
CERTIFICATE 

It is certified that the work contained in the thesis titled "Evaluation of some 

mitochondrial modulators in the treatment of neonatal anoxia." by "Puneet K. Samaiya" 

has been carried out under our supervision and that this work has not been submitted 

elsewhere for a degree. 

It is further certified that the student has fulfilled all the requirements of 

Comprehensive Examination, Candidacy and SOTA for the award of Ph.D. Degree. 

(Dr. Sairam Krishnamurthy) 

Supervisor 
Dr. SAIRAM KRISHNAMURTHY 

Associate Professer in Pharmacology 
Department of Pharmaceutics 

Indian lnstitute of Technology 
(Banaras Hindu Universiy) 

Varanusi-22 1 005 (U..) 

(Dr. Ashok Kumar) 

Co-Supervisor 

Protessor pt Peatrics 
nstitute of Medical Science 

Banaras Hindu University 
Varanasi-221005 

ii 



DECLARATION BY THE CANDIDATE 

I, Mr. Puneet K Samaiya, certify that the work embodied in this Ph.D. thesis is my own 

bona fide work and carried out by me under the supervision of Dr. Sairam 

Krishnamurthy and co-supervision of Dr. Ashok Kumar for a period of about 3 years 9 

months from July, 2013 to April, 2017 at the Department of Pharmaceutics, Indian 

Institute of Technology and Department of Pediatrics (Banaras Hindu University), 

Varanasi. The matter embodied in this Ph.D. thesis has not been submitted for the award of 

any other degree/diploma. 

I declare that I have faithfully acknowledged and given credit to the research workers 

wherever their works have been cited in my work in this thesis. I further declare that, I have 

not willfully copied any other's work, paragraphs, text, data, results, etc. reported in the 

journals, books, magazines, reports, dissertations, theses, etc., or available at websites 

and have not included them in this Ph.D. thesis and have not cited as my own work. 

Date: 2404| w? 

Place: IIT (BHU), Varanasi 

knowledge. 

CERTIFICATE BY THE SUPERVISORS 

It is certified that the above statement made by the student is correct to the best of our 

cdgaln. 
(Dr. Sairam Krishnamurthy) 
Supervisor 

(Mr. PUNEET K SAMAIYA) 

Dr. SA!RAM KRISHNAMURTHY 

Associate Professor in Pharmacology (Prof. S.K.Singh) Mhstitule of Medical Science 
Banaras Hindu University 

Varanasi-221003 Department of Phariraceuti(Head of the Department) 
lndian Institute of Technology 

(Dr. Ashok Kumar) 

qAH/Head 
(Banaras Hindu UniversilyRDepartament of Pharmaceutics Varanasi-221005 (U,P.) 

at /NDIAN INSTITUIE OF TECHNQLOGY 
BANARAS HINDU UNVEENTn 

rrTA->Rooy/Varanasi-221005 ii 



Title of the Thesis 

COPYRIGHT TRANSFER CERTIFICATE 

Candidate's Name 

:"Evaluation of some mitochondrial modulators in the treatment of 
neonatal anoxia. " 

Date: 21o4) w) 

Mr. Puneet K Samaiya 

The undersigned hereby assigns to the Indian Institute of Technology (Banaras Hindu 

University), Varanasi all rights under copyright that may exist in and for the above thesis 

submitted for the award of the Ph.D. degree. 

Copyright Transfer 

Place: IIT (BHU), Varanasi Mr. Puneet K Samaiya 

Note: However, the author may reproduce or authorize others to reproduce material 
extracted verbatim from the thesis or derivative of the thesis for author's personal use 
provided that the source and University's copyright notice are indicated. 

iv 



ACKNOWLEDGEMENI 

Joys on successful completion is always cherishing and everlasting. It gives the feeling of completeness on looking 

back over the journey and remembering all those friends and family who have helped and supported me along this 

long but fulfilling path. I owe my gratitude to the almighty Shri Chintnani 1008 Parashwanath Prabhu. 

