
Preface

Buprenorphine is a semisynthetic opioid derivative, closely related to
morphine and obtained from thebaine after a seven-step chemical procedure.
At low doses, buprenorphine is a powerful analgesic, 25–40 times more potent
than morphine, with mixed agonist/antagonist activity on opioid receptors.
The drug is a partial µ receptor agonist and a κ receptor antagonist. It shows
very slow dissociation from opiate receptors, which is one of the reasons for
its long duration of action.

Buprenorphine is characterized by a weak oral bioavailability and, owing to
its high lipid solubility, by low therapeutic concentrations.

Under the tradename Temgesic® at dosages of 0.2 mg, buprenorphine
has been widely prescribed for about 20 years for the treatment of moderate
to severe pain as well as in anesthesiology for premedication and/or anes-
thetic induction.

More recently, it also has been recognized as a medication of interest
for the substitutive management of opiate-dependent individuals. Under the
tradename Subutex®, a high-dosage formulation (0.4-, 2-, and 8-mg tablets
for sublingual use) has been available in France since February 1996 in this
specific indication. Today, this drug is largely used in France for the treat-
ment of about 70,000 heroin addicts but can also be easily found on the
black market.

The fatality risks incurred by the misuse of buprenorphine seem to arise
through a combination of two practices: (1) association with other psycho-
tropics, especially benzodiazepines and neuroleptics, and (2) improper use of
the tablet form for intravenous administration or massive oral doses.

Special thanks must go to all the authors who accepted our request to
write a chapter of what, we hope, is a worthwhile contribution to the literature.
It was our intention to cover both theoretical and practical aspects of
buprenorphine therapy in order to provide a reference book. As will be seen
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by the readers, pharmacology, controlled studies, clinical observations and
experience, drug delivery, analytical challenges and postmortem forensic toxi-
cology were reviewed by the different authors. We believe these chapters will
provide readers not only with a comprehensive and well-documented survey
of what other investigators have reported, but also with each author’s critical
evaluation of current knowledge in each of the areas surveyed.

Pascal Kintz, PharmD, PhD

Pierre Marquet, MD, PhD
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Chapter 2

Controlled Drug Administration
Studies of High-Dose
Buprenorphine in Humans
Marilyn A. Huestis

1. INTRODUCTION

Buprenorphine was developed in the early 1970s by Reckitt and Colman
Products (Hull, UK) as part of a wide-ranging search for an effective analge-
sic with lower abuse potential and reduced toxicity compared with morphine
(1). Many of buprenorphine’s chemical and pharmacological properties, includ-
ing ready diffusion of the highly lipophilic drug across the blood-brain barrier
and its high binding avidity for opiate receptors, led to the selection of this
thebaine derivative as the best analgesic compound for further drug develop-
ment. Despite its high-affinity binding and high potency (25–40 times more
potent than morphine), buprenorphine has a lower efficacy for pain relief and
is classified as a partial agonist at µ opiate receptors. Buprenorphine dissoci-
ates slowly from receptors, resulting in a long duration of action and, poten-
tially, a reduced potential for abuse. These properties led researchers at the
United States Public Health Service’s Addiction Research Center to investi-
gate buprenorphine further as a pharmacotherapy for opioid addiction (2).

Several important factors need to be considered when reviewing the
buprenorphine literature. Over the last 25 yr, investigators have studied the
agonist and antagonist characteristics of buprenorphine alone and its interac-
tions when coadministered with other opioids. Buprenorphine may substitute
for another opioid, suppress response to an opioid, or precipitate withdrawal
from an opioid, depending on the dose of buprenorphine administered and
conditions at the time of administration. Careful consideration must be given
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to participant drug use history, frequency, magnitude and length of opioid
use, buprenorphine dosing regimen, and the nature of studied effects, for all
of these parameters can affect the interpretation of research findings. In addi-
tion, evaluation of buprenorphine concentration data requires an understand-
ing of the sensitivity and specificity of the analytical method employed. Much
of the early buprenorphine literature utilized a highly sensitive but nonspe-
cific radioimmunoassay (RIA) that crossreacted extensively with buprenorphine
metabolites. At the time, chromatographic methods could not meet the sensi-
tivity requirements mandated by the low concentrations of buprenorphine and
metabolites found in plasma.

