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Preface 

In the current global epidemic chronic diseases such as non alcoholic fatty 

liver disease (NAFLD), diabetes and neurodegenerative diseases such as Alz-

heimer’s disease and Parkinson’s disease have become of major concern to the 

developed and developing world. Appetite regulation is involved in the aging 

process with the repression of anti-aging genes connected to insulin resistance 

and neurodegenerative diseases. Interests in the gene-environment interactions 

indicate that the anti-aging genes are connected to the metabolism of bacterial 

lipopolysaccharides (LPS), drugs and xenobiotics. In the developing world rel-

evance to gram negative bacteria and increased plasma bacterial lipopolysac-

charides (LPS) outer membrane endotoxins bindto cell membranes and interfere 

with cholesterol and amyloid beta (Aβ) interactionswith repression of anti-aging 

genes to mediate accelerated neuron death. Biotherapeutics and nutritional bio-

therapy have become important to reverse these global chronic diseases. Bio-

therapeutics that involve Indian spice therapy require reassessment with rele-

vance to insulin therapy, immunotherapy, antimicrobial therapy and drug thera-

peutics. Combined insulin and Indian spice therapy interferes with human insu-

lin biological activity relevant to the prevention of uncontrolled intracellular 

glucose levels and mitochondrial apoptosis. Magnesium therapy reverses cell 

senescence associated with various chronic diseases such as cardiovascular dis-

ease, diabetes and Alzheimer’s disease. Factors such as stress, core body tem-

perature and food quality influence biotherapeutics with prevention of NAFLD, 

diabetes and neurodegenerative diseases. 

Aging is associated with increased oxidative stress that alters cellular chro-

imartins
Sticky Note
global epidemic for chronic diseases
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matin structure, DNA methylation with histone modifications. These epigenetic 

alterations lead to nuclear changes associated with mitochondrial apoptosis that 

is a major defect in the global chronic disease epidemic. The variability in lon-

gevity between individuals in different communities implicate various nutri-

tional and environmental factors involved in transcriptional dysregulation that 

lead to cell damage that accumulates with age and contributes to mitophagy, 

insulin resistance and programmed cell death. In the current global chronic dis-

ease epidemic the identification of anti-aging genes are necessary for the under-

standing of transcriptional regulation for gene expression, DNA repair and te-

lomere maintenance in peripheral cells and neurons. These anti-aging genes are 

linked to appetite, longevity and mitochondrial biogenesis with relevance to the 

prevention of the global chronic disease epidemic and age related diseases. 



 Acknowledgements  

 

 
III 

Acknowledgements 

This work was supported by grants from Edith Cowan University, the 

McCusker Alzheimer’s Research Foundation and the National Health and Med-

ical Research Council (NHMRC 595312, NHMRC 595300 & NHMRC 

324100). 



  
 

 

 



 Short Biography  

 

 
V 

Short Biography 

Dr. Ian James Martins is an Editor/Reveiwer for Open Acess Pub/MDPI 

journals and various other international journals. Advisory Board Member for 

Photon Journal. Fellow of International Agency for Standards and Ratings 

(IASR). Conferred with the RICHARD KUHN RESEARCH AWARD-2015 

ENDOCRINOLOGY AND METABOLISM. Chief Editor for International 

Journal of Diabetes Research (2014-2018), Research and Reviews: Neurosci-

ence (2016-2018) and Journal of Diabetes and Clinical Studies (2017-2018). 

BIT Member (BIT Congress. Inc) with an h-index of 64, (ResearchGate 

STATs (h-index27), Scopus Author ID: 7103152779/Mendeley STATS 

(h-index 21), UWA Research Repository (h-index16). Scientist for The Science 

Advisory Board (USA) and an Academic with Academia.edu. The citations past 

27 years have accumulated to >4584. Ian James Martins - Semantic Scholar 

https://www.semanticscholar.org/author/Ian-James-Martins/5258067. Semantic 

Scholar profile for Ian James Martins, with fewer than 50 highly influential cita-

tions RESEARCHGATE ANALYSIS: Ian J Martins|Ph D|Centre of Excellence 

for Alzheimer’s Disease... https://www.researchgate.net/profile/Ian_Martins2 

under Ian James Martins’ name places publication RG score (> 96%) of interna-

tional SCIENTISTS. ORCID CONNECTING RESEARCHER: Editorial 

Team www.macrothink.org/journal/index.php/jfs/about/editorialTeamBio/13511.  

Prestigious Recognition of Lifetime Membership by International Agency for 

Standards and Ratings as Fellow for Diabetes, Medical Science (Nutrition). 

Winner (World Academic Championship -2017) in Diabetes and Medical Sci-

ence (Nutrition).Certificates from various international conferences have been 



 Advances in Aging and Health Research  

 

 VI 

received in relation to anti-aging, health and disease. Keynote addresses at the 

International Conference on Biomedicine and Pharmacotherapy 2018, Global 

Experts Meetings on Diabetes, Hypertension, Metabolic Syndrome 2018, Im-

munology World 2018, Laboratory Medicine 2018, Innovate Pharma 2017, In-

novate Neurology 2017, World Diabetes and Endocrinology Summit-2017 and 

Pharmacology and Ethnopharmacology 2016. Chair/Co-chair Sessions on La-

boratory management, Cytogenetics, Clinical Microbiology, Diagnostic Labor-

atory Medicine etc, 13thInterantional Conference on Laboratory Medicine and 

Pathology, Berlin, Germany, June 25-26, 2018, Chairing Sessions on Vacci-

nology, Immunopathology, Immunotherapy, Immune Proteomics, Cancer and 

Tumour Oncology, 7th World Congress on Immunology, Amsterdam, Nether-

lands, April 19-20, 2018, Chair, Pipeline 1: Biotherapeutics for Diseases, Bit's 

2nd International Congress of Biotherapy-2018 (Programme Committee Mem-

ber), Chair, Innovate Conferences 2017, Chair/Co-Chair at congress World 

Gene Convention-2016 (Shanghai, China, Pharmacology and Ethanopharma-

cology 2016 (Chicago, USA), Annual World Congress of Diabetes-2014 (Hai-

kou, China), World Gene Convention-2014 (Haikou, China). Research Activity 

Statistics have been provided by Publons with comparison to other researchers. 

Ian James Martins is now in the 98th percentile as assessed for Publons users 

by merit. Dr Ian Martins is a reviewer for approx. 47 journals over the past 5 

years. 



 Table of Contents  

 

 
VII 

Table of Contents 

Preface…………………………………………………………………….……I 

Acknowledgements………………………………………………….……III 

Short Biography……………………………………………………….……V 

Chapter 1. Sirtuin-1 Mediates the Obesity Induced Risk of Common  

Degenerative Diseases: Alzheimer’s Disease, Coronary Artery  

Disease and Type 2 Diabetes 

1. Introduction……………...……………………..…………...……………………....2 

2. Obesity and Adiposity……………………….…...………………...……………....3 

3. Midlife Obesity………………………………………………...…………………….3 

4. Diet and Risk of Alzheimer’s Disease…………………………………….……....4 

5. Leptin and Obesity…………………………….……………....…………………....6 

6. Insulin and Obesity……………………...…………………….…………………....6 

7. Sirtuin 1……………………………………………..………….…………………....7 

8. Sirtuin 1 and the Amyloid Precursor Protein (APP) of Alzheimer’s Disease….9 

9. Obesity, the Endoplasmic Reticulum and Alzheimer’s Disease……………...12 

10. Conclusions…………………...…………………………….…………………....13 

References…………………………………….………………...………………....14 

Chapter 2. The Acceleration of Aging and Alzheimer’s Disease 

through the Biological Mechanisms Behind Obesity and  

Type II Diabetes 

1. Background……………...…………..…………..…………...…………………....28 



 Advances in Aging and Health Research  

 

 VIII 

2. Convergence of Mechanisms Linking Obesity to Diabetes and Acceleration of  

Aging and Alzheimer’s Disease………………………………………….……....31 

3. Lifestyle, Diet and Drug Connections to Diabetes and Alzheimer’s Disease...33 

4. Nutritional Science and Drugs Delay Obesity and Severity of Diabetes  

Linked to Aging and Alzheimer’s Disease…………………………….……....36 

5. Conclusions……………….………………………………….…………………....39 

References…………………………………….………………...………………....39 

Chapter 3. LPS Regulates Apolipoprotein E and Aβ Interactions  

with Effects on Acute Phase Proteins and Amyloidosis 

1. Introduction……………...……………………..……..……...…………………....52 

2. LPS Neutralize Apo E Binding to Membrane Lipids with Effects on Peripheral  

Aβ Metabolism……………………………………………………………..……....54 

3. Hepatic Release of Acute Phase Proteins and Cytokines Is Regulated by  

LPS with Abeta Aggregation……………………………………………………..57 

4. Conclusions……………….………………………………….…………………....59 

Acknowledgements……………….…………………………….…………………...60 

Abbreviations……………….………………………………….…………………...60 

References…………………………………….………………...………………....60 

Chapter 4. Anti-Aging Genes Improve Appetite Regulation and  

Reverse Cell Senescence and Apoptosis in Global Populations 

1. Introduction……………...……………………..……..……...…………………....72 

2. Repression of Anti-Aging Genes Determine Food Intake Regulation, Insulin  

Resistance and Neurodegenerative Disease…………………….……..……....77 

2.1. Klotho……………...……………………………..……...…………………....79 

2.2. p66Shc……………...……………………..……..……...…………………....81 

2.3. FOXO3a……………...……………………..…………...…………………....82 

3. Dysregulation of Neuropeptides and Endocrine Hormones by LPS Determine  

Appetite and Metabolism Disorders…………………………..…………………..84 



 Table of Contents  

 

 
IX 

4. Anti-Aging Therapy Involves Reversal of Appetite Disorders in Autonomous  

Chronic Diseases……………….…………………………….………………....89 

5. Discussion…………………………………………………….…………………....93 

6. Conclusions……………….………………………………….…………………....93 

Acknowledgements……………….…………………………….…………………...94 

References…………………………………….………………...………………....94 

Chapter 5. Magnesium Therapy Prevents Senescence with the  

Reversal of Diabetes and Alzheimer’s Disease 

1. Introduction……………...……………………..……..…...…………………....118 

2. Magnesium Therapy Regulates Amyloid Beta Metabolism with Implications for  

NAFLD and Cardiovascular Disease……………………………….……..…....121 

3. LPS Disrupts Magnesium Therapy with Relevance to Albumin and Amyloid  

Beta Oligomer Metabolism………………………………..…..………………..125 

4. Unhealthy Diets, Exercise and Stress Prevent Magnesium Therapy and  

Accelerate Chronic Diseases……………….………………………..………....128 

5. Conclusions……………….…………………………..……….………………....131 

Acknowledgements……………….……………………………………………...132 

References…………………………………….………………...………………....132 

Chapter 6. Indian Spices and Biotherapeutics in Health and  

Chronic Disease 

1. Editorial……………...……………………..…………..…...…………………....162 

2. Conclusions……………….…………………………..……….………………....166 

Acknowledgements……………….……………………………………………...166 

References…………………………………….………………...………………....167 

 



  
 

 

 



 Chapter 1. Sirtuin-1 Mediates the Obesity Induced Risk of Common Degenerative 
Diseases: Alzheimer’s Disease, Coronary Artery Disease and Type 2 Diabetes  

 

 
1 

Chapter 1.  
Sirtuin‐1 Mediates the Obesity   
Induced Risk of Common   
Degenerative Diseases:   
Alzheimer’s Disease, Coronary   
Artery Disease and Type 2   
Diabetes 

Ian James Martins1,2, Andrea. C. Wilson1,2, Wei Ling Florence Lim1,2,   
Simon. M. Laws1,2,3, Stephanie. J. Fuller3, Ralph Nigel Martins1,2,3 

1Centre of Excellence in Alzheimer’s Disease Research and Care School of 

Medical Sciences, Edith Cowan University, Perth, Australia 

2School of Psychiatry and Clinical Neurosciences, The University of Western 

Australia, Perth, Australia 

3McCusker Alzheimer’s Research Foundation, Hollywood Medical Centre, Perth, 

Australia 

Abstract: Obesity, especially at mid‐life, is a major risk factor for atherosclero‐

sis, insulin resistance and the metabolic syndrome, which in turn contribute to 

coronary artery disease  (CAD), Type 2 diabetes and Alzheimer’s disease  (AD). 

The rise in overweight and obesity in all societies is prompting intense research 

into the causes and effects of the condition. Obesity disrupts many body sys‐

tems including glucose and lipid metabolism, circadian rhythms and liver func‐

tion. It also causes or increases inflammation and oxidative stress. Within cells, 
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the endoplasmic reticulum (ER) appears to be particularly susceptible to such 

metabolic  disruption.  Sirtuin  1  (Sirt1)  and  leptin  have  received  attention  re‐

cently as they are central regulatory factors for the body’s metabolic pathways 

which  interact  at  particular  levels,  for  example  lipid  and Abeta metabolism. 

This mini‐review discusses recent findings concerning obesity, lipid metabolism 

and the role of Sirtuin 1 and how all influence the ER. A greater understanding 

of  obesity  and  its  effects  on metabolic  control  systems  of  the  body  are  re‐

quired, to develop pharmacological, dietary and  lifestyle changes that will re‐

duce the incidence of CAD, Type 2 diabetes and AD. 

Keywords: Obesity; Sirtuin 1, Alzheimer’s Disease, Cardiovascular Disease,   

Diabetes 

1. Introduction 

Obesity is associated with an increased risk for athero-sclerosis, contributing 

to the onset of coronary artery disease. Obesity is also well-known to be associ-

ated with Type 2 diabetes, insulin resistance and hyperlipoproteinemia. In fact, 

obesity and the metabolic syndrome have become major public health issues as 

they have reached epidemic proportions in Western populations [1]. Obesity is 

now recognized as an important risk factor for AD and cognitive decline 

[2]-[10]. For example, in a study of 8534 individuals from the Swedish Twin 

Registry, it was found that both overweight and obesity at midlife increase the 

risk of dementia, AD, and vascular dementia [11] [12], and in an 18 year follow 

up study of overweight women, a higher incidence of dementia (particularly AD) 

was found in these women relative to controls [13]. Obesity and overweight, as 

measured by body mass index and skin fold thickness, has been strongly associ-

ated with AD and dementia, independent of the development of diabetes and 

cardiovascular disorders [6].  
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2. Obesity and Adiposity 

Obesity is defined as having a body mass (BMI) index of >30 (BMI = weight 

in kg/[height in m]2), whereas overweight is defined as having a BMI from 25 

to 30. Obesity is a medical condition in which excess body fat has accumulated 

to such an extent that it is likely to have adverse effects on life expectancy and 

leads to increased health problems. Adiposity is the body fat tissue content, and 

as the degree of adiposity increases, the level of adiposity can be defined as be-

ing overweight or obese by measures such as the BMI.  

3. Midlife Obesity 

Being overweight or obese in early life or middle adult life leads to hyperin-

sulinemia which may lead to diabetes later in life. Therefore the timing and the 

development of adiposity is critical to the understanding how it is associated 

with the pathogenesis of AD (Figure 1). 

 

Figure 1. Obesity as a mechanism for induction of Alzheimer’s disease. 
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In a recent longitudinal study of 1149 individuals, mid-life obesity was found 

to be a significant risk factor for AD in later life [14]. Abnormally high levels of 

the Abeta peptide are believed to be involved in AD pathogenesis, and in our 

own recent studies, we have found a strong positive correlation between body 

fat and blood plasma Abeta levels in cognitively normal individuals aged be-

tween 23 to 65 [15].  

4. Diet and Risk of Alzheimer’s Disease 

Epidemiological studies have shown that people of similar ethnic origins yet 

living in different environments can have significantly different risks of demen-

tia [16] [17]. Nigerians living in Africa have a much lower incidence of AD 

when compared with African Americans living in the US [16]. Similar results 

were obtained with Japanese people living in Japan when compared with Japa-

nese Americans living in the US [17]. These differences were believed to be 

mostly due to dietary differences. Diet and dietary fat intake are now considered 

particularly important when comparing the lifestyles of populations screened for 

AD [18]. In support of obesity and caloric intake influencing AD risk, for ex-

ample, one study has found that the more saturated fat consumed in a meal the 

greater the risk for developing AD and senile dementia [19]. In other studies of 

humans and other animals, it has been found that feeding diets high in saturated 

fats results in learning and memory impairments. High caloric intake of satu-

rated fat has also been associated with greater cerebral Abeta amyloid deposi-

tion [19]. In contrast diets containing chronically high levels of polyunsaturated 

fatty acids result in better learning when compared with diets containing satu-

rated fat [20].  

Cholesteryl esters can be hydrolysed in lysosomes following which fatty ac-

ids become available for oxidative metabolism, in particular to carbon dioxide 
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[21]. As a result, the metabolism of dietary lipids can be assessed using a stable 

isotope breath test [21] and using such a test, the clearance and metabolism of 

cholesterol-rich dietary lipoproteins in obese individuals has been found to be 

markedly lower than normal, indicating that the ingested fat was poorly cleared 

and metabolised from the blood plasma. Obese individuals have high triglycer-

ide levels and low HDL levels with an increase in small LDL particles [22,23]. 

In animal models of AD, strong correlations between high fat/high cholesterol 

diets and increases in brain Abeta levels and HDL cholesterol levels and lower 

LDL cholesterol levels have been shown. For example, increased cerebral Abeta 

deposition as well as increased memory impairment has been shown in AD 

model transgenic mice fed high fat diets, and although exercise [24] and envi-

ronmental enrichment [25] have been shown to reverse these effects to some 

extent, when translating to clinical situations, one major recommendation would 

always be to reduce saturated fat intake. Longitudinal studies have shown that 

people with an overall lower calorie intake also have a reduced incidence of AD 

later in life [13].  

In obese individuals, there are several abnormalities in free fatty acid (FFA) 

metabolism [26] [27]. There is an increase in FFA release from adipose tissue to 

the blood plasma which impairs the uptake of glucose by muscle [26,27]. Fur-

thermore, the rate of lipolysis is accelerated in visceral adipose tissue and the 

increase in circulating FFA results in dyslipidemia, hyperinsulinemia and hy-

perglycemia [28]. 

Essential fatty acids such as cis-linolenic acid (LA) and alpha-linolenic acid 

are essential for humans, and the metabolism of these fatty acids is altered in 

obesity and other diseases [29] [30]. In AD individuals the composition of 

phospholipid fatty acids is also altered [31] with increases in saturated fatty ac-

ids (14:0, 16:0, 18:0) and decreases in polyunsaturated fatty acids being found 

[31]. These alterations in phospholipid fatty acid composition may be associated 
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with the high saturated fatty acid intake at midlife in AD individuals [32].  

5. Leptin and Obesity 

Leptin is a 16-kDa hormone that plays a key role in regulating energy intake 

and energy expenditure. It acts on the hypothalamus to influence appetite and 

metabolism. Leptin regulates lipid homeostasis and has also been shown, in 

vitro and in vivo, to have important effects on Abeta levels via apolipoprotein 

E-dependent pathways [33]. It is secreted by adipose tissue and levels are usu-

ally directly proportional to the levels of body fat. Therefore, obese individuals 

have elevated leptin levels that is related to their increased adipose tissue mass 

[33]. It appears that obese people are resistant to the effects of leptin, in much 

the same way that people with type 2 diabetes are resistant to the effects of in-

sulin [34].  

6. Insulin and Obesity 

Insulin modulates cognition and other aspects of normal brain function. The 

insulin resistance syndrome is characterized by chronic high levels of insulin, 

reduced insulin activity and reduced brain insulin levels. Insulin resistance to-

gether with obesity can lead to increases in cardiovascular risk factors such as 

dyslipidemia, hypertension and Type 2 diabetes [35]. Insulin resistance is also 

associated with age-related memory impairment and an increased risk of Alz-

heimer’s disease. High insulin levels are known to increase the levels of Abeta 

and inflammatory changes that are linked to age and obesity [35,36]. For exam-

ple, AD-model mouse studies have shown that inducing type 2 diabetes caused 

an increase in Abeta production and Abeta neuropathology, impaired insulin 

receptor signal transduction, and a significant potentiation of cognitive deterio-

ration compared to non-diabetic control AD mice [37]. It has been suggested 
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that the higher levels of brain Abeta in such mice may be due to result from the 

high insulin completely consuming insulin-degrading enzyme (IDE) activi-

ty–IDE can degrade both insulin and Abeta but has a preference for insulin thus 

resulting in elevated Abeta [38]. Preventing or correcting insulin abnormalities 

may reduce the risk of age related memory impairment and AD. 

High fat diets are known to interfere with glucose tolerance and insulin sensi-

tivity and yet such detrimental effects depend greatly on the type of fat con-

sumed [39-41]: saturated and trans-fatty acids increase insulin resistance 

whereas monoand polyunsaturated fats decrease resistance and protect against 

the disease.  

7. Sirtuin 1 

The sirtuin proteins, also known as silent information regulators, are class III 

histone deacetylases (HDAC). Sirtuin 2 was the first to be identified: it was 

found to be a mediator of replicative lifespan in budding yeast. It was then 

shown to modulate longevity in worms and flies. These protective actions are 

believed to result from the beneficial regulation of stress management and en-

ergy homeostasis [42]-[56]. Sirtuins are now known to regulate several cell 

functions by deacetylating both histone and non-histone targets. 

The mammalian homologue, Sirtuin 1 (Sirt1), seems to have evolved com-

plex systemic roles in cardiac function, DNA repair and genomic stability. Sirt1 

has been shown to play a central role in metabolic homeostasis. It is involved in 

gluconeogenesis in the liver, fat mobilisation from white adipose tissue, choles-

terol metabolism, insulin secretion from the pancreas and energy metabolism in 

general [57]. For example, Sirt1 deacetylates and activates the transcriptional 

co-activator PGC1-alpha and the transcription factor FoxO1 in the liver, to 

promote gluconeogenesis. In adipose tissue, Sirt1 triggers fat mobilisation by 



 Advances in Aging and Health Research  

 

 8 

inhibiting peroxisome proliferator-activated receptor gamma (PPAR-gamma), 

and in the pancreas, Sirt1 repression of the uncoupling protein 2 (UCP2) in-

creases insulin secretion [58]. Sirt1 also influences mitochondrial biogenesis, 

inflammation (cytokine release) and amyloidosis [42]-[56].  

Calorie restriction has been shown to extend life span. In fact, it has been 

shown to extend the median and maximum life span of numerous organisms 

including yeast, flies, worms, fish, and rodents and mammals. It is now believed 

that this may be mediated partly due to the increase in Sirt1 activity which is 

induced by calorie restriction. For example, increased Sirt1 activity mediates 

mitochondrial biogenesis, which in turn may reduce the production of reactive 

oxygen species, a possible cause of aging and AD pathogenesis [59]. The in-

volvement of Sirt1 in insulin regulation as well as cholesterol, fatty acid and 

glucose homeostasis has been linked to obesity, diabetes and cardiovascular 

disease. As these diseases are all thought to increase risk of AD, this provides 

further reason to believe that activating Sirt1 by calorie restriction may reduce 

the risk of AD (Figure 2) [60]. 

 

Figure 2. Anti-aging protein Sirtuin 1 controls peripheral cholesterol & lipid ho-
meostasis and brain amyloid beta metabolism; ER = endoplasmic reticulum, UPR 
= unfolded protein response, VLDL = very low density lipoprotein, HDL = high 
density lipoprotein, PPAR = peroxisome proliferators-activated receptor. 
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The concept that diet can regulate adipocyte plasma leptin (16 kda protein) as 

well as Sirt1 levels is supported by reports that high fat diets can lead to leptin 

resistance and low Sirt1 levels in rats and humans [57] [61]-[64]. Brain Sirt1 

expression is increased by caloric restriction and fasting has been shown to in-

crease brain Sirt1 protein content specifically in the hypothalamus. It also ap-

pears that the effect of Sirt1 on energy balance is mediated through central 

melanocortin signalling [58]. 

Recent studies suggest a functional relevance of SIRT1 in normal brain physi-

ology, neurogenesis and neurological function [42]-[56]. In one important study 

for example, Sirt1 was found to downregulate micro-RNA known as miR-134. 

MiR-134 has been shown to down-regulate cAMP response binding protein 

(CREB) and brain-derived neurotrophic factor (BDNF), thus reducing synaptic 

plasticity. Sirt1 can prevent this miR-134-induced downregulation, thereby pro-

moting synaptic plasticity [53]. Since 2005, miRNAs have been linked to com-

plex metabolic processes in mammals, and changes to miRNAs can occur in 

many metabolic abnormalities and disease conditions. For example obesity, hy-

perlipidemia (elevated levels of blood lipids), and insulin resistance have been 

shown to be associated with aberrant expression of multiple essential miRNAs in 

pancreatic islets of Langerhans and peripheral tissues, including adipose tissue. 

Furthermore, in obese patients and experimental models of obesity such as 

3T3-L1 preadipocytes and adipocytes from leptin deficient mice (ob/ob: mouse 

model of insulin resistance and obesity) and diet-induced obese mice, miRNAs 

normally induced during adipogenesis are downregulated. In particular, miR-143, 

miR-103 and miR-107, known to regulate adipocyte differentiation, are down- 

regulated in the ob/ob mice, possibly through an inflammatory pathway [65]. 

8. Sirtuin 1 and the Amyloid Precursor Protein   
(APP) of Alzheimer’s Disease 

The maintenance of Sirt1 expression by calorie restriction has the effect of 
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regulating lipid metabolism and energy expenditure, which in turn helps regu-

late the production of many other proteins [54] [55] [57] [66]. In obesity how-

ever, Sirt1 levels are reduced and increased plasma Abeta, leptin and body fat 

have all been shown to correlate with increased adipose tissue size (AT). It has 

also been shown that Abeta precursor protein (APP) production is upregulated 

in adipocytes, and that plasma Abeta levels correlate with these increased levels 

of APP [67]. The increased plasma Abeta is proposed to be due to obesity in-

fluencing peripheral Abeta clearance, as obesityin-duced Sirt1 dysregulation is 

strongly associated with liver steatosis and decreased Aβ clearance by the liver 

[15] [33] [57] [66]-[69]. Under conditions of calorie restriction on the other 

hand, Aβ content in the brain is attenuated, and this effect can be reproduced in 

mouse neurons in vitro by manipulating cellular SIRT1 expression/activity, ul-

timately promoting the nonamyloidogenic α-secretase processing of the APP, 

which precludes the generation of Abeta [70]. In particular, the over-expression 

of SIRT1 in the hippocampus has been shown to provide protection against 

neurodegeneration in a mouse model of Alzheimer’s disease [71], and the 

over-expression of SIRT1 in the brains of AD-model transgenic mice has been 

shown to reduce brain Abeta production and amyloid deposition in these mice, 

due to the induction of the α-secretase enzyme ADAM-10 [72]. In the arcuate 

nucleus of the hypothalamus, there are two types of neurons that play vital roles 

in regulating feeding and energy expenditure: the anorexigenic proopiomelano-

cortin (POMC) neurons and the orexigenic agouti-related peptide (AgRP) neu-

rons. Sirt1 is expressed in both sets of neurons [51] [73].  

