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SUMMARY

We have characterized the opiate binding sites on the membranes of bovine adrenal
medulla and human pheochromocytoma, using *H-labeled D-Ala’-D-Leu®-enkephalin
(PH)DADLE), [*H)etorphine, and [*H]ethylketocyclazocine ([*’H]JEKC). Binding was
stereoselective in both membrane preparations. Association and dissociation kinetics
showed that steady state was achieved after 20-25 min of incubation at 37°. Saturation
experiments were performed in the absence or in the presence of morphiceptin (1 uM),
which masks the mu sites, D-Ser’>-Leu-enkephalin-Thr® (100 nM), which masks delta
sites, or DADLE (5 uM), which was found to mask the delta, mu, and benzomorphan
receptor. Taking into consideration the affinities of the three radioligands used (DADLE
identifying the delta and mu sites when used in the nanomolar range; etorphine identifying
the delta, mu, and benzomorphan sites; EKC identifying the delta, mu, kappa, and
benzomorphan receptors) we have characterized pharmacologically the opiate sites pres-
ent on bovine and human membranes. Human pheochromocytoma membranes contained
(a) mu binding sites (15 fmoles/mg of protein, K, [*H]etorphine 1.0 nM, [*HJEKC 5.4
nM, [*H]DADLE 5.6 nM); (b) kappa sites (41 fmoles/mg of protein, Kp [*H]JEKC 1.0 nm);
(c) benzomorphan sites (115 fmoles/mg of protein, K, [*H]etorphine and [*H]JEKC 1.0
nM). On bovine membranes we have detected (a) delta binding sites (10 fmoles/mg of
protein, K, [*H]DADLE 0.7 nM); (b) mu sites (24 fmoles/mg of protein, K, [P(H]DADLE
2.9 nM, [*H]etorphine 0.2 nMm, [*'H]EKC 3.4 nM); (c) kappa sites (12 fmoles/mg of protein,
Kp [PH]EKC 0.4 nM); (d) benzomorphan sites (80 fmoles/mg of protein, Kp [*H]etorphine
0.2 nM, [*H]EKC 1.3 nM); (e) a residual high-affinity (20 fmoles/mg of protein, K, 0.2
nM) site identified by [°H]etorphine in the presence of 5 uM DADLE. The relative
proportions of benzomorphan sites were equal in both tissues (65% of the high-affinity
sites) whereas kappa receptors were more abundant on human membranes (25%) than
on bovine membranes (9% of the high-affinity sites).

INTRODUCTION

The adrenal medulla of different species contains and
secretes considerable amounts of opioid peptides. En-
kephalins (M-Enk® and L-Enk) and their precursors as
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well as dynorphin(s) share the greater intraglandular
concentrations (see ref. 1 for a review). Although the role
of endogenous opioids at the adrenomedullary site is
obscure, evidence exists that, in both normal and neo-
plastic tissues, these agents could represent modulators
of chromaffin cell secretion (1-3) via opioid receptors
present on the membrane of chromaffin cells.
Pharmacological studies on animal chromaffin cells
and human pheochromocytomas in primary culture have
shown a reversible stereospecific action of opiates on cell

3The abbreviations used are: Enk, enkephalin; EKC, ethylketocy-
clazocine; DADLE, D-Ala?-D-Leu®-enkephalin; DSLET, p-Ser*-Leu-
enkephalin-Thr®.
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secretion, suggesting the presence of opiate receptors (1-
3). Chavkin et al. (4) and Saiani and Guidotti (5) have
reported stereospecific opiate sites on membranes of
bovine adrenal medullas.

In the present study, opiate sites present on mem-
branes of bovine adrenal medullas and a human pheo-
chromocytoma were characterized pharmacologically,
and receptor distributions on these two kinds of tissues
were compared.

MATERIALS AND METHODS

Tumors were obtained in the operating room, immediately frozen in
liquid nitrogen, and stored at ~80° until use.

Bovine adrenals were obtained from a local slaughterhouse and kept
on ice. The medulla was separated from the cortex within 1 hr after
the animals were killed.

