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Interaction of propoxyphene with diazepam, alprazolam and
lorazepam

D. R. ABERNETHY, D. J. GREENBLATT, DIANE S. MORSE & R. I. SHADER
Division of Clinical Pharmacology, Departments of Psychiatry and Medicine, Tufts-New England Medical
Center, Boston and The Section on Hypertension/Clinical Pharmacology, Baylor College of Medicine,
Houston, Texas, USA

1 Healthy volunteers received single doses of three benzodiazepines (diazepam, 10 mg
i.v.; alprazolam, 1.0 mg orally; lorazepam, 2 mg i.v.) on two occasions in random
sequence. One trial was a control; for the other, subjects ingested propoxyphene, 65 mg
every 6 h, for the duration of the benzodiazepine study. The kinetics of each
benzodiazepine were determined from multiple plasma concentrations measured
following each dose.
2 For diazepam, propoxyphene produced a small and statistically insignificant
prolongation of elimination half-life (43 vs 38 h) and reduction of total clearance (0.41 vs
0.47 ml min-' kg-1).
3 Propoxyphene significantly prolonged alprazolam half-life (18 vs 12 h, P < 0.005)
and reduced total clearance (0.8 vs 1.3 ml min-' kg-', P < 0.005).
4 Propoxyphene had no apparent influence on lorazepam half-life (13.4 vs 13.5 h) or
clearance (1.5 vs 1.4 ml min-' kg-').
5 Thus propoxyphene significantly impairs the clearance of alprazolam, biotransformed
mainly by the oxidative reaction of aliphatic hydroxylation. Propoxyphene has far less
effect on the oxidation of diazepam by N-demethylation, and has no apparent influence
on lorazepam conjugation.
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Introduction

Propoxyphene is extensively used in clinical
practice as an analgesic agent (Miller, 1979).
Previous studies have suggested that propoxy-
phene has the capacity to inhibit hepatic micro-
somal drug oxidizing capacity both in animals
and humans (Abernethy et al., 1982a; Peterson
et al., 1979; Kutt, 1971; Dam et al., 1979;
Hansen et al., 1980). This pharmacokinetic
interaction may cause impaired clearance of
other coadministered drugs that are metabolized
by microsomal oxidation, leading to elevated
steady-state plasma concentrations and the
potential for clinical toxicity (Abernethy et al.,

1982a). Since many individuals who use pro-
poxyphene for the treatment of pain con-
currently take benzodiazepine derivatives due
to anxiety or sleep disorders, there is a need to
evaluate the potential pharmacokinetic inter-
action of propoxyphene with benzodiazepines.
The present study assessed the effect of pro-
poxyphene treatment on the pharmacokinetics
of diazepam and alprazolam, two benzodiaze-
pines metabolized by microsomal oxidation
(Greenblatt et al., 1983a, 1983b). We also
evaluated the influence of propoxyphene on the
kinetics of lorazepam, a benzodiazepine meta-
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bolized principally by glucuronide conjugation
(Greenblatt, 1981; Greenblatt et al., 1983b).

Methods

Subjects and design

Fourteen healthy male and female volunteers
aged 22 to 47 years participated after giving
written informed consent. All were healthy,
active, ambulatory adults without medical
disease and receiving no medications.

Subjects participated in one or more pairs of
single-dose two-way crossover trials of dia-
zepam, alprazolam, or lorazepam. On one
occasion, subjects received a single dose of the
benzodiazepine in the control state, without
drug coadministration. For the other trial,
subjects began ingesting propoxyphene hydro-
chloride, 65 mg every 6 h, beginning 12 h prior
to and continuing for the duration of the
benzodiazepine pharmacokinetic study. The
sequence of the two trials was randomized.

Diazepam study

Six of the subjects (four male and two female,
aged 22 to 45 years) received a single 10-mg
dose of diazepam by 30 s intravenous injection
on two occasions: once in the drug-free control
state, and again during coadministration of
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propoxyphene as described above. At least 2
weeks elapsed between trials. Venous blood
samples were drawn into heparinized tubes
prior to the dose, just after diazepam admin-
istration, and at the following post-dosage
times: 5, 15, 30, 45 min, 1, 1.5, 2, 2.5, 3, 4, 6,
8, 12, and 24 h. Thereafter samples were drawn
every 24 to 48 h for a total of 7 days (Figure 1).
Blood samples were centrifuged, and the

plasma separated and frozen until the time of
assay. Concentrations of diazepam and its
major metabolite, desmethyldiazepam, in each
sample were determined by gas chromatography
with electron capture detection (Greenblatt et
al., 1980). All samples from a given subject's
pair of trials were extracted and analyzed on the
same day using the same calibration standards.

