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Type 2 diabetes mellitus is a chronic metabolic disorder with multiple etiologies, 
causing complications leading to heart attack and even death in individuals when 
not well managed or untreated. Unfortunately, the available oral drug treatments 
have failed due to unwanted side effects, prompting the search for and use of 
natural remedies. This study aimed to investigate the antidiabetic effects of 
watermelon [Citrullus lanatus (Thunb.)] extracts in a high-fat diet-fed, 
streptozotocin (HFD/STZ)-induced diabetes rat model using proton nuclear 
magnetic resonance (1H NMR)-based metabolomics. Watermelon extracts were 
prepared from the flesh, rind and leaf, and extracted with 100%, 90%, 70%, 60%, 
50% ethanol, and water. The extracts bioactivities were evaluated by α-amylase 
and α-glucosidase inhibition, and antioxidants assays, while their metabolites 
were profiled by 1H NMR spectroscopy. The extract with the highest bioactivity 
(60% leaf extract) was investigated in vivo for 6 weeks, using HFD-STZ diabetic 
rats combined with multiple low doses of streptozotocin.  Serum and urine 
samples from the rats were profiled by 1H NMR spectroscopy and were analyzed 
for biochemical parameters. Moreover, the histopathological studies were done 
on their kidneys and liver by hematoxylin-eosin staining. Results showed that 
the IC50 for α-amylase inhibition of the 70% and 60% ethanol watermelon leaf 
extracts, were 42.0 ± 4.6 and 45.3 ± 2.2 µg/mL respectively, more potent than 
those of 60% ethanol rind, 59.5 ± 8.0 µg/mL and 60% ethanol flesh, 60.0 ± 3.3 
µg/mL extracts. The IC50 for α-glucosidase inhibition of 60% ethanol leaf extract, 
12.0 ± 0.2 µg/mL was more potent than those of 60% ethanol rind 24.7 ± 2.5 
µg/mL, and flesh 23.0 ± 3.1 µg/mL extracts. The IC50 of 60% ethanol leaf extract, 
51.9 ± 5.3 µg/mL for 2,2′-azino-bis (3-ethylbenzthiazoline-6-sulfonic acid) 
(ABTS) radical inhibition was stronger than those of 60% the rind and flesh, 
363.4 ± 16.3 and 487.4 ± 23.0 µg/mL respectively. The principal component 
analysis, partial least square discriminant analysis and biplots of the extracts 
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showed that phenolic acids, epicatechin, isoeugenol, and citrulline could be 
responsible for the most potent  
 
 
α-amylase and α-glucosidase inhibition, and antioxidant effects of the leaf 
extracts. Six-week treatment with high dose (400 mg/kg body weight) of 60% 
ethanol watermelon leaf extract reduced the fasting blood sugar, serum insulin, 
and total cholesterol of diabetic rats. Also, serum antioxidant enzymes activities 
were increased and normalized, with high dose watermelon leaf extract better 
than the standard drug (Metformin). Histopathological examination of kidneys 
and liver revealed tubular necrosis and hyaline cast formation in the diabetic rats’ 
kidneys, necrosis and hepatocytes leucocyte infiltration, which were also 
restored back to normal after the treatment period. Metabolomics studies on the 
serum and urine revealed increased metabolic markers of the perturbed 
carbohydrate, amino acids and lipid pathways in the diabetic rats. Dysregulated 
pathways were gradually brought back to normal in a slow pace. The high dose 
watermelon leaf extract also had better results in restoring the perturbed 
pathways than the standard, indicating that 60% ethanol watermelon leaf extract 
could be as potent as metformin. This study predicted that watermelon leaf may 
have more potent antidiabetic lead molecules than metformin when explored. 
Therefore, watermelon leaf could serve as a potential raw material for functional 
foods and nutraceuticals ingredients for the management of type 2 diabetes 
mellitus.   
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var lanatus] KE ATAS PARAMETER BIOLOGI DAN HISTOLOGI DALAM 

MODEL TIKUS DIABETES JENIS 2 
 
 

Oleh 
 
 

MUHAMMAD MUSTAPHA JIBRIL  
 
 

Mac 2021 
 
 

