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Objective: To investigate the pharmacokinetics (PK) and PK- pharmacodynamic (PD) relationship of
methadone in a cohort of outpatients undergoing methadone maintenance treatment (MMT).

M ethods: Sixty male patients undergoing MMT with a mean +SD methadone daily dosage of 58 + 34 mg
were enrolled in this study. A 5-ml blood sample was collected before the daily intake of methadone. As a PD
measure, the Subjective Opioid Withdrawal Scale (SOWS) form was completed immediately after obtaining the
blood sample. Blood samples were taken and the forms were completed 4-5 times more (up to 24 hr) after the
daily intake of methadone. Plasma methadone was analyzed using HPLC. Population PK/PD analysis was
performed using popul ation pharmacokinetics modeling software P-Pharm.

Results: Significant decreases (p< 0.05) were observed in the SOWS scores during 10 hours after methadone
intake. The SOWS had returned to baseline by 24 hr after using methaodone (p= 0.98). A considerable
interindividual variability inthe CL/F (16 fold), ECs (3 fold) and E; s (6 fold) for methadone was observed.

Conclusion: Withdrawa symptoms were significantly improved in MMT patients after taking methadone
and the PD measure was substantially affected by fluctuations in plasma methadone concentration. However,
The SOWS had returned to baseline by 24 hr after using mathadone. Thus, a once daily dosing of methadone
may not be suitable for those MMT patients who experience a significant withdrawal disturbance in the latter
part of the interdose interval. This may increase the perceived severity of withdrawal and induce a craving for
additional opioids.
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Introduction

ethadone is currently the preferred
drug of choice for the treatment
of opioid dependence and

dominates the substitute opioid-prescribing
market in Iran, accounting for perhaps 90%
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of it (1). A successful treatment leads to
rehabilitation and sociadisation of the
dependent individual, reduction or elimination
of taking illicit drug and its harmful
consequences. The effectiveness of treatment
is governed by the degree to which methadone
prevents opioid withdrawal —symptoms.
Methadone doses have usually been adjusted
on the conventiona clinica parameters in
methadone clinics in Iran. Even in MMT
programmes associated with relatively high
doses, some patients experience withdrawal
symptoms for parts of the time between
doses. There may be a pharmacokinetics
and/or pharmacodynamics basis for these
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observations. Genetic polymorphisms in genes
coding  methadone-metabolisng  enzymes,
transporter proteins, and p-opioid receptors
may explain part of the observed interindividual
variation in the pharmacokinetics and
pharmacodynamics of methadone (2).

The majority of information on the
pharmacokinetic- pharmacodynamic relationships
(PK/PD) of methadone comes from studies of
patients with chronic pain (34), heathy subjects
given a single ora dose of methadone (5), or
from animal studies (6,7). However, there are
limited studies of this type in MMT patients
(8-11). It has been shown that PK/PD studies of
opioid drugs can be hampered by factors such
as the development of tolerance (12,13), and
cross-tolerance phenomena (14). Therefore,
the PK/PD relationships found after a single
dose will not adequately predict those after a
continuous exposure, and drug efficacy and/or
drug potency are likely to be dtered during the
withdrawal because of a previous exposure to
an opioid (14-16).

The aims of the present study were 1) to
characterise the pharmacokinetics of methadone
at steady-state, 2) to evaluate and compare the
time profiles of withdrawal symptoms after
methadone intake, and 3) to characterize the
relationship between plasma methadone
concentrations and its PD effect in a large
cohort of Mazandarani ethnic group of Iranian
Opiate users undergoing MMT.

Materials and Methods

ubjects

Sixty male opioid dependent volunteers
undergoing MMT for 9 £ 3 months with a
methadone daily dosage of 58 + 34 mg and
age of 38 + 8 years were recruited from
Substance Misuse Clinic in Razi Hospita
(Ghaemshar, Mazandaran, Iran) over a period
of 6 months, each during aroutine visit to the
MMT clinic by the physicians involved in the
study (convenience sampling). All participants
were of Mazandarani origin residing in
Mazandaran, a northern province in Iran.
They were excluded from the study if they
had known HIV, HBV, and HCV positive

serology. All subjects gave written informed

consent before recruitment and the research
protocol was approved by the Research Ethics
Committee of Mazandaran University of
Medical Sciences, Sari, Iran.

