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Abstract 
The risk of ischemic heart disease increases in women after menopause, Women with type 2 diabetes showed versatile changes in antioxidant status and lipid profile patterns, these changes differ according to environmental and dietary habits. 

       The aim of this study is to investigate lipid profile changes and antioxidants status in postmenopausal women with and without diabetes, also to evaluate the association of diabetes mellitus (DM) as a risk factor for coronary artery disease. The study involved diabetic type 2 in postmenopausal women matched for age and body mass index ( BMI) with healthy postmenopausal women (control). 
In comparison with the control group, the results of the present study showed that postmenopausal women with diabetes had significantly higher serum levels of  HbA1c (p<0.001), triglyceride(TG) concentrations(p<0.001) and a significant increase in malondialdehyde (MDA) (p<0.001) as oxidative stress marker , with elevation of extracellular-superoxide dismutase  ( EC-SOD) concentrations (p<0.001), also a significant decrease in catalase activity ,,uric acid, zinc concentrations(p<0.001) and HDL-C (p<0.05),      
On the other hand there were no significant changes in total cholesterol(TC) ,LDL-cholesterol, calcium ,total protein, albumin and ionized calcium concentrations(p>0.05), may be attributed to the fact that hormonal changes occurring during menopause has much greater effect than the effect of diabetes mellitus.
                                                                          

Finally , we can conclude that EC-SOD can be considered as a good marker  of the effects of oxidative stress and dyslipidemia in diabetic post-menopausal women particularly in cases related to coronary artery disease, since EC-SOD was positively correlated with the incidence of heart disease by some previous studies .  

الجهد التأكسدي وصورة الدهون في النساء المصابات بداء السكري من النوع الثاني بعد انقطاع الطمث في محافظة بابل

الخلاصة 
      تزداد خطورة الإصابة بإمراض القلب ألانسدادي في النساء بعد انقطاع الطمث ,   تظهر  النساء  المصابات بمرض السكري من النوع الثاني تغيرات متنوعة في وضع مضادات التأكسد وأنماط صورة الدهون, تختلف هذه التغيرات تبعا لتغيرات العادات الغذائية و البيئية. إن الغرض من هذه الدراسة هو التحري عن التغيرات الحاصلة في صورة الدهون وحالة مضادات التأكسد في النساء ما بعد انقطاع الطمث المصابات بمرض السكري بهدف إجراء تقييم للعلاقة بين المرض المذكور ومرض الشريان التاجي وقد تضمنت هذه الدراسة نساء ما بعد انقطاع الطمث المصابات بمرض السكري والأصحاء من النساء ما بعد انقطاع الطمث حيث إن المجموعتين كانت لهما نفس الفئة العمرية ومؤشر وزن الجسم( BMI ) مقارنة مع مجموعة السيطرة فان نتائج هذه الدراسة أظهرت بان النساء المصابات بداء السكري من النوع الثاني وبعد انقطاع الطمث لديهم مستويات HbA1c
عالية  (p<0.001) وتراكيز الدهون الثلاثية  (TG)  (p<0.001) مع زيادة كبيرة في المالوندايلديهايد  (MDA) (p<0.001) كمؤشر لجهد التأكسد وزيادة في السوبر اوكسايد دسميوتيز(  EC-SOD  )  (p<0.001)كذلك نقصان في فعالية إنزيم الكاتليز وحامض اليوريك والزنك  (p<0.001) مع نقصان في مستوى (p<0.05) HDL-C. من ناحية أخرى فان النتائج  أظهرت عدم وجود اختلاف في تركيز الكولسترول الكلي  و LDL-Cوالكالسيوم والبروتين الكلي والألبومين ومستوى الكالسيوم المتأين   , (p>0.05) وقد يعزى ذلك إلى  التغيرات الهرمونية  التي تحدث في سن اليائس والتي لها تأثير اكبر من تأثير السكري. أخيرا، يمكن أن نستنتج بأنّ  EC-SOD يمكن اعتباره كمؤشر جيد لتأثيرات الجهد ألتأكسدي, واضطرابات الدهون في نساء ما بعد انقطاع الطمث المصابات بداء السكري خصوصا في  الحالات التي تتعلق بمرض الشريان التاجي، علما بأنEC-SOD  ربط إيجابيا بالإصابة بأمراض القلب في بعض الدراسات السابقة.
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Introduction
D

