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P R O  E X P E R I M E N T I S  

The Puri f icat ion of Trit iated Noradrena l ine  

T r i t i um is used to label a wide va r i e ty  of compounds  of 
biological  interest .  The  high specific ac t iv i ty  ob ta inab le  
has obvious  advan tages  for fac i l i ta t ing  the  de tec t ion  of 
substances  or  the i r  metabol ic  products  by  means  of the  
measu remen t  of rad ioac t iv i ty ,  bu t  the i r  decompos i t ion  
resul t ing f rom self- i r radiat ion is a ma jo r  d isadvantage ,  
since i t  soon impai rs  t he  radiochemical  pu r i ty  ~. 

We  have  been in te res ted  for some t i m e  in the  up t ake  of 
DL-noradrenaline-7-T by  bra in  slices and  in  i ts  d i s t r ibu t ion  
and me tabo l i sm in t h e  cent ra l  nervous  sys tem af te r  i.v. 
inject ion.  The  up t ake  of r ad ioac t iv i ty  by bra in  slices f rom 
samples known to be rad iochemica l ly  pure, when compared  
wi th  those conta in ing  decompos i t ion  products ,  showed 
t h a t  t he  l a t t e r  are also readi ly  absorbed by the  tissue. 
Clearly, resul ts  of up t ake  exper iments  dependan t  on the  
m e a s u r e m e n t  of r ad ioac t iv i ty  would  be v i t i a t ed  by  the  
presence of s ignif icant  a m o u n t s  of impuri t ies .  

Samples  of t r i t i a t ed  noradrenal ine  wi th  specific ac t iv i -  
t ies  of  up to  10 C / m M  were ob ta ined  in aqueous  solut ion 
as the  hydroch lor ide  (The Rad iochemica l  Centre,  Amer-  
sham, England)  or  as the  ace ta te  (New Eng land  Nuc lea r  
Corporat ion,  Boston,  USA).  The  radiochemical  pu r i ty  of 
these  samples was checked by  means  of g rad ien t  e lut ion 
c h r o m a t o g r a p h y  on YVhatman P l  i cellulose phospha te  2,z 
a f te r  d i lu t ion of 50 ~C al iquots  wi th  100 ~g of unlabel led 
noradrenMine as a carrier.  The  posi t ion of t h e  peak  repre- 
sent ing  noradrena l ine  was de te rmined  polarographicaUy 4. 
I n  some of t h e  samples  only  50% of t he  r ad ioac t iv i ty  was 
found to  be au then t i c  noradrenMine,  b u t  wheneve r  low 
recoveries  were encountered  e x a m i n a t i o n  of  the  remain ing  
fract ions revealed 2 addi t iona l  rad ioac t ive  peaks occurr ing 
at, or  soon after,  the  hold-up vo lume  of the  column, a 
feature  which character ized them as neut ra l  or  acidic sub- 
s tances  p resumab ly  resul t ing f rom rad ia t ion- induced  
a l te ra t ion  of the  e thano lamine  side-chain. 

A t t e m p t s  to separa te  noradrenal ine  f rom these  decom- 
posi t ion p roduc t s  by adsorpt ion  on to  a Iumina  Iotlowed by  
elut ion wi th  d i lu te  acet ic  acid e l imina ted  par t ,  b n t  no t  all, 
of t he  impuri t ies .  This  f inding seems to  indicate  t h a t  the  
ca techol  m o i e t y  remains  largely  in tact ,  sitace a lumina  
possesses considerable  specif ici ty for ca techol  der iva t ives  
under  the  condi t ions  employed  ~. 

Al though  the  foregoing ch romatograph ic  procedure  is 
sa t i s fac tory  for ana ly t ica l  purposes it  has the  d i sadvan tage  
t h a t  the  eluate  conta ins  a m m o n i u m  acetate .  For  prepara-  

r ive  purposes a modi f ica t ion  has therefore  been devised 
which  avoids  th is  compl ica t ion  and also the  necessi ty for 
the  p roduc t ion  of a grad ien t  ; in addi t ion  the  noradrenal ine  
is e luted in a di lute  HC1 solut ion ; in which form it  is bo th  
free f rom a m m o n i u m  ions and reasonably  stable.  The  
add i t ion  of sulphi te  as suggested by  AXELROD et al. s is 
unnecessary  and best  avo ided  as i t  interferes  w i t h  sub- 
sequen t  assay. 

