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Abstract

L-771,688 (SNAP 6383, methyl(4S)-4-(3,4-difluorophenyl)-6-[(methyloxy)methyl]-2-oxo-3-[({3-[4-(2-pyridinyl)-1-
piperidinyl]propyl}amino)carbonyl]-1,2,3,4-tetrahydro-5-pyrimidinecarboxylate) had high affinity (K, < 1 nM) for [*H]prazosin binding to
cloned human, rat and dog «,,-adrenoceptors and high selectivity (> 500-fold) over a5 and «,n-adrenoceptors. [*H]Prazosin/( +)-B-
[*#°1]-4-hydroxy-pheny!)-ethyl-aminomethy!-teralone([***I]THEAT) binding studies in human and animal tissues known to contain «;, and
non-a ; o -adrenoceptors further demonstrated the potency and o ,,-subtype selectivity of L-771,688. [*H]L-771,688 bi nding studies at the
cloned human o ;,-adrenoceptors and in rat tissues indicated that specific [®H]L-771,688 bi nding was saturable and of high affinity(K 4 =
43-90 pM) and represented binding to the pharmacologically relevant o ,,-adrenoceptors. L-771,688 antagonized norepinephrine-induced
inositol-phosphate responses in cloned human « ,,-adrenoceptors, as well as phenylephrine or A-61603 ( N-[5-4,5-dihydro-1H-imidazol-
2yl)-2-hydroxy-5,6,7,8-terahydro-naphthlen-1-yl] methanesulfonamide hydrobromide) induced contraction in isolated rat, dog and human
prostate, human and monkey bladder neck and rat caudal artery with apparent K, values of 0.02-0.28 nM. In contrast, the contraction of
rat aorta induced by norepinephrine was resistant to L-771,688. These data indicate that L-771,688 is a highly selective « ,,-adrenoceptor

antagonist. © 2000 Elsevier Science B.V. All rights reserved.
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1. Introduction

Three subtypes of «,-adrenoceptors, namely, a;,, &g,
and o,;, (Bylund et a., 1998) have been cloned over
recent years. The discrete distribution of these receptor
subtypes in various tissues has been demonstrated using
functional, radioligand binding and molecular biological
studies. The existence of different o,-adrenoceptors in
diverse tissues may provide therapeutic opportunity by
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selectively blocking the desirable subtype in target tissue
without affecting other tissues having other subtypes, thus
minimizing adverse effects. Subtype nonselective o ;-
adrenoceptor antagonists such as terazosin and doxazosin
which were originally developed for hypertension have
been used for the treatment of benign prostate hyperplasia.
These agents were shown to be effective but may cause
orthostatic hypotension because of the existence of o ;-
adrenoceptors in the vasculature (Chapple, 1995). Subse-
quently, it was shown that o,,-adrenoceptor subtype was
predominant in human prostate (Price et al., 1993; Y azawa
and Honda, 1993; Laz et al., 1994; Forray et al., 1994;
Chang et al., 1996; Moriyama et al., 1997). Moreover, it
was demonstrated that selective o ,,-adrenoceptor antago-
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nists preferentially lower urethral pressure without affect-
ing blood pressure in rat and dog (Broten et al., 1999;
Akiyama et al., 1999; Pulito et al., 2000). These facts
indicate the possibility that an o ,,-adrenoceptor selective
antagonist may be effective for the treatment for benign
prostate hyperplasia with fewer side effects. Tamsulosin,
which was approved recently for treatment of benign
prostate hyperplasia, was claimed to be «,,-adrenoceptor
selective though its selectivity was relatively low, approxi-
mately only 10-15 X vs. o ,g-adrenoceptor and less than
5 X vs. a,p-adrenoceptor (Shibata et al., 1995; Richardson
et al., 1997; Pulito et al., 2000). Hence, efforts have been
made by us and others to develop o, -adrenoceptor selec-
tive antagonists and several compounds have been recently
reported (Wetzel et a., 1995; Shibata et al., 1995; Adkison
et al., 1998; Nagarathnam et al., 1998; Williams et d.,
1999; Pulito et al., 2000). Here, we report the in vitro
pharmacological characterization of L-771,688. L-771,688
is the first truly selective «,,-adrenoceptor antagonist to
be reported to have efficacy on urodynamic in BPH pa-
tients (Marks et al., 2000).

2. Methods

2.1. Preparation of methyl(49)-4-(3,4-difluorophenyl)-6-
[ (methyl oxy)methyl] -2-oxo-3-[ ({3-[4-(2-pyridinyl)-1-piperi-
dinyl] propyl}amino)carbonyl] -1,2,3,4-tetrahydro-5-pyrimi-
dinecarboxylate (I-771,688)

The preparation of L-771,688 (7) was carried out as
outlined in Fig. 1. Accordingly, equimolar amounts of

