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Abstract

Dextromethorphan (DM) is a low-affinity, non-competitive NMDA receptor antagonist that has
shown promise in pre-clinical and preliminary clinical studies for the reduction of opioid
withdrawal symptoms, but when used at higher doses, it is associated with deleterious side effects
attributed to its metabolite, dextrorphan. A clinical trial was therefore conducted to test the
withdrawal-suppressant effect of a combination of dextromethorphan with quinidine (DM/Q).
Quinidine inhibits the metabolism of dextromethorphan, reducing dextrorphan levels. Opioid-
dependent patients were admitted to an inpatient unit, stabilized for three days on morphine (25
mg, sc, every six hours), and randomly assigned on day 2 to DM/Q (30 mg/30 mg, twice a day) (n
= 22) or matching placebo (n = 9) prior to the discontinuation of morphine on day 4. Withdrawal
symptoms, measured with the Modified Himmelsbach Opioid Withdrawal Scale (MHOWS),
increased significantly on days 4 and 5 (Z = 3.70, p = .0002), and by day 6, 90% of the sample
(28/31) had dropped out of the study. There were no differences between treatment groups on
either outcome measure. The combination of dextromethorphan and quinidine appears ineffective
as a primary treatment for opioid withdrawal. Future studies should examine dextromethorphan as
an adjunct to other anti-withdrawal medications and focus more on the relationship between
dextrorphan levels and withdrawal suppression.

INTRODUCTION

Current treatment modalities for opioid withdrawal include opioid medications, such as
methadone and buprenorphine; noradrenergic medications, such as clonidine; and
benzodiazepines, such as lorazepam and diazepam. Although these medications are effective
in treating opioid withdrawal symptoms, they all have certain limitations, including abuse
liability, adverse side effects, incomplete relief of withdrawal symptoms, and high rates of
relapse.l This suggests that treatment development efforts should target other
neurotransmitter systems that also have been implicated in opioid withdrawal, such as
glutamatergic systems. Preclinical and human laboratory data suggest that N-methyl-D-
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Aspartate receptor (NMDA receptor) antagonists attenuate physical and motivational aspects
of opioid withdrawal.2:3 Dextromethorphan (DM) is a low-affinity, non-competitive
NMDAR antagonist.* DM is devoid of opioid effects and favorable side effects profile. DM
has been available as an over-the-counter anti-tussive agent for more than forty years® and
has shown some promise at higher doses (>200 mg/day) for the treatment of opioid
withdrawal.8 However, DM is rapidly metabolized to dextrorphan in extensive metabolizers,
which comprise approximately 90% of the population,” resulting in low plasma DM levels.
A similar impact of extensive metabolism is also seen in methadone patients on antiviral
therapy.8 The administration of higher doses of DM (above 500 mg/d) can produce
unacceptable levels of adverse effects,? which can be attributed to the high levels of
dextrorphan, a potent NMDA receptor antagonist'? capable of producing severe
psychotomimetic effects.11 In order to circumvent this limitation, DM can be combined with
quinidine (Q), which inhibits the metabolism of DM at CYP2D8, resulting in higher and
sustained plasma concentrations of DM2 without serious side effects. The DM/Q
combination has been previously assessed in treatment of neurological disorders.13-15 Here
we report the first clinical trial of dextromethorphan/quinidine (DM/Q) for treatment of
opioid withdrawal.

Opioid-dependent participants were recruited to the university-based research service
through advertisements in local newspapers and postings at the medical center. The internist
and psychiatrist (not investigators) at the substance treatment and research service
determined medical and psychiatric eligibility. To be included, participants were required to
be between the ages of 18 and 60 years, be assessed medically and psychiatrically stable by
clinical staff, meet DSM-IV criteria for opioid dependence, and be using opioids for at least
21 of the past 30 days with positive urine toxicology. Participants were excluded from the
study for any of the following conditions:

» they were pregnant, nursing, or not practicing an effective method of birth control;

« they produced urine samples positive for methadone or buprenorphine or had any
self-reported use of methadone, buprenorphine, or LAAM in the prior 14 days;

» they had used medications containing dextromethorphan within the prior seven
days;

» they currently met DSM-1V dependence criteria on any psychoactive substance
requiring detoxification other than heroin, morphine, hydromorphone, or cocaine;

« they were deemed to be clinically inappropriate for opioid detoxification, such as
those with a past history of overdose following detoxification;

» they had received an investigational drug study within the past three months; or
« they were hypersensitive to any of the medications used in the study.

