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SUMMARY
(+)-Niguldipine inhibited specific 1251-BE 2254 binding more p0-
tently in membrane preparations from rat tissues enriched in the
alA subtype (hippocampus and vas deferens) than those with
the aiB subtype (liver and spleen). Inhibition curves for (+)-
niguldipine were better fit by a two-site model in most tissues,
although K, values for each site varied markedly between tissues.
The potency of this lipophilic drug was highly dependent on
tissue concentration, probably accounting for most of this van-
ability. Pretreatment of membranes with chloroethylclonidine
(CEC) to inactivate the � subtype did not completely eliminate
the low affinity sites for (+)-niguldipine, particularly in heart.
Saturation analysis showed that (+)-niguldipine competitively
inhibited both alA and aiB subtypes. However, substantial non-
competitive inhibition was also observed in several tissues.
Analysis of inhibition curves for 5-methylurapidil gave similar

proportions of alA and aiB receptor sites as were calculated for
(+)-niguldipine in various tissues. Although (+)-niguldipine and 5-
methylurapidil revealed variable proportions of low affinity sites
in CEC-pretreated hippocampus and heart, this was not ob-
served with inhibition curves for WB 41 01 and phentolamine.
These results are generally consistent with the previously defined
alA and alB subtypes. 5-Methylunapidil currently appears to be
the best antagonist for discriminating these subtypes; (+)-nigul-
dipine shows similar selectivity but is complicated by a high
lipophilicity. However, the persistence of low affinity sites for 5-
methylurapidil and (+)-niguldipine after CEC pretreatment and
the noncompetitive effects of (+)-niguldipine in some tissues
raise the possibility of an additional subtype(s) of a1-adrenergic
receptors in rat tissues.

Two subtypes of a1-adrenergic receptors have been defined

on the basis of both binding and functional experiments. The

a� subtype has a high affinity for WB 4101 and phentolamine

(1, 2) and is not inactivated by CEC, whereas the aiB subtype

is potently inactivated by CEC and has a lower affinity for WB

4101 and phentolamine (1-4). These receptor subtypes have

different tissue distributions and may be linked to different

signaling mechanisms (2-7). Recent biochemical evidence sug-

gests that the pharmacological differences between these sub-

types survive solubilization and partial purification, suggesting

that the receptors have different primary structures (8).

Three separate cDNAs for a1-adrenergic receptors have re-

cently been identified. The cDNA cloned from DDT1-MF2

cells (9) has been reported to code for receptors with properties

similar to those of the a�}3 subtype, and mRNA from this

receptor is enriched in rat tissues reported to contain this

subtype. An additional clone from rat cerebral cortex codes for
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receptors with a tissue distribution and pharmacology similar

to that of alA receptors (10). In addition, a third clone has been

isolated from bovine brain, which codes for receptors that have

a high affinity for alA-selective antagonists but are partially

inactivated by CEC (11). The mRNA for this receptor has a

very restricted distribution, being found in measurable quan-

tities only in rabbit liver and human hippocampus and not in

any rat tissues examined.

Recently, additional antagonists discriminating between a,-

adrenergic receptor subtypes have become available. Both 5-

MU (12, 13) and (+)-niguldipine (14, 15) have been reported

to be highly selective for the alA subtype. (+)-Niguldipine also

shows a remarkable selectivity between the a,-adrenergic re-

ceptors linked to two different biochemical responses in slices

of rat brain (16) and, as described in the accompanying manu-

script (17), these second messenger responses do not easily fit

into the current a,A/a,B subclassification.

In this manuscript, we compare the interactions of (+)-

niguldipine, 5-MU, and other currently available subtype-selec-

tive antagonists with a,-adrenergic receptor binding sites in rat

tissues. We hoped to determine whether additional subtypes of

a,-adrenergic receptor binding sites could be distinguished by

pharmacological analysis.
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Experimental Procedures

Materials. The following chemicals were used: CEC, WB 4101, and

5-MU (Research Biochemicals Inc., Natick, MA); BE [2-�1-(4-hydrox-

yphenyl)ethylaminomethyltetralone] (Beiersdorf, Hamburg, FRG);
(+)-niguldipine (Byk Gulden, Konstanz, FRG); and carrier-free Na’2�I

(Amersham, Arlington Heights, IL).

