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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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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 .  
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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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Some biological activities of oxytoein, arginine-vasotoein, and their [4-1eueine] analogues 

EXPERIENTIA 29/2 

Biological activity 

Peptide Uterotonic in vitro (rat) ~ Pressor~ (rat) 
without Mg ~+ 0.5 mM Mg e+ 

Antidiuretic~ (rat) Natriferic b (frog skin 

Oxytocin 11 546 4- 18 d70 ~ 3.1 :~ 0.1 2.7 4- 0.2 8.15 ~ 0.01 

[Leu4]-Oxytocin 1~ 13 4- 1 -- weakly depressor diuretic, anti-ADH -- 

Arginine-vasotoein 14 125 4- 16 240 c 245 4- 16 250 4- 35 9.02 4- 0.01 

[Leu4]-arginine-vasotocin 0 (inhibitor) (12) ~1-10 a (9) 6.1 4- 0.4 (10) 3.2 4- 0.5 (5) 5.85 4- 0.35 (5) 

Potencies (•  S.E.) are given in IU/mg (literature values; in italics) or in IU/~mol (own results; 1 [~mol of the analogue corresponds to 
1.035 mg of the dry peptide as free base). In parentheses, number of experiments, b Values of pD 2 (negative logarithm of molar concentration 
eliciting half-maximal response) ~ S.E. o Calculated from the potencies in the preceding column and the potency ratios given in the litera- 
ture 4,1~. a Concentration range 0.04-0.45 [xM; the log-dose-response curves for the analogue and oxytoein are not parallel and the ratio of 
equipotent doses is therefore concentration-dependent. 

The resul ts  are summar ized  in the  Table.  On uter i  
t aken  f rom ra ts  in na tu ra l  oestrus  and  kep t  in magnes ium-  
free media,  ELeu4~-arginine-vasotocin h a d  no contrac t i le  
ac t ion b u t  inhibi ted  the  contrac t i le  response  to  oxytocin .  
The inhib i t ion  pers is ted  for some t ime  af ter  t he  analogue 
had  been washed  out.  I n  t he  presence  of t he  analogue the  
log-dose- response  curves for oxy toc in  were displaced t o  
t he  r igh t :  usually t he  max ima l  response  to  oxy toc in  was 
also decreased (see figure), suggest ing t h a t  the  inh ib i t ion  
is no t  pure ly  compet i t ive .  As an a p p r o x i m a t e  quan t i t a t i ve  
index  of inh ib i to r  po tency ,  values  analogous to  pA~ were  
calculated x~ f rom the  cent ra l  por t ions  of t he  log-dose-  
response  curves and  found to  be 6.39 • 0.11 (mean ~= 
S.E. ; n = 6). In  media  conta in ing  0.5 m M  Mg ~+, ~Leu~; - 
arginine-vasotocin  general ly  showed some n te ro ton ic  
ac t iv i ty  b u t  f r equen t ly  induced  t achyphy lax i s  even when  
doses were given 8 rain apar t .  The potencies  given in the  
Table  are based  on compar isons  of single doses or a s imple  
bracke t ing  procedure .  

Trans i t ions  f rom agonism to an t agon i sm wi th  changes  
in the  exper imen ta l  condi t ions  have  been  observed wi th  
o the r  analogues of the  nen rohypophys i a l  ho rmones  1~ and  
are in t e rp re t ed  as be ing due to changes  in thes t imulus -  
response  coupling ~%~8. Inh ib i t ion  of the  u te ro tonic  
response  to  oxy toc in  has  also been  repor ted  for [Leu ~, 
Leu~-oxy toc in  19. 
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Log-dose-response curves for oxytocin alone (1) and in the presence 
of 0.85 [xM [Leu~]-arginine-vasotocin (2). Uterus from rat in natural 
oestrus in magnesium-free medium, bath volume 10 ml, isotonic 
contractions; cumulative dose procedure. 

