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Analgesic effects of deltorphin analogues EW1
and EW2 in tail-immersion test in mice
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ABSTRACT

The aim of the study was to evaluate whether EW1 and EW?2, the newly synthesized analogues of deltorphin, a highly potent mu-
(MOP) and delta-opioid receptors (DOP) ligand, induce antinociceptive effects in the tail-immersion test after
intracerebroventricular (i.c.v.) administration. Our study indicates that these peptides, administered at the dose of 20 nmol, exert
stronger or comparable antinociceptive effects as those exerted by morphine (13 nmol). A more detailed study indicated that
B-funaltrexamine (B-FNA) — a MOP antagonist — very strongly and, to the lower extent than naltrindole (NTI), a DOP antagonist,
inhibited the antinociceptive effects of peptides, observed in the tail-immersion test. Nor-binaltorphimine (nor-BNI), a kappa-
opioid receptor (KOP) antagonist, did not influence that effect. Those data indicated an involvement of both types of opioid
receptors, MOP and DOP, in the antinociceptive effects of the peptides with a dominant role of MOP.
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INTRODUCTION

The three classes of opioid receptors, namely MOP,
DOP and KOP, are major receptors for analgesia and are
expressed at central and peripheral sites within the pain
control circuits. Opioid receptors are also largely distribu-
ted in other neural pathways, where they regulate reward
and affective states [14,16,17]. Morphine (MOP agonist),
a principal drug of the opioid family, is still the most im-
portant agent, used for alleviation of severe pain [26].
However, morphine administration is associated with
a number of problematic side-effects, such as tolerance,
dependence, constipation, addiction liability and opioid-
induced hyperalgesia [24]. KOP agonists also are known
to provide some analgesic properties, as well as dyspho-
ria, which severely limits their usefulness. Nevertheless,
DOP agonists represent a potentially useful alternative
target in the treatment of pain, as it may result in fewer
side effects and lower abuse potential [2]. Therefore, DOP
agonists remain potentially important therapeutic targets
for the development of novel analgesic compounds.

Natural deltorphins are linear heptapeptides secreted
by the skin glands of Phyllomedusa amphibians with
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higher affinity and selectivity for DOP than any other
known endogenous compound [4, 13]. Pharmacological
studies have demonstrated that deltorphin I and deltorphin
II are potent opiate agonists that stimulate locomotor ac-
tivity and stereotyped behaviors in rats [15], improve
memory consolidation in mice [18] and activate immuno-
cytes in humans and invertebrates [23]. However, the
majority of research projects focus on the antinociceptive
properties of these compounds. It is particularly interest-
ing in view of their higher antinociceptive activity in
inflammatory or neuropathic pain [2,8,11], while with
fewer side effects than MOP agonists.

In the current studies, the antinociceptive potential of
newly synthesized deltorphin derivative peptides — EW1
and EW2 (Fig. 1) — were assessed in mice in the tail-
immersion test. The antinociceptive effects of peptides
were compared to morphine effects. In order to determine
the respective contribution of MOP, DOP and KOP in the
antinociceptive effects of EW1 and EW2, the selective an-
tagonists of opioid receptors were used to antagonize the
effect of the peptides in the tail-immersion test.

MATERIALS AND METHODS

The experiments were carried out on male Swiss mice
(HZL, Warsaw, Poland). The animals were maintained
under standard laboratory conditions (12-h light/dark cy-
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cle, temperature: 21£1°C) with free access to tap water
and laboratory chow (Bacutil, Motycz, Poland). They
were adapted to laboratory conditions for, at least, 1 week.
Each experimental group consisted of 8-25 animals. All
the experiments were carried out in line with the National
Institute of Health Guidelines for the care and use of labo-
ratory animals and with provisions of the European
Council Directive of 24 November 1986 for Care and Use
of Laboratory Animals (86/609/EEC), and approved by
the Local Ethics Committee 24/13.

Drugs and injection procedure. Both analogues of del-
torphin were synthesized at the Laboratory of Peptides,
Department of Chemistry, Warsaw University, Poland
(Fig. 1). The peptides were dissolved in physiological sa-
line (0.9% NaCl) and injected i.c.v. at the dose of 20 nmol
and in volume of 5 pl. Naltrindole hydrochloride (NTI, 5
nmol), B-funaltrexamine hydrochloride (B-FNA, 5 nmol),
and nor-binaltorphimine hydrochloride (nor-BNI, 10
nmol) were purchased from Tocris Cookson Ltd. (Bristol,
UK). Those opioid antagonists were each time freshly
prepared immediately before experiments as isotonic sa-
line solutions, and were given i.c.v. in 5 ul volumes. The
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Fig. 1. Fig. 1. Structure of the EW1 and EW2
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control group received saline injections of the same vol-
ume and via the same route.

