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Objective. Inhibitors of prostaglandin production,
such as nonsteroidal antiinflammatory drugs
(NSAIDs), and pharmacologic nitric oxide (NO) donors,
such as organic nitrates, have been suggested to protect
against bone loss in both humans and experimental
animals. Recently, a new class of nitrosylated NSAID
(known as NO-NSAIDs) has been developed, which
combines the properties of a NO donor with those of a
cyclooxygenase (COX) inhibitor. This study investigated
the effects of one of these compounds, flurbiprofen
nitroxybutylester (HCT1026), on bone metabolism in
vitro and in vivo.

Methods. The effects of HCT1026 on osteoclast
formation and resorption were determined in vitro
using cocultures of primary mouse osteoblasts and
osteoclasts. The effect of HCT1026 in vivo was assessed
using a mouse model of ovariectomy-induced bone loss.

Results. HCT1026 was significantly more effica-
cious than the parent compound, flurbiprofen, at inhib-
iting osteoclast formation and bone resorption in vitro,
and these effects could not be reproduced by combina-
tions of flurbiprofen with a variety of NO donors.
Studies in vivo showed that HCT1026 protected against
ovariectomy-induced bone loss by inhibiting osteoclastic

bone resorption, whereas flurbiprofen at similar con-
centrations was ineffective.

Conclusion. These data indicate that HCT1026 is
a potent inhibitor of bone resorption in vitro and
protects against ovariectomy-induced bone loss in vivo
by a novel mechanism that appears to be distinct from
its NO donor properties and from its inhibitory effects
on COX activity. We conclude that HCT1026 may be of
clinical value in the prevention and treatment of inflam-
matory diseases such as rheumatoid arthritis, which are
characterized by joint inflammation as well as periar-
ticular and systemic bone loss.

There is an accumulating body of evidence that
suggests that prostaglandins and nitric oxide (NO) play
important roles as regulators of bone remodeling in
response to various stimuli, such as cytokines, sex hor-
mones, and mechanical loading (1–5). Moreover, recent
work has shown that there is cross-talk between
cytokine-induced activation of the NO and prostaglan-
din E2 (PGE2) pathways in vitro (6), suggesting that both
pathways may act in a concerted manner to influence
bone cell activity and bone turnover. In keeping with
these data, cyclooxygenase (COX) inhibitors (7,8) and
pharmacologic NO donors (9) have both been suggested
to exert modulatory effects on bone turnover and bone
mass in humans and experimental animals.

Recently, a new class of nonsteroidal antiinflam-
matory drugs (NSAIDs) containing a NO donor moiety
has been developed. These agents (referred to as NO-
NSAIDs) retain the desired antiinflammatory and an-
algesic properties of ordinary NSAIDs but are less likely
to cause gastrointestinal side effects, because the vaso-
dilator effects of NO are believed to counteract the
adverse effects of COX-1 inhibition on the gastric
mucosa (10,11). Since NO-NSAIDs combine the prop-
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erties of a NO donor with those of a COX inhibitor, we
considered that these agents might exhibit unique mod-
ulatory effects on bone cell activity. To investigate this
hypothesis, we studied the effects of a NO-NSAID,
flurbiprofen nitroxybutylester (HCT1026), on bone cell
activity in vitro and on ovariectomy-induced bone loss in
vivo.

MATERIALS AND METHODS

Drugs and culture media. HCT1026 (flurbiprofen ni-
troxybutylester) and flurbiprofen were obtained from NiCox
(Sophia Antipolis, France), and recombinant murine
interleukin-1b (IL-1b) was obtained from Calbiochem-
Novabiochem (Nottingham, UK). The NO donors,
S-nitrosoacetyl penicillamine (SNAP), PAPA NONOate (NOC-
15), DETA NONOate (NOC-18), and 3-morpholinosydnonimine
(SIN-1), were obtained from Alexis Corporation (Nottingham,
UK). Cell culture media were from Gibco BRL (Paisley, UK).
Other reagents were purchased from Sigma (Poole, UK).

