
Pharmacology Biochemistry and Behavior, Vol. 1, pp. 67-71. ANKHO International Inc., 1973. Printed in the U.S.A. 

A Comparison of d-Amphetamine, 
/-Amphetamine, and Methamphetamine 
Self-administration in Rhesus Monkeys 

ROBERT L. BALSTER z AND CHARLES R. SCHUSTER 

Departments o f  Psychiatry and Pharmacology, University o f  Chicago, Pritzker School of  Medicine 
Chicago, Illinois 60637 

(Received 7 December 1972) 

BALSTER, R. L. AND C. R. SCHUSTER. A comparison of d-amphetamine, 1-amphetamine, and methamphetamine 
selfadministration in rhesus monkeys. PHARMAC. BIOCHEM. BEHAV. 1(1) 67-71, 1973.-Rhesus monkeys were 
trained to self-administer cocaine on a fixed-ratio 10 schedule of reinforcement durin~ a daily 3 hr session. 
d-Amphetamine, /-amphetamine, and methamphetamine, at various dosages, were substituted for the cocaine for six 
consecutive sessions. The animals were returned to cocaine baseline between each test series. All three drugs were 
self-administered at rates higher than saline control levels, d-Amphetamine and methamphetamine were equipotent in 
maintaining self-administration behavior and both were approximately 4 times more potent than/-amphetamine. 

Self-administration Substitution procedure d-Amphetamine 
Cocaine Rhesus monkeys 

/-Amphetamine Methamphetamine 

THE TWO stereo isomers of amphetamine have been shown 
to have differential effects on both behavioral and neuro- 
pharmacological measures. On measure of psychomotor 
stimulation, d-amphetamine is 4 [7] to 10 [21] times as 
potent as /-amphetamine in the rat. However, d- 
amphetamine is only 1.4 times as potent as/-amphetamine 
on measures of stereotypy [22], and 2 times as potent in 
producing gnawing [21 ]. Similarly, on measures of psycho- 
togenicity in man, d- is 1 2 times as potent as l- 
amphetamine [1]. These two isomers may also differen- 
tially affect catecholamine uptake in the CNS. In the rat, 
Taylor and Snyder [21] showed that d-amphetamine was 
10 times more potent than /-amphetamine in blocking 
norepinephrine uptake but equipotent in blocking dopa- 
mine uptake. However, other investigators using rat in vitro 
preparations have shown in one case a 20-fold difference in 
blocking norepinephrine uptake [2] and in another case no 
difference [8] in blocking norepinephrine uptake. 

Although there are some discrepancies these results in 
general suggest that the effect of the amphetamines on 
general activity is mediated by blocking norepinephrine 
uptake, whereas amphetamine produced stereotypy is 
mediated by blocking dopamine uptake. This conclusion is 
consistent with the work of Randrup and Munkvad [15,16] 
on the role of  dopamine in drug-induced stereotypy. 

This distinction between the two isomers of ampheta- 

mine offers a tool to assess the relative importance of the 
two catecholamines, norepinephrine and dopamine, in 
mediating the pharmacological effects of psychomotor 
stimulants [1,19]. One of the interesting pharmacological 
effects of the amphetamines is their ability to reinforce 
self-administration behavior in experimental animals 
[14,18] and in man [91. The relative potencies of these 
two compounds in self-administration tests should provide 
suggestions as to the importance of norepinephrine and 
dopamine in the regulation of this behavior. 

Methamphetamine is also effective in blocking the 
uptake of intracisternally administered norepinephrine [4] 
and is a potent agent for the production of an increase in 
general activity, being 2 [20] to 3 [5] times more potent 
than d-amphetamine. Therefore, methamphetamine was 
also tested for its potency in self-adminstration tests. 

