
TABLE OF CONTENTS 

 

Chapter 1 ........................................................................................................................ 1-52 

1. Introduction ...................................................................................................................... 1 

1.1 Diabetes  ......................................................................................................................... 1 

1.2 Epidemiology  ................................................................................................................ 1 

1.3 Classification  ................................................................................................................. 2 

1.4 Etiology  ......................................................................................................................... 3 

1.4.1 Type-I Diabetes mellitus (TIDM) ......................................................................... 3 

1.4.2 Type-II Diabetes mellitus (TIIDM) ....................................................................... 3 

1.4.3 Type III Diabetes (TIIIDM)  ................................................................................. 5 

1.4.4 Gestational Diabetes (GDM)  ................................................................................ 5 

1.5 Diagnostic Criteria for Diabetes mellitus  ...................................................................... 6 

1.6 Insulin signalling pathway ............................................................................................. 7 

1.6.1 PI(3)K/Akt pathway  ............................................................................................. 9 

1.6.2 Ras/ MAP kinase pathway .................................................................................... 9 

1.6.3 Negative regulation of insulin signaling  ............................................................. 10 

1.7 Insulin resistance .......................................................................................................... 10 

1.7.1 Molecular Mechanism of Insulin resistance  ....................................................... 11 

1.8 Insulin sensitive peripheral tissues and their metabolism ........................................... 12 

1.8.1 Hepatic carbohydrate metabolism  ...................................................................... 13 

1.8.2 Fat Metabolism and Obesity  ............................................................................... 14 

1.8.3 Adipogenesis  ...................................................................................................... 18 

1.9 Poly (ADP-ribose) Polymerase .................................................................................... 21 

1.9.1 PARP Structure ................................................................................................... 21 

1.9.2. Poly (ADP-ribose) Polymerase activity ............................................................. 22 

1.9.3. Role of PARP in Physiological Functions and Adipogenesis ............................ 22 

1.10 TGF-β Super family and Adipogenesis...................................................................... 23 

1.10.1  Positive and negative modulators of Adipogenesis .......................................... 24 

1.11 Rodent models for TIIDM and insulin resistance. ..................................................... 26 

1.11.1  Obese and non obese Type II diabetic models  ................................................ 26 

1.11.2  Genetic rat models   .......................................................................................... 26 

1.11.3. Transgenic/knock-out diabetic models  ............................................................ 26 

1.11.4 Diet induced diabetic models  ........................................................................... 27 

1.11.5 In-utero metabolically programmed/neonatal diet induced models  ................. 27 



TABLE OF CONTENTS 

1.11.6  Surgically induced diabetic models  ................................................................. 27 

1.11.7 Chemically induced diabetic models  ................................................................ 28 

1.12 Current treatment of TIIDM  ...................................................................................... 28 

1.12.1 Life style change  Dietary treatment and exercise  ............................................ 28 

1.12.2 Oral Hypoglycemic and hypolipidemic drugs  .................................................. 28 

1.12.3 Insulin sensitizers .............................................................................................. 29 

1.12.4 New class of insulin sensitizers ......................................................................... 30 

1.12.5 Herbal plant and active principles in treatment of TIIDM  ............................... 31 

1.13 Enicostemma littorale (EL) ....................................................................................... 34 

1.13.1 Hypoglycaemic activity of EL .......................................................................... 34 

1.13.2 Islet neogenic property of EL  ........................................................................... 35 

1.13.3 Hypolipidemic activity of EL  ........................................................................... 35 

1.13.4 Antioxidant activity of EL  ................................................................................ 35 

1.13.5 Anti-inflammatory and Anti-tumor activity  ..................................................... 36 

1.13.6 Antiparasitic activity of EL extract  .................................................................. 36 

1.13.7 EL a master key for the diabetic complications  ............................................... 36 

1.14  Swertiamarin: An Active lead from EL  ................................................................... 37 

1.14.1 Structure and pharmacokinetics  ....................................................................... 37 

1.14.2 Pharmacological activity  .................................................................................. 37 

1.15 References  ................................................................................................................. 40 

Chapter 2 ...................................................................................................................... 53-55 

2.1 Aim and Rational for the study  .................................................................................. 53 

2.2. Objectives  .................................................................................................................. 55 

2.2.1 Objective-1  ......................................................................................................... 55 

2.2.2 Objective-2  ......................................................................................................... 55 

2.2.3 Objective-3  ......................................................................................................... 55 

2.2.4 Objective-4  ......................................................................................................... 55 

Chapter 3 ...................................................................................................................... 56-81 

3.1 Introduction ................................................................................................................. 56 

3.2 Experimental Design  .................................................................................................. 61 

3.3 Materials and methods ................................................................................................ 62 