Using iterative nonlinear least squares re-
gression techniques, plasma concentrations were
fitted to a linear sum of two or three exponential
terms (Greenblatt et al., 1979). Coefficients and
exponents from the fitted function were used to
determine diazepam elimination half-life,
volume of distribution by the area method, and
total clearance. Differences between control
and propoxyphene treatment conditions were
evaluated using Student's paired t-test with
P < 0.05 taken as the criteria for statistical
significance.

Alprazolam study

Because a parenteral formulation of alprazolam
is not available for human use, the alprazolam
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Figure 1 (a) Plasma lorazepam concentrations after a 2 mg intravenous dose of lorazepam
administered to a volunteer subject in the control sta6. (b) Plasma diazepam (-) and desmethyldiazepam
(o) concentrations after a 10 mg intravenous dose of diazepam administered to a volunteer subject in
the control state.
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Propoxyphene and benzodiazepine interaction
studies were performed using the oral dosage
form. Eight of the subjects (six female and two
male, aged 22 to 39 years) received a single
1 mg oral dose of alprazolam following an
overnight fast on two occasions: once in the
drug-free control state, and again during co-
administration of propoxyphene as described
above. At least 1 week elapsed between trials.
Subjects fasted overnight prior to and for 3 h
after drug administration. Venous blood
samples were drawn into heparinized tubes
prior to the dose and at the following post-
dosage times: 5, 10, 15, 30, 45 min, 1, 1.5, 2,
2.5, 3, 4, 6, 8, 12, 24, 32, and 48 h (Figure 2).
Blood samples were centrifuged, and the

plasma separated and frozen until the time of
assay. Concentrations of alprazolam in all
samples were determined by gas chromato-
graphy with electron capture detection (Green-
blatt et al., 1981, 1983c). All samples from a
given subject's pair of trials were extracted and
analyzed on the same day using the same
calibration standards.
The elimination half-life of alprazolam was

determined from the slope (Xz) of the terminal
log-linear portion of the plasma concentration
curve. Area under the curve (AUC) up to the
final detectable plasma concentration was deter-
mined using the trapezoidal method and extra-
polated to infinity by adding the final plasma
concentration divided by XA. Apparent oral
clearance was calculated as dose/AUC (assuming
complete systemic availability), and apparent
volume of distribution as clearance/Xk. Differ-
ences between control and propoxypyhene
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treatment conditions were statistically evaluated
as described above.

Lorazepam study

Five of the subjects (four male and one female,
aged 25 to 47 years) received a single 2-mg
intravenous dose of lorazepam on two occasions:
once in the drug-free control state, and again
during coadministration of propoxyphene as
described above. At least 1 week elapsed
between trials. Venous blood samples were
drawn into heparinized tubes prior to the dose,
just after lorazepam administration, and at the
following post-dosage times: 5, 15, 30, 45 min,
1, 1.5, 2, 2.5, 3, 4, 6, 8, 12, 24, 32, and 48 h
(Figure 1). Blood samples were centrifuged,
and the plasma separated and frozen until the
time of assay. Concentrations of lorazepam in
all plasma samples were determined by electron-
capture gas-liquid chromatography (Greenblatt,
1981; Greenblatt et al., 1978). All samples from
a given subject's pair of trials were extracted
and analyzed on the same day using the same
calibration standards.
As described above for diazepam, plasma

lorazepam concentrations were analyzed by
nonlinear least squares regression techniques to
determine volume of distribution, elimination
half-life, and total clearance. Differences be-
tween control and propoxyphene treatment
conditions were statistically assessed as de-
scribed above.

Results

Diazepam study

Coadministration of propoxyphene had no in-
fluence on diazepam volume of distribution.
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Figure 2 Plasma alprazolam concentrations in a volunteer subject after a 1.0 mg oral dose administered
to a subject in the control state (0) and during propoxyphene (0) coadministration.
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Table 1 Influence of propoxyphene on the kinetics of diazepam, alprazolam and lorazepam (mean + s.e.
mean values)

Control With propoxyphene Student's-t

Diazepam n = 6
Volume of distribution (1/kg) 1.36 (+ 0.32) 1.41 (± 0.36) 0.95 (NS)
Elimination half-life (h) 37.6 (± 11.5) 42.8 (± 11.9) 1.08 (NS)
Total clearance 0.47 (± 0.05) 0.41 (+ 0.04) 1.42 (NS)

(ml min-' kg-')

Alprazolam (n = 8)
Peak plasma 20.0 (± 2.2) 18.7 (± 2.2) 0.70 (NS)

concentration (ng/ml)
Time of peak 0.64 (± 0.09) 2.22 (0.9) 1.75 (NS)