Br” " "NH,
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2,4-dipyridyl (1) and 3-bromopropylamine hydrobromide
(2) were heated in a solution of dimethylformamide. The
resulting white solid (3) was dissolved in methanol at 0°C
and this solution was treated with sodium borohydride
over a 2-h period. The reaction mixture was then stirred at
ambient temperature overnight. Extractive workup gave
intermediate 4 which was further hydrogenated catalyti-
cally with palladium hydroxide in methanol to afford 5 as
yellow oil. The latter compound was combined with the
2-oxo-tetrahydropyrimidine (6) (Dhar et al., 1999) in tetra-
hydrofuran at ambient temperature to afford the title com-
pound 7 as a foam. All intermediates were fully character-
ized chromatographically and spectroscopically, including
7, which had the following properties as the hydrochloride
salt: *H nuclear magnetic resonance (CDCl ;) 6 2.05-2.20
(m, 4 H), 277-2.88 (m, 2 H), 3.00-3.20 (m, 4 H),
3.35-3.47 (m, 2 H), 3.47 (s, 3 H), 3.64-3.70 (m, 2 H),
3.706 (s, 3 H), 4.05 (br t, 1 H), 4672 (s, 2 H), 6.59 (s, 1
H), 7.05-7.20 (m, 3 H), 7.78 (t, 1 H), 8.00 (d, 1 H), 8.43
(dt, 1 H), 8.66 (d, 1H), 8.96 (br t, 1 H, NH), 12.422(br s, 1
H). Melting point 188—-191°C; [a], = +141 (c = 0.265,
MeOH). Analysis (C,gH4,N;O;F,Cl - 0.6H,0) C, H, N.
C, 52.36; H, 5.84; N, 10.90. Found: C, 52.24; H, 5.96; N,
10.80.

2.2. Binding affinity at cloned human, dog and rat o;-
adrenoceptor subtypes

The cloning of the human and rat «,-adrenoceptor
subtypes has been described elsewhere (Forray et d.,
1994; Laz et al., 1994). The full-length DNA encoding the
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Fig. 1. Scheme outlining the synthesis of L-771,688.
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dog o, -adrenoceptor was constructed by ligating
Xhol /Mscl fragments of a genomic clone, representing
the 5" end of the receptor, with a Mscl /Xbal fragment of
a cDNA clone, representing the 3' end of the receptor, into
the eukaryotic expressing vector pcEXV-3. Clones contain-
ing fragments were initially isolated from dog spleen
genomic and dog liver cDNA libraries by reduced strin-
gency homology screening using bovine and human o, -
adrenoceptor probes, respectively. The full-length cDNA
encoding the dog o ,5-adrenoceptor was isolated from dog
brain plasmid cDNA library using exact probes based on
the sequences of RDC5 (a code for the partial dog o g-
adrenoceptor gene as described in GenBank accession
number X14050) and a partial dog genomic clone isolated
by homology with human o ,5-adrenoceptor probes. The
full-length DNA encoding dog o ,-adrenoceptor was con-
structed by ligating an Xcml /Sall fragment of a cDNA
clone, representing the 5 end of the receptor, with an
Xeml /Sal | fragment of a cDNA clone, representing the 3'
end of the receptor, into the eukaryotic expressing vector
pcEXV-3. Clones containing the fragments were initially
isolated from dog spleen genomic and dog brain cDNA
libraries, respectively, by hybridization with human o -
adrenoceptor probes at reduced stringency.

The cDNA encoding each of the human, dog and rat
o ,-adrenoceptor subtypes were transfected into either Chi-
nese hamster ovary (CHO), human embryonic kidney
(HEK-A293) or mouse fibroblast [LM y _,, thymidine ki-
nase negative mutant] cells and stable lines expressing
each receptor were selected. Membranes were prepared
from CHO cells expressing the human a,,-, the rat a;,-,
a5~ and a;p-, the dog a,4-, a,5- and o ,p-adrenoceptors,
LM -, cells expressing the human o 5- and HEK-A293
cells expressing the human o ,,-adrenoceptors and binding
assay using [*Hlprazosin were performed as described
previously (Forray et al., 1994). Binding data were ana
lyzed using Graph-Pad Prism curve-fitting software. K;
values were calculated using the following formula, K; =
ICq,/(1+L/Ky), where L was the radioligand concentra-
tion used and K, was the dissociation constant of the
radioligand.

2.3. Binding affinities at «,-adrenoceptors in tissue mem-
branes

2.3.1. Preparation of tissue membranes

Frozen human tissues were obtained from Nationa
Disease Research Interchange (Philadelphia, PA). Animal
tissues from rat and dog were obtained fresh and used
immediately or stored frozen before use. Tissue mem-
branes were prepared as described previousy (O'Malley et
al., 1998).

2.3.2. Binding assays
Tissue membrane pellets were resuspended in 50 mM
Tris—hydrochloride (pH 7.4), 150 mM sodium chloride

and 5 mM disodium-ethylenediamine tetraacetate (EDTA)
buffer at the indicated tissue membrane concentrations
(number in milliliter of binding assay buffer per gram of
origina tissue wet weight) as follows: human aorta (30),
rat and human prostate (50), dog prostate (60), rat and
human cerebral cortex, liver and dog aorta (100).
[PHlPrazosin or (4 )-B-[**1]-4-hydroxy-phenyl)-ethyl-
aminomethyl-teralone (["**I]JHEAT]) binding assays were
performed as described (O’Malley et al., 1998).

2.4. [*H]L-771,688 binding

[®H]L-771,688 (13 Ci/mmol) was prepared by a cat-
alytic reduction of the precursor, L-797,429, (3-[3-(3,6'-di-
hydro-2'H-[2,4 Jbipyridinyl-1-yl)- propylcarbamoyl] -6-me-
thoxymethyl-4-(3,4-difluorophenyl)-2-oxo-1,2,3,4-tetrahy-
dro-pyrimidine-5-carboxylic acid methyl ester) in the
presence of tritium gas followed by preparative high pres-
sure liquid chromatography. Receptor membranes were
prepared as described for [*Hlprazosin /[***IIHEAT bind-
ing assays. To measure [*H]L-771,688 binding, 980 ! of
membranes (cloned human o, or rat tissues) were added
to triplicate tubes containing 10 wl of dimethyl sulfoxide
(DMSO) (for total binding) or phentolamine (10 wM fina
concentration, for nonspecific binding) or test compounds
(at the desired final concentrations) and 10 ! of [*H]L-
771,688 (0.3-0.6 nM final concentration for routine stud-
ies and 10 pM—5 nM for saturation assays). [*H]L-771,688
was diluted in DMSO /methanol /water (1:1:2) from stock
solution to minimize its loss to the wall of test tubes. The
binding reaction was conducted at 25°C for 1 h or various
time intervals in the association rate studies. The reaction
mixtures were filtered and washed as described previously
(O'Malley et al., 1998).