METHOD 

Animals and Apparatus 

One female (A019) and two male rhesus monkeys, 
Mucaca mulatta, weighing 4.2 to 5.5 kg were used. Animal 
A019 had an extensive history of cocaine self-administra- 
tion prior to this experiment; animals A051 and A055 had 
no previous drug or experimental history. They were fed 
and watered ad lib throughout the experimental period. 
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Each animal  was f i t ted  w i th  a metal  harness  as descr ibed by  
Deneau,  Yanagi ta ,  and  Seevers [6]  and  a c o n n e c t i n g  arm 
cons t ruc t ed  f rom a steel doo r  spring. The  arm was 
c o n n e c t e d  to the  rear  wall of  a 4 x 4 x 3 ft t op  loading 
meta l  an imal  cage. This  a r r angem en t  gave the  an imal  
relat ively unres t r i c t ed  m o v e m e n t  a b o u t  the  cubicle.  The  
f ron t  of  the  e x p e r i m e n t a l  cubicle  c o n t a i n e d  a response  lever 
and two  s t imulus  lights. One  light was m o u n t e d  above  t he  
lever, t he  o the r  in the  cen te r  of  the  cage wall. All 
p rog ramming  and record ing  was accompl i shed  auto-  
mat ical ly  wi th  e l ec t romechan ica l  e q u i p m e n t  located  in an 
adjacent  room.  

Af te r  the  m o n k e y s  had  adap ted  to t he  harness  and  
expe r imen ta l  cubicles,  t hey  were surgically p repared  w i th  a 
chron ic  venous  ca the t e r  of  s i l iconized rubber .  The  ca the t e r  
passed t h r o u g h  the  harness  and arm to the  ou t s ide  of  
the  cubicle  where  it was c o n n e c t e d  to a per is ta l t ic  in fus ion  
p u m p  which  could deliver so lu t ion  at a fixed rate  of  6 
ml /min .  

Pro cedure 

ln i ta l ty  each m o n k e y  was t ra ined  to  press the  lever for  
an in jec t ion  of  200 ug /kg  coca ine  hydroch lo r ide .  Tra in ing  
t ook  place th ree  hours  each day  seven days  a week,  and  the  
session was signalled by  t he  i l l um i na t i on  of  the  s t imulus  
l ight m o u n t e d  above  the  response  lever. Dur ing infus ions  
this  light was t u r n e d  of f  and  the  cen te r  l ight i l lumina ted .  
Responses  dur ing in fus ion  were recorded ,  bu t  had  no 
consequences .  

Over the  course  of  1 - 2  weeks,  the  an imal ' s  response  
r e q u i r e m e n t  was raised f rom 1 - 1 0  responses  per  i n j ec t ion  
( f ixed-ra t io  10). Af te r  the  an imal ' s  lever-pressing behav io r  
s tabi l ized,  the  test  drugs, at  var ious dosages,  were per iod-  
ically s u b s t i t u t e d  for  6 consecut ive  daily sessions; t he  
an imal  was r e tu rned  to  coca ine  basel ine  for  at least 3 
sessions b e t w e e n  each test  drug dosage. T he  fo l lowing uni t  
doses were tes ted  in all t h r ee  animals :  25,  50, and  100 
ug/kg/ in j  d - a m p h e t a m i n e  sulfa te ;  50, 100, 200  and  400  
ug/kg/ in j  / - a m p h e t a m i n e  sulfa te ;  and 25 and  100 #g/kg/ in j  
d - m e t h a m p h e t a m i n e .  (The  d - a m p h e t a m i n e  sulfa te  and  1- 
a m p h e t a m i n e  sulfa te  were graciously suppl ied by  Smi th .  
Kline, and F r e n c h  Labora tor ies ,  Phi lade lphia ,  Pennsylvania .  
The  m e t h a m p h e t a m i n e  h y d r o c h l o r i d e  was graciously  sup- 
plied by  A b b o t t  Labora tor ies ,  N o r t h  Chicago,  Ill inois.) Two  
animals  were also t es ted  at 50 #g /kg/ in j  m e t h a m p h e t a m i n e .  
Saline con t ro l  tes ts  were also run. The  order  of  tes t ing  for  
the  d i f fe ren t  c o m p o u n d s  was ba lanced  in a la t in  square  
design. The  order  of  the  dosages of  a par t i cu la r  drug was 
r a n d o m  for each  animal.  Dosage refers to  the  salt of  all t he  
c o m p o u n d s  used in th is  s tudy.  They  were dissolved in 
physiological  saline made  up to  allow t he  app rop r i a t e  un i t  
dose to be delivered in 0.2 ml /kg  of  an imal  weight .  The  
infus ion  d u r a t i o n  was adjus ted  for  each an imal  and ranged 
f r o m S . 4  11 sec. 

