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SUMMARY

We compared the pharmacological properties of the a2-adrener-
gic radioligand [3H]idazoxan with those of [3H]rauwolscine in rat
and [3H]yohimbine in human renal cortical membranes. The
density of “specific” [3H]idazoxan binding sites (defined by 100

MM tolazoline) was twice as high as that of [3H]rauwolscine in rat
kidney and four times as high as that of [3H]yohimbine in human
kidney. A variety of structurally different drugs fully competed
for specific [3H]rauwolscine and [3H]yohimbine binding, with af-
finities appropriate for the interaction with a2-adrenergic recep-
tors. Specific [3H]idazoxan binding, however, was only partially
competed for by the catecholamines epinephnne and norepi-
nephnne in both tissues. Thus, [3H]idazoxan labels both a2-

adrenergic receptors and a nonadrenergic site. Clonidine, B-HT
920, moxonidine, phentolamine, prazosin, yohimbine, dopamine,
and serotonin also could not compete for this site. However, UK

1 4,304, guanabenz, indanidine, tolazoline, oxymetazoline, and
SK&F 1 04,078 competed for the additional [3H]idazoxan sites
with affinities similar to those at a2-adrenergic receptors. [3H]
Idazoxan binding substantially in excess of [3H]rauwolscine or
[3H]yohimbine binding was also found in human platelets, myo-
metnum, and erythroleukemia (HEL) cells but not in three cell
lines lacking a2-receptors (MDCK, BC3H1 , and Jurkat cells).
Although we have been unsuccessful thus far in defining the
precise nature of the additional [3H]idazoxan binding sites, we
hypothesize that these sites may be closely affiliated with a2-
adrenergic receptors but clearly distinct from the catecholamine
binding site of the receptor. The results indicate that care must
be taken in the use of [3H]idazoxan or drugs that are recognized
at its nonadrenergic site when studying a2-adrenergic effects
and receptor subtypes.

Evidence has accumulated that a2-adrenergic receptors are

not homogeneous entities but can be further subdivided into

subtypes. Four approaches have been used for defining such

subtypes.

1) Bylund and co-workers (1, 2) have found differences in

the affinities of various drugs for a2-adrenergic receptors in

different tissues and have proposed a subclassification into a2A-

and a25-adrenergic receptors. In this scheme, oxymetazoline

has higher affinity for the a2A- than the a2B-receptor, whereas

prazosin and ARC 239 have lower affinity for the a2A- than the

a25-receptor.

2) More than one gene has been found to encode for a2-

adrenergic receptors in humans. One of these genes encodes for

the a2-adrenergic receptors with low affinity for prazosin that

is found in human platelets and, thus, may correspond to the
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alA-adrenerglc receptor (3). Another gene from a human kidney

library encodes for an a2-adrenergic receptor with high affinity

for prazosin and, thus, may correspond to the aIB-adrenergic

receptor (4).

3) The a2-adrenergic antagonist SK&F 104,078 has high

affinity for postsynaptic a2-receptors and low affinity for most

presynaptic a2-receptors (5). Inasmuch as SK&F 104,078 has a

similar high affinity for both the a2A- and the a2B-adrenergic

receptors (4), these data suggest presynaptic a2-adrenergic re-

ceptors may belong to another subtype.

4) Rauwolscine and idazoxan (RX 781094) are considered to

be two of the most a2-selective drugs available (6, 7). However,

autoradiographic studies demonstrated that the binding sites

identified by [3H]RAU and [3H]IDA in rat brain slices differ in

both their pharmacological specificity (8) and their anatomical

distribution (9).

In the present study, we set out to assess the possible exist-

ence of a2-adrenergic receptor subtypes in kidney by comparing

the pharmacological properties of the binding site for [3H]IDA

with those of [3H]RAU in rat and [3H]YOH in human renal
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K, = ICse/(L/Kd � 1)

cortical membranes. To our surprise, we discovered that [3H]

IDA, as well as some other drugs previously used for subclas-

sification of a2-adrenergic receptors, also binds with high affin-

ity to a novel nonadrenergic site.

