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Abstract 2-(2-Benzofuranyl)-2-imidazoline (2-BFI) hasdroimidaz-2-yl)-quinoxaline (BU239), idazoxan and cira-
recently been characterised as a selective ligand forsthedoline — potently inhibited ®H]2-BFI binding (; values
type of imidazoline-receptor binding site(s)-®BS). The 0.37-1.6 nmol/l), confirming the labelling 0f-RBS. Inhi-
present studies determined the relative levels of specifition of [°*H]2-BFI binding by certain compounds was
[*H]2-BFI binding to membrane homogenates of brain armbnsistent with their interaction with two binding site po-
kidney from rat, guinea pig and rabbit and identified thpulations — for example (drugK; values) guanabenz,
pharmacological characteristics H]2-BFI binding sites 0.65 nmol/l and 0.17imol/l; naphazoline, 0.94 nmol/l and
in rabbit kidney membranes. Rabbit kidney membran@s8 uymol/l; amiloride, 76 nmol/l and 2@mol/l rilmeni-
had the highest relative density of speciftel[2-BFI bind- dine, 150 nmol/l and 5@mol/l; and clonidine, 230 nmol/l
ing of all tissues studied (2000 fmol/mg protein). Rabbénd 70umol/l. The high affinity of amiloride for a high
brain and guinea pig kidney had moderate levels of speproportion (85%) of the binding is consistent with the
fic [3H]2-BFI binding (350-500 fmol/mg protein), whilepresence of the;h-subtype of I-RBS in rabbit kidney.
rat kidney and guinea pig and rat brain displayed much These results demonstrate th#2-BF! is a highly se-
lower densities of binding (40-65 fmol/mg protein). lective and high affinity radioligand for,dRBS which
Studies of H]2-BFI binding kinetics in rabbit kidney should be useful for the further characterisation of these
homogenates revealed binding to two distinct sites Wigh sites in mammalian tissues.
values of 0.10 = 0.01 nmol/l and 1.00 + 0.36 nmol/l re-
spectively. Equilibrium saturation studies were also consisey words [2(2-Benzofuranyl)-2-imidazoline] -
tent with the presence of two binding sites 2H[2-BFI [3H]2-BFI - Imidazoline receptor binding sites - Amiloride -
(0.01—-20 nmol/l) bound to sites with affinities of 0.10 H,-receptor - Kidney and brain - Rabbit
0.01 nmol/l and 0.92 + 0.13 nmol/l and binding densities
of 470 + 80 and 840 * 60 fmol/mg proteim£3), repre-
senting 36 and 64% respectively. Drug inhibition studies
revealed that.-adrenaline;a;-adrenoceptor drugs (prazo-
sin, L-phenylephrine) and,-adrenoceptor drugs (rauwols{ntroduction
cine, methoxyidazoxan, 2-(2,4-(O-methoxyphenyl)-pipera-
zin-1-yl)-ethyl-4,4-dimethyl-1,3-(2H,4H)-isoquinolindione Imidazoline-receptor binding site(s) (I-RBS) are present in
(ARC-239) had extremely low affinities for®f]2-BFI a range of mammalian tissues and are characterised as in-
binding sites (1Go = 10 umol/l). Putative {-RBS com- sensitive to the catecholamines adrenaline and noradrena-
pounds,p-aminoclonidine, moxonidine, imidazole-4-acetitine, and distinct froma,-adrenoceptorsag-ARs). 1-RBS
acid and cimetidine, inhibited®f{]2-BFI binding to rabbit are recognised by a wide range of imidazoline, guanidine
renal membranes with low to very low affinitie&;(values and oxazoline compounds in various tissues of different
3 to 2100 umol/l), suggesting3H]2-BFI does not label;+  species (e.g. Hamilton et al. 1988; Langin and Lafontan
RBS in rabbit kidney membranes-RBS compounds — 2- 1989; Vigne et al. 1989; Michel et al. 1989; Tesson and
(4,5-dihydroimidaz-2-yl)-quinoline (BU224), 2-(4,5-dihy-Parini 1991; Tesson et al. 1991; King et al. 1992, 1995
a,b; Molderings et al. 1994). According to a recent classi-
— _ . fication, these binding sites are divided into two types; |
Ghli?v.e}:s?tssglfnliﬂle ﬁ).(?u'rrlfén%%i)clal\/\éﬁél!_n?gl:sol.oA.L. Gundlach RBS and $-RBS (Michel and Insel 1989; Reis et al.
and Ther):stpeutics Unit, bepartment of Medici%, 1992). L-RBS have been fu_rther d.iVided intgat and E.B' .
Austin and Repatriation Medical Centre, Subtypes based on the afflnl'[y d|Sp|ayed by the dIUI’etIC,
Heidelberg, Victoria 3084, Australia guanidine compound, amiloride. Amiloride has a high affi-
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nity (nanomolar) for 34-RBS and a low affinity (micro- ya-ta
) erials and methods
molar) for Lg-RBS (Reis et al. 1992).
I,-RBS are labelled by3[—|]idazoxan and other chemi-Ethical approval was granted for all procedures associated with these

cally related compounds (Reis et al. 1992) and have b ies by the Austin and Repatriation Medical Centre Animal Wel-
) re Committee and experiments were carried out according to guide-

