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Abstract

The effects of chronic treatment with naltrexone, an opioid receptor antagonist, on d - and d -opioid receptor agonist-induced1 2
Ž . w 2,5xantinociception and ligand binding were investigated in mice. Antinociception by intracerebroventricular i.c.v. D-Pen enkephalin

Ž . w 2 xDPDPE and D-Ala deltorphin II, agonists selective for d - and d -opioid receptors, respectively, was blocked following subcutaneous1 2
Ž . Ž .s.c. implantation of a naltrexone pellet 7.5 mg for 7 days. Removal of the naltrexone pellet was followed 24 h later by a decrease of

w 2 x w3 xw 2 x7.5-fold in the ED value of D-Ala deltorphin II, but not that of DPDPE. In a whole brain homogenate the binding of H D-Ala de-50
w3 xltorphin II was increased twice as much as that of H DPDPE. Chronic naltrexone treatment also produced an 8.6-fold decrease in the

Ž .ED value of i.c.v. administered morphine. The increase in morphine potency was reversed to a control placebo-treated mice value by50
Ž .the selective d -opioid receptor antagonist, naltriben 25 pmol, i.c.v. . Thus, chronic naltrexone selectively increases d -opioid2 2

receptor-mediated antinociception, supporting the existence of d opioid receptor subtypes with distinct adaptive characteristics. The data
also indicate that d -opioid receptors are critically involved in the expression of morphine supersensitivity. q 1998 Elsevier Science B.V.2
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1. Introduction

The ability of the d-opioid receptor to mediate
supraspinal antinociceptive processes in mice is now well
established. This effort has been facilitated by the intrac-

Ž .erebroventricular i.c.v. administration of opioid ligands
with high affinity and great selectivity for the d-receptor
including deltorphin peptides and the conformationally

w 2,5 x Ž .restricted cyclic peptide D-Pen enkephalin DPDPE
ŽMosberg et al., 1983; Erspamer et al., 1989; Suh and
Tseng, 1990; Mattia et al., 1991; Sanchez-Blazquez and

.Garzon, 1993 . In support of the specificity of these opi-
oids for the d-receptor, their antinociceptive effects are
antagonized by the d-opioid receptor-selective ligand

Ž . Ž .N, N-diallyl,Tyr- Aib -Phe-Leu-OH ICI174,864 , but not2

by the m-opioid receptor-selective antagonist b-
Ž .funaltrexamine Jiang et al., 1990; Suh and Tseng, 1990 .

Although both ligands act through the same transducer
Žprotein and produce identical cellular effects Sanchez-

.Blazquez and Garzon, 1993; Buzas et al., 1994 , the ability
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of several different d-opioid receptor-selective antagonists
to block the antinociceptive effects of the deltorphins and
DPDPE is ligand-specific, suggesting that d-opioid recep-

Ž .tors can be dissociated into d - DPDPE-sensitive and1
Ž . Žd - deltorphin-sensitive opioid receptor subtypes Jiang et2

.al., 1991; Sofuoglu et al., 1991 . Further support for
w 2 xdifferent sites of action following DPDPE and D-Ala de-

ltorphin II administration comes from the report that,
whereas both agonists produce antinociception in CD-1
mice, only DPDPE produces analgesia in the CXBK mouse
Ž .Raffa et al., 1992 . d - and d -opioid receptor subtypes1 2

may also undergo adaptive alterations independently of
each other. For example, no cross-tolerance between the
deltorphins and DPDPE is observed when either com-
pound is tested following the chronic i.c.v. administration

Ž .of the other Mattia et al., 1991 . Mice rendered diabetic
following chronic streptozotocin treatment display a selec-

Ž . w 2 xtive enhancement of DPDPE d but not D-Ala de-1
Ž . Ž .ltorphin II d , antinociception Kamei et al., 1994 .2

Chronic treatment of mice and rats with naltrexone, an
opioid receptor antagonist, produces functional supersensi-

Ž .tivity i.e. increased antinociceptive potency of d-opioid
Žreceptor agonists Zukin et al., 1982; Tempel et al., 1985;

0014-2999r98r$19.00 q 1998 Elsevier Science B.V. All rights reserved.
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.Morris et al., 1988; Yoburn et al., 1988, 1990 . These
changes are accompanied by increased d-opioid receptor

