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PETERSON, D. W. AND S. B. SPARBER. Differential actions of  d- and l-arnphetamine on the metabolism of  
31t-norepinephrine in rat brain. PHARMAC. BIOCIlEM. BEHAV. 4(5) 545 -549, 1976. - Approximately equieffective 
doses of d- and I-amphetamine, using suppression of operant fixed-ratio responding for food reinforcement as the 
determinant of potency, were compared for their ability to alter the disposition of the major and minor metabolites of NE 
in push-pull  perfusates from rat brain lateral ventricle. While 3 mg d-amphetamine/kg and 6 mg l-amphetamine/kg both 
increased total 3 H and the relative amounts of the minor metabolites 3 H-normetanephrine and 3 H-dihydroxymandelic 
acid, only I-amphetamine caused a significant increase in the major J H-NE metabolite, methoxyhydroxyphenylethylene- 
glycol. The data is discussed in relation to the abilities of the isomers of amphetamine to stereoselectively interact with 
noradrenergic neurons at doses that produce similar effects upon operant behavior. 

Operant behavior Amphetamines Brain perfusion Norepinephrine 

AS in the  per iphera l  nervous  sys tem,  a m p h e t a m i n e  can be 
s h o w n  to a l ter  cent ra l  nervous  sys tem ca t echo l am i nes  (CA) 
by more  than  one  mechan i sm.  The a m o u n t  of  CA at the 
pos t synap t i c  r ecep to r  is increased by a m p h e t a m i n e  th rough  
its b lockade  of  the  r eup t ake  sys tem in the pre-synapt ic  
m e m b r a n e  [ 11, 14, 16, 27, 34, 3 5 ] ,  by its abi l i ty  to release 
CA f rom the  nerve te rmina ls  [1, 3, 9, 39] and at high 
concen t r a t i ons ,  it may inh ib i t  the enzyme( s )  m o n o a m i n e  
oxidase  [ 1 5 , 2 1 ] .  The  relat ive i m p o r t a n c e  of  the  first two 
m e c h a n i s m s  in the  ac t ions  of  a m p h e t a m i n e  is in d i spute  [ 2, 
10, 13, 17, 26 ] ,  bu t  some of these d i f fe rences  may be 
related to the  level of  neu rona l  act ivi ty ,  because 
a m p h e t a m i n e - i n d u c e d  release of  CA can be shown to be 
superaddi t ive  wi th  electr ical ly s t imula ted  release [ 1 0 , 3 8 ] .  
Most of  the  s tudies  referred to above  have been  carried ou t  
u n d e r  c o m p l e t e l y  in vi t ro  c o n d i t i o n s  or par t ia l ly  in vitro,  
a f te r  a d m i n i s t r a t i o n  of  drugs or i sotopical ly  labeled amines .  
fo l lowed by sacrifice of  the  e x p e r i m e n t a l  animals.  Var ious  
brain per fus ion  t echn iques  have d e m o n s t r a t e d  an in vivo 
release of NE, DA and some of  the i r  me tabo l i t e s  [5, 6, 7, 8, 
22, 25, 30, 32, 36 ] .  A more  d i sc r imina t ing  analysis  of  the 
me tabo l i t e s  of  the  CA released in to  these  per fusa tes  could 
provide more  def in i t ive  i n f o r m a t i o n  a b o u t  the  various 
ac t ions  of  a m p h e t a m i n e  previously  al luded to because the  
local iza t ion  of  the  e n z y m e s  respons ib le  for the  var ious 
me tabo l i t e s  is known .  Addi t iona l ly ,  this  m e t h o d  should  
also bc sensit ive to any  neu rochemica l  d i f fe rences  in the  
ac t ions  of d- and l - a m p h e t a m i n e  on  ca techo lamine rg ic  
func t ion ,  as has been suggested by o t h e r  s tudies  [3, 8, 17, 
33, 34, 38 ] .  