Cell culture. Osteoclast formation and activity were
studied using an adaptation (12) of the osteoblast–osteoclast
coculture assay originally described by Takahashi et al (13).
Osteoblasts were isolated from the calvarial bones of 2-day-old
mice by sequential collagenase digestion (type I collagenase;
Sigma) and cultured in a-minimum essential medium (a-
MEM) supplemented with 10% fetal calf serum (FCS) and
penicillin and streptomycin at 37°C in 5% CO2. Hemopoetic
cells containing osteoclast precursors were isolated from the
spleens of 3–5-month-old mice by mechanical dispersion, and
erythrocytes were removed by Ficoll-Hypaque density-
gradient centrifugation. The resulting spleen cells were washed
with phosphate buffered saline and resuspended in culture
medium.

Cocultures of osteoblasts and spleen cells were carried
out on elephant dentine in either 48-well or 96-well tissue
culture plates. In 96-well plates, the osteoblasts and spleen
cells were plated at 104 cells/well and 2 3 105 cells/well,
respectively, in 150 ml of a-MEM supplemented with 10%
FCS, antibiotics, and 10 nM 1,25-dihydroxyvitamin D3. Drugs
and cytokines were added on day 7, and the cultures were
terminated on day 10. At the end of the culture period,
osteoclasts were identified by tartrate-resistant acid phospha-
tase staining, and resorption pits were visualized by reflected
light microscopy as previously described (12). Resorption was
quantified by image analysis using custom software developed
with Aphelion Active X Objects (Adcis, Hérouville-St.-Clair,
France). PGE2 levels in coculture supernatants were measured
using a competitive enzyme immunoassay kit according to the
manufacturer’s instructions (Cayman Chemical, Ann Arbor,
MI). Cell growth in primary mouse osteoblast cultures was
determined using the tetrazolium dye–based MTT assay as
previously described (14).

Animals. In vivo studies were carried out on 8-week-
old female C57BL/6 mice. Animals were housed in a desig-
nated animal facility and routinely maintained on a 12 hour/12
hour light/dark cycle and given ad libitum access to food and
water. All animal experiments were undertaken in accordance
with United Kingdom Home Office regulations.

Ovariectomy. Mice were subjected to bilateral ovariec-
tomy or sham operation, in which the ovaries were externalized
and then replaced, with the mice placed under general anes-
thesia using 10 mg/ml of Vetalar V (Pharmacia & Upjohn,
Crawley, UK) and 0.2% volume/volume Rompun (Bayer, Bury
St. Edmonds, UK). Three days after ovariectomy, treatment
was started with equimolar quantities of HCT1026 (12.5 mg/kg
body weight) or flurbiprofen (7.5 mg/kg body weight), given by
intraperitoneal injections in corn oil, and were continued daily
until termination of the experiment on day 21. The NSAID-
untreated sham-operated and ovariectomized (OVX) animals
received vehicle (corn oil) injections only. At the end of the
study, the animals were killed and the tibial and femoral bones
dissected for histomorphometric analysis (see below). Uterine
weight was measured to confirm the loss of ovarian function.

Bone mineral measurements. Measurements of bone
mineral content (BMC) and bone mineral density (BMD) at
the left proximal tibial metaphysis were determined in anes-
thetized mice by peripheral quantitative computed tomo-
graphy using an XCT Research M bone densitometer with a
voxel size of 70 mm and analysis software, version 5.1.4 (Stratec
Medizintechnik, Pforzheim, Germany). Mice were scanned at
the start of the ovariectomy study and again 3 weeks later at
the end of the experiment. Daily quality assurance measure-
ments were performed on the scanner using a plexicoated
polyvinyl chloride–fluorinated hydrocarbon phantom accord-
ing to the manufacturer’s instructions (Stratec Medizintech-
nik).

