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Abstract—A filter-associated binding technique, originally described by Leysen and Gommeren {/.
Receptor Res. 4, 817 {1984); Drug Dev. Res. 8, 119 {1986)], was focused on the study of p-opioid
receptor sites. The interesting binding features of *H-Sufentanil, a p-selective radioligand, permitted
such a filter procedure to be performed.

Its application was 3-fold. A 5-min binding assay allowed us to verify that specific *H-Sufentanil
binding to filter-absorbed rat brain membranes was endowed with the known kinetic and equilibrium
binding properties of membrane-bound p-opioid receptor sites.

Moreover, the filtration technique allowed us to get rapid information about the dissociation rates
of unlabelled compounds from the receptor sites. In practice, membranes, preincubated with high
concentrations of cold drugs, were absorbed to filters. Dissociation was achieved by repeatedly applying
buffer samples on the filter, and monitored by the recovery in free specific *H-Sufentanil binding sites.

Finally, such a dissociation procedure, improved by a washing buffer at high ionic strength, was found
to be much more efficient and attractive than the classical dilution-centrifugation procedure, especially
for slowly-dissociating compounds, Special attention was paid to the discrimination between pseudo-
irreversible binding of drugs and stable covalent labelling of p-opioid receptor sites (either by affinity
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or photoaffinity probes), particularly when unlabeiled ligands were the only tools available.

Affinity and especially photoaffinity labelling of
opioid receptors may be considered as a promising
approach to the study of the molecular origin of their
apparent heterogeneity. Up to now, several affinity
[1-8] and photoactivatable ligands (azido-
derivatives) [9-14], derived from natural or synthetic
opioid compounds, have been synthesized. Most of
them, under non-radioactive form, have been
described as potential irreversible ligands for opioid
receptor subtypes. The use of three tritiated affinity
labels afforded unambiguous evidence for stable
covalent complexes involving selective labelling of 5-
receptor sites [15], subsequently purified to apparent
homogeneity [16], or g-opioid receptor sites [3, 4].
Our goal was to develop new photosensitive
probes {aryldiazonium derivatives) whose activation
leads to highly reactive species (aryl cation) and
possibly to a more specific site-directed labelling of
opioid receptor subtypes. Therefore, we synthesized
photoactivatable derivatives of opiate antagonists
{naltrexone) or agonists {etonitazene, spirodecanone
and fentanyl) able to generate the corresponding
aryl cations upon light irradiation. Under reversible
conditions (in the absence of light), most of our
probes, with the exception of the naltrexone deriva-
tive, showed a pronounced u-binding selectivity
{unpublished results) with high binding affinity
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constants. Surprisingly, the photosensitive derivative
of carfentanil appeared to behave as a good affinity
label of the u-opioid receptor subtype [17]. Indeed,
the corresponding drug-receptor complexes resisted
repetitive dilution-centrifugation steps, a disso-
ciation procedure currently used as the only means
of discriminating between reversible and stable cova-
lent binding of an unlabelled ligand. Meanwhile, our
attention was also pointed to the poor efficacy of
this dilution-centrifugation technique in removing
pseudo-irreversible compounds.

Such was the case for the potent opiate agonist
lofentanil, involved ig reversible but long-lasting
binding to its specific receptor sites [18, 19].

Recently, Leysen and Gommeren developed a
filtration technique to measure the dissociation rate
of unlabelled drugs from several membrane-bound
neurotransmitter receptors [20], including from the
p-opioid receptor subtype [21]. H-Sufentanil, a u-
selective opiate radioligand [22], was selected as
the labelled ligand of choice for a binding assay
performed with filter-adsorbed membranes. Indeed,
in addition to its high affinity properties, this opiate
agonist displayed a fast association rate as well as
a favourable specific vs non-specific binding ratio
21, 22}.

Since the filter procedure required some savoir-
faire [20], we looked first at a number of criteria
which have to be fulfilled for specific JH-Sufentanil
binding on filter-trapped membranes to be relevant
of u-opioid receptor sites. ’

The binding properties at pu-opioid receptor sites
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of several photosensitive aryldiazonium derivatives
were examined in terms of apparent binding affinity
constants and dissociation rate. We also compared
the efficiency of the fijter technique, associated or
not with a washing buffer at high ionic strength, and
of the classical dilution—centrifugation procedure in
dissociating pseudo-irreversible drugs from the
receptor sites.

