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Abstract-The radiolabeled antagonists 3H RX 781094 and 3H rauwolscine bind with high affinity to CY~ 
adrenergic receptors as well as to non-receptor sites in human and rabbit brain cortex membranes. 
These non-receptor sites form an important contaminant of the specific binding when non-specific 
binding is determined in the presence of 10pM phentolamine or more. While phentolamine is no 
suitable ligand to discriminate both sites, (-)-epinephrine displays a sufficient affinity ratio to separate 
radioligand binding to these sites. When 1 PM (-)-epinephrine is used for the determination of the 
non-specific binding, both radioligands bind specifically to ai receptors. Under these conditions, 3H 
rauwolscine and 3H RX 781094 bind to the same amount of non-cooperative sites; binding isotherms 
for human brain are B,, = 113 +- 15 fmol/mg protein and Kd = 22.8 2 4.2 nM for 3H RX781094 and 
B mm = 110 2 17 fmol/mg protein and Kd = 4.7 + 2.5 nM for ‘H rauwolscine. 

Competition binding experiments show, for both radioligands and in both species, the typical 
pharmacological potency order of ai adrenergic receptors, i.e. phentolamine > yohimbine > prazosin 
for the antagonists and UK 14304 >p-aminoclonidine 2 (-)-epinephrine > (+)-epinephrine > iso- 
proterenol for the agonists. Whereas the aj receptor sites display high affinity and stereoselectivity 
towards (-)-epinephrine and (+)-epinephrine, the non-receptor sites bind both epinephrine isomers 
with equal low affinity. Specific binding of both radioligands to these sites can be determined when total 
binding is performed in the presence of 1 PM (-)-epinephrine and non-specific binding the presence of 
1 mM phentolamine. 3H rauwolscine binding to the non-stereoselective sites can be displaced with high 
affinity by 5-HT, suggesting binding to a 5-HT,-receptor. The 3H Rx 781094 binding displays low affinity 
for most [Y adrenergic ligands and do not correspond to /3 adrenergic, dopaminergic or serotonergic 
receptors. 

cu2 Adrenergic receptors are present in the central 

nervous system [l] as well as in a wide range of other 
tissues and blood platelets [2]. These receptors have 
been implicated in diverse physiological functions, 
including blood pressure [3], antinociception [4], 
locomotor activity [5], platelet aggregation [6], gas- 
trointestinal motility and secretion [7], memory [8], 
anxiety [9] and sexual activity [lo]. At the level 
of the cell membrane, these receptors have been 
demonstrated to mediate inhibition of the adenylate 
cyclase activity [l] and to stimulate Na+/H+- 
exchange [ll]. 

Initial attempts to characterize these receptors 
directly by binding of the radiolabeled antagonist 3H 
dihydroergocryptine were hampered by the lack of 
selectivity of this compound towards the ei and g 
receptor subtypes [ 11. More recently, successful char- 
acterization of the a2 adrenergic receptors has been 
reported using more selective radiolabeled agonists 
such as 3H clonidine [12] and 3H UK 14304 6131 and 
antagonists such as 3H yohimbine [14], H rau- 
wolscine [lo] and 3H RX 781094 [15]. Agonist satu- 
ration binding curves often display curvilinear 
Scatchard plots. This phenomenon is based on the 
agonist’s ability to distinguish between two affinity 
states of the receptor: the receptor molecules that 
are coupled to the adenylate cyclase inhibitory pro- 

tein (GJ possess high affinity while the free receptors 
have low affinity. The complications inherent to 
agonist binding can be overcome by use of the g 
selective antagonists since they bind with equal affin- 
ity to the total receptor population. 

