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Summary. The effect of intravenous tolbutamide on 
insulin release in normal human subjects was investigated 
under various experimental conditions. The blood glucose 
level was either allowed to fall after i.v. tolbutamide or 
kept within normal limits by a concomitant glucose 
infusion. In  other experiments, tolbutamide was given 
during different degrees of hypoglycaemia induced by 
insulin. I t  was found that  tolbutamide provoked a rapid 
and short-lasting insulin release as well as a post-initial 
and extended insulin release, provided the blood glucose 
concentration was kept within normal limits. The hitherto 
accepted transiency of tolbutamide action in healthy 
subjects seems to be due to the hypoglycaemia which 
follows the administration of the drug. During more 
marked hypoglycaemia induced by exogenous insulin, the 
insulin releasing capacity of tolbutamide was almost 
blunted. Tolbutamide markedly enhanced the insulin 
release following glucose administration. The findings 
presented might clarify some of the therapeutic effects of 
the drug in diabetes mellitus. 

Le rdle de la glyedmie pour l' effet insulinosderdteur du tol- 
butamide administrd par voie endoveineuse chez des sujets 
normaux 

Rdsumd. L'effet du tolbutamide intraveineux sur 
l'insulino-s6cr6tion a 6t6 6tudi6 chez des sujets normaux 
dans des conditions exp6rimentales vari6es. Dans une 
s6rie d'exp6riences on laissa baisser la glyc6mie k la 
suite du tolbutamide, tandis que dans une autre lc sucre 
sanguin 6tait maintenu dans les ]imites de la normalc 
grace s une perfusion de glucose suivant l ' injection de 
tolbutamide. Dans d'autres exp6riences, le tolbutamide a 
6t6 administr6 pendant  que les sujets 6talent hypoglyc6- 
miques g la suite d 'unc injection intraveineuse d'insuline. 
Les r6sultats obtenus d6montrent que le tolbutamide, g 
condition de maintenir  la glyc6mie dans les limites de la 
normale, provoque une insulino-s6cr6tion aussi bien rapidc 
et de courte durde que prolong6e et de type post-initial. 
L'aspect passager de Faction du tolbutamide chez l 'homme 

normal admis jusqu'  g maintenant  comme inh6rent g la 
drogue, semble 4tre dfl g l'hypoglye6mie provoqu6e par 
son administration. En  effet quand le tolbutamide 6tait 
administr6 durant  une hypoglyc6mie plus prononc6e, le 
pouvoir insulinos6er6teur de la drogue diminuait  encore ou 
disparaissait totalement. La r@onse insuliniquc g l 'hyper- 
glye6mie 6tait augment6e par l 'administration ult6rieure 
de tolbutamide. Les r6sultats ei-dessus pourraient gtre 
importants pour la comprdhension de l'effet th6rapeutique 
du tolbutamide dans le diab6te humain. 

Die Bedeutung des Blutzuekerspiegels far  die Insulin- 
freisetzung nach intraven6ser Zufuhr yon Tolbutamid bei 
gesunden Personen 

Zusammenfassung. Die Wirkung intraven6ser Zufuhr 
yon Tolbutamid wurde bei gesunden Versuchspcrsonen 
unter verschiedcnen experimentellen Bcdingungen unter- 
sucht. Den Blutzuckerspiegel liel3 man nach der Zufuhr 
abfallen oder hielt ihn durch gleichzeitige Glucoseinfusion 
auf normalen Werten. In  anderen Versuchen wurde Tol- 
butamid bei verschiedenen Stufen yon Insulinhypoglyk/i- 
mie gegeben. Dabei ergab sich, daf3 Tolbut~mid sowohl 
eine schnelle und kurzdauernde wie auch eine post-initiale 
and langdauernde Insulin-frcisetzende Wirkung ausfibte, 
vorausgesetzt, dal3 die Blutzuckerkonzentration auf nor- 
maler H6he gehalten wurde. Die his jetzt akzeptierte, 
voriibergehende Tolbutamidwirkung bei Gesunden scheint 
durch die ttypoglyk/~mie, die der Zufuhr der Droge folgt, 
verursacht zu sein. W/~hrend einer deutlicheren, durch 
Insulin induzicrten Hypoglyk/~mie war die Insulin- 
freisetzende Wirkung des Tolbutamid fast ausgel6scht. 
Tolbutamid verst/~rkte die Insulinfreisetzung auf Glucose- 
infusion betr/~chtlich. Diese Befunde m6gcn fiir die Inter- 
pretation tier therapeutischcn Wirkung des Tolbutamid 
bei Diabetes mellitus von Bedeutung sein. 

