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Type II diabetes mellitus or adult-onset diabetes is a collection of disarray distinguished 

by hyperglycemia, micro-vascular, macro-vascular and neuropathic problems. The World Health 

Organization reported in 2004 that more than 170 million people have diabetes and the projected 

number could be as high as 370 million by 2030. The increased incidence of diabetes in 

developing countries is due to poor diet, obesity and inactive lifestyle.  

Diabetes is a condition that increases oxidative stress and inflammation, which may lead 

to damage of pancreas resulting in failure of beta cell function. It is a serious health problem that 

may lead to complications and can increase the risk of mortality. It also brings substantial 

economic losses, such as loss of work which effects productivity, wages and increase medical 

expenditure, the intial point of living a normal life with diabetes is an early diagnosis, longer a 

person lives with undiagnosed and untreated diabetes, the worse their health outcomes are likely 

to be.  

Present study was designed to find out the role of heat shock proteins, hormone and metal 

ions in developing hyperglycemia/diabetes in first degree relatives of diabetics. Study also tried 

to find out the relationship of heat shock protein, insulin, insulin resistance; hormones, cytokines 

and lastly metal ions. Link of heat shock proteins with risk of diabetes is not studied as of yet. 

The study included 200 relatives of diabetic patients. The seventy subjects (with no 

history of diabetes) with same sex, age and socioeconomic status were included as control. Both 

control and diabetes related subjects were between the ages of 14 -50 years.  

Study was divided into 2 units i.e. primary and secondary. In primary unit, the subjects 

were divided in three groups based on age i.e. groups, A (14-25 years), group B (26-35 years) 

and group C (36-50 years). Laboratory tests i.e., fasting plasma glucose, oral glucose tolerance 

test; and HbA1c, serum insulin were performed. Then according to these parameters the age 

group suitable for further study was decided (secondary study).  

The secondary study was based on the estimation of biochemical parameters (level of 

insulin, insulin resistance, level of adiponectin; visfatin, elastase, metal ions and different heat 

shock proteins) related to pancreatic endocrine and exocrine function; as the impairment of these 

parameters may increase the risk of diabetes.  

In primary study comparisons between  group A, B and C showed that group B, was 

more aberrant due to release of insulin, results in impairing the oral glucose tolerance test, and 

caused progressive loss of beta-cell function. It is confirmed that prevalent risk, associated with 

diabetes, is greater in relatives within age group of 26-35 (group B). Therefore, there is a need to 

check heat shock proteins as an early indicator of diabetes, in the age group between 26-35 years.  

Data was entered in SPSS 20 and analyzed by student ‗t‘ test and Pearson correlation 

coefficient.  
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Results showed that the level of fasting blood sugar, HbA1c, insulin and values of insulin 

resistance were increased in FDR within age group of 26-35 years. On the other hand, a 

decreased level of HSP 60 and mild increased level of HSP 70 (reactive oxidative intermediates) 

were observed in first degree relatives of diabetics as compared to the controls.  

Oxidative stress in first degree relatives of diabetic subjects were determined by 

estimating the levels of adiponectin, visfatin and elastase. The Raw volume of adiponectin and 

visfatin may be associated with higher intra-cellular reactive oxygen levels, elicited by 

mitochondrial dysfunction which resulted in impairment of the functions of adipocytes in the 

maintenance of glucose homeostasis. On the other hand the decreased level of elastase represents 

pancreatic exocrine insufficiency. 

A positive correlation between HSP70 and calcium whereas weak negative correlation 

between SP60 and calcium showed the importance of this relationship, as differential calcium 

signaling may be accounted for the differential induction of HSP. A moderately strong negative 

correlation between HSP70 and magnesium, confirmed, that plasma magnesium concentrations 

may inversely correlate with degree of hyperglycemia and insulin sensitivity; which may be due 

to increased oxidative stress. The study revealed a weak negative correlation between phosphate 

and HSP70. Furthermore, the research also confirmed that dietary lack of phosphorus lead to 

organ specific induction of HSP. 

It is therefore concluded that in FDR, besides genetic modification, there is an increased 

oxidative stress due to mitochondrial dysfunction which is confirmed by impaired level of HSPs. 

The increased oxidative stress may be the major factor causing impaired fasting glucose, 

impaired glucose tolerance, increase level of insulin; increase insulin resistance and decrease 

elastase activity i.e. an impair endocrine and exocrine function of pancreas. The Increased 

oxidative stress also has an effect on the function of adipocytes by decreasing the secretion of 

visfatin and adiponectin which also have a role in glucose metabolism. 
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Diabetes Mellitus (Prevalence and risk factors): 

Type II diabetes mellitus known as non-insulin-dependent diabetes mellitus (NIDDM), or 

adult-onset diabetes is a collection of disarray distinguished by hyperglycemia and related with 

microvascular (retinal, renal, possibly neuropathic), macrovascular (coronary, peripheral 

vascular), and neuropathic (autonomic, peripheral) problems (Robbin and Cotran, 2000). 

Type II diabetes mellitus usually starts in middle age. However the occurrence of type II 

diabetes mellitus varies generally among different racial and ethnic groups based on 

environmental and lifestyles. It is becoming almost epidemic in few groups of Blacks, Native 

Americans and Hispanic people (Harris et al, 2003). Approximately 23.61 million people in the 

United States, or 8% of the inhabitants, have diabetes as per CDC. Occurrence of diabetes 

increased 13.5% from 2005 to 2007, only 24% of diabetic patients are unidentified, down from a 

roughly calculated 30% in 2005 and from the earlier estimated 50% in 1995 (The Expert 

Committee on the Diagnosis and Classification of Diabetes Mellitus, 2003). 

The World Health Organizations reported in 2004 that more than 170 million people have 

diabetes worldwide and this will increase to 370 million people by 2030. The increase risk of 

diabetes will be observed in near future (developing countries) due to increase population 

growth, aging, poor quality diets, obesity and inactive lifestyles (Wild et al, 2004). Like other 

developing countries the diabetes has become a major health problem in Pakistan. The 

occurrence rate of diabetes mellitus in Pakistani population is from 5% to 15% (Naz et al, 2007). 

Diabetes mellitus is divided into type I and II. In the type 1 or "Insulin Dependent 

Diabetes Mellitus - IDDM" (e.g. C-peptide scarce), insulin is required for metabolic control, 

rather than for endurance, e.g. Endogenous insulin secretion is not sufficient to attain normal 

glucose level without use of synthetic insulin (Kuzuya and Matsuda, 1997). 

In type II diabetes there are number of  risk factors, including: age >45 years, sex, family 

history of diabetes type II. Impaired or weak glucose tolerance (IGT) usually lead to Type II 

diabetes, gestational diabetes or delivering over weight babies i.e. > 9 pounds, miscarriages, 

stillbirth and birth defect in previous pregnancy, obesity, sedentary life style, high blood 

cholesterol level, polycystic ovary disease (in women), hypertension etc (American Diabetes 

Association, 2009).  

Middle-aged obese subjects are more prone to develop diabetes due to an impaired 

glucose induced release of insulin, a change in the control of hepatic glucose output, and insulin 

resistance which alter the glucose disposal mechanism (Osei et al 1993). Obesity and β-cell 

dysfunction is the main reason of oxidative stress that may cause the pathogenesis of type II 

diabetes mellitus (Yang et al 2005). 

Women are at high risk of developing diabetes than men. Normally high level of estrogen 

causes the body resistant to both natural and synthetic insulin. Women mostly have an increase 
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blood sugar level 3-5 days either in earlier state, during or after their menstrual periods. Estrogen 

is responsible for glucose intolerance with normal insulin sensitivity (Renauld et al, 1983). 

The mild inflammatory state is directly related to insulin resistance. Adipocytes, secrete a 

number of proinflammatory cytokines (leptin, adiponectin, visfatin, interleukin etc), some of 

which have been shown to directly inhibit insulin signaling (Uysal et al 1997). Vascular effects 

of  visfatin was observed on vascular inflammatory response (Yamawaki 

2011). Leptin/adiponectin imbalance was associated with a decreased vascular response to 

acetylcholine and increased vasoconstriction due to angiotensin II (López-Jaramillo et al 2014). 

Vasoconstriction appears to diminish insulin action (Steinberg et al 1996). Low-grade 

inflammation precedes and predicts diabetes development in adults (Duncan et al 2003). 

Complications of diabetes:         

 Diabetes is a group of chronic diseases characterized by hyperglycemia. There is direct 

and indirect effects of hyperglycemia on the human vascular tree, increase the risk of morbidity 

and mortality in both type I and type II diabetes. Generally, the injurious effects of 

hyperglycemia are macrovascular and microvascular complications. The macrovascular include 

coronary artery disease, peripheral arterial disease, and stroke and microvascular complications 

include diabetic nephropathy, neuropathy, and retinopathy (Fowler 2008).                                                                                                                                            

Stern diabetic complications are due to poorly managed type II diabetes, including renal 

dysfunction, blindness, slow healing of wounds and arterial disease, including coronary artery 

disease (Chiasson et al,2003). 

First degree relatives (FDR) or high risk individuals for diabetes (positive 

family history): 

Various factors have been identified by researchers for detecting the individuals who are 

at high risk of developing diabetes. Family history is a major factor observed in people. It is 

necessary to screen the first degree relatives for diabetes as they have a long asymptomatic 

period. Asymptomatic phase may include impaired or altered fasting glucose and glucose 

tolerance which may show the early step of diabetes (Valdez 2009). 

There are many ways that can be used to detect the people which may be either at risk of 

diabetes or with unidentified diabetes. Major tools designed (to detect the first degree relatives of 

Type II diabetes who are at risk of diabetes) may include impaired or altered fasting glucose 

(Amini and Jhanghorbani 2009), impaired glucose tolerance (Shaw et al 1999), insulin resistance 

(Burtis et al 2006), disturbed level of heat shock proteins and metal ions (Hooper and Hooper 

2005; Sales and Petrosa 2006). Beside these tools many hormones and cytokines related to 

insulin secretions are altered (Gao et al 2012). A failure of exocrine secretion of pancreas was 

also observed (Larger et al 2012). 
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Fig 1.1: Factors responsible for development of diabetes and further complications 

(sciencedirect.com).  
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A) FDR and insulin resistance: 

First-degree relatives of type II diabetes patients have an about 40% threat of developing 

diabetes, as these subjects are often insulin resistant, and insulin resistance is the good forecaster 

of diabetes in people (Vaag et al 1995). Patients suffering from type II diabetes, presents 

hyperglycemia together with abnormal high plasma insulin concentration. This shows a 

discrepancy which may be due to insulin resistance.  

Insulin resistance in a target cell may be due to defects at many stages including both 

inherited and acquired defects. Inherited defects include genetic factors that leads to diabetes 

mellitus due to mutations of insulin receptor, glucose transporter, and signaling proteins. 

Acquired defects are related to sedentary life style, foods, medications, increase blood glucose, 

free fatty acids, and increase age (Lutsay et al 2008). 

The fundamental  causes of insulin-resistance comprises as pre-receptor cause (impair 

secretion of insulin i.e. mutation), receptor causes (decreased number of receptors, reduced 

binding of insulin or insulin receptor mutation) and post receptor causes (defective signal 

transduction or mutation of glucose transporter GLUT4 (Sahay et al 2002). Combinations of 

causes are common. Example is seen in obesity, where insulin resistance, is linked with both 

postreceptor and receptor abnormality (Semple et al 2008).Mutation in the insulin receptor gene is 

also a cause of insulin resistance (Burtis et al 2006). 

The reason of insulin resistance is also due to anti-receptor antibodies that may be 

responsible for weakness in insulin receptor signaling (i.e. in the function of tyrosine kinase or 

process of protein phosphorylation). Another reason of insulin resistance may be due to a defect 

in glycogen synthase or pyruvate dehydrogenase (Table 2, Fig 1&2). These include a mutative 

(and as yet undefined) genetic factor, which is exacerbated due to the factors like sedentary 

lifestyle, and abdominal-visceral obesity (Tierney et al 2002; Burtis et al 2006). 

 In FDRs there is normal glucose tolerance but have error in function of insulin and its 

secretion. This flaw or imperfection is due to disruption of the normal circadian insulin secretion 

rate (ISR) cycle, resulted in decreased insulin secretion (and decreased glucose uptake) during 

the rising part of the circadian ISR cycle (Boden et al 1999). In spite, insulin resistance is 

effected by various factors, like age, sex, food, physical activity, visceral obesity and 

medications (Vaag et al 1995). 

 

 

 

 

javascript:openDSC(351672655,%20772,%20'10341');
javascript:openDSC(351672655,%20772,%20'10341');
javascript:openDSC(31626682,%2037,%20'27154');
javascript:openDSC(2128824058,%20943,%20'11312');
javascript:openDSC(2128824058,%20943,%20'11312');
javascript:openDSC(2128824058,%20943,%20'11312');
javascript:openDSC(2128824058,%20943,%20'11312');
javascript:openDSC(1373513723,%2043,%20'8041');
javascript:openDSC(1373513723,%2043,%20'8041');
javascript:openDSC(1373513723,%2043,%20'8043');
javascript:openDSC(1373513723,%2043,%20'8043');
javascript:openDSC(322478960,%20772,%20'10308');
javascript:openDSC(4048658404,%205,%20'2671');
javascript:openDSC(4048658404,%205,%20'2671');
javascript:openDSC(4048658404,%205,%20'2673');
javascript:openDSC(4048658404,%205,%20'2673');
javascript:openDSC(4048658404,%205,%20'2673');
javascript:openDSC(4048658404,%205,%20'2673');
javascript:openDSC(3045002476,%201179,%20'11695');
javascript:openDSC(3045002476,%201179,%20'11695');
javascript:openDSC(2797894031,%20304,%20'4602');
javascript:openDSC(2797894031,%20304,%20'4602');
javascript:openDSC(2797894031,%20304,%20'4602');
javascript:openDSC(2797894031,%20304,%20'4602');
javascript:openDSC(351672655,%20772,%20'10344');
javascript:openDSC(351672655,%20772,%20'10344');
javascript:openDSC(351672655,%20772,%20'10344');


9 
 

Table 1.1: Sites of insulin resistance, Possible effects and Role in diabetes(Adapted from 

Ashcroft and Rorsman, 2004). 

Sites of insulin 

resistance 

Possible effects Role in diabetes 

Pre-receptor Insulin receptor antibodies, abnormal 

molecule 

Rare 

Receptor Decreased number or affinity of insulin 

receptors 

Not important in 

diabetes. 

Post receptor  Defects in signal transduction 

 Defective tyrosine 

phosphorylation 

 Reduced IRS-1 level 

 Decreased phosphotidylinositol-

3-kinase 

 Decreased activity of key 

enzymes i.e. 

 Pyruvate dehydrogenase or 

glycogen synthase 

 

Most probable site of 

insulin resistance in 

diabetes. 

Glucose transport Deficient or defective glucose 

transporters 

To be established 
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Fig 1.2: Stages in the progress of Type 2 diabetes in FDR. (natap.org) 

 

 

 

Fig 1.3: Pathophysiology of hyperglycemia and increase fatty acid in type 2 diabetes 
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Visceral obesity is associated with both insulin resistance and type II diabetes. FDR have 

increased visceral obesity as compared to people who have no family history of diabetes, in spite 

of same BMI and fat mass. Visceral adiposity and decreased aerobic fitness are strongly 

associated with and contribute to their insulin resistance (Nyholm et al 2004). Insulin resistance 

is also exemplified by hypertension, impaired glucose tolerance, increased upper body fat 

distribution, obesity, dysfibrinolysis, and dyslipidemias. 

Dyslipidemias are characterized by increase level of triglycerides, low level of high-

density lipoprotein cholesterol, and increased low-density lipoprotein (LDL) particles (Haffner 

and Taegtmeyer, 2003). Many patients have insulin resistance and minor insulin deficiency. But 

it has been known that many obese people having an insulin resistance do not develop glucose 

intolerance. Hence, insulin deficiency might be related to hyperglycemia (Giugliano et al 2008)    

B) FDR and glucose tolerance test/glucose challenge test: 

A progressively increase rates is observed from normal glucose tolerance to impaired 

fasting glucose in FDR of diabetics (Amini and Jhanghorbani 2009). In follow up cases of 

diabetes, the glucose tolerance test was the best predictor of diabetes. The reason is that the 

environmental factors affecting the glucose tolerance among FDR of diabetes (Beaty et al 1982). 

Impaired fasting glucose (IFG) is more common in men, while impaired glucose tolerance (IGT) 

is more common in women (Amini and Janghorbani 2008). However it is found that first degree 

relatives of type II diabetics were although insulin resistant but they had normal glucose 

tolerance (Axelsen et al 1999). It is proved that familial factors may be the cause for severity of 

diabetes  (No authors 1997).  

C) FDR and Impaired glucose regulation: 

Impaired glucose control (IGT and IFG) shows an intermediate metabolic state between 

normal glucose regulation and diabetes. It may present as disordered carbohydrate metabolism. 

IFG and IGT represent different irregularities of glucose control, one in the fasting condition and 

other in postprandial state (Larsson et al, 1998; Shaw et al, 1999). In IFG fasting blood glucose 

level is lesser than the level required to detect diabetes mellitus but greater than the "normal" 

values. The levels of fasting plasma glucose in IFG are 6.1 mmol/l (110 mg/dl) or more, but less 

than 7.0 mmol/l (126mg/dl). If an OGTT is carried out, some people with IFG will have IGT and 

have an increase risk of diabetes, but it is only find out with the help of OGTT(Screening for 

type II diabetes mellitus in adults: commendation and motivations, 2003). Individuals who meet 

criteria for IGT or IFG may have normal glucose level in routine confirmed by normal level of 

glycated haemoglobin. However people with IGT and IFG are at risk of developing 

diabetes.(Shaw et al, 1999; Alberti et al, 2006). 

Postprandial hyperglycemia in individuals  with type II diabetes may be due to defects in 

secretion of insulin, repression of glucagon secretion, altered glucose function i.e. its ability to 
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uptake by cell and inhibit its own release and altered insulin action for glucose uptake 

stimulation and glucose release inhibition(Vella et al, 2007). Other important causative factors 

include increased glycogenesis, disturbed insulin levels, reduced insulin- arbitrate glucose 

transport in  muscle and adipose tissues (receptor and post-receptor defects) and impaired beta-

cell function—loss of initial phase of secretion of insulin release in response to hyperglycemic 

motivation (Standard Medical Care in Diabetics, 2007)     

Table 1.2: Diagnostic criteria for diabetes mellitus and glucose intolerance 

Condition Diagnostic criteria 

(mmol/L) 

Diagnostic criteria 

(mg/dl) 

Comments 

Normal fasting 

plasma glucose 

Below 6.1 Below 110  

Impaired fasting 

tolerance (IFG) 

Equal or above 6.1 

but below 7.0 

Equal or above 110 

but below 126 

 

Impaired glucose 

tolerance (IGT) 

Plasma glucose 2 h 

after 75 g load 7.0 

or above, but 

below 11.1 

Plasma glucose 2 h 

after 75 g load 126 

or above, but 

below 200 

Diagnosed during 

OGTT 

Diabetes mellitus 

Criterion 1 

 

 

Criterion 2 

 

 

 

      Criterion 3 

 

Random plasma 

glucose  11.1 or 

above 

Fasting plasma 

glucose  7.0 or 

above 

 

2 h value during 

OGTT 11.1 or 

above 

 

Random plasma 

glucose  200 or 

above 

Fasting plasma 

glucose  126 or 

above 

 

2 h value during 

OGTT 200 or 

above. 

 

Criteria of American Diabetes Association (adapted Burtis et al 2006). 
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Fig 1.4: Defect in signaling to Glut-4 and insulin resistance. (medicalook.com) 
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D) FDR and Insulin resistance/glucose transporters: 

Glucose is removed from the bloodstream by glucose transporters (GLUTs), which 

catalyze the transport of glucose into cells of target tissues, primarily striated muscles and 

adipose tissues. Five functional facilitative glucose transporter isoforms (GLUT1-4 and 

GLUTX1) are known (Watsson and Pessin 2001). In fasting state glucose uptake into muscle 

cells is arbitrate by GLUT1 and GLUT3 glucose transporters, whereas postprandial and 

exercise-related increase in muscle glucose is mainly mediated by GLUT4 (Stuart et al 

2001).  

Insulin resistance (IRS), also has a role to increase the free fatty acids plasma level, direct 

to reduced glucose uptake in muscle, increased production of hepatic glucose, and increased 

catabolism of fat (Wilcox 2005). Additionally, insulin resistance with fasting 

hyperinsulinemia was related with a reorganization of GLUT4 to the cell surface of muscle 

cell. An analytical research reported that the gene expression of glucose transport and their 

allocation in human muscles are associated to insulin resistance and can be used as a 

parameter of whole body insulin responsiveness (Stuart et al, 2001).Obese patients showed 

decreased GLUT4 levels on monocytes during the OGTT (Simar et al 2012). 

 

E) Hormones/Cytokines and altered blood sugar regulation: 

The islets of Langerhans of pancreas consist of alpha-, beta-, delta-, epsilon- and P-cells. 

