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 الخلاصة

يعتبررداء اا كرررمد الرراا كللرريم ا كاررةي ا كلرريتع زاب كررا ايتليرراابيدت رري الرررتب ا كرررمدا

 كنيجماعاا ك قء ااأبا كرنق ا كنرربلاكسنرربكياا كرا ات ردااابييريابيتريالارلاجرادافنمد رين الارلا

ا كبنمديي .

كضرر اا كلسمرررء تاا تااSyndromeيعررءالرردسا كرررمد الرراا كعنيارردا كلتيالرر ا

 .Scavengers لأبمرجياا ك عي ابنظيما كميرةيتا ااابيااأنب  ا كال ابيكتب

تهءفا ااا كءد ر اإكىاإظهيدالرتب اض اا كلسمرء تاكللايبياابيكنب ا لأب اب كنب ا كثينلا

اكلجابدا كةدةالالاةيك ا ا ا كلدس.الاالدسا كرمد ابملفاأقب السلد

 يسحشفى اندٌىانٍة انعاو وفً فً هذه اندراسة إجزاءجى 

قسى وفً  قسى انكًٍٍاء / كهٍة انعهىو / جايعة بابم

صًًث  .انعزاق ,نانكًٍٍاء / كهٍة انطب / جايعة اننهزٌ

هذه اندراسة نغزض انكشف عن بعط انًحغٍزات انكًٍٍائٍة 

يزٌضا بانسكزي ين اننىع  05خضع  انحٍاجٍة نًصم اندو.

شخصا  05يزٌضا بانسكزي ين اننىع انثانً، و 05الأول، و

 سىٌا نفحىصات هذه اندراسة.

تا كبييبكبجيرر ا كنبعيرر اكلتيالرريتا كةيكرر اقيرري ا كت يررد الاررلا ررااا كءد ررر ا ررلا كقييررريتا كدتيررري 

قيري الاعيكير ابعرسالضريء تا لأمررءةابء بااب دت ي الرتب ا كهبلبرررتيا ا كتأمرءي ا)أمرءةا ك

 Superoxide Dismutase اإنرايماا:Enzymatic Antioxidants لإنايلير ا

إنرررايماابا Glutathione S-transferaseاإنررايمابا Catalase ااا إنررايمب

Creatine Kinase قيي ابعسالضيء تا لأمرءةاغيدا لإنايلي اباNon-enzymatic 

Antioxidants:كملبتيثررييبااا Glutathione الايترريلياابا EلايترريلياابCلايترريليااباAا

ا كريلينيبم.با كمدبمابا كانكاباا كنةي با كةءيءااقيي ا كعنيادا كتيكي :ب

) كنريتجارجلتانتيتجا ااا كءد ر اظهبدا دت ري اللةربظالارلالررتب ا كلريكبااء  اأكء ييرءا

لارلالارب اءما كلدضرىا كلاريبياابيكررمد الرااامررءةا كرء با اب كهبلبرررتياا كملرل كنهيتلالأ

 كثررينلاعرراااكرركا كلرررتب ا كررا اظهرردالاررلا كلجلبعرر ا كضرريبا .اأظهرردتالرررتبييتاب كنرب ا لأب ا

ااااااااااااااEالرررررتبييتالايترررريليااالرررر ابيكليةظرررر اااجررررءيدااررررريك االعنررررب اا دتبررررياا كررررء باااأمرررررءةا

 )...5<P, ..345 -(r = بكرمايظهرداأ ا دتبرياالر الايتريلياااCبااAلارلالارب ا كلدضرىاا

 كلايبياابيكنب ا لأب الاالدسا كرمد زابينليالالا كلدضىا كلايبياابيكنب ا كثينلالاالدسا



ااااااااااااااااااااااااااااااCااااايبيالرررررررر الرررررررررتبييتالايترررررررريل كرررررررررمد زالاقررررررررءاأظهرررررررردتا دتبيارررررررريالعنبيررررررررياررررررررريك

)...5 <, P ..2.4 -(r = اابكمايظهداأ ا دتبياالعنب ال الايتيليااEبااA.ا

ااااب Superoxide Dismutase ألررريدتا رررااا كءد رررر اإكرررىاأاا لإنرررايلياا

Glutathione S-transferase يدت  الرتب  ليابلم اللةبظالالالاب اءما كلدضرىاا

ااااالبعرر ا كضرريبا  كلارريبياابرريكنب ا لأب اب كثررينلالرراالرردسا كرررمد اعرراالرررتبييتهليالاررلا كلج

)...5 <(P ابكمرراا كءد ررر اأظهرردا نب يضررياللةبظرريالاررلالرررتبييتاإنايلررلا.Creatine 

Kinase باCatalase لارلالدضرىامريانربعلالردسا كررمد .اعلرىا كردغمالراااكركالار ااا

لالاميانبعلالدسا كرمد ايلي اإكىا Superoxide Dismutase لرتب الاعيكي اإنايما

.ابينلرياCatalaseبإنرايماكنةري اأاايمباالت يبتيابكمنهاكمايظهدا دتبيايالعنبييال الرتبييتا 

ا.ا P)> 5...(أظهدا دتبيايالعنبيياريكبيال الرتب ا كانكا

اCياالبلايتياEبلايتيليااأظهدتا كءد ر اأيضيا نب يضيالعنبييالالالرتبييتا كملبتيثييباا

لالالاب ا كلدضىا كلايبياابلدسا كرمد الاا كنب ا لأب اب كثينلابيكلقيدن ال ااAبلايتيلياا

قرءاأظهرداعيقريتاغيردالعنبير اا كملبتيثرييبا.الاضرياعرااأاا P)> 5...( كضريبا ا كلجلبعر ا

 إنررايماااابالاعيكيرر اا كملررلاا كهبلبررررتياابااأكء ييررءااء  اا كلرريكبااالرررتبييتاالرر االبتل رر 

Creatine Kinase لاررلالاررب ا كلدضررىا كلارريبياابلرردسا كرررمد الرراا كنررب ا لأب اا

ااإنررايماا دتبررياالعنررب اررريك الرر الرررتب الاعيكيرر ا كملبتيثررييبااب كثررينل.اإضرريلا اإكررىااكرركزاأظهررد

Glutathione S-transferaseلارريبياابرريكنب ا كثررينلالرراالاررلالاررب اءما كلدضررىا كا

زالارلاةرياامرياا را ا فدتبريااغيردالعنرب اكرء ا = P ..3.0-(r ,> 5...(لردسا كررمد ا

ا كلدضىا كلايبياابيكنب ا لأب الاالدسا كرمد .

ءكتا ااا كءد ر اعلىاأاالدسا كرمد ايرب ا ضاد  الالالرتبييتا كعنيادا كنادةزا

ب كانركاب كمردبماب كرريلينيبمااالارلالارب اءماكا امياا نيكا نب يسالعنرب الارلالررتب ا كةءيرءا

 كضريبا ااا كلجلبعر الارلاالررتب  ياااعراا كلدضىا كلايبياابيكنب ا لأب الاالردسا كررمد ا

)...5 <(P .كررمد اعراااكء الدضرىا كنرب ا كثرينلالراالردسابينلياكبةظا نب يسالعنب اا 

لارلاا دت ي العنب الارلالررتبييتا كنةري ا كتلاظهدتالالا كلجلبع ا كضيبا .املياأاا نيككاتلك

يتهالاررلالاررب اءما كلدضررىا كلارريبياابلرردسا كرررمد الرراا كنررب ا لأب اب كثررينلاعرراالرررتبي

اا. P)> 5...(ا كلجلبعيتا كضيبا 

زا كلريكبااء  اأكء ييرءاغيدالعنبي زالالالرتبييتام الاااتااييءةلالا ااا كءد ر زاكبةظ

لارلاGlutathione S-transferase بلاعيكي اإنرايماا كةءيءاز كنةي ز كمللاا كهبلبررتياا



اااااااااازيباي كملبتيثرراالرراااةرريااظهرردا نب رريساا يررفزابكمررااغيرردالعنررب اأيضرريزالاررلالرررتبييتامرر 

 Superoxide Dismutaseبلاعيكي ا لإنايليتاااز كمدبمااز كريلينيبمااز كانكزاCلايتيلياا

 الارلالارب اءما كلدضرىا كلرءبنياا كلاريبياابريكنبCatalase زاCreatine Kinaseزا

 لأب اب كثينلالاالدسا كرمد اعاالرتبييتهيا كتلاظهدتاكء ا كلدضىاغيدا كلءبنيا.اماككزا

لارلالارب اءما كلدضرىا كلرءبنياااEكبةظا دت ي اا يفابكمااغيدالعنب الالالرتب الايتريلياا

لالالاب اءما كلدضىا كلءبنياااA كلايبياابيكنب ا لأب الاالدسا كرمد ابلرتب الايتيلياا

 كلرءبنيااااغيرداا كلدضرىاالارلاالررتبييتهيااعرااا كرمد االدساالااا كثينلاا بيكنب كلايبياا

)...5 <(P اكماامياا نيككا نب يضيالعنبييالالالرتبييتالايتريلياا.Aلارلالارب اءما كلدضرىاا

لاررلالاررب اءما كلدضرررىااE كلررءبنياا كلارريبياابرريكنب ا لأب الرراالررردسا كرررمد ابلايترريلياا

 كضريبا ااا كلجلبعريتااالر ابيكلقيدنر ااسا كلرداا را االرااا كثينلاابيكنب اا كلايبيااا كلءبنيا

)...5 <(P .ا

تبالتا كءد ر اإكىاأاالدسا كرمد ا باأةرءاعنياردا كلتيالر اكضر اا كلسمررء تزا

ب بايبتا ابعسالضيء تا لأمرءةا لإنايلي ابغيدا لإنايلي .امليا رتنتجتا كءد ر اأاا نب يسا

 كرءفت اعلرىا دت ري اا لاضر اا ايعتبدالرCatalaseابايباي كملبتيثلرتبييتالضيء تا لأمرءةا)

 كلتيال اكض اا كلسمرء تالالالدسا كرمد .ابيلماا رتبء ماجلير السلرد تا كجرابدا كةردةا

لاررلا ررااا كءد ررر اكلملررفا كلبمررداعرراالضرريع يتالرردسا كرررمد .ايعلرر ا كتررءبيااعلررىا بتررا  ا

د الرتبييتالضيء تا لأمرءةزاكا اتاء ءا كلتيال اكض اا كلسمررء تابلضريع يتالردسا كررم

 كء ا كلدضىا كلءبنياا كلايبياابها ا كلدساعاالرتبييتهياكء ا كلدضىاغيدا كلءبنيا.
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Summary 
 

         Diabetes mellitus is a common health problem characterized by 

hyperglycemia resulted from absolute or relative decrease in insulin 

secretion from β-cells of the islets of Langerhans in pancreas. Diabetes 

mellitus is considered as a member of oxidative stress syndrome. It is 

associated with an imbalance between types of free radicals and scavengers 

system. This study is aimed to assess the oxidative stress status in patients 

with type 1 or 2 diabetes mellitus disease, and to explore the good free 

radical marker in this state. 

          This research was conducted in Al-Diwaniya General Hospital; 

Department of Chemistry, College of Sciences, Babylon University; 

Department of Chemistry, College of Medicine, Al-Nahrain University; 

Iraq. This study is designed to screen the serum for certain biochemical 

variables. 

     The subjects of this study were 55 patients with type 1 diabetes mellitus, 

55 patients with type 2 diabetes mellitus, and 55 apparent healthy subjects 

were enrolled in this study. 

          The main outcome measurement were assessment of specific 

biological alterations in oxidative stress syndrome: Lipid peroxidation, and 

hyperhomocystienemia, assessment of some enzymatic antioxidants: 

Extracellular superoxide dismutase, catalase, glutathione S-transferase, and 

creatine kinase, assessment of some non-enzymatic antioxidants: 

Glutathione, vitamin E, vitamin C, and vitamin A, and assessment of 

minerals: Iron, Copper, Zinc, Chromium, and Selenium. 

          The results pointed out elevated levels of malondialdehyde, and total 

homocystiene significantly in serum of patients with type 1 and 2 diabetes 

mellitus (DM) disease compared to control, P< 5055.  Levels of lipid 

peroxidation showed a significant negative correlation with levels of 

vitamin E (r = -50345, P< 5055), whereas there is not significant negative 



VI 
 

correlation with vitamin C and A in serum of patients with type 1 DM. 

While in patients with type 2 DM, the results showed a significant negative 

correlation with levels of vitamin C (r = -502.4, P< 5055), and a negative 

correlation but not significant with vitamins E and A. 

     This study reported that extracellular superoxide dismutase, and 

glutathione S-transferase activities are significantly higher in serum of 

patients with type 1 and 2 diabetes mellitus disease than that of controls,   

P< 5055. But there is a significant decrease in levels of catalase and creatine 

kinase enzyme activities in both types of diabetic patients, P< 5055. 

However extracellular superoxide dismutase enzyme activity in both types 

of diabetic patients tend to be altered and did not show a significant 

correlation with levels of copper or catalase enzyme activity, while there is 

a significant negative correlation with level of zinc, P< 5055. 

      This study showed that serum glutathione, vitamin E, vitamin C, and 

vitamin A are significantly decreased in patients with type 1 and 2 DM 

when they are compared with controls, P< 5.55. The levels of glutathione 

showed different correlation, but not significant with levels of 

malondialdehyde, total homocystiene, and creatine kinase enzyme activity 

in serum of diabetic patients (with type 1 and 2 DM). Furthermore, 

glutathione shows a significant negative correlation with level of 

glutathione S-transferase activity in serum of patients with type 2 DM      

(r= -50350, P< 5055), but this correlation is not significant in patients with 

type 1 DM.  

         The results of this study also indicated that diabetes results in 

disturbance of trace elements. Thus there is a significant decrease in levels 

of serum iron, zinc, chromium, and selenium in patients with type 1 and 2 

DM from control, P< 5055. As well as there is a significant increase in 

levels of copper in serum of patients with type 1 and 2 DM from control, 

P< 5055. 
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          In this study, the results reported no significant difference in levels of 

Malondialdehyde, total homocystiene, glutathione, vitamin C, copper, iron, 

zinc, selenium, chromium and glutathione S-transferase, extracellular 

superoxide dismutase, creatine kinase, catalase activities in serum of 

smokers diabetic patients with type 1 and 2 DM than that of non-smokers 

diabetic patients, as well as levels of vitamin E in serum of smokers with 

type 1 DM, and levels of vitamin A in serum of smokers with type 2 DM 

than that of non-smokers diabetic patients. But there is a significant 

difference in levels of vitamin A in serum of smokers with type 1 DM, and 

vitamin E in serum of smokers with type 2 DM, P< 5055 than that of 

control. 

          This study concluded that diabetes mellitus is a member of oxidative 

stress syndrome, it reduces some enzymatic and non-enzymatic 

antioxidants. As well as decreased levels of the antioxidants (catalase, and 

glutathione) are the good indicators to evaluate the oxidative stress 

syndrome in diabetic patients, and all of free radical markers in this study 

can be used for early detection of diabetic complications. Smoking reduces 

the levels of antioxidants, thus increases oxidative stress syndrome, and 

diabetic complications in diabetic smokers are more than diabetic non-

smokers. 
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Conclusions 

The results found in this study enable for concluding the following points: 

1. Diabetes Mellitus disease is associated with increased free radicals 

generation, which has been observed through increased MDA, tHcy, and 

Cu, and decreased GSH, CAT, CK, antioxidant vitamins (E, A, C), zinc, 

chromium, and selenium. 

2. We could use the above markers for early detection of diabetic 

complications. 

3. Decreased levels of CAT activity and glutathione are the good 

indicators to evaluate the oxidative stress syndrome in diabetics than non-

diabetics. 

4. Increased level of Ec-Cu/Zn SOD activity in diabetic patients more 

than the other antioxidants is indicating to presence high level of 

superoxide radical (O2
.-
) that generating in DM. 

5. Smoke reduces levels of total antioxidant especially fat soluble 

vitamins (E and A), thus smoke increases oxidative stress syndrome and 

diabetic complications in diabetic smokers than diabetic non-smokers. 

Recommendations 

1. Hyperhomocysteinemia is one of the important biochemical markers 

altered to diabetic complications and death, thus this marker requires more 

study, especially its correlation with vitamin B6, B12, and folic acid to 

reduce and manage diabetic complications. 

2. Supplementation of antioxidant vitamins and zinc are necessary to 

reduce oxidative stress syndrome and lipid peroxidation degree, thus 

reduced atheroscleropathy complications in diabetics. 

3. Iron require more study in Iraq country to found the reasons for 

decreased its level in Iraqi diabetic patients especially when all research 

found elevated level of iron in diabetic patients in other countries. 
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1.1. Diabetes Mellitus (DM) 

Diabetes mellitus is a very complex chronic disease with syndrome 

of hyperglycemia (Zhao, 1002). It is result from absolute or relative 

decrease in insulin secretion from β-cell of the islets of Langerhans. 

Insulin is a polypeptide hormone that consists of a total of 52 amino acids 

in two chains connected by two disulfide bridges; figure (2-2a). Insulin is 

synthesized as a large single chain preproinsulin that is cleaved to a more 

immediate precursor proinsulin in the rough endoplasmic reticulum. 

Proinsulin is then packed into secretory granules, where it is broken down 

into equimolar amounts of insulin and an inactive C-peptide (Bishop et 

al., 1000), figure (2-2b). 

 A chain         S                      S 

S 

S B chain 

S 

S 

(Champe & Harvey, 

1991) 

et al. (Champe & Harvey, 

1991) 
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Symptoms of marked hyperglycemia include polyuria, polydipsia, 

weight loss, high glucose in urine, increased appetite, ketoacidosis 

(ketone bodies in blood), acid/base imbalance, and diabetic coma. 

Long-term complications of diabetes include blindness, 

neurophathy, kidney failure, lower extremity amputations, cardiovascular 

complication and pregnancy complication (Bishop et al., 1000). 

1.1. Criteria for the Diagnosis of DM 

 The old criteria for diagnosis of DM recommended by the World 

Health Organization (WHO) (2:95) were: 

2. Fasting plasma glucose (FPG)  240 mg/dL (8.9 mmol/L). 

1. 1-hours postlood glucose (1-hPG)  100 mg/dL (22.2 mmol/L). 

According to the new American Diabetes Association (ADA) 

recommendations to allow for earlier detection of the disease, all adults 

older than age 45 years should have a measurement of fasting blood sugar 

every 3 years unless the individual is otherwise diagnosed with diabetes 

(Bishop et al., 1000). 

The modified criteria for diagnosis of DM recommended by an 

expert committee to allow earlier detection of the disease were: 

2. FPG (Fasting Plasma Glucose)  220 mg/dL (6.2 mmol/L) = normal 

fasting glucose. 

1. FPG  220 mg/dL (6.2 mmol/L) and  216 mg/dL (8.0 mmol/L) = 

impaired fasting glucose (IFG). 

3. FPG  216 mg/dL (8.0 mmol/L) = provisional diagnosis of 

diabetes. 
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The corresponding criteria when the oral glucose tolerance test 

(OGTT) is used are the following: 

2. 1-h PG  240 mg/dL (8.9 mmol/L) = normal glucose tolerance. 

1. 1-h PG  240 mg/dL (8.9 mmol/L) and  100 mg/dL (22.2 mmol/L) = 

impaired glucose tolerance. 

3. 1-h  100 mg/dL (22.2 mmol/L) = provisional diagnosis of diabetes. 

Glycosylated hemoglobin (GHb) is the term used to describe the 

formation of a glucose reacts with the amino group of hemoglobin 

(Bishop et al., 1000), figure (2-1). 

 

Figure (2-1): The non-enzymatic glycosylation of HbA to HbA2c (Higgis 

& Bunn, 2:92) 

Therefore, measuring the glycosylated hemoglobin provides the 

clinician with a time-average picture of the patient’s blood glucose 

concentration over the past three months. Hemoglobin A2c (HbA2c) is a 

reliable method of monitoring long-term diabetic control rather than 

CH

O

CHOH

OHCH

CHOH

CHOH

CH2OH
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fasting plasma glucose (FPG). Normal values range from 4.5-9.0; and two 

factors determine the glycosylated hemoglobin levels: the average 

glucose concentration and the red blood cell life span. If the red blood 

cell life span is decreased because of another disease state such as 

hemoglobinopathies, the hemoglobin will have less time to become 

glycosylated and the glycosylated hemoglobin level will be lower 

(Lehninger, 2:85). 

