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In vitro and ex vivo effects of a selective nociceptin/orphanin FQ
(N/OFQ) peptide receptor antagonist, CompB, on specific binding
of PHIN/OFQ and [*>*S]GTPyS in rat brain and spinal cord
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1 A novel selective nociceptin/orphanin FQ (N/OFQ) peptide receptor antagonist, 1-[(3R,4R)-1-
cyclooctylmethyl] - 3 - hydroxymethyl - 4 - piperidyl) - 3-ethyl-1,3 - dihydro - 2H - benzimidazol - 2 - one
(CompB), inhibited specific binding of ["H]N/OFQ to crude membranes from the rat brain and spinal
cord in a concentration-dependent manner and their K; values were 7.11 and 4.02 nm, respectively.
Rosenthal analysis indicated that there was a significant increase in the Ky value for PH]N/OFQ
binding in the brain and spinal cord in the presence of CompB (10 nm).

2 There was a dose-dependent increase in Ky values for [PH]N/OFQ binding in the brain and spinal
cord following i.v. injection of CompB at relatively low doses (0.69—6.88 umolkg™"), compared with
the control values. In the spinal cord, enhancement with each dose was constantly greater and the
duration of enhancement (6.88 umolkg~') was significantly longer.

3 The degree of increase in Ky values for [’HJN/OFQ binding after i.v. injection of CompB
(6.88 umol kg™") was significantly larger in the lumbar region of the spinal cord compared to other
regions.

4 CompB (0.1, 0.3 um) shifted the concentration—effect curves of N/OFQ-stimulated [**S]JGTPyS
binding in the brain and spinal cord to the right.

5 The i.v. injection of CompB (6.88 umolkg™") significantly suppressed the N/OFQ-stimulated
[**SIGTPyS binding in the rat spinal cord and shifted the concentration—effect curve to the right, while
it produced little inhibitory effect in the brain. The present study has shown that CompB may exhibit
pharmacological effects through a predominant blockade of N/OFQ peptide receptors in the spinal

cord under in vivo conditions.
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Introduction

Nociceptin/orphanin FQ (N/OFQ), a heptadecapeptide iso-
lated from rat and porcine brain, has been identified as an
endogenous ligand of N/OFQ peptide receptor, an orphan G
protein-coupled receptor (Meunier et al., 1995; Reinscheid
et al., 1995; Cox et al., 2000). The sequences of human, mouse
and rat complementary DNA for the N/OFQ peptide receptor
have indicated a significant degree of homology with the
‘classical opioid’ receptors (i, d and x) (Bunzow et al., 1994;
Mollereau et al., 1994; Wang et al., 1994; Wick et al., 1994).
Despite this homology with opioid receptors, potent opioid
ligands failed to bind to N/OFQ peptide receptors. N/OFQ
itself has high homology with opioid peptides, particularly
dynorphin A, the endogenous ligand of the x-opioid receptor,
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but this peptide exhibits very low binding affinity for opioid
receptors (Henderson & McKnight, 1997).

