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    Sustained-release naltrexone: 
novel treatment for opioid 
dependence  
    Sandra D     Comer†  ,         Maria A     Sullivan        &  Gary K     Hulse         
  † Columbia University, Department of Psychiatry, Division on Substance Abuse, 
New York, NY 10032, USA 

       The devastating costs of opioid abuse and dependence underscore the 
need for effective treatments for these disorders. At present, several different 
maintenance medications exist for treating opioid dependence, including 
methadone, buprenorphine and naltrexone. Of these, naltrexone is the 
only one that possesses no opioid agonist effects. Instead, naltrexone 
occupies opioid receptors and prevents or reverses the effects produced 
by opioid agonists. Despite its clear pharmacologic effectiveness, its clinical 
effectiveness in treating opioid dependence has been disappointing, primarily 
due to non-compliance with taking the medication. However, the recent 
availability of sustained-release formulations of naltrexone has renewed 
interest in this medication. The present paper describes the development 
of sustained-release naltrexone formulations and discusses the clinical issues 
associated with their use in treating opioid dependence.  
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     1.   Introduction 

 Heroin abuse continues to be a significant problem in the US and globally, as 
measured by a variety of indicators. For example, treatment admission rates 
doubled between 1993 and 1999 in roughly half of the US, with a triple increase 
observed in the West and Northeast.  In the US, heroin is most often used by injection, 
although a shift in use from the intravenous to the intranasal route has occurred 
in recent years (between 1992 and 2002 injection use decreased from 
77 to 62%, while intranasal use increased from 20 to 33%  [1] ). In addition, emergency 
department mentions of heroin increased by  ∼  50% between 1994 and 2001. In 
1996, the economic costs of heroin abuse were estimated at US$21.9 billion  [2] , 
highlighting the devastating costs of heroin abuse to both the individual and to 
society in general. 

 Data from various sources also suggest that abuse of prescription opioids has risen 
substantially in the US since the mid-1990s  [3] . For example, the National Survey on 
Drug Use and Health revealed that the initiation of non-medical use of prescription 
pain relievers has quadrupled, from an incidence of 573,000 in 1990 to 2.5 million in 
2002  [4] . Furthermore, the estimated number of new initiates in 2004 to non-medical 
use of pain relievers (2.4 million) even exceeded that of illicit drugs such as cannabis 
(2.1 million) and cocaine (1.0 million)  [5] . The Monitoring the Future (MTF) survey of 
high-school students recently showed high rates of non-medical use of prescription 
medications, especially opioid painkillers, despite an otherwise general decline in 
the abuse of illicit drugs among this population  [6] . The treatment admission rate 
for prescription opioid abuse increased by 233% between 1993 and 2003, from 
6 per 100,000 of the population who are 12 years of age and over to 20 per 100,000. 
Taken together, these data reveal that abuse of prescription opioids in the US 
has increased substantially in the last decade, which has resulted in sharp rises in 
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morbidity and mortality at the local and national levels. These 
epidemiologic data show the scope and severity of the problem 
of heroin abuse and non-medical use of prescription opioids 
and they emphasize the need for studies designed to evaluate 
potential medications for opioid abuse.  

  2.   Maintenance medications for opioid use 

 A number of pharmacotherapies are available as accepted 
treatments for opioid abuse and dependence. These include 
methadone  [7,8] , buprenorphine and the buprenorphine/naloxone 
combination  [9]  and naltrexone  [10,11] . Of these, methadone, 
an orally administered opioid agonist, was one of the earliest 
and continues to be the most widely used form of pharmaco-
therapy maintenance treatment. Buprenorphine and the 
buprenorphine/naloxone combination are the most recently 
approved medications in the US for treating opioid dependence. 
Unlike methadone and buprenorphine, naltrexone is an 
opioid antagonist and, hence, detoxification of the opioid-
dependent person, sometimes using small doses of naltrexone 
itself to speed the detoxification process, is a prerequisite for 
naltrexone maintenance [201]  .  

  3.   Oral naltrexone 

  3.1   Pharmacology of naltrexone 
 Naltrexone was synthesized in the 1960s as part of a program 
to develop antagonist treatments for heroin dependence. It 
consists of several simple modifications of the basic morphine 
molecular structure, similar to modifications that have been 
used to produce other opioid drugs, including buprenorphine 
and naloxone. Naltrexone is a potent, long-acting, competitive 
opioid antagonist at the µ,  κ  and  δ  opioid receptor subtypes  [12]  
that has been used as a maintenance medication with a recom-
mended daily oral dose of 50 mg  [13-15] . The major therapeutic 
feature of naltrexone pharmacology that makes it useful 
for the treatment of opioid dependence is that, when 
occupying receptors, it can completely block the effects of 
opioid agonists  [10,11] .  

  3.2   Clinical experience with oral naltrexone 
 Although the pharmacologic effectiveness of naltrexone in 
blocking the actions of opioid agonists is unequivocal, early 
clinical trials of naltrexone in general populations of opioid-
dependent patients were relatively discouraging. Dropout rates 
were high and few patients completed more than 30 – 60 days 
of treatment  [16-18] . Even in patients who perform well on oral 
naltrexone, eventual relapse to heroin use is common  [19,20] . A 
recent randomized clinical trial conducted in Iran  [21]  provides 
more contemporary evidence for the relative effectiveness of 
naltrexone versus agonist maintenance in a 24-week 
comparison between naltrexone (50 mg/day), buprenorphine 
(5 mg/day) and methadone (50 mg/day). The study enrolled 
204 patients who were dependent on illicit intravenous 
buprenorphine. The rate of treatment completion was 21% in 

the group assigned to naltrexone compared with 59% on 
buprenorphine and 84% on methadone. Indeed, recent 
reviews of the effectiveness of oral naltrexone maintenance for 
the treatment of opioid dependence concluded that the 
effectiveness of oral naltrexone was either modest or there 
was ‘ insufficient evidence to justify the use of naltrexone in 
maintenance treatment of opioid addicts  ’   [22,23] . 

 A major problem that is associated with oral naltrexone 
therapy is poor medication compliance. This may be attributed 
to several factors. For example, opioid users are accustomed to 
self-administering potent reinforcers and the complete absence 
of opioid-induced reinforcing effects may be unacceptable. In 
addition, unlike methadone, discontinuation of naltrexone 
maintenance has no adverse consequences, such as the 
emergence of opioid withdrawal effects. With methadone or 
buprenorphine maintenance, the emergence of withdrawal 
symptoms may serve as a deterrent for discontinuing mainte-
nance therapy, but with naltrexone this deterrent is not present. 
Furthermore, some studies suggest that naltrexone itself may 
induce adverse neuropsychiatric and gastrointestinal effects, 
such as dysphoria, nausea and abdominal discomfort  [24-26] . 
All of these factors may contribute to the poor medication 
compliance seen with oral naltrexone therapy. Thus, despite its 
potent opioid antagonist properties, medication non-compliance 
has been a significant impediment to its adoption as a major 
treatment for opioid dependence. 