This chapter reviews controlled drug administration studies of bupre-
norphine in humans and focuses primarily on its use as a pharmacotherapeutic
agent for opioid dependence, but important findings from analgesic research
are included when appropriate. It examines buprenorphine’s bioavailability
following alternative routes of drug administration, dose effect profiles, abuse
liability, and toxicity. The reader is referred to additional discussions on
buprenorphine’s efficacy as a replacement maintenance medication in opioid
addiction treatment and buprenorphine poisonings in medical examiner cases
included in later chapters of this book.

2. BIOAVAILABILITY

Intravenous (im) buprenorphine for analgesia was released for the treat-
ment of moderate to severe pain in 1977. The oral route of drug administration
was not pursued because substantial first-pass metabolism of buprenorphine
led to limited oral bioavailability of approx 15% (3). Extensive hepatic oxida-
tive metabolism of buprenorphine by the cytochrome P450 3A4 isoenzyme
was shown to produce the n-dealkylated metabolite, norbuprenorphine, a weak
µ agonist with limited ability to penetrate the blood-brain barrier (4). There-
fore, a sublingual (sl) preparation for use in cancer patients unable to tolerate
the oral route because of nausea and vomiting and the parenteral route because
of poor venous access, emaciation, or coagulation defects was also made avail-
able. The sublingual or buccal route of buprenorphine administration also
avoided first-pass metabolism, minimized side effects owing to lower peak
drug concentrations (i.e., sedation and constipation), and allowed rapid drug
absorption owing to a high lipid to water partition coefficient (5). Disadvan-
tages of the sl route include an unpalatable taste, mucosal irritation, and large
intersubject variability.

Early pharmacokinetic studies by Bullingham et al. (6) observed maxi-
mum plasma concentrations (Cmax) approx 3 h after sl administration of 0.4



High-Dose Buprenorphine in Humans 15

and 0.8 mg of buprenorphine with an absorption half-life of 76 min. A good
dose-concentration relationship was noted at these low doses, and sl bio-
availability was found to be approximately 55% based on the nonspecific
RIA (7). Weinberg et al. (8) reported rapid absorption of sl buprenorphine
into the oral mucosa, but a slower absorption from this tissue reservoir of
drug into the systemic circulation. Buprenorphine absorption via the sl route
at these low doses was found to be dose independent with maximal absorp-
tion into the oral mucosa by 2.5 min. In addition, the duration of action of sl
buprenorphine was found to be longer than that found after equianalgesic
doses of iv or im preparations, most likely owing to an available reservoir of
drug in the oral mucosa. Further evidence for a mucosal reservoir of drug
was noted by Cone et al. (9), who reported elevated salivary buprenorphine
concentrations for up to 12 h in subjects treated with sl buprenorphine, in
contrast to low salivary concentrations following im administration. Equiva-
lent plasma and saliva concentrations of buprenorphine were not realized
until 24–48 h after the end of chronic sl dosing.

Buprenorphine is a highly lipophilic compound that accumulates in the
tissues to a much higher extent than in blood with chronic dosing (10). This
tissue depot contributes to the long terminal elimination half-life (42 h) of the
drug and suggested that transdermal delivery of buprenorphine could, per-
haps, be a feasible route of drug administration for chronic pain (11). Effec-
tive analgesia has been achieved with transdermal buprenorphine, although a
lag time of 1–6 h was observed even with an ethanol-based delivery device
(12,13). Attempts to deliver drug via the transdermal route in concentrations
sufficient for treatment of opioid dependence were unsuccessful (14).

The long half-life of buprenorphine and strong binding to opiate recep-
tors led Fudala et al. (15) to evaluate the effectiveness of alternate-day admin-
istration of buprenorphine in the treatment of opioid addiction. Although
subjects had a significantly greater urge for opioids on days when they did not
receive buprenorphine, they were able to tolerate 48 h between doses. In addi-
tion, only mild to moderate opioid withdrawal symptoms developed follow-
ing abrupt termination of drug after chronic treatment. Peak effects on the
Himmelsbach withdrawal scale occurred after 3–5 d of abstinence and lasted
for up to 10 d. These data indicate that the combined factors of an extended
plasma half-life for buprenorphine and accumulated drug stored in the tissues
following chronic dosing provide sufficient drug concentration to allow
alternate-day drug administration and to delay the onset of severe withdrawal
symptoms.

