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Purpose. The objective of the present study was to develop prolonged
anti-inflammatory action of DL-lactide/glycolide copolymer (PLGA)
nanosphere incorporating a water-soluble corticosteroid (betameth-
asone sodium phosphate; BSP). Another aim was to demonstrate the
biocompatibility and biologic efficacy of these BSP-loaded nano-
spheres directly administered into ovalbumin-induced chronic syno-
vitis in the rabbit.
Methods. BSP-loaded nanospheres were prepared by an emulsion
solvent diffusion method in oil (caprylate and caprate triglyceride).
The drug releasing properties of the nanospheres were measured in
vitro in phosphate buffer saline (PBS: pH7.4), and in vivo in rat
air-pouch (pseudo synovial fluid). The BSP-loaded nanosphere sus-
pensions were administered into the joint cavity in a model of anti-
gen-induced arthritic rabbit and evaluated by measuring the joint
swelling, and the biocompatibility was appraised by histologic micros-
copy.
Results. The BSP-nanospheres were a unimodally-dispersed particu-
late system with a mean diameter ranging from 300 to 490 nm, and
BSP was efficiently entrapped in the lipophilic copolymer (PLGA),
although its hydrophilic properties. The drug release-rate from the
nanospheres in PBS was controlled by the molecular weight and the
lactic/glycolic acid (LA/GA) ratio of the polymers. The in vitro re-
leasing study demonstrated that sustained drug release occurred for
over three weeks. In the antigen-induced arthritic rabbit, the joint
swelling decreased significantly by administering BSP-loaded nano-
spheres during a 21-day period after intra-articular challenge. With
regards to the prolonged anti-inflammatory efficacy, serum antibody
to ovalbumin showed a sustained reduction during the period, and
the steroidal effect appeared by the degradation of the polymer in the
synovium. The BSP-nanosphere administered was phagocytosed by
the synovial activated-cells and the cartilage degradation was almost
prevented.
Conclusions. Direct intra-articular injection of a PLGA nanosphere
system with a water-soluble steroid provided a prolonged pharmaco-
logical efficacy in the joints of arthritic rabbits. The local anesthetic in
the knee-joints was evaluated to be safe and without biologic damage.
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INTRODUCTION

Conventionally, as a therapy for the arthritis (osteogon-
arthritis: OA, rheumatoid arthritis: RA), it is well known that
local therapy by injecting anti-inflammatory agents (1–5) is
effective. The direct injection of colloidal steroid-crystals into
the joints is effective for the RA disease (4). However, it was
reported that the drug rapidly disappeared from the articular
cavity (5). From the view point of clinical therapy for QOL,
the development of a prolonged-release system injected into
the articular joints is desired. Therefore, to achieve a sus-
tained anti-inflammatory effect, the administration of drug-
encapsulated liposomes (6–10), microspheres prepared with
serum albumin (11–13), gelatin/chondroitin 6-sulfate (14) and
polylactic acid/polyglycolic acid copolymer (15–16) has been
applied. These systems are required to prolong their retaining
time in the articular cavity and to improve more their biologic
safety and stability in the joints after administration. Re-
cently, a new clinical problem of “crystal-induced pain”
caused by the substance remaining in the joint has begun to
receive considerable attention (17). The mechanism by which
crystal-induced pain is generated in the human joint cavity
remains unknown. Since the pain has not arisen so often with
aqueous drug preparations, it is thought that the bio-
incompatibility and the physicochemical properties (i.e., di-
ameter, shape) of the drug particles are closely related to the
pain induction. Davis et al. (11–12) found that steroidal mi-
crospheres prepared with several polymeric materials were
phagocytosed by the synovial activated cells depending on
their particle size. They assessed that the irritancy with syno-
vial tissues depended on the biocompatibility of the colloidal
particles. Hincal et al. (15) concluded that biodegradable
PLGA microspheres are an excellent drug carrier for arthritic
lesions using the radiopharmaceutical scintigraphical study in
rabbits.

In our previous study (18), it was found that PLGA
nanospheres injected into the rat joint cavity were preferably
phagocytosed by the macrophages in the synovium. PLGA
nanospheres might be more suitable for drug delivery to in-
flamed synovial tissue than microspheres due to their ability
to penetrate into the synovium. We assumed that crystal-
induced pain might depend on the size and bioimcompatibil-
ity of the microparticles introduced in the joint tissue. In this
paper, a water-soluble corticosteroid was encapsulated into
the nanospheres with a biodegradable polymer such as DL-
lactide/glycolide copolymer, and poly D,L-lactic acid. The
function of the resultant nano-particulate system was evalu-
ated by in vitro and in vivo studies to develop a new pro-
longed anti-inflammatory system based on the above assump-
tions.

