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  انخلاصت

اسرفبع مسزُِ ثشَرٕه ج انفعبل مه  رزىبَل ٌزي انشسبنخ دساسخ دَس اسرفبع مسزُِ انسكش عهّ

 ،           ثبُٔن انمخزضلربثشَرٕه ج انفعبل َمضبداد الأكسذح )انكهُدساسخ انعلاقخ ثٕه رشكٕض خلال 

 فٕزبمٕه ج انمخزضل(.

ً  78 ٍمثٕى :مشٔضبً مظبثبً ثذاء انسكشْ 78 شمهذ انذساسخ  ً  مشٔضب ثذاء انسكشْ انىُع  مظبثب

ً إوبث 08 ركُس َ 01الأَل ) ً مشٔضبَ مظبث 01( َب ً إوبث 33اً ،ركُس 78ثذاء انسكشْ انىُع انثبوٓ ) ب . أمب (ب

 .شخظبً مه الأطحبء  33فزكُوذ مه  سٕطشحانمدمُعخ 

خ نٍزي َانكٕمٕبئٕخ انحٕبرٕ َانسشٔشٔخ َانعمش()اندىس  الإحظبئٕخرمذ دساسخ انخظبئض 

هّ عأ انىُع انثبوٓ ظٍش عهّانسكشْ  َخذ أن رُصٔع انفئخ انعمشٔخ نهمشضّ انمظبثٕه ثذاءانمدمُعبد َ

 – 33)هفئبد انعمشٔخ مه بً نزسبَٔانزُصٔع مكبن  سىخ، ثٕىمب (91 – 93) مه ٔخانعمشانفئخ نً فٓ مسزُِ 

 .ثبنىسجخ نمشضّ انسكشْ انىُع الأَل  سىخ (01

ٕکَىلأَل انزٔه نٕس نذٍٔم َصن صائذ ْ مه انىُع اأن مشضّ انسكشَرجٕه 
  ّ

مه انعذد  (%48) َن

الأَل. مه خبوت آخش فئن انكهٓ نمشضّ انسكشْ انىُع
  ّ

رَْ  مه انىُع انثبوٓ مه مشضّ انسكشْ 

ٕکَى انُصن انضائذ
  ّ

 مه انعذد انكهٓ نمشضّ انسكشْ انىُع انثبوٓ. (487) َن

َانثبوٓ نمشضّ داء انسكشْ نذٍٔم اوخفبع معىُْ دنذ انىزبئح عهّ أن كلا انىُعٕه الأَل َ

فٓ ثبنمقبسوخ مع مب ٌُ عهًٕ  ثمسزُٔبد مضبداد الأكسذح )انكهُربثبُٔن انمخزضل، فٕزبمٕه ج انمخزضل(

 مدمُعخ انسٕطشح.

مه انعذد  (403.83) نوّ  تکطجٕعٓ زُِ انكمب رجٕه أن مسزُٔبد ثشَرٕه ج انفعبل فُق انمس

ء انمشضّ أمب ٔعبوُن مه مضبعفبد داء انسكشْ أَ مظبثٕه ثبنزٍبة أَ انكهٓ نمشضّ انسكشْ ٌَؤلا

أوً نٕس كم مشضّ داء انسكشْ انزٔه ٔعبوُن مه كبوُا حذٔثٓ انزشخٕض ثذاء انسكشْ، َرجٕه مه رنك 

ثشَرٕه ج   ن اسرفبع مسزُِأَنُحع  ,اسرفبع مسزُِ انسكش نذٍٔم اسرفبع فٓ مسزُِ ثشَرٕه ج انفعبل

 انزكُس. الإوبس مىً ثٕه ذَثبً ثٕهانفعبل أكثش ح

ً عهّ َخُد علاقخ معىُٔخ عكسٕخ ثٕه رشكٕض ثشَرٕه ج انفعبل َمضبداد  َدنذ انىزبئح أٔضب

الأكسذح )انكهُربثبُٔن انمخزضل، فٕزبمٕه ج انمخزضل( فٓ كلا انىُعٕه مه مشضّ انسكشْ، نكه انعلاقخ 

مشضّ انسكشْ انىُع انثبوٓ،  الأَل مىٍب ثٕهكبوذ أقُِ َراد معىُٔخ أكثش ثٕه مشضّ انسكشْ انىُع 

مه رَْ  انىُع الأَل مه مشضّ انسكشْ الاسرفبع انمعىُْ نمسزُِ انسكش ثٕهَٔعضِ رنك إنّ 

 مه انىُع انثبوٓ مه مشضّ انسكشْ فعبل ثبنمقبسوخ مع مسزُِ انسكش ثٕهان انمسزُِ انمشرفع نجشَرٕه ج

 رَْ انمسزُِ انمشرفع نجشَرٕه ج انفعبل.

حذَس الانزٍبة )انمسزذل  مه رنك أن الاسرفبع انمضمه نمسزُِ انسكش نٕس كبفٕبً نزحفٕضزىزح وس

ٍم ثظُسح غٕش مجبششح فٓ حذَثً سانشغم مه أوً ٔثشَرٕه ج انفعبل(، عهّ مسزُِ  ععهًٕ ثُاسطخ اسرفب

الأشخبص  وخفبع مسزُٔبد مضبداد الأكسذح( ثٕها بد انزأكسذْ )انمسزذل عهًٕ ثُاسطخمه خلال الإخٍ

 انمظبثٕه ثذاء انسكشْ نكلا انىُعٕه الأَل َانثبوٓ.
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Abstract 

 

The study done to explain the role of hyperglycaemia in raising C-

reactive protein level through studying the relationship between the 

concentration of     C-reactive protein and antioxidants (reduced glutathione, 

reduced vitamin C). 

The study has been conducted on 78 patients with diabetes mellitus: 78 

of them with type 1 DM (11 males and 18 females) and 61 patients with             

type 7 DM (78 males and 33 females). Thirty-nine healthy subjects are 

considered a Control Group. 

Demographic (sex, age), clinical, and biochemical characteristics have 

been studied in these groups. The peak level of age group distribution in type 7 

DM is between (51 – 55) years old, whereas in type 1 DM the age group is 

equally distributed between (11 – 35) years old. Also it has been revealed  that 

type 1 DM patients that being non obese constitute (847) of the total number 

of type 1 DM patients. On the other hand, type 7 DM patients that being obese 

constitute (877) of the total number of type 7 DM patients. 

The results show that both types 1 and 7 diabetic patients have 

significant decrease in their antioxidants levels (reduced glutathione, reduced 

vitamin C) in comparison with that of Control Group. 

Also, it has been  revealed that C-reactive protein levels above the 

normal value constitute (137857) of the total number of diabetic patients, and 

they have been found to be either have diabetic complications, infection, or be 

newly diagnosed diabetics, and not all diabetic patients with hyperglycaemia 

have raised C-reactive protein level. It has been found also that raised C-

reactive protein levels are higher in female sex than male. 

Also, the results  have been revealed an inverse significant relationship  

between C-reactive protein concentration and antioxidants (reduced 

glutathione, reduced vitamin C) in both types 1 and 7 diabetic patients, but the 

relation is stronger and more significant in type 1 DM patients than that in type 

7 DM patients, this has been  attributed to the significant higher 

hyperglycaemic level of type 1 DM patients with raised C-reactive protein in 



comparison with that of type 7 DM patients with raised C-reactive protein 

level. 

We concluded that chronic hyperglycaemia is not sufficient to induce 

inflammation (reflected by raised C-reactive protein), although it contributes 

to it indirectly through oxidative stress (reflected by decreased antioxidants 

levels) in persons with established diabetes mellitus of both types 1 and 7. 
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Conclusions 

1- Both types1 and 7 diabetic patients have significant decrease in their 

antioxidants levels (GSH,RvitC) in comparison  with  those of the healthy 

Control Group. 

7- Raised C-reactive protein is higher in the female sex . 

3- An inverse significant relationship is found  between  C-reactive protein 

concentration and antioxidants (GSH, RvitC) in both types 1 and 7 

diabetic patients. 

4- Chronic  hyperglycaemia is not sufficient  to induce  inflammation 

(reflected by raised C-reactive protein), although it contributes to it 

indirectly through oxidative stress(reflected by decreased antioxidants  

levels of  GSH  and  RvitC )  in people with  established diabetes of both 

types 1 and 7 . 

  



Recommendations 

1- The results in the present study  imply  the  indirect  contribution of 

hyperglycaemia to inflammation (reflected  by raised C-reactive protein) 

through oxidative stress (reflected by decreased antioxidants levels of 

GSH and RvitC) in people with established diabetes of both types1and 7. 

Improving glycaemic control and supplementation with  antioxidants  

can therefore reduce inflammatory response. Such a study has 

important  implications  for  the  treatment  of  diabetic  patients. 

7- Application  of advanced methods in future studies for the 

determination of C-reactive protein like high-sensitivity analytic method 

(hsCRP)or  immunological methods including nephlometry and enzyme 

immuno assay (EIA) and the application of  high  performance  liquid 

chromatography (HPLC) for the determination of reduced  glutathione 

and reduced vitamin C . 

3- Further  studies on  the  relation of other  inflammatory markers like 

(interleukin-6 IL-6 and tumor necrosis factor α TNF-α) to   

hyperglycaemia  and  oxidative  stress reflected   by  measuring  free 

radicals by electron spin resonance ( ESR ) spectroscopy  in diabetic 

patients.   

2.2 Related Origin of Diabetes Mellitus:- 

Diabetes mellitus is the most common disorder associated with 

pancreatic islet dysfunction of the endocrine portion (Bullock, 1556). The 

pancreas consists of very different organs contained within one structure. The 

acinar portion of the pancreas has an  exocrine function. The endocrine    

portion consists of islets of Langerhans (Murray et al., 1556). 



  2.2.2 Anatomy and Physiology of the Pancreas :- 

The pancreas is an elongated retroperitoneal gland that lies in the 

upper portion of the posterior abdominal wall. It resembles a fish, with its 

head and neck lying in the C-shaped curve of the duodenum, its body 

extending horizontally behind the stomach, and its tail touching the spleen. 

Figure (1.1) shows the  relation of  the pancreas  to other  abdominal  organs  

(Bullock, 1556). 

 

 

             Figure (1.1):Relation of the pancreas to other abdominal organs. 

 

The head is at the level of the second lumber vertebra, makes up about 

317 of the gland, and lies within the concavity of the duodenum. The neck, the 

narrowed portion between the head and the body, joins to the body, which 

accounts for the largest portion of the gland. The tail tapers off from the body. 

The pancreas is firm and has a characteristic lobular appearance with a light 

yellow and slightly pink coloration. In adult, the total length of the pancreas is 

 



17 to 71 cm, with a width of 3 to 5 cm and a maximal thickness of 7 to 3 cm. Its 

weight is between 61 and 141 g. 

The pancreas is composed of the acini (grape like formations), which 

represent the exocrine portion of the pancreas and form the largest mass 

(about 717) of the gland, which secrets digestive juices into the duodenum. 

The major enzymes secreted include trypsin, chymotrypsin, peptidases, 

amylases, lipases, phospholipases, and elastase. The endocrine portion of the 

pancreas, the islets  of Langerhans, is embedded between exocrine units like 

small islands        (Bullock, 1556). 

In humans, there are 1-7 million islets. The cells in the islets can be 

divided into types according to their staining properties and morphology. 

There are at least 4 distinct cell types in humans :A, B, D and F cells. A, B, and D 

cells are also called α, ß and δ cells. The B cells which are the most common 

and account for 61 % – 85 % of the cells in the islets are generally located in 

the center of each islet (Ganong, 1575). 

Insulin, from  Latin  insula " island " (Nelson and Cox, 7115), was linked 

to diabetes in 1571 by Banting and Best (Murray et al., 1556). Insulin     is a 

polypeptide hormone produced by the B-cells  of the islets of  Langerhans. It is 

one of the most important  hormones  coordinating the utilization of  fuels        

by tissues. Its metabolic effects are  anabolic (Champe and Harvey, 1554).       

Insulin acts on three main target tissues: liver, muscle, and adipose               

tissues (Baynes and Dominiczak, 7115). Table (1.1) shows the effect of insulin 

on cellular metabolism (Smith et al., 1557). 

Table (1.1) : The effects of insulin on cellular metabolism. 

Processes Inhibited by Insulin Processes Activated by Insulin Tissue 



Glycogenolysis 

Gluconeogenesis 

Uptake of amino acids and 

glycerol production of NADPH 

Liver 

 
Synthesis of glycogen, proteins, 

triglycerides, and VLDL 

Triglyceride utilization 
Uptake of glucose and amino 

acids 
Muscle 

 Synthesis of glycogen 

Lipolysis 
Uptake of chylomicrons and 

VLDL and of glucose 
Adipose 

 Utilization of glucose 

 

2.1 Diabetes Mellitus (DM) :- 

Diabetes mellitus is a group of diseases characterized by an elevated 

blood glucose level (hyperglycaemia) resulting from defects in insulin 

secretion, in insulin action, or both (WHO,7117). Diabetes mellitus is not a 

pathogenic entity but a group of aetiologically different metabolic defects. 

Common symptoms of diabetes are lethargy from marked hyperglycaemia, 

polyuria, polydipsia, weight loss, blurred vision and susceptibility to certain 

infections.    Severe hyperglycaemia may lead to hyperosmolar syndrome and 

insulin deficiency to life-threatening ketoacidosis. Chronic hyperglycaemia 

causes   long - term damage, dysfunction and failures of various cells, tissues, 

and organs. 