R E S U L T S  

The  n u m b e r  of in jec t ions  of  coca ine  on  each of  the  
th ree  days jus t  p receding  each 6 day s u b s t i t u t i o n  test  was 
recorded.  The  mean  for  each th ree -day  series for  each 
animal  was calcula ted and  the  results  are g raphed  in Fig. 1. 
The  basel ine for  coca ine  r e i n f o r c e m e n t  r emained  fairly 
cons t an t  or  s l ightly decreased (Animals  A019 ,  A051 ) over  
the  du ra t i on  of  the  expe r imen t .  If  the  animals  were 
developing to le rance  the  basel ine  rate of  r e spond ing  would  
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FIG. 1. The mean number of cocaine injections self-administered, 
and the mean total drug intake per day for each three-day baseline 
for three monkeys. These means are shown in the order they were 

tested for the entire experiment. 

have increased since ra te  of  cocaine  se l f -admin i s t ra t ion  is an 
inverse f u n c t i o n  of  unit  dose [23 ] .  M o n k e y  A019 ,  who  had 
a long pr ior  h i s to ry  of  cocaine  se l f -admin is t ra t ion ,  however ,  
did se l f -adminis ter  more  cocaine  t h a n  the  two  experi-  
men ta l ly  naive animals,  ind ica t ing  t ha t  pe rhaps  to le rance  
can develop to the  response  ra te- l imi t ing effects  of cocaine.  

The  n u m b e r  of  in jec t ions  of  each dosage of  the  tes t  
drugs on  the  last t h ree  days of  the  six day s u b s t i t u t i o n  was 
used for  data  analyses.  The  m e a n  and range of  the  values 
for  each animal  are p resen ted  in Fig. 2. When  saline was 
subs t i t u t ed  for  cocaine  a low rate  of  se l f -admin i s t ra t ion  not  
exceeding 20 in jec t ions  per  session was ob ta ined ,  d- 
A m p h e t a m i n e ,  / - a m p h e t a m i n e  and m e t h a m p h e t a m i n e  all 
m a i n t a i n e d  response  rates above  the  level for  saline at at 
least  2 of  the  doses tes ted .  The  n u m b e r  of  in jec t ions  of  
these  th ree  c o m p o u n d s  was inversely related to dosage per  
in ject ion.  Also, the  figure shows d - a m p h e t a m i n e  and  
m e t h a m p h e t a m i n e  have roughly  ident ica l  rates  of self- 
admin i s t r a t i on  across the  dose range tes ted.  The  dose 
response  curve f o r / - a m p h e t a m i n e  is shi f ted to  the  right by  
a ra t io  of  4. 

Figure 3 presents  the  mean  and  range of  to ta l  drug 
in take  for  each of  t he  an imals  as a f u n c t i o n  of  uni t  dose 
ca lcula ted  f rom the  same data  as Fig. 2. Fo r  d - a m p h e t a m i n e  
and  m e t h a m p h e t a m i n e ,  drug in take  remains  cons t an t  at 
a b o u t  2 3 mg/kg  daily, i n d e p e n d e n t  of  un i t  dose of  
r e in fo rcemen t .  However ,  for  / - a m p h e t a m i n e  th ree  an imals  
showed  a t e n d e n c y  for  drug in take  to increase wi th  
increasing uni t  dose. 