SqueSt,ed t,o aCt'V_ate glial fibrillary acidic protein (GFAP nes issued by the National Health and Medical Research Council of
production in cortical astrocytes (Alemany et al. 1995ajustralia. Dutch rabbits, Wistar-Kyoto (WKY) rats and Short-Haired

produce hyperphagia in rats (Jackson et al. 1991), and &leolour guinea pigs were obtained from the Biological Research
ter Na uptake in isolated proximal tubule cells of rabbitaboratories at the Austin and Repatriation Medical Centre.

!(mdn?y (Bldet et al. 1990), although f.urther Cc.)nflrmator¥issue membrane preparatioRabbits were euthanased by injection

investigations of these and other putative functional effe@Spentobarbitone sodium (Lethab&b 1 mg/kg: Arnolds of Read-

with selective 1-RBS drugs are still required. ing Pty. Ltd., Victoria, Australia) into the marginal ear vein, and then
A number of observations suggest thatRIBS and decapitated. Brains and kidneys were removed and kidneys were dis-

monoamine oxidase (MAO) enzymes are associated — t5e ted free of fat and connective tissue and decapsulated; and tissues
have common sub-cellular localisation in human and rabit . frozen over liquid nitrogen and stored at “GOMale Short-
ired Tricolour guinea pigs and WKY rats were stunned, decapi-

kidney (Lachaud-Pettiti et al. 1991) and liver (Tesson et @ted and brains and kidneys processed and stored as above. One day
1991); L-RBS densities in brain and liver decrease followkefore use, rabbit and guinea pig tissues were thawed and homoge-
ing chronic treatment of rats with MAO inhibitors (Olmoghised in 20 vol ice-cold 50 mmol/l Tris-HCI buffer, pH 7.4 (at"Z)

. . using a Polytron tissue homogeniser (setting 20 for 45 s). Homoge-
et al. 1993; Alemany et al. 1995b);-RBS and MAO-B nates were centrifuged (37000g, 10 min); the supernatant was re-

densities positively correlate with aging in human braifoved and the pellet was resuspended in 20 vol of the same buffer
(Sastre and GamiSevilla 1993) and simultaneous inand re-centrifuged. The final pellet was stored at*€7@vernight. In
creases in MAO enzyme activity angtRBS occur in Alz- studies examining the relative levels 6iH[2-BFI binding, kidney

. ; . : ellets were suspended in 125 vol (8 mg tissue wet weight/ml) of
heimic brain (Saura et al. 1994; Ruiz et al. 1993)' In adcgo mmol/l Tris-HCI, pH 7.4 containing imol/l phenylmethylsulfo-

tion, expression of MAO-A and -B in yeast resulted i”_ Ayl fluoride (PMSF) and filtered through four layers of gauze to re-
co-expression ofdRBS (Tesson et al. 1995). Such studiesove connective tissue. Brain pellets were suspended in 33 vol
suggest the location of,IRBS on both MAO-A and (30 mg/ml) of Tris-HCI buffer, pH 7.4. Rat kidneys and brains were

_ ; ot thawed and processed as above on the day of experimentation. For
MAQ-B enzyme molecules at a site distinct from the Cata%e characterization of3H]2-BFI binding in rabbit kidney mem-

tic S'_te' L . . ~_branes, kidney pellets were suspended at a concentration of 1.6 mg/
Since many imidazolines have moderate to high affinitl of Tris-HCI buffer and filtered through four layers of gauze.

for I-RBS and a,-ARs, selective ligands for I-RBS are re- o o o

quired to better study the nature of these sites, particulalipetics of PH]2-BFI binding. The association of’H]2-BF! binding

. . LT . s examined by incubating rabbit kidney membranes (3pg4pro-
in vivo, but also in in vitro systems. Recently, sever in/ml) with 0.5 nmol/l fH]2-BFI in the absence (total binding) or

structural analogues of idazoxan such as 2-(4,5-dihydigesence (non-specific binding) of 1@@nol/l cirazoline in a total
imidaz-2-yl)quinoline (BU224), 2-(4,5-dihydroimidaz-2-volume of 1.0 ml for 0.5-180 min at 26. Specific binding was cal-
yl)quinoxaline (BU239) (Hudson et al. 1994) and 4culated as the difference between total and non-specific binding at

o (imi in_ 9 vlicni ; _ _ ach time point. Incubations were terminated by collection of mem-
chloro-2-(imidazolin-2-yljisoindoline (RS-45041 190ﬁranes onto glass fibre filters (Whatman GF/B, pre-soaked in 1%

