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Phenotypic Differences in Dextromethorphan Metabolism
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Polymorphic differences in dextromethorphan metabolism were observed in three studies conducted
in a total of 44 subjects (of Dutch origin) administered 60 mg dextromethorphan hydrobromide as an
OROS tablet. Mean plasma dextromethorphan (DM) concentrations after a single dose and at steady
state were 4-75 times higher in the poor metabolizers (PM) relative to the extensive metabolizers
(EM). Following a single dose, the mean areas under the plasma concentration—time curve (AUC, 0-24
hr) of DM, total dextrorphan (DR), and total 3-hydroxymorphinan (HM) were 6.9-fold higher, 17.4-fold
lower, and 11-fold lower, respectively, for the PM than for the EM. Correspondingly, steady-state
AUC values were 52.8 times higher, 6.7 times lower, and 3.3 times lower for DM, total DR, and total
HM, respectively, for the PM relative to the EM. Drug/metabolite ratios (DMR) for amounts excreted
in the urine of DR and HM indicated polymorphism in O-demethylation of DM since DMR for PM was
352 and 338 times higher than that for EM for DR and HM, respectively. However, polymorphism in
N-demethylation was not observed. Ratios of conjugated/free dextrorphan and 3-hydroxymorphinan
excreted in the urine suggest also a lack of conjugative capacity in the PM, relative to the EM. The
overall incidence of PM was 9.1% in this population.
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conjugation.

INTRODUCTION

Genetic polymorphism associated with the metabolism
of drugs has previously been reported for a number of com-
pounds. These drugs include debrisoquin (1-5), sparteine
(2,3), isoniazid (6), procainamide (6), hydralazine (6), me-
phenytoin (7,8), methoxyphenamine (4), and encainide (5).
Reported polymorphism in the metabolism of drugs has dealt
largely with pharmacogenetics of oxidative drug metabo-
lism, of which debrisoquin and sparteine were the initial
probes. However, recent reports have suggested dex-
tromethorphan as a safe probe to investigate the pharmaco-
genetics of polymorphic drug metabolism (4,9).

Recent studies by Schmid er al. (10) demonstrated a
significant relationship between dextromethorphan O-
demethylation and debrisoquin 4-hydroxylation. Their stud-
ies also suggested dextromethorphan as a possible safe
probe for the investigation of pharmacogenetic differences in
debrisoquin metabolism and the classification of subjects
into extensive metabolizers (EM) and poor metabolizers
(PM).
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Recent studies in 268 unrelated Swiss subjects by the
same authors (10) confirmed phenotypic differences in dex-
tromethorphan O-demethylation. Based on the urinary dex-
tromethorphan/dextrorphan metabolic ratio, a bimodal dis-
tribution was reported with the antimode at a metabolic ratio
of 0.3 separating the PM (prevalence of 9%) from those of
the EM. Further, a strong relationship was demonstrated be-
tween the metabolic ratio for dextromethorphan O-
demethylation and debrisoquin 4-hydroxylation, indicating
that the two drug oxidations are possibly under the same
genetic control.

The studies reported here further investigate the poly-
morphism in dextromethorphan metabolism, by quantitating
the other major metabolites of dextromethorphan, viz., 3-
methoxymorphinan (N-desmethyl metabolite), 3-
hydroxymorphinan (N-O-bidesmethyl metabolite), conju-
gated dextrorphan, and conjugated 3-hydroxymorphinan.
Polymorphism in the plasma concentrations of dextrometh-
orphan, total dextrorphan, and total 3-hydroxymorphinan
were alro investigated. A schematic representation of the
dextromethorphan metabolic pathways in humans is repre-
sented in Fig. 1.

