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Abstract-Specific [3H]raclopride binding to dopamine D, receptors in the rabbit neostriatum was 
investigated in the presence of the monovalent cations sodium, lithium and potassium. NaCl and LiCl 
produced concentration-dependent elevations in specific [3H]raclopride binding with sodium inducing 
approximately 50% more binding than lithium. fnhibition of [3H]raclopride binding by the antagonist 
(~)-butaclamol was unaffected by the presence of sodium or lithium in the incubation medium. In 
contrast, the potency of dopamine to compete with [3H]ra~lopride was decreased by these two ions. 
This effect was more pronounced in the presence of sodium than lithium and was observed for both 
the high- and low-affinity states of the Dz receptor. The guanine nucleotide derivative 5’- 
guanylylimidodiphosphate (Gpp(NH)p) reduced the potency of dopamine tocompete with [3H]raclopride 
binding in both the presence and absence of cations; however, this effect of Gpp(NH)p was a shift of 
the D, receptors from a high to a lower affinity state. Saturation binding curves in the presence of 
sodium or lithium were compared with experiments carried out in the absence of monovalent cations 
(sucrose) and demonstrated that these ions increased the affinity (judged by the equilibrium dissociation 
constant Kd) of the neostriatal [3H]raclopride binding sites. While NaCl produced a significantly greater 
change in the Kd of [3H]raclopride binding as compared to LiCl, no differences were apparent in the 
maximum binding capacity (B,,,) values determined in the presence of these two cations. In conclusion, 
the results indicate that [3H]raclopride binding to rabbit neostriatal membranes exhibits a sensitivity 
to monovalent cations that is consistent with the ionic regulatory properties of the Dz receptor, 
Moreover, althollgh lithium and sodium influence specific [‘Hfraclopride binding in a similar manner, 
there appear to be quantitative differences between these two ions. 

Dopamine receptors have been classified into two 
distinct categories by virtue of their ability to interact 
with adenylate cyclase [l]. Receptors that are 
coupled to this enzyme modulate cyclic (CAMP) 
AMP formation by interacting with a stimulatory 
(G,) or an inhibitory (GJ guanine nucleotide binding 
protein. Activation of the D2 class of receptors is 
known to inhibit adenylate cyclase [2], and this 
response appears to be mediated via a Gi protein, 
the coupling of which can be inhibited by pertussis 
toxin [3]. While the guanine nucleotides modulate 
the binding of ligands to receptor sites that function 
to inhibit or activate this enzyme, sodium (Na+) is 
involved in the regulation of receptors that are either 
unassociated with or negatively coupled to adenylate 
cyclase [4,5]. It has also been established that Dz 
receptors exist in two affinity states of approximately 
equal proportion [6,7]. Receptors that are coupled 
to G proteins exhibit high affinity (Dzhi@) for the 
agonist, whereas those receptors in the low-affinity 
state (DZlow) are believed to be dissociated from the 
nucleotide-binding protein [S, 91. Antagonist ligands 
can bind with equal affinity to the two states of the 
Dz receptor, while agonist drugs can be used to 
discriminate between these two sites. It has been 
proposed that Na’ and guanine nucleotides decrease 
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the affinity of agonist binding to the D2 receptor 
primarily through the dissociation of the G protein 
from the receptor, resulting in the transition from 
the DZhi@ state to a low-affinity (Dpw) conformation 
of the active recognition binding site [P-11]. 
Replacement of Na+ by lithium (Li+) was also found 
to elicit this effect [ll]. Structurally different types 
of D2 antagonists may display a differential regulation 
by Na’, and the binding of the benzamide series of 
compounds to the D2 receptor has been shown to 
be sodium dependent [12,13]. 

The aim of this study was to examine the regulatory 
effects of monovalent cations (Nat, Li+ and 
K+) and the non-hydrolyzable guanine nucleo- 
tide derivative S’-guanylylimidodiphosphate 
(Gpp(NH)p) on the binding properties of the novel 
benzamide [3H]raclopride to D2 receptors [14-163 
using membranes from the rabbit neostriatum. In 
addition, the interactions of agonists and antagonists 
with the D2 receptor labeled with [3H]raclopride 
were studied (inhibition curves) under different ionic 
conditions. Finally, the kinetic properties of 
[3H]raclopride binding were also examined to 
determine the ‘<on” and “off” rates in the presence 
of either sodium or lithium ions. 

