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Synthes i s  of Oxytocin:  Suppres s ion  of D i m e r  F o r m a t i o n  

R e c e n t  work  in th i s  l a b o r a t o r y  on  pos te r io r  p i t u i t a r y  
h o r m o n e s  necess i t a t ed  t he  syn thes i s  and  isola t ion  of 
oxytocin .  To m a x i m i z e  t h e  yield of h o r m o n e  we h a v e  
modi f ied  t he  p rocedure  of cyc l iza t ion  in such  a w ay  as to  
reduce  t he  f o r m a t i o n  of dimers .  Tile las t  s tep  in t h e  
syn thes i s  of oxy toc in  involves  cycl iza t ion  of oxyt ice ine  b y  
ox ida t ion~ ,L  Intramoleeular ox ida t i on  of t he  l inear  
d i th io l  i n t e r m e d i a t e  gives oxytocin ,  whereas  intermolec- 
ular  ox ida t i on  be twee n  2 oxy toce ine  molecules  leads to  
t he  f o r m a t i o n  of a m i x t u r e  of a p p r o x i m a t e l y  equa l  
a m o u n t s  of i someric  e- a n d  /3-dimers a (Figure).  B o t h  
i somers  e x h i b i t  a low oxytoc ic  a c t i v i t y  of t he  order  of 
1 u n i t / m g  a, c o m p a r e d  w i t h  a p p r o x i m a t e l y  500 u n i t s / m g  
for  oxytoc in .  

I n  p rev ious  expe r imen t s ,  N - benzy l oxyca r bony l - S ,  S'-  
d ibenzy l -oxy toce ine ,  p r e p a r e d  b y  t he  s tepwise  p -n i t ro -  
p h e n y l  es ter  m e t h o d  ~, was  r educed  w i t h  sod ium in l iquid  
a m m o n i a  ~. The  a m m o n i a  was al lowed to  e v a p o r a t e  
s p o n t a n e o u s l y  a n d  t he  d i th io l  was  oxid ized  to  t he  
disulf ide  w i t h  a so lu t ion  of p o t a s s i u m  fe r r icyan ide  s. The  
a m o u n t  of fe r r icyan ide  requ i red  to oxidize a l l  of t he  th io l  
p r e s e n t  was  i n d i c a t e d  b y  a b r i g h t  yel low colour  w h e n  a 
s l igh t  excess was p r e s e n t ;  t he  a m o u n t  of fe r r icyan ide  
consumed  in p rev ious  e x p e r i m e n t s  was  a lways  approx i -  
m a t e l y  6 0 - 7 0 %  of t he  theory ,  based  on  t h e  a m o u n t  of 
th io l  wh ich  could be  fo rmed  f rom tile p r o t e c t e d  nona -  
pep t ide  i n t e rmed ia t e .  A cons iderab le  a m o u n t  of a i real  
ox ida t ion ,  p r e s u m a b l y  occur red  before  t h e  t i t r a t i o n  w i t h  
p o t a s s i u m  fe r r i cyan ide  was car r ied  out .  The  inter- 
molecu la r  ox ida t i on  r eac t ion  is more  l ikely to  occur  in  
so lu t ions  c o n t a i n i n g  a h i g h  c o n c e n t r a t i o n  of oxy toce ine  
such  as p e r t a i n s  in t h e  res idue  a f t e r  t h e  r e m o v a l  of 
l iqu id  a m m o n i a .  I f  d i m e r  f o r m a t i o n  were to  occur  m a i n l y  
in t h e  t i m e  b e t w e e n  t he  r e m o v a l  of a m m o n i a  f rom 
oxy toce ine  a n d  t h e  t i t r a t i o n  of i t s  aqueous  so lu t ion  w i t h  
p o t a s s i u m  ferr icyanide,  exclusion of oxygen  d u r i n g  t h a t  
s tage would  be  of p r i m a r y  i m p o r t a n c e  in t h e  p r e v e n t i o n  
of undes i r ab le  side reac t ions .  W i t h  t h i s  in mind ,  we 
modi f ied  t h e  p rocedure  for t he  cyc l iza t ion  of oxy toce ine  
to oxy toc in  as follows. 

