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Opioid receptors can be classified into at least 4 types, €-, j-, &, and x-
opioid receptors. Stimulation of any one of these opioid receptors produce
antinociception. Antinociception can be produced by either stimulation of opioid
receptors at the spinal cord by administration of opioids directly to the spinal
cord or by activation of descending pain control systems by application of opioid
at the supraspinal sites. The descending pain control systems activated by various
opioid receptor agonists involve multiple descending neural pathways and utilize
different neurotransmitter systems. The descending pain control systems can be
classified at least into € opioid receptor mediated, | opioid receptor mediated and
K opioid receptor mediated descending systems. The € system is activated by B-
endorphin, an € receptor agonist, and the antinociception is mediated by the
release of [Met’]-enkephalin and the subsequent stimulation of opioid & receptor
in the spinal cord. The p system is stimulated by morphine or DAMGO, |
receptor agonists, and the antinociception is mediated by the activation of
spinipctal serotonergic and noradrenergic systems and stimulation of 5-HT
receptors and o.-adrenoceptors in the spinal cord. The x system is activated by
U50,488H, bremazocine or X receptor agonists, and the antinociception is
mediated by the release of 5-HT and dynorphin A [1-17] and stimulation of 5-
HT receptor and x receptors in the spinal cord.

Table 1 lists the selective opioid receptor agonists and antagonist used in
our studies which selective stimulate or block the respective receptors. The
experiments were mainly performed in mice using the tail-flick and hot-plate
tests. The antinociception induced by B-endorphin given i.c.v. is blocked by i.c.v.
administration of $-endorphin-[1-27], a selective £ opioid receptor antagonist, but
not by CTOP or p-funaltrexamine, selective p-opioid receptor antagonists,



naltrindole, a 8, opioid receptor antagonist, BNTX, 6,-opioid receptor antagonist
or nor-binaltorphine, a x-opioid receptor antagonist. On the other hand, the
antinociception induced by morphine or DAMGO, p agonists, given 1.C.v. 18
blocked by i.c.v. CTOP or B-funaltrexamine, but not by other &, 9, or K opioid
receptor antagonists and the antinociception induced by U50,488H, x agonist,
given i.c.v. is blocked by nor-binaltorphine, but not by €, |, or O opioid receptor
antagonists.

B-Endorphin given i.c.v. releases Met-enkephalin which subsequently
stimulated &,-opioid receptors in the spinal cord for the production of
antinociceptioxi. This is evidenced by the finding that the i.c.v. administration of
B-endorphin increased the immunoreactive Met-enkephalin in the spinal
perfusates and intrathecal (i.t.) pretreatment with antiserum to Met-enkephalin,
but not with antiserum to Leu-enkepahin, dynorphin A [1-17] or B-endorphin,
blocked B-endorphin-induced antinociception. Lt. pretreatment with naltriben, a
selective 8,-receptor antagonist, but not other selective g, &, or X receptor
antagonists blocked i.c.v.-administered [3-endorphin-induced antinociception.
I.c.v. administration of morphine or DAMGO increases the release of
noradrenaline and 5-HT and subsequently stimulation 5-HT receptors and o-
adrenoceptors in the spinal cord for the production of antinociception. This
contention is supported by the findings that i.t. pretreatment with DSP-4 and 5,7-
DHT, which degenerates noradrenergic and serotonergic fibers respectively,
blocked i.c.v. morphine , but not B-endorphin-induced antinociception. Also, i.t.
pretreatment with 5-HT receptor antagonist, methysergide or o,-adrenoceptor
antagonist, yohimbine, blocked i.c.v. morphine-induced antinociception. I.c.v.
administration induced by U50,488H or bremazocine releases 5-HT and
dynorphin A [1-17] from the spinal cord for the production of antinociception.
This contention is supported by the finding that i.t. pretreatment with antiserum to
dynorphin A [1-17] or it pretreatment with nor-binaltorphine or methysergide
blocked i.c.v.-administered U50,488H or bremazocine-induced inhibition of the
tail-flick response.

8-, u- and x-opioid receptors have been cloned and their aminoacid
sequences and the mRNA sequences for receptor protein synthesis have been
determined. An antisense oligodeoxynucleotide is a short piece of synthetic DNA
with a nucleotide sequence that is the reverse of and complementary to a part of a



mRNA. It therefore hybridizes to mRNA and inhibits the synthesis of the
encoded protein. The antisense oligodeoxynucleotides were then utilized for
characterizing the opioid receptor functions for antinociception.

