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Systemic Treatments With the Low-Calcemic
1,25(OH)2D3 Analogs JKF or QW Increase Both
the Morphological and Biochemical Responses to
Estradiol-17b in Rat Tibiae
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Abstract Wedemonstrated previously that daily injection for 3 days of the less calcemic vitaminDanalogs: JK 1624
F2-2 (JKF) and QW 1624F2-2 (QW) followed by estradiol-17b (E2) in female rats upregulated creatine kinase-specific
activity (CK) in skeletal tissues. In this study, we evaluated both histomorphological and biochemical changes due to a
regime of 4 days treatmentwith JKF orQW, followed by injection of E2 on day 5, repeated for 2.5months.Ovariectomized
female rats (Ovx)were injected 2weeks after surgery,with JKF orQWat 0.2 ng/g BW followed by injections of E2 (1 mg/rat)
on day 5 of eachweek for 2.5months. Ratswere sacrificed 24 h after the last injection and boneswere analyzed. JKF alone
decreased growth plate width, increased % total bone volume (%TBV), with no change in cortical thickness. In contrast,
QW restored growth plate width and %TBV with no change in cortical thickness. Combined with E2, JKF restored %TBV
and growth platewidth but with no change in cortical thickness, whileQW restored significantly all parameters including
cortical thickness. Moreover, there was also an increase in the responsiveness of CK to E2 in epiphyseal cartilage and
diaphyseal bone but not in uterus. Thus, vitamin D less calcemic analogs increased responsiveness to E2 morphologically
as well as biochemically. We, therefore, conclude that combined treatment of less calcemic analogs vitamin D and E2
might be superior for treatment of bone damage caused by ovariectomy in female rats and might be applied for post-
menopausal osteoporosis. J. Cell. Biochem. 100: 1406–1414, 2007. � 2006 Wiley-Liss, Inc.

Key words: bone; vitamin D; estrogen; creatine kinase; trabeculi; histomorphometry

Steroid and seco steroid hormones play essen-
tial roles in the normal growth and differentia-
tion of bones [Gallagher, 1988; Manolagas and
Kousteni, 2001; Eriksen et al., 2002]. Adequate
availability of vitamin D3 and its active meta-
bolite, 1,25 dihydroxyvitaminD3 (1,25) is essen-
tial for skeletal health. By regulating intestinal
calcium and phosphate absorption, 1,25 main-

tains extra cellular calcium levels and bone
mineralization, and modulates cell growth and
differentiation of both osteoblasts and osteo-
clasts [Tanaka et al., 1977]. Thus, vitamin D
deficiency results in defective bone mineraliza-
tion. Low vitamin D status is a common
phenomenon in the elderly; levels of vitamin D
as well as sex hormones are lower in older
subjects [Gallagher, 1988; Manolagas and
Kousteni, 2001; Eriksen et al., 2002]. However,
several vitamin D metabolites and analogs,
including the activemetabolite 1,25have shown
to have a hypercalcemic effect [Lian et al., 1999;
Vieth and Vitamin, 1999]. Since post-menopau-
sal women are vulnerable to osteoporosis, and
since bone both vitamin D and gonadal steroids
regulate cells, optimal bone growth and preven-
tion of osteoporosis in postmenopausal women,
requires adequate concentrations of both
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17b-estradiol and vitamin D3 [Gallagher, 1988;
Manolagas andKousteni, 2001]. In order to find
an effective and restorative agent for bone loss,
we looked for vitamin D analogs that will have
the ability to prevent bone loss without the
adverse calcemic activity.
Using a rat model, we have reported [Somjen

et al., 1995, 2000, 2001] that pretreatment
with 1,25 or with vitamin D analogs upregu-
lated the responsiveness and sensitivity to
17b-estradiol (E2) of skeletal cells in vitro or
rat skeletal organs, but not in rat uterus in vivo
[Kaye et al., 1990; Somjen et al., 1990; 1995;
Fournier et al., 1996].Pretreatmentwith 1,25 or
less calcemic vitaminDanalogs such as JK1624
F2-2 (JKF), and QW 1624F2-2 (QW) [Kensler
et al., 2000; Posner et al., 2004] upregulated the
response of osteoblast-like cells to E2 as mea-
sured by the stimulation of the specific activity
of creatine kinase BB (CK) [Somjen et al., 2000,
2001]. Furthermore, these analogs upregulated
the responsiveness and sensitivity to E2 in
female rat epiphyses and diaphyses. Daily
injection of these analogs, which were found to
be non-genotoxic [Posner et al., 2004, 2005] for
3 days did not stimulate significantly the
specific activity of CK in rat skeletal long bones,
but upregulated the responsiveness and sensi-
tivity of CK to a single injection of E2 to females
[Somjen et al., 2000, 2001].
The present studywas designed to analyze the