Pharmacological studies have shown that N/OFQ may be
involved in a wide variety of physiological functions: pain and
analgesia (Mogil et al., 1996), learning and memory (Manabe
et al., 1998), locomotion (Florin et al., 1996), feeding (Pomonis
et al., 1996), stress and anxiety (Jenck ef al., 1997) and neuronal
differentiation (Saito et al., 1997) in the central nervous system.
It is of interest to note that local microinjection of N/OFQ into
the brain and spinal cord of rats and mice produced opposite
effects on the nociceptive response (Calo’ et al., 2000). Also, the
intrathecal (i.t.) injection of low doses of N/OFQ causes
allodynia and hyperalgesia (Okuda-Ashitaka et al., 1996; Hara
et al., 1997; Minami et al., 1997; Sakurada et al., 1999), while
higher doses produce analgesia (Xu et al., 1996; Erb et al.,
1997). In relation to these effects, the N/OFQ peptide receptor
has been suggested to be present in the brain and spinal cord
following in situ hybridization analysis (Bunzow et al., 1994;
Wick et al., 1994), and in peripheral tissues such as the intestine,
vas deferens, liver and spleen (Wang et al., 1994).
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Radioligand binding studies of the N/OFQ peptide receptor
have been performed in brain tissues of rats, humans, mice,
frogs and Chinese hamster ovary (CHO) cells expressing N/
OFQ peptide receptors (Adapa & Toll, 1997, Makman et al.,
1997; Benyhe et al., 1999). However, to our knowledge, little
information has been published on N/OFQ peptide receptor
characteristics in the spinal cord. It is considered that this
tissue may play a significant role in the appearance of
allodynia and antinociception by N/OFQ (Hara et al., 1997
Minami et al., 1997; Sakurada et al., 1999; Meunier, 2000; Lu
et al., 2001; Yamamoto et al., 2001). Thus, N/OFQ peptide
receptors in the spinal cord could be a pharmacological target
tissue for agonists and antagonists of these receptors. Recently,
selective antagonists of N/OFQ peptide receptors have been
successfully synthesized and their pharmacological effects have
been investigated (Kawamoto er al., 1999; Meunier, 2000;
Shinkai et al., 2000; Halab et al., 2002; Yamada et al., 2002;
McDonald et al., 2003). CompB (1-[(3R,4R)-1-cyclooctyl-
methyl]-3-hydroxymethyl-4-piperidyl)-3-ethyl-1,3-dihydro-2 H-
benzimidazol-2-one) has been found as a potent and selective
nonpeptidyl N/OFQ peptide receptor antagonist without
agonistic effects on other opioid receptors (Kawamoto et al.,
1999; Ozaki et al., 2000). Most previous studies on novel
agonists and antagonists of N/OFQ peptide receptors have
involved in in vitro radioreceptor binding and behavioral
pharmacological effects. However, these studies have sub-
stantiated little to the direct in vivo interaction of these agents
with N/OFQ peptide receptors after systemic administration.
In particular, N/OFQ peptide receptor binding characteristics of
drugs in the spinal cord have been examined very little so far.
Thus, it could be of general importance to verify whether ligands
bind to receptors under the influence of various pharmacokinetic
and pharmacodynamic factors (Beauchamp et al, 1995;
Yamada et al., 1998). Therefore, the present study was under-
taken to characterize the in vitro and ex vivo effects of CompB on
specific [PHJN/OFQ binding and on N/OFQ-stimulated
[**SJGTPyS binding in the brain and spinal cord of rats.

Methods

Drugs and chemicals

[Leucyl-*H]N/OFQ (5.55TBqmmol~") was purchased from
Amersham Int. plc (Buckinghamshire, U.K.). [**S]JGTPyS
(46.3 TBqmmol™') was purchased from DuPont-NEN Co.
Inc. (Boston, MA, U.S.A.). CompB was donated by Banyu
Co. Ltd (Tsukuba, Japan). The following agents were
purchased from the companies indicated: N/OFQ, Peptide
Inst. Inc. (Osaka, Japan); [Phe' ¥ (CH,-NH)-Gly,]N/OFQ(1-
13)NH, and naltrindole, Research Biochemical International
(Natick, MA, U.S.A.); nor-binaltorphimine, CTOP (d-Phe-
Cys-Tyr-D-Trp-Orn-Thr-Pen-Thr-NH,) and GDP, Sigma Che-
mical Co., Inc. (St Louis, MO, U.S.A.); GTPyS, Wako Pure
Chemical Ind. Ltd (Osaka, Japan). All solutions were prepared
freshly each day. All other chemicals were obtained from
commercial sources.

Drug administration

Male Sprague—Dawley rats at 7-9 weeks of age (Japan SLC
Inc., Shizuoka, Japan) were housed three or four per cage in

the laboratory with free access to food and water, and
maintained on a 12h dark/light cycle in a room with con-
trolled temperature (244+1°C) and humidity (55+5%).
Rats were fasted for 16h before i.v. injection of CompB,
and administered i.v. with CompB (0.69, 2.29, 6.88 umol kg™")
dissolved in 0.9% NaCl. The control rats were similarly
treated with the vehicle. At 0.5 or 2h after the drug injec-
tion, rats were killed by drawing blood from the descend-
ing aorta under light anesthesia with diethyl ether, and
the brain and spinal cord were perfused with 0.9% NaCl
from the aorta. Then, the brain (minus cerebellum) and
spinal cord were removed. In the experiment examining the
regional distribution of [PHJN/OFQ binding sites, the spinal
cord was dissected into cervical, thoracic and lumbar regions.
All the procedures used in the present study were conducted
according to the guidelines approved by the Institutional
Animal Care and Ethical Committee of University of
Shizuoka.