The i.c.v. injections were performed, following the
method described by Haley and McCormick [6]. In brief,
peptide solution was loaded into a 10 pl syringe. A mouse
was hand-held and gently restrained, the skull was punc-
tured perpendicularly to the dorsal surface and 5 ul of the
solution was injected into the lateral ventricle. All the so-
lutions were slowly i.c.v. injected for a period of 30 s. The
injection site was 1.5 mm from the middle, 1 mm from the
bregma and 3 mm from the surface of the skull. Mouse
skull is sufficiently soft to enable needle insertion with a
minimal force. The procedure takes less than a minute and
requires no anesthetics, surgery, or incision. The correct-
ness of the i.c.v. injections was histologically verified
after the experiments, using cresyl violet. Approximately
10-15% of the animals indicated incorrect injections and
were withdrawn from the experiments.

Tail-immersion test. The tail-immersion test was car-
ried out, as described by Janssen et al. [10]. In order to
determine nociceptive reaction, the animal tails were
placed in a water bath, heated to 52°C, and the latency of
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response (in s; reflexive withdrawal of the distal half of
the tail after its immersion in water) was measured before
injections of the drugs (baseline latency response) and at
15 min intervals for subsequent 60 min, and then at 30 min
intervals, up to 120 min (post-treatment latency response)
after drug injections. The cut-off time of 20 s was set to
prevent tail skin tissue damage. Morphine antinociception
was induced by i.c.v. injections of morphine hydrochlo-
ride at the dose of 13 nmol. In order to examine an
antinociceptive effect of EW1 and EW2, the peptides
were i.c.v. injected at the dose of 20 nmol. The control
group received saline instead of either morphine or the
peptide. B-FNA —a selective MOP antagonist (5 nmol, 24 h
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Fig. 2. The influence of opioid antagonists: 8-FNA (5 nmol,i.c.v.,
24 h before test), NTI (5 nmol, i.c.v., 5 min before test), and
nor-BNI (10 nmol, i.c.v., 1 h before test) on EW1 (20 nmol, i.c.v.)
induced antinociception in the tail-immersion test in mice.
Statistical analysis was performed using two-way ANOVA
followed by the Bonferroni post hoc test. The results are
expressed as amean = SEM (N =6-10). *P <0.05, *P <0.01, ***P
<0.001 vs.saline; #P <0.05, ##P <0.001, ###P <0.001 vs. EW 1
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Fig. 3. The influence of opioid antagonists: 3-FNA (5 nmol,i.c.v.,
24 h before test), NTI (5 nmol, i.c.v., 5 min before test), and
nor-BNI (10 nmol, i.c.v., 1 h before test) on EW2 (20 nmol, i.c.v.)
induced antinociception in the tail-immersion test in mice.
Statistical analysis was performed using two-way ANOVA
followed by the Bonferroni post hoc test. The results are
expressed as amean = SEM (N =6-10). *P <0.05, **P <0.01, ***P
<0.001 vs.saline; #P <0.05, ##P <0.001, ###P < 0.001 vs. EW2.
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before peptide injection [7]), NTI — a DOP antagonist
(5 nmol, 5 min before peptide injection [19]), and nor-
BNI, a KOP antagonist (10 nmol, 1 h before peptide injec-
tions [25]) were administered to evaluate MOP, DOP and
KOP contribution levels in the EW1— and EW2-induced
antinociception.

Statistical analysis. Data are presented as means =+
SEM and expressed as percent of possible maximum ef-
fect (MPE%) calculated as: MPE(%) = 100 % [(post-drug
response — baseline response)/(cut-off response — baseline
response)]. Behavioral time course data were analyzed,
using a two-way ANOVA (followed by the Tukey—Kramer
post hoc test). Any value of P 0.05 was considered statisti-
cally significant (GraphPad Prism 5.0, GraphPad Software,
Inc., San Diego, CA, USA).

RESULTS

EWI1 injections (20 nmol, i.c.v.) dose-dependently in-
creased tail-immersion latency, reaching a maximal
antinociceptive response in 30 min after injection in mice
(see Fig. 2). The two-way ANOVA revealed significant
effects for both dose [F(5, 256) = 25.34, P<0.001] and
time [F(6,256) = 14.76, P<0.001]. Co-injection of B-FNA
(5 nmol, i.c.v., a MOP antagonist), more effectively than
NTI, the DOP antagonist (5 nmol, i.c.v.), blocked the
EWI1-induced antinociception (20 nmol, i.c.v.). However,
nor-BNI, the KOP antagonist (10 nmol, i.c.v.) did not
modify tail-immersion latency induced by i.c.v. admini-
stration of EW1 (20 nmol).