Alterations in circadian rhythms have been demonstrated in both obesity and 

AD, and alterations in Sirt1 expression and leptin levels have been associated 

with this disruption to the daily light/dark cycle. Obese individuals are highly 

susceptible to circadian desynchrony, especially if on a high fat and cholesterol 

diet which disrupts normal tissue Sirt1 regulation of cholesterol homeostasis [69] 

[74]-[76]. PPARgamma, also known for its extensive roles in glucose and lipid 
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metabolism is now emerging as a critical factor in the regulation of circadian 

networks and it exhibits a circadian expression pattern that is magnified by 

consumption of a high-fat diet [77]. PPARgamma has been implicated in the 

pathology of several diseases including obesity, diabetes, atherosclerosis, and 

cancer, and PPARgamma agonists have been used successfully in the treatment 

of dyslipidemia and hyperglycemia. In support of Sirt1’s role in circadian 

rhythms, a recent epidemiological study of Sirt1 and circadian locomotor output 

cycles kaput (CLOCK) genetics found that subjects carrying minor alleles at 

SIRT1 and CLOCK loci displayed a higher resistance to weight loss compared 

with homozygotes for both major alleles, suggesting links between the circadian 

clock and Sirt1 function [73]. 

Other genetic studies are uncovering strong links between obesity and SIRT1 

gene polymorphisms. For example, in a Japanese study, the A allele of SIRT1 

polymorphism rs7895833, G allele of rs7069102, and T allele of rs2273773 

were found to pose a high risk for obesity in men. Furthermore, the A allele of 

rs7895833 in women, and the G allele of rs7069102 and C allele of rs2273773 

in men, were found to carry a high risk for hypertension [78]. In later studies by 

the same group, SIRT1 polymorphisms, rs7069102 and rs2273773, were found 

to be associated with abnormal cholesterol metabolism and coronary artery cal-

cification, respectively, especially in males [79]. Another recent study of French 

caucasian adults found a strong association between high BMI and the SIRT1 

SNPs rs3395786 and rs11599176, whereas 4 SNPs studied in BMI-discordant 

siblings of Swedisn families were found to be associated with lower BMI [80]. 

In another study of the SIRT1 gene, a common SNP in a novel p53-binding se-

quence in the human SIRT1 promoter was found to affect nutrient-sensitive 

SIRT1 expression, and thus could have a significant impact on SIRT1mediated 

changes in human metabolism and physiology that are induced by calorie re-

striction [81]. In contrast, a German study genotyped 1573 long-lived individu-

als (centenarians and nonagenarians) and matched younger controls, looking at 
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five SIRT1 single nucleotide polythese polymorphisms on longevity [82]. Such 

genetic studies are providing a greater understanding of metabolic differences 

between people and why some individuals may be more susceptible than others 

to obesity and related metabolic disturbances.  

9. Obesity, the Endoplasmic Reticulum and   
Alzheimer’s Disease 

Common medical conditions that can occur in middle age, such as diabetes, 

visceral obesity, and atherosclerosis cause considerable stress to the body. Obe-

sity and atherosclerosis are regarded as states of chronic low-grade inflamma-

tion. At the cellular level, inflammatory mediators and lipid accumulation can 

evoke chronic stress, in particular affecting the endoplasmic reticulum (ER). It 

has recently been shown that the ER responds to metabolic stress through a 

well-coordinated molecular response. This involves the transcriptional activa-

tion of a variety of genes, the attenuation of protein synthesis, the degradation 

of ER-localised misfolded proteins, and sometimes the onset of apoptosis [83]. 

Disturbances in liver metabolism are known to be key components in the de-

velopment of fatty liver, insulin resistance, and atherosclerosis. It has been 

shown that SIRT1 helps to regulate lipid homeostasis by positively regulating 

peroxisome proliferators-activated receptor alpha (PPARalpha), a nuclear re-

ceptor that mediates the adaptive response to fasting and starvation. This was 

demonstrated in liver-specific SIRT1 knockout mice, which when challenged 

with a high fat diet, developed hepatic steatosis, hepatic inflammation, and en-

doplasmic reticulum stress [46]. In these mice, PPARalpha signalling was 

shown to be impaired and fatty acid beta-oxidation was decreased. In other 

studies, the overexpression of SIRT1 in the liver of diet-induced insu-

lin-resistant low-density lipoprotein receptor-deficient mice and of genetically 

obese ob/ob mice attenuates hepatic steatosis and ameliorates systemic insulin 
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resistance. These beneficial effects were associated with decreased mammalian 

target of rapamycin complex 1 (mTORC1) activity, inhibited unfolded protein 

response (UPR) and enhanced insulin receptor signaling in the liver, leading to 

decreased hepatic gluconeogenesis and improved glucose tolerance. These 

studies suggest that SIRT1 acts as a negative regulator of UPR signalling in 

Type II diabetes, and supports the concept that SIRT1 can attenuate hepatic ste-

atosis, reduce insulin resistance, and restore glucose homeostasis, largely 

through the inhibition of mTORC1 and ER stress [84]. In other recent studies of 

Sirt1 and diabetes, SIRT1 in HepG2 cells has been shown to regulate ER stress 

by increasing expression of oxygen-related protein 150 (ORP150), an inducible 

ER protein thought to be a molecular chaperone involved in Ca2+ metabolism, 

again supporting the concept that SIRT1 can ameliorate insulin resistance via 

the regulation of ER stress [85]. 

10. Conclusions 

The potential influence of associations between obesity and Alzheimer’s dis-

ease pathogenesis has been of great interest in recent research. High caloric in-

take and the consumption of a diet rich in saturated fat have both been associat-

ed with obesity, Type II diabetes, cardiovascular disease and Alzheimer’s dis-

ease. Sirt1 appears to play a central role in many metabolic changes that have 

been implicated in many of these conditions, as well as in AD pathogenesis. 

Recent studies of Sirt1 and ER function suggest Sirt1 provides considerable 

protection against metabolic stress via ER regulation.  

Several studies have suggested that in early to midadult life, exercise and di-

etary interventions [86] [87] such as calorie restriction may prevent obesity as 

well as reduce or prevent amyloid deposition in the brain, due to the resultant 

chronic activation of Sirt1 in tissues such as the brain and the liver. When con-
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sidering diet, omega −3 fatty acids are important for brain development, and 

fish consumption has been associated with decreased cognitive deficits and a 

reduced risk for AD [88] [89]. A diet low in saturated fats and cholesterol, yet 

rich in fruit, vegetables, and omega −3 fatty acids may provide essential micro-

nutrients and antioxidants. Pharmaceutical treatments and/or other therapies 

centered around Sirt1 regulation might provide promising therapies in the 

treatment of metabolic diseases including obesity. Studies have already provid-

ed support for this theory—for example, the activation of Sirt1 by the polyphe-

nol resveratrol and several synthetic pharmacologic activators has been shown 

to protect against high-fat diet induced obesity and other metabolic derange-

ments. This is supported by studies which have found that transgenic mice 

over-expressing SIRT1 are leaner than controls, have a higher metabolism, and 

have lower serum levels of cholesterol, insulin, and glucose. Thus, calorie re-

striction, regular exercise, and/or drug treatment in obesity or other disease state 

may maintain or restore normal SIRT1 gene function. The evidence suggests 

that this would ultimately stabilise lipid metabolism and cause significant 

weight loss, reduce obesity and related disorders, as well as reduce or delay the 

development of Alzheimer’s disease. 
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Abstract: The  incidence of diabetes  is predicted to  increase to 21% by 2050. 

Currently, one third of US adults are obese and over 11% of these individuals 

have diabetes. Due to the growing need for therapeutic intervention to con‐

trol  and/or  stabilize  this  increase  in  the  incidence  of  diabetes  in Western 

communities, gaining a comprehensive understanding of the association be‐

tween obesity and Type 2 diabetes has become increasingly important to di‐

abetes research. The  increased cell senescence associated with diabetes has 

been associated with  the  limited ability of cells  to divide, with  indication of 

telomere  shortening  and  genomic  instability of  the  cells. Obese  individuals 

have shorter telomeres suggesting an inverse relationship between adiposity 
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and telomere  length. The  implication that Type 2 diabetes has on biological 

aging  is of particular  interest  since  telomere  shortening  in obesity and dia‐

betes has been associated with an early risk for dementia and even progres‐

sion to Alzheimer’s disease (AD). Lifestyle, nutrition and longevity are closely 

related and cellular senescence has been associated with telomere shorten‐

ing and connected to longevity. Diet, cholesterol lowering drugs and exercise 

that control food intake and glucose tolerance in aging and diabetic individu‐

als, via  connections between  liver  circadian  clocks and  the  suprachiasmatic 

nucleus  in  the brain, also have been  shown  to alter  telomere  lengths.  Life‐

style  interventions,  such as diets  low  in  fat  and exercise,  target  the  rise  in 

obesity  and  associated  telomere  shortening  by  delaying  or  preventing  the 

onset of Type 2 diabetes. The  implementation of  these anti‐aging  therapies 

early  in  life may prevent calorie overload and activation of calorie sensitive 

genes  such  as  Sirtuin 1  (Sirt1). This may maintain  telomere  length  and  the 

control  of  obesity, which  is  linked  to  cardiovascular  disease,  diabetes  and 

accelerates aging and AD. 

Keywords: Telomere, Sirtuin 1, Lifestyle, Nutrition, Diabetes, Obesity,   

Alzheimer’s Disease 

1. Background 

Age-related diseases are becoming a major concern as the world’s population 

grows older due to advances in medical technology, health and nutrition. De-

mentia accounts for a large proportion of age-related diseases and is character-

ised clinically by deterioration in cognitive processing, including memory. Alz-

heimer’s disease (AD) is the most common form of age-related dementia. The 

insulin-resistance syndrome has in many studies been associated with diabetes 

and AD. The social and economic consequences of this disease present a signif-
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icant challenge to society, and it is imperative that strategies to prevent or delay 

the onset of diabetes are developed to prevent the proportion of the age related 

group with cardiovascular dysfunction progressing towards AD. AD is a neuro-

degenerative disease which presents clinically with key clinical symptoms in-

cluding progressive decline in memory. Risk factors for AD include old age, 

family history of dementia, APOE 4 genotype, Down’s syndrome, obesity and 

type 2 diabetes.  

Epidemiological studies clearly suggest that human obesity is associated with 

the increased risk for atherosclerosis, contributing to the early onset of coronary 

artery disease and diabetes. The susceptibility of humans to obesity is far higher 

compared with other species [1]. Amongst mammals, humans have been re-

ported to have the highest level of fat than any other species as genes and envi-

ronmental factors predispose humans to obesity [2]. In an editorial by Testa and 

Ceriello published in 2007, the increased cell senescence associated with diabe-

tes was associated with the limited ability of cells to divide with indication of 

cellular alteration in genes and genomic instability of the cells [3]. Human obe-

sity may complete the pathogenetic loop between cell senescence and diabetes 

through teleomere shortening and an association with an increased risk for ath-

erosclerosis. This in turn contributes to the early onset of coronary artery dis-

ease and diabetes.  

Visceral obesity in particular increases the risk of atherosclerosis owing to 

both insulin resistance and dyslipoproteinemia and this global rise in obesity is 

possibly linked to telomere disease. Obesity has been closely linked to diabetes 

[4] [5] and the association of obesity and telomere shortening has now been re-

ported [6]. In particular, telomere length, high density lipoprotein (HDL) cho-

lesterol [7] and other risk factors for atherosclerosis that could be exacerbated 

by obesity-associated telomere dysfunction include hypertension and hyper-

lipidemia (particularly hypertriglyceridemia). These are also risk factors for AD. 
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Circadian desynchrony and hyperphagia are also related to obesity and an-

ti-aging, circadian proteins, such as sirtuins are known to regulate several cell 

functions by deacetylating both histone and nonhisotone targets. Sirtuins are 

NAD(+)dependent class III histone deacetylase (HDAC) proteins that target 

transcription factors to adapt gene expression to metabolic activity. Sirtuin 1 

(Sirt1) is linked to life span, obesity and cardiovascular disease with effects on 

liver steatosis, inflammation, food intake, energy metabolism, cognition, mito-

chondrial biogenesis, neurogenesis, glucose/cholesterol metabolism and amy-

loidosis [8]-[22]. Regulation of Sirt1 by calorie restriction in extending life span 

has been recognized. Novel dietary acitvators of Sirt1 are required and design-

ing compounds that have therapeutic potential for the control of telomere 

shortening, clock circuitry and generation of Aβ for the treatment of AD is the 

focus of several research groups [23]-[26].  

Obesity in humans is seen to be associated with decreased life span in man 

and is an excellent model for the assessment of cell senescence, inflammation, 

diabetes and AD [27]-[31]. The understanding of alterations in genes/genomic 

stability and the environment in the aging brain has been the subject of various 

anti-aging programs as well as the mechanisms involved in anti-aging strategies 

related to low fat diets and reversing brain aging. The association between dia-

betes and neurodegenerative diseases (AD and Parkinson’s disease) have related 

the majority of the genes to cholesterol metabolism, cytokines and inflammation. 

Environmental factors such as diet and circadian desynchrony have become 

important in Western countries since interests in the global increase in obesity is 

possbily linked to diabetes, timing of food consumption, metabolic activity and 

alterations in adipose tissue leading to a release of adipokines (leptin and adi-

ponectin). These adipokines increase with age and are associated with age re-

lated pathological alterations in cytokines associated with neuroinflammation 

[32] [33]. 
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2. Convergence of Mechanisms Linking   
Obesity to Diabetes and Acceleration   
of Aging and Alzheimer’s Disease 

The mechanism linking obesity with diabetes is unclear but the global epi-

demic indicates that most patients with type 2 diabetes are obese; over a third 

(34%) of US adults are obese and about 11% of these individuals have diabetes 

[4]. The incidence of diabetes is predicated to increase to 21% by 2050 [5]. The 

understanding of mechanisms which connects these two diseases has become 

important to diabetes research since therapeutics to control and stabilize the in-

crease in the incidence of diabetes in Western communities is required. As li-

pids and proteins accumulate in cells, the cells become impaired and can no 

longer divide, decreasing the lifespan of the cell resulting in cell telomeres that 

have eroded or shortened with cell senescence. The telomere is a repeating se-

quence of DNA at the end of a chromosome (TTAGGG)n [34] [35]. Aging re-

sults in a progressive loss of telomere repeats and with telomere shortening the 

cell ceases to replicate with alterations in lipid and protein metabolism with 

eventual cell death [34] [35]. Obese individuals have shorter telomeres and an 

inverse relationship has been found with adiposity and telomere length [6] [36] 

[37]. The pathogenetic loop between obesity and diabetes has recently been re-

lated to Sirt1 which is involved in cellular senescence. The genomic instability 

and telomere dysfunction observed in obesity is now closely associated with the 

pathogenesis of diabetes, dyslipidemia and cardiovascular disease. Diabetes, 

genetic and environmental factors have been reported to stress telomeres [38] 

through telomere shortening (Figure 1).  

Sirt1 and cell senescence has been closely linked to telomere biology and 

global DNA repair which provides mechanistic explanations for SIRT1 func-

tions, in protection from DNA damage, and thus genomic stability [39] [40].  
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Figure 1. Nutrition, lifestyle and aging determine telomerelength and genomic sta-
bility. 

Sirt1 has been closely linked to telomerase which is a ribonucleoprotein (RNP) 

complex responsible for the elongation of telomeres to maintain genomic integ-

rity. Telomerase is composed of the telomerase reverse transcriptase (TERT) 

and telomerase RNA components (TERC). These factors regulate the catalytic 

activity of telomerase [41]. Telomerase protects cells from apoptosis via the 

maintenance of genomic integrity by stabilizing telomeres and adding DNA, in 

mediating cell survival and anti-apoptotic functions against various cytotoxic 

stresses [42] [43]. Telomerase is closely connected to telomere length mainte-

nance and control of genes involved in growth and cell proliferation [44]. 

Anti-aging strategies that target telomere shortening in diabetes is of particu-

lar interest to biological aging since telomere shortening has been associated as 

an early risk for dementia [45] [46]. Age-related changes in AD lead to neuronal 

apoptosis and therapy to delay the onset and even progression of Alzheimer’s 

disease are urgently required. Nutrition related to low fat diets and drugs that 

reduce intestinal absorption of fat with modulation of adipose tissue Sirt1 activ-

ity may improve the adipocyte brain crosstalk that may be assessed as a possible 

treatment of neuronal diseases that afflict diabetic and AD individuals. Sirt1 is 

essential for neurogenesis and calorie restriction activates Sirt1 with effects on 
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longevity by modulation of phosphoinositide 3 kinase pathway that determines 

life span [47]-[49]. The role of Sirt1 in brain metabolic regulation and synaptic 

plasticity has been shown and maintenance of Sirt1 expression by calorie re-

striction regulates lipid metabolism and energy expenditure [19]. Age associated 

cardiovascular changes have been strongly associated with alterations in Sirt1 

[8]-[11] and genetic as well as experimental evidence of its control of lifespan is 

of interest to the areas of diabetes, neurodegeneration and AD. Telomere and 

telomerase activity has now taken an important place in AD therapeutics, using 

telomere length and telomerase activity in the determination of neuronal popu-

lations in these individuals [50] [51]. Sirt1 and its role in AD is of interest with 

reviews that indicate that Sirt1 is closely connected to Abeta production, telo-

mere maintenance and stem cell aging [39] [40] [52] [53]. Interests in Sirt1 

control of telomerase is of interest to diabetes and AD with recent publiccations 

suggesting telomerase inhibition is involved with abeta cell apoptosis. In AD, 

transgenic mice telomere length has also shown to be associated with amyloid 

pathology with indications that Sirt1 expression and activity is essential to neu-

ronal population maintenance and prevention of AD. 

3. Lifestyle, Diet and Drug Connections to   
Diabetes and Alzheimer’s Disease 

The estimate in global deaths due to diabetes was estimated to be 5.2% of all 

deaths in 2009 [54]. In poorer countries, mortality related to diabetes was 2% - 

3%, in countries such as the USA, Canada and the middle east the mortality was 

approx. 8% and for individuals between 35 - 64 years between 6% - 27% of the 

deaths were attributable to diabetes [55]. In 2011, the largest number of people 

with diabetes were in India, China, United States of America and the Russian 

Federation and mortality in 2011 reached 8.2% of the global population [55] 

Nutrition and longevity are closely related and cellular senescence has been as-
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sociated with telomere shortening as well as the life span of the organism 

[34,35]. Apart from nutrition, minor alcohol consumption has been shown in 

midlife to shorten telomeres and accelerate aging in older individuals [56,57]. 

Diet, cholesterol lowering drugs and exercise may improve telomere lengths. 

This may provide the classical evolutionary conserved environment to suit an-

ti-inflammatory processes which control of food intake and circadian rhythm 

and promote normal liver and brain, lipid and protein homeostasis, ultimately 

preventing glucose intolerance and diabetes.  

Sirt1 (nutrient sensitive gene) is closely linked to food intake and the preven-

tion of diabetes, which is linked to amyloidosis and may offer a potential thera-

py for AD treatment (Figure 2, [58] [59]). Interests in high fat intake and the 

consumption of fat at specific times of the day requires further investigation as a 

mechanism for diabetes and AD induction. Drugs that reduce intestinal absorp-

tion of fat will modulate the tissue anti-aging protein Sirt1, improving the adi-

pocyte brain crosstalk that should be assessed as a possible treatment of neu-

ronal diseases such as AD.  

 

Figure 2. High fat and high cholesterol diets affect Sirt1 control of circadian 
rhythms with liver steatosis and effects on peripheral and brain amyloid beta me-
tabolism. 
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In recent years, the world diabetes epidemic now includes younger individu-

als and has become of concern because of the risk for telomere shortening and 

non-alcoholic liver disease (NAFLD) [60]. In Western countries, accelerated 

aging is associated with NAFLD and has reached epidemic levels, with 40 % of 

the community with the disease and up to 20% of these individuals developing 

hepatic fibrosis and cirrhosis [61] [62]. Individuals with longer lifespan have 

been shown to be diabetes free and increased mortality was attributed to in-

creases in obesity [61]. Age related pathologies, such as NAFLD, that have 

been linked to Type 2 diabetes and AD, indicate association between insulin 

resistance, oxidative stress and telomere shortening [63]. Hepatocyte senescence, 

telomere shortening, nuclear size alterations and telomere foci have been close-

ly associated to NAFLD and indicate mitochondrial dysfunction and lack of cell 

cycle progression beyond the cell cycle G1/S phase [64]-[68]. Interests in telo-

mere shortening and insulin resistance indicate that the suprachiasmatic nucleus 

(SCN), which closely regulates peripheral clocks such as the liver (NAFLD) 

and adipose tissue (increased adiposity), is abnormal with relevance to the 

pathophysiology of disease [62] progression in obese, diabetic and AD individ-

uals [69]-[72]. 

Drug therapies that target the brain have not been successful in preventing 

amyloid deposition but drugs that target the periphery may be promising by 

lengthening peripheral cell telomeres, lowering plasma fat and cholesterol and 

activating adipose tissue, liver and brain metabolic activity. Interest in Sirt1 

modulation of various proteins that regulate cellular inflammation, glucose and 

cholesterol homeostasis are relevant to diabetes and neurodegeneration. Regula-

tion of this calorie-restricted gene, Sirt1, as an important control that targets 

obesity, diabetes and brain aging by suppression of inflammation as well as 

maintenance of neuroprotective mechanisms that facilitate normal food intake 

and vitamin E transport to the central nervous system essential for growth of 

neurons has been the interest of anti-aging research studies. Designing com-
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pounds for the regulation of Sirt1 to extend life span has been recognized and 

activators of Sirt1 in order for telomere maintenance have been reported. The 

use of melatonin, which is involved in telomere maintenace and circadian clock 

control [40], is relevant for the treatment of diabetes and AD as compared with 

other circadian rhythm drugs such as the benzodiazepines or non-benzodiaze- 

pines.  

The relationship between telomere erosion and apoE4 is closely associated 

[23] with the role of apolipoprotein E and its connections with inflammation/ 

cytokines [73] [74] as an important control of telomere attrition in the periphery 

and the brain. The connections between dyslipidemia and inflammation have 

been reported in diabetes, where inflammation in the blood plasma and altered 

cytokines have been associated with changes in lipid metabolism (increased 

triglyceride and low HDL) and in the brain, alterations in the light/dark cycle 

[75]. Drugs involved with telomere lengthening are possibly involved in the 

adaptation of the organism to the environment and require regulation of liver 

glucose and cholesterol and are controlled by dietary fat and cholesterol intake 

(Figure 2, [76]-[78]). The mechanism by which the 4 allele promotes AD risk 

could be associated with diabetes and telomere shortening as well as with ab-

normal regulation of food intake, explaining the hyperphagia associated changes 

in diabetes and AD [79]-[81]. 

4. Nutritional Science and Drugs Delay   
Obesity and Severity of Diabetes Linked   
to Aging and Alzheimer’s Disease 

Biological aging is closely connected to telomere length and control of cellu-

lar senescence. Each time a cell replicates and divides the telomere loses some 

of its length. Eventually the telomere runs out and the cell can no longer divide 
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and rejuvenate, triggering a poor state of cell health that contributes to disease 

risk and eventual cell death. Telomere length is epigenetically regulated and 

affected by nutrients, alcohol, drugs, genetics and the environment (Figure 3). 

It is interesting to note that telomere shortening would be accelerated by syner-

gistic effects of mixing alcohol and fats such as palmitic acid with increased 

genomic instability and DNA breakdown. The effective function of telomeres 

require methylation, which uses nutrients like methionine, an essential amino 

acid that serves as a methyl donor and is involved with the biosynthesis of other 

nutrients. Improper conversion is associated with production of homocysteine 

and atherosclerosis, methylsulfonylmethane, sulphur, choline, and trimethylgly-

cine, as building blocks and allow regulation of genes by appropriate telomeres. 

Vitamins such as vitamin B12, folic acid, and vitamin B6 play multiple roles in 

genomic stability as well. Foods that are important include protein, eggs, cot-

tage cheese, dairy, red meat, chicken, legumes, duck, nuts, and seeds. Antioxi-

dants and vitamins C, D and E are essential and maintain genomic stability as 

well as telomeres. A lack of antioxidants leads to increased free radical damage 

and more risk for damage to telomeres. Minerals, such as magnesium, are 

needed by many enzymes involved with DNA replication and repair and total 

 

Figure 3. Potential anti-aging therapies (left) delay the aging process by telomere 
maintenance and control of DNA damage. 
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magnesium intake should be between 400 mg - 800 mg per day. Zinc is inti-

mately involved with DNA as well as DNA repair. The lack of zinc causes an 

excessive amount of DNA strand breakage and telomere depletion. Inflamma-

tion and stress shorten telomeres and omega 3 fatty acids (eicosapentaenoic ac-

id/docosahexaenoic acid) are important as basic nutrients to preserve telomeres. 

Nutrients such as quercetin, green tea catechins, grape seed extract, curcumin, 

and resveratrol also help maintain telomeres, with both grape seed extract and 

curcumin showing the ability to generate longer telomeres. In addition, resvera-

trol and calorie restriction activate Sirt1 with prevention of telomere attrition. 

Drug evaluation and differences in therapeutic effects of various drugs may 

indicate that the telomere length of tested rodents or diseased individuals may 

be related to genetic, diet and environmental conditions. Drugs such as statins 

have been shown to control telomere/telomerase in peripheral leukocytes from 

individuals with cardiovascular disease [82] [83] and have provided potential 

anti-aging therapy for diabetes and AD. Statins, however, are not Sirt1 activa-

tors and Sirt1 activators are primarily in control of telomere length and attrition. 

The close association of hyperphagia with diabetes and AD indicate that fat 

consumption (calorie excess) may have marked effects on telomeres/telomerase 

activation [42] [43]. Experimental drugs in mice, such as an acyl coA cholester-

ol acyltransferase (ACAT) inhibitor Avasimibe, that prevents fat absorption 

(calorie excess) have shown clear effects on body weight, liver and brain 

growth in mice consuming high fat diets (Abstract AD/PD Italy, 2013) possibly 

as a Sirt1/telomerase activator. Interests in telomerase activation have increased 

with the recent findings of TA-65 (purified from the root of Astragalus mem-

branaceus/legume), a small molecule activator of telomerase involved in glu-

cose regulation [84]. In contrast, various drugs that are Sirt1 inhibitors should 

be assessed with various diets since telomere shortening and attrition by Sirt1 

inhibitors will lead to degenerative diseases such as obesity, diabetes, cardio-

vascular disease and AD. Lifestyles changes such as diet and exercise early in 
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the life of obese or diabetic individuals may prevent circadian alterations and 

calorie overload. Continued Sirt1 activation and the maintenance of peripheral 

(liver) and CNS (brain) cell telomeres with prevention of obesity linked to dia-

betes may decrease accelerated aging and the risk of AD. 