Sample collection

A 5-ml blood sample was collected in
sterile heparinized tubes before the daily
intake of methadone. Blood samples were
taken and the scales were completed 4-5 times
more (up to 24 hr) after the daily intake of
methadone. After centrifugation of blood
samples for 5 min (1000 g), the plasma
samples were transferred to separate sterile
propylene tubes. The plasma samples were
stored at-25°C pending assay.

Measurement of the withdrawal symptoms

As it has been demonstrated that addicts
may still experience subjective symptoms in the
absence of any observable signs of withdrawal
(17), the Subjective Opioid Withdrawa Scale
(SOWS) was completed immediately after
taking the blood sample to assess opium
withdrawa symptoms. This self-administered
scale provides the patients with an
opportunity to be involved in their care, and
in assessing the severity of their withdrawal
symptoms. SOWS contains 16 symptoms,
intensity of which is being rated on a scale of
0 (not at al) to 4 (extremely) by the patients,
and is demonstrated to be a valid and reliable
indicator of the severity of the opiate
withdrawal syndrome over a wide range of
common signs and symptoms (17). This
measure has been demonstrated to be related
to plasma methadone concentration in
methadone patients (18).

Sudy medication and chemicals

M ethadone tablets were supplied by Tolid-
Daro Company (Tehran, Iran). Methadone as
the hydrochloride salt was a gift from the
department of Drug and Food of Mazandaran
University of Medical Sciences. All other
chemicals and reagents were of high-
performance liquid chromatography (HPLC)
or analytical grade and were purchased by
commercia suppliers.

Chromatography
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Methadone was assayed by the HPLC
method of Pham-Huy et al (19). In brief, the
equipment comprised a model Kanaver HPLC
pump (K-1001), a Kanaver UV detector (K-
2600). The chromatographic system was
interfaced with a PC using EZ-Chrom Elite
software. The chromatographic separation of
methadone was performed on a Luna C18
anaytical column (3 uM particle size, 4.60
mm x 100 mm 1.D.) (Phenomenex, Cheshire,
UK) coupled to a security guard C18 pre-
column (Phenomenex), using a mobile phase
of acetonitrile: water (30:70 v/v, pH adjusted
to 3.5 by ortophosphoric acid). The mobile
phase was delivered at a flow-rate of 0.5
mi/min for 1-8 minutes and then was
increased to 1 ml/min by the end of run (18
min). The limit of quantification was 5 ng/ml,
and the intra- and interday coefficients of
variation of the assays were <15%.

Plasma sample was treated according to
the method of Pham-Huy et al (19) with some
modifications. In brief, 1 ml of thawed sample
was mixed with midazolam (50 pl of 10
ug/ml as internal standard), 200 pl of 1 M
NaOH, 6 ml of n-hexane, and 200 ul of
isoamil alcohol. The mixture was mixed for 1
min using amixer and then, it was centrifuged
at 1500g for 10 min. The organic phase was
transferred to another 5 ml polypropylene
tube and was back-extracted in 200 ul of
0.05M HCL by mixing vigorously for 1 min.
After further centrifugation at 1500g for 10
min, the organic phase was aspirated and
discharged and 80 pl aliquot was injected into
the HPLC.

Data analysis
Pharmacokinetic and pharmacodynamic analysis
PK and PD anaysis was carried out using
population PK modeling software P-Pharm
(P-Pharm., version 1.5. InnaPhase, Ceretil,
France). Selection of the best model was
based on the lowest value of the Akaike
Information Criteria (AIC), visual inspection
of residuals for systematic error and the
predicted versus actua concentration plots.
Initial estimates of the PK parameters were
derived from values reported in the literature.
Both one and two compartment classical
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linear models at steady- state with first-order
input were investigated for PK analysis.

Population PK parameter values from the
best model obtained during the PK analysis
served as covariates for the PK/PD analysis (a
two-stage PK-PD link mode!).

