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1 The present study was designed to investigate further the e�ects of the newly discovered orphanin FQ
(OFQ) ± the endogenous ligand for the orphan opioid receptor (called, e.g., ORL1 and LC132) ± on pain
modulation in the rat. We used the tail-¯ick assay as a nociceptive index.

2 When injected into a cerebral ventricle, OFQ (4 fmol ± 10 nmol) has no e�ect on basal tail-¯ick
latency by itself at any dose, but dose-dependently antagonizes systemic morphine analgesia (400 fmol ±
50 nmol).

3 Injected intrathecally, OFQ (3 and 10 nmol) displayed an analgesic e�ect without producing motor
dysfunction, and potentiated morphine analgesia (1 and 10 nmol).

4 The anti-opioid e�ect of OFQ in rat brain and the high level of expression of LC132/ORL1 receptor
in the locus coeruleus indicated a possible role of OFQ in the precipitation of opiate withdrawal
symptoms. However, no such precipitation was observed by OFQ in morphine-dependent rats.
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Introduction

Unlike three other opioid receptors (m, d and k) that were
cloned after the discovery of their ligands, the orphan opioid
receptor (Bunzow et al., 1994; Mollereau et al., 1994; Wang et
al., 1994) was discovered before the isolation of its endogenous
ligand (Meunier et al., 1995; Reinscheid et al., 1995). This re-
ceptor, named LC 132 (Bunzow et al., 1994) or ORL1 (Mol-
lerau et al., 1994), shows approximately 50% identity with m-,
d-, or k-opioid receptors, belongs to the superfamily of G-
protein coupled receptors, and inhibits adenylate cyclase, all
suggesting that it is an opioid receptor, despite the fact that
typical opioid ligands bind it with very low a�nity. Therefore,
it has been considered an `orphan receptor', until last year two
laboratories puri®ed its endogenous agonist, a 17-amino acid
peptide named orphanin FQ (OFQ) (Reinscheid et al., 1995) or
nociceptin (Meunier et al., 1995).

The ORL1/LC132 receptor is distributed widely in brain, as
mapped by the in situ hybridization (Bunzow et al., 1994;
Mollereau et al., 1994) and immunohistochemistry (Anton et
al., 1996). The high level expression in brain areas, such as
amygdala, hypothalamus, periaqueductal gray(PAG), dorsal
raphe nucleus and spinal cord dorsal horn suggested its in-
volvement in nociceptive processing. Interestingly, although
OFQ is structurally similar to the opioid peptides, and shows
the same intracellular e�ects as the opioids in lowering the
adenosine 3', 5'-cyclic monophosphate (cyclic AMP) level
(Meunier et al., 1995; Reinscheid et al., 1995), decreasing cal-
cium conductance (Conner et al., 1996) and increasing po-
tassium conductance (Vaughan & Christie, 1996), it was shown
to induce hyperalgesia rather than analgesia when injected into
the cerebral ventricle of mice (Meunier et al., 1995; Reinscheid
et al., 1995). However, more recently Mogil et al. (1996b) have
shown that the apparent hyperalgesic e�ect of OFQ was in fact
a reversal of opioid-mediated analgesia related to the i.c.v.

injection procedure (which in mice proceeds directly through
the skull into the ventricle). Their suggestion that OFQ has
anti-opioid properties in the mouse was further supported by
®ndings that OFQ blocks supraspinal (but not spinal) mor-
phine, [D-Ala2, N-Me-Phe4-Gly-ol]enkephalin (DAMGO), [D-
Pen2, D-Pen5]enkephalin (DPDPE) and U-50, 488H analgesia
(Grisel et al., 1996; Mogil et al., 1996a,b).

The aim of the present study was to observe the e�ects of
OFQ, injected either intracerebroventricularly (i.c.v.) or in-
trathecally (i.t.) in the rat, on systemic morphine-induced an-
algesia as tested by the tail-¯ick assay. The results indicate that
OFQ antagonizes analgesia in brain and potentiates morphine
analgesia in the spinal cord. The underlying mechanisms of
this bidirectional modulatory e�ect remain to be elucidated.

