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ABSTRACT 

The present thesis deals with the isolation, in vivo antidiabetic and toxicological 

evaluation of a flavonoid i.e. wogonin (5, 7-dihydroxy-8-methoxyflavone) isolated 

from the MeOH extract of Tetracera indica Merr. leaves (Dilleniaceae) (Mempelas 

paya in Malay) which is traditionally used in the management of diabetes in Malaysia. 

The thesis is therefore, presented in following three parts. Chemical investigation of 

the methanol extract (190 g) from the powdered leaves (1 kg) of T. indica resulted in 

the isolation of a desirable flavonoid i.e., wogonin (4.5 g). Isolation of the wogonin 

was carried out in three steps: multiple extractions with MeOH, fractionation using 

column chromatography and purification using recrystallization techniques with 

different polar solvents. Its structure was elucidated by spectroscopic analysis, mainly 
1
H-NMR, 

13
C-NMR, MASS, IR and UV techniques as well as comparison of the 

spectral data was made with those reported in the literatures for the same compound. 

In vivo antidiabetic study of wogonin was carried out using Sprague-Dawley rats 

(diabetic as well as normal) at three different concentrations (1, 5 and 25 mg/kg b.w.) 

At 5 and 25 mg/kg b.w., wogonin was found to exhibit significant anti-

hyperglycaemic activity (p<0.05) in alloxan induced diabetic rats. In normal rats, no 

hypoglycaemic activity was observed at all the concentrations, when compared with 

+ve and –ve controlled groups. The antidiabetic activity was found to be comparable 

with glibenclamide (GLBC) (p<0.05), a known oral hypoglycemic agent (5 mg/kg 

b.w.). In vivo toxicological study was performed using the same strain of rats at two 

different concentrations (5 and 25 mg/kg b.w.) for continuous 15 days. During the 

study period no abnormal activity and mortality were observed. Histopathology of 

kidney, liver and pancreas of both normal and diabetic treated rats demonstrated 

normal and improved condition when compared to diabetic control group. The present 

study was also carried out to evaluate the effects of wogonin on biochemical 

parameters such as- kidney functional parameters (serum urea and creatinine) and 

serum lipid profile (TC, TG, LDL-C and HDL-C) parameters. There were no 

significant changes seen in the kidney and lipid functional parameters tested. This 

study has showed the significant efficacy of wogonin against diabetes without 

showing any toxicity. It is concluded that wogonin isolated from the leaves of T. 

indica is a safe and effective antidiabetic compound and may provide a chemical lead 

for the synthesis of new derivatives which might prove to be potential novel 

therapeutic agents in the treatment of diabetes. 

 

Keywords: Tetracera indica Merr. Dilleniaceae, isolation, wogonin, in vivo, 

antidiabetic activity, toxicological study, histopathology. 

 

 
 

 

 



 

iii 

 

بحثالخلاصة   
 

 

 

-7 ,5ىذا البحث يهدف الي العزل في الجسم الحي كمضاد للسكري وتقييم السمية من الفلافونويد ا
dihydroxy-8-methoxyflavone) معزولة عن استخراج ) MeOH من Tetracera مؤشر على. 

Merr أوراق (Dilleniaceae) (Mempelas)  الذي يستخدم عادة في إدارة مرض السكري  (بايا في الملايو
غ( من  190في ماليزيا. ولذلك، قدم أطروحة في أعقاب ثلاثة أجزاء. أسفر التحقيق الكيميائي لمستخلص الميثانول )

غرامwogonin  (5.4  .)إنديكا في عزلة مرغوب فيو أي الفلافونويد،  .T كجم( من  1الأوراق المسحوقة )
، تجزئة باستخدام اللوني العمود MeOH في ثلاث خطوات: الاستخراج متعددة مع wogonin وأجري عزلة

القطبية مختلفة. تم توضيح ىيكلها عن طريق التحليل الطيفي، وذلك  المذيبات وتنقية باستخدام تقنيات التبلور مع
ة فوق البنفسجية وكذلك مقارنة البيانات والأشع IR ، وتقنية 1H-NMR ،13C-NMR ،MASSأساسا 

كمضاد لمرض  wogonin الطيفية مع ما ورد في الابحاث السابقة لنفس المركب. في دراسة داخل الجسم الحي ل
ملغ / كغ من وزن  1السكر, أجريت على الفئران سبراغ داولي )المريضة بالسكري والطبيعية( في ثلاثة تركيزات مختلفة )

