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ZABIK, J. E., R. M. LEVINE AND R. P. MAICKEL. Drug interactions with brain biogenic amines and the effects of 
amphetamine isomers on locomotor activity. PHARMAC. BIOCHEM. BEHAV. 8(4) 429-435, 1978. - Administration 
of single IP doses of 1.0 or 4.0 mg/kg of d-amphetamine evoked an increase in mouse spontaneous motor activity 
(SMA); in contrast, 1.0 mg/kg of 1-amphetamine had no significant effect, while 4.0 mg/kg caused a decreased SMA. 
Pretreatment with aMT or pargyline had little effect on the actions of the 1-isomer, but reduced the magnitude and 
duration of the stimulatory effect of d-amphetamine. Pretreatment with p-chlorophenylalanine had little effect on the 
actions of d-amphetamine but completely abolished the depressant actions of the 1-isomer. Reserpine pretreatment 
markedly reduced basal SMA levels; such pretreatment caused both d- and 1-amphetamine to act as stimulants of SMA. 
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THE methyl group attached to the a-carbon of am- 
phetamine confers on the molecule the property of  
stereoisomerism, giving rise to two enantiomers, both of 
which have significant pharmacological activity [ 1 ]. For a 
number of  years, the belief was generally held that 
d-amphetamine was 3 to 5 times more potent than the 
1-isomer as a stimulant of the central nervous system, while 
1-amphetamine was slightly more potent than the d-isomer 
as a peripheral pressor agent [7].  However, studies reported 
in the past fifteen years give support to the hypothesis that 
the two isomers may have actions on various behavioral test 
systems that differ in both qualitative and quantitative 
aspects. For example, Moore [15] has shown that the 
d-isomer is more toxic than the l-isomer in both isolated 
and aggregated mice; this toxicity difference paralleled the 
potency of the isomers in reducing brain norepinephrine 
(NE). Several laboratories, in studying the actions of  
amphetamine isomers on locomotor  activity, have con- 
cluded that the d-isomer is merely more potent  than the 
1-isomer [17, 21, 2 3 - 2 5 ] .  It should be noted that some of 
these studies are confounded by the fact that animals were 
pretreated with a monoamine oxidase inhibitor (MAOI). 
Studies of the effects of the isomers on stereotyped 
behavior suggested that the effects of  d-amphetamine could 
be correlated with actions on NE systems while those of 
1-amphetamine correlated better with actions on dopamine 

(DA) systems [5, 23, 24].  Sparber and coworkers [18,27] 
have reported differential actions of the amphetamine 
isomers in operant behavioral systems such as fixed-interval 
and fixed-ratio responding. 

In addition to these behavioral studies, a number of 
reports have demonstrated differential actions of  the 
amphetamine isomers on brain catecholamine uptake, 
release, and metabolism; these actions show both 
qualitative and quantitative differences in the isomers [4, 
19, 26].  Finally, several studies have suggested that a 
catecholamine-serotonin interaction may exist in the 
control of  locomotor  activity in the rat [ 11,16], although 
this hypothesis has recently been challenged by Jacobs et 
al. [81. 

In terms of the effects of  amphetamine isomers on 
spontaneous motor activity in mice, Bainbfidge [21 found 
that d,l-amphetamine had a dose-dependent effect on SMA; 
doses<5 mg/kg were depressant, while doses>10 mg/kg 
were stimulatory. A previous publication from this lab- 
oratory [12] demonstrated that at low (0.5 mg/kg) and 
high (8.0 mg/kg) doses, both isomers were stimulants of 
SMA in mice, while at intermediate doses (1 .0-4 .0  mg/kg), 
the d-isomer was stimulatory while the 1-isomer caused a 
significant depression. 

The present paper examines the actions of  d - a n d  
1-amphetamines on SMA in mice pretreated with agents 

1 Supported in part by NASA Grant NGL 15-003-117 and by a grant from the Pennwalt Corporation. 
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k n o w n  to  cause a l t e ra t ions  in b ra in  biogenic  amines :  
a - m e t h y l t y r o s i n e  (aMT) ,  p - c h l o r o p h e n y l a l a n i n e  (PCPA),  
pargyl ine ,  and  reserpine .  