Bone histomorphometry. Bone histomorphometry was
performed on the left tibiae. The bones were dissected free of
soft tissues, fixed in 4% buffered formalin/saline (pH 7.4), and
embedded in methyl methacrylate. Longitudinal sections (4
mm) were then prepared and stained with Von Kossa and
Paragon. Histomorphometric measurements were made on
sections of the proximal metaphysis distal to the epiphyseal
growth plate at 203 magnification using a Zeiss Axioskop
(Carl Zeiss, Welwyn Garden City, UK) coupled to an image
analysis system (Adcis). Bone histomorphometric variables
were expressed according to the guidelines of the American
Society of Bone and Mineral Research Nomenclature Com-
mittee (15). Dynamic histomorphometric measurements were
made on the left femorae. Calcein double-labeling was visual-
ized by fluorescence microscopy, and the mineral apposition
rates were determined using image analysis.

Statistical analysis. Statistical analyses were per-
formed using SPSS, version 9 (Chicago, IL) software. Signifi-
cant differences between groups were determined by analysis
of variance followed by post hoc testing using Fisher’s pairwise
comparisons. Dose-responses were analyzed using the general
linear model and Dunnett’s post-test. All data are presented as
the mean 6 SEM unless stated otherwise. P values of less than
0.05 were considered significant.

RESULTS

Effects of HCT1026 and flurbiprofen on oste-
oclast formation and bone resorption in vitro. Initial
experiments showed that flurbiprofen at a concentration
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of 50 mM inhibited IL-1–induced bone resorption and
osteoclast formation in cocultures but had no significant
inhibitory effect on unstimulated cultures (Figure 1). In
contrast, 50 mM HCT1026 significantly inhibited bone
resorption in unstimulated cultures and was much more
effective (P , 0.0001) than flurbiprofen at inhibiting
osteoclast formation and bone resorption in IL-1–
stimulated cultures. Dose-response studies in IL-1–
stimulated cultures showed that HCT1026 caused a
concentration-dependent inhibition of osteoclast for-
mation, with half-maximal effects at ;20 mM, whereas
only weak inhibition of bone resorption was observed
with flurbiprofen at concentrations of up to 100 mM
(Figure 2).

To determine if these differences may have been
due to differences in the degree of COX inhibition, the
effects of flurbiprofen and HCT1026 were compared in
a COX-1 bioassay. This showed that HCT1026 and its
parent compound, flurbiprofen, had similar efficacy with
regard to COX inhibition, such that both compounds
strongly inhibited COX-1 activity at 50 mM (data not
shown). Moreover, both drugs caused a similar dose-
dependent inhibition of PGE2 production in osteoblast–
osteoclast cocultures, with complete inhibition at 100
mM, as shown in Figure 3. Thus, the greater efficacy of
HCT1026 in inhibiting bone resorption could not be
explained in terms of its effects on prostaglandin pro-
duction.

Figure 1. Basal (h) and interleukin-1–stimulated (■) osteoclast for-
mation (a) and bone resorption (b) in the presence of flurbiprofen and
HCT1026 (representative of 3 replicate experiments). Cocultures of
osteoblasts and spleen cells were carried out on dentine slices (see
Materials and Methods). HCT1026 and flurbiprofen were used at
concentrations of 50 mM. Values are the mean and SEM of 5 replicate
experiments. pp 5 P , 0.01 compared with the unstimulated vehicle-
treated control; # 5 P , 0.01 and ## 5 P , 0.0001 compared with
the relevant vehicle-treated group.