(MacKinnon et al. 1995) have been synthesised which dig;yethylenimine to reduce non-specific binding) on a Brandel Cell
play nanomolar affinity for I-RBS and micromolar affinityHarvester (Brandel Biomedical Research and Development Labora-
for ax-ARs in various tissues. 2(2-Benzofuranyl)-2-imidatories Inc.; Gaithersburg, Md., USA). Filters were washed three times

zoline (2-BFI; RX801077), has been recently characteris@diCe'Co'd 50 mmol/l Tris-HCI buffer, and filter-bound radioactivity
! ' was measured by liquid scintillation spectrometry using Emulsifier-

a§ an |-RBS selective drug (Up t? 2,800-fold higher aff afe scintillant (Packard Instrument B.V., Groningen, The Nether-
nity at 1,-RBS thana,-ARs; Carpeé et al. 1995; Hudson |ands). Samples were counted at 40% efficiency in a Packard Tri-Carb
et al. 1995). In earlier in vivo studies, 2-BFI demonstratet$0 Cp-counter (Packard Instrument Company Inc., Grove, Ill., USA).

very weak antagonism at presynaptieARS in mouse vas ___Dissociation studies were performed after incubating the mem-

. . . branes with the radioligand for 90 min at “Z5to reach equilibrium
deferens and weak agonist activity at postsynapfié\Rs under the same experimental conditions as described for the associa-

in rat anococcygeus muscle preparations (Chapleo et @h studies. To initiate®H]ligand dissociation, a high concentration
1984). 2-BFI also displayed very low agonist activity comef cirazoline (100umol/l final) was added at different times (0.5—
pared to clonidine at postsynaptig-ARs (Chapleo et al. 180 min) prior to filtration. Incubations were terminated simulta-

: _ usly and filter-bound radioactivity was measured as described.
1984). Recent studies, however, demonstrate that 2 #Fa‘t)a were analysed using the KINETIC program, (McPherson 1985,

has a higher selectivity than idazoxan or cirazoline for 11994 to determine the observed association rasg)(end the disso-
RBS over a,-ARs labelled by 3H]idazoxan and ciation rate constant(s) (§ from which the association ratejkand

[®H]RX821002, respectively (Cafrpe et al. 1995) and 2- equilibrium dissociationKy) constants were derived.
BFI has recently become available in a tritium-labelleg I , . . T
form (Lione et al. 1996). quilibrium saturation studiesin equilibrium saturation binding ex-
. . . periments, rabbit kidney membranes (3540 protein) were incu-
In this study, we report the relative density GH|2-  bated in triplicate with increasing concentrations #fiJp-BFI (0.01—
BFI binding in brain and kidney membranes from rat, rat20 nmol/l) in 50 mmol/l Tris-HCI buffer, pH 7.4 containing Emol/l
bit and guinea pig and the kinetics and pharmacologic¢dy!SF in the absence (total binding) or presence (non-specific bind-

ot 3 _ P L _Ing) of 100umol/l cirazoline in 0.5 ml for 90 min at 2&. To assess
characteristics of"H]2-BFI binding in rabbit kidney mem the possible existence of any lower affinity sites f4J2-BFI, “cold

branes. A pre!iminary account of these results has aRuration” studies were performed using 0.5 nmdH]2-BFI and a
peared (Hosseini et al. 1995). range of concentrations of unlabelled 2-BFI (0.1 nmol/l tardol/l)
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in a final volume of 1.0 ml for 90 min at 2€. Incubations were ter- Kinetics and equilibrium saturation binding studies

minated simultaneously and filter bound radioactivity was measured

as described. Data were analysed using the iterative, least squassociation studies revealed that af@5 [3H]2-BFI bind-
curve fitting programs, EBDA and LIGAND (Munson and Rodbarqlng to rabbit kidney membranes reached equilibrium after

1980; McPherson 1985, 1994) to obtady and B« Values. Accep- _ . . Lo P
tance of either a one or two site fit was based on the differential I’-‘?’O min (F'g' 1A)' Similar levels of SpeCIflc bmd'ng were

value. Two site fits were accepted in preference to a one site fit if tidaintained for up to 3 h, suggesting the ligand-receptor
F value hadP < 0.05. complex did not degrade over this period (Fig. 1A). Anal-

S _ N ~ysis of data from association studies revealed a mean ob-
Drug inhibition studiesThe ability of a range of compounds to inhi-served rate of association 4 of 0.152 + 0.016 mift

bit specific FH]2-BFI binding was examined by incubating rabbit, . _ P,
kidney membranes (35-4@y protein) with 0.5 nmol/l {H]2-BFI and t(n = 3). Aty value of 4.63 + 0.47 mirt was calculated

a range of concentrations (0.001 nmol/l to 1.0 mmol/l) of each dr@FcOrding to the equatiomy, = 0.693/kps Analysis of
in 50 mmol/l Tris/HCI, pH 7.4 containing imol/l PMSF, in a total data from dissociation experiments (see Fig. 1B) revealed
volume of 1.0 ml. Non-specific binding was measured in the presenggo  distinct dissociation rate constants _{k of