Experimental Procedures

Materials. [3H]IDA was purchased from Amersham (Arlington

Heights, IL) and [3H]RAU and [3H]YOH from New England Nuclear

(Boston, MA); epinephrine, norepinephrine, dopamine, serotonin, to-
lazoline, oxymetazoline, p-NH2-clonidine, histamine, yohimbine, ami-

bride, and cimetidine were from Sigma Chemical Co. (St. Louis, MO).

The following drugs were gifts of the respective companies: moxonidine
(Beiersdorf, Hamburg, FRG), guanabenz (Wyeth, Princeton, NJ), pra-
zosin and UK 14,304 (Pfizer, New York, NY), SK&F 86,466 and SK&F

104,078 (Smith Kline & French, Philadelphia, PA), clonidine (Boehrin-
ger Ingelheim, Ingelheim, FRG), phentolamine (Ciba Geigy, Summit,
NJ), idazoxan (Reckitt and Colman, Hull, UK), indanidine (Siegfried,

Zofingen, Switzerland), cirazoline (Synthelabo, Paris, France), and B-
HT 920 (Thomae, Biberach, FRG).

Tissue and cell preparation. Male Sprague-Dawley rats (200-250
g) were obtained from Bantin & Kingman (Palo Alto, CA). After

decapitation of the animals, the kidneys were removed and the renal

capsule and medulla were dissected and discarded. The remaining renal
cortex was weighed, placed into ice-cold preparation buffer (20 mM

NaHCO3), minced with scissors, and homogenized with a Tissuemizer
for 10 sec at full speed and twice for 20 sec at half speed. The

homogenate was centrifuged for 20 mm at 40,000 x g. The supernatant

was discarded and the pellet was resuspended in binding buffer (50 mM
Tris-HC1, 0.5 mM EDTA, pH 7.5) to a dilution of 15 ml/g of wet weight
and rehomogenized for 10 sec at half speed.

HEL, MDCK, and BC3H1 smooth muscle cells were maintained in
tissue culture under previously reported conditions (10-12). Human T
(Jurkat) cells were maintained in RPM! 1640 medium supplemented

with 10% fetal calf serum. The cells were homogenized and centrifuged

using the same method as for rat kidneys.
Human renal cortex was obtained from patients undergoing nephrec-

tomy because of hypernephroma; the tissue used in this study was from

macroscopically and histologically tumor-free areas. Membranes were

prepared as previously described (13). Human myometrial tissue was
obtained from patients undergoing cesarean section. The procedures
for membrane preparation and radioligand binding in this tissue have

been described earlier (14).

Binding assays. Radioligand binding was performed according to
previously described techniques (15, 16). Briefly, membranes were
incubated with the radioligands in the absence or presence of various
drugs at 25’ for 60 mm. The incubation was stopped by rapid vacuum
filtration through two layers of Whatman GF/C filters using a Brandel

cell harvester; filters were rinsed twice with 10 ml of ice-cold binding
buffer. Protein was measured by the method of Lowry et aL (17).

A slightly different protocol was used for binding to human kidney

and myometrial membranes. [3H]YOH was used instead of [3HIRAU,

and membranes were incubated for 30 mm at 25’ with this ligand. In

experiments with a-adrenergic agonists, 100 MM GTP was present in
all tubes. Incubation of the membranes was stopped by addition of 10
ml of buffer and rapid vacuum filtration through a single layer of

Whatman GF/C filters, which were rinsed with an additional 10 ml of

buffer.
Data analysis. Concentration-inhibition and saturation curves

were analyzed by nonlinear regression analysis with the GraphPAD
program (Institute for Scientific Information, Philadelphia, PA). Data
from competition experiments were fitted to a sigmoid curve, data from
saturation experiments to a rectangular hyperbola. ICse values obtained

from the concentration-inhibition curves were converted to K1 values
according to the equation

where L and Kd are the concentration and the affinity of the radioli-

gand, respectively.

Results

[3H]IDA and [3HJRAU binding in rat renal cortical

membranes. In initial experiments conducted with rat renal

cortical membranes, we found that [3H]IDA consistently bound

to twice as many sites as did [3H]RAU (data not shown). In

order to determine whether this might be attributed to addi-

tional “nonspecific” and/or “specific” binding, we performed

competition experiments with a variety of structurally different

drugs.