Key-words: Tolbutamide, insulin secretion in humans, 
action of tolbutamide. 

Introduction 
The main  pharmacologic act ion of to lbutamide  is 

the s t imula t ion  of insul in  release from the pancreat ic  
fl-cells. I t  has been demons t ra ted  bo th  in  h u m a n  
experiments  (u et al., 1960; CERASI and  LUFT, 
1967 b;  P F E I F F ~ ,  1967), and  in vitro using the isolated 
perfused ra t  pancreas (G~oDSKY et al., 1967a, b;  
C u ~ Y  e ta ] . ,  1968; LOUBATI]?RES, 1968), tha t  insul in  
release after to lbu tamide  is t ransient ,  its dura t ion  
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-- 19X -- 34 -- O5A) and the Knu t  and Alice Wa]lenberg 
Foundation.  

** Present adress: Department  of Medicine, Hadassah 
Medical Organization, Jerusalem, Israel. 

being much shorter t han  the hMf-life of the drug. 
Fur thermore,  i t  has been stated tha t  the insul in  releas- 
ing act ion of to lbu tamide  in vitro is no t  dependent  on 
the presence of glucose (COORE and  I~ASDL]~, 1964a, b;  
CR~UTZFELDT et al., 1967 ;CuRnY et al., 1968 ; GRODSKY 
eta] . ,  1967a, b;  LOUBA~I~RES, 1968; MALAISSE et al., 
1967; MALAISSE and  MALAXSSE-LAGA~, 1968). Against  
this background i t  would be difficult to unde r s t and  
how the sulphonylureas adminis tered once or a few 
times daily could exert a long-last ing therapeut ic  effect 
in  some diabetic pat ients .  On the other hand,  in  dia- 
betic subjects the fall in  blood sugar after to lbu tamide  
is delayed and  less pronounced t h a n  in  normals  
(U~GEI~ and  MADISOn, 1958). This raises the quest ion 
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whether the transient insulin response to the drug in 
normals could still be due to the ensuing hypoglycae- 
mia. 

The present experiments were performed with the 
aim of assessing the significance of the blood glucose 
level for the insulin releasing effect of tolbutamide in 
humans. 

Material and Methods 
Ten healthy non-obese subjects were studied, three 

females and seven males. Their mean age was 27 years, 
with the range 19--52 years. All had a normal intra- 
venous glucose tolerance test  and a normal increase in 
insulin concentration on glucose infusion. 

All tests were performed with the subjects on a free 
diet and after an overnight fast. Blood glucose was 
measured with a glucose oxidase method, insulin in 
plasma with a double-antibody radioimmunoassay 
according to HALES and RANDLE (1963). 

The glucose infusion test  (GIT) has been described 
earlier (CERASI and LUST, 1967a). The relationship 
between the concentrations of blood glucose and plasma 
insulin was calculated with the aid of an analogue 
computer (CERASI, 1967). 

Tolbutamide in all tests was given intravenously 
over a period of 2 min in a dose of 1 g. The following 
sets of experiments were performed: 

A) Tolbutamide was injected at  zero time, and 
venous blood samples for determination of blood glu- 
cose and plasma insulin concentrations were drawn 
at  --5,  0, 5, 10, 15, 20, 25, 30, 40, 50, 60 min. The 
test was performed in six subjects. 

B) Tolbutamide was injected at  zero time, and this 
was followed immediately by  the constant infusion of 
0.01 g of glucose per kg body weight per min for 60 rain. 
Blood samples were drawn as in experiment A. Seven 
such tests were performed in six subjects. 

