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V¢ie d ie  Tabel le  zeigt,  lassen sich alle angef f ih r ten  Gib- 
berei l ine auf  zwei C h r o m a t o g r a m m e n  t r e n n e n :  (a) E n t -  
wick lung  mi t  e ineln der  Gemisehe  I - I V  oder  VI  u n t e r  
A u f t r e n n u n g  von  A 8, (A a + A1), (A 7 + A 4 + A~) und  Ag; 
(b) D u r c h t a u f c h r o m a t o g r a p h i e  mi t  Gemisch  V zur wei-  
t e r en  Dif ferenzierung de r  G r u p p e n  ( A 3 +  A1) und  
(A~ + A ,  + A~). E n t w i c k l u n g s g e m i s c h  V I I  e igne t  s ich vor  
a l lem zur  T r e n n u n g  yon Gibberel l ins~iurederivaten m i t  
RStandard-Werten u n t e r  1,0. 

Rstandard-}Verte~ yon Gibberellinen bei der Dfinnschichtchromato- 
graphic an Kiesels~iuregel 

N a c h  unseren  E r f a h r u n g e n  di i r f te  die Di innsch ich t -  
c h r o m a t o g r a p h i e  fiir T r e n n u n g  und  Iden t i f i z ie rung  de r  
Gibbere t l ine  gu te  Diens te  leisten, besonders  im Hinbl ick  
auf  die im Vergle ich zur  P a p i e r c h r o m a t o g r a p h i e  g rund-  
s~tzt ichen Vortei le  dieser  lVIethode~,% wie kiirzere E n t -  
wicklungszei ten ,  e rh6h te  Nachweisempf ind l ichke i t ,  gr6s- 
sere Kapazi tg . t  de r  Trg.gerschicht  sowie saubere  E lu t ions -  
mSgl ichkei t  fiir mikropr f ipara t ive  Gewinnung  ( E r m i t t l u n g  
de r  phys ika l i schen  K o n s t a n t e n ) ,  q u a n t i t a t i v e  Bes t im-  
m u n g  und  biologische Tes tung  1°. 

Summary .  Thin - l aye r  c h r o m a t o g r a p h y  on silica get is 
descr ibed as a new m e t h o d  for t he  separa t ion  and  ident i f i -  
ca t ion  of the  gibberel l ins Ax, As, A4, As, AT, As, and  A 0. 

Gibberellin Entwicklungsgemisch b 
I II III IV V VI VII 

A 1 1,1 1,1 1,1 1,1 1,5 1,0 1,0 
A 3 1,0 1,0 1,0 1,0 1,0 1,0 1,0 
A a 2,1 2,3 2,6 3,9 4,9 1,5 1,2 
Aa 2,1 2,4 2,7 4,2 5,3 1,6 1,2 
A 7 2,0 2,3 2,6 3,6 4,6 1,5 1,2 
A s 0,6. 0,5 0,5 0,4 0,7 0,8 
A 9 2,5 3,3 4,3 7,6 2,2 1,3 

Bezogen auf Rf-Wert von Gibberellin A 3 = 1,O. 
b I: Chloroform/EssigesterlEisessig (60:40:5), Rf yon A a ~o 0,35; 
II: Chloroform/Essigester/Eisessig (70:30:5), Rf yon A~ ~-. 0,24; 
III: Chloroform[EssigesterlEisessig (80 : 20 : 5), RI von Aa ,-~ 0,16 ; 
IV: Chloroform/Essigester/Eisessig (90:10:5), Rf yon A a ~.~0,10; 
V: Chloroform/Essigester/Eisessig (80:20:1), Laufstreeke yon A~ 

2,8 cm; VI : n-Butanol/3n Ammoniak (5:1), Rf yon ~ ~ 0,25; 
VII: n-Propanol/3n Ammoniak (5:1), Rf yen A 3 ~.o 0,55. 
Mit I-IV 2sttindige, mit VIund VII etwa 7stiindige aufsteigende Ent- 
wicklung bei 20°C. Mit V wurde bei 20°C 15-18 h absteigend und 
durchlaufend entwickelt 8. to 

G. SEMBDNER, R. GROSS und  K. SCHREIBER 

Deutsche Akademie der Wissenscha/ten zu Berlin, Insti tut  
liar Kulturp/lanzen/orschung Gatersleben, Kreis  A schers- 
leben (Deutschland}, 13. August  1962. 

s Methodik abgetindert nach L. BmKOFER, C. KAISER, H.-A. MEYER- 

STOLL und F. SUPPAN, Z. Naturforseh. 17b, 352 (1962). Auch die 
durchlaufende Dfinnschichtchromatographie nach M. BRENNER 
und A. NIEnERWIESER, Exper. 17, 237 (1961), konnte hier mit 
Erfolg angewendet wcrden. 

