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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] - 
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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. 
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s a l i n e  (for de t a i l s ,  see4). E a c h  a n i m a l  w a s  g i v e n  1 -3  
i n j e c t i o n s ;  ill all ,  80 n l e a s u r e m e n t s  w e r e  m a d e  in  38 
a n i m a l s .  T h e  r a t s  w e r e  c o n s c i o u s ,  4 0 - d a y - o l d  f e m a l e s  
(F i i l l i n sdo r f  a l b i n o  o u t b r e d )  w h i c h  we re  s t a r v e d  for  20 h 
b e f o r e  t h e  e x p e r i m e n t  b u t  r e c e i v e d  t a p  w a t e r  a d  l i b i t u m .  
T h e y  w e r e  l o a d e d  w i t h  s a l i ne  (20 m l / k g  b o d y  w e i g h t )  
p e r o r a l l y  a n d  a t  t h e  s a m e  t i m e  i n j e c t e d  s . c .  w i t h  t h e  
p e p t i d e  in  s a l i n e  (2 m l / k g  b o d y  w e i g h t ) ;  t i le  c o n t r o l  
g r o u p  w a s  i n j e c t e d  w i t h  s a l i n e  o n l y .  T h e  u r i n e  w a s  
c o l l e c t e d  in  m e t a b o l i s m  c a g e s  o v e r  5 h f o l l o w i n g  i n j e c t i o n .  
T h e  d o g s  w e r e  c o n s c i o u s ,  e p i s i o t o m i z e d ,  t r a i n e d  S w i s s  
b e a g l e  b i t c h e s .  T h e y  r e c e i v e d  n o  food  or  w a t e r  d u r i n g  t h e  
e x p e r i m e n t .  T h e  p e p t i d e  w a s  g i v e n  i. v.  a f t e r  a 1-h  c o n t r o l  
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Fig. 2. Dose dependence of the intensity (top) and duration (bottom) 
of the natriuretic response to [Leu~]-arginine-vasotocin (1), [Leu4] - 
oxytocin (2), and arginine-vasotocin (3) in the chloralosed cat 
preparation. Top: Peak value of TRF2~ x 100 (percentage of filtered 
Na excreted in urine) in response to a given dose vs. logdose. Bottom : 
Duration of the natriuretic response (from injection to return to 
baseline) after a given dose vs. log dose. Points are means of 3-5 
values, vertical lines S.E. Horizontal dashed line represents the 
highest acceptable value of baseline T R F  under steady-state condi- 
tions before samples, can be given. The two parent peptides were not 
administered in doses over 50 ~g/kg because of limited supply. 

p e r i o d .  T h e  b l a d d e r  w a s  e m p t i e d  a t  3 0 - m i n  i n t e r v a l s  b y  
m e a n s  of  a n  i n d w e l l i n g  c a t h e t e r .  O n e  d o g  w a s  u s e d  for  
e a c h  of  3 dose  l eve l s ;  t h e  c o n t r o l  v a l u e s  w e r e  o b t a i n e d  
f r o m  t h e  s a m e  3 d o g s  u n d e r  i d e n t i c a l  c o n d i t i o n s  o n  a 
d i f f e r e n t  d a y .  