C) At zero time 0.05 or 0.1 U of glueagon-free 
insulin (Actrapid, Nero)  per kg body weight was in- 
jected intravenously. Tolbutamide was injected 30 min 
later. After another 30 min, 0.1 g of glucose per kg was 
injected intravenously, followed by  an infusion of 
0.01 g of glucose per kg per rain for 30 rain. Venous 
blood samples were drawn at  --5,  0, 5, 10, 20, 30, 35, 
40, 45, 50, 55, 60, 65, 70, 80, 90 rain. The test  was 
performed in nine subjects with the lower insulin dose. 
Four of these were tested also with the higher dose. 

D) To assess whether prior administration of tol- 
butamide might modify the insulin response to glucose, 
tolbutamide was injected 30 rain before a GIT. This 
test  was performed in five subjects. 

l~esults 
A) The results of this series of experiments are 

summarized in Fig. 1. Tolbutamide administration was 
followed by  a rapid and transient increase in plasma 
insulin reaching a maximum around 5 min, and re- 
turning to the fasting level about  50 rain after the 

injection (range 40--60 min). During the test the 
glucose concentration decreased about  50%, with a 
tendency to increase again during the last 20 rain of 
the test. 

B) In  the next  series, hypoglycaemia was prevented 
in all subjects but one (in whom blood glucose concen- 
trat ion was 42 mg per 100 ml at  30 rain, and 30 at 
60 min). The mean curve for blood glucose reached a 
maximum of 85 mg per 100 ml, corresponding to an 
increase of 10 mg per 100 ml over the fasting level at  
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Fig. 1. Effect of intravenous tolbutamide (given at arrow) 
on plasma insulin concentration in healthy subjects. 
Broken line with tolbutamide alone, solid line with tolbut- 
amide followed by an infusion of glucose during 0 -- 60 rain. 

Vertical bars denote the S. E. M. 

15 rain, and then slowly returned to the fasting level. 
Plasma insulin concentration showed the same rapid 
increase as in A, but  the return to the fasting level 
was much slower (Fig. 1). 

C) Fig. 2 gives the mean values for blood glucose 
and plasma insulin in the experiments. At the time of 
injection of tolbutamide, blood glucose concentration 
had decreased to ~bout 50% of the starting level. The 
administration of tolbutamide was followed by  a 
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transient increase in insulin concentration of smaller 
magnitude and shorter duration than in experiment 
A. Glucose injection and infusion 30 minutes later was 
followed by another increase in plasma insulin, which 
remained elevated throughout the infusion. 

With the higher insulin dose the blood glucose 
decreased to about 25 ~ of the starting level, and show- 
ed a faster return than with the low insulin dose. The 
increase in insulin concentration after tolbutamide this 
time was much smaller than with the lower dose. 

D) Tolbutamide administration, as in experiment 
A, was followed by an increase in insulin and a de- 
crease in glucose concentration. Dm-ing the GIT, 
plasma insulin again responded with a marked initial 
peak almost twice as high as after tolbutamide, and a 
second phase lasting as long as the glucose infusion 
(Fig. 4). The effect of prior tolbutamide administration 
on the insulin response to glucose is demonstrated by 
the change in the parameters of the computer simula- 
tion: kil, reflecting the amount of insulin released in 
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Fig. 2. Effect of insulin-induced hypoglyeaemia on plasma 
insulin-response to tolbutamide. Insulin was given at I, 
tolbutamide at T and priming dose of glucose at G, 
followed by a glucose infusion during 60--90 min. Solid 
lines denote results with the insulin dose of 0.05 lY/kg, 
dotted lines with 0.10 U/kg. Vertical bars stand for the 

S.E.?CL 

Fig. 3 summarizes the relationship between glucose 
concentration and the effect of tolbutamide on insulin 
release in experiments A and C. The insulin response to 
tolbutamide, measured as the area below the insulin 
curve, showed a highly significant correlation to ~he 
blood glucose level at the time of the injection of 
tolbutamide (r = 0.646, P < 0.005). 
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Fig. 3. l~elationship between insulin response to tolbut- 
amide and blood glucose level at the time of the tolbut- 
amide injection. Triangles denote results from experiment 
A, filled circles with the lower insulin dose of experiment 
C, open circles with the higher insulin dose (see also text). 
Solid lines connect results in the same subjects, broken 

line is the regression line for all results. 

