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Abstract. Objectives: Determination of the superoxide dismutase (SOD), glutathione peroxidase (GPX) and
the total antioxidant status (TAS) and evaluation of inflammation by the use of high sensitivity C reactive
protein (hs-CRP) among Tunisian coronary diabetic patients. Materials and methods: We measured the ery-
throcyte GPX activity and the plasmatic TAS concentration by colorimetric methods, the apolipoproteins
[ApoA1l, ApoB], hs-CRP and the fibrinogen by immunonephelometry assays. Resu/ts: TAS and GPX were
significantly decreased among patients compared to the controls [TAS: 1,14 + 0,28 mmol/l vs 1,55 + 0,35
mmol/l, GPX: 59,32 + 10,72 U/gHb vs 149,19 + 30,95 U/gHb]. For the coronary diabetic patients, the TAS
is correlated positively with hs-CRP [r= 0,01, p<10-]. Pearson’s correlation shows a significantly positive cor-
relation between GPX and TAS among all patients. Conclusions: Determination of antioxidative defense
markers contributes to understanding the effect of stress oxidative on the development, prevention and ther-
apy of cardiovascular disease. (www.actabiomedica.it)
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Introduction

Although mortality from cardiovascular diseases
(CVD) has shown a tendency to decrease in developed
countries, and remains the main cause of death.

The origin of these diseases is multifactorial, but
cardiovascular risk factors (CVRF) represent some of
most important causes. Age and gender, are unmodi-
fiable CVRF whereas smoking, high blood pressure,
hypercholesterolemia ...are modifiable CVRF (1).

Diabetes mellitus (DM) have also been shown to
play an important role in CVD (1). Patients with dia-
betes have a two to threefold increased incidence of
CVD and those who present in the fourth and fifth
decade of life have a twofold increase in mortality (2).
Actually, Interest has developed in alternative mark-

ers, such as plasma markers of oxidative stress which
have a role to predict CVD risk (3).

However, oxidative stress plays a big role in the
development of many pathologies.

In fact hyperglycaemia can increase oxidative
stress through several pathways and induce intracellu-
lar reactive oxygen species (ROS) produced by the
proton electrochemical gradient generated by mito-
chondrial electron transport chain and resulting in in-
creased production of superoxide (4). The other mech-
anism involves the transition metal catalysed auto-ox-
idation of free glucose yielding superoxide anion and
hydrogen peroxide (5).

There is also evidence that hyperglycaemia may
compromise natural antioxidant defense. Under nor-
mal circumstances free radicals are rapidly eliminated
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by antioxidants such as reduced glutathione, vitamin
C and vitamin E. Reduced glutathione content, as
well as reduced vitamin E, have been reported among
diabetics patients (6).

But now days, we know that there were addition-
al participants in diabetic development that involves
inflammation, endothelial injury, lipoproteins reten-
tion in the arterial wall, and lipoproteins modifica-
tions (7). Hyperglycaemia can promote vascular com-
plications by multiple postulated mechanisms. In-
creased glucose concentrations can activate nuclear
factor-kB (8), a key mediator that regulates multiple
pro-inflammatory and pro-atherosclerotic target
genes in endothelial cells (ECs), vascular smooth
muscle cells (VSMCs), and macrophages (7). Inflam-
mation has been strongly implicated in both athero-
sclerosis and type 2 DM (9, 10). Despite this, no sin-
gle mechanism yet explains why this pattern is found
in diabetic patients (11). C-reactive protein (CRP), a
hepatically derived marker of systemic inflammation,
is the prototypic inflammatory biomarker. A direct
role for CRP in the pathogenesis of vascular damage
has been proposed and is supported by some, but not
all, experimental data (12). CRP is independently as-
sociated with incident CVD and is the only biomark-
er to be endorsed in guidelines for primary prevention
(13, 14).

Accordingly, its exploration seems to be interest-
ing to study the implications of the CVD and the di-
abetes. So, the purpose in this study is to explore the
antioxidant status by the determination of the SOD,
GPX and the total antioxidant status (TAS) among
coronary diabetic patients and to evaluate inflamma-
tion by the use of high sensitivity C reactive protein

(hs-CRP).