The Institutional Review Board of the New York State Psychiatric Institute approved the
study, and all participants gave written informed consent.
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PROCEDURES

Participants were admitted to an inpatient research unit for an eight-day trial. During the first
three days, participants were stabilized on morphine (25 mg sc every six hours), with the last
dose of morphine administered at 8:00 am on day 4. Participants were randomly assigned in
a 2-to-1 ratio to receive dextromethorphan/quinidine (30 mg/30 mg) or matching placebo in
a single capsule twice daily, beginning on day 2 (see Figure 1). An independent research
pharmacist generated the randomization sequence for each participant. All other research
and clinical staff and patients were blind to medication assignment. Adjunct over-the-
counter medications, such as acetaminophen and antacids, were available on an as-needed
basis for withdrawal discomfort, but no prescription medications for withdrawal, such as
opioids, clonidine, or benzodiazepines, were available. Participants who had substantial
withdrawal symptoms and made a request to withdraw were removed from the study, and
were offered additional medications to complete detoxification.

Team members involved in ratings were trained by the principal investigator (EA). Training
included repeated ratings of patients in different stages of withdrawal until an acceptable
level of inter-rater reliability was achieved. The primary outcome measures were days
retained in the study and scores on the Modified Himmelsbach Opioid Withdrawal Scale
(MHOWS),18 measured at baseline (day 1), on the first day of DM/Q administration (day 2),
and during the withdrawal period (days 4 to 8). We also measured vital signs and
participant-rated severity of opioid withdrawal using a Clinical Global Impression Scale
(CGI-P).

Data Analysis

Baseline demographic variables were compared between treatment groups using chi-square
for categorical variables and t-tests for continuous variables. Retention rates were compared
using Kaplan-Meier survival curves and the log-rank test. Daily measures of withdrawal and
vital signs were analyzed using linear models with generalized estimating equations (GEE)
for parameter estimation, with outcome modeled as a function of time, treatment
assignment, time x treatment interaction, and the baseline level of the outcome variable. If
the interaction term was not significant, a model without the interaction term was fit. All
analyses were performed on the intent-to-treat sample, and all tests were two-sided with
alpha=0.05.

RESULTS

Sample Description

Thirty-one patients were randomized, 22 to dextromethorphan/quinidine (DM/Q) and 9 to
placebo. Their baseline demographic and clinical features are summarized in Table 1. As
can be seen in the table, the patients were predominantly male (68%) and single (58%) with
a broad age range. The groups differed in current employment status, with greater
unemployment in the DM/Q arm.
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Retention in Treatment

Figure 1 displays retention in treatment over the 8 days of the study in the upper panel, and
opioid withdrawal severity (MHOWS) in the lower panel. Almost the entire sample in both
treatment groups (28/31, 90%) dropped out between days 4 and 6, day 4 being the first day
of morphine discontinuation, with no difference between DM/Q and placebo (log rank = .16,
df =1, p=.69). Only one subject (randomized to DM/Q) completed all eight days of the
study.

Opiate Withdrawal

As can be seen in Figure 1 (upper panel), withdrawal severity (MHOWS) increases on days
4 and 5, day 4 again being the first day when the morphine was discontinued. Low
withdrawal scores on days 6 through 8 are not representative, as they reflect only the one or
two patients remaining in the study on those days, and days 6 through 8 were not included in
the linear models. Withdrawal (MHOWS) scores appear numerically greater for the DM/Q
group on days 2 (first day of DM/Q administration) and 4 and 5 (first two withdrawal days),
but the linear model, while showing a significant effect of time (Z = 3.70, p = .0002),
showed no main effect of treatment (Z = .46, p = .65), baseline (day 1) MHOWS score (Z = .
40, p = .69), or treatment x time interaction (Z = —.44, p = 0.66). Similarly, the model for
patient rated withdrawal severity (CGI-P) showed increased scores over time (Z =5.43, p

< .0001) but no effect of treatment (Z = .33, p =.74) or treatment X time interaction (Z = -.
72, p = .47). Increases over time were also observed in heart rate (Z = 3.15, p =.002) and
diastolic blood pressure (Z = 3.63, p = .001). Diastolic blood pressure was greater on DM/Q
(81.41 mm Hg, SD = 6.45) compared to placebo (76.05 mm Hg; SD =4.71; Z=2.60,p=.
01), although such a difference would not be clinically meaningful.

