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ABSTRACT 
 

Introduction 
 

Peroxisome-Proliferator Activated Receptors (PPAR-Gs) is ligand based nuclear 

receptor family which have special role in the IR Syndrome (IRS) pathogenesis, which is 

a pre-diabetic lesion and have major role in type 2 diabetes mellitus (T2DM) 

development. The PPAR-Gs act as intracellular receptors which help in the gene’s 

activation responsible for glucose and metabolism of lipid. These receptors upon 

activation help in nutrient metabolism by activating intracellular enzymatic pathways and 

also increase uptake by cells. PPAR-Gs receptors also help in insulin signal transduction, 

any defects in these receptors lead to Insulin loss which can affect body tissues mainly 

adipose tissue and skeletal tissue. 

This study aimed to compare T2DM patients with normal controls and identify 

PPARG abnormal status in adipose tissues of T2DM patients. Transcription factor assay 

was carried out on adipose tissue of control and patients to assessed PPARG status in 

both normal and T2DM patients. Transcription factor assay was done by ELISA on DAS 

plate reader, to quantify gamma PPARG expression in both controls and T2DM patients.  

Objectives 

1. To determine PPARG receptors status in adipose tissues of patients with 

T2DM Mellitus and IR and their comparison with the results of normal 

controls. 

2. To carry out statistical tests of correlation betweenT2DMand IRS parameters 

and determine status of PPARG in both controls and patients. 

Hypothesis 

 Adipose tissue PPARG receptor values are abnormal in Diabetics as compared to 

Obese and normal people. 
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Null Hypothesis 

 No difference in Adipose tissue PPARG receptor values between diabetics and 

Obese and normal people 

Methodology 

 

Duration 

This study was conducted for two years during 2012 to 2014. 

Setting 

Current study comprised the subjects presenting diabetes and under treatment in 

Surgery unit of Ayub Teaching Hospital (ATH) Abbottabad. Biochemical analyses were 

carried out Ayub Medical College (AMC) Abbottabad in its Chemical Pathology 

Department, and Biochemistry Department, Hazara University Mansehra. 

Sample Size 

Sum of 105 patients were recruited in this study. The criteria was 

a) T2DM subjects of age groups 40 – 65 years were included. 

b) Sex and age matched obese people non diabetic taken as obese controls. 

c) Sex and age matched normal subjects, i.e., without diabetes or obesity, 

considered as normal controls. 

Methods 

Based on selection criteria subjects were selected attending the surgical ward of 

the Ayub Teaching Hospital Abbottabad. All the information from subjects about their 

past and present health status, diseases status and health statuswere recorded on Performa 

according to standard criteria. 

 

Transcription Factor Assay on ELISA Technique on PPAR-G was done from 

nuclear extract of Subjects adipose tissue by using standard protocols, and then stored 

under appropriate conditions as given. 
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Results 

The PPARG levels in adipose tissue of Patientswith T2DM and Obese subjects 

were lower than normal subjects show major difference among these groups’ levels. 

Conclusion 

There is reduction in adipose tissue levels of PPARG with the T2DM 

development and Obesity as compared to normal subjects. 

Keywords: PPAR-G, T2DM mellitus IRS 
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Chapter 1 

 

INTRODUCTION 
 

 

Type 2 Diabetes Mellitus (T2DM) as a long term metabolic disorder, is described by a 

pre-diabetic phase of varying length. Globally prevalence of diabetic mellitus is expected 

to be 5.4% and is estimated to increase in young population (Mogre et al., 2014).Various 

biochemical tests can be demonstrated for controlling aberent glucose level mainly 

random and fasting blood glucose levels, IR test and oral glucose tolerance test. In fact 

this latter phenomenon isthe primary basis for abnormal glucose control, which can 

prevent entering of  glucose and other variables into body cells increasing its levels in 

early phase, but later on included other lipids and metabolites as free fatty acids cause in 

the development of disease (McGarry, 2002). These metabolites enter into body cells for 

the cellular energy provision highlights main insulin function. This lack of Insulin 

function is called IR Syndrome (IRS) and is considered the primary cause of of T2DM 

abnormality nowadays (Greenfield and Campbell, 2004). 

IRS have many characteristics including abnormal glucose tolerance test, 

dyslipidemia, obesity, high glucose level and acanthosis(Greenfield and Campbell, 2004). 

In IR the body cell shows less or no response to insulin hormone present normally. This 

defect in many people does not appear to be due to insulin abnormality or insulin cell 

surface receptors. Due to this defect the cell mass of adipose tissue and skeletal muscles 

becomes non-responsive to insulin action, increases IR levels, leading to T2DM(Le Roith 

and Zick, 2001). 

Peroxisome proliferator-activated receptor gamma (PPARG) receptors are nuclear 

hormone receptors which activate the gene responsible for glucose uptake and lipid. It 

acts as a secondary messenger which transmit signal to gene, which is used in glucose 

uptake. Any defect in PPARG cause abnormality in intracellular response (Le Roith and 
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Zick, 2001;Greenfield and Campbell, 2004). PPAR-Gs also activating the genes 

responsible for lipid and glucose uptake and metabolism. Conformation occur from 

experiments that any intracellular abnormality which leads to DM and IRS are confined 

merely due to the PPAR-G group of receptors (including PPARG, PPAR-G-, and 

PPAR-G-). Nowadays diabetes considered as a defective-receptor disease. 

Various experiments have been carried out to investigate and define genetically 

and biochemically receptor abnormality. Although many questions have been studied and 

resolved, mostly in view of possible therapeutic intervention. The use of drugs like 

Thiazolidinedione (TZD) PPAR-G agonist and other compounds metformin, 

sulfonylureas act as a promising approach for treating T2DM. These drugs can restore 

normal function of cell like increased oxidation of FFA and lipids, Increased uptake of 

glucose and blood pressure return  to normal state ( Zierath et al., 1998;Bloomgarden, 

2001).  

Many research works have been conducted on skeletal muscle and adipose tissue 

because they are the main tissues which help in regulating lipid utilization and in Insulin-

dependent glucose uptake. The use of agonist TZD has strong action on skeletal muscle 

and has been considered to restore normal blood glucose levels. It has been found 

additionally that PPAR-Gs are present abundantly in macrophages of diabetic patients, 

causes various macrophages proteinases secretion where they damage atherosclerotic cap 

and induce rupture of plaque (Marx et al., 1998). All vasculature cells mainly monocytes, 

macrophages and endothelium express PPAR-G gamma. These receptors involved in 

endothelial injury, protect vasculature from injury and also protect it in diabetes (Hsueh et 

al., 2001). 

PPAR-Gs importance has been increasing with each passing day. In diabetes these 

are the major receptors which has been found abnormal, its increasing level cause obesity 

and decreasing level cause IRS (Barroso et al., 1999a).These receptors have also been 
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involved in differentiation of newly formed adipocytes cell where they storage and 

deposits fat in these cells and also cause fibroblasts differentiation to fat cells (Brun and 

Spiegelman, 1997a). 

Many studies have also been demonstrated on PPARG role on the vascular 

endothelium. Over function of PPARG decreases migration of vascular cells, 

macrophages and monocytes and also restore normal metabolism state of glucose and 

lipids thus brought anti-atherogenic states (Hsueh et al., 2001).  

Decreased PPARG activity increases vascular cells migration and abnormal 

metabolism state of glucose and lipidsin diabetic and pre-diabetic states. This also been 

effective in formation of atherosclerotic plaque and its subsequent rupturing causing 

thrombosis. 

PPARG receptors are like two-edged sword, depending on its expression, their 

high level expression is valuable as well as damaging while their decreasing expression 

has also both the effects. Thus these receptors act as a prime targets for researchers to 

investigate their normal balance state, and mechanism that disturb the balance to cause 

diseases in either direction (Ducluzau et al., 2001). 

The Rationale of the Study 

This study aimed to compare T2DM patients with normal controls and identify PPARG 

abnormal status in adipose tissues of T2DM patients. As per record this new domain so 

far has not yet been explored in Pakistan. In country the prevalence of this disease is high, 

though no research is conducted in this field. This study will be hoped to be able to show 

better result of this disease and also classify diabetics for more appropriate treatment, 

considering their PPARG status. 

Objectives 

The following most important objectives were taken under consideration.  
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1. To find PPARG receptors status in adipose tissues of patients with T2DM and IR 

and compare with normal controls of the study. 

2. To find association between various T2DMand IRS statistical parameters and the 

PPARG receptor status in controls and patients. 

Hypotheses 

1. The adipose tissue PPARG receptor as compared to controls may show 

increased or decreased levels in both pre-diabetic and diabetic subjects. 

2. There may be important correlations between diabetes and IRS indices and the 

adipose tissue PPARG receptor status between patients and controls. 

Importance of Work  

1. This study attempts to explain nuclear receptor role is considered to be the 

main effectors of diabetic and pre-diabetic state clinical features. 

2. It provides a scientific rationale for PPARG agonist therapy in diabetic as well 

as pre-diabetic patients.   
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Chapter 2 

 

REVIEW OF LITERATURE 
 

Diabetes mellitus has been reported as long term metabolic disorder and isonset of 

metabolic, genetic, and autoimmune diseases with hyperglycemia is one significant 

characteristic (SF. 2006).  

Definition 

Diabetes is a combination of several diseases and different perception so its 

definition changes. From a medical point of view, it represents metabolic disorders series 

caused by impaired insulin secretion caused by hyperglycemia. In kidney, peripheral 

nervous and retina chronic hyperglycemia can lead to microvascular complications. These 

diabetes characteristics require an extended duration to appear and cannot be used to 

define disease. 

 Major diabetes vascular complications include peripheral arterial disease, stroke 

nd myocardial infarction (MI) more frequently occurs. Definition of diabetes has been 

suggested as "early atherosclerosis with hyperglycemia", highlighting clinical problems 

that most patients cannot resist (SF., 2006). 

From a social perception, the definition of diabetes will include disease burden on 

the health economy being premature mortality and morbidity and expensive treatment. 

From an individual patient's point of view, diabetes is a lifelong disease that requires 

constant monitoring of lifestyle and diet, urine or blood and is associated with varying 

degrees of anxiety and several visits to healthcare benefactors (SF., 2006).  

Epidemiology 

 Diabetes and its consequences cause global health care load and present key 

challenges for health care systems, patients and economy of a country at most. As per 

estimation by the World Health Organization from 2000 to 2030, the diabetic patients 
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number increases by 114% and population of the world increase by 37% (Wild et al., 

2004). 

The occurrence of diabetes in Asian population is rapidly increasing (Ramchandran et al., 

2012; Wild et al., 2004). According to Asian demographic data, by 2030, the largest 

number of diabetic patients eg78.4 million will be recorded from India and 42.3 million 

from China (Wild et al., 2004). In addition, in Asia Philippines, Bangladesh, Pakistan, 

and Indonesia are top ten countries. Prevalence may be underestimated because changes 

are not considered due to risk factors linked to diabetes (Ramchandran et al., 2012). It is 

estimated that world populace will reach to 7.9 billion by 2025, of which 50% of the 

population growth accounts for six countries, including Pakistan, China and India three 

Asian countries contributed 5%, 12% and 21%, each year (WHO, 2004). 

 Asian populations exhibit different cultural, demographic and socioeconomic 

uniqueness. Durng the year 2003, worldwide 194 million adults (5.1%) had diabetes and 

314 million people (8.2%) suffered from impaired glucose tolerance. In 2007 this 

prevalence increased to 6.0% and 7.5% and is expected to increase to 8.0% and 7.3% by 

2025. Second, it is estimated that in 2025,380 million people will have. It is estimated 

that in developed countries 85-95% diabetes cases belong to T2DM, while this proportion 

is higher in developing countries. In developing countries, China and India contribute to 

80% of diabetic peoples. The impaired glucose tolerance and diabetes prevalence 

according to world population adjustment is high in Asians countries and in coming 

decades it is expected to increase rapidly. In developing countries with the fastest 

economic growth, this growth is probably the most important. In the past two decades, 

although India has tripled and China has increased fivefold. In other Asian countries 

China and India have lower per capita GDP. 

 In Asia, the diabetes prevalence in China and India is worrying compared to 

other developed regions (Ramchandran et al., 2010). In Asian countries, reports about 
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epidemiological data show high diabetes frequency in rural and urban populations (Shera 

et al, 2007; Ramchandran et al, 2010; Lee, 2000). The impaired glucose tolerance 

prevalence in many Asian countries is high, suggesting that there are a large number of 

people at risk for diabetes (Ramchandran et al., 2010). 

 In Southeast Asia the prevalence of impaired glucose tolerance in 2007 was 

6.0%. In Asia strong genetic-environment interactions are responsible for the rapid rise in 

diabetes, which is related to changes in modern lifestyle. The sensitivity of Asian 

immigrant groups to environmental adverse effects is higher than that of different ethnic 

groups (, Ramchandran et al., 2010; Forouhi and Wareham, 2010). 

Pathophysiology 

 In Asian population T2DM multi-factorial causes have been found. Even in 

these populations, disease development is a variable and complex mechanism. The main 

T2DM components includes impaired insulin action and Impaired insulin secretion, 

which are exacerbated by the presence and extent of glucose toxicity. Lipotoxicity cause 

beta cell damage and IR (Unger and Zhou, 2001).  

Due to obesity development and other effects on insulin sensitivity, beta cells 

respond to compensatory hyperinsulinemia (Snehalatha et al., 1998). Before the final 

decompensation of clinical diabetes expression, as the duration increases, the beta cell 

function decreases and the ratio of insulin to glucose decreases. Asian populations have 

more IR than many other ethnic groups (Abatte and Chandalia, 2007, McKeigue et al, 

1992, Abate et al, 2004). 

It has been reported that even Asian Indian children and adolescents have 

compensatory hyperinsulinemia and IR (Misra et al., 2006, Ramchandran et al., 2007). In 

Asia these factors are the main reason for rising T2DM prevalence among young people 

(Ramchandran et al., 2010). In developing countries environmental changes led to an 

increase in cardiovascular disease and diabetes prevalence. Many environmental and 
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biological threats to diabetes have been established in Asian populace (Ramchandran et 

al., 2010). 

Genetic factors 

T2DM has a strong genetic factor and many Asian peoples have first-degree 

relatives of diabetes (Ng et al., 2001a; Viswanathan et al., 1996). Over time, the genetics 

of this disease has become easier to understand. Single-gene forms of diabetes are caused 

by rare gene mutations, similar to those found in mature diabetes in young adult 

population (Fajans et al., 2001). Many young people with T2DM are believed to be due to 

genetic mutations being more common but less affected. 

