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H 

I (R = H) Cinobufagin F. 213-215 ° [ -  4] l0 
II  (R=Ae)  F. 202-204 ° [ -  2] ~° 

H 

1. KMnO~ CH~OAc 
2. CH.~No / ~ - , ~  

3. LiAIH~ -1~ } . 
/ ~ - I / ~ % H  OAc A , l )  

AcO / ~ H 

I I I  ~.  172-174 ° [+233 '~l] 

LiAlI t t  
i Ac.~O/Py 

/ O . ,  

COOCH s 

/ O H  ~ ~ ' O A c  2. CH2N e ~ "~OAc  

A c O / " ~ / ' l ' ~ / a  
H 

IV Diacetytgitoxigenin 
F. 245-249 ° [ -  8] n 

V F. 186-188 ° [-- 11) 9 

Ac = CHACO-. Die Zahlen in eckigen Klammern  geben die auf ganze Grade auf- oder abgerundete spez. Drehung fiir 
Na-Lieht  in Chloroform an. 

(IV)] u n d  Ace ty l i e rung  des d a b e i  geb i lde t en  Te t ro l s  ge- 
w o n n e n  worden.  

C inobufag in  is t  d u t c h  die h ie r  gesch i lder te  chemische  
Verkn i ip fung  m i t  G i tox igen in  in se iner  K o n s t i t u t i o n  
p r a k t i s c h  v611ig aufgek lgr t .  Es  f eh l t  ledigl ich n o c h  der  
Beweis  Iiir die zwei te  I l a f t s t e l l e  des a n  C-14  f ix ie r t en  
Oxydsauers tof fs .  D a  dieser  in  e iner  sekund~ir-tert i~iren 
E p o x y g r u p p e  ( I R . - S p e k t r u m ,  s iehe oben)  e n t h a t t e n  is t ,  
k o m m t  als a n d e r e  Verkn t ip fungss t e l l e  n u r  C-15  in Frage .  
Aus  s te r i schen  Gr f inden  muss  die yon  C-15 a u s g e h e n d e  
B i n d u n g  diesetbe d t u m l i c h e  Lage  e i n n e h m e n  wie die- 
jenige a n  C-14.  Das  E p o x y d  is t  also 14fl, 15fl-st~indig an-  
geordnet .  C inobufag in  is t  chemisch  s o m i t  als 3 f l -Hydroxy-  
14,15f l -epoxy-16f l -acetoxy-5f l -bufa-20,22-dienol id  (I) zu 
bezeichnen.  

P. HOFER, H.  LINDE u n d  K. MEYER 

]~harmazeutische Anstalt  der Universitdt Basel, den 
9. J u n i  1959. 

Summary  

The  s t r u c t u r e  of C inobufag in  is s h o w n  t o  be  3fl- 
Hydroxy- t4 ,15f l -epoxy-  16fi-acetoxy-5fl- b u r s -  20, 22-  dien-  
olide. 

lo Literaturangaben siehe t~i 4. 
xl Literaturangabcn siehc bei H. J.KGER, O. SCFnNDLER und T. 

REICHSTEXN, HeW. chim. Aeta 42, 977 (1959). 

I n h i b i t i o n  of  O x y t o c i n  I n a c t i v a t i o n  

b y  S o m e  P e p t i d e s  

The  pep t ide  h o r m o n e s  are, as h a s  been  k n o w n  for  some 
t ime,  i n a c t i v a t e d  b y  ce r t a in  t i ssues  in t he  organism.  Th i s  
process  is u n d o u b t e d l y  of cons iderab le  i m p o r t a n c e  in 
r egu la t ing  t he  effects  of these  h i g h l y  ac t ive  c o m p o u n d s L  
The  e luc ida t ion  of t h e  chemica l  s t r u c t u r e  of a n u m b e r  of 
pep t ide  h o r m o n e s  now m a k e s  i t  poss ible  to  s t u d y  t h e  

i I. A. MIRSKY, Recent Progr. Hormone Res. 13, 429 (1957). 

m e c h a n i s m  of t h e i r  biological  i n a c t i v a t i o n  in more  de ta i l ;  
a n d  t h i s  in  t u r n  shou ld  open  u p  new possibi l i t ies  for ac t ing  
u p o n  t he  n e u r o h u m o r a l  r e g u l a t i n g  m e c h a n i s m s  of h igher  
o rgan i sms .  

O x y t o c i n  is e n z y m a t i c a l l y  i n a c t i v a t e d  in t he  m a m m a l i a n  
o r g a n i s m  b y  w h a t  ha s  been  cal led ' oxy toc ina se  'e. Very  
l i t t l e  is so fa r  k n o w n  a b o u t  t h i s  enzyme ,  or  e n z y m e s ;  i t  has  
mere ly  b e e n  r eco rded  t h a t  such  a c t i v i t y  is f o u n d  in some 
t issues,  e .g.  l ive r  or  p a n c r e a s  ~, 4, and ,  a t  a h i g h  level,  in 
h u m a n  p r e g n a n c y  p l a s m a  2, a, s. 