Tissue preparation. Male Sprague-Dawley (Harlan) rats (200-300

g) were killed by decapitation, and crude particulate fractions were

made from brain neocortex, hippocampus, heart, spleen, kidney, and

vas deferens, as described previously (3). Briefly, tissues were homog-

enized with a Polytron in 20 ml of PBS (20 mM NaPO4 buffer, pH 7.6,

containing 154 mM NaC1), centrifuged at 20,000 x g for 10 mm, and

resuspended either in the same buffer or in 10 mM Na-HEPES (pH

7.6), where specified, to the appropriate tissue concentration (3). Tissue

preparations (except brain regions) were then filtered through a double

layer of surgical gauze. Liver membranes were purified by Percoll

gradient centrifugation, as described previously (3), and washed and

resuspended in PBS or Na-HEPES buffer in the same manner.

CEC pretreatment. Aliquots (usually 4 ml) of the resuspended

preparations were incubated with or without 10 pM CEC for 10 mm in

Na-HEPES buffer. Reactions were stopped by dilution with 20 ml of

cold PBS and centrifugation at 30,000 x g for 10 mm. The resulting

pellets were washed three times by resuspension in 20 ml of PBS, and

another centrifugation. The final pellet was resuspended in 4 ml of

PBS.
‘251BE binding. BE was radioiodinated to theoretical specific

activity (18) and stored at -20� in methanol. Measurement of specific

‘251-BE binding was performed by incubation of 0.1 ml of tissue prep-

aration with ‘25I-BE, in a final volume of 0.25 ml of PBS, for 20 mm
at 3T , in the presence or absence of competing drugs (3, 18). The

incubation was terminated by addition of 10 ml of 10 mM Tris-HC1

(pH 7.4) and filtering over a glass fiber filter (Schleicher and Schuell

no. 30 or 32) under vacuum. Each filter was washed with 10 ml of 10

mM Tris-HC1 (pH 7.4) and dried, and then the radioactivity was

measured. Nonreceptor binding was determined to be binding in the
presence of 10 pM phentolamine.

Data analysis. Saturation curves were determined by incubation of

tissue with increasing concentrations of ‘25I-BE (25-1500 pM) and

analysis of the data by the method of Scatchard ( 19). The potencies of

drugs in competing for ‘25I-BE binding sites were determined by incu-

bation of a single concentration of ‘251-BE (40-50 pM) in the presence

or absence of 14-16 concentrations ofcompeting drug. ICr,,, values were
determined as the x-intercept on a Hill plot. The best two-site fit for a

binding curve was calculated by minimization of the sum of squares of

the errors, using nonlinear regression analysis. Two-site models were
compared with one-site models to determine whether the increase in

goodness of fit was significantly more than would be expected on the

basis of chance alone (20), using a partial F test. The p values of <0.05

were considered significant.

Results

Interaction of (+)-niguldipine with a,-adrenergic re-

ceptor binding sites in membrane preparations from rat

tissues. Inhibition of specific ‘251-BE binding by (+)-niguldi-

pine was examined in membrane preparations from a variety

of rat tissues. Inhibition curves were generally complex and

suggestive of multiple sites; however, (+)-niguldipine was most

potent in hippocampus and vas deferens, tissues previously

characterized (3) as containing predominantly the alA subtype

(Fig. 1). However, (+)-niguldipine had substantially different

potencies in liver and spleen, both of which have previously

been reported to contain almost exclusively aIR receptors (3).

Nonlinear regression analysis showed that inhibition curves

for (+)-niguldipine in most tissues were significantly better fit

by a two-site model; however, inhibition curves in liver and

spleen were best modeled to a single site (Table 1). Assuming

og (±)Niguldipine (M)

Fig. 1. Potency of(+)-niguldipine in competing for specific 125l-BE binding
sites in membrane preparations from tissues enriched in (tiA or (tiB

receptors. Each point is the mean ± standard error of data from three
(hippocampus), four (vas deferens, spleen), or nine (liver) experiments
performed in duplicate.

that the high and low affinity sites for (+)-niguldipine corre-

spond to the alA and a,� subtypes, respectively, the calculated

proportions of the two subtypes in different tissues are almost

identical to those calculated previously from WB 4101 inhibi-

tion curves (3). However, comparison of the K1 values for (+)-

niguldipine for the high and low affinity binding sites revealed

a large variation between tissues. K1, values varied by 5-fold,

and KL values varied by 15-fold between different tissues.

Effect of CEC pretreatment on inhibition curves for

(+)-niguldipine. CEC pretreatment of membranes under hy-

potonic conditions has been reported to selectively inactivate

the a,� subtype (3). The effect of CEC pretreatment on

niguldipine inhibition curves in several tissues is shown in Fig.

