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SUMMARY

A new ligand for investigating tachykinin-binding site subtypes was synthesized by
coupling the '*I-Bolton and Hunter reagent to eledoisin (***I-BHE). Using a synaptoso-
mal preparation (P, fraction) of rat cerebral cortex, '*I-BHE was shown to bind with
apparent high affinity (apparent K; = 15.3 nM). When concentrations of up to 30 nM
125.BHE were used, '*I-BHE binding was specific, saturable, reversible, and tempera-
ture-dependent. In contrast to [*H]dopamine, '*I-BHE was not taken up within synap-
tosomes by an ouabain-sensitive process. Eledoisin, kassinin, and substance P were
examined for their ability to inhibit specific *I-BHE binding to cortical synaptosomes.
Eledoisin and kassinin were considerably more potent than substance P, in contrast to
the order of potency observed for specific '*I-Bolton-Hunter substance P (**I-BHSP)
binding. Specific '*I-BHE binding was highest in the cerebral cortex and hypothalamus;
intermediate in the hippocampus, striatum, and thalamus; low in the mesencephalon,
septum, and substantia nigra; and absent in the cerebellum. Comparison of these data
with those previously obtained for '*I-BHSP binding to synaptosomes indicated that
15].BHE-labeled binding sites differ markedly from those of *°I-BHSP-labeled binding
sites. Therefore, tachykinin receptors other than substance P receptors seem to be

present in the central nervous system.

INTRODUCTION

Several structurally related nonmammalian peptides,
termed tachykinins, have been isolated which exhibit
biological activity similar to that of substance P (1). This
similarity is due to a common COOH-terminal region,
whereas the specific action of each tachykinin could
depend essentially on its unique NH,-terminal sequence.
For several years, among members of the tachykinin
family, substance P has been considered the only repre-
sentative tachykinin in mammals. Recently, however, a
few studies have suggested that other tachykinins also
could be present in mammalian tissues. Thus, Lazarus
and colleagues (2) reported the existence of a physalae-
min-like immunoreactivity in lung, gastrointestinal
tract, and spinal cord of guinea pig, mouse, or rat. Fur-
thermore, this group has indicated that small-cell carci-
noma of human lung contains a physalaemin-like peptide
with structural and biological properties similar to those
of physalaemin (3). Two new decapeptides, with se-
quences and ileum-contracting activities comparable to
those of substance P and the tachykinins, have been
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isolated from porcine spinal cord. These two tachykinin-
like peptides were termed neurokinin « and 8 (4). Neu-
rokinin 8, however, is identical with neuromedine K,
discovered separately by another group (5). Finally, by
cloning DNA sequences complementary to the bovine
striatal mRNAs coding for substance P precursors, Nawa
and co-workers (6) have shown that the bovine brain
substance P precursors are encoded by at least two
distinct mRNAs. One of them encodes not only the
substance P sequence but also a kassinin-like sequence,
similar to neurokinin «, and termed substance K by
Nawa et al.® In a way similar to that observed with the
endorphins, the occurrence of several tachykinins in
mammalian nerve tissues suggests the existence of mul-
tiple central tachykinin receptors. In fact, experiments
made on peripheral preparations have revealed that,
depending on the bioassay used, eledoisin or kassinin
can be more potent than substance P (intestinal and
genitourinary smooth muscle) or vice versa (blood pres-
sure, vascular smooth muscle) (1). Recently, Iversen et
al. (7) have introduced the terminology of substance P-
P and substance P-E receptors to describe two main
subtypes of substance P receptors that may be present
in smooth muscle. The rank order of potency for the
substance P-P receptor subtype is physalaemin = sub-
stance P = eledoisin = kassinin, whereas that for the
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substance P-E subtype is eledoisin = kassinin >» sub-
stance P = physalaemin. Since electrophysiological stud-
ies have demonstrated that eledoisin can be more potent
in depolarizing some central neurons than can substance
P (8, 9) and that similar differences were found in some
behavioral tests (10-12), tachykinin receptors distinct
from substance P receptors could be present in the brain.
In the present report, we show the existence of a tachy-
kinin receptor exhibiting characteristics different from
those of substance P receptors, which were defined by
binding studies performed on embryonic mesencephalic
neurons of the mouse (13), and synaptosomes (14, 15) or
membrane pre?arations (16-18) of the rat brain using
125]_BHSP? or H-labeled substance P. For this purpose,
a new ligand obtained by coupling the '*I-Bolton Hunter
reagent with eledoisin was used in conjunction with
synaptosomal preparations from several rat brain struc-
tures.