E = EOx[1—(Emax<Cé')/(Ce" + EC50'

Where C. is the expected drug concentration
in the effect compartment; E is the effect;
Emax IS the maximum effect; ECsy is the
concentration giving 50% of the Ena; and nis
the sigmoidicity factor.

Satistical analysis

Statistical analysis was performed using
SPSS for Windows (ver.10, SPSS Inc.,
Chicago, USA). Multiple linear regression
analysis was used to reveal trends in the
population data. For comparing more than
two means, analysis of variance (ANOVA)
was used. For comparing paired clinical data,
a pared sample t-test or 2-tailed Wilcoxon
matched pairs signed-rank test was used. For
comparing non-paired clinical data, either an
independent samples t-test or a Mann-
Whitney U test was used. In all cases P< 0.05
was considered to be statistically significant.

Results

All sixty subjects completed the study. In
addition to methadone, three patients were
taking other medications  (clonazepam,
lorazepam, and clonidine). The descriptive
statistics for the dose and trough plasma
concentrations (pre-dose) of methadone are
shown in table 1. There was a stdtistically
significant  correlation  between  trough
concentrations of methadone and methadone
doses (r = 0.61, P< 0.001).

Table 1. Descriptive statistics for the dose and trough
plasma concentration (pre-dose) of methadone in MMT
patients studied

95% CI On the

Parameters Mean SD _Mean Min  Max Fold
Lower Upper change
Bound Bound

dose (mg) 58 34 47 69 5 170 34

trough plasma
concentration 260.24 228.38 176.47 344.01 57.84 1212.33 20.96
(pre-dose)
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Pharmacokinetic analysis

A two-compartment steady state PK model
with first-order input, first-order distributional
rate constants and first-order eimination provided
a significantly better fit to the concentration-
time profiles compared with other models. A
heteroscedastic error model (1/y*2) was more
appropriate for al analyses. A log-normal
distribution best described the inter-subject
variability in all population PK parameters.

Population mean and individual Bayesian
model fit to methadone concentrations are
shown in figure 1. Representative individua
Bayesian model fit to steady state methadone
concentrations at three different dosages are
shown in figure 2.

Parameter values for methadone obtained
from the best PK model are listed in table 2.
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Figure 1. Population (bold line) and individual bayesian
model fit to plasma concentrations of methadone at
steady state.
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Figure2. Representative individual Bayesian model fit to steady state methadone concentrations in patients with dosage
from; 15 mg/day (Css=80 ng/ml, sub-2), 60.mg/day (Css=300 ng/ml, sub-11), 80.mg/day (Css=360 ng/ml, sub-14), and 110

mg/day (Css=650 ng/ml, sub-32).
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Table 2. Mean pharmacokinetic parameter values for
methadone in MMT patients estimated from the best
model.

95% ClI

PK On the Mean . Fold

parameters Mean  SD Lower Upper Min  Max changed
Bound Bound

CL/F(L.h) 839 362 7.20 958 109 1758 16.1
V/IF (L) 131.10 2841 121.76 140.44 64.04 201.00 3.1
tiobeta(h) 4587 2036 39.18 5256 1816 87.61 4.8
K12 (h™) 057 004 055 058 046 069 1.5

K21(h™) 025 0.05 0.23 026 015 041 27
Ka(h?) 043 008 040 045 030 072 2.4
Pharmacodynamic analysis

Model independent analysis

The mean of SOWS comparisons of their
time profiles in MMT patients before and
following daily methadone intake are shown
in figure 3. A significant decrease (p<0.05)
was observed in SOWS during 10.hr after
using methadone in MMT patients, whereas
the SOWS had returned to baseline by 24 hr
after it (p =0.34).

25

20 +

SOWS

0 4 8 12 14 16 18 20 24
Time (hr)
Figure 3. Comparisons of the time profiles of SOWS in
MMT patients before (time = 0) and following methadone
intake. The circles represent the mean values and the
bar lines indicate 95% CI on the mean. A significant
decrease (p < 0.05) was observed in SOWS for 10 hr

after methadone intake. The SOWS had returned to
baseline by 24 hr after dose (p = 0.34).

