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Summary.  This s tudy  confirms our first results show- 
ing large and prolonged insulin secretion in pat ients  
with azotaemia and glucose intolerance. I t  shows tha t  
the pa t t e rn  of growth hormone and glueagon secretions 
was not  modified in these well nourished pat ients  wi th  
chronic renal  diseases and hyperazotaemia:  the  fasting 
vMues were in the  normal range and ~he response d~u'ing 
a 5 h glucose tolerance tes t  was normal,  except in one man 
with Fab ry ' s  disease, in whom a very large increase in 
p lasma growth hormone was observed at  the beginning 
of the GTT when the blood glucose increased. There was 
no increase in plasma H.G.I-I.  during the intravenous 
glucose tolerance test  of 60 min. Plasma glueagon values 
were normal.  - -  This s tudy  done on 11 subjects  shows 
tha t  the  diminished tolerance to glucose observed in 
azotaemie pat ients  in presence of a large and prolonged 
insulin secretion cannot  be rela~ed to abnormali t ies  in 
growth hormone or glueagon secretion. 

Intoldrance au glucose darts l'ur&nic. I L  Valeurs plas- 
matiques de l'hormone de ev'oissance et du glucagon 

Rdsumd. Carte 4rude confirme nos premiers r6sul~ats 
d6montrant  une s6cr6tion d' insuline impor tante  et  pro- 
long4e chcz des pat ients  pr4sentant  une azot~mie 41ev6e 
et une intol6rance au glucose. Ella montre  qua les carac- 
t6ristiques des s6er6tions d 'hormone de croissanee et  de 
glucagon ne sont pas modifi6es ehez ces pat ients  bien 
nourris qui pr6sentent  des maladies r6nales avee hyper-  
azot6mie: les valem's ~ jeun sont dans les Iimites normales 
et la r6ponse au tours  d 'un  tes t  de tol6ranee au glucose 
d~une dur6e de 5 h est norrnMe, except6 ehez un homme 
ayan t  une maladie de F a b r y  ehez lequel une t,r~s impor- 
t an te  augmenta t ion  de l 'hormone de eroissance dans Ie 
p lasma a 6t6 observ4e au d6but du GTT lorsque le glu- 
cose du sang s 'dlevait .  I1 n ' y  a pas d ' augmenta t ion  
d 'hormone de eroissance dans le plasma pendant  lc test  

de tol6rance au glucose de 60 min. Les valeurs du gluca- 
gon plasmat ique sont normales. - -  Carte 4rude effectu4e 
sur 11 sujets montre  qua la diminution de la tol6rance au 
glucose qui est observ4e chez les pat ients  azot4miques en 
pr6senee d 'une s6cr6tion d ' insuline importange et  pro- 
long6e ne peut  pas 6tre raise en relat ion avec des ano~ 
malies de s6cr6tion de l 'hormone de croissance ou du 
glueagon. 

Eingeschri~nkte Glucosetoleranz bei Ur(~mie. I I .  Plasma. 
Spiegel yon Wachstumshormon und Glucagon 

Zusammenfassung: Die vorliegende Untersuchung be- 
sti i t igt unsere friiheren Resu]tate,  die bei Pa t ien ten  mi t  
Ur/~mie und S~Srungeu der Gltmose%oleranz eine ausge- 
pr/fgte and  verlgngerte Insulinsekret ion zeigten. Sic 
ergiht ferner, dal3 das Verhalten der Sekretion yon 
Vc'aehstumshormon und Glucagon bei diesen Pa t ien ten  mi~ 
chronischen Nierenerkrankungen,  die sich in gutem Er-  
nghrungsznsgand befinden, nicht  vergnder t  war :  Die 
Niichternwerte lagen im Nermbereieh und w/ihrend eines 
5stiindigen GlucosetoIeranztestes kam es zu einer norma- 
len Reaktion,  wenn man yon einem Mann mit  Fabry ' scher  
Erkrankung absieht, bei dam zu Beginn des GTT w/ihrend 
des Blutzuekeranstieges eine sehr s tarke Zunahme des 
Waehs~umshormons festzustellen war. W/ihrend des ein. 
stiindigen i .v.  GTT stieg das Plasma I t .  G. I-I. nicht  an. 
Die Plasma-Glucagonspiegel verhiel ten sieh normM. --  
Diese Untersuehungen an 11 Probanden zeigen, dal~ die 
verringerte Gtucosetoleranz bei ur~mischen Pat ien ten  bei 
gleichzeitig verst/~rkter und verl~ngerter Insulinaus- 
sehii t tung nieht  auf eine gestSr~e Sekretion yon grachs-  
~umshormon oder Glucagon zuriickgeht. 