EXPERIMENTAL

Materials and Methods

Materials

DL-lactide/glycolide copolymer (PLGA) with average
molecular weights (MW) of 19,900, 9900, and 5900, whose
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copolymer ratio of D,L-lactide to glycolide was 75:25, were
supplied by Wako Pure Chemical Industries Ltd.(Osaka).
PLGA with MW of 18,500, 6500, whose copolymer ratio of
50:50 and poly D,L-lactic acid (PLA) with MW of 19,700,
6100 (PLA-0020, PLA-0005) were also supplied by Wako.
These MWs of PLGAs or PLAs were determined by gel-
permeation chromatography calibrated with a refractive in-
dex detector (LC-10A, Shimadzu, Kyoto). As a standard,
polystyrenes were used. A water-soluble corticosteroid: beta-
methasone sodium phosphate (BSP) was obtained from
Roussel Uclaf (Roma, Inuille-France). PVA with 80%-
hydrolyzation degree and 300-polymerization degree (PVA-
403, Kuraray, Osaka) was used as a dispersing agent. All
other chemicals and solvents were of reagent grade.

Preparation of BSP-Loaded Nanospheres

BSP-loaded nanospheres were prepared using a modified
emulsion solvent diffusion method in oil (19–21). Ten mg of
BSP and 100 mg of the polymer, were dissolved in 3 mL of a
mixture of acetone and methanol dissolved with 100 mg of
sorbitan monooleate (Span-80, WAKO). The resultant poly-
mer-drug solutions were poured into 60 ml of caprylate and
caprate triglyceride (Triester F-810, Nikko Chemical, Tokyo)
containing 2% hexaglycerin condensed ricinoleate (Hexaglyn
PR-15, Nikko) at 2 mL/minute, under stirring at 400 rpm
(Heidon 600G, Shinto, Osaka). The entire dispersed system
was then centrifuged (43,400 ×g for 10 min, Kubota, Osaka).
The sediment was dispersed in aqueous PVA solution (10mL)
and centrifuged under the same conditions as above. An ad-
ditional dispersing in distilled water (5mL) was carried out.
The redispersed suspension was dried using a freeze dryer
(VD-60, TAITEC, Osaka).

Physicochemical Properties of BSP-Loaded Nanosphere

The average particle size of the nanospheres dispersed in
the aqueous medium was measured by means of a laser (He-
Ne) particle analyzer (LA-700, Horiba, Kyoto).

The BSP-loaded nanospheres were dissolved in 5mL of
acetone and added 15mL of a mixture of 1/30M phosphate
buffer (pH 7.2) and methanol dissolved with buthyl p-
hydroxybenzoate (internal standard; 62.5�g/mL). The result-
ant BSP-polymer solutions were assayed using high-
performance liquid chromatography (LC-10A, Shimadzu,
Kyoto) with an ultraviolet detector equipped with a column,
ODS (A-312, YMC, Osaka) ; mobile phase, a mixture of 20
mL acetonitrile and 300 mL of 1/30 M phosphate buffer;
wavelength, 223 nm. The drug recovery and content in the
nanospheres were calculated from equations (1) and (2), re-
spectively.

Drug recovery (%)
� weight of drug in nanospheres/weight of drug fed into

the system (1)
Drug content (%)
� weight of drug in nanospheres/weight of nanospheres

recovered (2)
The theoretical drug content is 9.09%, as calculated from

the amounts of drug and polymer loaded.

In Vitro Drug Release Study

The BSP-loaded nanospheres were dispersed in 10 mL of
1/30 M phosphate buffer saline (pH 7.2) in a sealed jacketed
beaker at 37°C. The suspension was stirred continuously at a

constant rate using a shaker (Yamato, Japan). Aliquots of 1
mL were taken at various times up to 21 days. The BSP
content in the dissolution medium was determined using the
method mentioned above after sedimenting the nanospheres
by centrifugation (at 43,400 ×g for 10 min).