PK/PD modeling analysis

Plasma methadone concentration-effect
relationships were determined for the SOWS.
The relationship between the changes in
observed PD effect data SOWS and plasma
concentration of methadone showed a time
delay resulting in a counter-clockwise hysteresis
loop. Thus, an effect compartment was
assumed in all PK-PD models. Sigmoid Emax
model with effect compartment provided a
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better fit to the SOWS-time profiles for most
analysts as determined by criteria discussed
before. The individual SOWS with population
mean values and population predicted values
according to best model fit for methadone are
presented in figure 4.

28

Time (hr)

Figure 4. Observed (symbols) individual score with its
mean values (dashed line) and the Population predicted
score (black solid line) with respect to SOWS time
profile by the best model fit for methadone.

The ECsg and Emax of methadone with
respect to SOWS showed considerable
interpatient variability (Table 3).

Table 3. Population pharmacodynamic parameters for
methadone with respect to SOWS estimated from the
best model.

95% ClI
PD Mean SD OntheMean Min Max Fold
parameters Lower Upper change

Bound Bound
EC50(ng/ml)413.47 108.97 377.65 449.29 218.18 632.12 2.90
Emax (%) 31.98 1237 27.92 36.05 11.85 78.47 6.62

Discussion

This is, to our knowledge, the first study
characterizing the population pharmacokinetics
of methadone in a sample of opiate users in
[ran.

Pharmacokinetics

Methadone displays a wide dose-plasma
concentration relationship and the administered
dosage is an important determinant of
methadone blood concentration. In order to
obtain methadone plasma concentrations of
250 ng/ml in a 70-kg patient without any co-
medication, doses of methadone as low as 55
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mg/day or as high as 921 mg/day can be
required (2). The results of the present study
show that the correlation between dose and
trough concentrations of methadone is
statistically significant. These findings are
consistent with a previous report (20). Several
studies have aimed to find the optimum
trough plasma methadone concentration for
effective maintenance therapy (9,21-23). In some
studies values ranging from 50 to 600 ng/ml
of methadone have been proposed (21, 23-26).
However, a concentration of at least 400
ng/ml of trough plasma methadone is now
often considered necessary to provide
stabilised maintenance, and is used as the
reference concentration for therapeutic drug
monitoring. The mean of trough plasma
concentration of methadone in the present
study (260.24 + 228.38) was significantly
(p<0.001) less than the proposed reference
concentration.

The rate of oral clearance of methadone
has been reported to be relatively variable with
values ranging from 2 to 20 (L.h™). Steady-
state ora clearance of methadone in present
study was in the range of values reported
in previous studies (27). A considerable
interindividual variability (16 fold) in the
CL/F for methadone observed in the present
study may be due to interindividual variability
in the activity of the CYP enzymes and
transporter proteins involved in the first
pass metabolism and systemic clearance of
methadone (2, 28, 29). The apparent volume of
distribution and elimination half-life of
methadone in present study are comparable
with the findings from previous reports (27).

Pharmacodynamics

In agreement with previous reports (8,18,30),
this study has confirmed that withdrawal is
significantly changed after methadone intake
and strongly reflects fluctuation in plasma
methadone concentration. A significant decrease
was observed in SOWS during 10 hr after
methadone intake in our MMT patients.
However, the SOWS had returned to the
baseline by 24 hr after methadone intake
(p = 0.34). Although the confidence limit for
SOWS ae too wide to draw definitive
conclusions, it is likely that a once daily dose

of methadone may not be adequate to improve
SOWS disturbances in some patients in
present study and this may increase the
perceived severity of withdrawa and induce a
craving for additional opioids. These findings
may have severd important clinical implications.
Once-daily dosing of methadone among the
study participants (58 + 34 mg/day) may not
be suitable for those MMT patients who
experience a significant SOWS disturbance in
the latter part of the inter-dosing interval. An
increase in the dose to 60-100 mg/day (31) and
dividing the methadone dose into twice-daily
administration may be a possible strategy.