3.3.1 Chemicals and media ........................................................................................... 62 

3.3.2 Preparation of aqueous EL extract and isolation of the Swertiamarin ................ 62 

3.3.3 Animals and housing ........................................................................................... 63 



TABLE OF CONTENTS 

3.3.4 Dosing of swertiamarin and aqueous extract in NIDDM rats ............................. 63 

3.3.5 Biochemical Parameter ....................................................................................... 63 

3.3.5.1 Oral Glucose Tolerance Test (OGTT) ........................................................... 63 

3.3.5.2 Determination of serum insulin by ELISA .................................................... 64 

3.3.5.3 Lipid profile ................................................................................................... 64 

3.3.5.3.1 Serum total cholesterol and high density lipoprotein ............................. 64 

3.3.5.3.2 Serum triglyceride Estimation ................................................................ 64 

3.3.6 Determination of Liver Enzymes ........................................................................ 65 

3.3.6.1 Glucose-6-phosphatase .................................................................................. 65 

3.3.6.2 HMG-CoA reductase activity ........................................................................ 65 

3.3.7 RNA isolation & semi-quantitative PCR ............................................................ 65 

3.3.8 Immunoprecipitation & immunoblotting for insulin signaling proteins ............. 66 

3.4 Results ......................................................................................................................... 67 

3.4.1 Isolation and confirmation of swertiamarin ........................................................ 67 

3.4.2 Physical and biochemical parameters in TIIDM ................................................. 68 

3.4.3 Swertiamarin reduces Glucose 6 Phosphatase activity ....................................... 68 

3.4.4 Expression levels of candidate genes of carbohydrate metabolism .................... 70 

3.4.5 Expression of Insulin Signaling proteins in Liver ............................................... 70 

3.4.6 Lipid profile ......................................................................................................... 70 

3.4.7 Activity of HMG-CoA Reductase enzyme .......................................................... 72 

3.4.8 Expression levels of various key fat metabolic genes ......................................... 74 

3.4.9 Expression of insulin signaling proteins in adipose tissue .................................. 74 

3.5 Discussion ................................................................................................................... 75 

3.6 References ................................................................................................................... 79 

Chapter 4 .................................................................................................................... 82-133 

4.1 Introduction ................................................................................................................. 82 

Chapter 4A ................................................................................................................. 84-101 

4A.1 Introduction .............................................................................................................. 84 

4A.2 Experimental Design ................................................................................................ 87 

4A.3 Materials and methods ............................................................................................. 88 

4A.3.1 Chemicals and media ........................................................................................ 88 

4A.3.2 Cell culture ....................................................................................................... 88 

4A.3.3  Induction of steatotis in hepatocytes ............................................................... 88 

4A.3.4 Qualitative and quantitative analysis of in vitro NASH ................................... 88 



TABLE OF CONTENTS 

4A.3.5 TG accumulation assay ..................................................................................... 89 

4A.3.6  LDH release assay ........................................................................................... 89 

4A.3.7 RNA extraction and Real time quantitative PCR ............................................. 89 

4A.3.8 Protein extraction and western blotting ............................................................ 90 

4A.3.9 Statistical analysis............................................................................................. 90 

4A.4 Results  ..................................................................................................................... 91 

4A.4.1 Confirmation of steatosis in oleic acid induced HepG2 cells  .......................... 91 

4A.4.2 Swertiamarin lowers the triglyceride (TG) content  ......................................... 91 

4A.4.3 Swertiamarin lowers severity of hepatosteatosis .............................................. 91 

4A.4.4  Effect of swertiamarin on insulin signaling proteins using HepG2................. 93 

4A.4.5 Accumulation in steatotic hepatocytes and altered fat metabolic enzymes ..... 93 

4A.5 Discussion  ............................................................................................................... 95 

4A.6 References ................................................................................................................ 99 

Chapter 4B .............................................................................................................. 102-113 

4B.1 Introduction  ........................................................................................................... 102 

4B.2 Experimental Design .............................................................................................. 104 

4B.3 Materials and methods ............................................................................................ 105 

4B.3.1 Chemicals and media ...................................................................................... 105 

4B.3.2 Cell culture ...................................................................................................... 105 

4B.3.3  Differentiation of  L6 myocyte to myotubes ................................................. 105 

4B.3.4 Induction of insulin resistance condition in mature myotube ......................... 105 

4B.3.5 Confirmation of mature myotube formation ................................................... 106 

4B.3.6 RNA extraction and Real Time quantitative PCR .......................................... 106 

4B.3.7 Protein extraction and Western blotting ......................................................... 106 

4B.4 Results .................................................................................................................... 107 

4B.4.1 Confirmation of L6 myocyte differentiation .................................................. 107 

4B.4.2 Gene expression of glucose metabolism in skeletal muscle ........................... 107 

4B.4.3 Insulin resistance in skeletal muscle ............................................................... 107 

4B.5 Discussion  .............................................................................................................. 110 

