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Objectives
Recent studies have shown that modulating inflammation-related lipid signalling after a 
bone fracture can accelerate healing in animal models. Specifically, decreasing 5-lipoxygenase 
(5-LO) activity during fracture healing increases cyclooxygenase-2 (COX-2) expression in the 
fracture callus, accelerates chondrogenesis and decreases healing time. In this study, we test 
the hypothesis that 5-LO inhibition will increase direct osteogenesis.

Methods
Bilateral, unicortical femoral defects were used in rats to measure the effects of local 5-LO 
inhibition on direct osteogenesis. The defect sites were filled with a polycaprolactone (PCL) 
scaffold containing 5-LO inhibitor (A-79175) at three dose levels, scaffold with drug carrier, 
or scaffold only. Drug release was assessed in vitro. Osteogenesis was assessed by micro-CT 
and histology at two endpoints of ten and 30 days.

Results
Using micro-CT, we found that A-79175, a 5-LO inhibitor, increased bone formation in an 
apparent dose-related manner.

Conclusions
These results indicate that 5-LO inhibition could be used therapeutically to enhance 
treatments that require the direct formation of bone.

Article focus
 Investigation into whether pharmaco-

logical inhibition of the 5-lipoxygenase
(5-LO) pathway can enhance bone regen-
eration

Key messages
 Inhibition of 5-LO using A-79175

increased bone formation in a dose-
related manner

Strengths and limitations
 The effects of A-79175 on osteogenesis

were measured at multiple doses
 The model of cortical defects in rat

femora provides for proof of concept but
lacks direct clinical applicability

 The mechanism by which 5-LO inhibition
increased osteogenesis was not analysed
in these experiments

Introduction
Recent studies have shown that reducing
5-lipoxygenase (5-LO) activity accelerates
fracture healing.1,2 In rats treated with oral
doses of AA-861, a 5-LO inhibitor, femur frac-
tures healed faster and had greater mechani-
cal properties than placebo controls.1

Similarly, mice homozygous for a targeted
mutation in Alox5, the 5-LO gene, were found
to heal fractures of the femur faster and with
greater mechanical integrity than controls
matched by age and background genotype.2

Fracture healing was characterised by acceler-
ated bone formation within the fracture callus,
but it occurred concomitant with accelerated
chondrogenesis in the 5-LO deficient animals.
Thus, it is unclear whether loss or inhibition of
5-LO can enhance bone formation in the
absence of endochondral ossification.

The principal function of 5-LO is to convert
arachidonic acid into leukotriene A4, which is

Freely available online

Keywords: Bone regeneration, 5-lipoxygenase, A-79175, Rat, Femoral defect, Bone formation



42 J. A. COTTRELL, V. KESHAV, A. MITCHELL, J. P. O’CONNOR

BONE & JOINT RESEARCH

used to synthesise leukotriene B4 (LTB4) and the cysteinyl
leukotrienes.3,4 LTB4 and the cysteinyl leukotrienes are lipid
signalling molecules that affect many physiological pro-
cesses, including inflammation, which is an early physio-
logical response to fracture. Arachidonic acid is also the
substrate for cyclooxygenase-1 and cyclooxygenase-2
(COX-2), which convert arachidonic acid into prosta-
glandin (PG)-H2. PGH2 is used to synthesise thromboxane
A2, PGD2, PGE2, PGF2α, and PGI2. These prostaglandins
also are lipid signalling molecules that affect many physio-
logical processes including inflammation.5

Several studies have demonstrated that non-steroidal
anti-inflammatory drugs can impair fracture healing and
that this impairment is due to inhibition of COX-2.1,6-9 In
other studies, reduced 5-LO activity was associated with
enhanced fracture healing, including elevated callus
chondrogenesis, increased bone formation and elevated
COX-2 expression.1,2 These data were interpreted to be an
acceleration of endochondral ossification that ultimately
led to accelerated healing. Thus, 5-LO acts as a negative
regulator of fracture healing while COX-2 is a positive reg-
ulator of fracture healing. However, many orthopaedic
procedures rely upon direct bone formation, and not
endochondral ossification, for healing. For example, stems
used in arthroplasty often require the formation of bone in
order to secure the implant in place.10-12 Also, fractures
treated by rigid surgical fixation have reduced capacity for
endochondral ossification, and rely more upon direct bone
formation and remodelling to heal.13,14

