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ABSTRACT 
 

It has been observed that the prevalence of coronary artery disease shows different trends 

pertaining to different races and different regions of the world. In Pakistan one in four middle 

aged adults has prevalent coronary artery disease (CAD). Concerted efforts are needed to 

reduce the epidemic of cardiovascular disease while focusing on hypertension and diabetes in 

South Asian countries including Pakistan. Therefore a research study was undertaken to find 

status of physiological biomarkers in CAD patients in Faisalabad. There were five 

experimental groups in male and female having 15 patients (age: 30-60 yrs) in each group. 

Experimental groups were categorized as (1) Normal healthy individuals.  (2) Patients having 

CAD but they were neither diabetes, nor hypertensive (3) Patients having CAD and are 

diabetic, (4) Patients having CAD and are hypertensive, (5), Patients are diabetic and 

hypertensive both. Anthropometric data was collected. Blood samples were obtained by 

means of a vacutainer tubes from subjects after 12 hours of fasting for further investigation 

on glucose, cholesterol, triglycerides, high-density lipoprotein, low density lipoprotein, total 

proteins, albumin, globulins and creatinine. In conclusion, a significant increase in glucose 

and lipid profiles in patients with diabetes, hypertensive and diabetic hypertensive having 

CAD is indicative of the severity and progression of these diseases in these individuals. 

Serum creatinine, urea, C-RP, AST, ALT, CPK, CKMB, total oxidant capacity, ceruloplasm, 

GSH reductase, GSH peroxidase, homocysteine, lipid peroxidase concentration were 

significantly increased in diabetes, hypertensive and diabetes/ hypertensive patients with 

CAD. A significant decrease in overall serum nitrate, nitrite, total antioxidant capacity, 

catalase, paraoxonase and SOD concentration were found in diabetic, hypertensive and 

diabetic/hypertensive patients with CAD. Thyroid status in diabetic, hypertensive and 

diabetic/hypertensive patients with CAD showed a significant increase in TSH concentration 

while total T3 and T4 concentration was significantly low. However, serum free T3 

concentration was significantly low and serum free T4 concentration was significantly high in 

the present study. Conclusion: The present study is indicative of the health status of 

individual that are diabetic, hypertensive or diabetic/hypertensive with CAD. It is also 

concluded that these differences were significantly similar in male and female individuals 

with respect to their disease with CAD 
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CHAPTER - 1 

INTRODUCTION 

Cardiovascular disease is estimated to be the leading cause of death in developing 

countries by 2010 and nearly 80% of the global mortality and disease burden from 

cardiovascular disease is borne by low and middle income countries (WHO, 2005). Almost 

20 million people survive heart attacks and strokes every year and may require costly clinical 

care and constant proper medication. This has also been reported that heart disease has no 

geographic, gender or socio-economic boundaries, source-global strategy on diet, physical 

activity and health. WHO also estimated that by 2005, Pakistan would have lost 1 billion 

dollars in national income from premature deaths due to heart diseases, stroke and diabetes? 

It has been further mentioned that during 2005 and 2015, this loss would increase to a 

staggering 31 million dollars. Jafar et al. (2008) reported that chronic disease would increase 

by 27% thus indicating that one in every five Pakistanis may have an underlying coronary 

artery disease.  

 Survey in Pakistan indicates very high prevalence rate of cardiovascular disease in 

more than 30% of the population after over 45 years of age (Nishtar et al., 2004). Jafar et al., 

(2005) indicated that one in four middle aged adults in Pakistan has prevalent CAD and this 

risks are uniformly high in the young and in women. They also suggested that concerted 

efforts are needed to prevent the epidemic of cardiovascular disease in all South Asian 

countries, including on hypertension, diabetes, smoking, and dyslipidemia.  

 Demographic variables included risk factors and behavior as well as hypertension, 

diabetes, obesity, dyslipidemia, families with a history of cardiomyopathies, smoking and 

sluggish lifestyle (Iqbal et al., 2004) increase the prevalence of coronary artery disease 

(CAD) and its risk factors in the population. Regulation of modifiable factors like diabetes, 

hypertension and increased blood cholesterol level needs a better control to avoid major 

damage to vital organs. Preventive monitoring programs and a switch over to lifestyle with 

healthy activities needs to be addressed and emphasized (Vajifdar et al., 1999; Iqbal et al., 

2004) which gave further strength to the view that there are different and yet unrecognized 

risk factors of ischemic heart disease (IHD) in Indians. Despite of fact that they consume a 

diet with low fat and cholesterol contents, Indians seem to have the highest incidence of IHD 
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amongst all the ethnic groups of the world.  Enas and Mehta, (1995) also reported that the 

Indian people have a high incidence of IHD with risk factors and lipid profiles totally 

different from western population. Dietetic patterns and anthropometric parameters describe 

these ethnic and regional differences being reported from western India, however there is 

little information reported about Pakistan regarding these parameters.  

It has been reported by various workers that although same and in some cases 

increased incidence of hypertension and diabetes, Japanese and Latin people have low 

prevalence of CAD in comparison to Caucasian people, (Mitchell et al., 1991; Fukiyama et 

al., 2000; Suka et al., 2001; Ueshima et al., 2003). 

 In African Americans populations higher mortality rates were continued to be from 

cardiovascular disorders when compared to their Caucasian people (Becker et al., 1993; Fang 

et al., 1996; Geronimus et al., 1996; Smith et al., 1998; Henderson et al., 2000; Henderson et 

al., 2001) even after adjusting the established factors of diabetes, hypertension, smoking and 

increased cholesterol level of blood. Native Hawaiian people did show increased frequency 

of obesity, a higher incidence of diabetes, increased level of cholesterol in blood and the 

growing mortality rate due to cardiovascular disease (Aluli, 1991; Mokuau et al., 1995; Mau 

et al., 1997). The overall gender-specific and age related mortality rates due to cardiovascular 

disease are 66% higher in native Hawaiian natives when compared to Caucasian counterparts 

in the state (Anderson et al., 2006). 

Metabolic syndrome (MetS) is defined as a cluster of cardiovascular risk factors 

including central obesity, hypertension, dyslipidemia, and glucose intolerance.  It has been 

shown that MetS is a predictor of type 2 diabetes mellitus (T2DM) (Lorenzo et al., 2003) and 

cardiovascular disease (CVD) (Bonora et al., 2003). MetS is associated with an 

approximately two fold increase in CVD (McNeil et al., 2005). The Third National Health 

and Nutrition Examination Survey (TNHNES) reported that the prevalence of MetS was 24% 

in adults older than 20 years and 42% in individuals aged 70 years or older (Ford et al., 

2002). Its age-adjusted prevalence among adults aged 25- 64 years who participated in the 

MONICA WHO Study in Iran was estimated at 27.5% (Fakhrzadeh et al., 2006). The 

prevalence was significantly higher in women than in men (35.9% vs. 20.3%). 

 Well studied risk factors explain most of racial and regional differences in mortality 

rate due to acute myocardial infarction and other heart diseases. However the unexplained 
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excess in native Hawaiian, African-American and the scarcities in Japanese-American 

suggests the presence of unknown determinants for cardiovascular mortality that are spread 

unequally across these targeted populations (Handerson et al., 2007). Carotid artery intima-

media thickness (CIMT) is a non-invasive surrogate marker of atherosclerosis (Chambless et 

al., 1997). Its progression is influenced by conventional CVD risk factors (Sibal et al., 2011). 

Measurement of CIMT can directly predict the risk of future cardiovascular events (Sibal et 

al., 2011) While  increasing age, male gender, hypertension, obesity, and T2DM or glucose 

intolerance are associated with accelerated atherosclerosis in the carotid arteries. 

 Glycosylated hemoglobin (HbA1c) is a measured amount of sugar that is adhered to 

the molecule of hemoglobin in red blood cells. Unlike other tests which are used to measure 

blood sugar, short-term changes can not affect the HbA1c test. It could be speculated by 

measuring this glycosylated hemoglobin that how well diabetes is controlled over time. 

Higher test values are associated with higher risk of complications from diabetes, diseases of 

kidneys and eye, damaged nerves, cardiovascular disease, and ultimate chance of stroke. 

 Earlier, the association between level of serum homocysteine (tHcy) and CAD has 

been strongly supported by meta-analysis of epidemiological surveys (Welch and Loscalzo, 

1998). However, the independent predictive impact of tHcy and its role in pathogenesis of 

CAD, remains debatable. Evidences from basic research studies on animal models indicate 

that Hcy causes damage to endothelial cells of blood vessels, cause peroxidation of lipids, 

and accelerated thrombosis (Klerk et al., 2002).  

 A soluble blood protein fibrinogen is an important biomarker for CAD like that of 

low levels of HDL cholesterol in forecasting of CAD (De la Serna, 1994). Fibrinogen has 

been shown to be strongly predictive of both mortality (Fried et al., 1998) and for the onset 

of cardiovascular disease (Kannel et al., 1987; Patel et al., 1994, 1995; Tracy et al., 1995; 

Ridker et al., 1997) The relationship between the socioeconomic status (SES) and the 

fibrinogen concentration has been proposed as link connecting the stress and low social 

status to cardiovascular disease (Markowe et al., 1985; Wilson et al., 1993; De Boever et al., 

1995; Brunner et al., 1996). 

 Human paraoxonase (EC. 3.1.8.1) is an arylesterase synthesized in the liver and is 

associated with high density lipoprotein (HDL) to be responsible for the anti-oxidative 

property of HDL (Blatter et al., 1993; Watson et al., 1995). Since this enzyme plays an 
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important role in preventing low density lipoprotein (LDL) oxidation, it is considered to 

protect against the development of coronary heart disease (Sanghera et al., 1997). Mackness 

et al. (2001) have recently shown an association between activity of serum paraoxonase and 

CHD. In addition, populations at greater risk of developing CHD have significantly low 

serum paraoxonase levels (Mackness et al., 2000).  

A chain-breaking antioxidants are normally present in the blood as well as in the 

fluids of the extracellular space, where preventive antioxidant enzymes are absent or present 

in very small quantities (McDermott, 2000) and are both water and lipid-soluble in nature. 

The water soluble antioxidants are present in the aqueous environments and the lipid soluble 

are located in the cellular membranes and as lipoproteins in the fluids inside the cells and in 

the blood (Clark, 2002). 

Current medical management of cardiac arrests in patients continues to rely on 

physicians clinical valuation of the situation, various non-specific laboratory tests of organ 

dysfunction, cellular and fluid status. Different serum biomarkers have different peak and fall 

times within the body, which is helpful to track the progress of a developing cardiovascular 

disease and to monitor the recurrence of cardiovascular disorder. From the literature it is 

evident that only a few cardiac biomarkers are being used by physicians for disease 

diagnosis. Some have been obsoleted because of their non-specificity.  The goal with cardiac 

biomarkers is to detect the presence and severity of an acute heart condition at earlier stage 

and would help appropriate treatment to be initiated. An early test would indicate their 

susceptibility and would help to alter their lifestyle of a patient to avoid or delay the onset of 

the disease. Mair et al. (2007) identified the novel biochemical markers that have also led to 

new insights in the pathophysiology of coronary artery disease, acute heart failure and 

coronary syndromes. 

Endothelial function that impaired in CAD contributes to its clinical manifestations. 

An increase in oxidative stress has been linked to impaired endothelial function in 

atherosclerosis and may play an important role in the pathogenesis of cardiovascular events. 

These data in literature support the basic concept that oxidative stress may donate not only to 

endothelial dysfunction but also sponsor to coronary artery disease activity. It has been 

suggested that MetS is a stronger risk factor for atherosclerosis in women than in men 

(Iglseder et al., 2005; Nishida et al., 2007), although there are other reports which do not 
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confirm this finding (McNeil et al., 2004;  Empana et al., 2007). To our knowledge possible 

sex differences regarding this issue have not been studied. 

 The goal of this research is to critically evaluate the role of various cardiac 

biomarkers in the progression of coronary artery disease in the male and female population of 

specific area of Pakistan (Faisalabad) and to understand that if the CRD biomarkers could be 

used as predictive tool of future episodes of coronary artery disease in this population. These 

biomarkers would also help in the prevention of coronary artery disease even before the onset 

of such events. This may also help us to point out or predict biomarker that creditably detects 

the future incidence of coronary artery disease before the medical situation arises.    
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CHAPTER - 2 

REVIEW LITERATURE 

 
The blood vessels supplying oxygenated blood to the myocardial muscles are called 

coronary arteries. The Coronary arterial circulation consists of blood vessels that deliver 

blood to, and remove from, the cardiac tissue. There are two coronary arteries on heart i.e., 

right and left coronary artery. The left coronary artery sprouts from the left aortic sinus and 

the right coronary artery originates from the right aortic sinus (Kaimkhani et al., 2005). 

Sometimes one of these arteries can go into spasm, which is sometimes called as vasospasm. 

This might reduce or even stop the supply of blood to a part of the heart. Spasm can arise in a 

normal coronary artery or in one which is partly blocked by fatty buildups known as 

atherosclerosis (McCully and Wilson, 1975).  

In atherosclerosis, depots of cholesterol, cellular waste products like fatty 

compounds, calcium, and clogs of fibrin pile up in the inner linings of the arteries and result 

in the blockage of arteries (ischemia) and restrict oxygen-rich blood from reaching to the 

heart resulting into infarction. There are two kinds of plaques i.e., hard and soft. If a hard 

plaque builds up in the arteries then the blood flow slows down and sometimes even 

completely stops, therefore, less supply of oxygen leads to heart attack. If a soft susceptible 

plaque is in the inflated part of an artery that could burst and lead to blood clot formation 

increasing the chances of heart attack. Any disturbance in oxygen supply and demand to 

heart restricts the flow of blood to the myocardium (ischemia). As the supply of oxygen is 

not sufficient to cope up its demand, this will create hypoxic conditions in the myocardium.  

Pain in chest (angina) and concurrent clinical signs and symptoms are usual outcome of this 

dysfunction. Ischemia may result into anoxia and ultimately infarction of the myocardial 

muscles.  In addition, ischemia in CAD could impair electrical and mechanical activities 

leading to arrhythmias and ultimately heart failure (Bender and Klabunde, 2007).  

Perlmuter et al. (1984), Reaven et al. (1990), Jagusch et al. (1992) and Gradman et 

al. (1993) described the concentration of glycosylated hemoglobin is an indicator of poor 

glycemic control among diabetics and have been related to poor function in some studies.  
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Worrall et al. (1993) and Lowe et al. (1994) contradicted that no such association was 

observed in their studies.  

Liuzzo et al. (1994) and Haverkate et al. (1997) found that high levels of CRP is to be 

associated with increased cardiovascular problems in subjects with angina pectoris. On the 

other hand, Kuller et al. (1996), Ridker et al. (1997) and Ridker et al. (1998a) found  an 

increased level of CRP in healthy subjects as well. Patel et al. (1995) and Zouki et al. (1997) 

hypothesized that a persistent low-grade bacterial infection can cause increase in CRP levels. 

Ridker et al. (1997) and Ridker et al. (1998b) concluded that concentration of CRP in serum 

is a tool which also predicts cardiovascular mortality. However, these anti-inflammatory 

properties have been found only in studies which used serum concentration of CRP above the 

conventional normal. It has also been reported by the same workers that increased CRP 

levels in blood were associated with a 2-fold increase in a risk of death due to cardiovascular 

disorder. 

 Ridker et al. (1998c) and Surks et al. (2004) reported that elevated levels of CRP 

have direct impact and are related to the risk of myocardial infraction. Ridker et al. (1998a) 

also supported the idea that high concentration of circulatory CRP is a strong predictor of 

forthcoming cardiovascular disorder than low-density lipoprotein (LDL). 

 Malinow et al. (1998), Malinow et al. (1999), Pahor et al. (1999) and Giles et al. 

(2000), reported that serum homocysteine concentrations more than 15 µmol/L are predictive 

of increased risk of morbidity and mortality.  It has also been suggested that 

hyperhomocysteinaemia is an autonomous risk determinant for cardiovascular disease 

(Bostom et al., 1999 and Pahor et al., 1999).   

 Deicher and Vierhapper (2002) found that levothyroxine therapy did not affect levels 

of homocysteine to drop. Luboshitzky et al. (2002) reported that elevated homocysteine 

concentration were just as common in 57 women with subclinical hypothyroidism (SCH) as 

in 34 control patients with normal TSH. Similar observation were found in a cross sectional 

study of an unselected population that SCH does not result in the same elevations in 

homocysteine as observed with hypothyroidism (Hueston et al., 2005).  Sengul et al. (2004) 

however, could not find elevations in homocysteine in 33 women with SCH that was 
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reversed after treatment with thyroxine. Only two of these 33 females had “idiopathic” SCH.  

In other 31 women, all had underlying thyroid disorders with resulting SCH after surgical or 

medical treatment of the underlying condition. Therefore, ambiguity still persists whether it 

was the SCH or the original thyroid dysfunction that elevated level of homocysteine in blood. 

 Only one other study has reported elevated level of CRP (C-reactive protein) in 

patients with SCH. Christ-Crain et al. (2003) compared patients with overt hypothyroidism 

and SCH individuals with normal thyroid stimulating hormones (TSH), observed elevated 

CRP levels in both the overt and subclinical hypothyroid groups, although homocysteine 

were not elevated. 

Verma et al. (2005)  estimated  concentration of three antioxidants in serum i.e., 

vitamin C, bilirubin and ceruloplasmin  as CAD risk determinants in 250 CAD patients 

Number of severe category coronary artery disease (CAD) patients declined by 7-18% with 

increase in serum levels of the  antioxidants and triple vessel disease declined by 14-20%. A 

decline of 39% in myocardial infarction (MI) may occur with increasing serum 

ceruloplasmin.  

Plotnick et al. (1997) pointed out that the association between increased DNA 

damage and increase level of plasma triglycerides may be explained by the increased 

production of endothelial cell superoxide radicals, other oxygen free radicals and 

hypertriglyceridemia. Recently, Harangi et al. (2002) used the comet assay to see the extent 

of DNA damage by oxidative stress in hyperlipidemic patients as compared with 

normolipidemic control. Ohara et al. (1993) described that the oxygen free radicals would 

inactivate nitric oxide, resulting in abnormal endothelial cell functions as well as an increased 

oxidation of LDL cholesterol; the oxygen free radicals would combine with DNA, resulting 

in DNA damage.  

Jacqueline (2002) considered the hemo-concentration, hematocrit, and concentration 

of fibrinogen in blood as independent risk determinants for coronary heart disease and 

pointed out that the levels of these risk determinants could be elevated by dehydration. 

Myocardial infarction is a condition which is caused due to the permanent cell death of the 

heart muscles resulting from the complete occlusion of coronary blood flow to the specific 
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area of the myocardium. Although reasonable alcohol consumption protects against coronary 

heart disease, but surplus use of alcohol increases coronary artery diseases, mainly 

myocardial infraction (Brenner et al., 2001). The early detection of CAD can be made by 

checking the levels of certain biomarkers in blood   (Chattington et al., 1994). CAD has now 

turned out to be a disease of the poor in rich countries and of the rich in poor countries. Asian 

Indians with low socioeconomic status have more chances of getting CAD and risk 

determinants such as smoking and hypertension (Enas et al., 2001). Extreme stress can have 

a potential of developing coronary artery disease, in addition to other bad effects on the body 

(Hassan and El-Aal, 2007). 

 

2.1 NON DIABETIC AND NON HYPERTENSIVE 

 
Hyperlipidemia is caused due to high cholesterol in diet and it is viewed as an 

important risk determinant involved the progression of coronary heart disease (CHD) 

(Kraitchman et al., 1996). Dhingra and Ramachandran (2012) stated that CHD is a cause of 

heart failure, and may be a risk determinant for one or both articles. Lifestyle and 

medications, both affect abnormally high blood pressure and puts extra pressure on arteries, 

prompting them to atherosclerosis. It also puts an extra workload on the heart (Singh et al., 

2011). Exercise and regular physical activity are important in controlling high blood 

cholesterol, obesity and stress, and can build a stronger heart and blood vessel system (Rizzo 

et al., 2006). Fish has less cholesterol than chicken, chicken has less cholesterol than mutton 

and mutton has less cholesterol than beef, therefore fish is better than chicken, chicken is 

better than mutton and mutton is better than beef. Cholesterol increases the viscosity of the 

blood and also cause blockage in coronary artery. Pereira et al. (2004) concluded from a 

dietary study that the consumption of dietary fibers from cereals, vegetables and fruits is 

inversely associated with CAD risk. 

Plotnick et al. (1997) pointed out that the association between increased DNA 

damage and increased level of plasma triglycerides may be explained by the increased 

production of endothelial cell superoxide radicals and other oxygen free radicals and 
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hypertriglyceridemia. Harangi et al. (2002) used the Comet assay to determine an increase in 

DNA damage caused by oxidative stress in hyperlipidemic patients as compared with 

normolipidemic control. Ohara et al. (1993) described that the oxygen free radical would 

inactivate nitric oxide, resulting in abnormal endothelial cell functions as well as an increased 

oxidation of LDL cholesterol; the oxygen free radicals would combine with DNA, resulting 

in DNA damage. It is understood that higher HDL-C concentration itself protect from future 

cardiovascular events and its remedial increase is related with plaque deterioration on 

intravascular ultrasound studies (Taylor et al., 2000). Similarly, Defaria et al. (2007) also 

reported that elevated levels of HDL protect against CAD development. Coronary artery 

disease (CAD) and high-density lipoproteins (HDLs) have an inverse relationship. The 

oxidative alteration of LDL causes atherosclerosis to start and speed up the event (Lusis et. 

al., 2004). Indirectly, HDL have an important role in lowering cholesterol level as well as it 

plays a role as an antiatherogenic mediator and stops the oxidation of LDL (Parthasarathy et 

al., 1990). Aviram et al. (1998) endorsed this antioxidant property of HDL to the HDL-

bound enzyme Paraoxonase-1 (PON1).  

Rissanen (1979) reported that CAD is a multifactorial disorder which is under the 

influence of both, genetic and nongenetic disorders. Wilson et al. (1993) attributed the early-

onset of CAD to the genotypes of genetic factor apolipoprotein E (apo E). Apo E gene (with 

about three alleles, e2, e3 and e4) producing three protein namely E2, E3 and E4 

respectively. The polymorphism of Apo E is persistently associated with plasma 

concentrations total cholesterol as well as LDL cholesterol. 