Majority of information on PK/PD
relationships for methadone come from
studies of patients with chronic pain (3, 4) and
in healthy subjects given a single oral dose of
methadone (5). However, there are limited
studies of thistypein MMT patients (9, 11, 32).
The calculated EC50 of methadone for SOWS
in the present study was in the range of
previousdy reported for pain relief (3, 4).
However, the differences between the two
populations and the study designs make
comparison difficult. Inturrisi et al studied the
PK/PD relationship for analgesia response in
a smal group of patients who had been
receiving opioids other than methadone for
chronic pain both after a single i.v bolus (3)
and infusion (4) of methadone. The mean
estimated values of EC50 were 290 ng/ml and
360 ng/ml respectively. It was shown that the
pharmacodynamic relationship found after a
single drug administration is not adequate to
describe the pharmacodynamics of methadone
after continuous exposure. This is possibly
due to acquired tolerance.

The estimated EC50 for methadone with
respect to the SOWS in the present study
(414 ng/ml) was aso in the range of
previously reported values for withdrawal
scores and pupil sizein MMT patients (9, 32).
In the Dyer et al (8, 9) studies, the estimated
EC50 with respect to withdrawal scores and
pupil size were 300 and 280 ng/mi
respectively. The mean of the estimated EC50
with respect to withdrawal scores in the
present study was significantly (p<0.001) less
than those reported in Dyer studies (8, 9).

The high interindividual variability (6 fold)
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in the Emax of methadone observed in the
present study might be explained by genetic
polymorphisms in genes coding p-opioid
receptors or changes at the p-opioid receptors.
Diaz et a (33) have reported down-regulation
of the p-opioid receptor after a continuous
exposure to an opioid. The decreased intrinsic
activity of methadone after a chronic treatment
with morphine is consistent with down-
regulation when the receptor reserve is limited
(34). Genetic polymorphisms have been
characterized for genes encoding p-opioid
receptors (2, 35) and G proteins (36), dl of which
modulate response to methadone therapy
independent of dose and exposure levels.
These may aso explain part of this variability.
The clinician must be aware of the PK and
PD properties of methadone in order to
personalize methadone administration.

Authors' Contributions

MR Sh conceived and designed the
evauation, performed the PK, PD, and
satistica andysis, interpreted the clinica data
and drafted the manuscript. RH participated in
designing the evaluation and performed parts
of the clinical data collection, PK, PD, and
statistical  analysis. AH re-evaluated the
clinica data, and PK, PD, and dtatistica
anaysis. MZ participated in designing the
evaluation and revised the manuscript. NL
and MR R participated in clinical data
collection, PK, PD, and statistica analysis.
All authors read and approved the final
manuscript.

Acknowledgements

We would like to thank the research
council of Mazandaran University of Medical
Sciences for financial support. We are aso
grateful to the volunteers who participated
in this study and Professor Amin Rostami-
Hodjegan from University of Manchester for
POPPK/PD analysis using population
pharmacokinetics modeling software P-
Pharm.

Methadone PK/PD in MMT patients

References

1. Iranian Nationd Drug Control Headquarters.
2011. Available from: http://dchq.ir/html/
index.php?newlang=eng.

2. LiY, Kantelip JP, Gerritsen-van Schieveen
PG, Davani S. Interindividual variability
of methadone response: impact of genetic
polymorphism. Mol Diagn Ther 2008; 12:
109-24.

3. Inturriss CE, Colburn WA, Kako RF,
Houde RW, Foley KM. Pharmacokinetics
and pharmacodynamics of methadone in
patients with chronic pain. Clin Pharmacol
Ther 1987; 41: 392-401.

4. Inturris CE, Portenoy RK, Max MB,
Colburn WA, Foley KM. Pharmacokinetic-
pharmacodynamic relationships of
methadone infusions in patients with
cancer pain. Clin Pharmacol Ther 1990;
47 565-77.

5. Boulton DW, Arnaud P, DeVane CL.
Pharmacokinetics and pharmacodynamics
of methadone enantiomers after a single
oral dose of racemate. Clin Pharmacol
Ther 2001; 70(1): 48-57.

