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Introduction
Developing countries are important to the understanding of disease 

processes related to the molecular basis of cell dysfunction and these 
populations can be used to test the hypothesis of the origins and cause of 
the metabolic syndrome, accelerated obesity and cardiovascular disease 
in Western populations. In previous studies disorders such as obesity 
and diabetes were lower in developing countries and were related to 
diet, lifestyle and exercise. In developing countries the rapid migration 
from the rural to urban areas can be used as a model [1,2] and may be 
an important factor that has accelerated the global diabetic epidemic 
which has spread to developing countries. The global rise in obesity 
and severity of diabetes may allow the interpretation of risk factors in 
developing countries that may possibly explain the cause of early nuclear 
and cellular dysfunction in Western communities. Interests in the 
gene environment interactions that change gene expression that affect 
cellular glucose and lipid metabolism are of considerable interest. Diets 
high in calories with alcohol consumption in developing countries may 
affect gene-environment interactions. Developing countries in urban 
areas may differ from developed countries in relation not only to the 
calorie content of the diet but also the presence of specific chemicals 
such as xenobiotics and xenometals. In developing countries (urban 
areas) access to high calorie diets may downregulate liver nuclear 
receptors that are responsible for toxicological sensing and interrupt 
the metabolism of xenobiotics which may rise in the blood plasma 
with transport to various cells and tissues such as the pancreas, heart, 
kidney, brain, liver and lungs. The relationship between the food intake 
and equilibration of xenobiotics or xenometals to various tissues has 
now become important to the development of insulin resistance and 

may explain the rise in obesity in developing countries with relevance 
to the global diabetes epidemic and neurodegeneration (Figure 1) [3-
5].
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Figure 1: Western diets induce the metabolic syndrome, NAFLD and disrupt 
xenobiotic metabolism.
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Developing countries may now consume saturated fat similar to 
Western countries that may lead to hyperphagia, obesity and diabetes 
[3,4] being the major disorders in Western communities. In urban 
areas access to high calorie foods may possibly explain the rise (20%) 
in non alcoholic fatty liver disease (NAFLD) in developing countries 
with NAFLD as high as 30% in Western countries [6-8]. The effects 
of alterations in diets and lifestyle in developing countries possibly 
promote highly reactive intermediates that are toxic to the cell (nuclear 
apoptosis) with insulin resistance, abnormal liver lipid metabolism 
and the development of the metabolic syndrome in these countries. 
Epigenetic alterations in cells possibly lead to various other diseases 
such as cardiovascular disease, gall bladder disease, Parkinson’s disease 
(PD) and Alzheimer’s disease (AD) that are associated with severity of 
diabetes and accelerated aging. The global obesity and diabetic epidemic 
in developing countries require special attention for the understanding 
of various molecular mechanisms that are involved in the induction or 
prevention of chronic disease manifestation. 

Increased Global Obesity and Diabetes with the 
Metabolic Syndrome, NAFLD and Neurodegeneration

The global metabolic syndrome that now includes the under 
developed countries indicates that the major endocrine disorder is 
insulin resistance. The metabolic syndrome and NAFLD have affected 
60% of individuals in developed and developing countries [6-8]. These 
insulin resistant individuals become hypercholesterolemic with hepatic 
insulin resistance playing a pivotal role in lipoprotein abnormalities. 
Lipoprotein metabolism is disturbed in these individuals with increased 
lipid accumulation and excess lipids that are stored in adipose tissue. In 
obese individuals the classification of obesity is with a body mass index 
that is greater than 30.0 Kg/m2. The liver and its disease progression 
(NAFLD) with poor lipid metabolism may responsible for the increased 
adiposity in obese individuals [9,10] and associated with the induction 
of the severity of the metabolic syndrome and diabetes in developing 
countries.

Developing countries are referred to as the countries of Africa, 
Asia, Latin America and Oceania. In developing countries by 2025 
individuals with obesity and diabetes are projected to increase to 
115 million and the diabetic epidemic will affect countries such as in 
Asia and Oceania (Samoa) [11,12]. Extensive literature search by the 
World Health Organization conducted with terms such as obesity, 
insulin resistance, the metabolic syndrome, diabetes, dyslipidemia, 
nutrition and physical activity in developing countries between 1966 
to June 2008 indicate that the improved economic situation in these 
developing countries is associated with increasing prevalence of obesity 
and the metabolic syndrome in adults and children. The number of 
people with diabetes is projected to double in developing regions such 
as Africa, Asia, and India [12,13]. In Asia the diabetic epidemic has 
escalated and accounts for 60% of the world diabetic population [14]. 
The diabetic epidemic has been associated with NAFLD in developing 
countries of Latin America, Asia, India and Africa with prevalence (20-
40 %) similar to developed countries [15-17]. Evidence from various 
studies indicate that environmental factors are the major determinants 
of the increasing rates of diabetes with the development of diabetes at a 
younger age in Asian populations. Rapid urbanization from 20 to 60% 
has occurred in Africa, India, China and Asia and possibly involved 
with the large global diabetic population in these developing countries 
[17-21]. Poor nutrition transition with increased consumption of 
energy dense foods and edible oils, sedentary lifestyles, alcohol, 
polluted environments, poor physical activity and overcrowding 

possibly contribute to increased social stress that may be responsible 
for the dramatic increase in these chronic diseases [21-23].  

Polluted environments contain chemical compounds foreign to 
animals and humans are referred to as xenobiotics that include drugs, 
drug metabolites, and environmental compounds such as pollutants 
that are not produced by the body. In the environment xenobiotics 
include synthetic pesticides, herbicides, chemicals and industrial 
pollutants that pollute the air and water [24-26]. Global disability 
adjusted life years (DALYS) attributable to air pollution from industry 
in these developing countries is estimated to be 17 million [24]. Several 
studies show that air and water environmental pollution in developing 
countries especially in densely populated urban areas may contribute 
to at least 20% of chronic diseases and possibly to deaths of millions of 
people annually in these countries. Alcohol ingestion has been shown 
to be increased in developing communities that corrupt xenobiotic 
metabolism [20]. Increased cigarette smoking (tobacco) allow the entry 
of xenometals such as heavy metals (lead, cadmium, manganese, iron, 
copper, strontium, rubidium, nickel, zinc, zirconium and chromium) 
and chemical elements such as (sulfur, chlorine, potassium, calcium 
and bromine) into the body with toxic effects to the liver and brain 
[20].  

Chronic neurodegenerative diseases associated with Type 2 
diabetes have been shown to increase with age in developed countries 
and recent studies indicate that obesity and diabetes are associated with 
these neurodegenerative diseases especially those related to AD and PD 
[27-29]. Studies have concluded that AD is now referred to as Type 3 
diabetes and is primarily involved with neurodegeneration and insulin 
resistance. Neurodegenerative diseases that involve diabetes include 
ataxia-telangiectasia, Friedreich ataxia, Huntington disease, Prader-
Willi syndrome, Werner syndrome, Wolfram syndrome, myotonic 
dystrophy and Down syndrome/trisomy 21 [29]. In developing 
countries neurodegenerative disorders such as AD, dementias, 
epilepsy, PD and acute ischemic stroke stand as emerging public health 
standards and are closely associated with the increased prevalence in 
obesity and the metabolic syndrome in these developing communities 
[28, 30,31].

Gene Environment Interactions induce Epigenetic 
Alterations in Obesity and Diabetes

The gene-environment interaction in developing countries 
indicates that urbanization facilitates increased access to food which 
leads to induction of epigenetic alterations that are associated with 
lipid and glucose dyshomeostasis as well as greater adiposity in obese 
individuals. High calorie diets regulate transcriptional responses with 
DNA modifications that include DNA methylation, histone tails, 
chromatin and micro RNA alterations that regulate DNA expression 
and promote chronic disease susceptibility. Urban environments 
may contain xenobiotics (soil, water, air) that may also contribute to 
epigenetic modifications and contribute to the global rise in obesity in 
these developing countries [32-41].   

The alterations in glucose and lipid metabolism in obese individuals 
involve nuclear receptor dysfunction that promotes liver disease [42-
46]. Altered glucose and lipid metabolism in obesity are associated with 
liver nuclear receptor dysfunction with an increase in lipid storage in 
adipose tissue. Alterations in the transcriptional regulation of nuclear 
receptors are responsible for changes in energy and glucose metabolism 
and involve the peroxisome proliferator-activated receptor gamma 
(PPAR gamma) and PPARalpha, beta/delta that are responsible for 
fatty acid, triglyceride, and lipoprotein metabolism [47]. The liver X 
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receptors (LXR)/ liver receptor homolog-1 (LRH-1) is responsible 
for reverse cholesterol transport, cholesterol absorption and bile acid 
metabolism regulated by the farnesol X receptor (FXR), LXRs, and 
LRH-1 receptors. Pregnane X receptor (PXR) and the constitutive 
androstane receptor (CAR) have endobiotic functions that impact on 
glucose and lipid metabolism with affects on the metabolic syndrome 
associated with the pathogenesis of metabolic diseases [48-51]. The 
nuclear receptor aryl hydrocarbon receptor has also been closely 
associated with NAFLD [52]. Liver nuclear receptors such as PXR, 
CAR and xenobiotic sensing nuclear receptor (SXR) are responsible 
for the detection of foreign toxic substances (xenobiotics) and respond 
by the expression of cytochrome p 450 (CYP 450) enzymes involved 
in the defense against xenobiotics (drugs) for rapid clearance by the 
liver [53,54]. Liver nuclear receptors are involved in the metabolism 
of nutrients (glucose, fatty acid and cholesterol), bile acid and drug 
metabolism [54-58] and closely involved in the pathogenesis of chronic 
diseases such as NAFLD, obesity, diabetes, atherosclerosis, gall bladder 
disease [59-61] and neurodegeneration.

The gene environment interactions induce epigenetic changes 
involve alterations in nuclear receptors with chromatin remodelling 
that are linked to obesity and diabetes. High fat and high cholesterol 
diets interfere with nuclear receptors and chromatin remodelling 
that are linked to oxidative stress, insulin resistance and NAFLD. 
Interest in calorie restriction and transcriptional regulation of nuclear 
receptors has increased and these receptors are closely involved 
with insulin resistance. Dietary regulation of the nuclear receptors 
involves the calorie sensitive anti-aging gene Sirtuin 1 (Sirt 1) that is 
principally involved in obesity, liver lipid metabolism (NAFLD) and 
brain neuronal proliferation with close links to the development of AD 
[61,62]. Sirt1 is a NAD+ dependent protein deacetylase and is involved 
in the deacetylation of the nuclear receptors (Figure 2) with its critical 
involvement in insulin resistance [63,64]. 

Sirt 1 is involved in metabolic regulation and in the repair of 
deoxyribonucleic acid (DNA) damage with epigenetic alterations 
involving histone deacetylation in chromatin [65,66]. Sirt 1 
involvement in PXR activation occurs by deacetylation of the PXR liver 
receptor [67,68] and is linked to protection of DNA by xenobiotics 
with epigenetic alterations involving histone deacetylation [69-71]. 
Sirt1 maintains the DNA to prevent gene modification of various 
genes including CYP 450 enzymes [72] and allows rapid metabolism 
of xenobiotics that enter the organism. In under developed countries 
urbanization and Western diet changes involve Sirt 1dysregulation 
caused by alterations in transcriptional regulators and modification of 
chromatin that contribute to endocrine abnormalities such as insulin 
resistance, NAFLD and energy balance disorders [73-79].

