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Absract:
The correlation between free radicals produced by diabetic patients and non enzymatic antioxidants in addition to
trace elements have been undertaken in this study to evaluate the risky of such effects on different biological
parameters in such patients .The results appears in this study state that anew information have been released to
consider these effects and how to neutralize it.
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Introduction

The old criteria for diagnosis of DM recommended by the World Health Organization (1) were:

1. Fasting plasma glucose (FPG) > 140 mg/dL (7.8 mmol/L).

2.Two-hours post load glucose (2-hPG) > 200 mg/dL (11.1 mmol/L).

According to the new American Diabetes Association (ADA) recommendations to allow for earlier
detection of the disease, all adults older than age 45 years should have a measurement of fasting blood sugar
every 3 years unless the individual is otherwise diagnosed with diabetes (2).

The modified criteria for diagnosis of DM recommended by an expert

committee to allow earlier detection of the disease were:

1. FPG (Fasting Plasma Glucose) < 110 mg/dL (6.1 mmol/L) = normal fasting glucose.

2. FPG >110 mg/dL (6.1 mmol/L) and < 126 mg/dL (7.0 mmol/L) = impaired fasting glucose (IFG).

3. FPG > 126 mg/dL (7.0 mmol/L) = provisional diagnosis of diabetes.

The corresponding criteria when the oral glucose tolerance test

(OGTT) is used are the following:

1. Two-h PG < 140 mg/dL (7.8 mmol/L) = normal glucose tolerance.

2. Two-h PG >140 mg/dL (7.8 mmol/L) and < 200 mg/dL (11.1 mmol/L) = impaired glucose tolerance.

3. Two-h>200 mg/dL (11.1 mmol/L) = provisional diagnosis of diabetes.

Glycosylated hemoglobin (GHD) is the term used to describe the formation of a glucose reacts with the amino
group of hemoglobin (2).
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Classification and Etiology of DM

In 1979, the National Diabetes Data Group (NDDG) developed a classification and diagnosis scheme for
diabetes mellitus. This scheme provides dividing diabetes into two broad categories: type 1, insulin-
dependent diabetes mellitus (IDDM), and type 2, non-insulin-dependent diabetes mellitus (NIDDM).

Free Radicals

A compound becomes a free radical through either oxidation i.e., the loss of an electron or through reduction
i.e., the gain of an electron, however, a free radical is unstable and highly reactive in nature and may react
with other nearby molecule also converting that molecule to a free radical, which can then initiate another
reaction (3).

Free Radicals and Pathogenesis of DM

The cause of diabetes mellitus is not fully understood. Recently, increasing evidence suggest that free
radicals formation are involved in the pathogenesis of diabetes and the development of diabetic
complications (4,5).

In type 1: B-cells are prone to be destroyed by free radicals because of the low antioxidant enzyme nature.
Immune-effect cells such as macrophages, T-cells, nature killer cells and B-cells are believed to produce
free radicals that cause damage to pB-cells. There are two mechanisms of free radicals in -cells destruction

(6):
1. Infiltration macrophages produce superoxide as primary source of free radicals. (4).

2. Cytokines are released by T-cells, macrophages, NK cells in the insulates and induce the formation of
intracellular free radicals causing selective damage to p-cells. (7).

In type 2 : is a heterogeneous disorder, that is, very different pathologic events result in the same clinical
symptom (8). Genetic abnormalities, or environmental factors, or obesity, which may induce -cells malfunction
and/or insulin resistance, can cause mild hyperglycemia which further develops to type 2 DM.

Some studies |indicate that there are alterations in free radicals generation and antioxidant enzymes. The
free radicals activity in type 2 DM patients was increased as measured by the markers of free radicals activity
).

Oxidative Stress Syndrome

Oxidative stress, an imbalance between the generation of free radicals and antioxidant defense capacity of
the body. This resulted in the alteration of the cellular components in term of; DNA break down, protein
and lipid Peroxidation, cytotoxicity etc... (10).

