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PREFACE

The human brain is a unique inner mirror universe, through which all
external events are processed and perceived. In fact, in the realm of living
systems, the brain represents the pinnacle of sophistication. But it is an
imperfect organ, whose variable performance in the healthy state
contributes in undetermined degree to the world’s social problems. There is
every reason to believe the future holds even greater promise.

It is well known that brain research took root near the end of the century
before last when Ramon y' Cajal proved that neuron is the basic functioning
unit of the brain and Sherrington revealed its method of transmitting
impulses. It is only in the past four decades that brain science as
“neuroscience” has been established as a recognized discipline where the
anatomical, cellular, physiological, chemical and molecular aspects of
neuronal function are considered in a unified fashion. It is not unreasonable
to assume that this logical advancement allows brain research to reach new
levels of modern sophistication and that led to the development of different
branches of neuroscience including micronutritional neuroscience.
Needless to mention that already it has resulted in the establishment of
graduate and postgraduate programs at several universities, and the
founding of numerous journals devoted to reports of inter disciplinary
research in the brain.

This book consists different aspects of micronutrients’ (minerals and
vitamins) involvement in mammalian including human brain functioning.

Each chapter is well designed with updated information as research
outcome. The clinical as well as experimental evidence are focused for clear
and better understanding. Nutrition is a popular topic to discuss, and it is
known to be crucial for our biochemical, physiological and even
psychological activity. So many books on nutrition as a whole as well as
macronutrients are available in this field, but very limited books are there,
emphasizing the effects of micronutrients on different aspects of the brain
and its functions. Any such book, describing on the importance of
micronutrients on different aspects of the human brain, such as its
development to neural function to behavior as well as different pathological
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conditions related to the brain, even how intelligence depends upon the
micronutrients is very rare. With these perspectives, the present book carries
an immense value and priority to reach a broader range of readers. This book
possesses those chapters whose importance of knowledge in present day’s
research is undoubtedly valuable and thought provoking. The information
incorporated in each of these chapters is very relevant to understand the
potency of vitamins and minerals related to different aspects of brain
functions including its development.

In addition to the role of micronutrients, another new and flourishing aspect
is introduced for the readers as modern concept which includes gut-
microbiota / microbiome in relation to the availability of micronutrients in
the gut and its transportation to the body’s systems including the nervous
system (both central and peripheral). This thought in fact, has long been
believed to be linked with the different brain functioning. This new
approach is thought to be beneficial to the readers in their thought-
provoking critical thinking on this topic and will be considered as a value-
added approach as a whole. Few schematic representations are there for easy
and better understanding of the topic in brief. The general physiological
aspects are also discussed to get an essence of the topic of a particular
chapter.

The authors are tried to simplify the expression of their thoughts to reach a
broader spectrum of readers. The students of various biological backgrounds,
even researchers can also get their clues of further investigations by going
through this book. Each chapter of this book will provide a huge input to
the philosophers, scientists, teachers, students, and above all the readers.

This book is very special to each of us. Numerous emotions are attached
with it. The preparatory phase of this book has passed through one of the
toughest times, the COVID-19 pandemic situation while many lives, who
were close to the heart were lost during this time frame. The Editors of this
book deeply mourn for those losses and convey heartfelt condolences to
those families.

Mrinal K. Poddar,
Soumyabrata Banerjee &
Apala Chakraborty
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supplementation)

NF1 = Nuclear Factor I

NF-kB = Nuclear factor Kappa B

NFT = Neurofibrillart tangle

NG2-glia = Nerve/glial antigen 2

NGF = Nerve growth factor

Ngn-1 = Neurogenin 1

-NH,= Amino group

NHANES = National Health and Nutrition Examination Survey

Ni = Nickel

nM = nanomolar

NMDA = N-methyl-D-aspartate

NMDA-R = NMDA receptor

NMDA-Rs = NMDA receptors

nNOS = neuronal NO synthase

NO = Nitric oxide

NOS = Nitric oxide synthase

NOS3 = Nitric oxide synthase 3

NR2B or NMDAR2B = N-methyl D-aspartate receptor | Subtype 2B

Nrf2 = Nuclear factor erythroid2- related factor

NTBI = Non-transferrin bound iron

OAA = Oxaloaceticacid

OH" = Hydroxyl radical

OXPHOS = Oxidative phosphorylation

P2X7 = Purinergic receptors

p38 = mitogen-activated protein kinase

p53= Tumor suppressor protein

PA = Protocatechuic acid

PAI-2 = Plasminogen activator inhibitor-2

pAkt = phosphorylated Akt

PAM = Peptidyl glycine a-amidating monooxygenase

PARP1 = Poly (ADP-ribose) polymerase 1

PAs | = Plasminogen activators

Pb =Lead

Pbx = Pre-B cell leukaemia transcription factor

p-CaMKII/CaMKII = phospho-CaMKII/CaMKII

p-CREB/CREB = phospho-CREB/CREB

PD = Parkinson’s disease

PDGF = Platelet-derived growth factor

XXiii



XX1vV Abbreviations
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Se = Selenium

