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Background: Naltrexone is an orally active opioid agonist that has the potential for use as 
a treatment option for opiate addiction. However, in order for the drug to be effective, 
sufficient blood levels must be maintained for 4 to 8 months, which typically requires self-
administration by the patient, resulting in complications. Aim: The aim of this study was to 
develop a polymeric reservoir device containing naltrexone. Materials & methods: The 
reservoir device was prepared using high-molecular-weight poly-L-lactide and the 
cylindrical device by dipping a stainless-steel rod in a methylene chloride solution of 
polylactic acid (PLA). High-molecular-weight PLA was used to take advantage of the low 
biodegradation rate of the polymer, in order to obtain constant drug release from the 
device based on the diffusion mechanism rather than biodegradation of the polymer. The 
impact of the polymeric device weight and polyethyleneglycol content of the polymeric 
membrane of the device on the release of naltrexone from the device was studied.  
Results: Rate of drug release from the reservoir device was shown to be successfully 
regulated by controlling the device weight as well as the amount of hydrophilic additive in 
the polymeric membrane of the device. The higher the amount of the hydrophilic content 
of the polymeric membrane, the faster the rate of drug release from the device. 
Conclusion: Prepared reservoir devices released their drug content through the use of a 
high-molecular-weight PLA. The presence of NaCl as an osmotic agent did not affect the 
release profile of naltrexone – an indicator that diffusion is the mechanism of release of 
naltrexone from the PLA reservoir system. 
Drug dependence is a chronic disease with a
high rate of relapse. According to the World
Drug Report 2004, heroin is one of the most
serious illicit drugs abused and is the leading
cause of illicit substance-abuse-related mortal-
ity and emergency room visits [1]. Hence, in
order to help opiate addicts permanently quit
using the drug, it is very important to prevent
relapse after successful detoxification. A phar-
macologic treatment that can be useful for this
purpose is the opioid antagonist naltrexone [2].
Naltrexone is currently given orally as tablets
or capsules daily. Naltrexone is orally active
with a relatively short half-life and subject to
extensive hepatic first-pass metabolism [3,4].
This opioid antagonist provides no euphoric
effects and there are no observable pharmaco-
logic consequences when a patient discontin-
ues the drug [5]. For naltrexone treatment to be
effective, sufficient blood levels must be main-
tained for at least 4 to 8 months [4]. This typi-
cally requires the patient to self-administer
dosages of the drug several times a week. The
main drawback of the naltrexone treatment
protocol is patient compliance. A possible

means of improving patient compliance and
concomitant rehabilitation is by the use of
controlled drug-delivery systems of opioid
antagonists [6,7].

Many efforts have been made to develop novel
systems to maximize patient compliance [8–12].
There have been different studies using bio-
degradable beads containing naltrexone as an opi-
ate antagonist in animals [13–15]. Negishi and
colleagues obtained 28 days of in vitro release of
the antagonist by covalently coupling naltrexone
to a biodegradable poly-(α-amino acid)
backbone [16]. However, attention has been
focused on the preparation of polymeric injecta-
ble microparticles or implants of naltrexone. Sha-
ron and Wise prepared 1.5-mm diameter beads
composed of naltrexone and polylactide-co-gly-
colide [17]. Microcapsules prepared from glutamic
acid/ethyl glutamate copolymer-released naltrex-
one at a rate of 20 to 25 µm/h for 30 days [18].
Some effort has also focused on the preparation
of morphine-triggered naltrexone delivery sys-
tems [8,19,20]. These studies have provided impor-
tant data on the usefulness of implantation for
naltrexone delivery. 
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Bhargave and colleagues  studied the effects of
naltrexone pellet implantation on narcotic toler-
ance and physical dependence in the rat [21].
However, studies on the application of naltrex-
one implantation for human use are not so con-
vincing [22]. This is mainly due to the fact that, as
mentioned before, for naltrexone treatment to be
effective, sufficient blood levels must be
maintained for at least 4 months. Therefore, a
delivery device that is able to deliver the daily

required dose of naltrexone for at least 4 months
is needed. As the delivery devices proposed thus
far have been designed to deliver naltrexone for
only 30 days or less, more studies are needed to
prepare a suitable naltrexone delivery system.