Long - term complications of diabetes are : 



1) Macroangiopathy: ischaemic heart disease (IHD), stroke, peripheral 

vascular disease (PVD). 

7) Microangiopathy : retinopathy, nephropathy. 

3) Neuropathy : peripheral neuropathy, autonomic neuropathy. 

4) Cataract. 

5) Diabetic foot. 

6) Diabetic heart (WHO,7117). 

  2.1.2 Etymology (Terminology) :- 

"  Diabetes "  is  a  Greek  word  meaning  " a passer  through; a siphon 

"  

" Mellitus " comes from the Greek word "sweet". Apparently, the Greeks  

named it thus because the excessive amount of urine that a diabetic                          

(when in a hyperglycaemic state) would excrete attracted flies and bees 

because of the glucose content (Nursing Study. com,7113). 

  2.1.1 History of Diabetes Mellitus :- 

Writing about diabetes goes back more than 3111 years, to the Ebers 

Papyrus, in which afflicted people were described as passing frequent and 

large amounts of urine. Ayur Veda described the sweetness of the urine and 

noted that ants were attracted to it. He wrote of weakness, emaciation, 

polyuria and carbuncles in affected people. Aretaeus, a first – century Greek 

physician, was credited with naming the disorder. He described the disease as 

a " melting down of the flesh and limbs into urine ". Lipemia of diabetic blood 

was noted by Helmunt some time between 1583 and 1664 A.D.. The first 

diagnostic sign of the disease was established by Thomas Willis in the 

seventeenth century, when he tasted the urine of his patients and noted its 



sweetness. A French physician, Michel Chevreul, discovered that the sweetness 

was caused by sugar      (Bullock et al., 1556). 

In 1765, Langerhans, while a medical student, identified the islets but 

did not understand their function (Murray et al., 1556). The discovery of 

insulin, which began with an accidental observation, when in 1775 Oskar 

Minkowski and Josef Von Mering, had a friendly disagreement about whether 

the pancreas, known to contain lipases, was important in fat digestion in dogs. 

To resolve the issue, they began an experiment on fat digestion. They surgically 

removed the pancreas from a dog, but before their experiment got any 

further, Minkowski noticed that the dog was now producing far more urine 

than normal. Also, the dog's urine had glucose levels far above normal. These 

findings suggested that lack of some pancreatic product caused diabetes 

(Nelson and Cox, 7115). 

The link between islets and diabetes was suggested by De Mayer in 

1515 and by Sharpey – Schaffer in 1518, but it was Banting and Best who 

proved this association in 1571.These investigators used acid – ethanol to 

extract from the tissue an islet cell factor that had potent hypoglycemic 

activity. The factor was named " insulin ", and it was quickly learned that 

bovine and porcine islets contained insulin that was active in humans. Within a 

year, insulin was in wide spread use for the treatment of diabetes and proved 

to be life saving (Murray et al., 1556). 



  2.1.3 Diagnosis of Diabetes Mellitus :- 

The National Diabetes Data Group and World Health Organization have 

issued diagnostic criteria for the diagnosis of diabetes mellitus : 

1) Symptoms of diabetes plus random blood glucose concentration ≥11.1 

mmol/L (711 mg / dl)
a
 or, 

7) Fasting plasma glucose ≥ 8. 1 mmol/L (176 mg/dl)
b
 or, 

3) Two – hour plasma glucose ≥ 11.1 mmol/L (711 mg/dl) during an oral 

glucose tolerance test 
c. 

a : Random is defined as without regard to time since the last meal. 

b : Fasting is defined as no caloric intake for at least 7 hours. 

c
 : The test should be performed using a glucose load containing the equivalent 

of 85 g anhydrous glucose dissolved in water; not recommended for 

routine clinical use. 

 

Note: In the absence of unequivocal hyperglycaemia and acute metabolic 

decompensation, these criteria should be confirmed by repeated testings on 

different days (Kasper et al., 7115). 

The diagnostic strategy for diabetes mellitus is illustrated in Figure 

(1.7) (WHO, 7117). 

 

 



 

               Figure (1.7) : Diagnostic strategy for diabetes mellitus. 

  2.1.2 Classification of Diabetes Mellitus(DM):- 

    The following new classification system identifies four types of  diabetes 

mellitus: type 1, type 7, "other specific types", and gestational diabetes which 

is mainly based on the aetiology of DM : 

I. Type 1 diabetes mellitus (B-cell destruction, usually leading to absolute 

insulin deficiency). 
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A- Immune mediated. 

B- Idiopathic. 

II. Type 7 diabetes mellitus (may range from predominantly insulin resistance 

with relative insulin deficiency to a predominantly insulin secretory defect 

with insulin resistance). 

III.  Other specific types of diabetes : 

            A-Genetic defects of islet B-cell function (e.g. maturity onset diabetes of                     

                the young ''MODY'' ). 

            B- Genetic defect in insulin action. 

            C- Diseases of the exocrine pancreas. 

            D- Endocrinopathies. 

            E- Drug-or chemical- induced diabetes. 

            F- Infections. 

            G- Uncommon forms of immune-mediated diabetes. 

            H- Other genetic syndromes. 

IV. Gestational diabetes mellitus. 

(WHO, 7117; Kasper et al., 7115). 

  2.1.5 Changes in the Classification System :- 

Two features of the current classification of DM diverge from previous 

classifications. First, the terms insulin-dependent diabetes mellitus (IDDM) and 

non insulin- dependent diabetes mellitus (NIDDM) are obsolete. Since many 

individuals with type 7 DM eventually require insulin treatment for the control 

of glycaemia, the use of the term NIDDM generates a considerable confusion.         



The second difference is that age is not a criterion in the classification system. 

Although type 1 DM most commonly develops before the age of 31,                 

an autoimmune beta cell destructive process can develop at any age. 

It is estimated that between 5% and 117 of individuals who develop 

DM after age 31 have type 1A DM. Likewise, type 7 DM more typically 

develops with increasing age, but it also occurs in children, particularly in 

obese adolescent (Kasper et al., 7115). 

Arabic numerals are specifically used in the new system to minimize 

the occasional confusion of type " II " as the number " 11" (Mayfield, 1557). 

  2.1.6 Type 2 Diabetes Mellitus :- 

Type 1 Diabetes mellitus (formerly called type I, IDDM or juvenile 

diabetes) is characterized by an autoimmune process, usually leading to 

absolute insulin deficiency. The onset is usually acute, developing over a period 

of a few days to weeks. Over 55 percent of persons with type 1 DM develop 

the disease before the age of 75. A family history of type 1 DM, gluten 

enteropathy    (celiac disease) or other endocrine disease is often  found 

(Mayfield, 1557). However, symptoms appear abruptly when 71% to 517 of 

the B-cells have been destroyed. At this point the pancreas fails to respond 

adequately to ingestion of glucose, and insulin therapy is required to restore 

metabolic control, many patients show a transient disappearance of diabetes 

and little or no insulin therapy is required. This remission results from a 

temporary return of insulin secretion, which may last for weeks or months. 

Ultimately, most patients lose all B-cell function and require insulin therapy 

(Champe and Harvey, 1554). 

 2.1.2 Type 1 Diabetes Mellitus :- 



Type 7 Diabetes mellitus (formerly called NIDDM, type II or adult 

onset) is characterized by insulin resistance in peripheral tissue and an insulin 

secretory defect of the beta cell. This is the most common form of DM and is 

highly associated with a family history of diabetes, older age, obesity, and lack 

of exercise. It is more common in women especially women with a history of 

gestational diabetes. Insulin resistance and hyperinsulinemia eventually lead to 

impaired glucose tolerance. Defective beta cells become exhausted, further 

fueling the cycle of glucose intolerance and hyperglycaemia (Mayfield, 1557). 

Weight reduction and dietary modifications often correct the 

hyperglycemia of type 7 diabetes. Oral hypoglycemic agents or insulin therapy 

may be required to achieve satisfactory plasma glucose levels (Champe et al., 

7115). Table (1.7) shows the characteristic features of type 1 and type 7 diabetes 

(WHO,7117; Champe et al., 7115; Haslett et al., 1555). 



                                                                                                                         Table (1.7): 

Characteristic features of type 1 and type 7 diabetes mellitus. 

Type 1 Diabetes Type 2 Diabetes Characteristics 

> 55 < 55 
Typical age of onset 

(years) 

Months to years Weeks Duration of symptoms 

High Low Genetic predisposition 

No Yes (20-25 %) Antibodies to B-cells 

Obese Normal / Wasted Body habitus 

High Low / Absent 
Plasma insulin / 

C-peptide 

Metabolic syndrome 

with insulin 

insensitivity 

Insulin deficiency 
Main metabolic 

feature 

High doses required Responsive Insulin therapy 

Responsive Unresponsive 
Insulin secretagogue 

drugs 

Common Uncommon 
Family history of 

Diabetes 

103 - 203 of 

Diagnosed Diabetes 

203 - 103 of 

Diagnosed Diabetes 
Prevalence 

Hyperosmolar coma Ketoacidosis Acute complication 

 



  2.1.1 Metabolic Disturbances in Diabetes :- 

The hyperglycaemia of diabetes develops because of an absolute     

(type 1 diabetes) or a relative (type 7 diabetes) deficiency of insulin, resulting 

in decreased anabolic and increased catabolic effects. In both type 1 and type 

7 diabetes, insulin's actions are also impaired by the insensitivity of target 

tissues. While this is a fundamental defect in type 7 diabetes, hyperglycaemia 

can also induce insulin resistance through glucose toxicity. 

Decreased anabolism results in hyperglycaemia, which leads to 

glycosuria, osmotic diuresis and consequent salt and water depletion. 

Increased catabolism is represented by increased glycogenolysis, 

gluconeogenesis and lipolysis, which will result in hyperketonaemia and 

consequently acidosis occurs and the patient gets diabetic ketoacidosis 

(Haslett et al., 1555). 

The counter – regulatory hormones secretion will also increase, which 

includes glucagons, cortisol, growth hormone, and catecholamines. These 

hormones are catabolic and increase hepatic glucose production initially           

by enhancing the breakdown of glycogen to glucose (glycogenolysis)                  

and later by stimulating the synthesis of glucose (gluconeogenesis)                                

(Burtis and Ashwood., 1556). 

2.3 Oxidative Stress :- 

Oxidative stress has been defined as an imbalance between pro-

oxidants and antioxidants. Either an increase in the production of oxidants or a 

deficiency in the antioxidant defense system could disturb this balance, 

causing oxidative stress (Langseth, 1555). However, it is closely associated  

with aging  and          a number of diseases including cancer, cardiovascular 

disease, diabetes and diabetic complications (Atalay and Laaksonen, 7117). 



Oxidative stress may be localized, for instance in the  joints in arthritis 

or in the  vascular  wall in  atherosclerosis,  or can  be  systemic e.g. in systemic 

lupus erythematosus (SLE), and possibly diabetes (Baynes and Dominiczak, 

7115). Figure (1.3) shows oxidative stress which results from an imbalance 

between pro-oxidant and antioxidant forces (Baynes and Dominiczak, 7115). 

 

 

Figure (1.3) :Oxidative stress which results from an imbalance between 
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pro-oxidant and antioxidant forces. 



  2.3.2 Reactive Oxygen Species (ROS) and Reactive Nitrogen 

Species (RNS) :- 

In  the  body  certain  molecules  called  reactive  oxygen  species (ROS) 

and reactive nitrogen species (RNS) are normally produced as part of the  

defense  system and as the by-products  of cellular metabolic processes 

utilizing oxygen. These reactive species include  free radicals or certain  

molecules which may be  oxidizing agents or convertible to  free radicals.  

Many factors  can cause the body to produce more reactive species than are 

needed.  These include smoking, drinking alcohol, too much fat in the diet, too 

much sun             exposure, too many pollutants in the air, and even too much 

exercise                             (Wahlqvist and Wattanapenpaiboon, 1555). 

A free radical is any chemical species that has one or more unpaired 

electrons. Many free radicals are unstable and highly reactive. Free radicals are 

not always harmful. It is important to note that they also serve  a useful 

purpose in the human body, for example, free radicals play a role in the 

destruction of disease causing microbes by specialized blood cells called 

Phagocytes (Langseth, 1555). To combat microbial infections, phagocytes 

produce and release toxic oxygen radicals to kill invading bacteria in a process 

known as “respiratory burst”, the phagocytes then engulf killed bacteria. In an 

acute infection, the production of oxygen radicals which cause the killing of 

bacteria are efficient processes; however, in prolonged infections, phagocytes 

tend to die, releasing toxic oxygen radicals that affect surrounding cells (Devlin, 

7117). 

Reactive oxygen species (ROS) are partially reduced  reactive forms of 

oxygen. They include oxygen-containing radicals such as super oxide anion 

radical (O ), hydroxyl radical (OH˙), peroxyl radical (ROO˙), and                alkoxyl 



radical (RO˙), and non-radical species that can produce                                   

oxygen –containing radicals during their reaction, such as singlet oxygen ( O7),                          

hydrogen peroxide (H7O7), ozone (O3), and hypochlorous acid (HOCl) which 

result from  the  reaction of H7O7  with Cl- (Baynes and Dominiczak, 7115; 

Murray et al., 7113; Alta'ee, 7113). Among the ROS hydroxyl radicals (OH˙) are 

the most  reactive and damaging species (Baynes  and  Dominiczak, 7115). 