The radioligand [~e~~o~y-3H]raclop~de HCI (sp. 
act. 61.5 Ci/mmol) was purchased from DuPont, 
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Boston, MA; the scintillation fluid (BetamaxTM) 
from ICN Radiochemicals, Irvine, CA; (?)-sulpiride 
HCI from the Fisher Scientific Co., Fair Lawn, 
NJ; and (+)-butaclamol HCl from Research 
Biochemicals Inc., Natick, MA. Dopamine HCl. 
Tris-[hydroxymethyll-aminomethane (Tris), NaCl, 
KCI, LiCl, 5’-guanylylimidodiphosphate sodium salt 
and sucrose were obtained from the Sigma Chemical 
Co., St. Louis, MO. 

Adult male albino New Zealand rabbits (1.5 
2.0 kg; La Ferme Lapro Inc., Stukeley Sud Quebec) 
were decapitated with a guillotine and their brains 
quickly removed and placed on ice. A series of 1.0 
to 1.5 mm thick sections (usually 34) were cut from 
each brain on a cold plate, and the neostriatum 
(caudate and putamen) was dissected out. The tissue 
samples were homogenized with a TissumizerTM 
(Tekmar Co., OH) in 40-100 vol. (w/v) of ice-cold 
Tris-Cl buffer (50 mM at pH 7.4) and centrifuged 
at 20,OOOg for 10 min at 4”. The pellets, after one 
wash by suspension and recentrifugation, were 
resuspended in Tris-Cl (50 mM, pH 7.4) buffer. 

For the binding of [3H]raclopride to the membrane 
homogenates, all drugs and the radioligand were 
made up in Tris-Cl (50mM, pH 7.4). To avoid 
oxidation of dopamine, the first dilution was in 0.1% 
(w/v) ascorbic acid. The binding experiments were 
initiated by the addition of the radioligand in 100- 
PL aliquots to tubes already containing 300,~L of 
the membrane preparation, 100 PL of Tris-Cl buffer 
and 5OOpL of Tris-Cl buffer (pH 7.4) containing 
10 mM KC1 plus a 240 mM concentration of either 
NaCl, LiCl or sucrose; the final assay volumes were 
1 mL. After incubating for 45 min at 2S”, binding 
was assessed by rapid filtration (~5 set) over 
Whatman GF/C glass fiber filters, followed by two 
washes (<lOsec) with 5 mL of cold buffer. 
Radioactivity was determined by liquid scintillation 
spectrometry in an LKB RackbetaTM II counter 
(efficiency 50-60%). Specific binding was defined as 
the total binding minus the nonspecific counts 
obtained in the presence of a 300 ,uM concentration 
of the D2 antagonist (?)-sulpiride [15, 171. Protein 
concentrations determined [ 181 in 100~PL aliquots 
of the membrane preparation were, in the final 
incubations, between 0.05 and 0.20 mg/mL. 

The results are expressed as means +-SE. The 
statistical significance of the differences between two 
samples was evaluated with the Student’s t-test. 
When more than one comparison was made, the 
significance of differences among samples was 
evaluated by one-way analysis of variance 
(ANOVA). Only probability (P) values smaller than 
0.05 were considered to be significant. Model testing 
of the binding data was achieved using LIGAND, 
i.e. a weighted nonlinear least-squares curve-fitting 
program [19,20], and the choice of the model that 
best fit the experimental data was achieved using 
the appropriate F test. 

RESULTS 

Influence of monovalent cations on [3H]racfopride. 
The binding of [3H]raclopride to membrane 
preparations from the rabbit neostriatum was studied 
in the presence of increasing concentrations (O- 

150 mM) of NaCl, LiCl or KC1 in 50 mM Tris-HCI 
buffer (pH 7.4). The osmolarity of the different 
solutions was maintained at 300mOsM by the 
addition of appropriate concentrations of sucrose to 
the medium. The experiments illustrated in Fig. 1 
demonstrate the sensitivity of specific [“Hlraclopride 
binding to NaCl, LiCl or KCI. Both Na+ and Li+ 
produced concentration-dependent elevations in 
specific (“Hlraclopride binding with maximal binding 
obtained above 30 mM and maintained up to 120 mM 
(EDso = 3.12 t 0.74 and 4.06 t 0.99 mM in Na+ and 
Li+ respectively). The maximal binding in the 
presence of 120 mM NaCl was approximately 2-fold 
higher than that obtained in 120mM LiCl (i.e. 
6820 -+ 1400 dpm/mg protein in sodium versus 
3860 i 670 dpm/mg protein in lithium). In contrast, 
the addition of KCI to the incubation medium did 
not substantially affect specific [3H]raclopride 
binding. The small elevations of specific binding 
above control (250 mM sucrose; 1710 + 160 dpm/ 
mg protein) observed with concentrations of 100 
and 120 mM KCI (2310 ? 530 and 2360 t 450 dpm/ 
mg protein) were not statistically significant. 