Polyesters of lactic and glycolic acid are the most
commonly used synthetic biodegradable materials
for use as implantable or injectable biodegradable
carriers for the controlled release of drugs. Their
long clinical usage in surgical sutures underlines
their biocompatibility in physiologic environ-
ments where they are hydrolyzed into metabolic
products that are eliminated from the body [23,24].
Since biodegradable polymers are chemically
unstable, in spite of their undeniable benefits, they
are not generally used to prepare reservoir-type
delivery systems [25]. In general, reservoirs have
some advantages over the matrix type, including
eliminating the burst release of drug molecules and
providing a constant rate of release over a substan-
tial portion of their lifetime. The possibility of
higher loading levels of the active ingredient is
another advantage of reservoir devices over matrix
devices. This, in turn, yields an economy of mate-
rials, minimizing costs, and making the prepara-
tion of controlled-release systems of less potent
substances feasible. This also provides for higher
rates of release and therefore, a higher compound-
loading level for a given device lifetime. In addi-
tion, filling a preformed reservoir with drug elimi-
nates the exposure of drug molecules to heat
organic solvents and shear stresses that cause inac-
tivation of unstable molecules in matrix systems.
Of these, the main advantage is the ability to
release drug content at a constant rate. In such sys-
tems, where the polymer membrane serves as the
barrier, drug release is controlled by Fickian diffu-
sion of the drug through the membrane. As long as
the drug concentration in the reservoir remains
well above saturation and the membrane thickness
is small relative to the other dimensions of the
device, this relationship proposes that the drug
release rate should be constant over time (zero
order) as long as release is diffusion controlled.

 In this study, high-molecular-weight poly-L-
lactide was selected owing to its proven safety and
lack of toxicity, its flexibility to be processed into a
variety of physical dosage forms and its slow
degradation rate (∼24 months).

Reservoir-type cylindrical devices were prepared
using a simple dip-casting technique and filled with
naltrexone. Effect of the properties of device body,
addition of hydrophilic polymer to the body and
osmotic agent to the core on naltrexone release rate
were also studied. 
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Materials & methods
Materials
Poly-L-lactide Resomer L210 was purchased
from Boehringer Ingelheim (Germany). Naltrex-
one was kindly donated by Francopia (France).
PEG400, 1000 and 4000, NaCl, and methylene
chloride were obtained from Merck (Germany).
All other chemicals were of analytical grade and
used as received. 

Preparation of the cylindrical device
A dip-casting method was used for the preparation
of cylindrical polymeric devices. A stainless steel
rod (4 mm in diameter) was dipped into a solution
of PLA in dichloromethane (DCM) for 2 sec. The
rod was then air dried for 10 sec. The dipping and
drying procedure was repeated several times to
obtain the desired device weight. In order to find
the optimum casting solution, different concentra-
tions (1.5, 2 and 2.5% w/v) of PLA in DCM were
examined. In some formulations, different
amounts of PEG 400, 1000 or 4000 as hydrophilic
agents were added to the polymeric solution. The
device was then stored at room temperature for
24 h to dry. 

The reservoir devices were filled with 150 mg
naltrexone or a mixture of naltrexone:NaCl (1:1
weight ratio). The cylinders were sealed with a
cap, made by the same procedure used to make
the body. Body and cap were joined together
with small amounts of DCM.

In vitro release studies
The sealed cylinder was placed in a vial containing
25 ml of ethanol:phosphate buffer (10% v/v)
medium. The vials were kept in a water bath
shaker system at 37 ± 0.5°C. At various time
intervals, 5 ml of the medium was removed for
drug release measurement and 5 ml of fresh
medium was added to the vials. To maintain
the system at sink condition, the devices were
transferred into fresh release medium once
weekly. The amount of naltrexone released was
determined spectrophotometrically at 28 nm. 

Scanning electron microscopy
The membranes were mounted on metal stubs
with double-sided adhesive tape, coated with
gold for 4 mins and examined under a  scanning
electron microscope (SEM) (DSM 960A).

Results & discussion
Using the 2% w/v solution of poly-L-lactide in
DCM provided a suitable concentration for the
preparation of cylindrical devices. The polymeric
membrane prepared using lower or higher concen-
trations of PLA in DCM, was either heterogeneous
with high porosity or noneven surface. The length
of the body of the polymeric devices prepared in
this study was 27 mm. Their inner diameter was
4 mm. The length of the cap was 7 mm (Figure 1).

As the devices all had the same size (length and
diameter), the net weight of the device was con-
sidered as representative of the membrane thick-
ness.  The membrane thickness of a polymeric
device with the weight of 15 mg was 0.16 mm.
Figure 2 shows the drug release from a polymeric
device with weight of 15 mg. As can be seen, this
device released its content during 150 days
according to the zero order kinetics (r2 = 0.996).
The device completely kept its integrity even
after 1 year incubation in dissolution medium
(Figure 3). The high molecular weight of the PLA
used in this study (680,000 Da) allowed the drug
content of the reservoir to be released before
biodegradation of the polymeric device was com-
pleted. The slow PLA degradation may be due to
its low water permeability and its low density of
end groups, which catalyze backbone
degradation [26]. This result demonstrated the

Figure 3. Polylactic acid device after 1 
year incubation in dissolution medium.
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Figure 5. Effect of d
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suitability of this kind of PLA for preparation of
slow release, implantable reservoir systems with a
constant release rate for several months. 