Membranes were prepared as follows: pheochromocytomas (progres-
sively thawed at 0°) or bovine adrenal medullas were suspended in 10
volumes of 50 mM Tris-HCI buffer (pH 7.4) (assay buffer) and homog-
enized successively with an Ultra-Turax (30-sec medium speed) and a
glass-Teflon homogeneizer (1500 rpm, five strokes). Crude membrane
fractions were prepared by differential centrifugation between 1,500 X
£ (15 min) and 30,000 X g (20 min), and washed once in 10 volumes of
assay buffer. In order to dissociate any endogenously bound peptide,
membranes were preincubated at 37° for 30 min. Two additional washes
were made in 10 volumes of assay buffer. Finally, membranes were
suspended in assay buffer to give a concentration of 1-2 mg of protein
per milliliter.

Binding experiments were performed in a final volume of 1.0 ml
(0.5-ml membrane suspension, 0.1 ml of radioligand and 0.4 ml of assay
buffer containing the different effectors) at 37° for 30 min. Bound
radioactivity was separated with filtration through Whatman GF/B
filters; filters were washed with 15 ml of ice-cold assay buffer and
counted.

[*H]JEKC (specific activity 15 Ci/mmole) and [*H)DADLE (specific
activity 45 Ci/mmole) were obtained from New England Nuclear Cor-
poration. [*H]Etorphine (specific activity 40 Ci/mmole) was from
Amersham. Morphiceptin and DADLE were purchased from Sigma
Chemical Company. Dextrorphan and levorphanol were gifts from
Hoffmann-La Roche. EKC, ketocyclazocine, and cyclazocine were gifts
from Sterling-Winthrop. Morphine was from Francopia, fentanyl from
Jansen, and naloxone from Endo Laboratories. DSLET was a gift from
Pr. B. Roques, Paris.

Data analysis was performed by linear regression methods from
Scatchard plots.

RESULTS

Association and Dissociation Kinetics

Kinetics of association and dissociation of [*H]DA-
DLE, [*H]etorphine, and [’HJEKC on human pheochro-
mocytoma membranes are presented in Fig. 1. Kinetics
on bovine adrenal medullary preparations presented a
similar pattern. Maximal binding was achieved for all
three ligands after 20 min of incubation. Dissociation in
the presence of an excess of levorphanol (50 uM) reached
a plateau after 25 min of incubation. The results of
association and dissociation kinetics studies confirmed
that, in our experimental conditions (30-min incuba-
tion), steady state was achieved in all cases.

Stereoselectivity

Table 1 shows the competition for [*H]DADLE, [*H]
etorphine, and [PH]EKC binding to bovine and human
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F1G6. 1. Kinetics of association and dissociation of radiolabeled opioids
to human pheochromocytoma membranes

Membranes were prepared as described under Materials and Meth-
ods. Total binding is presented. [*H]JEKC (0.91 nm), [*H]etorphine
(0.84 nM), and [PH]JDADLE (5.20 nM) were incubated with human
membranes (0.6 mg/ml). At 1, 2, 5, 10, 15, 20, 25, and 30 min, aliquots
were withdrawn, rapidly filtered on Whatman GF/B filters, washed
with 15 ml of ice-cold assay buffer, and counted. After the end of the
association period, membranes were washed with cold assay buffer and
reincubated in the presence of 50 uM levorphanol. At the previously
indicated times, aliquots were taken and bound radioactivity was sep-
arated and counted. After 30 min of association, [PH]EKC binding was
0.7% of the total, [*H]etorphine binding was 0.9% of the total, and
[*H)DADLE binding was 0.07% of the total.

membranes by levorphanol (10 uM) and dextrorphan (10
uM). Minor competition was obtained by dextrorphan as
compared with levorphanol, confirming the stereoselec-
tivity of opiate binding on membranes. A concentration
of 10 uM levorphanol was used throughout this study for
the determination of nonspecific binding.
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TABLE 1
Stereoselectivity of opiate binding to adrenal medullary membranes
Membranes were prepared as described under Materials and Methods. Opiate binding was performed at 37° for 30 min in the absence (B,) or

the presence of 10 uM levorphanol or dextrorphan. Total binding is presented. Results are means + standard error of the mean (n = 3). Protein
concentration was 1.0 mg protein/ml in both cases (mean + standard error of thc mean of triplicate determinations in a single experiment).

