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ABSTRACT 
Background: Hyperglycemia increases oxygen-reactive species generation 

and reduces the protective capabilities of antioxidant defense systems. In pa- 
tients with type 1 or 2 diabetes mellitus (DM), the increased production of 
oxygen free radicals may be linked to the development of chronic complica- 
tions of diabetes. In vitro studies have demonstrated that oral antidiabetic 
drugs have antioxidant effects that might be secondary to an inhibiting role in 
lipid peroxidation. 

Objective: The purpose of this study was to determine the effects of 3 com- 
mon oral antidiabetic agents on oxidized anti-low-density lipoprotein antibody 
(o-LAb) plasma levels and on total antioxidant status UAS). 

Methods: We studied in vivo patients with type 2 DM treated with long-term 
gliclazide, glibenclamide, or metformin therapy along with healthy control sub- 
jects. The diabetic patients were randomized to the following treatment groups: 
group 1, gliclazide 80 to 240 mg/d; group 2, glibenclamide 10 to 15 mg/d; and 
group 3, metformin 1500 mg/d. 

Results: Ninety-two patients with type 2 DM (group 1, 18 females, 15 males [mean 
age, 62.8 f 9.5 years]; group 2, 19 females, 11 males [mean age, 63.2 k 8.8 years]; 
group 3, 16 females, 13 males [mean age, 62.0 f 5.3 years]) and 28 age- and sex- 
matched healthy control subjects (18 females, 10 males; mean age, 59.1 f 5.3 years) 
were enrolled. In group 1, both the o-LAb level and TAS were similar to those 
of the control group. The o-LAb level was highest and the total antioxidant 
plasma level was lowest in group 3, whereas intermediate levels were found in 
group 2. Multivariate analysis using stepwise regression showed that the type 
of oral antidiabetic agent was independently associated with o-LAb and total 
antioxidant levels, as well as with sex, age, and type of antidiabetic agent. 

Conchsion: In the patients with type 2 DM in this study, gliclazide had a 
positive effect on the oxidation-reduction system. 
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INTRODUCTION 
Diabetes mellitus (DM) is a condition of increased oxidative stress due to an 
altered balance between radical production and protective antioxidant de- 
fenses. 1 Hyperglycemia causes release of tissue-damaging reactive oxygen spe- 
cies 2 and diminishes antioxidant agents. 3-~ Several hypotheses have been put 
forth to explain how hyperglycemia is linked to complications ol diabetes. 
Known mechanisms of action include: (1) metal-catalyzed oxidation of glucose, 
described as auto-oxidative glycosylation, 6 generates superoxide anion and 
idroxylic radicals; (2) nonenzymatic glycation and oxidation of proteins and 
lipids generate advanced glycation end products; and (3) glycated proteins and 
advanced glycation end products react by glyco-oxidation, 7's resulting in the 
production of oxygen-derived free radicals. Chronic hyperglycemia also in- 
duces the transformation of glucose in sorbitol by the activation of the nico- 
tinamide adenine dinucleotide phosphate-dependent  polyol pathway, leading 
to the depletion of protective endothelial substances, such as nitric oxide. 
Fructose is more reactive than is glucose in auto-oxidative processes. 9 

Irreversible oxidative tissue damage may play a role in the development of 
diabetic micro- and macroangiopathy, l°-12 However, whether oxidative stress 
is primarily a cause of vascular diabetic complications or a secondary conse- 
quence of tissue damage is unclear. 13'14 In either case, oxygen free radicals 
increase endothelial damage. 

Antioxidant therapy represents a possible intervention to prevent or to slow 
the progression of diabetic micro- and macroangiopathic complications. In 
vitro studies have demonstrated that gliclazide, an antidiabetic oral agent, has 
a significant effect on intracellular processes stimulated by oxidative stress, l~'z4 
O'Brien and Luo 15 suggested that gliclazide in vitro inhibits copper-induced 
oxidation of low-density lipoprotein (LDL). Noda et a116 concluded that (1) 
gliclazide has an in vitro scavenger effect on superoxide anion that is only 
slightly less than that of ascorbic acid and (2) that gliclazide has the ability to 
remove the idroxylic radicals to detoxify the cells. In patients with type 2 DM, 
gliclazide treatment has been reported to reduce thiobarbituric acid-reactive 
plasma substances, indicating a decrease in lipoperoxidation and an increase in 
antioxidant enzyme activity. ~v Renier et al ~s reported a decrease in LDL oxida- 
tion and monocyte adhesion to the endothelium, whereas Jennings and Belch ~9 
found a free-radical scavenging effect of gliclazide that led to improvement in 
oxidative status. 

