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Summary. The  response  of s e r u m  insu l in  to  1O0 g of 
glucose b y  m o u t h  was  d e t e r m i n e d  in 23 acromegal ics  
s i m u l t a n e o u s l y  b y  r a d i o i m m u n o a s s a y  a n d  b y  as say  on  adi-  
pose t i ssue  a n d  muscle .  T he  va lues  o b t a i n e d  were  com- 
p a r e d  w i t h  t hose  of a n o r m a l  group. .  8 p a t i e n t s  suffered 
from active acromegaly, and 15 were m an inactive phase 
of the disease. The method used by us for the deter- 
mination of insulin-like activity on mouse-diaphragm in 
vivo is described. I. After an oral glucose load, the changes 
in the concentrations of serum insulin, determined by 
radioimmunoassay, and of insulin-like activities, estimated 
by assay on adipose tissue and muscle, were largely 
parallel. -- 2. At all interval serum insulin levels were 
higher in the acromegalie group than in the normal one. -- 
3. Patients with active acromegaly showed significantly 
higher 1 and 2 h values than the group with inactive 
acromegaly. -- 4. :No significant differences of insulin 
concentrations were found between the aeromegalic 
groups with and without impairment of carbohydrate 
tolerance. -- 5. In four patients investigated before and 
after irradiation or operation of the pituitary, there was 
a significant drop of serum insulin I and 2 h after oral 
glucose. -- 6. Comparing the various insulin levels in the 
subgroups with different degrees of activity of acromegaly 
and in the patients seen before and after therapy, we 
found a parallel change of the "Insulinogenie Index" 
( S E L T Z E I ~ ) .  - -  There  is good a g r e e m e n t  b e t w e e n  t h e  re- 
sponse  of s e r u m  insu l in  as d e t e r m i n e d  b y  r a d i o i m m u n o -  
a s say  a n d  t h a t  of t h e  insul in- l ike  a c t i v i t y  m e a s u r e d  on  
fa t  a n d  musc le  t issue,  in  acromega]y .  E a c h  of t h e  t h r e e  
m e t h o d s  u sed  p e r m i t s  t h e  a s s e s s m e n t  of t h e  degree  of 
a c t i v i t y  of a n  a c r o m e g a l y  a n d  t h e  success of a n  in te r -  
ven t i on .  

L'insuline sgrique dans l'acromdgalie. Dgtermination 
simultande ayes un dosage radioimmunologique et avec deux 
mgthodes biologiques employa~t le tissu adipeux et le muscle 

Rdsumg. L a  r6ponse  de l ' i nsu l ine  sgr ique & 1O0 g de 
glucose p a r  vole  orale  a 6t6 d6 te rmin6e  chez 23 aerom6-  
gales s i m u l t a n 6 m e n t  p a r  l~ m 6 t h o d e  r a d i o i m m u n o l o -  
g ique  e t  p a r  d e u x  m 6 t h o d e s  b io logiques  e m p l o y a n t  le 
t i s su  a d i p e u x  e t  le muscle .  Les r~su l t a t s  o b t e n u s  o n t  6t6 
compar6s  ~ eeux  d ' u n  g r o u p s  no r m a l .  8 m a l ades  souffrai-  
en t  d ' u n e  acrom6gal ie  6vo lu t ive  t a n d i s  que 15 6 t a i en t  
duns  une  p h a s e  n o n - 6 v o l u t i v e  de la  ma lad ie .  L a  m g t h o d e  
employ6e  p a r  nous  p o u r  la  d 6 t e r m i n a t i o n  de  l ' a e t i v i t 6  
i n su l ino - semblab le  e n  e m p l o y a n t  le d i a p h r a g m s  de la  
souris  in  v ivo  es t  dgcri te .  - -  1. Les v a r i a t i o n s  de concen-  
t r a t i o n  de  l ' i nsu l ine  s6r ique aprgs  su rcha rge  o r a l e  de  
glucose d6 te rminges  p a r  dosage r a d i o i m m u n o l o g i q u e  e t  

* W e  wish  to  express  our  g r a t i t u d e  to  t h e  D e u t s c h e  
F o r s e h u n g s g e m e i n s c h a f t  a n d  t h e  L a n d e s a m t  fiir For -  
s c h u n g  of N o r d r h e i n - W e s t f a l e n  for g r a n t s  wh ich  m a d e  
t h i s  work  possible.  

