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Summary

Both oestrogen deficiency and the inflammatory disease contribute to the
generalized bone loss seen in postmenopausal rheumatoid arthritis (RA).
Oestradiol and the selective oestrogen receptor modulator raloxifene have
been shown to ameliorate the disease in collagen-induced arthritis (CIA), a
well-established animal model for human RA. The aim of this study was to
investigate whether raloxifene-treatment would be beneficial in long-term
treatment of established CIA, both regarding anti-arthritic and anti-
osteoporotic properties. Female dilute brown agouti mice were ovariecto-
mized and CIA was induced. Raloxifene or vehicle treatment was
administered 5 days per week, and the clinical arthritis score was evaluated
continuously. At termination, bone mineral density was analysed, paws were
collected for histological examination and sera were analysed for markers of
bone and cartilage turnover, as well as antibodies to type II collagen and levels
of interleukin (IL)-6. Treatment with raloxifene is beneficial in long-term
treatment of established CIA. It hampers the disease severity and frequency,
protects the joints from destruction and protects against the development of
osteoporosis. The proinflammatory cytokine IL-6 was down-regulated in
raloxifene-treated mice compared with controls. The serum levels of antibod-
ies to collagen were not affected by raloxifene-treatment. Long-term treat-
ment with raloxifene has both anti-arthritic and anti-osteoporotic effects in
established experimental postmenopausal polyarthritis.
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Introduction

Rheumatoid arthritis (RA) is a progressive systemic autoim-
mune disease, causing great morbidity. Both focal joint ero-
sions and generalized osteoporosis result in a debilitating
disease. The prevalence is 0·5–1% worldwide [1], with a
female to male ratio of 3 : 1, and the prevalence of concur-
rent osteoporosis is 50% [2,3].

Compounds exerting their effects via activation the of
oestrogen receptors have the potential to influence post-
menopuasal RA in multiple ways, as the classical oestrogen
receptors a and b have been found both in cells of the
immune system and in bone cells. We have reported previ-
ously on the beneficial effects of hormone replacement
therapy (HRT) in postmenopausal RA [4], but because
of severe side effects HRT is no longer recommended [5].
Therefore, finding substances with the beneficial effects

of oestrogen, but without the side effects, is of great
importance. Recently, we have shown potent short-term
anti-arthritic effects of raloxifene, a selective oestrogen
receptor modulator approved for the treatment of post-
menopausal osteoporosis, in collagen-induced arthritis
(CIA) [6].

In this study, we investigate the outcome during long-term
treatment of CIA with raloxifene. We used the raloxifene
analogue LY117018, and treatment was started on day 26
after immunization, when 50% of animals had developed
arthritis, and continued until termination of the experiment
on day 70. The frequency and severity of arthritis were evalu-
ated continuously, and after termination histological and
bone mineral density (BMD) assessments were carrried out,
as well as analysis of serological parameters of bone and
cartilage turnover, anti-collagen II antibodies and the proin-
flammatory cytokine interleukin (IL)-6.
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Materials and methods

Animals and experimental procedures

The ethical committee for animal experiments at Göteborg
University approved this study.

Female dilute brown agouti mice were purchased from
TaconicM & B A/S (Ry, Denmark). Mice were tagged elec-
tronically and five to 10 animals per cage were kept under
standard environmental conditions and fed standard labo-
ratory chow and tap water ad libitum.

The time-line in Fig. 1 illustrates the experimental proto-
col used. Ovariectomy was performed at 10 weeks of age.
Mice were immunized at the age of 27 weeks, after bone
growth finished, to avoid BMD affection by normal skeletal
maturation. Twenty mice were included in the experiment.
Ovaries were removed through a midline incision of the skin
and flank incisions of the peritoneum. The skin incision was
then closed with metallic clips. Surgery was performed after
the mice were anaesthetized with ketamine (PfizerAB, Täby,
Sweden) and medetomidin (OrionPharma, Espoo, Finland).
Carprofen (OrionPharma) was used postoperatively.