3H Rauwolscine shows a SO-fold higher CL~/(Y~ sel- 
ectivity ratio than 3H yohimbine so that the former 
radioligand appears to be more suitable for the 
specific labeling of cu2 receptors. Despite their quite 
different chemical structure 3H rauwolscine and 3H 
RX 781094 shows comparable affinity and a high a2/ 
a1 selectivity. Nevertheless, a growing number of 
studies suggest that the q adrenergic receptors may 
comprise subpopulations with different affinity for 
these radioligands [4,7,16,17]. Recently, Boyajian 
et al. [18, 191 evidenced that the distribution in rat 
brain of a2 receptors labeled by 3H rauwolscine was 
distinct from that labeled by 3H RX 781094. More- 
over, these authors concluded that 3H rauwolscine 
labeled only part of the 3H RX 781094 binding sites. 
In this study we demonstrate that 3H rauwolscine 
and 3H RX 781094 bind to an equal number of 
cu2 adrenergic receptors in human and rabbit brain 
cortex membranes when non-specific binding is 
determined under appropriate conditions, i.e. in the 
presence of 1 PM (-)-epinephrine. However, when 
non-specific binding is measured in the presence of 
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Table 1. Saturation binding of ‘H rauwolscine and ‘H RX 781094 to phentolamine (10 PM) displaceable 
sites in human and rabbit brain cortex membranes 

Saturation binding characteristics for phentolamine displaceable binding: 

‘H rauwolscine ‘H RX 781094 

Species Ki B max %l K, B max %I 

Human 7.5 k 1.7 2222 17 0.96 ? 0.08 16.4 2 5.6 164 2 15 1.01 2 0.03 
Rabbit 10.0 2 1.0 213 + 29 1 .oo t 0.05 7.3 2 2.9 160 + 26 1.01 + 0.05 

Membranes were incubated with increasing concentrations of jH rauwolscine or ‘H RX 781094. 
Specific binding (total binding minus non-specific binding, determined in the presence of 10pM 
phentolamine) was analysed by nonlinear least square fitting using LIGAND. The resulting Kd and 
B,,, values are expressed in nM and fmol/mg of protein respectively, and nH is the calculated Hill 
coefficient. The saturation binding data are expressed as means and SEM of three experiments. 

10 ,uM phentolamine, a condition often reported in 
the literature, the specific binding of both radio- 
ligands also includes high affinity sites which are 
distinct from adrenergic receptors. 

MATERIALS AND METHODS 

Materials. 3H2-(2-( 1,4-benzodioxanyl)-2-imidazo- 
lin HCl, 3H RX 781094 (i.e. 3H idazoxan, 4OCi/ 
mmol) was obtained from Amersham (UK) and 3H 
rauwolscine (74 Ci/mmol) from New England 
Nuclear (Boston, MA). (-)- and (+)-Epinephrine 
bitartrate, (-)-isoproterenol hydrochloride and (-C)- 
propanolol hydrochloride were obtained from Sigma 
(St Louis, MO). Yohimbine hydrochloride was pur- 
chased from Aldrich Chemical Company Inc. (Mil- 
waukee, WI). (+)-Butaclamol hydrochloride from 
Research Biochemical Inc. The following were 
obtained were obtained as generous gifts: phen- 
tolamine hydrochloride (Ciba Geigy, Switzerland), 
prazosin hydrochloride (Pfizer Central Research, 
U.S.A.), UK 14304 tartrate (Pfizer Central 
Research), mianserin hydrochloride (Organon, The 
Netherlands), p-aminoclonidine hydrochloride 
(Boehringer Mannheim, F.R.G.), RX781094 hydro- 
chloride (Reckitt and Colman, U.K.) and SCH 23390 
maleate (Schering Corporation, Belgium). 

Membrane preparation. Rabbit brains were 
obtained in a local slaughterhouse and kept in ice dur- 
ing transportation. Human brains were provided by 
the University Hospital. Brains from three individuals 
aged 65-74, who died suddenly from heart attacks 
were removed within 5 hr after death and immedi- 
ately frozen at -30”. All manipulations were per- 
formed at O-4”. The cerebral cortex area was 
dissected and homogenized with an ultraturax for 
15 set in 10 vol. of 10 mM Tris-HCl (pH 7..5)/10 mM 
MgC&/0.25 M sucrose (sucrose buffer). This sus- 
pension was further homogenized with a motor- 
driven Potter Elvehjem homogenizer (10 strokes at 
maximum speed). The homogenate was centrifuged 
at 2000g for 15 min. The pellet was resuspended in 
sucrose buffer and centrifuged at 2000g. All super- 
natants were pooled and centrifuged at 29,000 g for 
20 min. The resulting pellets were washed three times 
by centrifugation as above, suspended in 50 mM 
Tris-HCI (pH 7.5)/10 mM MgC12 containing 10% 
(v/v) glycerol and stored in liquid nitrogen. Protein 
concentrations were determined according to Lowry 
et al. [20] using bovine serum albumin as standard. 