At this moment of acconplishment, firstly of all I pay honage lo my Ph.D supervisor Dr. Sairam 

Krishnamurthy, Associate Professor of Pharmnacology for giving me an opportunity to work in the field of 

neuropharnacology, the research area I love to work witlh; I am also grateful to him for grooming me not only to 

conduct independent research but also for acquinting me with other areas affiliated with scientifie pursuits. His 

wide knowledge and logical way of thinking have been great value for me. This work would not have been passible 

without his guidance, support and encouragement. Under his guidance I successfully overcame many difficulties 

and learned a lo. His unflinching courage and conviction will always inspire me, and I hope to continue to work 

with his noble thoughts. 

l owe my deepest gratitude to my co-supervisor, Prof. Ashok Kunar, IMS BHU, for his unflagging encouragement 

and support. He has been supportive advisor to me throughout my PhD. I thank him for his advice, and guidance 

from the very early stage of this research as well as giving me extraordinary experiences throughout the work. 

Iwarmly thank Prof. Gopeshwar narayan, Molecular and Human genetics, BHU fOr helping me in carrying out 

part of molecular studies. I take this opportunity to sincerely acknowledge the Department of Biotechnology 

(DBT), Government of lndia, New Delhi, for providing financial assistance in the form of Senior Research 

Fellowship which butressed me to perform my work conforiably. I gratefully acknowledge Dr. Gaulam Palit of 

Central Drug Research Institute, Lucknow for helping me in carrying out Flowcytometry and molecular studies. 

I thank Prof. S.K. Singh (Head of the Departmen), UT (BHU), and all other faculty, RPEC and DPGC memnbers 

viz. Prof.B. Mishra, Prof. Sanjay Singh, Prof. S.K. Srivastava, Mr. A.K. Srivastava, Dr. (Mrs.) S. Hemalatha, Dr. 

Dr. Vikas Kumar, Abha Mishra (School of Biochemical Eng), Dr. Senthil Raja A, Dr. Alakh N. Sahu, Dr. S.K. 

Mishra, Dr. Ruchi Chawla, Dr. M.S. Muthu, Dr. Prasanta Kumar Nayak, Dr. GyanPrakashModi and Dr. Ashok 

Kumar for their support on various occasions during my Ph.d work. 



I thank Dr. Ch.V.Rao, Principal Scientist, NBRI, Lucknow for his advice, and guidance from the very early stage 

of my research. 

I thank my labmates Dhananjay sir, Sukesh, Pankaj, Akanksha, Santosh, Pobitra, Shreyasi, Ramakrishna, Prabha 

and Ouadir. Pawan, Alok, Durgesh, Yusuf and Sudha for the stimulating discussions, for the sleepless nights we 

were working together before deadlines, and for all the fun we have had in the last four years. 

Iwould also like to thank all my seniors, and colleagues who were there for me throughout my Ph.D period. 

I feel great pleasure to thank all the non-teaching staff of the department, Nandlalji. Madanji. 

Virendraji.,S.K. Pathakji, Md. Jameelji. Rafiqueji, Mrs. Archana Singh and ShyamliGhoshal ma'am. I would also 

like to express my vote of thanks to all the office staff members, Upadhyavyji, Sanjeeyji, Sunilji, Ram jiawanji and 

Yashwantji. 

A special thanks to Madhusudan for his cooperation during my experimental work. 

I beg a deep level of forgiveness fromn the rat pups that were sacrificed during my experimental work. 

Fords cannot express my gratitude for my family: My grand parents late Shri P.C. Samaiya and Smt. Kamal Rani 

Samaiya �Meri pyari Bai", my parents Dr. Mahendra K Samaiya and Smt. Rekha Samaiya and to my elder 
brother Mr. Piyush K Samaiya and bhabhi Smt. Vandana Samaiya for supporting me spiritually throughout 

writing this thesis and my life in general. A stock of loving appreciation is reserved to my dear nephew 'Vivan' 

and to my litule sweet heart daughter, 'DIRA' for their love and affection. 

I special thank from the bottom of my heart to Shri Rajesh Kumar Panditji "Rajesh Bhaiya " for giving me 

spiritual support whenever I need it the most. 