MATERIALS AND METHODS

Study I

This preliminary study was conducted to determine the
bioavailability and pharmacokinetic profile of prototype dex-
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Fig. 1. Major metabolic pathways for dextromethorphan in humans.

tromethorphan OROS 60-mg tablet formulations (CIBA
Consumer Pharmaceuticals, Edison, N.J.) after a single-
dose administration in comparison to an oral solution of dex-
tromethorphan hydrobromide. The study design consisted of

Vetticaden et al.

two parallel fully randomized three-way crossover studies
each in six normal, male healthy volunteers of Dutch origin,
employing a total of 12 subjects. Each subject received three
treatments, viz., two of the prototype formulations and the
oral solution, each treatment phase being separated by a
washout period of 96 hr. The first block of six subjects was
randomized to receive prototype formulations (B, C) and the
solution (A), whereas, the second block of six subjects was
randomized to receive two prototype formulations (D, E)
and the solution (A). Blood samples (10 ml) were drawn at 0,
0.5,1,2,3,4,6,8, 10, 12, 16, and 24 hr postdosing into blood
collection tubes (Sarstedt, Nurmbrecht, West Germany)
containing Na* -heparin as the anticoagulant. Blood samples
were placed in an ice bath prior to centrifugation and plasma
samples were immediately frozen at —20°C until assayed. A
24 hr urine collection was also carried out postdosing.
Plasma was assayed for dextromethorphan, total dextror-
phan, and total 3-hydroxymorphinan. Urine samples were
assayed for dextromethorphan, 3-methoxymorphinan, free
(unconjugated) and total (free + conjugated) dextrorphan,
and free and total 3-hydroxymorphinan. Dextromethorphan
and its metabolites were quantitated using a recently devel-
oped high-performance liquid chromatographic (HPLC) pro-
cedure (11).

Study II

The study consisted of an open-label, fully randomized
two-way crossover study in 16 normal, healthy, male volun-
teers of Dutch origin, comparing a dextromethorphan hydro-
bromide OROS 60-mg tablet (CIBA Consumer Pharmaceu-
ticals, Edison, N.J.) given twice daily at 12 hr intervals to a
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Fig. 2. Mean plasma concentrations of dextromethorphan in normal volunteers (poor
metabolizers, axis on the right; extensive metabolizers, axis on the left) following admin-
istration of a 60-mg dextromethorphan hydrobromide OROS tablet every 12 hr (squares)
and a 30-mg dextromethorphan hydrobromide solution every 6 hr (triangles) over a period

of 7 days.
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Table I. Derived Pharmacokinetic Parameters for Dextromethor-

phan and Metabolites Following Administration of a Single Dose of

Dextromethorphan Hydrobromide (60 mg) as a Controlled-
Release OROS Tablet: Study I¢
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Table II. Derived Steady-State Pharmacokinetic Parameters for

Dextromethorphan and Metabolites Following Multiple Dosing of

Dextromethorphan Hydrobromide (60 mg) as a Controlled-Release
OROS Tablet: Studies II and III°

Extensive Poor
metabolizers (EM) metabolizer (PM)
(N =11) (N=1)
Dextromethorphan
AUC (ng - hr/ml) 109.07 + 137.10 757.47
Cumax (ng/ml) 12.26 = 12.47 43.8
Tuax (hr) 2.00 = 0.60 2.00
Total dextrorphan
AUC (ng - hr/ml) 3082.05 + 911.78 177.35
Cuax (ng/ml) 507.00 > 153.38 12.00
Tyax (hr) 2.5 = 0.66 3.00
Total 3-hydroxymorphinan
AUC (ng - hr/ml) 1610.2 + 449.5 146.9
Cumax (ng/ml) 188.9 = 424 7.5
Tuax (hr) 36 09 8.00

2 AUC, area under the concentration-time curve 0-24 hr postdos-
ing; Cyax- Peak plasma concentration; Ty 4, time to peak plasma
concentration.

dextromethorphan hydrobromide 30-mg oral solution admin-
istered four times daily every 6 hr, over a duration of 7 days.
Treatment phases were separated by a 1-week washout pe-
riod. During the initial 6 days of each treatment, the volun-
teers were dosed under fed conditions using normal stan-
dardized meals throughout. The seventh day of each treat-
ment consisted of an overnight 12 hr fast. Blood samples
were withdrawn using procedures similar to those described
in study I. Plasma concentrations of dextromethorphan, to-
tal dextrorphan, and total 3-hydroxymorphinan were deter-
mined. Twenty-four-hour urine recovery was carried out on
days 3, 6, and 7. However, analysis of data is limited to the
final steady-state recovery on day 7. Dextromethorphan, to-
tal dextrorphan, total 3-hydroxymorphinan, and 3-
methoxymorphinan were quantitated in the urine. The ana-
lytical methods employed for the quantitation of dex-
tromethorphan and its metabolites in the urine were similar
to those utilized in Study I. Analysis is limited to data ob-
tained on administration of the 60-mg OROS tablets to per-
mit comparison across studies.