Total [3H]RAU binding was maximally inhibited 72-87% by

each adrenergic compound tested, including the endogenous

catecholamines epinephrine and norepinephrine and the selec-

tive a1- and a2-adrenergic antagonists prazosin and yohimbine,

respectively (Fig. 1; Table 1). Thus, approximately 20% of total

[3H]RAU binding in rat kidney is not competed for by any of

the drugs tested and is, therefore, nonspecific; the definition of

specific [3H]RAU binding does not depend on the choice of

adrenergic drug. The affinities (I(� values) for inhibition of [3H]

RAU binding agree well with previously published results (16,

18). It should be noted that prazosin had a rather high affinity

(K = 74 nM; Fig. 1E; Table 1), confirming the predominance

of a25-adrenergic receptors in rat kidney (1).

Competition for [3H]IDA binding in rat kidney membranes

yielded quite different results. Many compounds including ep-

inephrine and norepinephrine, clonidine, phentolamine, pra-

zosin, and yohimbine competed for only 28-34% of the total

[3H]IDA binding (Fig. 1; Table 1). The remaining [3H]IDA

binding, however, was not entirely nonspecific, inasmuch as

compounds known to interact with a-adrenergic receptors

(guanabenz, UK 14,304, tolazoline, SK&F 86,466, SK&F

104,078, and idazoxan) all competed for 66-72% of total [3H]

IDA binding with high affinity (i.e., with K, values of <3 MM;

Fig. 1, Table 1). Thus, defining the amount of nonspecific [:;H]

IDA binding by phentolamine would markedly underestimate

specific binding. We, therefore, defined specific binding in

further experiments by tolazoline (100 MM). Under these con-

ditions, the catecholamines epinephrine and norepinephrine,

as well as several other adrenergic compounds, competed for

only half of the specific [3H]IDA binding sites. Differences in

lipophilicity cannot explain these data because the lipophilicity

ofyohimbine and phentolamine is greater than that of idazoxan

and UK 14,304 (19). Instead, our data demonstrate that, in rat

kidney membranes, [3H]IDA specifically binds to two sites, the

a2-adrenergic receptor and an additional, hitherto unidentified,

binding site. Accordingly, the density of specific [3HJIDA bind-

ing sites (defined by 100 MM tolazoline) was twice that of a2-

adrenergic receptors as determined by [3HJRAU binding (Table

2).

Although competition binding studies demonstrated that

[3H]IDA identified two different binding sites, the saturation

isotherm of specific [3HJIDA binding was monophasic (Fig. 2).

Fitting the saturation binding data to a two-site model (double

rectangular hyperbola) instead ofa one-site model did not result

in a significantly better fit (data not shown). Moreover, the Kd

value for [3H]IDA binding (37 nM) and the K values of unla-

beled idazoxan inhibiting [3HJRAU (100 nM) and [3HIIDA

binding (45 nM) were similar (Tables 1 and 2). Thus, idazoxan

seems to have similar affinities for the a2-adrenergic receptor

and the additional binding site.
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Fig. 1. Inhibition of [3H]RAU and [3H]IDA binding to rat renal cortical membranes. Shown are representative experiments for the inhibition of [3H]
RAU (approximately 6 nM; A, C, and E) and [3HJIDA (approximately 30 nM; B, D, and F) binding with each point determined in duplicate. A summary

of pooled data is given in Table 1.
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Most other compounds binding to the additional [3H]IDA

site yielded steep and apparently monophasic competitive bind-

ing curves, indicating that these drugs also have similar affin-

ities for the a2-adrenergic receptors and the additional [3HJ IDA

binding site. For example, the a2-adrenergic agonist UK 14,304

competed with similar ICso values for [3HJIDA binding (both

sites), [3H]IDA binding in the presence of 10 MM phentolamine

(“additional” [‘HJIDA sites only), and [3H]RAU binding (a2-

adrenergic receptors; Fig. 3). Only the benzazepine SK&F

86,466 had a biphasic competition curve with a high affinity

component, similar to its a2-adrenergic receptor affinity, and a

low affinity component. The K values for all compounds are

summarized in Table 1.

[3H]IDA and [3H]YOH binding in human renal cortical

membranes. We next asked whether the additional [3H]IDA

[3H] idazoxon

binding site is also present in tissues other than rat kidney.

