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Abstract

A C-terminal analog of the hexapeptide orphanin /F@Qciceptiné 1-8 [ Al&] -orphanin FQnociceptiné 1- , and a pentapeptide
orphanin FQ'nociceptint 1-5 were tested in vivo for their analggdigperalgesic activity in the hot-plate test with rats. Replacement of
the C-terminal glycine by-alanine( Phe-Gly-Gly-Phe-Thr-Ala in orphanin F@ociceptint 1-6 abolished the hyperalgesic potency of
native orphanin F@nociceptiné 1-8 ( Phe-Gly-Gly-Phe-Thr-Gly , but analgesic activity was retained and was diminished by naloxone.
Removal of the C-terminal amino ac{d glycine or alanine from orphaniryigiceptiné 1-8 caused a significant loss of analgesic
activity. It is anticipated that glycine plays a crucial role in the biphasic activity of orphanjinB@ceptiné 1-8 . This may suggest the
existence of a mechanism for terminating the biological action of orphanifine@ceptin.© 2001 Elsevier Science B.V. All rights
reserved.
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1. Introduction Orphanin FQ’nociceptin, similar to opioid peptides, is
present in the central nervous systém QNS Saito et al.,
Orphanin FQ( Reinscheid et al., 1995 or nociceptin 1996 . Orphanin F@nociceptin and opioid peptides show
(Meunier et al., 1995 is a newly discovered natural ago- an overlapping distribution but not co-localization, e.g. in
nist of the orphan opioid receptor-like€l ORL1 receptor. pain-modulatory brain regiorls Schulz et al., 1996 .
Orphanin FQYnociceptin is a 17-amino acid long peptide The ORL1 receptors are widely distributed in the rat
(Phe-Gly-Gly-Phe-Thr-Gly-Ala-Arg-Lys-Ser-Ala-Arg-Lys-  CNS, with high levels found in the cortex, olfactory
Leu-Ala-Asn-GIn and has homology with the opioid fam- nucleus, amygdala, claustrum and endopiriform nucleus
ily of peptides, particularly dynorphin A Julius 1995; (Anton et al., 1995 . Despite the close similarity to opioid
Houtani et al., 1996 . Its sequence lacks the N-terminal receptors( approximately 65% sequential homology with
L-tyrosine essential for binding to the-, 8- and k-opioid u-, 8- and k-opioid receptors , ORL1 does not bind, with
receptor Reinscheid et al., 1995; Chavkin and Goldstein, high affinity, any of the previously identified opioid pep-
1981 . Because of this, orphanin F@ociceptin has been tides or other ligands. Moreover, orphanin F@ciceptin
classified as belonging to a separate peptidergic systemis unable to activate opioid receptofs Reinscheid et al.,
1995 .
Orphanin FQ’nociceptin exhibits actions, which differ
from those of traditional opioids in pharmacological stud-
~ * Corresponding author. Neurobiochemistry Group, Faculty of Chem- les. I.t .has been reported_that intra.cerebrqventridmar ).cv.
istry, Jagiellonian University, Ingardena 3, PL-30-060 Cracow, Poland. admlr_"Stratl_On of (_)rphanln F@OCICept!n induces hyper-
Tel.: +48-12-292-7949: fax=+48-12-634-0515. algesial Reinscheid et al., 1995; Meunier et al., 1995; Hara
E-mail address: Silber@chemia.uj.edu.gl J. Silberring . et al., 1997 or an anti-opioid effe€t Mogil et al., 1996 .
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However, intrathecal i}. injection of this peptide pro-

duces an antinociceptive effect at high dogses Xu et al.,
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ventral from the surface of the skull into the right lateral
ventricle. On the day of experiment, the rats received a

1996, and allodynia or hyperalgesia at low doses Okuda- single injection of either saliné controls , or 10 and2§
Ashitaka et al., 1996 . Several reports indicate that the [Ala®]-orphanin FQ’nociceptin¢ 1-8 or orphanin FQ

hyperalgesic effect of i.c.v. injected orphanin Fbci-
ceptin is followed by analgesia Rossi et al., 1997; King et

nociceptint 1-% in a volume of pl.

