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Abstract
Objective
The effects of a new third-generation bisphosphonate, YM529, on both the development and treatment of
adjuvant arthritis were investigated in rats.

Methods
Five-week-old Lewis rats with adjuvant arthritis were prophylactically and therapeutically treated with
0.001, 0.01 and 0.05 mg/kg/day of YM529 and the arthritis scores were measured. Soft X-ray and histologi-
cal findings were compared to those of the control group. Body weights were also measured.

Results
YM529 suppressed the severity of adjuvant arthritis in a dose-dependent manner when used as either a pro-
phylactic or therapeutic drug. Administration of the drug had little effect on body weight.

Conclusion
YM529 may act on arthritic joints locally to prevent inflammation. However, further experiments are neces-
sary to elucidate the underlying mechanisms.
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Introduction

Rheumatoid arthritis (RA) is an auto-
immune disease involving chronic joint
inflammation and destruction. Current
therapy comprises a combination of
disease-modifying anti-rheumatic drugs
(DMARDS) or methotrexate, and bio-

logical anti-cytokine agents such as
etanercept, infliximab and anakinra (1-
4). However, even such combination
therapies have not yielded satisfactory
results in terms of lower disability and
a higher proportion of remission in RA

patients.

Bisphosphonates generally inhibit bone
resorption by suppressing osteoclasts;

they are currently being developed as
potential drugs for osteoporosis (5),

multiple myeloma (6), tumor-induced
hypercalcemia, and metastatic bone dis-
eases (7). Some bisphosphonates exert
inhibitory effects on adjuvant arthritis
(AA) and antigen-induced arthritis,

which include the inhibition of inter-
leukin-1 (IL-1) production by the mur-

ine macrophage cell line J774-1 (8, 9).
Rat adjuvant arthritis has been used in
pre-clinical studies as a standard animal

model for chronic inflammation occur-

ring in human RA (10). Following the
promising results in animal studies, it
was found that pamidronate clinically
suppressed bone resorption and reduced
disease activity in a dose-dependent
manner without serious side effectsin
patients with RA(11).

Minodronic acid, 1-hydroxy-2-(imidazo
[1,2-a] pyridin-3-yl)ethane-1,1-bisphos-
phonic acid monohydrate (YM529) isa
novel bisphosphonate that shows 100-

fold greater potency against bone re-
sorption than pamidronate, a second-
generation bisphosphonate in animal

models (12,13). In rats with collagen-

induced arthritis, minodronic acid sup-

presses the decrease in bone mineral

density and deterioration of the bone
microstructure, and reduces inflamma-
tion (14). These results suggest that min-
odronic acid may constitute an effective
agent in RA treatment. The current

study examines the preventive and ther-
apeutic effects of YM529 on AArats.

Materials and methods

Animals
Inbred 5-week-old femae Lewis rats
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were purchased from Charles River
Japan, Inc. (Kanagawa, Japan), and
housed in specifically prepared patho-
gen-free rooms for the duration of the
experiment. They consumed standard
rat chow and water ad libitum for one
week while becoming acclimated to
their new environment.

This study was performed at the Ani-
mal Experiment Facility, Gunma Uni-
versity Faculty of Medicine. The Gun-
ma University, Showa Campus Animal
Care and Experimentation Committee
approved the protocol.

Induction of adjuvant arthritis
Freund's Complete Adjuvant (FCA)
was prepared by mixing heat-killed
Mycobacterium butyricum (Difco Lab-
oratories, MI, USA) with paraffin ail.
Adjuvant arthritis was induced by in-
tradermal injection of 0.1 ml FCAcon-
taining 12 mg/ml Mycobacterium buty -
ricum at the base of the animal’ s tail.

Administration protocol

Yamanouchi Pharmaceutical Co., Ltd.
(Tokyo, Japan) kindly provided the
YM529, which we dissolved in 1 N of
sodium hydroxide solution and then
compensated to pH 6.3 with hydrochlo-
ric acid at concentrations of 0.05, 0.01,
and 0.001 mg/kg/0.1 ml.

Prophylactic administration. Rats were
divided into four groups (n = 10 each).
From the day when the adjuvant was
given to day 14 of the experiment, rats
in each group were injected once daily
subcutaneously with the different con-
centrations of YM529 described above.
Identical volumes of physiological sa-
line were given as a control.
Therapeutic administration. After the
14-day injection period the rats with
AA were divided into four groups (n =
10), based on their arthritis score. The
procedure for therapeutic administra-
tion was identical to that of preventive
administration.

