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Fur the rmore ,  s tuden ts  of physiological  r h y t h m s  need 
n o t  res t r ic t  the i r  a t t en t ion  to the  c i rcadian  c o m p o n e n t  by  
v iewing  on ly  its presence or  absence in the  r aw  data .  I n  a 
va r iance  spec t rum componen t s  which are qui te  i r regular  
on inspect ion of the  raw d a t a  can also be ob jec t ive ly  quan-  
t i f ied and bands in the  h igher - than-c i rcad ian  domain  of 
frequencies  are ac tua l ly  of in te res t  to a more  comple te  
analysis of c i rcadian sys tem physiology.  Fac to r s  under-  
lying shifts of va r i ance  f rom the  c i rcadian c o m p o n e n t  in to  
the  doma in  of a d j a c e n t  frequencies  seem to be  of par t ic -  
u lar  in teres t  ~-~L 

Zusammen/assung. Der  Sauers to f fverbrauch  yon  Peri- 
planeta americana (L.) wurde  im Dauer l ich t  und im 24- 
s t i indigen L ich t -Dunke lwechse l  bet  30, 24 oder  18°C alle 
20 rain bes t immt .  I m  Var i anzspek t rum dieser Beobach-  
tungsre ihen  lassen sich neben  der  ungefAhren Tages-  
per iodik  (Circadian-Periodik)  auch  hSherf requente ,  un- 

regelm~ssigere und  weniger  p r o m i n e n t e  R h y t h m e n  nach-  
weisen. 
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Vasopressin Analogues with Selective 
Pressor Activity 

I t  is general ly  recognized t h a t  the  basic i ty  of the  amino 
acid res idue in posi t ion 8 of the  molecule,  i.e. in the  pen- 
u l t ima te  posi t ion of the  pep t ide  side-chain,  is of consider-  
able impor tance  for the  specific biological  proper t ies  of 
t he  vasopressins.  This  has  been  poin ted  ou t  for bo th  the  
pressor  x and  the  an t id iu re t i c  2 effect.  I n  con t inua t ion  of 
our  s tudies  on the  inf luence of smal l  s t ruc tu ra l  modif ica-  
t ions on the  pharmacologica l  proper t ies  of the  neuro-  
hypophys iM hormones  a,4, some new analogues modif ied 
in the  posi t ion 8 h a v e  been synthesised and inves t iga ted  
biologically.  Of these compounds ,  orni thineS-vasopressin,  
phenyla lan ine  2-ornithine 8-vasopressin, orn i th ine  S-oxyto - 
c in  and phenyla lan ine  ~-ornithine 8-oxytocin p roved  to  be 
pa r t i cu la r ly  interest ing.  The  p resen t  pape r  gives a shor t  
accoun t  of the i r  synthesis  5 and ma in  pharmacolog ica l  
propert ies .  

N~-CBO-N&tosyl -L-orn i th ine  was condensed wi th  
e thy l  g lyc ina te  by  the  d icyclo-hexylcarbodi imide  meth-  
od to yield e thy l  Ne-CBO-N~-tosyl -L-orni thyl -g lyc ina te .  
Af t e r  r emova l  of the  CBO pro tec t ing  group,  th is  d ipep t ide  
was condensed wi th  N-CBO-L-prol ine by  the  same method .  
The  product ,  e thy l  N-CBO-L-pro ly l -N&tosy l -c -orn i thy l -  
glycinate ,  was conver ted  by  amidi f ica t ion  to the  cor- 
responding amide,  R e m o v a l  of the  CBO pro tec t ing  group 
and condensat ion  wi th  N-CBO-L-glutaminyl -L-aspara-  
ginyl-  S-benzyl-L-cysteinyl-azide e afforded N-CBO-L-glut-  
aminyl -L-asparag inyl -  S -benzyl  -L-cysteinyl-L-prolyl  - N6- 
tosyl-L-orni thyl-gtycinamide.  Af te r  r emova l  of t he  CBO 
pro tec t ing  g roup  this  hexapep t ide  was condensed  wi th  p-  
n i t ropheny t  N - C B O -  S - b e n z y l -  L- cys te iny l -  L- tyrosyl -  L- 
pheny la lan ina te  7 to  N-CBO-S-benzyl -L-cys te inyl -L- tyro-  
syl-L-phenylalanyl-L- glutaminyl-L-asparaginyl-S-benzyl-L- 
cys te inyl -L-proly l -N&tosyl -L-orni thyl -g lyc inamide ,  wi th  
p - n i t r o p h e n y l  N-  CBO-  S - b e n z y l -  L- cys te inyl -  L -pheny l -  
a lanyl -L-phenyla lanate  ~ to N-Cl30-S-benzyl -L-cys te inyl -  
L - p h e n y l a l a n y l - L - p h e n y l a l a n y l - L - g l u t a m i n y l - L - a s p a r a -  
ginyl-  S-benzyl -L-cys te iny l -L-pro ly l -  N6- tosy l -L-orn i thy l -  
g lycinamide,  w i th  p - n i t r o p h e n y l  N - t o s y l -  S - b e n z y l - L -  
cysteinyl-L-tyrosyl-L-isoleucinate  8 to N-tosyl-S-benzyl-L-  
cys t e iny l -L - ty rosy t -L - i so l eucy l -  L - g l u t a m i n y l - L - a s p a r a -  
ginyl-  S -benzy l -L-cys te iny l -L-pro ly l -N3- tosy l -L-orn i thy l -  
g lyc inamide  and wi th  p -n i t ropheny l  N-CBO-S-benzyl-L-  