Effects of monovalent cations on the equilibrium 
binding parameters of [‘Hlraclopride. Saturation 
binding isotherms of [‘HJraclopride to membrane 
preparations from neostriatum were performed at 
equilibrium (45 min at 25”) with ten concentrations 
(0.05 to 10 nM) of the radioligand in Tris-HCI buffer 
containing a 120 mM concentration of either NaCl, 
LiCl or sucrose, i.e. absence of cations. In the 
presence of NaCl and LiCI, specific binding was 
saturable and of high affinity (&values of 0.99 t 0.13 
and 2.37 ? 0.24 nM in the presence of NaCl and 
LiCl respectively), and the Scatchard analysis [21] 
indicated one single apparent class of binding sites 
with no evidence of cooperativity. The binding of 
[‘Hlraclopride in the absence of ions was not 
saturable at the highest concentration of radioligand 
employed with an apparent dissociation constant 
(&) of around 6.41 * 0.97nM. The addition of 
monovalent cations to the incubation buffer increased 
the affinity of [“Hlraclopride for the striatal D? 
receptor, as evidenced by the lower Kd values (Table 
1). However, the addition of Na’ to the buffer 
elicited a significantly greater change in the affinity 
of [“H]raclopride for the Dz receptor than the 
addition of Li+. These observations also suggest that 
the cations increased the density of binding sites 
above control values; however, since binding in the 
absence of ions was not saturable at the highest 
concentration of ligand tested. the estimate of B,,, 
obtained from the Scatchard analysis in sucrose 
buffer (254 t 37 fmol/mg protein) may not reflect 
accurately the real density of D? receptors. There 
was no significant difference between the B,,, values 
of [‘Hlraclopride binding in buffer containing NaCl 
(448 i 29.7 fmol/mg protein) or LiCl (400 t 32.4 
fmol/mg protein). 

Kinetics of [‘Hlraclopride binding in the presence 
of NaCl or LiCI. The association of [‘Hlraclopride 
(1 nM) in Tris-HC1 buffer containing either NaCl or 
LiCl at 25” was rapid and reached a steady state 
within 15 min (Fig. 2A). In both incubation buffers 
specific binding was stable for at least 2 hr at 25”, 
indicating that neither binding sites nor radioligand 
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Fig. 1. Effect of monovalent cations on specific [3H]rac~opride binding to membrane preparations from 
rabbit neostriatum. The incubation medium was made of 50 mM Tris-Cl buffer (pH 7.4) plus increasing 
concentrations of either NaCl, LiCl or KCI, and the osmolarity was maintained at 300 m&M by the 
addition of appropriate amounts of sucrose. The incubations were started by the addition of 100 PL of 
[ 3H]raclopride (1 nM final concentration) and proceeded for 45 min at 25” (final volume 1 mL). Data 
points are the means (+SE) of four separate experiments, each conducted in triplicate. Nonspecific 
binding, defined as the counts in the presence of 300 PM (k)-sulpiride, was subtracted from the curves. 
In additional experiments performed only in 50mM Tris-Cl and sucrose (data not shown), specific 

binding was as low as in KCl. 

Table 1. Parameters of specific [“Hlraclopride binding to 
membranes from rabbit neostriatum in buffers with 

different ionic composition 

B max 
N (~~ (fmoi/mg protein) 

NaCl 10 0.986 -t 0.129*t 448 + 29,71 
LiCI 10 2.374 2 0.236$ 400 rt: 32.Q 
Sucrose 9 6.410 k 0.969 254 Z!I 37.1 

The equilibrium dissociation constants (&) and the 
densities (B,,,) of specific [“Hlraclopride binding sites 
were determined [21] with ten radio&and concentrations 
(0.05 to 10nM). Values are means t:SE of 9-10 
(N) independent experiments with separate membrane 
preparations, all performed in duplicate, i.e. two tubes for 
total binding and two tubes for nonspecific counts. In all 
cases, nonspecific binding was determined as the counts in 
the presence of 300 PM (I)-sulpiride. The incubation 
medium was Tris-C1 buffer (50 mM at pH 7.4) with 5 mM 
KCI containing either 120mM NaCl, 120mM LiCl or 
120 mM sucrose. 