9 K. RANDERATH, Diinnschichtchromatographie (Weinheim/Berg- 
strasse 1962). 

l0 Inzwischen wurde uns bekannt, dass "con M. KUT.~EK, J. ROSTMUS 
und Z. DEYL, Biol. plant. (Prag) 4, 226 (1962), fiir eme Trennung 
yon Gibberellin A t und A s ebenfalls die Diinnschichtchromator 
graphie, allerdings an AIoOa, mit Ertolg angewendet worden ist. 
Mit dem yon diesen Autoren empfohlenen Entwicklungsgemisch 
Benzol/Eisessig (10:3) erzielten wir an Kicselgel G (Merck) fol- 
gende Ergebnisse: Rf yon GibbereIlin A 3 0.15 = Rst ' 1,0; Rst" 
von A x 1,0, A 4 4,0, A~ 3,5, A~ 3,8, A s 0,4. A~ 6,0. 

STUDIORUI~{ P R O G R E S S U S  

D o s e - R e s p o n s e  R e l a t i o n s  for s o m e  S y n t h e t i c  A n a -  
l o g u e s  of O x y t o c i n ,  and the  M o d e  o f  A c t i o n  o f  

O x y t o c i n  on  the  I s o l a t e d  U t e r u s  x 

Since the  syn thes i s  of  oxy toc in  was  accompl i shed  b y  
DU VIGNE;AUD e t  aL 2 in  1953, more  t h a n  50 analogues  of 
th i s  h o r m o n e  and  of  vasopress in  h a v e  been  syn thes i zed  
and  examined  for  t he i r  biological  proper t ies .  The  conclu- 
sions wh ich  h a v e  h i t h e r t o  emerged  f rom th i s  work  
(recent ly  s u m m a r i z e d  in p a r t  3) have ,  to  our  mind ,  been  
d i sappo in t ing  in t h a t  t h e y  give no  i n fo rma t ion  a b o u t  t h e  
m e c h a n i s m  of ac t ion  of such  c o m p o u n d s  a t  the  molecular  
level. As was  to  be  an t i c ipa ted ,  t h e  h o r m o n a l  ac t iv i t ies  
expressed  in  d i f fe rent  biological sys t ems  differed in the i r  
response  to  pa r t i cu la r  s t ruc tu ra l  changes ,  and  s t ruc tu ra l  
modi f ica t ions  a t  d i f fe ren t  si tes in t he  molecule p roved  to  
be of unequa l  impor t ance  for biological  ac t iv i ty .  Pe rhaps  
more  surpr is ing was the  f inding t h a t  even  s l ight  s t ruc tu ra l  
changes  in chemical ly  nondescr ip t ,  non- func t iona l  side- 
c h a i n s - - i n  par t i cu la r  t h a t  of isoleucine in pos i t ion  3 of 
t h e  p e p t i d e  cha in4 -S- -caused  a m a r k e d  ioss of ac t iv i ty  
in the  assays  regarded  as typ ica l  of oxytoc in ,  whereas  
even  s u c h  chemical ly  ob t rus ive  func t iona l  groups  as the  
amino  group  of the  t e rmina l  ha l f -cys t ine  residue*,  or t he  
phenol ic  h y d r o x y l  of ty ros ine  s,9 could be omi t t e d  
a l t oge the r  w i th  only  par t i a l  loss, or no loss, of ac t iv i ty .  

R e c e n t  emphas i s  on the  impor t ance  of  l ipophilic 
in te rac t ions  b e t w e e n  non- func t iona l  amino  acid side- 
cha ins  in p ro te ins  and  re la ted  c o m p o u n d s  as factors  in 
in t ra -  and  in t e rmolecu la r  in te rac t ions  in aqueous  envi ron-  
m e n t s  I° has  sugges ted  a poss ible  i n t e r p r e t a t i o n  Of th i s  

1 Presented at the General Meeting of the 0sterreiehische Biochelni- 
sehe Gesellsehaft, Vienna (May 7th, 1962). 
V. Do VIGNXAVD, C. RESSLER, J. M. SWAN, C. W. ROBERTS, P. G. 
KATSOYANNIS, and S.GORDON, J.  Amer. chem. Soc. 75, 4879 (1953). 
-- V. D1J VIGNEAUD, C. RESSLER, J.  M. SWAN, C. V¢. ROBERTS, and 
P. G. KATSOYANmS, J. Amer. chem. Soe. 76, 3115 (1954). 

z R. A. BOISSONNAS, S. GUTTMANN, B. BERNE, and H. KONZETT, 
Exper. 17, 377 (1961). 