cys t e iny l -L -pheny ta l any l -L - i so l euc ina t e  ~ to  N - C B O - S -  
benzyl -L-cys te inyl -L-phenyla tanyl -L- iso teucyl -L-glu tami-  
nyl-L-asparaginyl-  S-benzyl-L-cysteinyl-L-prolyl-N3-tosyl-  
L-orni thyl-glycinamide.  

R e m o v a l  of the  p ro tec t ing  groups of the  four  above-  
men t ioned  nonapep t ides  by  t r e a t m e n t  w i th  sodium in 
l iquid ammonia ,  followed by  ox ida t ion  w i t h  po ta s s ium 
ferr icyanide,  pur i f ica t ion  by  coun te r -cu r ren t  d i s t r ibu t ion  
in t he  sys tem sec-butanol /wate r / t r i f luoroace t ic  acid  
(120:160:I ) ,  convers ion to the  ace ta te  and lyophi l izat ion,  
y ie lded OrnS-vasopressin,  Phe~-OrnS-vasopressin,  Orn s- 
oxy toc in  and Phe  ~-Orn S-oxytocin respect ively .  These four  
pept ides  were p roved  to be pure  by  dif ferent  ch romato-  
graphic  and e lec t rophore t ic  me thods  and t h e y  gave  cor- 
rect  e l emen ta ry  analysis  and amino  acid composi t ion on 
hydrolysis .  

The  ma in  pharmacologicM effects of  these  pept ides  
were  de te rmined  by  compar ing  t h e m  wi th  t he  Th i rd  
In t e rna t iona l  S t anda rd  for Oxytocic ,  Vasopressor  and  
Ant id iure t ic  Substances% B o t h  the  pressor  and the  ant i -  
d iuret ic  potencies  were assayed in ra ts  : t he  former  on the  
blood pressure of animals  in u re thane  anaes thes ia  a f te r  
p r e t r e a t m e n t  w i th  an  adrenergic  blocking agen t  x0, ~, t h e  
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Compound Rat uterus (isolated) Chicken bIood pressure Rabbit mammary gland Rat blood pressure Rat antidiuresis 

Arga'vasopressin ~ 20 ~ 60 ~ 70 ~ 400 ~ 400 
PheZ'Arga-vasopressin "~ 0.2 <2 1 3 :t: 0.4 122 :t: 13 "~ 350 

Lys~-vasopressin 5 4- 0.5 40 4- 5 60 -b 10 270 =t= 20 ~ 250 
Phe~'LysS-vasopressin ~ 0.3 ~ 0.15 N 2.5 55 4- 7 ~0 4- 2 

OraS-vasopressin 10 =t= 2 ~1 4- 1 ~ 50 360 =t= ~6 88 =t= 17 
Phe�"Orna-vasopressin ~ 0.5 no depressor effect ~ 3 153 4- 11 16 =t= 

OrnS-oxytocin 42 4- 5 90 -4- 8 95 -4- 6 103 4- 10 2.5 4- 0.3 
Phe~-OrnS.oxytocin N 1 ~ 3 7 4- ~ 120 ~ 10 0.55 4- 0.08 