Interests in calorie restriction and neurodegeneration involve 
Sirt 1 mediated deacetylation of the transcriptional factor FoxO3a 
that represses Rho-associated protein kinase-1 gene expression and 
activation of the non amyloidogenic α-secretase processing of the 
amyloid precursor protein (APP) with the reduction of amyloid 
beta (Aβ) generation [80]. Environmental changes with dietary 
consumption of xenobiotics affect chromatin remodelling that 
regulate gene expression with affects on appetite and hyperphagia 
that promotes obesity, diabetes and neurodegeneration [81,82]. 
Interests in transcriptional factors (co-regulator complexes) modify 
Sirt 1chromatin interactions and nutrient, drug and toxin metabolism 
[81-83]. Environmental inhibitors modify Sirt1 and its regulators with 
modifications in chromatin structure and prevent activators of Sirt1 
that regulate appetite and food intake [84]. In developing countries 

movement of populations from rural to urban regions alter Sirt1 and 
nuclear receptor interactions that act as metabolic and toxicological 
sensors that allow populations to adapt to environmental changes. 
High calorie diets down regulate nuclear Sirt 1 activity disrupted 
xenobiotic or xenometal metabolism that alters gene expression with 
the acceleration in aging and the development of obesity and diabetes 
in these populations. 

Metabolic Disorders Affect the Metabolism of 
Xenobiotics and Increase the Concentration of 
Neurotoxins 

Major threats of xenobiotics such as environmental pollutants 
(Figure 3) may increase with age in individuals from developing 
countries [85-89]. These xenobiotics allow induction of various 
chronic illnesses such as obesity and diabetes by alteration in liver 
and brain function. The global obesity epidemic (30%) now includes 
the developing countries (20%) and is possibly connected to the large 
diabetic population in developing countries with unhealthy diets and 
poor liver xenobiotic metabolism involved in the severity of diabetes 
[90-94]. In obesity and diabetes the liver and brain have been found 
to be diseased with insulin resistance connected to the peripheral 
organ disease progression [84]. Obese and diabetic individuals have 
blood brain barrier (BBB) disorders [95] and loss of BBB trafficking of 
chemicals, xenobiotics or xenometals [96-98] to the brain may increase 
the risk of neuronal apoptosis with the promotion of neuroendocrine 
disease and the increased risk for PD in these individuals [96,97-99]. 
Association between xenobiotics and insulin resistance adds support to 
the affects of xenobiotics on their receptors CYP 450 in liver and brain 
cells of obese and diabetic individuals [100-104].

Figure 2: Sirtuin 1 regulation of chromatin structure and gene expression with 
effects on obesity and diabetes.

 

Figure 3: Nuclear receptors control xenobiotic metabolism with effects on 
DNA modification and neuron apoptosis.
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In experimental animals high fat diets were closely associated 
with disturbances in the suprachiasmatic nucleus and appetite control 
with the abnormal involvement of Sirt1 in the central control of 
circadian rhythms [105-111]. Sirt 1’s abnormal involvement in food 
intake and appetite regulation has been associated with the risk for 
obesity [107,110,111]. The clearance, metabolism and elimination 
of xenobiotics are controlled by nuclear receptors (Sirt1/PXR) and 
the circadian regulation of CYP450 enzymes that are involved in 
xenobiotic and nutrient metabolism [49,112-114]. High calorie diets 
with lifestyle alterations after relocation to urban areas possibly delays 
the metabolism of xenobiotics with induction of cardiovascular disease 
[115-121] metabolic diseases such as obesity and diabetes [11,122] and 
relevance to drug induced Parkinsonian and neurodegeneration in 
these countries [123-125]. 

Accelerated neurodegeneration such as in PD and AD is connected 
to the diabetic global epidemic with insulin resistance and abnormal 
peripheral glucose and lipid metabolism. Excess xenobiotics (CNS 
drugs, CAD drugs, anti-cancer drugs, antimicrobial, antiviral, 
compounds) are possibly involved in the molecular mechanisms of 
neuroendocrine disease that is linked to diabetes, PD and AD. Organic 
pollutants in the environment are higher in developing countries and 
the half life of xenobiotics by poor hepatic metabolism is decreased with 
the increase in NAFLD (20%) and diabetes associated with these under 
developed countries (Figure 3). Loss of hepatic cholesterol metabolism 
as associated with NAFLD is closely connected to poor liver Aβ 
homeostasis with consequences to severe neurodegeneration such as 
PD and AD. In 60% of individuals in global populations (developed 
and developing countries) the peripheral sink Aβ hypothesis is absent 
since NAFLD has increased to nearly half of the world population and 
ill affects of poor xenobiotic and hepatic Aβ metabolism correlated 
with toxic affects to various tissues such as the heart and brain [61,62].

Interests in xenobiotic metabolism have escalated recently since 
xenobiotics are involved in the generation of reactive intermediates 
that corrupt DNA repair and promote DNA modifications [126-128]. 
Xenobiotics release reactive electrophiles that are possibly connected to 
nuclear aggregation and endoplasmic reticulum (ER) stress [129] with 
protein deposits in cells (Figure 4). The damage to DNA occurring in 
neuronal cells with xenobiotics is with the formation of DNA adducts, 

DNA strand breakage and altered DNA function [127,130]. Sirt 1 is 
closely involved in with chromatin modification and protection of 
neurons from genotoxic stress with the involvement of DNA repair 
enzymes and repair of double strand breaks in damaged chromatin 
structure [131,132]. In liver and brain cells with low Sirt 1 activity 
electrophiles from xenobiotic metabolism react with micro ribonucleic 
acid (RNA) [133-135] or by covalent binding to nucleophillic centres 
in cellular protein and DNA [136-139]. Adduct formation disrupts 
DNA or protein structure with damage to the nucleus and various 
subcellular organelles [128,130,140] such as the ER and mitochondria 
with metabolic alterations. Diets that disrupt Sirt 1’s protection of 
ER stress are also implicated in mitochondrial dysfunction with 
the essential role of Sirt 1 and nuclear receptors in the maintenance 
of the mitochondria and their biogenesis [140-143]. Xenobiotics 
promote oxidative stress with the release of radicals that cause chain 
reactions with the attack on DNA, lipids, proteins and carbohydrates. 
Xenobiotics generate electrophilic intermediates that involve abnormal 
protein folding as assessed by quality control mechanisms such as the 
unfolded protein response and the deposition of unfolded proteins 
in the ER. As nutrient levels rise Sirt 1 activity falls and xenobiotic 
oxidative processes rise with protein misfolding connected with insulin 
resistance in neurodegenerative diseases such as PD and AD.    

Unhealthy Diet, Drugs and Lifestyle Induce Chronic 
Disease and Neurodegeneration

Populations that consume alcohol and tobacco such as that in 
developing countries may inhibit hepatic nuclear receptors with 
alterations in metabolic regulation of cholesterol, fatty acids, glucose 
and toxic chemicals. Alcohol is a Sirt1 inhibitor [144-147] and its 
consumption may promote hepatic dysfunction such as alcoholic 
fatty liver with the ill affects on hepatic xenobiotic metabolism that are 
now released to various organs in the periphery and brain. Activators 
of hepatic Sirt 1 are important to prevent chronic diseases with the 
maintenance of liver nuclear receptors and regulation of nutrient and 
xenobiotic metabolism [61,62] Foods that contain toxic xenobiotics 
[148] induce genotoxic stress with chromatin modifications that leads 
to hepatic DNA damage and NAFLD that threaten the survival of 
various obese and diabetic individuals [148,149].    

Interest in fat consumption (low or high) may require further 
evaluation and may contain lipophillic xenobiotics. Lipophillic 
xenobiotics [150,151] such as aldrin and dieldrin may rapidly transport 
across membranes to various cells and tissues may not be processed by 
the liver. Gene-environment interactions that lead to changes in diet 
and appetite affect peripheral gene expression with the development of 
the metabolic syndrome and possibly involve the excess consumption 
of lipophillic xenobiotics found in fat (milk) that are toxic to the 
neurons in the central nervous system. Rapid xenobiotic metabolism 
is triggered by low calorie diets and poor nutrition leads to abnormal 
xenobiotic metabolism with significant affects on DNA strand breakage 
with cell apoptosis. Compounds such as reservatrol (Sirt1 activator) 
are essential to maintain the DNA repair [152-154] and are involved 
in inhibition of CYP450 enzymes required for xenobiotic metabolism 
[155,156].  

In developing countries higher environmental organic pollutants 
can enter the water supply and foods such as vegetables, rice, fruits, 
meat and dairy products. Consumption of water and food may 
release xenobiotics that may alter cellular DNA and RNA related to 
the epigenetic changes in metabolic diseases and neurodegeneration 
(Figure 5). Food monitoring for xenobiotics and xenometals has become 

Figure 4: The effects of xenobiotics on nuclear apoptosis and ER stress in 
obesity and diabetes.
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of central interest to prevent chronic diseases and acceleration of aging 
with the prevention of ingestion of toxic chemicals, xenobiotics and 
organic pollutants (88-90). In Western communities nutritional diets 
are of importance to prevent NAFLD and improve hepatic xenobiotic 
metabolism in these communities. Xenobiotics and its connections 
with various chronic diseases may involve abnormal xenobiotic 
biotransformation and their reactions such as oxidation, conjugation 
and reduction are important to its rapid metabolism and excretion 
in bile and urine. Chronic diseases such as gall bladder disease and 
hypothyroidism has increased with the metabolic syndrome and gall 
bladder removal now closely related to NAFLD [157,158]. The slow 
metabolism of xenobiotics in individuals with insulin resistance [159] 
may lead to dysfunction of the thyroid and hypothyroidism is now 
involved with the progression to obesity and diabetes [160-162].    

Anti-obese drug therapy in obese individuals may be more useful 
and successful with consumption of selected foods that are very low 
in xenobiotics, chemicals or xenometals that allowing the the liver to 
rapidly clear these toxic compounds from the periphery before entering 
the brain (Figure 5). Anti-steatotic diets and drug treatment may 
accelerate clearance of liver xenobiotics by improving insulin resistance 
and expression of CYP450 expression [102-104] in obese or diabetic 
individuals. Other behavioural factors such as stress and anxiety that 
affect the circadian rhythm that regulates xenobiotic metabolism have 
become important to various communities. Nutritional diets (plant 
versus meat) are designed to maintain the toxicological processing of 
xenobiotics with the critical role of liver xenobiotic enzymes (CYP450) 
in their metabolism. Micronutrients, minerals and vitamins such 
as nicotinamide, riboflavain, niacin, folic acid, vitamin E, vitamin 
A are essential for xenobiotic metabolism [113]. Diets that contain 
appropriate protein quality, carbohydrate and lipid (polyunsaturated) 
content are essential for xenobiotic metabolism and nutritional 
deficiency has been closely related to poor xenobiotic metabolism. 