METHOD 

Adul t ,  male,  Swiss-Webster  mice ,  weighing 2 5 - 3 0  g were 
o b t a i n e d  f rom M u r p h y  Breeding Labora to r ies ,  Plainfield,  
IN. The  an imals  were m a i n t a i n e d  on  ad lib diet  of  Wayne 
Lab Blox and  tap wa te r  for  7 - 1 0  days pr io r  to  ex- 
p e r i m e n t a l  use in an  an imal  r o o m  wi th  con t ro l l ed  tem- 
pe ra tu re  and  a 14 :10  l ight-dark  cycle. All tes t ing  was done  
b e t w e e n  1000 and  1600 hr,  m i d w a y  in the  l ight  cycle. 
Drugs  were admin i s t e r ed  by  IP in jec t ion  as aqueous  
s o l u t i o n s  ( d - a m p h e t a m i n e ,  l - am phe t am i ne ,  pargyl ine ,  
reserpine)  or p e a n u t  oil suspens ions  ( aMT,  PCPA) in a 
vo lume  of  0.1 m l / 1 0  g b o d y  weight .  All dosages were given 
and  are r epo r t ed  as base weight .  

a MT and  PCPA were pu rchased  f rom Regis Chemical  
C o m p a n y  and  Pierce Chemical  C o m p a n y ,  respect ively.  
d - A m p h e t a m i n e  sulfa te  was k ind ly  suppl ied  by  Smi th-  
Kline and  F r e n c h ;  1 -amphe tamine  p h o s p h a t e  was k ind ly  
suppl ied  by  Pennwa l t  C o r p o r a t i o n ;  pargyl ine  h y d r o c h l o r i d e  
was k ind ly  suppl ied  by  A b b o t t  Labora to r ies ;  and  lyo- 
phy l i zed  reserpine p h o s p h a t e  was k ind ly  suppl ied b y  
CIBA-Geigy Corpora t ion .  

SMA act iv i ty  was measured ,  using groups  o f  3 mice,  in 
Woodward  a c t o p h o t o m e t e r s ;  the  p r o c e d u r e  was basical ly 
tha t  descr ibed  in a previous  pape r  f rom the  l abo ra to ry  
[ 1 2 ] .  The  sys tem as ut i l ized has been  cons idered  as a 
s t anda rd ized  m e a s u r e m e n t  of  p sychogen ic  s p o n t a n e o u s  
l o c o m o t i o n  [ 9 ] .  It is especial ly reliable for  s t i m u l a n t  drugs 
such as d - a m p h e t a m i n e ,  y ie lding inver ted  U dose-response  
curves similar  to  those  o b t a i n e d  wi th  c o n t i n u o u s  avoidance  
responding .  Brain levels of  5HT and  NE were d e t e r m i n e d  
by  the  m e t h o d  of  Maickel  et al. [ 13 ]. 

Stat is t ica l  compar i sons  were m a d e  in two  steps. Ini t ial  
compar i sons  of  each  group to the  co r r e spond ing  c o n t r o l  
group were made  by  one  way A N O V A .  If g roup  sig- 
n i f icance  was achieved ( p < 0 . 0 5 ) ,  indiv idual  t ime  po in t s  
were c o m p a r e d  to the  co r r e spond ing  con t r o l  g roups  by  
two- ta i led  t-test .  

RESULTS 

Standardization o f  the SMA Test System. Effects o f  Single 
Doses o f  A mphetamine Isomers 

In o rder  to r e s t andard ize  the  tes t  sys tem and  provide  
basel ine  data  for  i n t e r ac t i on  expe r imen t s ,  the  expe r imen t s  
r epo r t ed  by  Maickel et al. [12]  were repea ted ,  using doses 
of  1.0 or 4.0 mg/kg  of  d - a m p h e t a m i n e  or  1-amphetamine .  
The  data  o b t a i n e d  are p resen ted  in Table  1. As can be seen, 
b o t h  doses of  d - a m p h e t a m i n e  caused a s ignif icant  increase 
in SMA act ivi ty  at  all t ime  points .  The  lower  dose of  
1 -amphetamine  (1.0  mg/kg)  caused a decrease in ac t iv i ty  
on ly  in the  first 10 min,  while the  h igher  dose s ignif icant ly  
decreased SMA act iv i ty  in the  first th ree  10 min  per iods  
and  caused an  increase in the  final per iod.  

Effects o f  Drug Treatments and Pretreatments on Brain 
Levels o f  5HT and NE 

In o rde r  to  have some i n f o r m a t i o n  on  the  effects  o f  the  
var ious c o m p o u n d s  s tudies  on  bra in  levels of  5HT and  NE, 
assays for  these amines  were pe r fo rmed .  The  data  are 
p resen ted  in Table 2. As can be seen, c~MT reduced  bra in  

NE levels by  64% with  no  change  in 5HT,  whi le  PCPA 
reduced  5HT levels by  67% wi th  no  s ignif icant  change in 
NE. Pargyline increased 5 H T  levels by  89% and NE levels 
by  81%, while reserpine r educed  5HT levels by  82% and NE 
levels by  81%. Nei ther  of  the  a m p h e t a m i n e  i somers  had  any  
s ignif icant  ef fec t  on  e i the r  amine .  