celles des ac t iv i t6s  insu l ino- semblab les  es t im6es  stir les 
t i ssus  a d i p e u x  e t  museu]a i re  @talent d ' u n  parall@lisme re- 
m a r q u a b l e .  - -  2. P o u r  t o u s l e s  p rg l~vemen t s  l ' i nsu l ine  duns  
le s6 rum 6 ta i t  p lus  61evge duns  le g ronpe  acrom6gale  que  
duns  le g r o u p s  no rma l .  - -  3. Les roulades  ayes  une  acro- 
m6gal ie  6volu t ive  m o n t r a i e n t  des t a u x  d ' i n su l ine  signifi- 
c a t i v e m e n t  plus  61evgs ~ 1 et  2 heu res  que le g r o u p s  ayes  
aeromggal ie  non-6vo lu t ive .  - -  4. Nous  n ' a v o n s  pus  t r o u v 6  
de diff6rence s ignif icat ive  des c o n c e n t r a t i o n s  d ' in su l ine  en- 
t r e  les g roupcs  d ' ae rom6ga les  avec  ou sans  d i m i n u t i o n  de la  
to l6rance  a u  glucose. - -  5. Chez 4 ma lades  examin6s  a v a n t  e t  
apr@s i r r ad i a t i on  ou op6ra t ion  de l ' h y p o p h y s e ,  nous  a v o n s  
no tg  m~e c h u t e  s igni f ica t ive  des t a u x  d ' i n su l ine  1 e t  2 h 
aprgs  glucose p a r  vole  orals .  - -  6. C o m p a r a n t  les va r i a -  
t ions  des  t a u x  d ' insu l ine  duns  les g roupes  ayes  dif f6rents  
degr6s d ' 6 v o l u t i o n  de l ' ac rom6gal ie  a v a n t  e t  aprSs th6rap ie ,  
nous  a v o n s  t r o u v 6  u n  e h a n g e m e n t  pa ra l l e l s  de  1' " I n d e x  
in su l inog6n ique"  (SELTZER). --  L a  r6ponse  de ] ' insu l ine  
duns  le s6 rum dg te rmin6e  p a r  la  m@thode r a d i o i m m u n o -  
logique  co r r e spond  de  prSs a u x  r6su l t a t s  q u ' o n  o b t i e n t  
p a r  la  d 6 t e r m i n a t i o n  de  l ' a c t iv i tg  i n su l ino - semblab le  en  
e m p l o y a n t  le t i s su  a d i p e u x  e t  le muscle .  - -  Chacune  des  
t ro is  m 6 t h o d e s  employ6es  p e r m c t  une  6 v a l u a t i o n  d u  
degr6 d ' 6vo lu t i on  d ' u n e  acrom6gal ie  e t  d u  succ~s d ' u n e  
i n t e r v e n t i o n .  

Seruminsulin bei Akromegalie. Vergleichende t~estim- 
mung mit einer radioimmunologischen und den biologischen 
Methoden am t~ettgewebe und Muskel. 

Zusammenfassung. Bei  23 A k r o m e g a l e n  w u r d e  rad io-  
i m m u n o l o g i s c h  u n d  a m  F e t t g e w e b e  u n d  Muske l  das  Ver-  
ha l~en  des Se ruminsu l in s  u n t e r  e iner  ora len  Glucose- 
b e l a s t u n g  u n t e r s u e h t  u n d  e inem n o r m a l e n  Vergleichs-  
ko l l ek t iv  gegeni iberges te l l t .  Es  h a n d e l t e  s ich urn  8 Per -  
sonen  m i t  p r o g r e d i e n t e r  u n d  15 P e r s o n e n  m i t  zu r  Ze i t  
der  U n t e r s u c h u n g  i n a k t i v e r  Akromegal ie .  Das  y o n  uns  
a n g e w a n d t e  I n s u l i n b e s t i m m u n g s v e r f a h r e n  a m  Muske l  
wi rd  n ~ h e r  e r l~uter t .  Fo lgende  Befm~de w u r d e n  e r h o b e n :  
1. Die K o n z e n t r a t i o n s / ~ n d e r u n g e n  des r ad io immtmolo -  
gisch n a c h w e i s b a r e n  Insu l in s  u n d  de r  a m  F e t t g e w e b e  u n d  
Muskel  gemessenen  i n su l i n~hn l i ehen  Aktivit~Lten u n t e r  
ora ler  Glucosegabe  ver l ie fen  w e i t g e h e n d  paral le l .  - -  2. Die 
Insu l insp iege l  l agen  fiir alle A b n a h m e z e i t p u n k t e  be i  d e n  
A k r o m e g a l e n  deu t l i ch  hShe r  als b e i m  Norma lko l l ek t i v .  - -  
3. Bei  P a t i e n t e n  m i t  p r o g r e d i e n t e r  Akromega l i e  f a n d e n  
sieh s ign i f ikan t  h6he re  1- u n d  2 -S td -Wer t e  als bei  d e m  
Te i lko l lek t iv  m i t  i n a k t i v e r  Akromegal ie .  --  4. Zwischen  
den  S e r u m i n s u l i n k o n z e n t r a t i o n e n  be i  A k r o m e g a l e n  m i t  
u n d  ohne  d iabe t i sche  S to f fwechse l s t6 rungen  e r g a b e n  s ich 
ke ine  s ign i f ikan ten  Un te r sch i ede .  - -  5. Be i  4 u n t e r s u c h t e n  
F~l len  f i ihr te  die H y p o p h y s e n b e s t r a h l u n g  oder  -ope ra t ion  
zu  e inem s ign i f ikan ten  Abfa l l  des Se ruminsu l in s  1 u n d  
2 S td  n a c h  Glueosegabe.  - -  6. D e n  u n t e r s c h i e d l i c h e n  
I n s u l i n k o n z e n t r a t i o n e n  in  den  Te i lko l l ek t iven  m i t  ver-  
s ch iedenen  Schwereg raden  de r  Akromega l i e  sowie vo r  u n d  



