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Abstract

The purpose of the study was to assess the correlations existing between the length of time from diabetes onset and some redox parameters expressed at plasmatic level.

In order to assess the damaging evolution of oxidative stress for the complications of diabetes mellitus, we designed a clinical study in which we tried to establish possible correlations between the length of time from diabetes onset and some redox parameters expressed at plasmatic level.

We included 70 pacients, 40 of them living in Romania while the rest of the subjects (30) were from Belgium. The following data was recorded: age, year of diabetes diagnosis (the onset of diabetes), fasting plasma glucose, total cholesterol and serum lipoproteins (high density lipoproteins - HDL, low density lipoproteins - LDL, triglycerides – TG). 

The pacients were divided into three groups, according to the length of time from diabetes onset: group 1 – no more than 10 years, group 2 - between 11-20 years and group 3 – more than 20 years.

The parameters indicating the blood redox status were: the erythrocyte superoxiddismutase (SOD), the plasmatic malondialdehyde (MDA), total antioxidant plasmatic capacity (TEAC), plasmatic vitamin C and E, using spectrophotometric and HPLC methods [4].
Our results outlined interesting corelations between pacients diabetes onset and the redox status. The activity of SOD and the level of MDA were increased for the group 1 compared with both group 2 and 3. The same pattern was noticed in respect to the plasmatic level of MDA, vitamin C and vitamin E. However the values of TEAC did not show any important modifications between the three studied groups.

Rezumat
Scopul prezentului studiu este acela de a evidenţia legătura existentă între perioada de timp scursă de la instalarea diabetului în cazul unor pacienţi şi anumiţi parametrii redox plasmatici.

Pentru a observa complicaţiile diabetului zaharat şi evoluţia stresului oxidativ am pus la punct un studiu clinic în care încercăm să stabilim posibilele corelaţii între perioada de timp scursă de la instalarea diabetului şi anumiţi parametrii plasmatici ai stresului oxidativ.

În acest studiu am inclus 70 de pacienţi (40 din România şi 30 din Belgia). Au fost efectuate analize de sânge, şi au fost evidenţiaţi următorii parametrii: vârsta, anul diagnosticării diabetului, glicemia, colesterolul total şi lipoproteinele serice (HDL, LDL şi trigliceridele). Pacienţii au fost împărţiţi în 3 grupe, în funcţie de vechimea diagnosticării diabetului – grupul 1 cu o vechime sub 10 ani, grupul 2 – cu vechime cuprinsă între 11 şi 20 de ani, grupul 3 – cu vechime mai mare de 20 de ani.

Parametrii care evidenţiază stresul oxidativ sunt: superoxid dismutaza eritrocitară (SOD), malondialdehida plasmatică (MDA), capacitatea antioxidantă totală (TEAC), vitamina C şi vitamina E plasmatice. Aceşti parametrii au fost determinaţi prin metode spectrofotometrice şi HPLC.

Rezultatele au subliniat corelaţii interesante între vechimea diagnosticării diabetului şi statusul redox. Activitatea SOD şi nivelul MDA au fost mult mai mari în cazul grupului 1 faţă de grupul 2 şi grupul 3. Aceeaşi creştere a fost observată şi în cazul comparării nivelului plasmatic al MDA cu nivelele vitaminei E şi C. Valorile TEAC nu au arătat modificări importante în toate cele 3 grupuri de pacienţi.
· diabetes mellitus

· plasmatic redox parameters

· erythrocyte superoxide dismutase (SOD)

· plasmatic malondialdehyde (MDA)

INTRODUCTON
Diabetes mellitus is an important risk factor for atherosclerosis, and coronary heart disease constitutes the most frequent cause of mortality in these patients. One of the pathogenic mechanisms that can explain this increased risk in diabetes is the imbalance between pro-oxidants and antioxidants, which results in oxidative stress. Hyperglicemia results in glucose auto-oxidation, nonenzymatic glycation and monocyte dysfunction, which lead to increased production of free radicals. This is further aggravated by the decreased levels of antioxidants and leads to oxidative damage [1, 2].
The possible benefits of this approach are suggested by the negative correlation between coronary heart mortality and plasma vitamin E and vitamin C levels [3].
One possible way of combating this increased oxidative stress could be the increase of antioxidant defenses. Some possible strategies are to increase dietary intakes or to give antioxidant supplements. The long term impact of these methods is still uncertain and controversial. 