The purpose of this study was to determine if a locally
applied 5-LO inhibitor, A-79175, could enhance bone
regeneration in an animal model of direct bone forma-
tion.15,16 For this study, a unicortical bone defect model
was used in rat femora, in which the defect site was filled
with a polycaprolactone (PCL) scaffold containing 5-LO
inhibitor or carrier.17,18

Materials and Methods
Scaffold manufacture and sterilisation. The 5-LO inhibi-
tor used was A-79175 (Accelalox Inc., Menlo Park,
California).15,16 A custom-made sheet of Osteomesh (Osteo-
pore International, Queenstown, Singapore) was used to
make the PCL scaffolds. Analytical-grade calcium sulphate
hemi-hydrate (CaSO4; J. T. Baker Chemicals, Deventer, The
Netherlands) was used as a carrier for A-79175. The A-79175
was mixed into calcium sulphate to dosages of 0%, 0.01%,
0.05%, and 0.25% (weight/weight). Using a biopsy
punch, 3 mm diameter × 3 mm tall scaffolds were cut
from the Osteomesh sheet and placed in a cylindrical rub-
ber mould. Saline was added to the CaSO4 and A-79175
mixtures (between 1 ml and 2 ml per gram) and the slurry
was applied to the scaffolds. The PCL-CaSO4 scaffolds
were air-dried and weighed in order to determine the
amount of A-79175 present in each scaffold. PCL scaffolds
without CaSO4 were also used as controls. The PCL-CaSO4
scaffolds weighed a mean of 0.015 g (SD 0.002), low-dose

scaffolds weighed a mean 0.017 g (SD 0.002), medium-
dose scaffolds weighed a mean 0.015 g (SD 0.002), and
high-dose scaffolds weighed a mean 0.018 g (SD 0.001).
Scaffolds were calculated to contain approximately
1.5 μg, 6.4 μg and 40.4 μg of A-79175 for the 0.01%,
0.05% and 0.25% doses, respectively. Before implantation
all scaffolds were sterilised with 18 Gy of gamma irradia-
tion using a Model 28-8 irradiator (JL Sheperd & Associ-
ates, San Fernando, California).
In vitro release of A-79175. Implants for each treatment
group (six per group) were submerged in 1.5 ml of phos-
phate buffered saline (PBS) in a 2 ml tube. A 150 μl aliquot
of the PBS was removed at days one, three, five, seven and
nine in order to measure accumulated A-79175 release.
On day ten, 2 ml of methanol was added to the remaining
mixture and the samples were homogenised with
2.8 mm diameter stainless steel beads in a 2 ml centrifuge
tube using a Precellys 24-DUAL Tissue Homogenizer
(Bertin Technologies, Bordeaux, France) at 6500 rpm for
30 s twice. Particulates from all samples were removed by
centrifugation and when necessary by filtration through a
0.4 μm membrane. The samples were diluted 1:1 with
Solvent A (10 mM ammonium formate pH 9.1, 20% meth-
anol) before liquid chromatography–mass spectrometry
(LC-MS/MS) analysis.

A-79175 was detected by LC-MS/MS and quantified
using an A-79175 standard curve. The LC-MS/MS system
used included a FAMOS autosampler (LC Packings, San
Francisco, California), an Agilent 1100 degasser and
binary pump (Agilent Technologies, Inc., Santa Clara,
California), and an AB SCIEX 2000 QTrap (AB SCIEX, Fos-
ter City, California). The A-79175 in vitro release samples
and standards were separated by reverse-phase liquid
chromatography using a Gemini C6-Phenyl column
(150 mm × 2.00 mm, 3 μ; Phenomenex, Torrance, Califor-
nia) at room temperature using a flow rate of 300 μl/min.
The C6-Phenyl column was developed using the follow-
ing method: Solvent A for 3 mins; a linear gradient from
100% Solvent A to 100% Solvent B (100% methanol)
between 3 and 5 mins; 100% Solvent B between 5 and
15 mins; a linear gradient from 100% Solvent B to 100%
Solvent A between 15 and 18 mins; and 100% Solvent A
from 18 to 20 mins.