Effects o f  aMT Pretreatment on Actions o f  Amphetamine 
lsomers 

The data  in Table  3 d e m o n s t r a t e  the  effects  of  a M T  
p r e t r e a t m e n t  on  the  ac t ions  of  d- and  1-amphetamine  no  
mouse  SMA act ivi ty.  The  a M T  p r e t r e a t m e n t  i tself  caused a 
slight, b u t  no t  s ignif icant ,  r e d u c t i o n  in SMA at all fou r  t ime  
intervals.  Bo th  doses o f  d , a m p h e t a m i n e  caused an increase 
in SMA in the  ~MT pre t r ea t ed  mice,  a l t h o u g h  the  charac- 
terist ics of  the  effect  d i f fered f rom tha t  seen in con t ro l  
animals.  Thus,  the  s t imu la to ry  effect  of  b o t h  doses in the  
first act ivi ty  in terval  of  c~MT pre t r ea t ed  mice was similar to 

T A B L E  1 

EFFECTS OF SINGLE DOSES OF AMPHETAMINE ISOMERS ON MOUSE SMA 

Counts per Interval ± SEM* 
Dose 

Isomer mg/kg N 0 - 1 0  min 11-20  min 21 -30  min 31-40  min p~ 

- - 15 818 -+ 25 558 ÷ 16 393 + 12 297 ± 10 - 

d 1.0 12 1266 ± 461 1290 -+ 421 1270 ,+ 311 1257 ± 451 <0.001 

d 4.0 12 1498 + 431 1697 ÷ 471 1209 ÷ 371 1508 + 411 <0.001 

1 1.0 12 690 ,+ 22 565 ,+ 14 460 ± 17 385 + 16 NS 

1 4.0 12 675 ,+ 19 D 303 -+ 14 D 483 + 15 D 409 ± 191 <0.01 

Data were obtained as described in Materials and Methods; each N representa a run of 3 mice. 
*Superscript letters refer to individual comparisons of each interval to corresponding control interval by two-tailed t-test: 

I = increased counts (p<0.001); D = decreased counts (p<0.001); NS = non-significant. 
-~One way analysis of variance for drug effect; p values are given for comparison of drug group to non-drug control group. 
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TABLE 2 

EFFECTS OF DRUG TREATMENTS ON LEVELS OF 5HT AND 
NE IN MOUSE BRAIN 

Drug Treatment N 

Brain Levels (/~g/g _+ SEM) 

5HT NE 

None 12 0.73 ,+ 0.02 0.59 -+ 0.02 

aMT 8 0.77 -+ 0.02 0.21 ,+ 0.01D 

PCPA 8 0.24 -+ 0.02 D 0.51 ,+ 0.02 

Pargyline 8 1.38 -+ 0.051 1.07 -+ 0.05 I 

Reserpine 8 0.13 ,+ 0.01D 0.11 _+ 0.01D 

d-Amphetamine 6 0.71 ,+ 0.02 0.58 ,+ 0.02 

1-Amphetamine 6 0.73 +- 0.03 0.59 ,+ 0.02 

Each N value represents a pool of brains from 2 mice. 
Pretreatment schedules were as follows: aMT - 150 mg/kg, IP 
(peanut oil suspension) at 24 hr and 4 hr prior to sacrifice. PCPA 
- 400 mg/kg, IP (peanut oil suspension) at 48hr  prior to 
sacrifice. Pargyline - 40 mg/kg, IP (aqueous solution) at 24 hr 
and 4 hr prior to sacrifice. Reserpine - 10 mg/kg, IP (aqueous 
solution) at 24 hr prior to sacrifice, d- or 1-Amphetamine - 4 
mg/kg, IP (aqueous solution) at 30 min prior to sacrifice. 

Values differing significantly from control (two-tailed t-test, 
p<0.05) are indicated by D = decrease or I = increase. 

tha t  seen in c o n t r o l  mice;  however ,  in the  final t w o  
intervals, the aMT p re t r ea tmen t  virtually absol ished the 
s t imula tory  effect  o f  d -amphe tamine .  With the  1.0 mg/kg 
dose of  the 1-isomer, a slight increase in SMA (as co mp a red  
to aMT alone) was observed in the  first interval,  fo l lowed 
by a modes t  decrease in the  second interval.  The overall 
ef fect  was nonsignif icant .  The 4.0 mg/kg dose o f  

1-amphetamine in aMT pre t rea ted  mice showed  a significant 
overall depress ion of  SMA counts .  

