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W e  h a v e  no t  car r ied  ou t  a n y  e x p e r i m e n t s  w h i c h  would  
al low us to  d e t e r m i n e  w h e t h e r  the  effect  of a d r e n a l e c t o m y  
on D N A  m e t a b o l i s m  is due to  t he  absence  of cort icoids,  
t he  s t i m u l a t i o n  of t h e  p i t u i t a r y  or an  effect  on  t he  hypo-  
t h a l a m u s  m e d i a t e d  b y  re leas ing  factors.  

I t  m u s t  be  e m p h a s i z e d  t h a t  these  e x p e r i m e n t s  h a v e  
been  pe r fo rmed  w i t h  y o u n g  r a t s  wh ich  are growing  rapid ly ,  
a n d  do no t  necessar i ly  a p p l y  to adu l t  an imals .  T he  hy-  
p o t h a l a m i  of y o u n g  r a t s  c o n t a i n  m u c h  more  g r o w t h  hor-  
m o n e  re leas ing a c t i v i t y  t h a n  t he  h y p o t h a l a m i  of adul ts .  
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Zusammen[assung. Die R G n t g e n b e s t r a h l u n g  des Kopfes  
j unge r  R a t t e n  v e r u r s a c h t  eine v e r m e h r t e  D N S - S y n t h e s e  
im T h y m u s ,  was  m i t  der  F r e i s e t zung  yon  W a c h s t n m s -  
h o r m o n - / i h n l i c h e n  S u b s t a n z e n  in Z u s a m m e n h a n g  ge- 
b r a c h t  wird. 
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C o m p e t i t i v e  I n h i b i t o r s  of N e u r o h y p o p h y s e a l  H o r m o n e s  on Adeny la te  Cyc lase  f r o m  the Toad  Ur inary  
B ladder  1, 2 

The  t h r e e - d i m e n s i o n a l  s t r u c t u r e  r ecen t ly  p roposed  for 
oxy toc in  in so lu t ion  a p rov ides  a mode l  to  cor re la te  t he  
c o n f o r m a t i o n  of t he  molecule  w i t h  va r ious  o the r  aspec ts  
of t he  ho rmone ,  e.g., i ts  evo lu t ion ,  biologic ac t iv i ty ,  an t i -  
genici ty ,  i m m u n o c h e m i c a l  r eac t iv i ty ,  enzymic  degrada-  
t ion,  etc  ~-9. I n  t h e  ' coope ra t ive  mode l '  of oxy toc in  ~ 
(Figure  1) t he  chemica l ly  ac t ive  groups  (3 c a r b o x a m i d e  
groups  and  t he  pheno l i c  h y d r o x y l  group),  a n d  t he  acycHc 
p ro ly l - l eucy lg lyc inamide  moie ty ,  are o r i en ted  t ow ar ds  t he  
same  side of t he  2 0 - m e m b e r e d  cyclic c o m p o n e n t  of t he  
ho rmone .  Such  an  a r r a n g e m e n t  resu l t s  in  a h y d r o p h i l i c  
region,  w h i c h  we be l ieve  to  be  i m p o r t a n t  for t h e  expres-  
s ion of t he  i n h e r e n t  ca t a ly t i c  a c t i v i t y  (i.e. t h e  ' i n t r ins ic  
a c t i v i t y '  7) of t he  h o r m o n e  4-< Cer ta in  s t r u c t u r a l  modi f ica-  
t ions  in  th i s  h y d r o p h i l i c  region,  pa r t i cu l a r ly  if h y d r o -  
phob ic  in cha rac te r ,  m i g h t  be a n t i c i p a t e d  to  reduce  t he  
ca t a ly t i c  a c t i v i t y  of t h e  pep t ide .  An  ana log  in wh ich  t he  
modi f ied  group(s) were suf f ic ien t ly  large a n d  p rope r ly  
or iented,  b u t  d id  no t  in te r fe re  w i t h  t he  b i n d i n g  of t he  
h o r m o n e  to  t h e  receptor ,  could  be  expec ted  to  be  a n  
i n h i b i t o r  of t he  hormone �9  S t r u c t u r a l  changes  in pos i t ions  
2, 4 a n d  9 of oxy toc in  a p p e a r  p a r t i c u l a r l y  su i t ab le  for  
c o n v e r t i n g  t h e  h o r m o n e  in to  an  i n h i b i t o r y  analog.  The  
ex tens ive  s tud ies  in  whole  a n i m a l  and  va r ious  o rgan  
p r e p a r a t i o n s  w i t h  t he  i n h i b i t o r  [2-O-ethyl tyros ine] -  
oxytoc in ,  a n d  o the r  n e u r o h y p o p h y s e a l  ana logs  in wh ich  
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Fig. i. Schematic representation of the hypothetical model o] the biolo- 
gically active eon/ormation o/ oxytoein (~Cooperative model'). 

