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[*8F] Fluoro-Dopa: a Unique G a m m a  Emitting Substrate for Dopa Decarboxylase 

The  b r a i n  s cann ing  agen t s  f o r m u l a t e d  so far  h a v e  no t  
been  specific for e i the r  n o r m a l  or diseased b r a i n  t issues.  
Nor  has  a r a d i o p h a r m a c e u t i c a l  been  syn thes ized  wh ich  
would  al low i ts  local iza t ion in t he  var ious  b ra in  regions 
b y  a s imple  p rocedure  such  as scanning .  Similar ly ,  t he re  
is no s imple m e t h o d  by  wh ich  i n t r ace reb ra l  c a t echo l amine  
m e t a b o l i s m  m a y  be  inves t iga ted .  However ,  i t  seemed t h a t  
if a su i tab le  g a m m a  e m i t t i n g  label  could be  a t t a c h e d  to  
d o p a m i n e  i t  m i g h t  be  possible  to  i nves t i ga t e  t h e  me-  
t abo l i sm  of t h e  basa l  gangl ia  b y  rou t ine  p rocedures  of 
nuc lea r  medicine .  Since d o p a m i n e  i tself  does n o t  en te r  
t he  b ra in  i ts  i m m e d i a t e  precursor ,  Dopa,  which  does cross 
t he  b lood b r a i n  barr ier ,  was  label led isotopical ly.  The  
g a m m a  e m i t t i n g  isotopes  of t he  c o n s t i t u e n t s  of Dopa  
h a v e  ve ry  s h o r t  ha l f  l ives  a n d  c a n n o t  read i ly  be used. 
In s t ead ,  ElSF] f luoro-Dopa  was syn thes ized  1. lSF has  a 
ha l f  life of 1.8 h wh ich  al lows t e s t s  of up  to 4 h w i t h o u t  
un rea sonab l e  r isks of i r rad ia t ion .  

The  p r e sen t  s t u d y  was des igned to  f ind ou t  how new 
c o m p o u n d  was  h a n d l e d  b y  t he  e n z y m e  dopa  deca rbox-  
ylase  (EC 4.1.1.26). T h e  p r o d u c t  of d e c a r b o x y l a t i o n  was 
ident i f ied,  t h e  k ine t ics  of t he  reac t ion  were measu red  and  
t h e  effects of add ing  t he  coenzyme,  pyr idoxa l -5 ' -phos -  
p h a t e  (PLP) ,  or t he  inh ib i to r ,  e -me thy l -Dopa ,  were in- 
ves t iga ted .  

Materials  and methods. [14C] L-Dopa and  DL-5-Iluoro- 
D o p a  E2-alanine-l~Cl. H B r  (New E n g l a n d  Nuc lea r  Corp., 
Bos ton ,  Mass.} w i t h  specific ac t iv i t i e s  of 21 m C i / m m o l  and  
11.74 m C i / m m o l  r e spec t ive ly  were used. T he  D o p a  was 
d i lu ted  for our  e x p e r i m e n t s  to  0.195 mCi /mmol .  [lSF l 
DL-5-Fluoro-Dopa was p r e p a r e d  and  pur i f ied  as p rev ious ly  
desc r ibedL D o p a  deca rboxy lase  was c o n t a i n e d  in ho-  
mogena t e s  of hog  k idney,  hog  b ra in  a n d  r a b b i t  bra in .  The  
fresh t i ssues  were homogen ized  in ice-cold 0.2 M Na-  
p h o s p h a t e  buf fe r  a t  p H  6.8 (1 p a r t  t issue:  3 p a r t s  buffer) 
a n d  t h e n  cen t r i fuged  a t  100,000 g for 1 h. T he  p ro t e in  
c o n t e n t  of t h e  e n z y m e - c o n t a i n i n g  h igh  speed s u p e r n a t a n t s  
(hss) f rom the  hog  k i d n e y  and  t he  hog b r a i n  were 26.7 mg/  
ml  and  4.4 mg/ml ,  respect ively .  