Antioxidant Defense System

Antioxidants can be defined as substances whose presence in relatively low concentrations significantly
inhibits the rate of oxidation of lipids, proteins, carbohydrates, and DNA. Antioxidants act as potent
electron donors, they donate hydrogen atoms to pair up with unpaired

electrons on free radicals. Thus they convert reactive free radicals to inactive substances (11).0ne of
antioxidant defense of the body consists of non-enzymatic antioxidants which are:

Glutathione (GSH)

GSH is y-glutamylcysteinylglycine, the most abundant non-protein thiol compound in mammalian cells, is
biosynthesized from amino acid precursors (12). Tissue glutathione plays a central role in antioxidant defense.
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The hydrogen atom of SH group abstraction is one of the most important aspects of GSH reactivity
considering its function as an antioxidant.

Many recent studies have found decrease plasma GSH levels in different disease states especially those
associated with oxidative stress like DM (13,14)

Vitamin E (a-Tochopherol)

Vitamin E is a fat-soluble powerful antioxidant and is the primary defense against potentially harmful
oxidation that causes disease and aging (2).Vitamin E is the collective name for eight compounds, four
tochopherol and tocotrienols, found in nature. It is a fat-soluble substance present in all cellular membranes and
is mainly stored in adipose tissue, the liver and muscle (11).

Vitamin C (Ascorbic Acid)

Vitamin C is a water-soluble antioxidant vitamin. It neutralizes free radicals in the plasma, cytoplasm and
extracellular fluid. Vitamin C is not synthesized in the body. Vitamin C is taken from the diet and absorbed
from small intestines and it is transported through leukocytes and platelets (12).

Vitamin A (Retinol)

Vitamin A is often used as a collective term for several related biologically active molecules (retinoids).
They are retinol, retinal, retinoic acid (all trans), and 11-cis-retinal (formed by photoisomerization of all
trans-retinal). Some carotenoids (provitamin A) like B-carotene act as a precursor of vitamin A; which are
synthesized by all plants and by some animals, but not by man (12).

Minerals

Minerals may be divided into two groups: (1) macro-minerals, which are required in amount greater than
100 mg/dL, and (2) micro-minerals (trace elements), which are required in amount less than 100
mg/dL.Trace elements appear to play a key role in most biological functions. The effect of these
elements cannot be replaced by another element. (2) .Some of the trace and ultra trace elements have a
scavenging property as antioxidant to free radical generation, thus the alteration in their levels may be
considered a biochemical marker of free radical generation, such as zinc, selenium, copper, iron, and
chromium.

Iron

Iron is an essential trace element. Most iron in the body is incorporated into heme of hemoglobin and a
smaller proportion as myoglobin, heme-containing enzyme like catalase, and iron-sulfur proteins
(2).1ron is a first-line prooxidant, it contributes to regulate the clinical manifestations of numerous
systemic diseases, including diabetes, atherosclerosis, and deoxyribonucleic acid (DNA) damage (15).
Iron is intimately linked to oxidative stress. It participates through the Fenton reaction, in the
formation of highly toxic free radicals such as OH. and O2.- and causes oxidative damage (16).
Oxidative stress influences both glucose and iron metabolism (by decreasing internalization of
insulin and increased ferritin synthesis) (17).

Copper (Cu)

Copper is an essential trace element, a small amount of circulating copper is bond to albumin, whereas most is
incorporated into ceruloplasmin (12).An important role for copper is as a component of enzymes or
proteins involved in redox reaction (18) like:
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1. Cytochrome c oxidase catalyzes the reduction of oxygen to water in the last step of the electron transport
chain (12).

2. Cytosolic SOD, containing copper and zinc, catalyzes the conversion of 20, " to O, and H,0, .

Copper deficiency associated with low concentration of ceruloplasmin and leads to accumulation iron in
the liver and causes increase free radical production (19), and lack of the copper-containing antioxidant
enzyme related to the shortened life of erythrocytes and neutrophils (20), and excess copper can cause
free radicals production and damage tissues (2).

Zinc (Zn)

Zinc is an essential trace element. It is cofactor for more than 300 enzymes, and zinc-containing enzymes are
found in every enzyme class. Alkaline phosphetase, alcohol dehydrogenase, carbonic anhydrase, DNA
polymerase, and SOD are containing zinc (12).Zinc enzymes are essential to growth, wound healing,
reproductive function, the immune system, and protection from free radicals damage (21).Oxidative stress
syndrome in human with DM results in disturbance of zinc. Zinc has an important role in modulating the
immune system and its dysfunction in DM may be related in part to the status of zinc (12).