t he  phenol ic  h y d r o x y l  group is e i the r  a lky l a t ed  or subs t i -  
t u t ed ,  m a y  be  c i ted as examples  (see ref. s for a r ecen t  
s u m m a r y ) .  The  i n h i b i t o r y  p r o p e r t y  of [2 -0 -e thy l ty ros ine ] -  
oxy toc in  is also found  in  t h e  i n t a c t  t o a d  u r i n a r y  b l a d d e r  9 
and  in subce l lu la r  p r e p a r a t i o n s  of t o a d  b l adde r  ep i the-  
l ium 1~ whi le  t he  n e u r o h y p o p h y s e a l  h o r m o n e s  pe r  se 
e n h a n c e  t he  p e r m e a b i l i t y  of t h e  a m p h i b i a n  b l adde r  to  
w a t e r  and  to  ce r t a in  smal l  molecules  ~, ~ ; s t rong  ev idence  
has  a c c u m u l a t e d  i n d i c a t i n g  t h a t  th i s  h o r m o n e - i n d u c e d  
process  is m e d i a t e d  b y  cyclic 3', 5'-A_MP 10,1~, ~4. 

I t  has  also been  found  t h a t  n e u r o h y p o p h y s e a l  h o r m o n e  
ana logs  wh ich  h a v e  in c o m m o n  a leucine s u b s t i t u t i o n  for 
the  g l u t a m i n e  res idue in pos i t ion  4 of o x y t o c i n  or for t h e  
serine res idue in pos i t ion  4 of mesotocin ,  i.e. [4-1eucine]- 
oxy toc in  15-17, [2, 4-d i leuc ine] -oxytoc in  la, and  [4-1eucine]- 
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mesotocin ~, ~ are inhibi tors  of cer ta in  hormone- induced  
responses in whole animal  and organ preparat ions.  In  this 
s tudy  we inves t iga ted  some of the  above  compounds  as 
well  as some new oxytoc in  analogs. All  are character ized by 
rep lacement  of the  g lu tamine  residue in posi t ion 4 of the  
hormone  by  leueine or isoleucine and by  thei r  capac i ty  to 
inhibi t  the  known act ion of neurohypophysea l  hormones  
to enhance cyclic 3 ' , 5 ' -AMP product ion  in adenyla te  
cyclase prepara t ions  of toad  ur inary  bladder  epi thel ium. 
The compounds  include ~4-1eucine]- ~0 [2,4-dileucine~-~s, 
[2, 4-diisoleucine~- ~, [2-isoleucine-4-1eucine~- ~, and [2- 
phenylalanine-4-1eucine~-oxytocin ~. (References describe 
synthesis  of analogs). 

Methods. The assay procedure  used was tha t  of BXR and 
HECI~TER ~. In  brief, adenyla te  cyclase prepara t ions  con- 
sisted of the  600 • g fract ion oL bladder  epi the l ium homo-  
genate  of the  toad  Bu/o marinus. The react ion mix tu re  
contained 45 m M  Tris-HC1 buffer (pH 8.0), Mg ++, EGTA,  
0.1% bovine  serum albumin,  A T P - ~ P ,  unlabel led 
cyclic AMP, an A T P  regenera t ing  system, A V P  or neuro- 
hypophysea l  hormone  analogs as indicated and, where 
appropr ia te ,  va ry ing  concentra t ions  of inhibitor .  The  
enzyme react ion was s tar ted  by  the  addi t ion of the  adenyl-  
ate cyclase prepara t ion  to the  react ion mixture .  Incuba-  
t ions were carr ied out  at.  37~ for 20 rain, and were 
t e rmina t ed  by  the  addi t ion  of carrier  solution. Samples  
were centrifuged,  and the  supe rna tan t  lyophyl ized and 
ehromatographed  on PEI-cel lu lose  th in- layer  sheets in 
0 .3M LiC1. 

The  spots  conta ining cyclic 3', J - A M P ,  Y-AMP and 
A T P  were located by  UV, cut  out,  and counted  in a 
to luene scinti l lat ion fluid. The percent  conversion of A T P  
to cyclic 3', 5 ' -AMP and the  absolute  rates oi cyclic 
3 ' ,5 ' -AMP format ion  were calculated.  AVP-s t imula ted  
adenyla te  cyclase responses are corrected for basal  act ivi ty .  