The LC eluate was introduced into the 2000 Qtrap
using the turbo electro-spray ion source in positive ion
mode. A-79175 was detected using multiple reaction
monitoring (MRM) by measuring the 305 to 206 m/z ion
pair transition from Q1 to Q3. The following Qtrap
parameters were used: CUR = 22 psi, CAD = 10, IS = 5000,
TEM = 350°, GS1 = 30 psi, GS2 = 25 psi, IHE = ON,
DP = 68 V, EP = 10 V, CE = 12 V, and CXP = 10 V. 

A-79175 quantification was performed using Analyst
Quantification Software (AB SCIEX). The peak area was
determined for each sample using the Analyst Software
quantitation wizard using a bunching factor of ten. Each
peak was manually reviewed for accuracy. Data from the
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A-79175 standards were fit to a quadratic standard curve
and this curve was used to calculate sample drug concen-
trations. The standard curve contained six standards
ranging from 0 ng/μl to 1000 ng/μl and was done in trip-
licate. Quality control standards and blanks were used
periodically throughout sampling to ensure accuracy. 
Animal procedures. A total of 60 male Sprague-Dawley
rats were obtained from Charles River Laboratory
(Wilmington, Massachusetts). The rats weighed a mean
of 520 g (SD 35) at the time of surgery and 533 g (SD 39)
at death. All animal experiments were approved by the
Institutional Animal Care and Use Committee of the New
Jersey Medical School.

Bilateral defects were made in the distal femora of each
rat to assess local drug effects on bone formation. Rats
were anaesthetised with an intraperitoneal injection of
ketamine (50 mg/kg) and xylazine (10 mg/kg). Hind
limbs were prepared for surgery by shaving the knee
areas and scrubbing with 10% povidone-iodine solution.
A lateral 1 cm incision was created above the knee on
each thigh. The overlying muscle was bluntly dissected to
the surface of the distal femur. A 2.7 mm diameter burr
(ACE Surgical, Brockton, Massachusetts) and a variable
speed drill (Dremel, Racine, Wisconsin) were used to cre-
ate a 3 mm diameter unicortical defect in the distal femur.
Each defect site was thoroughly irrigated with saline and
sponged dry. A scaffold was placed within the defect
using surgical tweezers. Wounds were closed in three lay-
ers using resorbable sutures. Radiographs of each animal
were made to confirm and record the initial defect.

After the rats were numbered, those with even num-
bers had experimental scaffolds placed in their right
femur and control scaffolds in their left femur, whereas
odd-numbered rats had scaffolds placed in the opposite
manner. Because of the bilateral defect study, the bone
volume of each defect was compared with that of the
contralateral defect in order to determine the percentage
changes in bone formation.

The 60 rats were split into groups (each n = 6) between
the two endpoints (days ten and 30) and the five treatment
groups: 1) the scaffold group (empty defect and PCL-only
scaffold); 2) CaSO4 group (PCL-only scaffold and CaSO4-
only); 3) low dose (CaSO4-only and 0.01% A-79175);
medium dose (CaSO4-only and 0.05% A-7915); and
5) high dose (CaSO4-only and 0.25% A-79175).18 The dose
of A-79175 was calculated based on percentage dosage
and the scaffold mass minus PCL scaffold mass. The rats
were housed in pairs, maintained in a 12-hour light dark
cycle, and provided food and water ad libitum. Rats were
killed with an inhaled overdose of isoflurane. Each femur
was excised and placed in formalin for five days, before
being placed in 70% ethanol before micro-CT analysis.
Micro-CT analysis. Using a Skyscan 1172 (Bruker,
Kontich, Belgium), three-dimensional (3D) micro-CT
images were made in order to determine the bone vol-
ume (BV) of the defect site. Right and left femora were

excised and scanned together as pairs in 70% ethanol to
prevent drying. All samples were scanned using a 0.5 mm
aluminum filter, at energy of 70 Kvp, intensity of 142 μA
and with a voxel size of 12 μ isotropic. The micro-CT data
were reconstructed with NRecon software (Bruker).