We have previously shown what  appears  to be 
qual i ta t ive ly  d i f ferent ia l  ef fects  of  the  d- and l-isomers on 
operan t  behav ior  ma in ta ined  by two schedules  of re inforce-  
men t  [ 3 7 ] .  Addi t iona l ly ,  selective part ial  de s t ruc t i on  of NE 
neu rons  wi th  6 - h y d r o x y d o p a m i n e ,  at a dose which  left 
DA neu rons  relat ively in tac t ,  resul ted  in a t t e n u a t i o n  of  the  
behaviora l  suppressant  ac t ion  of  1 -amphe tamine  and not  
tha t  of  equief fec t ive  doses of  d - a m p h e t a m i n e  [ 2 4 ] .  These  
data  suggested tha t  NE was of  relat ively grea ter  i m p o r t a n c e  
in the  m e c h a n i s m  of  ac t ion  of  1-amphetamine ,  compared  to 
behaviora l ly  cquief fec t ive  doses of  d - amphe t amine .  It was 
the re fore  of in teres t  to  compare  the ac t ion  of the  isomers  
of a m p h e t a m i n e  upon  the  d ispos i t ion  of  the  me tabo l i t e s  of  
radio labeled  NE, injected in to  the  lateral vent r ic le  of the rat  
brain and col lected in p u s h - p u l l  per fusa tes  dur ing  the  
pe r fo rmance  of, and subsequen t  drug effects  upon  an 
operan t .  

METHOD 

The p rocedure  emp loyed  was essential ly tha t  descr ibed 
by Sparbe r  and Tilson [301.  A cannula  a imed at the  right 
lateral ventr ic le  of  a rat is used to perfuse the  region while 
the rat is pe r fo rming  a cond i t i oned  lever press response  for 
food as a re inforcer .  The effects  of  per iphera l ly  adminis-  
tered d- and l - amphe t amine  on cerebral  me tabo l i sm and 
release of  radio labeled  NE was s tudied.  Perfusions,  at a rate 
of  15 u l /min ,  were carried out  with  saline, r a the r  t han  
artificial  CSF, so tha t  the  pH of  the  m e d i u m  could be held 
more  cons t an t  and below 8.0 for the  ent i re  session. The  

t Supported in part by U.S.P.tt.S. (;rants DA00532, Mt108565 and GM01117. Send reprint requests to: S. B. Sparber, Department of 
Pharmacology, 1(15 Millard Hall, University of Minnesota, Minneapolis, MN 55455. 

2 Present address: Department of Pharmacology, University of Otago. Medical School, Dunedin. New Zealand. 
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animals were three rats trained on a fixed ratio-10 schedule 
of food reinforcement. During 3 separate sessions, each rat 
was injected IP, with saline, 3 mg d-amphetamine/kg or 
6 mg l-amphetamine/kg. Each session was 30 rain long and 
began 30 min after the intraventricular infusion of 5 uCi of 
3H-NE (1-NE-7 -3H, Sp. Act. 3.7 Ci/mMole, New England 
Nuclear). During the behavioral sessions six 5 min perfusion 
samples were collected into vials containing 10 ug each of 
NE and its metabolites (see Table 1) in 10 ul N formic 
acid. A 10 ~1 aliquot of these samples was spotted on a 20 
x 20 cm microcrystalline cellulose thinlayerchromatography 
(TLC) plate (Brinkman Instruments Inc., Westbury, N.Y.) 
for development in the two dimensional TLC system of 
Fleming and Clark [ 12]. The 31-I associated with each cold 
carrier metabolite was determined by oxidizing the cellu- 
lose that contained the spot, which was visualized by 
p-nitroanaline, in a Biological Material Oxidizer (Beckman, 
Fullerton, California) and counting the 3 H20 formed. The 
scintillation counting (Beckman LS-150) in a 0.8% butyl 
PBD, 3.0% Biosolv BBS-3 toluene cocktail was at an 
efficiency of 55%, as determined by external standard ratio. 

The 3 mg d-amphetamine/kg was compared with 6 mg 
1-amphetamine/kg because approximately this dose of 
d-amphetamine was shown to produce significant release of 
~H-NE and metabolites into the perfusate [36],  and 
because the d to 1 ratio of 1 to 2 results in approximately 
the same rapid onset to and duration of disruption of the 
operant [24,37]. If anything, the ratio is a conservative 
estimate of behavioral equieffectiveness. The injections 
were made to correspond with the time between the 
collection of the third and fourth 5 rain perfusion samples. 
Because the third sample was collected immediately before 
the injection, the total 3H in subsequent samples was 
expressed as a percent of the 3H in Sample 3. This allowed 
for the comparison of the different injections durin~ the 
repeated perfusions of these rats, since the amount of H in 
the samples would vary from perfusion to perfusion. The 
TLC analysis was likewise performed on the sample before 
the injection (Sample 3) and the two samples immediately 
after the injection (Samples 4 and 5) to determine the 
effect of the drugs on the individual metabolites released 
into the perfusate. 

