
ii 

WOGONIN’S STRUCTURE ACTIVITY RELATIONSHIP 

STUDY ON ANTIDIABETIC ACTIVITY  

 

 

BY  

 

 

MURNI NAZIRA BINTI SARIAN 
 

 

A thesis submitted in fulfillment of the requirement for the 

degree of Doctor of Philosophy in Pharmaceutical Sciences 

(Pharmaceutical Chemistry) 

 
 

Kulliyyah of Pharmacy 

International Islamic University Malaysia 
 

 

 

JUNE 2018 



 

ii 

ABSTRACT 
 

 

 

 

Wogonin has been reported to exert antihyperglycemic effect and has potential to 

enhance the current therapy options against type 2 diabetes mellitus. However, the 

structure-activity relationships (SAR) studies of wogonin against this disease have not 

been carried out. In this study, thirteen structurally similar compounds to wogonin 

were taken into account to understand wogonin’s SAR on antidiabetic activity. 

Initially, powdered leaves of Tetracera indica Merr. (T. indica) was macerated with 

methanol for 72 h to obtain methanol extract which was subjected to column 

chromatography (silica gel and sephadex LH 20) to isolate wogonin (MN1). Along 

with the isolation of wogonin, techtochrysin (MN4), and norwogonin (MN7) were 

also isolated. Isoscutellarein (MN9), hypolaetin (MN10), kaempferol (MN11) and 

quercetin (MN12) were also isolated from the Tetracera scandens (T. scandens) 

leaves methanol extract via similar procedure. To understand the SAR of wogonin, 

methyl ether of wogonin (MN2), acetate of wogonin (MN3) and acetate of 

norwogonin (MN8) were also synthesized. Their structures were elucidated through 

the interpretation of spectroscopic data. Some commercial compounds which have 

related chemical structures were also bought and compared for their biological 

activities viz., 8-hydroxy-7-methoxy flavone (MN5), chrysin (MN6), (+) catechin 

(MN13) and (-) epicatechin (MN14). Wogonin (MN1) obtained as the major flavone 

from T. indica was administered through intraperitoneal to STZ-NA induced diabetic 

rats (25, 40, 80 mg/b.w) to examine its antidiabetic potential. The biochemical assays, 

insulin release and histological alteration were evaluated and compared to standard 

hypoglycemic drug, metformin (0.5 mg/kg b.w). Then, all compounds were evaluated 

for their in vitro antioxidant activities using rapid test by dot blot, DPPH, ABTS
+
, 

xanthine oxidase inhibitory and FRAP assays. Subsequently, in-vitro antidiabetic 

activities through DPP-IV and α-glucosidase inhibitory assays were assessed. 

Subsequently, cell viability of RIN-5F pancreatic cell and pre-adipocyte were initially 

tested then insulin secretion of RIN-5F as well as adipogenesis, and glucose uptake 

measurement of adipocyte were investigated. Next, protein expression studies through 

adipokines (leptin, adiponectin, TNF-α, RBP-4) as well as western blotting against 

GLUT4 and C/EBP-α were analyzed. The results showed that wogonin at 40 mg/b.w 

and 80 mg/b.w exhibited significant antihyperglycemic activity without showing any 

toxicity effect of the liver (p<0.05). In vitro antioxidant and antidiabetic activities 

(DPP-IV, α-glucosidase) clearly highlighted the importance of the total number and 

configuration of hydroxyl group, as well as disadvantage of the absence of ketonic 

group at C-4 and C-2-C-3 double bond. Nevertheless, the results of animal study, cell 

culture (insulin secretion, adipogenesis, glucose uptake), and protein expression 

showed that the methyl ether group at position C-8 might be responsible for 

wogonin’s antidiabetic capacity via β-cells of islets of Langerhans’ recovery as well as 

through glucose uptake mechanism which was indicated by up regulation of GLUT4 

and C/EBP-α. The mechanism could be enhanced by the addition of acetate group at 

C-5 and C-7 positions. These finding have facilitated us to understand the key 

pharmacophore of wogonin via SAR and should be encouraged for further future 

studies, which could lead to the development of nutritional product and semi synthetic 

analogs that retain substantial antidiabetic capacity with minimal adverse effects. 
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 البحثخلاصة 
 

