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ABSTRACT

The conjugate microspheres (Chi-glu-FUR-m) were prepared by the dry-in-oil
method using chitosan-5-fluorouridine conjugate. Chi-glu-FUR-m were character-
ized by drug content, particle shape and size, swelling property, and drug release.
Their characteristics were compared with those of the simple microspheres (Chi/
FUR-m), which were prepared under similar conditions using a mixture of chitosan
and 5-fluorouridine. Both microspheres prepared showed a high retention of the
drug after preparation and similar particle size and shape. Swelling ratios after
incubation in aqueous buffers of pH 7.4 for 6 hr were similar for both micro-
spheres. Chi-glu-FUR-m swelled quickly in aqueous buffers of pH 7.4 and the
disintegration was observed to occur gradually from 24 hr after the incubation.
Chi-glu-FUR-m showed a gradual drug release (50% release time = 61 hr), while
Chi/FUR-m released the drug very rapidly. Such characteristics of Chi-glu-FUR-
m as swelling, slow disintegration, and gradual drug release propose its useful-
ness for localization or chemoembolization therapy.
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INTRODUCTION

Chitosan is produced to a large amount from a natu-
ral product, chitin, and is obtained easily and inexpen-
sively. Further, it exhibits high biocompatibility (1,2)
and biodegradability (3-7). These properties of chitosan
have often provided usefulness as a drug carrier. Chit-
osan was found useful as an additive for tablets or gran-
ules for oral administration (8-10). Further, since it is
soluble in an acidic aqueous solution, it was used as a
drug carrier for microspheres (11,12) and macromol-
ecule-drug conjugates (13-17).

Generally, microspheres are well known to be use-
ful as a target drug delivery system because their dis-
tribution in the body can be controlled by their particle
size (18-20), or they can be localized to the target site
(21-23). Then, the particle size, the stability as par-
ticles, and the drug release properties affect the utility
of the microspheres. However, the chitosan micro-
spheres previously reported did not show satisfactory
results for drug release properties (11,12). Namely, the
drug release from the chitosan microspheres was depen-
dent on the drug species, and the drug release profiles
were often complicated. On the other hand, some of
macromolecule-drug conjugates previously reported
showed a good prolonged release profile. Therefore, it
is proposed that chitosan microspheres showing a suit-
able drug release could be obtained by utilization of
conjugates in the preparation of chitosan microspheres.
Since chitosan is hardly soluble at physiological pH, the
microspheres formed from the chitosan-drug conjugate
are considered to be able to act as microspheres under
physiological conditions.

MATERIALS AND METHODS

Materials

5-Fluorouridine (FUR) was purchased from Sigma
Chemical Co. Daichitosan VL, the viscosity of which
was 7 cps at the concentration of 5% (w/w) in 1% (w/
w) acetic acid aqueous solution at 20°C, was supplied
by Dainichi Seika Color and Chemicals Mfg. Co. Ltd.
and was used as chitosan (Chi). Soybean oil and glutaric
anhydride were obtained from Wako Pure Chemical In-
dustries, Ltd. Sorbitan sesquioleate (SO-15) was pur-
chased from Nikko Chemicals, Japan. 1-Ethyl-3-(3-di-
methylaminopropyl)carbodiimide hydrochloride (EDC)
was obtained from Nacalai Tesque, Inc. All other chem-
icals were of reagent grade.
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Preparation of Microspheres
Preparation of Simple Microspheres (Chi/FUR-m)

Chitosan (100 mg) was dissolved in aqueous acetic
acid and then FUR (3 mg) was added into the chitosan
solution. The volume and pH of the mixture were finally
adjusted to 3 m! and pH 4-4.5, respectively, with the
addition of aqueous acetic acid. The mixture was
dropped continuously into 150 ml of soybean oil con-
taining 1% (v/v) SO-15 which was stirred at 200 rpm
and 40°C. After that, while stirring the obtained oily
mixture under the same conditions, the pressure of the
system was reduced for 3 hr by an aspirator and sub-
sequently for 1.5 hr by a vacuum pump. The oily mix-
ture was filtered and the residue was washed sufficiently
with ether, ethanol, and ether in that order. Thus, the
microspheres were separated and dried in vacuo over-
night. The obtained microspheres were used as the sim-
ple microspheres (Chi/FUR-m).