Ligand

[*H)EKC (270,932 + 1,150 total cpm)

[*H]etorphine (312,955 + 3,123 total

[*H]DADLE (315,723 + 2,320 total

cpm) cpm)
Human Bovine Human Bovine Human Bovine
cpm bound
B, 3,317 + 138 4,468 + 203 5,611 + 213 4,468 + 205 2,577 + 138 3,052 + 98
Levorphanol 1,702+ 79 2,391 + 26 3,613 + 132 2,391 + 26 1,978 + 132 1,053 + 37
Dextrorphan 2,938 + 103 4,212 + 107 4,832 + 217 4,212 + 107 2,337 + 201 2,838 + 87
200- Heman EKC Saturation Curves

-
°
e

o

Ligond Bound (fmoles x mg pnuiu")

1950

(¢ v v .

o 10 20
Total ligond (aM
Fi1G. 2. Saturation curves of [*HJEKC, [*H]etorphine, and [*H]
DADLE to human and bovine membranes
Specific binding is presented. Binding experiments were performed
at 37° for 30 min, using the indicated concentrations of the three
radioligands. Nonspecific binding was determined in the presence of
10 uM levorphanol. Protein concentration was 0.60 mg/ml for human
membranes and 1.0 mg/ml for bovine membranes. Incubation volume:
1 ml. Inset: Scatchard plots of the data. The abcissa is expressed as
femtomoles bound per milligram of protein. Linear regression methods
were used for the estimation of Bue, and Kp.

Stability of Radiolabeled Opiates

The stability of radiolabeled DADLE, EKC, and etor-
phin was tested using thin-layer chromatography as de-
scribed by the supplier (silica gel plates Whatman LHP-
KF). The systems used were as follows: [*H]DADLE,
1-butanol:acetic acid:water, 4:1:15: [®*H]etorphine, etha-
nol:acetic acid:water, 6:3:1; [°PH]JEKC, chloroform:
methanol, 9:1. No degradation was observed after 30
min of incubation for either radioligand.

On both bovine and human membranes, [*H]DADLE,
[*H]JEKC, and [*H]etorphine showed concentration-de-
pendent and saturable specific binding (Fig. 2). Scat-
chard analysis (Fig. 2, inset) showed an apparent homo-
geneity of binding sites for [P'H]DADLE and [*H]etor-
phine, whereas curvilinear plots were obtained using [*H]
EKC (see also Tables 2 and 3). Comparison of human
and bovine membranes showed a greater number of
binding sites identified by [*HJEKC on human mem-
branes, whereas [P(H]DADLE and [*H]etorphine identi-
fied a greater number of sites on bovine than on human
membranes.

DADLE Competition for Tritiated Ligands

Attali et al. (6) have recently reported that in the
lumbosacral region of guinea pig spinal cord, possessing

TABLE 2
Binding parameters of a human pheochromocytoma membrane
preparation

Binding experiments were performed as described under Materials
and Methods. Modification of binding parameters of [*'HJEKC, [*H]
etorphine, and ["H]DADLE upon the addition of 5 uM DADLE, 1 uM
morphiceptin, or 0.1 uM DSLET. Two apparent binding sites were
found for [*H)EKC binding but only one apparent site was found when
[*H)etorphine or [*'H]DADLE was the labeled ligand (see also Fig. 2).
Results are expressed as means + standard error of the mean of three
separate experiments where the intraassay coefficient of variation was
<10% (2 SD).

Ligand High-affinity sites Low-affinity sites
Boex Kp B Kp
fmoles/mg fmoles/mg
protein nM protein nM
[*H]JEKC
No addition 163+4 094+0.03 275+15 4.15+0.13
DADLE 41+2 098+002 114+ 8 6.72+0.11
Morphiceptin 169+5 095+0.05 258+ 4 6.70+0.10
DSLET 157+4 10 +0.03 282+12 6.83+0.12
[*H]Etorphine
No addition 110+ 2 0.94 +0.05 - —
DADLE Loss of specific binding - —
Morphiceptin 101 £3 095+ 0.04 — —
DSLET 9+7 1.04%0.05 — —
[*H]DADLE
No addition — — 18+3 5.60 +£0.03
Morphiceptin — — Loss of specific binding
DSLET — — 19+ 2 5.35 + 0.05
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TABLE 3
Binding characteristics of bovine adrenomedullary membranes
Modification of binding characteristics upon the addition of 5 uM
DADLE, 1 uM morphiceptin, or 0.1 uM DSLET. Binding experiments
were performed as described under Materials and Methods. Results are
expressed as the mean of four separate experiments + standard error
of the mean. Interassay coefficient of variation €10% (2 SD).