Conclusion
In various regions in developed and underdeveloped countries the 

incidence of overweight and obesity has been closely connected to the 
diabetic epidemic. Urbanization in developing countries may possibly 
provide an explanation for the global diabetic epidemic. The obesity 
and diabetic epidemic in developing countries require urgent attention 
to maintain cellular DNA and RNA and reverse epigenetic changes 
induced by diet and xenobiotics that accelerate insulin resistance, 
cardiovascular disease and neurodegeneration. Severity of the world 
wide diabetic epidemic may be controlled by consumption of low calorie 

nutritional diets that are designed to maintain liver glucose, lipid and 
xenobiotic metabolism and prevent genotoxic stress that is associated 
with the increase in the diabetic epidemic and neurodegeneration in 
developing countries.

References
1. Narayan KMV, Zhang P, Kanaya AM, Williams DE, Engelgau MM, et al. (2006) 

Diabetes: The pandemic and potential solutions. Chapter 30: 591-603 Disease 
Control Priorities in Developing Countries. (2ndedn), The International Bank for 
Reconstruction and Development/The World Bank Group.

2. Lavebratt C, Almgren M, Ekström TJ (2012) Epigenetic regulation in obesity. Int 
J Obes (Lond) 36: 757-765.

3. Osei K (2003) Global epidemic of type 2 diabetes: implications for developing 
countries. Ethn Dis 13: S102-106.

4. Chandra V, Pandav R, Laxminarayan R, Tanner C, Manyam B, et al. (2006) 
Neurological Disorders. (2nd edn), The International Bank for Reconstruction 
and Development,The World Bank Group.

5. Smith BW, Adams LA (2011) Non-alcoholic fatty liver disease. Crit Rev Clin 
Lab Sci 48: 97-113.

6. Das K, Das K, Mukherjee PS, Ghosh A, Ghosh S, et al. (2010) Nonobese 
population in a developing country has a high prevalence of nonalcoholic fatty 
liver and significant liver disease. Hepatology 51: 1593-1602.

7. Fan JG, Peng YD (2007) Metabolic syndrome and non-alcoholic fatty liver 
disease: Asian definitions and Asian studies. Hepatobiliary Pancreat Dis Int 
6: 572-578.

8. Palmieri VO, Grattagliano I, Portincasa P, Palasciano G (2006) Systemic 
oxidative alterations are associated with visceral adiposity and liver steatosis in 
patients with metabolic syndrome. J Nutr 136: 3022-3026.

9. Kelley DE, McKolanis TM, Hegazi RA, Kuller LH, Kalhan SC (2003) Fatty liver 
in type 2 diabetes mellitus: relation to regional adiposity, fatty acids, and insulin 
resistance. Am J Physiol Endocrinol Metab 285: E906-916.

10. World Health Organization Controlling the global obesity epidemic (2008).

11. Misra A, Khurana L (2008) Obesity and the metabolic syndrome in developing 
countries. J Clin Endocrinol Metab 93: S9-30.

12. Kelly T, Yang W, Chen CS, Reynolds K, He J (2008) Global burden of obesity 
in 2005 and projections to 2030. Int J Obes (Lond) 32: 1431-1437.

13. Hu FB (2011) Globalization of diabetes: the role of diet, lifestyle, and genes. 
Diabetes Care 34: 1249-1257.

14. Farrell GC, Wong VW, Chitturi S (2013) NAFLD in Asia--as common and 
important as in the West. Nat Rev Gastroenterol Hepatol 10: 307-318.

15. Amarapurkar D, Kamani P, Patel N, Gupte P, Kumar P, et al. (2007) Prevalence 
of non-alcoholic fatty liver disease: population based study. Ann Hepatol 6: 
161-163.

16. World Gastroenterology Organisation Global Guidelines (2012) Nonalcoholic 
Fatty Liver Disease and Nonalcoholic Steatohepatitis.

17. UN (1999) World urbanization prospects: the 1999 revision. New York, United 
Nations Population Division. 

18. Prentice AM (2006) The emerging epidemic of obesity in developing countries. 
Int J Epidemiol 35: 93-99.

19. Popkin BM, Adair LS, Ng SW (2012) Global nutrition transition and the 
pandemic of obesity in developing countries. Nutr Rev 70: 3-21.

20. Uchtenhagen A (2004) Substance use problems in developing countries. Bull 
World Health Organ 82: 641.

21. Popkin BM, Lu B, Zhai F (2002) Understanding the nutrition transition: 
measuring rapid dietary changes in transitional countries. Public Health Nutr 
5: 947-953.

22. Popkin BM (1998) The nutrition transition and its health implications in lower-
income countries. Public Health Nutr 1: 5-21.

23. Drewnowski A, Popkin BM (1997) The nutrition transition: new trends in the 
global diet. Nutr Rev 55: 31-43.

24. The Hidden tragedy , Pollution in the developing world 1-18, Blacksmith 
Institute, New York. 

Figure 5: Nutritional diets and active lifestyle improve xenobiotic metabolism 
and reduce chronic diseases such as obesity, diabetes and neurodegenration 
in developing countries.

 

http://www.ncbi.nlm.nih.gov/pubmed/21250351
http://www.ncbi.nlm.nih.gov/pubmed/21250351
http://www.ncbi.nlm.nih.gov/pubmed/21250351
http://www.ncbi.nlm.nih.gov/pubmed/21250351
http://www.ncbi.nlm.nih.gov/pubmed/21912396
http://www.ncbi.nlm.nih.gov/pubmed/21912396
http://www.ncbi.nlm.nih.gov/pubmed/13677423
http://www.ncbi.nlm.nih.gov/pubmed/13677423
http://www.ncbi.nlm.nih.gov/pubmed/21250365
http://www.ncbi.nlm.nih.gov/pubmed/21250365
http://www.ncbi.nlm.nih.gov/pubmed/21250365
http://www.ncbi.nlm.nih.gov/pubmed/21875310
http://www.ncbi.nlm.nih.gov/pubmed/21875310
http://www.ncbi.nlm.nih.gov/pubmed/20222092
http://www.ncbi.nlm.nih.gov/pubmed/20222092
http://www.ncbi.nlm.nih.gov/pubmed/20222092
http://www.ncbi.nlm.nih.gov/pubmed/18086620
http://www.ncbi.nlm.nih.gov/pubmed/18086620
http://www.ncbi.nlm.nih.gov/pubmed/18086620
http://www.ncbi.nlm.nih.gov/pubmed/17116714
http://www.ncbi.nlm.nih.gov/pubmed/17116714
http://www.ncbi.nlm.nih.gov/pubmed/17116714
http://www.ncbi.nlm.nih.gov/pubmed/12959938
http://www.ncbi.nlm.nih.gov/pubmed/12959938
http://www.ncbi.nlm.nih.gov/pubmed/12959938
http://www.who.int/nutrition/topics/obesity/en/index.html
http://www.ncbi.nlm.nih.gov/pubmed/18987276
http://www.ncbi.nlm.nih.gov/pubmed/18987276
http://www.ncbi.nlm.nih.gov/pubmed/18607383
http://www.ncbi.nlm.nih.gov/pubmed/18607383
http://www.ncbi.nlm.nih.gov/pubmed/21617109
http://www.ncbi.nlm.nih.gov/pubmed/21617109
http://www.ncbi.nlm.nih.gov/pubmed/23458891
http://www.ncbi.nlm.nih.gov/pubmed/23458891
http://www.ncbi.nlm.nih.gov/pubmed/17786142
http://www.ncbi.nlm.nih.gov/pubmed/17786142
http://www.ncbi.nlm.nih.gov/pubmed/17786142
http://www.worldgastroenterology.org/assets/export/userfiles/2012_NASH and NAFLD_Final_long.pdf
http://www.worldgastroenterology.org/assets/export/userfiles/2012_NASH and NAFLD_Final_long.pdf
http://www.un.org/esa/population/pubsarchive/urbanization/urbanization.pdf
http://www.un.org/esa/population/pubsarchive/urbanization/urbanization.pdf
http://www.ncbi.nlm.nih.gov/pubmed/16326822
http://www.ncbi.nlm.nih.gov/pubmed/16326822
http://www.ncbi.nlm.nih.gov/pubmed/22221213
http://www.ncbi.nlm.nih.gov/pubmed/22221213
http://www.ncbi.nlm.nih.gov/pubmed/15628199
http://www.ncbi.nlm.nih.gov/pubmed/15628199
http://www.ncbi.nlm.nih.gov/pubmed/12633520
http://www.ncbi.nlm.nih.gov/pubmed/12633520
http://www.ncbi.nlm.nih.gov/pubmed/12633520
http://www.ncbi.nlm.nih.gov/pubmed/10555527
http://www.ncbi.nlm.nih.gov/pubmed/10555527
http://www.ncbi.nlm.nih.gov/pubmed/9155216
http://www.ncbi.nlm.nih.gov/pubmed/9155216
http://www.blacksmithinstitute.org/
http://www.blacksmithinstitute.org/


Citation: Martins IJ (2013) Increased Risk for Obesity and Diabetes with Neurodegeneration in Developing Countries. J Mol Genet Med S1: 001. 
doi:10.4172/1747-0862.S1-001

Page 6 of 8

 J Mol Genet Med               ISSN: 1747-0862 JMGM, an open access journalMolecular & Cellular Aspects in Obesity and Diabetes

25. Richardson M (2002) Environmental Xenobiotics CRC Press, CRC Press 1- 
492.

26. The World’s Worst Pollution Problems: Assessing Health Risks at Hazardous 
Waste Sites (2012) 1-52. 

27. Umegaki H (2012) Neurodegeneration in diabetes mellitus. Adv Exp Med Biol 
724: 258-265.

28. Umegaki H (2011) Neurodegeneration in Diabetes Mellitus. Chapter 
Neurodegenerative Diseases Edited by: Shamim I. Ahmad. Series: Special 
Books.

29. Ristow M (2004) Neurodegenerative disorders associated with diabetes 
mellitus. J Mol Med (Berl) 82: 510-529.

30. Ashrafian H, Harling L, Darzi A, Athanasiou T (2013) Neurodegenerative 
disease and obesity: what is the role of weight loss and bariatric interventions? 
Metab Brain Dis 28: 341-353.

31. Awada R, Parimisetty A, Lefebvre d’Hellencourt C (2013) Influence of Obesity 
on Neurodegenerative Diseases. Chapter 16. Mental and Behavioural 
Disorders and Diseases of the Nervous System. “Neurodegenerative diseases, 
book edited by Uday Kishore.

32. McGuinness D, McGlynn LM, Johnson PC, MacIntyre A, Batty GD, et al. (2012) 
Socio-economic status is associated with epigenetic differences in the pSoBid 
cohort. Int J Epidemiol 41: 151-160.

33. Ling C, Groop L (2009) Epigenetics: a molecular link between environmental 
factors and type 2 diabetes. Diabetes 58: 2718-2725.

34. Milagro FI, Mansego ML, De Miguel C, Martínez JA (2013) Dietary factors, 
epigenetic modifications and obesity outcomes: progresses and perspectives. 
Mol Aspects Med 34: 782-812.