In an early study, genetic variation in the PPRG gene caused by T2DM (Fajans et 

al., 2001, Gloyn Etc., 2003). The PPAR-GG A12Ala allele protective effect on IR and 

T2DM risk have not been seen consistently in Asian populations (Radha et al., 2006). It 

has been investigated that  polymorphism in gene encoding transcription factor-7-like 

protein 2 caused by T2DM in 2006 (Grant et al., 2006a). In Asian populationsT2DM 

causes genetic variants in TCF7L2, however, in rs7903146, a rare presence of a risky T 

allele is reported (Ng et al., 2008, Chang et al., 2007). 

 In many Asian populations, including Japanese, Chinese, Koreans and India the 

mutations in genetic variants in Asians are related with T2DM (Sanghera et al., 2008, 

Omori et al., 2008, Chandak et al., 2007, Horikoshi et al., 2007, Ng et al., 2007). In Asian 

and European populations, a study revealed that different variants alleles appear to confer 

a similar risk to T2DM, the ethnic differences in frequency cause differences in 

population attributable risk, indicating that specific Population research (Ng et al., 2007, 

Unoki et al., 2008;Yasuda et al., 2008). 

 Many genetic variants related with T2DM appear to be associated with insulin 

secretion rather than IR. (Florez, 2008; Frayling, 2007; Yasuda et al, 2008; 
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Steinthorsdottir et al, 2007). In Europe and Asia, it is the first common variant of diabetes 

and obesity. However, the association in the Asian population is not completely regulated 

by the body mass index compared to the European population (Yajnik et al., 2009). 

From India to Europe the mechanism of body size linking to T2DM seems to be 

different. Other variants are associated with obesity, although it has not been associated 

with diabetes so far. The current list of T2DM variants may only account for a small 

portion of T2DM genetic basis. However, these variants identification provides insight 

into T2DM pathogenesis 

Urbanization and Migration 

 In many Asian countries, the degree of urbanization has increased significantly 

(Ramchandran et al., 2010). The urbanization proportion in Malaysia, Indonesia, 

Singapore, the Philippines and South Korea, will exceed 50%. By 2010, the urbanization 

rate of India, Pakistan, Thailand and China will exceed 30%. Urbanization in Sri Lanka 

and Bangladeshis slow. The increase in urbanization is due to rural-urban migration, 

urban expansion and natural population growth(Leon, 2008). In addition to aging, the 

expected increase in urban population will be the main determinant of the rising diabetes 

prevalence worldwide. Asian countries data show urbanization effect on diabetes 

occurrence (Ramchandran et al., 2010). Physical activity decreases and obesity in upper 

body increases with the increasing trend of urbanization (Ramchandran et al., 2004a). 

Domestic migration from rural to cities has led to similar adverse changes. In Asia China 

and India are susceptible to such consequences and experiencing rapid socio-economic 

progress. 

In India diabetes prevalence rate is higher than China and increasing both in rural 

and urban populations in China and India. In 2000, a national study conducted in China 

showed that 7.3% of the population was affected by impaired glucose tolerance due to 

significant differences between rural and urban areas (Gu et al., 2005). Notably, on basis 
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of fasting glucose only 30% of the 20 million people that have been diagnosed previously 

estimated to have diabetes(Gu et al., 2005). The diabetes prevalence in China increases 

according to this finding. As China's economy continues to grow and urbanization 

increases, the prevalence rate may rise further. This concludes that Chinese population 

prevalence rate is higher in Taiwan and Hong Kongthan the prevalence of the mainland 

(Ekoé et al., 2008). 

Great changes have taken place in health, urban lifestyles, physical activity and 

diet. Urban residents eat more diverse foods and more macronutrients than rural peoples, 

but higher intake of processed foods, refined carbohydrates, saturated fats, as well as 

lower fiber intake (Popkin, 2006). Nutritional changes have a large impact, and most 

emerging chronic diseases such as high blood pressure, diabetes and stroke are all related 

to diet. In many populations the high diabetes prevalence is the result of migration to 

more affluent countries. In several countries for example, Chinese and Japanese 

immigrants from mainland China (Kawate et al., 1979) and Asian Indian immigrants 

(Abate and Chandalia, 2007; Lipton, 2008) can see this effect. The changing gene 

frequency does not affect the increase; rather increase in its prevalence occurs as the 

result of behavioral and environmental change, within a few decades 

Age 

 In Asian populations (DECODA) results showed several age-specific 

prevalence changes (Group, 2003). Diabetes prevalence rate in Chinese population peaks 

at 70-89 years old, while in India, the prevalence of diabetes reaches 60-69 years. 

Compared with Chinese, Indians have a higher prevalence rate and glucose regulation 

impairment rate (Group, 2003). The findings of Pakistan and India and Sri Lanka are 

comparable (Ramchandran et al., 2008; Shera et al., 2007a). These variations may be 

related to genetic and environmental effects. In Asian countries the rapid increase in the 

diabetes prevalence is one of the characteristics of diabetes. 
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 India reported high diabetes occurrence in young people (Mohan et al., 1985). 

From 1994 to 2000, the prevalence of the 35-44 age group in China increased by 88% 

(Gu et al., 2005). The diabetes prevalence ratein people under 44 has increased from 

25.0% to 35.7% in 2006 in southern India(Mohan et al., 2006; Ramchandran et al., 2008). 

Factors contributing obesity prevalence includes longer working hours, changes in leisure 

activity, reduced physical activity and reduced sleep time (Zhaai et al., 2008; Yoone et 

al., 2006).  

 In children T2DM is increasing. Its rate is highest among Asian children of 

indigenous and immigrant populations (Gill, 2007). Among Asian children, the 

prevalence rate in the United Kingdom is 14 times that of white European children (Wei 

et al., 2003). Many surveys have been conducted for children withT2DM, but there are 

few studies based on population and community (Gill, 2007). With the rise in childhood 

obesity rates in developing countries, the T2DM prevalence rate in children is expected to 

be more severe (Gill, 2007). According to the 2002 National Nutrition and Health Survey 

of China, 7.1% of children in age range of 7 to12 while in age range of 12 to18 were 

overweight. Similarly the prevalence of obesity was recorded 2.5% and 1.6%, 

respectively (Ramchandran et al., 2010). 

Adipose tissues and IR 

 The metabolic syndrome and IR prevalence is high in Asian populations. Even 

in obesity absence, IR is characteristic of South Asian children and adolescents 

(Ramchandran et al., 2010). T2DM main determinant is obesity and is related with many 

metabolic abnormalities (Sinha et al., 2002).  In skeletal muscle and blood, the increase in 

the concentration of triglycerides and non-esterified caused by these abnormalities 

includes excessive lipolysis. In muscle glucose uptake is inhibited. Obesity also impairs 

insulin action by altering cytokines secretion, particularly leptin and adiponectin, and 

causes proinflammatory states. In people from Asia having no obesity, characteristics of 
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IR are seen, like hypertriglyceridemia (Snehaltha et al., 2000) and elevated visceral and 

abdominal fat. Asian Indian population has extensively studied IR (Ramchandran et al., 

2010). 

 Hyperinsulinemia characterized by IR is very common in Asian populations, 

particularly in Southeast Asian inhabitants (Abate et al., 2004). Unusually, despite the 

relatively hyperinsulinemia, the Asian Indian population has a high non-esterified fatty 

acids concentration in the plasma during fasting. and oral glucose administration cannot 

inhibit this concentration. They have high plasma leptin and low plasma adiponectin 

concentrations. As obesity develops, these abnormalities will increase (Abate et al., 

2004). 

 Asians have been reported having with lower body mass index (BMI) than 

many other ethnic groups, but the relationship between BMI and glucose intolerance is 

strong like other populations. In the association between BMI, body fat percentage and 

health risk, Asian inhabitants appear to be different from European inhabitants. 

According to the evidence, the World Health Organization expert consultation concluded 

that the risk of cardiovascular disease and T2DM increased significantly when the body 

mass index was below than 25 kg / m2. However, in Asian populations threshold for body 

mass index is not uniform to identify obese and overweight people (Ramchandran et al., 

2010). The World Health Organization recommends that Asians have a body mass index 

of 18.5-22.0 kg / m2 that is healthy (WHO, 2004). 

 In Asian population healthy waist circumference criteria for men is less than 90 

cm and for women is less than 80 cm by the International Diabetes Federation. In Asian 

Indian population Indian Consensus Group proposes revised guidelines for obesity, 

metabolic syndrome and abdominal obesity (Misra et al., 2009a). 

In many Asian populations the characteristics features are abdominal obesity. IR is 

related to subcutaneous and visceral fat content(Snehalatha et al., 1997). Unlike the white 
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population, without increasing the amount of intraperitoneal fat young South Asian men 

have high IR. In Asian Indians Ethnic differences may be mainly related to large number 

of dysfunctional subcutaneous fat cells and high trunk fat amount, rather than excessive 

visceral fat (Chandalia et al., 2007). 

Concentration of plasma adiponectin and glucose treatment rate are inversely 

proportional to fat cell size. The South Asian group has high leptin concentration and 

usually has a low concentration of adiponectin and low glucose treatment rate. In 

newborn babies’ high body fat ratio is seen. In India a large prospective study shows that 

Indian newborn babies are relatively fat due to lack of non-fat tissue but lighter, shorter 

and thinner than British babies, (Ramchandran et al., 2010). 

 When Fatty acid is enters in the liver it mainly causes fatty liver and is a 

determining factor for excess triglyceride-rich lipoproteins. In the presence of fatty liver, 

dyslipidemia is more severe in T2DM. In liver and skeletal muscle Ectopic fat 

accumulation is the main determinant of IR determinant and T2DM development (Yki-

Järvinen, 2002).  

 The two-cycle hypothesis proposed by Taylor 2008 in a review explains the 

response to muscle IR, hepatic and islet ectopic fat deposition, beta cell dysfunction and 

hepatic IR which ultimately leads to the onset of T2DM. Asians with IR characteristics 

and adversely affected by modernization to modernization and affluence may operate 

through this pathogenic mechanism. In Asian population adiponectin low levels are 

related with high prevalence of cardiovascular disease and diabetes and low insulin 

sensitivity (Retnakaran et al., 2006). In most of the people from Asia T2DM is observed 

by low concentration of adiponectin. Though, no association is found between IR and 

adiponectin as well as few metabolic risk variables by researchers (Snehaltha et al., 

2003). In USA parallel results were determined in a survey of south Asian migrant 

women (Martin et al., 2008). In South Asian populations the mechanisms by which 
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adiponectin associate with diabetes may also be different. More detailed studies can be 

required for explaining mechanism of IR in these populations. Asian Indians produce 

more adenosine triphosphate, although IR is stronger and concentration of intramuscular 

triglyceride are higher than white Americans (Nair et al., 2008). In populations from India 

with both diabetes and no diabetes the intramuscular triglycerides concentration is also 

elevated, suggesting population may differ in IR and diabetes binding. In addition, non-

muscle triglycerides and plasma triglycerides are closely related to insulin sensitivity in 

Asian Indian populations(Forouhi et al., 1999a). The obstructive sleep apnea and excess 

visceral fat have pathophysiological link, independent of systemic fat. Many oxidative 

and endothelial abnormalities, inflammation and coagulation associated with obstructive 

sleep apnea may occur due to sleep deprivation and physical inactivity (Chin et al., 1999).  

Intrauterine Environment and Imprinting 

 Through fetal programing postpartum and Intrauterine environments can 

influence future risks of cardiovascular disease and diabetes (Gluckman et al., 2008).  

Maternal malnutrition, rapid child growth and infant underweight at birth are related with 

increased diabetes risk in offspring, and these factors may be particularly applicable in 

developing countries such as China and India. In addition, the obese offspring or diabetic 

women have an increased cardiac metabolic complications and diabetes risk (Tam et al., 

2008). In Asia the increase in number of young diabetic women and increase in childhood 

obesity, this association can further worsen this circumstances through the vicious cycle 

of diabetes (Ramchandran et al., 2010). This system of intergenerational disease risk 

inheritance is under investigation; during development it is thought to involve epigenetic 

target genes silencing through histone modification and methylation, leading to metabolic 

phenotypes mismatch during development(Chin et al., 1999). Similarly, countries with 

the fastest economic growth have also experienced mismatches. Need to better understand 
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the impact of maternal imprints to help address diabetes prevalence in Asia 

(Ramchandran et al., 2010). 

Diagnosis and Complications of T2DM 

According to WHO report (WHO, 2006), the oral glucose tolerance test for 

diabetes  is recommended diagnostic test and to be continued. In Asian populations it is 

important specially to identify postprandial hyperglycemia. for diabetes detection 

concentration of glycosylated hemoglobin (HbA1c) and fasting plasma glucose are much 

less sensitive in the Asian population than in the 2-hour postprandial glucose 

concentration(Ramchandran et al., 2010). In urban areas, diabetes prevalence in poor 

socioeconomic classes is lower than in high income populations, while poor glycemic 

control but higher vascular complications incidence exists. Diabetic vascular 

complications have been reported on only a few population-based data from developing 

countries. It is estimated that 30% of patients with T2DM in Asian countries have 

retinopathy. In Asian, the prevalence of end-stage diabetic nephropathy is nearly 80% 

higher than in North America white diabetics. However, the knee amputation rate is 

reduced by 60-69%, and 24-33% cardiovascular disease incidence is reduced 

(Ramchandran et al., 2010). Though in Asian Indians the peripheral vascular 

complications incidence is low, the number of foot complications is high due to the large 

population. Incidence rate of neuropathy is high and is considered a risk factor for foot 

infections. 

According to reports, the incidence of cardiovascular complications in local and 

immigrants in South Asia is high. Immigrant South Asian groups show heterogeneity in 

cardiovascular risk variables based on their socioeconomic class. There may be 

differences in adjusting comorbidities, which may explain conflicting results. Asians have 

different susceptibility to vascular complications. In the WHO multi-country study on 

diabetic vascular disease, the incidence of coronary artery disease in Chinese patients 
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with diabetes is much lower than in other central patients, but their incidence of 

nephropathy and retinopathy is significantly higher. 

 The prevalence of microalbuminuria (MAP) studies showed that Asian kidney 

disease prevalence was high, resulting 20% of macroalbuminuria and 40% of 

microalbuminuria in patients with T2DM. Besides the genetic factors, the trend of 

visceral obesity may lead to the causing of renal and cardiovascular problems as well 

(Luk et al., 2008). 

Health-Care Outcome 

 A similar situation exists in diabetes care in most developing countries. The 

prevailing economic disparities in these countries, the scarcity of adequate health care 

facilities and low levels of education pose significant obstacles to achieving optimal 

glycemic control. The diabetes care cost is increasing worldwide.  The developing 

countries face very high financial burden and particularly in the lower economic groups it 

is very high, who spend more than 25% of their income for diabetes care and treatment 

(Ramchandran et al., 2007a). This cost increases dramatically, whenever problems arise 

or require hospitalization, insulin therapy or surgery. Some studies results indicate that in 

developing countries diabetic patients treatment is far from optimal (Chan et al., 2009; 

Kapur, 2007). However, in other developing regions, namely Latin America, Eastern 

Europe and Africa the proportion was similar. The proportion of diabetics  was as high as 

40% for those who did not screen for risk factors or complications. Glycemic control in 

developing countries can be affected by factors related to doctors, diabetics and health 

care management (Chan et al., 2009). 