MATERIALS AND METHODS

Membrane preparation

Male Wistar rats (100-150g) were killed by
decapitation. Whole brains minus cerebella were
dissected out and homogenized in 10 vol. (ml/g wet
weight of tissue) ice-cold 0.25M sucrose using a
Duall homogenizer. Following centrifugation at
500 g (10 min), the pellet was rehomogenized in
5vol. 0.25M sucrose and recentrifuged at 1100 g
(10 min). The combined supernatants were adjusted
to a final dilution of 45vol. in Tris-HCl buffer
50 mM, EDTA 1mM (pH7.4). The mixture was
then centrifuged at 35,000 g for 30 min at 4° and the
supernatant was discarded. The pellet (mitochon-
drial and microsomal membranes) was homogenized
in 5vol. ice-cold 0.32 M sucrose and kept at —70°
until use. The tissue was kept at 0—4° throughout the
preparation procedure.

3H-Sufentanil binding assays on filters

Technical conditions were essentially the same as
those described by Leysen and Gommeren [20, 21].

For routine experiments, the membrane prepa-
ration was diluted up to 350 vol. with Tris-HCl
buffer S0mM, EDTA 1mM (pH7.4) and pre-
incubated at 37° for 20 min.

Two millilitre aliquots of membrane suspension
(5.8 mg original wet weight of tissue or 0.35 mg pro-
tein) were then layered on GF/B glass fibre filters
(2.5 cm diameter, Whatman) disposed on a 30-well
vacuum filtration apparatus (each well having a 7 ml
maximal capacity).

Membranes were adsorbed on filters, under vac-
uum for 5-10sec, until partially dried filters were
obtained. Immediately thereafter, the vacuum was
released.

A 0.4 ml sample of 0.5 nM 3H-Sufentanil buffered
solution (warmed at 37°), containing or not
unlabelled drugs, was applied on the filter. After
5 min, incubation was terminated under vacuum by
twice rinsing the filters with 4 mlice-cold Tris~-EDTA
buffer.

The filters were transferred to counting vials and
extracted by vigorous shaking in 6 ml of scintillation
cocktail (Biofluor TM, N.E.N.). The vials were
allowed to stand for at least 8 hr and counted for
radioactivity with an efficiency of 45%.

Specific *H-Sufentanil binding was defined as the
difference between total binding and non-specific
binding obtained in the presence of 10~% M naloxone.

SH-DAGO binding assays

Rat brain membranes (0.27 mg protein/ml) were
incubated at 25° for 90 min with 1 nM *H-DAGO in
the absence or the presence of cold drugs at various
concentrations. Incubation was stopped by rapidly
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filtering, under vacuum, the 1 ml assay mixture over
GF/B filters, then immediately rinsing twice with
3 mlice-cold Tris-EDTA buffer. Specific *H-DAGO
binding was defined as the difference between total
binding and non-specific binding obtained in the
presence of 10°°M naloxone. Under these
conditions, a Kj-value of 1.3nM for specific *H-
DAGO binding was determined.

Analysis of binding data

Apparent binding affinity constants (K,-values) of
drugs were calculated from 1Cs4-values, determined
in competition experiments, according to the Cheng
and Prusoff [23] equation: K;=ICs/(1 + L/K,)
where L and K, are respectively the radioligand
concentration and its equilibrium dissociation
constant.

Dissociation procedures of drug—receptor complexes

Rat brain membranes (0.7 mg protein/ml) were
incubated for 20 min at 37° with or without various
concentrations of unlabelled opiate compounds.

Filter-adsorbed-tissue procedure. The whole pro-
cedure followed the methodological scheme pre-
viously described [20].

Drug dissociation was initiated in the batch incu-
bation mixture by a 4-fold dilution with Tris-EDTA
buffer and by further incubation at 37° for 10 min.

Two-millilitre aliquots of diluted membrane prep-
aration (0.35mg protein) were layered on GF/B
filters and concentrated under partial vacuum for
Ssec. Then, 3ml aliquots of TrissEDTA buffer
(pH 7.4), prewarmed at 37°, were poured on the
filters and allowed to drip for 5Smin through the
filters. The residual liquid was filtered under partial
vacuum for 5sec and the 5 min washing procedure
was repeated again until ’H-Sufentanil binding
assays were performed as previously described.

When Tris-EDTA buffer containing 1M NaCl
was used for the dissociation experiment, filters wete
washed under partial vacuum with 7ml of Tris-
EDTA buffer (at 37°), deprived of salt, prior to the
3H-Sufentanil binding assay.