A contact between these cells is necessary for proper glucose homeostasis of the body. Beta 

cells take action rapidly in response to increase blood glucose and increased release of stored 

insulin while concurrently synthesizing more  (Cabrera-Berman et al, 2006). Normal beta -

cells may combat the insulin resistance either by increasing insulin secretion and/or beta -cell 

mass, but causes inadequate glucose tolerance. Once hyperglycemia occur, beta -cell function 

gradually decline and insulin resistance exacerbate. It is proposed that in diabetes oxidative 

stress and endoplasmic reticulum stress are persuaded in many tissues, causing an activation 

of the c-Jun N-terminal kinase pathway. The activation of c-Jun N-terminal kinase inhibits 

insulin biosynthesis and slow down with insulin action (Kaneto and Matsuoka 2012). 

The endocrine cells make a link through homotypic or heterotypic cell-cell adhesion, or 

with a paracrine fashion, and this linkage is engaged in the controlled secretion of islet 

hormones (Jain and Lammert, 2009).A close linear link was also observed between all 

endocrine variables and pancreatic acinar function (e.g. chymotrypsin production and C-

peptide release) (Domschike et al, 1985; Cancelas et al, 2006). 

Besides insulin, beta cells release C-peptide, a byproduct of insulin production, into the 

blood in equal amounts. C-peptide take part in the prevention of neuropathy and other sign 
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and symptoms of diabetes linked to vascular deterioration (Ido et al, 1997). Levels of C-

peptide give an idea of the feasible beta cell mass (Hoogwerf and Goetz, 1983). Proislet 

amyloid polypeptide (proIAPP) also called amylin (Higham et al, 2000). Amylin is secreted 

along with insulin from the pancreatic β-cells in a ratio of about 100:1 (Sanke et al, 1988).  

 

Fig 1.5: Association between decreased adiponectin levels and increased insulin resistance 

(natap.org) 
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Amylin has the ability of regulation of glucose which may be observed by emptiness of 

stomach and encourage satiety, this may prevent variation in post-prandial blood glucose 

level (Roberts et al, 1989). In insulin resistance there is an increase in the production of 

proIAPP. Blood glucose levels may take part in regulation of proIAPP synthesis. ProIAPP 

has been related to damaging or loss of islet β-cells. It is proposed that proIAPP synthesize 

the granules that permit IAPP to accumulate, form amyloid which may lead to apoptosis of β-

cells (Paulsson et al 2006; Marzban et al 2006). 

In spite of the high functional abilities of the pancreas, it is known that a large number of 

diabetic patients may also have a defect in the pancreatic exocrine function i.e. decrease level 

of elastase (Nunes et al 2003).  Pancreatic exocrine inactivity is observed in routine diabetic 

patients than in normal people. Diabetic people with raised BMI (>25) may be at risk of 

underlying exocrine pancreatic inactivity. Elastase belong to the family of serine protease 

that upon hydrolsis give amides and esters. It is formed in the pancreas in zymogen form and 

converts into active form by trypsin in the duodenum. There was a good relation between the 

level of elastase and time of evolution of diabetes (Mancilla et al 2006; Larger et al 2012). 

Incretins hormones are produced in gut and secreted into the blood within minutes after 

taking food. Their major physiological role is to control the amount of insulin, secreted after 

food. There are two incretins i.e. glucose-dependent insulinotropic peptide (GIP) and 

glucagon-like peptide-1 (GLP-1), that contribute many functions of the pancreas but their 

action is different in endocrine glands other than pancreas. Glucagon-like peptide-1 (GLP-1) 

increase insulin secretion and inhibits the release of glucagon. Additionally, GLP-1 slows the 

emptiness of stomach and may enhance action of glucose and insulin in different conditions 

(Vella et al, 2007; Tammy et al, 2009). 

Adipocytes show, an integrative action in the control of energy metabolism and glucose 

homeostasis in the human. Functional defects in adipocytes may cause systemic disturbance 

of glucose homeostasis (Wang et al 2013). Adiponectin, a 30-kDa protein is an adipocyte-

derived polypeptide that has insulin sensitizing properties and is abundantly present in 

peripheral circulation (Weyer et al 1999; Chandran et al 2003). IGF-1 and peroxisome 

proliferator-activated receptors are known to stimulate the synthesis of adiponectin (Williams 

et al 2005). A relation between increase adiponectin levels and enhanced insulin sensitivity 

show a causal relationship (Gao et al 2012). 

Higher intracellular reactive oxygen species levels elicited by mitochondrial dysfunction 

resulted in impairment of the function of adipocytes in the maintenance of glucose 

homeostasis through attenuation of insulin signaling down-regulation of Glut4 expression, 

and decrease in adiponectin secretion (Wang et al 2012). Lower adiponectin levels have 

higher levels of insulin resistance and are more likely to develop diabetes independently of 

glycemic measurements (Lacroix et al 2013). 
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Fig 1.6: Role of visfatin and adiponectin (Chemignton 2005) 

 

 

Fig 1.7: Association of different glycemic state with adiponectin and visfatin 

(nature.com) 
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Visfatin/NAMPT (nicotinamide phosphoribosyltransferase) is adipocytokine, mainly 

found in visceral adipose tissue. Several functions of visfatin are suggested. Primarily, it 

functions as cytokine and a key enzyme in nicotinamide adenine dinucleotide generation (Dahl et 

al 2012). It is expected to have molecular mass of 52 kDa. There are notorious effects reported 

on the relationship of visfatin with weight gain, glucose metabolism and diabetes (Korner et al 

2007). Recent researches have shown that visfatin helps the control of glucose and lipid 

metabolism (Lai and Chen 2012). It has an important role in increasing insulin resistance when 

binding to insulin receptor and mimics insulin in lowering plasma glucose level (Fukuhara et al 

2005). Ovarian sex hormone estrogen also play a role in regulation of blood sugar level 

especially in women. It is reported that the variation in hormone levels observe during menstrual 

cycle and these variation in hormonal level may influence on blood sugar control. Recently it is 

reported that postmenopausal women who are not at hormone replacement therapy, there may be 

an increase in sex hormone-binding globulin or SHBG(carrier of estrogen) and that such 

enhancement are related with decrease level in fasting plasma glucose and 2-hour glucose 

challenge test (Kim et al 2012). 

Steroid hormones like cortisol in blood are bound to specific steroid transport proteins, 

called corticosteroid-binding globulin (CBG).It has been observed by in vitro study that insulin is 

a powerful inhibitor of CBG secretion. An experimental data reported that CBG is a diagnostic 

marker of insulin secretion while SHBG is a diagnostic marker of insulin sensitivity. This 

showed that plasma CBG levels are inversely associated with the insulin response to glucose 

challenge tests and directly with the levels of fasting glucose, AUC glucose, and HbA1c (Manuel 

et al 1999). 

Hemoglobin A1c and glucose level: 

The hemoglobin A1c (HbA1c) estimation is important to evaluate glycemic control 

which depends on factors: like when reticulocyte HbA1c is secreted from the bone marrow, the 

rate of synthesis of HbA1c (or glycation rate of Hemoglobin glycation) which may be decreased 

in older RBCs, extent of exposure of Hb to glucose concentration, and the mean age of RBCs in 

the blood (Shrom et al 2012). 
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Role of Heat shock proteins in diabetes:       

 Role of heat shock proteins (HSPs) is of special consideration under conditions of 

diabetes. HSPs have been comprised as HSP100, HSP90, HSP70, HSP60, HSP40 and small size 

HSPs based on their rough molecular weight, similarity and overlapping function. Stress proteins 

play a role in protection of bacterial organism both in vitro and in vivo against oxidative stress 

(Atalay et al 2009). 

Diabetic state may be related with the alteration of HSPs, through transcriptional or post-

translational mechanism (Hooper and Hooper 2005;Li 2005). Consecutively HSP expression 

may increase diabetic complications (Hooper 2003) resulting in a vicious cycle. Altered HSP 

response in the heart of diabetics was related with tissue inflammation and obvious oxidative 

stress (Atalay et al 2004). Abnormal HSP may also increase the abnormal protein synthesis in 

diabetes. Additionally insulin showed a direct effect on protein synthesis (Reynet and Kahn 

2001). The pathogenesis of type II diabetes is still unknown (Bayness and Thrope 1999) but 

there are some facts which shows that hyperglycemia is related with the formation of reactive 

oxidative intermediates, and have an altered antioxidant defense mechanism (Muchova et al 

1999).  

In type II diabetes an inverse association is observed between insulin sensitivity and the 

levels of free radicals present in blood (Paolisso et al 1994), and lately Rudich et al (1998) 

reported a possible link between oxidative stress and role of insulin in glucose uptake. The 

mechanisms by which diabetes may alter HSP responses remain unclear. Altered or inadequate 

secretion of insulin in diabetes may be a mean of attenuated formation of protein, particularly 

linked to the introduction of stress proteins, including HSPs (Atalay et al 2009). 

In diabetes, endogenous defense systems are overpowered responsible of many kinds of 

stress. Unorganized oxidative stress shows distinctive characteristics of diabetes (Atalay et al 

2004). The antioxidant functions of HSP may play a role in diabetic complications (Paolisso et al 

1994). Signal accuracy of insulin receptor is maintained by scaffolding of heat shock proteins. 

The Heat shock protein have a known scaffolding and catalytic roles for the glucocorticoid 

receptor (Ylikomi et al1998), and catalytic activity has been observed to be based on the 

interaction of the enzyme with heat shock proteins (Garcia-Cardena et al 1998). 

Diabetes and diabetes-related effects differently adopt HSP47, HSP60, HSP70 (HSP 72 

& 73), HSP 90 and HSP 65 expression/phosphorylation in the glomeruli and in the medulla of 

kidney, which may affect the capability of renal cells to raise a useful cytoprotective response 

(Barutta et al 2008). Formation of HSP60 is related to insulin as the HSP60 is down regulated 

due to deficiency of insulin (Atalay et al 2009). Blood level of HSP60 may be responsible for 

cardiovascular pathology related with diabetes (Shamai et al 2006). 
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Fig 1.8: Stress proteins protect against oxidative stress produced by hyperglycemia. (adapted 

from  Tomanek, 2002). 
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Fig 1.9: Diabetic state may interfere with the synthesis of HSPs, utilizing either a transcriptional 

or post-translational mechanism (combio.abo.fi) 
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A study observed a relationship of HSP60 with atherosclerosis (Xu et al 2000).HSP60 

enhance the value of IGF-1R by preventing its ubiquitination in cardiomyocytes. Thus, the 

mechanism through which diabetes change HSP60 levels seems to be organ-related (Atalay et al 

2009). HSP60 transfer the secretion of cytokine towards Th2 type (Helper T cells type 2) through 

receptor dependent signaling in human T cells (Zanin-Zhorov et al 2005). 

Extracellular and membrane bound HSP-70 is most plentiful stress proteins in humans. 

Insulin-resistant and hyperglycemic individual have decreased HSP70 protein and gene 

expression (Chung et al 2008). HSP70 are involved in binding antigens and presenting them to 

the immune system (Nishikawa 2008). Experimentally it is proved that HSP70 is related with the 

insulin receptor (Zachayus et al 1996). Increased circulating HSP70 in diabetic people may 

improve glucose tolerance and in turn have a positive effect on insulin resistance. It is 

experimentally proved that increasing HSP70 improves glucose tolerance via   hyperglycemia-

associated deficits in Heat shock protein (Kawanagh et al 2011). 

Two very similar forms of HSP 70 are the HSP72 and HSP73 present in cell cytoplasm 

(Gething and Sambrook 1992). Cytoplasmic HSP73 and HSP72 play a role in the maintenance of 

cell and cytoprotective function in both physiological and stress states (Nylandsted et al 2004). 

HSP72 has an ability of cytoprotection  which is important in the pathogenesis of diabetes (Atalay 

et al 2004). In diabetes, decreased expression of HSP72 has been linked with altered 

cytoprotective action and altered regeneration of tissue  (Yamaghisihi et al 2001). 

HSP72 may be important in the folding, subcellular localization, and/or signaling 

pathway of PPARs (Peroxisome Proliferator-activated receptor) (Huang et al 1994) Decreased 

expression of  HSP72 is not due to insulin resistance but it may be an inherited trait (Kurucz et al 

2002). HSP72 is also present in lysosomes where it provides stability to the lysosomal membrane 

and prevents the secretion of hydrolases and then lead to cell death (Nylandsted et al 2004). Both 

increase and altered formation of HSP72 may cause trouble in cell proliferation (Nollen and 

Morimoto 2002).  Increased levels of HSP72 also enhance the endurance and decrease oxidative 

damage of murine fibroblasts and repress the inflammatory response (Simon et al 1995). HSP72 

mRNA level related with different metabolic changes related to the stimulus of insulin like an 

increase in the glucose uptake, glucose oxidation, and its storage. It is also related with the 

reduced lipids oxidation. The level of the stress protein transcript represents a firm relationship 

with the glucose levels after 2 hours of the oral glucose tolerance test (Kurucz et al 2002). The 

role of HSP73 is contradictory. It may act as a chaperone in non-stressed cells (Benjamin and 

McMillan 1998) and it is important in the formation of clathrin and many factors of intracellular 

transportation. (Rapport et al 2007). 
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Fig 1.10: HSP60 is an intracellular molecule mediate cytokines production (Expert Reviews in 

Molecular Medicine 2001). 

 

 

 

Fig 1.11: Hypoglycemia, hypoxia and heat shock reduces TCA cycle. 
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Fig 1.12: Schematic presentation of the regulation, mechanisms, inducers and inhibitors 

of heat shock protein (HSP) synthesis and the effect of HSPs on key factors in wound 

healing. Physical inducers include heat shock, ischemia-reperfusion, physical exercise 

etc(Atalay et al 2009). 
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HSP90 has an important part in signaling-chaperones. It is a major planner of many 

cytoplasmic complexes. It attaches to steroid receptors and to many serine and tyrosine kinases. 

HSP90 helps to activate the proteins for signaling and also regulate the association of these 

proteins with other proteins (Buchner, 1999). It also has a role in keeping up the activity of 

protein kinase B, which takes part in the controlling of insulin- regulating glucose transport and 

glycogen synthesis (Satoh et al 1994). 

Heat Shock Proteins, trace minerals and diabetes: 

Disturbed balance of trace mineral is due to the alteration in function of pancreas. The 

increase intracellular level of calcium direct the process of apoptosis and also change the levels 

of other minerals like phosphorous and magnesium. Experimental studies have described a 

specific renal tubular magnesium defect in diabetes, which, together with the osmotic diuresis, is 

responsible for large magnesium losses. Exact cause of the defect is unknown, but it may relate 

to the prolonged hyperglycaemia, insulinopenia, disturbance of phosphate metabolism, or other 

hormonal changes (Garland 1992; Sales and Petrosa 2006). Levels of serum magnesium may be 

linked indirectly with insulin resistance and hyperglycaemia (deValk 1999). Calcium plays a 

major regulatory role in the process of insulin release from the pancreatic β-cell (Gauthier and 

Wollheim 2008).  A quantitatively analysis showed the induction of HSP70 and the upregulation 

of HSP60 are due to increased extracellular calcium level (Waktia et al 1994). Vulnerability of 

Phosphate deficient chickens is increased to acute heat stress and this shows an inability to give 

proper HSP response (Eden et al 1992). However a study stated that phosphorous did not show 

any significant increases in the expression of HSP mRNAs (Mahmaud et al 2004). 
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Prediabetes is high-risk state for diabetes affecting 470 million worldwide. However, it is 

not clear that conditions including impaired fasting glucose, impaired glucose tolerance and a 

combination impaired fasting glucose and glucose tolerance having the same pathophysiological 

background with history of diabetes. The progression rates of prediabetic state to diabetes are 

markedly different (Gerstein et al 2007). A positive family history of Type II diabetes twofold 

increases the risk of diabetes in their children (Wilson et al 2007). 

Major risk factor of diabetes is the family history. Genetic factor is the main cause of 

developing diabetes. Type II diabetes is a polygenic problem linked with different genes present 

on different chromosomes, which increase the susceptibility (Radha and Mohan 2007). 

Individual with one or two first- or second-degree relatives suffered with diabetes are more prone 

to develop diabetes. There is a good proof, nevertheless, that young people with family history of 

diabetes shows an early signs of diabetes (Valdez et al 2007). A number of methods designed to 

find the people who are either at risk of diabetes or whose diabetes is not diagnosed. The major 

purpose of screening the individual for diabetes is that the disease has extended phase which is 

usually asymptomatic. The detection may include altered fasting glucose, glucose tolerance and 

HbA1c during the initial stage show early signs of diabetes (Valdez 2009). 

The occurrence of type II diabetes, IGT and IFG were 10.3%, 19.5% and 17.3% 

respectively in first-degree relatives (FDR) of individual with type II diabetes mellitus. FDR of 

person with type II diabetes are at higher chance of IGT and type II diabetes than the other 

inhabitants. The risk of diabetes enhance with age and obesity (Amini and Jhangorbani 2007). 

American Diabetes Association (ADA) approved screening for type ii diabetes in FDR obese 

adults with a BMI > 25 kg/m2 with physical inactivity (American Diabetic Association 2009). 

However it is found that fasting plasma glucose had more prejudiced ability to differentiate 

between people at risk for diabetes and the individual who have no risk which may be confirmed 

by OGTT or HbA1c (Amini and Jhangorbani 2009). HbA1c has thought to be a gold standard for 

the determination of glycemic control as it is reproducible, easy and inexpensive to do. HbA1c 

values are taken as same with glycemic control in spite of some limitations, in procedure of 

measurement (Petersen et al 1998). Type II diabetes is positively related with HbA1c and fasting 

glucose level (Kim et al 2012). 

The effects of insulin on glucose homeostasis have been studied broadly (Barrett, 2003). 

It is found that insulin resistance is related with re-compensatory hyperinsulinemia. Condition of  

mitogenic insulin-signaling pathway is continuously stimulated by hyperinsulinemia. This 

condition may be overcome by the inhibition of metabolic insulin-signaling pathway (Low Wong 

et al, 2004). 

 

The two incretin hormones i.e. gastric inhibitory polypeptide (GIP) and glucagon-like 

peptide-1 (GLP-1) also add the postprandial glucose intolerance which arbitrated the release of 
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insulin from β-cells of pancreas. A defect in glucose-mediated incretin secretion pathway was 

noted in K and L cells (enteroendocrine celss) of experimental diabetic rats (Tammy et al, 2009).  

Level of insulinotropic hormone can be increased in patients with type II diabetes by the 

secretion of GIP-1  (Lim and Brubaker, 2006). 

The influence of visfatin hormone on adipogenesis and glucose metabolism (Fukuhara et 

al 2005) are important as they have a role in diseases of obesity and diabetes. Some clinical 

studies agreed the relationship of visfatin and diabetes type II  (Chen et al 2006), whereas others 

did not find an association (Jian et al 2006).  On the other hand some studies observed no 

association of visfatin with glucose metabolism and insulin sensitivity (Brendt et al 2005; Dogru 

et al 2007), and as a whole there was no proof that the visfatin influence on glucose metabolism. 

In the same year, an experimental study reported mice with deficiency of visfatin presented a 

small alteration in glucose tolerance, which may influence release of insulin secretion (Revollo et 

al 2007), strongly suggests that visfatin is important in controlling the function of β-cell. Visfatin 

shows significant influence on the liver cells through NAD for action of insulin (Skop et al 

2010).  Deficiency and chemical inhibition of visfatin cause a problem in glucose-stimulated 

insulin secretion in beta islets of pancreas both in vivo and in vitro (Tanaka & Nabeshima 2007). 

Maeda et al. (2001) reported that adiponectin gene expression is up-regulated and that 

plasma adiponectin concentrations are increased in obese mice and in insulin-resistant obese 

humans. Adiponectin is known to stimulate fatty acid oxidation, reduce plasma triglycerides, and  

improve metabolism of glucose by enhancing the sensitivity of insulin. Serine/threonine kinase 1 

(AKT) is a main arbitrator that effect incretin on the islet cells of pancreas, enhancing the mass 

and function of β -cell and improving β -cell survival (Widenmair et al, 2009). It is reported that 

disengaging of action of insulin on signals produced by AKT/AST and glucose movement may 

be a problem in transporter GLUT4, which may be an initial step in pathogenesis of type II 

diabetes (Karlsson et al 2006). Function of GLUTs and insulin resistance are also noted. It is 

found that glucose transporter genes (GLUT1, 2 and 4) appearance and their main distribution in 

human muscle are associated with insulin resistance and may present a complete insulin effects 

in body. GLUT4 is the main glucose carrier or transporter and it has an important role in 

controlling the homeostasis of glucose (Huang and Czeck 2007). Levels of GLUT4  influence on 

the disposal of body glucose and shows role of GLUT4 in controlling body glucose homeostasis 

(Wallberg-Henriksson and Zierath, 2001). Additionally insulin resistance with fasting 

hyperinsulinemia was related with reallocation of GLUT4 to the surface of muscle cell (Stuart et 

al, 2001). In the same year a study reported that a genetic defect related to insulin resistance or 

small beta-cell store is related with the individual who are at high risk of diabetes. This may 

include the first degree relative females (Silverstein and Rosenbloom, 2001). Lately it is reported 

that type II diabetic subjects exhibit in general irregular oscillations of basal plasma insulin. 

Furthermore, disturbed pulsatile insulin release is also a common feature in people prone to 

develop diabetes e.g. first-degree relatives of patients with type II diabetes (Schmitz et al, 2002). 
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The  word "heat shock protein" shows that stress of heat greatly increase the synthesis of 

a specific proteins called chaperones. HSPs are plentiful proteins of cells, under normal 

condition they are present at reduced level but marked increase in the presence of different stress 

factors (Benjamin 1998). HSPs basically act as molecular chaperones, correct folding of cellular 

proteins, prevent the aggregation of protein or marking the proteins which are not properly fold 

to degradative pathway. Though the mechanism of HSPs to act as molecular chaperone in not 

well understood, the in vitro research showed HSPs react with hydrophobic part of unfolding 

proteins and inhibiting the aggregation of proteins (Lee et al 1997; Lindner et al 1998). 