Prevention and Future Action 

The cure of problems caused by diabetes is comparatively not cost effective as 

compared to preventing diabetes and obesity. An additional 10-15 minutes per day 
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reduction in energy intake by 2-3% can offset the weight gain of approximately 90% of 

China's population. In 20 years, through lifestyle interventions, the diabetes incidence has 

fallen to 43%, hence is a continuing advantage. In India primary prevention results 

showed that lifestyle changes were effective compared to control group, which was 

reduced to approximately 30 %.To prevent diabetes in high-risk populations; lifestyle 

changes is the very much cost effective intervention (Ramchandran et al., 2007b). 

 Diabetes care challenge in Asian countries mostly China, India and others 

include improving education, alerting people for diabetes risk factors, patients training to 

manage disease, more care services development and cardiovascular metabolic risk 

factors management. In most countries, especially because of the prevalence of non-

communicable diseases, the health care burden and the national health care budget do not 

match, and therefore face enormous challenges. More quality data is needed for the life 

standard parameters and cost effectiveness of diabetes economics and interferences. In 

order to offer insights into possible approaches for preventing T2DM, needs basic and 

advanced research (Chan and Cockram, 1997a). 

 The United Nations resolution considers T2DM to be a serious epidemic 

needing urgent measures to prevent disease progression and improve management. 

Member States must build up policies at national level to achieve these objectives. 

Governments have initiated national plans to control and prevent noncommunicable 

diseases in many Asian countries such as Malaysia, Bangladesh, India, Pakistan, China, 

and Singapore. In order to limit the epidemic, it is recommended that plans aimed at 

raising communal awareness of noncommunicable diseases and strategies for building 

nationwide capacities through guiding of medical and paramedical staff to deal with these 

diseases have to be developed. 
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“Peroxisome Proliferator-Activated Receptor Gamma (PPAR-Gϒ) and Its Ligands” 

Receptors in nucleus are important regulators of gene transcription and all 

functions occurring within the cells (Escriva et al., 2000). Thyroid, estrogen and 

glucocorticoid receptors are members and peroxisome proliferator-activated receptors are 

subfamily of nuclear receptor superfamily. Biologic events ranging from development 

and differentiation of cell to metabolism of lipid and energy homeostasis regulated by 

nuclear receptors. Hormones, fatty acid, vitamin A and D and steroids are natural 

lipophilic ligands that are associated with this receptor superfamily. PPAR-G α, β, and ϒ 

are isoforms of PPAR-G that are coded by nuclear hormone receptors subfamily. ϒ1, ϒ2, 

and ϒ3  are three isoforms of RNA yielded by three promoters in PPAR-Gϒ gene by 

using alternative promotors and RNA splicing (Zhu et al., 1993). Tissues only expresses 

PPAR-Gs (Braissant et al., 1996). In liver PPAR-Gα is expressed highly in enterocytes, 

cardiac myocytes and proximal tubule of the kidney. In immune system and adipose 

tissue PPAR-Gϒ is expressed highly whereas PPAR-G β expressed ubiquitously. In many 

tissues PPAR-Gϒ1 expressed in low, whereas in adipocytes PPAR-Gϒ2 is highly 

expressed. 

PPAR-G: Key Regulators of Gene Transcription 

PPAR-Gϒ is nuclear receptor family which is characterized by three functional 

domains: N-terminal domain, the DNA binding domain and the ligand binding domain 

(Zhang et al., 1996).  

The methods of binding and regulation of DNA transcription by PPAR-G has 

been studied extensively (Willson et al., 2000).Binding of ligand to PPAR-G cause a 

conformational change in the ligand-binding domain AF2 activation function 2. 

Transcription factor9-cis-retinoic acid receptor RXR bind to ligand-bound PPAR-G forms 

a heterodimeric complex. On DNA this heterodimeric complex subsequently binds 
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(PPRE) and comprises functional transcription factor. PPRE is a DR-1 elements present 

in the promoter of PPAR-G responsive genes (e.g P2) (Wilson et al., 2000). 

In most cases, this method stimulates the various genes transcription involved in a 

variety of pathophysiological and physiological processes. In addition to heterodimeric 

complexes, many accessory proteins, reported as "co-activators" or "co-inhibitors", in a 

ligand-dependent manner bind to nuclear receptors and affect transcription through 

remodeling chromatin structure or as an adapter molecule links nuclear receptor 

complexes to key transcriptional machinery (Lee et al., 2001). 

 Phosphorylation state of PPAR-GY pharmacological and endogenous ligands 

and gene expression levels regulate PPAR-GY activity. The fact that the genetic deletion 

of the mouse PPAR-GY gene causes embryonic lethality on 10th  day of pregnancy 

because of incomplete placental function strengthen the idea that PPAR-GY expression 

does a key job in developmental gene regulation in placenta, adipose and heart tissue 

(Barek et al., 1999). 

PPAR-Gϒ ligands 

It has been reported that many naturally found agents that help in activation of 

PPAR-Gϒ can exist e.g. polyunsaturated acids in micromolar concentration activate 

PPAR-Gϒ but true ligand identification is still a mystery (Xu et al., 1999). However, 

within cell unsaturated fatty acids concentration and receptor activation site are 

unidentified to date (Jüngling and Kamermeier, 1988). 

Several J-series prostaglandins in low micromolar bind to PPAR-Gϒ. High-

affinity ligand,15-deoxy-Δ12,14 -PGJ2 (15d-PGJ2) is derivative of PGD2 demonstrated 

anti-neoplastic and anti-inflammatory activity (Ricot et al., 1998). In vitro15d-PGJ2 

stimulates adipocyte differentiation, although site of 15d-PGJ2 is still unknown (Kliwer et 

al., 1995). 
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Investigators have determined that α 1-antitrypsin (AAT), C-terminal fragment 

(C-36) stimulate human monocyte and activate PPAR-Gϒ and PPAR-Gα with an obvious 

raise of lipid buildup. This activation of PPAR-Gϒ and PPAR-Gα was not found for 

native protein but specific only to C-36 fibrils. In human plasma and in most tissue, AAT 

is observed in major proteinase inhibitors. C-36 is observed in atherosclerotic plaques 

while its physiological role is still unknown (Dichtl et al., 2000). 

During past 6 years, the well-known PPARG synthetic ligands is 

Thiazolidinediones (TZDs). PPAR-Gα and PPAR-Gβ are subtypes of PPAR-G and the 

majority TZDs are specifi for PPAR-Gϒ over it. There are some exceptions. 

Thiazolidinedione KRP-297 is a a weak PPAR-Gα 127 agonist and a potent PPAR-Gϒ 

agonist. Rosiglitazone is selective agent in this class but the most potent agonist(Willson 

et al., 1996). 

The activation and binding mechanism of PPAR-Gϒ through TZDs has been 

investigated and allow access to number of diverse ligands. The PPAR-Gϒ LBD provide 

a large binding pocket (1300 Å) and consists of 4-strand β-sheet and 13 α-helices. The 

ternary complex of the rosiglitazone, PPAR-Gϒ LBD and the 88-amino acid fragment of 

human SRC-1 have been determined by X-ray crystallography. It shows that the TZD 

head group interacts with residues Ser289, Tyr473, Gln286, His449 and His323 and forms 

specific H-bonding with them. It is supposed that interaction with Tyr473 elicits 

transcriptional activation because this residue lies in the C-terminal AF-2 helix. Though 

they have fine anti-diabetic action, most TZDs exhibit only medium level affinity for 

PPAR-GY. Therefore, many non-TZD ligands have been reported in the search for more 

efficient (<50 nM) ligands. To get better insulin sensitivity in Zucker diabetic adipose 

(ZDF) rats, isoxazole dione JTT-501 has been proposed as a nanomolar PPAR-GY 

agonist and a micromolar PPAR-G[alpha] agonist. The tyrosine-based agonist GW-7845 

showed a subnanomolar affinity and excellent selectivity for PPAR-GY. In rodents this 
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compound shows potent anti-atherosclerotic, anti-cancer andanti-diabeticactivity 

(Housknecht et al.,2002).. GW-0207 is a PPAR-GY agonist, with higher selectivity for 

other receptor subtypes and is equivalent to rosiglitazone. In ZDF rats it exhibits excellent 

pharmacokinetics and normalizes glucose concentrations in a 1/100 dosage of troglitzone 

(Henk et al., 1999). During last few years, some new preferences have identified new 

partial agonists and antagonists. The triterpenoid 2-cyano-3,12-dioxolane-1,9-deutero- 

28-acid (CDDO) is a nanomolar affinity partial agonist. In humans it inhibits many tumor 

cells line proliferation and reported to have anti-inflammatory properties. Interestingly, 

methyl ester, CDDO-Me, is a nanomolar PPAR-GY antagonist that identifies to inhibits 

differentiation of 3T3-L1 cell by rosiglitazone (Suh et al., 1999) bisphenol A diglyceryl 

ether (BADGE) is newly identified micromolar antagonist that inhibits differentiation of 

TZD-induced preadipocyte. BADGE also inhibit differentiation of 3T3-F442A and 3T3-

L1 cells. Another PPAR-GY antagonist LG-100641 blocks TZD activation of the TZD 

receptor but does not block retinoic acid X receptor ligand-induced differentiation. In 

adipocytes LG-100641 promotes glucose uptake and have proved to be a useful tool for 

determining PPAR-GY role in IR (Oberfield et al., 1999). 
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PPAR-Gϒ Function in Cell Differentiation 

PPAR-Gγ: A Pivotal Regulator of Adipocyte Differentiation 

Adipogenesis refers to the process of differentiating preadipocyte precursor cells into fat 

cells capable of lipid filling and secretion and expression of cytokines and numerous 

hormones. Adipogenesis occurs both at postnatally and prenatally, supporting both the 

storage of excess energy and normal cell renewal. The differentiation of adipocyte and 

induction of adipocyte gene expression program is widely explored (Rosen and 

Spigelman, 2000).  

PPAR-Gϒ is a transcription factors coupled to C/EBPα and RXR involved in the 

early stage of cell growth arrest process and its progression to fully differentiated 

adipocyte phenotype (Shao and Lazer, 1997). Mouse embryos lacking the PPAR-G ϒ 

genes were devoid of adipose tissue. These finding was confirmed by the role of PPAR-

Gϒ in the development of adipose tissue (Barek et al., 1999). 

These ADD-1/SREBP-1, C/EBP proteins and PPAR-G/RXR are transcription 

factors result in adipocyte specific gene induction including leptin, aP2, ACS, lipoprotein 

lipase and PEPCK and their complex interaction describe adipocytes differentiation. 

Additionally, ADD-1/SREBP-1 is involved in fatty acid metabolism by regulating 

multiple gene expression. As a transcription factor, it plays a key role in cholesterol 

homeostasis. Thus, ADD-1/SREBP-1 help in enhancing activation of PPAR-Gϒ of 

adipocyte gene differentiation and expression thus regulating endogenous PPAR-Gϒ 

ligands generation (Tontonoz et al., 1993). 

PPAR-Gϒ not only help in stimulating adipocyte differentiation but also 

stimulates apoptosis in mature, lipid-filled adipocytes. (Okuno et al., 1998). 

Very limited data has been presented in livestock species describing the role of 

PPAR-Gϒ and its ligands in adipogenesis regulation. Treatment of PPAR-Gϒ with 
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thiazolidinedione stimulate Bovine stromal-vascular cells differentiation into adipocytes. 

Similarly, it has been reported that in domethacin weak PPAR-Gϒ agonist, combined 

with lipids stimulate differentiation of adipocyte in primary cultures of bovine stromal-

vascular cells (PeiXing et al., 2000). Studies examining the porcine adipocytes 

differentiationin response to the troglitazone, thiazolidinedione suggests that activation of 

PPAR-Gϒ stimulates porcine adipocyte differentiation in other species, and this not 

correlate with PPAR-Gϒ protein expression  changes (Tchokalova et al., 2000). 

Regulation of PPAR-Gγ Gene Expression 

Though significant information is available that measure effects of treating PPAR-

Gϒ with thiazolidinediones and its activation however, no data exist that describe 

regulation of PPAR-Gϒ expression, especially various PPAR-Gϒ isoforms expression. 

Sundvold et al., 1997 and Houseknecht et al., 1998reported that in cattle and pigs 

PPAR-Gϒ gene has been cloned. The porcine PPAR-Gϒ porcine nucleic acid sequence is 

highly conserved with human, murine and bovine sequences, 96 to 98 % amino acids 

identify for all species when PPAR-Gϒ gene mapped to porcine chromosome 13. In the 

porcine adipose tissue, the ϒ1 isoform predominates and both PPAR-Gϒ2 and PPAR-

Gϒ1 RNA isoforms expressed highly (Houseknecht et al., 1998a). In live stocks species 

ϒ3 RNA isoform is not yet identified. 

Among various bovine tissues, PPAR-Gϒ2 and PPAR-Gϒ1 mRNA differential 

expression has been quantified and bovine PPAR-Gϒ gene was assigned to bovine 

chromosome 22. Specifically, expression of PPAR-Gϒ2was lower and less distributed 

than PPAR-Gϒ1. Interestingly, in bovine lutein cells expression of PPAR-Gϒ has been 

identified and its ligands help in progesterone secretion by these cells (Housknecht et al., 

1998a; Lohrkee et al., 1998). From these reports the authors hypothesize that in the 

bovine PPAR-Gϒ and its ligands play major role in relating nutritional status to 
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reproductive function (Lohrkee et al., 1998). To prove or disprove this hypothesis 

additional data are needed. 

Some study suggests that expression of PPAR-G ϒ is nutritionally regulated in 

livestock, rodents and humans. In rodents, PPAR-Gϒ expression in adipose tissue is not 

regulated by obesity but by dietary manipulation (high-fat diets) and insulin (Vidal Puig 

et al., 1996). 

In adipose tissue Porcine large quantity of PPAR-Gϒ is regulated by nutritional 

status (Vidal-Puig et al., 1996). In pigsPPAR-Gϒ2mRNAexpression is reduced 

significantly, that were allowed restricted food intake or fasted but not PPAR-Gϒ1 when 

compared to ad libitum fed controls. Vidal-Puig et al. were in consistent with pig data 

who reported that expression of PPAR-Gϒ2 mRNA abundance were significantly more 

than PPAR-Gϒ1 in the fasted mouse data (Vidal-Puig et al., 1996). In swine dietary fatty 

acids regulate expression of PPAR-Gϒ2. Specifically, the dietary supplementation of 

18:2  fatty acids regulated PPAR-Gϒ2 expression in porcine subcutaneous (sc) adipose 

tissue (Spurlock et al., 2000). 