1.1. Classification and Eitology of DM 

In 2:8:, the National Diabetes Data Group (NDDG) developed a 

classification and diagnosis scheme for diabetes mellitus. This scheme 

included dividing diabetes into two broad categories: type 2, insulin-

dependent diabetes mellitus (IDDM), and type 1, non-insulin-dependent 

diabetes mellitus (NIDDM). 

Established in 2::5, the International Expert Committee on the 

Diagnosis and Classification of Diabetes Mellitus, working under the 

sponsorship of the American Diabetes Association (ADA), was given the 

task of updating the 2:8: classification system. The changes they 

proposed included eliminating the older terms of IDDM and NIDDM. 

The categories of type 2 and type 1 were retained with the adoption of 

Arabic numerals instead of Roman numerals. 

Therefore, the ADA/WHO guidelines recommend the following 

categories of diabetes (Bishop et al., 1000): 

- Type 2 diabetes; is a result of cellular-mediated autoimmune 

destruction of the β-cells of the pancreas, causing an absolute 

deficiency of insulin secretion. Type 2 constitutes only 20; to 10; of 

all diabetes and commonly occurs in childhood and adolescence. This 

disease is usually initiated by an environmental factor or infection 

(usually a virus) in individuals with a genetic predisposition and 
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causes the immune destruction of the β-cells of the pancreas and 

therefore, a decreased production of insulin. 

- Type 1 diabetes; is characterized by hyperglycemia due to an 

individual’s resistance to insulin with an insulin secretory defect. This 

resistance results in a relative, not an absolute, insulin deficiency. 

Type 1 constitutes the majority of the diabetes cases. Most patients in 

this type are obes or have an increased percentage of body fat 

distribution in the abdominal region. This type of diabetes is 

associated with a strong genetic predisposition with patients at an 

increased risk with an increase in age, obesity and lack of physical 

exercise, and often goes undiagnosed for many years. Characteristics 

usually include an adult onset of the disease and milder symptoms 

than in type 2. Type 1 commonly occurs after age 35 years. 

 

- Other specific types of diabetes are associated with certain 

conditions (secondary) including genetic defects of β-cell function or 

insulin action, pancreatic disease, disease of endocrine origin, drug or 

chemical included insulin receptor abnormalities, and certain genetic 

syndromes. Maturity-onset diabetes of youth (MODY) is a very rare 

form of diabetes that is inherited in an autosomal dominant fashion 

(Tripathi, 2:99; Malchoff, 2::2). 

 

 

- Gestational diabetes mellitus (GDM) is any degree of glucose 

intolerance with onset or first recognition during pregnancy. Causes of 

GDM include metabolic and hormonal changes. Patients with GDM 

frequently return to normal postpartum. However, this disease is 

associated with increased perinatal complications and an increased 

risk for development of diabetes in later years (Bishop et al., 1000). 
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1.1. Free Radicals 

Oxidation is a constant natural process that produces atoms or 

molecules with unpaired electrons, known as free radicals. A free radical 

can be defined as an atom or molecule that contains one or more unpaired 

electrons in its outer orbit. If an electron is lost from the outer orbit, the 

molecule becomes a free radical. Free radicals are unstable chemicals, 

which are produced during the many oxidative biochemical reactions in 

the body (Howard, 2:81; Oberley, 2:99). 

A compound becomes a free radical through either oxidation i.e., 

the loss of an electron or through reduction i.e., the gain of an electron, 

however, a free radical is unstable and highly reactive in nature and may 

react with other nearby molecule also converting that molecule to a free 

radical, which can then initiate another reaction (Sinclair, 2::0). 

 

Ö    +            
electron transfer

                 +      

Theoretically, a single free radical can ultimately causes an endless 

number of reactions. This chain reaction is terminated either by the free 

radicals reaction with another free radical or by the free radicals reaction 

with an antioxidant (Oberley, 2:99). 

1.1.1. The Source of Free Radicals in Human Body 

Free radicals are continuously produced in our body as a byproduct 

of metabolism. Oxygen is the most important source of free radicals in 

the body. Most of the oxygen taken into the body is excreted as carbon 

dioxide; however, some oxygen is converted to water. To convert oxygen 

Target Free radical 

Unpaired 
electron 

. 
Oxidized 

. 
Reduced 
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to water, four electrons must be added to it at once (Murray et al., 1000; 

Kelly et al., 1005). 

O1 + 4e
-
   1H1O 

 

Approximately 5; of the oxygen are reduced to water by adding 

one electron at a time. When a single electron is added, an unstable free 

radical is formed. Superoxide (O1

.-
), hydrogen peroxide (H1O1) and 

hydroxyl radicals (OH
.-
) are produced from oxygen by addition of one, 

two, or three electrons respectively (Champe et al., 2::4). 

 

 

The sources of the free radicals are: 

A- Internally generated sources of free radicals are (Bagchi & Puri, 

2::9): 

2. Mitochondrial electron transport  

Reduced flavin enzyme + O1  Flavin – enzyme + O1
.-

 

1. Phagocytes 

3. Xanthine oxidase 

O2 O2
.

H2O2

Fe2+

Fe3+

Cl
-

NADPH NADP+

Superoxide dismutase

OH
. -

HOCl
.

O2
H2O2 2H2OO2

.-
2O

.
H

-

e
-

e
-

e
- e

-

Xanthine

Hypoxanthine

Uric acid + O2
.-Xanthine Oxidase
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4. NADP oxidase 

 

5. Arachidonate Pathways 

6. Auto-oxidation of several biological important molecules such as 

adrenaline, cysteine, and homocysteine. 

8. Peroxisomes 

9. Exercise: It is induces oxidative stress as measured by oxidative 

damage of lipid, proteins, and even the genitic material 

(Sen, 2:::; Khanna et al., 2:::; Atalay, 1000; Atalay 

et al., 1000). On the other hand, exercise training-both 

endurance and interval type-appears to induce antioxidant 

protection and decrease oxidative insult. Thus regular 

physical exercise protects against exercise induced 

oxidative stress (Khanna et al., 2:::; Sen, 2:::). 

:. Inflammation 

20. Ischaemia / reperfusion 

22. Reactions are involving iron, copper, and other transition metals such 

as Fenton and Haber-Weiss reactions 

Fe
1+

 + H1O1    Fe
3+ 

+ OH
.
 + ŌH         (Fenton reaction) 

         + Fe
3+

   Fe
1+

  + O1  (Iron catalyzed) 

H1O1 + Fe
1+

   Fe
3+

 + OH
.
 + ŌH  (Haber-Weiss 

reaction) 

2O2 2O2
.-

H
+

NADPH + NADP
+

+ +
NADP oxidase

O2

.-
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B- Externally generated sources of free radicals are (Bagchi & Puri, 

2::9): 

2. Cigarette smoke. 

1. Environmental pollutant. 

3. Radiation. 

4. Ultraviolet light. 

5. Certain drugs, pesticides, anesthetics, and industrial solvents. 

6. Ozone. 

1.1.1. Effects of Free Radicals 

The effects of free radicals are: 

           2. The most common and most hazardous reaction encountered as 

a result of free radical oxidation is lipid peroxidation 

(Domingues et al., 2::9). Free radical such as hydroxyl 

radical react with lipids of the cell membrane to form 

intermediate free radicals and peroxides. The latter initiator 

leads to subsequent free radical reactions that result in 

membrane damage (Halliwell & Gutteridge, 2:::). 

LH (membrane unsaturated lipid)   +   
.
OH            +    H1O 

         

 

1. Protein exposed to free radicals may fragment, crosslink or aggregate. 

This leads to interference with ion channels, failure of cell receptors 

O2

LH

L
.

+ LOO
.

LOO
.

+ LOOH    +   L
.

L
.

Lipid alkyl radical 
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and failure of oxidative phosphorylation (Stadtman & Berlett, 

2::8). 

3. DNA free radical damages DNA and causes destruction of base 

deoxyribose sugars or single and double strand breaks (Cerutti, 

2::4; Imlay & Linn, 2:99). The most frequent oxidative damage 

to DNA is believed to be the 9-hydroxylation/oxidation of the 

guanine base to 9-hydroxydeoxyguanosine (9-OHdG), a molecule, 

which is  equivalent to 9-oxo-8,9-dihydroguanine (9-oxoG) because 

the hydroxy hydrogen can easily move to the position-8 leaving a 

double-bonded oxygen at the position-9 (a resonance form of the two 

structures). 9-OHdG/9-oxoG is the most commonly studied 

biomarker of DNA oxidation, figure (2-3). These events lead to 

mutagenesis, carcinogenesis, and cell death.  

Figure (2-3): Oxidative Damage to DNA: Formation of 9-OHdG/9-

oxoG,dR: deoxyribose (Cerutti, 2::4). 

1.1.1. Free Radicals and Pathogenesis of DM 
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The cause of diabetes mellitus is not fully understood. Recently, 

increasing evidence suggest that free radicals formation are involved in 

the pathogenesis of diabetes and the development of diabetic 

complications (Colman et al., 2:9:; Giugliano et al., 2::5). 

In type 2; β-cells are prone to be destroyed by free radicals 

because of the low antioxidant enzyme nature. Immune-effect cells such 

as macrophages, T-cells, nature killer cells and B-cells are believed to 

produce free radicals that cause damage to β-cells. There are two 

mechanisms of free radicals in β-cells destruction (Zhao, 1002): 

2. Infiltration macrophages produce superoxide as primary source of 

free radicals. The superoxide can be further converted to more 

active radical, hydroxyl radical; which attacks cellular membrane 

and cause DNA breaks, the consequence of DNA breaks leads to 

cells death if cells fail to repair the damage. Also, the activation of 

DNA repair enzymes deplete the DNA levels in cells, inhibiting 

proinsulin synthesis and causing cells more sensitive to free 

radicals (Colman et al., 2:9:). 

 

 

1. Cytokines are released by T-cells, macrophages, NK cells in the 

insulitis and induce the formation of intracellular free radicals 

causing selective damage to β-cells. Interleukin 2 (IL-2) is the 

major factor in the damage of β-cells. In addition, interferon γ(ITF 

γ) and tumor necrosis factor (TNF) are released macrophages 

during the insulitis (Gerbitz, 2::1). These cytokines induce 

intracellular free radicals in endothelial cells, fibroblasts, and β-

cells. Three types of free radicals are induced from these cells, 
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O1
.-
, OH

.
, and NO

.
 radicals (Corbett & McDaniel, 2::5). IL-2 

can induce the production of nitric oxide synthase (NOS), which is 

the enzyme in charge of the synthesis of NO
.
, therefore, IL-2 

induces NO
.
 formation. Many evidence have suggested that NO

.
 

results indirectly inhibitory effect on β-cells mitochondria function 

(Gerbitz, 2::1), thus NO
.
 can directly destroy β-cells. 

Type 1 DM is a heterogeneous disorder, that is, very different 

pathologic events result in the same clinical symptom (Leahy & Weir, 

2:9:). Genetic abnormalities, or environmental factors, or obesity, 

which may induce β-cells malfunction and/or insulin resistance, can 

cause mild hyperglycemia which further develops to type 1 DM. Some 

studies indicate that there are alterations in free radicals generation and 

antioxidant enzymes. The free radicals activity in type 1 DM patients 

was increased as measured by the markers of free radicals activity 

(Collier et al., 2::1). 

 

 

 

1.1.1. Free Radicals and Diabetic Complications 

Free radicals perform beneficial tasks such as aiding in the 

destruction of microorganisms and cancer cells. Excessive production of 

free radicals or inadequate antioxidant defense mechanisms, however, can 

lead to damage of cellular structure and enzymes (Sinclair et al., 2::0). 
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Damage to entire tissues can result from free radical-mediated 

oxidative alteration of fatty acids, also known as lipid peroxidation. There 

are well-characterized reaction that leads to the formation of the O1
.-
, 

H1O1, and the highly toxic OH
.
. The cytotoxic potential of the O1

.-
 is 

mainly from its ability to be converted to the OH
.
 directly or via 

interaction with H1O1. The O1
.-
 can also interact with NO

.
 to form 

peroxinitrite (ONOO
-
) which can degrade to form the OH

.
 (Atalay & 

Laaksonen, 1001). 

Peroxy radicals can remove hydrogen from lipids, such as 

polyunsaturated fatty acids, resulting in the formation of lipid 

hydroperoxides and further propegation of the radical pathway by 

regeneration of alkyl radicals. Hydroperoxides have direct toxic effects 

for endothelial cells and can also degrade to form the OH
.
; 

hydroperoxides may also form stable aldehyde, such as malondialdehyde 

(MDA), which damage membranes by facilitating the formation of 

protein cross-links and other end products (Halliwell & Gutteridge, 

2:::). 

Reactive oxygen species (ROS) can stimulate vascular smooth 

muscle cell (VSMC) growth. Active free oxygen production, arterial 

injury, and VSMC proliferation are strongly related to each other. New 

evidence suggests that certain enzymatic pathways of arachidonic or 

linoleic acid metabolism can  participate in the formation of free radicals 

and lipid peroxides in the vascular and renal systems. It has been 

suggested that certain lipooxygenase (LO) enzymes that reacts with 

arachidonic or linoleic acid play an important role in atherosclerosis by 
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inducing the oxidation of low-density lipoprotein (LDL) (Glugliano et al., 

2::6). 

A series of free radical catalyzed perooxidation products of 

arachidonic acid, called isoprostanes, can be formed in a cyclo-

oxygenase-independent manner and remain associated with membrane 

phospholipids until they are released by phospholipase. One isoprostan 

PGF1 is potentially relevant to diabetic vascular disease based on its 

potent to contraction of vascular smooth muscle. Antioxidant defense 

mechanisms are critically important for the ultimate effect of oxidative 

stress and free radicals on cells and tissues (Murray et al., 1000). 

1.5. Oxidative Stress Syndrome 

Oxidative stress, an imbalance between the generation of free 

radicals and antioxidant defense capacity of the body. This resulted in the 

alteration of the cellular components in term of; DNA break down, 

protein and lipid Peroxidation, cytotoxicity etc… (Atalay & Laaksonen, 

1001). 

 

1.5.1. Diabetes Mellitus and Oxidative Stress Syndrome 

The oxidative stress is significantly increased in diabetes because 

prolonged exposure to hyperglycemia. Many evidence have indicated that 

some biochemical pathways strictly associated with hyperglycemia   

(non-enzymatic glycosylation, glucose  auto-oxidation,  polyol pathways)  

can increase the production of free radicals (Glugliano et al., 2::6), 

figure  (2-4). 
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Figure (2-4): Possible links between hyperglycemia-induced oxidative 

stress and diabetic complications (Glugliano et al., 

2::6). 

 

 

 

 

 

1.5.1.1. Glycation of Protein 
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H1O1 can be formed from glycated of protein. Initially, glucose 

undergoes a nucleophilic addition reaction with protein to form the schiff 

base. Formed early glycosylation product, ketomine is chemically 

reversible and thus is dissociated when blood glucose level returns to 

normal. However, it subsequently undergoes an Amadori compound. 

Further reactions, rearrangements, dehydration and cleavage irreversibly 

results in the formation of brown, insoluble, cross-linking complexes 

called advanced glycosylation end-products (AGEs) (Glugliano et al., 

2::6), figure (2-5a). 

 

Figure (2-5a): Non-enzymatic glycation (Wolff et al., 2::2). 
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Degradation of Amadori product and H1O1 formation via both 2,1- 

and 1,3- enolization pathway and oxidation of enolate anion, figure (2-

5b) 

 

Figure (2-5b): Degradation of Amadori product and H1O1 formation 

(Elgawish et al., 2::5) 

AGEs tend to accumulate on long-lived macromolecules in tissues. 

Cross-linking AGE-protein with other macromolecules in tissues results 

in abnormalities of cell and tissue function. In addition, AGEs contribute 

to increased vascular permeability in both micro- and macro-vascular 

structure by binding to a specific macrophage receptor. This process 
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induced the synthesis and secretion of cytokines such as TNF and IL-2, 

which causes endothelial dysfunction and induces free radicals generation 

(Brownlee, 2:9:). 

1.5.1.1. Glucose Auto-oxidation 

           Radicals can be formed through glucose auto-oxidation. Through 

one-enolization and two oxidation reactions the -hydroxyaldehyde part 

of glucose forms an -ketoaldehyde whereby superoxide is produced in a 

process requiring oxygen and transition metal ions The oxidizing 

intermediates formed by autooxidation process is proposed to be the case 

of some the structures found in diabetes (Wolff & Dean, 2:98). There is 

some evidence in vivo that transition metals chelating agents can prevent 

auto-oxidation in animal diabetes. (Cameron & Cotter, 2::5), figure(2-

6). 
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Figure (2-6): Auto-oxidation of monosaccharide, (Wolff & Dean, 

2:98) 

1.5.1.1. Polyol Pathways 

Polyol pathway can also be generated free radicals, which occurs 

because elevated glucose levels increases intracellular sorbitol and 

fructose content due to aldose reductase (AR) and sorbitol dehydrogenase 

(SDH) activity (Baynes, 2::2), figure (2-8). AR catalyzes the reduction 

of glucose by NADPH to sorbitol, which can, in turn, be oxidized to 

fructose by SDH leading to redox imbalance (NAD
+
 / NADH ratio). 

Oxidation of sorbitol to fructose is coupled with reduction of NAD
+
 to 

NADH. An increase in NAD
+
 / NADH ratio is linked to O1

.-
 formation 

via the reduction of prostaglandin G1 (PGG1) to PGH1 by prostaglandine 

hydroperoxidase that uses NADH or NADPH as reducing cosubstrate 

(Tesfamarian, 2::3). 
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Figure (2-8): Polyol pathway (Tesfamarian, 2::3). 
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polyunsaturated fatty acids (PUFA) that contain double or triple bonds 

(interaction of peroxidation aldehyde with phospholipids) leads to release 

of short-chain aldehydes such as malondialdehyde (MDA) (Lim et al., 

1000), figure (2-9). 

Figure (2-9): Mechanism of formation of lipid hydroperoxide (MDA) 

(Halliwell & Gutteridge, 2:::). 

Lipid peroxidation end products very commonly detected by the 

measurement of thiobarbituric acid reactive substance (TBARS). This 

assay has, however, been criticized for the lack of specificity. 

Lipid peroxidation as measured by lipid hydroperoxides (Hermes-

Lima et al., 2::5) have been shown to correlate closely with TBARS 

data in tissue and samples. With proper caution TBARS measurement 

may provide meaningful information (Draper et al., 2::3). 

A low density lipoprotein (LDL) particles has 1100 molecules of 

free fatty acid, half of which is PUFA which is a highly susceptible 

substrate for free radical reaction. Patient with DM have an increased risk 

of premature atherosclerosis, which may be due in part to increased 

oxidizability of LDL (Fuller et al., 2::6). 

LDL initially accumulates in the extracellular space of 

subendothelial space of arteries and through the action of resident 

vascular cell is mildly oxidized to form minimally oxidized LDL (ox-

LDL). Ox-LDL is internalized by the macrophages through scavenger 

receptor pathway. Native LDL is internalized by the classical receptor 

pathway with negative feedback so that internalized cholesterol down 

regulate LDL receptor and prevent further internalization. Such negative 

feedback does not exist for scavenger pathway. Hence, cholesterol 

accumulates in the arterial wall (Champe & Harvey, 2::4).  
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In addition, ox-LDL inhibits release of Endothelial Derived 

Relaxation Factor (EDRF) and reduces the action of EDRF on the vessel 

wall. Ox-LDL stimulates endothelial cells to release a number of 

biologically active factors like growth factor for vascular cell chemotactic 

factors (so that resident monocytes are attracted). Ox-LDL causes 

disturbance of eicosaniod homeostasis and platelets aggregation, activates 

T lymphocytes in the atherosclerotic lesion stimulating proliferation of 

smooth muscle cells. Taken all these together, ox-LDL is atherogenic 

(Akkus et al., 2::6). 