We measured oxidized anti-LDL antibody (o-LAb) level and assessed total 
antioxidant status (TAS) in patients with type 2 DM treated with 3 oral antidia- 
betic drugs to investigate the effects of oral antidiabetic agents commonly used 
in our clinical practice on oxidation-reduction (redox) status. 

412 



A.M. Signorini et al. 

PATIENTS AND METHODS 

Patients and Control Subjects 
Patients with type 2 DM receiving long-term gliclazide, glibenclamide, or met- 
formin therapy and age- and sex-matched healthy control subjects were eli- 
gible. The diabetic patients were randomized to the following treatment groups: 
group 1, gliclazide 80 to 240 mg/d; group 2, glibenclamide 10 to 15 mg/d; and 
group 3, metformin 1500 mg/d. 

Inclusion criteria were age, normotensive state, 2° absence of clinical micro- 
or macrovascular complications, and therapy with oral gliclazide, glibencla- 
mide, or metformin ->6 months before enrollment. Patients with newly diag- 
nosed diabetes and patients having ongoing oral antidiabetic secondary failure 
were excluded. 

Arterial hypertension was defined according to the World Health Organiza- 
tion guidelines. 2° Clinical micro- and macrovascular complications were deter- 
mined using electrocardiography, echocardiography, epiaortic Doppler ultra- 
sonography, and ankle-arm blood pressure index determined using Doppler 
ultrasonography to detect macrovascular disease21; fundus oculi examination 
(with or without fluoroangiography) to detect diabetic retinopathy22; albumin 
excretion rate in 3 different specimens collected over 1 year to detect diabetic 
nephropathy23; and Semmes-Weinstein 10-g monofilament for esthesiometry, 24 
biothesiometry for sensory perception threshold, 25 and cardiovascular tests 
for autonomic neuropathy 26'27 to detect neuropathy. 

Study Protocol 
For both diabetic patients and control subjects, a complete history, physical 
examination, and calculation of body mass index (BMI) 28 were performed by 
the authors during an outpatient visit. After patients and subjects fasted over- 
night (12 hours), all blood specimens for laboratory investigations were drawn 
by a laboratory technician. Fasting plasma glucose level and serum levels of 
total cholesterol, triglycerides, high-density lipoprotein (HDL) cholesterol, and 
LDL cholesterol were assayed by the laboratory technician using an autoana- 
lyzer. Glycosylated hemoglobin (HbAlc) level was determined using high- 
performance liquid chromatography. 29 Total urinary albumin excretion (UAE) 
was measured by a laboratory technician from the morning spot urine speci- 
men 3° using immunonephelometry. 31 UAE was used to calculate the albumin-to- 
creatinine ratio (urinary albumin [mg]/urinary creatinine [mg]) by a laboratory 
technician. All of these tests are routinely performed at least twice a year during 
outpatient visits. We drew an additional 6 mL of blood to assess redox status. 

All participants gave written informed consent for the study. Institutional 
review board approval of the study protocol was obtained. 

Assessment of Oxidation-Reduction Status 
TAS is an indicator of the ability to defend against free-radical damage (the 
major antioxidant defenses in plasma include radical scavengers [eg, as- 
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corbate, protein thiols, bilirubin, urate, ~-tocopherol] and preventive antioxi- 
dants [eg, ceruloplasmin, transferrin, iron-scavenging proteins]). TAS was as- 
sessed using colorimetry (Total Antioxidant Status test, Randox Laboratories, 
Ltd, Crumlin, United Kingdom). 32 The chromogen 2,2'-azino-di-[3-ethylbenz- 
thiazoline sulphonate] (ABTS) is incubated with a peroxidase (metmyoglobin) 
and hydrogen peroxide in a stabilized formulation to produce the radical cation 
ABTS +, which is characterized by a blue-green color and the absorbance of 
which is measured at 600 nm using spectrophotometry.  TAS due to the pres- 
ence of antioxidants in the tested plasma samples inhibits the reaction and the 
color production. Plasma total antioxidant levels are expressed as millimoles 
per liter (mmol/L). 32 

Oxidative stress was assessed using the quantification of autoantibodies 
against peroxidized LDL molecules. If LDL is altered by oxidation, it becomes 
immunogenic, and specific autoantibodies against epitopes (eg, malonyldialde- 
hyde lysine) of the oxidized LDL can be detected in serum. Oxidized LDL au- 
toantibodies have been proposed as an index of in vivo oxidation and can be 
measured using an enzyme-linked immunosorbent assay with high sensitivity 
(0-2000 mIU/mL) and specificity (100% anti-LDL antibodies and 5% native 
LDL). 33 For both methods, immediately processed plasma was used. 

