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Abstract

 

Aims

 

To compare the effects of metformin and glibenclamide on cardiovascu-
lar, metabolic and hormonal parameters during exercise of moderate intensity
performed in the postprandial state, in women with Type 2 diabetes.

 

Methods

 

Ten patients treated with metformin, 10 with glibenclamide and 10
control subjects (C) exercised on a bicycle ergometer at 50% of oxygen uptake
(VO

 

2

 

) peak for 45 min. Cardiovascular, blood metabolic and hormonal parameters
were determined at times 

 

−

 

60 min (fasting), 0, 

 

+

 

15, 

 

+

 

30, 

 

+

 

45 min (exercise) and
at 

 

+

 

60, 

 

+

 

90 min (recovery). Thirty minutes prior to exercise, participants
consumed a standard breakfast. Patients with diabetes took metformin or gliben-
clamide before the meal.

 

Results

 

Systolic and diastolic blood pressure and plasma glucose were higher
in both diabetic groups, for the whole experiment. Blood glucose did not change
during exercise in the three groups and increased at recovery only in the control
group. Plasma glucagon concentrations at the end of exercise and recovery, and
plasma lactate concentrations at recovery were higher in the metformin group.
Insulin, noradrenaline, growth hormone, cortisol and free fatty acid responses
were similar in all three groups.

 

Conclusions

 

Our results suggest that the usual dose of glibenclamide and
metformin can be taken safely before postprandial exercise of moderate intensity
without affecting cardiovascular, metabolic and hormonal responses. However,
after exercise, glibenclamide and metformin prevent the normal rise in blood
glucose and metformin delays the fall in plasma lactate concentrations.
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Introduction

 

Exercise of moderate intensity improves insulin sensitivity and
is recommended as an integral part of treatment of Type 2
diabetes [1,2].

Although patients with diabetes usually perform physical activity
preceded by the ingestion of their medication and a small meal,
there are few studies determining the effects of glucose-lowering
drugs on cardiovascular, metabolic and hormonal changes dur-
ing exercise performed in the postprandial state. Previous studies
have reported only the effects of exercise in the fasting state
and without the use of glucose-lowering medications [3–7].

Glibenclamide and metformin are frequently used to treat
Type 2 diabetes. Glibenclamide promotes insulin release from
pancreatic B-cells by inhibiting ATP-sensitive potassium (

 

K

 

ATP

 

)
channels [8,9] and can interfere with the physiological inhibition
of insulin secretion during exercise. It decreases blood glucose
during exercise in both fasting patients with diabetes and
healthy subjects [10–12]. The only study of patients with
diabetes treated with glibenclamide who exercised in the post-
prandial state has also reported a decrease in blood glucose
levels [13]. The 

 

K

 

ATP

 

 channels are also expressed in other
endocrine cells (including the pituitary and pancreatic A-cells)
in heart and vascular smooth muscle. By closing 

 

K

 

ATP

 

 chan-
nels, glibenclamide can increase growth hormone (GH) and
glucagon release (

 

in vitro

 

), peripheral vascular resistance and
blood pressure (BP) [14–16]. Additionally, the increased blood
insulin concentrations enhance sympathetic nervous system
activity and plasma noradrenaline concentrations [17].

In contrast, metformin is an oral glucose-lowering drug
that does not increase insulin secretion. In addition, metformin
reduces hepatic glucose production (suppressing particularly
gluconeogenesis) and increases peripheral glucose uptake,
rarely causing lactic acidosis [8,9,18,19]. Metformin can also
increase GH and glucagon concentrations by reducing insulin
and insulin-like growth factor (IGF)-I release [20–22]. Animal
studies have indicated a sympatho-inhibitory effect of metformin,
lowering peripheral vascular resistance and BP [23]. The
effects of metformin during exercise performed in the post-
prandial state have not yet been investigated.

Our objective was to compare the effects of metformin and
glibenclamide on cardiovascular, metabolic and hormonal
responses during exercise of moderate intensity performed in
the postprandial state in patients with Type 2 diabetes.

