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Accelerated Synthesis  of Dopamine in the Rat Brain after Methadone 

Previous  s tudies  f rom our l abora to ry  have  shown t h a t  
D, L-methadone  increases bra in  homovani l l ic  acid (HVA) 
levels in r a t sL  In  t he  p resen t  s t u d y  the  effect  of D,L- 
m e t h a d o n e  on the  in vivo convers ion of Ha-tyrosine to 
Dopamine  (DA) was measured  in the  ra t  basal  ganglia. 

Materials and methods. E x p e r i m e n t s  were carried out  
in male, Sprague-Dawley  ra ts  (180-210 g), caged in 
groups  of 4 a t  an env i ronmen ta l  t e m p e r a t u r e  of abou t  
20 ~ Animals  were killed by  decap i t a t ion  and  the  brains  
rap id ly  removed,  the  corpus s t r i a tum dissected as de- 
scribed by  GLOWlNSKI and  IVERSEN% and  kep t  f rozen 
a t  - -20 ~ unti l  analyzed.  

DA and  H V A  were assayed f luorometr ical lya.  Endoge-  
nous and  label led ty ros ine  and  DA were separa ted  and 
assayed as descr ibed by  CosTa and GROPPETTI 4. 

Results. In  ag reemen t  wi th  previous  resul ts t ,  we iound  
t h a t  D,L-methadone  s ignif icant ly  increased the  H V A  
con ten t  in the  basal  ganglia bu t  did no t  modi fy  DA levels. 
In  addi t ion,  Table  I shows t h a t  the  dex t ro  isomer was 
ineffective.  

Since these  resul ts  suggest  t h a t  D,L-methadone  in- 
creased DA turnover ,  we s tud ied  the  effect  of the  drug 
on the  in vivo convers ion of Ha- tyrosine  to DA. In  Table  I I  
are repor ted  the  specific act ivi t ies  (SA) of ty ros ine  and 
DA 20 min  af ter  the  i.v. in jec t ion  of a pulse dose of H a- 
ty ros ine  in control  ra t s  and  in ra t s  t r e a t ed  wi th  D,L- 

m e t h a d o n e  1 h previously.  The SA of ty ros ine  in t he  basal  
ganglia was a p p r o x i m a t e l y  20% higher  in the  animals  
t r e a t ed  wi th  m e t h a d o n e  t h a n  in control  rats.  However ,  
t he  SA of DA in the  basal  ganglia of animals  t r ea t ed  wi th  
m e t h a d o n e  was 230% higher  t h a n  in contro l  rats .  

Discussion. These resul ts  ind ica te  t h a t  m e t h a d o n e  in- 
creases the  syn thes i s  of DA in the  basal  ganglia. This  
effect  seems to  be r a the r  specific since m e t h a d o n e  did no t  
inf luence serotonin  me tabo l i sm in t he  ra t  b ra in  s t em ~. 
The fact  t h a t  d e x t r o - m e t h a d o n e  is inac t ive  b o t h  in rais ing 
H V A  and  in p roduc ing  analgesia ~, suggests  t h a t  the  2 ef- 
fects migh t  be s t r ic t ly  correlated.  

The m e c h a n i s m  by  which  m e t h a d o n e  s t imula tes  DA 
synthes is  is under  invest igat ion.  The poss ibi l i ty  t h a t  the  
the rapeu t i c  effect  ot m e t h a d o n e  on heroin  wi thd rawa l  
s y n d ro me  originates  f rom its effect  on DA receptors  should 
be considered.  

Recently TAMARKIN, GOODWIN and AXELROD ~ and 
BOWERS, I{L]EBER and DAvis ~ observed a decreased ac- 
cumulation of H V A  levels fol lowing probenec id  in me tha -  
done  addicts .  Their  da t a  suggest  a decrease in DA turn-  
over  in these  subjects .  I t  would  be of in te res t  to clarify 
whe the r  t he  difference be tween  our da t a  and  thei rs  de- 
pends  on interspecies  var ia t ions  or a d i f fe rent  exper imen-  
ta l  s i tua t ion,  i.e. m e t h a d o n e  add ic t ion  and acute  ad- 
min i s t r a t ion  of t he  drug. 