Tablet sl formulations offer advantages over liquid ones including
increased drug stability, ease of storage, simplified drug administration, and
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reduced potential for accidental ingestion by children. Mendelson et al. (16,17)
evaluated absorption of sl buprenorphine from tablets containing 4–32 mg of
drug alone and in combination with naloxone. The mean buprenorphine area
under the curve (AUC) and Cmax were found to increase with increasing dose,
but dose-corrected AUC was lower for each increase in dose. These findings
are in disagreement with those found with the liquid sl preparation, indicating
a possible difference in absorption between the liquid and tablet sl formula-
tions. A ceiling on sl buprenorphine absorption may occur with the tablet for-
mulation and may contribute to observed ceiling effects on buprenorphine
opioid agonist effects when tablets are administered. Later studies determined
bioavailability of buprenorphine from the sl tablet to be approx 50% that of
the liquid sl formulation (18,19).

3. DOSE-EFFECT PROFILES

Buprenorphine has a bell-shaped dose-response curve. Early studies dem-
onstrated a lack of orderly dose effect responses for pain relief after 0.2–0.8
mg of sl buprenorphine (20), for euphoria following 0.2–2 mg of subcutaneous
(sc) buprenorphine (2), and for respiratory depression following 0.3 and 0.6
mg of iv buprenorphine (3,21). Because studies documenting the success of
buprenorphine in reducing heroin use and increasing retention of patients in
opioid treatment programs also suggested that higher doses of sl buprenorphine
could improve treatment outcomes (22–24), Walsh et al. (25) studied the safety,
tolerability, and abuse liability of up to 32 mg of sl buprenorphine in opioid-
experienced but nondependent volunteers. Subjective effects and respiratory
depression failed to increase in a dose proportional manner with higher sl
buprenorphine doses. Maximal effects were always reached prior to the high-
est 32-mg dose. Despite increases in plasma buprenorphine concentrations with
higher sl doses, behavioral and physiological responses did not increase, docu-
menting that the observed ceiling effect was not owing to limited sl absorption.
Another important observation from this study was the increased duration of
action noted after high sl doses. Euphoria and miosis lasted up to 3 d after a
single acute 32-mg sl dose of buprenorphine. The investigators suggested that
the lower efficacy of buprenorphine at higher doses could reduce the risk of
overdose and perhaps its abuse liability, increasing the safety of buprenorphine
maintenance therapy.

4. ABUSE LIABILITY

Heroin, morphine, and other semisynthetic opioids produce µ-agonist
reinforcing effects sometimes leading to self-administration and physical
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dependence owing to their high potential for abuse liability. Treatment of iv
heroin dependence reduces the health and social consequences of drug addic-
tion, the transmission of infectious diseases including the human immunode-
ficiency virus (HIV), and drug-related criminal activity. Pharmacotherapy for
opiate addiction, especially in conjunction with behavioral treatment, reduces
drug use. Methadone, levomethadyl acetate, and naltrexone are approved opioid
agonist and antagonist treatments for opioid addiction in the United States.
Opioid agonist replacement medications are currently only available from a
few highly regulated treatment programs. Patients are required to receive daily
or alternate-day medications under observed conditions except when they have
demonstrated significant progress in their treatment and earned the privilege
of occasional “take-home” doses. This stringent control on medications is
needed to prevent drug diversion and iv self-administration. The search con-
tinues for additional useful medications with low abuse potential that would
allow patients to obtain needed treatment more readily.

Buprenorphine is one of the most promising new analgesics. A partial
agonist at µ opiate receptors, buprenorphine can antagonize the euphoria pro-
duced by other opiates. It also has a long duration of action and decreased
physical dependence following chronic treatment. However, buprenorphine
does produce morphine-like subjective feelings, increasing the potential for
drug diversion and abuse.