Patients and methods
Study population

The study population consisted on two groups.
The control subjects made of 120 healthy volunteers
(80 men and 40 women) with no history of CVD, di-
abetes or cerebrovascular diseases. Their mean age is
40+7 years.

150 consecutive patients (115 men and 35
women) with angiographically documented CVD
were enrolled from Cardiovascular Department of
University Hospital Fattouma Bourguiba of Monastir,
Tunisia. The mean age of this group is 61,15+10,64
years.

This patients group consisted on 70 diabetic pa-
tients and 80 non diabetic subjects. All participants
were interviewed and data in dyslipidemia, DM, hy-
pertension, smoking habits were recorded.

Determination of antioxidant parameters

SOD, GPX activities and TAS concentration
were performed using commercials tests manufactured
by Randox Laboratories (UK, Antrium) in a Daytona
- analyser.

Laboratory analysis:

Serum total cholesterol (TC), triglycerides (T'G),
high density lipoprotein cholesterol (HDL-C) and
glucose were measured with colorimetric assays using
an automated system (Cx 9 Pro- Bechman Coulter -
Fuller -Ton, CA).

In Addition, blood samples were collected for the
determination of serum apolipoproteins (ApoAl and
ApoB), high sensitive C-reactive proteins (hs-CRP)
and fibrinogen according to the instructions of the
manufacture using particle-enhancer immunoneph-
elometric assays (BNII Dade Behring, Marburg, Ger-

many).
Statistical analysis

Statistical analysis was done with Spss 75.0. Test-
ing of numerical characteristics was done by using Szu-
dent’s t-test, and testing of correlations by use of Pear-
son’s test. All parameters were given as (mean + SD)

Results

Characteristics laboratory variables and the val-
ues of antioxidative parameters patients and controls
subjects are shown in table 1.

Statistical data processing revealed significantly

lower TAS, GPX, SOD and hs-CRP values among
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Table 1. Characteristics laboratory variables and the values of antioxidative parameters patients and controls subjects

Patients (n=150)

Controls (n=120)

Age (years, X+0) 61,23+10,81 40+7 ns
BMI (Kg/m?, X£8) 28,51+5,02 27,8+3.4 ns
Diabetes (%) 46,7 0

Hypertension (%) 48 0

Smoking (%) 48 35

GPX (U/gHb, X+8) 59,32+10,72 140,19+30,95 P<0,001
TAS (mmol/1, X+8) 1,14+0,28 1,55+0,28 P<0,001
SOD (U/gHb, X+8) 629,58+392,033 1378,47+ 360,95 P<0,001
Glucose (mmol/1, X+8) 8,8 £3,92 4,50+ 1,8 P<0,001
ApoAl (g/1, X+d) 1,21+0,98 1,55+0,28 P<0,001
ApoB (g/1, X+d) 1,45+0,49 0,86+0,22 P<0,001
ApoB/ApoAl 1,85+1,45 0,570,19 P<0,001
hs-CRP (mg/1, X+8) 7,688 2,09+0,34 P<0,001
Fibrinogen (g/1, X+d) 3,9+1,39 2,61+0,51 P<0,001
HDL-C (mmol/1, X+8) 1,3+0,45 1+0,37 P<0,001
LDL-C (mmol/1, X+8) 3,75+0,98 1,88+0,8 P<0,001
TG (mmol/1, X+d) 1,8+1,15 0,97+0,28 P<0,001
TC (mmol/1, X+8) 5,97+1,12 3,6+0,45 P<0,001

patients compared to the controls (TAS: 1,14+0,28
mmol/l vs 1,55+0,355 mmol/l, GPX: 59,32+10,72
U/gHb  vs  149,19+30,95 U/gHb, SOD:
629,58+392,033 U/gHb vs1378,47+360,95 U/gHb,
hs-CRP: 7,6%8,8 mg/1 vs 2,09+0,34 mg/1 ) (Table 1).