MATERIALS AND METHODS

Synthesis of unlabeled '¥'I-BHE. Unlabeled BHE was synthesized
according to the procedure previously used for the synthesis of unla-
beled BHSP (19). '¥I-Bolton and Hunter reagent (3 mg) was mixed
with eledoisin (1.1 mg; Bachem) in the presence of dimethylformamide
(300 ul) and borate buffer (0.5 M, pH 8.5, 1.5 ml) at room temperature
for 1 hr with constant agitation. The reaction was terminated by the
addition of dimethylformamide (1.6 ml) and acetic acid (10%, v/v; 1.5
ml). '¥I-BHE was purified on an HPLC column: HIBAR (Merck) CAT
50994 Lichrosorb RP 18 (7 um), using methanol/water/trifluoroacetic
acid as the mobile phase (600/400/3, v/v) and then isolated following
methanol evaporation and lyophilization.

Synthesis of **I-BHE. "*I-BHE was obtained by coupling the '*I-
labeled Bolton and Hunter reagent (Amersham: monoiodo derivative,
2000 Ci/mmol) with eledoisin (50 ug) in dimethylformamide (25 ul)
and borate buffer (50 mm, pH 8.5, 90 ul) at 4° for 30 min with constant
agitation. The reaction was stopped by the addition of dimethylfor-
mamide (50 ul) and acetic acid (2 N, 9 ul).

IB.BHE was purified by HPLC on a C-18 u-Bondapak column
(Waters Instruments, Rochester, Minn.) with methanol/ammonium
acetate (50 mM, pH 4) as the solvent (540/460, v/v, rate 2 ml/min).
When ¥I-BHE was dissolved in dimethyl sulfoxide, then mixed with
1%1.BHE (80,000 cpm) and analyzed by HPLC as described above, '¥'I-
BHE and '*I-BHE co-migrated in Fractions 25-26 (Fig. 1). Similar
results were obtained following modification of the mobile phase:
methanol/ammonium acetate (50 mM, pH 4) (510/490, v/v), the com-
pounds being detected then in Fractions 53-54.

Preparation of the crude synaptosomal fraction (Py). The crude
synaptosomal (P;) fraction was prepared by using slight modifications
(14) of the procedure previously reported by Gray and Whittaker (20).
Briefly stated, male Sprague-Dawley rats (200-250 g; Charles River
France, Cleon, France) were killed by decapitation, and synaptosomes
were prepared from the cerebral cortex. The final pellet was resus-
pended in Krebs-Ringer phosphate buffer (NaCl, 120 mm; KCI, 4.8
mM; CaCl;, 1.2 mM; MgSO,, 1.2 mM; NaH;PO,, 15.6 mm; pH 7)
containing bovine serum albumin (0.4 mg/ml; Calbiochem, San Diego,
Calif.), bacitracin (30 ug/ml, Sigma Chemical Company, St. Louis,
Mo.), and glucose (1 mg/ml); 2.5 ml of this solution were used for 1 g
of original tissue (wet weight).

In vitro ®I-BHE binding assays. Specific '*I-BHE binding was
determined in Eppendorf tubes (1.5 ml) precoated with a Krebs-Ringer
phosphate buffer containing bovine serum albumin (0.5%). Routinely,
20 ug of the P; fraction (200 ug of protein) were incubated in 200 ul

2The abbreviations used are: BHSP, Bolton-Hunter substance P;
BHE, Bolton-Hunter eledoisin; HPLC, high-pressure liquid chroma-
tography.
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Fi6. 1. Co-migration of ‘*I-BHE and **I-BHE using HPLC

Chromatographic conditions are described under Materials and
Methods. A sample containing both 'I-BHE and '*I-BHE (87,000
cpm) (20 ul) was injected through a C-18 u-Bondapak column. The
volume of each collected fraction was 2 ml. Profiles of elution were
analyzed simultaneously using UV detection (A) at 254 nm (**I-BHE)
and radiometric estimation (B) with a gamma counter (**I-BHE).