W e  wish  he re  to  p r e sen t  some p r e l i m i n a r y  resu l t s  of 
work  a i m e d  a t  con t ro l l ed  i n t e r v e n t i o n  in t h e  f u n c t i o n  of 
o x y t o c i n  a n d  oxytoc inase .  W e  h a v e  been  able  to f ind,  in 
c e r t a i n  s imple  pept ides6,  7 c o r r e s p o n d i n g  to  s t r u c t u r a l  
f r a g m e n t s  of t he  h o r m o n e ,  specific i n h i b i t o r s  of the  en- 
zymes  i n a c t i v a t i n g  o x y t o c i n  in t he  o rgan i sm.  

Oxy toc i c  a c t i v i t y  was m e a s u r e d  b y  t h e  m e t h o d  of PAGE 5 
w i t h  m i n o r  mod i f i ca t ions  4. As sources  of t he  enzymes ,  we 
used  n o r m a l  h u m a n  p r e g n a n c y  se rum a, s, mouse  panc rea s  
a n d  l iver  slices, a n d  mouse  l iver  cell s ap  4. Since all  t he  
t i ssue  p r e p a r a t i o n s  showed  t h e  s ame  b e h a v i o u r  to  in- 
h ib i to r s ,  we sha l l  re fer  to  t h e m  in t h e  sequel  col lec t ive ly  
as  ' t i s sue  o x y t o c i n a s e '  p r e p a r a t i o n s .  

The  samples  were i n c u b a t e d  in  a W a r b u r g  a p p a r a t u s  in  
K r e b s '  M e d i u m  l I I  a t  37°C in  a n  a t m o s p h e r e  of  oxygen  
for  30- -60  nfin.  T h e  m e d i u m  c o n t a i n e d  2 i .u.  of oxytoc in ,  
t he  i n h i b i t o r  a t  t he  c o n c e n t r a t i o n  s t a t ed ,  a n d  t he  se rum 
(30--40 m g  of p ro te in) ,  t i ssue  slices (5--7 m g  of prote in) ,  
or  cell sap  ( 2 - 4  m g  of pro te in) .  T h e  resu l t s  of a n u m b e r  of 
e x p e r i m e n t s  are  r ecorded  in t he  Table .  C h r o m a t o g r a p h i c  

K. v. FEKETE, Endokrinologie 7, 364 (1930); 10, 16 (1932). 
3 E, WERLE and K. SEMM, Arch. Gyn~kol. 187,449 {1955). 

S. L~BLov~., I. RVC•LiK, and F. ~OR~t, Coll. Czechosl. chem. 
Comm., in press. 

s E. W. PAGE, Amer. J. Obstet. Gynec. 5'2, 1014 (1946}; Science 
t05, '292 (1947). 

6 M'. ZAORAL and J. RUDINGER, Chem. listy 49, 745 (1955); Colt. 
Czeehosl. chem. Comm. 20, 1183 (1955). 

7 j .  RUI)INC.ER, J. HONZL, and M. ZAORAL, Chem. listy 60, 288 
(1956); Coll. Czeehosl. chem. Comm. 21, 202 (1956). 
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Inhibition of Oxytoeinase 

Compound 

Con- 
centra- 

tion Preg- 
milli- nancy 
molar serum 

Component  amino- 
acids of oxytoein . 

The same, wi thout  
cystine 

Cystine 
Carbobenzoxy-cystine 
S-Benzylcysteine . . 
Carbobenzoxy-S- 

benzylcysteine . . 
Prolyl-leucyl-glycine 

amide 
Carbobenzoxy-prolyl- 

leueyl-glyeine amide 
S-Benzylcysteinyl- 

prolyl-leucyl- 
glycine amide . . 

Carbobenzoxy- S- 
benzylcysteinyl- 
prolyl-leucyl-glycine 
amide 

Cystinyl-bis-(prolyl- 
leucyl-glyEine amide) 

Glutaminyl-asparagi-  
nyl-S-benzylcystei- 
nyl-prolyl-leucyl- 
glycine amide . . 