Effects o f  PCPA Pretreatment of  Actions o f  Amphetamine 
Isomers 

These data are p resen ted  in Table 4. P re t r ea tmen t  with 
PCPA had no significant effects  on SMA, while doses of  
d -amphe tamine  increased SMA significantly at all intervals 
as compared  to PCPA p r e t r e a t m e n t  alone. The magni tude  
of s t imula t ion  evoked by the  lower  dose of  d -amphe tamine  
appeared  s o mew h a t  reduced  by the PCPA p re t r ea tmen t ,  
while the higher dose o f  d - amphe t amine  was slightly more  
effect ive in the  animals p re t rea ted  with PCPA. 

The lower  dose of  1-amphetamine acted as a s t imulant  in 
PCPA pre t rea ted  animals with an ef fec t  greater  than  that  o f  
the  same dose in con t ro l  animals. The higher dose o f  
1-amphetamine (4.0 mg/kg)  had no significant ef fect  on 
SMA in PCPA pre t rea ted  mice. 

Effects o f  pargyline Pretreatment on Actions of  
Amphetamine Isomers 

The data, as p resen ted  in Table 5, show that  the 
pargyline p r e t r ea tmen t  i tself  caused a small, but  non- 
significant decrease in SMA over the last three intervals. 
When compared  to these values, bo th  doses of  d-am- 
phe tamine  caused increased SMA at all intervals;  only  the 
first interval with the lower  dose was no t  statistically 
significant.  However,  in compar i son  to the effects  in 
con t ro l  animals,  the pargyl ine-pre t rea ted  animals were less 
responsive to  the s t imula tory  act ion of  d -amphe tamine  at 
bo th  doses. 

1-Amphetamine had no significant act ions at e i ther  dose 
w h e n  compared  to  pargyline p r e t r ea tmen t  alone. At the 
higher dose (4.0 mg/kg) ,  a complex  pa t te rn  was seen, with 
slightly decreased SMA in the  first and fou r th  intervals, and 
a marked increase in the second,  when  compared  to 
pargyline p r e t r ea tmen t  alone.  

TABLE 3 

EFFECTS OF aMT PRETREATMENT ON ACTIONS OF AMPHETAMINE ISOMERS 

Counts per Interval ,+ SEM* 
Dose 

Isomer mg/kg N 0-10  min 11-20 min 21 30 rain 31-40 min p t  

- - 8 708 _+ 39 429 -+ 22 297 -+ 17 237 -+ 16 NS 

d 1.0 4 1157 _+ 611 850 -+ 551 408 _+ 43 NS 317 -+ 231 <0.05 

d 4.0 4 2062 ,+ 1191 1239 ,+ 861 309 ,+ 24 NS 301 + 26 NS <0.05 

1 1.0 4 856 -+ 43 283 ,+ 23 296 ,+ 20 276 ,+ 28 NS 

1 4.0 4 628 ,+ 41NS 329 ,+ 24 D 254 ,+ 27 NS 160 + 16 D <0.05 

Animals were treated with aMT as described in Table 2; each N represents a run of 3 mice. 
*Superscript letters refer to individual comparisons of each interval to the corresponding control (for aMT alone) or ~MT 

interval by two-tailed t-test: I = increased counts (p<0.05); D = decreased counts (/9<0.05); NS = non-significant. 
-~One way analysis of variance for aMT effect as compared to control data (Table 1) and for each drug effect as compared to 

c~MT alone. 
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T A B L E  4 

EFFECTS OF PCPA PRETREATMENT ON ACTIONS OF AMPHETAMINE ISOMERS 

Counts  per Interval _+ SEM* 
Dose 

Isomer mg/kg N 0 - 1 0  min 1 1 - 2 0  min 2 1 - 3 0  min 3 1 - 4 0  min P t  

- - 16 832 -+ 24 559 -+ 23 427 -+ 16 310 + 15 NS 

d 1.0 4 1167 -+ 661 927 +- 521 867 ,+ 361 1008 +- 351 <0.001 

d 4.0 4 1742 -+ 691 1724 -+ 961 1824 -+ 741 1883 +- 981 <0.001 

1 1.0 4 898 ,+ 39 NS 764 -+ 461 767 ,+ 361 726 -+ 481 <0.005 

1 4.0 4 809 -+ 49 497 -+ 45 392 -+ 49 357 ,+ 34 NS 

Animals  were treated with PCPA as described in Table 2; each N represents a run of  3 mice. 
*Superscript letters refer to individual comparisons of  each interval to the corresponding control (for PCPA alone) or PCPA 

interval by the two-tailed t-test: I = increased counts  (p<0.001);  D = decreased counts  (p<0.001);  NS = non-significant.  
t O n e  way analysis o f  variance for PCPA effect as compared to control  data (Table 1) and for each drug effect as compared to 

PCPA alone. 