Figure  4 presents  a measure  of  the  response  distri-  
b u t i o n  over  the  th ree  h o u r  session. The  n u m b e r  of  
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FIG. 2. The mean number of injections per day for d-amphetamine, 
/-amphetamine and methamphetamine at the various doses tested. 
The vertical bars indicate the range. Saline control levels are also 

shown. 

inject ions self-administered in the first 1.5 hr of  the session 
was expressed as a percent  of  the total  number  of  injections 
for that session. The mean of  these values for the  last three 
days at each unit dose was calculated. A similar measure 
was obtained for cocaine re inforcement  except  that  the 
mean of  all the  three day baselines preceding each drug 
dosage tested was calculated. The  distr ibut ion of  injections 
for cocaine re inforcement  remained qui te  stable for each 
animal and showed lit t le variability be tween animals with 
about  5 5 - 6 6  percent  of  the inject ions self-administered in 
the first half of  the  session. This indicates a fairly stable 
rate of  responding th roughout  the session. The slightly 
greater number  of  injections in the first half was accounted 
for by a burst o f  4 - 6  injections taken within the first 5 min 
of the session. 

When saline was subst i tuted for  cocaine, the animals 
self-administered virtually all the  inject ions early in the  
session; in every case over 90 percent  of  the infusions were 
taken in the  first 1.5 hr. This undoub ted ly  reflects 
ext inc t ion  due to an ineffect ive reinforcer.  The  subst i tut ion 
of d-amphetamine ,  / -amphetamine  and me thamphe tamine  
produced less consistent  results. In general, at all unit doses 
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doses tested. The vertical bars indicate the range. 

tested, all the animals self-administered 7 0 - 8 0 %  of  the 
inject ions of  all three compounds  in the first 1.5 hr. 
However,  Animal  A019 at 400 ug/kg/inj  and Animal  A051 
at 200 and 400 ug/kg/inj  se l f -adminis te red / -amphetamine  
in a pat tern similar to their  saline pat tern wi th  over 90% of 
the inject ions in the first half of  the session. With the 
except ion  of  these two  animals with / -amphetamine,  the 
pat tern of  responding was not  dose-dependent .  The only 
clear conclusion which can be drawn from this data is that 
all the animals tended to distr ibute their  injections early in 
the session to a much greater degree for the amphetamines  
than for cocaine, but  not  to the extent  of  saline, indicating 
some o ther  explanat ion than ext inct ion.  It is likely that  this 
difference can be accounted for by the longer durat ion of  
act ion of  the amphetamines.  

DISCUSSION 

This s tudy demonstra tes  that  d-amphetamine ,  l- 
amphetamine ,  and me thamphe tamine  at appropriate  unit 
doses can maintain rates of  self-administrat ion above saline 
control  levels when subst i tuted on a cocaine baseline. This 
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conf i rms  the  results  wi th  d - a m p h e t a m i n e  in m o n k e y s  
[6 ,17]  and  rats  [11 ] ,  w i th  m e t h a m p h e t a m i n e  in m o n k e y s  
[6] and rats [12]  and  wi th  / - a m p h e t a m i n e  in rats  [ 2 4 ] .  
These  results  ind ica te  t h a t  / - a m p h e t a m i n e  can also serve to 
re inforce  se l f -admin i s t ra t ion  behav io r  in rhesus monkeys .  
Tha t  se l f -admin i s t ra t ion  rates of  these  th ree  c o m p o u n d s  are 
inversely related to  uni t  dose also con f i rms  a large n u m b e r  
of s tudies  wi th  these  and o t h e r  p s y c h o m o t o r  s t imulan t s  
[11, 1 3 , 2 3 ] .  

Of  p r imary  in teres t  in the  present  s t udy  was the  
f inding t ha t  d - a m p h e t a m i n e  and m e t h a m p h e t a m i n e  were 
e q u i p o t e n t  in ma in ta in ing  se l f -admin i s t r a t ion  behav io r  and  