Pengerusi :   Nurul Shazini binti Ramli, PhD 
Fakulti :   Sains dan Teknologi Makanan 
 
 
Diabetes mellitus jenis 2 adalah gangguan metabolik kronik dengan pelbagai 
etiologi, mengakibatkan komplikasi yang menyebabkan serangan jantung dan 
bahkan kematian pada individu apabila tidak diurus dengan baik atau tidak 
dirawat. Walaubagaimanapun, rawatan ubatan secara oral yang sedia ada tidak 
berkesan kerana kesan sampingan yang tidak diingini. Ini mendorong pencarian 
dan penggunaan ubatan semula jadi. Kajian ini bertujuan untuk mengkaji kesan 
antidiabetik ekstrak tembikai [Citrullus lanatus (Thunb.)] ke atas model tikus 
diaruh diet tinggi lemak, streptozotocin (HFD / STZ) menggunakan metabolomik 
berasaskan resonans magnetik nuklear proton (1HNMR). Ekstrak tembikai 
dihasilkan dari isi, kulit dan daun, dan diekstrak dengan etanol 100%, 90%, 70%, 
60%, 50%, dan air. Bioaktiviti ekstrak dinilai oleh aktiviti perencatan α-amilase 
dan α-glukosidase, dan asai antioksida, manakala kandungan metabolitnya 
diprofilkan menggunakan 1HNMR. Ekstrak dengan bioaktiviti tertinggi (60% 
ekstrak daun tembikai) diuji secara in vivo, menggunakan tikus diaruh diabetes 
HFD-STZ yang digabungkan dengan beberapa dos streptozotocin yang rendah. 
Sampel serum dan urin dari tikus diprofilkan dengan spektroskopi 1H-NMR dan 
dianalisa untuk parameter biokimia. Selain itu, kajian histopatologi dilakukan 
pada buah pinggang dan hati dengan pewarnaan hematoxylin-eosin. Hasil 
kajian menunjukkan bahawa ekstrak daun tembikai dengan nilai perencatan 
IC50 α-amilase pada 42.0 ± 4.6 dan 45.3 ± 2.2 µg / mL untuk etanol 70% dan 
60%, lebih kuat daripada ekstrak etanol 60% dari kulit, 59.5 ± 8,0 µg / mL dan 
etanol 60% dari isi, 60.0 ± 3.3 µg / mL ekstrak. Nilai perencatan IC50 α-
glukosidase untuk ekstrak daun etanol 60% ialah 12.0 ± 0.2 µg / mL iaitu lebih 
kuat daripada etanol 60% dari kulit 24.7 ± 2.5 µg / mL, dan ekstrak isi 23.0 ± 3.1 
µg / mL. Nilai IC50 bagi perencatan radikal ABTS dari ekstrak daun etanol 60%, 
51.9 ± 5.3 µg / mL, lebih kuat daripada ekstrak kulit dan isi, masing-masing 363.4 
± 16.3 dan 487.4 ± 23.0 µg / mL. Analisis komponen utama dan biplot analisis 
kuasa dua terkecil separa ekstrak menunjukkan bahawa asid fenolik, 
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epicatechin, isoeugenol, dan citrulline berkemungkinan bertanggungjawab 
terhadap perencatan aktiviti α-amilase dan α-glukosidase yang paling kuat, dan 
kesan antioksida dari ekstrak daun. Rawatan selama enam minggu dengan dos 
tinggi (400 mg / kg berat badan) 60% ekstrak etanol daun tembikai 
mengurangkan glukosa darah berpuasa, insulin serum, dan mengembalikan 
profil lipid tikus diabetes ke paras normal. Selain itu, aktiviti enzim antioksida 
meningkat dan kembali normal, dengan ekstrak daun tembikai dos tinggi lebih 
baik daripada ubat (Metformin). Analisis histopatologi ke atas buah pinggang 
dan hati menunjukkan nekrosis tubular dan pembentukan kas hialin pada ginjal 
tikus diabetes, nekrosis, dan penyusupan leukosit hepatosit, yang juga 
dipulihkan kembali normal selepas rawatan. Kajian metabolisme pada serum 
dan urin menunjukkan peningkatan penanda metabolik dalam laluan 
karbohidrat, asid amino dan lipid yang terganggu pada tikus diabetes. 
Gangguan kembali normal secara beransur-ansur pada kadar yang perlahan. 
Rawatan ekstrak daun tembikai dos tinggi juga memberikan keputusan yang 
lebih baik dalam memulihkan gangguan metabolisme, menunjukkan bahawa 
ekstrak etanol 60% daun tembikai boleh menjadi pengganti metformin sebagai 
bahan antidiabetik semula jadi. Kajian ini meramalkan bahawa daun tembikai 
mungkin mempunyai molekul antidiabetik yang lebih kuat daripada metformin 
setelah diterokai. Oleh itu, daun tembikai dapat dimanfaatkan sebagai bahan 
mentah yang berpotensi untuk dibangunkan sebagai makanan berfungsi dan 
bahan nutraseutikal untuk pengurusan diabetes melitus jenis 2. 
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CHAPTER 1 

