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T r i t i u m  l a b e l l i n g  o f  s u b s t a n c e  P has been  per formed by s e v e r a l  

g r o u p s .  Nakata e t  a1 ( 1 )  u s e d  t h e  Wilzbach exchange  t e c h n i q u e  

and r e p o r t e d  a good y i e l d  and e x c e l l e n t  s p e c i f i c  a c t i v i t y .  In 

ou r  hands t h i s  p r o c e d u r e  g i v e s  a lmos t  comple t e  d e g r a d a t i o n  o f  

t h e  molecu le ;  i n  f a c t  a l s o  t h e  s i m p l e r  [ L e u l e n k e p h a l i n  molecu le  

d e g r a d e s  a lmos t  c o m p l e t e l y  ( u n p u b l i s h e d  o b s e r v a t i o n ) .  Reduc t ive  
8 d e h a l o g e n a t i o n  of p a r a - s u b s t i t u t e d  phenyl g roups  ( P h e 7  and Phe 

has  a l s o  been u s e d  ( 2 - 4 ) .  Hanley and co-workers  ( 4 )  r e p o r t  good 

s p e c i f i c  a c t i v i t y  ( 2 3  Ci/mmol) of  s u b s t a n c e  P l a b e l l e d  i n  t h e  

Phe p o s i t i o n  and Berge r  e t  a1 ( 2 )  t h e  N l e ' l -  s u b s t a n c e  P 

a n a l o g u e ,  l a b e l l e d  a t  Phe7 and P h e 8  t o  27 Ci/mmol. 

8 

We have used t h e  a l t e r n a t i v e  approach  ( 5 )  o f  i n t r o d u c i n g  t r i t i u m  

by c a t a l y t i c  hydrogena t ion  of t h e  u n s a t u r a t e d  p r e c u r s o r s  w i t h  

3 , 4  dehydro-Pro' ,  3 , 4  dehydro-Pro4  s u b s t i t u t i o n .  The t r i t i a t e d  
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p r o d u c t s  had  a s p e c i f i c  a c t i v i t y  o f  a b o u t  15 C i /mmo l  and  

showed good  r a d i o c h e m i c a l  s t a b i l i t y .  

E x p e r i m e n t a l  _______ 

S y n t h e s i s  o f  

[ 3 , 4 - d e h y d r o - P r 0 ” ~  ] - s u b s t a n c e  P ( 1 - 7 )  

[ 3 , 4 - d e h y d r o - P r 0 ~ ’ ~  ] - s u b s t a n c e  P and  

P e p t i d e s  w e r e  s y n t h e s i z e d  b y  t h e  M e r r i f i e l d  s o l i d  p h a s e  

m e t h o d  (6) u s i n g  t h e  Beckman Mode l  990 a u t o m a t i c  s y n t h e s i z e r .  

Substance P was s y n t h e s i z e d  on  m e t h y l b e n z h y d r a l a m i n e  r e s i n ( 7 )  and SP 

(7-7) was s y n t h e s i z e d  on  t h e  s t a n d a r d  M e r r i f i e l d  r e s i n  

( L a b  Sys tems ,  I n c . ) .  BOC amino  a c i d s  w e r e  p u r c h a s e d  f r o m  

Bachem o r  Beckman o r  w e r e  s y n t h e s i z e d  i n  t h i s  l a b o r a t o r y .  

Amino a c i d  s i d e  c h a i n s  w e r e  p r o t e c t e d  as  f o l l o w s :  A r g ( T o s 1 ,  

L y s ( E - C l Z ) ,  and G l n ( X a n ) .  S t a n d a r d  p r o c e d u r e s  w e r e  f o l l o w e d  

u s i n g  2 . 5 - f o l d  e x c e s s e s  o f  B O C  amino  a c i d s  and  d i c y c l o -  

h e x y l c a r b o d i i m i d e  f o r  e a c h  c o u p l i n g .  D e p r o t e c t i o n  was by 2 5 %  

t r i f l u o r o a c e t i c  a c i d  i n  d i c h l o r o m e t h a n e .  The d e p r o t e c t i o n  

r e a g e n t  c o n t a i n e d  0.1% i n d o l e .  P e p t i d e s  w e r e  c l e a v e d  f r o m  