Although in mammals the processes regulating the expression of PPAR-Gϒ2 

versus PPAR-Gϒ1 are not well understood. More research is required to control the 

importance and functional mechanism of the splice variants that help in expression and 

activation regulation of mammals. 

Nutritional Regulation of Gene Expression: PPAR-G ϒ as a Fatty Acid Receptor 

The effects of dietary fat are observed in a tissue-specific manner and its 

consumption in metabolic tissues regulates gene expression. For example, in rodents, 

high-fat diets consumption leads to whole-body IRand its mechanism help in involving 

Insulin responsive glucose transporter, GLUT4 by underlying this IR. Increased 

consumption of dietary fat (but not caloric) in adipose tissue down-regulates expression 
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of GLUT4 protein through PPAR-Gϒ activations linked to arachidonic acid metabolites. 

High-fat diets in contrast, change Insulin signaling and translocation  of GLUT4 to the 

plasma membrane culminating in IR (Zierath et al., 1997). 

Specific dietary fats help in regulating expression of gene. Raclot et al., (1997) 

stated that dietary n-3 polyunsaturated fatty acids (n-3 PUFA) consumption down-

regulated genes expression involved in adipogenesis, lipid metabolism, and food intake 

regulation in retroperitoneal tissue. In retroperitoneal adipose tissue regulation of genes 

by n-3 PUFA included fatty acid synthase, CEBP, leptin, lipoprotein lipase, 

phosphoenolpyruvate carboxykinase and hormone-sensitive lipase. Raclot et sl., 1997 

reported that aP2 fatty acid binding protein gene expression by PUFA and its regulation is 

important as it has been concerned in targeting fatty acids to regulatory elements in the 

nucleus. 

The genes expression in lipid metabolism and adipocyte differentiation (e.g., 

aP2,fatty acid synthase and lipoprotein lipase) is induced during PUFA and TZD 

treatment as discussed in this review earlier. 

Role of PPAR-Gϒ in Nutritional regulation of gene expression 

Dietary fatty acids not only help in regulating protein, RNA and PPAR-Gϒ 

expression, but also help to activate PPAR-Gs and able to promote expression of gene in 

metabolically important tissues. PPAR-G isoforms are concerned in regulating anti-

cancer effects of diverse fatty acids such as conjugated linoleic acids (CLAs), as these 

isoforms are activated by many fatty acids. In ruminant products CLA is a group of 

positional and geometric isomers of linoleic acid (Heuvel, 1999). CLA is a potent PPAR-

G activator and has been credited with anti-atherogenic, anti-cancer, anti-diabetic andanti-

obesity properties over the past few years. PPAR-Gα activation by CLA in mammary, 
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colon, stomach and skin tumors has been considered as the mechanism which help in  

underlying the anti-cancer effects (Heuvel, 1999; Belury et al., 1997).  

Houseknecht et al., (1998) first provided evidence for the dietary CLA anti-

diabetic effects and its link to PPAR-Gϒ. Pre-diabetic ZDF rats normalized reduced 

serum triglyceride, impaired glucose tolerance and Insulin concentrations, when CLA 

isomers mixtures fed to them for 14 days and similar effects seen when treated with 

troglitazone. In vivo ZDF rats treatment with CLA induced PPAR-G ϒ expression 

responsive aP2 gene in adipose tissue, and in vitro same CLA isomers mixture was able 

to transactivate PPAR-Gϒ response elements. 

Recently, the effects of CLA isoforms have been expanded by researchers to 

prevent hyperglycemia development and to regulate whole-body Insulin action in the 

ZDF rat. In ZDF rats increased uptake of Insulin-stimulated glucose, hyperglycemia 

development and normalized glucose tolerance prevented by t10c12 dietary consumption, 

not by CLA c9t11 isomer. Additionally, as compared to controls, CLA isomer 

consumption rescued expressionofUCP2 gene in adipose tissue and skeletal muscle of 

ZDF rats (Ryder et al., 2001). The activation of PPAR-Gϒ affect all CLA effects on 

transcription of gene. The binding of c9t11 isomer preferentially to PPAR-Gα over 

PPAR-Gϒ prevent hyperglycemia by lacking efficacy of this isomer. The t10c12 isomer 

relative potency for PPAR-Gϒ has now determined, however additional studies are 

required to control CLA isomers ability for activating PPAR-Gs and regulating Insulin 

secretion in models of NIDDM (Moya-Camrena et al., 1999). 

Dietary CLA have nutrient re-partitioning and anti-obesity effects in swine as in 

rodents. A reduction in adipose tissue mass and feed intake corresponding with increase 

in feed efficiency and lean growth occur with supplementation of swine diets with 2% 

CLA Dugan et al., (1997). In agreement, Ostrowska et al., (1999) reported that feeding 
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swine CLA isomers resulted in increased lean body mass and reduced adiposity. 

However, they found that modified tall oil improved carcass quality by increasing the 

saturation of fatty acids in adipose tissue and increased belly (O'Quinn et al., 2000). 

Presumably,more study is required to find consumption of CLA isomers effects in swine 

via PPAR-Gs; and testing mixtures of CLA and specific isoforms. 

Role of PPAR-Gϒ in the Pathophysiology of Diabetes, Cancer, and Inflammation 

In man numerous diseases treatment including cancer, obesity, atherosclerosis and 

diabetes has now concerned by PPAR-Gϒ and its ligand. 

PPAR-Gϒ ligands are Insulin Sensitizers 

Non-Insulin dependent diabetes mellitus (NIDDM), also known as T2DM, is 

characterized by defects in hepatic glucose production, peripheral glucose uptake and 

pancreatic β-cell dysfunction. Hyper-Insulinemia and peripheral IRin adipose tissue and 

skeletal muscle often cause diabetes and hyperglycemia development(Spiegelman, 1998). 

Many researchers have reported that in animal models of NIDDM and in humans various 

TZDs develop IR by increasing Insulin-stimulated glucose uptake in adipose tissue and 

skeletal muscle (Spiegelman, 1998).  

In addition, TZD treatment improves pancreatic beta cell function, reduces free 

fatty acids and hypertriglyceridemia. A strong correlationexist between TZD binding 

potency to PPAR-G Y and glucose reduction in vivo. Theleast part of the TZD effect is 

due to PPAR-GY regulating the induction of important genes involved in lipid and 

glucose metabolism (Spiegelman, 1998). 

 Recently, Oakes et al., (2001) reported that TZDs lowers production of liver 

triglyceride, improving liver triglyceride, increasing insulin stimulated suppression of 

fatty acids thus effect systemic fatty acid balance. 
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In adipose tissue expression of PPAR-G ϒ is high. Adipocyte can affect 

expression of on whole-body Insulin action. Steppanet al., (2001) recently 

studiedadipocyte-secreted protein identification. During differentiation of adipocytes 

expression of Resistin is induced, circulates in obese mice in higher concentrations and 

impairs Insulin action and glucose tolerance.  

PPAR-G and Beta Cell Function  

In animal models of NIDDM and in diabetic patients, the important component in 

glucose intolerance and hyperglycemia development is the reduced function of pancreatic 

beta cell or its mass. PPAR-Gϒ expression in human islets cells has been widely studied  

and have curative efficiency in preventing function of β cells. Several studies conducted 

that pre-diabeticanimals’ treatment with thiazolidinediones prevented hyperglycemia 

development and beta cell loss as reported with ZDF rats. It has been assumed that 

prevention of β cell apoptosis and lipid toxicity by TZD is one underlying mechanism, 

induced by accumulation of lipid in pancreatic islet (Higa et al., 1999). 

Mutations in hPPAR-Gγ Gene Impact Insulin Action 

The human PPAR-Gγ 2 gene when assayed in vitro, the exchange of Proline to Alaninein 

codon 12 (Pro12Ala)is the common occurring mutation which is reduced transcriptional 

activity. Elevated anti-lipolytic Insulin sensitivity, improved Insulin sensitivity and lower 

risk of T2DM cause polymorphism of Pro12Ala in humans. Stefan et al. (2011) reported 

recently that in reaction to free fatty acids Pro12Ala is associated with differential 

regulation of Insulin secretion in normal human carriers. 

Humans carrying the Pro12Ala polymorphism in terms of PPAR-Gϒ regulation of 

adiposity, present higher body mass index (BMI). In Pro12Ala patient’s relationship is 

altered between Leptin gene expression and adiposity (BMI) such that for a given BMI, 

levels of Leptin are higher compared to non-carriers. Recently finding of nutrientgene at 
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the PPAR-Gϒ locus has complicated data Interpretation from patients with this 

polymorphism. In Pro12Ala patients the BMI is higher than in non-Ala carriers when the 

dietary ratio of saturated to polyunsaturated fatty acids high. When the saturated fatty acid  

ratio is low in Pro12Ala patients, the opposite result was observed being leaner (Luan et 

al., 2001). 

Recently PPAR-Gγ human gene that is linked to severe IR, the mutation in these 

gene reinforced PPAR-Gϒ pivotal role in the regulation of glucose homeostasis. Despite 

of the profound IR, hypertension and diabetes these subjects showed normal trend in 

adiposity which suggests the Insulin sensitizing effects of PPAR-Gϒ are different from 

adipogenesis regulation (Baroso et al., 1999a). 

PPAR-Gϒ in Inflammation 

PPAR-Gϒ has been concerned in several inflammatory regulation processes 

(Chineti et al., 2000). Moreover, PPAR-Gϒ ligands are considered as best therapeutics 

for treating various inflammatory diseases like arthritis and other inflammatory bowel 

diseases. The immune system of humans, pigs and rodents express PPAR-Gϒ (Leininger 

et al., 1999). In vitro this expression is induced during differentiation of monocyte into 

macrophage. Various studies have reported that high concentration of PPAR-Gϒ ligands 

including NSAIDs and 15d-PGJ2, TZDs stimulate monocytes differentiation to 

macrophages and also inhibit the production of nitric oxide synthase (iNOS) and 

scavenger receptor A transcription. Moreover, 15d-PGJ2 is PPAR-Gϒ ligands, inhibit 

(TNF α, IL-1β, and IL6) production in vitroas reported from various studies (Chinetti et 

al., 2000). 

PPAR-Gϒ is involved in atherosclerotic foam cell formation, helps in cells 

differentiation from monocytes to macrophages and this highlighted its function during 
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inflammatory diseases. PPAR-G is expressed highly in Murine and human atherosclerotic 

plaques. (Tontonoz et al., 1998). 

On vascular cell wall PPAR-Gϒ ligands have positive effects despite of its 

negative effects on foam cell formation. There TZD inhibit expression of VCAM-1 

(vascular cell adhesion molecule-1), MCP-1 (monocyte chemoattractant protein-1)by 

interfering with inflammatory cells T-lymphocytes and monocytes via adhesion and 

chemo-attraction (Chineti et al., 2000). However, further study is required to find out 

PPAR-Gϒ ligands net impact on atherogenesis pathology, although clinical records show 

thickness of coronary arterial wall inhibited by troglitazone which support role of PPAR-

Gϒ ligandsin atherosclerosis treatment. 

Recent study supports that PPAR-Gϒ ligands have therapeutic role in inflammatory 

bowel disease treatment. In animal models PPAR-Gϒ ligands inhibited epithelial 

inflammatory response reported by Suh et al,. (1999) 

Bordji et al., (2000) stated that in rat cartilage PPAR-Gϒ its proteins are 

expressed and troglitazone and 15d-PGJ2, the PPAR-Gϒ ligands, ameliorate significantly 

the reduction of IL-1β in production of nitric oxide and proteoglycan synthesis. In 

contrast, PPAR-Gϒ agonists had shown no effect.  

From in vitrostudies most of the data have focused on PPAR-Gϒ ligands anti-

inflammatory effects and also describing inflammatory responses of PPAR-Gϒ 

associated with atherogenesis. The first proof that PPAR-Gϒ role in inflammatory 

responses was suggested in vivo using pig as a model has associated with acute, systemic 

endotoxemia  (Leininger et al., 1999). Many scientists have established that predominant 

PPAR-Gϒ1 RNA isoform along with PPAR-Gϒ2 and PPAR-Gϒ protein is expressed in 

pigs white blood cells. Furthermore, expression of PPAR-Gϒ1 in peripheral white blood 

cells significantly increased following acute in vivo LPS challenge, coinciding LPS-
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induced changes in Insulin,plasma TNF-α, free fatty acids and cortisol (Leininger et al., 

1999).  

PPAR-Gϒ and cancer 

A number of researchers has been inspired by PPAR-Gϒ ability to regulate 

differentiation and proliferation of cell and explore PPAR-Gϒ agonists as 

chemotherapeutic agents. In humans  PPAR-Gϒ is mostly expressed in tumors 

particularly in breast and in lip carcinomas(Tontonoz et al., 1997), gastric cancer, prostate 

and colon(Houseknecht et al., 2002), lung (Tsubouchi et al., 2000). Additionally, 

troglitazoneor prostaglandin 15d-PGJ2 in vitro induce human breast growth inhibition 

and apoptosis, lung, prostate, colon, thyroid and gastric carcinoma cells (Houseknecht et 

al., 2002). 

With respect of vitro data, in tumor-bearing rodent models many examples of 

tumor growth suppression treated with PPARG agonist therapies has been reported 

(Fujiwara and Horkoshi, 2000). For instance, treatment of papillary thyroid tumors mice 

with troglitazone prevented metastasis and reduced tumor growth. Negative (MDA-MB-

231) breast cancer cell lines and estrogen receptor-positive (MCF-7) both when treated 

with troglitazone they undergo cell cycle arrest. Clay et al. (1999) reported that 

irreversible apoptosis induces in an MDA-MB-231 nude mouse model whenever treated 

with 15d-PGJ2 and in clay mice tumor growth inhibits by troglitazone. 

PPAR-GY activators are investigated for cure of colon cancer, but during different 

studies these results are contradictory (Lefebvere et al., 1998). Though, Saraf et al. (1999) 

have demonstrated that in vitro, PPAR-GY agonists inhibit colon tumor growth and 

induce apoptosis, thus showing that these agonists may have protection in colorectal 

cancer prevention. effect. 
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The possibility treating of different cancers by treating with PPAR-GY agonists has been 

demonstrated by various studies. However, further study is required on whether such in 

vitro activities and rodent-based data can be converted into human trials. Briefly, in the 

near future PPAR-GY activator shows promise in cancer treatment (Chineti et al., 2000). 
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Chapter 3 

 

“MATERIALS AND METHODS” 
 

Setting 

Current investigation comprised patients admitted in surgical Department of Ayub 

Teaching Hospital (ATH) Abbottabad. Biochemical analyses were carried out Chemical 

Pathology Department, AMC, Abbottabad and Biochemistry Department, Hazara 

University Mansehra. 