Reactive nitrogen species (RNS) include nitric oxide (NO˙), also known 

as the endothelium derived relaxation factor (EDRF), which has a role in the 

regulation of vascular tone. (NO˙) reacts with (O ) to form the strong          

oxidant, peroxy nitrate (ONOO¯), which is a RNS that has many of the strong                     

oxidizing properties of  (OH˙) (Baynes and Dominiczak, 7115). 

  2.3.1 The Antioxidant Defense System in Human Body :- 

In general,  an antioxidant  has been defined as any  substance that,  

when  present in  low concentrations compared with that of an oxidizable 

substrate,      can  delay  or inhibit the  oxidation  of that  substrate  (Al-Ameri, 

7117),           whereas Wahlqvist and Wattanapenpaiboon have defined 

antioxidants as substances that reduce oxidation and so counteract the reactive 

species (Wahlqvist and Wattanapenpaiboon, 1555). 

The human body has several mechanisms for defense against the 

radicals and other ROS. The various defenses are complementary to one 

another because they act on different oxidants or in different cellular 

compartments.  One important line of defense is a system of enzymes, 

including glutathione peroxidases, superoxide dismutases, and catalase, which 

decrease the concentration of the most harmful oxidants. Nutrition plays a key 

role in maintaining the body's enzymatic defenses against free radicals. Several 



essential minerals including selenium, copper, manganese, and zinc are 

involved in the structure or catalytic activity of these enzymes. A second line of 

defense is small-molecular-weight compounds which act as antioxidants; that 

is , they react with oxidizing chemicals, reducing their capacity for damaging 

effects. Some, such as glutathione, ubiquinol and uric acid, are produced by 

normal metabolism. Other small-molecular-weight antioxidants are found in 

the diet, the best known being vitamin E, vitamin C and carotenoids. Some 

foods also contain other antioxidant substances although these substances 

have no known nutritional function; they may be important to human health 

because of their antioxidant potency. Most of the antioxidants found in these 

foods are phenolic or polyphenolic compounds (Langseth, 1555). 

Another line of defense is to keep free levels of potentially redox-

active metal ions at minimal. This can be achieved by the sequestration or the 

chelation of transition metals e.g. by binding to strong and transport proteins 

which minimize the free ions within the cells, then prevent the formation of 

highly reactive radicals (Mathkor, 7117). 

  2.3.3 The Toxic Effects of ROS :- 

The free radicals are extremely reactive and unstable, and enter into 

reactions with proteins, lipids, carbohydrate, particularly with key molecules in 

membranes and nucleic acids. Moreover, free radicals initiate autocatalytic 

reaction whereby molecules with which they react are themselves converted 

into free radicals to propagate chain of damages. The effect of these reactive 

species are wide-ranging, but three reactions are particularly relevant to cell 

injury : 

I. Lipid peroxidation of membranes. 

II. Oxidative modification of proteins. 



III. Lesions in deoxyribonucleic acid (DNA) (Mathkor, 7117).                                                                                                                                                

Diabetes causes an increased oxidative stress in various tissues as 

evidenced by increased levels of oxidized DNA, proteins, and lipids. Besides 

damaging the functions of these molecules, oxidative stress also triggers a 

series of cellular responses, including the activation of protein kinase C (PKC), 

transcription factor NF-KB, and c-Jun NH7-terminal kinase (JNK) stress-

associated kinases, and so forth. Inappropriate activation of these important 

regulatory molecules would have deleterious effects on cellular functions,      

and it is though to contribute to the pathogenesis of various diabetic 

complications (Chung et al.,7113). Figure (1.4) shows the free radical      

damage  (Bagchi and Puri, 1557). 

 



 

Figure (1.4) : Free radical damage. 
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   2.3.2 Mechanisms for Increased Oxidative Stress in Diabetes 

Mellitus :- 

The mechanisms behind the apparent increased oxidative stress in 

diabetes are not entirely clear. Accumulating evidence points to a number of 

interrelated mechanisms, increasing production of free radicals such as 

superoxide or decreasing antioxidant status (Atalay and Laaksonen, 7117). It is 

most likely the combined effects of increased levels of reactive oxygen species 

(ROS) and decreased capacity of the cellular antioxidant defense system   

(Chung et al,. 7113). Oxidative stress may occur in several ways : 

           I. Increase generation of ROS. 

           II. Decreased antioxidant defense. 

           III. Alterations in enzymatic pathways. 

           IV. Ischaemic – reperfusion injury, hypoxia and pseudohypoxia. 

  Further possible sources of oxidative stress in diabetes mellitus are : 

           I. Inadequate diet -derived antioxidant. 

           II. Lack of dietary proteins may lead to inadequate synthesis of metal ion                                                      

               binding protein. 

           III. Exposure to drugs or toxins that are metabolized to produce free      

                 Radicals (Al-Ameri , 7117 ; Szaleczky et al., 1555 ;  Atalay  and         

                 Laaksonen, 7117).                                                                    

 Figure (1.5) shows the mechanisms for increased oxidative stress in diabetes 

mellitus (Atalay and Laaksonen, 7117). 

  



 

Figure (1.5) :The mechanisms for increased oxidative stress in diabetes                

mellitus.       
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cells are believed to produce free radicals that cause damage to beta cells of 

the pancreas. There are two mechanisms : 

I. The infiltration of macrophages produces superoxide as a primary source 

of free radicals. The superoxide can be further converted to more active 

radicals, hydroxyl radicals, which attack cellular membrane and cause DNA 

breakage. The consequence of DNA breakage leads to cell death if the 

cells fail to repair the damage; also the activation of poly (ADP-ribose) 

synthetase, which is a nuclear enzyme, depletes the DNA levels in cells, 
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inhibiting proinsulin synthesis and, in addition, increasing the sensitivity of 

the cells to free radicals. 

II. Cytokines are released by T-cells, and macrophages, in the insulin 

secreting cells and induce the formation of intra cellular free radicals 

causing selective damage to beta cells (Al-Ameri, 7117). 

  2.3.6 The Mechanism of Reactive Oxygen Species in Insulin 

Resistance :- 

Insulin resistance is a condition where a given amount of insulin 

produces less than the expected response; therefore, more insulin is required 

to produce the ' normal ' effect (Baynes and Dominiczak, 7115). Insulin 

resistance and hyperinsulinemia eventually lead to impaired glucose tolerance. 

Defective beta cells become exhausted, further fueling the cycle of glucose 

intolerance and hyperglycaemia (Mayfield, 1557). By affecting the amount of 

proton donors within the cell, protons are pumped across the inner 

mitochondrial membrane through certain complexes of electron transport 

system,  hyperglycaemia would increase electrochemical potential difference 

across the inner mitochondrial membrane and would thus lead to an increased 

production of reactive oxygen species (ROS). ROS would change cellular 

signaling patterns, the most important cause of insulin resistance. Signaling 

transduction defects include:   defective tyrosine phosphorylation, reduced 

insulin receptor substrate-1 (IRS-1) level, decreased phosphatidyl inositol-3   

kinase leads to defective cellular translocation of the  glucose transporter 4 

(GLUT4) to cell membrane, decreased activity of key enzymes such as pyruvate 

dehydrogenase or glycogen synthase , leading to the development of insulin 

resistance and impaired insulin secretion              (Baynes and Dominiczak, 

7115). 



 

2.2 Vitamin C (Ascorbic Acid) :- 

Vitamin C is L-ascorbic acid  (chemically : 7- oxogulonolactone). The two 

hydroxyl  groups  have  acidic properties.  By  releasing a proton, ascorbic acid 

therefore turns into its anion, ascorbate (Kodman and Roehm, 7115). The word 

"ascorbic" means ' without scurvy ' (Grodner et al., 7111). The discovery of 

vitamin C is associated with the search for the cause of scurvy, a potentially 

fatal disease that weakens the body's connective tissues  and also  causes 

inflammation to them (Grodner et al., 7111). It was first isolated in 1577, by the 

Hungarian biochemist and Nobel Prize winner Szent-Gyor Gyi (Iqbal et al.,7114).      

Vitamin C is an essential nutrient in human beings, the higher primates, the 

guinea pigs and fruit eating-bats. In some other animals, a specific pathway 

exists for its synthesis (Baynes and Dominiczak, 7115). It has been found that 

the cause of human  inability to  synthesize ascorbic acid is the absence of the 

active enzyme, L-gulonolacton oxidase  (Iqbal et al., 7114; Murray et al., 1556). 

Both L-ascorbic acid  and L-dehydroascorbic acid are physiologically active forms 

of vitamin C  (Iqbal et al., 7114). 

The principal pathway of oxidation which leads to turn over of ascorbic 

acid is believed to involve in the removal of two electrons in succession and to 

yield first the ascorbate free radical (AFR) and then dehydroascorbate.          

Two molecules of AFR may react together to form one molecule of        

ascorbate and one of dehydroascorbate. Alternatively, AFR may be reduced     

by a microsomal NADH-dependant enzyme, mono-dehydro-L ascorbate 

oxidoreductase to ascorbate (Iqbal et al., 7114). Figure (1.6) shows ascorbic 

acid as  an antioxidant (Spencer, 7115). 

 



 

 

 

                Figure (1.6): Ascorbic acid (vitamin C) as an antioxidant. 

 

Vitamin C is a water-soluble vitamin. This vitamin is a free radical 

scavenger and interacts with free-radicals in the water compartment of cells as 

well as in the fluids between cells. It is considered one of the most important 

antioxidants in extra cellular fluids. Vitamin C has a sparing effect on vitamin E 

as it regenerates vitamin E from the tocopheroxyl radical after it has 

neutralized free radicals. Its protective effects extend to cancer, coronary 



artery disease, arthritis and aging (Bagchi and Puri,1557). Figure (1.8) shows 

the antioxidant network (Spencer, 7115 ). 



 

                                 Figure (1.8): The antioxidant network. 

 

The  most  clearly  established  and  critical   functional  role   for ascorbic  

acid  is as  a cofactor  for  protocollagen   hydroxylase enzyme for collagen 

synthesis ; vitamin C may also be involved in tyrosine metabolism , microsomal  

drug metabolism , synthesis of  epinephrine  and anti-inflammatory  steroids 

by the  adrenals , synthesis of bile acid , folic acid  metabolism , and  leukocyte 

functions. Absorption  of  Fe+7  is  enhanced   by   the  presence of  vitamin C 

(Burtis and Ashwood, 1556; Kodman and Roehm, 7115). The Recommended 

Dietary Allowance (RDA) for vitamin C has varied from 45 mg to 61 mg for 

adults. Presently, the RDA is 61 mg but recommendations world-wide vary 

(Grodner et al., 7111). 

 

 



  2.2.2 Vitamin C (Ascorbic Acid) in Diabetes Mellitus :- 

Although the biosynthetic relationship between glucose and ascorbic 

acid is absent in man, the glucose / insulin system does influence ascorbic acid. 

In particular, insulin promotes the active cellular uptake of ascorbic acid where 

as hyperglycaemia inhibits renal ascorbic acid reabsorption 

(Cunningham,1557). 

Vitamin C is considered the principal water-soluble antioxidant; it 

quenches the hydroxyl free radical, considered the most dangerous of all free 

radicals. It also reduces the formation of advanced glycation end products 

(AGEs), and it slows the conversion of glucose to sorbitol, another type of 

sugar that is a big contributor to diabetic complications (Smith, 7113). 

A  number of  research groups  report significantly decreased ascorbic  

acid concentrations in  both types 1 and  7  diabetic  patients when  compared  

to  healthy control  subjects  (Banerjee , 1577; Stankova et al., 1574; Will and 

Byers, 1556). It has been reported that diabetic individuals have low levels of 

vitamin C in the plasma and in the white blood cells (Iqbal et al., 7114). 

Cunningham  has found that  leukocyte ascorbic acid is  lower in       

type 1 DM compared with non diabetics (Cunningham, 1557). Ahmad  and      

associates have found significant low levels of ascorbic acid in type 7 DM               

(Ahmad et al., 7113). Iqbal and associates have reported in their review that 

ascorbic acid also has been tested as an antioxidant to inflammatory reaction 

in mice. High doses given after but not before the injury would successfully 

suppress edema. Vitamin C strengthens  the immune system  by stimulating 

the activity of antibodies and immune system cells such as phagocytes and 

neutrophils, and it protects  the immune system against damage by the free 



radicals released by the body in its fight against the infection. It has also been 

shown to decrease the bacteriological activity (Iqbal et al., 7114). 

 

2.5 Glutathione :- 

Glutathione is present in almost all living organisms: plants, animals, and 

some bacteria (Bannai and Tateish, 1576; Nelson and Cox, 7115). Glutathione 

was discovered by F.G.Hopkins in 1571 (Orrenius and Moldēus, 1574). Most of 

the intracellular glutathione exists in thiol form (GSH), although mixed 

disulfides (mainly G-SS-protein), thioethers and, to a lesser  extent,  

glutathione  disulfide (GSSG) contribute to the total cellular pool of 

glutathione. The bulk of intracellular  GSH is found in the cytosol, but the  

existence of a minor mitochondrial  pool of  GSH  has  also been  

demonstrated.  Moreover, both GSH  and GSSG are  present in  various  body  

fluids,  including plasma, bile, and  the  glomerular  filtrate, although at much  

lower  concentrations     (Orrenius and Moldēus, 1574). 

