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Abstract

Background—The delta opioid receptor (DOR) is a promising target to treat multiple
indications, including alcoholism, anxiety, and nonmalignant pain. The potential of the DORs has
been underappreciated, in part, due to relatively low functional expression of these receptors in
naive states. However, chronic exposure to stress, opioids, and inflammation can induce a
redistribution of DORSs to the cell surface where they can be activated. Previously, DORs were
shown to be selectively/exclusively present in spinal cord circuits mediating mechanical
sensitivity but not those mediating thermal nociception under naive conditions.

Methods—We spinally administered DOR and mu opioid receptor (MOR) selective agonists
([D-Pen2,D-Pen5]-Enkephalin, deltorphin 11, SNC80, and DAMGO) and antagonists (naltriben
and CTAP) and determined thermal antinociception and mechanical sensitivity in wild-type mice
or mice with a genetic disruption of DOR or MOR. Thermal antinociception was measured using a
radiant heat tail-flick assay; mechanical sensitivity was measured using von Frey filaments. Dose
response curves were generated in naive mice and mice exposed to ethanol in a model of
voluntary consumption.

Results—We show that prolonged exposure to ethanol can promote an upregulation of
functional DORs in the spinal cord in thermal pain-mediating circuits but not in those mediating
mechanical sensitivity. The upregulated DORs either modulate MOR-mediated analgesia through
convergence of circuits or signal transduction pathways and/or interact directly with MORs to
form a new functional (heteromeric) unit.

Conclusions—Our findings suggest that DORs could be a novel target in conditions in which
DORs are redistributed.
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Substance abuse and addiction are complex diseases of the brain that have a large impact on
society. For example, a recent study reported that, in the United Kingdom, alcoholism has a
greater societal cost than any other substance of abuse (1). The few current treatments
available to alcoholics are, on average, only moderately effective (2). One of the Food and
Drug Administration approved drugs used to treat alcoholism is Revia (naltrexone), an
opioid receptor antagonist. Recently, we have shown that targeting the delta opioid receptor
(DOR) may provide an alternate approach in treating alcoholism, especially since the DORs
appear to affect not only ethanol consumption (3) but also anxiety (4). Importantly, under
naive conditions, many DORs are not functionally active due to their sequestration in large
dense core vesicles (LDCVs) (5). However, several stimuli, such as chronic exposure to
morphine, stress, or inflammation can induce the redistribution of DORs from LDCVs to the
cell surface (6-8). Interestingly, chronic alcohol exposure has also been shown to promote
an increase in DOR function in the ventral tegmental area (9). Furthermore, the effects of the
DOR agonist drug TAN-67 on ethanol consumption and anxiety are increased after mice
have been drinking ethanol for a period of time (3,4). Importantly, there is recent evidence
that at least some of the DORs upregulated after chronic morphine (10,11) and chronic
drinking (3,4) function as DOR-mu opioid receptor (MOR) heteromers. Therefore, we
propose that, similar to chronic exposure to morphine, exposure to ethanol might also
increase the number of DORs and potentially DOR-MOR heteromers.

A recent study suggested that MORs and DORs function in independent spinal circuits
mediating thermal and mechanical nociception, respectively (12). Specifically, under naive
conditions, thermal nociception can be attenuated solely via MORs in small peptidergic
neurons, whereas DORs that reside in small nonpeptidergic neurons attenuate mechanical
sensation (12). However, whether this profile changes following chronic ethanol drinking
has not been examined.

We hypothesized that prolonged exposure to ethanol may increase the number of DORSs
and/or DOR-MOR heteromers in nociceptive circuits. Using a broad selection of DOR- and
MOR-selective agonists and antagonists, as well as mice with disruptions in either the DOR
or MOR gene, we show that chronic ethanol introduces DORs, which can then modulate
thermal nociception. This suggests that DORs may be a novel target to treat hyperalgesia
observed in alcoholic neuropathy (13).

