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GARZA, R DE LA AND C E JOHANSON The dtv~rtrnmattve ~tlmulu~ properties ofcotame and d-amphetamine 
The effe~t~ oJ three Joute~ oJ administration PHARMACOL B1OCHEM BEHAV 24(3)765-768, 1986--Fave rhesus 
monkeys were trained to d~scnmmate intramuscular cocaine (0 25 mg/kg, 10 mln presesslon) from sahne In subsequent 
tests, intramuscular cocaine (0 03-0 5 mg/kg, 10 man presessaon) and intravenous cocaine (0 03-0 25 mg/kg, 10 mln preses- 
s~on) controlled cocame-approprmte responding in a dose-dependent manner and all monkeys tested reached training 
criterion (greater than 90% cocame-approprmte responses) levels after the higher doses were tested d-Amphetamine 
(0 03-0 5 mg/kg) dehvered intramuscularly (10 mln presesslon) or mtragastrlcally (60 mln presesslon) also controlled 
cocame-approprmte responding m a dose-dependent manner and, at the h~gher doses, all monkeys tested reached criterion 
Regardless of route, cocaine and d-amphetamme were slmdar m potency lntragastnc cocaine (0 5-16 0 mg/kg, 60 rain 
presessaon) also controlled cocaine-appropriate responding at some dose m each monkey tested, but the drug was less 
potent More amportantly, the effects of IG cocaine were less systematac possibly due to uncontrolled pharmacoklnet~c 
factors 

Cocaine d-Amphetamine Drug dNscnmmataon Routes of admm~straUon Rhesus monkeys 

IN drug  d i sc r imina t ion  p r ocedu r e s ,  r e i n f o r c e m e n t  ts made  
con t ingen t  upon  one  type  of  ope r an t  r e sponse  m the  pres-  
ence  of  a drug and a n o t h e r  type  of  r e sponse  in the  p r e s e n c e  
of  its vehic le  U n d e r  tes t  cond i t ions ,  doses  lower  than  the  
t ra in ing  dose  typical ly  resul t  m p ropor t iona l  d e c r e a s e s  in 
d rug-appropr i a t e  responding ,  i e , a dose-ef fec t  func t ion  is 
o b t a m e d  F u r t h e r m o r e ,  w h e n  drugs  o the r  than  the  t r a m m g  
drug are tes ted ,  they p r oduce  d rug-appropr ia t e  r e spond ing  to 
the ex t en t  tha t  they r e semble  the t ra in ing drug,  ~ e ,  there  ts 
d rug  c lass  specif ici ty Drug d i sc r imina t ion  p r o c e d u r e s  can  
also be used  to c o m p a r e  the  effects  of  the  same  drug or  
re la ted drugs  admin i s t e r ed  by  different  rou tes  Such  com-  
pa r i sons  may  be useful  for  eva lua t ing  a drug such  as coca ine  
which  p r e s u m a b l y  has  re la t ively  minor  ef fec ts  w h e n  g iven  

oral ly [4], or  a m p h e t a m m e  which  is used the rapeu t ica l ly  by 
the oral  route ,  but  is of ten abused  pa ren te ra l ly  

Coca ine  can  funct ion  as a d i sc r imina t ive  s t imulus  in pri- 
mates  Al though  this effect  has  been  shown to be pharmacolog-  
ically specific [1, 3, 6]. little or  no informat ion is avai lable on  
the d i sc r imina t ive  s t imulus  effects  o f  coca ine  a d m l m s t e r e d  
by var ious  rou tes  D o w n s  et al [2] r epor t ed  tha t  in rhesus  
m o n k e y s  orally a d m l m s t e r e d  coca ine  was 16 t imes  less po- 
tent  than  i n t r a m u s c u l a r  (IM) and  i n t r avenous  (IV) coca ine  on  
schedu le -con t ro l l ed  b e h a v i o r  d - A m p h e t a m m e  given IM and  
oral ly ,  on  the o the r  hand ,  did not  differ  in po tency  u n d e r  the 
same  cond i t ions  [2] The  pu rpose  of  the p r e sen t  e x p e r i m e n t  
was  to fu r ther  c o m p a r e  coca ine  and d - a m p h e t a m i n e ,  g iven  
ln t r agas tnca l ly  (IG) and  paren te ra l ly ,  on  the  basis  of  the i r  
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Fig 1 The percent of trials completed on the cocame-approprmte 
lever as a function of dose and route of adminlstrat,on dunng test 
sessions The point above sahne (S) ,s the mean of all sahne test days 
obtained during the determination of all the dose response functions 