HSPs have been classified on the basis of their approximate molecular weight and 

similarity, including HSP100, HSP90, HSP70, HSP60, HSP40 and small HSPs and their actions 

are negotiated in the condition of type II diabetes (Atalay et al 2009). It is reported that like other 

pathological states, diabetes is associated with membrane defects (Patel 2006). The normal state 

and lipid content of cellular membranes slightly disturb the fluidity of membrane and its 

microheterogenecity as these act as membrane sensors to control the response of HSP (Vigh et al 

2007). Decreased HSP synthesis in diabetes may be due to decreased membrane fluidity of cell 

membrane (Atalay et al 2009). 

In type II diabetes, insulin sensitivity is indirectly associated with the concentration of 

free radicals present in plasma (Paolisso et al 1994), and lately a group of workers (Rudich et al 

1998) explained a direct relation between oxidative stress and insulin-mediated glucose uptake. 

Adipocytes, slows oxidative stress by 60% reduction in the translocation of glucose transporter 

GLUT4 to the cell membrane by influencing the affects after the activation of insulin receptor 

substrate-1 and phosphatidylinositol 3-kinase.  The critical function of HSPs in diabetes is that 

they have the property to neutralize destruction of tissue proteins and ease the repair of cells and 

the mechanism of defense (Hooper and Hooper 2005). 

HSPs have major role in many processes carried out in wound healing and its expression 

and this shows their importance in wound healing especially in diabetes (Atalay et al 2009).  

HSPs prevent the translation of proteins through the endoplasmic reticulum, also prevent 

oxidation of proteins and up-regulates the mechanism going on in the cell, this may diminish the 

chronic inflammatory state related with insulin resistance (Okada et al 2004; Hotamisligil 2006). 

In spite of many shielding roles of the HSPs, some of HSPs have been related with increase in 

the progression of diabetes (Atalay et al 2004). Diabetes may modulate HSP25, HSP60, and 

HSP70, HSP 90 and HSP 47 expression/phosphorylation in the glomeruli and in the medulla, 

shows an increased effect on the cytoprotective response of renal cells (Barutta et al 2008; Park 

et al 2008). 

HSP72 have a direct link with the pathogenesis of insulin resistance. Low levels of 

HSP72 are observed in type II diabetic patients (Bruce et al 2003). A study showed that a 

decrease level of HSP72 mRNA in skeletal muscle is related with insulin resistance in patients 
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with type II diabetes (Kurucz et al 2002). Nevertheless, HSP72 mRNA levels did not related 

with fasting blood glucose or insulin, suggesting that an alteration in HSP mRNA is not a result 

of increase level of blood glucose or insulin. It was stated that skeletal muscle HSP72 mRNA 

levels firmly associated with glucose removal rate and oxidative ability of tissues (Bruce et al 

2003). 

The diabetic condition results in slow expression of protein of HSP72, in spite the up-

regulation of mRNA in the epithelial and inflammatory cells during the process of wound 

healing (Hawkins and Abrahames 2005). Isoform HSP70 levels in the wound of diabetic mice is 

enhanced after a while, showing that the poor healing of wound may result in a strong induction 

of HSP as compared to normal wound healing. In diabetic rats, in the period of wound healing, 

the concentration of HSP72 and HSP73 were approximately 60% less than in normal control rats 

(Bitar et al 1999). 

Diabetes mellitus is the most common chronic disease related with metal ions. Clinical 

studies hypothesized a possible association between the decrease level of magnesium and 

number of diabetic complications, including cardiovascular disease and retinopathy (Garland 

1992; deValk 1999). Regulation of intracellular calcium may show a possible mean to protect 

apoptosis of β-cell in diabetes (Jiang et al 2010). Nutrient calcium-causes increase in the level of 

free Ca
+2

 of cell, this may trigger the release of insulin from beta cells. These Ca
+2 

alterations are 

for the time being controlled tightly, responsible of Ca
+2

 influx-dependent baseline oscillations. 

Experimentally it is proved that a small domain of Ca
+2

 is under the cell membrane may be 

necessary in the control of secretion of insulin. This may possibly add an independent effect of 

glucose to ATP-sensitive K
+ 

channel of the membrane( Miki et al 2002). 

Heat-shock proteins (HSPs) are produced not only due to heat shock, but also by other 

stress stimuli, like the stress of oxidative free radicals and of metal ions (Gething and Sambrook 

1992). Fast calcium mobilization causes a fast introduction of HSP70. It is suggested that 

different mode of calcium signaling may be responsible for different introduction of HSP (Chang 

et al 2006). Hypophosphatemia is a common complication of DKA treatment (de Olivera et al 

2009). Phosphorus deficient diet results an organ specific introduction of HSP70 (Sukumaran et 

al 2008). 

Low intracellular HSPs in insulin sensitive tissues like skeletal muscle and liver may be 

the near sentinel event in the development of Type II DM. Low muscle intracellular HSP 

precedes abnormal metabolic function (Chichester et al., 2015). The heat shock response (HSR) 

is an evolutionarily conserved mechanism that cells and organisms utilize to protect themselves 

from the damaging effects of stress. Induction of HSR involves a complex multi-step process in 

which heat shock factor-1 (HSF-1), the key modulator of HSR, is activated, leading to the 

induction of a variety of heat shock genes. There is evidence that the HSR is defective in 

diabetes, which makes the tissues vulnerable to stress-induced pathological changes. Consistent 

with this observation, induction of HSR by either non-pharmacological methods such as 
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hyperthermia or by pharmacological inducers has beneficial effects in managing insulin 

resistance and hyperglycemia, as well as secondary complications of diabetes, such as 

cardiovascular disease, nephropathy, neuropathy, and retinopathy as well as wound healing. 

A relationship of HSP60 with obesity is also reported. Study observed that HSP60 is 

released by human adipocytes, increased in blood of obese subjects, and induces insulin 

resistance. This is accompanied by activation of pro-inflammatory signaling in human adipocytes 

and skeletal muscles (Marker et al 2012).  

 Heat stress not only increases the different heat shock proteins like HSP27, HSP 70 

and HSP90 but also increase the level of serum adiponectin. It is also observed that the 

increase of adiponectin along with AMP-activated protein kinase is used to maintain 

homeostasis in heat-stressed condition (Min et al 2015). 

Justification of study: 

The increasing occurrence of Type II diabetes mellitus is a main public health issue. 

Asymptomatic people with family history of diabetes need a thorough screening. Based on 

methodically gathered proof diabetic organizations advised the screening of individual who has 

either family history of diabetes or people who are overweight. Discovery of altered glucose 

metabolism in its pre-diabetic stage may delay the development of disease. Family history is a 

main factor of screening. Nowadays there is no recommended screening plan for diabetes among 

first and second degree relatives of diabetes.  

Present study was designed to find out the role of heat shock proteins, hormone and metal 

ions in developing hyperglycemia/diabetes in first degree relatives of diabetics. Study also tried 

to find out the relationship of heat shock proteins, insulin, insulin resistance, hormones, 

cytokines and metal ions. Link of heat shock proteins with risk of diabetes is not studied as yet. 

An early discovery of disease is aimed to reduce the load of the disease and factors increasing 

the risk of disease in the first/second degree relatives of diabetics. It is widely accepted that 

single biomarker is least likely to deliver the significant incremental increase in sensitivity and 

specificity needed for proper screening and classification tests required for the implementation of 

personalized medicine. New approaches based upon the measurement of multiple biomarkers of 

disease risk afford opportunity to increase diagnostic test sensitivity and specificity.  
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CHAPTER 3: 

Aims and Objectives: 

 

 

 

 

 

 

 

 

 

 

 

 

 

Link of heat shock proteins in increasing the risk of hyperglycemia/diabetes in relatives 

of diabetics is interesting and potentially important. Based on the possible role of insulin 
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resistance and endocrine variables in the pathogenesis of diabetes, this study has been planned 

according to the following objectives:- 

1. To test the hypothesis whether fasting blood glucose, glucose tolerance test, insulin levels and 

HbA1c are associated with increased risk of diabetes in relatives of diabetics. 

2. To correlate alteration in heat shock proteins, with serum insulin and insulin resistance. 

3. To correlate alteration in heat shock proteins and metal ions with serum insulin and insulin 

resistance. 

4. Correlate alteration in heat shock proteins and metal ions with serum adiponectin, visfatin, 

elastase and insulin resistance. 

5. To provide information in the light of the results of this study for planning a better approach 

for the prevention of developing diabetes. 

6. As compared to other countries, results of this local study may be more applicable because of 

difference in lifestyle and environment. 
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CHAPTER 4: 
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Selection of Patients: 
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This study included 200 first/second degree relatives of diabetes. Subjects were taken 

from relatives of medical, paramedical and menial staff of Fatima Jinnah Medical College 

Lahore Pakistan. Subjects were also taken from the relatives of diabetic patients admitted or 

visited medical departments of Sir Ganga Ram Hospital Lahore Pakistan. 

Seventy normal controls (no history of blood sugar or any other disease) with matched sex, age 

and socioeconomic status were also included in this study. Both control and diabetic related 

subjects were in an age range of 14-50 years. 

Inclusion criteria: Age range 14 -50 years, positive family history of diabetes. 

Exclusion criteria: Age range > 50 and <14 years. Diabetic and hypertensive, subjects without 

family history of diabetes, postmenopausal women, pregnant women and those who were taking 

corticosteroids or oral contraceptives were excluded from the study. Subjects with any other 

disease that may effect on their glycemic status were also excluded from the study. 

Duration of study was from 2008-2017. Place of study was Clinical Laboratory of Fatima 

Jinnah Medical College, Lahore Pakistan & Pathology Lab Gujranwala Medical College, 

Gujranwala. The study procedure was approved by Ethical Committee /Institutional Review 

Board of Fatima Jinnah Medical College, Lahore Pakistan. All participants were interviewed for 

general demographic characteristics and current use of medications. A proforma based on 

demographic characteristics, history and clinical examination of patients was filled. Informed 

consent was taken from all subjects. 

Study Procedure: 

Study was divided into 2 units i.e. primary and secondary. In primary unit of study we 

divided the subjects in groups based on age. Laboratory tests like oral glucose tolerance test, 

fasting plasma glucose and HbA1c were performed and decided that which age group was 

suitable for further study or secondary study i.e. to find out the biochemical parameters that their 

impairment increase the risk of diabetes. 

Parameters may include insulin level, insulin resistance, level of adiponectin, visfatin, elastase, 

metal ions and heat shock proteins. The relationship of these parameters was also studied. 

Primary study: 

In primary study on the basis of age, 150 individuals were taken as subjects with family 

history of diabetes. They were divided into 3 groups according to age i.e. group A with age range 

14-25 year included 50, group B with age range 26-35 included 50 and group C with age range 

36-50 year included 50. 30 age matched subjects with no history of any disease were taken as 

controls. Their Body mass index (BMI) was calculated using formula. Blood sample was 

collected from all participants. 
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Basic parameters for detection of diabetes like fasting blood glucose, glucose tolerance test 

(OGTT), level of glycated hemoglobin and insulin were performed. 

Secondary study: 

Secondary study was mainly carried out on hundred first degree relatives of type II 

diabetic subjects with age range 26-35 years. 50 Subjects with no history of type II diabetes, 

matched for sex, age, BMI were taken as controls. Plasma HSPs like, HSP 70 and HSP60 were 

the main outcome measurements. Level of insulin, adiponectin, visfatin and elastase was 

measured. Homeostasis model assessment (HOMA) index was calculated as a marker of insulin 

resistance. Metal ions like calcium, magnesium and phosphorous were also estimated. 

Collection of blood sample: 

5.0 ml of blood was drawn from the overnight 12hr fasted subjects and controls by 

disposable plastic syringe. About 1.5ml blood was transferred into tubes containing 3mg sodium 

fluoride and 1mg EDTA and glucose estimation was done on the same day. The remaining 3.5ml 

blood was transferred into dry centrifuge tubes and allowed to clot, centrifuged and serum was 

stored at -20
0
c in two aliquots. All the samples were analyzed simultaneously to avoid effect of 

alternate freezing and thawing. 

Anthropometric and Laboratory Measurements: 

Contributors should have an overnight fasting. They were asked to regularly use their 

routine diet. Additionally, participants were not allowed to smoke or use bicycle. Blood pressure 

was recorded three times on the right arm after a 10-min rest period, using an automated 

apparatus (multi-parameter patient monitor, Life window LW6000; Digicare Biomedical 

Technology, West Palm Beach, FL).Participants who had not been following these tutorials were 

asked to reschedule the visit. A written informed consent was obtained from each patient. All 

Participants go through 75 g oral glucose tolerance test after 10-12 hours of overnight fasting. 

Venous sampling was done after 0, 30, 60 and 120 minutes of glucose intake and estimated 

within one hour. The American Diabetes Association (ADA) criteria were used for determining 

the criteria of diabetes (American Diabetic Association 2009).  

According to the criteria, Fasting plasma glucose (FPG) is between 100-125 mg/dl and 2 hour 

plasma glucose after glucose load <140 mg/dl. Isolated IGT was defined as FPG > 100 mg/dl 

and 2hour plasma glucose was in between 140- 199 mg/dl. 

 

 

Biochemical parameters Investigated: 
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‣Serum heat shock protein HSP60 and HSP70 levels were estimated by ELISA. 

‣Endocrine /cytokine variables like adiponectin, visfatin and elastase were also measured by 

12% polyacrylamide gel electrophoresis (Laemmli 1970). 

‣Plasma glucose was estimated by GOD-PAP method. 

‣ HbA1C by ion-exchange chromatography methods (Little and Robert 2009) 

‣ Serum insulin level was estimated by ELISA technique. 

‣ Metal ions calcium, magnesium and phosphorous were estimated by standard kit of Merck.  

‣Body mass index (BMI) was calculated by formula i.e. weight in kilograms divided by the 

square of height in meters (Emerson et al 2009). • 

‣Homeostasis model assessment (HOMA) index was calculated using formula i.e. product of 

glucose (mmol/l) and insulin [(μUI /l)/22.5] (Pelikánová et al 1994). 

 

 

 

 

 

 

 

 

 

 

 

 

 

4.1 Estimation of Glucose: 
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The estimation of plasma glucose was done by GOD-PAP colorimetric method. The 

Randox glucose kit was used (cat No. GL 364). 

Principle: 

The glucose is determined using the glucose oxidase which is responsible for oxidation of 

glucose. This results in the formation of hydrogen peroxide which reacts with phenol and 4- 

aminophenazone in the presence of peroxidase to form a red violet quinoneimine dye. 

Reaction Principle: 

     Glucose oxidase 

Glucose +O2 + H2O  ------------------------->    Gluconic acid + H2O2 

                                                                                   

Peroxidase 

H2O2 + 4-aminohpenazone + phenol ------------------------>   Quinoneimine + 4H2O 

Sample: 

Fluoride EDTA plasma. 

Regent 

1. Buffer 

Phosphate buffer (pH 7.0)    0.1 mol/L 

Phenol       11 mol/L 

2. GOD-PAP reagent 

4-aminohenazone      0.77 mol/L 

Glycose oxidase      > 1.5 KU/L 

Peroxides      >1.5 KU/L     

                                                                                                                                                                               

3. Working Glucose standard  100 mg/dl (5.5mmol/L) 

Reagent preparation: 
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Reconstitute the contents of one vial of reagent 2 with a portion of buffer 1 and then transfer 

entire contents to bottle 1, rinsing bottle 2 several times. The working reagent is stable for 4 

weeks at 2
o
C to 8

o
C or 5 days at 15

o
C to 25

o
C. 

Procedure: 

In test tube, 20µ1 plasma / standard glucose was mixed with 2000µ1 of reagent and incubated 

for 10 minutes at 37
o
c. The absorbance of sample / standard was measured against the reagent 

blank within 60 minutes at 500 nm in spectrophotometer. 

Calculation: 

    Absorbance of Sample 

Blood Glucose concentration (mg/dl)=  ----------------------------  x  Concentration of standard 

               Absorbance of standard 

Linearity: 

The test is linear up to a glucose concentration of 400mg / dl. Samples above this concentration 

should be diluted 1+2 with distilled water and the result multiplied by 3. 

 

 

 

 

 

 

 

 

 

 

 

4.2 Glucose tolerance test: 
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Glucose tolerance test; Fasting plasma glucose (FPG) alone is not a predictor of altered 

fasting glucose (IFG). On the other hand, 2-h plasma glucose (PG) is also a poor predictor of 

altered plasma glucose (IGT). Both tests are good indicator of hyperglycemia and altered 

metabolism of glucose. Altered glucose regulation (IGR) indicate the altered fasting glucose 

(IFR) and Impaired glucose (IGT) in subjects and termed as pre-diabetic state. 

The oral glucose tolerance test (OGTT) indicate the benefits of estimating FPG and 2-h PG at 

once. Test is used to study the metabolism of glucose in the finding of diabetes mellitus. The test 

should be done after the patient has been on a regular mixed diet for several days in order to 

obtain a true response to the test. 

Linearity: The test is linear up to a glucose concentration of 400mg /dl. Samples greater than this 

concentration should be diluted 1:2 with distilled water and the result is multiplied by 3. 

Factors affecting the tests: 

Diet: A diet containing 150 to 200 gm, 49% carbohydrate of diet is used for three days. 

Exercise: If possible patients should be in total resting condition. 

Drugs: Usually oral contraceptives and other hormones as well as large doses of salicylates and 

the thiazide diuretics affect the test. 

Pregnancy (last trimester) and endocrine disorders may also affect the test. 

Test procedure, Collection and Analysis:  

An anticoagulant sodium fluoride (2 mg) and EDTA (1mg) should be added in collecting 

tube. Capillary blood is usually taken from fingertip using sterilized lancet. 

Venous blood drawn from arm, the subject should have been fasting for at least eight 

hours and not more than 12 hours before the analysis. Glucose dosage: 50-75 gram glucose is 

recommended in about 250 ml water.  

Procedure: A fasting blood sample is taken and the patient is orally given the glucose solution. 

Timing is noted and  blood samples were taken at intervals of 30, 60, 120 and 180 min. It is 

useful to obtain urine specimens (for urine sugar) with each blood specimen. 

Interpretation of test results: Normal glucose level is between 70-110 mg/dl. Peak concentration 

is reached between 30 and 60min and should not be exceed the renal threshold 160mg/dl. No 

glucose should be excreted in the urine. By about 2 hours the blood level tends to drop slightly 

below fasting levels. 
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Fig4.1: A (Oral glucose tolerance curve after glucose load) 

B(Oral glucsoe tolerance test and level of insulin) 

NGT= Normal glucose tolerance curve 

IGR= Imparicued glucose response curve 

Diabetes= glucose tolerance curve confirm the diabetes 
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4.3 Estimation of Insulin [IMMUNOTECH insulin IRMA kits (Cat 3210)]. 

Principle: 

Based on competitive protein binding technique, which uses radiolabelled hormone as the 

tagged hormone and antisera prepared against the insulin hormone at a binding site. 

Concentration of unlabelled hormone in the patient‘s serum is indirectly determined by the 

measurement of the amount of labeled hormone with the help of ELISA Reader (Bio 547). 

Fasting serum insulin concentration at 1 hour and 2 hour after use of 75 gram glucose intake 

were measured. 

Procedure: 

In the present method monoclonal antibodies apply for 2 epitopes of human insulin were used. 

The samples and standards were both incubated in test tubes coated with the first monoclonal 

antibody and second monoclonal antibody which was I
125

 labeled. After the incubation, the 

content of the tubes were aspirated by the aerosol and test tubes were washed to remove unbound 

labeled antibody. The bound labeled antibody was estimated using ElISA Reader. The level of 

insulin is directly proportional to the radioactivity with iodine. 

Standard curve was drawn between the estimated radioactivity and the levels of standard. The 

insulin level was found from the curve. 

Reagents: 

1. Anti-Insulin Monoclonal Antibody Coated Tubes. 

2. Monoclonal I
125

 Labeled Anti-Insulin Antibody. The vial contained less than 640 KBq of I
125

 

labeled immunoglobulin in buffer with bovine serum albumin, sodium azide and dye. 

3. Standards: The vial contained concentration of insulin for construction of a standard curve 

covering 0-300 µIU/ml range. The standards supplied were calibrated against the international 

standard, WHO 66/304 (1 µIU/ml= 43.3 µg/L = 7.46 pmol/L). These buffer standards contained 

bovine serum albumin and preservatives. 

4. Control samples: 2 vials lyophilized with concentration values as CSI= 7.5-11.3 µIU/ml and 

CS11 = 54-82 µIU/ml. 

5. Washing solution: 50 ml solution to be diluted before in 950 ml distilled water.  

 

Preparation of Reagents: Before starting the assay all the reagent were allowed to attain room 

temperature.  
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Reconstitution of Control Samples: The content of the vials were reconstituted with 1.0 ml 

distilled water. Vials were mixed gently without foaming and kept at 2-8ºC. Repeated freezing 

and thawing were avoided. 

Preparation of the Wash Solution: Concentrated wash solution in the vial was poured into 950 ml 

of redistilled water and homogenized and kept at 2-8 ºC. 

