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Abstract : Biodegradable wafers were prepared with poly(hydroxybutyrateco-hydroxyvalerate) (PHBV;
5, 10, and 15 mole% for 3-hydroxyvalerate) by simple heat pressing method for the sustained release of
antibiotic agent, gentamicin sulfate (GS) to investigate the possibility of the treatment for osteomyelitis.
The effects of hydroxyvalerate {HV) content, thickness of wafers, various types of additives such as sodium
dodecyl sulfate (SDS), microcrystalline cellulose, polyvinylpyrrolidone, and hydroxypropylcellulose
(HPC), and different initial drug loading ratio on the release profile have been investigated.In vitro release
studies showed that different release patterns and rates could be achieved by simply modifying factors in
the preparation conditions. PHBV wafers with 3 mm thickness, 10% of GS initial loading, 15% of HV con-
tent and addition of 5% of SDS and HPC were free from initial burst and a near-zero-order sustained
release was observed for over 30 days. It might be suggested that the mechanisms of GS release may be
more predominant simple dissolution and diffusion of GS than erosion of PHBV in our system.

Introduction

Gentamicin sulfate (GS) is one of the most
potent antibiotics for bone infection such as osteo-
myelitis. Prolonged parenteral and oral antibiotic
therapy for 4-6 weeks may be necessary for usual
treatment.' Some disadvantages of prolonged pa-
renteral therapy by intravenous or intramuscular
antibiotic injections are the high cost of treatment,
systemic toxicity and patient discomfort. Oral anti-
biotic delivery may also be associated with patient
compliance problems. In addition, GS is also well
known for causing rather severe secondary effects
such as nausea, vomiting, headache, skin erup-
tion, nephrotoxicity, and ototoxicity. Therefore, the
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localized delivery of an antibiotic to the infected
site may be introduced to overcome the difficulties
associated with parenteral and oral therapy. This
method would deliver the drug at a continuous
rate, and reduce the dose-dependent toxicity by
minimizing the fluctuation in plasma concentra-
tion.” In the last three decades, localized antibiotic
therapy has emerged as an important approach to
treat orthopedic infections.

GS loaded poly(methyl methacrylate) (PMMA)
beads have been employed clinically to prevent or
treat osteomyelitis since the 1970s.>® ‘However,
PMMA is a non-biodegradable material, so secon-
dary surgery must be required to remove the
beads after releasing of GS. Several biodegradable
controlled antibiotic-release devices such as
dideoxykanamycin loaded hydroxyapatite/poly(L-
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lactide) (PLA) cylinders,” ampicillin loaded poly
(D,L-lactide-co-glycolide) (PLGA), cefotiam loaded
hydroxyapatite beads, and GS loaded PLA cylin-
ders and microspheres have been developed.”*
However, the release properties of these devices
were not found to be satisfactory primarily due to
poor design and manufacturing. For example, in
in vitro studies more than 40% of entrapped GS
was released from PLA microcapsules in the first
few hours. The release from uncoated PLA cylin-
ders was barely longer than three weeks.?

Very recently, one of the most significant candi-
dates for the study of biodegradable controlled
release system is the family of polyhydroxyal-
kanoates (PHA) due to its relatively long biode-
gradability and relatively good biocompatibility
with no acute inflammation, no abscess formation,
and no tissue necrosis.' Also, these polymers are
entirely natural and obtained from micro-organisms,
Alicaligen eutrophus as gram-negative bacteria.
Their use in drug release systems has been report-
ed in recent years.”” Poly(3-hydroxybutyrate)
(PHB) and its copolymers with hydroxyvalerate
(PHBV) with varying HV ratios are the most
widely existing members of this biopolymer group.
These biodegradable and biocompatible polyes-
ters, because of their unique physicochemical
properties, such as piezoelectricity, are claimed to
induce bone reformation in load-bearing sites.” %

In this study, GS loaded PHBV wafers were
prepared by simple compressing with heating
method due to high stability of GS for high tem-
perature, and the investigation of the effects of the
copolymer ratio, initial drug loading, wafer thick-
ness, and additive types on the release profile
were carried out. Also, the in vitro release pattern
of GS and the morphology of wafer have been
investigated by means of high performance liquid
chromatography (HPLC) and scanning electron
microscope (SEM), respectively.