Figure 2. Dose-responses to flurbiprofen (h) and HCT1026 (■) in
relation to osteoclast formation (representative of 3 replicate experi-
ments). Cocultures of osteoblasts and spleen cells were carried out as
described in Materials and Methods. The nonsteroidal antiinflamma-
tory drugs (NSAIDs) and interleukin-1 were added to cocultures on
day 7, and the number of osteoclasts was determined by counting
tartrate-resistant acid phosphatase–positive multinuclear cells on day
10. Dose-responses were analyzed using a general linear model
analysis of variance, and Dunnett’s post-test was used to determine
significant dose effects. Values are the mean 6 SEM of 5 replicate
experiments. pp 5 P , 0.01 and ppp 5 P , 0.001 compared with the
NSAID-untreated controls (not shown). P , 0.0001 between NSAID-
treated groups.
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To study the role of the NO moiety of HCT1026
in inhibiting bone resorption, we compared the effects of
HCT1026 on IL-1–induced bone resorption with those
of the parent compound, flurbiprofen, and with flurbi-
profen plus the NO donor, SNAP (Figure 4). This
showed that the inhibitory effects of HCT1026 could not
be mimicked by the combination of flurbiprofen and
SNAP at a concentration of 50 mM. Similarly, combina-
tions of flurbiprofen and SNAP at 10 mM and 100 mM
were also unable to mimic the effects of HCT1026 (data
not shown). Other NO donors with different kinetics of
NO release, including NOC-15, NOC-18, and SIN-1,
administered in combination with flurbiprofen were
similarly unable to mimic the inhibitory effects of
HCT1026 on bone resorption (data not shown). Inter-
estingly, IL-1–induced NO production (measured as
nitrite), while unaffected by flurbiprofen, was decreased
significantly by HCT1026 (Figure 4b). These results
suggest that HCT1026 inhibits bone resorption by a
novel mechanism that appears to be distinct from that of
an ordinary NO donor.

Effects of HCT1026 and flurbiprofen on osteo-
blast growth. Proliferation of primary calvarial osteo-
blasts was unaffected by treatment with HCT1026 at

concentrations of up to 100 mM, whereas flurbiprofen
caused a dose-dependent inhibition of osteoblast
growth, which was maximal at 100 mM (Figure 5). The
difference between the compounds was highly significant
(P , 0.0001).

Effects of HCT1026 on ovariectomy-induced
bone loss in vivo. To determine if the inhibitory effects
of HCT1026 on osteoclast activity in vitro were ac-
companied by inhibitory effects on bone loss in vivo, we
studied the effects of HCT1026 and flurbiprofen on
ovariectomy-induced bone loss in mice. As expected,
the BMD and BMC fell significantly after ovariectomy,
as compared with sham-operated animals, in both

Figure 3. HCT1026 (■) and flurbiprofen (o) dose-dependent inhib-
itory effects on interleukin-1 (IL-1)–stimulated prostaglandin E2

(PGE2) production in osteoblast–osteoclast cocultures in comparison
with control cultures (h) (representative of 3 replicate experiments).
Cocultures of osteoblasts and spleen cells were carried out as de-
scribed in Materials and Methods. The nonsteroidal antiinflammatory
drugs (NSAIDs) and IL-1 were added to cocultures on day 7, and
PGE2 production was determined by enzyme immunoassay of culture
supernatants from day 10. Dose-responses were analyzed using a
general linear model analysis of variance, and Dunnett’s post-test was
used to determine significant dose effects. Samples were assayed in
duplicate and data are presented as the mean and SEM. p 5 P , 0.05
and pp 5 P , 0.01 compared with the NSAID-untreated control.

Figure 4. Effects of HCT1026 on interleukin-1–stimulated osteoclast
formation (a) and nitrite (NO2) production (b) compared with the
effects of flurbiprofen and a nitric oxide donor, S-nitrosoacetyl peni-
cillamine (SNAP) (representative of 3 replicate experiments). Cocul-
tures of osteoblasts and spleen cells were carried out as described in
Materials and Methods. Values are the mean and SEM of 5 replicate
experiments. HCT1026 flurbiprofen and SNAP were used at concen-
trations of 50 mM. ppp 5 P , 0.001 compared with the unstimulated
vehicle-treated control.
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the trabecular and the cortical bone compartments
(Figure 6). Administration of HCT1026 abolished the
reduction in BMC after ovariectomy and abrogated the
reduction in BMD resulting from ovariectomy, whereas
flurbiprofen had no significant effect. In sham-operated
animals, flurbiprofen reduced the BMD and BMC as
compared with vehicle-treated controls. In contrast,
HCT1026 increased the BMC in trabecular bone in
sham-operated mice compared with vehicle-treated
mice, but caused a slight reduction in the cortical BMC
and BMD. As expected, uterine weight was significantly
decreased in all of the OVX mice compared with the
controls, whereas body weights increased significantly in
the OVX mice compared with the sham-operated mice
(Table 1). Interestingly, the HCT1026- and flurbiprofen-
treated mice gained more weight than did vehicle-
treated controls in both the OVX and sham-operated
groups, perhaps reflecting inhibition of the appetite-
suppressing effects of prostaglandins (16).