[PH]N/OFQ binding assay

The tissues (brain and spinal cord) were homogenized in 19
volumes of ice-cold 50 mm Tris-HCI buffer (pH: 7.4) contain-
ing 2mMm EDTA, 0.1mMm (p-amidinophenyl)methanesul-
fonyl fluoride hydrochloride (p-APMSF) (buffer A) with a
Polytron homogenizer, and the homogenate was centrifuged at
500 x g for 10min. The supernatant was centrifuged at
40,000 x g for 15min. The pellet was finally suspended in
ice-cold buffer A containing 2mgml~' bovine serum albumin
(buffer B) and used in [PH]N/OFQ binding assays. All steps
for the tissue preparation were performed at 4°C. Yamada
et al. (1980) have previously shown that the dissociation of
agents from receptor sites at 4°C was much slower than at
25°C or 37°C. Thus, in the ex vivo experiment with CompB,
the dissociation of these agents from receptor sites
during tissue preparation (homogenization and suspension)
appears to be minimized. In fact, there was no large difference
in PH]N/OFQ binding parameters (Ky and B..) between
one washout and two washouts of the rat brain membranes
at 0.5h after iv. injection of CompB (6.88 umolkg™).
Protein concentrations were measured by the method of
Lowry et al. (1951) with bovine serum albumin as the
standard.

Binding assay of [PH]N/OFQ was performed similarly as
reported previously by Yamada er al. (2002). Briefly,
membrane fractions (400—600 ug protein) prepared from rat
tissues were incubated with different concentrations (0.01—
0.6nM) of [PH]N/OFQ in a total volume of 500 ul of buffer B.
Incubation was carried out for 60 min at 25°C. The reaction
was terminated by rapid filtration (Cell Harvester, Brandel
Co., Gaithersburg, MD, U.S.A.) through Whatman GF/B
glass fiber filters presoaked in 0.1% polyethyleneimine
solution for 60min, and the filters were rinsed three times
with 2ml of ice-cold buffer. Tissue-bound radioactivity was
extracted from the filters overnight in scintillation fluid (21
toluene, 11 Triton X-100, 15g 2,5-diphenyloxazole, 0.3 g 1,4-
bis[2-(5-phenyloxazolyl)]benzene), and then determined using
a liquid scintillation counter. The specific binding of [*H]N/
OFQ was determined experimentally from the difference
between counts in the absence and presence of 1 um N/OFQ.
All assays were conducted in duplicate.
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[P>S]GTPyS binding assay

The [**S]GTPyS binding assay was performed by a modifica-
tion of the procedure described by Narita ez al. (1999). Briefly,
whole brain and spinal cord were homogenized in 19 volumes
of ice-cold 50 mm Tris-HCI buffer (pH 7.4) containing 5Smm
MgCl,, 1mMm EGTA, 100mm NaCl using a Polytron homo-
genizer, and the homogenate was centrifuged at 500 x g for
10 min. The supernatant was centrifuged at 40,000 x g for
15 min. The pellet was finally suspended in ice-cold buffer and
used in [**S]JGTPyS membrane assays. All steps were
performed at 4°C. In the [**S]GTPyS binding assay, membrane
fractions (40—60 ug protein) prepared from rat tissues were
incubated with various concentrations (0.03—3 um) of N/OFQ,
100 um GDP and 100 pm [**S]JGTP;S in a total volume of 1 ml
of buffer. Incubation was carried out for 120 min at 25°C. The
reaction was terminated by rapid filtration (Cell Harvester,
Brandel Co., Gaithersburg, MD, U.S.A.) through Whatman
GF/B glass fiber filters, and the filters were rinsed three times
with 2ml of ice-cold buffer. Tissue-bound radioactivity was
extracted from the filters overnight in scintillation fluid (21
toluene, 11 Triton X-100, 15g 2,5-diphenyloxazole, 0.3 g 1,4-
bis[2-(5-phenyloxazolyl)]benzene), and then determined using
a liquid scintillation counter. The specific binding of
[**S]IGTPyS was determined experimentally from the difference
between counts in the absence and presence of 10um
unlabelled GTPyS. All assays were conducted in duplicate.