(final volume) of Krebs-Ringer phosphate buffer enriched with bovine
serum albumin, bacitracin, and glucose (as described above) for 15 min
at 20° with ®[-BHE (25,000 cpm =~ 40 pM). At the end of the
incubation, radioactivity bound to synaptosomes was separated from
that free in solution by centrifugation (Eppendorf minicentrifuge) for
30 sec at 10,000 X g. The pellet was washed once with the same medium
used for the incubation (1 ml). Radioactivity bound to the pellet was
estimated by using a Packard gamma counter (efficiency 70%). Assays
were performed in quadfuplicate, and specific '*I-BHE binding was
defined by incorporation of unlabeled eledoisin (1 uM). Proteins were
determined according to the method of Lowry et al. (21).

The identity of the radioactive material recovered in the supernatant
fluid at the end of the 15-min incubation was checked to verify the
authenticity of '*I-BHE. For this purpose, HPLC analysis was per-
formed using C-18 u-Bondapak columns and methanol/ammonium
acetate (50 mM, pH 4) (540/460, v/v) as solvent.

[*H] Dopamine uptake. Crude synaptosomes (200 ug of protein) were
preincubated for 20 min at 20° in Krebs-Ringer phosphate buffer (180
ul) and then incubated for 15 min at 20° with [2,5,6-*H]dopamine (10
nM; Amersham International plc; 6 Ci/mmol) in the presence (blank)
or absence of benztropine (50 uM; Merck Sharp & Dohme, West Point,
Pa.), a specific inhibitor of dopamine uptake in dopaminergic neurons
(22). When ouabain (Sigma Chemical Company) was used (0.1 or 1
mM), it was added at the beginning of the preincubation. At the end of
the incubation, tissues were separated from the incubating medium by
rapid centrifugation (30 sec, 10,000 X g) and washed once with ice-cold
incubation medium (1 ml). Radioactivity bound to tissues was esti-
mated by liquid scintillation spectrometry following addition of Aquasol
(10 ml; New England Nuclear Corporation, Boston, Mass.) at a count-
ing efficiency of 32-35%.

Drugs and materials. '*1-BHE and '®I-BHE were synthesized as
previously described. Some batches of eledoisin were obtained from
Bachem Feinchemikalien AG. All other peptides used in the study and
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other batches of eledoisin were purchased from commercial sources
(Peninsula Laboratories, San Carlos, Calif.).

RESULTS

Binding of '*I-BHE to synaptosomes. Total, specific,
and nonspecific binding of '*I-BHE were found to in-
crease linearly with increasing (0.1-0.7 mg/200 ul assay
volume) protein concentration. When 0.2 mg of protein
was used, specific *I-BHE binding represented 68% of
the total binding to synaptosomes and 2% of the total
radioactivity added to the incubating medium. HPLC
analysis demonstrated that 82% of the radioactivity re-
covered at the end of the 15 min incubation migrated as
authentic '*I-BHE. Furthermore, when this supernatant
was reincubated with a fresh P, preparation, specific
binding was 89% of that obtained in the first assay; thus,
only minor peptide inactivation occurred during the
binding assays.

Specific '*I-BHE binding was temperature-depend-
ent, as it was decreased by 72% when the 15-min incu-
bation was carried out at 4°.

Influence of ouabain on '**I-BHE binding. Preincuba-
tion of synaptosomes for 20 min at 20° in the presence
of ouabain (0.1 or 1 mM) immediately prior to the addi-
tion of the labeled ligand did not alter total or specific
125]_.BHE binding, (data not shown). In contrast, using
identical conditions, ouabain (1 mM) reduced [*H]dopa-
mine uptake into synaptosomes by 95%. This indicated
that >I-BHE was not taken up into synaptosomes by a
Na*, K*-dependent ATPase process.

Kinetic characteristics of **I-BHE binding. The asso-
ciation of '*I-BHE with synaptosomal preparations of
rat cerebral cortex was rapid and reached equilibrium
within the 15-min incubation at 20° (Fig. 2A). Transfor-
mation of these data (Fig. 2B) according to the method
of Frost and Pearson (23) provided an estimate of the
association velocity constant, k., = 5.2 X 10° M~! min™.

The specific binding of '*I-BHE was reversible; rapid
dissociation of the labeled ligand was observed when
unlabeled eledoisin (1 uM) was added to the incubation
tubes followingsan initial 15-min incubation at 20° in the
presence of I-BHE (Fig. 3A). First-order reaction
analysis of the receptor ligand dissociation was curvilin-
ear (Fig. 3B). The first phase of dissociation was very
rapid, and the rate of dissociation (k-,) was estimated to
be 0.81 min~! with an apparent half-life (t,,) of 0.86 min
after allowing for the contribution of the slow phase,
using the feathering technique. The second phase of
dissociation was much slower: £’_; = 0.068 min' and t’,,
= 10.3 min. Thus, the apparent equilibrium dissociation
constant (K; = k_,/k.;) estimated from these kinetic
studies was found to be 0.156 nM (for k_; = 0.81 min™").

