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Arterial Blood Pressure in Dogs: Effects of m-Tyrosine Alone or in Combination with 
Inhibitors of Aromatic Amino Acid Decarboxylase; Relative Hypotensive Potencies of L-Dopa, 
DL-m-Tyrosine, and L-m-Tyrosine 

W e  repo r t ed  t h a t  i n j ec t ion  of L-dopa p roduces  a 
c e n t r a l l y - m e d i a t e d  r e d u c t i o n  in a r te r ia l  b lood pressure  in  
dogs if t h e y  are f i rs t  p r e t r e a t e d  w i t h  Ro  4-4602 (N~-DL - 
seryl-N2-2, 3, 4 - t r i h y d r o x y b e n z y l h y d r a z i n e )  or c a r b i d o p a  
( L - H M D ) I  Carb idopa  is t h e  L-isomer of I)L-g-methyl-~- 
h y d r a z i n o - 3 , 4 - d i h y d r o x y p h e n y l p r o p i o n i c  acid (HMD). 
The  L-form has  been  shown  to  be t he  ac t ive  c o m p o n e n t  of 
the  racem~c m i x t u r e  ~. ROBSON 3 r epo r t ed  s imi la r  resu l t s  
wi th  L-dopa m e t h y l  es ter  in  dogs wh ich  were l ikewise 
p r e t r e a t e d  w i t h  i n h i b i t o r s  of a r o m a t i c  a m i n o  acid 
decarboxylase .  A h y p o t e n s i v e  response  was obse rved  
w h e n  r a t s  received H M D  plus  L-dopa ~,5 Metabo l i t e s  of 
L-dopa were t h o u g h t  to  be  respons ib le  for t he  h y p o t e n s i v e  
effect  in b o t h  species. 

A c o m p o u n d  s t r u c t u r a l l y  s imi la r  to  L-dopa, m- ty ros ine  
( the r acemic  m i x t u r e  and  t he  L-isomer), ha s  been  s tud ied  
in dogs and  t h e  resu l t s  are  h e r e w i t h  p resen ted .  

Methods and materials. A n a e s t h e t i z e d  mongre l  dogs of 
e i t he r  sex, 7-11 kg, were p r e p a r e d  for r ecord ing  a r te r ia l  
b lood pressure  a n d  h e a r t  r a t e  as p rev ious ly  described~. 
Drug  p r e p a r a t i o n  a n d  i.v. a d m i n i s t r a t i o n  of d rugs  ha s  
also been  descr ibed  ~. To i n h i b i t  pe r iphe ra l  a r o m a t i c  
a m i n o  acid deca rboxy la se  we in jec ted  ca rb idopa .  Cent ra l  
i n h i b i t i o n  of d e c a r b o x y l a t i o n  of a r o m a t i c  a m i n o  acids 
was a t t e m p t e d  w i t h  Ro  4-4602. At  100 m g / k g  and  h ighe r  
doses, Ro 4-4602 was r epo r t ed  to i nh i b i t  a r o m a t i c  amino  
acid deca rboxy la se  in t h e  b r a i n  of r a t s  ~. T he  h y p o t e n s i v e  
po tenc ies  of L-dopa, DL-m-tyrosine,  a n d  L-m-tyros ine  
were c o m p a r e d  in ane s t he t i z ed  dogs p r e t r e a t e d  w i t h  
ca rb idopa .  

Results. I n  con t ro l  an imals ,  t he re  was no s ign i f ican t  
change  in m e a n  a r te r ia l  p ressure  (MAP) or heare  r a t e  dur-  
ing t he  2 h per iod  (Tables I a n d  II) .  DL-m-tyrosine b y  i.v. 
a d m i n i s t r a t i o n  p roduced  a n  increase  in MAP.  Carbidopa ,  
15 m g / k g  i.v., or R o  4-4602, 100 m g / k g  i.v., a lone  h a d  no 
s ign i f ican t  effect  on  MAP.  T he  pressor  effect  of DL-m- 
ty ros ine  was  reversed  b y  t h e  deca rboxy ta se  inh ib i to rs .  A 
p r o n o u n c e d  h y p o t e n s i v e  response  was obse rved  in 
an ima l s  t r e a t e d  w i t h  ca rb idopa  + DL-m-tyrosine, whi le  
only  a s l igh t  h y p o t e n s i v e  effect  was  p roduced  b y  1Ro 
4-4602 + DL-m-tyrosine.  The  di f ference b e t w e e n  the  
h y p o t e n s i v e  responses,  w h e n  c o m p a r i n g  b o t h  groups  of 
an ima l s  (groups 3 a n d  5) a t  all  t imes  pos t  I )L-m-tyrosine 
in ject ion,  was s ign i f ican t  s t a t i s t i ca l ly  (p < 0.05, S t u d e n t ' s  
t- test) .  