 Despite this relatively discouraging outlook for oral naltrexone 
maintenance, clinical trials have suggested greater compliance 
and effectiveness in several subgroups, including patients receiv-
ing family therapy  [14] , patients who are professionals in 
jeopardy of losing their licenses  [27] , patients residing in a sup-
portive family environment where naltrexone compliance is 
 encouraged  [ 28 ] or patients in the parole and criminal justice 
systems who are at risk of returning to jail  [28-30] . Several recent 
studies specifically aimed at improving medication compliance 
have also yielded promising results  [31-35] . These studies showed 
that inclusion of contingency management and/or family or 
partner involvement produced 6-month treatment retention 
rates of up to 45%. These studies do suggest potential promise 
for oral naltrexone maintenance, depending on appropriate 
environmental circumstances or behavioral interventions.   

  4.   Sustained-release naltrexone preparations 

 One alternative to an oral naltrexone formula is the injection 
or surgical insertion of a sustained-release preparation of 
naltrexone, which removes the burden on patients to take 
medication daily. Sustained-release preparations have commonly 
involved the use of compressed naltrexone formulations 
(e.g., using the Wedgewood implant) or the use of naltrexone 
combined with a polymer or co-polymer base to allow for the 
more gradual release of naltrexone over prolonged periods of 
time. Polymer or co-polymer bases have included, for example, 
a naltrexone–polylactic acid composite  [36] ; naltrexone 
copolymer (90%  L -lactic acid and 10% glycolic acid) beads  [37] ; 
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70% naltrexone base in poly( L -lactic-co-glycolic acid)  [38] ; 
naltrexone pamoate linear poly(ortho esters) disk  [39] ; and 
polylactide co-glycolide microspheres  [40] . More recently, a 
sustained-release naltrexone implant, using a soft, flexible 
hydrogel technology, is under Phase I/II development for the 
treatment of opioid dependence [202]. 

 The concept of a sustained-release preparation of naltrexone 
is not new. Beginning in the mid-1970s, depot formulations 
of naltrexone were developed and evaluated in laboratory 
animals  [41-46] . These early formulations were mostly 
abandoned because of wide between-subject variability 
in plasma concentrations of naltrexone and lack of 
tissue compatibility. 

 In 1980, the US National Institutes of Health published 
information on the necessary/desirable characteristics for 
naltrexone sustained-release parenteral drug delivery systems. 
In addition to the ability to provide therapeutically relevant 
blood naltrexone levels, they noted that products should 
be clinically effective, biodegradable, have no adverse 
tissue reaction (i.e., are biocompatible) and should be 
easy to administer  [47,48] . 

  4.1   Sustaining therapeutic levels 
 A number of clinical reports and studies have provided 
 prima facie  evidence on the efficacy of sustained preparations 
to antagonize the actions of heroin. These have reported serum 
naltrexone levels of 2.8 ng/ml delivered by implant naltrexone 
as being effective in blocking 500 mg of snorted pure 
pharmaceutical diamorphine  [49] , serum naltrexone levels 
of  ∼  2 ng/ml  [50-52]  as being effective in blocking the effects of 
25 mg intravenously administered heroin and plasma levels 
of  ∼  1 ng/ml as being capable of antagonizing the effects of 
morphine 15 mg  [53] . Most authorities now agree that the 
therapeutic blood level that is required to treat heroin 
dependence is above 2 ng/ml  [54-56] . As yet, most sustained-
release naltrexone formulations have been shown to maintain 
therapeutic blood levels of naltrexone for at least 4 – 8 week s , 
if not longer.  

  4.2   Biodegradability 
 It has been known for more than two decades that polymers 
based on lactide isomers are biodegraded by hydrolysis 
and, even when incorporated with other polymers, are 
absorbed by the body without adverse reactions  [57] . In rats, 
D ,L -lactide/glycolide copolymer microspheres have been 
shown to be biodegradable, with the vast majority of micro-
sphere degradation occurring by day 150  [58] . In humans, 
poly-( D,L )-lactide in surgical sutures and screws is reabsorbed 
by the body through natural pathways  [59] . Similarly, following 
injection into the body, the polylactide co-glycolide hydrolyzes 
to lactic and glycolic acids, which are further metabolized 
into carbon dioxide and water  [60] . This suggests that 
polymers based on lactide isomers that have been and are being 
developed as part of naltrexone sustained-release preparations 
are likely to be biodegraded. 

   In vitro  and  in vivo  studies indicate that total time to 
biodegradation may be commensurate with the size of 
implant mass used, with, for example, a large quantity of 
poly-(D,L)-lactide degrading over a longer time period than a 
smaller quantity  [61,62] . The time to total biodegradation 
should not be an issue as long as good tissue compatibility 
is achieved.  

  4.3   Tissue compatibility 
 Despite showing promising naltrexone release patterns and 
being of ‘likely biodegradable materials,’ a number of polymers 
or co-polymers have shown varying therapeutic success. 
For example, Chiang and colleagues conducted one of the 
early studies of sustained-release naltrexone in normal, healthy 
volunteers implanted subcutaneously with naltrexone 
copolymer (90%  L -lactic acid and 10% glycolic acid) beads  [37] . 
Following an initial burst of release, this formulation yielded 
relatively constant plasma levels of naltrexone (0.3 – 0.5 ng/ml) 
for up to 1 month. However, when these investigators 
administered challenge doses of morphine (15 mg i.m.), the 
results were variable. In some participants, morphine was 
completely ineffective, while, in others, morphine-like effects 
were observed. However, perhaps more importantly, data have 
suggested that this naltrexone preparation had unacceptable 
levels of biocompatibility, with two of the three human subjects 
implanted with the naltrexone copolymer (90%  L -lactic acid 
and 10% glycolic acid) beads having them removed at  ∼  3 to 
4 weeks due to marked inflammatory reactions or other 
local tissue irritation. Chiang concluded that this result 
‘ may preclude the clinical use of this particular preparation 
of beads ’  [37] . Undoubtedly, comprehensive acceptability of 
sustained-release naltrexone products as a conventional treatment 
for opioid dependence is limited by studies showing an 
acceptable level of tissue reactivity in patients treated with 
sustained-release preparations.  

  4.4   Newer formulations 
 Newer formulations of sustained-release naltrexone have 
provided more promising results. For example, injectable 
formulations of naltrexone, such as those produced by Biotek, 
Inc. (Depotrex ®   [56,63] ), Elbion NV (Naltrel ™ ; originated from 
DrugAbuse Sciences  [64-66] ) and Alkermes, Inc. (Vivitrol ®   [40,67] ) 
seem to produce clinically relevant plasma concentrations 
of naltrexone, both within and between subjects and a 
much lower and perhaps clinically acceptable incidences of 
tissue reactivity. 