 

في الدم وبذلك وجود  كمخفض لمستويات السكر( wogonin) ونينقوال أثبتت التقارير قدرة مركب

لم يكن  ومع ذلكمط الثاني، خيارات العلاج الحالية ضد داء السكري من الن احتمالية استعمالها في تحسين

 في هذه الدراسة تم .ونين ضد هذا المرضقولمركب الهيكل بالالنشاط هنالك أي درسات على علاقات 

 27الميثانول لمدة في ( .Tetracera indica Merr) تيتراسيرا إنديكا ميرنبتة المسحوق أوراق  نقع

هلام السيليكا ) يةلكروماتوجرافيا العمود، والذي تم تحليله باساعة للحصول على مستخلص الميثانول

 تم أيضا عزل ونين،قولاعزل  بالإضافة إلى(. MN1)ونين قواللعزل ( LH 20وسيفادكس 

هبوليتين وال ،(MN9)يسوسكوتلارين الإتم عزل (. MN7)ونين قنوروال، و(MN4)تيكتوكريسين ال

(MN10) ،كامبفيرول وال(MN11)، كيرسيتين الو(MN12 ) تيتراسيرا سكاندنزمستخلصات المن 

(Tetracera scandens) استحدثت المركبات هيكل، بالالنشاط علاقات لفهم . الطريقةنفس ب يةالإيثانول

ونين قنوروال وخلات ،(MN3)ونين قوالخلات و، (MN2)ونين قوالميثيل الأثير من : الآتية جزئيا

(MN8)تم شراء بعض المركبات التجارية . الطيفية هاتم توضيح هياكلها من خلال تفسير بيانات ، ومن ثم

ميثوكسيفلافون -2-هيدروكسي-8 :والتي تضمنت أنشطتها البيولوجية ةومقارن مماثلة ياكل كيميائيةه ذي

(MN5)،  كريسين الو(MN6)،  كاتشين )+( و(MN13،  إبيكاتشين ( -)و(MN14 .) تم إعطاء

لجرذان المصابة لتيتراسيرا إنديكا ال نبتة فلافون الرئيسي منكالونين التي تم الحصول عليها قوال

 لدراسة كج من وزن الجسم/ملغ 84و، 04و ،72 المستحدث بمركب الإس تي زيد على جرع بالسكري

 والتغيير النسيجي ،الأنسولين وإفرازات ،البيوكيميائية القياساتتم تقييم . المضادة للسكري فعاليتها

المضادة  ةنشطالأ ثم تم تقييم. سكر الدم، الميتفورمين نتائج العقار النموذجي لتخفيض ومقارنتها مع

ABTS و ،DPPHو سريع، ال التخطيط النقطي استخدام اختبارب يابرخجميع المركبات ملللأكسدة 
+

 ،

تقييم الأنشطة المضادة للسكري في المختبر لاحقا تم . FRAP، وتحاليل زانثين أوكسيديزوفحص تثبيط ال

ية، البنكرياس RIN-5F خلايا حيويةاختبار  بعدها تم. زيغلوكوزيد-وتحاليل تثبيط ألفا DPP-IVلتحاليل 

، وقياس تكون الشحموكذلك  RIN-5Fمن  إفراز الأنسولينفي  التحقيق ثم تم ، ومنشحمية القبل الخلاياو

من خلال قياس  يبعد ذلك، تم تحليل دراسة التعبير البروتين. شحميةال ايخلاللامتصاص الجلوكوز 

وكذلك من خلال  ELISAبواسطة ( TNF-α, RBP-4، اللبتين، أديبونيكتين) هرمونات الأديبوكين

مضاد ونين نشاطا كبيرا قالو لدى أظهرت النتائج أن. C/EBP-αو  GLUT4ضد  ويسترنلطخة 

. كج من وزن الجسم/مغ 84و  04 على جرعات( p <0.05)دون أي تأثير سمي بسكر الدم  لارتفاع

-، ألفاDPP-IV) المضادة للسكريوالفحوصات المخبرية الأنشطة المختبرية المضادة للأكسدة  سلطت