Method.  Glass co lumns  (0.5 × 35 cm) are  packed w i t h  a 
d i lu te  (1 in 20) suspension of ~¥ha tman  P l l  cellulose 
phospha te  (prepared as p rev ious ly  described2) in 0 . 0 5 M  
a m m o n i u m  ace ta te  buffer  solut ion (pH 6.0). The  suspen- 
sion is appl ied by  an extens ion  piece 45 cm long. The  
cellulose powder  is al lowed to set t le  by  g rav i ty  and Iur ther  
packed by  pumping  buffer  th rough  the  co lumn at  t he  ra te  
of 0.7 m l / m i n  unt i l  no fur ther  reduc t ion  in the  vo lume  of 
t he  adsorben t  occurs. The  sample  (up to  2 ml) is added  to  
t he  co lumn and al lowed to  en ter  by  g rav i t  T.  F rac t i ona t ion  
is effected by  p u m p i n g  0.1 N HC1 th rough  the  co lum a t  t he  
ra te  of abou t  0.25 ml/ inin.  F i f t y  2 ml  f ract ions are  collected 
to ob ta in  comple te  e lut ion of the  purif ied noradrenal ine .  
An example  of the  pur i f ica t ion  of a sample conta in ing 
2 mC of DL-noradrenaline-7-T is shown in the  Figure ;  in 
this  exper iment  t he  peak  con ta in ing  noradrenal ine  ap- 
peared in f ract ions 41-45 and accounted  for a recovery  of 
58.5% of the  to ta l  r ad ioac t iv i ty  appl ied to  the  column. 
F luor ime t r i c  assay and c h r o m a t o g r a p h y  by  the  g rad ien t  
e lu t ion  procedure  showed t h a t  i t  was  a t  least  98% pure.  
The  impur i t i e s  appeared  as 2 peaks well  separa ted  f rom 
the  noradrena l ine :  no a t t e m p t  was m a d e  to ascer ta in  
whe ther  these  2 rad ioac t ive  peaks conta ined  more t h a n  1 
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Preparative ehromatogram of tritiated noradrenaline on 
cellulose phosphate. 2 an aqueous containing m l  o f  solution 

' 2 mC (S.A. 10.28 C/mM) was applied to the column. The 
50 peak containing the purified noradrenaline appeared in 

fractions 41-45. 
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b r e a k d o w n  p roduc t ,  n o r  h a v e  a n y  s tud ies  ye t  been  m a d e  
to  ass ign s t r u c t u r a l  cha rac t e r i s t i c s  to  t h e m .  

The  p rocedu re  ha s  ensu red  a s u p p l y  of r ad i ochem i ca l l y  
p u r e  t r i t i a t e d  n o r a d r e n a l i n e  for  t i s sue  u p t a k e  a n d  s imi la r  
inves t iga t ions .  W h e n  t h e  so lu t ions  are  k e p t  a t  5 °C sub-  
s e q u e n t  p u r i f i c a t i o n  ha s  genera l ly  b e e n  found  u n n e c e s s a r y  
unless  t h e y  are  s to red  for  longer  t h a n  3 m o n t h s ,  b u t  as a 
p r e c a u t i o n a r y  m e a s u r e  t he  so lu t ions  were  a n a l y s e d  b y  a 
specific f l uo r ime t r i c  m e t h o d  before  use  7. 

ches  n i c h t  n u r  s tabi l ,  s o n d e r n  a u c h  ffir k r i t i s che  Stoff-  
w e c h s e l u n t e r s u c h u n g e n  gee igne t  ist,  w i rd  beschr i eben .  

J.  L. OFFERMAN a n d  R. J.  MERRILLS 

Therapeutics Research Division, Pfizer Ltd., Sandwich 
(Kent, England), 6 June 1968. 

Zusammen/assung. E i n e  e infache  c h r o m a t o g r a p h i s c h e  
M e t h o d e  zur  A b t r e n n u n g  yon  r e i n e m  N o r a d r e n a l i n ,  wel- v R . J .  MERRILl*S, Analyt. Biochem. 6, 272 (1963). 