MATERIALS AND METHODS

Study subjects and design

We designed a clinical study that included 70 pacients. Fourty of them live in Romania and were hospitalized in “N.C. Paulescu National Institute of Diabetes, Nutrition and Metabolic Disease”, while the rest of the subjects (30) were taken from University Hospital Antwerp (Anvers), Belgium. 

The pacients were divided into three groups, according to the diabetes onset:

· group 1 – pacients with the length of time from diabetes onset of no more than 10 years;

· group 2 – pacients with  the length of time from diabetes onset between 11 to 20 years;

·  group 3 - pacients with  the length of time from diabetes onset of more than 20 years.

Patients were recommended a hypolipidic and hypocaloric diet, as well as a vitamin C supplementation (500mg/day) three months before the initiation of the study.

The following data was recorded: age, year of diabetes diagnosis (the onset of diabetes), fasting plasma glucose, total cholesterol and serum lipoproteins (high density lipoproteins – HDL, low density lipoproteins – LDL, triglycerides – TG).

Biochemical methods

Fasting plasma glucose and plasma lipids (TG, LDL, HDL) were determined by enzimatic methods (with glucose-oxydase, cholesterol-oxydase and glycerol-oxidase based methods.

Oxidative stress status was evaluated by measuring blood levels of individual antioxidants, global plasma antioxidant capacity and products of lipid peroxidation. 

The parameters indicating the blood redox status were: the erythrocyte Superoxide dismutase (SOD), the plasmatic malondialdehyde (MDA), total antioxidant plasmatic capacity (TEAC), plasmatic vitamin C and E.

Vitamin E in serum was measured by HPLC with a reversed-phase C18 column with 100% methanol mobile phase and detection at 292 and 325 nm [4]. Vitamin C in plasma was measured by HPLC using a reverse phase column C18 with 2mM KCl mobile phase.

The activity of SOD (Superoxide dismutase) – U/g Hb – was measured at 500 nm with a commercially available kit (Randox Laboratories, kit Randox Superoxide dismutase) by testing the inhibition degree of a tetrazolium salt oxidation reaction [5].
Plasma malondialdehyde (MDA) was analysed by HPLC using reverse phase LiChrospher RP C18 (USA), methanol / KH2PO4 10 mM as mobile phase and detection at 532 nm. [6]

Tha plasma total antioxidant capacity (TEAC) was determined basing on the ability of antioxidants contained in the sample to reduce the preformed radical ABTS+. The etalonation curve was performed with Trolox and the AC is expressed in mmol/L Trolox. [7]

Statistical analysis

Data are expressed as mean ( SD. Differences in serum parameters among the studied groups of patients were assessed by Student’s t test.

RESULTS AND DISCUSSION
The routine blood parameters (fasting plasma glucose, cholesterol, HDL, LDL, TG) for the three studied groups are presented in table I.

Table I

                                   The blood parameters for the three studied groups

	Parameters
	Group 1
	Group 2
	Group 3

	Fasting plasma glucose(mg/dL)
	166.30 ± 64.74
	173.33 ± 69.14
	189.2  ± 75.26

	Cholesterol (mg/dL)
	199.61  ± 58.76
	186.08  ± 36.97
	187.93  ± 42.83

	HDL (mg/dL)
	35.92  ± 12.60
	35.83  ± 5.89
	35.4  ± 6.65

	LDL (mg/dL)
	126.63  ± 58.53
	122.98  ± 31.51
	128.96  ± 39.80

	TG (mg/dL)
	185.29  ± 38.46
	136.33  ± 62.33
	117.86  ± 58.78


Analysing the biochemical parameters listed in table I, we noticed  simultaneous increase in fasting plasma glucose with the length of time from diabetes onset. Regarding lipids and lipoproteins’ levels, even though HDL protective capacity remained unchanged, the results pointed out a significant decrease in tryglicerides serum concentration. 