Bone histomorphometric analysis showed a sig-

nificant increase in eroded surface and osteoclast sur-
face in response to OVX, and a reduction in trabecular
volume/bone volume and osteoblast numbers. The in-
creases in osteoclast numbers and eroded surface result-
ing from OVX were inhibited by HCT1026 but were
unaffected by flurbiprofen (Table 2). In contrast, para-
meters of bone formation, including osteoblast surface
and mineral apposition rate, were unaffected by
HCT1026 or flurbiprofen after OVX. These data indi-
cate that bone loss after OVX in this model is mediated
by increased bone resorption, and that the protective
effects of HCT1026 on bone loss are due to inhibition of
bone resorption rather than to an effect on bone forma-
tion.

DISCUSSION

Prostaglandins and nitric oxide are important
mediators of bone remodeling that are triggered by
diverse stimuli, including cytokines, sex hormones, and
mechanical loading (1–5,17). Epidemiologic studies
have shown that individuals who are treated with certain
classes of NSAID have increased bone mass when
compared with untreated controls (7) and also exhibit a
reduction in biochemical markers of bone resorption (8).
The effects of these agents on bone turnover and BMD
are small, however, and may be due to the influence of
confounding factors rather than to COX inhibition (8).
Epidemiologic studies have similarly shown an associa-
tion between increased BMD and the use of NO donors
in patients (18). Although the effects of NO donors on
bone turnover have not been directly investigated in
human cohorts, studies in rodents indicate that NO
donors protect against ovariectomy-induced bone loss
and corticosteroid-induced bone loss, probably by inhib-
iting bone resorption (9,19).

These observations provided the rationale for the
present study, in which we investigated the effects of a
nitrosylated derivative of flurbiprofen, HCT1026, on
bone metabolism in vitro and in vivo. Studies in vitro
using a bone marrow coculture system showed that
HCT1026 was a potent inhibitor of osteoclast formation
and bone resorption, with half-maximal effects at ;20
mM. In contrast, flurbiprofen at concentrations of up to
100 mM had only weak inhibitory effects on IL-1–
induced bone resorption and had no significant inhibi-
tory effects on bone resorption or osteoclast formation
in unstimulated cocultures. These differences did not
appear to be due to differences in prostaglandin inhibi-
tion since, consistent with previous work (10), we found
that HCT1026 and the parent compound, flurbiprofen,

Figure 5. Osteoblast growth in response to increasing doses of
HCT1026 (■) or flurbiprofen (h) (representative of 3 replicate
experiments). Primary cultures of osteoblasts were carried out as
described in Materials and Methods. Dose-responses were analyzed
using the general linear model analysis of variance, and Dunnett’s
post-test was used to determine significant dose effects. Values are the
mean 6 SEM of 5 replicate experiments. pp 5 P , 0.01 compared with
the nonsteroidal antiinflammatory drug (NSAID)–untreated controls
(not shown). P , 0.0001 between NSAID-treated groups.
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had similar inhibitory effects on COX activity and on
PGE2 production in osteoblast–osteoclast cocultures.
Other studies have shown that the inhibitory effects of
HCT1026 on bone resorption were unlikely to be due to
its NO donor properties, since they could not be repro-
duced by the combination of flurbiprofen with various
NO donors. Indeed, when we measured concentrations
of the NO metabolite, nitrite, in IL-1–stimulated cocul-

tures, we found that HCT1026 acted as an inhibitor of
NO production, which is in agreement with the results of
previous studies that have shown that HCT1026 inhibits
lipopolysaccharide-induced inducible NO synthase pro-
duction in J774 macrophages (20).

