DRPHANIN FQ (OFQ), the endogenous ligand for the
rphan opioid recepror. LC132, was recently isolated
ind characterized. The anti-opioid role of OFQ in
upraspinal pain modulation was demonstrated by our
srevious  observations that intracerebroventricular
i.c.v.) OFQ administration dose-dependently reverses
systemic morphine antinociception and opioid-mediated
stress-induced antinociception. The present study was
designed to evaluate whether OFQ also modulates the
antinociceptive actions of morphine in the spinal cord.
Immediately after assessment of baseline nociceptive
sensitivity on the 49°C tail-withdrawal assay, mice of
both sexes were given ic.v. or intrathecal (i.t.) cocktails
of morphine (C, 1, 10 or 50 pg [0~135 nmol]) and OFQ
{0 or 10 nmol), and re-tested 15, 30 and 60 min later. OFQ
alone did not affect nociceptive sensitivity when admin-
istered by cither route. Following i.c.v. administrartion,
the antinociception produced by 10 g morphine was
completely reversed by 10 nmol OFQ; antinociception
induced by 50 ug morphine was significantly antago-
nized. In contrast, OFQ was completely ineffective
against antinociception induced by i.t. morphine. These
findings indicate that the anti-opioid actions of OFQ are
restricted to supraspinal central nervous system sites.
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Introduction

Pharmacological approaches have identified a
family of opioid receptors (i, 8 and ) which, when
activated by endogenous opioid peptides or exoge-
nous opiate alkaloids, play a major role in nocicep-
tive modulation (see Ref. 1 for review). Subsequent
to the cloning of the & opioid receptor, homology
screening was used to clone p and k receptor cDNA,
as well as the orphan opioid-like receptor LC132?
(also called ORL-1 and XOR; see Ref. 3). Although
LC132 shares considerable sequence homology with
the classical opioid receptors (~65% in the putative
transmembrane domains), and shows a high level of
expression in many brain areas relevant to nocicep-
tive processing,” it does not appreciably bind opioid
agonists or naloxone® (but see Ref. 4).

Recently, the endogenous ligand of the LC132
receptor was purified from rat and porcine brain
tissue.’® This heptadecapeptide - FGGFTGARK-
SARKLANQ; named orphanin FQ (OFQ)’ and
nociceptin® ~ shares significant homology with opioid
peptides (B-endorphin, enkephalins and dvnorphins)
bur shows little affinity for p, & or k receptors. When
uissue culture cells expressing the OFQ recepror (i.e.,
LC132) are exposed to OFQ, forskolin-stimulated
cAMP production is inhibited.*® OFQ is active
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in vivo, producing locomotor depression at high
concentrations,” yet intracerebroventricular (i.c.v.)
administration does not produce antinociception.’®
Indeed, although it was reported that mice in-
jected with OFQ became more sensitive to pain as
measured by the tail-flick® and hot-plate® assays, we
have recently provided evidence that the apparent
hyperalgesic effect of OFQ was acrually a reversal
of opioid-mediated stress-induced antinociception
(SIA) associated with the i.c.v. injection procedure.®
Furthermore, we demonstrated that OFQ acts as a
potent and efficacious anti-opioid peptide against
exogenous opiates; OFQ dose-dependently reverses
antinociception following systemic (5 mg kg™, s.c.)
morphine administraton® and i.c.v. injections of
K-, 8- and k-selective agonists (Mogil er al. Neurosc
Lert. In press (1996)). Since OFQ was administered
Lc.v. in these studies it is likely that the observed
effects of this peptide were mediated supraspinally.
However, morphine is known to exert both spinal
and supraspinal actions.”#® Furthermore, all known
anu-opioid  peptides, including cholecystolinin
(CCK), dynorphin, FMRFamide, «-melanocyte
stimulating hormone (a-MSH), neurotensin, and
thyrotropin releasing hormone (TRH), appear to
have important spinal actions (see Discussion).
Therefore, in an attempt to further characterize the
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anti-opioid effects of OFQ, we assessed antinoci-
ceptive dose-response relationships for morphine
administered by the i.c.v. and intrathecal (i.t.) routes,
in the presence and absence of co-administered OFQ.