Equilibrium binding studies. Saturation studies of the
binding of '*I-BHE to rat cerebral cortex synaptosomal
preparations were made with concentrations of the li-
gand between 2 and 30 nM (because of technical difficul-
ties, higher concentrations of the ligand could not be
used). These studies revealed that nonspecific binding
defined using unlabeled eledoisin (1 uM) was a linear
function of the labeled ligand concentration, in contrast
to specific !*’I-BHE binding, which was saturable (Fig.
4A). In six independent experiments, each performed in
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F1G. 2. Association of **I-BHE with rat cerebral cortex synaptosomes

A. Synaptosomes (185 ug of protein) were incubated at 20° for
different time periods with '*I-BHE (39.8 pM) in Krebs-Ringer phos-
phate buffer (0.2 ml, pH 7) containing bovine serum albumin, bacitra-
cin, and glucose as described under Materials and Methods in the
presence (nonspecific binding) or absence (total binding) of 1 uM
eledoisin. Specific binding was calculated by subtracting nonspecific
binding from total binding. Each point corresponding to specific bind-
ing represents the mean of data obtained in three separate experiments.

B. According to the equation (23) In [Bue(Lo—B:)/Lo(Bma—B:)] =
k1 - (Lo—Boa)t, results are represented as In [ B (Lo—B,)/Lo(Bua—B:)]
versus time, where B, represents the maximal concentration of ligand
specifically bound at equilibrium; B,, the concentration of ligand spe-
cifically bound at time ¢; and Lo, the initial '*I-BHE concentration in
the incubating medium.
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F1G. 3. Dissociation of '®I-BHE from rat cerebral cortex synapto-
somes

A. Synaptosomes were incubated to equilibrium for 15 min at 20°
with '*I-BHE (40 pM). Eledoisin (1 uM) was then added and the
concentration of '*I-BHE specifically bound with time was followed.
Each point represents the mean of data obtained in three separate
experiments. The initial broken line corresponds to the duration of
centrifugation immediately following the addition of eledoisin (1 uM).

B. Results are represented as In[(B)/(B,)] versus time, where B,
represents the concentration of ligand before dissociation and B the
concentration of bound ligand at the time considered. The dissociation
curve can be resolved into two different phases, the first one (O——O)
being obtained by subtracting the contribution of the slow process
(—0).
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F1G. 4. '2I-BHE binding to a crude synaptosomal preparation (P;) from rat cerebral cortex as a function of the radiolabeled peptide concentration
A. Radioactive ligand at different concentrations was incubated with synaptosomes (P) for 15 min at 20°c. Total (T'B, @), nonspecific (NSB,
A), and specific (SB, O) binding were estimated as indicated in the legend to Fig. 2. Each point represents the mean of quadruplicate

determinations obtained in a single representative experiment.
B. Scatchard plot of specific *I-BHE binding data.

quadruplicate on different synaptosomal preparations,
the apparent equilibrium dissociation constant (K,) was
estimated by Scatchard analysis (Fig. 4B) to be 15.3 +
1.4 nM and the maximal number of '*I-BHE binding
sites (Bpmax) to be 297 + 36 fmol/mg of protein. In addi-
tion, since Scatchard analysis may have some limitation
when a relatively narrow range of ligand concentrations
is used, data represented in Fig. 4A were analyzed further
by the method of Homburger et al. (24). This consisted
of a nonlinear least-squares curve-fitting procedure in-
volving the Minuit routine for function analysis de-
scribed by James and Roos (25). It can be concluded that
125].BHE is bound to a single site in the range of concen-
trations used (2-30 nM) (Fischer coefficient 53.25), and
binding parameters were found to be 14.9 nM (K;) and
328 fmol/mg of protein (Bpa:), values closely related to
those estimated by the Scatchard analysis. When at-
tempts were made to fit the data to a two-site model,
this resulted in a reduction of the Fischer coefficient.
Hill analysis of data from eledoisin competition with %°I-
BHE suggested that the ligand bound to noninteracting
sites (ny = 0.91 + 0.02) with an estimate to the K; = 14
nM.

