EXPLORING THE EFFECT OF AGING AND
NEURODEGENERATION ON DECISION-
MAKING AND THE UNDERLYING
MECHANISMS USING RODENT-IOWA
GAMBLING TASK

JYOTSNA PANDEY

SCHOOL OF INTERDISCIPLINARY RESEARCH (SIRe)
INDIAN INSTITUTE OF TECHNOLOGY DELHI
APRIL 2026



©Indian Institute of Technology Delhi (II'TD), New Delhi, 2026



Exploring the Effect of Aging and Neurodegeneration on
Decision-Making and the Underlying Mechanisms using Rodent-

ITowa Gambling Task

by

Jyotsna Pandey

School of Interdisciplinary Research

A thesis submitted in fulfilment of the requirements

for the degree of

DOCTOR OF PHILOSOPHY

to the

INDIAN INSTITUTE OF TECHNOLOGY DELHI
April 2026



Declaration by Author

This thesis is composed of my original work and contains no material previously published or
written by another person except where due reference has been made in the text. I have clearly

stated the contribution of others to jointly authored works that I have included in my thesis.

I have clearly stated the contribution of others to my thesis as a whole, including statistical
assistance, survey design, data analysis, significant technical procedures, professional editorial
advice, financial support, and any other original research work used or reported in my thesis.
The content of my thesis is the result of work I have carried out since the commencement of
my higher degree by research candidature and does not include a substantial part of work that
has been submitted to qualify for the award of any other degree or diploma in any university
or other tertiary institution. I have clearly stated which parts of my thesis, if any, have been

submitted to qualify for another award.

I acknowledge that the copyright of all material contained in my thesis resides with the
copyright holder(s) of that material. Where appropriate, I have obtained copyright permission
from the copyright holder to reproduce material in this thesis and have sought permission from

co-authors for any jointly authored works included in the thesis.

Signature

4



Supervisor Certification

This is to certify that the thesis entitled ‘Exploring the Effect of Aging and Neurodegeneration
on Decision-Making and the Underlying Mechanisms Using Rodent lowa Gambling Task in a
Streptozotocin (STZ)-Induced Alzheimer’s Disease Rat Model’ is being submitted by Ms.
Jyotsna Pandey to the Indian Institute of Technology Delhi for the award of the degree of
Doctor of Philosophy is a record of bonafide research work carried out by her. Ms. Jyotsna
Pandey has worked under our guidance and supervision and has fulfilled the requirements for
the submission of this thesis, which to our knowledge has reached the requisite standard. The
results contained in this thesis are original and have not been submitted, in part or full, to any

other University or Institute for the award of any other degree or diploma.

Supervisor Co-supervisor

w ;/am
- gran =
o -

Dr. Varsha Singh (Professor) Dr. Suman Jain (Professor)
Humanities and Social Sciences Department of Physiology

IIT Delhi AIIMS Delhi



Financial Support

This research was supported by the Indian Institute of Technology Delhi Ph.D. research
Scholarship (MHRD, Government of India), and a research grant from the Sponsored Research
Project entitled “Cognitive and affective decline in Spinal Cord Injury patients: Database and
longitudinal follow up” (M102260) under Grant Challenge Scheme — 2 of IRD sponsored by

IRD/IIT Delhi.

Keywords

Aging, Neurodegeneration, Alzheimer’s disease, Rodent lowa Gambling Task, Decision-
making, Hippocampus-amygdala circuitry, Working memory, Spatial memory, Cognitive

impairment, Rodent models



Acknowledgements

This thesis is the culmination of several years of research, persistence, and the support of many
people, to whom I owe my deepest gratitude.

Firstly, I wish to express my gratitude to my supervisor, Prof. Varsha Singh, for her constant
support, critical insights, and encouragement throughout this doctoral journey. Her mentorship
and intellectual generosity have been invaluable in shaping this thesis and in deepening my
understanding of cognition and behaviour. I am especially thankful for her patience during my
early struggles with writing, data handling, and statistical analyses, and for guiding me with
clarity through those challenges. The academic freedom she provided allowed me to explore
ideas independently, while her firm belief in my abilities ensured that I persevered through
difficult moments of this PhD.

I am also indebted to my co-supervisor, Dr. Suman Jain, for her invaluable role in my training
as a researcher. She has been a constant source of guidance in teaching me the fundamentals
of research methodology, experimental design, and rigorous scientific thinking. Her steady
encouragement and hands-on support during surgeries, behavioural experiments, and data
collection were instrumental to the success of this work. Her commitment to detail and to the
scientific process has been a model for me, and I am truly grateful for her mentorship and
kindness.