ملغ / كغ من وزن الجسم، وقد  24و  4ملغ / كغ من وزن الجسم( في  24/ كغم من وزن الجسم و ملغم  4الجسم، 
كبير في آلوكسان المعطي للجرذان المصابة بداء  hyperglycaemicلعرض النشاط المضادة لل wogonin وجد

، وذلك بالمقارنة مع السكري المستحث. في الفئران العادية، لم يلاحظ أي نشاط خافض للسكر في جميع تركيزات
، (GLBC) مجموعات التحكم الموجبة والسالبة. تم العثور على النشاط المضاد لتكون قابلة للمقارنة مع غليبينكلاميد

ملغ / كغ من وزن الجسم(. في الجسم الحي تم إجراء الدراسة السمية  4وكيل سكر الدم عن طريق الفم المعروفة )
كغ من وزن الجسم مستمر لمدة  / 24mgو من  4 في اثنين من تركيزات مختلفة باستخدام نفس سلالة من الفئران

خمسة عشر يوما. فترة الدراسة لم يلاحظ أي نشاط غير طبيعي أو وفيات. التشريح المرضي الكلى والكبد والبنكرياس  
سيطرة على السكري. وقد كل من الفئران العادية والسكري تعامل أثبتت حالة طبيعية وتحسين بالمقارنة مع مجموعة ال

على القياسات البيوكيميائية مثل الكلى الفلك المعلمة وظيفية  wogonin أجريت ىذه الدراسة أيضا إلى تقييم آثار
لم تكن ىناك  HDL-Cو TC ،TG LDL-C )اليوريا في الدم والكرياتينين( ومستوى الدىون في الدم

 ة للدىون التي تم اختبارىا. ووجدت الدراسة إلى فعالية كبيرة منتغييرات كبيرة ينظر في الكلى والمعلمات الوظيفي
wogonin ضد مرض السكري دون أن تظهر أي سمية. وخلص إلى أن wogonin معزولة من أوراق T.  إنديكا

ىو مركب مضاد لمرض السكر آمن وفعال ويمكن أن توفر كقائد كيميائي لتصنيع مشتقات جديدة التي قد يثبت أن لها 
 علاجية جديدة محتملة في علاج مرض السكري.  قدرة
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CHAPTER ONE 

INTRODUCTION 

1.1 BACKGROUND OF THE STUDY 

Diabetes mellitus (DM) is a group of metabolic and endocrine disorder characterized 

by hypoglycemia resulting from defects in insulin secretion, insulin action or both 

(WHO, 2012; Teixeira et al., 2000). This is a global health problem and according to 

WHO (World Health Organization) investigation, number of diabetic patients is 

expected to rise up from 171 million in year 2000 to 366 million or more by the year 

2030 and about 90% to 95% of all cases of diabetes were type 2 diabetes mellitus. DM 

has been declared by WHO as epidemic and mostly affecting regions with diabetes are 

Asia and Africa, where DM rates are expected to increase by 2-3 folds than the 

present rates by the year 2030 (ADA, 1997; Wild et al., 2004; Shaw et al., 2010). This 

disease requires expensive treatment and the costs associated with the treatment of 

diabetes and its complications are estimated to exceed $200 billion a year worldwide. 

Diabetes is mainly developed by the inadequate function of pancreas usually when the 

pancreas fails to produce enough insulin or the insulin which is produced by the 

pancreas is not well utilized in body (WHO, 2013). DM is classified as Type 1 and 

Type 2 DM. Type 1 DM or (insulin dependent diabetes mellitus) is commonly seen in 

juveniles, usually developed by failure to produce insulin due to autoimmune 

destruction of β-cells of the pancreas while type 2 DM or (non-insulin dependent 

diabetes mellitus) is usually adult onset and is associated with insufficient production 

of insulin and loss of responsiveness by cells to insulin (Hawk and Bernard, 1954; 

Yallow et al., 1960). Currently, diabetes has become the third „killer‟ disease along 

with cancer, cardiovascular and cerebrovascular diseases because of its high 
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prevalence, morbidity and mortality and this life threatening disease itself alone is 

accompanied with several other diseases infecting healthy individuals. At present, the 

available therapeutic choices for non-insulin-dependent diabetes mellitus (NIDDM) 

are such as dietary modification, oral hypoglycaemic, and insulin and these are not 

only expensive to manage but also have some limitations of their own. Many of these 

anti-diabetic agents have a number of serious adverse effects on health, thus 

management of diabetes without any side effects is still big challenge to the medical 

community. The use of the drugs is restricted by their pharmacokinetic properties, 

secondary failure rates and accompanying side effects (Vishwakarma et al., 2010). 