 An injectable, depot formulation of naltrexone (Depotrex) 
192 mg or naltrexone base 384 mg per 2.4 or 4.8 ml of 
solution, respectively, administered intramuscularly into the 
buttocks antagonized the effects of intravenously adminis-
tered heroin (0 – 25 mg) for 3 – 5 weeks, depending on the 
naltrexone dose  [56,68] . These studies demonstrated that 
Depotrex was safe, effective and well tolerated in opioid 
abusers who were not seeking treatment for their drug use. 
A subsequent proof-of-concept, placebo-controlled clinical 
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trial of Depotrex in treatment-seeking heroin abusers showed 
a robust, dose-related increase in treatment retention, support-
ing the use of depot naltrexone as a therapeutic strategy for 
opioid dependence  [69] . 

 Vivitrol (formerly known as Vivitrex ® ; Alkermes, Inc.) is an 
injectable (subcutaneous or intramuscular) formulation of 
depot naltrexone encapsulated into polylactide co-glycolide 
polymer microspheres ( ∼  100 µm in diameter). Data from 
studies with rats administered a single (subcutaneous or 
intramuscular) injection (50 mg/kg) indicate that it produces 
peak naltrexone plasma levels within 3 days (15  ±  1.4 and 
19  ±  3.6 ng/ml, respectively), dropping to undetectable levels 
(< 1 ng/ml) by 35 days  [40] . Similar results have been reported 
in alcohol-dependent patients, with naltrexone (400 mg i.m.) 
maintained at presumed therapeutic levels for a full 
month [203,204]. In rats, these levels were capable of antagoniz-
ing the effects of morphine on a hot-plate test over a 
4-week period  [40] . A sequential intramuscular injection on 
day 34 produced a similar effect to the initial injection, 
suppressing morphine-induced analgesia up to day 68  [40] . 
This polymer is known to readily hydrolyse to lactic and 
glycolic acid, which is further metabolized into carbon dioxide 
and water  [60] . Preliminary data indicate that, in humans, 
Vivitrol (naltrexone 380 mg in  ∼  5 ml of solution adminis-
tered intramuscularly into the buttocks) is generally safe and 
well tolerated and reported adverse effects are mild to moder-
ate. Although over 10% of alcohol-dependent persons experi-
enced some form of adverse event following Vivitrol treatment 
(nausea, headache, loss of appetite and fatigue), < 2% of 
patients discontinued treatment because of injection site 
reactions (induration and angiedema) [205]. With the exception 
of injection site reactions, reported common adverse 
effects with Vivitrol are similar to those seen with oral 
naltrexone formulations  [67] . A 12-month extension trial of 
alcohol-dependent persons found the most common adverse 
effects to be headache, nasopharyngitis and respiratory tract 
infections (Alkermes, Inc. press release 2005, 23 May). 

 More recently, a poly- D,L -lactide implantable formulation 
of naltrexone has been developed that may provide even 
longer-lasting blockade of opioid receptors. The naltrexone 
implant (O’Neil Implant) developed by GoMedical Industries 
Pty Ltd has shown promise to deliver naltrexone at clinically 
relevant blood levels above 2 ng/ml for 5 to 6 months  [70,71] . 
This implant is a diffusion-based delivery system, designed 
such that pockets of naltrexone are isolated by a polymer 
matrix (a diameter of 100 µm poly- D,L -lactide) to ensure a 
more gradual release of the naltrexone as the fluid enters the 
core. A total of 10 – 30 tablets (each tablet measures  ∼  8 mm 
in diameter and 5 mm in height) containing a total of 1.1 g 
(10 tablets) to 3.3 g (30 tablets) of naltrexone are implanted 
subcutaneously into the lower abdominal area at each dose 
administration. Human  in vitro  assessment of tissue samples 
(biopsies) from 54 patients (34 males) at various periods of 
time post-implant have shown an early phase (up to 12 months 
post-implant) of inflammation, foreign body reaction and 

fibrosis, which gradually settled over the next 12 months until 
the tissue returned to normal by 25+ months  [72] . Additional 
data from an ultrasound study on 71 heroin-dependent 
persons treated with this implant have concluded that 
there was a total absence of the poly( D,L -lactide) 
implant matrix by an average of 1201 days (Hulse  et al. , 
in preparation). 

 The sustained-release preparations described above are 
yet to be registered by regulatory authorities for therapeutic 
use in the management of opioid dependence, although 
Vivitrol was approved in 2006 by the FDA for the management 
of alcohol dependence.  

  4.5   Mode of administration: sustained-release 
preparation 
 The mode of administration and its acceptability to substance 
abuse practitioners and/or patients may prove to be a major 
consideration in selecting the type of sustained-release 
product to use in the treatment of opioid dependence. So far, 
sustained-release preparations of naltrexone have focused on 
intramuscular or subcutaneous injection or surgical insertion. 

 Depot preparations have an advantage in that they are 
relatively easily administered by intramuscular or subcutaneous 
injection (e.g., Vivitrol and Depotrex), compared with 
implants (e.g., Wedgewood, Valera, GoMedical), which are 
commonly inserted surgically under local anesthesia through 
a small subcutaneous incision. Clearly, some additional 
physician training may be required to administer naltrexone 
implants compared with injectable depot preparations. 
Additionally, patients may have a preference for a depot 
injection rather than being subjected to a more invasive 
procedure such as is required for implant treatment. 

 However, there are a number of additional clinical 
considerations that may outweigh this and favor implant 
treatment among community treatment programs for heroin 
dependence. First, although tissue compatibility is generally 
good with the more recent formulations of injectable, sustained-
release naltrexone, some significant events (e.g., induration, 
edema, erythema and pruritis progressing to secondary 
infection requiring surgical debridement and wound care) 
have been found in a very small proportion of patients. In 
these instances where removal of polymeric materials is deemed 
clinically desirable, this may be achieved more readily with an 
implant than an injectable depot preparation; the latter proving 
almost impossible to remove, short of excising a large area of 
tissue. On the other hand, the fact that the implants can be 
removed surgically raises the possibility that some patients 
may also attempt to extract the implants from their bodies. 

 Second, and perhaps more importantly, depot preparations 
generally provide a shorter period of coverage (1 – 2 months) 
compared with implants (3 – 6 months). It is difficult to 
estimate the length of naltrexone antagonist treatment that is 
required to facilitate significant movement of a previously 
heroin-dependent person away from the narcotic network 
and towards mainstream community involvement, but the 
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provision of an enforced abstinence period of longer duration 
is likely to be a significant factor in assisting the formerly 
dependent heroin user to separate from heroin use and  the 
narcotic network and to commence reintegration with the 
broader community. 

 Although the initial use of an implantable preparation that 
provides several months, rather than a few weeks, of coverage 
may be desirable: the more stable patients may opt to receive a 
depot preparation rather than once again undergoing the more 
invasive minor surgery associated with implant treatment. In 
this respect, different sustained-release preparations may be 
used sequentially as part of the same management program.  

  4.6   Poly-drug use 
 Poly-drug use is commonly observed among heroin-dependent 
individuals  [73-75] . Although naltrexone may provide antagonism 
against opioids, one concern is that other drug use may replace 
opioid use, posing a new risk situation for both dependence 
and risk of overdose. So far, clinical studies on depot  [69]  and 
implant naltrexone  [76]  have indicated that other drug use 
remained relatively low. This is consistent with findings from 
other studies reporting on patients entering oral naltrexone 
maintenance  [19,20,77] . Notwithstanding these results, programs 
offering sustained-release antagonist treatment for opioid 
dependence should have an enhanced emphasis on preventing, 
detecting and managing poly-substance use. This approach 
would also help to protect the small percentage of people who 
may either continue with or move to other drug use when 
naltrexone blocks opioid use.  