Homocysteine is released from protein catabolism particularly by the conversion of 

methionine to cysteine and is a sulfur-containing, nonproteinogenic, toxic and very reactive 

amino acid (Selhub et al., 1993). Homocysteine is metabolized by transsulfuration with the 

help of vitamin B6 and remethylation, by folate and vitamin B12. (Malinow et al., 1999). 

Early studies showed that there is a strong, relation in between plasma levels of 

homocysteine and folate. The Framingham Heart Study described that in elderly patients 

folate, vitamin B6, and vitamin B12 play important roles in homocysteine metabolism 

(Selhub et al., 1993). Elevated homocysteine levels were defined in these earlier studies and 
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the doses of each of the each vitamins were reported. For interventional studies, the 

recommendations were made to see if decrease in total homocysteine concentration would 

lower the occurrence of CAD (Malinow et al., 1999). 

Bozkurt et al. (2002) studied homocysteine as an independent risk determinant for 

CAD in an epidemiological study. From their study, they antagonized this hypothesis that 

homocysteine is an important factor during earlier stages of CAD in Cukurova regional 

population in Turkey. Moreover, their middle aged patients did not showed significant 

difference among control and patients homocysteine levels. Alber et al. (2008) have studied 

the HDL cholesterol, CRP and prevalence of CAD in coronary angiography patients. Being  

prognostic risk determinants for future cardiovascular events, HDL-C and CRP concentration 

should also be consider for evaluating the prevalence of CAD, While HDL-C may probably 

be helpful in identifying the advance and more acute stages of CAD. 

Studies have shown that vascular smooth muscle cells, interaction with plasma 

lipoprotein, endothelial lining, connective tissue, clotting factor and platelets are the sites of 

adverse effect of homocysteine. The association between high homocysteine concentration 

and thrombosis was also reported by McCully (1969) who demonstrated a link between 

thrombovascular abnormality in homocystinuria patients also suffering from CAD. Analysis 

of 27 studies related to CAD and homocysteine, and 11 studies were conducted to see 

interactive effects of folic acid on total homocysteine concentration. They suggested that an 

increase of 5 µmol/L in the level of total homocysteine (normal level, 5-15 µmol/L) 

increased the risk for CAD and an increase of 0.52 mmol/L (20 mg/dL) in the level of plasma 

cholesterol (Boushey et al., 1995). The conclusion was that intake of large amount of folic 

acid was associated with a decrease in the prevalence of CAD.  

Vigorous smoking is an important adjustable risk determinants for CAD (Glantz and 

Parmley, 1995). Exposure to cigarette smoke acts with other factors to harm blood vessels, 

which can lead to coronary artery disease. In the United States, 100,000 deaths had been 

reported due to active cigarette smoking and ultimately due to CAD each year. Many 

epidemiologic studies and reviews had pointed out that passive smoking is a risk of coronary 

heart diseases (Jiang et al., 1999).  
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Homocysteine was recognized as a risk determinant for CAD and  high levels of 

homocysteine was considered as an independent risk determinant for cardiovascular disease, 

like that of smoking and increased levels of cholesterol in serum (Donald and Scott, 1998). In 

a study of  European Concerted Action Project, a large case-control study of 750 patients and 

800 control cases from nineteen (19) centers of nine (9) different countries did show that the 

levels of vitamin B6, vitamin B12 and folate, all of which are inversely related to total 

homocysteine levels (Graham et al., 1997).  This study also found that the subjects who took 

supplements of folate, vitamin B6 and vitamin B12, had a considerably lower risk of vascular 

disease by lowering the levels of homocysteine. 

Blankenberg et al. (2001) have studied the adhesive property of circulating 

leukocytes to the vascular endothelial cells and subsequent diapedesis and have suggested it 

as an important initiation and aggravation step to nidus of atherosclerotic. They indicated that 

this process is primarily facilitated by cellular adhesion molecules which are expressed on 

the endothelial cells in response to many humoral inflammatory stimuli. Focal expression of 

vascular cellular adhesion molecule (VCAM)-1, intercellular adhesion molecule (ICAM)-1, 

and E-selectin has been reported in human atherosclerotic plaques. Expression of VCAM-1 

was identified as activated endothelium and vascular smooth muscle cells during the whole 

progression of atherogenesis.  Also, expression of VCAM-1 occurs in endothelial cells of 

newly formed blood capillaries and is strongly associated with increased intimal leukocytic 

aggregation. Moreover, in this study it is stated that blockade of VCAM-1 reduce neointimal 

formation. By contrast, all soluble adhesion molecules are raised in unstable angina and 

elevation sustained for up to 6 months. 

Hyperlipidemia is caused due to high cholesterol diet and it is regarded as an 

important factor in the progression of CAD (Hexeberg et al., 1993). Vasan et al. (2001) 

defined a biomarker may be measured from a bio-sample (including blood, urine or test 

tissue), either it may be a recording to obtained from a person (through blood pressure, ECG 

or Holter) and/or it may be an imaging test (echocardiogram or CT scan) The higher levels of 

homocysteine can be blocked  by the synthesis of nitric oxide in the endothelial cells of blood 

vessels, and make blood vessels less flexible resulting into plaque formation in 
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atherosclerosis (Malinow et al., 1998). Several diverse pathways that include dysfunction or 

injury of endothelial cell, production of smooth muscle cells in tunica intima, aggregation of 

platelet, increased adherence of lipoprotein(a) to fibrin, free radical production, stimulation 

of oxidation of LDL and procoagulant effects, have been shown (Werstuck et al. 2006). 

Selhub et al. (1993) and Stampfer and Malinow (1995) reported that moderate 

hyperhomocysteinaemia can occur if there is deficiency of factors required for homocysteine 

metabolism (folate, vitamin B-12, and vitamin B-6) and mild genetic defects`s q. Refsum et 

al. (1998) reported a relationship between plasma homocysteine with that of mortality in 587 

patients with CAD confirmed by angiographically. These workers also observed that the 

plasma concentration of total homocysteine was a good adjustable predictor of 

cardiovascular. Pasalic et al. (2009) reported that human CRP is involved in the acute phase 

response and pathogenesis of coronary artery disease (CAD). 

Paraoxonase is an ester hydrolase that acts as a catalyst in the hydrolysis of some 

xenobiotics, such as aromatic carboxylic esters, unsaturated aliphatic esters, 

organophosphorates, and possibly, carbamates (Ferre et al., 2006). It has been established 

that paraoxonase gene family contains at least three members, PON1, PON2, and PON3, 

which are located on chromosome 7q21.3-22.1. The close association and bond of enzyme 

PON1 with HDL contributes to the protection conferred by HDL but in case of LDL 

oxidation. 

Fichtlscherer et al. (2000) conducted observational studies on humans and 

hypothesized that acute systemic inflammation is temporarily increased risk for acute 

cardiovascular disorder. Furthermore, increased plasma levels of serum amyloid A protein, 

interleukin-6 and CRP cause transition from stable to unstable angina. Higher concentration 

of serum CRP is related to delayed prognosis in patients with confirmed CAD and in 

apparently healthy men. In CAD, mechanisms that link the level of acute-phase proteins to 

short- and long-term prognosis in coronary artery disease are unclear.  

Wang et al. (2006) studied the HDLs have an inverse relationship with the risk for 

CAD and the oxidation of LDL in serum is a key step in the initiation and progression of 

atherosclerosis.  Also, the antioxidant property of HDL is supposed to be due to HDL-bound 
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enzyme paraoxonase-1 (PON1). Hansson (2005) conducted research to show that 

inflammatory conditions plays important role in CAD and other indices of atherosclerosis. 

They also demonstrated the early presence of Immune cells in atherosclerotic lesions, by the 

release of their effector molecules progression of lesions usually speeds up and activation of 

inflammation can elicit acute coronary syndromes. Zouridakis et al. (2004) studied the CAD 

progression, whether clinically silent or associated with acute coronary events and have 

shown to be a powerful predictor of cardiovascular risk.  

 
2.2 DIABETIC 
 

Uncontrolled blood sugar (glucose) level damages blood vessels and increases the 

risk of heart disease. Diabetes and impaired glucose tolerance, both are linked with high risk 

of CAD even within the ranges that may be considered normal. Cardiovascular disease 

(CVD) is a cause of around 80% deaths in diabetic patients (Monural et al., 2007). Jagusch et 

al. (1992) and Gradman et al. (1993) described the concentration of glycosylated hemoglobin 

in plasma indicate poor glycemic control among diabetics that lead to poor cognitive function 

in some studies. Worrall et al. (1993) and Lowe et al. (1994) contradicted that no such 

association was observed in other studies. The association between diabetes and heart disease 

predicts some very sobering facts regarding the incidence of cardiovascular disease 

(Coutinho et al. 1999).  

Diabetics with cardiovascular disease have more complications and hard blood 

vessels because of obstruction in blood vessel. The association of diabetes and heart disease 

predicts some very sobering facts regarding the incidence of cardiovascular disease 

(Coutinho et al. 1999). Hu and Willett (2002) reported that women, diet rich in carbohydrates 

and glycemic load, were linked in increasing the risk of coronary heart disease progression.   

Defaria et al. (2007) also reported that elevated levels of HDL protect against CAD 

development. They indicated that Lp (A) as a risk determinant for CAD development in a 

diabetic group, whereas HDL-C, LDL-C, total cholesterol, triglycerides, hypertension and 

cigarette smoking suggested that those were not risk determinants for CAD development in 

these diabetic subjects. Several associations between serum triglyceride concentrations and 
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the risk of coronary heart disease have been reported in many epidemiological studies, but 

these associations have not been consistently computed (Sarwar et al., 2009). 

Ceruloplasmin (CP) is a major protein that circulates in the plasma and functions as a 

transporter of 90-95% of serum copper (Halliwell and Gutteridge, 1990). They showed that 

ceruloplasmin has also antioxidant functions and might be useful in a number of pathological 

conditions. However, Tuomilehto et al. (1992) after a well-known epidemiological study 

conducted in Finland provided information that there is an association between increased 

ceruloplasmin levels and a high risk of acute myocardial infarction. These results were also 

supported by Lamb and Leake (1994) and Fox et al. (2000) observed that high levels of 

ceruloplasmin associate with atherosclerosis. Moreover, as copper usually combines with 

ceruloplasmin, and the oxidation of lipoproteins can be catalyzed by ceruloplasmin, and lead 

to atherosclerosis (Lamb and Leake, 1994). Fox et al. (2000) conducted an in vitro study and 

suggested that ceruloplasmin itself can start the oxidation of lipoproteins in meticulous 

situations. Jayakumari et al. (1992) were also of the opinion that ceruloplasmin is a major 

serum copper containing glycoprotein to plays a role as an antioxidant.  

Powell et al. (1987) documented that increased level of serum ceruloplasmin 

concentrations are present in the patients with various cardiovascular condition, including 

atherosclerosis, abdominal aorta aneurysm, unstable angina and peripheral arterial disease 

(Jayakumari et al., 1992). It has been indicated by Ehrenwald et al. (1994) that a 

considerable increase in ceruloplasmin and serum copper in the patients of peripheral arterial 

disease. They demonstrated the ability of ceruloplasmin to oxidatively modify LDL and 

attributed the increased risk to the prooxidant function of ceruloplasmin. Kok et al. (1988) 

suggested that the risk of cardiovascular disease is four times higher in the patients with 

higher levels of serum copper. Klipstein-Grobusch et al. (1999) has pointed out that 

ceruloplasmin is an independent marker for coronary atherosclerosis progression. They also 

pointed out that the patients with high levels of serum copper might be at a high risk of 

subsequent myocardial infarction. 
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2.3 HYPERTENSIVE 

 
CAD has now turned out to be a disease of the developed/underdeveloped and 

developing countries.  Asian Indians with their low socioeconomic status have more chances 

of getting CAD and risk determinants such as smoking and hypertension (Enas et al., 2001). 

Extreme stress on normal person can have a potential of developing coronary artery disease, 

in addition to other bad effects on the body. Several associations between serum triglyceride 

concentrations and the risk of coronary heart disease have been reported in many 

epidemiological studies, but these associations have not been consistently computed and 

tested (Sarwar et al., 2007). 

Reasonable alcohol consumption protects against coronary heart disease, but surplus 

use of alcohol increases coronary artery diseases, mainly myochardial infraction (Brenner et 

al., 2001).  

Fuster et al. (1992) have studied the evaluation of new biomarkers for vascular injury 

and thrombus formation which are key steps for initiation and development of atherosclerosis 

and acute coronary syndromes also shares the same. They have suggested a pathophysiologic 

division of vascular injury/damage that divides it into three types to understand the 

pathogenesis of various vascular diseases and to frame different therapeutic remedies. Type 1 

includes functional changes in endothelial cells without considerable morphologic alterations 

while Type 2 endothelial denudation and intimal damage with intact internal elastic lamina 

and in Type 3, endothelial denudation with damage to both the intima and media. 

Plotnick et al. (1997) estabalished an association between DNA damage and 

increased level of plasma triglycerides and did explain that by the increased production of 

endothelial cell superoxide, other oxygen free radicals and hypertriglyceridemia. Harangi et 

al. (2002) by using the Comet assay determine an increase in DNA damage caused by 

oxidative stress in hyperlipidemic patients as compared with normolipidemic control. Ohara 

et al. (1993) described that the oxygen free radical would inactivate nitric oxide thus 

resulting in abnormal endothelial cell functions as well as an increased oxidation of LDL 
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cholesterol. The oxygen free radicals would combine with DNA, resulting in DNA damage. 

Ridker et al. (1997) worked out to observe a significant association between higher CRP 

levels and the risk of cardiovascular events. In an elegant study, they also observed that, 

among clinically healthy men, concentrations C-reactive protein predicts the risk of a first 

myocardial infarction (MI) and ischemic stroke as risk determinants. It was also pointed out 

that CRP might be a marker in both clinically healthy subjects and those with CAD. In some 

other studies it has also been shown that increased C-reactive protein level was involved in 

both post-MI and unstable angina patients (Liuzzo et al., 1994). Lagrand et al. (1999) 

ascertain that C-reactive protein may not be simply a marker of cardiovascular risk, but it 

may also play a pathogenic role in atherosclerotic disease. A relationship between C-reactive 

protein and coronary artery disease, the level of obesity is essential to elucidate because of 

the production of inflammatory mediators with high levels of obesity thus becomes the 

prominent determinant of plasma C-reactive protein, and the vascular contribution.  

Nygard et al. (1997) scrutinized the interconnection between concentration of total 

homocysteine and earlier events of progressive coronary artery disease. A study was carried 

out in patients aged 35 to 50 years with CAD confirmed angiographically and in control 

subjects with normal coronary angiography of the same age and gender. They measured 

plasma homocysteine by high performance liquid chromatography (HPLC) and concluded 

that mean serum total homocysteine was slightly higher in cases (16.7 mmol/L) than in 

controls (15.9 mmol/L). However, this difference was not significant statistically (P=0.6). 

Twenty (52.6%) CAD subjects and 14 (44%) control patients had homocysteine levels above 

15mmol/L. It has been finally proposed that homocysteine is not a sole/major risk 

determinant for premature CAD. 

  
2.4 DIABETIC AND HYPERTENSIVE 
 

Risk determinants for CAD have been well recognized, which include smoking, 

hypertension, hyperlipidemia, diabetes, obesity, a positive family history and inactivity 

(Kasap et al., 2007). Vigorous cigarette smoking is known to be an important risk 
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determinant for coronary heart disease (CHD). Exposure to cigarette smoke acts with other 

suitable factors to harm blood vessels and can lead to coronary artery disease. In the USA, 

every year 100,000 deaths are reported due to CHD due to cigarette smoking and in many 

surveillance reports and reviews it was pointed out that passive smoking is also a risk of 

coronary heart diseases (Glantz and Parmley, 1995).  

Mackness et al. (1993) and Watson et al. (1995) have explained that PON1 has an 

ability to hamper the deposition of lipid peroxides in LDL and at the same time it prevent the 

activation of monocytes by oxidized LDL. Shih et al. (2000) presented the most realistic data 

to link PON1 with CAD and explained that atherosclerosis developed more frequently in 

knockout mice that lacking the gene for PON1 than in wild-type mice, but the mice that 

overexpress human PON1 was resistant to atherosclerosis.  

Kumar et al. (2008) investigated the incidence of cardiovascular disease in 

individuals with normal lipid profiles and reported an association between serum 

ceruloplasmin levels. The levels of ceruloplasmin were significantly increased in the patients 

than the normal individuals. This led to the conclusion that ceruloplasmin might act as a 

prooxidant and is a risk determinant in CAD.  

Gupta et al. (2009) found that there is an interaction of PON1 and apo E in the 

progression of Alzheimer’s disease and in vascular dementias. Esterbauer et al. (1992) has 

shown that the accumulation of oxidized VLDL in the circulatory system is due to the 

modification of apo E binding site to LDL receptor and proteoglycan.  Shih et al. (2000) 

reported a relationship between apo E gene polymorphism and apo E protein level, that 

accelerate  atherosclerosis in the absence of apo E and increased PON1 activity and 

protection of LDL from being oxidized and atherosclerosis development. 

Gupta et al. (2009) has observed that not only apo E polymorphism might be a risk 

determinant for CAD but also its association with PON1 activity might be important in the 

oxidative damages of endothelium thus finally in atherogenesis. They assumed that as the 

genetic persuade is stronger in the early onset of the disease the patients presenting with early 

CAD would have an enhanced oxidative stress as compared to those having CAD later in 

life. To indorse their hypothesis, Esterbauer et al. (1992) has recruited patients from the 

cardiac wards of Tehran University hospital having CAD confirmed by angiography. They 

divided the patients of each group into three groups (i) with low level of PON1 activity, (ii) 
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with moderated level of PON1 activity and (iii) with high level of PON1 activity. They 

observed that 35% of early-onset group had low level of PON1 (17.5%),  in the late-onset 

group. 86% of the patients with early-onset CAD and all the patients of late-group CAD with 

apo e3/e4 had low or moderated level of PON1 activity.  

 Kumar and Sivakanesan (2008) studied that CAD is a complex disorder and the 

redisposing factors include genetics of the individuals and families, hypertension, obesity, 

hyperlipidemia, environmental factors and lifestyle indices of alcohol consumption, stress 

and smoking, etc. Dietary components especially fatty component plays a critical role in the 

progress of premature CAD. The profile of lipoprotein has been studied and is found to be 

concerned in large proportion of CAD patients. Majority of the patients were having a 

normal profile of lipoprotein. Therefore, there is a dire need of a detailed study of such 

patients to identify some unknown parameters, indicative of their CAD. 
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Chapter - 3 

MATERIALS AND METHODS 

The study was consisting of fifteen men in each group aged 30-60 years. Health 

status, anthropometric parameters and other relevant information pertaining to groups were 

recorded in the Performa given at the end of this synopsis. 

3.1 EXPERIMENTAL DESIGN 

 There were four experimental groups each having 10 persons. Age of the normal and 

Coronary Artery Disease (CAD) group individuals were between 30-60 years. Health status, 

anthropometric parameters and other relevant information of patients were recorded in the 

Performa given at the end of this synopsis. Only those patients were selected who are 

confirmed cases of CAD after angiography.  

Group  1: Normal healthy individuals 

Group  2: Patients having CAD  

Group  3: Patients having CAD and diabetic 

Group  4: Patients having CAD and hypertensive  

Group  5: Patients having CAD, diabetic and hypertensive  

 Patients were selected from the Cardiology Units in different hospitals of Faisalabad.  

3.2 PHYSICAL PARAMETERS 

 The following physical parameters were taken from normal and diabetics patients: 

3.2.1 Age (year) 

 Age of the patients was taken from the record of the hospital.  

3.2.2 Height (inch)  

Height was measured bare footed, using measuring tape.  

3.2.3 Weight (kg)  

 Each patient was weighed bare footed and in light clothes using ordinary weighing 

machine.  
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3.2.4 Body Mass Index (BMI; kg/m2) 

BMI was calculated by using following formula:  

2(m) (Height)

(kg)Weight 
BMI   

3.2.5 Blood Pressure (mm/Hg) 

 Blood pressure of young and old male and female individual was measured by using 

sphygmomanometer and reading were recorded as systolic and diastolic blood pressure.  

3.2.6 Body Temperature (°F) 

Body temperature was recorded by using thermometer. 

Following Anthropometric data will be collected: 

Age (years), gender (M/F), smoking habits (smoking/non-smoking), physical activity 

will be recorded. Weight, height, waist and hip circumferences will be measured. Body mass 

index (kg/m2) was calculated. Blood pressure was measured with a standard mercury 

sphygmomanometer.  

Blood samples were obtained from subjects by means of a vacutainer tubes after 12 

hours of fasting. Blood samples were centrifuged for 10 min at 3000x g. Serum in small 

quantities were transferred into eppendorf and will be kept at -20°C until measurement.  

3.3 SERUM BIOCHEMICAL PARAMETERS 

3.3.1 Glucose (mg/dL) 

Glucose test was carried by commercially available Fluitest Glu Biocon (Lot # H 

265) kit through spectrophotometer (Screen Master # 35510). 

a. Procedure 

 In one test tube 1mL working reagent was taken and labeled as blank, in second test 

tube added working reagent and standard reagent and labeled as standard. Then in third test 

tube added working reagent and sample and labeled as unknown sample. Incubated for 15 

minutes at 37°C then the absorbance of samples against reagent blank at 546 nm were 

determined. 

 Glucose concentration was determined by following formula: 
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ionconcentrat Standard
 absorbance Standard

absorbance Sample
 = Glucose in mg/dL 

Concentration of standard = 100mg/dL (5.56mmol/L) 

3.3.2 Cholesterol (mg/dL) 

 It was determined by using commercially available kit (Cat. No. HN 1530; Randox 

Laboratories Ltd. Ardmore, Diamond Road, Crumlin, Co. Antrim, United Kingdom, BT29 4 

QY).  

a. Procedure 

 Three test tubes as blank, unknown and standard were marked. Then added 1mL 

working reagent in each test tube. Taken 10µL sample in sample test tube, added 10µL of 

standard in standard test tube, 10µL of distilled water was added into a third tube to serve as 

blank. All tubes were incubated at 37°C for 5 minutes. Measured the absorbance of unknown 

and standard against reagent blank at 546nm. 

