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ORPHANIN FQ or nociceptin (OFQ/N,_,,) is a recently
discovered peptide which, upon intracerebroventricular
administration, reverses opioid-mediated analgesias.
OFQ/N,_,, terminals are located in the periaqueductal
gray (PAG), a structure known to be involved in pain
modulation, suggesting that the functional anti-opioid
effects of OFQ/N,_;, are mediated by PAG neurons. To
test this, subsequent microinjections of morphine or
kainic acid and OFQ/N, ,, were made into the PAG of
awake rats. Administration of OFQ/N, ;, attenuated the
tail flick inhibition produced by both morphine and
kainic acid microinjection. OFQ/N,,, attenuation of
antinociception produced by a neuroexcitant indicates
that OFQ/N,,, reverses opioid antinociception by
inhibiting PAG output neurons.
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Introduction

Ligands that bind to opioid receptors, such as
morphine, are the most effective treatment available
for pain. The discovery of a G protein-coupled
receptor’? that is homologous to p, 8 and x opioid
receptors, but is not bound by classic opioid peptides
suggested the existence of a previously unknown
endogenous opioid. The ligand for this orphan
opioid-like receptor was found to be a 17 amino
acid pepude called orphanin FQ’ or nocicepun’
(OFQ/N, ;). Despite similarities between OFQ/
N, ;> and opioid pepudes, intracerebroventricular
(i.c.v.) administration of OFQ/N| ;, to mice does not
produce analgesia like traditional opioids, but was
reported to enhance nociception.™ Subsequently,
Mogil and colleagues’ demonstrated that this
apparent hyperalgesia was actually an attenuation of
stress-induced analgesia (SIA) that resulted from the
i.c.v. injection procedure. In addition to attenuaung
SIA, ic.v. administration of OFQ/N,,, has been
shown to attenuate the antinociceptive effect of i.c.v.
administration of p, § and k agonists and systemic
administration of morphine.®”

Given that lLc.v. administration of OFQ/N, -
could act at a number of brain sites, the brain struc-
ture(s) via which OFQ/N, _,, attenuates antinocicep-
tion is not known. However, a likely candidate 1s the
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periaqueductal gray (PAG). The PAG is known to
be involved in the modulation of nociception® and
OFQ/N, ,, terminals and receptors have been
reported in the PAG.*" In additon, OFQ/N,_; has
been shown to inhibit PAG neurons recorded in
vitro.'! Surprisingly, this inhibitory effect is identical
to that produced by direct application of morphine,
except that OFQ/N, ; inhibits nearly all PAG
neurons'’ whereas morphine only inhibits a subset
of PAG neurons.!? Even though both morphine and
OFQ/N;, . inhibit PAG neurons, these compounds
could produce opposite effects on nociception
depending on which neurons are affected. If this 1s
the case, then administration of OFQ/N, ;, should
attenuate the antinociception produced by direct acti-
vation of PAG output neurons as occurs with
microinjection of excitatory amino acids. Thus, the
two objectives of the present study were to deter-
mine whether the ventral aspect of the PAG is a site
at which OFQ/N, ,, can block the antinociceptive
effects of morphine, and if so, whether this can be
explained by inhibition of PAG output neurons.

Materials and Methods

Animals:  Thirty-two male Sprague-Dawley rats
("/‘\/‘\

300-350¢) were anesthetized with pentobarbital
(55 mg/kg, 1.p.) and stereotaxically implanted with a
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25 gauge guide cannula (12 mm long) aimed at the
ventral PAG. The guide cannula was affixed to two
screws in the skull with dental cement. Following
surgery, a stylet was inserted into the guide cannula
and the rat allowed at least 1 week to recover before
testing. Rats were housed individually in a tempera-
ture controlled room with a 12:12 h reversed light
cycle. Rats were habituated to the following: hand-
ling, restraint in a Plexiglas tube, and the injection
procedure prior to testing.