Dilution—centrifugation  procedure. The dis-
sociation step started with a 9-fold dilution of the
assay medium with TrissEDTA buffer and with
further incubation at 37° for 10 min. Then, mem-
branes were sedimented by centrifugation at
100,000 g for 12 min at 20°. The pellet was either
reconstituted in 200 vol. of ice-cold Tris—HCI buffer
(0.3 mg protein/ml) and assayed for *H-DAGO
binding or rehomogenized in 750 vol. of TrissEDTA
buffer, incubated at 37° for 10 min, and submitted
to a second centrifugation before free specific *H-
DAGO binding sites were measured.

Protein determination

Protein concentrations were determined according
to Spector [24] using bovine gamma-globulin as a
standard.

Chemicals

SH-Sufentanil (12 Ci/mmol), fentanyl and lofen-
tanil were from Janssen Pharmaceutica (Beerse,
Belgium). (Tyrosyl-3,5-*H)-D-Ala-Gly-NMe-Phe-
Gly-ol (*H-DAGO, 43 Ci/mmol) was from the
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C.E.A. (Saclay, France). Levorphanol and dex-
trorphan, etonitazene, and bremazocine were
respectively gifts from Hoffmann LaRoche, Ciba-
Geigy and Sandoz (Basel, Switzerland). Naloxone
was supplied by Du Pont de Nemours (Glenolden).

Aryldiazonium salts of opiate derivatives. Fent-
anyl- and carfentanil-aryldiazonium derivatives have
been synthesised as previously reported [17]. Syn-
thesis of spirodecanone-, etonitazene- and nal-
trexone- aryldiazonium derivatives will be described
elsewhere.

All aryldiazonium salts were purified by HPLC
on a TM-C;y column (Waters uBondapack,
3.9 x 300 mm) and eluted at a flow rate of 2 ml per
min under gradient conditions (100% H,0, 0.05%
TFA to 100% CH,CN in 40 min). Eluted products
were monitored for absorbance at 229 nm.

Photolysis of the aryldiazonium derivatives.
Irradiation experiments of the aryldiazonium salts
were carried out in water, in a quartz cell, at the
maximal absorption wavelength of the chromophore
(380 nm for all derivatives except for the fentanyl
one which was irradiated at 340 nm). Photolysis was
monitored by UV spectroscopy until complete dis-
appearance of the diazonium absorption peak.

We verified that, in the absence of light, all diazon-
ium salts were stable for hours in Tris—=EDTA buffer
(pH 7.4), with or without rat brain membranes.

RESULTS

SH-Sufentanil binding characteristics using filter-
absorbed membrane material

Several experiments were carried out in order to
define all parameters required for a safe deter-
mination of the specific H-Sufentanil binding com-
ponent to be obtained.

{a) When increasing amounts of membranes were
incubated on filters with 0.5 nM 3H-Sufentanil (Fig.
1), specifically-bound *H-Sufentanil was found to
vary linearly with tissue amounts up to 6.7 mg per
filter (0.4 mg protein). All further experiments were
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Fig. 1. Specific *H-Sufentanil binding as a function of
tissue amount adsorbed to filters. Two-millilitre aliquots
containing increasing amounts of rat brain membranes were
layered on GF/B filters and incubation with 0.5 nM *H-
Sufentanil was performed as described under Methods.
Presented values are the mean values of two independent
experiments performed in duplicate.
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Fig. 2. Time-dependence, at 37°, of specific *H-Sufentanil
binding to filter-adsorbed membrane material. Samples
were incubated separately following the standard con-
ditions as described under Methods. The association rate
constant was derived from the slope of the plot (inset)
according to the equation [25]:

Ln (Bmax(LO‘Bt)/LO(Bmax - Bl)) = kl’(l/(LO - Bmax)

yielding &y = 0.36 nM~!-min~!, with L,, the *H-Sufentanil
concentration (0.54 nM), B,,,,, the specific binding at equi-
librium (102 pM) and B,, the specific binding at time ¢.

carried out using 5.8 mg of tissue per filter which
allowed accurate determinations to be obtained.