Cholesterol Conc. (mg/dL) =  
standardofAbsorbance

 sample of Absorbance
Conc. of standard 

3.3.3 High-Density Lipoprotein (HDL-Chol; mg/dL) 

 HDL-cholesterol was determined by using commercially available kit (Cat No. 

D1H20-400, Diasis Diagnostik Sistemler TiC. Ve San. A.S. 28 Nisan Cad, Durak Sok. No. 4, 

34400 Okmeydani – Istanbul, Turkey). 

a. Procedure 

In a centrifuge tubes 500µL of precipitation reagent was added and mixed with 

500µL of unknown sample and let its and for 10 minutes at room temperature. Then 

centrifuged at 4000 rpm (1968 × g) for 10 minutes. After obtaining supernatant from 

unknown samples, three test tubes were labeled as blank, standard and sample.  20µL of 

supernatant was added in 1mL of working reagent. In standard test tube added 20µL of 

standard while in blank test tube only working reagent was added. Mixed them and incubated 

for 10 minutes at room temperature. Absorbance of samples and standards against blank was 

read at 546nm. 

standard ofion Concentrat  
standard of Absorbance

sample of Absorbance
 = HDL-Chol. (mg/dL) 
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3.3.4 Low Density Lipoprotein (LDL-Chol; mg/dL) 

 Low-density lipoprotein (LDL) was calculated by using the following formula: 

 LDL-Cholesterol (mg/dL) = Triglycerides – HDL-cholesterol  

3.3.5 Triglycerides (mg/dL) 

 Triglycerides were determined by using commercially available kit (Cat. No. HN 

1530; Randox Laboratories Ltd. Ardmore, Diamond Road, Crumlin, Co. Antrim, United 

Kingdom, BT29 4 QY). 

a.  Procedure 

Taken three test tubes and marked them as blank, standard and for sample. Taken 

1mL working reagent in all these test tubes. Added 10µL of standard reagent in a standard 

tube, in sample test tubes 10µL of unknown sample while in the third one 10µL of distilled 

water was added to serve as blank. Mixed and incubated for 20 minutes at 15-25°C. 

Measured the absorbance of standard and sample against reagent blank at 546nm. 

standard ofion Concentrat  
standardofAbsorbance

sample of Absorbance
  (mg/dL)ion concentrat desTriglyceri   

 

3.3.6 Creatinine (mmol/L) 

Creatinine was analyzed by using Biosystem BTS 330 by method of Bonsnes and 

Taussky (1945) as Jaffe reaction. 

a. Procedure 

 In 0.5mL of serum sample, 4mL of N/12 H2SO4 and 0.5mL of 10% sodium wulfamate 

was added. These samples were centrifuged at 1073  g for 15 minutes. Three (3) mL of 

supernatant was taken and 2mL of freshly prepared alkaline picorate was added into it. After 

20 minutes absorbance of samples were measured against water blank at 515nm by a 

spectronic-21. Creatinine concentration was calculated by multiplying the standard factor of 

serum with sample reading. The standard curve was obtained by plotting absorbance values 

of standards (10, 15, 20, 25, 30 mmo/L) against appropriate standard concentration for the 

calculation of standard factor. 

 Creatinine concentration was calculated by multiplying the absorbance of the sample 

with the standard factor.  

 Creatinine concentration (mmol/L) = Absorbance  Standard factor 
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3.3.7 Urea (mg/dL) 

Serum urea concentration was estimated by using a commercially available Randox 

Kit. (Randox Laboratories Ltd. Ardmore, Diamond Road, Crumlin, Co. Antrim, United 

Kingdom, BT29 4 QY). Absorbance was read at 546 nm for urea using spectrophotometer. 

 The following procedure was adopted. 

Twenty microliter (20 µL) each of the standard, sample and distilled water (blank) 

were taken in labeled test tubes. Two hundred microliter (200 µl) of sodium nitropruside and 

urease were added to all the test tubes. Contents of the test tubes were mixed and incubated at 

37°C for 10 minutes. Five ml each of the phenol and sodium hypochlorite were added to all 

test tubes. Contents of the test tubes were immediately mixed and incubated at 37°C for 15 

minutes. Absorbance of the standard and samples against the blank were taken at 546 nm 

using the spectrophotometer. The absorbance values of the standard and samples were used 

in the following formula for the calculation of the serum urea concentration. 

Urea concentration (mg/dl) =  
standardA 

 sampleA 
 80 

3.3.8 Nitrate (µmol/L) 

For determination of nitrate method of Miranda et al. (2001) was used. 

 Following solutions were prepared: 

VCl3 (Venedium Chloride)     100 µl 

Sulfanilamide                50 µl  

NEDD (N-Naphthylene Diamine Dihydrochloric Acid) 50 µl 

Blank Solution                        Deionized water 

Procedure: 

 In a test tube 100 µl serum sample was taken. Added 100 µl VCl3, 50 µl of 

sulfanilamide and 50 µl of NEDD. After mixing of all these things incubation was done for 

30-45 minutes. Against deionized water absorbance was measured at 540 nm. 
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3.3.9 Nitrite (µmol/L) 

Determination of nitrite was done by the procedure described by Miranda et al. (2001). 

Following solutions were prepared: 

NEDD (N-Naphthylene Diamine Dihydrochloric Acid) 50 µl 

Sulfanilamide     1% 

Procedure: 

 In 50 µL of serum sample 50 µL of sulfanilamide and NEDD (N-Naphthylene Diamine 

Dihydrochloric Acid) was added and mixed. Incubated for 35-40 minutes. Against deionized 

water absorbance was measured at 540nm. 

Calculation: 

X =   Abs/0.003 -0.00636 

3.3.10 C-Reactive Protein (CRP; mg/L) 

 For the quantitative and qualitative determination of C-reactive protein in the serum, 

commercially available Humatex CRP kit was used (Human GmbH, Wiesbaden, Germany). 

a) Principle: 

 This method is based on the immunological reaction between human C-reactive 

protein (CRP) of the patient serum or control serum and the corresponding anti-human CRP 

antibodies bound to latex particles. A distinctly visible agglutination of the latex particles in 

the test cell of the slide indicates a positive reaction.  

Reagents:  

I. CRP latex reagent (Blue color suspension of polystyrene latex particles coated with   

monospecific anti-human CRP antibodies (goat) 1.0%. 

II. Control serum positive (containing a CRP concentration sufficient to produce a 

distinct agglutination (human)).  

III. Control serum negative (non-reactive with CRP latex reagent). 

IV. Glycine – Nacl Buffers. 

Nacl    1g/L 

Glycine   100mmol/L 
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b) Procedure: 

i) Qualitative determination (Screening test) 

All the reagents including CRP latex reagent, control serum positive and control 

serum negative and sample serum were brought to room temperature and CRP latex reagent 

was carefully mixed prior to use to suspend the latex particles completely. Then 40µL of 

serum sample and one drop-40µL of each of the positive control serum & negative control 

serum were pipette out onto separate cells of the slide. The CRP latex reagent was added 

onto all samples and control cells. Separate sticks were used to mix them and the fluid was 

spread over entire area of the particular cell. The slide was tilted back and forth for two 

minutes in order to rotate the mixture slowly inside the cells and results were observed under 

bright artificial light after two minutes.  

ii) Interpretation of results:  

 Distinct agglutination indicates CRP content more than 6mg/L in the non-diluted 

specimen. Sera with positive results in the screening test were retested in the titration test.  

iii) Semi-quantitative test: 

 Serial dilutions (1:2, 1:4, 1:8 and 1:16) of all the samples giving positive result were 

made with glycine saline followed by same method as described in the screening test.  

iii) Interpretation of Results: 

 The titre in the last dilution test with visible agglutination was noted and multiplied 

with the conversion factor six (6) to get the results in mg/L.  

 

3.4 LIVER ENZYMES 

 Aspartate Aminotranferase (AST) and Alanine Aminotransaminase (ALT) was 

determined by Reitman – Frankel colorimetric method. 

3.4.1 Aspartate Aminotransaminase (AST; U/L) 

AST was determined by colorimetric method by Crescent Diagnostics Cat No. CZ 

904 C. 

a) Principle 

L-aspartic acid+-ketoglutaric acid  AST oxaloacetic acid+L-glutamic acid The 

ketoacids produced react with 2, 4-dinitrophenyl- hydrazine to form corresponding colored 

hydrazones. 
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b) Procedure 

One (1) mL of AST substrate was added into each tube and incubated for 5 minutes at 

37°C. Then 200L of sample was added and incubated at 37°C for 1 hour. After this, 1mL of 

color reagent was added in the same tube and incubated at room temperature for 20 minutes. 

Ten (10) mL of NaOH 0.4N was added and let it stand at room temperature for 5 minutes. 

The absorbance against water blank was recorded at A505 (BioSystems, BTS-330). Standards 

were used to determine their absorbance and their standard factor was calculated for use to 

determine the unknown samples. 

c) Calculation 

  AST concentrations of samples were calculated. 

AST concentration (U/L) = Absorbance  Standard Factor 

3.4.2 Alanine Aminotransaminase (ALT; U/L) 

It was measured by using commercially available kit. (Crescent Diagnostics Cat No. 

CZ 902 C). 

a)  Procedure 

250µL of ALT substrate was taken in three different test tubes. These test tubes were 

incubated for 5 minutes at 37°C. Serum samples of about 50µL were taken in these test tubes 

and incubated for 30 minutes at 37°C. 250µL color developer was taken in the test tubes and 

let them stand for 20 minute at room temperature. NaOH (0.4N) was then added about 2.5mL 

in these test tubes and remained them for 15 minutes at room temperature and measured the 

absorbance at 505nm. Likewise in tubes marked as standards were treated as mentioned 

while taking 250 µL of each standard and reading them for absorbance at 505nm.  

 Standard Concentration (U/L)  Absorbance  Factor 

   0    0.265 0/0.265 = 00.00 

   25    0.317 25/0.317 = 78.86 

   50    0.369 50/0.369 = 135.50 

   83    0.420 83/0.420 = 197.62 

   126    0.470 126/0.470 = 268.08 

   215    0.508 215/0.508 = 423.23 

Standard Factor = 183.88  
6

423.23  268.08  197.62  135.50 78.86  0.00
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ALT concentration of samples were calculated. 

ALT concentration (U/L) = Absorbance  Standard Factor 

3.4.3 Creatinine Kinase (CPK; U/mL) 

 Serum sample from healthy and coronary artery disease (CAD) patients with diabetes 

and hypertension were estimated for kinase (EC. 2.7.3.2) by using a colorimetric kit (Abcam, 

USA). After following the protocol for assay and finally adding 550µl of reaction mixture to 

each well containing standard, positive, control as well as unknown samples. Mixed it well 

and incubate for 20-30 min at 37 °C. The final mixture was read at OD 450nm.       

3.4.4 C-reactive Kinase-MB (CK-MB; U/mL) 

 The estimation of CK-MB (EC 2-7. 3.2) isoenzyme was carried out by using a kit 

(Beckman-Coulter, USA). As written in their protocol, preparation of regents were carried 

out and stored for their stability for accurate analysis. The test was determined by a certified 

laboratory where the patients were admitted. Also, serum from healthy male and female 

persons were sent to the same laboratory for CK-MB estimation.  

 
3.5 BIOMARKERS 

3.5.1 Total Oxidant Status (TOS; µmol H2O2 Equiv./L) 

For the determination of total oxidant status an automated colorimetric method was 

used (Erel, 2005). 

a)  Assay Reagents 

Reagent 1: 

 Reagent 1 was prepared by dissolving 114mg of xylenol orange and 8.18g of NaCl in 

900mL of H2SO4 solution, 25mM. One hundred milliliters (100mL) of glycerol was added to 

the solution. The final reagent was composed of 150µM xylenol orange, 140mM NaCl and 

1.35M glycerol. The pH value of the reagent was 1.75. This reagent was stable for at least 6 

months at 4°C.  

Reagent 2: 

 Reagent 2 was prepared by dissolving 1.96g of ferrous ammonium sulfate and 3.17g 

of o-dianisidine dihydrochloride in 1000mL of H2SO4 solution, 25mM. The final reagent was 
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composed of 5mM ferrous ammonium sulfate and 10mM o-dianisidine dihydrochloride. This 

reagent was stable for at least 6 months at 4°C. 

b) Procedure 

A volume of 225μL of Reagent 1 [(Xylenol orange (150μM,) NaCl (140mM), 

Glycerol (1.35M), pH 1.75)] was mixed with 35μL of the serum sample. After mixing the 

first absorbance was taken at biochromatic length (560 and 800nm). Then 11μL of Reagent 2 

(Ferrous Ammonium Sulfate 5mM, o-Dianisidine Dihydrochloride 10mM) was mixed up 

solution containing reagent 1 and the serum sample. The final absorbance was taken after 4 

minutes of Reagent 2 mixing (Erel, 2005).  

For standard preparation 10mL of H2O2 (35%) was taken in a cylinder and made a 

final volume up to 100mL. The concentration of this solution was 102.91mM/Liter of H2O2. 

Then 12.14µL of solution from the above diluted solution was taken in a cylinder and made a 

final volume up to 50ml with distilled water. The concentration of this solution was 

25µM/Liter of H2O2. Made a 2 fold serial dilutions until the required dilutions were achieved 

(12.50; 6.25; 3.12 and 1.56µM/Liter of H2O2). Absorbance were taken from serial dilution to 

draw a standard curve.  

The absorbance was taken at main wavelength 560nm and at secondary wavelength 

800nm (Bichromatic). The delta change in the absorbance was used to calculate the actual 

concentrations (Final Absorbance – First Absorbance = Δ Absorbance) from the standard 

curve of hydrogen peroxide, in terms of Micromolar Hydrogen Peroxide Equivalent per Liter 

(μM H2O2 Equiv/L).  

3.5.2 Total Antioxidant Capacity (TAC; mmol trolox Equiv./L)   

For the determination of total antioxidant capacity an automated calorimetric method 

was used (Erel, 2004). 

a) Assay Reagents 

Reagent 1: 

 Clark and Lubs solution (75mM, pH 1.8) was prepared as follows: 5.591g of KCl was 

dissolved in 100mL of deionized water (final concentration, 75mM). Reagent grade 

hydrochloric acid (36.5%, 6.41mL) was diluted to 100mL with deionized water (final 

concentration 75mM). The prepared KCl solution (800mL) was mixed with 200mL of HCl 

solution under pH meter (final pH, 1.8). Ortho-dianisidine dihydrochloride (3.17g) was 
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dissolved in this solution (final concentration 10.0mM) and then 0.01764g at Fe (NH4)2 

(SO4)2. 6H2O was dissolved in this solution (final concentration 45mM). This prepared 

reagent was used as reagent 1 and reagent was stable for at least 6 months when kept at 4°C. 

Reagent 2: 

 Hydrogen peroxide solution (7.5mM) was prepared as follows: 0.641mL commercial 

H2O2 solution (35%, Merck) was diluted to 100mL with the Clark and Lubs solution. The 

concentration of hydrogen peroxide was confirmed spectrophotometerical by absorption at 

240nm. This solution is stable for at least 1 month when kept at 4°C. 

b) Automated Measurement/Procedure 

A volume of 200µL reagent 1 [(o-Dianisidine (10mM), ferrous ion (45µM) in the 

Clark and Lubs solution (75mM, pH 1.8)] was mixed with 5µL of the serum sample. After 

mixing the first absorbance was taken. Then 10µL of the reagent 2 (H2O2; 7.5mM) in the 

Clark and Lubs solution was mixed up with solution containing reagent 1 and serum sample. 

The final absorbance was taken after 3-4 minutes of reagent 2 mixing (Erel, 2004).  

To prepare standard solution, Trolox (1.0mM) was dissolved in phosphate buffer 

(10.0mM, pH 7.4). Standards (0, 0.5, 1.0, 1.5, and 2.0mmol/ Trolox Equiv./L) were made 

from stock solution. After obtaining absorbance at 444nm, the delta change in the absorbance 

was used to calculate the actual concentration to draw a standard curve.  Results were 

expressed as mmol trolox Equiv./L. 

3.5.3 Catalase Activity (KU/L)  

 Catalase activity was determined by using the method of Goth (1991). It is a 

hydrogen peroxide based spectrophotometer assay. 

Chemicals and reagents used: 

Hydrogen per oxide = 65 micro mol/ml 

Sodium potassium buffer = 60 mmol 

Procedure: 

0.2ml of serum was incubated in 1.0 ml substrate containing 65µmol per ml hydrogen 

peroxide in 60 mmol sodium-potassium phosphate buffer (pH 7.4) at room temperature for 

60 seconds. Serum catalase activity is linear up to 100 KU/L. If the catalase activity 

exceeded 100 KU/L the sample was diluted with the phosphate buffer (2- to 10 fold) and the 
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assay was repeated. One unite of catalase decomposes 1 micromol of hydrogen per oxide/1 

min under these conditions. 

The enzymatic reaction was stopped with 1.0 ml of 32.4 mmol/l ammonium 

molybdate ((NH4)6 Mo7O24.4 H2O) and the yellow complex of molybdate and hydrogen 

peroxide was measured at 405 nm against blank 3. 

Calculations: 

Serum catalase activity (KU/l) = 
3)(blank A  - 2)(blank A 

1)(blank A  - (sample)A 
  × 271 

 

3.5.4 Paraoxonase -1 Assay (PON-1; U/L) 

 Serum paraoxonase activity was measured by method established by Mackness et al. 

(1991). 

b) Principle:  

The activity of serum paraoxonase was determined by measuring the released p-

nitrophenol due to initial hydrolysis of paraoxon (0, 0-diethy, 0-p-nitrophenyl phosphate).  

i) Reagent Preparation: 

Preparation of 0.1M Tris-HCl buffer solution (pH; 8.0): 

1.211gm of Tris base was added to a beaker containing 80ml of distilled water. Then 

0.1 M HCl solution was added drop by drop into it to maintain the pH at 8.  

Preparation of 2m mol CaCl2 Tris HCl solution: 

 0.0022gm of CaCl2 and 3µL of 2.0 mM paraoxon was added in the already prepared 

Tris HCl solution. Total volume of solution was made 100 mL by the addition of distilled 

water.  

c) Procedure:  

10µL of serum sample was taken in one eppendorf and then 350µL of paraoxonase 

substrate reagent was added. The generated p-nitrophenol was measured at 405nm 

wavelength taking paraoxonase substrate or blank, with the help of spectrophotometer 

(Biosystem, BTS-330, Biosystems, S.A. Costa Brava, Barcelona, Spain).  

d) Calculations: 

Following formula was used to measure the serum paraoxonase activity in the serum. 

The results obtained were expressed in U/L.  
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Paraoxonase 1 activity (U/L) = Absorbance/5   x 50 

      0.017 

3.5.5 Ceruloplasmin (U/L) 

Ceruloplasmin oxidase activity was determined by method established by Schosinsky 

et al. (1974). 

a) Principle: 

 A yellowish brown product is formed as a result of enzymatic oxidation of o-

dianiside dihydrochloride. Addition of concentrated acid to the above reaction stop the 

reaction as well as result in the formation of a stable purplish red product that can easily be 

determined spectrophotometrically. 

b) Preparation of Reagents:  

1) Acetate Buffer Solution:  

13.608 gm of sodium acetate trihydrate (CH3COONa. 3H2O) and 2.6ml of glacial 

acetic acid was mixed in a 1000ml volumetric flask containing 990ml of distilled water. pH 

of the solution was adjusted to 5.0 by the addition of 0.1mol/liter sodium hydroxide or glacial 

acetic acid. The final volume of 1000ml was made up with distilled water and stored at 4ºC.  

2) 9 M Sulfuric Acid 

An equal volume of water and concentrated sulfuric acid was added slowly with 

mixing.  

3) O-dianisidine dihydrochloride (7.88mmol/Liter) 

250mg of o-dianisidine dihydrochloride was taken in a 100 ml volumetric flask. 

Water was added to the mark and mixed until dissolved completely. Stored at 4ºC in a brown 

glass reagent jar.  

c) Procedure: 

0.05ml (50µL) of serum sample was pipette out into two test tubes. Then 0.75ml 

acetate buffer was added to both of them. One test tube was marked as “5min” and other as 

“15min”. All test tubes were placed in a 30ºC water bath, and then 0.2 mL of o-dianisidine 

dihydrochloride reagent (pre-incubated at 30ºC) was added into each test tube starting the 

timer at the first substrate addition. After exactly 5 minutes, “5min” test tube was removed 

from the water bath and 2.0mL of the 9M sulfuric acid was added into it, mixed immediately 

and absorbance of the purplish-red solution was measured at 540nm wavelength in curvette 
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againt de-ionized water as a blank with the help of spectrophotometer (Biosystem, BTS-330, 

Biosystems, S.A. Costa Brava, Barcelona, Spain). At exactly 15minutes, test tube “15min” 

was removed and 2.0mL of 9M sulfuric acid was added into it, mixed immediately and 

absorbance was measured in the same manner as for “5 min” test tube.  

d) Calculations: 

The enzymatic activity of ceruloplasmin is expressed in International Units (I/U) in 

terms of substrate consumed.  

Ceruloplasmin oxidase activity = (A15 – A5) x 6.25 x 102 U/L  

Where A15 and A5 are the measured absorbance of the “15 min” and “5 min” solutions 

respectively.  

3.5.6 Super Oxide Dismutase (SOD; U/L) 

SOD activity was measured in 500µl aliquots of serum treated with 300µl chloroform 

and 500µl ethanol. The samples were then centrifuged at 18,000 × g for 30 minutes and 50µl 

of the supernatant were removed and mixed with 900µL of an SOD reagent (0.1mmol/l 

xanthine, 0.1mmol/l ethyldiaminetetra acetic (EDTA), 50mg bovine serum albumin (BSA), 

25mmol/l nitro blue tetrazolium (NBT) and 40mmol/l Na2CO3; pH 10.2). Xanthine oxidase 

(10µl of solution containing 25 units in 0.8ml of 2mol ammonium sulfate) was then added, 

and the samples were incubated for 20 minutes at 25°C. The reaction was stopped by the 

addition of 1mL of CuCl2 (0.8 mmol/l), and the absorbance of the samples was measured at 

560nm (Sun et al., 1988). The results were reported in term of Unit/L. 