Taken together, these data suggest that HCT1026
inhibits bone resorption by a novel mechanism that is
distinct from its inhibitory effects on prostaglandin

Figure 6. Changes in bone mineral content (BMC) and bone mineral density (BMD) after ovariectomy (Ovx)
or sham operation. Eight-week-old C57BL/6 mice were subjected to Ovx or sham operation under general
anesthesia, then scanned by peripheral quantitative computed tomography at the start and end of the experiment,
as described in Materials and Methods. a, Change in trabecular BMC; b, change in cortical BMC; c, change in
trabecular BMD; d, change in cortical BMD. Values are the mean 6 SEM of 5–11 mice per group. p 5 P , 0.05
and pp 5 P , 0.00001 compared with untreated sham-operated mice; # 5 P , 0.001 compared with untreated
Ovx mice.

Table 1. Change in body weight and uterine weight from the start to the end of the experiment in groups of female C57BL/6 mice*

Variable

Sham-operated mice Ovariectomized mice

Vehicle Flurbiprofen HCT1026 Vehicle Flurbiprofen HCT1026

% of initial body weight 108.8 6 1.4 114.1 6 1.7† 115.3 6 2.5† 117.5 6 1.1‡ 127.0 6 1.3‡§ 127.1 6 2.3‡§
Uterine weight, mg 83.9 6 11.2 75.4 6 15.8 56.8 6 8.6 17.2 6 3.2‡ 15.3 6 1.9‡ 11.4 6 0.7‡

* Values are the mean 6 SEM of 5–11 mice per group. The average initial body weight was 19.7 6 0.2 gm.
† P , 0.05 versus vehicle-treated sham-operated mice.
‡ P , 0.00001 versus vehicle-treated sham-operated mice.
§ P , 0.001 versus vehicle-treated ovariectomized mice.
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production and from its NO donor properties. Although
further work will be required to define the mechanisms
of action for HCT1026 in bone, a possibility would be a
direct inhibitory effect of HCT1026 on nuclear factor kB
(NF-kB) activation, in view of the essential role that
NF-kB plays in regulating osteoclast formation (21,22).
Although we did not evaluate the effects of HCT1026 on
NF-kB activation in this study, previous work in other
cell types has shown that HCT1026 can act as an
inhibitor of NF-kB (23).

The relatively weak inhibitory effects of flurbi-
profen on IL-1–induced bone resorption reported here
are consistent with the findings of previous investigators
who have demonstrated that the stimulatory effects of
IL-1 on bone resorption in mice could not be blocked by
indomethacin in vitro (24) or in vivo (25). Nonetheless,
other groups have shown that in vitro osteoclast gener-
ation from bone marrow cocultures is blunted in mice
with COX-2 deficiency (26), and that mice with a
knockout of the EP2 prostaglandin receptor have im-
paired osteoclastogenesis in vitro (27). The reasons for
the discrepancy between these studies are unclear, but
possibilities include differential effects of different COX
isoforms on bone resorption or differences in sensitivity
to prostaglandins in different mouse strains.

The inhibitory effects of HCT1026 on osteoclast
generation in vitro were matched by the inhibitory
effects on ovariectomy-induced bone loss in vivo.
HCT1026 at a dose of 12.5 mg/kg prevented bone loss

from both the trabecular and cortical bone compart-
ments in mice that had undergone ovariectomy, whereas
similar concentrations of the parent compound, flurbi-
profen, had no protective effect. Bone histomorphomet-
ric analysis showed that the protective effects of
HCT1026 were largely due to inhibition of bone resorp-
tion, since osteoclast numbers and eroded surfaces in-
creased after OVX and were significantly suppressed in
animals treated with HCT1026. In contrast, flurbiprofen
had no significant inhibitory effect on bone resorption or
bone loss in animals undergoing OVX and actually
reduced trabecular BMC values in sham-operated ani-
mals. This reduction in BMC was most probably due to
inhibition of bone formation resulting from prostaglan-
din inhibition, since the mineral apposition rate was
significantly reduced in the flurbiprofen-treated animals
compared with vehicle-treated controls. Our in vitro
results suggest that the reduced bone formation noted in
vivo may be due in part to flurbiprofen’s inhibitory effect
on osteoblast proliferation.