Table 2 shows characteristics laboratory variables
and the values of antioxidative parameters in diabetic
patients and non diabetic subjects. Diabetic patients

had significantly lower values of TAS, GPX, SOD and

and hs-CRP in relations with coronary subjects with-
out diabetics complications (TAS: 1,15+0,25 mmol/l
vs 1,14+0,29 mmol/l, GPX: 58,37+10,63 U/gHb vs
60,28+ 10,70 U/gHb, SOD: 615,42+396,97 U/gHb vs
651,23+389,76 U/gHb, hs-CRP: 7,94+10,82 mg/1 vs
7,5£6,6 mg/l). Additional, coronary patients with dia-
betic complications had significantly higher values of
ApoB/A1 ratio, fibrinogen and TG compared to non
diabetic patients (Table 2).

Table 2. Characteristics laboratory variables and the values of antioxidative parameters in diabetics patients and non diabetics sub-

jects

Diabetics patients Non diabetics patients

(n=70) (n=80)

Age (years, X+0) 62,26+9,63 60,48+11,52 ns
BMI (Kg/m?, X+9) 29,40+4,87 27,87+5,08 ns
GPX (U/gHb, X+8) 58,37+10,63 60,24+10,70 P<0,001
TAS (mmol/1, X+8) 1,15+0,27 1,14+0,29 P<0,001
SOD (U/gHb, X+8) 615,42+396,97 651,23+389,76 P<0,001
Glucose (mmol/1, X+8) 9,6 +4,22 5,01 +1,4 P<0,001
ApoAl (g/1, X+d) 1,36+1,10 1,09+0,82 P<0,001
ApoB (g/1, X+d) 1,41+0,48 1,47+0,5 P<0,001
ApoB/ApoAl 1,55+1,09 2,08+1,65 P<0,001
hs-CRP (mg/1, X+8) 7,94+10,82 7,5+6,6 P<0,001
Fibrinogen (g/1, X+d) 4,07+1,34 3,9+1,43 P<0,001
HDL-C (mmol/1, X+8) 1,05+0,35 1,07+0,41 P<0,001
LDL-C (mmol/1, X+8) 3,53+1,9 3,44+1,09 P<0,001
TG (mmol/1, X+8) 2+1,23 1,67+1,04 P<0,001
TC (mmol/1, X+8) 4,25+1,28 4,17+0,9 P<0,001
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Table 3. Correlations of TAS activity with some clinical and
laboratory variables in coronary diabetics patients as well as
coronary non diabetics subjects

Diabetics patients  Non diabetics patients

r p r p
Age -0,033 0,0001 0,017 0,0001
BMI 0,37 0,0001 0,045 0,0001
GPX 0,081 0,0001 0,026 0,0001
SOD -0,321 0,0001 0,006 0,0001
Glucose -0,102 0,0001 0,224 0,0001
ApoAl 0,266 0,531 ns 0,179 0,105 ns
ApoB -0,053 0,0001 0,06 0,0001
ApoB/ApoAl -0,111 0,0001 -0,04 0,0001
hs-CRP -0,76 0,0001 0,01 0,0001
Fibrinogen -0,025 0,0001 0,135 0,0001
HDL-C -0,121 0,0001 -0,003 0,0001
LDL-C 0,152 0,0001 0,201 0,0001
TG 0,011 0,0001 0,164 0,0001
TC -0,135 0,0001 -0,105 0,0001
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Table 3 shows the correlations between TAS ac-
tivity and some clinical and laboratory variables in
coronary diabetic patients as well as coronary non di-
abetic subjects.

In coronary diabetic patients, Pearson’s correlation
coefficient revealed significant positive correlation be-
tween TAS and hs-CRP (r=0,001, p<10?) (figure 1),
TAS and ApoB(r=0,06, p<107), TAS and fibrinogen
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Figure 2. In the coronary not diabetic subjects, the TAS pre-
sents a significant negative correlation with glucose (r=-0,102,

p<107)

(r=0,135, p<10®) and TAS and glucose (r=0,224,
p<107) (figure 1). Although, at the coronary not dia-
betic subjects, the TAS presents a significant negative
correlation with the hs-CRP (r=-0,76, p<107),
ApoB(r=-0,053, p<10?), fibrinogen (r=-0,148, p<10~)
and glucose (r=-0,102, p<107) (figure 2).