*-I Significant differences were determined by one-way 
analysis of variance (ANOVA): *P < 0.05 between “NaCI“ 
and “LiCl”; i-P < 0.001 between “NaCI” and “Sucrose”, 
and $P < 0.01 between “LiCl” and “Sucrose.” 

degraded during the incubation time. The association 
of [3H]raclopride was more rapid in the presence of 
lithium (k,, = 0.056 min-’ nM-‘) than in sodium 
(k+r = 0.022 min-’ nM_‘). After equilibrium bind- 
ing was attained (30 min). the dissociation kinetics 
were examined by the addition of 1 biM (+)- 
butaclamoi to prevent the reassociation. The 
dissociations were rapid at 25” with half-time 
displacement (T1jz) values of 7.27 and 7.19 min in 
NaCl and LiCl respectively. After 30min the 

dissociation of [ 3H]raclopride was almost complete, 
i.e. more than 90% specific binding was displaced 
(Fig. 2A) and the dissociation rate constants at this 
ligand concentration (1 nM) were 0.095 min-’ and 
0.0963 min-’ for NaCl and LiCl respectively. The 
association and dissociation rates of ~3H]raclop~de 
were also calculated through the measurement 
of association using various concentrations of 
radioligand (0.5 to 3 nM). The linear plot of the kobs 
of association versus the radioligand concentration 
provided estimates of the k_, at the “Y” intercept 
and of the k+l from the slope (Fig. 2B). From the 
calculation of this plot the association and dissociation 
constants of [3H]raclopride binding in the presence 
of NaCl (k+r = 0.0322 min-’ nM-‘; k-r = 0.0827 
min-‘) were slower than in LiCl (k+r = 0.0419 min-r 
nM-r; k-i = 0.1255 min-*). The Kd values for 
[3H]raclopride calculated from the ratio k_r,k+i were 
2.56 and 2.99 nM for Na+ and Li+ respectively. 

Effects of ~onoualent cations on the competition 
of ~3H~rac~o~ride binding by dopamine and (+)- 
butaciamoi. The effects of NaCl and LiCl on the 
affinities of the dopaminergic antagonist (+)- 
butaclamol and the natural substrate dopamine for 
the D2 receptor labeled by [3H]raclopride were 
studied in competition experiments. The inhibition 
of specific [3H]raclopride binding by (+)-butaclamol 
was not affected significantly by the addition of 
either NaCl or LiCl to the incubation buffer, and 
the lcSO values were 6-9nM. These competition 
curves were steep, with Hill coefficients (rzH) of 
about 1 (Table 2). In contrast, the potency of 
dopamine to compete with t3H]raclop~de was 
reduced significantly by these two ions (Table 2). 
The competition curves of dopamine in the absence 
of ions were shahow with an nH value of 0.56 -t 0.05 
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Fig. 2. Association and dissociation kinetics of specific 
[‘HJraclopride binding to membrane preparations from 
rabbit neostriatum in 50 mM Tris-Cl buffer (pH 7.4) with 
5 mM KC1 containing either 120 mM NaCl or 120 mM LiCI. 
(A) For the measurement of the association kinetics. the 
membrane preparations (200-PL aliquots) were incubated 
at 25” in the presence of [‘HJraclopride (added in lOO-nL 
aliquots) for increasing periods of time before filtration. 
Nonspecific binding was defined as the counts in the 
presence of 300 yM (2).sulpiride. The final incubation 
volumes were 500 pL. To determine the dissociation rate. 
the membrane preparations were incubated for 30 min to 
achieve equilibrium, and specifically bound [‘H]raclopride 
was then measured at increasing times after the addition 
of 500 PL of buffer containing unlabeled (+)-butaclamol 
(1 PM final concentration; final incubation volume, 1 mL). 
The curves shown in (A) were obtained using a 1 nM 
concentration of [‘Hlraclopride. (B) The kinetic studies 
were conducted at five radioligand concentrations (0.5 to 
3 nM). and the /robs was determined for every concentration. 
The association rate constant (k,,) was the slope of kaba 
versus ligand concentration, and the intercept gave the 

dissociation rate constant (k-,). 

and could be described by a two-site model with 
around 60% of binding to a high-affinity site (DZhigh) 
and 40% to a low-affinity site (D2’0w). The addition 
of ions to the buffer did not alter the nH values for 
dopamine (0.53 ? 0.03 and 0.50 2 0.02 with NaCl 
and LiCl respectively). In fact, the presence of Na+ 
or Li+ diminished the affinity of dopamine for both 
the DZh’gh and the D *low states of the D, receptor 
(Table 3), whereas neither cation significantly altered 
the relative proportions (%RH and %R,) of these 
sites. The change in the affinity of the D, receptor 
for dopamine was more pronounced in the presence 
of sodium than in lithium. 