 

Methods

 

Patients

 

Ten women with Type 2 diabetes treated with metformin (M
group), 10 treated with glibenclamide (G group) and 10 women
with a normal oral glucose tolerance test (75 g of glucose) [24]
(C group) participated in the study. The level of the subjects’
physical activity was similar, based on recreational and occupa-
tional histories. Eight were postmenopausal and none had
received hormone replacement therapy, while premenopausal

subjects were tested up to day 8 of the follicular phase of their
cycle. Subjects with diabetes were recruited at the Diabetes
Outpatient Clinic of the Hospital das Clinicas of the University
of Sao Paulo Medical School. The diagnosis of diabetes was
defined according to American Diabetes Association (ADA) cri-
teria [24]. Patients with diabetes previously treated with insulin
or who had had ketonuria or autoimmune markers for Type 1
diabetes were excluded. All subjects with diabetes had been on
oral glucose-lowering monotherapy for at least 4 months and had
satisfactory glycaemic control (glycated haemoglobin up to 1.5%
higher than the upper normal range of 4–8.5%). Glibenclamide
(5 or 10 mg) was administered twice a day, 30 min before breakfast
and dinner (18 

 

±

 

 4.2 mg/day, range 10–20 mg/day), whereas
metformin (500 or 850 mg) was given twice or three times a day
with meals (1965 

 

±

 

 537 mg/day, range 1000–2550 mg/day). At
the time of enrolment, a complete history, physical examination
and laboratory assessment, including urinalysis, renal, hepatic
and thyroid function tests, serum lipids and electrolyte levels
were obtained in all subjects. An ECG and echocardiogram were
performed and those subjects with left ventricular systolic dys-
function, valvular abnormalities, arrhythmias or ischaemic heart
disease were not enrolled. In our study, nine patients were hy-
pertensive, four on metformin, four on glibenclamide and there
was one control subject. Hypertensive patients were treated with
angiotensin converting enzyme inhibitors and had the medication
withdrawn 3 days before the experiment. None of the subjects
showed clinical evidence of autonomic neuropathy as assessed by
BP response to standing, beat–beat heart rate (HR) variation,
Valsalva manoeuvre or handgrip test. Ophthalmological examina-
tion excluded proliferative retinopathy in patients with diabetes.
Other exclusion criteria included any severe concomitant illness,
nephropathy (serum creatinine > 141 

 

µ

 

mol/l and microalbu-
minuria), uncontrolled hypertension (BP > 170/110 mmHg),
stroke, peripheral vascular disease, marked dyslipidaemia
(total cholesterol > 250 mg/dl and triglycerides > 2.8 mmol/l)
and smoking. Over a 4-month period, all subjects were monitored
every 15 days on an out-patient basis and kept on a weight-
maintaining diet containing approximately 50% of total calories
as carbohydrate, 20% as protein and 30% as fat. The Medical
Ethical Committee of Hospital das Clinicas and Heart Institute
approved the study protocol and all subjects gave written
informed consent. Clinical and laboratory characteristics of the
study subjects are given in Table 1.

 

Maximal aerobic power

 

Maximal aerobic power was determined according to oxygen
uptake (VO

 

2

 

) peak measured by means of expired gas analyses
at the maximal workload achieved during VO

 

2

 

 peak test, con-
ducted on an electric cycle ergometer with 15-W increments,
every 3 min. The criteria for ending exercise were attainment of
age-adjusted predicted maximum HR, respiratory exchange
ratio (RER) > 1.15, leg fatigue or shortness of breath [25,26].
From these data, the workload requiring 50% of the subject’s
individual VO

 

2

 

 peak was estimated.

 

The exercise of moderate intensity protocol

 

Two weeks after maximal aerobic power determination, all
subjects performed exercise of moderate intensity. Subjects
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were asked to avoid any physical activity for 24 h before the
test day.

The study was performed during the morning, after a 12-h
fasting period. A catheter was placed into the forearm vein,
90 min (

 

−

 

90 min) before the first data collection (

 

−

 

60 min)
and maintained with a saline infusion. A standard breakfast
with 300 kcal (mixed diet containing 48% carbohydrate, 39%
fat and 13% protein) was provided to all participants 30 min
before the exercise (

 

−

 

30 min). Patients with diabetes took
either metformin (500 or 850 mg) with the meal, or glibencla-
mide (5 or 10 mg) 30 min before the meal. Timing and dosage
of the medication administered before the test mirrored those
used by the patients in their treatment.