4 j .  RUDINGER, J. HONZL, and M. ZAORAL, Coll. Czech. chem. Comm. 
'21, 770 (1956). 

a R. A. BOISSON~AS, S. GUTTMANN, P.-A. JAQUENOUD, and J.-P. 
WALLER, Helv. chim. Acta 39, 1421 (1956). - P.-A. JAQUENOUD 
and R. A.BOISSONNAS, Helv. chim. Acta 44, 113 (1961). - B.BERDE, 
W. DOEPFNER, and H. KONZETT, Brit. J. Phannacol. 1'2,208 (1957). 

* H. NESVADBA, J. HONZL, and J. RUDINGER, Coll. Czech. chem. 
Comm., in press. 

7 V. BU VIGNEAUD, G. WINESTOCK, V. S. MURTI, D. B. HOPE, and 
R. D. KIMBROUCH, J. biol. Chem. eSs, PC 64 (1960). 

8 M. BODANSZKY and V. Do VIGNEALID, J. Amer. chem. Soe. 81, 1258, 
6072 (1959). 
P.-A. JAQOENOVD and R. A. BOISSONNAS, Helv. chim. Acta 4'2, 788 
(1959). 

lO W. KAUZMANN, Adv. Protein Chem. 14, 1 (1959). 



5 8 6  I{r~"ves c o m m u n i c a t i o n s -  Kurze  .Mittcihu~gen I'~XPP;RIENTIA X V I l I / 1 2  

s i t u a t i o n  based  o n  t he  a s sumpt ion  t h a t  the  s ide-chain  
in pos i t ion  3 pa r t i c ipa tes  to an  i m p o r t a n t  e x t e n t  in the  
b ind ing  of the  ho rmone  molecule to the  receptor ,  w i t h o u t  
sha r ing  in the  funct ion  of the  h o r m o n e - r e c e p t o r  complex .  
In  o rder  to  tes t  th i s  idea, we have  now carr ied  o u t  a more  
de ta i led  e x a m i n a t i o n  of dose-response re la t ions  for a 
n u m b e r  o f  oxy toc in  ana logues  o n  the  isola ted r a t  u terus ,  
s t r uc tu r a l l y  the  s imples t  biological  sys t em su i tab le  for 
the  p resen t  purpose.  

E x p e r i m e n t a l l y ,  t h i s  was done  b y  the  c u m u l a t i v e  dose 
procedure  u successfully appl ied  to a n u m b e r  of o t h e r  
biological  p repara t ions .  The  u te r ine  muscle  was su spended  
in an  organ  b a t h  (25 ml) t inder  the  s t a n d a r d  cond i t ions  
used in oxy toc in  assays 1~, excep t  t h a t  t he  lever  used to 
record  the  isotonic con t r ac t i ons  was r a t h e r  more  heav i l y  
loaded. The  c o n c e n t r a t i o n  o f  t h e  c o m p o u n d  t o  be e x a m -  
ined in the  o rgan  b a t h  was increased loga r i thmica l ly  b y  
doubl ing  the  dose a t  o n e - m i n u t e  in t e rva l s  (w i thou t  
rinsing).  In  cont ro l  e x p e r i m e n t s  the  same doses were 
appl ied  wi th  r ins ing be tw een  each  appl ica t ion .  Genera l ly  
speaking,  resul t s  confo rming  to  t he  expec ted  re la t ions  
were found,  as i l lus t ra ted  in F igure  1 for a c u m u l a t i v e  
dose exper imen t .  The  q u a l i t a t i v e  p ic tu re  o b t a i n e d  w i th  
ind iv idua l  o rgan  p r e p a r a t i o n s  was reproducib le ,  t h o u g h  
the re  was apprec iab le  v a r i a t i o n  in the  numer i ca l  resul t s  ~a. 
The  m e a s u r e m e n t  of isotonic  c o n t r a c t i o n s  m a y  no t  be 
the  mos t  su i tab le  t e c h n i q u e  for s tud ies  of th i s  t y p e  ~ and  
we are examin ing  a l t e r n a t i v e  t e c h n i q u e s  in order  to  
increase the  q u a n t i t a t i v e  s ignif icance of the  results .  

