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L ow-affinity conditions for agonists increase the binding of the
antagonist [°H]JRX 821002 to the ,c-adrenoceptor subtypes in human
brain and rat kidney
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Abstract

The mixture of 5-guanylylimidodiphosphate (Gpp(NH)p)/EDTA /NaCl has been used to delineate low-affinity conditions for
agonists binding to G-protein-linked receptors. The effects of this mixture on [*HJRX821002 (2-methoxyidazoxan) binding to
a,-adrenoceptors were evaluated in different tissues. The density of «,-adrenoceptors in the presence of the mixture was 11, 78 and 60%
higher in human cortex (predominant «,, ), human caudate (a,, + a,c) and rat kidney (a,, + a,g), respectively, than in its absence. In
rat kidney, masking of a,g-adrenoceptors by ARC239 (2-[2-[4-( o-methoxypheny!)-piperazin-1-yl]-ethyl]-4,4-dimethyl-1,3-(2H,4H)-iso-
quinolindione) (50 nM) or masking of «,,-adrenoceptors by BRL44408 (2-[2H-(1-methyl-1,3-dihydroisoindole)methyl]-4,5-dihydroim-
idazole) (100 nM) demonstrated that the increase was in the «,g-adrenoceptor but not in the a,,-adrenoceptor subtype. © 1997 Elsevier

Science B.V.
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1. Introduction

a,-Adrenoceptors are a group of receptors linked to
inhibitory G; ,, proteins. These receptors show high- and
low-affinity states for agonist drugs while antagonist drugs
display similar affinity at both receptor conformations
(Hoffman and Lefkowitz, 1980). Guanine nucleotides and
Na® regulate agonist binding to «,-adrenoceptors and
promote the low-affinity state (Michel et a., 1980). Since
the presence of two different affinity conformations of
a,-adrenoceptors makes the interpretation of agonist bind-
ing data difficult, a mixture of Gpp(NH)p/EDTA /NaCl is
usualy included in the incubation buffer as the optimal
condition to fully eiminate the high-affinity state for
agonists of «,-adrenoceptors (Uhlen and Wikberg, 1991).
However, some studies have reported that Na* and gua-
nine nucleotides also modulate antagonist binding to «,-
adrenoceptors (Limbird et al., 1982; Jagadeesh et a., 1990;
MacKinnon et al., 1993).
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Currently the «,-adrenoceptors are subdivided into three
subtypes, a,,-, a,5- and a,c-adrenoceptors, which are
expressed in different proportions in a wide range of
tissues (Bylund, 1992). In the human brain, the a,, -adren-
oceptor subtype is predominant in the frontal cortex
wheress the a,.-adrenoceptor is present in the caudate
(Grijalba et a., 1996). The rat kidney possesses both
a,s-and  a,g-adrenoceptors with a major proportion of
them being of the «,g-adrenoceptor subtype (Callado et
al., 1996).

The aim of the present study was to evaluate the effects
of low-affinity conditions on the binding of [*H JRX 821002
to the a,-adrenoceptors expressed in different tissues and
to assess whether such alterations are selective for any of
the described «,-adrenoceptor subtypes.

2. Materials and methods

Human brains were obtained at autopsy, dissected and
stored at —70°C. Male Sprague-Dawley rats (230—260 g)
were killed and their kidneys were excised and stored at
—70°C until assay.
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After thawing, P, fractions of membranes from human
prefrontal cortex and caudate head, and from rat kidney
were prepared as described (Callado et a., 1996; Grijalba
et a., 1996). The fina pellet was resuspended in an
appropriate volume of Tris incubation buffer (50 mM
Tris-HCI; pH 7.5) and protein levels were measured using
bovine serum albumin as the standard.