In  an ima l s  rece iv ing  DL-m-tyrosine alone, h e a r t  r a t e  
was  reduced  d u r i n g  the  m a x i m a l  h y p e r t e n s i v e  response.  
I n  an ima l s  rece iv ing  c a r b i d o p a  + oL-m-tyros ine ,  in 
sp i te  of lowered a r t e r i a l  pressure ,  t he  h e a r t  r a t e  was  
cons i s t en t l y  decreased  to  a g rea te r  e x t e n t  t h a n  in con t ro l  
animals .  

The  re la t ive  h y p o t e n s i v e  po tenc ies  of L-dopa, DL-m- 
tyros ine ,  and  L-m-tyros ine  in c a r b i d o p a - t r e a t e d  dogs were 
ca lcu la ted  as follows. Average  p e a k  effects of t h e  d rugs  
a t  each  dose level  were used for compar i son  (Table  I I I ) .  
M A P  before d rug  in jec t ion  was recorded  as the  con t ro l  
va lue  of each  a n i m a l  tes ted .  

P r e l i m i n a r y  e v a l u a t i o n  revea led  a cor re la t ion  be tween  
peak  effects and  con t ro l  va lues  (i.e., low peak-ef fec ts  were 
genera l ly  assoc ia ted  w i t h  low con t ro l  values,  a n d  h igh  
pea~k-effects were genera l ly  assoc ia ted  w i t h  h i g h  con t ro l  
values) .  The  resu l t s  were ad jus ted ,  therefore ,  for  differ- 
ences  in  con t ro l  b lood pressure  b y  ana lys i s  of covar iance .  
DL-m-tyrosine was e s t i m a t e d  to  be 2.2 t i m e s  more  
p o t e n t  t h a n  L-dopa w i t h  95% conf idence  l imi t s  of 1.6 a n d  
3.1. L-m-tyros ine  was e s t i m a t e d  to  be 4.8 t imes  more  
p o t e n t  t h a n  L-dopa, w i t h  95% conf idence  l imi t s  of 2.6 
and  11.5. The  m i n i m a l  h y p o t e n s i v e  dose of L-dopa was 
6.25, DL-m-tyrosine 3.12, and  of L-m-tyros ine  1.56 m g / k g  
i.V. 

Discussion. R e d u c t i o n  in the  r a t e  of pe r iphe ra l  m e t a b -  
ol ism of m- ty ros ine  b y  ca rb idopa  l ike ly  increased  ce rebra l  
b lood c o n c e n t r a t i o n  of m- ty ros ine  a n d  b y  th i s  m e c h a n i s m  
m a y  h a v e  caused  increased  t r a n s p o r t  of m- ty ros ine  in to  
the  bra in .  I t  is conce ivab le  t h a t  c a r b i d o p a  also d imin i shed  
t he  e n z y m a t i c  ba r r i e r  (a romat ic  amino  acid decarbo-  
xylase)  said to  exis t  be tween  b lood and  b r a i n  for t h e  
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Table I. Effect of DL-m-tyrosine alone and in combination with aromatic amino acid decarboxylase inhibitors on the arterial blood pressure of 
anesthetized dogs 

Group Treatment Dose No. of Control Mean arterial pressure (ram Hg)" 
No. (mg/kg i.v.) animals values at rain after drug 

