Novel Insights of Pb** Exposure, and
Dietary Carbohydrate Stress in the causation of

pathologies allied with Type 2 Diabetes Mellitus

A THESIS

Submitted for the Degree of

DOCTOR OF PHILOSOPHY

in Biological Science

Submitted By,

P. Vineeth. Daniel (D16075)

Under the supervision of

Dr. Prosenjit Mondal (Assoc. Prof)

e,

S r 4 Technology
— Mandi

*‘-L&_?;B

School of Basic Sciences
Indian Institute of Technology, Mandi
Mandi (175005), Himachal Pradesh, India



Declaration by Scholar

DECLARATION BY THE RESEARCH SCHOLAR

I hereby declare that the entire work embodied in this thesis is the result of
investigations carried out by me in the School of Basic Sciences, Indian Institute of
Technology Mandi, under the supervision of Dr. Prosenjit Mondal, and that it has
not been submitted elsewhere for any degree or diploma. In keeping with the general
practice, due acknowledgements have been made wherever the work utilizes an effort

of other investigators.

il

Date: 22" June 2021 Mr. P. Vineeth. Daniel
Place: Mandi, H.P. Enrolment No: D16075
SBS, IIT Mandi



Declaration by Advisor

DECLARATION BY THE ADVISOR

I hereby certify that the entire work in this Thesis has been carried out by
Mr. P. Vineeth Daniel, under my supervision in the School of Basic Sciences, Indian
Institute of Technology Mandi, and that no part of it has been submitted elsewhere for

any Degree or Diploma.

Date: 22" June 2021 Dr. Prosenjit Mondal
Place: Mandi, H.P. Associate Professor
SBS, IIT Mandi



Dedicated to my Parents, Teachers, Friends

and especially to the Animals sacrificed for this study



Acknowledgements

ACKNOWLEDGEMENTS

First of all, I am extremely grateful to my supervisor Dr. Prosenjit Mondal for his
continuous support and patience during my Ph.D. journey. His knowledge and experience did
aid the quality of my academic and research understanding. Moreover, his never-ending
support enabled me to achieve CSIR-Direct SRF (2019) and ICMR-SRF (2019) to deal with

fellowship crunches.

I would also like to extend my humble gratitude to our collaborators, Dr. Debabrata
Ghosh (IITR Lucknow) and Dr. Mohan Kamthan (Jamia Hamdard), for their teaching and
support for “in vivo studies”. In addition, I am grateful to them for their academic and research-

oriented instructions, benefitting my research endeavor.

I would also like to thank all my Doctoral Committee members, Dr. Tulika Srivastava,
Dr. Shyam Kumar Masakapalli, Dr. Subrata Ghosh, and Dr. Arpan Gupta, for their never-
ending academic support and recommendations, strengthening my research morale. I also wish
to thank Dr. Amit Prasad for his constant motivation and positive support. I would also like to
thank the Director of IIT Mandi for providing a great research infrastructure amidst our BioX
center and Advanced Materials Research Centre. I am also grateful for my fellowship aid from
CSIR- Direct SRF (132129/2k18/1) and projects entitled to Dr. Prosenjit Mondal (DST-SERB,
DBT) at IIT Mandi.

Along with these mentors, I would like to acknowledge Surbhi Dogra, Shilpa Thakur,
Priya Rawat, Khyati, Abhinav, and Deepak, as mini-collaborators on my working bench, for
their support and help. I would also like to mention few people from the different labs of the
BioX center (Dr. Deepak Sharma, Dr. Manu Shree Vishnoi, Dr. Navneet Singh, Udit Saum).
The list will be incomplete if I miss mentioning my first and unforgettable intern, Shiffali
Khurana, for her impeccable support and unceasing positive impulses. I would also like to
thank various personalities from collaborating institutes like Dr. Vikas Singh, Dr. Ruchi Gera,
Aditya Kar, Jamal Ansari, Aiysha Siddiq Khan, who facilitated me to gain a lot in my research

demeanor.

Another vital family that drove me through my ups and downs and an invisible but vital
part through my thick and thin include Dr. Medha Kumar, Dr. Sandeep Shukla, Dr. Vibha
Gupta, Shubham Agarwal, Shalini Prajapati. Dr. Joel Christie also inspired me with his

v)



Acknowledgements

unconditional reverence and care in this journey. I cannot miss mentioning my close to heart
buddies, Hudson Light, and Sini Porathoor, for being there at every ring and their
incomprehensible support. At this juncture, I would also like to extend my regards to Dr. Biswa
Prasun Chatterji (MSc, Prof.) for being the first person to make me consider joining IIT Mandi.
I would also wish to acknowledge Dr. Prasanna Venkatraman (ACTREC) for encouraging me
to join IIT Mandi. I still look up to her for being my greatest mentor and inspiring scientist. |
would also like to acknowledge Dr. Tara Menon (BSc, Prof) and Dr. Shiney Peter (MSc Prof)
for their enormous positive boost during this journey. Connexions with Anna Varghese, Cleir
Elisa, Nikhil Mathew, Merlin & Pavin, Portia Singh, Pawan Kumar Mandal, Preethi Rathi, Sai
Sushma also stand precious. I would also like to extend my humble gratitude to Sundernagar
Parish priests, sisters, and parish members, for empowering and letting my Christianity stay

breathing.