Table I. Effect of D,L-methadone on HVA levels in the rat basal 
ganglia 

Treatment mg/kg i.p. Basal ganglia 
HVA (i.zg/g) DA (b~g/g) 

None 0.234.0.02 3.12~0.10 
D, L-methadone 10 0.48::0.02 ~ 3.274.0.15 
*)-methadone 20 0.214-0.01 3.10~_0.20 

P < 0.01 in respect to control values (Student's t-test). Each value 
is the average 4.S.E. of at least 20 determination. Drugs were given 
2 h before sacrifice. 

Riassunto. Net rat t i ,  il D ,z -me tadone  fa aumen ta r e  si- 
gn i f i ca t ivamente  i livelli di acido omovani l l ico e s t imola  
il t u rnove r  della d o p ami n a  net gangli  della base. I1 des t ro  
isomero 6 ina t t ivo .  
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Table IL Effect of n, L-methadone on the conversion of Ha-tyrosine to 
H~-dopamine (DA) in the basal ganglia 

Treatment 
(No. of animals) 

Specific activities" 20 rain after 
the i.v. injection of Ha-tyrosine 
Basal ganglia 
Tyrosine DA 

None (14) 432~18 112=t210 
D, L-methadone (12) 503• 2554.15 

cpm/btg]g. Each value is the average :t- S.E. of the number of experi- 
ments reported in parenthese. Methadone was given i.p. at the dose 
of 10 mg/kg 90 min before the injection of Ha-tyrosine {L-tyrosine- 
3,5-H~: 500 ~/Ci/kg, 25 Ci/mmoles). 
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Nitroglycerin on the Carotid Artery and Femoral Artery of the Dog 

In 1953 it was shown that the aorta strip of the rabbit 
can be contracted maximally by adrenaline, even when 
high concentrations of nitroglycerin are present in the 
organ bath: this phenomenon was called the 'break 
through' of the catecholamines through the nitroglycerin 
inhibition I, 2. We previously described a similar 'break 
through' for strips of the femoral artery or femoral vein of 
the dog, and for the perfused hindleg of the dog a. 

The present report deals with results sho~ ing that this 
'break through' is not present in the carotid artery strip 
of the dog, but that this difference between vessels cannot 
be demonstrated in vivo. 

Materials and methods. Spiral ly cut  s t r ips  of the  femoral  
artery and the carotid artery of the dog are made to 
contract isotonically using a counterweight of 4 gmK In- 
creasing concentrations of the agonist, noradrenaline 
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(Levophed  | a re  a d d e d  c u m u l a t i v e l y  t o  t h e  b a t h  fluid.  
The  inf luence  of n i t rog lyce r in  is t e s t ed  b y  a d d i n g  i t  t o  t h e  
b a t h  f luid 5 m i n  before  t h e  f i rs t  dose of no rad rena l ine ,  and  
leav ing  i t  in  the  b a t h  t h r o u g h o u t  t he  p e r f o r m a n c e  of t h e  
n o r a d r e n a l i n e  dose- response  curve.  I n  a series of o t h e r  
expe r imen t s ,  t he  s t r ips  are c o n t r a c t e d  b y  a s u p r a m a x i m a l  
dose of no rad rena l ine ,  and,  on t op  of t h i s  m a x i m a l  con- 
t r ac t ion ,  inc reas ing  doses of n i t rog lyce r in  are  added.  Con- 
c e n t r a t i o n s  ot d rugs  in t he  b a t h  are expressed  as g /ml ;  
n o r a d r e n a l i n e  c o n c e n t r a t i o n s  are g iven  in t e r m s  of the  
base.  