Most studies have found increased susceptibility of LDL 

cholesterol to oxidation in DM patients and elevated levels of plasma, 

serum, and erythrocyte MDA compared with the control group (Rabini et 

al., 2::4; Peuchant et al., 2::8; Nourooz Zadeh et al., 2::8; Al-

Mashhedani, 1000; Salman, 1002). 

1.5.1.1. Hyperhomocysteinemia 

Homocysteine (Hcy) has become widely accepted as a novel risk 

marker associated with a therosclerotic cardiovascular disease (CVD) in 

the coronary, cerebral and peripheral vascular beds (Boers, 1000). 

The important role of oxidative-redox stress and 

hyperhomocysteinemia is biologically plausible because Hcy promotes 

oxidant in the cells, particularly the endothelium and endothelial nitric 

oxide synthase (eNOS) reaction through the auto-oxidation of Hcy, 

formation compounds of disulfide interaction of Hcy thiolactones, and 

protein homocysteinylation) (Blom, 1000). 

Homocysteine is a nonessential nonprotein sulfur-containing amino 

acid and an intermediary metabolic product derived from demethylated 

essential amino acid methionine. 
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The oxidation of two Hcy molecules yields the oxidized disulfide 

(homocystine), two protons (H
+
), and two electrons, which promoting the 

formation of (ROS). 

 

1Hcy – SH + O1        Hcy – S – S – Hcy + 1H
+
 + 1e

-
      Generating ROS 

                 Auto-oxidation of Hcy         (
.
OH, O1

.-
, H1O1) 

Also, formation of mixed disulfides contributes to the additional 

formation of ROS. 

 

Hcy – SH + R - SH + O1              Hcy – S – S – R + ROS 

Hcy – SH + R – S – S – R             R – S – S – Hcy + RSH + ROS 

R = any organic compound in the plasma with a thiol group (- SH) 

accessible to react with Hcy, such as protein, cysteine glutathione, 

gamma-glutamylcysteine or cystinylglycine (Hayden & Tyagi, 

1004). 

Additionally, Hcy may undergo complicated rearrangement to 

form Hcy thiolactone (acyclic thioester), which is chemically reactive and 

acylates free amino groups such as the side chain lysin groups in proteins. 

In the process of forming homocysteinylated protein further oxidative 

stress develops and may lose their biological activity. This results in the 

modification of protein and in particular the modification of (LDL-

cholesterol), which contributes to their retention within the intima and 

subsequent inflammatory foam cell formation associated with 

atherogenesis (Hayden & Tyagi, 1004). 

AMP
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The various oxidized forms of Hcy are free and protein-bond Hcy, 

homocysteine, and Hcy-Cys mixed disulfide, which are defined as total 

Hcy (tHcy) (Mudd et al., 1000). 

The results of many recent studies have indicated that elevated 

plasma levels of Hcy in patients with DM are associated with increased 

risk of atherosclerosis (Gazzaruso et al., 1001; Hayden & Tyagi, 1003; 

Becker et al., 1003; Soinio et al., 1004; Hayden & Tyagi, 1004). 

Cordoba and coworkers (2::6) suggested that cysteine and Hcy 

can induce oxidative modification of LDL. This suggestion is relevant 

because lipoprotein oxidation is thought to play a key role in the 

development of atherosclerosis and in the triggering of throbotic events; 

and Ewadh and Jabir (1001) suggested that extracellular glutathione 

levels are lowering intracellular glutathione levels of endothelial cells 

presumably by membrane mediated uptake of Hcy and leading to an 

accumulation of intracellular Hcy which is induce endothelial cells 

damage due to glutathione level depletion. 

At present, many studies hypothesize that there may exist a folate 

shuttle, which is operative in the atheroscleropathy associated with 

diabetic as well as, non-diabetic atherosclerosis. This folate shuttle effect 

may operate as an effective mechanism in the endothelial 

microenvironment to recouple the oxidatively stressed, uncoupled, and 

dysfunctional eNOS reaction (Hayden & Tyagi, 1001; Hayden & Tyagi, 

1001; Hayden & Tyagi, 1003; Hayden & Tyagi, 1003; Hayden & 

Tyagi, 1004), figure (2-:). 
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There  are three critical arms associated with eNOS reaction: the 

eNOS enzyme, the L-arginine substrate, and the BH4 cofactor. The eNOS 

reaction may be uncoupled due to oxidative-redox stress associated with 

DM atheroscleropathy and non-diabetic atherosclerosis. 

 

When the eNOS reaction is uncoupled, the reaction will become a 

net producer of O1
.-
 (instead of eNO

.
 via the eNOS reaction) through the 

reaction of membranous NADPH, oxygen and the NADPH oxidase 

enzyme (Hayden & Tyagi, 1004). 

Figure (2-:): Folate shuttle. MS: methionine synthase, 5MTHF: 

5,methyltetrahydrofolate, eNOS: endothelial nitric oxide 

synthase, BH4: tetrahydrobiopterin, BH1: 
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dihydrobiopterin, BH3: trihydrobiopterin, (Hayden & 

Tyagi, 1004). 

The activated-dysfunctional-uncoupled endothelium is a net 

producer of O1
.-
 associated with DM and atheroscleropathy. The net 

production of O1
.-
 by the uncoupled eNOS reaction in addition to the 

production of ROS via the auto-oxidation of Hcy results in an excessive 

oxidative-redox stress (Hayden & Tyagi, 1004). 

1.5.1. Smoking Effect 

The smoke of cigarettes reduces the activity of antioxidant system, 

this may lead to imbalance between oxidant-antioxidant in favor of the 

prooxidant leading to potential damage and dominant risk factor of many 

disease (Michiels et al., 2::4). 

In smokers, the mitochonderial respiratory chain function of 

lymphocyte is disturbed; and it correlates with the degree of oxidative 

damage of membranes. This mitochondrial dysfunction could contribute 

to increased endogenous production of ROS (Miro et al., 2:::). 

Tobacco smoke as a source of exposure to carbon monoxide (CO), 

to give high level of hemoglobin carbon monoxide (COHb), which were 

found to be associated with the prevalence of coronary heart disease 

(Kannel, 2:92). 

Evidence for increased oxidation in smokers compared with non-

smokers were also provided by the presence of increased prooxidation 

products in blood and urine (Morrow et al., 2::5; Mezzetti et al., 

2::5). 
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Effect of smoke nicotine on the function of human 

polymorphnuclear (PMN) leukocytes was the inhibition of microbeidal 

function of PMN through inhibition of O1 production and release of 

lysosomal enzymes, but nicotine has no effect on migration of PMN to 

inflammatory sites. 

Oxidative damage may also results from ROS generated by the 

increased and activated phygocytes following cigarette smoking (Chow, 

2::3), and associated with significant increase in circulating nutrophils 

count and phygocyte derived ROS (Van-Antwerpan et al., 2::5; 

Sharma et al., 2::8). 

 

 

Smoking has also been identified as a risk factor for insulin 

resistance, which can lead to diabetes. Catecholamines, is a type of 

hormone, are produced in greater quantity in smoker and act as an 

antagonist to insulin action (Targher, 2::8). 

Cigarette smoke results in the formation of more than a billion 

oxyradicals in each puff (Borck, 2::8), therefore, smoking is associated 

with multiple complications of diabetes-nephropathy (kidney disease) has 

been shown to be common in type 2 diabetic patients who smoke 

(Mulhauser, 2::6), and smoking increases the risk of heart disease in 

both types of diabetes (Suarez & Barrett-Conner, 2:94); as well as 

smoking increases the risk of microalbuminurea in diabetic patients 

(Chase, 2::2; Ritz et al., 2::6) (microalbuminurea refers to the 

presence of protein in the urine and can indicate signs of kidney disease). 
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1.6. Antioxidant Defense Systems 

To refer protection against free radicals and prevent damage to 

vital biological structures such as cell membranes, proteins, and DNA, 

nature has provided a defense system in the body. This defense system 

consists of antioxidants. 

Antioxidants can be defined as substances whose presence in 

relatively low concentrations significantly inhibits the rate of oxidation of 

lipids, proteins, carbohydrates, and DNA. Antioxidants act as potent 

electron donors, they donate hydrogen atoms to pair up with unpaired 

electrons on free radicals. Thus they convert reactive free radicals to 

inactive substances (Bagchi & Puri, 2::9). 

 

Antioxidants react with free radicals before more important target 

molecules like lipids, DNA, etc. are damaged. In doing so the antioxidant 

is sacrificed (oxidized) and must be regenerated or replaced. The 

antioxidant radical generated during this process is relatively unreactive 

and unable to attack vital molecules. Antioxidants prevent damage 

induced by free radicals and play a very crucial role in preventing or 

delaying the onset of disease (Langseth, 2::6), figure (2-20). 
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Figure (2-20): The interaction of free radicals and antioxidants 

 

The antioxidant defense of the body consists of two main systems 

(enzymatic antioxidants and non-enzymatic antioxidants). 

 

 

 

 

 

 

 

 

1.6.1. Enzymatic Antioxidants 

Several antioxidant enzymes are made by various cells in the body. 

The most three important antioxidant enzymes are superoxide dismutase 

(SOD), catalase (CAT), and glutathione peroxidase (GPx) which are 

made in the body in response to the presence of certain free radicals. 

Thus, if a body is under higher oxidative stress, and is producing more 

free radicals, more of the antioxidant enzymes will be made to 

counterbalance the stress like glutathione S-transferase (GST), and 

glutathione reductase (GR), figure (2-22). 
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Figure (2-22): Co-operation of antioxidant enzymes. GSH: glutathione, 

GSSG: oxidized glutathione, Me1+
: transition metal, GR: 

glutathione reductase, GPx: glutathione peroxidase 

(Cedeberg, 1002). 

1.6.1.1. Superoxide Dismutase (SOD) 

SOD (EC.2.25.2.2) is a metalloenzyme. There are three major 

isoforms of SOD; intracellular Cu/Zn-SOD, Extracellular Cu/Zn-SOD 

(Ec-SOD), and Mn-SOD, with copper and zinc or manganese ions at the 

active sites, respectively (Cedeberg, 1002). 

 

The enzymes are structurally different; Mn-SOD has a molecular 

weight of 40,000 and Cu/Zn-SOD 31,000 dalton. Despite different 

structures, the three isoforms catalyse the same reaction, that is dismutase 

O1 to H1O1 (Cedeberg, 1002). 

       

1O1
.-
 + 1H

+
                   H1O1 + O1 

Cu/Zn-SOD is mostly in the cytosol of the cell but also to a lesser 

extent in the lysosomes and the nucleus. Mn-SOD is considered to be a 

mitochondrial enzyme only. Ec-SOD is found in the plasma and 

extracellular space (Atalay & Laaksonen, 1001). 

O1
.-
 may react with other ROS such as NO

.
 to form highly toxic 

species such as peroxynitrite (ONOO
.
), in addition to direct toxic effects 

(Tasfamarian, 2::4). Peroxynitrite reacts with the tyrosine residues in 

proteins resulting with the nitrotyrosine production in plasma proteins, 

which is considered as an indirect evidence of (ONOO
.
) production and 

increased oxidative stress. Furthermore, exposure of endothelial cells to 

high glucose leads to augmented production of O1
.-
, which may quench 

SOD 
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NO
.
. Decreased NO

.
 levels result with impaired endothelial functions, 

vasodilation and delayed cell replication (Glugliano et al., 2::6). 

Alternatively, O1
.-
 can be dismutated to much more reactive H1O1, which 

through the Fenton reaction can then lead to highly toxic OH
.
 formation 

(Wolff et al, 2::2), figure (2-21). 
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Figure (2-21): Suggested pathways for the formation of reactive oxygen 

species in vivo, (Wolff et al, 2::2). 

In diabetic, the wide variability among studies, which are shown 

decreased, increased and unchanged in SOD isoforms activity (Jennings 

et al., 2::2; Walter et al., 2::2; MacRury et al., 2::3; Adachi et al., 2::6; 

Kaneto et al., 2::6) which does not allow conclusions to be drawn as to 

whether SOD isoform activities are abnormal in diabetic patients, again 

differences in methodology or study design do not completely explain the 

conflicting findings among studies. 

 

 

1.6.1.1. Catalase (CAT) 

Catalase (EC 2.22.2.6) is an oligomer with four 60,000 dalton sub-

units. It is a hemo protein containing four heme groups. Subcellularly, 

CAT is mainly localized to the peroxisomes, as much as 40; of the total 

protein content of the peroxisomes has been estimated to be CAT 

(Murray et al, 1000). 

The peroxisomes are cytoplasmic organelles in which several 

oxidative processes occur, e.g. the oxidation and detoxification of several 

toxic compounds resulting in large amounts of H1O1 (Cedeberg, 1002). 

CAT is found in blood, bone marrow, mucous membranes, kidney, 

and liver. CAT catalyses the direct composition of H1O1 to ground state 

O1 : 

1H1O1                 1 H1O + O1 

    

CAT 
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Many studies are found decreased levels of CAT in patients with 

DM (Kashiwagi et al., 2::4; Vijayalingam et al., 2::8; Peuchant et al., 

2::8; Szaleezky et al., 2:::; Cedeberg, 1002). 

1.6.1.1. Glutathione S-Transferase (GST) 

The glutathione transferase are recognized as important catalysts in 

the bio-transformation of xenobiotics, including drugs as well as 

environmental pollutants. Multiple forms exist, and numerous transferase 

from mammalian tissues, insects, and plants have been isolated and 

characterized. Enzymatic properties, reactions with antibodies, and 

structural characteristics have been used for classification of the 

glutatione transferase (Mannervik & Danielson, 2:99). 

 

Mammalian cytosolic GSTs (EC1.5.2.29) are homodimeric, and the 

monomers are in the range of 11,000 – 1:,000 dalton. They could be 

grouped into three distinct classes -α, μ, and π. They are active over         

a wide variety of substrates with considerable overlap (Goughlin & Hall, 

2002). 

GST contributes in conjugating drugs, poisons, and other 

compounds with reduced glutathione and naturalizes the electrophilic side 

and dissolution in the aqueous cellular and extracellular media, and from 

there, out of the body (Raza et al., 1001). 

The transferases increase the nucleophilic properties of reduced 

glutathione (GSH) and they catalyze the formation of thioether bond by 

conjugated hydrophobic compounds with GSH to form products consist 

very stable thioether bond; these products excreted by the bile as GSH 

conjugates and then cleavage glycine or glutamate and acetylation the 
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free amino group of cysteinyl residue to give the end product 

(Mercapturic acid) (Cedeberg, 1002). 

Some recent studies have found increase in the activity of GST in 

diabetic patients (Salman, 1002; Raza et al., 1004). 

1.6.1.1. Creatine Kinase (CK) 

Creatine Kinase (CK, EC 1, 8.3.1) is a dimer consisting of two 

sub-units. There are three isoenzymes have been designated as CK-BB 

(brain type), CK-MB (hybrid type), and CK-MM (muscle type) (Bishop 

et al., 1000). 

 

 

CK is a major phosphotransfer system in cells with high-energy 

demand, and it acts in concert with other enzymatic system to facilitate 

intracellular energetic communication (Neumann et al., 1003), thus CK 

is an enzyme that is associated with ATP regeneration in contractile or 

transport systems. It predominates physiologic function occurs in muscle 

cells, where it is involved in the storage of high-energy creatine 

phosphate. Every contraction cycle of muscle results in creatine 

phosphate use, with the production of ATP (Dzeja & Terzic, 1003). 

          CK 

Creatine phosphate + MgADP    Creatine + MgATP 

CK is widely distributed in tissues, with highest activities found in 

skeletal muscle, heart muscle, and brain tissue. Other tissue sources in 

which CK is present in much smaller quantities include the bladder, 
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placenta, gastrointestinal tract, thyriod, uterus, kidney, lung, prostate, 

spleen, liver, and pancreas (Bishop et al., 1000). 

During conditions of oxidative stress, the enzyme CK appears to be 

inactivated via oxidation of the active-site thiol (Reddy et al., 1000). Ck 

is relatively unstable, and its activity is apparently lost as a result of 

internal disulfide formation (Gunst et al., 2::9). 

Gunst and coworkers (2::9) investigated the effect of endogenous 

extracellular glutathione concentration on serum CK activity, and they 

found in patients with multiple organ failure, low serum CK activities 

were accompanied by extremely low serum glutathione concentration. 

Serum CK activity is an indicator commonly used in the diagnosis 

of heart and skeletal muscle disorders (Bishop et al., 1000). Many 

studies have found that diabetes leads to decrease total CK activity by 

35; and also decreased CK-BB mRNA levels (Popovich et al., 2:9:; 

Popovich et al., 2::2; Kelley et al., 1001). 

1.6.1. Non-enzymatic Antioxidants 

1.6.1.1. Glutathione (GSH) 

GSH is γ-glutamylcysteinylglycine, the most abundant non-protein 

thiol compound in mammalian cells, is biosynthesized from amino acid 

precursors (Murray et al., 1000)  

Tissue glutathione plays a central role in antioxidant defense. The 

hydrogen atom of SH group abstraction is one of the most important 

aspects of GSH reactivity considering its function as an antioxidant. 

GSH can undergo oxidation reactions with free radicals through 

two types of process: 
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2. One-electron Process; in which GSH is oxidized to form a sulfur-

centered glutathione radical (GS
.
) (Halliwell & Gutteridge, 2:::) as 

shown in reaction (2): 

GSH + R
.
               GS

.
 + RH --------- Reaction (2) 

GS
.
 can also be formed through photoionization of glutathione anion 

(GS
-
) (reaction 1) or through electron transfer to a metal ion (reaction 

3) (Buettner & Oberley, 1002): 

GS
-
                GS

.
 + e

-
 ---------------- Reaction (1) 

GS
-
 + M

n+
              GS

.
 + M

(n-2)+
 ----------- Reaction (3) 

1. Two-electron Processes; in which two molecules of reduced GSH 

are oxidized to the oxidized form of GSH (reaction 4) (Buettner & 

Oberley, 1002): 

1GSH          GS – SG + 1H
+
 + 1e

-
 ------------- Reaction (4) 

The action of GSH are: 

2. Reduced GSH detoxifies ROS such as H1O1 and lipid peroxides 

directly or in a GPx catalyzed mechanism (Murray et al., 1000) 

1. GSH also regenerates the major aqueous and lipid phase 

antioxidants, ascorbate and α-tochopherol (Atalay & Laaksonen, 

1001): 

H2O2 2H2O

2GSH GSSG

GPx
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3. GSH as a product of glutathione reductase (GR)-catalyzed 

reactions to maintain the balance between GSH and GSSG. In fact, the 

ratio of reduced to oxidized GSH within cells is often used 

scientifically as a measure of cellular toxicity. GSSG is reduced to 

GSH by GR which uses NADPH as a cofactor: 

glutathione reductase (GR) can also catalyze reduction of certain  

“mixed” disulfides, such as that between GSH and coenzyme A 

(Peuchant et al., 2::8). 

4. GSH as a direct free radical scavenger. 

5. GSH participates non-enzymatically and enzymatically. 

Many recent studies have found decrease plasma GSH levels in 

different disease states especially those associated with oxidative stress 

like DM (Thornalley et al., 2::6; Peuchant et al., 2::8; Al-Mashhadani, 

1000; Salman, 1002; Cedeberg, 1002;). 

In diabetic patient GSH deficiency resulting from reduced 

concentration of NADPH is used by polyol pathway where glucose is 

reduced to sorbitol by aldose reductase. An increased activity in this 

pathway causes a depletion of reduced GSH, which may weaken the 

antioxidant defense (Cedeberg, 1002; Buettner & Oberley, 1002), figure 

(2-8). 

1.6.1.1. Vitamin E (α-Tochopherol) 

Dehydroascorbate Ascorbate

2GSH GSSG

GSSG   +  NADPH  +  H
+ 2GSH   +  NADP

+GR
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Vitamin E is a fat-soluble powerful antioxidant and is the primary 

defense against potentially harmful oxidation that causes disease and 

aging (Bishop et al., 1000). 

Vitamin E is the collective name for eight compounds, four 

tochopherol and tocotrienols, found in nature. It is a fat-soluble substance 

present in all cellular membranes and is mainly stored in adipose tissue, 

the liver and muscle (Bagchi & Puri, 2::9). 

