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WOOLVERTON, W L Effects of a DL and a D2 dopamme antagomst oJ the self-admmtstranon of cocaine and pmbedd by 
rhesus monl, e2,s PHARMACOL BIOCHEM BEHAV 24(3) 531-535, 1986--Rhesus monkeys were surgically prepared 
w,th chromc intravenous catheters and allowed to self-admlmster the redirect dopamme (DA) agomst cocaine (0 03 or 0 1 
mg/kg/mj) or the dtrect D2 agonlst plnbedd (0 1 or 0 2 mg/kg/mj) on a fixed-ratio 10 schedule of drug dehvery dunng dally 2 
hour experimental sessions When responding was stable, they were rejected IV with SCH 23390, a selective D~ antagomst 
(0 003-0 3 mg/kg, 30 mm pre-sesslon) or plmozlde, a select,ve D2 antagomst (0 003-0 3 mg/kg, 2 hours pre-sess,on) 
Intermediate doses of ptmozlde generally increased self-admmlstraUon of cocmne or pmbedd, though increases m pmbedd 
self-admmlstrat,on were more rehable In contrast, intermediate doses of SCH 23390 either did not affect or decreased 
cocaine and pmbedtl self-admm,stratlon High doses of each antagomst decreased the rate of self-admmlstrat,on of each 
compound and produced catalepsy The selective increase m responding mmntained by cocaine or pmbedd following 
plmoztde pretreatment suggests a role for a Dz-llke receptor m psychomotor stimulant self-administration 

Dopamme receptors Cocaine Self-admmlstratlon SCH 23390 lhmozlde Rhesus monkey 

PSYCHOMOTOR sUmulants have a number of neurochem,- 
cal effects, including the ab,hty to increase the concentration 
of neurotransm, tter m catecholammerg, c synapses The 
mechamsm for th,s effect may revolve an increase m the 
release and/or a blockade of  the reuptake of the neuro- 
transm,tter(s) It has been suggested that this effect m the 
central nervous system (CNS) ,s mvolved m the reinforcing 
effects of this class of compounds [19,20] The avadable data 
suggest that dopamme (DA), m particular, plays a prominent 
role m stimulant self-admm,strataon For example, direct DA 
receptor agonlsts funct,oned as positive reinforcers m sev- 
eral speoes  [3, 19, 20] and destruct,on of central DA- 
contamang neurons can reduce the rate of st,mulant self- 
admlmstrataon [12,13] In add,tlon, pretreatment w,th DA 
receptor antagomsts can increase the rate of stimulant self- 
adm,mstrat~on m a manner that ,s s,mdar to the effect of 
reducing the dose per inject,on of the st,mulant and, there- 
fore, as suggest,ve of  antagomsm of the reinforcing proper- 
t,es of the stimulant [2, 16, 18] 

Research m recent years has emphas,zed complex,ty of 
CNS DA funct,on For instance, at has become clear that 
mult,ple receptors for DA ex,st msade as well as outside the 
CNS [5, 10, 15] Charactenzataon of the funct,onal roles of 
these receptors m the CNS has been substantmlly advanced 
by the use of  selective agomsts and antagonists [6, 11, 14] 
Regarding the reinforcing properties of  psychomotor st~mu- 

lants, ,t has recently been shown that DA agomsts of the 
D,-type functioned as pos,t,ve reinforcers whale a D~ agomst, 
SKF 38393, d,d not [19] This finding suggests that a D2-11ke 
receptor may be mvolved m the self-adm,mstratlon of 
psychomotor sUmulants 