Experiinental

Materials. GS was received as a gift from Dong
Shin Pharmaceutics Co., Korea. PHBVs (D300G
{pellet), D400G (pellet), and D600G {powder) ; 5,
10, and 15 mole% of 3-hydroxyvalerate, respec-
tively) were received as a gift from Monsanto
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Chem. Co. Lid., (Delaware, USA). Sodiumdode-
cylsulfate (SDS), hydroxypropylcellulose (HPC),
polyvinylpyrrolidone (PVP), and microcrystalline
cellulose (MCC) were purchased from Aldrich
Chem. Co., USA. Ali other chemicals and solvents
were a reagent grade.

Preparation of Wafer. GS loaded PHBV wafers
were prepared by compressing the drug-polymer
mixture using a manual tablet press (MH-50Y,
Masada, Japan) with heating. Briefly, each of poly-
mer pellets was pulverized to a homogeneous
particle size and thoroughly mixed with drug by a
freezer-mill (SPEX 6700, Metuchen, USA). The
homogeneous mixture was applied to a stainless
steel mold (20 mm diameter) with heating at 170°C,
and the molten mixture was compressed under 20
kgf/cm? for 30 min (Figure 1). The resulting paste
was cooled at room temperature for 30 min. The
variables and conditions of wafer formulations are
listed in Table 1. The effects of the copolymer
ratio, different thickness of wafers, different drug-
loading ratio, and various additives on the release
profile have been investigated.

In Vitro Release Investigation. GS release
patterns from the various wafer formulations were
discussed by in vitro experiments. The wafers
were extracted in 50 mL of phosphate buffered
saline (PBS, pH 7.4). The vials were placed in a
constant-temperature incubator kept at 37°C.
The release medium (100 ul) was periodically
taken out from the vials with pipette and same
volume of the fresh medium was replaced. GS in

Figure 1. The photograph of waferring mold for GS
loaded PHBV wafer composed of two punches with
20.0 mm diameter and the prepared wafer.
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Table 1. Preparation Conditions for PHBY Wafers with Gentamicin Sulfate

Batch Polymer wt (g) GS wt (g) Initial Drug Ratio (%) Additives (wt%) Wafer Thickness (mm)
H1 0.09 0.01 10 - 0.3
H2 0.27 0.03 10 - 0.9
H3 045 0.05 10 - 1.5
H4 0.90 0.10 10 - . 30
H5 1.35 0.15 10 - 45
He6 0.95, 0.05 5 - 3.0
H7 0.80 0.20 20 - 3.0
H8 0.85 0.10 10 SDS (5) 3.0
H9 0.80 0.10 10 SDS (10) 3.0
H10 0.85 0.10 10 MCC (5) 3.0
H11 0.80 0.10 10 MCC (10) 3.0
Hi2 0.85 0.10 10 PVP (5) 3.0
H13 0.80 0.10 10 PVP (10) 3.0
H14 0.85 0.10 10 HPC (5) 3.0
H15 0.80 0.10 10 HPC (10) 3.0

the aqueous layer was analyzed by HPLC after
the derivation with o-phthaldehyde (OPA).’

The HPLC system was consisted of solvent
delivery pump and an UV detector (HP 1100
series, USA). The detection wavelength was set at
330 nm, the separation was achieved by using a
reversed phase column (UG 120 5 um packing,
size 4.6 X 150 mm, USA) and a flow rate of the
mobile phase was 1.2 mL/min. The mobile phase
consisted of methanol, distilled water, glacial ace-
tic acid (70 : 25 : 5 by vol%), and 5 g of sodium
1-heptanesulfonate.” The HPLC assay method
and OPA derivation for GS were based on the
USP.

SEM Observation. Microphotographs of the
wafers were observed by SEM (model S-2250N,
Hitachi, Japan) operated at 15kV in order to
examine the surface and cross-sectional morphol-
ogy. To obtain a cross-sectional morphology, the
fractured samples were prepared by submerging
the wafers into liquid nitrogen. Before observa-
tion, all samples were mounted on metal stubs
with double-sided tape, and coated with a thin
layer of platinum by means of a plasma sputtering
apparatus (Emscope, Model SC 500K, UK) under
argon atmosphere. The observations were studied
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before and after in vitro test.