5. Conclusion 

The biological mechanism behind the global epidemic of obesity and Type 2 

diabetes has become important to Alzheimer’s research since therapeutic inter-

ventions with the potential to control and stabilize their increased incidence in 

Western society may also have the potential to delay the acceleration in aging 

and AD. The increased cell senescence associated with obesity and diabetes has 

indicated an increase in telomere shortening and genomic instability of the cells 

from these individuals. Stabilization of biological aging is of particular interest 

in obesity and diabetes and the delay of telomere shortening in these individuals 

may result in a decrease in dementia and even a delay in the progression to 

(AD). Lifestyle, nutrition and longevity are closely connected to life span of 

obese and Type 2 diabetic individuals and therapeutics such as cholesterol low-

ering drugs, exercise and diets low in fat, target the rise in obesity and associat-

ed telomere shortening by delaying or preventing the onset of Type 2 diabetes. 

Implementing these anti-aging therapies early in life may prevent calorie over-

load and activation of calorie sensitive genes, such as (Sirt1), that may maintain 

telomere length and the control of obesity, which is linked to cardiovascular 

disease, diabetes and accelerates aging and AD.  
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Abstract: Interactions between apolipoprotein E (apo E) and amyloid beta (Aβ) 

are associated with  the peripheral clearance of Aβ and are  important  to  the 

development of neurodegenerative diseases. Interests in acute phase proteins 

(APP) as biomarkers  for  the early progression of Alzheimer’s disease  indicate 

that the peripheral Aβ metabolism is perturbed and the role of nutritional diets 

are  important  to  reduce APPs  to maintain peripheral Aβ clearance with  rele‐

vance  to hepatic  cholesterol homeostasis  and brain  amyloidosis. The  role of 

nutriproteomic diets  that  reverse  the effects of high  fat diets are associated 

with the reduction in APPs, cholesterol homeostasis and improved clearance of 

Aβ. Nutritional diets that reduce the increase in plasma endotoxins (gut micro‐

biotica)  such  as  lipopolysaccarides  (LPS)  reduce  the  effects  of  LPS  on  cell 

membranes and increase the cellular uptake of Aβ by interactions with apo E. 

LPS alter hepatic lipid metabolism with an increase hepatic cytokines and APPs 
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in  plasma.  Interactions  between  apo  E  and  Aβ  are  altered  by  LPS with  in‐

creased binding of LPS to apo E with effects on electrostatic alterations  in Aβ 

oligomers. The role of LPS  in neurodegenerative diseases  includes the effects 

of  LPS  on  alpha‐synuclein metabolism with  relevance  to  Parkinson’s  disease 

and Alzheimer’s disease. 

Keywords: Lipopolysaccharides, Apolipoprotein E, Amyloid Beta, Acute Phase   

Protein, Diet 

1. Introduction 

In the aging populations in Western communities Alzheimer’s disease (AD) 

has increased and the prevalence in the next 30 years may reach 20 - 30 million 

people. Diets such as nutriproteomic diets have become important to the rever-

sal of neurodegeneration with the aging process related to unhealthy diets such 

as high fat diets that are closely linked to amyloidosis in rodents and man [1] [2]. 

The role of nutriproteomic diets has become critical to prevent accelerated brain 

aging with high fat diets involved in the induction of metabolic dysfunction. 

Monitoring the plasma reveals an array of acute phase proteins [3] with respec-

tive charges that may interact with electrostatic oligomers of Aβ and assist in 

the understanding of accelerated aging in Western communities. Healthy diets 

that prevent the induction of APP have become important to prevent 

non-alcoholic fatty liver disease (NAFLD) linked to obesity, diabetes and AD 

(Figure 1). 

The understanding of apo E mediated hepatic Aβ [3] clearance has become 

important with lipid-protein interactions implicated in the metabolism of Aβ in 

the periphery and the central nervous system [3]. The kinetics and interactions 

that determine the binding of apo E to Aβ and the role of lipoproteins that pos-

sibly determine interactions between apo E and Aβ has become important to the  
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Figure 1. Nutriproteomic diets reduce the hepatic release of cytokines and APPs 
that are involved in peripheral inflammation associated with the increase in he-
patic Aβ metabolism. In aging and AD nutriproteomic diets maintain hepatic cho-
lesterol metabolism (3) with the decrease in brain inflammation/Aβ plaque density. 

prevention of neurodegeneration. Apo E is important in lipid metabolism with 

multiple roles in cell biology and is involved in the understanding of how apo 

E4 promotes risk of neurodegeneration. The cellular uptake of the apo E/Aβ 

complex has become important to early aging and AD with the interaction be-

tween these peptides determined by the nature of associated lipids, inflammato-

ry markers (APP) that indicate relevance to NAFLD and neurodegeneration. 

Atherogenic diets promote abnormal hepatic cholesterol homeostasis and exist 

as the primary cellular mechanism involved in theperipheral aggregation and 

clearance of Aβ (Figure 1) [3]. Atherogenic diets that contain high fat con-

tents have been discouraged in various communities with the role of these fat 

diets in the transport of gut microbiotica [4] that increase plasma endotoxins 

such as lipopolysaccarides (LPS) in the blood plasma [4]. LPS has been asso-

ciated with metabolic diseases and diabetes [4] and the importance of the cel-

lular Aβ has increased with relevance to the binding of LPS (amphipathic 

α-helix organization) to apo E [5]-[9] and the influence of LPS on Aβ release 
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or generation in cells [10]-[12]. Peptides have been designed with α-helix or-

ganization to neutralizelipopolysaccharide endotoxins [13]-[15] with rele-

vance to the binding of apo E to Aβ. Furthermore, LPS alter hepatic lipid me-

tabolism with an increase hepatic cytokines and APPs in plasma that are in-

volved in LPS inactivation [16]-[23] associated with Aβ dyshomeostasis [3]. 

Lipoproteins such as chylomicrons that are produced after a high fat diet con-

tain the LPS binding protein (LBP) that bind LPS and essential interactions of 

LPS to apo B containing cholesterol-rich lipoproteins [4] clearly implicate 

dietary fat and LPS in peripheral Aβ metabolism in diabetes with relevance to 

neurodegenerative diseases. 

2. LPS Neutralize Apo E Binding to Membrane   
Lipids with Effects on Peripheral Aβ   
Metabolism 

LPS are endotoxins and essential components of the outer membrane of all 

Gram-negative bacteria [24] [25]. LPS from bacteria share common features in 

their basic architecture and consists of three covalently linked segments [26], a 

surface carbohydrate polymer (O-specific chain), a core oligosaccharide featur-

ing an outer and inner region and an acylated glycolipid (termed Lipid A). The 

O-specific chain shows the most diversity and Lipid A anchors the LPS mole-

cule in the Gram-negative outer membrane and is most conserved in bacteria 

species [26]. Membrane-bound and soluble proteins have been shown to bind 

LPS such as LBP, toll-like receptor (TLR) and CD14 receptor. In the central 

nervous system systemic LPS injection initiates the acute phase response and 

upregulates membrane CD14 receptor that controls TLR4 endocytosis [27] and 

induces microglial activation that results in neurodegeneration and Parkinson’s 

disease (PD) [26]-[29]. In AD the CD14 receptor is referred to as the LPS re-

ceptor and is involved in the phagocytosis of the Aβ peptide [30]. LPS induction 
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of APPs are linked to the CD14 receptor with the levels linked to liver inflam-

mation and NAFLD [31]. LPS has been shown to effect hepatic genomic stabil-

ity [32] with effects on reverse cholesterol transport in macrophages [4] and 

with macrophage activation [33]. 

LPS can rapidly insert into cell membranes with a preference for insertion 

and partition into cholesterol/sphingomyelin domains in cell membranes [34]- 

[36]. Cholesterol is an essential membrane component and in association with 

phospholipids, glycosphingolipids such as ceramide or gangliosides, glycer-

ophospholipids (plasmalogen) and sterols make up the membrane bilayers in 

cells. Lipid rafts containing sphingomyelin and cholesterol form microdomains 

in cell membranes for the recruitment of lipid modified proteins such as Aβ ol-

igomers [4] with the binding of these hydrophobic proteins to membranes [3]. 

The essentiality of cholesterol determines Aβ binding to membranes with the 

addition of cholesterol important to the binding of Aβ oligomers to cells [3]. 

LPS may influence membrane cholesterol by binding to cell membranes and 

lipoproteins and its packing in the membrane allows the increased interaction or 

displacement of the Aβ peptide. In aging and AD membrane changes that lead 

to membrane alterations possibly involve the role of LPS in Aβ aggregation and 

fibril formation. Furthermore, amphipathic helices are critical to binding of pep-

tides to LPS [13]-[15] with the role of apo E that contain these amphipathic 

helices linked to the binding to LPS that disrupt the role of apo E in the clear-

ance and metabolism of Aβ in aging and AD. Apo E and its role in neutraliza-

tion of LPS may be linked to its transport of LPS from macrophages to the liver 

[37] and support its critical role in LPS-lipoprotein (chylomicron, very low den-

sity lipoprotein) interactions to prevent inflammatory processes and closely 

linked to hepatic APP release (Figure 2). LPS has been shown to effect choles-

terol efflux by the modulation of the anti-aging protein Sirtuin 1 (Sirt 1) with 

effects on LXR-ABCA1 interactions [4]. Monitoring dietary fat intake to reduce 

LPS has become important to metabolic diseases and neurodegenerative diseas-
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es such as Parkinson’s disease [26] [38]-[41]. In obese mice altered inflamma-

tory responses were found with LPS administration when compared with con-

trol mice with intestinal microbiota and NAFLD closely linked with connec-

tions to the systemic inflammation and the metabolic syndrome [42]-[45]. LPS 

effects on the release of alpha-synuclein [4] from cells in the periphery link the 

endotoxin to peripheral alpha-synuclein homeostasis (Figure 2) and to choles-

terol metabolism with relevance to PD and AD [4]. LPS and cytokines have 

been shown to stimulate hepatic sphingolipid synthesis with the production of 

lipoproteins and with altered ceramide and sphingomyelin content [46]. Close 

connections between ceramide and LPS have been reported in cells [4] with 

disturbed cellular cholesterol efflux relevant to Aβ homeostasis in diabetes, AD 

and PD. 

 

Figure 2. LPS increases the hepatic production of cytokines, APPs with marked 
effects on hepatic cholesterol homeostasis. LPS increases peripheral amyloidosis by 
interactions with APPs that interfere with the aggregation and deposition of Aβ. 
LPS stimulates the cellular expression of alpha-synuclein (4) that is linked to cell 
membrane cholesterol homeostasis and Aβ metabolism. 
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3. Hepatic Release of Acute Phase Proteins and   
Cytokines Is Regulated by LPS with Abeta   
Aggregation 

The close connections between LPS and the liver involve the induction of 

lipoprotein synthesis with close connections between cytokines, apo E and RCT 

[3]. In addition to marked alterations in lipid metabolism (RCT) hepatic protein 

synthesis and serum protein levels (APP) are altered and associated with LPS 

levels (Figure 2). APPs have become important diagnostic markers for early 

progression of aging and AD [3] since APPs are now involved in important in-

teractions with Aβ oligomers. LPS may prevent the clearance of Aβ by altera-

tion in APP levels and by membrane receptor interactions. LPS may involve 

increase in hepatic cytokines that are connected to apo E sequestration with 

poor apo E redistribution from very low density lipoprotein and high density 

lipoprotein to peripheral membranes. Alterations in peripheral cholesterol ho-

meostasis in neurodegeneration may involve LPS related apo E interactions that 

determine the peripheral metabolism of Aβ (Figure 2).  

The detection of misfolding in proteins associated with APP possibly involve 

LPS effects on APP with the reversal and the formation of amyloid fibrils de-

termined by the levels of serum amyloid protein P (SAP) and serum amyloid A 

(SAA) involved in systemic amyloidosis and cholesterol metabolism [3] [21]. 

Gelsolin is an actin binding protein and is involved with actin filament assembly 

and Aβ binding [3]. Interactions with apo E are associated with gelsolin related 

stabliity of misfolded proteins [3]. Gelsolin and SAP have marked effects on 

LPS neutralization (amphipathic molecules) and compete more effectively than 

LPB [20] [22]. LPS has been shown to induce hepatic LBP and SAA with im-

plications to peripheral amyloidosis [21]. Transthyretin and clusterin are protec-

tive on protein folding with a reduction in amyloid plaque formation [3] with 
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increased plasma clusterin and transthyretin associated with LPS injections in 

animals [18]. Alpha 2 macroglobulinbinds to Aβ with Aβ metabolism connected 

to apo E/LRP receptor interactions [3]. Elevated levels of alpha 2 macroglobulin 

in diabetes may determine Aβ metabolism with LPS effects on alpha 2 macro-

globulin homeostasis [47] connected to the peripheral amyloidosis in diabetes.  

The APP C-reactive peptide (CRP) that has been shown to be increased in 

obesity and has been closely related to BBB permeability and disruption [3]. 

Increases in CRP in obesity is associated with the release of SAA [3]. These 

APPs induce systemic inflammation and hypercholesterolemia with induction of 

blood brain barrier (BBB) disturbances and release into the brain of APP may 

involve LPS binding to CRP [48] [49] with the regulation of brain amyloidosis. 

LPS induced the expression of alpha-synuclein [4] [50] has been associated 

with the permeability in the BBB [49] and involve cholesterol homeostasis 

(Figure 2). Nutriproteomic diets are essential to prevent the rise in APPs such 

as CRP and SAA as associated with aging [51]. Diets that reduce APPs are 

connected to the rapid clearance of plasma LPS with the prevention of LPS 

transport across the BBB to the CNS connected to brain cholesterol homeostasis 

and neurodegeneration. 

The peripheral clearance of Aβ and its relationship to high fibre diets [52] has 

now become of particular interest to neurodegenerative diseases such as PD and 

AD. Nutriproteomic diets (Figure 1) that are low in fat and glucose activates 

the liver and brain anti-aging protein Sirt 1 [53]-[55] and accelerates Aβ and 

cholesterol metabolism. Nutriproteomic diets such as high fibre diets/low pro-

tein diets [3] increase adiponectin levels [54] [56] [57] that facilitate rapid 

transport of LPS from the brain across the BBB to the liver with LPS removal 

connected to the reduced inflammatory effects of APP, increased adiponectin 

levels and prevention of NAFLD [54] [58]. Functional foods (yoghurt) that 

contain prebiotic and probiotics may reduce gram negative bacteria in the intes-
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tine [59] [60]. However, diets high in fat (yoghurt, cream, cheese) and alcohol 

stimulate the rapid transport of LPS (gram negative bacteria) across the intesti-

nal tract that corrupt hepatic membrane receptor interactions and peripheral Aβ 

homeostasis. High fibre diets(fatty acids and phytosterols) have become im-

portant to the peripheral Aβ homeostasis with effects of nutritional therapy by 

phytosterols (ABCA1 pathways) relevant to rapid LPS transport mediated by 

ABCA1 in macrophages and the liver [4] [52] [61]. Furthermore polysaccarides 

found in food colloids [62] [63] and yoghurt may increase polysaccharides in 

plasma and involve pathologicalpolysaccaride-protein interactions with mem-

brane fouling [64] relevant to mimickry similar to bacterial LPS cell membra-

neinteractions. 

4. Conclusion 

Interactions between apo E and Aβ have become important and associated 

with the peripheral clearance of Aβ and the development of neurodegenerative 

diseases. Accelerated aging is connected to high fat diets with the release of 

increased LPS from the intestine into the blood plasma closely linked to abnor-

mal hepatic cholesterol metabolism, increased cytokine release with amyloido-

sis. LPS directly interact with apo E and apo B in lipid particles with marked 

effects on LPS mediation in the inflammatory process and hepatic cholesterol 

homeostasis. LPS rapidly transfer to cholesterol and sphingomyelin domains in 

membranes with abnormal membrane interactions with Aβ oligomers. Dietary 

fat increases LPS levels that neutralizes apo E, increases alpha-synuclein levels 

and prevents the rapid peripheral clearance of Aβ with the promotion of accel-

erated aging. APPs directly interact with Aβ oligomers and the role of LPS on 

these interactions has become important to the increased inflammation in aging 

populations in Western communities. The nature and amount of dietary fatty 

acid, cholesterol and carbohydrate have become important to assess LPS effects 
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on hepatic APP and cytokine production associated with inflammation and the 

reduced peripheral clearance of Aβ. Healthy nutriproteomics diets that prevent 

the LPS induction of APP prevent NAFLD linked to obesity, diabetes and AD. 
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Abstract: Appetite regulation by nutritional intervention is required early in life 

that  involves  the anti‐aging gene Sirtuin 1  (Sirt 1) with Sirt 1 maintenance of 

other  cellular  anti‐aging  genes  involved  in  cell  circadian  rhythm,  senescence 

and apoptosis. Interests in anti‐aging therapy with appetite regulation improve 

an  individual’s survival to metabolic disease  induced by gene‐environment  in‐

teractions by maintenance of the anti‐aging genes connected to the metabo‐

lism of bacterial  lipopolysaccharides, drugs  and  xenobiotics.  Interventions  to 

the  aging  process  involve  early  calorie  restriction  with  appetite  regulation 

connected to appropriate genetic mechanisms that involve mitochondrial bio‐

genesis and DNA repair in neurons. In the aging process as the anti‐aging genes 

are suppressed as a result of transcriptional dysregulation chronic disease ac‐
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celerations  and  connected  to  insulin  resistance, non‐alcoholic  fatty  liver dis‐

ease (NAFLD) and neurodegenerative diseases such as Parkinson’s disease and 

Alzheimer’s  disease.  Interests  in  the  gene‐environment  interaction  indicate 

that  the anti‐aging gene Sirt 1that  regulates  food  intake has been  repressed 

early  in  the aging process  in various global populations. The connections be‐

tween Sirt 1 and other anti‐aging genes such as Klotho, p66Shc (longevity pro‐

tein) and Forkhead box proteins (FOXO1/ FOXO3a) have been associated with 

programmed cell death and alterations  in these anti‐aging genesregulate glu‐

cose, lipid and amyloid beta metabolism that are important to various chronic 

diseases. 

Keywords: Anti‐Aging Genes, Appetite, Environment, Nutrition, Senescence 

1. Introduction 

The hypothalamus is involved with many biological functions and includes 

appetite and body weight control, feeding, emotion, memory, thermoregulation, 

fluid balance and insulin regulation [1]-[3]. The hypothalamic nuclei that are 

involved in food intake include the arcuate nucleus, the paraventricular nucleus, 

the lateral hypothalamic area, the ventromedial nucleus and dorsomedial nucle-

us. Arcuate nucleus neurons at the bottom of the hypothalamus near the third 

ventricle have direct contact with peripheral satiety factors like leptin and insu-

lin. Neurons in the hypothalamus are responsible for various connections to 

other brain regions and one of the important functions of the hypothalamus is 

control of the daily light dark cycle. The suprachiasmatic nucleus (SCN) that 

coordinate the neuronal, humoural systems and the circadian rhythms activate 

the arcuate nucleus that releases neuropeptide Y (NPY) and agouti related pro-

tein (AgRP) that control physiological functions (body) temperature, melatonin 

release, glucocorticoid secretion and behavioural functions (feeding and 
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memory). The SCN and peripheral oscillators are altered by food availability 

with calorie restriction important in the maintenance of the SCN and the syn-

chrony of the peripheral clocks. The neurons in the hypothalamus (appetite cen-

tre) are sensitive to apoptosis and become senescent early in life with relevance 

to global chronic diseases such as non-alcoholic fatty liver disease (NAFLD), 

obesity and diabetes. 

In neurodegenerative diseases such as Parkinson’s disease (PD) and Alz-

heimer’s disease (AD) neurons in specific regions of the brain become apoptotic 

later in life but may not involve the neurons in the appetite centre. Neurodegen-

erative diseases such as PD and AD have become the cornerstone of brain re-

search with appetite dysregulation and insulin resistance now closely connected 

to these diseases. Early neuron transcriptional dysregulation that involves the 

SCN leads to food intake disorders and it cannot be excluded that neurons in the 

appetite centre are defective early in life in global populations with appetite 

dysregulation associated with neurodegenerative diseases such as PD and AD. 

Appetite dysregulation is connected to the anti-aging gene Sirtuin 1 (Sirt 1) that 

is connected to the circadian rhythm with effects on the endocrine and metabol-

ic systems that involve diseases of the adipose tissue, heart, liver, pancreas and 

brain [4]-[6]. Neuron apoptosis and survival [7]-[10] is determined by Sirt 1 and 

other anti-aging genes and interventions that prevent down regulation of an-

ti-aging genes may allow appetite regulation with prevention of other chronic 

diseases. The rise in NAFLD in global populations [11] [12] has required early 

intervention with connections to the severity of diseases such as obesity, diabe-

tes and neurodegenerative diseases. Interests in the calorie restriction with stabi-

lization of anti-aging genes have accelerated in recent years to delay and pre-

vent programmed cell death linked to the various chronic diseases (Figure 1). 

Interventions such as diet and lifestyle in chronic diseases such as obesity, dia-

betes and cardiovascular disease involve abnormal post-prandial lipid metabo-

lism [13] [14]. Diet is strongly associated with insulin and insulin like growth 
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factor-1 (IGF-1) with cell senescence (mitochondrial apoptosis) and genotoxic 

stress linked to the global NAFLD and neurodegeneration [15]-[21]. 

 

Figure 1. Anti-aging strategies involve the maintenance of appetite regulation and 
insulin resistance that are connected to the anti-aging genes that are suppressed 
early in life. Appetite dysregulation accelerates abnormal post-prandial lipid me-
tabolism and NAFLD in global populations and early intervention is required to 
prevent the severity of diseases such as obesity, diabetes and neurodegenerative 
diseases. Appetite maintenance improves the endocrine and metabolic system that 
is connected to blood brain barrier (BBB) disease and various organs diseases.  

Interest in genomics that leads to the identification of novel genetic pathways 

assists in the treatment of various chronic diseases with the new knowledge that 

may delay early programmed cell death pathways in cells. Nutritional interven-

tions that are controlled by the consumption of a low calorie diet indicate the 

maintenance of connections between Sirt 1 and other anti-aging genes such as 

Klotho, p66Shc (longevity protein) and FOXO1/ FOXO3a that have been con-

nected to the cell death by effects on glucose, lipid and amyloid beta metabo-

lism. These anti-aging genes in neurons are involved in transcriptional regula-

tion with effects that are important to SCN control of food intake and to the sur-
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vival and stability of neurons. High fat diets that induce cell senescence are 

linked to cell transformation and are associated with liver cell dysfunction 

(NAFLD), adipogenesis disorders (obesity) and other organ diseases (Figure 1). 

The severity of endocrine and metabolism disorders are associated with poor 

neuron survival with early neuron transformation that leads to appetite dysregu-

lation with overeating linked to metabolic disease. Major advances in the early 

diagnosis of diseases such as NAFLD and neurodegenerative disease associated 

with obesity and diabetes are required. Diagnostic blood assays such as plasma 

cholesterol measurements may not determine early senescence and programmed 

cell death [22] and extensive blood testing that is now underway in global pop-

ulations may not be relevant to liver cell or neuron apoptosis (neurodegenera-

tive diseases). The role of diets that control the absorption of bacterial lipopoly-

saccharides (LPS) are critical to prevent NAFLD and neurdegeneration [23] and 

the repression of anti-aging genes are possibly linked to LPS with the accelera-

tion of appetite dysregulation and chronic diseases. The effects of LPS may also 

interfere with IGF-1 mediated expression of anti-aging genes with IGF-1/p53 

transcriptional regulation linked to Sirt 1 regulation of cell survival in aged and 

stressed cells [15]-[21]. To improve appetite dysregulation and prevent over-

eating that is linked to gene-environment effects (stress) on metabolic disease 

the maintenance of the apelinergic pathway [24] early in life is essential. Nitric 

oxide (NO) is involved in appetite regulation and NO disturbances have been 

reported in various chronic diseases [25]. Diets that are high in NO override cell 

NO maintenance that is controlled by Sirt 1 relevant to endocrine, metabolic 

disease and thrombosis [24]-[27]. The effects of stress and xenobiotics (envi-

ronment) are associated with cell NO disturbances that prevent the reversal of 

cell senescence (Figure 2). The nutritional diets that maintain the anti-aging 

genes and NO cell homeostasis possibly involve Sirt1/IGF-1 [29]-[36] with the 

effects of dietary LPS involved in the NO dyshomeostasis, neuron senescence 

and apoptosis. 
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Figure 2. The acceleration of chronic diseases involve NO disturbances linked to 
stress, consumption of unhealthy diets and xenobiotics (gene-environment interac-
tions). Endocrine and metabolic diseases are linked to appetite dysregulation with 
NO disturbances that involve defective apelinergic pathways. Nutritional diets 
maintain the anti-aging genesand NO cell homeostasis with the importance of 
Sirt1/IGF-1 interactions in NO homeostasis, neuron senescence and apoptosis. Sirt 
1 is involved with the circadian rhythm and platelet apoptosis with relevance to 
thrombosis and embolism.  

Zinc deficiency and chronic disease has become important with zinc levels 

relevant to hormone bioactivity [3], Sirt 1 activity [28] and IGF-1 functions [37] 

[38]. Zinc supplementationhas become important to LPS toxicity with relevance 

to inflammation in various global populations [39] [40]. Appetite regulation has 

been associated with various neuropeptides such as brain derived neurotrophic 

factor (BDNF) and NPY, hormones such as insulin, adiponectin, leptin and 

various intestinal peptides [3] [41]-[43]. The role of zinc and Sirt 1 that in-

volved in the regulation of the anti-aging genes has become important since re-

pression of these genes do not maintain the action of the various neuropeptides, 

hormones and intestinal factors involved in appetite regulation with relevance to 

chronic diseases. Anti-aging therapy that maintains appetite regulation improves 

an individual’s survival against autonomous disease induced by the environ-

ment (bacterial lipopolysaccharides, drugs, xenobiotics) in various communities. 
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Diets that are nutritional activate cellular anti-aging genes with the prevention 

of cell senescence and apoptosis. Appetite regulation maintains the autonomic 

innervation of the liver by the brain with the maintenance of rapid post-prandial 

lipid metabolism [13] [14] and the prevention of diseases of the adipose tissue, 

heart, and pancreas. 