Ligand High-affinity sites Low-affinity sites
Brax Kp B Kp
fmoles/mg fmoles/mg
protein nM protein nM
[*H]EKC
No addition 1145 138+004 165+3 3.06 + 0.05
DADLE 12+1 041 +0.02 97+5 1850+ 1.00
Morphiceptin 116+4 137+£0.02 138+5 3.80+0.04
DSLET 93+5 1431003 173+8 21.2+0.70
[*H]Etorphine
No addition 126 +£3 0.16 £ 0.01 — —
DADLE 202 0.19+0.01 — —
Morphiceptin 99+3 0.24 £0.02 — —
DSLET 94+5 0.25
[*H]DADLE
No addition 30+3 2.20+0.06 — —
Morphiceptin 102 0.71 £0.02 — —
DSLET 17+3 297 +0.03 — —

only kappa sites, DADLE competition curves for [*H]
EKC and [*H]etorphine binding were different: etor-
phine specific binding was totally competed for by DA-
DLE, whereas residual 40% binding was observed in the
case of [’H]JEKC. They have proposed the subdivision of
the kappa receptors into DADLE-sensitive sites, which
represent the benzomorphan sites, and DADLE-insen-
sitive sites (former kappa receptors). In order to charac-
terize kappa and benozomorphan sites further, it would
be of interest to determine whether such a phenomenon
also occurs on bovine and human adrenomedullary mem-
branes.

Competition curves for [PHJEKC and [*H]etorphine
binding by DADLE are presented in Fig. 3. In both cases,
curves were multiphasic. This is attributed to multiple
opiate receptor populations, presenting different affini-
ties for DADLE (see later results and Discussion). One
can observe that (a) [*’H]Etorphine was totally competed
for by DADLE in human membranes. A biphasic curve
was found with ICs1 of 1 nM and ICs2 of about 100 nM.
In contrast, in bovine membranes, a residual specific
binding was detectable even in the presence of 10 uM
DADLE. (b) [*H]JEKC in both types of membranes
showed residual binding in the presence of DADLE. This
binding represented 50% of the total binding on human
membranes and 35% of the total binding in the case of
bovine membranes. As in the case of competition for
[®H]etorphine, curves were biphasic.

Competition for [*H]DADLE by DADLE (data not
shown) was biphasic in the case of bovine membranes
(ICs of the two components in the range of 0.1 nM and
10 nM), whereas monophasic curves with an ICs, of about
ll) nM were observed in human pheochromocytoma mem-

ranes.

Effect of Different Effectors on Saturation Binding

The three radioligands used are not specific for one
class of binding sites. DADLE (at concentrations <10
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F1G. 3. DADLE competition for [*H]EKC (@——@®) and [*H]etor-
phine (B---1)

Human (0.5 mg/ml) and bovine (0.7 mg/ml) membranes were incu-
bated for 30 min at 37° with 1.0 nm [*'HJEKC or 0.36 nM [*H]etorphine
in the presence of the indicated concentrations of unlabeled DADLE.
Bound radioactivity was separated by filtration. Maximal binding was
2.2% and 5.4% of the total radioligand added in the case of human
membranes and 4.0% and 16.9% in the case of bovine membranes using
[*H]EKC and [*H]etorphine, respectively. Nonspecific binding deter-
mined in the presence of 10 uM levorphanol was 36% ([*HJEKC) and
30% ([*H]etorphine) of the total radioligand bound on human and 30%
([*HJEKC) and 16.5% ([*H]etorphine) on bovine membranes. Nonspe-
cific binding was systematically subtracted from each point, which was
determined in triplicate with a coefficient of variation not exceeding
10% (2 SD).

