CONTENTS

List of Figures
List of Tables
Preface
Chapter 1. Introduction

1.1 Identification of the problem

1.2 Objectives of the thesis

1.3 Contribution of the thesis

1.4 Organization of the thesis
Chapter 2. Theoretical Background

2.1 Cerebral ischemia, pathophysiology and treatment

2.2 Ischemic stroke treatment strategies

2.3 Rodent model of cerebral ischemia

2.4 Role of molecular docking for screening of inhibitors

2.5 Chlorogenic acid

2.6 Impedance spectroscopy for ischemia detection
Chapter 3. Identification of chlorogenic acid by in silico screening of withania
somnifera phytochemicals as a potent inhibitor for NMDAR, nNOS/iNOS and
MMP-2/9

3.1 Introduction

3.2 Computational Methods

3.2.1 Retrieval of target protein structures
3.2.2 Selection and retrieval of structure of WS phytochemicals

3.2.3 Ligands drug properties prediction

XV

Xix

Xxi

11

14

18

19

21

23

24

31

31

32

33



3.2.4 Docking preparation for ligands and protein targets
3.2.5 Molecular Docking steps
3.2.6 Validation of docking accuracy
3.3 Results
3.3.1 Drug properties assessment of WS phytochemicals
3.3.2 Binding mode analysis of Ligands
3.4 Discussion
3.5 Conclusion
Chapter 4. Pharmacokinetics and Brain penetration of chlorogenic acid in rats
4.1 Introduction
4.2 Materials and Methods
4.2.1 Animals
4.2.2 Chemicals and Reagents
4.2.3 Preparation of CGA test formulations
4.2.4 Chromatographic system
4.2.5 Standard and quality control (QC) samples
4.2.6 Pharmacokinetic study
4.2.7 Brain distribution study
4.2.8 Plasma, CSF and brain sample preparation
4.2.9 Data analysis
4.3 Results
4.3.1 Chromatography

4.3.2 Pharmacokinetics of CGA after IN and IV administration

33

34

35

35

35

39

46

53

55

56

57

57

58

58

58

59

60

60

61

61

62

62

63



4.3.3 Brain penetration of CGA
4.4 Discussion
4.5 Conclusion

Chapter 5. Rapid determination of nitrate in brain regions and cerebrospinal fluid
of rats by HPLC-UV

5.1 Introduction
5.2 Experimental Setup
5.2.1 Chemicals and reagents
5.2.2 Animals
5.2.3 Surgical procedure to induce global cerebral ischemia
5.2.4 Brain Samples and CSF preparation
5.2.5 Standard and quality control (QC) samples
5.2.6 Chromatographic conditions
5.3 Results
5.3.1 Chromatogram
5.3.2 Linearity, precision, recovery and detection limit
5.3.3 Optimization of the chromatographic conditions
5.3.4 Sample determination
5.4 Discussion
5.5 Conclusion

Chapter 6. Changes in electrolyte concentrations effect the impedance during
ischemia-reperfusion injury in rat brain

6.1 Introduction

6.2 Experimental Setup

Xi

65

67

71

73

74

75

75

75

75

76

77

77

78

78

79

79

80

82

84

86

88



6.2.1 Instruments Used: 88

6.2.2 Animals 88
6.2.3 Cerebral blood flow measurement 88
6.2.4 Global ischemia induction 89
6.2.5 In-vitro impedance Measurement 89
6.2.6 In-vivo Bio-impedance Measurement 90
6.2.7 Electrolytes analysis of rat brain 91
6.2.8 Equivalent circuit model of rat brain 91
6.2.9 Statistical Analysis 94

6.3 Results 94
6.3.1 Cerebral Blood Flow measurement 94
6.3.2 In-vivo Bio-impedance of rat brain 95
6.3.3 Determination of electrolyte concentration in whole rat brain 96
6.3.4 In-vitro impedance of aCSF 97
6.3.5 Impedance modelling 98

6.4 Discussion 100
6.5 Conclusion 102
Chapter 7. Pre-administration of amlodipine and metoprolol coupled with bilateral 103

common carotid artery occlusion induces brain lesions in rats

7.1 Introduction 104
7.2 Materials and Methods 106
7.2.1 Chemicals and reagents 106
7.2.2 Animals and grouping 106

Xii



7.2.3 Hypotensive drug administration
7.2.4 Blood pressure and Regional cerebral blood flow measurement
7.2.5 The cerebral ischemia-reperfusion surgical procedure
7.2.6 Estimation of cerebral infarction area
7.2.7 Evans blue (EB) extravasation
7.2.8 Histological investigation
7.2.9 Analysis of brain cell death
7.2.9 Statistical Analysis
7.3 Results
7.3.1 Blood pressure and Regional cerebral blood flow
7.3.2 Cerebral infarction area
7.3.3 Evans blue (EB) extravasation
7.3.4 Histological investigation
7.3.5 Apoptosis and necrosis detection
7.4 Discussion
7.5 Conclusion

Chapter 8. Neuroprotective effect of chlorogenic acid in global cerebral ischemia-
reperfusion rat model

8.1 Introduction

8.2 Materials and Methods
8.2.1 Reagents and Antibodies
8.2.2 Animals

8.2.3 Study design

xiii

107

107

108

108

109

110

110

111

111

111

112

112

113

113

115

116

117

118

120

120

120

120



8.2.4 Global cerebral ischemia-surgical procedure 121

8.2.5 Regional cerebral blood flow measurement 121
8.2.6 CGA/inhibitors administration 122
8.2.7 Experiment A: Dose optimization 122
8.2.8 Experiment B: Immunohistochemistry/ Histological investigation 123
8.2.9 Experiment C: Biochemical parameters (estimation of nitrate, 125
calcium and glutamate level)
8.2.10 Statistical Analysis 127
8.3 Results 127
8.3.1 Experiment A: Dose Optimization 127
8.3.2 Experiment B: Immunohistochemistry/ Histological investigation 128
8.3.3 Experiment C: Biochemical parameters 131
8.4 Discussion 132
8.5 Conclusion 138
Chapter 9. Conclusions and Future Scope 139
9.1 Conclusion 139
9.2 Future directions 141
References 143
Author's list of publication (on PhD work) 163

Xiv