T A B L E  5 

EFFECTS OF PARGYLINE PRETREATMENT ON ACTIONS OF AMPHETAMINE ISOMERS 

Counts  per Interval -+ SEM* 
Dose 

Isomer mg/kg N 0 - 1 0  min 1 1 - 2 0  min 2 1 - 3 0  min 3 1 - 4 0  min p?  

£ 

- - 6 901 ,+ 32 483 ,+ 24 340 ,+ 15 250 -+ 11 NS 

d 1.0 3 972 ,+ 27 NS 1075 -+ 581 657 -+ 541 599 -+ 551 <0.001 

d 4.0 3 1257 -+ 1051 1099 -+ 591 697 -+ 621 797 -+ 381 <0 .00 l  

1 1.0 3 797 -+ 44 483 -+46 241 + 53 209 ,+ 42 NS 

1 4.0 3 722 +- 48 748 -+ 73 357 -+43 128 -+ 21 NS 

Animals  were treated with pargyline as described in Table 2; each N represents a run o f  3 mice. 
*Superscript letters refer to individual comparisons of  each interval to the  corresponding control  (for pargyline alone) or 

pargyline interval by the two-tailed t-test: I = increased counts  (p<0.02);  D = decreased counts  (p<0.02);  N = non-significant. 
t O n e  way analysis of  variance for pargyline effect as compared to control  data (Table 1) and for each drug effect as compared 

to pargyline alone. 

Effects o f  Reserpine Pretreatment on Actions o f  
A mphetamine Isomers 

T a b l e  6 s h o w s  t h a t  m i c e  t r e a t e d  w i t h  a s ing le  d o s e  o f  
r e s e r p i n e  ( 1 0  m g / k g ,  IP) 24 h r  p r i o r  to  t e s t i n g  o b v i o u s l y  
d i s p l a y e d  t h e  t y p i c a l  s e d a t i o n  s y n d r o m e  w i t h  a v i r t ua l  
a b s e n c e  o f  S M A .  A d m i n i s t r a t i o n  o f  t h e  low d o s e  (1 .0  
m g / k g )  o f  d - a m p h e t a m i n e  e v o k e d  a s m a l l  b u t  s i g n i f i c a n t  
i n c r e a s e  in S M A ,  far  less  t h a n  t h a t  p r o d u c e d  b y  a s im i l a r  
d o s e  in  c o n t r o l  a n i m a l s .  H o w e v e r ,  t h e  l a rge r  d o s e  o f  t h e  
d - i s o m e r ,  w h e n  g i ven  to  r e s e r p i n e - p r e t r e a t e d  m i c e ,  p ro -  
d u c e d  c o u n t s  t h a t  were  g r e a t e r ,  at  e a c h  i n t e rva l ,  t h a n  t h o s e  
s e e n  in  c o n t r o l  a n i m a l s  g i v e n  t h e  s a m e  dose .  

A d m i n i s t r a t i o n  o f  t h e  low dose  (1 m g / k g )  o f  1-am- 

p h e t a m i n e  to  m i c e  p r e t r e a t e d  w i t h  r e s e r p i n e  r e s u l t e d  in a 
b r i e f  s t i m u l a t o r y  r e s p o n s e  f o l l o w e d  b y  negl ig ib le  a c t i v i t y  
ove r  t h e  las t  t w o  i n t e rva l s .  A t  t h e  h i g h e r  d o s a g e ,  t h e  
1- isomer  was  s l i gh t ly  s t i m u l a t o r y  in  all t i m e  in t e rva l s .  

DISCUSSION 

T h e  e f f e c t s  o f  a m p h e t a m i n e  o n  v a r i o u s  a s p e c t s  o f  a n i m a l  
b e h a v i o r  h a v e  b e e n  t h e  s u b j e c t  o f  l i t e ra l ly  t h o u s a n d s  o f  
e x p e r i m e n t s .  U n t i l  a b o u t  t w e l v e  y e a r s  ago ,  m o s t  r e p o r t s  
c o n c l u d e d  t h a t  t h e  t w o  i s o m e r s  o f  a m p h e t a m i n e  d i f f e r e d  
o n l y  in  t e r m s  o f  q u a n t i t a t i v e  p o t e n c y .  T h i s  was  e sp ec i a l l y  
t r u e  in  t e r m s  o f  b e h a v i o r a l  t e s t s  in  w h i c h  t h e  d r u g  e f f e c t  
was  m a n i f e s t e d  as a c e n t r a l  s t i m u l a t o r y  a c t i v i t y ,  t h a t  is, o n e  
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T A B L E  6 