[.t. pretreatment with 0,-opioid receptor antisense oligodeoxynucleotide
blocked the tail-flick inhibition induced by i.t.-administered 6-opioid receptor
agonists, [D-Ala]deltorphin II, but not |-, or x-opioid receptor agonists, DAMGO
or U50,488H. Likewise, it. pretreatment with [-opiocid receptor antisense
oligodeoxynucleotide blocked the tail-flick response induced by i.t.-administered
DAMGO or morphine, but not [D-Ala‘]deltorphin II or US50,488H. [L.t.
pretreatment with k-opioid receptor antisense oligodeoxynucleotide blocked the
antinociception induced by i.t.-administered U50,488H, but not DAMGO or [D-
Ala’ldettorphin II. Tt is concluded that the antinociception induced by selective
-, 8-, or x-opioid receptor agonists is mediated by the stimulation of respective |-
, 0-, or x-opioid opioid receptors.

d,-Opioid receptor antisense oligodeoxynucleotide was also used to
characterize the descending € pain control system activated by i.c.v. administered
B-endorphin. I.t, pretreatment with d-opioid receptor antisensc
oligodeoxynucleotide selectively attenuated i.c.v.-administered P-endorphin-
induced antinociception without any effect on the antinociception induced by |-
opioid receptor agonist, morphine or DAMGO, or k-opioid receptor agonist,
U50,488H. The results of the study confirm previous findings that the
antinociception induced by B-endorphin is mediated by the stimulation of the §,-
opioid receptor in the spinal cord. '

At the supraspinanl sites, i.c.v. pretreatment with J,-antisense
oligodeoxynucleotide ﬁt_tenuated [D-Ala’]deltorphin 1I-, but not DAMGO-, B-
endorphin or US50,488H-induced inhibition of the tail-flick response.
Pretreatment with either 6,- or p-antisense oligodeoxynucleotide blocked the
i.c.v,-administered morphine-induced inhibition of the tail-flick response,
indicating that the antinociception induced by morphine given i.c.v. is mediated
by the stimualtion of both 4 and o opioid fccepturs.

Besides B-endorphin which is a peptide, some opioid alkaloids process €
opioid receptor activity. Etorphine, a classical |1 agonist, also process & agonist
activity. This is supported by the finding that antinociceptive response induced
by etorphine given i.c.v. was blocked by i.c.v. administration of CTOP or [3-



funaltrexamine and [-endorphin-[1-27], but not by ICI174,864 or nor -
binaltorphine. On the other hand, the antinociception induced by i.c.v.-
administered morphine was blocked by CTOP or B-funaltrexamine, but not by P-
endorphin-[1-27], ICI 174,864 or nor- binaltorphine. The findings indicate that
the antinociception induced by etorphine given i.c.v. is mediated by the
stimulation of both |l and & opioid receptors, whereas the antinociception induced
by morphine given i.c.v. is mediated by the stimulation of i, but not £ opioid
receptors. Bremazocine, a benzomorphan K agonist, also contains a component
which is £. This contention is supported by the findings that the inhibition of the
tail-flick response induced by i.c.v.-administered bremazocine was blocked by
both B-endorphin-[1-27] and nor-binaltorphine.

The inhibition of the tail-flick response induced i.c.v.-administered
etorphine or bremazocine was blocked by i.t. pretreatment with antiserum to Met-
enkephalin, but not with antiserum to Leu-enkephain B-endorphin or dynorphin
A [1-17]. Desensitization of o0-opioid receptors in the spinal cord by i.t.
pretreatment with Met-enkephalin, but not with Leu-enkephalin, or dynorphin A
[1-17] attenuated i.c.v.-administered etorphine- or bremazocine-induced tail-flick
inhibition.  Lt. injection of ICI 174,864 antagonized i.c.v.-administered
etorphine- or bremazocine-induced tail-flick inhibition. The findings indicate
that antinociception induced by etorphine or bremazocine is mediated in part by
the stimulation of € opioid receptors at the supraspinal sites and by the release of
Met-enkephalin which subsequently stimulates 6-opioid receptors in the spinal

cord.
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Table 1 Pharmacology of Opioid Receptors

Opioid Endt_)genous Aonists | Antagonists
receptors ligands
3 B-Endorphin 3-Endorphin B-endorphin[1-27]
Etorphine
Bremazocine
Tl ? Morphine B-Funaltrexamine
DAMGO CTOP, naloxone
Etorphine
o [Met*]lenkephalin DPDPE(d1) IC1174,864(81, 82)
Deltorphin I1($2) BNTX(41)
‘naltrindole(82>61)
naltriben(62)
K Dynorphin A {1-17] US50,488H Nor-binaltorphine
- Bremazocine
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