Effects of guanine nucleotides on the competition 
of [ Hlraclopride by dopamine. Since guanine 
nucleotides have been shown to modulate the binding 
of agonists to Dz receptors, the effect of 100~~M 
Gpp(NH)p was examined on dopamine competition 

curves for [“Hlraclopride in rabbit neostriatum If 
the buffer only contained sucrose. the guanine 
nucleotide Gpp(NH)p did not influence significantly 
the competition of dopamine for [“Hlraclopride 
binding sites (Table 4). The curves. however, were 
shallow with Hill coefficients of less than one (about 
OS) and could be again best described by a two-site 
model. When analyzed for a two-site binding model, 
Gpp(NH)p (100 PM) did not alter significantly either 
the proportion of Dqh’ah and D:““’ states of the DZ 
receptor or the affinity of dopamine for these sites 
(Table 5). In contrast, the addition of Gpp(NH)p to 
buffer containing 120 mM NaCl or LiCl significantly 
reduced the potency of dopamine to compete for 
the DZ receptor labeled with [‘Hlraclopride. 
Interestingly, the Hill coefficients of these com- 
petition curves in Gpp(NH)p were increased to 0.62 
and 0.64 (Table 4). The analysis of these data 
assuming a two-site model indicated that the presence 
of Gpp(NH)p resulted in a decrease in the percentage 
of high-affinity (RH) sites (a shift from 60 to 30%), 
whereas the affinities of the remaining DZh’rh and 

D2 ‘W sites did not change (Table 5). These findings 
indicate that, in the presence of NaCl or LiCl, 
guanine nucleotides can convert Dz receptors from 
high-affinity to low-affinity states. These observations 
also imply that, depending on the ions and/or 
nucleotide present. [‘Hlraclopride can label two 
states of the D2 receptor that is coupled via a G 
protein to adenylate cyclase. 

DISCUSSION 

The binding of agonists to the Dz receptor is 
known to be regulated by Na’ [24,25] and guanine 
nucleotides [lo, 261 as well as being sensitive to 
pertussis toxin [3]. suggesting that this receptor is 
linked to an inhibitory G protein. Antagonist binding 
is generally unaffected by the addition of Na+ or 
Gpp(NH)p to the incubation buffer; however, Na+ 
has been found to be an absolute requirement for 
binding of the benzamide series of Dz antagonists 
[12,27-291. This effect was found to be specific and 
only lithium could partially replace sodium [13]. In 
accordance with these findings, the addition of Na+ 
to the incubation medium enhanced the binding of 
the novel benzamide [ 3H]raclopride to Dz receptors 
in rabbit neostriatum in a concentration-dependent 
manner. The substitution of Li+ for Na+ produced 
a similar elevation in binding, although lithium was 
only about 50% as effective as sodium in this respect. 
In contrast to these two ions, the presence of 
increasing concentrations of KC1 (up to 150 mM) in 
the incubation buffer did not alter significantly 
[ “Hhaclopride binding, although the highest doses 
(120 and 150 mM) resulted in a slight and negligible 
elevation in the number of counts (Fig. 1). A similar 
Na+/K+ regulation of [‘H]raclopride binding to Dz 
receptors in the primate frontal cortex has been 
reported recently [16], and in both rat and rabbit 
neostriatum specific f3H] raclopride binding was 
sodium-dependent 1151. In the present study, the 
ability of Na+ and Li+ to augment [3H]raclopride 
binding appears to be related primarily to a change 
in the affinity of the ligand for the D2 receptor. The 
saturation binding isotherms for [ 3H]raclopride 
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Table 2. Inhibition by dopamine and (+)-butaclamol of specific [3H]raclopride binding to 
membranes from rabbit neostriatum in buffers with different ionic composition 

