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SUMMARY

Binding of 5-[°*H]methylurapidil to guinea pig liver membranes
was rapid, saturable, and reversible. Scatchard analysis of sat-
uration isotherms indicated a single class of binding sites with a
K, of 0.86 nm and a Bmex Of 36 fmol/mg of protein. Preincubation
of the membranes with chlorethyiclonidine did not alter signifi-
cantly the binding parameters for 5-[°*H]methylurapidil. Binding
competition experiments were performed, and the order of po-
tency for agonists was oxymetazoline > epinephrine > norepi-
nephrine >»> methoxamine; for antagonists, the potency order

was (+)-niguldipine = 5-methylurapidil = prazosin = WB4101 >
benoxathian = phentolamine = (—)-niguldipine. The binding affin-
ity for epinephrine was modulated by the hydrolysis-resistant
GTP analogue guanosine-5’8,y-imido)triphosphate. The phar-
macological profile of the 5-[*H]methylurapidil binding sites of
guinea pig liver differs markedly from those of the cloned a;-
adrenoceptors (i.e., ais-, ainc-, and aiap-adrenoceptors) and
resembies that of the classical a.a receptor subtype.

It is now clear that a,-adrenoceptors constitute an hetero-
geneous family of receptors. The existence of two subtypes of
a;-adrenoceptors, the a;x and a;s subtypes, was initially sug-
gested by pharmacological criteria (1, 2). The a;s-adrenoceptor
has now been cloned and expressed (3). However, the cloning
of the ajx-adrenoceptor has been elusive. Nevertheless, during
attempts to isolate the a;x-adrenoceptor gene two other recep-
tors of this family were cloned, i.e., the a;c- and the ajamp-
adrenoceptors (4-7). The a;c-adrenoceptor has a pharmacolog-
ical profile and a tissue distribution that differ markedly from
those expected for aja-adrenoceptors (4, 8). Later, another
receptor was cloned by Lomasney et al. (5); it showed phar-
macological similarities to and the tissue distribution expected
for the a;4 receptor (it was named the a;4-adrenoceptor). How-
ever, another receptor, essentially identical to that described
earlier (5) (except for two codons), was cloned; it was named
the ajp-adrenoceptor because it showed some peculiar phar-
macological features. Additional studies by Schwinn and Lo-
masney (7) indicated that the cloned a;1-adrenoceptor showed
an atypically low affinity for some selective compounds [(+)-
niguldipine, 5-methylurapidil, and benoxathian); the compro-
mise designation a;ap was suggested (7). In summary, at least
four members constitute this family of receptors, i.e., the cloned
ap-, aic-, and aja/p-adrenoceptors and the “classical” a;a re-
ceptor.

This research was partially supported by grants from Consejo Nacional de
Ciencia y Technologia (0310-N9107) and Direccion General de Asuntos del
Personal Académico (IN-200193).

Interestingly, we recently observed that there is considerable
variation in the subtypes of a;-adrenoceptor expressed in liver
cells of different species (9). Thus, rat hepatocytes express ;-
(9-11), rabbit hepatocytes a;c- (8, 9), and guinea pig hepato-
cytes a;a-adrenoceptors (9, 12). Here we present the character-
ization of the a;-adrenoceptors present in guinea pig liver
membranes using 5-[*H]methylurapidil; our data indicate that
these receptors have pharmacological characteristics that are
similar to those of classical a;a-adrenoceptors and differ mark-
edly from those of the a;a/p receptor.

Materials and Methods

(—)-Epinephrine, (—)-norepinephrine, oxymetazoline, and prazosin
were obtained from Sigma Chemical Co. Benoxathian and WB4101
were from RBI. The following compounds were generous gifts from the
companies indicated: 5-[*H]methylurapidil (40 Ci/mmol), 5-methylur-
apidil, (+)-niguldipine, and (—)-niguldipine (Byk Gulden); phentol-
amine (Ciba-Geigy); and methoxamine (Burroughs Wellcome).