EFFECTS OF RESERPINE PRETREATMENT ON ACTIONS OF AMPHETAMINE ISOMERS 

433 

Counts per Interval -+ SEM* 
Dose 

Isomer mg/kg N 0 - 1 0  min 11-20  min 2 1 - 3 0  min 31 -40  min P t  

- - 6 6 + l D 5 -+ 1 D  11 + 2 D 1 2  + 4 D <0.001 

d 1.0 3 191 + 161 300 -+ 281 354_+ 26I  189 + 201 <0.001 

d 4.0 3 1631 + 1911 1799 -+ 941 1838 + 1141 1930 + 591 <0.001 

l 1.0 3 68 -+ 101 50 -+ 121 18 + 6 NS 8 -+ 3 NS <0.01 

1 4.0 3 485 + 461 464 -+ 581 330 -+ 281 162 + 241 <0.001 

Animals were treated with reserpine as described in Table 2; each N represents a run of 3 mice. 
*Superscript letters refer to individual comparisons of each interval to the corresponding control (for reserpine alone) or 

reserpine interval by the two-tailed t-test: I = increased counts (p<0.0l) ;  D = decreased counts (/9<0.01); NS = non-significant. 
tOne way analysis of variance for reserpine effects as compared to control data (Table 1) and for each drug effect as 

compared to reserpine alone. 

resu l t ing  in increases  in rates  of  ac t iv i ty  or  responding .  
More recen t ly ,  a var ie ty  o f  r epor t s  [ 18 ,27 ] ,  inc lud ing  one  
f rom this  l a b o r a t o r y  [ 1 2 ] ,  have suggested t h a t  some  basic 
qual i ta t ive  d i f fe rences  m ay  exist  in the  ac t ions  of  the  
a m p h e t a m i n e  i somers  on  an ima l  behavior .  In e x t e n d i n g  ou r  
previous  work,  the  use of  the  s imple a c t o p h o t o m e t e r ,  w i th  
g roups  of  3 mice per  un i t ,  was c o n t i n u e d  as a measure  o f  
s p o n t a n e o u s  m o t o r  act ivi ty .  The  use o f  naive mice  in each  
tes t  r un  insured  a h igh c o m p o n e n t  o f  e x p l o r a t o r y  act iv i ty  
in the  overal l  SMA m e a s u r e m e n t ;  the  use of  1 0 m i n  
c o u n t i n g  in tervals  p e r m i t t e d  eva lua t ion  of  vary ing  d u r a t i o n  
of  drug effects  as well as e n h a n c i n g  the  m a g n i t u d e  of  
specific p h e n o m e n a  of  b r ie f  du ra t i on  [ 9 ] .  

The  data  o b t a i n e d  in con t r o l  ( n o n p r e t r e a t e d )  animals ,  as 
p resen ted  in Table  1, were basical ly s imilar  to those  
previously  r epo r t ed  by  this  l a b o r a t o r y  [ 1 2 ] .  Thus ,  
d - a m p h e t a m i n e ,  at b o t h  dosages (1.0 and 4 . 0 m g / k g ) ,  
caused a m a r k e d  increase in SMA over  con t r o l  values. The  
decrease in SMA dur ing  the  th i rd  in terva l  at  t he  h igher  dose 
of  d - a m p h e t a m i n e  was seen cons i s t en t ly  and  m a y  ref lect  a 
t e m p o r a r y  fat igue.  In con t r a s t  to  the  d- isomer,  
l - a m p h e t a m i n e  showed  marked ly  di f fer ing dosage effects .  
At  the  lower  dose (1 .0  mg/kg) ,  a m o d e s t  decrease  in SMA 
in the  first in terval  was fo l lowed by n o  ef fec t  in the  second  
tes t  interval ,  and  a sl ight s t imu la to ry  ac t ion  in the  
r ema in ing  two  intervals.  In con t ras t ,  the  h igher  dose of  
1 -amphetamine  (4.0 mg/kg)  caused a s ignif icant  r e d u c t i o n  in 
SMA act iv i ty  over  the  first  3 tes t  intervals ,  rever t ing  to 
s t i m u l a t o r y  ac t ions  on ly  in the  last  t en  rain. 