Another way to assess DA receptor mechan,sms revolved 
m stimulant self-admm,straUon ,s to determine the effects of 
~ntagomsts select,ve for different DA receptors on the self- 
admm, straUon of these compounds The studies with DA 
receptor antagomsts ctted earher used drugs w,th prlmanly 
Dz act,ons or w,th mixed DrD2 actions Recently, however, 
a DA antagomst selective for the D1 receptor has been dis- 
covered (SCH 23390, [4, 8, 9]) The purpose of the present 
experiment was to prov, de further ev,dence concernmg the 
DA receptors revolved m psychomotor st, mulant self- 
admm,strat,on by companng the effects of a Dj and a D2 
antagomst on the self-admmlstraUon of the redirect DA 
agomst cocaine and the d,rect D2 agonlst ptnbedd To the 
extent that the effects of DA antagomsts on plnbedd and 
cocaine self-admm,strat,on are comparable, D2 mechamsms 
are imphcated m the self-admmlstratton of cocaine 

METHOD 

Ammals and Apparatus 

The subjects were 5 rhesus monkeys, 3 males and 2 
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T A B L E I  

NUMBER OF INJECTIONS TAKEN IN BASELINE SESSIONS DU~NG THE PERIOD OF TESTING OF EACH ANTAGONIS F* 

Cocaine v Pinbeddt 

SCH 23390 Pimozlde SCH 23390 P~rnozlde 

hour 1 hour 2 hour 1 hour 2 hour 1 hour 2 hour l hour 2 

Monkey 
1005 not tested 28(7 5) 14 5(2 3) 16 5(6 4) 14 8(10 9) 23 2(6 8) 15(6 3) 
1033 13 5(2 4) 9 5(1 4) 146(1 6) 9 2(1 01 not tested 11 8(5 01 11 3(5 5) 
1034 21 9(2 4) 14 8(2 5) 18 1(1 6) 15 1(2 8) 13 3(5 0) 9 4 (3 0) 21 5(5 0) 17(81 
2033 22 2(5 3) 16 8(4 4) 16 9(2 3) 12 4(2 11 12 1(3 01 12 6 (4 4) 12 2(4 11 10 7(6 3) 
3015 21 3(2 11 13 9(3 1) 20 9(1 7) 13 1(1 2) 14 9(1 7) 10 8 (4 41 12 1(5 6) I1 2(2 2) 

*Numbers presented are the means (s d ) of the number of injections taken m each hour of the 2 hour session, calculated for 6-10 
basehne sessmns Basehne sessmns were the 2 sessions ~mmedJately preceding reJection of a test dose of antagomst 

tBasellne drug doses for cocaine were 0 03 mg/kg/mj (1005 and 1034) or 0 1 mg/kg/mj for the other monkeys and for ptnbedll were 0 2 
mg/kg/lnj (1005) or 0 1 mg/kg/mj for the other monkeys 

females The males (1005, 1033, 1034) weighed be tween  8 0 
and 10 7 kg and the females  wetghed 4 0 (2033) and 4 3 (3015) 
kg at the beglnmng of  the exper iment  All ammals  had expe- 
r ience with the IV self -admlmstratmn of  DA receptor  
agonlsts  before  begmmng this exper iment  Each was fitted 
with a stainless-steel restraint  harness and spring arm which 
a t tached to the rear of  an exper imenta l  cubicle (68 cm wide 
× 84 cm deep × 91 cm high) in which the monkey  lived for 
the dura tmn of  the exper iment  Each cubicle had a Plexlglas 
window on the front wall that al lowed the monkey  visual 
access  to the laboratory at all t imes except  during experi-  
mental  sessions Wate r  was avadable  cont inuously and each 
monkey  rece ived  100 to 150 g/day of  Purina Monkey  Chow 
after the session A multiple vi tamin supplement  In the form 
of  a chewable  tablet was provided  3 days /week  

T w o  response  levers  ( B R S / L V E ,  PRL-001, Beltsvll le,  
MD) were  mounted  on the inside front o f  each exper imenta l  
cubicle 10 cm above  the f loor and a food dish was mounted  
be tween them Four  jewel led  stimulus lights, two red and 
two white,  were  mounted  directly above  each lever  In addi- 
tion, two 15 W houselights,  one white and one red, were  
mounted  on the celhng of  the cubicle and covered  with trans- 
lucent  Plexlglas Drug reJections were  del ivered by a pen-  
staltlc infusion pump (Cole-Parmer  C o ,  Chicago,  IL) All 
programming and recording of  exper imenta l  events  was ac- 
complished by sohd state eqmpment  In an adjacent  room 