The binding assays for [*HJRX821002 were performed
as described previously (Callado et a., 1996; Grijaba et
al., 1996) by incubating 0.7-1.3 mg protein/ml of the
membranes in 550 Wl of a solution containing Tris incuba-
tion buffer with [*’H]JRX 821002 and different drugs for 30
min at 25°C. All the experiments were performed in the
presence or absence of a mixture containing Gpp(NH)p
(100 wM), EDTA (1 mM) and NaCl (140 mM). Incuba-
tions were stopped by diluting the samples and then filter-
ing and washing them on glass fiber filters which had been
presoaked with 0.5% polyethylenimine. The filters were
counted for radioactivity by liquid scintillation spectrome-
try. Non-specific binding, as estimated in the presence of
107°% M (—)-adrenaline, ranged from 5 to 39%.

Analyses of saturation isotherms (K 4, dissociation con-
stant; B, Maximum density of binding sites) were per-
formed by computer-assisted non-linear regression, using
the EBDA-LIGAND programs. Saturation data are ex-
pressed as the best fit value + standard error (SE.) ob-
tained from a computer-assisted simultaneous coanalysis
and the differences between binding conditions were made
statistically after constraining the two sets of data to share
B..x OF Ky parameters (F-test). In masking experiments,
values are given as the mean + standard error of the mean
(SE.M.) and statistical differences between groups were
determined by paired two-tailed t-tests. The level of signif-
icance was at P = 0.05.

[*’HIRX 821002 (1,4-[6,7(n)-[*H]benzodioxan-2-
methoxy-2-yl)-2-imidazoline HCI; 53-62 Ci/mmol) was
purchased from Amersham (Amersham, UK). (—)-Adren-
aline bitartrate and Gpp(NH)p (5-guanylylimi-
dodiphosphate) were from Sigma (St. Louis, MO, USA);
2-[2-[4-( 0-methoxypheny!)-piperazin-1-yl]-ethyl]-4,4-di-
methyl-1,3 (2H,4H)-isoquinolindione HCI (ARC239) was
from K. Thomae (Biberach, Germany); 2-[2H-(1-methyl-

Table 1

1,3-dihydroisoindole)methyl]-4,5-dihydroimidazole HCI
(BRL44408) was from Beecham (Harlow, UK).

3. Results

The specific binding of [PHJRX821002 (0.125-16 nM,
eight concentrations) to membranes from human prefrontal
cortex, human caudate and rat kidney was saturable with
K4 values in the nanomolar range (Table 1). Non-linear
analyses of saturation data showed a best fit in al the
cases to a single binding site model (Table 1).

The addition to the assay of a mixture containing the
stable GTP-analogue Gpp(NH)p (100 wM), EDTA (1 mM)
and NaCl (140 mM) resulted in aincrease of B, vaues
that was statistically significant in the three regions studied
(Table 1). The increases were greater in the human caudate
(78%; P < 0.001) and the rat kidney (60%; P < 0.001)
than in the human cortex (11%; P < 0.005). The affinity
of [*H]RX 821002 binding was not significantly affected by
the mixture in any of the three regions (Table 1).

In order to determine whether the increased number of
specific [*’HIRX 821002 binding sites was in relation with
any concrete subtype of «,-adrenoceptors, masking exper-
iments with subtype-selective drugs were performed with
rat kidney membranes, using a single concentration of
[*HIRX 821002 (2 nM) near to K, values (Table ).

Under basal conditions (without any masking drug in
the assay), Gpp(NH)p/EDTA /NaCl increased
[*H]RX 821002 binding to the rat kidney membranes as
compared with the binding obtained in the absence of the
mixture (+51 + 5%; P < 0.001) (Fig. 1). As previously
described (Callado et a., 1996), the «,,-adrenoceptor-
sel ective antagonist BRL 44408 (100 nM) was added to the
assay in order to mask the «a,,-adrenoceptor population in
rat kidney. Using this approach, the addition of the mixture
induced a higher [*H]RX 821002 specific binding than that
obtained in the absence of the mixture (+53 + 9%; P <
0.01) (Fig. 1). Conversely, in the presence of the ag -
adrenoceptor-selective antagonist ARC239 (50 nM), to
selectively mask  «,g-adrenoceptors, the binding of
[*H]RX 821002 to a,, -adrenoceptors was not significantly

