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This study indicates that dopamine D receptors convert from a state having high 
affinity for dopamine to one having low aff nity for dopamine. ! 
stimulates 

The dopamine D1 receptor 
adenylate cyclase [l] and both of these sites are 50% occupied or stimulated by 1 

to 10 micromolar dopamine [see Refs. in 21. Since sodium ions and guanine nucleotides help 
convert other receptors from their high-affinity state for agonists to their loraffinity 
state [3-71, we tested whether these factors could also have a similar converting effect on 
D1 dopamine receptors. 

of 
The D1 receptor is sensitive to nanomolar concentrations of &-flupenthixol [8-101 and 
the benzazepine S 

$ 
23390 [or R-(+)-8-chloro-3-methyl-S-phenyl-7-ol-benzazepine; Refs. 

11,121. Although [ HI-cis-flupenthixol labels D1 and D2 dopamine receptors [8-lo], the D1 
receptor can be select=ly labeled by [3H]-cis-flupenthixo1 in the presence of 10 nM 
spiperone w ich be selectively 
labeled by [ 5 

occludes the D2 receptors (131. The D1 receptor can also 
II]-SCH 23390, 

receptors [11,12]. 
since SCH 23390 is much more selective at D1 receptors than at D2 

Homogenates of rat brain striatum (fresh) or calf caudate nucleus (frozen at -70“) were 
used (see Refs. 14.15 for methods). The buffer contained 50 mM Tris-HCl (pH 7.4 at 20"), 5 
mM KCl, 4 mM MgCl2, 1 mM EDTA acid, 12 JIM nialam de 
when added, 

1.5 mM CaC12, 
NaCl was 120 mM. The final concen rations 

5 
of f 

and 0.1% ascorbic acid; 
[ HI-cis-flupenthixol (10.8 

Cilmmole; New England Nuclear, Boston, MA) and [ HI-N-propylnorapom= ine (61.5 Ci/mmole; 
New England Nuclear) were between 0.25 and 0.54 nM, while that for 5 [ HI-SCH 23390 (3.7 
Ci/mmole; Nuclear Research Center, Beer-Sheva) was 1.4 nM. Th 
was 0.8 mg original tissue per ml of incubation medium; f 

final concentration of tissue 
for [ HI-SCH 23390, however, it was 

2.5 mg original tissue/ml. The final total volume was 1.5 ml. The suspensions were 
incubated for 2 h at 20' (at which time equilibrium had occurred) and then filtered using a 
Titertek cell harvester [IS]. Three.experiments (in triplicate) were done for each variable 
(see Ref. 15 for further details). 

Figure 1 illustrates that SCH 23390 inhibited the binding of [3H]-cis-flupenthixol at D1 
and D2 dopamine receptors. 

D2 receptors, 
In the presence of 10 nM sp4perone, whichxrved to occlude the 

SCH 23390 inhibited the binding of [ HI-cis-flupenthixol from a single 
- population of binding sites, the D1 dopamine receptors. 
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Fig. 1. Inhibition of [3H]- 
cis-flupenthixol binding by 
E 23390 at Dl and D2 
receptors (rat striatum) in 
absence and presence of 10 
nM spiperone (to occlude D2 
receptors). NaCl absent. 
Specific binding was 
defined as that inhibited 
by 10W6M (+)-butaclamol. 
Total binding was 1200 
bound cpm per tube. 

-log SCH 23390 

Figure 2 illustrates that dopamlne recognized the binding of [3H]-cis-flupenthixo1 to D 
rece tors having two one of which having high affiniti 

(Dl hPgh) for dopamine 
subpopulations of Dl receptors, 

were done in the 
the other having low affinity (Dllow) for dopamine. These experiments 

iresence of 10 nM spiperone to preclude 
The Dlhigh and 

of [3H]-cis- 
flupenthixol to D2 dopamine receptors. D lowt~p~~~$me~~peared clearly 
separa e 
(D higk 

only in the absence of NaCl. In the presence of 1 1 0 mM NaCl the high-affinity phase 
atlD lo? was obliterated (Figure 2), all the [3H]-cis-flupenthixo1 binding now taking place 

dopa&ne: 
indicating that all the Dl receptors hadynverted into the low-affinity state for 

50 
I 

I l l +Ykl D:Ow 

0 9 8 7 6 5 4 

F g. 
4 

2. Competition between 
[ HI-cis-flupenthixol and 
dopamK at D 

) 
receptors 

(rat striatum in the 
presence of 10 nM 
spiperone. Total binding 
of 0.3 nM [3H]-cis- 
flupenthixol was 1800 
cpm/tube in absence of 
NaCl, and 2000 cpm/tube in 
presence of 120 mM NaCl. 
Specific binding defined by 
1 )rM (+)-butaclamol. 