Methods and Materials

Animals and Housing

Wild-type (WT) or DOR or MOR knockout (KO) C57BL/6 mice (male, 18-23 g; Taconic,
Oxnard, California) were housed (maximally five per cage) in ventilated plexiglass cages at
ambient temperature (21°C) in a room maintained on a 12-hour light/12-hour dark cycle
(lights on at 08:00, lights of at 20:00). Food and water were provided ad libitum. The mice
were given 1 week to acclimatize before the start of the experiments. All animal procedures
were preapproved by the Gallo Center Institutional Animal Care and Use Committee and
were in accordance with National Institutes of Health Guide for the Care and Use of
Laboratory Animals. Mice were not deprived of food or water at any time.
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Chronic Voluntary Ethanol Consumption

Mice were individually housed in ventilated Plexiglass cages at ambient temperature (21°C)
in a room maintained on a reversed 12-hour light/12-hour dark cycle (lights off at 10:00,
lights on at 22:00). Food and water were provided ad libitum. The mice were given 2 weeks
to acclimatize to the individual housing conditions and reverse light cycle before the start of
the experiments. A two-bottle limited access (4 hours/day) drinking paradigm was employed
for 3 weeks to train mice to increase their intake of a 10% ethanol solution, as previously
described (3). The first drug injection was given 4 days after the last exposure to ensure no
ethanol was left in the mouse's circulation.

Measurement of Thermal and Mechanical Nociception

Thermal Nociception—Thermal nociception was measured using a radiant heat tail-flick
assay. Before injection, a baseline measurement was performed (2—3 seconds). Based on the
baseline measurement, a cutoff was set at a time of 3 x the baseline. The average of two
measurements was used per mouse.

Mechanical Sensitivity—One day before testing, mice were placed in plastic chambers
on a wire mesh grid to habituate for 1 hour. On test day, mice were placed in the chambers 1
hour before injection. Before injection, a baseline measurement was performed. Mechanical
sensitivity was measured by stimulating the plantar surface of the hind paw of the mouse
with von Frey filaments (.04, .07, .16, .4, .6, 1, 1.4, 2 g). The largest filament (2 g) was used
as cutoff. The lowest force that evoked a paw withdrawal response in two out of three tests
was recorded. Both paws were measured and the average was used for each animal (Figure
S1in Supplement 1).

Data are represented as the percentage maximal possible effect, which is defined as
[(measurement — baseline)/(cutoff — baseline)]*100.

Intrathecal Injection

Drugs

Mice were anaesthetized with 2% isoflurane 5 minutes before to injection. Intrathecal
injection of an opioid solution (5 pL) was performed by direct puncture of spinal lumbar
region (L4 through L6) (14) using a Luer-tipped 250 pL Hamilton (725LT) syringe (Sigma-
Aldrich, St. Louis, Michigan) to which a 28.5-gauge needle was attached. Upon correct
placement of the needle, a clear tail-flick response could be observed. Drug response was
measured 10 minutes after intrathecal injection. Mice would generally wake up from
anesthesia 2 to 3 minutes after injections and would be fully mobile and awake upon time of
measurement.

Ethanol solutions were prepared in tap water using 95% (vol/vol) ethanol (Gold Shield
Chemical Company, Hayward, California). Naltriben mesylate (NTB), deltorphin 11, and [D-
Pen2,D-Pen5]-Enkephalin (DPDPE) were purchased from Tocris (Ellisville, Missouri).
DAMGO, CTAP, and SNC80 were purchased from Sigma-Aldrich. All compounds were
dissolved in saline, with the exception of NTB, which was dissolved in 5% dimethyl
sulfoxide. All drugs were prepared immediately before injection and were administered
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intrathecally. The concentrations of NTB and CTAP were chosen based on the literature
(12) and their ability to selectively block the effects of SNC80 (Figure S2A in Supplement
1) or DAMGO (Figure S2B in Supplement 1), respectively. Neither vehicle nor the
antagonists alone produced any significant antinociception (Figure S2C in Supplement 1).
The choice of NTB over the DOR type-1 (DOR-1) antagonist BNTX and the nonsubtype
selective antagonist naltrindole was because of previous reports suggesting that BNTX
displaces DOR agonists bound to MOR (3,15) and that NTB has a 10-fold lower affinity for
MOR then either naltrindole or BNTX (16).