These data suggest that HCT1026 may be of
clinical value in the prevention and treatment of bone
diseases associated with osteoclast activation. Although
traditional NSAIDs are widely prescribed for the treat-
ment of inflammatory and degenerative disorders of the
musculoskeletal system, they do not appear to exert
major protective effects on bone loss in humans (7,8),
and their long-term use is limited by adverse effects on
the gastrointestinal tract due to nonselective inhibition

Table 2. Bone histomorphometric parameters of sham-operated and ovariectomized mice*

Variable

Sham-operated mice Ovariectomized mice

Vehicle Flurbiprofen HCT1026 Vehicle Flurbiprofen HCT1026

Static parameters
BV/TV, % 22.99 6 1.25 17.95 6 1.92† 18.31 6 2.73† 16.54 6 2.16‡ 15.54 6 0.68‡ 22.22 6 1.23§
Ct.Th, mm 0.075 6 0.004 0.108 6 0.008† 0.117 6 0.012‡ 0.100 6 0.007‡ 0.098 6 0.009‡ 0.119 6 0.005‡§

Resorption parameters
ES, % 7.76 6 0.64 10.39 6 1.00† 9.55 6 2.13 16.05 6 3.06‡ 17.07 6 5.12‡ 10.39 6 1.20†§
Oc.S, % 5.06 6 0.52 5.04 6 1.10 5.25 6 1.15 12.53 6 2.48‡ 12.85 6 3.71‡ 7.69 6 1.05†§
N.Oc/BS 0.50 6 0.04 0.36 6 0.03 0.42 6 0.06 0.92 6 0.01‡ 1.16 6 0.29‡ 0.71 6 0.05‡§

Formation parameters
Ob.S, % 6.04 6 0.78 7.13 6 0.53 4.80 6 0.83 6.55 6 1.08 4.35 6 2.59 5.28 6 0.36
N.Ob/BS 2.30 6 0.31 1.29 6 0.10† 0.96 6 0.20‡ 1.42 6 0.17† 1.40 6 0.81 1.69 6 0.17†

Dynamic parameters
Mineral apposition rate, mm/day 2.46 6 0.24 1.10 6 0.07‡ 1.72 6 0.21† 2.28 6 0.22 1.94 6 0.38 2.91 6 0.30

* Values are the mean 6 SEM of 5–11 mice per group. Bone histomorphometry was performed on 4-mm longitudinal sections of tibiae from
age-matched C57BL/6 mice using staining with Von Kossa and Paragon in 4–5 fields (see Materials and Methods). The mineral apposition rate was
measured in undecalcified sections of the femur. BV/TV 5 trabecular bone volume/total tissue volume; Ct.Th 5 cortical bone thickness; ES 5 total
resorption surface; Oc.S 5 active resorption surface; N.Oc/BS 5 osteoclast number/bone surface; Ob.S 5 osteoblast surface; N.Ob/BS 5 osteoblast
number/bone surface.
† P , 0.05 versus vehicle-treated sham-operated mice.
‡ P , 0.01 versus vehicle-treated sham-operated mice.
§ P , 0.05 versus vehicle-treated ovariectomized mice.
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of COX-1 and COX-2 enzymes. Previous work has
shown that HCT1026 retains the antiinflammatory and
analgesic properties of the nonnitrosylated parent com-
pound, flurbiprofen (11,28), but is less likely to cause
gastrointestinal side effects. We show here that
HCT1026 has additional advantages over the parent
NSAID, in that it exerts potent inhibitory effects on
osteoclast formation and bone resorption in vitro and
prevents ovariectomy-induced bone loss in vivo. Clinical
studies are now in progress to define the effects of this
compound on bone metabolism in humans, but the data
presented here indicate that it may be particularly
valuable in inflammatory diseases such as rheumatoid
arthritis, which are characterized by joint inflammation
as well as periarticular and systemic bone loss (29,30).
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