nM) can bind to delta and mu subtypes; etorphine can
identify the delta, mu, and benzomorphan sites; and EKC
can hind to the delta, mu, benzomorphan, and kappa sites
(7-9). In order to discriminate between these binding
sites, effectors which mask one or more types of sites
must be used during saturation experiments. Effectors
used in the present study were morphiceptin (1 uM),
considered as a pure mu agonist (10); DSLET (100 nM),
a pure delta agonist (11); and DADLE (5 uM), which, as
indicated above, can mask the delta, mu, and benzomor-
phan sites (7). The results of these experiments are
presented in Tables 2 and 3.

[FHIDADLE binding. Morphiceptin addition during
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saturation curves abolished specific binding in the case
of human membranes, and it diminished drastically the
binding on bovine membranes, indicating that DADLE
identifies only mu sites on human tissue. This fact was
supported by the rather high K, of DADLE for its
receptors on human preparations, comparable to the Kp
reported by other authors for DADLE binding on mu
sites (7, 9), and by the fact that DSLET addition, which
masks delta sites, did not provoke any change in DADLE
binding parameters. The residual DADLE binding in the
presence of morphiceptin in the case of bovine mem-
branes can be attributed to delta sites. This was con-
firmed by the equivalent diminution of binding sites in
the presence of 100 nM DSLET.

[’H] Etorphine binding. As discussed above, etorphine
can bind to the delta, mu, and benzomorphan receptors.
Morphiceptin addition during saturation experiments
provoked a decrease in the number of binding sites with
no change in the apparent affinity of etorphine for the
remaining receptors. The number and the apparent K
of mu sites for etorphine can therefore be calculated.
DSLET addition resulted in no change in binding char-
acteristics in human membranes, whereas a 29 fmoles/
mg of protein diminution of sites with no change in the
apparent affinity of etorphin was noted in bovine mem-
branes. This diminution has been attributed to delta
sites. DADLE addition during saturation experiments
abolished specific binding in the case of human mem-
branes, and drastically diminished it in the case of bovine
tissue. No change in the apparent affinity of etorphine
was noted. The existence of a residual component of
etorphine binding not masked by DADLE was in accord
with the results of competition curves (Fig. 3).

[PH]EKC binding. As discussed earlier, EKC is able to
identify all four types of binding sites. Morphiceptin
addition did not interfere with the high-affinity compo-
nent of [*H]JEKC binding while it diminished the low-
affinity component in both types of membranes. This
decrease (17 fmoles/mg of protein in human membranes
and 26 fmoles/mg protein in bovine membranes) corre-
sponded well with the number of sites masked by mor-
phiceptin during [*'H]DADLE (18 and 21 fmoles/mg of
protein for human and bovine membranes, respectively)
and [*H]etorphine binding (10 and 25 fmoles/mg of
protein, respectively). DSLET addition provoked no
change in binding characteristics of [PHJEKC on human
membranes, whereas a 21 fmoles/mg of protein diminu-
tion of the high-affinity component of [P HJEKC binding
was found in bovine membranes, with no change of the
apparent K of [*HJEKC for the remaining sites. The
observed decrease in binding was comparable with the
one found during [P(H]DADLE (10 fmoles/mg of protein)
and [*H]etorphine binding (29 fmoles/mg of protein).
DADLE addition (masking delta, mu, and benzomorphan
receptors) showed the existence of DADLE-insensitive
sites (kappa receptors) on both membranes. The decrease
in binding by DADLE (122 fmoles and 111 fmoles/mg of
protein for human and bovine tissues) corresponded to
the number of sites masked by DADLE during [*H]
etorphine binding (110 and 105 fmoles/mg of protein,

respectively).

Opiate Binding Site Characterization

Based on the results presented earlier in this study,
the number of each type of opiate receptors could be
calculated: the mu sites were estimated from saturation
experiments (Tables 2 and 3) using morphiceptin. Delta
sites were estimated as the residual [PH]DADLE binding
in the presence of morphiceptin or from saturation ex-
periments using DSLET. Benzomorphan sites were cal-
culated as the number of DADLE-sensitive sites minus
the sum of mu and delta sites. Kappa receptors repre-
sented the residual EKC binding after the addition of
DADLE. The Kj of each site was calculated either di-
rectly from Scatchard plots (for delta and kappa sites) or
from the observed change in the apparent K, of each
ligand in the absence or in the presence of effectors. The
results of these calculations are presented in Table 4.