Then, table 4 shows the correlations of GPX ac-
tivity with some clinical and laboratory variables in

Table 4. Correlations of GPX activity with some clinical and
laboratory variables in coronary diabetics patients as well as
coronary non diabetics subjects

Figure 1. In coronary diabetics patients, Pearson’s correlation
coefficient revealed significant positive correlation between
TAS and glucose (r=0,224, p<107)

Diabetics patients

Non diabetics patients

r p r p
Age -0,031 0,916 ns 0,04 0,0001
BMI -0,136 0,0001 0,2 0,0001
TAS 0,081 0,0001 0,026 0,0001
SOD 0,021 0,0001 0,076 0,0001
Glucose 0,129 0,0001 -0,16 0,0001
ApoAl -0,052 0,0001 -0,161 0,0001
ApoB 0,051 0,0001 0,064 0,0001
ApoB/ApoAl 0,109 0,0001 0,198 0,0001
hs-CRP -0,027 0,0001 -0,073 0,0001
Fibrinogen -0,145 0,0001 -0,149 0,0001
HDL-C 0,101 0,0001 0,027 0,0001
LDL-C 0,206 0,0001 -0,071 0,0001
TG 0,072 0,0001 -0,153 0,0001
TC 0,015 0,0001 -0,024 0,0001
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coronary diabetic patients as well as coronary non di-
abetic subjects. Coronary patients with diabetics com-
plications had significantly negative correlation be-
tween GPX-hs-CRP (r=-0,073, p<10?), GPX-glu-
cose (r=-0,160, p<10?) (figure 3) and GPX-fibrinogen
(r=-0,149, p<10?). In these diabetic patients Pearson’s
correlation revealed significant positive correlation be-
tween GPX and ApoB (r=0,064, p<107).

At the coronary patients without diabetic com-
plications, Pearson’s correlation revealed a positive sig-
nificantly correlation between GPX-glucose (r=0,129,
p<107) (figure 4), GPX-ApoB (r=0,051, p<10?), and a
significantly negative correlation between GPX-hs-
CRP (r=-0,027, p<107).

Moreover, table 5 shows the correlations between
SOD activity and some clinical and laboratory vari-
ables in coronary diabetic patients as well as coronary
non diabetic subjects. In coronary diabetic patients,
Pearson’s correlation coefficient revealed significant
positive correlation between SOD and GPX (r=0,021,
p<107?). In these diabetic patients Pearson’s correlation
revealed significant negative correlation between
SOD-glucose (r=-0,202, p<107) (figure 5), SOD-
ApoB(r=-0,078, p<10?), SOD- hs-CRP(r=-0,167,
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Figure 3. Coronary patients with diabetics complications
had significantly negative correlation between GPX-glucose
(r=-0,160, p<107?)
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Figure 4. In coronary patients without diabetics complications,
Pearson’s correlation revealed a positive significantly correla-

tion between GPX-glucose (r=0,129, p<10~)

p<107), and SOD-fibrinogen (r=-0,131, p<107)
(Table 5).

Although, at the coronary not diabetic subjects,
the SOD presents a significant positive correlation
with the glucose (r=0,112, p<10?) (Figure 6) and
ApoB (r=0,074, p<10?) and a significantly negative
correlation between SOD-hs-CRP (r=-0,013, p<10~)
and SOD-fibrinogen(r=-0,119, p<10~) (Table 5).