al., 1997 . Antisense mapping studies suggested that the2.2. Behavioral studies

hyperalgesic and analgesic actions of orphaniry RQi-

ceptin are mediated through different receptors Rossi et

Nociceptive responses were assessed in a hot-plate as-

al., 1998 . These data strongly suggest that orphaninsay. In this test, raté 7-15 ratgroup were placed on a

FQ/nociceptin is involved in pain transmission gfat in

warm surface( Porfex, Bigstok, Polanyl heated to 8B

the pain regulation systdm s, but the details of these (Maves and Gebhart, 1992; Yaksh et al., 1985 and the

processes remain unclear.
The complex pharmacology of orphanin F@ociceptin

latency to avoidance or withdrawal behavior foot lifting
or jumping to the thermal stimulus was determined. Ther-

suggests that at least some of the observed effects may benal responses of rats were measured 2, 10, 20, 30, 40, 50

exerted by shorter orphanin FQociceptin fragments. Re-
cently, Montiel et al( 1997 have shown that the N-termi-
nal fragment orphanin F@nociceptinté 1-J is a major
nociceptin metabolite in mouse brain cortical slices. Our
previous studies have shown that orphanin/fQciceptin-
(1-1D and orphanin FZnociceptin¢ 1-8 are released by

a proteinase present in the rat spinal cérd Smoluch et al.

1999 and confirmed their biological activity in vivo after
i.c.v. injection( Suder et al., 1999 . Their action exhibited a
biphasic effect, opposite to that produced by native or-
phanin FQ/nociceptin, causing antinociception up to 10
min after injection, followed by hyperalgesia Suder et al.,
1999 . The biological activity of the hexapeptide was more
pronounced than that of orphanin F@ociceptin¢ 1-11 .

It is worth noting that orphanin F@nociceptint 1-6 con-
tains a C-terminal glycine residue, which might be impor-
tant for triggering its hyperalgesic effect. The aim of the

and 60 min after i.c.v. injections of the peptides. The
maximal time spent by the animals in the apparatus did not
exceed 20 s to avoid tissue damage. All experiments were
performed in agreement with ethical regulations and were
approved by the local Ethics Committee.

,2.3. Peptides and chemicals

Orphanin FQ¥nociceptin fragments were synthesized
by Fmoc ( 9-fluorenylmethoxycarbonyl chemistry on a
solid-phase support, and their sequences are listed in Fig.
1. The peptides were purified on a reversed-phase HPLC
(high-performance liquid chromatography column. Their
purity was greater than 95% and was tested by electro-
spray ionization mass spectromefry Smoluch et al., 1999;
Suder et al., 1999 .

Naloxone hydrochloridé Sigma-Aldrith was dissolved

present study was to test to which extent replacement ofin saline and administered intraperitonedlly ).p. at a dose

the C-terminal amino acid of orphanin FFQociceptin¢ 1—
6) or its removal influences the biological activity of this
peptide.

2. Materials and methods

2.1. Animals

In vivo experiments were performed according to the

procedure described previoudly Suder et al., 2999 . Male

Wistar rats( 180-250)g were housed in groups of five,
with standard food and water ad libitum and maintained
under a 12-h lightdark cycle. After 1 week of adaptation

of 5 mg/kg, 15 min before peptide injection. Peptides
were dissolved in 0.9% NacCl.

Other reagents and solvents were of analytical gfade or
HPLC grade and were purchased from various commer-
cial sources.

2.4. Satistical analysis

Statistical evaluation was performed using the one-way
analysis of varianc ANOVA , followed by a Tukey-—
Kramer multiple comparisons test. A value & < 0.05
was considered as being statistically significant.

Orphanin FQ/nociceptin-(1-6) Phe-Gly-Gly-Phe-Thr-Gly

and handling, the animals were prepared for intracere-
broventricular injectiong i.c.y. 2 days before the experi-
ment. Surgery was done under light anesthesia with 7.2%
chloralum hydratun§ Cefarm, Lublin, Poland . The coordi-
nates for i.c.v. injections were measured from the bregma,

according to the atlas of 'Konig and Klippél 1963 and Fig. 1. Sequences of the orphanin F@ciceptin ( OFQ N)-derived
were as follows: 1.5 mm lateral, 1.0 mm caudal, 3.5 mm peptides used in this study.