Binding of 3H rauwolscine and 3H RX781094. The 
binding was performed as described previously for 
calf retina membranes [17]. Briefly, membrane pro- 
tein (1 mg/ml) was incubated with the indicated con- 
centration of 3H rauwolscine or 3H RX 781094 for 
15 min at 37” in 50 mM Tris-HCl (pH 7.5)/10 mM 
MgCl* in a final volume of 500 ~1. At the end of the 
incubation, the samples were filtered under reduced 
pressure through glass fiber filter (Whatman GF/B) 
and rapidly washed four times with 4 ml of ice-cold 
buffer. The amount of radioligand remaining on the 
filters was determined by liquid scintillation 
counting. Non-specific binding was obtained as 
described in Results. 

Data analysis. Binding isotherms were analysed by 
nonlinear least square curve fitting with the program 
“LIGAND” [21] to determine the maximum number 
of sites (B,,,) and equilibrium dissociation constants 
cKd Or K!). 

RESULTS 

Characterization of LYE adrenergic receptors by 
binding of the radiolabeled antagonists 3H RX 
781094 and 3H rauwolscine is often carried out using 
10 PM phentolamine for the determination of non- 
specific binding [ll, 22,231. Under these conditions, 
saturation binding of both radioligands occurs to one 
class of non-cooperative sites on membrane prep- 
arations from rabbit and human brain cortex (Table 
1). However, the number of binding sites for 3H 
rauwolscine exceeds those for 3H RX 781094 by 
approximately 35% in both membrane preparations. 
This excess is significant in both preparations (t-tests 
yield P < 0.001 for human brain and P < 0.05 for 
rabbit brain). Competition binding experiments were 
performed to investigate this discrepancy. 

The competition binding curves for phentolamine 
and for the agonists (-)- and (+)-epinephrine are 
similar for human and rabbit brain cortex membrane 
preparations. As illustrated in Fig. 1 for human 
brain, maximal displacement of 3H rauwolscine and 
3H RX 781094 binding is only achieved in the pres- 
ence of 1 mM phentolamine. Moreover, the com- 
petition bindin curves of phentolamine are shallow 
(nH = 0.64 for ! H rauwolscine and nH = 0.47 for 3H 
RX 781094, non-specific binding being measured in 
the presence of 1 mM phentolamine), suggesting the 
presence of sites with different affinity for this cy 
adrenergic antagonist. Nonlinear regression analysis 
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epinephrine are shallow as well (Fig. 1). Whereas 
epinephrine displays stereoselectivity at concen- 
trations below 1 PM, both curves become super- 
imposable at higher concentrations. Two site analysis 
of these curves reveals equal proportions of stereo- 
selective and non-stereoselective components of the 
total displaceable binding (Table 2). 

-10 -9 -8 -1 -6 -5 
LOG COMPETITOR CONCENTRATION (t-i: 

-3 

Fig. 1. Phentolamine and (-)- and (+)-epinephrine com- 
petition binding curves on human brain cortex. Membranes 
were incubated with 15 nM ‘H RX 781094 (upper panel) 
or 5 nM 3H rauwolscine (lower panel) in the presence 
of increasing concentrations of phentolamine (0), (-)- 
epinephrine (m) and (+)-epinephrine (0). Binding shown 
corresponds to total binding and is expressed in percentage 
of control bindings, i.e. binding in presence of buffer only. 
Data shown are means of three experiments, each per- 
formed on a different membrane preparation and in 
duplicate. The mean standard deviations of the percentages 

averaged 3%. 

indicates significant fitting of these curves to a two 
site model, both being present in about equal amount 
(Table 2). The competition binding curves of the 
agonist (-)-epinephrine and its enantiomer (+)- 