{b) Kinetic analysis of the association rate of *H-
Sufentanil binding to filter-adsorbed membrane
material is shown in Fig. 2. Receptor-ligand associ-
ation was very rapid (equilibrinm was reached within
5 min) and fitted a pseudo-first order reaction plot
[25], with an association rate constant k;=3.6
108M 1.min~ %

{c) The binding of increasing concentrations of
3H-Sufentanil to filter-adsorbed membranes is pre-
sented in Fig. 3. At 1.5 nM, specific *H-Sufentanil
binding reached its saturation level which still repre-
sented 50% of the total radioligand binding. Scat-
chard analysis of 5 independent saturation curves
resulted in linear plots which (mean values = SEM)
yielded a K, of 0.25 = 0.04 nM and a B,,,, value of
182 = 21 fmol/mg  protein  (10.9 + 1.2 fmol/mg
tissue).

(d) Opiate agonists and antagonists belonging to
different chemical families were tested for their abil-
ity to compete with *H-Sufentanil binding to filter-
adsorbed membranes (Fig. 4). 3H-Sufentanil binding
displayed a strong stereoselectivity (levorphanol vs
dextrorphan) while an accurate plateau of non-
specific binding, defined at 10®*M naloxone or
10~7 M etonitazene, represented only 25-30% of the
total binding of 0.5 nM *H-Sufentanil.

Apparent drug inhibition constants (K -values) for
specific *H-Sufentanil binding are listed in Table 1A.
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Fig. 3. Saturation curve at equilibrium of specific
{O—-0O) *H-Sufentanil binding to filter-adsorbed
membranes. Samples (5.8mg tissue preparation) were
incubated for 5 min at 37° with increasing concentrations
{0.08 nM-3 nM) of *H-Sufentanil in the absence (total bind-
ing: @——@) or presence of 107%M naloxone (non-specific
binding). Inset: K,; and Bp,-values for specific *H-Sufen-
tanil binding were calculated from Scatchard plots, Forty-
six percent (at 0.08 nM) to 13% (at 3 nM) of added ’H-
Sufentanil contributed to its total binding, thus free *H-
Sufentanil concentrations were calculated by subtracting
the totally bound from the totally added radioligand.

Comparison of drug binding properties at opiate
receptor sites using filter or conventional binding
assays

As shown in Table 1A, similar apparent binding
affinities of classical opiate drugs (with the exception
of lofentanil) for specific *H-Sufentanil binding sites
were found under filter or batch incubation
conditions. Moreover, K;-values of drugs for *H-
Sufentanil binding were in agreement with those
found for *H-DAGO binding though the later bind-
ing assay provided an intermediate binding affinity
constant for lofentanil and the lowest one for
levorphanol.

Table 1B enables us to compare the binding affinity
properties of several aryldiazonium derivatives and
of their corresponding photolysis products, deter-
mined from competition experiments performed
under different incubation conditions. With the
exception of the photoactivatable fentany! deriva-
tive, all aryldiazonium ligands displaced specific *H-
DAGO or *H-Sufentanil binding at nanomolar
concentrations. Previous photolysis of these aryl-
diazonium derivatives differently affected their bind-
ing affinities. Some of them remained unchanged
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Fig. 4. Competition curves of various opiate compounds
with 3H-Sufentanil (0.5nM) binding to filter-adsorbed
membranes, Assays were carried out using the standard
conditions presented under Materials and Methods
and increasing concentrations of etonitazene (O0——O),
levorphanol (@——@), naloxone (O-—-{1), fentanyl
(A——A) and dextrorphan (A——A).

while the photolysis products of the spirodecanone
and etonitazene derivatives, respectively displayed a
10-fold lower affinity or became inactive.

Use of the filter procedure to study the dissociation of
drug-receptor complexes

When considering technical aspects of this pro-
cedure, it might be observed that the minimal dis-
sociation time, referred to as time 0, did not take
into account the preliminary dilution-induced dis-
sociation step (10 min at 37°) and the incubation
time with *H-Sufentanil (5 min at 37°) necessary to
quantitate free receptor sites.

Several preliminary experiments were performed
in order to test the accuracy and the reliability of this
method.

(a) Whatever the length of the washing procedure
(up to 60 min) and the content of the washing buffer
(deprived or supplemented with 1 M NaCl), specific
SH-Sufentanil binding sites were entirely recovered
and showed no significant changes in their drug affin-
ity properties.

Moreover, the favourable specific vs non-specific
binding ratio, determined at 0.5 nM 3H-Sufentanil,
remained identical to that found for unwashed mem-
brane material. It should be noted that special atten-
tion was paid to the elimination of salts before *H-
Sufentanil binding was performed. Indeed, many
opiate ligands, including 3H-Sufentanil itself [22],
display a reduced binding affinity constant in the
presence of physiological concentrations of salts.