2.5. a,-Adrenoceptor antagonist activity at cloned recep-
tors

CHO cells expressing the human «,,-adrenoceptors
were plated in 96-well plates and grown to confluence.
Two days prior to the assay, 0.5 .Ci [*H]myo-inositol was
added to the media. Immediately before the assay, the
medium was removed and replaced by 180 .l of physio-
logical buffered saline (PBS) containing 10 mM lithium
chloride, and the cells were equilibrated with the new
medium for 20 min at 37°C. In some experiments, L-
771,688 or terazosin was also added during this period
(pre-incubation), whereas in other experiments, the antago-
nists were added at the same time as the agonist, nor-
epinephrine (co-incubation). All assays were performed in
duplicate. The [*HJinositol-phosphate accumulation was
started by adding 20 wl of various concentrations of
norepinephrine or PBS (basal accumulation). The plates
were incubated in a CO, incubator for 60 min. The
reaction was terminated by adding 40 .1 of 50% trichloro-
acetic acid followed by a 10-min incubation at 4°C. After
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neutralizing the acidified samples with 40 .l of 1 M Tris,
the content of the wells was transferred to a Multiscreen
HV filter plate (Millipore) containing Dowex AG1-X8
(200-400 mesh, formate form). The filter plates were
placed in a vacuum manifold. Each well was washed two
times with 200 | of water followed by 200 .l of 5 mM
sodium tetraborate in 60 mM ammonium formate. The
[*Hlinositol-phosphates were eluted into empty 96-well
plates with 200 wl of 1.2 M ammonium formate/0.1 M
formic acid and the radioactivity was determined. Similar
experiments were performed using cells expressing the
human o ,5- and «,-adrenoceptors.

2.6. a;-Adrenoceptor antagonism in isolated tissue prepa-
rations

Rat, dog and monkey prostate tissues were dissected
free from adipose and connective tissues. For each rat
prostate, two strips corresponding to two ventral lobes
were obtained. Each dog or monkey prostate were cut into
six to eight pieces longitudinally along the urethra open-
ing. Human prostate chips from transurethral surgery of
benign prostate hyperplasia (provided by Dr. J. Seidmon,
Temple University and Dr. T. Malloy, Pennsylvania Hospi-
tal) and human bladder neck (Dr. T. Malloy) cut into
~ 3 X 3X 8 mm were used the same day after operation
or stored overnight in ice-cold Krebs solution (sodium
chloride, 118 mM; potassium chloride, 4.7 mM; calcium
chloride, 2.5 mM; potassium phosphate monobasic, 1.2
mM; magnesium sulfate, 1.2 mM; sodium bicarbonate, 25
mM; dextrose, 11 mM) or normal saline, if needed. Each
rat thoracic aorta was cut into four piece of rings. Rat
caudal artery from each animal was spiraly cut and di-
vided into two equal-size pieces.

Isolated tissues were mounted on glass tissue holders
and placed in 5-ml tissue baths containing Krebs solution
(supplemented with 1 wM normetanephring, 1 wM
(+)propranolol, 0.1 wM desipramine, 1 ..M idazoxan and
7.6 mg/| disodium-EDTA when norepinephrine was used

Table 1
Inhibition of [*Hlprazosin binding to cloned human, rat and dog o ;-
adrenoceptors by L-771,688 and terazosin

Compound  K; (nM)?

A O‘EB O‘t:iD

L-771,688

Human 0.36+0.08 362+ 38(1006X) 618+ 128 (1725X)
Rat 0.43+0.02 566+ 65(1316X) 642+ 2 (1493 %)
Dog 1.04+0.13 611+240(588%) 1102+ 377 (1060 %)
Terazosin

Human 440+158 2.61+0.04(059%) 4.04+0.17(0.92X)
Rat 528+1.38 255+0.62(0.48%x) 3.43+0.74(0.65X%)
Dog 18.64+6.69 3.37+0.71(0.18x) 5.58+2.10(0.30%)

#Values are group means+ SEM. (n= 3).
PValues in parentheses are selectivities versus the o, -adrenoceptor
subtype.

Table 2
Binding affinities (K;, nM) for L-771,688 and terazosin at o ;-adrenocep-
tors in various tissues

L-771,688 Terazosin

Human

Prostate? 0.134+0.032 3.0+0.46

Cerebral cortex” 0.066 -+ 0.015 (0—-27%) 1.9+0.27
81+ 18 (73—100%)

Aortd 410+ 100 234031

Rat

Prostate? 0.11 4 0.016 (75-100%) 1.9+057
220 (0-25%)

Liver? 160 1.0+0.17

Dog

Prostate® 0.49+ 0.087 (45-100%) 3B+11
610+ 150 (0-55%)

Aorta? 340 20+0.26

Values in parentheses are percentages of high and low affinity sites. K;
values are means+ S.E.M. from three or more determinations, vaues
without S.E.M. are means of two experiments.

3H]prazosin.