Preparation of Conjugate Microspheres (Chi-glu-
FUR-m)

The conjugate of FUR with chitosan was prepared
following the previous method (17). Briefly, 2'- or 3'-
(4-carboxybutyryl)-FUR (glu-FUR) was synthesized by
the reaction of FUR and glutaric anhydride at the mo-
lar ratio of 1:1.2, and separated with an ODS reversed-
phase column using a mixture of 0.2% acetic acid aque-
ous solution and methanol (3:1, v/v) as an elution
solvent. The conjugate (Chi-glu-FUR) was prepared by
the reaction of glu-FUR with chitosan using EDC as
follows. Chitosan was dissolved in water of pH 3-4
adjusted by 1| N HCI aqueous solution and the solution
pH was increased to 6.5 using 1 N NaOH aqueous so-
lution. To the chitosan solution, glu-FUR and EDC
were added and stirred for 2 days at room temperature.
The conjugate was precipitated with the addition of ac-
etone of 3 times volume. The precipitate was washed
with a mixture of acetone and water (3:1, v/v). After
drying, the Chi-glu-FUR conjugate was obtained. The
conjugate (100 mg) was dissolved in aqueous acetic
acid. The volume and pH of the mixture were adjusted
to 3 ml and pH 4-4.5, respectively, with the addition
of aqueous acetic acid. The mixture was dropped con-
tinuously into 150 ml of soybean oil containing 1% (v/
v) SO-15. The procedures and conditions of the prepa-
ration, washing, and drying of the conjugate micro-
spheres were the same as those of Chi/FUR-m. The
obtained microspheres were used as the conjugate mi-
crospheres (Chi-glu-FUR-m).
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The FUR content of both kinds of the microspheres
was estimated spectrophotometrically at 272 nm after
they were dissolved in 0.1 M acetate buffer of pH 4.0.
Further, the conjugate microspheres were treated by 1
N NaOH aqueous solution at 40°C for 60 min. During
the treatment, the aliquot samples were withdrawn at
appropriate times. After the aliquots were neutralized by
1 N HCI aqueous solution, the concentrations of FUR
in the samples were determined by high-performance
liquid chromatography (HPLC). The content of FUR
was also estimated from the amount of the regenerated
FUR which attained a plateau level.

Characteristics of Size and Shape

The obtained microspheres were investigated for size
distribution and mean diameter. The particle diameters
of more than 200 of the microspheres were measured at
random by microscopic observation for Chi/FUR-m and
Chi-glu-FUR-m after drying and after incubation in
phosphate-buffered saline (PBS) of pH 7.4 and 1/15 M
phosphate buffer of pH 7.4 at 37°C for 6 hr.

Similarly, Chi-glu-FUR-m was investigated for swell-
ing and change of shape by microscopic observation
during the incubation in PBS of pH 7.4 and 1/15 M
phosphate buffer of pH 7.4 at 37°C. The aliquot
samples were taken at appropriate times and the micro-
spheres were observed for size and shape using a mi-
croscope equipped with a camera.

In Vitro Release Experiment

Fifteen milligrams of Chi/FUR-m was dispersed in
20 ml of PBS of pH 7.4 and in 20 ml of 1/15 M phos-
phate buffer of pH 7.4. Two milligrams of Chi-glu-
FUR-m was dispersed in 2 ml of 1/15 M phosphate
buffer of pH 7.4. The mixtures were incubated in the
water bath at 37°C by shaking at 60 rpm using an
EYELA Uni Thermo Shaker NTS-1300. The aliquot
samples were withdrawn at appropriate times. The
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amount of FUR released from Chi/FUR-m was deter-
mined by ultraviolet (UV) spectroscopy at 272 nm. The
amount of released FUR from Chi-glu-FUR-m was det-
ermined by HPLC.