Chromium (Cr)

Trivalent chromium (Cr*") is an essential trace element for animals and humans. Its deficiency in organisms
causes e.g. disturbance of carbohydrate and lipid metabolism, hypoglycemia, impaired glucose tolerance
(22).
Cr** may improve insulin sensitivity, which can modify the risk of diabetes and cardiovascular disease (CVD),
therefore, when chromium supplementation is beneficial for preventing CVD among people with diabetes
(23).

Selenium (Se)

Selenium is an essential trace element. The essentiality of selenium results from its present as a necessary
component to form the active center, seleno group (-SeH), of GPx, thioredoxin reductase and of other
seleno-enzymes (24). Selenium is widely distributed in nature and found in combination with sulfide and
other minerals (25). Selenium is a component as a cofactor of the enzyme GPx, which protects
polyunsaturated fatty acid in the cell membrane from oxidative damaging effect of peroxide by decomposing
these oxidizing compounds. GPx catalyzes the reduction of H,O, and organic hydropeoxides in the presence
of GSH (26), Thus selenium deficient cells are less capable of scavenging intracellular peroxides after
exposure to exogenous H,O, (27). Therefore, selenium was suggested as antioxidant acting as a free radicals
scavenger (28).

Material and Methods:
Al the chemical used have been imported with highly purified from fluka company.

Place of work

This research was conducted in Al-Qadisiya Governorate, Al-Diwaniya General Hospital, Department of
Biochemistry, College of Medicine, Al-Nahrain University, and Department of Chemistry, College of
Sciences, Babylon University.

Subjects
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The study samples included 50 Patients suffering from type 2 of diabetes (28 males, and 22 females) aged
between 35 and 65 years; and 50 patients with type 1 diabetes (32 males and 18 females) aged between 13 and
65 years, controlled with 50 healthy individuals (38 males and 12 females) aged between 15 and 65 years.
The practical work was expended 15 months period, beginning in October 2003 and ending in December
2004.

Samples

The study samples of patients were collected from Al-Diwaniya General Hospital between October 2003 to
December 2004, and the blood was drawn from venous of fasting patients recently diagnosed with diabetes
mellitus (type 1 and type 2) and healthy subjects were used as control. All tests were performed on serum, some
of the blood was allowed to clot on crushed ice, and then centrifuged (450 X g for 10 minutes) to be used
serum samples immediately for detection of variable in this study, and others was stored at deep freezing (-20°C)
until using.

Determination of Serum Glutathione (30)
Principle; -
5,5-Dithiobis (2-nitrobenzoic acid) (DTNB) is a disulfide chromogen that is readily reduced by sulfhydryl group

of GSH to an intensely yellow compound. The absorbance of the reduced chromogen is measured at 412 nm
and is directly proportional to the GSH concentration .

Calculation: -
The calibration curve of glutathione was drawn between absorbance and different concentration of
glutathione, then concentration of serum glutathione of sample was calculated from it.

Determination of Serum Antioxidant Vitamins

1-Determination of Serum Vitamin (E) by HPLC using the technique described by

(31).

2-Determination of Serum Vitamin A by HPLC using the technique described by (32).
3.Determination of Serum Vitamin C by HPLC using the technique described

by (33).

Determination of Serum Trace Element

1-Determination of Serum Iron and copper by Using Commercially Available Kit (Randox - UK).
2-Determination of Serum Zinc,chromium and  Selenium by Flameless Atomic Absorption
Spectrophotometer (FAAS)by Atomic Absorption Technique (30) .

Statistical Analysis

The data were analyzed by using student's T-test taking P < 0.05 as the lowest limit of significant of difference and
simple linear correlation between two quantitative parameters, and correlation considered significant at P< 0.05.

Results and Discussion

Non-Enzymatic Antioxidants

Table (1): Levels of several non-enzymatic antioxidants in serum of patients with type 1 or type 2 DM and
control.
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It was found an inverse correlation between GSH level and the presence of DM complications in type 1 and

type 2 DM patients(34).

However, most studies have also found decreased level of serum GSH in diabetic patients (10,13,35,36).