3.5.7 Glutathione Peroxidase (GPX; U/L) 

GPX activity was measured using a coupled assay system as described by (Avissar et 

al., 1991). The oxidation of reduced glutathione was coupled to NADPH oxidation in a 

reaction catalyzed by glutathione reductase. A total of 500µl Tris-HCl (0.2mmol/l, pH 8) was 

mixed with 100µL NADPH (2mmol/l) followed by 100µl EDTA (5mmol/l) and 100µl 

glutathione (20mmol/l). Serum samples (100µl) were then mixed with glutathione reductase 

(0.002 units) and incubated for 5 minutes at 37°C and for a further 5 minutes after the 

addition of 100µl of tertiar-butyl hydroperoxide (0.7mmol/l). Absorbances were read in a 

spectrophotometer (Shimadzu UV 240; Shimadzu, Kyoto, Japan) at 340nm. A unit of GPX 

activity was defined as being equivalent to the oxidation of 1µmol of NADPH per second at 

37°C.   
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3.5.8 Homocysteine (µmol/L) 

 Total homocystine (tHcy) was measured by a homocysteine microtiter plate assay for 

the determination of tHcy in serum of normal and patients. Serum samples were prepared in 

polyethylene culture tubes with a reducing agent tris (2-carboxyethyl) phosphine 

hydrochloride (TCEP), to reduce the protein bound Hcy to free Hcy that was subsequently 

converted to S-adenosyl-L-homocysteine (SAH) by SAH-hydrolase and quantitated by 

horseradish peroxidase (HRP-SAH) competitive assay (Diazyme, Cat. No. DZ012A; 

Diazyme Laboratories).  

Following reagent composition was given in the kit: 

Activity Ingredient  Concentration 

S-adenosylmethionine (SAM) 0.1mM 

Nicotenamide dinucleotide (reduced farm) NADH 0.2mM 

Tris (2-carboxyethyl) phosphine (TCEP) 0.5mM 

2-oxoglutarate  5.0mM 

Glutamate dehydrogenase 1.0KU/L 

SAH hydrolase 3.0KU/L 

Adenosine deaminase 5.0KU/L 

Hcy methyltraansferase  5.0KU/L 

 
a) Procedure 

One day before estimation of Hemocystine transferred one bottle of reagent 2 (4mL) 

to one bottle of reagent 1 (25mL). Mixed well but avoid foam formation. This mixture was 

stable for two weeks. This solution was used as the first reagent while the provided Reagent 

3 in the kit was used as second reagent. 

Two hundred and forty micro litre (240µL) of reagent one was taken into a test tube 

that had 18µL of unknown sample in it.  Incubated the mixture at 37°C for 5 minutes and 

first reading was taken at 340nm using a automated clinical chemistry analyzer. Twenty five 

(25) µL of Reagent 3 was added and after 5 minutes second reading was taken at 340nm and 

results were represented by µmol/L. The measuring range of the assay is from 3 to 50 

µmol/L. Samples with Hcy values higher than 50 µmole/L were diluted 1:2 with water and 

result were multiply by 2. The sensitivity of the assay was found to be < 1.5 µmole/L. 
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3.5.9 Lipid Peroxidation (LPO; µmol/L) 

 Following components were provided in the kits and instructions were given for their 

proper storage (Abcam, UK).  

Item Quantity Storage 

LPO Assay FTS Regent 1  1 vial 4°C 

LPO Assay FTS Regent 2  1 vial 4°C 

Lipid Hydroperoxide Standard  1 vial -80°C 

LPO Assay Extract R 1 vial 4°C 

LPO Assay Triphenylphosphine 1 vial 4°C 

 

 Likewise according to the instruction solutions were prepared strictly and handled for 

the assay procedure. Lipid hydroperoxidase was extracted into chloroform before starting the 

procedure for estimation of LPO. The final volume of the assay in single test tube was one 

(1) ml. As per protocol, standards were run with each set of test simultaneously and in 

triplicate.  

3.6 THYROID HOMONES 

3.6.1 Thyroxine (T4; g/dL) 

For the quantitative determination of the total thyroxine (T4) concentration by 

Enzyme Immunoassay (EIA) kit was used (Lot/RN-21055 Cat. No./BC-1007 BioCheck Inc. 

USA). 

a) Procedure 

Secured the desired number of coated wells in the holder and pipetted 25L of 

standard, sample and control into appropriate wells. Dispensed 100µL of working conjugated 

reagent into each well. Thoroughly mixed for 30 seconds and incubated at room temperature 

(18-25°C) for 60 minutes. Removed the incubation mixture by flicking plate contents into a 

waste container. Rinsed and flicked the microtiter wells 5 times with distilled water. Striked 
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the wells sharply onto absorbent paper to remove all the residual water droplets. Dispensed 

100µL of 3,3,5,5-tetramethyl benzidine (TMB) reagent into each well. Gently mixed for 5 

seconds. Incubated at room temperature in the dark for 20 minutes. Stopped the reaction by 

adding 100L of stop solution (1N HCL) to each well. Gently mixed for 30 seconds. Read 

absorbance at 450nm with a microtiter well reader within 15 minutes. The standard curve 

was obtained by plotting absorbance against appropriate T4 concentration (Fig. 1). 

Calculated the average absorbance value (A 450) for each set of reference, standards, 

control and samples. Constructed a standard curve by plotting the mean absorbance, obtained 

for each references standard against its concentration in µg/dL on linear graph paper with 

absorbance on Y-axis and concentration on X-axis. Used the mean absorbance value for each 

samples, determined the corresponding concentration of T4 in µg/dL from the standard curve.  

 The minimum detectable concentration of thyroxine by this assay was estimated to be 

0.4µg/dL, Inter and Intra Assay coefficient of variance (%) was kept under 10%. The 

sensitivity of assay was 0.24 µg/dL ± 2SD while its recovery after adding a known quantity 

of T4 was 93.7%. 
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3.6.2 Triiodothyronine (T3; ng/ml) 

For the quantitative determination of the triiodothyronine (T3) Enzyme Immunoassay 

(EIA) kit was used (EIA test kit Lot/RN15685 Cat. No./BC-1005 BioCheck Inc., USA). 

b)   Procedure 

Secured the desired number of coated wells in the holder. Made data sheet with 

sample identification. Pipetted 50L of standard, samples and controls in the appropriate 

wells. Dispensed 50L of the antibody reagent into each well. Mixed thoroughly for 30 

minutes. Added 100L of working conjugate reagent into each well. Mixed thoroughly for 

30 seconds. Incubated at room temperature for 30 minutes. Removed the incubation mixture 

by flicking plate contents into a waste container. Rinsed and flicked the microtiter wells 5 

times with distilled water. Striked the wells sharply on to absorbent paper to remove residual 

water droplets. Dispensed 100L of 3,3,5,5-tetramethyl benzidine (TMB) reagent into each 

well. Gently mixed for 10 seconds. Incubated at the room temperature in the dark for 20 

minutes without shaking. Stopped the reaction by adding 100L of stop solution (1N HCL) 

to each well. Gently mixed for 30 seconds. Read absorbance at 450nm with a microtiter 

reader within 15 minutes. The standard curve was obtained by plotting the absorbance value 

of standard against appropriate T3 concentration (Fig. 2). 

Calculated the average absorbance value for each set of reference standards, control 

and samples. Constructed a standard curve by plotting the mean absorbance obtained from 

each reference standard against its concentration in ng/mL on linear graph paper. The 

absorbance value for each samples, determined the corresponding concentration of T3 in 

ng/mL from the standard curve.  

 The minimum detectable concentration of T3 by this assay is estimated to be 

0.2ng/mL. Inter and intra assay coefficient of variance (%) was kept under 10%. The 

sensitivity of assay was 0.24ng/mL ± 2SD while its recovery after adding a known quantity 

of T3   was 93.7%. 
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Fig. 2: Standard curve for T3
 

 

3.6.3 Thyroid Stimulating Hormone (TSH; µIU/mL) 

TSH ELISA (DSL-10-5300) kit (Diagnostic System Laboratories, Inc. Corporate 

Headquarters, 445 Medical Centre Blvd Webster, Texus 77598-4217 USA) was used for 

quantitative measurement of TSH in camel plasma. 

a) Principal: 

The DSL ACTIVE® TSH ELISA is an enzymatically amplified “one-step” 

sandwich-type immunoassay. In the assay, standards, controls and unknown serum samples 

are incubated in micro-titration wells which have been coated with anti-h TSH antibody in 

the presence of another anti-h TSH detection antibody labeled with the enzyme horseradish 

peroxidase (HRP). After incubation and washing, the wells are incubated with the substrate 

tetramethylbenzidine (TMB). An acidic stopping solution is then added and the degree of 

enzymatic turnover of the substrate is determined by dual wavelength absorbance 

measurement of 450 and 620 nm. The absorbance measured is directly proportional to the 

concentration of TSH in the sample. A set of TSH standards is used to plot a standard curve 

of absorbance versus TSH concentration from which the TSH concentration in the unknown 

samples can be calculated. 
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b) Reagent Preparation: 

i) Wash Solution:  Poured 100 mL of the Wash Concentrate into a clean container and 

dilute by adding 900 mL of deionized water and the preparation was kept at room 

temperature (~25°C) in a tightly sealed bottle.  

ii) Antibody-Enzyme Conjugate Solution: The Antibody-Enzyme Conjugate Concentrate 

was diluted at a ratio of 1 part into 50 parts of the Assay Buffer according to the number 

of wells to be used.   The Antibody-Enzyme Conjugate Concentrate was freshly diluted 

just prior to use in the assay. 

iii) Micro-titration Wells: Selected the number of coated wells, required for the assay. The 

remaining unused wells were placed in the resealable pouch with a desiccant to protect 

from moisture. 

c) Procedure: 

Allowed all specimens and reagents to reach room temperature (~25°C) and mixed 

thoroughly by gentle inversion before use. Standards, control and unknowns were assayed in 

duplicate. 

1. Marked the micro-titration strips to be used. 

2. Pipetted 50 µL of each standard, control and unknown to the appropriate        

well. 

3. Prepared the TSH antibody-enzyme conjugate solution by diluting the   conjugate 

concentrate with the assay buffer as described under the preparation of the 

reagents section of this package insert.  

4. Added 100 µL of the antibody enzyme conjugate solution to each well using a 

semi-automatic dispenser.  

5. Incubated the wells, shaking at a fast speed (500-600 rpm) on an orbital 

microplate shaker, for 90 minutes at room temperature. 

6. Aspirated and wash each well five times with the wash solution using an 

automatic microplate washer. Blot dry by inverting plate on absorbent material. 

7. Added 100 µL of the TMB chromogen solution to the each well using a  semi-

automatic dispenser. 

8. Incubated the wells, shaking at a fast speed (500 rpm) on an orbital microplate 

shaker, for 10 minutes at room temperature. Avoided exposure to direct sunlight. 
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9. Added 100 µL of the stopping solution (0.2 M sulfuric acid) to each well using a 

semi-automatic dispenser. 

10. Read the absorbance of the solution in the wells with 30 minutes, using a 

microplate reader set to 450 nm. 

d) Results: 

 Calculated the mean absorbance for each standard, control unknown. Prepared the 

standard curve plotting the mean absorbance readings for each of the standards along the y-

axis versus the TSH concentrations in µIU/mL along the x-axis. Determined the TSH 

concentrations of the controls and unknowns from the standard curve by matching their mean 

absorbance readings with the corresponding TSH concentrations. 

e) Precision 

          Coefficient of variation was 0.9 and 3.3 for intra-assay and 2.2 and 7.6 for inter-assay.  

 

3.7 STATISTICAL ANALYSIS 

Data collected was subjected to calculations of Mean + SE. To calculate the 

differences between normal and CAD with that of diabetic, hypertensive and having diabetes 

and hypertensive were analyzed by two way analysis of variance (Steel et al. 1997). In case 

of significant differences, Duncan Multiple Range test was applied (Duncan, 1955).  
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Chapter 4 

RESULTS 
 
 
 

4.1 PHYSICO-CHEMICAL PARAMETERS 

 

 The participant involved in this study (n = 10) were selected from Cardiology Units 

of various hospital at Faisalabad – Pakistan. Health status as well as antheropometric data of 

individual healthy and CAD patients was recorded tabulated and has been presented in table 

4.1. As indicated in the table, five groups were made i.e., group (C) consist of normal healthy 

individuals and designated as C. In group CAD, patients having coronary artery disease were 

recruited in group D, the patients were diabetic and having CAD, in group H patients were 

hypertensive and having CAD and the last group was designated as D/H indicating the 

patients were diabetic and hypertensive with having CAD. Average age of male (30-60 

years) and female (30-60 years) patients, with systolic and diastolic blood pressure and for 

individual group having HbAIC (%) values (for diabetes) has been designated. For each 

group of male and female individuals, body mass index (BMI) was calculated to show the 

individual health status for each group under study. Some participants were excluded from 

the study when they were shown to have impaired renal function, male having prostate 

disease or any other normal status. 
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Table 4.1: Demographic characteristics of male and female control, coronary artery 
disease, diabetic, hypertensive and diabetic/hypertensive patients. 

 

Characteristics Control (C) Coronary 
Artery 
Disease 
(CAD) 

Diabetic 
(D) 

Hypertensions 
(H) 

Diabetic/ 
Hypertensive

  
(D/H) 

Male 

Age (Year) 55.2±8.0 53.0±5.5 50.0±6.2 49.9±6.8 57.2±9.2 

BMI (kg/m2) 29.0±3.8 30.0±5.0 34.0±3.2 33.0±4.0 32.0±3.0 

SBP (mmHg) 130.0±8.0 135.0±6.0 133.0±7.0 135.0±5.0 147.0±7.0 

DBP (mmHg) 82.0±6.0 83.0±8.0 80.0±5.0 85.0±5.0 85.0±7.0 

HbA1C (%) 7.9±2.6 8.9±3.0 9.8±3.5 8.5±2.6 9.2±3.2 

Female 

Age (Year) 58.2±9.0 55.0±7.0 59.0±4.6 51.8±5.3 56.0±6.6 

BMI (kg/m2) 22.0±3.0 24.0±5.0 25.0±3.9 27.0±2.5 29.0±3.9 

SBP (mmHg) 74.0±6.0 78.0±8.0 76.0±8.0 82.0±9.0 85.0±8.0 

DBP (mmHg) 127.0±10.0 131.0±12.0 126.0±8.0 135.0±10.0 139.0±12.5 

HbA1C (%) 5.0±0.4 6.8±1.3 8.3±2.0 7.3±0.8 8.0±2.5 

 

BMI (kg/m2)       Body Mass Index 

SBP (mmHg)      Systolic Blood Pressure 

DBP (mmHg)      Systolic Blood Pressure    

HbA1C (%)          Glycated Haemoglobin    
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4.2 SERUM BIOCHEMISTRY 

4.2.1 Glucose (mg/dL) 

 Serum glucose concentration of normal, Coronary Artery Disease (CAD), diabetic, 

hypertension and diabetic hypertensive group was analyzed to see the different between 

gender, groups and their interaction (Table 4.2). Gender did not show any significant 

difference, however, groups and gender x groups were significantly difference (p≤0.01). 

Overall means of CAD, D, H and D/H group had significantly high serum glucose 

concentration as compared to control (Table 4.3). In control male, the serum glucose 

concentration was higher than female, however, in CAD, D, H and D/H groups, the serum 

glucose concentration did not differ significantly between male and female. 

4.2.2 Cholesterol (mg/dL) 

 Serum cholesterol concentration was significantly different between gender, groups 

and gender x groups interaction (Table 4.4). Overall mean serum cholesterol was 

significantly higher in CAD, D, H and D/H groups as compared to control individuals (Table 

4). Higher concentration of serum cholesterol was observed in male and female group of 

individuals suffering from CAD, D, H and D/H group as compared to their normal 

counterpart (Table 4.5). 

4.2.3 HDL (mg/dL) 

 Analysis of variance of serum HDL-C from normal CAD, D, H and D/H did show a 

significant difference between gender, groups and their interaction (Table 4.6). Overall mean 

serum HDL-C was significantly lower in CAD, D, H and D/H groups as compared to normal 

individuals, however, between CAD and D, H and D/H groups, there was no significant 

difference (Table 6). Between normal male and female groups, female had higher (p≤0.01) 

serum HDL-C concentration. In male mean serum HDL-C was significantly higher in CAD, 

D and in D/H groups, while it did not change in hypertensive group as compared to normal 

individuals. In female, it did decrease in CAD, D, H and D/H groups as compared to normal 

individuals (Table 4.7). 



 

44 
 
 

 

Table 4.2: Analysis of variance of serum glucose concentration (mg/dL) from 
coronary artery disease patients at different pathophysiological status and 
gender 

 

Source of 
Variation 

Degree of 
Freedom 

Sum of 
Squares 

Means Squares F-Value 

Gender 1 253.125 253.125 3.686NS 

Groups  4 93820.720 23455.180 341.531** 

Gender x Groups 4 1048.800 262.200 3.818** 

Error 190 13048.550 68.677  

Total 199 108171.195   

NS = Non-significant    **Significant at p≤0.01 

 

 

Table 4.3: Mean serum glucose concentration (mg/dL) from coronary artery disease 
patients at different pathophysiological status and gender 

 

Group Gender Overall Means 

Male Female 

Control    (C) 94.65±0.74f 85.30±0.93g 89.98±0.95E 

Coronary Artery Disease  (CAD) 139.10±3.51bc 134.25±2.14cd 136.68±2.06C 

Diabetic   (D) 141.65±1.81bc 143.30±1.75b 142.48±1.25B 

Hypertensive   (H) 123.10±1.63e 126.55±0.91de 124.83±0.96D 

Diabetic/Hypertensive  (D/H) 153.85±2.22a 151.70±1.16a 152.78±1.25A 

Mean sharing similar letter in a row or in a column are statistically non-significant (p>0.05). Small letters 
represent comparison among interaction of means and capital letters are used for overall mean.  
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Table 4.4: Analysis of variance of serum cholesterol concentration (mg/dL) from 
coronary artery disease patients at different pathophysiological status and 
gender 

 

Source of 
Variation 

Degree of 
Freedom 

Sum of 
Squares 

Means Squares F-Value 

Gender 1 2150.303 2150.303 27.957** 

Groups  4 52518.516 13129.629 170.701** 

Gender x Groups 4 3843.118 960.779 12.491** 

Error 190 14614.026 76.916  

Total 199 73125.963   

**Significant at p≤0.01 

 

 

Table 4.5: Mean serum cholesterol concentration (mg/dL) from coronary artery 
disease patients at different pathophysiological status and gender 

 

Group Gender Overall Means 

Male Female 

Control    (C) 157.05±0.78d 141.05±0.65e 149.05±1.38D 

Coronary Artery Disease  (CAD) 183.20±1.68bc 179.59±3.48c 181.40±1.93B 

Diabetic   (D) 179.60±1.36c 162.16±1.09d 170.88±1.64C 

Hypertensive   (H) 192.95±1.57a 192.15±2.43a 192.55±1.43A 

Diabetic/Hypertensive  (D/H) 189.75±2.62ab 194.81±2.06a 192.28±1.69A 

Mean sharing similar letter in a row or in a column are statistically non-significant (p>0.05). Small letters 
represent comparison among interaction of means and capital letters are used for overall mean.  
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Table 4.6: Analysis of variance of serum HDL concentration (mg/dL) from coronary 
artery disease patients at different pathophysiological status and gender 

 

Source of 
Variation 

Degree of 
Freedom 

Sum of 
Squares 

Means Squares F-Value 

Gender 1 47.239 47.239 6.850* 

Groups  4 276.503 69.126 10.024** 

Gender x Groups 4 4770.126 1192.532 172.934** 

Error 190 1310.216 6.896  

Total 199 6404.085   

*Significant at p≤0.05    **Significant at p≤0.01   

 

 

Table 4.7: Mean serum HDL concentration (mg/dL) from coronary artery disease 
patients at different pathophysiological status and gender 

 

Group Gender Overall Means 

Male Female 

Control    (C) 46.30±0.68ef 59.00±0.58a 52.65±1.11A 

Coronary Artery Disease  (CAD) 50.09±0.83c 48.85±1.19de 49.47±0.72B 

Diabetic   (D) 53.10±0.32c 45.85±0.33f 49.48±0.62B 

Hypertensive   (H) 44.18±0.25f 56.03±0.28b 50.10±0.97B 

Diabetic/Hypertensive  (D/H) 55.79±0.19b 44.58±0.42f 50.19±0.93B 

Mean sharing similar letter in a row or in a column are statistically non-significant (p>0.05). Small letters 
represent comparison among interaction of means and capital letters are used for overall mean.  
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4.2.4 LDL (mg/dL) 

 Analysis of variance of serum LDL-C concentration of normal and coronary artery 

disease patients with D, H and D/H was calculated and has been presented in Table 4.8. 

Gender, groups and gender x groups interaction was significantly different (Table 7). Overall 

mean serum LDL-C was significantly higher in CAD, D, H and D/H groups as compared to 

normal individuals. Within male groups, D, H and D/H groups did show a higher 

concentration of serum LDL-C, while it did not differ between normal and CAD group in the 

present study (Table 8). In female, serum LDL-C concentration was significantly higher in 

CAD, D, H and D/H groups as compared to normal individuals as seen in Table 4.9. 

4.2.5 Triglycerides (mg/dL) 

 Gender, groups and their interaction was significantly different between serum 

concentrations of triglycerides and is shown in analysis of variance table 4.10. Overall mean 

serum triglycerides were significantly higher in CAD, D, H and in D/H groups. Mean serum 

triglyceride was significantly higher in CAD, D, H and D/H groups as compared to normal 

individuals. Almost, similar trend was observed in female CAD, D, H and D/H groups 

having coronary heart disease (Table 4.11). 