F ive  ana logues  modif ied  in pos i t ion  3 of the  pep t ide  
cha in  were examined ,  w i th  t he  isoleucine (Ile) rep laced  
by  al loisoleucine (aIle),  va l ine  (Val), leucine (Leu), nor-  
leucine (Nle), and  norva l ine  (Nva) .  These  c o m p o u n d s  
were ob ta ined  b y  a s y n t h e t i c  rou te  or ig ina l ly  deve loped  
for the  p r e p a r a t i o n  of oxy toc in  ~, pur i f ied  b y  coun te r -  
c u r r e n t  d i s t r i bu t i on  a n d  cha rac t e r i zed  b y  e l e m e n t a l  
ana lys is  and  q u a n t i t a t i v e  amino -ac id  ana lys i s  ~. T he  log 
dose-response re la t ions  were d e t e r m i n e d  w i t h  o x y t o c i n  
as reference for each  o rgan  p r e p a r a t i o n .  In  all cases the  
curves  for the  ana logues  were para l le l  to t h a t  of oxytoc in ,  
displaced t o w a r d  h igher  concen t r a t i ons ,  and  a t  suffi- 
c ien t ly  h igh  dose levels r eached  the  s ame  m a x i m u m  effect  
as oxy toc in ;  examples  are  s h o w n  in F igure  2a, b. 
I , I N E W E A V E R - - B u R K  plots  ~ were l inear ,  w i th  iden t ica l  

~i !l ; 
i ~ i ¸ , 

? 

i n t e r cep t s  o n  t he  rec iprocal  a c t i v i t y  axis  (Figure  3). 
In  t e r m s  of the  r ecep to r  t h e o r y  of pha rmaco log i ca l  
ac t ion  aT-2L as r ecen t ly  f o r m u l a t e d  b y  ARILLNS et  al. ~1, 
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Fig. 2. l .og dose- response  curves  for  the  isotonic  c o n t r a c t i o n  of the  
i so la ted  r a t  u t e rus  u n d e r  the inf luence of o x y t o c i n  ( o ) a n d  ana logues  
( • ). Fo r  des igna t ion  of the  ana logues  see tex t .  O rd ina t e s :  c o n t r a c t i o n  
in % of maximum, abscissae: dose in mbtmoles (logarithmic scale). 
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Fig. 3. Reciproca l  p lo t  of dose- response  re la t ions  for  o x y t o c i n  a n d  
two ana logues .  Fo r  des igna t ion  of the ana logues  see tex t .  O r d i n a t e s :  
rec iproca l  of response (cm-1), abscissae  : rec iproca l  of dose (mDmole -1). 

Fig. I. Con t r ac t i ons  of the isola ted r a t  u te rus  u n d e r  tim inf luence of 
inc reas ing  c o n c e n t r a t i o n s  of Val3-oxytocin.  O r g a n  b a t h  vo tmne  
25 ml,  33~C. l)osc doub led  a t  one -minu t e  in te rva ls  s t a r t i n g  f rom 

o.156 mlxmoles (arrow).  

u E. J .  ARIi::NS a n d  W. M. m': (~ROOT, Arch.  int .  t~ha rmacodyn .  :19, 
19a ( P354}. 

]a 1'. HOLTON, Bri t .  J .  P h a r n l a c o h  ,~, T2s {19.18). 
13 Ill  ce r t a in  exper imel l t s ,  con t rac t ( i r e  ( tonic con t r ac t i on )  s u p e r v e n e d  

before the r h y t l m i i c  ( te tanic)  c o n t r a c t i o n s  h a d  reached  m a x i n n m l  
amp l i t ude .  Fo r  purposes  of tile p resen t  s t u d y  such  e x p e r i m e n t s  
were d i s r ega rded .  

la W. I). M. PATOX, Prec .  Roy .  See. B. 164, 21 {I961). 
~ M. ZAORAL a n d  J .  RVDINGEe, Coll. Czech. chem.  C o m m .  gO, 1183 

(l.%5). - J .  HONZL a n d  J .  RUDINGER, Coll. Czech. chem.  Comm.  2o, 
I lgl) (11.)55). - J .  RUI)INGER, J .  HONZL, a n d  M. ZAORAL, Coll. Czech.  
chem.  C o m m .  21, 20'2 (1956). 

in H.  LINEWEAV~.;R a n d  D. BURK, J .  Amer .  chem.  Soc. 56, 658 (1934). 
17 A. J .  CLARK, The Mode of Act ion o] Drugs on Cells (Arnold,  go i ldon  

193;~); General Pharmacology, in He[tiers Handbueh der experimen- 
tellen Pharmakologie, Vol. 4 (Spr inger ,  Berl in 19"17). 

is j .  H. GADIiUXI, J .  Phys io l .  89, 7P  (19"17). 
19 1,;. J .  A~n;:NS, Arch.  int .  P h a r m a c o d y n .  :/:~, 32 (I 954). 
~0 t¢,. P. STEI'I~ENSON, F, r i t .  J .  P h a r m a c o l .  1 1 , 3 7 9  (1956). 
~1 1:. J .  ARIitNS, J .  M. VAN Rossu.~I, a n d  A. M. SI.~mNIs, Arzne imi t te I -  

F o r s c h u n g  6, '282 (1956) ; P h a r m a e o l .  Rev.  9, 218 (1957). 
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th i s  m e a n s  t h a t  these  ana logues  differ  f rom oxy toc in  iu 
t he i r  a f f in i ty  for t he  r ecep to r  b u t  possess the  same  
in t r ins ic  act ivi ty~",  ~-I as the  p r o t o t y p e .  