t h e  r e s i n s  by  t r e a t m e n t  w i t h  a n h y d r o u s  HF a t  O°C f o r  30 m i n  

i n  t h e  p r e s e n c e  o f  a n i s o l e ,  and  w e r e  p u r i f i e d  b y  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 .  H o m o g e n e i t y  o f  t h e  p e p t i d e s  was d e m o n s t r a t e d  b y  

p a p e r  e l e c t r o p h o r e s i s  and t h i n  1 a y e r  c h r o m a t o g r a p h y .  Amino a c i d  

a n a l y s i s  was done  on  a Beckman 120C a n a l y z e r  a f t e r  h y d r o l y s i s  

a t  l l O ° C  f o r  2 2  h r  i n  t h e  p r e s e n c e  o f  m e r c a p t o e t h a n o l  and  

p h e n o l .  

T r i t i u m - l a b e l l i n a  s t e o  

The above compounds ( 2  mglwere  d i s s o l v e d  i n  e t h a n o l  and  
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s u b j e c t e d  t o  c a t a l y t i c  h y d r o g e n a t i o n  (Tritium L a b e l l i n g  

Service, Amereham International plc, Amersham, E n g l a n d ) .  

After removal of  l a b i l e  t r i t i u m ,  t h e  p r o d u c t  was k e p t  i n  

a b s o l u t e  e t h a n o l  unde r  n i t r o g e n .  T h e  p r o d u c t  was a n a l y z e d  

on r e v e r s e d  p h a s e  H P L C  which showed a b o u t  30% t o  ch romatograph  

a s  a u t h e n t i c  s u b s t a n c e  P .  

P r e p a r a t i v e  c h r o m a t o g r a p h i c  i s o l a t i o n  of  t r i t i u m - l a b e l l e d  

s u b s t a n c e  P 

E thano l  was removed f rom t h e  r e a c t i o n  p r o d u c t  which was 

r e d i s s o l v e d  i n  d i l u t e  p y r i d i n e  formate b u f f e r  (0.1M 

p y r i d i n e ,  0.1M f o r m i c  a c i d ) .  About 5 m i l l i c u r i e  of  c r u d e  

p r o d u c t  was a p p l i e d  t o  a 1 m l  SP-Sephadex ( H + )  i o n  

e x c h a n g e r  e q u i l i b r a t e d  i n  t h e  same b u f f e r .  T h e  i o n  e x c h a n g e r  

was washed w i t h  10  volumes of  t h e  b u f f e r  and t h e n  e l u t e d  w i t h  

6 volumes of s t r o n g e r  p y r i d i n e  f o r m a t e  b u f f e r  (0.8M p y r i d i n e ,  

0.8M f o r m i c  a c i d ) .  A l l  s o l v e n t s  c o n t a i n e d  0 .01% of  m e r c a p t o -  

e t h a n o l .  The e l u t e  was l y o p h i l i z e d  t o  d r y n e s s ,  s u b j e c t e d  t o  

H P L C  ch romatography  i n  a wa te r -me thano l  s o l u t i o n  (40% m e t h a n o l ,  

0.005% t r i f l u o r a c e t i c  a c i d ,  0 .01% m e r c a p t o e t h a n o l )  on a 

Wate r s  C18 r e v e r s e d  p h a s e  co lumn.  The peak c o r r e s p o n d i n g  t o  

s u b s t a n c e  P was t a k e n  t o  d r y n e s s  i n  vacuo .  A b s o l u t e  e t h a n o l  

w i t h  a t r a c e  o f  m e r c a p t o e t h a n o l  was added t o  a c o n c e n t r a t i o n  

o f  a b o u t  20 pCi /ml .  T h i s  e t h a n o l  s o l u t i o n  was k e p t  a t  -9OOC 

u n d e r  n i t r o g e n  f o r  a b o u t  4 mon ths ,  w i t h  minimal d e c o m p o s i t i o n .  

Checks  of p u r i t y  i n c l u d e d  s e v e r a l  H P L C  s y s t e m s  on t h e  same 

column, i o n - e x c h a n g e  ch romatography  on SP-Sephadex and 

a b s o r p t i o n  t o  a n t i b o d i e s  r a i s e d  a g a i n s t  s u b s t a n c e  P - 
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t h y r o g l o b u l i n  c o n j u g a t e s .  F i n a l l y ,  an a l i q u o t  was t e s t e d  on  

t h e  g u i n e a - p i g  i l e u m  f o r  s m o o t h - m u s c l e  a c t i v i t y  ( 8 ) .  