4.2.6 Creatinine (mmol/L) 

 Serum creatinine concentration of normal, CAD, D, H and D/H group with coronary 

disease did show a significant difference between gender, groups and with their interaction 

(Table 4.12). Overall mean serum creatinine concentration of CAD, D, H and D/H groups 

with CAD did show significantly higher values as compared to normal individuals. Mean 

serum concentration was not different between normal and hypertensive group and were 

significantly higher between CAD, D and D/H groups in male as compared to normal 

individuals (Table 12). In female groups, CAD, D, H and D/H groups did show a higher 

(p≤0.01) serum creatinine concentration as compared to normal individuals (Table 4.13). 
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Table 4.8: Analysis of variance of serum LDL concentration (mg/dL) from coronary 
artery disease patients at different pathophysiological status and gender 

 

Source of 
Variation 

Degree of 
Freedom 

Sum of 
Squares 

Means Squares F-Value 

Gender 1 1819.734 1819.734 24.356** 

Groups  4 63650.272 15912.568 212.978** 

Gender x Groups 4 2795.009 698.752 9.352** 

Error 190 14195.787 74.715  

Total 199 82460.802   

**Significant at p≤0.01 

 

 

Table 4.9: Mean serum LDL concentration (mg/dL) from coronary artery disease 
patients at different pathophysiological status and gender 

 

Group Gender Overall Means 

Male Female 

Control    (C) 105.75±0.77d 92.75±1.02e 99.25±1.22D 

Coronary Artery Disease  (CAD) 140.92±2.06b 139.06±2.78b 139.99±1.71B 

Diabetic   (D) 128.49±1.24c 111.93±1.50d 120.21±1.64C 

Hypertensive   (H) 133.34±2.70bc 136.61±2.24bc 134.97±1.75B 

Diabetic/Hypertensive  (D/H) 151.74±1.58a 149.73±2.29a 150.74±1.38A 

Mean sharing similar letter in a row or in a column are statistically non-significant (p>0.05). Small letters 
represent comparison among interaction of means and capital letters are used for overall mean.  
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Table 4.10: Analysis of variance of serum triglycerides concentration (mg/dL) from 
coronary artery disease patients at different pathophysiological status and 
gender 

 

Source of 
Variation 

Degree of 
Freedom 

Sum of 
Squares 

Means Squares F-Value 

Gender 1 67437.016 67437.016 154.085** 

Groups  4 432440.006 108110.002 247.018** 

Gender x Groups 4 24622.094 6155.524 14.065** 

Error 190 83155.370 437.660  

Total 199 607654.486   

**Significant at p≤0.01 

 

 

Table 4.11: Mean serum triglycerides concentration (mg/dL) from coronary artery 
disease patients at different pathophysiological status and gender 

 

Group Gender Overall Means 

Male Female 

Control    (C) 88.80±1.04e 77.90±0.86e 83.35±1.10D 

Coronary Artery Disease  (CAD) 216.65±9.08b 168.75±3.94cd 192.70±6.21B 

Diabetic   (D) 171.51±4.01cd 161.53±3.32d 166.52±2.69C 

Hypertensive   (H) 221.56±7.70b 171.13±2.45cd 196.35±5.68B 

Diabetic/Hypertensive  (D/H) 247.88±4.61a 183.45±2.30c 215.67±5.75A 

Mean sharing similar letter in a row or in a column are statistically non-significant (p>0.05). Small letters 
represent comparison among interaction of means and capital letters are used for overall mean.  
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Table 4.12: Analysis of variance of serum creatinine concentration (mmol/L) from 
coronary artery disease patients at different pathophysiological status and 
gender 

 

Source of 
Variation 

Degree of 
Freedom 

Sum of 
Squares 

Means Squares F-Value 

Gender 1 9.505 9.505 169.760** 

Groups  4 11.036 2.759 49.276** 

Gender x Groups 4 5.404 1.351 24.128** 

Error 190 10.638 0.056  

Total 199 36.582   

**Significant at p≤0.01 

 

 

Table 4.13: Mean serum creatinine concentration (mmol/L) from coronary artery 
disease patients at different pathophysiological status and gender 

 

Group Gender Overall Means 

Male Female 

Control    (C) 0.97±0.06cd 0.84±0.03d 0.90±0.03D 

Coronary Artery Disease  (CAD) 1.65±0.10b 1.11±0.04c 1.38±0.07B 

Diabetic   (D) 1.61±0.03b 1.15±0.04c 1.38±0.04B 

Hypertensive   (H) 1.14±0.07c 1.08±0.04c 1.11±0.04C 

Diabetic/Hypertensive  (D/H) 2.06±0.05a 1.08±0.05c 1.57±0.09A 

Mean sharing similar letter in a row or in a column are statistically non-significant (p>0.05). Small letters 
represent comparison among interaction of means and capital letters are used for overall mean.  
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4.2.7 Urea (mg/dL) 

 Serum urea concentration from normal and coronary artery disease patients as well 

CAD with diabetes hypertensive, and D/H individuals was subjected to analysis of variance 

(Table 4.14). Gender and groups was significantly different while gender x groups interaction 

did not show any significantly difference. Overall serum urea was higher (p≤0.01) in CAD, 

D, H and in D/H groups. Mean serum urea concentration in male with that of female was not 

different, however, this was much higher in groups having CAD alone and with D, H and 

D/H groups (Table 4.15). 

4.2.8 Nitrate (µmol/L) 

 Gender, groups and their interaction for serum nitrate concentration was significantly 

different as revealed by analysis of variance and has been presented in Table 4.16. Overall 

mean serum nitrate concentration was significantly lower as compared to normal individuals. 

In male as well as in female individuals with CAD alone and CAD diabetes, hypertension 

and D/H group did show significantly lower concentration of serum nitrate as compared to 

normal healthy individuals (Table 4.17). 

4.2.9 Nitrites (µmol/L) 

 Analysis of variance for serum nitrites concentration showing a significantly 

difference between gender, groups and gender x groups has been presented in Table 4.18. 

Overall mean serum nitrites was significantly lower in CAD group and CAD with D, H and 

D/H groups as compared to normal healthy individuals (Table 18). Mean serum nitrites 

concentration was significantly lower in CAD, CAD with D, H and D/H groups of male and 

female individuals (Table 4.19). 

4.2.10 C-Reactive Proteins (CRP; mg/L) 

 Serum C-reactive proteins (CRP) obtained from normal healthy individuals and from 

CAD, as well as individuals from CAD with D, H and D/H groups did show a significant 

difference between gender, groups and gender x groups interaction (Table 4.20). Overall 

mean serum CRP was significantly higher in CAD patients and in patients having CAD with 

diabetes, hypertension and diabetic/hypertensive as compared to healthy individuals. The 

pattern was also followed by the male and female group when compared with their respective 

healthy individuals (Table 4.21).  
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Table 4.14: Analysis of variance of serum urea concentration (mg/dL) from coronary 
artery disease patients at different pathophysiological status and gender 

 

Source of 
Variation 

Degree of 
Freedom 

Sum of 
Squares 

Means Squares F-Value 

Gender 1 156.645 156.645 47.246** 

Groups  4 956.080 239.020 72.091** 

Gender x Groups 4 31.880 7.970 2.404NS 

Error 190 629.950 3.316  

Total 199 1774.555   

NS = Non-significant   **Significant at p≤0.01 

 

 

Table 4.15: Mean serum urea concentration (mg/dL) from coronary artery disease 
patients at different pathophysiological status and gender 

 

Group Gender Overall Means 

Male Female 

Control    (C) 9.15±0.41 7.30±0.21 8.23±0.27D 

Coronary Artery Disease  (CAD) 12.85±0.63 11.00±0.50 11.93±0.42B 

Diabetic   (D) 14.25±0.44 11.20±0.36 12.73±0.37B 

Hypertensive   (H) 10.05±0.44 9.50±0.29 9.78±0.26C 

Diabetic/Hypertensive  (D/H) 15.20±0.32 13.65±0.34 14.43±0.26A 

Mean sharing similar letter in a row or in a column are statistically non-significant (p>0.05). Small letters 
represent comparison among interaction of means and capital letters are used for overall mean.  
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Table 4.16: Analysis of variance of serum nitrate concentration (µmol/L) from 
coronary artery disease patients at different pathophysiological status and 
gender 

 

Source of 
Variation 

Degree of 
Freedom 

Sum of 
Squares 

Means Squares F-Value 

Gender 1 91.125 91.125 15.791** 

Groups  4 2427.700 606.925 105.172** 

Gender x Groups 4 70.600 17.650 3.059* 

Error 190 1096.450 5.771  

Total 199 3685.875   

*Significant at p≤0.05    **Significant at p≤0.01   

 

 

Table 4.17: Mean serum nitrate concentration (µmol/L) from coronary artery disease 
patients at different pathophysiological status and gender 

 

Group Gender Overall Means 

Male Female 

Control    (C) 28.45±0.45a 27.00±0.37a 27.73±0.31A 

Coronary Artery Disease  (CAD) 21.50±0.90bc 20.40±0.50cd 20.95±0.52BC 

Diabetic   (D) 23.45±0.48b 20.35±0.47cd 21.90±0.42B 

Hypertensive   (H) 20.75±0.64cd 19.05±0.65de 19.90±0.47C 

Diabetic/Hypertensive  (D/H) 16.85±0.30e 17.45±0.34e 17.15±0.23D 

Mean sharing similar letter in a row or in a column are statistically non-significant (p>0.05). Small letters 
represent comparison among interaction of means and capital letters are used for overall mean.  
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Table 4.18: Analysis of variance of serum nitrites concentration (µmol/L) from 
coronary artery disease patients at different pathophysiological status and 
gender 

 

Source of 
Variation 

Degree of 
Freedom 

Sum of 
Squares 

Means Squares F-Value 

Gender 1 22.045 22.045 130.772** 

Groups  4 169.701 42.425 251.671** 

Gender x Groups 4 12.209 3.052 18.106** 

Error 190 32.029 0.169  

Total 199 235.983   

**Significant at p≤0.01 

 

 

Table 4.19: Mean serum nitrites concentration (µmol/L) from coronary artery disease 
patients at different pathophysiological status and gender 

  

Group Gender Overall Means 

Male Female 

Control    (C) 5.97±0.06a 5.56±0.07b 5.76±0.06A 

Coronary Artery Disease  (CAD) 3.87±0.18de 3.39±0.10fg 3.63±0.11C 

Diabetic   (D) 5.05±0.07c 3.56±0.09ef 4.30±0.13B 

Hypertensive   (H) 4.01±0.06d 3.12±0.06g 3.56±0.08C 

Diabetic/Hypertensive  (D/H) 3.16±0.06fg 3.12±0.10g 3.14±0.06D 

Mean sharing similar letter in a row or in a column are statistically non-significant (p>0.05). Small letters 
represent comparison among interaction of means and capital letters are used for overall mean.  
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Table 4.20: Analysis of variance of serum C-reactive proteins (CRP) concentration 
(mg/L) from coronary artery disease patients at different 
pathophysiological status and gender 

 

Source of 
Variation 

Degree of 
Freedom 

Sum of 
Squares 

Means Squares F-Value 

Gender 1 14.688 14.688 73.060** 

Groups  4 113.257 28.314 140.837** 

Gender x Groups 4 15.497 3.874 19.271** 

Error 190 38.198 0.201  

Total 199 181.640   

**Significant at p≤0.01 

 

Table 4.21: Mean serum C-reactive proteins (CRP) concentration (mg/L) from 
coronary artery disease patients at different pathophysiological status and 
gender 

 

Group Gender Overall Means 

Male Female 

Control    (C) 1.43±0.07f 1.19±0.04f 1.31±0.05D 

Coronary Artery Disease  (CAD) 3.40±0.22b 2.68±0.11cd 3.04±0.13B 

Diabetic   (D) 4.14±0.12a 2.59±0.05d 3.36±0.14A 

Hypertensive   (H) 2.31±0.04de 2.11±0.06e 2.21±0.04C 

Diabetic/Hypertensive  (D/H) 3.09±0.09bc 3.09±0.07bc 3.09±0.06AB 

Mean sharing similar letter in a row or in a column are statistically non-significant (p>0.05). Small letters 
represent comparison among interaction of means and capital letters are used for overall mean.  
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4.3 LIVER ENZYMES 

4.3.1 Aspartate Aminotransferase (AST; U/L) 

 Serum AST concentration was analyzed by analysis of variance method followed by 

DMR analysis and has been presented in Table 4.22 and Table 4.23 respectively. Gender, 

groups and their interaction did show a significantly difference. Overall mean serum AST 

concentration was much higher (p≤0.01) in group CAD and in D, H, D/H with CAD in the 

present study as compared to normal healthy having CAD only, and/or CAD with D, H and 

D/H groups did show a significant increase except in male hypertensive with CAD that was 

not significantly different with that of male healthy individuals (Table 4.23). 

4.3.2 Alanine Aminotransferase (ALT; U/L) 

 Analysis of variance of serum ALT concentration was tabulated and has been 

presented in Table 4.24 showing a significant difference between groups and gender x groups 

interaction. In male and female individuals serum ALT was significantly higher in CAD and 

CAD with D, H and D/H groups (Table 4.25). Highest serum ALT was present in group 

diabetic/hypertension of coronary artery disease patients.  

 

4.4 SERUM ENZYMES 

4.4.1 Creatine phosphokinase (CPK; U/mL) 

 Analysis of variance of serum CPK concentration from coronary artery disease 

patients with diabetes, hypertension and diabetes/hypertension as compared to normal 

individuals has been presented in Table 4.26. Gender, groups and their interactions was 

significantly different. Overall mean serum concentration of CPK was significantly higher as 

compared to normal healthy individuals. These values were almost double in CAD, D, H and 

in D/H groups as compared to normal individuals (Table 4.27). In male and female 

individuals, CAD, D, H and D/H groups did show a significant higher serum CPK 

concentration as compared to their respective gender group. As compared to male, female 

individuals in CAD, D, H and D/H groups had much higher serum CPK concentration (Table 

4.27). 
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Table 4.22: Analysis of variance of serum AST concentration (U/L) from coronary 
artery disease patients at different pathophysiological status and gender 

 

Source of 
Variation 

Degree of 
Freedom 

Sum of 
Squares 

Means Squares F-Value 

Gender 1 72.000 72.000 9.386** 

Groups  4 3886.170 971.543 126.650** 

Gender x Groups 4 1029.050 257.263 33.537** 

Error 190 1457.500 7.671  

Total 199 6444.720   

**Significant at p≤0.01 

 

 

Table 4.23: Mean serum AST concentration (U/L) from coronary artery disease 
patients at different pathophysiological status and gender 

 

Group Gender Overall Means 

Male Female 

Control    (C) 26.35±0.66e 21.55±0.44f 23.95±0.55C 

Coronary Artery Disease  (CAD) 31.35±0.89d 36.40±0.75ab 33.88±0.70B 

Diabetic   (D) 34.25±0.54bc 32.00±0.57cd 33.13±0.43B 

Hypertensive   (H) 28.45±0.60e 35.95±0.61ab 32.20±0.74B 

Diabetic/Hypertensive  (D/H) 37.00±0.36ab 37.50±0.61a 37.25±0.35A 

Mean sharing similar letter in a row or in a column are statistically non-significant (p>0.05). Small letters 
represent comparison among interaction of means and capital letters are used for overall mean.  
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Table 4.24: Analysis of variance of serum ALT concentration (U/L) from coronary 
artery disease patients at different pathophysiological status and gender 

 

Source of 
Variation 

Degree of 
Freedom 

Sum of 
Squares 

Means Squares F-Value 

Gender 1 0.080 0.080 0.010NS 

Groups  4 6916.920 1729.230 214.938** 

Gender x Groups 4 108.620 27.155 3.375* 

Error 190 1528.600 8.045  

Total 199 8554.220   

NS = Non-significant   *Significant at p≤0.05  **Significant at p≤0.01 

 

 

Table 4.25: Mean serum ALT concentration (U/L) from coronary artery disease 
patients at different pathophysiological status and gender 

 

Group Gender Overall Means 

Male Female 

Control    (C) 24.00±0.49f 22.85±0.73f 23.43±0.45D 

Coronary Artery Disease  (CAD) 35.80±0.81bcd 37.40±0.79b 36.60±0.57B 

Diabetic   (D) 33.05±0.66de 31.00±0.51e 32.03±0.44C 

Hypertensive   (H) 34.45±0.65cd 36.10±0.41bc 35.28±0.40B 

Diabetic/Hypertensive  (D/H) 41.15±0.60a 40.90±0.58a 41.03±0.41A 

Mean sharing similar letter in a row or in a column are statistically non-significant (p>0.05). Small letters 
represent comparison among interaction of means and capital letters are used for overall mean.  
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Table 4.26: Analysis of variance of serum CPK concentration (U/mL) from coronary 
artery disease patients at different pathophysiological status and gender 

 

Source of 
Variation 

Degree of 
Freedom 

Sum of 
Squares 

Means Squares F-Value 

Gender 1 51520.500 51520.500 338.373** 

Groups  4 140876.130 35219.033 231.309** 

Gender x Groups 4 22754.850 5688.713 37.362** 

Error 190 28929.300 152.259  

Total 199 244080.780   

**Significant at p≤0.01 

 

 

Table 4.27: Mean serum CPK concentration (U/mL) from coronary artery disease 
patients at different pathophysiological status and gender 

 

Group Gender Overall Means 

Male Female 

Control    (C) 83.40±0.68c 74.90±0.74c 79.15±0.84B 

Coronary Artery Disease  (CAD) 125.80±1.59b 167.65±2.38a 146.73±3.64A 

Diabetic   (D) 128.80±3.69b 159.30±5.85a 144.05±4.20A 

Hypertensive   (H) 119.80±1.38b 169.35±2.68a 144.58±4.24A 

Diabetic/Hypertensive  (D/H) 122.90±1.43b 170.00±2.82a 146.45±4.408A 

Mean sharing similar letter in a row or in a column are statistically non-significant (p>0.05). Small letters 
represent comparison among interaction of means and capital letters are used for overall mean.  
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 4.4.2  Creatine Kinase MB (CKMB; U/mL) 

 Gender, groups and gender x groups interaction was significantly different when data 

obtained from serum CKMB from normal, CAD and D, H and D/H with CAD was analyzed 

by analysis of variance (Table 4.28). Overall mean serum CKMB concentration was 

significantly higher as compared to normal individuals (Table 4.29). Male and female 

individuals with CAD and D, H and D/H with CAD also showed a significant higher 

concentration of serum CKMB as compared to their respective normal individuals.  

4.5 SERUM HEALTH BIOMARKERS 

45.1 Total Antioxidant Status (TAS; mmol trolox Equiv./L)   

 Serum oxidant status did show a significant difference between groups and gender x 

groups interaction (Table 4.30). Overall mean serum oxidant status was significantly higher 

in CAD and D, H and D/H with CAD groups as compared to normal healthy individuals 

(Table 4.31). Serum oxidant status was significantly higher in both male and female groups 

having CAD, D, H and D/H groups in the present study. 

4.5.2 Total Oxidant Capacity (TOC; µmol H2O2 Equiv./L) 

 Serum antioxidant capacity between different groups, gender x groups were 

significantly different when analyzed by analysis of variance (Table 4.32). Overall mean 

serum antioxidant capacity of individuals from CAD and D, H and D/H with CAD gender 

was significantly lower as compared to normal healthy individuals (Table 4.33). Serum 

antioxidant concentration was significantly lower in male and female groups suffering from 

CAD and D, H and D/H groups with CAD in the present study (Table 4.33). 

4.5.3 Catalase (KU/L) 

 Gender, groups and their interaction were significantly different when serum catalase 

concentration was subjected to analysis of variance (Table 4.34). Overall mean serum 

catalase concentration was significantly lower as compared to normal individuals in CAD, D, 

H and D/H groups with CAD in the present study (Table 4.35). As compared to normal 

individuals, both male and female individuals in CAD, H and D/H with CAD did show a 

significant decrease in serum catalase concentration as compared to normal healthy 

individuals.  
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Table 4.28: Analysis of variance of serum CKMB concentration (U/mL) from coronary 
artery disease patients at different pathophysiological status and gender 

 

Source of 
Variation 

Degree of 
Freedom 

Sum of 
Squares 

Means Squares F-Value 

Gender 1 288.000 288.000 38.500** 

Groups  4 2284.280 571.070 76.341** 

Gender x Groups 4 634.100 158.525 21.192** 

Error 190 1421.300 7.481  

Total 199 4627.680   

**Significant at p≤0.01 

 

 

Table 4.29: Mean serum CKMB concentration (U/mL) from coronary artery disease 
patients at different pathophysiological status and gender 

 

Group Gender Overall Means 

Male Female 

Control    (C) 10.05±0.36e 7.65±0.23e 8.85±0.29C 

Coronary Artery Disease  (CAD) 17.20±1.35b 14.95±0.41bcd 16.08±0.72B 

Diabetic   (D) 23.50±0.55a 14.55±0.44bcd 19.03±0.80A 

Hypertensive   (H) 12.95±0.78d 13.70±0.31cd 13.33±0.42D 

Diabetic/Hypertensive  (D/H) 15.00±0.44bcd 15.85±0.44bc 15.43±0.31B 

Mean sharing similar letter in a row or in a column are statistically non-significant (p>0.05). Small letters 
represent comparison among interaction of means and capital letters are used for overall mean.  
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Table 4.30: Mean serum total oxidant capacity concentration (µmol H2O2 Equiv./L) 
from coronary artery disease patients at different pathophysiological 
status and gender 

 

Source of 
Variation 

Degree of 
Freedom 

Sum of 
Squares 

Means Squares F-Value 

Gender 1 0.594 0.594 3.578NS 

Groups  4 314.137 78.534 472.985** 

Gender x Groups 4 11.891 2.973 17.903** 

Error 190 31.548 0.166  

Total 199 358.169   

NS = Non-significant   **Significant at p≤0.01 

 

Table 4.31: Mean serum total oxidant capacity concentration (µmol H2O2 Equiv./L) 
from coronary artery disease patients at different pathophysiological 
status and gender 

 

Group Gender Overall Means 

Male Female 

Control    (C) 1.04±0.05e 0.73±0.02e 0.88±0.04D 

Coronary Artery Disease  (CAD) 4.11±0.11ab 4.11±0.15ab 4.11±0.09AB 

Diabetic   (D) 4.34±0.10a 3.39±0.08d 3.86±0.10BC 

Hypertensive   (H) 3.51±0.07cd 3.85±0.12bc 3.68±0.07C 

Diabetic/Hypertensive  (D/H) 4.07±0.07ab 4.45±0.09a 4.26±0.06A 

Mean sharing similar letter in a row or in a column are statistically non-significant (p>0.05). Small letters 
represent comparison among interaction of means and capital letters are used for overall mean.  
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Table 4.32: Analysis of variance of serum total antioxidant capacity concentration 
(mmol trolox Equiv./L) from coronary artery disease patients at different 
pathophysiological status and gender 

 

Source of 
Variation 

Degree of 
Freedom 

Sum of 
Squares 

Means Squares F-Value 

Gender 1 0.112 0.112 3.374NS 

Groups  4 170.757 42.689 1282.157** 

Gender x Groups 4 0.734 0.184 5.513** 

Error 190 6.326 0.033  

Total 199 177.929   

NS = Non-significant   **Significant at p≤0.01 

 

Table 4.33: Mean serum total antioxidant capacity concentration (mmol trolox 
Equiv./L) from coronary artery disease patients at different 
pathophysiological status and gender 

 

Group Gender Overall Means 

Male Female 

Control    (C) 2.88±0.06a 2.96±0.07a 2.92±0.05A 

Coronary Artery Disease  (CAD) 0.57±0.04cd 0.60±0.04cd 0.58±0.03D 

Diabetic   (D) 0.69±0.03c 0.62±0.03cd 0.65±0.02C 

Hypertensive   (H) 0.45±0.03d 0.46±0.01d 0.45±0.01C 

Diabetic/Hypertensive  (D/H) 0.94±0.04b 0.67±0.04c 0.81±0.03B 

Mean sharing similar letter in a row or in a column are statistically non-significant (p>0.05). Small letters 
represent comparison among interaction of means and capital letters are used for overall mean.  
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Table 4.34: Analysis of variance of serum catalase concentration (KU/L) from coronary 
artery disease patients at different pathophysiological status and gender 

 

Source of 
Variation 

Degree of 
Freedom 

Sum of 
Squares 

Means Squares F-Value 

Gender 1 84.162 84.162 4.129* 

Groups  4 21967.143 5491.786 269.413** 

Gender x Groups 4 651.583 162.896 7.991** 

Error 190 3873.015 20.384  

Total 199 26575.903   

*Significant at p≤0.05    **Significant at p≤0.01   

 

 

Table 4.35: Mean serum catalase concentration (KU/L) from coronary artery disease 
patients at different pathophysiological status and gender 

 

Group Gender Overall Means 

Male Female 

Control    (C) 75.88±0.71a 77.65±0.59a 76.77±0.48A 

Coronary Artery Disease  (CAD) 54.97±1.55c 53.88±2.01c 54.43±1.26C 

Diabetic   (D) 54.49±0.65c 46.27±0.66d 50.38±0.80D 

Hypertensive   (H) 64.73±0.64b 65.99±0.49b 65.36±0.41B 

Diabetic/Hypertensive  (D/H) 49.20±0.57d 48.99±1.03d 49.10±0.58D 

Mean sharing similar letter in a row or in a column are statistically non-significant (p>0.05). Small letters 
represent comparison among interaction of means and capital letters are used for overall mean.  
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4.5.4 Paraoxonase (PON-1; U/L) 

 Analysis of variance of serum paraoxonase concentration between various groups and 

between male and female did show a significant difference between groups and gender x 

groups in the present study (Table 4.36). Overall mean serum paraoxonase was significantly 

lower in group CAD and in D, H and D/H with CAD as compared to normal healthy 

individuals (Table 36). Mean serum paraoxonase concentration was significantly lower in 

male and female individuals in groups CAD, and D, H and D/H with CAD as compared to 

their respective normal individuals (Table 4.37). 