Jasinski et al. (2) first suggested that buprenorphine be used as a mainte-
nance drug for opioid dependence. Buprenorphine’s abuse potential was found
to be limited with less euphoria at higher sc doses. Furthermore, its long half-
life prevented the onset of withdrawal until 14 d after the last dose of bupre-
norphine following 30–57 daily doses of 8 mg subcutaneously. Withdrawal
symptoms were found to be mild and lasted only a few days. These character-
istics suggested that daily or less frequent dosing could be effective in buprenor-
phine treatment of addicts. A substantial potential for abuse of buprenorphine
by the iv route was noted in a study assessing the subjective effects of 0.3, 0.6,
and 1.2 mg of iv buprenorphine in nondependent opiate users (26). Intrave-
nous buprenorphine produced positive responses on reliable predictors of abuse
liability including “feel drug” questionnaires and increased drug “liking,” “good
effects,” and euphoria scores (as measured by the  morphine benzedrine [MBG]
scale of the Addiction Research Center Inventory [ARCI]).

One of the important factors in selecting a therapeutic medication for
opiate dependence is the drug’s acceptability to patients. Naltrexone is an effec-
tive opioid antagonist and useful in the treatment of addiction, but it is dis-
liked by many opiate abusers and compliance to treatment has been poor
(27,28). Buprenorphine produces increases in positive subjective effects, albeit
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at a lower magnitude than full µ agonists. Up to 4 mg of sl buprenorphine and
up to 2 mg of sc buprenorphine were observed to produce varying degrees of
euphoria with increased subject-reported drug-liking scores (29). Study par-
ticipants identified the drug as opiate-like and reported little dysphoria and
sedation. Administration of sl buprenorphine was shown to delay the onset
of reinforcing effects as compared to iv administration, reducing its abuse
potential. An sl drug delivery system was recommended for treatment of
opioid dependence to reduce illicit drug diversion (compared to injectable
drug), to reduce manufacturing cost (compared to oral preparations that have
more limited bioavailability), and to facilitate drug administration as com-
pared to the sc route.

Illicit use of buprenorphine by the iv route may become especially prob-
lematic when heroin cost is high and its supply unreliable (30–32). A creative
approach to the problem of potential diversion of therapeutic buprenorphine
has been the addition of naloxone, a µ opiate antagonist, to the medication. An
im combination of 0.3 mg of buprenorphine and 0.2 mg of naloxone provided
good analgesic relief, similar to buprenorphine alone, with only a slightly
delayed time of onset. The bioavailability of sl naloxone was estimated to be
approx 30%, thus providing some antagonism to buprenorphine’s effects at
this low agonist:antagonist ratio. Plasma concentrations of naloxone after the
oral route are close to zero owing to extensive first-pass metabolism (8).

Preston et al. (34) evaluated physiological and behavioral effects of bupre-
norphine and naloxone alone and in different combinations in opioid-depen-
dent humans. Subcutaneous buprenorphine alone (0.2 and 0.3 mg) produced
no significant effects on any measure, whereas sc naloxone alone (0.2 mg)
precipitated abstinence. The sc combinations of 0.2 mg of buprenorphine and
0.2 mg of naloxone, and sc 0.3 mg of buprenorphine and 0.2 mg of naloxone
sc also produced an attenuated withdrawal, suggesting a lower abuse potential
for the combination product.

Combinations of im buprenorphine and naloxone were also tested in non-
dependent opioid abusers (35). Buprenorphine alone produced dose-related
opioid agonist effects on physiological and subjective measures. When admin-
istered with similar concentrations of naloxone (0.4 mg/70 kg of buprenorphine
and 0.5 mg/70 kg of naloxone), opioid agonist effects were attenuated; higher
ratios of naloxone:buprenorphine resulted in complete attenuation of opioid
effects. The combination product was recommended as a means of lowering
the abuse liability of buprenorphine alone, similar to the reduction in abuse of
pentazocine-naloxone tablets. In another study in eight opiate-experienced
volunteers, naloxone, in a 1:4 ratio with buprenorphine, did not alter sl



High-Dose Buprenorphine in Humans 19

buprenorphine pharmacokinetics or pharmacodynamic effects and did not pro-
duce opioid withdrawal (16).