P r e p a r a t i v e  c h r o m a t o g r a p h i c  i s o l a t i o n  o f  t r i t i u m - l a b e l l e d  

s u b s t a n c e  P ( 1 - 7 )  f r a g m e n t  

P r e l i m i n a r y  p u r i f i c a t i o n  was c a r r i e d  o u t  as  d e s c r i b e d  a b o v e .  

The p r o d u c t  was i s o l a t e d  b y  r e v e r s e d  p h a s e  HPLC c h r o m a t o -  

g r a p h y  i n  a w a t e r - m e t h a n o l  g r a d i e n t  ( s t a r t i n g  b u f f e r  10% 

CleOH; f i n a l  b u f f e r  80% MeOH; c o n d i t i o n s  o t h e r w i s e  i d e n t i c a l  

t o  t h o s e  f o r  s u b s t a n c e  P I .  S t o r a g e  c o n d i t i o n s  w e r e  a n a l o m u s  

t o  t h o s e  o f  s u b s t a n c e  P .  

Checks  o f  p u r i t y  i n c l u d e d  a b s o r p t  

a g a i n s t  c o n j u g a t e s  o f  s u b s t a n c e  P 

R e s u l t s  and D i s c u s s i o n  

o n  t o  a n t i b o d i e s  r a  

( 1 - 7  ) t o  t h y r o g l  obu  

sed  

i n .  

The HPLC s y s t e m s  s e p a r a t e  compounds i n  t h e  e x p e c t e d  o r d e r  o f  

p o l a r i t y ,  f o r  i n s t a n c e  s u b s t a n c e  P f r o m  t h e  s u l p h o x i d e  

( F i g u r e  l a ) -  The p e a k  o f  r a d i o a c t i v i t y  w i t h  an e l u t i o n  v o l u m e  

c o r r e s p o n d i n g  t o  s u b s t a n c e  P was s y m m e t r i c .  A n a l y t i c a l  HPLC 

r e v e a l e d  t h a t  a b o u t  98% o f  t h e  a c t i v i t y  e l u t e d  i n  t h e  

p o s i t i o n  o f  S P  ( 1 - 1 1 )  ( F i g u r e  l b ) .  I n c u b a t i o n  w i t h  s e v e r a l  

a n t i b o d i e s  d i r e c t e d  a g a i n s t  t h e  C - t e r m i n u s  o f  s u b s t a n c e  P 

r e v e a l e d  t h a t  o v e r  80% o f  t h e  t o t a l  added r a d i o a c t i v i t y  

i s  a b s o r b e d .  E s t i m a t e s  o f  s p e c i f i c  a c t i v i t y  c o m p a r i n g  w i t h  
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t h e  po tency  of s t a n d a r d  s u b s t a n c e  on t h e  g u i n e a - p i g  i l eum 

gave about  15 Ci/mmol. 

S e v e r a l  u n s u c c e s s f u l  runs p receeded  t h e  f i n a l  s u c c e s s f u l  

l a b e l l i n g .  We l e a r n e d  t h a t  c o n d i t i o n s  of s t o r a g e  a r e  

c r i t i c a l  and t h a t  s t o r a g e  i n  aqueous  s o l v e n t s  may r e s u l t  i n  

l o s s  of r a d i o a c t i v e  p e p t i d e .  The r a d i o a c t i v e  m a t e r i a l  a r i s i n g  

from such s t o r a g e  e l u t e s  i n  t h e  vo id  volume of t h e  H P L C  

sys tem and may r e p r e s e n t  t r i  t i  a t e d  w a t e r .  The mechanism 

f o r  t h i s  d e g r a d a t i o n  i s  n o t  known. S t o r a g e  i n  a b s o l u t e  e t h a n o l ,  

on t h e  o t h e r  hand, reduced  d e c o m p o s i t i o n ,  and a f t e r  3 months 

o f  s t o r a g e  t h e  l a b e l l e d  m a t e r i a l  i s  s t i l l  more t h a t  90% p u r e .  