Study III

The study consisted of an open label, two way cross-
over design in 16 normal, healthy, male volunteers of Dutch
origin, comparing the 30-mg dextromethorphan hydrobro-
mide OROS tablet (CIBA Consumer Pharmaceuticals) given
as two tablets every 12 hr to the 60-mg dextromethorphan
hydrobromide OROS tablet (CIBA Consumer Pharmaceuti-
cals) given as one tablet every 12 hr. Volunteers were dosed
for 6 days under fed conditions. A 1-week washout period
was employed between treatment phases. Analysis is limited

Poor
Extensive metabolizers
metabolizers (EM) PM)
(N =29 (N =3
Dextromethorphan
AUC (ng - hr/ml) 51.17 = 76.26 2700.67 = 189.74
Cumax (ng/ml) 5.61 x 7.87 260.33 = 21.20
Trax (hr) 3.76 = 2.28 8.00 + 3.27

Total dextrorphan

AUC (ng - hr/ml)
Crax (ng/ml)
Tyax (hr)

2845.10 * 541.00
349.28 = 68.82
352+ 1.52

427.13 = 94.17
3927 6.70
733+ 1.89

Total 3-hydroxymorphinan
AUC (ng - hr/ml)

Crax (ng/ml)
Tvax (hr)

1762.35 = 396.71
192.47 = 39.82
431 149

535.10 = 106.5
49.7 = 891
7.00x 294

2 AUC, area under concentration—time curve 0-12 hr postdosing;
Cuaxs Deak plasma concentration; Tyax, time to peak plasma
concentration.

Table III. Drug/Metabolite Ratios for Cumulative Amounts Ex-

creted in the Urine Following Administration of Dextromethorphan

Hydrobromide (60 mg) as a Controlled-Release OROS Tablet:
Studies I, II, and III¢

Poor
metabolizers (PM)

Extensive
metabolizers (EM)

Mi1/M2 0.29 = 0.40 2488 = 6.25
(N = 26) (N=2)
MI1/M3 0.01 = 0.02 352+ 1.70
(N = 40) (N =4
MI1/M4 0.53 = 0.85 3877 £ 193
(N = 26) (N=2)
MI1/MS 0.01 = 0.03 3.38 = 1.57
(N = 40) (N =4
MI1/M6 733274 3.19 = 0.61
(N = 40) (N=4)
MI/M7 0.01 £ 0.02 229+ 1.12
(N = 26) (N=2)
M1/M8 0.02 = 0.04 2.82 x 1.65
(N = 26) (N =2)

2 M1, dextromethorphan; M2, free dextrorphan; M3, total dextror-
phan; M4, free 3-hydroxymorphinan; M5, total 3-
hydroxymorphinan; M6, 3-methoxymorphinan; M7, M3-
M2—conjugated dextrorphan; M8, M5-M4—conjugated 3-
hydroxymorphinan. Since only M1, M3, M5, and M6 were
quantitated in study II, rows with N = 28 (EM = 26, PM = 2)
represent the total number of subjects for studies I and III,
whereas rows with N = 44 (EM = 40, PM = 4) represent subjects
of all three studies.
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Fig. 3. Frequency distribution of log (drug/metabolite) ratio for cumula-
tive amounts of dextromethorphan (drug) and total dextrorphan (metab-
olite) excreted in the urine following administration of a 60-mg dex-
tromethorphan hydrobromide OROS tablet.

to data obtained on administration of the 60-mg OROS tablet
to permit comparison across studies. Blood samples were
drawn at predetermined times. Plasma was assayed for dex-
tromethorphan, total dextrorphan, and total 3-hydroxy-
morphinan. A 24-hr urine collection was implemented on
day 6. Urine samples were quantitated for dextromethor-
phan, total dextrorphan, free dextrorphan, total 3-
hydroxymorphinan, free 3-hydroxymorphinan, and 3-
methoxymorphinan.