The  first p r e t r e a t m e n t  s tud ied  was t ha t  of  a M T  which  
p roduced  a 64% decrease  in whole  b ra in  NE at the  t ime  o f  
s ta r t ing  the  tes t  pe r iod  wi th  no  s ignif icant  a l t e r a t ion  in 
b ra in  5HT (Table  2). Since a M T  deple tes  NE by i n h i b i t i o n  
of  ty ros ine  hyd roxy la se ,  it m ay  be assumed tha t  some 
r e d u c t i o n  in b ra in  d o p a m i n e  levels also occur red  u n d e r  
these  cond i t i ons  [ 2 2 ] .  With th is  p r e t r e a t m e n t ,  t he  stim- 
u la to ry  effects  o f  the  low dose o f  d - a m p h e t a m i n e  were  
marked ly  r educed  b o t h  in m a g n i t u d e  and  d u r a t i o n  
(Table  3), while the  h igher  dose had  an  ini t ia l  s t imu la to ry  

ef fec t  grea ter  t h a n  t ha t  seen in cont ro ls ,  fo l lowed by a 
rapid  a b a t e m e n t  of  s t imu la to ry  act ivi ty .  These  resul ts  
con f i rm  the  obse rva t ions  made  by  Miller e t  al. [14]  t ha t  
a M T  p r e t r e a t m e n t  had  a m a r k e d  ini t ia l  e f fec t  on  the  abi l i ty  
of  d - a m p h e t a m i n e  to increase c o n t i n u o u s  avo idance  re- 
spond ing  in rats. Thus ,  the  s t imu la to ry  ac t ions  of  
d - a m p h e t a m i n e  may  be d e p e n d e n t  u p o n  the  presence  of  a 
labile or  newly  syn thes ized  c a t e c h o l a m i n e  pool .  In con t ras t  
to  the  ac t ions  on  d - a m p h e t a m i n e ,  the  a M T  p r e t r e a t m e n t  
general ly  had  l i t t le  ef fec t  on  the  ac t ions  o f  the  1-isomer. 
This  would  agree wi th  the  h y p o t h e s i s  tha t  this  depressan t  
ac t ion  may  involve sys tems t ha t  are func t iona l ly  antag-  
onis t ic  in t e rms  of  con t ro l l ing  SMA; one  involving catechol-  
amines ,  and  the  o t h e r  involving some o t h e r  b iogenic  amine.  

P r e t r e a t m e n t  wi th  PCPA, at  a dosage reg imen tha t  
r educed  bra in  5HT by 67% wi th  on ly  a slight and  
nons ign i f i can t  ac t ion  on  bra in  NE (Table  2), had no  
s ignif icant  ef fec t  on  the  SMA (Table  4). PCPA t r e a t m e n t  
caused on ly  a small  r e d u c t i o n  in the  SMA s t imu la t i on  
evoked by  the  lower  dose of  d - a m p h e t a m i n e .  The ac t ion  of  
PCPA p r e t r e a t m e n t ,  wi th  its c o n c o m i t a n t  r educ t i on  of  
b ra in  5HT, was mos t  d ramat i c  o n  the  effects  of  
1 -amphetamine .  The  depressant  effects  of  b o t h  doses of  the  
1-isomer was comple t e ly  b locked ;  indeed  the  lower  dose 
even showed  a modes t  s t imu la to ry  ef fec t  on  SMA. These 
results  lend suppo r t  to the  hypo thes i s  tha t  the  depressan t  
ac t ions  of  the  1-isomer on  SMA may  involve ac t ion  on  a 
se ro tonerg ic  sys tem.  

Pargyline p r e t r e a t m e n t ,  e levat ing bra in  levels of  5HT by 
110% and  NE by 81% (Table  2), caused a modes t ,  bu t  
nons ign i f i can t ,  decrease  in SMA (Table  5). The  s t imu la to ry  
ef fec ts  of  b o t h  doses of  d - a m p h e t a m i n e  were reduced  at all 
in tervals ;  the  mos t  d rama t i c  r educ t ions  were seen in the  
per iods  b e y o n d  20 min ,  where  the  3- to 5-fold increase in 
c o u n t s  seen in con t ro l  animals  was r educed  to 2- to  3-fold 
increases by  the  pargyl ine  p r e t r e a t m e n t .  In con t ras t  to 
these  observa t ions ,  b o t h  doses of  1 -amphetamine  were 
w i t h o u t  s ignif icant  ef fec t  on  SMA. 

Reserp ine  p r e t r e a t m e n t ,  on  the  o t h e r  hand ,  reduced  
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T A B L E  7 