1 INTRODUCTION 

1.1 Research Background 

Diabetes mellitus is a chronic metabolic disorder preceded either by the absence 
of insulin, insufficient insulin and/or degenerate insulin action (Alberti et al., 
2007; American Diabetes Association, 2014; Diabetes, 2019; World Health 
Organization, 2016). It has several etiologies and characterized by chronic 
hyperglycemia with perturbed protein, fat, and carbohydrate metabolism 
(Alberti & Zimmet, 1998; WHO, 2016). Type 2 diabetes (T2D) is differentiated 
from type 1 diabetes (T1D) by insulin inaction. Uncontrolled hyperglycemia in 
T2D precipitates malfunctions in the micro- and macro-vascular tissues, causing 
damages to blood vessels and nerves, prolonged impairments, and failure of the 
eyes, heart, and kidneys, (Brownlee, 2005; Donaghue et al., 2007; Fateema et 
al., 2012; Forbes & Cooper, 2013).  

Over 90% of diabetic patients worldwide have T2D, and it is preceded by 
excessive growth or increase in the size of adipose tissue, i.e. overweight and 
obesity (González-Castejón & Rodriguez-Casado, 2011). There is presently an 
alarming rate of increase in overweight and obesity (WHO 2016), and thus, they 
independently contribute to increased diabetes mellitus prevalence. Diabetes 
mellitus prevalence rate is placed at 8.5% worldwide. Diabetes mellitus caused 
1.6 million deaths in 2016, which made it the 7th cause of death in the world 
(WHO, 2016). According to International Diabetes Federation (IDF), about 425 
million adults aged between 20-79 years were living with the disease in 2017, 
and has caused the death of about 4 million people in the same year (IDF, 2017). 
Since 352 million people risked having type 2 diabetes, and over 21 million live 
births (i.e. 1 in 7 births) had congenital diabetes in 2017, it has been estimated 
that the number of individuals living with diabetes mellitus will increase to 6029 
million by the year 2045 (IDF, 2017). The population of diabetic individuals aged 
20-70 years in Malaysia currently is about 3.2 million. Based on the Malaysian 
National Health and Morbidity Survey, the prevalence rate of T2D in individuals 
aged 30 and above between 2006 and 2015, increased from 11.6% to 17.5%, 
which was further compounded by undiagnosed T2D with further prevalence 
rate of 9.2% and its associated factors (Chew et al., 2016; Ismail et al., 2018; 
Rahim et al., 2020). In Malaysia, T2D and its complications, including 
nephropathy, stroke, myocardial infarction, heart failure, retinopathy, foot 
amputation and cataract costed about RM 2.04 billion (USD 47.44 billion) in the 
year 2011, which is costly to the economy (Mustapha et al., 2017). The quality 
of life of Malaysians living with diabetes has been negatively affected including 
their freedom to eat and to live freely (Jannoo et al., 2015). 
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Insulin treatment in T1D and other oral hypoglycemic agents, like the 
sulfonylureas e.g. glibenclamide, thiazolidinediones e.g. rosiglitazone, 
biguanides e.g. metformin, glycosidase inhibitors e.g. acarbose, 
dipeptidylpeptidase IV inhibitors e.g. saxagliptin, etc. (Baggio & Drucker, 2006; 
DeFronzoet al., 2014; G. et al., 2007; Green et al, 2007; Inzucchi & McGuire, 
2008; Scirica et al., 2013) are the current treatments for diabetes mellitus. These 
drugs have failed as they are characterized with side effects (Chang et al., 2013; 
Dey et al., 2002; Hui   et al., 2009; Neustadt & Pieczenik, 2008 ; Priyanka & 
Singh, 2016; Visen et al., 2015; Alberti, & Shaw, 2001). Hence, the search for 
negligible side effect molecules from the natural flora, for the treatment and 
management of T2D as proposed by world health organization (WHO) in 2005. 