Methods

Subjects

Adult male Wistar rats weighing 220 ± 280 g were provided by
the Animal Centre in Beijing Medical University. The im-
plantation of i.c.v. cannulae was performed stereotaxically
under 10% chlorohydrate anaesthesia (0.3 ml 100 g71 body
weight). Stainless steel tubing of 0.8 mm outer diameter was
®xed on the skull at coordinates A 5.4, L 1.5, H 3.0 mm, ac-
cording to the Pellegrino et al. (1979) system A. Experiments
with i.c.v. injection were started 3 ± 4 days after the operation.
The injection volume was 10 ml, administered over 10s.

Intrathecal catheterization was performed under 10%
chlorohydrate anaesthesia (0.3 ml 100 g71 body weight) ac-
cording to Yaksh and Rudy (1976). PE-10 tubing of 13 cm in
length was introduced through the incised atlanto-occipital
membrane and the dura down to the subarachnoid space for
7.5 cm to reach the upper border of the lumbar enlargement.
Experiments with i.t. injection were started 1 day after the
operation. The injection volume was 10 ml, administered over
10 s followed by ¯ushing with normal saline (NS, 0.9% NaCl)
at the same rate.
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Nociceptive test

Experiments were performed at room temperature (20+18C).
Nociception was tested by radiant heat tail-¯ick test (Ren &
Han, 1979). Rats were kept in a plastic restrainer with hin-
dlimbs and tail extending. Focused light from a 12.5 W pro-
jection bulb was applied to the lower 1/3 of the tail and the
latency of tail ¯ick reaction (TFL) was recorded to the nearest
0.1 s. Values from the ®rst 3 measurements, with an interest
interval of 5 min, were averaged as the basal TFL, which was
usually in the range of 4 ± 6 s. TFLs obtained in subsequent
tests were expressed as percentage changes from the basal level,
with a cuto� limit of 150% in order to avoid unnecessary skin
damage. In every experiment of tail ¯ick test, we measured tail
temperature, and if it was changed more than 18C (compared
with room temperature), the tail ¯ick latency would be cor-
rected by a coe�cient of 70.25 s/8C (Ren & Han, 1979).

Evaluation of motor function

(1) Neuroscore (Long et al., 1989). Level 0: total paralysis of
hindlimbs; level 1: severe paralysis of hindlimbs allowing a
little movement, but cannot support the body or crawl; level 2;
moderate paralysis of hindlimbs allowing crawling, but cannot
support the body to walk; level 3: slight paralysis of hindlimbs,
walks lamely, level 4: no paralysis of hindlimbs, walks freely.

(2) Sliding plate test (Rivlin & Tator, 1977). An inclined
plane was used to evaluate motor function. The rat was placed
on a sloping board with a changeable angle. The greatest slope
of the board that the rat could maintain itself on was the motor
function score. Typically, a saline-treated rat could maintain
its position at a slope of 538, values from ®rst three measure-
ments were averaged as the basal angle. Angles obtained in
subsequent measurements were expressed as angle change
from the basal level.

Morphine dependence and withdrawal precipitation

Rats were injected subcutaneously (s.c.) 3 times a day (06 h,
15 h, 22 h) for 7 days with increasing dose of morphine (5, 10,
20, 40, 50, 60, 70 mg kg71). On the 6th and 8th day (06 h), rats
received an i.c.v. injection of OFQ (2, 10 or 50 nmol), or an i.p.
injection of naloxone (1 mg kg71) as a positive control. Clas-
sical withdrawal symptoms, including for quanti®ed signs
(escape attempts, wet-dog shakes, penile licking, weight loss)
and one binary sign (teeth chattering), were evaluated for
45 min after injection. The results obtained on day 6 and 8 of
each rat were averaged.

Chemicals

Orphanin FQ (OFQ, full sequence of 17 amino acids) was a
product of Phoenix Pharmaceuticals, Inc. (U.S.A.). Morphine
HCl is a product of Qinghai Drug House (China). Naloxone
HCl was obtained from Sigma (U.S.A.). All drugs were dis-
solved in sterile NS.

Statistical analysis

The data are expressed as the mean+s.e. Group di�erences
were assessed by two-way analyses of variance (ANOVAs)
followed by Newman-Keuls post-hoc test. P50.05 was taken
as the signi®cant level of di�erence.

