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Enhancement of Tyrosine Transamination in vivo 

Severa l  f indings  i nd ica t e  t h a t  c a t echo l amines  m a y  
inf luence  t he  a c t i v i t y  of L- tyrosine : 2 -oxyg lu ta ra t e -  
amino t r ans f e r a se  EC 2.6.1.5 (TAT), b u t  t he  resul t s  h a v e  
been  r a t h e r  cont rovers ia l .  I n  a d r e n a l e c t o m i z e d  rats ,  t h e  
dep le t ion  of c a t echo l amines  b y  ~ -me thy l -p - ty ros ine  or 
b y  reserp ine  increased,  whereas  r ep le t ion  of ca techol -  
amines  a f t e r  a d m i n i s t r a t i o n  of L -3 ,4 -d ihyd roxypheny l -  
a l an ine  (L-dopa) decreased T A T  a c t i v i t y  in  t he  super-  
n a t a n t  of l iver  homogena t e s~ ;  no rep inephr ine ,  however~ 
h a d  no  effect  2. O t h e r  a u t h o r s  found  no  def in i t e  cor re la t ion  
be tween  adrenerg ic  b lockade  a n d  c a t e c h o l a m i n e  dep le t ion  
on  t h e  one h a n d  and  e n h a n c e d  a c t i v i t y  of T A T  on t h e  
o the r  h a n d .  T h e  increase  of T A T  a c t i v i t y  i nduced  b y  
adrenerg ic  b lock ing  or c a t e c h o l a m i n e  dep le t ing  agen t s  
was  p a r t l y  a t t r i b u t e d  to  t he i r  s t i m u l a t i n g  effect  on  cor- 
t i cos te rone  secre t ion  s. I n  cu l tu res  of fe ta l  r a t  l iver,  
ep ineph r ine  even  caused  i n d u c t i o n  of T A T  ~. I n  add i t ion ,  
i t  has  r ecen t ly  been  shown  t h a t  t he  a b o v e  m e n t i o n e d  
ca t echo l amine  deple tors  decreased  T A T  a c t i v i t y  in  t h e  
cen t ra l  ne rvous  s y s t e m  and  t h a t  th i s  effect  was a n t a g -  
onized b y  L-dopaK 

The  p re sen t  p a p e r  shows t h a t  in  n o r m a l  r a t s  acu te  
e l eva t ion  of c a t echo l am i nes  lowers t h e  level  of endo-  
genous  p l a s m a  ty ros ine  a n d  enhances  t he  u r i n a r y  excre- 
t i on  of p - h y d r o x y p h e n y l p y r u v i c  acid ( P H P P A ) .  Con- 
comi t an t ly ,  t h e  a c t i v i t y  of T A T  in l iver  is enhanced .  

Materials and methods. Male a lb ino  r a t s  of W i s t a r  or igin 
(Fiil l insdorf),  we igh ing  80-120 g, k e p t  on chow and  w a t e r  
(ad l i b i t u m  excep t  d u r i n g  t h e  per iod  of t h e  exper imen t ) ,  
were in jec ted  i.p. w i t h  sal ine (controls),  L-dopa, dopamine ,  
L-norep inephr ine  a n d  L-ep inephr ine  r e spec t ive ly  (see 
Tables) .  P H P P A  was d e t e r m i n e d  b y  t he  spec t ropho to -  
me t r i c  m e t h o d  of HOLCOMB et  al. 6 in  u r ine  col lected for 
2 h (dopa, dopamine ,  no rep inephr ine )  or 4 h (epinephr ine)  
a f te r  in jec t ion .  P a p e r  c h r o m a t o g r a p h y  of t he  f ina l  b u t y l -  
ace t a t e  ex t r ac t s  ( W h a t m a n  No. 1; bu t ano l ,  glacial  acet ic  
acid, w a t e r  5 : 1 : 4; d e v e l o p m e n t  w i t h  2, 4 -d in i t ropheny l -  
hydraz ine )  revea led  t h e  p resence  of on ly  one spo t  w i t h  
a n  Rf  (0.9) and  an  U V - s p e c t r u m  iden t ica l  w i t h  those  of 
a u t h e n t i c  P H P P A .  