Table 5. Correlations of SOD activity with some clinical and
laboratory variables in coronary diabetics patients as well as
coronary non diabetics subjects

Diabetics patients

Non diabetics patients

r P r P
Age -0,200 0,0001 0,001 0,0001
BMI -0,095 0,0001 0,040 0,0001
GPX 0,021 0,0001 0,076 0,0001
TAS -0,321 0,0001 0,006 0,0001
Glucose -0,202 0,0001 0,112 0,0001
ApoAl -0,015 0,0001 -0,153 0,0001
ApoB -0,078 0,0001 0,074 0,0001
ApoB/ApoAl  -0,004 0,0001 0,125 0,0001
hs-CRP -0,167 0,0001 -0,013 0,0001
Fibrinogen -0,131 0,0001 -0,119 0,0001
HDL-C -0,108 0,0001 -0,016 0,0001
LDL-C -0,187 0,0001 0,181 0,0001
TG 0,064 0,0001 0,089 0,0001
TC -0,097 0,0001 0,064 0,0001
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Table 6. Correlations of hs-CRP activity with some clinical
and laboratory variables in coronary diabetics patients as well as
coronary non diabetics subjects

Diabetics patients

Non diabetics patients

r p r p
Age 0,036 0,0001 0,002 0,0001
BMI 0,194 0,0001 -0,141 0,0001
GPX -0,073 0,0001 -0,027 0,0001
TAS 0,010 0,0001 -0,076 0,0001
SOD -0,167 0,0001 -0,013 0,0001
Glucose -0,058 ns -0,013 ns
ApoAl 0,012 0,0001 0,067 0,0001
ApoB 0,056 0,0001 -0,134 0,0001
ApoB/ApoAl  -0,053 0,0001 -0,170 0,0001
Fibrinogen 0,415 ,003 0,410 0,0001
HDL-C 0,064 0,0001 -0,048 0,0001
LDL-C -0,073 0,001 -0,149 0,0001
TG 0,141 0,0001 -0,031 0,0001
TC 0,074 0,006 0,091 0,0001

Figure 5. Coronary patients with diabetics complications had
significantly negative correlation between SOD-glucose (r= -
0,202, p<107)
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Figure 6. In coronary patients without diabetics complications,
Pearson’s correlation revealed a positive significantly correla-

tion between SOD-glucose (r=0,112, p<107)

While, in these two groups, Pearson’s correlation
shows a significantly positive correlation between

GPX- TAS and GPX- SOD (Table 5).

Finally, table 6 shows the correlations of hs-CRP
activity with some clinical and laboratory variables in
coronary diabetic patients as well as coronary non di-
abetic subjects.

Coronary patients with diabetics complications
had significantly positive correlation between hs-
CRP-ApoB (r=0,056, p<10*), hs-CRP-fibrinogen
(r=0,415, p<10?) and hs-CRP-TG (r=0,141, p<10~)
(Table 6).

Although, at the coronary not diabetic subjects,
the hs-CRP presents a significant negative correlation
with the ApoB(r=-0,134, p<10°) and the TG
(r=-0,031, p<10?) (Table 6).

Discussion

Diabetes mellitus is a complex and multifactorial
disease indulging severe insulin dysfunction in con-
junction with gross abnormalities in glucose home-
ostasis, lipid and protein metabolism. The metabolic
dysregulation associated with diabetes causes sec-
ondary pathophysiologic changes in multiple organ
systems that impose a heavy burden of morbidity and
mortality from macrovascular and microvascular com-
plications. Oxidative stress plays an important role in
chronic complications of diabetes and is postulated to
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be associated with increased lipid peroxidation (15).
The present study has examined the changes in both
extra and intracellular antioxidants status in diabetic
patients. Diabetes has shown to be associated with nu-
merous thrombotic, atherosclerotic, and cardiovascu-
lar diseases. Cholesterol has been singled out as the
cause of atherosclerosis. However, other lipids, such as
triglycerides and phospholipids, also have shown sim-
ilar correlations (16). In our study, the levels of serum
lipids were found to be elevated in diabetic patients.
The abnormally high concentration of serum lipids in
diabetes is mainly a result of the increase in mobiliza-
tion of free fatty acids from peripheral depots, because
insulin inhibits the hormone-sensitive lipase. On the
other hand, glucagons, catecholamines, and other hor-
mones enhance lipolysis. The marked hyperlipemia
that characterizes the diabetic state may therefore be
regarded as a consequence of the uninhibited actions
of lipolytic hormones on fat depots. The increase and
fall in the individual lipoprotein levels is a reflection of
the total serum cholesterol levels; that is, the levels of
VLDL-C, LDL-C, and HDL-C increase or decrease
with the level of total serum cholesterol, and it is their
ratio that determines the pathophysiology of lipopro-
tein metabolism (17,18).