Treatment

Treatment was started 26 days after immunization, when
mice were aged 30 weeks (Fig. 1). Mice were given subcuta-
neous injections 5 days per week of the raloxifene analogue
LY117018 (generous gift from Eli Lilly, Indianapolis, IN,
USA) (60 mg/mouse/day) dissolved in 100 ml Miglyol812
(OmyaPeralta GmbH, Hamburg, Germany) or Miglyol812
(100 ml/mouse/day). LY117018 differs from raloxifene at
only one site on the molecule, with a piperidine ring on the
basic side chain instead of a pyrrolidine ring. This small
difference should not affect its biological properties.

The dosage of raloxifene has been shown to be equally as
potent as 17b-oestradiol in preventing ovariectomy induced
osteoporosis in mice. It corresponds to approximately
6 mg/m2, whereas the dosage given for osteoporosis treat-
ment in women is approximately 35 mg/m2.

Induction and evaluation of arthritis

Seventeen weeks after ovariectomy the mice were immu-
nized with 100 mg of chicken type II collagen (CII) (Sigma,

St Louis, MO, USA) dissolved in 0·1 m acetic acid and emul-
sified with an equal volume of incomplete Freund’s adjuvant
(Sigma) supplemented with 0·5 mg/ml Mycobacterium
tuberculosis (Sigma). A total volume of 100 ml was injected
intradermally at the base of the tail. After 21 days, mice
received a booster injection with CII emulsified in incom-
plete Freund’s adjuvant. Arthritis developed shortly there-
after, and was evaluated continuously for frequency and
severity. Scoring was performed in a blinded manner
without knowledge of the treatment groups and previous
scores. Severity was graded as described previously [7],
scoring 1–3 in each paw (maximum of 12 points per mouse)
as follows: 1, swelling or erythema in one joint; 2, swelling or
erythema in two joints; 3, severe swelling of the entire paw or
ankylosis.

Tissue collection and histological examination

At termination of the experiment, mice were anaesthetized
for blood withdrawal, and then killed by cervical dislocation.
Sera were collected individually and stored at -20°C until
used. Successful removal of the ovaries was confirmed by
weighing the uteri. One femur was placed in formaldehyde
for analysis of BMD. Paws were placed in formaldehyde,
decalcified and embedded in paraffin. Sections were stained
with haematoxylin and eosin and encoded before
examination. In sections from each animal, the front and
back of all four paws were graded separately on a scale
of 0–4, with the score then divided by 2, which yielded
a maximum histological destruction score of 16 points
per mouse, assessed as follows: 1 = synovial hypertrophy,
2 = pannus, erosions of cartilage, 3 = erosions of bone,
4 = complete ankylosis.

Assessment of BMD

One femur was subjected to a peripheral quantitative com-
puted tomography (pQCT) scan with a Stratec pQCT XCT
Research M, software version 5·4B (Norland, Fort Atkinson,
WI, USA) at a resolution of 70 mm, as described previously
[8]. Trabecular BMD was determined with a metaphyseal
scan at a point 3% of the length of the femur from the
growth plate. The inner 45% of the area was defined as the
trabecular bone compartment. Cortical BMD was deter-
mined with a mid-diaphyseal scan, located 36% of the length
of the femur from the growth plate.

Identification of serological markers of bone and
cartilage remodelling

For measurement of bone resorption, serum levels of frag-
ments of type I collagen were assessed using a RatLaps
enzyme-linked immunosorbent assay (ELISA) kit (Nordic
Bioscience Diagnostics A/S, Herlev, Denmark) (intra-assay
coefficient of variation 5·6% and interassay 10·5%). Serum
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Fig. 1. Diagram of the experimental timeline. OVX, ovariectomy;

sham: sham operation; CII, collagen type II; CFA, complete Freund’s

adjuvant; IFA, incomplete Freund’s adjuvant; w, weeks.
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levels of osteocalcin, a marker of bone formation, were deter-
mined with a mouse osteocalcin immunoradiometric assay
kit (Immutopics, Inc., San Clemente, CA, USA) (intra-assay
coefficient of variation 2·8% and interassay 3·7%). As a
marker of cartilage destruction, serum levels of cartilage oli-
gomeric matrix protein (COMP) were determined with an
Animal COMP® ELISA kit (AnaMar Medical AB, Uppsala,
Sweden) (intra-assay coefficient of variation 9·8% and inter-
assay 6·0%).