1743 

Dopamine (+)-Butaclamol 

NaCl 
LiCl 
Sucrose 

IC5a Hill coefficient 
N (nM) @HI 

4 568.6 + 31.7*t 0.535 -c 0.033 
4 352.6 + 45.4 0.502 -c 0.023 
4 263.6 * 73.5 0.558 ” 0.053 

lC50 

(nM) 
Hill coefficient 

(Rf) 

9.93 2 1.58 1.08 + 0.03 
6.29 2 0.27 1.35 2 0.06 
9.07 4 1.93 0.90 -t 0.02 

The inhibition of raclopride binding was determined by incubating the membrane preparations 
from rabbit neostriatum with 1 nM [3H]raclopride in the presence of 15-20 concentrations (lo-‘* 
to 10e3 M) of the corresponding unlabeled drug. Values are the means k--SE of four (N) separate 
experiments, each performed in triplicate. In all cases, nonspecific binding was determined as the 
counts in the presence of 300 PM (k)- sulpiride. The incubation medium was Tris-Cl buffer (50 mM 
at pH 7.4) with 5 mM KC1 containing either 120 mM NaCl, 120 mM LiCl or 120 mM sucrose. 
The K& values were obtained by the iterative analysis INHIBITION [22,23] and the pseudo-Hill 
coefficients (nH) were the slopes of the log [B/(B,,, - E )] versus the log of the concentration of 
competing drug. 

*,t Significant differences were determined by one-way analysis of variance (ANOVA): 
*P < 0.01 between “NaCl” and “LICI”; and tP < 0.01 between “NaCl” and “Sucrose”. 

Table 3. Inhibition by dopamine of specific [‘Hlraclopride binding to membranes from rabbit 
neostriatum in buffers with different ionic composition 

N (2) (z$ % RH % RL KLIKH 

NaCl 4 91.47 2 26.41* 4532 + 872 58.1 2 3.0 41.9 k 3.0 46.5 
LiCl 4 48.86 2 5.59 2482 k 668 56.4 + 4.5 43.6 k 4.5 50.8 
Sucrose 4 45.45 k 14.14 1970 * 619 67.1 ‘- 7.6 32.3 +- 1.6 43.3 

Values are the means *SE of four (N) separate experiments, each performed in triplicate. In 
all cases, nonspecific binding was determined as the counts in the presence of 300 PM (k)- 
sulpiride. The incubation medium was Tris-Cl buffer (50 mM at pH 7.4) with 5 mM KC1 containing 
either 120 mM NaCI, 120 mM LiCl or 120 mM sucrose. The competition parameters for a two- 
site model were obtained by the analysis LIGAND [19,20]. KH = dissociation constant of the 
high-affinity (Dzh’““) site in nanomolar; KL = dissociation constant of the low-affinity (Dp’“) site 
in nanomolar; % R, = percentage of D2 h’gh sites; and %R, = percentage of DF sites. The ratio 
between the dissociation constants of the low- and high-affinity binding sites is given as KL/KH, 
* Significant differences were determined by one-way analysis of variance (ANOVA); P < 0.05 

between “NaCI” and “Sucrose”. 

Table 4. Inhibition by dopamine of [3H]raclopride binding to membranes from rabbit 
neostriatum in the presence of different ions with and without Gpp(NH)p 

NaCl 

LiCl 

Sucrose 

Control 
GPP(NH)P 

Control 
GPP(NH)P 

Control 
GPP(NH)P 

(Z) 

525 2 24.8 
2337 2 342.2* 

410 2 72.2 
1597 rt 260.1* 

290 rt 105.6 
542 -+ 304.4 

Hill coefficient 
@H) 

0.593 k 0.023 
0.617 2 0.055 

0.509 4 0.020 
0.640 * 0.046 

0.520 ” 0.075 
0.509 + 0.103 

The inhibition of raclopride binding was determined by incubating the membrane 
preparations from rabbit neostriatum with 1 nM [3H]raclopride and increasing 
concentrations of dopamine (15-20 concentrations; from lo-‘* to 10e4 M) in the presence 
or absence of the guanine nucleotide S’-guanylylimidodiphosphate (Gpp(NH)p; 
100 PM). Values are the means *SE of three (N) separate experiments, each performed 
in triplicate. In all cases, nonspecific binding was determined as the counts in the 
presence of 300 ,uM (k)-sulpiride. The incubation medium was Tris-Cl buffer (50 mM 
at pH 7.4) with 5 mM KCI containing either 120 mM NaCl, 120 mM LiCl or 120 mM 
sucrose. 