of 100pumol/l cirazoline. Incubations were terminated and filte + + A - .
bound radioactivity measured as described above. Drug inhibitict))h025 *0.002 and 0.415 + 0.180 m}rm 3). The asso

constants ;) were derived using EBDA and LIGAND and data Wa§'at'0n rate constants {kwere Calcu!ated using the equa'
modelled as described above. tion k; = (Kops— K_1)/[T], where [T] is the concentration
of radioligand used. The derived, alues for the two
Materials. [*H]2-BFI (73.0 Ci/mmol) was purchased from Amershanbindin(% sites were 0.250 + 0.004 and 0.517 + 0.362 nmol/
International plc., (Amersham, Buckinghamshire, UK). 2-BFI (2-(24 mit, The calculated equilibrium dissociation constants
benzofuranyl)-2-imidazoline), BU224 (2-(4,5-dihydroimidaz-2-yl)-qui _ . -
noline) and BU239 (2-(4,5-dihydroimidaz-2-yl)-quinoxaline) Wel’éKd - K,llkl) of 0.10 and 0'80_ nmol/l are in precise agree-
supplied by Tocris Cookson (Langford, Bristol, UK). Agmatine, cloniment with thoseKy values derived from LIGAND analysis
dine, idazoxan, imidazole-4-acetic acidadrenaline, methoxyidazox- of “hot” saturation binding data using 0.01-20 nmol/l
an, rauwolscine, phenylmethylsulfonyl fluoride, TriZfhaydrochlor- 3H]2-BFI (see below).

ide and base and polyethylenimine were purchased from Sigma ; ; oo
Chemical Co. (St. Louis, Mo., USA). Prazosin ap@minoclonidine LIGAND analysis of saturation binding data revealed

3 .
were obtained from Research Biochemicals Incorporated (Natidkat [H]2-BFI, (0.01-20 nmol/l), labelled two populations
Mass., USA). The following compounds were generously provided 8f binding sites with Ky values of 0.099 + 0.014 and
the named sources: cirazoline (Synthelabo, Paris, France), rimenidn®2 + 0.13 nmol/l and maximal binding densities of

(Servier Laboratories, Paris, France), cimetidine (Smith Kline Fren + + i R
Laboratories, Welwyn Gardens City, UK), SKF 86466 (6-ch|oro-Ng-'}70 * 80 and 840 + 60 fmolimg proteim € 3) corre

methyl-2,3,4,5-tetrahydro-1H-3-benzazepine; SmithKline BeechaRONding to 36 and 64% of the total binding sites, respec-
Pharamceuticals, King of Prussia, Pa., USA); amiloride (Merck Shaliyely (Fig. 2). Equilibrium saturation studies in the ab-
& Dohme Pty. Ltd., Sydney, Australia), naphazoline (CIBA Pharm&ence or presence of the-AR antagonist, rauwolscine
ceutical Co., CIBA-GEIGY Corp., Summit, NJ, USA), ARC-239 (2-(10 pmol/l), using a fixed concentration Of3|'[|]2-BF|

(2,4-(0-methoxyphenyl)-piperazin-1-yl)-ethyl-4,4-dttnyl-1,3-(2H, : . .
4H)-isoquinolindione; Karl-Thomae GmbH, Biberach an der Risgo'5 nmol/l) and increasing concentrations of unlabelled 2-

Germany), guanfacine (Sandoz SA, Basel, Switzerland), phentolamipk! demonstrated that rauwolscine had no effect on bind-
(CIBA-GEIGY, Basel, Switzerland), oxymetazoline (Allen and Haning parameters. Thus, the level of specific binding and the

tc);urys, W)a“;v, ?K)«, moxoé‘idri]”e (IBeir?FSdO(f{;'-”LMLGmb[LbHaTbl_Jrgaffinity and density of binding were identical in the ab-
ermany), histamine and-phenylephrine (Koch-Light Laboratories i
Ltd., Colnbrooks, UK) and guanabenz (Wyeth Laboratories Inc., Plﬁf“nce or presence of rauwolscirig ¢alues 0.140 + 0.016

ladelphia, Pa., USA). Guanoxan was synthesised by D. lakovidis zA8d 0.143 * 0.008 nmol/l and 8 values 1.38 + 0.30 vs
A.R. Hosseini. 1.31 + 0.28 pmol/mg protein respectively) consistent with

studies of fH]idazoxan binding to rabbit kidney (Hamil-
ton et al. 1991).