2. Repression of Anti‐Aging Genes Determine   
Food Intake Regulation, Insulin Resistance   
and Neurodegenerative Disease 

Overnutrition in chronic disease is involved with central nervous system 

dysregulation of neuropeptides with abnormal peripheral hormone signalling 

from the pancreas (insulin), adipose tissue (leptin and adiponectin) and gastro-

intestinal tract (neuropeptides) involved in chronic diseases. The increases in 

global chronic disease in the past 20 years have indicated that insulin resistance 

and organ suicide are closely connected. The role of the mitochondria in organ 

function is critical with increased mitochondrial apoptosis with accelerated aging. 

The role of anti-aging genes in organ disease has become of central interest to 

maintain mitochondria functions and the identification of longevity genes that 

determine their function is critical to the maintenance of chronic diseases. The 

association between senescence and chronic disease now indicate that the an-

ti-aging genes have been suppressed (autonomous disease) and insulin resistance, 

IGF-1 levels and neuropeptide disturbances are closely connected to mitochondria 

aging and cell senescence. Defective anti-aging genes are associated with glucose 

dysregulation with inhibition of insulin signalling involved with mitochondrial 

apoptosis. In SCN neurons within the brain the anti-aging genes that are involved 

with appetite regulation become altered by altered gene expression and abnormal 

posttranscriptional regulation closely connected to appetite dysregulation. The 

SCN synchrony between neurons is essential to maintain circadian rhythms and 
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disturbances between neurons are associated with autonomous neuron disease 

linked to the anti-aging gene repression and liver dysfunction.  

The gene that is involved in the regulation of food intake is Sirtuin 1 (Sirt 1) 

that is linked to life span, obesity and cardiovascular disease with effects on 

NAFLD, inflammation, energy metabolism, cognition, mitochondrial biogenesis, 

neurogenesis, glucose/cholesterol metabolism and amyloidosis. Sirt 1 is a nico-

tinamide adenine dinucleotide (NAD+) dependent class III histone deacetylase 

(HDAC) that targets transcription factors to adapt gene expression to metabolic 

activity and is involved in the deacetylation of the nuclear receptors with its 

critical involvement in insulin resistance. Sirt 1 is also involved in telomerase 

reverse transcriptase and genomic DNA repair with its involvement in telomere 

maintenance that maintains chromosome stability and cell proliferation. Sirt1 is 

essential for neurogenesis and calorie restriction activates Sirt1 with effects on 

longevity by modulation of phosphoinositide 3 kinase pathways and age associ-

ated cardiovascular changes. Tissue nuclear receptors undergo deacetylation of 

histone and non-histone targets by Sirt 1 that targets transcription factors perox-

isome proliferator-activated receptor-gamma coactivator (PGC-1 alpha), p53, 

pregnane x receptor (PXR) to adapt gene expression to metabolic activity, insu-

lin resistance and inflammation. Sirt 1 is linked to glucose regulation with the 

involvement of Forkhead box protein O1 (FOXO1) deacetylation (apoptosis) 

that involve p53 transcriptional dysregulation and peroxisome proliferator acti-

vated receptor (PPAR) gamma nuclear receptor. Furthermore Sirt 1/p53 interac-

tions may regulate adipocytokines and immune responses that may be important 

to NAFLD, obesity and neurodegeneration. Interests in calorie restriction, appe-

tite regulation and neurodegeneration that involve Sirt 1 mediated regulation of 

other anti-aging genes involve p53 and FOXO deacetylation that has attracted 

interest in relation to autonomous disease of the brain and liver. In these tissues 

Sirt 1 is an important gene involved in maintenance of the mitochondria and 

deacetylation of the transcriptional factor FOXO3a that represses 
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Rho-associated protein kinase-1 gene expression with activation of the non am-

yloidogenic α-secretase processing of the amyloid precursor protein and reduc-

tion of amyloid beta (Aβ) generation in neurons. Sirt 1 is also involved with 

hepatic cholesterol regulation with effects on liver nuclear receptors involved 

with cholesterol flux and metabolism. Overnutrition is associated with the re-

pression of Sirt 1 and other anti-aging genes (Figure 3) such as Klotho, p66Shc 

(longevity protein) and FOXO1/FOXO3a that is now connected to autonomous 

diseases of the brain and liver with SCN disturbances induced by Sirt 1 repres-

sion and IGF-1 dysregulation involved in programmed cell death relevant to 

various chronic diseases such as obesity, diabetes, PD and AD. 

 

Figure 3. The anti-aging gene Sirt 1 is associated with transcriptional regulation 
and linked to insulin resistance, cancer and NAFLD. Sirt 1 regulation of p53, 
PGC1-alpha, PXR, PPAR, AMPK, FOXO1 involve nutrient, xenobiotic metabo-
lism with relevance to DNA repair and the immune system. Transcriptional regu-
lation of Sirt 1/p53 interactions are associated with alpha synuclein and amyloid 
beta interactions with the abnormal p53 transcriptional regulation of the an-
ti-aging genes (Sirt 1, Klotho, p66Shc (longevity protein), FOXO1/FOXO3a) asso-
ciated with IGF-1 and cancer.  

2.1. Klotho 

The klotho (KL) gene is composed of 5 exons and encodes a type-I single 
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pass transmembrane protein (1014-amino acid-long), short intracellular domain 

(10-amino acidlong). The extracellular domain is composed of two domains, 

termed KL1 and KL2, with weak homology. Klotho knockout mice have a short 

life span with increased oxidative stress associated with atherosclerosis, osteo-

porosis, infertility, and cognitive decline. The gene for the mammalian KL has 

two transcripts encode a long type I transmembrane protein and a short secreted 

protein that is released from the cell membrane and found in the serum and cer-

ebrospinal fluid (CSF) [44] [45]. Sirt 1 and its close involvement as a histone 

deacetylase may be involved with Kotho gene expression and Sirt 1 downregu-

lation may be intimately involved in the secretion and release of the protein into 

the serum or CSF. Resveratrol is closely involved in Sirt 1 upregulation and 

studies indicate that Klotho gene expression and secretion is upregulated by 

resveratrol [46]. Klotho gene has been identified as an important regulator of 

age related diseases and is involved with cell senescence by upregulation of p21 

[47]. Klotho is an anti-aging gene and in Klotho-deficient mice Klotho has been 

associated with a premature aging-like syndrome. These results demonstrate 

that Klotho normally regulates cellular senescence by repressing the p53/p21 

pathway that is activated by DNA damage and causes G(1)-phase arrest in 

mammalian cells. Klotho has been reported as a secreted Wnt antagonist and a 

tumor suppressor [48]. Epigenetic silencing of klotho has been shown as a ma-

jor pathway with the involvement of histone deacetylation in the transcriptional 

repression of Klotho is correlated with promoter CpG hypermethylation and 

linked to Sirt 1 gene silencing that involve CpG island methylation. Klotho pro-

tein has been indicated to be a hormone that inhibits the intracellular insu-

lin/IGF-1 signaling cascade [49] [50]. In other studies Klotho has been shown 

not inhibit IGF-1 and/or insulin signaling in various cells such as HEK293, L6, 

and HepG2 cells and indicate against the role of Klotho in insulin resistance as 

an important regulator of aging. Klotho gene expression was not associated with 

telomere length and the association with aging via other mechanisms [51]. 
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Klotho has been associated with cognition [52] and chronic kidney disease via 

the fibroblast growth factor 23 but klotho levels have remained unchanged [53]. 

2.2. p66Shc   

The gene SHC1 is located on chromosome 1 and encodes 3 main protein 

isoforms: p66Shc, p52Shc and p46Shc and differ in molecular weight. p66Shc, 

a 66 kDa proto-oncogene Src collagen homologue (Shc) adaptor protein is a 

longevity protein and has many effects involved with cell receptor tyrosine ki-

nase signal transduction, nutrient metabolism and increased levels of p66Shc 

(Ser phosphorylation) have been shown to block mitosis, inhibit glucose metab-

olism and associated with the regulation of reactive oxygen species induced cell 

apoptosis [54]-[57]. p66Shc antagonizes insulin and mTOR effects which limits 

glucose uptake and inhibits anabolic metabolism [58] [59]. The p66shc protein 

plays key role in oxidative stress, stroke, metabolic disease in various organs 

and tissues in obesity and diabetes [60]-[64]. The p66Shc isoform has inhibitory 

effects on the Erk pathway [65] in skeletal muscle myoblasts, actin cytoskeleton 

polymerization and glucose transport. p66Shc inhibits ERK1/2 activity and an-

tagonize mitogenic and survival abilities of T-lymphoma Jurkat cell lines. The 

MAPK/Erk signaling cascade is activated by a wide variety of receptors in-

volved in growth and differentiation including receptor tyrosine kinases (RTKs), 

integrins, and ion channels. Oxidized lipids and LDL have been shown to stim-

ulate p66Shc expression that is associated with abnormal redox balance, endo-

thelial dysfunction and cardiovascular disease [66]-[68]. p66Shc is involved 

with the expression of p53 and p53 isoform (p44/p53), oxidative stress and 

G2M cell cycle arrest [69]-[71]. The induction of angiotensin II regulated 

p66Shc is controlled by stress activated p53 and indicates that post transcrip-

tional regulation by p53 of p66Shc is essential for endothelium dependent vas-

cular relaxation [72]. Sirt 1 is primarily involved in the deacetylation of p53 



 Advances in Aging and Health Research  

 

 82 

with control of p66Shc cellular senescence associated with the progression of 

NAFLD. Repression of p66Shc expression by Sirt 1 has been shown to be in-

volved with liver injury and hyperglycemia induced endothelium dysfunction 

[73]. Palmitic acid is an inhibitor of Sirt 1 and palmitate has been shown to in-

crease p66Shc (Ser phosphorylation) in pancreatic beta cells [74]. p53 is closely 

involved with the palmitate-induced increase in p66Shc expression and beta cell 

apoptosis. Sirt 1 that is actively involved in Aβ metabolism in neurons and Aβ 

has now been connected to the phosphorylation of p66Shc at the serine 36 resi-

due with increased oxidative stress that leads to cell death [75] [76]. Antioxi-

dants have been shown to be involved with reduced oxidative stress by interfer-

ing with the phosphorylation of p66Shc. Sirt 1 has effects on brain and liver 

alpha-synuclein and Aβ metabolism closely linked metabolic disease [77] [78] 

with effects of p53 transcriptional regulation by intracellular alpha-synuclein 

and Aβ metabolism in the liver and brain linked to the regulation of anti-aging 

genes and cellular apoptosis [78] [79].  

2.3. FOXO3a 

FOXOs belong to the O subclass of the Forkhead family of transcription fac-

tors which are characterized by a Forkhead DNA binding domain. There are 

three main proteins (FOXO1, FOXO3a and FOXO4) from which FOXO3a pro-

tein is considered to be a regulator of cancer and aging [80]-[83]. FOXO1 pro-

teins are involved with adipocyte lipid metabolism and ROS-dependent cas-

cades. FOXO3a is found in the nucleus but is redistributed to the cytosol by the 

actions of ROS and activation of this pathway (insulin/insulin-like growth fac-

tor-1 (IGF-1)/phosphatidylinositol-3 kinase (PI3K)/Akt/FOXO3a) is associated 

with senescence [84]. p66Shc participates in Akt signaling pathway and is in-

volved with inactivated FOXO3a and ROS effects that involve activated p38 

and JNK and inactivated by Akt kinase in cells. Sirt 1 has been shown to 
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deacetylate FOXO3 and FOXO4 with the regulation of FOXO-induced apopto-

sis and cell-cycle arrest not connected to p53 deacetylation. Sirt 1 has been 

shown to interact with FOXO3a and induce cell apoptosis [85] [86]. Nuclear 

Sirt 1 actively involved in Aβ metabolism and possibly regulates FOXO associ-

ated senescent effects with control of cell survival. Klotho has been shown to 

activate FOXO and to inhibit the insulin/IGF-1/PI3K/Akt signaling cascade. 

The connections between Sirt 1 and Kotho for cell senescence possibly are 

connected via FOXO1/FOXO3a mediated glucose homeostasis and ROS path-

ways. Bacterial lipopolysaccharides (LPS) are involved in the repression of Sirt 

1 with the actions on other anti-aging genes. Zinc is the activator of Sirt 1 func-

tion with LPS closely connected to zinc deficiency with zinc supplementation 

essential to reduce LPS toxicity [38] [39]. Sirt 1’s effects on cellular cholesterol 

homeostasis is by its deacetylase activity and ubiquitination of liver X receptor 

(LXR) proteins with the regulation of ATP-binding cassette transporter 

(ABCA1) and sterol regulatory element-binding protein 1cinvolved in cell cho-

lesterol homeostasis [78] [79]. LPS interferes with Sirt 1 and ABCA1 interac-

tions by inhibition of cholesterol flux via LXR-ABCA1 pathways [78] [79]. Sirt 

1 regulation of PGC1 alpha is well understood with PGC1 alpha involved in the 

inactivation of prostaglandain E2 (PGE2) with fat accumulation [11]. LPS is 

involved in the biosynthesis of PGE2 with LPS effects in the liver and other 

cells that override Sirt 1and PGC1 alpha effects in these cells [87] [88]. The 

major effects of Sirt 1 as a deacetylase is regulation of the transcription factor 

p53 involved in the regulation of cell glucose and cholesterol metabolism [79]. 

LPS is involved in the post-transcriptional regulation of p53 with interference of 

Sirt 1/p53 cell regulation pathways involved in cell maintenance [79]. LPS in-

duces mitochondrial apoptosis with toxic effects on the SCN neurons involved 

with appetite regulation that involve Sirt 1 dysregulation linked to anti-aging 

genes [78] [79]. IGF-1 levels and its connections to Sirt 1 and the anti-aging 

genes possibly involve corruption by LPS with LPS effects that involve dysreg-
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ulation ofcircadian regulation of IGF-1 with IGF-1 effects on nuclear genes 

(cancer) and mitochondria within cells [17]-[19] [89]-[91]. Sirt 1 and its regula-

tion of the SCN and appetite centre are inhibited by LPS via interference of the 

Sirt 1/p53 pathways that involve the other anti-aging genes. 

3. Dysregulation of Neuropeptides and   
Endocrine Hormones by LPS Determine   
Appetite and Metabolism Disorders 

The SCN in the brain is closely involved with appetite regulation and LPS 

induced posttranscriptional regulation in neurons is now closely connected to 

appetite dysregulation. The SCN synchrony between neurons is essential to 

maintain circadian rhythms and disturbances between neurons are associated 

with autonomous neuron disease linked to appetite dysregulation. LPS has a 

number of effects on various cells and tissues in the periphery and in the brain. 

LPS induces dyslipidemia and NAFLD with effects on apolipoproteins (apo E, 

apo AI), acute phase proteins, cytokines, albumin, alpha synuclein and amyloid 

beta [77] [78]. Its preference for binding to cholesterol and sphingomyelin sites 

on cell membranes indicates its role in the electrostatic interaction of amyloid 

beta [23] [77]. LPS has marked effects on receptors and on the astrocyte-neuron 

interaction with the induction of neuroinflammation [77]. LPS effects on the 

sleep/wake cycle determines food intake regulation and LPS effects on appetite 

regulation involves Sirt 1 repression and alpha synuclein/IGF-1 metabolism [78] 

[92]-[95]. Neurons in the hypothalamus are responsible to various brain regions 

and LPS induction of nuclear, mitochondria and cell membrane interactions in-

duces autonomous cell behaviour with appetite dysregulation linked to reorgan-

ization cell signalling and astrocyte-neuron synchrony in the brain. Autonomous 

disease interferes with the effects of neuropeptides and hormones that are no 

longer effective and are now connected to nuclear receptors dysfunction associ-
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ated with the anti-aging genes. Appetite regulation has been associated with 

various neuropeptides such as BDNF and NPY, hormones such as insulin, adi-

ponectin, leptin and various intestinal peptides [96].  

The interests in LPS in the induction of autonomous neuron disease involve 

inflammation with the connections to poor neuropeptide/receptor and peripheral 

hormones interactions that promote appetite dysregulation in the brain. NO has 

been clearly linked to food intake regulation and autonomous neuron disease 

induced by LPS is relevant overeating and metabolic disease in global popula-

tions (Figure 2). The effects of LPS induce mitochondrial apoptosis with NO 

dyshomeostasis [97]-[100] and corrupt appetite regulation by interference with 

neuropeptides and peripheral hormones that are also involved in the mainte-

nance of mitochondrial stability. The effects of LPS on nuclear Sirt 1 repression 

in neurons disturb Sirt 1 regulation of cell NO metabolism with Sirt 1 linked to 

mitochondrial biogenesis [79]. The effects of LPS in the brain and the liver 

corrupt the autonomic innervation of the liver by the brain [101] with the liver 

clocks under autonomous regulation with sensitivity to disturbed post-prandial 

metabolism, liver steatosis and NAFLD. Interest in metabolic disorders indicate 

that the communication between the gastrointestinal tract neuropeptides involve 

the hypothalamus and brain stem [3].  

These regions of the brain integrate peripheral signals such as various factors 

released from the gut and adipose tissue that have effects on neuronal activity of 

the hypothalamus and brain stem that control appetite regulation. In response to 

food intake various gut and adipose tissue hormones have effects on the hypo-

thalamus that release various neuropeptides that effect appetite, food intake and 

energy balance. Cholecystokinin (CCK) is an intestinal hormone and after a 

meal CCK levels rise to inhibit food intake. Other peptides involved in appetite 

regulation include glucagon like peptide (GLP-1) that increases in the blood 

plasma released from the L cells of the gastrointestinal tract. Pancreatic islet 
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beta cells release insulin and another peptide referred to as amylin is released 

with relevance to reduced food intake. Other proglucagon cleavage peptides 

including oxyntomodulin (OXM) and peptide YY (PYY) are secreted with 

GLP-1 in response to high calorie foods. Pancreatic polypeptide (PP) is secreted 

from the pancreatic islets and is similar in structure to PYY with reduction in 

food intake after administration to rodents and humans. PP has effects on gastric 

ghrelin and gene expression of hypothalamic peptides such as NPY and AGRP 

that control food intake. Ghrelin is 28 amino acid peptide hormone and has been 

characterized as an appetite stimulating hormone with effects on appetite con-

trol related to hypothalamic NPY/AgRP neurones which express the ghrelin 

receptors [3].  

Future therapies that involve control of body size and adiposity will involve 

assessment of diets that reduce LPS absorption [23] with relevance to LPS ef-

fects on the hypothalamus and on the poor regulation of various intestinal and 

brain neuropeptides that influence appetite regulation. Influence on appetite 

regulation and feeding are also related to leptin, melanortin, adiponectin, mela-

nin concentrating hormone (MCH), orexins and endocannabinoids that com-

municate with peripheral signals such as nutrients (glucose, amino acids, fatty 

acids) and gastrointestinal peptide hormones such as CCK and ghrelin. Thyroid 

hormones may act directly on the hypothalamic appetite circuits and signalling 

factors such as thyroid stimulating hormone, triiodothyronine (T3) and thyrox-

ine (T4) have recently shown to directly influence food intake. Hypothalamic 

control of appetite regulation and energy expenditure not only involves the hy-

pothalamus but also the hypothalamic pituitary axis (HPT). Recent evidence 

indicates that the HPT axis can control food intake and effects on appetite and 

body weight is mediated by thyroid hormones and LPS has become important to 

appetite regulation [102] [103]. Interests in the neuroendocrine system, energy 

metabolism and peripheral cholesterol metabolism have increased with the strong 

genetic identification andinvolvement NPY in plasma cholesterol regulation.  
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The CNS and its control of lipidmetabolism has identified hypothalamic NPY 

with evidence that NPY has effects onY1 receptors to promote hepatic lipopro-

tein secretion to promote VLDL secretionvia the sympathetic nervous system 

[104] [105] and on Y2 receptors to promote feeding. Sirt 1 regulation of BDNF 

[106]-[108] has been shown (Figure 4) and associated with altered NPY levels 

in the brain [109] [110] and several studies have indicated its involvement in 

neuronal plasticity, behaviour, appetite control andbody weight regulation. 

BDNF is involved in the regulation of food intake and the levels of BDNF con-

trolled by high fat diets. In mature neurons the BDNF peptide is involved with 

the regulation of synaptic plasticity and neuro transmission in the peripheral and 

central nervous system. BDNF is involved in regulation of CB1 receptor ex-

pression and the proliferation, survival and maintenance of neurons. In individ-

uals with the metabolic syndrome Sirt 1 downregulation is possibly related to 

BDNF levels [111], IGF-1 levels and abnormal NPY regulation involved with 

appetite dysregulation and neurodegeneration. 

 

Figure 4. Bacterial LPS suppresses Sirt 1 expression with effects on neuropeptides 
such as brain derived neurotrophic factor, neuropeptide Y and IGF-1 that are in-
volved in the appetite regulation (food intake) in the brain and in the periphery 
LPS interrupts hepatic glucose, lipoprotein and cholesterol metabolism. LPS is 
involved in cell zinc homeostasis with the importance of zinc relevant to the mainte-
nance of Sirt 1 activity and the function of hormones such as insulin and the adi-
pokines (adiponectin, leptin) involved in appetite regulation in the hypothalamus.  
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Zinc deficiency has marked effects on brain zinc homeostasis and is associ-

ated with alterations in behaviour, learning and mental function. Under stress, 

anxiety and depression disorders zinc levels alter with marked effects on health 

and well being of the individuals. Stress has been linked to body weight regula-

tion and evidence suggests zinc’s involvement in the molecular mechanisms of 

brain function and appetite control. Zinc is involved with regulation of leptin, 

insulin and adiponectin levels, adipose tissue cytokines (interleukin 2 and tu-

mour necrosis factor) with long term effects on appetite regulation in the brain.  

In zinc deficiency NPY levels in the hypothalamus are increased and release 

of NPY from the paraventricular nucleus is impaired with effects on regulation 

of food intake [112] [113]. In zinc deficiency NPY is unable to bind to its re-

ceptors to intiate an orexigenic response. Zinc is involved in the expression of 

brain BDNF and NPY synthesis and its effects on insulin, leptin and adiponec-

tin [3] in the peripheryindicates its role in the close relationship between appe-

tite control and cholesterolhomeostasis. Zinc is an activator of Sirt 1 and plays a 

critical role in the biology of p53 that is involved in the binding of p53 to DNA 

[114]. Interests in alpha-synuclein and food intake have increased [92] [93] and 

its relevance to p53 transcriptional regulation has been shown with LPS in-

volvement [78] [79]. LPS regulation of apo E (23) has become important with 

relevance to apo E suppression of food intake [115]-[117] and LPS effects on 

leptin synthesis may determine appetite regulation [118] [119]. Leptin is a 16 

kda protein identified in 1994 (14) is synthesized by fat cells and acts as a sa-

tiety factor at the hypothalamus mediated through the leptin receptor. The 

amount of leptin released is proportional to the size of adipose tissue and regu-

lates food intake. LPS has effects on adipose tissue with release of free fatty 

acids associated with insulin resistance [120]. Dietary fat that promotes LPS 

absorption may determine apo E and leptin synthesis in the hypothalamus with 

relevance to chronic automomic disease that involveszinc deficiency, appetite 

dysregulation and insulin resistance.  
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4. Anti‐Aging Therapy Involves Reversal of   
Appetite Disorders in Autonomous   
Chronic Diseases 

In the aging process appetite dysregulation (overeating) is connected to the 

suppression of the anti-aging genes as a result of transcriptional dysregulation. 

Interests in the gene-environment interaction [121] [122] indicate that the an-

ti-aging gene Sirt 1 that regulates food intake is repressed early in the aging 

process in various global populations. Repression of Sirt 1 and other anti-aging 

genes such as Klotho, p66Shc (longevity protein) and FOXO1/FOXO3a lead to 

abnormal regulation of glucose, lipid and amyloid beta metabolism that are as-

sociated with programmed cell death in the liver and brain. Dietary effects on 

stress sensitive anti-aging genes (repression) may be associated with Sirt 1 

downregulation with appetite dysregulation and accelerated disease progression. 

Anti-aging therapy that maintains appetite regulation improves an individual’s 

survival against autonomous disease induced by the environment in various 

communities. Bacterial lipopolysaccharides, drugs, and xenobiotics consumed 

early in life induce autonomous chronic disease and corrupt the Sirt 1 circadian 

clock gene with dysregulation of other cellular anti-aging genes now associated 

with cell senescence and apoptosis. Furthermore the lack of ingestion of nutri-

tional doses of phosphatidylinositol (appetite regulation) leads to liver steatosis 

and acceleration to NAFLD. In the current global NAFLD in developing coun-

tries [122] [123] the induction of autonomous liver disease by consumption of 

high calorie diets that contain LPS, xenobiotics and drugs is now relevant to 

neurodegenerative diseases such as PD and AD. LPS and xenobiotics inactivate 

liver cells (autonomous liver disease) with relevance to the defective peripheral 

sink abeta clearance pathway that is now relevant to many chronic diseases [11] 

[124] that before may have been previously only associated with neurodegener-

ation [77]. The role of anti-aging genes in various communities in the develop-
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ing world may be altered early in life with the acceleration of various diseases 

[11]. In the developed world the xenobiotic free diet and appropriate zinc con-

sumption may activate hepatic nuclear receptors and with the metabolic syn-

drome the malfunction of various organ diseases may not be associated with the 

insulin resistance epidemic [125]. To maintain the cell anti-aging gene mecha-

nisms and prevent early programmed cell death diets that are very low carbohy-

drate diets need to be ingested to avoid the intestinal absorption of LPS into the 

blood that is found in various foods [14]. The low calorie diet will maintain the 

nuclear Sirt 1 activity with relevance to p66Shc mechanisms that are sensitive to 

the ingestion of high palmitic acid and leads to cell cycle dysregulation with cell 

apoptosis [74] [126]. Short chain fatty acids (SCFA) have become important to 

appetite regulation with the consumption ofacetate, propionic acid and butyric 

acid at therapeutic doses applicable to central appetite regulation [127] [128]. 

Butyric acid has been associated with the inhibition of zinc associated HDACs 

and administration of butyric acid doses in man for the reduction of al-

pha-synuclein and Aβ oligomers [78] [129] may inhibit the zinc sensitive 

HDACs such as Sirt 1 involved in cell NO homeostasis [129]. LPS sensitive 

butyric acid events have been associated with T cell apoptosis and cancer (Fig-

ure 5) with butyric acid derivatives important to cancer treatment [130]. The 

use of SCFA in nutritional diets has attracted interest to appetite regulation but 

the doses of the SCFA have become of concern for use in man and administra-

tion of butyric acid may need to be assessed with relevance to plasma LPS lev-

els that may corrupt the neuroprotective effects of a ketogenic diet [131]. 