Key-words: Diabetes,  uraemia,  growth hormone, glu- 
cagon, insulin. 

The  occurrence of glucose in to le rance  in p a t i e n t s  
w i th  rena l  fa i lure  is now well  k n o w n  [6 - -9 ,  11, 14--16 ,  
18, 21, 22, 25, 27, 28]. W e  have  shown t h a t  the  insul in  
secre t ion  is i m p o r t a n t  a n d  p ro longed  in azo taemic  sub-  
jec ts  s u b m i t t e d  to  oral  glucose to le rance  tes ts  [25]. These  
resul t s  were conf i rmed b y  others  [6, 7, 9]. Desp i te  t he  
large insul in secret ion no reac t ive  h y p o g l y e a e m i a  was 
obse rved  in the  la te  phase  of the  oral  glucose to le rance  
test .  This  m i g h t  suggest  t h a t  there  is also a high 
secre t ion  of g rowth  ho rmone  and /o r  g lucagon  in 
pa t i en t s  wi th  u raemia .  W e  have  s t u d i e d  11 new 
uraemic  subjec t s  in  respec t  to  g rowth  ho rmone  a n d  
glucagon secret ion.  

Methods 

Six men  a n d  five women  were s tudied .  Al l  were 
wel l -nourished,  chronica l ly  h y p e r a z o t a e m i e  subjec t s  
(blood urea  n i t rogen  above  100 mg/p .  100 ml).  T h e y  
were be tween  20 and  67 yea r s  old, wi th  a mean  of 45. 
None  were obese.  There  was no f ami ly  h i s to ry  of dia-  
betes  or  obesi ty .  Seven were s u b m i t t e d  to  an  oral  
glucose to le rance  t es t  (GTT) b y  giving t h e m  45 g of 
glucose pe r  m 2. On 5 subjec ts  a r a p i d  in t r avenous  
glucose to le rance  t es t  (25 g pe r  m ~") was per formed,  and  
three  of t h e m  rece ived  a s imul taneous  in jec t ion  of 
2 ~g/kg of glucagon.  One arginine  infusion tes t  (25 g 
in  400 ml  I I 2 0  in 30 rain) was Mso per formed.  
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Blood glucose was de t e rmined  b y  the  glucose oxi- 
dase  m e t h o d  [12] using Boehr inger  commerc ia l  k i t s  
(C. F.  Boehr inger  & Soehne GmbH. ,  Mannheim) .  Plas-  
m a  insulin,  g rowth  hormone  (H.G.I t . )  a n d  g lucagon 
were e s t i m a t e d  b y  the  BERso~ and  Y ~ o w  radio-  
immunolog ica l  m e t h o d  [4], as first employed  for insul in 
[29], wi th  smal l  modif ica t ions  used in our  l a b o r a t o r y  
and  p rev ious ly  descr ibed  for insul in [19, 20], H .G.H.  
[24], and  glucagon [2]. The s t a n d a r d  now used  for 
H .G.H.  is the  purif ied p r e p a r a t i o n  of Prof .  A . E .  

The  p a t t e r n  of p l a s m a  growth  hormone  does no t  
seem to be modif ied in these hype razo taemic  subjects .  
No high, fas t ing  values  were observed,  except  in pa-  
t i en t  L E C . . .  A secondary  increase in p l a sma  t t .G . H .  
was seen in 5 out  of 7 subjects  dur ing  the  5 h GTT. An  
in i t ia l  small  increase,  p r o b a b l y  non-specific, was seen 
in 2 pa t ien ts .  A good response to  arginine was observed  
in the  one case s tudied.  Dur ing  the  in t ravenous  glucose 
to lerance  t es t  only  one secondary  increase in p l a sma  
H.G.H.  was observed,  p r o b a b l y  because  of the  dimin-  

Table 1. Oral glucose tolerance tests performed on seven azotaemic patients: 

Case 0 rain 30 rain 60 rain 120 min 180 rain 240 rain 300 rain 

DUR.. .  

GRA...  