iabetes mellitus is a metabolic disorder characterized by hyperglycemia together with biochemical alterations of glucose and lipid   peroxidation [1]. The cause of diabetes depends on the type. Type 2diabetes is due primarily to life style factors and genetics [2].  After many years, diabetes can lead to serious problems with the lens, kidneys, nerves, heart blood vessels, and other areas in human body [3]. 
Women are usually diagnosed with type 2 diabetes beyond the age of forty. Taking this fact into consideration menopause can play a role in complicating type 2 diabetes. Menopause usually occurs between the ages of forty-eight and fifty-two[4]. The obesity is a problem in postmenopausal women. This fact is due to the decline in growth hormone and the loss of estrogen. The decrease in these two hormones may explain the rapid increase of fat [5]. Another complication with  type 2 diabetes is that menopause causes estrogen and progesterone levels to drop .This decrease in hormones can cause fluctuations in blood sugar levels and episodes of low blood sugar .Estrogen triggers insulin 

resistance , so low estrogen takes the opposite effect and allows the body to quickly use up insulin [6]. Then increased cardiovascular disease (CVD) related morbidity and mortality associated with DM. type 2 may be attributed to dyslipidemia and obesity [7]. The major long term effects may occur after the menopause; Osteoporosis (a thinning of the bones) [8]. Atherosclerotic cardiovascular disease (a form of heart disease) [9]. 

Oxidative stress is defined as the imbalance of oxidant species and antioxidant mechanisms, where oxidants dominate and can lead to tissue damage and cellular dysfunction [10]. This imbalance can lead to damage at the macromolecular level including DNA strand, cell membrane, protein and lipid [11].
The oxidative stress in diabetes was greatly increased due to prolonged exposure to hyperglycemia and impaired of oxidant \ antioxidant equilibrium [1]. Additionally, reaction of glucose with plasma proteins forms advanced glycation end products, triggering production of reactive oxygen species (ROS) [12]. The increased oxidative stress in DM contributes to the development of diabetic complications. Oxygen derived free radicals and reactive oxygen species interact with the lipid bilayer of the cell membrane resulting in lipid peroxidation. Lipid peroxidation of cellular structures, a consequence of increased oxygen free radicals, is thought to play an important role in atherosclerosis and microvascular complications of diabetes mellitus. Hyperlipidaemia has also been reported as one of the causative factors for increased lipid peroxidation in diabetes mellitus [13].

Antioxidants terminate these chain reactions by removing free radical intermediates, and inhibit other oxidation reactions. enzymatic antioxidant including scavenger enzymes of ROS mainly superoxide dismutase and catalase [14]. Catalase is a common enzyme found in nearly all living organisms that are exposed to oxygen ,and was the first  antioxidant enzyme catalyses  the conversion of  H2O2 to water and oxygen [15]. Extracellular-superoxide dismutase (EC-SOD) is a secretory glycoprotein located in blood vessel walls at high levels and may be important in the  antioxidant capability of vascular walls [16]. Some of the trace elements have a scavenging property as antioxidant to free radical generation, thus the alteration in its levels may be considered a biochemical marker of free radical generation, such as zinc (Zn) [17].
Uric acids antioxidant activities are also complex, given that it does not react with all oxidants, such as superoxide but does act against peroxynitrite peroxides and hypochlorous acid [18].    Lipid profiles were affected by metabolic conditions, and alterations in lipid metabolism have been implicated in atherosclerosis and coronary heart disease (CHD) [19]. The major lipids present in the plasma are fatty acids, triglyceride (TG), cholesterol and phospholipids, are all transported in plasma as lipoprotein particles (chylomicrons), very low density lipoprotein (VLDL), intermediate density lipoprotein (IDL) , low density lipoprotein (LDL) , and high density lipoprotein (HDL)][20]. Many studies deals with the biochemical changes and oxidative damage during menopause. Few studies were carried out on diabetic postmenopausal women. Most of these studies lack specificity [21]. In this study we tried to correlate the effect of DM type 2 on oxidative stress and lipid status in diabetic postmenopausal  Iraqi women.
                                                                                                      

Material and Method
This study included 50 postmenopausal women with type 2 diabetes mellitus (mean age, 56.7 ± 5.7 years) and 50 healthy postmenopausal as control (mean age, 56.2 ± 6.09 years). Who were referred to Mirjan   Hospital and AL-Hilla surgical teaching hospital for the period starting from the 1st. of November 2010 to the end of May 2011. 