Data analysis

The analysis of binding data was performed as described
previously (Yamada et al., 1980). The apparent dissociation
constant (Ky) and maximal number of binding sites (By,.,) for
PHIN/OFQ (0.01-0.6nM) were estimated by Rosenthal
analysis of the saturation data (Rosenthal, 1967). The ability
of N/OFQ, its analogs and opioid ligands to inhibit the specific
binding of [PH]N/OFQ (0.06 nM) was estimated from the ICs,
values, which are the molar concentrations of unlabeled drug
necessary to displace 50% of the specific binding of [*H]N/
OFQ (determined by log probit analysis). The inhibition
constant, K; was calculated from the equation, K;=ICsy/
(1 + L/Ky), where L equals the concentration of [*H]N/OFQ.

Hill coefficients for the inhibition by N/OFQ, its analog and
opioid ligands were obtained by Hill plot analysis. The pKp
values were calculated using the equation of Van Rossum et al.
(1963): pKp =1log(r—1)—loglantagonist], where r is the ratio of
ECs, values of the agonist with and without antagonist.

The data are presented as the mean+s.e.m. of three to six
rats. Statistical analysis of data was performed by one-way
analysis of variance (ANOVA) followed by Dunnett’s test for
multiple comparisons, and a value of P<0.05 was considered
significant.

Results

In vitro inhibitory effects of CompB and other agents on
specific [PH]NJOFQ binding

Specific binding of [PH]N/OFQ at concentrations of 0.01—
0.6nM in rat brain and spinal cord was saturable and
Rosenthal analysis showed a linear plot, suggesting a single
population of binding sites with K, values in the brain and
spinal cord of 46.9 (brain) and 37.2 (spinal cord) pM. These
values agreed well with the K, value (50pm) in brain
membranes previously reported (Adapa & Toll, 1997). CompB
(1-100nMm), N/OFQ (0.03-3nm), [Phe'?(CH,-NH)-Gly*|N/
OFQ(1-13)NH, (0.1-10nm), naltrindole (1-100 um) and nor-
binaltorphimine (1-300um) inhibited specific [PH]N/OFQ
(0.06 nm) binding to rat brain and spinal cord in a concen-
tration-dependent manner, in the order: N/OFQ>[Phe'¥
(CH,-NH)-Gly*IN/OFQ (1-13)NH, > CompB » naltrindole >
nor-binaltorphimine (Table 1). CTOP (0.1-10 um) produced
little inhibition of specific ["’H]N/OFQ binding in either tissue.
The K; value for CompB in the spinal cord was significantly
lower than that in the brain. The Hill slope for each agent was
close to unity.

Rosenthal analysis indicated that there was significant
(152%) increase in the K value for brain [’H]N/OFQ binding
in the presence of CompB (10 nM) with little change in the By,
value, compared with the control values in the absence of this
agent (Figure 1, Table 2). Furthermore, CompB (10 nm) caused
a significant (159%) increase in the Ky value for spinal cord
PHIN/OFQ binding with a slight but significant (17 %)
reduction in the B, value.

Table 1 In vitro inhibition by CompB, N/OFQ, its analog and opioid ligands of specific [’H]N/OFQ binding in the brain

and spinal cord of rats

Drugs

Brain
CompB
N/OFQ
[Phe' ¥(CH,-NH)-Gly?-N/OFQ(1-13)NH,
Naltrindole
nor-Binaltorphimine

Spinal cord
CompB
N/OFQ
[Phe' P(CH,-NH)-Gly*]-N/OFQ(1-13)NH,
Naltrindole
nor-Binaltorphimine

Hill coefficients K, values (nm)

0.9840.06 7.11+£0.43
1.12+0.04 0.2740.01
1.1940.03 1.034+0.09
0.9140.02 8435+ 581

0.854+0.07 34958 +2681
0.95+0.05 4.02+0.52
1.09+0.06 0.12+0.01
1.08+0.01 0.58+0.03
0.96+0.06 4310+202

0.82+0.03 1073741140

Drug-inhibition studies were performed with [PH]N/OFQ (0.06 nm) in the brain and spinal cord of rats. Values are mean +s.e.m. of three

to four rats.
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Figure 1 Rosenthal plots of specific [FHIN/OFQ binding in the

brain and spinal cord of rats in the absence (control) and presence of

CompB. Specific binding of [*'H]N/OFQ (0.01-0.6nm) in rat tissues

was measured in the absence and presence of CompB (10nm).
Values are means of four rats.