I n  a para l le l  series of r a t s  t r e a t e d  as i nd i ca t ed  a b o v e  
and  kil led a t  d i f fe ren t  t i m e  i n t e rva l s  a f t e r  t he  in jec t ion ,  
t h e  t y ros ine  c o n t e n t  of b lood p l a s m a  was d e t e r m i n e d  
co lor imet r ica l ty  w i t h  1 -n i t ro so -2 -naph tho lL  I n  add i t ion ,  
t he  T A T  a c t i v i t y  was m e a s u r e d  in  t h e  s u p e r n a t a n t  of 
l iver  h o m o g e n a t e s  b y  a m e t h o d  s imi la r  to  t h a t  of WEIN- 
ST~IN et  al. s. The  s u p e r n a t a n t  of l iver  h o m o g e n a t e  (9 vol  
0 . 1 M  K - p h o s p h a t e  buffer ,  p i t  7.4, 40,000 • g/30 min)  

by Catecholamines 

was i n c u b a t e d  a t  37.5~ for 10 m i n  in t he  presence  of 
6 •  10 a M  c~-ketoglutarate and  5 • 1 0 - a M  L-2-1~C-tyro- 
sine. Af te r  dep ro t e in i za t i on  (wi th  HC10,) ,  t h e  a m i n o  
de r i va t i ve s  were r e m o v e d  b y  Dowex  50 • 4 (pH 2.5) a n d  
t he  r a d i o a c t i v i t y  of t h e  e f f luen t  c o n t a i n i n g  t he  p r o d u c t s  
of 14C-tyrosine t r a n s a m i n a t i o n  was m e a s u r e d  in  a l iquid  
sc in t i l l a t ion  counter .  

A poss ible  in t e r fe rence  of L-dopa, ca techo lamines ,  
p y r u v i c  acid or h y d r o x y p y r u v i c  acid w i t h  t he  assay  
m e t h o d s  was exc luded  b y  a d d i t i o n  of these  subs t ances  
to  t he  b lood p l a s m a  or u r ine  pr io r  to  t he  e x t r a c t i o n  
procedures .  All  rifts were  sacr i f iced a t  t h e  s ame  t i m e  of 
t he  d a y  (11.00-12.00 h) in  order  to  avo id  v a r i a t i o n s  in  
t y ros ine  c o n c e n t r a t i o n  a n d  P H P P A  excre t ion  due  to  t he  
d iu rna l  r h y t h m  of TAT.  

Results. After  a d m i n i s t r a t i o n  of single doses of L-dopa 
and  d o p a m i n e  or r epea t ed  in jec t ions  of L-norep inephr ine  
a n d  L-ep inephr ine  respect ively ,  t he  levels of t y ros ine  in 
b lood  p l a s m a  show a s ign i f ican t  decrease  to  a m i n i m u m  
of 6 0 - 7 0 %  of u n t r e a t e d  controls .  Th i s  d i m i n u t i o n  is 
r a t h e r  r ap id  and  t r ans i en t .  The  ty ros ine  level  beg ins  to  
decrease  1/2 h fol lowing in ject ion,  reaches  i ts  m i n i m u m  
w i t h i n  1-11/e h a n d  is p a r t l y  recovered  a f t e r  2 h (Table  I). 
Concomi tan t ly ,  t he  u r i n a r y  e l imina t ion  of P H P P A  dur ing  
2 or 4 h is e n h a n c e d  r e a c h i n g  va lues  of 150 -190% com-  
p a r e d  to u n t r e a t e d  cont ro l s  (100%) (Table  II) .  Moreover ,  
1-2  h a f te r  i n j ec t ion  of t h e  ca techo lamines ,  t h e  T A T  
a c t i v i t y  in  t he  s u p e r n a t a n t  of l iver  h o m o g e n a t e s  shows 
an  increase  of 150-200% over  cont ro l s  (100%) (Table  I I I ) .  

