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Introduction

The pathogenesis of the vascular complications of diabetes is
controversial, micro- and macroangiopathy being the most
common cause of morbidity and mortality in diabetic patients.
Endothelial cell damage, thought to occur in diabetic patients,
may be an important factor in development of angiopathy
[1,2]. For the last few years, considerable evidence has con-
nected endothelin-1 (ET-1), a strong endothelial-derived vaso-
constrictor mitogenic peptide, with various cardiovascular dis-
ease states [3].

Plasma ET-1 concentrations were found to be abnormally high
in patients with conditions associated with endothelial cell in-
jury, as well as in those with hypertension [4-6], congestive
heart failure [7], coronary artery disease [8-10], and uremia
[11]. Contradictory findings regarding ET-1 levels have been
reported in patients suffering from diabetes mellitus [12 - 14].
Bertello et al. [14] and Kanno et al. [15] described similar plas-
ma ET-1 levels in both healthy controls and patients with non-
insulin-dependent diabetes mellitus (Type 2 diabetes) with
and without complications. However, the influence of Type 2
diabetes on plasma endothelin levels was definitely estab-
lished in patients with advanced atherosclerosis [16]. Recent
clinical studies have indicated that the normalization of glyce-
mic control cannot only prevent diabetic microangiopathies,
but might possibly avert cardiovascular complications [17],
thus pointing to hyperglycemia as the major causal factor in
the development of diabetic vascular complications. Moreover,
there are indications that high blood glucose is involved in the
pathogenesis of coronary heart disease, being a significant fac-
tor in cardiovascular mortality [18,19]. However, in spite of the
significant effects of hyperglycemia, very few studies have
dealt with the possible influence of glucose metabolic control
on endothelial reactivity in Type 2 diabetic patients.

The aims of the present paper were a) to establish the possible
relationship between plasma ET-1 levels and Type 2 diabetes
by comparing plasma ET-1 concentrations in healthy subjects
with those in patients with uncomplicated Type 2 diabetes and

b) to determine whether ET-1 levels were related to glucose
metabolic control in diabetic patients.

Material and Methods

We measured the circulating ET-1 concentration in 44 Type 2
diabetic patients (25 men and 19 women, aged 53.4 + 8.8) from
the Hospital Centro de Salud (San Miguel de Tucuman, Tuc-
uman, Argentina) and in 40 healthy volunteers who formed
the control group, whose ages matched those of the patients
(20 men and 20 women, aged 46.7 £ 10.7). The control group
had no history of major diseases, was taking no medication,
not even hormonal contraceptives, and had no family back-
ground of diabetes mellitus. All subjects were evaluated to de-
termine their body mass index (BMI) and lipid profiles and also
the duration of diabetes and the levels of hemoglobin Alc
(HbA1c) in the diabetic patients. None of the diabetic patients
were smokers or drinkers; they did not suffer from hyperten-
sion (blood pressure < 140/90 mmHg), evident renal dysfunc-
tion (serum creatinine levels < 110 mmol/l; microalbuminuria
<20 mg/day) or diabetic retinopathy, nor did they exhibit al-
tered lipid profiles or signs of macrovascular disease. These pa-
tients were divided into two groups (according to their glyce-
mic control): a) with good glycemic control (HbA1c<7.00%)
and b) with poor glycemic control (HbAlc>7.00%). Through-
out the study, they were given no drugs except for oral hypo-
glycemic agents (all patients were treated with sulfonylureas,
and had taken the last dose of the antidiabetic drugs the night
before). After the patients had fasted overnight, blood samples
were drawn from the antecubital vein into tubes containing
EDTA and aprotinin, after at least 15 minutes of sitting rest.
The samples were centrifuged at 4°C, and plasma was frozen
immediately at -20°C until assayed. After extracting the plas-
ma, endothelin was determined using a highly specific solid-
phase ELISA method for human ET-1 (R&D Systems, Inc., Min-
neapolis, MN, USA, catalog number BBE5). The extraction pro-
cedures in the preparation of samples yielded a recovery of
95%, and intra-inter-assays were 4.5% and 5.5%, respectively.
In all subjects, HbA1c was measured with an Abbott IMX auto-
analyzer (ICIA method). Microalbuminuria was determined
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Table 1 Clinical characteristics and laboratory parameters of diabetic patients and control subjects
Diabetic patients