5. TOXICITY

Opiates, such as morphine and heroin, produce respiratory depression in
a dose-related manner. Although parenteral buprenorphine also was shown to
decrease responsiveness to increasing plasma carbon dioxide concentrations,
this effect was much less than that seen following morphine (36). Further sup-
port for the high therapeutic index of buprenorphine was found in the lack of
clinically relevant respiratory effects in individuals receiving up to 16 mg/d of
sl buprenorphine for 84 d while participating in an opioid replacement research
protocol (37). The maximum observed decrease in respiratory rate was two
breaths per minute at the highest dose of buprenorphine.

In 1979, in one of the first reported buprenorphine overdose cases, it was
noted that ingestion of approx forty 0.4-mg buprenorphine tablets by the sl or
oral route (the route could not be definitively identified) produced minimal
drowsiness and no respiratory or hemodynamic disturbances (38). The partial
agonist action of buprenorphine and reduced bioavailability by the oral and sl
routes may account for this limited toxicity (39,40). In a study of nondepen-
dent healthy individuals (41), respiratory rate and oxygen saturation were found
to be minimally affected following 8 mg of sl buprenorphine. Furthermore, up
to 7 mg of parenteral buprenorphine produced no clinically significant respi-
ratory depression in 50 female cesarian section patients who received the drug
for analgesia (42). In fact, respiratory depression was rarely found to be sig-
nificant, except when used together with other depressants, especially benzo-
diazepines, during surgery (43–46).

Zanette et al. (47) report a serious case of buprenorphine interaction
involving an 11-yr-old female who developed severe and prolonged respira-
tory depression following administration of 4 µg/kg of im buprenorphine 12 h
after surgery for relief of pain and restlessness. Her respiration had been stable
after a successful surgical procedure that utilized diazepam, fentanyl, and other
drugs for anesthesia. However, while in the intensive care unit, an additional
10 mg of diazepam was administered, reinstituting full respiratory insufficiency.
The authors of this report warn of the dangers of coadministration of multiple
sedative drugs. Respiratory and cardiovascular collapse has been reported in
patients receiving therapeutic doses of buprenorphine and diazepam (48). Reports
from France, where high-dose buprenorphine has been available since 1996 for
opioid maintenance treatment, indicate that physicians may be putting patients



20 Huestis

at risk by not following suggested dosing recommendations and continuing to
coprescribe buprenorphine and benzodiazepines (49).

The interaction between buprenorphine and benzodiazapines may be the
result of pharmacokinetic or pharmacodynamics effects. In an in vitro investi-
gation of the interaction of buprenorphine and benzodiazepines with Cyp3A
enzymes from rat and human microsomes, Ibrahim et al. (50) found that the
observed enzyme inhibition at typical plasma concentrations of benzodiaz-
epine was unlikely to be responsible for excessive central nervous system (CNS)
depression. An additive or synergistic pharmacological effect, unrelated to
the pharmacokinetic interaction, was suggested as the cause of decreased res-
piratory function.

Interactions between the antidepressant amitriptyline and buprenorphine have
also been reported; antidepressants may be commonly coprescribed with analge-
sics especially when chronic pain is accompanied by depression (51). Sublingual
buprenorphine alone depressed respiration, but a significant increase in end-tidal
carbon dioxide was noted 2–4 h after coadministration of amitriptyline and
buprenorphine. Concurrent administration of selective serotonin reuptake inhibi-
tor antidepressants (e.g., fluvoxamine) has also been shown to increase the
bioavailability of buprenorphine owing to noncompetitive inhibition of the P450
3A4 isoenzyme (52). HIV-1 protease inhibitors, ritonavir and indinavir, also com-
petitively inhibit n-dealkylation of buprenorphine (53). Cyp 3A4 represents about
30% of the total P450 content of the human liver; many licit and illicit drugs are
known to induce or inhibit these enzymes and, hence, buprenorphine metabolism.
Thus, the observed toxicity of buprenorphine and other medications may be the
result of complex pharmacokinetic and pharmacodynamic interactions.