We, therefore, compared the binding of the rauwolscine isomer

[3H]YOH with that of [3H]IDA in human kidney membranes.

Preliminary experiments showed that nonspecific binding var-

ied markedly in this tissue between samples obtained from

different patients (20-70%; data not shown). Based on the data

obtained in rats and on preliminary experiments, we defined

specific [3H]YOH binding as binding in the presence of 10 MM

phentolamine and specific [3H]IDA binding as binding in the

presence of 100 MM tolazoline. Thus, we determined the amount

of specific binding in each experiment; inhibition was expressed

as a percentage of specific binding (not as a percentage of total

binding).

In human kidney membranes, all compounds tested com-

peted for specific [1HJYOH binding completely, with affinities
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TABLE 1

Inhibition of [�H]RAU and [3H]IDA binding to rat kidney

Shown are maximal inhibition (in percentage of total binding) and pK, values of [3H1
RAU and [3HJIDA binding, as calculated from concentration-inhibition curves. All
drugs were tested up to at least 1 00 times the K, value at a2-adrenergic receptors.
Data are mean ± standard error of 2-5 experiments. Standard error values were
not calculated when only two experiments were done. Representative experiments
are shown in Fig. 1 . The competition curve for SK&F 86,466 was apparently
biphasic with a high affinity pK, of 7.80 ± 0.51 and a low affinity pK, of 5.69 ± 0.45.

Maxim&�hib5on of K

totalbinding p

I3HIRAU [3HJIDA L3HIRAU [�HJlDA

% M

a-Adrenergic agonists
Epinephnne 72 ± 4 30 ± 7 7.26 ± 0.30 6.72 ± 0.05
Norepinephnne 76 ± 1 33 ± 1 7.10 ± 0.25 7.25 ± 0.23
Clonidine 77 ± 2 32 ± 5 7.07 ± 0.25 6.98 ± 0.34
p-NH2-Clonidine 79 34 7.41 6.61
Oxymetazoline 73 ± 1 39 ± 6 6.71 ± 0.21 6.10 ± 0.33
Moxonidine 73 ± 2 33 ± 0 5.77 ± 0.07 5.39 ± 0.02
UK 14,304 74 ± 3 68 ± 3 7.49 ± 0.18 7.93 ± 0.23
lndanidine 82 ± 2 71 ± 1 5.34 ± 0.09 5.38 ± 0.10
Cirazoline 75 57 6.27 6.96
Guanabenz 75 ± 3 66 ± 4 7.17 ± 0.02 7.06 ± 0.07

a-Adrenergic antagonists
Prazosin 77 ± 2 33 ± 0 7.13 ± 0.03 5.53 ± 0.34
Yohimbine 75 ± 3 28 ± 2 8.16 ± 0.02 7.55 ± 0.22
Phentolamine 78 ± 6 30 ± 5 7.04 ± 0.48 6.51 ± 0.38
Tolazoline 80 ± 5 68 ± 4 5.92 ± 0.1 1 6.23 ± 0.03
Idazoxan 79 ± 3 72 ± 2 7.00 ± 0.35 7.35 ± 0.34
SK&F 104,078 87 ± 0 71 ± 4 6.82 ± 0.10 5.39 ± 0.06
SK&F 86,466 72 59 7.54 6.46

Nonadrenergic compounds
Dopamine 75 a 4.66 <4.5
Serotonin 74 ± 3 a 3.68 ± 0.32 <4
Histamine 80 ± 3 78 ± 4 4.23 ± 0.35 4.41 ± 0.42
Cimetidine 73 a 4�53 <4
Amiloride 75 ± 4 51 ± 6 4.91 ± 0.34 5.11 ± 0.12

a Approximately 30% inhibition at concentrations comparable to full competition
at a2-adrenergic receptors; higher concentrations competed somewhat more, but
the extent of maximal competition could not be determined because of low affinity.

(K, values) typical for the interaction with a2-adrenergic recep-

tors (Table 3). Confirming earlier data (16), the affinity of

prazosin for the human renal a2-adrenergic receptor was 1.2

MM, indicating the predominance of the a2�-subtype in the
human kidney.

