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Antagonistic effect of orphanin FQ on opioid analgesia in rat’
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ATM: To study the effect of orphanin FQ(OFQ), a
newly discovered heptadecapeptide, on nociception and
opioid analgesia. METHODS: The intracerebroven-
tricular (icv) and intrathecal {ith) injections were used
to give the dmgs. The tail-flick model of rats were
used to test the pain threshold. RESULTS: ORQ
(icv or ith) 0.1 ug had no effect on nociception but
0.5 — 10 pg induces hyper-reaction of rat to noxious
electric stimulus; the decapeptide ( OFQ;_;o icv), a
fragment of the OFQ, did not affect the pain reaction
of rats, Fentanyl (1 pg, icv or ith), a selective
pereceptor agonist, DSLET (5 pg, icv or ith), a
selective 8-receptor agonist, or US0488H (1 pg, ith),
a wk-receptor aponist, induced an increase in pain
threshold, when OFQ (0.1 or 1 ug) was added
together with one of them (except for the ith injection
of DSLET), the increase of pain threshold was reduced
obviously, CONCLUSION: ORQ induces hyper-
algesia and antagonizes opioid analgesia mediated by p:-
and &-receptors in the brain and by g- and «- but not
&-receptors in the spinal cord of rats,

Since the cloning of i, &, and « opioid receptors
were reported, several laboratories have reported a
novel orphan opiocid receptor clone {LC132 or ORL1)
which is distinct from the established opioid receptors
in phammacological profilesl’* ., ‘The novel orphan
receptor does not bind any of the known opioid ligands
with satisfactory affinity. An endogenous 17-amino
acid peptide was discovered by itwo independent
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laboratoriest® . The chemical structure s
BGGFTGARKSARKIANQ, &t bounds to LCI32 or
ORL1 receptor with high affinity and inhibits forskolin-
stimulated adenylyl cyclase activity. This peptide was
proposed to be the natural ligand of the orphan
receptor, and was pamed as " Orphanin FQ
(OPQ)"L8],

The OH] is similar to other endogenous opioid
peptide (EOP), particularly dynorphin in structure,
but distinct from EOP in pain modulation. It elicits
hyperalgesia in mice'®~%. The present study was
designed to investipate the effect of OFQ on rat's
response (0 noxious electric stimolus and opioid
analgesia in tail-flick model, so as to get a better
knowledge of the function of OFQ in the central
Nervons system,

MATERIALS AND METHODS

Materials  Sprague-Dawley 7 ras ( 180 - 240 g,
Certificate Mo 02-22-2) were supplied by the Experimental
Animal  Center, Shanghai Medical University. The
heptadecapeptide ORQ and OFQ, _yq { a decapeptide, one of the
fragment of OFQ} were synthesized and purified in Shanghai
Institute of Biochemistry, Chinese Academy of Sciences
{ Applied Biosystermns 430A peptide synthesiser and BOC-Gln-
PAM-resin were used. The crude peptide was sexuentially
purified on columons of Sephadex G-10 and HPLC., Tts amino
acid composition was consistent with the theoretical values).
N- phenyl- N- [ 1-( 2-phenylethyl } - 4- piperidinyl ] propanamide
{fentanyl, Fen, M, 528.60}, a p-opioid receptor agonist, and
trans-{ = -3, 4-dichloro- N-methyl- N-{ 2-[ 1-pyrrolidinyl | cyclo-
hexyl)-benzencacetamide { USOM8SH, M, 465.40}, a ic-opioid
receptor agonist, were obimined from Sigma Chemical Co
(USA), [ D-Ser2]-Leu-Enkephalin-Thr { DSLET, M, 586.85),
a f-opicid receptor agonist, was purchased from Peninsula
Laboratories Inc { USA)}; double-headed armrowhead protease
inhibitor'’!, was the product of the Shanghai Instinste of
Biochemistry .

Intracerebroventricular (icv) imjecton of drugs
The treatment of the rats conformed to the guidelines of
Internationz] Association for the Study of Pain'®).  Implantation
of the cannula was performed stereotaxically under anesthesia
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with sodium pentobarbital (30 mg-kg™", ip}*®'. Experiment
with icv injection was performed 24 — 48 h after operation.  The
drugs were dissolved in sterilized normal saline (NS). The
OFRQ solution was added with arrowhead protease inhibitor 1
g-L~! for preventing from proteclysis after injection.

Intrathecal {ith) injection of drugs Rais were
anesthetized with sodiom pentobarbital {30 mg - kg™'. ip).
PE-10 polyethylene catheter of 75 mm long was implanted
through atlanto-occipital membwane down © the Iumbar
enlargement of the spinal cond'® .  Experiment with ith injection
of drugs were caried out 24 - 48 h after operation. Drugs were
injected via the ith catheter at a volume of 10 L., followed by 10
1L of NS for flushing.