Liver membranes, from male guinea pigs (225-300 g), were obtained
by the method of Neville (13) up to step 11. Membranes were washed
and resuspended in the buffer used for the binding studies (50 mm
Tris, 10 mM MgCl,, pH 7.5). Binding studies were performed by
incubating the membranes (500 ug) with the radioactive ligand, alone
or with the indicated agents, in a total volume of 0.5 ml for 20 min
(unless otherwise indicated), in a water bath shaker at 25°. At the end
of the incubation, 10 ml of ice-cold buffer were added to the membrane
suspension, and the membranes were immediately filtered on GF/C
filters (Whatman) and washed three times (10 ml each time) with the
same buffer. Saturation experiments were performed using 0.25-12 nM
5-[*H)methylurapidil, and kinetic and binding competition studies used

ABBREVIATION: Gpp(NH)p, guanosine-5'~8,y-imido)triphosphate.
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3-4 nM concentrations of the radioactive ligand (70-75% receptor
occupation). Nonspecific binding was evaluated in the presence of 1
uM prazosin; specific binding represented 60-70% at the K, value.
Binding saturation and competition data were analyzed using the
KINETIC, EBDA, and LIGAND (14) programs (Biosoft-Elsevier).
Two-state fits were utilized only when this more complex model signif-
icantly improved the goodness of fit. Hill coefficients or slope factors
were calculated as described (15, 16). K; values were calculated accord-
ing to the method of Cheng and Prusoff (17). Protein was quantified
by the method of Lowry et al. (18), using bovine serum albumin as the
standard.

Results

Binding of 5-[*H]methylurapidil was rapid, saturable, and
reversible (Figs. 1 and 2). Binding kinetic studies indicated a
k, 0f 1.49 + 0.09 X 10°* M~ min and a k, of 0.11 £ 0.02 min~?,
with a resulting K, of 0.75 + 0.08 nM (means =+ standard errors,
four experiments). Scatchard analysis of saturation isotherm
data resulted in straight lines, indicating a single class of
binding sites with a K for 5-[*H]methylurapidil of 0.86 + 0.06
nM and a receptor density of 36 + 4 fmol/mg of protein (results
are means + standard errors of 12 experiments using different
membrane preparations). Representative data are presented in
Fig. 2.

The pharmacological properties of these binding sites were
next examined. Chlorethylclonidine is an irreversible antago-
nist that inactivates a;p-, aic-, and a;a/p-adrenoceptors but not
receptors of the a;, subtype (3, 5-8, 10). To test the sensitivity
of guinea pig liver receptors to this alkylating agent, membranes
were incubated in the absence or presence of 100 uM chlor-
ethylclonidine for 15 min at 37°. After this incubation, the
membranes were washed and saturation experiments were per-
formed. A representative experiment is shown in Fig. 3. As can
be observed, incubation with chlorethylclonidine induced al-
most no change in the affinity of these receptors for 5-[*H]
methylurapidil or in the number of sites detected with this
ligand. The data from the experiments were as follows: K,
values of 0.75 + 0.06 and 0.84 + 0.15 nM and B,,,, values of 25
+ 2 and 26 + 3 fmol/mg of protein for membranes incubated
in the absence and presence of chlorethylclonidine, respectively
(means + standard errors, four experiments).