Arthritis evaluation

During injection periods of YM529,
arthritis was evaluated on the basis of
the arthritis score according to Cannon
et al. with some modification (15). In
brief, the severity of arthritis in the
mid-forepaw and mid-hindpaw was
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Fig. 1. Mean and standard error of arthritis scores when Y M529 was administered asa (A) prophylactic or (B) therapeutic agent.
* Scores showing statistically significant differences between the control and Y M529 treated groups.

scored as: 0 = no arthritis; 1 = extreme
redness and minimal swelling; 2 = me-
dium swelling; 3 = severe swelling; 4 =
severe swelling and non-weight bear-
ing. The presence/absence of arthritis
in each digit in the interphalangeal, me-
tacarpophalangeal, and metatarsopha-
langeal joints of the pawswas scored as
0 = no arthritis or 1 = arthritis present.
The presence/absence of tail swelling
was scored as 0 = no swelling or 1 =
swelling present. A maximum score of
18 was possible for each animal.

Evaluation of bone destruction

Rats were sacrificed after one week fol-
lowing completion of the YM529
injections. Both hind paws were dis-
sected and immediately fixed in 10%
neutral buffered formalin. They were
imaged using a soft X-ray instrument
(CMB-2; Softex Co., Ltd., Tokyo,

Japan) and soft X-ray film (Fujicolor
Trading Co., Ltd., Japan). One day
after the fixation, bone destruction, soft
part swelling, osteoporosis, cartilage
loss, and erosion were evaluated with-
out knowledge of the treatment using
the radiological index described by
Cannon et al. (15). A subjective 0-3
grading scale was used, with O indicat-
ing negative or normal, 1 indicating
mildly affected, 2 moderately affected,
and 3 severely affected.

Histopathological evaluation

Hematoxylin and eosin staining were
performed on the sagittal section of the
foot. The extent of changesin synovial
lining cells (hyperplasia, hypertrophic
shape), the degree of inflammatory
infiltration of subsynovial tissue was
graded using a semiquantitative score
from 0-3, with O indicating normal and

3 indicating severe damage, as des
cribed by Oelzner et al. (16).

Satistical analysis

Fischer’'s protected least significant
difference and the Bonferroni/Dunn
test were used for comparative analysis
of data from different rat groups. A
probability value of less than 0.05 was
assumed to indicate significant differ-
ence.

Results

Prophylactic effects of YM529
Arthritis evaluation. Rats in the control
group and those treated with 0.001
mg/kg developed AA at day 12 and
were little changed at day 14; those
treated with 0.01 and 0.05 mg/kg
showed less severe AA (Fig. 1A). The
mean arthritis scores on day 14 were
14.7 + 0.92 in the control group, and

(A)

7 9 12 14 15 21 (deys) 0 7

21

28 35(days)

(B)

Fig. 2. Weight change in adjuvant arthritis rats when Y M529 was administered as a (A) prophylactic or (B) therapeutic agent. Data expressed as the mean +

standard error.

*Note the statistically significant differences between the control and YM529 treated groups.
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Fig. 3. Soft tissue X-ray findings when Y M529 was administered as a prophylactic (A) or therapeutic (B) agent.

Soft X-rays showed severe hind footpad swelling, demineralization, and joint destruction of rats in the control and 0.001 mg/kg/day Y M529 treated groups,
but the extent of those features decreased with increased concentration of Y M529.

(a) control, (b) 0.001 mg/kg/day YM529, (c) 0.01 mg/kg/day Y M529, (d) 0.05 mg/kg/day Y M529
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16.2+ 032,34+ 119 and 0.8 + 0.42
in the 0.001, 0.01 and 0.05 mg/kg treat-
ed groups, respectively. A statistically
significant decrease in the arthritic
score was observed in rats treated with
0.001 mg/kg on day 12, and for those
treated with 0.01 and 0.05 mg/kg at
days 12, 14, 16, and 21 (Fig. 1A).
Weight change in rats administered
YM529. Rats treated with 0.05 mg/kg
showed temporarily reduced scores on
day 7. However, the scores recovered
on day 9. Weight gain occurred in rats
given 0.01 and 0.05 mg/kg after day 9.
Statistically significant weight loss was
apparent on days 16 and 21 in rats
given 0.001 mg/kg and the control rats
(Fig. 2A).