Statistical Analysis 
Data are expressed as mean + SD. Comparisons between groups were per- 
formed using the Scheff~ test  for variables displaying a normal distribu- 
tion and the Kruskal-Wallis test for variables showing a skewed distribution 
(albumin-to-creatinine ratio, TAS, and o-LAb). Statistical analysis was com- 
pleted with multivariate analysis using stepwise regression, which is performed 
to better disclose the relationship of serum o-LAb level and TAS with clinical 
variables (ie, age, sex, BMI, diabetes duration, fasting plasma glucose level, lipidic 
fractions, UAE, and antidiabetic agents). Significance was set at P < 0.05. The 
statistical software SPSS (SPSS Science, Chicago, I11) was used for all analyses. 

RESULTS 
Ninety-two patients with type 2 DM (group 1, 18 females, 15 males [mean age, 
62.8 + 9.5 years]; group 2, 19 females, 11 males [mean age, 63.2 + 8.8 years]; 
group 3, 16 females, 13 males [mean age, 62.0 + 5.3 years]) and 28 age- 
and sex-matched healthy control subjects (18 females, 10 males; mean age, 
59.1 + 5.3 years) were enrolled (Table I). 

Diabetes duration, BMI, laboratory data, and metabolic control parameters 
of the control group and of the patients, subdivided into groups 1, 2, and 3, are 
shown in Table II. 

Fasting plasma glucose, HbA~c, and UAE levels were significantly higher in 
the diabetic groups than in controls (P < 0.05). Diabetes duration, BMI, and 
levels of fasting plasma glucose, HbA~c, total cholesterol, HDL cholesterol, and 

414 



A.M. Signorini et al. 

Table I. Mean age and sex of the study populat ion (N = 120). 

Group Mean Age ± SD, y Sex 

Group 1 (n = 33) 62.8 ± 9.5 18 F, 15 M 
Group 2 (n = 30) 63.2 ± 8.8 19 F, 11 M 
Group 3 (n = 29) 62.0 ± 5.3 16 F, 13 M 
Control group (n = 28) 59.1 ± 5.3 18 F, 10 M 

UAE were  not  significantly different be tween  the 3 diabetic groups.  Triglyceride 
levels were significantly higher in group 3 (P < 0.05) and LDL cholesterol in group 2 
(P < 0.05) compared  with the other  diabetic groups. Although metabolic control  
parameters  were  not within normal limits, 34 they were similar in all diabetic 
patients. 

P lasma levels of TAS were  1.42 + 0.092 mmol /L  in the  con t ro l  group,  
1.39 + 0.111 mmol/L in group 1, 0.99 + 0.042 mmol/L in group 2 (P < 0.05), and 
0.85 + 0.083 in group 3 (P < 0.05; Figure 1). Plasma concen t ra t ions  of o-LAb were  
263.3 + 24.25 mIU/mL in the  cont ro l  group,  236.6 + 31.56 mlU/mL in group 1, 
391.5 + 17.85 mlU/mL in group 2 (P < 0.05), and 435.7 + 11.25 mlU/mL in group 3 
(P < 0.05; Figure 2). These  statist ically significant differences were  obse rved  

Table II. Clinical data and laboratory findings (mean ± SD) by treatment group (N = 120). 

Controls Group 1 Group 2 Group 3 
Parameter (n -- 28) (n = 33) (n = 30) (n = 29) 

Diabetes duration, N/A 120.7 ± 78.6 151.1 ± 92.5 130.0 ± 89.7 
mo 

Body mass index, 26.2 ± 3.9 27.3 ± 5.8 27.7 ± 4.3 27.8 ± 6.7 
kg/m 2 

Fasting plasma 86.3 ___ 5.4* 142.8 _+ 66.2 150.6 ___ 55.4 143.7 ± 61.3 
glucose, mg/dL 

Glycosylated 4.1 ± 0.6* 8.8 ± 1.8 8.5 ± 2.1 8.4 ± 2.1 
hemoglobin, % 

Serum total 196.2 ± 39.0 218.4 ± 33.3 200.0 ± 49.9 206.6 + 40.6 
cholesterol, mg/dL 