HAT.. .  

a) 
b) 
c) 
d) 

106 138 159 144 121 75 82 
19 144 116 92 46 34 26 
2.5 4.0 2.5 2.5 9.0 13.0 10.0 
2.2 2.5 2.5 2.0 2.0 2.4 2.2 

101 163 161 174 147 129 79 
75 200 260 260 280 165 62 

6.0 2.5 3.5 4.0 3.0 3.5 6.5 
2.0 1.5 1.7 1.9 1.7 1.7 1.7 

120 188 290 258 195 98 63 
19 70 75 130 110 38 34 
2.0 4.0 9.5 3.5 1.5 2.2 6.5 

80 144 124 72 92 80 80 
LEC... 18 400 210 28 30 25 24 

13.5 10.0 28.0 16.0 7.0 1.0 0.5 
2.2 1.8 -- 1.4 1.3 1.4 1.6 

NEV... 78 104 126 104 100 68 --  
64 50 125 100 78 21 --  

2.5 3.5 7.5 2.0 0.8 5.5 --  
2.7 3.2 2.5 2.1 2.0 --  --  

SUI...  104 128 112 68 92 80 80 
20 100 84 24 30 18 24 

0.5 0.5 4.5 8 14.0 11.0 0.5 

SYL... 104 184 212 96 100 88 88 
16 78 78 78 40 25 22 

1.0 0.1 2.0 0.1 2.0 3.0 1.0 
1.8 2.7 1.5 2.3 2.6 2.9 1.6 

a) first value: blood glucose in mg per 100 ml 
b) second value: plasma insulin in ~u/ml 
c) third value: plasma H.G.H. in ng/ml 
d) fourth value: plasma glucagon in ng/ml 

Wm~nLMI (At lan ta ,  Georgia)  H S  705 (2 I .U . /mg) .  
H S  705 is b iological ly  and  immunolog ica l ly  twice as 
p o t e n t  as  I t S  545 A, a p r e p a r a t i o n  we have  p rev ious ly  
used  [24]. 

Results and Comments 

The levels of b lood  glucose, of p l a sma  insulin,  of 
p l a sma  g rowth  hormone,  and  of g lueagon following a 
glucose to le rance  t es t  a re  g iven in Table  1. Dur ing  the  
i n t r avenous  glucose to lerance  t es t  the  resul ts  ob t a ined  
are  g iven  in  Table  2. 

i shed ra te  of glucose d i sappea rance  and  the  shor t  per iod  
of obse rva t ion  (Table 2). 

There  was no hypersecre t ion  of H .G.H.  which 
could be responsible  for the  a p p a r e n t  res is tance to  
insuhn.  

I n  only  one sub jec t  (LEC...) was a ve ry  special  
p a t t e r n  in I t .G .H .  secret ion observed  dur ing  the  
glucose to le rance  tes t .  P l a s m a  H.G.H.  was ve ry  high 
before  the  glucose to lerance  test ,  and  a large rise 
occurred dur ing  the  first hour  a f te r  the  glucose load. I t  
m a y  have  been due to  a non-specific increase in p l a sma  
H.G.H. ,  since i t  can occur spon taneous ly  in no rma l  
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adolescents [13] or in  normal ,  fast ing adul ts  [17], [10]. 
Pa t i en t  LEC... had F a b r y ' s  disease [5, 23]. I n  this 
inheri ted,  systemic metabol ic  disease (glycolipid lip• 
dos• characterized by  an  accumula t ion  of two or more 

a nd  prolonged 1 in  azotaemic subjects submi t t ed  to oral 
glucose tolerance test,  a fact also confirmed by  others 
[6, 7, 9]. 

This s tudy  also shows tha t  the glucose intolerance 

Table 2. Rapid intravenous glucose tolerance tests on five azotaemic patients: 

Case Time in minutes 

0 2 5 7 10 20 30 60 90 

GEO... 

G R A . . .  

( x )  

PAI... 

SAB... 

a) 75 277 254 237 228 213 181 115 74 
b) 24 160 126 100 150 100 84 40 27 
c) 1.5 2.5 2.5 2.5 2.5 4 3.6 2.5 1.2 
d) . . . . . . . . .  

90 -- -- -- 282 230 206 144 
25 -- >400 -- ~400  220 145 150 

5 -- 4 -- 5 3.5 3 5 
1.20 -- 1.40 -- 1.50 1.40 1 1 

80 268 274 260 260 258 250 200 
8 62 62 58 62 64 62 62 
4 3.2 3.2 3.6 4.5 3.2 3.2 3.6 