Radiological change in rats adminis -
tered YM529. Soft X-rays showed
severe hind footpad swelling, deminer-
alization, and joint destruction inratsin
the control and 0.001 mg/kg treated
groups. However, the extent of those
features decreased with th eYM529
concentration: some of the rats which
received 0.01 or 0.05 mg/kg had an
almost normal appearance (Fig. 3A).
The mean radiological indexes on day
21 were 2.7 £ 0.15 in the control group,
and 2.7 £ 0.15, 0.6 + 0.22 and 0.2 *
0.13in the 0.001, 0.01 and 0.05 mg/kg
groups, respectively. Statistically sig-
nificant decreases were observed for
both the 0.01 and 0.05 mg/kg treated
groups (Fig. 4A).

Histological findings. Histopathologi-
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cal assessment of the foot pads of rats
in the control and 0.001 mg/kg Y M529
groups revealed marked infiltration of
neutrophils and lymphocytes with dis-
ruption and loss of articular cartilage.
However, inflammatory cell invasion
and articular cartilage destruction were
less prominent with increasing Y M529
concentrations (Fig. 5A).

Therapeutic effects of YM529

Arthritis evaluation. After day 21,

YM529 improved the arthritis score in
a dose-dependent manner (Fig. 1B).

The mean arthritis scores on day 35
were 13.4 + 0.452 in the control group,

and 10.1 £ 0.53, 9.1 + 0.67 and 7.8 +
0.71 in 0.001, 0.01 and 0.05 mg/kg
treated groups, respectively. A statisti-

cally significant decrease in arthritis
scoreswas observed in rats treated with
0.01 and 0.05 mg/kg at days 30and 35
(Fig. 1B).

Weight change in rats administered
YM529. Weight gain occurred in rats
from each group after day 14. The pre-
sent study found no statistically signifi-

cant difference (Fig. 2B).

Radiological change in rats adminis -
tered YM529. Soft X-rays showed

improvement of hind footpad swelling,

demineralization, and joint destruction
in the rats in the 0.01 and 0.05 mg/kg/
day YM529 treated groups. However,

rats treated with 0.001 mg/kg showed
only a dlight increase of those features
(Fig. 3B). Mean radiological indexes

on day 35 were 2.65 + 0.13 in the con-
trol group, and 2.22 + 0.17, 1.75 + 0.08
and 1.30 + 0.11 in the 0.001, 0.01 and
0.05 mg/kg Y M529 groups, respective-
ly. Statistically significant decreases
were observed for both the 0.01 and
0.05 mg/kg treated groups (Fig. 4B).

Histological findings. Histopathologi-
cal assessment of the foot pads of rats
in the control and 0.001 mg/kg Y M529
groups revealed marked infiltration of
neutrophils and lymphocytes with dis-
ruption and loss of articular cartilage.
However, inflammatory cell invasion
and articular cartilage destruction were
less prominent in the rats in the 0.01
and 0.05 mg/kg YM529 groups (Fig.
5B).

Discussion

Bisphosphonate is reported to induce
anti-inflammatory effectsin AArats by
inhibiting IL-1-like activity of resident
peritoneal macrophages and decreasing
concentrations of cytokine-induced
neutrophil chemoattractant-1 and TN~
a in bone marrow (8,9). Clodronate
and pamidronate, some types of bis-
phosphonates, inhibit secretion of pro-
inflammatory cytokines from macro-
phage-like RAW 264 cells stimulated
by lipopolysaccharides (17). Liposo-
mal clodronate is reported to induce
macrophage elimination. Consequent-
ly, it inhibits local production of IL-1b,
IL-6, TNFa, and MMP-9 (18). Except
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Fig. 4. Radiological index when YM529 was administered as a (A) prophylactic or (B) therapeutic agent. Bars above symbols indicate mean + standard

error.

