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Sulphonylurea therapy doubles B-cell response to glucose 
in Type 2 diabetic patients 

J. P. Hosker, M.A. Burnett, E. G. Davies, E.A. Harris and R. C. Turner 

Diabetes Research Laboratories, Radcliffe Infirmary, Oxford, UK 

Summary. The effect of sulphonylurea therapy for 3 weeks on 
glucose-stimulated insulin secretion and insulin resistance 
was studied in Type 2 diabetic patients. The fasting plasma in- 
sulin and C-peptide concentrations on diet alone were com- 
pared with each subject's fasting concentrations on sulpho- 
nylurea treatment at a lower fasting plasma glucose and at the 
original diet-alone glycaemic level obtained by the hyper- 
glycaemic clamp technique. At this isoglycaemic level (mean 
11 mmol/1), plasma insulin levels increased from 6.9 mU/1 on 
diet alone to 12.1 mU/1 on sulphonylurea treatment (p< 0.01). 
The subjects were also studied by the hyperglycaemic clamp 
technique at mean glycaemic levels of 13 retool/1 before and 
after sulphonylurea treatment; the incremental insulin re- 

sponse was similarly enhanced from 7.6_+3.5 to 13.7+_ 
6.9 mU/1 (p < 0.02) respectively. Sulphonylureas appear to re- 
duce glycaemia by enhancing B-cell function two-fold. In the 
patients studied this was from approximately 21% to 37% of a 
normal response. Insulin resistance assessed by the same hy- 
perglycaemic clamps as endogenous plasma insulin concen- 
trations divided by glucose infusion rates was unchanged by 
sulphonylurea therapy (mean 4.37 compared to 4.40mU- 
1 - 1. mg- 1. kg- rain on diet alone). 

Key words: Sulphonylureas, insulin, C-peptide, insulin resis- 
tance, hyperglycaemic clamp. 

Sulphonylurea drugs have been used in the treatment 
o f  Type2  (non-insulin-dependent) diabetes for over 
20 years, but there is still controversy concerning the 
precise mode  of  the hypoglycaemic action of  these 
drugs. Although some studies show enhanced insulin 
responses [1-4], others have suggested that fasting and 
stimulated plasma insulin levels do not change during 
the chronic administration of  sulphonylurea therapy 
[5-11]. These studies have not taken into account  that 
the same plasma insulin, stimulated by a lower post-sul- 
phonylurea- t reatment  plasma glucose level, may repre- 
sent an improvement  in B-cell function. Intravenous 
tolbutamide has been shown to have a greater effect on 
enhancing the insulin response to non-glucose stimuli 
when the fasting plasma glucose concentrat ion has been 
maintained [12]. In these previous studies B-cell func- 
tion and insulin resistance have been assessed as inde- 
pendent  phenomena  on separate occasions. 

We compared  B-cell function in Type2 diabetic 
patients before and after sulphonylurea treatment by 
studying them at the same plasma glucose concentra- 
tions with the hyperglycaemic clamp technique [13]. 
This also provided a simultaneous measure of  insulin 
resistance with regard to endogenous insulin secretion, 
and allowed examination of  the extra-pancreatic effects 
of  sulphonylurea drugs. 

Subjects  and methods  

Subjects 

Ten Type2 diabetic patients were studied, aged 42-69years, with 
duration of diabetes 1-32years, and body mass index 21.6-29.7 
(Table 1). Seven patients were on the recommended maximal sul- 
phonylurea dose, six being treated with chlorpropamide (125-500 mg 
daily as a single morning dose), and four with glibenclamide 

Table I. Characteristics of subjects studied 

Subject Age Body mass Duration Drug (daily dose) 
(years) index of diabetes 

(kg/m 2) (years) 