All reconstructed images were analysed using Bone J to
determine bone and total volumes and with Skyscan soft-
ware to determine bone mineral density.19,20 Cylindrical
volume of interests with a mean diameter of 3.1 mm and
mean height of 2.2 mm were created to isolate the defect.
Each defect was analysed for bone volume, and the result-
ing ratio of bone volume to total volume (BV/TV) was cal-
culated, based on the size of the cylinder isolated from
the 3D reconstruction. The change in percentage bone
volume was calculated by dividing the difference in
experimental and control defect BV/TV values by the con-
trol BV/TV value and then multiplying by 100. Femora
were scanned in a blinded fashion in that the operator
(AM) was unaware of the treatments used in each femur.
Histological analysis. Following micro-CT scanning,
samples were embedded in polymethylmethacrylate
(PMMA).21 A single section was cut through the defect
site perpendicular to the long axis of the femur. Sections
were polished stained with van Gieson’s picrofuchsin to
stain mineralised tissue red and Stevenel’s blue to stain
cartilage deep blue.22 Digital images of the specimens
were captured using an Olympus SZ40 microscope
(Olympus America Inc., San Jose, California) and a Spot
Idea Camera (Diagnostics Instruments Inc., Sterling
Heights, Michigan) or a Nikon Diaphot 300 microscope
with a Nikon DXM1200f digital camera (Nikon Instru-
ments Inc., Melville, New York).
Data analysis. Data from CaSO4-only scaffold controls
were compared between groups using analysis of vari-
ance (ANOVA). The comparison of the CaSO4-only con-
trols ensured that each group was healing at similar rates,
and that changes in bone volume could be attributed to
A-79175 treatment. Data were compared between con-
trol and contralateral experimental femurs directly using
a paired t-test.

Results
The surgical procedure was easily accomplished and well-
tolerated by the rats. Slight variations in scaffold diameter
sometimes necessitated creation of a burr hole slightly
larger than 3 mm. This slight variation was accounted for
in data analysis by creating a cylindrical volume of inter-
est of ≥ 3 mm diameter, and was taken into account for
the total volume of the cylinder when determining the
bone volume to total volume ratio (BV/TV) and bone min-
eral density (BMD).
Disposition of animals and femur samples. Of the 60 rats
(120 femora) used in the study, two rats died from the sur-
gical anaesthesia before the surgical procedure and one
died a day after surgery (two rats in the high-dose ten-day
endpoint group and one rat in the scaffold-only 30-day
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endpoint group), one femur had a bi-cortical defect that
made it unsuitable for data analysis (medium-dose ten-day
endpoint group), and one rat developed an infection that
prevented its use (medium-dose 30-day time point). An
anticipated complication of the procedure was post-
operative secondary fracture, which occurred in three rats
of the high-dose 30-day endpoint group, one rat of the
medium-dose 30-day group, one rat of the CaSO4-only
30-day endpoint group, and one rat of the medium-dose
one-day group. Finally, sample handling errors caused the
loss of one rat from the medium-dose 30-day group and
one rat from the CaSO4-only 30-day group. The remaining
animals were distributed as detailed in Tables I and II.

In vitro release of A-79175 from the implants. There was
an initial release (at day one) of A-79175 from the
implants into the PBS (Fig. 1, Table III). However, after the
initial release, the remaining A-79175 stayed within the
implant with very little additional A-79175 released over
the following eight days (Fig. 1). On day ten the implant
was crushed in methanol in order to break apart the solid-
ified calcium sulphate and extract the remaining A-79175.
As drug release from solidified calcium sulphate depends
upon surface erosion,23 it was unlikely that this procedure
would extract all the remaining A-79175 still held in the
small particles of solidified calcium sulphate. However,
the large increase in surface area caused by the crushing
enabled extraction of additional A-79175 from the
implants, demonstrating that A-79175 was still present
within the CaSO4 matrix even after nine days incubation
in PBS (Table III).
Radiological analysis. Radiographs were made for each
animal immediately after surgery in order to confirm