EFFECTS OF VARIOUS PRETREATMENTS ON SMA ACTIONS OF AMPHETAMINE ISOMERS 

Pretreatment 

Percent Control Counts 
Dose 

Isomer mg/kg 0 -  l 0 min 11-20  min 21 -30  min 31 -40  min 

None 

aMT 

PCPA 

Pargyline 

Reserpine 

None 

c~MT 

PCPA 

Pargyline 

Reserpine 

d 1.0 155 231 323 423 
4.0 183 304 308 508 

d 1.0 163 198 137 134 
4.0 291 289 104 127 

d 1.0 139 165 203 325 
4.0 208 308 427 607 

d 1.0 108 223 193 240 
4.0 140 228 205 319 

d 1.0 3183 6000 3218 1575 
4.0 27183 35980 16709 16083 

1 1.0 84 10l 117 130 
4.0 83 54 72 138 

1 1.0 121 66 I00 116 
4.0 89 77 86 68 

1 1.0 107 137 180 234 
4.0 96 89 92 115 

1 1.0 88 100 71 84 
4.0 80 155 105 51 

1 1.0 1133 1000 164 67 
4.0 8083 9280 3000 1350 

bra in  5HT levels by  82% and bra in  NE levels by  80% 
(Table  2);  u n d e r  these  cond i t ions ,  SMA was vi r tua l ly  
abol i shed  (Table  6). B o t h  doses of  d - a m p h e t a m i n e  had  
s t imu la to ry  act ivi ty  in reserpine  p re t r ea t ed  animals  
(Table  6). In fact ,  the  effects  of  the  4 .0  mg/kg  dose were 
similar  to  or  grea ter  t han  the  ac t ions  of  the  drug in 
n o n t r e a t e d  cont ro ls .  This may  ref lect  a cen t ra l  ne rvous  
sys tem vers ion of  Supersens i t iv i ty  [28]  or  it m ay  reflect  a 
direct  s t imu la to ry  ac t ion  of  d - a m p h e t a m i n e  as p roposed  by  
Rech  [ 2 0 ] .  At  the  lower  dose, l - a m p h e t a m i n e  had  a very 
small  s t imu lan t  ef fec t  in r e se rp ine -p re t rea ted  animals ,  while 
at  the  h igher  dose the  1-isomer had  a s t imu lan t  ac t ion  
a p p r o x i m a t e l y  o n e - f o u r t h  as p o t e n t  as t h a t  o f  the  d-isomer.  
Of course,  since the  SMA af te r  reserp ine  p r e t r e a t m e n t  was  
so low,  it was imposs ib le  to  elicit  any  f u r t h e r  depress ion  
wi th  1-amphetamine .  Nevertheless ,  it was of  in te res t  to  
discover t ha t  the  mixed  act ivi ty  of  the  1-isomer could  be  so 
easily conve r t ed  to pure ly  s t i m u l a t o r y  ac t ion  by  vi r tue  of  
reserpine  p r e t r e a t m e n t .  

When the  var ious resul ts  p resen ted  in this  paper  are 
r e c o m p u t e d  in t e rms  of  pe rcen t  con t ro l  as descr ibed by  
Jacobs  et  al. [ 8 ] ,  a mos t  in te res t ing  set of  n u m b e r s  are 
genera ted ;  these  are p resen ted  as Table  7. In no  ins tance  did 
any  dose or c o u n t  in terval  in an imals  t rea ted  wi th  

d - a m p h e t a m i n e  show a decrease in SMA; in cont ras t ,  wi th  
the  e x c e p t i o n  of  the  an imals  p re t r ea t ed  wi th  reserpine or  
PCPA, the  p r e p o n d e r a n t  response  to l - a m p h e t a m i n e  was a 
decreased SMA. 

An  overview of  these  resul ts  leads to  the  conc lus ion  t ha t  
the  d- i somer  of  a m p h e t a m i n e ,  at doses o f  1.0 and  4 .0  
mg/kg,  IP in mice,  has a ne t  s t imu lan t  ac t ion  as ref lected by  
increased SMA, and,  t ha t  this  ef fec t  is med ia ted  by  
ca t echo l amine  release f rom freshly syn thes ized  or labile 
pools. 

In con t ras t ,  the  1-isomer of  a m p h e t a m i n e  appears  to  have 
a dual  na ture .  In add i t i on  to possessing a m o d i c u m  of  
ca t echo l amine  releasing act ivi ty,  it also has an abi l i ty  to  
in te rac t  wi th  sero tonerg ic  systems,  pe rhaps  by the  very 
na ture  of  its ~ -pheny le thy l amine  s t ruc ture .  Thus,  if one 
assumes tha t  SMA reflects  a ne t  act ivi ty  con t ro l l ed  by  a 
ba lance  of  5HT and ca t echo lamine  func t i ons  [ 3 , 6 ] ,  
d - a m p h e t a m i n e  will increase SMA by shif t ing the  ba lance  to 
the  ca t echo l amine  side, while 1-amphetamine  will decrease 
SMA by shif t ing the  ba lance  in favor  of  the  se ro ton in  side. 
The  possible role of  o t h e r  biogenic amine  sys tems (such as 
d o p a m i n e )  c a n n o t  be e l imina ted ,  a l t hough  in the  present  
work,  the  levels of  a m p h e t a m i n e s  used may  no t  have had a 
s ignif icant  ac t ion  on dopaminerg ic  sys tems [ 1 0 ] .  
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