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Changes in Receptor Activator of Nuclear Factor-kappaB,
and Its Ligand, Osteoprotegerin, Bone-type Alkaline
Phosphatase, and Tartrate-Resistant Acid
Phosphatase in Ovariectomized Rats
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Abstract We investigated time-course changes in the expression of receptor activator of nuclear factor-kappaB
(RANK), its ligand (RANKL), osteoprotegerin (OPG), bone-type alkaline phosphatase (BAP), and tartrate-resistant acid
phosphatase (TRAP) in ovariectomized (OVX) rats. Samples of sera and coccyges were used for analysis of the enzyme
activities and expression levels of proteins andmRNAs, andan immunohistochemical analysiswas also performed. Serum
BAP activity increased to 158.6%of the pre-operation value at 1week afterOVX, and then decreased to 38.7% at 8weeks
afterOVX.On theother hand, the serumTRAPactivity increased to 130.9%of thepre-operation level at 1week afterOVX,
and was maintained at a high level, compared with the pre-operation level. The patterns of BAP and TRAP activity in the
coccyges specimenswere similar to those seen in the sera. The expression profiles of TRAP, RANK, and RANKL proteins in
the coccyx specimens were similar to the pattern of serum TRAP activity, while the profiles of the BAP and OPG proteins
were similar to the pattern of serumBAP activity inOVX rats. The changes in themRNAexpression levels of the osteogenic
proteins were similar to those for protein expression. These biochemical changes in OVX rats were confirmed by
immunohistochemical studies. Our results suggest that not only osteoclastogenesis accelerated but also osteoblastogen-
esis transiently increased during the early phase of osteoporosis. J. Cell. Biochem. 93: 503–512, 2004.
� 2004 Wiley-Liss, Inc.
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The development and maintenance of bone
tissues is controlled by the dynamic balance
between bone formation by osteoblasts and
bone resorption by osteoclasts [Eriksen et al.,
1985; Oursler et al., 1993]. Imbalances in these
cell activities are responsible for various bone
metabolic diseases. Osteoclast activation and
maturation are regulated by the following three
recently discovered proteins: (i) the receptor ac-
tivator of nuclear factor-kappaB (RANK),
expressed on the surfaces of pre-osteoclasts
[Cappellen et al., 2002]; (ii) RANK ligand

(RANKL), expressed on the surfaces of osteo-
blastic cells [Hofbauer et al., 2001]; and (iii)
osteoprotegerin (OPG), a soluble decoy receptor
for RANKL that is expressed in osteoblasts [Bu
et al., 2003]. The binding of RANKL toRANKon
pre-osteoclasts, initiates the differentiation and
proliferation of these cells, and promotes osteo-
clast fusion and activation. Moreover, the
activation of the RANKL-RANK pathway sup-
presses osteoclast apoptosis, resulting in an
increase the number of activated osteoclasts
[Hofbauer et al., 2001; Cappellen et al., 2002].
On the other hand, OPG inhibits this pathway
bybinding toRANKL [Buet al., 2003]. Thus, the
above-mentioned proteins play essential roles
in the development and maintenance of bone
tissues.

Ovarian hormones are well known to influ-
ence the maintenance of bone tissues [Lund
et al., 1982]. Ovarian hormone deficiency is the
most important risk factor for osteoporosis
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[Lund et al., 1982], a disease that is character-
ized by increased bone loss soon after natural or
surgical menopause in women [Yildiz et al.,
1996]. Ovariectomized (OVX) rat is a useful
animal model for osteoporosis caused by estro-
gen deficiency [Ammann et al., 1992]. This mo-
del exhibits a progressive loss of bone matrix
through a process that is similar to what occurs
during postmenopausal osteoporosis [Heaney
et al., 1978; Stepan et al., 1987; Ammann et al.,
1992].

