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Abstract The effects of a new generation bisphospho-
nate, incadronate, in established adjuvant arthritis rats
were evaluated according to the arthritis index, hind paw
volume, and radiological and histopathological exam-
inations. Incadronate suppressed the radiological and
histopathological changes of hind paws, as well as the
joint swelling in a dose-dependent manner. In contrast,
the arthritis control rats showed drastic joint inflam-
mation, marked destruction of bone and articular car-
tilage. The remains of articular cartilage lost Safranin O
staining, and were attached with numerous TRAP-po-
sitive multinuclear cells. Some of resorption lacunas
could be seen at the cartilage matrix nearby the TRAP-
positive multinuclear cells. As regards the chondropro-
tective effects of bisphosphonates, we speculate that it is
probably concerned with the inhibition of the chondr-
oclasts. These data indicate that bisphosphonates may
be a class of effective agent that can be considered for
treatment of various arthritic conditions, including hu-
man rheumatoid arthritis.
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Introduction

Rheumatoid arthritis (RA) is characterized by chronic
inflammation of the synovium, progressive erosion of
the articular cartilage through pannus formation, and
joint destruction. However, the etiology and pathogen-
esis of RA are not clearly understood. The degree to
which bone involvement in RA can be controlled is also
unsatisfactory, as the currently available disease-modi-
fying antirheumatic drugshave little overall effect on the
course of bone destruction. Thus, agents capable of
suppressing both bone resorption and disease activity
would be ideal candidates for the management of RA.

Bisphosphonates are a class of synthetic analogs of
pyrophosphate that contain nonhydrolyzable P–C–P
bonds, have a high affinity for bone minerals, and inhibit
bone resorption by osteoclasts [1]. These compounds
have become the drugs of choice for the treatment of
skeletal disorders involving excessive osteoclast-medi-
ated bone resorption, such as Paget’s disease [2, 3],
tumor-induced osteolysis and hypercalcemia [4, 5],
postmenopausal osteoporosis [6], and juxtaarticular and
generalized osteoporosis in RA [7, 8]. Early studies
demonstrated that osteoclasts played a crucial part in
the pathogenesis of bone and articular cartilage
destruction in RA [9, 10]. From these data, we speculate
that inhibition of osteoclast activity might limit bone
and cartilage destruction in RA patients.

It has been reported that bisphosphonates, pamidro-
nate and alendronate could improve the clinical and
laboratory parameters in RA [8, 11, 12]. In addition,
clodronate and risedronate were shown to inhibit the
joint inflammation and the bone destruction in rat adju-
vant arthritis (AA), an animal model used in RA [13, 14].
More recently, zoledronate was shown to cause partial
chondroprotective effect in the carrageenan-induced
arthritis in rabbits [15]. Our earlier studies also showed
that incadronate, a new generation bisphosphonate,
inhibited joint inflammation, as well as bone and articular
cartilage destruction in rat with AA [16, 17]. But the
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mechanisms by which these compounds inhibit articular
cartilage destruction are not yet completely clear.

In this study, we evaluated the effects of incadronate
on joint inflammation and bone and articular cartilage
destruction in established rat AA. In addition, the
mechanisms by which this compound inhibits bone and
articular cartilage destruction were clarified partly. This
is more relevant to clinical therapy of RA.

Materials and methods

Animals

A total of 40 female Lewis rats (Charles River
Japan, Kanagawa, Japan), 6 weeks of age and weighing
135–145 g, were randomly allocated into 5 groups of 8
animals each, before being acclimatized for 1 week un-
der standard laboratory conditions. They were fed ad
libitum with standard laboratory chow and water. All
procedures were approved by the Committee of the
Ethics on Animal Experiment in Faculty of Medicine,
Kyushu University.

Induction of AA

Freund’s complete adjuvant was prepared by suspending
heat-killed Mycobacterium butyricum (Lot 104320JA;
Difco Laboratories, Detroit MI, USA) in mineral oil
(Nacalai Tesque, Inc., Kyoto, Japan) at a concentration
of 10 mg/ml. Two 0.05-ml aliquots were injected intra-
dermally twice into the proximal 1/4 of the tail on the
first day (termed day 0) of the experiment, following a
method described in [16].

