides, Dipeptidyl peptidase (IV) inhibitors, sodium-glucose cotransporter 

(SGLT2), and α-glucosidase inhibitors (Wang et al., 2018). Each of these classes of 

drug is targeting a different organ that are carried out in the various mode of action 

with undergoing different mechanisms. In addition, combinations of different 

antidiabetic drugs are typically used to increase the effectiveness of the medication 

(Gajbhiye et al., 2018). Given to their advantages, however, these medications also 

exert their own long-term effects such as cardiovascular disease, lactate acidosis, 

hypoglycemia, gastrointestinal symptoms, and others (Jiang et al., 2018). In light of 

that, some approaches in using medicinal plants have discovered as one of the 

alternative therapies in managing and preventing T2DM without any adverse effect 

(Gothai et al., 2016). Generally, these medicinal plants appeared to work in a dynamic 

way by targeting multiple receptor targets that can produce better therapeutic activity 

as antidiabetic agents (Telapolu et al., 2018). 

Polyphenol is originally produced as plant origin secondary metabolites that are 

synthesized from L-phenylalanine or L-tyrosine through the phenylpropanoid 

pathway (Kallscheuer et al., 2017). The polyphenol that has been derived directly or 

indirectly from the plant is frequently implicated by having antidiabetic properties and 

plants have been discovered as a primary source of these natural drugs. 

Complementary studies have shown that polyphenol exerts a highly active compound 

that has a striking effects on human health and acts as a key mediator in lowering 

hyperglycemia (Dominguez et al., 2017). One example of polyphenol which is 

phenolic acids that commonly incorporated with other structures such as flavonoids 

are forming as a complex polyphenol (Habtemariam et al., 2014). Phenolic 

compounds derived from natural sources have been associated with health benefits 

because of their antioxidant properties. Several studies have shown that this natural 

antioxidant can be used to treat and prevent various diseases, including cancer, 

hypertension, inflammation, aging-related degenerative disorders, and diabetes 

mellitus. (Phoboo et al., 2015). 
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In this regards, antioxidant is characterized as any material that capable of preventing 

or delaying oxidative damage to a target molecule caused by overproduction of 

reactive oxygen species (ROS) above normal levels (Alimi et al., 2017). The 

mechanisms of action in antioxidants are divided into two classes, which are 

preventive and chain-breaking antioxidants that allow them to reduce and scavenge 

the radicals in order to alleviate the disease (Nimse et al., 2015). Plants that contain 

polyphenols such as phenolic acids, flavonoids, carotenoids, and vitamins are more 

likely to have high antioxidant activity that plays a key role in the body defense 

system. (Xu et al., 2017).  

Locally known as lemba or lumbah, Curculigo latifolia (C. latifolia) is a stemless herb, 

which grows mostly in Western Malaysia and is categorized under family 

Hypoxidaceae.  There are approximately 20 known species of Curculigo. Some of 

these species are said to have medicinal properties, such as acting as an anticancer 

agent and preventing gastrointestinal, cardiovascular and heart-related diseases 

(Hejazi et al., 2018). It is claimed that this plant has been traditionally used to treat 

high fever by using leaf and flower while the root can be used to ease stomach-ache 

and frequent urination (Farzinebrahimi et al., 2013). Besides, the fruits of C. latifolia 

have been used by the natives as a sweetener that exhibits taste modifying activities 

and traditionally been used for the treatment of antidiabetic, diuretic and urinary 

problems (Ishak et al., 2013). Interestingly, the sweet taste is derived from the isolated 

protein, the curculin in the C. latifolia’s fruit may be one of the ways to address 

potential diabetes treatment (Farzinebrahimi et al., 2013). From the previous study, C. 

latifolia has been identified to exhibit antidiabetic properties through different cell 

lines and in vivo studies has shown to modulate glucose and lipid metabolism in 

experimental diabetic rats. The presence of curculigoside may have bestowed its 

antidiabetic efficacy (Ishak et al., 2013).  

Root and fruit of C. latifolia were studied previously by having a potential in 

antidiabetic activity. Besides, previous studies reported that by increasing the 

concentration of root extracts, it improved the glucose tolerance and secretion of 

insulin through activated pathway that underlying with the mechanism of type 2 

diabetes (Ooi et al., 2018). Hence, these additional studies may explore more in 

antidiabetic through other mechanisms that regulated in type 2 diabetes.However, the 

antidiabetic content was measured based on the basis of using solvent as the medium 

of extraction. This may cause several side effects from the toxicity of the solvents 

used. However, this present study proposed of using green technology extraction 

which is subcritical water extraction where use only water in the whole extraction 

process to produce great quality of the extracts. In addition, no previous studies have 

this plant on the inhibition of enzymes involved in the digestion of 

carbohydrate.Therefore, this studies included new explored antidiabetic mechanism in 

the digestion of carbohydrate, inhibition of DPP (IV) that generally relates to reduce 

glucose level. Besides, new findings can be made through a computational in silico 

studies in order to explore the binding interaction between the active compounds that 

found in C. latifolia with the protein involved in T2DM through a molecular docking. 

This new finding would provide new insight into the important basis for offering novel 

therapeutic options in the treatment and prevention of T2DM.   
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1.2 Objectives  

1.2.1 General objective 

To evaluate antioxidant by applying subcritical water extraction and antidiabetic 

properties of Curculigo latifolia through in vitro and molecular docking studies. 

1.2.2 Specific objectives 

1. To determine the optimum extraction temperature and time of C. latifolia by 

subcritical water extraction (SWE). 

2. To examine the antioxidant activities of C. latifolia and screening of 

potentially bioactive compounds using liquid chromatography-mass 

spectrometry (LC-MS) analysis. 

3. To investigate the antidiabetic activities of C. latifolia through in vitro studies. 

4. To evaluate the binding affinities and interaction of different polyphenol from 

C. latifolia with α-glucosidase, α-amylase, DPP (IV), insulin receptor (IR) and 

PPAR-γ using molecular docking. 

 

1.3 Hypothesis 

1. Different extraction temperature and time will give the varied optimum 

extraction condition for C. latifolia. 

2. Polyphenol rich in C. latifolia shows different antioxidant activities at various 

extraction temperature and time. 

3. Polyphenol rich in C. latifolia extracts exhibit antidiabetic activity through in 

vitro.  

4. The binding affinities and interaction of polyphenol compounds from C. 

latifolia varied at the different active side of α-glucosidase, α-amylase, DPP 

(IV), insulin receptor (IR) and PPAR-γ through molecular docking. 
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