
Abstract Rationale: Buprenorphine is an opioid ago-
nist–antagonist used in the treatment of opioid depen-
dence. Naloxone has been combined with buprenorphine
to decrease the parenteral abuse potential of buprenor-
phine. This addition of naloxone may also confer further
opioid blockade efficacy. Objectives: To test the opioid
blockade efficacy of sublingual buprenorphine/naloxone
versus buprenorphine alone and determine whether: 
(1) the blockade efficacy of buprenorphine/naloxone var-
ies between the time of expected maximal and minimal
effects of naloxone, (2) the blockade efficacy of bupre-
norphine/naloxone and buprenorphine varies as a func-
tion of maintenance dose level, and (3) there are adap-
tive changes over time associated with repeated daily
dosing of buprenorphine/naloxone and buprenorphine.
Methods: Residential subjects (n=6) were maintained on
different double-blind dose levels of buprenorphine/nal-
oxone (4/1, 8/2, 16/4, 32/8 mg) and buprenorphine
(32 mg) for 6-day periods and challenged with parenteral
doses of hydromorphone (12 mg) in laboratory sessions.
Results: There was no evidence of additional opioid
blockade efficacy conferred by combining naloxone with
buprenorphine. Higher doses of buprenorphine/naloxone
provided greater blockade of hydromorphone effects.
Changes over time associated with repeated daily dosing
of buprenorphine/naloxone and buprenorphine were
minimal. Conclusions: The addition of naloxone to bu-
prenorphine may deter the parenteral abuse of buprenor-
phine/naloxone, but it does not enhance the therapeutic
efficacy of buprenorphine. The blockade efficacy of bu-
prenorphine/naloxone is dose related; however, doses up
to 32/8 mg buprenorphine/naloxone provide only partial
blockade when subjects receive a high dose of an opioid
agonist.
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Introduction

Buprenorphine is an opioid agonist–antagonist initially
developed and marketed as an analgesic. However, nearly
25 years ago, buprenorphine was identified as potentially
useful for the treatment of opioid dependence (Jasinski et
al. 1978), and, since the late 1990s, it has been marketed
in several European countries for this latter indication.
Buprenorphine is a partial mu agonist, and this accounts
for its suppression of opioid self-administration (Mello
and Mendelson 1980) and attenuation of the effects of
opioid agonist challenge (Bickel et al. 1988; Rosen et al.
1994; Walsh et al. 1995; Strain et al. 1997; Schuh et al.
1999). Opioid blockade effects of buprenorphine are dose
related at the low range of tested doses, although there is
a relative plateau in such effects at higher doses.
Several outpatient clinical trials have shown buprenor-
phine is safe and effective (Johnson et al. 1992, 2000;
Strain et al. 1994; Ling et al. 1996, 1998; Schottenfeld et
al. 1997). Because buprenorphine can be abused, a com-
bination product of buprenorphine plus naloxone has
been developed. The addition of naloxone should de-
crease the parenteral abuse potential of buprenorphine in
opioid-dependent persons because injected naloxone
could precipitate withdrawal. However, sublingual nal-
oxone has poor bioavailability (Preston et al. 1990), so
administration of buprenorphine combined with nalox-
one by the sublingual route should not result in a precipi-
tated withdrawal syndrome. Human laboratory studies
testing different dosage ratios of buprenorphine/naloxone
(Preston et al. 1988; Weinhold et al. 1992; Mendelson et
al. 1996, 1997, 1999; Fudala et al. 1998) have led to the
conclusion that a buprenorphine/naloxone dose ratio of
4:1 should be optimal.