High concentrations of norbuprenorphine may also contribute to bupre-
norphine toxicity. Utilizing extracted and unextracted samples and two differ-
ent RIA antisera, Hand et al. (54) were able to estimate buprenorphine and
metabolite concentrations after chronic dosing. Plasma concentrations of
norbuprenorphine were low after single doses of buprenorphine, but equiva-
lent to parent drug concentrations after daily dosing. Two- to threefold higher
concentrations of buprenorphine glucuronide, the primary product of phase II
metabolism, were found with chronic dosing. Although norbuprenorphine is
much less potent than buprenorphine in producing analgesia, Ohrani et al.
(55) have recently reported its higher respiratory depressant potency (10 times
that of the parent drug). Increased plasma concentrations of norbuprenorphine
may therefore, contribute to buprenorphine toxicity, although its ability to
enter the brain is limited. Ohtani et al. (55) suggest that norbuprenorphine
binding to µ receptors in the lung could account for its respiratory effects or
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that multiple µ receptor subtypes associated with analgesia or respiratory depres-
sion could bind with different affinities to buprenorphine and norbuprenorphine.

More than 70% of a buprenorphine dose is eliminated in the feces; renal
clearance is much less important for drug clearance. Therefore, administra-
tion of buprenorphine may be advantageous over other analgesics when renal
insufficiency is present. However, increased concentrations of the metabo-
lites, free and conjugated norbuprenorphine and buprenorphine glucuronide,
can increase dramatically when renal function is reduced. Poor renal function
could lead to higher norbuprenorphine concentrations, increasing the poten-
tial for respiratory depression.

6. SAFETY AND ABUSE LIABILITY

OF HIGH-DOSE INTRAVENOUS BUPRENORPHINE

Concerns have been raised about the potential diversion and iv abuse
of buprenorphine once it is approved for use in the United States. The safety
and abuse liability of iv buprenorphine in the range of doses recommended
for maintenance treatment have not been evaluated. In addition, although
ceilings on physiological and subjective effects have been shown with high
sl doses of buprenorphine, this phenomenon has not been tested at high iv
doses. We (Clinical Pharmacology and Therapeutics Research Branch, NIDA)
designed a protocol to determine the acute health risks of sl opioid mainte-
nance doses if abused by the iv route, to evaluate the abuse liability of iv
buprenorphine in nondependent iv opioid users, to characterize the effects
of dose and time on behavior following high-dose iv buprenorphine, and to
characterize the pharmacokinetics of buprenorphine and norbuprenorphine
after iv administration (56–59).

Sublingual buprenorphine (placebo or 12 mg) was held under the tongue
for 5 min followed by iv buprenorphine administration of (placebo or 2, 4, 8,
12, or 16 mg) to six healthy male nondependent opioid users in this prelimi-
nary dose-escalation study. Physiological measures, including blood pressure
(BP), heart rate, transcutaneous oxygen saturation, respiration rate, and skin
temperature, were monitored continuously for 3 h and intermittently for 72 h
after dosing. Visual analog scales for “any drug effects,” “drug liking,” “good
effects,” “bad effects,” “high,” “feel sick,” and “desire opiates,” an adjective
rating scale; and a shortened form of the ARCI monitored subjective drug
effects over the same time frame.

Intravenous administration of up to 16 mg of buprenorphine was shown
to be safe in experienced, nondependent opioid abusers. It must be stressed
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that toxicity was minimal at these doses of buprenorphine alone. Combina-
tions of buprenorphine and other compounds with respiratory depressant action
have shown considerable toxicity. Various degrees of sedation, nausea, vom-
iting and itching were observed in participants in this study. Subjects were
easily aroused with voice prompts and completed computer questionnaires
and tasks throughout the experimental session. Some individuals became irri-
table after receiving these high iv doses of buprenorphine, but no other mental
status changes were observed. One individual experienced severe nausea and vom-
iting after the 12-mg iv dose and did not participate in the highest 16-mg iv dose.

No significant differences from placebo in BP, heart rate, respiration rate,
oxygen saturation, or skin temperature across time and drug conditions were
noted (56). The only statistically significant difference was an increase in the
3-h AUC for systolic BP after the 8-mg iv dose (+13.5 mmHg). The mean
(±SD) maximum decrease in oxygen saturation from baseline was –7.3% (±4.3)
and was highest for the 8-mg iv dose.