histomorphological and biochemical changes
measured following 2.5 months repetitions of a
regime of four daily treatments with the analogs
JKF or QW, with and without single weekly
injection of E2, in young growing ovariectomized
female rats (Ovx), and to compare them with
pre-pubertal intact female rats. We measured
both CK modulation, which was previously
correlated with ovariectomy and histological
changes [Kaye et al., 1997], and the changes in
histomorphometry and histology. We hope that
our results will have a possible future aim for
human studies designing a new combined
hormone replacement therapy.

MATERIALS AND METHODS

Reagents

Estradiol 17b (E2) was purchased from
Sigma-Aldrich, Ltd, Rehovot, Israel. JKF and
QW were synthesized by us (Fig. 1, [Kensler
et al., 2000; Posner et al., 2004, 1998; Dixon

et al., in press]). All other reagents were of
analytical grade.

Animals

Wistar-derived, locally bred rats were used at
initial age of 25 days. The rats weremaintained
at 238C, on a 14 h light, 10 h dark schedule and
fed pelleted food and water ad libidum. Female
rats were divided into seven groups of five
animals in each group (n¼ 35). One group
remained intact, and the rest (n¼ 30) were
bilaterally ovariectomized (Ovx), and the
treatments started 2 weeks post surgery for
2.5 months. Rats were injected with vehicle
(Ovx), JKFalone,QWalone,E2alone, JKFþE2,
or QWþE2. Rats were sacrificed 24 h after the
last injection, by cervical dislocation and organs
were removed for both histomorphometry
and biochemical measurements. Experiments
were carried out according to the regulations of
the Committee on Experimental Animals of the
Tel-Aviv SouraskyMedical Center and the NIH
guidelines.

Hormonal Treatment

Ovariectomized female rats (Ovx) were
injected 2 weeks after surgery, with vehicle;
0.1% ethanol in saline (C), E2 (1 mg/rat), JKF or
QWat 0.2 ng/gBWor JKF orQWat 0.2 ng/g BW
followed by injections of E2 (1 mg/rat) on day 5 of
each week for 2.5 months or vehicle; 0.1%
ethanol in saline (C). The rats were sacrificed
24 h after the last injection.

Histomorphometry

Tibiae were dissected and fixed in 4%
formaldehyde in 0.1 M phosphate buffer,

Fig. 1. The structure of the less calcemic analogs of vitamin D;
JKF and QW.
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pH 7.2, and decalcified in 10% EDTA in 0.05 M
Tris-HCl buffer, pH 7.2. Specimens were
embedded in paraffin and 6-mm thick sections,
parallel to the long axis of the bone, were cut
serially and stained with hematoxylin and
eosin. The trabecular bone spicule width
was measured at the lower border of the
growth plate at random sites in three different
fields at five different bones. Measurements
were performed using an ocular micrometer,
at amagnification of 40 or 100�. The trabecular
bone volume (%TBV) was determined in a
defined area, directly under the tibial growth
plate, using a transmitted light microscope
(Zeiss) linked to a CCD video camera and
computerized histomorphometric system (Image
Pro). The height of the growth plate and
the arrangement of cells in the growth plate
were also determined.

Creatine Kinase-Specific Activity

Rat organswere collected in cold isotonic extra-
ction buffer [Somjen et al., 2000], homogenized
for a few seconds using a Polytron homogenizer
(Kinematica A.G., Littau, Switzerland), and
enzyme extracts obtained by centrifugation of
homogenates at 14,000g for 5 min at 48C in an
Eppendorf micro centrifuge. CK activity was

measured in a Kontron Model 922 Uvicon
Spectrophotometer using a Sigma coupled
assay kit (UV-47).

Statistical Analysis

For CK analysis, the significance of differ-
ences between experimental and control means
was evaluatedusingStudent’s t-test orANOVA,
in which n¼ 5 number of animals. Statistical
analysis for the histological parameters was
evaluated using one way analysis of variance
andTUKEYnon-parametric test, inwhichn¼ 5
(3� 5). In both analyses, the bars represent
SEM.