Results
Relative fH]2-BFI binding levels in rat, rabbit Drug inhibition of PH]2-BFI binding
and guinea pig brain and kidney membranes to rabbit kidney membranes

Varying levels of specific3H]2-BFI binding were detected The ability of drugs of different chemical classes to inhibit
in membranes prepared from rat, guinea pig and rabbgecific PH]2-BFI binding to rabbit kidney membranes
forebrain and kidney. Rabbit kidney membranes demowas determined (Table 1). Drug inhibition constarks (
strated the highest density ofH]2-BFI-labelled binding values) were derived using the LIGAND program and by
sites (2000 fmol/mg proteinn = 2). Specific binding of constraining the radioliganiy values to previously deter-
0.5 nmol/l PH]2-BFI to rabbit kidney membranes (12® mined values.

protein/ml) was 36000-39000 dpm, while non-specific Compounds which are structurally related to 2-BFI and
binding represented <1% of the toatal binding (130reported to label RBS, including BU224, BU239 and
330 dpm). High levels of specific’ii]2-BFI binding were idazoxan, inhibited 3H]2-BFI binding with high affinity
detected in guinea pig kidney (488 fmol/mg protein) an@.14-1.6 nmol/l; Fig. 3A; Table 1)p-Aminoclonidine,
rabbit forebrain (346 fmol/mg protein) with considerablynoxonidine, imidazole-4-acetic acid and cimetidine, re-
lower levels in guinea-pig and rat forebrain and rat kidngyorted to bind with high affinity to+RBS (Ernsberger et
(58, 66 and 38 fmol/mg protein respectivety= 2). al. 1987, 1993), were very weak inhibitors oH]2-BFI
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Fig. 1A,B Association and dissociation of specifitH]2-BFI bind- cubation of membranes with 0.5 nmolfH]2-BFI for 90 min at

ing to membranes of rabbit kidnejx Association study. Membranes25°C, a high concentration of cirazoline (1@@nol/l final) was added
were incubated with 0.5 nmol/PIH]2-BFI in the absence (total bind- at different time points. Specific binding was calculated as described.
ing) or presence (non-specific binding) of 1aMol/l cirazoline for Data shown are from a representative of 3 independent experiments
different times. Specific binding was calculated as the difference band points are the average of duplicate determinations

tween total and non-specific binding. Dissociation study. After in-
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Fig. 2A,B Equilibrium saturation binding of °H]2-BFI in rabbit tween total and non-specific binding. Data were analysed using the
kindney membranes. Membranes were incubated with different cdBDA program (McPherson 1985, 1994) as described in methds.
centrations (0.01-20 nmol/l) ofifi]2-BFI in the absence (total bind- Saturation curveB Scatchard plot. Plots represent a typical example
ing) or presence (non-specific binding) of 1thol/l cirazoline for of three independent experiments

90 min at 25C. Specific binding was measured as the difference be-

binding (K values 3-10Qumol/l). Consistent with this, p- that these drugs interacted at the same high and low affi-
aminoclonidine has been reported to exhibit low potenayjty populations of H]2-BFI sites. Sigmoidal analysis of
against fH]idazoxan and §H]-RS-45041-190 binding to the inhibition data (EBDA; McPherson 1994) for naphazo-
rat kidney membranes (MacKinnon et al. 1993, 19959)ne, rilmenidine and clonidine produced shallow biphasic
Oxymetazoline and phentolamine were weak inhibitors ofirves with pseudo-Hill coefficients less than unity (0.4—
[*H]2-BFI-labelled I-RBS. The guanidine compounds gud.7), suggesting these compounds also bound to multiple
noxan and guanfacine had moderals 85 nmol/l) and binding site populations (Fig. 3B; Table 2). Analysis of in-
weak K; 3 pmol/l) affinity for [®H]2-BFI labelled binding hibition studies with these compounds using EBDA de-
sites (Fig. 3A; Table 1). monstrated that the high affinity component of binding
Some compounds inhibited®H]2-BFI binding in a was 50-60% of the totaPf]2-BFI sites labelled in rabbit
fashion consistent with interaction at two sites (i.e. psekidney membranes (Table 2). The rank order of potency of
do-Hill coefficients significantly less than unity) — for ex-drugs with sub-micromolar affinity for the larger propor-
ample, the diuretic, amiloride recognised two populatioti®n of [°H]2-BFI binding sites was 2-BFI > BU224
of binding sites with affinities of 76 nmol/l and 2@6mol/l, BU239 = guanabenz > naphazoline > idazoxarcirazo-
respectively (Fig. 3B; Table 2). Guanabenz, the most pliae > guanoxan > amiloride >> rilmenidine > clonidine.
tent guanidine compound tested, also identified two popu- Adrenaline and thea,-antagonists, methoxyidazoxan
lations of binding sites with sub-nanomola¢; <1 nmol/l) and rauwolscine, had no effect on the binding &f]p-
and nanomolarK; 170 nmol/l) affinity. The high affinity BFI, indicating thata,-ARs were not labelled by the
binding site inhibited by both amiloride and guanabenz a¢H]ligand in rabbit kidney membranes. Consistent with
counted for 85% of the total specific binding suggestingpese results, specific binding oiH]2-BFI was not inhib-
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Table 1 Drug inhibition of PH]2-BFI binding in rabbit kidney mem- kidney membranes K; 350 nmol/l; Michel et al. 1989).
branes L-Phenylephrined;-AR agonist) and prazosiru{-AR an-
tagonist) did not inhibit {H]2-BFI binding, while cirazo-

