
Nutritional Neurosciences 

Series Editor 
Mohamed Essa, Sultan Qaboos University, Qaboos, Oman



This book series aims to publish volumes focusing on both basic and clinical 
research in the field of nutritional neuroscience with a focus on delineating the 
effect of nutrition on brain function and behavior. The books will examine the role 
of different nutrients, food agents and supplements (both macro and micro) on brain 
health, neurodevelopment, neurochemistry, and behaviour. The books will examine 
the influence of diet, including phytochemicals, antioxidants, dietary supplements, 
food additives, and other nutrients on the physiology and metabolism of neurons, 
neurotransmitters and their receptors, cognition, behavior, and hormonal regulations. 

The books will also cover the influence of nutrients and dietary supplements on 
the management of neurological disorders. It details the mechanism of action of 
phytonutrients on signaling pathways linked with protein folding, aggregation, and 
neuroinflammation. The books published in the series will be useful for 
neuroscientists, nutritionists, neurologists, psychiatrists, and those interested in 
preventive medicine.



Wael Mohamed  •  Rajat Sandhir 
Editors 

Trace Elements in Brain 
Health and Diseases



ISSN 2730-6712	         ISSN 2730-6720  (electronic) 
Nutritional Neurosciences 
ISBN 978-981-99-1512-5        ISBN 978-981-99-1513-2  (eBook) 
https://doi.org/10.1007/978-981-99-1513-2 

© The Editor(s) (if applicable) and The Author(s), under exclusive license to Springer Nature Singapore 
Pte Ltd. 2023 
This work is subject to copyright. All rights are solely and exclusively licensed by the Publisher, whether 
the whole or part of the material is concerned, specifically the rights of translation, reprinting, reuse of 
illustrations, recitation, broadcasting, reproduction on microfilms or in any other physical way, and 
transmission or information storage and retrieval, electronic adaptation, computer software, or by similar 
or dissimilar methodology now known or hereafter developed. 
The use of general descriptive names, registered names, trademarks, service marks, etc. in this publication 
does not imply, even in the absence of a specific statement, that such names are exempt from the relevant 
protective laws and regulations and therefore free for general use. 
The publisher, the authors, and the editors are safe to assume that the advice and information in this book 
are believed to be true and accurate at the date of publication. Neither the publisher nor the authors or the 
editors give a warranty, expressed or implied, with respect to the material contained herein or for any 
errors or omissions that may have been made. The publisher remains neutral with regard to jurisdictional 
claims in published maps and institutional affiliations. 

This Springer imprint is published by the registered company Springer Nature Singapore Pte Ltd. 
The registered company address is: 152 Beach Road, #21-01/04 Gateway East, Singapore 189721, 
Singapore 

Editors 
Wael Mohamed 
Department of BMS 
International Islamic University Malaysia 
Kuantan, Malaysia 

Rajat Sandhir 
Department of Biochemistry 
Punjab University 
Chandigarh, India

https://doi.org/10.1007/978-981-99-1513-2


It is with genuine gratitude and warm 
regards that I dedicate this work to Menoufia 
Medical School: Thank you so much for the 
unending financial and logistical support 
during my Ph.D. journey and afterward 
during my sabbatical leave. I could not do 
any of this without your love and glory. 

Wael Mohamed



vii

Preface 

“To study the phenomenon of disease without books is to sail an uncharted sea, while to 
study books without patients is not to go to sea at all.” 

William Osler (1849-1919) 

Recently, the impact of nutrition and food intake has been highly investigated to 
study its impact on our brain function and its development as it was shown that the 
diet we take will determine the outcome of certain brain disorders such as brain 
injury and stroke. Along with its effects on cardiovascular diseases and cancer 
development, nutrition and diet have been shown to be involved in preserving our 
mental cognitive function and behavior. Recent studies have implicated the devel-
opment or exacerbation of certain neurological disorders to an imbalance in our 
nutritional intake and our diet, especially iron. The book Trace Elements in Brain 
Health and Diseases will be published by Springer Nature under the Nutritional 
Neurosciences series (https://www.springer.com/series/16639). The aim of this 
project is to assemble global perspectives concerning the relationship between trace 
elements and the brain in health and diseases. This book will be part of the Nutritional 
Neurosciences series that covers multiple domains within nutritional neuroscience. 
The inclusion of trace elements in this prestigious series will help introduce new 
readers to the subdiscipline and increase the number of global conversation partners. 

