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Cerebral deearboxylation of meta- and para-tyrosine 
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Summary. The decarboxylase inhibitor DL-a-monofluoromethyldopa reduces, in a dose dependent manner, the 
concentration of striatal p-tyramine in the mouse. Homovanillic acid is also significantly reduced. Conversely, 
this treatment increases the m-tyramine concentration. Administration of m-tyrosine produces large increases in 
m-tyramine and a slight decrease inp-tyramine; these changes are potentiated in the presence of the decarbox- 
ylase inhibitor. Such data along with other recently published results permit the conclusion that m-tyramine 
arises from phenylalanine via m-tyrosine and that p-tyramine arises by decarboxylation of p-tyrosine. Both 
these reactions are closely related to the activity of tyrosine hydroxylase and the availability of appropriate 
substrates. 

The formation of the putative neurotransmitters dopa- 
mine (DA) and 5-hydroxytryptamine (5-HT) is via 
decarboxylation of their respective hydroxylated pre- 
cursor amino acids, DOPA and 5-hydroxytrypto- 
phan 4,7,78. These particular amines are concentrated in 
quite significant amounts (i.e. ~tg/g quantities) in parts 
of the mammalian brain (basal ganglia, mesolimbic 
system, hypothalamus, etc.) 2,5. The enzyme responsible 
for their formation, aromatic L-amino acid carboxy- 
lyase (EC 4.1.1.28) is fairly ubiquitously distributed, 
although there is some doubt as to whether it is a single 
protein72, 73. 
We have been interested for some time in a related 
group of biogenic amines that have been dubbed 
erroneously the trace amines because of their tiny 
tissue concentrations (low ng/g) 9,11,20. By employing 
fairly sophisticated mass spectrometric techniques it 
has proved possible to identify and quantitate several 
of these trace amines, fl-phenylethylamine (PE) 35, 

t r y p t a m i n e  (T)  66 and meta-and para-tyramine (mTA 
and pTA) 65,67 and to demonstrate their heterogenous 
distribution throughout the brain 21,35,51,65-68 and 
within the cell 13,14. 
There seems little doubt that PE and T are formed 
directly by decarboxylation of phenylalanine and 
tryptophan respectively 29,61. The case for the TA's is 
more complex since meta-tyrosine has not hitherto 
been thought to be a normal tissue component, para- 
tyrosine decarboxylation appears to be very slow 43 
and both mTA and pTA can be formed by hydroxyla- 
tion of PE 15,18,30,38 and dehydroxylation of dopa and 
dopaminelS,25-27,38 both peripherally and centrally. 
Despite their tiny concentrations, however, these bio- 
genic trace amines are interesting because they exhib- 
it very fast turnover rates 21,34,64,75,76, increase dif- 
ferentially and markedly their tissue and body fluid 
levels after monoamine oxidase blockade 64 and their 
deaminated catabolites, phenylacetic acid, indoleace- 
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tic acid  and  meta- and  para-hydroxyphenylacetic acid,  
are  present ,  in urine,  in large amounts .  In  add i t i on  the 
ty ramines  have  been  shown to be dep le t ed  by  releas-  
ing agents  in a m a n n e r  that  is s imi lar  to that  o f  the 
ca techo lamines  (CA's)  and  5-HT2LS4; are  concent ra t -  
ed by  high and  low aff ini ty  t r anspor t  systems36,62,63; 
are  re leased  bo th  in vi tro and  in vivo by  the usual  
depo la r iz ing  agents  and  cer ta in  s t imulan t  
drugs16,17,36,37,39-41; behave  in an  inh ib i to ry  m a n n e r  

when  ion tophoresed  at conven t iona l  cur rent  levels 
onto  cort ical  or cauda te  neurones  45 bu t  act as specific 
po ten t ia to rs  of  the  CA's  and  5-HT when  ion topho-  
resed at  low cur ren t  levels46-5~ are  behav io ra l l y  ac- 
tive 42 and  are  re la ted ,  bo th  di rect ly  and  indirect ly ,  to 
pa r t i cu la r  componen t s  o f  behav io r  32,33 when  injected 
i.p.; and  they a p p e a r  to be involved  in the ae t io logy  o f  
sch izophren ia  24,28,31,69,77, Pa rk inson i sm 23,74, hepa t i c  
coma 44, the affective d isorders  71 and  aggress ion 16,7~ 
Str ia ta l  p T A  and  m T A  are rec iprocal ly  re la ted  to D A  
turnover  and  this re la t ionsh ip  has been  conf i rmed  in 
the presence  o f  D A  agonists,  antagonis ts ,  releasors,  
synthesis  blockers,  precursors ,  a p p r o p r i a t e  lesions and  
stress ( table  1). Such f indings  led us to invest igate  
fur ther  the re la t ionships  be tween  D A  synthesis  and  
tu rnover  and  the synthesis  o f  the TA's ,  pa r t i cu la r ly  
the effect of  su i tab le  p recursor  a m i n o  acids and  
decarboxy lase  inhib i tors  59. In  this p a p e r  we descr ibe  
the effects of  a - m o n o f l u o r o m e t h y l d o p a  ( F M D )  6 on 
the levels o f  s t r ia tal  p T A  and  m T A  and  homovan i l l i c  
acid in the mouse.  In  addi t ion ,  the effect o f  the 
precursor  m-tyros ine  is also assessed. 