GSH is a tripeptide with a structure of γ-L-glutamyl-L-cysteinylglycin, 

which is characterized by the reactive thiol group and the γ-glutamyl             

bond which makes it resistant to normal peptidase activity                                 

(Bannai and Tateishi, 1576 ; Orrenius and Moldēus, 1574). 

The intracellular level of this tripeptide varies with the growth,    

nutritional state, and hormonal balance of the organism (Moron et al., 1585).GSH 

is synthesized in two steps catalyzed by γ-glutamyl cysteine  synthetase (reaction 

1) and glutathione synthetase (reaction 7) respectively : 

                                                             γ-glutamyl cysteine  synthetase 



L-glutamate + L-cysteine +ATP     γ-L-glutamyl-L-

cysteine + ADP + Pi (reaction 1) 

                                                                                                                                 glutathione synthetase 

γ - L-glutamyl- L- cysteine + glycine + ATP   GSH + ADP + 

Pi  (reaction 7) 

Reaction1 is considered rate limiting and inhibited by GSH, suggesting 

a physiologically significant feedback control of GSH synthesis (Bannai and 

Tateishi, 1576). In normal conditions, the ratio of GSH/GSSG is high but in 

oxidative stress the ratio of GSH/GSSG is low (Spencer, 7115). 

The GSH is recycled by an NADPH - dependent enzyme GSH  reductase. 

The NADPH, provided by the pentose phosphate pathway, maintains a ≈ 111 : 

1 ratio of GSH : GSSG in the cell (Baynes and Dominiczak, 7115). Low 

concentrations of GSH have been implicated in numerous pathological 

conditions, including diabetes, alcoholic liver disease, AIDS, acute hemorrhagic 

gastric erosions, cataracts, Parkinson diseases, xenobiotic-induced oxidative 

stress and toxicity, and aging (Richie et al., 1556). More recently, GSH has been 

demonstrated to regulate gene transcription involved in the pathogenesis of 

cancer, diabetes, and atherosclerosis (Al-Ameri, 7117). However, it has been 

called the "master antioxidant", which is considered the major endogenous 

antioxidant produced by the cell. It participates directly in the neutralization of 

free radicals, reactive oxygen compounds, and maintains exogenous 

antioxidants  such as vitamins C and E in their reduced (active) forms. In 

addition, through direct conjugation, GSH plays a role in the detoxification of 

many xenobiotics (foreign compounds) both organic and inorganic. GSH is also 



considered         an essential component of the human immune response. The 

proposed mechanisms of immune enhancement include: 

              I. Optimizing macrophage functions, 

  II.Offsetting oxidative damage associated with lymphocyte 

monoclonal        

       expansion, and 

  III.Stabilizing the mitochondrial membrane thereby, reducing 

apoptosis    

       in  lymphocytes. (Petrosino, 7115). 

Other physiological functions of GSH include the maintenance of 

membrane integrity and cytoskeletal organization, involvement in protein and 

DNA synthesis, modulation of protein conformation and enzyme activity and 

promotion of neurotransmitter release (Orrenius and Moldēus, 1574). 

2.5.2 Reduced Glutathione (GSH) in Diabetes Mellitus :- 

Reduced  glutathione  ( GSH ) is a  non - specific  reduction  agent and  

plays  an  important  role in  oxidation  mechanisms. It  participates in  

antioxidative  defense  system as a free  radical inactivator (Atamer et al., 

1557). 

The depletion of GSH has  been  speculated to be an important 

contributing factor to some serious  human  diseases, such as chronic                     

renal failure, diabetes, Parkinson's disease and cataract formation                 

(Lomaestro and Malone, 1555). Tessier and  associates have observed that 

oxidized glutathione  ( GSSG ) increases in the serum of diabetic  patients and 

GSH / GSSG ratio decreases (Tessier et al., 1555). Al-Ameri has observed in his 

study  that type 7 DM patients have lower  antioxidants levels , GSH in  



between them , as  compared  with  control  subjects (Al-Ameri, 7117).  

Atamer and associates have found that erythrocyte GSH levels of type 7 

diabetes are significantly  lower  as  compared  with  control  subjects  (Atamer  

et al., 1557). 

2.6 C-reactive protein (CRP) :- 

C-reactive  protein is  the  first  reported  acute-phase   protein  in 

humans.  It  belongs  to a  highly  conserved   phylogenetically   ancient family 

called pentraxins, which have  five  identical non-covalently linked subunits 

(Das et al., 7113).  It  was  first  described  in 1531 (Burtis and Ashwood, 1556). 

It is so named because it precipitates with the C substance, a polysaccharide of 

pneumococci (Bishop et al., 7115). CRP is mainly synthesized in the liver 

(Fischbach,7111). Its synthesis is triggered by certain cytokines including 

interleukin-6, interleukin-1, growth factor B ,  and  some  other extracellular  

signaling molecules (Das et al., 7113). Normally, it is present only in trace 

amounts in serum, but it can increase by as much as 1111-flod in response to 

injury or infection ( Pepys, 1571; Werner, 1565; Fischbach, 7111 ). Large 

amounts of CRP can also appear in  peritoneal, pleural, pericardial, and  

synovial body fluids (Fischbach, 7111). Its  level  is elevated  in  infections      

and other disorders associated with tissue  damage  and  inflammation                      

(Kallio, 1558; Clyne and Olshaker, 1555). 

Measurements of CRP levels in serum are of value in many clinical 

situations including : 

           I. Assessment  of  the  activity,  extent ,  and  course  of   inflammatory       

    processes. 

II. Differentiation  of  viral / bacterial  infections, CRP  rises up  during      



     bacterial infection to higher levels than in viral infection.  

           III. Monitoring   its level  is used to assess results of  various  treatment       

     regimens. 

        IV. Monitoring  patients   who  are  immuno - suppressed   either  from          

             chemotherapy  or  from  disease   for  potential  bacterial   infection. 

          V. Prognostic  marker  for   coronary  heart   disease   in  patients  with 

 unstable angina  and is also  used as a marker of  cardiovascular  risk. 

       VI. In obstetric patients  with premature rupture of membranes, a rise in             

             CRP can give early warning of  intrauterine  infections. 

       VII. CRP rises up during  the  chronic course of the diseases  (diabetes                                           

              mellitus, chronic brucellosis, chronic viral hepatitis-B and C). 

       VIII. Early  detection  of  complication  in  post-operative  patients.      

        IX. For  the  differentiation  between  active  disease  and  infection  in                   

             Systemic  lupus  erythematosus  (SLE),  an elevated CRP  indicates      

             infection, not inflammation caused by SLE it self, where the level of     

             response to active disease has previously been established.                

        X. For  the  differentiation  between  infection  and  graft -versus- host       

            disease  in bone  marrow  transplant  patients. 

(Craig et al., 7117 ; Das et al., 7113 ; Pagana and Pagana,7117). 

The nature of non specific elevation of CRP is an important obstacle for 

its wide clinical  application , as it can not be used for specific disease 

diagnosis, but Das and  associates (7113) have found that human CRP is 

glycosylated in different  clinical  conditions, keeping their pentraxin structures 



almost the same as the native CRP, but some minor changes in their amino-

acid sequence and  glycosylation  make them differ chemically, which may be 

essential for their proper biological function. These observations may pave the 

way for overcoming  many important  obstacles for the  clinical  use of CRP  

measurements  and for new diagnostic approaches for using CRP as a  

potential clinical marker (Das et al., 7113). 

2.6.2 C-reactive protein in Diabetes Mellitus :- 

Diabetes mellitus (DM) is a chronic disorder, and comprises a group of 

syndromes with abnormal carbohydrate metabolism, all characterized at some 

point by  hyperglycaemia. Changes in serum protein levels in diabetes are 

related  to inflammation, secondary complications, and to the metabolic 

effects of abnormal insulin and glucose level (Craig et al., 7117; Pickup, 7114). 

CRP is moderately elevated in DM (Craig et al., 7117). Its concentrations are 

lowest among those with newly or previously diagnosed diabetics (Ford, 1555). 

Previous studies have suggested that CRP is involved in the 

development of type 1 DM Chase and associates have found that type 1 DM     

is an immuno inflammatory disorder and elevated CRP levels is associated in 

the development of type 1 DM (Chase et al., 7114). Amrani and associates 

have reported that cytokines including IL-1, IL-6, and TNF-α are present in the 

inflammatory infiltrate of pancreatic islets, and have a potential role in beta 

cell destruction particularly when present in combination (Amrani et al., 7111). 

Schram and associates have found that inflammatory activity, measured by 

inflammatory markers (CRP, IL-6, and TNF-α), is increased in type 1 diabetes 

and may predispose to vascular disease (Schram et al., 7113). Many studies 

have approved that CRP also plays a role in the development of type 7 DM 

(Pickup, 7114; Thorand et al., 7113; Pradhan et al., 7111). Schulze and 



associates have found that high plasma levels of CRP are associated with an 

increased risk of incident cardiovascular events among men with type 7 

diabetes (Schulze et al., 7114). Although the mechanism of the CRP elevation is 

unknown, they suggest that it might be related to the activation of 

macrophages, increased  oxidative stress,  or  induction  of  cytokines (Chase et 

al., 7114). 

2.2 The Relation between C-reactive protein and Oxidative Stress in 

Diabetes Mellitus :- 

Diabetes mellitus is associated with an increased production                          

of reactive oxygen species and a reduction in antioxidant defenses             

(Bonnefont-Rousselot, 7114). The reactive oxygen species create                  

oxidative stress, which damages molecules and activates a number of            

signaling molecules such as protein kinase C or the transcription                           

factor  NFKB  ( NFKB  is  a  key  determinant  of  inflammatory  response ). 

(Baynes and Dominiczak, 7115; Chung et al., 7113; Nishikawa et al., 7111). 

It has also been found that oxidants such as hydrogen peroxide activate 

NFKB and IL-6 in cultured monocytes and endothelial cells (Jain et al., 7113). 

Shurtz-Swirski and associates have found that type 7 diabetic patients are 

exposed to oxidative stress and chronic inflammation (partially because of the 

primed state of their polymorph nuclear leukocytes). The existence of chronic 

inflammation in diabetes is mainly based on the increased plasma 

concentrations of C-reactive protein, fibrinogen, interleukin-6, interleukin-1, 

and tumor necrosis factor (Shurtz-Swirski et al., 7111). Bloomgarden has 

reported that free radicals are accompanied by an increase in inflammatory 

markers, ultimately leading to decreased metabolic insulin response in a 

variety of tissues and to endothelial dysfunction (Bloomgarden, 7114). 



Yasunari and associates have found that there is a significant direct 

relationship between monocyte oxidative stress and serum CRP in diabetes 

(Yasunari et al., 7117). Block and associates have found that CRP has a 

significant positive relation with both biomarkers of lipid peroxidation plasma 

(malondialdehyde and F7-isoprostane), while plasma ascorbic acid is 

significantly and inversely related to both biomarkers in healthy adults (Block 

et al., 7117). Esposito and associates have found that inflammatory cytokine 

concentrations (plasma IL-6 and TNF-α) are acutely increased by 

hyperglycaemia in humans. The effect is abolished by the infusion of the 

antioxidant glutathione, suggesting that hyperglycaemia-induced cytokine 

production is mediated by reactive oxygen species (Esposito et al.,7117).  

 

 

 

 

 

 

Aims of the Study 

  1- Study the antioxidants levels(reduced glutathione,reduced vitamin C) in 

both     

        types 1 and 7 diabetic patients. 

   7-  Study the inflammatory  marker  (C-reactive protein)  in both types 1 and 

7     

        diabetic patients. 



   3-  Study the  relation  of glucose  level with  C-reactive  protein  level  in both    

        types 1 and 7 diabetic patients. 

    4- Study  the  relationship  between C-reactive  protein  concentration  and       

        antioxidants (reduced glutathione, reduced vitamin C) in both types 1 and 

7    

        diabetic patients.  

 

 

1.2 Materials :- 

  1.2.2 Patients and Conditions of The Study :- 

The period covering the practical side of the study was from the 78th of 

November 7114 to the 18th of May 7115. It was performed at the Laboratory 

of Biochemistry Department, College of Medicine, University of Babylon. The 

study was conducted on 78 patients from the diabetic clinic in Mirjan       

Teaching Hospital, as well as from Babylon Hospital of Pediatric and  Maternity. 

78 patients were with type 1 DM (11 males and 18 females) whose ages 

ranged from 11 – 84 years old, and 61 patients were with type 7 DM       (78 

males and 33 females) whose  ages ranged from 31 – 75 years old. 

The medical history of each patient  was taken regarding age, gender,   

duration of DM, type of treatment, , history of ischaemic heart disease, history 

of any other illness, and smoking status. Measurements of their height and 

weight were done to calculate their body mass index (BMI) and blood samples 

were also drawn. Regarding the type of DM, patients were classified according 

to the characteristic features of type 1 and type 7 DM, in which patient 

features goes with type 1 DM considered mostly type 1 DM patient, whereas 



patient features goes with type 7 DM considered mostly type 7 DM patient 

because definite classification by measuring plasma insulin level or antibodies 

to B-cells was not available for us. All patients underwent full physical 

examinations, and investigations: fasting serum glucose (FSG), random serum 

glucose (RSG), complete blood film (CBF), general urine examination (GUE), 

blood urea, serum creatinine, and electrocardiograph (ECG). Other 

investigations were  done according to the condition for which the diabetic 

patient was admitted       to hospital. 