Ž .binding i.e. receptor up-regulation . In these studies how-
ever, d-opioid receptor-mediated antinociception and lig-

w 2 5 xand binding were assessed using D-Ala , D-Leu enkepha-
lin, which does not discriminate well between d- and
m-opioid receptors or between d-opioid receptor subtypes
Ž . Ž .Corbett et al., 1984 . Duttaroy et al. 1992 have reported

w3 xincreased whole brain H DPDPE binding in naltrexone
treated mice. However, the effects of chronic naltrexone
on supraspinal DPDPE antinociception, or on supraspinal
d -opioid receptor antinociception and binding are un-2

known. Furthermore, chronic administration of 7-benzyl-
idine-7-dehydronaltrexone, a selective d -opioid receptor1

antagonist enhances the antinociceptive potency of DPDPE
w 2 xbut not that of D-Ala deltorphin II, while chronic admin-

istration of naltriben, a selective d -opioid receptor antago-2
w 2 xnist enhances the antinociceptive potency of D-Ala de-

Ž .ltorphin II but not that of DPDPE Bhargava et al., 1996 .
Thus, since d-opioid receptor subtypes can display differ-
ent pharmacological and functional profiles and can un-
dergo functional changes independently, they may also
display differential responses to chronic naltrexone treat-
ment. Therefore, the present study examined the effects of
7 days of naltrexone treatment on the antinociceptive

w 2 xpotency of DPDPE and D-Ala deltorphin II on day 8 in
mice. Additionally, to assess d-opioid receptor up-regu-

w3 xlation following chronic naltrexone treatment, H DPDPE
w3 xw 2 xand H D-Ala deltorphin II binding was measured in

whole brain homogenate. Finally, the d -opioid receptor2

has been demonstrated to modulate morphine analgesia
Ž .Porreca et al., 1992 and to contribute to the adaptive
changes that produce morphine tolerance and dependence

Žfollowing chronic administration Abdelhamid et al., 1991;
.Kest et al., 1996 . Therefore, the role of d -opioid recep-2

tors in the adaptive changes contributing to the expression
of morphine supersensitivity following chronic naltrexone
treatment was also investigated using the selective d -2

Ž .opioid receptor antagonist naltriben Sofuoglu et al., 1991 .

2. Materials and methods

2.1. Subjects

Ž .Male adult CD-1 mice 25–35 g were used throughout.
Animals were housed five to a cage and maintained in a
temperature controlled environment provided with unre-
stricted food and water. ED values for each drug condi-50

tion were determined on separate groups of 7–10 mice
each and were replicated once.

2.2. Tail-flick assay

ŽA standardized tail-flick apparatus EMDIE, Richmond,
.VA with a radiant heat source connected to an automatic

timer was used to assess nociceptive thresholds. With-
drawal latency was measured from the onset of the heat
stimulus applied to the distal 2 cm of the tail and was
terminated upon the flick of the tail. Baseline latencies
were comprised of the mean of two such determinations.
The intensity was adjusted to yield baseline latencies of
between 2.5–3.5 s. A maximum latency of 10 s was
employed to prevent tissue damage.

2.3. Drug administration

ŽStandard naltrexone 30 mg of naltrexone, 105 mg of
.cholesterol and 15 mg of tristearin and placebo pellets

Ž .135 mg of cholesterol and 15 mg of tristearin were
Žobtained from the Research Triangle Institute Research

.Triangle Park, NC through the National Institute on Drug
Ž .Abuse Rockville, MD . A pellet was cut into 4 pieces,

each containing approximately 7.5 mg of naltrexone. Each
piece was wrapped in nylon mesh and implanted subcuta-

Ž .neously s.c. under halothane anesthesia at the nape of the
neck for 7 days and then removed. DPDPE, obtained from
the Research Technology Branch of the National Institute

Ž . w 2 xon Drug Abuse Rockville, MD , D-Ala deltorphin II
Ž . ŽPeninsula Labs, Belmont, CA , naltriben Research Bio-

. Žchemicals, Natick, MA , and morphine Mallinckrodt, St.
.Louis, MO were dissolved in physiological saline and

Ž .injected into the lateral cerebral ventricle i.c.v. according
Ž .to the method of Haley and McCormick 1957 . Under

halothane anesthesia, an incision was made in the scalp
and bregma located. Drug or vehicle were then injected
directly through the skull at a point 2 mm caudal and 2
mm lateral to bregma at a depth of 3 mm using a Hamilton
Ž .Hamilton Co., Reno, NV microliter syringe with a 27-
gauge needle. All i.c.v. injections were made with a vol-
ume of 5 ml. Following each injection, the incision was
closed with a stainless steel wound clip.