1 5 15 30 60 120 

1 Carbidopa 15 4 127 129 130 131 125 128 127 
2 DL-m-tyrosine 25 4 149 171 233 b 203 b 163 137 108 b 
3 CarbidopaO + oL-m-tyrosine 15 + 25 4 122 94 b 89 b 65 b 54" 50 b 58 b 
4 Ro 4-4602 100 5 145 143 160 150 140 138 139 
5 Ro4-4602 o +.DL,m-tyrosine 100 + 25 4 161 170 170 148 140 130 b 132 b 
6 Acidified saline eontroia 5 156 158 158 155 158 154 143 

Average value for 4 or 5 dogs. b Significantly different from control value for the same group: p < 0.05, Student's t-test, e Administered 
5 rain prior to oL-m-tyrosine, a All drugs dissolved in dilute HC1. 
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Table II. Effect of DL-m-tyrosine alone and in combination with aromatic amino acid decarboxylase inhibitors on the heart rate of anesthetized 
dogs 

Group Treatment Dose No. of Control Heart rate (beats/min) 
No. (mg/kg i.v.) animals values at min after drug 

1 5 15 30 60 120 

1 Carbidopa 15 4 158 152 148 150 133 b 136 126 b 
2 DL-ra-tyrosine 25 4 162 128 b 65 b 83 b 168 167 140 
3 Carbidopao -t- DL-m-tyrosiue 15 + 25 4 142 130 121 85 b 105 b 108 100 b 
4 Ro 4-4602 100 5 160 158 163 164 160 144 123 b 
5 Ro 4-4602o q- DL-m-tyrosine 100 q- 25 4 145 14t 150 138 140 125 115 
6 Saline controla 5 150 150 ]53 153 143 132 118 

Average value for 4 or 5 dogs. u Significantly different from control value for same group; p < 0.05, Student's t-test. ~ and a: See Table I. 

a r o m a t i c  a m i n o  acid L-dopaT, s. If t he  s a m e  bar r ie r  
i m p e d e s  t r a n s f e r  of m - t y r o s i n e  in to  t he  bra in ,  r educ t i on  
of sa id  bar r ie r  would  favor  e n t r a n c e  a n d  s u b s e q u e n t  
m e t a b o l i s m  of m - t y r o s i n e  s ince ca rb idopa  does n o t  en te r  
t he  b r a in  wh en  g iven  a t  t h e  dose tevels  used.  

Ro  460-42 a t  t he  dose level  used  is also capab le  of 
i nc reas ing  cerebral  b lood c o n c e n t r a t i o n  of m - t y r o s i n e  a n d  
r edu c in g  t h e  e n z y m a t i c  b lood-b ra in  barr ier ,  b u t  Ro  
4-4602, un l ike  ca rb idopa ,  could h a v e  en te red  t he  b r a in  
a long wi th  m - t y r o s i n e  and  inh ib i t ed  i ts  deca rboxy la t ion .  
Af t e r  p r e t r e a t m e n t  of our  dogs  w i th  1Ro 4-4602, m- ty ro s ine  
h a d  on ly  a s l igh t  h y p o t e n s i v e  act ion.  I t  is therefore  rea- 
sonab le  to a s s u m e  t h a t  a cen t ra l  ac t ion  of a deca rboxy l a -  
l ion  p r o d u c t  of m - t y r o s i n e  is r espons ib le  for t he  obse rved  
h y p o t e n s i v e  effect. Cent ra l ly  appl ied  c a t e c h o l a m i n e s  
h a v e  been  sh o wn  to  reduce  blood p ressu re  of cats ,  
a p p a r e n t l y  b y  s t i m u l a t i o n  of ~-receptors  9-n.  R e d u c t i o n  
of a r te r ia l  p res su re  in r a t s  by  i.p. in jec t ion  of e i ther  
ca rb idopa  or H M D  q- DL-m-tyros ine  ha s  been  repor t ed  
by  RUBE~SONt2, ~a. Th i s  depressor  ac t ion  was  abol i shed  
b y  the  d o p a m i n e  t?-hydroxylase  inh ib i to r  F L A - 6 3 ;  s u c h  
abol i t ion  i nd i ca t e s  t h a t  t he  depressor  r e sponse  m a y  h a v e  
been  p r o d u c e d  b y  t h e  f l - h y d r o x y l a t e d  p r o d u c t  of rn- 
t y ro s in e  ~3. 