All active buprenorphine conditions produced increases in positive sub-
jective measures compared to placebo, including high, drug effect, good effects,
drug liking, opioid agonist adjective rating scale, and MBG scale of the ARCI
(56). Mean change from baseline scores (n = 5) for drug high as measured by
Visual Analog Scale are shown for placebo, and for 2, 4, 8, 12, and 16 mg of
iv buprenorphine in Fig. 1. Data are shown for the first 3 h after administra-
tion of drug. It is apparent that the strongest high effects were obtained fol-
lowing the 12-mg iv dose. Large interindividual differences in the magnitude
of subjective effects were observed. Peak effects occurred 1–1.5 h after iv
doses and 3–6 h after sl buprenorphine with a duration of action of 24–72 h.
Effects did not increase in an orderly dose-related manner. On many meas-
ures, the magnitude of effect was not different between all active doses, con-
sistent with a ceiling effect and partial agonist activity for buprenorphine. The
effects of 16 mg intravenoulsy tended to be less than those of 12 mg and var-
ied in comparison with other active doses. The effects of 12 mg sublingually
were similar in magnitude to 4, 8, and 12 mg intravenously. The abuse poten-
tial of iv buprenorphine does not appear to increase with dose, nor does there
appear to be a substantial difference in abuse potential between iv and sl
buprenorphine at the doses tested.

Increases in subjective and physiological measures were not dose related
and supported the presence of a ceiling effect for these parameters following
iv administration. Plasma concentrations of buprenorphine and norbuprenor-
phine were also determined for up to 72 h after drug administration by liquid
chromatography-tandem mass spectrometry. The limits of quantitation for
buprenorphine and norbuprenorphine were 0.1 ng/mL utilizing deuterated
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internal standards for both analytes. Peak plasma concentrations of bupre-
norphine and norbuprenorphine occurred 0.5–2 h and 0.5–12 h after sl adminis-
tration of drug. Peak plasma concentrations increased in an orderly dose-related
manner suggesting that observed ceiling effects were owing to pharmacody-
namic rather than pharmacokinetic factors. Doses were administered intrave-
nously, ensuring that drug absorption was not a limiting factor.

Bioavailability following the sl route was determined to be approx 35%,
in close agreement with another estimate obtained with a highly specific chro-
matographic method (57). This is in contrast to earlier bioavailability esti-
mates for sl buprenorphine of 55–65% that were based on nonspecific RIA
measurements (7).

7. CONCLUSION

Buprenorphine, a partial µ agonist and k antagonist, which is 25–40 times
more potent than morphine, is an effective analgesic and opioid maintenance
treatment for heroin addiction. Standard im analgesic doses are 0.3 mg. Sig-
nificantly higher doses of sl buprenorphine (up to 24 mg) are necessary to
reduce heroin abuse and improve patient retention in opioid addiction treat-
ment. Higher sl doses are used because of the lower bioavailability (approx

Fig. 1. Time course of mean change from baseline for drug high as measured
with a Visual Analog Scale questionnaire (n = 5) following iv buprenorphine.
Placebo (�), 2 (�), 4 (�), 8 (�), 12 (�), or 16 mg (✚✚ ) iv buprenorphine was
injected by a physician in a constant volume of 4 mL over 60 s to nondependent,
opiate-experienced volunteers. Mean data for five of the six subjects are included
because one subject in the trial did not receive the highest 16-mg in dose of
buprenorphine.
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35%) of this route of drug administration. Flattened or inverted U-shaped dose-
response curves have been demonstrated for physiological and subjective
effects of up to 32 mg of sl and up to 16 mg of iv buprenorphine. Even by the
iv route, buprenorphine appears to have a ceiling for cardiorespiratory effects
and to have a high therapeutic index. It must be cautioned that buprenorphine
alone was administered under carefully supervised medical conditions in these
studies and that the effects of buprenorphine in combination with other CNS
sedatives may produce considerable toxicity. Buprenorphine produces posi-
tive subjective responses, indicating a potential for abuse, but the abuse poten-
tial does not appear to increase with increasing doses of buprenorphine. The
use of a combined buprenorphine-naloxone sl formulation may further reduce
its abuse potential.
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