35. Champagne FA, Mashoodh R (2009) Genes in Context Gene–Environment 
Interplay and the Origins of Individual Differences in Behavior. Current 
Directions in Psychological Sciences 18: 127-131. 

36. Hendrie HC, Hall KS, Ogunniyi A, Gao S (2004) Alzheimer's disease, genes, 
and environment: the value of international studies. Can J Psychiatry 49: 92-99.

37. Watson RE (2009) Epigenetic Mechanisms and their Toxicological Significance. 
General and Applied Toxicology. John Wiley & Sons, Ltd.

38. Guthman J, Mansfield B (2012) The implications of environmental epigenetics: 
A new direction for geographic inquiry on health, space, and nature-society 
relations. Prog Hum Geo 1–19.

39. Aguilera O, Fernández AF, Muñoz A, Fraga MF (2010) Epigenetics and 
environment: a complex relationship. J Appl Physiol (1985) 109: 243-251.

40. Christensen K, Vaupel JW (1996) Determinants of longevity: genetic, 
environmental and medical factors. J Intern Med 240: 333-341.

41. Jirtle RL, Skinner MK (2007) Environmental epigenomics and disease 
susceptibility. Nat Rev Genet 8: 253-262.

42. Casals-Casas C, Desvergne B (2011) Endocrine disruptors: from endocrine to 
metabolic disruption. Annu Rev Physiol 73: 135-162.

43. Swanson HI, Wada T, Xie W, Renga B, Zampella A, et al. (2013) Role of 
nuclear receptors in lipid dysfunction and obesity-related diseases. Drug Metab 
Dispos 41: 1-11.

44. Francis GA, Fayard E, Picard F, Auwerx J (2003) Nuclear receptors and the 
control of metabolism. Annu Rev Physiol 65: 261-311.

45. Kato S, Yokoyama A, Fujiki R (2011) Nuclear receptor coregulators merge 
transcriptional coregulation with epigenetic regulation. Trends Biochem Sci 36: 
272-281.

46. Green CD, Han JD (2011) Epigenetic regulation by nuclear receptors. 
Epigenomics 3: 59-72.

47. Moreno M, Lombardi A, Silvestri E, Senese R, Cioffi F, et al. (2010) PPARs: 
Nuclear Receptors Controlled by, and Controlling, Nutrient Handling through 
Nuclear and Cytosolic Signaling. PPAR Res 2010.

48. Mitro N, Mak PA, Vargas L, Godio C, Hampton E, et al. (2007) The nuclear 
receptor LXR is a glucose sensor. Nature 445: 219-223.

49. Gao J, Xie W (2012) Targeting xenobiotic receptors PXR and CAR for metabolic 
diseases. Trends Pharmacol Sci 33: 552-558. 

50. Vollmer G (2011) Metabolic syndrome, natural compounds and nuclear 
receptors - are there new targets? Planta Med 77 - WSV2.

51. Dong B, Saha PK, Huang W, Chen W, Abu-Elheiga LA, et al. (2009) Activation 
of nuclear receptor CAR ameliorates diabetes and fatty liver disease. Proc Natl 
Acad Sci U S A 106: 18831-18836.

52. He J, Hu B, Shi X, Weidert ER, Lu P, et al. (2013) Activation of the aryl 
hydrocarbon receptor sensitizes mice to nonalcoholic steatohepatitis by 
deactivating mitochondrial sirtuin deacetylase Sirt3. Mol Cell Biol 33: 2047-
2055.

53. Handschin C, Meyer UA (2003) Induction of drug metabolism: the role of 
nuclear receptors. Pharmacol Rev 55: 649-673.

54. Naik A, Belič A, Zanger UM, Rozman D (2013) Molecular Interactions between 
NAFLD and Xenobiotic Metabolism. Front Genet 4: 2.

55. Lau C, Abbott BD, Corton JC, Cunningham ML (2010) PPARs and xenobiotic-
induced adverse effects: relevance to human health. PPAR Res 2010: 954639.

56. Pascussi JM, Gerbal-Chaloin S, Duret C, Daujat-Chavanieu M, Vilarem MJ, et 
al. (2008) The tangle of nuclear receptors that controls xenobiotic metabolism 
and transport: crosstalk and consequences. Annu Rev Pharmacol Toxicol 48: 
1-32.

57. Staudinger J, Liu Y, Madan A, Habeebu S, Klaassen CD (2001) Coordinate 
regulation of xenobiotic and bile acid homeostasis by pregnane X receptor. 
Drug Metab Dispos 29: 1467-1472.

58. Kliewer SA, Willson TM (2002) Regulation of xenobiotic and bile acid 
metabolism by the nuclear pregnane X receptor. J Lipid Res 43: 359-364.

59. Buechler C, Weiss TS (2011) Does hepatic steatosis affect drug metabolizing 
enzymes in the liver? Curr Drug Metab 12: 24-34.

60. Venneman NG, van Erpecum KJ (2010) Pathogenesis of gallstones. 
Gastroenterol Clin North Am 39: 171-183, vii.

61. Ahmed MH (2010) Ezetimbe as potential treatment for cholesterol gallstones: 
the need for clinical trials. World J Gastroenterol 16: 1555-1557.

62. Martins IJ, Lim WLF, Wilson A, Laws S, Martins RN (2013) The acceleration 
of aging and Alzheimer’s disease through the biological mechanisms behind 
obesity and type II diabetes. Health 5: 913-920. 

63. Martins IJ, Wilson AC, Lim WLF, Laws SM, Laws SM, Fuller SJ, et al.(2012) 
Sirtuin 1 mediates the obesity induced risk of common degenerative diseases: 
Alzheimer’s disease, coronary artery disease and type 2 diabetes. Special 
Issue on Obesity. Health 4: 1448-1456.

64. Chen YR, Lai YL, Lin SD, Li XT, Fu YC, et al. (2013) SIRT1 interacts with 
metabolic transcriptional factors in the pancreas of insulin-resistant and calorie-
restricted rats. Mol Biol Rep 40: 3373-3380.

65. Lu M, Sarruf DA, Li P, Osborn O, Sanchez-Alavez M, et al. (2013) Neuronal 
Sirt1 deficiency increases insulin sensitivity in both brain and peripheral tissues. 
J Biol Chem 288: 10722-10735.

66. Lee J, Kemper JK (2010) Controlling SIRT1 expression by microRNAs in health 
and metabolic disease. Aging (Albany NY) 2: 527-534.

67. Chanda D, Xie YB, Choi HS (2010) Transcriptional corepressor SHP recruits 
SIRT1 histone deacetylase to inhibit LRH-1 transactivation. Nucleic Acids Res 
38: 4607-4619.

68. Buler M, Aatsinki SM, Skoumal R, Hakkola J (2011) Energy sensing factors 
PGC-1Î± and SIRT1 modulate PXR expression and function. Biochem 
Pharmacol 82: 2008-2015.

69. Biswas A, Pasquel D, Tyagi RK, Mani S (2011) Acetylation of pregnane X 
receptor protein determines selective function independent of ligand activation. 
Biochem Biophys Res Commun 406: 371-376.

70. Liu TF, Yoza BK, El Gazzar M, Vachharajani VT, McCall CE (2011) NAD+-
dependent SIRT1 deacetylase participates in epigenetic reprogramming during 
endotoxin tolerance. J Biol Chem 286: 9856-9864.

71. Lu C, Thompson CB (2012) Metabolic regulation of epigenetics. Cell Metab 
16: 9-17.

72. Wakeling LA, Ions LJ, Ford D (2009) Could Sirt1-mediated epigenetic effects 
contribute to the longevity response to dietary restriction and be mimicked by 
other dietary interventions? Age (Dordr) 31: 327-341.