Under Naive Conditions, DOR-Selective Opioid Agonist-Induced Thermal Antinociception
Is MOR-Mediated

We injected three DOR-selective (SNC80, DPDPE, and deltorphin 11) and one MOR-
selective (DAMGO) agonist in the spinal cord of naive C57BL/6 WT mice. The selectivity
of the agonists was confirmed in vitro using a calcium mobilization assay (Figure 1A, B).
For each of the four agonists, a dose response curve was obtained in the thermal nociception
tail-flick assay (Figure 1C, Table 1). The three peptidic ligands DAMGO, DPDPE, and
deltorphin Il were more potent in reducing thermal nociception than the small molecule
SNC80, which produced little thermal antinociception at even the highest dose (Figure 1C;
see also Figure S3A in Supplement 1). The MOR-selective agonist DAMGO was 100-fold
more potent than any of the DOR-selective agonists. In mice with a disruption of the DOR
gene (DOR KO), the DOR-selective agonists DPDPE and deltorphin Il still produced
antinociception to the same extent as in WT mice (Figure 1D, compare white and black bars;
Table 1). Similarly, the DOR antagonist NTB (.5 nmol/5 pL) was unable to block the
antinociceptive effects of the DOR agonists DPDPE, deltorphin Il, and SNC80 (Figure 1D).
These data suggest that the thermal antinociception produced by DPDPE and deltorphin |1
are mediated through interactions with MOR. Consistent with this interpretation, not only
the MOR but also the DOR-selective agonists were ineffective at producing thermal
antinociception in mice with a disruption of MOR (MOR KO) (Figure 1D, compare white
and gray bars; Table 1). Moreover, the thermal antinociceptive effects of the DOR agonists
in the DOR KO mice as well as in WT mice (Figure S3B in Supplement 1) were blocked
with the MOR-selective antagonist CTAP (.2 nmol/5 L, Figure 1D). These findings
corroborate previous reports of residual DPDPE-induced antinociception in DOR KO mice
(15) and a reduced antinociceptive effect of deltorphin Il in MOR KO mice (17).

Chronic Ethanol Exposure Alters DOR but Not MOR Agonist-Induced Responses

We next examined whether chronic voluntary consumption of ethanol altered the effects of
DOR-selective ligands in spinal nociceptive circuits. Mice were trained to voluntarily
consume ethanol ([3] and Methods and Materials). Mice who had been drinking ethanol
showed a clear leftward shift in the thermal antinociceptive effects of DPDPE [F(2,46) =
10.37, p =.0002] and deltorphin Il [F(2,47) = 11.97, p < 0.0001], while no changes were
observed in the potencies of DAMGO [F(2,51) = .43, p = .65] and SNC80 [F(2,32) =2.92, p
=.07] (Figure 2, Table 1). The DOR-selective antagonist NTB (.5 nmol/5 L) blocked the
potentiation of the antinociceptive effects of DPDPE [F(2,22) = 11.58, p =.0004] and
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deltorphin Il [F(2,23) = 16.48, p < .0001] on thermal nociception in the mice who had been
drinking (Figure 3A), in sharp contrast to the absence of any effect of NTB on nociception
to DOR agonist in ethanol-naive mice (Figure 1D). These data suggest that the increase in
potency of DOR agonists in the ethanol-drinking mice is due to an upregulation of DORs
and not MORs. In support of this, there was no ethanol drinking-induced shift in DOR
agonist potency in mice with a disruption in the DOR gene (Figure 3B) and no shift in the
potency of DAMGO in WT mice (Figure 2D, Table 1).