Oxytocin 450 ± 30 450 =~= 30 450 =t= 30 5 =~= 1 5 =t= 1 

l a t t e r  o n  t h e  h i g h  level  d iures is  i n d u c e d  b y  w a t e r  load 
and alcohol administration ~2-~4. The so-called oxytocin- 
like ac t iv i t i es  were  a s sayed  on  i so la t ed  u t e r i  of oes t rous  
ra ts~5 on  t he  a r t e r i a l  p~essure of roos te r s  a n a e s t h e t i z e d  
w i t h  p h e n o b a r b i t a l  s o d i u m  ~,17 a n d  on  t h e  m a m m a r y  
g land  of l a c t a t i n g  r a b b i t s  in  u r e t h a n e  a n a e s t h e s i a  xs' 19 

The  ac t iv i t i e s  of  OrnS-vasopress in ,  Phe2-OrnS-vaso - 
pressin,  OrnS .oxy toc in  a n d  Phe~-Orn8-oxytoc in ,  as  de te r -  
mined  in  t h e  a b o v e - m e n t i o n e d  tests ,  are  s u m m a r i z e d  in 
the  Tab le  w h i c h  also con ta ins ,  for compar i son ,  t he  cor- 
r e spond ing  po tenc ies  of ArgS-vasopress in ,  LysS-vasopres  - 
sln, Phe~_Arg8.vasopressin ,  Phe*-LysS-vasopress in  a n d  
o x y t o c i n  ( I rom 3). All  f igures  refer  to  I n t e r n a t i o n a l  U n i t s  
pe r  m g  p e p t i d e  (free base) .  

I t  is e v i d e n t  t h a t  OrnS-vasopress in  is a h i g h l y  a c t i v e  
s y n t h e t i c  pep t ide  of t h e  n e u r o h y p o p h y s i a l  type .  I t s  m o s t  
p r o m i n e n t  f e a tu r e  is i t s  p r e s se r  a c t i v i t y  wh ich  is cons ider -  
ab ly  g rea t e r  t h a n  t h a t  of LysS-vasopress in  a n d  n o t  far  re-  
m o v e d  f rom t h a t  of ArgS-vasopress in .  I n  c o n t r a s t  to  i ts  
p r o n o u n c e d  v a s o c o n s t r i c t o r  effect,  t h e  a n t i d i u r e t i c  po-  
t e n c y  of OrnS-vasopress in  is weak :  on ly  o n e - f o u r t h  of i t s  
p resse r  a c t i v i t y .  T h e  r e n a l  effect  of OrnS-vasopress in  is 
the re fo re  m u c h  less p r o n o u n c e d  t h a n  t h a t  of LysS-vaso - 
press in  a n d  ArgS-vasopress in .  

I n  i ts  oxy toc in - l ike  proper t ies ,  OrnS-vasopress in  fol- 
lows t he  p a t t e r n  of t h e  vasopres s ins  occur r ing  in n a t u r e :  
the  effect  on  t h e  m y o e p i t h e l i a l  e l emen t s  of t h e  m a m -  
m a r y  g l and  is i t s  m o s t  p r o m i n e n t  oxy toc in - l ike  ac t i v i t y ,  
i ts  a v i a n  v a s o d i l a t o r  (Mood p ressu re  lowering)  p o t e n c y  is 
Weaker a n d  i t s  u t e r i n e  c o n t r a c t i n g  a c t i v i t y  w e a k e r  stiII. 
The  overa l l  oxy toc in - l i ke  a c t i v i t y  of OrnS-vasopress in  is 
less p r o n o u n c e d  t h a n  t h a t  of LysS-vasopress in  a n d  Arg s- 
vasopress in .  

The  b a s i c i t y  of t he  o r n i t h i n e  res idue  is in  t h e  s a m e  r a n g e  
as t h a t  of t h e  lys ine  res idue  a n d  less p r o n o u n c e d  t h a n  t h a t  
of t h e  a rg in ine  res idue.  T h e  s ide -cha in  in  pos i t ion  8 is 
Shor ter  in  t h e  case  of OrnS-vasopress in  t h a n  in  t h e  case of 
t he  two  n a t u r a l l y  occur r ing  vasopress ins .  T h i s  c h a n g e  in 
t he  s h a p e  of t h e  molecule  d e a r l y  does  n o t  i m p a i r  i t s  
ab i l i ty  to  c o m b i n e  w i t h  t h e  c o n s t r i c t o r  r ecep to r s  of vascu -  
lar  s m o o t h  muscle ,  b u t  i t  weakens  t h e  power  to  com b ine  
wi th  t he  r ecep to r s  in  t h e  d i s t a l  p a r t s  of t h e  n e p h r o n .  