Results

The e�ect of i.c.v. OFQ on morphine analgesia

Naive Wistar rats (n=9*11 per group) were injected s.c. with
5 mg kg71 morphine. TFL was measured before and at 10 min
intervals after the s.c. injection. By measurements taken at

20 min, we identi®ed analgesic rats (those with a percentage
increase over 100%) to be given i.c.v. injection of normal saline
(NS) or OFQ (4, 40 or 400 fmol; 4, 40 or 400 pmol; 10 or 50
nmol), and retested every 10 min for 100 min. The results are
shown in Figure 1. In the NS control group, morphine pro-
duced an increase in TFL for more than 60 min. I.c.v. injection
of OFQ, ranging from 40 fmol to 50 nmol, produced a dose-
dependent reversal of morphine-induced analgesia.

To assess whether OFQ itself a�ected TFL, OFQ alone
(from 4 fmol to 10 nmol) was injected i.c.v., and TFL was
tested before and at 10-min intervals after the injection for
120 min. No signi®cant di�erence in TFL was found between
the OFQ group (at any dose) and the NS group, as can be seen
in Figure 2.

The e�ect of i.t. OFQ on morphine analgesia

Cumulative s.c. injection of morphine (1, 1, 2, 4, 8 mg kg71 at
30-min intervals) was used to induce an increasing analgesic
e�ect. OFQ was administered i.t. 10 min after the ®rst injec-
tion of morphine. Results are shown in Figure 3. The cumu-
lative dose-e�ect curve for morphine was shifted to the left by 1
and 10 nmol OFQ (P50.05), indicating that i.t. OFQ po-
tentiated the morphine-induced analgesia.

The e�ect of i.t. OFQ on basal TFL and motor function

I.t. injection of OFQ produced a dose-dependent increase in
TFL, as shown in Figure 4. TFL was increased by 3 nmol and
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Figure 1 E�ect of i.c.v. OFQ on morphine analgesia in rats. (a)
Dose-dependent reversal of morphine analgesia by OFQ at (*)
40 fmol (n=11), (~) 400 fmol (n=10) and (&) 50 nmol (n=9); (*)
normal saline (NS) (n=11). (b) Morphine analgesia expressed as the
mean area under the curve (MAUC) over the 20*120min period of
the testing session in the presence (hatched columns) and absence
(open column) of OFQ; n=9±11. Symbols (columns) represent mean
and vertical lines s.e. *P50.05 **P50.01 compared with NS (normal
saline) group, tested by ANOVA followed by Newman-Keuls post-
hoc test.
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10 nmol OFQ, reached a peak at 10 min after i.t. injection,
declined quickly thereafter. The 1 nmol OFQ dose had no ef-
fect on basal TFL (Figure 4a). Figure 4b shows the mean area
under the curve (MAUC) over total testing session. The e�ects
of 1, 3 and 10 nmol ORQ revealed a good dose-e�ect re-
lationship (r=0.9964).

In order to evaluate whether the e�ect of OFQ was sec-
ondary to motoric impairment, we tested motor function after
i.t. injection of OFQ every 10 min for a total of 60 min by the
neuroscore (Long et al., 1989) and sliding plate (Rivlin &
Tator, 1977) tests. Evaluation by neuroscore showed that in all
41 rats given OFQ (1 nmol, n=9; 3 nmol, n=10; 10 nmol,
n=13) or NS (n=9), only 2 rats given 10 nmol OFQ had slight
paralysis of one hindlimb (neuroscore: Level 3) which was not
spontaneously reversible (data not shown). In the sliding plate
test, no signi®cant angle changes were observed in any group
(Figure 5). These results suggested that at or below the dose of
10 nmol, ORQ did not cause apparent motor dysfunction in
rats.