Volunteers in all three studies were within the ages of
16-35 years and weighed within 10% of the weights de-
scribed in the 1983 Metropolitan Life Insurance actuary ta-
bles. The volunteers were judged to be healthy based upon a
complete physical exam, medical history and ECG, hema-
tology, and clinical chemistry of blood and urine. Exclusion
criteria included evidence of clinically significant hemato-
logic, hepatic, gastrointestinal, renal, pulmonary, neuro-
logic, or psychiatric disease; a recent (1-year) history of al-
coholism or drug addiction; taking prescription or nonpre-
scription medication within 14 days of the start of the study;
smoking; and consuming alcoholic or caffeine-containing
beverages within 72 hr of the start of the study.

For AUC comparisons, the AUC for a dose of 60-mg
dextromethorphan hydrobromide, viz., AUC, ,, , (study I)
and AUC, |, 4, (studies II and III), was utilized. For studies
IT and III AUC, ;, ,, Was utilized, since at steady state,
ngCm12 ., is equivalent to AUCq g, following a single

ose.

RESULTS

Review of the plasma concentration vs time profiles for
dextromethorphan, total dextrorphan, and 3-hydroxy-
morphinan revealed a bimodal distribution in the circulating
levels of these compounds following the oral administration
of 60 mg. In the case of one subject (study I), much higher
concentrations of dextromethorphan and much lower
concentrations of total dextrorphan and total 3-
hydroxymorphinan were observed. Based on further analy-
ses (which follow) of the urine data, agreement of the find-
ings from the plasma and urine data of studies II and III, and
agreement of the findings from the urine data with those of
previous studies (9,10), this subject was labeled as a poor
metabolizer (PM) relative to the other subjects, who were
labled as extensive metabolizers (EM). Similar results were
observed in study II (Fig. 2), where 2 of the 16 subjects were
identified as PM, and in study III, where 1 of the 16 subjects
was identified as a PM.

Following a single dose of dextromethorphan, 60 mg
OROS (study I), peak levels (C,,.,) of dextromethorphan,
total dextrorphan, and total 3-hydroxymorphinan were 3.6
times higher, 42.2 times lower, and 25.2 times lower in the
case of the PM, relative to the mean for the 11 remaining
subjects (Table I). Following multiple doses of dextrometh-
orphan, 60 mg OROS (studies II and III), at steady state,
Cpnax Values for dextromethorphan, total dextrorphan, and
total 3-hydroxymorphinan were 46.4 times higher, 8.9 times
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Fig. 4. Frequency distribution of log (drug/metabolite) ratio for cumulative
amounts of dextromethorphan (drug) and total 3-hydroxymorphinan (me-
tabolite) excreted in the urine following administration of a 60-mg dex-
tromethorphan hydrobromide OROS tablet.
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Table IV. Cumulative Amounts of Dextromethorphan and Metabo-

lites Excreted in the Urine (mg) Following Administration of Dex-

tromethorphan Hydrobromide (60 mg) as a Controlled-Release
OROS Tablet*

Study I (single dose)

Extensive Poor
metabolizers (EM) metabolizers (PM)
(N =11) N=1)
Dextromethorphan 0.24 + 0.33 3.92 0.0
Total dextrorphan 15.30 = 4.26 1.27 £ 0.0
Total 3-hydroxy
morphinan 8.54 = 2.10 0.94 = 0.0
3-Methoxy
morphinan 0.03 = 0.04 1.26 £ 0.0
Studies II and III (multiple dose at steady
state; doses administered at 12-hr intervals)
Extensive Poor
metabolizers (EM) metabolizers (PM)
(N =129 N =13
Dextromethorphan 0.25 = 0.41 20.30 + 4.40
Total dextrorphan 48.48 = 17.41 7.81 * 4.30
Total 3-Hydroxy
morphinan 33.38 = 11.45 8.46 + 3.80
3-Methoxy
morphinan 0.04 = 0.06 6.44 = 1.31

¢ Urine collection intervals were 0-24 hr postdosing for study I and
0-24 hr postdosing at steady state for studies II and III.

lower, and 3.9 times lower in the case of the PM relative to
the EM (Table II).