Bone-type alkaline phosphatase (BAP) and
tartrate-resistant acid phosphatase (TRAP) are
well-established metabolic markers of osteo-
blastic bone formation and osteoclastic bone
resorption, respectively [Garnero and Delmas,
1996;Halleen et al., 2001;Miyazaki et al., 2003].
Modrowski and Marie [1993] reported that the
proliferation rates of BAP-positive osteoblasts
and the serum enzyme activities of BAP and
TRAP were increased by OVX [Tanizawa et al.,
2000]. Moreover, Kanematsu et al. [2000] and
Nielsen et al. [2003] reported that role of the
RANKL/OPG was studied in pre-B cell from
OVXmice and in serum of 21-week-old biglygan
knockout mice, respectively. However, few, if
any, studies have investigated time-course
changes in the expression levels of osteogenic
proteins and mRNAs and the dynamic changes
in osteoblasts, pre-osteoclasts, and osteoclasts.

To clarify the involvement of RANK, RANKL,
and OPG on bone metabolism, we investigated
time-course changes in their protein andmRNA
expression patterns usingWestern blotting and
reverse transcription-polymerase chain reac-
tion (RT-PCR), respectively in OVX rats. In ad-
dition, time-course changes in TRAP and BAP
expression, two traditional markers of bone
metabolismwere examined, and dynamic chan-
ges in osteogenic cellswere studiedusing immu-
nohistochemical analyses.

MATERIALS AND METHODS

Antibodies and Chemicals

Antibodies against mouse RANK, mouse
RANKL, and mouse OPG were kindly purchas-
ed from Sankyo Co. (Tokyo, Japan) as in pre-
vious studies [Nakagawa et al., 1998; Tsukii
et al., 1998; Yano et al., 2001]. Anti-human
TRAP antibody was obtained from Yamasa
Corporation (Choshi, Japan) [Miyazaki et al.,
2002].Theanti-ratBAPantibodywasakindgift
from Prof. DH Alpers (Washington University

School of Medicine, St. Louis). Other chemicals
used in this study were purchased from Sigma
Chemical Co., (St. Louis, MO) or Wako Pure
Chemical Industries, Ltd. (Osaka, Japan).

Ovariectomy

Eight-week-old female Wistar rats (Clea
Japan, Tokyo, Japan) with a mean body weight
of 180gwereassigned to control and twogroups:
OVX (n¼ 30), sham-operation (n¼ 12), and pre-
operation (control n¼ 6). Rats in the two groups
were subjected to a bilateral OVX or sham
operation via a dorsal approach under an intra-
peritoneal injection of Nembutal1 (Abbot
Laboratories, North Chicago, IL), according to
the procedure described by Wronski et al.
[1985]. The success of the OVX operation was
confirmed by necropsy, i.e., the absence of ovar-
ian tissue and the presence of marked uterine
horn atrophy. In the pre-operation rats, they
were sacrificed under deep ether anesthesia at
the start of the experiment, and the coccyges
(2nd–5th caudal vertebrae)were excised. In the
OVX (n¼ 5 for each time point) and sham-
operation (n¼ 2 each time point) groups, the
coccyges were excised 1, 2, 3, 4, 5, or 8 weeks
after the operation. All specimens were stored
at �808C until analysis. Blood samples were
obtained by left ventricular puncture, and the
serum was separated by centrifugation. All
experimental protocols were approved by the
Animal Research Committee of Saitama Medi-
cal School prior to the start of the experiments.

Assay of BAP and TRAP Activities
in the Sera and Coccyges

The enzyme activities of phosphatase were
assayed using a previously described method
[Fujimori-Arai et al., 1991;Nosjean et al., 1997].
Serum BAP was estimated using an ALP
isozymes PAG disc electrophoresis kit (AlkPhor
system; Jokoh, Tokyo, Japan). Bone extracts
were prepared according to Miyazaki et al.
[2003]. Briefly, after removal of all connective
tissue from coccyges, 50–100 mg of these were
crushed by surgical pliers, homogenized with
BAP buffer (50 mM Tris-Hcl buffer, pH 7.5,
containing 0.3 mM phenylmethyl fluoride,
1.0 mM benzamidine, and 0.1% Triton X-100)
or TRAP buffer (BAP buffer containing 200mM
KCl), and the homogenate was centrifuged at
12,000g for 20 min at 48C. Resultant super-
natantwasused for enzymeassaysandWestern
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blot analysis. Protein contents were determin-
ed using a BCA Protein assay kit (PIERCE,
Rockford, IL) using bovine serum albumin as
the standard. Phosphatase activity was expres-
sed as U/ml and U/mg in the serum and coccyx
extracts, respectively [Fujimori-Arai et al.,
1991; Nosjean et al., 1997]. One unit of enzyme
activity was defined as that required to hydro-
lyze 1 mmol of substrate/min at 378C.