Although etorphine is considered a ligand of the delta,
mu, and benzomorphan receptors (7) and DADLE was
found to abolish its specific binding (6), a residual site
was found on bovine membranes in the presence of 5 uM
DADLE in the present study (see Fig. 3 and Table 3).
The possibility that this site might be a kappa receptor
also identified by [*H]etorphine was examined by com-
peting for [*H]etorphine binding by EKC in the absence
and in the presence of 5 uM DADLE. No change in the
apparent K; of EKC was observed (K; = 16.9 + 0.6 nM
in the absence and 15.0 + 0.5 nM in the presence of
DADLE; data not shown). The K; observed during these
competition studies indicated that this site must not
represent a kappa receptor because of the great discrep-
ancy between the dissociation (0.4 nM) and the inhibition
(15 nM) constants observed. The K; of this site for EKC
was similar to the one found by Chang et al. (9) for the
rat brain benzomorphan receptor (16 nM), but quite
different from the K; of EKC for the DADLE-insensitive
site found by Attali et al. (6) in the guinea pig spinal
cord (0.1 nM). The same authors reported a K; for EKC
competition for the DADLE-sensitive site (benzomor-
phan receptor) of 0.3 nM. These discrepancies suggest
that it is unprobable that this site is a kappa receptor. It
is equally unprobable that 5 uM DADLE would be unable
to mask benzomorphan sites.

TABLE 4
Calculation of receptor types on bovine and human membranes

Receptor types were calculated as described in the text. ND, Not
detectable.

Site Kp Boax Tritiated
type Bovine Human Bovine Human ligand
nM fmoles/mg protein
Delta 0.7 ND 10 ND DADLE
1.4 ND 21 ND EKC
0.1 ND 29 ND Etorphine
Mu 3.4 5.4 26 17 EKC
29 5.6 21 18 DADLE
0.2 1.0 25 10 Etorphine
Kappa 0.4 1.0 12 41  EKC
Benzomor- 1.3 1.0 72 118 EKC
phan 0.2 1.0 89 101 Etorphine
0.2 — 20 — Etorphine
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Kappa Binding Sites on Pheochromocytoma Membranes

Human pheochromocytomas are heterogeneous tu-
mors. A large heterogeneity in the content of catechol-
amines, endogenous opioids, and opioid precursors, as
well as their secretory characteristics, has been reported
(1-3). Unfortunately, they are also rare tumors, and most
of the time small amounts of tissue are available.

In addition to the human tumor analyzed, we have
studied three other tumors. The scarcity of the material
did not permit us to completely characterize opioid re-
ceptors present on their membranes. An attempt to
characterize kappa sites is presented in Table 5: a great
heterogeneity of [P'HJEKC binding was found. Dissocia-
tion constants and site concentrations varied from 0.37
to 1.13 nM and from 30 to 163 fmoles/mg of protein.
Kappa sites have been determined in two tumors: they
represented 25% and 80% of the total number of high-
affinity sites. Because of the relative abundance of kappa
sites on pheochromocytoma membranes, a preliminary
pharmacological characterization was undertaken in
Case 1, which was the one completely analyzed (Fig. 4).
The kappa nature of these sites has been confirmed by
the fact that EKC and cyclazocine were the most active
substances (K; 0.71 and 0.92 nM, respectively). They
were followed by naloxone (2.8 nM), ketocyclazocine (4.9
nM), and morphine (39 nM); fentanyl, an almost pure mu
agonist, showed a K; > 310 nM. Similar K; values for
EKC, ketocyclazocine, cyclazocine, and fentanyl were
found by Audigier et al. (7) for guinea pig spinal cord
kappa sites, whereas naloxone and morphine were much
more active on the human pheochromocytoma studied.