Sirt 1 activators (nutrients) and inhibitors (drugs, alcohol) have been previ-

ously described [11] and their consumption in various countries will determine 

nuclear receptor function and insulin resistance and determine the origin of au-

tonomous chronic disease associated with early liver dysfunction linked to or-

gan disease progression. Diets that are high in NO override the Sirt 1/ p66Shc  
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Figure 5. The short chain fatty acid butyric acid has been shown to be involved in 
the inhibition of Sirt 1 activity with effects of butyric acid and LPS on T cell apop-
tosis and cancer. Butyric acid regulation of brain appetite signals involves other 
short chain fatty acids such as acetate and propionic that are important to central 
appetite regulation. Butyric acid inhibits Sirt 1 with effects on the metabolism of 
alpha synuclein and amyloid beta metabolism in cells. Administration of dietary 
phenyl butyric acid reducesalpha synuclein and amyloid beta oligomers in the 
brain in mice.  

regulation of cell NO (Figure 5) and mitochondrial apoptosis linked to cell au-

tonomous disease are possibly associated with the acceleration of obesity, dia-

betes and neurodegeneration [25] [132]. The major interest in cell anti-aging 

genes is relevant to specific dietary intake that allows Sirt 1 cell function to 

belinked to therapeutic neuropeptide and endocrine responses that lead to the 

maintenance of anti-aging cellprocesses with the prevention of NO related 

apoptosis [133]-[135]. Interactions between cells in various tissues such as the 

liver and brain have become important with the brain involved in the autonomic 

regulation of liver function. The liver clock [136] may override the automonic 

regulation of brain control by autonomous behaviour between cells that may be 

induced by LPS, mycotoxins or xenobiotics [137] with dysregulation of neuro-

peptides and endocrine hormones. Mycotoxins, LPS and xenobiotics that may 

be transported to the brain may induce cell desynchrony with appetite dysregu-

lation and overeating related to dysregulation of neuropeptides and endocrine 

hormones important to insulin and the IGF-1 signaling cascade. The synergism 
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between LPS, mycotoxin and xenobiotics in diets may override the function of 

the anti-aging genes with the liver autonomous to brain regulation with the de-

velopment of obesity and diabetes. The intestine and its release of lipid particles 

such as chylomicrons after a meal [14] has become important to human disease 

with intestinal release of lipid particles that contain LPS, xenobiotics and my-

cotoxins. The fat content of diet that releases the number and size of the intesti-

nal particles has become important [138] to the function of the anti-aging genes 

in liver cells and food restriction (chylomicron release) that allows maintenance 

of anti-aging gene function is required. Under fasting conditions or timed meal 

conditions the release from the intestine of chylomicrons with LPS, xenobiotic 

or mycotoxin to the liver may allow rapid hepatic metabolism and elimination 

of various drugs into the bile [122] [137]. Tests for postprandial lipid metabo-

lism in obesity indicate that in the fed and the fasting conditions dietary chylo-

micron remnant metabolism is defective with liver programmed cell death [14]. 

The various blood tests [22] and tests for postprandial lipid metabolism [14] 

may not allow early diagnosis of autonomous liver disease independent of appe-

tite regulation that may be the primary disease associated with the current global 

obesity linked diabetes epidemic relevant to neurodegeneration [3] [22] [139]. 

The addition of zinc to the diet may not reverse the cell autonomy and may re-

quire the addition of various nutrients and the removal of various Sirt 1 inhibi-

tors required for anti-aging cell processes. In the developing world, abnormal 

blood lipids (cholesterol, triglyceride) and liver enzymesmay not interpret the 

effects of LPS and mycotoxin on anti-aging genes in the liver and brain that are 

defective and the effects of the anti-aging therapy such as consumption of a 

very low carbohydrate or a low fat diet [11] are possibly able to reverse the au-

tonomous cell behaviour (nuclear-mitochondria interactions) that is linked to 

the nuclear senescence with mitochondrial apoptosis [79]. The use of diet as 

therapy for reversal of the aging process may stabilize the apelinergic system 

[25] that is defective in individuals with insulin resistance and important to the 
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optimal function of the brain and peripheral organs. The anti-aging genes in 

people at risk for various diseases in global populations may be defective early 

in life and not connected to DNA methylation profile associated with aging and 

longevity [140].  

5. Discussion 

In Western countries and the developing world the metabolic syndrome and 

NAFLD and neurodegenerative disease has reached approximate 30% of the 

global population. Accelerated age related disease associated with cell senes-

cence interfere the anti-aging genes that are involved with cell growth and 

healthy aging. Dietary interventions with calorie restriction early in life prevent 

the tissue accumulation of LPS, mycotoxin, xenobiotics and drugs by mainte-

nance of post-prandial lipid metabolism associated with delivery of various for-

eign compounds to the liver relevant to facilitate many tissue cell to cell com-

munications with the prevention of autonomous organ diseases. Anti-aging 

strategies that involve nutritional diets allow neuropeptides and endocrine hor-

mones to maintain cell and mitochondrial functions to facilitate nutrient metab-

olism in the liver and brain. Prevention of insulin resistance has become the 

major prevention program in global populations with improvement in zinc in-

take and maintenance of nitric oxide homeostasis in cells central to prevent ear-

ly alterations in multiple anti-aging genes, neuropeptides and endocrine hor-

mones that are associated with appetite regulation, insulin resistance and cell 

apoptosis. 

6. Conclusion 

The regulation of food intake and calorie restriction is important to appetite 

regulation with relevance to the progression of chronic disease and neurodegen-
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eration. Appetite dysregulation involves neurons associated with the suppres-

sion of the anti-aging gene Sirt 1 and other anti-aging genes such as Klotho, 

p66Shc and FOXO1/ FOXO3a that are connected to the programmed cell death 

(mitochondrial apoptosis) and dysregulation of glucose, lipid and amyloid beta 

metabolism. Nutritional intervention early in life with the consumption of very 

low carbohydrate diets has been recommended that allows maintenance of the 

autonomic innervation of the liver by the brain. In the aging process unhealthy 

diets disconnect the liver from the brain with the ingestion of LPS, myoctoxin 

and xenobiotics that induce autonomous liver disease, metabolic disease and 

neurodegeneration. The brain and liver dysregulation are connected to various 

chronic diseases associated with abnormal post-prandial lipid metabolism, car-

diovascular disease, obesity and diabetes. The anti-aging therapy involves low 

calorie diets that do not contain LPS, mycotoxin or xenobiotics and these diets 

maintain brain and liver Sirt 1 activity with appetite regulation closely linked to 

zinc and nitric oxide homeostasis connected to the autonomic control of the liv-

er by the brain. 
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Abstract:  In the current global epidemic for Non Alcoholic Fatty Liver Disease 

(NAFLD), diabetes and neurodegenerative diseases such as Alzheimer’s disease 

there has been a major interest in magnesium therapy to delay the severity of 

NAFLD, Type 3 diabetes and neurodegeneration  in  the developing and devel‐

oped world. The objective of magnesium therapy  is to activate the anti‐aging 

gene Sirtuin 1  (Sirt1)  to prevent cardiovascular disease, NAFLD and diabetes. 

Reduced consumption of nutrients such as fatty acids, glucose, cholesterol and 

increased magnesium consumption  is closely  linked to reduced bacterial  lipo‐

polysaccharides (LPS) and activation of Sirt1 relevant to active nuclear and mi‐

tochondria interactions with the prevention of myocardial infarction and Type 

3 diabetes. Magnesium deficiency and  its effects on Sirt1 regulation have be‐

come important with magnesium deficiency associated with appetite dysregu‐
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lation,  senescence,  glucose/nitric  oxide  dyshomeostasis,  increased  ceramide 

and toxic amyloid beta formation. Magnesium therapy activates the peripheral 

sink amyloid beta clearance pathway with the reversal of cell senescence asso‐

ciated with various chronic diseases such as cardiovascular disease, Type 3 di‐

abetes and Alzheimer’s disease. 

Keywords: Magnesium, Cholesterol, Amyloid Beta, Infarct,   

Lipopolysaccharides 

1. Introduction 

Interests in chronic diseases have increased globally with the release of the 

World Health Organization (WHO, 2013) which reported that the global death 

related to chronic disease was 63% with 48% attributed to cardiovascular dis-

ease, 21% to cancer and 12% to chronic respiratory disease. The global epi-

demic in obesity and diabetes has affected both the developing and developed 

world with neuroendocrine disease that involves insulin and leptin resistance 

linked to kidney disease, thyroid dysfunction, Non Alcoholic Fatty Liver Dis-

ease (NAFLD) and rheumatoid arthritis [1] [2]. The early senescence of cells in 

global populations has recently been associated with the anti-aging gene Sirtuin 

1 (Sirt1) and its down regulation has been associated with mitochondrial apop-

tosis with relevance to diabetes and neurodegeneration [3] [4].  

Sirt1 is a Nicotinamide Adenine Dinucleotide (NAD) + dependent class III 

histone deacetylase protein that targets nuclear receptors to regulate several cell 

functions by deacetylating both histone and non-histone targets [5]. Sirt1 regu-

lation of transcription factors adapts gene expression to metabolic activity, insu-

lin resistance and inflammation in chronic diseases [6]-[10]. Nutritional regula-

tion (calorie restriction and high fat feeding) of Sirt1 that is involved in the hy-

pothalamic and suprachiasmatic nucleus control of food intake with regulation 
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of the central melanocortin system via the fork head transcription factor has 

been reported [11]-[14]. Sirt1 dysregulation has been closely linked with altera-

tions in appetite regulation and low adiponectin levels with circadian clock dis-

orders that are now important to Type 3 diabetes [3] [15] [16]. In support of 

Sirt1’s role in circadian rhythms subjects carrying minor alleles at Sirt1 and 

clock loci, displayed a higher resistance to weight loss as compared with ho-

mozygotes for both major alleles, suggesting links between the circadian clock 

and Sirt1 function [17]-[19]. Sirt1 is involved in neuron proliferation and glu-

cose homeostasis with effects on cellular cholesterol and lipid homeostasis by 

the regulation of Liver X Receptor (LXR) proteins [3] [4]. 

The rate of the most prevalent chronic disease such as cardiovascular disease 

and acute myocardial infarction is linked to the metabolic syndrome and interest 

in magnesium/Sirt1 interactions associated with the development of coronary 

artery atherosclerosis has become important [20]-[23] (Figure 1). Reversal of 

cell senescence involves magnesium and Sirt1 interactions that improve appetite 

dysregulation connected to autonomous disease and Type 3 diabetes in a popu-

lation by activation of other anti-aging genes that may delay the rate of chronic 

diseases [24] [25] (Figure 1). Autonomous disease that involves magnesium 

and Sirt1 dysregulation may be relevant to defective calcium ion channel activ-

ity and linked to emergency acute myocardial infarction and ischemic heart 

disease [26]-[28] and may not be relevant to levels of CK-MB and statin use 

[29]-[32]. Other anti-aging genes [24] [25] may be involved with magnesium 

therapy and the regulation of mitochondrial apoptosis in various cells and tis-

sues [25]. Appetite dysregulation and Type 3 diabetes have been linked to high-

er brain dysregulations (higher cerebral cortex areas) that corrupt the hypo-

thalamus, sympathetic and non-sympa- thetic nervous system with close con-

nections between magnesium and Sirt1 in the regulation of the circadian rhythm 

[4] [33], stroke [34]-[37], NAFLD [38]-[40] diabetes [41]-[47] and neuro-

degenerative diseases [48]-[52]. 
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Figure 1. Anti-aging therapy that involves magnesium and Sirt1 interactions are 
required to improve appetite dysregulation and brain-liver connections with rele-
vance to chronic diseases and Type 3 diabetes in global populations. Nutritional 
diets are required to prevent Sirt1 dysregulation that occurs with aging and asso-
ciated with emergency acute myocardial infarction. Nutrition and magnesium 
therapy prevent bacterial lipopolysaccharides and xenobiotics to induce post- 
transcriptional modifications with the prevention of magnesium/Sirt1 dysregula-
tion in diabetes and Alzheimer’s disease that involve glucose dyshomeostasis, hy-
percholesterolemia and calcium associated toxic amyloid beta formation with rel-
evance to myocardial infarction in global populations. 

Detailed studies have previously shown the involvement of magnesium ther-

apy in cholesterol metabolism with relevance to cardiovascular disease that is 

associated with low plasma High Density Lipoprotein (HDL), and high Low 

Density Lipoprotein (LDL) cholesterol levels [26] [27]. Stress, diet and life-

styles are closely linked to imbalances [53] in magnesium therapy that may ac-

celerate aging with disturbances in eating [54], growth and nutrient metabolism 

that may involve dietary fat/carbohydrate [55]-[58] (Figure 1). Diets that con-

tain xenobiotics [39]/bacterial lipopolysaccharides (LPS) are involved in 

post-transcriptional modifications with magnesium/Sirt1 dysregulation in dia-

betes and Alzheimer’s disease that may involve toxic amyloidogenic pathways 

and myocardial infarction in global populations [59]-[63]. 
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2. Magnesium Therapy Regulates Amyloid Beta   
Metabolism with Implications for   
NAFLD and Cardiovascular Disease 

In the developing and developed world NAFLD now afflicts 60% of the 

global population with the metabolic syndrome as the major disorder in these 

obese/diabetic individuals [3] [39] [40]. The increased risk for acute myocardial 

infarction has become of concern with NAFLD associated with poor hepatic 

xenobiotic and LPS [63]-[66] that may now be the factors involved in the in-

duction of toxic amyloid beta (Aβ) associated with NAFLD and cardiovascular 

disease in global populations. Sirt1 down regulation promotes abnormal hepatic 

cholesterol homeostasis that exist as the primary cellular mechanism involved in 

the inactivation of the peripheral sink (Aβ) clearance pathway with generation 

of toxic Aβ involved in cardiovascular disease and the risk for death [59]-[62].  

Aβ [67] is a proteolytic product of a larger protein, the amyloid precursor 

protein (APP). The Aβ (1-40) is synthesized in the early secretory and endocytic 

cellular pathways and the Aβ (1-42) is generated mainly in the secretory path-

way [68]. APP is cleaved by three proteases, classified as α, β and γ secretases 

and formation of Aβ from APP is thought to occur via a two step process in-

volving the β-site cleaving enzyme (BACE) and the putative γ-secretases 

[69]-[71]. The APP protein is cleaved into βAPPs (amino acids 18-671 of APP) 

and Aβ (amino acids 672-711/713 of APP). Apolipoprotein E (apo E) is im-

portant in lipid metabolism with multiple roles in cell biology and is involved in 

the understanding of how apo E4 promotes risk of neurodegeneration [72]. The 

understanding of apo E mediated hepatic Aβ [72] clearance has become im-

portant with the alterations in apo E/Aβ interactions responsible for defective 

peripheral clearance of Aβ associated with various chronic diseases [4].  

Magnesium and its involvement in apo E/Aβ interactions determine cellular 
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apo E expression [73] [74] and cholesterol metabolism [75]-[77] with relevance 

to Aβ oligomer formation and magnesium alterations determine Aβ flux from 

the brain to the liver [4]. Cholesterol has been shown to be directly involved in 

membrane APP/Aβ interactions and magnesium levels have been shown to de-

termine cholesterol metabolism involved in the early stages of organ disease 

and amyloidosis [78]-[80]. Magnesium has been shown to regulate APP and Aβ 

processing with dietary levels of magnesium important to maintain synaptic 

plasticity, cognitive decline with the prevention of Alzheimer’s disease (AD) 

[81]-[85]. Magnesium and its involvement in hypercholesterolemia, toxic amy-

loid beta formation also include ceramide formation with relevance to cardio-

vascular disease [86] [87]. 

Interests in magnesium homeostasis with relevance to intestinal magnesium 

absorption and kidney excretion provide important evidence of the relevance of 

the global kidney epidemic to magnesium deficiency in cells [88]. Obese and 

diabetic individuals are at increased risk for kidney disease with obvious impli-

cations of magnesium disturbances in various cells and tissues. The absent pe-

ripheral sink amyloid beta pathway in insulin resistant individuals may be rele-

vant to kidney disease and magnesium imbalance. Magnesium play an im-

portant role in ATP formation in the mitochondria with ATP critical to Aβ 

misofolding and APP and Aβ involved in ATP generation in the mitochondria 

[89]-[92]. Magnesium imbalance in cells are associated with mitochondrial apop-

tosis [93] and Aβ oligomer formation with defective energy metabolism that in-

dicate induction of NAFLD and obesity in global populations [3] [39] [40]. 

The anti-aging gene Sirt1 is involved in Aβ metabolism [3] and the biogene-

sis of the mitochondria and magnesium/Sirt1 interactions are possibly essential 

for maintenance of energy metabolism in various cells and tissues [3]. Magne-

sium/Sirt1 interactions involve anti-aging effects by telomere length regulation 

in the nucleus with both magnesium and Sirt1 involved in telomerase activity 
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[94]-[96]. The role of magnesium in RNA interactions and stability are critical 

to Sirt1 regulation of cellular lipid metabolism and energy expenditure [97]- 

[101]. Sirt1 is involved with the transcription factor p53 deacetylation with 

post-transcriptional regulation of cells (Figure 2) in the liver (NAFLD), adipose 

tissue (obesity) and brain (neurodegeneration) that involve both lipid and glu-

cose metabolism [3] [4]. The relevance of p53/Sirt1 interactions and magnesi-

um/p53 interaction [102] have become critical with relevance to Sirt1 down 

regulation by inhibitors [25] that override magnesium transactivation of Sirt1 

(Figure 2) with acceleration of myocardial infarction in global populations 

[103]-[108]. Furthermore magnesium regulation of neuron and mitochondria 

apoptosis via N-methyl-d-aspartate (NMDA) receptor calcium loading involves 

p53/Sirt1 interactions with relevance to transcriptional regulation by magnesium 

of neuron and mitochondria apoptosis in Type 3 diabetes and AD [109]-[113]. 

 

Figure 2. The importance of magnesium and RNA interactions in the post-tran- 
scriptional regulation of Sirt1 has become important to the maintenance of the 
peripheral sink amyloid beta clearance pathway. Magnesium and Sirt1 are in-
volved in telomere length and mitochondrial biogenesis and regulate cholesterol 
and ceramide contents of cells. p53/Sirt1 downregulation and kidney disease (low 
magnesium) are associated with low adiponectin levels with relevance to hypergly-
cemia, toxic amyloid beta formation and abnormal nitric oxidemetabolism. 
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Sirt1’s role in vasodilation of the coronary arteries has become important 

with the discovery of apelin that with Sirt1 are involved with nitric oxide (NO) 

regulation (Figure 2) in endothelial cells [114]. Sirt1 inhibitors prevent magne-

sium independent regulation of NO in endothelium with the development of 

coronary artery vasoconstriction [115]-[117]. Apelin and release from adipose 

tissue [114] involves conversion to angiotensin II (Ang II) and magnesium sup-

plementation is essential to prevent Ang II induced myocardial damage 

[118]-[122]. Interests in Ang II and magnesium regulation of cell calcium ho-

meostasis [123] [124] has accelerated with the role magnesium in the regulation 

of myocardium calcium channel function and now is associated with apelin’s 

regulation of sarco endoplasmic calcium [125]-[129]. 

Magnesium and its regulation of adiponectin levels [130] [131] and adi-

ponectin connections to myocardial infarction in man [132]-[134] has become 

of importance with the role of magnesium involved in cell calcium homeostasis 

(mitochondrial function) and formation of high molecular weight adiponectin 

[135] [136]. Adiponectin is mainly secreted from the adipose tissue into the 

bloodstream and inversely correlated with body fat in adults. Adiponectin 

self-associates into larger structures from trimers to form hexamers or do-

decamers with the high-molecular weight form biologically more active with 

regard to regulation of glucose homeostasis, NMDA glutamate receptor [137] 

and appetite regulation (Figure 2). Dysregulated Sirt1 in adipocyte differentia-

tion and senescence [138]-[142] involve the down regulation of adiponection 

gene expression and secretion [143]-[145]. Sirt1 is clearly involved in adiposity 

with adipocyte size negatively correlated with adiponectin levels, adipose tissue 

ceramide metabolism and HDL levels [146]-[149]. The connections between 

magnesium/Sirt1 interactions involve adiponectin levels with relevance to cal-

cium and toxic amyloid beta metabolism [41], NAFLD and myocardial infarc-

tion in man. 
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Magnesium therapy in age related diseases has become essential with magne-

sium deficiency involved in mitochondrial apoptosis with relevance to diseases 

of the heart, liver, brain, immune system and reproductive system [27] [150]- 

[155]. In the current global kidney epidemic the loss of magnesium in the urine 

is the inducing factor in magnesium deficiency involved in Sirt1 dysregulation 

and induction of apoptosis of various cells. The interactions of magnesium with 

Sirt1 (Figure 2) has become important with magnesium therapy involved with 

Sirt1 regulation of mitochondrial biogenesis and prevention of toxic amyloid 

beta formation relevant to the reduced susceptibility to senescence in various 

cells and tissues. The connections between magnesium and cancer has become 

important with magnesium therapy essential to maintain magnesium/Sirt1 in-

teractions with the prevention of insulin resistance and cancer [156]. Dysregula-

tion of miRNA/Sirt1 interactions by magnesium deficiency induces cancer [157] 

by downregulation of p53 induced by decreased intracellular magnesium levels 

with the corruption of nuclear and mitochondria connections. 

3. LPS Disrupts Magnesium Therapy with   
Relevance to Albumin and Amyloid Beta   
Oligomer Metabolism 

Atherogenic diets that contain high fat contents have been discouraged in 

various communities with the role of these fat diets in the transport of gut mi-

crobiotica [15] that increase plasma endotoxins such as lipopolysaccarides (LPS) 

(Figure 3) in the blood plasma [15]. LPS has been associated with metabolic 

diseases and diabetes [63]-[66]. Lipoproteins such as chylomicrons that are 

produced after a high fat diet contain the LPS binding protein (LBP) that bind 

LPS and essential interactions of LPS to apo B containing cholesterol-rich lipo-

proteins clearly implicate dietary fat and LPS [63]-[66] in peripheral Aβ metab-

olism in diabetes with relevance to neurodegenerative diseases. LPS are endo-
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toxins and essential components of the outer membrane of gram negative bacte-

ria and consist of covalently linked segments, surface carbohydrate polymer, 

core oligosaccharide and acylated glycolipid that can bind to cell membranes to 

alter membrane interactions [158]. 

 

Figure 3. Atherogenic diets that are high in fat transport LPS into the blood plas-
ma associated with metabolic diseases and diabetes. LPS interfere with magnesium 
therapy and regulation of hepatic cholesterol and peripheral amyloid beta metabo-
lism with relevance to diabetes and neurodegenerative diseases. LPS, xenobiotics, 
Sirt1 inhibitors (alcohol, palmitic acid, butyric acid) interferes with magnesium 
therapy via p53/Sirt1 regulation of cells with increased inflammation and with 
relevance to cardiovascular disease. Ang II interfere with magnesium homeostasis 
with effects on Sirt1 actions that involve adiponectin, toxic amyloid beta formation, 
mitochondrial apoptosis and myocardial infarct size.  

Cholesterol is an essential membrane component and in association with 

phospholipids, glycosphingolipids such as ceramide or gangliosides, glycer-

ophospholipids (plasmalogen) and sterols make up the membrane bilayers in 

cells. LPS may influence membrane cholesterol by binding to cell membranes 

and lipoproteins and its packing in the membrane allows the increased interac-

tion or displacement of the Aβ peptide. LPS can rapidly insert into cell mem-
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branes with a preference for insertion and partition into cholesterol/sphingo- 

myelin domains in cell membranes [159]-[161]. Lipid rafts containing sphin-

gomyelin and cholesterol form microdomains in cell membranes for the re-

cruitment of lipid modified proteins such as Aβ oligomers with the binding of 

these hydrophobic proteins to membranes. The essentiality of cholesterol de-

termines Aβ binding to membranes [72] with cholesterol and magnesium now 

important to effects of LPS on the metabolism of toxic Aβ oligomers in cells 

(Figure 3). 

LPS alter magnesium regulation of hepatic cholesterol metabolism and the 

immune response [162]-[164] with an increase hepatic cytokines and APPs [66] 

with effects on cholesterol mediated amyloidosis. Magnesium and its relevance 

to hepatic cholesterol metabolism is associated with the structure and stability 

of cholesterol/ sphingomyelin domains with magnesium deficiency associated 

with increased ceramide [86] [87] that interferes with membrane cholesterol 

(alkyl chain/C17 position) metabolism with decreased clearance of cholester-

ol-rich lipoproteins [165]. In LPS induced membrane alterations the magnesium 

regulation of membrane fluidity is altered [166]-[168] with increased cholester-

ol and ceramide contents that promote Aβ aggregation and fibril formation with 

increased risk for myocardial infarction (Figure 3). LPS and its regulation of 

hepatic membrane cholesterol metabolism involves phospholipid transfer pro-

tein (PLTP) involved in vitamin E, phospholipid and Aβ transport in cell mem-

branes [169]-[174] with LPS involved in PLTP transport that supersedes mem-

brane vitamin E transport [64] with relevance to magnesium therapy and hepatic 

lipid metabolism. Increased levels of vitamin E administration in rats prevent 

LPS mediated hepatic damage [175] with facilitation of peripheral amyloid beta 

clearance. 

The understanding of the role of the peripheral sink Aβ hypothesis in AD im-

plicates LPS of central importance in the corruption of magnesium therapy that 
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involves peripheral cholesterol metabolism, PLTP activity and the role of vari-

ous acute phase proteins involved in Aβ aggregation [72]. LPS corruption of 

magnesium therapy involve the reduced release of albumin [176]-[181] from the 

liver with effects on albumin mediated fatty acid transport with plasma albumin 

important to maintain therapeutic free magnesium levels in cells such as the 

liver and brain and therapeutic levels of albumin important to prevent peripheral 

and brain Aβ aggregation [64]. The plasma magnesium levels need to be cor-

rected with relevance to albumin (Albumin-corrected magnesium = magnesium 

+ 0.005 (40-albumin) and values expressed as mg/albumin contents [176] [177] 

with relevance to LPS induced Aβ oligomer formation and size of the myocar-

dial infarct [182]-[184]. LPS interferes with p53/ Sirt1 regulation of cells with 

increased inflammation and hepatocyte apoptosis [185] with importance to the 

p53 regulation of cardiac rupture [103] [104] (Figure 3).  

4. Unhealthy Diets, Exercise and Stress Prevent 
Magnesium Therapy and Accelerate Chronic   
Diseases 

Stressors that disturb adaptive functions early in life may not protect the or-

ganism from the environment and magnesium imbalance linked to stress, exer-

cise [186]-[188], diet (high carbohydrate) and lifestyle have become important 

to prevent NAFLD and Type 3 diabetes with elevated risk of early myocardial 

infarction [182]-[184]. A low calorie diet is essential and recommended for the 

treatment of NAFLD and obesity and the benefit of this dietary regime is quite 

likely to lead to Sirt1 activation with improved peripheral cholesterol metabo-

lism and reduced effects of LPS. Diet that are high in fat promote LPS absorp-

tion [4] and high fat diet have been also associated with magnesium deficiency. 