The stereoselective sites can be characterised using 
1 PM (-)-epinephrine for the determination of non- 
specific binding since its competition curve displays 
a distinct plateau at this concentration. Alterna- 
tively, the phentolamine displaceable, non-stereo- 
selective sites can be characterized by determination 
of the total binding in the presence of 1 PM (-)- 
epinephrine and non-specific binding in the presence 
of 1 mM phentolamine. Since stereoselectivity is a 
crucial property of the a2 adrenergic receptors, the 
3H rauwolscine and 3H RX 781094 saturation binding 
experiments were reassessed accordingly. As a typi- 
cal example, Fig. 2 depicts the 3H rauwolscine and 
3H RX 781094 saturation binding curves for human 
cortex membranes, determined either in buffer 
alone, in the presence of 1 PM (-)-epinephrine or 
in the presence of 1 mM phentolamine. Interestingly, 
binding in the presence of 1 FM (-)-epinephrine 
does not increase linearly with the radioligand 
concentration. Hence, the saturation binding par- 
ameters of the stereoselective sites can only be cal- 
culated adequately if the non-specific binding is 
determined for every radioligand concentration. The 
binding parameters of 3H rauwolscine and 3H RX 
781094 for the stereoselective sites are given in Table 
3. They behave as a single class of non-cooperative 
sites and the B,, values for both radioligands are 
now identical, i.e. approximately 110 fmol/mg pro- 
tein in human cortex and 120 fmol/mg protein in 
rabbit cortex. In contrast to the saturation binding 
curve obtained in the presence of 1 PM (-)-epine- 
phrine, binding in the presence of 1 mM phen- 
tolamine increases linearly with the radioligand 
concentration (Fig. 2). The binding parameters of 
3H rauwolscine and 3H RX 781094 for the non- 
stereoselective sites are given in Table 4. The linear 

Table 2. Phentolamine and (-)- and (+)-epinephrine competition binding parameters in human and 
rabbit brain cortex 

Compound 

Binding parameters for competing with: 

3H rauwolscine 3H RX 781094 

Kh (nM) Ki (PM) & (%) & (nM) K, (PM) Rh (%) 

Human 
Phentolamine 
(-)-Epinephrine 
(+)-Epinephrine 

4.9 -+ 0.8 0.75 ” 0.05 53 f 8 23 r 2 17 2 2 50 f 7 
5.9 -+ 1.1 55-20 4426 4.9 r 2.5 68 2 7 50 k 3 
77 -t 23 60 -+ 15 48 f 4 34 r 6 146 -r- 75 46 2 3 

Rabbit 
Phentolamine 
(-)-Epinephrine 
(+)-Epinephrine 

3.7 k 0.3 1.3 k 0.6 49 -e 6 8.2 f 0.9 10 -r- 2 3127 
5.3 +- 0.6 45 r 6 43 ” 5 3.5 -t- 0.6 200269 43 2 6 
44t 13 114 r 45 50 + 6 21 k 9 4OO-tlOo 45 * 4 

Competition binding experiments were performed as in Fig. 1 and analysed by nonlinear regression 
analysis with LIGAND. All curves could be analysed according to a two site model (P < 0.01) to yield 
the percentage of high affinity sites (Rh) and the K, values for the high (KJ and low (KJ affinity sites. 
The values are means and SEM of three experiments. 
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Fig. 2. Saturation binding curves for 3H rauwolscine and ‘H RX 781094 on human brain cortex. 
Membranes were incubated with increasing concentrations of ‘H rauwolscine (A) or ‘H RX 781094 (B), 
either in buffer alone (O), in the presence of 1 PM (-)-epinephrine (0) or in the presence of I mM 
phentolamine (Cl). Insert: Scatchard plots of the saturation binding data in this figure. Specific binding 
of the radioligand (B, in pmol/mg protein) was calculated as follows: for the stereoselective sites (0): 
total binding minus binding in the presence of 1 PM (-)-epinephrine; for the non-stereoselective 
sites (0): binding in the presence of 1 FM (-)-epinephrine minus binding in the presence of 1 mM 
phentolamine). F is the concentration of free radioligand (in nM). The means 2 SEM of the K,, and 

B,,,,_ values are given in Tables 3 and 4. 

Table 3. Saturation binding of ‘H rauwolscine and ‘H RX 781094 to the stereoselective sites in human 
and rabbit brain cortex membranes. 