Duration 

A two year study during 2012 – 2013 was conducted in the study setting. 

Sample 

The study subjects were adult (age 18 to 65 years) patients of the Surgical ward of 

Ayub Teaching Hospital Abbottabad scheduled for elective abdominal surgeries for 

conditions unrelated to T2DM and/or its complications. Categorization of subjects was 

done into Group 1 (normal), Group 2 (overweight and obese), Group 3 (T2DM) based on 

preoperative, clinical and laboratory data as per hospital records. The groups were defined 

as: 

a) Group 1 (Control group): normal people who were age and sex matched, i.e., having 

no obesity or diabetes, considered as control subjects. BMI  ≤ 24 kg/m2, FBG ≥ 7.00 

mmol/l   

b) Group 2 (Overweight and Obese): obese subjects (with same agew and sex) i.e 

subjects having no diabetes, considered as obese controls. The obese were defined 

on their BMI> 24 kg/m2 

c) Group 3 (test group): patients previously diagnosed as T2DM mellitus, on the bases 

of FBG values irrespective of their BMI kg/m2 status, and undergoing treatment 

with dietary modification, exercise, and anti-diabetic drugs. 
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The matching was attempted but not strictly followed due to non-availability of 

appropriate match patients. Opportunity based patients were available.  

Study Design 

This case-control study was carried out to compare PPARG status in diabetics 

with appropriate controls, for evaluating abnormal PPARG riskin both pre-diabetic and 

diabetic subjects with different BMI in all groups.  

Sampling 

Sampling was non-probability purposive sampling, because random sampling was 

not allowed during study duration. 

Inclusion Criteria 

1. T2DM mellituspatients of age groups ranging between 40 – 65 years of either 

sex was taken and treated with oral hypoglycemics. 

2. People age ranges between 40 – 65 years of either sex with obesity was taken. 

3. Normal people from 40 to 65 years of age having no diseases such as IRS, 

obesity or diabetes. 

4. Informed consent taken from subjects prior to biopsy procedure. 

Exclusion Criteria 

1. Subjects who have high blood glucose or urinary glucose other than diabetes 

were excluded. 

2. People infected with diseases like hyperlipidemia and obesity due to some 

other causes than pre-diabetes and diabetes were excluded. 

3. High biotin intake 
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Hypothesis 

 PPAR-G values are abnormal in Diabetics as compared to Obese and normal 

people. 

Null Hypothesis 

 No difference in PPAR-G values between diabetics and Obese and normal people 

Methodology 

Subjects were selected from the surgical ward of AMC Abbottabad. Informed 

consent was taken from subjects on Performa about their health status, background 

information about present and past diseases and history of disease status for classification 

of diseases. 

All subjects were subjected to the following tests: 

1. Body mass index (BMI) was computed using heights of subjects taken in 

centimeters while their Weights taken in kg. 

2. Blood sugar test both for Random and fasting status using Glucose Oxidase 

method. 

3. For urinary glucose test, Dipstick method was employed. 

4. Kit method test for HDL, Triglycerides, LDL, and cholesterol. 

5. Hemoglobin and Urinary Microalbumin by standard methods. 

6. Tests for recording Blood Pressure and pulse rate test. 

7. Transcription factor PPARG assay on adipose tissue biopsies under proper 

surgical conditions and processed as per protocols. 

Tissue Biopsy 

 The patients/subjects were not subjected to any additional biopsy procedure. The 

surgeons were requested to provide 5gms of subcutaneous adipose tissue for the specimen 

at the time of laparotomy. Subcutaneous adipose tissue was taken for biopsies from the 
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anterior abdominal wall close to the peri-umbilical regions; all specimens were from 

nearly identical sites. 

Tissue Desiccation Process 

One gram of wet tissue was taken and was placed in absolute alcohol 10 – 15 ml 

for 5 minutes at room temperature; this was followed by placing the tissue in 10 - 15 ml 

of Acetone, two changes for 5 min each. The tissue was allowed to dry, weighed again 

and the difference in weight noted; it was then stored at -30 oC. 

The process of desiccation of tissues 

Dried cells must be stored at ambient temperature which is more advantageous 

and economic than other commonly used storage methods like freeze-drying and 

cryopreservation. The following methods are used commonly: 

1. Physical: 

a. Sunlight: Tissues are merely placed in sunlight to dry slowly over 

non-specified time periods.  

b. Heat: Usually in the form of laboratory dry heat ovens with or without 

convection currents. The temperature and time periods required for 

complete drying can be specified and controlled. 

c. Microwaves: Use of Microwave ovens have increased over other 

heating methods, because of the shorter time required and the ability of 

microwaves to penetrate deeply into tissues, better than simple heat 

waves. (Huang and Yeung, 2015) 

2. Chemical: 

These methods developed mostly for preserving tissue architecture, which is 

not possible with physical methods. As the water content of tissues is 

removed, they are replaced by other media that maintain tissue morphology, 

till a semi-solid or solid media incorporates itself in the tissue spaces so that 
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tissue structure is permanently maintained. These are usually employed when 

microscopic slides have to be made to study tissue morphology. The process 

usually consists of: 

a. Gradual incremental dehydration: This is accomplished by putting 

the tissues in dehydrating agents such as Ethanol, starting from 50 - 70 

% ethanol with increases of 10 – 20 % till 100 % or absolute Ethanol 

replaces the water content of tissues. (If tissues are allowed to dry out 

at room temperature at this stage, the Ethanol evaporates, leaving 

dehydrated tissues behind). 

b. Clearing: Ethanol is then replaced with several changes of Xylene or 

related chemicals that can displace Ethanol. In some cases, before 

Xylene infiltration, tissues may be subjected to treatment with a few 

changes of Acetone, to ensure more complete dehydration. 

c. Wax Infiltration: Tissues are thereafter infiltrated with several 

changes of molten wax that is miscible with xylene and replaces it 

filling up the intercellular spaces. 

d. Embedding: Finally, the wax infiltrated tissues are allowed to dry at 

room temperature where the wax solidifies; thereafter the tissues are 

embedded in wax blocks so that sections can be cut with microtomes 

and later stained for microscopic examination. 

After dehydration, tissues may be stored in a Desiccator at room temperature for short 

time periods, or frozen at -30 0C or below for longer time periods (Gabe, 1976). 

Serum Assay 

Insulin  
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Test Principle:  

The DRG Insulin ELISA Kit (EIA-2935) is a commercial kit available for insulin 

assays. It is a solid phase enzyme-linked immunosorbent assay (ELISA) based on the 

sandwich principle. First microtiter wells were coated with monoclonal antibody which 

have ability to bind to insulin antigenic site. The sample containing endogenous Insulin 

was added in each tube and incubated with anti-Insulin antibody enzyme conjugated with 

Biotin. The conjugate which remains ant not bounded, washed off and removed after 

incubation.  

In second step add Streptavidin-Peroxidase Enzymeto biotin-anti-Insulin antibody. 

The complex formed after incubation. The HRP complex formed in the sample depend 

upon insulin concentration in the sample. By adding the substrate solution color 

developed in the sample and its intensity depends upon the insulin concentration present 

in the samples (Bleich et al., 1979).  

TEST PROCEDURE: 

General Remarks 

- Before starting allow all the specimens and reagents to cool at room temperature and 

mixed them without forming foaming. 

- After starting the test, complete all steps without any interruption. 

- For each sample use new disposal pipette tips, this will avoid cross contamination in 

your samples. 

- Ready all the reagents and equipment’s before starting the assay, remove all the caps, 

for each pipetting this will take appropriate time without any disturbance. 
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Glycohemoglobin (HbA1c) Test 

Test Principle: 

Hemolysate was prepared after eliminating the labile fraction and hemoglobin’s 

was retained by a cationic exchange resin. By washing HbA1a+b fraction, Hemoglobin 

A1c was eluted specifically. Hemolysate was quantified by spectrophotometer at 415 nm. 

Test Procedure: 

- Before starting allow all the specimens and reagents to cool at room temperature and 

mixed them without forming foaming.  

- After starting the test, complete all steps without any interruption. 

- For each sample use new disposal pipette tips, this will avoid cross contamination in 

your samples. 

- Ready all the reagents and equipment’s before starting the assay, remove all the caps, 

for each pipetting this will take appropriate time without any disturbance. 

Procedure: 

Preparation of Hemolysate and elimination of labile fraction  

1. Reagents and columns were kept at room temperature  

2. 200 µ reagent 1 and 50 µ blood were pipette into clean test tube and shaken well 

for 10 minutes. The hemolysate formed was used further in 5th and 10th steps. 

Preparation of Column  

3. Column was kept standing for 10 to 15 min before placing in test tube. This will 

improve  

fluidity of the sample                                                                                                                 

4.    Removed the column cap, and the upper disk was pushed down to the surface of 

the resin using flat end of pipette tip. Column downside tip was cut and let the liquid 

drain to waste completely. 
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HbA1c-separation 

4. Hemolysate in amount of 50 µl was pipette out on filter paper carefully and 

drained the column for a while. 

5. After 1 min 200 µl of reagent 2 was added into column and let it to drain. 

6. Then reagent 2 was pipetted out in amount of 2 ml and the column was drained 

again for a while. 

7. Add 4 ml of reagent 3 into column and placed it over new tube and collect the 

eluate. 

8. It was shaken thoroughly and absorbance of HbA1c fraction was determined at a 

wavelength of 415 nm against distilled water. 

Reading of Total Hb 

9. 50 µl of hemolysate and12 ml of reagent 3 was poured into new test tube 

10. Shake the tube thoroughly and check it absorbance against distilled water 

Blood Glucose – GOD FS 

Principle 

Glucose determination is done by glucose oxidase after enzymatic oxidation. 

Quinoneimineis indicator formed from phenol and 4-aminoantipyrine by hydrogen 

peroxide by using peroxidase as a catalytic (Barham and Trinder, 1972). 

 Glucose + O2 GOD > Gluconic acid + H2O2  

2 H2O2 + 4-Aminoantipyrine + Phenol POD > Quinoneimine + 4 H2O  

Assay Procedure 

This test was performed on the photometric system 

1. 10 µlof sample was placed in the sample or standard cuvette 

2. 10 µl of distilling water was placed in a blankcuvette 

3. 1000 µl of regent was pipetted in both blank and sample or standard cuvette 

4. It was mixed and incubated for 5 min at 37 0C 
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5. The absorbance of the sample was read against distilled water within 60 min  

Cholesterol FS 

Principle 

Determination of cholesterol is conducted after enzymatic hydrolysis and oxidation. 

quinoneimineis indicator formed from phenol and 4-aminoantipyrine by hydrogen 

peroxide by using peroxidase as a catalytic (Trinder reaction) (Artis and Zak, 2000). 

Cholesterol ester + H2O CHE > Cholesterol  

Cholesterol + O2CHO > Cholesterol >3 > 0 

2 H2O2 + 4>Aminoantipyrine + Phenol POD > Quinoneimine (Artiss and Zak, 2000) 

Procedure 

This test was performed on the photometric system 

1. 10 µl of the sample was placed in the sample or standard cuvette 

2. 10 µl of distilling water was placed in a blankcuvette 

3. 1000 µl of regent was pipetted in both blank and sample or standard cuvette 

4. It was mixed and incubated for 5 min at 37 oC 

5. The absorbance of the sample was read against distilled water within 60 min  

HDL-CHOLESTEROL 

Principle 

This separation technique is based on apolipoprotein B-containing lipoproteins (LDL, (a) 

LPA and VLDL) precipitation by phosphotungstic acid/MgCl2, precipitant sedimentation 

by centrifugation, and high density lipoproteins (HDL) analysis as remaining of residual 

cholesterol in the clear supernatant.  

Procedure 

1. Regents and sample were brought to room temperature 
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2. 0.2 ml of sample/standard and 0.4 ml of precipitating reagent were pipetted into 

tubes 

3. It was shaken and at room temperature let the tubes for 10 min. 

4. Both were centrifuged for 2 min ant 12000 rpm 

5. The clear supernatant was separated  

6. Cholesterol mono regent and cholesterol standard kit were brought to room 

temperature 

7. 1 ml of mono-reagentwas  poured in blank, sample and standard tubes 

8. Whereas 50 µl of sample and standard supernatant fluid was poured in respective 

tubes 

9. They were mixed, and the tubes were let to stand for 10 min at room temperature 

10. Read the absorbance at 550 nm against the reagent blank 

TRIGLYCERIDES  

Principle 

In this method plasma or serum triglyceride is hydrolyzed enzymatically into free fatty 

acids (FFA) and glycerol by using lipoprotein lipase (LPL). In this method Glycerol 

Kinase (GK) provide Adenosine Triphosphate (ATP) to glyceroland phosphorylated itin 

form of glycerol-3-phosphate (G-3-P) and Adenosine Diphosphate (ADP). 

Glycerophosphate oxidase (GPO)oxidized G-3-P to form hydrogen peroxide and 

dihydroxyacetone phosphate (DHAP).  

Hydrogen peroxide (H2O2) further catalyzed by peroxidase (POD) by coupling of phenol 

and 4-aminoantipyrine (4-AA),produced red chromogen proportional to the concentration 

of triglyceride in the sample.  

Procedure 

1. Samples and monoreagent were brought to room temperature 

2. 1 ml of  R1 mono-reagent was  poured in blank, sample and CAL standard tubes 



43 

 

3. Whereas 10 µl of sample and CAL-standard was poured in respective tubes 

4. They were mixed and  the tubes were let to stand for 15 min at room temperature 

5. Absorbance was determined at 550 nm against the reagent blank 

CREATININE (CREA) 

Principle 

A colored complex is obtained when creatinine reacts with picric acid in alkaline solution. 

The intensity of color or quantity of the complex produced is directly proportional to the 

Creatinine amount. 

Procedure 

Creatinine was calculated using RX Monzaauto analyzer 

1. Using fresh ddH2O a new gain calibration in cuvette mode was performed 

2. On the run test screen, Creatinine was selected and water blank was carried out 

3. 100 µl of working reagent was poured in reagent blank, Standard S1, and Sample 

S2 tubes 

4. 100 µl of ddH2O was pipetted in reagent blank tube 

5. Whereas 100 µl each of sample and standard were poured in their respective tubes 

6. They were mixed, and the tubes were inserted into RX Monza flow cell holder 

7. Results were obtained  

MICROALBUMIN (mALB) 

Principle 

The undiluted sample was added to a buffer containing an antibody specific for human 

serum albumin resulting turbid solution whose absorbance (340) nm was proportional to 

the amount of albumin concentration present in the urine sample. The concentration of 

albumin was determined from a standard curve constructed from the absorbances of 

standards. The assay was carried out through automated analyzer. 
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LDL Cholesterol 

Principle: 

Circulating cholesterol are found mostly in three major lipoprotein fractions: high density 

lipoproteins (HDL), low density lipoproteins (LDL) and very low-density lipoproteins 

(VLDL), 

[Total chol] = [VLDL-chol] + [LDL-chol] + [HDL-chol]  

LDL-cholesterol was calculated from measured values of total cholesterol, triglycerides 

and HDL-cholesterol. 