1RUBENSON la showed  t h a t  a f t e r  in jec t ion  of H M D  + 
DL-m-tyros ine  the re  was  a cen t ra l  increase  in t he  m - t y r o s i n e  
me tabo l i t e s ,  m - t y r a m i n e  a n d  m - o c t o p a m i n e ,  a t  t he  t ime  
of m a x i m a l  h y p o t e n s i v e  effect;  IRo 4-4602 + DL-m- 

t y ro s ine  p r o d u c e d  no s ign i f i can t  r e duc t i on  in  a r te r ia l  
p ressure .  Th i s  f u r t h e r  ind ica te s  t h a t  m - t y r o s i n e  m e t a b -  
ol i tes are respons ib le  for t he  h y p o t e n s i v e  response .  The  
lower ing  of a r te r ia l  p re s su re  in r a t s  by  c a rb idopa  -t- DL- 
m - t y r o s i n e  did  no t  occur  fol lowing a second  in jec t ion  of 
c a rb idopa  4- DL-m-tyrosine,  s u g g e s t i n g  t h a t  t he  h y p o -  
t e n s ive  effect  was  due  to  d i s p l a c e m e n t  of cen t ra l  m o n o -  
amines .  AND~N et  al.~*, u s ing  be ha v io r a l  s tud ie s  w i t h  
ra ts ,  showed  t h a t  t r e a t m e n t  w i t h  m - t y r o s i n e  caused  a 
s t i m u l a t i o n  of cen t ra l  d o p a m i n e  receptors ,  whe reas  no 
effect  on t he se  r ecep to r s  was  obse rved  a f te r  dep le t ion  of 
cen t ra l  c a t e c h o l a m i n e s  w i th  ~ - m e t h y l - m - t y r o s i n e .  Th i s  
lends  we igh t  to  t he  op in ion  t h a t  d i s p l a c e m e n t  of cen t ra l  
m o n o a m i n e s  is t he  m e c h a n i s m  w h ic h  p r o d u c e d  t he  
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BUHLER, Psychopharmacologia 15, 75 (1969). 

8 A. BI~RTLER, B. FALCK, C. H. O~,VMAN a n d  E. ROSENGREN, P h a r m a c .  
Rev. 78, 369 (1966). 

9 A. HEIS12, G. KRON~I~RG and K. SC~5OSSMANN, Naunyn- 
Schmiedeberg's Arch. Pharmak. 268, 348 (1971). 

10 A. HmsE and G. K~ON~Ra,  Eur. J. Pharmac. 17, 315 (1972). 
it A. HEISE and G. KRONEBERO, Naunyn-Schmiedeberg's Arch. 

Pharmak. 279, 285 (1973). 
13 A. RUSENSON, J. Pharm. Pharmac. 23, 228 (1971). 
13 A. RUBENSO~, J. Pharm. Pbarmae. 23, 412 (1971). 
14 N.E. ANDEN, S.G. BUTCheR and J. E~OEL, J. Pharm. Pharmac. 

22, 548 (1970). 

Table III. Effects of L-dopa, DL-m-tyrosiue, or L-m-tyrosine on mean arterial pressure of dogs when pretreated with carbidopa (15 mg/kg i.v.) 

Drug Dose No. of Control mean arterial Average maximum reduction in mean 
(mg/kgi.v.) animals pressure (mm Hg) arterial pressure, (ram Hg) b 

L-Dopa~ 6.25 4 146 17 
12.5 6 137 30 
25.0 7 145 61 

DL-m-tyrosine~ 3.12 4 140 11 
6.25 6 141 50 

12.5 4 160 54 
25.0 4 122 74 

L,m-tyrosine~ 1.56 4 136 31 
3.12 4 127 40 
6.25 4 145 52 

12.5 4 155 68 

Administered 5 min post carbidopa injection, b 15-30 rain after z-dopa injection; 30-60 rain after DL- or L-m- tyrosine injection. 
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h y p o t e n s i v e  effect  of c a r b i d o p a  + DL-m-tyrosine.  I n  
conclusion,  our  f ind ings  a n d  t he  f ind ings  of o the r s  ci ted 
conclusion,  ou r  f ind ings  and  ti le f ind ings  of o thers  
cited~-%9 ~3 i m p l y  t h a t  m- ty ros ine  p roduces  t he  hypo-  
t ens ive  effect  b y  a cen t r a l  m e c h a n i s m  a f t e r  pe r iphe ra l  
a r o m a t i c  amino  acid deca rboxy la se  inh ib i t ion .  The  
response  is l ikely el ic i ted b y  t he  m e t abo l i t e s  of m- tyros ine .  

