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Blockade of u-opioid receptors reveals the hyperalgesic effect of

orphanin FQ/nociceptin in the rat hot plate test

*1Kabirullah Lutfy & 'Nigel T. Maidment

"Department of Psychiatry and Biobehavioral Sciences, UCLA, Neuropsychiatric Institute, 760 Westwood Plaza, Los Angeles,

California, CA 90024, U.S.A.

1 Orphanin FQ (OFQ, also known as nociceptin) has been proposed to oppose the antinociceptive
effect of endogenous opioid peptides in the brain. We sought to determine whether, conversely, the
endogenous opioid peptides counteract a pronociceptive action of OFQ.

2 In testing this hypothesis, naloxone, a non-selective opioid receptor antagonist, was used to block
the action of endogenous opioid peptides. We then examined whether OFQ would produce
hyperalgesia in the absence of such an endogenous opioidergic tone.

3 Neither naloxone (1 mg kg='; s.c.) nor OFQ (up to 30 nmol; i.c.v.) alone induced any significant
change in mean hot plate latency. However, OFQ dose-dependently produced hyperalgesia in rats
pretreated with naloxone, implying that OFQ can indeed produce hyperalgesia once an endogenous
opioidergic tone is inhibited.

4 In subsequent studies, we used subtype selective opioid receptor antagonists to determine which
class of opioid receptor is involved in this response. The effect of naloxone was reproduced using the
selective p-opioid receptor antagonist CTOP (D-Phe-Cyc-Tyr-D-Trp-Orn-Thr-Pen-Thr-NH2), but
not by administration of the d-opioid receptor antagonist, naltrindole (NTI) or the k-opioid receptor
antagonist nor-binaltorphimine (nor-BNI).

5 These results suggest that endogenous opioid peptides acting at the u-, but not x- or J-opioid

receptor may be counteracting the hyperalgesic effect of OFQ in rats.
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Introduction

Soon after the cloning of u-, - and k-opioid receptors, an
orphan opioid receptor-like (ORL-1) receptor with a distinct
pharmacological profile was characterized (Mollereau et al.,
1994; Fukuda er al., 1994; Bunzow et al., 1994; Chen et al.,
1994). The ORL-1 receptor, which is a G protein-coupled
receptor, shows approximately 60—70% homology to the
conventional opioid receptors in the transmembrane domains
(Mollereau et al., 1994; Fukuda et al., 1994; Bunzow et al.,
1994; Chen et al., 1994). Moreover, similarly to these
receptors, activation of the ORL-1 receptor leads to
inhibition of the enzyme adenylyl cyclase (Meunier et al.,
1995; Reinscheid ez al., 1995), reduction of calcium channel
conductance (Connor et al., 1996b; Knoflach er al., 1996),
and activation of potassium channels (Connor et al., 1996a;
Matthes et al., 1996; Vaughan & Christie, 1996). In spite of
the structural homology to the traditional opioid receptors,
the classical opioid ligands do not interact with the ORL-1
receptor (Mollereau et al., 1994; Lachowicz et al., 1995).

In 1995, two independent groups identified a 17-amino acid
peptide as the endogenous ligand of the ORL-1 receptor
(Meunier et al., 1995; Reinscheid et al., 1995). This
heptadecapeptide, which was named orphanin FQ (OFQ;
Reinscheid et al., 1995) or nociceptin (Meunier et al., 1995),
is somewhat structurally related to endogenous opioid
peptides, particularly to dynorphin A (1-17) (Meunier et al.,
1995; Julius, 1995). However, OFQ is lacking the N-terminal
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tyrosine necessary for activation of pu-, 0- and k-opioid
receptors (Reinscheid et al., 1998).