As all devices were of the same length, the
empty polymeric device weight was considered
representative of the membrane thickness. The
effect of the device weight on the rate of nal-
trexone release from PLA devices is shown in
Figure 4. As can be seen, the device with a
weight of 2 mg had a very slow release rate and
only about 10% of its drug content was
released within 3 months. Release rate from
devices weighing 17 mg was the same as those
that weighed 22 mg. By decreasing the weight
of the devices to 15 mg, the naltrexone release
rate increased to 20% in the same duration of
time. By decreasing the device weight to 10 mg, a

remarkable increase in naltrexone release rate
was observed. The same pattern was also
observed for the devices made of
PLA:PEG4000 (10:1) (Figure 5). This effect was
to be expected since the thickness of reservoir
interferes with the diffusion of naltrexone
through the membrane due to increases in the
diffusion path length and decreases in the
porosity of the membrane [26,27]. 

The release rate of naltrexone from devices
made only of PLA was very slow. The reduction of
reservoir weight improved the release rate but there
was a limitation on membrane thickness
reduction. The mechanical strength of the devices
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Figure 7. Scanning electron micrograph 
of PLA devices with different amounts 
of PEG4000 after 120 days dissolution.
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A

C

B

Therapy (2005)  2(3)



www.futuremedicine.com

Preparation of a naltrexone delivery device – RESEARCH ARTICLE

Figure 8. Effect of PE
rate from PLA:PEG (

Figure 9. Effect of a
the reservoir on nal

0

10

20

30

40

0 10

R
el

ea
se

d
(%

)

PLA:P

PLA:P
PLA w

0

5

10

15

0 20

R
el

ea
se

d
(%

)

with a device weight less than 15 mg was too low.
Therefore, attempts were made to increase the
release rate by adding a hydrophilic polymer to the
device structure instead of decreasing the device
weight. PEG was selected as the hydrophilic poly-
mer due to its safety and solubility in different sol-
vents [28]. The rate of drug release from devices
with 10 to 25% w/w PEG4000 was not increased
during the first 30 days of the drug-release experi-
ment (Figure 6). However, a faster rate of drug
release from these devices was seen from day 30 of
drug release. The release rate was proportional to
the content of PEG in the polymeric device. Rais-
ing the PEG ratio up to 40% w/w accelerated the
rate of drug release from the devices. This increase
in the rate drug release from devices containing
PEG4000 could be attributed to an increase in the

hydrophilicity of the reservoir membrane and thus
enhancement of water penetration and formation
of aqueous channels within the membrane which
lead to the faster diffusion of drug molecules [29].

SEM pictures of devices composed of differ-
ent ratios of PLA:PEG after 120 days soaking in
dissolution medium (Figure 7). These images
show that after dissolution, more pores and cavi-
ties were created by PEG solubilization in the
devices made of PLA:PEG (10:5) compared with
PLA alone or PLA:PEG (10:1). Also, mixing of
PEG with PLA decreases the Tg of PLA, which is
proportional with PEG content [30]. The effect
of PEG molecular weight on naltrexone release
rate forms devices with 15 mg device weight and
PLA:PEG ratio of 10:5 (Figure 8). Over a period
of 45 days, devices made of PLA:PEG4000
released 4% of their naltrexone content. This
amount was 8 and 20% for the same ratio of
PLA:PEG1000 and PLA:PEG400 devices,
respectively. This increase with lower molecular
weight PEG could be attributed to an easier
leaching out of low-molecular weight PEG from
device structure and thus, creation of more pores
and channels within the membrane which in
turn increases the drug release rate. 

The effect of addition of NaCl as an osmotic
agent inside the devices on release profile is shown
in Figure 9. It was observed that the presence of
NaCl did not affect the release rate of naltrexone.
This result could be attributed to the high molecu-
lar weight of PLA which makes it more resistant to
osmotic pressure [26]. 

Expert opinion
A simple dip-casting technique was used for the
preparation of implantable reservoir-type drug-
delivery systems containing naltrexone. By using a
high-molecular weight PLA, the prepared reservoir
devices released their drug content, primarily
through a diffusion mechanism. The devices
released their drug content in a 6-month period
according to zero-order kinetics. Addition of PEG
as a hydrophilic polymer increased the rate of nal-
trexone release from the devices. By choosing the
appropriate amount of PEG of different molecular
weights, the rate of drug delivery required to have a
therapeutic effect can be determined.
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