Saturation binding characteristics for the stereoselective sites (q adrenergic receptors): 
‘H rauwolscine ‘H RX 781094 

Species KC/ B rm,i\ nri Kc, B mix nH 

Human 4.7 -+ 2.5 110 t 17 0.96 2 0.05 22.8 5 4.2 113 * 15 1.00 * 0.08 
Rabbit 13.7 + 2.0 120 2 24 1.02 2 0.03 18.5 _f 3.2 119 f 16 0.96 ? 0.06 

Binding was calculated as described in the legend of Fig. 2. The data were analysed according to the 
legend of Table 1. The resulting Kd and B,,, values are expressed in nM and fmol/mg of protein 
respectively, and nH is the calculated Hill coefficient. Values are means and SEM of three experiments. 



jH Rauwolscine and 3H RX 781094 binding to LY* receptors and non-adrenergic sites 459 

go1 , , . , , , ,I 
25. -10 -9 -0 -1 -6 -5 -I+ -3 

LOG COMPETITOR CONCENTRATION IM) 

Fig. 3. Phentolamine 3H rauwolscine competition binding 
in human cortex. Membranes were incubated with 5 nM ‘H 
rauwolscine and increasing concentrations of phentolamine 
either alone (0) or in the presence of 1 PM (-)-epinephrine 
(W). Binding shown corresponds to total binding and is 
expressed in percentage of control binding, i.e. binding in 
presence of buffer only. The standard deviations of the 

percentages averaged 4% (N = 3). 

Scatchard plots (r = 0.97 and 0.98, respectively, Fig. 
2) as well as the Hill coefficients (nH = 1.0 and 1.1, 
respectively) are indicative for a single class of non- 
cooperative sites. The Kd values of 3H rauwolscine 
and 3H RX 781094 for the non-stereoselective sites 
are comparable to those for the stereoselective sites 
(Tables 3 and 4). 

Competition binding studies were performed to 
characterize further the two populations of binding 
sites. Competition binding data for the stereo- 
selective sites were calculated by subtracting the 
curves obtained in the presence of 1 PM (-)-epi- 
nephrine from those in the absence of the agonist. 
As an example, the phentolamine/3H rauwolscine 
competition binding curve for the stereoselective 
sites in human cortex (Fig. 4A) is calculated from the 
original curves shown in Fig. 3. With the exception of 
the q antagonist prazosin, the apparent Ki values 
of the investigated competitors were comparable, 
regardless of the radioligand and the species (Table 
5). The Ki values for unlabeled RX 781094 and 
rauwolscine were similar to those obtained with their 
respective radioligands. The potency series for the 
adrenergic drugs are typical for aZ adrenergic recep- 
tors, i.e. phentolamine > yohimbine > prazosin for 
the antagonists and UK 14304 > p-aminoclonidine 2 
(-)-epinephrine > (+)-epinephrine > isoproterenol 
for the agonists. The antagonist competition binding 

curves are steep with nH values close to unity (Table 
5). In contrast, agonist competition binding curves 
are shallow (nH < 1). These data confirm that the 
stereoselective sites are identical for both radio- 
ligands and correspond to g adrenergic receptors. 

Binding properties for the non-stereoselective sites 
were evaluated by performing competition binding 
experiments in the presence of 1 PM (-)- 
epinephrine, non-specific binding being determined 
in the presence of 1 mM phentolamine. Typical 
examples of such competition binding curves are 
displayed in Fig. 4B and D. The Ki values determined 
with LIGAND, for most of the LY adrenergic ligands 
(Table 6), are much higher than those expected for 
q receptors. These data, along with the low affinity 
for prazosin, confirm the non-adrenergic character 
of the non-stereoselective sites in membranes from 
both human and rabbit brain cortex. Both radio- 
ligands, display for their respective cold ligands Ki 
values comparable to the Kd values obtained from 
saturation binding experiments. In contrast, the non- 
stereoselective sites of 3H rauwolscine and 3H RX 
781094 show low affinity for RX 781094 and rau- 
wolscine respectively. Moreover, the competition 
binding experiments with (?)-propranolol, Schering 
23390, (+)-butaclamol and mianserin illustrate that 
the non-stereoselective sites do not correspond to p 
adrenergic, D1 and D2 dopaminergic or S2 ser- 
otonergic receptors either (Table 6). Unlike 3H RX 
781094 binding, 3H rauwolscine binding can be 
inhibited with nanomolar affinity by 5HT, sug- 
gesting that the non-stereoselective sites correspond 
to S-HT1 receptors. 