The statistical analysis of any change, after d- or 
1-amphetamine relative to saline controls, in total 3H in the 
perfusates or the 3H at any of the TLC spots, was 
determined as follows. For both, the total 3 H and the 3 H at 
each spot on the TLC plate corresponding to the cold 
carrier metabolite of interest, the disintegrations per min in 
Samples 4 and 5 were averaged as a percent of Sample 3. 
The effects of d- and l-amphetamine were determined by 
comparison with the corresponding percentages from the 
saline control perfusion for each rat and the statistical 
reliability determined by the correlated 2-tailed t-test, 
p<0.05 being used as the o~ level for significance. 

RESLILTS 

After the injection of saline the responses during the two 
following 5 min periods did not change, but after d-and 
1-amphetamine responding was significantly decreased. 
Sample cumulative records of the effects of injections of 
saline or the amphetamines on the fixed ratio-10 perfor- 
mance are shown in Fig. 1. An immediate suppression in 
responding in the 5 min periods after d- or l-amphetamine is 
evident with these doses. In this group of rats, 6 mg/kg 

S a l i n e  d -Amphet .  I -Amphet .  

'//- 
3 4 5 '  5 4 5 3 4 " 5  

S u c c e s s i v e  5 M i n u t e  P e r i  ods 

FIG. I. Cumulative records of fixed ratio 10 performance for Rat 
J-2 after the injections of saline, d-amphetamine sulfate 13 mg 
base/kg~ and I-amphetamine sulfate (6 mg base/kgL Arrows indicate 
the time of injections, which were made between the third and 
fourth 5 rain periods (15 min into the 30 min session~. Cumulative 

recorder pens reset after 550 responses. 

1-amphetamine caused a slightly faster decrease in 
responding in the 5 min immediately after the injection 
than did 3 mg/kg d-amphetamine. This difference suggests a 
more rapid onset of behavioral disruption by the l- 
amphetamine, since both drugs at these doses caused a 
complete suppression of responding, which lasted for the 
remainder of the perfusion period. However, the differences 
were small and could be accounted for by differences in 
peripheral actions of the isomers, the larger dose of the 
1-isomer producing greater cardiovascular effects. 

In the perfusion samples collected during the saline- 
injection behavioral sessions, the total 3 tl in each successive 
5 rain sample always declined. The total 3H in the samples 
immediately after the injections of either d- or l- 
amphetamine was in all cases greater than the individual 
saline controls for each rat (Fig. 21. If Samples 4 and 5 are 
averaged, the release of 3H into the perfusate was slightly 
greater after l-amphetamine for Rat J-2: while Rat K-I 
showed a greater release after d-amphetamine. The third 
rat, K-2, had the largest total increase of 311 in the 
perfusates after the amphetamine injections, but there was 
little apparent difference in potency between the doses of 
isomers used. As a result, the mean 3H as a percent of 
Sample 3, in the samples after d-amphetamine, or l-amphet- 
amine was significantly greater than the saline controls 
(Table 1 ). 

The TLC analysis of these perfusates indicated that the 
majority of the H was associated with the authentic NE 
spot, but the increase in total 3H in the perfusates after d- 
and l-amphetamine was not reflected by any significant 
increase in the amounts of 3H-NE. While the parent 
compound was not altered by d- or l-amphetamine, its 
minor o-methylated metabolite, normetanephrine (NM), 
which represents only about 2% of the total 311 on the TL(" 
plate (Peterson and Sparber, unpublished observations), was 
increased by both isomers (Table 1). The mean level of this 
metabolite in Samples 4 and 5 was 83 ± 19%and 83 -+ 21% 
(M +- SEM) of Sample 3 respectively, for d- and l-amphet- 
amine, both of which were significantly greater than NM 
after saline injections (38 +- 7%). Unlike NM. the major NE 



A M P H E T A M I N E  AND 3H-NE M E T A B O L I S M  IN BRAIN 547 

Rat K- I  

S o l i n e  

1 2 5 1  
100-~-- 1 

E 3 4 5  
g, 
~ NE 
o 

IO 
-r 75 I¢) 

s d I 

Rat  K - 2  
S a l i n e  

1 2 5 - [  
I 0 0 ~ 1  

5O 
~ 2 
e 3 4 5  

o 

~ NE 

o 12 

75 
I 

$ d 

Rat J -2  

Sol ne 

1 2 5 ~  
I O O J ~  1 

5O ~ z 
ID 

¢x 5 4 5  
E 
o 

(13 

NE 

d-Amphet.  I -Amphet .  