1 69 26.5 32 Glibenclamide 2.5 mg 

2 66 24.1 4 Chlorpropamide 500 mg 

3 55 23.1 3 Chlorpropamide 125 mg 

4 42 24.8 2 " Chlorpropamide 500 mg 

5 55 23.0 t Chlorpropamide 250 mg 

6 52 21.6 1 Chlorpropamide 500 mg 

7 50 26.0 2 Glibenclamide 20 mg 

8 66 22.7 10 Chlorpropamide 500 mg 

9 55 25.0 1 Glibenclamide 20 mg 

t0 44 29.7 12 Glibenclamide 20 mg 

Note: 1 and 9 were female, remaining subjects were male 
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Fig.1. Design of the study, 
showing the relative plasma 
glucose concentrations during the 
different hyperglycaemic clamps 

(2.5-20 mg daily in divided morning and evening doses). All subjects 
were on a weight-maintaining diet including at least 200 g of carbohy- 
drate/day. The subjects stopped taking their oral hypoglycaemic 
agents for a 3-week period, at the end of which they fasted for their 
first hyperglycaemic clamp study. They then resumed taking their nor- 
mal oral agents at the usual dosage, and had a second hyperglycaemic 
clamp study performed after a further 3 weeks. 

For a comparison with the equivalent non-diabetic insulin and C- 
peptide levels, six normal subjects, aged 41-69 years, body mass index 
22.1-26.6, were studied by hyperglycaemic clamp at 10 mmol/1 for 
I h. Mean plasma insulin and C-peptide levels were calculated over 
the last 30 min. 

Study design 

The design of the study is summarized in Figure 1. The first hyper- 
glycaemic clamp study, at the end of week 3 off oral hypoglycaemic 
agents, consisted of a 30-min sampling period at the fasting plasma 
glucose level ('original' fasting glucose), followed by a hyperglycae- 
mic clamp at 2 mmol/1 above the fasting plasma glucose for 1 h fol- 
lowed by a hyperglycaemic clamp at 4 mmol/l above the fasting plas- 
ma glucose for a further hour. The second clamp study, after 3 weeks 
on the patient's usual sulphonylurea therapy, consisted of a 30-min 
sampling period at the new lower fasting plasma glucose, followed by 
a hyperglycaemic clamp for 1 h at the level of the original fasting plas- 
ma glucose from the first study on diet therapy alone, followed by a 
hyperglycaemic clamp for 1 h at 2 mmol/1 above the original fasting 
plasma glucose from the first study. 

Subjects came to the hospital in the morning for a test, having fast- 
ed from 22.00 h. During the clamps, continuous 2-rain samples were 
taken through a double lumen cannula, heparinized at the tip by ret- 
rograde infusion of heparin through the outer concentricllumen of the 
cannula (1/100 volume of the blood sample) to achier4 a final con- 
centration in the sample of 50 U heparin/ml. This cann'ula was placed 
in a distal vein of a forearm which had been warmed with an electric 
heating pad. A second teflon cannula was placed in an ipsilateral an- 
tecubital vein for glucose infusion. For prediction of the glucose infu- 
sion rates required to maintain hyperglycaemia, an iterative learning 
program was used on a Apple IIe microcomputer. To achieve a new 
level of hyperglycaemia, a bolus of 50 g/dl glucose solution of a size 
suggested by the program was infused. The subsequent 2 min blood 
samples taken were analysed for plasma glucose using a glucose-oxi- 
dase method (Glucose Analyzer 2, Beckman Instruments, Fullerton 
California, USA), and the program supplied the infusion rate of 10 g/ 

dl glucose solution required to maintain the target level of hypergly- 
caemia. Glycosuria was measured at the end of the clamp with the 
Beckman analyser. Subjects were fed promptly to avoid reactive 
hypoglycaemia. 