2.4. Dose–response studies

w 2 xChanges in the relative potency of D-Ala deltorphin II,
DPDPE, and morphine are expressed as changes in their
respective ED values, determined by constructing cumu-50

lative dose–response curves derived by administering in-
Ž .creasing log doses approximately 0.25 increments of

drug until each animal became a responder. A responder
was operationally defined as an animal whose tail-flick
latency on two consecutive determinations was equal to or
greater than double that animal’s mean baseline score

w 2 xassessed just prior to the testing session. D-Ala deltorphin
II and DPDPE ED values were assessed on day 7 in the50

Žpresence of naltrexone and 24 h after pellet removal day
.8 , when naltrexone has been eliminated and naltrexone-in-

Žduced supersensitivity to morphine is maximal Yoburn
.and Inturrisi, 1988 . Assessment of morphine ED values50

Ž .began 10 min after saline or naltriben 25 pmol adminis-
tration. Naltriben is a selective d -receptor antagonist and,2
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Table 1
Ž . w 2 xThe intracerebroventricular i.c.v. antinociceptive potency of DPDPE and D-Ala deltorphin II during and after chronic naltrexone treatment. A

Ž . w 2 xnaltrexone 7.5 mg or a placebo pellet was implanted subcutaneously for 7 days. DPDPE and D-Ala deltorphin II were administered i.c.v. on day 7 and
Ž .24 h after pellet removal day 8 and ED values were determined using a cumulative dose–response method50

Ž .d Agonist Treatment Day ED mgrmouse 95% CI Relative potency50

DPDPE naltrexone 7 )100.0 ND ND
Ž .placebo 8 29.2 23.0–35.7 1.0
Ž .naltrexone 8 27.5 21.5–33.5 1.1

2w xD-Ala deltorphin II naltrexone 7 )100.0 ND ND
Ž .placebo 8 10.8 8.5–13.5 1.0

a Ž .naltrexone 8 1.4 1.2–1.7 7.7

CIsconfidence intervals.
a Ž .Significantly different p-0.05 from the corresponding day 8 placebo value.

Ž .ND: could not be determined see text .

at the dose presently employed, does not alter tail-flick
Ž .latencies or morphine analgesia Takemori et al., 1992 .

All agonists were tested 10 min following each dose of
drug, respectively, corresponding to their peak antinocicep-

Žtive effect as previously reported Jiang et al., 1990; Mattia
.et al., 1991 .

[3 ] [3 ][ 2]2.5. H DPDPE and H D-Ala deltorphin II binding
assay

Ž .Brains minus cerebellum were removed on day 8 and
Ž .prepared as previously described Cheng et al., 1992 .

Briefly, the tissue was rapidly homogenized with a Poly-
Ž .tron homogenizer Brinkmann Instruments, Westbury, NY
Žin ice-cold buffer 50 mM Tris, 1 mM EGTA, 0.1 M NaCl,

.pH 7.7 containing 1 mM PMSF to inhibit protease activ-
ity. The homogenate was then incubated at 258C for 15
min and centrifuged at 48C for 30 min. Pellets were

Žresuspended in buffer 50 mM K PO , 5 mM MgSO , pH2 4 4
.7.2 to a final tissue concentration of 1 mg proteinrml as

Ž .determined by the Lowry assay Lowry et al., 1951 .
w3 x w3 xw 2 x ŽH DPDPE and H D-Ala deltorphin II New England

.Nuclear, Boston, MA binding assays were performed in 1
ml aliquots of mouse brain homogenate. Assays were

Žfiltered through Whatman B glass fiber filters Biomedical
Research and Development Laboratories, Gaithersburg,

. ŽMD and washed twice with 4 ml of ice-cold buffer 5mM
. ŽTris, pH 7.4 on a cell harvester Brandel, Gaithersburg,

.MD . Nonspecific binding was determined with 1 mM
Žlevallorphan Research Biochemicals International, Natick,

.MA . All measurements were performed in triplicate and
each assay was replicated 3–5 times.

2.6. Data analysis

Baseline tail-flick latencies for all groups were subject
to analysis of variance. The quantal dose–response data
was analyzed using the BLISS-21 computer program. This
program maximized the log-likelihood function to fit a
parallel set of Gaussian normal sigmoid curves to the
dose–response data and provides ED values, 95% confi-50

Ž .dence intervals CI and estimates of relative potency
Ž .Umans and Inturrisi, 1981 . The mean and mean differ-

Ž .ence of the countsrminute c.p.m. for each radiolabeled
ligand in placebo and naltrexone treated brain ho-
mogenates were compared using the Student’s t-test.

