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Tolbutamide does not alter insulin requirement in Type 1 
(insulin-dependent) diabetes 

K. P. Ratzmann, B. Schulz, P. Heinke and W. Besch 
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Summary. We examined whether tolbutamide has any acute 
or short-term effects on insulin action in Type 1 (insulin-de- 
pendent) diabetes. A euglycaemic glucose clamp was per- 
formed in seven Type 1 diabetic patients without clinical in- 
sulin resistance by infusing glucose at a constant rate of  
0.01 mmol .  kg -1. rain -1 for 3 h together with a simultaneous 

insulin infusion using an 'artificial pancreas' .  The insulin infu- 
sion rate required to maintain blood glucose at 6.7 mmol/1 at 
a set low glucose infusion rate provides an index of  insulin ac- 
tion in vivo. The euglycaemic clamp was performed on 3 sepa- 
rate days in the same patient: (1) in the basal state; (2) during 
simultaneous intravenous tolbutamide infusion of  0.5 g /h ,  
and (3) after treatment with 2.5 g to lbutamide /day  for 6 days 

in addit ion to insulin. The insulin infusion rate needed to 
maintain the set blood glucose level did not  differ significantly 
between the three experimental conditions (1.2 + 0.2 versus 
1.3 _ 0.3 versus 1.2 _ 0.3 U/h) .  Plasma glucagon, growth hor- 
mone,  non-esterified fatty acid and glycerol levels did not  dif- 
fer between control or sulphonylurea treatment studies. The 
results suggest that tolbutamide does not  exert any acute or 
short-term effects on insulin action in vivo in Type 1 diabetes. 
Our results do not provide support  for the idea that this agent 
is a clinically useful adjunct to insulin in such patients. 
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The extra-pancreatic effects of sulphonylureas have 
been reviewed extensively [1, 2]. Potentiation of insulin 
action after sulphonylurea treatment has been de- 
scribed in dogs [3] and Type 2 (non-insulin-dependent) 
diabetes [4-6]. Conversely, other studies in-vivo and in- 
vitro failed to confirm the effect of sulphonylureas on 
insulin-mediated glucose uptake or insulin receptor 
binding [7-14]. 

Resistance to the hypoglycaemic effect of insulin in 
non-obese, Type 2 diabetic subjects and patients with 
impaired glucose tolerance has been documented with 
a variety of techniques [15-18]. More recently, impaired 
insulin action in Type 1 diabetes has been demon- 
strated, using the somatostatin modification of the 
quadruple infusion technique [15] or the euglycaemic 
insulin clamp technique [19]. Both hepatic and periph- 
eral resistance to the action of insulin may contribute to 
hyperglycaemia in Type i diabetes [20], although it is 
well known that insulin receptor binding is either nor- 
mal or somewhat above normal in this condition [10, 
21]. Since sulphonylurea compounds can alter post- 
receptor insulin action [22], this study examined wheth- 
er tolbutamide exerts any acute or short-term effects on 
insulin action in Type I diabetes. 

Subjects and methods 

Subjects 

Seven male non-obese Type 1 diabetic patients, aged 20-46 years were 
studied (Table 1). All were admitted to the hospital to improve their 
diabetic control. They were all ketosis-prone and insulin-dependent 
since diagnosis. None had any other illness or nephropathy. Back- 

ground retinopathy was present in four patients, and two had neurop- 
athy. None was taking any drugs other than insulin. Four patients had 
no significant endogenous insulin secretion (fasting C-peptide levels 
< 0.08 nmol/1), whereas three had fasting C-peptide concentrations 
between 0.09 and 0.41 nmol/l (Table 2). Informed consent was ob- 
tained after fully explaining the purpose and nature of the study. 
These studies were approved by the local Ethical Committee. 

Assessment of  insulin sensitivity in vivo 

An euglycaemic glucose clamp was performed by means of a glucose 
controlled insulin infusion system (Biostator, Life Science Instru- 
ments, Elkhart, Indiana, USA). Carbohydrate metabolism was well 
controlled by four injections of soluble insulin before the study. On 
the day of the experiment, the patients received their last injection of 
soluble insulin at 02.00 h. After an overnight fast, patients were con- 
nected to the Biostator at 07.00 h. After a 30 min control period, the 
computer was programmed to achieve a blood glucose level of 
6.7 mmol/1 (static plus dynamic control of insulin infusion). Fasting 
hyperglycaemia (ranging from 8-12 retool/l) was rendered normal by 
the glucose-controlled insulin infusion and the pre-programmed 
blood glucose concentration of 6.7 mmol/l was achieved within 2h. 
After an additional 30min period in which the pre-programmed 
blood glucose level of 6.7 mmol/l was maintained, an intravenous 
glucose infusion of 0.01 mrnol.kg body weight-~.min -~ was given 
for 3 h. The plasma glucose concentration was determined every min- 
ute and the mean steady-state glucose concentration was calculated 
for every hour of the glucose insulin infusion. 