2. Consistent with previous results, CEC pretreatment caused

a partial loss in ‘251-BE binding sites in various tissues and a

concomitant enrichment of the proportion of high affinity sites

for (+)-niguldipine (Table 1). CEC pretreatment almost elimi-

nated the low affinity sites for (+)-niguldipine in hippocampus

and strikingly enriched the proportion of high affinity sites in

neocortex (from 28% to 80%). Substantially smaller enrich-

ment of high affinity sites after CEC pretreatment were oh-

served in kidney (from 29% to 70%) and, particularly, heart

(from 17% to 42%). In none of the tissues studied did CEC

pretreatment completely eliminate low affinity sites for (+)-

niguldipine.

Competitive and noncompetitive effects of (+)-nigul-

dipine. Saturation analysis of specific ‘25I-BE binding was

performed in the presence of varying concentrations of (+)-

niguldipine, to determine whether inhibition by this compound

was competitive or noncompetitive. In neocortex (containing

both subtypes), inhibition was complex and characterized by

apparent changes in both Bma. and K!) (data not shown). In

tissues enriched in the alA subtype (CEC-pretreated hippocam-

pus and neocortex), inhibition by (+)-niguldipine was clearly

competitive at low concentrations but showed substantial non-

competitive inhibition at higher concentrations (Fig. 3). In

tissues containing primarily the a,� subtype, inhibition by (+)-

niguldipine was still complex, being primarily competitive in

liver, but with a large noncompetitive component in spleen

(Fig. 4).

Because heart had a large number of CEC-insensitive low

affinity sites for (+)-niguldipine, similar experiments were per-

formed in heart membranes. In control heart membranes, in-
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TABLE 1
Interaction of (+)-niguldipine with a1-adrenergic receptor binding sites in membrane preparations from rat tissues
Inhibition of specific 1251-BE binding by (+)-niguldipine was determined in membrane preparations from each tissue as described. Some membrane preparations were
pretreated for 10 mm with 10 MM CEC. -log lCw values and Hill coefficients (flH) were determined from a Hill plot. The best two-site fit was determined by nonlinear
regression analysis of the averaged curve, and KM. KL, RH, and RL were determined as described. The p value for the best two-site fit compared with the best one-site fit
is given (NS, = not significantly better than a one-site fit). Each value is the mean ± standard error (-log lCw and flH) or mean (KH, KL, RH, and RL ) of values from n

experiments.

Two-site analysis
Tissue -tog IC,,, fl, fl

K,, KL RH RL P value

M flM nvs % %

Control
Neocortex 7.22 ± 0.13 0.50 ± 0.03 6 0.5 76 28 72 0.001
Hippocampus 8.14 ± 0.18 0.38 ± 0.04 3 2.1 385 73 27 0.001
Kidney 6.55 ± 0.20 0.44 ± 0.01 3 2.4 556 29 71 0.001
Heart 6.87 ± 0.02 0.63 ± 0.03 4 0.8 120 17 83 0.001
Vas deferens 7.62 ± 0.10 0.37 ± 0.01 4 1 .0 319 57 43 0.001
Liver 7.23 ± 0.14 0.82 ± 0.08 9 37 0 100 NS
Spleen 6.42±0.09 0.88±0.05 4 267 0 100 NS

CEC-pretreated
Neocortex 8.10±0.05 0.55±0.04 3 1.5 209 80 20 0.001
Hippocampus 8.55 ± 0.11 0.55 ± 0.09 6 1.5 337 94 6 0.001
Kidney 7.62 ± 0.05 0.43 ± 0.02 3 4.9 847 70 30 0.001
Heart 7.03 ± 0.21 0.38 ± 0.04 4 1 .8 528 42 58 0.001
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Fig. 2. Effect of CEC pretreatment on (+)-niguldipine inhibition curves in rat tissues. Membrane preparations from each tissue were pretreated
without (0) or with (S) 10 MM CEC for 10 mm and washed. Inhibition of specific 1251-BE binding by (+)-niguldipine was determined. Each point is the
mean ± standard error of data from three to six experiments performed in duplicate.
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hibition by (+)-niguldipine was complex, as expected in a tissue trations (5-20 nM) caused an apparent loss in B5,5. by effectively

with mixtures ofsubtypes (Fig. 5, left). In CEC-pretreated heart

membranes, inhibition by (+)-niguldipine was almost exclu-

sively noncompetitive (Fig. 5, right), and concentrations of (+)-

niguldipine up to 500 nM showed little effect on the apparent

KD for ‘25I-BE.

