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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. 
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me thyse rg ide  inh ib i t s  or a t  leas t  masks  a n y  observed  
synergis t ic  effect  of L-dopa plus  e t h a n o l  on  induced  nar -  
cosis b y  e thanol .  

These  resul t s  s t rong ly  sugges t  t h a t  t h e  p o t e n t i a t i v e  
ac t ion  of b o t h  d o p a m i n e  and  L-dopa m a y  be  t he  resu l t  of 
a sero tonerg ic  r a t h e r  t h a n  dopamine rg i e  m e c h a n i s m .  The  
e n h a n c e m e n t  of e t h a n o l - i n d u c e d  sleep obse rved  w i t h  t he  
a d m i n i s t r a t i o n  of d o p a m i n e  m a y  be  conce ivab ly  due to  
the  release of se ro ton in  f rom n e u r o n a l  s tores  b y  d o p a m i n e  
d i s p l a c e m e n t  s. 

Methyserg ide  i n h i b i t e d  t he  a u g m e n t a t i o n  ac t ion  of L- 
dopa,  d o p a m i n e  a n d  se ro ton in  on  e t h a n o l  narcosis .  
S ingula r ly  i t  a u g m e n t e d  t he  soporif ic  ac t ion  of e thanol .  
I t  is specu la t ive  b u t  t he  L-dopa, dopamine ,  and  se ro to~in  
e n h a n c e m e n t  of sleep t i m e  induced  b y  e t h a n o l  m a y  be  
r e l a t ed  to t he  f o r m a t i o n  and  possible  release of an  a ldehyde  
or a lcohol- l ike m e t a b o l i t e  such  as t r y p t o p h o l  and  D O P E T ,  
r a t h e r  t h a n  t h e  release oi amines .  

I n  s u p p o r t  of th i s  hypo thes i s  we s tud ied  t he  effect  of 
m e t h y s e r g i d e  on  t he  a u g m e n t i n g  ac t ion  of b o t h  t r y p t o -  
pho l  a n d  D O P E T  on  t he  soporif ic  ac t ion  of e thanol .  W e  
h a v e  found  t h a t  m e t hys e r g i de  fai led to  s ign i f i can t ly  
i n h i b i t  t he  t r y p t o p h o l e t h a n o l  or t he  D O P E T - e t h a n o l  
sleep t i m e  response  (Figure).  In  fact ,  t h e  t r y p t o p h o l  effect  
was e n h a n c e d  b y  me thyse rg ide ,  s imi la r  to  t he  effect  
found  for th i s  a n t i s e r o t o n i n  c o m p o u n d  on t h e  e thano l  
response  a lone  and  unl ike  t he  i n h i b i t o r y  effect  observed  
for me thyse rg ide  on t he  L-DOPA, d o p a m i n e  and  se ro ton in  
a u g m e n t i n g  ac t ion .  These  obs e r va t i ons  are suppo r t ed  b y  
o the r  s tud iesL~ in wh ich  i t  has  been  shown  t h a t  b o t h  
t r y p t o p h o l  and  D O P E T  p o t e n t i a t e  t he  soporif ic  ac t ion  of 
e thanol .  

To ana lyze  the  c o n c e n t r a t i o n  of e t h a n o l  in t h e  b lood 
and  bra in ,  6 a d d i t i o n a l  groups  of mice  were in jec ted  w i t h  
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Effect of methysergide on monoamines' and neutral metabolites' 
augmentation of ethanol-induced sleep responses in mice. Standard 
elrors of means are indicated by vertical brackets. Each bar re- 
presents average of 10 mice used in each experiment. 1 asterisk (*) 
indicates values significantly different from saline +ETOH treat- 
ment (at least P < 0.01 by student's t-test). 2 asterisks (**) indicate 
values significantly different from saline + ETOH treatment (at 
least P < 0.001 by student's t-test). &, ETOH + saline; O, methy- 
sergide + ETOH; ~, methysergide + dopamine + ETOH; •  
methysergide + L-DOPA + ETOtt, V, methysergide + sero- 
tonin + ETOH; �9 methysergide + DOPET; O, methysergide + 
tryptophol + ETOH. Methysergide was administered 30 min prior 
to additional drug treatments. The sleep response in the peanut oil- 
treated mice did not differ significantly from saline-treated animals; 
therefore, it is not shown in the figure. Shaded bars represent effect 
of either dopamine, L-DOPA, serotonin, DOPET or tryptophol with 
ETOH alone. 