Administration of the test compounds

Incadronate (YM175; disodium dihydrogen cyclohep-
tylamino methylene bisphosphonate monohydrate) was
kindly provided by Yamanouchi Pharmaceutical Co.,
Ltd. (Tokyo, Japan) and dissolved in phosphate buffer
solution (PBS). The rats were used for the study at
7 weeks of age and were treated as shown in Table 1.
The experiment was conducted over a 42-day period.
Each rat immunized with the adjuvant was given either
incadronate (0.1, 0.5 and 1 mg/kg/day) or PBS in a
volume of 1 ml/kg/day by a single subcutaneous injec-
tion beginning on day 15 and continuing until the day
before sacrifice.

Clinical measurements

Clinical measures, including measurements of body
weight, an arthritis index, and hind paw volume, were
assessed respectively on day 0, 10, 15, 20, 25, 30, 35, and
42. An arthritis index was assigned to every paw by a

single observer, who remained blind to the animal’s
treatment group, using a standard method, as described
by Kinne et al. [18]. Briefly, according to the extent of
erythema and edema of the periarticular tissues, the
severity of arthritis of each paw was scored using a scale
of 0–4. The total of the score for each rat was designated
by the arthritis index (maximum possible index per
animal = 16). The arthritis index of each rat on day 0
was determined to be 0. Hind paw volume was measured
with a volumetric apparatus (MK-550; Muromachi-ki-
kai Co., Ltd., Tokyo, Japan), as described in [16]. The
arthritis index and hind paw volume were used as the
measurement parameters of inflammation.

Radiological analysis

Radiographs were takenwith anX-ray apparatus (C-SM,
Softex Co., Ltd., Tokyo, Japan) and industrial X-ray film
(FUJI Photo Film Co., Ltd., Tokyo, Japan). The X-ray
apparatus was operated at 30 kV peak, 3 mA and 10-s
exposure with a 45 cm tube-to-film distance for lateral
projections. Radiographs of the hind limbs were obtained
from all the animals on day 42. The severity of bone and
joint destruction was scored blindly by the same person
for each hind limb according to the method described by
Barbier et al. [13], with some modifications. Briefly,
according to the extent of osteoporosis, osteophytes,
calcification, joint spaces and joint structure, the severity
of bone destruction of each paw was scored using a scale
of 0–4. The radiological score was termed radiological
index.

Histological examination

On day 42, 24 h after the final injection of incadronate
or PBS, the animals were anesthetized by intraperitoneal
injection of pentobarbital (Nembutal; Dainabot, Co.,
Ltd., Osaka, Japan) and fixed by intracardiac perfusion
with 4% paraformaldehyde solution (pH 7.4). After
perfusion, the hind paws were removed from the distal
part of the femurs and radiographs were taken as de-
scribed above, before further immersing the hind paws
in the same fixative at 4�C for 48 h. After being rinsed
several times with PBS, these specimens were decalcified
in 10% ethylenediamine tetracetic acid (EDTA) solution
(PH 7.2) at 4�C for 6 weeks, dehydrated and then
embedded in paraffin. Longitudinal sections (5?lm in
thickness) through the entire foot/ankle were stained
with Safranin O and Fast Green, and tartrate-resistant
acid phosphate (TRAP) using a leukocyte acid phos-
phatase kit (Sigma Chemical Co., St. Louis, Mo), at
37�C for 20 min in a moist chamber, before counter-
staining with hematoxylin.

Histopathological examination, including inflamma-
tory infiltration, articular cartilage and bone destruction
in the tibiotarsal region, was assessed respectively in 8
sections from 8 different specimens in each group. We
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estimated the histopathological changes under a micro-
scope (AX70TRF, Olympus Optical Co., Ltd., Japan),
using ·100 magnification. Grading of the inflammatory
infiltration, articular cartilage and bone destruction were
scored by 2 observers who were blinded to the experi-
mental outcome. The grading scheme used was
described by Kinne et al. [18]. Briefly, to evaluate the
degree of inflammatory infiltration, a subjective semi-
quantitative score of 0–3 was used, where 0 = no infil-
tration, 1 = mild, 2 = moderate, 3 = severe infiltration.
To evaluate the degree of cartilage and bone destruction,
a semiquantitative score of 0–4 was used, where 0 = no
erosion of cartilage or bone, 1 = unequivocal erosion
£ 10% of cartilage or bone cross-sections, 2 = erosion
of <50%, 3 = erosion of 50–90%, and 4 = erosion of
>90% of cartilage and bone cross-sections. The degree
of inflammatory infiltration was termed inflammation
score. The degree of cartilage and bone destruction was
termed joint destruction score. The inflammation score
and joint score were used as the measurement para-
meters of histopathology.