OFQ did not precipitate withdrawal symptoms in
morphine-dependent rats

In morphine-dependent rats, naloxone (1 mg kg71, i.p.) pre-
cipitated all withdrawal symptoms except penile licking. No
such precipitation was observed with any dose of OFQ ad-

ministered i.c.v. (2, 10 or 50 nmol), as shown in Figure 6. We
also noted that 50 nmol OFQ tended to inhibit wet-dog shakes
and escape attempts, possibly due to a decease in locomotor
activity caused by this high dose of OFQ.
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Figure 3 E�ect of i.t. OFQ on morphine analgesia in rats. The dose-
e�ect curves after cumulative s.c. injection of morphine (1, 1, 2, 4,
8mgkg71 every 30min) are shown. (*) Normal saline (NS) (n=14);
(*) 0.1 nmol OFQ (n=13); (~) 1 nmol OFQ (n=15); (&) 10 nmol
(n=13). Symbols represent mean and vertical lines s.e. *P50.05
compared with NS group, tested by ANOVA followed by Newman-
Keuls post-hoc test.
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Figure 4 E�ect of i.t. OFQ on basal tail-¯ick latency (TFL) in rats.
(a) The dose-e�ect curves of OFQ during 60min after i.t. injection at
(*) 1 nmol (n=9), (~) 3 nmol (n=10) and (&) 10 nmol (n=13); (*)
normal saline (n=10). (b) Data from (a) expressed as mean area
under the curve (MAUC) over 60min. (*) normal saline; (*) OFQ.
r (regression coe�cient)=0.9964. Symbols represent mean and
vertical lines show s.e. n=9± 13. *P50.05, **P50.01, compared
with NS (normal saline) group, assessed by ANOVA followed by the
Newman-Keuls post-hoc test.
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Figure 5 E�ect of i.t. OFQ on motor function of rats as assessed by
the angle change on the sliding plate test at (*) 1 nmol (n=9), (~)
3 nmol (n=10) and (&) 10 nmol (n=13); (*) normal saline (NS)
(n=9). Symbols represent mean and vertical lines show s.e. Tested by
ANOVA followed by Newman-Keuls post-hoc test.
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Figure 2 E�ect of i.c.v. OFQ on basal tail-¯ick latency (TFL) in
rats. Shown are mean area under the curve (MAUC) over the entire
2 h testing session in the presence (*) and absence (*) of OFQ.
Symbols represent mean and vertical lines s.e., n=8± 10.
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Discussion

This study demonstrated that: (1) i.c.v. injection of OFQ,
ranging from 40 fmol to 50 nmol, dose-dependently reverses
systemic morphine-induced analgesia in rats, while itself pro-
ducing neither analgesia nor hyperalgesia; (2) i.t. injection of
OFQ not only produces analgesia by itself, but also potentiates
cumulative morphine-induced analgesia; and, (3) i.c.v. OFQ
does not precipitate a withdrawal syndrome in morphine-de-
pendent rats.

Research on morphine-induced analgesia has had a long
history, and has been studied in great detail. Systemically ad-
ministered morphine produces its antinociceptive e�ect
through two synergistic mechanisms: synergy between m, d,
and/or k receptors (Sutters et al., 1990), the other is synergy
between spinal and supraspinal opioid systems (Yeung &
Rudy, 1980; Roerig et al., 1984; Miyamoto et al., 1991). The
descending noradrenergic system, in addition to the 5-hydro-
xytryptaminergic sytem, may be an important component in
the spinal/supraspinal interaction (Wigdor & Wilcox, 1987). It
is also important to point out that morphine inhibits pain
transmission neurones directly (by reducing transmitter release
from primary a�erent neurones and hyperpolarizing nocicep-
tive dorsal horn neurones) as well as indirectly through pain-
modulating systems, involving the midbrain PAG and the
rostral ventromedial medulla (RVM), which project to the
spinal cord (see, e.g., Basbaum & Fields, 1984).

The site(s) and mechanism of the anti-opioid action of OFQ
remain elusive at the present time. OFQ may remain in su-
praspinal loci after i.c.v. injection (Tseng & Fujimoto, 1984),

but the range of its di�usion and the precise site of its action
are not clear. Among the regions to which OFQ possibly dif-
fuses, the hypothalamus, PAG, locus coeruleus and raphe
complex, all show a high level of expression of the ORL1/
LC132 receptor (Anton et al., 1996), a�ording a possible e�ect
of OFQ. The fact that OFQ has low a�nity for other opiate
receptors but binds ORL1/LC132 in a saturable manner and
with high a�nity (Reinscheid et al., 1995) suggests that OFQ
needs to bind a speci®c receptor to produce its actions. Of
course, we cannot be sure of this until after the development of
a selective and speci®c antagonist for ORL1/LC132.