Western Blot Analysis

Western blotting was performed using a
previously described method [Fujimori-Arai
et al., 1991; Nosjean et al., 1997]. Briefly, pro-
teins separated by electrophoresis were trans-
ferred to a polyvinylidene difluoride membrane
filter (Millipore, Tokyo, Japan). After the filter
was blocked by Block Ace (Dainippon Pharma-
ceutical Co., Ltd., Osaka, Japan) for 120 min,
the proteins on the membrane were incubated
with anti-RANK, anti-RANKL, anti-OPG,
anti-BAP, or anti-TRAP antibodies for over-
night at 48C. After washing, the filter was
reacted with peroxidase-conjugated secondary
antibodies for 120 min at room temperature.
The reactive bands were detected with the ECL
system (Amersham Biosciences, Co., Piscata-
way, NJ), and visualized bands were evaluated
by densitometric analysis using an ATTO
Densitograph (ATTO, Tokyo, Japan). The rela-
tive intensities from pre-operation level were
calculated and expressed by percent change.

RNA Preparation and RT-PCR

Total RNA was prepared from the coccyges
samples using the acid guanidium thiocyanate-
phenol-chloroform method [Chomczynski and
Sacchi, 1987]. Briefly, 0.5 mg of total RNA pre-
pared was added to a TitanTM One Tube RT-
PCR system (Roche Diagnostics GmbH, Man-
nheim, Germany). The RT reaction was carried
out at 508C for 30 min, and then the transcrip-
tase (avian myeloblastosis virus transcriptase)
was inactivated at 948C for 5 min. PCR
was performed using the GeneAmp PCR
system 9700 (Perkin-Elmer Life Science, Inc.,
Wellesley, MA); 33 cycles of amplification were
performed for RANKL, OPG, BAP, TRAP, and
glyceraldehyde-3-phosphate dehydrogenase
(GAPDH), and 36 cycles were performed for
RANK under the following amplification condi-
tions; (denaturation at 948C for 30 s, annealing
at 558C for 30 s, and elongation at 688C for
1 min). The forward (F) and reverse (R) primer

sequences used to detect the individual mRNA
and the product sizes are shown in Table I.

The PCR products were separated by electro-
phoresis on a 5% polyacrylamide slab gel and
then visualized by staining with ethidium bro-
mide and evaluated densitometrically [Fuji-
mori-Arai et al., 1991; Nosjean et al., 1997].
The expression levels of RANK, RANKL, OPG,
BAP, and TRAPmRNA were normalized accor-
ding to the GAPDH level. The relative inten-
sities from pre-operation level (1.0) were
calculated and expressed.

Histochemistry and Immunohistochemistry
Analyses for RANK, BAP, and TRAP

The histochemical and immunohistochemical
procedures in the rat bone tissues were per-
formed as described previously [Miyazaki et al.,
2002]. Immunoreactivity was visualized by
diaminobenzidine and counterstained with he-
matoxylin. Osteoclasts were identified by the
presence of multiple nuclei (more than three) in
cells that stained positively with anti-TRAP
antibody [Miyazaki et al., 2002]. Pre-osteoclasts
[Cappellen et al., 2002] were defined as anti-
RANK antibody-positive cells or osteoblasts as
anti-BAP antibody-positive cells [Murray et al.,
1989]. Cell numbers were counted under a light
microscope at a magnification of 100�, and the
ratio of positive cells to the total number of cells
was estimated using the average value for five
visual fields.

