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Abstract

The major purpose of this project is
to develop and evaluate a series of
bioadhesive buccal devices for nalbuphine
prodrug controlled delivery. Drug release
from the disks were examined by varying
three formulation variables, including drug
solubility, drug loading and polymer ratio.
Higher release rates were observed for the
disks loaded with more soluble drugs and
with more solubility enhancer. While
loaded with a water soluble drug, the
release rates from disks increased with
loading and an opposite phenomenon was
observed when loaded with a less soluble
drug.The Carbopol/hydroxypropylceliulose
ratio did not affect the reicase rates of a
water soluble drug significantly; however,
the ratto may affect the release rates of a
less soluble drug.
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Introduction i 8

The buccal mucosa has been
investigated for local and systemic drug
delivery of therapeutic agents {1-4|. The
attractive feature of delivering drug via
buccal mucosa included excellent
accessibihty, lower enzyme activity, and
higher patient acceptance |2]. The buccal
mucosa has provided a delivery route to
prevent premature drug degradation within
the GI tract as well as drug {oss due to first
pass hepatic metabolism [1,2].

To optimizing drug delivery via
buccal mucosa, the use of a controtled-
refease formulation with buccal adhesive
property is most desirable. Scveral types
of buccatl adhesive materials have been used
in the design of such system and most of
the buccal adhesive materials are
hydrophilic macromolecules that containing
numerous hydrogen bonding forming
groups [1,2].  Among those buccal
adhesive materials, Carbopol are most
extensively used and studied. The
combination of a rate retarding material
such as hydroxypropylcellulose (HPC)
with Carbopol may provide a formuiation
with a constant drug release rate and buccal
adhesive properties. Nevertheless, in order
to adequately control drug release from the
Carbopol/HPC-based devices, several
variables such as drug solubility, drug
loading as wefl as Carbopol /HPC ratio
shoutd be studied in a systematic way.

Nalbuphine is a narcotic analgesics
used effectively in the treatment of both
acute and chronic pain. It has quite potent
analgesic effects and relatively low side
effects. Due to its short elimination haif-
life and low oral bioavailability, frequent
injection is needed. [t is obvious that the
patient compliance and therapeutic
effectiveness in pain management can be
improved by maintaining the blood
nalbuphine concentration. As a result, a
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series of nalbuphine prodrug, including
palbuphine propionate, nalbuphine pivalate,
nalbuphine enanthate and nalbuphine
decanoate have been synthesized [5].
Various natbuphine prodrug formulations
such as biodegradable implant, suspension
and microsphere have also been developed
[5.6]. The wuse of buccal devices
incorporating those prodrugs may provide a
<constant drug release rate, resulting in both
patient comfort and a reduced total amount
of analgesics. The series of nalbuphine
prodrug may also be used as modet
compounds to study the effect of drug
hydrophilicity on drug release from the
buccal adhesive devices.

In the present study, three major
goals are to be achieved. The first goal is
to develop a series of nalbuphine and
nalbuphine prodrug buccal delivery
systems based on the Carbopol/HPC
polymers. The second goal is to use a

series of nalbuphine prodrugs and -
cyclodextrins to assess the effect of drug
solubility on drug release from the disks.
The final goal is to assess the effect of drug
loading and Carbopol/HPC ratio on drug
release from the Carbopol/HPC-based
buccal adhesive disks.

Results and discassion
Effect of drug solubility

The influence of drug solubility on
drug release from Carbopol/HPC-based
buccal adhesive disks were evaluated using
various nalbuphine prodrugs and various

amounts of f-cyclodextrins. The
nalbuphine prodrugs used in the present
study are nalbuphine propionate,
nalbuphine pivalate, nalbuphine enanthate
and nalbuphine decanoate. Due to the
various ester side chains, their aqueous

solubtlity are different. P-cyclodextrin is
often used as a solubility enhancer to
increase the solubility of various
compounds. As a result, both variables
were utilized to examine the effect of drug
solubility on drug release from the
HPC/Carbopol-based disks.

