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PRELIMINARY COMMUNICATIONS 

Controlled Extension of Oral Antidiabetic Therapy on Former Insulin Dependent Diabetics 
by Means of the Combined i.v. Glibenclamide-Glucose-Response-Test 
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Depar tment  of Endocrinology and Metabolism, Center of In ternal  Medicine and Pediatrics,  Universi ty  of Ulna (Ger- 
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Summary.  A new sulphonylurea response test  is des- 
cribed for predict ing the  results of long-term t rea tment  
with a recently developed sulphonylurea compound, 
glibenelamide, par t icular ly  in insulin-dependent tolbut-  
amide-non-responsive elderly diabetics. The test  is based 
on the observation tha t  the  insulin-stimulating capaci ty  
of glucose and the determinat ion of the insulin increases 
are str ikingly potent ia ted  following glibenclamide plus 
glucose i.v. (25 y plus 0.33 g/kg body weight) in serum 
samples where insulin binding antibodies have been re- 
moved. 11 out  of 40 diabetics demonstrat ing between 60 
and 90 rain following injection, a mean increase of insulin 
of more than  500 per cent above the initial  values, corre- 
la ted satisfactori ly with successful long-term oral t reat-  
ment  with glibenclamide. A posit ive glibenclamide-glu- 
cose-response test  contrasted with pr imary  failure of gli- 
benelamide the rapy  in only one pa t ien t  suffering from 
haemochromatosis.  Oral t r ea tment  with glibenclamide 
may  have certain advantages  over insulin therapy,  espe- 
cially in elderly diabetics suffering from visual impair-  
ment,  who are unable to inject  themselves with insulin. 

Extension contrdlde de la th~rapeutique antidiab~tique 
orale d des diabdtiques pr~c&lemment insulino-d@endants c~ 
l'aide du test de r@onse au glibenclamide-glucose L V.: 
communication prdliminaire 

_Rdsumd. Les auteurs dd crivent un nouveau test  de 
rdponso au sulfonylur6e destin6 ~ prdvoir les rdsultats 
d 'un  t ra i tement  g long terme avee la Glibenclamide, 
compos6 sulfonylurge rdcent, part iculi6rement intdressant 
pour  les diabdtiques ggds, insulino-ddpendants et  no 
r6agissant pus ~ la tolbutamide.  Le tes t  est bas6 sur Fob- 
servation que la eapacit6 du glucose ~ stimuler l ' insuline 
et la ddterminat ion de l ' augmenta t ion  de l ' insuline sent  
fortement potentiMisdes aprbs l ' injeet ion intra-veineuso 
de Glibenelamide plus glucose (25 y plus 0.33 g/kg poids 
eorporel). Les anticorps fixant l ' insuline out 6t6 extrai ts  
prdalablement  des 6chantillons de sdrum. 11 diabdtiques 
sur 40 mont ran t  en moyenne plus de 500% d'accroisse- 
ment  d ' insuline au-dessus des valeurs initiMes, entre 60 et  
90 inn. apr6s l ' injeetion, 6taient en corrdlation satisfaisan- 
te avec l'effieacit6 d 'un  t ra i tement  oral ~ long terme ~ la 
Glibenclamide. Le test  positif  de rdponse ~ la Glibenela- 

mide plus glucose a contrast6 avec l 'dchee init ial  de la 
thdrapeutique ~ la Glibenclamide chez un seul malade 
souffrant d 'hdmochromatose.  Le t ra i tement  oral ~ la 
Glibenclamide peut  avoir certains avantages sur la thdra- 
peutique insulinique, part ieuligrement chez les diabdti- 
ques ggds souffrant de troubles visuels et ne pouvant  
s ' injeeter eux-mgmes l ' insuline. 

