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Distribntion of 3-methyl-glucose (MEG) and glucose between liver, muscle and plasma water in anaesthetized rats after an infusion of MEGA~C 

Length of No. of Insulin Average Distribution space of MEG, ml]g Ratio of glucose Ratio of glucose 
MEG experi- glucose concentration in concentration in 
infusion ments concentration Liver~ Gastrocnemius liver-HzO/plasma- 'available' liver- 
(rain) in plasma- H2 0 b H20/plasma- 

H20 H~O ~ 
mg/lO0 ml 

60 5 - 82.9 0.787 4- 0,047 0.220 -4- 0.019 1.395 4- 0.154 1.776 4- 0.196 

120 4 - 76.2 0.919 ~ 0.059 0.239 ~ 0.014 1.506 -1- 0.067 1.655 i 0.115 

60 5 + 27.7 0.864 -t- 0.041 0.666 4- 0.058 2.258 4- 0.347 2.632 4- 0.432 

Average values 5~ standard error of means are shown. " The overall average of the 2 groups not treated with insulin is 0.846 i 0.042. 
b The overall average of the 2 groups not treated with insulin corresponds to an average ratio of 1.13 for mg glucose in g liver/rag glucose 
in ml plasma. ¢ Equals the calculated apparent distribution volume of glucose/calculated distribution volume of MEG. The overall average 
of the groups not treated with insulin is 1.722 4- 0.112. 

b e t w e e n  the i r  resul ts  and  ours  is due e i ther  to dif ferences  
in t he  chemical  m e t h o d s  used,  or to  the  d ivergence  be-  
tween  in jec t ion  and  s t e a d y  s t a t e  infusion m e t h o d s  in 
e s t ima t ing  d i s t r ibu t ion  spaces  4. In  ag reemen t  wi th  
earlier inves t iga tors  an increased d i s t r ibu t ion  space of 
MEG was found  in the  gas t rocnemius  of ra ts  t r ea t ed  wi th  
insul in lo. 

The calcula ted a p p a r e n t  d i s t r ibu t ion  space of glucose 
in t he  l iver was  larger  t h a n  the  M E G  space.  Assuming  
t h a t  t he  same vo lume  of w a t e r  is avai lable  to  dissolve 
b o t h  sugars,  the  average  concen t r a t i on  of glucose was  
1.72 4-0.11. t imes  as h igh  in th is  w a t e r  as in p l a sma  
water .  Since, however ,  in ra t s  a b o u t  30% of the  to ta l  
l iver wa te r  n and  thus  36% of the  d i s t r ibu t ion  vo lume  of 
MEG, is extracel lular ,  t he  t rue  concen t ra t ion  ra t io  of glu- 
cose be tween  the  g lucose-conta in ing  c o m p a r t m e n t  of the  
l iver cell and  ext racel lu lar  wa te r  is l ikely to  be abou t  2.0. 
In  insulin induced  hypog lycaemia  the  ra t io  of the  con- 
cen t r a t i ons  of glucose in t h e  MEG-space  and  p l a sma  
wa te r  was 2.63 ± 0.43, t h e  e s t i m a t e d  t rue  in t race l lu lar  
glucose c o n c e n t r a t i o n  being 3.3 t imes  as h igh  as in t h e  
p lasma.  Since insulin d id  no t  cause an accumula t ion  of 
MEG in the  liver, its effect  on the  ca lcula ted  d i s t r ibu t ion  
space of glucose is no t  l ikely to  be due to  an a l te ra t ion  of 
pe rmeab i l i t y  of the  l iver  cell m e m b r a n e .  I t  appears  t h a t  
th is  increase is the  resul t  of the  c i r cums tances  t h a t  the  
o u t w a r d  m o v e m e n t  of glucose is no t  facile enough  to pre-  

v e n t  t he  ex i s tence  of a cons iderable  concen t r a t i on  gra- 
d i en t  w h e n  ne t  glucose flow ou t  of t he  l iver  is going on ~, 
especial ly  a t  an increased ra te  as in hypog lycaemia  12. 

Zusammen/assung. Es wurde  gefunden,  dass  3-Methyl-  
Glukose (MEG) sich in 85% der  g e s a mt e n  Gewebeflfissig- 
kei t  der  R a t t e n l e b e r  10st. I s t  Glukose in gleicher P l a sma-  
menge  en tha l t en ,  so ist die be rechne te  K o n z e n t r a t i o n  in  
der  Leberzel lf l i iss igkei t  d o p p e l t  so hoch.  Bei lnsu l in-  
hypog lyk~mie  s t ieg dieses Verh/ i l tnis  wel te r  an,  ohne  
a b e t  eine Ver / inderung  im Ver t e i lungsvo lumen  yon  M E G  
zu ergeben.  Die L e b e r z e l l me mb r a n  sche in t  die Pene t r a -  
t ion der  Glukose aus der  Zelle zu verzOgern. 
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Simi lar  Effects of A r g i n i n e - V a s o p r e s s i n  and 
A r g i n i n e - V a s o t o c i n  on P e r me ab i l i t y  of T o a d  Skin  