As was found in studies with rat kidney membranes, satura-

tion binding isotherms of [3HIIDA to human kidney mem-

branes were monophasic (data not shown). The density of

specific [3HJIDA binding sites was 4 times that of a2-adrenergic

receptors, determined by [3H]YOH binding (Table 2). The

TABLE 2

catecholamines epinephrine and norepinephrine, B-HT 920,

clonidine, moxonidine, phentolamine, prazosin, and yohimbine

all competed for less than 20% of specific [3H]IDA binding, in

concentrations up to 100 times their K, value, at a2-adrenergic

receptors (Table 3). UK 14,304, oxymetazoline, tolazoline, id-

azoxan, SK&F 86,466, and SK&F 104,078, however, competed

fully for specific [3H}IDA binding (Table 3), demonstrating

that the additional [3H]IDA binding site also exists in human

kidney.

The affinity of idazoxan for binding in human kidney mem-

branes was higher than in rat kidney (Table 2), but similar

affinities were found for [3H]IDA binding (4 nM) and for

unlabeled idazoxan competing for [3H]YOH (18 nM) and [3HJ

IDA binding (11 nM). Most drugs that recognized the additional

[3H]IDA site had similar affinities for inhibition of [3H]YOH

and [3H]IDA binding (Table 2); only the benzazepines SK&F

86,466 and SK&F 104,078 had lower affinities for the [‘HJIDA

sites than for the a2-adrenergic receptors.

In contrast to the rat kidney membranes, high concentrations

of clonidine and phentolamine (>1000 times the K1 value at the

a2-adrenergic receptor) could compete for specific [‘H]IDA

binding completely in the human kidney membranes; the re-

spective K, values were 29 and 17 MM. High concentrations of

norepinephrine (>200 times the K� value at the a2-adrenergic

receptor) maximally inhibited 55% of specific [3H]IDA binding.

[3HJIDA binding in other tissues with adrenergic re-

ceptors. We then asked whether the additional [3H]IDA bind-

ing site is also found in other tissues. In human platelets,

myometrium, and HEL cells the density of specific [3H]IDA

binding sites also exceeded that of a2-adrenergic receptors

detectable using [3HJRAU (Table 2). In contrast, three cell

lines that lack a2-adrenergic receptors (MDCK, BC3H1, Jurkat

cells) also did not have saturable high affinity [3H]IDA binding

sites (Table 2). In some experiments tolazoline-displaceable

[3H]IDA binding was observed in these cell lines, but this

increased linearly with ligand concentrations (up to 150 nM)

and was not further investigated. Thus, the additional [3HIIDA

binding site was observed in four tissues containing a2-adre-

nergic receptors and not in three cell lines lacking a2-adrenergic

receptors. However, the ratio between a2-adrenergic receptors

and the specific [3H]IDA binding was inconsistent, varying

from 1:2 to 1:7 between tissues (Table 2).

Effects of GTP and Na� on [3H]IDA binding. Because

agonist binding to a2-adrenergic receptors in rat renal cortex

and other tissues is sensitive to GTP and Na� (20, 21), we

tested whether binding of the a2-adrenergic agonist UK 14,304

Comparison of density and affinfty of [�H]lDA and [3H]RAU binding sites
Data are means ± standard error of 2-4 experiments. [3H]YOH was used in experiments with human kidney and human my
Specific rH]RAu and [3HJYOH binding was defined by 1 0 �M phentolamine, and specific [3H]IDA binding by 100 �M tolazoline.

ometrium , [3HJRAU in all other tissues.

B,�
lissue

[�H)RAU/[�H]Y0H [�HJlDA I�HIRAU/1�H1Y0H

K,,

I3HIIDA

fool/mg of p(otein oaf

Rat kidney 195 ± 34 385 ± 60 4.70 ± 1 .36
Humankidney 93±23 413±56 2.16±0.41
Human platelets 21 2 ± 78 358 ± 1 02 1 .38 ± 0.41