RESULTS

The Effect of the Vitamin D Analogs on
CK-Specific Activity in Female Rat Organs

In female rat diaphysis (Di) ovariectomy
(Ovx) results in 34% decrease in CK activity,
and both analogs JKF and QW increased CK
after 2 weeks, while in epiphyseal cartilage
(Ep), CK was reduced by 38% by Ovx with no
change with the analogs treatment. In the
uterus (Ut), Ovx results in 34% decrease in
CK activity with no change with the analogs
(Fig. 2).

Fig. 2. The effect of JKF (horizontal lined gray bar) and QW
(vertical lined gray bar) for 2.5 months on CK in epiphyseal
cartilage (Ep), diaphyseal bone (Di), and uterus (Ut) from
ovariectomized female rats (Ovx). Rats were injected with the
analogs of vitaminD, JKF, or QW (0.2 ng/g BW) or vehicle; 0.1%
ethanol in saline (C, white bars for intact and gray bars for Ovx),
4 times/week, followed by injections of vehicle on day 5 of each
week, for 2.5 months, as described in Materials and Methods.
Results are expressed as% change between the specific activities

of CK in hormone-treated and saline-injected control Ovx
animals, and also intact control is presented. The basal activity
of CK in intact female rats was: in Ep 0.85þ0.26 and in Di
0.90þ0.03, Ut 0.55þ0.15 mmol/min/mg protein, n¼5
*P< 0.05 of Ovx compared to intact rats and #P<0.05 of Ovx
after vitamin D treatment compared to vehicle treated. The
percentage in the boxes above the vehicle-treated Ovx,
presented the change in vehicle-treated Ovx compared to
vehicle-treated intact female rats.
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Stimulation of CK-Specific Activity by
Combined Treatment With Vitamin D Analogs

Plus Estradiol-17b

In female rat diaphysis (Di), CK was
increased 40� 8% by E2 at 1 mg, and by E2 after
JKF at 0.2 ng/g by 152� 14% and after QW
at this concentration by 91� 5%. JKF alone
increased CK by 30� 10% andQWby 49� 11%.
In female rat epiphysis (Ep), CK was insignif-
icantly increased 19� 11% by E2 at 1 mg and by
E2 after JKF at 0.2 ng/g by 75� 15% and after
QW at this concentration by 81� 12%. JKF or
QWalone had no significant effect on CK in this
organ. In female rat uterus (Ut), CK was
increased 63� 20% by E2 at 1 mg and by E2 after
JKFat 0.2ng/g by 10� 11%andafterQWat this
concentration by 19� 9%. JKF orQWalone had
no significant effect on CK in this organ (Fig. 3).

Histomorphometric and Histological
Changes After Ovariectomy

Examination of control (vehicle-injected)
intact animal groupat the endof the experiment
revealed that at the age of 4 months, the bone
had a mature young adult appearance as
indicated by the growth plate (Fig. 4a). The
typical arrangement of the growth plate was

disrupted, with numerous hypertrophic cells
and fewer chondroblasts (Fig. 4a). The cortical
bone was thick and thick trabeculae were
observed at the bone marrow area. Thick
trabecular bone with hardly any spicules was
observed underneath and adjacent to the
lower aspect of the growth plate (Fig. 4c). After
3 months of ovariectomy, control animals (Ovx)
demonstrated changes in the growth plate
structure. The overall growthplate architecture
was dominated by hypertrophic chondrocytes,
disrupted with fewer proliferative and chondro-
blastic cells. The metaphysis underneath the
growth plate contained dense trabeculae as
compared to the intact control tibiae. Examin-
ing %TBV, no statistical difference was found
between intact and control Ovx animals.
Numerous adipocyteswere observed in thebone
marrow (Fig. 4b). Ovx cortical bone thickness
was significantly reduced compared to cortical
bone from intact female rats (Fig. 4d,P¼ 0.001).

Histomorphological Changes After
Treatment With Estradiol-17b alone

After 2.5months treatment ofOvx female rats
with E2, the tibial morphological appearance
was restored compared to vehicle-treated Ovx
rats (Fig. 5d vs. a), but less matured than bone