α-tochopherol is the predominant isomer in plasma. The actions of 

vitamin E are:  

2. It is essential for the integrity, stability and function of cell 

membranes, and nerve cells. Vitamin E provides protection to lipid 

present in cell membranes against free radicals. 

1. It scavengers intracellular as well as extracellular free radicals. 

3. Vitamin E protects polyunsaturated fatty acids in cell membranes 

from peroxidation. It prevents oxidation of LDL-cholesterol particles, 

the most crucial step in the development of atherosclerosis. 

4. It increases insulin sensitivity. Thus Vitamin E helps in improving 

control of diabetes. 

5. It also lowers plasma fibrinogen levels. 

6. Vitamin E improves endothelial function by increasing release of 

NO
.
, which dilates blood vessels. 

8. It enhances body’s immune system. 

9. Vitamin E decreases platelet adhesion and platelet aggregation. 
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:. It decreases the risk of cancer, ischemia and reperfusion injury, 

cataract, arthritis and certain neurological disorders. 

20. It also inhibits the conversion of nitrites in stomach to 

nitrosamines. 

22. It is a singlet oxygen quencher; singlat oxygen (2O1) is very active 

non-radical species, which is an excited form of O1. 
2O1 is generated 

by activation of peroxidase enzyme in biological systems and under 

aerobic condition, as a result of oxidation of hypoxanthine by xanthine 

oxidase enzyme (Keith, 2:::): 

Enzyme – H1 + 1O1

..
                  Enzyme + 1H

+
 + 1O1

.-
 

1H
+
 + 1O1

.-
                    O1 + H1O1 

H1O1 + O1
.-

                     OH
.
 + OH

-
 + 

2
O1  

2
O1 can damage DNA and be mutagenic, but vitamin E inhibits this 

process by neutralizing these highly reactive and unstable 
2
O1 

molecules. 

21. Vitamin E protects double bonds of β-carotene from oxidation and 

thus exhibits a sparing effect. 

The mechanism of action vitamin E is that it exhibits its 

antioxidant action by providing hydrogen atom to pair up with unpaired 

electrons on free radicals. Thus it converts free radicals to stable and 

inactive substances (Gillham et al., 1000), figure (2-23). 
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RH + OH
.
   R

.
 + H1O 

R
.
 + O-O   ROO

.
 

ROO
.
 + RH  ROOH + R

-
 

ROO
.
 + α – TH                 ROOH + α – T

.
  

ROO
.
 + α – T

.      
ROOH + α – TQ 

Figure (2-23): The mechanism of action vitamin E, (Gillham et al., 1000). 

During this process, vitamin E is oxidized. Vitamin E does not 

have antioxidant action. Vitamin C helps in regeneration of oxidized E 

and converts it to active form. Thus there is a synergistic action between 

vitamin C and vitamin E (Murray et al., 1000). 

 

 

 

1.6.1.1. Vitamin C (Ascorbic Acid) 

Vitamin C is a water-soluble antioxidant vitamin. It neutralizes free 

radicals in the plasma, cytoplasm and extracellular fluid. Vitamin C is not 

synthesized in the body. Vitamin C is taken from the diet and absorbed 

from small intestines and it is transported through leukocytes and 

platelets (Murray et al., 1000). 

The actions of vitamin C are: 
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2. Vitamin C helps in regeneration of oxidized vitamin E in cell 

membranes  (Cedeberg, 1002), figure (2-24). 

Figure (2-24): The interactions between ascorbate and   α-tochopherol in 

trapping free radicals (Murray et al., 1000) 

1. Vitamin C effects on plasma lipids by reduction in total cholesterol 

and LDL-Ch, increase in HDL-Ch levels, and decrease in serum 

triglyceride levels, thus reducing the risk of cardiovascular disease 

(Tousoulis et al., 1003). 

3. It also lowers blood pressure (Murray et al., 1000). 

4. Vitamin C improves endothelial function (Cedeberg, 1002). 
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5. It reduces the incidence of cataract and certain cancers. 

The mechanism of action of vitamin C in diabetic patients is that 

vitamin C exhibits its antioxidant action by donating hydrogen atom to 

free radicals  (Atalay & Laaksonen, 1001), figure (2-25). 

Figure (2-25): Mechanism of vitamin C to scavenger of free radicals 

(Atalay & Laaksonen, 1001). 

1.6.1.1. Vitamin A (Retinol) 

Vitamin A is often used as a collective term for several related 

biologically active molecules (retinoids). They are retinol, retinal, retinoic 

acid (all trans), and 22-cis-retinal (formed by photoisomerization of all 

trans-retinal). Retinol is a primary alcohol containing an β-ionone ring 

with an unsaturated side chain. Retinol is found in animal tissues as a 

retinyl ester with long-chain fatty acids. Retinal is the aldehyde derived 

from the oxidation of retinol. Retinal and retinol can readily be 

interconverted. Retinoic acid is the acid derived from the oxidation of 

retinal. Retinoic acid cannot be reduced in the body and therefore cannot 

give rise to either retinol or retinal (Champe & Harvey, 2::4). 
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Some carotenoids (provitamin A) like β-carotene act as a precursor 

of vitamin A; which are synthesized by all plants and by some animals, 

but not by man (Murray et al., 1000). 

Scission of β-carotene at the central double bond results in the 

formation of retinal, which is reduced to retinol (vitamin A) by an 

NADH-dependent enzymatic reaction. This conversion takes place 

mainly in the liver (Tietz et al., 2:8:). 

Retinol and its provitamin, β-carotene, are effective antioxidants 

and considered the most powerful singlet oxygen quenchers (Handelman, 

1002). β-carotene can dissipate the energy of 2O1, thus preventing this 

active molecule from generating free radicals. It is efficient at low oxygen 

pressure (Murray et al., 1000). 

2O1 + β-carotene                  
3
O1 + β-carotene 

1.1. Minerals 

Minerals may be divided into two groups: (2) macro-minerals, 

which are required in amount greater than 200 mg/dL, and (1) micro-

minerals (trace elements), which are required in amount less than 200 

mg/dL (Bishop et al., 1000). 

 

 

Trace elements appear to play a key role in most biological 

functions. The effect of these elements cannot be replaced by another 

element. It has been reported that action of every small amount of trace 

and ultratrace elements are necessary for optimal performance of whole 

organism, and the lack of a small amount of them can result in clinical 

abnormalities (Luxton, 2:::). On the other hand, deficient of these 



44 

elements is associated with impairment of function and excess 

concentrations may be toxic (Bishop et al., 1000).  

Trace elements are required in very small amounts to maintain 

health and they often form essential parts of enzymes and hormones, 

which regulate metabolism (Luxton, 2:::). 

Some of the trace and ultratrace elements have a scavenging 

property as antioxidant to free radical generation, thus the alteration in 

their levels may be considered a biochemical marker of free radical 

generation, such as zinc, selenium, copper, iron, and chromium. 

1.1.1. Iron 

Iron is an essential trace element. Most iron in the body is 

incorporated into heme of hemoglobin and a smaller proportion as 

myoglobin, heme-containing enzyme like catalase, and iron-sulfur 

proteins (Bishop et al., 1000). 

Iron is a first-line prooxidant, it contributes to regulate the clinical 

manifestations of numerous systemic diseases, including diabetes, 

atherosclerosis, and deoxyribonucleic acid (DNA) damage (Halliwell & 

Aruma, 2::2; Meneghini, 2::8; Fernandez-Real et al., 1001). 

 

Iron is intimately linked to oxidative stress. It participates through 

the Fenton reaction, in the formation of highly toxic free radicals such as 

OH
.
 and O1

.-
 and causes oxidative damage (McCord, 2::2). Oxidative 

stress influences both glucose and iron metabolism (by decreasing 

internalization of insulin and increased ferritin synthesis) (Reif, 2::1). 
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1.1.1. Copper (Cu) 

Copper is an essential trace element, a small amount of circulating 

copper is bond to albumin, whereas most is incorporated into 

ceruloplasmin (Murray et al., 1000). 

An important role for copper is as a component of enzymes or 

proteins involved in redox reaction (Noto et al., 2:93) like: 

2. Cytochrome c oxidase catalyzes the reduction of oxygen to water 

in the last step of the electron transport chain (Murray et al., 1000). 

1. Cytosolic SOD, containing copper and zinc, catalyzes the 

conversion of 1O1
.-
 to O1 and H1O1. 

        Copper deficiency associated with low concentration of 

ceruloplasmin and leads to accumulation iron in the liver and causes 

increase free radical production (Harris, 2::5), and lack of the        

copper-containing antioxidant enzyme related to the shortened life of 

erythrocytes and neutrophils (Percival, 2::5), and excess copper can 

cause free radicals production and damage tissues (Bishop et al., 1000). 

 

 

1.1.1. Zinc (Zn) 

Zinc is an essential trace element. It is cofactor for more than 300 

enzymes, and zinc-containing enzymes are found in every enzyme class. 

Alkaline phosphetase, alcohol dehydrogenase, carbonic anhydrase, DNA 

polymerase, and SOD are containing zinc (Murray et al., 1000). 
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Zinc enzymes are essential to growth, wound healing, reproductive 

function, the immune system, and protection from free radicals damage 

(Cunningham-Rundles, 2::6). 

Oxidative stress syndrome in human with DM results in 

disturbance of zinc (Kinlaw et al., 2:93). Zinc has an important role in 

modulating the immune system and its dysfunction in DM may be related 

in part to the status of zinc (Murray et al., 1000). Zinc is found in 

biological systems only in the (+1) valance state. This is the result of the 

extra stability associated with a filled d-orbital electron configuration 

(Luxton, 2:::). Diet low in zinc are associated with zinc deficiency 

include skin lesion, diarrhea, dwarfish, and susceptibility to infection 

(Burtis & Ashwood, 2:::; Bishop et al., 1000) 

 

1.1.1. Chromium (Cr) 

Trivalent chromium (Cr3+
) is an essential trace element for animals 

and humans. Its deficiency in organisms causes e.g. disturbance of 

carbohydrate and lipid metabolism, hypoglycemia, impaired glucose 

tolerance (Terpilowska & Zaporwska, 1004). 

Cr3+
 may improve insulin sensitivity, which can modify the risk of 

diabetes and cardiovascular disease (CVD), therefore, when chromium 

supplementation is beneficial for preventing CVD among people with 

diabetes (Rajpathak et al., 1004). 

The determination of clinical chromium deficiency is difficult, 

because there is no accurate biochemical indicator of chromium status 

(Belinda & Connell, 1002; Vincent, 1004). 
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Mechanism of Action 

Chromium appears to act by enhancing or potentiating insulin’s 

actions. No chromium-containing enzyme has been discovered, and the 

biologically active form of chromium is still uncertain. The actions of 

chromium have been attributed to an increase in the number of insulin 

receptors (Belinda & Connell, 1002; Rajpathak et al., 1004). 

Numerous researchers have been investigating the effects of 

chromium supplements on glycemic control in type 2,and 1 diabetes 

mellitus disease (Anderson et al., 2::8; Franz & Bantle, 2:::; Javanovic 

et al., 2:::; Ravina et al., 2:::; Trow et al., 1000). 

 

1.1.5. Selenium (Se) 

Selenium is an essential trace element. The essentiality of selenium 

results from its present as a necessary component to form the active 

center, seleno group (-SeH), of GPx, thioredoxin reductase and of other 

seleno-enzymes (Tihant et al., 2:9:; Murray et al., 1000). Selenium is 

widely distributed in nature and found in combination with sulfide and 

other minerals (Hayes, 1002). 

Selenium is a component as a cofactor of the enzyme GPx, which 

protects polyunsaturated fatty acid in the cell membrane from oxidative 

damaging effect of peroxide by decomposing these oxidizing compounds. 

GPx catalyzes the reduction of H1O1 and organic hydropeoxides in the 

presence of GSH  (Bedwal et al., 2::3), figure (2-26). 
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Figure (2-26): The relationship between GPx, Se, and 

Vitamin E (Gillham et al., 1000). 

          Thus selenium deficient cells are less capable of scavenging 

intracellular peroxides after exposure to exogenous H1O1 (Knight, 2:::). 

Therefore, selenium was suggested as antioxidant acting as a free radicals 

scavenger (Palmer & Paulson, 2::8). 

In addition, selenium and vitamin E have been demonstrated to 

spare one another antioxidant requirements against lipid peroxides 

(Beckg, 2::9). 

 

 

 

 

 

Aim of the Study 

The aim of the present work is to investigate different aspects of 

reactive oxygen species (ROS) involvement in diabetes mellitus disease. 
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Since the objective of this work to study the oxidative stress of patients 

with DM by test the following hypotheses: 

2. Oxidative stress influences on the activity of antioxidant enzymes 

and concentration of antioxidant vitamins, glutathione, trace elements 

and homocysteine levels in serum of diabetic patients. 

1. Diabetes mellitus is generator of oxidative stress, therefore the 

concentration of diabetes mellitus markers of oxidative stress damage 

correlates with diabetic complications. 

3. Indicate the predominant free radical in type 2 and 1 diabetes 

mellitus indirectly by some free radical markers.   

4. Smoking influences on the enzymatic, and non-enzymatic 

antioxidants. 

5. Investigate the correlation between different variables of 

antioxidants and which is the high related changes with diabetes 

mellitus, and represented as important marker of diabetes mellitus. 
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1.2. Place of work 

This research was conducted in Al-Qadisiya Governorate, Al-

Diwaniya General Hospital; Department of Biochemistry, College of 

Medicine, Al-Nahrain University, and Department of Chemistry, College 

of Sciences, Babylon University.  

1.1. Subjects 

The study samples included 55 Patients suffering from type 2 of 

diabetes (22 males, and 22 females) aged between 35 and 65 years; and 55 

patients with type 1 diabetes (32 males and 12 females) aged between 13 

and 65 years, controlled with 55 healthy individuals (32 males and 12 

females) aged between 15 and 65 years. The practical work was expended 

15 months period, beginning in October 2553 and ending in December 2554. 

1.2. Samples 

The study samples of patients were collected from Al-Diwaniya 

General Hospital between October 2553 to December 2554, and the blood 

was drawn from venous of fasting patients recently diagnosed with diabetes 

mellitus (type 1 and type 2) and healthy subjects were used as control. 

        All tests were performed on serum, some of the blood was allowed to 

clot on crushed ice, and then centrifuged (455 X g for 15 minutes) to be 

used serum samples immediately for detection of variable in this study, and 

others was stored at deep freezing (-25°C) until using.  
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1.3. Determination of Serum Malondialdehyde (Burtis & Ashwood, 

2111) 

Principle: - 

The principle of the following method was based on the 

spectrophotometric measurement of the color, occurred during the reaction 

with thiobarbutric acid (T B A) with MDA, figure (2-1). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure (2-1): Schematic diagram for assessment lipid peroxidation via 

determination the byproduct; malodialdehyde (Luenc J., 1995) 
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Regents: - 

1- 15.51 Trichloroacetic acid (TCA). 

2- 5.6 % Thiobarbutric acid (TBA). 

3- 55 % Trichloroacetic acid.  

 

Procedure: - 

1. Two set of tubes were prepared as follow: 

Reagent Sample Blank 

Serum 155 µl - 

TCA (15.51) 1 ml 1 ml 

TBA (5.61) 1 ml 1 ml 

All tubes were mixed well by vortex, incubated it in boiling water bath 

for (15) minutes, then allowed to cool 

TCA (551) 1 ml 1 ml 

 

2. The mixture was let to stand at room temperature for 25 minutes and 

centrifuged at 455X g for 15 minutes, and the supernatant was taken out 

to read the absorbence of sample at 532 nm by using spectrophotometer 

instrument (type CE1511, CECIL Company, France). 

  

Calculation: - 

       A of sample at 421 mn 

The conc. of MDA  =                                            X D 

               L X ε 

where: 

L = light path (1cm) 

ε = Extinction coefficient (1.56 X 15
5 M

-1 cm
-1) 

D = Dilution factor 

  

 

            1 ml (volume used in reference) 

D=                                                                = 6.5 

   5.15 (volume of the sample) 
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1.4. Determination of Serum Total Homocysteine (tHcy) 

(Pastore et al., 2111; Shanshel et al., 1552) 

 

Regents: - 

Reagents were prepared for total and free thiol concentrations, with 

the exception of the ammonium format nitrate buffer. This solvent was 

prepared by the addition of 3.5 ml of formic acid (M.Wt.= 46.53 gm/mole) 

and 4.5 ml of nitric acid (M.Wt.= 63.51gm/mole) to 1955 ml of HPLC-

grade water followed by the addition of ammonium hydroxide to bring the 

pH to 3.55 HPLC-grade water was used to adjust the final volume to     

2555 ml. 

 

Procedure: - 

All test were performed on serum, which was stored at –25°C until 

HPLC analysis. The separation was carried out on shimadzu LC-6A system 

with two pumps and SCI-6A system controller, 155 µl of sample was 

injected on to shimpack CIC-ODS column (255 X 4.6 mm i.d) protected by 

ODS guard column ( 55 X 4.6 mm i.d ) . A linear gradient from 5.51 M 

format-ammonium nitrate buffer ( pH 4.3 ) and acetonitrile from ( 5- 15.5 % 

in 11 minutes).                                                                                                                              

The Column elutes were monitored by Rf X 15A Fluorescent 

detector operating at an excitation wavelength of 365 nm and an emission 

wavelength of 455nm. The detector coupled to chromatopack CR-2A data 

processor. The peak of homocysteine was separated and the recoveries of 

total homocysteine added to serum were 99.21. 
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      Calibration curve for tHcy analyze was prepared by dissolving 2.5 mg 

of DL-Hcy in 155 ml of 5.1 mol/L of HCl containing 155 mM/L of DTT. 

Calibration curve was established by serial diluting the mixed working 

solution .The linearity of the assays was studied in the 5-255 μmol/L range. 

The calibration curve shows a linear relationship between peak area and 

concentration as shown in Figure (2-2). 

       As well as figure (2-3) shows the chromatogram of homocysteine for 

samples and standard.  

                                                                             

 

 

 

 

 

 

 

 

 

 

 

 

Figure (2-3): Chromatogram of homocysteine samples and standard. 

                      Operating condition: - 

                      Column: Shimpack CIC – ODS (255 x 4.6 mm i.d.) 

                                     Protected by ODSC12 (55 x 4.6 mm i.d.) 

                      Mobile Phase: Acetonitrite + Ammonium format nitrate                          

buffer, pH 4.3.                                                   

Figure ( 2-2 ) :Calibration curve of tHcy against time.
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1.5. Assay the Activity of Serum Superoxide Dismutase (SOD) 

(Winterboun et al., 2194)  

Principle: - 

Ec-SOD activity in serum was determined  using a modified 

Photochemical nitroblue tetrazolium (NBT) method utilizing sodium 

cyanide as peroxidase inhibitor, figure (2-4). 

Photon 

 

Activation of the sensitizing dye (riboflavin) 

 

Exitation state 

 

Oxidation some of the electron donor 

(e.g. methionine, EDTA…. etc.) 

 

Riboflavin   
reduced

     semiquinone 

 

                       O2    reduction         O2
.-
 

 

                                                                   NBT  reduction         insoluble purple 

formazan 

 

                                      Staining the gel animal i.e. no SOD activity 

positions in, which remain colorless: bearing SOD 

Figure (2-4): Schematic diagram showed the of detection SOD activity 

based upon nitroblue tetrazolium stain (Al-Zamely,2551). 
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Regents: - 

1. Working phosphate buffer: 55 mM, pH 5.2 containing (5.1mM) and 

triton x-155 (5.5251). This solution was prepared as follow: 

Solution A: Dipotassium hydrogen orthophosphate (K2HPO4) (55 mM). 

This solution was prepared by dissolving 2.559 gm of K2HPO4 in about 

255 ml deionized water and then total volume is completed to 1 L. 

Solution B: Potassium dihydrogen oryhophosphate (KH2 PO4) (55 mM). 

This solution was prepared by dissolving 6.255 gm of KH2PO4 in about 

255 ml of deionized water, then total volume is completed to 1L. 