Recently, Mogil and colleagues (1996a,b) demonstrated
that i.c.v. OFQ can antagonize systemic morphine analgesia,
opioid-mediated stress-induced analgesia, and m- d- and k-
mediated analgesia in mice. Our results replicate theirs and
extend them to another species, suggesting that OFQ has a
functional interaction with the opioid system. These kinds of
e�ects of OFQ are similar to those of other anti-opioid
peptides, including cholecystokinin octapeptide (CCK-8)
(Han, 1995). However, unlike CCK-8, OFQ shares amino
acid homology with the known members of the opioid fa-
mily, and when acting at the ORL1/LC132 receptor has the
same e�ect on cyclic AMP levels, calcium conductance and
potassium conductance as the opiates. We can thus con-
jecture that OFQ may have a di�erent anti-opioid mechan-
ism compared to that of CCK-8. OFQ probably exerts its
anti-opioid actions indirectly, through the pain-modulation
system. Further study is needed to evaluate the e�ect of
OFQ on opioid analgesia in the PAG, the locus coeruleus
and raphe complex, all of which show high level expression
of the ORL1/LC132 receptor.

In contrast to our results in brain, it was somewhat sur-
prising when we found the analgesic e�ect of OFQ in the spinal
cord. We showed that OFQ can dose-dependently induce an-
algesia (but not hyperalgesia) after i.t. injection without pro-
ducing motor dysfunction. In addition, when administered
10 min after the ®rst s.c. injection of morphine (1 mg kg71),
1 nmol OFQ potentiated cumulative morphine analgesia. We
consider this e�ect a potentiation because 1 nmol OFQ has no
analgesic e�ect on its own (Figure 4). In the mouse, Grisel et
al. (1996) have observed no anti-opioid e�ects but a trend
towards potentiation of morphine analgesia by 10 nmol OFQ.
They did not, however, observe any analgesic actions of i.t.
OFQ, suggesting that some of the e�ects of OFQ may be
species-speci®c.

Our data suggest that spinally, the analgesic e�ect of OFQ
works only at certain high doses and has a modest and short-
lasting action, whereas supraspinally, OFQ works over a large
dose range (40 fmol to 50 nmol) and has anti-opioid e�ects
lasting for at least 60 min (Figure 1a). There are some possible
explanations for this disparity: (1) OFQ might be degraded
more rapidly in the spinal cord; (2) the ORL1/LC132 receptor
might desensitize more quickly; and, (3) in brain, OFQ might
produce its e�ects through the induction of other anti-opioid
mechanisms. These possibilities and others remain to be eval-
uated in the future.

In addition to pain-related areas, ORL1/LC132 receptor
transcripts are highly expressed in limbic system regions such
as the cerebral cortex, amygdala and hippocampus (Bunzow et
al., 1994; Mollereau et al., 1994). The euphoric and addictive
properties of opiate drugs are considered to be related to the
actions of opioid ligands on limbic system function and plas-
ticity. There are also high levels of the ORL1/LC132 receptors
in the locus coeruleus, which is an important site for the ex-
pression of opiate withdrawal syndromes (Aghajanian, 1978).
These ®ndings suggest to us that OFQ might be involved in
morphine tolerance and dependence. Although OFQ did not
precipitate a withdrawal syndrome in morphine-dependent
rats in the present study, the possible role of OFQ in this ®eld
will still be worth studying.

A last point concerns the similarity between OFQ and dy-
norphin, in both structure and function. Dynorphin also dis-
plays a bidirectional modulatory e�ect on morphine-induced
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Figure 6 E�ect of OFQ (2, 10 or 50 nmol, i.c.v.) or naloxone (Nal,
1mg kg71, i.p.) in morphine-dependent rats. Shown are four classic
withdrawal signs and weight loss during the whole 45-min
observation period in the absence (open columns) and presence of
naloxone (solid columns) or OFQ (hatched columns). Columns
represent mean+s.e., n=10± 12. **P50.01, compared with NS
(normal saline) group, assessed by ANOVA followed by Newman-
Keuls post-hoc test.
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analgesia (Ren et al., 1985). It can act as a neurotransmitter at
glutamatergic mossy ®bre synapses within the hippocampus,
depress synaptic transmission and inhibit the induction and
expression of long-term potentiation through activation of k-
opioid receptors (Weisskopf et al., 1993). All of these results
suggest that OFQ, acting at the ORL1/LC132 receptor, may
play a similar role to dynorphin in modulating pain trans-
mission and synaptic plasticity in the central nervous system.

