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t en ,  o l ivbr / iun l i chen  oder  o l ivgr i inen  F a r b t 6 n e  i m  I~E an,  
wAhrend  die zu r  Kon t ro l l e  s y n c h r o n - i n k u b i e r t e  Ske te t t -  
m u s k u l a t u r  t i e i d u n k e l b l a u  m i t  J o d  reagier te .  O h n e  A t h a -  
n o l z u s a t z  ver l ief  die P o l y s a c c h a r i d s y n t h e s e  bis  zu d e m  
m i t  J o d  m a h a g o n i b r a u n  s ich an fArbenden  Glykogen .  Das  
V e r t e i l u n g s m u s t e r  des e n z y m a t i s c h  a u f g e b a u t e n  Poly-  
sacchar ides  e n t s p r i c h t  we i tgehend  d e m  n a t i i r l i c h e n  Gly- 
k o g e n v o r k o m m e n  im 1DE im S inne  e iner  Z u n a h m e  yon  
de r  Ep i t he lba s i s  zu r  -oberfl / iche n 

Die Ergebn i s se  werden  a n  a n d e r e r  Stel le  aus f i ih r l i ch  
darges te l l t .  

Summary. H i s t o c h e m i c a l  i n v e s t i g a t i o n s  on  enzyme 
ac t iv i t i e s  in  t h e  t r a n s i t i o n a l  e p i t h e l i u m  s h o w e d  posi t ive 
r eac t ions  w i t h  succinic  dehyd rogenase ,  es terase ,  a lkal ine 
p h o s p h a t a s e ,  acid p h o s p h a t a s e  a n d  amy lophospho ry l a se  
(incl. b r a n c h i n g  factor) .  N e g a t i v e  resu l t s  were  d r a w n  from 
chol ines te rase ,  5 ' -nuc leot idase ,  g lucose-6-phosphatase ,  
a n d  ca rbon ic  a n h y d r a s e .  

H. AMON und G. PETRY 

A natomisches Institut der Universiliit Marburg an der Lahn 
(Deutschland), 19. Jul i  1962. 

T h e  B i o l o g i c a l  A c t i v i t i e s  of  A r g i n i n e - V a s o t o c i n  
O b t a i n e d  b y  a N e w  S y n t h e s i s  

Arg in ine -vaso toc in  ( =  ArgS-oxytocin  ~ I le3-arginine - 
vasopress in)  was  f i r s t  syn t he s i s ed  in  19581. One  y e a r  la ter ,  
a pep t i de  of t h i s  c o n s t i t u t i o n  was  d i scovered  in  t h e  p i tu i -  
t a r y  of some  n o n - m a m m a l i a n  v e r t e b r a t e s  ~,a. As  t h e  d a t a  
of t he  l i t e r a t u r e  1,~ on  t h e  biological  ac t iv i t i e s  of  a rg in ine -  
vaso toc in  do  n o t  en t i r e ly  agree,  we h a v e  u n d e r t a k e n  a new 
i m p r o v e d  syn thes i s  5 of th i s  p e p t i d e  a n d  e x a m i n e d  t he  
biological  p rope r t i e s  of t he  p u r e  s y n t h e t i c  p r o d u c t  t h e r e b y  
ob t a ined .  

N-CBO-L-p ro l ine  was  c o n d e n s e d  b y  t he  m i x e d  an-  
h y d r i d e  p rocedure  w i t h  p - n i t r o - p h e n y l  G - t o s y l - L - a r g i na t e  
a n d  t h e  d ipep t ide  t h u s  o b t a i n e d  was  r eac t ed  w i t h  glycin-  
amide ,  g iv ing  N-CBO-L-prolyl-G-tosyl-L-arginyl-glycin- 
amide .  R e m o v a l  of t h e  CBO p r o t e c t i n g  g roup  a n d  con-  
d e n s a t i o n  w i t h  N - C B O - L - g l u t a m i n y l - L - a s p a r a g i n y l - S -  
benzy l -L -cys t e iny l - az ide  ~ Mforded  N - C B O - L - g l u t a m i n y l -  
L-asparaginyl-S-benzyl-L-cysteinyl-L-prolyl-G-tosyl-L- 
a rg iny l -g lyc inamide .  Af te r  r e m o v a l  of t h e  CBO p r o t e c t i n g  
group  t h i s  h e x a p e p t i d e  was  condensed  w i t h  p - n i t r o - p h e n y l  
N-tosyl- S-benzyl-L-cysteinyl-L-tyrosyl-L-isoleucinate ~ to  
N - t o s y l -  S - b e n z y l - L - c y s t e i n y l - L - t y r o s y l - L - i s o l e u c y l - L -  
g l u t a m i n y l - L - a s p a r a g i n y l -  S - benzy l - L - cys t e i ny l - L - p r o l y l -  
G- to sy l -L -a rg iny l -g lyc inamide  (m.p.  236-238 °. [ ~ 3 ~ =  
- - 5 6  ° in  9 5 %  ace t ic  acid.  Ana lys i s  ca l cu l a t ed  for  
C71H03OlsNlsS,: C 55.3: H 6.1; O 16.6; N 13.6; S 8.3. 
F o u n d :  C 55.1 ; H 6.3; O 17.0; N 13.4; S 8.4). R e m o v a l  of 
t h e  p r o t e c t i n g  g roups  b y  t r e a t m e n t  w i t h  s o d i u m  in  l iqu id  
a m m o n i a ,  fol lowed b y  o x y d a t i o n  w i t h  air,  pu r i f i ca t ion  b y  
c o u n t e r - c u r r e n t  d i s t r i b u t i o n  in t he  s y s t e m  sec . -bu t ano l /  
wa t e r / t r i f l uo roaee t i c  acid (120 :160 :1) ,  conve r s ion  in t h e  
ace t a t e  fo rm a n d  lyophi l i sa t ion ,  a f forded  h o m o g e n e o u s  
a rg in ine-vaso toc in .  A sample  was dr ied  for  8 h a t  100 ° a n d  
gave  cor rec t  a m i n o  ac id  a n d  e l e m e n t a r y  ana lys i s  (di- 
ace ta te ) ,  