Other Measures

We also explored the effect of treatment on opiate craving. Mean craving severity ranged
between 20 and 50 (VAS) and decreased over time for both arms (Z = -2.16, p = .03), but
there was no significant main effect of treatment (Z = -1.33, p = .21) or treatment x time
interaction (Z = -.17, p = .86). Vital measures such as heart rate and diastolic and systolic
blood pressure were also examined. Standing heart rate for the DM/Q arm averaged around
80 bpm (SD 12) and 82 bpm (SD 13) for the PBO arm and increased over time for both arms
(Z=3.15, p =.002) but with no significant treatment effect (Z = .01, p = .99) or treatment x
time interaction (Z = .32, p = .75). Systolic blood pressure averaged 124.17 mm Hg (SD
11.40) in the DM/Q arm and 119.43 mm Hg (SD 10.25) in the placebo arm. After adjusting
for baseline day 1 SBP, there was no significant main effect of treatment (Z = .99, p=.34)
or time (Z = 1.61, p=.11). The groups differed significantly with respect to diastolic blood
pressure, with the DM/Q arm averaging around 81.41 mm Hg (SD 6.45) over the course of
the study, compared to 76.05 mm Hg (SD 4.71) in the placebo group. There was a
significant main effect of treatment (Z= 2.60, p = .01) and time (Z = 3.63, p = .001) after
adjusting for baseline day 1 DBP (Z = -.97, p = .33) but no significant treatment x time
interaction (Z = -.08, p = .94). Side effects were consistent with opioid withdrawal and did
not differ between groups.
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DISCUSSION

This small, randomized, placebo-controlled trial suggests that the combination of
dextromethorphan with quinidine—at the doses tested—is not effective in facilitating
detoxification from opioids. There was no significant difference between the DM/Q and
placebo groups in the severity of withdrawal, and dropout was high. This contrasts with
several clinical reports,8-17.18 and preclinical studies that showed suppression of opioid
withdrawal by dextromethorphan,19-22 although another study in human volunteers failed to
show effectiveness of dextromethorphan in blocking naloxone-precipitated opioid
withdrawal.23

The present study employed rigorous methodology, including stabilization of patients on a
standard dose of morphine prior to discontinuation and absence of ancillary medications
with effectiveness against opioid withdrawal. The small sample size was designed to afford
sufficient power to detect a large effect size and estimate the effect size for future studies. It
was felt that a relatively large effect would be needed for a medication to be clinically
useful, given the typical severity of opioid withdrawal. Several of the studies that suggested
effectiveness allowed ancillary medications, such as chlorpromazine and
benzodiazepines,1’18 suggesting that dextromethorphan might exert a more subtle effect or
be more useful as an adjunct rather than an isolated treatment.

The combination of dextromethorphan and quinidine employed here (30 mg plus 30 mg,
twice a day) should have resulted in a twenty-fold increase in peak serum DM
concentrations,12 matching or exceeding serum levels achieved with higher doses of DM
tested in prior studies®924 while producing a six-fold decrease in dextrorphan levels. Thus,
it is also possible that dextrorphan, which has a much higher (100-fold) affinity for the
NMDA channel site,10 may be necessary to produce a withdrawal suppressing effect.

In summary, we have shown that a combination of dextromethorphan with quinidine does
not appear useful as a primary treatment for opioid withdrawal. Future studies should
examine dextromethorphan as an adjunct to other anti-withdrawal medications and focus
more on the relationship between dextrorphan levels and withdrawal suppression.
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Opiate withdrawal severity and survival. Withdrawal severity (MHOWS, upper panel) and
proportion subjects retained (middle panel) in an inpatient, placebo-controlled trial of
dextromethorphan/quinidine for the treatment of opioid withdrawal. Lower panel displays
design and schedule of morphine dosing, DM/Q dosing, and withdrawal (MHOWS)

assessment.
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