Table I. Effects of A-79175 on the bone volume/total volume (BV/TV) ratio at ten days post-operatively

Mean (SD) BV/TV

Treatment group
Implant 
(mg)

Drug dose
(w/w) (%)

Approximate
dose (μg) Group size (n) Experimental Control

p-value 
(t-test)

Scaffold only - 0 0 6 0.32 (0.055) 0.31 (0.054) 0.812
CaSO4-only 15.4 0 0 6 0.30 (0.088) 0.29 (0.104) 0.912
Low dose 18.0 0.01 1.5 6 0.30 (0.086) 0.27 (0.078) 0.496
Medium dose 14.8 0.05 6.4 5 0.37 (0.013) 0.29 (0.047) 0.011
High dose 18.2 0.25 39.5 4 0.38 (0.049) 0.30 (0.024) 0.024

Table II. Effects of A-79175 on the bone volume/total volume (BV/TV) ratio at 30 days post-operatively

Mean (SD) BV/TV

Treatment group
Implant 
(mg)

Drug dose 
(w/w) (%)

Approximate 
dose (μg) Group size (n) Experimental Control

p-value 
(t-test)

Scaffold - 0 0 5 0.33 (0.092) 0.31 (0.057) 0.630
CaSO4-only 14.7 0 0 3 0.40 (0.138) 0.38 (0.043) 0.767
Low dose 17.8 0.01 1.5 6 0.39 (0.101) 0.34 (0.095) 0.328
Medium dose 14.6 0.05 6.3 3 0.43 (0.042) 0.42 (0.046) 0.372
High dose 18.9 0.25 41.3 3 0.43 (0.103) 0.38 (0.087) 0.138
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Fig. 1

Graph showing the mean cumulative A-79175 release from implants in
vitro. Error bars show the standard deviation and lines of best fit are
given for each group, including the controls (CaSO4-only).

Table III. Summary of A-79175 release in vitro (PBS, phosphate buffered
saline)

Treatment 
group

Mean 
drug 
per 
implant 
(μg)

Maximum
total 
released
into PBS 
(%)

Mean (SD)
drug 
recovered 
from 
implant 
(μg)

Total 
recovered
from 
implant
on day ten 
(%)

Control 0.0 - 0.0 (0.0) -
Low dose 
(0.01%)

1.5 66 0.30 (0.11) 20

Medium 
dose (0.05%)

6.4 31 1.88 (0.88) 29

High dose 
(0.25%)

40.4 12 6.89 (3.47) 17
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defect site and placement. After death the excised femora
were also examined by radiology. Visual evidence of heal-
ing was apparent in most of the radiographs compared
with those made immediately post-operatively. Beyond
the identification of complications, such as fractures or
infections, the radiographs were not scored or in any
other way correlated to the experimental treatments.
Example radiographs of the defects in each group from
the ten-day endpoint are shown in Figure 2.
Histological analysis of the healing defect. Histological
examination of the defects sites showed bone deposition
around and in the scaffold for control and treatment
groups (Fig. 3). No cartilage was present in the sites sug-
gesting that direct bone formation occurred in this
model. Histomorphometry to determine the percentages
of mineralised tissue was not conducted, as a previous

study showed that histomorphometry and micro-CT
analyses yield similar results in this bone defect model.18

Micro-CT analysis. New bone (BV/TV) and bone mineral
density (BMD) in the defect site of each femur was mea-
sured by micro-CT. Representative 3D reconstructions of
the defect from each of the treatment and control groups
at the ten- and 30-day endpoints are shown in Figure 4.
The CaSO4-only controls in each treatment group from
the ten-day and 30-day time points were compared using
ANOVA. No significant difference in BV/TV or BMD were
found at either the ten-day (p = 0.84 and 0.19, respec-
tively) or 30-day (p = 0.61 and 0.66, respectively) time
points between the CaSO4 only scaffolds in each treat-
ment group (Tables II, III, and IV). This indicates that no
systemic drug effect or other healing variations occurred
between groups. A two-way ANOVA showed a significant

Fig. 2

Sample radiographs from each group after ten days of healing in a) an open defect, b) a polycaprolactone (PCL)-only defect, c) a CaSO4-only defect, d) a low-dose
A-79175 defect, e) a medium-dose A-79175 defect, and f) a high-dose A-79175 defect.
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difference in BMD between the ten- and 30-day end-
points after accounting for differences in treatment
(p < 0.001) (Table IV).