Serum levels of CII-specific antibodies and
IL-6 bioassay

Using a previously described ELISA, serum levels of anti-CII
IgG antibodies were determined [9]. A bioassay [10] with cell
line B13·29, subclone B9 (which is dependent on IL-6 for
growth), was used to measure serum levels of IL-6.

Statistical analysis

For statistical evaluation, the non-parametric Mann–
Whitney U-test was used. A P-value � 0·05 was considered
significant.

Results

Arthritic score was evaluated continuously. Raloxifene treat-
ment decreased significantly both the frequency (P < 0·001)
and the severity (P < 0·01 from day 47 and <0·001 from day
68) of the disease, compared with controls (Fig. 2a and b).

Histological examination of the paw sections (Fig. 3)
revealed severe destruction of the joints in the vehicle-
treated control group compared with very little damage in
raloxifene-treated mice (P < 0·01) (median scores of 8·5 and
0 respectively).

The serum levels of anti-collagen II antibodies did not
differ between the raloxifene and vehicle treatment groups,
whereas the levels of the proinflammatory cytokine IL-6
were significantly (P < 0·01) lowered by raloxifene (Table 1).

Both trabecular and cortical BMD were higher in the ral-
oxifene group compared with controls (P < 0·001) (Fig. 4).

The serum levels of RatLaps (indicating bone resorption)
were lower in the raloxifene-treated group (P < 0·05)
(Table 2). Bone formation, as measured by serum levels of
osteocalcin, did not differ between the two groups, nor did
the degree of cartilage destruction as measured by serum
levels of COMP.

Discussion

The present study is the first to show sustained long-
term (until day 70) anti-arthritic effects of raloxifene with
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Fig. 2. Long-term treatment with raloxifene results in decreased

frequency and severity of collagen induced arthritis. Ovariectomized

dilute brown agouti mice with collagen-induced arthritis were treated

with raloxifene (60 mg/day; n = 11) (solid triangles) or vehicle control

(Miglyol 812; n = 9) (solid squares). Treatment was administered

5 days per week from day 26 after immunization, when mice had

developed arthritis, and until termination of the experiment on day

70 after immunization. Arthritis was considered present when signs of

arthritis were identified in one joint for two consecutive assessments,

or in >1 joint. Frequency (a) and severity (b) were evaluated every

third day. Severity was graded 1–3 in each paw (maximum score of 12

per mouse), expressed as the mean � standard deviation in each

group. Raloxifene treatment decreased significantly both the frequency

(P < 0·001) and the severity (P < 0·01 from day 47, and <0·001 from

day 68) of the disease, compared with controls.
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Fig. 3. Long-term treatment with raloxifene preserves joint histology.

Ovariectomized dilute brown agouti mice with collagen-

induced arthritis were treated with raloxifene (60 mg/day; n = 11) or

vehicle control (Miglyol 812; n = 9). Treatment was administered

5 days per week from day 26 after immunization, when mice had

developed arthritis, and until termination of the experiment on day

70 after immunization. (a) Histological destruction scores of paw

sections. Scores were evaluated in a blinded manner, with the front

and back of each paw graded 0–4, with each score divided by 2,

yielding a maximum score of 16 per mouse, as follows: 1 = synovial

hypertrophy; 2 = pannus, erosions of cartilage; 3 = erosions of bone;

4 = complete ankylosis. Scatter plots show the scores of individual

mice, and bars show the median in each group. **P < 0·01. (b)

Representative images of paw tissue sections, revealing treatment

effects on histological features in each group.