The lcso values were obtained by the iterative analysis INHIBITION [22,23], and 
the pseudo-Hill coefficients (q,) were the slopes of the log [B/(B,,, - B)] versus the 
log concentration of competing drug. 

* Statistical significance between the values obtained in the absence (control) and in 
the presence of guanine nucleotide was determined by Student’s r-test: P < 0.001. 
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Table 5. Effects of Gpp(NH)p on the inhibition by dopamine of specific [3H]raclopride binding to 
membranes from rabbit neostriatum in buffers of different ionic composition 

N (ii, (rfi) t&R, %R, &I/R, 

NaCl 3 Control 137.1 c 37.6 5612 it 1330 62.0 2 3.8 38.0 2 3.8 1.63 
GPP(NH)P 138.9 -+ 69.1 5312 ;t 826 34.7 f 1.2* 65.3 + 1.2* 0.53 

LiCl 3 Control 47.3 2 4.2 1794 ir 603 53.6 + 8.2 46.4 ? 8.2 1.16 
GPP(NH)P 48.7 2 15.3 2377 ;t 217 23.9 12.5t 76.1 2 2.57 0.31 

Sucrose 3 Control 24.9 k 5.2 1432 + 630 59.1 ? 8.6 40.9 3 8.6 1.44 
GPP(NH)P 50.0 t 28.4 1176 + 660 46.2 + 13.4 53.8 T 13.4 0.86 

Values are the means *SE of three (N) separate experiments, each performed in triplicate. In all 
cases, nonspecific binding was determined as the counts in the presence of 300 pM (k)-sulpiride. The 
incubation medium was T&-Cl buffer (50 mM at pH 7.4) with 5 mM KC1 containing either 120 mM 
NaCI, 120 mM LiCl or 120 mM sucrose. The competition parameters for a two-site model were obtained 
by the analysis LIGAND [19,20]. KH = dissociationconstant of the high-affinity (Dzh’@) site in nanomolar; 
lu, = dissociation constant of the low-affinity (Dp) site in nanomolar; %R, = percentage of D,“‘gh sites; 
and %& = percentage of D2 
given as RJR,_. 

‘Ow sites. The ratio between the proportion of DZhiRh sites to D,‘*‘+ sites is 

*,t Statistical significance between the values obtained in the absence (control) and in the presence 
of guanine nucleotide was determined by Student’s t-test; (*) P < 0.01 and (t) P < 0.05. 

performed in buffers containing Na+, Li+ or sucrose 
revealed that both cations significantly increased the 
affinity of this ligand for the Dz receptor. Furthermore 
the affinity change occurring in the presence of Li+ 
was two times smaller than that found with Na+. 
This observation was consistent with the more 
modest ability of lithium to enhance [3H]raclopride 
binding throughout this study. An unexplained 
finding was that, in contrast to saturation binding 
curves, the association and dissociation kinetics did 
not reveal important changes in the apparent Kd 
between Na+ and Li+. However, it could be possible 
that since saturation experiments are carried out at 
equilibrium at a time when the rate of association is 
stable, the faster rate of dissociation of [3H]raclopride 
found in the presence of Li+ is reflected as a much 
lower affinity for the receptor in this buffer. It can 
also be recalled that cations attenuate the dissociation 
of [3H]spiperone from the D2 receptor 1301. This 
mechanism may also be valid for [3H]raclopride and, 
in fact, the dissociation of ligand was slowest in the 
incubation buffer containing Na+. 

As mentioned above, the binding of agonists to 
the D2 receptor was sensitive to the addition of Na+ 
to the incubation medium. In accordance with these 
data, the affinity of dopamine to compete with 
~3H]raclopride binding was decreased in the presence 
of Na’ or Li+. In contrast, the binding of the 
dopaminergic antagonist (+)-butaclamol was not 
influenced by the addition of NaCI. The alteration 
in the affinity of the D, receptor for dopdmine 
appeared to be related to a loss of affinity for both 
the Dzhi@’ and Dziow sites and not due to the 
conversion of the two states of the D2 receptor as 
reported for [3H]spiperone [ll] or ~3~]domperidone 
[31]. Despite the claim by Niznik and coworkers [29] 
that the affinity of ADTN for the Dz receptor Iabeled 
by [3H]YM-09151-2 was decreased in the presence 
of Na+ due to the reduction in the amount of high- 
affinity binding, only 5% of D*hish sites were in fact 
lost. However, Na+ produced an approximately 8- 
fold decrease in the affinity of dopamine for the 