196 IC[. LIEBER~EISTER et al. : Serum Insulin in Aeromegaly Diabetologia 

nach Behandlung entspraeben gleichsinnige Ver/inderun- 
gen des ,,Insulinogenie Index" nach SELTZEr. -- ]:)as 
Verhalten der biologisch nachweisbaren insulinghnlichen 
Aktivitgt und des radioimmunologisch gemessenen Insu- 
lins stimmen bei der Akromegalie fiberein. Jede der drei 
angewandten Methoden erlaubt Aussagen fiber den Akti- 

vit/itsgrad einer Akromegalie und fiber den Erfolg eines 
Eingriffs. 

Key-words: Acromegaly, progressive, inactive, treat- 
ment, immunoreactive insulin, ILA determined on fat pad, 
ILA determined on muscle. 

Among the forms of diabetes induced by  hormones 
the occurence of diabetic disturbances in acromegaly 
has been the subject of particular interest since the 
work of B.A. ItoussAY [15] and F.G.  Y o u n g  [56] on 
the interrelationships between the anterior pi tui tary 
and carbohydrate metabolism. Increases in serum in- 
sulin levels after administration of growth hormone 
have been demonstrated in men and animals [3, 16, 
17, 20, 32, 39]. 

Already in i930, 0PPENHEIME~ observed a pro- 
nounced lowering of blood sugar levels several hours 
after glucose loading in acromegaly, and concluded 
tha t  in this disease, even in cases with impaired glucose 
tolerance, the islet cell system must  be 'intact, indeed 
it must  be functioning very efficiently' [29]. This as- 
sumption was proved experimentally by  RA~DLE, who 
demonstrated increased insulin levels in acromegaly 
using the isolated ra t  diaphragm [38], and later by  
other authors using radioimmunological procedures [1, 
4, 16, 43, 58]. The method for the determination of 
insulin-like activity (ILA) in fat  tissue gave only in- 
creased fasting levels [23, 41]. The radioimmunological 
methods used predominantly in these investigations 
do not, however, permit  unequivocal statements about 
the biological activity of the concentrations of insulin 
found thereby in the serum [23, 32]. 

I t  seemed therefore, of interest, to examine if, and 
to what extent, insulin-like act ivi ty determined in 
muscle and adipose tissue, and immune-reactive in- 
sulin show parallel behaviour in this disease. Investi- 
gations of this type have not, to our knowledge, been 
described before. Patients with acromegaly appear to 
be especially suitable since they may  be expected to 
show pronounced variations in serum insulin levels 
depending on the severity of the disease or on the 
success of a specific therapy. 

Patients 
The investigations were carried out on 23 in- 

patients of our endocrinological ward. I)etafls are 
given in Table i. There were 14 men and 9 women, 
with an average age of 42 yr. 1 

In  order to divide this group into patients with 
progressive and inactive forms of acromegaly careful 
evaluations of anamnestical data on the course of the 
disease were required. Reports  of progressive acral 
growth (which was checked whenever possible by  com- 
parison with earlier photographs in order to achieve 
objectivity), of increasing headaches, heavy perspira- 

1 One girl, age 9 yrs, suffered from gigantism 

Table 1. Clinical data in 23 patients with acromegaly 

inactive progressive 

Number of patients 15 8 
Females 5 4 
Age (years) 44 (31--75) 37 (9--54) 
Weight in %Broca 1124-4 1134-5 
Normal carbohydrate 
tolerance 9 2 
Impaired carbohydrate 5 3 

tolerance 5 3 
Overt diabetes (no insulin 
therapy) 1 3 
Duration of acromegaly 12 (3--20) 31/2 (1--6) 

(years) 
Serum phosphorus above 4 4 

5.0 mg% 
Equal to or below 5.0 rag% 9 3 
Previous treatment : 