The experimental design enabled a paired comparison
of bone formation between experimental (scaffolds with
CaSO4 and A-79175) and control (scaffolds with CaSO4
only) defects with Student’s t-tests. There was no signifi-
cant difference in total volume (TV) between experimen-
tal and control defects for each group (data not shown).

The data indicate that defects treated with medium and
high doses of A-79175 had significantly more bone (BV/
TV) after ten days of healing (Table I, Fig. 5). There was a
mean increase in bone volume of 14.3% (SEM 8.3) for the
low-dose A-79175 treated defects compared with the
CaSO4-only controls (6.6% (SEM 8.4)) at the ten-day end-
point, although this was not statistically significant
(p = 0.5). The mean change in BV/TV for the medium and
high-dose groups was 27.5 (SEM 8.3) and 28.3 (SEM 8.6),
respectively, both of which were significantly greater than
the controls with CaSO4 only (p = 0.011 and p = 0.024,
respectively). No statistically significant differences were
found in the 30-day endpoint data (Table II). However, all
A-79175 treated defects had a greater BV/TV ratio than
their CaSO4-only controls at the 30-day time point.

Discussion
We found the local release of A-79175 from CaSO4 infused
into PCL scaffolds to enhance bone formation in a cortical
defect. The data demonstrated that local treatment with
A-79175 at doses of 6.4 μg and 40.4 μg led to significantly
more bone in the defect site by ten days post-operatively
when compared with the contralateral femur defect
treated with CaSO4-infused scaffolds without the drug.
By 30 days after surgery, the differences in bone formed
between controls and A-79175 treated defects were not
significant, although the A-79175 treated defects had con-
sistently higher BV/TV values. This result was expected as
the control groups were expected to heal at a normal rate
and achieve almost full healing by 30 days. The results
support previous fracture healing studies, in which loss or
inhibition of 5-LO was associated with accelerated bone
regeneration.1,2

Differences in BV/TV between the A-79175 dose groups
at the ten-day endpoint were compared using ANOVA,
but no significant difference was found between the three
doses (p = 0.125). However, the experiment was designed
to allow paired comparisons between defects treated with
A-79175 and their corresponding contralateral CaSO4-only
controls, and, as a consequence, the ANOVA comparison
between the dosage groups was statistically underpow-
ered (power = 0.249). Given the large observed differ-
ences between the A-79175 low-dose group and the
medium- and high-dose groups, larger sample sizes
would be likely to show a significant dose-dependent
effect. This potential difference between the low-,
medium- and high-dose groups may reflect the in vitro
burst release of over half of the A-79175 from the low-dose
implants (Table III). In contrast, the medium- and high-
dose groups retained over 40% of the initial A-79175 after
nine days of incubation in vitro, suggesting that these
doses provided for sustained release of A-79175 in vivo as
the calcium sulphate matrix is released.

Any osteoconductive effects of the PCL scaffold or the
infused CaSO4 was controlled for in the scaffold group, in
which an empty defect was compared with a PCL scaffold

Fig. 3

Histological images of femoral defects at ten days post-
operatively in a) the control group (CaSO4-only) and b) the
medium-dose group treated with A-79175, and c) magnified
to show newly formed bone (b), the void left by the poly-
caprolactone scaffold (s) and artifactual air bubbles from the
embedding process (x).
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containing no CaSO4, and the CaSO4-only group in
which a PCL scaffold was compared with a PCL scaffold
infused with CaSO4. The micro-CT analysis found no

significant differences between the PCL scaffold and
empty defect groups at ten days (p = 0.836) or at 30 days
(p = 0.630). Additionally, no significant differences were

Fig. 4

Representative three-dimensional micro-CT reconstructions of the femoral defect sites, with the ten-day samples in the left column and the 30-day
samples in the right. Within each panel are (top left) a two-dimensional slice of the defect, (bottom left) the analysed volume shown from top-down
and side views, and (right) the highlighted defect within the femur.
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found when the PCL scaffold was compared with PCL
infused with CaSO4 at ten days (p = 0.745) or at 30 days
(p = 0.767).