Pro( edure 

Catheters  had been p rewous ly  implanted as follows Each 
animal was r emoved  from the cubicle and rejected with a 
combinat ion  o f  phencychdme  hydroch londe  (1 0 mg/kg IM) 
and atropine sulfate (0 04 mg/kg IM) fol lowed in 20 to 30 mm 
by sodium pentobarbl ta l  (10-30 mg/kg IV) When anesthes ia  
was adequate ,  a s lhcone catheter  (0 08 cm inside dmmeter ,  
Ronsll  Rubber  Products ,  Belle Mead,  NJ)  was surgically 
implanted in a major  veto After  surgery the monkey  was 
re turned to the exper imenta l  cubicle and the ca theter  was 
threaded through the spnng arm, out  the back of  the cubicle 
and connected  to the infusion pump If  a ca theter  became  
nonfunct ional  during the expenmen t ,  a new catheter  was 
Implanted as before  after a 1 to 2-week period to allow any 
refection to clear  

Daily 2-hr exper imenta l  sessions were  signaled by the d- 

lummat lon of the white lights Each ammal had previously 
been trained to press the right lever  under  a FR 10 schedule 
for a 10-sec Injection of  0 l mg/kg of  cocaine hydrochloride 
Dunng  an Injection the white lights were  extinguished and 
the red house light and lever  lights were i l luminated Re- 
sponses occurr ing on the left lever  were  counted but had no 
o ther  p rogrammed consequences  In the present  exper iment  
the animals were  allowed to self-administer  cocaine (0.03 or  
01  mg/kg/lnj) or p lnbedd (01 or  0 2 mg/kg/lnj) during 
baseline sessions Baseline dose was adJusted to maintain 
roughly comparable  rates of  responding across animals 

When responding was stable under  basehne condl tmns 
(less than 10% vana tmn  in the number  of  mjectmns/sess~on 
for at least  3 consecut ive  sessions), test sessions were  begun 
A test session consis ted of  a pre t rea tment  with ei ther SCH 
23390 or p lmozlde  g~ven IV wa  the catheter  The test drug 
was injected into the catheter  fol lowed by enough 0 9% 
saline to flush the drug into the animal (3-5 ml) The catheter  
was refilled with the basehne drug lmmedmtely  before the 
sessmn began SCH 23390 was given 30 minutes before the 
sesston and plmozlde was g~ven 2 hr before the session Pre- 
t reatments  were  adminis tered no more frequently than every  
fourth day with the additional condi t ion that responding was 
stable for at least 2 consecut ive  basehne sessions preceding 
the pre t rea tment  Doses of  antagomst  ranged between one 
that had no effect on responding and one that reduced re- 
sponding to less than 50% of usual levels Order  of  interac- 
tion testing was counterbalanced across monkeys  and drug 
doses  were  tested m a random order  in each monkey 