Fig. 3. The effect of JKF and QW at 0.2 ng/g/rat/day for
2.5 months on CK activity in Ep, Di, and Ut compared to
the stimulation of E2 at 10 mg/rat and to the combination of
the vitamin D analogs with E2 at 1 mg/rat. Ovx female rats
were injected with E2 at 10 mg/rat or the analogs of vitamin D,
JKF orQWat (0.2 ng/g BW) or saline (C), 4 times/week, followed
by injections of E2 at 1 mg/rat /rat or vehicle on day 5 of

each week, for 2.5 months, as described in Materials and
Methods. Results are expressed as the ratios between the
specific activities of CK in hormone-treated and vehicle-
injected control animals. The basal activity of CK in Ep, Di,
and Ut were as in Figure 2, n¼5. *, P< 0.05, **P<0.01,
***P<0.001; #P<0.05 in the difference between E2 after the
analogs and E2 after vehicle.
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Fig. 4. Sections of female rats tibial growth plate and cortex. Rats were injectedwith 0.1%ethanol in saline
(vehicle). a: Control intact tibial growth plate (b) Control Ovx tibial growth plate. c: Control intact tibial
cortex. d: Control Ovx tibial cortex. Paraffin-embedded sections were stained with hematoxylin and eosin
magnification, 40�.

Fig. 5. Sections of female rats’ tibial growth plate. Rats were injected with the low-calcemic analogs of
vitamin D: JKF or QW at 0.2 ng/g BW followed by injections of E2 (1 or 10 mg/rat) on day 5 of each week for
2.5months, as described inMaterials andMethods. a:Ovxcontrol; (b) JKF; (c) JKFþ E2 (1mg/rat); (d) E2 (10mg);
(e) QW, and (f) QWþ E2. Paraffin-embedded sections were stained with hematoxylin and eosin
magnification, 100�.
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from the control intact rats (Fig. 4). The bone
contained numerous trabeculae. The growth
plate was not fused and although in some of
the bones, the growth plate was reduced and
narrow, it contained mostly proliferative cells.
The bony trabecules observed in the primary
spongiosa appeared to be thinner as compared
to Ovx control animals (Fig. 5d vs. a). There was
also reduction in %TBV after this treatment
(Table I). The bone marrow contained less
adipocytes than control Ovx (Fig. 5d vs. a).
Cortical bone thickness was significantly
reduced compared to control Ovx (Fig. 6d vs. a).

Histomorphological Changes After
Treatment With JKF Alone.

Treatment of 2.5monthswith JKFresulted in
some recovery of the bone architecture of Ovx
animals (Fig. 5b), but not similar to what was
observed in the intact bone. Along with a thin
epiphyseal cartilage with not many prolifera-
tive cells, vast hypertrophic cells, with thick
trabeculae, and numerous adipocytes in bone
marrow. JKF caused a significant reduction in
growth plate width compared to control Ovx
(Fig. 5b vs. a) and intact bones (Fig. 4a).

Significant differencewas found in cortical bone
thickness and %TBV (Fig. 6b and Table I).

Histomorphological Changes After Combined
Treatment With JKF and Estradiol-17b

Addition of E2 to the treatment with JKF
restored some aspects of the bone architecture.
The growth plate arrangement was typical
young and normal, with prolonged thin trabe-
culae with hardly any adipocytes, with no
change compared to Ovx alone (Fig. 5c). This
treatment resulted in restoration of %TBV
(Table I). This treatment significantly reduced
cortical thickness as compared to control Ovx
(Fig. 6c, P¼ 0.05).

Histomorphological Changes After
Treatment With QW Alone

Treatment of Ovx rats with QW significantly
restored the growth plate width (Fig. 5d
P¼ 0.05) compared to the Ovx vehicle-treated
bone, better than JKF (Fig. 5e). The growth
plate displayed normal appearance with thin
trabeculae. There was a slight disruption in the
organization of the growth plate and trabeculae
compared to control Ovx (Fig. 5e). In the growth
plate, proliferative cells were observed and
although the mineralized zone appeared to be
resorbed, it was not accompanied with bone
trabecular formation, and less adipocytes in
bone marrow. This treatment resulted in
significant reduction in %TBV compared to
treatment with JKF alone (Table I, P¼ 0.05).
The cortical bone thicknesswas not affected and
remained as the control Ovx bone (Fig. 6e).

Histomorphological Changes After Combined
Treatment With QW and Estradiol-17b

Addition of E2 to the treatment with QW
resulted in a complete restoration of the growth
plate architecture. There was a significant
increase in growth plate width (Fig. 6f,
P¼ 0.007) and resulted in a complete repair
of the control Ovx bone (Fig. 6f). The
typical division of the growth plate zone
(proliferative, chonrocytes, and hypertrophic
cells) was observed. Moreover, this restoration
was observed also in %TBV (Table I). The
primary spongiosa contained thin bone trabe-
culaeandalmostno adipocyteswere observed in
the bone marrow (Fig. 6f). Cortical thickness
was significantly increased compared to the
treatment with E2 or JKFþE2 (Fig. 6f).