3. Results

w 2 xThe solubility of DPDPE and D-Ala deltorphin II
limited the dosage that could be administered i.c.v. There-

Ž .Fig. 1. Naltrexone NTX treatment produces supersensitivity to the
w 2 x Ž .antinociceptive effects of D-Ala deltorphin II DELT II but not to

w 2,5 x Ž .D-Pen enkephalin DPDPE . Supersensitivity was assessed by a left-
ward shift in the cumulative dose–response curve in mice following the
subcutaneous implantation of a 7.5 mg NTX pellet or a placebo pellet for
7 days. The testing was conducted 24 h after removal of the pellet. The
ordinate indicates the percentage of animals that achieved an analgesic
Ž .antinociceptive response using the tail-flick test. The estimated ED50

values are given in Table 1.
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w 2 xfore, the ED values for DPDPE and D-Ala deltorphin II50

in the presence of naltrexone on day 7 can only be
estimated. However, the blockade by naltrexone appeared

Ž .complete Table 1 . In contrast, the ED values assessed50

on day 8, 24 h after the removal of naltrexone pellets,
indicate that the potency of i.c.v. DPDPE was not signifi-
cantly altered in naltrexone treated mice relative to placebo

Ž .treated controls Table 1, Fig. 1 . The ED value for i.c.v.50
w 2 xD-Ala deltorphin II, however was significantly decreased
from 10.7 to 1.4 mgrmouse, indicating a 7.5-fold increase

Ž .in potency resulting from naltrexone treatment Table 1 .
w 2 xFig. 1 illustrates this leftward shift in the D-Ala de-

w3 xltorphin II dose–response curve. Both H DPDPE and
w3 xw 2 xH D-Ala deltorphin II binding were significantly in-
creased in the whole brain homogenate from naltrexone

Ž .treated mice relative to placebo treated controls Fig. 2 .
w3 xw 2 xHowever, the increase in H D-Ala deltorphin II binding

w3 x Ž .was twice that observed for H DPDPE P-0.05 . An
increase in the potency of morphine, indicated by an

Ž .8.6-fold decrease in the morphine ED value Table 2 ,50

was also observed in naltrexone treated mice relative to
placebo treated controls. However, no increase in the
morphine ED was observed in naltrexone pelleted mice50

who received naltriben before the morphine challenge
dose. Naltriben alone did not affect baseline tail-flick

Fig. 2. Ligand binding after chronic in vivo treatment with naltrexone or
Ž .a placebo pellet. Aliquots of mouse whole brain minus cerebellum

w3 x w3 xw 2 xhomogenate were incubated with H DPDPE or H D-Ala deltorphin
II. Results are specific binding and are the meansqSEM of three to five
determinations. The mice were implanted subcutaneously for 7 days with
a 7.5 mg naltrexone or a placebo pellet. The brain homogenates were

) Žprepared 24 h after removal of the pellet. Significantly different P -
. q0.05 from the corresponding placebo treated group. A significantly

Ž . w3 xdifferent P -0.05 increase compared to H DPDPE binding in the
naltexone treated group.

Table 2
Ž .The effect of naltriben on the intracerebroventricular i.c.v. antinocicep-

tive potency of morphine in placebo and chronic naltrexone treated mice.
Ž .A naltrexone 7.5 mg or a placebo pellet was implanted subcutaneously

for 7 days and removed. On day 8, mice received a single i.c.v. injection
Ž .of naltriben 25 pmol . 10 min later, i.c.v. morphine ED values were50

determined using a cumulative dose–response method

Treatment ED 95% CI Relative potency50
Ž .mgrmouse

Placebo-pelleted
Ž .Salineqmorphine 2.13 1.28–3.06 1.00
Ž .Naltribenqmorphine 2.07 1.10–3.34 1.02

Naltrexone-pelleted
a Ž .Salineqmorphine 0.18 0.09–0.30 11.80

Ž .Naltribenqmorphine 1.80 1.12–2.71 1.18

CIsconfidence intervals.
a Ž .Significantly different p - 0.05 from placebo-pelletedrsalineq
morphine value.

Ž .latencies data not shown or morphine potency in placebo
treated mice.