[Alaé]Orphanin FQ/nociceptin-(1-6)  Phe-Gly-Gly-Phe-Thr-Ala

Orphanin FQ/nociceptin-(1-5) Phe-Gly-Gly-Phe-Thr
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3. Results

[Ala®]-Orphanin FQ'nociceptiné 1-8 induced analge-
sia at 10 min after administration at a dose of 2@
(P <0.01, Fig. 2, upper panel, and this effect was ob-
served as a prolongation of the withdrawal reaction of rats
(foot lifting or jumping in the hot-plate test. This anal-
gesic effect was reversed by injection of an opioid receptor
antagonist, naloxonéP < 0.0D at a dose 5 mykg. For
data comparison, the effect of the unmodified hexapeptide
orphanin FQ’nociceptiné 1-6 is also shown in Fig. 2
(bottom panel . Administration of the pentapeptide lacking
the C-terminal glycine orphanin FEQiociceptiné 1-5% at
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Fig. 2. The effect of the i.c.v. administration df Ala -orphanin
FQ/nociceptint 1-6 ( upper panel 10 and a@/rat; N=10 and 15,
respectively in the hot-plate test with rats. Injection[of %la -orphanin
FQ/nociceptint 1-6 at the dose of 20g i.c.v. produced an analgesic
effect during the first 10 min of observatidii *P < 0.01; N=7), and

this effect was abolished by an opioid antagonist—naloxéfie < 0.01;

N =9). For comparison, the lower panel shows the effect of the native
fragment of orphanin F@nociceptin¢ 1-6 in the hot-plate test with rats
(N =10). This fragment is formed by enzymatic degradation in the spinal
cord. Orphanin F@nociceptint 1-6 at the dose of 25g/rat i.c.v.
produced analgesic effect during the first 20 min after injection, with
highest activity at 10 min of observatid¢ri * P < 0.01; N = 14), followed

by hyperalgesia at 30 mifi* P < 0.09. Data represent results that are
representative for all experiments, which were performed independently
on various days( three times. Abbreviations: ORQ—orphanin
FQ/nociceptin.
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Fig. 3. The influence of orphanin EQociceptint 1-% at doses of 10
and 20 w.g/rat i.c.v. on rats’ behavior in the analgesic hot-plate test
(N =8 and 12, respectively . Experimental details are described in the
legend of Fig. 2 and in Section 2. Abbreviations: OAQ—orphanin
FQ/nociceptin.

the same dosds 10 and a@/rat, i.c.v) did not produce
any biological activity in the hot-plate teét Fig) 3 .

4. Discussion

As shown in our previously published paper Suder et
al., 1999, orphanin F@nociceptint 1-8 injected at a
dose of 2519 i.c.v. resulted in a biphasic effect Fig) 2 in
the hot-plate test with rats. Hexapeptide produced pro-
nounced analgesia with a maximal effect appearing at 10
min after injection, followed by hyperalgesia, which oc-
curred 30 min after i.c.v. administration of the peptide.
The analgesia was reversed by administration of the opioid
antagonist naloxone, and hyperalgesia was inhibited by
noncompetitive N-methylp-aspartate ( NMDA  and
NMDA /glycine site antagonists Suder et al., 1999 . Our
present data indicate that modification of the C-terminal
end of orphanin F@nociceptint 1-6 by replacement of
Gly by Ala results in only an analgesic effect without any
hyperalgesic reaction in the hot-plate test with rats. Re-
moval of the C-terminal amino acid Gly or Ala resulted
in a loss of biological activity in this te€t Fig.)3 .

