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Abstract

The binding characteristics of the novel radioligand [*H]B-Ala®Ineurokinin A-(4-10) were assessed in hamster urinary
bladder membranes. This labelled compound bound in a reversible, highly specific and concentration-dependent manner to a
single class of high affinity binding sites with a K; of 1.8 + 0.2 nM and a B__, of 139 + 21 fmol /mg of protein. Specific binding
of [3H][2-Ala®Incurokinin A-(4-10) was displaced only by NK,, but not by NK; or NK;, tachykinin receptor agonists and
antagonists. Neurokinin A, [B-Ala®Ineurokinin A-(4-10), L 659877 [cyclo{Leu-Met-Gln-Trp-Phe-Gly)l, MEN 10376 (H-Asp-Tyr-
p-Trp-Val-o-Trp-p-Trp-Lys-NH , ), MEN 10627 [cycto(Met-Asp-Trp-Phe-Dap-Leulcyclo(28-58)1 and SR 48968 [( S )-N-methyl-N-
[4-(4-acetylamino-4-phenylpiperidino)-2-(3,4-dichlorophenyl)butyllbenzamide] displaced the binding with K, values of 0.4 + 0.1
nM, 1.9 +0.36 oM, 3.05 £ 0.1 oM, 7.9 £ 04 pM, 0.36 + 0.02 nM and 2.5 + 0.9 nM, respectively. Functional data, obtained in
isolated hamster urinary bladder strips with the newly developed tachykinin NK, receptor antagonists (MEN 10627 and SR
48968), showed a good agreement with binding data. This novel radioligand could represent a new useful tool for the assessment

of tachykinin NK, receptor antiagonists.
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1. Introduction

Tachykinins are a family of peptides widely dis-
tributed both in the central and peripheral nervous
system. Their release from peripheral nerve endings of
capsaicin-sensitive primary afferents produces a variety
of biological actions {collectively referred to as neuro-
genic inflammation), which, in most cases, depend upon
activation of specific receptors expressed on target
cells membranes (Maggi et al., 1993).

It is -vell established that at least three distinct
recepte.. mediate the biological responses of
tachykinins in mammalian tissues, that are NK,, NK,
and NK; receptors, at which substance P, neurokinin
A and neurokinin B are the most potent natural lig-
ands, respectively (Buck and Burcher, 1966; Lee et al.,
1986). However, all natural tachykinins are capable of
acting as full agonists at these three receptor types,
although with different affinities (Regoli et al., 1987).
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Therefore, the development of highly sclective syn-
thetic tachykinin analogues has been mandatory for a
pharmacological characterization of these receptors. In
this research effort, particular relevance has been paid
to the identification of suitabie and selective tracers to
be used in radioligand binding studies. So far,
['511Bolton-Hunter{Sar*Met(O,)' lsubstance P (Lew
et al., 1990) and [*H][Pro®lsubstance P (Petitet et al.,
1991) are available selective labelled tachykinin NK,
agonists, whereas, ['*I]Bolton-Hunter scyliorhinin II
(Mussap and Burcher, 1990) and [*H]senktide (Guard
et al., 1990) are the ligands highly specific for the
tachykinin NK ; receptor.

Until now, the tachykinin NK, receptor has been
mainly characterised in binding studies using, as a
tracer, ['®Ilneurokinin A, that poorly discriminates
among tachykinin receptors (Burcher et al., 1989; Ger-
aghty et al., 1992). Therefore the synthesis of radioli-
gands selective for tachykinin NK, receptors is an
ongoing objective. Recently, Burcher et al. (1993) in-
troduced the iodinated peptide ['ZIJLys®Tyr(1,),
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MeLeu’,Nle'"Ineurokinin A~(4-10), which retains the
same high selectivity for the tachykinin NK, receptor
than the parent cold compound, [Lys’,Tyr(I,)’,
MeLeu’ Nie!“Ineurokinin A-(4-10). In addition, also
the tritiated form of a non-peptide seiective tachykinin
NK, receptor antagonist (SR 48968) has becn recently
introduced (Emonds-Alt et al., 1992).