T h e  p h a r m a c o l o g i c a l  qua l i t i e s  of a r g i n i ne - va s o t oc i n  
o b t a i n e d  b y  t h e  a b o v e  desc r ibed  s y n t h e s i s  were  i nves t i -  
ga t ed  in d i f fe ren t  e x p e r i m e n t a l  se ts  genera l ly  a d o p t e d  in  
s tud ies  on  t he  biological  ac t iv i t i e s  of t h e  n e u r o h y p o -  

p h y s i a l  ho rmones .  T h r e e  t e s t s  were  used to  d e m o n s t r a t e  
a n d  m e a s u r e  effects  pecu l ia r  to  oxytoc in .  These  inc luded  
t he  r a t  u t e r u s  in vitro 8 t h e  b lood pressure  of t he  ch i cken  9,x0 
a n d  t he  m a m m a r y  g l and  of l a c t a t i n g  r a b b i t s  TM. Two 
tes t s  were  used to  d e t e c t  a n d  m e a s u r e  biological  ac t iv i t ies  
c h a r a c t e r i s t i c  of vasopress in ,  n a m e l y  t h e  b lood  pressure  of 
r a t s  :a a n d  t h e  d iures i s  of r a t s  in  a lcohol  anaesthesia~4-~L 
T h e  T h i r d  I n t e r n a t i o n a l  S t a n d a r d  for  Oxytoc ic ,  Vaso-  
p ressor  a n d  A n t i d i u r e t i c  S u b s t a n c e s  ~ se rved  as  a reference  
s t a n d a r d  a n d  t h e  ac t iv i t i e s  were expressed  in  t e r m s  o1 
i n t e r n a t i o n a l  U n i t s  pe r  rag. 

T h e  va lues  o b t a i n e d  in t h e  p r e s e n t  s t u d y  are s u m m a -  
r ised in t he  f i rs t  l ine  of t he  Table .  The  f igures  g iven  for 
a n o t h e r  s y n t h e t i c  p r e p a r a t i o n  of th i s  h o r m o n e  ~ are  s h o w n  
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Biological activities of arginine-vasotocin in international units per mg • 

Rat uterus Chicken Rabbit Rat Rat 
(isolated) blood pressure mammary gland blood pressure antidiuresis 