Procedure: 

Assay tubes were labeled and arranged in rack in duplicates. 50 µl of standard, control or 

sample were added to the coated tubes followed by the 100 µl of tracer to the bottom of the 

tubes. The tubes were shaken gently on vortex mixer. 

Two tubes containing 100 µl of trace only were prepared for determination of the total activity 

(T). The tubes were allowed to incubate for 120 min at 18-25 ºC using centrifuge machine (250-

350 rpm). Then the content of the tubes were carefully aspirated expect two tubes (T). The tubes 

were washed with 2 ml of wash solution with the exception of these two tubes for total activity 

(T) measurement, and aspirated the solution immediately. This step was repeated to ensure that 

no trace of the dye remain. Radioactivity of all the tubes was determined for 2 minutes in Auto 

analyzer. 

Calculation of results: 

Were obtained from plotting of the dependence of counted impulses (vertical axis) on the insulin 

concentration (Horizontal axis) in µIU/ml. 

Manual procedure for the calculation of insulin levels in samples, standard and controls is as 

follows; 

1. Reading was noted for two minutes using Autoanalyzerr of the total activity, standard and 

samples. 

2. B/T% value for standard and samples were calculated from the mean standard count/mean 

sample count and the total activity. Formula used is: B/T% = Standard mean count X 100 Total 

activity mean value 

3. The insulin levels of different standards A, B, C, D, E and F were 0, 3,10, 30, 100, 300 µIU/ml 

respectively 

4. A curve was drawn from B/T% values of the different calculated standards and the 

concentration of insulin in different standard (Fig). 
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Fig4.2: Standard curve of insulin. 
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4.4 Endocrine variables by SDS-PAGE (PolyAcrylamide Gel Electrophoresis): 

SDS-PAGE was carried out using the method of Laemmli (1970) with 5 % stacking gel and 12 

% resolving gel using a vertical electrophoresis system (Bio-Rad). 

Principle: 

It is based on primary structure of protein. Due to negative charge all proteins will move towards 

the positive pole in an electric field . 

Gel preparation: 

Prepared 12 % resolving gel by mixing 3.2 ml of  30 % acrylamide-bis acrylamide solution (29.2 

g acrylamide, 0.8 g bisacrylamide/100 ml), 3 ml distilled water, 2.5 ml of 2 M Tris- Cl (pH 8. 0), 

100 µl of 10 % SDS, 150 µl of freshly prepared 10 % ammonium per sulphate (APS) and 6 µl of 

tetramethyl ethylene diamine (TEMED), in a beaker. Swirled gently and then polymerized 

between the two plates of Bio-Rad mini gel vertical electrophoresis system, leaving 0.5 inch 

empty at the top. 

After polymerization, prepared 5 % stacking gel by adding 0.47 ml of acrylamide-bis- 

acrylamide solution, 45 ml distilled water, 175 µl Tris- Cl (pH 6.8), 30 µl of 10 % SDS, 30 µl 

newly prepared APS, 4 µl of TEMED and poured at the top of the gel assembly. Inserted comb 

on to the gel to form wells for sample loading. 

Sample Preparation Procedure: 

After gel polymerization, samples were mixed with equal volume of 2x SDS loading 

dye[100 mM Tris-Cl (pH 6.8), 200 mM DTT (dithiothrietol), 4% (w/v) SDS, 20% (v/v) glycerol 

and 0.2% (w/v) bromophenol blue) and denatured at 85 °C for 5-10 minutes. Samples were spin 

shortly and loaded on a 12 % SDS gel. 

The electrophoresis apparatus was connected to an electric power supply and a voltage of 100 V 

was used to concentrate the sample in the staking gel for 30 minutes or till the sample entered in 

resolving gel. The voltage was increased from 130 to 150 V. Electric power was off when the 

bromophenol dye arrived at the end of the resolving gel. 

After electrophoresis, Coomassie brilliant blue R-250 was used to stain the gel. Prepared by 

adding 50 mg dye in methanol: acetic acid: H2O (45: 9: 45) and distained with a mixture of 5 % 

methanol and 7 % acetic acid in water. The molecular mass of proteins was determined by 

comparison of its electrophoretic mobility with those of unstained protein ladder from Fermentas 

(PageRulerTM Unstained Protein Ladder #SM0661) and Invitrogen (BenchMarkTM Cat. No. 

10747-012). 
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4.5 Glycated hemoglobin HbA1c (fast ion exchange separation method) (Little 

and Robert 2009) 

Principle: 

Formation of glycohemoglobin occurs irreversibily and progressively in the erythrocytes 

throughout the normal cell with 120 days life span. Since the concentration of glycohemoglobin 

in the erythrocytes reflects the average blood glucose level of past 4-6 weeks and is stable for the 

life of erythrocytes, the measurement of glycohemoglobin provides a very valuable test for 

assessing the long term control of diabetic patients. 

Reagents: 

1. Ion exchange resin in buffer pH 30 mmol/l Borate 0.15 mol/l 

2. Lysing reagent Buffered to pH 7.0 Sodium nitrite 10 mmol/l Detergent 0.25% Borate 1.0 mol/l 

3. Standard 1.0 ml (freeze dried hemoglobin) 

4. Resins separators 

5. Blood specimen: whole blood with EDTA was used. 

Procedure: 

A) Hemolysate preparation: 

100 µl of blood was added in tubes containing lysing reagents. These tubes were labeled 

as test, standard and control. Allow to stand for five minutes. 

B) Glycohemoglobin separation: 

Contents of ion exchange resin tubes were mixed well to obtain a homogenous resin 

suspension.100 µl of hemolysate was added from step A. Remaining hemolysate was used for 

total hemoglobin determination. 

Resin separator was inserted into each tube so that the rubber sleeve was roughly 1.0 cm above 

the liquid level of the resin suspension. Test tubes were mixed for 5.0 minutes. Resin was firmly 

packed with the help of separator. Each supernatant was poured directly into the cuvette for 

absorbance measurement. Absorbance was read at 415nm. 

C) Total hemoglobin concentration: 20µl of hemolysate from step A was added into the 

labeled tube. Dispense 5.0 ml distilled water into each tube and mixed thoroughly. Absorbance is 

read against water at 415nm. 
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Calculation: 

Determination of factor ‗F‘ by the use of standard: F = A total Hb standard X % HbA1c standard 

A HbA1c standard. 

Glycohemoglobin content of the sample: % HbA1c sample = A HbA1c sample X F A total Hb 

sample. 
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4.6 Determination of serum calcium by O-Cresolphthalien complexone 

method: 

Principle: 

Calcium reacts with cresolphthalein complexone (Cpx) at pH 11.0, yielding a magenta colored 

addition complex read calorimetrically. 

Reagents Preparation: 

Reagent 1: Mix 40 mg O-cresolphthalein complexone in 1 ml of 0.75N sodium hydroxide. 

Reagent 2: Calcium buffer:- Add 8.3g potassium hydroxide and 0.05g potassium cyanide in 100 

ml distilled water. Keep it in refrigerator. 

Procedure:- 

Solutions            Test               Standard 

Buffer                  3.5 ml           3.5 ml 

Serum                  20 ul               - 

Standard                -                  20 ul 

C.P.C reagent        10 ul            10 ul 

Mix and read the absorbance at 570 nm after 5 min against distilled water. 

Calculation: 

Absorbance of sample 

Serum calcium (mg/dl) = ……………………………    X Concentration of standard 

Absorbance of Standard 
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4.7 Determination of serum inorganic phosphorus by Deproteinization 

method 

Principle: 

The inorganic phosphate present in the body reacts with ammonium molybadate to form 

phosphomolybdate. This compound is then converted by reducing agent, to the colloidal 

molybdenum blue, which is then determined photometrically. 

Reagent:- 1- Acid molybdate:- very slowly and carefully, add 200 ml distilled water to 100 ml 

concentrated sulphuric acid. Add 11.0g ammonium molybdate and shake to dissolve. Add 600 

ml TCA 10% and dilute to a liter with distilled water. 

Reagent 2- Reducing reagent:- Dissolve 500 mg p-phenylenediamine and 5.0g sodium bisulphite 

in distilled water to make 100 ml. 

Procedure:- In a centrifuge tube 

Solutions                            Test   Standard  Blank 

Serum                              0.2 ml               -                    - 

Standard                          0.2 ml               -                    - 

Distilled water                    -                    -                 0.2 ml 

Acid Molybdate              1.8 ml             1.8 ml          1.8 ml 

Keep for 5 min and then centrifuge for 5 min 

In a test tube 

Supernatant                    1.0 ml             1.0 ml          1.0 ml 

Reducing reagent           4.0 ml             4.0 ml          4.0 ml 

Mix and keep for 20 min and then read the absorbance at 700 nm against blank 

Calculations: 

      Absorbance of Sample 

Serum inorganic phosphorous (mg/dl) = ………………………  X Concentration of standard 

    Absorbance of Standard 
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4.8 Determination of serum magnesium Colorimetric method (Xylidyl blue) 

Principle: 

Magnesium ion reacts with xylidyl blue in an alkaline condition which form a water 

soluble purple-red chelate, the colour intensity of which is directly proportional to the  level of 

magnesium in the sample. Calcium is removed from the reaction by making its complex with 

EDTA. 

Reagent composition: 

1. Colour reagent 

Xylidyl blue                                                 0.1 mmol/l 

Tris buffer                                                   0.2 mmol/l 

Potassium Carbonate                                   77 mmol/l 

EDTA                                                        0.04 mmol/l 

2. Standard                                                 1.0 mmol/l (2.43 mg/dl) 

Procedure: 

Reagents                    Reagent Blank         Standard         Sample 

 

Sample                                    -                       -                    20 ul 

Mix well and incubate for 5 min at room temperature (20-25
0
c), read against the reagent 

blank at 520 nm using auto analyzer. 

Calculations: 

     Absorbance of sample 

Serum inorganic phosphorous (mg/dl) = ……………………     X Concentration of standard 

    Absorbance of Standard 

 

Colour reagent                    2.0 ml              2.0 ml             2.0 ml 

Distilled water                      20 ul                   -                    - 

Standard                                  -                     20 ul               - 
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4.9 Determination of Heat shock protein 60 (HSP-60) ELISA kit 

 

Principle: 

It was based on interaction of HSP-60 antibody with labeled HRP to form antibody-antigen-

enzyme-antibody complex, after proper washing, TMB substrate solution was added, which 

becomes blue in color. Reaction is terminated by the addition of a stop solution and the color 

change was estimated at a wavelength of 450 nm. The concentration of HSP-60 in the samples is 

then estimated by comparing the O.D. of the samples to the standard curve. 

Composition of the kit:  

Standard: 540 ng/L  

Standard Diluent 

HRP-Conjugate Reagent 

Chromogen Solution A 

Chromogen Solution B 

Stop solution 

Wash solution  

Assay Procedure: 

Step 1: Standard Preparation: All the reagents should be at room temperature 

Dilution of the standard: 50µl standard dilution was added in each tube. In next step 100µl 

standard (540ng/L) was added in the first tube. And take out 100µl from the first tube into the 

second. Pipette out 50µl from the second tube to the third tube and produce dilution series as 

below. 

Each concentration was repeated to get the mean value of each well. 

Tube 0 1 2 3 4 5 

ng/L 540 360 240 120 60 30 

 

Pipette standard 50µl to testing standard well. 

Step 2: Preparation of sample: Blank wells were set separately. 40µl sample dilution was added 

to testing sample well, then 10µl testing sample was added and mix gently 
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Step 3: Incubation: Cover the wells with the adhesive strip, liquid was removed, washing buffer 

was added to every well, for 30s then sap, repeat 5 times. 

Step 6: Addition of enzyme: HRP-Conjugate reagent 50µl was added to each well, not in blank 

well. 

Step 7: Incubation 

Step 8: Washing. 

Step 9: Color development:  50µl Chromogen solution ‗A‘ 50µlof chromogen solution ‗B‘ was 

added to each well, for 15 min at 37ºC 

Step 10: Stoppage of the reaction: 50µl stop solution was added to each well results in change of 

color from blue to yellow) 

Step 11: Estimation was carried out at the absorbance of 450nm against blank.  

Assay Result: 

Standard curve was drawn and with the help of curve the concentration of each sample was 

calculated and multiplied by the dilution factor. 

 

Standard Concentration 

ng/ml 

Absorbance (A) 

S1 30.000 0.477 

S2 60.000 0.567 

S3 120.000 0.711 

S4 240.000 1.009 

S5 300.000 1.140 

S6 540.000 1.557 

 

 

Fig : Standard curve of HSP60 
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5.0 Determination of Heat shock protein 70 (HSP-70) ELISA kit 

 

 

Principle: 

It was based on interaction of HSP-70 antibody with labeled HRP to form antibody-antigen-

enzyme-antibody complex, after proper washing, TMB substrate solution was added, which  

becomes blue in color. Reaction is terminated by the addition of a stop solution and the color 

change was estimated at a wavelength of 450 nm. The concentration of HSP-70 in the samples is 

then estimated by comparing the O.D. of the samples to the standard curve. 

Composition of the kit:  

Standard: 540 ng/L  

Standard Diluent 

HRP-Conjugate Reagent 

Chromogen Solution A 

Chromogen Solution B 

Stop solution 

Wash solution  

Assay Procedure: 

Step 1: Standard Preparation: All the reagents should be at room temperature 

Dilution of the standard: 50µl standard dilution was added in each tube. In next step 100µl 

standard (540ng/L) was added in the first tube. And take out 100µl from the first tube into the 

second. Pipette out 50µl from the second tube to the third tube and produce dilution series as 

below. 

Each concentration was repeated to get the mean value of each well. 

Tube 0 1 2 3 4 5 

ng/L 540 360 240 120 60 30 

 

Pipette standard 50µl to testing standard well. 

Step 2: Preparation of sample: Blank wells were set separately. 40µl sample dilution was added 

to testing sample well, then 10µl testing sample was added and mix gently 

Step 3: Incubation: Cover the wells with the adhesive strip, liquid was removed, washing buffer 

was added to every well, for 30s then sap, repeat 5 times. 
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Step 6: Addition of enzyme: HRP-Conjugate reagent 50µl was added to each well, not in blank 

well. 

Step 7: Incubation 

Step 8: Washing. 

Step 9: Color development:  50µl Chromogen solution ‗A‘ 50µlof chromogen solution ‗B‘ was 

added to each well, for 15 min at 37ºC 

Step 10: Stoppage of the reaction: 50µl stop solution was added to each well results in change of 

color from blue to yellow) 

Step 11: Estimation was carried out at the absorbance of 450nm against blank.  

Assay Result: 

Standard curve was drawn and with the help of curve the concentration of each sample was 

calculated and multiplied by the dilution factor. 

 

Standard Concentration 

ng/ml 

Absorbance (A) 

S1 25.000 0.448 

S2 50.000 0.562 

S3 100.000 0.631 

S4 200.000 0.858 

S5 300.000 0.972 

S6 450.000 1.285 

Table : Standard curve for HSP70 

 

 

Fig : Graphical representation 
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STATISTICAL ANALYSIS (Bland, 1987) 

Statistical analysis of that data was carried out using SPSS 20 for windows. Data was 

shown as mean and standard deviation (SD). Independent t student test was used for the 

comparison of quantitative variables (age, BMI, blood glucose, HbA1C, insulin, heat shock 

proteins and metal ions), between FDR subjects and their controls. P values < 0.05 were assumed 

as statistically significant. 

For the statistical analysis of the result the following terms and formula were used: - 

 

Arithmetic Mean (X) 

It is the arithmetic average of all the individual values and is calculated by the following 

formula: - 

X = ∑/n 

Where 

∑X = Sum of all the values 

n = number of values 

Standard Deviation (SD) 

It is an expression of spread of variability of means of all observations. It is calculated by 

following formula: 

∑X
2 

 - (∑X)
2 

/2 

SD = …………………………….. 

n-1 

 

∑X
2 

= Sum of squares of all observations 

∑X = Sum of all observations 

N = number of observations 
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Standard Error of Mean (SEM) 

It is the standard deviation of the distribution of mean values. It is calculated by the formula: 

 

  SD 

SEM = ………………………… 

  N 

 

Where 

SD = Standard deviation 

N = square root of number of values (n) 

Student “t” test 

It is simple statistical test which compares the two means, calculated by following formula: - 

X1 – X2 

t =___________________ 

(SD1)
2 

 + (SD2)
2 

n1                 n2 

Where 

X1 = Mean of 1
st
 group 

X2 = Mean of 2
nd

 group 

SD1 = Standard deviation of 1
st
 group 

SD2 = Standard deviation of 2
nd

 group 

n1 = Number of values of 1
st
 group 

n2 = Number of values of 2
nd

 group 
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Degree of Freedom (df) 

Before consulting the table of ―t‖ distribution, we require degree of freedom which is calculated 

with the formula: 

Df = n
1
 + n

2
 – 2 

Probability (P) 

The ‗P‘ value ascertains the significance between two means. If DF and ―t‖ value are known then 

―P‖ value can be found from the table. 

P <0.01 = significant 

P <0.001 = highly significant. 

Correlation Coefficient: 

It is a measure of degree of association found between two characteristics in a series of 

observations. It can be calculated by the formula. 

 

Where, 

X = Mean of observation of one characteristics. 

Y= Mean of observation of other characteristics 

P <0.01 = significant 

P <0.001 = highly significant. 
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RESULTS: 

Table 5.1: Demographic characteristics of first degree relatives 

 

Characteristics First degree relatives 

(200) 

Age (year) 32.79±8.73 

BMI (Kg / m
2
) 25.73±3.90 

Blood pressure  

(mmHg) 

130.67±17.91/73.33±8.16 

First degree 

relatives 

Father in 74 cases. 

Mother in 90 cases 

Brothers and Sisters 16 

Children 20 

Socioeconomic 

status 

120 middle class 

80 lower middle class 

Sedentary life style 

Active life style 

60% 

40% 

 

Description of Table 5.1: Demographic characteristic of first degree relatives (FDR) was noted. 

It was noticed that the mean age of FDR was 32.79 years with a mean BMI 25.73 and mean 

blood pressure was 130.67/73.33 mmHg. In case of FDR mother the cases were 90, and 74 cases 

the FDR was father, 16 cases are brothers and sisters, while 20 cases are children. 

Socioeconomic status was also noted. It was observed that 120 subjects belong to middle class 

and 80 are from lower middle class. Sedentary life style (no walk or exercise) was noted in 60% 

subjects. An active life style was observed in 40% study subjects. 
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Table 5.2: Blood glycosylated hemoglobin and serum insulin in relation to oral glucose 

tolerance test in the first degree relatives age range 14-25 year of type II diabetics (Group 

A) and comparison with their controls. 

Values are expressed as mean ± SD 

Parameters Subjects             

Group A(n=50) 

Controls(n=10) 

Age (years) 19.00±2.24 21.4±4.77 

BMI (Kg/m
2
) 30.48+5.34** 23.20+1.30 

Blood HbA1c (%) 4.91±1.5 4.0±0.7 

Serum insulin(µIU/ml) 25.45±23.59** 6.5±2.1 

Fasting blood 

glucose(mg/dL) 

112.40±18.12** 

 

70.0±10.0 

1/2 hr  blood glucose(mg/dL) 143.80±7.36** 100.0±28.28 

1hr blood glucose(mg/dL) 123.0±15.95 107.0±14.83 

1&1/2 hr blood 

glucose(mg/dL) 

109.0±16.73 

 

104.0±29.56 

2 hr blood glucose(mg/dL) 100.80±14.60 89.0±15.97 

** Legend:* P<0.05 = Significant difference, P<0.001= Highly significant difference 

Descriptions of Table 5.2: 

Glucose tolerance test in FDR age ranged 14-25 years of diabetics (group A) as compared to 

their controls was tabulated (Table 4). It was observed that the BMI of first degree relatives of 

male was significantly higher (P<0. 001) as compared to controls. Level of fasting sugar and 

sugar after ½ hour is significantly greater (P<0.001) as compared to controls. On the other side 

level of blood glucose after 1hr, 1hr 30min and 2hr was although raised in first degree relatives 

but this showed no significant difference. Level of both blood HbA1c and serum insulin were 

increased but considerable difference (P<0.001) was only observed in case of serum insulin 

when compared with controls. 
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Table 5.3: Blood glycosylated hemoglobin and serum insulin in relation to oral glucose tolerance 

test in the first degree relatives of type II diabetics age ranged 26-35 year (Group B) and 

comparison with their controls. 

Values are expressed as mean ± SD 

Parameters Subjects Group B 

(n=100) 

Controls(n=50) 

Age(years) 30.20±2.86 34.40±7.79 

BMI (Kg/m
2
) 30.44±5.36 26.10±2.60 

Blood Hb A1c (%) 6.28±1.26** 4.0±0.7 

Serum insulin (µIU/ml) 14.16±13.79* 6.5±2.1 

Fasting blood glucose(mg/dL) 112.20±28.78** 73.20±8.51 

1/2 hr  blood glucose(mg/dL) 144.20±22.71* 116.90±16.15 

1hr blood glucose(mg/dL) 139.20±19.27 127.70±14.55 

1&1/2 hr blood glucose(mg/dL) 122.80±18.78 116.90±16.15 

2 hr blood glucose(mg/dL) 108.20±29.14 101.50±8.83 

Legend: * P<0.05 = Significant difference, **P<0.001= Highly significant difference 

 Description of Table 5.3:  It was observed that the BMI of first degree relatives of male non- 

significantly increased. Level of the fasting blood sugar and sugar after ½ hr was more as 

compared to control and it was depicted a significant difference (P<0.001;P<0.05). On the other 

side, level of blood sugar after 1hr, 1 & 1/2 hr and 2 hr was non-significantly increased as 

compared to control. Level of both blood HbA1c and serum insulin were significantly increased 

(P<0.001, P<0.05) respectively when compared these levels with their controls. 
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Table 5.4: Blood glycosylated hemoglobin and serum insulin in relation to oral glucose tolerance 

test in the first degree relatives of type II diabetics age ranged 36-50 year (Group C) and 

comparison with their controls. 