Sec = Selenocysteine

SELENOF = Selenoprotein F

SELENOH = Selenoprotein H

SELENOI = Selenoprotein I

SELENOK = Selenoprotein K

SELENOM = Selenoprotein M

SELENOO = Selenoprotein O

SELENOP = Selenoprotein P

SELENOR = Selenoprotein R

SELENOS = Selenoprotein S
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SELENOT = Selenoprotein T

SELENOU = Selenoprotein U

SELENOYV = Selenoprotein V

SELENOW = Selenoprotein W

Se-Met = Seleno-L-methionine

SePP = SELENOP, Selenoprotein P

SFK = Src family kinase

sFLT1 = soluble FMS-like tyrosine kinase-1
SG = Sympathetic ganglion

SHMT = Serine-hydroxymethyl transferase
siRNA = small interfering RNA

SIRT = Sirtuin

SN= Sensory neuron

SNCA = Synuclein alpha

SNPs = Single nucleotide polymorphisms
SOD1 = Superoxide dismutasel

SOD?2 = Superoxide dismutase2

Sox10 = SRY-Box transcription factor 10
Sox6 = SRY-box transcription factor 6

spl = specificity proteinl (transcription factor)
SPHS?2 = Selenophosphate synthetase 2

SRY = Sex determining region Y

SSeCKS = Src-suppressed C-kinase substrate
sSPP B = soluble Amyloid precursor protein 3
STAT]1 = Signal transducer and activator of transcription 1
STAT3 = Signal transducer and activator of transcription 3
STZ = Streptozotocin

SUN = Scaling Up Nutrition

SVCT2 = Sodium-dependent vitamin C transporter 2
T3 = Tocotrienol

TACE = TNF-a converting enzyme

TCA = Tricarboxylic acid

TDEC = Tumour-derived endothelial cells
TDO2 = Tryptophan 2,3-dioxygenase

TDP = Thiamine diphosphate

TENM = Teneurin transmembrane protein
TENM 2 = Teneurin transmembrane protein 2
TENM 3 = Teneurin transmembrane protein 3
TERT = Telomerase Reverse Transcriptase
Tg-AD = Transgenic-AD

TGF = Transforming growth factor
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TGF-B = Transforming growth factor-beta

THF = Tetrahydrofolate

THFA = Tetrahydrofolic acid

THP-1 = Human leukaemia monocytic cell line

TIAM1 = T-cell lymphoma invasion and metastasis 1

TIE = Tyrosine kinase with immunoglobulin-like and EGF-like domains

TIE-1 = Tyrosine kinase with immunoglobulin-like and EGF-like
domains-1

TIE-2 = Tyrosine kinase receptors with immunoglobulin-like loops and
epidermal growth factor homology domains-2

TIMP2 = Tissue inhibitor of metalloproteinase 2

TK = Transketolase

TLR4 = Toll-like receptor 4

TNF = Tumor necrosis factor

TNF-a = Tumor necrosis factor-alpha

TPH2 = Tryptophan hydroxylase 2

TPP = Thiamine pyrophosphate

TrkB = Tropomyosine receptor kinase B

TRPM?7 = Transient receptor potential Melastatin 7

TrxR1 = Thioredoxin reductasel (selenoprotein)

TS = Thymidylate synthase

TSP = Thrombospondins

TTP = Thiamine pyrophosphate

USA= United States of America

UTR = Untranslated region

UV = Ultraviolet

VAchT = Vesicular acetylcholine transporter

VDCC = Voltage-dependent Ca*" channels

VDR = Vitamin D receptor

VDR-FokI= Vitamin D receptor-FokI

VE-cadherin = Vascular endothelial-cadherin

VEGF = Vascular endothelial growth factor

VEGF-A = Vascular endothelial growth factor-A

VEGFR = Vascular endothelial growth factor receptor

VEGEFR1 = Vascular endothelial growth factor receptorl

VEGFR2 = VEGF receptor 2

VEGF-VEGFR = Vascular endothelial growth factor receptor system

VEM = Verbal episodic memory,

VGCC = Voltage-gated calcium channels

Vit A = Vitamin A

Vit Bl = Vitamin B1 (thiamine)
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Vit B2 = Vitamin B2 (riboflavin)