http://www.crcpress.com/product/isbn/9780748403998
http://www.crcpress.com/product/isbn/9780748403998
http://www.worstpolluted.org
http://www.worstpolluted.org
http://www.ncbi.nlm.nih.gov/pubmed/22411248
http://www.ncbi.nlm.nih.gov/pubmed/22411248
http://download.springer.com/static/pdf/355/bfm%253A978-1-4614-0653-2%252F1.pdf?auth66=1381319989_16f9077ee05306f48feac7049e467dfe&ext=.pdfhttp://www.landesbioscience.com/books/special/id/4242/
http://download.springer.com/static/pdf/355/bfm%253A978-1-4614-0653-2%252F1.pdf?auth66=1381319989_16f9077ee05306f48feac7049e467dfe&ext=.pdfhttp://www.landesbioscience.com/books/special/id/4242/
http://download.springer.com/static/pdf/355/bfm%253A978-1-4614-0653-2%252F1.pdf?auth66=1381319989_16f9077ee05306f48feac7049e467dfe&ext=.pdfhttp://www.landesbioscience.com/books/special/id/4242/
http://www.ncbi.nlm.nih.gov/pubmed/15175861
http://www.ncbi.nlm.nih.gov/pubmed/15175861
http://www.ncbi.nlm.nih.gov/pubmed/23653255
http://www.ncbi.nlm.nih.gov/pubmed/23653255
http://www.ncbi.nlm.nih.gov/pubmed/23653255
http://www.intechopen.com/books/neurodegenerative-diseases/influence-of-obesity-on-neurodegenerative-diseases
http://www.intechopen.com/books/neurodegenerative-diseases/influence-of-obesity-on-neurodegenerative-diseases
http://www.intechopen.com/books/neurodegenerative-diseases/influence-of-obesity-on-neurodegenerative-diseases
http://www.intechopen.com/books/neurodegenerative-diseases/influence-of-obesity-on-neurodegenerative-diseases
http://www.ncbi.nlm.nih.gov/pubmed/22253320
http://www.ncbi.nlm.nih.gov/pubmed/22253320
http://www.ncbi.nlm.nih.gov/pubmed/22253320
http://www.ncbi.nlm.nih.gov/pubmed/19940235
http://www.ncbi.nlm.nih.gov/pubmed/19940235
http://www.ncbi.nlm.nih.gov/pubmed/22771541
http://www.ncbi.nlm.nih.gov/pubmed/22771541
http://www.ncbi.nlm.nih.gov/pubmed/22771541
http://champagnelab.psych.columbia.edu/docs/champ17.pdf
http://champagnelab.psych.columbia.edu/docs/champ17.pdf
http://champagnelab.psych.columbia.edu/docs/champ17.pdf
http://www.ncbi.nlm.nih.gov/pubmed/15065742
http://www.ncbi.nlm.nih.gov/pubmed/15065742
http://onlinelibrary.wiley.com/doi/10.1002/9780470744307.gat082/abstract
http://onlinelibrary.wiley.com/doi/10.1002/9780470744307.gat082/abstract
http://phg.sagepub.com/content/37/4/486.abstract
http://phg.sagepub.com/content/37/4/486.abstract
http://phg.sagepub.com/content/37/4/486.abstract
http://www.ncbi.nlm.nih.gov/pubmed/20378707
http://www.ncbi.nlm.nih.gov/pubmed/20378707
http://www.ncbi.nlm.nih.gov/pubmed/9010380
http://www.ncbi.nlm.nih.gov/pubmed/9010380
http://www.ncbi.nlm.nih.gov/pubmed/17363974
http://www.ncbi.nlm.nih.gov/pubmed/17363974
http://www.ncbi.nlm.nih.gov/pubmed/21054169
http://www.ncbi.nlm.nih.gov/pubmed/21054169
http://www.ncbi.nlm.nih.gov/pubmed/23043185
http://www.ncbi.nlm.nih.gov/pubmed/23043185
http://www.ncbi.nlm.nih.gov/pubmed/23043185
http://www.ncbi.nlm.nih.gov/pubmed/12518001
http://www.ncbi.nlm.nih.gov/pubmed/12518001
http://www.ncbi.nlm.nih.gov/pubmed/21315607
http://www.ncbi.nlm.nih.gov/pubmed/21315607
http://www.ncbi.nlm.nih.gov/pubmed/21315607
http://www.ncbi.nlm.nih.gov/pubmed/22126153
http://www.ncbi.nlm.nih.gov/pubmed/22126153
http://www.ncbi.nlm.nih.gov/pubmed/20814433
http://www.ncbi.nlm.nih.gov/pubmed/20814433
http://www.ncbi.nlm.nih.gov/pubmed/20814433
http://www.ncbi.nlm.nih.gov/pubmed/17187055
http://www.ncbi.nlm.nih.gov/pubmed/17187055
http://www.ncbi.nlm.nih.gov/pubmed/22889594
http://www.ncbi.nlm.nih.gov/pubmed/22889594
https://www.thieme-connect.com/ejournals/abstract/10.1055/s-0031-1282117
https://www.thieme-connect.com/ejournals/abstract/10.1055/s-0031-1282117
http://www.ncbi.nlm.nih.gov/pubmed/19850873
http://www.ncbi.nlm.nih.gov/pubmed/19850873
http://www.ncbi.nlm.nih.gov/pubmed/19850873
http://www.ncbi.nlm.nih.gov/pubmed/23508103
http://www.ncbi.nlm.nih.gov/pubmed/23508103
http://www.ncbi.nlm.nih.gov/pubmed/23508103
http://www.ncbi.nlm.nih.gov/pubmed/23508103
http://www.ncbi.nlm.nih.gov/pubmed/14657421
http://www.ncbi.nlm.nih.gov/pubmed/14657421
http://www.ncbi.nlm.nih.gov/pubmed/23346097
http://www.ncbi.nlm.nih.gov/pubmed/23346097
http://www.ncbi.nlm.nih.gov/pubmed/21804817
http://www.ncbi.nlm.nih.gov/pubmed/21804817
http://www.ncbi.nlm.nih.gov/pubmed/17608617
http://www.ncbi.nlm.nih.gov/pubmed/17608617
http://www.ncbi.nlm.nih.gov/pubmed/17608617
http://www.ncbi.nlm.nih.gov/pubmed/17608617
http://www.ncbi.nlm.nih.gov/pubmed/11602523
http://www.ncbi.nlm.nih.gov/pubmed/11602523
http://www.ncbi.nlm.nih.gov/pubmed/11602523
http://www.ncbi.nlm.nih.gov/pubmed/11893771
http://www.ncbi.nlm.nih.gov/pubmed/11893771
http://www.ncbi.nlm.nih.gov/pubmed/21222589
http://www.ncbi.nlm.nih.gov/pubmed/21222589
http://www.ncbi.nlm.nih.gov/pubmed/20478481
http://www.ncbi.nlm.nih.gov/pubmed/20478481
http://www.ncbi.nlm.nih.gov/pubmed/20355232
http://www.ncbi.nlm.nih.gov/pubmed/20355232
http://www.scirp.org/journal/PaperInformation.aspx?PaperID=31948
http://www.scirp.org/journal/PaperInformation.aspx?PaperID=31948
http://www.scirp.org/journal/PaperInformation.aspx?PaperID=31948
http://www.scirp.org/journal/PaperInformation.aspx?PaperID=26089
http://www.scirp.org/journal/PaperInformation.aspx?PaperID=26089
http://www.scirp.org/journal/PaperInformation.aspx?PaperID=26089
http://www.scirp.org/journal/PaperInformation.aspx?PaperID=26089
http://www.ncbi.nlm.nih.gov/pubmed/23292098
http://www.ncbi.nlm.nih.gov/pubmed/23292098
http://www.ncbi.nlm.nih.gov/pubmed/23292098
http://www.ncbi.nlm.nih.gov/pubmed/23457303
http://www.ncbi.nlm.nih.gov/pubmed/23457303
http://www.ncbi.nlm.nih.gov/pubmed/23457303
http://www.ncbi.nlm.nih.gov/pubmed/20689156
http://www.ncbi.nlm.nih.gov/pubmed/20689156
http://www.ncbi.nlm.nih.gov/pubmed/20375098
http://www.ncbi.nlm.nih.gov/pubmed/20375098
http://www.ncbi.nlm.nih.gov/pubmed/20375098
http://www.ncbi.nlm.nih.gov/pubmed/21933665
http://www.ncbi.nlm.nih.gov/pubmed/21933665
http://www.ncbi.nlm.nih.gov/pubmed/21933665
http://www.ncbi.nlm.nih.gov/pubmed/21329659
http://www.ncbi.nlm.nih.gov/pubmed/21329659
http://www.ncbi.nlm.nih.gov/pubmed/21329659
http://www.ncbi.nlm.nih.gov/pubmed/21245135
http://www.ncbi.nlm.nih.gov/pubmed/21245135
http://www.ncbi.nlm.nih.gov/pubmed/21245135
http://www.ncbi.nlm.nih.gov/pubmed/22768835
http://www.ncbi.nlm.nih.gov/pubmed/22768835
http://www.ncbi.nlm.nih.gov/pubmed/19568959
http://www.ncbi.nlm.nih.gov/pubmed/19568959
http://www.ncbi.nlm.nih.gov/pubmed/19568959


Citation: Martins IJ (2013) Increased Risk for Obesity and Diabetes with Neurodegeneration in Developing Countries. J Mol Genet Med S1: 001. 
doi:10.4172/1747-0862.S1-001

Page 7 of 8

 J Mol Genet Med               ISSN: 1747-0862 JMGM, an open access journalMolecular & Cellular Aspects in Obesity and Diabetes

73. Chris Liddle, Stedman CAM (2006) Hepatic metabolism of drugs CYP450 
family. Major drug transporters and nuclear receptor regulation. Metabolism 
Gastro Hep 2: 241-249.

74. Kishimoto M, Fujiki R, Takezawa S, Sasaki Y, Nakamura T, et al. (2006) 
Nuclear receptor mediated gene regulation through chromatin remodeling and 
histone modifications. Endocr J 53: 157-172.

75. Wiench M, Miranda TB, Hager GL (2011) Control of nuclear receptor function 
by local chromatin structure. FEBS J 278: 2211-2230.

76. Yang X, Downes M, Yu RT, Bookout AL, He W, et al. (2006) Nuclear receptor 
expression links the circadian clock to metabolism. Cell 126: 801-810.

77. Hsiao PW, Deroo BJ, Archer TK (2002) Chromatin remodeling and tissue-
selective responses of nuclear hormone receptors. Biochem Cell Biol 80: 343-
351.

78. Nakahata Y, Kaluzova M, Grimaldi B, Sahar S, Hirayama J, et al. (2008) The 
NAD+-dependent deacetylase SIRT1 modulates CLOCK-mediated chromatin 
remodeling and circadian control. Cell 134: 329-340.

79. Grimaldi B, Nakahata Y, Sahar S, Kaluzova M, Gauthier D, et al. (2007) 
Chromatin remodeling and circadian control: master regulator CLOCK is an 
enzyme. Cold Spring Harb Symp Quant Biol 72: 105-112.

80. Qin W, Zhao W, Ho L, Wang J, Walsh K, et al. (2008) Regulation of Forkhead 
Transcription Factor FoxO3a Contributes to Calorie Restriction-induced 
Prevention of Alzheimer’s Disease-type AmyloidNeuropathology and Spatial 
Memory Deterioration. Mitochondria and Oxidative Stress in Neurodegenerative 
Disorders: Ann N Y Acad Sci 1147: 335–347.

81. Janosek J, Hilscherová K, Bláha L, Holoubek I (2006) Environmental xenobiotics 
and nuclear receptors--interactions, effects and in vitro assessment. Toxicol In 
Vitro 20: 18-37.

82. Moggs JG, Orphanides G (2004) The role of chromatin in molecular 
mechanisms of toxicity. Toxicol Sci 80: 218-224.

83. Bellet MM, Sassone-Corsi P (2010) Mammalian circadian clock and metabolism 
- the epigenetic link. J Cell Sci 123: 3837-3848.

84. Martins IJ, Creegan R, Lim WLF, Martins RN (2013) Molecular Insights into 
Appetite Control and Neuroendocrine Disease as Risk Factors for Chronic 
Diseases in Western Countries. Open Journal of Endocrine and Metabolic 
Diseases 3: 11-33.

85. Aitlhadj L, Avila DS, Benedetto A, Aschner M, Stürzenbaum SR (2011) 
Environmental exposure, obesity, and Parkinson's disease: lessons from fat 
and old worms. Environ Health Perspect 119: 20-28.

86. Jha R, Whalley J (2001) The Environmental Regime in Developing Countries. 
Behavioral and Distributional Effects of Environmental Policy, University of 
Chicago Press.

87. Baccarelli A, Bollati V (2009) Epigenetics and environmental chemicals. Curr 
Opin Pediatr 21: 243-251.

88. Baveye P, Block J-C, Goncharuk VV (1999) Bioavailability of Organic 
Xenobiotics in the Environment . Practical Consequences for the Environment. 
NATO ASI Series.64: 1-497.

89. Gennings C, Ellis R, Ritter JK (2012) Linking empirical estimates of body 
burden of environmental chemicals and wellness using NHANES data. Environ 
Int 39: 56-65.

90. Jones OA, Maguire ML, Griffin JL (2008) Environmental pollution and diabetes: 
a neglected association. Lancet 371: 287-288.

91. Gupta RR, Agrawal CG, Shukla GS, Ali B (1997) Cytochrome P450-dependent 
oxidation and glutathione conjugation of xenobiotics in alloxan-induced diabetic 
rat. Res Commun Mol Pathol Pharmacol 98: 231-236.

92. Ferrari CK (2012) Effects of xenobiotics on total antioxidant capacity. Interdiscip 
Toxicol 5: 117-122.

93. Omiecinski CJ, Vanden Heuvel JP, Perdew GH, Peters JM (2011) Xenobiotic 
metabolism, disposition, and regulation by receptors: from biochemical 
phenomenon to predictors of major toxicities. Toxicol Sci 120 Suppl 1: S49-75.

94. Fisher CD, Lickteig AJ, Augustine LM, Ranger-Moore J, Jackson JP, et 
al. (2009) Hepatic cytochrome P450 enzyme alterations in humans with 
progressive stages of nonalcoholic fatty liver disease. Drug Metab Dispos 37: 
2087-2094.