* Scores showing statistically significant differences between the control and Y M529 treated groups.
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Fig. 5. Histological findings when YM529 was administered as a (A) prophylactic or (B) therapeutic agent.
Histology of control (a) and 0.001 mg/kg/day (b) footpads shows infiltration of neutrophils and lymphocytes with disruption and loss of articular cartilage.
However, dterations are less pronounced with greater concentrations of YM529 (c: 0.01 mg/kg/day, d: 0.05 mg/kg/day) (HE, x79).
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for these experimental reports, bisphos-
phonate clinically suppressed bone re-
sorption and disease activity in patients
with RA (11).

Only recently developed as a new third-
generation bisphosphonate, Y M529 has
a heterocyclic R2 side chain and shows
a 100-fold greater potency in animal
models against bone resorption than
pamidronate, a second generation
bisphosphonate (12,13). The R2 side
chain, and especially the basic nitrogen
group, appears to play an important role
in the interaction of bisphosphonates
with a pharmacological target because
minor modification to the structure or
conformation of the R2 side chain can
affect the anti-resorptive potency dra-
matically (19-22).

In the present study, YM529 sup-
pressed rat AAdevelopment with asig-
nificant reduction of arthritic changes
at the high concentrations (Fig. 1A). In
addition, when administered as therapy
it improved the arthritic condition of
rates in a dose-dependent manner (Fig.
1B). Soft X-ray and histological find-
ings provided further evidence of
improvement of the arthritic condition
when YM529 was used both as a pro-
phylactic (Figs. 3A, 4A, 5A) and as a
therapeutic agent (Figs. 3B, 4B, 5B) in
rat AA.Weight lossis amarker for tox-
icity in animals (23). However, weight
loss also occurred with progression of
arthritis resulting from a poor general
condition (Fig. 2A). Body weight in-
creased concomitant with an improve-
ment in the arthritic condition (Fig.
2A). Moreover, no weight loss was
observed when YM529 was adminis-
tered therapeutically (Fig. 2B). Howev-
er, YM529 at a dose of 0.1 mg/kg/day,
athough it prevented AA, caused diar-
rhea and gastric ulcer with weight loss
and consequent death (data not shown).
This result suggests that Y M529, at too
high a dose, might induce fatal adverse
effects even though it suppresses in-
flammation. When used at appropriate
concentration, YM529 effectively sup-
pressed AAin rats with little toxicity.
Synovial tissues from patients with
rheumatoid arthritis produced cyto-
kines such as TNFa, IL-1b (24-26),
and matrix metalloproteinase-3 (24).
Local joints of adjuvant arthritis rats
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are also known to have elevated levels
of TNFa, IL-1b and IL-6 (27, 28). Clo-
dronate inhibited the local production
of TNFa, IL-1b and IL-6 (18). Min-
odronic acid prevented arthritis by sup-
pressing bone resorption in rats with
collagen-induced arthritis (14). In that
study, minodronic acid might have sup-
pressed arthritis by inhibiting the in-
crease in inflammatory cytokine level.
However, no study has addressed how
minodronates such as YM529 affect
the production of these cytokines. The
present study showed little effect on
TNFa, IL-1b and IL-6 in rat serum
when YM529 was administered at dif-
ferent concentrations (data not shown).
That relative lack of effect implies that
YM529 inhibits the production of
TNFa, IL-1b and IL-6 in local joints of
AAinrats. If thisis the case, measure-
ment of local cytokines such as TNFa,
IL-1b and IL-6 might be appropriate.
On the other hand, it is possible that
this drug has anti-inflammatory effects
which are unrelated to these functions
or that do not inhibit synthesis of these
cytokines under certain conditions. In
fact, other investigators have demon-
strated that aminobisphosphonates
were ineffective against inflammation
in collagen-induced arthritisin rats and
mice (29-31). These contrasting find-
ings could be attributabl e to differences
in the molecular structure of the agents,
the method of administration, or the
animal models used. In this sense, the
exact mechanism of bisphosphonate
toward inflammation remains partialy
unclear. Zoledronic acid, another type
of third generation bisphosphonate, is
850-fold stronger than pamidronate as
an inhibitor of resorption. It is another
candidate with a comparable mecha
nism to that of minodronic acid (6).
Further studies should be conducted to
elucidate its mechanism.

In conclusion, YM529 may exert its
anti-inflammatory effect by modulat-
ing some cytokines. However, further
studies are necessary to determine the
optimal effect profile of various thera-
py regimens with Y M529 to reduce di-
sease activity without adverse effects.
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