-log [dopamine] 

The conversion of Dlhigh into DlloW 
Figure 3. 

was also detected using [3HA-SCH 23390, as shown in 
Dopamine inhibited the binding of r3H]-SCH 23 90 at Dl igh with a dissociation 

9 constant (KD) for dopamine of 1.2 nM, and inhibited at Dl Ow with a dopamine KD of 
3 
40 nM, 

using computer-assisted analysis [7]. [3H]-SCH 23390 was more selective than [ HI-cis- 
flupenthlxol in labeling D receptors, since i3~l-sc~ 23390 had an extremely low affinityfor 
D 
8 
receptors (to be publis ed). t Figure 3 illustrates that the combination of 120 mM NaCl and 

1 0 uM guanine nucleotide (guanylimidodiph 
MO) almost completely conve ted 

of Dlhigh into Dl I 
the Dl 

~~~fi"~~~es~~~~~~~owS~~~e~he~~~a~o~~~, ;:,,ou:is; 

conversion Ow (Figs. 2 and 3) is almos: identical in principle to that 
which occurs for D 
is likely that 1 

receptors in the brain [7] and in the anterior pituitary gland [16], it 
camp ete conversion would occur at 37". NaCl (120 mM) alone converted about 

15% of the Dlhigh sites into DlloW sites (data not shown). 
23390 sites 

The density (Bma ) of 13H]-SCH 
(obtained by Scatchard analysis) was identical in the absence ad presence of 

NaCl. 
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Calf 

caudate nucleus 
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Fig. 3. Competition 
between [3H]-SCH 23390 
and dopamine at Dl 
receptors (calf caudate 
nucleus) in absence and 
presence of 120 mM NaCl 
and 100 JIM Gpp[NH]p. 
Total binding was 650 
d m/tube 
s 

at 1.4 nM 
[ HI-SCH 23390. 20". 
Specific binding 
defined by 1 fl (+>- 
butaclamol (BTC). Arrows 
indicate dopamine 
values, using [3H]-SE# 

~~~gL~~o~~?~~l;f P1Z 
NaCl) 

which had been 
independently obtained 
from a saturation 
isotherm (Scatchard). 
Numbers in brackets are 
(% Dlhigh; % Dllow). 

It was also possible to demonstrate the disappearance of Dl high by using 13~]-~- 
propylnorapomorphine to label the high-affinity sites of both Dl and D2. As shown in Figure 
i,hi;{proximately 20% of the total binding of 0.54 nM [3H]-N-propylnorapomorphine was to 

as recognized and dis laced by SCH 23390 in the absence of NaCl. In the presence of 
1 1 0 mM'NaC1, however, these Dl "gh sites were completely absent, only D2 high sites remaining. 

100 nM spiperon --------------- 

1 PM Apomorphine __-----------_~~~~~ 

- Log [Schering 233901 

Fig. 4. Compe ition 
between 5 [ HI-N- 
propylnorapomorphine 
and XX-23390 at the 
high-affinity states of 
D receptors 
(A hi:Edan;2D2highj 

th; 

in 

absence and 
presence of 120 mM NaCl 
(rat striatum). The 
total binding of 0.54 
nM [3H]-NPA was 3500 
dpmftube (no NaCl) and 
1750 dpm/tube (with 120 
mM NaCl). The 
magnitude of the 
binding to the "D3" 
site [13,17] is given 
by the difference in 
binding in the presence 
of excess spiperone and 
excess apomorphine, as 
shown by the dashed 
lines. 

The value of 20% for the D 
A 
high sites in Fig. 4 is identical to the magnitude of the so- 

called "D3 *I site, originally efined [13,17] as a dopaminergic site with nanomolar agonist 
affinity and micromolar antagonist affinity. These data, therefore, support the proposal 
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[lo] that the D3 site is the same entity as Dlhigh. Thus, recognizing that D3 is Dlhigh, and 
that "D4" is D high 

% 
[7], there are now only two types of dopamine receptors in the nervous 

system, Dl and 2, each able to convert its high-affinity state into a low-affinity state for 
dopamine. This is illustrated in Fig. 5. As discussed previously [18], it is possible that 

Dl is like the vascular DA1 dopamine receptor [19], and that D, is similar to the vascular 
DA2 dopamine receptor [19], but this has not yet been experimentally confirmed. 

\ DA 3000 nM 
’ SPIP 1500 nM 

Fig. 5. Summary of dissoci- 
ation constants and 
nomenclature for the brain 

9 and D2 dopamine 
receptors. Dl 

high was 
formerly "D3", and Dghigh 
was formerly "D4'* [Ref. 71. 
The KD values are for 
dopamine (DA) and spiperone 
(SPIP). This scheme is in 
agreement with that of Leff 
and Creese [lo]. 
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