d i sc r imina t ive  s t imulus  (DS) effects  R h e s u s  m o n k e y s  were  
lmtmlly t ra ined  to d l s c n m l n a t e  IM coca ine  f rom saline and  
subsequen t l y  coca ine  was tes ted  af te r  IM, IV, and  IG admin-  
i s t ra t ion  In addi t ion ,  subs t i tu t ion  pa t t e rn s  for  IM and  IG 
d - a m p h e t a m i n e  were  also ob ta ined  

M ETHOD 

Subje~ ta 

Five  rhesus  m o n k e y s  were  used In this  s tudy  The  sub- 
j e c t s  weighed  b e t w e e n  8 and  10 kg and were  housed  m stare- 
less steel  cages  They  were  g iven  ad hb  food and w a t e r  a f te r  
e ach  expe r imen t a l  sess ion  All sub jec t s  had  p rev ious  exper-  
imenta l  h is tor ies  in se l f -admin i s t ra t ion  and  o the r  s tudies  of  
schedu le -con t ro l l ed  p e r f o r m a n c e  us ing a var ie ty  of  psycho-  
a c n v e  drugs  

F A B L F  1 

PERCENT TRIALS COMPLETED ON COCAINE-APPROPRIAT[ 
LEVER AFTER IG COCAINE GIVFN 60 MIN PRIOR TO THE SESSION 

Monke} 4026 
DetermmaUon I 
Dose 
(mg/kg) 

6084 7 0 ~ 7  
2 1 2 1 2 

05  0 
I 0 100" 0* 10" 80 21 0* 
2 0 100 0* 0 10" 0 100" 
4 0 13" 7* 0 97 0* 
8 0 47* 33 100" 97 100" 

16 0 100" 30 100" 

*Cocaine (0 25 mg/kg, IM) administered on lmmedmtely preceed- 
mg training session Othel-wJse sahne had been admmtstered 

Appat attt 

During exper ]menta l  sess ions ,  each  m o n k e y  was seated  m 
a p r ima te  res t ra in ing  chai r  (P las -Labs ,  Lans ing ,  MI) which  
was housed  wi th in  a w o o d e n  cubic le  ( 8 5 × 6 4 ×  175 cm) A 
Plexlglas  plate was  a t t ached  to the  cha i r  pe rpend icu la r  to the 
body  of  the animal  to p reven t  r e spond ing  o c c u r n n g  on bo th  
levers  s ]mul taneous ly  The  cubicle  was equipped  with two 
p r ima te  levers  (PRL-001,  B R S / L V E )  m o u n t e d  on metal  
boxes  (15× 13× 10 cm) and  located be low four  whi te  Dmlco 
s t imulus  hghts  The  levers  were  24 cm apar t  and  99 cm above  
the  f loor  of  the cubicle  A n o t h e r  meta l  box  ( 1 3 × 2 3 ×  15 cm) 
was m o u n t e d  on the ceil ing of  the cubicle  This  box had a 
c lear  Plexlglas c o v e r  and con t a ined  a whi te  bu lb  tha t  served  
as h o u s e h g h t  A fan m o u n t e d  on  the ceil ing p rov ided  vent]-  
lat lon and  mask ing  noise 