(b) Four opiate compounds, belonging to different
chemical classes, were incubated at saturating con-
centrations with rat brain membranes and the
resulting drug-receptor complexes were submitted
to the filter-dissociation procedure (Fig. 5).
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Table 1. Binding affinities of compounds for opiate receptor sites using different assay methods.

Binding affinity constants (K,, nM)

Compounds *H-Sufentanil ‘H-DAGO
1A Batch* Filter Batch
Lofentanil 0.04 0.86 0.28
Etonitazene 0.11 0.20 0.56
Levorphanol 1.2 1.06 0.16
Fentanyl 1.6 7.85 2.92
Naloxone 31 4.55 1.5
Dextrorphan — 4375 630
1B
Aryldiazonium carfentanil  me0,c © 11 (—) 3.5(3.9)
|
P R as
R
Aryldiazonium fentanyl o — 80 (85)
@\/\N’ﬂ\ Nf JLO'\
g
Aryldiazonium spirodecanone ONonn 10 (150) 10 (142)
oy
cl
N
Aryldiazonium naltrexone OH 8 (—) 0.6 (0.5)
N
A
W
OH N,
Aryldiazonium etonitazene 1.3 () 9 (>1000)
NN

¢
ﬁ,ﬂNY\O\O/\

Reported K-values for *H-DAGO binding or for *H-Sufentanil binding (using the filter-adsorbed tissue
technique) were from competition experiments performed as described under Materials and Methods.
Values under parentheses are K; values of photolyzed aryldiazonium derivatives.

* K,-values for inhibition of H-Sufentanil binding to rat brain membranes in solution were taken from

Ref. 22.

Figure 5A shows that complete reversal of fen-
tanyl- or of naloxone-receptor complexes was
achieved within 10-15 min. Etonitazene provided a
half-time of dissociation of 40 min while lofentanil
remained firmly bound to the receptor sites during
the same period of time.

However, when the washing buffer was sup-
plemented with 1 M NaCl (Fig. 5B), the dissociation
rate of etonitazene increased (#;, = 15 min) as well
as that of lofentanil (t;;, = 35 min).

{(c) Figure 6 makes it possible to compare the
dissociation profiles of three aryldiazonium deriva-
tives using the filter dissociation procedure in the

absence (Fig. 6A-C) or in the presence of 1 M NaCl
(Fig. 6D).

As shown in Fig. 6A, aryldiazonium carfentanil
displayed the slowest dissociation rate while the spi-
rodecanone and etonitazene derivatives developed
much more labile complexes with the receptor sites.

Photolysis products of these three compounds,
even used at higher concentrations, were entirely and
rapidly dissociated from the specific *H-Sufentanil
binding sites (Fig. 6B). Such a phenomenon was
particularly clear for the carfentanil photolysis
product. It should be noted too that at time zero,
309% of the specific *H-Sufentanil binding sites were
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Fig. 5. Drug-receptor dissociation curves assessed using the
filter—adsorbed tissue technique. As stated under Materials
and Methods, membranes were incubated for 20 min
at 37° with 10-®*M naloxone (O——O), 107M fentanyl
(A——A), 107"M etonitazene (A——A) or 107'M
lofentanil (@——@) or without any added drugs (control
experiment, @-@-@®-). After a 4-fold dilution, the incu-
bation media were layered on filters and submitted to
increasing dissociation periods of time using Tris-EDTA
buffer deprived (A) or supplemented (B) with 1 M NaCl.
Then *H-Sufentanil binding proceeded as described. Points
are mean values of at least 3 independent experiments
performed in triplicate where 100% represented 1065 + 23
(minus NaCl) and 1056 * 20 (plus 1 M NaCl) dpm per filter
(control mean values = SEM, N = 11).

occupied by the photolyzed product of etonitazene,
suggesting that, as was the case for its native
congener, it displayed a higher affinity in the *H-
Sufentanil binding assay than in the SH-DAGO one.

Figure 6C shows that the formation of long lasting
complexes between opiate receptor sites and aryl-
diazonium carfentanil was partially or totally
prevented by the presence of 107°M naloxone
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depending on whether membranes were incubated
with an excess (3.1077 M) or with lower (10~7 M)
concentrations of this carfentanil derivative.