Using the euglycaemic glucose-clamp technique, the rate of ex- 
ogenous insulin infusion was adjusted by the Biostator to maintain 
normoglycaemia with a set low glucose infusion rate. The insulin in- 
fusion rate needed to maintain the pre-programmed steady-state plas- 
ma glucose level provides a measure of insulin action in vivo. We have 
assumed that the insulin requirement reflects tissue sensitivity to insu- 
lin. We have considered the steady-state glucose concentration during 
the last hour of the study in order to calculate the insulin requirement. 
Blood samples were obtained simultaneously for the measurement of 
C-peptide, growth hormone, pancreatic glucagon, non-esterified fatty 
acid and glycerol concentrations. 
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Table / .  Clinical characteristics of  the patients studied 

Patients Age (years) Duration of  Body weight Relative body Insulin requirement 
diabetes (years) (kg) weight (%) 

(U/day)  (U. kg -  1. 
day -1) 

1 41 22 70.0 104 68 0.97 
2 20 10 57.5 98 46 0.80 
3 22 5 77.8 105 38 0.48 
4 20 7 74.3 102 42 0.56 
5 46 1 50.2 95 - 22 0.43 
6 36 9 80.6 98 40 0.49 
7 38 8 77.0 101 30 0.38 

Mean  + S E M  31.9_+4.1 8.9___2.5 69.6+4.3 150+1.3 40.8__+5.4 0.59__+0.08 

Table 2. C-peptide values during an infusion of glucose (0.01 retool, kg -1- rain -I)  controlled by the "Biostator' in six Type 1 diabetic patients 

C-peptide (nmol/l) at time (rain) 

Patients 0 10 20 30 60 90 120 150 180 

Control study 1 0.03 0.03 0.02 0.03 0.03 0.03 0.03 0.03 0.03 
2 0.03 0.03 0.03 0.03 0.04 0.03 0.03 0.03 0.03 
3 0.13 0.11 0.11 0,12 0.13 0.15 0.14 0.13 0.13 
4 0,02 0.01 0.02 0,02 0.03 0.03 0.03 0.03 0,03 
5 0.09 0.10 0.09 0.09 0.09 0.09 0.11 0.09 0.10 
6 ~ 0.41 0.50 0.50 0.60 0.80 0.78 0.74 0.68 0.64 

Mean_+ 0.12_+0.06 0.13_+0.08 0.13_+0.08 0.15_+0.09 0.19-+0.12 0.19-+0.12 0.18_+0.11 0.17-+0.10 0,16_+0.10 
SEM 

Intravenous infusion of 1 0,02 0.01 0.02 0.01 0.01 0.02 0.01 0,01 0.01 
0.5 g tolbutamide/h 2 0.01 0.00 0.01 0.00 0.01 0.01 0.01 0.01 0.00 
for 3 h 3 0.09 0.12 0.13 0.15 0.19 0.20 0.21 0,21 0,19 

4 0.01 0.01 0.02 0.02 0.02 0.02 0.02 0.02 0.02 
5 0.18 0.10 0.09 0.11 0.14 0.12 0.13 0.13 0.12 
6 0.11 0.20 0.23 0.27 0.34 0.35 0.36 0.38 0.35 

Mean_+ 0.07_+0.03 0.07_+0.03 0.08_+0.04 0.09_+0.04 0.12_+0.05 0.12_+0.06 0.12_+0.06 0.13_+0.06 0.12_+0.06 
SEM 

Oral treatment with 1 0.02 0,01 0.01 0.01 0.02 0.01 0.02 0.02 0,01 
2.5 g tolbutamide/day 2 0.01 0.01 0.01 0.02 0.02 0.01 0.02 0.01 0.01 
in addition to insulin 3 0.08 0.08 0.10 0.09 0.09 0.08 0.09 0A0 009 
therapy for 6 days 4 0.03 (3) 0.04 0.04 0.04 0.04 0.04 0.04 (4) 0.03 0.04 

5 0.11 0.12 0.14 0.14 0.14 0.14 0.11 0.14 0.12 
6 0.40 0.40 0.40 0.40 036 0.39 0.37 0.36 0.6 

Mean+ 0.11.• 0.11_+0.06 0.12_+0.06 0.12_+0.06 0.11+0.05 0.11_+0.06 0.11_+0.05 0.11+0.05 0.15+0.09 
SEM 

Results expressed as mean + SEM. a The C-peptide values of one patient were below the detection limit of the method used 

In each patient, insulin sensitivity was studied according to the 
following protocol on three occasions on 3 separate days: (1) insulin 
sensitivity was evaluated in the fasting state; (2) after 3 days, the study 
was repeated with a tolbutamide infusion (0.5g/h)  simultaneously 
with the glucose infusion; (3) all patients were treated with 2.5 g tol- 
bu t amide /day  for 6 days in addition to their insulin. The patients re- 
ceived the last dose of  1.0 g tolbutamide before they were connected 
to the Biostator. 