The  p h a r m a c o l o g i c a l  p rope r t i e s  of Phe2-OrnS-vaso - 
press in  (Desoxy.OrnS_vasopress in)  i n d i c a t e  t h a t  t h e  re- 
p l a c e m e n t  of t h e  t y r o s i n e  res idue  in  pos i t i on  2 of O rn  s- 
vasopress in  b y  a p h e n y l a l a n i n e  r e s i d u e - - i . e ,  t h e  r e m o v a l  
of a pheno l i c  O H - g r o u p - - a t t e n u a t e s  all  t h e  biologicaI  
act iv i t ies .  Indeed ,  t h e  a v i a n  depresso r  a c t i o n  is los t  a l to-  
gether.  Of t h e  two  vasopress in - l ike  effects,  t h a t  on  t he  
blood p ressu re  is less s t r o n g l y  a f fec ted  t h a n  t h a t  on  t he  
diuresis. The  r a t i o  b e t w e e n  these  t w o  po tenc ies  is t h u s  

inc reased  f r o m  4 : 1 (OrnS-vasopress in)  to  10 : 1 (Phea-Orn  s- 
vasopress in ) ,  

A q u a l i t a t i v e l y  s imi l a r  a l t h o u g h  q u a n t i t a t i v e l y  less 
p r o n o u n c e d  d i s soc ia t ion  of these  two  t y p e s  of a c t i v i t y  was  
o b s e r v e d  ~0 w h e n  t h e  s a m e  s t r u c t u r a l  m o d i f i c a t i o n  wa s  
ca r r i ed  o u t  in  pos i t i on  2 of l y s ine -vasopres s in  r e s u l t i n g  in  
Phe2-LysS-vasopress in  (Desoxy-LysS-vasopress in) .  H o w -  
ever ,  t h e  e l i m i n a t i o n  of  t h e  pheno l i c  h y d r o x y l - g r o u p  in  
pos i t ion  2 of a r g i n i n e - v a s o p r e s s i n  y ie lds  Phe2-ArgB-vaso - 
p ress in  (Desoxy-ArgS-vasopressin), whose  a n t i d i u r e t i c  ac-  
t i v i t y  is r e l a t ive ly  g r ea t e r  t h a n  i t s  p r e s se r  a c t i v i t y .  
T h e  p h a r m a c o l o g i c a l  p rope r t i e s  of Phe2-OrnS-vasopress in  
could,  the re fore ,  h a r d l y  h a v e  been  p r e d i c t e d .  

I t  is p a r t i c u l a r l y  i n t e r e s t i n g  t h a t  t h e  o rn i th ineS-ana -  
logue of o x y t o c i n  (OrnS-oxytocin  = OrnS-vaso toc in  = I le  3- 
Orna-vasopress in)  shows  a n  e v e n  s t r o n g e r  d i s s o c i a t i o n  of 
t he  p re s se r  a n d  a n t i d i u r e t i c  ac t iv i t ies ,  t h e i r  r a t i o  b e i n g  
40 : 1. W h e n  t he  t y ro s ine  res idue  of t h i s  p e p t i d e  is r ep laced  
b y  a p h e n y l a l a n i n e  res idue  ( P h e a - O r n S - o x y t o c i n = D e s o x y  - 
OrnS-oxytoc in  ~ Desoxy-OrnS-vaso toc in  = Phe~-Ilea~ Orn  s- 
vasopress in ) ,  t h e  so-cal led  oxy toc in - I ike  ac t iv i t i e s  are  
f u r t h e r  d i m i n i s h e d  (as was  a l r e a d y  o b s e r v e d  2o in t h e  case 
of Phe2-Lys" -vasopress in  a n d  Phe2-OrnS-vasopress in) ,  
a n d  t h e  r a t i o  b e t w e e n  t he  p resse r  a n d  t he  a n t i d i u r e t i c  
po tenc ie s  increases  s t i l l  fu r the r ,  r e a c h i n g  n e a r l y  220:1 .  

Zusammen/assung. Die S y n t h e s e  u n d  die p h a r m a k o l o g i -  
s chen  H a u p t e i g e n s c h a f t e n  v o n  OrnS-Vasopress in ,  P h e  2- 
OrnS-Vasopress in ,  O r n s - O x y t o c i n  u n d  Phe~-OrnS-Oxy - 
toc in  w e r d e n  beschr i eben .  Die  p ressor i sche  A k t i y i t ~ t  
d ieser  P e p t i d e  zeigt  e ine  in de r  Re ihenfo lge  z u n e h m e n d e  
Se lek t iv i t~ t .  
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