The effects of (+)-niguldipine on the apparent Bm,,x and K!)
for ‘251-BE in selected tissues are shown in Fig. 6. Low concen-

masking the C5IA sites. However, high concentrations also caused

large apparent losses in B5,55, particularly in spleen and cortex

(Fig. 6, top). Low concentrations of (+)-niguldipine caused

significant changes in apparent K! for ‘251-BE only in tissues

containingpredominantly the alA subtype (Fig. 6, bottom). Also,

the change in apparent K! for ‘251-BE occurred at substantially
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Fig. 3. Effect of (+)-niguldipine on saturation of ‘251-BE binding in mem-

branes from tissues enriched in the alA subtype. Binding was determined
in the presence of the indicated concentrations of (+)-niguldipine in
membranes from CEC-pretreated hippocampus (left) or CEC-pretreated
cortex (right), as described. Each point is the mean of data from three
experiments performed in duplicate.

Liver Spleen

0 200 400 600 800

Bound (fmol/mg)

Fig. 4. Effect of (+)-niguldipine on saturation of 125l-BE binding in mem-
branes from tissues enriched in the alB subtype. Binding was determined
in the presence of the indicated concentrations of (+)-niguldipine in
membranes from rat liver (left) or spleen (right), as described. Each point
is the mean of data from three experiments performed in duplicate.

lower concentrations in liver than in spleen, although both

tissues contain almost exclusively the airy subtype.

Effect of tissue concentration on (+)-niguldipine po-

tency. (+)-Niguldipine is a very liphophilic compound, whose

potency in blocking both Ca2� channels (10) and a,-adrenergic

receptors (11) has been shown to vary with tissue concentra-

tion. To determine whether such effects caused the variation

in K! values for high and low affinity sites between different

tissues, we examined whether the potency of (+)-niguldipine

could be altered by changing tissue concentration. Membranes

from rat spleen were heated at 50#{176}for 60 mm, which inactivated

about 65% ofthe specific ‘2�’I-BE binding sites (data not shown).

Addition of heat-inactivated spleen membranes to liver caused

the inhibition curve for (+)-niguldipine to shift 5-fold to the

right and become superimposable on the inhibition curve for

spleen alone (Fig. 7). Addition of heat-inactivated spleen mem-

branes to CEC-treated hippocampus caused an increase in the

proportion of low affinity sites from 12% to 44% (because of

the residual a,H sites remaining in the spleen membranes),

without dramatically affecting either KH (1.4 to 2.1 nM) or KL

(150 to 224 nM) (Fig. 7).

Fig. 5. Effect of (+)-niguldipine on saturation of ‘251-BE binding in mem-
branes from rat heart. Binding was determined in the presence of the
indicated concentrations of (+)-niguldipine, as described, in control (left)
or CEC-pretreated (right) membranes. Each point is the mean of data
from three experiments performed in duplicate.

Fig. 6. Effect of (+)-niguldipine on apparent Bmax (top) and !(� (bottom)
for 1251-BE in membrane preparations from selected rat tissues. Scatchard
analysis of specific ‘25l-BE binding was performed in the presence of the
indicated concentrations of (+)-niguldipine for each tissue, as shown in
Figs. 3-5. Apparent Bmax and K0 values were calculated for the best-fit
line. Each point is the mean ± standard error of values from three or four
experiments.
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Fig. 7. Effect of addition of partially heat-inactivated spleen membranes
on the potency of(+)-niguldipine in competing for specific 125l-BE binding
sites in membranes from rat liver and hippocampus. Some spleen mem-
branes were preincubated at 50#{176}for 60 mm. This treatment caused a
70% loss in specific ‘25l-BE binding sites. Inhibition of specific ‘251-BE
binding by (+)-niguldipine was determined in membranes from liver,
spleen, or liver plus heat-inactivated spleen membranes (1 20 pg of
protein) (top) or membranes from CEC-treated hippocampus in the
absence or presence of the same concentration of heat-inactivated
spleen membranes (bottom). Each value is the mean ± standard error of
data from three experiments performed in duplicate.

(+)-Niguldipine inhibition curves were also performed at

different concentrations of spleen membranes. The apparent

IC� showed a clear dependence on membrane concentration,

increasing from 0.3 to 2 MM as the concentration of spleen

membrane protein increased from 0.5 to 3.4 �g/ml (data not

shown).

