233

SHORT REPORTS

J Scz Soc. Thailand, 1 (1975) 233-239

DISPOSITION TOLERANCE TO METHADONE

AMNUAY THITHAPANDHA and PETER GOLDMAN

Department of Pharmacology, Faculty of Science, Mahidol University, Bangkok, and
Clinical Pharmacology Unit, Harvard Medical School, Beth Israel Hospital, Boston, Mass.
02215.

(Received 20 October 1975)

Summary

Evidence is presented in this paper to indicate that tolerance to methadone, a
widely used synthetic narcotic, is dispositional in nature-i.e., metabolic inactivation of this
narcotic does increase, with a resulting tolérariceé to its toxic properties. This is in contrast to

tolerance to most narcottcs such as morphme because morphme toleranee seems to be adaptive
or cellular tolerance.

Many investigators have sought to explain narcotic tolerance as a result of
increased metabolic inactivation of the drug. No evidence for disposition tolerance has yet
‘been reported, however!-6. On the contrary tolerance to most narcotic effects seems to be
adaptive or cellular tolerance, that is, a decrease in pharmacological effects even when
enough drug is in contact with target cells in the brain to produce marked effects in naive
-atimals?.  We wish to report however that metabolic inactivation of methadone, a widely
used synthetic narcotic. does increase with a resulting tolerance to its toxic properties.

- Subcutaneous or oral administration of methadone has been shown to prevent
‘one sign of narcotic withdrawal in mice tolerant to and dependent on morphine after
‘implantation of a morphine pellet for 3 days8. After 6 d of oral methadone treatment
(100 mg kg1 of the hydrochloride salt), these mice display tolerance to the lethal effects of
methadone ‘but not to those of morphine (Table 1). This observation suggests the existence
of disposition tolerance to'methadone as an increased LDs, for morphine as well as
methadone would have been expected had cellular tolerance developed in these animals.

~ The liver seems to be the chief site of metabolism for methadone9, which is a
substrate for the rat and rabbit hepatic microsomal N-demethylase enzymesi0. We
therefore examined the activity of N-demethylase in the livers of mice maintained on the
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same regimen as that described above. The activity of N-demethylase was assayed in the
hepatic 12,000 g supernatant fractionl! 6 d after removal of the morphine pellet. Ten
micromoles of D,L-methadone were used as substrate. The 6-d oral administration of
methadone brought about a nearly twofold increase in the activity of the enzyme. This
increase in enzyme activity may account for the elevation of the methadone LDso which
was determined in identically treated animals. Since N-demethylation plays only a minor
role in the inactivation of morphine?, the fact that the LD s, for morphine was unchanged
is not surprising. )

To demonstrate that the elevation in the methadone LD, was the result of
increased N-demethylase activity follwing methadone administration and not residual
cellular tolerance brought about by the morphine pellet treatment we gave naive mice
phenobarbital intraperitoneally (50 mg kg—1d™1), which increases the astivity of a variety
of microsomal enzymes!2. After 3 d of treatment, a nearly sixfold increase in N-demethy-
lase activity occurred (Table IT). There was a concomitant fourfold increase in the oral
LDs, for methadone. A less dramatic but significant incease of 55 % in the intraperitoneal
methadone LD s, was also noted. In contrast the intraperitoneal morphine LD, was not
significantly affected by the barbiturate treatment. Since these mice had never been exposed
to narcotics it seems that a change in disposition of methadone did occur.

The increased activity of N-demethylase observed as a result of methadone
treatment is not a consequence of the morphine pellet treatment since morphine treatment
has been shown to lower N-demeihylase activity significantly2, To demonstrate the ability
of methadone to increase N-demethylase activity, naive mice were given oral doses of
methadone (50 mg kg™1) daily. After 24 h, a 509, increase in the activity of N-demethylase
was noted. By day 6, the activity was increased nearly twofold (compare 0.770 + 0. 124
with 1.419 + 0.124 p mol of formaldehyde per 30 min per liver,

Table 111 demonstrates the similarities between the effects of methadone and
phenobarbital on liver protein content and liver weights. Both treatments caused a signi-
ficant elevation in the liver weights and in the protein of the 12,000 g supernatant fraction"
and of the microsomal fraction of the liver. The increases in microsomal protein and N-de-
methylase activity after methadone seem to be typical of the phenobarbital type of induction
ot microsomal enzymes!2.

The principal metabolites of metadone are 2-ethylidene-1,5-dimethyl-3,3-di-
phenylpyrrolidene (M) and 2-ethyl-5-methyl-3,3-diphenyl-1-pyrroline (M,) 13,14, Both
are formed by N-demethylation of methadone and non-enzymatic cyclisation and, in the
case of M,, further N-demethylation13. These metabolites have been isolated from rat
bile!4:16 and urinel6, as well as from human plasmal7,18, bilel4:,17 and urinel3,15,17,19,
They have no demonstrated analgesic activityl4 and, therefore, probably play no role in
the prevention of the narcotic abstinence syndrome. Thus, the increase in the activity of
N-demethylase following repeated administration of methadone should increase the rate
of inactivation of the narcotic and contribute to the development of tolerance to some
methadone effects.
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There is circumstantial evidence for the role of metabolism in the termination
of the pharmacological actions of methadone. Basic metabolites of methadone are signi-
ficantly elevated in the faeces of rats after repeated methadone administration20, These
compounds are probably M; and M, since both have a higher pK, than methadone2!
and represent the greatest portion of methadone metablites14:15,  More recently, preteat-
ment with methadone for 15 d was shown to increase the biliary excretion of M; by 50%;
and advance its peak excretion timel6. Since biliary excretion accounts for the majority
of these compounds in the faeceszz‘, these two observations support the possibility that
increased activity of microsomal enzymes is the consequence of the repeated administration
of methadone.