The addition of naloxone to buprenorphine might
confer additional blockade efficacy, especially at higher

E.C. Strain (✉ ) · S.L. Walsh · G.E. Bigelow
Behavioral Pharmacology Research Unit, 
Department of Psychiatry and Behavioral Sciences, 
The Johns Hopkins University School of Medicine, 
5510 Nathan Shock Drive, Baltimore, MD 21224, USA
e-mail: ecsgss@aol.com
Tel.: +1-410-5501191, Fax: +1-410-5500030

Psychopharmacology (2002) 159:161–166
DOI 10.1007/s002130100920

O R I G I N A L  I N V E S T I G AT I O N

Eric C. Strain · Sharon L. Walsh · George E. Bigelow

Blockade of hydromorphone effects by buprenorphine/naloxone 
and buprenorphine

Received: 5 February 2001 / Accepted: 13 August 2001 / Published online: 12 October 2001
© Springer-Verlag 2001



doses of buprenorphine/naloxone. While naloxone has
poor sublingual bioavailability, it does produce pharma-
codynamic effects at higher (≥2 mg) doses (Preston et al.
1990). Thus, the addition of naloxone might have thera-
peutic value beyond altering the abuse potential of bu-
prenorphine, for example, through receptor occupancy
by bioavailable naloxone (Rose and Levin 1992). The
purpose of this study was to systematically assess the
blockade efficacy of buprenorphine/naloxone and bupre-
norphine alone across a range of doses in opioid-depen-
dent volunteers.

Methods

Subjects

Participants were adult volunteers with active opioid dependence.
Applicants were excluded if they had significant medical or psy-
chiatric illness; females could not participate if pregnant. Partici-
pants lived on a 14-bed research ward, as previously described
(Strain et al. 1997, 2000). The study was approved by the Institu-
tional Review Board; volunteers were paid for participation. Five
subjects were African American and one was white; five were
male. Average age was 31.2 years (range 29–37 years), average
education was 10.8 years (range 9–12 years), and average duration
of illicit opioid use was 10.0 years (range 3–19 years). Participants
reported using illicit opioids an average of 4.2 (range 1.5–6.0)
times per day prior to study entry.

Study procedure

Subjects were admitted to the residential unit between Tuesday
and Friday, gave written informed consent, and started on sublin-
gual buprenorphine/naloxone. Each subject was maintained on
five different double-blind doses of buprenorphine/naloxone or
buprenorphine throughout his/her study duration and repeatedly
challenged with hydromorphone as described below. Each subject
participated in 22 challenge sessions, of which the first two oc-
curred on the following Monday and Tuesday (after a minimum of
3 days stabilization on buprenorphine/naloxone). These two ses-
sions were double-blind training sessions omitted from data ana-
lyses. After completion of the residential study, subjects were dis-
charged to an outpatient treatment/research clinic.

Maintenance medication dosing

Maintenance doses of buprenorphine/naloxone and buprenorphine
tablets were administered at the same time each day. Subjects re-
ceived a combination of active and placebo tablets in order to
maintain the blindness. At the time of admission to the residential
unit, participants were stabilized on 4/1 mg of daily buprenor-
phine/naloxone. Subjects remained on this dose for the week of
admission, the subsequent week (the first full week of study par-
ticipation), and the Monday of the second full week. On the Tues-
day of the second full week, participants received a double-blind
placebo substitute dose. The next day (Wednesday), a new mainte-
nance dose of buprenorphine/naloxone (8/2 mg) began. This dose
continued through the following Monday (the start of the third full
week); placebo buprenorphine/naloxone was administered on that
Tuesday, and dosing increased to 16/4 mg of daily buprenor-
phine/naloxone the next day. This pattern of dosing (6 days of ac-
tive medication followed by placebo on a Tuesday) continued for
two additional cycles (32/8 mg buprenorphine/naloxone, and then
32/0 mg buprenorphine alone).

Tablets for sublingual administration were supplied by the 
National Institute on Drug Abuse, Research Technology Branch

(Rockville, Md.), from a supply provided by Reckitt and Colman
(Hull, England). Tablets were in two sizes. Small tablets weighed
100 mg and contained either placebo or 2 mg buprenorphine com-
bined with 0.5 mg naloxone. Large tablets weighed 400 mg and
contained either placebo, 8 mg buprenorphine alone, or 8 mg bu-
prenorphine plus 2 mg naloxone. Tablets were matched for color
and taste. Participants received four large tablets and two small
tablets each day.