Sirt1 inhibitors such as alcohol, palmitic acid and butyric acid [24] (Figure 3) 

should be avoided with low palmitic acid diets essential for prevention of 
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NAFLD and for rapid liver metabolism of glucose, cholesterol and amyloid beta. 

Stress and the neuroendocrine system are closely involved in appetite regulation 

with the corruption of the apelinergic pathway [114] associated with kidney 

disease (magnesium deficiency), NAFLD and reduced Aβ oligomer metabolism 

[114]. 

Healthy food consumption an exercise may not eradicate the obesity epidem-

ic or chronic diseases in the Western world since various xenobiotics (Figure 3) 

present in the food [39] such as the phthalates which affect the nuclear receptors 

(PPAR-Sirt1) are possibly involved in the induction of NAFLD, insulin re-

sistance and chronic diseases associated with obesity. Antioxidants and minerals 

(magnesium, zinc) that improve genomic stability and reduce free radical dam-

age of cells include vitamins such as C, D and E essential for cell function. Xe-

nobiotics interfere with magnesium binding to DNA with effects on zinc/Sirt1 

protection and risk for damage to various cells with chronic disease [189]-[192]. 

Addition of resveratrol to the diet has been shown to activate Sirt1 with the 

prevention of NAFLD in animal models [4]. Magnesium needs to be consumed 

at a dose of 260 mg/day (males) and 220 mg/day (females) in global communi-

ties that involve exercise as a daily basis and essential for individuals from de-

veloped countries/developing countries to avoid xenobiotic toxicity from ele-

vated xenobiotic exposure present in food, water and air [39]. Xenobiotics have 

been shown to override magnesium related regulation of calcium homeostasis 

by interference of calcium channels and pumps with relevance to cardiac con-

traction [189]-[191]. 

High fibre diets [78] that contain fruit and vegetables and have become im-

portant for the treatment of NAFLD with therapeutic potential to the heart and 

brain and these diets prevent adverse affects on magnesium dysfunction and 

calcium-membrane lipid interactions [41] have become important to the preven-

tion of accelerated aging associated with NAFLD, toxic Aβ formation and my-



 Advances in Aging and Health Research  

 

 130 

ocardial infarction. Specific polyphenols found in vegetables and fruits need 

careful evaluation since high doses [40] may cause increased oxidative stress 

with toxicity to the liver and induction of NAFLD and chronic disease. Nutri-

tional interests in pyruvic acid consumption (6 - 44 g/day) [40] have increased 

with pyruvic acid as a Sirt1 activator and leucine consumption associated with 

increased adiponectin levels and reduced cholesterol levels in rats and glucose 

levels in obese mice [40]. Interest in leucine administration in man has in-

creased with the effects of leucine on appetite regulation and Sirt1 activation 

[40].  

Magnesium dysfunction versus magnesium deficiency in cell and tissues has 

become important to the treatment of various diseases with Sirt1 inhibitors 

(Figure 3) that corrupt magnesium DNA effects in various cells. Otherwise in 

various cells and tissues chronic disease may be related to calcium dyshomeo-

stasis that involve calcium ion channel dysfunction by xenobiotics and not re-

lated to magnesium imbalance within cells. In the aging process magnesium 

deficiency is the most common disorder associated with poor intestinal absorp-

tion magnesium and associated with various chronic diseases. Magnesium ther-

apy now involves the use of various products that stimulate the absorption of 

magnesium into the blood and magnesium supplementation has been introduced 

to manage insulin resistance, NAFLD and cardiovascular disease [192] [193]. 

Magnesium dysfunction induces Type 3 diabetes [15] [16] with brain insulin 

resistance (Figure 3) closely connected to magnesium levels (Sirt1 regulation), 

glucose dyshomeostasis, LPS induced repression of Sirt1 [194] with relevance 

to Aβ oligomer formation. High fibre diets that contain short chain fatty acids 

[195] [196] have been shown to stimulate magnesium absorption with relevance 

to management of insulin resistance and NAFLD. The anti-aging protein Sirt1 is 

involved with the intestinal absorption of nutrients [197] and with the aging 

process Sirt1 down regulation is now linked to cell senescence and apoptosis 

and possibly connected to malabsorption, intestinal disease and magnesium im-
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balances in man. Sirt1 has been closely linked to Aβ metabolism in AD (Figure 

1) and α-synuclein metabolism in PD [65] with circadian dysregulation that is 

associated with protein aggregation and with implications to magnesium/Sirt1 

research and therapeutics in the regulation of α-synuclein/Aβ aggregates in the 

prevention of early cell senescence in and cardiovascular disease [198] [199]. 

5. Conclusion 

Early cell senescene with relevance to Sirt1 has become important to the 

prevention of various chronic diseases that include cardiovascular disease, 

NAFLD and Type 3 diabetes. Interest in magnesium therapy has accelerated to 

maintain Sirt1 activity that may prevent mitochondrial apoptosis that afflicts 

many of the global chronic diseases. Magnesium/Sirt1 interactions are critical to 

cellular cholesterol metabolism, glucose metabolism, energy expenditure and 

defective post-transcriptional regulation of cells via the p53/Sirt1 pathway cor-

rupt magnesium therapy with relevance to toxic Aβ formation and myocardial 

infarction. Magnesium therapy and Sirt1 regulation of adiponectin and Aβ for-

mation are closely linked maintenance of the adipose-liver interactions that 

maintain the peripheral Aβ clearance pathway with the prevention of NAFLD, 

Type 3 diabetes and AD. Ang II down regulation of magnesium/Sirt1 interac-

tions connects calcium dyshomeostasis to toxic amyloid beta formation and to 

myocardial infarction. Diets high in fat/carbohydrate are connected to magne-

sium deficiency and these diets promote the absorption of bacterial lipopoly-

saccharides that interfere with magnesium/Sirt1 regulation of hepatic membrane 

cholesterol homeostasis with relevance to toxic Aβ formation. Lifestyles that 

involve stress, exercise and unhealthy diets lead to abnormal magnesium thera-

py with inactivation of Sirt1 with early cell senescence and induction of au-

tonomous disease associated with cardiac rupture, NAFLD and Type 3 diabetes. 



 Advances in Aging and Health Research  

 

 132 

Acknowledgements 

This work was supported by grants from Edith Cowan University, the 

McCusker Alzheimer’s Research Foundation and the National Health and Med-

ical Research Council. 

References 

[1] James, P.T., Rigby, N. and Leach, R. (2004) The Obesity Epidemic, Met-

abolic Syndrome and Future Prevention Strategies. European Journal of 

Preventive Cardiology, 11, 3-8.  

http://dx.doi.org/10.1097/01.hjr.0000114707.27531.48 

[2] Flegal, K.M., Kit, B.K., Orpana, H. and Graubard, B.I. (2013) Associa-

tion of All Cause Mortality with Overweight and Obesity Using Standard 

Body Mass Index Categories: A Systematic Review and Meta-Analysis. 

The Journal of the American Medical Association, 309, 71-82.  

http://dx.doi.org/10.1001/jama.2012.113905 

[3] Martins, I.J. (2015) Unhealthy Nutrigenomic Diets Accelerate NAFLD 

and Adiposity in Global Communities. Journal of Molecular and Genetic 

Medicine, 9, 1-11. 

[4] Martins, I.J. (2015) Nutritional and Genotoxic Stress Contributes to Dia-

betes and Neurodegenerative Diseases Such as Parkinson’s and Alz-

heimer’s Diseases. In: Atta-ur-Rahman, Ed., Frontiers in Clinical Drug 

Research, CNS and Neurological Disorders, Vol. 3, 158-192.  

http://dx.doi.org/10.2174/9781608059263114030008 

[5] Guarente, L. (2007) Sirtuins in Aging and Disease. Cold Spring Harbour 

Symposium Quantitative Biology, 72, 483-488.  

http://dx.doi.org/10.1101/sqb.2007.72.024 



 Chapter 5. Magnesium Therapy Prevents Senescence with the Reversal of  
Diabetes and Alzheimer’s Disease  

 

 
133 

[6] Hansen, M.K. and Connolly, T.M. (2008) Nuclear Receptors as Drug 

Targets in Obesity, Dyslipidemia and Atherosclerosis. Current Opinion in 

Investigational Drugs, 9, 247-255. 

[7] Harrison, C. (2012) Neurodegenerative Disorders: A Neuroprotective 

Role for Sirtuin 1. Nature Reviews Drug Discovery, 11, 108.  

http://dx.doi.org/10.1038/nrd3672 

[8] Kawada, T., Goto, T., Hirai, S., Kang, M.S., Uemura, T. and Yu, R. (2008) 

Dietary Regulation of Nuclear Receptors in Obesity-Related Metabolic 

Syndrome. Asia Pacific Journal of Clinical Nutrition, 17, 126-130. 

[9] Swanson, H.I., Wada, T., Xie, W., Renga, B., Zampella, A. and Distrutti, 

E. (2013) Role of Nuclear Receptors in Lipid Dysfunction and Obesi-

ty-Related Diseases. Drug Metabolism & Disposition, 41, 1-11. 

http://dx.doi.org/10.1124/dmd.112.048694 

[10] Cakir, I., Perello, M., Lansari, O., Messier, N.J., Vaslet, C.A. and Nillni, 

E.A. (2009) Hypothalamic Sirt1 Regulates Food Intake in a Rodent Mod-

el System. PLoS ONE, 4, e8322.  

http://dx.doi.org/10.1371/journal.pone.0008322 

[11] Kitamura, T. and Sasaki, T. (2012) Hypothalamic Sirt1 and Regulation of 

Food Intake. Diabetology International, 3, 109-112.  

http://dx.doi.org/10.1007/s13340-012-0088-5 

[12] Dietrich, M.O., Antunes, C., Geliang, G., Liu, Z.W., Borok, E. and Nie, 

Y.Z. (2010) Agrp Neurons Mediate Sirt1’s Action on the Melanocortin 

System and Energy Balance: Roles for Sirt1 in Neuronal Firing and Syn-

aptic Plasticity. Journal of Neuroscience, 30, 11815-11825.  

http://dx.doi.org/10.1523/JNEUROSCI.2234-10.2010 

[13] Schaffhauser, A.O., Madiehe, A.M., Braymer, H.D., Bray, G.A. and York, 

D.A. (2002) Effects of a High-Fat Diet and Strain on Hypothalamic Gene 



 Advances in Aging and Health Research  

 

 134 

Expression in Rats. Obesity Research, 10, 1188-1196. 

http://dx.doi.org/10.1038/oby.2002.161 

[14] Lee, A.K., Mojtahed-Jaberi, M., Kyriakou, T., Astarloa, E.A.O., Arno, M. 

and Marshall, N.J. (2010) Effect of High-Fat Feeding on Expression of 

Genes Controlling Availability of Dopamine in Mouse Hypothalamus. 

Nutrition, 26, 411- 422. http://dx.doi.org/10.1016/j.nut.2009.05.007 

[15] Martins, I.J. (2015) Diabetes and Organ Dysfunction in the Developing 

and Developed. World Global Journal of Medical Research: F Diseases, 

15, 1-6.  

[16] Martins, I.J. (2016) Diet and Nutrition Reverse Type 3 Diabetes and Ac-

celerated Aging linked to Global Chronic Diseases. Journal of Diabetes 

Research Therapy, 2, 1-6.  

[17] Garaulet, M., Esteban Tardido, A., Lee, Y.C., Smith, C.E., Parnell, L.D. 

and Ordovás, J.M. (2012) SIRT1 and CLOCK 3111T>C Combined Gen-

otype Is Associated with Evening Preference and Weight Loss Resistance 

in a Behavioral Therapy Treatment for Obesity. International Journal of 

Obesity, 36, 1436-1441. http://dx.doi.org/10.1038/ijo.2011.270 

[18] Shimoyama, Y., Suzuki, K., Hamajima, N. and Niwa, T. (2011) Sirtuin 1 

Gene Polymorphisms Are Associated with Body Fat and Blood Pressure 

in Japanese. Translational Research, 157, 339-347. 

http://dx.doi.org/10.1016/j.trsl.2011.02.004 

[19] Clark, S.J., Falchi, M., Olsson, B., Jacobson, P., Cauchi, S. and Balkau, B. 

(2012) Association of Sirtuin 1 (SIRT1) Gene SNPs and Transcript Ex-

pression Levels with Severe Obesity. Obesity (Silver Spring), 20, 178-185. 

http://dx.doi.org/10.1038/oby.2011.200  

[20] Swaminathan, R. (2003) Magnesium Metabolism and Its Disorders. 

Clinical Biochemistry Review, 24, 47-66.  



 Chapter 5. Magnesium Therapy Prevents Senescence with the Reversal of  
Diabetes and Alzheimer’s Disease  

 

 
135 

[21] Barbagallo, M. and Dominguez, L.J. (2010) Magnesium and Aging. Cur-

rent Pharmaceutical Design, 16, 832-839. 

http://dx.doi.org/10.2174/138161210790883679 

[22] Killilea, D.W. and Maier, J.A.M. (2008) A Connection between Magne-

sium Deficiency and Aging: New Insights from Cellular Studies. Magne-

sium Research, 21, 77-82.  

[23] Rowe, W.J. (2012) Correcting Magnesium Deficiencies May Prolong Life. 

Clinical Interventions in Aging, 7, 51-54.  

http://dx.doi.org/10.2147/CIA.S28768 

[24] Martins, I.J. (2016) Anti-Aging Genes Improve Appetite Regulation and 

Reverse Cell Senescence and Apoptosis in Global Populations. Advances 

in Aging Research, 5, 9-26. http://dx.doi.org/10.4236/aar.2016.51002 

[25] Martins, I.J. (2016) Drug Therapy for Obesity with Anti-Aging Genes 

Modification. Annals of Obesity and Disorders, 1, 1-4. 

[26] Maier, J.A. (2003) Low Magnesium and Atherosclerosis: An Evi-

dence-Based Link. Molecular Aspects of Medicine, 24, 137-146.  

http://dx.doi.org/10.1016/S0098-2997(02)00095-X 

[27] Bo, S. and Pisu, E. (2008) Role of Dietary Magnesium in Cardiovascular 

Disease Prevention, Insulin Sensitivity and Diabetes. Current Opinion in 

Lipidology, 19, 50-56. http://dx.doi.org/10.1097/MOL.0b013e3282f33ccc  

[28] Maxwell, S. (1999) Emergency Management of Acute Myocardial Infarc-

tion. British Journal of Clinical Pharmacology, 48, 284-298.  

http://dx.doi.org/10.1046/j.1365-2125.1999.00998.x  

[29] Yilmaz, A., Yalta, K., Turgut, O.O., Yilmaz, M.B., Ozyol, A. and 

Kendirlioglu, O. (2006) Clinical Importance of Elevated CK-MB and 

Troponin I Levels in Congestive Heart Failure. Advances in Therapy, 23, 

1060-1067.  



 Advances in Aging and Health Research  

 

 136 

http://dx.doi.org/10.1007/BF02850226 

[30] Zhou, Q. and Liao, J.K. (2009) Statins and Cardiovascular Diseases: 

From Cholesterol Lowering to Pleiotropy. Current Pharmaceutical De-

sign, 15, 467-478. http://dx.doi.org/10.2174/138161209787315684 

[31] Höglund, K., Wallin, A. and Blennow, K. (2006) Effect of Statins on Be-

ta-Amyloid Metabolism in Humans: Potential Importance for the Devel-

opment of Senile Plaques in Alzheimer’s Disease. Acta Neurology Scan-

dinavia Supplement, 185, 87-92.  

http://dx.doi.org/10.1111/j.1600-0404.2006.00691.x 

[32] Lim, S.Y. (2013) Role of Statins in Coronary Artery Disease. Chonnam 

Medical Journal, 49, 1-6. http://dx.doi.org/10.4068/cmj.2013.49.1.1  

[33] Touitou, Y., Touitou, C., Bogdan, A., Beck, H. and Reinberg, A. (1978) 

Serum Magnesium Circadian Rhythm in Human Adults with Respect to 

Age, Sex and Mental Status. Clinica Chimica Acta, 87, 35-41.  

http://dx.doi.org/10.1016/0009-8981(78)90054-2 

[34] Martins, I.J. (2014) The Global Obesity Epidemic Is Related to Stroke, 

Dementia and Alzheimer’s Disease. JSM Alzheimer’s Disease Related 

Dementia, 1, 1010-1018. 

[35] Saver, J.L., Starkman, S., Eckstein, M., Stratton, S.J., Pratt, F.D., Hamil-

ton, S., et al. (2015) Prehospital Use of Magnesium Sulfate as Neuropro-

tection in Acute Stroke. New England Journal of Medicine, 372, 528-536. 

http://dx.doi.org/10.1056/NEJMoa1408827  

[36] Cojocaru, I.M., Cojocaru, M., Burcin. C. and Atanasiu, N.A. (2007) Se-

rum Magnesium in Patients with Acute Ische- mic Stroke. Romanian 

Journal Internal Medicine, 45, 269-273. 

[37] Harpreet, S., Jalodia, S., Gupta, M.S., Talapatra, P., Gupta, V. and Singh, I. 



 Chapter 5. Magnesium Therapy Prevents Senescence with the Reversal of  
Diabetes and Alzheimer’s Disease  

 

 
137 

(2012) Role of Magnesium Sulfate in Neuroprotection in Acute Ischemic 

Stroke. Annals of Indian Academy of Neurology, 15, 177-180.  

http://dx.doi.org/10.4103/0972-2327.99705  

[38] Karandish, M., Tamimi, M., Shayesteh, A.A., Haghighizadeh, M.H. and 

Jalali, M.T. (2013) The Effect of Magnesium Supplementation and 

Weight Loss on Liver Enzymes in Patients with Nonalcoholic Fatty Liver 

Disease. Journal of Research Medical Science, 18, 573-579.  

[39] Martins, I.J. (2013) Increased Risk for Obesity and Diabetes with Neuro-

degeneration in Developing Countries. Journal of Molecular and Genetic 

Medicine, S1, 001.  

[40] Martins, I.J. (2014) Induction of NAFLD with Increased Risk of Obesity 

and Chronic Diseases in Developed Countries. Open Journal of Endo-

crine and Metabolic Diseases, 4, 90-110.  

http://dx.doi.org/10.4236/ojemd.2014.44011 

[41] Martins, I.J. and Creegan, R. (2014) Links between Insulin Resistance, 

Lipoprotein Metabolism and Amyloidosis in Alzheimer’s Disease. Health, 

6, 1549-1579. http://dx.doi.org/10.4236/health.2014.612190  

[42] Paolisso, G., Scheen, A., D’Onofrio, F. and Lefèbvre, P. (1990) Magne-

sium and Glucose Homeostasis. Diabetologia, 33, 511-514.  

http://dx.doi.org/10.1007/BF00404136 

[43] Kandeel, F.R., Balon, E., Scott, S. and Nadler, J.L. (1996) Magnesium 

Deficiency and Glucose Metabolism in Rat Adipocytes. Metabolism, 45, 

838-843. http://dx.doi.org/10.1016/S0026-0495(96)90156-0 

[44] Sales, C.H., Pedrosa, L.F., Lima, J.G., Lemos, T.M. and Colli, C. (2011) 

Influence of Magnesium Status and Magnesium Intake on the Blood 

Glucose Control in Patients with Type 2 Diabetes. Clinical Nutrition, 30, 

359-364. http://dx.doi.org/10.1016/j.clnu.2010.12.011  



 Advances in Aging and Health Research  

 

 138 

[45] Pham, P.C., Pham, P.M., Pham, S.V., Miller, J.M. and Pham, P.T. (2007) 

Hypomagnesemia in Patients with Type 2 Diabetes. Clinical Journal of 

American Society of Nephrology, 2, 366-373.  

http://dx.doi.org/10.2215/CJN.02960906 

[46] Schick, V., Scheiber, J.A., Mooren, F.C., Turi, S., Ceyhan, G.O. and 

Schnekenburger, J. (2014) Effect of Magnesium Supplementation and 

Depletion on the Onset and Course of Acute Experimental Pancreatitis. 

Gut, 63, 1469-1480. http://dx.doi.org/10.1136/gutjnl-2012-304274  

[47] Papazachariou, I.M., Martinez-Isla, A., Efthimiou, E., Williamson, R.C. 

and Girgis, S.I. (2000) Magnesium Deficiency in Patients with Chronic 

Pancreatitis Identified by an Intravenous Loading Test. Clinica Chimica 

Acta, 302, 145-154. http://dx.doi.org/10.1016/S0009-8981(00)00363-6 

[48] Sartori, S.B., Whittle, N., Hetzenauer, A. and Singewald, N. (2012) 

Magnesium Deficiency Induces Anxiety and HPA Axis Dysregulation: 

Modulation by Therapeutic Drug Treatment. Neuropharmacology, 62, 

304-312. http://dx.doi.org/10.1016/j.neuropharm.2011.07.027  

[49] Morris, M.E. (1992) Brain and CSF Magnesium Concentrations during 

Magnesium Deficit in Animals and Humans: Neurological Symptoms. 

Magnesium Research, 5, 303-313. 

[50] Pochwat, B., Sowa-Kucma, M., Kotarska, K., Misztak, P., Nowak, G. and 

Szewczyk, B. (2015) Antidepressant-Like Activity of Magnesium in the 

Olfactory Bulbectomy Model Is Associated with the AMPA/BDNF 

Pathway. Psycho-pharmacology (Berl), 232, 355-367.  

http://dx.doi.org/10.1007/s00213-014-3671-6 

[51] Durlach, J., Bac, P., Durlach, V., Bara, M. and Guiet-Bara, A. (1997) 

Neurotic, Neuromuscular and Autonomic Nervous Form of Magnesium 

Imbalance. Magnesium Research, 10, 169-195. 



 Chapter 5. Magnesium Therapy Prevents Senescence with the Reversal of  
Diabetes and Alzheimer’s Disease  

 

 
139 

[52] Kirov, G.K. and Tsachev, K.N. (1990) Magnesium, Schizophrenia and 

Manic-Depressive Disease. Neuropsychobiology, 23, 79-81.  

http://dx.doi.org/10.1159/000119431 

[53] de Baaij, J.H., Hoenderop, J.G. and Bindels, R.J. (2012) Regulation of 

Magnesium Balance: Lessons Learned from Human Genetic Disease. 

Clinical Kidney Journal, 5, i15-i24.  

http://dx.doi.org/10.1093/ndtplus/sfr164 

[54] McCaughey, S.A. and Tordoff, M.G. (2002) Magnesium Appetite in the 

Rat. Appetite, 38, 29-38. http://dx.doi.org/10.1006/appe.2001.0443 

[55] Sales, C.H., Santos, A.R., Cintra, D.E. and Colli, C. (2014) Magnesi-

um-Deficient High-Fat Diet: Effects on Adiposity, Lipid Profile and Insu-

lin Sensitivity in Growing Rats. Clinical Nutrition, 33, 879-888.  

http://dx.doi.org/10.1016/j.clnu.2013.10.004 

[56] Nielsen, F.H. (2009) Dietary Fatty Acid Composition Alters Magnesium 

Metabolism, Distribution, and Marginal Deficiency Response in Rats. 

Magnesium Research, 22, 280-288.  

[57] Ribeiro, M.C., Avila, D.S., Barbosa, N.B., Meinerz, D.F., Waczuk, E.P. 

and Hassan, W. (2013) Hydrochlorothiazide and High-Fat Diets Reduce 

Plasma Magnesium Levels and Increase Hepatic Oxidative Stress in Rats. 

Magnesium Research, 26, 32-40.  

[58] Rayssiguier, Y., Gueux, E. and Weiser, D. (1981) Effect of Magnesium 

Deficiency on Lipid Metabolism in Rats Fed a High Carbohydrate Diet. 

Journal of Nutrition, 111, 1876-1883. 

[59] Stamatelopoulos, K., Sibbing, D., Rallidis, L.S., Georgiopoulos, G., 

Stakos, D. and Braun, S. (2015) Amyloid-Beta(1-40) and the Risk of Death 

from Cardiovascular Causes in Patients with Coronary Heart Disease. 

Journal of American College of Cardiology, 65, 904-916.  



 Advances in Aging and Health Research  

 

 140 

http://dx.doi.org/10.1016/j.jacc.2014.12.035 

[60] Williams, B. (2015) Amyloid Beta and Cardiovascular Disease: Intri-

guing Questions Indeed. Journal of American College of Cardiology, 65, 

917-919. http://dx.doi.org/10.1016/j.jacc.2015.01.013 

[61] Bates, K.A., Sohrabi, H.R., Rodrigues, M., Beilby, J., Dhaliwal, S.S. and 

Taddei, K. (2009) Association of Cardiovascular Factors and Alzheimer’s 

Disease Plasma Amyloid-beta Protein in Subjective Memory Complain-

ers. Journal of Alzheimer’s Disease, 17, 305-318.  

[62] Libby, P. (2006) Inflammation and Cardiovascular Disease Mechanisms. 

American Journal of Clinical Nutrition, 83, 456S-460S. 

[63] Martins, I.J. (2015) Overnutrition Determines LPS Regulation of Myco-

toxin Induced Neurotoxicity in Neurodegenerative Diseases. Internation-

al Journal of Molecular Science, 16, 29554-29573.  

http://dx.doi.org/10.3390/ijms161226190  

[64] Martins, I.J. (2015) Unhealthy Diets Determine Benign or Toxic Amyloid 

Beta States and Promote Brain Amyloid Beta Aggregation. Austin Jour-

nal of Clinical Neurology, 2, 1060-1066. 

[65] Martins, I.J. (2015) Diabetes and Cholesterol Dyshomeostasis Involve 

Abnormal α-Synuclein and Amyloid Beta Transport in Neurodegenera-

tive Diseases. Austin Alzheimer’s Journal of Parkinson’s Disease, 2, 

1020-1028. 