Table 2 K, and B,,., values for specific PHN/OFQ
binding in the brain and spinal cord of rats in the
absence and presence of CompB

K, values B, values
(pM) (fmol mg protein")
Brain
Control 46.9+1.0 12345
CompB (10 nm) 1184 7%** 11446
Spinal cord
Control 37.243.2 31.840.5
CompB (10 nm) 96.343.5%** 26.340.9%*

Rosenthal analysis was performed with [PH]N/OFQ (0.01—
0.6nM) binding in the brain and spinal cord of rats, in the
absence and presence of CompB (10nm). Values are
mean +s.e.m. of four rats. Asterisks show a significant
difference from the control values, **P<0.01, ***P<0.001.

Effect of i.v. injection of CompB on specific [>H]NJ/OFQ
binding

The effects of i.v. injection of CompB on specific [PH]N/OFQ
binding in the rat brain and spinal cord were investigated. As
shown in Figure 2 and Table 3, there was a dose-dependent
increase in Ky values for specific [’H]N/OFQ binding in both
tissues, 0.5 h after i.v. injection of CompB at doses of 0.69, 2.29
and 6.88 umolkg™', compared with the control values. The
increased rates (59.1, 139 and 417%, respectively) in the spinal
cord at these doses were constantly greater than those (31.3,
91.8 and 211%, respectively) in the brain. The increased rate at
the i.v. dose of 6.88 umolkg™" was significantly (P<0.05)
larger in the spinal cord than in the brain. Further, even at 2h
after i.v. injection of this dose of CompB, there was still a
significant increase (42.3%) in the Ky for specific PH]N/OFQ
binding only in the spinal cord (data not shown). On the other
hand, B, values for [PHIN/OFQ binding in the brain and
spinal cord of these CompB-injected rats were comparable to
the control values (Table 3). Further, the effects of CompB on
specific [PHIN/OFQ binding were examined in three regions of
rat spinal cord. As shown in Table 4, an i.v. injection of
CompB (6.88 umolkg™") produced a significant increase in Ky
values for specific P’H]N/OFQ binding in each region of rat
spinal cord with no effect on the B,,,, values, and enhancement
in the lumbar region (543%) was significantly larger than that
(each 289%) in the cervical or thoracic regions.

-

3 r Brain - Spinal cord
® Control
A 2.29 pmol kg

A 6.88 umol kg

©® Control
A 2.29 umol kg
A 6.88 pmol kg™

0.5 |

[*HIN/OFQ B/F
(fmol/mg protein/pM)

L N 0 L A
0 20 100 150 0 20 40

Specific [*H]N/OFQ binding (fmol/mg protein)
Figure 2 Rosenthal plots of specific [’HIN/OFQ binding in the
brain and spinal cord of vehicle-(control) and CompB-administered
rats. Rats received CompB (2.29 and 6.88 umolkg™~" i.v.), and were
killed at 0.5h after the administration. Each point represents the
mean of six control- and four or five CompB-treated rats.

Effects on NJOFQ-stimulated [*°S]GTPyS binding

N/OFQ (0.03—3 um) stimulated specific [**S]JGTPyS binding in
the brain and spinal cord of rats in a concentration-dependent
manner, and CompB at concentrations of 0.1 and 0.3 um
shifted the concentration—effect curves of N/OFQ-stimulated
[**SIGTPyS binding to the right (Figure 3). The pKj values of
CompB for the competitive inhibition of N/OFQ-stimulated
[**SIGTPyS binding in the brain and spinal cord were
7.794+0.16 and 7.69+0.17, respectively. There was little
difference between these tissues in the inhibitory potency of
CompB.

The i.v. injection of CompB (6.88 umolkg™', 0.5h later)
significantly suppressed the N/OFQ-stimulated [**S]GTPyS
binding in the rat spinal cord and it shifted the concentration—
effect curve to the right (Figure 4b). On the other hand, in the
brains of these CompB-injected rats, there was little change in
N/OFQ-stimulated [**S]GTPyS binding (Figure 4a).