The  same  t y p e  of a p p r o a c h  was nex t  used wi th  2-0-  
m e t h y l t y r o s i n e - o x y t o c i n  (Tyr(Me)'a-oxytocin),  a com- 
p o u n d  p repa red  i n d e p e n d e n t l y  in our  l a b o r a t o r y  2'-',~a a n d  
b y  LAW a n d  DU VIGNEAUD ~4. \Ve had  found  th i s  de r iva-  
t ive  to  be a p o t e n t  i n h i b i t o r  of the  ac t ion  of oxv toc in  on 
the  i so la ted  u t e r u s  es . T he  dose- response  re la t ions  for 
oxy toc in  in the  presence  of v a r y i n g  a m o u n t s  of Tyr(Me)  ~- 
oxy toc in ,  p lo t t ed  accord ing  to I.INI~.Wl':AVI';R and  BuI,:K 
(Figure 4), c lear ly  d e m o n s t r a t e  t h a t  the  O - m e t h y l  
d e r i v a t i v e  b e h a v e s  as a typ ica l  c o m p e t i t i v e  a n t a g o n i s t  
of oxy toe in ,  w i th  a n  i nh ib i t i on  index  of less t h a n  10. 
In  t e r m s  of t he  r ecep to r  t heo ry ,  th i s  impl ies  a r a t h e r  h igh  
a f f in i ty  for t he  receptor ,  wi th  ve ry  low or no in t r ins ic  
a c t i v i t y ;  a n d  th i s  in t u r n  suggests  t h a t  t he  phenol ic  
h y d r o x y l  g roup  m a y  in some way  be imp l i ca t ed  in the  
a c t u a l  m e c h a n i s m  b y  which  oxy toc in  exer t s  its biological  
effect  in th i s  sys tem.  

Th i s  conclus ion  is in a p p a r e n t  c o n t r a d i c t i o n  to the  
r e l a t ive ly  h igh  specific a c t i v i t y  on the  isola ted r a t  u t e r u s  
recorded  b y  two i n d e p e n d e n t  groups  of i nves t iga to r s  ~'" 
for 2 - p h e n y l a l a n i n e - o x y t o c i n  (Phe'a-oxytocin),  a d e r i v a t i v e  
lacking t he  phenol ic  h y d r o x y l  g roup  a l toge ther .  We have  
the re fore  p r e p a r e d  2a a n d  r e i nves t i ga t ed  th i s  c o m p o u n d ,  
w i th  the  resu l t s  s h o w n  in Figure  2c. The  re l a t ive ly  high  
af f in i ty  of th i s  ana logue  for the  o x y t o c i n  r ecep to r  
a c c o u n t s  for t he  h igh  specific ac t iv i ty ,  d e t e r m i n e d ,  as is 
c u s t o m a r y ,  in t he  lower dose r ange ;  however ,  t he  max i -  
m u m  e f f ec t  a t  full  s a t u r a t i o n - - t h e  in t r ins ic  a c t i v i t y  is 
on ly  a b o u t  one-ha l f  t h a t  of oxy toc in .  This ,  indeed,  
s u p p o r t s  t he  conclus ion  t h a t  t he  free h y d r o x y l  g roup  of 
t he  ty ros ine  residue is impl i ca ted  in the  ac t ion  of oxy toc in  
on t he  u t e r ine  muscle  b u t  shows t h a t  it is no t  c r i t ica l ly  
i m p o r t a n t  for th i s  effect. R e p l a c e m e n t  of the  a r o m a t i c  
s ide-cha in  in pos i t ion  2 b y  a n  a l i pha t i c  one  in 2-1eucine- 
oxy toc in  (Leu'a-oxytocin) "aa.~a leads to a f u r t h e r  d rop  in 
specific ac t iv i ty ,  b u t  th i s  is due  to a d e c r e a s e  in af f in i ty  
as aga in s t  Phe2-oxytoc in ,  w i th  l i t t le  or no f u r t h e r  
decrease  in t he  in t r ins ic  a c t i v i t y  (Kigure 2(1). Th i s  
f ind ing  ind ica tes  t h a t  the  s ide-cha in  of ty ros ine  is 
invo lved  b o t h  in a t t a c h m e n t  of the  h o r m o n e  to the  
r ecep to r  a n d  in the  func t ion  of the  h o r m o n e - r e c e p t o r  
complex ,  and  inc iden ta l ly  emphas izes  the  necess i ty  for 
cons ider ing  the  ho rm(me  molecule  as a top(mhemica l  
whole.  
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Fig, 4. Rec ip roca l  p lots  of dose- response  re la t ions  for  oxv toc in  in the  
presence  of v a r y i n g  a tnoun t s  of Tyr (Me)2-oxytoc in .  Coord ina tes  as in 
F igure  :¢. A m o u n t  of inh ib i to r  (m~moles ) :  .4 o, /~' ~;, (" 10, 1) 2o, I'. 5o. 