In this work, serum GSH level was significantly decreased in patients with type 1 and type 2 DM when
it is compared with control, P < 0.05. Hence, serum GSH level is approximately 45% than that of
control in patients with type 1 DM, while serum GSH level in patients with type 2 DM was approximately 62%

than that of control, figure (1), table (1).
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Figure (1): Level of glutathione (GSH) in serum

of healthy control and patients with type 1 and

type 2 diabetes mellitus (DM) disease. The values are mean + SE.

Decreased level of serum GSH in diabetic patients could represent an adaptive response to increased oxidative
stress and free radicals generation that oxidized thiol group of GSH and decline reduced glutathione level,
therefore it is a good indicator to diabetic complications.

These results probably were due to the following:

1. Depletion serum GSH levels lead to slightly accumulation of intracellular total homocysteine, which
induces endothelial cells damage and slightly increases risk of cardiovascular disease in diabetic patients. These
results go with the results of the study of (37).

2. Serum GSH has an important role in the protection of cells from the perooxidation injury, therefore
decreases the degree of lipid perooxidation via end products; MDA in diabetic patients, these results are
in agreement with the results of (38).

3. Presence of high level of toxic compounds in diabetic patients, especially with type 2 DM (treatment with
of hypoglycemic oral such as tablets of daonil, glucophage...etc) induced accumulation of GST enzyme and
altered GSH metabolism, therefore toxic compounds increase ROS production that decreases levels of GSH,
while increases synthesis of GST enzyme to play a protective role (39,40).

Vitamin E (a-tocopherol) Level

Numerous studies have shown decrease in vitamin E level in diabetic tissue and blood (42) . This study
indicated that serum vitamin E levels was significantly reduced in diabetic patients compared with control P
<0.05, figure (2), therefore the mean +SE of serum vitamin E levels in patients with type 1 DM was (3.16 +
0.82 umol/L vs 6.551 £ 0.222umol/L of control), while in patients with type 2 DM was (3.312 £ 0.106umol/L
Vs 6.834 + 0.239umol/L of control), table (1).
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Figure(2): Level of vitamin E in serum of healthy control and patients with type 1 and 2 diabetes
mellitus (DM) disease.

Reduced level of serum vitamin E possibly is due to increased utilization of this antioxidant in
neutralizing free radicals in diabetic patients, thus supplementation of vitamin E to diabetic patients
could reduce level of oxidative stress and diabetic complications.

Vitamin C (Ascorbic Acid) Level

The results of this study show the mean £SE of serum vitamin C in patients with type 1 DM, which was
(3.452 = 0.165pmol/L vs 6.534 + 0.242umol/L of control), while in patients with type 2 DM, it was (3.642 +
0.148umol/L vs 6.984 + 0.248umol/L of control), table (3-5). There was a significantly decreased vitamin C
levels in serum of diabetic patients than that of control, P < 0.05, figure (3).
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Figure(3): Level of vitamin C in serum of healthy control and patients with typed and 2 diabetes mellitus
(DM) disease.

This decline in levels of serum vitamin C in diabetic patients may be due to (1) reduce renal re-absorption of
vitamin C induced by hyperglycemia, (2) the competition between glucose and vitamin C for the uptake into
certain cells and tissues, (3) the activity of polyol pathway that inhibited affectivity by utilizing high level of
vitamin C to avoid hyperglycemia, (4) and possible secondary depletion due to increased oxidative stress
have been proposed (43,44)
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Vitamin A (Retinol) Level

The present study indicates a significant decrease in serum vitamin A levels in diabetic patients than that of
control, P<0.05, figure (4). The mean +SE of serum vitamin A in patients with type 1 DM was (1.212 £
0.087umol/L vs 2.163 £ 0.140umol/L of control), while in patients with type 2 DM was (1.381 +
0.080umol/L vs 2.47 = 0.124umol/L of control), table (1).

Concentration of
vitamin A (umol/L)

Figure(4): Level of vitamin A in serum of healthy control and patients with type 1 and 2 diabetes mellitus
(DM) disease.

These results may be due to the increased utilization of this vitamin in the neutralization of free radicals
induced by hyperglycemia, thus depletion of serum vitamin A in diabetic patients is due to the increased
oxidative stress and diabetic complications. These results are in agreement with the singings of many studies
(45).