Values are expressed as mean ± SD 

Parameters Subjects                  

Group C (n=50) 

Controls(n=10) 

Age(years) 41.80±5.67 38.40±7.79 

BMI (Kg/m
2
) 34.40±3.65** 27.10±2.60 

Blood HbA1c (%) 7.19±1.76** 4.0±0.7 

Serum insulin (µIU/ml) 10.17±9.12* 6.5±2.1 

Fasting blood glucose mg/dL) 123.0±3.32** 83.20±8.52 

I/2 hr  blood glucose(mg/dL) 171.0±14.09** 118.90±16.15 

1 hr blood glucose(mg/dL) 151.80±7.89** 128.70±14.55 

1&1/2 hr blood 

glucose(mg/dL) 

124.0±8.22 118.90±16.15 

2 hr blood glucose(mg/dL) 134.0±7.06** 104.50±8.83 

Legend:* P<0.05 = Significant difference, **P<0.001= Highly significant difference 

Description of Table5.4: Glucose tolerance in first degree relatives age ranged 36-50 years of 

diabetics (group C) as compared to their controls was tabulated.  It was observed that the BMI of 

first degree relatives of male was more  as compared to control and it was depicted a highly 

significant difference (P<0.001) .Level of the fasting blood sugar and sugar level after ½ hr, and 

1 hour was more  as compared to control and it was depicted a highly significant difference 

(P<0.001). Level of blood sugar after 1& 2 hour was significantly greater (P<0.001) regarding to 

control. On the other side level of blood sugar after 1 &1/2 hr was although increased but it was 

shown no considerable difference. Level of both blood glycated hemoglobin and serum insulin 

were greatly increased (P<0.001, P<0.05) respectively when compared with their controls. 
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Table 5.5: Comparison of diabetic related parameters in different groups of FDR based on their 

age. 

Parameters Group A (50) 

(age 14-25 yrs) 

Group B (100) 

(age 26-35 yrs) 

Group C (50) 

(age 36-50 yrs) 

Age(years) 19.00±2.24 30.20±2.86 41.80±5.67 

BMI (Kg/m
2
) 30.48±5.34 30.44±5.36 34.40±3.65 

Blood HbA1c (%) 4.91±1.5 6.28±1.26 7.19±1.76* 

Serum insulin (µIU/ml) 25.45±23.59** 14.16±13.79* 10.17±9.12 

Fasting blood glucose 

(mg/dL) 

112.40±18.12 

 

112.20±28.78 

 

123.0±3.32 

 

1/2 hr  blood glucose 

(mg/dL) 

143.80±7.36 

 

144.20±22.71 

 

171.0±14.09** 

 

1 hr blood glucose 

(mg/dL) 

123.0±15.95± 

 

139.20±19.27* 

 

151.80±7.89** 

 

1&1/2 hr blood glucose 

(mg/dL) 

109.0±16.73 

 

122.80±18.78 

 

124.0±8.22 

 

2 hr blood glucose 

(mg/dL) 

100.80±14.60 108.20±29.14 

 

134.0±7.06** 

 

Legend:* P<0.05 = Significant difference, **P<0.001= Highly significant difference 
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Fig 5.1: Variation in the level of fasting blood sugar, HbA1c and serum insulin in different age 

groups. 

 

 

Fig 5.2: A significant positive Correlation between fasting blood sugar in first degree 

relatives of diabetics and insulin with r-value of 0.46. 
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Fig 5.3: A positive correlation between fasting blood sugar of first degree relatives of diabetes 

and insulin resistance with r-value of 0.294. 
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Fig 5.4: A negative correlation between insulin and BMI of first degree relatives of diabetes with 

r-value of -0.29. 
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Fig 5.5: A negative correlation between insulin resistance and BMI of first degree relatives of 

diabetes with r-value of -0.34 

 

Fig 5.6: Variation in oral glucose tolerance test in different age groups. 
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Description of Table 5.1-5.5, Fig 5.1-5.6: Table 5.1 was shown the comparison of diabetic 

related parameters in different groups of FDR based on their age. An increased BMI was 

observed in all groups of FDR. Fig 5.1 was shown the variation in the level of fasting blood 

sugar, HbA1c and serum insulin in different age groups. It was observed that values of HbA1c 

was within normal range in group A, was non-significantly increased in group B and 

significantly increased (P<0.05) in group C. On the other hand the level of serum insulin was 

significantly increased in group A and group B (P<0.001, P<0.05) and non-significantly 

increased in group C. Level of fasting blood glucose was raised in all groups. It was same in 

group A and B while it was raised non significantly in group C. Scatter plot of correlation 

coefficient (Fig 5.2) was shown a significant positive correlation in all FDR of diabetes between 

fasting glucose and level of serum insulin (r=0.46). A weak positive correlation in all first degree 

relatives of diabetes between fasting glucose and serum insulin resistance was observed (r=0.29) 

(Fig 5.3). On the other hand Scatter plot of correlation coefficient (Fig 5.4,5.5) in all first degree 

relatives of diabetes was shown a negative week relation between serum insulin, insulin 

resistance and BMI respectively (r= -0. 29, r= -0. 34). Fig 5.6 was shown variation in oral 

glucose tolerance test in groups A and B while it was highly altered in group C. 
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Table 5.6: Level of biochemical parameters fasting blood glucose, HbA1c, insulin and insulin 

resistance in first degree relatives with age range 26-35 years (group B) and their comparison 

with their controls. 

No of cases in parenthesis 

Values are expressed as mean±SD 

Parameters Group B 

(n=100) 

Controls 

(n=50) 

Blood Hb A1c(%) 6.28±1.26** 4.0±0.7 

Serum insulin(µIU/ml) 14.16±13.79* 5.19±5.66 

Fasting blood glucose(mg/dL) 112.20±28.78** 73.20±8.51 

Fasting glucose/Insulin ratio 7.9 14.1 

Insulin resistance 3.92 1.03 

Legend : *P<0.05 = Significant difference**P<0.001= Highly significant difference 

 

Description of Table 5.6: Level of biochemical parameters blood glucose, HbA1c, insulin  and 

insulin resistance in FDR and their comparison with their controls was tabulated (Table 5.6). 

Highly significant difference (P<0.001) was noted in case of fasting blood sugar and serum 

HbA1c. A decreased fasting glucose/insulin ratio was observed in FDR when compared with 

their controls. 
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Table 5.7: Comparison in the level of heat shock protein in first degree relatives of diabetics 

(group B) and their controls using ELISA technique 

 

Heat shock 

proteins 

(ng/L) 

First Degree Relatives  

(100) 

Controls 

(50) 

HSP 70 44.14±13.55 42.06±18.77 

HSP 60 50.11±17.62** 75.13±14.96 

**P<0.001 = Highly Significant difference 

 

 

 

Fig 5.7: Comparison in the level of heat shock protein in first degree relatives of diabetics and 

their controls. 
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Description of Table 5.7 and Fig 5.7: Comparison in the level of heat shock protein in first 

degree relatives of diabetics and their controls is tabulated. (Table 5.7 & Fig 5.7). It was noticed 

that the serum level of heat shock protein 60 was non-significantly decreased in first degree 

relatives as compared to their controls. Serum level of HSP70 was non-significantly increased in 

first degree relatives as compared to their controls. 

Table 5.8:  Pearson coefficient correlation between variables. 

Variables Coefficient of determination  

(r value) 

Serum HSP 60 & serum insulin -0.20 

Serum HSP 60 & serum visfatin 0.40 

Serum HSP 60 & serum 

adiponectin 

0.18 

Serum HSP 60 & serum calcium -0.20 

Serum HSP 60 & magnesium -0.108 

Serum HSP 60 & phosphate 0.121 

Serum HSP 70 & serum insulin -0.22 

Serum HSP 70 & serum visfatin -0.14 

Serum HSP 70 & serum 

adiponectin 

0.05 

Serum HSP 70 & serum calcium 0.17 

Serum HSP 70 and magnesium  -0.46 

Serum HSP 70 and phosphate -0.31 
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                     Fig 5.8: Negative correlation between serum HSP70 and serum insulin (r=-0.22) 
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     Fig 5.9: Positive correlation between serum HSP70 and serum calcium (r= 0.17) 
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Fig 5.10: Negative correlation between serum HSP70 and serum visfatin (r= -0.14) 
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Fig 5.11 : Positive correlation between serum HSP70 and serum adiponectin (r=0.05) 
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Fig 5.12: Positive correlation between serum HSP70 and serum elastase (r=0.006) 
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Fig 5.13: Positive correlation between serum HSP70 and insulin resistance (r= 0.21) 
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Fig 5.14: Negative correlation between serum HSP60 and serum insulin (r=-0.20) 
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Fig 5.15: Strong positive correlation between serum HSP60 and serum visfatin (r=0.40) 
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Fig 5.16: Positive correlation between serum HSP60 and serum adiponectin (r=0.18) 
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Fig 5.17: Negative correlation between serum HSP60 and serum calcium (r= -0.20) 

Description of Table 5.8 and Fig 5.8- 5.17: It was observed that the correlation between HSP60 

and serum insulin was negative. On the other hand the correlation between HSP 60, serum 

calcium and adiponectin was positive. However, strong positive correlation was only observed 

between HSP60 and serum visfatin. 

 Correlation between HSP 70, serum visfatin and serum insulin was negative. On the other hand 

the correlation between HSP 70, serum calcium and adiponectin was positive. 
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Table 5.9: Level of blood glucose, HbA1c, serum insulin and metal ions (serum calcium, 

phosphorous and magnesium) and HSPs 70 and HSPs 60 in first degree relatives of diabetics. 

Values are expressed as mean±SD 

Parameters Subjects(n=100) Controls(n=50) 

Age(years) 30.20±2.86 34.40±7.79 

BMI 30.44±5.36 26.10±2.60 

Fasting blood glucose   

(mg/dl) 

112.20±28.78** 73.20±8.51 

HbA1c (%) 6.28±1.26 4.5±0.84 

Insulin ( IU/ml) 14.16±13.79** 5.19±5.66 

Insulin resistance 3.92 0.94 

Serum calcium (mg/dl) 5.89±4.45** 9.5±2.5 

Serum phosphorous (mg/dl) 7.04±4.55* 4.2±1.25 

Serum Magnesium (mg/dl) 1.07±1.23* 2.1±1.0 

HSP 70 (ng/L) 44.14±13.55 42.06±18.77 

HSP 60 (ng/L) 50.11±17.62** 75.13±14.96 

**P<0.001= Highly significant difference*P<0.05= Significant difference. 

 

Description of Table 5.9, Fig 5.8 – 6.7: BMI of FDR was non-significantly greater than their 

controls. Level of fasting blood sugar , HbA1c, serum insulin and insulin resistance were 

increased as compared to their controls but considerable difference (P<0.001) was only observed 

in case of level of fasting blood sugar and serum insulin. Level of serum calcium and magnesium 

were decreased considerably (P<0.001, P<0.05) in FDR as compared to their controls. Level of 

serum phosphorus was significantly increased (P<0.05) in FDR as compared to their controls. 

Level of serum HSPs 60 was significantly  decrease (P<0.001) in FDR as compared to their 

controls. On the other hand the level of HSP70 was non-significantly increased in FDR as 

compared to their controls. 
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Fig 5.18 : Level of blood glucose, HbA1c, serum insulin and metal ions (serum calcium, 

Phosphorous and magnesium) and HSPs 70 and HSPs 60 in first degree relatives of diabetics. 
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Table 5.10. Comparison in the level of heat shock protein, Visfatin, Adinopectine and Elastase in 

first degree relatives of diabetics (group B) and their controls using SDS Gel electrophoresis 

 

                  *p<0.05= Significant difference,  **p<0.001= Highly significant difference 
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Fig 5.19: Analysis of blood samples of control and patient‘s sample using 10% SDS 

polyacrylamide gel 
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Fig 5.20: A negative correlation between visfatin (52 Kda) and insulin with r value -0.23 in first 

degree relatives of diabetics 



87 
 

 

Fig 5.21: A weak positive correlation between visfatin (52 Kda) and insulin resistance with r 

value 0.083 in first degree relatives of diabetics 
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Fig 5.22: A positive correlation between adiponectin (30 Kda) and insulin resistance with r value 

-0.34 in first degree relatives of diabetics 
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Fig 5.23: A strong negative correlation between adiponectin (30 Kda) and insulin with r value -

0.407 in first degree relatives of diabetics 
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Fig 5.24: A strong negative correlation between elastase (25 Kda) and insulin with r value -0.718 

in first degree relatives of diabetics. 
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Fig 5.25: A weak positive correlation between elastase (25 Kda) and insulin resistance with r 

value 0.169 in first degree relatives of diabetics 

 

Description: BMI of FDR was non-significantly greater than their controls. Level of fasting 

blood sugar, serum insulin and insulin resistance were increased as compared to their controls 

but significant difference (P<0.001) was only noticed in case of level of serum insulin. Raw 

volume of adiponectin (52 Kda), visfatin (30 Kda) and elastase (25 Kda) were non-significantly 

reduced in FDR as compared to their controls (Table 5.10 and Fig 5.29). A strong negative 

correlation between visfatin (52 Kda) and insulin (r = -0.93) in first degree relatives of diabetics 

was observed (Fig 5.30). On the other hand there was weak positive correlation between visfatin 

(52 Kda) and insulin resistance (r = 0.083) in first degree relatives of diabetics (Fig 5.31). A 

strong positive correlation between adiponectin (30 Kda) and insulin resistance with r value 0.74 

in first degree relatives of diabetics was observed (Fig 5.32). A moderately strong negative 

correlation between adiponectin (30 Kda) and insulin (r = -0.407) in first degree relatives of 

diabetics was observed (Fig 5.23). A strong negative correlation between elastase (25 Kda) and 

insulin with (r = -0.718) in first degree relatives of diabetics was observed (Fig 5.34). While 

there was a weak positive correlation between elastase (25 Kda) and insulin resistance with (r = 

0.169) in first degree relatives of diabetics (Fig 5.24) 
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Fig 5.26: A strong negative correlation between HSP70 and magnesium with r value -0.46 in 

first degree relatives of diabetics 
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Fig:5.27 A week negative correlation between HSP70 and phosphate with r value -0.31 in first 

degree relatives of diabetics 
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Fig 5.28: A week negative correlation in between HSP60 and magnesium with r value -0.108 in 

first degree relatives of diabetics 
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Fig 5.29: A weak positive correlation in between HSP60 and phosphate with r value 0.121 in 

first degree relatives of diabetics 
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DISCUSSION: 

First-degree relatives (FDRs) of patients with type II diabetes are at a higher risk of 

developing diabetes. They have impaired beta cell function which is related to early 

abnormalities that may be important in the development of type II diabetes (Warram et al 1990; 

Emerson et al 2009). There is a need to investigate the pathophysiology of impaired glucose 

tolerance (IGT) because increased number of patients with IGT is found. It is also noticed that 

the subjects with IGT are more likely to progress to overt NIDDM than those with normal 

glucose tolerance. IGT is a heterogeneous state involving various degrees of beta-cell 

dysfunction and insulin resistance (Mori and Kasuga 1996). Fasting and 2-hour postprandial 

plasma glucose concentrations during the OGTT were significantly increased in IGT/FH+ 

(Emerson et al 2009). Besides, disturbed circadian cycles of insulin secretion rate (ISR) i.e. 

rising in the early morning, peak in the afternoon, and declining during the night was also 

observed (Boden et al 1996).  

Our study was divided into two steps. In first step subjects were divided into three groups 

according to age i.e. 14-25 years (group A), 26-35 years (group B) and 36-50 years (group C). 

This step was used to find out the age group which was more at risk of diabetes as compared to 

others. Glucose tolerance, plasma insulin responses and insulin sensitivity were also compared 

between subjects with different age groups. This Study tried to assess whether family history of 

type II diabetes (T2DM) influences the impaired insulin secretion, impaired glucose tolerance 

(IGT) and insulin resistance. 

Primary study: based on age group  

Group A  

(Age group 14-25 years):  
We observed a significant increased BMI, fasting blood sugar, blood sugar after 30 min 

of OGT (an impaired glucose tolerance test) and significant increase of insulin which may be an 

early predictor of diabetes in group A with age range 14-25 years. According to a study the 

incidence of type II diabetes mellitus (T2DM) in children and adolescents has substantially 

increased over the past decade. This is attributed to obesity, insulin resistance and deficient beta-

cell function. In children a pubertal increase in insulin resistance and an inability to mount an 

adequate beta- cell insulin response results in hyperglycemia (Banerji 2002). Lately it is reported 

that clinical presentation of Type II DM in youth is heterogeneous from minimal 

symptomatology to diabetic ketoacidosis. The increasing rates of youth Type II DM have 

paralleled the escalating rates of obesity, which is the major risk factor impacting insulin 

sensitivity (Tfayli and Arslanian 2009). A study also reported that higher BMI and elevated 

fasting plasma glucose are of the main predictors of progression to Type II DM (Fonseca 2009). 

However study in contrast to studies which observed that in glucose-tolerant FDRs, defects in 

insulin action precede less insulin secretion ( Lillioja et al 1988; Erikson et al 1990). Others, 
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however, have shown the opposite effect i.e. defects in insulin secretion preceding defects in 

insulin action (Pimenta et al 1995). 

We observed an impaired glucose tolerance test in subject with age range 14-25 years. It 

is reported that IGT is a heterogeneous state involving various degrees of beta-cell dysfunction 

and insulin resistance, compared with NIDDM. Study further stated the role of mutation of 

candidate gene cannot be rule out (Mori and Kasuga 1992). A group of workers also found that 

first-degree relatives of type II diabetic patients with impaired glucose tolerance may exhibit 

metabolic abnormalities characteristic of overt type II diabetes, such as insulin resistance and 

hyperglycemia (Ramlo-Halsted and Edleman 2000). 

Group B 

(Age group 26-35 year): 

 
We observed that in group B with age range 26-35 years, there is a significant increased 

fasting blood sugar, HbA1c and insulin with impaired glucose tolerance (IGT). This showed a 

good prediction of developing diabetes in FDR. A study reported that adults had a delayed early 

insulin response to oral glucose. The reason may be a progressive loss of beta-cell function 

(Banerji 2002). A non-significant increase in BMI in group B showed that it may be weak 

predictor of Type II DM. We also observed a negative correlation between insulin, insulin 

resistance and BMI in FDR.  Our study is in contrary to the number of studies which stated that 

genetic predisposition for Type II DM  may be aggravated or even precipitated by obesity 

(Larrson and Ahren 1996; Crossrow et al 2004; Emerson et al 2009). Another study stated that 

visceral obesity is in close relation to both insulin resistance and type II diabetes (Janghorbani 

and Amini 2009). Lately a study revealed that the enormous increase in diabetes incidence is not 

due to genetic changes but is a consequence of increase in BMI (Ashcroft and Rorsman 2012). 

Some studies are in line with our study. 

According to a study,  first degree relatives of Type II DM with isolated defect of 

impaired fasting glucose are definite to develop diabetes.  A combination of insulin resistance 

and an inability of insulin secretion result in impaired glucose tolerance which may be 

genetically determined (Emerson et al 2009; Iraj et al 2010). Findings of another study state that 

disturbance in insulin release in the development of type II diabetes in FDR is a primary event 

(van Heaften et al 1998). It is stated that  diabetes screening is an efficacious means of detecting 

unknown cases of diabetes, improving glycemic control, and lessening CVD risk factors (Amini 

et al 2008).  These results make prominent the fact that more significant alterations and changes 

in both insulin sensitivity and β cell function must exist for impaired glucose tolerance or 

diabetes and emphasize the importance of insulin-independent glucose disposal (Khan et al 1994; 

Best et al 1996). According to a study, researchers found that  newly recognized insulin secretory 

abnormalities were listed as disruption of the normal circadian ISR cycle, resulted in reduced 

insulin secretion (and glucose uptake) during the rising period of the 24 hour insulin secretion 

rate (Boden et al 1999). 
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Group C 

(Age group 46-50 years): 

 

First degree relatives with group C age range 36-50 years showed the significantly 

increased BMI, serum insulin, IFG and IGT which is the good predictor of Type II DM in FDR 

of diabetes. A study also observed a strongest association of old age, BMI with an increased risk 

of diabetes in FDR (Valdez et al 2007).  Our study is in accord with various studies who 

observed that impaired glucose tolerance (IGT) and impaired fasting glucose (IFG) and were 

acknowledged as conditions with increased risk of Type II DM development (Rao et al 

2004).Now both IGT and IFG are considered to be the independent cardiovascular risk factors 

(Shaw et al 2000; Unwin et al 2002). 

A study proposed that IFG and IGT have different pathophysiological mechanisms. The 

main defects in subjects with IFG are the increased hepatic glucose output production and early 

insulin secretion dysfunction. Subjects with IGT have moderate to severe insulin resistance at the 

level of muscles (Unwin et al 2002). According to another study pathophysiology of Type II DM 

has been studied thoroughly in adults/old age, and it is widely accepted that insulin resistance 

(IR) coupled with beta-cell failure are prerequisites for the development of clinical diabetes 

mellitus after adolescent (Tfayli and Arslanian 2009). Lately Chege (2010) reported that the risk 

factors of diabetes include advancing age, family history and central obesity. 