In Malaysia, first survey on the epidemiology of diabetes conducted by 

National Health and Morbidity Survey (NHMS I) in 1986 revealed the prevalence of 

diabetes about 6.3%, which escalated to 8.3% by the year 1996 reported in the Second 

National Health and Morbidity Survey report (NHMS II). 

In 2006, the third survey on the epidemiology of diabetes third National Health 

and Morbidity Survey (NHMS III) further demonstrated the high prevalence rate of 

diabetes and impaired fasting glycaemia (IFG) among Malaysian populations. The 

prevalence rate of diabetes was found to be 11.6% among the people above 18 years 

old and 14.9% for the age more than 30 (NHMS, 1996). 

Anti-diabetic drugs treat diabetes by lowering glucose levels in the blood.With 

the exceptions of insulin, exenatide, and pramlintide all anti-diabetic drugs are 

administered orally and are thus also called oral hypoglycaemic agents or oral 

antihyperglycemic agents. Selection and classification of anti-diabetic drugs depends 

on the nature of the diabetes, age and situation of the person, as well as other factors. 

Treatment for diabetes includes- (1) agents which accelerate the amount of insulin 

secreted by the pancreas, (2) agents which increase the sensitivity of target organs to 
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insulin and (3) agents which reduces the rate at which glucose is absorbed from the 

gastrointestinal tract (Rendell, 2004). 

 

1.2 MEDICINAL PLANTS 

The search for a new class of compounds is very important to overcome diabetes and 

its related infirmities. Therefore, there should always be a continuous search for 

alternative and safe drugs. Current estimates from different countries in Europe and 

the US have shown that diabetes and its related complications account for 8-16% of 

the total health costs for society and this will expand dramatically unless major efforts 

are made to forestall the ongoing epidemic (Brahmachari, 2011). Medicinal plants are 

considered the best source to obtain a variety of drugs according to the World Health 

Organization (Santos et al., 1995). To treat hypoglycemic and hyperglycemic 

conditions, many medicinal plants are used and referred to considerable interest to 

ethno-botanical community as they are recognized to contain valuable and important 

medicinal properties in different parts of the plant and also a number of plants have 

shown varying degrees of hypoglycemic and anti-hyperglycemic effects as well 

(Grover et al., 2002). In many medicinal plant species, the active principles with 

desired properties have been isolated to cure ailments such as type-1 and type-2 DM 

(Fabricant and Farnsworth, 2001). 

Medicinal plants are the most precious gift from the nature to the mankind. 

These plants play an important role for various diseases and are found to be grown in 

different climatic conditions. Many rural places rely on medicinal plants for their drug 

origin as well as subsistence. The medicinally active substances existent in all these 

medicinal plants have already been claimed for their therapeutic efficaciousness 

(Havsteen, 2002; Middleton et al., 2000). More than 1000 plant species are being used 
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globally for the treatment of type 2 DM (Trojan-Rodrigues et al., 2011). From 

medicinal plants so many vital bioactive constituents like dietary fibers, flavonoids, 

alkaloids, terpenoids, saponins, amino acids etc. have been isolated and also been 

proven for their hypoglycemic nature either by rising up glucose utilization or by 

releasing insulin from pancreatic ß-cells and inhibiting glucose absorption in gut (Li et 

al., 2004; Modak et al., 2007). 

On this earth around 1 to 10% of plants are utilized by mankind out of 

estimated 250,000 to 500,000 plant species (Borris, 1996). The chemical diversity of 

natural product fulfilling to the variety found in synthetic libraries. Due to long 

evolutionary selection process, natural products have greater ring system variety and 

are more complicated. Therefore, strategies to take advantage of natural origins and to 

develop methodologies for natural product preparation such as libraries are probable 

by using combinational biosynthesis and related techniques (Lewis and Lewis, 1995). 

 

1.3 TETRACERA INDICA MERR. 

Tetracera indica Merr. (Synonyms: Houtt. Ex Christm. and Panz) (Family: 