The studies were always performed in the same sequence. Each 
patient served as his own control. The daily treatment schedule, i.e. 
diet, insulin and physical activity remained unchanged during the en- 
tire study. Tile diet o f  1800-2200 calories was divided into three meals 
and three snacks, each containing 50% carbohydrate, 30% fat and 
20% protein of energy consumption.  The body weight did not  change 
during the study. 

Analytical methods 

The plasma glucose concentration was measured enzymatically (Bio- 
stator). C-peptide levels were measured after the removal o f  proinsu- 

lin and alcoholic extraction [23]. Growth hormone concentration was 
determined by radioimmunoassay [24]. Pancreatic glucagon was mea- 
sured with specific antiserum R4 which did not cross-react with por- 
cine gut glucagon-like immunoreactivity in the physiological range 
[25]. Non-esterified fatty acids (NEFA) were estimated according to 
Duncombe [26] and glycerol concentrations according to Eggstein 
and  Kreutz [27], 

Results are presented as mean  _+ SEM, and the paired t-test was 
used for statistical analysis. 

Results 

T r e a t m e n t  w i t h  t o l b u t a m i d e  i n  a d d i t i o n  t o  i n s u l i n  f o r  

6 d a y s  f a i l e d  to  i m p r o v e  g l y c a e m i c  c o n t r o l  i n  t h e s e  

~l~r 1 d i a b e t i c  p a t i e n t s .  T h e  t o t a l  d a i l y  i n s u l i n  d o s e  re -  

m a i n e d  u n c h a n g e d  (41 U o r  0 . 60  U / k g  b o d y  w e i g h t ) ,  

a n d  t h e  m e a n  b l o o d  g l u c o s e  v a l u e s  ( m e a n  o f  n i n e  m e a -  

s u r e m e n t s  i n  t h e  c o u r s e  o f  2 4  h )  t a k e n  I d a y  b e f o r e  
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Table3. Steady-state plasma glucose concentrations during an infu- 
sion of glucose (0.01 retool, kg -1. min -1) controlled by the 'Biostator' 
in the control and tolbutamide treatment studies in seven Type I dia- 
betic patients 

Steady-state plasma glucose 
concentration (mmol/l) at: 

0 60 min 61-120 rain 121 180 rain 

Control study 

Intravenous infusion 
of 0.5 g 
tolbutamide/h for 3 h 

Oral treatment with 
2.5 g tolbutamide/day 
in addition to insulin 
therapy for 6 days 

6.46+0.44 6.65__+0.48 6.66+0.42 

6.72• 6.63• 6.62• 

6.75+0.38 6.75+0.42 6.65_____0.44 

Results expressed as mean_+ SEM 
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The rate of insulin infusion needed to maintain eu- 
glycaemia with the set low glucose infusion was not sig- 
nificantly altered by acute or short-term tolbutamide 
treatment (Fig. 1). The mean rates of insulin infused by 
the Biostator during the glucose clamp were to 1.2 + 0.2, 
1.3 ___ 0.3 and 1.2 + 3 U/h, respectively. Endogenous in- 
sulin secretion was not significantly altered under the 
experimental conditions in the control and sulphonyl- 
urea treatment studies as indicated by C-peptide mea- 
surement (Table 2). There were no significant differ- 
ences in the fasting glucagon levels at the beginning of 
the experiment on three separate days (Table 4). In ad- 
dition, glucagon response patterns did not differ signifi- 
cantly between control and sulphonylurea treated pat- 
ients. There were major individual variations among 
patients in growth hormone response as shown by the 
large standard deviations (Table 4). During the period 
of steady-state plasma glucose concentration, i.e. dur- 
ing the last hour of the glucose clamp, growth hormone 
concentration did not differ significantly between the 
control and the tolbutamide-treated patients (Table 4). 

Mean plasma NEFA and glycerol concentrations 
were not significantly altered during either the glucose 
infusion alone or during acute or short-term tolbuta- 
mide treatment. In addition, the plasma NEFA and 
glycerol levels did not differ between the control and 
the sulphonylurea treatment studies (Table 4). 
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Fig. 1. Steady-state plasma glucose concentration (120 180 rain) and 
insulin requirement during a continuous infusion of glucose 
(0.01 mmol- kg -1 body weight-min-1) controlled by the 'Biostator' in 
seven Type 1 diabetic patients. ["]= control study without tolbuta- 
mide; [ ]  = combined infusion of glucose and tolbutamide (0.5 g/h); 
[ ]  = study after treatment with 2.5 g tolbutamide/day in addition to 
insulin for 6 days 

(7.7 mmol/1; range 5.3-10.2 mmol/1) and 6days after 
sulphonylurea treatment (7.7mmol/1; range 6.3- 
10.6 mmol/1) were comparable. 

