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Characterization and distribution of u opioid receptors

in rabbit cerebellum
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ABSTRACT The binding characteristics and distribu-
tions of [*H Johmefentanyl ([*H]OMF}. [*H Jetor-
phine, [’H ] ¥ -methyl-¥-[ 7-{ [-pyrrolidinyl )-1-oxa-
spiro (4.5)dec-B-y1 ] benzeneacetamide [*HU-63593),
and [*H] (Pp-penicillamine?, P-penicillamine®)
enkephalin ([*H ]JDPDPE ) in rabbit cerebellum were
studied. In saturation experiment, [*H JOMF bound
to a single population of sites with K,=2.211. 3 nmol
* L' and Bupa = 59413 fmol/mg pratein. The re-
sults of [°H Jetorphine (K,=1.04+0. 4 nmol * L~ and
Boa =161 6 fmol/mg protein) were similar to those of
[*H]JOMF. There were no specific bindings of
[*H]U-69503 and [*H ] DPDPE in rabbit cercbellar
membranes. In autoradiographic study. the gray scales
of specific binding for [* H ] OMF . [* H ] etorphine .
[*HJ11-69593, and [°H JDPDPE were 20.2+ 4.6, 8.5
+ 2.7, 2.0+ 0.7, and 3.2+ 4- 3, respectively. The
gray matter of rabbit cerebellum was Intensely labeled
by ["H]OMF and [*H Jetorphine. but not by [*H]U-
69593 or ["H]DPDPE. These results suggested that
the rabbit cerebellum conta[ned p apioid receptors.
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Evidenced by radioligand assay and auto-
radiography, [*H Jetorphine binding sites were
present in rabbit cerebellum®™’. Competitive
experiments demonstrated that the specific
binding sites of [*H Jetorphine in rabbit cere-
bellum were mainly of the pu opioid receptor

3, Because etorphine interacts e-

subtype
qually well with ., &, and « opioid receptor
subtypes in nervous tissue, the subclassfi-
cation of opioid receptor sites in rabbit cerebel-
lum awaiting to be determined using highly

selective ligand directly to p, &, and «k opioid
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receptor subtypes.

Ohmefentanyl (OMF) ., designed and syn-
thesized by our laboratory. is a highly selec-
tive 1 opioid receptor subtype agonist™'™. In
Goldstein’s laboratory found that the affinity
of OMF was the highest among 47 opioid lig-
ands and the selectivity of OMF for u opioid
receptor was parallel to that of [D-Alat,
MePhe', Gly-ol® ] enkephalin {DAGO ) and
was higher than that of sulfentanyl™. N-
methyl-N -[7- (I-pyrrolidinyl )-1-oxaspiro (4,5}
dec-8-yl Jbenzeneacetamide (U-69593) and [D-
penicillamine?, D-penicillamine®] enkephalin
(DPDPE are typical ligands for x and 5 opioid
-8, In the
present work. using ligands of [*H ] OMF,
(FH]U-69593,and [°H ]DPDPE . we went
further into the subclassification of opioid re-

receptor subtypes. respectively

ceptor sites in the rabbit cerebellum.
MATERIALS AND METHODS

New Zealand white adult rabbits of either sex
weighing 2.8+ 5 0.5 kg (2= 16) were used. OMF
and [*HJOMF (2.07 PBq » mol™!) were produced by
Shanghal Institute of Materia Medica and Shanghai In-
Researchs Chinese - Academy of
Sciences, respectively. [*H Etorphine (1.11 FBq
» mol~!. produced by Shanghai Medical U niversity)
was a gift from Professor XU Shao-Fen. Department
of Neurobiology« Shanghai Medical University. Etor-

stitute of Nuclear

phine was produced by Shanghai Institute of Materia
Medica. Chinese Academy of Sclences. [*H JU-89583
(1.77 PBq » mol™'). New England Nuclear Corp.,
USA. [*H]DPFDFE (1.78 PBq * mol~'}, Amersham
Corp. U-69593 and DPDPE . Sigma Co.

Preparation of cerebellar membrane protein
Cerebellum was homogenized in 30 vol of ice—cold su-

erose 0.32 mol » L™'. The homogenate was cen-
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trifuged at 1000 <g for 10 min. The supernatant was
recentrifuged at 3% 000 g for 30 min, and the result-
ing pellet was resuspended in 30 vol of Tris-HCI buffer
a 50 mmel « L™'(pH 7.4). The homogenization and
centrifugation procedures were repeated once. The
final pellet was resuspended in Tris buffer at 10 mg
» mi~! concentration and stored at — 30°C. Protein
concentrations wete determined by the colorimetric
methad.