  4.7   Accidental opioid overdose following 
treatment cessation 
 It has been suggested that the risk of accidental overdose 
increases after cessation of chronic treatment with naltrexone, 
either via loss of opioid tolerance or increased sensitivity to 
opioid agonist administration  [78-80] . Support for the notion of 
increased sensitivity comes from numerous studies conducted in 
laboratory animals demonstrating an upregulation in µ-opioid 
receptors following discontinuation of chronic treatment with 
opioid antagonists  [81-89] . There have also been reports of 
increased opioid overdose in patients following discontinuation 
of oral naltrexone maintenance, compared with discontinuation 
of agonist replacement therapies  [90,91] . However, in normal 
human participants a laboratory study of morphine sensitivity 
before and after naltrexone treatment has failed to show 
any evidence of µ-receptor upregulation in the respiratory 
control system, which is the most likely site of opioid overdose 
lethality  [92] . The clinical trial of injectable, sustained-release 
naltrexone also did not show an increased incidence of opioid 
overdose  [56] . In fact, two studies demonstrated that the 
incidence of opioid overdoses dramatically decreased in 
individuals treated with an implantable form of naltrexone  [76,93] . 
It is possible that the gradual dissipation of naltrexone from 
these sustained-release formulations protected these patients 
from experiencing opioid overdose. 

 However, deaths associated with naltrexone implants 
have been reported  [94] . A review of Australia’s National 
Coroners Information System records between the years 2000 
and 2004 using the keyword ‘naltrexone’ revealed that 5 deaths 
were potentially associated with the naltrexone implant. 
Of these, naltrexone levels were detected in two cases and 
were not measured in the other three cases. One male 
individual, with naltrexone blood concentrations of 300 ng/ml 
also showed toxic levels of heroin. This is the only case that 
seems to suggest that the patient died while attempting 
to overcome the blockade conferred by naltrexone. The other 
four individuals presumably died of overdoses from multiple 
drugs (e.g., different combinations of heroin, alcohol, diazepam 
and/or amfetamine). In the three individuals for whom 
naltrexone levels were not measured, the naltrexone implant 
had been removed for unknown reasons 2 weeks prior to 
death (1 case) or the naltrexone implant had been adminis-
tered 6 months prior to death (2 cases). Therefore, in these 
latter cases, it is likely that insufficient levels of naltrexone 
were in the body to antagonize the effects of opioid agonists. 
This report emphasizes the need to caution patients about 
the risks of opioid and other drug overdose both during 
treatment with naltrexone and during the period of expected 
dissipation of naltrexone.  

  4.8   Liver toxicity 
 Another potential safety issue that is associated with the 
long-term use of naltrexone is liver toxicity. This issue has 
warranted close attention in light of the high rate of hepatitis 
in intravenous drug users as well as the possibility of hepato-
cellular injury described in the package insert for oral naltrexone. 
As yet, several studies have demonstrated that transaminase 
levels do not change significantly, even after daily administra-
tion of high doses of naltrexone (100 – 350 mg)  [95-97] . 
Alcoholic patients who are treated with naltrexone have 
actually shown liver enzyme decreases, presumably because 
they are drinking less alcohol  [63,98] . Depot naltrexone has also 
been shown to have minimal effects on liver functioning in 
heroin-dependent individuals  [56] . Elevated liver enzymes 
typically occur only at doses above 300 mg/day when naltrexone 
is administered for several weeks; the elevation is a dose- and 
time-related phenomenon. It is reversible if the dose is lowered 
or if the medication is discontinued. As a result, liver enzyme 
monitoring is prudent during treatment with naltrexone and 
guidelines generally suggest that it should not be administered 
in patients with advanced liver disease  [99] .  

  4.9   Neuroendocrine dysregulation 
 There has been concern raised that opioid antagonists such as 
naltrexone may aggravate neuroendocrine dysregulation 
underlying opioid dependence  [100] . However, more research is 
needed to determine the extent of this concern clinically, as 
well as a broader effort to determine predictors of which 
patients are more or less likely to have a successful treatment 
outcome with naltrexone.  
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  4.10   Pain management 
 Patients who are being treated with naltrexone should carry an 
identification card indicating this in their wallet or a medical 
alert bracelet. In the event of serious injury or the need for 
treatment of severe acute pain or surgery, treating physicians 
will need to be aware that higher doses of opioid analgesics may 
be needed. In addition, the appropriateness of managing pain 
with non-opioids such as NSAIDs or local anesthesia should 
be considered. The most effective methods for managing pain in 
this scenario have not been described clearly in the literature.   

  5.   Expert opinion and conclusions 

 Despite the promise of sustained-release preparations to 
maintain therapeutic levels of naltrexone for significant periods, 
it should be emphasized that management with sustained-
release formulations of naltrexone simply creates a window to 
facilitate movement of the previously opioid-dependent 
patient away from the narcotic network and back into the 
general community. The role of psychosocial auxiliary services as 
part of a treatment package to manage this transition should not 
be underestimated. Failure to provide adequate psychotherapy 
to facilitate a heroin-free lifestyle after treatment with sustained-
release naltrexone will undoubtedly yield a greater incidence of 
adverse events and relapse back to dependent heroin use. 

 In summary, the availability of biocompatible and bio-
degradable naltrexone preparations that provide long-lasting 
antagonism of opioid agonist effects represents an exciting 
new development in the treatment of opioid dependence. 
Some of the potential risks associated with the use of sustained-
release naltrexone for treating opioid dependence that have 
not been fully characterized are: the increased use of opioids in 
an attempt to overcome the blockade; the increased use 
of other drugs of abuse; and inadequate pain relief when 

treatment with opioids is indicated. Thus far, there is little 
evidence that opioid overdose is a serious risk that is associated 
with long-lasting formulations of naltrexone and preliminary 
evidence suggests that abuse of other drugs actually declines, 
rather than increases, in opioid-abusing patients treated with 
naltrexone. With regards to pain relief, non-opioid treatment 
options are available, but the most effective ways of managing 
pain in this setting have yet to be determined. This issue is 
particularly pertinent with the use of injectable formulations 
of naltrexone because they cannot be removed easily. It is clear 
that much work remains to be performed to fully characterize 
the potential risks that are associated with this form of treat-
ment, but initial research suggests that it is a highly promising, 
safe and effective treatment strategy for opioid dependence. 
Future research will determine how the clinical effectiveness 
of sustained-release naltrexone compares to opioid agonist 
maintenance therapy.  