Trace Elements (Iron, Zinc, Copper, Chromium, and Selenium) Levels.

Some serum trace elements act as antioxidants and prevent membrane peroxidation. Others act directly on
glucose metabolism. Ceruloplasmin, the major plasma copper transporting protein, possesses a potent oxidant
property. Chromium trivalent (Cr**) plays an important role in insulin-receptor activation (46).

The function of zinc (Zn) in the body metabolism is based on its enzymatic affinity, way of a Zn-enzyme
complex or Zn metalloenzyme. Iron (Fe3+) is stored in the ferittin and iron is released from it by the action of
reducing agents that convert Fe®* to Fe?*, thus ferrittin can act as a source of iron, which induces oxidative
stress, and as a mechanism that protects against iron toxicity (48). Selenium (Se) plays important role in
antioxidant defense system (49). present study indicates a significant decrease in levels of serum iron, Zinc,
chromium, and selenium in diabetic patients with type 1 DM by about 51%, 33.7%, 50%, and 33%
respectively from that of control, P <0.01, figure (5).
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Figure (5):
level of some trace elements in serum of healthy control and patients with type 1 and 2 diabetes mellitus
(DM) disease

However, these results may be due to:

1.All studies found increased level of serum iron in diabetic patients but in this work pointed out
decreased levels of serum iron in diabetic patients than control may be due to increased drinking tea in
Iraq that inhibits iron absorption (50), thus tea and its phenolic constituent are

reported to have antioxidant activity in vitro, the antioxidant action of tea was dependant on the ability of their
constituent phenolic compounds to scavenger free radicals and to chelate iron (reduce the utilization of
dietary iron), (51)

2. Decreased levels of serum zinc in diabetic patients may be due to reduced level antioxidant enzyme
alkaline phosphatase or due to excessive urinary output especially in patients with diabetic nephropathy,
gastrointestinal malabsorption or genetic factors or signs of infection during which Zn will act as defense
mechanism (52).

3. Decreased levels of serum chromium in diabetic patients may be due to increase in glucose and insulin
concentration, which increases urinary Cr output , These results go with the results of (53).

4. Decreased levels of serum selenium in diabetes mellitus disease may be due to increased oxidative stress
that requires increased utilization of selenium as antioxidant by binding with vitamin E and as a cofactor of
glutathione perooxidase (GPx) to scavenge free radical, which acting to detoxify tissue peroxidation , These
results agree with the results of (49)

5. Increased levels of serum copper in diabetic patients may be due to the presence of oxidative stress by
hyperglycemia, which leads to the glycation of ceruloplasmin enzyme, whereas most of copper is
incorporated into it, and releases high level of serum copper that is associated with low concentration of
ceruloplasmin and iron in the liver and causes increased free radical production in diabetic patients. These
results go with the results of the study of (52,54).



From about obscuration the percentage of non enzymatic antioxidant and trace elements that
assessment in this study for diabetic patients ( with type I or [ DM) one appears in following data :-

Antioxidant Type 1 DM Control Type 2 DM Control
GSH(pmole/ L) 14.93 33.30 19.94 31.83
Vit.E(umole /L) 15.91 32.99 16.68 34.42
Vit.A(umole /L) 16.77 29.94 19.11 34.18
Vit.C(umole / L) 16.75 31.70 17.67 33.88
Zinc(umole / L) 19.79 29.25 20.98 29.98
chromium(umole /L) 17.76 32.37 18.00 31.87
Selenium(umole /L)  20.16 29.67 20.56 29.61

From above results the clear relationships can understand now to show the effect of antioxidant in
Diabetic patient

References

1. World Health Organization. Diabetes Mellitus Report of a WHO Study Group. Geneva: WHO.
(Technical Report Series 727), 1985.

2. Bishop, M.L.; Engelkirk, J.L.D.; and Fody, E.P. "Clinical Chemistry" 4th ed. Philadelphia. Lippincott
Williams & Wilkins Company, 2000: 220-230.

3. Sinclair, AJ.; Barnett, A.H., and Lunec, J. Free Radicals and Antioxidant System in Health and Disease.
Br. J. Hosp. Med., 1990; 43: 334-343.