Our synthetic product 115 4- 15 285 4- 40 
90 4- 12 224 2[2 32 

KATSOYANNIS and ou VIGNEAUV 1 75 150 
HELLER and PICKERING ¢ 40 

ca. 210 245 ± 15 250 4- 35 
ca. 165 1 9 3 + 1 2  1974-28 

125 
119 71 71 

The activities printed in normal type refer to lyophilised peptide, those printed in heavy type to the peptide itself (free base, without solvent}. 
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in t h e  second  l ine a n d  those  p u b l i s h e d  for  a pur i f ied  
p r e p a r a t i o n  of  a rg in ine -v a s o t oc i n  of n a t u r a l  source  4 in  
the  t h i r d  l ine  of t h e  Table .  T he  ac t iv i t i e s  p r i n t e d  in 
n o r m a l  t y p e  re fe r  to  I m g  p o w d e r  o b t a i n e d  b y  lyophi l i -  
s a t i o n  of a so lu t ion  c o n t a i n i n g  t h e  pep t ide .  Such  va lues  
depend  on  t h e  so lven t s  used  a n d  on  t h e  cond i t i ons  u n d e r  
which  t h e  lyoph i l i s a t ion  is ca r r i ed  out .  T h e  ac t iv i t i e s  
p r i n t ed  in  h e a v y  t y p e  refer  to  1 m g  of t h e  pep t i de  i tself  
(free base,  w i t h o u t  solvent) .  These  va lues  a re  o b t a i n e d  on  
the  bas is  of n i t r o g e n  ana lys i s  a n d  a re  the re fo re  i n d e p e n d -  
en t  of t h e  cond i t i ons  u n d e r  w h i c h  t he  tyoph i l i sa t ion  is 
per formed.  The  va lues  o b t a i n e d  in t h e  p r e s e n t  s t u d y  are  
in al l  t e s t s  h i g h e r  t h a n  t he  ac t iv i t i e s  p rev ious ly  p u b l i s h e d  
for a rg in ine -vaso toe in .  

I t  is ful ly app rec i a t ed  t h a t  t h e  expres s ion  of t he  ac t iv -  
ities of a c o m p o u n d  in t e r m s  of those  of a n o t h e r  c o m p o u n d  
is n e v e r  ful ly  sa t i s fac to ry .  T he  T h i r d  I n t e r n a t i o n a l  S t a n d -  
a rd  c o n t a i n i n g  o x y t o c i n  a n d  a rg in ine -vasopres s in  is t he re -  

fore n o t  a n  idea l  re fe rence  s t a n d a r d  for  a r g i n i n e - v a s o t o c i n  
a l t h o u g h  i t  is t h e  b e s t  we can  use  to -day .  E v e n  b e a r i n g  
t h i s  in  m i n d  i t  is fe l t  t h a t  t h e  q u a n t i t a t i v e  d i f fe rence  be-  
tween  t h e  biological  a c t i v i t i e s  of a r g i n i n e - v a s o t o c i n  found  
in t h e  p r e s e n t  s t u d y  a n d  those  p u b l i s h e d  p rev ious ly  c a n  
h a r d l y  be  due  to  mere  chance .  I t  r a t h e r  sugges t s  a h i g h e r  
degree  of p u r i t y  of ou r  s a m p l e  of a rg in ine -vaso toc in .  

Zusammen/assung.  E i n e  n e u e  S y n t h e s e  y o n  Arg in in -  
Vaso toc in  (=  ArgS-Oxytocin  = I l e3-Arg in in-Vasopress in )  
wird  beschr ieben .  Das  re ine  s y n t h e t i s c h e  P e p t i d  e rwies  
s ich in ve r sch i edenen  b io logischen  T e s t e n  w i r k s a m e r  als  
Each  f r i iheren  L i t e r a t u r a n g a b e n  zu e r w a r t e n  war .  

]3. BERDE*, I'{. HUGUENIN **, a n d  E.  ST/,~'RMER* 

Pharmakologische * und Pharmazeutisch-chemische ** For- 
schungslaboratorien der Sandoz AG, Basel (Switzerland), 
J u l y  10, 1962. 

The S y n t h e s i s  and s o m e  P h a r m a c o l o g i c a l  Effects  
of S e r i n e 4 - I s o l e u c i n e S - O x y t o c i n ,  a P r o b a b l e  

N e u r o h y p o p h y s i a l  H o r m o n e  

P h a r m a c o l o g i c a l  ev idence  ha s  been  a d v a n c e d  for t h e  
p resence  in  t h e  n e u r o h y p o p h y s i s  of t w o  species of t e leos t  
f i s h - - n a m e l y  Pollachius virens 1 a n d  Gadus luscus~-o t  a 
h i t h e r t o  u n k n o w n  h o r m o n e  s imi la r  to  b u t  no t  i den t i ca l  
w i t h  oxy toc in .  The  i so la t ion  of a h i t h e r t o  u n k n o w n  
pep t ide  f rom t h e  n e u r o h y p o p h y s i s  of t h r e e  species of 
te leos t  f ish ( Pollachius virens, Gadus luscus, a n d  Merluccius 
merluccius) has  r e c e n t l y  been  p u b l i s h e d  3 On  t he  bas is  of 
a m i n o  ac id  ana lys i s  a n d  p r e l i m i n a r y  e n z y m a t i c  degra -  
d a t i o n  s tud ies  i t  was  p o s t u l a t e d  a t h a t  th i s  pep t i de  is a n  
ana logue  of oxy toc in ,  n a m e l y  Ser4-IleS-oxytocin.  W e  h a v e  
syn thes i s ed  Sera-I leS-oxytocin a n d  t e s t e d  some  of i ts  
p h a r m a c o l o g i c a l  ac t iv i t ies .  