Hydromorphone challenge sessions

Sessions were conducted at the same time each day – on Mondays,
Tuesdays, Wednesdays, and Fridays – and followed similar proce-
dures utilized in previous studies (Strain et al. 1997, 2000). Ses-
sions lasted 3.5 h and began 30 min after the daily sublingual
dose. During each experimental session, a double-blind intramus-
cular injection of 12 mg hydromorphone in 2 ml was administered
into the deltoid muscle (timed to occur 30 min after the start of the
session). A commercial preparation of hydromorphone hydrochlo-
ride (10 mg/ml; manufactured by Abbott Laboratories, North Chi-
cago, Ill., for Knoll Pharmaceutical Company, Mount Olive, N.J.)
was diluted to the appropriate volume with bacteriostatic saline.

Physiological measures

Heart rate, blood pressure, skin temperature, respiratory rate, and
oxygen saturation were monitored throughout the session follow-
ing procedures similar to those utilized in previous studies (Strain
et al. 1997, 2000). Data for each measure were collected and
stored at 1-min intervals and averaged across 15-min intervals.
Pupil diameter was determined from photographs taken before
drug administration and at 15-min intervals after drug administra-
tion.

Subject and observer measures

Subjective effect reports and observer rating questionnaires were
completed 15 min before and at 15-min intervals after drug ad-
ministration. These measures have been described in detail in pre-
vious studies (Strain et al. 1997, 2000). Subjects were instructed to
respond describing how they felt at the time the questionnaire was
being answered. Subjects completed visual analog scales, a phar-
macological class questionnaire, and an adjective rating question-
naire. There were six visual analog scales: high, drug effects, good
effects, bad effects, liking, and sick. The pharmacological class
questionnaire asked the subject to select one of ten drug classes to
which the administered drug was most similar. The adjective rat-
ing questionnaire (Fraser et al. 1961; Jasinski 1977) consisted of
37 items which the participant rated on a five-point scale from 0
(not at all) to 4 (extremely); the items constituted two scales: a 16-
item opioid agonist scale (adjectives associated with morphine-
like effects) and a 21-item withdrawal scale (adjectives associated
with opioid withdrawal-like effects). Observer ratings included the
same adjective rating scale, as well as an assessment of seven
signs of opioid withdrawal (lacrimation, rhinorrhea, perspiration,
piloerection, bowel sounds, yawning, and restlessness, derived
from Kolb and Himmelsbach 1938). Ratings were made by a
trained research technician who was present throughout the ses-
sion and blind to the drug administered. Observer ratings were
carried out at the same times as the subject ratings.

Psychomotor/cognitive performance measures

In order to assess possible psychomotor or cognitive performance
changes associated with buprenorphine, buprenorphine/naloxone,
or hydromorphone effects, subjects completed during sessions a
computerized form of the digit symbol substitution task (DSST;
McLeod et al. 1982), a circular lights task (Griffiths et al. 1983),
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and a computerized form of the trail-making b test (Reitan 1958;
Strain et al. 2000). Each of the tasks were completed during the
baseline period (15 min before drug administration) and at the
same times as (immediately following) the subject ratings.

Experimental questions

Challenge sessions were designed to answer three questions:

1. How does the blockade efficacy of buprenorphine/naloxone
vary as a function of the presence versus absence of naloxone?

● Monday sessions tested the blockade efficacy of buprenor-
phine/naloxone at the time of expected maximal effect of nal-
oxone (i.e., 1 h after the daily sublingual dose). Subjects re-
ceived sublingual placebo on Tuesdays, so this session mea-
sured blockade in the absence of naloxone (although dimin-
ished blockade efficacy at 25 h versus 1 h might also be attrib-
uted to declining buprenorphine concentration). Thus, Mon-
day/Tuesday sessions for a given maintenance dose sought to
answer the question of whether sublingual naloxone was con-
ferring additional blockade efficacy. The fifth full study week
replicated maintenance on 32 mg buprenorphine, but without
naloxone. Comparison of responses to hydromorphone on
Mondays of 32/8 mg versus 32/0 mg allowed a direct assess-
ment of naloxone blockade effects (without the confound of a
decreasing buprenorphine concentration).