Statistical analysis

All measurements are shown as mean ± SEM. Statis-
tical analyses were performed using Macintosh Statview
software (Abacus Concepts, Berkeley, CA, USA). The
Mann–Whitney U-test was used to analyze each set of
variables. Differences were considered significant when
P<0.05.

Results

Clinical evaluation

A quite typical manifestation of AA was induced in all
the rats by day 15 after injection of adjuvant. These
arthritic animals showed erythema and swelling in their
extremities. Administration of incadronate to rats with
AA resulted in a significant decrease in disease severity,
as evaluated by arthritis index and hind paw volume.

The arthritic index of the PBS groups peaked on day 20
(Fig. 1a). Incadronate significantly decreased the arthritic
index at all the time points studied (P<0.05 or P<0.01),
except that incadronate at a dose of 0.1 mg/kg produced
only amild inhibition of inflammatory reaction on day 20.
There was no significant difference between group of
0.5 mg/kg and group of 1 mg/kg from day 20 to day 42.

Table 1 Experimental design

SC administrated subcutane-
ously

Group Number
of animals

Adjuvant
injection

Compound Dose
(mg/kg/day, SC)

A 8 + Incadronate 0.1
B 8 + Incadronate 0.5
C 8 + Incadronate 1
D 8 + PBS (positive control)
E 8 � Normal control

Fig. 1 Time course of changes in clinical parameters. a Time course
of changes in arthritis index (number of rats per group = 8). b
Time course of changes in hind paw volume (number of hind paws
per group = 16). c Time course of changes in body weight (number
of rats per group = 8). Values are expressed as the mean ± SEM.
*P<0.05 and **P<0.01 (the incadronate-treated groups versus the
PBS-treated group at the same time points). Mann–Whitney U-test
was used
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The hind paw volume of the PBS group showed a
progressive increase, with it peaking on day 25 and then
slowly decreasing thereafter, although it still remained
large until day 42 (Fig. 1b). In contrast, the maximum
swelling of incadronate-treated animals was observed on
day 20, after which the hind paw volume rapidly de-
creased as compared with that in the PBS group. At all
the dose levels we examined, the hind paw volume of
incadronate-treated animals showed a significant dose-

dependent inhibition (P<0.01). Incadronate at a dose of
0.1, 0.5 and 1 mg/kg inhibited the hind paw volumes to
65, 62 and 60%, respectively, compared to the PBS
group (termed 100%) on day 42.

The loss of body weight in incadronate-treated ar-
thritic groups was the same as the PBS-treated group
(Fig. 1c). A significant difference was not observed in all
the arthritic groups.

Radiological evaluation of the hind paw

Representative radiographs of the hind limbs from each
group were shown in Fig. 2. Compared to the radio-
graphs of normal rats, the PBS-treated group exhibited
severe bone destruction, with active osteophytosis. This
was characterized by reduced bone density, deranged
bone trabecula, focal areas of excessive bone resorption
and no visible joint spaces. The severity of the bone
destruction in the hind limbs of all the arthritic groupswas
scored as described in theMaterials andmethods (Fig. 3).
The radiological index for each of the treatment groups
was significantly lower than that for the positive control
group, with the high dose (1.0 mg/kg) group displaying
the lowest degree of joint destruction. On day 42, in the
end of the experiment, incadronate at a dose of 0.1, 0.5
and 1 mg/kg inhibited the radiological score to 60, 47 and
39%, respectively, compared to that of the arthritis
control (termed 100%) in a dose-dependent manner.

Fig. 2 Radiographical
appearances of rat hind limbs
on day 42. a Normal control
rats. b PBS-treated positive
control rats. The hind limb
shows severe bone destruction
with activity osteophytosis,
reduced bone density, focal
areas of bone resorption and no
visible joint spaces. Significant
aggravation of joint destruction
is apparent in the PBS-treated
rats compared with the normal
control rats. c–e Arthritic rats
treated respectively with 0.1, 0.5
and 1 mg/kg/day of
incadronate. c shows mild bone
enlargement with stabilized
osteophytosis in the distal
metaphysis of the tibia
and minor joint space
alterations. d, eshows almost
normal findings. In contrast to
the PBS group, there is
increased bone density in the
distal metaphysis of the tibia,
and obvious preservation of
joint structure in the
incadronate-treated groups