In this paper we describe the binding characteristics
of the tritiated form of a highly selective peptide ago-
nist of tachykinin NK, receptors, [B-Ala®]neurokinin
A-(4-10) (Rovero et al., 1989). We show that [*H][ 8-
Ala®Jneurokinin A-(4-10) binds to NK, tachykinin re-
ceptors in hamster urinary bladder membranes with
high affinity and remarkable selectivity.

Selection of this tissue was based on previous stud-
ies suggesting the hamster urinary bladder as a rather
pure monoreceptorial NK, preparation (Burcher and
Buck, 1986; Maggi et al., 1992). The competition pro-
file of various tachykinins agonists and antagonists
confirmed the excellent selectivity of this radiotracer
for the tachykinin NK, receptors expressed in this
preparation. Further, a rather close relationship was
evident between binding and functional data obtained
with two newly developed NK, receptor antagonists,
MEN 10627 (Maggi et al, 1994) and SR 48968
(Emonds-Alt et al., 1992).

2. Materials and methods

2.1. Preparation of membranes from hamster urinary
bladder

Hamster urinary bladder membranes were obtained
as previously described (Burcher and Buck, 1986) with
minor modifications. Briefly, animals were killed by
cervical dislocation and the urinary bladders were
rapidly removed and placed in ice-cold 50 mM Tris-HCl
buffer, pH 7.4, containing (in mM) 120 NaCl and 10
KCl (buffer A). Minced tissues were homogenized us-
ing an Ultraturax (30 strokes, speced 7) and the ho-
mogenate was centrifuged at 30000 X g for 30 min at
4°C. The resultant supernatant was discarded and the
pellet resuspended in Buffer B (50 mM Tris-HCl, pH
7.4, plus EDTA 10 mM and KCl 300 mM). This sus-
pension was incubated on ice for 30 min and then
centrifuged. The resulting pellet was washed twice with
50 mM Tris-HCI, pH 7.4, and finally resuspended in
the same buffer and quickly frozen in dry-ice.

2.2. Binding assay

Aliquots of membrane preparation (100 ug) were
incubated in triplicate in 0.5 ml assay buffer (50 mM
Tris-HCl pH 7.4 containing MnCl, (2 mM), bovine

serum albumin (0.1%), chymostatin (4 M), bacitracin
(40 uM), leupeptin (4 pM) and thiorphan (1 pM)) for
90 min at room temperature in the presence of several
concentrations (0.1-30 nM) of [*H][ g-Ala®Ineurokinin
A-(4-10). Non-specific binding was determined in the
presence of 1 uM nonradioactive [B-Ala®Ineurokinin
A-(4-10).

The binding reaction was terminated by rapid filtra-
tion through Whatman GF /B filters presoaked in 0.5%
bovine serum albumin. Bound radioactivity was deter-
mined by scintillation counting.

For competition binding ¢xperiments, membranes
were incubated in triplicate with 0.5 nM [*H][g-
Ala®lneurokinin A-(4-10) (the approximate K, value,
as determined in saturation binding experiments) and
different concentration of each test compound to give
full competition curves.

For kinetic studies, membranes were incubated with
0.5 nM [*HI B-Alz®Ineurokinin A-(4-10) in the pres-
ence and absence of [ 8-Ala®Ineurokinin A-(4-10). The
reaction was stopped at various interval times by rapid
filtration.

For dissociation experiments, tubes containing the
assay mixture were incubated for 1 h at 22°C until
steady state was reached. At this point, dissociation
was initiated adding an excess (1 uM) of unlabelled
[B-Ala®]neurokinin A-(4-10). The reaction was termi-
nated at time points between 1 and 120 min. Total and
non-specific radioactivity were also measured at these
additional times.

2.3. Binding assays in typical NK, and NK; preparation

Some binding experiments were performed in two
classical preparations for NK,; and NK, tachykinin
receptors i.e. the human B lymphoblastoma cells (IM9)
and the guinea pig cortical membranes, respectively.
The methods were explained in details elsewhere (Goso
et al, 1994; Renzetti et al., 1991). The possible dis-
placement by cold [B-Ala®lneurokinin A-(4-10) (10
uM) of the binding of [*HJsubstance P (to IM9 cells) or
of [*Hlsenktide (to guinea pig cortex) was assessed.