P[125| JHEAT.

as an agonist). Contractile tension was recorded by means
of Statham force transducers and 7700 series Hewlett-
Packard recorders. One gram (rat prostate, aorta and cau-
dal artery and monkey prostate or bladder neck), 1.5 g
(dog prostate) or 0.75 g (human prostate and bladder neck)
of tension was applied to the tissues. The tissue baths were
kept at 37°C and aerated with 95% O,-5% CO,. The
tissues were allowed to equilibrate for 1 h and were
washed every 10 min. After a single priming dose (at
concentrations which elicited approximately maximal re-
sponses from preliminary studies) of phenylephrine (3 uM
for rat prostate and 10 wM for dog prostate), norepineph-
rine (1 wM for rat aorta) or a highly selective a,-adren-
oceptor agonist A61603 (N-[5-4,5-dihydro-1H-imidazol-
2yl)-2-hydroxy-5,6,7,8-terahydro-naphthlen-1-yl] methane-
sulfonamide hydrobromide) [(Knepper et al., 1995), (10
nM for rat prostate, 100 nM for human bladder neck and
rat caudal artery, 300 nM for human prostate/bladder
neck)], tissues were washed every 10 min for 1 h. Agonists
were then added cumulatively to the baths. The tissues
were then washed every 10 min over 1-h period. After
washout, the tissues were treated with vehicle (0.1%
DMSO) or various concentrations of antagonists for 1 or 2
h. Cumulative concentration—response curves for agonists
in the presence of antagonists and vehicle were again
determined. In some experiments, the first cumulative
concentration—response curves were omitted. The contrac-
tile responses were expressed as the percentages of the
maximal responses of the first concentration—response
curves or the priming responses if only one cumulative
concentration—response was obtained. ECg, values were
calculated for each groups using GraphPad Inplot software.
K, values were caculated as follows: K, =B/(x—1),
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where B is the concentration of antagonist used and X is
the ratio of ECg, vaues in the presence and absence
(vehicle group) of antagonist.

2.7. Source of compounds

L-771,688 was synthesized in Synaptic Pharmaceutical,
Paramus, NJ. [H]L-771,688, A61603, GG818 (5-(2-{4-[5-
(4-fluoro-phenyl)-4-(2,2,2 -trifluoro-ethoxymethyl) methyl -
oxazol-2-yl]piperidin-1-yl}-ethyl)-2-methoxy-benzenesul fo-
namide), BMY 7378 (8-[2-[4-(2-methoxyphenyl)-1-pipera-
zinyl]ethyl]-8-azaspiro[4,5]decane-7,9-dione), L-765,314
(4- amino- 2-[4-1-benzyloxycarbony!)-2(S)-[[1,1 -dimethyl-
ethyl)amino]carbonyl] -piperazinyl-6,7- dimethoxyquinazo-
line) and terazosin were prepared in Merck Research Labo-
ratories, West Point, PA. Other chemicals were from
commercial sources.

3. Results

3.1. Binding affinity of 1-771,688 at cloned «,-adrenocep-
tor subtypes

L-771,688 inhibited the binding of [*H]prazosin to
membranes from cells expressing the human «,,-adrenoc-
eptors with a very high affinity (Table 1). It exhibited
lower affinities for the human « ,5- and o ,-adrenoceptors
with resulting high o, -adrenoceptor selectivity ratios (Ta
ble 1). Similar high affinities and selectivities for the
a4, -adrenoceptors were seen with cloned receptors from
the rat and dog (Table 1). In comparison, terazosin had
lower affinity at the o, ,-adrenoceptors and was essentially
nonselective versus the a,5- and o,p-adrenoceptor sub-
types across species (Table 1).

3.2. Binding affinity at «;-adrenoceptor in tissue mem-
branes

L-771,688 inhibited specific [*H]prazosin binding to
o ,-adrenoceptors in human prostate tissue in a manner best
fit by a one-site competition model with a K; value of
0.13 nM (Table 2). In rat and dog prostate, however, high
and low affinity sites were observed with L-771,688 (Ta
ble 2). The binding profiles, therefore, were consistent
with a nearly exclusive «,,-adrenoceptor population in
human prostate, however, the existence of lower affinity
a,5- and/or o ,p-adrenoceptor is evident in rat and dog
prostates. L-771,688 aso inhibited specific [“°IJHEAT
binding in human cerebral cortex in away that was best fit
by a two-site competition with K, values for the high
affinity sites being nearly identical for the o ,,-adrenocep-
tor (cf. Table 1). The fact that L-771,688 displayed mainly
low affinity in human cerebral cortex suggested that it
expressed a mixture of a;4- and a,5- and/or o ,p-adren-
oceptors where the non-a ,, -adrenoceptor subtype(s) pre-

dominated. L-771,688 inhibited specific [*Hlprazosin or
[***I]HEAT binding in rat liver and human and dog aorta
which was best fit by a one site model, but with higher K;,
values, therefore consistent with a population of «,g
and/or «,y-adrenoceptors (Table 2). In contrast to L-
771,688, terazosin inhibited specific [*Hlprazosin or
[*I]HEAT binding in all the tissues best fit by a one-site
model with K; values of 1.0-35 nM (Table 2). These
data, therefore, illustrated no subtype selectivity of tera-
zosin. In addition, terazosin exhibited at least a 10-fold
lower affinity for the presumed «o,,-adrenoceptors than
L-771,688 in the various tissue types, in agreement with its
activity at the cloned o, -adrenoceptors (Table 1).