Zusammenfassung. Ein neuer Sulfonylharnstoffvor- 
hersagetest wird beschrieben. Er  soil erm6glichen, das 
Ergebnis einer Langzeit-Therapie mi t  einem in letzter 
Zeit entwickelten SulfonylharnstoffabkSmmling (Gliben- 
clamid) besonders bei insulinpflichtigen, auf Tolbutamid 
nicht mehr ansprechbaren /ilteren Diabet iker  vorauszu- 
sagen. Der Test beruht  auf der  Beobachtung,  dab die 
insulinstimulierende Kapazi t / / t  der Glucose und die 
Stiirke des Insulinanstieges betr~ichtlich potenziert  wet- 
den k6nnen, wenn Glibenelamid und Glucose zusammen 
gegeben werden (25 g Glibenclamid plus 0.33 g/kg K6r- 
pergewicht Glucose). Das Insulin wurde bes t immt  nach 
entsprechender Entfernung der insulinbindenden Anti-  
kSrper. Von 40 Diabet ikern zeigten 11 mehr als einen 
500 prozentigen Insulinanstieg fiber den Ausgangswert 
zwisehen der 60. a n d  90. Minute nach der Injekt ion.  In  
diesen Fgllen war der positive Test gut  mit  einer erfolg- 
reiehen Langzeit therapie korreliert.  Nur  bei  einem Pa- 
t ienten mi t  Haemochromatose war t rotz  posi t ivem Aus- 
fall des Testes ein Versagen der Langzeit-Glibenelamid- 
behandlung zu beobachten. Die orale Therapie mi t  Gli- 
benclamid ha t  gewisse Vorteile gegeniiber der Insulin- 
therapie,  besonders bei/~lteren Patienten,  die ein sehlech- 
tes SehvermSgen haben und daher  unfghig sind, sieh 
selbst Insulin zu spritzen. 

Key words: Oral ant idiabetie  agents, sulphonylureas,  
insulin response tests,  Glibenclamide, predict ion of long- 
te rm t reatment ,  formerly insulin-dependent ma tu r i ty  
onset diabetics. 

Introduction 

Afte r  su lphony lu rea  t h e r a p y  had  been used  for a 
shor t  t ime,  oral  t o lbu tamide - re sponse  tes t s  for pre-  
d ic t ing  resul ts  of l ong- t e rm t r e a t m e n t  were sugges ted  

* Support  of this S tudy by  Deutsche Forsehungsge- 
meinschaft  (Pf 38/28) is gratefully acknowledged. 

in  1957 b y  Pfeiffer et al. [15] a n d  Camer in i -DavMos et 
al. [1]. Blood  sugar  decreases of more  t h a n  30% of t he  
in i t i a l  va lues  were t a k e n  as  i nd ica t ing  favourab le  
responses  to  long- t e rm t o l b u t a m i d e  t r e a t m e n t .  La te r ,  
i. v. r  tes t s  were sugges ted  for d i f ferent ia t ing  
no rma l  sub jec t s  f rom l a t e n t  or chemical  d iabe tes  [11, 
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18] or for recognizing hypoglycaemia due to insulinoma 
[4, 6, 14]. 

After the criteria for oral antidiabetic therapy were 
firmly established there was no further need for pre- 
diction tests. However, the new drug glibenclamide 
was tried not only in patients with secondary response 
failures to tolbutamide or other oral drugs [16, 17], but  
Mso in an increasing percentage of rather severe 
elderly diabetics with clear-cut insnlin-dependence [9]. 

Experimental Concept and Technical Approach 

Again, the question of selection criteria arose, i.e. 
whether or not prediction of the outcome of long-term 
therapy with glibenclamide was possible. Combined 
intravenous administration of glibenclamide plus 
glucose was preferred to glibenclamide injection alone 
to provide maximum stimulation of the releasable 
pancreatic insulin reserves. As published elsewhere 
[5, 13, 16], isolated Langerhans' islets and the isolated 
perfused rat pancreas as well as normal human beings 
responded to the combined action of glibenclamide- 
glucose, even under repeated administration, with 
higher insulin releases than to the combined tolbut- 
amide-glucose injection or to glucose, tolbutamide or 
glibenclamide alone. In  addition, those patients with 
secondary failures of tolbutamide therapy responded 
to glibenclamide plus glucose with more vigorous 
insulin secretions than to glibenclamide alone [12, 16]. 