The medical history of each patient  was taken regarding age,   duration of DM and body mass index (BMI) .Fifty apparently healthy postmenopausal women with a matched age, weight were used as a control group and  fasting blood samples were also drawn. 

Six milliliters of blood were collected using disposable syringes from the patients and control groups without tourniquet. A volume of 2 milliliters were transferred to EDTA tubes, the other portion of blood was transferred to clean plain tubes. The samples were allowed to clot for 2o minutes at room temperature, serum samples were separated by centrifugation at l500 xg for 10 minutes . The serum of each sample was subdivided  into aliquots and were stored at -20°C until analysis.               
Glycated hemoglobin (HbA1c) was determined in whole blood by StanbiomGlycohemoglobin (France) kit, serum glucose was determined by enzymatic colorimetric test kit  ,EC-SOD was determined by ELISA kit Lise-Meitner-StraBe2(Germany)  , The method of determination of MDA is based on the colorimetric reaction with thiobarbituric acid (TBA)  [22]. Catalase ( CAT ) activity was determined by the measurement of the decrease in the absorbance due to hydrogen peroxide H2O2 consumption as described by Aebi H.[23].Serum total cholesterol, triglycerides and HDL- cholesterol were determined by kits obtained from BioMerieux®sa. (France), VLDL- colesterol concentration was calculated by dividing triglycerides value by 2.22 [24]. LDL- cholesterol concentration was calculated by using Friedewald equation [25].Atherogenic index was calculated from ratio of LDL/ HDL-C . ,Albumine concentration were determined by the kit obtained  Biolabo SA(France),Calcium,total protein, Uric acid were determined by Spinreact (Spain) kit, Serum Zinc was determined by LTA.(Italy)kit  . All statistical analyses were performed by using SPSS . Data were expressed as mean + SD. The normality of the distribution of all variables was assessed by the Student’s t-test and Pearson correlation analyses has been used to determine the significant difference between two groups,  p values less than 0.05 is considered significant.
Results
The results in table (1) shows that there were no significant differences between diabetic postmenopausal women and control group in age, BMI (p > 0.05).

Table 1 Clinical and anthropometric measurements in both groups. (Mean ±SD). 

	           Variables 
	Healthy Postmenopausal Women 
	Diabetic Postmenopausal Women 

	           Subjects (n)             
	50
	50

	           Age (years) 
	56.2 ± 6.09
	56.7 ± 5.7

	           Duration of DM (years)
	
	6.25 ± 2.86

	           BMI (Kg/m2) 
	28.62 ± 2.66
	28.96 ± 3.69

	           Systolic BP (mmHg) 
	117.0 ± 3.7
	122.8 ± 17.9

	           Diastolic BP (mmHg) 
	76 .7   ± 5.6
	77.0 ± 8.1


The results in table (2) shows that there were a highly significant increase in serum MDA level (P < 0.001) and  antioxidant enzymes         EC-SOD     (P < 0.001) in diabetic postmenopausal women compared with those of control group , while antioxidant enzymes catalase  activity was significantly lowered in diabetic postmenopausal women compared to healthy postmenopausal women (P<0.001). Also serum uric acid and zinc status were significantly decreased in diabetic postmenopausal women       (P < 0.001) compared to healthy postmenopausal women. There were no significant differences in the sera levels of calcium, total protein, albumin and ionized calcium between the  two groups as shown in table (2).                                      