Materials and methods 

ta te  (EDTA,  1 m g / m l ) .  The  amines  in the tissue 
h o m o g e n a t e  were de r iva t i zed  di rec t ly  with 5 -d imethyl -  
a m i n o - l - n a p h t h a l e n e  su lphony l  (dansyl)  ch lor ide  
and  the resul tan t  der ivat ives  ex t rac ted  into a to luene-  
e thy lace ta te  (9:1)  mixture ,  e va po ra t e d  to a smal l  
volume,  s epa ra t ed  c h r o m a t o g r a p h i c a l l y  and  es t imat -  
ed by  the high reso lu t ion  mass  spec t romet r ic  se lected 
ion mon i to r ing  ( in tegra ted  ion current )  t echn ique  
using deu t e r a t ed  p -  or  m - t y r a m i n e  as in te rna l  s tan-  
dards .  Comple t e  detai ls  concern ing  this p rocedure  
have  been  descr ibed  65,66. In  o rde r  to avo id  using 

benzene  and  ch loroform,  which are toxic and  haza rd -  
ous to use in the l abora to ry ,  the solvent  systems have  
been  recent ly  mod i f i ed  57. 
Homovan i l l i c  acid  was es t ima ted  using the poo l ed  
s t r ia ta  o f  5 mice;  the  tissues were h o m o g e n i z e d  in 
0.1 N HC1, depro te in i zed  with 0.4 N perch lor ic  acid, 
ex t rac ted  with n -bu ty l ace t a t e  and  f rom it into 0.05 M 
tris buffer,  and  es t ima ted  f luor imet r ica l ly  3. Checks on 
the recovery o f  a d d e d  homovan i l l i c  acid (200 ng)  were 
car r ied  out  in every expe r imen t ;  the pe rcen tage  o f  
recovery was 82_+46 (mean  _+SEM); n u m b e r  o f  ex- 
pe r iments  in bracke ts  and  the results  were correc ted  
accordingly.  
D L - a - M o n o f l u o r o m e t h y l d o p a  ( R M I  71963) was gen-  
erously supp l i ed  by  Cent re  de Recherche ,  Mer re l  
In te rna t iona l ,  S t rasbourg ,  F rance .  The  drug  was dis-  

Table 2. Effects of the s.c. administration of a-fluoromethyldopa on 
mouse striatal p-tyramine (pTA), m-tyramine (mTA) and homo- 
vanillic acid (HVA) 

Dose Time pTA mTA HVA 
mg/kg h ng/g ng/g ng/g 

Ma le  a lb ino  Swiss mice (18-22 g b.wt) were ki l led by  
0.1 

decapi ta t ion ,  the b ra in  was r emoved  r ap id ly  and  the 1 
s t r ia tum, consist ing ma in ly  o f  the head  o f  the cauda te  10 
nucleus and inc lud ing  some o f  the under ly ing  10 

50 
p u t a m e n  ( app rox ima te  weights  were be tween  25 and  5o 
35 rag), was dissected out. S t r ia ta  f rom 3 mice were  100 
pooled,  i m m e d i a t e l y  f rozen in d ry  ice, weighed  and  
homogen ized  in 0.1 N HC1 con ta in ing  d i sod ium ede-  

24.2_+ 1.1 (14) 6.8_+0.5 (14) 820+60(5) 
6 20.5 • 1.7 (4) 8.7-+ 0.7 (4) a - 
3 6 16.3-+ 1.1 (4) c 16.4-+ 1.2 (4) e - 

3 147-+2 ,9 b 2 1 , _ + 0 ,  
6 15.8+1.5()8c 23.9_+1.1(8) e 
3 4.2_+0.6 (9) c 16.3_+ 1.2 (9) e 640+_40 (9) a 
6 1.1_+0.3 (7) c 10.2_+ 1.8 (7) 530_+50(6) b 
3 2.0-+0.1 (4) c 10.2-+ 1.2 (4) b - 

Values are means (_+ SEM, number of experiments in parentheses) in 
ng/g of fresh tissue. Student's t-test ap < 0.05 ; bp < 0.005 ; Cp < 0.001. 