In general ,  the  ac tua l  s igni f icance  of the  t e rms  ' recep-  
tor', ' a f f in i ty ' ,  and  ' in t r ins ic  a c t i v i t y '  of the  r ecep to r  
t heo ry  is open t(t some d o u h l  since dose-resp(mse re la t ions  
such as those  on which the  t h e o r y  relies for e x p e r i m e n t a l  
s n p p o r t  m i g h t  be p roduced  by  s a t u r a t i o n  p h e n o m e u a  at  
a n u m b e r  of s tages  leading up to the  m a n i f e s t a t i o n  of 
the  biological  effect,  and  by  m e c h a n i s m s  o t h e r  t h a u  the  
fo rma t ion  of ac t ive  d rug - recep to r  complexes  la. However ,  
some e n c o u r a g e m e n t  m a v  be der ived  from the  s tud ies  of 
I{1CtIARI)S a n d  VITIIAYATII IL  ~ o n  t h e  ' r i l ) o l n l C l e a s e  S '  

sys t em:  The  two f r agmen t s  ol~tainable from ribom~clease 
A by' t he  ac t ion  of sul)ti l isin o n e  an e icosapep t ide  
(S-pept ide) ,  t he  o t h e r  a pro te in- l ike  molecule  (S- 
pro te in)  - t h o u g h  each sepa ra t e ly  devoid  of euzvmic  
ac t i v i t y  and  d i f fe ren t  from the  n a t i v e  e n z y m e  in impor t -  
a n t  physical  a n d  chcmica l  pr(~perties have  heen shown  
to recoml)ine to a complex  ( r ibonuclease  S) which closely 
resembles  n a t i v e  r ibonuc lease  in t)hy'sical, chemica l ,  and  
enzymic  p r o p e r t i e s . . k s  the  a u t h o r s  have  po in ted  out  26 
th i s  sys tem p rov ides  a model  of l m r m o n e  ac t ion ,  with  
an  inac t ive  pcp t ide  c o m b i n i n g  re la t ive ly  f i rmly wi th  a 
biological  mac romolecu l e  ( the  ' r ecep tor ' ) ,  forciug upon  
it  a change  of COl~formation ;m(t y ie lding a complex  of 
def ined biological  ac t iv i ty .  Moreover,  ce r t a in  modif i -  
ca t ions  of the  S-pet)ti t le lead to a pa r t i a l  loss of enzymic  
ac t i v i t y  in the  sys t em a:~ a whole,  and  it has  beell possible  
to t race  the  effect t)f pa r t i cu l a r  s t r u c t u r a l  modi f i ca t ions  
e i t he r  to  a lowered l e l l t l e u c v  lo complex  fo rmat ion  
(decreased 'af f in i ty '}  or to lowered enzymic  a c t i v i t y  of 
the  complex  formed (decreased ' in t r ins ic  ac l iv i ly ' ) .  
Bea r ing  iu mind  th i s  p laus ib le  model  of h o r m o n e  ac t ion  
on the  r ecep to r  principle,  it is t)ossible to specu la te  on 
h o r m o n e - r e c e p t o r  re la t ions  of the  c o m p o u n d s  which  form 
the  sub jec t  of th i s  paper .  

The  decreased  a f l i n i t v  r e su l t ing  from a l t e r a t i ons  in 
the  s ide-chain  s t r u c t u r e  a t  posi t ion 3 m i g h t  l)e due  in 
pr inciple  to s ter ic  fac tors  or  t~) changes  in l ipophil ic 
i n t e r a c t i o n s :  in e i the r  case the  effect could be in t ra -  
molecu la r  n lak ing  tile conform;/ t io l l  of the  horm()ne 
necessary  for reac t iou  wi th  the  r ecep to r  less readi ly  
a t t a i n a b l e  or in termtf lecular ,  d i re ( (h"  a f fec t ing  the  
h o r m o n e - r e c e p t o r  inlcract i{ms,  t )n  the  ev idence  ava i l ab le  
i t  is uo t  possil)le to d i s t ing t  is I which  of these  effects are 
ope ra t i ve  and ,  indeed,  t h e i r  r e la t ive  i m p o r t a n c e  m a y  
v a r y  f r o n l  c a s e  t o  c a s t ' :  l int  s ter ic  h i l l d r a u c e  e f f e c l s  o f  
e i t h e r  k ind  can  h a r d h  be respons ib le  for the  decreased  
affinity'  of those  analogt tes  which are der ived from the  
p r o t o t y p e  by  omissiotl  t~f n l e t h v l e n e  or Illettl}:] g roups  
( \~ala-oxytocin a n d  Nvaa-oxytoc in) ,  and  it is these  cases 
which  prov ide  the  best ev idence  for the  i m p o r t a n c e  of 
l ipophi l ic  in te rac t ions .  