Finally. and most importantly, I would like to thank mny wife Smt. Shruti Samaiya. Her support, encouragement, 

quiet patience and unwavering love were undeniably the bedrock upon which the past 3 years of my life have been 

built. Her tolerance of my occasional altered moods is a testament in itself of her unyielding devotion and love. 

vi 



CHAPTER 1: INTRODUCTION 

1.1 
1.2 

1.3 
1.4 
1.4.1 
1.4.2 
1.4.3 
1.4.4 
1.5 
1.5.1 
1.5.2 
1.5.3 
1.6 
1.7 
1.8 
1.8.1 
1.8.2 
1.9 
1.9.1 
1.9.2 
1.10 
1.11 
1.12 
1.13 
1.14 

2.1 
2.2 
2.3 
2.3.1 
2.3.2 
2.3.3 
2.3.4 
2.3.5 
2.3.6 
2.3.7 
2.3.8 
2.3.9 
2.4 

Neonatal anoxia 

2.5 

Causes of anoxia 

Epidemiology 
Clinical diagnosis 
APGAR score 
Sarnat score 
Pulse Oximetry 
Analysis of blood lactate & pH 
Models for neonatal anoxia 
Hypoxia-ischemia 
Perinatal asphyxia 

CHAPTER 2: TEMPORAL PATHOLOGICAL CHANGES IN 

Neonatal anoxia 
Current treatment for anoxia 
Pathophysiology of neonatal anoxia 
Apoptosis 
Extrinsic pathway of apoptosis 
Intrinsic pathway of apoptosis 
Role of pro-apoptotic and apoptotic mediators in mitochondrial-linked cell death 
Caspases 
Bcl-2 family proteins 
Pathophysiological changes in mitochondrial molecular machinery after anoxia 
Hypothesis 
Proposed treatment strategies for neonatal anoxia 
Key interrogations 
Objectives of thesis 

MITOCHONDRIAL BIOENERGETICS IN TVWO EPISODIC 
ANOXIA MODEL IN RATS 

Abstract 
Introduction 
Materials and methods 

Animals 
Anoxia model 

TABLE OF CONTENTS 

Reagents 
Behavioral parameter assessment 
Mitochondrial Isolation 
Measurement of mitochondrial function 
Assessment of brain mitochondrial nitrite level 
Experimental design 
Statistical analysis 
Results 
Discussion 

2 

3 

5 

5 

6 
7 

10 

1 

10 
10 

11 
11 
12 
14 
15 
17 
18 

19 

20 
21 

22 
22 
22 
23 
24 
24 
24 
25 
25 
26 
26 
30 

vii 



CHAPTER 3: MITOCHONDRIAL MEDIATED APOPTOSIS AND INSULT 

PROGRESSION POST ANOXIA 

3.1 
3.2 
3.3 
3.3.1 
3.3.2 
3.3.3 
3.3.4 
3.3.5 
3.3.6 
3.3.7 
3.3.8 

3.4 
3.5 

4.1 

4.2 

3.3.9 Evaluation of mit ochondrial membrane potential (MMP) in cortical brain region 
3.3.10 Estimation of mitochondrial permeability transition pore (MPT) opening 

4.3 

3.3.12 Assessmnent of mitochondrial SOD and CAT activity 

4.3.1 
4.3.2 

3.3.13 Western blot analysis for cytoplasmic cytochrome-C, caspase-9, caspase-3, Bax, Bcl-2 and 
mitochondrialBax and Bcl-2 

3.3.14 Flow cytometric measurement of cell death using AnnexinVIPI 

4.3.3 

3.3.15 Statistical analysis 

4.3.4 
4.3.5 
4.3.6 
4.4 

Abstract 
Introduction 

CHAPTE 4: MITOCHNDRIAL-LINKED APOPTOTIC MARKERS IN 

Materials and Methods 

Animals and groups 

5.1 

Anoxia procedure 

5.2 

Materials 

5.3 

Behavioral parameter assessment 

5.3.1 

Measurement of peripheral oxygen saturation 

5.3.2 

Laser speckle blood-flow imaging 

5.3.3 

Mitochondrial Isolation 
Measurement of Mitochondrial Function 

Results 
Discussion 

ANOXIC NEONATES 

Abstract 
Introduction 
Material and methods 
Patients 
Inclusion Criteria 

4.5 Discussion 

Exclusion Criteria 

CHAPTER 5: EVALUATION OF MITOCHONDRIAL UNCOUPLER 2,4 DNP IN 
ANOXIC RATS 

CSF Sampling 
Cytochrome-C, caspase-9 and caspase-3 measurement 

Statistical Analysis 
Results 

Abstract 
Introduction 
Materials and methods 
Animals 
Anoxia model 

2, 4-DNP preparation and dosing 

33 

34 
35 
37 

37 
38 
38 
38 
39 
39 
40 
40 

40 
40 

41 
41 

41 

42 
43 
43 
61 

66 

67 
68 8RRRRF 
69 
69 
69 
69 

70 

70 
70 

71 

74 
75 
76 

78 
78 
79 
79 

viii 

3.3.11 Estimation of LPO and NO levels 



5.3.4 
5.3.5 
5.3.6 
5.3.7 

5.3.8 
5.3.9 Estimation of cytochrome-C oxidase (Complex-IV) activity 
5.3.10 Estimation of mitochondrial FIFO ATP synthase (Complex-V) activity 
5.3.11 Evaluating mitochondrial membrane potential (MMP) 