        In diabetic postmenopausal women compared with those of control group the level of total cholesterol, LDL-C showed insignificant changes )p> 0.05) while there was significant decrease in  HDL-C ( p < 0.05)   which consequently lead to increased LDL / HDL ratio(p<0.01) . The results also revealed a highly significant increase in triglyceride and VLDL-C levels   ( p < 0.001)   the results shown in table (3). There were significant positive correlations between MDA levels and (TC, TG, LDL-C, VLDL-C, LDL/HDL) where the r = (0.391, 0.426, 0.333, 0.426, 0.402) respectively, and significant negative correlation between MDA and HDL-C (r=-0.32) in diabetic groups as shown in table (4). The results in table (5) showed a significant positive correlation between levels of MDA versus (EC-SOD, HbA1C%) where the r=(0.448,0.407) respectively, and significant negative correlation between MDA and zinc, uric acid, catalase r = (-0.316, -0.318, -0.314) respectively as shown in table (5). Good Correlation  were observed between the level of EC-SOD versus HbA1C(r=0.489)(p<0.001) and  between EC-SOD versus the atherosclerosis risk factor represented by LDL/HDL ratio (r=0.705)(p<0.001) indicates the possibility of using this enzyme as a marker for vascular injury in postmenopausal women with diabetes mellitus, are shown in table (6). According to this statistical analysis there is 
positive significant
 correlations between levels of MDA versus  HbA1C %(r=0.407) (P value < 0.009) , EC-SOD versus HbA1C% (r=0.489) (P value < 0.001) as shown in figure (1) , and MDA versus EC-SOD (r=0.448) (p value < 0.004) and EC-SOD versus LDL/HDL ratio (r = 0.705) (p value < 0.001) in diabetic postmenopausal women as shown in figure (2).

 Table 2 Biochemical parameters in diabetic postmenopausal women& healthy postmenopausal women (mean ± SD).

	Groups

Parameters


	Diabetic postmenopausal women
	Healthy Postmenopausal women
	P-value



	
	
*
Mean ±  SD
	Mean  ±  SD
	

	FBG mmol/L
	10.52  ±     3.25
	5.62       ±     0.38
	0.001

	     HbA1C%             
	9.37     ±      1.48
	5.31  ±    0.36
	0.001

	MDA   nmol/ml
	18.65     ±    3.05
	7.51   ±   0.96
	0.001

	EC-SOD(ng/ml)
	2.61   ±  1.21
	1.16 ± 0.54
	0.001

	
l
Catalase  K/m
	4.04     ±   0.73
	6.82  ±   0.95
	0.001

	
l
Zinc  µg/d
	50.91± 12.08
	79.42  ±  7.63
	0.001

	  Uric acid µmol/l  
	204.90  ±  35.48
	252.50  ±   44.39
	0.001

	Ionized Calicum mmol/L
	0.92   ±  0.15
	0.92   ±  0.09
	0.754

	l
Total Protein  g/d
	7.10   ±    0.84
	7.18    ±    0.64
	0.605

	Calicum  mmol/l      
	1.90  ±    0.13
	1.92 ±  0.34
	0.751

	Albumin  g/dl
	4.25   ±   0.51
	4.41   ±   0.56
	0.192


*   Standard deviation
Table 3 Serum levels of total cholesterol, TG, HDL-C, LDL-C,  VLDL-C, LD / HDL in diabetic postmenopausal women & healthy postmenopausal women (mean ± SD).

	

Groups

Parameters
	Diabetic postmenopausal women
	Healthy Postmenopausal women
	P-value



	
	Mean ±  SD
	Mean  ±  SD
	

	TC mmol/L    
	5.046   ±   1.03
	4.87     ±     0.62
	0.36

	TG mmol/L      
	2.05    ±    0.36
	1.04      ±    0.38
	0.001

	HDL-C mmol/L
	  ±   0.42    
        1.11  
	1.27      ±    0.27 
	0.04

	LDL-C mmol/L
	3.02    ±   0.98
	2.77      ±      0.81
	0.33

	VLDL-C mmol/L
	0.91     ±   0.22
	0.47     ±   0.17
	0.02

	LDL/HDL         
	3.17     ±   1.73
	±     0.88  
     2.46
	0.01


	P value
	Correlation coefficient (r)
	The Correlation of MDA (nmol/ml) vs.

	0.013
	0.391
	Cholesterol(mmol/l)

	0.04
	- 0.32 
	HDL-C (mmol/l)

	0.006
	0.426
	TG (mmol/l)

	0.036
	0.333
	LDL-C (mmol/l)

	0.006
	0.426
	VLDL-C (mmol/l)

	0.01
	0.402
	LDL/HDL


 Table 4 The Correlation between the level of (MDA) versus (Total cholesterol, HDL-C, TG, LDL-C, VLDL-C and LDL/HDL) in diabetic postmenopausal women.

Table 5 The Correlation between the level of (MDA) versus EC-SOD , HbA1C%, Catalase activity, zinc and uric acid in diabetic postmenopausal women. 

