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Abstract  

The highly selective dopamine D 3 receptor ligand, (+)-PD 128907 4aRlObR-(+)-trans-3,4,4a,lOb-tetrahydro-4-n-propyl- 
2H5H[4,3-b]-l,4-oxazin-9-ol), and other dopamine D 3 receptor ligands, (++_)-7-hydroxy-2-(N,N-di-n-propylamino)tetralin and 
(+)-7-hydroxy-2-(N,N-di-n-propylamino)tetralin, substituted for the discriminative stimulus effects of cocaine in rats, an animal 
model of subjective effects in humans. Substitution only occurred at doses that markedly decreased responding. These results 
suggest that dopamine D 3 receptors may be involved in the subjective effects of cocaine, and therefore may be a target for the 
discovery of treatments for cocaine dependence. 
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Convergent experimental  evidence suggests that be- 
havioral effects of cocaine are related to the inhibition 
of dopamine reuptake,  and the resulting potentiation 
of mesolimbic dopaminergic neurotransmission (Kuhar 
et al., 1991). When rats are trained to discriminate 
cocaine from saline, substitution for cocaine by a test 
drug is predictive of  cocaine-like subjective effects, and 
compounds that substitute for the discriminative stimu- 
lus effects of cocaine in rats are generally those that 
increase dopaminergic  neurotransmission (Witkin, 
1994). Selective dopamine D 1 receptor  agonists have 
not been shown to fully substitute for the discrimina- 
tive stimulus effects of cocaine (Witkin et al., 1991). 
Likewise, dopamine D 2 / D  3 receptor  agonists do not 
fully substitute for cocaine (Witkin et al., 1991). Prior 
to the present  report,  the contribution of the D 3 
dopamine receptor  to the discriminative stimulus ef- 
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fects of cocaine has been hampered  by the lack of 
selective ligands. The relative abundance of the 
dopamine D 3 receptor  subtype in mesolimbic dopa- 
minergic regions (Sokoloff et al., 1990) suggests that it 
may be involved in some of the behavioral effects of 
cocaine that are related to its abuse. 

The dopamine D 3 receptor  ligand, ( + ) - P D  128907 
( 4aR,l ObR-( + )-trans-3,4,4 a,l Ob-tetrahydro-4-n-pro- 
pyl-2H,5H[4,3-b]-l,4-oxazin-9-ol), has recently been 
reported to bind to dopamine D 3 receptors with high 
affinity ( K  i = 1.1 nM against [3H]spiperone in Chinese 
hamster  ovary (CHO-K1) ceils), and with a selectivity 
ratio ( K  i at D 2 dopamine r e c e p t o r s / K  i at D 3 dopamine 
receptors) of 1000 (DeMattos  et al., 1993). ( + ) - P D  
128907 is therefore more selective than either the 
prototypic, high affinity dopamine D 3 receptor ligand, 
( + ) 7 - O H - D P A T  (7-hydroxy-2-(N,N-di-n-propylami- 
no)-tetralin), or its active ( + )  enantiomer.  These com- 
pounds have K i values of 0.78 nM (L6vesque et al., 
1992) and 0.57 nM (Damsma et al., 1993), and selectiv- 
ity ratios of approximately 80 and 220, respectively. 

In order to determine if selective dopamine D 3 
receptor  ligands substitute for the discriminative stimu- 
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lUS effects  of  cocaine ,  drugs  were  a d m i n i s t e r e d  to male  
S p r a g u e - D a w l e y  rats  tha t  had  been  t r a ined  to discr imi-  
na t e  coca ine  HCI  f rom sal ine using food re inforce-  
ment .  T ra in ing  and tes t ing  took  p lace  in o p e r a n t  cham-  
bers  e q u i p p e d  with two response  levers,  whe re  rats  
re l iab ly  emi t t ed  20 lever  p resses  on one  lever  fol lowing 
10 m g / k g  coca ine  (i.p.), o r  on  the  o the r  lever  fol lowing 
sal ine.  Dur ing  test ing,  p r o c e d u r e s  were  ident ica l  ex- 
cep t  tha t  fol lowing in jec t ion  of  a tes t  compound ,  20 
consecut ive  responses  on e i the r  lever  p r o d u c e d  food 
r e in fo rcemen t .  Al l  c o m p o u n d s  were  a d m i n i s t e r e d  5 
min pr io r  to tes t ing  (see  Wi tk in  et  al., 1991 for de t a i l ed  
methods) .  