Binding competition experiments with agonists and antago-
nists were next performed. Representative displacement exper-
iments are presented in Figs. 4 (agonists) and 5 (antagonists),
and the data are presented in Table 1. It can be seen that the
order of potency for agonists was oxymetazoline > epinephrine
> norepinephrine > methoxamine. For antagonists, the po-
tency order was (+)-niguldipine = 5-methylurapidil = prazosin
= WB4101 > benoxathian = phentolamine = (—)-niguldipine.
The slopes of the competition curves obtained with agonists
varied between 0.5 and 0.7, whereas those for antagonists were
closer to 1 (0.75-0.90), suggesting that the sites labeled with 5-
[*H]methylurapidil have heterogeneous affinity for agonists but
are essentially homogeneous in affinity for antagonists. Current
ideas indicate that most G protein-coupled receptors exhibit
two interconvertible states of affinity for agonists, i.e., high and
low affinity, and that conversion is mediated via interaction
with regulatory G proteins (19, 20). To test this concept, more
detailed displacement studies were performed using epineph-
rine in the absence or presence of the hydrolysis-resistant GTP
analogue Gpp(NH)p. Representative data are presented in Fig.
6, and the analysis of the data is presented in Table 2. It can
be seen that the epinephrine displacement curve was rather
shallow but became steeper in the presence of the GTP ana-
logue (Fig. 6A). This was also clearly evident in the Hill analysis
of the data (Fig. 6B; Table 2). LIGAND analysis of the data
indicated that in the absence of guanine nucleotide the com-
petition curve with epinephrine was best fitted to a two-site
model, whereas in the presence of Gpp(NH)p a one-site fit was
preferred. The K, of the low affinity site in the absence of
guanine nucleotide was similar to the K, observed in the pres-
ence of Gpp(NH)p (Table 2), suggesting the conversion of the
high affinity site to the low affinity site for epinephrine in the
presence of the guanine nucleotide.

Discussion

5-[*H]Methylurapidil has been previously used as a radioli-
gand in binding studies with rat brain membranes and tissue
sections (21, 22). This derivative of urapidil binds to a;a-
adrenoceptors and 5-hydroxytryptamine type 1A receptors in
these preparations (21, 22) but not to purified rat liver mem-
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Fig. 1. Kinetics of 5-[*H]methylurapidil binding to
guinea pig liver membranes. Left, membranes (550 ug
of protein) were prewarmed for 5 min in the absence
or presence of 1 uM prazosin; 5-[*H]methylurapidil
(=3 nm) was added and the reaction was stopped by
filtration at the times indicated. Right, for reversal of
N binding, membranes were incubated as indicated

1
10

o

[3H] 5-Methy! Urapidil (pM)

Time (min)

20 30 above for 30 min, 1 um prazosin was added to the
~| tubes that did not contain this antagonist, and at the
times indicated the reaction was stopped (inset, linear
plot; r = 0.97). Plotted is a representative experiment
that was replicated four times using different mem-
brane preparations.

TIME (min)
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Fig. 2. Binding isotherms and Scatchard analysis of 5-[*H]
methylurapidil binding to guinea pig liver membranes. Left,
membranes were incubated with increasing concentrations
of radioligand in the absence (total binding) ((J) or presence
(nonspecific binding) ) of 1 um prazosin. Right, specific
binding (@) and Scatchard plot (inset) are shown. Plotted
_| is arepresentative experiment that was replicated 12 times
using different membrane preparations; 1000 cpm are
equivalent to 39.7 fmol of 5-{*H]methylurapidil.
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Fig. 3. Absence of effect of premwbanonwmmlorethyldomdmeon 5-
[*H]methylurapidil binding to guinea pig liver membranes. Aliquots of
membranes were divided |motwogroupsandmcubatedasdesaibedm
Materials and Methods, in the absence (O) or presence (@) of chior-
ethyiclonidine. After this preincubation the membranes were washed by

centrifugation/resuspension and 5-*H]methylurapidil binding was as-
sayed. Plotted is the Scatchard transformation of saturation isotherms
from a representative experiment that was replicated four times using
different membrane preparations.

branes (a;p-adrenoceptors) (22). Prazosin and (+)-niguldipine
are competitive inhibitors of 5-[*H]methylurapidil binding to
aya-adrenoceptors (21, 22).