Microinjection  procedure: Drug microinjections
were made through a 31 gauge injection cannula that
extended 2 mm beyond the tip of the guide cannula.
All injections were made in a volume of 0.4 pl over
40 s while the rat was gently restrained. The injec-
tion cannula remained in place for an additional 20
s to minimize backflow of the drug up the cannula
track. OFQ/N,,, was purchased from Phoenix
Pharmaceutical Company as a lyophylized powder.
Immediately prior to use, the peptide was dissolved
in artificial CSF (aCSF) and kept on ice until used.

Experiment 1:  On the test day, baseline nociception
was assessed using the tail flick reflex to 52°C water.
Briefly, the caudal third of the tail was placed in the
water and the latency to move the tail measured.
Immediately following two baseline tail flick tests,
morphine (5 pg) was injected into the véntral PAG.
Thirty minutes later the latency for the tail flick reflex
was assessed, followed immediately by microinjec-
tion of OFQ/N, ;> (10 nmol) or aCSF into the same
PAG injecuion site. Tail flick latency was measured
15 and 30 min later.

Experiment 2: The procedure for this experiment
was 1denucal to Experiment 1 except that antinoci-
ception was produced by microinjecting kainic acid
(40 pmol), instead of morphine into the ventral PAG.
Tail flick latency was measured 2, 5 and 15 min after
kainic acid was injected. OFQ/N1-17 or aCSF was
microinjected immediately following the 2 min test.

Histology: Following testing, rats were given a
lethal injection of pentobarbital (120 mg/kg, i.p.). The
injection site was marked by injecting cresyl violet
(0.3 pl) into the same site as the drugs were admin-
istered previously. The brain was removed and placed
in formalin. At least 1 week later brain sections were
cut at 50 wm, placed on slides, and viewed under a
microscope for localization of the injection sire.

Data analysis: To determine whether OFQ/N, ;
reversed antinociception, only rats with a tail flick
latency of = 6.5 s following morphine or kainic acid
administration were included in data analysis (base-
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line latencies ranged from 2.0 to 4.1s). Differences
in mean tail flick latency between OFQ/N, ,.-treated
and aCSF-treated rats were analyzed with a t-test for
independent means.

Results

Experiment 1: Microinjection of morphine inhib-
ited the tail flick reflex in 10 of 17 rats. Injection sites
were located in or immediately adjacent to the vPAG
(Fig. 1). In these 10 rats, mean baseline tail flick
latency rose from 3.2+02 to 9.9+03s 30 min
following microinjection of morphine. Subsequent
administration of OFQ/N,_, into the PAG produced
a significant reduction in tail flick latency compared
with rats receiving a microinjection of aCSF (¢(8) =
5.543, p < 0.05). The difference in tail flick latency
between OFQ/N, ,-treated and aCSF-treated rats
was no longer evident 30 min after these compounds
were injected (Fig. 2).

Experiment 2:  Microinjection of kainic acid inhib-
ited the tail flick reflex in 9 of 15 rats tested. Injection
sites were located in or immediately adjacent to the
ventral PAG (Fig. 1). Mean baseline tail flick latency
rose from 29+02 to 9.2x14s immediately
following administration of kainic acid. Subsequent
microinjection of OFQ/N, ,, caused a significant
decrease in tail flick latency compared to rats
receiving a microinjection of aCSF (¢(7) = 2.472;
p <0.05). The antinociceptive effect of kainic acid

was no longer evident 15 min after administration
(Fig. 3).

Discussion

These data demonstrate that microinjection of
OFQ/N,_, into the ventral PAG attenuates antinoci-
ception mediated by the PAG. This finding is consis-
tent with the anatomical localization of OFQ/N, ,,
terminals and receptors in the PAG.*'® Moreover,
our data suggest that the ability of i.c.v. OFQ/N, ,
to block opioid antinociception may be mediated, at
least in part, by PAG neurons.