65 262 246 240 240 228 204 179 
- -  - -  170 96 125 150 92 58 

0.6 ~ 0.6 ~ 0.6 ~ 0.6 ~0 .6  ~ 0.6 4 4.5 

SYL... 113 -- 254 -- 234 -- 193 161 
( A )  2 0  - -  4 0  - -  3 6  - -  22 25 

5 -- 5 -- 3.5 -- 3 1.5 
1.80 -- 1.50 -- 1.55 -- 1.25 1.40 

160 
4O 
4 

113 
18 
4 
2 

Cases GEO .... P A l . . .  and SAB. . .  received simultaneously 2 ~g glueagon per kg body 
weight, and the I .  V. glucose. 
Symbols (X) and (A) indicate subiects also submitted to oral GTT  
(Table 1): 
a) first value: blood glucose in mg per 100 ml 
b) second value: plasma insulin in ~u/ml 
c) third value: plasma H.G.H. in ng/ml 
d) fourth value: plasma glueagon in ng/ml 

neut ra l  glycolipids in  the tissues, hypotha lamic  depo- 
sits were described [23]. I t  m a y  be speculated t h a t  in  
this subject  the rise in  plasma H.G. I t .  one hour  after 
glucose m a y  be related to hypotha lamic  disorders, 
since i t  was observed in  two adul ts  with acromegaly 
and  in  one child with an  optic glioma tha t  encroached 
upon  the hypo tha lamus  [3]. I n  pa t i en t  LEC... a com- 
plete au topsy  was no t  available,  and  no answer can be 
given to this hypothesis.  

The p lasma glucagon values were in  the no rma l  
range in  the fas t ing period, and  dur ing GTT or the 
other inves t igat ions  (Table 1 and  2) 

Discus.sion 

This s tudy  done on 11 subjects wi th  chronic renal  
deficiency confirms our first s tudy  [25], which has 
shown t h a t  the insul in  secretion is general ly considerable 

observed in  pa t ien ts  with renal  failure cannot  be rela- 
ted to e levated plasma levels of growth hormone or 
glucagon either a t  fast or after a glucose load. 

The actual  mechanism(s) of the diminished toleran- 
ce to glucose in  hyperazotaemia  remains  unknown.  We 
have reviewed elsewhere [26] the current  hypotheses 

1 In  our laboratory normal values (means • sem) for 
blood glucose (BG) and plasma insulin (I) determined on 
31 adults of both sexes during a 5 hour oral GTT were: 

Time 0 30 60 120 180 240 300 
min rain min rain rain rain rain 

BG 84.7 127.0 122.5 96.8 81.5 80.1 81.1 
• • • • • :L • 

rag/100 ml 1.6 4.0 4.3 3.5 3.0 2.8 2.0 

I t3.0 68.7 74.0 51.7 25.1 13.3 8.7 
• ~ • • • =i= • 

~u/ml 1.0 7.1 7.7 5.0 3.5 1.8 0.5 
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which  have  been a d v a n c e d  th rough  publ ica t ions .  I f  one 
accepts  t h a t  a cer ta in  degree of insul in res is tance  m u s t  
be  present ,  i t  canno t  be due to  a large,  a b n o r m a l  
secre t ion  o~ I t . G . H .  or  g lueagon as  shown here,  nor  to  
a n  increase  in  plasma, free f a t t y  acids  [9, 11], nor  to  
acidosis  [15], nor  to  a b n o r m a l  concen t ra t ions  of N a  + or  
K+ in serum [15, 21]. One s t u d y  has  shown improve-  
m e n t  in  glucose to le rance  af te r  a d m i n i s t r a t i o n  of 
p o t a s s i u m  a n d  correc t ion  of the  in t ra -ee l lu la r  deple-  
t i on  of th i s  ion [22]. The  role of urea  is v e r y  confl ict ing 
accord ing  to  t he  con t r ad i c to ry  s tud ies :  some accep t  
[6, 14, 16], whereas  o thers  deny  [11, 18, 27, 28] i t s  
r espons ib i l i ty  in  glucose intolerance.  B u t  "one  migh t  
consider  t h a t  even  the  e l eva ted  levels of insul in  found  
in  azo taemic  subjec t s  were i n a d e q u a t e  to  mee t  t he  
response d e m a n d e d  b y  the  e l eva ted  glucose levels ;  
t h a t  is, the  panc rea t i c  response to  the  degree of hyper -  
g lycaemia  p resen t  should have  been even g r e a t e r "  [7]. 

I n  fact ,  two s tudies  have  shown a g rea te r  pancrea-  
t ic  secret ion a f te r  d ia lys is  [ t ,  i t ] .  B u t  the  concept  of 
panc rea t i c  deficiency fails to  account  for t he  p ronoun-  
ced insul in response to in t r avenous  t o l b u t a m i d e  [7, 25], 
desp i te  t he  de l ayed  nad i r  in  b lood  glucose. 
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