Orphanin FQ'nociceptin derives from the larger pre-
cursor pre-pronocicepti Reinscheid et al., 1995; Meunier
et al., 1995; Houtani et al., 1996 . In the spinal cord,
orphanin FQ¥nociceptin is consecutively metabolized by a
neutral proteinasé Smoluch et al., 1999; Suder et al.,
1999 to orphanin F@nociceptin¢ 1-11 , followed by its
further cleavage to the final product orphanin A@@ci-
ceptin{ 1-6 . Another metabolic pathway was described by
Montiel et al. (1997 in which the concerted action of
aminopeptidase N and endopeptidase 24.15 was involved.
Metabolic fragments of orphanin E@uociceptin induce
behavioral responses in analgesic tésts Rossi et al., 1997;
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King et al., 1997; Suder et al., 1999 . The effect of these FQ/nociceptint 1-8 observed in our studies, although
events( analgesia followed by hyperalgesia is opposite to abolished by naloxone, may be a result of an interaction of
that caused by supraspinal injection of native orphanin these peptides with a subtype of the ORLL1 receptor.
FQ/nociceptin ( hyperalgesia followed by an analggsia . It should be noted that, in the present work, we describe
Therefore, the ratio between the native peptide and its an orphanin FQ@nociceptin fragment{ 196 which does
fragments may be crucial in pain contol Sakurada et al., not bind to the ORL-1 receptor. Similar studies have been
1999 and also in other effects of orphanin A@ciceptin performed by several groufs e.g. Civelli’'s and Meunier's ,
(Sakurada et al., 2000 . In this respect, an enzyme thatthus, strongly indicating that shorter fragments lose their
converts orphanin F@nociceptin to shorter products might  ability to bind to the ORL1 receptor. Therefore, the use of

play a key role in these processes. ORL1 antagonists for studies on the intact orphanin
Replacement of the glycine hyalanine preserved the FQ/nociceptin sequence, in particular for further investi-
analgesic action of orphanin FEQociceptin¢ 1-6 gation of its effect on the morphine withdrawal syndrome

hexapeptide but completely terminated its hyperalgesic (Kotlinska et al., 200D will be of our interest in the
properties. Moreover, removal of the C-terminal amino nearest future.

acid, which resulted in the formation of the pentapeptide  Our results indicate that the glycine residue plays a
orphanin FQ'nociceptint 1-5 , resulted in a complete loss crucial role for the biphasic activity of orphanin
of pharmacological activity, as tested in the hot-plate test. FQ/nociceptint 1-6 in the hot-plate test, and that the
In vivo, the C-terminal amino acids can be removed by the removal of the amino acid from this peptide fragment
action of carboxypeptidasels Fricker and Leiter, 1999 . causes a loss of its biological activity. This observation
Another mechanism of peptide alteration is based on the may suggest the existence of a mechanism for terminating
modification of the C-terminal glycine residue by a pep- the biological action of orphanin F@hociceptin in the
tidyl-glycine-w-amidating monooxygenase Lapalu et al., CNS.

1997, which converts glycine into its amide. During our

experiment limited proteolysis , we observed the forma-

tion of small amounts of the pentapeptide data not shown , acknowledgements

suggesting that the glycine residue is, indeed, removed

during orphanin F@nociceptin metabolism. There was no This work was supported by the Committee for Scien-
mass shift of 1 amu in the signal obtained in the mass . Research ( KBN No. 0584P05/99/16), grants
spectrum .and. cqrresponding to_ orphanin/l-?@ciceptin_— DS/WCh/4, DS/WCh/44, and N-25 CRBW,/VII-1-99
(1-6), which indicates that amidation of the C-terminus oy the Jagiellonian University, A. Krzyzanowski Foun-
did not take place under our experimental conditions. dation, grant D$8290-4-0129-0 from the University of

Itis rather unlikely that we overlooked hyperalgesia just 54ansk. and DS 28000 from the Medical Academy of
for one particular peptide. The tests we and others used| ;i '

have been routinely used in our laboratory for many years.
To avoid any misinterpretation, we repeated the experi-
ments several times, with various doses and performed
dose-dependent studies. Therefore, we can exclude thé?
ossibility that only[ Al&] -orphanin F@nociceptiné 1—

P dy %;[ t ]th pth th @n d P ri(b dﬁb Anton, B., Fein, J., To, T., Li, X., Silberstein, L., Evans, C.J., 1996.
can pro_ uce an e_ ect other _a_n € one describe y us Immunohistochemical localization of ORL1 in the central nervous
under given experimental conditions. system of the rat. J. Comp. Neurol. 368, 229—-251.