Effects of Gpp(NH)p,/EDTA /NaCl-containing mixture on specific [*H]JRX821002 binding to o ,-adrenoceptors in three different regions

Human cortex Human caudate Rat kidney

Bax (fmol /mg protein) Kg (NM) Bnax (fmol /mg protein) Kg (NM) Bnax (fmol /mg protein) Kg (NM)
Control 176 +5 0.89 + 0.04 50+ 4 144 + 0.16 57+5 151+ 0.16
+Mixture  197+6° 083+003 89+4° 119+008 91+15° 130+ 0.31

Membranes of each tissue were incubated with [PH]JRX 821002 (0.125—16 nM, eight concentrations) for 30 min at 25°C. The mixture containing Gpp(NH)p
(100 wM), EDTA (1 mM) and NaCl (140 mM) was added directly to the assay. Non-specific binding was estimated as [*H]RX821002 binding in the
presence of 10™° M (—)-adrendline. Data are the estimated best fit + S.E. of 3-5 independent experiments and were determined by the EBDA-LIGAND
programs. These S.E. values obtained from non-linear regression were not used in further formal statistical calculations.

3P <0.005 and ® P < 0.001 compared to corresponding control values ( F-test).
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Fig. 1. Specific binding of [*HJRX821002 (2 nM) to rat kidney mem-
branes in absence (hatched columns) or presence (white columns) of a
mixture containing Gpp(NH)p (100 wM), EDTA (1 mM) and NaCl (140
mM). Basal columns represent experiments performed without any mask-
ing drug in the assay, + BRL44408 represents inclusion in the assay of
100 nM BRL 44408 in order to mask «,,-adrenoceptors, and + ARC239
indicate inclusion of 50 NnM ARC239 to mask «,g-adrenoceptors. Vaues
are means+ S.E.M. of 4-10 independent experiments and are expressed
in dom/mg protein. “ P<0.01 and " P <0.001 versus values of
[®HIRX821002 specific binding in the absence of the mixture (Student’s
t-test).

dpm/mg protein

different in the presence or absence of the mixture (+3 +
0.2%) (Fig. 1).

The non-specific binding was not significantly affected
in any of the assays by the addition of the mixture
Gpp(NH)p/EDTA /NaCl, indicating that only the specific
binding of [*HJRX821002 to a,-adrenoceptors was modi-
fied by the mixture.

4, Discussion

The present study initially showed that the addition of
Gpp(NH)p/EDTA /NaCl significantly increases the spe-
cific binding of the antagonist [°HJRX821002 to «,-adren-
oceptors.

The non-hydrolyzable GTP-analogue, Gpp(NH)p, and
the chelator of divalent cations, EDTA, are used to bring
a,-adrenoceptors into the low-affinity state for agonists.
However, in some cases competition curves for full ago-
nists such as (—)-adrenaline are still shallow and could be
resolved into two-site fits, indicating that some agonist /re-
ceptor /G-protein complexes are still being formed (Uhlén
and Wikberg, 1991). NaCl concentrations higher than 30
mM cause a rightward-shift of the agonist competition
isotherms (Schloos et d., 1987) in an additive manner to
the effect of the Gpp(NH)p (Schloos et a., 1987; Ja-
gadeesh et al., 1990). Thus, a Gpp(NH)p/EDTA /NaCl-
containing buffer is necessary to completely eliminate the
high-affinity state for agonists of the «,-adrenoceptors
(Asakura et al., 1985; Jagadeesh et al., 1990; Uhlén and
Wikberg, 1991).