Comparison of (+)-niguldipine, 5-MU, WB 4101, and

phentolamine inhibition curves. The effects of (+)-nigul-

dipine were compared with those of other subtype-selective

drugs in CEC-pretreated hippocampus (predominantly alA),

liver and spleen (predominantly a,B), and CEC-pretreated heart

[containing CEC-insensitive sites with a low affinity for (+)-

niguldipine]. Competition curves for 5-MU, WB 4101, and

phentolamine in each tissue are shown in Fig. 8, and IC50 and

Hill coefficients are given in Table 2. 5-MU was clearly the

most selective of the three drugs, whereas phentolamine was

the least selective. There was no evidence of binding site

heterogeneity in either spleen or liver, consistent with their aIR

subclassification (Table 2). However, the inhibition curve for

5-MU gave a significantly better two-site fit in both CEC-

treated hippocampus and CEC-treated heart, with proportions

of high and low affinity sites similar to those obtained with

(+)-niguldipine (see Table 1). Neither WB 4101 nor phentol-

amine gave a significant two-site fit in either tissue, despite

log Phentolamine

-4

Fig. 8. Interaction of subtype-selective antagonists with 1251-BE binding
sites in rat tissues. Inhibition curves for 5-MU (top), WB 4101 (middle),
or phentolamine (bottom) were determined in membranes from spleen
(A) and liver (0) or in CEC-pretreated membranes from heart (L�s) or
hippocampus (#{149}).Each value is the mean ± standard error of data from
three or four experiments performed in duplicate.

Hill coefficients significantly less than 1.0 in CEC-treated

heart.

Discussion

(+)-Niguldipine is a dihydropyridine-type Ca2� channel an-
tagonist that is highly selective in discriminating alA and aiR

receptor subtypes (14, 15). Recently, Robinson and Kendall

(16) reported that this compound blocked the inositol phos-
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TABLE 2

Interaction of selective antagonists with a1-adrenergic receptor binding sites in membrane preparations from rat tissues
Inhibition of specific ‘25l-BE binding by the indicated drugs was determined in membrane preparations from each tissue. Membrane preparations from hippocampus and
spleen were pretreated 10 mm with 1 0 pM CEC and thoroughly washed. -log lC� values and Hill coefficients (flH) were calculated from Hill plots for each drug. Each
value is the mean ± standard error of data from three to six experiments performed in duplicate. Two-site analysis gave significantly better (p < 0.05) fits only for 5-MU
in CEC-treated hippocampus (KH = 1.5 nM; KL = 80 nM; RH 81%) and CEC-treated heart (KH - 1 .0 nM; KL = 85 nM; RH = 50%). There were no significantly better two-
site fits for WB 41 01 phentolamine inor any of the tissues.

5-MU WB 4101 Phentolamine

-log lC,� flH -log IC50 log lC� �H

M M M

CEC-treated hippocampus
CEC-treated heart
Liver
Spleen

8.24 ± 0.01
7.74 ± 0.16
6.59 ± 0.04
6.44 ± 0.02

0.66 ± 0.07
0.53 ± 0.07
1 .01 ± 0.07
1.16 ± 0.09

8.93 ± 0.08
8.63 ± 0.08
7.82 ± 0.04
7.82 ± 0.07

0.95 ± 0.04
0.73 ± 0.06
1 .01 ± 0.08
1.07 ± 0.12

7.25 ± 0.05
7.49 ± 0.02
6.66 ± 0.04
6.60 ± 0.03

0.85 ± 0.01
0.77 ± 0.02
0.93 ± 0.03
0.84 ± 0.10

phate but not the cyclic AMP response to a,-adrenergic recep-

tor activation in rat brain slices. Because the inositol phosphate

response was thought to be mediated by the a, subtype with a

low affinity for (+)-niguldipine (a,o) in brain slices (21), this

suggested that a subtype with an even lower affinity for (+)-

niguldipine might mediate the cyclic AMP response. Studying

second messenger responses in slices and cultures from rat

brain (17), we found that the pharmacological properties of the

receptors mediating inositol phosphate or cAMP responses in

brain slices or cultures did not fit easily into the alA/all,

subclassification. We have thus reexamined the binding prop-

erties of a,-adrenergic receptors in rat tissues, focusing on the

newly available subtype-selective antagonists (+)-niguldipine

and 5-MU.

As previously documented (14, 15), (+)-niguldipine competes

more potently for alA than � receptors. Two-site analysis of

inhibition curves for (+)-niguldipine in a variety of rat tissues

gave almost identical proportions of high and low affinity sites

as obtained previously with WB 4101 (3). However, K! values

for (+)-niguldipine, unlike WB 4101, varied substantially be-

tween different tissues. In particular, two tissues containing

only the ((j�� subtype (liver and spleen) had a significant 7-fold

difference in affinity fir (-i-)-niguldipine. It was possible that

this difference in potency might indicate the existence of novel

receptor subtypes, possibly related to the atypical subtypes

encountered in second messenger responses (3). However, liver

and spleen have very different receptor densities (866 and 107

fmol/mg of� protein, respectively) (31, and different tissue con-

centrations are used in radioligand binding assays. (+)-Nigul-

dipine is highly lipophilic, and its K1 value in competing for

both Ca� channel binding sites (14) and a1\-adrenergic recep-

tors (15) has been shown to be dependent on membrane protein

concentration. This suggests that (+)-niguldipine may be par-

titioned into hydrophobic compartments unavailable !�ir recep-

tor interaction.