2.4. Functional studies

Male hamsters (Syrian golden hamsters, 100-120 g)
were killed by cervical dislocation. The whole urinary
bladder was rapidly removed, bladder strips were ex-
cised and placed in a 5 ml organ bath containing a
standard Krebs solution gassed with 96% O, plus 4%
CO,, as described previously (Maggi et al., 1988). A
resting load of 10 mN was applied to all tissues. Me-
chanical activity was measured by means of isometric
transducers and recorded on a Basile 7050 Unirecord.
After an equilibration period of 45 min, the prepara-
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tions were repeatedly challenged with acetyicholine (1
mM) up to stabilization. After 26-30 min a cumulative
concentration-response curve o [B-Ala®Ineurokinin
A-(4-10) was constructed, the next concentration being
added when the effect of the preceding one had
reached a steady state. In all the experiments pepti-
dase inhibitors (bestatin, captopril and thiorphan, 1
uM each) were added to the bath 15 min before the
start of the concentration-response curve to the ago-
nist.

The tachykinin NK, selective antagonists MEN
10627 or SR 48968 were tested against responses to
[ B-Ala®Ineurokinin A-<(4-10); all concentrations of an-
tagonist were added to the bath 15 min before the start
of the dose-response curve to the agonist. In each
preparation only on2 cuicentration of antagonist was
studied.

Contractile responses are expressed as percentages
of maximal response o [B-Ala®lneurokinin A-(4-10)
obtained before addition of the antagonist.

2.5. Data analysis

Binding data were analyzed using the collection of
computer programs described by McPherson (1985).
Scatchard and Hill transformations were performed by
the »iquilibrium Binding Data Analysis referred to as
EBDA: data were further analyzed by the curvilinear
regression program LIGAND (Munson and Rodbard,
1980). Data from association and dissociation experi-
ments were analyzed by the computer program Ki-
NETIC.

Statistical analysis of functional data was performed
by using Student’s z-test for unpaired data or by analy-
sis of variance, when applicable. The ECy, of the
concentration response curves to [B-Ala®lneurokinin
A-(4-10) was calculated as described by Tallarida and
Murray (1981), while the pA, were calculated accord-
ing to Van Rossum (1963).

All data in the text are expressed as means + S.E.M.

2.6. Materials

[ B-Ala®Ineurokinin A-(4-10)[Methionine, L-methyl-
341} was synthesized by New England Nuclear. It has a
specific activity, determined by mass spectroscopy, of
87.5 Ci/mM and a radiochemica! purity of approxi-
mately 89-90%. [*H]Substance P (specific activity = 40
Ci/mmol) was purchased from Amersham Interna-
tional while [*Hlsenktide (specific activit = 55.2
Ci/mmol) was obtained from New England Nuclear.
[Sar® Met(O,)!'[substance P, [MePhe’lneurokinin B
and neurokinin A were obtained from Peninsula Labo-

24

ratories, Belmont, CA, USA; [B-Ala’lncurokinin A-
(4-10) and MEN 10376 (H-Asp-Tyr-n-Trp-Val-p-Trp-
p-Trp-Lys-NH, ) were synthesized by Dr. L. Quartara,
Chemistry Department of Menarini Pharmaceuticals,
Florence, Italy. FK 888 (NZ[(4R)-4-hydroxy-1-(1-
methyl-1 H-indol-3-ylcarbenyl-L-prolyl]-N-methyl-