Chronic Ethanol Produces Enhanced DOR-Mediated Thermal Antinociception That Is
Dependent on MOR

We were intrigued by the observation that ethanol drinking produced a shift in the potency
of some but not all DOR agonists (Figure 2). In particular, ethanol consumption promoted a
shift in the potency of DPDPE and deltorphin Il but not SNC80. In vitro, DPDPE and
deltorphin Il can both signal with some efficacy in cells expressing only the MOR (Figure
1B). In addition, in vivo, in naive mice, both DPDPE and deltorphin Il can induce thermal
antinociception even in the absence of DOR (Figure 1D). In contrast, SNC80 shows no
efficacy in cells expressing only MOR (Figure 1B) and little thermal antinociceptive effects
in vivo. Together, these data suggested that the increased potency of DPDPE and deltorphin
Il (and no change in potency of SNC80) were dependent on MOR. In support of this
hypothesis, mice with a disruption of MOR showed no ethanol consumption-induced shift in
DPDPE or deltorphin Il potency (Figure 3C). This suggests that the increase in
antinociception observed for deltorphin Il and DPDPE in ethanol-exposed WT mice requires
both DOR and MOR. Since antinociception by the MOR agonist DAMGO was not affected
by drinking (Figure 2D, Table 1), potentiation of DPDPE and deltorphin Il potency must
originate from an interaction with a target that requires both DOR and MOR, likely a
heteromer. This interpretation is supported by the observation that not only NTB (.5 nmol/5
uL) but also CTAP (.2 nmol/5 pL) attenuate the effects of DPDPE and deltorphin 11 in the
ethanol-drinking mice (Figure 3A).

Mechanical Sensitivity Is Mediated Through Both DOR and MOR

The spinal neurons that relay thermal nociceptive signals are reported to be distinct from
those that transduce mechanical sensitivity (12). Thus, we next examined whether ethanol
consumption altered the effects of DOR ligands in mechanical nociceptors. Whereas the
DOR agonist SNC80 was ineffective in producing thermal antinociception (Figure 1C), it
reduced mechanical sensitivity at a potency comparable with that of DPDPE and deltorphin
I (Figure 4A, Table 1). The effects of SCN80 on mechanical sensitivity were eliminated in
mice with a disruption of DOR and unaffected by the disruption of MOR (Figure 4B),
suggesting that they were mediated solely by DOR. In contrast, the effects of DPDPE and
deltorphin Il on mechanical sensitivity were attenuated not only by disruption of DOR but
also by disruption of MOR (Figure 4B). These results suggest that MORs do indeed operate
in nociceptors that mediate mechanical sensitivity—even in naive mice. In support of this
hypothesis, DAMGO reduced mechanical sensitivity in naive mice, albeit at doses much
higher that those required for thermal antinociception. The mechanical antinociception
produced by these high doses of DAMGO was not due to agonist effects at DOR at high
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doses (Figure 1) since DOR KO mice show DAMGO-induced mechanical antinociception
indistinguishable from that of WT mice (Figure 4B).

The Effects of DOR Ligands on Mechanical Antinociception Is Not Affected by Ethanol

Exposure

Prolonged ethanol exposure did not affect the potencies of either the DOR or MOR agonists
(Figure 4C, Table 1) for mechanical antinociception. As expected, the responses of the
DOR-selective agonists in ethanol-drinking mice with disruption of the DOR gene did not
differ from those in naive mice (Figure 4D), considering that all ligands require the presence
of DOR to function (Figure 4B).

Discussion

The present study provides evidence for the existence of DORs in spinal neurons mediating
thermal nociception after chronic voluntary ethanol consumption. These DORs are only
apparent in the presence of functional MORs. In spinal neurons mediating mechanical
sensitivity, we observe three populations of opioid receptor targets: a target independent of
DOR (MOR homomers), a target independent of MOR (DOR homomers), and a target
dependent on both DOR and MOR (DOR-MOR heteromers).

The localization and trafficking of the DOR remains a matter of great debate. Both a green
fluorescent protein (GFP)-tagged DOR transgenic mouse and antibodies raised to the DOR
have been used to identify neurons expressing DOR—each with their own caveats. The
selectivity of the (commercially) available antibodies for the DOR is still heavily debated.
Indeed, DOR antibody immunoreactivity is still present in tissue from DOR KO mice (12),
although it may be possible to dilute the antibody enough to selectively label DORs (18). In
part, to circumvent the selectivity issues of the DOR antibody, Scherrer et al. (19) generated
a knockin mouse line carrying a N-terminally GFP-tagged DOR.