DISCUSSION 

In this study we show that 3H rauwolscine and 3H 
RX 781094 bind with high affinity to aZ adrenergic 
receptors as well as to non-adrenergic sites in mem- 
brane preparations from rabbit and human brain 
cortex. The agonist (-)-epinephrine displays a high 
affinity ratio for both sites (from about 8000 for 3H 
rauwolscine in rabbit, to about 30,000 for 3H RX 
781094 in rabbit). (-)-Epine hrine 3H rauwolscine 
as well as (-)-epinephrine 3H RX 781094 com- P 
petition binding curves are clearly biphasic with a 
plateau around 1 ,uM. When this concentration of 
agonist is used for the determination of non-specific 
binding, both radioligands can be demonstrated to 
specifically label the aZ adrenergic receptors. These 
binding sites display affinity values and a phar- 

Table 4. Saturation binding of SH rauwolscine and ‘H RX 781094 to the non-stereoselective sites in 
human and rabbit brain cortex membranes 

Saturation binding characteristics for the non-stereoselective sites: 
3H rauwolscine 3H RX 781094 

Species & &*, &I Kd B max %I 

Human 9.9 ? 1.9 144 * 30 1.11 t 0.10 26.5 2 3.4 236 + 51 1.00 2 0.05 
Rabbit 9.0 + 3.2 66k 14 0.98 t 0.04 5.6 2 1.4 105 k 23 1.01 2 0.03 

Binding was calculated as described in the legend of Fig. 2. The data were analysed and according 
to the legend of Table 1. The resulting Kd and B,,, values are expressed in nM and fmol/mg of protein 
respectively, and it” is the calculated Hill coefficient. Values are means and SEM of three experiments. 
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Fig. 4. Phentolamine and (-)- and (+)-epinephrine competition binding curves for the stereoselective 
and non-stereoselective sites on human brain cortex. Membranes were incubated with 5 nM ‘H rau- 
wolscine (A and B) or 15 nM 3H RX 781094 (C and D) and increasing concentrations of (-)-epinephrine 
(W), (+)-epinephrine (0) and phentolamine (0) either alone or in the presence of 1 PM (-)-epinephrine. 
A and C: Binding to the stereoselective sites (i.e. binding in the presence of competitor minus binding 
in the presence of the same concentration of competitor plus 1 PM (-)-epinephrine) is expressed in 
percentage of control binding, i.e. binding in presence of buffer only minus binding in the presence of 
1 PM. (-)-Epinephrine. The competition binding parameters are given in Table 5. B and D: Binding 
to the non-stereoselective sites (i.e. binding in the presence of competitor and 1 PM (-)-epinephrine 
minus binding in the presence of the same concentration of competitor and 1 mM phentolamine) is 
expressed in percentage of control binding; i.e. binding in presence of 1 yM (-)-epinephrine minus 
binding in the presence of 1 mM phentolamine. The competition binding parameters are given in Table 

6. The mean standard deviations of the percentages averaged 7% (N = 3). 

macological rank order for different agonists and competition binding curves are steep, the agonist 
antagonists that is characteristic for CY~ receptors. curves are shallow. This is a well described phenom- 
These sites also show the required stereoselectivity enon for LX~ receptors, and can be interpreted by the 
for the epinephrine isomers. Whereas antagonist ability of the receptors with high agonist affinity to 

Table 5. Agonist and antagonist competition binding parameters for the stereoselective sites (ai adrenergic receptors) 
in human and rabbit brain cortex membranes 

Compound 

Competition binding characteristics for the stereoselective sites (ai receptors) labeled with: 
‘H rauwolscine 3H RX 781094 

Human Rabbit Human Rabbit 

Apparent K, %I Apparent K, nH Apparent K, nH Apparent K, nH 

Rauwolscine 6.0 0.94 8.5 0.92 27 0.98 10 1.01 
RX 781094 29 1.02 10 0.99 23 0.97 10 0.95 
Phentolamine 4.4 1.04 3.5 0.93 20 1.19 3.6 0.93 
Yohimbine 22 0.95 23 1.07 32 1.19 47 1.16 
Prazosin 3700 1.02 9200 1.07 99,000 1.05 58,000 1.06 
(-)-Epinephrine 5.1 0.73 5.7 0.65 3.2 0.77 3.1 0.74 
(+)-Epinephrine 79 0.82 42 0.84 34 0.73 23 0.63 
P-aminoclonidine 5.4 0.77 7.4 0.69 3.1 0.50 3.1 0.79 
UK 14304 1.6 0.68 1.1 0.57 0.6 0.60 0.9 0.67 
(-)-Isoproterenol 161 0.88 321 0.84 317 0.89 221 0.85 