TABLE I. Effects of Less Calcemic Analogs
of 1,25(OH)2D3; JKF and QW With and With-
out Estradiol-17b on Bone Histomorphome-
try in Proximal Tibial Metaphysis of Intact

and OVX Rats

Treatment

Site

Cortical
thickness

(mm)

Growth
plate width

(mm) % TBV

IntactþC 1,146� 13 261�17 38� 4
OvxþC 754� 12a 279� 19 46� 4
OvxþE2 581� 20a 237� 12b,d 40� 2
OvxþJKF 661� 10a 236� 13b,e 55�22
OvxþQW 586� 30a,d 283� 11 43� 2
OvxþJKFþE2 490�15a,b,c 267� 13 48� 2
OvxþQWþE2 680� 10a 294� 8b 45� 2

The effects of less calcemic analogs of 1,25(OH)2D3 JKF andQW
with and without E2 on bone histomorphometry in proximal
tibial metaphysis of intact and Ovx rats. Rats were injected
with the low hypercalcemic analogs of vitamin D, JKF or QW at
0.2ng/gBWfollowedby injections ofE2 (1mg/rat) onday5of each
week for 2.5 months, as described in Materials and Methods.
Significance of differences was evaluated using one way
analysis of variant and Tukey test, in which n¼5 (3� 5).
aSignificant difference from intact (P¼ 0.001).
bSignificant difference from OvxþC (P¼ 0.05).
cSignificant difference from Ovx treated with QWþE2

(P¼0.05).
dSignificant difference from Ovx treated with JKF (P¼ 0.001).
eSignificant difference from Ovx treated with QW (P¼ 0.001).
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DISCUSSION

The problem of hypercalcemia as a result of
chronic treatment with 1,25 dihydroxy vitamin
D3, led to the development of vitamin D analogs
which were less calcemic but retained anti-
proliferative properties. Among these, the
hybrid fluorinated analog JKF was tested
against a variety of cancer cells including
prostate cells [Oades et al., 2002] and skin
cancer [Dixon et al., 2005]. QW. a different
hybrid fluorinated analog of 1,25 dihydroxy
vitamin D3, has also been tested in different
systems.

We utilized a combination of these two
analogs with E2 to demonstrate anabolic
effects on rat tibial bone when four daily
injections of vitamin D analogs were followed
by a single injection of E2 on day 5, repeated for
2.5 month.

Histological examinations revealed that
2.5 months treatment of Ovx rats with any of
the substances resulted in rejuvenation of the
bone, among all, QWwas the best (Figs. 5 and 6,
Table I). Intact cortical bone was significantly
thicker than the non-treated Ovx bone
(P¼ 0.001). The different treatments showed
to affect bone thickness. No significant change
was observed between treated and non-treated

OVXrat’s cortical thickness, except the combine
E2þ JKF treatment, that significantly reduced
cortical thickness, as compared to control Ovx
rats. Furthermore, the combined QWþE2

treatment significantly increased cortical thick-
ness as compared to the combined JKFþE2

treatment (P¼ 0.05).
Short-term treatment (1 or 2weeks)with JKF

or QW alone enhanced maturation of the tibiae
and increased cortical and trabecular bone
thickness and less cartilage and more bone
were observed (data not shown). Generally, a
cluttered epiphyseal plate was observed, and
the zone of resorption was disarranged with
thick trabecular bone spicules. Cortical bone, as
reported previously [Berger et al., 1999], was
mature and much wider. In females, as shown
before [Berger et al., 1999], E2 injections
increased the width of cortical bone close to
the epiphysis (data not shown). The prolonged
treatment with JKF had a different pattern
compared to treatment with QW alone. JKF
reduced cortical and trabecular thickness with
similar cluttered, disarranged epiphyseal plate.
On the other hand, treatment with QW
significantly restored the growth plate width
% TBV values compared to treatment with JKF
alone (P¼ 0.05) and caused the growth plate
appeared to be younger.