Irradiation 5 0 
Operation 3 0 

normal impaired 
glucose 
tolerance 

Number of patients 11 12 
Females 4 5 
Age (years) 40 (9--75) 43 (31--57) 
Weight in % Broca 111• 1144-5 
Duration of acromegaly 
(years) 11 (2--22) 8 (2--18) 

4- SElYI, range in brackets. 

tion, general disability and a recent increase in thyroid 
size as an expression of splanchnomegaly, were re- 
garded as signs of progression. Disturbances in men- 
struation or sexual ability were reported by  several 
patients of both groups, but did not permit  any essen- 
tial conclusions as to the progression of the disease. An 
important  diagnostic criterion was, however, the 
finding of bitemporal hemianopsia with deterioration 
of peripheral vision which increased in subsequent 
tests. Increases in inorganic serum phosphorus, in the 
sulphate ion or in all, aline phosphatase as well as a 
decrease in glucose tolerance were, together with the 
clinical facts described above, taken as an additional 
indication of a progressive form of hypersomato- 
tropism. 

The classification of the patients took place before 
the insulin tests. Two of the patients classified as hav- 
ing inactive acromegaly were examples of anterior lobe 
insufficiency after extirpation of an adenoma several 
years ago; five other patients in this group had received 
irradiation of the sella area with doses between 3000 
and 6000 r, only one of them showed signs of 
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anterior lobe insufficiency. The average weight of both 
the groups, with and without progressive acromegaly, 
was almost identical. We assumed impaired carbohy- 
drate metabolism if one or both of the glucose tolerance 
tests (100 g of glucose orally, 25 g of glucose i. v.) showed 
pathological curves as already described in our publi- 
cations [45]. I t  was possible to investigate four of the 
patients before and from 1 to 2 �89 yrs after t reatment .  
Two of these received pi tui tary X-ray  t rea tment  with 
5000 r, one with 10000 r and in the fourth patient  an 
eosinophilie adenoma was removed. 

Control subjects had to satisfy the following pre- 
conditions: negative family history as far as diabetes 
was concerned, no reports of stillborn or oversize 
babies, body weight within plus or minus 15~o of the 
norm as defined by BI~OCA, absence of diseases affecting 
carbohydrate metabolism, e.g. hyperlipaemia, thyroid 
diseases, kidney disorders, infections, ulcers of the 
gastronitestinal t ract  etc; no ingestion of such sub- 
stances as diuretics, steroids, anti-conceptives, ganglia 
blockers, which in certain circumstances show diabe- 
togenic activity. Patients showing physical inactivity 
or caloric malnutri t ion were also excluded. All control 
subjects showed normal results in both glucose toler- 
ance tests [45]. 

Methods 
Prior to glucose loading, patients and control sub- 

jects followed a normal diet and observed an over- 
night fast. They received 100 g of glucose orally. 30 ml 
of venous blood was taken before and 30, 60, 120 and 
180 min after glucose loading. Serum was pipetted at  
room temperature  and stored frozen at  -12 ~ for at  
least three weeks. 

Blood sugar was measured by  the auto-analyzer 
method [12], immunologicaily reactive insulin (IRI)  
was determined according to the method of HALES and 
I~A_~DLE [14] method C., and insulin-like act ivi ty in 
ra t  adipose tissue (FILA) was assayed using the method 
of MAI~TIN, RENOLD and DAr [24] as modified by  
])AWEKE [6] with a serum dilution of 1 : 4. Insulin-like 
act ivi ty in muscle (MIr~A) was assayed with serum 
diluted 1 : 2  with a method based on the work of 
RAFAELSEN [35]  comparable with the procedure used 
by  MOODY and FEr~BEa [28]. 

We used male albino mice (NMRI-Haackh,  Fa. 
Briinger, 4801 Bokel) weighing between 15 and 18 g, 
maintained on a diet of mixed ra t  food (Fa. HSveler, 
4018 Langenfeld-Immigrath,  Reg. 31 13/64). The mice 
were fasted, but  with free access to water, 12--18 h 
before the assay. Both the standard solutions of insulin, 
containing 50 and 800 ~U/ml (crystalline beef insulin 
27 IU/mg,  Farbwerke tIoechst), were prepared with 
Krebs-Ringer-biearbonate (KRB) buffer containing 
1% highly purified bovine albumin (Behring Werke, 
Marburg R H D  20) [48]. The serum was diluted 1 : 2 
with insulin-free buffer solution. The serum and buffer 
were gassed for 10 rain at  37~ with 95% O~ : 5% CQ.  
D-glueose-U-14C (The l~adiochemical Centre, Amer- 

sham, U.K. ,  2.9 mC/mM) was added to give a final 
concentration of 0.4 ~C/ml. The animals received in- 
traperitoneally in the median line of the lower abdomen 
1 ml of either standard or diluted serum. In  order to 
minimise loss from the peritoneal cavity we put  a drop 
of glue (Isar-Chemie Gmbtt . ,  8 Miinchen ISA-Met A) 
on the site of injection. Each solution was injected into 
four animals. We needed therefore 24 mice per pat ient  
and glucose load. 