Results using the DOR antibody and the GFP-DOR have conflicting conclusions regarding
the distribution of the DOR. In naive WT mice, the DOR appears to be localized primarily
in LDCVs in neurons of the dorsal root ganglion (DRG) in naive animals (20). In the GFP-
DOR mice, the receptor is expressed abundantly throughout the central nervous system and
is present on the cell surface in neurons of the DRG under naive conditions (19).
Furthermore, in naive GFP-DOR mice, MORs and DORs are co-localized only rarely in
DRGs (12), while, in naive wild-type mice, DOR antibodies and in situ hybridization
suggest that co-localization of MOR and DOR is more frequent (11,18). Consequently, the
co-localization debate is primarily focused on whether DORs are present in the peptidergic
neurons that express MOR and regulate thermal nociception and whether MORs are on
nonpeptidergic neurons that mediate mechanical sensitivity.

The seemingly conflicting findings can possibly be well-resolved if one considers that the
distribution of DOR is dynamically regulated; for example, if LDCVs in the peptidergic
neurons in naive mice are redistributed in response to physiological stimuli. Indeed, there is
mounting evidence that numerous physiological stimuli alter the number of functional DORs
(4,9,10,21-24). Our data here suggest that chronic voluntary ethanol consumption is one
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physiological stimulus that can change the functional expression of the DOR specifically in
nociceptors that mediate thermal nociception.

Specifically, we find that in naive mice, DAMGO, DPDPE, and deltorphin Il produce
thermal antinociception solely via MORs, in agreement with previous findings (12,25).
However, after chronic ethanol drinking, DORs become functional in modulating thermal
nociception, although their function depends on the presence of functional MORs.
Interestingly, however, we find that even in naive mice, not just DOR but also MOR
modulate mechanical sensitivity, in contrast to Scherrer et al. (12), who propose that MORs
play no role in mechanical sensitivity. These results can be easily reconciled since only the
higher doses of DAMGO (not tested by Scherrer et al. [12]) were effective at producing
mechanical antinociception in our experiments. Several reports have suggested the presence
of MORs in nonpeptidergic neurons, but the expression of MOR is lower than that of DOR
(26,27). This could explain why we find that DAMGO reduces mechanical sensitivity with a
lower potency than it does thermal nociception.

Here, we show that the increased potency of DPDPE and deltorphin 11 to produce thermal
antinociception in mice chronically exposed to ethanol requires both DOR and MOR. One
explanation for these findings is that the DOR ligands acting on the ethanol-up-regulated
DORs act in concert with antinociception produced by these DOR ligands acting on MORs.
However, the response from DORs alone is not enough to cross a threshold to be
antinociceptive in itself, as evidenced by the inability of SNC80 to produce strong thermal
antinociception. This crosstalk could either be on the level of neurotransmitter release or
intracellular at the level of downstream signal transducers. This kind of receptor crosstalk or
synergism between DOR and MOR has been proposed previously (28-30). Another
explanation for these findings is that the DOR agonists engage a DOR-MOR heteromer that
is upregulated during drinking (31,32). Recent findings have suggested that DOR and MOR
can form heteromers (31) that are upregulated after chronic morphine (10). Depending on
the study, these heteromers are proposed to play either a protective/beneficial/
antinociceptive role (33) or a tolerance-inducing/pronociceptive role (11). While DPDPE
and deltorphin 11 can produce thermal antinociception in ethanol-exposed mice
independently of DORs, their function is entirely dependent on both DOR and MOR in
spinal neurons mediating mechanical sensitivity, suggesting that, at least in these neurons,
the two receptors can interact to form functional heteromers. Importantly, we have recently
shown that TAN-67 requires the presence of DORs and MORs to reduce ethanol
consumption (3,4) and that this ligand is able to reduce ethanol withdrawal-induced anxiety
(4). The results reported here suggest that a similar target, reliant on both DOR and MOR, is
also relevant for pain and could, thereby, have the added benefit of alleviating hyperalgesia
associated with alcohol abuse and alcohol withdrawal.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1.
Delta opioid receptor (DOR) selective agonists produce thermal antinociception via mu