I n  N e m b u t a l |  dogs, ca ro t id  a r t e r y  a n d  
femora l  a r t e r y  flows are m e a s u r e d  b y  m e a n s  of an  electro-  
m a g n e t i c  i l o w m e t e r  (Medicon), us ing  n o n - c a n n u l a t i n g  
probes.  Sys t emic  b lood  pressure  is m e a s u r e d  w i t h  a 
S t a t h a m - p r e s s u r e  t r ansduce r .  N i t rog lyce r in  is g iven  i.v. ; 
in  some e x p e r i m e n t s  n o r a d r e n a l i n e  is infused d i rec t ly  
in to  t h e  caro 'dd or f emora l  a r te ry .  D e n e r v a t i o n  of t he  
h ind legs  is p e r f o r m e d  b y  c u t t i n g  t h e  a b d o m i n a l  s y m p a -  
t h e t i c  cha ins  and  t h e  sciat ic  a n d  f emora l  nerves .  

Res~tlts and discussion. T he  c o n t r a c t i o n  of a c a ro t i d  
a r t e r y  s t r !p  a n d  a f emora l  a r t e r y  s t r ip  f rom t h e  same  dog, 
for inc reas ing  c o n c e n t r a t i o n s  of no rad rena l i ne ,  is shown  
in t he  Figure ,  b o t h  in t he  absence  a n d  in t he  p resence  of 
n i t rog lyce r in  1.10 -<  Af te r  n i t rog lycer in ,  t h e  ca ro t id  a r t e r y  
s t r i p  can  on ly  b y  c o n t r a c t e d  to a smal l  f r ac t ion  of i ts  
con t ro l  value,  whi le  t he  femora l  a r t e r y  s t r ip  c o n t r a c t s  to  
on ly  s l igh t ly  less t h a n  the  m a x i m a l  va lue  o b t a i n e d  wi th-  
ou t  n i t rog lycer in ,  a l t h o u g h  t he  effects  of t he  lower doses 
of n o r a d r e n a l i n e  are inh ib i t ed ,  j u s t  as seen in r a b b i t  a o r t a  
s t r i p s t  W i t h  1.10 .9 n i t rog lycer in ,  t he  m a x i m a l  con t rac -  
t ion of t he  ca ro t id  a r t e r y  s t r ip  is r educed  to a b o u t  50% ; 
the  same c o n c e n t r a t i o n  of n i t rog lyce r in  has essent ia l ly  no  
inf luence  on t he  no rad rena l ine - Jnduced  c o n t r a c t i o n  of the  
f emora l  a r t e r y  s tr ip.  

W h e n  t he  s t r ips  are ful ly c o n t r a c t e d  b y  a s u p r a m a x i m a l  
dose of no rad rena l ine ,  add i t i on  of n i t rog lyce r in  in doses 
as low as 1.10 - l l  re laxes  ca ro t id  s t r ips  to  less t h a n  50% 
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Isotonic contraction of carotid artery and femoral artery strips of a 
dog under influence of curnulatively added doses of noradrenalin. 
Upper part: control curves; lower part: nitrogiycerin 1.10 -~ present 
in the bath. Concentrations are given in g/ml. 

of t he i r  or ig ina l  degree of c o n t r a c t i o n ;  t he  ful ly  con- 
t r a c t e d  femora l  s t r ips  show only  smal l  r e l axa t ions  (a round  
10%),  even  w h e n  n i t rog lyce r in  1.10-~ is added.  

Inc reas ing  doses of n i t rog lyce r in  i n t r a v e n o u s l y  lower 
t h e  a n e s t h e t i z e d  dog 's  b lood  pressure  in  a dose- re la ted  
way.  Caro t id  a r t e r y  f low increases  sha rp ly  whi le  t h e  b lood 
pressure  fails. F e m o r a l  a r t e r y  flow shows, on  in iec t ion  of 
n i t rog lycer in ,  osc i l la t ing  phases  of increase  a n d  decrease  
a r o u n d  t he  con t ro l  va lue ,  wi th ,  in  mos t  dogs, a predo-  
m i n a n t  decrease  in flow. We p rev ious ly  r epo r t ed  t h a t ,  
a f te r  d e n e r v a t i o n  of t h e  h indleg ,  the  f emora l  a r t e r y  flow 
increases  a f t e r  n i t rog lyce r in  i n j e c t i o n <  

