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vitamin A. Cond~tmns for the applicability of this assay 
of'the vitamin A bodypool to animal populations without 
further modifications are constant absorptions by the 
animal livers of the injected labelled vitamin A from the 
blood and constant long storage half life times for the 
vitamin A in the total body. 

The observations of low vitamin A reserves in vitamin 
E-deficient rats, which is in agreement with the findings 
of several other laboratories ~, illustrates the usefulness of 
this assay. Further investigations are in progress. 

Zusammen/assung. E s  w i r d  e ine  I s o t o p e n - V e r d i i n -  
n u n g s t e c h n i k  z u r  B e r e c h n u n g  de s  V i t a m i n - A - I ~ 6 r p e r v o r -  
r a t e s  in  R a t t e n  b e s c h r i e b e n .  A u s  d e r  V e r d i i n n u n g  e i n e r  
i .v .  D o s i s  r a d i o a k t i v e n  V i t a m i n s  A d u r c h  d a s  u n m a r k i e r t e  
V i t a m i n  A des  g e s a m t e n  K 6 r p e r s  k a n n  d e r  V i t a m i n - A -  
K 6 r p e r v o r r a t  b e r e c h n e t  w e r d e n .  D ie  so e r h a l t e n e n  W e r t e  
s i n d  m i t  d e n e n  d e r  a n a l y t i s c h e n  V i t a m i n - A - B e s t i m m u n -  
g e n  in  d e n  e n t s p r e c h e n d e n  L e b e r n  v e r g l e i c h b a r .  
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S y n t h e s i s  o f  [ 4 - L e u c i n e ] - A r g i n i n e - v a s o t o c i n ,  a N a t r i u r e t i c  A n a l o g u e  o f  A r g i n i n e - V a s o t o c i n  

O x y t o c i n  (I) a n d  t h e  v a s o p r e s s i n s  h a v e  b e e n  r e p o r t e d  
t o  b e  n a t r i u r e t i c  in  m a m m a l s  u n d e r  c e r t a i n  c o n d i t i o n s L  
T h e  n a t r i u r e t i c  p r o p e r t i e s  a r e  a c c e n t u a t e d  in  t h e  s y n t h e t i c  
h o r m o n e  a n a l o g u e s  2 [ L e u 4 ] - o x y t o c i n  a-5 ( I I a ) ,  [Leu4] - 
m e s o t o c i n 6 ,  ~ ( =  [Leu  4, I l eS ] -oxy toc in ,  I I b ) ,  ELeu ~, Leu4] - 
o x y t o c i n  s ( I I  c), ~Leu 2, Leua]  - 9 a n d  EIle 2, I l e a l - o x y t o c i n  ~, ~0 
( I I I b ,  c) a n d ,  t o  a l e s se r  e x t e n t ,  ~ I l ea ] -oxy toc in  ~ ( I I I a ) .  

S ince  of a l l  t h e  n a t u r a l  n e u r o h y p o p h y s i a l  h o r m o n e s  i t  
is  a r g i n i n e - v a s o t o c i n  ( =  [ArgS] -oxy toc in ,  I V a ) ,  t h e  en -  
d o g e n o u s  h o r m o n e  of t h e  l ower  v e r t e b r a t e s ,  w h i c h  h a s  
t h e  g r e a t e s t  e f f ec t  o n  t h e  t r a n s p o r t  of  s o d i u m  b y  a m p h i b i -  
a n  m e m b r a n e s  (skin ,  b l a d d e r )  as  we l l  a s  t h e  a m p h i b i a n  
k i d n e y  n i t  a p p e a r e d  of i n t e r e s t  t o  c a r r y  o u t  a s i m i l a r  
s t r u c t u r a l  c h a n g e  - r e p l a c e m e n t  of  g l u t a m i n e  b y  l e u c i n e  
i n  s e q u e n c e  p o s i t i o n  4 - a l so  in  t h e  m o l e c u l e  of  a r g i n i n e -  
vaso toc i I1  a n d  t o  e x a m i n e  t h e  p r o p e r t i e s  of  t h e  r e s u l t i n g  
a n a l o g u e ,  [ L e u ~ ] - a r g i n i n e - v a s o t o c i n  ( =  ~Leu ~, ArgS ] -oxy  - 
t o c i n  o r  [Ile ~, L e u ~ ] - a r g i n i n e - v a s o p r e s s i n ,  I V b ) .  