The  m o n k e y s '  feet  were  p laced  into shoes  m o u n t e d  on the 
cha i r  Brass  plates  were  p e r m a n e n t l y  fitted inside the  shoes  
to al low the d e h v e r y  of  e lectr ic  shocks  Shocks  were  dehv-  
ered  by a shock gene ra to r  (SG-903, B R S / L V E )  located  out- 
side the  cubicle  Cab les  c o n n e c t e d  the cubicle  to sohd state 
p r o g r a m m i n g  and record ing  equ ipmen t  located m an adja- 
cent  room 

PI  0¢ (Jdll l  e 

A trial procedure was used to tram the monkeys to avoid 
or escape the delivery of  electric shocks Ini t ial ly only the 
right lever was presented Trials were init iated with the il- 
lumination o f  the househght and the lights above the lever A 
shock  per iod began five seconds  af ter  the ini t iat ion of  the 
trml Dur ing  this per iod ,  shocks  were  del ivered eve ry  2 sec 
(250 msec in dura t ion ,  10 m A  in in tensi ty)  until  a r e sponse  
occur red  (escape)  Immedmte ly  af ter  a r e sponse  occur red ,  
the househgh t ,  lever  lights,  and  shocks  were  t e rmina ted  If  a 
r e s p o n s e  occu r red  before  the  5 sec per iod  had e lapsed ,  the 
h o u s e h g h t  and  lever  hghts  were  t e rmina ted  and no shocks  
were  de l ivered  (avo idance)  In bo th  cases  a 55 sec inter-tr ial  
in terval  (ITI)  fol lowed before  a new trial was ini t ia ted Dur- 
ing the ITI the cubic le  r ema ined  da rk  The  sess ion  las ted 
until  30 trials were  comple t ed  or until  40 rain had e lapsed ,  
w h i c h e v e r  came  first W h e n  the  avo idance  r e sponse  oc- 
cu r red  on more  than  90c~ of  the trials for  3 consecu t ive  ses- 
s ions,  the left lever  was  made  opera t iona l  and  the r ight  lever  
was  cove red  The  same con t ingenc ies  rema]ned  m effect  
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until 90% of  the trials were  avoidance  for 3 consecu t ive  ses- 
sions Thereaf ter ,  the operat ional  lever  was changed daily 
and, concurrent ly ,  appropriate  drug m lect lons were  adminis- 
tered 10 mm prior to the session The right lever  was opera-  
tive after the administrat ion of  cocaine  (0 25 mg/kg, IM) for 
three of  the monkeys  (4026, 6084, 8002) and the left for  the 
o ther  two (5127, 7037) The o ther  lever  was opera t ive  after 
saline These  condit ions remained in effect until 5 consecu-  
t ive sessions with more than 90% avoidance  trials were  ob- 
tained Initially, the front of  the restraining chair  was placed 
flush with the lever  boxes  H o w e v e r ,  the chair  was slowly 
r emoved  from the lever  boxes  so that a monkey  had to ex- 
tend its arm to depress  the lever  The distance be tween  the 
chair  and the lever  boxes was increased to prevent  simulta- 
neous responding on both levers 

During the next phase of  training, the monkeys  were  pre- 
sented with both levers for the first time The lever  that 
terminated the trial was made condit ional  upon cocaine  or  
saline admlmstrat lon,  but all o ther  condit ions remained as 
previously  described If a correct  avoidance  or  escape  re- 
sponse occurred ,  i e , a response on the lever  associated 
with the drug condit ion,  the trial was terminated If  the mon- 
key responded on the incorrect  lever,  a change-over  delay 
(COD) period was started During this period, responding on 
the correc t  lever  did not terminate  the trial until 2 seconds 
had elapsed since the last incorrect  response (COD 2 sec) 
Fur ther  incorrect  responses  reset the C O D  t imer  Correc t  
responses  during the C O D  period was signalled by a brief  
fl icker of  the househght  and lever  lights A trial was counted 
as correc t  when no incorrect  responses  were  emit ted 