The degradation of the PLGA chain in the nanospheres
during the release-test was detected by measuring the MW at
suitable intervals using gel permeation chromatography (with
a high-performance liquid chromatograph LC-10A system,
Shimadzu, Kyoto).

In Vivo Drug Release Study

Eight male wistar rats (age; 6–7 W, weighing 190–230 g)
were used in an in vivo release-study. Ten mL of air was
injected subcutaneously into the backs of the rats. After 24 h,
to accelerate exudation, a 2% carboxymethyl-cellulose so-
dium aqueous solution (6mL) containing penicillin/
streptomycin (10,000 IU, 10mg) was injected subcutaneously.
After 24 h, to accelerate exudative inflammation, 0.5 mL of
lipopolysaccharide (10 ng/mL) was injected subcutaneously
and then 1mL of the BSP-loaded nanospheres (prepared with
PLGA-7520; containing 5mg of the drug) dispersed in physi-
ological saline was injected. The pouch was opened at 24, 72,
and 168 h after the administration, and the exudation was
immediately washed with saline. The amounts of the drug
released in the inside exudation and those remaining in the
nanospheres in the pouch were determined separately by the
HPLC method. The BSP aqueous solution containing 50 mg
of the drug was administered into the pouch and the drug
content in the exudation was monitored as a control.

In Vivo Studies with Antigen-Induced Arthritic Rabbit

The antigen-induced arthritis in rabbit joints was pre-
pared using the modified ovalbumin method (22,23). Mono-
articular arthritis (left joint) was induced in the knee joints of
12 male New Zealand White rabbits (weighing; 2.5–3.5 kg).

Induction of Arthritis. Rabbits were immunized by intra-
dermal injections of Freund’s Complete Adjuvant (:FCA,
Gibco, 1 mL emulsion containing 5 mg of ovalbumin, Sigma).
At three weeks after the immunization, the arthritis was in-
duced in the left knees by injecting 1 mL of a sterile saline
containing 5mg ovalbumin. Simultaneously with boosting, the
suspension of the nanospheres containing 3mg of BSP was
administered into the articular joint cavity. An aqueous BSP
(3mg) solution and physiological saline were used as a control
and a blank, respectively. The animals were sacrificed by an
overdose of pentobarbitone at 42 days after the joint chal-
lenge.

Measurement of Joint Swelling and Joint Temperature. The
outside diameter of the rabbit knee was measured with cali-
pers, at intervals between 1 and 42 days after the joint chal-
lenge. The amount of joint swelling was assessed by the width
of the joints before (initial) and after the ovalbumin chal-
lenge. The latter value was subtracted from the former to give
the amount of joint swelling. The joint skin temperature was
measured with a contact-type surface thermometer (DUAL
THARMO, Anritsu, Tokyo).

Cellular Infiltration into Joint Cavity. The number of
cells contained in the joint wash was counted by a Tatai hae-
mocytometer after being sacrificed at 42 days after the joint
challenge.
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Titer of Serum Antibodies to Ovalbumin. The inhibition
of the ovalbumin-antibody generated in the rabbit serum was
measured using an enzyme-linked immunosorbent assay
(ELISA). Blood was collected from rabbits at 2, 4, and 6
weeks after the challenge. The serum antibodies to immuni-
zation with ovalbumin were assessed spectrophotometrically.
The diluted serum samples were incubated in 96-well ELISA
plates coated with ovalbumin (10�g/mL) for 2 h at 4°C.
The amounts of bound anti-ovalbumin antibody were deter-
mined by using a goat anti-rabbit IgG-peroxidase conjugate
(NEOGEN, Tokyo). The absorbance of individual wells with
diluted sample product of peroxidase at 450 nm was measured
with a micro-plate reader (Thermo Max, Molecular Devices).
The results were represented as 50% of the maximum value
in the serum dilution curves.

Measurement of Cartilage Hydroxyproline (HYP) Con-
tent. Slices of the articular cartilage were removed from
weight-bearing areas of the rabbit femoral condylar and tibial
plateaus, and digested with papain (0.3 mg/mL) . The result-
ing cartilage was hydrolyzed in hydrochloric acid (6N, 0.2 mL)
at 110°C for 18 h. The hydrolysates were dried, then dissolved
in water (1mL) and incubated with chloramin-T reagent (50
mMole, 100 �L/well, Nacaraitesuque, Kyoto) in microtiter
plates for 20 min, followed by addition of dimethylaminoben-
zaldehyde (DMAB; 1 Mole, 100 �L/well). The plates were
heated for 20 min at 65°C, and the absorbance of individual
wells was measured at 550 nm with a micro-plate reader. The
hydroxyproline content (HYP; �g) was expressed as per mg
of the wet weight cartilage.