Physical constants of new synthetic intermediates ~ 

No. Compound IVf. p. (~ b 

V Z-Leu-Asn-Cys- Pro-Arg- GIy-NH~ 183-185 
l l 

Bzl Tos --41.6 ~ 

Z-Ile-Len-Asn-Cys-Pro-Arg-Gly-NH 2 211-212 

Bzl Tos --41.9 ~ 

Z-Tyr2Ile-Leu-Asn-Cys-Pro-Arg-Gly-NH2 237-238 

Bzl Bzl Tos --36.2 ~ 

Z-Cys-Tyr-Ile-Leu-Asn-Cys-Pro-Arg-Gly-NH2 a 220-223 
I I I 

Bzl Bzl Tos --42.6 ~ 

Z-Leu-Asn-Cys-OMe 195-197 
I 

Bzl --28.0 ~ 

Z-Leu-Asn-Cys-N2H 3 230-234 
I 

Bzl --38.2 ~ 

VI 

VII 

VIII 

IXa 

IXb 

Satisfactory elemental analyses were obtained for all the compounds 
listed, b Melting-points were determined on a microscope hot-stage. 

In dimethylformamide, c = 0.5 (V-VIII) or 1.0 (IXa, b). a Mono- 
hydrate.  

T h e  p r o t e c t e d  n o n a p e p t i d e  V I I I  (Table)  w a s  p r e p a r e d  
f r o m  t h e  k n o w n  ~2 c a r b o x y l - t e r m i n a l  p e n t a p e p t i d e  der i -  
v a t i v e ,  Z - A s n - C y s ( B z l ) - P r o - A r g ( T o s ) - G l y - N H ~ ,  b y  a s t e p -  
w i se  p r o c e d u r e  u s i n g  b e n z y l o x y c a r b o n y I - p r o t e c t e d  p -  
n i t r o p h e n y l  e s t e r s  fo r  a d d i t i o n  of  t h e  i n d i v i d u a l  a m i n o -  
a c i d  r e s i d u e s  a n d  h y d r o g e n  b r o m i d e  in  a ce t i c  ac id  for  
c l e a v a g e  of  t h e  b e n z y l o x y c a r b o n y l  p r o t e c t i n g  g roups~a ;  
t h e  i n t e r m e d i a t e s  a r e  l i s t e d  in  t h e  T a b l e .  I n  a n  a l t e r n a t i v e  
s y n t h e s i s ,  V I I I  w a s  o b t a i n e d  f r o m  3 t r i p e p t i d e  u n i t s :  T h e  
h e x a p e p t i d e  V w a s  p r e p a r e d  f r o m  P r o - A r g ( T o s ) - G l y -  
_ N H  214 a n d  t h e  a z i d e  o b t a i n e d  f r 0 m  t h e  t r i p e p t i d e  h y d r a -  
z ide  I X b  ( m a d e  in  t u r n  f r o m  t h e  e s t e r  I X a )  a n d ,  a f t e r  
r e m o v a l  of  t h e  b e n z y l o x y c a r b o n y l  g r o u p ,  c o n d e n s e d  w i t h  
t h e  a z i d e  p r e p a r e d  f r o m  Z - C y s ( B z l ) - T y r - I l e - N ~ H a  ~5. 