Statistical Analysis

The statistical analysis was performed using
the non-parametric Kruskal–Wallis/Mann–

TABLE I. Primer Sequences for the
Detection of Osteogenic Protein mRNAs

Products Sequences

RANK (497 bp) F; 50-ttaagccagtgcttcacggg-30

R; 50-acgtagaccacgatgatgtcgc-30

RNKL (407 bp) F; 50-acaggttt gcaggactcgactg-30

R; 50-aggtacgctccctgaggtttca-30

OPG (480 bp) F; 50-accctgtgcgaagaggcattctt-30

R; 50-gtgcaagaacctgatggtcttc-30

BAP (327 bp) F; 50-aagtccgtgggcatcgtgac-30

R; 50-gtgggagtgcttgtgtctag-30

TRAP (463 bp) F; 50-agatctccaagcgctggaac-30

R; 50-aggtagccgttggggacctt-30

GAPDH (452 bp) F; 50-accacagtccatgccatcac-30

R; 50-tccaccaccctgttgctgta-30

Forward (F) and reverse (R) primer used for detection of the
individual mRNA. Numbers in parentheses represent the
product sizes.
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Whitney U-test. Data are expressed as the
mean�SEM.

RESULTS

Enzyme Activities of BAP and TRAP
in Serum and Coccyx

The serum BAP activity level increased signi-
ficantly to1.76� 0.16� 10�3U/mlat1weekafter
OVX, compared with 1.11� 0.18� 10�3 U/ml
pre-operation, then decreased to 0.43� 0.15�
10�3 U/ml at 8 weeks after OVX (Fig. 1A). In the
sham group, the serum BAP activity level
gradually decreased to 0.39� 0.15� 10�3 U/ml
at 8 weeks after operation, compared with
1.17� 0.15� 10�3 U/ml pre-operation.

The serum TRAP activity level increased sig-
nificantly to 0.014� 0.002 U/ml at 1 week after
theOVX comparedwith 0.012� 0.001U/ml pre-
operation, and peaked (0.017� 0.002 U/ml) at
4 weeks after the OVX (Fig. 1B). In the sham
group, the serum TRAP activity level slightly
increased from the pre-operation level through-
out the experimental period.

BAP activity level in the coccygeal extracts
increased significantly to 1.52� 0.12 U/mg at
2 weeks after the OVX, compared with pre-
operation (1.25� 0.10 U/mg), and then decre-
ased to 0.87� 0.05 U/mg at 8 weeks after the
OVX (Fig. 2A). BAP activity in the sham group

decreased to 0.90� 0.08 U/mg at 8 weeks after
the operation compared with pre-operation
(1.28� 0.1 U/mg).

TRAP activity level in the coccygeal extracts
increased significantly to 0.40� 0.04 U/mg at
2 weeks after the OVX, compared with pre-
operation (0.32� 0.03 U/mg), then peaked at
4 weeks after the OVX, and was maintained
until 8 weeks after the OVX. TRAP activity in
the sham group slightly increased from the pre-
operation level throughout the experimental
period (Fig. 2B).

Changes in the Levels of BAP, TRAP, RANK,
RANKL, and OPG Protein in the Coccyges of Rats

TheBAPprotein (72kDa) level at 1weekafter
OVX was significantly higher than pre-opera-
tion level, and peaked at 3weeks after the OVX,
227.2� 28.3% of the pre-operation level, then
decreased to 128.2� 18.7% at 8 weeks after the
OVX ((Fig. 3A(a) and 3C).

The TRAP protein (36 kDa) level at 1 week
after the OVXwas significantly higher than the
pre-operation level (Fig. 3A(c)), and peaked at
3weeks after theOVX (400.2� 45.6%of the pre-
operation level), then decreased thereafter
(Fig. 3C).