When compared with vehicle-treated animals, the i.c.v.
injections of EW2 (20 nmol) significantly increased tail-
immersion latency, reaching a maximal antinociceptive
response in 60 min after injection in mice (see Fig. 3). The
two-way ANOVA of those data revealed significant ef-
fects for both dose [F(5, 224) = 47.4, P<0.0001] and time
[F(6,224)=14.76, P<0.0001]. A combined injection with
B-FNA (5 nmol, i.c.v.) slightly more effectively than NTI
(5 nmol, i.c.v.) reduced EW2-induced antinociception (20
nmol, i.c.v.). Similarly to results for EW1, nor-BNI, the
KOP antagonist (10 nmol, i.c.v.), did not change EW2-
induced tail-immersion latency.

Generally, both deltorphin analogues, at the dose of 20
nmol, induced stronger antinociceptive effect than mor-
phine at the dose of 13 nmol (Fig. 2 and 3).

DISCUSSION

The antinociceptive effects of opioids results from
their interactions with MOP, DOP or KOP [3]. All these
receptors are represented in areas, associated with pain
modulation, including: the periphery, the spinal cord dor-
sal horn, the brainstem, the thalamus and the cortex,
where they embody a pain transmission suppression sys-
tem [9]. The present study demonstrated that both synthetic
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analogues of deltorphin, i.e., EW1 and EW2, were highly
potent analgesics after their i.c.v. injection in the tail-
immersion test. In that test, EW2, administered i.c.v. at
the dose of 20 nmol, induced antinociceptive effects ap-
proximately similar to those of morphine (13 nmol, i.c.v.),
whereas EW1 (20 nmol, i.c.v.) was more effective than
morphine. The observed effect was achieved in 15 min after
injection with a maximum effect after 30 and 60 minutes
for EW1 and EW2, respectively. The antinociceptive ef-
fect remained stable for up to 2 h after injection. Those
long-lasting antinociceptive effects may be suggestive of
a higher resistance of the peptides to enzymatic degrada-
tion vs. natural deltorphins.

A more detailed study with co-administration of selec-
tive opioid receptor antagonists indicated that the
antinociceptive effect of EW1 and EW2 was significantly
inhibited by DOP antagonist (NTI) or MOP antagonist
(B-FNA), however, a-FNA showed a stronger inhibitory
effect on EW1-induced than on EW2-induced analgesia.
The KOP antagonist nor-BNI was ineffective in blocking
the antinociceptive effects of those peptides. Those ef-
fects suggest that both peptides are mixed MOP/DOP
agonists in vivo and that their antinocieptive effects are
mediated by an interaction between DOP and/or MOP. In-
teractions between MOP and DOP were suggested ealier
[22], as well as colocalization of those receptors, e.g., at
the same axonal terminals of the superficial dorsal horn
[1]. Taken together, the evidence for colocalization of
MOP and DOP may result in formation of heterodimers
that could modulate opioid function in a different way vs.
monomers [5]. Although other authors [21] suggest
a minimal possibility for such heterodimerization in no-
ciceptors, they do not preclude their effects in the central
nervous system and, additionally, receptor dimerization is
considered to be a potential mechanism to modulate
opioid function [20].

Nevertheless it appears that MOP predominates in the
antinociceptive action of EW1, and both types of opioid
receptors play an equivalent role in EW?2 effects. It seems
that MOP-DOP interactions potentiated the peptide-
induced antinociception in comparison with the effects of
morphine — a MOP agonist.

CONCLUSIONS

Summing up, our study indicates that EW1 and EW2,
a new synthetic analogues of deltorphin, given supraspi-
nally, induce strong antinociceptive effects in the tail-
immersion test. A more detailed study (with antagonists
of opioid receptors) suggested that both compounds were
mixed MOP/DOP agonists with a dominant role of MOP
in their antinociceptive effect. Current study confirms our
prior results which showed that deltorphin analogs pro-
duced comparable but stronger antinociceptive effect than
morphine (13 nmol) [12].

Vol. 26, 4, 448-452

ACKNOWLEDGEMENTS

This work was financed by the grant from the Medical
University of Lublin (MNmb 7, Poland).

REFERENCES

1. Arvidsson U. etal.: Distribution and targeting of a mu-opioid
receptor (MOR1) in brain and spinal cord. J. Neurosci., 15,
3328, 1995.

2. Cahill C.M. et al.: Up-regulation and trafficking of delta
opioid receptor in a model of chronic inflammation: impli-
cations for pain control. Pain, 101, 199, 2003.