Moreover, many studies have demonstrated the
presence of oxidative stress in CVD as an expression
of increased free radical production and decreased an-
tioxidant defense (1, 19, 20, 21). Also, there are many
different markers that can be used to prove the pres-
ence of oxidative stress in CVD or in DM (22). Free
radicals are very unstable due to their high reactivity
(23, 24).

The involvement of free radicals in diabetes and
the role of these toxic species in lipid peroxidation and
the antioxidant defense system have been studied.
Lipid peroxide-mediated damage has been observed
in the development of type 1 and type 2 diabetes mel-
litus. Insulin secretion is also closely associated with
lipoxygenase-derived peroxides (25). Antioxidants
constitute the foremost defense system that limit the
toxicity associated with free radicals. The levels of
these defense mechanisms are altered in diabetes and,
therefore, the ineffective scavenging of free radicals
plays a crucial role in determining the extent of tissue

injury (26).

Because of their nature, they have a short lifetime
and are difficult to measure and accurately determine
in vivo as well as in biological material such as plasma
or other body fluids. So, on the basis of the obtained
results, it may be concluded that the values of studied
antioxidative parameters (SOD, GPX and TAS) were
significantly lower in coronary patients with or with-
out diabetic complications comparatively to the con-
trols.

It’s important to highlight that in diabetic group,
the increase of glucose concentration is followed by
higher activity of TAS and GPX, which means that
among these patients hyperglycaemia induce a posi-
tive response from the antioxidative defense system
(27).

On the contrary, in coronary non diabetic pa-
tients, negative response of antioxidative defense sys-
tem may be related to the effect of protein glycosyla-
tion and the impact of oxidative stress on reduced cat-
alytic SOD, TAS and GPX activity all contributing to
impaired total antioxidative defense of diabetics pa-
tients with cardiovascular complications (28).

Therefore, it is belived that these enzymes are
significant in conditions of oxidative stress in athero-
sclerotic lesions. GPX is an essential enzyme for the
elimination of organic and inorganic peroxides, and it
is a crucial intracellular antioxidative enzyme (29).

Accordingly, deficiency of GPX and redox glu-
tathione cycle in atherosclerotic tissue may consider-
ably weaken their antioxidative potential and therefore
tavour the pro-oxidative and atherosclerotic processes,
even if is a normal concentration of low molecular is-
cavengingi antioxidant exists (30). SOD is considered
one of the primary enzymes since they are involved in
the direct elimination of ROS. SOD scavenges the su-
peroxide radical by converting it to H,O, and hence
reduces the toxic effects due to this radical or other
free radicals derived from secondary reactions. The ac-
tivity of SOD was found to be lower in diabetic sub-
jects. The observed decrease in SOD activity could re-
sult from inactivation by H,O, or by glycation of the
enzyme, which have been reported to occur in dia-
betes (31). Oda et al. (32) proved, by in vitro experi-
ment, that incubation of Cu,Zn-SOD with increasing
glucose concentration ranging from 10-100 mmol/l in
a time period of 2-120 hours produces increased gly-
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cosylation of this enzyme and reduces its activity by
40%. The same authors confirmed this iz vitro exper-
iment by an in vive one, where the activity of erythro-
cytic Cu,Zn-SOD in insulin-independent diabetics
correlated negatively with glucose concentration, sug-
gesting that hyperglycaemia brings about the glycosy-
lation and inactivity of this enzyme. Therefore, in-
creased oxidative stress may not only result from hy-
perglycaemia associated with diabetes, but may also
have an important causal role in B-cell failure and the
development of insulin resistance and type 2 DM (3).
Several studies have demonstrated that plasma mark-
ers of oxidative stress are elevated in CVD or in the
presence of its classical risk factors (33-35). The ox-
idative of vulnerable cell membrane unsaturated lipids
(36) may modulate diverse signal transduction path-
ways (33, 37) leading to numerous adverse effects im-
plicated in the pathogenesis of atherosclerosis (38).
On the other hand, several studies have suggest-
ed that atherosclerosis is a chronic inflammatory dis-
ease (39, 40). CRP, an acute phase protein produced
mainly in the liver, is an indicator of inflammation.
Therefore, patients with type 2 diabetes who are, usu-
ally obese, could potentially have high CRP. It is
shown also that patients with an elevated CRP have
up to 8.5-fold increase in morbidity and mortality (41,
42). In diabetic patients, clustering of traditional and
non-traditional CVD risk factors in the same individ-
ual may explain their associations with CVD via the
common pathway of chronic inflammation. We have
studied the associations of hs-CRP concentrations in
coronary patients with and without type 2 diabetes.
Concentrations of hs-CRP increased when compared
with age and sex-matched diabetic controls without
CVD suggesting that hs-CRP is a stronger discrimi-
nator for detection of CVD in the patients. The ele-
vated hs-CRP concentration may be a reflection of the
low level, chronic inflammatory state caused by tissue
damage in atheromatous lesions or a consequence of
infection with atherogenic organisms such as Heli-
pylori, Chlamydia