غياب  سلبيةعلى أهمية العدد الإجمالي وتكوين مجموعة الهيدروكسيل، فضلا عن الضوء  (جلوكوزيديس

دراسة الومع ذلك، أظهرت نتائج . C-2 -C-3و  C-4المزدوجة في  الروابط في كيتونيكالمجموعة 

( ، امتصاص الجلوكوزتشكل الشحومإفراز الأنسولين، )ية المضادة للسكري والخل والزراعة، يةالحيوان

 المضادة للسكري هي المسؤولة عن قدرة C-8 الموقع في يأن مجموعة الأثير الميثيل يتعبير البروتينالو

وكذلك من خلال آلية امتصاص الجلوكوز  لانجرهانزر جز يا بيتا فيخلا استرجاع عبر لمركب الوقونين

 تعزيز هذه الآلية بالإمكان .C/EBP-α و   GLUT 4الرفعي للبروتينات تنظيم الالتي أشار إليها 

عن  للوقونينفارماكوفور الرئيسي السهلت هذه النتائج فهم . C-7و  C-5بإضافة مجموعة خلات في 

من الدراسات المستقبلية، والتي  لإجراء المزيدينبغي تشجيعها التي ، وعلاقات النشاط بالهيكلطريق 

مضادة للسكري ال ظة بقدرتهامحتفر شبه اصطناعية ائونظ صحيةيمكن أن تؤدي إلى تطوير منتجات 

 .جانبية قليلةآثار ب
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INTRODUCTION 
 

 

 

 

1.1 GENERAL OVERVIEW 

Medicinal plants are known as the best resource to obtain variety of drugs. Since 

decades, research studies focused on natural products have increased all over the 

world. Special insight on medicinal plants in tropical countries has inspired 

researchers to discover new lead compounds and pharmacologically viable derivatives 

for drug design and therapeutic purposes (Pan et al., 2013).    

Approximately 420,000 plant species exist on earth, but for most of these only 

very limited knowledge is available (Pan et al., 2013). According to the National 

Policy on Biological Diversity (2016-2025), Malaysia is one of the most mega diverse 

countries in the world. It ranks 12
th

 globally. It is estimated to own more than 15,000 

species of vascular plants, with about 8,300 species found in Peninsular Malaysia and 

approximately 12,000 plant species in Sabah and Sarawak. A policy was made by the 

Malaysian government in 2014 to provide the direction and framework to conserve 

our biodiversity and use it sustainably in the face of the increasingly complex 

challenges. The reserved rainforest of Malaysia offers great chances for research 

activity due to wide range of available species (Ministry of Natural Resources and 

Environment, 2014). Most of the plants have been collected for medicinal purposes or 

applied in herbal preparations. Tropical countries enormously retained their 

unexplored medicinal plants and active compounds which might contain novel 

biological activities.  
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Secondary metabolites produced by plants may exert various biochemical and 

pharmacological functions in humans and animal kingdom. Certain secondary 

metabolites may hold vital functions in the living plants. For example, flavonoids are 

able to eliminate free radicals produced during photosynthesis (Falcone et al., 2012). 

Terpenoids may engage pollinators, as seed disperse, or inhibit competing plants. 

Alkaloids in the form of phytoalexins provide protection to plants against herbivores 

or insect attacks (Falcone et al., 2012). Other secondary metabolites function as 

cellular signaling molecules or may be responsible for some other functions in the 

plants (War et al., 2012). Hence, further investigation should be conducted to 

elucidate the potential bioactive compounds. 

The most challenging component while conducting research involving natural 

products would be the unknown effects, interaction and complexity of each compound 

that has been isolated. It is worth noting that the tools of scientific approaches in 

modern society today have provided fundamental skeletons for constructing molecule 

structures and predicting the bio-interaction of isolated plant-derived compounds. 

These tools have driven meticulous researches to unravel underlying biological 

importance, mechanisms and the structure activity relationship. 