All patients exercised on an electrical cycle ergometer at 50%
of VO

 

2

 

 peak for 45 min. Blood determinations of glucose, insu-
lin, glucagon, noradrenaline, cortisol, GH, lactate and free fatty
acid (FFA) concentrations were performed at times 

 

−

 

60 min
(fasting and preingestion of the drug), 0 (beginning of the
exercise), 

 

+

 

15, 

 

+

 

30, 

 

+

 

45 min (exercise phase) and at 

 

+

 

60 and

 

+

 

90 min (recovery phase). HR and BP were taken at the same
time as blood samples.

 

Cardiovascular and respiratory analyses

 

HR was continuously monitored by electrocardiogram whilst
BP was measured with a sphygmomanometer. Samples of expired
gases were analysed breath by breath using a computerized
analyser. During the VO

 

2

 

 peak test, pulmonary ventilation
(VE) was measured by pneumotachography, while VO

 

2

 

 rates,
carbon dioxide output (VCO

 

2

 

), RER and ventilatory threshold
(VT) were calculated from these data. VO

 

2

 

 peak was defined as
the highest VO

 

2

 

 achieved during the test. The RER was calcu-
lated as VCO

 

2

 

/VO

 

2

 

, whilst VT was defined as the VO

 

2

 

 level at
which the ventilatory equivalent for O

 

2

 

 (VE/VO

 

2

 

) and end tidal
O

 

2

 

 increased without an increase in the ventilatory equivalent
for CO

 

2

 

 (VE/VCO

 

2

 

) and end tidal CO

 

2

 

 [25,26]. During the
exercise of moderate intensity, the work rate was adjusted until

50% VO

 

2

 

 peak was reached. Expired respiratory gas was col-
lected and analysed for a 15-min period at the start of exercise
and during minutes 25–30 and 40–45.

 

Biochemical analyses

 

Concentrations of glucose, total and high-density lipoprotein-
cholesterol and triglycerides were determined by standard meth-
ods [27,28]. Low-density lipoprotein-cholesterol concentration
was estimated using the Friedewald equation [29]. Plasma FFA
concentration was measured utilizing an enzymatic colorimet-
ric method [30] and plasma lactate concentration by the lactate
oxidase/peroxidase system [31]. Glycated haemoglobin was
determined by ionic chromatography [32]. Intra-assay and
interassay coefficients of variation (CVs) for glucose, lipids,
FFA and lactate determinations were < 3.0%. Concentrations of
insulin and glucagon were quantified by a double-antibody
radioimmunoassay [33]. Plasma noradrenaline concentration
was measured by high-performance liquid chromatography
[34], while GH and cortisol concentrations were determined
using enzymatic fluorometric methods [35]. Intra-assay and
interassay CVs for hormone analyses were 6.8% and 9.6% for
insulin; 4.4% and 6.5% for glucagon; 5.5% and 6.8% for
noradrenaline; and < 5.0% and < 5.0% for cortisol and GH,
respectively.

 

Statistic analyses

 

Data are expressed as means 

 

±

 

 

 

SD

 

, except for diabetes duration
and triglycerides, where ranges and median were employed.
Analyses of the difference between the three groups (M, G and
C) were made using one-way 

 

ANOVA

 

 followed by post hoc
Turkey test to locate the significant differences and unpaired

 

t

 

-test when two groups were compared (patients with diabetes
vs. control subjects or M group vs. G group) for each variable at
each time point. Paired 

 

t

 

-test was used for comparison between
the times: time 

 

−

 

 60 min to time 0 min (rest), time 0 min to

Table 1 Clinical and laboratory characteristics of the study subjects

Clinical characteristics of subjects

Groups

Metformin n = 10 Glibenclamide n = 10 Control n = 10

Age (years) 45.1 ± 5.2 46.2 ± 5.4 44.8 ± 6.6
Body mass index (kg/m2) 28.8 ± 3.6 29.6 ± 2.5 27.7 ± 2.1
Waist–hip ratio 0.91 ± 0.07 0.92 ± 0.09 0.90 ± 0.08
Duration of diabetes (years)* 3.0 (1–10) 3.5 (1–9)
Hypertensive subjects (n) 4 4 1
Menopausal women (n) 2 5 1
Fasting plasma glucose (mmol/ l) 6.8 ± 1.68 6.8 ± 1.58 4.6 ± 0.63
Glycated haemoglobin (%) 8.0 ± 0.9 7.3 ± 1.4 7.0 ± 0.8
Total cholesterol (mmol/ l) 4.5 ± 0.93 4.8 ± 1.47 5.0 ± 0.72
LDL-cholesterol (mmol/ l) 2.9 ± 0.15 3.0 ± 1.16 3.0 ± 0.75
HDL-cholesterol (mmol/l) 1.06 ± 0.15 0.93 ± 0.25 1.24 ± 0.27
Triglycerides (mmol/l)* 1.12 (0.58–2.72) 1.32 (0.50–2.49) 1.56 (0.73–2.01)

Values are means ± SD, except for diabetes duration and triglycerides, where ranges and median were employed (*).
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maximal change during exercise (

 

t

 

max

 

), and time 

 

+

 

45 min to
time 

 

+

 

90 min (recovery) for each variable in each group. Values
of 

 

P

 

 < 0.05 were considered to be statistically significant.