Fig. 6. Sections of female rats’ tibial cortex. Rats were injectedwith the low-calcemic analogs of vitaminD
JKForQWat 0.2ng/gBWfollowedby injectionsof E2 (1 or 10mg/rat) onday5of eachweek for 2.5months, as
described in Materials and Methods. a: Ovx control; (b) JKF; (c) JKFþ E2; (d) E2 (5 mg); (e) QW, and (f)
QWþ E2. Paraffin-embedded sections were stained with hematoxylin and eosin magnification, 100�.
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Both short-term and long-term experiments
revealed that gonadal steroids restored the
damage caused by treatment with vitamin D
analogs alone, to all the parameters measured
in the epiphyseal growth plate and the adjacent
area underneath as well as %TBV. In long-term
experiment, E2 alone acted similarly to JKF, by
reducing cortical thickness and growth plate
width. E2 showed a general reduction in %TBV
that was significant in comparison to bones
treated with JKF (P¼ 0.001, Table I). Treat-
ments with JKF or E2 alone caused a significant
reduction in growth plate width (P¼ 0.05), as
compared to treatment with QW alone. On the
other hand, the combined E2 with JKF treat-
ment resulted in restoration of the bone, as seen
from %TBV and growth plate width and
morphology. The addition of E2 to QW further
and significantly improved the growth plate
width (P¼ 0.05). The combined treatment of
E2þQW caused a significant increase in
growth plate width (P¼ 0.007) and resulted in
a complete repair of the control Ovx bone.
The responsiveness of CK to E2 in Ep and Di

(Fig. 3) was significantly enhanced by the
combined treatment of JKF or QW with lower
dose of E2 compared to E2 alone, resulting in
significantly higher stimulation of CK-specific
activity (Fig. 3). The rapid stimulation of the
specific activity of the brain type isozyme of
creatine kinase (CK BB) is an almost universal
marker of cell stimulation. We have studied its
stimulation in skeletal-derived cells and
shown that the increase in its activity is closely
correlated with the biochemical parameter of
cell proliferation, thymidine incorporation into
DNA, andwith themorphological parameters of
bone growth, increase in thickness of cortical
bone and of the number of cells in the proliferat-
ing zone of the epiphyseal growth plate [Kaye
et al., 1997].
Ovariectomy caused an almost complete

cessation of bone growth, as was demonstrated
by the disruption of the growth plate cell
organization, and the complete disappearance
of thin bone spicules. The increased amount of
adipocytes replacing the bone marrow adjacent
to the growth plate could indicate that this
treatmentaffected the overallmetabolismof the
bone marrow. Such change reflects a more
mature stage of the bone as observed in aged
animals. In a mouse model of accelerated
aging (SAMP6 strain), osteoblastogenesis is
decreased with correlation to increased number

of adipocytes [Uchiyama et al., 1994]. In new-
born humans, the marrow contains few adipo-
cytes and is characterized as ‘‘red’’ or erythro-
poietic. With advancing age, the number and
size of adipocytes increase in a linear manner
[Gimble, 1990] resulting in a ‘‘yellow’’ marrow.
Fat then occupies 50% of the human marrow
cavity [Gimble et al., 1996]. Clinical observa-
tions documented an inverse relationship
between adipocytes and osteoblasts [Minaire
et al., 1984]. In osteoporotic patients, increased
bone marrow adipose tissue correlates with
decreased trabecular bone volume [Minaire
et al., 1984]. Treatment with E2 reversed the
aging process of the bone marrow by reducing
the lipid-containing cells in the bone marrow.
This treatment also repaired the morphology of
the growth plate.

Osteoblasts and adipocytes originate from
common mesenchymal precursor in bone
marrow [Owen, 1985; Aubin et al., 1985].
Also, the adipocyte is the most abundant
stromal cell phenotype in adult human bone
marrow [Gimble et al., 1996] possibly due to a
cellular stress response pathway activation
with aging [Kirkland et al., 2002]. The trabe-
cular bone and adipose tissue content in bone
marrow are inversely related in human
disuse osteoporosis [Minaire et al., 1984]. Since,
ovariectomy causes aging of the bone overall,
one of the age signs may also be adipogenesis,
which replaces osteogenesis, for example,
causing osteoporosis [Martin and Zissimos,
1991]. However, our study showed that the
adipogenesis caused by ovariectomy is a
reversible process and can be corrected and
rejuvenate the bone marrow to its normal
accurate chronological age. Moreover, in the
bone sites analyzed in the present study, the
noncalcemic vitamin D analogs analyzed had a
beneficial effect on bone and bone marrow
restoration.

As indicated from the parameters measured,
and together with the morphological evidence,
combined treatment of QWþE2 appeared to be
more suitable with best results for the treat-
ment of bone damage caused by ovariectomy in
female rats.

This chronic (long term) treatment with the
low calcemic vitamin D analogs JKF and QW,
increased the responsiveness to E2 in all para-
meters measured, both biochemically and mor-
phologically resulting in net growth of bone at
approximately normal levels.
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