Fluorescence Assay of Tyrosine Hydroxylase Activity in Tissue Homogenate 

The  e n z y m e  a c t i v i t y  of t y ro s ine  h y d r o x y l a s e  f o u n d  in  
t i ssues  is so low t h a t  r ad ioas say  is requi red .  I n  a rad io-  
a s say  us ing  L- tyros ine-C 14, D O P A - C  14 fo rmed  b y  t h e  
e n z y m e  r eac t i on  was i so la ted  b y  a n  a l u m i n a  c o l u m n  a n d  
m e a s u r e d  1. T h e  o t h e r  s imple r  r ad ioas say  is to  use L-tyro-  
sine-3, 5-H 3 as  a s u b s t r a t e  2. T h e  u n u s e d  s u b s t r a t e  p lus  t h e  
D O P A  fo rmed  a f t e r  t h e  e n z y m e  r e a c t i o n  were  t r a p p e d  on  
a dowex-50-H+ co lumn.  T he  t r i t i a t e d  water ,  wh ich  is also 
a p r o d u c t  of t h e  reac t ion ,  was  col lec ted  in t h e  e f f luen t  
a n d  t he  r a d i o a c t i v i t y  measu red .  

I t  was  shown  t h a t ,  w h e n  t h e  a c t i v i t y  of pur i f ied  t y ro s ine  
h y d r o x y l a s e  was a s sayed  b y  t h e  a p p e a r a n c e  of D O P A  f rom 
L- tyros ine  w i t h  t h e  f l uo rome t r i c  p rocedure ,  t h e  va lues  
were  essent ia l ly  t he  s ame  as ca lcu la ted  f rom r a d i o a s s a y  1. 
I n  t h e  f luoromet ry ,  D O P A  was i so la ted  b y  a n  a l u m i n a  
co lumn,  a n d  m e a s u r e d  spec t ro f luo rome t r i ca l l y  a f t e r  t h e  
t r i h y d r o x y i n d o l e  p rocedure .  W e  t r i ed  to  a p p l y  th i s  f luores-  
cence as say  to  t h e  m e a s u r e m e n t  of t y ro s ine  h y d r o x y l a s e  
a c t i v i t y  in  c rude  t i s sue  p r e p a r a t i o n s  such  as h o m o g e n a t e .  
W h e n  t h e  h o m o g e n a t e  of a d r e n a l  g l ands  or b r a i n  was used 
as a n  e n z y m e  p r e p a r a t i o n ,  a large  b l a n k  va lue  in t h e  
e n z y m e  assay  was obse rved .  I n  t he  case of a d r e n a l  g lands ,  
a large  a m o u n t  of c a t echo l am i nes  in  t h e  h o m o g e n a t e  was  
also a d s o r b e d  on  t h e  a l u m i n a  co lumn,  a n d  in t e r f e r r ed  w i t h  
t h e  spec t ro f luo rome t r i c  a s say  of D O P A  a f t e r  t h e  t r i -  
h y d r o x y i n d o l e  p rocedure .  Therefore ,  in  o rde r  to  m easu re  
t y ros ine  h y d r o x y l a s e  a c t i v i t y  in  c rude  t i s sue  p r e p a r a t i o n s  
f luoromet r ica l ly ,  i t  is necessa ry  to  r e m o v e  i n t e r f e r r i ng  
subs tances .  A m e t h o d  of f l uo rome t r i c  a s say  of t y ro s ine  
h y d r o x y l a s e  a c t i v i t y  in  t h e  h o m o g e n a t e  of ad r ena l  g l ands  
a n d  b r a i n  is r epo r t ed  in  th i s  c o m m u n i c a t i o n .  

A d r e n a l  g lands  a n d  b r a i n  ( cauda te  nuc leus  a n d  b r a i n  
s tem)  were f resh ly  r e m o v e d  f r o m  r abb i t s .  T issue  h o m o -  
g e n a t e  was p r e p a r e d  in 0 . 2 5 M  sucrose  w i t h  glass, m o t o r -  
d r i v e n  homogenizers .  Pur i f i ed  t y r o s i n e  h y d r o x y l a s e  was  
p r e p a r e d  f rom b o v i n e  ad r ena l  m e d u l l a L  I n c u b a t i o n  mix-  
t u r e  c o n t a i n e d :  200 ~moles  a c e t a t e  buf fe r  (pH 6.0), 
400 m ~ m o l e s  L-tyrosine,  100 ~moles  m e r c a p t o e t h a n o l ,  
1 tLmole 2 - a m i n o - 4 - h y d r o x y - 6 , 7 - d i m e t h y l - 5 , 6 ,  7, 8 - te t ra -  
h y d r o - p t e r i d i n e  3, a n  a p p r o p r i a t e  a m o u n t  of t h e  e n z y m e  
p r e p a r a t i o n  ( h o m o g e n a t e  or pur i f ied  enzyme) ,  a n d  w a t e r  
to  1.0 ml.  The  i n c u b a t i o n  was ca r r ied  o u t  a t  30°C * for  
15 mil l  in  a m e t a b o l i c  shaker .  For  t h e  b l a n k  i n c u b a t i o n ,  
D- tyros ine  was  used as s u b s t r a t e  i n s t e a d  of L-tyrosine.  
10 m~mole s  of D O P A  were  a d d e d  to  a n o t h e r  b l a n k  i ncuba -  
t i on  as i n t e r n a l  s t a n d a r d .  R e a c t i o n  was  s t o p p e d  b y  t he  
a d d i t i o n  of 50 bd of glacial  acet ic  acid.  T h e  i n c u b a t i o n  
m i x t u r e  was  cen t r i fuged  to  r e m o v e  p ro te in .  T he  p r e c i p i t a t e  
was  w a s h e d  w i t h  1 ml  of 2 %  ace t ic  ac id  a n d  cen t r i fuged .  
T h e  c o m b i n e d  s u p e r n a t a n t  was  passed  t h r o u g h  2 c o l u m n s  