Competitive inhibition of specific ***I-BHE binding.
Various tachykinins and related peptides inhibited com-
petitively the high-affinity specific binding of '*I-BHE
to rat cerebral cortex synaptosomes in a concentration-
dependent manner (Fig. 5; Table 1). The Hill coefficients
for some of these compounds were close to unity, but for
others the ny values were less than unity (Table 1).

The most potent peptides were BHE, kassinin, and
eledoisin; the concentrations required to inhibit 50% of
the specific binding (ICs) were 4.7, 5.9, and 14.0 nM,
respectively. The inhibitory effects of physalaemin and
substance P were only 25% and 10%, respectively, that
of eledoisin. Apparent inhibition constants (K;) were
obtained according to the Cheng-Prusoff formula, K; =
ICs0/[1 + (Lo/Ky4)]. Under these circumstances, ICs, and
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F1G. 5. Competitive inhibition of '®I-BHE binding with eledoisin
and substance P

Synaptosomes were incubated with '*I-BHE (40 pM) and increasing
concentrations of unlabeled competitive agents. Incubation conditions
were those described under Materials and Methods. Each point repre-
sents the mean of quadruplicate determinations obtained in a single
experiment. At least four independent experiments were performed to
provide the data in Table 1.

apparent K; values were found to be virtually the same,
since the ligand concentration used in these studies was
80 low.

Finally, unrelated peptides, such as angiotensin II,
neurotensin, bombesin, Phe-Met-Arg-Phe-NH, (FMRF
amide), met-enkephalin, somatostatin, melanocyte-stim-
ulating hormone release-inhibiting factor, endorphin, li-
torin, thyrotropin-releasing hormone, and cholecystoki-
nin-8 sulfate (up to 1 or 10 uM) were devoid of inhibitory
activity on '*I-BHE binding.

Regional distribution. Specific '*I-BHE binding, de-
fined using unlabeled eledoisin (1 xM) was most extensive
in cerebral cortex synaptosomes, but was found also in
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TABLE 1

Inhibition characteristics of tachykinins on specific '**I-BHE and

13].BHSP binding

The inhibitory effects of the unlabeled BHE and of various tachy-
kinins on specific *I-BHE binding to rat cerebral cortex synaptosomes
were determined as described in the legend to Fig. 7. Inhibition con-
stants were obtained using the formula K; = ICso/[1 + (Lo/ks)], where
Lo represents the '*I-BHE concentration in the incubating medium
and K, represents the dissociation constant calculated from equilibrium
studies. ICs and Hill (ny) values were derived from original data plotted
according to log [(B, — B)/B] versus log peptide concentration, where
B, represents the concentration of ligand specifically bound in the
absence of competitor and B is the concentration of ligand specifically
bound in the presence of competitive agents.

Data represent the mean of results obtained from 4-13 independent
experiments performed in triplicate or quadruplicate. The standard
deviation did not exceed 64% of the mean. Results were compared with
those obtained in a previous study (14) in which the inhibitory effects
of tachykinins on '*I-BHSP specific binding were estimated on whole
brain (minus cerebellum and cerebral cortex) synaptosomes.

Compound 1%2].BHE 1Z].BHSP Ratio
K; BHE/

LI K ns K, BHSP
nM nM

BHE 4.7 091 1500 1.03 0.003

Kassinin 59 092 980 0.83 0.006

Eledoisin 14 0.91 98 0.95 0.14

Physalaemin 56 0.78 2.1 0.81 27

Substance P 130 0.81 057 1.01 230

synaptosomal preparations from eight other rat brain
regions (Fig. 6). High-density specific binding occurred
also in the hypothalamus, with intermediate binding
(density) in the hippocampus, striatum, and thalamus
and low-density in the mesencephalon, substantia nigra,
and septum. The cerebellum was totally devoid of ***I-
BHE binding sites. The relative order of '*I-BHE bind-
ing in these various brain regions differed from that
demonstrated previously for *I-BHSP (Fig. 6) (15).

DISCUSSION

In previous studies, we have characterized central sub-
stance P receptors using '*I-BHSP as a ligand and a
synaptosomal preparation, which allows the minimiza-
tion of unspecific binding and peptidasic inactivation of
the ligand (14, 15). '*I-BHSP characteristics were iden-
tical with those previously obtained using murine intact
embryonic mesencephalic neurons grown in primary cul-
tures (13). These data have been confirmed by other
authors using membrane preparations or slices with 3H-
labeled substance P as the ligand (16, 18). The present
results, also obtained using synaptosomes and '**I-BHE,
indicate that tachykinin receptors other than substance
P receptors are present in rat brain. Indeed, specific '*I-
BHE binding sites exhibited pharmacological character-
istics and a regional distribution which differed from
those of '*I-BHSP bmdmgssntes.