OFQ and dynorphin might represent a class of neuropeptides
which would be better designated as `opioid-modulating pep-
tides' due to their complicated function.

This work was supported by NIH grant DA03983 to J.-S.H. We
thank Dr David K. Grandy (and NIH grant DA08562) for
generously supplying the OFQ.

References

AGHAJANIAN, G.K. (1978). Tolerance of locus coeruleus neurones
to morphine and suppression of withdrawal response by
clonidine. Nature, 276, 186 ± 188.

ANTON, B., FEIN, J., TO, T., LI, X., SILBERSTEIN, L. & EVANS, C.J.

(1996). Immunohistochemical localization of ORL-1 in the
central nervous system of the rat. J. Comp. Neurol., 368, 229 ±
251.

BASBAUM, A.I. & FIELDS, H.L. (1984). Endogenous pain control
systems: brainstem spinal pathways and endorphin circuitry.
Annu. Rev. Neurosci., 7, 309 ± 338.

BUNZOW, J.R., SAEZ, C., MORTRUD, M., BOUVIER, C., WILLIAMS,

J.T., LOW, M. & GRANDY, D.K. (1994). Molecular cloning and
tissue distribution of a putative member of the rat opioid receptor
gene family that is not a m, d or k opioid receptor type. FEBS
Lett., 347, 284 ± 288.

CONNER, M., YEO, A. & HENDERSON, G. (1996). The e�ect of
nociceptin on Ca2+ channel current and intracellular Ca2+ in the
SH-SY5Y human neuroblastoma cell line. Br. J. Pharmacol., 118,
205 ± 207.

GRISEL, J.E., MOGIL, J.S., BELKNAP, J.K. & GRANDY, D.K. (1996).
Orphanin FQ acts as a supraspinal, but not a spinal, anti-opioid
peptide. Neuro. Report, 7, 2125 ± 2129.

HAN, J.-S. (1995). Molecular events underlying the anti-opioid e�ect
of cholecystokinin octapeptide (CCK-8) in the central nervous
system. In Pharmacological Sciences: Perspectives for Research
and Therapy in the late 1990s. ed Cuello, A.C. & Collier, B. pp.
199-207. Basel/Switzerland: Birkhauser Verlag.

LONG, J.B., RIGAMONTI, D.D., COSTA, B., RICE, K.C. & MARTINEZ-

ARIZALA, A. (1989). Dynorphin A-induced rat hindlimb
paralysis and spinal cord injury are not altered by the k opioid
antagonist nor-binaltorphimine. Brain Res., 497, 155 ± 162.

MEUNIER, J.C., MOLLEREAU, C., TOLL, L., SUAUDEAU, C.,

MOISAND, C., ALVINERIE, P., BUTOUR, J.L., GUILLEMOT, J.C.,

FERRARA, P., MONSARRAT, B., MAZARGUIL H., VASSART, G.,

PARMENTIEER, M. & COSTENTIN, J. (1995). Isolation and
structure of the endogenous agonist of opioid receptor-like
ORL1 receptor. Nature, 377, 532 ± 535.

MIYAMOTO, Y., MORITA, N., KITABATA, Y., YAMANISHI, T.,

KISHIOKA, S., OZAKI, M. & YAMAMOTO, H. (1991). Antinoci-
ceptive synergism between supraspinal and spinal sites after
subcutaneous morphine evidenced by CNS morphine content.
Brain Res., 533, 136 ± 140.

MOGIL, J.S., GRISEL, J.E., REINSCHEID, R.K., CIVELLI, O., BEL-

KNAP, J.K., & GRANDY, D.K. (1996b). Orphanin FQ is a
functional anti-opioid peptide. Neuroscience, 75, 333 ± 337.

MOGIL, J.S., GRISEL, J.E., ZHANG, G.E., BELKNAP, J.K. & GRANDY,

D.K. (1996a). Functional antagonism of m- d- and k-opioid
antinociception by Orphanin FQ. Neurosci. Lett., 214, 1 ± 4..