F o r m a t i o n  of the  hormone- recc t ) to r  corntilex , which  
m a y  (but  need not} invo lve  c o n f o r m a t i o n a l  changes  in 
e i t he r  COlnpouent, leads to the  al)pearallCC or comple t ion  
of the  t opochcmica l  fea ture  respons ib le  for a c t i v i t y  
( ' ac t ive  s i t e ' ) . . k s  has  heen a rgued  above ,  the  ty ros ine  
h y d r o x y l  g roup  n m v  normalh"  f, wm p a r t  of th is  topo-  

22 M. ZAORAL, [i..]o.:; 'r,  J .  I~FIHN(;ER, alld F. ~ORXl, XVI Ith ]n tcr -  
mLtional Congress of Pure and Applied Chendstry, Mmm'h (I:th~t). 
I(..Jo~'r, J .  I¢.IH)INt;I,:R, ;tin] I"..Q, oR:q, Coll. Czech.  chem.  Comm.  26, 
2P, U; ( l~d l ) .  

:~a ],:. JOlT al ld .l, RUI}tNI;t.:R, CMI. Czc,'h. chem. C~,mm., in ln-e~. 
~1 II. D. I,AW a n d  \ ' .  I~Y Vl(;Xl..~.vl~, .1. Anwr.  clu.nl. Soc. s2, 157;t 

~5 Z. I~ER:~KOV.i, I. Rvcm.iK, K..Jogr, J. l-~Yolx~;v;l¢, and I:..qoR~h 
Coil, Czech. ch,'m. Comm. 2~;, 267:~ (I;~61). 

26 1: X[. ['~I('ItARI):'; aml  P. ,q. VtTIIAY/CI'IIII., ill l~roh'Ht Structure aml 
l"ullctio~l. I : ; rookha \cn  ,%ynlpllsia in P, ioh~!Rv. No. I:{, 1 15 (19~;0}. 
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chemical  region though  even in its absence (Phe ~- 
oxytocin)  the  remain ing  groups suffice for ac t iv i ty .  The  
inhib i tory  effect of Tyr(Me)2-oxytocin, as against  the  
mere  par t ia l  loss of intrinsic ac t iv i ty  in Phe2-oxytocin,  
can be rat ional ized on the  assumption tha t  0 - m e t h y l a t i o n  
no t  only blocks par t ic ipat ion of the  hydroxy l  group bu t  
t h a t  the  me thy l  group projects  into the  space requi red  
for wha teve r  process is responsible for ac t iv i ty ,  and 
prevents  the  remaining groups of the ' ac t ive  si te '  f rom 
exer t ing thei r  effect. 

An a l te rna t ive  in te rpre ta t ion  could be based on a 
similar receptor  model,  bu t  wi thou t  assuming direct  
par t ic ipat ion of any par t  of the  hormone  molecule  in the  
topochemical  en t i ty  responsible for ac t iv i ty ,  the  funct ion  
of the  hormone molecule being confined to inducing the  
conformat ional  change in the  receptor  which gives rise 
to the  a r rangement  of groups (belonging in this  case to  
the  receptor  alone} cons t i tu t ing  this  topochemica l  ent i ty .  
Modifications in the s t ruc ture  of the  hormone  molecule  
could in cer ta in  cases lead to differences in the  ex ten t  
of deformat ion induced by  the  ho rmone  analogue in the  
receptor,  and these in tu rn  migh t  affect  the  exac t  topo-  
chemis t ry  of the ' ac t ive  site '  sufficiently to cause par t ia l  
or  comple te  loss of ac t iv i ty  in t he  hormone- recep tor  
complex,  while the  s tab i l i ty  of this complex  migh t  no t  
be appreciably  impai red  by  the  same s t ruc tura l  modif i-  
cations. Such a s ta te  of affairs would  also resul t  in a 
decreased intrinsic ac t i v i t y  (combined wi th  re la t ive ly  
high affinity), and the  appearance  of compe t i t ive  
inhibition. 

I n  the  present  ins tance the  first exp lana t ion  appears  
more a t t rac t ive ,  because  i t  pe rmi t s  a ra t iona l  correlat ion 
be tween  the  ac tua l  chemical  modif ica t ion  involved  and 
the  resul tant  changes in pharmacologica l  behaviour .  