Control subjects Good glycemic control Poor glycemic control
N (M/F) 40 (20/20) 14 (7/7) 30 (18/12)
Age 46.6+£10.7 57.7+7.1 51.7+9.1
Known diabetes duration (years) — 8.0£5.2 9.1£9.0
HbATc (%) 5.59+0.45 5.89+0.54 9.92+2.35*
Body mass index (kg/m?) 24.65+2.50 28.55+3.05+ 30.22+7.00+
Systolic blood pressure (mmHg) 124.2+8.1 128.4+3.2 129.4+7.7
Diastolic blood pressure (mmHg) 77.8+3.3 80.4+3.7 78.1+2.5
Fasting glucose (mmol/l) 4.70+£0.50 6.25+2.10** 9.50+6.39*
Fasting insulin (pmol/l) 72.15£34.50 82.20£42.25 76.8+28.60
Triglyceride (mg/dl) 97.30+15.7 139.80+48.25 175.10+115.20
Total cholesterol (mmol/l) 4.65+0.30 4.50+1.05 4.65+1.20
HDL-cholesterol (mmol/l) 1.25+£0.10 1.20£0.15 1.06£0.30
LDL-cholesterol (mmol/l) 2.85+0.30 2.90+0.95 3.20+£1.15

Fibrinogen (mg/dl)

250.25+38.00

313.30£54.05 348.75+79.50

Data are mean + S.D.; (*) p<0.00001 poor glycemic control vs. control subjects. (**) p<0.005 good glycemic control vs. control subjects. (+) p<0.0005 poor

glycemic control and good glycemic control vs. control subjects.

using Micral-Test Il (Boehringer Mannheim GmbH, Mannheim,
Germany) reactive strips. Plasma insulin levels were deter-
mined by means of the Abbott IMX (MEIA method). All chemi-
cal tests were performed using standard laboratory methods.

Statistical analysis

Results were expressed as the mean + S.E.M. Statistical evalua-
tion was performed using Student’s t-test for parametric data,
and differences between groups were analyzed by one-way
analysis of variance. A simple linear regression analysis was
used to evaluate the correlation between the two parameters.
Statistical significance was assumed at p < 0.05.

Results

Clinical characteristics and laboratory details from both dia-
betic patients and normal control subjects are summarized in
Table 1. Type 2 diabetic patients showed increased plasma tri-
glycerides, fibrinogen and fasting glucose blood levels compar-
ed to normal controls. On the basis of glycemic control, diabet-
ic patients were classified into two groups: a good glycemic
control group (HbA1c<7.00%) and a poor glycemic control
group (HbAlc>7.00%). The group of diabetic patients with
good glycemic control did not show any significant differences
in mean HbAlc concentration compared to normal control
subjects (p = 0.3121). In contrast, noticeable differences in
mean HbA1c concentration were found when comparing dia-
betic patients with poor glycemic control to normal control
subjects (p <0.00001).

Values for BMI (p = 0.4967), systolic blood pressure
(p = 0.7980), diastolic blood pressure (p = 0.2899), glucose
(p = 0.070), insulin (p = 0.7253), triglycerides (p = 0.2790),
total cholesterol (p = 0.2795), HDL-cholesterol (p = 0.1995),
LDL-cholesterol (p = 0.3683) and fibrinogen (p = 0.1385) did
not significantly differ between the two diabetic groups, and
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Fig.1 Plasma ET-1 concentrations in diabetic and control subjects.

Boxes represent 25th and 75th percentiles, with the median as the
horizontal line inside the box. The 10th and 90th percentiles are
shown by the horizontal lines below and above the boxes.

neither did other factors, such as liver and renal functions
(data not shown).

The mean plasma ET-1 concentration in 44 diabetic patients
was 11.32 +6.76 pg/ml compared to 7.72 +0.50 pg/ml in nor-
mal subjects, these values being significantly different
(p<0.001). When diabetic patients were divided into two
groups (Fig.1) according to glycemic control, the plasma level
of ET-1 in the poor glycemic control group was significantly
higher than that in the good glycemic control group
(13.03 £7.57 pg/ml vs. 7.64 + 1.40 pg/ml, p <0.01). There were
no significant differences between the Type 2 diabetic patients
with good glycemic control and normal control subjects in the
plasma ET-1 level (p = 0.848). On the other hand, there was a
significant difference in the plasma ET-1 levels in the poor gly-
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Fig.2 Relationship between HbA1c and basal circulating ET-1 levels
in Type 2 diabetes mellitus. PGC (poor glycemic control) r = - 0.10;
GGC (good glycemic control) r=-0.28; CS (control subjects)
r=0.39.

cemic control group compared to the normal control group
(p<0.001).