Materials and Methods

Naive, adult (8-12 weeks old) outbred Swiss—
Webster mice (Simonsen, Gilrov, CA) of both sexes
were housed four to a cage in a 12:12h lighe
dark cycle (lights on at 07:00 h) in a temperature-
controlled environment (21 £ 1°C), with food (Purina
chow) and tap water ad lib.

Nociceptive sensitivity was assessed using the tail-
withdrawal (TW) assay.? This test of acute, thermal
nociception measures the latency to reflexive with-
drawal of the distal half of the tail after its immer-
sion in 49 = 0.2°C water. The withdrawal latency was
measured to the nearest 0.1s by an experienced
observer blind to drug condition. To improve accu-
racy, two separate TW latency determinations, sepa-
rated by 20's, were made and averaged at each time
point. During testing, mice were lightly restrained in
a cloth/cardboard holder, which was voluntarily
entered in most cases. A cut-off latency of 105 was
imposed to prevent possible tissue damage.

Morphine sulfate (Mallinckrodt, St. Louts, MO)
and OFQ (Phoenix Pharmaceuticals, Garden View,
CA) were dissolved in artificial cerebrospinal fluid
(vehicle) and combined in appropriate final concen-
trations. L.c.v. injections were made directly into
the left lateral ventricle through the coronal surure
following the method of Laursen and Belknap,'® and
Lt injections were made at L4-L5 following the
method of Hvlden and Wilcox.!! In both cases,
2.5 pl of drug cockrail was injected under light halo-
thane anesthesia, using a 10 pl Hamilton micro-
syringe attached to a 3-mm long, 27-gauge needle
(for i.c.v. injections) or a 0.5"-long, 30-gauge needle
(for i.t. injections).

Mice were randomly assigned to either route of
administration (i.c.v. or 1.t.), and one of four doses
of morphine: 0 (vehicle), 1, 10 or 50 pg (0, 2.7, 27 or
135 nmol). These doses were chosen based on pilot
data to produce a range of antinociceptive responses
commensurate with the construction of dose-
response curves. Within each route/morphine dose
group, half the mice received vehicle and half received
OFQ (10 nmol). This OFQ dose was chosen because
it produced a robust antagonism of systemic mor-
phine antinociception (5 mg kg™, s.c.) in a previous
study without concomitant motor side-effects. The
i.c.v. and LL groups were tested in separate sessions.
Every tesung session contained equal numbers of
mice receiving morphine + vehicle and morphine +
OFQ. In a follow-up i.t. morphine experiment, mice
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received 50 pg morphine plus either vehicle, 1 or 25
nmol OFQ. All groups were composed of 6-9 mice,
with both sexes equally represented.

Mice were assessed for baseline nociceptive sensi-
tivity on the TW test, briefly anesthetized, injected
and then returned to their home cages, where they
recovered from anesthesia within 5 min. At 15, 30
and 60 min post-injection. mice were retested for TW
latencies. All experiments proceeded near md-
photophase (10:00-16:00 h), to minimize circadian
influences on nociceptive sensitivity.

Since i.c.v. and i.t. data were collected in separate
sessions, they were analyzed separately, initially by
three-berween (morphine dose x OFQ dose x sex),
one-within (baseline, 15, 30 and 60 min post-injec-
tion) repeated measures analyses of variance
(ANOVAs). Antinociception at each time point was
assessed relative to baseline latencies using Dunnett’s
post-hoc test. For purposes of group comparisons and
dose-response curve construction, raw TW latency
data were converted to antinociceptive area under the
time X TW latency curve (AUC; min s™'). Percentage
maximal  antinociception was  calculated by
comparing the obtained AUC with the maximal
AUC that would be obtained from a subject
displaying cut-off TW latencies (> 10s) at all post-
injection time points. Half-maximal antinociceptive
dose (ADy;) estumates were calculated using linear
regression of percentage maximal antinociception
scores at each dose. The criterion for statistical signi-
ficance was chosen as p < 0.05.