I am deeply grateful to the members of my Student Research Committee-Chairperson Dr. Ritu
Kulshrestha, Internal Expert Dr. Amit Mehndiratta, and External Expert Dr. Tapas Chand Nag-
for their consistent guidance and support throughout this journey. Their constructive feedback,
insightful criticism, and thoughtful suggestions have been invaluable in refining my
experimental design, strengthening the rigor of my data analyses, and enhancing the overall

conceptual clarity of this thesis.



My appreciation also extends to my colleagues and lab members, past and present, for creating
an intellectually stimulating and supportive research environment. The discussions,
troubleshooting sessions, and moments of collaboration in the lab often provided fresh
perspectives and reminded me of the collective spirit of scientific curiosity.

I would like to extend my heartfelt gratitude to my dear friend and colleague, Ms. Sakshi
Sharma, who has been a constant companion throughout this journey. From the long days of
behavioural task standardizations to the demanding phases of surgeries, she has stood by me
through every challenge. Her support, shared laughter, and encouragement during both the
highs and lows of this work have made the journey not only manageable but also memorable.

I would also like to express my sincere gratitude to my friends and lab mates, Ms. Deeksha
Patel and Ms. Gunjan Sharma, who have been like family to me during my time at AIIMS.
Their constant encouragement and enthusiasm, whether in journal clubs, experiments, or
simply sharing lunches, created an atmosphere of warmth and camaraderie that made the PhD
journey truly memorable. The moments we shared have given me some of the best memories
of this academic pursuit, for which I am deeply thankful.

On a personal note, I wish to thank my parents for their unconditional love, encouragement,
and patience throughout this demanding journey; even during times when the nature of my
work was not entirely clear to them. Their unwavering belief in me has been a constant source
of strength and resilience, sustaining me through the most challenging phases of this PhD.

I owe my deepest gratitude to Dr. Imon Chakraborty, who has been by my side through every
personal and professional challenge. His constant support, patience, and belief in me have been
a true source of strength during this journey. In many ways, this PhD begins and concludes
with his presence, and I remain deeply thankful for the impact he has had on my life and work.
To my dear friends, Ms. Shruti Acharya, Ms. Florence Laldinpuii, and Ms. Lemnaro, I extend

my heartfelt thanks for standing by me throughout this journey. You brought light and laughter



during the most difficult times, reminding me that there is life beyond the laboratory. In
moments when this degree felt excruciating, you lifted me up with your encouragement, late-
night conversations, and shared stories of PhD struggles. Thank you for your companionship,
your patience, and most importantly, for being yourselves.

A very special thanks to my dearest Vidhi, who never stopped checking on me through these
years, kept visiting when things felt overwhelming, and always reminded me that if not me,
then who. Your belief in me carried me through some of the toughest moments of this journey.
Lastly, I wish to acknowledge the lab rats who were at the heart of this research. They were
more than just subjects of experimentation; they were silent companions through countless
hours of behavioural tasks and surgeries. Their small lives made a big contribution to advancing
our understanding of decision-making and neurodegeneration. While they cannot be thanked
in person, this thesis is dedicated, in part, to them; with gratitude for every little paw that helped
carry this work forward.

This journey has been both challenging and rewarding, marked by moments of doubt and
discovery. It has been made meaningful by the people who stood beside me, offering wisdom,

laughter, and support.

Vi



Abstract

Decision-making is a fundamental cognitive process that depends on attention, motivation,
memory, reward evaluation, and adaptive learning. These functions are highly vulnerable to
the effects of aging and neurodegeneration. Alzheimer’s disease (AD), in particular, is
characterized by progressive impairment of hippocampal and amygdalar circuits that are
central to memory and value-based choice. The present study investigated how aging, AD, and
disruption of the basolateral amygdala (BLA) independently and interactively influence

decision making and memory in a rodent model.

Using the rodent lowa Gambling Task (r-IGT) alongside complementary behavioural assays,
this thesis assessed decision-making, spatial memory and recognition memory across ten
experimental groups, including young and aged healthy controls, AD sham surgery groups,
AD-induced groups, BLA lesion groups, and combined AD+BLA lesion groups.
Neurochemical correlates were examined through ELISA-based assays of dopamine and
serotonin, while histological and immunohistochemical analyses were used to quantify

neuronal degeneration and serotonergic expression within the hippocampus and BLA.