[LDL-chol] = [total chol] - [HDL-chol] - [TG]/5  

where [TG]/5 was an estimate of VLDL-cholesterol and all values are expressed in 

mg/dL.  

In man most circulating cholesterol is LDL and its higher concentration contributes to 

coronary atherosclerosis.  

In adults the normal LDL-chol are below 130 mg/dL and in children below 110 mg/dL. 

Procedure 

1. All chemicals/buffers and samples were maintained at room temperature 

2. 100 µl of serum and 1000 µl of precipitating reagent were pipetted into tubes 

3. It was shaken and allowed to stand for 10 min at room temperature 

4. Both were centrifuged for 15 min ant 4000 rpm 

5. The clear supernatant was separated 

6. Cholesterol concentration of the supernatant was determined  

7. 1000 µl cholesterol reagent was poured in blank, sample and standard tubes 

8. 50 µl of distilled water was pipetted in reagent blank tube  

9. Whereas 50 µl of standard and supernatant fluid was poured in respective tubes 

10. They were mixed, and the samples were kept for 10 min at room temperature 

11. Absorbance was read against the reagent blank 
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12. LDL was calculated by subtracting total cholesterol from cholesterol in the 

supernatant 

Urine Protein by Dipstick Method 

For detection of urine protein in the urine, dipstick test of urine protein was used. 

Dipstick urine protein is a semi-quantitative test used for screeningurine protein present in 

the urine  

Tissue Desiccation 

Procedure 

1 gm of wet tissue was processed as follows 

1. 1 gm of wet was placed in 15 ml of absolute alcohol for 5 mins 

2. The step repeated twice 

3. Then the same sample was placed in 15 ml Acetone for 5 mins 

4. The step was repeated twice 

5. The sample was blotted and dried and weighed 

6. The samples were then stored at -30oC for serial preparations and analysis for 

nuclear extract, DC protein assay, and transcription factor. 

Procedure 

Nuclear Extraction   

1. 0.5 grams of desiccated was diced into small pieces 

2. Pieces were placed into pre-chilled clean Dounce homogenizer 

3. The sample was homogenized with 25 - 20 strokes keeping it on ice  

4. Homogenized tissue on the ice was subjected to 15 - 20 more strokes after adding 

1.5 ml of Buffer A 

5. The sample was then incubated on ice for 15 mins 

6. The sample was centrifuged at 850xg for 10 mins at 4 oC. 

7. Supernatant was discarded 
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8. A second 1.5 ml of Buffer A reagent/0.5 gm of the sample on the ice was added 

and homogenized with another 15 - 20 strokes 

9. The sample was incubated for 15 mins 

10. Homogenate was transferred to microcentrifuge tubes and centrifuged at 14000 

mg for 3 mins at 4 of 

11. The supernatant was removed, and pellets were placed on ice 

12. 150 µl of Buffer B reagent was added to each pallet and mixed at the highest 

setting for 10 sec. 

13. Microcentrifuge tubes in an ice bucket were positioned horizontally and 

transferred to the rocking platform at 150 rpm for 2 hrs 

14. The sample was then centrifuged at 14000 mg for 5 mins at 4 of 

15. Protein concentration was measured then by protein assay 

 

Protein Assay 

Lower and upper limits of measurements as defined by the company for final the 

analytical measurement range (AMR) should be mentioned.  

Principle: 

a. Purified protein to be assayed is used as a standard in protein analysis. If such 

standard protein is not available, some other protein which yield similar color 

to protein being assayed must be taken as a standard protein (Bradford, 1976; 

Lowry et al., 1951). 

b. In this assay protein react with Folin reagent and solution of alkaline copper 

tartrate. Two steps are involved in color development in the the Lowry assay: 

First the reaction in an alkaline medium between copper and protein, and 

second the Folin reagent is reduced by the protein already treated with copper.  
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c. Proteins loss 1 or 2 oxygen atoms and thus reduction of the Folin reagent is 

affected, hence producing several reduced species that give specific blue 

coloration having highest absorbance at wavelength of 750 nm and the lowest 

absorbance at wavelength of 405 nm. To perform this standard assay 100ul 

sample concentration is required when protein concentrations ranges from 0.1 

mg/ml to 2.0 mg/ml. The sample concentration is reduced to just 5 µl by using 

the microplate assay (Lowry et al., 1951, Petereson, 1979). 

      Procedure Detergent Compatible Calorimetric (DC) Assay 

1. 100 µl of standard and sample were pipetted into clean test tubes 

2. 500 µl of working reagent A was added to the tubes and mixed 

3. 4 ml of working reagent B was added to the tubes and mixed 

4. The tubes were incubated at room temperature for 15 mins and absorbance was 

measured at 750 nm 

Transcription Assay   

Procedure 

In each sample the protein concentration was between 0.5 - 2 µg/µL 

• Sample extracts and Positive Control were thawed on ice. 

TF-Specific Cold Probe and TF Specific Probe were thawed on ice. 

• 1X Wash Buffer was prepared by diluting 60 mL of 10 Wash Buffer into 540 mL of 

nuclease-free, sterile water. 
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Forming TF-DNA Complexes 
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Capturing TF-DNA Complexes 
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Binding Primary and Secondary Antibodies 
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       Detecting the Signals 

 

Note: write the formula and derivation of calculations of PPARG values from the ELISA 

readings. 

Entry of Data  

All sorts of data were first entered into a statistical software SPSS used as a computer 

program. 

Data Analyses 

To determine percentages and frequencies the data were analyzed and calculated standard 

deviation and mean values for all variables. For odd values calculation made the tables 

and grouped the data for comparisons and correlations. 

Tests of Significance 

For quantitative and qualitative data analysis to test hypotheses the, Student’s t-tests and 

Chi-square test were performed. Pearson’s or Spearman’s linear correlation coefficients 

for calculation of correlations of the data were employed. 
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Chapter 4 

 

RESULTS 
 

In our study, 105 subjects were enrolled as study subjects to find out PPARG status in 

obese T2DM patients and the results were compared with normal controls. The study 

subjects were separated into three groups each group having 44 enrolled patients.  

Participants age ranged was 40 to 67 years and their mean age was 48.94 SD ± 

6.52 years (Table 1). Most subjects (74 %) were in age group 40-50 years. Among the 

total subjects, males were 50 (47.6 %) and females were 55 (52.4 %). 

Most of the participants belonged to Abbottabad 94 (89.6 %) and 5 (4.8 %) to 

Mansehra district. On basis of occupations groups, 43.8 % (46) of subjects were 

housewives and 19 % (20) belonged to groups like farmers; butchers and shopkeepers. 

Subjects mean earnings was observed as 67267 Rs (SD ±5.90) ranged from 

minimum 4000 to maximum 250000 per month (table 1). Among these 81.9 % (76) were 

earning 30,000 while 41.9 % (44) earning 50,000 per month. The data revealed that 22 % 

(23) of subjects were having a hypercaloric diet which was distributed evenly among the 

different participants income groups. 

When subjects were interviewed medically regarding their family history diseases, 

59 (62%) had no family history diseases while 31.4 % (33) showed Diabetes family 

history, 4 (3.8 %) hypertension and 6 (5.7 %) subjects gave multiple diseases family 

history. When subjects were distributed on basis of Body Mass Index, obese were 54 

(51.4%) and 51 (48.6 %) had normal BMI (table-1 and table-2). 
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Table-1: Data about mean income, age and BMI of participants 
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Table-2: Baseline data of different features of the participants 
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Participants samples were assayed for various biochemical parameters including Gamma 

PPAR-G, HbA1c, Lipid profile, Renal profile and Blood Glucose. 

Subjects Lipid profile showed 4.84 mmol SD ±0.90mean cholesterol level, ranged 

from 3.20 mmol to 7.73 mmol. Among total cholesterol levels of 63(60 %) subjects were 

observed below 5 mmol. Triglyceride mean value was 2.42 mmol ranged between 0.4 

mmol to 5.4 mmol. Most of the triglyceride was 55 (55.2 %) ranged between 2.25 and 

5.63. 

Participants high-DensityLipoproteins mean value showed 1.3 mmol SD ±0.37 

ranged between 0.12 to 2.20 mmol. 86 (81.9 %) subjects had more than 1 mmol High 

Density Lipoproteins and 19(18.15 %) had <1 mmol HDL. 

Lower Density Lipoprotein mean level was 2.32 mmolranged between 1.08 to 

6.00 mmol. Out of these, 93.3 % (98) subjects had lower than 3 mmol LDL while 7 (6.7 

%) of participants had >3 mmol LDL levels. 

When distribution was done on basis of participant Blood Glucose measurement, 

68(64.8 %) subjects were found with normal fasting blood glucose level greater than 5.8 

mmol and 37 (35.2 %) subjects showed abnormality. Fasting glucose mean level was 5.8 

mmol/lit ranged between 3.9 to 10.5 mmol/lit. When random blood glucose level was 

observed 65 (61.9 %) subjects had normal blood glucose of greater than 7.8 mmol/lit with 

random glucose mean level 7.76 SD ±2.765. 

When HbA1C blood values of participants were tested, 47 (44.8 %) study subjects 

had normal HbA1C levels of 6.5 %. HbA1C mean level was 7.31 % SD ±2.52, ranged 

between 4 to 12 % and increased to higher level 7.31 %. The rest of 58 (55.2 %) had 

abnormal HbA1C levels greater than 6.5 % which indicates poor glycemic control. 

When participants Insulin levels were measured, 24.99 SD ±23.09 were mean 

value ranging between 0.30 to 99.60 IU/L. 68 (64.8%) of the study subjects had < 25 
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IU/L normal Insulin levels while 37 (35.2 % ) participants had > 25 IU/L level which 

indicates high IR matches closely to HbA1C levels.  

Gamma PPAR-Glevel measurement showed most readings below normal value of 

1.75 µgm/µl. 87 (82.9 %) participants showed PPAR-G levels below normal which 

indicted Gamma PPAR-G low number in IR, diabetes and obesity. The subjects 18 (17%) 

had PPAR-G normal values > 1.75 µg/µl. Gamma PPAR-G mean value was 1.43 µg/µl 

SD ±0.3, correlates with subjects that were obese and diabetic n = 70 (table-3).   
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Table-3: Data showing variables observations during the study 

 

 

             All subjects were divided into Diabetic, obese and Normal three groups and were 

compared for Biochemical and demographic profiles. The normal, Obese and Diabetic 

group comprised of 36, 25 and 44 participants respectively. 

 

 

 

 



58 

 

Table-4: Mean age, income, andBMI of Normal, Obese and Diabetic Group 

S. # 

Demographic 

Variables 

Groups 

Overall 

Mean 

P 

value 

Group 1 

(Normal) 

(n=36) 

Group 2 

(Overweight & 

Obese) 

(n=25) 

Group 3 

(Type 2 

DM) 

(n=44) 

1.  Age (years) 

47.11 ± 

5.20 

47.20 ± 6.31 51.41 ±6.92 

48.93 ± 

6.52 

0.004 

2.  

Monthly 

Income 

(PKR) 

57805.56 

± 5.23 

73040.00 ± 6.84 

71727.07 ± 

5.90 

67266.67 

± 5.90 

0.498 

3.  BMI (kg/m2) 

20.96 ± 

2.30 

30.77 ± 5.50 28.52 ± 5.62 

26.46 

±2.20 

< 

0.001 

 

There was a significant difference in Normal, Obese and Diabetic groups with 

respect to mean Age and BMI P < 0.05. No difference was found in mean monthly 

income of the three groups as shown in table 4. A significant difference was also 

observed in the frequency of gender distribution, age group and BMI in participants of 

normal, obese and diabetic groups (p < 0.05) table 5. 
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Table 5: Frequency distribution of demographic data of subjects by study groups  

 

S. # 
Demographic 

Variables 

Groups 

Total 
P 

value 

Group 1 

(Normal) 

(n=36) 

Group 2 

(Overweight 

& Obese) 

(n=25) 

Group 3 

(Type 2 

DM) 

(n=44) 

1.  Gender 

Male 

Female 

 

16 

20 

 

08 

17 

 

26 

18 

 

50 

55 

0.086 

2.  Age Groups (years) 

40 – 50 

51 – 60 

61 – 70 

 

31 

04 

01 

 

18 

06 

01 

 

27 

11 

06 

 

76 

21 

08 

0.012 

3.  Monthly Income 

(PKR) 

≤10,000 

10,001 – 30000 

30001 – 50000 

> 50000 

 

05 

08 

10 

13 

 

05 

03 

08 

09 

 

05 

05 

12 

22 

 

15 

16 

30 

44 

0.69 

4.  BMI groups (kg/m2) 

< 18.5 (UW) 

18.5 - 24.9 (NW) 

25.0 – 29.9 (OW) 

30.0 – 34.9 (C I Ob) 

35.0 – 39.9 (C II Ob) 

≥ 40.0 (C III Ob) 

 

07 

29 

- 

- 

- 

- 

 

- 

- 

10 

14 

- 

01 

 

- 

13 

13 

14 

02 

02 

 

07 

42 

23 

28 

02 

03 

< 

0.001 

UW=Underweight; NW=Normal weight; OW=Overweight; C I Ob=Class I Obese; C II 

Ob=Class II Obese; C III Ob=Class III Obese 

 

For biochemical profile of Fasting blood glucose, Insulin levels and PPAR-G levels there 

is significant difference which was observed between these groups. No difference was 

detected for LDL, TG, cholesterol and HDL which indicated that these groups are alike 

when it comes to biochemical variables (Table-6). 
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Table 6: Frequency distribution of biochemical values of subjects by study groups 

 

S. # 
Demographic 

Variables 

Groups 

Total P value 
Group 1 

(Normal) 

(n=36) 

Group 2 

(Overweigh

t & Obese) 

(n=25) 

Group 3 

(Type 2 

DM) 

(n=44) 

1.  FBG (mmol/l) 

≤ 7.0 (normal) 

> 7.0 (diabetic) 

 

36 

- 

 

25 

- 

 

15 

29 

 

76 

29 

<0.001 

2.  TC (mmol/l) 

< 5.2 (Desirable) 

5.2 – 6.2 

(Borderline) 

> 6.2(High Risk) 

 

26 

08 

02 

 

15 

08 

02 

 

24 

19 

01 

 

65 

35 

05 

0.15 

3.  LDL (mmol/l) 

< 3.9 (no treatment) 

3.9 - 4.9 (suspect) 

> 4.9 (treatment) 

 

34 

- 

- 

 

25 

- 

- 

 

44 

- 

- 

 

105 

- 

- 

0.11 

4.  HDL (mmol/l) 

>1.42 (low risk) 

1.04 – 1.42 

(moderate risk) 

<1.04  (High risk) 

 

13 

16 

07 

 

10 

11 

04 

 

21 

16 

07 

 

44 

43 

18 

0.067 

5.  TG (mmol/l) 

<1.70 (Normal) 

1.70 - 2.25 

(Borderline) 

2.26 – 5.83 (High) 

> 5.83 (Very High) 

 

26 

- 

10 

- 

 

05 

03 

17 

- 

 

09 

04 

31 

- 

 

40 

07 

58 

- 

0.362 

6.  Insulin (µU/ml) 

≤ 25.0 (normal) 

25.1 – 50.0 

50.1 – 75.0 

75.1 – 100.0 

 

32 

03 

01 

- 

 

16 

06 

02 

01 

 

20 

15 

02 

07 

 

68 

24 

05 

08 

0.003 

7.  PPARG (µg/µl) 

1.1 – 1.4 

1.41 – 1.70 

1.71 – 2.0 

2.01 – 2.24 

 

03 

14 

13 

06 

 

21 

04 

- 

- 

 

29 

14 

01 

- 

 

53 

32 

14 

06 

< 0.001 
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When means of these biochemical profiles were compared among the three groups, in 

addition to the statistical difference mentioned above a significant difference in means 

was observed for LDL, and TG (p < 0.05) (table 7). 
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Table 7: Means of biochemical values of subjects by study groups (n=105). 