opioid receptors. HEK293 cells stably expressing murine DOR (A) or murine mu opioid
receptors (MOR) (B) were transiently transfected with a chimeric Gagjis-protein. Cells were
stimulated with increasing doses of a DOR-selective (deltorphin I, [D-Pen2,D-Pen5]-
Enkephalin [DPDPE], or SNC80) or MOR-selective (DAMGO) agonist and calcium
mobilization was measured. Experiments were performed at least three times in triplicate,
representative curves are shown. (C) Wild-type (WT) C57BL/6 mice (n = 8-10) were
injected inrathecally with increasing doses of a DOR-selective or MOR-selective agonist
and antinociception was measured using a radiant heat tail-flick assay. (D) WT, DOR
knockout (KO), and MOR KO C57BL/6 mice (n = 8-12) were injected intrathecally with
agonist (deltorphin 11 [4 nmol], DPDPE [4 nmol], SNC80 [30 nmol], or DAMGO [30 pmol])
and thermal antinociception was measured. In WT mice, the agonist response was
unaffected by co-injection of the DOR antagonist Naltriben (.5 nmol). In DOR KO mice, the
agonist response was inhibited by co-injection of the MOR antagonist CTAP (.2 nmol). Data
are represented as the percentage maximal possible effect, which is defined as
[(measurement — baseline)/(cutoff — baseline)]*100. Significance between groups was
determined by analysis of variance followed by a Newman-Keuls post hoc analysis. *p <.
05; ***p < .001. Delt I, deltorphin 1I; HEK, HEK293; MPE, maximal possible effect; NTB,
Naltriben; RFU, relative fluorescence units.
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Figure2.

Ct?ronic ethanol increases the potency of certain delta opioid receptor (DOR)-selective
agonists for thermal antinociception. Naive C57BL/6 mice (n = 8-10) or mice (n = 8-9) that
had chronically self-administered ethanol (see Methods and Materials) were injected
intrathecally with increasing doses of a DOR-selective (deltorphin 1l [A], [D-Pen2,D-Pen5]-
Enkephalin [B], SNC80 [C], or mu opioid receptor-selective (DAMGO [D]) agonist and
thermal antinociception was measured using a radiant heat tail-flick assay. Data are
represented as the percentage maximal possible effect, which is defined as [(measurement —
baseline)/(cutoff — baseline)]*100. DPDPE, [D-Pen2,D-Pen5]-Enkephalin; MPE, maximal
possible effect.
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Figure 3.
Both delta opioid receptor (DOR) and mu opioid receptor (MOR) are required for the

ethanol-induced increase in potency of DOR-selective agonists. (A) Ethanol-drinking wild-
type, C57BL/6 mice (n = 8-10) were injected intrathecally with agonist (deltorphin 11 [1
nmol], [D-Pen2,D-Pen5]-Enkephalin [DPDPE] [1 nmol], SNC80 [30 nmol], or DAMGO
[30 pmol]) and antinociception was measured using a radiant tail-flick assay. Involvement of
MOR and DOR was determined by co-injection with either the MOR-selective antagonist
CTAP (.2 nmol) or the DOR-selective antagonist Naltriben (.5 nmol), respectively.
Significance between groups was determined by analysis of variance followed by a
Newman-Keuls post hoc analysis. (B) Naive or ethanol-drinking C57BL/6 DOR knockout
(KO) mice (n=8-10) were injected intrathecally with agonist (deltorphin 1l [1 nmol],
DPDPE [1 nmol], or SNC80 [30 nmol]) and thermal antinociception was measured. (C)
Naive or ethanol-drinking C57BL/6 MOR KO mice (n = 8-9) were injected intrathecally
with agonist (deltorphin 1l [4 nmol], DPDPE [4 nmol], SNC80 [30 nmol], or DAMGO [30
pmol]) and antinociception was measured. Data are represented as the percentage maximal
possible effect, which is defined as [(measurement — baseline)/(cutoff — baseline)]*100. *p
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<.05; ***p < .001. Delt 11, deltorphin II; EtOH, ethanol; MPE, maximal possible effect;
NTB, Naltriben.
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Figure 4.