Histological Observation of Synovial Tissue. At 6 weeks
after the ovalbumin challenge, the infrapatellar folds contain-
ing the synovial membrane and the adipose tissue from both
the joints were removed, and fixed in neutral buffered for-
malin. After decalcification, the tissues were embedded in
paraffin wax, sectioned at 5 �m, and stained with Haemo-
toxylin and Eosin for the histologic microscopic observation.

RESULTS AND DISCUSSION

Physicochemical Properties of BSP-Loaded Nanospheres

Table I shows the physicochemical properties of the
BSP-loaded nanospheres as a function of MW and the co-
polymer ratio of D,L-lactide to glycolide. The present nano-

spheres exhibited unimodall particle size distribution, with a
mean diameter range from 300 to 490 nm, and the standard
deviations were rather low. These values agreed with those
observed by SEM in Fig. 1. The freeze-dried nanospheres
were easily redispersed in saline by shaking manually. It was
assumed that the reduced particle size of the W/O emulsion
droplet in the presence of Span 80, and the PVA adsorbed on
the surface of the nanospheres improved the wettability on
redispersing (19,20). The recovery and the drug content of the
BSP-loaded nanospheres were dependent on the molecular
weight and the size of the polymer, which mainly determined
the precipitation rate of the polymers in the oil phase; capry-
late and caprate triglyceride. With increasing LA ratio and
MW of the polymer, the hardening of emulsion droplets be-
came faster because of rapid precipitation of the polymer. In
these conditions, BSP was efficiently entrapped even in the
lipophilic polymer, although it has hydrophilic properties. It
was found that during the preparation of the BSP-loaded
nanospheres, the MW of the polymer was not changed.

Drug Release Properties of BSP-Loaded Nanospheres in
Vitro and in Vivo

Figure 2 shows the in vitro releasing profiles of the BSP-
loaded nanospheres as a function of molecular weight and
copolymer ratio of the polymer. The nanospheres prepared
with lower molecular weight polymers (PLGA-7505, PLGA-
5005, PLA-0005:MW � 5900–6500) released the drug imme-
diately within a few days. When the molecular weight of the
polymer was increased up to 19,900 (PLGA-7520), the initial
burst of the drug release significantly decreased. The nano-
spheres prepared with higher molecular weight polymers
(PLGA-7520, PLGA-5020, PLA-0020:MW�18,500–19,900)
prolonged the drug release for over three weeks at a lower
concentration ([0.016 �g/mL � h−1]) . The degradation of the
polymer was proven by the decrease in the molecular weight
of the nanospheres monitored using gel-permeation chroma-
tography. The molecular weight of the BSP-loaded nano-
spheres prepared with PLGA-7520 decreased gradually (ini-
tial MW � 18,900, MW after 7 day s� 16,800, MW after 14
days � 12,700, MW after 21days � 8900). Thus, MW was the
main factor in prolonging the drug release and the drug re-
lease kinetics were determined by the polymer degradation
rate. The drug release was also prolonged with the increasing

Table I. Physicochemical Properties of Betamethasone Sodium Phosphate in Various Polymeric Nanospheres Prepared by Modified Emulsion
Solvent Diffusion Method in Oil

Polymer
grade

Average molecular
weighta

Mean diameter
± s.d. (nm)

Recovery of
nanospheresb (%)

Drug recovery in
nanospheres (%)

Drug content in
nanospheres (%)

LA/GA � 75/25
PLGA-7520 19,900 302 ± 43 75.3 60.0 5.45
PLGA-7510 9,900 379 ± 64 35.8 31.5 2.86
PLGA-7505 5,900 463 ± 74 25.6 6.8 0.62

LA/GA � 50/50
PLGA-5020 18,500 349 ± 42 56.2 29.2 2.65
PLGA-5005 6,500 482 ± 89 22.7 7.4 0.67

LA/GA 100/0
PLA-0020 19,700 375 ± 61 76.1 50.6 4.59
PLA-0005 6,100 375 ± 63 31.1 13.0 1.18

a weight-based average molecular weight measured by GPC.
b defined as the weight ratio of the freeze-dried nanospheres.
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LA ratio in the polymer with slow degradation due to lower
hydrophillicity (3). In the present system, the drug release-
rate from the nanosphere prepared with copolymer LA/GA
ratio of 75/25 or 50/50 was slightly faster than that of 100/0.