Discussion. P H P P A  represen t s  t h e  f i rs t  m e t a b o l i t e  of 
t y ros ine  t r a n s a m i n a f i o n ,  t h e  m a j o r  p a t h w a y  of t y ros ine  
me tabo l i sm ,  and  no  o t h e r  m a j o r  m e t a b o l i c  source for th i s  
ke to  acid has  been  descr ibed.  Af te r  a d m i n i s t r a t i o n  of 
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Table I. Effect of L-dopa and catecholamines i.p. on the concentration of tyrosine in blood plasma of rats 

Controls L-Dopa Dopamine L-norepinephrine K-epinephrine 
Time 
(min) txg/ml [xg/ml % of }xg/ml % of [zg/ml % of [xg/ml % of 

controls controls controls controls 

12.05 4- 0.45 
30 9.67=t_1.83 85.94-11.1 11.48::t=0.15 86.1 =L 1.6 10.08• 75.2::t=0.4 ~ 
60 7.684-2.00 64.84-4- 8.2 ~ 7.31:=[-0.72 60.2-4-1.8 a 10.464-:[20.57 84.6~26.9 
90 9.76 =~ 0.70 73.3=}=5.9 ~ 9.374-0.25 70.3 • 2.5 ~ 

120 10.89 ~ 2.39 92.2 jc 7.8 10.36 =j 0.88 86.04-5.9 10.16::t20.72 82.34-7.7 

L-Dopa (200 mg/kg) or dopamine (100 mg/kg) were injected in single doses, whereas 100 ~g/kg of L-norepinephrine or L-epinephrine were 
administered twice, i.e. at the beginning of the experiment and 60 min later. The values represent averages = S.E. of 3 duplicate experiments 
each with a pool of plasma from 2 rats. ~ p < 0.01. 
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Table II. Increase of urinary elimination of p-hydroxyphenylpyruvic acid in rats treated with L-dopa or catechoIamines i.p. 

981 

Controls L-Dopa Dopamine L-norepinephrine L-epinephrine 
Time 
(min) [xg/rat ~xg/rat % of ~g/rat % of F.g/rat % of ~xg/rat % of 

controls controls controls controls 

120 4.224-0.65 8.744-3.51 193.44-6.7 a 8.114-2.34 172.84-7.6 ~ 8.884-1.86 181.9 4- 24.8 ~ 
240 13.91 4- 1.37 19.46 J= 0.40 153.9 4- 9.6~ 

L-Dopa (200 mg/kg) or dopamine (100 mg/kg) were administered in single doses before the start of the urine collection. 100 Dg/kg L-nor- 
epinephrine or 50 Dg/kg L-epinephrine were injected at the beginning of the experiment and 60 Inin later. The values represent means 4- S.E. 
of 3-5 duplicate experiments each with a pool of urine from 6 rats. a p < 0.01. 

Table III. Increase of metabotites of t4C-tyrosine transamination calculated as ~moles of hydroxyphenylpyruvie acid in the supernatant 
of liver homogenates of rats pretreated with eatecholamines i.p. 

Controls Dopamine L-norepinephrine L-epinephrine 

~xmoles/g/h EXlnoles/g/h % of controls ~xmoles/g/h % of controls ~xmoles/g/h % of controls 

12.96 4- 0.85 25.87 4- 2.36 203.8 4- 33.4~ 18.94 4- 0.95 146.8 4- 7.7 �9 24.57 4- 1.70 192.2 ~= 23.4 ~ 

Dopamine (100 mg/kg) was injected 120 min, L-norepinephrine (100 [xg/kg) or L-epinephrine (100 [xg/kg) 90 and 30 rain before decapitation. 
The values represent averages 4- S.E. of 3 experiments each with a pool of 3 livers. �9 p < 0.01. 

