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Summary. The st imulat ing action of to lbutamide  on 
insulin secretion presents two components;  the  first is 
independent of the presence of glucose in the  medium 
which perfuses the be ta  cells; the  second is, on the con- 
t rary,  dependent  upon glucose. D-mannoheptulose and 
diazoxide permit  the dissociation of these two compo- 
nents;  the  antagonistic effect of the  first exerts itself 
uniquely on tha t  pa r t  of the s t imulat ing action of 

to lbutamide  which is gluco-dependent;  on the contrary,  
the  antagonistic effect of the second exerts itself on both 
phases of the s t imulat ing action of the sulfonamide. 
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The a im of th is  work  was to  ana lyze  the  mechan i sm 
of the  s t imula t ing  ac t ion  of t o l b u t a m i d e  on the  secre- 
t ion  of insulin.  I t  was car r ied  out  on the  i so la ted  and  
perfused r a t  pancreas .  Some of our resul ts  have  been 
prev ious ly  r epo r t ed  [12]. 

The stimulating action of tolbutamide has been stu- 
died first in the absence of glucose in the perfusion medi- 
um and secondly in the presence of a moderately stimulat- 
ing concentration of glucose (1.5 g/l). 

W e  then  s tud ied  how this stimulation could be modi- 
fied by two substances known to have an inhibitory action 
on the secretion of insulin: D-mannoheptulose and dia- 
zoxide. 

Technique 

The technique used has been previously described [10]. 
The pancreases were taken  from Wis tar  rats  weighing 
about  350 g. 

The perfusion medium consisted of Krebs-Ringer  
bicarbonate buffer. Purified beef a lbumin (2 g/l) was 
added to the  buffer; a mixture  of oxygen (93%) and 
carbon dioxide (7%) was then bubbled through this 
liquid at  atmospheric pressure. The p H  of the  solution 
was ~ 7.3. 

The Insulin was assayed in the efferent fluid from the 
pancreas using the radio-immunologicM method B of 
Hales and Randle  [4]. The s tandard  used was pure ra t  
insulin whose biological ac t iv i ty  was 19 tLU/ng. 

In  all experiments there was an adapta t ion  period of 
th i r ty  minutes between the t ime when the organ was 
perfused and the t ime when the first sample used for the  
assay of insulin was collected. The pancreas was per- 
fused with the  physiological buffer containing glucose 
(1.5 g/l) for 45 rain. At  this  t ime, two types  of ex- 
periments were carried out:  glucose was either elimi- 
nated from the perfusion medium unt i l  the  end of the 
experiment or mainta ined at  the  same concentration 
(1.5 g/l). 

On the graphs, the t ime is counted from the moment  
when the organ was perfused. Our results are expressed 
as variat ions of the insulin ou tpu t ;  these variat ions are 
expressed as percentages in relat ion to the  insulin 
secretion rate  recorded at  the  45th rain, which const i tuted 
the  reference point.  The insulin secretion rates were 
measured for each sample and for each pancreas by  
mult iplying the insulin concentration (ng/ml) b y  the 
perfusion flow rate  (ml/min). The insulin secretion rate  of 
the  pancreases a t  the  reference t ime was on average 
38.9 ng/min. 

Results 

I.  The insulin secretory effect of tolbutamide alone 

I n  these  exper iments  th is  subs tance  was peffused 
for 30 min  a t  a concen t ra t ion  of 108 rag/1 or 0.4 mM. 
The  following facts  were no t ed :  

1. When the perfusion medium did not contain glu- 
cose, t o l b u t a m i d e  p r o v o k e d  (Figure  1 - -  graph A) a 
s t imu la t ion  of the  secre t ion  of insul in which t ook  place 
in  two phases :  an  immedia te ,  i m p o r t a n t  phase  whose 
m a x i m u m  was a p p r o x i m a t e l y  one minu t e  a f te r  the  
s t a r t  and  which las ted  less t h a n  8 min ;  i t  was followed 
b y  a phase  of s t imu la t ion  t h a t  was much  less in tense  
b u t  prolonged.  I n  th is  second phase,  the  secret ion of 
insul in was higher  t h a n  the  basa l  secret ion no rma l ly  
ob ta ined  in  t he  absence of glucose. Therefore,  tol-  
b u t a m i d e  presents ,  in  the  absence of glucose, a d i rec t  
s t imula t ing  ac t ion  on the  b e t a  cell of the  is lets  of 
Langerhans .  

2. On the other hand, when tolbutamide acted in the 
presence of glucose (1.5 g/l) in t he  perfusion m e d i u m  
(Figure  1 - -  g r aph  B), there  also a p p e a r e d  an  ex t r eme ly  
r a p i d  s t imula t ion  of insul in secret ion (first phase).  The 
he igh t  of t he  first  peak  of insul in secret ion was no t  
s ignif icant ly  different  f rom t h a t  ob ta ined  in  the  ab- 
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senee of glucose. During the second phase however, the 
secretion of insulin was much greater than that ob- 
served in the absence of glucose. Its height is close to 
that of the initial peak of insulin secretion. 