phenylmethyl-i -3-(2-napthyl)-alaninamide) was synthe-
sized by Dr. E. Potier, Chemistry Department of
Menarini Ricerche Sud, Pomezia, Italy. SR 48968 or
(S)-N-methyl-N-[4-4-acetylamino-4-phenylpiperidino)-
2-(3,4-dichiorophenylibutyllbenzamide was kindly do-
nated by Dr. X. Emonds-Alt, Sanofi Recherche, Mont-
pellier Cedex, France. L 659877 or cyclo(Leu-Met-Gin-
Trp-Phe-Gly) was from Cambridge Research Biochem-
icals. MEN 10627 or cycio{(Met-Asp-Trp-Phe-Dap-
Leu)cyclo(23-58) was synthesized in the Chemistry
Department of Menarini Pharmaceuticals, Florence,
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Fig. 1. Time course of association and dissociation of [*HI8-
Ala%]neurokinin A-(4-10) to hamster urinary bladder membranes.
(A) Membranes were incubated at 22°C in the presence of 0.5 nM
{31} B-Ala® neurckinin A-(4-10) for the times shown. The reaction
was stopped by filtration (n = 3). (B) After binding equilibrium was
reached, 1 uM [B-Ala®]neurokinin A-(4-10) was added to initiate
dissociation of [*HI -Ala®neurokinin A~(4-10} (n = 3).
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Fig. 2. Scatchard analysis of saturation curves of specific [*H][g-
Ala®l.curokinin A-(4-10) binding to hamster urinary bladder mem-
branes. Points represent mean values from a single experiment. The
line was fitted using the LIGAND program. Five additional experi-
ments gave similar results.

Italy. All the other chemicals were purchased from
Sigma, St. Louis, MO, USA.

3. Results
3.1. Kinetic studies

When 0.5 nM of [*H][ 8-Ala®lneurokinin A-(4-10)
was incubated with hamster urinary bladder mem-
branes, under the described conditions, 3.2% of the
labelled ligand was bound. 80% of this binding was
specifically displaced by 1 uM [B8-Ala®lneurokinin A-
(4-10). Kinetic studies showed that the association of
[*HI[ B-Ala®Ineurokinin A-(4-10) to hamster urinary
bladder membranes was rapid and reversible: at 22°C,
the specific binding of 0.5 nM [*H][ 8-Ala®neurokinin
A-(4-10) attained its peak by 60 min incubation, and
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Fig. 3. Inhibition by non-radicactive [B-Ala®lneurokinin A-(4-10)
{Q), neurokinin A (J), MEN 10627 (&), SR 48968 (@), L. 659877
() and MEN 10376 ( &) of specific [ *H]| 8-Aia® lneurokinin A-(4-10)
binding to hamster urinary bladder membranes. Points represent
mean values from three independent determinations; error bars
indicate +S.E.M.

then remained at an essentially constant level at least
until 120 min (Fig. 1A). The association rate constant
was 0.0468 x 10° + 0.0128 M~! min~! (n = 3). Dissoci-
ation experiments gave a dissociation rate constant of
0.00825 + 0.60145 min~' (n =3, Fig. 1B), yielding a
kinetic K, value of 0.18 nM.

Based on these association and dissociation experi-
ments, an incubation time of 90 min was used in all
subsequent experiments.

3.2. Saturation studies

Scatchard analysis of specific [*HJ 8-Ala®lneuro-
kinin A-(4-10) binding to hamster urinary bladder
membranes was consistent with the existence of a
single population of specific binding sites, yielding an
affinity of 1.8 + 0.2 nM and a maximal receptor density
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Fig. 4.8Effect qf .increasing concentrations of MEN 10627 (left panel) and SR 48968, (right panel) on the concentration-response curves to
[B-Ala®Ineurokinin A-(4~10) in hamster urinary bladder strips. Each value represents the mean + S.E.M. of four to five experiments.
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of 135 + 21 fmol/mg of protein {(n = 6; Fig. 2). The
Hill coefficient was close to unity (0.99 + 0.02).