The pressor  act ion of ELeua]-arginine-vasotocin was 
qua l i t a t ive ly  s imilar  to t h a t  of arginine-vasopressin.  In  
wate r - loaded  ra ts  unde r  the  s t an d a rd  assay condi t ions  
the  analogue had  a weak  b u t  qua l i t a t ive ly  vasopress in-  
like ant id iure t ic  effect. 

[Leu4]-arginine-vasotocin s t imula ted  sodium t r anspo r t  
by  the  frog skin (R .  r i d ibunda)  bu t  the  concen t ra t ion  
required to induce ha l f -max ima l  response  was abou t  
1000 t imes  higher  t h a n  the  cor responding  concen t ra t ion  
of arginine-vasotocin.  The m a x i m a l  response  to  the  ana-  
logue was as h igh  as, or only  s l ight ly  lower than ,  the  
max imM response  to  the  na tu ra l  hormone.  ELeu4~-oxyto - 
cin has been repor ted  2~ to have  sl ight  natr i fer ic  act ion 
on the  b ladder  of t he  t oad  ( B u / o  rnar inus)  and  to  inh ib i t  
its response  to  arginine-vasotocin.  

In  two  exper iments ,  ELeu41-arginine-vasotocin was 
found  to increase the  osmot ic  f low oi wa te r  t h rough  the  
b ladder  of the  frog (R .  esculenta) .  The max i ma l  response  
was abou t  80%, and  the  concen t ra t ion  required for 
ha l f -max imal  response abou t  50-fold as compared  wi th  
oxytocin.  In  paral lel  expe r imen t s  [Leu4]-oxytocin elicited 
a m a x i m a l  response  of 50% or less, and  a ha l f -maximal  
response a t  a 1000-fold concen t ra t ion  as compared  wi th  
oxytocin.  In  t he  toad  b ladder  (B .  m a r i n u s  ) ~Leu4] - 
oxytoc in  s0 and ELeua]-mesotocin 21 had  shown no hydroos-  
mot ic  act ion b u t  inh ib i ted  . the  response  to  the  na tura l  
hormones .  

Our f inding t h a t  [Leu4~-arginine-vasotocin has appre-  
ciable an t id iure t ic  ac t iv i ty  in wate r - loaded  ra ts  a l though 
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12 V. J. HRUBY, G. FLOURET and V. PC VIGNEAUD, J. biol. Chem. 244, 
3890 (1969). 

18 •. B. VAN DYKE, W. H. SAWYER and N. I. A. OVERWEG, Endocri-  
nology 73, 637 (1963). 

14 B. BERDE, R. L. HUC-UENIN and E. ST1JRMER, Experientia 78, 444 
(1962). 

15 H. O. SCHILD, Br. J. Pharmac. Z, 277 (1949). 
16 Cf. J. RUDINGER and I. KREJ~i, in Handbook o] Experimental 

Pharmacology (Ed. B. BERDE, Springer-Verlag, Berlin-Heidelberg- 
New York 1968), Vol. 23, p. 748. 
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28, 131 (1972). 

19 V. J. ItRUBY and W. Y. Ct{AH, J. med. Chem. 7d, 1050 (1971). 
20 p. j .  S. CHIU and W. H. SAWYER, Am: J. Physiol. 218, 838 (1970). 
21 p. EGOENA, I. L. SCHWARTZ and R. WALTER, J. gem Physiol. 56, 250 

(1970). 
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i t  is p o t e n t l y  na t r iure t ic  and  diuret ic  under  o ther  condi-  
t ions  * bears  out  the  conclusion 22 t h a t  the  na t r iu re t i c  and  
an t id iu re t i c  (or an t i -ADH)  responses  to  th is  group of 
analogues are in i t ia ted  a t  d i f fe rent  receptors  and  are, in 
t h a t  sense, unre la ted .  Moreover,  t he re  appear s  to be no 
obvious correIat ion be tween  the  gross act ion of ILeum] - 

~2 W. Y. CHAN and V. I)u VIGNEAUD, .J. Pharmac. exp. Ther. 174, 541 
(1970). - V. J. HRUBY, V. DO VIG~CEAUD and W. Y. CHAN, J. reed. 
Chem. 73, 185 (1970). - M. A. WILLE, V. DU VmNEAIJI) and W. Y. 
CHA~r J. med. Chem. 15, 11 (1972). 