Present study observed that percentage of FDR developing diabetes varied among three 

age groups. It was observed that 50% FDR belong to group B while 50% belong to group A and 

C. Our study is in contrast with a study who reported that the first degree relatives of young-

onset type II patients (diagnosed at <45 years of age) have a greater rate/risk of diabetes when 

juxtaposed with relatives of diabetic patients (diagnosed after approximately 45 years of age) 

(Owen et al 2002). It is stated that even though rates of Type II DM of the young members of 

society are rising, the overall prevalence remains low if compared with type 1 diabetes mellitus 

(Tfayli and Arslanian 2009). 

An inter group comparison between  group A, B and C show that in group A, there was 

an aberrant release of insulin which may normalize the OGTT and HbA1c. On the other hand in 

group B the aberrant insulin release was less so this may impair the OGTT and level of HbA1c. 

While in group C, there is a mild decrease in release of insulin which may impair OGTT and 

level of HbA1c more than group B. Some studies confirmed our results and suggested a need for 

primary prevention programs for Type II DM in subjects with IFG + IGT (Unwin et al 2002; 

Nathan et al 2007). 

A significant positive co-relation of fasting blood sugar in first degree relatives and 

insulin with r value of 0.46 while a positive correlation (r=0.29) was observed between fasting 

blood glucose and insulin resistance. A study stated that  insulin sensitivity derived from the 

hyperglycemic clamp depends on endogenous insulin release, which may differ among subjects. 
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In addition to this, a linear relationship between the plasma insulin concentration and increase 

rate of glucose metabolism was assumed (Tfayi and Arslanian 2009). These results showed 

aberrant  insulin signaling and glucose metabolism in first degree relative which may arise from 

genetic anomalies and changes in metabolic milieu and it is mainly based on features, including 

hyperglycemia, and hyperinsulinemia (Karlsson et al 2006).  These secondary factors are known 

to affect insulin sensitivity and may create troubles in identifying the primary cause of type II 

diabetes (Rossetti et al 1990). 

It is thought that overt type II diabetes mellitus (T2DM) follows two major asymptomatic 

indicators of imbalance in the metabolism of glucose: impaired glucose tolerance (IGT) and 

impaired fasting glucose (IFG). These two together labeled as pre-diabetes, can coexist but they 

may also appear individually. The early stages of Type II DM are asymptomatic and people with 

the disease may go undiagnosed and unrecognized for long periods of time. In the continuum of 

plasma glucose distributions (fasting or 2 hour), the great rise from pre diabetes to Type II DM is 

marked by a sharp increase in the risk of complications, which in the long run, can seriously 

affect a variety of organs and tissues such as eyes, blood vessels, kidneys, and nerves (American 

Diabetes Association 2009; Valdez 2009). 

Secondary study was based on the estimation of biochemical parameters (level of insulin, 

insulin resistance, level of adiponectin; visfatin, elastase, metal ions and different heat shock 

proteins) related to pancreatic endocrine and exocrine function; as the impairment of these 

parameters may increase the risk of diabetes.  

 As the incidence and the rate of diabetes in the first degree relatives with age 26-35 is 

more as compared to other groups. It is therefore a need to study the biochemical parameters of 

age group 26-35 which may be related to the function of pancreas and  play an integral role in 

increasing the risk of diabetes type II. The study was therefore planned to find out role of heat 

shock protein as an early predictor in first/second degree of diabetic relatives.  

The risk of developing diabetes is more in first degree relatives as compared to second 

degree so heat shock proteins and other parameters were not estimated in second degree 

relatives. 

Biochemical parameters: 

These parameters are heat shock proteins, insulin and insulin resistance, metal ions, 

hormone, enzymes and cytokines. The goals of this study were to (1) determine HSP levels in 

plasma of FDR of type II DM and (2) analyze the relationship between the HSP family and the 

endocrine/exocrine function of pancreas in the increasing risk of diabetes in the first the degree 

relatives of diabetics. 
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Heat Shock Proteins and risk of diabetes: 

The  crucially important role of HSPs in diabetes is highlighted by their ability to 

counteract the denaturing of tissue proteins and assist cellular repair and defense mechanisms. 

The state of diabetics may intervene with the synthesis of HSPs (Mehlen et al 1997), by the use 

of either a transcriptional or post-translational mechanism. In turn, compromised HSP expression 

may contribute to diabetic complications ending in a vicious cycle (Morimoto et al 1994). 

Pancreas maintains HSP levels despite hyperglycemia in an attempt to defend vulnerable beta 

cells from exocrine pancreatic damage and from stress related to insulin hypersecretion 

(Kavanagh et al 2009). The  sequence of development of these defects, the causes of failure of 

the pancreatic beta-cell, and the nature of the signals from the insulin resistant tissues that are 

unable to induce an appropriate beta-cell response, remain to be the subjects of research in 

different age groups (Kahn 2003). 

Present study showed that FDR of diabetics have an insignificant increase in BMI in the 

mean age of 32 years. Number of studies indicated that the general risk factors, age and obesity, 

were important stakeholders in predicting the occurrence of diabetes. Multivariate analysis 

revealed that mean age 43.1 years and increased BMI were significantly associated with diabetes 

(Amini and Janghorbani 2007). Another study reported that the  body mass index (BMI) was 

slightly greater in subject with positive family history in comparison to  subjects lacking history 

of diabetes. However, a study showed that  strong family history of type II diabetes is most 

frequently reported among the affected people (Pinhas-Hameil et al 1999). 

We observed that a sedentary life style (no walk or exercise) is in 60% of FDR. 

According to a study sedentary life style lead to obesity especially in type II diabetes (Pinhas –

Hameil et al 1999).  Another study reported that obesity and inactivity are important contributors 

to insulin resistance (Rosenbloom et al 1999). Lately it is observed that inadequate beta-cell 

function is related to sedentary life style leading to obesity (Grienstein et al 2003). It was 

observed that in 45% of subjects the mother was first degree relatives while in 37% cases the 

FDR was father. Most of the subjects belong to the middle class socioeconomically. Our study is 

in accordance with the study of Owen et al (2002) who reported that the percentage of affected 

one relation with mother or father was 26.9% and 15.1% respectively. 

Present study suggests that the level of insulin and value of insulin resistance are 

increased in FDR  but significant difference (P<0.05) was only observed in level of insulin. 

However, numbers of studies have shown that  insulin resistance is present in non-diabetic 

relatives of those who suffer from Type II diabetes. According to a study, insulin resistance is the 

best indicator and predictor of diabetes. However, insulin resistance is affected by many factors 

including age, exercise, diet, and BMI > 25 Kg/m2 and defective insulin secretion (Persighin 

1997). Lately it is observed that  the insulin resistance is related only to the pathway of non-

oxidative glucose metabolism (Vaag et al 2001; Palmert et al 2002) and the disintegration of beta 

cell function may be the reason for the conversion of FDR to type II diabetes (Amoah et al 
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2002). A study concluded that IR is necessarily accompanied by beta-cell failure (Bergman et al 

2002).  However, there is a general agreement on the fact that IR with compensatory 

hyperinsulinemia is the earliest abnormality which eventually shows the impairment in insulin 

secretion, resulting in hyperglycemia and overt clinical diabetes (Kahn 2003).  

We observed a substantiate increase in the levels of fasting blood sugar, HbA1c and 

serum insulin in FDR when compared to their controls. A study reported that although impaired 

insulin action was proved, the total glucose utilization in relation to hyperglycaemia was not 

reduced (Pelikanova 1994). Another study also showed an increased HbA1c and insulin level 

and concluded that  unorganized basal insulin secretion associated with deterioration of 

peripheral insulin action occurs during the development from normal to impaired glucose 

tolerance to frank diabetes (Kurucz et al 2002). However some studies are contrary to our study. 

These studies compare the level of fasting blood glucose, HbA1c and insulin resistance. It is 

stated that fasting plasma glucose value was a better predictor of development to diabetes than 

HbA1c (Janghorbani and Amini 2009). Another study stated that  glycosylated hemoglobin 

(Hb)A1c provides a practical analysis on long-term glycemic control in patients with diabetes 

(Osei 218et al 1993). On the other hand, a study concluded that relatives of persons with type II 

diabetes were insulin resistant, but had normal fasting blood glucose (Axelsen et al 1999). A 

group of workers demonstrates that genetic factors are responsible for hyperinsulinemia,  insulin 

resistance as well as impaired fasting blood glucose. These genetic factors play a significant role  

in the progression of type II diabetes (Amoah et al 2002). 

Our study observed significantly decreased (P<0.001) levels of serum HSP 60 in first 

degree relatives of diabetics, when compared with the level of HSP 60 of their controls. It is 

reported that normoglycemic FDR with impaired glucose tolerance have low circulatory and 

muscle HSP expression (Hooper et al 2004). This condition put organs in danger – from 

myopathies, to nephropathies and from neuropathies, to retinopathies. However it is seen that 

restoration of the level of HSP‘s in diabetic animal models decrease the risk of diabetic 

complications. Decrease in systemic inflammation may reduce the vascular disease (Kondo et al 

2012).  According to immunological theory the expression of vascular adhesion molecules and 

chemokines may be altered by inflammatory processes, heat shock proteins and oxidized LDL 

(Olah et al 2010). It is observed that under oxidative-stress conditions, the decrease in HSP60 

levels resulted in decreased cell viability and an increase in cell peroxide species (Cabiscol et al 

2002). 

However, a study found an increased level of Heat Shock Proteins 60 & 70 in circulation 

of Type II Diabetes mellitus patients (Hall and Martinus 2013). It is reported that due to 

exposure of many proteotoxic stressors, the expression of HSPs is persuaded in order to decrease 

cellular damage, and delay the process of apoptosis, by stabilising compromised proteins 

(Santoro, 2000).   
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Number of studies gives the explanation. A study stated that HSP functions are 

compromised under conditions of diabetes. The numerous defects in the function of HSPs are 

associated with diabetes could contribute to the complications and delayed wound healing in 

diabetics (Atalay et al 2009). Abnormal HSP  expression may also contribute to the altered 

protein synthesis in diabetes, in addition to the direct effect of insulin on protein synthesis 

(Reynet and Kahn 2001). HSP70 expression in the wound bed in diabetic mice increased after a 

delay, suggesting that the chronically open wound may result in a more potent HSP induction 

than a normally healing wound. A study asserted that the  level of HSP70 was increased in 

patients with diabetic nephropathy (Tessari et al 2007). It is found that hyperglycemia is 

associated with the production of reactive oxidative intermediates with a disturbed antioxidant 

defense mechanism this may show the involvement of heat shock or stress protein in diabetic 

state (Hooper and Hooper 2009).  

The correlation between HSP60 and serum insulin was negative. Findings of a study 

suggest that decreased expression of HSP60 and following reduction of signaling of insulin and 

IGF-IR signaling may be responsible for the development of diabetic cardiomyopathy (Shan et al 

2003). On the other hand the correlation between HSP 60 and adiponectin was positive whereas 

HSP60 and calcium is negative. A study also reported a direct association of HSP60 with 

calcium (Damluji et al 2015). However, strong positive correlation was observed between 

HSP60 and serum visfatin. According to a study heat shock protein 60 (HSP60) reduces 

secretion of proinflammatory mediators from murine adipocytes. Study is reported that 

inflammatory stress causes the release of HSP60 by human adipocytes. Autocrine/paracrine 

effects of HSP60 exerts on adipocytes results an increased release of adipokines like visfatin, 

increased inflammatory signaling, and insulin resistance (Marker et al 2012). The impaired HSP 

response in the diabetic is related to oxidative stress and tissue inflammation (Ataly et al 2004; 

Shamaei- Tousi et al 2006). It is demonstrated that oxidative stress and  pancreatic function 

impairment are the pathological features of diabetes mellitus. The pancreatic cells having a 

highly organized secretory system give a quick response by glucose and release increase amount 

of insulin. Failure of oxidative stress response due to glucose by pancreatic cell, may lead to the 

development of diabetes  (Fulda et al 2010).  

Correlation between HSP 70, serum visfatin and serum insulin was negative. On the other hand 

the correlation between HSP 70 and insulin resistance was positive. Data of a study was 

observed that increased level of serum calcium induces increased level of HSP 70 (Waktia et al 

1994). Our study also agreed with a study which was observed that elevated levels of circulatory 

Heat Shock Protein 70 is positively correlated with insulin resistance in human body and may 

cause pancreatic β-cell dysfunction (Krause et al 2013). Experimentally it is proved that HSP70 

relate with the insulin receptor (Zachayus et al 1996). A direct association of HSP 70 with serum 

adiponectin showed that HSP 70 is used to maintain cellular functions but its level is increased 

during inflammation and there is an increased level of adiponectin is related with metabolic 
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derangement including the reduction of expression of insulin receptor (Jacquemin et al 2017; 

Singh et al 2017). 

It is demonstrated that type II diabetes results from a vicious cycle of metabolically 

induced inflammation, impaired insulin responsiveness, and subsequent loss of homeostatic 

signaling. Loss of homeostasis signaling is due to a reduction in heat shock proteins (Hooper and 

Hooper 2009).  

Factors known to increase oxidative stress are insulin resistance, elevated free fatty acids, 

hyperglycemia, and adipokines. There is an agreement that oxidative/inflammatory stimuli set 

free the  cascade of events that leads to impairing of insulin signaling further leads to insulin 

resistance (Vinayagamoorthi et al 2008; Ptilovanciv et al 2013). 

Oxidative stress (adiponectin, visfatin and elastase as marker): 

Raw volume of adiponectin and visfatin of FDR were also estimated as these parameters 

may be associated with higher intracellular reactive oxygen species levels elicited by 

mitochondrial dysfunction resulted in impairment of the function of adipocytes in the 

maintenance of glucose homeostasis through attenuation of insulin signaling, down-regulation of 

Glut4 expression, and a decrease in adiponectin secretion (Wang et al 2013). On the other side, 

the decreased level of elastase represents pancreatic exocrine insufficiency (Larger et al 2012). 

We observed by SDS gel electrophoresis that raw volume of adiponectin was 

unsubstantially reduced in FDR in comparison to their controls. Present study observed  positive 

correlation between insulin resistance and adiponectin (r = 0. 74) in the first degree relatives of 

diabetics. On the other hand, a moderately strong negative correlation between insulin and 

adiponectin (r = -0. 407) in the first degree relatives of diabetics was observed. Our study is in 

line with studies which showed that plasma adiponectin concentrations were  significantly 

decreased in patients with type II diabetes when results were juxtaposed with the controls 

(Maeda et al 2001; Lindsay et al 2002). This observation was corroborated by a group of workers 

(Spranger et al 2003) who suggest that adiponectin is likely to  play a role in the pathogenesis of 

type II diabetes and insulin resistance. 

According to our study, the levels of visfatin was also lowered in FDR in comparison to 

their controls. Scatter plot of correlation coefficient showed negative correlation between visfatin 

and insulin (r = -0. 93) and a weak positive correlation between visfatin and insulin resistance (r 

= 0. 083) in the first degree relatives. However, a study does not support our findings that in 

parallel with insulin resistance and impaired glucose tolerance, visfatin rises in visceral obesity,  

although some studies did exhibit associations with diabetes (Chenal 2006;Fernandez-Real et al 

2007).   
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Defective conditions or impairments of exocrine function of pancreas (elastase 

as a marker): 

Present study showed an insignificant decrease of elastase in FDR of diabetics when 

compared with a control. A strong negative correlation (r = -0.718) between elastase and insulin, 

and a week positive correlation between elastase and insulin resistance (r =0.169) in the first 

degree relatives of diabetics was observed. Few  studies were done on the relationship between 

elastase (serine protease) and the level of insulin/insulin resistance. A study found that  there was 

a prominent association between low elastase levels and development of diabetes (Mancilla et al 

2006). Another study reported that low elastase level may be a good predictor of failure of 

pancreatic exocrine function (Valdez 2009). 

Oxidative stress, heat shock proteins and metal ions (calcium, phosphorous 

and magnesium): 

We observed that the level of HSP 70 was non significantly increased and level of HSPs 

60 was significantly decreased (P<0.001) in FDR when a comparison was made with their 

controls. It is known that  oxidative stress plays a role in the pathogenesis of diabetes and its 

complications. The stress proteins have been shown to protect against oxidative stress (Kurucz et 

al 2002). Level of serum calcium and magnesium was decreased in FDR  in comparison to their 

controls but significant difference (P<0.05) was only seen in the case of serum calcium. A study 

also observed and reported that exocytosis of insulin granules from cells of pancreas requires an 

increase in intracellular calcium. This results in an increase in calcium influx through calcium 

channels. This in turn decreased plasma glucose levels, an increase calcium influx, and insulin 

secretion. The increased level in plasma glucose eventually leads to increased glucose uptake and 

metabolism by the beta cell and in association to a rise of generation of ATP and a parallel fall in 

Mg and ADP, these changes thereby initiating  a calcium influx, and insulin release (Ashcroft 

and Rorsman 2012). 

Scatter plot of correlation coefficient showed a positive correlation between HSP70 and 

calcium (r = 0.17) whereas negative correlation between HSP60 and calcium (r = -0.20) in first 

degree relatives of diabetics. Very few animal studies are reported based on the relationship of 

heat shock proteins with calcium ions. It is reported that ROS may be formed intracellularly by 

glycolysis in mitochondria (Schulze-Osthoff et al 1992).  While the ER is the primary 

intracellular calcium store, mitochondrial calcium has been described to stimulate oxidative 

phosphorylation, thereby promoting ROS production (Hansford and Zorov 1998). A group of 

workers reported  that differential calcium signaling may be accounted for by the differential 

induction of HSP (Chang et al 2006). Another study reported  that extracellular calcium 

concentration changes the level of HSP 70 and HSP60 (Waktia et al 1994). 

A moderately strong negative correlation between HSP70 and magnesium (r value = -

0.46) in the first degree relatives of diabetics was observed. On the other hand, weak negative 

correlation between HSP60 and magnesium (r = -0.108) in the first degree relatives of diabetics 
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was seen. Plasma magnesium concentrations may inversely correlate with degree of 

hyperglycaemia and insulin sensitivity which may be due to increased oxidative stress (deValk et 

al 1999). Experimental studies have described a specific renal tubular magnesium defect in 

diabetes which together with the osmotic diuresis is responsible for large magnesium losses 

(Garland et al 1992). 

Levels of serum phosphorus  were quite vividly raised (P<0.05) in FDR in comparison to 

its controls. A weak negative correlation between phosphate (r = -0. 31) and HSP70 in first 

degree relatives of diabetics was observed (Fig 5.25). On the other hand, there was a weak  

positive relation between HSP60 and phosphate (r = 0. 121) in the first degree relatives of 

diabetics. A group of workers reported a link between HSP70 and phosphorus. They found that  

dietary lack of phosphorus lead to an organ specific induction of HSP70 (Sukumaran et al 2007). 

CONCLUSION: 

 Screening of the first degree relative for type II diabetes, is important in all age groups 

i.e. adolescent, middle age and older age but most appropriate age is 26-35 years.           

At this age the picture of subjects at risk of diabetes is clear. They have a delayed early 

insulin response to oral glucose and longer asymptomatic period. Young age may be 

confused with type1 diabetes, and at older age other factors are also added like sexual 

hormonal change. 

 Role of BMI in developing type II diabetes cannot be ruled out rather its role in 

developing diabetes is confusing. 

 Lifestyle is more important than BMI. Active life is usually linked with walk and 

exercise. This kind of life style influences the proper secretion of insulin due to activation 

of insulin receptor. This may help in decreasing the level of insulin resistance and fasting 

blood glucose. 

 Sedentary life style may increase the level of intracellular FFA resulting in resistance to 

insulin-stimulated glucose uptake in muscle and adipose tissue. 

 Family history  is the most integral risk factor in the development of diabetes. However it 

is more prevalent in first degree relatives compared to second degree relatives (data of 

second degree relative is not shown). 

 Positive significant correlation between increased fasting blood sugar and increased 

insulin level indicates a linear relationship between plasma insulin level and increased 

rate of glucose metabolisms. It is concluded that aberrant insulin signaling due to insulin 

resistance and glucose metabolism in FDR may arise from genetic anomalies and changes 

in metabolic anomalies based on hyperglycemia and hyperinsulinemia. 
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 Decreased level of HSP60 may play an important role in the type II diabetes mellitus 

pathology. Reduced level of HSP60 is related with the reduced function of β-cell 

functions.  

 A negative correlation between HSP70 and insulin shows that hyperglycemia is 

associated with a disturbed antioxidant defense mechanism. 

 A significant positive correlation between adiponectin (secrete from adipocyte) and 

insulin resistance shows an impair function of adipocytes  due to increase oxidative stress 

thereby accelerating the progression to overt type II diabetes. 

 A negative correlation between visfatin and insulin shows that visfatin may have a role in 

maintaining the glucose metabolism. 

 A significant negative correlation between increased HSP70 and decreased magnesium is 

also observed and it is concluded that plasma magnesium level is inversely proportional 

to hyperglycemia, increase insulin release and responsible for initializing calcium influx 

and it may be due to increased oxidative stress. 

 A significant negative correlation between serum elastase and insulin showed that low 

level of elastase may be a good predictor of impaired pancreatic exocrine function. 