Materials and methods. I n  a t yp i ca l  e x p e r i m e n t  t he  
p r o t e c t e d  n o n a p e p t i d e  N - b e n z y l o x y c a r b o n y l - S ,  S ' -d iben-  
zy l -oxy toce ine  (1 g) was  r educed  w i t h  sod ium (st ick 
m e t h o d  2) in  l iqu id  a m m o n i a  (800 ml) a t  - 33  ~ u n t i l  a b lue  
colour  pers i s ted  for 10 sec. Glacia l  acet ic  acid (2 ml) was  
a d d e d  a n d  t h e  a m m o n i a  was e v a p o r a t e d  as qu ick ly  as 
poss ible  b y  i m m e r s i n g  t he  f lask in w a t e r  a t  30-40 ~ a n d  
pass ing  a r ap id  s t r e a m  of dry,  oxygen- f ree  n i t r ogen  
t h r o u g h  t he  flask. The  solid, w h i t e  res idue  was dissolved 
in f reshly  dist i l led,  d e a e r a t e d  w a t e r  (1.5 1; d i su l fydry l  
c o n c e n t r a t i o n  0.5 mg/ml)  a n d  t h e  f low of n i t r ogen  was 
m a i h t a i n e d  un t i l  t h e  so lu t ion  (pH 6.8) h a d  been  t r e a t e d  
w i t h  0.02 M - p o t a s s i u m  fe r r i cyan ide  (70 ml), Excess  ferri- 
a n d  fe r rocyan ide  ions were r e m o v e d  on a c o l u m n  (2 • 7 cm) 
of Dowex  2 • 8 (200-400 m e s h ;  Cl- - form) ,  t he  e f f luen t  was 
c o n c e n t r a t e d  to  a p p r o x i m a t e l y  70 m l  a n d  sub jec t ed  to  
c o u n t e r c u r r e n t  d i s t r i b u t i o n  (625 t ransfers)  in  t h e  s y s t e m  
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n - b u t a n o l :  n -p ropano l :  0 .05% acet ic  acid ( 2 : 1 : 3 )  to  
s epa ra t e  oxy toc in  (K = 0.36) f rom t h e  m i x t u r e  of d imers  
(K = 0.19). I so la t ion  b y  tyoph i l i za t ion  of t he  m a t e r i a l  
f rom the  2 peaks  gave  pure  h o r m o n e  (474 rag;  62%) a n d  
a m i x t u r e  of d imers  a n d  sod ium ace t a t e  (386 rag). The  
c rude  d imer ic  m a t e r i a l  was  pur i f ied  b y  gel f i l t r a t ion  on a 
co lumn  (2 • 150 cm) of S e p h a d e x  G-25 in 2 N acet ic  acid 
a t  a flow r a t e  of 25 ml/h .  The  pep t ide  was de t ec t ed  in 
a l iquo ts  of co lumn  f rac t ions  b y  t he  Fol in-LowRY proce-  
dure  ~ and  t he  selected f rac t ions  were lyophi l ized  to  give 
t he  sal t -free m i x t u r e  of d imers  (43 rag). B ioassay  8,9 on 
t he  h o r m o n e  revea led  a n  oxytoc ic  a c t i v i t y  of 532 4- 20 
(n = 3) IU /mg .  The  mo i s tu r e  c o n t e n t  ot t h e  lyophi l ized  
powder  was 4.2% (P205; 50~ mm).  F o u n d :  C, 50.9; 
H, 6.9; N, 16.4; S. 6.2. Calc. for C4aH6sN12Ox2S2: C, 51.2; 
H, 6.8; N, 16.7; S, 6 .3%.  A m i n o  acid analys is  of a n  acid 
hyd ro l i s a t e  gave  t h e  fol lowing m o l a r  rat ios ,  w i t h  t he  
va lue  for pro l ine  t a k e n  as 1.0: a m m o n i a ,  3.0; a spa r t i c  
acid, 1.1; g lu t amic  acid, 1.0; prol ine,  1.0; glycine,  1.0; 
ha l f -cys t ine ,  2.0; isoleucine, 0.9; leucine, 1.1; and  ty ro-  " 
sine, 0.9. An  acid hyd ro l i s a t e  of t h e  d imer ic  m a t e r i a l  h a d  
an  amino  acid compos i t i on  iden t ica l  w i t h  t h a t  of t he  
hormone .  

Results and discussion. I n  all  a b o u t  95% of t h e  th io l  
was  accoun ted  for b y  ox ida t i on  b y  fer r icyanide ,  i.e., 
2 5 - 3 5 %  more  t h a n  in e x p e r i m e n t s  where  no  p r ecau t i ons  
were t a k e n  to  avo id  ox ida t i on  b y  a t m o s p h e r i c  oxygen.  
The  we igh t  r a t io  of oxy toc in  to  t h e  m i x t u r e  of d imers  
was 11:1, c o m p a r e d  w i t h  t he  resu l t s  of p rev ious  experi-  
m e n t s  where  t h e  we igh t  r a t io  of h o r m o n e  to  d imers  was 
of t he  order  of 4 :1  (s imilar  resu l t  o b t a i n e d  b y  YAMASHIRO, 
HOPE, and DU VIGNEAUD3), thus the formation of dimer 
was reduced 3-fold. This finding indicates that oxytoceine 
can be oxidized to monomeric oxytocin in high yields, 
providing that precautions are taken to avoid premature 
oxidation of the dithiol intermediate by atmospheric 
oxygen ; we believe that this reaction is mainly responsible 
for the formation of oxytocin dimers during the synthesis 
of oxytocin. 

Zusammen/assung. Die B i l d u n g  yon  O x y t o c i n - D i m e r  
(~ +fl) ,  e inem N e b e n p r o d u k t  der  Oxy toc in -Syn the se ,  wi rd  
v e r r i n g e r t  d u r c h  Ausschluss  a tmosph~t r i schen  Sauer-  
stoffes w~thrend der  Zyk l i sa t ion  y o n  Oxy toce in  zu Oxy-  
tocin.  I )as  G le i chgewich t sve rhg l tn i s  yon  M o n o m e r  zu 
D i m e r  wi rd  d u r c h s c h n i t t l i c h  yon  4 : 1 auf  11 : 1 ve rbesse r t .  
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