HPLC Analysis

HPLC was executed using a Shimadzu LC-6A appa-
ratus equipped with a NEO-PACK 120A 5C,;z column
(4.5 x 150 mm) and an SPD-6A detector set at 272
nm. The mixture of 0.05 M acetate buffer of pH 4 and
methanol (3:1, v/v) was used as a mobile phase. The
samples obtained in the experiments using the buffered
solution were directly injected on the HPLC. The
sample from an alkaline medium in the drug content
study was neutralized by 1 N HCI aqueous solution and
then injected on the HPLC. The concentration of FUR
was calculated using a standard curve.

RESULTS AND DISCUSSION
Drug Content, Shape, and Size of Microspheres

After formation of microspheres, Chi/FUR-m and
Chi-glu-FUR-m were satisfactorily recovered for the
amounts of the Chi/FUR mixture and conjugate used.
The preparation conditions and drug content are shown
in Table 1. The FUR content of Chi/FUR-m was esti-
mated to 1.9% (w/w). This content was somewhat
smaller than the value of 3.2% (w/w) expected from the
added amount. The FUR content of Chi-glu-FUR-m was
3.3% (w/w) from UV spectroscopy but 2.5% (w/w)
from HPLC. Since the overlap of the UV absorption,
which was considered to be derived from glutarylated
chitosan, was observed in the UV profile of the conju-
gate, the result in HPLC was adopted as the drug con-
tent of Chi-glu-FUR-m. Although the FUR content of
Chi-glu-FUR conjugate was checked only by UV
spectroscopy before being processed into the micro-
spheres, it was slightly higher than that of Chi-glu-FUR-

Table 1

Preparation Conditions and Drug Contents of Microspheres

FUR or Reaction Drug
Chitosan  ghu-FUR EDC Water Time Content
Microsphere (mg) (mg) (mg) (ml) (hr) (%, wiw)
Chi/FUR-m 99 33 - — — 1.9
Chi-glu-FUR(1)-m 100 76 1000 12 48 2.5
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Figure 1. Particle size distribution of the diameters of dried
Chi/FUR-m,

m. The drug content of Chi-glu-FUR was considered to
be slightly lowered by the conversion to microspheres.

Figures 1 and 2 show the size distributions of the
diameters of dried Chi/FUR-m and dried Chi-glu-FUR-
m, respectively. Both showed a spherical shape. Chi/
FUR-m showed a mean diameter of 30 um, and the
sizes varied from 6.25 to 68.75 um. Chi-glu-FUR-m
showed an average diameter of 22 um, and the sizes
distributed from 6.25 to 56.25 pm.

Shape and Swelling of the Conjugate
Microspheres at Physiological pH

Table 2 shows the mean diameters of Chi/FUR-m
and Chi-glu-FUR-m before—that is, dried—and after
incubation for 6 hr in PBS of pH 7.4 and 1/15 M phos-
phate buffer of pH 7.4. Both microspheres showed a
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Figure 2. Particle size distribution of the diameters of dried
Chi-glu-FUR-m.

spherical shape before and after incubation. After incu-
bation of 6 hr, both microspheres swelled and each
mean diameter increased to approximately twice that of
the dried microspheres. The shapes and mean diameters
of the microspheres after swelling were similar in both
PBS of pH 7.4 and 1/15 M phosphate buffer of pH 7.4.