In  e x p e r i m e n t s  in dogs w i th  b o t h  h ind legs  dene rva t ed ,  
on i n t r a v e n o u s  in jec t ion  of 10 p.g/kg of n i t rog lycer in ,  
ca ro t id  a r t e r y  and  femora l  a r t e r y  flows increase  while the  
b lood pressure  goes down. S imi la r  e x p e r i m e n t s  were per-  
fo rmed  whi le  n o r a d r e n a l i n e  (0.05 to 0.2 ~g /kg /min)  was 
infused  in to  one ca ro t i d  a r t e r y  or one femora l  a r te ry ,  t he  
c o n t r a l a t e r a l  a r te r ies  se rv ing  as controls .  D u r i n g  the  in- 
fusion of noradrena] ine ,  a dose -dependen t  decrease  in flow 
in t h e  t r e a t e d  ar te r ies  was o b t a i n e d ;  femora l  a r t e r y  flow 
could be  r educed  to  a p p r o x i m a l l y  zero w i t h o u t  c h a n g e . i n  
sys t emic  b lood  pressure  a n d  c o n t r a l a t e r a l  flow; ca ro t id  
a r t e r y  flow could only  be  r educed  to  a b o u t  50% wi th  
doses of n o r a d r e n M i n e  t h a t  d id  n o t  ye t  change  sys temic  
b lood  pressure .  Ni t roglycer in ,  l0  pog/kg, was  in jec ted  i.v. 
whi le  t he  a r te r ies  were cons t r i c t ed  b y  t he  d i f fe ren t  doses 
of n o r a d r e n a l i n e :  n i t rog lyce r in  gave  smal le r  a n d  smal ter  
increases  in  flow as t he  n o r a d r e n a l i n e - i n d u c e d  decrease  
in f low was more  p r o n o u n c e d :  t h i s  was  t r u e  as well  in  
ca ro t id  as in femora l  ar ter ies ,  a n d  the re  was no  sugges t ion  
t h a t ,  for a g iven  degree of n o r a d r e n a l i n e - i n d u c e d  const r ic-  
t ion,  n i t rog lycer in  was able  to  d i la te  the  ca ro t id  a r t e r y  
more  t h a n  t he  femora l  a r te ry .  

Us ing  our  e x p e r i m e n t a l  set-up,  we could t h u s  no t  
d e m o n s t r a t e  in v ivo  t he  in v i t ro  f ind ing  t h a t  n i t rog lyce r in  
is a more  p o t e n t  a n t a g o n i s t  for n o r a d r e n a l i n e  in the  ca ro t id  
a r t e r y  t h a n  in the  femora l  a r te ry ,  a t  leas t  if we e l im ina t e  
t he  inf luence  of s y m p a t h e t i c  reflexes t h a t  in v ivo  m o d i f y  
t h e  responses  of t he  vessels t o w a r d s  n i t rog lycer in .  

Because  of t he  i m p o r t a n c e  of t he  effects of n i t rog lycer in  
on p e r i p h e r a l  vessels+, 5, we are a t  p r e sen t  f u r t h e r  in- 
v e s t i g a t i n g  t h i s  d i f ference in b e h a v i o u r  of ca ro t id  and  
femora l  a r te r ies  in  v i t r o  (presen t  also in the  cat,  b u t  no t  
in  t he  r abb i t ,  u n p u b l i s h e d  resul ts)  a n d  i ts  possible  mean-  
ing 6 . 

Rdsumd. I n  v i t ro ,  la n i t rog lyc6r ine  an t agon i se  a i sbmen t  
la c o n t r a c t i o n  de l ' a r t6 re  c a ro t i d i enne  du  ch ien  p r0voqu~e  
p a r  la no rad r6na l ine ,  ce qu i  n ' e s t  pas  l e c a s  p o u r  I ' a r t~re  
ffimorale. In  v ivo  c e p e n d a n t  los diff6rences de compor te -  
m e n t  de cos deux  ar t6res  e n t e r s  la n i t rog lyc6r ine  ne sere- 
b l e n t  pas  ~tre li~es & des propr i6 t6s  in t r ins6ques  des 
va i s seaux ,  mats  b ien  & des ref lexes  s y m p a t h i q u e s .  
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