The  enzyme  p r e p a r a t i o n  (hss) t oge the r  w i t h  pyr idoxa l -  
5 ' - p h o s p h a t e  (PLP) was p r e i n c u b a t e d  for 10 m i n  w i th  
e i t he r  ip ron iaz id  p h o s p h a t e  or n i a l amide  before t he  sub-  
s t r a f e  was  added .  T he  r eac t ion  m i x t u r e s  were i n c u b a t e d  
a t  37 ~ for up  to  2 h. T he  reac t ion  was s topped  b y  h e a t i n g  
to  100 ~ for 1 m in  and  t he  h e a t - p r e c i p i t a t e d  p ro te ins  were 
cen t r i fuged  down.  

W h e n  1~C subs t ra t e s ,  [14C] L-Dopa or [14C] DL-fluoro- 
D o p a  were used the  amines  p roduced  b y  d e c a r b o x y l a t i o n  

were sepa ra t ed  on A m b e r l i t e  CG-502 and  the i r  14C c o n t e n t  
was  m e a s u r e d  in a t o l u e n e - T r i t o n  X solu t ion  c o n t a i n i n g  
scint i l la tor .  The  14C amines  were also c h r o m a t o g r a p h e d  on  
pape r  ( W h a t m a n  No. 20 ; MeOH : n - B u O H  : A c O H  : H20,  
4 : 3 : 2 :  1, 16 h) a n d  t h e  pos i t ion  of the  r a d i o a c t i v i t y  
de t e rmined .  Any  O - m e t h y l a t e d  p h e n y l e t h y l a m i n e s  which  
m a y  h a v e  been  p roduced  b y  ca techo l  O - m e t h y t t r a n s f e r a s e  
in t he  h o m o g e n a t e s  were s epa ra t ed  on  a l u m i n a  a. 

W h e n  [lSF] I luoro-Dopa  was t h e  s u b s t r a t e  t h e  amine  
was sepa ra t ed  on Dowex  5 0 - X 8  a and  i ts  18F c o n t e n t  
measured .  The  a m i n e  was also e x a m i n e d  b y  t h i n - l a y e r  
c h r o m a t o g r a p h y  (Silica Gel;  n - B u O H  : AcOH : H20,  4 : 1 : 1 ; 
l~ p -n i t ro -benzene  d i a z o n i u m  t e t r a f luo robora t e ) .  

[1~C~ F luo ro -Dopa  a n d  C18F3 f luoro-Dopa  were each  used 
to  d e t e r m i n e  the  Michae l i s -Menten  cons t an t .  T h e  condi-  
t ions  u n d e r  wh ich  these  d e t e r m i n a t i o n s  were m a d e  are 
shown  in Tab le  I. 

Results.  The  c h r o m a t o g r a p h i c  iden t i f i ca t ion  of the  
p r o d u c t  of d e c a r b o x y l a t i o n  of f luoro-Dopa.  The  ra t io  Rf  
[t~C] F - D o p a  to RI  D o p a  was 1.16 i 0.04 (paper  c h r o m a -  
tography) .  The  ra t io  Rf  [lSF] F - D o p a  to Rf  D o p a  was 
1.13 4- 0.04 ( th in  layer  c h r o m a t o g r a p h y ) .  The  same  ra t io  
was ob t a ined  f rom the  RI  va lues  of f l uo r ina t ed  and  
a u t h e n t i c  d o p a m i n e :  thus ,  r a t io  Rf  ['4C] F - d o p a m i n e  to 
Rf  d o p a m i n e  was 1.11 -4- 0.04 (paper  c h r o m a t o g r a p h y )  
a n d  t he  ra t io  RI  ElSF] F - d o p a m i n e  to  Rf  d o p a m i n e  was 
1.12 • 0.04 ( th in  layer  c h r o m a t o g r a p h y ) .  A single peak  
of 14C or 18F a lways  occur red  a t  t he  pos i t ion  of t he  p u t a t i v e  
f luor ina ted  amine .  F u r t h e r ,  no  O - m e t h y l a t e d  amines  were 
ever  found.  