6. Garrido MJ, Jiminez R, Gomez E, Calvo
R. Influence of plasma-protein binding
on analgesic effect of methadone in rats
with spontaneous withdrawal. J Pharm
Pharmacol 1996; 48: 281-4.

7. Garrido MJ, Valle M, Calvo R, Troconiz
IF. Altered plasma and brain disposition
and pharmacodynamics of methadone in
abstinent rats. J Pharmacol Exp Ther
1999; 288: 179-87.

8. Dyer KR, Foster DJ, White JIM, Somogyi
AA, Menelaou A, Bochner F. Steady-state
pharmacokinetics and pharmacodynamics
in  methadone maintenance patients:
comparison of those who do and do not
experience withdrawal and concentration-
effect relationships. Clin Pharmacol Ther
1999; 65: 685-94.

9. Dyer KR, White M, Foster DJ, Bochner F,
Mendaou A, Somogyi AA. The relationship
between mood state and plasma methadone
concentration in maintenance patients. J
Clin Psychopharmacol 2001; 21: 78-84.

10. Elkader AK, Brands B, Dunn E, Selby P,
Sproule BA. Maor depressive disorder

Iran J Psychiatry Behav Sci, Volume 5, Number 2, Autumn and Winter 2011 59



ShiranMR , Hosseinzadeh R , Hamidikenari A, etal.

and patient satisfaction in relation
to methadone pharmacokinetics and
pharmacodynamics in stabilized methadone
mai ntenance patients. J Clin Psychopharmacol
2009; 29: 77-81.

11. Mitchell TB, White JM, Somogyi AA,
Bochner F. Comparative pharmacodynamics
and pharmacokinetics of methadone and
dow-release ora morphine for maintenance
treatment of opioid dependence. Drug
Alcohol Depend 2003; 72: 85-94.

12.Ekblom M, Hammarlund-Udenaes M,
Padzow L. Modeing of tolerance
development and rebound effect during
different intravenous administrations of
morphine to rats. J Pharmacol Exp Ther
1993; 266: 244-52.

13.Gardmark M, Ekblom M, Bouw R,
Hammarlund-Udenaes M. Quantification
of effect delay and acute tolerance
development to morphine in the rat. J
Pharmacol Exp Ther 1993; 267: 1061-7.

14. Paronis CA, Holtzman SG. Development
of tolerance to the analgesic activity of mu
agonists after continuous infusion of
morphine, meperidine or fentanyl in rats. J
Pharmacol Exp Ther 1992; 262: 1-9.

15. Brase DA. Unequal opiate cross-tolerance
to morphine in the locomotor-activation
model in the mouse. Neuropharmacology
1986; 25: 297-304.

16. Garrido MJ, Troconiz IF. Methadone:
a review of its pharmacokinetic/
pharmacodynamic properties. J Pharmacol
Toxicol Methods 1999; 42: 61-6.

17.Handelsman L, Cochrane KJ, Aronson
MJ, Ness R, Rubinstein KJ, Kanof PD.
Two new rating scales for opiate
withdrawal. Am J Drug Alcohol Abuse
1987; 13: 293-308.

18. Hiltunen AJ, Lafolie P, Martel J, Ottosson
EC, Boreus LO, Beck O, et a. Subjective
and objective symptoms in relation to
plasma methadone concentration in
methadone patients. Psychopharmacol ogy
(Berl) 1995; 118: 122-6.

19. Pham-Huy C, Chikhi-Chorfi N, Galons
H, Sadeg N, Lagueille X, Aymard N,
et al. Enantioselective high-performance
liquid chromatography determination of
methadone enantiomers and its major

metabolite in human biological fluids
using a new derivatized cyclodextrin-
bonded phase. J Chromatogr B Biomed
Sci Appl 1997; 700: 155-63.

20.Adelson M, Peles E, Bodner G, Kreek
M.J. Correlation between high methadone
doses and methadone serum levels in
methadone maintenance treatment (MMT)
patients. J Addict Dis 2007; 26: 15-26.