Drug Ky Ny . L. . . . .
(nmol/l) line, an imidazoline with partlab.zl—.adrenocepto_r agonist
properties but reportedly high affinity a3-RBS, displayed
2-BFI 0.14£0.02 0.83+0.03 nanomolar affinity for fH]2-BFI binding sites, suggesting
BU224 0.37:0.09 0.7820.07 13412-BF| was not labellinga;-ARs under these condi-
BU239 0.42+0.08 0.830.03 .. . ;
Idazoxan 1.50+0.23 0.75+0.03 tions. The putative endogenous ligand for I-RBS, agma-
Cirazoline 1.60+0.33 0.74+0.04 tine, and the imidazole, histamine, were inactive against
Guanoxan 35.0 +5.40 0.88+0.06 [*H]2-BFI binding (Table 1).
SKF86466 2415  +80.0 0.88+0.01
p-Aminoclonidine 2692 520 0.81+0.01
Guanfacine 2897 +49.0 0.92+0.03
Methoxyidazoxan >10000 - Discussion
Phentolamine >10000 -
Prazosin >10000 - S . . -
Oxymetazoline >100000 _ T_he kinetic and pharmacolqglcal c_hargctenstlcs of binding
ARC-239 >100000 - sites labelled by 3H]2-BFI in rabbit kidney membranes
Rauwolscine >100000 - are consistent with those currently ascribed to aRBS.
L-Adrenaline >100000 - Tissue- and species-specific differences in the level of
Moxonidine >100000 - 3 P ; ; : i
. . [*H]2-BFI binding exist and the current studies identified
Imidazole-4-acetic acid >100000 - o -~ . -
Cimetidine >100000 _ rabbit kidney as containing the highest density (4-50 fold
Histamine >100000 - higher) of binding sites of the tissues tested, namely rat,
Agmatine >100000 - guinea pig and rabbit brain and kidney.
L-Phenylephrine >100000 - Analysis of kinetic and “hot” saturation experiments

Inhibition constantsk;) and pseudo-Hill coefficientsil) were calcu- (0.02—20 nmol/l) were in'eXC?”ent agreement and revealed
lated using the updated EBDA program (McPherson 1985, 1994; REH]2-BFI labelled two sites in rabbit kidney membranes
DLIG ver.4-Biosoff, Cambridge, UK). Membranes were incubateqyith sub-nanomolar affinitiesk; values 0.1 and 0.8 nmol/

with various concentrations of drugs and 0.5 nmoiH]R-BFI. The S At Faa-
meanB,,,x value determined for all of the drugs tested was 1.2010.d3fr0m kinetic studies; and 0.1 nmol/l and 0.9 nmol/l from

pmolimg protein §=42). Data represent the mean of 3-5 independedgturation studies). Data from “cold” saturation studies
experiments using a fixed concentration ofti]2-BFI (0.5 nmol/l) and

unlabelled 2-BFI (up to lumol/l), designed to examine

the possible existence of any lower affinity binding site
ited by thea,a- andasg-AR selective compounds, oxyme-populations was best fit by a one binding site model with
tazoline and ARC-239, respectively (Uhleand Wikberg a Hill slope approaching unity suggesting the absence of
1991). The non-imidazolineg,-AR antagonist, 6-chloro- any additional sites oKy >> 1 nmol/l in rabbit kidney
N-methyl-2,3,4,5-tetrahydo-1H-3-benzazepine (SKF 8646@)embranes. Our results are consistent with reports of
did inhibit [®H]2-BFI binding with micromolar affinity, “hot” saturation studies of ®H]2-BFI binding to rabbit
consistent with its affinity at I-RBS populations reporteébrebrain membranes which demonstrated the radioligand
elsewhere (e.g.»IRBS labelled with fH]idazoxan in rat also labelled two binding sitesK§ values 0.27 and
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Fig. 3A,B Inhibition of specific FH]2-BFI binding to rabbit kidney A Compounds modelled to a one site fit with pseudo-Hill coefficients
membranes by various drugs. Membranes were incubated wilbse to unity;B Drugs with Hill coefficients less than unity resulting
0.5 nmol/l BH]2-BFI and different concentrations of drugs, in dupliin a biphasic curve modelled better by a two site fit. Data shown are
cate, for 90 min at 28. Non-specific binding was defined with representatives of 3-5 independent experiments

100 pmol/l cirazoline. Data were analysed as described in methods.