 

 

  1.2.1 Healthy Subjects :-                                                                     

           Thirty-nine healthy subjects were taken as a control group (16 males and 

73 females). They did not have any history of chronic disease and did not take 

any treatment for chronic disease, history of smoking was taking, and their 

ages ranged from 11 – 65 years old. Measurements of their height and weight 

were also done to calculate their body mass index (BMI) and  blood  samples  

were drawn. 

  1.2.3 Blood Sampling :- 

Venous blood samples were drawn from healthy control subjects and 

diabetic patients using disposable syringes in the sitting position. Five ml of 

blood was obtained from each subject, and was pushed slowly into plain 

disposable tube without anticoagulant, blood was allowed to clot for 11-15 

minutes, the clot shrinks and serum was obtained by centrifuging 7511 xg for 

approximately 11 – 15 minutes. 



1.2.2 Chemicals :- 

       All chemicals were highly purified and used as supplied without further 

purification. 

Table (771): Chemical compounds used in this study. 

Chemicals Production 

 7,%-Dinitrophenyl hydrazine 

   (7,%-DNPH) 
BDH (England) 

 9,9' Dithiobis (7-nitro benzoic     

acid) (DTNB) 
Fluka (Switzerland) 

 Ascorbic acid standard Merck (Germany) 

 Copper sulfate anhydrous Fluka (Switzerland) 

 C-reactive protein (CRP)  latex 

test – kit 
Standard (Germany) 

 Distilled water (DW) Laboratory distillator (England) 

 Ethylene diamine tetra acetic 

   acid disodium (EDTANa7) 
Gainland Chemical (England) 

 Glucose enzymatic colorimetric 

   test – kit 
Biocon GLU (Germany) 

 Glutathione standard (GSH) Sigma – Aldrich chemie (Germany) 

 Glycine Fluka (Switzerland) 

 Meta-phosphoric acid (m-HPO3) Merck (Germany) 

 Methanol Fluka (Switzerland) 

 Sodium chloride (NaCl) Fisher Scientific (U.K.) 

 Sulfuric acid (H7SO%) Fluka (Switzerland) 

 Thiourea Fluka (Switzerland) 

 Trichloro acetic acid (TCA) Hopkin and Williams (England) 

 Tris (hydroxymethyl) amino            

    methane 
Merck (Germany) 

 



1.2.5 Instruments and Materials :- 

Table (777): Instruments and materials used in this study. 

Instruments and Materials Production 

 Balance (for chemical compounds)  

Sartorius AG 

GOTTINGEN 

(Germany) 

 Body weight balance  Japan,UK 

 Centrifuge  

-Griffin and George BS 

(Britain) 

    -Kokusan (Japan) 

 Distillator  
Bibby Science Products 

Limited (England) 

 Filter papers  
Schleicher and Schiill 

Gmbh (Germany) 

 Glass slide  
Standard 

(Germany) 

 Incubator  
Fi sher Scientific 

(USA) 

 Magnetic stirrer with hot plate  
Classico 

(India) 

 Micropipettes – automatic  

    (9-91, 011-0111) μL  

SLamed 

(Germany) 

 pH – meter  
HANNA 

(Portugal) 

 Spectro photometer  
Spectronic 70,Milton Roy 

(USA) 

 Stirring sticks  
Standard 

(Germany) 

 Tape measure  Japan 

 Vortex (Electronic)  

Vib rofix,VF-0 

Janke and Kunkel 

(Germany) 

 Water bath  

Schutzart Din %1191-IP 

71 Memmert 

GmbH,Schwabach FRG 

(Germany) 

 



1.1 Methods :- 

  1.1.2 Body Mass Index (BMI) :- 

BMI has been proposed as an alternative to the traditionally used    

height-weight tables in assessing obesity. BMI measures weight corrected       

for height and is significantly correlated with total body fat content. BMI was 

calculated as weight (in kilograms) divided by height (in meters) squared.                                                                                                                       

BMI= Weight (kg) / Height7 (m7) 

            BMI was classified into : 

-Underweight when BMI  <  1775 kg/m7. 

-Normal when BMI between  1775-7475  kg/m7. 

-Overweight when BMI between  7571-7575  kg/m7. 

-Obesity when BMI between  3171-3575  kg/m7. 

-Extreme obesity when BMI  ≥ 4171  kg/m7. 

 (Grodner et al.,7111). 

  1.1.1 Determination of Serum Glucose :- 

For the determination of glucose in the sera of tested individuals, 

enzymatic colorimetric test kit  was used. 

 Method : 

Enzymatic colorimetric test on basis of Trinder-Reaction. 

 Principle : 

The test was based on the coupling of the enzymatic oxidation of 

glucose by glucose oxidase resulting in hydrogen peroxide, subsequently used 

for the generation of a colored product by peroxidase. In the Trinder method, 



the carcinogenic ortho-dianisidine used in earlier formulations have been 

replaced by phenol and 4-amino-antipyrine. Enzymatic colorimetric test on 

basis of Trinder-Reaction as in the following equations: 

22

oxidase ecosGlu

22 OHacid GluconicOHOecosGlu    

OH4Chinonimin dReantipyrinemina4phenolOH2 2

oxidase per

22    

 Reagent Concentration: 

     R2: 

 Phosphate buffer pH (875) 151 mmol/L 

 Phenole 875 mmol/L 

    R1: 

 Glucose oxidase (GOD) 17111 U/L 

 Peroxidase (POD) 661 U/L 

 4-aminoantipyrine 1741 mmol/L 

    R2: 

 Glucose 111 mg/dl (5755 mmol/L) 

 Preparation : 

 Dilute contents of enzyme reagent /R7 with the corresponding volume 

of buffer /R1. 

 The working solution R7 solved in R1 is stable for : 

3 months at +7oC to +7oC 

4 weeks at +71oC to +75oC 

keep protected from light  

R4: Ready for use. 



The standard is refrigerated stable up to expiry date. 

 

 Procedure: 

 Test tubes are prepared for sample, blank, and standard and follow the 

instructions below: 

Reagents Sample (µL) Blank (µL) Standard (µL) 

Working 

Reagent 
0111 0111 0111 

Standard R%   01 

Serum 01   

 

-Mix, incubating for 15 minutes at +38oC or for 31 minutes at +75oC. 

-Within 61 minutes read absorbance (A) at 546 nm of the sample, reagent 

blank and standard.  

 Calculation: 

 Determine the absorbance change as :  

∆ A Sample = (A sample – A blank) 

∆ A Standard = (A standard – A blank) 

and use this for the calculation of serum glucose. 

ionConcentrat tan
A

ionConcentrat cos
tan

sample
dardS

A
eGlu

dards





  



The concentration of the supplied standard / calibrator R4 : 

(111 mg/dl) or (5755mmol/L). 



  1.1.3 Measurement of Serum C-reactive protein (CRP):- 

The presence of CRP in the sera of the tasted individuals was evaluated 

by using CRP latex reagent kit , which is a rapid test for the qualitative and semi 

quantitative measurement of CRP in serum by agglutination of latex particles 

on the slide. 

 Method: 

 Latex agglutination test. 

 Principle: 

 The CRP reagent kit is based on an immunological reaction between CRP 

antisera bound to biologically inert latex particles and CRP in the test 

specimen. When serum contains greater than 7 mg/L, CRP is mixed with the 

latex reagent, and visible agglutination occurs. 

 Reagents: 

 Store the reagent kit at 7-7oC. 

1- CRP latex reagent : 

 A suspension of uniform polystyrene particles was coated with 

monospecific antihuman CRP (goat) in glycine buffer, pH 875 ± 175;  reagent 

sensitivity adjusted to approximately 7 mg/L. 

7- CRP positive control serum : 

A stabilized prediluted human serum containing greater than 7 mg/L.  

3- CRP negative control serum : 

A stabilized prediluted human serum. 

                                                                                                                                                                  



 

4- Glycine – Saline buffer pH 777 ± 171: 

 This buffer is required for dilution but not provided in the kit, so 

preparation of it done by the following way : 

- Glycine solution (NH7CH7COOH) (171 M) : 

 17178685 gm of glycine dissolved in 75 ml distilled water. 

- Sodium chloride solution (NaCl) (1715 M) : 

 1771515 gm of NaCl dissolved in 75 ml distilled water. 

- Glycine – Saline buffer prepared by mixing both the prepared glycine and 

sodium chloride solutions (pH 777 1171). 

 Procedure: 

A-Qualitative test : 

1- Bring reagents and specimens to room temperature before use. 

7- Place (41 µL) of the serum / controls into test wells on the glass slide. 

Use fresh pipette tip for each sample. 

3- Add an equal volume (41 µL) of the CRP latex reagent to serum / 

controls. 

4- Mix well with the provided stirring sticks. 

5- Rotate the slide. If the serum contains approximately 7 mg/L of CRP,  

a clear agglutination will appear within two minutes. 

 B-Semi-Quantitative test : 

1- Setup at least five test tubes : 1:7,1:4,1:7,1:16,1:37,etc … 



7- Dilute sample according to dilution factor on each test tube with 

glycine diluent. 

3- Place (41 µL) of each of positive and negative controls on to the slide  

ring. Place (41 µL) of each dilution on successive fields of the reaction 

slides.  

4- Gently resuspend the CRP latex reagent and add an equal volume    

(41 µL) to each test field. 

5- Mix well with the provided stirring sticks. 

6- Rotate the slide for 7 minutes. The approximate concentration will be 

equal to the reciprocal of the highest dilution that would present 

with a clearly visible agglutination multiplied by 7. Results are 

expressed in mg/L based on the WHO International Standard for 

human CRP. 

  1.1.2 Determination of Serum Total Vitamin C(Ascorbic Acid): 

 Method: 

7,4–Dinitrophenylhydrazin  ( 7,4-DNPH )   photometric   method            

(Lleyd  et al . ,1545  ;  Burtis and Ashwood , 1555 ). 

 Principle: 

In the 7,4- dinitrophenylhydrazin (7,4- DNPH) method, ascorbic acid is 

oxidized by Cu+7 to dehydroascorbicacid and diketogulonicacid. When treated 

with 7,4-DNPH, the 7,4-dinitrophenylosazone product forms, which in the 

presence of sulfuric acid, forms an orange – red complex that absorbs at      

571 nm. Thus this method measures both the oxidized (dehydroascorbicacid) 

and the reduced ascorbic acid forms of vitamin C. 



 Preparation of reagents: 

o Metaphosphoric acid (m-HPO3) (1785 M): 31 gm of m-HPO3 are dissolved 

in a final volume of 511 ml of distilled water.(Stable for1 week). 

o  Sulfuric acid (H7SO4) (475 M): Carefully 751 ml of concentrated H7SO4 are 

added to 511 ml of cold distilled water. When the solution has cooled to 

room temperature, distilled water is added to 1 liter, with mixing. (Stable 

for 7 years). 

o  Sulfuric acid (H7SO4) (17 M): Carefully 651 ml of concentrated H7SO4 are 

added to 311 ml of cold  distilled water and brought to a final volume of     

1 liter. (Stable for 7 years). 

o  7,4-Dinitrophenylhydrazin (7,4-DNPH) (1711 M): 11 gm of 7,4-DNPH are 

dissolved in 411 ml of 475 M H7SO4 , and brought to a final volume of    

511 ml with 475 M H7SO4, then refrigerated over night, and filtered. 

(Stable for at least 1 week at refrigerated temperature). 

o  Thiourea (1766 M): 5 gm of thiourea are dissolved in a final volume of   

111 ml of distilled  water.(Stable for 1 month at 4oC). 

o  Copper sulfate (17178 M): 176 gm of anhydrous copper sulfate is dissolved 

in a final volume of 111 ml of distilled water. (Stable for 1 year at room 

temperature).  

o  DTCS reagent:  5 ml of thiourea, 5 ml of copper sulfate, and 111 ml of the 

7,4-DNPH reagent are combined. (Store in bottle at 4oC for a maximum of  

1 week). 

o  Ascorbic acid standards: Stock standard solution (777 mM) is prepared by 

dissolving 51 mg of ascorbic acid in a final volume of 111 ml of m-HPO3 . 

Dilutions are made in m-HPO3 to 775, 5, 11 and 71 mg/L (17114, 17177, 



171568 and 1711 mM) respectively. These are the working standards.      

(All working standards should be prepared daily).  

 Procedure: 

The procedure for the determination of total vitamin C in serum by    

7,4-DNPH method is summarized as follows: 

Sample, blank, and standard test tubes are prepared, then pipetted 

into test tubes, 

Reagents Sample(μL) Reagent Blank(µL) Standard(μL) 

m-HPO3 711   

Serum 711   

 

          The tubes are mixed in vortex mixture, then centrifuged at 7511 xg for 11 

minutes  

Standard(μL) Reagent Blank(μL) Sample (μL) Reagents 

  011 Supernatant 

011   Standards 

 011  m-HPO3 

711 711 711 
DTCS 

reagent 

                                                                                                                                                                    



          The tubes are capped and mixed in vortex mixture, then incubated in a 

water bath at 38oC for three hours. The tubes are removed from the water 

bath and chilled for 11 minutes in an ice bath, slowly mixed. 