Table 1. Relation between changes in brain dopamine turnover 
with p-tyramine and m-tyramine concentrations. The superscript 
indicate the source of reference 
1. Dopamine turnover increase,p-tyramine reduction, m-tyramine 

no change or increase 
a Dopamine receptor blockers, chlorpromazine 52, thioridazine m, 

thioproperazine m, fluphenazine 56, a-fluphenthixo152, 
(+)-butaclamo152, molindone at low doses 56, spiperone 54. 

b Dopamine releasors and uptake blockers - d-amphetamine 53. 
c Short term (up to 24 h) lesion of the pars compacta of the substantia 

nigra 6~ or administration of ?;-hydroxybutyrate 57. 
d Stress 55. 

2. Dopamine turnover reduction, p-tyramine increase, m-tyramine 
no change or reduction 

a Direct inhibition of tyrosine hydroxylase, a-methyl-p-tyrosine 54. 
Indirect inhibition of tyrosine hydroxylase, apomorphine 54, 
lergotrile 54, piribedi154, molindone at high doses 56. 

Table 3. Effects of the administration ofa -fluoromethyldopa (FMD) 
and m-tyrosine (m-Tyr) on mouse striatal p- and m-isomers of 
tyramine (pTA or raTA) 

Dose Time p-TA m-TA 
mg/kg h ng/g ng/g 

Controls 24.2+_ 1.1 ( 1 4 )  6.8_+0.5 (14) 

FMD 50 3 4.2_+ 0.6 (9) b 16.3 _+ 1.2 (9) b 

m-Tyr 2 2 20.8_+0.7 (3) a 97.5_+5.9 (3) b 

FMD+ 50 3 
m-Tyr 2 2 7.8_+ 1.8 (4) b 413.7_+ 32.3 (4) b 

Values are means (_+ SEM, number of experiments in parentheses) 
in ng/g of fresh tissue. The mice treated with FMD and m-Tyr were 
first given FMD, 1 h later m-Tyr, and killed 3 h after the beginning 
of the experiment. Student's t-test: ap<0.025; bp<0.001. The 
t-values were obtained by comparison with those groups of mice 
treated with m-tyrosine or a-fluoromethyldopa. 
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solved in saline and injected s.c. DL-m-Tyrosine (Sig- 
ma, St. Louis, Missouri, USA) was suspended in saline 
containing 2.2 mg/ml  of Tween 80. 

Results 

Previous studies 59 have shown that the central decar- 
boxylase inhibitor NSD 1055 produced the expected 
decrease in the formation of pTA but surprisingly an 
increase in the amount of mTA. After L-phenylala- 
nine (PA) both amines increased but when PA was 
given with NSD 1055, a further significant increase 
was found in the amount of raTA while the pTA was 
again decreased. After a dose of p-tyrosine, pTA 
increased and raTA decreased; both were decreased 
when the p-tyrosine was given along with NSD 1055 
although the further reduction from the p-tyrosine 
treatment alone in the case of mTA was not signifi- 
cant. After a dose of m-tyrosine, as would be expect- 
ed, raTA increased; when the treatment included the 
decarboxylase inhibitor, mTA increased further. PTA 
was decreased by both of these treatments. 
The s.c. administration of FMD (1 mg/kg) produced a 
reduction in the concentration of  mouse s~riatal pTA 
to 67% of the controls that became evident 3 or 6 h 
later (which is the usual time of maximal increase in 
the trace amines following monoamine oxidase block- 
ade64). The effect was dose-dependent so that at 100 
mg/kg the pTA level was reduced to 5-8% of the 
control value (table 2). Simultaneously this treatment 
increased striatal mTA concentrations (table 2) and 
significant increases were observed with doses as low 

.as 0.1 mg/kg (i.e. to 128% of controls). The maximal 
increase was observed at 6 h with a dose of 10 mg/kg 
(to 352% of controls) but significant increases were 
observed at the higher doses (50-100 mg/kg), al- 
though these increases were less than those seen at 3 
or 6 h after 10 mg/kg. 
The mouse striatal concentration of homovanillic acid 
was reduced (to 65-78% of controls 3-6 h after FMD 
administration (50 mg/kg) (table 2). 
The s.c. administration of m-tyrosine (2 mg/kg) pro- 
duced a small reduction in striatal pTA (to 86% of 
controls) and marked increases in mTA (to 1433% of 
controls) (table 3). When mice were pretreated with 
FMD (50 mg/kg) and m-tyrosine (2 mg/kg), the 
levels of  pTA were significantly lower than controls 
while mTA was significantly higher than the controls 
and about 4 times higher than those treated with 
m-tyrosine alone (table 3). 