F i g u r e  1 s h o w s  t h e  p r e s s o r  a n d  r e n a l  r e s p o n s e s  in  c a t s  
to  e q u a l  d o s e s  (30 Fg/kg)  of  [ L e u 4 ] - a r g i n i n e - v a s o t o c i n  
a n d  of t h e  t w o  ' p a r e n t '  p e p t i d e s ,  a r g i n i n e - v a s o t o c i n  a n d  
[ L e u 4 ] - o x y t o c i n .  Of  t h e  t h r e e  p e p t i d e s  v a s o t o c i n  h a s  t h e  
h i g h e s t  a n d  [ L e u 4 ] - o x y t o c i n  t h e  l o w e s t  p r e s s o r  a c t i v i t y  
(see a lso~) ;  t h e  p r e s s o r  r e s p o n s e s  to  a l l  3 p e p t i d e s  we re  
of  s h o r t  d u r a t i o n .  T h e  n a t r i u r e t i c  r e s p o n s e s ,  e x p r e s s e d  
e i t h e r  as  t h e  t o t a l  s o d i u m  e x c r e t i o n  (UV2v,) o r  as  t h e  
t u b u l a r  r e j e c t i o n  f r a c t i o n  TRFN~) ,  in  t h e  ca se  o f  v a s o -  
t o c i n  s h o w e d  a s i m i l a r  t i m e  c o u r s e  as  t h e  p r e s s o r  r e s p o n s e  
so  t h a t  l i t t l e  c a n  be  s a i d  as  to  a p o s s i b l e  i n t r i n s i c  n a t r i -  
u r e t i c  a c t i v i t y  of  t h i s  p e p t i d e .  H o w e v e r ,  ELeu4] -oxy to  - 
c i n  c a u s e d  a c l ea r  i n c r e a s e  in  n a t r i u r e s i s  p e r s i s t i n g  l o n g  
a f t e r  t e r m i n a t i o n  of  t h e  p r e s s o r  r e s p o n s e .  W i t h  [Leu4] - 
a r g i n i n e - v a s o t o c i n  t h e  i n c r e a s e  i n  n a t r i u r e s i s  w a s  f a r  
g r e a t e r  i n  b o t h  a m p l i t u d e  a n d  d u r a t i o n .  

T h e  d o s e  d e p e n d e n c e  of  t h e  p e a k  n a t r i u r e t i c  r e s p o n s e  
a n d  of  t h e  d u r a t i o n  of t h e  r e s p o n s e  is s h o w n  in  F i g u r e  2. 
A g a i n ,  [ L e u 4 ] - a r g i n i n e - v a s o t o c i n  is  t h e  m o s t  p o t e n t ;  t h e  
a v e r a g e  p e a k  r e s p o n s e  of  9 - 1 1 %  of  t h e  f i l t e r e d  N a  l oad  
a p p e a r i n g  in  t h e  u r i n e  is a n o t a b l e  d e g r e e  of  a c t i v i t y ,  
p a r t i c u l a r l y  w h e n  c o m b i n e d  w i t h  a d u r a t i o n  of  t h e  
r e s p o n s e  o v e r  s o m e  120 m i n .  B o t h  p a r a m e t e r s  of  t h e  
r e s p o n s e  r e a c h  a m a x i m u m  a t  a dose  of  a b o u t  30 ~ g / k g ;  
a t  d o s e s  a b o v e  100 F g / k g  t h e  e f f ec t  f a i l s  of f  a g a i n  s t e e p l y .  
T h i s  p h e n o m e n o n  m a y  be  r e l a t e d  to  t h e  o n s e t  of  a n  
a n t i d i u r e t i c  a c t i v i t y ,  a s  d o c u m e n t e d  in  t h e  w a t e r - l o a d e d  
rat a. 

The urinary responses of conscious saline-loaded rats 
to [Leu4]-arginine-vasotocin (Table) show a distinct rise 
in sodium excretion with a dose of 30 Fg/kg (s.c.) and an 
almost 3-fold increase with i00 ~xg/kg. The diuretic and 
kaliuretic effects are somewhat less marked. 

In dogs, diuresis and natriuresis set in within 30 rain of 
i.v. application of [Leu4]-arginine-vasotocin; preinjection 
levels were reached again after 3-5 h. Cumulative curves 
for diuresis, urine osmolality, and sodium and potassium 
excretion are shown in Figure 3. The increase in the first 3 
of these parameters was maximal after a dose of l 00 vg/kg, 
as in the cat preparation. 

4 j .  H. CORT, T. DOUgA, V. PLI~KA, B. LICHARDUS, J. SAF~.f~OV~., 
M. VRANEgld and J. RUDINC.ER, Am. J. Physiol. 215, 921 (1968). 