 

 

Standard(μL) Reagent Blank(μL) Sample(μL) Reagents 

0111 0111 0111 
Cold H7SO% 

(07M) 

 

 The tubes are mixed in vortex mixture and returned immediately to the 

ice bath. The spectrophotometer is adjusted with blank to read zero     

absorbance (A) at 571 nm, and the absorbance of standards and sample is 

read. 

 Calculation of Serum Total Vitamin C: 

 The concentration of the samples is obtained from the calibration curve 

(Figure 771) and is multiplied by 5 (to correct for dilution of the serum by m-

HPO3) to give the concentration of vitamin C (ascorbic acid) per liter of 

serum. 

 The concentration of ascorbic acid can be determined directly from a 

standard as follows: 

 

 A sample             A standard          

 C sample               C  standard 

 

 



C sample  =  C standard x    A sample     x 5  

                                            A standard 

where: 

C = concentration(mg/l) of ascorbic acid in sample and standard. 

A = absorbance at 971 nm for sample and standard. 

9 = factor is added to correct for the dilution of sample. 

y = 0.017x

R
2
 = 0.9978

0

0.05

0.1

0.15

0.2

0.25

0.3

0.35

0.4

0 2.5 5 7.5 10 12.5 15 17.5 20 22.5

Vitamin C Concentration (mg/L)

A
b

s
o

rp
ti

o
n

 a
t 

5
2

0
 n

m

                                                  

Figure (771): Standard curve for (7,4 –DNPH) method of ascorbic acid. 

  

1.1.5 Calculation of Serum Reduced Vitamin C (Ascorbic Acid):-  

In the present study, reduced  ascorbic  acid was  calculated  from a 

correlation study between the 7,4-DNPH  method (used to  measure total 

vitamin C concentration) and 7,6-dichloroindophenol (7,6-DCIP) method (used 



to measure reduced vitamin C concentration) conducted on 611 patients  

samples, and  having show  good  agreement (Lleyd et al., 1545). 

DNPH = 17177 (DCIP) + 1717 (r=1755) 

Therefore, 

 

Reduced Ascorbic Acid = 
     Total ascorbic acid (DNPH) – 1717 

                                                                           17177 

  1.1.6 Determination of Serum Reduced Glutathione (GSH):- 

 Method: 

 DTNB  photometric  method  ( Ellman's  method )                                

(Ellman,1555; Alta'ee, 7113). 

 Principle: 

 5,5'-Dithiobis (7-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 417 nm and is 

directly proportional to the GSH concentration. 

 Preparation of reagents: 

1- Precipitating solution. Trichloro acetic acid (TCA) 517 : 51 gm of TCA are   

dissolved in a final volume of 111 ml of distilled water. 

7- Ethylenediamine tetra acetic acid-disodium (EDTANa7) (177M): 387774     

gm of EDTANa7 are dissolved in a final volume of 511 ml of distilled water. 

3- Tris-EDTA buffer pH 775:  477457 gm  of  Tris are  dissolved in  711 ml of 

distilled water,111 ml of (177 M) EDTANa7 solution are added and brought 



to a final volume of 1 liter with distilled water. The pH was adjusted to 775 

by the addition of  1M of HCl.(Stable for at least 11 days). 

4- DTNB reagent (1711M): 17155 gm of DTNB is dissolved in absolute 

methanol, and brought to a final volume of 75 ml.(Stable for at least 13   

week at 4oC). 

5- GSH standards: Stock standards solution (17111 M)is prepared by    

dissolving 171318 gm of GSH in a final volume of 111 ml of (177 M) EDTANa7 

solution. Dilutions are made in EDTANa7 solution to 5,11,71,31 and 51 

μM.(This working standard should be prepared daily). 

 

 Procedure: 

           Serum GSH was determined by using a modified procedure using 

Ellman's reagents (DTNB), and summarized as follows: 

Sample, blank, and standard test tubes are prepared then pipetted into test 

tubes. 

Reagents Sample (μL) Reagent Blank (μL) Standard (μL) 

Serum 011   

Standard   011 

Distilled 

water 
711 311 711 

TCA 011 011 011 

                                                                                                                         



The tubes are mixed in vortex mixture intermittently for 11-15 minute, 

and centrifuged for 15 minute at 3111 xg, then pipetted into test tubes. 

Reagents Sample (μL) Reagent Blank (μL) Standard (μL) 

Supernatant %11 %11 %11 

Tris-

EDTANa7 

buffer 

711 711 711 

DTNB 

reagent 
71 71 71 

                                                                                                                                              

           The tubes are mixed in vortex mixture. The spectrophotometer is 

adjusted with reagent blank to read zero absorbance (A) at 417 nm, and the 

absorbance of standards and sample is read within 5 minutes of the addition of 

DTNB. 

 

 Calculation of Serum GSH: 

 The concentration of serum GSH is obtained from the calibration curve  

in μM (Figure 777). 
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            Figure (777):Standard curve of reduced glutathione concentration. 

  



1.1.2 Statistical Analyses :- 

 Statistical analyses were performed using SPSS program version 1171, all 

values  were  expressed  as mean  ± standard deviation (SD) or  percentage  

(%). 

Multiple comparisons between diabetic and control groups and between the 

diabetic groups (type 1 and 7 DM) were made, using one way-analysis of 

variance (ANOVA).The person rank correlation test and simple linear 

regression analysis were used to assess the relationship between variables. 

Results were considered significant when the probability (p) was less than 1715 

(p<1715).   

3.2  Demographic, Clinical, and  Biochemical Characteristics of the  

Study :- 

           The demographic (sex,age), clinical, and biochemical characteristics of 

healthy control subjects, type 1 DM, and type 7 DM of the present study are 

shown in (Table 371) expressed by mean ± SD or percentage (%). 

Type 1 DM patients constitute 317 (78:78) of the total number of 

diabetic patients, whereas 657 (61:78) of them have type 7 DM (Figure 371). 

31%

Type 1

69%

Type 2

 



Figure (371): The percentage of type1 and  type7  DM patients.  

 

         Regarding the sex factor of DM patients,  type1 DM involve (18 females 

and 11 males), whereas type7 DM involve (33 females and 78 males).  

The age group distribution in type 7 DM patients shows a peak level  in  

the age between (51-55) years old represented by (78) patients. (Figure 377); 

whereas   for  type 1  DM  patients  the  age group is  equally distributed from 

(11-35) years old represented by (5)  patients for each age group. The age 

group between (51-55) years old has the same number of patients (Figure 373).    
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            Figure (3.7): The age group distribution of type 7 DM patients. 
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                   Figure (3.3): The age group distribution of type 1 DM patients. 

 

Figures (377) and (373), excluding the duration of DM,  also show that in 

type 1 DM the distribution of age group starts from (11) years, whereas in type 

7 DM the distribution starts from (31) years.  

Smoking status of the diabetic patients is divided into three groups: 

those who never smoke, past smokers, and current smokers diabetic patients.       

Never smoke patients represent (717477) for type 1 DM and (817667) for type 

7 DM, these results show that most of the diabetic patients in the present 

study are non smokers.  Past smokers represent (37817) for type 1 DM and 

(167667) for type 7 DM. The current smokers represent (147717) for type 1 DM 

and (117667) for type 7 DM.  

The body mass index  (BMI kg/m7)  of diabetic patients is classified  as: 

underweight (<1775), normal (1775 – 7475), overweight (7571 – 7575),       



obesity (3171 – 3575), and extreme obesity (≥ 4171) (Grodner et al., 7111).              

(Figure 374 and 375).  
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Figure (374): Classification of body mass index in type 1 DM patients.  
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Figure (375): Classification of body mass index in type 7 DM patients.  

                            

           Patients of type 1 DM who have  BMI < 7571 kg/m7  (i.e. underweight 

and normal weight) constitute 847 of the total number of type 1 DM patients       

(71:78 ) ( Figure 376 ). On the other hand, in type 7 DM patients who have    

BMI ≥ 7571 kg/m7  ( i.e. overweight, obese, and extreme obesity) constitute 

877 of the total number of type 7 DM patients ( 43 : 61 ) ( Figure 378 ).  
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Figure (376):The percentage of obese and non obese patients in type 1 DM . 
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Figure (378):The percentage of obese and non obese patients in type 7 DM . 

  

Weight loss is common in type 1 DM patients, though they could be 

normal weight (Hasslett, 1555). Obesity is very common in type 7 DM.  It acts 

as a diabetogenic factor because the accompanying insulin resistance increases 

the need for insulin. Adipocytes secrete a number of biologic products (leptin , 

tumor necrosis factor α (TNF-α), free fatty acids , resistin , and adiponectin) 

that modulate insulin secretion, insulin action , and  body  weight  and may  

contribute to  the  insulin  resistance (Kasper et al., 7115).  

The mean duration of diabetes mellitus of type 1 and type 7 DM are 

nearly equal (5767 , 7717) years respectively.  



Regarding the history of ischaemic heart disease, (147717) of type 1 DM 

patients have a positive history of ischaemic heart disease, whereas in type 7 

DM patients, the percentage is (717667).                                                         

Biochemical parameters random serum glucose (RSG), total vitamin C 

(TvitC), reduced  vitamin C (RvitC),  reduced glutathione (GSH), and C-reactive 

protein (CRP) expressed by mean ± SD are measured in the sera  of  healthy  

control  subjects, type 1 DM, and  type 7 DM  patients (Table 371).  



Table (371): Demographic , clinical , and  biochemical  characteristics  of healthy  

control  subjects  and diabetic patients.  

Variables Healthy Control Type 2 DM Type 1 DM 

   

  -№ 

  -sex (M/F) 

  -Age (year) 

  -Smoking status : 

        Never 

        Past 

        Current 

  -BMI (Kg/m
7
) 

  -Classification of BMI:       

        Underweight% 

        Normal% 

        Overweight% 

        Obesity% 

        Extreme Obesity% 

  -Duration of DM (year) 

  -Ischaemic heart disease% 

  -RSG  (mmol/L) 

  -TvitC (mg/L) 

  -RvitC (mg/L) 

  -GSH (μ M) 

  -CRP : 

       Positive test% 

       Conc. of CRP in   

       positive test (mg/L) 

 

 

            33 

00/73 

%0.07±0%.77 

 

78.08 % 

7.90 % 

01.79 % 

70.1%±3.80 

 

1 % 

%0.17 % 

%3.97 % 

09.37 % 

1 % 

- 

1 % 

%.7%±1.88 

0%.03±%.90 

07.33±%.03 

73.00±0%.8% 

 

1 % 

 

- 

 

78 

01/08 

37.%7±07.88 

 

70.%7 % 

3.81 % 

0%.70 % 

77.03±%.77 

 

79.37 % 

%7.0% % 

77.77 % 

3.81 % 

1 % 

3.07±01.79 

   0%.70 % 

00.17±0.01 

8.73±3.39 

0.93±3.17 

8.30±%.89 

 

07.90 % 

 

39.71±03.37 

01 

78/33 

9%.33±01.39 

 

80.00 % 

00.00 % 

00.004 

78.93±9.89 

 

14 

77.33 % 

%3.33 % 

79 % 

3.33 % 

7.17±7.77 

70.00 % 

03.78±9.37 

8.70±3.3% 

0.98±3.18 

01.07±%.33 

 

00.00 % 

 

37.11±00.11 



3.1  Multiple Comparisons between the Studied Groups' Serum   

Antioxidants (Reduced Vitamin C and Reduced Glutathione) :- 

           Multiple comparisons have been made between the studied groups' 

serum    antioxidants ( reduced vitamin C and reduced glutathione ) (p<1715) 

are shown  in Table (377).  

Table (377): Multiple comparisons between the studied groups' serum  

antioxidants (reduced vitamin C and reduced glutathione).  

Variables 

Mean 

difference 

(I – J) 

Sig.  

Mean 

difference 

(I – K) 

Sig.  

Mean 

difference 

(J – K) 

Sig.  

 

RvitC(mg/L) 

 

GSH(μ M) 

 

0.330 

 

70.713 

 

S 

 

S 

 

 

 

0.303 

 

07.9%0 

 

S 

 

S 

 

7.093 

 

-7.007 

 

NS 

 

NS 

                                                                                                                           (I=mean of 

healthy control group, J=mean of type 1 DM, K=mean of type 7 DM, 

S=significant (when p<1715), NS=not significant).     

The mean of reduced vitamin C (RvitC mg/L) shows a decrease in its level 

in type 1 DM patients in comparison with that of the Control Group and the 

difference is significant between them. The mean of RvitC also shows          a 

decrease in its level in  type 7 DM patients in comparison with that of the 

Control Group and the difference is significant between them. But no 



significant difference is found between the mean of RvitC of type 1 DM 

patients and that of type 7 DM patients. 

The decrease in the antioxidant vitamin C in diabetes may be due to 

vitamin C consumption by ROS , or it can be consumed due to its role in the 

reduction of the formation of advanced glycation end products (AGE), or its 

role in slowing the conversion of glucose to sorbitol (Smith, 7113). This reveals 

that vitamin C requirements increases in diabetes. It can also be consumed due 

to the regeneration of vitamin E in which the later is also largely consumed by 

ROS (Bachi and Puri, 1557). Hyperglycaemia is also known to enhance renal 

ascorbic acid losses by inhibiting renal ascorbic acid reabsorption 

(Cunningham, 1557).  