Then 255 ml of solution A was mixed with 255ml of solution B, the 

pH was adjusted to 5.2. The working buffer solution was prepared by 

adding 5.5355 gm EDTA, and 5.25 ml of triton x-155 in phosphate buffer 

(55 mM), pH 5.2 and the total volume was completed up to 1L with 

phosphate buffer. 

2- Triton x-155 (11 w/v) in deionized water. 

3- Nitrobluetetrazolium -2HCl (NBT-2HC1 (1.53mM) was prepared by 

dissolving 5.5141gm of NBT -2HCl in small amount of deionized 

water, and then total volume is completed to 15 ml. 

4- L-Methionine solution (5.2M) was prepared by dissolving 5.3 gm of L-

methionine in small amount of deionized water, and then total volume 

is completed to 15 ml. 

5- Sodium cyanide solution (2 mM) was prepared by dissolving 5.511gm 

of sodium cyanide in small amount of deionized water, and then total 

volume is completed to 15 ml. 

6- Riboflavin solution (115 mM) was prepared by dissolving 5.5511gm of 

riboflavin in small amount of deionized water, and then total volume is 

completed to 25 ml. 

5- Reacting mixture solution was prepared by mixing 115.5 ml of reagent 

1; 5.55 ml of reagent 2; 1ml of reagent 3, and 1.25 ml of reagent 4. 
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Procedure: - 

1. Three set of tubs were prepared as follows: 

Reagents Sample Control Blank 

Reacting mixture 3 ml 3 ml 3 ml 

Sodium cyanide 5.54 ml 5.54 ml 5.54 ml 

Serum 5.15 ml - - 

Working buffer solution 5.52 ml 5.65 ml 5.65 ml 

Mix by vortex in a glass test tube 

Riboflavine 5.532 ml 5.532 ml 5.532 ml 

2. All tubes were mixed, and the absorbance of sample and control was 

read immediately at 565 nm by using spectrophotometer instrument 

(model 21, Milton Roy Company, France). 

3. All tubes, except blank test tube, were illuminated for 15 minutes at 

255°C by two fluorescent lamps (25 watts each) incubated in an 

aluminum foil lined box (55 X 55 X 25) cm3 (Al-Zamely, 2551). 

4. At the end of illumination time, the tubs were removed and immediately 

read absorbance at 565 nm. 

5. The standard curve for the inhibition of SSOD enzyme activity was 

prepared by using different volumes of serum from normal person (25, 

45, 65, 25, 155, 125, 165, 255, 245, 265, 355 µl), then repeated the above 

steps, and the absorbance before and after illumination was read at 565 

nm for each volume. 

Calculation: -  

1- Calculated the percentage of enzyme inhibition for different volume of 

serum from normal person by using the following equation  

   /C/ - /T/ 

Inhibition % =                                   X 155 

                 /C/ 
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Where: 

/C/ = absorbance of control after illumination - absorbance of control 

before illumination    

/T/ = absorbance of sample after illumination - absorbance of sample 

before illumination 

2. The standard curve of SOD enzyme was drawn between the percentage 

of enzyme inhibition and the different volume of serum from normal 

individual, figure (2-5). 

 

3. The half of the inhibition was calculated from the standard curve, which 

it is equal to the unit of SOD enzyme, so that 

 

      ½ inhibition = 35.51 

 

 

4. Then the activity of the SOD enzyme can be calculated from the 

following equation: 

 
                                                                     Inhibition % of sample 

Activity of SOD enzyme (U/ml) =                                                                                          
½ of the inhibition% from the standard curve,293 

 

 

 

 

Figure( 2-5 ): Standard curve of superoxide dismutase enzyme.
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1.9. Assay the activity of serum Catalase (CAT) (Aebi, 2193)  

Principle: - 

        Catalase (CAT) activity was determined by the decrease in absorbance 

due to H2O2 consumption (ε = 5.54 mM
-1

  cm
-1

) (Mueller et al., 1995) 

2H2O2       
CAT

        2H2O + O2 

Reagents: - 

1. Phosphate buffer solution: 55 mM, pH 5.5, this solution was prepared as 

follow: 

A- Potassium dihydrogen orthophosphate (KH2PO4) (55 mM). This 

solution was prepared by dissolving 6.21 gm of KH2PO4 (136.59 gm 

/mole) in small amount of distilled water, and then total volume is 

completed to 1L. 

B- Disodium hydrogen orthophosphate  (Na2HPO4)  (32.552 mM). This 

solution was prepared by dissolving 6.9 gm of  Na2HPO4 (141.96 

gm/mole) in small amount of distilled water, and then total volume is 

completed to 1L. 

Then 395 ml of solution A was mixed with 615 ml of solution B, and 

the pH was adjusted to 5.5. 

2. Hydrogen peroxide (H2O2) (35 mM). 

Fresh solution of hydrogen peroxide was prepared by dilution 5.34 ml 

of 351 H2O2 with phosphate buffer to 155 ml. 

Procedure: - 

1. 55 µl of serum was diluted with 5 ml of phosphate buffer solution       

(55 mM), pH 5.5 immediately prior to assay. 

2. Two sets of tubes were prepared as follow:  

Reagents Sample Blank 

Phosphate buffer solution, pH 5.5 - 1 ml 

Diluting serum  2 ml 2 ml 
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H2O2 1 ml - 

The reaction was started by adding hydrogen peroxide (freshly 

prepared), then all tubes were mixed immediately and the initial absorbance 

after 15 seconds (t1) and the final absorbance after (35) seconds (t2) were 

read at 245 nm by using spectrophotometer (model 21, Milton Roy 

Company, France). 

Calculations: - 

Enzyme activity in unit (U) was expressed as the rate constant of 

first reaction (K) is used according to the following equation: 

 Vt  2.3  E1 

K =         X          X log          X 65 

 Vs    Δt  E2 

Where: 

K: is rate constant 

Δt: is (t2 – t1) and it is equal to 15 seconds. 

E1: is the initial absorbance at 15 seconds. 

E2: is the final absorbance at 35 seconds. 

Vt: is total assay volume. 

Vs: is sample volume in the assay mixture. 

1.1. Assay the activity of serum Glutathione S-Transferase (GST) 

(Habig et al., 2193)  

Principle: - 

The activity was determined using 1-chloro-2,4-dintrobenzene 

(CDNB) as substrate, figure (2-6). 
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Figure (2-6): Reaction between 1-chloro-2,4-dinitrobenzene (CDNB) and 

glutathione in the presence of glutathione S-transferase 

(GST) enzyme, (Yildiz & Kurman, 2554). 

Reagents: - 

1. Glutathione solution (29.93 mM).  

This solution was prepared by dissolving 5.592 gm of glutathione 

(355.33gm/mole) in small amount of distilled water, and then total 

volume is completed to 15 ml. 

2. 1-chloro-2,4-dinitrobenzene (CDNB) (22.463mM). 

This solution was prepared by dissolving 5.455gm of CDNB 

(M.Wt=252.55gm/mole) in small amount of ethanol (951), and then 

total volume is completed to 155 ml. 

3. Phosphate buffer solution, pH 6.25. 

This solution was prepared by dissolving 5.4355gm of dipotassium 

hydrogen orthophosphate and 3.565gm of potassium dihydrogen 

orthophosphate in small amount of distilled water, and then total 

volume is completed to 255 ml. Then the pH was adjusted to 6.25. 

Procedure: - 

1. Two sets of tubs were prepared as follow: 

Reagents Sample Blank 

Phosphate buffer pH 6.25 2.5 ml 2.5 ml 

Serum 155 µl - 

Distilled water - 155 µl 

CDNB solution 155 µl 155 µl 

After 3 minutes add GSH solution 155 µl 155 µl 
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2. Then, all tubes were mixed and the absorbance after each 1minuts 

for 15 minutes was read at 345 nm by using spectrophotometer (model 

21, Milton Roy Company, France). 

 

 

Calculation: - 

Enzyme activity was expressed as (U/L) is calculated according to 

the following equation: 

    ΔA/15 x Vt x 1555 

Activity of GST (U/L) =  

                                                 ε x Vs x d 

 

Where: 

ΔA: the difference between the first absorbance at 1st
 minute and tenth 

absorbance at 15th
 minute. 

Vt: the total volume. 

Vs: the sample volume 

ε: extinction coefficient (6.9 mM
-1 cm

-1). 

d: light path (1 cm). 

             ΔA/15 x 3 x 1555 

Activity of GST (U/L) =  

     9.6 x 5.1 x 1 

 

 

1.1. Assay the activity of serum Creatine Kinase (CK) by Using 

Commercially available Kit (Randox-U.K.) 

Principle: - 

Creatine Kinase (CK) utilizes creatine phosphate as substrate to act 

as the initial catalyst for series of reactions resulting in the formation of 
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NADPH as outlined in the coupled enzyme assay to CK activity and it is 

used to reduce nitro blue tetrazolium (NBT), in the presence of diaphorase, 

to give the blue, violet color of diformazan which has an absorption 

maximum around 565 nm. The reaction is stopped by the addition of 

hydrochloric acid. 

 

 

 

                                              

Creatine phosphate + ADP      
CK 

      Creatine + ATP 

                

Glucose  + ATP
              HK

  Glucose-6-phosphate  + ADP 

 

Glucose-6-phosphate + NADP
+       G5p-DH           

Gluconate-6-phosphate
  
+ NADPH 

 

2NADPH + NBT  
      Diaphorase

      Diformazan + 2NADP
+ 

Reagents: - 

1. Buffer /Glucose solution, pH 6.4  

This solution was prepared from imidazaol buffer (5.1mol/L), glucose 

(25 mm/L), magnesium acetate (15 mm/L), EDTA (2.5mm/L), and   NBT 

(5.53mm/L) 

2. Color Reagent 

This solution was prepared from ADP (1.1mm/l), AMP (4.5mm/L), 

diadenosine (15.63 mM/L), NADP (5.2mm/L), creatine phosphate (25 

mm/L), glutathione (12mm/L), hexokinase (HK)(2555U/L), glucose 6- 

phosphate dehydrogenase(G6P-DH)(1555U/L), and diaphorase 

(2555U/L) 

3. Hydrochloric acid, (5.1N). 

4. Standard of creatine kinase (122 U/L)  
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Procedure: - 

1. Four sets of tubes were prepared as follow: 

Reagents Sample Standard 
Reagent 

blank 

Sample 

blank 

Color reagent solution 5.5 ml 5.5 ml 5.5 ml 5.5 ml 

All tubes were incubated for (3) minutes at 35°C 

Serum 5.55 ml - - - 

Standard - 5.55 ml - - 

Distilled water - - - 5.55 ml 

All tubes were incubated for (15) minutes at 35°C 

HCl 5.1 N 5 ml 5 ml 5 ml 5 ml 

Serum - - - 5.55 ml 

 

The absorbance of the sample (A sample), standard (A standard), and 

sample blank (A sample blank) were measured against the reagent blank at 565 

nm by using spectrophotometer (type CE1511, CECIL Company, France). 

Calculation: - 

                                         A sample- A sample blank  

CK activity in sample =                                          X Conc. of standard 

                                         A standard 

Concentration of standard =122 U/L 

1.25.   Determination of Serum Glutathione  

        (Burtis & Ashwood, 2111) 

Principle: - 

5,5-Dithiobis (2-nitrobenzoic acid) (DTNB) is a disulfide chromogen 

that is readily reduced by sulfhydryl group of GSH to an intensely yellow 

compound. The absorbance of the reduced chromogen is measured at 412 

nm and is directly proportional to the GSH concentration, figure (2-5). 
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Figure (2-5): Reaction between glutathione (GSH) and 5,5-Dithiobis        

(2-nitrobenzoic acid) (DTNB) ( Sedlak & Lindsay, 1962). 

 

Reagents: - 

1. 41 5-sulfosalicylic acid. 

2.  5.1mM Ellman’s reagent was prepared from DTNB (5-5-dithiobis (2-

nitrobenzoic acid).; M.Wt = 396.3 gm/mole) in phosphate buffer pH 2. 

3. Phosphate buffer pH 2 (this solution was prepared by a mixture of 5.6 M 

KH2PO4, and 5.2M Na2HPO4). 

4. 5mM Glutathione standard solution was prepared by dissolving 

5.5153gm of glutathione (M.Wt.=355.33) in small amount of distilled 

water, then total volume is completed to 15 ml. 

Procedure: - 

1. Two sets of tubes were prepared as follow: 

Reagent Sample Blank 

Serum 155 µl - 

41 5-sulfosalicylic acid 155 µl 155 µl 

sample test tube was mixed, and centrifuged at 455 X g at 4°C for (5) minutes, 

then: 

Supernatant 155 µl - 

Ellman’s Reagent 4.5 ml 4.5 ml 

All tubes were mixed, and the absorbance of sample was read at 412 nm 
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by using spectrophotometer instrument (type CE 1511, CECIL 

Company, France). 

2. The calibration curve of glutathione was prepared from dilution the 

glutathione standard solution in distilled water to prepare the following 

concentration: 1, 5, 15, 25, 35, 45, 55, 155, 255, 355, 555 µM, then the 

above steps were repeated and the absorbance was read at 412nm for 

each concentration. 

 

 

 

Calculation: - 

The calibration curve of glutathione was drawn between absorbance 

and different concentration of glutathione, then concentration of serum 

glutathione of sample was calculated from it, figure (2-2). 

 

      There is another way to calculate the concentration of serum 

glutathione by using the following equation: 

Figure(2-8): Calibration curve of Glutathione (GSH).
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                     A of sample  

The concentration of GSH =  

                                 ε  x  L 

 

Where: 

ε = Extinction coefficient (13655 M
-1

 cm
-1

) 

L = Light path (cm). 

 

 

 

1.22.   Determination of Serum Antioxidant Vitamins 

1.22.2. Determination of Serum Vitamin (E) by HPLC 

Technique (Vatassery et al., 2112 cited in Salman, 1552) 

Reagents: - 

1. Antioxidant Solution: 

This solution was prepared by dissolving 15 gm of ascorbic acid and 5.1 

gm of pyrogallol in small amount of ethanol and distilled water in 

proportional (1:9), then total volume is completed to155 ml. 

2. Standard Solution of Vitamin E: 

This solution was prepared by dissolving 5.51 gm of tochopherol acetate 

in small amount of hexane then total volume is completed to 155 ml. 

3. The mobile phase contains 991 of hexane and 11 of distilled water. 

Procedure: - 

1. 2 ml of antioxidant solution was added to 155 μl of serum. 

2. The above solution was mixed well and dried by nitrogen gas. 
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3. 155 μl of hexane was added, mixed well and centrifuged, then the 

supernatant was taken out. 

4. It was dried again by nitrogen gas, then 5.5 ml of chloroform and 

methanol mixture in proportional (1:2) was added. 

5. The supernatant was injected onto silica column (255 x 4.6 mm i.d.), 

flow rate 2 ml / min. 

6. The column elutes were monitored by UV spectrophotometer at 225 

nm. 

5. The concentration of serum vitamin E was expressed as µmol / L. 

2. 2 ml of standard solution of vitamin E (5.51 gm/dl) was injected onto 

silica column flow rate 2ml/min., then the column elutes were monitored by 

UV spectrophotometer at 225 nm, figure (2-9). 
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1.22.1. Determination of Serum Vitamin A by HPLC Technique (Chow    

& Omaye, 2112 cited in Salman, 1552) 

Reagents: - 

1. Standard Solution of Vitamin A 

This solution was prepared by dissolving 55 gm of retinyl-palmitate in 

small amount of hexane, then total volume is completed to 55 ml. 

2. Methanol 991 was represented the mobile phase. 

 

 
 

 

Procedure: - 

1. 255 µl of serum was pipette into test tube, and a mixture of 

chloroform and methanol (1:2) was added for test tube. 

Figure(1-

1): 
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2. The above mixture was mixed well and centrifuged at 1555 X g for 

15 minutes, then the chloroform was taken out. 

3. 155 µl of chloroform phase was mixed with 155 µl of standard 

solution of vitamin A, then injected on to ODSC12 column, flow rate 1 

ml / minutes. 

4. The column elutes were monitored by UV spectrophotometer at 335 

nm. 

5. The concentration of vitamin A was expressed as μmol/L. 

6. 255 ml of standard solution of vitamin A (155 mg/dl) was injected 

onto ODSC12 column, flow rate 1 ml/min., and the elutes were 

monitored by UV spectrophotometer at 335 nm, figure (2-15). 

 

Figure (1-25): 
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1.22.2. Determination of Serum Vitamin C by HPLC Technique (Rose 

& Nahrwold, 2112 cited in Salman, 1552) 

Reagents: - 

1. Perchloric acid solution (5.35 mol/L).  

This solution was prepared by taking out 5 ml of concentrated 

perchloric acid, and the volume was completed to 1L with distilled 

water. 

2. Mobile Phase 

This solution was prepared by dissolving 1.522gm of sodium acetate 

trihydrate and 5.2gm of disodium EDTA in small amount of distilled 

water, then total volume is completed to 1L. The pH was adjusted to 6.5 

by glacial acetic acid, then filtered with 5.45 µm milliporfilter. 

3. Standard Solution of Vitamin C: 

This solution was prepared by dissolving 55 mg of ascorbic acid in 55 

ml of perchloric acid and EDTA mixture (prepared by dissolving 155 

mg of EDTA in small amount of distilled water, then total volume is 

completed to 1L) and addition of 4.3 ml of concentrated perchloric acid. 

Procedure: - 

1. 5.5ml of perchloric acid solution was added (5.36 mole/L) to 5.5ml of 

serum. 

2. The above solution was mixed well, then centrifuged at 1955 X g for 

1 minute. 

3. 25 µl of supernatant was taken out, and injected on to ODSC12 

column, flow rate 1ml/minute. 

4. The column elutes were monitored by UV spectrophotometer at 254 

nm. 
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5. The concentration of vitamin C was expressed as μmol/L. 

6. 5.5 ml of standard solution of vitamin C (155 mg/dl) was injected 

onto ODSC12 column, flow rate 1 ml/min., and the column elutes were 

monitored by UV spectrophotometer at 254 nm, figure (2-11) 

1.21. Determination of Serum Trace Element 

1.21.2. Determination of Serum Iron by Using Commercially 

Available Kit (Randox – UK) 

Principle: - 

Ferric iron is dissociated from its carrier protein, transferrin, in an 

acid medium and simultaneously reduced to the ferrous form. The ferrous 

iron is then complexed with the chromogen, a sensitive iron indicator, to 

reduce blue chromophore, which absorbs maximally at 595nm. 

Reagents: - 

1. Chromogen, 22.2 mmol/L. 

Figure (1-22): 
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It was prepared from feren(3-(2-pyridyl)–5,6-bis(5–sulfo–2–furyl)–

1,2,4–triazine, disodium salt hydrate) 

2. Reductant (ascorbic acid) 1.3mol/L. 

3. Acetate buffer solution, 5.525mol/L, pH 4.65. 

It was prepared from dimethyl sulphoxide and sodium azide. 

4. Standard was prepared from ferric sulfate 35μmol/L. 

Procedure: - 

1. Three sets of tubs were prepared as follows: 

Reagents Reagent blank Sample Standard 

Buffer solution, pH 4.65 2.5ml 2.5ml 2.5ml 

Reductant, 1.3 mol/L 5.1ml 5.1ml 5.1ml 

Double distilled water  5.5ml - - 

Standard, 35.2 μmol/L - - 5.5ml 

Serum - 5.5ml - 

All tubes were mixed, and the initial absorbance of the sample and of the 

standard were read at 595 nm against the reagent blank by using 

spectrophotometer (type CE 1511, CECIL Company, France). 

Chromogen, 22.2 mm/L 5.1 ml 5.1 ml 5.1 ml 

2. Then, all tubes were mixed, and incubated for 5 minutes at 25 – 25°C. 

The final absorbance was read against reagent blank. Initial absorbance was 

subtracted from final absorbance to give ΔA for sample and standard. 

Calculation: - 

ΔA = A2 – A1 

     ΔAsample  

Concentration of Iron (μmol/L) =                           X Conc. Of standard 

     ΔAstandard  

Where the concentration of standard is 35.5 μmol/L. 