  Disclosure 

 SD Comer serves as a consultant on issues related to the abuse 
liability of opioid medications to Janssen Pharmaceuticals, 
Johnson  &  Johnson Pharmaceutical Research and Develop-
ment, LLP, Schering-Plough Corp. and Grunenthal GmbH. 
In addition, SD Comer has received funding from Grunenthal 
GmbH to conduct two investigator-initial trials on 
prescription opioid abuse liability. This article was 
independently commissioned and no fee was received for 
preparation of the manuscript.    

  Acknowledgements 

 The authors would like to gratefully acknowledge the support of 
the National Institute on Drug Abuse (DA09236, DA016759).  



Comer, Sullivan & Hulse

 Expert Opin. Investig. Drugs (2007) 16(8) 1291

   Bibliography
     1.   OFFICE OF APPLIED STUDIES: 

Substance Abuse and Mental Health 
Services Administration (SAMHSA). The 
DASIS report: heroin – changes in how it is 
used: 1992 – 2002. Rockville, USA 
(17 December 2004).  

  2.     MARK   TL, WOODY GE, JUDAY T, 
KLEBER HD  : The economic costs 
of heroin addiction in the United States. 
  Drug   Alcohol Depend.   ( 2001 ) 
  61  (2): 195 -206.  

  3.     ZACNY   JP, BIGELOW GE, 
COMPTON P  et al. : College on 
problems of drug dependence taskforce 
on prescription opioid non-medical 
use and abuse: position statement. 
  Drug   Alcohol Depend.   ( 2003 )   69  : 215 -232.  

  4.   OFFICE OF APPLIED STUDIES: 
SAMHSA: Results from the 2003 National 
Survey on Drug use and Health: National 
Findings. NSDUH Series H-25, DHHS 
Publication No. SMA 04-3964. Rockville, 
MD (2004a).  

  5. SAMHSA: Offi ce of Applied Studies. 
Results from the 2004 National Survey on 
Drug use and Health: National Findings. 
NSDUH Series H-28, DHHS Publication 
No. SMA 05-4062. Rockville, MD (2005a).  

  6.   JOHNSTON LD, O’MALLEY PM, 
BACHMAN JG  et al. : Monitoring the 
future national results on adolescent 
drug use: overview of key fi ndings, 2005. 
(NIH Publication No. 06-5882). 
Bethsda, MD: National Institute on 
Drug Abuse   (2006).

  7.     DOLE   V, NYSWANDER ME, 
KREEK MJ: Narcotic blockade.  
 Arch. Int. Med.   ( 1966 )   118  : 304 -309.  

  8.     FAGGIANO   F, VERSINO E, 
VIGNA-TAGLIANTI F  et al. : Methadone 
maintenance at different dosages for opioid 
dependence.   Cochrane Database Syst. Rev.   
(2000) 2:CD002208.  

  9.     WALSH   SL, PRESTON KL, 
STITZER ML  et al. : Clinical pharmacology 
of buprenorphine: ceiling effects at high 
doses.   Clin. Pharmacol.   Ther.   ( 1994 ) 
  55  : 569 -580.  

  10.     ALTMAN   JL, MEYER RE, MIRIN SM, 
MCNAMEE HB: Opiate antagonists 
and the modifi cation of heroin 
self-administration behavior in man: an 
experimental study.   Int. J. Addict.   ( 1976 ) 
  1  (3): 485 -499.  

  11.     MELLO   NK, MENDELSON JH, 
KUEHNLE JC  et al. : Operant analysis of 

human heroin self-administration 
and the effects of naltrexone.   
J. Pharmacol. Exp. Ther.   ( 1981 )   
216  : 45 -54.  

  12.     TUCKER   TK, RITTER A, MAHER C 
 et al. : Natrexone maintenance for heroin 
dependence: uptake, attrition and 
retention.   Drug   Alcohol Rev.   ( 2004 )   
23  : 299 -300.  

  13.     CALLAGHAN   E, RAWSON R, 
MCCLEAVE B: The treatment of heroin 
addiction using naltrexone alone and with 
behaviour therapy.   Int. J. Addict.   ( 1980 ) 
  15  : 795 -807.  

  14.     ANTON   RE, HOGAN I, JALALI B  et al. : 
Multiple family therapy and naltrexone in 
the treatment of opiate-dependence. 
  Drug   Alcohol Depend.   ( 1981 )   8  : 157 -168.  

  15.     JULIUS   D: NIDA’s naltrexone research 
program. In:  Narcotic Antagonists: 
Naltrexone (NIDA Research Monograph No: 9) , 
Julius D, Renault P (Eds), National 
Institute of Drug Abuse, Rockville, MD, 
USA  (1976 ): 5 -11.  

  16.     AZARIAN   A, PAPIASVILLI A, JOSEPH H: 
A study of the use of clonidine and 
naltrexone in the treatment of opiod 
addiction in the former USSR.   
J. Addict. Dis.   ( 1994 )   13  : 35 -52.  

  17.     CALLAHAN   E, RAWSON R, GLAZER M 
 et al. : Comparison of two naltrexone 
treatment programs: naltrexone alone 
versus naltrexone plus behaviour therapy. 
  NIDA Res. Monogr.   ( 1976 )   9  : 150 -157.  

  18.     KOSTEN   TR, KLEBER HD: Strategies 
to improve compliance with narcotic 
antagonists.   Am. J. Drug Alcohol Abuse   
( 1984 )   10  : 249 -266.  

19  .     SAN   L, POMAROL G, PERI JM  et al. : 
Follow-up after a six-month maintenance 
period on naltrexone versus placebo 
in heroin addicts.   Br. J. Addict.   ( 1991 ) 
  86  : 983 -990.  

  20.     HULSE   GK, BASSO MR: The association 
between naltrexone compliance and daily 
supervision.   Drug   Alcohol Rev.   ( 2000 ) 
  19  : 41 -48.  

  21.     AHMADI   J, AHMADI K, OHAERI J: 
Controlled, randomised trial in 
maintenance treatment of intravenous 
buprenorphine dependence with 
naltrexone, methadone or buprenorphine: 
a novel study.   Eur. J. Clin. Invest.   ( 2003 ) 
  33  (9): 824 -829.  

  22.     KIRCHMAYER   U, DAVOLI M, 
VERSTER AD  et al. : A systematic review 
on the effi cacy of naltrexone maintenance 

treatment in opiod dependence.   Addiction   
( 2002 )   97  : 1241 -1249.  

  23.     ADI   Y, JUAREZ-GARCIA A, WANG D 
 et al. : Oral naltrexone as a treatment 
for relapse prevention in formerly 
opioid-dependent drug users: a systematic 
review and economic evaluation. 
  Health Technol. Assess.   ( 2007 )   11  : 1 -101.  

  24.     HOLLISTER   LE, JOHNSON K, 
BOUKHABZA D  et al. : Aversive effects 
of naltrexone in subjects not dependent on 
opiates.   Drug   Alcohol Depend.   ( 1981 ) 
  8  : 37 -41.  

  25.     CROWLEY   TJ, WAGNER JE, ZERBE G 
 et al. : Naltrexone-induced dysphoria in 
former opioid addicts.   Am. J. Psychiatry   
( 1985 )   142  : 1081 -1084.  