[66] Martins, I.J. (2015) LPS Regulates Apolipoprotein E and Aβ Interactions 

with Effects on Acute Phase Proteins and Amyloidosis. Advances in Ag-

ing Research, 4, 69-77. http://dx.doi.org/10.4236/aar.2015.42009 

[67] Masters, C.L., Simms, G., Weinman, N.A., Multhaup, G., McDonald, B.L. 

and Beyreuther, K. (1985) Amyloid Plaque core Protein in Alzheimer’s 



 Chapter 5. Magnesium Therapy Prevents Senescence with the Reversal of  
Diabetes and Alzheimer’s Disease  

 

 
141 

Disease and Down Syndrome. Proceedings of the National Academy of 

Sciences of the United States of America, 82, 4245-4249.  

http://dx.doi.org/10.1073/pnas.82.12.4245 

[68] Bodovitz, S. and Klein, W.L. (1996) Cholesterol Modulates α-Secretase 

Cleavage of Amyloid Precursor Protein. Jour- nal of Biological Chemis-

try, 271, 4436-4440. http://dx.doi.org/10.1074/jbc.271.8.4436  

[69] Vassar, R., Bennett, B.D., Babu-Khan, S., Kahn, E., Mendiaz, A. and 

Denis, P. (1999) Beta-Secretase Cleavage of Alzheimer’s Amyloid Pre-

cursor Protein by the Trans-Membrane Aspartic Protease BACE. Science, 

286, 735-741. http://dx.doi.org/10.1126/science.286.5440.735 

[70] Esch, F.S., Keim, P.S., Beattie, E.C., Blacher, R.W., Culwell, A.R. and 

Oltersdorf, T. (1990) Cleavage of Amyloid Beta Peptide during Constitu-

tive Processing of Its Precursor. Science, 248, 1122-1124.  

http://dx.doi.org/10.1126/science.2111583 

[71] Soriano, S., Chyung, A.S., Chen, X., Stokin, G.B., Lee, V.N. and Koo, 

E.H. (1999) Expression of β-Amyloid Precursor Protein-CD3γ Chimeras 

to Demonstrate the Selective Ge-Neration of Amyloid β1-40 and Amyloid 

β1-42 Peptides within Secretory and Endocytic Compartments. Journal of 

Biological Chemistry, 274, 32295-32300.  

http://dx.doi.org/10.1074/jbc.274.45.32295 

[72] Martins, I.J., Gupta, V., Wilson, A.C., Fuller, S.J. and Martins, R.N. (2014) 

Interactions between ApoE and Amyloid Beta and Their Relationship to 

Nutriproteomics and Neurodegeneration. Current Proteomics, 11, 

173-183.  

[73] Nassir, F., Mazur, A., Giannoni, F., Gueux, E., Davidson, N.O. and 

Rayssiguier, Y. (1995) Magnesium Deficiency Modulates Hepatic Lipo-

genesis and Apolipoprotein Gene Expression in the Rat. Biochimica Bio-



 Advances in Aging and Health Research  

 

 142 

physica Acta, 1257, 125-132. 

http://dx.doi.org/10.1016/0005-2760(95)00065-K 

[74] Ravn, H.B., Korsholm, T.L. and Falk, E. (2001) Oral Magnesium Sup-

plementation Induces Favorable Antiatherogenic Changes in ApoE-Defi- 

cient Mice. Arteriosclerosis, Thrombosis Vascular Biology, 21, 858-862.  

http://dx.doi.org/10.1080/07315724.2007.10719593 

[75] Olatunji, L.A. and Soladoye, A.O. (2007) Effect of Increased Magnesium 

Intake on Plasma Cholesterol, Triglyceride and Oxidative Stress in 

Alloxan-Diabetic Rats. African Journal of Medical Science, 36, 155-161. 

[76] Zhou, Q., Mahfouz, M.M. and Kummerow, F.A. (1994) Effect of Dietary 

Magnesium Deficiency with/without Cholesterol Supplementation on 

Phospholipid Content in Liver, Plasma and Erythrocytes of Rabbits. 

Magnesium Research, 7, 23-30. 

[77] Nielsen, F.H., Milne, D.B., Klevay, L.M., Gallagher, S. and Johnson, L. 

(2007) Dietary Magnesium Deficiency Induces Heart Rhythm Changes, 

Impairs Glucose Tolerance, and Decreases Serum Cholesterol in Post 

Menopausal Women. Journal of American College of Nutrition, 26, 

121-132. http://dx.doi.org/10.1080/07315724.2007.10719593 

[78] Martins, I.J. and Fernando, W. (2014) High Fibre Diets and Alzheimer’s 

Disease. Food and Nutrition Sciences, 5, 410-424.  

http://dx.doi.org/10.4236/fns.2014.54049 

[79] Hayashi, H., Kimura, N., Yamagauchi, H., Hasegawa, K., Yokoseki, T. 

and Shibata, M. (2004) A Seed for Alz-Heimer Amyloid in the Brain. 

Journal of Neuroscience, 24, 4894-4902.  

http://dx.doi.org/10.1523/JNEUROSCI.0861-04.2004 

[80] Bieschke, J., Zhang, Q., Powers, E.T., Lerner, R.A. and Kelly, J.W. (2005) 

Oxidative Metabolites Accelerate Alzheimer’s Amyloidogenesis by a Two 



 Chapter 5. Magnesium Therapy Prevents Senescence with the Reversal of  
Diabetes and Alzheimer’s Disease  

 

 
143 

Step Mechanism, Eliminating the Requirement for Nucleation. Biochem-

istry, 44, 4977-4983. http://dx.doi.org/10.1021/bi0501030 

[81] Yu, J., Sun, M., Chen, Z., Lu, J., Liu, Y. and Zhou, L. (2010) Magnesium 

Modulates Amyloid-Beta Protein Precursor Trafficking and Processing. 

Journal of Alzheimer’s Disease, 20, 1091-1106.  

[82] Van Den Heuvel, C., Finnie, J.W., Blumbergs, P.C., Manavis, J., Jones, 

N.R. and Reilly, P.L. (2000) Upregulation of Neuronal Amyloid Precursor 

Protein (APP) and APP mRNA Following Magnesium Sulphate (MgSO4) 

Therapy in Traumatic Brain Injury. Journal of Neurotrauma, 17, 

1041-1053. http://dx.doi.org/10.1089/neu.2000.17.1041  

[83] Yu, X., Guan, P.-P., Guo, J.-W., Wang, Y., Cao, L.-L. and Xu, G.-B. (2015) 

By Suppressing the Expression of Anterior Pharynx-Defective-1α and -1β 

and Inhibiting the Aggregation of β-Amyloid Protein, Magnesium Ions 

Inhibit the Cognitivedecline of Amyloid Precursor Protein/Presenilin 1 

Trans-Genic Mice. FASEB Journal, 29, 5044-5058.  

http://dx.doi.org/10.1096/fj.15-275578 

[84] Li, W., Yu, J., Liu, Y., Huang, X., Abumaria, N. and Zhu, Y. (2013) Ele-

vation of Brain Magnesium Prevents and Reverses Cognitive Deficits and 

Synaptic Loss in Alzheimer’s Disease Mouse Model. Journal of Neuro-

science, 33, 8423-8441.  

http://dx.doi.org/10.1523/JNEUROSCI.4610-12.2013 

[85] Xu, Z.P., Li, L., Bao, J., Wang, Z.H., Zeng, J. and Liu, E.J. (2014) Mag-

nesium Protects Cognitive Functions and Synaptic Plasticity in Strepto-

zotocin-Induced Sporadic Alzheimer’s Model. PLoS ONE, 9, e108645.  

http://dx.doi.org/10.1371/journal.pone.0108645  

[86] Altura, B.M., Shah, N.C., Shah, G.J., Li, W., Zhang, A. and Zheng, T. 

(2013) Magnesium Deficiency Upregulates Sphingomyelinases in Cardi-



 Advances in Aging and Health Research  

 

 144 

ovascular Tissues and Cells: Cross-Talk among Proto-Oncogenes, Mg2+, 

NF-κB and Ceramide and Their Potential Relationships to Resistant Hy-

pertension, Atherogenesis and Cardiac Failure. International Journal of 

Clinical Experimental Medicine, 6, 861-879.  

[87] Altura, B.M., Shah, N.C., Shah, G., Zhang, A., Li, W., Zheng, T., Pe-

rez-Albela, J.L., et al. (2012) Short-Term Magnesium Deficiency Upreg-

ulates Ceramide Synthase in Cardiovascular Tissues and Cells: 

Cross-Talk among Cytokines, Mg2+, NF-κB, and de Novo Ceramide. 

American Journal Physiology Heart Circulation Physiology, 302, 

H319-H332. http://dx.doi.org/10.1152/ajpheart.00453.2011  

[88] Radhakrishnan, J., Remuzzi, G., Saran, R., Williams, D.E., Rios-Burrows, 

N. and Powe, N. (2014) Taming the Chronic Kidney Disease Epidemic: A 

Global View of Surveillance Efforts. Kidney International, 86, 246-250.  

http://dx.doi.org/10.1038/ki.2014.190 

[89] Coskuner, O. and Murray, I.V. (2014) Adenosine Triphosphate (ATP) 

Reduces Amyloid-β Protein Misfolding in Vitro. Journal of Alzheimer’s 

Disease, 41, 561-574. 

[90] Schmidt, C., Lepsverdize, E., Chi, S.L., Das, A.M., Pizzo, S.V., Dityatev, 

A. and Schachner, M. (2008) Amyloid Precursor Protein and Amyloid 

Beta-Peptide Bind to ATP Synthase and Regulate Its Activity at the Sur-

face of Neural Cells. Molecular Psychiatry, 13, 953-969.  

http://dx.doi.org/10.1038/sj.mp.4002077  

[91] Ko, Y.H., Hong, S. and Pedersen, P.L. (1999) Chemical Mechanism of 

ATP Synthase. Magnesium Plays a Pivotal Role in Formation of the 

Transition State Where ATP Is Synthesized from ADP and Inorganic 

Phosphate. Journal of Biological Chemistry, 274, 28853-28856.  

http://dx.doi.org/10.1074/jbc.274.41.28853 



 Chapter 5. Magnesium Therapy Prevents Senescence with the Reversal of  
Diabetes and Alzheimer’s Disease  

 

 
145 

[92] Fox, C., Ramsoomair, D. and Carter, C. (2001) Magnesium: Its Proven 

and Potential Clinical Significance. South Medical Journal, 94, 

1195-1201. http://dx.doi.org/10.1097/00007611-200112000-00013 

[93] Kubota, T., Shindo, Y., Tokuno, K., Komatsu, H., Ogawa, H. and Kudo, S. 

(2005) Mitochondria Are Intracellular Magnesium Stores: Investigation 

by Simultaneous Fluorescent Imagings in PC12 Cells. Biochimica Bio-

physica Acta, 15, 19-28. http://dx.doi.org/10.1016/j.bbamcr.2004.10.013 

[94] Shah, N.C., Shah, G.J., Li, Z., Jiang, X.C., Altura, B.T. and Altura, B.M. 

(2014) Short-Term Magnesium Deficiency Downregulates Telomerase, 

Upregulates Neutral Sphingomyelinase and Induces Oxidative DNA 

Damage in Cardiovascular Tissues: Relevance to Atherogenesis, Cardio-

vascular Diseases and Aging. International Journal of Clinical Experi-

mental Medicine, 7, 497-514.  

[95] Zhang, B., Chen, J., Cheng, A.S. and KO, B.C. (2014) Depletion of 

Sirtuin 1 (SIRT1) Leads to Epigenetic Modifications of Telomerase 

(TERT) Gene in Hepatocellular Carcinoma Cells. PLoS ONE, 9, e84931.  

http://dx.doi.org/10.1371/journal.pone.0084931 

[96] Palacios, J.A., Herranz, D., De Bonis, M.L., Velasco, S., Serrano, M. and 

Blasco, M.A. (2010) SIRT1 Contributes to Telomere Maintenance and 

Augments Global Homologous Recombination. Journal of Cell Biology, 

191, 1299-1313. http://dx.doi.org/10.1083/jcb.201005160  

[97] Draper, D.E. (2004) A Guide to Ions and RNA Structure. RNA, 10, 

335-343. http://dx.doi.org/10.1261/rna.5205404  

[98] Misra, V.K. and Draper, D.E. (1998) On the Role of Magnesium Ions in 

RNA Stability. Biopolymers, 48, 113-135.  

http://dx.doi.org/10.1002/(SICI)1097-0282(1998)48:2<113::AID-BIP3>3

.0.CO;2-Y 



 Advances in Aging and Health Research  

 

 146 

[99] Serra, M.J., Baird, J.D., Dale, T., Fey, B.L., Retatagos, K. and Westhof, E. 

(2002) Effects of Magnesium Ions on the Stabilization of RNA Oligo-

mers of Defined Structures. RNA, 8, 307-323.  

http://dx.doi.org/10.1017/S1355838202024226 

[100] Hartwig, A. (2001) Role of Magnesium in Genomic Stability. Mutation 

Research, 475, 113-121.  

http://dx.doi.org/10.1016/S0027-5107(01)00074-4 

[101] Littlefield, N.A., Hass, B.S., James, S.J. and Poirier, L.A. (1994) Protec-

tive Effect of Magnesium on DNA Strand Breaks Induced by Nickel or 

Cadmium. Cell Biology Toxicology, 10, 127-135.  

http://dx.doi.org/10.1007/BF00756493 

[102] Xue, Y., Wang, S. and Feng, X. (2009) Influence of Magnesium Ion on 

the Binding of p53 DNA-Binding Domain to DNA-Response Elements. 

Journal of Biochemistry, 146, 77-85. http://dx.doi.org/10.1093/jb/mvp048 

[103] Matsusaka, H., Ide, T., Matsushima, S., Ikeuchi, M., Kubota, T. and 

Sunagawa, K. (2006) Targeted Deletion of p53 Prevents Cardiac Rupture 

after Myocardial Infarction in Mice. Cardiovascular Research, 70, 

457-465. http://dx.doi.org/10.1016/j.cardiores.2006.02.001  

[104] Zhang, Y., Köhler, K., Xu, J., Lu, D., Braun, T. and Schlitt, A. (2011) In-

hibition of p53 after Acute Myocardial Infarction: Reduction of Apoptosis 

Is Counteracted by Disturbed Scar Formation and Cardiac Rupture. 

Journal of Molecular Cell Cardiology, 50, 471-478.  

http://dx.doi.org/10.1016/j.yjmcc.2010.11.006 

[105] McAlindon, E., Bucciarelli-Ducci, C., Suleiman, M.S. and Baumbach, A. 

(2015) Infarct Size Reduction in Acute Myocardial Infarction. Heart, 101, 

155-160. http://dx.doi.org/10.1136/heartjnl-2013-304289  

[106] Chong, Z.Z., Wang, S., Shang, Y.C. and Maiese, K. (2102) Targeting 



 Chapter 5. Magnesium Therapy Prevents Senescence with the Reversal of  
Diabetes and Alzheimer’s Disease  

 

 
147 

Cardiovascular Disease with Novel SIRT1 Pathways. Future Cardiology, 

8, 89-100. http://dx.doi.org/10.2217/fca.11.76 

[107] Shimoyama, Y., Mitsuda, Y., Tsuruta, Y., Suzuki, K., Hamajima, N. and 

Niwa, T. (2012) SIRTUIN 1 Gene Polymorphisms Are Associated with 

Cholesterol Metabolism and Coronary Artery Calcification in Japanese 

Hemodialysis Patients. Journal of Renal Nutrition, 22, 114-119. 

http://dx.doi.org/10.1053/j.jrn.2011.10.025  

[108] Winnik, S., Auwerx, J., Sinclair, D.A. and Matter, C.M. (2015) Protective 

Effects of Sirtuins in Cardiovascular Diseases: From Bench to Bedside. 

European Heart Journal, 36, 3404-3412.  

http://dx.doi.org/10.1093/eurheartj/ehv290 

[109] Stanika, R.I., Winters, C.A., Pivovarova, N.B. and Andrews, S.B. (2010) 

Differential NMDA Receptor-Dependent Calcium Loading and Mito-

chondrial Dysfunction in CA1 vs. CA3 Hippocampal Neurons. Neurobi-

ology Disease, 37, 403-411. http://dx.doi.org/10.1016/j.nbd.2009.10.020  

[110] Peng, T.I., Jou, M.J., Sheu, S.S. and Greenamyre, J.T. (1998) Visualiza-

tion of NMDA Receptor-Induced Mitochondrial Calcium Accumulation 

in Striatal Neurons. Experimental Neurology, 149, 1-12.  

http://dx.doi.org/10.1006/exnr.1997.6599 

[111] Poleszak, E., Wlaź, P., Wróbel, A., Fidecka, S. and Nowak, G. (2008) 

NMDA/Glutamate Mechanism of Magnesium- Induced Anxiolytic-Like 

Behavior in Mice. Pharmacology Reports, 60, 665-663. 

[112] Poulaki, V., Benekou, A., Bozas, E., Bolaris, S. and Stylianopoulou, F. 

(1999) p53 Expression and Regulation by NMDA Receptors in the De-

veloping Rat Brain. Journal of Neuroscience Research, 56, 427-440. 

http://dx.doi.org/10.1002/(SICI)1097-4547(19990515)56:4<427::AID-JN

R10>3.0.CO;2-J 



 Advances in Aging and Health Research  

 

 148 

[113] Michán, S., Li, Y., Chou, M.M., Parrella, E., Ge, H. and Long, J.M. (2010) 

SIRT1 Is Essential for Normal Cognitive Function and Synaptic Plasticity. 

Journal of Neuroscience, 30, 9695-9707.  

http://dx.doi.org/10.1523/JNEUROSCI.0027-10.2010 

[114] Martins, I.J. (2015) Nutritional Diets Accelerate Amyloid Beta Metabo-

lism and Prevent the Induction of Chronic Diseases and Alzheimer’s 

Disease. Photon eBooks, 1-48.  

[115] Howard, A.B., Alexander, R.W. and Taylor, W.R. (1995) Effects of Mag-

nesium on Nitric Oxide Synthase Activity in Endothelial Cells. American 

Journal of Physiology, 269, C612-C618. 

[116] Pearson, P.J., Evora, P.R., Seccombe, J.F. and Schaff, H.V. (1998) Hypo-

magnesemia Inhibits Nitric Oxide Release from Coronary Endothelium: 

Protective Role of Magnesium Infusion after Cardiac Operations. Annals 

of Thoracic Surgery, 65, 967-972.  

http://dx.doi.org/10.1016/S0003-4975(98)00020-4 

[117] Teragawa, H., Kato, M., Yamagata, T., Matsuura, H. and Kajiyama, G. 

(2001) Magnesium Causes Nitric Oxide Independent Coronary Artery 

Vasodilation in Humans. Heart, 86, 212-216.  

http://dx.doi.org/10.1136/heart.86.2.212 

[118] Finckenberg, P., Merasto, S., Louhelainen, M., Lindgren, L., Vapaatalo, H. 

and Müller, D.N. (2005) Magnesium Supplementation Prevents Angio-

tensin II-Induced Myocardial Damage and CTGF Overexpression. Jour-

nal of Hypertension, 23, 375-380. 

[119] Sapna, S., Ranjith, S.K. and Shivakumar, K. (2006) Cardiac Fibrogenesis 

in Magnesium Deficiency: A Role for Circulating Angiotensin II and Al-

dosterone. American Journal of Physiology Heart Circulation Physiology, 

291, H436- H440. http://dx.doi.org/10.1152/ajpheart.01185.2005  



 Chapter 5. Magnesium Therapy Prevents Senescence with the Reversal of  
Diabetes and Alzheimer’s Disease  

 

 
149 

[120] Dai, T., Ramirez-Correa, G. and Gao, W.D. (2006) Apelin Increases Con-

tractility in Failing Cardiac Muscle. European Journal of Cardiology, 553, 

222-228. http://dx.doi.org/10.1016/j.ejphar.2006.09.034 

[121] Ichihara, A., Suzuki, H. and Saruta, T. (1993) Effects of Magnesium on 

the Renin-Angiotensin-Aldosterone System in Human Subjects. Journal 

of Laboratory Clinical Medicine, 122, 432-440. 

[122] Sipes, S.L., Weiner, C.P., Gellhaus, T.M. and Goodspeed, J.D. (1989) The 

Plasma Renin-Angiotensin System in Preeclampsia: Effects of Magne-

sium Sulfate. Obstetrics Gynecology, 73, 934-937. 

[123] Touyz, R.M. and Schiffrin, E.L. (1993) The Effect of Angiotensin II on 

Platelet Intracellular Free Magnesium and Calcium Ionic Concentrations 

in Essential Hypertension. Journal of Hypertension, 11, 551-558.  

http://dx.doi.org/10.1097/00004872-199305000-00011 

[124] Herencia, C., Rodríguez-Ortiz, M.E., Muñoz-Castañeda, J.R., Mar-

tinez-Moreno, J.M., Canalejo, R. and Montes de Oca, A. (2015) Angio-

tensin II Prevents Calcification in Vascular Smooth Muscle Cells by En-

hancing Magnesium Influx. European Journal of Clinical Investigation, 

45, 1129-1144. http://dx.doi.org/10.1111/eci.12517 

[125] Agus, Z.S., Kelepouris, E., Dukes, I. And Morad, M. (1989) Cytosolic 

Magnesium Modulates Calcium Channel Activity in Mammalian Ven-

tricular Cells. American Journal of Physiology, 256, C452-C455. 

[126] Paunier, L. (1992) Effect of Magnesium on Phosphorus and Calcium 

Metabolism. Monatsschr Kinderheilkd, 140, S17- S20. 

[127] Dai, Q., Motley, S.S., Smith, J.A., Concepcion, R., Barocas, D., Byerly, 

S., et al. (2011) Blood Magnesium, and the Interaction with Calcium, on 

the Risk of High-Grade Prostate Cancer. PLoS ONE, 6, e18237.  

http://dx.doi.org/10.1371/journal.pone.0018237 



 Advances in Aging and Health Research  

 

 150 

[128] Babich, M.F. and Kalin, M.L. (1989) Calcium-Channel Blockers in Acute 

Myocardial Infarction. Drug Intelligence and Clinical Pharmacology, 23, 

538-547. 

[129] Wang, C., Liu, N., Luan, R., Li, Y., Wang, D. and Zou, W. (2013) Apelin 

Protects Sarcoplasmic Reticulum Function and Cardiac Performance in 

Ischaemia-Reperfusion by Attenuating Oxidation of Sarcoplasmic Retic-

ulum Ca2+-ATPase and Ryanodine Receptor. Cardiovascular Research, 

100, 114-124. http://dx.doi.org/10.1093/cvr/cvt160 

[130] Markaki, A., Kyriazis, J., Stylianou, K., Fragkiadakis, G.A., Perakis, K. 

and Margioris, A.N. (2012) The Role of Serum Magnesium and Calcium 

on the Association between Adiponectin Levels and All-Cause Mortality 

in End-Stage Renal Disease Patients. PLoS ONE, 7, e52350.  

http://dx.doi.org/10.1371/journal.pone.0052350 

[131] Cassidy, A., Skidmore, P., Rimm, E.B., Welch, A., Fairweather-Tait, S. 

and Skinner, J. (2009) Plasma Adiponectin Concentrations Are Associat-

ed with Body Composition and Plant-Based Dietary Factors in Female 

Twins. Journal of Nutrition, 139, 353-358.  

http://dx.doi.org/10.3945/jn.108.098681 

[132] Toth, P.P. (2005) Adiponectin and High-Density Lipoprotein: A Metabolic 

Association through Thick and Thin. Euro- pean Heart Journal, 26, 

1579-1581. http://dx.doi.org/10.1093/eurheartj/ehi374 

[133] Pischon, T., Girman, C.J., Hotamisligil, G.S., Rifai, N., Hu, F.B. and 

Rimm, E.B. (2004) Plasma Adiponectin Levels and Risk of Myocardial 

Infarction in Men. JAMA, 291, 1730-1737.  

http://dx.doi.org/10.1001/jama.291.14.1730 

[134] Teoh, H., Strauss, M.H., Szmitko, P.E. and Verma, S. (2006) Adiponectin 

and Myocardial Infarction: A Paradox or a Paradigm? European Heart 



 Chapter 5. Magnesium Therapy Prevents Senescence with the Reversal of  
Diabetes and Alzheimer’s Disease  

 

 
151 

Journal, 27, 2266-2268. http://dx.doi.org/10.1093/eurheartj/ehl248 

[135] Banga, A., Bodles, A.M., Rasouli, N., Ranganathan, G., Kern, P.A. and 

Owens, R.J. (2008) Calcium Is Involved in Formation of High Molecular 

Weight Adiponectin. Metabolic Syndrome Related Disorders, 6, 103-111.  

http://dx.doi.org/10.1089/met.2007.0033 

[136] Henstridge, D.C. and Febbraio, M.A. (2010) Adiponectin Sparks an In-

terest in Calcium. Cell Metabolism, 11, 447-449.  

http://dx.doi.org/10.1016/j.cmet.2010.05.007 

[137] Wu, Q., Zheng, R., Srisai, D., McKnight, G.S. and Palmiter, R.D. (2013) 

NR2B Subunit of the NMDA Glutamate Receptor Regulates Appetite in 

the Parabrachial Nucleus. Proceedings of the National Academy of Sci-

ences of the United States of America, 110, 14765-14770.  

http://dx.doi.org/10.1073/pnas.1314137110 

[138] Xu, C., Bai, B., Fan, P., Cai, Y., Huang, B. and Law, I.K. (2013) Selective 

Overexpression of Human SIRT1 in Adipose Tissue Enhances Energy 

Homeostasis and Prevents the Deterioration of Insulin Sensitivity with 

Ageing in Mice. American Journal Translational Research, 5, 412-426.  