GlutaminyI-asparagine 
S-Benzylcysteinyl- 

tyrosine 
S-BenzyleysteinyI- 

tyrosine amide . . 
Carbobenzoxy-S- 

benzylcysteinyl- 
tyrosine 

S-Benzylcysteinyl- 
glycine 

Gluta thione 

(0"1°/o) 

(0,1%1 
0.87 
0-87 
1.5 

1.5 

1.5 

1-5 

1.5 

0,75 

1 . 5  b 

100 

100 

100 
> 1 0 0  

>i00 

116 

tO0 

Oxytocinase activity • 

11 

>100  

2 

1.5 28 
1.5 >100  

1.5 44 

0.75 40 

Pan- Liver Liver creas cell- slices slices sap 

100 100 100 

1-7 - - 

59 - 100 
1-5 13-7 2-5 
- - 34 

37 60 61 

- - 70 

90 86 113 

- - 100 

19-2 33 13.5 

- - 77 

1 - 4  1 - 8  2 

1.4 33 3 
- - 60 

1.8 1-5 6.8 

1.5 60 - - 45 

1.5 > 1 0 0  1.8 1.5 6 
1.5 > 1 0 0  100 100 100 

a Expressed as percentage of control calculated on the basis of 
first-order rate constants ~. 

b Concentration approximate; the peptide was not isolated in a 
pure state xz. 

ana lyses  were ca r r ied  out ,  a f t e r  d e p r o t e i n i s a t i o n  b y  boi l ing,  
in t h e  so lven t  s y s t e m  m e t h y l - e t h y l - k e t o n e - p y r i d i n e - w a t e r  
(70 :15 :15)  8. 

In  a d d i t i o n  to  t he  c o m p o u n d s  l i s ted  in t h e  Table ,  t he  
fol lowing pep t ide s  were e x a m i n e d  g: g lycy l -g lu tamine ,  
tyrosyl -glycine ,  c a r b o b e n z o x y - ~ - g l u t a m y l - t y r o s i n e ,  a n d  
ca rbobenzoxy- ty rosy l -g lycy l -g lyc ine ;  none  of these,  how-  
ever,  i n h i b i t e d  oxy toc inase ,  a n d  some caused  s l igh t  s t i m u -  
la t ion.  T h e  effect  of cys te ine  i tself  was r a t h e r  v a r i a b l e ,  
p r o b a b l y  owing to  t h e  v a r y i n g  degree  of o x i d a t i o n  u n d e r -  
gone b y  i t  d u r i n g  t he  aerobic  i n c u b a t i o n .  

P l a s m a  o x y t o c i n a s e  was i n h i b i t e d  on ly  b y  pep t ide s  
r ep r e sen t i ng  s t r u c t u r M  f r a g m e n t s  of t h e  o x y t o c i n  mole-  
cule, a n d  c o n t a i n i n g  a cys t ine  or  S -benzy lcys te ine  res idue.  
I n h i b i t i o n  b y  these  pep t ides  a p p e a r s  to  be  r a t h e r  specific : 
S-benzyl -cys te iny l -g lyc ine ,  w h i c h  is n o t  a f r a g m e n t  of t he  
oxy toc in  s t ruc tu re ,  was  w i t h o u t  effect  as a n  inh ib i to r .  

a I. M. HAIs and K. MACEK, ttandbuch der Papicrchromatographie 
(Gustav Fischer Verlag, Jena 1958). 

9 All amino acids (except glycine) were of the L configuration. 

S u b s t i t u t i o n  of t h e  free a m i n o  g roup  in S -benzy lcys t e iny l -  
ty ros ine  b y  a c a r b o b e n z o x y  g roup  s h a r p l y  lowers t h e  
i n h i b i t o r y  effect;  in o t h e r  ana logous  cases, t h e  i n h i b i t o r  
a c t i v i t y  d i sappears  a l toge the r .  

The  p r o n o u n c e d  speci f ic i ty  of o x y t o c i n a s e  is also b o r n e  
o u t  b y  t h e  resu l t s  of c h r o m a t o g r a p h i c  e x p e r i m e n t s ,  wh ich  
showed  S -benzy lcys t e iny l - t y ros ine  a m i d e  to be  sp l i t  
r ap i d l y  a t  t h e  pep t ide  b o n d  b y  p r e g n a n c y  s e r u m  whi le  
S -benzy lcys te iny l -p ro ly l - l euc in -g iyc ine  a m i d e  a n d  S-ben-  
zy lcys te iny l -g lyc ine  were p rac t i ca l ly  u n a t t a c k e d  u n d e r  
t h e  s a m e  cond i t ions .  I t  is there fore  l ike ly  t h a t  S -benzy l -  
c y s t e i n y l - t y r o s i n e  a m i d e  inh ib i t s  the  i n a c t i v a t i o n  of  oxy-  
toc in  as  a c o m p e t i t i v e  subs t r a t e ,  w h e rea s  S-benzyI -  
cys te iny l -p ro ly l - l ency l -g lyc ine  amide  ac t s  as  a specif ic  
i nh ib i to r .  T h e  fission of S -benzy l - cys t c iny l - ty ros ine  a m i d e  
to  S -benzy lcys t e ine  a n d  ty ros ine  amide  b y  t h e  p r e g n a n c y  
s e r u m  is p r e s u m a b l y  respons ib le  for the  decreased  effec- 
t iveness  of th i s  p ep t i d e  in i n h i b i t i n g  t h e  i n a c t i v a t i o n  of 
oxy toc in ,  as c o m p a r e d  w i t h  t h e  a c t i v i t y  of S-benzyl -  
cys te iny l -p ro ly l - l eucy l -g lyc ine  amide .  O u r  resul t s  are  in 
good a g r e e m e n t  w i t h  t h e  f indings  of TuPPY a n d  NES- 
VADBA 1°, w h o  showed t h e  oxy toc in  molecule  to  be spl i t  
b e t w e e n  t h e  h e m i c y s t i n e  a n d  ty ros ine  res idues  b y  h u m a n  
p r e g n a n c y  se rum.  