tomegalovirus or herpes simplex virus (39, 43- 45).

cobacter pneumoniae, cy-

Finally, determination of markers of antioxidative
defense as very sensitive parameters not only con-
tributes to a better understanding of oxidative stress

effect but on CVD development, diabetes and the

treatment of these two diseases. In addition, it is par-
ticularly important, determination of markers of an-
tioxidative defense in the prevention of atherosclerosis
and diabetes. Also, as the pathogenesis of both dia-
betes and cardiovascular disease involves oxidative
stress, the use of antioxidants is an appealing therapy.
However, the use of traditional antioxidants such as
vitamin E or C in large clinical trials has failed to
demonstrate any beneficial effect on cardiovascular
disease or all-cause mortality, even when only diabet-
ic patients were analyzed (46, 47). The use of antioxi-
dant vitamins may have been initiated too late or for
too a short time in the course of atherogenesis to
demonstrate an effect (48). There is evidence that
both vitamins C and E not only are ineffective at low-
ering biological markers of oxidative stress (49, 50),
but can act as pro-oxidants (44, 45). These findings
have prompted a search for new antioxidants which
may be able to impact atherosclerosis. One of these,
AGI-1067 (the monosuccinic acid ester of probucol),
has shown promising results and is currently undergo-
ing phase III trials (51, 52). Importantly, pharmaco-
logic agents currently in use that have been shown to
be effective in reducing cardiovascular mortality are
known to have antioxidant properties. An important
issue in the use of either antioxidants or specific in-
hibitors of ROS signaling is that of tissue- or cell spe-
cific delivery, as oxidative molecules are also active in
tissues and cells that are not participating in a patho-
logic process. An approach that is currently being test-
ed is the use of nanoparticle or liposome-enclosed
pharmacologic agents (53, 54). These ligand-conju-
gated vehicles can deliver a therapeutic agent to cells
expressing a specific receptor.

Conclusion

CVD is the major cause of mortality in patients
with diabetes, and hense the cost and clinical implica-
tions of the condition are significant. Oxidative cellu-
lar damage provides a possible explanation for the in-
crease risk seen in diabetes and perhaps for unex-
plained cardiovascular events in subjects with little in
the way of other risk factors. The early initiation of
therapy aimed at reducing oxidative stress and/or
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modulating ROS-sensitive signalling pathways may
be of benefit for reducing cardiovascular disease in di-
abetes. Further insights into the molecular mecha-
nisms of the metabolic basis of diabetes will prove in-
valuable in the treatment and prevention of this debil-
itating condition.
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