Competition binding data were calculated as described in the legend of Fig. 4. K, (nM) values were determined by 
computer analysis with LIGAND. K, values for the agonists are only apparent since curves deviate from the simple law 
of mass action. The values are means of two to three experiments. 
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Table 6. Agonist and antagonist competition binding parameters for the non-stereoselective sites in 
human and rabbit brain cortex membranes 

Compound 

Competition binding characteristics for the non-stereoselective sites 
labeled with: 

3H rauwolscine (apparent K,) 3H RX 781094 (apparent K,) 

Human Rabbit Human Rabbit 

Rauwolscine 
RX 781094 
Phentolamine 
Yohimbine 
Prazosin 
(-)-Epinephrine 
(+)-Epinephrine 
P-aminoclonidine 
UK 14307 
(-)-Isoproterenol 
(?)-Propanolol 
Schering 23390 
(+)-Butaclamol 
Mianserine 
5-HT 

12 8.5 >O.l mM >O.l mM 
2501 485 43 37 

680 840 5000 2300 
530 370 49,000 66,000 

4400 9200 99,000 58,000 
41,000 69,000 51,000 >O.l mM 
54,000 >O.l mM 41,000 >O.l mM 

1600 2500 27,000 36,000 
1700 1900 59,000 5,000 

>O.l mM >O.l mM >O.l mM >O.l mM 
250 100 28,000 7,200 
290 460 85,000 2,000 
230 180 47,000 32,000 
390 280 13,000 26,000 

1.9 2.6 >O.l mM >O.l mM 

Competition binding data were calculated as described in the legend of Fig. 4. K, (nM) values 
were determined by computer analysis with LIGAND. Values are means from two to three 
experiments. 

undergo functional coupling to the adenylate cyclase 
inhibitory component Gi while the low agonist affin- 
ity sites reflect the uncoupled receptors [24]. This 
hypothesis is strengthened by our observation that 
the entire receptor population displays low agonist 
affinity in the presence of guanine nucleotides (data 
not shown), known to provoke dissociation of the 
receptor Gi complex. 

In both species, saturation binding studies with 
3H rauwolscine and 3H RX 781094 yield the same 
number of aZ adrenergic receptors. Since the non- 
adrenergic sites in rabbit and human cortex display 
high affinity for both radioligands as well, the non- 
specific binding determined in the presence of 1 PM 
(-)-epinephrine does not increase linearly with the 
radioligand concentration. Accordingly, adequate 
calculation of the saturation binding isotherms for 
the g receptors requires the determination of non- 
specific binding, and its subtraction from total bind- 
ing at every concentration of radioligand 
investigated. This implies also that computer assisted 
analysis of saturation binding curves with programs 
like “LIGAND” will provide incorrect binding iso- 
therms if the non-specific binding is chosen by the 
computer as a linear function of the radioligand 
concentration. Because of its higher affinity and 
lower non-specific binding, 3H rauwolscine appears 
to be more suitable than 3H RX 781094 for the 
investigation of LQ receptors in rabbit and human 
brain. 

The non-adrenergic, high affinity sites for 3H rau- 
wolscine and 3H RX 781094 can be characterized 
when total binding is measured in the presence of 
1 PM (-)-epinephrine and non-specific binding in 
the presence of 1 mM phentolamine. Although the 
Kd values of both radioligands for these sites are 
comparable to those for the a2 adrenergic receptors, 
they lack the desired stereoselectivity for epine- 

phrine and display only low affinity for a adrenergic 
agonists and certain antagonists such as 
phentolamine. In both human and rabbit cortex 
membranes, the non adrenergic 3H rauwolscine bind- 
ing sites are in approximately 50% excess over those 
labeled with 3H RX 781094 and both sites display 
marked differences in affinity for several of the drugs 
tested. 