4. Discussion

In the present experiments, chronic naltrexone treatment
wfor 7 days produced functional supersensitivity to D-

2 x ŽAla deltorphin II induced antinociception on day 8 Table
.1 . Although morphine analgesia was also up-regulated in

the following experiment, the antinociceptive effect of
w 2 xD-Ala deltorphin II is not antagonized by the m-opioid

Žreceptor-selective antagonist b-funaltrexamine Jiang et
.al., 1990 nor cross-tolerant with the selective m-opioid

w 2 4 x Žreceptor agonist D-Ala ,NMPhe , Gly-ol enkephalin Mat-
.tia et al., 1991 , suggesting that m-opioid receptors do not

w 2 xmediate the presently observed D-Ala deltorphin II super-
sensitivity. In contrast, no change in the antinociceptive
potency of DPDPE was observed despite evidence that the
naltrexone treatment produced antagonism at d-opioid re-
ceptors and that the antinociceptive potency of DPDPE can
be increased following the selective antagonism of d -1

opioid receptors by 7-benzylidene-7-dehydronaltrexone
Ž .Bhargava et al., 1996 . The present results also demon-
strate that d-opioid receptor subtypes are regulated by
mechanisms which differentially adapt to chronic naltrex-
one treatment. This, however, is not the first instance
where d-opioid receptor subtypes display different adap-
tive responses in response to chronic treatment. In mice
rendered diabetic following chronic streptozotocin admin-

Ž .istration, there is a selective enhancement of DPDPE d ,1
w 2 x Ž . Žbut not D-Ala deltorphin II d , antinociception Kamei2

.et al., 1994 . Thus, a change in the activity mediated at
d-opioid receptor subtypes is not limited to either subtype
and may occur independently of each other.

The absence of increased supraspinal DPDPE antinoci-
ceptive potency in the present study contrasts with the
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Ž .report of Yoburn et al. 1989 who found DPDPE super-
sensitivity following intrathecal administration in naltrex-
one treated mice. We believe that the absence of increased
DPDPE antinociceptive potency reported here may be due
to the different route of administration used. Whereas an
intrathecal route of administration was used in that study,
DPDPE in the present study was injected i.c.v. Thus, the
differential effects of DPDPE in the two studies may
reflect the circumscribed delivery of DPDPE to, and the
consequent assessment of, spinal and supraspinal d -opioid1

receptor populations, respectively. The site of opioid drug
administration in naltrexone treated mice is particularly
relevant since up-regulation of opioid receptors may not
occur uniformly across brain regions. Indeed, all three
opioid receptor subtypes have been observed to undergo
region-specific up-regulation in response to chronic nal-

Žtrexone treatment Morris et al., 1988; Belcheva et al.,
.1994 . This differential up-regulation between spinal and

supraspinal d -opioid receptor populations would be ex-1

pected to produce uneven changes in spinal and supraspinal
DPDPE antinociceptive potency following chronic naltrex-
one. Interestingly, it has been reported that spinal DPDPE
antinociception is antagonized by naltrindole-5X-isothio-

Ž .cyanate Mattia et al., 1992 and an antisense
oligodeoxynucleotide to the cloned d-opioid receptor

Ž .DOR-1 Standifer et al., 1994 , both characterized as
selectively antagonizing the d -opioid receptor subtype2
Ž .Jiang et al., 1991; Lai et al., 1994 . On the basis of these
findings, it has been suggested that DPDPE does not
discriminate very well between d-opioid receptor subtypes
in the spinal cord. It is therefore possible that the increased
antinociceptive potency of DPDPE in the spinal cord
following chronic naltrexone treatment as reported by

Ž .Yoburn et al. 1989 was actually mediated by the d -opioid2

receptor subtype.
The present data are the first to report that the level of

w3 xd -opioid receptor subtype binding, as assayed by H -2
w 2 x Ž .D-Ala deltorphin II, is increased on day 8 Fig. 2 .
Previous work in this laboratory has shown, however, that
levels of the DOR-1 mRNA, a putative d -opioid receptor2

wsubtype transcript, is not altered in mice displaying D-
2 xAla deltorphin II supersensitivity following the identical

Žnaltrexone treatment paradigm used here Jenab et al.,
.1995 . Thus, it appears that up-regulation of the d -opioid2

receptor in naltrexone treated mice occur via mechanisms
other than alterations in transcript abundance. The func-

w 2 xtional supersensitivity demonstrated to D-Ala deltorphin
II was associated with a proportionally greater increase in
w3 xw 2 x w3 xH D-Ala deltorphin II binding, compared to H DPDPE