Fig. 3 Radiological index of hind paws in each group on day 42.
Values are expressed as the mean ± SEM (n=16). *P<0.01
(compared with the PBS-treated positive control group). Mann–
Whitney U-test was used

735



Histopathological evaluation of the hind paw

Representative histopathological findings of the peritar-
sal regionwere shown in Fig. 4. In the PBS-treated group,
the bone and joint were severely affected and the normal
structure had been partially replaced by fibrous connec-
tive tissue (Fig. 4b). Comparison of the PBS-treated ar-
thritic group with the incadronate-treated arthritic
groups, revealed a significant reduction in inflammatory
infiltration in the tibiotarsal region after 4 weeks with
incadronate treatment. Icadronate suppressed synovium
hyperplasia, fibrous ankylosis and pannus formation in
the ankle joints, in a dose-dependent manner.

On the other hand, marked differences were seen in
the articular cartilage of talus between the incadronate-
treated group and the PBS group (Fig. 5). The positive
control group showed variable degenerative changes,
characterized by fibril formation (Fig. 5b). The su-
pertalar cartilage showed extensive disorganization and
absence of Safranin O staining. The subchondral bone
of talus was lost completely. Incadronate prevented
destruction of the supertalar cartilage and bone in talus.
In the incadronate-treated 0.1 mg/kg group, the su-
pertalar cartilage showed some loss of Safranin O
staining (Fig. 5c). Whereas, in the incadronate-treated
1 mg/kg group, the Safranin O staining was similar to
normal control group (Fig. 5d). Incadronate partially
prevented some of these degenerative changes and
ameliorated the decrease in Safranin O staining of the
articular cartilage, in a dose-dependent manner.

On day 42, as shown in Fig. 6, incadronate (at a dose
of 0.1, 0.5 and 1 mg/kg) inhibited the inflammatory
infiltration to 58, 50 and 46%, the bone and articular
cartilage destruction to 69, 62 and 48% (termed 100% of
the arthritis control). Incadronate suppressed the path-
ological changes seen in AA described above in a dose-
dependent manner. Histopathological evaluation of an-

kle joints from arthritic rats revealed that incadronate
inhibited the degree of histological lesions.

Appearance of osteoclasts in AA

The TRAP-positive reaction was a marker of osteoclasts
and preosteoclasts or precursors. Generally, the multi-
nuclear TRAP-positive cells were identified as osteo-
clasts.

In the PBS-treated group, striking infiltration of
numerous TRAP-positive cells was observed in the bone
marrow space as well as on the surface of the bone
trabeculae (Figs. 5f, 7a). A little of TRAP-positive cells
were also seen in the bone marrow cavities by the bone
trabecular surface in the incadronate-treated 0.1 mg/kg
group (Figs. 5g, 7b). In contrast, the TRAP-positive
cells were rarely seen in the incadronate-treated 1 mg/kg
group (Fig. 5h). The treatment of incadronate reduced
the number of TRAP-positive cells in the marrow cavi-
ties of talus.

The TRAP-positive cells showed some different
appearance between the PBS-treated group and incadr-
onate-treated groups (Fig. 7). In the PBS-treated group,
there were many TRAP-positive multinuclear cells with
marked polarity to be seen near the bone trabecula
surface. TRAPase histochemical reaction products were
accumulated clearly in the bone matrix juxtaposed to
these osteoclasts. It was certified that they were very
active in bone destruction (Fig. 7a). In contrast, the
TRAP-positive multinuclear cells displayed unable
cytological characteristics, such as lost polarity, scaled
off the bone trabeculae, and contracted spheroid body in
the marrow cavity in incadronate-treated arthritic rats
(0.1 mg/kg). These cells showed apoptotic changes,
showing condensation and magnification of hetero-
chromatin (Fig. 7a).

Fig. 4 Histopathological appearances of the peritarsal region on
day 42. Sections were stained with TRAP, before being counter-
stained with hematoxylin. Original magnification ·20. a Normal
control rats. b PBS-treated positive control rats. No normal bone
or joint structures. Severe destruction of the articular cartilage and

replacement with dense fibrous connective tissue producing a
fibrous ankylosis. c–e Arthritic rats treated respectively with 0.1,
0.5 and 1 mg/kg/day of incadronate. d, e show mild synovial
proliferation around the joints. The bone and joint structures are
well preserved in the incadronate-treated rats
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Figure 8 showed the histopathological appearance of a
disorganized intermetatarsal joint in the PBS-treated
group. The remains of articular cartilage lostSafranin O
staining (data not shown), and were attached with
numerous TRAP-positive multinuclear cells. Some of
resorption lacunas could be seen at the cartilage matrix
nearby the TRAP-positive multinuclear cells. These
TRAP-positivemultinuclear cells seemed to be osteoclasts.