4. Colman, P.G.; Wang, L.1., and Lafferty, K.J. Molecular Biology and Autoimmunity of Type 1 Diabetes
Mellitus, 1989; In: Drazini, B.; Melmed, S.; Lepoith, D., eds. Molecular and Cellular Biology of Diabetes
Mellitus. Insulin Secretion. New York, Alan R. Liss Inc., pp.: 125-137.

5. Glugliano, D.; Ceriello, A., and Paolisso, G. Metabolism, 1995; 44: 363-368.

6. Zhao, L. Effects of Free Radicals in Diabetes: Offered by the Free Radicals and Radiation Biology Graduate
Program, lowa University, lowa, 2001; 77: 222.

7. Corbett, J.A.. and McDaniel, M.L. Intraislet Release of Interleukin 1 Inhibits B-Cell Expression of
Inducible Nitric Oxide Synthesis. J. Exp. Med., 1995; 181: 559-568.

8. Leahy, J.L., and Weir, G.C. Non-Insulin-Dependant Diabetes Mellitus: Current Concepts of
Pathogenesis In: Draznin, B.; Melmed, S., and LeRoith, D. eds. Molecular and Cellular Biology of
Diabetes Mellitus. Insulin Secretion. New York, Alan, R. Liss Inc., 1989; pp.: 149-158.

9. Collier, A.; Rumley, A.; Rumely, A.G.; Paterson, J.R.; Leach, J.P.; Lowe, G.D.O, and. Small, M. Free
Radical Activity and Homostatic Factors in NIDDM Patients with and without Microalbuminuria. Diabetes,
1992; 41: 909-913.

10. Atalay, M.; and Laaksones, D.E. Diabetes, Oxidative Stress and Physical Exercise. J. Sports Science and
Medicine, 2002; 1: 1-14.

11. Bagchi, K.; and Puri, S. Free Radicals and Antioxidants in Healthy and Disease. Estran Mediterrean
Health Journal, 1998; 4(2): 350-360.

12. Murray, R.K.; Granner, O.K.; Mayes, P.A., and Rodwell, V.W. "Harper's Biochemistry" 25th ed. Appleton
& Lange Press, Lebanon, 2000; 640-641.

13. Salman, A.M.H. "Clinical Biochemical Study of Oxidation and Antioxidants in Patients with Non-
Insulin-Dependant Diabetes Mellitus” (Thesis), Ph.D., Iraq, Baghdad University, 2001.

14. Cedeberg, J. "Oxidative Stress, Antioxidative Defense and Outcome of Gestation in Experimental
Diabetic Pregnancy,” (Thesis), Ph.D., Sweden, UpPsala University, 2001.

15. Fernandez-Real, J.M.; Lapez-Bermejo, A., and Ricart, W. Diabetes, 2002; 15: 2348-2354.

16. McCord, J.M. Circulation, 1991; 83: 1112-1114.

17. Reif, D.W. Biol. Med., 1992; 2: 417-427.

AR



18. Noto, R.; Alicata, R.; Sfoglian, L.; Neri, S., and Bifarella, M. Acta. Diabet. Lat, 1983; 20: 81-5.

19. Harris, E. The Iron-Copper Connection: Nutr. Rev., 1995; 53: 170-173.

20. Percival, S. Nutr. Rev., 1995; 53(3): 59-66.

21. Cunningham-Rundles, S. Zinc Modulation Immune Function: J. Lab. Clin. Med., 1996; 128: 9-11.

22. Terpilowsks, S., and Zaporowska, H. Przegl. Lek., 2004; 61(3): 51-4.

23. Rajpathak, S.; Rimm, E.B.; Tricia, L.; Morris, J.S.; Stampter, M.J.; Willett, W.C., and Hu, F.B. Diabetes
Care, 2004; 27: 2211-2216.

24. Tihant, T.; Ghiba, P., and Eher, R. 1989; 10(9): 1709-12.

25. Hayes, A.W. "Metals In: Principles and Methods of Toxicology" ed. Tylor and Francis. 2001; pp. 661-663.
26. Bedwal, R.S.; Nair, N.; Sharma, M.P., and Mathur, R.S. Med. Hypotheses, 1993; 41: 150-159.