3 4 5  3 4 5  

NM MHPG 

• '° 

s d  I s d  I 

d -Amphet .  I -Amph e l ,  

7] 
,oof--~.l I 

2 I I 1 
5 4 5  5 4 5  

NM MHPG 

IZ 

75 7 
50 
2 

s d  I s d  I 

d-Amph e t. I -  Amphet. 

,25  , 54 
o o io o~- n ' 
75 
50 

251111 
3 4 5  3 4 5  

N M MHPG ,254 l-I 
,oo I 

FIG. 2. Increases in total 3 H and 3 H-norepinephrine metabolism in 
the lateral ventricular perfusates after 3 H-norepinephrine infusions 
by d-amphetamine sulfate (3 mg base/kg) and l-amphetamine sulfate 
(6 mg base/kg). Saline, d- or l-amphetamine was injected between 
the collection of the third and lk)urth perfusion samples during a 30 
rain perfusion with sterile saline begun 30 rain after the infusion of 
5 uCi 311.norepinephrine. The top figures show the results of the 
injections on the total 3 H in Samples 4 and 5 as a percent of the 31t 
in Sample 3. The lower 3 figures represent the average -'H at 
norepinephrine (NE), normetanephrine (NM) and 3-methoxy-4- 

hydroxyphenylethyleneglycol (MHPG) on the thin layer chromato- 
graphic analysis of Samples 4 and 5 as a percent of the 3H at the 
corresponding metabolite in Sample 3, after saline (s), d- 
amphetamine [d) or I-amphetamine (1). The shaded arease represent 

the increase above saline after d- or l-amphetamine. 

m e t a b o l i t e  3- m e t h o x y - 4 - h y d r o x y p h e n y l e t h y l e n e g l y c o l  
(MHPG),  which  toge the r  wi th  d i h y d r o x y p h e n y l e t h l e n e -  
glycol (DHPG)  represen ts  a b o u t  10% of  the to ta l  3 H in the  
TLC plate (Pe te rson  and Sparber ,  unpub l i shed  observa t ion) ,  
was a l tered by a m p h e t a m i n e  in a s tereospeci f ic  manner .  For  
all 3 rats, l - a m p h e t a m i n e  increased 3H_MHPG to a grea ter  
ex t en t  than  did d - a m p h e t a m i n e .  In fact,  Rat K-2 showed  no 
increased 3H-MHPG despi te  a large increase in to ta l  3H 
and 3H-NM in the  per fusa te  a f te r  d - amphe t amine .  The 
mean  3H-MHPG af ter  l - amphe t amine ,  106 + 19% of Sample  
3, was s ignif icant ly  h igher  than  saline con t ro l s  (40 + 60%) 
but  d - a m p h e t a m i n e  (54 + 4%) was not  d i f fe ren t  f rom 
saline. The  3H at the  d i h y d r o x y m a n d e l i c  acid (DHMA) spot  
while r ep resen t ing  on ly  1% of  the  to ta l  3H on the  plate,  
was s ignif icant ly  increased by d - a m p h e t a m i n e  at 155 + 62% 
and by l - a m p h e t a m i n e  at 162 + 53% relative to the saline 
con t ro l  of  46 + 16% of Sample  3. The 31-i found  at the  
spots  on the  TLC plates  not  already m e n t i o n e d  were also 
increased by the  d- and l - a m p h e t a m i n e  in jec t ions  relative to 
the saline con t ro l s  (Table  I), but  these  increases were 
general ly more  variable  or un iden t i f i ab le  SO4 conjuga tes  
near  the origin of the  plate.  