4.5.5 Ceruloplasmin (U/L) 

 Analysis of variance for serum ceruloplasmin concentration from normal and 

coronary artery disease patients with diabetes, hypertension, diabetes/hypertensive was 

carried out and has been presented in table 4.38. Overall mean serum ceruloplasmin 

concentration was significantly higher in CAD and D, H and D/H with CAD individuals 

(Table 4.39). Male and female did show a significant higher values in CAD, and D, H, D/H 

groups with CAD as compared to their respective healthy groups. 

4.5.6 Superoxide Dismutases (SOD; U/L) 

 Serum SOD was analyzed statistically be analysis of variance to observe the 

difference between gender, groups and into their interaction (Table 4.40). Gender, groups and 

gender x groups was significantly different. Overall mean serum SOD did decrease in CAD, 

D, H and D/H groups. Similar trend was observed (p<0.01) in male and female groups (Table 

4.41), however, male had much higher (p<0.01) values than the female individuals when 

compared with normal individuals. 

4.5.7 Glutathione (GSH; µmol/L)  

 Analysis of variance of serum GSH concentration from normal, CAD and D, H, D/H 

groups with CAD was calculated and has been presented in table 4.42. Gender, groups and 

gender x groups interaction was significantly different. Mean serum GSH concentration was 

significantly lower in male and female diabetic with CAD individuals, thus showing a 

significant low overall mean in this group (Table 4.43) as compared to normal group. In 

CAD, H and D/H with CAD did show a significant higher serum GSH concentration in male 

and female groups as well as in overall means as compared to their normal healthy 

individuals. 
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Table 4.36: Analysis of variance of serum paraoxonase concentration (U/L) from 
coronary artery disease patients at different pathophysiological status and 
gender 

 

Source of 
Variation 

Degree of 
Freedom 

Sum of 
Squares 

Means Squares F-Value 

Gender 1 125.421 125.421 1.510NS 

Groups  4 55990.226 13997.557 168.479** 

Gender x Groups 4 7994.483 1998.621 24.056** 

Error 190 15785.545 83.082  

Total 199 79895.676   

NS = Non-significant   **Significant at p≤0.01 

 

 

Table 4.37: Mean serum paraoxonase concentration (U/L) from coronary artery 
disease patients at different pathophysiological status and gender 

 

Group Gender Overall Means 

Male Female 

Control    (C) 114.75±1.22a 98.00±1.34b 106.38±1.61A 

Coronary Artery Disease 
 (CAD) 

69.35±2.17de 68.88±3.501def 69.12±2.03C 

Diabetic   (D) 61.44±2.24ef 50.77±0.75g 56.11±1.44D 

Hypertensive   (H) 59.85±1.86fg 80.28±1.59c 70.07±12.03C 

Diabetic/Hypertensive  (D/H) 76.04±2.18cd 75.59±2.23cd 75.82±1.54B 

Mean sharing similar letter in a row or in a column are statistically non-significant (p>0.05). Small letters 
represent comparison among interaction of means and capital letters are used for overall mean.  
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Table 4.38: Analysis of variance of serum ceruloplasmin concentration (U/L) from 
coronary artery disease patients at different pathophysiological status and 
gender 

 

Source of 
Variation 

Degree of 
Freedom 

Sum of 
Squares 

Means Squares F-Value 

Gender 1 82215.125 82215.125 806.295** 

Groups  4 206361.330 51590.333 505.953** 

Gender x Groups 4 39272.250 9818.063 96.287** 

Error 190 19373.650 101.967  

Total 199 347222.355   

**Significant at p≤0.01 

 

 

Table 4.39: Mean serum ceruloplasmin concentration (U/L) from coronary artery 
disease patients at different pathophysiological status and gender 

 

Group Gender Overall Means 

Male Female 

Control    (C) 147.60±0.71h 160.30±1.28g 153.95±1.25D 

Coronary Artery Disease  (CAD) 209.80±5.03e 256.85±2.89b 233.33±4.73B 

Diabetic   (D) 175.70±0.35f 267.70±2.18a 221.70±7.45C 

Hypertensive   (H) 216.65±1.77e 244.30±0.97c 230.48±2.43B 

Diabetic/Hypertensive  (D/H) 232.05±1.64d 255.40±1.88b 243.73±2.24A 

Mean sharing similar letter in a row or in a column are statistically non-significant (p>0.05). Small letters 
represent comparison among interaction of means and capital letters are used for overall mean.  
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Table 4.40: Analysis of variance of serum SOD concentration (U/L) from coronary 
artery disease patients at different pathophysiological status and gender 

 

Source of 
Variation 

Degree of 
Freedom 

Sum of 
Squares 

Means Squares F-Value 

Gender 1 3898.445 3898.445 333.944** 

Groups  4 5994.720 1498.680 128.378** 

Gender x Groups 4 117.980 29.495 2.527* 

Error 190 2218.050 11.674  

Total 199 12229.195   

*Significant at p≤0.05   **Significant at p≤0.01 

 

 

Table 4.41: Mean serum SOD concentration (U/L) from coronary artery disease 
patients at different pathophysiological status and gender 

 

Group Gender Overall Means 

Male Female 

Control    (C) 48.75±1.04a 42.45±0.94b 45.60±0.86A 

Coronary Artery Disease  (CAD) 37.60±0.93c 28.25±0.68d 32.93±0.94C 

Diabetic   (D) 38.50±0.55c 30.20±0.55d 34.35±0.77B 

Hypertensive   (H) 37.55±0.66c 28.35±0.72d 32.95±0.88B 

Diabetic/Hypertensive  (D/H) 35.15±0.67c 24.15±0.71e 29.65±1.00B 

Mean sharing similar letter in a row or in a column are statistically non-significant (p>0.05). Small letters 
represent comparison among interaction of means and capital letters are used for overall mean.  
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Table 4.42: Analysis of variance of serum GSH concentration (µmol/L) from coronary 
artery disease patients at different pathophysiological status and gender 

 

Source of 
Variation 

Degree of 
Freedom 

Sum of 
Squares 

Means Squares F-Value 

Gender 1 5681.780 5681.780 79.517** 

Groups  4 34980.730 8745.182 122.390** 

Gender x Groups 4 1537.770 384.443 5.380** 

Error 190 13576.200 71.454  

Total 199 55776.480   

**Significant at p≤0.01 

 

 

Table 4.43: Mean serum GSH concentration (µmol/L) from coronary artery disease 
patients at different pathophysiological status and gender 

 

Group Gender Overall Means 

Male Female 

Control    (C) 200.60±1.29c 190.55±0.66d 195.58±1.08D 

Coronary Artery Disease  (CAD) 201.90±3.37c 200.30±4.03c 201.10±2.59C 

Diabetic   (D) 190.20±1.05d 181.25±0.80e 185.73±0.97E 

Hypertensive   (H) 233.85±1.06a 216.15±0.78b 225.00±1.56A 

Diabetic/Hypertensive  (D/H) 216.30±0.92b 201.30±1.34c 208.80±1.45B 

Mean sharing similar letter in a row or in a column are statistically non-significant (p>0.05). Small letters 
represent comparison among interaction of means and capital letters are used for overall mean.  
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4.5.8 Glutathione Peroxidase (GSH-Px; IU/L) 

 Analysis of variance of serum GSH-Px concentration for gender and various groups 

under studied has been presented in table 4.44. Gender, groups and their interaction was 

significantly different when compared between groups, gender and for gender/groups 

interaction. Overall means and mean serum GSH-Px concentration of CAD and D, H, D/H 

groups with CAD was significantly higher when compared with their respective normal 

healthy individuals (Table 4.45). 

4.5.9 Homocysteine (µmol/L) 

 Serum homocysteine concentration of different groups with gender was analyzed by 

analysis of variance and results have been presented in table 4.46. Gender, groups and 

gender/groups interaction was significantly different. Overall mean serum homocysteine 

concentration was significantly higher in CAD and D, H, D/H with CAD groups as compared 

to normal healthy individuals (Table 4.47). In male and female serum homocysteine 

concentration was significantly higher in Cad, and D, H, D/H groups with CAD than normal 

healthy individuals (Table 4.47). 

4.5.10 Lipid Peroxidation (LPO; µmol/L) 

 Analysis of variance of serum LPO concentration from coronary heart disease and 

normal group has been presented in table 4.48. Gender, groups and their interaction was 

significantly different. Overall mean serum LPO concentration was significantly higher in 

CAD and diabetic, hypertensive and D/hypertensive groups with CAD as compared to 

normal healthy group (Table 4.49). In male and female, serum LPO concentration was 

significantly higher in CAD and D, H, D/H groups as compared to normal group except in 

male hypertensive groups in this study. 

4.6 THYROID HORMONES 

4.6.1 Thyroxine (T4; g/dL) 

 Analysis of variance of serum T4 concentration did show a significant difference 

between gender, group and gender/groups in this study (Table 4.50). Serum T4 was 

significantly low in overall mean of CAD, and D, H, D/H groups with CAD. Likewise, in 

male and female, serum T4 concentration was lower in CAD and in D, H, D/H groups with 

CAD as compared to their respective normal healthy groups (Table 4.51). 
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Table 4.44: Analysis of variance of serum GSH-Px concentration (IU/L) from coronary 
artery disease patients at different pathophysiological status and gender 

 

Source of 
Variation 

Degree of 
Freedom 

Sum of 
Squares 

Means Squares F-Value 

Gender 1 1310.720 1310.720 119.431** 

Groups  4 18653.670 4663.418 424.923** 

Gender x Groups 4 272.330 68.082 6.204** 

Error 190 2085.200 10.975  

Total 199 22321.920   

**Significant at p≤0.01 

 

 

Table 4.45: Mean serum GSH-Px concentration (IU/L) from coronary artery disease 
patients at different pathophysiological status and gender 

 

Group Gender Overall Means 

Male Female 

Control    (C) 34.50±0.59f 29.95±0.57g 32.23±0.55d 

Coronary Artery Disease  (CAD) 55.10±1.28b 53.40±0.75bc 54.25±0.75b 

Diabetic   (D) 49.90±0.45d 43.50±0.66e 46.70±0.65c 

Hypertensive   (H) 55.95±0.69b 51.70±0.56cd 53.83±0.56b 

Diabetic/Hypertensive  (D/H) 64.75±0.79a 56.05±0.75b 60.40±0.88a 

Mean sharing similar letter in a row or in a column are statistically non-significant (p>0.05). Small letters 
represent comparison among interaction of means and capital letters are used for overall mean.  
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Table 4.46: Analysis of variance of serum homocysteine concentration (µmol/L) from 
coronary artery disease patients at different pathophysiological status and 
gender 

 

Source of 
Variation 

Degree of 
Freedom 

Sum of 
Squares 

Means Squares F-Value 

Gender 1 2.509 2.509 65.513** 

Groups  4 34.566 8.642 225.659** 

Gender x Groups 4 0.699 0.175 4.565** 

Error 190 7.276 0.038  

Total 199 45.050   

**Significant at p≤0.01 

 

 

Table 4.47: Mean serum homocysteine concentration (µmol/L) from coronary artery 
disease patients at different pathophysiological status and gender 

 

Group Gender Overall Means 

Male Female 

Control    (C) 1.91±0.05e 1.54±0.03f 1.73±0.04D 

Coronary Artery Disease  (CAD) 2.78±0.04ab 2.74±0.04bc 2.76±0.03AB 

Diabetic   (D) 2.75±0.06abc 2.51±0.05d 2.63±0.04C 

Hypertensive   (H) 2.91±0.04ab 2.58±0.03cd 2.74±0.04BC 

Diabetic/Hypertensive  (D/H) 2.94±0.05a 2.79±0.03ab 2.86±0.03A 

Mean sharing similar letter in a row or in a column are statistically non-significant (p>0.05). Small letters 
represent comparison among interaction of means and capital letters are used for overall mean.  

 

 



 

73 
 
 

 

Table 4.48: Analysis of variance of serum lipid peroxide concentration (µmol/L) from 
coronary artery disease patients at different pathophysiological status and 
gender 

 

Source of 
Variation 

Degree of 
Freedom 

Sum of 
Squares 

Means Squares F-Value 

Gender 1 2.645 2.645 26.004** 

Groups  4 28.080 7.020 69.016** 

Gender x Groups 4 2.149 0.537 5.282** 

Error 190 19.326 0.102  

Total 199 52.200   

**Significant at p≤0.01 

 

 

Table 4.49: Mean serum lipid peroxide concentration (µmol/L) from coronary artery 
disease patients at different pathophysiological status and gender 

 

Group Gender Overall Means 

Male Female 

Control    (C) 2.01±0.05c 2.32±0.06c 2.17±0.04D 

Coronary Artery Disease  (CAD) 2.66±0.13b 2.91±0.08ab 2.78±0.08B 

Diabetic   (D) 3.22±0.06a 3.16±0.06a 3.19±0.04A 

Hypertensive   (H) 2.09±0.07c 2.65±0.06b 2.37±0.06C 

Diabetic/Hypertensive  (D/H) 2.91±0.06ab 2.99±0.04a 2.95±0.04B 

Mean sharing similar letter in a row or in a column are statistically non-significant (p>0.05). Small letters 
represent comparison among interaction of means and capital letters are used for overall mean.  
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Table 4.50: Analysis of variance of serum T4 concentration (g/dL) from coronary 
artery disease patients at different pathophysiological status and gender 

 

Source of 
Variation 

Degree of 
Freedom 

Sum of 
Squares 

Means Squares F-Value 

Gender 1 14.688 14.688 100.189** 

Groups  4 57.816 14.454 98.592** 

Gender x Groups 4 7.633 1.908 13.017** 

Error 190 27.855 0.147  

Total 199 107.993   

**Significant at p≤0.01 

 

 

Table 4.51: Mean serum T4 concentration (g/dL) from coronary artery disease 
patients at different pathophysiological status and gender 

 

Group Gender Overall Means 

Male Female 

Control    (C) 7.62±0.08a 7.54±0.08a 7.58±0.06A 

Coronary Artery Disease  (CAD) 6.72±0.13c 5.87±0.07ef 6.30±0.10C 

Diabetic   (D) 6.68±0.09c 6.53±0.09cd 6.60±0.06B 

Hypertensive   (H) 7.14±0.10b 6.04±0.06ef 6.59±0.11B 

Diabetic/Hypertensive  (D/H) 6.24±0.05de 5.71±0.07f 5.97±0.06D 

Mean sharing similar letter in a row or in a column are statistically non-significant (p>0.05). Small letters 
represent comparison among interaction of means and capital letters are used for overall mean.  
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4.6.2 Triiodothyronine (T3; ng/ml) 

 Analysis of variance of serum T3 concentration from CAD patient alone with 

diabetes, hypertension, D/H groups with their gender has been presented in table 4.52. 

Overall mean serum concentration of T3 was significantly low in CAD and in D, H, D/H 

groups with CAD as compared to normal healthy individuals (Table 4.53). Mean serum 

concentration of T3 was significantly lower in male and female CAD, and D, H, D/H groups 

with CAD in the present study. 

4.6.3 Thorid Stimulation Homrone (TSH; µIU/mL) 

 Serum TSH concentration was measured in coronary artery disease patients with 

diabetes, hypertensive and diabetes/hypertensive groups and results of analysis of variance 

has been presented in table 4.54. Gender, groups and their interaction was significantly 

different. Overall mean serum TSH concentration was significantly higher in CAD, and in D, 

H, D/H groups with CAD as compared to normal healthy individuals (Table 4.55). Almost, 

similar observation was obtained between male and female individuals when compared with 

their normal healthy individuals. 

4.6.4 Free Thyroxine (FT4; pmol/L)  

 Normal healthy individuals were compared with CAD, alone and D, H, D/H with 

CAD for the serum free T4 concentration after performing analysis of variance (Table 4.56). 

Gender, groups and gender x groups were significantly different and has been presented in 

table 4.56. Overall mean serum free T4 was significantly higher in D/H and CAD group as 

compared to normal healthy individuals as well as in diabetic and hypertensive groups with 

CAD (Table 4.57). In male diabetic with CAD group, serum free T4 concentration was 

significantly lower than normal, hypertensive D/H and with CAD groups. On the other hand, 

in female, serum free T4 concentration was significantly higher in D/H and CAD groups as 

compared to normal D and H groups (Table 4.57). 
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Table 4.52: Analysis of variance of serum T3 concentration (ng/ml) from coronary 
artery disease patients at different pathophysiological status and gender 

 

Source of 
Variation 

Degree of 
Freedom 

Sum of 
Squares 

Means Squares F-Value 

Gender 1 13563.045 13563.045 680.094** 

Groups  4 6743.920 1685.980 84.540* 

Gender x Groups 4 612.880 153.220 7.683** 

Error 190 3789.150 19.943  

Total 199 24708.995   

*Significant at p≤0.05   **Significant at p≤0.01 

 

 

Table 4.53: Mean serum T3 concentration (ng/ml) from coronary artery disease 
patients at different pathophysiological status and gender 

 

Group Gender Overall Means 

Male Female 

Control    (C) 144.25±1.11a 125.20±0.72d 134.73±1.66A 

Coronary Artery Disease  (CAD) 128.55±1.82cd 113.05±0.77fg 120.80±1.58C 

Diabetic   (D) 130.00±0.94c 118.80±0.59e 124.40±1.05B 

Hypertensive   (H) 136.95±1.09b 115.55±0.59ef 126.25±1.82B 

Diabetic/Hypertensive  (D/H) 125.20±1.05d 110.00±0.68g 117.60±1.36D 

Mean sharing similar letter in a row or in a column are statistically non-significant (p>0.05). Small letters 
represent comparison among interaction of means and capital letters are used for overall mean.  
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Table 4.54: Analysis of variance of serum TSH concentration (µIU/mL) from coronary 
artery disease patients at different pathophysiological status and gender 

 

Source of 
Variation 

Degree of 
Freedom 

Sum of 
Squares 

Means Squares F-Value 

Gender 1 0.405 0.405 5.673* 

Groups  4 84.321 21.080 295.262** 

Gender x Groups 4 2.972 0.743 10.405** 

Error 190 13.565 0.071  

Total 199 101.262   

*Significant at p≤0.05   **Significant at p≤0.01 

 

 

Table 4.55: Mean serum TSH concentration (µIU/mL) from coronary artery disease 
patients at different pathophysiological status and gender 

 

Group Gender Overall Means 

Male Female 

Control    (C) 2.22±0.06d 2.80±0.05d 2.51±0.06D 

Coronary Artery Disease  (CAD) 4.02±0.08b 4.01±0.07b 4.01±0.05B 

Diabetic   (D) 3.73±0.04c 3.69±0.05c 3.71±0.03C 

Hypertensive   (H) 4.06±0.06b 4.06±0.06b 4.06±0.04B 

Diabetic/Hypertensive  (D/H) 4.42±0.07a 4.35±0.05a 4.39±0.04A 

Mean sharing similar letter in a row or in a column are statistically non-significant (p>0.05). Small letters 
represent comparison among interaction of means and capital letters are used for overall mean.  
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Table 4.56: Analysis of variance of Free T4 concentration (pmol/L) from coronary 
artery disease patients at different pathophysiological status and gender 

 

Source of 
Variation 

Degree of 
Freedom 

Sum of 
Squares 

Means Squares F-Value 

Gender 1 4.428 4.428 180.560** 

Groups  4 1.005 0.251 10.245** 

Gender x Groups 4 2.202 0.551 22.450** 

Error 190 4.660 0.025  

Total 199 12.295   

**Significant at p≤0.01 

 

 