The method of drug release test in vivo was developed
using the rat air-pouch model in which the biologic exudation
generated was similar to those of acute inflammatory re-
sponse (24). The drug releasing profiles of the BSP-loaded
nanosphere prepared with PLGA-7520 and the BSP aqueous
solution in the rat air-pouch model are shown in Fig. 3, ex-
hibiting the BSP dissolved in the inside exudation and the

BSP remaining in the nanosphere in the pouch. The BSP (50
mg)-aqueous solution administered in the pouch was imme-
diately absorbed into the subcutaneous tissues and the drug in
the pouch was immediately removed within 24 h. However,
the BSP (5 mg)-loaded nanosphere administered in the pouch
permeated into the subcutaneous tissues. Therefore, the
amount of BSP in the pouch increased gradually as shown in
Fig. 3, due to the prolonged release of the drug from the
nanospheres deposited in the tissue. The amount of BSP con-
tained in the pouch-exudation was inconsistent with that of
BSP released from the nanospheres as shown in Fig. 3. This
finding was described in terms of the two compartment model
determining the residual amount of BSP (X1) in the nano-
spheres and the BSP released (X2) in the pouch,

d X1�d t = −KR � X1

d X2�d t = KR � X1 − Ke � K2

where KR is the drug release rate constant in the pouch from
nanospheres and KR and Ke were found to be 22.7�g /mL ·
h−1 and 23.1�g /mL · h−1, respectively, from the drug concen-
tration profiles in Fig. 3. The concentration of the BSP intro-
duced as an aqueous solution in the pouch rapidly diminished,
however the drug concentration in the pouch for the nano-
spheres administered was gradually increased (Fig. 3). These
findings suggested that the release of BSP from the nano-
spheres was comparably high and sustained in the pouch. It
was found that KR was markedly higher than Kr [0.016�g /mL
· h−1] as found in Fig. 2. The molecular weight of the BSP
nanospheres residing in the pouch was decreased as initial
MW � 18,900 and MW � 14,200 after 7days. In contrast with
the in vitro drug release-trial, the molecular weight of the
BSP-loaded nanospheres in the exudation significantly de-
creased over a period of 7days. It was predicted that the
biologic enzymes contained in the pouch accelerated the deg-
radation of the nanospheres in the tissue leading to increased
drug release. Davis et al. (13) demonstrated that in vivo re-

Fig. 2. The BSP releasing profiles of the PLGA nanospheres pre-
pared by the emulsion solvent diffusion method. The equilibrium
concentration of BSP was 20 �g/mL.

Fig. 1. Scanning electron micrograph of BSP-PLGA nanospheres.
Magnification; ×10,000.

Fig. 3. Release profiles of loaded BSP in the exudation and amount
remaining in the air pouch induced by subcutaneous injection.
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lease-rates of the microspheres were not faster but were pro-
portionally related to in vitro release-rates, because the poly-
mer degradation was limited. However, our previous study
demonstrated that the PLGA nanospheres injected into rat
knee joints were preferably phagocytosed by the macro-
phages infiltrated through the synovial tissues, which de-
pended strongly on the size of the particulate system (18).
These findings suggested that the BSP-loaded nanospheres
introduced in the pouch were phagocytosed and degradated
by the macrophages in the pouch. Then the BSP released into
the pouch was delivered to the underlying tissue where they
exert biologic effects. After 7 days, there was no inflamma-
tory response in the tissues of the rat air-pouch, nor did any
physiological change occur.

Reduction in Joint Swelling and Surface Skin Temperature
of Antigen-Induced Arthritic Rabbit with
BSP-Loaded Nanospheres