Mechanical sensitivity is mediated by both delta opioid receptor (DOR) and mu opioid
receptor (MOR) and is not altered by chronic ethanol exposure. (A) Wild-type (WT)
C57BL/6 mice (n = 8-14) were injected intrathecally with increasing doses of a DOR-
selective (deltorphin I1, [D-Pen2,D-Pen5]-Enkephalin [DPDPE], or SNC80) or MOR-
selective (DAMGO) agonist, and mechanical sensitivity was measured using von Frey
filaments. (B) WT, DOR knockout (KO), and MOR KO C57BL/6 mice (n = 8-14) were
injected intrathecally with agonist (deltorphin 11 [4 nmol], DPDPE [10 nmol], SNC80 [10
nmol], or DAMGO [30 pmol]), and mechanical sensitivity was measured. In WT mice, the
DAMGO response was unaffected by co-injection of the DOR antagonist Naltriben (NTB) (.
5 nmol). In MOR KO mice, the SNC80-induced response was inhibited by co-injection of
the NTB (.5 nmol). Significance between groups was determined by analysis of variance
followed by a Newman-Keuls post hoc analysis. (C) Ethanol-drinking WT, C57BL/6 mice
(n = 8-14) were injected intrathecally with agonist (deltorphin 11 [4 nmol], DPDPE [10
nmol], SNC80 [10 nmol], or DAMGO [30 pmol]), and mechanical sensitivity was
measured. Involvement DOR was determined by co-injection with the DOR-selective
antagonist NTB (.5 nmol), respectively. (D) Naive or ethanol-drinking C57BL/6 DOR KO
mice (n = 8-9) were injected intrathecally with agonist (deltorphin Il [4 nmol], DPDPE [10
nmol], or SNC80 [10 nmol]), and mechanical sensitivity was measured. Data are represented
as the percentage maximal possible effect, which is defined as [(measurement — baseline)/
(cutoff — baseline)]*100. *p < .05; **p < 0.01; ***p < .001. Delt 11, deltorphin II; EtOH,
ethanol; MPE, maximal possible effect.
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EDgq Values (95% Confidence Interval, nmol) for Antinociception Produced by DOR-Selective and MOR-
Selective Agonists in Naive WT, DOR KO, and MOR KO Mice and WT Mice Who Had Been Voluntarily

Consuming Ethanol

EDsgp (95% CI, nmal)

Mice Deltorphin 11 DPDPE SNC80 DAMGO
Thermal Naive 119(9-16)  1.18(.9-1.7) ND .009 (.006-.013)
DORKO 75512  69(3-15) ND .016 (.009-.031)
MOR KO ND ND ND ND
Ethanol b ND .003 (.002-.007)

Mechanical ~ Naive
DOR KO
MOR KO
Ethanol

42(31-60)° 39 (29-55)°
166 (12-2.3) 6.37 (35-281) 504 (31-10.1) 024 (.016-039)
ND ND ND >03
ND ND 6.06 (3.4-14.0) >1
206 (13-46) B8.61(55-242) 4.06(28-64) 027 (.016-046)

Thermal antinociception was measured using a radiant heat tail-flick assay. Mechanical sensitivity was measured using von Frey filaments.
GraphPad Prism (Graphpad Software, La Jolla, California) was used to determine statistical differences between groups.

Cl, confidence interval; DOR, delta opioid receptor; DPDPE, [D-Pen2,D-Pen5]-Enkephalin; ED5, effective dose 50%; KO, knockout; MOR, mu
opioid receptor; ND, not detectable; WT, wild-type.

< .05.

bp <.001.
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