proportion to the initial rise in blood glucose, increased 
from 2.48 to 2.85; ki2, reflecting the amount of insulin 
produced and released during the glucose infusion in 
relation to the glucose level, from 2.70 to 3.00; b, ex- 
pressing the slope of plasma insulin increase due to 
glucose infusion, was increased from 2.37 to 2.64. On 
the other hand s expressing the biological activity of 
endogenous insulin, remained unchanged (1.33 with 
tolbutamide, 1.34 without). Thus, tolbutamide in- 
creased both the initial and the later insulin responses 
to glucose, particularly the former, while it did not 
change the effect of insulin on glucose removal. 

Discuss ion  

The results of experiment A of the present study 
show the well-known pattern of insulin response to 
intravenous tolbutamide administration, i .e .  an in- 
crease in plasma insulin of much shorter duration than 
the half-life of tolbutamide which is 100--150 min 
(V]~IK et al., 1968). The type of plasma insulin curve 
obtained in these experiments is compatible with an 
insulin release from the pancreas of a duration of about 
5--7 rain as shown by us in an earlier study (CERASI, 
1967). A similar pattern was demonstrated by Cv~mr 
et al. (1968), GI~ODSKu eta] .  (1967a, b), and LOUBA- 

2 4 *  
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TI~]RES (1968) using the rat pancreas perfused in vitro. 
According to GRODSKY et al. and Cvnav et al., this 
transiency of the insulin response corresponds to the 
emptying of an easily available small insulin pool in 
the fl-cells of the pancreatic islets, or, alternatively, to 
the induction of a refractory state after the initial 
release due to some metabolic change within the fl- 
cells. 

The results of our experiment B, in which the 
tolbutamide-induced hypoglycaemia was prevented 

LUFT, 1967a; Cua~u et al., 1968). The slight increase 
in blood glucose concentration in these experiments 
(of about 10 mg per 100 ml, or from 75 to 85 mg per 
100 ml as a mean; Fig. 1) was probably of no signifi- 
cance in this connection, since it is accepted that  insulin 
release is induced only when blood glucose exceeds 
80--90 mg per 100 ml (LovBATI~RES, 1968). The results 
of experiment D in which glucose, given 30 min after 
tolbutamide, was accompanied by a substantial insulin 
release also speak against the above two hypotheses. 
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Fig. 4. Effect of tolbutamide (T) on the insulin response 
to glucose. Glucose, 0.5 g/kg, was injected at G, followed 
by an infusion of 0.02 g/kg.min between 30 and 90 rain. 
Broken lines denote results obtained with glucose alone, 
solid lines when the glucose infusion was prececded by 

tolbutamide. Vertical bars stand for the S.E.M. 

by the infusion of enough glucose to keep the blood 
glucose concentration within normal limits, are in 
contradiction to these explanations. Insulin release 
under these conditions resembled more that  induced by 
glucose infusion where a rapid initial release is followed 
by a second slower phase of secretion (C~aAsI and 
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Fig. 5. Plasma insulin and blood glucose responses to 
tolbutamide in one patient with mild diabetes mellitus. 
Filled circles and solid lines shows the plasma insulin level, 

open circles and dotted line blood glucose. 