Table 1. Serum levels of interleukin (IL)-6 and anti-collagen II immu-

noglobulin G antibodies in mice with collagen-induced arthritis treated

with raloxifene or vehicle control.†

Vehicle Raloxifene

IL-6 (pg/ml) 175 73*

(108–246) (68–77)

CIIab (absorbance) 1·6 1·5

(1·4–1·8) (1·3–1·5)

*P < 0·01. †Values are the median (interquartile range) of nine to 11

animals per group.
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protection against both joint erosivity and generalized
osteoporosis in established experimental postmenopausal
CIA. It has been shown previously that both endogenous and
exogenous oestradiol hamper CIA [11–13], and we have
shown short-term (until day 43) anti-arthritic effects of ral-
oxifene [6]. Interestingly, although 50% of the mice had
already developed arthritis at the start of the treatment-
period, raloxifene not only hampered the progression in the
arthritic mice, but also stopped the frequency of arthritis
from increasing further. Treatment was begun this late in
order to mimic the clinical situation in patients with a con-
firmed diagnosis and established disease.

The mechanisms for protection against arthritis upon
exposure to raloxifene are not understood fully. Our present
and earlier data [6] demonstrate anti-inflammatory proper-
ties, indicated by the low serum levels of the inflammatory
cytokine IL-6 compared with controls. It has been shown

previously that raloxifene reduces the IL-6 secretion from
human osteoblastic cells in culture [14], but two recent
studies in postmenopausal, osteoporotic women did not
show a significant decline in serum IL-6 after raloxifene
treatment [15,16]. These women did not have an inflamma-
tory disease.

Bisphosphonates are often used for treatment of
osteoporosis, and intermittent exposure to the bisphospho-
nate etidronate was found to increase BMD as well as retard
the development of erosions in RA, but in another trial
radiological outcome was not influenced [17,18]. Etidronate
also increased BMD in glucocorticosteroid-treated patients
with RA and polymyalgia rheumatica [19]. Both alendronate
and risedronate have been shown to increase BMD in RA
patients on glucocorticosteroid therapy [20–22]. Risedr-
onate also reduced the risk of vertebral fractures in a large
study of patients treated with corticosteroids with different
diagnoses, including RA [23]. The dual effects of raloxifene,
suppressing inflammation and opposing osteoporosis, could
be more beneficial in treating postmenopausal RA.

At the time of immunization, the mice had been ovariec-
tomized for 17 weeks and they were terminated 10 weeks
later. This resulted in very low BMD in vehicle-treated mice.
Interestingly, raloxifene treatment increased both the trabe-
cular and the cortical BMD in spite of the long period of sex
hormone depletion, and in spite of the arthritic disease.
The serum levels of RatLaps were significantly lower in
the raloxifene-treated group, indicating a lower rate of bone
resorption. In contrast, serum levels of osteocalcin were
similar, suggesting a new steady state in bone formation.
Indeed, a recent study in postmenopausal osteoporotic
women also showed a significant decrease in markers of
bone resorption and formation in women treated for
12 weeks with raloxifene, compared with pretreatment
levels, and resulting in the same levels as non-osteoporotic
controls [15].

Conclusion

The dual protective effect of raloxifene in postmenopausal
polyarthritis on joint destruction and the development of
osteoporosis provides a rationale for its addition to the treat-
ment regimen of postmenopausal patients with RA.
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Fig. 4. Long-term treatment with raloxifene results in preserved bone

mineral density. (a, b) Scatterplots of individual data (bars indicate

the median per group), showing the trabecular and cortical bone

mineral density (BMD) in the femur of ovariectomized mice with

collagen-induced arthritis treated with raloxifene (60 mg/day) or

vehicle Miglyol (100 ml/day). ***P < 0·001. (c) Representative

peripheral quantitative computer tomography images of

cross-sections of the femur, showing the BMD. The scale indicates the

density of the bone, from 0 (black) to >750 mg/cm3 (white).

Table 2. Serum levels of bone and cartilage turnover markers in mice

with collagen-induced arthritis treated with raloxifene or vehicle

control.†

Vehicle Raloxifene

Bone formation 82 93

Osteocalcin, ng/ml (68–94) (88–101)

Bone resorption 33 27*

RatLaps, ng/ml (28–44) (20–34)

Cartilage destruction 3·0 2·0

COMP, U/l (2·6–3·8) (1·3–3·9)

*P < 0·05. †Values are the median (interquartile range) of nine to 11

animals per group. COMP, cartilage oligomeric matrix protein.
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