The mean of reduced glutathione (GSH  µM) shows a decrease in its level 

in type 1 DM patients in comparison with that of the Control Group and the 

difference is significant between them. In type 7 DM patients the mean of GSH 

shows a decrease in its level in comparison with that of the Control Group and 

the difference is significant between them. But no significant difference is 

found between the mean of GSH of type 1 DM patients and that of type 7 DM 

patients.  

In diabetes, the decrease in the antioxidant GSH level may be an 

outcome of greater GSH consumption by ROS. It is also largely consumed, 

mainly because of the regeneration of vitamin C, which is largely oxidized in 

diabetic patients. Lower amounts of GSH may also be explained by the 

glycation of the enzyme  γ–glutamyl cysteine synthetase  (an enzyme  catalyze  

GSH synthesis) , which generates decreased amounts of GSH synthesis in 

diabetes              (Shurtz-Swirskietal.,7111).                                                                                                                                                                 



In addition, under hyperglycaemic conditions, as much as 317 of the 

glucose is channeled into the polyol pathway, causing a substantial depletion 

of NADPH, in which the latter is used as a co-factor by aldose reductase (AR) to 

reduce glucose to sorbitol, and by that it competes with glutathione reductase 

(GR) for their co-factor NADPH which is also required to regenerate GSH.   The 

depletion of NADPH consequently leads to a significant decrease in the GSH 

level (Figure 377) (Chung et al., 7113). 
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 Figure (377):Contribution of polyol pathway to GSH decrease in DM.                                 

 3.3 Analysis of the Raised CRP Levels in the Studied Groups:-     

CRP concentrations are measured in the sera of the studied groups using 

latex agglutination test (Table 373).CRP levels above the normal value(>7 mg/L) 

constitute 137857 (17:78) of the total  number of diabetic patients, whereas 

767717 (85:78) of them are within normal CRP levels; however, all of the 

healthy control subjects have normal CRP levels.  



The percentage of patients with raised CRP levels in type1 DM is 177517 

(5:78), whereas in type7 DM  patients, the percentage is 117667 (8:61). This 

reveals that the percentage of patients of type 1 DM  with raised CRP level, (all 

of them are females), is higher than  that of  type 7 DM patients with raised 

CRP level, (5 males, 7 females), and this reveals  that  raised  CRP  levels are 

higher in female sex. This result is supported by other  studies (Kilpatrick et al., 

7111; Kluft and de Maat, 7111). 

Table (373): C-reactive protein concentration in the studied groups using 

latex agglutination test. 

Healthy 

Controls 

DM 

CRP 

Concentration 

(mg/L) 

Total Type-1 Type-2 

№:Total 

(%) 

№:Total 

(%) 

№:Total 

(%) 

№:Total 

(%) 

52 : 52 

(200 %) 

05 : 10 

(12.10 %) 

55 : 20 

(11.55 %) 

11 : 10 

(12.21 %) 
 < 1     

0 : 52 

(0 %) 

0 : 10 

(0 %) 

0 : 20 

(0 %) 

0 : 10 

(0 %) 
1 

0 : 52 

(0 %) 

2 : 10 

(2.52 %) 

5 : 20 

(5 %) 

2 : 10 

(5.00 %) 
22 



0 : 52 

(0 %) 

5 : 10 

(5.22 %) 

2 : 20 

(2.22 %) 

1 : 10 

(0.20 %) 
51 

0 : 52 

(0 %) 

5 : 10 

(5.02 %) 

5 : 20 

(5 %) 

1 : 10 

(0.20 %) 
21 

 

         Patients with raised CRP level in both types 1 and 7 DM are found to be 

either having: 

1-Diabetic complications [diabetic ketoacidosis DKA 7733% (1:17),diabetic foot       

   ulcer DFU 757 (3:17) or acute myocardial infarction AMI 77337 (1:17) ], or 

7-Infection [ urinary tract infection UTI 167667 (7:17) , respiratory tract  

   infection RTI 757 (3:17) ] , or being 

3-Newly diagnosed diabetes 167667 (7:17) , (7weeks, 1week) for type1 and 7  

   DM patients respectively (Table 374).     

These durations are  the  shortest  ones noticed  in  diabetic patients  

whether of  type 1 or 7 DM. This proves that CRP is involved in the 

development of type 1 and 7 DM. All of the above conditions show to have 

raised CRP level in many other studies (Craig et al., 7117; Jain et al., 7113; Ford 

, 1555; Pagana and Pagana, 7111; Fischbach , 7111; Chase et al., 7114; 

Thorand et al., 7113). 

Chronic hyperglycaemia is not sufficient to induce inflammation. This 

result is supported by other studies (Pickup, 7114; Chase et al., 7114), can be 

clarified by two points:                                                          



a- Not all diabetic patients with hyperglycaemia whether of type 1 or 7  DM 

have a raised CRP level.  

b- There  is  a non significant  correlation  between  the  raised  CRP 

concentration and serum glucose concentration in diabetic patients of  

both types 1 and 7 (p > 1715). 

  

    

 

 

Table (374): The conditions that related to CRP elevation in type 1 and 7 DM.  

Conditions 

related to 

CRP 

elevation 

DM 

Type 2 Type 1 Total 

№ : Total 

(%) 

№ : Total 

(%) 

№ : Total 

(%) 

Diabetic 

complications 

 

DKA 2:5 

(103) 

0:0 

(03) 

2:21 

(1.553) 

DFU 2:5 

(103) 

1:0 

(11.503) 

5:21 

(153) 

AMI 0:5 

(03) 

2:0 

(22.113) 

2:21 

(1.553) 

Infections  

UTI 0:5 1:0 1:21 



(03) (11.503) (22.22 %) 

RTI 1:5 

(203)  

2:0 

(22.113) 

5:21 

(153) 

Newly 

diagnosed 

diabetes 

2:5 

(103) 

2:0 

(22.113) 

1:21 

(22.22 %) 

 



3.2 Contribution of Hyperglycaemia in Raising CRP Level through 

Oxidative Stress :-  

            Hyperglycaemia may contribute to raise CRP level indirectly by 

increasing reactive oxygen species (ROS), in which glucose present in excess 

undergoes auto-oxidation, yielding ROS and intracellular precursors of 

advanced glycation end products (AGE), in which the latter stimulates 

proinflammatory cytokine production. Hyperglycaemia also alters the      

cellular redox state by increasing the NADH / NAD+ ratio  and decreasing            

NADPH / NADP+. The reduction of glucose by NADPH in polyol pathway 

decreases the cytoplasmic ratio of NADPH / NADP+, whereas the oxidation of 

sorbitol by NAD+ increases the cytoplasmic ratio of NADH / NAD+, in addition to 

that, the inhibition of glycolysis and lipogenesis and the stimulation of 

glycogenolysis, lipolysis, ketogenesis, and gluconeogenesis can affect the 

cellular redox state. Normally, the pentose phosphate pathway maintain                 

a cytoplasmic ratio of NADPH / NADP+ ≈ 111. Interestingly, because NAD+ is 

required for glycolysis, the ratio of NADH / NAD+ in the cytoplasm is nearly the 

inverse, less than 1711 . The ROS creates oxidative stress, which damages 

molecules and activates a number of signaling molecules such as protein 

kinase C or the transcription factor NFKB (NFKB is a key determinant of 

inflammatory response), and thus CRP elevation occurs (Baynes and 

Dominiczak, 7115; Bloomgarden, 7114; King et al., 7113). 

In type 1 DM  patients, there is an inverse significant correlation   

between the concentration of CRP (mg/L) and GSH (µM), r (correlation 

coefficient) = -17561, p=17115 (p significant when < 1715) (Figure  375).                                                                                                                                                                                                                                                                 
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Figure (375) : The relationship between the concentration of CRP and GSH in 

type 1 DM patients. 

Considering RvitC, there  is  an inverse significant  correlation  between 

the concentration  of CRP (mg/L)  and  RvitC  (mg/L) , r = -17537 , p = 17171 

(Figure 3711).    
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Figure (3711): The relationship between the concentration of CRP and RvitC in 

type 1 DM patients.  



In type 7 DM patients, there is an inverse significant correlation between 

the concentration of CRP (mg/L) and GSH (µM), r = -17757 , p = 17115     (Figure 

3711).  
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Figure (3711) :The relationship between the concentration of CRP and GSH  in 

type 7 DM patients.  

Considering RvitC, there is an inverse significant correlation between  

the concentration  of CRP (mg/L) and RvitC (mg/L), r = -17853, p = 17133  

(Figure 3717).  
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Figure (3717) :The relationship between the concentration of CRP  and RvitC in 

type 7 DM patients.  

          In general, in both types of diabetic patients, there is an inverse 

significant correlation between the concentration of CRP and the antioxidants 

(GSH, RvitC), but the correlation in type 1 diabetic patients is stronger and 

more significant than that in type 7 diabetic patients. 

The stronger and more significant correlation between CRP and 

antioxidants (GSH, RvitC) in type 1 DM patients than that in type 7 DM patients 

is attributed to significantly higher hyperglycaemic level of type 1 DM patients 

with raised CRP level in comparison with that of type 7 DM patients with raised 

CRP level. This result is observed from statistical analyses done on the mean 

serum glucose level (mmol/L), in which mean serum glucose of type 1 DM 

patients with raised CRP level shows a significant increase in its level in 

comparison with the mean of serum glucose of type 7 DM patients with raised 

CRP level. Both types 1 and 7  DM  patients with  raised  CRP level  show a 



significant increase in their mean serum glucose levels in comparison with the 

mean  serum glucose  level  of  the healthy  Control  Group (Table 375).    

Table (375) :The comparison of mean serum glucose level between type 1 and 

type 7 DM patients with raised CRP level, and also between them and healthy 

control group. 

Variable 

Mean  

Difference 

(I - J) 

Sig. 

Mean  

Difference 

(I - K) 

Sig. 

Mean  

Difference 

(J - K) 

Sig. 

RSG  

(mmol/L) 
- 22.120 S - 2.505 S 1.122 S 

                                                                                                                             (I= mean 

serum glucose of healthy control group, J= mean serum glucose of type 1 DM 

patients with raised CRP levels, K= mean serum glucose of type 7 DM patients 

with raised CRP levels, S= significant (p<1715),  NS= not significant).  

The measurement of the antioxidants (GSH, RvitC) in both types 1 and 7 

DM patients with raised CRP level are used as indicators of oxidative status and 

by using statistical analyses, they reveal the existence of oxidative stress, in  

which a significant  decrease of the antioxidants (GSH, RvitC) in both types 1 

and 7 DM patients with  raised CRP level in comparison with that of the 

healthy Control Group. Although the mean of GSH level in type 7 DM patients         

with raised CRP level shows no significant  difference  in  comparison  with  the  

mean of GSH level  of the healthy  Control  Group, it  is  close  to  a significant  

level  p = 1716 (p<1715 consider significant)  (Table 376).  

    Table (376) : The comparison of mean serum  antioxidants ( GSH ,  RvitC )                                          



    between type 1 , type 7 DM patients with raised CRP level and healthy  

control group. 

Variables 

Mean 

Difference 

(I – J) 

Sig. 

Mean 

Difference 

(I – K) 

Sig. 

GSH (μ M) 10.222 S 20.525 NS 

RvitC (mg/L) 2.110 S 1.025 S 

 

(I= mean of healthy control group, J= mean of type 1 DM patients with raised 

CRP levels, K= mean of type 7 DM patients with raised CRP levels,                 S = 

significant (when p<1715) , NS= not significant).  

From the above analyses done on the relationship between 

hyperglycaemia, oxidative stress and raised CRP level, all these results 

demonstrate the indirect contribution of hyperglycaemia in raising CRP level 

through oxidative stress in people with established diabetes of both types1and 

7.  

References 

 Ahmad, M.; Khan, M.A. and Khan, A.S. (7113): Naturally occurring antioxidant 

vitamin levels in patients with type 7 diabetes mellitus. J. Ayub Med. 

Coll. Abbottabad, 15(1): 1-5. 

 Al-Ameri, A.A. (7117): Effect of magnetic field strength on free radicals in 

diabetic subjects. M.Sc. Thesis, Al-Mustansiriya University, College of 

Science. 



 Alta’ee, A.H.H. (7113): A new relationship between cytidine deaminase 

activity and cancer via oxidative hypothesis. M.Sc. Thesis, Babylon 

University, College of Science. 

 Amrani, A.; Verdaguer, J.; Thiessen, S.; Bon, S. and Santamaria, P. (7111): IL-

1 , IL- 1  and IFN-   mark B-cells for Fas dependent destruction by 

diabetogenic 

4CD  T-lymphocytes. J. Clin. Invest., 115: 455-467. 

 Atalay, M. and Laaksonen, D.E. (7117): Diabetes, oxidative stress and physical 

exercise. J. Sports Science and Medicine, 1: 1-14. 

 Atamer, Y.; Kocylgit, Y.; Atamer, A.; Mete, N.; Canoruc, N. and Toprak, G. 

(1557): Alterations of erythrocyte and plasma lipid peroxides as well 

as antioxidant mechanism in patients with type II diabetes mellitus 

(NIDDM): Tr. J. Med. Sciences, 77: 143-147. 

 Bagchi, K. and Puri, S. (1557): Free radicals and antioxidants in health and 

disease review. La Revue de Santé de la Méd. Orie., 4(7): 351. 