Results

In addition, males displaved higher magnitudes of
morphine antinociception, administered by both
routes and at all doses, than females. Both of these
phenomena are well known and not uncommon (see
Ref. 12 for a review). In no case, however, was a
significant interaction of sex with morphine dose or
OFQ observed. Therefore, we collapsed data from
both sexes for all further analyses.

Data from vehicle + vehicle and vehicle + OFQ
groups were analyzed separately to determine
whether OFQ produced alterations in baseline noci-
ceptive sensitivity by either route of administration.
Repeated measures ANOVAs performed on vehicle
+ vehicle data revealed very modest (< 1 s) but signi-
ficant post-injection increases in TW latencies (Fig. 1,
dotted lines). These TW latency increases probably
reflect SIA resulting from the i.c.v. and L.t injection
procedures. OFQ produced a partial but non-signi-
ficant antagonism of these latency increases. It is
important to note that, as in our previous study,’ in
no case was hyperalgesia (i.e. decreased TW latencies
relative to baseline values) noted. We believe that the
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very modest magnitude of injection-related SIA
observed here does not meaningfully affect the quan-
tification of the much higher-magnirude morphine
antinociception.

No significant differences in baseline TW latency
(~4's) were observed berween any group. Repeated
measures ANOVA performed on i.c.v. data revealed
highly significant main effects of morphine dose
(F2,39 = 11.64) and OFQ (F1,39 = 8.91), and a non-
significant morphine x OFQ interaction (F2,39 =
1.75, n.s.). As shown in Figure LA, i.cv. morphine +
vehicle dose-dependently increased TW latencies
(significantlv at the 10 and 50 rg doses), which
peaked at 30 min post-injection. In contrast, mice
receiving i.c.v. morphine + OFQ displayed signifi-
cantly increased TW latencies at the high (50 ng) dose
only, and here the latencies were significantly arten-
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OFQ, respectively) represent the mean = s.e.m. of 6-8 mice. (¢} 0 ug morphine
{dotted lines); (&) 1ug morphine; (@) 10 1g morphine; (B 50 pg morphine.

retested for TW latencies 15, 30 and

“p<0.05 compared with corresponding morphine + vehicle

uated at both 15 min and 30 min post-injection rela-
tive to animals receiving i.c.v. morphine + vehicle.
The failure of OFQ to antagonize 50 pg morphine
antinociception at 60 min post-injection may reflect
degradation of OFQ by this time.

Repeated measures ANOVA performed on i.t.
data revealed a highly significant main effect of
morphine dose (F2,41 =7.96), but no significant main
effect of OFQ (F1,41=0.18, ns.) or morphine x
OFQ interaction (F2,41 = 0.35, n.s.) were evidenr. As
shown in Figure IB, i.r. morphine produced dose-
dependent increases in TW latency (significant at the
10 and 50 ug doses), peaking at 30 min post-injec-
tion. In contrast to data obtained with i.c.v. admin-
istration, effects of i.t. morphine were not atrenuared
by co-administration of 10 nmol OFQ. No signifi-
cant differences berween OFQ- and vehicle-treated
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Table 1. Effects of OFQ on i.c.v. and i.t morphine dose-
response relationships

Route CNS Morphine Potency
injection®  ADg? (ng) ratio®
L.e.v. Vehicle 275« 10.6 2.2*

, OFQ  61.2:83
it Vehicle  336=122 1.1
OFQ  358:=118

Vehicle (2.5 pi artificial cerebrospinal fluid) or OFQ (10

nmol) were mixed and co-administered with morphine
(0, 10 or 50 pg).

Haif-maximal antinociceptive dose (ADg,) = S.E.M. was
calcuiated by linear regression of the dose-response curve
as described in Materials and Methods,

Calculated as OFQ AD,,: Vehicle ADg,.

Significant dose-response curve shift, p<.05.

mice were observed at any morphine dose and/or
ume point. Table 1 shows AD,s and potency ratios
calculated from linear regression of AUC dara.