Figure 1 shows the drug release
profiles for the Carbopol/HPC-bascd disks
loaded with various nalbuphine prodrugs.
According to Figure [, a greater drug
release was observed for disks loaded with
more hydrophilic prodrugs, 1. e., prodrug
with higher aqueous solubility. For
example, after 24 hours, around [1.5, 9.9,

2.9 and 0.6 % of drug have released from’

the disks loaded with nalbuphine
propionate, palbuphine pivalate, nalbuphine
enanthate and nalbuphine decanoate,
respectively.

The effect of f-cyclodextrin on
nalbuphine enanthate release from
Carbopol/HPC-based disks is shown in
Figure 2. The slowest drug release profile

was observed for disks with no f-
cycledextrins, indicating drug release is
significantly affected by the incorporation
of the solubility enhancer. Figure 2
demonstrates that a greater drug release was

observed for disks loaded with more -
cyclodextrins. For example, at 24 hours,
around 2.9, 4.9, 5.3, and 5.9% of drug
have released from the disks with 0, 15,

30, 60 mg of B-cyclodextrins, respectively.
The above results demonstrate that the drug
solubility 1s an important factor in
controlling drug release from
Carbopol/HPC-based polymeric buccal
adhesive disks.

Effect of drug loading

The effect of drug loading on drug
release from Carbopol/HPC-based disks
were examined using nalbuphine
hydrochloride and nalbuphine enanthate.
Nalbuphine hydrochloride was used as a
soluble model compound whereas
nalbuphine enanthate was used as a less
soluble model! compound. Figure 3a
shows the release profiles of nalbuphine
hydrochioride from Carbopol/HPC-based
disks with various drug loading. The
fastest drug release (on a percentage basis)
was observed for the disks with highest
drug loading, i.e., a greater drug release
rate was observed for disks loaded with
more nalbuphine hydrochloride. For
example, at 24 hours, around 39.5, 46.2,




68.9 % of drug have released from the
disks with drug loading of 15, 30 and 60
mg, respectively.

The release profiles of various
loadings of nalbuphine enanthate from
Carbopol/HPC-disks are shown in Figure

3b. The percent drug release of
nalbuphine enanthate was significantly
lower than that of nalbuphine
hydrochloride. Comparing to Figure 3a, an
opposite phenomenon was observed. The
drug release rate increased as the loading
decreased. For example, at 24 hours,
around 6.7, 3.3 and 1.2 % of drug have
released from the disks with drug loading
of I5, 30, 60 mg, respectively. The above
results demonstrate that increasing the
loading of a soluble drug (nalbuphine
hydrochloride) may increase the drug
release rate whereas increasing the loading
of a less soluble drug (nalbuphine
enanthate) may decrease the release rate.

Effect of Carbopol/ HPC ratio

The effects of Carbopol/HPC ratio
on nalbuphine hydrochloride and
nalbuphine enanthate release from the
buccal delivery system are shown on
Figure 4a and 4b, respectively. Figure 4a
shows the release profiles of nalbuphine
hydrochloride from disks with various
Carbopol/HPC ratio. The overlapped
release profiles indicating that
Carbopol/HPC ratio did not affect the
release rates of nalbuphine hydrochloride (a
water soluble drug) from the disks.
However, the release of nalbuphine
enanthate (a less soluble drug) from the
delivery systems were a function of
Carbopol/HPC ratio (Figure 4b). A greater
drug release rate was observed for disks
with higher Carbopol/HPC ratio. These
results indicates that Carbopol/HPC ratio
may affect the release rate of low water-
soluble drugs and may not have impact on
the release rate of water-soluble drugs.

Comments

The study has developed buccal
adhesive disks for nalbuphine prodrugs and
has evaluate different variables that may
affect drug release from the Carbopol/HPC-

based disks. Most of the content in this
study are in accordance with the proposal,
although minor changes still exists due to
evolution of this project. This study has
been written in a paper format and prepared
to be sent for publication in a scientific
joumal.
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