Measurement of pain threshold Rats were kept in
special-made holders for tail-flick test. Room temperature was
keptat 20+ 1 . Pain threshold was measured with WQ-9E
Pain threshold Meter { Beijing)™"). The steadily increasing
cument was apphied as noxicus stimulus via needle electrodes
connected with the Meter.  The smallest intensity of the cument
provoking the tailflick was recorded as pain threshold. The
mean value of basal pain threshold in normal rats ranged from
150 to 200 pA. The pain Hweshold was measured successively
after drug injection at the interval of 10 min and the values of the
measurements were expressed as net changes ( increment or
decrement) from the basal level. Darma were assessed by
ANOVA followed by Q-test.

RESULTS

Effect of icv injection of OFQ on pain
threshold and opioid analgesia

Inducing decrement of pain threshold in rat tail-
flick test Rats (n = 31) were given icv injection of
NS (20 uL, n =4, as control), ORQ 0.1 pg (n =
4), ORQ 0.5 ppg (n=4), ORQ 1 g (n =8}, ORQ
0pg{n=5), and OFQ, o (1 pg, n=6). The
pain threshold showed no obvious change after icv NS.
OR)) failed to alter the pain threshold ar a dose of 0.1
g but induced decreases of pain threshold at doses of
0.5, 1, and 10 pp. The maximal decrease of pain
threshold occurred at 30 min after ORK) injection and
they were comresponded t0 38 +8 pA, 55+ 9 A, and
73211 pA (P <0.01, vs NS) for doses of 0.5, 1,
and 10 pg, respectively. The effect of 0.5 g ORQ
maintained only about 1 h, while that of 1 ug ORQ
lasted for longer, which was kept constant and
significant for 2 h. ORQ 10 pp elicited a decrease of
pain threshold within 30 min. But, 30 min laer, the
rats showed obvious reduction in muscular tone and
difficulty in tail-flicking, making the measurement of

pain threshold impossible. OF(Q, _ 1 had no effect on

the pain threshold (Fig 1) .
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Fig 1. Effect of icv OFQ ( ¢.1 - 1.0 pg| and

OF(Q_i on the pain threshwold of rat. = x 5.
P <0.05, P<0.0l ws NS. [O) NS (n=4], (@)
OFQ, _1.0pg{n=06), (x] OFQ 0.1 pg {n=4},
(1) OFQ0.5pug (n=4), () OFQ1.0 pg (n=8).

For comparing the effect of proteinase-inhibitor-
protected OFQ with that of umprotected OF(Q. the
protease inhibitor was not added in the ORQ 1 pp
solution in one group {(n = 6). The effect of
unprotected OFQ was similar to that of protected one
but maintained for much shorter time {50 min w5 120
min of protected-ORQ). The inhibitor alone had no
effect on the pain threshold. So, in other sets of
experiment, all ORQ solutions were added with the
protease inhibitor .

Antagonizing fentanyl-induced analgesia  Four
groups of rats were icv injected with NS (n =4, as
control), Fen (1 pg, n=6), ORQ (0.1 ug) + Fen
(1 pg, n=4), and OFQ (1 pg }+Fen (1 ug, n=
5). The pain threshold had no obvious change in NS
group. Fen induced marked increase of pain threshold
over basal level with the maximum of 202+ 37 pA (P
<0.01, vs NS) appeared at 30 min after injection and
the effect maintained for about 70 min. When ORQ
0.1 or 1 up was injected topether with Fen, the Fen-
induced increase of pain threshold was all reduced.
The maximal increase was only 75 + 20 pA and 52 + 28
pA corresponded to that in OFQ (0.1 pg) + Fen and
ORD (1 pg ) +Fen groups ( P <0.01, v Fen, Fig
2A).