high-affinity state of the receptor. This finding is in 
accord with the present data and suggests that Na+ 
may alter the binding of agonists to the D2 receptor 
via a different mechanism for receptors labeled by 
[3H]spiperone than for those labeled with the 
benzamide series of antagonists. Alternatively, the 
discrepancy between these data may be related to 
the absolute requirements of the benzamide 
compounds for Na+. In contrast to spiperone and 
other classic neuroleptics, the presence of sodium 
increases the affinity of the benzamide series of 
antagonists for the D, receptor [12.32] but decreases 
the affinity of dopaminergic agonists for this site. 
These paradoxical actions of sodium ions on Dz 
receptors labeled with [3H]benzamides may influence 
the mechanism by which this cation exerts its effect 
on agonist binding. 

Guanine nucleotides regulate the sensitivity of 
adenylate cyclase to neurotransmitters probably 
through the coupling of the receptor with cvclase 
[3-51. The apparent affinity for agonist binding to 
dopamine receptors in brain is decreased in the 
presence of guanine nucleotide and this loss of 
affinity appears to be due to the conversion of 
high-affinity sites to low-affinity sites [lo. 261. 
Interestin~y, in the absence of Na*. guanine 
nucfeotides have iittle influence on the proportion 
of the two states of the DZ receptor, suggesting that 
cations are required before this conversion can occur 
[11,30,33]. These findings are consistent with the 
observations of the present study (Tables 4 and 5), 
which reveal that in the absence of cations 100pM 
Gpp(NH)p had little influence on the affinity of 
dopamine to compete with [3H]raclopride. On the 
other hand, the addition of either Na+ or Li.’ to the 
incubation buffer containin 

Q 
Gpp(NH)p resulted in 

a significant loss of DZhis sites. The effect of 
Gpp(NH)p was specific for the agonist (i.e. 
dopamine) since the presence of this nucleotide did 
not influence the maximum level of [3H]raclopride 
binding. The specific influence of guanine nucleotides 
has been shown for other D2 ligands 111,341. The 
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loss of DZhigh sites documented in this study was not 
complete, however, and around 20-30% of high- 
affinity sites remained after treatment with 
Gpp(NH)p. Whether guanine nucieotides are able 
to induce total conversion of Dz receptors is a matter 
of ~ntrove~y at present. 

The effects of Na+ and Li’ on the binding 
properties of [3H]raclopride and the agonist binding 
to the Dz receptor labeled by this ligand were 
qualitatively similar. These findings indicate that 
these cations may act at the same site of the ligand- 
receptor complex. The receptor-mediated inhibition 
of adenylate cyclase is dependent on the presence 
of sodium ions which enhance the coupling of the 
receptor to a Gi protein [35]. The mechanism of this 
action is unknown, but it has been proposed that 
these ions may compete with magnesium for a 
binding site located on the catalytic unit of the G 
protein 1361. Throughout the present study, binding 
of ~3H]raclopride in medium containing Li’ was 
around 50% of that found in the presence of Na+, 
suggesting that lithium could only partially replace 
sodium. This finding is consistent with binding of 
[3H~sulpi~de to rat striatal membranes, where the 
substitution of Na+ by Li* resulted in a reduction in 
specific binding to around 55% of maximum [32]. 

In summary, this study revealed that ~3~]racloptide 
binding to D2 receptors in rabbit neostriaum was 
dependent upon the presence of either Na+ or Li+, 
but not K+, in the incubation buffer. Such an ionic 
dependency isconsistent with that of other benzamide 
antagonists. The affinity of dopamine to compete 
for the D2 receptor labeled by [3H~raclopride was 
also influenced by the presence of Na+, Li” and the 
non-hydrolyzable guanine nucleotide Gpp(NH)p. In 
all circumstances, Li+ had an effect similar to that 
of Nat on both agonist and antagonist binding, 
suggesting that this cation was acting at the same 
site as sodium. The results show both agonist and 
antagonist affinity changes for the D2 binding site 
labeled with this benzamine compound. The findings 
also show the importance of the incubation buffer 
used in binding studies [15] as well as the ionic 
influence on the kinetic parameters. These issues 
should be taken into account when using [3H]- 
raclopride for in U&Q binding experiments as well 
as for the in uiuo labeling by positron emission 
tomography of dopamine receptors. 
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