N e u r o h y p o p h y s i a l  pep t ides  h a v e  been genera l ly  as- 
sayed  on t e s t  ob jec ts  which  de t ec t  s m o o t h  muscle  ac t iv i ty  
(uterus,  blood pressure,  and  m a m m a r y  gland) or  f luid re- 
abso rp t ion  (rat ant i -diures is  and  a m p h i b i a n  bladder) ,  and  
the  2 t ypes  of response  have  been  somet imes  t h o u g h t  to 
be re la ted  to  a u g m e n t e d  sod ium t r a n s p o r t  and  to  in- 
creased wa te r  pe rmeabi l i ty .  Whi le  vasopressor  ac t iv i ty  
has seemed to  be associa ted  w i t h  bas ic i ty  of the  amino  
acid in pos i t ion  81, and  oxytocic  ac t iv i ty  has  seemed to  
d e p e n d  on iso-leucine in pos i t ion  3 and  the  in t eg r i t y  of 
t he  p e p t i d e  r ingL the  responses  of var ious  t i ssues  to  

na tu ra l  or syn the t i c  ho rmones  have  se ldom been  in 
agreement .  BOURGUET and  MAETZ 3 h a v e  s h o w n  for 
several  p e p t i d e s  t h a t  t he re  is a lack of cor re la t ion  be-  
t w e e n  nat r i fer ic  and  h y d r o s m o t i c  ac t iv i ty .  I t  was the re -  
fore of in t e res t  to  examine  t h e  effect  of var ious  pep t ides  
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on a t e s t  ob j ec t  wh ich  p e r m i t s  d i f f e r en t i a t i on  of t h e  
h y d r o s m o t i c  a n d  na t r i f e r i c  effects.  

Bu[o melanostictus, h y d r a t e d  o v e r n i g h t  a n d  h a v i n g  t h e  
c loaca  t ied,  was  f o u n d  w h e n  p laced  in  d i s t i l l ed  w a t e r  to  
t ake  up  w a t e r  t h r o u g h  t he  sk in  a t  a r a t e  of 17 /A]cm*/h 
(at  29 °C). Th i s  r a t e  r e m a i n e d  c o n s t a n t  for  more  t h a n  24 h. 
W h e n  a rg in ineS-vasopress in  was i n j ec t ed  i.m., t h e  r a t e  
of w a t e r  u p t a k e  inc reased  a n d  t h e n  s lowly r e t u r n e d  to  
n o r m a l  o v e r  t h e  n e x t  few hours .  Since t h e  t oads  were in 
c o n t a c t  w i t h  d is t i l led  w a t e r  t h i s  increase  cou ld  n o t  be  
ascr ibed  to  a n  a l t e r a t i o n  in s o d i u m  t r a n s p o r t ,  b u t  cou ld  
be due  o n l y  to  inc reased  p e r m e a b i l i t y ,  a n d  t he  m e t h o d  
the re fo re  p r o v i d e d  a m e a n s  of assess ing  a n d  c o m p a r i n g  
t he  ef fec t  of va r ious  p e p t i d e s  on  t h e  w a t e r  p e r m e a b i l i t y  
of t h e  t o a d  skin.  T h e  r a t e  of w a t e r  u p t a k e  d u r i n g  t h e  1]~ h 
i m m e d i a t e l y  fo l lowing t h e  i n j e c t i o n  was  m e a s u r e d  a n d  
was expressed  as % of t h e  bas ic  r a t e  of w a t e r  u p t a k e .  A 
r a n g e  of doses  was  used,  a n d  dose- response  cu rves  were  
p r e p a r e d  for  a rg in ineS-vasopress in ,  a rg in ine" -vaso toc in ,  
a n d  o x y t o c i n  (F igure  1). 
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Fig. 1. Relationship between dose of peptide and % increase in 
water uptake during the z/~ h immediately following i.m. injection; 
toads bathed in distilled water. Lines drawn by eye. e - - e  = argi- 
ninee-vasotoein; o . . . . .  o = arginineS-vasopressin; + . • • + = oxy- 

toein. 
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Fig. 2. Relationship between dose of peptide and % increase in water 
uptake during the 1/= h immediately following i.m. injection; toads 
bathed in 0.1% NaC1. Lines drawn by eye. o - - $  = arginine s- 
vasotoein; o . . . . .  o = arginineS-vasopressin; + . . . . .  + = oxytoein. 

Arg in ineS-vasopress in  a n d  a rg in ineS-vaso toc in  in  a 
wide r a n g e  of doses p r o d u c e d  closely s imi la r  effects,  a n d  
each  p r o d u c e d  100% increase  in p e r m e a b i l i t y  w h e n  
p r e s e n t  w i t h i n  t h e  t o a d  in a c o n c e n t r a t i o n  of 10 -° mola r .  
O x y t o c i n  p r o d u c e d  on ly  a v e r y  sma l l  effect  on  p e r m e a -  
b i l i t y  a n d  could  n o t  be  g iven  in a dose large  e n o u g h  to  
d o u b l e  t h e  r a t e  of w a t e r  u p t a k e  ( the  t o a d s  died).  M a k i n g  
a c o m p a r i s o n  of t h e  dose of each  pep t ide  r equ i r ed  to pro-  
duce  a 50% increase  in t h e  r a t e  of w a t e r  up t ake ,  t h e  ac- 
t i on  of a rg in ineS-vasopress in  a n d  a rg in ineS-vaso toc in  were 
seen  to  be  closely s imi lar ,  a n d  b o t h  were  a b o u t  2000 t i m e s  
more  e f fec t ive  t h a n  oxy toc in .  