R e m o v a l  of  t h e  p r o t e c t i n g  g r o u p s  f r o m  V I I I  a n d  for -  
m a t i o n  of  t h e  d i s u l p h i d e  b r i d g e  b y  s t a n d a r d  p r o c e d u r e s  1~ 
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1 2 3 4 5 6 7 8 9 
Cys--TYr--Ile--Gln - -Asu--Cys- -Pro- -Leu--Gly- -NH 2 

[ r 

C y s - - T y r - - X - -  Leu--Asn--Cys--Pro--Y-- Gly--N H 2 
I t 

Cys--X--Ile--Y----Asn--Cys--Pro--Leu--Gly--N H 2 
i r 

Cys--Tyr--Ile--X--Asn--Cys--Pro--Arg--Gly--NH 2 

Amino-acids differing from those in oxytocin are in italic type. 

(I) 

(1Ia) X = Ile, Y = Leu 
(IIb) X = Ile, Y = Ile 
(Ilc) X = Leu, Y = Leu 

(IIIa) X ~ Tyr, Y = Ile 
(l lIb) X = Leu, Y ~ Leu 
(IIIc) X = Ile, Y = Ile 

(IVa) X = Gln 
(1Vb) X = Leu 

a f f o r d e d  t h e  c r u d e  p e p t i d e  I V b  w h i c h  w a s  p u r i f i e d  e i t h e r  
b y  p a r t i t i o n  c h r o m a t o g r a p h y ~ ,  as on  S e p h a d e x  G-25 
u s i n g  t h e  s o l v e n t  s y s t e m s  1 - b u t a n o l - p y r i d i n e - 0 . 2  M ace t i c  
a c i d  ( 1 0 : 7 : 2 4 )  a n d  1 - b u t a n o l - e t h a n o l - p y r i d i n e - 0 . 2 M  
a c e t i c  a c i d  (16 : 1 : 2 : 28), o r  b y  i on  e x c h a n g e  c h r o m a t o g r a -  
p h y  o n  A m b e r l i t e  CG-50  u s i n g  0.5 a m m o n i u m  a c e t a t e ,  
p H  6.4, for  e l u t i o n  19. 

T h e  [ L e u ~ ] - a r g i n i n e - v a s o t o c i n  ( I V b )  w a s  i s o l a t e d  as  t h e  
d i a c e t a t e  a n d  c h a r a c t e r i s e d  b y  e l e m e n t a l  a n a l y s i s ,  o p t i c a l  
r o t a t i o n  ([c~]}~ + 4.0 d= 2 ~ r e c a l c u l a t e d  fo r  f ree  p e p t i d e ;  
c = 1 in  1 M  A c O H ) ,  p a p e r  e l e c t r o p h o r e s i s  a t  p H  6.0 

(mArg = 0.51) a n d  p H  1.7 (mAre = 0 . 5 2 )  a n d  b y  T L C  o n  
s i l i ca  gel  a n d  ce l lu lose  p o w d e r  in  s e v e r a l  s o l v e n t  s y s t e m s ;  
in  e v e r y  ca se  t h e  p e p t i d e  a p p e a r e d  to  c o n t a i n  less  t h a n  
2 %  of  i m p u r i t i e s  r e a c t i n g  w i t h  n i n h y d r i n ,  t h e  P a u l y  
r e a g e n t ,  o r  t h e  S a k a g u c h i  r e a g e n t .  A n  a c i d  h y d r o l y s a t e  
( 6 M  tIC1, 110 ~ 72 h) s h o w e d  t h e  m o l a r  r a t i o s :  A s p  1.00, 
P r o  1.06, G l y  0.91, C y s  1.89, I le  0.99, L e u  1.01, T y r  0.90, 
A r g  1.06, N H  a 1.80. 

T h e  p a r m a c o l o g i c a l  p r o p e r t i e s  of  t h i s  p e p t i d e ,  in  p a r -  
t i c u l a r  i t s  n a t r i u r e t i c  a n d  d i u r e t i c  a c t i o n ,  a r e  d e s c r i b e d  

i n  t h e  t w o  f o l l o w i n g  c o m m u n i c a t i o n s  20, 2~. 
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Insti tute of Technology, HSnggerberg, CH-8049 Ziirich (Switzer- 
land). 