3.3. [*H]L-771,688 binding

In order to further define and characterize the interac-
tion of L-771,688 with the a,,-adrenoceptors, L-771,688
was radioactively labeled and used as a radioligand for
binding assays in cloned a ,,-adrenoceptor membranes and
rat tissue membranes. Specific [*H]L-771,688 binding in-
creased linearly with increasing membrane concentrations
of human «,,-adrenoceptor (25-200 p.g protein/ml as-
say), submaxillary gland (5—40 mg tissue/ml assay) and
rat prostate (10—80 mg,/ml assay) (data not shown). Spe-
cific [*H]L-771,688 binding was saturable and produced
Ky values of 71, 43 and 90 pM in cloned human o,
membranes, rat submaxillary gland and rat prostate mem-
branes, respectively (data not shown). The B, values
were 1.6 pmol /mg protein in cloned human o ,,-adrenoc-
eptor membranes and 8.7 and 1.6 pmol /g tissue in rat
submaxillary gland and rat prostate, respectively.

The rate of association of [*H]L-771,688 to its binding
sites in cloned human «,,-adrenoceptor membranes (Fig.
2A), rat submaxillary gland and rat prostate was rapid,
reaching equilibrium within 30-60 min. The calculated
association rate constants [k, = (Ko — k_,)/[[*HIL-
771,688] were 0.24, 0.49 and 0.19 min~* nM~* in cloned
human «,,-adrenoceptor membranes (Fig. 2A), rat sub-
maxillary gland and rat prostate (data not shown), respec-
tively. The dissociation of [*H]L-771,688 binding was
relatively slow with dissociation rate constants (k_,) of
0.0067, 0.015 and 0.014 min~* in cloned human o ,-
adrenoceptor membranes (Fig. 2B), rat submaxillary gland
and rat prostate, respectively(data not shown). The K,
values obtained from the ratio of k_, /k, were 28-73 pM
which were in good agreement with the K, values from
equilibrium studies.

Specific [*H]L-771,688 binding to cloned human a -
adrenoceptors was inhibited with high potency by subtype
selective compounds, GG818 (Adkison et d., 1998; K; =
0.026 + 0.002 nM) and L-771,688 (K, = 0.052 + 0.008
nM) and subtype non-selective «;-adrenoceptor antago-
nists, prazosin (K; =0.088 + 0.0.032 nM) and terazosin
(K; =18+ 0.65 nM). In contrast, L-765,314, an o g-
adrenoceptor selective antagonist (Patane et al., 1998; K,
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Fig. 2. (A) Time course of association of [*H]L-771,688 binding to cloned human o, -adrenoceptor membranes. Data points shown were mean of
triplicate determination from a single determination. The experiments were repeated twice with similar results. Inset: pseudo-first-order kinetic plot of
specific [*HIL-771,688 binding. On the ordinate, B was the amount of specific binding a time t and Be was the amount of specific binding at
equilibrium. The slope of the plot was the observed rate constant (k) for the pseudo-first-order reaction. The second-order association rate constant (k;)
was calculated from k; = (Ko, — k_ ;) /[[*HIL-771,688] where k_, was the dissociation rate constant determined from Fig. 1B and [[*H]L-771,688] was
the concentration of radioligand used in the experiment. (B) Dissociation of specific [*H]L-771,688 binding to cloned human o4 -adrenoceptor
membranes. Data points were mean of triplicate determination from a single experiment. The experiments were repeated twice with similar results. Inset: a
semilogarithmic plot of percent initial binding remained at various times after initiation of dissociation vs. time. Dissociation was initiated by adding 1 .M
of unlabeled L-771,688 to prevent rebinding of [PHIL-771,688. k_, is caculated from the formula, k_; = 2.3 X sope.

=120+ 61 nM) and BMY 7378, an «,,-adrenoceptor
selective antagonist (Goetz et al., 1995; K, =180+ 27
nM) had low potency in inhibiting specific [*H]L-771,688
binding.

The relative amount of [*H]L-771,688 (0.5 nM) binding
in various rat tissue membranes was highest in submaxil-
lary gland (9.5 pmol /g tissue), followed by brain (5.8

pmol /g tissue), vas deferens (4.3 pmol /g tissue), kidney
(3.4 pmol /g tissue), heart (1.5 pmol /g tissue), urethra
(1.1 pmol /g tissue) and prostate (0.88 pmol /g tissue). In
contrast, low specific [*H]L-771,688 binding was observed
in rat urinary bladder(0.55 pmol /g tissue), liver (0.44
pmol /g tissue), aorta (0.11 pmol /g tissue) and spleen
(0.11 pmol /g tissue).
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3.4. a;-Antagonist activity at cloned human «;-adrenocep-
tors

When added simultaneously with norepinephrine (co-in-
cubation), L-771,688 (10 nM) produced competitive antag-
onism of inositol-phosphate formation (parallel rightward
shift of norepinephrine dose—responses to the right without

reduction of maximal responses, EC.,: control, 65+ 8
nM; treated 30 + 4 wM) yielding a K, value of 0.022
nM. However, with a 20-min preincubation, there was a
34% reduction in the maximal activation by norepineph-
rine in addition to a right-ward shift of norepinephrine
dose—response (data not shown). L-771,688 was consider-
ably weaker to inhibit norepinephrine-stimulated inositol-
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Fig. 3. Effect of L-771,688 on phenylephrine (Panel A) and A61603 (Panel B) induced contractile responses in isolated rat prostate (1-h pretreatment with
L-771,688). Contractile responses were expressed as percent of the priming responses using 3 wM of phenylephrine (panel A) or 10 nM of A61603 (panel
B). Data points shown were mean + SE.M. from three preparations. K, value given in panel A was mean value from two lower concentrations of
L-771,688 used. K, values given in panel B were from all three concentrations of L-771,688. Schild plot of data from panel B yielded a slope not