I I .  Modification of the action of tolbutamide by D- 
mannoheptulose 

D-mannoheptulose, a carbohydrate with seven 
carbon atoms that inhibits the phosphorylation of 
glucose, opposes the stimulation of the secretion of 
insulin provoked by this substance [1, 2]. 

We have examined the effects of increasing concen- 
trations of D-mannoheptulose on the secretion of in- 
sulin induced by glucose (1.5 g/l). Figure 2 -- graph A 
shows the effects provoked by D-mannoheptulose at 
concentrations between 5 rag/1 (0.0236 raM) and 2 g/1 
(9.44 raM). Graph B of the same figure represents the 
dose-effect curve obtained. 

The inhibitory effect begins to manifest itself at 
very low concentrations of mannoheptulose, 5 rag/1 
(0.0236 raM). At a concentration of 500 rag/1 (2.36 
raM), the secretion of insulin is practically the same as 
that in the absence of glucose. 

Having determined the concentrations of D- 
mannoheptulose capable of opposing the stimulating 
effect of glucose under our experimental conditions, we 
studied how this carbohydrate would be capable of 
modifying the action of tolbutamide. In these ex- 
periments, mannoheptulose was introduced into the 
perfusion liquid 15 rain before the hypoglycemic sulfon- 
amide. 

1. In  the case where the pancreas was perfused with a 
liquid not containing glucose, we observed (Figure 3 -- 
graph A) that mannoheptulose at a concentration of 
0.5 g/1 (the concentration which opposed the stimula- 
tion provoked by glucose) did not modify the secretion 
provoked by tolbutamide. 

2. Using a pancreas perfused by a liquid containing 
glucose, mannoheptulose was used at two concentra- 
tions: 0.5 g/1 and 2 g/1. The results obtained are re- 
presented on figure 3 -- graph ]3. 

At a concentration of 0.5 g/1 (which totally inhibit- 
ed the insulin secretory effect of glucose) mannoheptu- 
lose did not lower the initial rapid and intense phase of 
insulin, secretion provoked by tolbutamide but did 
lower considerably the second phase. In these experi- 
ments, the pancreas behaved, under the influence of 
tolbutamide, as if it were perfused by a solution not 
containing glucose. The concentration of mannoheptu- 
lose four times greater than that used previously (2 g/l) 
neither modified appreciably this behaviour nor 
diminished the level of the first phase of secretion. 

According to these two series of experiments, 
mannoheptulose therefore allows the glucose-inde- 
pendent part of the stimulating action of tolbutamide 
to persist. 

I I I .  Modifications of the action of tolbutamide by dia- 
zoxide 

Diazoxide is a sulfonamide whose chemical struc- 
ture is close to that of tolbutamide but the sulfonamide 
function is introduced in a benzothiadiazine ring. This 
substance is hyperglycemic and inhibits the secretion 
of insulin. I t  was, therefore, interesting to examine in a 
third group of experiments how diazoxide would 
oppose the stimulating action that tolbutamide exerts 
on the secretion of insulin. 

1. First, we investigated the effect of diazoxide on 
the secretion provoked by tolbutamide when glucose 
was absent from the perfnsion medium. 

In this series of experiments, an infusion of diazo- 
xide (0.5 mM or 115 rag/l) preceded by two minutes the 
infusion of tolbutamide (0.4 ~ or 108 rag/l). 

As is shown in figure 4 (graph A), it turned out that 
diazoxide was capable of completely inhibiting the 
two phases of insulin secretion normally provoked by 
tolbutamide under identical experimental conditions. 
Therefore, diazoxide opposed that part of the stimulat- 
ing action of tolbutamide not dependent upon the 
presence of glucose in ~he medium. 

2. Next, we undertook the study of how diazoxide 
would be capable of modifying the stimulating action of 
tolbutamide when it acts in the presence of glucose (1.5 
g/l). 

We pcrfused a pancreas with increasing concentra- 
tions of diazoxide (between 23 rag/1 or 0.1 mM and 
184 rag/1 or 0.8 mM) and added tolbutamide (108 rag/1 
or 0.4 raM) 15 rain later. 

From the results shown in Figure 4 (graph B), we 
can see that, as the concentration of diazoxide in- 
creased, the stimulation provoked by tolbutamide 
diminished. This diminution concerned the two phases 
of insulin secretion; however, the second phase was 
relatively more reduced. 

Therefore, diazoxide totally opposed the stimulat- 
ing action of tolbutamide; it opposed not only the 
action of tolbutamide that was independent of glucose 
but equally that dependent on the presence of glucose 
in the perfusion medium. 