1.21.1. Determination of Serum Copper by Using Commercially 

Available Kit (Randox – UK) 
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Principle: - 

Copper is an essential trace element in human nutrition and a 

component of many metalloenzymes. At pH 4.5 copper, which is bond to 

ceruloplasmin, is released by reducing agent, it then reacts with a specific 

color reagent, 4(3,5-Dibromo-2-pyridylazo)-N-Ethyl-N-(3-Sulphopropyl) 

aniline, to form a stable, colored chelate.  

Reagents:- 

1. Acetate buffer solution (5.2 mm/L), pH 4.5. 

2. Chromogen (5.2 mm/L): It was prepared by dissolving 4-(3,5-

Dibromo-2-pyridylazo)-N-Ethyl-N-(3-sulphopropyl) aniline in acetate 

buffer, pH 4.5. 

3. Ascorbic acid (1.3 mol/L). It was prepared by dissolving 4.222 gm of 

ascorbic acid with 25 ml of acetate buffer, pH 4.5. 

4. Standard was prepared from copper sulfate (31.5 μm/L) 

Procedure: - 

1. Three sets of tubes were prepared as follows: 

Reagents Reagent Blank Standard Sample 

Double distilled water  65 µl - - 

Serum - - 65 µl 

Standard (31.5 μm/L) - 65 µl - 

Ascorbic acid (1.3 mol/L) 1555 µl 1555 µl 1555 µl 

All test tubes were mixed, and allowed to stand for 65 seconds at 35°C. 

The initial absorbance (A1) of sample and standard were read at 525nm 

against the reagent blank by using spectrophotometer (type CE 1511, 

CECIL Company, France). 

Chromogen (5.2mm/L) 255 µl 255 µl 255 µl 

2. Then, all tubes were mixed, incubated for 5 minutes at 35°C and the 

final absorbance (A2) was read against reagent blank. 
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Calculation: - 

     ΔAsample  

Concentration of copper (μmol/L) =                          X Conc. Of standard 

      ΔAstandard 

Where: 

ΔAsample: refers to (A2 – A1) of sample 

ΔAstandard: refers to (A2 – A1) of standard 

Concentration of standard is 31.5 μmol/L. 

1.21.2. Determination of Serum Zinc by Atomic Absorption 

Technique (Burtis & Ashwood, 2111) 

Principle: - 

Zinc is essential trace element, and deficiencies cause profound 

clinical consequences. The determination of sample or serum zinc 

concentration by atomic absorption spectrophotometer (AAS) is the 

simplest and analytically most reliable test for the routine assessment of 

zinc. In AAS, the element is merely dissociated from its chemical bonds 

and place in an unexcited or ground state (neutral atom). Thus, the neutral 

atom is at a low energy level in which it is capable of absorbing radiation at 

a very narrow band width corresponding to its own line spectrum. 

Procedure: - 

1. Different concentrations of working zinc standard solutions were 

prepared from stock zinc sulfate solution (5 mg/L) to be used for 

drawing the standard curve of zinc. 

 

2. The standards, samples, and quality control specimens were diluted 

5-fold with distilled water. They were mixed well and taken for the 
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measurement of zinc concentration at 213.9 nm by using atomic 

absorption spectrophotometer (Buck model scientific 215 UGP). 

1.21.3. Determination of Serum Chromium by Atomic 

Absorption Technique (Burtis & Ashwood, 2111) 

Principle: - 

Chromium (Cr
+3) is an essential trace element for animals and 

humans. The commonly used instrumental technique for determination 

chromium in biological specimens is AAS. 

Procedure: - 

1. The working standards, samples were diluted and taken out 15 µl of 

diluted solutions, which were aspirated directly to the flame and 

measurement of chromium concentration at 355.9nm by using atomic 

absorption spectrophotometer (Buck Model Scientific 215 UGP).  

2. Different concentrations of working chromium standard solutions 

were prepared from stock chromium chloride solution (1mg/ml) to be 

used for drawing the standard curve of chromium. 

1.21.4. Determination of Serum Selenium by Flameless Atomic 

Absorption Spectrophotometer (FAAS) (Burtis & 

Ashwood, 2111) 

Principle: -  

Atomic absorption measurement suffers from physical, chemical, 

and spectral interference, which can significantly affect accuracy if they are 

not adequately overcome. In order to overcome these problems using 

FAAS technique to determination of selenium, with Zeeman effect 

background correction. However selenium deficiency can be determined by 

measuring it by using FAAS, Shimadzu AA-625. Oven thermostat is put at 



99 

2555°C for 3 seconds (atomization temperature) and 2255°C for 3 seconds 

(cleaning temperature); the instrument is equipped with a heated graphite 

furnace model HGA 2255. Argon gas (99.9991 purity) was used as purge 

gas at a flow rate of 55 ml/min argon gas flow was maintained continuously 

through drying and charring steps and the gas stop mode was used during 

atomization stage. Lamp special for selenium with wavelength 196 nm. 

Procedure: - 

 The standards and samples specimens were diluted 2-fold with deionized 

water, and taken out 15 µl of diluted solutions, which were dispensed into 

graphite furnace. Standard solutions of selenium (5.45, 5.35, 5.35, 5.25, 

5.25, 5.15, and 5.15) µmol/L were prepared from H2SeO3 and analyzed 

sequentially. 

1.22. Statistical Analysis 

The data were analyzed by using student’s T-test taking P < 5.55 as 

the lowest limit of significant of difference and simple linear correlation 

between two quantitative parameters, and correlation considered significant 

at P < 5.55. 
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1.3. Sampling characteristics 

One hundred patients with DM (55 with type 1 DM, and 55 with type 

2 DM), and 55 healthy individuals served as control were enrolled in the 

present study. Table (3-1) shows the demographic sampling characteristics 

of the study. 

Table (1-3): The demographic sampling characteristics of the study. 

The characteristics 
Type 3  

No.=05 

Control 

No.=50 

Type 5 

No.=05 

Control 

No.=50 

Age (mean ± SE) 32.53 ± 2.322 22.54 ± 

1.146 

51.24 81.223 42.54 ± 1.255 

Duration of DM 

(mean ± SE) 

15.364 ± 

1.344 

- 5.616 ± 

5.346 

- 

Family history (No.) 12 - 33 - 

Smokers (No.)  

Non-smokers (No.) 

11 

34 

11 

14 

12 

33 

13 

12 

Males (No.) 

Females (No.) 

32 

13 

21 

54 

23 

22 

12 

53 

1.5. Age 

The mean age + SE of patients with type 1 DM was (32.53 + 

2.322 years vs 22.54 + 1.146 years of control), while in type 2 DM was 

(51.24 + 1.223 years vs 42.54 + 1.255 years of control). There was no 

significant difference in age of control and diabetic patients with type 1 

DM and type 2 DM as shown in table (3-1). 

1.1. Duration of DM disease 

The mean + SE of duration of DM was (15.364 + 1.344 years) in 

patients with type 1 DM, while in type 2 DM was (5.616 + 5.346 years). 

1.3. Assessment of reactive oxygen species 
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The assessment of generation of reactive oxygen species (ROD) in 

DM disease was achieved via determining the level of total homocysteine 

(tHcy), and MDA; the end product of lipid peroxidation as shown in table 

(3-2). 

                   Table (1-5): Results of specific biochemical tests in serum of patients 

with type 3 or type 5 DM and control  . 

 MDA (μmol/L) tHcy (μmol/L) 

T
y

p
e 

3
 D

M
 

N
o

.=
0

5
 

Mean±SE ±5.1.7  5.500  ±5.707  5.1.3 

SD 5.1.7 5.707 

Range 5.170 – 3.050  33.00 – 50.50  

.
0

%
 C

.I
. Lower 5.70. 3..053 

Upper 3.507 55..10 

C
o

n
tr

o
l 

n
o

.=
5

0
  

mean±SE 

 

5.370 ± 5.513 

 

35.733± 5.3.7 

P-

Value 
 S S 

T
y

p
e 

5
 D

M
  
 

N
o

.=
 0

5
 

mean±SE 5..37±  5.101  53..7± 5.1.0 

SD 5.503 5.7.. 

Range 5.171 – 3.73  37.3 – 15.33  

.
0

 
%

C
.I

. Lower 5.701 53.157 

Upper 3.511 55.011 

C
o

n
tr

o
l 

N
o

.=
5

0
  

mean±SE 

 

5.030±5.55. 

 

35.011±5.373 

P- 

Value 
 S S 

1.3.3. Lipid Peroxidation  

Dien Conjugation (DC) and thiobarturic acid reactive species 

(TBARS) are widely used as indicators of lipid peroxidation. DC is a 

measure of early events of lipid peroxidation reactions whereas TBARS 

measure end products of lipid peroxidation; MDA, (Vasankari et al., 1445). 



7. 

In this work, there was significant difference in malondialdehyde 

(MDA) levels between controls and diabetic patients (with type 1, and type 

2 DM) P < 5.55, but there was no significant difference between type 1 DM 

and type 2 DM. Therefore serum MDA levels in patients with type 1, and 

type 2 DM are higher than control by 1.431 and 1.234 times of control levels 

respectively, figure (3-1), table (3-2). 

          Elevated levels of lipid peroxidation products in serum of diabetic 

subjects and rats have been shown in several studies (Dominguez et al., 

1443; Al-Mashhadani, 2555; Salman, 2551; Marra et al., 2552; Hadwan, 

2555). The results of this study indicated that serum MDA levels are 

elevated in diabetic patients. Higher levels of MDA is associated           

with reduced of antioxidant activity and increased oxidative stress 

(Marangon et al., 1443; Al-Zamely, 2555; Al-Mashhadani, 2555; Sahin et 

al., 2551). Low density lipoprotein particles has 2255 molecules of free fatty 

acids, half of which is PUFA which is a highly susceptible substrate for 

free radical reaction to form ashort-chain aldehyde such as 

malondialdehyde, therefore elevated level of MDA might increase 

susceptibility of diabetic patients to premature atherosclerosis, which may 

be due in part to increased oxidizability of LDL. 

 

 

Figure(3-1): Level of malondialdehyde (MDA) in 

serum of healthy control and patients with type1 

and 2 diabetes mellitus (DM) disease.The values 

are the mean + SE.
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1.3.5. Total Homocysteine (tHcy) Level 

In plasma, about 355 of homocysteine is bound to proteins 

(especially albumin), the remainder being present in a free form, either as a 

disulphide with itself or cysteine, or as reduced homocysteine itself. 

Usually the sum of these fractions is measured in the laboratory and called 

serum tHcy concentration. 

Hyperhomocysteinemia (elevated level of tHcy) plays an extremely 

important role for additional oxidative-redox stress regarding the 

accelerated cardiovascular complications in diabetic patients (Fodinger et 

al., 1442). There is no obvious direct biochemical link between methionine-

homocysteine metabolism and glucose/carbohydrate metabolism other than 

insulin induced protein synthesis, which may decrease serum methionine 

level (Zinneman et al, 1466). Therefore, elevated level of tHcy may be 

associated with insulin deficiency that leads to enhanced homocysteine 

catabolism in the liver, a phenomenon that was reversible upon insulin 

administration (Jacobs et al, 1443). As well as elevated level of tHcy in 

diabetic patients may be associated with low folate levels or cobalamin 

concentration or renal dysfunction as one of diabetic complications 

probably also contributes to the higher homocysteine levels (VanGuldener 

et al., 2551). Presence of hyperhomocysteinemia (HHcy) may be a 

predictor for the development of DM (Hayden & Tyagi, 2554). Therefore, 

there is an interrelationship between Hhcy and DM and/or it its 

complications (Smulders et al., 1444). 

As shown in table (3-2), the mean ± SE of serum tHcy levels in 

patients with type 1 DM was (25.23 ± 5.341 μmol/L vs 15.241 ± 5.142 

μmol/L of control), while in patients with type 2 DM was (21.425 ± 5.345 

μmol/L vs 15.633 ± 5.455μmol/L of control). There was significant elevation 

in serum tHcy levels of diabetic patients (with type 1 and type 2 DM) by 

about 555 from control, P < 5.55, figure (3-2). 
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Several studies pointed out elevated levels of serum tHcy in diabetic 

patients and suggested that homocysteine (Hcy) shows stronger 

relationship with cardiovascular complications and death in patients with 

diabetes than in non-diabetes. 

1. The mortality risk associated with HHcy is about 2 times 

stronger    in diabetics than in non-diabetics (Hoogeveen et al., 

2555). 

2. The association between retinopathy and HHcy is much 

stronger in patients with diabetes compared to subjects 

without diabetes (Hoogeveen et al., 2555). 

3. Despite similar plasma Hcy levels, a strong correlation 

between the extent of coronary abnormalities and plasma Hcy 

level is found in diabetics, while this relationship is not 

significant in non-diabetics. (Okada et al., 1444). 

 

 

 

 

 

Figure(3-2): Level of total homocystiene (tHcy) in 

serum of healthy control and patients with type 1 and 

2 diabetes mellitus (DM) disease.The values are the 

mean + SE.
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1.0. Assessment of Scavenger System 

The results of this study indicate the percentage (%) of antioxidant 

that assessed in this study table(3-3),(figure 3-3). 

Table (1-1): Percentage of antioxidants that assessment in this study 

for diabetic patients (with type 3 or 5 DM), and control.  

Antioxidants % 

Type 3 

DM 

Control Type 5 

DM 

Control 

SOD 

CAT 

CK 

GST 

GSH 

Vitamin E 

Vitamin A 

Vitamin C 

Zinc 

Chromium 

Selenium 

31.54 

4.25 

22.65 

32.55 

14.43 

15.41 

16.22 

16.25 

14.24 

12.26 

25.16 

25.55 

34.23 

25.24 

25.21 

33.35 

32.44 

24.44 

31.25 

24.25 

32.32 

24.62 

26.45 

12.22 

21.25 

22.15 

14.44 

16.63 

14.11 

12.62 

25.43 

13.55 

25.56 

25.46 

34.25 

35.41 

25.64 

31.33 

34.42 

34.13 

33.33 

24.43 

31.32 

24.61 

 

 

 

 

 

 

 

 

 

 

Figure(3-3): Percentage of total antioxidants in serum of healthy 

controls and patients with diabetes mellitus (DM) disease. 1:GSH, 

2:Vit.E, 3: Vit.A, 4:Vit.C, 5:Zinc, 6:Selenium, 7:Chromium, 8:SOD, 

9:CAT, 10:GST, 11:CK.
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The results obtained in the present study confirmed tha diabetic 

patients were presented with depletion of scavengers in a sequence 

compatible with those reported in any disease related to the oxidative stress 

syndrome in humans. Figure (3-4) demonstrates that antioxidants are 

depleted from serum at different rates upon exposure to oxidative stress in 

both type 1 and 2 DM, with catalase (CAT) activity being depleted first, 

followed by glutathione (GSH), then α-tocopherol, ascorbate, chromium, 

vitamin A, zinc, selenium, and lastly CK activity. 
 

 

Superoxide dismutase (EC-SOD) 

 

Glutathione S-transferase (GST) 

 

Oxidative Stress 

 

Catalase (CAT) 

 

Glutathione (GSH) 

 

Vitamin E 

 

Vitamin C 

 

Chromium (Cr) 

 

Vitamin A 

 

Zinc (Zn) 

 

Selenium (Se) 

 

Creatine kinase (CK) 
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Figure (1-3): Depleted of serum antioxidants at different rat upon exposure to 

oxidative stress in patients with type 3 and 5 DM. 

1.0.3. Enzymatic Antioxidants 

Table (3-4) shows the levels of some antioxidant enzyme. 

Table (1-3): Levels of several enzymatic antioxidants in serum of 

patients with type 3 or type 5 DM and control. 

 SOD 

(U/ml) 

CAT 

(K/ml) 

CK 

(U/L) 

GST 

(U/L) 

T
y

p
e 

3
 D

M
 

N
o

.=
0

5
 

Mean±SE 3.001 ± 5.51. 5.171±    5.535  307.00±1.7.7 3.713±   5.3..  

SD 5.570 5.573 57.005 3.331 

Range 5.07. –5.770  5.573 – 5.0.0  70 - 50.  5.5 – 7.0.  

.
0

 
 %

C
.I

. Lower 3.377 5.100 305.55. 1.500 

Upper 3.037 5.355 370.5.5 0.503 

C
o

n
tr

o
l 

N
o

.=
5

0
  

Mean±SE 

 

3.535±    5.503  

 

3.050 ±  5.505  

 

3.5 ±  0..00  

 

5..77 ±  5.503  

P-

Value 
 S S S S 

T
y

p
e 

5
 D

M
  
  
  

N
o

.=
 0

5
 

Mean±SE 3.157 ±  5.557  5.050 ±  5.537  307.05 ±  1.550  3.533  ±   5.3.7  

SD 5.3.7 5.311 53.355 3.1.7 

Range 5.317 – 5.050  5.115 – 5.770  70 - 373  5.15 – 7.0.3  

.
0

  
%

C
.I

. Lower 3.573 5.370 301.337 1.071 

Upper 3.171 5.017 301.0.5 3.130 

C
o

n
tr

o
l 

N
o

.=
5

0
  

Mean±SE 

 

3.515 ±  5.515  

 

3.050  ±  5.50.  

 

550.7 ±  0.005  

 

1.501 ±  5.511  

P- 

Value 
 S S S S 

 

1.0.3.3. Extracellular Souperoxide Dismutase (Ec-SOD) Activity. 

The primary natural defense against free radicals is to prevent their 

formation by various enzymes, especially SOD, which is regulating 

superoxide anion (O2

.-
) levels in catalyzing the dismutation of O2

.-
 to H2O2 

(Frank et al., 2555). The activity of Cu/Zn-SOD increases in many disease 
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causing oxidative stress (Knight, 1444). Therefore, several studies pointed 

out high levels of Ec-Cu/Zn-SOD activity in diabetic patients (with type 1 

 

 and type 2 DM) (MacRury et al., 1443; Adochi et al., 1446; Dominguez et 

al., 1443; Hristosozova et al., 2555; Salman, 2551). 

The activity of Ec-Cu/Zn-SOD is measured by the degree of 

inhibition of reaction between nitrobluetetrazolume and superoxide anion 

(O2

.-
) that is generating during illumination of  riboflavin in the presence of 

electron donor substance (Winterboun et al., 1425). However, as seen in the 

present study, there is a significant increase in serum Cu/Zn-SOD activity 

levels in patients with type 1 and type 2 DM, P < 5.55, figure (3-5). Table 

(3-4) shows the mean ± SE of serum Cu/Zn-SOD activity in patients with 

type 1 DM was (1.553 ± 5.534 U/ml vs 1.512 ± 5.554 U/ml of control), while 

type 2 DM was (1.322 ± 5.522 U/ml vs 1.532 ± 5.535 U/ml of control). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The results of this study reports that high levels of serum Cu/Zn-

SOD activity in diabetic patients are indicating to the presence of high level 

of superoxide anion (O2

.-
), which represents an indicator to high degree 

oxidative stress in those patients, therefore increased amounts of substrate 

of O2

.-
 this results in a stimulant to increase synthesis of serum Cu/Zn-SOD 

Figure(3-5): Level of superoxide dismutase (SOD) in 

serum of healthy controls and patients with type1 

and 2 diabetes mellitus (DM) disease.The values are 

the mean + SE.
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in diabetic patients and may protect against free radicals damage 

(Hristosozova et al., 2555). 

1.0.3.5. Catalase (CAT) Activity 

CAT is a hydrogen peroxide decomposion catalyzing enzyme mainly 

localized to peroxisomes or microperoxisomes (Atalay & Laaksonen, 

2552). Therefore, measurement of CAT could be a valuable biomarker for 

the generation of H2O2 and the degree of oxidative stress (Mueller et al., 

1442; Banerjee et al., 2552). 

In this study, the results reported that measurement of serum CAT 

activity in diabetic patients represents the powerful indicator to evaluation 

of the oxidative stress. However, there was a significant reduction in serum 

CAT activity levels of diabetic patients (with type 1 and type 2 DM) than 

controls, P < 5.55, figure (3-6), therefore the mean ± SE of serum CAT 

activity levels in patients with type 1 DM was (5.333 ± 5.515 K/ml vs 1.626 

± 5.562 K/ml of control), while in patients with type 2 DM was (5.556 ± 

5.513 K/ml vs 1.625 ± 5.554 K/ml of control), table (3-4), these found results 

were in agreement with a great number of previous publications   (Ou & 

Wolff, 1444; Szaleczky et al., 1444; Hristosozova et al., 2555; Atalay & 

Laaksonen, 2555). 