significantly different from unity and a pA, of 10.3.
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phosphate formation in cell lines expressing human o -
and o ,-adrenoceptors than o ,,-adrenoceptors with K,
values of 84 and 3200 nM, respectively. L-771,688 exhib-
ited surmountable competitive-like inhibition at the o,
and o, receptors, whether the antagonists were co-in-
cubated or pre-incubated. Terazosin, by contrast, was es-
sentially equipotent at the a;,-, a,5- and o ;p-adrenocep-
tor subtypes with K, values of 0.4. 0.4 and 1.1 nM,
respectively.

L-771,688, when tested in the absence of norepineph-
rine at concentrations as high as 100 M, did not stimulate
the accumulation of inositol-phosphates in cell lines ex-
pressing the o, a5 OF a;p-adrenoceptor subtypes (data
not shown). Therefore, L-771,688 did not exhibit any
detectable agonist-like activity.

3.5. a;-Antagonism in isolated tissue preparations

3.5.1. Rat, dog, monkey and human isolated prostate and
bladder neck

L-771,688 was tested as an «,-adrenoceptor antagonist
against phenylephrine- (nonselective) or A61603 (.-
adrenoceptor selective)-induced contractions of several iso-
lated tissues. L-771,688 was a potent antagonist of phenyl-
ephrine-induced (Fig. 3A) and A61603-induced (Fig. 3B)
contractions in rat prostate. L-771,688 up to 1 uM had no
effect on KCl (100 mM) induced contraction indicating
lack of nonspecific effect on contractile mechanism (data
not shown). L-771,688 (10 and 30 nM) produced competi-
tive antagonism of phenylephrine-induced contractions.
However, at the higher concentration (100 nM), it pro-

duced an insurmountable inhibition of the phenylephrine
response(Fig. 3A). K, values calculated from two lower
concentrations of L-771,668 gave a mean of 0.28 + 0.10
nM. By contrast, the inhibition of A61603-induced con-
tractions of rat prostate by L-771,688 at all tested concen-
trations (1, 10 and 100 nM) were surmountable by increas-
ing concentrations of A61603 with K, values of 0.070 +
0.005 nM (Fig. 3B). Schild plot from datain Fig. 3B gave
a dlope of 0.95+ 0.020, not significantly different from
unity and a pA, value of 10.3 indicating competitive
antagonism (data not shown). L-771,688 (1 and 10 nM)
also potently and competitively inhibited phenylephrine-
induced contractions of isolated dog prostate (K, values
of 0.22 + 0.01 nM) (Fig. 4) and A61603-induced contrac-
tions in human bladder neck (K, values of 0.021 + 0.002
nM) (Fig. 5A). In contrast, L-771,668 antagonized
A61603-induced contractions of human prostate (Fig. 5B)
and monkey bladder neck [(K, of 0.022 nM at 1 nM of
L-771,688, some reduction in maximal responses at 10 nM
of L-771,688) (Table 3)] with a reduction of maximal
responses.

Terazosin was shown to be a competitive o ,-adrenocep-
tor antagonist on the rat and dog prostate against phenyl-
ephrine (Table 3) and in rat and human prostate against
A61603-induced contractions (Table 3). Terazosin was
considerably less potent than L-771,688 (see Table 3 for
summary of data for terazosin and L-771,688).

3.5.2. Rat isolated aorta and caudal artery
L-771,688 (up to 1 wM) had little or no effect on
norepinephrine-induced contractionsin the isolated rat aorta
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Fig. 4. Effect of L-771,688 on phenylephrine-induced contractile responses of isolated dog prostate (2-h pretreatment with L-771,688). Contractile
responses were expressed as percent of the priming responses using 10 wM of phenylephrine. Data points shown were mean + SE.M. from four

preparations.
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Fig. 5. Effect of L-771,688 on A61603-induced contraction of human bladder neck (panel A) and on A61603-induced contraction of human prostate (panel
B). L-771,688 pretreatment was 2 h. Contractile responses were expressed as percent of the priming responses using 100 (panel A) or 300 nM of A61603
(panel B). Data points shown were mean + S.E.M. from four preparations. Note in panel A that the control maximal responses to A61603 were higher than
the priming responses. The reason for this observation is not known to us, but could be related to equilibrium conditions after the overnight storage of

tissue.

(Table 3). Rat aorta, therefore, does not appear to contain
contractile «,,-adrenoceptors and, indeed, is a vascular
tissue that is known to contain predominantly the o,p-
adrenoceptor mediated contraction (Kenny et al., 1995).
On the other hand, L-771,688 was a potent antagonist of
contractions elicited by the o,,-adrenoceptor selective
agonist, A61603, in rat caudal artery (Table 3) which is
consistent with the literature suggesting that the rat caudal

artery contains a functional «,,-adrenoceptor subtype
(Lachnit et al., 1997). In contrast to L-771,688, terazosin
antagonized norepinephrine-induced contraction in rat aorta
with K, values similar to those obtained in rat, dog and
human prostate tissues (Table 3). Terazosin, therefore, was
equally potent as an «,-adrenoceptor antagonist in tissues
containing o .- and/or non-a,,-adrenoceptor subtypes.
L-771,688 did not affect resting contractile tension of any
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Table 3
Summary of antagonist potency in isolated tissues
Tissues Agonists K, (nM)
L-771,688 Terazosin
Rat prostate Phenylephrine 0.28+0.10 21+4
A61603 0.070+0.005 25+3
Dog prostate Phenylephrine  0.22+0.02 130+33
Human prostate A61603 ~0.019? 25+1
A61603 ~ 0.0222 -
Human bladder neck ~ A61603 0.021+0.002 -
Monkey bladder neck  A61603 0.022 -
Rat aorta Norepinephrine > 1000 19
Rat caudal artery A61603 0.047+0.02 -
Norepinephrine — 27

Values were mean+ S.E.M. Values without S.E.M. were from a single
experiment.