Experiments on the effect of tissue concentration on K1

values for (+)-niguldipine suggest that the variation observed

between tissues is probably due almost entirely to differences

in drug partitioning and availability. Reduction of the amount

of spleen protein in the binding assay increased the apparent

affinity of ( -I- 1-niguldipine, and addit ion of heat -inactivated

spleen protein to liver membranes reduced the apparent affinity

for (+)-niguldipine. Ifthis is the case, then we can assume that

the lower K1 values obtained in tissues with the highest receptor

densities (liver and neocortex) are most indicative ofthe actual

affinity (If this drug tor the different receptor subtypes. This

would give a rough approximation of 0.5-1 nM as a KJ) for the

�1A subtype and 50-100 nM as a K!) for the aiR site. These are

similar to, although slightly higher than, those reported previ-

ously (14, 15).

Examination of the effect of (+)-niguldipine on saturation

curves for ‘25I-BE binding to membrane preparations enriched

in either the �t1A or the ��IR subtypes suggested that the inhibi-

tion was mainly competitive. However, substantial noncompet-

itive inhibition was also observed, particularly at higher con-

centrations of (+)-niguldipine. Although such experiments are

difficult to interpret in tissues containing multiple subtypes

with different affinities for the competing drug, the apparent

noncompetitive inhibition observed in spleen (only 1,R) was

particularly striking. Apparent noncompetitive inhibition at

low (+)-niguldipine concentrations (10-50 nM) could be due to

a masking of the alA subtype, but this phenomenon would not

explain the apparent noncompetitive inhibition at high (+)-

niguldipine concentrations (200-1000 nM). This might be re-

lated to the apparently noncompetitive effects of high concen-

trations of (+)-niguldipine observed in the inhibition of nor-

epinephrine-stimulated inositol phosphate formation in pri-

mary glial cultures (17).

We showed previously that CEC pretreatment in hypotonic

medium essentially eliminates � sites in most membrane

preparations, using WB 4101 to distinguish the subtypes (3).

Although pretreatment with CEC decreased the proportion of

low affinity sites for (+)-niguldipine in most tissues, as would

be expected, it did not completely eliminate them. This was

particularly evident in heart, where more than half of the sites

remaining after CE(’ pretreatment� still had a low affinity I�r

(+)-niguldipine, similar to that expected at the a� subtype.

The two most likely explanations for these data are that 1)

CEC pretreatment does not completely inactivate the u1,� sub-

type or 2) there is an additional subtype of CEC-insensitive

receptor with a low affinity for (+1-niguldipine.

The degree of � receptor inactivation by CEC rests primar-

ily on three lines of evidence. First, CEC pretreatment macti-

yates 86-94% of the binding sites in tissues containing only

the U1,� subtype (liver and spleen). Second, using WB 4101 to

discriminate subtypes. no low affinity (o,,) sites can l)e distin-

guished after pretreatment of membranes in hypotonic buffer

(3) or in solubilized and partially purified receptors from rat

1)rain (8). Finally, transient� expression of the � receptor

cI)NA from DDTI -MF2 cells in COS-7 cells results in receptors

that are almost completely (95% 1 inactivated l)y CEC pretreat-

ment (11).
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However, there are several possible complicating factors.

First, the low selectivity of WB 4101 might make it difficult to

distinguish small residual populations of low affinity sites. In

addition, the degree of alkylation may be dependent on tissue

or environmental factors, which are difficult to control. In fact,

as a general rule we have found that the degree of total receptor

inactivation by CEC pretreatment is slightly smaller than the

proportion of �iH sites defined by WB 4101. Clearly, the use of

more selective drugs to distinguish the binding sites or the use

of pure populations of receptors would clarify this issue.

In fact, Gross and co-workers (13, 22) have found similar

results with 5-MU and (+)-niguldipine. After pretreatment of

membranes from rat cerebral cortex with CEC, Hanft and Gross

(13) found a small proportion (12%) of residual low affinity

sites for 5-MU. Similarly, after pretreatment of membranes

from human cerebral cortex with CEC, 28% of the remaining

sites still had a low affinity for (+)-niguldipine (22).