The characteristics of *I-BHE binding to synapto-
somes prepared from the rat cerebral cortex were deter-
mined following incubation at 20° for 15 min in the
presence of bacitracin, conditions which resulted in a
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FI1G. 6. Regional distribution of specific **I-BHE binding activity in
rat brain

In a first experiment, rat brains were dissected into eight structures,
and corresponding structures from several animals (3-10) were pooled
to prepare P; fractions. In a second experiment, the substantia nigra
was carefully dissected alone from serial slices (500 um thick) of the
mesencephalon. Tissues from 12 rats were used to prepare the corre-
sponding P, fraction. Specific binding was determined following a 15-
min incubation at 20° in the presence of '*I-BHE (60 pM). Results are
the means + standard error of the mean from data obtained in three
independent experiments performed in quadruplicate. Data corre-
sponding to the regional distribution of specific *I-BHSP binding
activity in the rat brain (given for comparison) have been published
previously (15). The quantity of '*I-BHSP used was 100 pM, and
synaptosomes were incubated for 5 min at 20°.

minimal peptidasic cleavage of the ligand. Under such
conditions, high-affinity '®I-BHE binding to synapto-
somes was linearly dependent on the tissue concentra-
tion, and it was specific, saturable, and reversible. Fur-
thermore, the ligand binding was temperature-depend-
ent. As previously shown for ¥I-BHSP binding to syn-
aptosomes, 13]_.BHE binding was unaltered by ouabain
in concentrations (0.1 or 1 mM) that inhibited [*H]
dopamine or substance P®! uptake (26). This suggested
that the ligand was not transported by a high-affinity
uptake process within the “pinched off” nerve endings.

Analysis of the apparent rate of association for #I-
BHE binding to cerebral cortex synaptosomes indicated
that the ligand-receptor interaction was extremely rapid
(apparent k., = 5.2 X 10° M~ min™?). This estimate was
obtained assuming that the ligand-receptor interaction
obeys pseudo-first order reaction kinetics. Obviously,
this simplification for the estimation of apparent K., is
subject to error (27). Theoretically, determination of the
dissociation rate constant is much less complicated, since
k-, is a first-order rate constant (27). However, the dis-
sociation of '*I-BHE appeared to be complex, since the
displacement of the ligand bound at equilibrium by un-
labeled eledoisin was biphasic. Thus the use of the rapid
phase of dissociation only for the estimation of K, from
kinetic studies would result in further error. Several
factors might account for such a biphasic phenomenon,
which has been observed previously with other ligands
(14, 28) and discussed extensively by Cuatrecasas and
Hollenberg (29).

Scatchard analysis of the concentration-dependent,
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saturable, specific '*I-BHE binding was linear over the
narrow range of concentrations used. Estimation of the
binding parameters revealed a high *I-BHE binding
affinity (apparent K; = 15.3 nM) and a relatively large
receptor density of 297 fmol/mg of protein on cerebral
cortex synaptosomes. However, there are fundamental
problems associated with the use of Scatchard analysis
to estimate binding parameters, as emphasized by Klotz
(30). Therefore, we analyzed our saturation data (Fig.
4A) by nonlinear curve fitting to provide a further esti-
mate of binding parameters. All of the estimates of K,
using Scatchard analysis, nonlinear curve fitting, and
Hill analysis of competition studies were found to be in
the same range (14.0-15.3 nM). It becomes apparent,
therefore, that the discrepancy of the K, value obtained
from reaction kinetic studies (0.16 nM) results from
problems connected with measurements of the apparent
rates of association and dissociation. Interestingly, the
apparent dissociation constant from equilibrium studies
for »I-BHE binding to cerebral cortex synaptosomes
was different from that obtained for '*I-BHSP binding
to rat brain or cerebral cortex synaptosomes (K, values
were 0.47 nM and 1.1 nM, respectively) (14, 15).