K, values should be considered as estimates since some reduction in
maximal responses were observed.

of these tissues at the tested concentrations and therefore
showed no agonist-like activity.

4, Discussion

L-771,688 displayed high affinity (0.36 nM) and selec-
tivity (> 500 over a5 Or a,p) for the a,,-adrenoceptor
subtype in radioligand binding assays using cloned human,
rat and dog o -adrenoceptors.The reason for the approxi-
mately three-fold difference in affinity between cloned
a1, -adrenoceptors expressed in cells and human and rat
prostate tissues in competition binding experiments is not
clear. It should be noted that the competition binding
assays for the cloned o,,-adrenoceptor and tissues were
performed by two different laboratories. We considered
that the difference may be due to inter-laboratory variabil-
ity due to dlight variations of experimental conditions. It is
interesting to note that the direct [*H]L-771,688 binding to
the cloned «,,-adrenoceptor expressed in CHO cells and
o ,-adrenoceptor binding in tissues were done in the same
laboratory yielding values in closer agreement. L-771,688
had no significant effect against many other G-protein-cou-
pled-receptors and several ion channels including adreno-
ceptors (apn 2g. ac, B1 2 3)» 5-HT receptors (5HT 4 15 1g,
1, 2, 7), dopamine receptors (D,, D,), histamine receptor
(H,, H,), muscarine receptors (M,—M ), opioid receptors
(m, 8, k,), Cat* (L-channel) and Na* channelsup 1 uM
indicating at least 1000-fold selectivity. This a,,-adrenoc-
eptor subtype selectivity of L-771,688 was the highest as
compared to compounds reported by others including
Rec15,/2793 (3-methyl-4-oxo-2-phenyl-4H-chromene-8-
carboxylicacid{3-[4-(methoxy-phenyl)-piperazin-1-yl] -pro-
pyl}-amide(Testa et a., 1997; human o ,g/a . =27 X;
ap /s =9X), KMD-3213 [(—)-(R)-1-(3-hydroxypro-
pyD-5-[2-[[2-(2,2,2-trifuoroethoxy) phenoxy] ethyl]-
amino]propylJindoline-carboxamide (Shibata et al., 1995;

g/ =583 X ; ayp/a, =55X%), GG818 (Adkison
et a., 1998; a;5/a0 =39X; a;p/a;0 =75X%X), RS
100975 (3-(3{4-fluoro-2-(2,2,2-trifluooethoxy)-phenyl]-
piperazin-1-yl}propyl)-5-methyl-1H-pyrimidine-2,4-dione)
(Williams et al., 1999; a5 /0ap =60 a;p/a . =50 X),
tamsulosin (Shibata et a., 1995, o;5/a,, = 15X ;
ap/a, =33X%X), and RWJI69736 (N-(3-{4-[2-methyl-
ethoxy)phenyl ]pi perazinyl} propyl)-2-(2oxopiperidyl) aceta-
mide) (Pulito et a., 2000; a 15 /01q =340 X ; ayp/ Qs =
223 X ). The high affinity of L-771,688 for the « ,,-adren-
oceptors was aso demonstrated in human, rat and dog
prostate tissues known to contain predominantly o ,,-adre-
noceptor subtypes. L-771,688 competes with [*H]prazosin
binding to o ,-adrenergic receptors in human prostate with
high affinity (K, = 0.13 nM). In the rat and dog prostate,
in addition to the majority of high affinity sites for L-
771,688, some low affinity sites for L-771,688 were also
observed in some preparations indicating the existence of
some non-a . -adrenoceptors. L-771,688 competed with
[*®1]HEAT binding in human cerebral cortex with the
majority of sites having low affinity (K; =81 nM) and a
small fraction of sites having a high affinity (K; = 0.066
nM) similar to that for human prostate and cloned human
o, -adrenoceptors. The results suggested that the human
cortex had predominantly non-o,,- and a small fraction of
a4-adrenoceptors. In contrast, L-771,668 competed with
[*Hlprazosin/[**’I[HEAT binding with relatively low
affinity (160—410 nM) at an apparent single sitein rat liver
and human and dog aorta. The data is consistent with the
report that rat liver expressed mainly the «,g-adrenergic
receptor subtype (Han et al., 1987). An earlier study by
Yamada et al. (1994) showed that tamsulosin was 10-fold
more potent in human prostate than aorta and suggested a
subtype difference between these two tissues. The much
larger difference in the K; values for L-771,688 in human
prostate and aorta (0.13 vs. 410 nM) gave further support
that human aorta contains non-a ,, -adrenoceptors.