The presence of 1 M NaCl during the filter-washing
procedure (Fig. 6D) considerably improved the dis-
sociation of high concentrations of aryldiazonium
carfentanil from the specific *H-Sufentanil binding
sites. Such an increase in dissociation efficacy by
using a high salt concentration has already been
shown for etonitazene and lofentanil (Fig. 5B). Con-
versely, aryldiazonium spirodecanone was insen-
sitive to this experimental condition (Figs. 6A and
6D).

Comparison of the efficacy of the filter-dissociation
procedure to that of the more conventional dilution—
centrifugation method

Asshownin Fig. 7 (upper panel), repeated dilution
and centrifugation steps resulted in a progressive
loss of specific SH-DAGO binding sites. However,
providing the dissociation procedure was only
repeated twice, the specific *H-DAGO binding capa-
city (fmol/mg protein) remained fairly stable (92%
of that found for control membranes).

Classical opiate compounds (naloxone and
fentanyl) which were easily dissociated by the filter
procedure (Fig. 5A), aryldiazonium derivatives and
their photolysis products, required at least two
repeated dilution—centrifugation steps to be removed
from the opiate receptor sites (Fig. 7, middle and
lower panels). Under such conditions, specific *H-
DAGO binding sites became entirely free of cold
drugs except of aryldiazonium carfentanil which still
occupied about 90% of the receptor sites.
Conversely, its photolyzed product, incubated at the
same saturating concentration and exhibiting the
same binding affinity for specific H-DAGO binding
sites (Table 1B), was entirely removed.

Table 2 enables us to compare the dissociation

C D

—

o 20 40 0 20

RECOVERED H-SUFENTANYL
BINDING (%of control)

0 0 20 4 0 20 40

DISSOCIATION TIME ON FILTERS (min)

Fig. 6. Dissociation profiles of various aryldiazonium derivatives from filter-adsorbed opiate binding
sites. The whole procedure followed the standard conditions described under Methods and in the legend
of Fig. 5. Before starting the dissociation procedure on filters where the washing buffer was deprived
(A, B, C) or supplemented with (D) 1M NaCl, the association step of the drugs to the receptor sites
followed the conditions: (A) native carfentanil (@——@®, 10~7 M), spirodecanone (A A, 107M)
and etonitazene (——M, 10~7 M) aryldiazonium derivatives were used at the indicated concentrations;
(B) the photolysis products of the three former aryldiazonium derivatives (identical but open symbols)
were incubated at three-fold higher concentrations than those indicated in A; (C) membranes were
incubated with 10-’M (@——@) or 3.100’M (@——¢) of the native aryidiazonium carfentanil
derivative in the absence (solid lines) or presence (dashed lines) of 10> M naloxone; (D) dissociation
of the carfentanil (¢——«, 3.10"”M) and of the spirodecanone (A——a4 , 10~ M) aryldiazonium
derivatives was carried out in the presence of 1 M NaCl.
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efficiency of the dilution—centrifugation and filter
dissociation procedures. Compounds belonging to
the first group were removed from the receptor sites
after two dilution—centrifugation steps or after short-
time washings on filters, even in the absence of salts.

They corresponded to compounds known [21, 22]
for their rapid dissociation kinetics (naloxone, nal-
trexone, fentanyl), to aryldiazonium fentanyl and to
most of the photolyzed aryldiazonium derivatives.

Only two of them (photolyzed naltrexone and
spirodecanone derivatives) displayed a slower dis-
sociation rate as assessed from the results obtained
through the centrifugation method. The filter-dis-
sociation procedure permitted a successful reversal
of such drug-receptor complexes.

The third group of compounds included lofentanil
and etonitazene as well as all of the native aryl-
diazonium derivatives (with the exception of fentanyl
aryldiazonium). They remained firmly bound to
opiate receptor sites even after two dilution—cen-
trifugation steps but the use of the filtration tech-
nique considerably improved the recovery in free
receptor sites. Moreover, the addition of 1 M NaCl
to the washing buffer markedly enhanced the efficacy
of this dissociation procedure (except for the spi-
rodecanone aryldiazonium derivative).
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DISCUSSION

Most of the aryldiazonium derivatives we syn-
thesized displayed nanomolar binding affinities for
p-opioid receptor sites labelled by *H-DAGO.
Surprisingly, among these potential photoaffinity
probes, aryldiazonium carfentanil seemed to behave
as a good affinity label [17]. This situation could be
explained by a fast reaction occurring between a
well-positioned diazonium group and cysteinyl resi-
dues [17] of the receptor binding site [26].