A bimodal distribution in the metabolic disposition of
dextromethorphan is also suggested by the 6.9-fold higher
AUC for dextromethorphan, the 17.4-fold lower AUC for
total dextrorphan, and the 11-fold lower total 3-
hydroxymorphinan, in the case of the PM (study I), relative
to the mean for the other 11 subjects. For the PM in studies
IT and III, a 52.8-fold higher AUC for dextromethorphan, a
6.7-fold lower AUC for total dextrorphan, and a 3.3-fold
lower AUC for total 3-hydroxymorphinan were observed.

Phenotyping of oxidative drug metabolism generally
takes into consideration the metabolic ratio of unchanged
drug and metabolite excreted in the urine over a fixed time
period (4,10,12,14). The underlying reason for the above is
that the parent drug/metabolite excretion ratio (DMR) takes
into consideration possibilities of incomplete urine collection
and/or impaired absorption. Further, using the DMR compar-

Table V. Parent Drug/Metabolite Excretion Ratio for Dextrometh-

orphan/Total Dextrorphan Following Administration of Dex-

tromethorphan Hydrobromide (60 mg) as a Controlled-Release
OROS Tablet

Poor Extensive
metabolizers metabolizers
(PM) (EM)
Present study (studies I-III) 3.52(N =4 0.01 (N = 40)
Schmid et al. (Ref. 10) 3.58 (N = 23) 0.01 (N = 245)
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Fig. 5. Frequency distribution of log (drug/metabolite) ratio for cu-
mulative amounts of dextromethorphan (drug) and total 3-
methoxymorphinan (metabolite) excreted in the urine following ad-
ministration of a 60-mg dextromethorphan hydrobromide OROS
tablet.

ison across studies (I-III) was now possible. The DMR for
the free and conjugated metabolites of dextromethorphan
are given in Table III.

Much higher DMR are observed for free and total dex-
trorphan and 3-hydroxymorphinan for PM. For PM, the
DMR for total dextrorphan and total 3-hydroxymorphinan
were 352 and 338 times the mean DMR for the EM. The
log-normal distribution plots of DMR for total dextrorphan
and total 3-hydroxymorphinan also indicate a bimodal dis-
tribution, with an antimode between 0.1 and 1.0 (Figs. 3 and
4). Although the total number of poor metabolizers studied is
small (N = 4), the DMR for total dextrorphan are in excel-
lent agreement with those reported by Schmid et al. (10)
(Table V). Thus these results support the polymorphic O-
demethylation of dextromethorphan reported by Schmid
et al.

In contrast to dextrorphan and 3-hydroxymorphinan,
the DMR for 3-methoxymorphinan for the PM was only 0.46
times the mean DMR for the EM. Since, dextrorphan and
3-hydroxymorphinan are the O-demethylated products of
dextromethorphan, and 3-methoxymorphinan is the N-
demethylated product of dextromethorphan, the results in-
dicate that the O-demethylation of dextromethorphan is sub-
ject to polymorphic metabolism, while N-demethylation is
not. The absence of polymorphism in the N-demethylation
of dextromethorphan has not been previously reported.
Analysis of the cumulative amounts excreted in the urine
(Table IV) indicated that, in study I, the PM excreted 42
times and 16.3 times the mean amounts of 3-methoxy-
morphinan and dextromethorphan excreted by the EM, re-
spectively. Similarly, in studies II and III, the PM excreted
161 times and 81.2 times the mean amounts of 3-
methoxymorphinan and dextromethorphan excreted in the
urine by the EM, respectively.

Analysis of cumulative amounts excreted in the urine
(Table IV) would lead the naive reader to believe that the
formation of 3-methoxymorphinan (N-demethylation) may
also be subject to polymorphic metabolism. However, the
DMR for 3-methoxymorphinan for the PM is 3.19 + 0.61 and
is similar to the corresponding DMR for the EM, viz., 7.33 =
2.74 (Table III). These results indicate that the formation of
3-methoxymorphinan is not subject to polymorphic metabo-
lism. Further, as mentioned before, the DMR for dextror-
phan and 3-hydroxymorphinan for the PM was 352 and 338
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Fig. 6. Frequency distribution of log (drug/metabolite) ratio for cumulative
amounts of dextromethorphan (drug) and conjugated dextrorphan (metabo-
lite) excreted in the urine following administration of a 60-mg dextrometh-