Human myometnum 47 ± 13 127 ± 42 1 .67 ± 0.10
HELcells 52±8 355±76 1.44±0.04

37.0 ± 8.2
3.5± 0.6

1 0.8 ± 1.8

10.0 ± 0.3
22.1±8.0

MDCKceIIs

BC3HlceiIs - - - -

Jurkatcells - - - -

a No saturable high affinity binding of either ligand was detected in MDCK, BC3H1 , and Jurkat cells.
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Fig. 2. Saturation isotherm of [3HJIDA binding to rat renal cortical
membranes. Shown is a representative experiment with each point

determined in duplicate. Specific [3HJIDA binding was defined by 1 00 MM
tolazoline. The mean and standard error of the results of the saturation
experiments are given in Table 2.
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Fig. 3. Competition of UK 14,304 for specific binding of [3HJRAU, [3HJ
IDA, and [3HJIDA in rat renal cortical membranes in the presence of

phentolamine (1 0 MM, to prevent [3HIIDA binding to a-adrenergic recap-
tors). Specific binding was defined by 10 MM phentola.mine for [3H]RAU
and 100 MM tolazoline for [3HJIDA binding. The line shows the calculated
competition curve for [3HJRAU binding. Shown is a representative ex-
periment with each point determined in duplicate. Similar results were
obtained in two other experiments. Note that the concentration of [3H]
RAU in this experiment was 5.5 n� (approximately twice the Kd) and that
of [3HJIDA was 28 nM (approximately equal to the K,,).

to the additional [3HJIDA site is also sensitive to these agents.

We competed for [3H]IDA (in the presence of 10 MM phentol-

amine) and [3H]RAU binding with increasing concentrations

of UK 14,304 in the absence and presence of Gpp(NH)p (10

MM) and Na� (140 mM). Although this combination markedly
reduced the affinity of UK 14,304 for the a2-adrenergic receptor,

it did not affect the affinity for the additional [3H]IDA binding

site (Fig. 4). Thus, either agonist binding to the additional [3H]

IDA binding site is not sensitive to Na� and GTP, or UK 14,304

is not an agonist at this site.

Discussion

Idazoxan is an a-adrenergic receptor antagonist that has a

higher selectivity for a2- versus a1-adrenergic receptors than

does either yohimbine or rauwolscine (6, 7). Moreover, in

concentrations up to 10 MM it does not antagonize effects

mediated via �3�- and (32-adrenergic, dopamine, neuronal sero-

tonin, nicotine, presynaptic opioid, or histamine H2 receptors.

The pD, values at histamine H, and muscarinic receptors are

very low (4.81 and 4.84, respectively) compared with those at

a2-adrenergic receptors (7.93-8.56; Ref. 6). Thus, idazoxan is

TABLE 3

Inhibition of [3HJIDA and [3H]YOH binding to human kidney
Shown are maximal inhibition (in percentage of specific [3HJIDA binding (as defined
by 1 00 �M tolazoline) and pK, values for inhibition of [3HJIDA and [3H]YOH binding,
as calculated from concentration-inhibition curves. All drugs inhibited specific [3HJ
YOH binding completely and were tested up to at least 1 00 times the K, value at
a2-adrenergic receptors. Data are mean ± standard error of 2-4 experiments.
Standard error values were not calculated when only two experiments were done.

Maxim� ahibition
ofspecthc

bulding, l’HIIDA

pK,

I3HIIDA l’HIYOH

% M

a-Adrenergic agonists
Epinephnne 14±8 7.27±0.34 6.68± 0.27
Norepinephnne <1 oa b 6.58 ± 0.32
B-HT920 <10 - 6.55 ±0.08
Clonidine <1 oa 7.67 ± 0.16
Moxonidine 19 ± 7 5.80 ± 0.28 5.65 ± 0.16
UK 14,304 96 ± 7 6.17 ± 0.33 6.92 ± 0.12
Oxymetazoline 102 6.34 6.96

a-Adrenergic Antagonists
Prazosin <1 0 - 5.92 ± 0.03
Yohimbine <1 0 - 8.40 ± 0.10
Phentolamine <1 oa 8.21 ± 0.17
Tolazoline 105±8 6.22±0.34 5.80± 0.07
Idazoxan 108 7.96 7.74
SK&F 104,078 99 ± 4 5.20 ± 0.32 6.94 ± 0.26
SK&F 86,466 100 5.31 7.55

considered to be one of the most selective and specific a2-

adrenergic drugs known. Therefore, we were surprised to find

that, as a radioligand, [3H]IDA consistently labeled more sites

than did [3H]RAU or [3H]YOH in membranes from rat and

human kidney, human platelets, human myometrium, and HEL

cells (Table 3). The additional [3H]IDA binding sites are not

nonspecific because they are saturable and competed by struc-

turally distinct drugs with high affinity.