An additional procedure  was introduced to facilitate dis- 
c r lmmat lon training The ITI was reduced to a few seconds 
at the start of  the training session, but all o ther  condit ions 
remained the same After  several  responses  on the correct  
lever,  without  incorrect  responses ,  the ITI was increased 
during the session in small increments  (approximately  5 to 10 
sec at a time) provided the subject continued responding on 
the correct  lever  This p rocedure  was cont inued until the 
m o n k e y ' s  per formance  remained above  90% correc t  ove r  
several  sessions with the ITI reaching 55 sec for at least a 
port ion of  the session Subsequent ly ,  the monkey  was rein- 
t roduced to the initial condi t ion in which the ITI was 55 sec 
throughout  the entire session 

Initially, cocaine  and saline injections were al ternated on 
a daily basis When five consecut ive  sessions under  the ter- 
minal cont ingencies  occurred  with more than 90% correct  
trials, the drug condi t ions  were  presented in a sequence  that 
was random except  that no condi t ion could occur  more than 
twice in a row All o ther  condit ions remained the same 

When six consecu t ive  sessions of  more than 90% correct  
trials were  obtained,  the abdlty of  o ther  cocaine  doses,  ad- 
ministered by the IM, IV, or  IG route, to control  drug- 
appropriate  responding was determined during test sessions 
Similar  dose-effect  functions were obtained with 1M and IG 
d-amphe tamine  When these drugs were tested IG, the drug 
solutions were generally gwen  60 mm prior to the session 
For  the o ther  routes,  drug solutions were given 10 mm prior 
to the session During test condit ions,  responding on ei ther 
lever  terminated the trial but all o ther  condit ions remained 
the same Each dose of  a drug was general ly given twice by 
each route All doses  of  a compound  were presented in a 
mixed order  and tested before a new route or  drug was 
tested Test  sessions occur red  no more f requent ly  than twice 
a week  and at least 2 training sessions in tervened Not  all 
monkeys  were tested with all routes and drugs 

Data Analysts 

The percent  of  total responses  that occurred  on the co- 
caine lever  during test sessions was used as a measure  of  
drug substi tution The cumulat ive  latency from the onset  o f  
the trial to its te rminat ion was used as a measure  of  non- 
specific drug effects 

Drugs 

d-Amphe tamine  sulfate and cocaine hydrochlor lde  were  
obtained from the Nat ional  Insti tute on Drug Abuse  Both 
drugs were  dissolved in physiological  saline and drug doses 
were  calculated from the salt 

RESULTS 

Figure I shows that cocaine  adminis tered IM to five mon- 
keys (0 03-0 5 mg/kg) or  IV to four  monkeys  (0 03-0 25 
mg/kg) control led cocaine-appropr ia te  responding in a 
dose-dependent  manner  Cocaine  did not increase the la- 
tency to the first response relat ive to saline by ei ther route 
(data not  shown) d -Amphe tamine  (Fig 1) del ivered IM or 
IG to four monkeys  (0 03-0 5 mg/kg) control led cocaine-  
appropriate  responding In a dose-dependent  manner  at doses  
that did not increase the latency to respond 

When cocaine  was administered IG 60 mm pre-session,  it 
controlled criterion levels (90%) of  cocaine-appropriate re- 
sponding in all 3 monkeys  tested at some dose (Table 1) In 
monkey 7037, tested with IG cocaine with a 10 mln pretreat- 
ment,  the administration of  the same range of  doses led to 
sahne-appropnate responding However ,  as shown in Table 1, 
responding at the 60 mln pretreatment time was not dose- 
dependent  and there was considerable  variability across re- 
determinat ions  The variability did not appear  related to the 
drug administered the day prior to testing or  order  (first vs 
second de te rmmahon)  Two  of  the three monkeys  died after 
the admlmstra t ion of  8 mg/kg (4026) or  16 mg/kg (6084) 
Monkey  6084 died of  convuls ions  at least 8 hours after the 
infusion and 4026 died of  kidney and l iver  complicat ions  2 
days after the infusion 