  

Figure(3-6): Level of catalase (CAT) activity in 

serum of healthy controls and patients with type1 

and 2 diabetes mellitus (DM) disease. The values 

are the mean + SE
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The present results indicate that decrease levels of serum CAT 

activity in diabetic patients may be due to hyperglycemia that causes 

degradation of peroxisomes (Hristtosozova et al., 2555) or may be due to 

inactivation of the enzyme CAT that may occur through glycation 

governed by prevailing glucose concentration. Thus increased glycation in 

diabetics and subsequent reactions of proteins may effect amino acids close 

to the active site of the enzyme or disturb the stereochemical configuration 

and causes structural and functional changes in the molecules (Rahbani et 

al., 1444). Furthermore decline levels of serum CAT activity is a good 

indicator to high concentration of hydrogen peroxide (H2O2) in diabetics 

that increases oxidative stress and diabetic complications. 

 

1.0.3.1. Glutathione S-Transferase (GST)Activity 

GST is an antioxidant enzyme that catalyzes the reaction between 

reduced glutathione (GSH) and drugs, xenobiotics and other toxic 

compounds, rendering them more water soluble and finally exerted from 

the body (Coughlin & Hall, 2552). Previous studies have shown that some 

chemical compounds, which augments oxygen products, have generated 

toxic effect such as many drugs and xenobiotics, which contain quinone 

groups cause free radical. The metabolism of quinone compounds includes 

formation of semiquinone radical. This radical reduces the molecule 

oxygen immediately, the superoxide anion (O2

.-
) comes into existence and, 

following that other ROS are generated (Mayesca & Holden, 1445; Kanbak 

et al., 1446; Inal & Kanbak, 1442). However, most studies have reported 

increased levels of serum GST activity contributed to the increased 

oxidative stress found in type 1 and type 2 DM subjects (Ioannides et al., 

1445; Salman, 2555;  Mari & Cederbaum, 2551; Raza et al., 2554). 
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          The results of this study indicate a significant difference was 

observed in serum GST activity levels between control and diabetic 

patients (with type 1 and type 2 DM), P < 5.55, figure (3-2).  

 

Thus the mean ± SE of serum GST activity levels of patients with 

type 1 DM was (4.231 ± 5.144 U/L vs 2.433 ± 5.551 U/L of control), while in 

patients with type 2 DM was (4.514 ± 5.142 U/L vs 3.553 ± 5.533 U/L of 

control), table (3-4), this higher levels of serum GST activity in diabetic 

patients may be due to increased synthesis of this enzyme under oxidative 

stress to protect the body from toxic compounds (Delmas et al., 1446). 

4.1.5.3. Creatine Kinase (CK) Activity 

Serum CK activity is an indicator commonly used in the diagnosis of 

heart and skeletal muscle disorder (Gunst et al., 1443). Several studies 

pointed out that levels of serum CK is decreased in diabetic patients and 

suggested that decreased levels of serum CK may contribute to diabetic 

cardiomyopathy complications (Popovich eal., 1434; Popovich et al., 1441; 

Hadwan, 2555). 

 

 

Figure(3-7): Level of glutathione S-transferase (GST) 

activity in serum of healthy control and patients with 

type1 and 2 diabetes mellitus (DM) disease. The values 

are the mean + SE.
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In this work, serum CK activity in diabetic patients (with type 1 and 

type 2 DM) was significantly lower than controls activity, P < 5.55, figure 

(3-3). The mean ± SE of serum CK activity levels of patients with type 1 

DM was (163.56 ± 3.342 U/L vs 142 ± 5.455 U/L of control), while in 

patients with type 2 DM was (153.52 ± 3.526U/L vs 226.3 ± 5.662 U/L of 

control), table (3-4). 

Serum CK is a protein contain thiol groups that is particularly 

susceptible to oxidation (Reddy et al., 2555), therefore decreased the 

activity of serum CK results from the oxidation of the essential –SH group 

of CK by ROS that generated in diabetic patients because prolonged 

exposure to hyperglycemia and inducing an inactivation of the enzyme 

(Mekhfi et al., 1446). 

 

 

 

Figure(3-8): Level of creatine kinase (CK) activity in 

serum of healthy control and patients w ith type1 and 2 

diabetes m ellitus (DM) disease. The values are the m ean 

+ SE.
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1.0.5. Non-Enzymatic Antioxidants 

Table (3-5) shows the levels of some non-enzymatic antioxidants. 

Table (1-0): Levels of several non-enzymatic antioxidants in serum of 

patients with type 3 or type 5 DM and control  . 
 GSH 

(μmol/L) 

Vitamin E 

(μmol/L) 
Vitamin A 

(μmol/L) 
Vitamin C 

 (μmol/L) 

T
y

p
e 

3
 D

M
 

N
o

.=
0

5
 

Mean±SE 5.001±5.557 1.30±5.75 3.535±5.577 1.305±5.30

0 

SD 5.3.1 5.07 3.535 3.375 

Range 5.37 – 3.53  3..7 – 3.550  5.51 – 5.10  3.5 – 0.30  

.
0

 %

C
.I

. 

Lower 5.057 1.551 3.500 1.370 

Upper 5.0.7 1.5.7 3.107 1.75. 

C
o

n
tr

o
l 

N
o

.=
5

0
  

Mean±SE 

 

3.300±5.

575 

 

0.003±5.555 

 

5.301±5.335 

 

0.013 

±5.535 

P-

Value 
 S S 

 

S S 

T
y

p
e 

5
 D

M
 

N
o

.=
 0

5
 

Mean±SE 5.775±5.

533 

1.135±5.350   3.173±5.575 1.035±5.33

7 

SD 5.5.0 5.705 5.073 3.501 

Range 5.37 – 3..  3.007 – 5.07  5.530 – 5.07  3.7 – 0.73.  

.
0

 
%

C
.I

. Lower 5.751 1.331 3.530 1.1.1 

Upper 5..35 1.3. 3.030 1.7.3 

C
o

n
tr

o
l 

N
o

.=
5

0
  

Mean±SE 

 

3.1.5±5.

505 

 

0.713±5.51. 

 

5.375±5.353 

 

0..73±5.53

7 

P- 

Value 
 S S S S 

1.0.5.3. Glutathione (GSH) Level 

        Serum GSH plays a central role in antioxidant defense (Sen & 

Hanniuen, 1444; Meister, 1445). GSH detoxifies ROS such as H2O2 and 

lipid peroxides directly or in a glutathione peroxidase (GPX) catalyzed 

mechanism. GSH also regenerates the major aqueous and lipid phase 

antioxidant, ascorbate and α-tocopherol. Glutathione reductase (GRD) 

catalyzes the NADPH dependent reduction of oxidized glutathione (GSSG) 
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serving to maintain intracellular GSH stores and a favorable redox status 

GSH catalyzes the reaction between the –SH group and potential alkylating 

agents (Murray et al., 2555). 

        Thornalley et al. (1446) found an inverse correlation between 

GSH level and the presence of DM complications in type 1 and type 2 DM 

patients. However, most studies have also found decreased level of serum 

GSH in diabetic patients (Jain & McVie, 1444; Akkus et al., 1446; Delmas 

et al., 1443; Paolisso et al., 2555; Salman, 2551; Atalay & Laaksonen, 2552; 

Hadwan, 2555). 

        In this work, serum GSH level was significantly decreased in 

patients with type 1 and type 2 DM when it is compared with control,        P 

< 5.55. Hence, serum GSH level is approximately 455 than that of control in 

patients with type 1 DM, while serum GSH level in patients with type 2 

DM was approximately 625 than that of control, figure (3-4), table (3-5). 

 

Decreased level of serum GSH in diabetic patients could represent an 

adaptive response to increased oxidative stress and free radicals generation 

that oxidized thiol group of GSH and decline reduced glutathione level, 

therefore it is a good indicator to diabetic complications.  

 

Figure (3-9): Level of glutathione (GSH) in serum 

of healthy control and patients with type 1 and 

type 2 diabetes mellitus (DM) disease. The values 

are the mean + SE
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The results of this study show different negative correlation, but not 

significant between serum GSH level and serum MDA, and tHcy levels, 

whereas a positive correlation, but not significant, with level of serum CK 

activity in diabetic patients (with type 1 and type 2 DM). Furthermore, 

there was a significant negative correlation (r = -5.354, P < 5.55) between 

levels of GSH and levels of GST activity in serum of patients with type 2 

DM, but this correlation was not significant in patients with type 1 DM, 

table (3-6), figure (3-15). 

 

Table(1-0): The correlation between the level of glutathione and         

several biochemical markers related to oxidative stress 

syndrome. 
The correlation of 

glutathione (μmol/L) 

vs. other variables 

Type 3 DM, No.= 05 Type 5 DM, No.= 05 

Correlation 

coefficient (r) 

P-

Value 

Correlation 

coefficient (r) 

P-

Value 

vs. MDA (μmol/L) 

vs. tHcy    (μmol/L) 

vs. GST    (U/L) 

vs. CK      (U/L) 

 

 

-5.5555 

-5.3570 

-5.5530 

5.5073 

NS 

NS 

NS 

NS 

 

-5.5530 

-5.3703 

-5.15.. 

5.3551 

NS 

NS 

S 

NS 
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These results probably were due to the following: 

1. Depletion serum GSH levels lead to slightly accumulation of 

intracellular total homocysteine, which induces endothelial cells damage 

and slightly increases risk of cardiovascular disease in diabetic patients. 

These results go with the results of the study of (Ewadh and Jabir, 2552). 

2. Serum GSH has an important role in the protection of cells from the 

perooxidation injury, therefore decreases the degree of lipid 

perooxidation via end products; MDA in diabetic patients, these results 

are in agreement with the results of (Delmas et al., 1446; Dominguez et 

al., 1443). 

3. Presence of high level of toxic compounds in diabetic patients, 

especially with type 2 DM (treatment with of hypoglycemic oral such as 

tablets of daonil, glucophage…etc) induced accumulation of GST 

enzyme and altered GSH metabolism, therefore toxic compounds 

increase ROS production that decreases levels of GSH, while increases 

synthesis of GST enzyme to play a protective role (Inal & Kanbak, 

1442; Raza et al., 2554). 

4. Increased levels of GSH could be slightly reversible loss in activity 

of CK enzyme through S-glutathionylation mechanism for regeneration 

of active CK from S-glutathionylated CK and increased level of CK 

activity (Reddy et al., 2555). 

CK – SG + GSH          CK + GSSG 
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                              A       B 
 

 

Figure (1-35): Correlation of glutathione (GSH) with level of 

malondialdehyde (MDA), total homocystiene (tHcy), 

glutathione S-transferase (GST) activity, and creatine 

kinase (CK) activity in serum of patients (A) with type 3 

diabetes mellitus, and (B) with type 5 diabetes mellitus 

disease.  
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1.0.5.5. Vitamin E (α-tocopherol) Level 

Serum vitamin E is a principle modulator of free radicals activity, it 

is a potent antioxidant acting as scavenger of reactive oxygen species 

(ROS) and reduces oxidative stress in DM disease (Paolisso et al., 2555). 

Numerous studies have shown decrease in vitamin E level in diabetic tissue 

and blood (Salman, 2551; Paolisso et al., 2555; Anderson et al., 1444; 

Bursell et al., 1444; Dominguez et al., 1443; Tutuncu et al., 1443; Fuller et 

al., 1446). 

This study indicated that serum vitamin E levels was significantly 

reduced in diabetic patients compared with control P < 5.55, figure (3-11), 

therefore the mean ±SE of serum vitamin E levels in patients with type 1 

DM was (3.16 ± 5.32μmol/L vs 6.551 ± 5.222μmol/L of control), while in 

patients with type 2 DM was (3.312 ± 5.156μmol/L vs 6.334 ± 5.234μmol/L 

of control), table (3-5).  

 

Reduced level of serum vitamin E possibly is due to increased 

utilization of this antioxidant in neutralizing free radicals in diabetic 

patients, thus supplementation of vitamin E to diabetic patients could 

reduce level of oxidative stress and diabetic complications. 

 

Figure(3-11): Level of vitam in E in serum  of healthy 

control and patients w ith type1 and 2 diabetes 

m ellitus (DM) disease. The values are the m ean + SE.
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1.0.5.1. Vitamin C (Ascorbic Acid) Level 

Serum vitamin C is a free radical scavenger and interacts with free 

radicals in the water compartment of cells as well as in the fluid between 

cells. It is considered to be one of the most important antioxidants in 

extracellular fluids. Several studies have been shown that patients with 

diabetes have lower serum levels of vitamin C than non-diabetic subjects, 

and this is believed to be an important factor contributing to the increase of 

oxidative stress status and endothelial dysfunction in diabetes (Tousoulis et 

al., 2553; Ceriello, 1444; Will & Byers, 1446; Paolisso et al., 1445; Wang et 

al., 1444). 

The results of this study show the mean ±SE of serum vitamin C in 

patients with type 1 DM, which was (3.452 ± 5.165μmol/L vs 6.534 ± 

5.242μmol/L of control), while in patients with type 2 DM, it was (3.642 ± 

5.143μmol/L vs 6.434 ± 5.243μmol/L of control), table (3-5). There was a 

significantly decreased vitamin C levels in serum of diabetic patients than 

that of control, P <5.55, figure (3-12). 

 

 

 

Figure(3-12): Level of vitamin C in serum of healthy 

control and patients with type1 and 2 diabetes mellitus 

(DM) disease. The values are the mean + SE.
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This decline in levels of serum vitamin C in diabetic patients may be 

due to (1) reduce renal re-absorption of vitamin C induced by 

hyperglycemia, (2) the competition between glucose and vitamin C for the 

uptake into certain cells and tissues, (3) the activity of polyol pathway that 

inhibited affectivity by utilizing high level of vitamin C to avoid 

hyperglycemia, (4) and possible secondary depletion due to increased 

oxidative stress have been proposed (Wang et al., 1444;  Will & Byers, 

1446). 

1.0.5.3. Vitamin A (Retinol) Level 

Serum vitamin A is an important antioxidant. It is a biomarker of 

oxidative stress in DM disease (Dominguez et al., 1443). 

The present study indicates a significant decrease in serum vitamin A 

levels in diabetic patients than that of control, P < 5.55, figure (3-13). The 

mean ±SE of serum vitamin A in patients with type 1 DM was (1.212 ± 

5.532μmol/L vs 2.163 ± 5.145μmol/L of control), while in patients with type 

2 DM was (1.331 ± 5.535μmol/L vs 2.42 ± 5.124μmol/L of control), table (3-

5). 

 

 

 

Figure(3-13): Level of vitam in A in serum  of healthy 

control and patients w ith type1 and 2 diabetes m ellitus 

(DM) disease. The values are the m ean + SE.

0

0.5

1

1.5

2

2.5

3

1
Type1 DM                         Type2 DM

C
o

n
c
e
n

tr
a
ti

o
n

 o
f 

v
it

a
m

in
 A

 (
u

m
o

l/
L

)

Healthy
control

Diabetics

Healthy
control

Diabetics



.7 

These results may be due to the increased utilization of this vitamin 

in the neutralization of free radicals induced by hyperglycemia, thus 

depletion of serum vitamin A in diabetic patients is due to the increased 

oxidative stress and diabetic complications. These results are in agreement 

with the singings of many studies  (Delmas et al., 1446; Domingues et al., 

1443; Bursell et al., 1444). Therefore, supplementation of vitamin A or its 

precursor B-carotene to diabetic patients help in the reduction of oxidative 

stress and diabetic complications. 

1.0.5.0. Trace Elements (Iron, Zinc, Copper, Chromium, and 

Selenium) Levels. 

        Some serum trace elements act as antioxidants and prevent 

membrane peroxidation. Others act directly on glucose metabolism. 

Ceruloplasmin, the major plasma copper transporting protein, possesses a 

potent oxidant property. Chromium trivalent (Cr3+) plays an important role 

in insulin-receptor activation (Terpilowska & Zaporowska, 2554). The 

function of zinc (Zn) in the body metabolism is based on its enzymatic 

affinity, way of a Zn-enzyme complex or Zn metalloenzyme. Iron (Fe3+) is 

stored in the ferittin and iron is released from it by the action of reducing 

agents that convert Fe3+
 to Fe2+

, thus ferrittin can act as a source of iron, 

which induces oxidative stress, and as a mechanism that protects against 

iron toxicity (Fern et al., 2552). Selenium (Se) plays important role in 

antioxidant defense system (Ulusu & Turan, 2555). 

The several studies pointed out that diabetes results in disturbance of 

these trace elements. Present study indicates a significant decrease in levels 

of serum iron, Zinc, chromium, and selenium in diabetic patients with type 

1 DM by about 515, 33.25, 555, and 335 respectively from that of control, P 

< .0.0, figure (3-04); while in patients with type 2 DM there was a 

significant decrease in about 66:, 3.:, 5.:, and 30% respectively from 

that of control, P < .0.5, figure (3-04), table (3-7).  



.. 

 

Table (1-7): Levels of several trace elements in serum of patients with 

type 3 or type 5 DM and control. 

   

 Fe 

(μmol/L) 
Cu        

(μmol/L) 
Zn 

(μmol/L) 
Cr   

(μmol/L) 
Se  

(μmol/L) 

T
y
p

e 
3

 D
M

, 
N

o
.=

0
5

 

mean±SE 7.035±5

.155 

37.51±5

.055 

35.3.3±

5.355 

5.005±5

.55. 

5.70±5.

531 

SD 

 
5.503 1.0.3 5..37  5.501  5.577  

Range 37.505 – 

0.551  

50.077 – 

5.173  

35.50. –  

7.50  

5.0.1 – 

5.300   

5..77–

5.0.5   

.
0

9
  
C

.I
.  

Lower 
7.350 30.300 35.57 5.030 5.75. 

 
Upper 

..377 37..53 35.757 5.077 5.773 

C
o

n
tr

o
l 

 

N
o

.=
5

0
  

mean±SE 
 

37.051±

5.031 

 

35...3±

5.075 

 

30.033±

5.3.. 

 

3.551±5

.537 

 

3.503±5

.533 

P-Value S S S S S 

T
y
p

e 
5

 D
M

, 
N

o
.=

0
5

 

mean±SE 0.700±5

.150 

30.70±5

.335 

33.353±

5.355 

5.00.±5

.55. 

5.700±5

.535 

SD 5.30. 5..50 5.777  5.505  5.575  

Range 

 
31.703 – 

5.3.0   

11.357 – 

7.0.7  

7.775– 

..113   

5.07.–

5.30   

3.550–

5.755   

.
0

9
  
C

.I
.  

Lower 
0.131 30.375 35..55 5.000 5.73. 

 

Upper 
7.107 30.037 33.15 5.073 5.773 

C
o

n
tr

o
l 

 

N
o

.=
5

0
  

mean±SE 
 

55.357±

5.7.. 

 

35..50±

5.0.3 

 

30.7.3±

5.55. 

 

3.557±5

.530 

 

3.537±5

.55. 

P-Value S S S S S 

 

 

The results also indicate a significant increase in levels of serum 

copper (Cu) in patients with type 0 and type 2 DM from control by about 

24: and 38: respectively, P < .0.0, figure (3-04).  
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Figure (4-53): Level of some trace elements in serum of healthy control 

and patients with type 5 and 2 diabetes mellitus (DM) 

disease. The values are the mean ± SE. 