DISCUSSION

Chromaffin cells represent a simple model for studying
biosynthetic and release mechanisms of the nervous sys-
tem. Although much work has recently been done in the
field of biosynthetic and exocytotic mechanisms (see ref.
1 for a review), little is known about the action of opioids

TABLE 5

[*H]EKC binding parameters on membranes of human
pheochromocytomas: effect of DADLE
Membrane preparation and binding conditions are described under
Materials and Methods and in the legend to Fig. 2. DADLE concentra-
tion was 5 uM. Binding characteristics were determined from Scatchard
plots. Assays were run in triplicate with intra-assay coefficient of
variation <10% (+ 2 SD).

Case Teitiated Hi&l:igmi‘y Low-affinity sites
ligand +
effector B Ko Bou Ko
fmoles/ fmoles/
mg mg

protein nM  protein nM
1 EKC + 0 163 1.12 275 4.15
EKC + DADLE 41 0.98 114 6.72

2 EKC +0 70 0.37 206 5.60
3 EKC +0 30 0.78 333 20.40
4 EKC +0 81 113 304 10.04

EKC + DADLE 65 0.72 291 30.84
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FiG. 4. Displacement of [*H]EKC bound on a human pheochromo-
cytoma membrane preparation by different opiates in the presence of 5
uM DADLE

Displacement of tritiated EKC by (@), ketocyclazocine (%), cycla-
zocine (O), morphine (%), naloxone (@) and Fentanyl (). Binding
experiments were performed as described in the text. K; values for each
ligand were calculated according to the formula of Cheng and Prusoff
(12) K; = ICs/(1 + S/Kp), in which Kp = the dissociation constant of
[*H)EKC (0.980 nM) and S = the concentration of [*HJEKC in the
assay (2.3 nM).

on these cells. These studies indicate that opioids could
be modulators of basal and/or evoked cell secretion. This
action is stereoselective and reversed by opioid antago-
nists, indicating that opioid receptor(s) must be involved.
Furthermore, pheochromocytomas and bovine adrenal
medullas contain and secrete considerable amounts of
endogenous opioid peptides (2, 3). With the exception of
the original paper by Chavkin et al. (4) indicating ster-
eoselective, saturable binding on bovine chromaffin cell
membranes, very few other papers have dealt with the
characterization of opiate binding sites in this tissue (5,
13). It was therefore of interest to characterize opioid
receptors on adrenal medullary membranes of human
and animal origin.

Our data show stereoselective and saturable binding
of opiate ligands to bovine membranes, confirming pre-
vious work (4, 5), and reveal opiate binding sites on
membranes from human pheochromocytomas. Associa-
tion and dissociation kinetics show that steady state is
achieved in both tissues after 25 min of incubation.

In a recent study, Saiani and Guidotti (5) examined
the binding of different opioids on bovine adrenomedul-
lary membranes. Comparison with the results presented
in this study reveals great discrepancies: in our hands
etorphine showed a 9-fold increase in affinity while iden-
tifying only half as many sites. EKC, sharing the same
affinity in both studies, identified, in the present study,
6 times more sites. DADLE binding presented a 3 times
lower affinity in our hands, but identified three times
more sites than in the study by Saiani and Guidotti.
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Methodological differences during membrane prepa-
ration could be responsible for the observed discrepan-
cies. (a) In our study a hypoosmotic medium was used
throughout the whole preparation, whereas Saiani and
Guidotti (5) used isoosmotic conditions followed by hy-
poosmotic lysis in distilled water. (b) The attempt to
remove endogenous opioid peptides in our study by prein-
cubation in assay buffer for 30 min at 37° could account
for the observed discrepancies. Chromaffin cells contain
large amounts of opioid peptides which, liberated during
cell lysis, could mask a number of opioid receptors. (c)
Assuming that adrenal opioid receptors possess the same
characteristics as those found in the central nervous
system, preincubation in Tris-HCl buffer without the
addition of divalent ions could diminish the number of
binding sites, as reported by Sadee et al. (14), and thus
account for the decreased number of etorphine sites
reported in the present study.

The number and affinity of mu sites reported in the
present study on bovine membranes (21-26 fmoles/mg
of protein, or 2.1-2.6 pmoles/g of tissue, taking into
consideration a yield of 1% in crude membrane prepar-
tions) are comparable with the number of binding sites
reported by Chavkin et al. (4). Furthermore, the number
of DADLE sites found in the present study on bovine
membranes is comparable to that reported by Kumakura
et al. (13) on isolated chromaffin cell membrane prepa-
rations.