In the human body, trace elements are most plentiful. It is well known that trace 
elements are an essential component of the body’s metabolism. Previous studies 
have shown that deficiency of various trace elements in the brain triggers mental 
impairment in infants and young children, for example, verbal and body coordina-
tion delays and psychomotor disorders. Therefore, the mechanism and control of 
brain trace elements metabolism should be researched and understood thoroughly. 
On this basis, it is important to explore the relationship between brain trace ele-
ments control and the incidence of nervous system diseases and discover new 
metabolism-related therapeutic targets in order to break down the limitation of ner-
vous system disease prevention and treatment. 

Trace Elements in Brain Health and Diseases addresses cutting-edge areas of 
research of high significance for public health and translational medicine. The book 
discusses the comprehensive research history of trace elements and their significant 

https://www.springer.com/series/16639
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role in the pathogenesis of central nervous system (CNS) diseases. The book also 
identifies how trace elements support function as well as the molecular mechanisms 
underlying their neuroprotectant activity. This topic is among the most interesting 
and challenging areas of contemporary translational biological and medical research, 
with implications for preventive and therapeutic approaches in age-related neurode-
generative disorders. This book explores the molecular mechanisms of brain trace 
elements including age-related metabolic pathways, mitochondrial nutrients, neuro-
degeneration and CNS disorders, cell signaling, and neuronal functions. 

Coming from a background in the area of neuro-psychiatric health research, the 
editors (Drs. Mohammed and Sandhir) have decided to collaborate with other col-
leagues with expertise in areas of nutritional neuroscience to have a comprehensive 
book entitled Trace Elements in Brain Health and Diseases, which included eight 
chapters. 

Overall, this new book provides updated and novel concepts in the field of neu-
rological disorders and their relation to trace elements. The new compilation will be 
of high interest among researchers and clinical scientists involved in neuropsychia-
try, nutrition, and biochemistry. 

Finally, we thank all the authors for their significant effort in writing such excel-
lent chapters for this new edition. We are also sincerely grateful to each author for 
their patience during the compilation and final editing of this book. 

Kuantan, Malaysia�   Wael Mohamed  
Chandigarh, India �   Rajat Sandhir  

Preface



ix

Acknowledgments 

First, we would like to express our sincere appreciation to all the authors who con-
tributed to this timely project. The high level of devotion and dedication between 
the authors and editors made writing this book an enjoyable journey. In addition, we 
also extend our gratitude to the authors who are in the fields of neurology and neu-
ropsychiatric research for delivering years of their experience and work in different 
areas of psychiatric disorders to deliver such an elegant piece of work. The topics 
and applications discussed are of great value in the areas of nutrition, neurological 
disorders, and neurodegeneration. Finally, we would like to thank many of our 
friends and colleagues for their unconditional love, encouragement, and inspiration 
throughout the project. Thank you.



xi

Contents

	1	 ��Dietary Iron and Brain Development�����������������������������������������������������       1 
Nazeha A. Khalil

	2	 ��Trace Elements and Mild Cognitive Impairment ���������������������������������     15 
Ke Tian Yong and Shi-Hui Cheng

	3	 ��Nutrigenomics and Trace Elements: Hopes and Hypes for  
Parkinson’s Treatment�����������������������������������������������������������������������������     47 
Al-Hassan Soliman and Wael Mohamed

	4	 ��Putative Role of Trace Elements Deficiency in Psychiatric  
Disorders Including Depression���������������������������������������������������������������     71 
Neda Valian

	5	 ��Trace Elements and Neurodegenerative Diseases ���������������������������������     95 
Lahcen Tamegart, Mjid Oukhrib, Hafida El Ghachi, Abdelali Ben 
Maloui, Abdelaati El khiat, and Halima Gamrani

	6	 ��Edible Bird’s Nest: Seeing the Unseen ���������������������������������������������������   115 
Wael Mohamed

	7	 ��Trace Elements and Epilepsy�������������������������������������������������������������������   141 
Abdelaati El Khiat, Driss Ait Ali, Bilal El-Mansoury, Youssef Ait 
Hamdan, Brahim El Houate, Mohamed El Koutbi, Lahcen Tamegart, 
Halima Gamrani, and Najib Kissani