Vit B3 = Vitamin B3 (niacin)

Vit BS = Vitamin B5 (pantothenic acid)

Vit B6 = Pyridoxine (vitamin B6)

Vit B7 = Vitamin B7 (biotin)

Vit B9 = Vitamin B9 (folate)

Vit B12 = Vitamin B12 (cobalamin)

Vit C = Vitamins C (ascorbic acid)

Vit D = Vitamin D

Vit D3 = 1,25-dihydroxyvitamin D3 [1alpha,25-(OH),D3] or calcitriol

Vit E = Vitamin E (tocopherol)

Vit K = Vitamin K

VK3-OH = Hydroxyl analog of Vitamin K3 derivatives

WHO = World Health Organization

WISC = Wechsler Intelligence Scale for children

WISC-III = Wechsler Intelligence Scale for children- 111" edition

WISC-1V = Wechsler Intelligence Scale for children- IV*" edition

WISC-R = Wechsler Intelligence Scale for children- Revised

Wnt = Wingless integrated

Wnt-1 = wingless-type MMTYV integration site family member 1

WPPSI-R = Wechsler preschool and primary school of intelligence-
Revised

ZIP = Zinc-regulated, and iron-regulated transporter-like protein

Zn = Zinc

Zn*' = Zinc ion

ZnT3 = Zinc transporter 3

ZnTs = Zinc transporters

Z0 = Zonula occludens

o = Alpha

a-KG = a-ketoglutarate

a-KGD = a-ketoglutarate dehydrogenase

a-TTP = Alpha-tocopherol transfer protein

= Beta

-CM = B-carotene 15, 15'-monoxygenase
vy = Gama

8 = Delta

¢ = Epsilon

o = Omega

®-3 DHA = Omega-3 docosahexaenoic acid
®-3 FA = Omega-3 fatty acid
-6 FA = Omega-6 fatty acid
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Abstract

Micronutrients, such as vitamins and minerals, are necessary building
blocks that the body needs in minute amounts to generate enzymes,
hormones, neurotransmitters, and other vital substances for growth and
development. Micronutrient deficiencies during pregnancy and lactation
can result in improper brain development since they are necessary for the
division of neurons, the synthesis of DNA, the production of
neurotransmitters, and the metabolism of neurohormones, among other
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processes. Micronutrients are necessary for the primary stages of neural
development, including synaptogenesis, synaptic pruning, neuronal
migration and division, and connection development. Additionally,
micronutrients have the ability to alter gene expression, which then affects
how the developmental processes work. Micronutrients play an important
role in all stages of cell growth, either as cell signalling molecules (e.g.,
retinoic acid) or as cofactors of enzymatic reactions (e.g., copper, zinc, Vit
B6), which is the focus of this chapter. Micronutrient deficiencies can be
caused by a variety of factors, including a lack of dietary intake, genetic
variation, micronutrient interaction, or exposure to certain stressors. Thus,
it is critical to understand and prevent micronutrient deficiency, particularly
during the early stages of brain development, by implementing proper
planning and action to ensure the effective consumption of micronutrients
enrich balance diet, particularly by women and children, as well as their
development globally.

1. Introduction

Micronutrients, such as vitamins and minerals, are critical for individual
development and growth, as well as for healthy living. According to the
World Health Organization (WHO), "Micronutrients" are "magic wands",
or substances that are required in small amounts by the body but play an
important role in the production of enzymes, hormones, neurotransmitters,
and other important components that are directly involved with the body's
developmental processes [1]. Malnutrition is frequently associated with a
lack or excess of essential micronutrients such as, vitamins and minerals,
and it has been identified as the leading cause of child mortality (around
45%) worldwide [2]. The importance of micronutrients on health outcomes
has been recognised, and awareness of malnutrition-related health severity,
prevention, and control have been considered in recent decades [3]. In this
context, it is worth noting that iron, Vit A, and iodine are the three most
common micronutrient deficiencies addressed globally among pregnant
women and children, according to a WHO report [4]. These micronutrient
deficiencies are responsible for some severe health issues, as well as a lack
of energy and developmental capacities, which leads to a reduction in work
productivity, particularly in children under the age of five and expectant
mothers [4]. These micronutrient deficiencies are responsible for some
severe health issues, as well as a lack of energy and developmental
capacities, which leads to a decrease in work productivity, particularly in
children under the age of five and expectant mothers [4]. Maternal
malnutrition is strongly linked to problems with brain development, growth