In order to reinforce this possibility, we had to
verify the real covalent attachment of this unlabelled
probe to the receptor sites, thus to test its irre-
versibility under strongly dissociating conditions.

An alternative to the conventional dilution—cen-
trifugation procedure was the use of a filter-dis-
sociation technique, previously described [20, 21] as
a method for measuring the dissociation rate of
unlabelled ligands from their receptor sites.

Such a filter procedure needs a safe investigation
of a *H-ligand binding to filter-adsorbed membranes.
Our experimental conditions allowed specific *H-
Sufentanil binding to fulfil the following criteria: (a)
favourable specific vs non-specific binding ratio; (b)
linear relationship between specific *H-Sufentanil
binding and the amount of adsorbed membranes; (c)
fast association rate and binding equilibrium reached
within 5 min at 37°. The association rate constant was
very close to that (k; = 6.6 10 M~!.min™!) found
under classical incubation conditions [22]; (d) satu-
rability with K; and B,,,, binding parameters similar
to those found under filter [21] or batch [22] *H-
Sufentanil binding conditions; (e) stereoselectivity
and drug affinity properties in agreement with the y-
opioid nature of specific *H-Sufentanil binding to
membrane binding sites in solution [22].

It is noteworthy to recall here that only apparent
K;-values of drugs may be estimated from com-
petition experiments performed on filters. Indeed, a
short incubation time (5 min), combined to the use
of high affinity and slowly dissociating compounds
like lofentanil [18, 19, 21, this paper] and etonitazene
(Table 1A and Fig. 5) or conversely to the use
of fast dissociating drugs like fentanyl [21, 22, this
paper] may lead to non-equilibrium binding con-
ditions for these unlabelled compounds [20, 21].

A number of other experiments clearly showed
the superiority of the filter-dissociation technique
over the dilution-centrifugation one. The capacity as
well as the drug affinity properties of specific *H-
Sufentanil binding sites remained unchanged what-
ever the length (up to 1hr) or the content of the
washing buffer (plus or minus 1 M NaCl). Moreover,
the filter technique was more rapid and allowed
numerous samples to be treated simultaneously. In
addition to this, a number of compounds, resistant
to repeated dilution—centrifugation steps, were more
readily displaced from their binding sites when using
the filter procedure and especially in the presence
of 1M NaCl. Such a phenomenon was particularly
striking for lofentanil, known for its quasi-irre-
versible binding properties [18, 19, 21] and for aryl-
diazonium etonitazene and carfentanil derivatives.

Therefore, the previous hypothesis [17] for a stable
affinity labelling of y-opioid receptor sites by aryl-
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A p-opioid receptor-filter assay

diazonium carfentanil, already prevented by 10~ M
naloxone, was completely ruled out.

One important point remained: why do aryl-
diazonium salts form such long-lasting complexes
with up-opioid receptor sites? The extent of this
phenomenon and its sensitivity to ionic strength vari-
ations depended upon the aryldiazonium ligand
which was considered (Table 2) and probably
reflected differences in the driving forces involved in
the formation of these complexes.

Nevertheless, this particular feature for the bind-
ing of aryldiazonium ligands was not encountered
with either their photolysis products (Table 2) or with
their corresponding azido-derivatives (unpublished
results). This suggested that the diazonium entity
was per se responsible for this strong interaction,
either through charge-transfer complexes or through
formation of covalent azo-adducts with some nucleo-
philic residues (-OH, -SH, -NH,) of the receptor site
which were reversed under our dissociating
conditions.

The last hypothesis is strengthened by the fact that
photolysis of membranes preincubated with aryl-
diazonium carfentanil (data not shown) did not mod-
ify the slow dissociation rate of the drug-receptor
complexes already shown here (without UV
irradiation) while much faster reversible complexes
occurred when the photolysis product of aryl-
diazonium carfentanil interacted with the receptor
sites. These results indicated, too, that no significant
photolabelling of u-opioid receptors occurred.

In conclusion, *H-Sufentanil binding to filter-
adsorbed rat brain membranes is an efficient tool for
obtaining rapid information concerning the u-opioid
binding component of drugs as well as their dis-
sociation rates from the receptor sites.