In competition experiments, eledoisin and kassinin
were more potent than substance P and physalaemin in
competing with '*I-BHE for binding to cerebral cortex
synaptosomes. This is in contrast with the rank order of
potency of these tachykinins for inhibiting the binding
of *I-BHSP to synaptosomes from whole brain or from
specific structures such as the hypothalamus, hippocam-
pus, and dorsal spinal cord (14, 15) and to membrane
preparations of the cerebral cortex (17). The marked
differences in the values of the ratio of the apparent K;
values for inhibition of '**I-BHE binding and **I-BHSP
binding for each tachykinin further indicate the exist-
ence of two distinct classes of tachykinin-binding sites
(Table 1). This conclusion is further justified by our
regional study of the distribution of *I-BHE binding
sites and its comparison to that obtained for '*I-BHSP
binding (15). Among the various structures tested, the
cerebral cortex, which contains a moderate amount of
125.BHSP binding sites (Bus: = 14.4 fmol/mg of protein),
was found to be the structure exhibiting the highest
number of '*I-BHE binding sites (B = 297 fmol/mg
of protein). In contrast, the septum, which is particularly
rich in *I-BHSP binding sites, was almost devoid of
1].BHE binding sites. Interestingly, no *I-BHE bind-
ing was found in the cerebellum, a structure in which
125].BHSP binding is also minimal. Since, surprisingly,
very small quantities of '*I-BHSP binding sites were
found in the substantia nigra, in agreement with results
obtained by other workers (18, 31), attempts were also
made to estimate *I-BHE binding in this structure. 1*1I-
BHE binding in the substantia nigra represented only
15% of that observed in the cerebral cortex.

Taking into account the differences in the apparent
K, values, the potency of various tachykinins in compet-
itive studies, and the regional distribution, *I-BHE
binding sites appear to be distinct from *I-BHSP bind-
ing sites. This indicates that, besides substance P recep-
tors, receptors of the “eledoisin” type are present in rat

brain. These observations are in agreement with results
obtained in behavioral and electrophysiological studies
in the rat and in other species. For instance, eledoisin
was shown to induce a more pronounced stimulatory
effect than substance P on drinking behavior in the
pigeon (10). Furthermore, following intracerebral injec-
tion, eledoisin also is more potent than substance P in
inhibiting the angiotensin II-evoked dipsogenic response
in the rat (11) or in eliciting reciprocal hind limb scratch-
ing in the mouse (12). It also should be recalled that
eledoisin is 10 times more active than substance P in
depolarizing spinal motor neurons in the frog (8). Finally,
recent investigations made by extracellular recordings
from locus coeruleus neurons contained in a pontine slice
preparation from the rat have indicated that the excita-
tory effect of eledoisin is 5 times more potent than that
of substance P (9). The present results are also in agree-
ment with several observations made in the periphery
that have led to the concept of SP-P and SP-E subtypes
of receptors (7). In this context, recent studies have
provided further arguments for the existence of different
tachykinin receptors. For instance, there is no cross-
desensitization between eledoisin and substance P in the
dog carotid artery (32) and in the guinea pig ileum (33).
In addition, both the kassinin response in the guinea pig
ileum and the eledoisin response observed in the guinea
pig urinary bladder were inhibited in the presence of the
alkylating agent phenoxybenzamine, whereas this latter
compound was less effective or ineffective on substance
P or physalaemin-evoked responses (34, 35). Finally,
although the potent substance P antagonist (D-Arg,D-
Pro?,p-Trp™?,Leu’!)-substance P inhibited eledoisin and
substance P responses on several smooth muscle prepa-
rations, it was without effect on the responses evoked by
these peptides in the hamster urinary bladder (36, 37),
thus suggesting the existence of another subtype of
tachykinin receptor in this tissue.

In conclusion, the present study indicates that rat
brain synaptosomes—particularly those from the cere-
bral cortex—have a high binding capacity for a labeled
analogue of eledoisin. Several properties of specific '*I-
BHE binding strongly suggest that this ligand allows the
characterization of a tachykinin receptor which is dis-
tinct from the substance P receptor labeled with '**I-
BHSP or 3H-labeled substance P. Since substance K, a
peptide structurally related to kassinin, is present in one
of the substance P precursors recently isolated in the
caudate nucleus (6), it could represent the endogenous
tachykinin interacting with the receptor labeled by %I-
BHE. Indeed, kassinin was more potent than eledoisin
in inhibiting specific *I-BHE binding. Undoubtedly,
15].BHE appears to be a suitable ligand for further
characterization of subtypes of tachykinin receptors in
the central nervous system.
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