Unfortunately, in the more severe cases treated 
with insulin for extended periods of time evaluation 
of blood glucose levels after stimulation with gliben- 
clamide plus glucose became somewhat difficult. This 
applied particularly to those patients who, according 
to the established rules, were not regarded as suitable 
cases for orM antidiabetic therapy. The low glucose 
disappearance rates (K-values) were not markedly 
influenced by either glibenclamide or glibenclamide 
plus glucose. This suggested the necessity of measuring 
and comparing the concentrations of immunologically 
measurable insulin (IMI) concentrations in serum be- 
fore and after injection of glibenclamide plus glucose. 

However, it had to be considered that  extended 
periods of t reatment  with exogenous insulin (at least 
40 U of long acting insnlin/day, sometimes more than 
100 U/day) had induced some kind of immunological 
insulin resistance in the majority of those cases where 
insulin-binding capacities in serum were increased. 

Hence, t reatment  of serum prior to insulin meas- 
urement was carried out according to Heding [7]: the 
antibodies were separated from the antigen by  serum 
acidification followed by  alcohol precipitation in 
alkali solution. If some exogenous insulin was still 
contributing to the IMI-vMues measured, neglecting 
it  seemed justified. After all i t  was only the increase, 
particularly the individual increase, in endogenous hor- 
mone which accounted for the increment following 
stimulation. 

Patients and Methods 

For ty  43--75 year old insulin-dependent subjects 
with diabetic conditions of up to 21 years duration 
were submitted to identical response tests. They were 
then transferred from insulin to glibenclamide in doses 
of 5--15 mg, remaining in hospital under constant 
observation. Severe retinopathy with impairment of 
visual function made the change from insulin to tablets 
advisable in a number of these diabetics. 29 of the 
40 patients did not respond to long-term glibenclamide 
therapy and had to be changed back to insulin after 
two or three days. In. this connection "excellent" means 
that  the blood sugar amounted to less than 160 rag% 
and a glucose excretion of less than 2 g during the 
24 h period; "good" means blood sugar values lower 
than 180 rag% and a glucose excretion of less than 
7 g during the 24 h period; whereas the term "failure" 
marks rises in blood sugar values above 200 rag% and 
a glucose excretion exceeding 10g during the 24h 
period. 

In order to demonstrate once more the enormous 
differences between the amounts of insulin released in 
normal and diabetic subjects following stimulation, as 
well as the time differences between peak increments in 
blood insulin in normals and diabetics following tol- 
butamide and glibenclamide administration, twelve 
normal individuals were included. Each of the subjects 
was tested on five consecutive days, which were 
sometimes interrupted by an interval of two days 
during which exogenous insulin was given again, with 
i.v. glucose loads (0.33 g/kg) to establish the basic 
response in absolute insulin concentrations per ml, the 
percentage of the individual increases and the time 
periods at  which the maximum rise in insulin was 
recorded; to i.v. tolbutamide 1 (25 mg/kg) and tolbut- 
amide-k glucose (25 mg Jr 0.33 g/kg) as well as to i.v. 
glibenclamide (25 9g/kg) and glibenclamide i -+- glucose 
(25 ~g-k 0.33 g/kg) loads. The stimulatory substances 
were slowly injected over a period of 2 rain. Venous 
blood samples for determination of blood glucose and 
insulin were secured at  5, 10, 20, 30, 40, 50, 60, 90, 
120, 150 and 180 rain following injection. The fasting 
patients were examined between 8 and 9 a.m. 36 h 
after withdrawal of exogenous insulin blood sugar 
was determined according to Hoffmann [8] by auto- 
analyzer. The blood was centrifuged at  low tem- 
peratures and the serum separated and stored in the 
deep-freeze at  --30~ After pretreatment of serum 
[7], insulin was determined according to Melani et al. 
[10] by  separating free and bound insulin by means 
of amberlite (CG 400 type II). Glucose disappear- 
ance rates were calculated according to Conard [19] 
in the normal subjects and according to Dost [2, 3] in 
the diabetics. 