Furthermore, the filter dissociation technique
makes it possible to discriminate between long-last-
ing ligand-receptor complexes and stable covalent
labelling of p-opioid receptor sites, either by poten-
tial affinity or photoaffinity probes. In that sense,
this method may also be considered as a preliminary
alternative to the detection of irreversible complexes
between u-opioid receptors and specific radioligands
by using gel electrophoresis under denaturating
conditions.

Acknowledgements—This work was supported by grants
from the INSERM (No. 861013), the CNRS and MRT.

REFERENCES
1 Rice, A. E. Jacobson, T. R. Burke, B. S. Bajwa,

.K.C.
R. A. Streaty and W. A. Klee, Science 220, 314 (1983).

2

10.

11.

12.

13.
14.

15.

16.

17.
18.
19.
20.
21.
22.
23.

24.
25.

26

3851

. T. R. Burke, A. E. Jacobson, K. C. Rice, J. V. Silver-
ton, W. F. Simonds, R. A. Streaty and W. A. Klee, J.
med. Chem. 29, 1087 (1986).

. E. L. Newman and E. A. Barnard, Biochemistry 23,
5385 (1984).

. L.-Y. Liu-Chen and C. A. Phillips, Molec. Pharmac.
32, 321 (1987).

. G. A. Koolpe, W. L. Nelson, T. L. Gioannini, L.
Angel, N. Appelmans and E. J. Simon, J. med. Chem.
28, 949 (1985).

. L. M. Sayre, A. E. Takemori and P. S. Portoghese, J.
med. Chem. 26, 503 (1983).

. L. M. Sayre, D. L. Larson, D. S. Fries, A. E. Takemori
and P. S. Portoghese, J. med. Chem. 26, 1229 (1983).

. J. M. Bidlack, L. G. Abood, S. M. Munemitsu, S.
Archer, D. Gala and R. W. Kreilick, in Regulatory
Peptides: From Molecular Biology to Function (Eds. E.
Costa and M. Trabucchi) p. 301. Raven Press, New
York (1982).

. M. Smolarsky and D. E. Koshland, J. biol. Chem. 255,

7244 (1980).

T. Fujioka, T. Matsunaga, H. Nakayama, Y. Kanaoka,

Y. Hayashi, K. Kangawa and H. Matsuo, J. med.

Chem. 27, 836 (1984).

C. Zioudrou, D. Varoucha, S. Loukas, N. Nicolaou,

R. A. Streaty and W. A. Klee, J. biol. Chem. 258,

10934 (1983).

C. Garbay-Jaureguiberry, A. Robichon, V. Dauge, P.

Rossignol and B. P. Roques, Proc. natn. Acad. Sci.,

U.S.A. 81, 7718 (1984).

C. Garbay-Jaureguiberry, A. Robichon and B. P.

Roques, Int. J. Peptide Prot. Res. 27, 34 (1986).

B. E. Maryanoff, E. J. Simon, T. Gioannini and H.

Gorissen, J. med. Chem. 25, 913 (1982).

W. A. Klee, W. F. Simonds, F. W. Sweat, T. R. Burke,

A. E. Jacobson and K. C. Rice, FEBS Lett. 150, 125

(1982).

W. F. Simonds, T. R. Burke, K. C. Rice, A. E.

Jacobson and W. A. Klee, Proc. natn. Acad. Sci.

U.S.A. 82, 4974 (1985).

J.-L. Galzi, B. Ilien, E. J. Simon, M. Goeldner and C.

Hirth, Tet. Ler. 28, 401 (1987).

J. E. Leysen and P. M. Laduron, Arch. Int

Pharmacodyn. 232, 243 (1978).

W. Gommeren and J. E. Leysen,

Pharmacodyn. Ther. 258, 171 (1982).

J. E. Leysen and W. Gommeren, J. Receptor Res. 4,

817 (1984).

J. E. Leysen and W. Gommeren, Drug Dev. Res. 8,

119 (1986).

J.E. Leysen, W. Gommeren and C. J. E. Niemegeers,

Eur. J. Pharmac. 87, 209 (1983).

Y-.C. Cheng and W. H. Prusoff, Biochem. Pharmac.

22, 3099 (1973).

T. Spector, Analyt. Biochem. 86, 142 (1978).

P. A. Frost R. G. Pearson, in Kinetics and Mech-

anism—A Study of Homogeneous Chemical Reactions.

John Wiley, New York (1961).

. J. R. Smith and E. J. Simon, Proc. natn. Acad. Sci,
U.S.A. 77, 281 (1980).

Arch. Int.



