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Methadone analgesia in morphine-insensitive CXBK mice
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Abstract

Methadone, a potent opioid analgesic, has long been considered a m-opioid, based upon the similarities between its actions and those
of morphine. This classification is supported by the sensitivity of methadone analgesia to the highly m-opioid receptor-selective antagonist
b-funaltrexamine. Yet, CXBK mice respond normally to methadone despite their insensitivity to systemic morphine, distinguishing
between the receptor mechanisms of the two drugs. b-Funaltrexamine antagonizes methadone analgesia in CXBK mice, implying that the
opioid is still acting through a m-opioid receptor. These results reveal distinct analgesic mechanisms for morphine and methadone and
provide further support for multiple subtypes of m-opioid receptors. q 1998 Elsevier Science B.V. All rights reserved.
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1. Introduction

Methadone has long been used as an analgesic in the
Žmanagement of drug abuse Dole, 1988; Ling et al., 1984;

Irwin et al., 1951; Kristensen et al., 1994; Bouvier et al.,
.1994 . It traditionally has been classified as a m-opiate,

displaying high affinity for m-opioid receptors in binding
assays. Recent studies have explored the possibility of

Žm-opioid receptor subtypes Pasternak and Standifer, 1995;
.Pasternak, 1993 , raising questions regarding the pharma-

cologies of many traditional m-opioid analgesics. Recent
work has revealed significant differences in the analgesic
mechanisms of morphine and a number of drugs long
considered m-opioids, including fentanyl, heroin and 6-

Žacetylmorphine Brown et al., 1997; Rossi et al., 1995b,
.1996, 1997 . The CXBK mouse has proven valuable in the

classification of these analgesics. Unlike most strains of
mice, CXBK mice are insensitive to systemic morphine
ŽMoskowitz and Goodman, 1985; Vaught et al., 1988;

.Reith et al., 1981; Baron et al., 1975; Pick et al., 1993 . In
the present study, we have compared the analgesic actions
of methadone in CD-1 and CXBK mice.
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2. Materials and methods

ŽMale CD-1 mice Charles River Laboratories, Raleigh,
. ŽVA or CXBK mice Jackson Laboratories, Bar Harbor,
.ME were used in the current studies. Drugs were provided

by the Research Technology Branch of the National Insti-
Ž .tute on Drug Abuse Rockville, MD . Antinociception was

assessed quantally in the mouse tailflick assay and defined
as a doubling or greater of baseline latencies for each
mouse, which typically ranged from 2 to 3 s. For conve-

Ž .nience, this response is referred to as analgesia. " -
Ž .Methadone was administered, subcutaneously s.c. and

analgesia assessed at peak effect, which was 30 min.
Naloxone and b-funaltrexamine were administered 15 min
and 24 h prior to the methadone, respectively. Comparison
of individual points was performed using the Fisher Exact
test. ED values with 95% confidence limits were calcu-50

lated using a computerized Litchfield–Wilcoxon-based
Ž .program Tallarida and Murray, 1987 .

3. Results

Methadone has been considered a m-analgesic based
Župon extensive studies in animal models Dole, 1988; Ling

et al., 1984; Irwin et al., 1951; Kristensen et al., 1994;
.Bouvier et al., 1994 . In the current study, methadone
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Fig. 1. Methadone analgesia in CD-1 and CXBK mice. Groups of mice
Ž . Ž .nG10 received " -methadone at doses from 0.5 to 5 mgrkg, s.c., and
were tested for analgesia in the tailflick assay 30 min later. The ED for50

Ž .the CD-1 and CXBK mice were 2.0 mgrkg, s.c., 1.2, 3.3 and 1.6
Ž .mgrkg, s.c., 1.3, 2.0 , respectively.

Žproduced a dose dependent analgesia in CD-1 mice Fig.
.1 . To assess the receptor selectivity of methadone analge-

sia in these mice, we examined its sensitivity to the general
opioid antagonist naloxone and the m-selective antagonist

Ž .b-funaltrexamine Fig. 2 . Both antagonists significantly
blocked methadone analgesia, consistent with its prior
classification as a m-opioid analgesic.