 

S. # 
Demographic 

Variables 

Groups 

Overall 

Mean 
P value 

Group 1 

(Normal) 

(n=36) 

Group 2 

(Overweigh

t & Obese) 

(n=25) 

Group 3 

(Type 2 

DM) 

(n=44) 

1.  FBG (mmol/l) 4.64 ± 0.49 4.71 ± 0.49 7.38 ± 1.62 5.80 ± 1.74 <0.001 

2.  TC (mmol/l) 4.71 ± 0.99 4.92 ± 0.80 4.92 ± 0.88 4.85 ± 0.90 0.521 

3.  LDLCompari

son of PPAR-

G (mmol/l) 

2.61 ± 0.92 2.33 ± 0.38 2.08 ± 0.43 2.32 ± 0.67 0.002 

4.  HDL 

(mmol/l) 
1.35 ± 0.39 1.38 ± 0.29 1.44 ± 0.34 1.39 ± 0.35 0.495 

5.  TG (mmol/l) 1.54 ± 1.07 2.64 ± 1.19 3.01 ± 1.28 2.42 ± 1.35 <0.001 

6.  Insulin 

(µU/ml) 
11.1 ± 13.62 

25.63 ± 

21.12 

35.67 ± 

24.90 

24.99 ± 

23.09 
<0.001 

7.  PPARG 

(µg/µl) 
1.72 ± 0.30 1.25 ± 0.14 1.29 ± 0.18 1.44 ± 0.31 <0.001 

 

Statistical Correlations were carried out to find significant differences and associations 

between these variables. Among these subjects 53.2 % in normal and 34 % in obese 

groups had HbA1C normal values <6 % whereas 65.5 % of the subjects had HbA1C 

abnormal values >6% in T2DM.Among these groups (p < 0.05) significant difference in 

HbA1C levels was determined.  
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Table-8: Data about HbA1c levels among the studygroups 

 

 

  HbA1C 

Groups Group 

Total P value    Normal Obese Type-2 DM 

 HbA1C ≤ 6% Count 25 16 6 47 

0.000 

% within 

HbA1CGp

s1 

53.2% 34.0% 12.8% 100.0% 

HbA1C>6% Count 11 9 38 58 

% within 

HbA1CGp

s1 

19.0% 15.5% 65.5% 100.0% 

Total Count 36 25 44 105 

% within 

HbA1CGp

s1 

34.3% 23.8% 41.9% 100.0% 

 

 

When HbA1C values was compared between these three groups, HbA1C mean value in 

Normal was 6.28 % and in obese subjects’ value was rose from 6.32 % to 8.73 %as 

shown in figure-1. 

 

 

 
 

Figure-1: Means of HbA1C in three groups 
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Intergroup significance difference was detected in Insulin levels. Among the subjects, 68 

individuals were assigned into groups who had Insulin level>25 mmol/lit, 47 % (32) of 

the participants in normal, 16 (23.5 %) in obese and 20 (29.4 %) in DM showed no IR. In 

diabetics and obese subjects, the Insulin level was more than 25 mmol. Among the total 

participants, 55 % of diabetics and 36% of obese with mean value of 36.6 and 25.6 had 

Insulin level more than 25 mmols as compared to normal group subjects mean value 11.5 

who suggests IR. In these groups the difference in Insulin levels was significant p = 

0.003, (table 9 and figure 2). 
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Table-9: Data about the levels of Serum Insulin among the study groups. 

 

 

   Group 

Total P value 

 Serum 

Insulin 

 

Normal Obese 

Type-2 

DM 

 upto 

25mmol 

Count 32 16 20 68  

% within Serum 

Insulin 
47.1% 23.5% 29.4% 100.0% 

0.003 

26-45mmol Count 3 6 12 21 

% within Serum 

Insulin 
14.3% 28.6% 57.1% 100.0% 

46-65mmol Count 0 0 5 5 

% within Serum 

Insulin 
.0% .0% 100.0% 100.0% 

66 mmol 

and above 

Count 1 3 7 11 

% within Serum 

Insulin 
9.1% 27.3% 63.6% 100.0% 

         Total Count 36 25 44 105 

% within Serum 

Insulin 
34.3% 23.8% 41.9% 100.0% 
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Figure-2: Means of serum Insulin among the groups 
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Among total 105 subjects, 68(64.8 %) of the subject had fasting glucose less than 

5.8 mmol/l and the remaining 37(35.2 %) subjects were diabetic and had abnormal 

glycemic control. Among the groups statistical difference was p = 0.000 (Table-10). On 

the other hand normal subjects fasting glucose mean value increased from 4.6 mmol/l to 

7.38 mmol/l significantly in diabetic group (figure-3). 
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Table-10: Data showing comparative levels of fasting glucose among 

study groups 

 

 

   Group 

Total P value 

 Fasting 

Sugar 

 

Normal Obese 

Type-2 

DM 

 less than 

5.8mmol/l  

Count 36 25 7 68  

% within Fasting 

Sugar 
52.9% 36.8% 10.3% 100.0% 

0.000 

5.8-

8.5mmol/l 

Count 0 0 31 31 

% within Fasting 

Sugar 
.0% .0% 100.0% 100.0% 

8.6-

10mmol/l 

Count 0 0 4 4 

% within Fasting 

Sugar 
.0% .0% 100.0% 100.0% 

>10.mmol/l Count 0 0 2 2 

% within Fasting 

Sugar 
.0% .0% 100.0% 100.0% 

Total Count 36 25 44 105 

% within Fasting 

Sugar 
34.3% 23.8% 41.9% 100.0% 
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Figure-3: Mean levels of fasting glucose among the groups 
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Among the subjects, 65 (61.9 %) had random glucose level below 7.8 mmol/L and 

had normal glycemic control while 40 (38.1 %) subjects were diabetic and had abnormal 

glycemic control. Inter group statistical difference p = 0.000.  

In these groups random glucose mean level differences as corresponding to fasting 

glucose is again quite significant p < 0.01. In normal subjects the random glucose mean 

value increases from 5.83 mmol/L to 10.41 mmol/L in subjects with diabetes. 
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Table-11: Data showing  comparative random glucose levels among the groups 

   
Group 

Total P value 

Random Sugar 

Normal Obese 

Type-2 

DM 

 less than 

7.8mmol/l 

Count 35 25 5 65  

% within Random 

Sugar 
53.8% 38.5% 7.7% 100.0% 

0.000 

7.8-

11.0mmol/l 

Count 0 0 27 27 

% within Random 

Sugar 
.0 .0% 100.0 100.0% 

11.1-

15mmol/l 

Count 0 0 10 10 

% within Random 

Sugar 
.0% .0% 100.0% 100.0% 

more than 

15mmol/l 

Count 0 0 3 3 

% within Random 

Sugar 
.0% .0% 100.0% 100.0% 

Total Count 36 25 44 105 

% within Random 

Sugar 
34.3% 23.8% 41.9% 100.0% 
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Figure-4: Mean levels of Random glucose among the groups 
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In triglyceride levels the significance variation observed was p = 0.000. Among 

the 40 subjects out of 75, 26 (65 %) normal, obese 5 (12.5 %) and diabetic 9 (22.5 %) 

participants suggested normal triglyceride levels. Triglyceride level were greater than 

1.74 mmol in obese, normal and diabetics subjects. Triglyceride mean values were 1.5 

mmol/l, 2.6 mmol/l and 3.0 mmol/l in 17.8 % normal, obese 80 % and 79.55 % of 

diabetics and was greater than 1.74mmol/l in these groups. Among these groups the 

significant variation in Insulin mean was p < 0.001. (table-12) 
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Table-12: Data showing Triglyceride levels among the groups 

   
Group 

Total P value 

   

Normal Obese 

Type-2 

DM 

Triglyceri

de 

<1.73 Count 26 5 9 40  

% within 

Triglyceride 
65.0% 12.5% 22.5% 100.0% 

0.000 

1.74-2.25 Count 0 3 4 7 

% within 

Triglyceride 
.0% 42.9% 57.1% 100.0% 

2.25-5.63 Count 10 17 31 58 

% within 

Triglyceride 
17.2% 29.3% 53.4% 100.0% 

Total Count 36 25 44 105 

% within 

Triglyceride 
34.3% 23.8% 41.9% 100.0% 
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Figure-5: Mean levels triglycerides among the groups 
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Among normal group participants 44.4% subjects had higher 1.75µg/µlPPAR-G 

values with 1.71 mean value in same group SE ± 0.29. PPAR-G values in 99% diabetic 

and 100% obese subjects were lower than 1.75 mmol (normal value).  The PPAR-G mean 

value in diabetic and obese subjects was observed as 1.29 and 1.25, respectively. The 

significant difference in PPAR-G mean value was p < 0.05. in diabetic and obese 

subjects, the low PPAR-G mean value was expressive of PPAR-G nuclear receptors low 

number. Significant variation of PPAR-G values between diabetic, obese and normal 

subjects were p = 0.000.  
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Table-13: Data showing comparative levels of PPAR-G among the stuudy groups 

 

 
PPAR Levels 

 
Group 

Total P value 

   

Normal Obese 

Type-2 

DM 

 upto 1.25 Count 2 14 24 40 

0.000 

% within 

PPAR 
5.0% 35.0% 60.0% 100.0% 

1.26-1.5 Count 10 11 16 37 

% within 

PPAR 
27.0% 29.7% 43.2% 100.0% 

1.51-1.75 Count 7 0 3 10 

% within 

PPAR 
70.0% .0% 30.0% 100.0% 

1.76-2.00 Count 11 0 1 12 

% within 

PPAR 
91.7% .0% 8.3% 100.0% 

2.1 and 

above 

Count 6 0 0 6 

% within 

PPAR 
100.0% .0% .0% 100.0% 

Total Count 36 25 44 105 

% within 

PPAR 
34.3% 23.8% 41.9% 100.0% 
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Figure-6: Mean levels PPAR-G among the groups 
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Significant correlation was revealed for diabetics with normal and for normal and obese 

group with respect to Serum ϒPPAR-G levels. Gamma PPAR-G levels were observed as 

significantly lower in Diabetic and Obese groups by comparing with a Normal group (Odds 

Ratio of >1). 
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Table-14: Features of Metabolic syndrome 

 

   
Group 

Total P value 

 IR  

Normal Obese 

Type-2 

DM 

 No IRS Count 36 24 29 89 

0.000 

% within 

IRSGp 
40.4% 27.0% 32.6% 100.0% 

IRS Count 0 1 15 16 

% within 

IRSGp 
.0% 6.2% 93.8% 100.0% 

Total Count 36 25 44 105 

% within 

IRSGp 
34.3% 23.8% 41.9% 100.0% 
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The subjects were than observed for metabolic syndrome. From normal group no 

subject fulfilled metabolic syndrome criteria. Diabetic 16(31.5%) and 5(14.3 %) obese 

subjects were Insulin resistant. In these groups the significant difference of IR prevalence 

was p = 0.001 

To find significant correlation PPAR-G was compared with other variables. A 

negative correlation between PPAR-G and other factors including random and fasting 

glucose, triglyceride and insulin were observed as shown in table 12.  
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Table-15: Data SHOWING Significant Bivariate Correlations  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



83 

 

Scatter graph showed negative relation between PPAR-G and insulin (r = -0.478, 

p-value of r = 0.001) which suggests decreased PPAR-G level with increased insulin 

levels in figure-7. 

 

 

           Figure-7 Scatter graph of Serum Insulin and PPAR-G 
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Scatter graph showed negative relation between PPAR-G and Triglyceride (r = -

0.422, p-value of r = 0.001) which suggests decreased PPAR-G level with increased 

Triglyceride levels in figure-8.  

 

Figure-8 Scatter graph of Serum TG and Insulin and PPAR-G 
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Scatter graph showed negative relation between PPAR-G and fasting glucose 

levels (r = -0.272, p-value of r = 0.005) which suggests decreased PPAR-G level with 

increased glucose levels as shown in figure-9. 

 

 

 

Figure-9 Scatter graph of Serum fasting glucose and PPAR-G 
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Scatter graph showed negative relation between PPAR-G and Random glucose 

levels (r = -0.27, p-value of r = 0.007) which suggests decreased PPAR-G level with 

increased glucose levels. (Figure-10). 

 

 

 

 

Figure-10 Scatter graph of random glucose and PPAR-G 
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Chapter 5 

 

DISCUSSION 
 

Diabetes itself and its associated complications have become one of the world's 

main health care burdens. The health care systems of all countries and the national 

economy, especially in under developed and developing countries, are aggravated by the 

wealth spent on the treatment of diabetes-related diseases.  

As per World Health Organization (WHO) report, by 2030 the diabetes prevalence 

worldwide will go up from 2.80% to 4.40%. This reflects the fact that the number of 

diabetic people will double, from 171 million to 366 million people worldwide (Wildi et 

al., 2004) 

The International Diabetes Federation (IDF) has predicted that from 2003 to 2025 

adults’ number will increase to 333 million from 194 million (Sicree et al., 2003). 

Moreover, it is estimated that major growth is considered a diabetes epidemic in Asia. In 

Asia urban areas statistics on population growth, population ageing and population spread 

shows that by 2030, China and India will become the most populous countries. Asian 

people are multi-ethnic and they have multiple reasons for people to develop T2DM, and 

factors that are higher in the Asian population are diverse and complex in the population 

members.  