The intra-articular injection of ovalbumin into the knee
joints of rabbits produced chronic arthritis, which closely re-
sembled rheumatoid arthritis (22). It was found that the swell-
ing of the knee joint reached a maximum at 24 h after the
ovalbumin challenge and was accompanied with an acute in-
flammatory fever. In our study, there was a mean joint swell-
ing of 7.35 ± 0.65mm (mean ± s.e.m.) at 24 h after the intra-
articular challenge in the control. The swelling was effectively
suppressed for one day after administration of the BSP aque-
ous solution (Fig. 4). Thereafter, the swelling markedly in-
creased to a degree similar to the swelling in the control. The
BSP-loaded nanosphere prepared with PLGA-7520 signifi-
cantly depressed the joint swelling even for 21 days, but then
gradually swelled. This sustained anti-inflammatory effect

with the nanospheres in the RA rabbit-model was caused by
the prolonged drug release behavior as suggested in Fig. 3. As
described by Ratcliffe (11), the particles administered in the
joint were diffused into the underlying synovial site via the
synovial site’s biologic action. In our previous study (18), it
was found that the fluoresceinamine (FA) bound PLGA
nanospheres administered into the rat joint cavity were
readily phagocytosed by the macrophages in the synovial
membrane. In addition, the phagocytic-uptake by macro-
phages continued and the phagocytosed nanospheres were
transferred into the submembranous adipose tissue through
the cell junction. These results suggested that drug release
was sustained from the BSP-loaded nanospheres phagocy-
tosed by macrophages infiltrating through the underlying tis-
sue in the synovium after administration.

The BSP-loaded nanospheres significantly reduced the
surface skin temperature of the knee joint, compared with the
control, whereas the biologic response of the BSP solution
was not different from that of the control. With the BSP
aqueous solution as the control, the drug pharmacological
suppression for acute inflammatory ‘flare’ activation might be
superimposed on underlying chronic arthritis.

Depression of Cellular Infiltration in the Synovial Fluid
with BSP-Loaded Nanospheres

The infiltration of leukocytes from the synovial tissue
was investigated by counting the number of cells presented in
the synovial fluid. Figure 5 shows the cellular infiltration in
the synovial fluid at 42 days after the intra-articular injection
of ovalbumin. The inflammatory leukocytes were not de-
tected in the synovial fluid of the right knees. The control in
the left-joint was swollen and the synovium contained a large
number of inflammatory leukocytes (161.0 ± 132.3 × 106 cells/
mL in joint wash), which revealed that the substantial inflam-
matory cell infiltration into the cavity showed continuous sy-
novitis during the period. In both the groups treated with the
BSP aqueous solution (75.3 ± 49.5 × 106 cells/mL) and the
BSP-loaded nanospheres (72.1 ± 29.3 × 106 cells/mL), the cel-
lular infiltration was significantly suppressed compared to the
control. It was reported by Pettipher (22a) that the accumu-
lation of inflammatory leukocytes in the synovial fluid

Fig. 4. Joint swelling in FCA-immunized rabbits at various times
after the intra-articular challenge. Fig. 5. Accumulation of inflammatory leukocytes in the synovial fluid

of FCA-immunized rabbits at 6 weeks after the challenge.
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reached a maximum 24 h after the challenge, and persisted up
to 42 days. We speculated that both the BSP aqueous solution
and the BSP nanospheres reduced cellular infiltration in the
early inflamed-stage. The type of infiltrated-leukocytes in the
synovial fluid was assumed to be different because of the
difference in the immune responses depending on the BSP
aqueous solution or the BSP-loaded nanospheres in the pe-
riod, although the microscopic measurement used in this
study could not discriminate the type of the cellular infiltra-
tion such as lymphocyte, monocyte or macrophages.

Reduced Circulating Antibody Titer to Ovalbumin after
Administrating BSP-Loaded Nanospheres

To verify the steroidal pharmacology, ovalbumin anti-
body generated in the rabbit serum was measured by the

ELISA method. Figure 6 shows a 50% (±s.d.) value of the
maximum in the titration curves, representing ovalbumin
IgM-antibody generated in the immunized rabbit (25). The
mean (50% value) in the groups administered the BSP-loaded
nanospheres and the BSP aqueous solution were significantly
lower than that of the control, although the difference be-
tween these groups was gradually decreased over time. The
50% value of the BSP nanospheres was lower than that of the
BSP aqueous solution in 4 weeks and 6 weeks after the ad-
ministration. These immunoreactions indicated that the in-
flammatory suppression was induced.

Reduced Loss of HYP from the Cartilage after
Administrating BSP-Loaded Nanospheres

In rheumatoid arthritis, the chronic inflammation in the
synovium coexists with the destruction of articular cartilage
(22a). In antigen-induced arthritis, the progressive loss of the
extra-cellular matrix in the articular cartilage was reported
previously (5). The destruction of articular cartilage occurs in
the lesion by the action of pannus-cells, and furthermore the
perpetuation of this chronic destructive synovitis leads to the
loss of joint function (26). To confirm the safety of the present
BSP-loaded nanosphere system in the joints, the change in
the cartilage component (hydroxyproline, collagen, glycos-
aminoglycan) was investigated as a pharmacological side-
effect.

