α-lipoic acid increases insulin sensitivity
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Table 1. Characteristics of type 2 diabetic patients and control
subjects with normal glucose tolerance (mean±SD).
Parameter

Type 2 diabetic
patients*

Gender (M/F)
6/6
Age (yr)
52.9±9.9
Body-Mass-Index (kg/m2)
33.9±7.4
Waist circumference (cm)
104.4±14.4
Waist-to-hip ratio
0.89±0.06
Systolic blood pressure (mmHg)
137±14
Diastolic blood pressure (mmHg)
86±7
Total Cholesterol (mmol/l)
5.44±1.31
HDL-Cholesterol (mmol/l)
1.00±0.26
LDL-Cholesterol (mmol/l)
3.66±1.22
Triglycerides (mmol/l)
1.64±0.74
Uric acid (µmol/l)
353±92.9
*All comparisons are not statistically significant

Control
subjects*

6 /6
52.2±14.7
31.2±6.4
102.6±14.2
0.88±0.06
138±27
89±12
5.60±0.76
0.93±0.30
3.91±0.81
1.68±0.80
332±60.8

a case history, physical examination, biochemical
investigations, and glucose clamp study. They were
advised to keep their diet, physical activity, diabetes, and concomitant antihypertensive medication
constant. An oral racemic alpha-lipoic acid tablet of
600mg was given twice daily, one tablet in the morning and the other in the evening, 30 minutes before
the meal, with a time interval of 12h over a period
of 4 weeks. A glucose clamp study was performed on
two occasions, the first at study entry and the second
while on alpha-lipoic acid treatment for 4 weeks.
Mean fasting and postprandial plasma glucose values
were defined by measuring of plasma glucose at 3h
intervals (9 points) from 7 a.m. of day one to 7 a.m. of
day two, before and after alpha-lipoic acid treatment.
Oral glucose tolerance test (at least seven days before
the clamp) and glucose clamp study were performed
in the control subjects. Normal glucose tolerance was
defined as a fasting plasma glucose concentration
<6.1mmol/l and 2h post-load plasma glucose concentration <7.8mmol/l.6 Anthropometric, clinical,
and biochemical parameters were determined before
each clamp study in the DM2 patients and once in
the control subjects. Each subject had been informed
about the purpose of the study and written informed
consent was obtained from all participants. The study
protocol was approved by the local Ethical Committee of the University Hospital of Endocrinology.

Methods
Glucose clamp studies
Insulin sensitivity was measured using a “gold
standard”, a manual hyperinsulinaemic euglycaemic
clamp technique. It was performed at 8 a.m. after a
12h overnight fast. An indwelling catheter was inserted in antecubital vein for infusion of insulin and
glucose. A second catheter was placed in a dorsal
hand vein in the contralateral arm for intermittent
blood glucose and insulin sampling. The hand was
warmed with a heating pad to arterialize the blood.
A 50ml insulin infusate was prepared in isotonic
saline at a concentration of 1U/ml and was infused
by an infusion pump (Fresenius Kabi, Sweden). In
the patients with DM2, after obtaining the baseline
samples for glucose and insulin, a priming insulin
infusion was started to reduce plasma glucose concentration to 5mmol/l, followed by a constant infusion of 40mU/m2 body surface area/min for 120 min.
In the subjects with normal glucose tolerance a 10
min priming insulin infusion was initiated, followed
by a constant infusion at the same rate for 110min.
Plasma glucose concentration was kept constant at
a level of 5mmol/l by a 20% glucose infusion (B.
Braun infusion pump, Germany) added 4 min after
starting the clamp for the control subjects and after
decrease of blood glucose to 5mmol/l for the patients. The adjustment of the glucose infusion rate
was made manually according to the blood glucose
level measured at 5 min intervals. Blood samples
for determining insulin concentration were drawn at
100, 110, and 120 minutes of the clamp. Steady state
plasma glucose and plasma insulin concentrations
were calculated as the mean of the values obtained
between 90 and 120 minutes of the clamp study.
Under steady state conditions of hyperinsulinaemia
and euglycaemia, endogenous insulin secretion, and
hepatic glucose production are suppressed and the
glucose infusion rate equals glucose disposal mainly
in muscles. Insulin sensitivity was calculated from the
amount of glucose infused during the last 30 min of
the clamp, when the plasma glucose concentration
and glucose infusion rate were stable (steady state)
and expressed as the amount of glucose metabolized
per kg body weight per min (M; mg/kg/min). The
insulin sensitivity index (ISI) was also calculated as
glucose disposal rate divided by the mean plasma