The RANK protein (62 kDa) level at 1 week
after the OVXwas significantly higher than the
pre-operation level (Fig. 3B(a)) and peaked at

Fig. 1. Changes in phosphatase activities in sera of rats after
operation.A: Bone-type alkalinephosphatase (BAP) activities are
shown in the ovariectomized (OVX) group (closed circles) and
the sham group (open circles) from pre-op (pre-operation) to 8
weeks after operation. B: Tartrate-resistant acid phosphatase
(TRAP) activities are shown in theOVXgroup (closed circles) and

sham group (open circles). Enzyme activities were assayed as
described in the ‘‘Materials and Methods’’ section. Data are
shown as the mean� SEM. *P<0.05, **P<0.01 versus corre-
sponding time point in the sham group. Data are calculated from
five experiments (OVX group) or three experiments (sham group)
in triplicate measurements of each sample.
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4weeks after theOVX (230.2� 31.1%of the pre-
operation level), this level wasmaintained up to
8 weeks after OVX (Fig. 3D).
RANKL protein (40 kDa) level was signifi-

cantly increased at 1week afterOVXcomparing
to the pre-operation level (Fig. 3B(c),D), peaked
at 5 weeks (294.1� 33.4% of pre-operation
level), and this level was maintained until
8 weeks after the OVX (Fig. 3D).
The OPG protein (59 kDa) level at 1 week

after the OVXwas significantly higher than the
pre-operation level (Fig. 3B(e)) and peaked at
2weeks after theOVX (269.4� 31.5%of the pre-
operation level), then gradually decreased to
142.3� 19.2%at8weeksaftertheOVX(Fig.3D).
All of the protein levels tested in the sham

group did not change throughout the experi-
mental period (Fig. 3).

Changes in mRNA Levels of BAP, TRAP, RANK,
RANKL, and OPG in the Coccyges of Rats

The RT-PCR products of BAP, TRAP, RANK,
RANKL, and OGP were clearly detected using
the PCR conditions described in the ‘‘Materials
and Methods’’ section. The level of the target
product was normalized against the level of a
house keeping gene product, GAPDH (Fig. 4).
The BAP mRNA expression level increased to
5-fold at 3 weeks, compared with the pre-
operation level, then gradually decreased to
1.5-fold at 8 weeks after the OVX.

The TRAP mRNA expression level increased
to 4-fold at 3 weeks compared with the pre-
operation level, and this level was maintained
until 8 weeks after the OVX.

RANK and RANKL mRNA expression levels
increased to 5.6- and 4.6-fold at 3weeks, compa-
red with the pre-operation level, respectively.
These levels were maintained until 8 weeks
after the OVX.

TheOPGmRNAexpression level increased to
4.6-fold at 3 weeks, compared with the pre-
operation level, then decreased to 1.8-fold at
8 weeks after the OVX.

The mRNA levels in the sham group did not
change throughout the experimental period
(data not shown).

Histochemistry and Immunohistochemistry
Analyses for BAP, RANK, and TRAP Expression

Histochemical analyses of the bone tissues
were performed on samples collected from the
pre-operation rats and in samples collected from
the OVX and sham group rats. Time-related
cancellous bone loss was observed in the OVX
group, but not in the sham group (data not
shown).

In the immunohistochemical analysis, BAP-,
RANK-, and TRAP-positive cells were observed
not only in the specimens from the pre-opera-
tion rats, but also in those from the OVX group
(Fig. 5A–I). However, OPG and RANKL-

Fig. 2. Changes in phosphatase activities in the coccyges of rats
after operation (A) BAP activities are shown in the OVX group
(closed circles) and the sham group (open circles) from pre-op
(pre-operation) to 8 weeks after OVX. B: TRAP activities are
shown in the OVX group (closed circles) and the sham group
(opencircles). Enzymeactivitieswere assayed as described in the

‘‘Materials and Methods’’ section. Data are shown as the
mean� SEM. *P< 0.05, **P<0.01 versus corresponding time
point in the sham group. Data are calculated from five
experiments (OVX group) or three experiments (sham group) in
triplicate measurement of each sample.
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Fig. 3. Time course changes in osteogenic protein levels in the
coccyges of rats. Quantitative analyses of BAP, TRAP, RANK,
RANKL, and OPG proteins were performed as described in the
‘‘Materials and Methods.’’ A: BAP proteins in the OVX group (a)
and the sham group (b), and TRAP proteins in the OVX group (c)
and the shamgroup (d) were analyzedbyWestern blotting. Lanes
1–7 corresponded to the samples obtained before pre-operation
and 1, 2, 3, 4, 5, and 8weeks after operation.B: RANKproteins in
theOVX group (a) and the sham group (b), RANKL proteins in the
OVX group (c) and the sham group (d), OPG proteins in the OVX
group (e), and the shamgroup (f) were detected.Changes of these
osteogenic proteins from pre-operation level (100%) were
quantitatively evaluated by densitometric analysis. C: Changes