Figure 7 shows the HYP contents of the articular carti-
lage (femoral condylar and tibial plateaus) in the immunized
rabbits at 6 weeks after the challenge. The HYP of the femo-
ral condylar after the administration of the BSP-loaded nano-
spheres was lower (1.17 ± 0.06 �g/mg, mean ± s.e.m.) than
that of the control (2.53 ± 0.36�g/mg) and the BSP aqueous
solution (1.93 ± 0.49 �g/mg). The HYP of the tibial plateau
for the BSP-loaded nanospheres (1.96 ± 1.14�g/mg) and the
control (1.28 ± 0.21�g/mg) were lower than that of the BSP

Fig. 6. 50% value of the maximum in titration curves as a function of
time after administration.

Fig. 7. Hydroxyproline (HYP) contents of articular cartilage in FCA-immunized rabbits at
6 weeks after the challenge.
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aqueous solution (2.80 ± 1.78 �g/mg). Although the BSP-
loaded nanospheres remained at sustained levels in the joint
synovium, the cartilage degradation caused by the adminis-
tration of the nanospheres was not significant compared to
the control.

In another experiment, the amount of proteoglycan con-
tained in the matrix of the articular cartilage with the admin-
istration of the BSP-loaded nanospheres slightly decreased
compared to that in the control and the BSP aqueous solu-
tion. Therefore, cartilage degradation in the inflamed joints
was not promoted because the drug release was prolonged at
a lower level compared to that in steroid administration in-
duced surface pathogenesis.

Histological Change after Administration of
BSP-Loaded Nanospheres

A histologic study for the generalized inflammatory re-
sponse was carried out to assess the biocompatibility of the
nanospheres injected into the joint tissue. The insides of the
articular cavities and surrounding tissues were morphologi-
cally observed and the histologic changes were detected as
shown in Fig. 8. The synovial lining of the control joint was
normal (Fig. 8a) and after the administration of BSP aqueous
solution no distinguishable change was found as shown in Fig.
8b. With the administration of the BSP-loaded nanospheres,
slight hyperplasia of the synovial membrane and widespread
infiltration of cells throughout the linings were observed in
Fig. 8c. The infiltration by macrophages and polymorphs was
discriminated by H.E. staining and their phagocytosis was
exhibited in the synovial membrane and the underlying tissue.
It has been reported that polymerized albumin microspheres
for intra-articular injection were phagocytosed by macro-
phages residing in the epithelium linings (11) and phagocyto-
sis was an active process initiated by the binding to surface
receptors (27). D’Souza (16,28–29) demonstrated that macro-
phages engulfed the foreign particles and the matrix of the
microparticles was degraded by the lysosomal enzyme in the
macrophages. The resultant biodegraded microparticles al-
lowed the drug release into the lining cells.

In our previous study, a colloidal suspension of the FA-
PLGA nanospheres (containing no-drug) was injected into
the rat synovium. The nanospheres were phagocytosed by the
macrophages and delivered to the deep underlying tissues
with biocompatibility (18). This delivery system was safe and
may be more suitable for drug delivery to inflamed synovial
tissue than microspheres due to their ability of nanospheres to
penetrate the synovium. In this study, even after the BSP-
loaded nanospheres were phagocytosed by the macrophages
in the synovial lining and slight changes in the histologic ap-
pearance were found for maximal phagocytosis (Fig. 8c).
These findings suggested that the histologic changes were af-
fected by BSP prolonged released from the nanospheres at
low levels after administration. Thus, we considered that the
administration of the BSP-loaded nanospheres are histologi-
cally safe.

CONCLUSION

The PLGA nanospheres with a water-soluble steroid
provided a sustained drug release in phosphate buffer saline
and in the rat air-pouch. Direct intra-articular injection of the

present PLGA nanosphere system provided a prolonged
pharmacological efficacy in the joints of arthritic rabbits. The
histologic safety of nanospheres administration to inflamed
synovial tissue was confirmed. The PLGA particulate system
can provide prolonged local- antiinflammatory action in joint
diseases without biologic damage.
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