The photomicrographs in Fig. 3 show Chi-glu-FUR-
m before—that is, dried—and after incubation in PBS of
pH 7.4; and Fig. 4 the Chi-glu-FUR-m before—that is,
dried—and after incubation in 1/15 M phosphate buffer
of pH 7.4, respectively. The swelling was recognized to
occur rapidly and the microsphere sizes and shapes
hardly changed at 2-24 hr. However, disintegration of
the microspheres was observed to occur gradually after
incubation for 24 hr. This might be because the poly-
mer chains were gradually disentangled due to the swell-
ing, and their binding force weakened. This natural dis-

Table 2

Mean Diameters of Microspheres: Dried and After Incubation in PBS of pH
7.4 and 1/15 M Phosphate Buffers of pH 7.4 for 6 hr at 37°C

Size (um) After Incubation for 6 hr in:

Size, Dried
Microsphere (pum) PBS 1/15 M Phosphate Buffer
Chi/FUR-m 30 50 52
Chi-glu-FUR-m 22 41 42
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integration property of Chi-glu-FUR-m might be ade-
quate for degradation in tissues or organs.

Drug Release from Microspheres

Drug release profiles from Chi/FUR-m and Chi-glu-
FUR-m are shown in Fig. 5. Chi/FUR-m released FUR
very quickly in PBS of pH 7.4 and 1/15 M phosphate
buffer of pH 7.4. This suggested that both buffers
should permeate into the microspheres very rapidly.
Since Chi/FUR-m swelled quickly and since FUR is
very water soluble and a small molecule, FUR dispersed
in the microspheres was considered to be released rap-
idly out of the microspheres. On the other hand, Chi-
glu-FUR-m released FUR slowly in 1/15 M phosphate
buffer of pH 7.4. The release profile of Chi-glu-FUR-
m was similar to that of the conjugate, Chi-glu-FUR,
itself (17). When the FUR release from Chi-glu-FUR-
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(D)
Figure 3. Photomicrographs of Chi-glu-FUR-m: dried (A) and after incubation in PBS of pH 7.4 at 37°C for 6 hr (B), 24 hr
(C), and 48 hr (D). Scale bars = 100 pum.

m was approximated to the pseudo-first-order kinetics,
its rate constant was calculated to be 0.011 h!. It was
smaller to some extent compared to that from the con-
jugate itself (17). As Chi-glu-FUR-m swelled quickly,
the regeneration of FUR was considered not to be
changed so much between Chi-glu-FUR-m and the con-
jugate itself. Also, the regenerated FUR from Chi-glu-
FUR would be released rapidly out of the spheres. As
a result, Chi-glu-FUR-m might show a drug release
profile similar to that of the conjugate itself. Since the
hindrance to the enzyme, esterase, of the ester intro-
duced to a side chain of a macromolecule was previ-
ously reported (16,24), Chi-glu-FUR-m is suggested to
act as a microsphere showing a gradual drug release in
a body fluid.

Chi-glu-FUR-m is proposed to be useful as a micro-
particulated gradual drug release system. The property
of slow disintegration after swelling will be usefui for
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(B) (D)

Figure 4. Photomicrographs of Chi-glu-FUR-m: dried (A) and after incubation in 1/15 M phosphate buffer of pH 7.4 at 37°C
for 6 hr (B), 24 hr (C), and 48 hr (D). Scale bars = 100 pm.
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Figure 5. Drug release profiles from Chi/FUR-m during incubation in PBS of pH 7.4 (A) and 1/15 M phosphate buffer of pH
7.4 (O) at 37°C; and from Chi-glu-FUR-m during incubation in 1/15 M phosphate buffer of pH 7.4 (@) at 37°C. A, Release during
incubation for 0-72 hr. B, Release during incubation for 0-4 hr.
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chemoembolization therapy because the particles can be
eliminated naturally from the embolized part after the
drug release. Chi-glu-FUR-m will be able to be better
localized than the conjugate itself because of the nature
of the solid particle. Further, it will be possible to dis-
pose Chi-glu-FUR-m to specific tissues or organs, de-
pendent on the particle size characteristics. Thus, Chi-
glu-FUR-m should be more controllable as to
localization and disposition of the drug than the conju-
gate itself. The drug release rate and profile, the size of
the dried and swollen particles, and the disintegration
properties of the microspheres will have to be consid-
ered together on an evaluation of the utility of the
chitosan-drug conjugate microspheres.
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