Binding study Bindings of ligands ([°*H JOMPF.
[’H Jeterphine, [*HJU-69553, and ["H]DPDPE) were
measured by incubating 300 pl of the prepated cerebel-
lar membranes (1 mg of protein for [*H]JOMF binding
study and 2 mg protein for [*H JU-69593, ["H]
DPDPE . and [*H Jetorphine binding studied > with 100
ul of buffer containing displacer {(unlabeled ligands 1
umal « L™! tor non-specific binding? or of buffer alone
(total binding) ;. 100 pl of the tritiated ligand at differ-
ent concentrations for 45 min at 25°C. Incubation was
terminated by rapid filtration through Whatman GF/C
fitlters . which were washed immediately with 3—5 ml
porticns of ice-cold Tris buffer. Radioactivity on the
filters was determined by liquid scintillation counting.

Sectionlng of cerebellum The rabbits were de-
capitated. The cerebella were mounted on ¢ryotome
chucks and frozen under powdered dry Ice. The
mounted cerebella were warmed to —20°C and 10—15
um corcnal sectlons were cut and thaw-mounted onto
gelatin coated alides, which were stored at —30C.

Autoradiography Cerebellar sections were incu-
bated in 100 pl of Tris-HCL buffer 50 mmol « L™, pH
7.4, at 25T for 45 min, with [*H]JOMF or other triti-
ated ligands 2 nmol * L™ for total binding- Adjacent
sections were incubated under the same conditions but
in the presence of unlabeled ligands I pmol = L7 for
The slides
wete washed sequentially through 6 rinses of Tris
buffer and 3 rinses of distilled water at 4T and dried in
air. The dry tissue sections were ftightly juxtaposed

determination of non-specific binding.

against tritium-sensitive film (produced by Beijing In-
atitute of Photochemistry} at 4C for 12 wk. The
films were developed in Kodak D-19 and fixed in F-5.

The gray scales ¢f sections of film were measured
Gray scales
from at least 3 different secticns in each rabbit were

by a computer-assisted densitometet.

averaged and the average values obtained from 4 rab-
bils were exptessed as ¥t s

RESULTS

Binding studies of iritiated ligands Satu-
ration experiments were carried out in rabbit
cerebellar membranes. Specific binding of
[’H]OMF was proved to be saturated with re-
spect to increasing radiecligand concentrations
from 0.5 to 10.0 nmol » L~! (Fig 1B ).
Scatchard analysis yielded a linear plot indicat-
ing an apparently single type of binding sites
with K, values of 2.2+ 1.3 nmol « L~ and
Bopux values of 69113 fmol/mg protein (s =5,
r s, Fig 1A).

Specific binding of [*H Jetorphine was also
found with £4=1.04+0. 4 nmol + L' and B,
=16-+6 fmol/mg protein (r =4. ¥4+s). The
characterization of specific binding of
[°*H ] etorphine was similar to that of
[(*HJOMF. although [*H Jetorphine bound less
sites than ["H JOMF did: 16 »s 69 fmol/mg
protein (Fig 1).
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Fig 1. Speciflc binding of ['H]JOMF () and

[*H Jetorphine (@) to rabbic cerebetlar membcanes.
A; Scatchard plot: B: Seturation curve.

Specific binding sites of ["H]U-69593 and
[*H ]DPDPE were not found in saruration ex-
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periment under the same conditions. HRatios
of total binding to non-specific binding for

(*H]JOMF. [*H Jetorphine, [*"H JU-69593, and

[*H ]DPDPE were 4.5, 2.6, 1.1, and 1.1,
respectively.
Autoradiography For ["H] OMF and

[*H Jetorphine, the gray scales of total binding
were higher than those of non-specific binding
{Tab 1. For [*H JU-69593 and
(*HIDPDPE, there were no significant differ-
ences between total binding and non-specific
binding. The gray scales of specific binding
(total binding substracted non-specific bind-
ing) for [*H]OMF. [*H Jetorphine, [*HJU-
69593. and [*H ]DPDPE were 20. 21+4.6, 8.5
+2.7,2.04+0.7,and 3. 21 4. 3.respectively.

Tab 1. Gray scaie of autoradiography of ["H]OMF,
['H Jetorphine. ["H]DPDPE. and [*H]U-08593 in

ply to isolate and purify the u opioid receptor
binding protein.
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rabbit cerebellum. n=4, ¥ts "P>0.05, “P<0.01
v8 non-specific binding group.
Groups Gray scale
roup TB NSB
[*HJOMF 34. 4444 14.1+2.3
[*H JEtorphine 23.243. 4 14.14+1. 8
[(*H]DPDPE 16. 043 4° 14.24+2.9
[*HJU-69593 14. 242 6° 14.2£3.9 4] ~ 4

The autoradiogram for [*H ] OMF and
(*H Jetorphine showed clear cerebellar struc-
tures: fhe Eray matter was intensely labeled.
while the white matter was deveid of labeling.
The gray matter was more heavily labeled in
(*H]OMF group than that in [*H Jetorphine

group (Fig 2, Plate 1).
DISCI’]SSION

Qur saturation experiment and gutoradic-
graphic studies showed that the rabbit cerebel-
lum contained only u opioid receptors. Thus
the rabbit cerebellum may be used for u opioid
receptor preparation to investigate the effect of
opioids on adenylate cyclase and for tissue sup-
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