Rdsumd. Chez des chiens  anesth6si6s,  la m- ty ros ine  
d o n n e  une  r6ponse  h y p e r t e n s i v e  A l ' i n j ec t i on  i.v. Cet te  
r6ponse  d e v i e n t  h y p o t e n s i v e  lorsque les chiens  son t  
t r a i t6s  an  p r6a lab le  p a r  les i n h i b i t e u r s  de la d6carboxylase  
de l 'ac ide  amin6  a r o m a t i q u e  c a r b i d o p a  ou Ro 4-4602. 

Chez les chiens  t ra i t6s  au pr6a lab le  p a r  le ca rb idopa ,  la 
z -m- ty ros ine  est  consid6r4e c o m m e  u n  a g e n t  p lus  p u i s s a n t  
que  le r ac6mate .  Comme a g e n t  h y p o t e n s e u r  la z -Dopa  
est  moths  pu i s san t e  que la I)L- OU la L-m-tyrosine.  
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Ethanol Narcosis  in Mice: Serotonergic Involvement 

The  poss ib i l i ty  t h a t  b iogenic  amines  or t he i r  r espec t ive  
m e t a b o l i t e s  m a y  be  i nvo lved  in t he  soporif ic  ac t ion  of 
e t h a n o l  der ives  s u p p o r t  f rom a n u m b e r  of i nves t iga to r s  1-~. 
The  f ind ings  of t h i s  r e p o r t  sugges t  t h a t  b iogenic  a m i n e  
me tabo l i t e s ,  r a t h e r  t h a n  t he  a m i n e s  pe r  se, m a y  be  invo lv-  
ed in t h e  m e c h a n i s m  of ac t ion  of e thanol .  The  d a t a  
f u r t h e r  i m p l y  t h a t  t he  obse rved  synerg is t i c  effect  of L- 
d o p a  or  d o p a m i n e  on  e t h a n o l - i n d u c e d  sleep t i m e  in mice  
m a y  be due  in p a r t  to  a sero tonerg ic  r a t h e r  t h a n  a direct ,  
d o p a m i n e r g i c  m e c h a n i s m  5. 

E t h a n o l  narcosis  was  induced  in 100 albino,  male,  
Swiss -Webs te r  mice  (18-25 g) b y  a d m i n i s t e r i n g  87 m M / k g  
of e t h a n o l  i.p. The  m e a s u r e d  response,  s leeping t ime,  was 
def ined  as t he  l e n g t h  of t i m e  requ i red  for each  mouse  to  
rega in  t he  r i g h t i n g  ref lex ~. I f  a mouse  d id  no t  recover  th i s  
ref lex w i t h i n  21/2 h a f t e r  t he  e t h a n o l  a d m i n i s t r a t i o n ,  a 
score of 150 m i n  was ass igned as i ts  s leeping t ime.  

E t h a n o l  was  c o m b i n e d  w i t h  sod ium chlor ide  (0.9%) as 
a 25% v / v  solut ion.  T r y p t o p h o l  was suspended  in p e a n u t  
oil, a n d  all o the r  c o m p o u n d s  were d issolved in a sal ine 
solut ion.  All doses are expressed  in t e r m s  of the  base,  and  
in jec t ions  were g iven  i.p. 