Discussion

Binding characteristics of CompB to N/OFQ peptide receptors
and its effect on N/OFQ-stimulated [**SJGTPyS binding in the
brain and spinal cord of rats were examined in vitro and ex
vivo. NJOFQ and [Phe'¥W(CH,-NH)-Gly’]N/OFQ(1-13)NH,
were the most potent inhibitors of specific ['H]N/OFQ binding
in vitro, whereas the binding was inhibited or unaffected by
extremely high concentrations of opioid ligands. Thus, specific
[PHIN/OFQ binding to crude membranes of the brain and
spinal cord exhibited pharmacological specificity that char-
acterized N/OFQ peptide receptors, in accordance with
previous observations (Adapa & Toll, 1997). In agreement
with previous observations using recombinant CHO cell
membranes (Ozaki et al., 2000), it was shown that CompB
bound to N/OFQ peptide receptors with very high (nanomo-
lar) affinity in the brain and spinal cord of rats, with much
greater affinity than opioid ligands such as naltrindole, and
thus displayed a high degree of selectivity. This agent appeared
to be the most potent inhibitor of N/OFQ peptide receptors,
when compared with other antagonists of N/OFQ peptide
receptors currently reported (Meunier, 2000; Ozaki et al., 2000;
Halab et al., 2002; Yamada et al., 2002). Rosenthal analysis
revealed that CompB increased Ky values for [PHIN/OFQ
binding in the brain and spinal cord, and that it caused a

British Journal of Pharmacology vol 139 (8)
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Table 3 K, and B,,,, values for specific [’H]N/OFQ binding in the brain and spinal cord of rats at 0.5 h after i.v. injection
of CompB

Doses (umol kg ™) K values (pm) B values (fmol mg protein™")

Brain
Control 45.0+1.7 122+4
CompB 0.69 59.1+7.5 11245
2.29 86.3+10.3%* 110+9
6.88 140 £ [2%** 113+7
Spinal cord
Control 35.04+2.6 31.54+1.0
CompB 0.69 55.744.3%* 41.544.5
2.29 83.8+4.6%** 325432
6.88 181 4 6%** ™ 32.3+2.6

Rats received 0.69, 2.29 and 6.88 umolkg™" (i.v.) of CompB, and were killed 0.5 h after the injection. Specific binding of PH]N/OFQ
(0.01-0.6 nM) in rat tissues was measured. Values are mean +s.e.m. of six control rats and four to five CompB-treated rats. Asterisks show
significant differences from the control values, **P<0.01, ***P<0.001. The symbol (*) indicates a significant difference from the increase
rate (%) of the Ky value in the brain at the same dose, *P<0.05.

Table 4 K, and B, values for specific PHIN/OFQ
binding in each region of rat spinal cord at 0.5h after
i.v. injection of CompB

B,..x values
(fmol mg protein™")

Spinal cord regions K, values (pM)

Cervical region

Control 28.840.9 29.34+1.0

CompB 112 4 2%%* 28.84+2.9
Thoracic region

Control 357424 30.7+2.0

CompB 139+ 10%*** 28.1+1.8
Lumbar region

Control 22.1+1.6 28.04+0.8

CompB 142 4 9T 29.440.7

Rats received 6.88 umolkg™" (i.v.) of CompB, and were killed
at 0.5h after the injection. Specific binding of [PH]N/OFQ
(0.01 — 0.6nm) in rat spinal cord regions was measured.
Values are mean +s.e.m. of five control rats and three to four
CompB-treated rats. Asterisks show a significant difference
from the control values, ***P<0.001. The symbol (})
indicates a significant difference from the increase rate (%) of
the K, value in the cervical or thoracic region, ©P<0.05.

Brain Spinal cord
70  © Control 70 - @ Control
A0.1puM ﬁg-;um
60 | 4A0.3puM 60 | -3 W
o
c
5 ¢ 50 | 50 |
28
8% L
» g 40 40
>~ *
EEaf 30 |
O w
R 20 | 20
10 | 10T
0 , 0 et .
8 7 6 5 8 7 6 5
-log [N/OFQ], (M) -log [N/OFQ], (M)
Figure 3 Concentration—effect curves of N/OFQ-stimulated

[**SIGTPyS binding in the brain and spinal cord of rats in the
absence (control) and presence of CompB. The ordinate is per cent
stimulation over basal [**S]JGTPyS binding in the absence of N/OFQ.
The abscissa is —logarithmic molar concentrations of N/OFQ (0.03—
3 um). Each point represents the mean +s.e.m. of six control and four
or five CompB-treated rats. Asterisks show a significant difference
from the control values, *P<0.05, **P<0.01, ***P<0.001.
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Figure 4 Concentration—effect curves of N/OFQ-stimulated
[**S]GTPyS binding in the brain and spinal cord of vehicle- (control)
and CompB-administered rats. Rats received CompB
(6.88 umolkg™', i.v.), and were killed at 0.5h after the administra-
tion. The ordinate is per cent stimulation over basal [**S]JGTPyS
binding in the absence of N/OFQ. The abscissa is —logarithmic
molar concentrations of N/OFQ (0.03—3 um). Each point represents
mean +s.e.m. of four rats. Asterisks show a significant difference
from the control values, **P<0.01.