5.4 

5.3.12 Mitochondrial permeability transition (MPT) 

5.5 

5.3.13 Mitochondrial oxidative stress 
5.3.14 Western blot analysis for cytoplasmic cytochrome-C, caspase-9, caspase-3, Bax, Bcl-2 and 

mitochondrial Bax and Bcl-2 
5.3.15 Statistical analysis 

6.2 
6.3 
6.3.1 

Behavioral parameter assessment 
Mitochondrial Isolation 

CHAPTER 6: EVALUATION OF ANTIOXIDANT TEMPOL IN ANOXIC MODEL 

6.3.3 

Measurement of Mitochondrial Function 

6.1 Abstract 

6.3.4 

Estimation of NADH dehydrogenase (Complex-I) activity 

6.3.5 

Estimation of mitochondrial succinate dehydrogenase (Complex-II) activity 

6.3.6 
6.3.7 
6.3.8 

6.3.2 Anoxia model 

6.3.9 

Results 
Discussion 

Introduction 
Materials and methods 

6.3.5.1 Righting reflex 

Animals 

6.3.5.2 Wire hanging maneuver 

6.4 
6.5 

Tempol preparation and dosing 
Chemicals 

Behavioral parameter assessment 

Mitochondrial Isolation 

Estimation of mitochondrial succinate dehydrogenase (Complex-I) activity 
6.3.10 Estimation of cytochrome-C oxidase (Complex-I) activity 

Measurement of Mitochondrial Function 

Estimation of NADH dehydrogenase (Complex-I) activity 

6.3.11 Estimation of mitochondrial FIFO ATP synthase (Complex-V) activity 
6.3.12 Evaluating mitochondrial membrane potential (MMP) 
6.3.13 Mitochondrial permeability transition (MPT) 
6.3.14 Mitochondrial oxidative stress 
6.3.15 Western blot analysis for cytoplasmic cytochrome-C, caspase-9, caspase-3, Bax, 

Bcl- 2 and mitochondrial Bax and Bcl-2 

6.3.16 Statistical analysis 
Results 
Discussion 

79 

79 
79 
80 

80 
80 
80 

80 
81 
81 

81 
81 

82 
94 

98 

99 
100 
101 
101 
101 
101 
101 
101 
101 
101 
101 
101 
102 
103 
103 
103 
103 
103 
103 

104 
104 

104 
117 

ix 



CHAPTER 7: TO STUDY THE COMBINATION EFFECT OF MODULATORS IN TWO 

DIFFERENT CORTICAL MITOCHONDRIAL FRACTIONS AND LONG 

TERM NEUROBEHAVIORAL CHANGES POST ANOXIA INJURY 

7.1 
7.2 
7.3 
7.3.1 

7.3.3 
7.3.4 

7.3.2 Anoxia model 

7.3.5 
7.3.6 

Abstract 
Introduction 
Materials and methods 

7.3.9 

Animals 

Drug preparation and dosing 
Chemicals 

7.3.7 Mitochondrial caleium measurements 

Synaptic and non-synaptic mitochondria isolation 
Measurement of Mitochondrial Function 

7.3.8 Mitochondrial permeability transition (MPT) 
Mitochondrial oxidative stress 

7.3.9.1 Estimation of LPO and NO levels 

75 

7.3.9.2 Estiation ot mitochondrial SOD and C¤T activity 
7.3.10 Wstern blot analysis for cytoplasmic cytochrome-C, caspase-9, caspase-3, Bax, 

Bel-2 and mitochondrial Bax and Bcl-2 

7.3.11 Behavioral Studies 
7.3.12 Plasma Corticosterone 
7.3.13 Statistical analysis 

Results 

Discussion 

CHAPTER 8: SUMMARY AND CONCLUSION 

REFERENCES 

122 
123 

124 
126 
126 
126 
127 
127 
127 
128 
128 
129 
129 
129 
129 

130 
130 
132 
132 
133 
154 

159 
165 

X 



Figure 1.1 Causes of neonatal anoxia. 