Using the chimeric peptide approach, Lapalu et al. Chavkin, C., Goldstein, A., 1981. Specific receptor for the opioid peptide
(1997 indicated that the Thr _G?y seqguence is not impor- dynorphin; structure—activity relationships. Proc. Natl. Acad. Sci. U.
tant for ORL1 receptor binding selectivity, and that several __S:A- 78, 6543-6547. _ ,
hvbrid tides( . i hin hvbrid heptad Fricker, L.D., Leiter, E.H., 1999. Peptides, enzymes and obesity: new

ybrid peptides( nocicep jrdynorphin hybrid heptade- insights from a“dead enzyme. TIBS 24, 390, 393.
capeptides containing the Phe-Gly-Gly-Phe Sequence arGyara, N., Ninami, T., Okuda-Ashitaka, E., Sugimoto, T., Sakai, M.,
completely inactive towards the ORL1 recepfor Mathis et  Onaka, M., Mori, H., Imanishi, T., Shingu, K., Ho, S., 1997. Charac-

eferences

al., 1999 . Moreover, application of the orphanin A@- terization of nociceptin hyperalgesia and allodynia in concious mice.
ciceptin{ 1-11 analogf*?® 1[- TyP] -orphanin F@oci- Br. J. Pharmacol. 121, 401-408.

- . . s . - Houtani, T., Nishi, M., Takeshima, H., Nukada, T., Tetsuo, S., 1996.
F:eptlln(.l—lj.l ( M_athls et al',’ 1999 _Identlfled a high-affin- Structure and regional distribution of nociceptirphanin FQ precur-
ity binding site with a selective profile distinct from that of sor. Biochem. Biophys. Res. Commun. 219, 714-719.
the ORL1 receptor and all othé&classical opioid recep- Julius, D., 1995. Home for an orphan endorphin. Nature 377, 476.

tors. This site had a very high affinity for orphanin King, M-A., Rossi, G.C., Chang, AH., Williams, L., Pasternak, G.W.,
FQ/nociceptin and related peptides, and several opioids 1997. Spinal analg_e5|c activity of orphanin FQbciceptin and its
displayed a moderate affinity for this site. Taking into . fragments. Neurosci. Lett. 223, 113-116. )

ISplay L y . ’ 9 . Kénig, J.F.R., Klippel, R.A., 1963. The Rat Brain. A Stereotaxic Atlas of
account the above facts, it is not unlikely that the analgesic  the Forebrain and Lower Parts of Brain Stem. Wiliams and Wilkins

effect of orphanin F@nociceptiné 1-8 of Al3] -orphanin Co. Baltimore, pp. 1-157.