95. Banks WA (2008) The blood-brain barrier as a cause of obesity. Curr Pharm 
Des 14: 1606-1614.

96. Pelkonen O (2010) Role of the blood-brain barrier in disposition of endobiotics 
and xenobiotics. Front. Pharmacol. Conference Abstract: Pharmacology 
and Toxicology of the Blood-Brain Barrier: State of the Art, Needs for Future 
Research and Expected Benefits for the EU. 

97. Pelkonen O, Kapitulnik J, Gundert-Remy U, Boobis AR, Stockis A (2008) Local 
kinetics and dynamics of xenobiotics. Crit Rev Toxicol 38: 697-720.

98. Kapitulnik J, Pelkonen O, Gundert-Remy U, Dahl SG, Boobis AR (2009) 
Effects of pharmaceuticals and other active chemicals at biological targets: 
mechanisms, interactions, and integration into PB-PK/PD models. Expert Opin 
Ther Targets 13: 867-887.

99. Singh RP, Sharad S, Kapur S (2004) Free Radicals and Oxidative Stress in 
Neurodegenerative Diseases: Relevance of Dietary Antioxidants. J Ind Acad 
Clin Med 5: 218-225

100. Lee DH, Steffes MW, Jacobs DR Jr (2008) Can persistent organic pollutants 
explain the association between serum gamma-glutamyltransferase and type 
2 diabetes? Diabetologia 51: 402-407.

101.  Spangler JG (2012) Diabetes mortality and environmental heavy metals in 
North Carolina counties: An ecological study. J Diabetes Mellit 2: 369-372.

102. Oh JM, Kim BH (2008) Hepatic Expression of Drug Metabolizing Enzyme in 
diabetes J Environ Toxicol 23: 165-170.

103. Anzenbacher P, Anzenbacherová E (2001) Cytochromes P450 and 
metabolism of xenobiotics. Cell Mol Life Sci 58: 737-747.

104. Pavek P, Dvorak Z (2008) Xenobiotic-induced transcriptional regulation of 
xenobiotic metabolizing enzymes of the cytochrome P450 superfamily in 
human extrahepatic tissues. Curr Drug Metab 9: 129-143.

105. Kohsaka A, Laposky AD, Ramsey KM, Estrada C, Joshu C, et al. (2007) 
High-fat diet disrupts behavioral and molecular circadian rhythms in mice. Cell 
Metab 6: 414-421.

106. Pendergast JS, Branecky KL, Yang W, Ellacott KL, Niswender KD, et al. 
(2013) High-fat diet acutely affects circadian organisation and eating behavior. 
Eur J Neurosci 37: 1350-1356.

107. Morales L, Del Olmo N, Valladolid-Acebes I, Fole A, Cano V, et al. (2012) Shift 
of circadian feeding pattern by high-fat diets is coincident with reward deficits 
in obese mice. PLoS One 7: e36139.

108. Chang HC, Guarente L (2013) SIRT1 mediates central circadian control in the 
SCN by a mechanism that decays with aging. Cell 153: 1448-1460.

109. Cakir I, Perello M, Lansari O, Messier NJ, Vaslet CA, et al. (2009) Hypothalamic 
Sirt1 regulates food intake in a rodent model system. PLoS One 4: e8322.

110. Sasaki T, Kim HJ, Kobayashi M, Kitamura YI, Yokota-Hashimoto H, et al. 
(2010) Induction of hypothalamic Sirt1 leads to cessation of feeding via agouti-
related peptide. Endocrinology 151: 2556-2566.

111. Zillikens MC, van Meurs JB, Rivadeneira F, Amin N, Hofman A, et al. (2009) 
SIRT1 genetic variation is related to BMI and risk of obesity. Diabetes 58: 
2828-2834.

112. Froy O (2009) Cytochrome P450 and the biological clock in mammals. Curr 
Drug Metab 10: 104-115.

113. Rose RL, Hodgson E (2004) Chemical and Physiological Influences on 
Xenobiotic Metabolism. (3rd edn) A Textbook of Modern Toxicology.

114. Lim FL, Currie RA, Orphanides G, Moggs JG (2006) Emerging evidence for 
the interrelationship of xenobiotic exposure and circadian rhythms: a review. 
Xenobiotica 36: 1140-1151.

115. Wei P, Zhang J, Egan-Hafley M, Liang S, Moore DD (2000) The nuclear 
receptor CAR mediates specific xenobiotic induction of drug metabolism. 
Nature 407: 920-923.

116. Biswas A, Mani S, Redinbo MR, Krasowski MD, Li H, et al. (2009) Elucidating 
the 'Jekyll and Hyde' nature of PXR: the case for discovering antagonists or 
allosteric antagonists. Pharm Res 26: 1807-1815.

117. Levi F, Schibler U (2007) Circadian rhythms: mechanisms and therapeutic 
implications. Annu Rev Pharmacol Toxicol 47: 593-628.

118. Celermajer DS, Chow CK, Marijon E, Anstey NM, Woo KS (2012) 
Cardiovascular disease in the developing world: prevalences, patterns, and 
the potential of early disease detection. J Am Coll Cardiol 60: 1207-1216.

http://www.ncbi.nlm.nih.gov/pubmed/16618973
http://www.ncbi.nlm.nih.gov/pubmed/16618973
http://www.ncbi.nlm.nih.gov/pubmed/16618973
http://www.ncbi.nlm.nih.gov/pubmed/21501385
http://www.ncbi.nlm.nih.gov/pubmed/21501385
http://www.ncbi.nlm.nih.gov/pubmed/16923398
http://www.ncbi.nlm.nih.gov/pubmed/16923398
http://www.ncbi.nlm.nih.gov/pubmed/12123287
http://www.ncbi.nlm.nih.gov/pubmed/12123287
http://www.ncbi.nlm.nih.gov/pubmed/12123287
http://www.ncbi.nlm.nih.gov/pubmed/18662547
http://www.ncbi.nlm.nih.gov/pubmed/18662547
http://www.ncbi.nlm.nih.gov/pubmed/18662547
http://www.ncbi.nlm.nih.gov/pubmed/18419267
http://www.ncbi.nlm.nih.gov/pubmed/18419267
http://www.ncbi.nlm.nih.gov/pubmed/18419267
http://www.ncbi.nlm.nih.gov/pubmed/19076455
http://www.ncbi.nlm.nih.gov/pubmed/19076455
http://www.ncbi.nlm.nih.gov/pubmed/19076455
http://www.ncbi.nlm.nih.gov/pubmed/19076455
http://www.ncbi.nlm.nih.gov/pubmed/19076455
http://www.ncbi.nlm.nih.gov/pubmed/16061344
http://www.ncbi.nlm.nih.gov/pubmed/16061344
http://www.ncbi.nlm.nih.gov/pubmed/16061344
http://www.ncbi.nlm.nih.gov/pubmed/15141100
http://www.ncbi.nlm.nih.gov/pubmed/15141100
http://www.ncbi.nlm.nih.gov/pubmed/21048160
http://www.ncbi.nlm.nih.gov/pubmed/21048160
http://www.scirp.org/journal/PaperInformation.aspx?PaperID=35963
http://www.scirp.org/journal/PaperInformation.aspx?PaperID=35963
http://www.scirp.org/journal/PaperInformation.aspx?PaperID=35963
http://www.scirp.org/journal/PaperInformation.aspx?PaperID=35963
http://www.ncbi.nlm.nih.gov/pubmed/20797931
http://www.ncbi.nlm.nih.gov/pubmed/20797931
http://www.ncbi.nlm.nih.gov/pubmed/20797931
http://www.nber.org/papers/w7305
http://www.nber.org/papers/w7305
http://www.nber.org/papers/w7305
http://www.ncbi.nlm.nih.gov/pubmed/19663042
http://www.ncbi.nlm.nih.gov/pubmed/19663042
http://link.springer.com/book/10.1007/978-94-015-9235-2/page/1
http://link.springer.com/book/10.1007/978-94-015-9235-2/page/1
http://link.springer.com/book/10.1007/978-94-015-9235-2/page/1
http://www.ncbi.nlm.nih.gov/pubmed/22208743
http://www.ncbi.nlm.nih.gov/pubmed/22208743
http://www.ncbi.nlm.nih.gov/pubmed/22208743
http://www.ncbi.nlm.nih.gov/pubmed/18294985
http://www.ncbi.nlm.nih.gov/pubmed/18294985
http://www.ncbi.nlm.nih.gov/pubmed/9467831
http://www.ncbi.nlm.nih.gov/pubmed/9467831
http://www.ncbi.nlm.nih.gov/pubmed/9467831
http://www.ncbi.nlm.nih.gov/pubmed/23554550
http://www.ncbi.nlm.nih.gov/pubmed/23554550
http://www.ncbi.nlm.nih.gov/pubmed/21059794
http://www.ncbi.nlm.nih.gov/pubmed/21059794
http://www.ncbi.nlm.nih.gov/pubmed/21059794
http://www.ncbi.nlm.nih.gov/pubmed/19651758
http://www.ncbi.nlm.nih.gov/pubmed/19651758
http://www.ncbi.nlm.nih.gov/pubmed/19651758
http://www.ncbi.nlm.nih.gov/pubmed/19651758
http://www.ncbi.nlm.nih.gov/pubmed/18673202
http://www.ncbi.nlm.nih.gov/pubmed/18673202
http://www.frontiersin.org/10.3389/conf.fphar.2010.02.00005/event_abstract
http://www.frontiersin.org/10.3389/conf.fphar.2010.02.00005/event_abstract
http://www.frontiersin.org/10.3389/conf.fphar.2010.02.00005/event_abstract
http://www.frontiersin.org/10.3389/conf.fphar.2010.02.00005/event_abstract
http://www.ncbi.nlm.nih.gov/pubmed/18686076
http://www.ncbi.nlm.nih.gov/pubmed/18686076
http://www.ncbi.nlm.nih.gov/pubmed/19530989
http://www.ncbi.nlm.nih.gov/pubmed/19530989
http://www.ncbi.nlm.nih.gov/pubmed/19530989
http://www.ncbi.nlm.nih.gov/pubmed/19530989
http://integrativehealthconnection.com/wp-content/uploads/2011/11/Free-Radicals-and-Oxidative-Stress-in-Neurodegenerative-Diseases-Relevance-of-Dietary-Antioxidants1.pdf
http://integrativehealthconnection.com/wp-content/uploads/2011/11/Free-Radicals-and-Oxidative-Stress-in-Neurodegenerative-Diseases-Relevance-of-Dietary-Antioxidants1.pdf
http://integrativehealthconnection.com/wp-content/uploads/2011/11/Free-Radicals-and-Oxidative-Stress-in-Neurodegenerative-Diseases-Relevance-of-Dietary-Antioxidants1.pdf
http://www.ncbi.nlm.nih.gov/pubmed/18071669
http://www.ncbi.nlm.nih.gov/pubmed/18071669
http://www.ncbi.nlm.nih.gov/pubmed/18071669
http://www.scirp.org/journal/PaperInformation.aspx?paperID=24438
http://www.scirp.org/journal/PaperInformation.aspx?paperID=24438
http://www.ncbi.nlm.nih.gov/pubmed/11437235
http://www.ncbi.nlm.nih.gov/pubmed/11437235
http://www.ncbi.nlm.nih.gov/pubmed/18288955
http://www.ncbi.nlm.nih.gov/pubmed/18288955
http://www.ncbi.nlm.nih.gov/pubmed/18288955
http://www.ncbi.nlm.nih.gov/pubmed/17983587
http://www.ncbi.nlm.nih.gov/pubmed/17983587
http://www.ncbi.nlm.nih.gov/pubmed/17983587
http://www.ncbi.nlm.nih.gov/pubmed/23331763
http://www.ncbi.nlm.nih.gov/pubmed/23331763
http://www.ncbi.nlm.nih.gov/pubmed/23331763
http://www.ncbi.nlm.nih.gov/pubmed/22570696
http://www.ncbi.nlm.nih.gov/pubmed/22570696
http://www.ncbi.nlm.nih.gov/pubmed/22570696
http://www.ncbi.nlm.nih.gov/pubmed/23791176
http://www.ncbi.nlm.nih.gov/pubmed/23791176
http://www.ncbi.nlm.nih.gov/pubmed/20020036
http://www.ncbi.nlm.nih.gov/pubmed/20020036
http://www.ncbi.nlm.nih.gov/pubmed/20375183
http://www.ncbi.nlm.nih.gov/pubmed/20375183
http://www.ncbi.nlm.nih.gov/pubmed/20375183
http://www.ncbi.nlm.nih.gov/pubmed/19741164
http://www.ncbi.nlm.nih.gov/pubmed/19741164
http://www.ncbi.nlm.nih.gov/pubmed/19741164
http://www.ncbi.nlm.nih.gov/pubmed/19275546
http://www.ncbi.nlm.nih.gov/pubmed/19275546
http://www2.hcmuaf.edu.vn/data/quoctuan/Tai lieu tham khao Chuong 6(1).pdf
http://www2.hcmuaf.edu.vn/data/quoctuan/Tai lieu tham khao Chuong 6(1).pdf
http://www.ncbi.nlm.nih.gov/pubmed/17118921
http://www.ncbi.nlm.nih.gov/pubmed/17118921
http://www.ncbi.nlm.nih.gov/pubmed/17118921
http://www.ncbi.nlm.nih.gov/pubmed/11057673
http://www.ncbi.nlm.nih.gov/pubmed/11057673
http://www.ncbi.nlm.nih.gov/pubmed/11057673
http://www.ncbi.nlm.nih.gov/pubmed/19415465
http://www.ncbi.nlm.nih.gov/pubmed/19415465
http://www.ncbi.nlm.nih.gov/pubmed/19415465
http://www.ncbi.nlm.nih.gov/pubmed/17209800
http://www.ncbi.nlm.nih.gov/pubmed/17209800
http://www.ncbi.nlm.nih.gov/pubmed/22858388
http://www.ncbi.nlm.nih.gov/pubmed/22858388
http://www.ncbi.nlm.nih.gov/pubmed/22858388