The animals were decapitated after 1 h, and the 
diaphragm was quickly excised, avoiding contamina- 
tion with liver tissue. The diaphragm was washed in 
K R B  buffer and dried with filter paper. Glycogen was 
prepared according to WALAAS and WAr~AAS [50] by 
putt ing the muscle into 1 ml of hot 30% K O H  solution 
in a glass tube, and boiling for 20 rain. Two drops of 
10% ZnSO a solution and 3 ml of 65% ethanol were 
added. After standing for several hours at ~-4 ~ C, the 
solution was centrifuged at 350 x g for 10 rain, the super- 
na tant  was discarded and the precipitate washed with 
3 ml 65% ethanol. After one more centrffugation at  
350 x g for 20 min, the precipitate was dissolved in 1 ml 
of distilled water and transferred to pre-numbered 
counting platelets. These are dried at  50~ for 12 h, 
and then counted in a gas flow counter (Friesecke and 
Hoepfner GmbH, 852 Erlangen-Bruck, F .H .  407). 

The means of the square roots of counts/diaphragm 
per minute were recorded on semi-logarithmic paper  
against the decimal logarithms of insulin concentra- 
tions. The unknown concentrations could then be ob- 
tained using the straight line between the mean values 
of the two insulin standards. The precision index 2 ---- 
s/b [9] was then calculated according to BOOTH et al. 
[2]. The assays reported here had a mean ~ of 0.33, 
well within the range reported by  others [23]. Assays 
whose ~ was above 0.50 were discarded and repeated. 
We also calculated the "Insulinogenic Index"  according 
to SELTZE~ [46], i.e. the quotient obtained by  dividing 
the difference between the insulin concentrations in 
fasting serum and in serum 60 rain after glucose, by  
the difference in blood sugar levels at  those points. The 
results are given as means -4- standard error of the 
mean (SE1VI), and the number  of assays in brackets. 
Significance calculations were carried out, if nothing 
is indicated to the contrary, using the distribution-free 
Wilcoxon test  (Geigy Tables, 6th Ed.). 

Results 
A.  Carbohydrate Metabolism. As shown in Fig. 1, 

mean blood sugar levels after glucose loading in the 
group with inactive acromegaly were within normal 
tolerance limits (x =[= 2 SD), but  they were markedly 
elevated in the group suffering from acromegaly in the 
progressive phase. The differences between the two 
groups were highly significant; likewise the difference 
between the values of the normal group compared with 
the total  group of acromegalics. Blood sugar curves 
fell markedly in the four patients examined before and 
after t reatment .  In  spite of the small number, the 
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difference in the fasting values was shown to be signif- 
icant by the Student t test when corresponding 
values were matched. 

BS mg~ IR I  p U / m l  

250 

150 

50 

Acromego.ly 

normo.I 

3~176 t 

:t 0 J 

Acro.megaly 

normo.I 

B. Immunoreactive Insulin ( IR I ) .  At all intervals --  
with the exception of the 30 rain value -- I R I  levels in 
the patients with progressive acromegaly were signi- 

ficantly higher than those in the 
group with inactive acromegMy (Fig. 
1). The differences between the acro- 
megaly-group as a whole and the nor- 
real control group were also highly 
significant. The four patients exam- 
ined after treatment had I R I  levels 
below normal. The decrease was 
significant for all intervals that  were 

)<0,01 0'005 0'01 0,01 0'01 

fo.-:,. 1;2 ~ ~ ~ h,s 
p<0,05 0,05 0,005 0,005 0,05 

kx;t. 1] 2 { �89 :3 hrs. 
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50- 

0- 
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)<0'01 0,02 0,01 0'02 
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Fig. 1. Blood sugar and immunoreaetive serum-insulin in acromegaly after 
100 g of glucose orally 

investigated after glucose by matched 
comparison (t-test). 

It~I levels were higher in 12 acro- 
megalics with decreased glucose tol- 
erance than in 11 patients with acro- 
megalyand normal tolerance, butthis  
difference was not statistically signi- 
ficani (Table 2). The insulinogenic 
indices of patients with progressive 
acromegaly were twice as high as 
those in patients in the inactive phase. 
In  the four patients examined before 
and after treatment we noted a sharp 
drop in the indices, but  because of the 
small number of patients involved, 
it was not possible to prove the statis- 
tical validity of the difference (Table 
3). There were no clear-cut differences 
in the indices for the sub-groups with 
normal and impaired glucose tol- 
erance (Table 3). 