Discussion 

The results confirm that m-tyrosine is readily decar- 
boxylated and that p-tyrosine, although a much poor- 
er substrate, is also decarboxylated s. We presume, 
because of the reduction in the amount of pTA 
formed when m-tyrosine is present in excess, that this 
is a consequence of competition either for the enzyme, 

transfer across the blood brain barrier, or both; a 
similar effect on mTA formation was noticed when 
p-tyrosine wa s present in large excess. L-Phenylala- 
nine is clearly a precursor for both mTA and pTA and 
s o  we mus t  conclude that it is monohydroxylated, 
presumably by tyrosine hydroxylase to m-or p-tyro- 
sine followed by decarboxylation 59. Initial attempts to 
identify m-tyrosine as a tissue constitutent have not 
yet been successful (D.A. Durden, personal communi- 
cation) and we assume that this is because it is 
metabolized very quickly and thus present in very low 
concentrations. 
Striatal pTA concentrations were reduced after inhibi- 
tion of central decarboxylase with FMD in doses 
ranging from 1 to 100 mg/kg (table 2). The treatment, 
however, increased striatal mTA and was most effec- 
tive with intermediate doses of FMD (10 mg/kg) 
while higher doses (50-100 mg/kg) produced lesser 
increases in mTA (table 2). Also, FMD, increased the 
formation of mTA from exogenously administered 
m-tyrosine (table 3). Similar findings were obtained 
after administration of NSD 105559. These results 
could be explained as the result of  a decarboxylase 
activation produced by the lower doses of FMD or 
NSD 1055 while the higher doses led to an inhibition 
of the enzyme. 

An explanation of  the reciprocal relationship between 
pTA and DA and mTA can be given most simply on 
the basis of substrate availability for the decarbox- 
ylase enzyme 5s. In the presence of neuroleptic drugs, 
lesions, y-hydroxybutyrate, etc. 52,54,56,60, tyrosine 
hydroxylase is stimulated and thus DOPA and DA 
are increased. There is consequently a reduction in 
the amount of p-tyrosine available for decarboxyla- 
tion to pTA. Since meta-hydroxylation would be 
occurring simultaneously with dopamine formation, 
(i.e. PA, -* mTA --* DOPA and p-tyrosine ~ DOPA) 
mTA would be formed by decarboxylation of the 
m-tyrosine 41, a quick reaction utilizing the amino acid 
as it is produced en route to DOPA. When tyrosine 
hydroxylase activity is reduced, more p-tyrosine 
becomes available and so pTA increases. We now 
feel, therefore, that mTA is formed primarily by 
PA-- ,m- ty ros ine~mTA and, pTA is formed by 
p-tyrosine ---, pTA but that this is a slow reaction and 
affected by the activity of tyrosine hydroxylase. Since 
pTA also is formed via hydroxylation and dehydrox- 
ylation mechanisms, these could be significant in 
certain metabolic situations and/or  certain anatomi- 
cal or subcellular locations. 
The TA's now seem to be very closely related to the 
synthesis of the catecholamines and because both 
mTA and pTA enormously potentiate the inhibitory 
response of neurones to DA and noradrenaline 49, it 
has been proposed that they exert a neuromodulatory 
role even though it remains quite possible that either 
or both the TA's may also be neurotranmitters in their 
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o w n  r igh t ,  e s p e c i a l l y  s ince  c e r t a i n  l e s ions  i n  t h e  

m e s e n c e p h a l o n  h a v e  b e e n  f o u n d  to i n c r e a s e  m T A  
c o n t e n t  i n  t h e  c a u d a t e  6~ 

I f  t h e  t y r a m i n e s  ( a n d  s o m e  o f  t he  o t h e r  t r ace  a m i n e s )  

a re  r e q u i r e d  fo r  n o r m a l  s y n a p t i c  f u n c t i o n i n g  in  

m o n o a m i n e r g i c  s y s t e m s  as h a s  b e e n  p r o p o s e d  1~ 12, i t  

is n o t  d i f f i cu l t  to  e n v i s a g e  h o w  too  m u c h  or  t oo  l i t t le  

o f  t h e m  (i.e. a p e r t u r b a t i o n  in  m o n o a m i n e r g i c  n e u r o -  

n a l  h o m e o s t a s i s )  c o u l d  b e  r e l a t e d  to t he  b e h a v i o r a l  

a b n o r m a l i t i e s  s e e n  in  v a r i o u s  o f  t he  p s y c h i a t r i c  d i so r -  

ders .  

F o r  t h e  f u t u r e  i t  r e m a i n s  for  us  to  e s t a b l i s h  t he  

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

m i n e r g i c  p a t h w a y s ,  w h e t h e r  t h e  t y r a m i n e s  a r e  n e u r o -  

m o d u l a t o r s ,  n e u r o t r a n s m i t t e r s  or  b o t h ,  h o w  a n d  

w h e r e  t h e y  f u n c t i o n ,  a n d  h o w  a n d  in  w h i c h  c o m -  

p o n e n t s  o f  b e h a v i o r  t h e y  a r e  i n v o l v e d .  
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