2. How does the blockade efficacy of buprenorphine/naloxone and
buprenorphine vary as a function of maintenance dose level?

● Monday sessions also assessed blockade efficacy after 6 days
of stabilization on each maintenance dose. Comparisons be-
tween Monday sessions assessed blockade of opioid agonist
effects as a function of buprenorphine/naloxone dose.

3. Are there changes associated with repeated daily doses of the
buprenorphine/naloxone and buprenorphine?

● Within each buprenorphine/naloxone dose, sessions on
Wednesdays, Fridays, and Mondays assessed the development
of changes related to repeated daily dosing of buprenor-
phine/naloxone and buprenorphine.

Data analysis

Results were analyzed using calculations of peak change from
baseline scores. For most measures, peak change from baseline
was an increase, although decreases from baseline were examined
when appropriate (e.g., pupil diameter changes in response to opi-
oid agonist challenge). This approach yielded a single value for
each measure, condition, and subject. A conservative one-step
procedure, Tukey's honestly significant difference (HSD), was
then used to compare pairs of conditions of interest. The mean
square error term needed to perform these tests was calculated us-
ing repeated-measures, two-factor analysis of variance; main ef-
fects were maintenance medication condition and day. The day
varied depending on which question was addressed (blockade effi-
cacy with versus without naloxone; blockade efficacy after 6 days
of maintenance; and effects related to daily administration of bu-
prenorphine/naloxone and buprenorphine). For the first two ques-
tions, comparisons – for which the Tukey q-value was >5.008
(P<0.05) – are reported as statistically significant, while for the fi-
nal question – comparisons for which the Tukey q-value was
>5.001 (P<0.05) – are reported as statistically significant.

Results

Blockade by buprenorphine/naloxone versus blockade
by buprenorphine alone

Analysis of responses to hydromorphone challenges on
Mondays versus Tuesdays showed no significant differ-
ence related to time since buprenorphine/naloxone dose
(1 h versus 25 h). Results from a representative subjec-
tive (visual analog scale ratings of high) and physiologi-
cal measure (pupil diameter) are shown in Fig. 1 and il-
lustrate these findings. If naloxone provided additional
blockade effects, lower visual analog scale ratings of hy-
dromorphone high would be expected 1 h (open bars in
the left panel of Fig. 1) rather than 25 h after the mainte-
nance dose (hatched bars). The magnitude of subjective
responses was virtually identical for the 1-h (Monday)
and 25-h (Tuesday) challenge sessions. Similarly, no dif-
ference was seen in pupillary constriction in response to
hydromorphone at 1 h versus 25 h (right panel of Fig. 1).

Blockade efficacy of naloxone was further examined
by comparing the responses to hydromorphone adminis-
tered 1 h after the 32/8-mg and 32/0-mg conditions.
There were no significant differences. Since peak change
ratings might fail to capture an effect produced early in
the session, the time course of measures was also exam-
ined (representative measures are shown in Fig. 2).
There was no evidence that the naloxone in the 32/8-mg
condition produced additional attenuation of the hydro-
morphone challenge effects even in the earliest portion
of the session.