[139] Choi, Y., Um, S.J. and Park, T. (2013) Indole-3-Carbinol Directly Targets 

SIRT1 to Inhibit Adipocyte Differentiation. International Journal of Obe-

sity (London), 37, 881-884. http://dx.doi.org/10.1038/ijo.2012.158 

[140] Siersbaek, R., Nielsen, R. and Mandrup, S. (2010) PPAR Gamma in Ad-

ipocyte Differentiation and Metabolism— Novel Insights from Ge-

nome-Wide Studies. FEBS Journal, 584, 3242-3249.  

http://dx.doi.org/10.1016/j.febslet.2010.06.010 

[141] Körner, A., Wabitsch, M., Seidel, B., Fischer-Posovszky, P., Berthold, A., 

Stumvoll, M., et al. (2005) Adiponectin Expression in Humans Is De-

pendent on Differentiation of Adipocytes and Down-Regulated by Hu-



 Advances in Aging and Health Research  

 

 152 

moral Serum Components of High Molecular Weight. Biochemistyr Bio-

physica Research Communications, 337, 540-550.  

http://dx.doi.org/10.1016/j.bbrc.2005.09.064 

[142] Lee, M.J., Wu, Y. and Fried, S.K. (2010) Adipose Tissue Remodeling in 

Pathophysiology of Obesity. Current Opinion Clinical Nutrition and 

Metabolic Care, 13, 371-376.  

http://dx.doi.org/10.1097/MCO.0b013e32833aabef 

[143] Qiao, L. and Shao, J. (2006) SIRT1 Regulates Adiponectin Gene Expres-

sion through Foxo1-C/Enhancer-Binding Protein Alpha Transcriptional 

Complex. Journal of Biological Chemistry, 281, 39915-39924.  

http://dx.doi.org/10.1074/jbc.M607215200 

[144] Qiang, L., Wang, H. and Farmer, S.R. (2007) Adiponectin Secretion Is 

Regulated by SIRT1 and the Endoplasmic Reticulum Oxidoreductase 

Ero1-L Alpha. Molecular Cellular Biology, 27, 4698-4707.  

http://dx.doi.org/10.1128/MCB.02279-06 

[145] Shen, Z., Liang, X., Rogers, C.Q., Rideout, D. and You, M. (2010) In-

volvement of Adiponectin-SIRT1-AMPK Signaling in the Protective Ac-

tion of Rosiglitazone against Alcoholic Fatty Liver in Mice. American 

Journal of Physiology and Gastrointestinal Liver Physiology, 298, 

G364-G374. http://dx.doi.org/10.1152/ajpgi.00456.2009 

[146] Lancaster, G.I. and Febbraio, M.A. (2011) Adiponectin Sphings into Ac-

tion. Nature Medicine, 17, 37-38. http://dx.doi.org/10.1038/nm0111-37 

[147] Samad, F., Badeanlou, L., Shah, C. and Yang, G. (2011) Adipose Tissue 

and Ceramide Biosynthesis in the Pathogenesis of Obesity. In: Cowart, 

L.A., Eds., Sphingolipids and Metabolic Disease, Springer, New York, 

67-86. http://dx.doi.org/10.1007/978-1-4614-0650-1_5  

[148] Błachnio-Zabielska, A.U., Pułka, M., Baranowski, M., Nikołajuk, A., 



 Chapter 5. Magnesium Therapy Prevents Senescence with the Reversal of  
Diabetes and Alzheimer’s Disease  

 

 
153 

Zabielski, P. and Górska, M. (2012) Ceramide Metabolism Is Affected by 

Obesity and Diabetes in Human Adipose Tissue. Journal of Cellular 

Physiology, 227, 550- 557. http://dx.doi.org/10.1002/jcp.22745  

[149] Matsuura, F., Oku, H., Koseki, M., Sandoval, J.C., Yuasa-Kawase, M. and 

Tsubakio-Yamamoto, K. (2007) Adiponectin Accelerates Reverse Cho-

lesterol Transport by Increasing High Density Lipoprotein Assembly in 

the Liver. Biochemical Biophysica Research Communications, 358, 

1091-1095. http://dx.doi.org/10.1016/j.bbrc.2007.05.040 

[150] Muradian, K. and Schachtschabel, D.O. (2001) The Role of Apoptosis in 

Aging and Age-Related Disease: Update. Zeitschrift für Gerontologie und 

Geriatrie, 34, 441-446. http://dx.doi.org/10.1007/s003910170015 

[151] Sastre, J., Pallardó, F.V. and Viña, J. (2000) Mitochondrial Oxidative 

Stress Plays a Key Role in Aging and Apoptosis. IUBMB Life, 49, 

427-435. http://dx.doi.org/10.1080/152165400410281 

[152] Pollack, M. and Leeuwenburgh, C. (2001) Apoptosis and Aging: Role of 

the Mitochondria. Journals of Gerontology Series A: Biological Sciences 

and Medical Sciences, 56, B475-B482.  

http://dx.doi.org/10.1093/gerona/56.11.B475 

[153] Takaya, J., Higashino, H. and Kobayashi, Y. (2004) Intracellular Magne-

sium and Insulin Resistance. Magnesium Research, 17, 126-136. 

[154] Laires, M.J., Monteiro, C.P. and Bicho, M. (2004) Role of Cellular Mag-

nesium in Health and Human Disease. Frontiers in Bioscience, 9, 

262-276. http://dx.doi.org/10.2741/1223 

[155] Turecky, L., Kupcova, V., Szantova, M., Uhlikova, E., Viktorinova, A. 

and Czirfusz, A. (2006) Serum Magnesium Levels in Patients with Alco-

holic and Non-Alcoholic Fatty Liver. Bratislavské lekárske listy, 107, 

58-61. 



 Advances in Aging and Health Research  

 

 154 

[156] Castiglioni, S. and Maier, J.A. (2011) Magnesium and Cancer: A Dan-

gerous Liason. Magnesium Research, 24, S92- S100.  

[157] Brooks, C.L. and Gu, W. (2009) How Does SIRT1 Affect Metabolism, 

Senescence and Cancer? Nature Review Cancer, 9, 123-128.  

http://dx.doi.org/10.1038/nrc2562  

[158] Fenton, M.J. and Golenbock, D.T. (1998) LPS-Binding Proteins and Re-

ceptors. Journal of Leukocyte Biology, 64, 25- 32. 

[159] Asai, Y., Iwamoto, K. and Watanabe, S. (1998) The Effect of the Lipid a 

Analog E5531 on Phospholipid Membrane Properties. Federation of Eu-

ropean Biochemical Societies Letters, 438, 15-20.  

http://dx.doi.org/10.1016/S0014-5793(98)01262-9 

[160] Ciesielski, F., Griffin, D.C., Rittig, M., Moriyón, I. and Bonev, B.B. 

(2013) Interactions of Lipopolysaccharide with Lipid Membranes, Raft 

Models—A Solid State NMR Study. Biochimica et Biophysica Acta 

(BBA)—Biomembranes, 1828, 1731-1742.  

http://dx.doi.org/10.1016/j.bbamem.2013.03.029 

[161] Ciesielski, F., Davis, B., Rittig, M., Bonev, B.B. and O’Shea, P. (2012) 

Receptor-Independent Interaction of Bacterial Lipopolysaccharide with 

Lipid and Lymphocyte Membranes, the Role of Cholesterol. PLoS ONE, 

7, e38677. http://dx.doi.org/10.1371/journal.pone.0038677 

[162] Tam, M., Gómez, S., González-Gross, M. and Marcos, A. (2003) Possible 

Roles of Magnesium on the Immune System. European Journal of Clini-

cal Nutrition, 57, 1193-1197. http://dx.doi.org/10.1038/sj.ejcn.1601689 

[163] Geerlings, S.E. and Hoepelman, A.I. (1999) Immune Dysfunction in Pa-

tients with Diabetes Mellitus (DM). FEMS Immunology and Medical Mi-

crobiology, 26, 259-265.  

http://dx.doi.org/10.1111/j.1574-695X.1999.tb01397.x 



 Chapter 5. Magnesium Therapy Prevents Senescence with the Reversal of  
Diabetes and Alzheimer’s Disease  

 

 
155 

[164] Casqueiro, J., Casqueiro, J. and Alves, C. (2012) Infections in Patients 

with Diabetes Mellitus: A Review of Pathogenesis. Indian Journal of 

Endocrinology and Metabolism, 16, 27-36.  

http://dx.doi.org/10.4103/2230-8210.94253 

[165] Martinsm I.J., Vilchèze, C., Mortimer, B.C., Bittman, R. and Redgrave, 

T.G. (1998) Sterol Side Chain Length and Structure Affect the Clearance 

of Chylomicron-Like Lipid Emulsions in Rats and Mice. Journal Lipid 

Research, 39, 302-312.  

[166] Dou, M., Ma, A.G., Wang, Q.Z., Liang, H., Li, Y., Yi, X.M., et al. (2009) 

Supplementation with Magnesium and Vitamin E Were More Effective 

than Magnesium Alone to Decrease Plasma Lipids and Blood Viscosity in 

Diabetic Rats. Nutrition Research, 29, 519-524.  

http://dx.doi.org/10.1016/j.nutres.2009.07.001 

[167] Tongyai, S., Rayssiguier, Y., Motta, C., Gueux, E., Maurois, P. and Hea-

ton, F.W. (1989) Mechanism of Increased Erythrocyte Membrane Fluidity 

during Magnesium Deficiency in Weanling Rats. American Journal of 

Physiology, 257, C270-C276. 

[168] Stamatotos, L. and Silvius, J.R. (1987) Effects of Cholesterol on the Di-

valent Cation-Mediated Interactions of Vesicles Containing Amino and 

Choline Phospholipids. Biochimica et Biophysica Acta (BBA)—Bio- 

membranes, 905, 81-90. http://dx.doi.org/10.1016/0005-2736(87)90011-3 

[169] Desrumaux, C., Risold, P.Y., Schroeder, H., Deckert, V., Masson, D. and 

Athias, A. (2005) Phospholipid Transfer Protein (PLTP) Deficiency Re-

duces Brain Vitamin E Content and Increases Anxiety in Mice. FASEB 

Journal, 19, 296-297.  

[170] Martins, I.J., Hopkins, L., Joll, C.A. and Redgrave, T.G. (1991) Interac-

tions between Model Triacylglycerol-Rich Lipoproteins and 



 Advances in Aging and Health Research  

 

 156 

High-Density Lipoproteins in Rat, Rabbit and Man. Biochimica et Bio-

physica Acta (BBA)—Lipids and Lipid Metabolism, 1081, 328-338.  

http://dx.doi.org/10.1016/0005-2760(91)90290-X 

[171] Nishida, Y., Ito, S., Ohtsuki, S., Yamamoto, N., Takahashi, T., Iwata, N., 

et al. (2009) Depletion of Vitamin E Increases Amyloid Beta Accumula-

tion by Decreasing Its Clearances from Brain and Blood in a Mouse 

Model of Alzheimer Disease. Journal of Biological Chemistry, 284, 

33400-33408. http://dx.doi.org/10.1074/jbc.M109.054056 

[172] Desrumaux, C., Pisoni, A., Meunier, J., Deckert, V., Athias, A. and Perrier, 

V. (2013) Increased Amyloid-Beta Peptide-Induced Memory Deficits in 

Phospholipid Transfer Protein (PLTP) Gene Knockout Mice. Neuropsy-

chopharmacology, 38, 817-825. http://dx.doi.org/10.1038/npp.2012.247 

[173] Muñoz, F.J., Solé, M. and Coma, M. (2005) The Protective Role of Vita-

min E in Vascular Amyloid Beta-Mediated Damage. In: Harris, J.R. and 

Fahrenholz, F., Eds., Alzheimer’s Disease, Springer, Berlin, 147-165.  

http://dx.doi.org/10.1007/0-387-23226-5_7  

[174] Costa, M., Ortiz, A.M. and Jorquera, J.I. (2012) Therapeutic Albumin 

Binding to Remove Amyloid-β. Journal of Alzheimer’s Disease, 29, 

159-170. 

[175] Bharrhan, S., Chopra, K. and Rishi, P. (2010) Vitamin E Supplementation 

Modulates Endotoxin-induced Liver Damage in a Rat Model. American 

Journal of Biomedical Sciences, 2, 51-62. 

[176] Kroll, M.H. and Elin, R.J. (1985) Relationships between Magnesium and 

Protein Concentrations in Serum. Clinical Chemistry, 31, 244-246. 

[177] Fein. P., Weiss, S., Ramos, F., Singh, P., Chattopadhyay, J. and Avram, 

M.M. (2014) Serum Magnesium Concentration Is a Significant Predictor 

of Mortality in Peritoneal Dialysis Patients. Advances in Peritoneal Dial-



 Chapter 5. Magnesium Therapy Prevents Senescence with the Reversal of  
Diabetes and Alzheimer’s Disease  

 

 
157 

ysis, 30, 90-93. 

[178] Ruot, B., Breuillé, D., Rambourdin, F., Bayle, G., Capitan, P. and Obled, 

C. (2000) Synthesis Rate of Plasma Albumin Is a Good Indicator of Liver 

Albumin Synthesis in Sepsis. American Journal Physiology Endocrinol-

ogy Metabolism, 279, E244-E251. 

[179] Wang, X., Li, W., Lu, J., Li, N. and Li, J. (2004) Lipopolysaccharide 

Suppresses Albumin Expression by Activating NF-KappaB in Rat 

Hepatocytes. Journal of Surgical Research, 122, 274-279.  

http://dx.doi.org/10.1016/j.jss.2004.07.008 

[180] Don, B.R. and Kaysen, G. (2004) Serum Albumin: Relationship to In-

flammation and Nutrition. Seminars in Dialysis, 17, 432-437.  

http://dx.doi.org/10.1111/j.0894-0959.2004.17603.x 

[181] van der Vusse, G.J. (2009) Albumin as Fatty Acid Transporter. Drug Me-

tabolism and Pharmacokinetics, 24, 300-307.  

http://dx.doi.org/10.2133/dmpk.24.300 

[182] Charalambous, B.M., Stephens, R.C., Feavers, I.M. and Montgomery, 

H.E. (2007) Role of Bacterial Endotoxin in Chronic Heart Failure: The 

Gut of the Matter. Shock, 28, 15-23.  

http://dx.doi.org/10.1097/shk.0b013e318033ebc5 

[183] Lew, W.Y. (2003) Endotoxin Attacks the Cardiovascular System: Black 

Death at the Tollgate. Journal of American College of Cardiology, 42, 

1663-1665. http://dx.doi.org/10.1016/j.jacc.2003.08.006 

[184] Okeke, I.N., Laxminarayan, R., Bhutta, Z.A., Duse, A.G., Jenkins, P., 

O’Brien, T.F., et al. (2005) Antimicrobial Resistance in Developing 

Countries. Part I: Recent Trends and Current Status. Lancet Infectious 

Diseases, 5, 481-493.  

http://dx.doi.org/10.1016/S1473-3099(05)70189-4 



 Advances in Aging and Health Research  

 

 158 

[185] Schäfer, T., Scheuer, C., Roemer, K., Menger, M.D. and Vollmar, B. 

(2003) Inhibition of p53 Protects Liver Tissue against Endotoxin-Induced 

Apoptotic and Necrotic Cell Death. FASEB Journal, 17, 660-667.  

http://dx.doi.org/10.1096/fj.02-0774com 

[186] Laires, M.J. and Monteiro, C. (2008) Exercise, Magnesium and Immune 

Function. Magnesium Research, 21, 92-96. 

[187] Nielsen, F.H. and Lukaski, H.C. (2006) Update on the Relationship be-

tween Magnesium and Exercise. Magnesium Research, 19, 180-189. 

[188] Kass, L.S. and Poeira, F. (2015)The Effect of Acute vs Chronic Magne-

sium Supplementation on Exercise and Recovery on Resistance Exercise, 

Blood Pressure and Total Peripheral Resistance on Normotensive Adults. 

Journal of International Society Sports Nutrition, 12, 1-8.  

http://dx.doi.org/10.1186/s12970-015-0081-z  

[189] Hartzell, H.C. and White, R.E. (1989) Effects of Magnesium on Inactiva-

tion of the Voltage-Gated Calcium Current in Cardiac Myocytes. Journal 

of General Physiology, 94, 745-767.  

http://dx.doi.org/10.1085/jgp.94.4.745 

[190] Restrepo-Angulo, I., De Vizcaya-Ruiz, A. and Camacho, J. (2010) Ion 

Channels in Toxicology. Journal of Applied Toxicology, 30, 497-512. 

http://dx.doi.org/10.1002/jat.1556  

[191] Kass, G.E., Nicotera, P. and Orrenius, S. (1990) Effects of Xenobiotics on 

Signal Transduction and Ca2+ Mediated Processes in Mammalian Cells. 

Princess Takamatsu Symposia, 21, 213-226. 

[192] Burgess, J. (2001-2010) Magnesium Absorption and Assimilation.  

www.afibers.org  

[193] Magnesium L-Threonate Reviews, Benefits, Safety and Doses. 



 Chapter 5. Magnesium Therapy Prevents Senescence with the Reversal of  
Diabetes and Alzheimer’s Disease  

 

 
159 

2013-2016. www.Nootriment.com  

[194] Martins, I.J. (2016) The Role of Clinical Proteomics, Lipidomics, and 

Genomics in the Diagnosis of Alzheimer’s Disease. Proteomes, 4, 1-19. 

http://dx.doi.org/10.3390/proteomes4020014 

[195] Leonhard-Marek, S., Gäbel, G. and Martens, H. (1998) Effects of Short 

Chain Fatty Acids and Carbon Dioxide on Magnesium Transport across 

Sheep Rumen Epithelium. Experimental Physiology, 83, 155-164.  

http://dx.doi.org/10.1113/expphysiol.1998.sp004098 

[196] Scharrer, E. and Lutz, T. (1990) Effects of Short Chain Fatty Acids and K 

on Absorption of Mg and Other Cations by the Colon and Caecum. 

Zeitschrift für Ernährungswissenschaft, 29, 162-168.  

http://dx.doi.org/10.1007/BF02021554  

[197] Wang, Y., Shi, X., Qi, J., Li, X., Uray, K. and Guan, X. (2012) SIRT1 In-

hibits the Mouse Intestinal Motility and Epithelial Proliferation. Ameri-

can Journal of Physiology Gastrointestinal Liver Physiology, 302, 

G207-G217. http://dx.doi.org/10.1152/ajpgi.00302.2011 

[198] Golts, N., Snyder, H., Frasier, M., Theisler, C., Choi, P. and Wolozin, B. 

(2002) Magnesium Inhibits Spontaneous and Iron-Induced Aggregation 

of Alpha-Synuclein. Journal of Biological Chemistry, 277, 16116-16123.  

http://dx.doi.org/10.1074/jbc.M107866200 

[199] Navarro-Otano, J., Gelpi, E., Mestres, C.A., Quintana, E., Rauek, S., 

Ribalta, T., et al. (2013) Alpha-Synuclein Aggregates in Epicardial Fat 

Tissue in Living Subjects without Parkinsonism. Parkinsonism Related 

Disorders, 19, 27-31. http://dx.doi.org/10.1016/j.parkreldis.2012.07.005 



  
 

 

 



 Chapter 6. Indian Spices and Biotherapeutics in Health and Chronic Disease  

 

 
161 

Chapter 6.  
Indian Spices and Biotherapeutics in 
Health and Chronic Disease 

Ian James Martins1,2,3,4 

1Centre of Excellence in Alzheimer’s Disease Research and Care, Sarich   

Neuroscience Research Institute, Edith Cowan University, Nedlands, Australia   

2School of Psychiatry and Clinical Neurosciences, The University of Western 

Australia, Nedlands, Australia 

3McCusker Alzheimer’s Research Foundation, Hollywood Medical Centre,   

Nedlands, Australia 

4School of Medical and Health Sciences, Edith Cowan University, Nedlands, 

Australia 

Abstract: The acceleration  in  the  rate of chronic disease  that  involves  insulin 

resistance has become of concern  in various countries. The  rate of  the most 

prevalent chronic diseases involves the metabolic syndrome and non alcoholic 

fatty  liver  disease  (NAFLD)  that  is  closely  associated  to  diabetes  and  neuro‐

degenerative  diseases.  Biotherapeutics  and  nutritional  biotherapy  have  be‐

come important to reverse these global diseases. Biotherapeutics that involves 

Indian  spice  therapy  requires  assessment with  relevance  to  insulin  therapy, 

immunotherapy, antimicrobial therapy and drug therapeutics. Combined insu‐

lin therapy and Indian spice therapy regulates human insulin biological activity 

with  relevance  to  the  prevention  of  uncontrolled  intracellular  glucose  levels 

and mitochondrial apoptosis. Biotherapeutics with nutritional biotherapy that 

involves the use of various nutrients such as magnesium and phosphatidylino‐
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sitol (gm/day)  is essential to insulin therapy. Factors such as stress, core body 

temperature and food quality influence biotherapeutics and Indian spice ther‐

apy with  delayed  spice  clearance  associated with mitochondrial  dysfunction 

(cell apoptosis) and altered drug/caffeine therapy with relevance to the global 

diabetes pandemic. 

Keywords: Spices, Biotherapeutics 

1. Editorial 

Biotherapeutics has become of importance to global chronic diseases to pre-

vent accelerated aging associated with uncontrolled immune reactions that de-

termine treatment and disease progression. In the global burden of disease con-

nections between nutritional therapy and the immune system [1] [2] [3] have 

become of medical interest with primary immune dysregulation related to obe-

sity, diabetes and neurodegenerative diseases. Nutritional diets are essential to 

maintain immunotherapy/antimicrobial therapy [2] [4] [5] [6] relevant to com-

munity factors and global antibiotic resistance [7] [8]. Drug biotherapeutics is 

essential to stabilize chronic disease with dietary interventions and fat con-

sumption that determine biotherapeutics important to the treatment of endocrine 

and metabolic diseases. Nutritional interventions with Indian spices [9] [10] and 

insulin therapy [11] [12] (Figure 1) have become of critical importance to the 

global diabetic pandemic with human insulin and its biological activity (Figure 

1) of major relevance to the global burden of disease progression. 

Indian spices have been reported to exhibit a wide range of physiological and 

pharmacological properties that produce beneficial health promoting/protective 

effects for various chronic diseases [13]-[19]. Identification of spices such as 

five commonly used dietary spices include saffron, curcumin, pepper family, 

zingiber and cinnamon has been used for the treatment of hypercholesterolemic,  
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Figure 1. Biotherapeutics and nutritional biotherapy have become important to 
reverse global diseases such as non alcoholic fatty liver disease (NAFLD), diabetes 
and neurodegenerative diseases. Biotherapeutics that involve Indian spice therapy 
require assessment with relevance to immunotherapy, antimicrobial therapy and 
drug therapeutics. Combined insulin therapy and Indian spice therapy regulate 
human insulin biological activity with relevance to intracellular hyperglycemia and 
mitochondrial apoptosis. Databases searched for medical literature in this study 
include Pubmed database, Medline database, Research Gate Researcher Network, 
Mendeley Research Network and Academia.edu database. 

cardiovascular disease, obesity, inflammation/metabolic disease, diabetes and 

Alzheimer’s disease [13]-[19]. Indian spices as a biotherapy have become im-

portant in the developed and developing world with specific spices such as cin-

namon and curcumin involved in the control of the immune system and the an-

timicrobial therapy [20] [21] [22] [23]. Cinnamon and curcumin as nutritional 

interventions have major effects on drug and hormone biotherapy with doses of 

these spices [9] important to determine stabilization and reversal of global 

chronic disease. Insulin therapy is one of the most important treatments in dia-

betes with cinnamon and curcumin involved in the improvement of plasma hy-

perglycemia and involved with the regulation of insulin dose/type and frequen-

cy of use in diabetes therapeutics [24] [25] [26] [27]. Cinnamon has been shown 

to regulate insulin levels [24] [25] with therapeutic effects on hyperglycemia 

induced mitochondrial apoptosis [26]. Curcumin effects on the insulin receptor 

and beta cell function [26] [27] modulates human insulin therapy with critical 

consideration of Indian spice therapy required with relevance to human insulin 
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administration and diabetes treatment [28]. Diabetes and mitochondrial dys-

function are closely connected [1] [29] with Indian spice and Insulin therapy to 

be carefully assessed with relevance combined therapy and increased cellular 

glucose levels related to hyperglycemic mitochondrial apoptosis [30]. 

Biotherapeutics for diseases (Figure 2) are now ineffective with malfunction 

of nutrient sensitive genes involved in mitochondrial survival [1] [3] [4] [30]. 

Indian spices (curcumin) as a biotherapy in health and disease should be care-

fully controlled with higher doses not associated with activation of anti-aging 

genes [31] involved in mitochondrial biogenesis [3]. Biotherapeutics that in-

volve nutritional biotherapy with phosphatidylinositol (gm/day) [4] and magne-

sium contents [32] improves insulin therapy but combined therapy with Indian 

spices need to be assessed in clinical trials. Biotherapeutics that include other 

nutrients [33] are essential for biotherapy to maintain genomic stability in dia-

betes (Figure 2). Foods that contain essential nutrients include protein, eggs, 

cottage cheese, dairy, red meat, chicken, legumes, duck, nuts, and seeds. These 

essential nutrients include methionine, methylsulfonylmethane, sulphur, choline, 

and trimethylglycine as building blocks that allow regulation of genes by ap-

propriate telomeres. Vitamins such as vitamin B12, folic acid, and vitamin B6 

play multiple roles in genomic stability. Antioxidants and vitamins C, D and E 

are essential and maintain genomic stability. A lack of antioxidants leads to in-

creased free radical damage and more risk for damage to telomeres essential to 

cell survival. Minerals such as magnesium and zinc are required for the preven-

tion of DNA strand breakage and the prevention of accelerated cell aging. Nu-

trients such as quercetin, green tea catechins, grape seed extract, resveratrol and 

omega 3 fatty acids (eicosapen-taenoic acid/docosahexaenoic acid) are im-

portant as basic nutrients to preserve biological aging and reverse diabetes. Poor 

food quality [4] [5] [34] interferes with drug biotherapeutics associated with 

Indian spice inactivation (Figure 2). Biotherapeutics that involves caffeine has 

been extensively studied in obesity and diabetes [35] [36] with curcumin doses 
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[10] and caffeine intake important to hyperglycemia induced cell apoptosis. In-

dian spices that induce cell apoptosis [37] [38] [39] prevent cancer include cur-

cumin (turmeric) and piperine (black pepper) with interference with caffeine 

metabolism [40] and active spice component pharmacokinetic data is still not 

available. 

 

Figure 2. Biotherapeutics with nutritional biotherapy involve the use of various 
nutrients such as magnesium and phosphatidylinositol (gm/day) are essential to 
maintain genes involved in insulin therapy. Factors such as stress, core body tem-
perature and food quality influence biotherapeutics and Indian spice therapy with 
delayed spice clearance associated with mitochondrial dysfunction (cell apoptosis) 
and altered drug/caffeine therapy. 

Core body temperature connections to the immune system and mitochondrial 

cell function [41] indicate that with heat/cold stress induce toxic immune reac-

tions [42] that are relevant to mitochondrial apoptosis in non alcoholic fatty liv-

er disease, obesity, diabetes and neurodegenerative diseases. Factors such as 

core body temperature and stress [41] [43] may override Indian spice therapy 

and various biotherapeutics that are of prime importance in the stabilization of 

the global chronic disease epidemic [31] [44]. Indian spice therapy requires 

further assessment with relevance to hormone therapy, reversal of NAFLD with 

poor Indian spice metabolism possibly relevant to adverse drug reactions [9] 
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(Indian spice-drug interactions) with the aging process but higher doses are 

therapeutic for cancer treatment with relevance to induction of cell apoptosis 

[29] [30] [31]. Furthermore diets that contain Indian spices may alter the ape-

linergic system [43] involved in stress reactions, co-ordination of the neuroen-

docrine system and the development of chronic disease.  

2. Conclusion 

Biotherapeutics for chronic diseases has accelerated to prevent the progres-

sion of the current global chronic disease epidemic. Indian spice therapy has 

become an important biotherapeutic involved in the reversal of global diabetes 

and neurodegeneration. Mitophagy in chronic disease requires attention with 

Indian spice therapy and insulin therapy as a combined therapy to regulate cell 

glucose levels to prevent hyperglycemic induced mitochondrial apoptosis. Spe-

cific nutrients need to be consumed with Indian spices to allow stabilization of 

uncontrolled toxic reactions that lead to cell death. Core body temperature, 

stress and inappropriate food quality will inactivate Indian spice therapy with 

excessive Indian spice intake over many years that may be connected to ineffec-

tive human insulin biological activity/drug biotherapeutics with long term Indi-

an spice use more relevant to cell apoptosis and the treatment of cancer. Moni-

toring of long term Indian spice therapy may be required in future clinical trials 

in man with relevance to safety compared to diabetic individuals with insulin 

therapy and without Indian spice therapy. 
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