Laboratory methods 

Samples were assayed for insulin using a charcoal-phase separation 
method [14] with antibody kindly provided by Professor P. Sonksen, 
St. Thomas's Hospital, London, and for C-peptide using a similar 
method [15] with reagents from a kit including antibody M1230 (Novo 
Industri, Copenhagen, Denmark). The normal fasting plasma concen- 
trations were 6.0 + 3.1 mU/1 insulin and 0.3 + 0.14 nmol/1 C-peptide 
respectively, and the coefficient of variation of the assays were 13.7 
and 9.1% respectively. No patient had anti-insulin antibodies. The sti- 
mulated insulin and C-peptide values were calculated for each new 
level of hyperglycaemia using the mean value of four samples spaced 
evenly over the last 30 min of each hour-long level of hyperglycaemia. 
Similarly, fasting insulin and C-peptide levels were calculated from 
four samples evenly spaced over the 30-min fasting sampling period. 
Insulin resistance was calculated, for the diet-only and the sulphonyl- 
urea-treatment hyperglycaemic clamp studies, by dividing the steady- 
state plasma insulin over the last 30min of the second hyperglycaemic 
step by the mean glucose infusion value over the same time (mU- 
1-1. mg -1. kg.min). The infusion values were corrected for glycos- 
uria, assuming a steady rate of glycosuria over the two hyperglycae- 
mic steps. A similar value for insulin resistance was calculated, substi- 
tuting plasma C-peptide for plasma insulin values, to provide a figure 
independent of any possible extra proinsulin production stimulated 
by sulphonylurea treatment (nmol. 1-1. mg-1. kg. min). 

Statistical analysis 

Statistical analyses included paired Student's t-tests for comparison of 
patient's responses to diet and sulphonylurea therapy. 

Results 

Quality of the hyperglycaemic clamps 

T h e  r a n g e  o f  coe f f i c i en t s  o f  v a r i a t i o n  o f  p l a s m a  g lucose  
o v e r  t he  las t  30 m i n  o f  t he  first  h y p e r g l y c a e m i c  level  for  
al l  c l a m p  s tud ie s  was  0 . 2 - 4 . 7 %  ( m e d i a n  2.5%). T h e  
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Fig.2. Mean + SEM plasma glucose and insulin concentrations for 
the diabetic patients on diet only (1~- - -O)  and on diet + sulphonyl- 
urea (C)- - -O)  when fasting and during hyperglycaemic clamps 

range for the same figure for the second hyperglycaemic 
level was 1.7-4.5% (median 2.6%). The ranges of coeffi- 
cients of variation of plasma insulin over the last 30 min 
of  the first and second levels of hyperglycaemia for all 
clamps were 0.2-30% (median 14.7%) and 2.9-22.7% 
(median 9.8%) respectively. 

Plasma glucose concentrations 

The mean fasting plasma glucose level was reduced 
from 11.1 mmol/1 on diet alone to 6.7 mmol/1 on diet 
and sulphonylurea (Table 2). In line with the design of 
the experiment, the mean _+ SD of the first hyperglycae- 
mic step on sulphonylurea, (11.0 + 2 mmol/1) was simi- 
lar to the plasma glucose level at the original fasting 
plasma glucose on diet alone. The plasma glucose levels 
from the second hyperglycaemic step on sulphonylurea 
and the first hyperglycaemic step on diet were 13.0 + 2 
and 13.0 + 1.9 mmol/1 respectively. 

Plasma insulin and C-peptide concentrations 

The plasma insulin and C-peptide results are shown in 
Table 2. The mean fasting plasma insulin levels on diet 
and sulphonylurea were 6.9 and 7.3 mU/ l  respectively 
(p> 0.1), and the fasting C-peptide levels were 0.43 and 
0.49 nmol/ml respectively (p > 0.1). 

Mean B-cell glucose-insulin stimulus-response 
curves before and after treatment with the sulphonyl- 
urea are shown in Figure 2. When the comparison was 
made at the same original fasting plasma glucose con- 
centration, the plasma insulin values were 6.9 + 3.7 and 
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12.1 + 7.1 mU/1 on diet and sulphonylurea respectively 
(p< 0.01). During the hyperglycaemic clamp studies at 
2 mmol/1 above the original fasting plasma glucose, the 
plasma insulin concentrations were 7.6+3.5 and 
13.7 _+ 6.9 mU/ l  respectively (p< 0.02). The percentage 
increases in the mean insulin levels at the two levels 
were 75% and 80% respectively. 