Figure 1.2 Causes of neonatal deaths in India 

LIST OF FIGURES 

Figure 1.3 Prevalence of neon atal anoxia worldwide 

Figure 1.4 Insult progression with cell death transition after neonatal anoxia 
Figure 1.5 Mitochondrial oxidative stress after anoxia. 

Figure 1.6 Proposed hypothesis 

Figure 2.1 Schematic representation of the experimental design. + denotes perfor med and -"den otes not 
performed 

Figure 2.2 (A) A typical respiratory trace shows no significant changes in mitochondria bioen ergetics at 
three different time points after first and second anoxic exposure.. 

Figure 2.3 The effect of first and second episodes of anoxia on oxygen consumption in different states of 
mitoch ondrial respiration (C and D respectively) and respiratory control ratio (RCR; E and F 

respectively) in whole brain mitochondria after 30 min, 6 hr. and 24 hr. 
Figure 2.4 The effect of first and second episodes of anoxia on whole brain nitrite level (A and B 

respectively). 
Figure 2.5 Changes in reflex latency after (A) first and (B) second episode of anoxic exposure. 

Figure 3.1 Evaluation of peripheral arterial oxygen saturation by pulse oximetry over time within first (A) 
and second (B) anoxia episode by passing 100% nitrogen in the anoxia chamber. 

Figure 3.2 Effect of anoxia on cortical blood flow. (A) Regional blood flow (ROI) in control group with a 
value of 119.1 (B) in 30 min post-an oxia with ROI 37.5 (C) 24 hr. post-anoxia with ROI 84.9 and 
(D) on d-7 post-anoxia with ROI 35.4 respectively after anoxia. 

Figure 3.3 The temporal profile of the mean CBF pups in the cortical brain region. 

Figure 3.4 The effect of anoxia-induced changes in the levels of cytochrome-C (B), caspase-9 (C) and 
caspase-3 (D) in the cytosol fraction at different time points. 

Figure 3.5 The effect of an oxia-induced changes in the levels of cytoplasmic Bax (B), Bcl-2 (C) and their 
ratio (Bax/Bcl-2) (D) ), in the cytoplasmic fraction at different time points. Blot (A) represents Bax, 
Bcl-2 and their ratio (Bax/Bcl-2) in cortical region. 

Figure 3.6 The effect of anoxia-induced changes in the levels of mitochondrial Bax (B), Bcl-2 (C) and 
their ratio (Bax/Bcl-2) (D), in the mitochondrial fraction at different time points. Blot (A) represents 
Bax, Bcl-2 and their ratio (Bax/Bcl-2) in cortical region.. 

Figure 3.7 Flow cytogram is depicting anoxia-induced cell death in the cortical region assessed by 
cytometric analysis using annexin-V/PI. Dotted plots represent control 30 min (A), control 24 hr. (B) 
control day-7 min (C) anoxia 30 min (D) anoxia 24 hr. (E) and anoxia day-7 (F) respectively. 

Figure 3.8 Changes in the percentage of apoptotic cells in the cortical region at different time points after 
second anoxia episode.. 

Figure 3.9 Effect of anoxia on hanging latency (A) and reflex latency (B) from day-1 (P4) up to day-7 
(P10) after second anoxia episode. 

....... 

Figure 4.1 Levels of cytochrome-C, caspase-9, and caspase-3 in CSF of control and diferent stages of 
HIE in sampe-1 and comparison of the concentration of cytochrome-C, caspase-9, and caspase-3 
within HIE group sample-2. 

Figure 5.1 Effect of 2,4 DNP (1, 2.5 and S mg/kg) on anoxia-induced mitochondrial (A) NO, (B) LPO, (C) 
SOD and (D) CAT levels in cortical brain region on day-l and day-7.... 

Figure 5.2 Effect of 2,4 DNP (1, 2.5 and 5 mg/kg) on an oxia-induced mitochondrial complex I (A), II 
(B), IV (C) and V (D) activity in cortical brain region on day-1 and day-7.. 

xi 

14 

15 

.25 

27 

28 

29 

.30 

44 

45 

46 

54 

. .... ... b0 

4 

56 

58 

59 

61 

71 

86 

87 



Figure 5.3 Effect of 2,4 DNP (1, 2.5 and 5 mg/kg) on anoxia-induced changes in (A) mitochondrial 
membrane potential and (B) mitochondrial permeability transition pore activity in cortical brain 
region on day-1 and day-7.. 