Active phytochemicals are the beneficial attributes of plants to man in traditional 
medicine. They are effective and less-toxic, have negligible side effects, and 
thought as brilliant hopefuls for oral antidiabetic treatment (Elujoba et al., 2005; 
Firdous, 2014; Shokeen et al., 2008; Teoh & Das, 2018). The efficacy of plant 
phytochemicals is importantly attributed to the synergistic effect of plant extracts, 
and is considered as a core factor in the concept of herbal medicine (Che et al., 
2013; Houghton & Mukherjee, 2009; Williamson, 2001). Watermelon has shown 
an inherent richness in active phytochemicals with natural healing properties 
(Abu-Hiamed, 2017; Jibril, et al., 2019; Sulaiman et al., 2020). 

Watermelon [Citrullus lanatus (Thumb.) Matsum. & Nakai var lanatus] a member 
of Cucurbitaceae family, is rich in both primary and secondary metabolites. 
Watermelon is reported as the richest in citrulline naturally (Rimando & Perkins-
Veazie, 2005; Soteriou et al., 2014; Tarazona-Díaz  et al., 2011). It is also rich 
in ascorbic acid, lycopene, beta carotene, beta-sitosterol, phenolic acids, 
flavonoids, etc. (Abu-Hiamed, 2017; Choo & Sin, 2012; Huang et al., 2016; 
Jayaprakasha & Patil, 2016). Citrulline and lycopene are good scavenger of 
hydroxyl radical and strong antioxidants ( Naz et al., 2014; Rimando & Perkins-
Veazie, 2005: Tlili et al., 2011a; Tlili et al., 2011b; Waugh  et al., 2001). 
Watermelon is consumed to correct or prevent erectile dysfunction in male 
individuals, high blood pressure, antiobesity, diuretic, antibacterial, and in 
lowering high blood glucose (Adunola et al., 2015; Ahn et al., 2011; Figueroa et 
al., 2011; Sani, 2015; Sathya & Shoba, 2014).  

Recently, the antidiabetic and antioxidant effects of yellow-fleshed watermelon 
seed, flesh, rind and leaf, and their metabolite profiles were studied (Jibril et al., 
2019). However, previous literature on the bioactivity and antidiabetic properties 
of watermelon did not emphasize the active components involved and the 
biochemical reactions they interacted with at the level of metabolites (Ahn et al., 
2011; Bailey et al., 2016; Cutrufello et al., 2015; Etim et al., 2013; Figueroa et 
al., 2011; Kolawole et al., 2016; Omigie & Agoreyo, 2014; Rahman et al. 2013; 
Tlili et al., 2011 Yadav et al., 2016). Moreover, watermelon leaf in our 
understanding, has been underutilized and has poorly documented literature on 
its bioactivity and medicinal use by metabolomics approach (Ozturk et al., 2018).  
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Metabolomics as a tool for profiling biomolecules in bio fluids and biological 
systems, it has been helpful in diagnosing and treating many disease conditions, 
including diabetes mellitus (Clish, 2015; Guasch-Ferré et al., 2016). It detects, 
identifies, and differentiates between dynamic, variable, and multiples of 
metabolic fluctuations in living systems, in both normal and perturbed conditions 
(Nicholson et al., 2002;  Sajak et al., 2017; Clish, 2015). Metabolomics is a 
committed and objective approach for identifying and quantifying the metabolite 
composition of an organism or any biological system (Mediani et al., 2016; Putri 
et al., 2013). As such, the evaluation of systemic responses to the smallest 
metabolic perturbation either caused by xenobiotic or environment, identification 
of potential biomarkers and providing insight to the pathogenesis of diseases 

including diabetes mellitus is possible through metabolomics (Azam et al., 2017; 
Klein & Shearer, 2016; Sajak, et al., 2017).  