To test these possibilities further, we compared inhibition

curves for three additional subtype-selective antagonists in two

predominantly alA (CEC-treated hippocampus and CEC-

treated heart) and two predominantly � (liver and spleen)

tissues. 5-MU gave results almost identical to those found with

(+)-niguldipine, but with significant proportions of low affinity

sites remaining after CEC pretreatment, particularly in heart

(50%). However, unlike (+)-niguldipine, the affinity of 5-MU

for each subtype did not vary substantially between tissues. In

contrast, neither WB 4101 nor phentolamine gave significant

two-site fits in either CEC-pretreated hippocampus or CEC-

pretreated heart. It is not clear whether this is due to the lower

selectivity of these drugs, compared with (+)-niguldipine and

5-MU, or whether there are real pharmacological differences

between these sites.

These studies raise the possibility ofan aIR-like receptor that

is not inactivated by CEC. Schwinn et al. (11) have recently

presented evidence for the opposite possibility, an alA-like

receptor that is inactivated by CEC. These investigators iso-

lated a cDNA, from a bovine brain library, that codes for an

a1-adrenergic receptor subtype that has an affinity for WB

4101, phentolamine, and oxymetazoline similar to that of the

alA subtype but is partially (65%) sensitive to CEC inactivation.

Thus, the possibility of CEC-sensitive and -insensitive versions

of both the �1A and a�� subtypes clearly must be addressed.

However, it will be important to determine whether such dif-

ferences are due to different subtypes or to differential access

of CEC.

The relationship of the three recently cloned a1-adrenergic

receptors (9-11) to the pharmacologically defined subtypes is

not yet clear. The alA and a1� clones encode proteins with the

expected high and low affinities for WB 4101 and phentol-

amine, respectively. However, both proteins have a low affinity

for oxymetazoline. The expressed alA receptor is clearly less

sensitive to CEC than the � (9, 10), but this difference is not

as great as in rat tissues. The existence of the a1(- clone

complicates the issue (11), because this receptor has properties

similar to those of the alA, although a1�. mRNA is not expressed

in rats. The affinities of (+)-niguldipine or 5-MU for the

receptors encoded by these cDNA clones are not yet available.

In summary, we have reexamined the pharmacological prop-

erties of a1-adrenergic receptor binding sites in rat tissues with

the newly available, more highly subtype-selective, antagonists

(+)-niguldipine and 5-MU. The results are in general agree-

ment with the previous alA/all, classification scheme, although

the persistence of a11,-like sites after CEC pretreatment and

the noncompetitive effects of (+)-niguldipine in some tissues

suggest that this classification scheme may need to be altered.

The lack of correlation of the pharmacological properties of

these binding sites with the pharmacological properties of the

receptors mediating second messenger responses described in

the preceding manuscript (17) makes it clear that the complex-

ity of the situation is still not fully understood. More highly

selective pharmacological tools will probably be needed to fur-

ther clarify the situation.

Acknowledgments

Vv’e thank Siobhan (;ilchrist and Vu-Ping Zeng for excellent technical assist-

ance, Hong-Ying Zhong for experiments on varying tissue concentration, l)r.

Karl Sanders (Bvk Gulden) for (+)-niguldipine. and Dr. Kenneth Kellar (George-

town University) for initial samples of �.MU.

References

1. Morrow, A. L., and I. (‘reese. Characterization of u1-adrenergic receptor

subtypes in rat brain: a reevaluation i�)f3H-\VB 4101 and �H-prazosin binding.

Mo!. Pharmacol. 29:321-330 1 1986.

2. Han, C., P. W. Abel, and K. P. Minneman. �-Adrenoceptor subtypes linked

to different mechanisms for increasing intracellular Ca2� in smooth muscle.

Nature (Lcirzd.) 329:333-(3.5 ( 1987).

3. Han, C., P. W. Abel, and K. P. Minneman. Heterogeneity of u,.adrenergic

receptors revealed by chlorethylclonidine. Mol. !�harrnacol. 32:50.5-51))

(1987).

4. Minneman, K. P., C. Han, and P. W. Abel. Comparison of ()-adrenergic

receptor subtypes distinguished by chlorethylclonidine and W13 4101. Mo!.

I’harmacol. 33:509-514 (1988).
5. Minneman, K. P. u-Adrenergic receptor subtypes, inositol phosphates, and

sources of cell calcium. Pharmaco!. Ret’. 40:87-1 19 ) 1988).

6. Tsujimoto, G., A. Tsujimoto, E. Suzuki, and K. Hashimoto. Glycogen pl)os-

phorylase activation by two different ,-adrenergic receptor subtypes: meth.

oxamine selectively stimulates a putative o1-adrenergic receptor subtype )o1�)

that couples with Ca2� influx. Mo!. Pharmacol. 36:166-176 ) 1989).