 

It is therefore concluded that in FDR beside genetic modification there is an increased oxidative 

stress due to mitochondrial dysfunction which is confirmed by altered level of HSPs. This 

increased oxidative stress may be the major factor of causing impaired glucose tolerance test, 

impaired fasting glucose level, increase level of insulin, increase insulin resistance and decrease 

elastase activity i.e. an impaired endocrine and exocrine function of pancreas. Increased 

oxidative stress also has an effect on the function of adipocytes by decreasing the secretion of 

visfatin and adiponectin which also have a role in glucose metabolism. 
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PROFORMA 

 

 

Age:  

Sex: 

Socioeconomic status: 

Blood pressure: 

Family history of diabetes: 

BMI: 

Life style: 

Biochemical Parameters: 

 Plasma Glucose 

 OGTT 

 HbA1c 

 Serum insulin 

 Levels of HSPs 110, 100. 90, 80 72 and 60   

 Endocrine /cytokine variable like adiponectin, visfatin and elastase. 

 Metal ions calcium, magnesium and phosphorous. 

 Homeostasis model assessment (HOMA) index was calculated using formula i.e. product 

of glucose (mmol/l) and insulin [(μUI /l)/22.5]. It was used as marker of insulin 

resistance. 
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LETTER OF CONSENT 

 

 

I have been explained the whole procedure in detail and read the protocol of the researcher and 

hereby declare that I agree to participate in the study to be carried out at the Fatima Jinnah 

Medical College, Lahore.  

 

 

Signature          

Registration Number      
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1: Age, BMI and oral glucose tolerance test of first degree relatives of diabetics 

Age BMI Fasting ½ hr 1 hr 1 1/2 hr 2 hr U.Sugar 

40yr 36.4 53.0mg/dl 60.0mg/dl 45.0mg/dl 48mg/dl 44mg/dl nil 

18yr 27 142mg/dl 154mgdl 140mg/dl 130mg/dl 120mg/dl nil 

19yr 37.7 93mg/dl 148mg/dl 97mg/dl 90mg/dl 90mg/dl nil 

30yr 33 61mg/dl 104mg/dl 128mg/dl 105mg/dl 60mg/dl nil 

45yr 49.3 124mg/dl 196mg/dl 138mg/dl 115mg/dl 115mg/dl nil 

28yr 30.74 126mg/dl 153mg/dl 160mg/dl 140mg/dl 130mg/dl nil 

35yr 16.4 120mg/dl 155mg/dl 120mg/dl 118mg/dl 118mg/dl nil 

50 yr 31.2 119mg/dl 163mg/dl 154mg/dl 120mg/dl 106mg/dl nil 

20yr 34.72 112mg/dl 142mg/dl 123mg/dl 95mg/dl 84mg/dl nil 

29yr 36.54 128mg/dl 159mg/dl 128mg/dl 106mg/dl 103mg/dl nil 

18yr 27 143mg/dl 155mg/dl 142mg/dl 132mg/dl 122mg/dl nil 

19yr 37.7 94mg/dl 149mg/dl 99mg/dl 91mg/dl 89mg/dl nil 

20yr 34.72 114mg/dl 143mg/dl 125mg/dl 96mg/dl 85mg/dl nil 

22 yr 26 105mg/dl 140 mg/dl 130 mg/dl 110mg/dl 100mg/dl nil 

16 yr 27 110 mg/dl 135 mg/dl 125 mg/dl 120mg/dl 110mg/dl Nil 

31yr 33 62mg/dl 106mg/dl 127mg/dl 108mg/dl 65mg/dl Nil 

28yr 36.54 130mg/dl 161mg/dl 132mg/dl 110mg/dl 108mg/dl Nil 

32yr 32 126mg/dl 152mg/dl 156mg/dl 136mg/dl 130mg/dl Nil 

36yr 22 122mg/dl 157mg/dl 124mg/dl 123mg/dl 123mg/dl Nil 

33 yr 30 126mg/dl 150 mg/dl 160mg/dl 145mg/dl 130mg/dl Nil 

40yr 31.2 120mg/dl 163mg/dl 154mg/dl 120mg/dl 106mg/dl Nil 

45yr 40 126mg/dl 196mg/dl 140mg/dl 118mg/dl 115mg/dl Nil 

50 yr 31.2 121mg/dl 164mg/dl 155mg/dl 123mg/dl 110mg/dl Nil 
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36 yr 32 126 mg/dl 166 mg/dl 155 mg/dl 130mg/dl 120mg/dl Nil 

38 yr 33 126 mg/dl 167 mg/dl 158 mg/dl 135mg/dl 120mg/dl Nil 

19yr 37.7 92mg/dl 147mg/dl 98mg/dl 89mg/dl 90 mg/dl Nil 

30yr 33 60mg/dl 102mg/dl 127mg/dl 102mg/dl 62mg/dl Nil 

45yr 49.3 122mg/dl 194mg/dl 136mg/dl 113mg/dl 116mg/dl Nil 

28yr 30 126mg/dl 153mg/dl 160mg/dl 140mg/dl 130mg/dl Nil 

34yr 16.4 118mg/dl 153mg/dl 119mg/dl 118mg/dl 118mg/dl Nil 

50 yr 31.2 119mg/dl 163mg/dl 154mg/dl 120mg/dl 106mg/dl Nil 

20yr 34.72 112mg/dl 142mg/dl 123mg/dl 95mg/dl 84mg/dl Nil 

27yr 35.54 128mg/dl 159mg/dl 128mg/dl 106mg/dl 103mg/dl Nil 

28yr 29.74 126mg/dl 153mg/dl 160mg/dl 140mg/dl 130mg/dl Nil 

35yr 23 120mg/dl 155mg/dl 120mg/dl 118mg/dl 118mg/dl Nil 

30 yr 30 124mg/dl 148 mg/dl 158mg/dl 144mg/dl 130mg/dl Nil 

40yr 31.2 120mg/dl 163mg/dl 154mg/dl 120mg/dl 106mg/dl Nil 

28yr 30.50 126mg/dl 153mg/dl 160mg/dl 140mg/dl 128mg/dl Nil 

34yr 16.4 120mg/dl 155mg/dl 123mg/dl 120mg/dl 120mg/dl Nil 

50 yr 31.2 117mg/dl 162mg/dl 153mg/dl 118mg/dl 105mg/dl Nil 

20yr 34.72 112mg/dl 142mg/dl 123mg/dl 95mg/dl 84mg/dl Nil 

28yr 37 128mg/dl 159mg/dl 128mg/dl 106mg/dl 103mg/dl Nil 

28yr 31 124mg/dl 151mg/dl 156mg/dl 136mg/dl 131mg/dl Nil 

56.7yr 3.65 120mg/dl 163mg/dl 154mg/dl 120mg/dl 106mg/dl Nil 

25.4yr 1.63 126mg/dl 153mg/dl 160mg/dl 140mg/dl 130mg/dl Nil 

19yr 37.7 93mg/dl 146mg/dl 96mg/dl 90mg/dl 89mg/dl Nil 

30yr 33 61mg/dl 103mg/dl 128mg/dl 103mg/dl 60mg/dl Nil 

45yr 49.3 124mg/dl 196mg/dl 139mg/dl 114mg/dl 114mg/dl Nil 

28yr 32 128mg/dl 153mg/dl 160mg/dl 145mg/dl 128mg/dl Nil 

34yr 17 120mg/dl 155mg/dl 120mg/dl 118mg/dl 118mg/dl Nil 
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50 yr 31.2 119mg/dl 165mg/dl 154mg/dl 119mg/dl 106mg/dl Nil 

20yr 34.72 110mg/dl 141mg/dl 123mg/dl 94mg/dl 83mg/dl Nil 

35yr 18 124mg/dl 158mg/dl 120mg/dl 120mg/dl 120mg/dl Nil 

50 yr 31.2 120mg/dl 165mg/dl 154mg/dl 122mg/dl 108mg/dl Nil 

20yr 34.72 111mg/dl 140mg/dl 123mg/dl 95mg/dl 84mg/dl Nil 

28yr 35 128mg/dl 160mg/dl 128mg/dl 106mg/dl 103mg/dl Nil 

31yr 30 126mg/dl 154mg/dl 160mg/dl 144mg/dl 131mg/dl Nil 

35yr 22 118mg/dl 152mg/dl 120mg/dl 122mg/dl 122mg/dl Nil 

32 yr 30 128 mg/dl 151mg/dl 160mg/dl 146mg/dl 130mg/dl Nil 

25yr 1.63 148 mg/dl 63 mg/dl 140 mg/dl 99 mg/dl 89 mg/dl Nil 

19yr 37.7 94mg/dl 149mg/dl 97mg/dl 92mg/dl 91mg/dl Nil 

30yr 33 61mg/dl 104mg/dl 128mgdl 105mg/dl 60mg/dl Nil 

45yr 49.3 125mg/dl 198mg/dl 138mg/dl 115mg/dl 114mg/dl Nil 

33yr 31 125mg/dl 152mg/dl 160mg/dl 141mg/dl 130mg/dl Nil 

29yr 18 120mg/dl 153mg/dl 120mg/dl 118mg/dl 118mg/dl Nil 

50 yr 31.2 118mg/dl 162mg/dl 154mg/dl 120mg/dl 106mg/dl Nil 

20yr 34.72 112mg/dl 142mg/dl 123mg/dl 96mg/dl 84mg/dl Nil 

34yr 16.4 119mg/dl 154mg/dl 120mg/dl 119mg/dl 119mg/dl Nil 

50 yr 31.2 119mg/dl 162mg/dl 154mg/dl 120mg/dl 108mg/dl Nil 

20yr 34.72 113mg/dl 145mg/dl 123mg/dl 96mg/dl 86mg/dl Nil 

28yr 37 128mg/dl 159mg/dl 128mg/dl 106mg/dl 103mg/dl Nil 

29yr 31 127mg/dl 154mg/dl 160mg/dl 140mg/dl 130mg/dl Nil 

28yr 35 132mg/dl 163mg/dl 132mg/dl 110mg/dl 107mg/dl Nil 

18yr 27 141mg/dl 153mg/dl 138mg/dl 128mg/dl 118mg/dl Nil 

19yr 37.7 93mg/dl 148mg/dl 98mg/dl 92mg/dl 89mg/dl Nil 

20yr 34.72 110mg/dl 140mg/dl 122mg/dl 94mg/dl 83mg/dl Nil 

22 yr 26 105 mg/dl 140mg/dl 130 mg/dl 99mg/dl 100mg/dl Nil 
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16 yr 27 110mg/dl 135 mg/dl 125 mg/dl 120mg/dl 110mg/dl Nil 

30yr 33 65mg/dl 105mg/dl 130mg/dl 107mg/dl 62mg/dl Nil 

28yr 38 125mg/dl 156mg/dl 128mg/dl 110mg/dl 105mg/dl Nil 

31yr 29 126mg/dl 153mg/dl 160mg/dl 140mg/dl 130mg/dl Nil 

35yr 22 120mg/dl 156mg/dl 120mg/dl 118mg/dl 118mg/dl Nil 

30 yr 30 126mg/dl 151mg/dl 162mg/dl 145mg/dl 132mg/dl Nil 

40yr 31.2 120mg/dl 163mg/dl 154mg/dl 120mg/dl 106mg/dl Nil 

45yr 40 123mg/dl 198mg/dl 138mg/dl 115mg/dl 114mg/dl Nil 

50 yr 31.2 117mg/dl 161mg/dl 152mg/dl 122mg/dl 108mg/dl Nil 

36 yr 32 126 mg/dl 166 mg/dl 155 mg/dl 130mg/dl 120mg/dl Nil 

38 yr 33 126 mg/dl 167 mg/dl 158 mg/dl 135mg/dl 120mg/dl Nil 

19yr 37.7 89mg/dl 147mg/dl 97mg/dl 90mg/dl 90mg/dl Nil 

30yr 34 62mg/dl 104mg/dl 126mg/dl 102mg/dl 61mg/dl Nil 

45yr 49.3 124mg/dl 196mg/dl 138mg/dl 115mg/dl 115mg/dl Nil 

28yr 30.74 126mg/dl 154mg/dl 158mg/dl 136mg/dl 132mg/dl Nil 

35yr 20 123mg/dl 155mg/dl 120mg/dl 118mg/dl 116mg/dl Nil 

19yr 37.7 93mg/dl 149mg/dl 96mg/dl 90mg/dl 88mg/dl Nil 

30yr 33 60mg/dl 103mg/dl 130mg/dl 108mg/dl 60mg/dl Nil 

45yr 49.3 124mg/dl 196mg/dl 139mg/dl 115mg/dl 113mg/dl Nil 

27yr 28 123mg/dl 150mg/dl 160mg/dl 140mg/dl 134mg/dl Nil 

35yr 24 120mg/dl 157mg/dl 122mg/dl 118mg/dl 118mg/dl Nil 

50 yr 31.2 121mg/dl 164mg/dl 152mg/dl 122mg/dl 106mg/dl Nil 

20yr 34.72 112mg/dl 142mg/dl 124mg/dl 96mg/dl 85mg/dl Nil 

28yr 36 128mg/dl 159mg/dl 128mg/dl 106mg/dl 103mg/dl Nil 

28yr 28 126mg/dl 152mg/dl 158mg/dl 138mg/dl 128mg/dl Nil 

35yr 22 118mg/dl 157mg/dl 118mg/dl 116mg/dl 116mg/dl Nil 

30 yr 30 127mg/dl 149mg/dl 158mg/dl 144mg/dl 128mg/dl Nil 
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40yr 31.2 120mg/dl 163mg/dl 154mg/dl 120mg/dl 106mg/dl Nil 

28yr 30 125mg/dl 151mg/dl 158mg/dl 139mg/dl 128mg/dl Nil 

35yr 21 120mg/dl 155mg/dl 120mg/dl 118mg/dl 118mg/dl Nil 

50 yr 31.2 117mg/dl 162mg/dl 154mg/dl 121mg/dl 109mg/dl Nil 

20yr 34.72 113mg/dl 143mg/dl 123mg/dl 95mg/dl 85mg/dl Nil 

29yr 35 131mg/dl 162mg/dl 131mg/dl 109mg/dl 106mg/dl Nil 

28yr 30 126mg/dl 155mg/dl 162mg/dl 142mg/dl 132mg/dl Nil 

30yr 32 61mg/dl 102mg/dl 127mg/dl 106mg/dl 61mg/dl Nil 

45yr 49.3 123mg/dl 192mg/dl 137mg/dl 116mg/dl 112mg/dl Nil 

28yr 30.74 126mg/dl 153mg/dl 160mg/dl 140mg/dl 130mg/dl Nil 

35yr 22 119mg/dl 156mg/dl 121mg/dl 119mg/dl 119mg/dl Nil 

19yr 37.7 95mg/dl 150mg/dl 98mg/dl 92mg/dl 90mg/dl Nil 

30yr 32 66mg/dl 107mg/dl 130mg/dl 106mg/dl 62mg/dl Nil 

45yr 49.3 126mg/dl 197mg/dl 140mg/dl 117mg/dl 116mg/dl Nil 

28yr 31 128mg/dl 151mg/dl 157mg/dl 136mg/dl 126mg/dl Nil 

35yr 20 121mg/dl 159mg/dl 123mg/dl 120mg/dl 120mg/dl Nil 

50 yr 31.2 118mg/dl 162mg/dl 154mg/dl 122mg/dl 107mg/dl Nil 

20yr 34.72 112mg/dl 142mg/dl 123mg/dl 95mg/dl 84mg/dl Nil 

33yr 36 127mg/dl 158mg/dl 125mg/dl 103mg/dl 103mg/dl Nil 

28yr 32 126mg/dl 153mg/dl 160mg/dl 142mg/dl 132mg/dl Nil 

35yr 22 119mg/dl 154mg/dl 120mg/dl 118mg/dl 118mg/dl Nil 

30 yr 30 125mg/dl 152mg/dl 160mg/dl 146mg/dl 130mg/dl Nil 

40yr 31.2 120mg/dl 163mg/dl 154mg/dl 120mg/dl 106mg/dl Nil 

28yr 30 126mg/dl 153mg/dl 160mg/dl 140mg/dl 130mg/dl Nil 

35yr 19 120mg/dl 155mg/dl 124mg/dl 118mg/dl 118mg/dl Nil 

50 yr 31.2 119mg/dl 163mg/dl 155mg/dl 121mg/dl 107mg/dl Nil 

20yr 34.72 111mg/dl 141mg/dl 126mg/dl 97mg/dl 86mg/dl Nil 
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28yr 35 128mg/dl 159mg/dl 128mg/dl 106mg/dl 103mg/dl Nil 

29yr 30.74 126mg/dl 151mg/dl 158mg/dl 140mg/dl 130mg/dl Nil 

40yr 31.2 120mg/dl 163mg/dl 154mg/dl 120mg/dl 106mg/dl Nil 

45yr 40 124mg/dl 196mg/dl 136mg/dl 113mg/dl 115mg/dl Nil 

50 yr 31.2 120mg/dl 165mg/dl 155mg/dl 121mg/dl 106mg/dl Nil 

36 yr 32 126 mg/dl 166 mg/dl 155 mg/dl 130mg/dl 120mg/dl Nil 

38 yr 33 126 mg/dl 167 mg/dl 158 mg/dl 135mg/dl 120mg/dl Nil 

19yr 37.7 93mg/dl 147mg/dl 112mg/dl 95mg/dl 92mg/dl Nil 

31yr 33 61mg/dl 104mg/dl 128mg/dl 105mg/dl 60mg/dl Nil 

45yr 49.3 123mg/dl 195mg/dl 138mg/dl 117mg/dl 115mg/dl Nil 

27yr 30 126mg/dl 153mg/dl 160mg/dl 140mg/dl 130mg/dl Nil 

35yr 18 120mg/dl 156mg/dl 130mg/dl 122mg/dl 122mg/dl Nil 

19yr 37.7 95mg/dl 146mg/dl 100mg/dl 92mg/dl 90mg/dl Nil 

30yr 34 64mg/dl 102mg/dl 126mg/dl 104mg/dl 62mg/dl Nil 

45yr 49.3 124mg/dl 197mg/dl 140mg/dl 117mg/dl 117mg/dl Nil 

28yr 30 125mg/dl 153mg/dl 159mg/dl 140mg/dl 130mg/dl Nil 

35yr 17 120mg/dl 155mg/dl 120mg/dl 118mg/dl 118mg/dl Nil 

50 yr 31.2 119mg/dl 160mg/dl 154mg/dl 122mg/dl 106mg/dl Nil 

20yr 34.72 112mg/dl 143mg/dl 125mg/dl 95mg/dl 84mg/dl Nil 

28yr 37.54 130mg/dl 161mg/dl 131mg/dl 108mg/dl 105mg/dl Nil 

28yr 30 125mg/dl 152mg/dl 160mg/dl 142mg/dl 132mg/dl Nil 

35yr 22 120mg/dl 155mg/dl 120mg/dl 118mg/dl 118mg/dl Nil 

30 yr 30 127mg/dl 148mg/dl 158mg/dl 144mg/dl 128mg/dl Nil 

40yr 31.2 120mg/dl 163mg/dl 154mg/dl 120mg/dl 106mg/dl Nil 

28yr 29 127mg/dl 153mg/dl 160mg/dl 142mg/dl 130mg/dl Nil 

35yr 18 120mg/dl 155mg/dl 120mg/dl 118mg/dl 118mg/dl Nil 

50 yr 31.2 118mg/dl 161mg/dl 155mg/dl 118mg/dl 106mg/dl Nil 
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20yr 34.72 112mg/dl 142mg/dl 123mg/dl 95mg/dl 84mg/dl Nil 

28yr 36 128mg/dl 159mg/dl 128mg/dl 106mg/dl 103mg/dl Nil 

29yr 30.50 128mg/dl 155mg/dl 162mg/dl 142mg/dl 132mg/dl Nil 

30yr 33 62mg/dl 103mg/dl 128mg/dl 105mg/dl 60mg/dl Nil 

45yr 49.3 127mg/dl 195mg/dl 137mg/dl 113mg/dl 112mg/dl Nil 

28yr 32 128mg/dl 154mg/dl 161mg/dl 141mg/dl 131mg/dl Nil 

35yr 19 120mg/dl 155mg/dl 126mg/dl 120mg/dl 118mg/dl Nil 

19yr 37.7 92mg/dl 148mg/dl 110mg/dl 90mg/dl 90mg/dl Nil 

30yr 33 62mg/dl 106mg/dl 125mg/dl 110mg/dl 65mg/dl Nil 

45yr 49.3 121mg/dl 197mg/dl 137mg/dl 112mg/dl 112mg/dl Nil 

31yr 31 124mg/dl 150mg/dl 155mg/dl 139mg/dl 130mg/dl Nil 

35yr 20 122mg/dl 150mg/dl 130mg/dl 120mg/dl 118mg/dl Nil 

50 yr 31.2 120mg/dl 164mg/dl 155mg/dl 120mg/dl 107mg/dl Nil 

20yr 34.72 114mg/dl 144mg/dl 124mg/dl 96mg/dl 86mg/dl Nil 

27yr 35 128mg/dl 159mg/dl 128mg/dl 106mg/dl 103mg/dl Nil 

28yr 30 126mg/dl 153mg/dl 160mg/dl 140mg/dl 130mg/dl Nil 

35yr 22 122mg/dl 156mg/dl 122mg/dl 120mg/dl 118mg/dl Nil 

30 yr 30 126mg/dl 151mg/dl 162mg/dl 145mg/dl 132mg/dl Nil 

40yr 31.2 120mg/dl 163mg/dl 154mg/dl 120mg/dl 106mg/dl Nil 

28yr 31 124mg/dl 152mg/dl 159mg/dl 139mg/dl 129mg/dl Nil 

36yr 16.4 118mg/dl 154mg/dl 120mg/dl 118mg/dl 118mg/dl Nil 

50 yr 31.2 121mg/dl 165mg/dl 157mg/dl 124mg/dl 109mg/dl Nil 

20yr 34.72 115mg/dl 144mg/dl 126mg/dl 98mg/dl 87mg/dl Nil 

26yr 36.54 128mg/dl 159mg/dl 128mg/dl 108mg/dl 103mg/dl Nil 

18yr 27 142mg/dl 155mg/dl 141mg/dl 132mg/dl 120mg/dl Nil 

19yr 37.7 93mg/dl 148mg/dl 128mg/dl 111mg/dl 92mg/dl Nil 

20yr 34.72 111mg/dl 140mg/dl 123mg/dl 94mg/dl 84mg/dl Nil 
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22 yr 26 105 mg/dl 140 mg/dl 130 mg/dl 110mg/dl 100mg/dl Nil 

16 yr 27 110 mg/dl 135 mg/dl 125 mg/dl 120mg/dl 110mg/dl Nil 

30yr 33 60mg/dl 106mg/dl 131mg/dl 100mg/dl 60mg/dl Nil 

28yr 37 128mg/dl 157mg/dl 126mg/dl 104mg/dl 101mg/dl Nil 

29yr 32 126mg/dl 153mg/dl 160mg/dl 140mg/dl 130mg/dl Nil 

35yr 22 123mg/dl 156mg/dl 124mg/dl 120mg/dl 120mg/dl Nil 

30 yr 31 127mg/dl 150 mg/dl 162mg/dl 145mg/dl 128mg/dl Nil 

40yr 31.2 120mg/dl 163mg/dl 154mg/dl 120mg/dl 106mg/dl Nil 

45yr 40 124mg/dl 196mg/dl 138mg/dl 120mg/dl 120mg/dl Nil 

50 yr 31.2 119mg/dl 161mg/dl 154mg/dl 122mg/dl 108mg/dl Nil 

36 yr 32 126mg/dl 166mg/dl 155mg/dl 130mg/dl 120mg/dl Nil 

36 yr 25 114mg/dl 134mg/dl 128mg/dl 120mg/dl 112mg/dl Nil 

41 yr 27 110mg/dl 136mg/dl 126mg/dl 122mg/dl 108mg/dl Nil 

39 yr 24 112mg/dl 132mg/dl 125mg/dl 119mg/dl 108mg/dl Nil 

21 yr 22 118mg/dl 142mg/dl 128mg/dl 116mg/dl 106mg/dl Nil 
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Appendices 11: Level of heat shock proteins in first degree relatives of diabetics. 