The main causes of T2DM are impaired insulin action and impaired insulin 

secretion. The higher the degree of glucose toxicity, the more serious the situation. In 

affected population these ingredients may have a genetic predisposition. Lipotoxicity 

plays major role in causing β cells damage and IR in vicious cycle of diabetes (Unger and 

Zhou, 2001). 
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During diabetes onset, physiology of β-cells experiences a sequence of variations. 

In situation where obesity, lipotoxicity and impaired glucose metabolism combine, β cells 

cause a rise in secretion of Insulin as compensation. Alterations like these are observed in 

normal individuals as well having strong family background of diabetes. Upon 

progressive malfunction of glucose metabolism, β-cells activity decreases and Insulin to 

glucose ratio reduces, that finally causes decompensation stage with clear expression of 

clinical symptoms of diabetes. 

Asians are more prone to IR than others world populations. From Asian Indians 

raise in insulin secretion and IR has been reported in adults and children (McKeigue et al, 

1992; Raji et al, 2001). In current decades these factors may have a main role in the 

growing number of diabetic peoples in Asian youth (Raji et al., 2001). 

 A good number of Asian populations have first degree relatives of T2DM have 

been found to have strong genetic association (Viswanathan et al., 1996b). In many Asian 

population genetic variants have been associated with T2DM (Ramchandran and Ma, 

2010; Radha et al., 2006). 

 Although the global urbanization rate is high and is high in South Korea, the 

Philippines, Singapore, Indonesia, Pakistan, India and Malaysia. In many Asian 

countries’ these genetic factors, may be another major cause of high incidence of diabetes 

(Leon, 2008). 

  

 The Asian populations genetic susceptibility can be determined by the fact that 

even in the obesity absence, Asian adults and children also exhibit high metabolic 

syndrome and IR prevalence rate. (Sinha et al, 2002; Ramchandran et al, 2007). Asians 

have different body fat percentage and body mass index from Europeans. It has been 

suggested that when BMI is lower than 25 kg / m2, the heart diseases and T2DM risk 
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increases significantly (Nishida, 2004). Subcutaneous and visceral fats and abdominal 

obesity have strongly related to IR in many Asian populations (Nishida, 2004). 

 In addition, Asians produce higher ATP amounts, although IR is stronger. They 

also have higher concentration of intramuscular fat in both diabetic and non-diabetic 

groups than the Caucasian people in the United States. This highlights that there may be 

another difference in diabetes IR association in Asians groups. In addition, insulin 

sensitivity is strongly related to non-muscle and plasma fats among Asians, (Forouhi et 

al., 1999; Nair et al., 2008) 

Diabetic patients have a higher developing diabetic complications risk in Asian 

population due to early onset diseases. Although in low socioeconomic groups the 

diabetes prevalence rate is low in urban areas, the diabetes associated complications is 

higher due to poor glycemic control (Who, 2004).  

A pre-diabetes condition increases T2DM developing risk by a factor of 3-10. 

Therefore, it is of great significance in diagnosing its significant economic effects and in 

prevention of diabetes. Lack of specific practical advice for the treatment of prediabetes 

exists, drug and lifestyle changes can play a significant role in diabetes prevention and 

therefore can play major role in eliminating long term diabetes associated problems 

(Ahmad and Crandal, 2010). 

In addition, pre-diabetes can lead to macrovascular and microvascular 

complications. In pre-diabetes stage microvascular complications are small but become 

strong when diabetes develops (Pratleys and Matfins, 2007). The Diabetes Prevention 

Program (DPP) studied TRIPOD, ie troglitazone role in diabetes prevention (Buchanan et 

al., 2002). To prevent diabetes (ACT NOW), to reduce diabetes reduction (DREAM), and 

to stop non-insulin-dependent diabetes mellitus (NIDDM). These studies aimed to study 

the drug’s effect like alpha-glucosidase inhibitors, thiazolidinediones (TZDs) and 

biguanides (Fowlar, 2008; Bery and Melkus, 2006). 
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 PPAR-Gγ is the nuclear receptors and crossroads of all cardiovascular disorders, 

diabetes and IR. This receptor helps in formation of adipose tissue and for diabetes 

treatment it acts as a target for insulin sensitizing drugs (Sezanto and Nagy, 2008). It 

consists of 48 transcription factors in human which is regulated by xenobiotics and lipid 

metabolites, vitamins, steroids and hormones (Chaawla et al., 2001) 

 PPARG attaching to sequence of DNA needs heterodimerization with a known 

nuclear receptor member retinoic acid X receptor (RXR). Agonist as a ligand binding to 

PPARG elicits a conformational change and attracts members of the steroid receptor 

coactivator (SRC) family which is transcriptional coactivators (McKena and O'Malley, 

2002). Preadipocytes cells when loaded by fats, they develop into mature fats cells 

(McDougald and Mandrup, 2002). The PPAR-Gγmain function in adipocytes 

proliferation is understood clearly by gene knockdown and functional experiments (Barak 

et al., 1999). It is also known that in adipocytes PPAR-Gγ plays avital role in metabolism 

of lipid(Lehmann et al., 1995). PPAR-Gγ is involved in insulin sensitivity development. 

TZD regulates adipocyte glucose uptake, and disposal of glucose into adipose tissue 

which causes hypoglycemic effects of insulin (Lehrke and Lazer, 2005). 

Despite the several diabetes manipulating factors, theT2DM causes have not been 

established yet (Boden, 1997). In muscle free circulating triglyceride and fatty acids 

concentrations are associated with IR development (Storlien et al, 1991). 

 Studies have shown that in the obese Zucker fa / fa rat model, induction of body 

fat formation with PPAR-G gamma agonist is a potential mechanism that may lead to 

improved insulin sensitivity (Haliakon et al., 1997). This can be complemented that 

mutations leading to loss of PPAR-Gfunction act as potential pathologies for IR 

development (Baroso et al, 1999a). 

Therefore, it was conducted to obtain PPARG status in patients with T2DM. The 

participants average age was 48.93 SD ± 6.52 in our study. The subjects aged ranges 
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between 40 to 67 was included most was between 40 to 50 (74%). Of the registered 

subjects, males were 50 (47.6%) and females were 55 (52.4%). The participants belonged 

to a variety of occupational groups, with 43.8% (46) were housewives, following by 

doctors that shared 19% of all registered sharers except for other groups such as butchers, 

farmers, and shopkeepers.  

Participants' average income exceeded Rs 67,266 for SD ± 5.90, ranging from 

4,000 / month to 250,000 / month (Table 1). Among these individuals, 81.91% earn more 

than 30,000 rupees a month, and 41.9%earn more than 50,000 rupees a month (Nair et al., 

2008). The data obtained in this study also showed that 22% of subjects indicated that 

they were on a high-calorie diet.  

PPAR-G receptor levels in our study werereduced in diabetic and obese subjects 

unlike normal participants. This explains undoubtedly use of thiazolidinediones as PPAR-

G agonists improves IR in T2DM patients (Baroso et al, 1999a). Higher levels were fond 

in obese subjects, as IR and PPAR-Gg2 gene polymorphisms might be linked to residual 

C-peptide secretion (Zmyslowska et al. , 2014). 

Our results show that normal subjects have higher levels of PPAR-G expression 

than diabetic patients. Experiments with mice lacking the PPAR-Ga gene are very 

illuminating. When fed freely, PPAR-Ga null mice had no obvious symptoms, except 

indicates abnormal metabolic activity during starvation (Kersten et al., 1999; Hashimoto 

et al., 1999; Leone et al.). Detailed analysis of mRNA and protein expression of PPAR-

Ga-deficient mice indicates that change in concentration of metabolic enzymes causes 

metabolic abnormalities (Aoyama et al., 1998; Kersten et al., 1999). 

 Obesity is recognized as a fatty liver indicator. In liver fat increase occurs due to 

increase uptake of fatty acid and triglyceride pathway processes including oxidation, 

esterification and synthesis. Any change in these pathway activity causes accumulation of 
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fat in the liver. The PPAR-G role in hepatic fat storage suggests that hepatic steatosis can 

reduces effectively these transcription factors activation (Laurin, 2001). This PPAR-G 

receptor effect in metabolism of lipid in obese patients as well as in diabetic patients is 

used as a PPAR-G agonist pharmacologically. In liver PPAR-G expression is related 

straightforwardly to the concentration of free fatty acids (FFA). More cholesterol and free 

fatty acids, lower the PPAR-G level. Therefore, IR reduces indirect by PPAR-G.  

In our result the lower level of PPAR-G in diabetic patients were conformed. This 

is another mechanism by which free fatty acids levels reduces by PPARG-g (Oakes et al., 

1994). 

 Our study showed a significant reduction in Gamma PPAR-G receptors in 

diabetic patients; this is consistent with other studies comparing the expression of PPAR-

GY1 and Y2 mRNA in subcutaneous fat cells of group of lean and morbidly obese 

individuals (Sewter, 2002). For PPAR-Gγ alone, the results indicating that insulin 

sensitivity improved by PPAR-Gγ activation (Bragt and Popeijus, 2008).As this study 

suggests that Gamma PPAR-G receptors in diabetic patients were reduced significantly, 

this was due to the expression of PPAR-Ga by insulin stimulation (Shalev et al., 1996) 

and T2DM. It will be low, and this low expression precedes the development of diabetes. 

In a mouse model, it is suggested that deletion of PPAR-G G leads to IR and 

subsequently to diabetes (Henever et al., 2003). 

 In the current study, we have seen lower levels of PPAR-Gγ in patients with 

higher HbA1c levels. The same situation was also recorded in different clinical studies. 

Some studies show that PPAR-G gamma agonists reduced fasting insulin concentration, 

decreased glucose levels, as wells as increased overall insulin sensitivity (Cary et al., 

2002). 

 Similarly, HBA1c levels were reduced following treatment with the PPAR-G 

agonist rosiglitazone (Derosa et al, 2009). According to Martens et al. (2002), HBA1c 
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which is referred to as a biochemical marker that identifies glucose levels in blood over a 

long period of time, also elevated in subjects with T2DMand IR.  
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CONCLUSION 
 

It was observed that the significant decline of PPARG expression in diabetic 

patients and obese individuals and those individuals having disturbed serum lipid profile 

unlike normal individuals reveals strong support for a PPARG role in the patho-genetic 

mechanisms causing the cycle of Obesity-IR-metabolic Syndrome-Diabetes Mellitus 

Type 2 in humans.  

Moreover, the function of PPARG in causal of diabetes has been confirmed by 

genetic analysis that have shown specific mutations in these important nuclear receptors 

as mediators of their altered responsiveness in the above-mentioned cycle of pathological 

events culminating in full-blown clinical T2DM Mellitus. Decreased expression of 

PPARG, as seen in the present study, brought about by such mutations in the early stages 

of this pathological cycle, would result in dyslipidemia and obesity, later on progressing 

to the clinical disease. 

Another positive aspect of the present research is that it has shown decreased 

expression of PPARG starting in obesity (the early stages of the cycle) so that such 

individuals can be identified at high risk for progressing to the metabolic syndrome, IR, 

and Diabetes Mellitus. 
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RECOMMENDATIONS 
 

PPARG values are important and might be potentially employed as a bio-

molecular marker in pre-diabetic vulnerable individuals even showing normal glucose 

levels. Furthermore, adipose tissue PPARG agonists can also be used to improve the 

PPARG activity thereby decreasing the harmful effects of diabetes on the individual body 

and specifically on liver through improving the metabolism of lipids; reduction in the 

morbidity and mortality linked with diabetes mellitus is expected to be the end benefit of 

such an approach. 
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Annexure1 

 

 

CONSENT FORM 

 

I _________________________________________ have been informed in detail about 

the current study. 

 

I understand the purpose of this study and what my participation in it will involve. I do 

freely give my consent to collect and use my medical information for research purpose. 

 

Patient Name    Signature    Date 

________________  _____________________  __________________ 

 

Investigator Name   Signature    Date 

_________________  _____________________  __________________ 
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FACULTY OF HEALTH SCIENCES 

HAZARA UNIVERSITY 

MANSEHRA 

 

 

ABNORMAL PEROXISOME-PROLIFERATOR ACTIVATED PRECEPTOR 

GAMMA (PPAR-G-ϒ) STATUS IN TYPE 2 DIABETES MELLITUS 

PROFORMA 

 

Subject Status:   Normal  Obeses   Type 2 DM 

 

1. Case No._____________________   Date: ___________________ 

2. Hospital Reg. No.______________ 

3. Age (years)  __________________   Sex: ___________________ 

4. Address:  _____________________________________________________ 

_____________________________________________________ 

5. Occupation:

 ___________________________________________________________ 

6. Socio-Economic History (earning/month)________________________________ 

7. Present History:_____________________________________________________ 

  _____________________________________________________ 

8. Past History: _____________________________________________________ 

_____________________________________________________ 

9. Family History:_____________________________________________________ 

_____________________________________________________ 

10. Personal History:____________________________________________________ 

_____________________________________________________ 

11. Dietary History: 

i. Normal Balance Diet 
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ii. Hyper Caloric Diet 

iii. Hypo Caloric Diet 

iv. Diabetic Diet  

12. Drug History: 

 _____________________________________________________ 

13. History Relating to Diabetes Mellitus 

I. Excessive Thirst     Yes  No 

II. Polyuria      Yes  No 

III. Increased Appetite     Yes  No 

IV. Tiredness      Yes  No 

V. Loss of Weight     Yes  No 

VI. Change in Refraction     Yes  No 

VII. Pain or Paraesthesia     Yes  No 

14. General Physical Examination 

i. Pulse 

ii. BP (D/S) 

iii. Temperature (Degree F) 

iv. Hepatomagally 

v. Anemia 

vi. Jaundice/Pallor 

vii. Height (cm) 

viii. Weight (kg) 

ix. Body Mass Index (kg/M²) 

15. Investigations (Serum Glucose) 

i. Fasting 

ii. Random 
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iii. Glucose tolerance 

iv. Urinary Glucose by Dipstick method 

v. Serum Free fatty Acid 

vi. Triglycrides 

vii. HDL Cholesterol 

viii. LDL Cholesterol 

ix. Total Cholesterol 

x. Serum total Protein 

xi. Serum Albumin 

xii. Urea 

xiii. Creatinine 

xiv. Haemoglobin 

xv. HbA1c 

xvi. Serum Insulin Assay 

16. Gamma PPAR-G Assay   (Adipose Tissues) 

DIABETIC CATEGORIES 

• First Diagnose 

• Controlled on diet alone 

• Controlled on diet and drugs 

• Uncontrolled/poorly controlled 

FINAL PPAR-G STATUS 

• Increased 

• Normal 

• Decreased 

 