Discussion 

It  has now been demonstrated and acknowledged 
that the hypoglycemic sulfonamides possess a stimulat- 
ing action on the secretion of insulin. We have at- 
tempted, with these experiments, to study more 
deeply the mechanisms involved in this action. The 
results obtained permit us to arrive at the following 
conclusion: 

Tolbutamlde exerts, even i f  glucose is not present in 
the medium, a direct stimulating action on the beta cell of 
the islets of Langerhans (Figure 1). This results in an 
intense, rapid and short lasting secretion reaching a 
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Fig. 1. Effect  of t o lbu tamide  (108nag/I) 0.4naM on the  secretion of insulin by  the  isolated perfused ra t  pancreas,  on 
one hand  in the  absence of glucose in the  perfusion m e d i u m  (Graph A), on the  o ther  hand  in the  presence of glucose 
(1.5g/l) (Graph B). E a c h  poin t  represents  t he  m e a n  of the  values  obta ined  and  carries the  s tandard  error of the  

mean.  The number  of pancreases is indicated in parenthesis  
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Fig. 2. Graph A shows the  inh ib i tory  effect of increasing concent ra t ions  of D-mannohep tu lose  on the  secret ion of 
insulin induced by  glucose (1.5g/l) in the  isolated and perfused ra t  pancreas.  (n = ~Tunaber of pancreases).  Graph B 
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maximum one minute after the beginning of the per- 
fusion. This first phase is followed by  a second phase 
of lesser intensity but  of longer duration, as we have 
previously shown [6, 11, 9]. This same phenomenon 
had also been described in vitro by Grodsky etal. [3]. 

When tolbutamide acts in the presence of glucose 
(1.5 g/l) (Figure 1), the first phase of intense and rapid 
secretion previously described still occurs, but  the 
subsequent behaviour of the pancreas is different from 
tha t  observed in the absence of glucose. Insulin secre- 
tion remains increased during the 30 rain infusion of 
tolbutamide, tha t  is to say, during the second phase of 
the secretion of insulin. 

As we have previously shown [6, 7, 8, 9, l l ] ,  the 
magnitude of the secretion during the second phase is 
a function of the concentration of glucose in the 
medium; there exists a potentiating effect between the 
action of glucose and tha t  of tolbutamide during this 
phase. 

The presence of glucose is therefore necessary in order 
that tolbutamide maintain a prolonged, elevated secretion. 

Although the experimental conditions used by  
I-Lupt et al. [5] are quite different from our own, it 
would seem tha t  their results obtained in man could 
be correlated with our own. 

Our "in vitro" experiments clearly demonstrate that 
the stimulating action of tolbutamide on the secretion of 
insulin presents two components: one that is independent 
of the presence of glucose in the medium that bathes the beta 
cells; the other that is dependent upon the presence of glu- 
cose in the medium. These results have been previously 
described by us [12]. 

The experiments carried out with D-maunohep- 
tulose underline the fact tha t  this substance acts on the 
secretion of insulin provoked by glucose at very weak 
concentrations (Figure 2). In  fact, between 0.0236 mM 
and 2.36 mM it manifests an inhibitory effect, tha t  is a 
function of the logarithm of its concentration, on the 
stimulating action of 8.33 mM (1.5 g/l) of glucose. We 
wish to emphasize the fact tha t  these concentrations 
are lower than  those previously used by different 
authors [2, 15]. 

D-mannoheptulose inhibits the phosphorylation of 
glucose [1] and therefore its raetabolism. On the other 
hand according to certain authors, it could prevent the 
binding of glucose to specific receptors located on the 
membrane of the beta cell of the islets of Langerhans 
[13, 14]. When mannoheptulose was used at  a concentra- 
tion (500 rag/l) sufficient to inhibit the action of glu- 
cose (Figure 3), it opposed the component of the stimula- 
ting effect of tolbutamide that was gluco.dependent, but it 
was incapable of modifying the component that was 
independent of the presence of glucose. In  fact, the first 
phase of stimulation appeared just as intense whether 
or not mannoheptulose was present in the medium. 

The results obtained with diazoxide have enabled 
us to note a difference in behavior between this sub- 
stance and man~oheptulose concerning the action of 
tolbutamide on the secretion of insulin. 

Diazoxide opposed all of the stimulating action of 
tolbutamide on the secretion of insulin. I t  suppressed the 
insulin response in the absence, as well as in the pre- 
sence of glucose; tha t  is to say, it opposed the two 
components of the action of tolbutamide. 

Therefore, it seems tha t  the inhibitory mechanisms 
that diazoxide and mannoheptulose exert on the secretion 
of insulin provoked by tolbutamide are different. The 
first is a direct antagonist of tolbutamide while the 
second is only an indirect antagonist, its action being 
mediated by  its effect on the metabolism of glucose. 
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