Table 4.57: Mean serum Free T4 concentration (pmol/L) from coronary artery disease 
patients at different pathophysiological status and gender 

 

Group Gender Overall Means 

Male Female 

Control    (C) 1.51±0.03a 1.00±0.02c 1.25±0.05C 

Coronary Artery Disease  (CAD) 1.55±0.05a 1.27±0.05b 1.41±0.04AB 

Diabetic   (D) 1.29±0.03b 1.33±0.04b 1.31±0.02BC 

Hypertensive   (H) 1.61±0.03a 1.08±0.04c 1.34±0.05BC 

Diabetic/Hypertensive  (D/H) 1.56±0.03a 1.35±0.03b 1.46±0.03A 

Mean sharing similar letter in a row or in a column are statistically non-significant (p>0.05). Small letters 
represent comparison among interaction of means and capital letters are used for overall mean.  
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4.6.4 Free Triiodothyronine (FT3; pmol/L) 

 Serum free T3 concentration from normal healthy individuals, CAD and CAD with 

diabetes, hypertension and diabetic/hypertension patients was subject to analysis of variance 

and than DMR test. Gender, groups and gender x groups interaction was significantly 

different (Table 4.58). Overall mean serum free T3 concentration was significantly lower in 

CAD, D/H groups with CAD as compared normal healthy individuals. In male and female 

individuals having CAD with diabetes, hypertension and diabetic/hypertension did show a 

significant decrease in serum T3 concentration except in male hypertensive groups, where it 

was not significantly different with that of normal healthy individuals (Table 4.59). 
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Table 4.58: Analysis of variance of serum Free T3 concentration (pmol/L) from 
coronary artery disease patients at different pathophysiological status and 
gender 

 

Source of 
Variation 

Degree of 
Freedom 

Sum of 
Squares 

Means Squares F-Value 

Gender 1 9.768 9.768 199.116** 

Groups  4 10.904 2.726 55.569** 

Gender x Groups 4 1.798 0.450 9.164** 

Error 190 9.321 0.049  

Total 199 31.792   

**Significant at p≤0.01 

 

 

Table 4.59: Mean serum Free T3 concentration (pmol/L) from coronary artery disease 
patients at different pathophysiological status and gender 

 

Group Gender Overall Means 

Male Female 

Control    (C) 2.78±0.05b 2.20±0.07c 2.49±0.06A 

Coronary Artery Disease  (CAD) 2.21±0.08c 1.73±0.04d 1.97±0.06C 

Diabetic   (D) 2.19±0.05c 1.82±0.03d 2.00±0.04C 

Hypertensive   (H) 2.49±0.04b 1.82±0.04d 2.15±0.06B 

Diabetic/Hypertensive  (D/H) 1.85±0.04c 1.73±0.04d 1.79±0.03D 

Mean sharing similar letter in a row or in a column are statistically non-significant (p>0.05). Small letters 
represent comparison among interaction of means and capital letters are used for overall mean.  
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Discussion 

 The complications resulting from diabetes mellitus are classified as micro vascular 

and macro vascular. Co-occurring condition in diabetic patients is atherosclerosis. The initial 

step in the development of cardiovascular problems is the impairment of vascular endothelial 

function. The infiltration of LDL cholesterol in arteries in hypercholesterolemia cause focal 

activation of endothelium causing inflammatory response and activation of reactive oxygen 

species (ROS).  Diabetic patients have higher level of total cholesterol, LDL cholesterol, 

triglycerides with higher HbA1c as reported by Abdel-Gayoum (2004). A higher incidence of 

myocardial infarction in male (73%) compare to female ending up the male to female ratio 

equal to 2.5:1. The ratio further decreased with the advancement of age, probably showing a 

sign of stressful life and may be high incidence of smoking in male. In women estrogen 

hormone may be protecting female against cardio vascular disease by decreased LDL 

cholesterol and lipoprotein A.  

There could be several explanations for the different patterns of symptoms in patients 

with diabetes mellitus, including different thresholds of pain sensitivity, psychological 

denial, or the presence of autonomic neuropathy leading to sensory denervation (Ewing et al., 

1980) and worse prognosis after myocardial infarction. Cardiac marker is significantly 

increases in diabetic patients with myocardial infarction which is true with one study which 

also shown the same correlation (Pasupathi et al., 2011). There are a few researchers who 

have reported higher C-RP (Wolfgang et al., 2007) level in myocardial infarction patients 

with diabetes mellitus compared to patients of myocardial infarction without diabetes 

mellitus. 

Evidence suggests that significant proportion of endothelial dysfunction is caused by 

increased oxidative stress. In experimental studies of atherosclerosis increased production of 

oxygen derived free radicals has been linked to impaired endothelial vasomotor function 

(Oharaet al., 1993; Keaney and Vita 1995; Cai and Harrison, 2000). 

Jafar et al. (2008) reported that unlike European populations, the burden of 

cardiovascular risk factors in South East Asia, such as obesity, hypertension, diabetes, 

dyslipidaemia and physical activity are at least equal if not greater in women than in men. 

Nishtar et al. (2004) projected that leading cause of global morbidity and mortality by 2020 

will be atherosclerotic disease. Rate of coronary artery disease (CAAD) would be higher in 
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South Asian who have migrated to other countries (Enas et al., 1996; Yusuf et al., 2001) and 

speculated that rate of disease in the Indian continental is parallel than these of industrialized 

world. Nishtar et al. (2004) also reported that in Pakistani population a very high prevalence 

rate (30%) of cardiovascular disease risk factor at over 45 years of age has been projected 

(Economic Survey of Pakistan 1998-99, 2000; Pakistan Medical Research Council, 1998). 

Thus, preventive initiatives are indeed necessary for finding such factors but absence of 

relevant data males this difficult. 

 Ali et al. (2010) indicated that most common cause of death are cardiovascular 

diseases (CVD) comprising coronary heart disease (CHD) and cerebrovascular  disaese 

(21.9%) of total deaths and tends to increase to 26.3% by 2030 (WHO, 2008). Of the risk 

factors, diabetes (T2DM) is the predominant farm that has a very distinctive association with 

the CHD. The mortality risk in diabetic patients without pre-existing CAD is found to be 

equal with that of normal individuals with prior myocardial infarction (Haffiner et al., 1998). 

 Hypertension co-exists in term of absolute numbers of individuals with diabetes. 

Lowerding blood pressure could produce beneficial effects and modify specifically disabling 

and fatal complications of nephropathy, retinopathy and vascular events (Adler et al., 2000). 

Several randomized trials as well as sub-studies (UK Prospective Diabetes Study Group, 

1998; Hansson et al., 1998; Tuomilehto et al., 1999; Whelton et al., 2005; Patel et al., 2007; 

Cockcroft, 2007) and meta-analysis (Collins et al., 1990; Turnbull et al., 2005) have been 

reported to reduce non-fatal myocardial infarction, chronic kidney disease (Brenner et al., 

2001; Estacio et al., 2006) and in reducing cardiovascular diseases (Hansson et al., 1998) 

with diabetes. 

 In industrialized nation, hypertension with cardiovascular diseases rank among the 

leading causes of mortality (Stekeling et al., 2007). Kadiri (2005) suggested that every year 

globally seven million people die due to hypertension and 1.5 billion suffer dangerous 

diseases due to hypertension. It was also projected that by year 2025, the prevalence of 

hypertension would be 29.2% as compared to 26.4% in 2000 (Kadiri, 2005). 

Glucose 

 Overall mean glucose concentration was significantly higher in diabetic, hypertensive 

and diabetic and hypertensive groups as compared to healthy control group. However, among 

these groups, diabetic and hypertensive group had the highest glucose concentration in the 
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present study. However, there was no significant difference in the increase in glucose 

concentration between male and female patient.  Female had a lower glucose concentration 

as compared to male.A hallmark of diabetes mellitus a hyperglyceria was evident in diabetic 

(D), hypertensive (H) and diabetic and hypertensive (D/H) groups having coronary artery 

disease (CAD). Excessive glucose in these groups might have reacted with proteins to form 

glycated proteins and underwent irreversible changes in convert these proteins into “AGE” 

and are responsible to initiate the process of atherosclerosis (Rani et al., 2005). The prolong 

exposure to hyperglycemia not only leads to dehyde (MDA). Overall and the oxidative stress 

is significantly higher in D, H and D/H groups in the present study. Similar results were also 

reported Aydin et al. (2001) and Seghrouchni et al. (2002) in diabetic patients (Uzel et al., 

1987; Gallou et al., 1993; Aydin et al., 2001; Seghrouchni et al., 2002). 

Soz-men et al. (2001) measured the correlation coefficient of serum glucose with 

CAT/SOD and indicated that in normal subject the correlation coefficient was higher in 

normal subject while in diabetic, the correlation was lost for other biomarker with the 

exception of CAT/SOD in diabetic patients. 

 The existence of hyperglycemia for a long term when activate the reactive oxygen 

species (ROS) than react with lipid, proteins, carbohydrates and other biological molecules to 

alter their structure within and outside the call to contribute in altering the macro and micro 

vascular structure (Ceriello et al., 1998; Jialal et al., 2002; Maritim et al., 2003), hence 

making a systematic approach to focus cardiovascular risk factors in the studies groups (Rani 

et al., 2005). 

Cholesterol, HDL, LDL 

 Overall mean serum cholesterol was significantly higher diabetic (D), hypertensive 

(H) and in diabetic and hypertensive (D/H) group as compared to normal healthy groups. As 

compared to male, female and the low contraction of cholesterol in normal and diabetic 

patients. Overall mean HDL-C was significantly lower and LDL was significantly higher in 

diabetic (D), hypertensive (H) and in diabetic and hypertensive (D/H) group as compared to 

normal group in the present study. As compared to male, female had a significantly lower 

HDL in D and D/H group while control and hypertensive group had the highest HDL in the 

present study. On the other hand, LDL concentration was significantly lower in the female 

control and diabetic group as compared to H and D/H groups. A typical finding of this study 
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is the overall significantly increase in the total cholesterol and LDL while a significantly 

decrease in LDL of D, H and D/H of individual having coronary heart disease as compared to 

normal individuals. As LDL cholesterol is related to life style of a person such as diet and 

exercise and also been associated with metabolic syndrome (Kunsisto et al., 1994; Analava et 

al., 2007; Goldfine and Beckman, 2008) reported that as pro-atherogenic functions of LDL 

particles are related to their ability to penetrate the arterial wall and make them more 

susceptible to oxidation for CAD. 

 Talat et al. (2003) reported that higher incidence of dyslipidemia is associated with 

the duration of diabetes Ryder et al. (1984) have shown a significant reduction in HDL-

cholesterol on predischange day but (Heldenburg et al., 1980) find no change or either a rise 

in HDL (Jackson et al., 1987). Values of ratios of LDL-C/HDL-C as correlated to the 

severity and extent of coronary artery stenosis have been advocated by Zampogna et al. 

(1980), Luria et al. (1981) and Natio (1985),  

 Nigam et al. (2004) recorded no change in LDL-C however, a significant decrease in 

LDL-C was observed in M1 patients and confirmed by other (Ballantyne et al., 1979; Ryder 

et al., 1984). Nishtar et al. (2004) carried out a study on expatriate Pakistani population 

(Bhopal et al., 1999) and on native India (Krishnaswami et al., 1989) and did find an 

association of CAD with hypertension diabetes and smoking. 

 Martini et al. (1984) studied the difference in the HDL-C level between male and 

female and reported that this difference was due to significantly higher level of HDL2 and 

HDL3 in female. Watkins et al. (1986) has also reported that a decrease in the risk of CAD 

by 2-3% was attainable with every 1mg/dl rise in serum HDL-C. The main mechanism by 

which LDL particles act as a risk factor have been reported by Brown and Goldstein (1984). 

 In Burton and Ingold (1981) and ISIS-2 (1988) described the most important risk 

factors that contribute to CHD include elevated level of cholesterol, LDL and triglyceride. 

Increased low-density lipoprotein and decreased high-density lipoprotein are both risk factors 

of coronary artery disease (Genest et al., 1992; Shepherd et al., 1995). Lipid disorders also 

influence sexual function in the general population (Srilatha et al., 1997; Howell et al., 2003; 

Esposito et al., 2004; Fung et al., 2004). Epidemiological studies in general populations and 

experimental investigations in animal models have indicated a close association between 

hyperlipidemia and sexual dysfunction (Srilatha et al., 1997; Howell et al., 2003). However, 
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the role of plasma lipid levels in sexual dysfunction in general has been poorly described 

(Feldman et al., 1994; Wei et al., 1994; Chung et al., 2000). 

Overall serum triglyceride was significantly higher in D, H and D/H groups of CAD 

patients as compared to control. On the other hand, Vetter et al. (1974) reported a progressive 

fall in triglyceride concentration from the second hour after M1 whole Ryder et al. (1984) 

observed no significant change in triglyceride concentration. Fredrickson (1969) did show a 

mechanism where increase in triglyceride increases flux of fatty acids after M1 and impaired 

removal of VLDL from plasma. Normalization of triglyceride concentration could be related 

to diet restriction and change of overall life style of the patients (Nigam et al., 2004) on as β 

blockers take 2 233ks to show their effect on serum lipids (Clucas and Miller, 1988). 

Triglyceride has been associated with increased risk of coronary heart diseases 

(Sridhar, 2002). Elevation of cholesterol and triglyceride enhances post prandial lipenia thus 

lowering of HDL-C and a predominance of small, dense LDL particles (Anonymous, 2007). 

Joshua et al.  (2002) also suggested that insulin resistance is often involved in this process. 

LDL cholesterol is related to life style factors such as diet and exercise (Khatib et al., 2008).  

It has been associated with metabolic syndrome (Analava et al., 2007). Small LDL particles 

have the ability to penetrate the arterial wall and this may be related to their pro atherogenic 

properties and thereby making them more susceptible to oxidation, indirectly linked with 

coronary artery disease (Kunsisto et al., 1994; Goldfine and Beckman, 2008). Angina 

pectoris, myocardial infarction and sudden death to silent myocardial ischemia comprise the 

coronary artery disease (Mozaffarian et al., 2006).   

ALT, AST, Ck, CkMB 

 As damage to myocardial muscle cells play an important role in the diagnosis of 

cardiac diseases. Heart muscle contains a large number of diagnostic marker enzymes for MI 

and on damage to muscles it releases its intracellular contents in the circulation, thus reflects 

the serum concentration in term of alteration in membrane integrity or permeability in term 

of severity to the damage of cardiac muscles. CkMB in serum is in abundance and act as a 

useful tool to measure the extent of injury to cardiac muscles. Likewise during 10% of 

infarction of total heart a significant linear concentration of SGOT would increase, while 

with acute MI, SGPT also rises to a significant concentration. As CkMB concentration are 

seen to be significantly higher only 5-4 hours after the chest pain has begun (Shah and 
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Haridas, 2003). AMI, in acute myocardial infarction, laboratory parameters are of major 

importance. As cytosolic enzyme such as Ck is being released in different concentration 

depending on the blood flow during the early phase of the attack (infarction) as compared to 

non-reprofused infarcts.Ck-MB determination is generally regarded as standard test for MI. 

However, an alternate test (Tropomin T) has been developed to improve the serodiagnosis for 

the proper diagnosis of myocardial cell necrosis (Baardamn et al., 1996). The use of  LDH 

Isozymes 1 improve the specificity in diagnosis of AMI, yet it is not restricted to only cardiac 

muscle cell, therefore its concentration has been detected in non-cardiac condition (Katz, 

1977). Likewise, myoglobin another biomarker of cardiac cell damage also lacks specificity 

(Eisenberg and Kielley, 1974). 

CRP 

 In an epidemiological study, it has been identified that C-reatine protein (CRP) is an 

independent biomarker for prediction of cardiovascular diseases for men and women (Ridker 

et al., 1997; Ridkeret al., 1998a). Elevation in the serum CRP is associated with an abnormal 

endothelial vascular activity. Serum CRP was significantly higher in D, H and in D/H group 

as compared to control individuals; however, in men with diabetes, the values of CRP were 

significantly lower as compared to female. Riese et al. (2001) reputed that a large intra-

individual variability has been reported stratified for gender and oral contraceptive use. Its 

denial use still awaits a validated diagnostic value of a single individual.   

 An elevated level of CRP are related to long term prognosis in patient with coronary 

artery disease (Kubes et al., 1991), however, the mechanism that relate to short or long term 

prognosis is not clear yet (Ayub et al., 2011). Ross (1999), Kubes et al. (1991), Garg and 

Hassid, (1999) and Sagar et al. (1999) have put forward the independent prognostic 

relevance of CRP for coronary artery disease as well as in apparently healthy individuals. 

Thronalley et al. (1996) emphasized that endothelial dysfunction does contribute to CAD 

progression, thus conforming CRP as independent predictor of endothelial dis-function. 

Unusual increase of CRP in D, H and D/H groups is in line with the previous reports that 

confirm that patients with unstable angina exhibited elevated CRP serum concentration 

(Kubes et al., 1991; Cooke and Dzau, 1997). 

The systemic inflammatory marker is also called high-sensitivity CRP (hs-CRP) 

when measured in the serum with a high-sensitivity assay (Trayhurn and Wood, 2004). 
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Indeed, several studies have shown that increased body adiposity among children and adults 

is associated with higher serum hs-CRP concentrations compared to normal weight 

individuals (Ford et al., 2001; López-Jaramillo et al., 2008; Apovian et al., 2008). Also, 

obesity is associated with stroke in adults (Ridker et al., 2000; Ridker et al., 2001; Freeman 

et al., 2002; Danesh et al., 2004) a pro-inflammatory and pro-thrombotic state without 

known MS comorbidities in children, even prior to the onset of puberty (Mauras et al., 2010). 

A strong association between hs-CRP and cardiovascular risk independent of other 

established risk factors, such as blood pressure, alcohol consumption, dyslipidemia as well as 

tobacco smoking in adults has been observed by Ridker (2007) and  Jeppesen et al. (2008). It 

has also been shown that circulating hs-CRP is an independent predictor of myocardial 

infarction, ischemic stroke, T2DM and hypertension in adults (Lindgarde et al., 2004; 

Ridker, 2007). Elevated circulating hs-CRP level has been found to correlate with early 

vascular endothelial dysfunction among children and adolescents (Jarvisalo et al., 2002; 

Freedman et al., 2004). It also suggest that inflammation plays a major role in the 

pathogenesis of early atherosclerosis and most likely to begins in childhood with progression 

slowly into adulthood (Ross, 1999; Gonzales et al., 2003). 

Creataine 

 Stuehr (1999) found serum creatinine to be strong and independent predictor of 

survival after stroke in elderly. In the present study serum creataine and urea concentration 

was significantly higher in D, H and D/H groups with CAD. Serum creataine and urea level 

was significantly low in D-group while creataine and urea level was significantly low in D/H 

group. Cooke and Dzau, (1997) in a study dealing with myocardial infarction, serum 

creataine was independently associated with all cause as well as with coronary heart disease 

mortality. An important potential association between serum creataine and risk of stroke was 

clearly established in hypertension (Ayub et al., 2011). In general population, an association 

between blood pressure and creataine has been observed. Therefore, a growing evidence exist 

that subtle impairment of renal function may be a potential biomarker for the risk of 

cardiovascular factor (Li et al., 2004). 

Nitrate/Nitrite 

 Overall mean serum nitrate and nitrite was significantly lower in D, H and D/H group 

as compared to control individual. Handling of nitrogen by individuals micro-organisms by 
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denitrification may help us understand the role of nitrate/nitrite as well as nitric oxide (NO). 

A high concentration of nitrite increase nitric oxide synthesis to protect against infection and 

wound healing. No is abo involved in the regulation of physiological presence of Leukocyte 

adhesion (Kubes et al., 1991), leukocyte aggregation (Cooke and Dzau, 1997), 

vasoconstriction and cell proliferation (Garg and Hassid, 1999; Tanner et al., 2000). A 

significant concentration of nitrate and nitrite have been used converting them into NO to 

protect the vital function during metabolic syndrome. Endothelial NOS (eNOS) knockout 

mice exhibit hypertension indicating further the importance of NO in the regulation of 

hypertension (Huang et al., 1995) vasodilation response of NO to stimuli is abo diminished 

and that is normally related to glycemic control (Jorgensen et al., 1998). 

 All this indicate that bioavailability of NO decreased/impaired during diabetes and 

Hypertension as well as in Coronary dilation response. Various studies have demonstrated 

that human peripheral circulation depends on NO release to contribute in vasodilation 

response to adenosine (Parent et al., 1992; Smits et al., 1995; Hein and Kuo, 1999; Buus et 

al., 2001).  

 It has also been indicated that reactive oxygen species (Gavino et al., 1981; Lepoivre 

et al., 1990; Maxwell et al., 1997) by a plausible mechanism appears to be related for the 

inactivation /destruction of NO. Rani et al. (2005) reported a higher serum level of nitrite and 

nitrate in diabetic patients as compared to controls. They described high level of NO to 

promote lipid peroxidation that causes cell death (Leeuwenberg et al., 1997).  

 Plasma nitrate and nitrite concentration were low in hypertensive patients compared 

with control and it was suggested that production of NO were deficient in the hypertensive 

group (Sozmen et al., 1998). Therefore, (Hishikova et al., 1992) investigated the use of L-

arginine which is the precursor of NO in reducing the blood pressure in hypertension. 

Increase in free radical generation (ROS) can inactivate postacyclin and NO to decrease their 

half-life and leads to an increase in peripheral vascular resistance as well as hypertension. As 

higher status of ROS result in the modification of LDL to form oxidized LDL and lead to the 

formation of atherosclerosis (Sozmen et al., 1998). It has been postulated  that concentration 

of SO and NO increased tenfold, may lead to a hundred fold increase in peroxynitrite 

(Sozmen et al., 1998) thus lead many pathological state such as ischemia as well as 

inflammation by oxidizing HDL (Becjman and Tsai, 1994). 
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 Tawakol et al. (1997) demonstrated that in chronically hyperhomocysteinemic 

brachial artery resulted into impaired flow mediated vasodilation in human suggesting that 

NO bioavailability was decreased in in these individuals. While the others have shown acute 

impaired flow-mediated vasodilation after an acute induction of hyperhomocysteinemia with 

methionine (Bellamy et al., 1998; Chambers et al., 1999; Kanani et al., 1999). 