J. Kotlihska et al. / European Journal of Pharmacology 419 (2001) 33-37 37

Kotlinska, J., Suder, P/ dgowska, A., Rolka, A., Silberring, K., 2000. logical characterization of orphanin FQociceptin and its fragments.
Orphanin FQ’nociceptin inhibits morphine withdrawal. Life Sci. 66, J. Pharmacol. Exp. Ther. 282, 858—865.
119-123. Rossi, G., Perlmutter, M., Leventhal, L., Talatti, A., Pasternak, G.W.,
Lapalu, S., Moisand, C., Mazarguil, H., Cambois, G., Mollereau, C., 1998. Orphaniginociceptin analgesia in the rat. Brain Res. 792,
Meunier, J.-C., 1997. Comparison of the structure—activity relation- 327-330.
ships of nociceptin and dynorphin A using chimeric peptides. FEBS Saito, Y., Maruyama, K., Kawano, H., Hagino-Yamagishi, K., Kawa-
Lett. 417, 333-336. mura, K., Saido, T.C., Kawashima, S., 1996. Molecular cloning and
Mathis, J.P., Goldberg, I.E., Letchworth, S.R., Ryan-Moro, J.P., Paster- characterization of a novel form of neuropeptide gene as a develop-
nak, G.W., 1999. Identification of high-affinity orphanin FQoci- mentally regulated molecule. J. Biol. Chem. 271, 15615-15622.
ceptif 1-11 binding site in mouse brain. Synapse 34, 181-186. Sakurada, T., Sakurada, S., Katsuyama, S., Sakurada, C., Tan-No, K.,
Maves, T.J., Gebhart, G.F., 1992. Antinociceptive synergy between in- Terenius, L., 1999. Nociceptih 1)>7 antagonizes nociceptin-induced
trathecal morphine and lidocaine during visceral and somatic nocicep- hyperalgesia in mice. Br. J. Pharmacol. 128, 941-944.
tion in rats. Anesthesiology 76, 91-99. Sakurada, T., Sakurada, S., Katsuyama, S., Hayashi, T., Sakurada, C.,
Meunier, J.C., Mollereau, C., Toll, L., Suandeau, C., Maisand, C., Tan-No, K., Johansson, H., Sandin, J., Terenius, L., 2000. Evidence
Alvinerie, P., Butour, J.L., Guillemot, J.C., Ferrara, P., Monsarrat, B., that N-terminal fragments of nociceptin modulate nociception-induced
1995. Isolation and structure of the endogenous agonist of opioid scratching, biting and licking in mice. Neurosci. Lett. 279, 61-64.
receptor-like ORL1 receptor. Nature 377, 532—-535. Schulz, S., Schreff, M., Nuss, D., Gramsch, C:; Hollt, V., 1996. Noci-
Mogil, J.S., Grisel, J.E., Reinscheid, R.K., Civelli, O., Belknap, J.K., ceptin/orphanin FQ and opioid peptides show overlapping distribu-
Grandy, D.K., 1996. Orphanin FQ is a functional anti-opioid peptide. tion but not co-localization in pain-modulatory brain regions. Neu-
Neuroscience 75, 333-337. roReport 7, 3021-3025.

Montiel, J.-L., Cornille, F., Roques, B., Noble, F., 1997. Smoluch, M.T., Suder, P., Kotlinska, J.,” Sallberg, M., Silberring, J.,
Nociceptiryorphanin FQ metabolism: role of aminopeptidase and 1999. Enzymatic degradation of nociceptin studied by LC-MS. Pro-

endopeptidase 24.15. J. Neurochem. 68, 354—-361. tein Pept. Lett. 6, 49-53.
Okuda-Ashitaka, E., Tachibana, S., Houtani, T., Minami, T., Masu, Y., Suder, P., Kotlinska, J., Smoluch, M.T.,;” Sallberg, M., Silberring, J.,
Nishi, M., Takeshima, H., Sugimoto, T., Ito, S., 1996. Identification 1999. Metabolic fate of nociceptiforphanin FQ in the rat spinal cord

and characterization of an endogenous ligand for opioid receptor and biological activity of its released fragment. Peptides 20, 239—-247.
homologue ROR-C: its involvement in allodynic response to innocu- Xu, X.J., Hao, J.X., Wiesenfeld-Hallin, Z., 1996. Nociceptin or antinoci-

ous stimulus. Mol. Brain Res. 43, 96—104. ceptin: potent spinal antinociceptive effect of orphanin/fQciceptin
Reinscheid, R.K., Nothacker, H.P., Bourson, A., Ardati, A., Henningsen, in the rat. NeuroReport 7, 2092—2094.

R.A., Bunzow, J.R., Grandy, D.K., Langen, H., Monsma Jr., F.J., Yaksh, T.L., Dirksen, R., Harty, G., 1985. Antinociceptive action of

Civelli, O., 1995. Orphanin FQ: a neuropeptide that activates an intrathecally administered cholinomimetics in rat and cat. Eur. J.

opioid-like G protein-coupled receptor. Science 270, 792—-794. Pharmacol. 117, 81-88.

Rossi, G.C., Leventhal, L., Bolan, E., Pasternak, G.W., 1997. Pharmaco-