  26.     ONCKEN   C, VAN KIRK J, 
KRANZLER HR: Adverse effects of oral 
naltrexone: analysis of data from two 
clinical trials.   Psychopharmacology   ( 2001 ) 
  154  : 397 -402.  

  27.     WASHTON   AM, POTTASH AC, 
GOLD MS: Naltrexone in addicted 
business executives and physicians. 
  J. Clin. Psychiatry   ( 1984 )   45  : 39 -41.  

  28.     CHAN   KY: The Singapore naltrexone 
community-based project for heroin addicts 
compared with drugfree community-based 
program: the fi rst cohort. J  . Clin. 
Forensic Med.   ( 1996 )   3  : 87 -92.  

  29.     CORNISH   JW, METZGER D, 
WOODY GE  et al. : Naltrexone 
pharmacotherapy for opioid dependent 
federal probationers.   J. Subst. Abuse Treat.   
( 1997 )   14  : 529 -534.  

  30.     O’BRIEN   CP, CORNISH JW: Naltrexone 
for probationers and parolees. 
  J. Subs. Abuse Treat.   ( 2006 )   31  : 107 -111.  

  31.     PRESTON   KL, SILVERMAN K, 
UMBRICHT A  et al. : Improvement in 
naltrexone treatment compliance 
with contingency management. 
  Drug Alcohol Depend.   ( 1999 )   54  : 127 -135.  

  32.     CARROLL   KM, BALL SA, NICH C  et al. : 
Targeting behavioral therapies to enhance 
naltrexone treatment of opiod dependence: 
effi cacy of contingency management and 
signifi cant other involvement.   
Arch. Gen. Psychiatry   ( 2001 )   58  : 755 -761.  

  33.     ROTHENBERG   JL, SULLIVAN MA, 
CHURCH SH  et al. : Behavioral naltrexone 
therapy: an integrated treatment for opiate 
dependence.   J. Subst. Abuse Treat.   ( 2002 ) 
  23  : 351 -360.  

  34.     FALS-STEWART   W, O’FARRELL TJ: 
Behavioral family counseling and naltrexone 



Sustained-release naltrexone: novel treatment for opioid dependence

1292 Expert Opin. Investig. Drugs (2007) 16(8)

for male opiod-dependent patients. 
  J. Consult.   Clin. Psychol.   ( 2003 ) 
  71  : 432 -442.  

  35.     KRUPITSKY   EM, ZVARTAU EE, 
MASALOV DV  et al. : Naltrexone 
for heroin dependence treatment in 
St. Petersburg, Russia.   J. Subs. Abuse Treat.   
( 2004 )   26  (4): 285 -294.  

  36.     YOLLES   S, LEAFE TD, 
WOODLAND JHR  et al. : 
Long acting delivery systems for narcotic 
antagonists II: release rates of naltrexone 
from poly(lactic acid) composites.   
J. Pharmacol. Sci.   ( 1975 )   64  : 348 -349.  

  37.     CHIANG   CN, HOLLISTER LE, 
KISHIMOTO A  et al. : Kinetics of a 
naltrexone sustained-release preparation. 
  Clin. Pharmacol.   Ther.   ( 1984 )   36  : 704 -708.  

  38.     SHARON   AC, WISE DL: 
Development of drug delivery 
systems for use in treatment of narcotic 
addiction.   NIDA Res. Monogr.   ( 1980 ) 
  28  : 194 -213.  

  39.     MAA   YF, HELLER J: Controlled release of 
naltrexone pamoate from linear poly(ortho 
esters).   J. Control. Release   ( 1990 )   14  : 21 -28.  

  40.     BARTUS   RT, EMERICH DF, 
HOTZ J  et al. : Vivitrex, an injectable, 
extended-release formulation of 
naltrexone, provides pharmacokinetic and 
pharmacodynamic evidence of effi cacy for 
1 month in rats.   Neuropsychopharmacology   
( 2003 )   28  : 1973 -1982.  

  41.     MARTIN   WR, SANQUIST VL: A 
sustained release depot for narcotic 
antagonists.   Arch. Gen. Psychiatry   ( 1974 ) 
  30  : 31 -33.  

  42.     ABRAHAMS   RA, RONEL SH: 
Biocompatible implants for the sustained 
zero-order release of narcotic antagonists. 
  Biomed. Mater. Res.   ( 1975 )   9  : 355 -366  .

  43.     SCHWOPE   AD, WISE DL, HOWES JF: 
Lactic/glycolic acid polymers as narcotic 
antagonist delivery systems.   Life Sci.   ( 1975 ) 
  17  : 1877 -1886.  

  44.     SIDMAN   CL, BERCOVICI T, GITLER C: 
Membrane insertion of lymphocyte surface 
molecules.   Mol. Immunol.   ( 1980 )   
17  : 1575 -1583.  

  45.     HARRIGAN   SE, DOWNS DA: 
Pharmacological evaluation of narcotic 
antagonist delivery systems in rhesus 
monkeys.   NIDA Res. Monogr.   ( 1981 ) 
  28  : 77 -92.  

  46.     REUNING   RH, LIAO SHT, 
STAUBUS AE  et al. : Pharmacokinetic 

quantitation of naltrexone controlled 
release from a copolymer delivery system. 
  J. Pharmacokinet. Biopharm.   ( 1983 ) 
  11  : 369 -387.  

  47.     OLSEN   JL, KINCL FA: A review of 
parental sustained-release naltrexone 
systems. In:  Naltrexone Research Monograph.  
Willette RE, Barnett G (Eds), National 
Institute on Drug Abuse ( 1980 ): 187 -264.  

  48.     WILLETTE   RE: Narcotic antagonists. An 
alternative for treating opioid dependence. 
  Am. Pharm.   ( 1982 )   NS22  : 44 -46.  

  49.     BREWER   C: Serum naltrexone and 
6-β-naltrexol levels from naltrexone 
implants can block very large amounts 
of heroin: a report of two cases. 
  Addict. Biol.   ( 2002 )   7  : 321 -323.  

  50.     HAMILTON   RJ, OLMEDO RE, 
SHAH S  et al. : Complications of 
ultrarapid opioid detoxifi cation with 
subcutaneous naltrexone pellets. 
  Acad. Emerg. Med.   ( 2002 )   9  : 63 -68.  

  51.     VEREBY   K, VOLAVKA J, MULE SJ 
 et al. : Naltrexone: disposition, metabolism 
and effects after acute and chronic dosing. 
  Clin. Pharmacol. Ther.   ( 1976 )   20  : 315 -328.  

  52.     NAVARATNAM   V, JAMALUDIN A, 
RAMAN N  et al. : Determination of 
naltrexone dosage for narcotic agonist 
blockade in detoxifi ed Asian addicts. 
  Drug   Alcohol Depend.   ( 1994 )   34  : 231 -236.  

  53.     CHIANG   CN, HOLLISTER LE, 
GILLESPIE HK  et al. : Clinical evaluation 
of a naltrexone sustained-release 
preparation.   Drug   Alcohol Depend.   ( 1985 ) 
  16  : 1 -8.  