Proton nuclear magnetic resonance (1H NMR) as an analytical technique have 
been used to detect and analyze the metabolic changes in T2D disease 
conditions. 1H NMR serves as an excellent tool to detect and profile a number 
of metabolites in biological systems (Abdul Hamid et al., 2017; Mediani et al., 
2015). Thus, 1H NMR metabolomics has much use in describing the metabolite 
changes associated with diabetes mellitus (Sajak et al., 2017; Al-zuaidy et al., 
2016; Khoo et al., 2015; Maulidiani et al., 2016; Shen et al., 2016). 

1.2 Problem statement 

Many pharmaceutical compounds are available for oral treatment of T2D, each 
have its specific mode of lowering blood glucose depending on the class it 
belongs. However, these drugs are very costly, with probable side effects such 
as, severe hypoglycemia, lactic acidosis, idiosyncratic liver cell injury, 
permanent neurological deficit, digestive discomfort, headache, dizziness and 
death among others (Guimarães Filho et al., 2015; Marín-Peñalver  et al., 2016; 
Thakare et al., 2017; Zaharenko, 2015). The paradigm shift, of harmless and 
efficacious treatment of T2D is not attained yet with all the available oral 
antidiabetic molecules (Marín-Peñalver et al., 2016; Patel et al., 2012). This 
necessitates the search for new bioactive molecules for safe and effective 
treatment of diabetes mellitus and its accompanied complications, especially 
from the plant kingdom. Research on the antidiabetic effects of watermelon, 
could not point out the active metabolites involved in the observed bioactivity. 
Complications including end stage renal failure, liver cirrhosis, retinopathy, 
nephropathy, neuropathy, stroke, myocardial infarction, and heart failure, always 
accompany diabetes disease (Lipinski, 2001; Marín-Peñalver et al., 2016; IDF, 
2014; Rogers, 1973; Zimmet et al., 2001). These may be linked to the perturbed  
glycolytic, lipid metabolism, β-oxidation, amino acid metabolism, tricarboxylic 
acid pathway etc. seen in diabetes conditions (Azam et al., 2017; Dong et al., 
2016; Heinzmann et al., 2012; Mathew et al., 2019; Maulidiani et al., 2016; Xu 
et al., 2013). Using 1H NMR metabolomics to study the effects watermelon leaf 
extracts may exert on these pathways in a T2D model may give an indication on 
how to arrest these common diabetic complications. 
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1.3 Research Objectives   

This study was embarked to evaluate the medicinal potential of an underutilized 
part of C. lanatus (var Lanatus) plant, to highlight a possible future raw material 
for functional food in the treatment of T2D and improving its metabolic 
complications. The main objective of this research was to evaluate the effects of 
C. lanatus (var Lanatus) leaf extracts in T2D rat model using 1H NMR-based 
metabolomics. To achieve this all-important goal, four specific objectives were 
defined as follows: 
 

1.  To determine and compare the α-amylase and α-glucosidase 
inhibitory and antioxidant activities of different C. lanatus (Thumb.) 
flesh, rind, and leaf extracts. 

2.  To profile the compounds in C. lanatus (Thumb.) flesh, rind, and leaf 
extracts and correlate them with their biological activities using 1H 
NMR-based metabolomics. 

3.  To evaluate the antidiabetic effect of the most active C. lanatus 
(Thumb.) leaf extract in high-fat diet-fed streptozotocin (HFD-STZ)-
induced T2D in rats, by assaying their fasting blood sugar, fasting 
serum insulin and lipid profile, and kidney and liver histology. 

4.  To evaluate the metabolic changes in the serum and urine composition 
of T2D rats treated with C. lanatus (Thumb.) leaf extract using 1H 
NMR-based metabolomics. 
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