 

Results

 

VO

 

2

 

 peak, VT and RER

 

The VO

 

2

 

 peak was lower in patients with diabetes than in
control subjects (M, 17.9 

 

±

 

 2.4; G, 17.1 

 

±

 

 2.2; C, 20.5 

 

±

 

 4.2 ml/kg
per min; 

 

P

 

 < 0.05), whereas VT (%VO

 

2

 

 peak) (M, 61.9 

 

±

 

12.9; G, 54.0 

 

±

 

 9.0; C, 56.9 

 

±

 

 8.4%) and RER at peak workload
(M, 1.18 

 

±

 

 0.06; G, 1.19 

 

±

 

 0.08; C, 1.20 

 

±

 

 0.08) did not differ
between groups.

 

Cardiovascular changes during exercise of moderate intensity

 

Systolic BP increased during exercise in all groups [M group,
134.0 

 

±

 

 12.6

 

→

 

158.0 

 

±

 

 11.4 mmHg (

 

t

 

max

 

 

 

+

 

 45 min), 

 

P

 

 = 0.0002;
G group, 137.0 

 

±

 

 17.5

 

→

 

160.5 

 

± 

 

23.9 mmHg (

 

t

 

max

 

 

 

+

 

 30 min),

 

P

 

 = 0.0005; C group, 118.5 

 

±

 

 10.0

 

→

 

139.0 

 

±

 

 14.5 mmHg (

 

t

 

max

 

+

 

 45 min), 

 

P

 

 = 0.001] and decreased in the recovery phase.
Diastolic BP increased during exercise only in the glibenclamide
and control groups [G group, 86.0 

 

±

 

 12.6

 

→

 

93.0 

 

±

 

 9.8 mmHg
(

 

t

 

max

 

 

 

+

 

 15 min), 

 

P

 

 = 0.04; C group, 79.0 

 

±

 

 5.7

 

→

 

84.5 

 

±

 

 7.6 mmHg
(

 

tmax + 15 min), P = 0.03] and decreased in all groups at recovery.
The HR increased during exercise in all groups [M group,
86.7 ± 10.4→119.1 ± 18.0 bpm (tmax + 30 min), P < 0.0001; G
group, 83.1 ± 9.6→112.7 ± 12.7 bpm (tmax + 30 min), P < 0.0001;
C group, 84.4 ± 12.6→115.3 ± 11.4 bpm (tmax + 30 min),
P = 0.0002] and decreased in the recovery phase.

Patients with diabetes had higher systolic (P < 0.01) and
diastolic BP (P < 0.05) during the whole test and higher HR
(P < 0.01) during the recovery phase in comparison with
control subjects (Fig. 1).

Metabolic and hormonal changes during exercise of moderate 

intensity

Patients with diabetes had higher plasma glucose concentra-
tions during the experimental protocol than control subjects
(P < 0.01). Following the meal, plasma glucose concentrations
rose in all groups. However, blood glucose concentrations did
not change during exercise in the three groups, but increased
in the control group during the recovery phase (5.22 ± 0.59→
6.07 ± 0.80 mmol/l, P < 0.001).

Concentrations of insulin were similar in patients with
diabetes and control subjects. After food, plasma insulin
concentrations increased in all groups, decreased during
exercise in the glibenclamide and control groups [G group,
193.7 ± 34.4→154.9 ± 24.4 pmol/l (tmax + 45 min), P = 0.04;
C group, 202.3 ± 32.3→112.6 ± 20.1 pmol/l (tmax + 45 min),
P = 0.02] and increased during recovery in the three groups.

Plasma glucagon concentrations increased after food in all
groups, but did not change during exercise and decreased in

control subjects at recovery. Glucagon concentrations were
higher in patients with diabetes only in the recovery phase
(P = 0.02), while in the metformin group, glucagon concentra-
tions were higher during exercise (P < 0.05) and recovery
(P < 0.05) compared with the glibenclamide group.