The paired design of this study controlled for local effects
of A-79175 within each rats. However, a risk associated with
this design is that systemic distribution of A-79175 could
influence bone formation in the control defect. As the
absolute dose of A-79175 per animal was very low and
was further tempered by nominally slow-release from
CaSO4, the potential for confounding effects of systemic
A-79175 was considered to be low. A comparison of all
treatment groups failed to identify any significant effects
of drug treatment on BV/TV in the defects filled with
CaSO4-only scaffolds (ten-day endpoint, p = 0.19; 30-day
endpoint, p = 0.66; both ANOVA) suggesting that, at the
dose used and in the CaSO4 carrier, the A-79175 had no
systemic effect on bone formation.

Local treatment with A-79175 increased direct bone
formation in this rat femur defect model. Bone healing in
this model occurs by direct formation and not endo-
chondral ossification, and therefore suggests that 5-LO

inhibition can stimulate osteoblasts to synthesise bone.18

Previous studies have shown accelerated bone formation
during fracture repair when 5-LO was absent in mice
homozygous for a targeted mutation in Alox5 or in rats
treated with oral doses of AA-861, a 5-LO inhibitor.1,2 The
accelerated fracture repair was associated with enhanced
chondrogenesis, suggesting that inhibition of 5-LO accel-
erates endochondral bone formation. However, these
previous studies also showed early increases in peripheral
fracture site bone formation, which is initially mediated
by direct bone formation from the periosteum and would
be consistent with the current findings.1,2

Bone healing by direct bone formation occurs by
osteoclast resorption of the damaged bone and subse-
quent new bone formation by osteoblasts.24 Studies have
shown that 5-LO inhibition can inhibit the activity of
osteoclasts and osteoblasts.25,26 However, cathepsin K
and osteocalcin mRNA expression, indicators of osteoclast
and osteoblast activity, respectively, were elevated during
fracture repair in animals treated with 5-LO inhibitor.1 Sim-
ilarly, others have found that 5-LO metabolites can inhibit
osteoblast or osteosarcoma cell line proliferation and func-
tion.27,28 The inconsistent findings between studies likely
relates to differences between in vitro and in vivo findings,
differences in cell preparations, and differences in outcome
measurements. Therefore, whether A-71975 stimulation of
bone formation is occurring by mediating osteoclast
activity, osteoblast activity, a combination of osteoclast
and osteoblast activity, or is mediated through another
cell type remains to be resolved.

This study did not explore the mechanisms by which
5-LO inhibition is enhancing osteogenesis. Although this
model predominantly works through primary bone forma-
tion, it is unclear whether A-79175 is increasing bone forma-
tion or decreasing bone turnover. Future research will focus
on understanding the mechanisms by which 5-LO and its
downstream products effect the major cell types involved
in primary and secondary bone healing. Our histological
examination was consistent with primary bone formation
as expected suggesting that 5-LO inhibition can affect pri-
mary bone formation as well as endochondral ossification
as previously published.1,2 Additional measures of bone for-
mation were not attempted, as our previous studies have

Table IV. Mean bone mineral densities at ten and 30 days post-operatively (PCL, polycaprolactone)

Mean (SD) bone mineral density (mg/cm3)

Day ten Day 30

Treatment
group

Experimental 
vs control n Experimental Control p-value n Experimental Control p-value

Scaffold Empty vs PCL 6 0.52 (0.10) 0.52 (0.07) 0.96 5 0.59 (0.10) 0.58 (0.04) 0.79
CaSO4 PCL vs PCL+CaSO4 6 0.54 (0.04) 0.49 (0.05) 0.07 3 0.54 (0.05) 0.64 (0.12) 0.30
Low dose A-79175 vs PCL+CaSO4 6 0.51 (0.05) 0.54 (0.06) 0.46 6 0.67 (0.04) 0.70 (0.06) 0.23
Medium dose A-79175 vs PCL+CaSO4 5 0.54 (0.04) 0.55 (0.11) 0.91 3 0.64 (0.08) 0.66 (0.04) 0.76
High dose A-79175 vs PCL+CaSO4 4 0.55 (0.06) 0.53 (0.06) 0.56 3 0.62 (0.02) 0.67 (0.07) 0.29
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Fig. 5