 Banerjee, A. (1577): Blood dehydroascorbic acid & diabetes mellitus in 

human beings. Ann. Clin. Biochem., (pt7): 65-81. 

 Bannai, S. and Tateishi, N. (1576): Role of membrane transport in metabolism 

and function of glutathione in mammals. J. Membrane Biology,          

75: 1-7. 

 Baynes, J.W. and Dominiczak, M.H. (7115): Medical Biochemistry. 7nd ed. 

Lsevier Mosby. 

 Bishop, M.L.; Fody, E.P. and Schoeff, L. (7115):Clinical Chemistry Principles, 

Procedures Correlations. Lippincott Willian and Milkins. 

 Bland, J.S. (1557): The pro-oxidant and antioxidant effects of vitamin C. 

Alternative Medicine Review, 3(3): 181-183. 



 Block, G.; Dietrich, M.; Norkus, E.P.; Morrow, J.D.; Hudes, M.; Caan, B. and 

packer, L. (7117): Factors associated with oxidative stress in human 

populations. Amer. J. Epidemiol., 156(3): 785-775. 

 Bloomgarden, Z.T. (7114): Consequences of diabetes. Diabetes care, 78(8): 

1775-1731. 

 Bonnefont-Rousselot, D. (7114): The role of antioxidant micronutrients in the 

prevention of diabetic complications. Treat Endocrinol., 3(1): 41-57. 

 Bullock, B.L. (1556): Pathophysiology Adaptations and Alterations in 

Function. 4th ed.. Lippincott, Philadelphia.  

 Burtis, C.A. and Ashwood, E.R. (1556): Tietz Fundamentals of Clinical 

Chemistry. 4th ed. W.B. Saunders Company. 

 Burtis, C.A. and Ashwood, E.R. (1555): Tietz Textbook of Clinical Chemistry. 

3rd ed. W.B. Saunders Company. 

 Champe, P.C. and Harvey, R.A. (1554): Lippincott’s Illustrated Reviews: 

Biochemistry. 7nd ed.. J. B. Lipponcott company,   Philadelphia. 

 Champe, P.C.; Harvey, R.A. and Ferrier, D.R. (7115): Lippincott’s illustrated 

reviews: Biochemistry. 3rd ed.. Lippincott Williams and Wilkins, 

Baltimore.  

 Chase, H.P.; Copper, S.; Osberg, I.; Stene, L.C.; Barriga, K.; Norris, J.; 

Eisenbarth, G.S. and Rewers, M. (7114): Elevated C. reactive protein 

levels in the development of type 1 diabetes. Diabetes 53: 7565-

7583. 

 Chung, S.S.M.; Ho, E.C.M.; Lam, K.S.L. and Chung, S.K. (7113): Contribution of 

polyol pathway to diabetes-induced oxidative stress. J. Am. Soc. 

Nephrol., 14: 733-736. 



 Clyne, B. and Olshaker, J. (1555): The CRP. J. Emerg. Med., 18(6): 1115-1175. 

 Craig, W.Y.; Ledue, T.B. and Ritchie, R.F. (7117): Plasma Proteins Clinical 

Utility and Interpretation. Foundation for Blood Research 

Publications. 

 Cunningham, J.J. (1557): The glucose/insulin system & vitamin C implications 

in insulin dependent diabetes mellitus. J. Americ. College. Nutr.,  

18(7): 115-117. 

  Das, T.; Sen, A.K.; Pramanik, S.R.; Mandal, C. and Mandal, C. (7113): 

Induction of glycosylation in human C-reactive protein under 

different pathological conditions. Biochem. J., 383: 345-355. 

 Devlin, T.M. (7117): Text Book of Biochemistry with Clinical Correlations. 5th 

ed.  John Wiley and Sons, INC.  

 Ellman, G.L. (1555): Arch Biochem. Biophys., 77, 81. 

 Esposito, K.; Nappo, F.; Marfella, R.; Giugliano, L.; Ceriello, A. and Guigliano, 

D. (7117): Inflammatory cytokine concentrations are acutely 

increased by hyperglycemia in humans: role of oxidative stress. 

Circulation, 116: 7168-7187. 

 Fischbach, F. (7111): A manual of Laboratory and Diagnostic Tests. 6th 

ed..Lippincott Williams and Wikins. 

 Ford, F. (1555): Body mass index, diabetes and CRP among U.S. adults. 

Diabetes care, 77(17): 1581-1588. 

 Ganong, W.F. (1575): Review of Medical Physiology. 14th ed.. Appleton and 

Lange. 



 Grodner, M.; Anderson, S.L. and Deyoung, S. (7111): Foundation and Clinical 

Applications of Nutrition. 7nd ed.. Mosby. 

 Haslett, C.; Chilvers, E.R.; Hunter, J.A.A. and Boon, N.A. (1555): Davidson’s 

Principles and Practice of Medicine. 17th ed.. Churchill Livingstone. 

 Iqbal, K.; Khan, A, and Khattak, M.M. (7114): Biological significance of 

ascorbic acid (vitamin C) in human health-A review. Pakistan J. Nutr., 

3(1): 5-13. 

 Jain, S.K.; Kannan, K.; Lim, G.; Mattews-Greer, J.; McVie, R. and Bocchini, J.A. 

(7113): Elevated blood IL-6 levels in hyperketonemic type 1 diabetes 

patients and secretion by acetoacetate-treated cultured U 538 

Monocytes. Diabetes care, 76: 7135-7143. 

 Kasper, D.L.; Fauci, A.S.; Longo, D.L.; Braunwald, E.; Hauser, S.L. and Jameson, 

J.L. (7115): Harison’s Principles of Internal Medicine. 16th ed.. Vol. II, 

McGraw-Hill. 

 Kilpatrick, E.S.; Keevil, B.G.; Jagger, C.; Spooner, R.J. and Small, M. (7111): 

Determinant of raised C-reactive protein concentration in type 1 

diabetes. Q.J. Med., 53: 731-736. 

 King, D.E.; Mainous III, A.G.; Buchanan, T.A. and pearson, W.S. (7113):     C-

reactive protein and glycemic control in adults with diabetes. Dibetes 

care, 76(5): 1535-1535. 

 Kallio, I. (1558): C-reactive protein Pediatr. Infect. Dis.,16: 411-417. 

 Kluft, C. and de Maat, M.P. (7111): Determination of the habitual low blood 

level of C-reactive protein in individuals. Ital Heart J., 7: 187-171. 

 Kodman, J. and Roehm, K.H. (7115): Color Atlas of Biochemistry.7nd ed. 

Thieme. p 367. 



 Langseth, L. (1555): Oxidants, Antioxidants and Disease Prevention. 

International Life Sciences Institute Europe, 1-74. 

 Lleyd, B.; Sinelair, H.M. and Webster, G.R. (1545): The estimation of ascorbic 

acid for clinical purposes by the hydrazine method. Biochem. J., 35, 

xvii. 

 Lomaestro B.M. and Malone, M. (1555): Glutathione in health and disease, 

pharmaco therapeutic issue. Ann. Pharmacother., 75: 1763-1783. 

 Mathkor, T.H. (7117): Study the 5'-nucleotidases and some antioxidant 

enzyme related to dismutation of free radicals from the patients with 

breast cancer. M.Sc. Thesis, Baghdad University, College of Science. 

 Mayfield, J. (1557): Diagnosis and classification of diabetes mellitus: New 

Criteria. American Family Physician, 1-11. 

 Moron, M.S. Depierre, J.W. and Mannervik, B. (1585): Levels of glutathione, 

glutathione reductase and dlutathione S-transferase activities in rat 

lang and liver. Biochimica Biophysica Acta, 577: 68-87. 

 Murray, R.K.; Granner, D.K.; Mayes, P.A. and Rodwell, V.W. (1556): Harper’s 

Biochemistry. 74th ed.. Appleton and Lange. 

 Murray, R.K.; Granner, D.K.; Mayes, P.A. and Rodwell, V.W. (7113): Harper’s 

Illustrated Biochemistry. 76th ed.. Lange Medical Books. 

 Nelson, D.L. and Cox, M.M. (7115): Lehninger Principles of Biochemistry.  4th 

ed.. W.H. Freeman and Company New York. 

 Nishikawa, T.; Edelstein, D.; Du, X.L.; Yamagishi, S. Matsumura, T.; Kaned, Y.; 

Yorek, M.A.; Beebe, D.; Oates, P.J.; Hammes, H.P.; Giardino, I. and 

Brownlee, M. (7111): Normalizing mitochondrial superoxide 



production blocks three pathway of hyperglycaemic damage. Nature, 

414(6885): 878-851. 

 Nursing Study.com (7113): Diabetes Mellitus-Medical Encyclopedia. 

 Orrenius, S. and Moldēus, P. (1574): The multiple roles of glutathione in drug 

metabolism .TIPS , 5, 63 . 

 Pagana, K.D. and Pagana, T.J. (7111): Mosby’s Diagnostic and Laboratory Test 

Reference. Mosby. 

 Pepys, M.B. (1571): Lancet, 1: 653. 

 Petrosino, S.P. (7115): The benefits of glutathione (GSH). The nutrition 

advisor. http://nutritionadvisor.com/. 

 Pickup, J.C. (7114): Inflammation and activated innate immunity in the 

pathogenesis of type 7 diabetes. Diabetes Care, 78(3): 713-773. 

 Pradhan, A. Manson, J.; Rifai, N.; Buring, J. and Ridker, P. (7111): C-reactive 

protein, IL-6 and risk of developing type 7 diabetes mellitus. JAMA., 

776: 378-334. 

 Richie, J.P.; Skowronski, L.; Abraham, P. and Leutzinger, Y. (1556): Blood 

glutathione concentrations in a large-scale human body. Clinical 

Chemistry, 47(1): 64-81. 

 

 Schram, M.T.; Chaturvedi, N.; Schalkwijk, C.; Giorgino, F.; Ebeling, P.; Fuller, 

J.H. and Stehouwer, C.D. (7113): Vascular risk factors and markers of 

endothelial function as determinants of inflammatory markers in 

type 1 diabetes. Diabetes Care, 76: 7165-7183. 



 Schulze, M.B.; Rimm, E.B.; Li, T.; Rifai, N.; Stampfer, M.J. and Hu, F.B. (7114): 

C-reactive protein and incident cardiovascular events among men 

with diabetes. Diabetes Care, 78(4): 775-754. 

 Shurtz-Swirski, R.; Sela, S.; Herskovits,  A.T.; Shasha, S.M.; Shapiro, G.; Nasser, 

L. and Kristal B. (7111): Involvement of peripheral 

polymorphnuclearleukocytes in oxidative stress and inflammation in 

type 7 diabetic patients. Diabetes Care, 74: 114-111. 

 Smith, A.F.; Beckett, G.J.; Walker, S.W. and Rae, P.W.H. (1557): Lecture Notes 

on Clinical Biochemistry. 6th ed.. Blackwell Science. 

 Smith, M.D. (7113): Nutritional approaches for combating insulin resistance 

& diabetes. Part 1, 1-3. 

 Spencer, J. (7115): Antioxidants and mechanism of action in vivo. 

www.kcl.ac.uk/depsta/biomedical/biosci/gp355/lecture3 

antioxidants.html. 

 Stankova, I.; Riddle, M.; Larned, J.; Burry, K.; Menashe, D.; Hart, J. and Bigley, 

R. (1574): Plasma ascorbate concentrations & blood cell 

dehydroascorbate transport in patients with diabetes mellitus. 

Metabolism, 33(4): 348-53.  

 Szaleczy, E.; Prechl, J.; Feher, J. and Somogyi, A. (1555): Alterations in 

enzymatic antioxidant defense in diabetes mellitus-a rational 

approach. Postgrad. Med. J., 85: 13-18. 

 Tessier, D.; Khalil, A. and Fulop, T. (1555): Effects of an oral glucose challenge 

on free radicals/antioxidants balance in an older population with type 

II diabetes. J. Gerontology Series A: Biological Sciences and Medical 

Sciences, 54(11): 541-545. 

http://www.kcl.ac.uk/depsta/biomedical/biosci/gp395/lecture3%20antioxidants.html
http://www.kcl.ac.uk/depsta/biomedical/biosci/gp395/lecture3%20antioxidants.html


 Thorand, B.; Lwel, H.; Schneider, A.; Kolb, H.; Meisinger, C.; Frohlich, M. and 

Koenig, W. (7113): C-reactive protein as a predictor for incident 

diabetes mellitus among middle-aged men. Arch. Intern. Med.,  

163(1): 53-5. 

 Wahlqvist, M.L. and Wattanapenpaiboon, N. (1555): Antioxidant nutrients. 

Australian Prescriber, 77 (6): 147-144. 

 Werner, M. (1565): Clin. Chem. Acta., 75: 755. 

 WHO (7117): Laboratory Diagnosis and Monitoring of Diabetes Mellitus. 

WHO Documents Production Services, Geneva, Switzerland. 

 Will, J.C. and Byers, T. (1556): Does diabetes mellitus increase the 

requirement for vitamin C? Nutr. Rev., 54(8): 153-717. 

 Yasunari, K.; Maeda, K.; Nakamura, M. and Yoshikawa, J. (7117): Oxidative 

stress in leukocytosis a possible link between blood pressure, blood 

glucose and C-reacting protein. Hypertension J. Amer. Heart 

Association, 35: 888-871. 

 