The high affinity (43-90 pM) and selectivity of L-
771,688 t0 o,,-adrenoceptors were further demonstrated
by direct binding studies of [*H]L-771,688 to cloned hu-
man «,,-adrenoceptors and rat tissues. Specific BHIL-
771,688 bhinding is competed by «,,-adrenoceptor antago-
nists, L-771,688 and GG818 (Adkison et al., 1998), and
o -adrenoceptor subtype nonselective antagonist, terazosin
and prazosin at concentrations known to be effective on
a5 -adrenoceptors. In contrast, L-765,314 (Patane et d.,
1998) and BMY 7378 (Goetz et a., 1995), selective o q-
and o ,,-adrenoceptor antagonists, were much weaker in
inhibiting specific [*H]L-771,688 binding. Moreover, spe-
cific [*H]L-771,688 binding was high in rat tissues known
to contain high o,,-adrenoceptors such as submaxillary
glands, brain, vas deferens and kidney (Morrow and Creese,
1986; Han et a., 1987; Michel et al., 1989; Blue et al.,
1995; O’'Malley et al., 1998) but low in rat liver spleen and
aorta, tissues known to contain mainly o,z- and o -
adrenoceptors (Han et al., 1987; Kenny et al., 1995; Chang
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et al., 1998). [*H]L-771,688 therefore, represents a highly
selective radioligand for labeling the o, -adrenoceptor.

L-771,688 antagonized norepinephrine-induced
inositol-phosphate responses when L-771,668 and nor-
epinephrine were co-incubated with the cells, yielding K,
values of 0.02, 84 and 3200 nM for cells expressing cloned
human «,,, a;5 and o,p-adrenoceptors, respectively,
without reduction of maximal responses indicative of com-
petitive antagonism. L-771,688 also antagonized phenyl-
ephrine- (a,-adrenoceptor subtype nonselective) or A-
61603 (a,,-adrenoceptor subtype selective) (Knepper et
al., 1995) induced contraction in isolated rat, dog and
human prostate and monkey and human bladder neck with
K, values of 0.02-0.28 nM. Further, L-771,688 potently
antagonized A-61603-induced contraction in rat tail artery
which was previously reported to contain mainly the o ,-
adrenoceptor (Lachnit et al., 1997). L-771,688 (1 pM)
failed to affect norepinephrine-induced contraction in rat
aorta which contains «,y-adrenoceptors (Kenny et al.,
1995).

In general, in the antagonist studies parallel shifts of
concentration responses to the right without significant
reduction of maximal contractile responses by L-771,688
were obtained indicative of competitive and reversible
antagonism. However, in some preparations such as human
prostate, rat prostate and monkey bladder neck, some
reduction in maximal response was observed especially at
the higher concentrations of L-771,688. Reduction in max-
imal inositol-phosphate responses to norepinephrine in
cloned human « ,,-adrenoceptor cells was also observed if
the cells were preincubated with L-771,688. The results
were also consistent with other data (not shown) that
preincubation of human cloned a,,-adrenoceptor mem-
branes with L-771,688 resulted in reduction of maximal
number of specific [*Hlprazosin binding sites. However,
co-incubation of cloned human «o,,-adrenoceptor cells
with L-771,668 and norepinephrine resulted in no reduc-
tion of maximal inositol-phosphate responses to nor-
epinephrine. The results were also consistent with no
reduction in maxima number of specific [*H]prazosin
binding siteswhen L-771,688 was co-incubated with cloned
human o ,,-adrenoceptor membranes and [*H]prazosin
(data not shown). Similar insurmountable antagonist be-
havior has been observed with other high affinity o ,-
adrenoceptor antagonists such as KMD-3213 (Moriyama et
al., 1997), tamsulosin (Moriyama et a., 1997) and RWJ
69736 (Pulito et al., 2000) and some angiotensin AT,
receptor antagonists such as E3174 (losartan metabolite),
MK-966 (Chang et a., 1994) and candesartan (Ojima et
al., 1997). The reduction in maximal responses and maxi-
mal number of binding sites when pretreated with L-
771,688 may be due to the slow dissociation of L-771,688
(T,,, = 67-150 min from the rate of dissociation of PHIL-
771,688 binding studies) as previously suggested for the
angiotensin AT, receptor antagonists (Chang et al., 1994;
Ojimaet a., 1997; Fierens et al., 1999). It is clear however

that L-771,688 is a freely reversible «,,-adrenoceptor
antagonist.

The high potency of L-771,688 on «,-adrenoceptor
mediated responses in prostate and bladder neck and on
o ,-adrenoceptor binding assays in animal and human
prostate tissues is consistent with previous evidence sug-
gesting the preferential expression of «,,-adrenoceptor
subtype in these tissues. Prostate selective o ,-adrenoceptor
antagonists may provide better efficacy in the treatment of
benign prostate hyperplasia with fewer side effects espe-
cialy concerning cardiovascular effects. Indeed, in in vivo
anima models, L-771,688 was found to have a potent
antagonist effect on urethral pressure with minimal effect
on blood pressure (Broten T.B. et.al., personal communica
tion). Similar conclusions were obtained with other «,-
adrenoceptor selective antagonists such as SNAP 6991
(Broten et al., 1999), KMD-3213 (Akiyama et al., 1999)
and RWJ-69736 (Pulito et a., 2000).

Recently, L-771,688 became the first truly o,,-adren-
oceptor selective antagonist to be tested in the clinic. In
this study, L-771,688 improved peak urine flow rates in a
dose-dependent manner after a single dose in benign
prostate hyperplasia patients and was well-tolerated (Marks
et al., 2000). Therefore, the types of studies reported here
and elsewhere characterizing selective o ,,-adrenoceptor
antagonists appear to be predictive of their efficacy in
benign prostate hyperplasia patients. The true utility of
compounds like L-771,688 for the treatment of benign
prostate hyperplasia, however, does require further study.
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