Plasma lactate concentrations increased in all three groups
during exercise [M group, 1.38 ± 0.75→2.23 ± 0.65 mmol/l
(tmax + 45 min), P = 0.0008; G group, 1.12 ± 0.33→2.16 ±
0.82 mmol/l (tmax + 30 min), P = 0.003; C group, 1.41 ±
0.55→2.48 ± 0.78 mmol/l (tmax + 30 min), P = 0.0006] and
decreased in the control and glibenclamide groups at recovery.
Lactate concentrations were higher in the metformin group
than in either the glibenclamide or control groups at recovery
(M vs. G, P < 0.001; M vs. C, P < 0.01).

FIGURE 1 Systolic blood pressure, diastolic blood pressure and heart 
rate during exercise of moderate intensity performed in the postprandial 
state and after oral administration of glibenclamide (�) or metformin (�) 
to patients with diabetes. The results were compared with healthy 
subjects (∆). Values are means ± SD.
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FIGURE 2 Circulating glucose, insulin, counter-regulatory hormones (glucagon, noradrenaline, cortisol and growth hormone), lactate and free fatty 
acid (FFA) levels during exercise of moderate intensity performed in the postprandial state and after oral administration of glibenclamide (�) or 
metformin (�) to patients with diabetes. The results were compared with healthy subjects (∆). Values are means ± SD.
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Plasma FFA concentrations did not differ between the
groups. They decreased during exercise in the three groups
[M group, 0.67 ± 0.22→0.49 ± 0.10 mmol/l (tmax + 45 min),
P = 0.01; G group, 0.63 ± 0.20→0.44 ± 0.23 mmol/l (tmax

+ 45 min), P = 0.0003; C group, 0.66 ± 0.21→0.46 ±
0.20 mmol/l (tmax + 15 min), P = 0.009] and increased at
recovery in the metformin and glibenclamide groups.

Blood noradrenaline [M group, 1.46 ± 0.89→3.56 ±
1.89 nmol/l (tmax + 15 min), P < 0.001; G group, 1.47 ±
0.72→3.28 ± 1.11 nmol/l (tmax + 15 min), P < 0.001; C group,
1.56 ± 0.62→3.21 ± 1.27 nmol/l (tmax + 15 min), P < 0.001]
and GH concentrations [M group, 0.50 ± 0.40→2.99 ±
1.20 µg/l (tmax + 45 min), P = 0.0003; G group, 0.20 ± 0.10→
3.86 ± 1.60 µg/l (tmax + 45 min), P = 0.005; C group, 0.30 ±
0.20→2.29 ± 1.70 µg/l (tmax + 45 min), P = 0.001] increased
during exercise and decreased at recovery in the three groups,
whereas cortisol concentrations did not change during the
experiment (Fig. 1).

Discussion

This is the first study to measure cardiovascular, metabolic
and hormonal profiles in patients with Type 2 diabetes, during
and after exercise of moderate intensity performed in the post-
prandial state, preceded by the ingestion of the usual dose of
oral glucose-lowering drug, glibenclamide or metformin.

The relatively small number of patients studied was due to
the difficulty in choosing patients with diabetes on mono-
therapy, with glycated haemoglobin within the normal range
and without any apparent diabetic and/or cardiovascular
complications.

The study was conducted by providing a standard meal with
formal timing of the interval between the meal and exercise
and/or drug intake. The exercise protocol followed ADA
recommendations [2].

We observed low VO2 peak and VT (around 50–60% of
VO2 peak) in the three groups, consistent with a sedentary
status [25,26]. The lower VO2 peak in both diabetic groups
may be explained by hyperglycaemia, low capillary density,
alterations in oxygen delivery, increased blood viscosity or
presence of vascular and neuropathy complications [1].

Enhanced vascular reactivity in diabetes related to hyperin-
sulinaemia, insulin resistance and decreased nitric oxid
production can explain the higher BP during exercise and
recovery, and higher HR at recovery in this group [36,37].

The similar changes of HR and BP in patients treated with
glibenclamide or metformin suggest that cardiovascular auto-
nomic regulation was preserved in the subjects and that there
was no effect of these glucose-lowering drugs on cardiovascu-
lar response during exercise. In addition, the similar insulin
and noradrenaline concentrations are probably accounted
for by the similar HR and BP profiles of the patients in the two
diabetic groups.