Previous studies have shown that the addition of
Gpp(NH)p to the binding assay significantly increases the

amount of specific binding of antagonist radioligands to
dopamine receptors (Hall et a., 1992), adenosine receptors
(Yeung and Green, 1983) and «,-adrenoceptors (Jagadeesh
et a., 1990). In the same manner, Na* has been described
to increase the apparent density of «,-adrenoceptors, as
evaluated with the antagonist [*H]yohimbine (Limbird et
al., 1982), although no changes have been reported for the
diasterecisomer [°Hlrauwolscine (Jagadeesh et al., 1990).

In our study the increase in «,-adrenoceptor density
produced by Gpp(NH)p/EDTA /NaCl and evaluated with
the antagonist [°HIRX 821002 was different for each spe-
cific tissue. In this way, the increase observed in the
human cortex, where the «,,-adrenoceptor subtype is
predominant (Grijalba et al., 1996), was lower than that in
the human caudate or in the rat kidney, where a,-- and
a,g-adrenoceptors are the predominant subtypes, respec-
tively (Callado et ., 1996; Grijdbaet al., 1996). The data
obtained from masking experiments in a tissue, rat kidney,
that expresses two different «,-adrenoceptor subtypes ap-
pear to confirm the findings. After «,,-adrenoceptors in
rat kidney were masked with the selective antagonist
BRL 44408, [*H]RX 821002 hinding to the remaining a.q-
adrenoceptors was significantly increased in the presence
of the mixture. In contrast, [°’H]JRX821002 binding to
a,, -adrenoceptors, evaluated by masking of «,g-adrenoc-
eptors with the selective antagonist ARC239, was not
different in the presence or absence of the
Gpp(NH)p/EDTA /NaCl-containing mixture. So, the
low-affinity conditions obtained with the mixture seem to
specifically increase [*H]JRX 821002 binding to a ,;-adren-
oceptors without altering binding to the «,,-adrenoceptor
subtype.

Our results are consistent with those of experiments
performed in tissues expressing different «,-adrenoceptor
subtypes where 100 mM NaCl selectively increased the
density of sites labelled with the antagonist [*H]RS-15385-
197 in neonatal rat lung (exclusive presence of a,g-adren-
oceptors) but not in human platelets (exclusive presence of
a,,-adrenoceptors), without changing affinity values
(MacKinnon et al., 1993). In the same sense, a buffer
containing GTP and /or NaCl did not alter [°’H]JRX 821002
binding density in rat cortex, where a,,-adrenoceptors are
predominant (Erdbriigger et a., 1995), nor in human fat
cell «,,-adrenoceptors (Galitzky et al., 1990; Langin et
al., 1990).

The specific effect of the Gpp(NH)p/EDTA /NaCl-
containing mixture on o ,5-adrenoceptors, and probably on
a,c-adrenoceptors, may be related to the reported results
indicating that at least 40% of «,5-adrenoceptors exist as a
precoupled receptor /G-protein complex which failsto bind
[*H]antagonists (Shi and Deth, 1994). It has been proposed
that Na™ and Gpp(NH)p reduce the proportion of precou-
pled receptors, so when binding is carried out in the
presence of a combination of Na* and Gpp(NH)p, which
promotes dissociation of the R/G complex, evident in-
creases in the density without changes in affinity are
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observed (Shi and Deth, 1994). In this context, «,-adren-
oceptor subtypes can be expected to differ in their extent
of precoupling and this fact could explain the differential
effect caused by the mixture on the [*°HJRX 821002 binding
density for each different «,-adrenoceptor subtype as-
sessed. However, some authors have speculated that
RX821002, and other «,-adrenoceptor antagonists, could
have ‘reverse antagonistic' properties (Erdbriigger et al.,
1995).

In conclusion, the low-affinity conditions obtained by
addition of Gpp(NH)p, EDTA and NaCl to the binding
assay appear to selectively increase [PHIRX 821002 spe-
cific binding to the a5 ,c-adrenoceptor subtypes in human
brain and rat kidney.
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