Graph showing the mean percentage change in the bone volume/total vol-
ume (BV/TV) of the ten-day endpoint (as bar chart, with error bars denoting
standard error) compared with the A-79175 dosage depicted by the open
circles, for each of the groups.
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found a high degree of correlation between micro-CT mea-
sured bone volumes and bone areas measured by histo-
morphometry.18 

The present study had some limitations. Differences in
surgical creation of the defect sites required optimisation
of micro-CT volume measurements for each defect. In
order to account for these small differences, the amount
of bone formed was normalised to the volume assayed
(BV/TV). Surgical limitations were not limited to defect
size variations. The implants used were PCL scaffolds
infused with CaSO4 and A-79175. The implants would
crumble under light pressure or dissolve when exposed
to any aqueous substance, such as saline or blood. Efforts
were made to ensure the defect site was of adequate size
and dry before attempting to insert the implant. How-
ever, scaffolds did break on occasion. In that event, the
pieces of the scaffold were sufficiently moldable that the
scaffold pieces were pushed into the defect site, much like
a paste, rather than inserted as an entire solid scaffold.
The paired experimental design allowed for statistical
comparisons between an experimental scaffold and the
control scaffold inserted in the defect in the contralateral
femur. However, this also reduced the required number
of animals in each group and reduced the statistical
power for across group comparisons.

We are unaware of any approved pharmaceutical treat-
ments to promote cortical bone defect healing or to pro-
mote direct bone formation into an arthroplastic device.
Bone morphogenetic protein-2 is used to treat severe tibial
fractures and is used in other application such as spinal
arthrodesis.29-31 Platelet derived growth factor is used in
dental application to promote bone formation.32-34 Pres-
ently, cortical bone defects are left to heal without interven-
tion if the defect is small enough or may be filled with graft
materials including autograft, allograft, xenograft, or syn-
thetic materials to promote healing. Synthetic graft materi-
als, such as calcium sulphate pellets and β-tricalcium
phosphate particles, rely upon osteoconduction to pro-
mote healing.35,36 Similarly, implants used in arthroplasty
are sometimes coated with hydroxyapatite to promote
osteoconduction.37 However, no small molecule drug ther-
apy is currently available as a systemic or local therapy for
promoting bone formation. Several pharmaceutical
approaches are being developed to address this clinical
need. Potential therapies include use of locally applied
bisphosphonates,19,38 other inhibitors of osteoclast devel-
opment or function,18,39 use of parathyroid hormone or
analogues,40,41 Wnt pathway modifiers,42,43 bone morpho-
genetic protein analogues,44 prostaglandins analogues,45-47

statins,48,49 and as described here, drugs that modify the
5-lipoxygenase pathway. As there is no set standard phar-
maceutical treatment for this model, and because the
goal of the study was determine whether A-79175 would
promote bone healing in a model of direct bone forma-
tion, no comparisons with other developing therapies
was performed. Future studies that directly compare the

efficacy of A-79175 therapy with other therapies in more
clinically relevant models would aid in cost-benefit and
clinical decisions regarding use of A-79175 or other 5-LO
inhibitor therapies. However, additional experiments are
needed to optimise drug-carrier, drug-release profiles
and 5-LO inhibitor choice, in order to maximise bone for-
mation before such comparisons are undertaken.

Conclusions
Local application of A-79175, a second-generation 5-LO
inhibitor, effectively enhanced bone formation in a rat fem-
oral defect model. Future studies with A-79175 or other 5-
LO inhibitors are required in order to ascertain the ideal
dose, carrier, and release profile for each clinical applica-
tion. Studies involving larger mammals are currently
underway to test a similar drug for efficacy as a cost-
effective method for achieving accelerated bone healing.

The authors would like to thank K. Uhrich (Rutgers University, New Jersey) and J. Ricci (New
York University College of Dentistry, New York) for their comments on the manuscript.
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