This binding affinity was confirmed by competition
experiments using non-radioactive [B-Ala®Ineurckinin
A-(4-10): the cold ligand inhibited [*H][ 8-Ala®Ineuro-
kinin A-(4-10) binding to hamster urinary bladder
membranes with a K, value of 1.9+ 0.36 nM (n = 4;

Fig. 3).
3.3. Selectivity of the binding

The selective tachykinin NK, and NK; receptor
ligands, [Sar®Jsubstance P suifone and [MePhe’neuro-
kinin B (Drapeau et al., 1987), failed to affect [*HI( 8-
Ala®lneurokinin A-(4-10) binding to hamster urinary
bladder membranes up to 1 and 0.1 uM, respectively
{n = 3). Moreover the nonpeptide tachykinin NK, re-
ceptor antagonist, FK 888, was inactive up to 1 uM
(n=3). Neurokinin A inhibited [*HJ 8-Ala®lneuro-
kinin A<(4-10) binding with a K; value of 0.4 + 0.1 nM
(n = 3). Therefore specific [*H)[ 8-Ala®]neurokinin A-
(4-10) binding to hamster urinary bladder membranes
most likely represents NK, receptors. Fur‘hermore
[B-Ala®[neurokinin A-(4-10) at a concentration of 10
uM did not displace either the binding of [*Hisub-
stance P to IM9 human lymphoblastoid cells (a typical
NK, receptor binding assay) (Goso et al., 1994) or the
binding of [*Hlsenktide to guinea pig cortical mem-
branes (a typical NK tachykinin receptor binding as-
say) (Renzetti et al., 1991).

3.4. Competition studies

Specific binding of [*HI[ 8-Ala®Ineurokinin A-(4-10)
in hamster urinary bladder was further characterized
by using different tachykinin NK, receptor antagonists
(Fig. 3). The cyclic peptide L 659877 inhibited {*HI[ 8-
Ala®Ineurokinin A-(4-10) binding with a K, of 3.05 +
0.1 nM (n = 3), whereas the linear peptide MEN 10376
yielded a K, of 7.9 + 0.4 uM (n = 3), thus fitting the
criteria of the NK, receptor subtype described in ham-
ster smooth muscle preparations (Maggi et al.,, 1990).
The non-peptide antagonist SR 48968 and the poly-
cyclic peptide MEN 10627 displaved K, values of
25409 nM (n=3) and 0.36 + 0.02 nM (n =3), re-
spectively.

3.5. Functional studies

Administration of [ 8-Ala®Ineurokinin A-(4-10) pro-
duced a concentration-related (1-1000 nM) contrac-
tions in isolated hamster urinary bladder strips with an
EC., (+95% c.l.) of 37 (31-43) nM and a pD, of 7.43
(7.36-7.5) (n =25; Fig. 4), in good agreement with
previously reported data (Advenier et al., 1992). MEN
10627 (3—30 nM) antagonized [B-Ala®lneurokinin A-

(4~10)-induced contractions with a pA, value of 9.06
+ 0.1 (n = 12). On the other hand, SR 48968 (30-300
nM) exerted a competitive antagonism with a PA,
value of 7.82 + 0.1 (n = 10) (Fig. 4), i

4, Discussion

In this study we have gained evidence that [*H][g-
Ala®Ineurokinin A-(4-10) bound in a reversible, highly
specific and concentraticn-dependent manner to a sin-
gle class of high affinity binding sites in hamster uri-
nary bladder membranes. Based on competition stud-
ies with tachykinin receptor agonists and antagonists,
these binding sites most likely represent tachykinin
NK, recepiors. In fact, [*HI[8-Ala®Ineurokinin A-(4-
10) binding was displaced by neurokinin A and by
peptide (1. 659877, MEN 10376 and MEN 10627) and
non-peptide (SR 48968) tachykinin NK, receptor an-
tagonists. On the othier hand, tachykinin NK, receptor
agonist ([Sar®Jsubstance P sulfone) and antagonist (FK
888), as well as a selective tachykinin NK; receptor
agonisi ((MePhe’ Ineurokinin B), did not interfere with
the radiotracer binding, even at high concentrations.

An heterogeneity in the tachykinin NK, receptor in
various species and tissues has been described (Maggi
et al., 1992). This suggestion mainly arises from a
different rank order of potency of linear and cyclic
peptide antagonists in various preparations. No partic-
ular difference is instead functionally detected by using
agonists such as neurokinin A or [B-Ala®lneurokinin
A-(4-10) (Maggi et al., 1990). At this stage an accepted
subclassification of the tachykinin NK, receptor is
lacking and it is unclear whether or not real receptor
subtypes or simple species-dependent variants exist.
Notwithstanding our binding data in the hamster uri-
nary bladder indicate a greater affinity of the cyclic
peptide L 659877 as compared to the linear one MEN
10376, in agreement with previous functional data indi-
cating this peculiar pharmacological profile of the
tachykinin NK, receptor expressed in hamster smooth
muscle preparations (Maggi et ai., 1993).