Zusammenfassung.  E s  w i r d  d ie  S y n t h e s e  de s  4 - L e u c i n -  
A n a l o g e n  de s  A r g i n i n - v a s o t o e i n s  ( =  [Leu  4, A r g S ] - o x y t o  - 
ein)  b e s c h r i e b e n .  

D.  GILLESSEN 22, R . O .  STUDER 22 a n d  J .  RUDINGER 23 

Chemical Research Department, F.  Ho / /mann-La  Roche 
Co. Ltd, CH-4002 Basel (Switzerland); 
and Institute of Molecular Biology and Biophysics, 
Swiss Federal Institute o/ Technology, 
CH-8049 Z~rich (Switzerland), 72 October 7972. 

S o m e  P h a r m a c o l o g i c a l  P r o p e r t i e s  of [ 4 - L e u c i n e ]  

T h e  p r e c e d i n g  p a p e r  1 d e s c r i b e s  t h e  s y n t h e s i s  of  ELeu4] - 
a r g i n i n e - v a s o t o c i n  (Ib),  a n  a n a l o g u e  of  t h e  n a t u r a l  
h o r m o n e  a r g i n i n e - v a s o t o c i n  (Ia) .  T h e  p h a r m a c o l o g i c a l  
p r o p e r t i e s  of  I b  in  s o m e  s t a n d a r d  a s s a y  s y s t e m s  a r e  
s u m m a r i z e d  in  t h i s  p a p e r  a n d  c o m p a r e d  w i t h  t h e  p r o p e r -  
t i e s  of  t h e  p a r e n t  h o r m o n e  I s ,  o f  o x y t o c i n  ( I Ia ) ,  a n d  o f  
~ L e u 4 ] - o x y t o c i n  ( I Ib) .  T h e  d i u r e t i c  a n d  n a t r i u r e t i c  
p r o p e r t i e s  of  I b  a r e  d e s c r i b e d  in  t h e  f o l l o w i n g  p a p e r  2. 

T h e  a c t i o n  o n  t h e  u t e r u s  w a s  s t u d i e d  w i t h  o r g a n s  f r o m  
v i r g i n  r a t s  in  n a t u r a l  o e s t r u s  3 in  m e d i a  ~ w i t h o u t  m a g n e -  
s i u m  or  w i t h  0.5 m M  Mg2+; c o n t r a c t i o n s  w e r e  m e a s u r e d  
i s o t o n i c a l l y .  P r e s s o r  a c t i v i t y  w a s  a s s a y e d  5 in  p h e n o x y -  
b e n z a m i n e - t r e a t e d  r a t s  u s i n g  a p r e s s u r e  t r a n s d u c e r ,  
a n t i d i u r e t i e  a c t i v i t y  in  e t h a n o l - a n a e s t h e t i z e d ,  w a t e r -  
l o a d e d  r a t s  b y  a m o d i f i c a t i o n  * of  t h e  m e t h o d  of  SAWYER ~. 
S o d i u m  t r a n s p o r t  b y  f r o g  s k i n  w a s  m e a s u r e d  as  t h e  s h o r t -  
c i r c u i t  c u r r e n t  s a c r o s s  i s o l a t e d  v e n t r a l  s k i n  of  Rana ridi- 

Cys--Tyr--11e--X--Asn--Cys--Pro--Arg--Gly--NH 2 (1 a) X =Gln 
I I (Ib) X = Leu 

Cys--Tyr-- I le- -X--Asn--Cys--Pro--Leu--GIy--NH 2 (11a) X = Gln 
[ I (1Ib) X = Leu 

- A r g i n i n e - V a s o t o c i n  

bunda u s i n g  v o l t a g e - c l a m p  e q u i p m e n t  9. T h e  h y d r o o s m o t i c  
e f f ec t  w a s  d e t e r m i n e d  f r o m  t h e  r a t e  of  o s m o t i c  w a t e r  
f l ow  a c r o s s  f r o g  b l a d d e r  (R. esculenta)lo. 
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