f i t t ed  t o g e t h e r  in  p i g g y b a c k  fash ion  ; t he  top  c o l u m n  con-  
t a i n i n g  Florisi l  (100/200 mesh,  0.6 X 4.0 cm),  wh ich  h a d  
p rev ious ly  been  w a s h e d  w i t h  2% acet ic  acid u n t i l  t h e  
e f f luen t  was  p H  4.05, a n d  t he  b o t t o m  c o l u m n  c o n t a i n i n g  
A m b e r l i t e  CG-120-Na+ (Type  I, 0.6 X 4.0 cm), wh ich  h a d  
p rev ious ly  been  w a s h e d  w i t h  5 N  N a O H  a n d  wate r .  The  
e f f luen t  t h r o u g h  t h e  2 c o l u m n s  were  d iscarded .  B o t h  
co lumns  were  w a s h e d  w i t h  5 ml  of 2 %  ace t ic  acid succes-  
sively,  a n d  t he  wash ings  were  d iscarded .  D O P A  was  passed  
t h r o u g h  t h e  f i r s t  Floris i l  c o l u m n  a n d  a d s o r b e d  on  t h e  
second A m b e r l i t e  CG-120 co lumn.  The  second A m b e r l i t e -  
CG-120 c o l u m n  was s e p a r a t e d  a n d  w a s h e d  w i t h  5 ml  of 
wa te r .  D O P A  was e lu ted  w i t h  10 ml  of 0 . 1 M  s o d i u m  
ace t a t e  buf fe r  (pH 6.5) in to  a b e a k e r  c o n t a i n i n g  0.5 ml  of 
0.2 M E D T A .  C a t e c h o l a m i n e s  were  r e t a i n e d  on  t he  co lumn.  
400 m g  of a lumina ,  w h i c h  h a d  been  p rev ious ly  t r e a t e d  w i t h  
acid,  was  a d d e d  i n to  t he  b e a k e r  s. The  p H  was a d j u s t e d  to  
8.5 w i t h  t he  glass e lec t rode  b y  t he  d ropwise  a d d i t i o n  of 
3 N  N H 4 O H  w i t h  c o n s t a n t  s t i r r ing ,  t h e  a l u m i n a  was  
a l lowed to  se t t le  a n d  t h e  aqueous  p h a s e  was d e c a n t e d  a n d  
d iscarded .  The  a l u m i n a  was  t r a n s f e r r e d  to  a c o l u m n  
(0.6 cm in d i ame te r )  a n d  w a s h e d  w i t h  10 ml  of wa te r .  Af te r  
wash ing ,  t h e  D O P A  was  e lu ted  w i t h  2 ml  of 0 . 3 N  ace t ic  
acid,  a n d  as sayed  spec t ro f luo rome t r i ca l l y  b y  t r i h y d r o x y -  
indole  p r o c e d u r e  7, s. To 1.0 ml  of t h e  e lua te  were a d d e d  
1.0 ml  of 1 M  s o d i u m  a c e t a t e  a n d  0.1 ml  of 0 .25% 
KaFe(CN)e. Af te r  3 rain,  1.0 ml  of a m i x t u r e  of 2% 
ascorbic  a c i d / 2 0 %  N a O H  (1/9, v /v )  was  added .  As a n  
e x t e r n a l  s t a n d a r d  a n d  a r e a g e n t  b lank ,  5 m ~ m o l e s  of 
D O P A  in  1.0 ml  of 0 . 3 N  acet ic  acid a n d  1.0 ml  of 0 . 3 N  
acet ic  acid were  t r e a t e d  a t  t he  s ame  t ime .  The  f luorescence  
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