L -Pro ly l -L- i so l eucy l -g lyc inamide  4 was  c o n d e n s e d  w i t h  
p - n i t r o p h e n y l  N - C B O - S - b e n z y t - L - c y s t e i n a t e  s to  N-CBO-  
S-benzy l -L -cys t e iny l -L -pro t y l -L - i so l eucy l -g l yc inamide .  
Af te r  r e m o v a l  of t he  CBO p r o t e c t i n g  g roup ,  c o n d e n s a t i o n  
w i t h  p - n i t r o - p h e n y l  N - C B O - a s p a r a g i n a t e  ~ y ie lded  t h e  ex-  
p e c t e d  p r o t e c t e d  p e n t a p e p t i d e .  A f t e r  r e m o v a l  of t h e  CBO 
p r o t e c t i n g  g r o u p  t h i s  was  r eac t ed  b y  t h e  d icyc lohexy l -  
c a r b o d i i m i d e  p r o c e d u r e  ~ w i t h  N- t r i ty l -L- se r ine ,  g iv ing  
t h e  p r o t e c t e d  h e x a p e p t i d e .  R e m o v a l  of t h e  t r i t y l  p r o t e c t -  
ing  g r o u p  a n d  c o n d e n s a t i o n  w i t h  p - n i t r o - p h e n y l  N- tosy l -  
S-benzyl -L-cys te inyl -L- tyrosyl -L- isolencinate  s yie lded 
N , t o s y l - S - b e n z y l - L - e y s t e i n y l - L - t y r o s y l - L - i s o l e u c y l - L -  
s e r y l - L - a s p a r a g i n y l -  S - b e n z y l  - L - c y s t e i n y l  - L - p r o l y l - L -  
i so leucy l -g lyc inamide  (m.p.  222 °. [~1~ ~ - - 2 4  ° in  di- 
m e t h y l f o r m a m i d e .  Ana lys i s  ca l cu la t ed  for  C62HsaO14NnS3 : 
C57 .2 ;  H 6 . 4 ;  O 17.2; N 11.8; S 7.4. F o u n d :  C56 .9 ;  H 6 . 8 ;  
O 17.3; N 11.6; S 7.3). R e m o v a l  of t h e  p r o t e c t i n g  g roups  
b y  t r e a t m e n t  w i t h  s o d i u m  in  l iqu id  a m m o n i a ,  followed b y  
o x y d a t i o n  w i t h  a i r  a n d  pu r i f i ca t i on  b y  c o u n t e r - c u r r e n t  in  
the  s y s t e m  s e c - b u t a n o l / w a t e r / a c e t i c  acid 100 :120 :1  
y ie lded h o m o g e n e o u s  Ser4-IleS-oxytocin (K = 0,57), 

Th i s  s y n t h e t i c  p e p t i d e  was c o m p a r e d  w i t h  t he  T h i r d  
I n t e r n a t i o n a l  S t a n d a r d  for  Oxytocie ,  Vasopressor  a n d  
A n t i d i u r e t i c  Subs tances9  in  f ive t e s t s  genera l ly  used for  
t he  q u a n t i t a t i v e  p h a r m a c o l o g i c a l  c h a r a c t e r i s a t i o n  of 
n e u r o h y p o p h y s i a l  ho rmones .  T he  oxy toc ic  effect  was  
assayed  on  t he  i so la ted  r a t  u t e r u s  1°, t he  a v i a n  depressor  
a c t i v i t y  on  t h e  b lood  pressure  of w h i t e  L e g h o r n  cocker-  
els n,12 a n d  t he  mi lk  e j ec t ing  p o t e n c y  on  t he  m a m m a r y  

g lands  of l a c t a t i n g  r a b b i t s  in situ 'a'14. The  a n t i d i u r e t i c  
effect  was t e s t ed  in w a t e r - l o a d e d  r a t s  a n a e s t h e t i s e d  w i t h  
alcohol  ~5-~T a n d  t he  pressor  a c t i v i t y  in r a t s  p r e t r e a t e d  
w i t h  a n  adrenerg ic  b lock ing  agent 'S , '9 .  

The  resul t s  are s u m m a r i s e d  in t he  T a b l e ;  t he  biological  
potencies  of Se#- I l eS-oxy toc in  in t h e  d i f f e ren t  t e s t s  are  
g iven  in I n t e r n a t i o n a l  U n i t s  pe r  m g  pu re  pep t i de  (free 
base).  

Pharmacological activities of Ser4-IlcS-oxytocin in International 
Units per mg 

Rat uterus Chicken Rabbit Rat blood Rat anti- 
(isolated) blood mammary pressure diuresis 

pressure gland 

150 ~ 12 320 ~ 15 300 4- 15 0.06 -t- 0.01 0.18 -4- 0.03 
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