Serum HDL 51.3 ± 8.9 46.8 ± 10.2 44.8 ± 11.8 42.9 ± 9.6 
cholesterol, mg/dL 

Serum LDL 121.2 ± 12.7" 145.6 ± 22.8 170.9 ± 37.8 t 152.0 ± 22.9 
cholesterol, mg/dL 

Serum triglycerides, 120.0 ± 30.6 141.0 ± 78.5 152.7 ± 98.9 184.1 ± 91.0 t 
mg/dL 

UAE, mg/mg 0.012 ± 0.004* 0.068 ± 0.031 0.065 ± 0.054 0.079 ± 0.077 

HDL = high-density lipoprotein; LDL = low-density lipoprotein; UAE = urinary albumin excretion. 
*P < 0.05 versus diabetic groups. 
tp < 0.05 within group. 
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Figure 1. Plasma total antioxidant levels (mean ± SD, mmol/L) in the study population 
(N = 120). *P < 0.05 versus controls, tp < 0.05 within group. 

for the compar i sons  be tween  groups  2 and 3 versus  the cont ro l  group as well 
as for the  compar i sons  be tween  groups  1, 2, and 3. 

Statistical analysis has shown that  group 1 had circulating TAS higher  than 
groups  2 and 3 and similar to the  cont ro l  group,  whereas  o-LAb levels in group 
1 were  lower than in groups  2 and 3 and wi thout  statistical difference versus  the 
cont ro l  group.  
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Figure 2. Plasma oxidized anti-low-density lipoprotein antibody (o-LAb) levels (mean _ SD, 
mlU/mL) in the study population (N = 120). *P < 0.05 versus controls, tp < 0.05 within 
group. 
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Multivariate analysis by stepwise regression showed a significant associa- 
tion with sex (with females having lower circulating o-LAb plasma levels; 
P < 0.004), age (P < 0.019), type of antidiabetic agent (with the gliclazide 
group having the lowest values; P < 0.001), and an inverse correlation with TAS 
(P < 0.012). When TAS was considered as the dependent variable, an inverse 
correlation with o-LAb level (P < 0.002) and with the type of therapy (P < 0.007) 
was observed. 

DISCUSSION 
The long-term effects of oxidative stress on the vascular complications of dia- 
betes and on the worsening of insulin deficit are still being debated. The role of 
hyperglycemia in inducing oxidative damage has been investigated in several 
diabetic micro- and macroangiopathic complications, including Schwann fiber 
demyelinization, 35 glomerular lesions, 36 and endothelial cell damage leading to 
atherosclerotic plaque formation. 37 

The observation that oxygen free radicals mediate beta cell destruction in 
the animal model of streptozocin-induced diabetes suggests that oxidative 
stress also may play a role in the initial stages of type 1 DM. 35 In humans with 
type 1 DM, this mechanism could be involved in the development of autoim- 
mune insulitis by inducing apoptosis. Oxygen free radicals also may contribute 
to insulin resistance and thus to the development and progression of type 2 DM 
because hydrogen peroxide has been observed to potently inhibit insulin sig- 
naling in target cells. 38 

The importance of the redox state in patients with type 1 or 2 DM is such that 
the search for pharmacologic agents capable of significantly inhibiting oxida- 
tive phenomena or of enhancing antioxidant systems is of particular relevance. 
Among oral antidiabetic agents, gliclazide has received special attention for its 
putative antioxidant role. 

The results of this study appear particularly relevant, as we have confirmed 
the possibility of quantifying in vivo the beneficial effects of gliclazide on redox 
status and of comparing these effects with those of other antidiabetic oral 
agents in a carefully selected group of metabolically stable patients free of 
vascular manifestations. 

The results of this study demonstrate that gliclazide therapy for patients 
with type 2 DM induces a redox status similar to that of healthy subjects. This 
effect most likely is mediated by the chemical structure of the molecule, con- 
taining an azabicyclo-octil ring and a sulfhydryl group known to neutralize 
oxidant-mediated effects secondary to a variety of mechanisms, including 
hyperglycemia. 39 

CONCLUSIONS 
In this study population, the ability to reduce oxidative stress, which may be 
unique to gliclazide and not shared by the other antidiabetic agents, is of 
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considerable  interest  but  needs further  study.  The effects of gliclazide on ad- 
ditional cohor t s  of diabetic patients with different degrees  of chronic  compli- 
cations, as well as o ther  condi t ions  in which oxygen free radicals are involved, 
should  be assessed.  
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