In a separate group of mice, we tested rwo other
doses of OFQ (1 and 25 nmol) against 50 pg i
morphine (higher OFQ doses were impractical
because they produce atonia). Again, neither of the
OFQ doses tested significantly altered i.t. morphine
antinociception. However, we observed a trend
towards potentiation of spinal morphine antinoci-
ception by OFQ in this experiment (AUC for
vehicle, 1 nmol OFQ and 25 nmol OFQ, respec-
uvely: 224.3 £42.5, 291.4+ 40.8, 293.0+31.6; p=
0.053). We have in fact, demonstrated this spinal
potentiation of morphine antinociception in rats and
further studies are currently underway to determine
the reproducibility of this effect in mice.

Discussion

We interpret our data to suggest that OFQ 15 a
selective supraspinal anti-opioid within the central
nervous system (CNS), and does not attenuate spinal
opioid antinociception. We have previously shown
that OFQ given i.c.v. dose-dependently reverses
systemic morphine antinociception.® In the present
study, 2 dose of OFQ previously shown to be effec-
tive against 5 mg kg (s.c.) morphine was injected in
combination with various doses of morphine given
1c.v. or it Although morphine produced anunoci-
ception by both routes of administration, OFQ was
only able to antagonize this antinociception when co-
administered i.c.v. We observed that the antagonistic
effect of OFQ was constrained by both morphine
dose and time. Although the antinociception result-
ing from 10 pg morphine was completely abolished
by 10 nmol OFQ, this same OFQ dose was unable to
antagonize fully the antinociceptive effect of 50 ng

morphine. Furthermore, ar 60 min post-injection,
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OFQ was no longer effective against this high dose of
morphine, which may reflect the time window within
which OFQ is biologically active. The metabolism of
OFQ is at present unknown. although likely to be
fairly rapid. It remains to be determined whether
higher doses if OFQ would be more effective against
antinociception induced by 50 ug morphine

Itis worth noting that doses of morphine required
to produce antinociception in the present study, by
both routes of administration, are considerably
higher than those commonly reported in the litera-
ture.!"31  Possible reasons for differences in
morphine potency berween studies include genotype
of the subject, algesiometric assay (stimulus type and
intensity, testing protocol), method of potency calcu-
lation, and/or environmental factors including stress
and circadian effects. Genotype is particularly likely
to be relevant, having substantial effects on pain
sensitivity and antinociception (sce Ref. 15 for
review). In fact, Swiss—Webster mice display very low
sensitivity to antinociceptive drugs; antinociceptive
EDyys for morphine in various algesiometric assays
are 2- to 4-fold higher in Swiss—Webster mice than
in other strains.'s” In addition, surprisingly large
differences in antinociceptive potency in rodents of
the same strain but from different vendors have been
noted.! Despite the high doses of morphine required
in this study, the antagonism of morphine antinoci-
ception by supraspinal OFQ was unambiguous, and
thus supports and extends our previous assertion that
OFQ acts as an anti-opioid pepride.

OFQ is not unique in its anti-opioid activity; many
other peptides have been purported to have such
antagonistic effects. These include CCK, dynorphin,
FMRFamide (and its analogs including NPFF), MIE-
1/Tyr-MIF-1, «-MSH, neurotensin and TRH.!-2!
Whether OFQ blocks opioid actions via mecha-
nism(s) similar to those of other ant-opioids remains
unknown. However, the present study reveals an
interesting difference berween OFQ and other anti-
opioid peptides, in that the latrer all appear to have
spinal anti-opioid actions®2-% whereas OFQ does
not. The supraspinal specificity of OFQ may imply
a different mechanism of interaction with opioid
systems. Another notable difference berween OFQ
and other anti-opioids is that OFQ appears to have
evolved as part of the opioid gene family. Further
research should clarify whether common or diver-
gent mechanisms of anti-opioid action exist berween
OFQ and other anti-opioids, in addition to possible
interactions among them.

Conclusions

The results of the present study demonstrate that
OFQ, the endogenous ligand of the orphan opioid
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pror, LC132, selectively antagonizes supraspinal

hine anunociception. These data support the
tention that OFQ may play an important role in
modulation of opioid processes.
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