in BAP protein levels in the OVX group (closed circles) and the
sham group (open circles), TRAP protein levels in theOVX group
(closed triangles) and the sham group (open triangles). D:
Changes in RANK proteins in the OVX group (closed triangles)
and the sham group (open triangles), RANKL protein levels in the
OVX group (closed crosses) and the sham group (open crosses),
andOPGprotein levels in theOVX group (closed circles) and the
sham group (open circles). Other experimental conditions are as
described in the ‘‘Materials and Methods’’ section. Data are
shown as the mean� SEM. *P<0.05, **P<0.01 versus corre-
sponding time point in the sham group. Data are calculated from
five experiments (OVX group) or three experiments (sham group)
in triplicate measurements of each sample.
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positive cells were not detected in the present
study. The number of BAP-positive cells (osteo-
blasts; Fig. 5A–C), RANK-positive cells (pre-
osteoclasts; Fig. 5D–F), and TRAP-positive
cells (osteoclasts; Fig. 5G–I) had increased at
3 weeks after the OVX, compared with the pre-
operation level. However, the number of osteo-
blasts was much lower than pre-osteoclasts
number at 8 weeks after the OVX.
The ratio of osteoblasts to the total cell num-

ber increased significantly to 23.5� 2.5% at
3 weeks, compared with 8.5� 0.8% of pre-
operation, and then decreased to 14.8� 2.6%
at 8 weeks after the OVX (Fig. 6).
The ratio of pre-osteoclasts also increased

significantly to 22.1� 2.5% at 3 weeks, compar-
ed with 10.8� 1.2% of pre-operation, and then
decreased to 15.6� 1.5% at 8 weeks after the
OVX.
The ratio of the osteoclasts increased signifi-

cantly to 4.8� 0.3% at 3 weeks, compared with
3.3� 0.3% of pre-operation, and was main-
tained until 8 weeks after OVX.
The ratio of above cells in the sham group

did not change from the pre-operation levels
throughout the experimental period (data not
shown).

DISCUSSION

In the present study, we investigated the
time-course changes inpotential bonemetabolic
markers, RANKL, RANK, andOPG, in addition
to traditional markers, BAP and TRAP, using
biochemical and histochemical methods in OVX
rat. Our results revealed that all of the exam-
ined biochemical markers were activated by
OVX.However, the time-course changes in their
mRNA and protein expression levels differed
somewhat. Changes in bone formationmarkers,
BAP andOPG,were transient, while changes in
bone resorption markers, TRAP, RANK, and
RANKL, were persistent. These results were
confirmedbyan immunohistochemical study, in
which an increase in osteoblastic cells was only
transiently observed during the early phase
afterOVX,while the increase in activated osteo-
clasts was persistent.

The profile of BAP activity in sham groupwas
different from result of Sims et al. [1996]. Since,
they used 6-month-old (25–26 weeks) rats and
we used 8week-old rats, young rat’s serumBAP
activitymay have a higher than old rat’s as seen
in a healthy children [Tobiume et al., 1997].

The formation and activation of osteoclast de-
pend on the expression of RANKL on the osteo-
blast’s surface [Nakagawa et al., 1998; Tsukii
et al., 1998]. Therefore, one of the mechanisms
responsible for the increase in osteoclast cells
may be an increase in the osteoblast number
caused by the activation of the RANKL-RANK
pathway in the early phase after OVX. Further-
more, the turnover of osteoclastogenesis and
osteoblastogenesis is reportedly disturbed by
osteoporosis [Heaney et al., 1978; Lund et al.,
1982; Stepan et al., 1987; Ammann et al., 1992;
Yildiz et al., 1996]. Since this imbalance may
progress slowly after natural menopause, the
initiator of this processmight be associatedwith
a transient increase in the osteoblastogenesis
seen in the present rat model for osteoporosis.
Another mechanism of the imbalance between
osteoclastogenesis and osteoblastogenesis
might involve an inhibition of osteoclast apop-
tosis or an acceleration of osteoblast apoptosis.
Using cell survival and terminal deoxynucleo-
tidyltransferase-mediateddUTPnick end label-
ing assay, Duque et al. [2002] reported that the
supplementation of 17b-estradiol to human
osteoblast reduced apoptosis. Osteoclast apop-
tosis is stimulated by 17b-estradiol through the
production of TGF-b-1 on osteoblasts [Hughes