Ž .binding Fig. 2 . It may be that the increase in DPDPE
binding was not sufficient to produce a functional change

Ž .as assessed by an increase in DPDPE potency Fig. 2 .
Ž .However, Duttaroy et al. 1992 observed a dissociation

between receptor up-regulation and functional supersensi-
tivity in that increased m-opioid receptor analgesia does
not accompany increased m-receptor binding in mice re-

ceiving D-amphetamine during chronic naltrexone treat-
Ž .ment. Additionally, Shah et al. 1994 have demonstrated

that while intrathecal naltrindole administration in mice
w 2selectively affects d -opioid receptor selective D-Ser ,2

5 6 x Ž .Leu , Thr enkephalin DSLET potency, the specific
w3 x w3 xbinding of both H DPDPE and H DSLET are both

reduced. Furthermore, in NG108-15 cells, a mouse neurob-
lastoma–rat glioma hybrid cell line expressing only the
d -opioid receptor subtype, DPDPE binding was reduced2

by 40% following treatment with an antisense
oligodeoxynucleotide targeting DOR-1 mRNA, demon-
strating its lack of absolute specificity for d -opioid recep-1

Ž .tors Standifer et al., 1994 . Therefore, although deltorphin
II and DPDPE have distinct selectivity profiles for the
d-opioid receptor subtypes, it is important to remember
that these ligands do not exhibit absolute specificity for
these subtypes. Due to this degree of DPDPE nonspeci-

w3 xwficity, it is possible that the increase in both H D-
2 x w3 xAla deltorphin II and H DPDPE binding measure the

same up-regulated d -opioid receptor population.2

Our data support the finding that neither baseline tail-
flick latencies nor morphine analgesia in placebo treated
mice are affected by the d -opioid receptor-selective an-2

tagonist naltriben at the dose used in the present study
Ž .Takemori et al., 1992 . This is consistent with a predomi-
nantly m-opioid receptor site of action in morphine analge-
sia. What needs to be understood is why naltriben was
effective in blocking morphine analgesia in naltrexone
treated mice. It must be noted that morphine is not selec-
tive for the m-opioid receptor and can produce analgesia at

Žd-opioid binding sites as well Takemori and Portoghese,
.1987 . Given the up-regulation of d -opioid receptors in2

the present study, it is thus possible that morphine inter-
acted with this population of receptors. Therefore, mor-
phine analgesia would be blocked by naltriben in naltrex-
one, but not placebo, treated mice as presently reported.
However, since m-opioid receptors are also up-regulated

Ž .following chronic naltrexone Duttaroy et al., 1992 , the
fact that naltriben completely reversed morphine supersen-
sitivity but did not block morphine analgesia, implies that
d -opioid receptors are either increased to a greater extent2

or have a more critical role in morphine supersensitivity
relative to m-receptors following chronic naltrexone. Alter-
natively, it is possible that morphine acts at up-regulated
m-opioid receptors, resulting in morphine supersensitivity.
In this case, the reversal of morphine supersensitivity by
naltriben may reflect the ability of the d -opioid receptor2

Žsubtype to modulate morphine analgesia Porreca et al.,
.1992 as well as the adaptive responses following chronic

drug treatment that contribute to morphine tolerance and
Ždependence Abdelhamid et al., 1991; Miyamoto et al.,

.1993; Kest et al., 1996 . Regardless of the mechanism of
action, the reversal of morphine supersensitivity, but not
morphine analgesia, by naltriben indicates a role for the
d -opioid receptor in the expression of morphine supersen-2

sitivity following chronic naltrexone and is consistent with
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our recent observation that an antisense oligodeoxynu-
cleotide targeting the coding sequence of the cloned d-

Ž .opioid receptor DOR-1 blocks the development of mor-
Ž .phine supersensitivity Kest et al., 1997 .

In summary, the following experiments demonstrate
that, although both d-opioid receptor subtypes are up-regu-
lated, functional supersensitivity of only the d -opioid2

receptor subtype is observed following chronic naltrexone
treatment. Thus, the data support distinct pharmacological
profiles and adaptive responses for d-opioid receptor sub-
types. Furthermore, the ability of the d -opioid receptor-2

selective antagonist naltriben to block morphine supersen-
sitivity in naltrexone treated mice suggests a modulatory
role for the d -opioid receptor in morphine supersensitiv-2

ity. Further work is needed however to clarify both the
mechanism and the significance of receptor up-regulation,
as well as the processess contributing to opioid functional
supersensitivity, following chronic naltrexone treatment.
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