Data Analy~t~ 

The number  of  injections m each half hour of  the 2 hour 
session was counted as was the total number  of  rejections 
per  session Drug effects are presented  as a percent  of  con- 
trol using the mean reJections/session of  the 2 sessions im- 
mediate ly  preceding each pre t rea tment  as the control  value 
The 95% conf idence hmlts were  calculated from values for 
pre t rea tment  with drug vehicle Because  of  the brief  duration 
of  act ion of  S C H  23390, r ecove ry  from this compound  was 
evident  in the second hour of  the session Therefore ,  drug 
effects are presented  for the first hour of  the experimental  
session only To allow compar isons  be tween  the antagomsts ,  
p lmozlde data  are presented for the first hour also 
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FIG 1 Effects of plmozlde (O) and SCH 23390 (&) on responding 
maintained by intravenous cocaine m five rhesus monkeys Ordi- 
nate Injections m the first hour as percent of control Abscissa Dose 
of antagonist m mg/kg The basehne dose of cocaine was 0 03 
mg/kg/lnj for monkeys 1034 and 1005 and 0 1 mg/kg/mj for the other 
monkeys Each point represents a single determination of the effect 
of that dose Honzontal dashed lines represent the 95% confidence 
IImlts (two-taded) of the effects of presesslon rejection of antagomst 
vehicle (V, combined for both antagonists) dunng the period of test- 
mg each antagomst Additional symbols for monkey 1005 ( I )  are the 
effects of pimozlde over the entire 2 hour session 
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FIG 2 Effects of plmozJde and SCH 23390 on responding mare- 
tamed by intravenous plnbedd m rhesus monkeys The baseline 
dose of pElbedd was 0 2 mg/kg/mj for monkey 1005 and 0 l mg/kg/mj 
for the other monkeys Other details are as m Fig l 

Drugs 

SCH 23390 ((R)-(+)-8-chloro-2,3,4 ,5- te t rahydro-3-methyl-  
5 - p h e n y l - l H - 3 - b e n z a z e p m e - 7 - o l )  was  d i s so lved  m 0 9% 
sal ine  for  re jec t ion  P l m o z l d e  was  p r e p a r e d  in a 4 0 mg/ml  
s tock  so lu t ion  us ing  an  e m u i p h o r  95% e t h a n o l  1 1 veh ic le  
Th~s s o l u u o n  was  t hen  d i lu ted  to the  a p p r o p r m t e  c o n c e n -  

MONKL~ 2032, 

/ _  _ 

~ ~ ] bo ~INE ~ND PIMD~IL, E 0 Jm)  kcl) 
I 

c COCAINE AND SCH 23390 ~0 mq kg) F ~  

o PPlB~DIL ANO PIMO'ICE [ ou~  ~q) 

: I 

E: PIF~IBEDL ~£  3CH 9~]90 19 lmq Wq~ 

FIG 3 Cumulative response records for monkey 2033 Sahne self- 
admlmstration as well as the effects of high doses of each antagomst 
on self-admimstratmn of each agonlst are shown The upper re- 
sponse pen stepped vertically with each correct response and 
dmgonal marks designate lnjectmns The lower event pen deflected 
when the incorrect lever was pressed Each record ts 2 hours in 
length and the correct response pen reset every 1/2 hour 

t r a t lon  wi th  0 9% sal ine The  c o n c e n t r a t i o n  of  e a c h  drug  
was  a p p r o p r i a t e  for  an  m j e c t m n  v o l u m e  o f  l 0 ml/10 kg 

Coca ine  HC1 (Nat ional  Ins t i tu te  on  Drug Abuse )  and  
p l r ibedd m o n o m e t h a n e s u l f o n a t e  (Les  L a b o r a t o E e s  Serv le r ,  
Neml ly - su r -Seme ,  F r ance )  were  d i sso lved  in 0 ~Yb sal ine 

R E S U L T S  

The  n u m b e r s  o f  inJect ions of  coca ine  and  p m b e d d  t aken  
d u n n g  b a s e h n e  sess ions  are p r e s e n t e d  m Table  1 Since  
base l ine  ra tes  of  se l f -adminis t ra t ion  changed  s o m e w h a t  o v e r  
the  cou r se  o f  the  e x p e n m e n t ,  s epa ra te  values  are p r e s e n t e d  
for  the  p e n o d  of  the  d o s e - r e s p o n s e  de t e rmina t i ons  of  e ach  
an tagon i s t  As  can  be  seen ,  u n d e r  b a s e h n e  c o n d m o n s  co- 
came  and  p m b e d l l  m a m t a m e d  similar  pa t t e rns  of  r e spond ing  
w~th shght ly  more  than  50% of the  ln jec tmns  t aken  in the  first  
ha l f  of  the  sess ion  Ave rage  ra tes  for  e ach  drug v a n e d  
shght ly  b e t w e e n  segmen t s  of  the e x p e r i m e n t  bu t  genera l ly  
the va r ia t ion  m these  ra tes  o v e r l a p p e d  In addi t ton ,  as indi- 
ca ted  by  v a n a b d l t y  measu res ,  r e spond ing  for  p m b e d d  was 
less s table  t han  r e s p o n d i n g  for  coca ine  Ind iv idua l  an imals  
occas iona l ly  s topped  taking pwlbedd  comple te ly ,  an  effect  
tha t  was  n e v e r  seen  wi th  coca ine  