Vetticaden et al.

orphan hydrobromide OROS tablet.

times the mean DMR for the EM. These similar values lead
additional support to the results that the N-demethylation
process is not subject to polymorphism, since 3-
hydroxymorphinan is produced primarily by the N-
demethylation of dextrorphan. Further, similar ratios of total
dextrorphan/total 3-hydroxymorphinan are observed for
both the PM and the EM. In study I the ratio was 1.4 and 1.8
for the PM and EM, respectively. In studies II and III the
corresponding ratios were 1.4 and 0.92 for the PM and EM,
respectively. Since the 3-hydroxymorphinan is produced pri-
marily by the N-demethylation of dextrorphan, the similar
ratios obtained indicate that O-demethylation is the rate-
limiting step in the metabolic process.

Therefore, the increased amounts of dextromethorphan
and 3-methoxymorphinan excreted by the PM are only a
consequence of the increased amount of parent drug being
eliminated by these two pathways (since the oxidative path-
way is lacking), and are not indicative of an increase in the
rate or capacity of these elimination processes in the case of
the PM. Lack of polymorphism in N-demethylation is also
borne out by the unimodality of the log-normal distribution
plot for DMR for 3-methoxymorphinan (Fig. 5).

The DMR in the case of the PM was much higher rela-
tive to that for the EM for conjugated dextrorphan (229
times) and conjugated 3-hydroxymorphinan (141 times). Ra-
tios of conjugate/free drug for both dextrorphan and 3-
hydroxymorphinan in the EM were similar and were 29 and
26.5, respectively. The corresponding ratios in the PM were
10.9 and 13.7, respectively. These results indicate that in the

NUMBER OF SUBJECTS

case of both the EM and the PM, dextrorphan and 3-
hydroxymorphinan are excreted largely as conjugates. The
similar ratios for both metabolites in the EM indicate that the
conjugation step may not be a rate-limiting step in the overall
formation and elimination process of these two metabolites.
However, the much lower ratios for the PM relative to the
EM indicate that a much larger fraction of both dextrorphan
and 3-hydroxymorphinan is excreted as the free (unconju-
gated) drug by the PM. Further, a bimodal distribution is
evident from the log-normal distribution plots of the DMR
for conjugated dextrorphan and conjugated 3-hydroxy-
morphinan (Figs. 6 and 7).

The bimodality suggests a polymorphism in the conju-
gative capacity for the metabolites of dextromethorphan and
that the PM may also be lacking in conjugative capacity
(presumably from a lack of conjugating enzymes) relative to
the EM. However, no conclusions may be drawn from these
limited data and additional studies possibly involving the
administration of dextrorphan and 3-hydroxymorphinan to
both the PM and the EM are needed to explore this possi-
bility.

DISCUSSION

For the first time, polymorphism in dextromethorphan
metabolism has been demonstrated in a Dutch population.
An incidence 0f 9.1% is observed and is in agreement with an
incidence of 9% reported earlier in a Swiss population (10).
For the first time polymorphic differences in the steady-state
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Fig. 7. Frequency distribution of log (drug/metabolite) ratio for cumulative
amounts of dextromethorphan (drug) and conjugated 3- hydroxymorphinan
(metabolite) excreted in the urine following administration of a 60-mg dex-
tromethorphan hydrobromide OROS tablet.
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plasma concentrations of dextromethorphan and its major
metabolites dextrorphan and 3-hydroxymorphinan have
been reported. Concentrations of dextromethorphan were
about 4, 75, and 30 times higher in the case of the PM relative
to the EM in studies I, II, and III, respectively. The conse-
quence of these metabolic differences in the clincial effects
of dextromethorphan and its metabolites needs further in-
vestigation. It has also been demonstrated that O-
demethylation of dextromethorphan exhibits polymorphism,
whereas N-demethylation does not. Additional studies in-
volving administration of the metabolites also need to be
conducted to elucidate completely the disposition of dex-
tromethorphan and its metabolites. Further studies are also
needed to establish the incidence of PM in other demo-
graphic populations.
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