Figure 5,4 Effect of 2,4 DNP (1, 2.5 and 5 mg/kg) on anoxia-induced changes in the levels of expression 
of cytochrome-C, caspase-9 and caspase-3 on day-l and day-7... 

Figure 5.5 Effect of 2,4 DNP (1, 2.5 and S mg/kg) on anoxia-induced changes in the expression of 
cytoplasmic Bax (B), Bcl-2 (C) and their ratio (Bax/Bcl-2; D) in cortical brain region on day-1 and 
day-7. 

Figure 5.6 Effect of 2,4 DNP (1, 2.5 and 5 mgkg)on anoxia-induced changes in the expression of 
mitochondrial Bax (B), Bcl-2 (C) and their ratio (Bax/Bcl-2; D) in cortical brain region on day-1 and 
day-7. Blots (A) represent Bax and Bcl-2 in cortical region... 

Figure 5.7 The effect of 2,4 DNP (1, 2.5 and 5 mgkg) on anoxia induced sensorimotor dysfunction 
[Reflex latency (A) and Hanging latency (B)] on day-l and day-7.. 

Figure 6.1 Effect of tempol (75, 150 and 300 mg/kg) on anoxia-induced mitochondrial (A) NO, (B) LPO, 
(C) CAT and (D) SOD levels in cortical brain region on d-l and d-7. 

Figure 6.5 The effect of tempol (75, 150 and 300 mg kg) on anoxia-induced changes in the levels of 
mitochondrial Bax (B), Bcl-2 (C) and their ratio of Bax/Bcl-2 (D), in the mitochondrial fraction on 
d-l and d-7. Blot (A) represents Bax, Bcl-2 and their ratio (Bax/Bcl-2) in cortical region... 

Figure 6.6 Effect of tempol (75, 150 and 300 mg/kg) on anoxia-induced sensorimotor dysfunction [reflex 
latency (A) and hanging latency (B) on d-l and d-7. 

Figure 7.1 Effect of 2,4 DNP, tempol and their combination (D+T) on anoxia-induced changes in synaptic 
mitochondrial (A) s-Ill and (B) s-IV respiration and (C) RCR in cortical brain region on d-7. 

Figure 7.4 Effect of 2,4 DNP, tempol and their combination (D+T) on anoxia-induced changes in 
cytochrome-C (B), caspase-9 (C) and caspase-3 (D) on d-7. Blot (A) represents cytochrome-C, 
caspase-9 or caspase-3 in cortical tissue.. 

Figure 6.2 Effect of tempol (75, 150 and 300 mg/kg) on anoxia-induced mitochondrial complex I (A), II 
(B). IV (C) and V (D) activity in cortical brain region on d-l and d-7. 109 

Figure 7.5 Effect of 2,4 DNP, tempol and their combination (D+T) on anoxia-induced changes in 
cytoplasmic (B) Bax, (C) Bcl-2 and (D) Bax/Bcl-2 on d-7. Blot (A) represents Bax, Bcl-2 in cortical 
brain tissue on d-7. 

Figure 6.3 The effect of tempol (75, 150 and 300 mg/ kg) on anoxia-induced changes in the levels of 
cytochrome-C (B), caspase-9 (C) and caspase-3 (D), in the cytosol fraction on d-l and d-7... ..... 112 

Figure 6.4 The effect of tempol (75, 150 and 300 mg/kg) on anoxia-induced changes in the levels of 
expression of cytoplasmic Bax (B), Bcl-2 (C) and their ratio (Bax/Bcl-2; D), in the cytoplasmic 
fraction on d-l and d-7. Blots (A) represent Bax and Bcl-2 in cortical region. 

Figure 7.6 Effect of 2, 4 DNP, tempol and their combination (D+T) on anoxia-induced changes in synaptic 
mitochondrial (B) Bax, (C) Bcl-2 and (D) Bax/Bcl-2 on d-7.. 

89 

90 

day-7... 