Alvares and Kappas23 showed that phenobarbital pretreatment of rats results
in an enhancement of demethylation of methadone in vitro by liver microsomal preparations
and that the analgesic effect of methadone decreases concomitantly. No increased N-deme-
thylase activity was demonstrated following chronic administration of methadone (20 mg
kg™1, intraperitoneally), however. Peters24 was also unable to demonstrate enhanced
demethylation after daily intraperitoneal injections of methadone (5 mg kg™1) in rats.
In contrast Misra et al.25 using an oral rather than a parenteral route observed that the
biological half life of methadone in the plasma and brain of rats was reduced more than
fourfold after repeated administration of the drug (59 mg kg™1). Subcutaneous administra-
tion of methadone brought about a much smaller decrease in this half life.

These observations may have clinical implications for methadone maintenance
in which doses are often greater than one-half the minimal lethal dose in non-tolerant
subjects. Rapid inhibition of microsomal metabolism can follow after exposure to a
number of drugs and environmental agents26,27. Morphine and heroin for example are
abused by subjects on methadone maintenance and are effective microsomal enzyme deple-
tors2,28, Furthermore the occurrence of microsomal enzyme inhibitionis compounded
when methadone is taken orally, a route which is associated with a slow onset and pro-
longed duration of drug action. Thus toxic sequellae may not develop until the subject
has left the methadone maintenance for the day.
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Table 1

Effects of repeated methadone treatment on methadone and morphine lethality and activity of
liver N-demethylase in mice rendered tolerant by implantation of a morphine pellet.

Mice were implanted with 75 mg morphine base pellets for 3 d (ref 8). Treated
animals were given 100 mg kg™1 of D, L-methadone HCl in water (5mg mi™1) orally once a
day for 6 d after removal of the pellet. Controls were given equivalent volume of water.
All determinations were made 24 h after the last dose. LDsqs were calculated according to
the method of Miller and Tainter29. N-demethylase activity was assayed using approxi-
mately 5 mg of microsomal protein per assay from the 12,000 g supernatant fraction of
mouse livers. The assay procedure of Foutsll, using 10 pmol (2 mM) of D,L-methadone
HCI as substrate, was used. Numbers in parentheses indicate number of animals in each
group.

Treatment Methadone LDsy + s.e. Morphine LD;o +s.e.  N-demethylase activity

(mg kg1, p.o.) (mg kg™1, i.p.) (umol formaldehyde/
30 min/liver + s.e.)
Water 120 + 4 (24) 404427 24) 0.770 + 0.124 (11)
Methadone 198 + 213(24) 407 + 34 (24) 1.42 +0.122 (11)

2 Significantly different from controls, P < 0.05.
i.p. Intraperitoneally; p.o., orally.

Table 1I .
Effect of phenobarbital treatment on methadone and morphine lethality and activity of liver
N-demethylase in naive mice.

Mice were injected intraperitoneally with 50 mg kg™! phenobarbital in saline
(5 mg ml™1) once a day for 3 d. Controls were injected with saline. All determinations
were made 24 h after the last injection using the same procedures as in Table I. Numbers in
parentheses indicate number of animals in each group.

Treatment Methadone LDs, +s.e. Morphine LDsy £ 5.e.  N-demethylase activity
(mg kg™1) : (mg kg™1) (rmol formaldehyde/
: 30 min/liver + s.e.)

Saline 84.0 £ 4.6 (24), p.o. 480 £ 44 (24) 0.598 £ 0.0226 (5)
40.0 £ 2.8 (24), i.p.

Phenobarbital 304 + 422(24), p.o. 547 + 23 (24) 3.58 + 0.23%(5)
62.0 + 2.6°(24), i.p.

a Significantly different from controls, P <0.05.
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Table III

Effects of phenobarbital and methadone on liver weights and protein in liver fractions

Naive mice were injected with phenobarbital or saline according to the proce-
dure in Table 2. Mice implanted with 75 mg morphine base pellets were given either D, .
L-methadone HCI or water orally for 6 d according to the procedure in Table 1. All
determinations were made 24 h after the last dose. The microsomal fraction was obtained
by centrifuging 1-ml aliquots of the 12,000g supernatant fraction at105,000g for 1 h.
Proteins were determined by the method of Lowry et al.30 No significant differences
were noted in the body weight data. Numbers in parentheses indicate number of animals in
each group.

Tredtment ‘ Liver weight + s.e. Protein in 12,000g  Protein in mi-
() supernant fraction crosomal fraction
of liver + s.e. of liver + s.e.
(mg) (mg)
Naive mice :
Saline (5) 1.42 £ 009 159+ 7 62.6+28
Phenobarbital (5) 1.68 + 0.08? 203+ 112 859+ 4.32
Mice implanted with morphine
Water (10) 1.37 £ 0.06 109+ 8 504+ 3.6
Methadone (14) 1.69 + 0.06% 127+6% - 60.4 +£2.72

4 Significantly different from controls, P <0.05.
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