3. Dietis N., Rowbotham D.J., Lambert D.G.: Opioid receptor
subtypes: fact or artifact? Br. J. Anaesth., 107, 8, 2011.

4. Erspamer V. etal.: Deltorphins: a family of naturally occur-
ring peptides with high affinity and selectivity for delta
opioid binding sites. Proc. Natl. Acad. Sci. U. S. A., 86, 5188,
1989.

5. Gomesl. etal.: Heterodimerization of é and & Opioid Recep-
tors: A Role in Opiate Synergy. J. Neurosci., 20, RC110, 2000.

6. Haley TJ, Mccormick WG.: Pharmacological effects pro-
duced by intracerebral injection of drugs in the conscious
mouse. Br. J. Pharmacol. Chemother., 12, 12, 1957.

7. Hayes A.G., Skingle M., Tyers M.B.: Effect of beta-funaltre-
xamine on opioid side-effects produced by morphine and
U-50, 488H. J. Pharm. Pharmacol., 37, 841, 1985.

8. Holdridge S.V., Cahill C.M.: Spinal administration of a delta
opioid receptor agonist attenuates hyperalgesia and allo-
dynia in a rat model of neuropathic pain. Eur. J. Pain, 11,
685, 2007.

9. Inturrisi C.E.: Clinical pharmacology of opioids for pain.
Clin. J. Pain., 18, S3, 2002.

10. Janssen P.A., Niemegeers C.J., Dony J.G.: The inhibitory ef-
fect of fentanyl and other morphine-like analgesics on the
warm water induced tail withdrawal reflex in rats. Arzne-
imittelforschung, 13, 502, 1963.

11. Kabli N., Cahill C.M.: Anti-allodynic effects of peripheral
delta opioid receptors in neuropathic pain. Pain, 127, 84,
2007.

12. Kotliniska J.H. et al.: Antinociceptive effects of two deltor-
phins analogs in the tail-immersion test in rats. Peptides. 39,
103, 2013.

13. Lazarus L.H. et al.: Opioid infidelity: novel opioid peptides
with dual high affinity for delta- and mu-receptors. Trends
Neurosci., 19, 31, 1996.

14. Le Merrer J. etal.: Reward processing by the opioid system in
the brain. Physiol. Rev., 89, 1379, 2009.

15. Longoni R. et al.: [D-Ala, ]deltorphin II: D; dependent
stereotypies and stimulation of dopamine release in the nu-
cleus accumbens. J. Neurosci., 11, 1565, 1991.

16. Lutz P.E., Kieffer B.L.: Opioid receptors: distinct roles in
mood disorders. Trends Neurosci., 36, 195, 2013.

17. Mansour A. etal.: Opioid receptor mRNA expression in the
rat CSN: natomical and functioal implications. Trends Neu-
rosci., 18, 22, 1995.

18. Pavone F. et al.: Deltorphin, a naturally occurring peptide
with high selectivity for delta opioid receptors, improves
memory consolidation in two inbred strains of mice. Pep-
tides, 11, 591, 1990.

19. Portoghese P.S., Sultana M., Takemori A.E.: Naltrindole,
ahighly selective and potent non-peptide delta opioid recep-
tor antagonist. Eur. J. Pharmacol., 146, 185, 1988.

20. Salahpour A., AngersS., Bouvier M.: Functional significance
of oligomerization of G protein-coupled receptors. Trends
Endocrinol. Metab., 11, 163, 2000.

451



Ewa Gibula-Bruzda, Marta Marszalek, Ewa Witkowska, Jolanta H. Kotlinska

21. Scherrer G. etal.: Dissociation of the opioid receptor mecha- ~ 24. Stein C. et al.: Peripheral mechanisms of pain and analgesia.

nisms that control mechanical and heat pain. Cell, 137, 148, Brain Res. Rev., 60, 90, 2009.

2009. 25. Takemori A.E.et al.: Nor-binaltorphimine, a highly selective
22. Soral, Funada M, Uhl G.: The mu-opioid receptor is neces- kappa-opioid antagonist in analgesic and receptor binding

sary for [D-Pen2, d-Pen5]enkephalin-induced analgesia. assays. J. Pharmacol. Exp. Ther., 246, 255, 1988.

Eur. J. Pharmacol., 2, 324, 1997. 26. Trescot A.M. et al.: Opioid pharmacology. Pain Physician.,
23. Stefano G.B. et al.: [D-Ala2]deltorphin I binding and phar- 11, S133, 2008.

macological evidence for a special subtype of delta opioid re-
ceptor on human and invertebrate immune cells. Proc. Natl.
Acad. Sci. US.A., 89, 9316, 1992.

452 Current Issues in Pharmacy & Medical Sciences