The  d u r a t i o n  of t he  e t h a n o l - i n d u c e d  sleep response  was 
c o m p a r e d  for groups  of mice p r e t r e a t e d  w i t h  t he  sa l ine  
so lu t ion  or p e a n u t  oil, L-dopa, dopamine ,  3, 4 -d ihydroxy-  
p h e n y l e t h a n o l  (DOPET) ,  se ro ton in  or t he  n e u t r a l  m e t a -  
boli te,  t r y p t o p h o l ,  a t  va r ious  t i m e  in te rva l s  p r io r  to  
e t h a n o l  in jec t ion .  The  effects  on  e t h a n o l - i n d u c e d  sleep 
t i m e  a f t e r  t he  a d m i n i s t r a t i o n  of these  5 compounds ,  w i t h  
me thyse rg ide ,  an  a n t i s e r o t o n i n  c o m p o u n d  7, a d m i n i s t e r e d  
30 ra in  previous ly ,  were observed .  

The  effects of m e t h y s e r g i d e  (0.28 m M / k g )  on  t he  syner -  
gis t ic  ac t ion  of s e ro ton in  (0.28 m M / k g ) - d o p a m i n e  (0.06 
m M / k g ) - a n d  L-dopa (5.2 m M / k g ) - e t h a n o l  (87 m M / k g ) -  
c o m b i n a t i o n s  in mice  are i l l u s t r a t ed  in t he  Figure.  A 
s ign i f ican t  synerg i s t i c  effect  ( P  < 0.01) as m e a s u r e d  b y  
the  S t u d e n t ' s  t - tes t  was  obse rved  in mice t r e a t e d  w i t h  
m e t h y s e r g i d e  a n d  e thanol .  Methyse rg ide  was f o u n d  to 
s ign i f i can t ly  i n h i b i t  t h e  a u g m e n t a t i o n  of e thano I - induced  
sleep b y  d o p a m i n e  ( P  < 0.001) a n d  se ro ton in  ( P  < 
0 001). 

The  i n t e r p r e t a t i o n  of t he  effect  of met t lyse rg ide  and  
c -dopa  on t he  sleep t i m e  response  is a l i t t l e  more  di f f icul t  
to  assess t h a n  t h e  effects of m e t h y s e r g i d e  in c o m b i n a t i o n  
w i t h  d o p a m i n e  or sero tonin .  L-dopa does a u g m e n t  t i le 
sleep t i m e  response  as does L-dopa plus  m e t h y s e r g i d e  
(41.8 • 12. 0 as c o m p a r e d  to 32.5 :L 13.0). U p o n r e e x a m i n a -  
t ion  of the  Figure,  i t  can  be  seen t h a t  m e t h y s e r g i d e  a lone  
a u g m e n t s  sleep t i m e  to  a b o u t  t h e  same  m a g n i t u d e  as 
m e t h y s e r g i d e  plus  L-dopa. T h u s  i t  can  be a rgued  t h a t  
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Effects of methysergide alone and in combination with dopamine, L-DOPA, serotonin, 3,4-dihydroxyphenylethanol (DOPET) and trypto- 
phol on blood and brain ETOH concentrations (mg/100 ml -L S.E.) 

Pretreatment Saline Dopamine L-DOPA Serotonin DOPET Tryptophol 
(0.06 mM/kg) (5.2 mM/kg) (0.28 mM/kg) (5.2 mM/kg) (1.5 mM/kg) 

Blood Brain Blood Brain Blood Brain Blood Brain Blood Brain Blood Brain 

Methysergide 0.28 mM/kg 321.0 1 3 9 . 1  286.2 167.7 285.3 146.2 224.6 184.6 207.6 176.8 310.0 176.2 
�9 �9 • • • • • • • • 

Injected I.P. 30 rain. prior 10.9 2.94 22.9 19.9 36.1 19.1 13.2 12.6 23.5 14.7 33.8 23.1 

Mg/100 ml :j_ S.E. values for saline + ETOH were: blood = 248.0 J_ 28.2 and brain = 208.5 =L 9.0. These values did not differ signifi- 
cantly from the saline control. All agents listed in the table were administered in combination with 87 mM/kg ETOH. The animals were 
sacrificed and the blood and brain were collected at the following average sleep times: saline, 10 rain; dopamine, 116 rain; L-DOPA, 45 rain; 
serotonin, 129 rain; DOPET, 124 min; tryptophol, 52 rain. 