A review of the other outcome measures showed no
evidence of significant differences between the 1-h and
25-h hydromorphone responses for a given maintenance
dose of buprenorphine/naloxone, nor between Monday
challenges while maintained on 32/8 mg versus 32/0 mg
buprenorphine/naloxone and buprenorphine, respectively.
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Fig. 1 Assessment of blockade efficacy of buprenorphine/nalox-
one: (1) at 1 h versus 25 h following the maintenance dose and (2)
across different maintenance doses. Responses are to intramuscu-
lar hydromorphone. Each bar (and bracket) represents the mean
peak change value (+1SEM) for six subjects. Results from pair-
wise, post-hoc comparisons are shown. The only significant dose
differences were found in comparison with the 4/1-mg condition
at the same testing time and are indicated by an asterisk above and
below bars



Blockade at different maintenance doses

Monday hydromorphone challenges provided an assess-
ment of buprenorphine/naloxone blockade efficacy after
6 days of maintenance. These results show that the mag-
nitude of blockade efficacy of buprenorphine/naloxone
was greater for higher maintenance doses. For example,
visual analog scale ratings of hydromorphone-induced
high were significantly less when subjects were main-
tained on 8/2, 16/4, and 32/8 mg of daily sublingual bu-
prenorphine/naloxone compared with 4/1 mg (Fig. 1).
Similarly, there was significantly less hydromorphone-
related pupillary constriction when maintained on
16/4 mg and 32/8 mg versus 4/1 mg buprenorphine/nal-
oxone (right panel, Fig. 1). Similar effects were seen in
response to hydromorphone administered 25 h after dos-
ing (Fig. 1), with significantly lower ratings of high for
the 16/4-mg condition and significantly less pupillary
constriction for the 32/8-mg condition (each compared
with the 4/1-mg condition). These effects were evident
throughout the session period. Figure 2 shows the time
course of two representative visual analog scales over
the 3 h following hydromorphone administration. The
onset of subjective responses to the challenge occurred
within 30 min after injection, and maximal effects were
achieved approximately 2 h after injection. Responses to
hydromorphone were highest when participants were
maintained on 4/1 mg buprenorphine/naloxone and low-
est when maintained on 16/4 mg buprenorphine/nalox-
one, with little difference between the 8/2-mg and 32/8-mg
maintenance dose conditions.

Changes related to repeated dosing 
of buprenorphine/naloxone and buprenorphine

Results from sessions conducted on Wednesday, Friday,
and Monday provide an assessment of changes related to
repeated dosing of buprenorphine/naloxone and bupre-
norphine. These analyses showed a variable pattern of
effects across measures. There were changes across time
suggestive of some adaptation to a dose as subjects stabi-

lized on buprenorphine/naloxone and buprenorphine (for
example, for oxygen saturation). However, these changes
were not significant.

Discussion

The purpose of this study was to examine systematically
opioid blockade efficacy in subjects maintained on bu-
prenorphine/naloxone and buprenorphine as measured
by attenuation of response to a parenteral dose of hydro-
morphone. Naloxone has been added to buprenorphine in
order to decrease the parenteral abuse potential of bupre-
norphine in opioid-dependent persons (Mendelson et al.
1996, 1997; Fudala et al. 1998; Stoller et al. 2001). Pre-
vious work suggests that higher doses of sublingual bu-
prenorphine/naloxone can deliver bioactive doses of nal-
oxone (Preston et al. 1990). However, results from this
study showed no evidence that the addition of naloxone
to sublingual buprenorphine produced additional block-
ade efficacy relative to buprenorphine alone.

The study utilized two procedures to test for possible
blockade efficacy of naloxone. The first was to test
blockade efficacy at 1 h versus 25 h after a sublingual
dose of buprenorphine/naloxone. It was hypothesized
that there would be greater attenuation of hydromor-
phone effects at the 1-h rather than 25-h time point; how-
ever, no significant difference was found (Fig. 1). These
results also show that buprenorphine/naloxone produces
stable blockade for at least 25 h, consistent with studies
of buprenorphine alone (Rosen et al. 1994; Schuh et al.
1999). The second procedure compared responses to the
hydromorphone challenges at the 1-h time point for the
32/8-mg versus 32/0-mg conditions and found no signifi-
cant differences (Fig. 2), confirming that 8 mg sublin-
gual naloxone did not confer any additional blockade ef-
ficacy.