The present data are consistent with our previous observa-
tions suggesting that the a;-adrenoceptors of guinea pig hepa-
tocytes belong to the a4 subtype (9, 12). 5-[*H]Methylurapidil
seems to be a suitable ligand for characterizing these receptors.
This ligand showed high affinity and specificity and a relatively
low level of nonspecific binding. The K, values observed in
kinetic (0.75 nM) and steady state, i.e., saturation (0.86 nM)
(Fig. 1) and competition (1.2 nM) (Fig. 4; Table 1), studies were
similar and in reasonable agreement with the K; obtained in
the phosphorylase studies in whole cells (3 nM) (9, 12) and in
the binding competition studies using [*H]bunazosin (0.75 nM)
(9). The present data confirm that these receptors have very
high affinity for this antagonist, which is in marked contrast
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Fig. 4. Competition by agonists for 5-[*H]methylurapidil binding sites.

Membranes were incubated with ~3 nm Imethylurapidil and varying

concentrations of oxymetazoline (A), epinephrine (@), norepinephrine (O),
or methoxamine (A). Plotted is a representative experiment (total

binding,
893 cpm; nonspecific binding, 402 cpm; specific binding, 491 cpm) that
was replicated four times using different membrane preparations.

to what has been observed for the cloned a;ap-adrenoceptor
(15-330 nM) (6, 7). The affinity observed for 5-methylurapidil
in guinea pig liver is in agreement with that observed for a;a-
adrenoceptors in rat vas deferens and hippocampus (23). It
should be mentioned that the number of sites detected with 5-
[*H]methylurapidil was lower than that obtained using [*H]
bunazosin, although the variation between membrane prepa-
rations was large. The reason for this difference is currently
unknown but it does not seem to be due to the labeling of
different receptors, because the K; values for 5-methylurapidil,
prazosin, and bunazosin were essentially identical using these
radioactive ligands (see Refs. 9 and 12).

Pretreatment with chlorethylclonidine did not block the ;-
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Fig. 5. Competition by antagonists for 5-[*H]methylurapidil

binding sites. Membranes were incubated with =3 nm 5-
[*H]methylurapidil and varying concentrations of (+)-ni-
guldipine (Q), (—)-niguldipine (¢), 5-methylurapidil (A), pra-
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TABLE 1
Mgpamdoﬁvodﬁomﬂwoompoﬁﬂonbyagmmmd
antagonists for 5-{*H]methylurapidil binding sites

Resuits are the means + standard errors of the number of determinations, using
different membrane preparations, indicated in parentheses.

K Siope
nM
Agonists
Oxymetazoline (4) 27+ 8 0.61 +0.06
(—)-Epinephrine (4) 193 + 13 0.52 + 0.05
(—)-Norepinephrine (4) 321 +£70 0.69 + 0.05
Methoxamine (4) 3738 + 587 0.66 + 0.05
(+)-Niguidipine (4) 0.55 + 0.13 0.80 + 0.06
il ( 1.21 £ 0.50 0.89 + 0.07
Prazosin (7) 1.34 £ 0.22 0.87 + 0.08
WB4101 (6) 1.39 £ 0.35 0.85+0.10
Benoxathian (5) 3.08 + 0.31 0.82+0.10
Phentolamine (5) 9.00 + 1.70 0.75 + 0.06
(—)-Niguldipine 13.30 £ 1.30 0.89 + 0.05

adrenergic responsiveness of hepatocytes isolated from guinea
pigs (9, 12) and, consistent with this, it had little effect on the
number of sites or their affinity for 5-[°’H]methylurapidil (Fig.
2). Preincubation and washing of the membranes alone reduced
the number of sites; the explanation for this is not known but
it does not seem to be due to receptor proteolysis, because the
inclusion of protease inhibitors in the buffer did not prevent
the decrease.

(+)-Niguldipine was a very potent antagonist in this model.
The K; observed (0.55 nM) in the present experiments was
higher than that observed for the high affinity component in
rat brain cortex membranes (0.05 nM) (24), but it was much
lower than those observed for the cloned receptors (a;c, 80 nM;
ayp, 1700 nM; and aap, 46-1100 nM) (6, 7). (—)-Niguldipine
was =24-fold less potent than its enantiomer, which is similar
to what was observed in brain membranes for a;x-adrenergic
sites (40-fold difference) (24).

zosin [{0), WB4101 (W), benoxathian (@), or phentolamine
(A). Plotted is a representative experiment (total binding,
883 cpm; nonspecific binding, 504 cpm; specific binding,
489 cpm) that was replicated four to seven times for each
antagonist, using different membrane preparations.