(h after dose)
Apparent volume of 1.23 (± 0.08) 1.24 (± 0.11) 0.10 (NS)

distribution (1/kg)
Elimination half-life (h) 11.6 (± 1.1) 18.3 (± 1.3) 5.00 (P < 0.005)
Oral clearance 1.30 (± 0.16) 0.81 (+ 0.09) 5.45 (P < 0.005)

(ml min-1 kg-')

Lorazepam (n = 5)
Volume of distribution (1/kg) 1.58 (± 0.06) 1.61 (± 0.10) 0.33 (NS)
Elimination half-life (h) 13.5 (± 1.6) 13.4 (± 0.07) 0.07 (NS)
Total clearance 1.36 (± 0.14) 1.50 (± 0.13) 0.86 (NS)

(ml min-' kg-')

Diazepam elimination half-life was longer during
the propoxyphene trial compared to the control
trial and total metabolic clearance was less
(Table 1) but the differences were not statis-
tically significant (Figure 3). Disappearance of
diazepam was always mirrored by formation of
the active metabolite, desmethyldiazepam
(Figure 1), but the duration of sampling was not
sufficient for formal pharmacokinetic analysis
of the metabolite.
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Alprazolam study

Propoxyphene had no significant effect on the
peak plasma alprazolam concentration. The
time of peak concentration was delayed from
0.6 h after dosage in the control state to 2.2 h
during propoxyphene treatment, but the dif-
ference was not significant.
Propoxyphene did not alter alprazolam

apparent volume of distribution. However,
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Figure 3 Diazepam elimination half-life and total clearance in the control state and during
propoxyphene coadministration. Individual and mean (± s.e. mean) values are shown. See Table 1
for statistical analysis.
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Figure 4 Alprazolam elimination half-life and total clearance in the control state and during
propoxyphene coadministration. Individual and mean (+ s.e. mean) values are shown. See Table 1 for
statistical analysis.

propoxyphene significantly prolonged alprazolam
elimination half-life from 11.6 to 18.3 h, and
reduced total clearance from 1.3 to 0.8 ml
min-' kg7l (Table 1, Figures 2 and 4).

Lorazepam study

Propoxyphene had no significant effect on any

of the kinetic variables for lorazepam (Table 1).
Volume of distribution, elimination half-life,
and total clearance were essentially identical
between trials (Figure 5).
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Discussion

The present study evaluated the influence of
propoxyphene coadministration on the pharma-
cokinetics of the oxidized benzodiazepines dia-
zepam and alprazolam, and the conjugated
benzodiazepine lorazepam. Diazepam is meta-
bolized principally by the oxidative pathway of
N-demethylation (Greenblatt et al., 1983b),
while alprazolam is metabolized by aliphatic
hydroxylation (Greenblatt et al., 1983a). In the
case of diazepam, propoxyphene produced a
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Figure 5 Lorazepam elimination half-life and total clearance in the control state and during
propoxyphene coadministration. Individual and mean (+ s.e. mean) values are shown. See Table 1 for
statistical analysis.
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small (approximately 13%) reduction of dia-
zepam clearance following a single intravenous
dose of diazepam but the difference did not
reach statistical significance and could have
occurred by chance. For alprazolam, on the
other hand, propoxyphene caused a large and
highly significant prolongation of half-life and
impairment of total metabolic clearance. Thus,
propoxyphene appears to have a greater capacity
for impairment of alprazolam hydroxylation
than of diazepam N-demethylation. Propoxy-
phene had no apparent effect on the clearance
of the conjugated benzodiazepine lorazepam.
This is consistent with prior studies suggesting
that factors which may inhibit the capacity for
microsomal drug oxidation generally have a
minimal influence on the capacity for conjuga-
tion (Greenblatt et al., 1982, 1983b; Abernethy
et al., 1982a, b; 1983a, b, c).
The clinical implications of the pharmaco-

kinetic interaction or noninteraction of pro-

poxyphene with benzodiazepines is not estab-
lished by our study. Even without a pharmaco-
kinetic interaction, propoxyphene and benzo-
diazepines share central depressant properties
and therefore should be coadministered with
suitable caution. A concurrent pharmacokinetic
interaction, on the other hand, indicates a need
for even further caution. Coadministration of
propoxyphene and alprazolam, for example,
would produce not only the expected pharma-
codynamic interaction, but also whatever addi-
tional central depressant effect would be pro-
duced by the elevated steady-state plasma
concentrations of alprazolam due to its im-
paired clearance.
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