Results and Discussion -

In our previous study,”® we developed PHBV
microspheres for the sustained release of highly
water soluble drug such as 5-fluorouracil. One of
the most serious problem for the fabrication of
PHBV durg carriers to get desirable release pat-
terns of the drug was a poor solubility to organic
solvent due to highly crystalline state of PHBV?
resulting in low loading efficiency into crystalline
region. Originally, PHB and PHBV polymers are
100 % amorphous state inside bacteria. However,
almost all amorphous regions were changing to
crystalline state during the extraction process.” In
this study, to overcome this problem such as
homogeneous mixing with PHBV and GS, a sim-
ple compressing with heating method was devel-
oped because GS has been widely used a typical
heat-resistant antibiotics.! Figure 2 shows the
SEM microphotograph of the freezer-milled mix-
tures of PHBV (D600G) and 10% of GS in liquid
nitrogen. We can observe the fine particles as well
as homogeneous mixture below 20 um to get
homogeneous mixed wafer in figure.
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Figure 2. SEM microphotograph of the mixture of
PHBV and GS (original maginification; X< 300).

Effect of Thickness of Wafers on In Vitro
Release. The influence of wafer thickness (0.3
(H1), 0.9 (H2), 1.5 (H3), 3.0 (H4), and 4.5 mm
(H5) X 20 mm diameter) on the release profiles of
GS from 10% GS-loaded PHBV (15% of 3-
hydroxyvalerate) wafers is shown in Figure 3 (For-
mulation No. H1 to H5). It can be seen that the
thickness of wafers has a significant effect on the
release pattern. The release rate was in the order
of 0.3, 0.9, 1.5, 3.0, and 4.5 mm for the initial
loading and the duration of release was around 5,
12, 16, 20 and 30 days with near zero-order
release, respectively. That is to say, the increase of
wafer thickness significantly decreased initial burst
and could be reached more near zero-order
release pattern to 30 days. It can be explained

Gentamicin Released (%)

Figure 3. GS released behavior from different thickness
of GS loaded PHBV wafer (10% GS/D600G). [ ]; H1,
(@};H2, [a]; H3, [V ], H4, and [#]; H5.
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that this wafer acts like simple "depot". The more
thinner wafer, the faster the simple dissolution
and diffusion due to small volume of depot of GS
also could be happened. From these results, the
desirable duration of GS release can be obtained
by the controlling of the wafer thickness. The
almost same release pattern from another PHBV
with 5 and 10% of 3-hydroxyvalerate mole per-
cent was observed (results were not shown).

Effect of Initial Loading Ratio on In Vitro
Release. We observed that the higher drug load-
ing ratio lead to increase little bit of initial burst in
wafers in Figure 4. It can be seen that GS initial
loading has a slight effect on release pattern
between H4 (10% of GS), H6 (5% of GS), and
H7 {15% of GS). The release rate of 5% initial
loading with 3 mm thickness was lower than that
of 20% initial loading. Generally speaking, how-
ever, in the considerably higher initial drug load-
ing such as over 50% of GS, all the GS entrapped
in the PHBV forms like a network which the
majority of the crystals was in contact with each
other, consequently, drug is released due to sim-
ple dissolution and diffusion®®* In conclusion,
very few initial burst of this system such as 5, 10
and 20% of initial loading was observed.

Effect of 3-Hydroxyvalerate Ratio on In
Vitro Release. The effect of 3-hydroxyvalerate
ratio of PHBV on the release pattern with 3 mm
thickness is given in Figure 5. As can be seen in
the Figure 5, the release rate reduced by the
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Figure 4. GS released behavior from GS loaded PHBV
wafers from different loading ratio (1 gram PHBV base
with 3 mm thickness; GS/D600G). [ ]; H6, [@]; H4,
and [A ]; H7.
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Figure 5. GS released behavior from PHBV wafers with
different ratio of 3-hydroxyvalerate (1 gram PHBV base
with 3 mm thickness). [l]; 5% of 3-hydroxyvalerate,
[@]; 10% of 3-hydroxyvalerate, and [ A ]; 20% of 3-
hydroxyvalerate.
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higher content of 3-hydroxyvalerate as in the
order of 5, 10 and 15% of 3-hydroxyvalerate.
With use of D600G (15 mole% 3-hydroxyvaler-
ate), a good linear relationship was observed and
the initial percentage release decreased about 60
% compared with D300G (5 mole% of 3-hydroxy-
valerate).”® This result can be explained on the
basis of the crystallinity of the PHBV decreased
with increasing the content of 3-hydroxyvaler-
ate,”” that is to say, the increasing amorphous
region in PHBV polymer with GS might be
enhanced the entrapping of GS into PHBV wafer
at same temperature, resulting in more homoge-
nous mixing. Consequently, more desirable release
duration could be reached. These results indi-
cated that a desirable release pattern could be
obtained by choosing an appropriate copolymer
composition.