The  effects  of  p imozlde  and  S C H  23390 on  cocaine-  
m a i n t a i n e d  r e spond ing  are s h o w n  m Fig 1 In 3 of  the  5 
m o n k e y s  t e s t ed ,  p~mozlde inc reased  the ra te  of  coca ine  
se l f - adm|n l s t r a t lon  at  leas t  at  one  dose  (0 03 or  0 1 mg/kg) 
At  a h igher  dose  of  p lmoztde  (0 3) r e spond ing  was  r educed  
and  a re la t ive ly  p ro longed  (grea te r  t h a n  2 hours)  per iod  of  
ca ta lepsy  was no ted  In con t ras t ,  S C H  23390 usual ly  e i the r  
did not  affect  or  d e c r e a s e d  r e spond ing  for c o c m n e  A n  m- 
c rease  in r e spond ing  was seen  fol lowing 0 01 mg/kg SCH 
23390 in m o n k e y  2033 As  wi th  p lmozlde ,  the  h ighes t  doses  
o f  S C H  23390 (0 1 and 0 3 mg/kg) r educed  r e s p o n d i n g  for 
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cocaine and induced catalepsy of relatively brief duration (1 
hour or less) 

The effects of the two DA antagonists on plnbedll- 
maintained responding are shown m Fig 2 PImozide m- 
creased pirlbedil self-administration in all five of the mon- 
keys, at least at one dose (0 003-0 01 mg/kg) Rate reduc- 
tions and catalepsy were noted at 0 03 mg/kg SCH 23390 
either did not affect or reduced responding at the higher 
doses Again, an increase in responding was seen at a single 
dose (0 003 mg/kg) in one animal (1034) 

The effects of the highest dose of each antagomst on co- 
came- and plrlbedll-maintalned responding of one monkey 
are shown in the cumulative response records in Fig 3 Data 
from this monkey were selected because in this case the 
highest dose of antagonist reduced but did not eliminate re- 
sponding under all conditions As can be seen, the effects of 
a high dose of pimozlde on responding for cocaine (record B) 
or pinbedd (record D) were slmdar to the effect of substitut- 
ing saline for the baseline drug during an untreated selfo 
administration session (record A) There was a burst of re- 
sponding early in the session after which responding ceased 
In contrast, at doses of SCH 23390 that had comparable effects 
on overall rate of self-administration, responding was totally 
suppressed for the first portion of the session but returned 
with normal patterns of evenly spaced lnjectmns late in the 
session (record C and E) 

DISCUSSION 

As has been reported previously [2,3], intermediate 
doses of plmozlde mcreased the rate of cocaine and plnbedll 
self-administration Tins effect was similar to that reported 
previously for the DA antagonists halopendol and chlor- 
promazine [3, 16, 18] Since pimozlde is a selective D2 
antagonist, these results suggest that a D2-11ke receptor is 
Involved in the self-administration of cocaine and plnbedil 
On the other hand, presession administration of the D~ 
antagonist SCH 23390 resulted principally in dose-related 
decreases in the self-administration of both compounds This 
effect was similar to what has been reported previously when 
animals allowed to self-administer cocaine were pretreated 
with pentobarbltal [7,17] and suggests that the effect is the 
result of non-specific effects on rate of responding Taken 
together, the specific D~ antagonist effects, as well as the 
stmdanty between the effects of these antagonists on the 
self-administration of cocaine and a direct D2 agomst, 
suggest the Importance of a D2-1Ike receptor In the self- 
administration of cocaine In this regard, the present results 
are consistent with our earher findings that D2 agonists func- 
tioned as positive reinforcers in rhesus monkeys winle a Dz 
agomst did not [19] 