I n  t h e  case of t i ssue  oxy toc inase ,  t h e  s i t u a t i o n  is some-  
w h a t  more  compl i ca t ed .  Un l ike  p l a s m a  oxy toc inase ,  th i s  
e n z y m e  is v e r y  s t rong ly  i n h i b i t e d  b y  free cys t ine .  Th i s  
effect  c a n n o t  be  a c c o u n t e d  for  mere ly  b y  a non-speci f ic  
a c t i o n  o n  s u l p h y d r y l - d i s u l p h i d e  equ i l ib r i a  of t h e  sub-  
s t r a t e  or  enzyme ,  since S-benzy lcys te ine ,  w h i c h  c a n n o t  
a c t  b y  a r edox  m e c h a n i s m ,  also causes  m a r k e d  inh ib i t i on .  
T h e  effect  of p e p t i d e - b o u n d  S -benzy lcys t e ine  is severa l  
t i m e s  g r e a t e r  t h a n  t h a t  of t h e  free a m i n o - a c i d ;  t h e  
s t r u c t u r a l  r e q u i r e m e n t s  for i n h i b i t i o n  of t h e  t i ssue  e n z y m e  
are,  however ,  less r igorous  t h a n  in t h e  case  of p l a s m a  
oxy toc inase .  T h e  p resence  of a cys t ine  or  S -benzy lcys te ine  
res idue  aga in  a p p e a r s  to  be  requi red ,  b u t  pep t ides  n o t  
c o r r e s p o n d i n g  to  a n y  sequence  in t h e  o x y t o c i n  molecule ,  
s u c h  as S -benzy lcys te iny l -g lyc ine ,  are  also effect ive.  Sub-  
s t i t u t i o n  of t h e  cys t e ine  a m i n o  g roup  b y  c a r b o b e n z o x y  
lowers t h e  a c t i v i t y  cons iderab ly .  C h r o m a t o g r a p h i c  a n a -  
lysis showed  t h a t  the  pep t ides  w h i c h  s t rong ly  i n h i b i t  t h e  
i n a c t i v a t i o n  of oxy toc in  b y  t i ssue  p r e p a r a t i o n s  are t h e m -  
selves b r o k e n  d o w n  to  t h e  i n d i v i d u a l  ami n o -ac i d s  b y  t he se  
s ame  p repa ra t ions .  

These  resu l t s  i nd i ca t e  t h a t  t h e  o x y t o c i n - i n a c t i v a t i n g  
en zy mes  are m o s t  p r o b a b l y  p e p t i d a s e s ;  t h o u g h  the  r ig id  
r e q u i r e m e n t  for t h e  p resence  of s u l p h u r  sugges ts  t h a t  t h e  
poss ib i l i ty  of a exocys t i ne  d e s u l p h y d r a s e  t y p e  of a c t i v i t y  
be k e p t  in m i n d  in t h e  case of the  t issue e n z y m e  n .  

Details of this work, together with further experiments, will be 
published in due course in the Collection of Czechoslovak Cheinical 
Communications. 

The peptides used were prepared by J. RUD/NGER, M. ZAORAL, and 
K. JogT, of the Department of Organic Synthesis of this Institute. 

Z. BERANKOVA, I. RYCHLiK, a n d  F. ~ORM 

Department o] Biochemislry, Institute o[ Chemistry, 
Czechoslovak Academy o/Science, Prague, April 27, 1959. 

Zusammen/assung 

E s  wird  fes tges te l l t ,  dass  einige pep t id i s che  F r a g m e n t e  
des  O x y t o c i n s  dessen  A b b a u  d u t c h  S c h w a n g e r e n s e r u m ,  
M g u s e p a n k r e a s  u n d  Mfiuseleber  h e m m e n .  
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