Qur binding data indicate the remarkable tachykinia
NK, receptor affinity of the most recently developed
peptide {MEN 10627) and non-peptide (SR 48968)
tachykinin NK, receptor antagonists. An appreciable
correlation exist between the ratio of their affinities in
hamster urinary bladder obtained with a binding {pK;
of 94 +0.1 and 8.7+ 0.3 for MEN 10627 and SR
48968, respectively) or a functional (pA, of 9.1 +0.1
and 7.8 + 0.1 for MEN 10627 and SR 48968, respec-
tively) approach.

Based on these data, we conclude that [*HI[B-
Ala®Ineurokinin A-(4-10) is a suitable highly selective
radioligand for the tachykinin NK, receptors. This
tracer could have some advantages as compared to the
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other available radioligands for the tachykinin NK,
receptor (['¥Ilneurokinin A, ['*T[Lys’,Tyr(1,),
MeLeu® Nle'°Ineurokinin A-(4-10) and [3HISR 48968.
Firstly, [*H][ B-Ala®Ineurokinin A-(4-10) is highly se-
lective, while ['®Ilneurokinin A has heen demon-
strated to bind also to tachykinin NK, receptors
(Burcher et al., 1989; Geraghty et al., 1992).

Furthermore, an iodinated agonist, ['*I][Lys’,
Tyr(I,)",MeLeu’®,Nle'®Ineurokinin A-(4-10) has been
recently developed (Burcher et al.,, 1993): also this
compound is highly specific for the tachykinin NK,
receptoi. However, the radiolabeiiing with tritium could
represent an advantage in different experimental situa-
tions (long half-life, short path length, low energy),
being this radioisotope more easy to deal with than
iodine.

Finally, extremely interesting has been the recent
characterization of the tritiated analogue of the non-
peptide tachykinin NK, receptor antagonist, SR 48968
(Emonds-Alt et al., 1993). Fong et al. (1992) demon-
strated with a molecular approach that different epi-
topes within the tachykinin NK, receptor are recog-
nized by substance P as compared to non-peptide
antagonist. A similar discrepancy in the receptor do-
main(s) responsible for the binding of the natural lig-
and and non-peptide antagonist has been also sug-
gested for the tachykinin NK, receptor (Gether et al.,
1993). A conformational structural comparison of MEN
10627 and [B-Ala®lneurokinin A-(4-10) indicated a
strong overlapping of three key aminoacidic residues
suggesting similarities in the recognition sites on the
tachykinin NK, receptor for these two peptides
(Giolitti and Maggi, 1994). On the other hand, Gether
et al. (1993) showed that while SR 48968 binds to 2n
epitope located in the C-terminal part of the receptor
protein, neurokinin A binds to sites situated in the
N-terminal region of the same receptor. Even if SR
48968 and MEN 10627 had at least partially different
recognition sites in the tachykinin NK, receptor, our
results indicate a similar ability to displace the binding
of the tritiated peptide agonist. Recent functional find-
ings with receptor-protection experiments indicate that
coincubation of MEN 10627 and SR 48968 in guinea
pig gallbladder and colon prevents the SR 48968 in-
duced depression of maximal response suggesting that
the two compounds share at least same mutually exclu-
sive binding sites (Patacchini et al., 1994). Certainly, it
deserves further investigations the tissue and species
dependency of the binding profile and the antagomnisin
of [*H]SR 48968 and [*H][ B-Ala® Ineurokinin A-(4-10).

In conclusion, we have described the binding char-
acteristic of [*HI[B-Alatlneurckinin A-(4—10) that
could represent a new useful tco! for the assessment of
tachykinin NK, receptor antagonists and for investiga-
tions on the molecular mechanism of agonist and an-
tagonist interaction with this recepior protein.
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