This study also compared blockade effects for four
different daily doses of sublingual buprenorphine/nalox-
one (Fig. 1 and Fig. 2). A previous study of daily bupre-
norphine showed dose-related blockade of hydromor-
phone effects by buprenorphine alone (Bickel et al.

164

Fig. 2 Time course effects for
visual analog scale (VAS) rat-
ings of drug effect and liking
following acute administration
of intramuscular hydromor-
phone. Subjects were tested af-
ter 6 days of maintenance on
buprenorphine/naloxone and
buprenorphine. Each point (and
bracket) represents the mean
peak change value (±SEM) for
six subjects



1988), and the present study also found that higher daily
doses of buprenorphine/naloxone produced greater atten-
uation of hydromorphone effects relative to the lowest
daily dose. These results show that maintenance on a
daily dose of 4/1 mg sublingual buprenorphine/naloxone
is too low to block the effects of 12 mg parenteral hydro-
morphone, although daily doses as high as 32/8 mg also
failed to completely block these effects. This may re-
flect, in part, the high dose of hydromorphone used in
this study (equivalent to approximately 80 mg parenteral
morphine).

While attenuation of hydromorphone effects was sig-
nificantly larger for maintenance doses greater than
4/1 mg, there were no significant differences among the
8/2, 16/4, or 32/8-mg doses (Fig. 1). These results should
not be interpreted to suggest that there is no additional
value to maintenance on doses of buprenorphine/nalox-
one greater than 8/2 mg per day. Higher daily doses of
buprenorphine/naloxone may be better at suppressing
withdrawal symptoms in patients with high levels of
physical dependence, and there could be greater differen-
tiation in blockade of effects if challenges had been with
lower hydromorphone doses. Differences in bioavailabil-
ity between individuals might also introduce variability
that could attenuate dose effects.

An additional area addressed by this study was the
possible changes associated with repeated daily doses of
buprenorphine/naloxone and buprenorphine. While not
the primary study goal, the experimental design allowed
for an evaluation of these changes because subjects were
assessed regularly as they stabilized at each maintenance
level. While suggestive patterns of change were seen on
some measures, these were not robust or significant ef-
fects and, within a maintenance dose condition, there
were no significant differences among days 1, 3, and 6
for measures of hydromorphone responses or of baseline
effects. Taken together, these measures show no marked
evidence of changes associated with repeated daily dos-
ing.

Several limitations to this study should be noted.
First, 6 days at each maintenance dose may have been
insufficient to stabilize buprenorphine/naloxone effects.
Second, while hydromorphone challenges were double
blind, the absence of other challenge dose conditions
(e.g., placebo, an opioid antagonist) may have led to ex-
pectancy effects as subjects progressed through the
study. Third, the maintenance dose conditions in this
study were not randomized for participants because of
buprenorphine's long duration of effects; randomization
of maintenance dose conditions could have led to carry-
over effects. Subjects participated in the study sequen-
tially, making it less likely that participants would dis-
cuss study details among themselves.

This study shows that the blockade efficacy of sublin-
gual buprenorphine/naloxone is dose related. However,
this blockade is not complete as doses up to 32/8 mg bu-
prenorphine/naloxone provide only partial blockade
when subjects receive a high dose of an opioid agonist.
While these results can be interpreted to suggest bupre-

norphine/naloxone is not completely effective in block-
ing the effects of an opioid agonist, it is important to
note that the dose of hydromorphone was high and its ef-
fects were mild. Furthermore, the duration of blockade
effects lasted for at least 25 h, consistent with buprenor-
phine's long duration of action. There was no evidence
that even higher doses of sublingual naloxone combined
with buprenorphine confer additional blockade relative
to buprenorphine alone or alter the efficacy of buprenor-
phine in any way. The study also showed that over a 
6-day period minimal changes are associated with stabi-
lization on a dose of buprenorphine/naloxone or bupre-
norphine. These results demonstrate buprenorphine's ef-
ficacy as a function of dose and across time.
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