I n  a n o t h e r  ser ies  of e x p e r i m e n t s  t h e  t o a d s  were p laced  
in  0 .1% NaCI  so lu t ion ,  a s i t u a t i o n  f r o m  w h i c h  t h e r e  are  2 
e l e m e n t s  of w a t e r  u p t a k e  - w a t e r  m o v e m e n t  in  r e sponse  
to  o smot i c  g r a d i e n t ,  a n d  w a t e r  m o v e m e n t  in  p u r s u i t  of 
t r a n s p o r t e d  Na+. Aga in  a r a n g e  of doses  was  used,  a n d  
dose- response  cu rves  were  o b t a i n e d  for  t h e  3 pep t i de s  
(F igure  2). 

W h e n  NaC1 was  a v a i l a b l e  on  t h e  g u t e r  a spec t  of t h e  
t o a d  skin,  a rg in ineS-vaso toc in  was  f o u n d  to  be  m o r e  po-  
t e n t  a t  al l  dose  levels.  A 100% increase  in t h e  r a t e  of f luid 
u p t a k e  was  p r o d u c e d  b y  a c o n c e n t r a t i o n  w i t h i n  t h e  t o a d  
of  2 • 10 -~ m o l a r  a rg in ineS-vasopress in  or  0.6 • 10 -9 m o l a r  
a rg in ineS-vasotoc in .  O x y t o c i n  now p r o d u c e d  a v e r y  m u c h  
g r e a t e r  increase  in  t h e  r a t e  of w a t e r  up t ake .  I t  was  pos-  
sible to  c o m p a r e  t h e  doses of each  p e p t i d e  w h i c h  p r o d u c e d  
100% increase  in  f lu id  up t ake ,  a n d  i t  was  f o u n d  t h a t  in  
t he  p resence  of s o d i u m  chlor ide,  a rg in ineS-vaso toc in  was 
3 t i m e s  more  p o t e n t  t h a n  arg in ineS-vasopress in ,  a n d  t h e y  
were respectively 120 t imes  a n d  40 t i m e s  more  p o t e n t  
t h a n  oxy toc in .  

W h i l e  a rg in ineS-vaso toc in  has  b e e n  v a r i o u s l y  r e p o r t e d  
to  be  f rom 200-400 t i m e s  more  e f fec t ive  t h a n  a rg in ine  s- 
va sop re s s in  in i t s  ac t ion  on  t o a d  b l a d d e r  4-8, t h e  measu re -  
m e n t s  were a lways  m a d e  in t h e  p resence  of Na+  ion. T h e  
p r e s e n t  e x p e r i m e n t s  sugges t  t h a t  a l t h o u g h  a rg in ine  s- 
v a s o t o c i n  a n d  a rg in ineS-vasopress in  d i f fer  in  t h e i r  effect  
on  N a  + t r a n s p o r t ,  t h e y  p roduce  a n  iden t i ca l  effect  on  t h e  
w a t e r  p e r m e a b i l i t y  of t o a d  skin,  a n d  t h e  resu l t s  l end  fur-  
t h e r  s u p p o r t  to  t h e  sugges t ion  of BEgDE a n d  his  co- 
workers  ~ t h a t  t h e  basic  a rg in ine  in pos i t ion  8 is s ign i f i can t  
in the  p r o d u c t i o n  of t h i s  p e r m e a b i l i t y  effect  s. 

Rdsum& Des c r a p a u d s  o n t  6t6 employ6s  p o u r  dose r  
l ' a c t i on  des  pep t i de s  n e u r o h y p o p h y s a i r e s  su r  la  pe rm6a -  
blli t~ de  la peau .  L ' a rg in ineS-vasopress ine  e t  l ' a rg in ine  8- 
va so toc ine  o n t  en  absence  de Na+  le m~me  effet.  Et les  
a u g m e n t e n t  les m o u v e m e n t s  de l ' eau ,  ~ doses  vari6es,  e t  
leur  ac t ion  £ r o u t e s  d e u x  es t  2000 lois  p lus  p u i s s a n t e  que  
celle de  l ' oxy toc ine .  E n  p re sence  de Na+  l ' a c t i o n  de  
l ' a rg in ineS-vaso toc ine  e s t  3 lois  p lus  g r a n d e  que  celle de  
I%rginineS-vasopress ine .  El les  s o n t  r e s p e c t i v e m e n t  120 
lois e t  40 fois p lus  p u i s s a n t e s  q u e  l ' oxy toc ine .  
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