Saiani and Guidotti (5) consider DADLE and EKC to
be pure markers of one class of opiate sites (delta and
kappa, respectively). Recent work indicates that neither
ligand is a pure marker of one class of receptors (see ref.
8 for a discussion). Hence, EKC can identify, in addition
to kappa sites, delta, mu, and benzomorphan sites.
DADLE identifies delta and mu sites with a great affin-
ity, provoking the inflections observed in the competition
curves by [*H]etorphine and [PH]JEKC binding; when
used at high concentrations, it can also mask the ben-
zomorphan receptor (Fig. 3) (see also ref. 6). Therefore,
receptor type characterization necessitates a specific
masking of some receptor subtypes during saturation or
competition experiments. Two methods of receptor
masking exist: (a) providing saturation concentrations
of an effector which masks one or more receptor sub-
types; (b) introducing in the assay a constant ratio of
effector to radioligand [this method has been used by
Gillian and Kosterlitz (8) for the determination of opioid
receptor subtypes in rat brain]. The first method was
used in the present study. Morphiceptin, a pure mu
agonist; DSLET, a pure delta agonist; and saturating
concentrations of DADLE were used as effectors. The
spectrum of opioid receptor types found showed a pre-
ponderance of benzomorphan sites representing about
70% of total high-affinity sites.

To our knowledge, the present study is the first at-
tempt to characterize opioid receptors on pheochromo-
cytoma membranes. In these tumors a great heteroge-
neity was found concerning the number and affinity of
opioid receptors, as well as their relative distributions
[at least for the kappa subtype (Table 5)]. It was of
interest to compare the opioid receptor spectrum between
a human tumor, for which sufficient material was ob-

tained at surgery, and normal tissue from another species
(bovine adrenal medulla). Several differences have been
observed:

1. An absence of delta sites on human membranes.
Different hypotheses could explain this result: for ex-
ample, the huge amounts of opioid peptides contained
and secreted by this pheochromocytoma (5 ug/g of tissue
M-Enk-IR) could provoke a down-regulation of the delta
receptor, as reported by Chang et al. (15) in the case of
cultured neuroblastoma cells. Another possibility could
be the extreme sensitivity of delta receptors to freezing,
since an almost complete abolition of delta sites after
freezing has been observed on bovine membranes (data
not shown).

2. A decrease in the affinity of mu sites on human
membranes. Mu sites represent =~20% of total high-
affinity receptors on bovine membranes, but they repre-
sent only 9% of sites on membranes of human origin.

3. An equal distribution of benzomorphan sites in both
tissues (64% on bovine and 68% on human membranes).

4. A greater density of kappa sites on human mem-
branes. They represent 25% of the high-affinity sites in
one pheochromocytoma, and 80% of the high-affinity
sites on a second tumor (Table 5); bovine membranes
possess 10% kappa sites.

The observed differences could be attributed to either
species (human versus bovine tissues) or tumor differ-
ences.

In the present study only the high-affinity component
of [PHJEKC has been examined. This radioligand pre-
sents, in addition to the high-affinity, a lower-affinity
component in both types of membranes which is partially
displaceable by DADLE (see Tables 2 and 3). Although
no attempt was made to characterize this low-affinity
interaction of [’ H]EKC with membranes, evidence exists
that this site must not represent an “opioid” receptor as
benzodiazepines and ethyl-8-carboline compete for this
[*H)EKC binding with high affinity (16).

The major finding reported in the present study is the
preponderance on adrenal medullary membranes of bo-
vine and humans of a large number of kappa and ben-
zomorphan sites which represent more than 80% of the
total high-affinity sites detected. No endogenous opioid
peptide was tested in the present study. Others (6, 7, 17)
have found that dynorphin-related peptides and M-Enk-
Argt-Phe’ are the preferential, although not specific,
ligands for the kappa and benzomorphan receptors, re-
spectively. Both peptides were found in the adrenal med-
ulla. They could therefore be putative candidates for the
regulation of chromaffin cell secretion.
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