136

Table 2 Inhibition of [*H]2-BFI binding in rabbit kidney membranes by drugs which recognised two binding site poopulations

Drug N Ki1 Bmax1 Kiz Bmax2 % High

1 ax.
(nmoll/l) (pmol/mg protein)  (nmol/l) (pmol/mg protein)  affinity site
Guanabenz 0.72+0.04 0.65+0.06 1.35+0.17 170+30.0 0.23+0.04 85
Naphazoline 0.42+0.04 0.94+0.10 1.16+0.09 28004310 0.74+0.04 58
Amiloride 0.70+0.03 76.2 +£7.20 1.04+0.22 25900+5600 0.18+0.03 85
Rilmenidine 0.66+0.02 150 +18.0 0.93+0.25 50200+1050 0.80+0.07 52
Clonidine 0.68+0.02 230 +18.0 0.86+0.19 70200+5600 0.68+0.04 52

Inhibition constantsK;), maximal binding densitiesB(,,,) and pseu- bridge, UK). Membranes were incubated with various concentrations
do-Hill coefficients ;) were calculated using the updated EBDAof drugs and 0.5 nmol/I*H]2-BFI. Data represent the mean + SEM
program (McPherson 1985, 1994; RADLIG ver.4-BioSoftCam- of 3-5 independent experiments

8.97 nmol/l), while “cold” saturation studies witiH]2- by [*H]idazoxan are analogous to the two binding site po-
BFI only resolved a single ,RBS population Ky pulations labelled in rabbit kidney wittPHi]2-BFI (present
0.85 nmol/l; Lione et al. 1996). study). These results are also consistent with reports of
The possibility that {H]2-BFI labelleda,-ARs in rabbit differential drug affinities for high and low affinity popula-
kidney membranes was excluded as the affinity and deiens of L-RBS labelled with JH]idazoxan in guinea pig
sity of [*H]2-BFI binding was identical in saturation studkidney (Wikberg et al. 1992) and bovine adrenal medul-
ies performed in the absence or presence ofathAR an- lary membranes (Molderings et al. 1994).
tagonist, rauwolscine. In addition, only extremely weak in- The characteristics of the binding sites identified in the
hibition of [°H]2-BFI binding was demonstrated in compepresent study also resemble those of th&BS recently
tition studies with othem,-AR compoundsi(-adrenaline, identified in rat kidney membranes, usintH|-RS-45041-
oxymetazoline, ARC-239) further confirming thatH]2- 190 (MacKinnon et al. 1995). These kinetic studies re-
BFI does not bind tar,-ARs in rabbit kidney membranes,vealed two sub-nanomolar binding sites; saturation studies
despite their detection in this tissue using other radiolivith unlabelled RS-45041-190 identified a single popula-
gands such as’fijrauwolscine (Coupry et al. 1987; Ha-tion; and certain compounds (idazoxan, cirazoline) discri-
milton et al. 1988, 1991) and in other rabbit tissues usimginated between two binding sites, labelling 60-70% of
[*H]methoxyidazoxan (Senard et al. 1990). the sites with high affinity and the remaining 30-40%
In drug inhibition studies, several other imidazolinewith low affinity. Naphazoline, rilmenidine and amiloride
(BU224, BU239, idazoxan, cirazoline) recognised only iahibited PH]JRS-45041-190 binding to rat kidney mem-
single population of binding sites labelled byH]2-BFI branes with moderate affinity but with shallow Hill slopes
with high affinity (K; <2 nmol/l). Likewise the guanidines,(0.6-0.7), suggestive of an interaction with twgRBS,
guanoxan and guanfacine, only recognised a single popithough the data was not reported in this way (MacKin-
lation of binding sites (with Hill coefficients close tonon et al. 1995).
unity) in this case with moderate to low affinity, respec- The inability of the imidazoline compounds, oxymeta-
tively. Other imidazolines (naphazoline and clonidine) arzbline and phentolamine, to inhibitH]2-BFI-labelled }-
guanidines (guanabenz and amiloride) and the oxazoliRBS in rabbit kidney membranes was consistent with find-
rilmenidine, produced biphasic inhibition curves with assings that these drugs possessed low affinity for
ciated shallow slopes significantly less than unity (Tab[éH]idazoxan binding in rabbit white fat (Langin and La-
2). These results were not explained by binding toggn fontan 1989) and guinea pig cerebral cortex (Wikberg
AR or an k-RBS and suggest that compounds such 4889) membranes ang-RBS labelled with {H]idazoxan
guanabenz and naphazoline, which displayed respectiviglyrat kidney membranes (MacKinnon et al. 1993)Ami-
more than 250- and 2500-fold differences in affinity fonoclonidine appeared to interact with low affinity;(
the two sites, are binding to an,FRBS and to either a 2.7 umol/l) at sites labelled by>H]2-BFI, with a slope
different conformational state, or possibly, a different sulalose to unity. This weak inhibition fromIRBS is consis-
type of L-RBS. The proportion of sites labelled with hightent with the apparent,-AR selectivity of p-aminocloni-
or low affinity appeared dependent upon the drug used dine, also suggested by our observation tflf p-amino-
inhibit [*H]2-BFI binding — thus, the guanidines, guanaelonidine only labelleda,-ARs in rat kidney sections
benz and amiloride, labelled 85% of the total sites witfKing et al. 1995b) and with this radioligand consistently
high affinity, while naphazoline, rilmenidine and clonidingevealing onlya>-AR localisation in rat and human brain
recognised 50-60% of the binding sites with high affinitfProbst et al. 1984; Unnerstall et al. 1984). In contrast, in
Similar multiple-site interactions with comparable percetthe current study, clonidine displacetH]2-BFI from two
tages of high and low affinity binding sites have been rsites with more than 300-fold difference in affinity;(
ported for guanabenz, naphazoline, amiloride and clo230 nmol/l and 7Qumol/l), consistent with the higher affi-
dine in rabbit cerebral cortex homogenates, usimity of clonidine thanp-aminoclonidine reported for,d
[*H]idazoxan (Renouard et al. 1993), suggesting the tRBS in rat kidney (MacKinnon et al. 1993). In the present
binding site populations labelled in rabbit cerebral cortestudies, other results also support the conclusion that
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[®H]2-BFI is specific for b-RBS. The inability of moxoni- Coupry I, Podevin RA, Dausse J-P, Parini A (1987) Evidence for imi-