Results demonstrated that aging alone produced modest deficits in feedback-based learning
and spatial memory. AD exacerbated these impairments, with aged AD rats showing
pronounced deficits in long-term advantageous choice and recognition memory. BLA lesions
further disrupted adaptive decision making, impairing the ability to link affective outcomes
with context. Notably, the AD+BLA lesion group exhibited the most severe impairments across
all tasks, highlighting the critical interaction between hippocampal and amygdalar systems in
guiding flexible, adaptive behaviour. Neurochemical analyses revealed significant reductions
in dopamine and serotonin levels in AD and BLA groups, with the lowest levels observed in

the AD+BLA group, suggesting a molecular basis for the observed cognitive impairments.
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Overall, these findings provide novel insight into how aging, AD, and amygdalar dysfunction
converge to disrupt decision-making and memory processes. By highlighting the
hippocampus—amygdala interaction as a central mechanism of vulnerability, this work
advances our understanding of the circuit-level and neurochemical underpinnings of cognitive
decline. These results have translational implications for identifying biomarkers and
therapeutic targets to preserve decision-making capacity and cognitive autonomy in aging

populations and individuals at risk of Alzheimer’s disease.
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Abstract in Hindi (HRIRY)

ol o1 v gfardt ST ufeear § S e, IRn, Wi, [REPR oo 3R
3H R R R Fxcl 81 T BRI I g 3R RIS O-RRM (AHABI-&R0T) & THTET
& Ui 3 Yae-=id 8id ¢ | foRlw U ¥, 3ealigHR AT (AD) Bt faRvar fewidhaa
3R TFFSTER Aidhe BT TgdT g3 &RUI &, S Wi 3R Jod-1TRd g9 & e e gid
S| IAH 3T A 39 910 DI o B fF IY F1, AD, 3R Scied UHSTAT (BLA)
&1 HGYH, TP Had Aied H F0ig o1 3R Ffd &) W ©U ¥ 3R RER ¥ J FY
ESIECERGE]

G ATAIGT N SR (r-IGT) HT IUANT R gY, 1Y 81 Reb TGRS TRIGUN &
e ¥, 39 WY-UF 7 8 IS JHg | (o oF, RS S 3R g™ Wid &1
Tedice- fohar; 39 Tig! § gaT iR g W 01 99g, AD IH oii! ¥ig, AD-URd
TUE, BLA U9 THg, 3R Tgad AD+BLA T4 Tg XM &1 SUTAEA 3R W9 &
ELISA-3TYTRd Tt&ul & H1eqd § RIb M d Tgaatl Bt i &1 718, Siafeh g
3R BLA & iR dfe1-ar0r ofR WieHfie sifiyaafad ot amn fufia o= & fae
RIdThd 3R SRS Ib b [AReSUT &1 SUANT fava T |

oo = TERid S i srhd 39 Je @ ufaforar-snumia I ¢k wife wifa o
Al B 3T | AD A 37 S0l &1 iR da7 faa, ford g AD g1 A Sidabifers aieRI
TATd 3R UgaT ¥fd H WY a1 fGarE | BLA °ral 3 3! o oF &t ufhar 1 $iR
ST fopan, TR HIgaTEs gRume! &) TeH @ S & &mar afivr g1 1| faRy =0 3,
AD+BLA 919 Wg = Tt ®rf & a8 iR St vefRia &f, St i oiR srgat
FAER P! AR B H Fulidiua iR TfReTer yunferdl & o Ag@yul 1RER fohar




HI FONR BT § | RIBHDH AT 7 AD 3R BLA THg! H SIS 3R IR
& TR H Agaqul HH! &1 o fodT, S8 AD+BLA g # 9o &H ¥R ¢W T¢; T8
Dferd TIFTEHS HIEET F foIT T SAUIAD SMUR HT YT ST 2|

o AR, 3 freed 39 91 &1 75 3iae® UM IRd § f& $¥ 39 5, AD, 3R
TfirsTer Rifvaar e fofa o7 ok Wit ufrarstt & a1fid @=a &1 fewio-
TFRTSTRN TRER fpT 1 HqRiterdl & Ub bl o & U H IWNR B, Tg P
WS R & Ffdhe-wid S8R RS SRl & IR & TOR 90 &I o1
JETdT & | 39 ROl & Srgaresid Mfgdr 8, o 95 SHTaTe! iR S{ealIghR T & S
arel sufekral § ol o) 1 & 3R IR WA 1 ST 3@ o foTT ST
3R fafdb iy dedl 31 ugdr 3 H s gl 9hd g |
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