OFQ and its mRNA are widely distributed in the central
nervous system (CNS), and in particular in areas involved in
motivational and emotional behaviors and processing of
nociceptive information (Neal et al., 1999). The effect of OFQ
on nociceptive responses is somewhat complex. At the spinal
level, for example, OFQ is reported to produce either no
effect (Reinscheid ez al., 1995) or antinociception (Xu et al.,
1996; Hoa et al., 1997, King et al., 1997; Jhamandas et al.,
1998; Wang et al., 1999). However, when administered
supraspinally it may produce hyperalgesia (Meunier et al.,
1995; Reinscheid et al., 1995; Wang et al., 1999) and in some
instances even antinociception (Rossi et al., 1996, 1998). The
hyperalgesic effect of OFQ has been questioned and
attributed to inhibition of opioid receptor-mediated stress-
induced antinociception (Mogil et al., 1996; Suaudeau et al.,
1998). Previous studies have also shown that OFQ blocks
antinociception induced by administration of exogenous
opioid analgesics (Mogil et al., 1996; Tian et al., 1997;
Morgan et al., 1997; Lutfy et al., 1999). OFQ may therefore
be regarded as a physiological anti-opioid peptide (Mogil et
al., 1996). It is possible that OFQ and traditional opioid
peptides represent mutually opposing systems in the control
of brain nociceptive circuitry. We sought to provide evidence
for this by determining if OFQ would produce hyperalgesia
under conditions in which opioid receptor-mediated effects
are blocked by pretreatment with naloxone or opioid receptor
sub-type selective antagonists.
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Methods
Subjects

Male and female Sprague Dawley rats (180—200 g) obtained
from Harlan (Madison, WI, U.S.A.) were housed two per
cage with free access to food and water. The rats were housed
on a 12-hr light/12-hr dark cycle for at least 4 days prior to
any experimentation. Rats were anaesthetized with halothane
in a mixture of oxygen and nitrous oxide (1:1) and
stereotaxically implanted with a 22 gauge guide cannula
(3.5 mm long, Plastics One, Inc., Roanoke, VA, U.S.A.)
aimed at the right lateral ventricle (AP: —0.8 mm, ML:
+1.4 mm; and DV: —3.5 mm) according to the atlas of
Paxinos & Watson (1986). The guide cannula was fixed to
two metallic screws in the skull with dental cement. At the
end of the surgical procedure, a dummy cannula was inserted
into the guide cannula in order to prevent blockage of the
guide cannula. Rats were then allowed at least 3 days to
recover from surgery. All intracerebroventricular (i.c.v.)
injections were made in a volume of 5 ul through a 30-gauge
injection cannula that extended 0.5 mm beyond the tip of the
guide cannula. The rats were gently restrained at the time of
drug microinjection.

Effects of OFQ on the mean hot plate latency in the
presence of naloxone

We used the hot plate method of Woolfe & MacDonald
(1944), that is believed to measure nociceptive responses in
the brain as compared to the tail flick assay which is mainly a
spinally mediated pain assay in rodents (Jensen & Yaksh,
1986). The hot plate test is therefore more relevant for
studying the effect of drugs administered i.c.v. We first
studied the effect of either naloxone alone or OFQ alone on
nociceptive responses in the hot plate test in male and female
rats. A basal nociceptive response was first measured for each
rat in which the latency to lick/flutter one of the hind paws or
jump from the hot plate was measured. Approximately
20 min later, rats were injected with either OFQ (30 nmol,
i.c.v.) or naloxone (1.0 mg kg~', s.c.) and tested on the hot
plate apparatus after a further 15 or 25 min delay,
respectively. The choice of the dose of OFQ was based on
previous studies (Meunier et al., 1995; Mogil et al., 1996;
Tian et al., 1997; Lufty et al., 1999). We then examined the
action of OFQ in the presence of naloxone in male and
female rats. Approximately 20 min after baseline measure-
ment, rats were injected with naloxone (1 mg kg—', s.c.) and
10 min later received an injection of OFQ (15 nmol, i.c.v.).
Rats were then tested on the hot plate apparatus 15 and
60 min later (25 and 70 min after naloxone). In a subsequent
study female rats were used to generate a dose-response
relationship for OFQ in the presence of a fixed dose of
naloxone. Rats were pretreated with naloxone (1.0 mg kg,
s.c.), 10 min later received artificial cerebrospinal fluid
(aCSF) or OFQ (7.5, 15 and 30 nmol, i.c.v.) and tested on
the hot plate apparatus 15 min later.