I t  should be noted t h a t  these considerat ions  require  
no assumptions about  the  ac tua l  process responsible for 
ac t iv i ty  (except insofar as this process is t hough t  of as 
l inked wi th  the  existence 21, r a the r  t h a n  the  format ion  14, 
of the  hormone-receptor  complex) .  As to the  na tu re  of 
this  process, no d i rec t  ev idence  is avai lable .  I t  has  been 
shown tha t ,  in t he  presence of calcium, oxy toc in  acts  a t  
the  membrane  of the  uter ine  muscle cell and  these 
observat ions  have  been summar ized  by  CsAvo 27 as being 
"compat ib le  wi th  the assumpt ion  t h a t  the Ca ion is the 
myoplasmic  ac t iva tor ,  and t h a t  oxytoe ic  substances  act  
as 'Ca carriers '  or  t h a t  t h e y  modi fy  the  d is t r ibut ion  of 
membrane  Ca by  thei r  special af f in i ty  for some componen t  
of the  myomet r i a l  cell m e m b r a n e "  ~9. On this  basis i t  is 
t empt ing  to speculate  t h a t  the  ' a c t i ve  s i te '  of t he  
oxytoe in- receptor  complex  migh t  be a grouping  capable  
of chelat ing calcium. A more  conven t iona l  (unspecified) 
type  of enzymic  ac t iv i ty  migh t  also be envisaged,  in 
direct  analogy wi th  the  r ibonuclease S model.  In  any  
case, i t  is re levant  to poin t  out  tha t ,  inasfar  as o ther  
oxytocic  substances do act  by  the  same mechan i sm as 
oxytocin ,  t h e y  appear  to do so a t  d i f ferent  receptor  sites 
since the  an tagonism by  Tyr(Me)2-oxytocin is d i rec ted  

specifically agains t  oxy toc in  and the  compound  does no t  
inh ib i t  the  uter ine cont rac t ions  induced by  acetylchol ine,  
adrenal in,  serotonin,  or  e rgometr ine  2'q or  by  the  pept ide  
b radykin in  s0. Inc identa l ly ,  this  f inding lends suppor t  to 
the  cr i t ic ism recent ly  directed by  SCHWYZER al against  
the  diffuse concept  of s t ruc tu ra l  specifici ty advanced  by  
WOOLLEY et  al. 82. 

Final ly ,  i t  should be stressed t h a t  ho rmone- recep to r  
relat ions,  as revea led  b y  s tudies  on t h e  s imple in vitro 
systems,  are  b u t  one aspec t  of the  complex  events  
leading to the  observed act ion of the  hormone  in more 
compl ica ted  systems.  This  is i l lus t ra ted by  the  mere fact  
t h a t  the  specific act ivi t ies  of m a n y  oxytoc in  analogues,  
referred to the  na tu ra l  hormone,  differ when  assayed, 
e.g. on the  ra t  urerus in vitro, and on the  same organ  
in situ a'~. No doub t  the  analysis  of such differences sa 
will expose fu r the r  factors  opera t ive  in ho rmona l  regula-  
t ion;  never theless  i t  is our  belief t h a t  the  approach  to 
s t ruc tu re -ac t iv i ty  re la t ions out l ined  in this  paper  can 
yield in format ion  of f undamen ta l  impor tance  to an  
unders tand ing  of the  mechan i sm of hormone  action.  

Zusammen/assung. Eine  auf  der  Rezep toren theor ie  
begr i indete  Analyse  der  Dosis-Wirkungs-]3eziehung bet 
Analogen  des Oxytoc ins  h a t  gezeigt,  dass die ve r r inger te  
spezifische Aktivit~it  in der  Se i tenke t te  des Isoleucins 
modif iz ier ter  Analogen nur  auf  eine ver r inger te  Aff ini t~t  
ftir die Rezep to ren  zurt ickzufi ihren ist, wogegen die 
Verbindungen,  in denen das Tyros in  des Oxytocins  
durch  Phenyla lan in  oder  Leucin erse tz t  ist, zus~tzlieh 
eine ver r inger te  m a x i m a l e  Ak t iv i t~ t  bei  Abs~t t igung  der  
Rezep to ren  ( ' intr insic ac t iv i ty ' )  auIweisen. Das  2 -0-  
Methy l ty ros in -Oxy toc in  wi rk t  als typ i sch  k o m p e t i t i v e r  
Antagonis t  des Hormons .  E ine  auf  Model l sys teme 
gest t i tz te  Erk l~rung  dieser Resu l t a t e  wird erwogen. 
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0.4 mM, Tyr(Me)2-oxytoein beg:ns to show an uterotonic effect; 
eventually, at sufficiently h:gh concentrations of calcium, all 
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