 

 

0

5

10

15

20

25

1
Type1 DM       Type2 DM

C
o

n
c
e
n

tr
a
ti

o
n

 o
f 

Ir
o

n
 (

u
m

o
l/

L
)

Healthy
control

Diabetics

Healthy
control

Diabetics

0

5

10

15

20

1
Type1 DM          Type2 DM

C
o

n
c
e
n

tr
a
ti

o
n

 o
f 

c
o

p
p

e
r 

(u
m

o
l/

L
)

Healthy
control

Diabetics

Healthy
control

Diabetics

0

10

20

30

40

50

60

1Type1 DM    Type2 DM

C
o

n
c
e
n

tr
a
ti

o
n

 o
f 

c
h

ro
m

iu
m

 (
u

m
o

l/
l)

Healthy
control

Diabetics

Healthy
control

Diabetics

0

0.2

0.4

0.6

0.8

1

1.2

1.4

1
Type 1 DM    Type 2 DM

C
o

n
c
e
n

tr
a
ti

o
n

 o
f 

s
e
le

n
iu

m
 (

u
m

o
l/

l)

Healthy
control

Diabetics

Healthy
control

Diabetics

0

0.2

0.4

0.6

0.8

1

1.2

1
Type1 DM         Type2 DM

C
o

n
c
e
n

tr
a
ti

o
n

 o
f 

Z
in

c
 

(u
m

o
l/

l)

Healthy
control

Diabetics

Healthy
control

Diabetics



353 

 

However, these results may be due to: 

0. All studies found increased level of serum iron in diabetic patients 

but in this work pointed out decreased levels of serum iron in diabetic 

patients than control may be due to increased drinking tea in Iraq that 

inhibits iron absorption (Kim & Miller, 2..5), thus tea and its phenolic 

constituent are reported to have antioxidant activity in vitro (Luo et al., 

0997), the antioxidant action of tea was dependant on the ability of their 

constituent phenolic compounds to scavenger free radicals and to 

chelate iron (reduce the utilization of dietary iron), (Samman et al., 

2..0). Or may be due to their low iron diet, treatment of diabetic 

patients by either insulin or oral hypoglycemia agents could stimulate 

the increase synthesis of ferritin or act as iron chelator, or may be due to 

the presence of high level of oxidative stress induced by hyperglycemia, 

which leads to glycation of transferrin and decreases its ability to bind 

ferrous iron (Fe2
+
) (Fujimoto et al., 0995), and by increasing the pool of 

free iron stimulating ferritin synthesis (Juckett et al., 0995; Fernandez et 

al., 2..5). 

2. Decreased levels of serum zinc in diabetic patients may be due to 

reduced level antioxidant enzyme alkaline phosphetase or due to 

excessive urinary output especially in patients with diabetic 

nephropathy, glastrointestinal malabsorption or genetic factors or signs 

of infection during which Zn will act as defense mechanism (Walter et 

al., 0990). The antioxidant properties of zinc have been demonstrated in 

vitro. Zinc may exert its antioxidant effect by decreasing the 

susceptibility of essential sulfhydryl groups of proteins to oxidation and 

by competing with prooxidant metals such as iron and copper for 

biological binding sites (Lokitch et al., 0983), these results agree with 

the results of (Zargar et al., 0998). 

 



355 

 

3. Decreased levels of serum chromium in diabetic patients may be due 

to increase in glucose and insulin concentration, which increases urinary 

Cr output (Vincent, 2..4). These results go with the results of 

(Terpilowska & Zaporowska, 2..4). 

4. Decreased levels of serum selenium in diabetes mellitus disease may 

be due to increased oxidative stress that requires increased utilization of 

selenium as antioxidant by binding with vitamin E and as a cofactor of 

glutathione perooxidase (GPx) to scavenge free radical, which acting to 

detoxify tissue peroxidation (Hayes, 2..0; Beckg, 0998). These results 

agree with the results of (Ulusu & Turan, 2..5) 

5. Increased levels of serum copper in diabetic patients may be due to 

the presence of oxidative stress by hyperglycemia, which leads to the 

glycation of ceruloplasmin enzyme, whereas most of copper is 

incorporated into it, and releases high level of serum copper that is 

associated with low concentration of ceruloplasmin and iron in the liver 

and causes increased free radical production in diabetic patients. These 

results go with the results of the study of (Walter et al., 0990; Zargar et 

al., 0998; Salman, 2..0). 

 

1.0. Lipid Peroxidation and Antioxidant Vitamins 

The new trend in management of diabetes and decrease lipid 

peroxidation degree is to use therapeutic antioxidant and scavengers like 

vitamin A (Fulle et al., 1446; Tuluncu et al., 1443;; Bagchi & Puri, 1443; 

Belinda & Connell, 2551; Franz et al., 2552). 

 

 

 

 



351 

 

 

The results of this study reported different negative correlation 

between serum MDA and serum vitamin E, vitamin C, and vitamin A in 

patients with type 1 and type 2 DM. The reason for studies these 

correlations between MDA and antioxidant vitamins because MDA 

represented the important indicator for lipid peroxidation, table (3-3). 

 

Table (1-7): The correlation between the level of lipid peroxidation via 

MDA and some antioxidant vitamins in diabetics. 

 
The correlation of 

malondialdehyde(MDA) 

(μmol/L) vs. other  variables 

Type 3 DM, No.= 05 Type 5 DM, No.= 05 

Correlation 

coefficient (r) 

P-

Value 

Correlation 

coefficient (r) 

P-

Value 

vs. vitamin E (μmol/L) 

vs. vitamin A (μmol/L) 

vs. vitamin C (μmol/L) 

 

 

-5.130 

-5.370 

-5.5.7 

S 

NS 

NS 

 

 

-5.3.7 

-5.550 

-5.150 

NS 

NS 

S 

 

 

 

 

 

 However, there was a significant negative correlation between 

serum MDA level and serum vitamin E (r = -5.345, P < .0.5), whereas 

there was negative correlation but not significant with vitamin C and 

vitamin A in serum of patients with type 0 DM, figure (3-05)A, while in 

patients with type 2 DM, there was a significant negative correlation 

between levels of serum MDA and levels of serum vitamin C (r = -.03.5, 

P < .0.5), and negative correlation but not significant with serum vitamin 

E and serum vitamin A, figure (3-05)B. 
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A                                                                     B 

 

                                                                                                              

Figure (1-30): Correlation between level of malondialdehyde ( MDA) 

and level of antioxidant vitamins in serum of patients 

(A) with  type 3 diabetes mellitus and (B) with type 5 

diabetes mellitus. 
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Antioxidant vitamins act as quenchers for free radicals (Paolisso et 

al., 1445). Thus, increased levels of serum antioxidant vitamins could 

reduce the level of MDA, the end product of lipid peroxidation in diabetic 

patients. However, our results reported that supplementation of vitamin E 

to patients with type 1 DM and vitamin C to patients with type 2 DM could 

reduce lipid peroxidation degree and then reduce the cardiovascular disease 

complications. 

1.7. Correlation of Ec-Cu/Zn SOD Activity with Levels of 

Zinc, Copper, and CAT Activity 

Ec-Cu/Zn SOD and CAT are antioxidant enzymes that are 

cooperative in their action, while copper (Cu), and zinc (Zn) act as 

cofactors for Ec-Cu/Zn SOD enzyme in humans. In the present study, 

table(3-4) shows the correlation of Ec-Cu/Zn SOD activity with levels of 

zinc, copper, and CAT activity.  

Table( 1-.): The correlation between the levels of Ec-Cu/Zn SOD 

activity and levels of CAT activity and some trace 

elements (copper, and zinc ) in diabetics. 
The correlation of Ec-Cu/Zn 

SOD( U/ml) vs. other variables 

Type 3 DM, No.= 05 Type 5 DM, No.= 05 

Correlation 

coefficient 

(r) 

P-

Value 

Correlation 

coefficient 

(r) 

P-

Value 

vs. Zinc (μmol/L) 

vs. Copper (μmol/L) 

vs. Catalase (CAT), (K/ml) 

 

 

-5.57 

5.30 

-5.350 

S 

NS 

NS 

 

 

-5.155 

5.37. 

-5.315 

S 

NS 

NS 

 

 

 

 

         However their was a significant negative correlation between levels 

of Ec-Cu/Zn SOD activity and levels of zinc in serum of patients with type 

1 DM (r = -5.235, P < .0.5), figure (3-06) A, and in serum of patients with 

type 2 DM (r = -.03.., P < .0.5), figure (3-06) B, table (3-9). These 



350 

results may be due to that zinc acts as a cofactor for Ec-Cu/Zn SOD 

enzyme or could be linked to the protective effect of zinc on the protein 

itself, therefore serum zinc level decreases with the increased synthesis of 

Ec-Cu/Zn SOD (Faure et al., 1445). 

As well as, there was a positive correlation, but not significant, 

between levels of Ec-Cu/Zn SOD activity and levels of copper in serum of 

patients with type 1 DM, figure (3-06)A, and in serum of patients with type 

2 DM, figure (3-06)B, table (3-9). These results may be due to increase 

levels of copper in diabetic and healthy individuals lead to increase in free 

radicals generation, thus increased levels of copper lead to slightly increase 

in levels of Ec-Cu/Zn SOD activity to defense against ROS damage. 

Furthermore, there was a negative correlation, but not significant, 

between levels of Ec-Cu/Zn SOD activity and levels of CAT activity in 

serum of patients with type 1 DM, figure (3-06)A, and in serum of patients 

with type 2 DM, figure (3-06)B, table (3-9). In contrast with controls, there 

was a positive correlation; this may be due to the presence of oxidative 

stress syndrome in diabetic patients. This finding is in accordance with that 

of (Singh & Pathak, 099.). Thus, increased levels of Ec-Cu/Zn SOD 

activity was slightly decreased levels of serum CAT activity in diabetic 

patients probably due to the presence of high levels of superoxide anion 

(O2

.-
) that required high levels of Ec-Cu/Zn SOD activity to stimulate it to 

high level of hydrogen peroxide (H2O2) that consume high levels of CAT 

activity that is responsible for the decomposition to oxygen molecule and 

water. 

 

 

 

 

 

 



357 

 

 

 

           A                                                                                                 B 
 

                                                                                                                    

 

 

                                                                                                       

 

 

                                                                                                            

 

 

Figure (1-30): Correlation of Ec-Cu/Zn SOD activity with level of 

catalase (CAT) activity and some trace elements            

0

0.2

0.4

0.6

0.8

0 1 2 3 4

activity of Ec-Cu/Zn SOD (U/ml)

a
c
ti

v
it

y
 o

f 
C

A
T

 (
K

/m
l)

0

0.2

0.4

0.6

0.8

1

0 1 2 3 4
activity of Ec-Cu/Zn SOD (U/ml)

c
o

n
c
e
n

tr
a
ti

o
n

 o
f 

z
in

c
 (

 u
m

o
l/

l)

0

5

10

15

20

25

30

0 1 2 3 4

activity of Ec-Cu/Zn SOD (U/ml)

c
o

n
c
e
n

tr
a
ti

o
n

 o
f 

c
o

p
p

e
r
 (

u
m

o
l/

l)

0

0.2

0.4

0.6

0.8

1

0 1 2 3

activity of Ec-Cu/Zn SOD (U/ml)

c
o

n
c
e
n

tr
a
ti

o
n

 o
f 

z
in

c
 

(u
m

o
l/

l)

0

10

20

30

40

0 1 2 3
activity of Ec-Cu/Zn SOD (U/ml)

c
o

n
c
e
n

tr
a
ti

o
n

 o
f 

c
o

p
p

e
r 

(u
m

o
l/

l)

0

0.2

0.4

0.6

0.8

1

0 1 2 3
activity of Ec-Cu/Zn SOD (U/ml)

a
c
ti

v
it

y
 o

f 
C

A
T

 (
K

/m
l)

r = -5.23, P<5.55, 

no.=55 

 

r = -5.355,P<5.55, 

no.=55 

 

r = 5.16, 

no.=55 

 

 

r = 5.124, 

no.=55 

 

 

r = -5.126, no.=55  

 

 

r = -5.135, 

no.=55 

 

 

 



357 

( copper, and zinc ) in serum of patients (A) with type 3 

diabetes mellitus and (B) with type 5 diabetes mellitus 

disease. 

1.7. Effect of Smoking on Oxidative Stress Status in Diabetics 
             Evidence for increased oxidation in smokers compared ith non-

smokers were proved by the presence of increased prooxidant products in 

blood and urine (Morrow et al., 1445; Mezzetti et al., 1445). 

            In this work, the results reported no significant difference in levels 

of serum MDA, tHcy, Cu, Fe, Zn, Se, Cr, GSH, vitamin C, and GST, Ec-

Cu/Zn SOD, CK, CAT activities in serum of smokers with type 1, and 2 

DM than diabetic non-smokers as well as in levels of serum vitamin E of 

smokers with type 1 DM, and levels of serum vitamin A of smokers with 

type 2 DM than that of diabetic non-smokers, table (3-0.). 

Table (1-35): Effect of smoking on the levels of some biochemical markers 

related to oxidative stress syndrome in diabetics. 

 

 

Variables 

Type 3 DM, No.=05 Type 5 DM, No.=05 
Smokers 

No.= 33 

Mean±SE 

Non-smokers 

No.= 1. 

Mean±SE 

P-

Value 

Smokers 

No.= 37 

Mean±SE 

Non-smokers 

No.= 11 

Mean±SE 

P-

Value 

Age( Years) 

Duration of DM 

 (Years) 

MDA (μmol/L) 

tHcy (μmol/L) 

Ec-SOD (U/ml) 

CAT (K/ml) 

GST (U/l) 

CK (U/l) 

GSH (μmol/L) 

Vitamin E (μmol/L) 

Vitamin A (μmol/L) 

Vitamin C (μmol/L) 

Iron  (μmol/L) 

Copper (μmol/L) 

Zinc (μmol/L) 

Chromium (μmol/L) 

Selenium (μmol/L) 

 

 

 

11±1.713 

..150±5.53

7 

 

5..00±5.5.

. 

55.057±5.7

35 

3.031±5.35

7 

5.175±5.50

3 

3.77.±5.05

3 

307.5.±35.

30 

5.033±5.57

3 

1.573±5.37

1 

5.735±5.35

1 

1.31.±5.51

1 

35.5±3.315 

13.75±5.775 

35.007±3.07

0 

 

5..05±5.513 

3..370±5.37

3 

3.070±5.507 

5.177±5.530 

3.07.±5.530 

373.035±0.7

57 

5.0.3±5.553 

1.35.±5.570 

3.130±5.5.0 

1.300±5.555 

7.555±5.151 

30..0±5.0.1 

35.053±5.31

7 

5.071±5.533 

5.707±5.537 

NS 

NS 
 
NS 
NS 
NS 
NS 
NS 
NS 
NS 
NS 
S 

NS 
NS 
NS 
NS 
NS 
NS 

37.370±5.503 

0.573±3.000 

 

5....±5.507 

55.303±5.001 

3.577±5.5.0 

5.377±5.513 

3.375±5.577 

337.370±0.53

0 

5.730±5.505 

5..10±5.373 

3.153±5.57. 

1.037±5.537 

0..0±5.000 

30.771±3.571 

33.350±5.533 

5.000±5.530 

5.705±5.53. 

01.575±3.3.

5 

0.777±3.537 

 

5.737±5.517 

53.517±5.37

3 

3.355±5.573 

5.035±5.553 

1.75.±5.535 

300.777±1.3

.7 

5..53±5.537 

1.050±5.351 

3.33±5.333 

1.07.±5.515 

0.001±5.115 

30.733±5.07

3 

33.310±5.31

7 

5.0.0±5.557 

5.770±5.55. 

NS 

NS 

 

NS 

NS 

NS 

NS 

NS 

NS 

NS 

S 

NS 

NS 

NS 

NS 

NS 

NS 

NS 



35. 

37.573±3.3

75 

35.177±5.5

05 

5.003±5.53

7 

5.737±5.55

0 

 

 

 

 

 

 

            But there was a significant decrease in level of vitamin A in serum of 

smokers with type 1 DM, P < 5.55, figure (3-23), and vitamin C in serum of 

smokers with type 2 DM, P < 5.55, figure (3-24) than diabetic non-smokers.  

 

Figure (3-17): Level of vitam in A in serum  of  

smokers and non-smokers patients w ith type1 

diabetes m ellitus (DM) disease. The values are the 

m ean + SE.
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These results may probably be due to the following: 

1. Smoking may be enhance oxidative stress through the production 

of free radicals and weaken antioxidant defense mechanism (Maragnon 

et al., 1443; Zhao & Yu, 1443; James et al., 2555; Al-Meshhadani, 2553). 

Therefore, smoking slightly increases level of MDA in serum of 

diabetic smokers than diabetic non-smokers. 

2. Some toxic components of tobacco smoke could interact with thiol 

rich compounds leading to structural and functional changes of these 

molecules (Zappacosta et al., 2552). Therefore, smoking could be 

slightly depletion level of GSH and accumulation of tHcy in serum of 

diabetic smokers than diabetic non-smokers, or decreased level of GSH 

may be due to increase GSH utilization in neutralizing smoking induced 

free radicals. 

3. Cigarette smoke contains an extremely high concentration of 

various free radicals (Shurch & Pryor, 1435), which are increased 

Figure (3-18): Level of vitamin E in serum of 

smokers and non-smokers patients with type 2 

diabetes mellitus (DM) disease. The values are 

the mean+ SE
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susceptibility of –SH groups of CK enzyme to be oxidized and 

inhibition or probably due to the interaction between smoke aldehydes 

and –SH groups; the active sites of enzyme molecules and reduced its 

activity (Zappacosta et al., 2552), therefore smoking could be slightly 

decreased level of CK activity in serum of diabetic smokers than 

diabetic non-smokers. 

4. Smoke contains O2
.-
, and in response to the increase amounts of 

substrate of O2
.-
, this results in an increase in Ec-Cu/Zn SOD activity 

probably through induction (Gregorg et al., 1424). In addition nicotine 

(5 X 15
-6 to 5 X 15

-11M) in cigarette was found to inhibit of O2
.-
 

production from polymorphonuclear cells (Sasagawa et al., 1435). But 

because O2
.-
 considered as a stimulant to increase synthesis of SOD 

(Lunec et al., 1431), therefore this explanation could be the cause behind 

the slight decrease in Ec-Cu/Zn SOD level in diabetic smokers, also 

lead (Pb) and cyanide is considered as a component of cigarette smoke 

(Mawin-Mateo et al., 1442) and the copprozinc enzymes are inhibited by 

cyanide (Borders & Fridovich, 1435), while Pb causes non-competitive 

inhibition of a covalent bond at the enzyme and decrease in Vmax of 

enzyme reaction (Mawin-Mateo et al., 1442). 

5. Increased CAT enzyme utilization in neutralizing smoking 

induced free radicals (Muhlhauser et al., 1446; Ritz et al., 1446; Al-

Delaimy, 2551) lead to slightly decreased levels of CAT activity in 

serum of diabetic smokers than diabetic non-smokers. 

6. Presence of toxic compounds in the cigarette smoke such as 

semiquinones (Kasai & Nishimura, 1436) induced accumulation of GST 

enzyme by increase its synthesis to play a protective role, therefore 

smoking may be slightly increases level of GST activity in serum of 

diabetic smokers than diabetic non-smokers. 

2. Utilizing high level of vitamin C in diabetic smokers to neutralize 

free radicals generation through smoking results in slightly reduced 
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levels of vitamin C in serum of diabetic smokers than non-smokers, 

while vitamin A levels were slightly reduced in serum of smokers with 

type 2 DM than diabetic non-smokers, but is reduced significantly in 

serum of smokers with type 1 DM, these results are due to that gas 

phase of cigarette smoke is a complex oxidizing milieu processing an 

array of free radical species including peroxy radicals (ROO
.
), and O2

.-
 

(Pryor & Ston, 1443), which has been shown to deplete lipid phase. 

Furthermore, vitamin E levels were slightly reduced in serum of 

smokers with type 1 DM than diabetic non-smokers, while are reduced 

significantly in serum of smokers with type 2 DM. This may be due to 

increase production of catecholamines hormone in smokers with type 2 

DM and act as an antagonist to insulin action (Targher, 1442), thus 

increase free radicals production under hyperglycemia that require high 

level of vitamin E to be neutralization. 

 

 

3. Smoking is increasing oxidative stress and weakening defense 

system, therefore it increases disturbance in trace elements levels in 

diabetic smokers than diabetic non-smokers, thus there was a slightly 

increase in levels of copper and iron and slightly decrease in levels of 

zinc, selenium and chromium in serum of diabetic smokers than diabetic 

non-smokers. 
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