tha t  b o t h  were roughly  four  t imes  as p o t e n t  as 1- 
a inphe t amine .  Before  discussing this  result  in re la t ion  to 
o the r  d i f ferent ia l  po tenc ies  of these  c o m p o u n d s ,  it is 
i m p o r t a n t  to  u n d e r s t a n d  what  fac tors  con t ro l  rate of 
r esponding  for  drug r e in fo rcemen t .  Drugs, in add i t i on  to 
the i r  re inforc ing  proper t ies ,  also have the  abi l i ty  to non-  
specifically d i s rupt  all ongoing  behavior .  Consequen t ly ,  tile 
dose -dependen t  pause fo l lowing drug r e i n f o r c e m e n t  may be 
due to e i ther  a form of  drug-sa t ia t ion  or it may be due to 
tile inabi l i ty  of the  animal  to  pe r fo rm the  required response  
as a result  of  behaviora l  d i s rup t ion .  Pickens  and T h o m p s o n  
[13] d e m o n s t r a t e d  t ha t  an in t r avenous  infus ion  of  coca ine  
d i s rup ted  lever-pressing behav io r  in rats  working  for  food 
r e in fo rcemen t .  The  du ra t i on  of the  d i s rup t ion  was a 
posit ive f u n c t i o n  of  dosage of  cocaine  admin i s te red .  Owens  
[10] in a s tudy  of  the  effects  of  d-, / - amphe t amine ,  and 
m e t h a m p h e t a m i n e  on f ixed-rat io  r e spond ing  for  l iquid food 
r e i n f o r c e m e n t  in rats  d e m o n s t r a t e d  d - a m p h e t a m i n e  and 
m e t h a m p h e t a m i n e  to be roughly  e q u i p o t e n t  and b o t h  to be 
a b o u t  4 5 t imes  as p o t e n t  as / - amphe tamine .  These  results  
are similar to  those  ob t a ined  in the  present  s tudy.  Conse- 
quen t ly ,  it could  be possible t ha t  the  d i f fe rence  be tween  d- 
and  l- f o u n d  in the  present  s tudy  s imply  ref lects  the  relative 
po tenc ies  of  these  drugs to d i s rupt  ope ran t  behavior .  This  
suggests tha t  the  upper  l imits  of  drug se l f -admin i s t ra t ion  are 
d e t e r m i n e d  by  nonspec i f ic  behaviora l  tox ic i ty  r a the r  than  a 
func t i on  of r e i n f o r c e m e n t  eff icacy.  

One of  our  major  in teres ts  m unde r t ak ing  this  s tudy  
was to  gain some suggest ion as to  the  role of  d o p a m i n e  
a n d / o r  n o r e p i n e p h r i n e  as med ia to r s  of the  re inforc ing  
ac t ions  of  the  a m p h e t a m i n e s .  The  d i f ferences  in the  
po t ency  of d- and  / - a m p h e t a m i n e  in the i r  effects  on  
b lockage  of  up take  of  d o p a m i n e  and  n o r e p i n e p h r i n e  has 
been  used as a too l  for  ana lyz ing  the  i m p o r t a n c e  of  each in 
the  con t ro l  of  a given behaviora l  ac t ion  of  a m p h e t a m i n e  
[1 ,19 ] .  We believe, however ,  t ha t  the  results  of  the  present  
e x p e r i m e n t  c a n n o t  be used in this  m a n n e r  for  several 
reasons.  As previously discussed, f rom a behaviora l  view- 
po in t  ra te  is a c o n f o u n d e d  measure  of  the  re inforc ing  
eff icacy of drugs. In add i t i on  the re  are ob jec t ions  f rom the  
neu rochemica l  po in t  of  view. First ,  the  p o t e n c y  d i f ferences  
in the  effects  of  d- and / - a m p h e t a m i n e  on biogenic  amines  
have been  l imi ted  to  s tudies  of  b lockade  of  u p t a k e  in the  
rat. Clearly, a m p h e t a m i n e s  cause the  release of  no rep ineph-  
rine and  d o p a m i n e  as well [3 ] .  The  re inforc ing  ac t ions  of  
a m p h e t a m i n e s  could as well be re la ted to this  ac t ion  of  the  
drug r a the r  t h a n  to  a b lockade  of up take .  Fu r the r ,  these  
b iochemica l  s tudies  have been  done  in the  rat and it would 
be unjus t i f ied  to ex t r apo la t e  the  f indings  to the  rhesus 
monkey .  We are cu r ren t ly  invest igat ing the  effects  of  
in t r avenous ly  admin i s t e red  a m p h e t a m i n e s  on  bra in  biogenic 
amines  in the  rhesus monkey .  The  neu rochemica l  implica-  
t ions  of the  cu r ren t  s tudy  mus t  await  the  o u t c o m e  of  these  
studies.  
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