  54.     BREWER   C: Naltrexone implants for 
opiate addiction: new life for a middle aged 
drug.   Pharm. J.   ( 2001 )   267  : 260 .  

  55.     HULSE   GK, O’NEIL G: A possible 
role for implantable naltrexone in the 
management of the ‘high risk’ pregnant 
heroin user.   Aust. N Z J. Obstet. Gynaecol.   
( 2002 )   42  : 93 -94.  

  56.     COMER   SD, COLLINS ED, 
KLEBER HD  et al. : Depot naltrexone: 
long-lasting antagonism of the effects of 
heroin in humans.   Psychopharmacology (Berl.)  
( 2002 )   159  : 351 -360.  

  57.     LIN   F-H, CHEN T-M, LIN C-P  et al. : 
The merit of sintered PDLLA/TCP 
composites in management of bone fracture 
internal fi xation.   Artif. Organs   ( 1999 ) 
  23  : 186 -194.  

  58.     YAMAGUCHI   K, ERSON JM:  In vivo  
biocompatibility studies of medisorb 65/35 

 D,L -lactide/glycolide copolymer 
microspheres.   J. Control. Release   ( 1993 ) 
  24  : 81 -93.  

  59.     VERT   M, SCHWACH G, ENGEL R  et al. : 
Something new in the fi eld of PLA/GA 
bioresorbable polymers? J. Control. Release 
( 1998 )   53  : 85 -92.  

  60.     JOHNSON   BA, AIT-DAOUD N, 
AUBIN H-J  et al. : A pilot evaluation of 
the safety and tolerability of repeat dose 
administration of long-acting injectable 
naltrexone (Vivitrex (R)) in patients with 
alcohol dependence. Alcohol.   Clin. Exp. Res.   
( 2004 )   28  : 1356 -1361.  

  61.     THERIN   M, CHRISTEL P, LI SM  et al. : 
 In vivo  degradation of massive 
poly(a-hydroxyacids): validation of  
in vitro  fi ndings.   Biomaterials   ( 1992 ) 
  13  : 594 -600.  

  62.     GRIZZI   I, GARREAU H, LI S  et al. : 
Hydrolytic degradation of devices based 
on poly(D,L-lactic acid) size-dependence. 
  Biomaterials   ( 1995 )   16  : 305 -311.  

  63.     KRANZLER   HR, MODESTO-LOWE V, 
NUWAYSER ES: Sustained-release 
naltrexone for alcoholism treatment: a 
preliminary study. Alcohol.   Clin. Exp. Res.   
( 1998 )   22  : 1074 -1079.  

  64.     GALLOWAY   GP, KOCH M, 
GROSS J  et al. : Safety, tolerability and 
pharmacokinetics of a sustained-release 
formulation of naltrexone in 
alcoholics.   Drug   Alcohol Depend.   ( 2001 ) 
  63  : S52 .  

  65.     KRANZLER   HR, WESSON DR, 
BILLOT L; DRUG ABUSE SCIENCES 
NALTREXONE DEPOT STUDY 
GROUP: Naltrexone depot for treatment 
of alcohol dependence: a multicenter, 
randomized, placebo-controlled clinical 
trial.   Alcohol. Clin.   Exp. Res.   ( 2004 ) 
  28  : 1051 -1059.  

  66.     KAPLAN   SA, POULETTY P, 
WESSON DR: Pharmacokinetics 
of naltrexone from polylactide 
sustained-release naltrexone. 
  Drug Alcohol Depend.   ( 2000 )   60  : S107 .  

  67.     GARBUTT   JC, KRANZLER HR, 
O’MALLEY SS et al.;   VIVITREX STUDY 
GROUP: Effi cacy and tolerability of 
long-acting injectable naltrexone for 
alcohol dependence: a randomized 
controlled trial.   JAMA   ( 2005 )   
293  : 1617 -1625.  

  68.     SULLIVAN   MA, VOSBURG SK, 
COMER SD: Depot naltrexone: 
antagonism of the reinforcing, subjective 



Comer, Sullivan & Hulse

 Expert Opin. Investig. Drugs (2007) 16(8) 1293

and physiological effects of heroin. 
  Psychopharmacology   ( 2006 )   
289  : 37 -46.  

  69.     COMER   SD, SULLIVAN MA, YU E  et al. : 
Injectable, sustained-release naltrexone for 
the treatment of opioid dependence: a 
randomized, placebo-controlled trial.   
Arch. Gen. Psychiatry   ( 2006 )   63  : 210 -218.  

  70.     HULSE   GK, ARNOLD-REED DA, 
O’NEIL G  et al. : Achieving long-term 
continuous blood naltrexone and 
6-b-naltrexol coverage following sequential 
naltrexone implants.   Addict. Biol.   ( 2004 ) 
  9  : 67 -72.  

  71.     HULSE   GK, ARNOLD-REED DA, 
O’NEIL G  et al. : Blood naltrexone and 
6-b-naltrexol levels following naltrexone 
implant: comparing two naltrexone 
implants.   Addict. Biol.   ( 2004 )   9  : 59 -65.  

  72.     HULSE   GK, STALENBERG V, 
MCCALLUM D  et al. : Histological changes
over time around the site of sustained 
release naltrexone-poly(D,L-lactide) 
implants in humans.   J. Control. Release   
( 2005 )   108  : 43 -55.  

  73.     DARKE   S, SUNJIC S, ZADOR D  et al. : 
A comparison of blood toxicology of 
heroin-related deaths and current 
heroin users in Sydney, Australia.   
Drug   Alcohol Depend.   ( 1997 )   47  : 45 -53.  

  74.     DARKE   S, ROSS J: Heroin-related deaths 
in South Western Sydney, Australia, 
1992 – 1996.   Drug Alcohol Rev.   ( 1999 ) 
  18  : 39 -45.  

  75.     GEROSTAMOULOS   J, STAIKOS V, 
DRUMMER OH: Heroin-related deaths 
in Victoria: a review of cases for 1997 
and 1998.   Drug Alcohol Depend.   ( 2001 ) 
  61  : 123 -127.  

  76.     HULSE   GK, TAIT RJ, COMER SD  
et al. : Reducing hospital presentations for 
opioid overdose in patients treated with 
sustained release naltrexone implants. 
  Drug Alcohol Depend.   ( 2005 ) 
  79  : 351 -357.  

  77.     KIRCHMAYER   U, DAVOLI M, 
VERSTER A: Naltrexone maintenance 
treatment for opioid dependence. 
  Cochrane Database Syst. Rev.   ( 2003 )   
2  :CD001333.  

  78.     SEAMAN   SR, BRETTLE RP, GORE SM: 
Mortality from overdose among injecting 
drug users recently released from prison: 
database linkage study.   BMJ   ( 1998 ) 
  316  : 426 -428.  

  79.     WHITE   JM, IRVINE RJ: Mechanisms 
of fatal opioid overdose.   Addiction   ( 1999 ) 
  94  : 961 -972.  

  80.     DARKE   S, ROSS J, ZADOR D  et al. : 
Heroin-related deaths in New South Wales, 
Australia, 1992 – 1996.   Drug   Alcohol Depend.
  ( 2000 )   60  : 141 -150.  