	The Correlation of MDA (nmol/ml) vs.
	Correlation coefficient (r)
	P value

	HbA1C%
	          0.407
	0.009

	EC-SOD (ng/ml)
	0.448
	0.004

	Catalase activity(k/ml)
	- 0.314
	0.04

	Zinc  (µg/dl)                  
	- 0.316
	0.04

	Uric acid (µmol/l)
	- 0.318
	0.04


Table 6   The Correlation between the serum level of EC-SOD  versus (Total cholesterol, HDL-C, TG, LDL-C, VLDL-C , LDL/HDL) & HbA1C% in diabetic postmenopausal women.
	P value
	Correlation coefficient (r)
	The Correlation of EC-SOD (ng/ml) vs.

	0.003
	0.464
	Cholesterol(mmol/l)

	0.03
	- 0.33
	HDL-C (mmol/l)

	0.001
	0.502
	TG (mmol/l)

	0.006
	0.424
	LDL-C (mmol/l)

	0.001
	0.502
	VLDL-C (mmol/l)

	0.001
	0.705
	LDL/HDL

	0.001
	0.489
	HbA1C%
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Figure 1 The Correlation of HbA1C% versus MDA & EC-SOD  in the sera of diabetic postmenopausal women.
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Figure 2   The Correlation of EC-SOD versus MDA and LDL/HDL in the sera of diabetic postmenopausal women.                                  
Discussion
Many previous studies indicated that DM. type 2 is associated with oxidative stress which consequently leads to the development of complications of this disease [26]. Elevated MDA in turn would alter the structural integrity of cell membranes [27]. Inactivation of membrane bound enzymes ,cell surface receptors , production of glycated products [28].  The changes in lipid profile pattern seen in diabetic postmenopausal women (Table-3 ) can be attributed to uncontrolled diabetes mellitus , since there was a good positive correlation between MDA and HbA1C% level in the corresponding group in comparison with the control [29]. 

Insignificant changes in total cholesterol , LDL-C level may be attributed to the fact that hormonal changes occurring during menopause has much greater effect than the effect of diabetes mellitus [30]. Our result are in good agreement with the result obtained by Nayak,Roberts et al., [31] who reported the dyslipidemia profile includes a high TG and low HDL-C ,level of LDL-C showed less significant changes in diabetics, but when elevated are an important contributor to the risk of coronary artery disease .The decline in HDL-C level can be attributed to the increase in cholesterol ester transfer protein (CETP) activity and increase activity of liver lipase [32] . The opposite effect of those enzymes will lead to increased level of          LDL-C [33]. The increase in TG level can be attributed to decreased insulin level or activity in diabetic postmenopausal women which lead to a  subsequent decrease in lipoprotein lipase activity with a concomitant increase in VLDL-C levels [34].

           EC-SOD is the major antioxidant enzyme present in the vascular wall. Its presence might have an important protective role against superoxide radicals in the vascular system since this enzyme is capable to bind with heparin sulfate proteoglycan  ligands in the glycocalyx which is present on the surface of most cell of vascular wall, thus supporting the antioxidant role of nitric oxide [35]. Uncontrolled diabetes mellitus leads to oxidative damage which lead consequently to a concomitant increased damage of endothelial cells. Since the results revealed a good positive correlation between MDA level and EC-SOD. This enzyme can be considered as a marker of vascular damage in diabetic postmenopausal women especially when such positive correlation was observed between  EC-SOD level and the atherosclerosis risk factor represented by  LDL / HDL ratio [36].        The   


          The decrease in catalase  activity may be attributed its protective effect of this antioxidant enzyme and its vital role in the elimination of H2O2 generated by normal cellules respiration [15]. The decreased serum level of zinc can be attributed by hyperzincuria due to polyuria [37], while the decrease of serum uric acid may be attributed to the same effect besides its utilization in antioxidant defense system [38]. The insignificant changes in total protein, albumin, calcium, ionized calcium levels reflect the mild effects of diabetes on postmenopausal cases where osteoporosis affect the level of calcium more that observed with diabetes mellitus[39]. We can conclude that EC-SOD is the most important marker of complications especially in uncontrolled cases of this disease therefore administration of antioxidants is quite necessary in cases of uncontrolled diabetes mellitus with significant oxidative stress damage. Besides the control of lipid abnormalities is also important to get rid of coronary artery disease through optimization of LDL / HDL ratio.  
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