Rechromatography a t  r e g u l a r  i n t e r v a l s  may s t i l l  be a d v i s a b l e .  

The l a b e l l e d  s u b s t a n c e  P ( 1 - 7 )  has  n o t  been c h a r a c t e r i z e d  a s  

f u l l y  a s  s u b s t a n c e  P i t s e l f .  However, i t  a b s o r b s  t o  more 

t h a n  80% t o  s i x  d i f f e r e n t  a n t i s e r a  d i r e c t e d  a g a i n s t  t h i s  

f r agmen t  and shows no a b s o r p t i o n  t o  s e v e r a l  s u b s t a n c e  P a n t i -  

s e r a  which do no t  c r o s s - r e a c t  w i t h  t h e  ( 1 - 7 )  f r a g m e n t .  

P e p t i d e s  l a b e l l e d  i n  t h e  P r o - p o s i t i o n s  may be of  g e n e r a l  

i n t e r e s t  i n  r e l a t i o n  t o  s t u d i e s  of enzymat i c  d e g r a d a t i o n ,  

s i n c e  p o s t - p r o l i n e  c e a v i n g  enzymes a r e  t h o u g h t  t o  be i m p o r t a n t  

f o r  t h e  p o s t t r a n s l a t  ona l  p r o c e s s i n g  of p e p t i d e s .  T h i s  may b e  

t h e  c a s e  also f o r  s u b s t a n c e  P .  The ( 1 - 4 )  f r agmen t  has  i t s  own 

c h a r a c t e r i s t i c  b i o l o g i c  p r o p e r t i e s ,  s t i m u l a t i n g  n e u r i  t e  

e x t e n s i o n  ( 9 )  w h i l e  t h e  ( 1 - 7 )  f r a g m e n t  a p p e a r s  t o  have 

s p e c i f i c  n e u r o t r o p i c  a c t i v i t y  b u t  no spasmogenic a c t i v i t y  

( 1 0 ) .  Conf i rming  t h e  o b s e r v a t i o n  of Hanley e t  a l .  (4) we 

a l s o  f i n d  r a ? i d  d e g r a d a t i o n  of s u b s t a n c e  P i f  i n c u b a t e d  
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w i t h  s y n a p t o s o m a l  membranes. T h i s  o c c u r s  m a i n l y  a t  t h e  P r o 4 -  

Gln 

l a b e l l e d  f r a g m e n t s  w h i c h  c a n  a r i s e  seem t o  b e  f a i r l y  s t a b l e  and  

f r e e  P r o  i s  r e l e a s e d  v e r y  s l o w l y  ( u n p u b l i s h e d ) .  

5 7 2 4  and  Phe -Phe8 b o n d s  ( u n p u b l i s h e d ) .  The P r o  - P r o  - 

The a c c e s s  

1 a b e l l  i n g  

f o r  n e u r o b  

t o  l a b e l l e d  s u b s t a n c e  P and  a c h o i c e  b e t w e e n  

n s e v e r a l  p o s i t i o n s  w i l l  n o  d o u b t  p r o v i d e  a t o o l  

o l o g i c a l  r e s e a r c h  w i t h  t h i s  p e p t i d e .  

A C  KN 0 W L. E DG E MEN T S 

T h i s  w o r k  was s u p p o r t e d  b y  t h e  S w e d i s h  M e d i c a l  R e s e a r c h  

C o u n c i l  ( G r a n t  No B25X-03766) a n d  by g r a n t  NS-09199 f r o m  

t h e  U S - N I H .  
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Figure  1 .  

Separat ion  o f  subs tance  P wi th  H P L C :  a )  c o n d i t i o n s  f o r  
preparat ive  s e p a r a t i o n  removing the major contaminant,  
the su lphox ide  ( i s o c r a t i c  40% methanol and 0.005% 

t r i f l u o r o a c e t i c  a c i d )  b )  a n a l y t i c a l  s eparat ion  (non-  
l i n e a r  g r a d i e n t ,  s t a r t i n g  b u f f e r  was 0.05% phosphoric 
a c i d ,  pH = 3 . 0  w i t h  NaOH, t erminat ing  b u f f e r  was 40% 
a c e t o n i t r i l e  i n  s t a r t i n g  b u f f e r )  
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