Effects of OFQ on the mean hot plate latency in the
presence of a selective u-, 0-, or k-opioid receptor
antagonist

We used CTOP (D-Phe-Cyc-Tyr-D-Trp-Orn-Thr-Pen-Thr-
NH2), naltrindole (NTI) and nor-binaltorphimine (nor-BNI)
which are p- (Toll, 1992; Devine et al., 1993), J- (Portoghese
et al., 1988a, b), and k- (Portoghese et al., 1987; Takemori et

al., 1988) opioid receptor selective antagonists, respectively.
Initially, the effect of each antagonist alone on nociceptive
responses was examined in female rats. A baseline hot plate
latency was first measured for each rat. Approximately
20 min later, rats were injected i.c.v. with either aCSF,
CTOP (5, 10 or 50 ug), NTI (0.5, 1 or 5 ug) or nor-BNI (1,
10 or 50 ug) and tested on the hot plate apparatus 25 min
later. In subsequent studies, female rats were treated with
aCSF or an antagonist (CTOP: 5 ug; NTI: 0.5, 1 or 5 ug;
nor-BNI: 50 pg) and were injected, 10 min later, with either
aCSF or OFQ (15 nmol) or left untreated. Rats were tested
on the hot plate apparatus 15 min later.

Data analysis

One-way analysis of variance (ANOVA) was employed
throughout, except for the time-course data where repeated
measure ANOVA was used. The Newman—Keuls post-hoc
test was used to determine the significant difference among
various groups. A value of P<0.05 was considered
statistically significant.

Drugs

Naloxone hydrochloride (Sigma; St. Louis, MO, U.S.A.) was
dissolved in saline prior to s.c. administration. NTI (Sigma),
nor-BNI (Research Biochemicals International, Natick, MA,
U.S.A.), CTOP (Bachem, Torrance, CA, U.S.A.) and OFQ
(Phoenix Pharmaceuticals, Inc., Mountain View, CA, U.S.A.)
were dissolved in aCSF for i.c.v. injection. The composition
of aCSF was (mM): NaCl (125); KCl (2.5); NaH,PO, (0.9);
Na,HPO, (5); MgCl, (1); d-glucose (2.5); CaCl, (1.2); bovine
serum albumin (0.025%).

Results

Effects of OFQ on the mean hot plate latency in the
presence of naloxone

Neither OFQ (30 nmol, i.c.v.) nor naloxone (1 mg kg~', s.c.)
produced a significant change from baseline hot plate latency
in male or female rats when administered separately (data not
shown). However, OFQ time-dependently decreased hot plate
latencies in male (Figure la) and female (Figure 1lb) rats
pretreated with naloxone. The hot plate latency was
significantly different from baseline at 15, but not at
60 min, in both groups (F,s=6.72; F,s=15.53, in male
and female rats, respectively, P<0.05). In subsequent studies
we examined the dose-dependency of this response in female
rats at the time of peak effect. OFQ produced hyperalgesia in
the presence of naloxone in a dose-dependent manner (Figure
2). One-way ANOVA followed by the Newman— Keuls post-
hoc test revealed that OFQ did not produce any change at the
lowest dose (7.5 nmol), however OFQ produced hyperalgesia
at 15 and 30 nmol (F;33,=9.91; P<0.05). Furthermore, the
effect of OFQ at the highest dose was significantly greater
than the other two lower doses of the drug (P<0.05).
Analysis of the baseline latencies revealed no significant
difference among the groups (F33,=0.28, P>0.05).

Effects of OFQ on the mean hot plate latency in the
presence of CTOP

The selective p-opioid receptor antagonist, CTOP, produced
no hyperalgesic response when administered alone i.c.v. at
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any of the tested doses (F5,,=0.88, p>0.05). At the two
higher doses (10 and 50 ug), however, CTOP was observed to
increase motor behaviors. The effect of OFQ was therefore
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Figure 1 Pretreatment with naloxone revealed a hyperalgesic effect
of OFQ in male (a) and female (b) rats. Rats were tested on the hot
plate test prior to any drug administration (baseline). Twenty min
later, rats were pretreated with naloxone (1 mgkg™!, s.c.) and
10 min later injected with OFQ (15 nmol, i.c.v.; n=6 rats dose™').
Rats were tested after a 15-min delay. *Significantly different from
baseline and 60 min time point (P <0.05).
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Figure 2 OFQ dose-dependently produced hyperalgesia in the
presence of naloxone. Rats were initially tested for baseline and
20 min later injected with naloxone (I mg kg~!, s.c.). After a 10-min
delay, rats received OFQ (7.5—30 nmol, i.c.v.; n=6—12 rats dose ).
Rats were then tested on the hot plate machine after a further 15-min
delay. *Significantly different from rats treated with aCSF or the
lowest dose of OFQ (P <0.05). #Significantly different from all other
groups (P<0.05).