C. Insulin-lilce Activity determined 
on Adipose Tissue ( F I L A ) .  At all 
times during the oral GTT the 
values of F I L A  in the group with 
progressive acromegaly were higher 

Table 2. Blood-sugar and serum.insulin levels in 23 patients with acromegaly subdivided according to glucose-tolerance 

fasting 30 60 120 180 mill after 100 g glucose orally 

Blood-sugar (rag%) 
Both GTT normal 81• 128• 1314-8 1014-6 
1 or 2 GTT abnormal 98• 1714-11 1984-15 165• 
Significance § + + + + + § + + + 

I R I  (vU/ml) 
Both GTT normal 324-8 1804-52 1714-40 150:J::39 
1 or 2 GTT abnormal 544-8 2204-51 2624-53 2274-44 

FILA (~U/ml) 
Both GTT normal 3614-60 9814-276 1016• 807q- 173 
i or 2 GTT abnormal 370• 767• 1388• 836=1=194= 

MILA (~U/ml) 
Both GTT normal 233• 10094-293 8274-293 6954-240 
1 or 2 GTT abnormal 2814-55 5134-120 1205-t-318 6794-242 

S0• (11) 
127• (12) 
+ 

118• (11) 
137• (12) 

( I I)  
(12) 

(11) 
(12) 

4- SEM, number of determinations in brackets. 
p below: 0.05= +,  0.01= § 2 4 7  0.005= § 2 4 7 2 4 7  

Abbreviations: IRI  = Immunoreactive insulin, FILA = insulin-like activity determined on fat tissue, MILA = 
insulin-like activity determined on muscle tissue. 
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than those in the group with inactive acromegaly 
(Fig. 2). Despite marked variance this difference 
is statistically significant for the 1 h value.  F I L A  
values 1 and 2 h after glucose were also significantly 

FILA .u.UlmI MILA M.Ulml 
( i : 4  dll. ) (1:2 dil. ) 

2000- 

1000" 

2000- 

acromegalics with diabetic disturbances of carbohy- 
drate metabolism were only slightly different from 
values obtained with l l aeromegalics with normal 
glucose tolerance (Table 3). 

Acromegaly 1000- ~ Acromegoly 
normal normal 

0- 
p<0,02 0,05 p<0,01 0,005 0.005 0,005 

f~ ')2 i i ,,s. ,oh. ')2 i i hrs. ooot  ooo 
1000 progressive 1000 ] progressive 

inactive inactive 
0 0 J p<0,05 p< 0,05 0,05 

fo;t li2 i 2 hrs. fa'st. I)2 I �89 .hrs. 

before treatment 

after treatment 

hrs.  

3~176 7 ~.. ~ 3000] 

2000] ~ 2000] 
before treatment 

1000] 1000] 

after treatment 
0 -~ 0 J p< 0,01 0,05 p< 0,05 

fa;, i)2 i ~ hrs. ,o'~t 1)2 i 

(~+-SEM) 

Fig. 2. Insulin-like activity on adipose and muscle tissue in acromegaly after 
100 g of glucose orally 

Patients with progressive acro- 
megaly had a SELTZEI~ index that 
was twice as high as patients in the 
inactive phase of the disease (Tab. 3). 
The same result is found on compari- 
son of the total group with acrome- 
galy with the normal control group. 
Acromegalie patients with disturbed 
carbohydrate tolerance had a lower 
index than acromegalics with normal 
carbohydrate metabolism. 

Treatment  of four patients with 
progressive aeromegaly, investigated 
before and after therapy, led to a 
marked fall in the "insulinogenie in- 
dex", as demonstrated in Table 3. 

D. Insulin-like Activity determin- 
ed in Muscle ( M I L A ) .  With this me- 
thod we also found markedly higher 
levels in patients with progressive 
acromegaly than in patients with in- 
active hypersomatotropism. (Fig. 2). 
The differences between the normal 
group and the total  group of aero- 
megalies were significant at  every 
interval investigated. Because of the 
small number of cases a therapeutic 
effect on MILA levels could only be 
proved statistically for the 1 h inter- 
val. Comparison of the groups with 
and without disturbance of glucose 
tolerance indicates only a delayed 
increase in serum MILA levels after 
glucose in patients with latent or 
manifest diabetes (Table 2). Other- 
wise there are no unequivocal diffe- 
rences in MILA concentrations be- 

Table 3. The "Insulinogenic Index" of SELTZER in 23 patients with ac~'omegaly 

for Igl for FILA for MILA 

Total group (23) 2.754-0.37 12.54-3.0 13.54-4.5 
Progr. Acromegaly (8) 4.03=t=1.62 18.24-8.0 24.44-12.2 
Inactive Acromegaly (15) 2.024-0.32 9.54-2.2 7.74-2.9 
Before therapy (4) 6.934-2.52 30.94-13.6 43.74-21.0 
After therapy (4) 2.124-1.43 8.54-4.5 7.7• 
Both GTT normal (11) 3.604-1.26 15.4=f=5.7 17.2=t=8.6 
1 or GTT abnormal (12) 2.044-0.47 9.44-2.2 9.44-3.7 
Normal Values 2.104-0.31 (35) 6.904-2.64 (i0) 5.84-1.6 (13) 