The catecholamines epinephrine and norepinephrine only

competed for part of the specific [3H]IDA binding (Fig. 1B,

Tables 1 and 3). The fraction of catecholamine-displaceable

[3H]IDA binding was similar to the ratio of the Bmax of [3H]

RAU (or [3H]YOH) to that of [3HJIDA binding. Thus, the

additional [3H]IDA binding sites do not appear to be catechol-

amine recognition sites and, thus, can be classified as nonad-

renergic. They also do not appear to interact with the a-

adrenergic drugs clonidine, p-NH2-clonidine, moxonidine, B-

HT 920, prazosin, yohimbine, or phentolamine (Tables 1 and

3), or with serotonin or dopamine (in concentrations up to 0.1

mM). Histamine inhibited [3H]IDA binding with an affinity

that is not greater than that observed at a2-adrenergic recep-

tors. Thus, the additional sites that bind [3H]IDA appear not

likely to be receptor binding sites for any of those neurotrans-

mitters.

Although the additional [3HJIDA binding site is not recog-

nized by catecholamines, it is competed for by many a-adre-

nergic drugs including UK 14,304, indanidine, SK&F 86,466,

SK&F 104,078, tolazoline, guanabenz, idazoxan, and (in human

kidney membranes) oxymetazoline (Tables 1 and 2). Cirazoline

competed for specific [3H]IDA binding in rat kidney to a

significantly greater extent than did the catecholamines, but

complete competition was not achieved (Table 1); in a single

experiment in human kidneys, cirazoline completely inhibited

specific [3HJIDA binding (data not shown).
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‘M. Zeidel, personal communication.
‘A Sulpizio and J. P. Hieble, personal communication.

�i0-�#{176}iO-� 108 iO7 106

(UK 14.3041. P4
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(UK 14.304). P4

Fig. 4. Effect of Gpp(NH)p and Na� on binding of UK 14,304 to a2-

adrenergic receptors ([3H]RAU binding; upper) and the additional [3H]IDA
binding sites (in the presence of 10 MM phentolamine; lower) in rat renal
cortical membranes. Experiments were performed in the absence and
presence of Gpp(NH)p (10 MM) and Na� (140 mM). The concentrations of
[3HJIDA and [3HJRAU were approximately 30 and 6 n�.i, respectively. For
these experiments membranes had been washed three times for 20 mm
at 40,000 x g to remove endogenous GTP. MgCI2 (5 mM) was added to
all tubes. Specific binding was defined by 1 0 MM phentolamine for [3H]
RAU and 100 MM tolazoline for [3HJIDA binding. Shown is a representative
experiment with each point determined in duplicate. Similar results were
obtained in two other experiments.

Because many a-adrenergic drugs had high affinity for the

additional [3HJIDA binding site, we asked whether this site

might be an allosteric site on the a2-adrenergic receptor. a2-

Adrenergic receptors appear to have at least one allosteric

binding site that is recognized by the diuretic amiloride (21,

22). Amiloride, however, did not compete for the additional

[3H]IDA binding sites in rat kidney (Table 1).

The additional [3H]IDA site also exists in four tissues con-

taming a2-adrenergic receptors, but not in three cell lines

devoid of a2-adrenergic receptors (Table 2). The ratio of a2-

adrenergic receptors/[3H}IDA binding sites was not constant

and varied from 1:2 to 1:7. Experiments designed to test

whether the additional [3H]IDA site could be detected on

purified a2-adrenergic receptors (kindly performed by Drs. J.

M. Nunnari and L. E. Limbird, Vanderbilt University, Nash-

ville, TN) were unsuccessful because [3H]IDA did not detect

either a2-adrenergic or additional binding, possibly because of

the low affinity. Thus, we could not determine whether the

additional [3H]IDA binding site is part of or closely affiliated

with the a2-adrenergic receptor molecule, although the close

correspondences between tissues makes this an intriguing hy-

pothesis.