Benoxathian also had relatively high affinity (3 nM) for the
a-adrenoceptors of guinea pig liver membranes; however, such
affinity was lower than that observed in the rat submaxillary
gland and the rat cerebral cortex (high affinity component)
(25) but much higher than that observed with the cloned
receptors (a1ap, 7700 nM; a;p, 2100 nM; and a;c, 500 nM) (7).

Major differences were also observed when the K; values for
agonists of the cloned receptors (7) were compared with those
of the guinea pig liver membrane receptors. Oxymetazoline was
very potent in these membranes, although it is a partial agonist
in whole guinea pig hepatocytes (26).

The number of members of the a;-adrenoceptor family is
currently four, but we cannot eliminate the possibility that
other members may exit. It is clear that the pharmacological
definition of subtypes is far from easy and that, as discussed
for as-adrenoceptors (27), at this point it is clearly inappro-
priate to define a receptor subtype using a single drug. The
data discussed above regarding the «;-adrenoceptors present in
guinea pig liver membranes indicate that such receptors are
pharmacologically different from the three cloned receptors.
These liver membrane receptors are similar to the so-called
classical ajx-adrenoceptors, although some differences were
also observed. It is possible that such pharmacological differ-
ences could exist between species homologues, because amino
acid substitution may alter the stereochemical conformation of
the binding sites.

Finally, we would like to discuss the fact that we observed
expression of the a;a/p-adrenoceptors in guinea pig hepatocytes,
by Northern analysis using a cDNA probe (9) (from the atypical
aja-adrenoceptor) (5, 7). This may suggest the coexpression of
the classical and atypical a;s-adrenoceptors in guinea pig he-
patocytes; however, as indicated above we have no evidence for
heterogeneity. On the other hand, it is also possible that the
sequences of these receptors are so similar that the probe cross-
hybridizes even under high stringency conditions. By Northern
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TABLE 2 cloning and expression of the cDNA for a novel a,-adrenergic receptor

Effect of Gpp(NH)p on the competition by epinephrine for 5-[*H)
methylurapidil binding sites

Resuits are the means + standard errors of four determinations, using different
membrane preparations.

5.

subtype. J. Biol. Chem. 265:8183-8189 (1990).

Lomasney, J. W., S. Cotecchia, W. Lorenz, W.-Y. Leung, D. A. Schwinn, T.
L. Yang-Feng, M. Brownstein, R. J. Lefkowitz, and M. G. Caron. Molecular
cloning and expression of the cDNA for the a;,-adrenergic receptor, the gene
for which is located on human chromosome 5. J. Biol. Chem. 268:6365-6369
(1991).

. Pérez, D. M., M. T. Piascik, and R. M. Graham. Solution-phase library

ing for the identification of rare clones: isolation of an a,p-adrenergic

Epineptrine + 6
Epinephvine piiod

Hill coefficient 0.55 + 0.05 0.89 + 0.09 .
LIGAND analysis

K (M) 28+6

K. (M) 678 + 96 564 + 64 8

Ry (%) 44+8

R (%) 56 + 8 100

analysis it was observed that the cloned a;s receptor has the
tissue distribution expected for the classical a;a-adrenoceptor.

In summary, our data indicate that guinea pig liver mem-
branes have a discrete number of «;-adrenoceptors that can be
studied using 5-[*H]methylurapidil. The pharmacological char-
acteristics of these receptors differ from those of the cloned
receptors and show similarities to those of the classical a;a-
adrenoceptors. The affinity for agonists of these receptors
seems to be modulated by a regulatory G protein.
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