Al though it is difficult to es t imate  the potency of  IG co- 
came because of  the vanabth ty ,  relative to cocaine  given IV 
or  IM or d -amphetamine  given IM or IG, it was less potent  
All the o ther  dose- response  funct ions were  slmdar regardless 
of  drug or route of  administrat ion 

DISCUSSION 

Cocaine  and d-amphetamine  regardless of  route of  admm- 
lstratton control led drug-appropriate  responding in monkeys  
trained to discriminate IM cocaine  from sahne Excep t  when 
cocaine  was del ivered IG cocaine  and d-amphetamine  were  
similar m potency Al though the varlabdlty of  the IG cocaine 
results was too great  to accurate ly  est imate po tency  relat ive 
to the o ther  funct ions,  IG cocaine was at least 2 fold less 
potent  in each of  the monkeys  tested In rhesus monkeys ,  
similar effects of  cocaine and d-amphetamine  have been re- 
ported in studies that compared  the effects  of  these drugs 
given by different routes  of  administrat ion on behavior  mare- 
tamed under a variable-interval  schedule of  food del ivery 
Downs  et al [2] showed that cocaine,  given orally,  was 16 
t imes less potent  than IM or IV cocaine when administered 
30 mm before the session d -Amphe tamine  given by the IM, 
IV and IG routes also produced simdar dose-dependent  de- 
creases  m response rates compared  to IM and IV cocaine 
Likewise ,  in the present  exper iment ,  IV cocaine,  IM co- 
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came,  IM d -amphe tamine  and IG d -amphe tamine  were 
equlpo ten t  in their  ablhty to control  coca lne-approprmte  re- 
sponding whereas  IG cocaine  was less potent  

Until recent ly ,  it was generally accepted  that cocame  
when taken orally was lnac twe  [4] H o w e v e r  van Dyke et al 
[51 showed  that orally adminis te red  cocaine  p roduced  de- 
tectable cocaine  p lasma levels and subject ive effects  30 rain 
after its dehvery  Peak p lasma levels and subjectr~e effects  
occur red ,  however ,  be tween  50 and 90 rain atte~ admlmstra-  
tlon The results  o f  the p resen t  s tudy also demons t r a t e  that 
cocaine  del ivered dwectly into the s tomach ~s active In each 
of  the monkeys  tes ted .  IG cocaine control led 100cA drug- 
appropr ia te  responding  at some dose  H o w e v e r ,  the results 
were  ex t remely  variable m that  the effects  were not related 
clearly to dose  and there were  failures to rephcate  when 
doses  were  tes ted a second  t ime These  incons is tent  results  
may have been due to erratic ,~b~orptJon Cocame  1~ not well 

absorbed  in the highly acidic s tomach and must pass  to the 
small intestine where  absorpt ion  of  basic compounds  ~s more 
efficient The fmlure ot cocaine to produce  drug-approprmte  
responding  after a 10 mm pre t rea tment  m the present  stud} 
was  presumably  because  not enough drug had passed from 
the s tomach  to the small intest ine dul lng testing Likewise,  
the results with the longer p re t rea tment  t~me may indicate 
that o ther  factors ,  such as ¢.ocalne's vasoconstrlctp~e prop- 
ert ies ,  result m variable rates of  absorpt ion Clearly tur ther  
research  Js needed  to descr ibe  the role of  these o ther  phar- 
macoklnet lc  factors  in the behavmral  effects  o f  IG cocaine 
Neve r the l e s s .  regardless  of varmbdLty the present  results 
fur ther  demons t ra t e  that oral cocaine IS not inactive Fur- 
thermore ,  the delayed death  seen m two monkeys  indicates 
that oral cocaine has significant toxlctty of  unknown mech- 
anism 
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