The biochemical parameters indicating the blood redox status for the three studied groups are listed in table II.

Table II

                       The biochemical parameters indicating the blood redox status

	Parameters
	Group 1
	Group 2
	Group 3

	SOD (U/g Hb)
	1234.66 ± 399.45
	1037.75 ± 254.65
	1089.03 ± 299.53

	MDA (μmol/L)
	0.9 ± 0.23
	0.66 ± 0.22
	0.65 ± 0.2

	TEAC (mmol/L Trolox)
	1.78 ± 0.22
	1.79  ± 0.24
	1.72 ± 0.23

	Vit C (μmol/L)
	13.92 ± 5.68
	22.08 ± 9.57
	24.24 ± 9.77

	Vit E (μmol/L)
	15.12 ± 3.5
	12.14 ± 4.89
	13.78 ± 3.07


Our experimental results show high levels of SOD activity in pacients included in the group 1 (1234.66 ( 399.45 U/g Hb) compared with both groups 2  and 3 (1037.75 ( 254.65 U/g Hb and 1089.03 ( 299.53 U/g Hb, respectively). The results are statisticaly significant:

· Student t test : 

· p ( 0.05 group 1 vs group 2;

· p ( 0.05 group 1 vs group 3;

· Anova test p ( 0.05.

The dinamics of SOD activity for the three studied groups is presented in figure 1.
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Figure 1
The dinamics of SOD activity

Interestingly, a significant decrease was noticed in the case of plasmatic MDA levels. Group 1 possess important concentrations of plasmatic MDA (0.9 ( 0.23 μmol/L) compared with groups 2 and 3 (0.66 ( 0.22 μmol/L and 0.65 ( 0.20 μmol/L, respectively). The results are statisticaly significant:

· Student t test : 0.05

· p ( 0.05 group 1 vs group 2

· p ( 0.05 group 1 vs group 3

· Anova test p ( 0.05

The dinamics of plasmatic MDA levels for the three studied groups is presented in figure 2.
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Figure 2
The dinamics of plasmatic MDA levels

Our experimental data show interesting correlations between the onset of diabetes and the plasmatic concentrations of ascorbate (figure 3). In this respect the patients from group 3 showed higher levels of serum ascorbate (24.24 ( 9.77 μmol/L) compared to both group 1 and 2 (13.92 ( 5.68 μmol/L and 22.08 ( 9.57 μmol/L, respectively). However, we registered statistical differences (p ( 0.01) between group 3 and group 1.
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Figure 3
Plasmatic concentrations of ascorbate

The experimental values obtained for TEAC and plasmatic levels of vitamin E did not show any important modifications between the three studied groups.

Conclusions

Diabetes mellitus is associated with disturbances of the global and redox metabolism need a tight pharmacologic control. Evaluation of redox parameters could be extremely beneficial in long term studies including diabetic patients, especially since these patients generally have cardiovascular complications and need an appropriate therapy.

Our experimental results pointed out interesting correlations between pacients diabetes onset and the redox status, but especially information regarding the need of appropriate diet and or an antioxidant supplementation on improvement of redox markers (plasmatic MDA, serum ascorbate) and some biochemical parameters (serum tryglicerides). 

The uncontrolled, untreated diabetes mellitus is associated with disturbances of the global and redox metabolism and need a tight pharmacologic and dietetic control. This is the reason why the evaluation of redox parameters could be extremely benefical in long term studies including diabetic patients, especially since these pacients generally have cardiovascular complications and need an appropiate therapy.
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