21.Bé€ll J, Seres V, Bowron P, Lewis J, Batey
R. The use of serum methadone levels in
patients receiving methadone maintenance.
Clin Pharmacol Ther 1988; 43: 623-9.

22.Dole VP. Implications of methadone
maintenance for theories of narcotic
addiction. JAMA 1988; 260: 3025-9.

23.Holmstrand J, Anggard E, Gunne LM.
Methadone maintenance: plasma levels
and therapeutic outcome. Clin Pharmacol
Ther 1978; 23: 175-80.

24.Kell MJ. Utilization of plasma and urine
methadone concentration measurements to
l[imit narcotics use in methadone
maintenance patients. Il. Generation of
plasma concentration response curves. J
Addict Dis 1995; 14: 85-108.

25.Loimer N, Schmid R. The use of plasma
levels to optimize methadone maintenance
treatment. Drug Alcohol Depend 1992;
30: 241-6.

26.Wolff K, Hay AW, Raistrick D. Plasma
methadone measurements and their role in
methadone detoxification programs. Clin
Chem 1992; 38: 420-5.

27.Eap CB, Buclin T, Baumann P.
Interindividual variability of the clinical
pharmacokinetics of methadone:
implications for the treatment of opioid
dependence. Clin Pharmacokinet 2002;
41: 1153-93.

28.Shiran MR, Lennard MS, Igba MZ,
Lagundoye O, Seivewright N, Tucker GT,
et al. Contribution of the activities of
CYP3A, CYP2D6, CYP1A2 and other
potential covariates to the disposition of
methadone in  patients undergoing
methadone maintenance treatment. Br J
Clin Pharmacol 2009; 67: 29-37.

29.Chang Y, Fang WB, Lin SN, Moody DE.
Stereo-selective metabolism of methadone
by human liver microsomes and

60 IranJ Psychiatry Behav Sci, Volume 5, Number 2, Autumn and Winter 2011



cDNA-expressed cytochrome P450s. a
reconciliation. Basic Clin Pharmacol
Toxicol 2011; 108: 55-62.

30.Donny EC, Walsh SL, Bigelow GE,
Eissenberg T, Stitzer M.L. High-dose
methadone produces superior opioid
blockade and comparable withdrawal
suppression to lower doses in opioid-
dependent humans. Psychopharmacology
(Berl) 2002; 161: 202-12.

31.Strain EC, Bigelow GE, Liebson IA,
Stitzer ML. Moderate- vs high-dose
methadone in the treatment of opioid
dependence: a randomized tria. JAMA
1999; 281: 1000-5.

32.Cao YJ, Smith PF, Wire MB, Lou Y,
Lancaster CT, Causon RC, et 4.
Pharmacokinetics and pharmacodynamics
of methadone  enantiomers  after
coadministration with  fosamprenavir-
ritonavir in opioid-dependent subjects.
Pharmacotherapy 2008; 28: 863-74.

Methadone PK/PD in MMT patients

33.Diaz A, Ruiz F, Florez J, Hurle MA. Mu-
Opioid Receptor Regulation during Opioid
Tolerance and Supersensitivity in Rat
Central Nervous System. J Pharmacol
Exper Ther 1995; 274: 1545-51.

34.Kramer TH, Bartosz-Bechowski H, Davis
P, Hruby VJ, Porreca F. Extraordinary
Potency of a Novel Delta Opioid Receptor
Agonist is Due in Part to Increased
Efficacy. Life Sci 1997; 61: 129-35.

35. Lotsch J, Skarke C, Grosch S, Darimont
J, Schmidt H, Gessinger G. The
polymorphism A118G of the human
mu-opioid receptor gene decreases the
pupil constricting effect of morphine-6-
glucuronide but not that of morphine.
Pharmacogenetics 2002; 12: 3-10.

36.Johnson JA, Lima JJ. Drug receptor/
effector polymorphisms and pharmacogenetics.
Current status and challenges.
Pharmacogenetics 2003; 13: 525-34.

Iran J Psychiatry Behav Sci, Volume 5, Number 2, Autumn and Winter 2011 61