Kinetics .  W h e n  f luoro-Dopa  was the  s u b s t r a t e  a n d  
enzyme  f rom hog k i d n e y  was used t he  r a t e  of r eac t ion  was 
10.7 nmol  (rag pro te in)  -1 min  1, b u t  when  e n z y m e  f rom 
hog b ra in  was used t h e  ra te  of reac t ion  was 0.202 nmol  
(mg prote in)  -1 m in  -1. The  Km va lue  for f luoro-Dopa  
(bo th  radioisomers ,  Tab le  I) w i t h  t he  hog  k i d n e y  e n z y m e  
was 1.66 • 0.364 nmol/1 (mean  4- s t a n d a r d  dev ia t ion ,  
6 de te rmina t ions ) .  I t  was 3.0 mmol/1 for L-Dopa (Table  I). 
The  K m  for f luoro-Dopa  w i th  hog  b r a i n  dopa  decarbox-  
ylase was n o t  s ign i f i can t ly  d i f fe rent  f rom t h a t  for k i d n e y  
(p > o.o5). 
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Table I. Experimental conditions for K,,, determinations 

Hog kidney cortex Hog brain 

Substrates [I4C] F-Dopa [18F] F-Dopa Dopa [14C] F-Dopa Dopa 

Concentration range (/.*mol/l) 85-319 26-260 256 1020 85-341 256-1020 
hss (ml) 0.1 0.5 0.1 0.5 0.2 
Protein in hss (mg) 2.68 13.0 2.68 2.19 0.88 
PLP (#mol/1) 30 106 30 30 30 
Iproniazid phosphate (/~mol/l) 100 -- 100 100 100 
Nialamide (/~mol/1) -- 320 -- -- -- 
Total volume (ml) 1.0 1.52 1.0 1.0 1.0 
Time of incubation (min) 10 18 10 20 20 
Km {mmol/i) 1.68 • 0.4364 1.82; 1.40 3.0 2.31 3.0 

Final concentrations are given. The concen{rations for fluoro-Dopa are half the actual concentration of the racemic mixture. ~Mean i 
standard deviation (4 determinations). 
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Stimulation and inhibition. The rate  of decarboxyla t ion  
of f luoro-Dopa was increased by P L P  (Table II). I t  was 
decreased by  e -methy l -Dopa  (Table III). 

Discussion. Our observat ions  show tha t  f luoro-Dopa is 
decarboxyla ted  to  f luoro-dopamine by  dopa decarbox-  
ylase, an enzyme known to have  a broad specificity 4. As 

'Fable II .  S t imu la t i on  of f l uo ro -Dopa  d e c a r b o x y l a t i o n  b y  p y r i d o x a l -  
5 ' - p h o s p h a t e  (PLP)  

P L P  F luo ro -dopa in ine  fo rmed  
(#mol) (nmol) 

migh t  be expected the  ra te  of this react ion was increased 
by  the  addi t ion of PLP,  the  coenzyme for dopa decarbox-  
ylase 5 and inhibi ted by a-methyl -Dopa,  a known com- 
pe t i t ive  inhibi tor  % 

The  Km value  for f luoro-Dopa was s l ight ly lower than,  
bu t  of the  same order as t h a t  obta ined wi th  Dopa. Our 
es t imate  of the  K ~  for the  la t te r  compound  was similar  
to t ha t  repor ted  by  HARTMAN et  a id  and YUWILER et al. s. 
I t  is concluded tha t  ElSF] f luoro-Dopa is an analogue of 
Dopa  which could be used to inves t igate  the  in t racerebra l  
metabol i sm of Dopa and dopamine.  Such inves t igat ions  
could make use of per ipheral  decarboxylase  inhibi tors  to 
enhance the  penet ra t ion  of the  gamma-emi t t i ng  analogue 
into the brain. 

0 6.06 

10 25.9 

30 24.4 

I n c u b a t i o n  condi t ions :  0.1 ml  hss of h o g  k i d n e y  cor tex  (equiva len t  
to 2.69 m g  prote in) ;  i p ron iaz id  phospha t e ,  10 a tool/l;  f l uo ro -Dopa  
(as the  L-isomer), 1.28 X 10 .4 mol/1; in a vo lmne  of 1.0 ml/10 ra in  a t  
37 ~ . 