Given that morphine and kainic acid activate PAG
output neurons through different mechanisms, exam-
ning the effects of OFQ/N,_;, on the antinocicep-
tion produced by these two compounds provides
insight into the anti-opioid action of OFQ/N, ;. The
direct effect of local administration of opioids is to
inhibit a subset of PAG neurons'? which appears to
disinhibit PAG output neurons.!** In contrast, exci-
tatory amino acid agonists such as kainic acid excite
PAG output neurons directly. The fact that microin-
jection of OFQ/N, ;- into the PAG inhibited the
antinociceptive effect of both morphine and kainic
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FIG. 1. Location of microinjection sites for morphine (top)
and kainic acid (botitom). Half of the morphine-treated and half
of the kainic acid-treated rats received a subsequent injection or
OFQ/N, 4, (closed circles), while the other half were injected with
artificial CSF (open circles).

acid indicates that OFQ/N, ;, inhibits PAG output
neurons. Such a mechanism is consistent with a recent
report showing that administration of OFQ/N, ;5 to
a PAG ussue slice produces inhibition of nearly every
ventral PAG neuron studied.!!

The present data indicate that the anti-analgesic
effect of OFQ/N,_;, occurs by inhibition of PAG
output neurons that receive input from opioid sensi-
uve neurons. Because both OFQ/N;, ,, and morphine
inhibit a subset of PAG neurons,'!? the only way
that OFQ/N, ,, can modulate the effects of exoge-
nous opioids is to reverse the effects of opioids on
neurons downstream from opioid sensitive neurons.

Thus, OFQ/N, ,, appears to inhibit PAG output

tions of morphine (5 1.g/0.5 pl) and OFQ/N,_;; (10 nmol} or aCSF into
the ventral PAG. Microinjection of OFQ/N, ;, reversed the antinoci-
ceptive effect of morphine administration compared with aCSF-
treated rats {p < 0.05).

neurons that are activated by opioid administration.
Given that ventral PAG output neurons project
to the rostral ventromedial medulla which in
turn project to the spinal dorsal horn to modulate
nociception,” inhibition of PAG output neurons
would be an effective means of reversing antinoci-
ception.

Although OFQ/N, ;> can function as an ant-
opioid peptide within the PAG, OFQ/N, ,, may have
other effects in other regions of the nervous system.
OFQ/N,_;; and its receptor are widely distributed in
the CNS, and OFQ/N| ,, has been shown to inhibit
neurons at numerous sites. For example, OFQ/N, ;,
inhibits neurons in the dorsal horn,'®!7 rostral ventro-
medial medulla,’”® locus coeruleus,’ hippocampus®
and cerebral cortex.?! Such widespread inhibitory
effects indicate that this peptide has a range of roles
in nervous system function, and may explain why
mntrathecal administration of OFQ/N, ,; inhibits
nociception,”” whereas supraspinal administration of
OFQ/N,_, inhibits antnociception.”? These seem-
ingly contradictory effects are best explained by the
fact that OFQ/N1-17 is able to inhibit many classes
of neurons.

Conclusion

The discovery of the orphan opioid-like receptor and
s endowenous ligand OFQ/N, ;; has generated
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FIG. 3: Change in tail flick latency as a result of subsequent injec-
tions of kainic acid (KA; 40 pmol) and OFQ/N, ; {10 nmol} or aCSF
into the ventral PAG. Microinjection of OFQ/N,,, reversed the
antinociceptive effect of kainic acid administration compared with
aCSF-treated rats {p < 0.05).

much speculation about its functional role. Although
the similarities between OFQ/N| |, and other opioid
pepuides suggests that OFQ/N, ,;, may be a new
antinociceptive agent, behavioral studies suggest the

opposite — that OFQ/N,_;, 1s an anti-opioid peptide.
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Our findings extend the results of previous behav-
ioral studies by demonstrating that the anti-opioid
effects of OFQ/N, ;. are mediated, at least in part,
by inhibition of PAG output neurons.
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