27. Knight, G.A. "Oxidative Stress and Free Radical Antioxidants Aging and Disease™ ed. American
Association for Clinically Chemistry. 1999; pp. 30,315.

28. Palmer, H.J., and Paulson, E.K. Nutr. Rev., 1997; 55:535-61.

29. Gillham, B.; Papachristodoulou, O.K., and Thomas, J.H. "Free Radical in Health and Disease In: Will's
Biochemistry Basis of Medicine" 3rd ed., Butterwort Heinemann Press. 2000; pp. 346-347.

30. Burtis, C.A., and Ashwood, E.R. "Tietz Textbook of Clinical Chemistry," 3rd ed., W.B. Saunders
Company, Tokyo, 1999, pp.: 1034-104.

31. Vatassery, G.T.; Johnson, G.T., and Krezcwski, A.M. Am. Cou. Nutr. 1983; 4: 369. In: Salman,
AM.H. "Clinical Biochemical Study of Oxidation and Antioxidants in Patients with Non-Insulin-
Dependant Diabetes Mellitus” (Thesis), Ph.D., Iraq, Baghdad University, 2001.

32. Chow, F.l., and Omaye, S.I. "Lipids," 1983; 18: 837-841.

33. Ros, R.C., and Nahrwold, D.L. Anal. Biochem., 1981; 114: 140-145.

34. Thornalley, P.J.; McLellan, A.C.; Lo, T.W.; Benn, J., and Sonksen, P.H. Clinical Science, 1996; 91: 575-
582.

35. Paolisso, G.; Tagliamonte, M.R.; Barbieri, M.; Zito, G.A.; Gambardella, A.; Varricchio, G.; Ragno, M., and
Varricchio, M. Journal of Clinical Endocrinology and Metabolism, 2000; 85(2): 1-17.

36. Hadwan, M.H. "Diabetes Correlation between Creatine Kinase Activity and Antioxidants in
Diabetes Mellitus Type 1 and Type 2" (Thesis), M.Sc., Irag, Babylon University, 2005.

37. Ewadh, M.J., and Jabir, F.A. Journal of Al-Qadisiya, Pure Sciences, 2002; 6(4):

38. Delmas-Beanvieux, M.C.; Peuchant, E.; Couchouron, A.; Constans, J.; Sergeant, C.; Simonoff, M.;
Pellegrin, J.L.; Leng, B.; Corni, C., and Clerc, M. Am. J. Clin. Nutr., 1996; 64: 101-107.

39. Popovich, B.K.; Sayen, M.R., and Dillmann, W.H. Am. J. Physiol. Endocrinol. Metab., 1991; 261(3): 377-
381.

40. Inal, M., and Kanbak, G. Med. Sci. Res., 1997; 25: 323-325.

41. Raza, H.; Prabu, S.K.; Robin, M.A., and Avadhani, N.G. Diabetes, 2004; 53: 185-194

42. Domingues, C.; Ruiz, E.; Gussinye, M., and Carrascosa, A. Diabetes Care, 1998; 12(10): 1736-1742.
43. Wang, H.; Zhang, Z.B., and Wen, R.R. Chung Hua I Hsueh Isa Chih., 1994; 74(9): 548-51, 583.

44. Will, J.C., and Byers, T. Nutr. Rev., 1996; 54: 193-202.

48. Fernandez-Real, J.M.; Lapez-Bermejo, A., and Ricart, W. Diabetes, 2002; 15: 2348-2354.

49. Ulusu, N.N., and Turan, B. Biol. Trace Elem. Res., 2005; 103(3): 207-16.

50. Kim, H.S., and Miller, D.D.: J. Nutr., 2005; 135: 532-537.

51. Luo, M.; Kannar, K.; Wahlqvist, M.L., and O'Brien, R.C,1997; 349:360-1.

52. Walter, R.M.; Uriu Hare, J.Y.; Olin, K.L.; Oster, M.H.; Anawalt, B.D.; Critchfield, JW., and Keen,
C.L. Diabetes Care, 1991; 14: 1050-1056.

53. Vincent, J.B. Proc. Nutr., Soc., 2004; 63: 41-7.

54. Zargar, A.H.; Shah, N.A., and Massodi, S.R. Postgrad Med. J., 1998; 74: 665.

Yy