In spite of the similarities m antagonist effects across 
agonlsts, some differences were also apparent Pirlbedll 
self-admImstration was increased more consistently and to a 
greater extent by plmozlde pretreatment than was cocaine 
self-administration Although the somewhat lower rates of 
responding for plnbedfl under baseline conditions may have 
contributed to the magnitude of the effect in derived data 
(i e , % of baseline), this observation also suggests that there 
are differences between cocaine and pinbedll in terms of 
central mechanisms involved in their self-administration It 

should also be noted in this context that plllbedll self- 
administration was more vanable than cocaine self- 
administration (Table l) and was more difficult to maintain 
on a long term basis In addition, plrlbedll self-administration 
was sensitive to lower antagonist doses than was cocaine 
self-administration Consldenng that cocaine has known ef- 
fects on CNS systems other than those involving DA. and 
that plnbedll has effects other than those at central D. recep- 
tors (e g ,  alpha adrenerglc effects) some differences m 
antagonist effects should not be surprising Although these 
results suggest that effects other than central Dz effects play 
a role in cocaine self-admlmstratlon under these conditions, 
precise clarification of the reasons for these differences be- 
tween cocaine and plrlbedll requires further research 
Nevertheless, the consistencies in antagonist effects on the 
self-administration of these two agonlsts strongly suggest 
significant overlap in the central mechanisms Involved in the 
self-administration of these agonlsts 

Although SCH 23390 and pImozide act at different DA 
receptors, and the effects of low doses on agonlst se l l  
administration were different for each agonlst, the observa- 
ble behavioral effects of high doses of both antagonists were 
similar Both compounds reduced a cataleptic state in which 
monkeys were observed to support themselves with their 
arms and to be quite Insensitive to external stimuli 
Moreover, when placed in awkward posmons (e g ,  one arm 
raised off the floor), they maintained these positions for ex- 
tended periods of time The principal difference between the 
compounds m this regard was duration of action, with SCH 
23390 being the shorter acting of the two Similar catalep- 
togenlc effects of SCH 23390 have been reported previously 
In rats [1], and suggest that both D~ and D2-11ke receptors are 
involved in this effect Alternatively, it is possible that at 
high antagonist doses SCH 23390 loses its selectivity for 
CNS D, receptors or that Dt and D, receptors are not rode- 
pendent in the CNS 

Although the results presented here and elsewhere 
suggest the importance of a D.,-hke receptor in psychomotor 
stimulant self-administration, one should be cautious in at- 
tributing these results to modifications in only the reinforcing 
properties of psychomotor stimulants The rate of respond- 
ing for cocaine under the conditions studied here is deter- 
mined not only by the reinforcing properties of the drug, but 
also by the direct rate-modifying effects of the drug Thus, an 
antagonist that increases the rate of responding for cocaine 
might do so by blocking Its reinforcing effects, blocking its 
rate-reducing effects or by some combination of these The 
pattern of responding seen in Fig 3 suggests, hov~ever, that 
reinforcing properties were blocked by the highest dose of 
pimozlde but not by SCH 23390 That is, the pattern of re- 
sponding following plmozlde was virtually identical to that 
seen in the first session of saline avallablhty, suggesting an 
absence of reinforcing effect On the other hand, with SCH 
23390 a complete suppression of responding for the first part 
of the session was followed by a return to normal patterns of 
self-administration when the drug effect had waned These 
results, though suggestive of blockade of reinforcing effects 
by plmozlde, are indirect Additional research under more 
complex conditions is required to determine the specificity 
of these antagonist effects to the reinforcing properties of 
this class of compounds and to ehmlnate alternative ac- 
counts of the data 
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