1 We are indebted to Farbwerke ioechs~ A.G. and 
Boehringer-Marmheim for ample supply of the insulin 
s~imulatiag sulphonylureas ready for injection. 
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Results 

As shown in Table 1, glucose as well as tolbut- 
amide acted much faster than  glibenclamide in fifteen 
normal subjects on insulin release, bu t  the effect of 
glibenclamide plus glucose combined quanti tat ively 
exceeded all others. 

The clinical and laboratory findings in an arbi t rary 
selection of 12 out of 29 subjects with pr imary failures 

The group of patients successfully t reated with 
glibenclamide for up to 7 and 8 months following the 
response tests (until November 1971 more than 18 
months) did not differ clinically from those who did 
not respond to 10hi-term treatment.  The insulin 
responses to glucose and tolbutamide or glibenclamide 
alone were not very different from those seen in non- 
responsive subjects (Table 3). 

In  addition, the effect of tolbutamide plus glucose 

Table 4. Average ma~cimum increases in absolute insulin concentrations and in the mean percentage increments above initial 
values in the three groups following the various types of stimulation of insulin secretion 

Insulin-dependent elderly Normal subjects n = 15 Insulin-dependent elderly 
diabetics (successfully diabetics (failures of long-term 
treated with t tB 419) n---- 12 treatment with HB 419) n = 12 

~zUlml Mean % in- izUlml Mean ~/o in- ~U/ml Mean ~/o in- 
crement crement crement 

(Mean 4- SEM) (Mean-4- SEM) (Mean 4- SEM) (Mean 4- SEM) (Mean :t: SEM) (Mean 4- SEM) 

Glucose i.v. 
Tolbutamide i.v. 
Tolbutamide -b 
glucose i.v. 
Glibenclamide 
(HB 419) i.v. 
Glibenclamide -{- 
glucose i.v. 

11.44-1.2 156.94-17.8 58.1• 264.24-21.7 12.44-1.5 177.94-24.5 
19.54-1.9 261.64-20.1 77.34-2.9 363.74-23.9 15.94-1.4 226.84-25.0 

20.4 4- 2.3 284.5 4- 41.4 109.5 4- 4.0 518.0 q- 37.2 17.2 4-1.7 240.6 4- 25.2 

28.64-1.7 391.04-24.3 43.14-2.6 204.8 ::E 19.9 19.04-2.2 264.44-30.1 

47.6 4- 2.1 665.8 4- 54.7 216.1 4- 6.1 1031.3 4- 80.4 20.8 4- 2.4 291.8 4- 33.4 

iMi O/o/ 
1300 t 

1100 -f 

900 1 

700 - 

500 - 

300 - 

100 - 

n = 1 2  n = 1 5  n = 1 2  

I llli~ h ',% 
i,.', \I~ " ~  

If ' ' \ Glucose 0 ,33g /kg  i.v. 

' " ,  Glue. 0,33g/kg * 25mg/kg Tolbut. i.v. 

�9 r I " " . ~ .  Giuc. 0,33g/kfl *255" /kg  HBh lg i . v .  