Thus it can be concluded that, at least in humans, 
tolbutamide exerts a rapid and short-lasting as well 
as a post-initial and extended insulin release provided 
the blood glucose concentration is kept within normal 
limits. This implies either that  the effect of tolbntamide 
on the /?-cell is dependent on the presence of glucose 
or a metabolite of glucose, or that  a glucose-indepen- 
dent, insulin-releasing effect of tolbutamide is inhibited 
by the hypoglycaemia which follows the administra- 
tion of the drug. To our knowledge, no experiments in 
animals, in vitro or in vivo, have been presented so far 
which consider the effect of tolbutamide on the different 
stages of insulin release in relation to the concentra- 
tion of glucose. What  has been shown is, that  tolbu- 
tamide in the absence of glucose in the medium elicits 
insulin release of the transient initial type (Cv~RY 
et al., 1968; GI~ODSKY et al., 1967 a, b; LOUBATI]~]~S, 
1968). This does not, however, exclude a dependence 
of this insulin release on glucose, since the /?-cell is 
relatively rich in glycogen (SA~oLs et al., 1966; HELL- 
MA~ and IDAHL, 1969), and tolbutamide has been 
shown to increase the oxygen consumption of isolated 
islets even with no substrate in the medium (ttELLE~- 
STRSM, 1968). I t  is therefore plausible that the break- 
down of intracellular glycogen furnishes the glucose 
necessary for the tolbutamide action during the initial 
phase. I t  is totally unknown whether glycogen in the 
human fi-cell plays a role in the release of insulin. 

The second possibility --  a glucose-independent in- 
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sulin release - -  is par t ly  ruled out  by  the fact  tha t  tol- 
butamide in vitro, in a medium without  glucose, did 
no t  elicit a postinitial insulin release (see above). The 
effect of hypoglycaemia on the to]butamide-indueed 
insulin release was further  il lustrated b y  experiment C. 
During hypoglycaemia,  to lbutamide could elicit only 
an  initial insulin response (Fig. 2). The magni tude  of 
this response was inversely correlated to the degree of 
hypoglyeaemia (Figs. 2 and 3). I n  some instances tol- 
butamide failed to elicit any  increase in plasma insulin 
during hypoglycaemia.  

t typoglycaemia  in vivo could still inhibit  insulin 
release th rough  its s t imulat ing effect on the secretion 
of catecholamines, which suppress this release (PORTE 
et el., 1966; FORTE, 1969; S~NFT et el., 1968). Cate- 
cholamines were no t  measured in our experiments, bu t  
it has been shown tha t  adrenaline concentrat ion in 
blood increases as soon as the blood glucose starts to  
decrease after an insulin injection, and the peak is 
reached within 10 min after the lowest glucose values 
(VENDSALU, 1960). However,  in experiment C eli- 
minat ion of hypoglyeaemia 30 rain after tolbutamide 
was followed by  instantaneous elevation of plasma in- 
sulin. Since it is unlikely tha t  the cateeholamine con- 
centrat ion would be normalized within the few minutes 
of the glucose injection, this speaks in favour  of blood 
glucose concentrat ion per se being of major  importance 
in this connection. 

The above discussion has been focused around the 

significance of a normal  or subnormal  blood glucose 
concentrat ion for the insulin-releasing action of tol- 
butamide.  The effect of tolbutamide on the glucose- 
induced insulin-release is i l lustrated in Fig. 4, experi- 
ment  D. Insulin response to  glucose was strongly 
enhanced by  prior to lbutamide administration. I t  
cannot  be decided whether  this enhancement  was of 
addit ive or potent ia t ing character,  since the effect of 
to lbutamide per se on insulin release during hyper- 
glycaemia remains unknown.  For  %he same reason, the 
claims by  LOUBATI~,~ES (1968) tha t  this synergism is 
of potent iat ing nature,  and those by  M~AlSSE et el. 
(1967, 1968) tha t  an addit ive synergism is more likely, 
seem to us unwarranted.  

The present studies have revealed tha t  the effect of 
tolbutamide on insulin release is modified by  the con- 
centrat ion of blood glucose, and tha t  tolbutamide,  
provided tha t  hypoglycaemia  is prevented,  has a 
protracted action. This has some bearing on the thera- 
peutic act ion of to lbutamide in diabetes. I t  is well 
known t ha t  in diabetics the  blood glucose fall is 
delayed and less pronounced than  in normals when the 
drug is given intravenously.  Fig. 5 clearly shows that ,  
a t  least in some patients,  plasma insulin response to 
intravenous tolbutamide m a y  be protracted and very  
similar to t ha t  obtained in experiment  B (Fig. 1). 
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