Mean B-cell glucose-C-peptide stimulus-response 
curves on diet only and on sulphonylurea treatment are 

I.O p< 0.003 p< 0.003 
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Fig.3. Mean+SEM plasma glucose and C-peptide concentrations 
for the diabetic patients on diet only (0----0) and on diet + sulpho- 
nylurea (O---O) when fasting and during hyperglycaemic clamps 

shown in Figure 3. The mean 4- SD of plasma C-peptide 
level at original fasting plasma glucose concentrations 
(for the fasting state on diet alone and the first hyper- 
glycaemic step on sulphonylurea) were 0.43 +_ 0.3 and 
0.67 _+ 0.44 nmol/1 respectively (p < 0.003). Similarly, the 
C-peptide levels during the hyperglycaemic clamps at 
2 mmol/1 above the diet alone fasting plasma glucose 
level were 0.52+0.37 and 0.81+0.5nmol/1 during 
diet only and sulphonylurea treatment respectively 
(p< 0.003) (Fig. 3). The percentage increase in the mean 
C-peptide concentration was 56% at both plasma glu- 
cose concentrations. The patients on glibenclamide and 
chlorpropamide had similar glucose and B-cell re- 
sponse. 

The six normal subjects had a mean plasma insulin 
of 33 mU/1 and mean plasma C-peptide of 2.2 nmol/1 
over the last 30 rain of the 10 mmol/1 hyperglycaemic 
clamp. 

Insulin resistance 

The mean + SD insulin resistance values derived from 
the second hyperglycaemic step for all subjects on diet 
only and on sulphonylurea treatment were similar 
(4.40+2.71 and 4.37+2.11 m U . l - l . m g - ~ . k g . m i n  re- 
spectively) (Table 2). The equivalents for insulin resis- 
tance, using the C-peptide values from the second 
hyperglycaemic step, were 0.31+0.23 and 0.27+0.17 
nmol. 1-1. rag- 1. kg. min respectively. 

Discuss ion  

The fasting plasma insulin and C-peptide concentra- 
tions were not significantly higher on sulphonyurea 
therapy than on diet alone, although other studies have 
reported significantly increased fasting C-peptide levels 
on sulphonylurea treatment [3, 16]. This is compatible 
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with a slightly reduced basal insulin secretion in Type 2 
diabetes being an "error signal" maintaining basal hy- 
perglycaemia [16]. With improved B-cell efficiency, 
both the hyperglycaemia decreases and the reduced 
basal insulin level rises. The interplay of glucose and in- 
sulin concentrations in a feedback loop makes it diffi- 
cult to assess from these changes the degree to which 
B-cell function has been enhanced [17, 18]. When the 
subjects on sulphonylurea therapy had their plasma 
glucose raised to the diet-only treatment fasting plasma 
glucose level, it became apparent that the plasma insu- 
lin levels on sulphonylurea were approximately twice 
those on diet alone. An approximate doubling of plas- 
ma insulin levels after sulphonylurea was also found at 
a standard plasma glucose concentration 2mmol/1 
higher than the original fasting level. The more precise 
C-peptide assay showed a consistent increase of B-cell 
secretion on sulphonylureas, although the individual 
percentage increase of mean C-peptide was less than 
the insulin rise over 60 min, reflecting the longer C-pep- 
tide plasma half-life [19, 20] and hence a slower increase 
in plasma concentration. 