.91 

Figure 7.8 Effect of 2,4 DNP, Tempol and their combination (D + T) on anoxia-induced changes in non 
synaptic mitochondrial (A) NO, (B) LPO, (C) SOD and (D) CAT levels in cortical brain region on 
day-7. 

92 

xii 

.93 

108 

Figure 7.2 Effect of 2,4 DNP, tempol and their combination (D+T) on anoxia induced changes in synaptic 
mitochondrial (A) N0, (B) LPO, (C) SOD and (D) CAT levels in cortical brain region on d-7.....35 

Figure 7.3 Effect of 2,4 DNP (2.5 mg/kg), tempol (75 mg/kg) and their combination (D+T) on anoxia 
induced changes in synaptic mitochondrial (A) calcium and (B) MPT regarding mitochondrial 
swelling in cortical brain region on d-7. 

113 

115 

116 

134 

136 

138 

Figure 7.7 Effect of DNP, Tempol and their combination (D+T) on anoxia-induced changes in non 
synaptic mitochondrial (A) s-IIl and (B) s-IV respiration and (C) RCR in cortical brain region on 

141 

139 

140 

143 



Figure 7.9 Effect of 2,4 DNP, Tempol and their combination (D + T) on anoxia-induced chan ges in non 
synaptic mitochondrial (A) calcium and (B) MPT regarding mitochondrial swelling in cortical brain 
region on day-7. 

137 

Figure 7.10 Effect of 2,4 DNP, Tempol and their combination (D+T) on anoxia-induced chan ges in non 
synaptic mit och ondrial Bax (B), Bcl-2 (C) and their ratio (Bax/Bcl-2) (D) on day-7 post 
anoxia. 
145 

Figure 7.1 Effect of 2,4 DNP, tempol and their combination (D+T) on anoxia-induced changes in (A) 
open arm entries (B) time spent in open arms and (C) anxiety index in elevated plus-maze test 
paradigm. Data are mean+SD (n=5) animals in each group.'P<0.05 compared to control, "P<0.05 
compared to anoxia group. 

Figure 7.12 Effect of 2,4 DNP, tempol and their combination (D+T) in anoxia-induced changes in total 
arm entries during trial-1 (A) and trial-2 (B) and coping behavior to novel arm (C) during trial-2 in 
Y-maze paradigm from d-21 up to d-150. 

Figure 7.13 Effect of 2,4 DNP, tempol and their combination (D+T) on anoxia-induced changes in arm 
discrimination behavior during Y-maze test paradigm on d-21 (A), d-60 (B), d-90 (C), d-120 (D) and 
d-150 (E). ...... .......... 

Figure 7. 14 Effect of 2,4 DNP, tempol and their combination (D-+T) on an oxia-induced changes in 
immobility in forced-swim test. 

Figure 7.15 Effect of 2,4 DNP (2.5 mg/kg), tempol (75 mg/kg) and their combination (D+T) on plasma 
CORT level in anoxia exposed rats.. 

Figure 8.1 Proven hypothesis. 

144 

148 

xiii 

150 

.... 153 

152 

154 

.162 



LIST OF TABLES 

Table 3.1 Effect of anoxia on different states of mitochondrial respiration State 2. State-3, State-4, State-5 
via complex-I and State-5 via complex-II) and respiratory control ratio (RCR) at various time 
points (30 min, 24 hr. and d-7) in the cortical brain region of rat pups.. 

Table 3.2 Effect of anoxia on the levels of Nitrite, LP0, CAT and SOD in the cortical brain region of rat 
pups at different time points. 

Table 3.3 Effect of anoxia on mitochondrial membrane potential and mitochondrial swelling in cortical 
portion of neonatal at di fferent time points. 

Table 5.1 Dose-related effect of DNP (1, 2.5 and S mg/kg) on anoxia-induced changes in mitochondrial 
respiration on d-l and d-7.. 

Table 6.1 Dose-related effect of tempol (75, 150 and 300 mg/ kg) on an oxia-induced alterations in 
mitochondrial respiration and RCR on day-1 and day-7... 

Table 6.2 Effect of tempol (75, 150 and 300 mg/kg) on anoxia-induced changes in (A) mitoch ondrial 

membrane potential and (B) mitochondrial permeability transition pore activity in cortical 
brain region on d-l and d7. 

Table 7.1 Efect of 2,4 DNP, tempol and their combination (D+T) on anoxia-induced changes in 
ambulation, time spent in central grid and rearing during OFT. 
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