sal ine or p e a n u t  oil and  e t h a n o l  (87 m M / k g ) ,  d o p a m i n e  
(0.06 m M / k g )  and  e thanol ,  L-DOPA (5.2 m M / k g )  a n d  
e thanol ,  s e ro ton in  (0.82 m M / k g )  and  e thanol ,  t r y p t o p h o l  
(1.5 m M / k g )  and  e thanol ,  D O P E T  (5.2 m M / k g )  and  
e thanol ,  a n d  m e t h y s e r g i d e  (0.28 m M / k g )  a n d  e thanol .  
I n  a n o t h e r  group,  m e t h y s e r g i d e  was c o m b i n e d  w i t h  these  
t r e a t m e n t s .  Blood and  b r a i n  samples  were t a k e n  f rom 
these  groups  a t  t he  d e t e r m i n e d  ave rage  sleep t i m e  a f t e r  
e t h a n o l  admin i s t r a t i on .  Af te r  t he  mice  were sacrificed, t he  
b lood  and  b r a i n  f rom each  a n i m a l  were ana lyzed  for  
e t h a n o t  c o n t e n t  b y  a mod i f i ca t i on  of a gas c h r o m a t o -  
g raph ic  m e t h o d  9. At  l eas t  6 mice  were used for each  
d e t e r m i n a t i o n .  

The  c o n c e n t r a t i o n s  of e t h a n o l  in t he  b lood a n d  b r a i n  
a f te r  a d m i n i s t r a t i o n  of t h e  sal ine and  e t h a n o l  combina -  
t ion  did  no t  differ  s ign i f i can t ly  f rom the  concen t r a t i ons  
o b t a i n e d  a f te r  a d m i n i s t r a t i o n  of t he  biogenic  amines  w i t h  
t h e i r  r espec t ive  n e u t r a l  m e t a b o l i t e s  and  e thanol ,  or a f te r  
in j ec t ion  of these  agen ts  in  c o m b i n a t i o n  w i t h  m e t h y s e r -  
gide. Since e q u i v a l e n t  c o n c e n t r a t i o n s  of e t h a n o l  in  t he  
b lood a n d  b r a i n  were o b t a i n e d  f rom mice  t r e a t e d  w i t h  
sal ine and  e thanol ,  d o p a m i n e  a n d  e thanol ,  s e ro ton in  and  
e thanol ,  L-DOPA a n d  e thanol ,  t r y p t o p h o l  and  e thanol ,  
a n d  D O P E T  a n d  e thanol ,  t he  synerg i s t i c  effect  induced  
b y  these  agen t s  is p r o b a b l y  no t  r e l a t ed  to  an  a l t e r a t i o n  of 
e t h a n o l  m e t a b o l i s m  (Table).  

The  f ind ings  t h a t  me thyse rg ide  reduces  t he  synerg is t ic  
effect  of dopamine ,  L - D O P A  and  se ro ton in  on  e thano l -  
i nduced  sleep lends  f u r t h e r  s u p p o r t  to  t he  poss ib i l i ty  t h a t  
t he  sero tonerg ic  s y s t e m  m a y  p l a y  a role in e t hano l  nar -  
cosis. An  a l t e r n a t i v e  e x p l a n a t i o n  m a y  reside in t he  a l ter-  
a t i on  of e t h a n o l  m e t a b o l i s m  b y  the  se ro ton in  i n h i b i t o r  
methyserg ide .  The  d i s t i nc t  poss ib i l i ty  exis ts  t h a t  me thys -  
ergide m a y  i n h i b i t  a lcohol  dehyd rogenase  t h e r e b y  pre-  
v e n t i n g  t he  increase  of endogenous  a ldehyde  levels  w h i c h  
would  in t u r n  reduce  t h e  synerg is t ic  effect  seen w i t h  
dopamine ,  L-DOPA, and  serotonin .  F u r t h e r  s tud ies  to  
de l inea te  th i s  r e l a t ionsh ip  are c u r r e n t l y  unde rway .  How-  
ever,  s ince m e t h y s e r g i d e  fai led to  s ign i f i can t ly  i n h i b i t  
t he  p o t e n t i a t i n g  ac t ion  of t he  a lcohol- l ike  me t abo l i t e s  on  
e t h a n o l  sleep t ime,  e t h a n o l  effects m a y  be a t t r i b u t e d  to 
alcohol- l ike me t abo l i t e s  r a t h e r  t h a n  to  t he  release o f  
biogenic  amine  precursors .  

Zusammen/assung. Hinweis ,  dass  b iogene  A m i n e  eher  
als A m i n e  selbst ,  im Narkoseprozess  yon  E t h a n o l  be- 
te i l ig t  s ind  u n d  dass  die b e o b a e h t e t e n  synerg i s t i schen  
Ef fek te  yon  L-DOPA oder  D o p a m i n  bet  M~tusen m i t  
E t h a n o l  i nduz i e r t e r  Schlafze i t  wahr sche in l i ch  eher  auf  
e inem se ro tone rge t i schen  als auf  e inem d i rek ten ,  dopami -  
ne rge t i s chen  Mecban i smus  be ruhen .  
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