Other recent studies have recognized that sulpho- 
nylurea increases the insulin response to glucose but 
none have attempted to quantify the increase [1-4, 21, 
22]. The importance of assessing the plasma insulin 
responses during sulphonylurea treatment, under pre- 
treatment glycaemic conditions, has been shown in the 
studies of the masking of improved insulin secretion by 
the lower fasting plasma glucose levels caused by sul- 
phonylurea treatment [23-25]. A more prolonged glu- 
cose clamp on sulphonylurea therapy, at the original 
fasting plasma, glucose concentration on diet only, may 
have increased plasma insulin levels even further, but 
this is unlikely to be a marked effect in view of the slight 
increase in plasma insulin during the second hour at a 
2 mmol/1 higher glucose concentration. Although the 
sulphonylurea at the original fasting plasma glucose on 
diet enhanced the plasma insulin response from 7 to 
12 mU/1, this compares with a mean plasma insulin lev- 
el of 33 mU/1 after a 60 min clamp in normal subjects at 
10 mmol/1 [26], so the sulphonylurea drugs appear to 
have boosted the B-cell response to glucose from ap- 
proximately 21% to 37% of the normal response. 

The values for insulin resistance were derived from 
the second hyperglycaemic step in both the diet only 
and the sulphonylurea treatment hyperglycaemic 
clamps. This involved comparing insulin resistances at 
a higher plasma glucose for the hyperglycaemic clamp 
studies during diet treatment than for the hyperglycae- 
mic clamp during sulphonylurea treatment (mean plas- 
ma glucoses 14.8 and 13.0 mmol/1 respectively). Com- 
parison of glucose disposal after the same time interval 
from the start of both the diet-only and sulphonylurea- 
treated hyperglycaemic clamps is essential, because glu- 
cose disposal is strongly related to duration of hyperin- 
sulinaemia; during euglycaemic hyperinsulinaemic 
clamps the glucose disposal rate doubles after a second 
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hour [13]. Any error inherent in comparing insulin resis- 
tances at these slightly different plasma glucose levels is 
likely to be small because the relationship between plas- 
ma glucose and hepatic and peripheral glucose uptake 
changes little above plasma glucose levels of 12 mmol/1 
[27-28]. There was no evidence for altered insulin resis- 
tance with sulphonylurea treatment with either the insu- 
lin or the C-peptide measures of insulin resistance. In- 
sulin resistance appeared to be more constant for each 
individual if the C-peptide figure was used, and this re- 
flects the greater precision of this assay. 

Many studies have pointed to the existence of extra- 
pancreatic effects of sulphonylureas and have suggest- 
ed that these effects are clinically important. It is known 
that sulphonylureas increase insulin-binding to mono- 
cytes [29] and hepatocellular membranes [30] in vitro. 
Sulphonylureas have been noted to improve post-recep- 
tor insulin sensitivity in vitro in adipocytes [31] and hep- 
atocytes [32]. Glucose disposal in vivo has been shown 
to increase in non-diabetic dogs [33] and diabetic pat- 
ients [21] treated with sulphonylureas when investigated 
by the euglycaemic hyperinsulinaemic clamp tech- 
nique. Our study was designed to assess in vivo resis- 
tance to endogenous insulin secreted into the portal 
vein. In comparison, the euglycaemic hyperinsulinae- 
mic clamp assesses resistance at much higher concen- 
trations of exogenous insulin infused into the systemic 
circulation with loss of the normal high portal to pe- 
ripheral plasma insulin ratio. Resistance to endogenous 
insulin, as assessed by the hyperglycaemic clamp, may 
be more relevant to diabetic patients in the fasting and 
post-prandial state. The normal plasma glucose levels 
prevailing during euglycaemic clamps are rarely, if ever, 
present in diabetes, whereas the fasting and stimulated 
levels at which diabetic patients have been studied for 
this protocol reflect typical fasting and post-prandial 
glucose levels. Similarly, the in vitro studies, although 
elegant demonstrations of real phenomena, may not be 
relevant to the day-to-day insulin and glucose levels of 
diabetes. 
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