	8	 ��Blood Markers of Oxidative Stress in Patients with Amyotrophic  
Lateral Sclerosis ���������������������������������������������������������������������������������������   155 
Sarah Hassan, Mario Eid, Ahmad Hassan, and Samer El Hayek

https://doi.org/10.1007/978-981-99-1513-2_1
https://doi.org/10.1007/978-981-99-1513-2_1
https://doi.org/10.1007/978-981-99-1513-2_2
https://doi.org/10.1007/978-981-99-1513-2_2
https://doi.org/10.1007/978-981-99-1513-2_3
https://doi.org/10.1007/978-981-99-1513-2_3
https://doi.org/10.1007/978-981-99-1513-2_3
https://doi.org/10.1007/978-981-99-1513-2_4
https://doi.org/10.1007/978-981-99-1513-2_4
https://doi.org/10.1007/978-981-99-1513-2_4
https://doi.org/10.1007/978-981-99-1513-2_5
https://doi.org/10.1007/978-981-99-1513-2_5
https://doi.org/10.1007/978-981-99-1513-2_6
https://doi.org/10.1007/978-981-99-1513-2_6
https://doi.org/10.1007/978-981-99-1513-2_7
https://doi.org/10.1007/978-981-99-1513-2_7
https://doi.org/10.1007/978-981-99-1513-2_8
https://doi.org/10.1007/978-981-99-1513-2_8
https://doi.org/10.1007/978-981-99-1513-2_8


xiii

Editors and Contributors 

About the Editors 

Wael Mohamed, BBCH, MMSc, MD/PhD, PsyD  is a Physician Neuroscientist. 
Dr. Mohamed received his PhD from PSU, USA, and is currently working as 
Professor Madya Dr. in IIUM Medical School, Malaysia. Dr. Mohamed has been 
invited to deliver more than 120 lectures locally and abroad. He published over 70 
peer-reviewed papers related to neuroscience/psychiatry with an h-index of 18. 
Moreover, he is an editor of Frontiers in Neurology and PLOS-ONE journals and 
has edited many journal special issues on brain disorders. Additionally, he is editing 
a few books in the field of neuroscience with Springer, CRC, and Cambridge. He 
received many research grants from national and international organizations namely 
IBRO, ISN, MJF, STDF, FRGS, and INDO-ASEAN with a total research funding 
of half a million US$. He is now an active partner in GP2 consortium (IPDG-Asia). 

Rajat Sandhir, MSc, PhD, FIAN, FABMS  has received his MSc and PhD degrees 
in Biochemistry from the Postgraduate Institute of Medical Education and Research, 
Chandigarh. He has been at the Department of Biochemistry, Panjab University, for 
more than 20 years. He has 28 years of teaching and research experience. His 
research interests are to understand the biochemical and molecular mechanisms 
involved in the development of neurodegenerative conditions like metabolic enceph-
alopathies, dementias and brain injury with a particular interest to investigate the 
role of oxidative stress, mitochondrial dysfunctions, and alterations in permeability 
of blood-brain barrier. He has an interest in nutritional neuroscience, particularly 
about the role of trace elements especially zinc and selenium in the brain. In addi-
tion, his interest is also to identify neuroprotective strategies that could ameliorate 
neurodegenerative conditions. He has over 200 papers to his credit and has men-
tored over three dozen students for PhD. He has an h-index of 49 and i10 index of 
140. He has been on the editorial board of many international journals. He was 
awarded with “KT Shetty Memorial Oration (2021)” by the Indian Academy of 
Neurosciences. He has recently been conferred with "Mrs. Abida Mahdi 



xiv

Award–2022" by the Indian Academy of Biomedical Sciences for outstanding con-
tributions to the field of neurosciences. He is also a Fellow of Indian Academy of 
Neurosciences and Indian Association of Biomedical Scientists. He has been listed 
among the World 2% Scientists for the year 2020 released now by the Stanford 
researchers from Panjab University. 