Attenuating DSLET-induced analgesia Rats were
divided into 4 proups of 4-8 each and given icv
injection of NS (20 L), DSLET (5 pg), DSLET
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{5 pg?) + OFQ (0.1 pg), and DSLET (5 ug) + OFQ  injected with NS {1 =5), OFQ (0.1 pg, n=4),
(1 pg). The pain threshold increased at 10 min ~ QFQ (1 pg, n =5), US0488H (1 pp, n = 6),
following the DSLET injection. The peak value of  U50488H + OFQ (0.1 ug. n=4), and USM88H +

DSLET was combined with 0.1 g or 1 pg OFQ, the effect on pain threshold, but 1 ug ORQ induced a
DSLET-induced increase of pain threshold reduced 0y jocrement of pain threshold 10 min after

obviously, the maxima of the increase were 67 17 pA L . .
. x 14 pA,
and 36 + 14 peA, respectively ( P <(0.01, v DSLET, m]ecuon-mtlh maximum of 46 % 14 pA . -The effect of
ORQ maintained constant for 1 h after injection { P <

Fig 2B) . .
Effect of the ith injection of OFQ on pain  0-01- s NS. Fig 20).
threshold and opioid analgesia U588H induced an increase of pain threshold

Eliciting decrement of pain threshold and  Over basal level with maximum of 133 = 11 paA
antagonizes US0488H-induced analgesia Rats were ith ~ occurred at 30 min after injection, and the effect was
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maintained for 1 h { P <0.01, vs NS}, When OFQ
{0.1 or 1.0 pg) was combined with U50488H, the
Usd88H-induced  increase of pain  threshold was
reduced ( P <0.01, vs US0M838H. Fig 2C).

Attenuating Fen-induced analgesia Rats {n =
20) were ith imjected with NS. Fen {1 pg). Fen +
OFQ (0.1 pg). and Fen + OFQ (1 pg). (n =5 in
each group) . The pain threshold increased markedly at
10 min after the Fen injection and the maximal increase
was 238 £ 50 A (P < (.01, vs NS). When Fen
was combined with OFR), whether at 0.1 ug or at 1
1eg, OF) antagonized the Fen-induced increase of pain
threshold obviously. which the maximal increases were
152+ 15 and 142 + 20 pA in Fen + OFQ (0.1 :g) and
Fen+ QFQ(1 pg) groups repectively ( P <0.01, us
Fen, Fig 2D).

No effect on DSLET-induced analgesia  Rats
were piven an ith injection of NS (# = 35), DSLET
{5pg, n=4), DSLET+OFQ {0.1 seg. n=4), and
DSLET+ OFQ (1 pg) {n=35). DSLET induced an
analgesic effect ( P <0.01, vs NS). DSLET-induced
analgesia was not much affected by OFQ at both doses
{P>0.05, w DSLET, Fg 2E}.

DISCUSSION

OFQ elicits hyperalgesia in mice in the first two
papers->~°) Yet, the followed works have been
controversery-'2"%).  The present work further
demonstrated that OF(Q had no effect at small dose (0.1
pg) but had a dose-dependent effect at larger doses
{0.5 - 10 pg) n inducing hyper-reaction of mat to
noxious electric stimulus in tail-flick model. At dose
of 1 pg (0.55 nmol), OFQ showed the best effect
without affecting the muscular tone; while at the dose
of 10 pg (5.5 nmol), OK) resulted in obvious
reduction of muscular tone and difficulty in tail-
flicking. It was also found that the effect of OFRQ
protected by the proteinase inhibitor was better than
uprotected OFQ.  As the inhibitor is a serine protease
inhibitor capable of inhibiting trypsin, chymotrypsin as
well as kallikrein, the degradation of ORQ in vive may
also be caused by these like enzymes. This result hints
that the activity of ORQ fragment may reduced. The
result that OFRJ, . has no effect on pain threshold
further demonstrates that the ten amino residues in C-
terminal has no activity and the whole sequence of ORQ

may be essential to its aclivity'l-ill Yet. the
relationship between the activity and conformation of
OF) need to be further studied.

It is an interesting issue that the action of OR]) is
different from the analgesic effect of opioid peptide
though they share the similarity in structures. Present
study further revealed that the icv injection of QORQ
significantly antagonized opioid analgesia mediated by
1- and &-opioid receptor in the brain; and the ith
injecion of OFQ also obviously antagomized opioid
analgesia mediated by je and «- but not S-opioid
receptors in the spinal cord. Our recent work showed
that OFQ significantly reduced acupuncture analgesia
which played its analgesic role mainly via activating the
endogenous opioid peptide“s’: . These results indicated
that OFQ had an anti-opioid effect in the central
nervous system which may account for the hyperalgesic
effect of OF): the inhibition of endogenous opioid
peptide on pain transmission may be antagonized by
OFQ., hence the animals showed hyperactivity in
response to noxious stimulus. However, why the ith
injection of ORQ has no effect on &-opioid receptor
mediated analgesia remains unclear and the mechanism
underlying the antagonistic interaction between OFQ
and opioids is yet to be clarified.

In conclusion. the newly discovered OFRQ has no
effect on nociception at small dose but has a dose-
dependent effect in eliciting hyperalgesia at larger
doses, and has an anti-opioid effect which may account
for the hyperalgesic action.
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