  81.     BARDO   MT, BHATNAGAR RK, 
GEBHART GF: Chronic naltrexone 
increases opiate binding in brain and 
produces supersensitivity to morphine in 
the locus coeruleus of the rat.   Brain Res.   
( 1983 )   289  : 223 -234.  

  82.     BARDO   MT, NEISEWANDER JL: 
Chronic naltrexone supersensitizes the 
reinforcing and locomotor-activating effects 
of morphine.   Pharmacol. Biochem. Behav.   
( 1987 )   28  : 267 -273.  

  83.     PARONIS   CA, HOLTZMAN SG: 
Increased analgesic potency of µ agonists 
after continuous naloxone infusion in rats. 
  J. Pharmacol. Exp. Ther.   ( 1991 )   
259  : 582 -589.  

  84.     PARONIS   CA, HOLTZMAN SG: 
Sensitization and tolerance to the 
discriminative stimulus effects of 
µ-opioid agonists.   Psychopharmacology   
( 1994 )   114  : 601 -610  .

  85.     TEMPEL   A, GARNDER EL, 
ZUKIN RS: Neurochemical and 
functional correlates of naltrexone-induced 
opioid receptor up-regulation. 
  J. Pharmacol. Exp. Ther.   ( 1985 )   
232  : 439 -444.  

  86.     TEMPEL   A, GARNDER EL, 
ZUKIN RS: Supersensitivity of brain 
opiate receptor subtypes after chronic 
naltrexone treatment.   Life Sci.   ( 1982 ) 
  31  : 1401 -1404.  

  87.     YOBURN   BC, INTURRISI CE: 
Modifi cation of the response to opioid 
and nonopioid drugs by chronic opioid 
antagonist treatment.   Life Sci.   ( 1988 ) 
  42  : 1689 -1696.  

  88.     YOUNG   AM, MATTOX SR, DOTY MD: 
Increased sensitivity to rate-altering and 
discriminative stimulus effects of morphine 
following continuous exposure to 
naltrexone.   Psychopharmacology   ( 1991 ) 
  103  : 67 -73.  

  89.     UNTERWALD   EM, RUBENFELD JM, 
IMAI Y  et al. : Chronic opioid antagonist 
administration upregulates µ-opioid 
receptor binding without altering µ-opioid 
receptor mRNA levels.   Mol. Brain Res.   
( 1995 )   33  : 351 -355.  

  90.     RITTER   AJ: Naltrexone in the treatment 
of heroin dependence: relationship with 
depression and risk of overdose. 
  Aust. N Z J. Psychiatry   ( 2002 ) 
  36  : 224 -228  .

  91.     DIGUISTO   E, SHAKESHAFT A, 
RITTER A et al.; AND THE NEPOD 
RESEARCH GROUP 2004: Serious 
adverse events in the Australian National 
Evaluation of Pharmacotherapies for 
Opioid Dependence (NEPOD).   
Addiction   ( 2004 )   99  (4): 450 -460.  

  92.     CORNISH   JW, HENSON D, LEVINE S 
 et al. : Naltrexone maintenance: effect on 
morphine sensitivity in normal volunteers. 
  Am. J. Addict.   ( 1993 )   2  : 34 -38.  

  93.     HULSE   GK, TAIT RJ: A pilot study to 
assess the impact of naltrexone implant 
on accidental opiate overdose in “high 
risk” adolescent heroin users.   Addict. Biol.   
( 2003 )   8  (3): 337 -342.  

  94.     GIBSON   AE, DEGENHARDT LJ, 
HALL WD: Opioid overdose deaths can 
occur in patients with naltrexone implants. 
  Med. J. Aust.   ( 2007 )   186  : 152 -153.  

  95.     SAX   DDS, KORNETSKY C, KIM A: 
Lack of hepatotoxicity with naltrexone 
treatment.   J. Clin. Pharmacol.   ( 1994 ) 
  34  : 898 -901.  

  96.     MARRAZZI   MA, WROBLEWSKI JM, 
KINZIE J  et al. : High-dose naltrexone and 
liver function safety.   Am. J. Addict.   ( 1997 ) 
  6  : 21 -29.  

  97.     BRAHEN   LS, CAPONE TJ, 
CAPONE DM: Naltrexone: lack of effect 
on hepatic enzymes.   J. Clin. Pharmacol.   
( 1998 )   28  : 64 -70.  

  98.     VOLPICELLI   JR, RHINES KC, 
RHINES JS  et al. : Naltrexone and alcohol 
dependence.   Arch. Gen. Psychiatry   ( 1997 ) 
  54  : 737 -742.  

99  .     O’BRIEN   CP, CORNISH JW: Opioid: 
antagonists and partial agonists. In: 
 Textbook of Substance Abuse Treatment 
(2nd edn) . Galanter M, Kleber HD 
(Eds) Chapter 25, American Psychiatric 
Press, Washington DC, USA (1999).  

  100.     KREEK   MJ, SCHLUGER J, BORG L 
 et al. : Dynorphin A1-13 causes elevation of 
serum levels of prolactin through an opioid 
receptor mechanism in humans: gender 
differences and implications for modulation 
of dopaminergic tone in the treatment of 
addictions.   J. Pharmacol. Exp. Ther.   ( 1999 ) 
  288  (1): 260 -269.      



Sustained-release naltrexone: novel treatment for opioid dependence

1294 Expert Opin. Investig. Drugs (2007) 16(8)

Websites
201. http://www.abs.gov.au/ausstats/abs@.nsf/

0/12CDB93A9E16CB21CA256B11001E
0CEB?opendocument 
HANDO J, HALL W, RUTTER S et al.: 
An information document on the current 
state of research on illicit drugs in Australia 
(1998).

202. http://www.hydromed.com/press_view.
asp?id=91 
Valera Pharmaceuticals, Inc. press release 
(6 November 2006).

203. http://www.hydromed.com/press_view.
asp?id=91 
Alkermes, Inc. press release 
(21 November 2000).

204. http://www.hydromed.com/press_view.
asp?id=91 
Alkermes, Inc. press release 
(11 December 2000).

205. http://www.hydromed.com/press_view.
asp?id=91 
Alkermes, Inc. press release 
(22 April 2004).

Affi liation
    Sandra D   Comer†    1,      2       PhD, 
Maria A     Sullivan      1   ,   2   MD PhD &      
Gary K     Hulse      2    PhD
†Author for correspondence
1   College of Physicians  &  Surgeons of Columbia 
University, New York State Psychiatric Institute,
  Department of Psychiatry,    
 1051 Riverside Drive  ,   Unit 120  , 
  New York  ,   NY 10032  , USA 
Tel:   +1 212 543 5981 ; 
Fax:  +1 212 543 5991 ; 
E-mail: sdc10@columbia.edu 
  2 University of Western Australia, 
School of Psychiatry  &  Clinical Neurosciences, 
QE II Medical Centre, WA 6009,   Nedlands,
Australia     