~ Support from the Swiss National Science Foundation (grant 
No. 3.424.70) and from the Sandoz Foundation for the Promotion 
of Medical and Biological Sciences is gratefully acknowledged. 

analogues and re la ted  der iva t ives  on sodium t r a n s p o r t  by  
a m p h i b i a n  m e m b r a n e s  and the i r  na t r iu re t i c  p o t en cy  ~a. 

Zusamme~/assung. Die pharmakotog i schen  Eigenschaf-  
ten  yon  [Leu4]-Arginin-vasotocin s ind in der  TabelIe 
zusammengefass t .  Am isolierten R a t t e n u t e r u s  in magne-  
s iumfre iem Medium wi rk t  das Pep t i d  als Oxy toc inan ta -  
gonist.  
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T h e  N a t r i u r e t i c  A c t i o n  of  [ 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  

In  recen t  years  in te res t  in t he  na t r iu re t ic  ac t iv i ty  of 
pep t ide  hormones  and  the i r  analogues has been s t imula ted  
by  evidence t h a t  a ' na t r iu re t ic  ac t iv i ty '  p resen t  in p lasma  
dur ing  na t r iu re t i c  s ta tes  in animals  is due to a pep t ide  and 
or iginates  in CNS t issue 1 and, on the  o ther  hand ,  by  the  
d iscovery  of a marked  na t r iure t ic  ac t iv i ty  in cer ta in  
analogues of o x y t o c i n  (for references see2). In  pursuance  
of these  la t t e r  f indings the  4-1eucine analogue of arginine- 
vasotocin,  [Leu4]-arginine-vasotocin,  has  been s y n t h e  
sized2 and its s t anda rd  pharmacologica l  proper t ies  have  
been examined  a. This pape r  repor t s  the  diuret ic  and  
na t r iu re t ic  ac t iv i ty  of the  analogue in cats,  rats,  and  dogs. 

Male cats were anaes the t i zed  wi th  chloralose, loaded 
wi th  150 m M  NaCI (10 ml /kg body  weight)  and  cont inu-  
ously infused wi th  10% mann i to l  in 10 m M  NaC1 (0.1 ml /  
min) unt i l  urine flow ra te  and  conduc t iv i ty  had  reached  a 
s t eady  s ta te ;  samples  were in jec ted  i .v.  in 0.1-0.5 ml  

1 Cf. J. H. Co~r and B. LICHARDUS, Regulation o/ Body Fluid 
Volumes by the Kidney (Karger, Basel 1970). 

2 D. GILLESSEN~ R. 0. STUDER and J. RUDINGER, Experientia 29, 
170 (1973). 

3 V. PLI~KA, J. VAgs M. RUFER and J. RUDINGER, Experientia 2.,0. 
171 (1973). 
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Fig. 1. Renal and pressor responses of chloralosed 
eats to [Leud]-arginine-vasotoein (LAVT), [Leua] - 
oxytoein (LOT), and arginine-vasotocin (AVT). 
Each peptide (30 ~g/kg, i.v.) given to 1 of 3 
different 3-kg cats with similar baseline values 
of arterial BP and and renal excretion; the pre- 
injection controi values for each cat are shown by 
dashed lines. BP, arterial blood pressure in mm 
Hg; GFR, glomerular filtration rate as clearance 
of endogenous creatinine in ml. kg -1. min-1; VrT, 
urine flow rate in nil. kg ~1. mill -1; UV~v~, total Na 
excretion in Feq. kg -1. rain-l; UVK, total K ex- 
cretion in the same units; TRF~v~ • 100, percen- 
tage of filtered Na load appearing in the final 
urine. Relative activities are related to the areas 
under the UVaa or TRFNo plots. 