Recently, an extract has been isolated from brain that dis-

places [�H]p-NH,-clonidine binding and has therefore been

termed CDS (23). CDS binding sites have been identified in

rat brain (23, 24) and kidney (25). Many a-adrenergic drugs

have high affinity for the CDS site, and their potency for

lowering blood pressure correlates better with their affinity for

CDS sites than with that for a-adrenergic receptors (26). How-

ever, a number of drugs distinguish the additional [‘H]IDA site

described here from the CDS site. 1) The CDS site is defined

via [3HJp-NH2-clonidine binding (23, 24) but neither this drug,

nor the parent compound clonidine, recognized the additional

[3HJIDA site (Fig. 1B; Tables 1 and 3). 2) Histamine and the

histamine H2-receptor antagonist cimetidine have higher affin-

ity for CDS sites than for a2-adrenergic receptors (26), but the

affinity of histamine and cimetidine for the additional [‘H]IDA

site is similar to or lower than that for a,-adrenergic receptors

(Table 1). 3) Yohimbine competes for binding to CDS sites (26)

but not to the additional [3H]IDA site. 4) Guanabenz does not

bind to CDS sites but had high affinity for the additional [3H]

IDA site (26). 5) Generally, all imidazolinee bind to CDS sites

(26), whereas the additional [3H]IDA site is recognized by some

imidazolines (UK 14,304, indanidine, cirazoline, oxymetazoline,

tolazoline, and idazoxan) but not by others (clonidine, p-NH,-

clonidine, moxonidine, and phentolamine). On the other hand,

nonimidazolines appear not to bind to CDS sites, whereas the

benzazepines SK&F 86,466 and SK&F 104,078 recognize the

additional [3H]IDA sites in rats and humans.

In this context, it should be noted that evidence has recently

been presented for an additional binding site of [‘H]IDA in

rabbit kidney and brain (27-29). This site is also not detected

by catecholamines, prazosin, yohimbine, and rauwolscine but

is readily detected by several imidazolines including tolazoline,

tramazoline, clonidine, and phentolamine. The authors of these

communications, therefore, concluded that in the rabbit [‘H]

IDA identifies an imidazoline recognition site that may be

closely related to the CDS binding site. The additional [‘H]

IDA site that we have identified in rat and human kidney,

however, is not readily recognized by a number of imidazolines

including phentolamine and clonidine and, thus, appears to be

pharmacologically different from the site in rabbit kidney and

brain.

In summary, in several tissues [‘H]IDA binds to two sites;

the a,-adrenergic receptor and a previously unreported addi-

tional site. Whether this additional binding site has physiolog-

ical relevance remains to be determined. However, drugs that

interact at the additional [3H]IDA binding site have physiolog-

ical effects that do not appear to be mediated by ca,-adrenergic

receptors. 1) In isolated tubule cells from rat kidney, guanabenz

decreases oxygen consumption. This is not mimicked by don-

idine and is not blocked by yohimbine.’ 2) SK&F 104.078 (in

concentrations up to 10 MM) is inactive against the inhibitory

presynaptic effect of the a,-adrenergic agonist B-HT 933 in the

guinea pig atrium but antagonizes that of oxymetazoline with

a Kb of approximately 1 MM.’ This result is in good agreement

with the K1 of SK&F 104,078 at [3H]IDA binding sites (Tables

1 and 3). 3) The first thorough report on the pharmacology of

idazoxan demonstrated that the inhibitory effect of guanabenz
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on the stimulation-induced contraction of rat anococcygeus

muscle was reversed by idazoxan but not by phentolamine,

piperoxan, or prazosin (6).

Regardless of its physiological role, which will require further

studies, the identification ofan additional class ofsites for [3H]

IDA is important for further studies of a,-adrenergic receptors.

Because the additional [‘H]IDA sites are recognized with high

affinity by many of the probes used to subclassify a2-adrenergic

receptors, findings in this report emphasize that great care

must be taken when oxymetazoline, SK&F 104.078, and [3H]

IDA itself are used for a,-adrenergic receptor subclassification.

Moreover, the current results also suggest that use of [3H]IDA

to define CDS sites or imidazoline sites also may be fraught

with potential difficulty.
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