Lastly, I believe my thesis is built on the grounds of my deep love and profound respect
for Mr. Daniel P O, Mrs. Mariamma Daniel (parents), and amazing siblings; Mr. Manod
Daniel, Mrs. Sheji Manod, and Miss Aimee Mariam Manod. Their selfless love and prayers
have kindled me with enthusiasm and zeal to reach this page. I also wish to thank Mrs. Sara
Mathew (sister) for her never-ending push to make me foresee the silver lining through this
unprecedented journey. Last but not the least, I want to acknowledge our Almighty God for
being close to me through this journey. The countless blessings, surge in knowledge, and
opportunities across this venture recurringly recapitulate God’s magnificent love, making me

more and more thankful and humble.

oisd

Date: 22™ June 2021 Mr. P. Vineeth. Daniel

(vi)



Thesis Contents

THESIS CONTENTS

Contents Pg. No.
Abstract 01
List of Figures 02
List of Tables 04
Abbreviations 05
Chapter 1: Introduction 07
1.1.Background & Review of Literature 08
1.1.1. Energy Balance 08
1.1.2. Dysregulated Energy Balance Influences onset of Metabolic 09
Syndrome
1.1.3. Positive Energy Balance induces NAFLD and links with T2DM 11
1.1.4. Dietary components transcribes Positive Energy Balance towards 13

Metabolic concerns

1.1.5. Carbohydrate-rich diet influences both T2DM and NAFLD 15
1.1.6. Physiological conversion of excessive carbohydrate stress towards 18
DNL

1.1.7. Heavy Metals depicts metabolism Disrupting properties 22

1.1.8. Lead (Pb*") cryptically incites Metabolism Disrupting properties 25
1.2.Aims and Objectives 30
Chapter 2: Molecular pathways dysregulated by Pb** exposure 33
prompts pancreatic B-cell dysfunction
2.1.Introduction 34
2.2.Materials and Methods 37
2.3.Results and Conclusions 41

2.3.1. Pb** exposure leads to reduced beta-cell function and beta-cell 41

mass, with resultant glucose intolerance

(vii)



2.3.2. Pb*" interrupts the glucose stimulated insulin secretion via PDE1c
axis

2.3.3. Pb*" exposure inhibits B-cell proliferation via CaMKK2-AMPK-
Raptor axis

2.4.Discussion

Chapter 3: Chronic exposure to Pb?* perturbs ChREBP transactivation
and coerces Hepatic Dyslipidemia
3.1.Introduction
3.2.Materials and Methods
3.3.Results and Conclusions
3.3.1. Pb?* exposure disrupt liver functions
3.3.2. Pb** exposure induce ectopic fat accumulation within hepatic cells
3.3.3. Pb?* reduce hepatic sorcin and stimulates an abundance of nuclear
ChREBP
3.3.4. Adenovirus mediated sorcin over-expression ameliorates Pb**
forced fatty liver pathologies

3.4.Discussion

Chapter 4: NF-kB p65 regulates hepatic lipogenesis by promoting the
nuclear entry of ChREBP in response to high carbohydrate diet
4.1.Introduction
4.2.Materials and Methods
4.3.Results and Conclusions
4.3.1. High carbohydrate diet induces ChREBP transactivation via sorcin
4.3.2. Pharmacological inhibition of NF-kB p65 attenuates high glucose
induced hepatic lipid accumulation
4.3.3. High glucose stimulates repression of hepatic sorcin via NF-kB
p65-NCoR1 signaling
4.3.4. Pharmacological inhibition of NF-xB p65 ameliorates high sucrose
induced fatty liver pathology in vivo

4.4.Discussion

Thesis Contents

43

45

48

51

52

55

60

60

60

64

66

69

72

73

76

80

80

84

87

91

95

(viii)



Thesis Contents

Chapter 5: Conclusions and Future Scope 99
Bibliography 103
Supplemental Information 125
List of Publications 128
List of Conferences and Workshop 140
Reprint Permission 141

(ix)



Thesis Abstract

ABSTRACT

Metabolic disease is a global concern, and the rate of its escalation is petrifying. Although
multiple pathophysiologies are regarded under the heading of metabolic diseases, Type 2
Diabetes Mellitus (T2DM) ranks to be one of the most threatening. Pouya Saeedi et al.
(2019) accounts prevalence of T2DM to rise from 520million cases (in 2030) to 630million
cases by 2045. Although the onset and progression of T2DM show a multi-faceted
regulation, the conventional causative factors fail to account for this mounting threat. Thus,
it stands imperative to look for newer unexplored, unconventional causative factors that

could directly or indirectly influence the onset and progression of T2DM.

Human activities-induced release of xenobiotics across the environment intimates heavy
metal contamination as the upcoming threat over the orthodox causes. Reports highlight
Lead (Pb*") as the looming endocrine & metabolic disruptor but does not provide any
additional comprehensions about its mode of action. At this juncture, this thesis
investigates and presents mechanistic understandings of Pb*" induced metabolic
abnormalities. This study presents a comprehensive idea regarding Pb?>" induced pancreatic
B-cell dysfunction and T2DM occurrence in vivo. This study also explains Pb*" induced
hepato-toxicity and fatty liver pathologies. Motivated with the non-nutrient (Pb*") induced
pathophysiology of Non-Alcoholic Fatty Liver Disease (NAFLD), this study unveils a
definite mechanism of conventional high carbohydrate diet-induced NAFLD via ChREBP.
Taken together, this thesis dually targets T2DM by presenting a new credible “non-
nutrient” culprit and by discovering a novel mechanistic insight of hepatic dyslipidemia,
which if targeted can indirectly encourage a reduction in hepatic pathologies linked to

T2DM aggravation.
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