Fig. 4. Expression of mRNAs for osteogenic proteins in the
coccyges of rats belonging to the OVX group The relative values
of mRNA expression (RANK/GAPDH, open column; RANKL/
GAPDH,hatchedcolumn;OPG/GAPDH,meshed column;BAP/
GAPDH, slashed column; and TRAP/GAPDH, closed column)
from pre-operation level (1.0) were expressed. Other experi-
mental conditions are as described in the ‘‘Materials and
Methods’’ section. Data are shown as the mean� SEM versus
pre-operation level, and are calculated from five experiments
(OVX group) or three experiments (sham group) in triplicate
measurement of each sample.
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et al., 1996]. In fact, we observed that serum
17b-estradiol was quickly depleted after OVX
(unpublished observations). Therefore, the es-
trogen depletion caused by the OVX might
directly affect the acceleration of osteoblast
apoptosisortheinhibitionofosteoclastapoptosis.

In histochemical analyses, the rat coccyx is
superior to other spinal bones for the monitor-
ing of bone mineral content in vivo because the
coccyx is connected to the vertebrae but the
mechanical features of the coccyx (1st–5th on
proximal side of lumbar vertebra) are similar to
lumbar vertebrae. Li et al. [1996] also reported
that the bone turnover rate of the 5th coccyx
was increased, relative to that in control rats at
30 days after OVX. However, Miyakoshi et al.
[1999] performed bone histomorphometric eva-
luations of the coccyges (1st, 3rd, and 5th) and
lumbar vertebrae (L4) inOVXrats (7-month-old

Wistar rats) and reported that the yellow
marrow-enriched 3rd and 5th coccyges did not
exhibited osteopenia, but red marrow enriched
L4 vertebrae and 1st coccyges did exhibit
osteopenia after OVX. We used the coccyges
(2nd–5th) of 8-week-old rats, while they used
7-month-old rats. The bone of immature rats
may be more susceptible to estrogen depletion
than that of mature rats.

Themean life of Japanesewomen is 84-years-
old (data for 2001), while that of the rat is
approximately 18–20 months. Using a mathe-
matical correction, 1 week in the life of a rat
corresponds to about 1 year in the life of a
woman.Since transient increases in serumBAP
activity were observed during 1week after OVX
in rats, this phenomenonmight be also observed
during thefirst year aftermenopause inwomen.
Furthermore, since the expression profile of

Fig. 5. Histochemistry and immunohistochemistry analyses in
the coccyges of rats Time-course changes in coccyx sections of
specimens are shown. BAP-positive (A, B, and C), with RANK-
positive (D, E, and F), and with TRAP-positive (G, H, and I)
sections are shown. Pre-operation group (A, D and G), OVX

group after 3 weeks (B, E and H), and 8 weeks (C, F and I). The
arrows indicate the positively stained cells. The length of the bar
in the photographs is 100 mm.Other experimental conditions are
as described in the ‘‘Materials and Methods’’ section.
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OPG protein was similar to that of BAP,
measurement of serum OPG might be useful
for the early detection of osteoporosis.Although,
several bonemetabolicmarkersareknownuntil
now [Morris et al., 1992; Modrowski andMarie,
1993; Garnero andDelmas, 1996;Halleen et al.,
2001; Miyazaki et al., 2003], OPG may also be
early bone metabolic marker.
Finally, the present studies suggest that a

transient increase in osteoblastogenesis occurs
during the early phase of osteoporosis. Medica-
tions for osteoporosis might be more effective if
they are initiated during this transient increase
in osteoblastogenesis.
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