4- SElV[, number of determinations in brackets, for abbreviations see Table 2. 

elevated in the total  group of acromegalics when com- 
pared with the control group. Treatment  of acromegaly 
led to a sharp decrease in F I L A  levels, significant at 
the 1 and 2 h intervals after glucose. Results in 12 

tween these two groups. Here also the index is twice 
as high in the total  group of acromegalies as in the 
control group. In  line with the F I L A  results, the "in- 
sulinogenic index" is higher in non-diabetic patients 

15" 
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and in those with progressive acromegaly when com- 
pared with the corresponding control groups. There 
was also a sharp decline after therapy. The significance 
of these latter findings could not be proved because of 
marked variance (Table 3). As indicated in Figs. 1 and 
2, results for the group with inactive acromegaly and 
the normal group show little difference. 

Discussion 
Before evaluation of the results, i t  is necessary to 

discuss the question whether elevated somatotropin 
levels can have influenced the methods of insulin 
determination. Growth hormone has an insulin-like 
effect on muscle [30, 36] and on adipose tissue [8, 53], 
and it has been reported tha t  it impairs the radio- 
immunological determination of insulin [56]. This 
latter assertion has meanwhile been refuted [26, 54]. 
I~AFAELSElg has demonstrated in the muscle method 
[36] that  at  least 10~g of human growth hormone is 
necessary to produce a small and insignificant increase 
in glucose incorporated into the glycogen of the dia- 
phragm. This amount  is ten times higher than the 
highest STH concentrations observed in acromegaHcs 
receiving glucose [44]. Even larger amounts of human 
growth hormone are required to provoke an increase 
in glucose oxidation by the adipose tissue of normal 
rats [8, 53]. I t  is, therefore, unlikely that  serum soma- 
totropin levels have influenced our determinations of 
insulin. The insulin levels determined by  these differ- 
ent methods are largely in agreement (Figs. 1 and 2), 
as far as the form of the curves and the differences be- 
tween the sub-groups are concerned. 

I t  is not intended to draw conclusions from the 
observation that  the corresponding F I L A  and MILA 
values are usually of the same order of magnitude 
since it was necessary to work with different serum 
dilutions in the two methods. Both procedures show a 
well-known dilution effect with an apparent  increase 
in ILA levels, which has been variously interpreted 
[22, 40, 47, 52]. The possibility of differences in species 
must  also be considered [48a] since we used rats for 
the F I L A  and mice for the MILA investigations. 

The question arises whether there are relationships 
between the degree of activity of acromegaly and 
serum insulin levels. WI~mHT did not find indications 
pointing to this assumption when determining glucose 
uptake of isolated rat-diaphragms as influenced by  the 
sera of 14 acromegalies [55]. In  contrast with these 
results, KAI~A~ et al. found distinctly higher I R I  
levels in their 10 cases of active acromega]y from a 
total  of 17 acromegMies, but  could demonstrate no 
significance since blood had been withdrawn at diffe- 
rent intervals [16]. Our investigations using three dif- 
ferent methods of insulin determination indicate a 
significant increase in insulin levels 1 and 2 h after 
glucose in patients with progressive acromegaly com- 
pared with a group with inactive acromegaly (Figs. 1 
and 2). We must  therefore consider whether the higher 
levels of serum insulin tha t  we found in patients with 

progressive acromegaly are not due to the fact tha t  
this group contains more persons with impaired car- 
bohydrate tolerance (Table 1). 

As a rule, persons with disturbances in carbohyd- 
rate metabolism show increased insulin levels only if 
they are overweight a t  the same time [7, t8, t9]. As 
indicated in Table 1, relative overweight, average age, 
and mean duration of acromegaly are in good accord 
for the groups with normal and impaired glucose 
tolerance. Serum insulin levels are, as demonstrated 
in Table 2, not significantly different in the two groups. 
These results are supported by  the observations of 
KAI~A~ et al., who also found no correlation between 
the degree of diabetic disturbance in aeromegaly and 
I R I  levels [16]. In  order to judge the influence of pi- 
tuitary-induced impairments of carbohydrate meta- 
bolism, it would be interesting to know the duration 
of diabetic disturbances in both sub-groups with active 
and inactive acromegaly. Since we dealt in the main 
with cases of latent  diabetes detected during our in- 
vestigations, which were performed ad hoc, this ques- 
tion cannot be answered. 