Citation: Martins IJ (2013) Increased Risk for Obesity and Diabetes with Neurodegeneration in Developing Countries. J Mol Genet Med S1: 001. 
doi:10.4172/1747-0862.S1-001

Page 8 of 8

 J Mol Genet Med               ISSN: 1747-0862 JMGM, an open access journalMolecular & Cellular Aspects in Obesity and Diabetes

119. Gersh BJ, Sliwa K, Mayosi BM, Yusuf S (2010) Novel therapeutic concepts: 
the epidemic of cardiovascular disease in the developing world: global 
implications. Eur Heart J 31: 642-648.

120. Costa VM, Carvalho F, Duarte JA, Bastos Mde L, Remião F (2013) The heart 
as a target for xenobiotic toxicity: the cardiac susceptibility to oxidative stress. 
Chem Res Toxicol 26: 1285-1311.

121. Gorenne I, Kumar S, Gray K, Figg N, Yu H, et al. (2013) Vascular smooth 
muscle cell sirtuin 1 protects against DNA damage and inhibits atherosclerosis. 
Circulation 127: 386-396.

122. Misra A, Singhal N, Khurana L (2010) Obesity, the metabolic syndrome, and 
type 2 diabetes in developing countries: role of dietary fats and oils. J Am Coll 
Nutr 29: 289S-301S.

123. Ravindranath V, Bhamre S, Bhagwat SV, Anandatheerthavarada HK, Shankar 
SK, et al. (1995) Xenobiotic metabolism in brain. Toxicol Lett 82-83: 633-8.

124. Ravindranath V (1998) Metabolism of xenobiotics in the central nervous 
system: implications and challenges. Biochem Pharmacol 56: 547-551.

125. von Mikecz A (2005) Xenobiotic-induced autoimmunity and protein aggregation 
diseases share a common subnuclear pathology. Autoimmun Rev 4: 214-218.

126. Saha D, Tamakar A (2011) Xenobiotics, Oxidative Stress, Free Radicals Vs. 
Antioxidants: Dance Of Death to Heaven’s Life. Asian J Res Pharm Sci 1:  
36-38.

127. Sumi D (2008) Biological effects of and responses to exposure to electrophillic 
environmental chemicals. J  Health Sci 54: 267-72.

128. von Mikecz A (2009) Protein Aggregation in the Cell Nucleus: Structure, 
Function and Topology. Open Biol 2: 193-199.

129. Lafleur MA, Stevens JL, Lawrence JW (2013) Xenobiotic perturbation of ER 
stress and the unfolded protein response. Toxicol Pathol 41: 235-262.

130. Marnett LJ, Riggins JN, West JD (2003) Endogenous generation of reactive 
oxidants and electrophiles and their reactions with DNA and protein. J Clin 
Invest 111: 583-593.

131. Kruszewski M, Szumiel I (2005) Sirtuins (histone deacetylases III) in the 
cellular response to DNA damage--facts and hypotheses. DNA Repair (Amst) 
4: 1306-1313.

132. Wojewódzka M, Kruszewski M, Buraczewska I, Xu W, Massuda E, et al. 
(2007) Sirtuin inhibition increases the rate of non-homologous end-joining of 
DNA double strand breaks. Acta Biochim Pol 54: 63-69.

133.  Rodrigues AC, Li X, Radecki L, Pan YZ, Winter JC, et al. (2011) MicroRNA 
expression is differentially altered by xenobiotic drugs in different human cell 
lines. Biopharm Drug Dispos 32: 355-367.

134. Yokoi T, Nakajima M (2011) Toxicological implications of modulation of gene 
expression by microRNAs. Toxicol Sci 123: 1-14.

135. Yu AM (2009) Role of microRNAs in the regulation of drug metabolism and 
disposition. Expert Opin Drug Metab Toxicol 5: 1513-1528.

136. Lopachin RM, Decaprio AP (2005) Protein adduct formation as a molecular 
mechanism in neurotoxicity. Toxicol Sci 86: 214-225.

137. Liebler DC (2008) Protein damage by reactive electrophiles: targets and 
consequences. Chem Res Toxicol 21: 117-128.

138. Groeger AL, Freeman BA (2010) Signaling actions of electrophiles: anti-
inflammatory therapeutic candidates. Mol Interv 10: 39-50.

139. Pumford NR, Halmes NC (1997) Protein targets of xenobiotic reactive 
intermediates. Annu Rev Pharmacol Toxicol 37: 91-117.

140. Mambo E, Gao X, Cohen Y, Guo Z, Talalay P, et al. (2003) Electrophile 
and oxidant damage of mitochondrial DNA leading to rapid evolution of 
homoplasmic mutations. Proc Natl Acad Sci U S A 100: 1838-1843.

141. Alaynick WA (2008) Nuclear receptors, mitochondria and lipid metabolism. 
Mitochondrion 8: 329-337.

142. Scarpulla RC, Vega RB, Kelly DP (2012) Transcriptional integration of 
mitochondrial biogenesis. Trends Endocrinol Metab 23: 459-466.

143. Aquilano K, Vigilanza P, Baldelli S, Pagliei B, Rotilio G, et al. (2010) 
Peroxisome proliferator-activated receptor gamma co-activator 1alpha (PGC-
1alpha) and sirtuin 1 (SIRT1) reside in mitochondria: possible direct function 
in mitochondrial biogenesis. J Biol Chem 285: 21590-21599.

144. Nascimento AF, Blanche C, Luvizotto RAM, Sietz HK, Wang X-D (2013) 
Aggravation of nonalcoholic steatohepatitis by moderate alcohol consumption 
is associated with decreased SIRT1 activity in rats. Hepatobiliary Surg Nutr.

145. You M, Liang X, Ajmo JM, Ness GC (2008) Involvement of mammalian sirtuin 
1 in the action of ethanol in the liver. Am J Physiol Gastrointest Liver Physiol 
294: G892-898.

146. Meskar A, Plee-Gautier E, Amet Y, Berthou F, Lucas D (2001) [Alcohol-
xenobiotic interactions. Role of cytochrome P450 2E1]. Pathol Biol (Paris) 49: 
696-702.

147. Donner E, Eriksson E, Holten-Lutzhoft H-N, Scholes L, Revitt M, et al. 
(2010) Identifying and Classifying the Sources and Uses of Xenobiotics in 
Urban Environments. Xenobiotics in the Urban Water Cycle: Mass Flows, 
Environmental Processes, Mitigation and Treatment Strategies, Environmental 
Pollution. 16. Springer Science.

148. Savković-Stevanović J (1995) Xenobiotics in tissue and organs. Recent 
Researches in Sociology, Financing, Environment and Health Sciences 275-
280.

149. Kannan K, Tanabe S, Giesy JP, Tatsukawa R (1997) Organochlorine 
pesticides and polychlorinated biphenyls in foodstuffs from Asian and oceanic 
countries. Rev Environ Contam Toxicol 152: 1-55.

150. Wyatt MD, Pittman DL (2006) Methylating agents and DNA repair responses: 
Methylated bases and sources of strand breaks. Chem Res Toxicol 19: 1580-
1594.

151. Jandacek RJ, Tso P (2001) Factors affecting the storage and excretion of toxic 
lipophilic xenobiotics. Lipids 36: 1289-1305.

152. Gatz SA, Keimling M, Baumann C, Dörk T, Debatin KM, et al. (2008) 
Resveratrol modulates DNA double-strand break repair pathways in an ATM/
ATR-p53- and -Nbs1-dependent manner. Carcinogenesis 29: 519-527.

153. Keuser B, Khobta A, Gallé K, Anderhub S, Schulz I, et al. (2013) Influences 
of histone deacetylase inhibitors and resveratrol on DNA repair and chromatin 
compaction. Mutagenesis 28: 569-576.

154. Piver B, Berthou F, Dreano Y, Lucas D (2001) Inhibition of CYP3A, CYP1A and 
CYP2E1 activities by resveratrol and other non volatile red wine components. 
Toxicol Lett 125: 83-91.

155. Yang CS, Brady JF, Hong JY (1992) Dietary effects on cytochromes P450, 
xenobiotic metabolism, and toxicity. FASEB J 6: 737-744.