Contributors 

Driss  Ait  Ali  Biological and health sciences team, Higher Institute of Nursing 
Professions and Health Techniques, Ministry of Health, Ouarzazate, Morocco 

Shi-Hui  Cheng  School of Biosciences, Faculty of Science and Engineering, 
University of Nottingham Malaysia, Semenyih, Selangor, Malaysia 

Mario Eid  Faculty of Medicine, Lebanese University, Hadath, Lebanon 

Hafida  El Ghachi  Neurosciences, Pharmacology and Environment Team, 
Laboratory of Clinical, Experimental and Environmental Neurosciences, Faculty of 
Medicine and Pharmacy, Cadi Ayyad University, Marrakech, Morocco 

Samer  El Hayek  Medical Department, Erada Center for Treatment and Rehab, 
Dubai, United Arab Emirates 

Brahim  El  Houate  Biological and health sciences team, Higher Institute of 
Nursing Professions and Health Techniques, Ministry of Health,  Ouarzazate, Morocco 

Abdelaati El Khiat  Laboratory of Clinical and Experimental Neurosciences and 
Environment, Faculty of Medicine and Pharmacy, Cadi Ayyad University, 
Marrakech, Morocco 

Biological and health sciences team, Higher Institute of Nursing Professions and 
Health Techniques, Ministry of Health, Ouarzazate, Morocco 

Interdisciplinary Laboratory in Bio-Resources, Environment and Materials, Higher 
Normal School, Marrakech, Morocco 

Mohamed  El  Koutbi  Biological and health sciences team, Higher Institute of 
Nursing Professions and Health Techniques, Ministry of Health, Ouarzazate, Morocco 

Bilal El-Mansoury  Faculty of Sciences, Department of Biology, Chouaib Doukkali 
University, El Jadida, Morocco 

Halima  Gamrani  Neurosciences, Pharmacology and Environment Team, 
Laboratory of Clinical, Experimental and Environmental Neurosciences, Faculty of 
Medicine and Pharmacy, Cadi Ayyad University, Marrakech, Morocco 

Youssef Ait Hamdan  Interdisciplinary Laboratory in Bio-Resources, Environment 
and Materials, Higher Normal School, Marrakech, Morocco

Editors and Contributors



xv

Ahmad  Hassan  Department of Psychiatry, Washington University School of 
Medicine, St. Louis, MO, USA 

Sarah Hassan  The Chicago School of Professional Psychology, Chicago, IL, USA 

Nazeha  A.  Khalil  Nutrition and Food Sciences Department, Faculty of Home 
Economics, Menoufia University, Shibin El Kom, Egypt 

Najib  Kissani  Laboratory of Clinical and Experimental Neurosciences and 
Environment, Faculty of Medicine and Pharmacy, Cadi Ayyad University, 
Marrakech, Morocco 

Abdelali  Ben  Maloui  Neurosciences, Pharmacology and Environment Team, 
Laboratory of Clinical, Experimental and Environmental Neurosciences, Faculty of 
Medicine and Pharmacy, Cadi Ayyad University, Marrakech, Morocco 

Wael Mohamed  Department of Basic Medical Sciences, Kulliyyah of Medicine, 
International Islamic University Malaysia (IIUM), Kuantan, Malaysia 

Clinical Pharmacology Department, Menoufia Medical School, Menoufia 
University, Menoufia, Egypt 

Mjid Oukhrib  Biology, Ecology and Health Unit, Department of Biology, Faculty 
of Science, Abdelmalek Essaadi University, Tetouan, Morocco 

Neurosciences, Pharmacology and Environment Team, Laboratory of Clinical, 
Experimental and Environmental Neurosciences, Faculty of Medicine and 
Pharmacy, Cadi Ayyad University, Marrakech, Morocco 

Al-Hassan  Soliman  Oral Biology Department, Faculty of Dentistry, Sinai 
University (SU), Arish, North Sinai Peninsula, Egypt 

Lahcen  Tamegart  Biology, Ecology and Health Unit, Department of Biology, 
Faculty of Science, Abdelmalek Essaadi University, Tetouan, Morocco 

Neurosciences, Pharmacology and Environment Team, Laboratory of Clinical, 
Experimental and Environmental Neurosciences, Faculty of Medicine and 
Pharmacy, Cadi Ayyad University, Marrakech, Morocco 

Neda  Valian  Neuroscience Research Center, Shahid Beheshti University of 
Medical Sciences, Tehran, Iran 

Ke  Tian  Yong  School of Biosciences, Faculty of Science and Engineering, 
University of Nottingham Malaysia, Semenyih, Selangor, Malaysia

Editors and Contributors


	Preface
	Acknowledgments
	Contents
	Editors and Contributors
	About the Editors
	Contributors