Discussion

This report shows that incadronate inhibited not only
bone destruction but also joint inflammation and artic-
ular cartilage destruction in rats with established AA;
these results were confirmed both histologically and
radigraphically.

Fig. 5 Histopathological
appearances of the tibiotarsal
region on day 42. ae, bf, cg, and
dh are serial sections,
respectively. a, b, c and d were
stained with Safranin O and
Fast Green. e, f, g and h were
stained for TRAP before
counterstaining with
hematoxylin. Original
magnification ·100. a,
e Normal control. b, f PBS-
treated positive control.
Multiple layers of synovial cells
occupy the tibiotarsal region.
Loss of Safranin O staining is
evident in the articular
cartilage. The subchondral
bone of talus was lost
completely. There is marked
infiltration of TRAP positive
cells in the marrow cavity. cg
and dh Arthritic rats treated
with 0.1 and 1 mg/kg/day of
incadronate, respectively.
Preservation of Safranin O
staining of articular cartilage is
observed, and the number of
TRAP positive cells in the
marrow cavity is markedly
decreased. The cartilage and
bone structures are well
preserved
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Treatment of established AA rats with incadro-
nate by a single subcutaneous injection per day (over a
4-week period) resulted in marked inhibition of bone
destruction. Bisphosphonates are well-known inhibitors

of osteoclastic bone resorption. Several studies have
shown that incadronate could inhibit multinuclear
TRAP-positive cell formation in mouse bone marrow
cultures [19, 20], and facilitate apoptosis of osteoclasts in
normal rats which were injected intravenously with
1 mg/kg [21]. In our previous study, incadronate also
decreased the number of multinuclear TRAP-positive
cells in AA rats [16]. In this study, the morphological
changes of osteoclasts indicated their functional differ-
ences (Fig. 7). The ability of osteoclasts was inhibited
with bisphosphonate in incadronate-treated groups. As
shown in Fig. 7b, the osteoclasts had lost polarity,
contracted spheroid body, and scaled off the bone tra-
beculae. Some of these osteoclasts seemed to be apop-
tosis or preapoptosis. Thus, incadronate suppressed the
bone resorption and protected bone structures in AA
rats.

Administration of incadronate to rats with estab-
lished AA significantly inhibited articular cartilage
destruction, as shown in Fig. 5. These obtained similar
results to our previous study for prophylactic treatment
of incadronate to AA rats [17]. In contrast, other
investigators have reported that zoledronate suppressed
articular cartilage from degradation in a rabbit model of
inflammatory arthritis induced with carrageenan [15].
These suggested that bisphosphonates may have chon-
droprotective abilities. But, the mechanisms underlying
chondroprotective abilities of bisphosphonates are not
yet completely clarified.

It is well known that type II collagen is almost
exclusively localized in cartilage. The fragments derived
from the type II collagen should represent a specific
index for cartilage degradation. Recently, some reports
demonstrated that alendronate, ibandronate, and
zoledronate decreased the urinary excretion of type II C-
telopeptide degradation products (CTX-II), a new
marker of cartilage degradation, in patients with Paget’s
disease or in healthy postmenopausal [22, 23]. Both
pamidronate and alendronate could reduce the product
of MMP-3 and MMP-13 which were correlated with
degradation of type II collagen in supernatant of human

Fig. 6 Histopathological index of the tibiotarsal region on day 42.
a Inflammation score in hind paws. b Joint destruction score in
hind paws. (number of rats per group = 8). Values are expressed as
the mean ± SEM (number of sections per group = 8). **P<0.01
(the incadronate-treated groups versus the PBS-treated group).
Mann–Whitney U-test was used

Fig. 7 Cytomorphological appearances of osteoclasts. Sections
were stained for TRAP before counterstaining with hematoxylin.
Original magnification ·200. a PBS-treated positive control rats.
TRAP-positive multinuclear cells are adjacent to the trabecular

bone. b Arthritic rats treated with 0.1 mg/kg/day of incadronate.
The TRAP-positive multinuclear cells showed apoptotic changes,
with condensation and magnification of heterochromatins. These
cells changed to round cells and detached from trabecular bone

738



tumorous cell lines [24]. In addition, pamidronate and
risedronate have been shown to prevent dexamethasone-
induced growth retardation and apoptosis of chondro-
cytes in vitro [25]. All of these findings just showed us
some indirect evidence of chondroprotective effects of
bisphosphonates. The prevention of articular cartilage
destruction in incadronate-treated groups may be also
due to the same mechanisms.