MOLLEREAU, C., PARMENTIER, M., MAILLEUX, P., BUTOUR, J.-L.,

MOISAND, C., CHALON, P., CAPUT, D., VASSART, G. &

MEUNIER, J.-C. (1994). ORL1, a novel member of the opioid
receptor family, cloning, functional expression and localization.
FEBS Lett., 341, 33 ± 38.

PELLEGRINO, L.J., PELLEGRINO, A.S. & CUSHMAN, A.J. (1979). A
Sterotaxic Atlas of Rat Brain, 2nd Ed. New York: Plenum.

REINSCHEID, R.K., NOTHACKER, H.P., BOURSON, A., ARDATI, A.,

HENNINGSEN, R.A., BUNZOW, J.R., GRANDY, D.K., LANGEN,

H., MONSMA, J.R., F.J. & CIVELLI, O. (1995). Orphanin FQ: a
neuropeptide that activates an opioid-like G protein-coupled
receptor. Science, 270, 792 ± 794.

REN, M.F. & HAN, J.S (1979). Rat tail ¯ick acupuncture analgesia
model. Chin. Med. J., 92, 567 ± 582.

REN, M.F., LU, C.H. & HAN, J.S. (1985). Dynorphin-A-(1-13)
antagonizes morphine analgesia in the brain and potentiates
morphine analgesia in the spinal cord. Peptides, 6, 1015 ± 1020.

RIVLIN, A.S. & TAYLOR, C.H. (1977). Objective clinical assessment
of motor function after experimental spinal cord injury in the rat.
J. Neurosurg., 47, 577 ± 581.

ROERIG, S.C., O'BRIEN, S.M., FUJIMOTO, J.M. & WILCOX, G.L.

(1984). Tolerance to morphine analgesia: decreased multiplica-
tive interaction between spinal and supraspinal sites. Brain Res.,
308, 360 ± 363.

SUTTERS, K.A., MIASKOWSKI, C., TAIWO, Y.O. & LEVINE, J.D.

(1990). Analgesic synergy and improved motor function produc-
tion by combinations of m-d and m-k-opioids. Brain Res., 530,
290 ± 294.

TSENG, L.F. & FUJIMOTO, J.M. (1984). Di�erential actions of
intrathecal naloxone on blocking the tail-¯ick inhibition induced
by intraventricular b-endorphin and morphine in rats. J.
Pharmacol. Exp. Ther., 232, 74 ± 79.

VAUGHAN, C.W. & CHRISTIE, M.J. (1996). Increase by the ORL(1)
receptor (opioid receptor-like (1)) ligand, nociceptin, of inwardly
rectifying K conductance in dorsal raphe nucleus neurones. Br. J.
Pharmacol., 117, 1609 ± 1611.

WANG, J.B., JOHNSON, P.S., IMAI. Y., PERSICO, A.M., OZENBER-

GER, B.A., EPPLER, C.M. & UHL, G.R. (1994). cDNA cloning of
an orphan opiate receptor gene family member and its splice
variant. FEBS Lett., 348, 75 ± 79.

WEISSKOPF, M.G., ZALUTSKY, R.A. & NICOLL, R.A. (1993). The
opioid peptide dynorphin mediates heterosynaptic depression of
hippocampal mossy ®bre synapses and modulates long term
potentiation. Nature, 362, 423 ± 427.

WIGDOR, S. &WILCOX, G.L. (1987). Central and systemic morphine-
induced antinociception in mice: contribution of descending
serotonergic and noradrenergic pathway. J. Pharmacol. Exp.
Ther., 242, 90 ± 95.

YAKSH, T.L. & RUDY, T.A. (1976). Chronic catheterization of the
spinal subarachnoid space. Physiol. Behav., 17, 1031 ± 1036.

YEUNG, J.C. & RUDY, T.A. (1980). Multiplicative interaction
between narcotic agonisms expressed at spinal and supraspinal
sites of antinociceptive action as revealed by concurrent
intrathecal and intracerebroventricular injections of morphine.
J. Pharmacol. Exp. Ther., 215, 633 ± 642.

(Received July 23, 1996
Revised September 27, 1996
Accepted October 30, 1996)

OFQ: bidirectional modulation of morphine analgesia680 J.-H. Tian et al