ca techo lamines  or L-dopa, no t  onIy the  excre t ion  of 
P H P P A  is enhanced,  b u t  in add i t ion  the re  is a decrease 
in b lood ty ros ine  as well as an increased ac t iv i ty  of 
hepa t i c  TAT. These f indings  cIearly d e m o n s t r a t e  t h a t  in 
no rma l  ra t s  an acute  e levat ion  of ca techolamines  or of 
the i r  precursor  L-dopa enhances  ty ros ine  t r ansamina t ion .  
Accordingly,  a decrease of p la sma  ty ros ine  has  been  
recen t ly  observed in pa t i en t s  wi th  Pa rk inson ' s  s y n d r o m  
t r ea t ed  wi th  L-dopag. 

Three  p a t h w a y s  are known to  be of i m p o r t a n c e  for  
the  me tabo l i sm  of tyrosine,  i.e. t r a n s a m i n a t i o n  1~ ~ 
incorpora t ion  in to  pro te ins  1~ and  m e t a - h y d r o x y l a t i o n  to  
dopa  ~3. The absolute  level of ty ros ine  in blood and  t issues 
is of s imilar  order  to  tile K~, value for the  ty ros ine  h y d r o x y -  
lase (5 • 10-5M) 14 Consequent ly ,  a decreased avai labi l i ty  
of ty ros ine  due to  an  enhanced  t r a n s a m i n a t i o n  p r e s u m a b l y  
d iminishes  the  synthes is  of catechoIamines .  Therefore,  
as suggested for the  bra in  on the  basis  of expe r imen t s  
wi th  ca techo lamine  deple t ing  drugs 5, ty ros ine  t r ansamina -  
t ion m a y  be involved in t he  regula t ion  of the  b iosyn-  
thesis  of ca techolamines  in t he  var ious  tissues. 

The mechan i sms  by  which  ca techolamines  enhance  the  
ac t iv i ty  of TAT are no t  ye t  known.  An ac t iva t ion  me-  
d ia t ed  by  cyclic 3', J - a d e n o s i n e  m o n o p h o s p h a t e  4 and  by  
cor t icosteroids  ~5 has to be considered.  Some discrepancies  
in t he  l i t e ra ture  (see above) m i g h t  pa r t l y  be a t t r i b u t e d  to  
the  use of drugs which  in ter fere  no t  only  wi th  catechol-  
amines  bu t  also wi th  o the r  hormones  (e.g. cort icosteroids)  ~. 
Fu r the rmore ,  adrenaIec tomized  an imals  x seem to  reac t  
d i f fe ren t ly  f rom normal  animals  wi th  regard to TAT 
ac t iva t ion  b y  ca techolamines .  

In  conclusion,  ca techolamines  marked ly  enhance  the  
t r a n s a m i n a t i o n  of ty ros ine  in no rma l  rats.  Consequent ly ,  

the  b iosynthes is  of t he  ca techolamines  m a y  no t  only  be 
regula ted  by  the  h y d ro x y l a t i o n  to, b u t  also by  tile t rans -  
a m i n a t i o n  of tyros ine .  

Zusammen/assung.  Bet normalen  R o t t e n  bewi rken  
L-Dihydroxyphenyla lan in ,  Dopamin ,  Noradrena l in  und  
Adrenal in  eine H e r a b s e t z u n g  des P lasma-Tyros ins ,  eine 
erhShte  Aussche idung  yon  p - P h e n y l b r e n z t r a u b e n s ~ u r e  
im Urin  und  eine Z u n a h m e  der  Ak t iv i t~ t  der Tyrosin-  
Amino t rans fe ra se  der Leber.  Es  wi rd  daraus  geschlossen,  
dass Catecholamine  die ex t razerebra le  Transamin ie rung  
von Tyros in  s te igern und  dass die Tyros in -Transamin ie -  
rung  m6glicherweise an der  Regula t ion  der Ca techolamin-  
B iosyn these  bete i l ig t  ist. 
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