In the present study, we found that TRAP-positive
multinuclear cells could destroy the degenerating artic-
ular cartilage directly (Fig. 8). As previously described
by Bromley et al. [10], these TRAP-positive multinuclear
cells were chondroclasts, and they were morphologically
and histochemically similar to osteoclasts. If so, bis-
phosphonates may also suppress the function of
chondroclasts directly. As regardsthe protection of
articular cartilage of bisphosphonate, we speculate that
it was probably concerned with the inhibition of the
chondroclasts. As shown in Fig. 8, a little of new insight
has been given in this animal model. This effect is re-
quired to be confirmed further.

Besides its effective inhibition of bone and articular
cartilage destruction, incadronate also had a beneficial
effect on inflammation in established rat AA, as shown
by arthritis index, hind paw volume and inflammation
score. In our earlier studies, we obtained similar results
for the inhibition of joint inflammation after incadro-
nate injection to arthritic rats [17]. Macrophages are
known to be involved in the inflammatory response by,
for instance, secreting mediators of inflammation such
as prostaglandins, cytokines and various neutral prote-
ases, and are found in large numbers within inflamed
joints [26]. We had shown that incadronate decreased
the number of ED1 (a mouse anti-rat macrophage
antibody) positive cells infiltrating the synovial tissue,
and inhibited the chemotaxis of the mouse macrophage-
like cells (RAW 264.7) induced with macrophage
chemoattractant protein (MCP)-1 in vitro [17]. Luck-
man et al. [27] had reported that incadronate and other
nitrogen-containing bisphosphonates could cause

apoptosis in mouse J774 macrophages in vitro by
inhibiting posttranslational modification of proteins.
The anti-inflammatory effect of incadronate was very
likely by inducing apoptosis of macrophages resident in
synovium. In addition, one study indicated that oral
alendronate therapy in early RA could significantly de-
crease the serum interleukin 1 beta (IL-1beta), IL-6,
tumor necrosis factor alpha (TNF-alpha), erythrocyte
sedimentation rate, and C-reactive protein [8]. It was
possible that incadronate could exert its anti-inflamma-
tory effect by modulating some preinflammatory cyto-
kines. In contrast, other investigators have reported that
incadronate exacerbated the arthritis induced in mice by
the co-injection of type II collagen and an adjuvant [28].
The discrepancy in the effects may be due to differences
in the methods of administration or the animal models
used. At present, the exact mechanism behind the anti-
inflammtory effect of incadronate has not yet been fully
understood.

Further, compared with the PBS-treated positive
control group, no loss of body weight was observed in
the rats receiving incadronate in the present study, al-
though we noted that body weight tended to decrease
when a high daily dose of incadronate was given before
the onset of arthritis. Regarding the adverse effects of
bisphosphonates on bone, administration of high doses
of alendronate and pamidronate has been shown to in-
hibit bone turnover and cause cumulative microdamage
in vivo [29, 30]. Komatsubara et al. [31] indicated that 3-
year incadronate treatment also increased accumulation
of microdamage in dog vertebra, but this was not nec-
essarily associated with vertebral fragility because of
compensated increase of bone mass and improved mic-
roarchitecture. Although no microdamage accumulation
was observed in the present study, this possibility will
need to be addressed in long-term studies with histo-
logical and radiological monitoring to confirm the safety
of long-term bisphosphonate use for human patients.

Taken together, these observations clearly indicate
that incadronate protected bone and articular cartilage

Fig. 8 Histopathological appearances of the articular cartilage
destruction in the PBS-treated positive control rats. Sections were
stained for TRAP before counterstaining with hematoxylin. a
Original magnification ·100. The remains of articular cartilage
were attached with numerous TRAP-positive multinuclear cells. b

High-power magnification view of the boxed region in a. Original
magnification ·400. These TRAP-positive multinuclear cells
displayed the cytologic characteristics of maturative osteoclast,
such as multiple nuclei; resorption lacunas at the cartilage matrix
attached nearby these cells
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structures, suppressed joint inflammation in established
rat AA. On the basis of these results, incadronate may be
an effective agent that can be considered for treatment of
various arthritic conditions, including human RA.
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