Results and discussion. None of the  neurohypophysea l  
hormone  analogs, when tes ted over  a concent ra t ion  range 
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Fig. 2. Typical inhibitory effects of neurohypophyseal hormone ana- 
logs on arginine-vasopressin-indueed adenylate eyciase activation in 
broken cell preparations of toad urinary bladder epithelium. The 
percentage of response to AVP (10-6M) is plotted along the ordinate, 
and increasing concentrations of the analog along the abscissa. Listed 
in order of decreasing inhibitory effect, the compounds tested were : 
[2,4-diisoleucine]-oxytocin( . . . .  ); [4-1eueine]-oxytocin (---); [2-iso- 
leueine]-oxytocin (--); [2,4-dileucine]-oxytoein (---); and [2-phenyl- 
alanine-4-ieueine]-oxytocin (--). Each curve represents a composite 
of results from 3 independent adenylate eyclase preparations. See 
text for assay conditions. 

of 10-s to 10-~NI, was capable  of s t imula t ing  the  adenyla te  
cyclase ac t iv i ty  of the  toad  bladder.  In  pre l iminary  experi-  
ments  using the  adenyla te  cyclase system, we found 
~4-1eueine~-oxytocin (lO-4M) to be a weak inhibi tor  of 
ti le s t imula t ion  of cyclic 3', 5 ' -AMP product ion  induced 
by  10-6M AVT, which is the  na tu ra l  water  balance prin- 
ciple of amphib ia  ; for s u m m a r y  see ref. ~5. Since the aff ini ty  
of AVT for the  hormona l  receptor  was much  greater  than  
tha t  of [4-1eucine]-oxytocin, we found tha t  the  re la t ive  
inhibi tory  propert ies  of this  series of [4-1eucineJ- and [4- 
isoleucine]-analogs could not  be defined in exper iments  in 
which AVT was used as agonist. However ,  when A V P  was 
employed  as the  hormona l  s t imulant ,  also at  10-6M, 
del ineat ion of the  re la t ive  inhibi tory  po tency  of var ious 
analogs was possible, as can be seen f rom the da ta  
depicted in Figure  2. The analogs l isted in order of decreas- 
ing inhibi tory  ac t iv i ty  are as follows: [2, 4-diisoleucine~-, 
E4-1eucineJ-, [2-isoleucine-4-1eucine}-, [2,4-dileucine]- and 
[2-phenylalanine- 4-1eucine~ -oxytocin.  

The  f inding tha t  [4-1eucinel-oxytoein is an inhibi tor  of 
the response induced by  neurohypophysea l  hormones,  
not  only in the  in tac t  toad  bladder  ~7 bu t  also in the toad  
bladder  adenyla te  cyclase system, lends fur ther  suppor t  
to studies correlat ing early events  Jn hormone  action (e.g., 
adenyla te  cyclase s t imulat ion) wi th  the  hormone- induced  
organ response (i.e., hydroosmot ic  effect). Hence  it  can 
be expected  tha t  the  above peptides,  wi th  the  except ion 
of ~2-phenylalanine-4-1eueine]-oxytocin, are weak anta-  
gonists of neurohypophysea l  hormones  in the  in tac t  toad 
ur inary  bladder,  and tha t ,  cont inuing this series, the  
most  po ten t  inhibi tor  could well  be the  known ~4-isoleu- 
cineJ-oxytoein.  

Zusammen/assung. AdenyIat-Cyclase  in p lasmamem-  
branreichen Pr i ipara t ionen des Epi the l iums  yon der 
Harnblase  der Kr6 te  wird du tch  Arginine-Vasopressin 
akt ivier t .  Diese Akt iv ie rung  wird durch mehre  Oxytocin-  
analoge, die alle eine Subst i tu t ion  des Glutaminres tes  in 
Posi t ion 4 des Hormones  durch Leucin oder Isoleucin 
gemeinsam haben, kompe t i t i v  gehemmt .  Der  st~irkste 
Antagonis t  der Serie ist  [2, 4-di isoleucin]-Oxytocin und 
die antagonis t ische Akt iv i t / i t  n i m m t  in der Reihenfolge 
[4-Leucin]-, [2-Isoleucin-4-1eucin]-, [2,4-Dileucin]- und 
[2-Phenylalanin-4-1eucin]-Oxytocin ab. Die Resu l ta te  
werden an H a n d  der Oxy toc inkonformat ion  diskutiert .  
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