examined in the presence of the lowest dose (5 ug) of CTOP.
Despite the fact that OFQ and CTOP did not significantly
change the mean hot plate latency when each drug was
administered alone (see above) or in conjunction with aCSF
(Figure 3), there was a significant decrease in the mean hot
plate latency in rats treated with a combination of the two
drugs (F;14=10.83; P<0.05). The baseline values were not
significantly different between the two groups (F;14=0.32,
P>0.05).

Effects of OFQ on the mean hot plate latency in the
presence of naltrindole (NTI)

I.c.v. administration of the J-opioid receptor selective
antagonist, NTI, alone decreased the baseline hot plate
latency at a dose of 1 and 5 ug (Fs,0=2.84, P<0.05; Figure
4). The lowest dose of NTI (0.5 ug) had no effect alone and
also failed to reveal a hyperalgesic effect of OFQ (P>0.05).
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Figure 3 OFQ produces hyperalgesia in the presence of CTOP (D-
Phe-Cyc-Tyr-D-Trp-Orn-Thr-Pen-Thr-NH2). Rats were tested for
baseline and 20 min later injected with either aCSF or CTOP (5 ug,
i.c.v.). After a 10-min delay, rats received OFQ (15 nmol, i.c.v.;
n=6-12 rats group ') and tested on the hot plate apparatus after a
15-min delay. *Significantly different from rats treated with CTOP
followed by aCSF (P<0.05).
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Figure 4 OFQ did not produce hyperalgesia in the presence of
naltrindole (NTI). Rats were initially tested for baseline hot plate
latency prior to any drug administration. Twenty min later, rats were
injected with NTI (0.5, 1 and 5 pg, i.c.v.). After a 10-min delay, some
rats received OFQ (15 nmol, i.c.v.; n=6-9 rats group™'). All rats
were then tested on the hot plate apparatus after a further 15-min
delay. *Significantly different from baseline (P <0.05).
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Furthermore, the higher doses of NTI (1 and 5 ug) that
significantly (P<0.05) decreased hot plate latencies did not
reveal a further hyperalgesic effect of OFQ (Figure 4).

Effects of OFQ on the mean hot plate latency in the
presence of nor-binaltorphimine (nor-BNI)

The k-opioid receptor antagonist, nor-BNI, did not produce
any hyperalgesic effect when administered i.c.v. alone at any
dose tested (F,17=0.19, P>0.05). Furthermore, the combi-
nation of the highest dose of nor-BNI (50 pg) with OFQ
(15 nmol, i.c.v.) failed to produce a hyperalgesic effect
(F5.15=0.24, P>0.05; Figure 5).

Discussion

The main finding of the present study is that OFQ produced
hyperalgesia in the presence of naloxone in the rat hot plate
test. Moreover, OFQ elicited hyperalgesia in the presence of
CTOP, a selective p-opioid receptor antagonist, but not the
0- or k-opioid receptor antagonists, NTI and nor-BNI,
respectively, indicating that blockade of the u-opioid receptor
is a determinant factor in revealing the hyperalgesic effect of
OFQ.

Initial studies showed that i.c.v. administration of OFQ
produces hyperalgesia in the mouse hot plate test (Meunier et
al., 1995) and tail flick assay (Reinscheid et al., 1995). The
results of subsequent studies, however, suggested that OFQ,
rather than producing hyperalgesia per se, opposes an opioid
receptor-mediated stress-induced antinociception (Mogil et
al., 1996; Suaudeau et al., 1998). This was further supported
by the observation that OFQ blocked the antinociceptive
effect of exogenous opioid receptor agonists (Mogil et al.,
1996; Tian et al., 1997, Morgan et al., 1997; Lutfy et al.,
1999). OFQ was therefore proposed to act simply as an
endogenous counter-opioid peptide in brain nociceptive
circuitry (Mogil et al., 1996; Suaudeau et al., 1998). In the
present study we tested the converse hypothesis, whereby
endogenous opioid peptide systems may counteract an
underlying pronociceptive action of OFQ, such that if opioid
receptors are blocked by pretreatment with opioid receptor
antagonists OFQ would produce hyperalgesia. Our results