The non-stereoselective sites of 3H rauwolscine 
might correspond to a 5-HT1 receptor, as reflected 
by the nanomolar affinity by 5-HT [4]. 5-HT1 Recep- 
tors are currently subdivided into four subclasses: 
~-HTIA to D. Very recently Broadhurst et al. [16] 
suggested that 3H rauwolscine binding to 5-HT1, in 
rat brain interferes with the binding to a2 adrener 

9 
ic 

receptors. These findings were based on biphasic H 
rauwolscine competition binding curves with 
spiroxatrine. On the other hand, rauwolscine has 
also been proposed to be a 5-HT1o ligand (251, and 
affinity of spiroxatrine has not been tested for the 5- 
HTm subtype. Full characterization of binding prop- 
erties of these non-stereoselective sites in human and 
rabbit brain will thus be required to determine the 
exact 5-HT, subtype of these sites (manuscript in 
preparation). 

The non-stereoselective sites of 3H RX 781094 do 
not correspond to any classical receptor and are 
distinct from the earlier described “imidazoline” 
binding sites [23] since imidazole-Cacetic acid failed 
to displace bound radioligand (data not shown). The 
nature of these sites still remains unclear, but due to 
the high affinity for 3H RX 781094, it cannot be 
excluded that they might be responsible for some 
clinical effects produced by these classes of 
antagonists. 

At least in human and rabbit cortex membrane 
preparations, 9 adrenergic receptors cannot be 
investigated properly when the non-specific binding 
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is measured in the presence of 10 ,uM phentolamine, 
a condition often reported in the literature 
[14,22,26,27]. Indeed, the K, values of phen- 
tolamine for the (Ye receptors and the non-adrenergic 
sites are less than 10pM. With an affinity ratio for 
both sites of less than a thousand, phentolamine does 
not provide an adequate discrimination at any other 
concentration either. Since our findings were similar 
in other buffer systems (no Mg’+, data not shown), 
the inappropriate use of phentolamine for the deter- 
mination of non-specific binding might also be the 
cause for some puzzling results. In this context, 
Boyajian et al. [lS, 191 recently reported differences 
in the autoradiographic distribution of 3H rau- 

wolscine and 3H RX 781094 binding sites in rat 
brain. Moreover, these workers concluded that 3H 
rauwolscine only binds to a subclass of the nZ adre- 
nergic receptors, identified by binding of 3H RX 
781094. Since non-specific binding was measured in 
the presence of 10 PM phentolamine, the possibility 
arises that their specific binding also included non- 
adrenergic site-. Taking into account that “H rau- 
wolscine is able to bind with high affinity to 5-HT1 
sites in human, rabbit and rat brain, these sites 
might be responsible for the observed differences in 
regional distribution of 3H rauwolscine and 3H RX 
781094 binding. 

In contrast, the use of phentolamine for the deter- 
mination of non-specific binding might be appro- 
priate in certain experimental conditions. This is well 
illustrated by a recent study on calf retina membranes 
[23]. In this tissue, both 3H rauwolscine and 3H RX 
781094 specifically labeled LY~ adrenergic receptors 
when non-specific binding was determined in the 
presence of 10pM phentolamine, whereas 3H rau- 
wolscine labeled additional sites as well when non- 
specific binding was recorded in the presence of (-)- 
epinephrine. These additional sites in calf retina 
membranes are clearly distinct from the non-adre- 
nergic “H rauwolscine binding sites present on human 
or rabbit cortex membranes [17]. Taken together, 
these studies clearly stress the importance of a correct 
evaluation of the non-specific binding whenever a 
new tissue is taken for the investigation of CY~ 
receptors. 

Dickinson et al. [22] recently reported that human 
LYE receptors might differ from those present in tissues 
from other mammalian species, including the rabbit. 
In this study, however, we have failed to observe 

major pharmacological differences between the 

receptors present in human and rabbit cortex, by 

using both 3H rauwolscine and “H RX 781094 as 

radioligands. Moreover, the number of receptor sites 

is about equal for both species. These findings indi- 

cate that the rabbit can be used as a suitable model 
system to investigate the interaction between LY, adre- 
nergic receptors and potential therapeutic drugs. The 
non-adrenergic sites, present in rabbit and in human 
brain cortex, also appear to be similar. 
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