DISCUSSION 

The  admin i s t r a t i on  of  d- and l - amphe t amine ,  at doses 
tha t  are relat ively mode ra t e  bu t  capable  of  to ta l ly  
suppress ing the  ongoing  cond i t i oned  behavior ,  increased the  
a m o u n t  of  to ta l  3H in the  per fusa te  and specific 3H-NE 
metabol i tes ,  af ter  the  in t r aven t r i cu la r  admin i s t r a t i on  of  
3 H-NE. These  results  suggest tha t  NE a n d / o r  its me tabo l i t e s  
are readily released f rom the  bra in  by the  isomers  of  
a m p h e t a m i n e .  O t h e r  m e t h o d s  have d e m o n s t r a t e d  a release 
of CA by a m p h e t a m i n e  in many  in vi t ro  p repa ra t ions  [ 1 ,3 ,  
17, 39] and by in vivo per fus ions  of  the bra in  [4, 6, 7, 22, 
25, 38 ] .  The in vivo s tudies  ci ted above dif fered f rom the  
m e t h o d  presented  here in tha t  the  a m p h e t a m i n e  was 
usually added to the  perfus ion fluid r a the r  than  adminis-  
tered per iphera l ly ,  and the animals  were anes the t i zed  or 
immobi l i zed  while being perfused.  The d i f fe rences  in the  
rou te  of  admin i s t r a t i on  may resul t  in a d i f fe rence  in the 
d i s t r ibu t ion  of  the a m p h e t a m i n e  which  could  favor the  
release of CA af ter  its in t racerebra l  admin i s t r a t ion .  Tha t  the  
behaviora l  (vis. cen t ra l )  m e c h a n i s m  of  ac t ion  of  d- 
a m p h e t a m i n e ,  admin i s t e red  in equief fec t ive  dosages 
t h rough  a per iphera l  (IP) or  cent ra l  ( in t r aven t r i cu la r )  route ,  
is d i f fe rent  has been  suggested by a d e m o n s t r a t i o n  of  a lack 
of  cross- to lerance  to the  d is rupt ive  effects  upon  behav ior  
by these  two  rou tes  [31 ]. Addi t iona l ly ,  if large a m o u n t s  of  
the  CA in the  brain  are involved in m o d u l a t i o n  of m o t o r  
m o v e m e n t s  [ 1 8 ] ,  an animal  engaged in a high level of  
act ivi ty such as lever pressing on  a fixed rat io  schedule  may 
have a greater  t u rnove r  of  CA than  would an immobi l e  
animal.  This  greater  u t i l i za t ion  of  CA might  make  it more  
diff icul t  to effect  and d iscr imina te  a change  in the  release 
of 3H-CA or me tabo l i t e s  t ha t  could be de tec ted  in the 
perfusate .  

The release of  3H af ter  in t r aven t r i cu la r  3H-NE was 
increased to the same e x t e n t  by 3 mg of  d- or 6 m g  of  
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T A B L E I  

EFFECTS OF D- AND [.-AMPHETAMINE ON :*H-NOREPINEPHRINE AND IT,',; METABOI.ITES AS 
MEASURED BY THIN LAYER CHROMATOGRAPHIC ANAI+YSIS OF BRAIN PERFUSATES 

Source of :'H* 

Saline 

Average :~H in Samples 4 and 5 as a % of Sample 3 
d-Amphetamine-SO4 I-Amphetamine-SO+ 

c3 mg base/kg) I6 mg base/kg) 

Total :~H 55 _+ 3- 89 ~: 16- 79 _+ I I- 
Origin 71 _+ 19 95 z 16:[: 119 + ~¢, 
SO+-conjugates 58 + 4 11)9 +_ 29 169 _. 87 
NE 56 z 7 56 +_ 8 49 _+ 5 
NM 38 -~ 7 83 _+ 19~ 83 _+ 21., + 
DHMA 46 _+ 16 155 ± 62- 162 _+ 53- 
VMA 63 +_ 9 104 ÷ 46 169 + 109 
DHPG 25 ± 7 42 _-. 6 1114 +_ 44 
MHPG 40 ): 6 54 _+ 4 106 '_ 19:- 

*Total :~H refers to :~H in aliquots of the perfusion samples, and the remaining sources of :*H are those 
SO-chromatographed with the authentic compounds. The abbreviations used are described in the text. 

¢Mean _+ S.E.M. of the average 3H in samples 4 and 5 (samples collected immediately after the 
injection) as percent of sample 3 (sample immediately beibre the injection) for 3 paired observations 
with 3 rats. 

+Significantly increased above saline, correhued t-test, p <0.05. 2-tailed. 

l -amphetamine /kg .  This increased 3H was not  ref lected by 
an increase of  unchanged  3H-NE in the perfusates,  which 
may be due to a large percentage of  the 3H-NE in the 
perfusate  having never been taken up by the brain and 
simply being washed out  f rom the ventricle.  In this 
s i tuat ion a small increase in 3H-NE released by amphet -  
amine f rom the neurons  could be masked.  The 3 H-NM was 
increased by bo th  isomers of  amphe t amine ,  which indicates  
that  the 3 H-NE which did interact  with the nervous tissue 
and /o r  was metabol ized  by the ex t raneurona l  enzyme,  
COMT, was altered by the drug t r ea tment .  