CXBK mice are insensitive to systemic morphine
ŽMoskowitz and Goodman, 1985; Vaught et al., 1988;

.Reith et al., 1981; Baron et al., 1975; Pick et al., 1993 .
Ž ." -Methadone, however, retained full potency in CXBK

Ž .mice with an ED 1.6 mgrkg, s.c. slightly lower than in50
Ž . Ž .the CD-1 mice 2 mgrkg, s.c. Fig. 1 . Similar results
Ž . Ž .were seen with y -methadone data not shown . This

suggested differences in the mechanisms of methadone and
morphine analgesia. The question then arose as to whether
the methadone was still acting through m-opioid receptors
in CXBK mice. Again, both naloxone and b-funaltrexa-

Ž .mine antagonized " -methadone analgesia, implying that

Fig. 2. Effect of opioid antagonists on methadone analgesia. Groups of
Ž . Ž . Ž .mice nG20 received " -methadone 0.65 mgrkg, s.c. alone or with

Ž .naloxone 1 mgrkg, s.c., ns10 . The third group received b-
Ž . Ž .funaltrexamine 40 mgrkg, s.c. 24 h prior to testing with " -metha-

Ž .done 0.65 mgrkg, s.c., ns10 . Naloxone and b-funaltrexamine signifi-
cantly decreased the analgesic responses to methadone in both strains of

Ž .mice P -0.05 .

methadone retains its m-opioid characteristics in the CXBK
Ž . Ž .mice Fig. 2 . y -Methadone analgesia also was equally

Ž .sensitive to these antagonists data not shown .

4. Discussion

Our results confirm the m-opioid receptor classification
of methadone analgesia. The sensitivity of methadone
analgesia to naloxone indicates an opioid mechanism of
action. In addition, the analgesia is readily reversed by
b-funaltrexamine, a highly selective m-opioid receptor an-

Ž .tagonist Ward et al., 1982a,b . Thus, methadone is similar
to morphine. Yet, methadone retained its analgesic activity
in CXBK mice, a strain which is insensitive to systemic
morphine. This difference implies that the actions of
methadone are complex and can be dissociated from those
of morphine, even if both drugs are within the m-opioid
family.

The receptor systems responsible for methadone analge-
sia remain unclear. The ability of b-funaltrexamine to
antagonize methadone analgesia implies an important role
for m-opioid receptors. Yet, other m-opioid analgesics also

Ž .are analgesic in CXBK mice Rossi et al., 1996 . Foremost
is morphine-6b-glucuronide, a very potent morphine

Ž .metabolite Pasternak et al., 1987; Paul et al., 1989 .
Morphine-6b-glucuronide analgesia can be distinguished
from morphine in several paradigms. As with methadone,
morphine-6b-glucuronide retains its analgesic actions in
CXBK mice. Antisense mapping of the MOR-1 clone
reveals important differences in sensitivity between the 2
agents in both mice and rats, implying different receptor

Ž .mechanisms of action Rossi et al., 1995a,b, 1996, 1997 .
However, the most dramatic difference is seen in a MOR-1

Ž .knockout mouse Schuller et al., data not shown . Disrupt-
ing exon 1 in the knockout mouse eliminated morphine
analgesia, but morphine-6b-glucuronide retained its anal-
gesic activity in these mice, as did heroin and its active
metabolite 6-acetylmorphine. Thus, the CXBK mouse is a
valuable model for exploring differences among m-opioid
analgesics. Yet, it is unlikely that methadone acts through
the morphine-6b-glucuronide receptor since methadone is

Žnot active in the MOR-1 knockout mice M.A. King,
A.G.P. Schuller, J.E. Pintar and G.W. Pasternak, unpub-

.lished observations .
Systemically, morphine acts predominantly through

m -opioid receptor systems, explaining its inactivity when1

given systemically in CXBK mice which are deficient in
Ž .m -opioid receptors Moskowitz and Goodman, 1985 .1

However, m -opioid receptor analgesic systems are intact2

in the CXBK mice, as indicated by normal analgesic
Ž .activity of morphine given spinally Pick et al., 1993 .

Thus, it is possible that the actions of methadone may be
mediated through a m -opioid receptor system. It will be2

interesting to define in the future the receptor mechanisms
responsible for methadone’s actions.
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