concomitant reduction of the B, value only in the spinal
cord. This observation may indicate that CompB binds to
brain N/OFQ peptide receptors in a competitive and reversible
manner and that this agent binds, partially in a noncompetitive
manner in addition to a competitive manner, to spinal cord
receptors, suggesting higher affinity of CompB in spinal cord
N/OFQ peptide receptors.

Ozaki et al. (2000) have shown that subcutaneous (s.c.)
administration of CompB at doses of 6.88-68.8 umolkg™!
dose-dependently suppresses hyperalgesia elicited by intracer-
ebroventricular (i.c.v.) injection of N/OFQ in a tail-flick test
with mice. In accord with this in vivo pharmacological finding,
the i.v. injection of lower doses (0.69—6.88 umolkg™") of
CompB produced dose-dependent increases of Ky values for
[P'H]N/OFQ binding in the brain and spinal cord of rats. The
enhancement by CompB in both tissues was significant 0.5h
after the i.v. injection, except in the brain at the dose of
0.69 umol kg~!. Further, the extent and duration of enhance-
ment by CompB (6.88 umol kg™') were significantly greater in
the spinal cord than in the brain. These ex vivo data seem to
agree with the in vitro reduction by CompB in the number
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(Bmax) of PHIN/OFQ binding sites in the spinal cord. There-
fore, it is conceivable that the N/OFQ peptide receptor-
binding activity of CompB is significantly greater and of a
longer duration in the spinal cord than in the brain under in
vivo conditions.

It is well known that a stimulation by agonists such as
N/OFQ, of G-protein-coupled receptors, results in increased
amounts of specific [**SJGTPyS binding in brain membranes
(Narita et al., 1999). In the present study, CompB competi-
tively antagonized N/OFQ-stimulated [**S]JGTPyS binding in
the brain and spinal cord of rats with approximately equal
potency in vitro. Moreover, i.v. injection of CompB at the dose
of 6.88 umol kg ! shifted the concentration—response curve for
N/OFQ-stimulated [**SJGTPyS binding in the spinal cord to
the right, suggesting effective antagonism of N/OFQ-mediated
physiological  responses. However, N/OFQ-stimulated
[**SIGTPyS binding in the brain was suppressed little by i.v.
injection of CompB, in spite of a significant degree of ex vivo
binding to N/OFQ peptide receptors and of in vitro
competitive inhibition of the N/OFQ-stimulated [**S]GTPyS
binding. Although the apparent discrepancy for these results
needs to be investigated further, it could be considered that the
extent of N/OFQ peptide receptor occupancy of CompB in the
brain was not sufficient enough to suppress the N/OFQ-
mediated response. In other words, the extent of receptor
binding might be below the threshold of N/OFQ peptide
receptor occupancy by antagonists to inhibit N/OFQ-mediated
physiological response significantly. Alternatively, the N/
OFQ-stimulated [**S]JGTPyS binding in the brain is expected
to be influenced by multiple endogenous factors under in vivo
conditions, because physiological functions mediated through
G-protein-coupled receptors are generally regulated in a more
complicated manner in the brain than in the spinal cord. Also,
it may be speculated that the observed difference between the
brain and spinal cord in the ex vivo binding and antagonistic
activities of CompB in N/OFQ peptide receptors may be
attributable to a significant distinction between these sites in
pharmacokinetic factors determining the actual concentration
of this agent in the vicinity of N/OFQ peptide receptors. They
include the biological stability and the amount of delivery to
the receptor site depending on the extent and/or rate of
CompB transported (influx, efflux) through the blood—brain
barrier or through the blood—cerebrospinal barrier of rats.
Until the concentration of CompB in the brain and spinal cord
after the systemic injection is definitely known, therefore, we
should continue to interpret relative greater potency of CompB
in the spinal cord N/OFQ peptide receptors with caution.
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