DILLENIACEAE) is a large, woody, rain forest climber of Malaysia which is 

commonly known as Empelas, Hempelas, Mempelas, sand paper plant, Mempelas 

minyak or Mempelas paya in Malay. Leaves are simple, with 6-10 x 3-5 cm, elliptical 

to oblong. Flowers are usually 2.5-3 cm wide with reddish white petals and above 

stamens are red and white in below. The flowers also have a nice fragrance. Fruits are 

capsules, globular, about 1 cm wide and 2-6 mm bark, 2 or more seeds, each with 1 

cm long aril that is bright in red, it tastes kind of sour and look like berries. It is 

widely distributed from Myanmar southwards to Thailand, Indochina, Peninsular 

Malaysia, Sumatra, Bangka, Java and Madura (Tawan, 2001; Chong et al., 2009). 
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In folk Malaysian medicines, the leaves and roots of T. indica are used to treat 

various ailments including diabetes. The leaves and roots are pounded and applied to 

the itchy allergic skin to alleviate pain. The leaves are also used to lessen high blood 

pressure and high fever (Ong and Nordiana, 1999). Moreover, Malaysians also use it 

to treat headache by using its pulverized shoot wrapped in banana leaves heated and 

then applied (Latiff and Zakri, 1996). Furthermore, T. indica is also one of the active 

ingredients in a local herbal medicine called „plantisol‟ which is widely prescribed by 

the local herbalists in Malaysia to treat diabetes. Barringtonia racemosa, Pithecello 

biumjiringa, Tinospora crispa and Andrographis paniculata are the other active 

ingredients of Plantisol medicine (Mayat, 2009). Based on its traditional claims, it is 

one of the good candidates to tackle aforementioned problems associated with chronic 

diabetes. Phytochemical screening of T. indica leaves has revealed the presence of 

four terpenoids viz., β-sitosterol, lupeol, betuline, betulinic acid (Dan and Dan, 1980) 

and a flavonoid named as wogonin (5, 7-dihydroxy-8-methoxyflavone) (Harrison et 

al., 1994; Tawan, 2001). 

 

1.4 WOGONIN (5, 7 –DIHYDROXY-8-METHOXYFLAVONE) 

Wogonin (5, 7-dihydroxy-8-methoxyflavone) is one of the major compounds found in 

the leaves of T. indica. 

http://sakit-kencing-manis.blogspot.com/2009/10/plantisol.html
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Figure 1.1 Wogonin (5, 7-dihydroxy-8-methoxyflavone) 

 

 

1.5 PURPOSE OF THE STUDY 

Being a major constituent of the leaves of T. indica, wogonin could possess or exert 

antidiabetic potential. Hence, the purpose of this study was to investigate the potential 

anti-diabetic action of pure wogonin that exists as one of the major compounds in the 

leaves of T. indica which are traditionally used to treat diabetes in several parts of 

Malaysia. Moreover, different doses of this compound will be given to in vivo animal 

model to see whether any side effect could occur or not as well asto check at what 

minimum doses this compound could exert its blood glucose lowering effects or anti-

diabetic effect. 

 

1.6 GENERAL OBJECTIVES 

To isolate pure wogonin (5, 7-dihydroxy-8-methoxyflavone) from the leaves of T. 

indica using different analytical techniques in good yield, and to investigate in vivo 

antidiabetic potential and toxicological nature of this compound. 
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1.7 SPECIFIC OBJECTIVES 

The study aimed to achieve the following specific objectives:  

1. To isolate wogonin in pure and higher yield from the methanol extract of 

T. indica‟s leaves through analytical techniques.  

2. To characterize the structure of wogonin through different spectroscopic 

techniques (UV, IR, MS and 
1
H-NMR, 

13
C-NMR).    

3. To investigate in vivo effect of wogonin on postprandial blood glucose 

levels after oral glucose loading (OGTT) in alloxan-induced diabetic rats. 

4. To investigate in vivo effects of wogonin on fasting blood glucose, body 

weight and lipid parameters in normal and alloxan-induced diabetic rats. 

5. To evaluate toxicity of wogonin through histopathology in diabetes 

affected organs (kidney, liver and pancreas) by using Up and Down 

method followed by OECD 425 guidelines. 

 

1.8 REASERCH HYPOTHESIS 

Wogonin (5, 7-dihydroxy-8-methoxyflavone) as an active principle is responsible for 

the antidiabetic effect of T. indica’s leaves. 

 

1.9 SIGNIFICANCE OF THE STUDY 

Wogonin (5, 7-dihydroxy-8-methoxyflavone) as one of the major compounds in the 

leaves of T. indica might be responsible for the antidiabetic effect of the leaves of T. 

indica. Hence, wogonin as a principle agent might exert anti-diabetic effect in rats and 

consequently could be a promising anti-diabetic agent for future clinical studies 

associated with diabetes. Histopathology studies can provide its safe or toxic nature in 

affected organs because of diabetes. Determination of its safety profile could help us 
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to understand whether it could be efficaciously used in future in the management of 

diabetes. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 