Normally nitric oxide (NO) is being released from endothelium of vessels to cause 

relaxation having half-life of few seconds. Quickely being degraded by oxygen derived free 

radical superoxide anion. As superoxide anion is the major determinant of nitric oxide 

biosynthesis as well as its bio-availability and may also modify endothelial function as well 

as a vasoconstrieter (Martasek et al., 1998; Ferroni et al., 2004). 

 It is also known that endothelial isoform of (Vos (eNOS) and nitric oxide synthase are 

important source of superoxide. Endothelial Isoform of NOS may become a peroxynitrite 

generator and generate dramatic oxidative stress and have additional stress factor on the 

blood vessels by oxidation of cellular lipids and proteins (White et al., 1995). Therefore, 

increase in detrimental effect of additional oxidation and significant decrease in NO lead to 

hypertension in human. In the present study, hypertension patients did show a significant 

increase in lipid peroxidase homocysteine and oxidative stress in contrary to other 

biomarkers like antioxidant status, SOD, catalase in the male and female individuals. 

Antioxidant and Oxidants 

Droge (2002) discovered the presence of free radicals in biological materials and 

from that day a large body of evidence indicating that patients are exposed to excessive free 

radicals from drugs, organisms, and other substances that not only alter cellular reduction - 

oxidation (redox) balance but also disrupt normal biological functions (Lunec et al., 2002). 

The liver, kidney, and red blood cells contain a high concentration of catalase which detoxify 

chemicals in the body. Catalase and glutathione peroxidase help to detoxify oxygen-reactive 

radicals by catalyzing the formation of H2O2 derived from superoxide.  

As ROS can oxidize and damage DNS that can act as signaling molecule to activate 

cellular stress via sensitive pathway like NF–KB, p38, MAPK, JNK, PKC and AGE to 

increase expression of various gene products to damage tissue as well as cell (Southern and 

Powis, 1988) while increasing oxidative status to decrease insulin secretion as well as 

increase insulin resistance (Hsueh and Law, 1998). To overcome the oxidative status, the 
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antioxidant (enzymatic and non-enzymatic) consist of low molecular weight such as 

glutathione peroxidase (GPx), catalase (CAT), superoxide dismutase (SOD) and glutathione 

(GSH) would ride of the oxidant. Mostly the process of lipid peroxidation which is oxidation 

conversion of poly unsaturated fatty acid to cytotoxic products such as malondiladehyde 

(MDA) or lipid peroxidase (Zwart et al., 1999).  

Oxidant stress is involved in variety of acute and chronic diseases of cardiovascular, 

nenodegenerative, inflammatory infectious diseases as well as neoplasmine condition 

(Halliwell and Gutteridge, 1989; Van Lenten et al., 2001; Stocker et al., 2004; Barnham et 

al., 2004). Wide spectrum of biomolecules are involved termed as free radical to cause 

damage to a cell, tissue or a specific organ(s) and leads to modification with concomitant 

functional defects. Normally to protect a cell, tissue or organs body should have multiple 

antioxidant status being supplied to the body by exogenous origin or those originated red ox 

regulation metabolism (Halliwell and Gutteridge, 1989). These biomolecules of oxidative 

and antioxidative stress are termed as biomarkers. 

Individual taking antihypertensive treatment in addition to their diets and supplements 

may have some antioxidant properties to reduce the oxidative status of individuals (Ceriello, 

2003) and described factors related to having impact on antihypertensive treatment the same 

authors reported to show that treatment with β-blocker not only reduce blood pressure but 

also reduce the oxidative damage. With ACE inhibitors, beneficial effects were marked on 

blood pressure in addition to endothelial function and oxidative stress. 

From this study, a unifying hypothesis for pangenesis of cardiovascular disease (CAD 

itself and of diabetic, hypertensive and diabetic/hypertensive individuals has been proposed 

indicating a greater influence of oxidant status that causes CAD in different groups. Ceriello 

et al. (2000) while dietary antioxidant also have beneficial effects on cardiovascular (one or 

two substances) and hypertension, however, antioxidants supplements has been reported to 

have ineffective and more dangerous (Huang et al., 2006). As antioxidants works in chain 

and if chain is not completely available.  

Elevated oxidative stress has been measured in term of lipid abnormalities due to its 

lipid peroxidation (Lawrence, 2010). In the present study, overall mean oxidative stress was 

significantly higher in D/H group followed by in D and H group as compared to normal 

individuals. Consequently, the antioxidant status did decline accordingly oxidative stress not 
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only dysregulate physiological process to produce structural alteration leading to functional 

abnormalities that could be seen in hypertension leading to atherosclerosis (Dhalla et al., 

2000). In cardiovascular disease, oxidized LDL increases monocytes in Lesion to stimulate 

growth and cytokines factors (Kumar et al., 2004). These growth factors migrate and 

proliferate into smooth muscle cells to count fatty streak into fibro fatty atheroma thus 

atherosclerotic lesion (Kumar et al., 2004). It is also been studied that imbalance between 

free radical production and antioxidant status may leads to the development of cardiovascular 

diseases (Bilbis, 2008). 

Brack et al. (2013) identified a distinct patterns of free radicals stress biomarkers in 

specific disease condition and suggested that the involvement of multiple specific forms of 

oxidative biomarker are related to specific pathological condition. With the decrease in 

antioxidant status, the integral biomolecules like catalase, paraoxonase and superoxide 

dismutase (SOD) did show the similar pattern, indicating that these three antioxidants are 

related in addition to other endogenous biomarkers of antioxidants. On the other hand 

ceruloplasmin and GSH-Px did increased in D, H and D/H group in this study. 

Free radical scavenger enzyme, (SOD) has the ability to reduce or inhibit the stress 

caused by destructive ROS. In the present study, there is an excessive deleterious effect of 

oxidation produced by highly reactive ROS that has exhausted the delicate balance between 

its production and elimination by the body from individuals suffering from diabetes and 

hypertension. As we were not able to get the information regarding their exact duration of 

their primary disease and their treatment, thus could not relate this with the intensity of 

disease as well as care and treatment by the patient himself. 

Oxidization of LDL to an atherogenic form within arterial wall by macrophages and 

other cells is mediated by copper iron released from ceruloplasmin (Fox et al., 2000).  

Therefore, cerulplasmin concentration is suggested to be an independent risk factor for CAD 

via oxidative modification of LDL (Kaur et al., 2008). As the role of ceruloplasmin is 

established management strategy for cAD patient may a devised (Kaur et al., 2008).  

The antioxidant activity of ceruloplasmin is due to its oxidative activity related to 

aromatic amines and phenol (Atansiu et al., 1998) in addition to ferroxidase activity (Holberg 

and Laurell, 1951). Although ferrous ion are involved in stimulating lipid peroxidation 

(Osaki et al., 1966). 
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Glutathione plays a vital role in many detoxification processes. Glutathione reacts 

with the hydroxyl radical by donating a hydrogen atom. In hypertension and D/H groups did 

show upergulation of GSH-Pred and GSH-Px activity while in diabetic patients GSH-Pred 

was low and GSH-Px was significantly high. Loss of GSH-Pred activity is less documented 

in these condition and it may be due to its typical involvement of defective recycling and 

impaired redox status of glutathione (Tarp et al., 1992; Hassan et al., 2001; Surapaneni and 

Venkataramana, 2007) in diabetic patients due to the severity as well as duration of this 

disease. A significant decrease level of GSH in myocardial infarction and similar results have 

been shown by Kaur et al. (2008). As ischemia shifts the redox state of cell towards 

oxidation thus GSH contents are being reduced significantly.  

Lipid Peroxidation  

 Free radicals have a damaging effect on the cells. Defense against these free radicals 

is provided by the antioxidant enzymes that reside in the cells. Superoxide dismutase (SOD), 

catalase, and glutathione prevent ROS formation and oxidation. SOD is found in every 

oxygen based organism, its major function is to catalyze the dismutation of superoxide to 

hydrogen peroxide and prevents further generation of free radicals. In humans, the liver, 

adrenal gland, kidney, and spleen have the highest levels of SOD (Halliwell, 1996). 

Chain of oxidation of target play unsaturated fatty acid (PUFA) break down to yet 

move and more relative radical species that include aldehydes like malondialdehyde (MDA) 

may lead lipid peroxidation to course destruction of structure of a member or large DNA, 

RNA, protein synthesis. Therefore in the present study, MDA has been used to measure the 

index of a tissue damage in CAD, D, H and D/H with CAD. Sivanandham (2011) concluded 

in his review article that production of ROS is cutaneous process in our body and stated that 

it is very difficult to ROS are the cause or consequences of pathology. 

 As many new species antioxidants are being developed (Ceriello, 2003; Cuzzocrea et 

al., 2001) that would impose the ever increasing epidemic of such discuses in Pakistan and at 

large in the world. Free radicals are implicated during the vascular complication in diabetes. 

Superoxide is stimulated by diabetes and tends to block nitric oxide derived from 

endothelium by inactivating the eNOS. 

 Cell surface attached SOD is also impaired in diabetes learning the endothelial cells 

to damage by superoxide onion. Likewise stimulated superoxide and inhibition of superoxide 
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dismutase (SOD) is inhibited by non-enzymatic glycosylation known as antioxidant enzymes 

will not be sufficient for physical contractile response (Szaleczky et al., 1999). 

 An increase in serum homocysteine and decrease in SOD and catalase in addition to 

decrease in overall antioxidant capacity of individuals with CAD, diabetes and hypertension 

may leads to the conclusion, these the complication observed in CAD and other patients have 

certainly contributed to the onset of CHD in the present study. As SOD is the first live of 

cellular defence against oxidative related injury while decomposing O2 and H2O2 before it 

start producing more reactive OH. Our results are in accorded with the studies of Anbarasi et 

al. (2006).  

AST, ALT 

 As an early manifestation of insulin resistance in diabetic patients may be due to 

abnormalities of triglyceride as well as lipolysis (Chatila and West, 1996) and have been 

linked to genetic, environment and metabolic alteration which leads to insulin resistance 

(Levinthal and Tavill, 1999). Elevated transaminases in diabetic patients could be the 

oxidative stress as seen in the present study is due to reactive lipid peroxidation, peroxisomal 

beta-oxidation and recruited inflammatory cells (Meybodi et al., 2008). Harris (2005) 

suggested as ALT and AST are the marker for hepatocellular activities. Therefore during 

diabetes, gluconeogenic enzymes whose gene transcription is suppressed by line shows 

impairment in insulin signaling rathan just showing cellular injury.  

 Salmela et al. (1984) reported that out of 15 diabetic patients, 57% were positive to 

have at least one abnormal, while 27% had two abnormal liver function test. Han et al. 

(2012) reported that ALT and AST were within normal range in diabetic individuals. From 

above studies, it is evident that increase concentration of ALT and AST are not related to 

diabetes or hypertension, however, in the present study, CAD could be the factor along with 

diabetes or hypertension to alter these levels. Elmahi and Abdrabo (2014) concluded from 

their study that 22% of their diabetic patients had one or higher liver function tests than 

control. 

Thyroid 
It is known that about 200 million people worldwide are suffering from thyroid 

disease (Rajoria, 2010). These patients are described as generally symptomatic or 

asymptomatic (Gharib et al., 2005) the prevalence of such cases are minimum of 4-8.5% and 
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as high as 20% in women that are older than 60 years (Wilson and Curry, 2005). Likewise, 

the prevalence of subclinical hypothyroidism in male is greater than age 60 it to be 2.9 – 5.7 

percent and in female of over 60 years is to be 11.6 – 13.6%. Serum T3 being a biologically 

active hormone (Boelaert and Franklyn, 2005) are required for growth and development, 

metabolic functions, with major effect on oxygen consumption and on the regulation of 

CHO, lipid and proteins (Yen, 2001). The association between coronary heart disease and 

subclinical hypothyroid is unclear as stated by Sarika et al. (2013). In their study there was a 

positive and significant correlation of the serum TSH concentration with serum cholesterol, 

LDL-C, CRP and with TG suggesting elevated antherogenic parameters, high level of low 

grade inflammation as well as high risk of cardiovascular disease. 

In the present study, in male HDL were significantly high in all groups except in 

hypertensive group while in female HDL concentration was significantly low in CAD related 

group. Serum LDL concentration as significantly high in male and female CAD patients of 

all groups and between these groups, D/H had the highest concentration in male and female 

patients. It is not yet clear that subclinical hypothyroidism is associated with hypothyroidism. 

Abdella and Modawe, (2011) described that serum cholesterol to be high low and in normal 

concentration in hypothyroidism. 

Some studies have indicated that increased level of serum cholesterol and LDL-C in 

patients with subclinical hypothyroidism (Caraccio et al., 2002) while some reported no 

significant difference in serum total cholesterol no significant difference in serum total 

cholesterol and/or LDL-C level with subclinical hyperthyroidism (Vierhapper et al., 2000; 

Hueston and Pearson 2004). In addition of cholesterol and LDL-c subclinical hypothyroidism 

is associated with C-reactive protein and is being considered as additional risk factor for 

development of CAD (Chris-Crain et al., 2003) in the present study TSH concentration of 

CAD and CAD with D, H and D/H  groups was significantly high and free T3 was 

significantly low in serum. Serum T4 concentration was significantly high that is indicate of 

that T4 low in serum. Serum T4 is poorly cconverted into T3 in CAD related groups under 

study. In the present study, serum cholesterol concentration was high (P < 0.05) in CAD, D,H 

and D/H group. 

In female, it is possible that estrogen has antagonistic effect while competing with 

serum T3 and T4 for binding sites on the receptor proteins (Vasudevan et al., 2002). Caparevi 
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et al. (2003) found high cholesterol, LDL-e and low HDL in thirty five (35) cases of 

subclinical hypothyroidism. Normal elevation of serum HDL may be due to low activity of 

cholesterol ester transfer protein as well as hepatize lipase that regulated by the thyroid 

hormones (Jiskra et al., 2007). Suganthy et al. (2011) concluded that high LDL-c 

hypertriglyceridemia and high serum cholesterol of TSH with cholesterol and LDL-e 

subclinical hypothyroidism.  

T4 treatment in hypothyroid patients required the blood pressure as well as arterial 

stiffness and resistance (Klein and OJamaa, 2001). In addition, thyroid hormones vasodilate 

vascular muscle (Lekakis et al., 1997) and on endothelial dysfunction (Taddei et al., 2003) in 

individuals having high serum TSH (Surks et al., 2005). In hypertension, TSH concentration 

is very high (Gumieniak et al., 2005) has been suggested that polymorphism of TSH receptor 

ad type 2-iodothyronine iodinate give effect blood pressure and TSH regulation (Dernellis 

and Panaretou, 2002). It has also been reported that hypothyroidism remain noticed for a long 

time before it come up as real cardiovascular risk factor (Mazza et al., 2011).  

Auer et al. (2003) observed the physiological variation of FT3 predicted that lower 

FT3 concentration is responsible for coronary artery disease; however, their prediction was 

passed on small observation. As hypothyroidism leads to alteration in endothelium, 

coagulation of fibrin, homocysteine, systemic inflammation and on platelets (Cappola and 

Ladenson, 2003) and many of them are reversable when thyroid are treated for normality 

(Bruck et al., 1999; Razvi et al., 2007). Coceani et al., (2009) reported that FT3 serum 

concentration was inversely correlated to the presence of CAD and low T3 syndrome 

predicted as adverse prognosis. 

Hypothyroidism is associated with accelerated atherosclerosis and coronary artery 

disease that may be attributable to diastolic hypertension, impaired endothelial function, and 

hypercholesterolemia. 20% of patients with overt hypothyroidism may develop diastolic 

hypertension and this increase in diastolic pressure is the result of increased systemic 

vascular resistance and increased arterial stiffness (Biondi and Klein, 2004).  Overt 

hypothyroidism is also associated with hyperhomocysteinemia, increased C-reactive protein 

levels, and altered coagulation parameters as stated by these authors. As reported by Danzi 

and Klein (2003) up to 30% of hyperthyroid patients have systolic hypertension while the 
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elevation in systolic pressure may result from the combined effect of increased preload and 

cardiac output, and decreased arterial compliance (Prisant et al., 2006). 

According to the study made by Cappola and Ladenson (2003)  approximately 90% 

of patients with overt hypothyroidism have elevated total cholesterol and LDL concentration 

as lipid metabolism is altered in hypothyroidism  and this increase is approximately 30% in 

hypothyroidism , with greater elevation  in LDL levels particularly seen in patients with 

insulin resistance. These elevated LDL levels are because of decreased fractional clearance 

of LDL as well as results from a decreased number of hepatic LDL receptors. As 

demonstrated by Pearce (2004) apolipoprotein B and the atherogenic LDL variant, 

lipoprotein(a), increased in hypo-thyroidism while triglyceride and VLDL levels are either 

normal or little increased, whereas changes in HDL are variable. With restoration of 

euthyroidism these lipid abnormalities are generally reversible.  Cross sectional studies made 

by Biondi and Cooper (2008) concluded that subclinical hypothyroidism has been associated 

with elevated levels of LDL and total cholesterol levels and the effects of treatment in small 

trials have not been consistent. Cardiovascular symptoms associated with the presentation of 

thyrotoxicosis include palpitation, tachycardia, exercise intolerance, exertionaldyspnoea and 

orthopnoea according to Klein and Ojama (2001). Overt thyroid disease is associated with 

significant symptoms and signs, while for subclinical thyroid dysfunction the development of 

such signs and symptoms remains less clear (Surks et al., 2004). However, evidence suggests 

that both mild and overt thyroid dysfunction and their treatments cause clinically significant 

long-term morbidity and mortality. Before the development of effective treatments for overt 

thyrotoxicosis and hypothyroidism, death from cardiovascular disease often occurred. The 

most significant association with thyroid dysfunction is the cardiovascular disease and its 

treatment at this time. Moreover, the changes in systemic haemodynamics associated with 

thyroid dysfunction have adverse effect on blood pressure and renal function. 

It is to be noticed that there is a common pathway mediating oxidative stress, vascular 

dysfunction, and inflammatory gene induction (Liao et al., 1994). Furthermore, in patients 

with coronary artery disease there are raised levels of C-reactive protein which cause blunted 

systemic endothelial vasoreactivity (Fichtlscherer et al., 2000). Based upon these 

observations, we conclude that changes in endothelial function may emphasize the relation 

between inflammation and the risk of cardiovascular events. In conclusion, (Heitzer et al., 
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1996) the present study shows that an independent predictor for increased cardiovascular risk 

is blunted endothelial vasoreactivity. Although no measures of antioxidant defense or of 

oxidant stress in plasma endogenously were performed, the common mechanism for 

endothelial dysfunction and for the pathogenisis of cardiovascular events is increased 

vascular oxidative stress, as indicated by the lower antioxidants alongwith with significant 

changes in biochemical enzymes and thyroid hormones profile. Above all these variations are 

gender related but vary in their intensity and may be related to gender related hormones as 

well duration and intensity of the diabetes, hypertension and diabetes/hypertension 

individuals that also contributed due to the duration of the problem, treatment and care taken 

by the individual patients. 

 Dzau and Braunvalid (1991) described that hypertension influence on CAD and alter 

cardiac afterload, diastolic function of ventricles, ventricular hypertrophy, endothelial 

functions and activation of neurohormones. Many researcher have shown that 

hypothyroidism is associated with diastolic hypertension that not only increase systemic 

vascular resistance and arterial stiffness in addition to malfunction of endothelium (Dernellis 

and Panaretou, 2002; Obuobie et al., 2002).  

As it is widely accepted that hypothyroidism contribute adversely toward the natural 

course of CAD (Miller and Gambert, 2008), but other studies that were conducted on 

subclinical hypothyroidism in women have same serious limitation (Vanhaelst et al., 1967). 

In contrast to the above mentioned role of being hypothyroidism and to enhance CAD. 

Pereira et al. (1994) and Swaroop and Ramasarma (1985) reported that hypothyroidism is 

associated with decline in ROS production and it has been argued that hypothyroid protect 

tissue against acceleration of lipid peroxidation.  
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Chapter - 5 

SUMMARY 

 The harmful effects of free radicals cause potential biological damage and termed as 

oxidative stress. This results from the metabolic reactions after using oxygen and disturbs the 

equilibrium status of pro oxidant/antioxidant reaction in a normal living body. The excess 

ROS damage cellular lipids, proteins and/ or DNA inhibiting normal functions. ROS induced 

oxidative stress play a role in various cardiovascular tissue injury. Likewise extracellular 

hypoglycemia resulting into tissue damage and pathophysiological complications and may 

involve heart diseases. Enhanced endothelial ROS also lead to hypertension and 

atherosclerosis. The present study was designed to measure the biological biomarkers in male 

and female population of normal, diabetic (D), hypertensive (H), hypertensive (D/H) patients 

with coronary artery disease in order to perform the clinical assessment for the severity of 

acute heart condition so that appropriate treatment can be initiated.  

Methods 

 These were coronary heart disease patients (n=20+ with diabetes (D). hypertension 

(H), diabetes/Hypertension (D/H) and male and female in separate group. Age, height, 

weight and blood pressure were measured before taking a blood sample for serum collection. 

Glucose, lipid profiles, liun and cardiac enzymes, thyroid hormones and oxidant as well as 

antioxidant biomarkers were estimated in the laboratory. Two way analysis of variance was 

applied to see the difference between groups and gender. 

Results 

 Serum glucose, lipid profile, heart and liver enzymes, total oxidant status, 

homocysteine, lipid peroxidase and thyroid stimulating hormone was significantly higher in 

D,H and D/H coronary patients as compared to normal individuals. In contrast, serum high 

density lipid, nitrate, nitrite. Total antixidants capacity, Catalse, paraoxonase, SOD 

(Superoxide dismutase), thyroxine and triiodothyroxine concentration were significantly low 

in D, H and D/H groups with coronary heart disease. In comparison with gender, the 

parameters were divided into 12 categories depending on their groups for any significant 

increase or decrease in a particular physiological biomarker. 
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Conclusion  

 Present study suggests that physiological biomarkers did show a specific pattern for a 

specific disease group in male and female individuals. Patterns of cardiac and metabolic 

biomarkers in diabetic, hypertensive and in diabetic/hypertensive groups with coronary 

disease are associated with poor prognosis that may leads to some serious complications. 

Based on the specific outcome of the biomarkers understudy also indicates that patients may 

be treated accordingly. Public health awareness has to be created about these severities of 

these diseases so that public having these problems should take it seriously to prevent 

themselves from cardiovascular abnormalities that may often are fatal. 
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