During the euglycaemic glucose clamp, the glucose 
concentration was held close to the pre-programmed 
level. The mean steady-state plasma glucose concentra- 
tion of the entire study period (3 h) was identical in all 
the three experimental conditions (Table 3). We used 
the steady-state glucose concentration during the last 
hour of the study to calculate the insulin requirement. 
The stability of the plasma glucose concentration dur- 
ing the last hour of the euglycaemic glucose clamp 
(![20-180 rain) is indicated by the coefficient of varia- 
tion which averaged 3.5_0.5%, 4.4___0.8% and 3.1___ 
1.4% on the three occasions, respectively. 

Discussion 

Over the past 15 years, several studies have dealt with 
the question of whether sulphonylureas exert an extra- 
pancreatic effect. Potentiation of insulin action on var- 
ious tissues by sulphonylureas has been described [22, 
28-33]. Several reports indicate that these drugs in- 
crease the number and/or affinity of insulin receptors 
[4, 34-36]. Conversely, other workers have been unable 
to demonstrate the effectiveness of sulphonylureas in 
vitro on insulin receptor binding in rat adipocytes [22], 
human fibroblasts, lymphocytes, mammary carcinoma 
cells, and rat hepatocytes [37, 38]. In addition, other au- 
thors have shown that various sulphonylureas have no 
acute or short-term effects on insulin action in vitro [8, 
9, 11, 12, 37]. 

Our short-term study with tolbutamide in addition 
to insulin demonstrated neither improved glycemic con- 
trol nor altered insulin requirement in Type 1 diabetes. 
Thus, we were unable to show that this agent is a din- 
ically useful adjunct to insulin in this condition. In 
agreement with our findings, Grunberger et al. [10] and 
Ward et al. [13] failed to demonstrate any additive effect 
of sulphonylurea treatment to insulin on the control of 
blood glucose in Type I diabetic patients. 

In accordance with these clinical observations, our 
findings demonstrate that tolbutamide does not exert 
any acute or short-term effects in augmenting the effica- 
cy of insulin action in vivo in Type I diabetes. In the 
present study, we compared the insulin requirement for 
a pre-programmed low glucose infusion rate with a eu- 
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glycaemic glucose clamp before and during acute and 
short-term tolbutamide treatment. We assumed that the 
insulin infusion rate under the experimental conditions 
reflected insulin sensitivity. Thus, the insulin require- 
ment needed to maintain a pre-programmed steady- 
state plasma glucose concentration was used as a rough 
index of the body's sensitivity to insulin. 

Studies using a priming-constant 3-H3-glucose trac- 
er infusion have shown that hepatic glucose production 
is markedly, but not totally, suppressed during a super- 
imposed low glucose infusion of 0.01 mmol .kg -1. 
rain-t in healthy subjects and patients with diminished 
insulin response [39]. Our previous studies [6, 40, 41] 
and other investigations [42-44] have shown that an in- 
sulin infusion in the range used in the present study re- 
sulted in a mild degree of physiological hyperinsulin- 
aemia. Since the peripheral utilization of glucose is 
augmented during the low glucose load [39], we assume 
that insulin acts both on hepatic glucose production 
and peripheral glucose uptake under the current experi- 
mental conditions. The present experiments do not dif- 
ferentiate whether tolbutamide exerts any effect on in- 
sulin-mediated suppression of hepatic glucose produc- 
tion or tissue glucose uptake. However, our approach 
provides a means of comparing the efficacy of insulin 
action in vivo before and after tolbutamide treatment. 
Endogenous insulin secretion, and hormonal and meta- 
bolic insulin antagonist levels, such as pancreatic glu- 
cagon, growth hormone and NEFA, were not signifi- 
cantly altered by acute or short-term tolbutamide 
treatment under these experimental conditions. 

The failure to demonstrate any acute or short-term 
extra-pancreatic effects of tolbutamide in Type 1 diabet- 
ic patients is in agreement with reports on forearm insu- 
lin-mediated glucose uptake in normal and diabetic 
man [7, 14]. Grunberger et al. [10] demonstrated similar 
results. Short-term treatment with sulphonylureas in ad- 
dition to insulin in Type 1 diabetic patients did not alter 
insulin binding to circulating monocytes or erythro- 
cytes. 

We conclude that tolbutamide does not exert any 
acute or short-term effect on the efficacy of insulin ac- 
tion in vivo in Type 1 diabetes. Our results do not pro- 
vide support that this agent is a clinically useful adjunct 
to insulin in Type 1 diabetes. 

41 
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