7. Wilson, K. M., and K. P. Minneman. Pertussis toxin inhibits norepinephrine.

stimulated inositol phosphate formation in primary brain cell cultures. Mo!.

Pharmaco!. 38:274-281 ) 1990).

8. Terman, B. I.. R. P. Riek, A. (‘,rodski, H.-.). Hess, and B. M. Graham.

Identification and structural characterization of (�)-adrenergic receptor sub-

types. Mo!. Pharmaco!. 37:526-534 (1990).

9. Cottecchia, S., D. A. Schwinn, R. H. Randall, H. .1. [,efkowitz, M. G. (‘aron,

and H. K. Kobilka. Molecular cloning and expression of the cl)NA for the

hamster w,-adrenergic receptor. Proc. Nat!. -lead. .Sc,. ( ‘S.4 85:7159-7163

(1988).

10. I..omasnev, J. W., I). Schwinn, S. Cotecchia, W. Lorenz, W.-Y. 1.eung, I). A.

Schwinn, T. L. Yang-Feng, M. Brownstein, R. .1. Lefkowitz, and M. C,. Caron.

Molecular cloning and expression of the cDNA for the o)A-adrenergic recep-
tor. J. Bio!. (‘hem. 266:6365-6369 ( 1991).

11. Schwinn, D. A., J. W. Lomasnev, Vs. Lorenz, P. .J. Szklut, H. ‘1’. Fremeau,
Jr., T. 1.. \‘ang-Feng. M. G. Caron, R. .1. LefIo)witz. and S. Cotecchia.

Molecular cloning and expression of the cI)NA for a novel 1-adrenergic

receptor subtvje. J. Rio!. (�hem. 265:8183-8189 ( 199))).

12. Gross, c;., G. Hanft, and C. Rugevics. 5.Methvl.urapidil discriminates be.

tween subtypes of the i,-adrenoceptor. Eur. J. Phcirrnaco!. 151:313-335

) 1989).
13. Hanft, G., and G. Gross. Subclassification of 1-adrenoceptor recognition

sites by urapidil derivatives and other selective antagonists. Br. .1. Phorrnoco!.

97:691-700 (1989).

14. Hoer, R., A. Grassegger, C. H. Schudi, and H. Glossmann. (+(Niguldipine
binds with �er� high affinity to Ca2� channels and to a subtype of
adrenoceptors. Eur. J. Pharmaco!. 172:131-145 (1989).

15. Graziadei, I., G. Zernig, R. Hoer, and H. Glossman. Stereoselective binding

of niguldipine enantiomers to olA-adrenoceptors labeled with “H.5meth�l.

urapidil. Eur. J. Pharroaco!. 172:329-137 19$9.

16. Robinson, .J. P., and I). A. Kendall. Niguldipine (liscriminates between

adrenoceptor mediated second messenger responses in rat cerebral cortex

slices. Br. .J. Pharrnacol. 100:3-4 199W.

17. Minneman, K. P., and B. Atkinson. Interaction of subtvj)e#{149}selective antago-

nists with tt1-adrenergic receptor-mediated second messenger responses in

rat brain. %lo!. Pharrnaeo!. 40:523-53)) ( 1991).

 at U
niversidade do E

stado do R
io de Janeiro on D

ecem
ber 4, 2012

m
olpharm

.aspetjournals.org
D

ow
nloaded from

 

http://molpharm.aspetjournals.org/


538 Han and Minneman

18. Engel, G., and D. Hoyer. 251BE 2254, a new high affinity radioligand for o�- 22. Gross, G., G. Hanft, and H. M. Mehdorn. Demonstration of alA- and 01B

adrenoceptors. Eur. J. Pharmaco!. 73:221-224 (1981). adrenoceptor binding sites in human brain tissue. Eur. J. Pharmacol.
19. Scatchard, G. The attraction of proteins for small molecules and ions. Ann. 169:325-328 (1989).

N. Y. Acad. Sci. 51:600-672 (1949).
20. Munson, P. J., and D. Rodbard. LIGAND: a versatile computerized approach

for characterization of ligand binding systems. Anal. Biochem. 107:220-239
(1980). Send reprint requests to: Kenneth P. Minneman, Department of Pharmacol-

21. Michel, M. C., G. Hanft, and G. Gross. O1B- hut not olA-adrenoceptors mediate � Emory University Medical School, Atlanta, GA 30322.
inositol phosphate generation. Naunvn-Schmiedebergs Arch. Pharmacol.
341:385-387 (1990).

 at U
niversidade do E

stado do R
io de Janeiro on D

ecem
ber 4, 2012

m
olpharm

.aspetjournals.org
D

ow
nloaded from

 

http://molpharm.aspetjournals.org/