Previous studies have reported that plasma glucose levels
decrease during postprandial exercise. The reduced hepatic

glucose production due to hyperinsulinaemia/hyperglycaemia
creates an imbalance between glucose production and utiliza-
tion [38,39]. The administration of sulphonylureas prior to
exercise also reduced blood glucose levels during postprandial
exercise in Type 2 diabetic patients [13]. The glucose profile
during postprandial exercise in patients with diabetes treated
with metformin has not been investigated previously.

At variance from others studies, glucose levels did not change
during exercise in the three groups in spite of the postprandial
increase in plasma glucose and insulin concentrations. In our
study, the exogenous carbohydrate supplied 30 min before
exercise was probably sufficient to compensate fully for the
increase in peripheral glucose uptake and prevent or delay the
fall of blood glucose in patients with diabetes treated with
glucose-lowering drugs and in control subjects. The decline
from baseline glucose is greater with increasing time interval
from the last meal [38].

Despite the higher glucose values in patients with diabetes
compared with control subjects, glucoregulation was very similar
between the groups. The satisfactory glycaemic control of the
patients with diabetes might have contributed to these results.
The comparable glucose changes in patients treated with glib-
enclamide or metformin also suggest little effect of these glucose-
lowering drugs on glycaemic response during postprandial
exercise.

However, at recovery, blood glucose increased only in
control subjects. Thus, glibenclamide and metformin inhibited
post-exercise physiological hyperglycaemia, usually induced
by the increase in counter-regulatory hormone levels [40]. This
beneficial effect of pre-exercise administration of glibencla-
mide and metformin has not been previously reported.

Plasma lactate concentration was higher in the metformin
group after aerobic exercise compared with the glibenclamide
and control groups. In contrast to other studies, which showed
little or no difference in lactate levels during exercise in diabetic
patients taking metformin and healthy subjects [41–43], our
results suggest than metformin prevented the fall in plasma lactate
normally seen after exercise, perhaps by interfering with lactate
clearance. One possible explanation is that metformin inhibits
hepatic gluconeogenesis, reducing the utilization and plasma
extraction of several substrates, including lactate [18,19].

The reduced plasma FFA concentrations during exercise
suggest that feeding inhibited lipolysis.

The similar insulin concentrations between patients with
diabetes and control subjects suggested that glibenclamide and
metformin did not interfere with the physiological inhibition
of insulin secretion normally observed during exercise [1].

Therapy with glibenclamide and metformin also did not
influence the counter-regulatory hormone responses to exercise.
Except for the higher concentration of glucagon in the metformin
group, neither the medications nor the presence of diabetes
altered cortisol, GH and noradrenaline profiles during exercise.

It is likely that metformin increased plasma glucagon con-
centrations by reducing insulin and IGF-I release. Both insulin
[20] and IGF-1 [21] directly suppress pancreatic glucagon
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secretion. Alternatively, metformin could increase circulating
glucagon levels simply by impairing glucagon degradation
[22].

Cortisol concentrations did not change during the entire
experiment. Cortisol secretion is usually stimulated by the fall
of blood glucose during exercise [1], which was not observed
in our study.

Plasma GH concentrations did not differ between the
groups but, as expected, in patients with diabetes there was a
non-significant increase in GH concentrations compared with
control subjects. This can be attributed to an abnormal GH/
IGF-1 axis in patients with diabetes [44] or the direct influence
of glibenclamide and metformin on GH secretion. Glibencla-
mide is capable of stimulating GH release by closing KATP

channels in pituitary somatotrophs [15,16]. Metformin can
also enhance the GH response to stimuli such as exercise. This
effect is probably a consequence of a tonic reducing influence
of metformin on IGF-I concentration, as IGF-I is an important
inhibitory feedback signal to the pituitary in the control of GH
release [20,22].

We did not observe higher noradrenaline concentrations in
patients taking glibenclamide. The similar insulin response
between the groups may be responsible for this finding [18].

In conclusion, our results suggest that the usual dose of
glibenclamide and metformin can be taken safely before
postprandial exercise of moderate intensity without affecting
cardiovascular, metabolic and hormonal responses. However,
after exercise, glibenclamide and metformin prevent the
normal rise in blood glucose and metformin delays the fall
in plasma lactate concentrations.
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