HSP110.92 HSP100.5 HSP90.52 HSP70.53 HSP60 HSP82.67 

864.2 122.42 2647.15 544.2 56091.01 3149.65 

256.68 302 2047.54 795.01 62773.47 678.81 

277.52 129.11 6014.92 543.92 75147.72 514.06 

256.54 179.72 241.14 634.45 107703.7 5503.98 

522.66 1168.53 3350 117.69 86790.48 333.25 

2353.21 1331.4 3003.81 523.64 123682.2 4047.22 

1411.33 107.91 662.65 723.1 29105.56 1369.49 

544.06 138.79 947.16 507.21 19688.51 895.92 

147.21 1703.23 1061.98 1446.77 51472.82 2936.52 

181.01 277.54 157.28 1245.69 52348.46 2100.55 

169.38 305.39 811.55 697.34 54326.23 1214.2 

119.39 1300 808.85 1172.1 61267.7 652.06 

280.52 515.34 1073.93 401.21 92849.16 192.7 

265.47 99.35 862.87 562.19 30831.15 1369.49 

222.59 470.13 1939.9 1090.82 31742.53 17160.45 

113.35 305.39 1885.79 529.59 31774.97 4289.72 

917.13 1300.28 947.16 3593.1 88122.11 2655.25 

589.39 515.34 1061.98 4115.53 79729.53 1077.2 

1098.41 128.26 157.28 5585.83 45620.32 3873.14 

2095.77 306.35 811.55 1834.53 49279.55 2517.08 
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1389.38 715.68 808.85 4482.33 18845.55 895.92 

779.94 493.41 1073.93 3380.23 18845.53 2936.52 

849.35 399.56 862.87 3593.1 30062.44 2100.55 

368.16 470.13 1192.56 4115.53 30062.44 1214.2 

321.14 107.91 2721.54 5585.83 42790.78 652.06 

1126.57 138.79 1838.04 1834.53 52161.37 192.7 

345.21 1703.23 1320.89 1602 86348.48 1369.49 

128.26 277.54 1192.56 1627.91 1159.8.72 17160.45 

299.44 305.39 2721.54 1196.04 106070.1 4289.72 

824.2 1300 1838.04 580 56091.01 2655.25 

321.14 515.34 780.85 1923.15 61743.3 3873.14 

1126.57 99.35 571 443.44 64782.67 2517.08 

345.21 470.13 551.32 698.9 86348.48 895.92 

168.34 305.39 2721.54 4482.33 115908.7 2936.52 

752.39 1300.28 1838.04 3380.23 43877.69 2100.55 

432.5 515.34 1320.89 402.21 40039.67 1214.2 

849.16 470.13 1192.56 1028.21 39542.58 652.06 

1385.34 107.91 2721.54 658.68 42036.18 192.7 

602.19 138.79 1838.04 4115.53 42036.18 1369.49 

431.69 1703.23 1320.89 5585.83 23004.14 17160.45 

3324.4 277.54 1192.56 1834.53 39891.21 4289.72 

299.44 305.39 2721.54 1602 106.70.14 2655.25 

824.2 1300 1838.04 1627.91 48508.24 3873.14 

289.2 515.34 780.85 1196.04 31613.64 2517.08 

238.96 99.35 571 580 52798.6 895.92 

602.19 470.13 551.32 1923.15 31949.62 2936.52 

431.69 305.39 2721.54 443.44 28712 2100.55 



147 
 

522.66 1168.53 3350 117.69 86790.48 1214.2 

2353.21 1331.4 3003.81 523.64 123682.2 4047.22 

1411.33 107.91 662.65 723.1 29105.56 1369.49 

544.06 138.79 947.16 507.21 19688.51 895.92 

147.21 1703.23 1061.98 1446.77 51472.82 2936.52 

181.01 277.54 157.28 1245.69 52348.46 2100.55 

169.38 305.39 811.55 697.34 54326.23 1214.2 

119.39 1300 808.85 1172.1 61267.7 652.06 

280.52 515.34 1073.93 401.21 92849.16 192.7 

265.47 99.35 862.87 562.19 30831.15 1369.49 

222.59 470.13 1939.9 1090.82 31742.53 17160.45 

113.35 305.39 1885.79 529.59 31774.97 4289.72 

917.13 1300.28 947.16 3593.1 88122.11 2655.25 

589.39 515.34 1061.98 4115.53 79729.53 1077.2 

1098.41 128.26 157.28 5585.83 45620.32 3873.14 

602.19 138.79 1838.04 4115.53 42036.18 1369.49 

431.69 1703.23 1320.89 5585.83 23004.14 17160.45 

3324.4 277.54 1192.56 1834.53 39891.21 4289.72 

299.44 305.39 2721.54 1602 106.70.14 2655.25 

824.2 1300 1838.04 1627.91 48508.24 3873.14 

289.2 515.34 780.85 1196.04 31613.64 2517.08 

238.96 99.35 571 580 52798.6 895.92 

602.19 470.13 551.32 1923.15 31949.62 2936.52 

431.69 305.39 2721.54 443.44 28712 2100.55 

522.66 1168.53 3350 117.69 86790.48 1214.2 

2353.21 1331.4 3003.81 523.64 123682.2 4047.22 

1411.33 107.91 662.65 723.1 29105.56 1369.49 
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544.06 138.79 947.16 507.21 19688.51 895.92 

147.21 1703.23 1061.98 1446.77 51472.82 2936.52 

181.01 277.54 157.28 1245.69 52348.46 2100.55 

169.38 305.39 811.55 697.34 54326.23 1214.2 

119.39 1300 808.85 1172.1 61267.7 652.06 

321.14 515.34 780.85 1923.15 61743.3 3873.14 

1126.57 99.35 571 443.44 64782.67 2517.08 

345.21 470.13 551.32 698.9 86348.48 895.92 

168.34 305.39 2721.54 4482.33 115908.7 2936.52 

752.39 1300.28 1838.04 3380.23 43877.69 2100.55 

432.5 515.34 1320.89 402.21 40039.67 1214.2 

849.16 470.13 1192.56 1028.21 39542.58 652.06 

1385.34 107.91 2721.54 658.68 42036.18 192.7 

544.06 138.79 947.16 507.21 19688.51 895.92 

147.21 1703.23 1061.98 1446.77 51472.82 2936.52 

181.01 277.54 157.28 1245.69 52348.46 2100.55 

169.38 305.39 811.55 697.34 54326.23 1214.2 

119.39 1300 808.85 1172.1 61267.7 652.06 

321.14 515.34 780.85 1923.15 61743.3 3873.14 

1126.57 99.35 571 443.44 64782.67 2517.08 

345.21 470.13 551.32 698.9 86348.48 895.92 

238.96 99.35 571 580 52798.6 895.92 

119.39 1300 806 400 61267.7 653 

522.66 1168.53 3350 117.69 86790.48 333.25 

602.19 470.13 551.32 1923.15 31949.62 2936.52 

299.44 305.39 2721.54 1602 106.70.14 2655.25 
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Appendices 111: Level of blood HbA1c, serum insulin, adiponectin, visfatin and elastase of 

first degree relatives of diabetics. 

HbA1c Insulin Visfatin  Adiponectin  Elastase 

7.6 8.9 56091.0  482.73  482.73 

4.37 45 62773.47  431.03  431.03 

3.69 3.5 75147.22  353.61  353.62 

4.9 22 46790.14  65.6  65.6 

4 1.3 19688.51  128.5  128.5 

6.8 35 31949.62  141.8  141.8 

3.5 50.9 28712  91.27  78.56 

4 88.3 30831.15  78.56  300.2 

7.6 23.6 31742.45  300.2  198.82 

4.37 22 31774.97  46.63  46.63 

3.69 26.3 79729.53  46.63  46.63 

4.9 38.3 45620.32  46.63  46.63 

6.8 4.9 49279.55  39.91  165.81 

3.5 7 18845.55  47.7  39.91 

4 4.8 18845.55  47.7  47.7 

6.7 5.7 18845.53  47.7  47.7 

6.7 5.9 30062.44  173.55  173.55 

6.7 7.9 30062.44  209.43  209.43 

5.8 9.9 42790.78  209.48  209.43 

6.9 4 31613.64  43.51  18.83 

7.4 4.4 43877.69  21.24  21.24 

6.6 8.1 40039.67  122.99  122.99 
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7.5 7.8 39542.58  29.37  29.37 

3.75 18.7 42036.18  128.5  141.8 

3.8 37.9 42036.18  141.8  78.56 

7.5 26 23004.14  91.27  300.2 

4.3 10.3 39891.21  78.56  198.82 

6 34.6 86348.48  300.2  46.63 

6.9 0.1 75147.22  46.63  46.63 

7.4 1.6 46790.14  46.63  46.63 

6.6 43.6 19688.51  46.63  165.81 

4 10 31949.62  39.91  39.91 

6.8 6.7 28712  47.7  47.7 

6.1 3.1 30831.15  47.7  47.7 

7.8 6.4 31742.45  47.7  173.55 

8.5 2.8 31774.97  173.55  209.43 

8.9 9.79 79729.53  209.43  209.43 

7.4 8.3 45620.32  209.48  18.83 

6.7 8.2 49279.55  21.51  353.62 

9.9 5.3 18845.55  21.24  65.6 

9.7 3.9 18845.55  122.99  128.5 

4.7 0.9 18845.53  29.37  141.8 

6.7 24 30062.44  128.5  78.56 

8 22 30062.44  141.8  300.2 

6.16 15.3 42790.78  91.27  198.82 

5 34 31613.64  78.56  46.63 

5 4.3 43877.69  300.2  46.63 
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6.8 6.7 40039.67  46.63  46.63 

8.9 2.6 39542.58  300.2  165.81 

7.4 2.5 42036.18  46.63  39.91 

6.7 3.5 42036.18  46.63  47.7 

9.9 21 23004.14  46.63  47.7 

9.7 13.5 62773.47  39.91  173.55 

4.7 1.8 75147.22  47.7  209.43 

7 27.4 46790.14  47.7  209.43 

4.9 8.9 19688.51  47.7  18.83 

4 45 31949.62  173.55  21.24 

6.8 3.5 28712  209.43  122.99 

3.5 22 30831.15  209.48  29.37 

4 1.3 31742.45  93.51  141.8 

7.6 35 31774.97  21.24  46.63 

4.37 50.9 79729.53  122.99  46.63 

3.69 88.3 45620.32  29.37  165.81 

4.9 23.6 49279.55  128.5  39.91 

6.8 22 18845.55  141.8  47.7 

3.5 26.3 18845.55  47.7  47.7 

4 38.3 18845.53  173.55  173.55 

6.7 4.9 30062.44  209.43  209.43 

6.7 7 30062.44  209.48  209.43 

6.7 4.8 42790.78  83.51  18.83 

5.8 5.7 31613.64  21.24  21.24 

6.9 5.9 43877.69  122.99  122.99 

7.4 7.9 40039.67  29.37  173 

6.6 9.9 39542.58  128.5  122 
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7.5 4 42036.18  141.8  140 

3.75 4.4 42036.18  46.63  46.63 

3.8 8.1 23004.14  300.2  165.81 

6.5 7.8 39891.21  46.63  39.91 

3.5 18.7 86348.48  46.63  47.7 

4 37.9 75147.22  46.63  47.7 

7.2 4 46790.14  39.91  173.55 

6.3 9.8 19688.51  47.7  209.43 

4.6 4 31949.62  47.7  209.43 

7.9 4.5 28712  47.7  18.83 

7 4.4 30831.15  173.55  21.24 

6.5 7.8 31742.45  209.43  122.99 

4.6 4 31774.97  209.48  29.37 

7.9 4.5 49279.55  3.51  141.8 

7 4.4 18845.55  21.24  46.63 

6.5 3.3 18845.55  122.99  46.63 

7 5 18845.53  29.37  165.81 

7.3 3.6 30062.44  128.5  39.91 

7.4 6.1 30062.44  141.8  47.7 

6.8 3.2 42790.78  47.7  47.7 

7.9 6.8 31613.64  173.55  173.55 

7.7 9.5 43877.69  140  185 

6.7 4 40039.67  165  202 

4 12 39542.58  58.2  50.43 

6.5 7.8 31742.45  209.43  122.99 

4.7 0.9 18845.53  29.37  141.8 
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Appendices 1V: Level of serum calcium, magnesium, phosphorous HSP60 and HSP70 of 

first degree relatives of diabetics. 

Mg 

mg/dl 

Ca  

mg/dl 

PO4      

mg/dl 

 HSP60 

mg/dl 

HSP70 

mg/dl 

1.28 11.5 12.1 54.14 52.04 

1.57 8.85 4.5 56.28 40.80 

1.57 7.5 9 33.53 35.32 

1.98 7.7 12.1 43.86 30.65 

1.98 7.8 12.1 40.0 144.4 

1.71 7.69 7.27 60.11 143.0 

1.83 7.7 23.5 33.93 28.63 

1.42 7.7 9.8 26.09 22.92 

1.57 8.0 4.9 30.83 25.24 

1.13 9 6.29 52.16 37.33 

1.13 6.9 7.8 41.74 40.36 

1.28 6.9 7 41.34 39.48 

1.71 7.5 6.29 42.56 46.72 

0.17 7.9 1.57 55.06 93.55 

0.17 10 3.9 41.44 95.13 

0.17 8.08 5.89 79.92 141.0 

0.22 8.3 4.7 38.27 44.90 

0.27 8.8 3.9 47.60 42.86 

0.14 7.7 5.5 36.32 44.97 

0.17 8 6.29 30.51 55.36 

0.14 7.8 5.5 34.99 45.93 
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0.07 6.9 7.46 36.39 39.23 

0.07 6.8 4.7 32.36 59.99 

0.07 6.8 5.5 43.23 36.10 

0.05 7.7 3.5 78.81 45.45 

0.17 7.5 6.68 41.13 35.01 

0.07 7.8 5.5 38.12 55.94 

0.1 7.7 7.8 33.19 38.26 

0.07 8.7 5.5 35.69 58.35 

0.07 8.5 8.6 35.53 43.13 

0.07 8.1 8.2 31.84 36.21 

0.14 7.6 5.11 35.42 44.55 

0.07 8 6.19 37.95 42.55 

0.17 11.9 6.2 25.19 63.0 

0.07 7.9 5.5 35.28 50.77 

0.07 10 4.2 55.43 41.51 

3.11 8.3 5.1 56.35 37.16 

4.12 8 5.4 61.43 48.63 

1.37 10.3 4.56 36.00 39.40 

2.75 9.3 3.6 45.85 68.11 

1.37 9.3 2.9 42.14 51.33 

2.75 8.6 1.6 40.63 44.07 

1.71 6.7 1.4 33.71 46.07 

1.71 11.6 1.2 28.99 63.27 

3.11 8.3 0.88 52.53 42.64 

3.45 8.3 5.3 74.15 177.0 
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2.75 10 6.2 37.4 196.6 

1.37 10.3 8.7 39.04 74.44 

0.7 11.3 8.1 44.54 49.92 

2.07 9.7 8.1 55.80 101.0 

0.7 6.7 1.4 37.20 49.97 

1.71 13.3 1.2 61.00 22.3 

2.75 3.3 2.9 33.38 74.14 

2.75 3.3 1.6 31.23 88.58 

2.75 3.3 1.4 72.96 74.48 

4.48 6.6 1.2 32.06 37.8 

1.57 8.85 2.9 36.18 74.60 

1.98 7.7 4.7 85.57 82.78 

1.98 0.38 6.29 43.09 43.9 

1.71 7.69 9.8 45.72 80.82 

1.42 7.7 7.8 33.91 47.29 

1.13 7.7 12.1 35.47 73.81 

0.17 2.69 6.68 115.35 201.0 

0.17 1.15 5.5 38.45 247.4 

0.27 8.08 1.57 39.17 109.0 

0.14 1.54 4.5 31.17 111.0 

0.07 4.23 6.29 27.85 86.2 

0.07 4.62 4.9 32.97 90.3 

0.07 3.8 23.5 32.24 110.0 

0.05 3.8 12.1 39.35 83.9 

0.17 5.77 7 41.2 237.1 
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0.07 5 3.9 73.0 65.9 

0.07 6.15 9 36.4 77.1 

0.07 3.8 6.2 27.7 80.6 

0.14 3.46 5.5 33.53 46.72 

0.07 8 4.2 40.0 95.13 

0.07 6.9 2.9 41.74 141.0 

0.07 10 8.1 42.56 55.36 

4.12 2 8.1 38.27 45.93 

1.37 13.3 1.4 36.32 55.94 

2.75 23.3 5.5 30.51 58.35 

3.11 3.3 5.5 32.36 43.13 

2.75 3.3 5.11 41.13 50.77 

2.75 3.3 3.9 38.12 41.51 

2.75 3.3 7.46 33.19 48.63 

1.28 11.5 5.89 31.84 39.40 

1.57 0.38 3.5 35.28 68.11 

1.57 3.08 5.5 55.43 51.33 

1.13 4.62 5.5 36.00 46.07 

1.28 6.9 5.11 40.63 177.0 

1.71 4.2 3.9 33.71 74.44 

0.17 1.9 7.46 28.99 101.0 

0.22 0.38 5.89 37.20 49.97 

0.14 5.77 5.5 33.38 22.32 

0.11 5 8.6 31.23 74.14 

0.1 3.8 12.1 43.09 88.58 
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0.07 6.5 7.27 35.47 43.9 

0.17 11.9 6.29 39.17 109.0 

3.11 3.3 6.19 32.97 111.0 

1.37 23.3 5.1 32.24 65.9 

2.75 3.3 4.56 47.85 36.10 

1.71 1.67 3.6 52.53 42.55 

1.71 11.6 1.6 38.18 39.23 

3.45 8.3 6.59 42.14 25.24 

2.75 10 6.7 37.95 40.36 

0.7 13.3 6.8 35.42 35.32 

2.07 1.67 7 78.81 52.04 

0.7 1.67 5.7 36.39 39.48 

1.71 13.3 2.6 30.83 59.97 

4.48 6.6 8.37 43.86 90.3 
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Appendices V: Gel pictures of adiponectin, visfatin and elastase 

L= Ladder, C= Controls, S= Patient‘s samples 

 

 

Ladder Control    S1         S2           S3        S4 

L    C      S1     S2    S3    S4     S5   S6 
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L         C         S1        S2       S3       S4      S5        S6 

 

L        C     S1      S2     S3     S4      S5     S6 
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L        C       S1   S2     S3     S4    S5     S6 

 

 

L     C       S1   S2      S3    S4      S5    S6 
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L            C     S1       S2       S3      S4     S5 
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