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Abstract

The major purpose of this project is to deliver morphine and its novel morphine prodrug
using phase change systems. By utilizing the phase change systems, the phase transition
from solution to gel or from solution to solid may occur and drug release can be sustained by
the formation of gel or solid. The project is a continuous effort of our laboratory in
exploring appropriate dosage forms on newly synthesized narcotic prodrugs for pain
management. The obtained information from this study may contribute to the design of
novel dosage forms for various narcotics.

The phase change system used in the present study is carbopol/pluronic polymer
solution system. Its rheological behavior in 0.3% carbopol/14%pluronic concentration ratio
was characterized. The shear stress at pH 7.4, 37°C (physiological condition) obtained were
much higher than those at pH 4.0, 25°C medium (non-physiological condition), suggesting the
occurrence of phase transition between these two condition for the polymer system studied.

Morphine propionate, an ester prodrug of morphine was synthesized and its release from
phase change system was evaluated. A retarding effect was observed by incorporating
morphine and its prodrug in the system. Due to higher lipophilicity of morphine propionate,

drug release was slower comparing that to morphine.

Key words: Phase-transition, morphine, prodrug, controlled release
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Introduction

The major purpose of this project is to
deliver morphine and its novel morphine
prodrug using phase change system. By
utilizing the phase change systems, the in situ
phase transition from solution to gel or from
solution to solid may occur and drug release
can be sustained by the formation of gel or
solid. The project is a continuous effort of
our laboratory in exploring appropriate
dosage forms on newly synthesized narcotic
The

obtained information from this study may

prodrugs for pain management.
contribute to the design of novel dosage
forms for various narcotics.

The phase change system used in the
present study is carbopol/pluronic solution
system.  Its rheological behavior in fix
carbopol/pluronic concentration ratio was
characterized.  Morphine propionate, an
ester prodrug of morphine was synthesized
and its release from phase change system

was evaluated.

Materials and methods

Preparation of prodrug

Ten grams of morphine HCI was added
in 300 mL of flask. Added 141 mL of
Dichloromethane into the flask under Ar
Add 8.62 mL of TEA into the flask
then

gas.

and stir  continuously. Slowly
dropped approximately 7 mL of acid
chloride and stir continuously for overnight.
The acyl chlorides added were propionyl

chloride.

In the purification step, first to dry the
DCM then added
appropriate amount of ethylacetate into the
Use 5% of NaHCO3 to

wash two to three times and then wash with

using  rotorvapor,

separation funnel.

MilliQ water for two to three times, collect
the organic layer. Use rotorvapor to dry
the ethyl acetate. The resultant compound
was then added into silica gel column and
for further purification. The solvent
system for eluting the prodrug incluing
NH40H, methanol

The eluting solution was then dried with

and dichlomethane.

vacuum pump.
HPLC analysis

The chromatographic system consisted
of a pump (HITACHI 655-A40), an
autosampler (HITACHI L6000), a UV
detector (HITACHI L4000) and an integrator
(HITACHI D2500).
column (Lichrospher RP-18, 3.9mm*250mm,

A reverse phase silica

10um, Merck) was utilized for drug

separation, while an acetonitrile-pH 2.2
phosphate buffer system (35/65) was used as
the mobile phase. The flow rate and UV
wavelength were 1 ml/min and 212 nm,
respectively. By using the chromatographic
condition, the retention times of morphine
and morphine propionate can be obtained
approximately at 4.50 min and 9.65 min,
respectively.

Rheological Studies

The rheological studies were carried out
on a cone (4°) and plate geometry viscometer

(Brookfield RVCP DV-I111). The viscosity



and shear stress of the sample solutions

were measured at various shear rates at
physiological (pH 7.4, 37°C) and
non-physiological conditions (pH 4.0, 25°C),
respectively.

In vitro Release Studies

The in vitro drug release from various
polymer solutions was first carried out by
filling drug-containing polymer solution into
small, circular plastic containers and placing
each container in a 1000 mL beaker. The
beaker was then filled with 1000 mL pH 7.4
buffer and placed in a circulating water bath
equipped with stirring rods to stir the release
medium. The temperature and stirring rate

were maintained at 37°C and 75 rpm,

respectively. Aliquots  (ImL)  were
withdrawn from the release mediums at each
sampling time.

to HPLC analysis

The samples were subjected
to determine drug

concentrations.

Results and discussion
Figure 1 shows the stress versus shear
0.3%carbopol/

14%pluronic  solution systems

rate  flow curves of
measured
under pH 4.0, 25°C (non-physiological
condition) and pH 7.4, 37°C (physiological
condition). The flow curve of 0.3%
carbopol/14%pluronic solution system shows
a Newtonian flow behavior under pH 4.0,
25°C medium, whereas a non-Newtonian
flow behavior (pseudoplastic flow behavior)

was observed for the polymer system under

pH 7.4, 37°C medium. The shear stress at
pH 7.4, 37°C (physiological condition) were
much higher than those at pH 4.0, 25°C
medium  (non-physiological  condition),
suggesting the occurrence of phase transition
between these two condition for the polymer
system studied.

Figure 2 shows morphine release from
aqueous buffer solution and from phase
change polymer solution into pH 7.4, 37°C
medium. Without incorporated in polymer
solution, morphine released very fast and
reached plateau immediately. The phase
change system was able to retard morphine
release, indicating thatthe system can be used
to prolong the release time of morphine.
Figure 3 compares the release profiles of
morphine and its propionate produg from
phase change systems. Both profiles
indicate drug release was retarded by the
polymer system. Due to higher lipophilicity
of morphine propionate, drug release was

slower comparing to morphine release.
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Assessment of progress

The results indicate that a phase change
system is successful developed to prolong
drug release under physiological condition.
More time will be spent to study rheological
and drug release behaviors of PLGA/benzyl
benzoate/benzyl  alcohol

phase change

system.
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