The  c o m p o u n d  with g rea tes t  select ivi ty for d o p a m i n e  
D 3 recep tors ,  ( + ) - P D  128907 (0 .03-3 .0  m g / k g ) ,  dose-  
d e p e n d e n t l y  subs t i tu ted  for  cocaine ,  p roduc ing  a maxi- 
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Fig. 1. Upper panel: Dose-dependent substitution of cocaine and 
d o p a m i n e  D 3 receptor ligands in rats trained to discriminate 10 
mg/kg cocaine from vehicle, shown as means and S.E.M.s. Asterisks 
indicate responding that was significantly different from saline con- 
trol (points above C), as determined by Dunnett's test, (1-tailed, 
P < 0.05). Dose-effect functions, derived from mean values across 
subjects (n = 3-6 rats except for higher doses of (+)-PD 128907, 
where n = 4-10 rats), were analyzed with standard bioassay analysis 
of variance techniques, using data from the linear portions of the 
curves. Substitution data from individual subjects were not used 
when the corresponding response rate was lower than 0.02 re- 
sponses/second, corresponding to the completion of one fixed-ratio 
or 20 responses. Lower panel: Dopamine D 3 receptor ligands signifi- 
cantly decreased response rates at doses that substituted for cocaine. 
Means and S.E.M.s are plotted as a function of dose, using data from 
all subjects (n = 6-12 rats). 

m u m  of  87% (EDs0 = 0.94 m g / k g ,  95% C.L.: 0 .57-  
1.54), and  was s imilar  in po tency  to cocaine  i tself  (Fig. 
1, u p p e r  panel) .  Unl ike  cocaine ,  the  subs t i tu t ion  of  
( + ) - P D  128907 was a c c o m p a n i e d  by signif icant  reduc-  
t ions in r e sponse  ra tes  (Fig. 1, lower  panel) .  Similarly,  
( _ + ) - 7 - O H - D P A T  (0 .03-1 .0  m g / k g )  d o s e - d e p e n d e n t l y  
subs t i tu ted  for  cocaine  (EDs0 = 0.3 m g / k g ,  95% C.L.: 
0 .27-0.38) ,  and  signif icant ly r e d u c e d  response  rates .  
( + ) - 7 - O H - D P A T  (0 .1-1 .0  m g / k g )  also p r o d u c e d  
d o s e - d e p e n d e n t  coca ine- lever  r e spond ing  and was sim- 
i lar  in po tency  to the  r a c e m a t e  (EDs0 = 0.23 m g / k g ,  
95% C.L.: 0.17-0.27),  as desc r ibed  for o the r  pha rmaco -  
logical  ac t ions  ( D a m s m a  et  al., 1993). In contras t ,  ( - ) -  
7 - O H - D P A T  ( K  i = 42 nM, D a m s m a  et al., 1993) pro-  
d u c e d  subs t i tu t ion  for  cocaine  tha t  r e a c he d  a maxi- 
m u m  of  only 48%, desp i te  p roduc ing  signif icant  re- 
sponse  ra te  reduct ions .  

T h e s e  resul ts  suggest  tha t  high affinity d o p a m i n e  D 3 

r e c e p t o r  l igands  may p r o d u c e  subject ive effects  tha t  
a re  s imilar  to those  of  cocaine.  However ,  b ind ing  at 
d o p a m i n e  D 3 r ecep to r s  resul ts  in behav io ra l  depres -  
sion and  r e sponse  ra te  r educ t ions  that  a re  unl ike  the  
effects  of  coca ine  i tself  (see Fig. 1, lower  pane l )  and  
o the r  drugs  tha t  have been  r e p o r t e d  to fully subs t i tu te  
for  coca ine  (cf. Witk in ,  1994). The re fo re ,  a l though 
d o p a m i n e  D 3 r ecep to r s  may  be  involved in the  subjec-  
tive effects  of  cocaine ,  this r e c e p t o r  subtype  may medi -  
a te  behav io ra l  effects tha t  a re  dis t inct ly d i f fe ren t  f rom 
those  of  coca ine  itself. Coup l e d  with the  f inding tha t  
coca ine  se l f -admin i s t ra t ion  can be  m o d u l a t e d  by 
d o p a m i n e  D 3 r e c e p t o r  l igands  (Caine  and Koob,  1993), 
resul ts  suggest  tha t  d o p a m i n e  D 3 r ecep to r s  may  be  an 
impor t an t  t a rge t  for  the  discovery of  agents  that  may 
be  used  in the  t r e a t m e n t  of  coca ine  abuse.  
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