Effect of [Leu4]-arginine-vasotocin on renal excretion in conscious, saline-loaded rats 

Dose (~zg/kg) Urine vol. Na + concentration Na + total K + concentration K+ total 

0 (control) �9 100 100 100 100 100 
10 104 4- 9.2 106 4- 8.0 108 -[- 8.2 40 4- 4.7 45 z~: 3.5 
30 134-u 7.8 118 4- 3.1 159 4- 7.7 73 + 7.2 102 4- 11.5 

100 228 4- 11.4 118 4- 7.8 275 i 26.5 61 i 3.3 141 -]- 7.2 

300 223 4- 14.2 128 4- 6.7 286 4- 17.7 76 i 3.1 172 4- 8.3 
1000 260 4- 14.0 138 i 7.3 357 4- 22.9 90 4- 4.5 236 4- 10.3 

Each dose level tested in 20 rats. Results expressed as percentages of control values 4- S.E. For experimental details see text. 
Control values after injection of saline only were: 5-h urine volume, 13.7 4- 0.93 ml/kg; Na + concentration, 124.7 4- 7.1 meq/l; 5-h total Na + 

excretion, 1.697 4- 0.126 meq/kg; K + concentration, 70.91 • 4.69 meq/1; 5-h total K + excretion, 0.949 4- 0.075 meq/kg. 
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Fig. 3. Renal responses of conscious dogs to 3 dose 
levels of [Leu4~-arginine-vasotocin: cumulative values 
up to 5 h for total amounts  of sodium, potassium, 
urine, and solutes. Doses (i.v.) 30 ~g]kg (1), 100 Exg/kg 
(2), and 300 ~zg/kg (3), each dose given to 1 dog. 
Control values (C) obtained from the same 3 dogs 
on another  day (vertical bars give S.E.). 

O u r  r e s u l t s  w i t h  [ L e u r  c a n n o t  be  
d i r e c t l y  c o m p a r e d  w i t h  t h o s e  r e c o r d e d  for  [ L e u 4 ] - o x y t o c i n  
a n d  s o m e  r e l a t e d  o x y t o c i n  d e r i v a t i v e s  s - s  b e c a u s e  of  t h e  
d i f f e r e n t  e x p e r i m e n t a l  c o n d i t i o n s  u s e d  in  t h e  t w o  s t u d i e s  
(in p a r t i c u l a r ,  s a l i n e  vs .  w a t e r  l o a d i n g  a n d  t h e  l o n g e r  
p e r i o d  of  m e a s u r e m e n t  in  o u r  e x p e r i m e n t ) .  H o w e v e r ,  
d i r e c t  c o m p a r i s o n  of  [ L e u 4 ] - o x y t o c i n  w i t h  [Leur 
a r g i n i n e - v a s o t o c i n  i n  c a t s  ( F i g u r e s  i a n d  2) i n d i c a t e s  t h a t  
in  t h i s  s p e c i e s  a t  a n y  r a t e  t h e  4-1eucine a n a l o g u e  of  a r g i n i n e  
v a s o t o c i n  is  t h e  m o s t  p o t e n t  n a t r i u r e t i c  p e p t i d e  of  t h i s  
s e r i e s  t o  d a t e .  

Zusammen/assung. E L e u 4 ] - A r g i n i n - v a s o t o c i n  w i r k t  so-  
w o h l  a n  K a t z e n  ( C h l o r a l o s e - N a r k o s e ,  M a n n i t - D i u r e s e )  
a l s  a u c h  a n  w a c h e n  R a t t e n  ( in i t  0 . 9 % - i g e r  N a C 1 - L 6 s u n g  

b e l a s t e t )  u n d  w a c h e n  n i c h t  v o r b e h a n d e l t e n  H u n d e n  
n a t r i u r e t i s c h  u n d  d i u r e t i s c h .  
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