156. Regev-Shoshani G, Shoseyov O, Kerem Z (2004) Influence of lipophilicity 
on the interactions of hydroxy stilbenes with cytochrome P450 3A4. Biochem 
Biophys Res Commun 323: 668-673.

157. Ruhl CE, Everhart JE (2013) Relationship of non-alcoholic fatty liver disease 
with cholecystectomy in the US population. Am J Gastroenterol 108: 952-958.

158. Nervi F, Arrese M (2013) Cholecystectomy and NAFLD: does gallbladder 
removal have metabolic consequences? Am J Gastroenterol 108: 959-961.

159. Woodcroft KJ, Novak RF (1999) Insulin differentially affects xenobiotic-
enhanced, cytochrome P-450 (CYP)2E1, CYP2B, CYP3A, and CYP4A 
expression in primary cultured rat hepatocytes. J Pharmacol Exp Ther 289: 
1121-1127.

160. Miller MD, Crofton KM, Rice DC, Zoeller RT (2009) Thyroid-disrupting 
chemicals: interpreting upstream biomarkers of adverse outcomes. Environ 
Health Perspect 117: 1033-1041.

161. Biondi B (2010) Thyroid and obesity: an intriguing relationship. J Clin 
Endocrinol Metab 95: 3614-3617.

162. Johnson JL (2006) Diabetes control in thyroid disease. Diabetes Spectr 19: 
148-153.

This article was originally published in a special issue, Molecular & Cellular 
Aspects in Obesity and Diabetes handled by Editor(s). Dr. Masayoshi 
Yamaguchi, Emory University School of Medicine, USA

http://www.ncbi.nlm.nih.gov/pubmed/20176800
http://www.ncbi.nlm.nih.gov/pubmed/20176800
http://www.ncbi.nlm.nih.gov/pubmed/20176800
http://www.ncbi.nlm.nih.gov/pubmed/23902227
http://www.ncbi.nlm.nih.gov/pubmed/23902227
http://www.ncbi.nlm.nih.gov/pubmed/23902227
http://www.ncbi.nlm.nih.gov/pubmed/23224247
http://www.ncbi.nlm.nih.gov/pubmed/23224247
http://www.ncbi.nlm.nih.gov/pubmed/23224247
http://www.ncbi.nlm.nih.gov/pubmed/20823489
http://www.ncbi.nlm.nih.gov/pubmed/20823489
http://www.ncbi.nlm.nih.gov/pubmed/20823489
http://www.ncbi.nlm.nih.gov/pubmed/8597120
http://www.ncbi.nlm.nih.gov/pubmed/8597120
http://www.ncbi.nlm.nih.gov/pubmed/9783722
http://www.ncbi.nlm.nih.gov/pubmed/9783722
http://www.ncbi.nlm.nih.gov/pubmed/15893714
http://www.ncbi.nlm.nih.gov/pubmed/15893714
http://www.asianpharmaonline.org/ajps/2_ajps_1_2_2011.pdf
http://www.asianpharmaonline.org/ajps/2_ajps_1_2_2011.pdf
http://www.asianpharmaonline.org/ajps/2_ajps_1_2_2011.pdf
http://hero.epa.gov/index.cfm?action=reference.details&reference_id=1326997
http://hero.epa.gov/index.cfm?action=reference.details&reference_id=1326997
http://www.benthamscience.com/open/tobioj/articles/V002/SI0161TOBIOJ/193TOBIOJ.pdf
http://www.benthamscience.com/open/tobioj/articles/V002/SI0161TOBIOJ/193TOBIOJ.pdf
http://www.ncbi.nlm.nih.gov/pubmed/23334697
http://www.ncbi.nlm.nih.gov/pubmed/23334697
http://www.ncbi.nlm.nih.gov/pubmed/12618510
http://www.ncbi.nlm.nih.gov/pubmed/12618510
http://www.ncbi.nlm.nih.gov/pubmed/12618510
http://www.ncbi.nlm.nih.gov/pubmed/16084131
http://www.ncbi.nlm.nih.gov/pubmed/16084131
http://www.ncbi.nlm.nih.gov/pubmed/16084131
http://www.ncbi.nlm.nih.gov/pubmed/17311110
http://www.ncbi.nlm.nih.gov/pubmed/17311110
http://www.ncbi.nlm.nih.gov/pubmed/17311110
http://www.ncbi.nlm.nih.gov/pubmed/21796641
http://www.ncbi.nlm.nih.gov/pubmed/21796641
http://www.ncbi.nlm.nih.gov/pubmed/21796641
http://www.ncbi.nlm.nih.gov/pubmed/21715665
http://www.ncbi.nlm.nih.gov/pubmed/21715665
http://www.ncbi.nlm.nih.gov/pubmed/19785514
http://www.ncbi.nlm.nih.gov/pubmed/19785514
http://www.ncbi.nlm.nih.gov/pubmed/15901921
http://www.ncbi.nlm.nih.gov/pubmed/15901921
http://www.ncbi.nlm.nih.gov/pubmed/18052106
http://www.ncbi.nlm.nih.gov/pubmed/18052106
http://www.ncbi.nlm.nih.gov/pubmed/20124562
http://www.ncbi.nlm.nih.gov/pubmed/20124562
http://www.ncbi.nlm.nih.gov/pubmed/9131248
http://www.ncbi.nlm.nih.gov/pubmed/9131248
http://www.ncbi.nlm.nih.gov/pubmed/12578990
http://www.ncbi.nlm.nih.gov/pubmed/12578990
http://www.ncbi.nlm.nih.gov/pubmed/12578990
http://www.ncbi.nlm.nih.gov/pubmed/18375192
http://www.ncbi.nlm.nih.gov/pubmed/18375192
http://www.ncbi.nlm.nih.gov/pubmed/22817841
http://www.ncbi.nlm.nih.gov/pubmed/22817841
http://www.ncbi.nlm.nih.gov/pubmed/20448046
http://www.ncbi.nlm.nih.gov/pubmed/20448046
http://www.ncbi.nlm.nih.gov/pubmed/20448046
http://www.ncbi.nlm.nih.gov/pubmed/20448046
http://www.thehbsn.org/article/view/2438
http://www.thehbsn.org/article/view/2438
http://www.thehbsn.org/article/view/2438
http://www.ncbi.nlm.nih.gov/pubmed/18239056
http://www.ncbi.nlm.nih.gov/pubmed/18239056
http://www.ncbi.nlm.nih.gov/pubmed/18239056
http://www.ncbi.nlm.nih.gov/pubmed/11762131
http://www.ncbi.nlm.nih.gov/pubmed/11762131
http://www.ncbi.nlm.nih.gov/pubmed/11762131
http://orbit.dtu.dk/en/publications/identifying-and-classifying-the-sources-and-uses-of-xenobiotics-in-urban-environments(a3380ffd-6d31-4ef7-bb0f-fb4f1aa95962).html
http://orbit.dtu.dk/en/publications/identifying-and-classifying-the-sources-and-uses-of-xenobiotics-in-urban-environments(a3380ffd-6d31-4ef7-bb0f-fb4f1aa95962).html
http://orbit.dtu.dk/en/publications/identifying-and-classifying-the-sources-and-uses-of-xenobiotics-in-urban-environments(a3380ffd-6d31-4ef7-bb0f-fb4f1aa95962).html
http://orbit.dtu.dk/en/publications/identifying-and-classifying-the-sources-and-uses-of-xenobiotics-in-urban-environments(a3380ffd-6d31-4ef7-bb0f-fb4f1aa95962).html
http://orbit.dtu.dk/en/publications/identifying-and-classifying-the-sources-and-uses-of-xenobiotics-in-urban-environments(a3380ffd-6d31-4ef7-bb0f-fb4f1aa95962).html
http://www.wseas.us/e-library/conferences/2011/Meloneras/SOMMEM/SOMMEM-43.pdf
http://www.wseas.us/e-library/conferences/2011/Meloneras/SOMMEM/SOMMEM-43.pdf
http://www.wseas.us/e-library/conferences/2011/Meloneras/SOMMEM/SOMMEM-43.pdf
http://www.ncbi.nlm.nih.gov/pubmed/9297984
http://www.ncbi.nlm.nih.gov/pubmed/9297984
http://www.ncbi.nlm.nih.gov/pubmed/9297984
http://www.ncbi.nlm.nih.gov/pubmed/17173371
http://www.ncbi.nlm.nih.gov/pubmed/17173371
http://www.ncbi.nlm.nih.gov/pubmed/17173371
http://www.ncbi.nlm.nih.gov/pubmed/11834080
http://www.ncbi.nlm.nih.gov/pubmed/11834080
http://www.ncbi.nlm.nih.gov/pubmed/18174244
http://www.ncbi.nlm.nih.gov/pubmed/18174244
http://www.ncbi.nlm.nih.gov/pubmed/18174244
http://www.ncbi.nlm.nih.gov/pubmed/23814181
http://www.ncbi.nlm.nih.gov/pubmed/23814181
http://www.ncbi.nlm.nih.gov/pubmed/23814181
http://www.ncbi.nlm.nih.gov/pubmed/11701226
http://www.ncbi.nlm.nih.gov/pubmed/11701226
http://www.ncbi.nlm.nih.gov/pubmed/11701226
http://www.ncbi.nlm.nih.gov/pubmed/1537464
http://www.ncbi.nlm.nih.gov/pubmed/1537464
http://www.ncbi.nlm.nih.gov/pubmed/15369802
http://www.ncbi.nlm.nih.gov/pubmed/15369802
http://www.ncbi.nlm.nih.gov/pubmed/15369802
http://www.ncbi.nlm.nih.gov/pubmed/23545713
http://www.ncbi.nlm.nih.gov/pubmed/23545713
http://www.ncbi.nlm.nih.gov/pubmed/23735917
http://www.ncbi.nlm.nih.gov/pubmed/23735917
http://www.ncbi.nlm.nih.gov/pubmed/10215695
http://www.ncbi.nlm.nih.gov/pubmed/10215695
http://www.ncbi.nlm.nih.gov/pubmed/10215695
http://www.ncbi.nlm.nih.gov/pubmed/10215695
http://www.ncbi.nlm.nih.gov/pubmed/19654909
http://www.ncbi.nlm.nih.gov/pubmed/19654909
http://www.ncbi.nlm.nih.gov/pubmed/19654909
http://www.ncbi.nlm.nih.gov/pubmed/20685890
http://www.ncbi.nlm.nih.gov/pubmed/20685890
http://spectrum.diabetesjournals.org/content/19/3/148.abstract
http://spectrum.diabetesjournals.org/content/19/3/148.abstract

	Title
	Corresponding author
	Abstract
	Keywords
	Introduction
	Increased Global Obesity and Diabetes with the Metabolic Syndrome, NAFLD and Neurodegeneration 
	Gene Environment Interactions induce Epigenetic Alterations in Obesity and Diabetes 
	Metabolic Disorders Affect the Metabolism of Xenobiotics and Increase the Concentration of Neurotoxi
	Unhealthy Diet, Drugs and Lifestyle Induce Chronic Disease and Neurodegeneration 
	Conclusion
	Figure 1
	Figure 2
	Figure 3
	Figure 4
	Figure 5
	References