dine, cimetidine and imidazole-4-acetic acid to displace dazoline binding sites in basolateral membranes from rabbit kid-
P ney. Biochem Biophys Res Commun 147:1055-1060

3 . . . . .

["H]2-BF blndlng ?tror!g')’ Sque_Sts that m_ rabbit kldne%rnsberger P, Meeley MP, Mann JJ, Reis DJ (1987) Clonidine binds
mempranes clonidine is Interacting, not W”h anRBS, to imidazole binding sites as well as-adrenoceptors in the ven-
but with at least a sub-population of-RBS with moder- trolateral medulla. Eur J Pharmacol 134:1-13 _

ate affinity. Our results with3H]2-BFI, an idazoxan analo- Emsberger P, Damon TH, Graff LM, Sdka SG, Christen MO

; ; ; - (1993) Moxonidine, a centrally acting antihypertensive agent, is a
gue, are also consistent with a range of other studies Wlthselective ligand for jimidazoline sites. J Pharmacol Exp Ther

[*HJidazoxan and an'f3]-imidazoline in identifying b- 264172182
RBS (not }-RBS) in rabbit kidney (Coupry et al. 1987;Hamilton CA, Reid JL, Yakubu MA (1988)°3H]Yohimbine and
Hamilton et al. 1988; Ivkovic et al. 1994). [®Hlidazoxan bind to diffferent sites on rabbit forebrain and kid-

; ; ; ; ney membranes. Eur J Pharmacol 146:345-348
Recent biochemical studies suggest the existence of, & te T "o h i VA Jardine E. Reid JL. (1991) Imidazole

family of I-RBS p_mte'ns’ which may be located at distinct binding sites in rabbit kidney and forebrain membranes. J Auton
subcellular locations. ,{RBS have frequently been re- Pharmacol 11:277-283

ported to be associated with MAO-A and MAO-B enHosseini AR, King PR, Louis WJ, Gundlach AL (1995) Characterisa-
zymes (see Introduction; Tesson et al. 1995; Lanier et al. tion of t_)inding sites for t'he nov_el and selectiveihidazoline re-
1995) at a location which is different from the active cata- %fgé%rggezg%’rlHé%En':cl‘ A'Esrtask;tzfdney membranes. Proc High
lytic site of the enzyme (see also Renouard et al. 1993idson AL, Husbands S, Lewis JW, Nutt DJ (1994) Affinity and se-
Carpae et al. 1995). It is not clear whether the binding lectivity of BU224 and BU239for rabbit brain non-adrenoceptor

sites on MAO-A and -B are equivalent to thexd and bg- idazoxan binﬂing sites {isites). Br J Pharmacol 112:320P
RBS with different affinities for amiloride (Michel and In-Hudson AL, Mallard NJ, Nutt DJ, Chapleo CB (1995) Affinity and
. - \ - selectivity of 2-(2-benzofuranyl)-2-imidazoline for mammalian
sel 1989; Reis et al. 1992), although this possibility has prain non-adrenoceptor idazoxan binding sitegsiles). Br J
been suggested (see Parini et al. 1996). Pharmacol 114:411P
In conclusion, TH]Z-BH selectively labels a site with Ivkovic B, Bakthavachalam V, Zhang W, Parini A, Diz D, Bosch S,
high affinity in rabbit kidney which, according to the pre- Neumeyer JL, Lanier SM (1994) Development of a high-affinity
t classification. is best described as RBS FH]Z— radioiodinated ligand for identification of imidazoline/guanidine
sen , o oot ; 20 . receptive sites _(IGRS): intratissue distribution of IGRS in liver,
BFI and structurally similar imidazolines should be useful forebrain, and kidney. Mol Pharmacol 46:15-23
in further studies of the physiological and pharmacologicddckson HC, Griffin 13, Nutt DJ (1991) The effects of idazoxan and

effects of I-RBS and we are currently comparing the distri- Other ax-adrenoceptor antagonist on food and water intake in the
rat. Br J Pharmacol 104:258-262
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