A different ia l  ef fect  of  d- and l -amphetamine  occurred 
with the release, into the perfusate ,  of  the major NE 
metabol i te ,  MHPG. This metabol i t e  is fo rmed by the 
enzymat ic  act ion of  bo th  ex t raneurona l  COMT and intra- 
neuronal  MAO, and it has been suggested that  the normal  
route of  this me tabo l i sm is for the released NE to be 
conver ted  to NM which is then taken back into the NE 
neuron  where  it is deamina ted  to MHPG [19] .  If 
amphe t amines  were to release NE and to block the 
reuptake  mechanism,  a greater increase of  NM than 
deamina ted  metabol i tes  would be expec ted ,  as is the case 
with d -amphe tamine  in this s tudy and others  [6 ,36] .  The 
matabol i tes  released after  1-amphetamine suggest a differ- 
ence in the act ions  of  this isomer since bo th  NM and MHPG 
were increased. This d i f ference  could be expla ined by a 
d i f ference  in the relative potencies  of  d- and l -amphetamine  
for the two mechanisms by which they may increase the 
metabol i tes  in the perfusate.  If bo th  isomers were effec- 
tively increasing the release of  3H-NE from the NE neuron.  
this would cause an increase in the total 3H and 3H_NM as 
was seen. If it were also the case that  d - amphe t amine  were a 
more  po ten t  blocker  of  the uptake mechanism for NM and 
the NE neuron than 1-amphetamine,  the increase of  MHPG 
only after l - amphe tamine  would be explained,  t towever .  
d - amphe t amine  would have to be much more  than two 
times as po ten t  an inhibi tor  of reuptakc than l -amphet-  
amine to account  for the differential  ef fect  on 3H-MHPG, 
which is consis tant  with the results of  Taylor and Snyder  

[34] .  Alternatively,  this isomeric di f ference on the 
metabol i tes  of  NE may be the result of  a d i f ference  in the 
relative inhibi t ion of MAO by amphe tamines .  This is 
unlikely because the decrease in deamina t ion  of  NE by 
d -amphe tamine  is the result of  the blockade of  uptake.  
which decreases its access to MAO at doses that  have little 
MAO inhibi tory  effects  [20 ,28] .  Regardless of  the reason 
for the di f ferences  in metabol i tes ,  the major metabol i te  of  
NE, MHPG may be the best app rox ima t ion  of  the act ion of  
the amphe t amines  on release mechanisms and funct ion  of  
noradrenergic  neurons.  The data suggest that  with modera te  
doses of  d- or l -amphetamine ,  that  produce  comparable  
behavioral effects ,  l -amphetamine  is affect ing noradrenergic  
func t ion  to a greater ex ten t .  This is in agreement  with our 
previous repor t  [24] where rats subjected to deple t ion  of 
only NE by appropr ia te  intraventr icular  inject ions of  
6-OHDA showed significant a t t enua t ion  of  the behavioral 
suppressant  act ion of 1-amphetamine but not to (behav- 
iorally) equieffect ive  doses of  d -amphe tamine .  

While there was this isomeric d i f ference  on the MHPG, 
both  isomers of  amphe t amine  caused the same increase of  
3H at a minor  deamina ted  NE metabol i te ,  DHMA. Since 
DHMA is not  o -methy la ted ,  the explanat ion  of the isomeric 
d i f ference  at the blockade of the reuptake of  NM would 
not  apply to this metabol i te  and may explain the lack of  a 
s tereospecif ic  effect .  It is also possible that since MHPG is 
generally thought  to be the major NE metabol i te ,  the 
3 H-DHMA in the perfusate  may have come from 3H-NE 
that was taken up by DA neurons  where an acid is the 
normal deamina ted  metabol i te  and where it could have 
been released equally by the closes of  d- and l -amphetamine  
used. This implies a two-fold po tency  di f ference  be tween d- 
and 1-amphetamine upon  dopaminergic  funct ion  at the 
doses utilized. We are current ly  examining the effects  upon 
the disposi t ion of  3H-DA and metabol i tes  by doses of  
a m p h e t a m i n e  isomers that  induce overt s t e reo typy  during 
the perfusion sessions, in order  to verify the involvement  of  
DA on the effects  of  higher doses of  the st imulant .  
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