Fig. 2 shows ET-1 levels plotted against HbA1c concentrations
for the total study population and within subgroups. No corre-
lation was found between ET-1 and HbA1c levels in any of the
groups studied - good glycemic control group (r = —0.28),
poor glycemic control group (r = - 0.10), compared to the nor-
mal control group (r = 0.39). When ET-1 concentrations were
compared with actual plasma glucose levels, no correlation
was found in any of the groups studied - good glycemic control
group (r = 0.39), poor glycemic control group (r = 0.01) com-
pared to normal control subjects group (r = - 0.25).

Discussion and Conclusions

This study shows that plasma ET-1 levels in patients suffering
from Type 2 diabetes are not similar to those found in healthy
subjects. In fact, the diabetic population’s plasma ET-1 levels
were higher than the normal control range, the difference
being statistically significant. Although our results agree with
the observations made by Takahashi et al. [12] and Letizia et al.
[20] who found that plasma ET-1 levels are significantly
elevated in the diabetic patients compared with the healthy
subjects, they disagree with those of Predel et al. [21] and Tsu-
moda et al. [22], who reported that ET-1 levels were in the
same range in both healthy and diabetic subjects.

In our studies, the ET-1 level of patients with poor glycemic
control was significantly higher than in the group with good
glycemic control when the diabetic population was grouped
according to glycemic control, which agrees with the findings
of Haak et al. [13]. However, even though these authors report-
ed that ET-1 levels were correlated with metabolic control and
disease duration in diabetic patients, no correlation was found
either between ET-1 and HbA1c or between ET-1 and glucose
in our study. In any case, our findings would suggest the im-
portance of glycemic control in diabetic patients in concor-
dance with the results of the Diabetes Control and Complica-
tions Trial (DCCT) [23].

Increased oxidative stress has been determined in diabetes
[24], the production of free radicals having been correlated
with metabolic control and, more directly, with hyperglycemia
[25]. Yamauchi et al. [26] reported that the release of ET-1 by
cultured bovine endothelial cells is stimulated by high glucose
concentrations in the culture medium, a fact that suggests that
glucose-stimulated ET-1 release might be involved in the de-
velopment of vascular complications in diabetes. According to
the above, sustained poor metabolic control would lead to the
development of an altered endothelial function, while hyper-
glycemia might probably determine the onset of endothelial
alteration.

Altered endothelial function is regarded as an early sign of vas-
cular disease that develops even before clinical signs, such as
hypertension or vasculopathy, have become evident. In a sim-
ilar way, Stroes et al. [27] demonstrated endothelial dysfunc-
tion with impaired endothelium-dependent vasodilatation in
hypercholesterolemic patients at risk for atherosclerosis but
without evident arterial disease.

It has been recognized that hyperinsulinemic states, such as
Type 2 diabetes, are associated with an accelerated vascular
disease [28]. Hu et al. [29] recently demonstrated that insulin
can markedly stimulate both the secretion of the ET-1 peptide
and the transcription of the ET-1 mRNA in cultured endothelial
cells. Also, Wolpert et al. [30] showed that the circulating lev-
els of ET-1 in obese women increased after the induction of
physiological hyperinsulinemia and decreased with weight re-
duction in direct relation with changes in insulin levels. As re-
gards Type 2 diabetes patients, it has been suggested that ET-1
release might be stimulated merely by the consequent in-
crease in insulin secretion. In our study, insulin levels were
similar in the three groups under study: the poor glycemic
control group, the good glycemic control group, and the heal-
thy control group, so that increased ET-1 levels in the first
group cannot be attributed to increased insulin levels.

Our findings support the hypothesis that plasma ET-1 levels
are enhanced in patients with poor glycemic control and could
play an important pathogenetic role in diabetes development.
However, it must also be taken into account that increased
plasma ET-1 levels would imply widespread alterations in the
endothelial function in the vascular system in Type 2 diabetic
patients.
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