Effect of Additives on In Vitro Release.
The influence of various additive types (as water
soluble polymers) and different their amount with
5 and 10% was observed in Figures 6 and 7,
respectively. It can be observed that the enhance-
ment and the reduction of release rate of GS
could be achieved by using MCC and PVP. and
SDS and HPC, respectively. It has been widely
recognized that the in vitro release of GS from
biodegradable wafers without additive showed
typical biphasic release kinetics, a slow diffusion
release followed by a fast erosion-mediated
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Figure 6. GS released behavior from PHVB wafers with
various types of 5% additives (1 gram PHBV base with
3 mm thickness; 10% of GS initial loading; 15% of 3-
hydroxyvalerate). [I]; control, H4, [@]; HS8, [a];
H10, [¥ ]; H12, and [ #]; H14.
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Figure 7. GS released behavior from PHVB wafers
with various types of 10% additives (1 gram PHBV base
with 3 mm thickness; 10% of GS initial loading; 15% of
3-hydroxyvalerate). [l ]; control, H4, [@]; H9, [A];
H11, [ ¥ ]; H13, and [ ]; H15.

release.”’ Figure 8 shows SEM microphotographs
of the surface (a and c) and cross sectional (b and
d) morphology before/after (30 days) in vitro
release experiment for 10% GS loaded PHBV
wafers with (a and b)/without (c and d) SDS. We
can see the numbers of pores after GS releasing
from physical dissolution. Also, the duration of
biodegradation of PHBV is relatively longer com-
pared that of the family of poly{o-hydroxyes-
ter).”***** For example, molecular weight of
PHBV (19% of 3-hydroxyvalerate content) de-
creased from 292,300 to 248,000 g/mole at 1
month, whereas that of poly(L-lactide) decreased
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Figure 8. SEM microphotographs of surface {a and c) and cross section (b and d) of GS loaded PHBV wafers before/
after (30 days) in vitro release experiments (original magnifications; X 1,000). (a and b): 10% GS loaded PHBV wafer
with 3 mm thickness, and (c and d): 10% GS loaded PHBV (with 10% of SDS) wafer with 3 mm.

from 212,000 to 80,400 g/mole within same it can be summarized that the mechanisms of GS
period,’® i.e., the effect of erosion of PHBV on the  release may be more predominant simple dissolu-
GS release might be very low. From these results,  tion and diffusion of GS than erosion of PHBV
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within 1 month.

Conclusions

Biodegradable controlled antibiotic release
PHBV wafers have been prepared by means of
simple compression with heating method and
their in vitro release patterns have been investi-
gated. The GS loaded PHBV wafers with 10% of
GS initial loading, 3 mm thickness, higher 3-
hydroxyvalerate content, and addition of water
soluble polymers could be reached longer release
period as over 30 days without any initial burst.
This study has demonstrated that the release pat-
tern of drug from wafer fabricated by simple
method could be improved by optimizing the
preparation conditions of the wafers. This direct
compression method has the several merits; (1) it
is applicable to unstable drug such as peptides,
because no heating or contact with organic sol-
vent, such as chlorinated solvent often used in the
preparation of microspheres or nanospheres is
required, (2) it can conirol the release rates even
for low molecular weight with water soluble or
water insoluble drugs, {3) the release rates can be
controlled easily by appropriate selection of poly-
mer species including highly crystalline polymers,
and formulation.

The GS loaded PHBV wafers appears to be a

promising antibiotic delivery device for the treat-

ment of bone infection in orthopedic surgery
without second operation for the removal of the
implants after releasing of GS. Studies on the ani-
mal experiment are in progress.
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