4B.6 References  ............................................................................................................. 112 

Chapter 4C .............................................................................................................. 114-133 

4C.1 Introduction ............................................................................................................ 114 

4C.2 Experimental design  .............................................................................................. 118 

4C.3 Materials and methods  ........................................................................................... 119 



TABLE OF CONTENTS 

4C.3.1 Chemicals and media  ..................................................................................... 119 

4C.3.2 Cell culture  ..................................................................................................... 119 

4C.3.3 Adipocyte differentiation ................................................................................ 119 

4C.3.4 Oil O Red staining and TG accumulation assay ............................................. 120 

4C.3.5 Western blotting of insulin signaling pathway ............................................... 120 

4C.3.6  RNA extraction and Real time quantitative PCR .......................................... 121 

4C.3.7 Co-Immunoprecipitation ................................................................................. 121 

4C.3.8 Glucose uptake assay ...................................................................................... 121 

4C.3.9 Statistical analysis ........................................................................................... 122 

4C.4 Results .................................................................................................................... 122 

4C.4.1 Adipogenesis and confirmation of mature adipocyte formation .................... 122 

4C.4.2   Dexamethasone induces insulin resistance in mature adipocytes ................. 122 

4C.4.3 Expression of fat regulating metabolic genes ................................................. 122 

4C.4.4 Insulin signaling proteins in mature adipocytes ............................................. 123 

4C.4.5 Inflammatory (TNF-α) mediated insulin signaling in mature adipocytes ...... 123 

4C.4.6  Insulin signaling and Glucose uptake ............................................................ 125 

4C.5 Discussion ............................................................................................................... 128 

4C.6 References .............................................................................................................. 131 

Chapter 5 ................................................................................................................. 134-148 

5.1 Introduction ............................................................................................................... 134 

5.2 Experimental Design  ................................................................................................ 137 

5.3 Material and Methods ............................................................................................... 138 

5.3.1 Chemicals and media ......................................................................................... 138 

5.3.2 Cell culture and adipocyte differentiation ......................................................... 138 

5.3.3 Oil O Red staining and TG accumulation assay ................................................ 138 

5.3.4 Isolation of total RNA and Semi-quantitative RT-PCR................................... 138 

5.3.5 Immunoblotting ................................................................................................. 138 

5.3.6 Statistical analysis ............................................................................................. 139 

5.4 Results ....................................................................................................................... 139 

5.4.1 Dose dependent anti-adiopogenic activity of swertiamarin .............................. 139 

5.4.2 Role of swertiamarin in transcriptional control of anti-adipogenesis ............... 139 

5.4.3 Role of swertiamarin in mature adipocyte function genes ................................ 140 

5.5 Discussion ................................................................................................................. 143 

5.6 References  ................................................................................................................ 145 



TABLE OF CONTENTS 

Chapter 6 ................................................................................................................. 149-174 

6.1 Introduction ............................................................................................................... 149 

6.2 Experimental Design ................................................................................................. 152 

6.3 Material and Methods  .............................................................................................. 154 

6.3.1  Reagents  .......................................................................................................... 154 

6.3.2 Cell culture and adipocyte differentiation  ........................................................ 154 

6.3.3 Oil O Red staining and triglycerides accumulations assay  .............................. 154 

6.3.4 Co-Immunoprecipitation & Immunoblotting  ................................................... 154 

6.3.5 Isolation of total RNA and Semi-quantitative reserve transcriptase PCR  ...... 155 

6.3.6 Transfection for siRNA  .................................................................................... 155 

6.3.7 Immunocytochemistry  ...................................................................................... 155 

6.3.8 Cell fractionation protocol to isolate chromatin-bound protein fraction  .......... 156 

6.3.9 Chromatin Immunoprecipitation  ...................................................................... 156 

6.4 Results  ...................................................................................................................... 158 

6.4.1 PARP and its activity are important for adipogenesis phenotype. .................... 158 

6.4.2 Role of SM and PARP has anti-adiopogenic phenotype. .................................. 159 

6.4.3 PARylation is mandatory during adipogenesis  ................................................ 161 

6.4.4 Transcriptional profile during adipogenesis  ..................................................... 163 

6.4.5 Specific role of PARP-1 in adipocyte differentiation........................................ 164 

6.4.6 PARP-1 and activity  interaction with pSmad3 during adipogenesis................ 164 

6.4.7 Interaction of pSmad3 and PPAR-γ promoter for adipogenesis  ...................... 167 

6.5 Discussion  ................................................................................................................ 169 

6.6 References  ................................................................................................................ 172 

Chapter 7 ................................................................................................................. 175-180 

7.1 Summary  .................................................................................................................. 175 

7.2 Conclusions  .............................................................................................................. 179 

List of Figures .................................................................................................................... i-v 

List of Tables .................................................................................................................... vi-x 