The prevalence and severity of diabetes mellitus (DM) and the resultant 

metabolic syndrome is rapidly increasing. As the successful preventive and 

therapeutic strategies for these life threatening health ailments often come with 

adverse side effects, nutritional elements are widely used in many countries as 

preventive therapies to prevent/manage metabolic syndrome. With respect to treat 

hyperglycemic as well as hypoglycemic conditions, several secondary metabolites 

especially flavonoids have been investigated as they are well known to contain 

valuable features and offer significant result in the studies. The search for a new class 
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of safe antidiabetic agents is considered as an important scientific endeavor to 

overcome chronic diabetes mellitus and its related infirmities. Therefore, there is 

always a continuous research for alternative drugs related to plant active compounds.  

Tetracera indica (Christm. & Pantz.) Merr. (Dilleniaceae) is one of the 

Malaysian plants that can be used to tackle this issue effectively. It is a woody, 

Malaysian rain forest climber which is commonly known as “Mempelas paya” or sand 

paper plant. It has white-pinkish colored flowers and the leaves are simple and 

medium shaped. It has berry-like fruits which have been described as sour in taste 

(Hasan et al., 2017; Christophe, 2002). Traditionally, different parts of T. indica have 

been claimed for healing flu, sinuses symptoms, fever, skin rashes, itching, piles, 

ulcer, diarrhea, insect bites as well as diabetes mellitus. In addition to that, T. indica is 

used as one of the ingredients in a local herbal drug i.e. Plantisol
®

, which is commonly 

prescribed and recommended to effectively manage diabetes in Malaysia by the local 

herbalist practitioners.  

Wogonin (5,7-dihydroxy-8-methoxy flavone), a flavone isolated (Harrison et 

al., 1994) from the leaves of T. indica has been reported for its antidiabetic potential 

(Hasan et al., 2017;  Zhang et al., 2015; Bak et al., 2014). However, structure-activity 

relationship (SAR) study on the wognin with regard to understand its true antidiabetic 

potential is yet to be carried out meticulously. Hence, the aim of this study was to 

evaluate the antidiabetic effects of wogonin and its chemical analogs, mechanism of 

action and their SAR. Initially, wogonin from the leaves of T. indica was isolated 

using silica gel and sephadex LH20 column chromatographies. Besides that, some 

chemical anologues of wogonin were also isolated from the leaves of T. indica and T. 

scandens for SAR study. These compounds structures were elucidated and 

characterized by spectroscopic analyses (NMR, IR, UV, Mass spectrometry).  The 
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major compound of  T. indica, wogonin, was used for in-vivo test against streptozocin-

nicotinamide induced diabetic rats. Then,  all compounds (chemical analogues of 

wogonin) were subjected to in-vitro antioxidant assays, in-vitro antidiabetic assays, 

protein expression via enzyme linked immonosorbent assay (ELISA), western blotting 

and molecular docking to investigate the mechanism and their SAR with the 

convergence of T2DM pathways. 

 

1.2 PROBLEM STATEMENT 

Diabetes mellitus is one of the major metabolic disorders that continues to present as 

significant health problem worldwide and mostly associated with chronic and 

disturbances in protein, carbohydrate and lipid metabolism (Hameed et al., 2015). The 

overall prevalence of DM has increased by more than twofold from 1996 to 2015 

(NHMS, 2015). In 2013, a total of 381.8 million adults worldwide were affected with 

diabetes mellitus and the number is estimated to reach 591.9 million by 2035 

(Guariguata et al., 2014). Hence, the search for alternative medicinal plant based drugs 

is crucial to ameliorate this condition. In Malaysia, the most comprehensive and 

nationally representative available health data (National Health and Morbidity 

Surveys (NHMS)) have shown that there has been an increasing trend in the reported 

prevalence of DM for almost the past two decades since 1996 to 2015 (Tee & Yap, 

2017). In this matter, wogonin and its chemical analogs isolated from the leaves of T. 

indica and T. scandens could be the candidates to tackle aforementioned problem 

associated with T2DM. Wogonin is chosen in this study due to the fact that it has been 

investigated by previous study as one of the major phytoconstituents in the leaves of 

T. indica that may be responsible for the antidiabetic effect (Ahmed et al., 2012). 

However, the mechanism behind this study remains to be extensively unexplored. 