Hot plate latency (sec)

aCSF OFQ alone nor-BNI alone nor-BNI plus OFQ

Treatment

Figure 5 OFQ and nor-binaltorphimine (nor-BNI) did not produce
hyperalgesia when administered alone or in combination. Rats were
tested for baseline and 20 min later injected with aCSF or nor-BNI
(50 pg, i.c.v.). Some rats were left untreated. After a 10-min delay,
rats received an i.c.v. injection of aCSF or OFQ (15 nmol; n=5-6
rats treatment ~') and tested after a further 15-min delay.

show that blockade of an endogenous opioidergic tone does,
indeed, uncover the expression of a hyperalgesic effect of
OFQ in both male and female rats. The data indicate that the
apparent hyperalgesic effect of OFQ observed previously
(Meunier et al., 1995; Reinscheid et al., 1995) may not be due
simply to inhibition of opioid receptor-mediated stress-
induced antinociception for the reasons given below. First,
no stress-induced antinociception was apparent in our model
(Lutfy et al., 1999). Second, accordingly, naloxone alone did
not produce hyperalgesia in the current experiments, and
third, OFQ should have been without any significant effect in
the presence of naloxone if OFQ were simply blocking
endogenous opioid-mediated stress-induced antinociception.
Rather, they suggest that the opioid and OFQ systems may
function as two parallel, mutually opposing pathways. We
propose that exogenously administered OFQ elicits a
counter-balancing activation of endogenous opioid circuits.
When this is blocked by naloxone, the hyperalgesic effect of
OFQ is allowed to predominate. Conversely, concomitant
blockade of the ORL-1 receptor might lead to a greater
antinociceptive effect of opioid receptor agonists. The
development of non-peptide ORL-1 receptor antagonists will
shortly allow this to be tested.

The apparent discrepancy between our data and those of
others (Mogil et al., 1996; Suaudeau et al., 1998) could be
due to the use of different experimental paradigms. In
particular, the dose of OFQ may be important since OFQ
produced hyperalgesia in the present study at doses that were
not included in previous investigations (Mogil et al., 1996;
Suaudeau ez al., 1998). However, it should be noted that
closer observation of the data of Mogil ef al. (1996) reveal
that a combination of naloxone and OFQ appeared to
produce a greater apparent hyperalgesic response than
naloxone alone, which is in concordance with our data.

At present, at least three distinct classes of opioid
receptors, namely u, 6 and k, are cloned and pharmacolo-
gically characterized (for review, see Minami & Satoh, 1995).
Naloxone is considered as a non-selective opioid receptor
antagonist. To determine which subtype of the opioid
receptors was blocked by naloxone to reveal the hyperalgesic
action of OFQ, we studied the effect of OFQ in the presence
of CTOP, NTI and nor-BNI which are, respectively, u-, J-
and x-opioid receptor selective antagonists. Despite the fact
that CTOP did not change the mean hot plate latency when
administered in conjunction with aCSF, the combination of
CTOP with OFQ did produce hyperalgesia, indicating that
blockade of the p-opioid receptor is sufficient to uncover the
hyperalgesic effect of OFQ. Since NTI and nor-BNI were
without effect in this regard, our results suggest that it is a u-
opioid receptor-mediated event that counteracts the hyper-
algesic effect of exogenous OFQ, without affecting basal
nociceptive responses.

In conclusion, OFQ and naloxone each were devoid of any
hyperalgesic action when administered alone at doses used in
the present study. However, pretreatment with naloxone
revealed the hyperalgesic effect of OFQ in the rat hot plate
test. Pretreatment with CTOP, a selective p-opioid receptor
antagonist, similarly allowed OFQ to produce a hyperalgesic
response. In contrast, NTI and nor-BNI did not display such
an effect. Our data when taken in the context of previous
studies suggest that OFQ can produce hyperalgesia in the
absence of opioid receptor-mediated stress-induced antinoci-
ception and support the notion that OFQ and endogenous
opioid peptides, acting at the u-opioid receptor, may act in a
mutually opposing manner in brain circuitry to regulate
nociceptive tone.
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