F ' "  ' T  . . . .  i . . . .  -" 

3'0' 6'0 ' 90' 120' 150' 180' 3'0' 60' 90' 120' 150' 180'' 3(3' 6'0' 9()' 1�89 150' 180' 
Fig. I. Insulin responses (expressed as percentage increase above initial levels) to glucose, glucose plus tolbutamide, 
and to glucose plus glibenelamide i.v., in insulin-dependent elderly diabetics successfully treated with I-IB 419 after- 
wards (left part of figure), of normal subjects (middle part of figure), and of insulin-dependent elderly diabetics dis- 

playing failure of long-term treatment with HB 419 (right part of figure), respectively (Mean -4- SEM) 

are demonstrated in Table 2. The responses to glucose 
and tolbutamide as well as to tolbutamide plus glucose 
were very modest, and glibenclamide alone also did not 
effect remarkable rises in plasma insulin. The average 
increases following glibenclamide plus glucose amoun- 
ted to only 20.8 ~ 2.4 ~U/ml, i.e. 291.8 -t- 33.43 mean 
percentage increment above the initial levels. I t  should 
be noted tha t  the insulin peaks following tolbutamide 
and glibenclamide, respectively, occur at  different 
t ime periods. 

was not greater in the responsive as against the non- 
responsive subjects. Glibenclamide plus glucose, how- 
ever, induced average insulin increases of 47.6 -4- 2.1 ~U/ 
ml, i.e. 665.8 :E 54.7 mean percentage increment above 
initial values. The differences in the percentage in- 
creases in the three groups following glucose, glucose 
plus tolbutamide and glucose plus glibenclamide, 
respectively, are illustrated in Fig. 1. 

A positive reaction to the glibenclamide-F glucose 
load contrasted with a pr imary response failure ap- 
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pearing 10 days after init iation of oral t r ea tmen t  in 
only one case (S.J. Table 3). 

The average increases in absolute insulin concen- 
t ra t ions and in mean  percentage increment  (above 
initiM values) for all three groups in response to  the  
five s t imulants  are summarized in Table 4. 

Conclusions 

F r o m  these results i t  was inferred:  
1. t h a t  the "Glibenclamide-Glucose-l~esponse-Test" 

m a y  be helpful in predicting the  outcome of long- 
te rm glibenclamide t rea tment ,  even in more severe 
elderly diabetics who were previously considered to 
be insulin-dependent and non-responsive to  sul- 
phonylureas;  

2. t h a t  the correlation between the  positive Gliben- 
clamide-Glucose-Response-Test (i.e. mean  percen- 
tage insulin increases of more than  500% above 
initial values) and successful long-term t r ea tmen t  
favours the  hypothesis  t h a t  a continuous st imulat ion 
of endogenous insulin secretion is the predominant  
mechanism of act ion of the new compound  following 
both  single and pe rmanen t  application;  

3. tha t ,  surprisingly enough, the  relation between the 
absolute amounts  of insulin released in response to  
the various stimuli is between the  normal  subjects 
and the diabetics (the positive responders) in the  
same order of about  5 : 1 ; 

4. that ,  therefore, the  synergistic act ion or potent ia t ion 
of glibenclamide and  glucose and  vice versa suggests 
an  act ion on the  receptor  site of the fl-eell in bo th  
the normal  and  the diabetic subjects, and no parti-  
cular act ion of the  new drug on the  diabetic fl-cells 
alone; 

5. t h a t  the  propor t ion of elderly diabetics formerly  
considered to be "pure ly"  or " t r u l y "  insulin de- 
pendent ,  i.e. diabetic subjects unable to  synthesize 
even minute  amounts  of insulin, is much  less t han  
was held before; 

6. t h a t  a practical  advantage  of glibenclamide over 
insulin the rapy  in this type  of pat ient  should prove 
to  be the  case in subjects suffering f rom severe 
r e t inopa thy  or other  ocular complications inducing 
impa i rment  of visual funct ion and  incapaci ty  to  
inject  oneself. 

Fur the r  mathemat ica l  analysis of the blood glucose 
changes induced by  the various st imulations will show 
whether  or no t  a simple formula exists which would 
permit  rapid evaluat ion of the  Glibenclamide-Glucose- 
l~esponse-Test wi thout  h a ~ n g  to  rely upon  serum 
insulin determinations.  
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