Tab le  [ I I .  Inh ib i t ion  of d e c a r b o x y l a t i o n  b y  c~-nlethyl-Dopa 

Summary. [lSF~-5-fluoro-Dopa is a substrate  for dopa 
decarboxylase  of kidney and brain. I ts  potent ia l  use in 
bra in  studies is proposed. 
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E n z y m e  p r e p a r a t i o n  a - M e - D o p a  
f rom r a b b i t  b ra in  

Fluorodopamine (/~mol) 
formed (g wet wt. of 
brain) l h i 

c rude  - -  3.72 

c rude  + 0.12 

hss 2.30 

hss +- 0.32 

I n c u b a t i o n  condi t ions :  E n z y m e  p repa ra t i o t t  ( cor responding  to 
0.5 g of b r a i n  tissue, wet  weight) ,  2.0 inl;  P L P ,  5 • 10 -a tool/l;  
n ia lamide ,  2.14 • 10 ~ tool/l;  f luoro- I )opa  (as L-isomer), 1.41 • 10 4 
tool/l;  L-~-methyl - I )opa ,  2.38 X 10 4 inol/1 (final concen t ra t ions ) ,  in a 
vo lume  of 3.12 Inl.; 1 h a t  37~ The a m o u n t s  of f l u o r o d o p a m i n e  
t a b u l a t e d  have  been co r rec ted  for  non -enzymic  d e c a r b o x y l a t i o n .  
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Synthesis  of Hist idine2-Angiotensin II Analogues 1 

Histidine2-angiotensin II ,  an analogue of IleS-angio - 
tensin II ,  was found essential ly inact ive as a pressor 
agent,  but  i t  displayed minor  oxytocic  act ivi ty2.  For  the  
purpose of comparison,  i t  seemed worthwhi le  to de termine  
the  effects of a pro tec ted  imidazole nucleus and the  fl- 
aspar ty l  bond of the  aforement ioned analogue, since 
Aspl-/%ValS-angiotensin I I  shows an increased and pro- 
longed ac t iv i ty  a. Towards  this end, synthet ic  steps were 
conducted  in par t  by  stepwise addi t ion via  the  carbo- 
di imide method  or by f ragment  condensat ion via  the  
azide route  in order to avoid the danger  of racemizat ion 4. 
Thus,  Z -Va l -Tyr - I l e -NHNH 2 (I), prepared from the  
corresponding me thy l  ester 5, was coupled via  the azide 
me thod  with  H-(im-Bzl) His -Pro-Phe-OCH a dihydro-  
bromide  6, desalted, prior its use, by  column chromato-  
graphy on D O ' W E X  2-X8 using MeOH as an eluent.  The  
result ing hexapept ide,  Z-Val-Tyr-I le- ( im-Bzl)His-Pro-  
Phe-OCH 3 (II) gave comparable  or higher values than  
those reported 7. Compound I I was subjected to selective 
ca ta ly t ic  hydrogena t ion  s over  pa l lad ium black for 1 h 

affording H-Val -Tyr - I le - ( im-Bzl )His -Pro-Phe-OCH 3 (III) ,  
which was then  condensed wi th  Z-( im-Bzl)His-OH via  the  
carbodi imide method  to give Z-( im-Bzl)His-Val-Tyr-  
I le - ( im-Bzl )His -Pro-Phe-OCH 3 (IV). Saponif icat ion of 
IV afforded the  corresponding acid, Z-(im-Bzl)His-Val-  
Tyr - I l e - ( im-Bzl )His -Pro-Phe-OH (V), which by select ive 
ca ta ly t ic  hydrogenat ion,  as described before, p roduced  
the  subs t i tu ted  heptapept ide ,  H-( im-Bzl )His-Val -Tyr-  
I le - ( im-Bzl )His-Pro-Phe-OH (VI). The  la t ter  was ester- 
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