We may conclude, however, that elevated serum 
insulin levels in patients with progressive acromegaly 
are not due to a higher proportion of persons with 
disturbed carbohydrate metabolism in this group. The 
differences which exist in pituitary-induced diabetes 
in aeromegaly and in genetic diabetes have been dealt 
with extensively by Z A ~ D  and eoworkers [58]. 

The question remains whether the differences in 
serum insulin levels in our subgroups with progressive 
and inactive aeromegaly did not arise from the fact 
tha t  aeromegaly had lasted four times as long (Table 1) 
in the lat ter  group, with ensuing exhaustion of insulin- 
producing tissues. Although this possibility cannot be 
excluded, our findings in the four patients investigated 
before and after t rea tment  of aeromegaly strongly in- 
dieate tha t  there is not only exhaustion of the islets 
of Langerhans, but  also less stimulation of insulin 
production in cases of inactive hypersomatotropism. A 
eoworker of tI.  C~rSHING already reported in 1927 tha t  
blood sugar curves are largely normalized by  removal 
of the adenoma in aeromegalics [5]. Patients after 
t rea tment  for hypersomatotropism show lower II~I 
levels when compared with non-treated acromegalies 
[16, 21, 43]. The marked fall in bloodsugar and serum 
insulin concentrations tha t  we observed in four pa- 
tients after irradiation or operation, can be proved to 
be significant at the 1 and 2 h intervals after glucose 
(Figs. 1 and 2) 1. 

These investigations were carried out not earlier 
than three months after t reatment.  An anorexia imme- 
diately following the intervention, with decreased 
caloric intake does not, therefore, appear  to be the 
cause of these observations. Serum insulin concentra- 
tions as low as those in our acromegalies after treat- 

1 Similar" findings have been reported by 1~. L~JF% 
E. CE~ASI, and C.A. HAr~B~GE~ (Aeta endocr. 56, 
593--607, 1967) after preparation of this manuscript. 
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m e n t  have  also been r epo r t ed  in  pa t i en t s  wi th  insuf- 
ficiency of the  an te r io r  lobe [20, 27, 37]. 

The ca lcula t ion  of the  " Insu l inogenic  I n d e x "  
(SELTZEr) [46] assists  the  eva lua t ion  of a corre la t ion  
be tween  increases  in the  levels of serum insul in  and  
concomi tan t  increases  in blood-sugar .  As shown in 
Table  3, the  increases  in  se rum insul in  in ac t ive  acro- 
mega ly  and  before t r e a t m e n t  were more  t h a n  pro-  
por t ional ,  and  t h e r a p y  led to a no rmal i za t ion  of the  
index.  The index  was also higher  in  acromegal ics  wi th  
no rma l  glucose to le rance  in compar i son  wi th  those  
wi th  impa i r ed  c a r b o h y d r a t e  metabol i sm.  The pro-  
nounced  va r i a t ion  inheren t  in  the  index  ca lcula t ion  
d id  no t  p e r m i t  - -  a t  leas t  in our r e l a t ive ly  smal l  
groups - -  the  proof  of these  resul ts  s ta t i s t ica l ly .  

Our  f indings cannot  be exp la ined  b y  the  d i s tu rban-  
ces of c a r b o h y d r a t e  me tabo l i sm alone, which are fre- 
quen t ly  observed  wi th  e l eva ted  soma to t rop in  con- 
centra t ions .  This d iabe togenie  effect has been invest i -  
g a t e d  in vitro in  muscle  [42, 51] and  in  adipose t issue 
[ l l ] ,  as well as in vivo on the  perfused fo rea rm [34] 
and  wi th  o ther  techniques  [10, 17, 33]. F r o m  these  
f indings one would  expec t  h igh  levels of g rowth  hor-  
mone to  lead  to  a nea r ly  equal  rise in b lood sugar  and  
insul in levels.  The i n t e r p r e t a t i o n  of our  resul ts  showing 
a more  t h a n  p ropo r t i ona t e  increase  in  insul in  levels 
would  be fac i l i t a ted  b y  assuming s t imula t ion  of insul in  
release b y  g rowth  hormone.  This k ind  of s t imula t ion  
has been d e m o n s t r a t e d  in vivo [20, 31] and  in vitro [25] 
in recen t  years  in  con t ras t  to older  findings [13]. LuF~ 
and  C~RAs~ have  r epo r t ed  resul ts  which are  in close 
accord  wi th  ours  and  were i n t e rp re t ed  s imi lar ly  [21]. 

The th ree  procedures  for the  de t e rmina t i on  of 
insul in  t h a t  we have  employed  can give va luab le  in- 
d ica t ion  whe ther  a case of ac romega ly  is progressive,  
and /o r  whe ther  t he rapeu t i c  i n t e rven t ion  was success- 
ful. 
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