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The Effects of Farnesol on Staphylococcus aureus
Biofilms and Osteoblasts

An in Vitro Study

By Aasis Unnanuntana, MD, Lindsay Bonsignore, BS, Mark E. Shirtliff, PhD, and Edward M. Greenfield, PhD

Investigation performed at University Hospitals Case Medical Center, Case Western Reserve University School of Medicine, Cleveland, Ohio

Background: Bacterial biofilms play a major role in chronic orthopaedic infections. Recently, farnesol (an antifungal
agent) has been shown to express antimicrobial activities against Staphylococcus aureus and Streptococcus mutans.
However, the effects of farnesol on the formation of bacterial biofiims on orthopaedic biomaterials and its effects on
osteoblasts have not been investigated, to our knowledge, and are therefore the focus of this study.

Methods: Biofilms of Staphylococcus aureus (Seattle 19456FPuvr) were grown on titanium alloy discs. The effects of
soluble farnesol on biofilm formation with or without gentamicin were examined with fluorescence microscopy and in
quantitative cultures. The effect of farnesol coated on titanium alloy discs was also investigated, as was the effect of the
agent on MC3T3-E1 pre-osteoblastic cells cultured on titanium alloy discs.

Results: Soluble farnesol at a 30-mM concentration reduced the number of viable bacteria 10%-fold and completely
inhibited biofilm formation. Low concentrations of soluble farnesol (0.03 to 3 mM) did not inhibit biofilm formation and
did not potentiate the effect of a submaximal concentration of gentamicin. Dried farnesol on titanium alloy discs reduced
the number of viable bacteria fiftyfold. The effect of farnesol on bacterial biofilm formation lasted for at least three days.
Soluble farnesol added after the biofilm had already formed also reduced the final number of viable bacteria, by fifty-six-
fold. Soluble farnesol (3-mM and 30-mM concentrations) inhibited spreading of the MC3T3-E1 cells.

Conclusions: Invitro, a high concentration of farnesol (30 mM) shows antimicrobial properties against bacterial biofilms;
however, it also has a negative effect on pre-osteoblasts. Farnesol can also express antimicrobial activity when predried on
titanium discs and when added to preformed biofilms.

Clinical Relevance: As musculoskeletal infections remain a complicated problem, development of novel interventions
to enhance prevention or treatment is necessary. Our study provides a basic knowledge of the effectiveness of farnesol
against Staphylococcus aureus biofilms on titanium alloy surfaces. Although farnesol may have a clinical role, additional
investigations, both in vitro and in vivo, are needed.

complications that frequently require prolonged manage-

ment and multiple additional surgical procedures'. Despite
the use of universal sterile precautions and prophylactic systemic
antibiotics, infections still occur and lead to common compli-
cations such as septic loosening and osteomyelitis®. Staphylo-
coccus aureus is one of the most common organisms associated
with musculoskeletal infection and causes substantial morbidity,
mortality, and overall health-care costs™.

I nfections at the sites of orthopaedic implants are devastating

Bacterial biofilms develop on many medical devices,
including orthopaedic implants, and they play a major role in
chronic recalcitrant infection®”. Because bacteria embedded in
the biofilm are protected by a self-produced polymeric matrix,
they are often less responsive to both antibiotic treatment and
the host immune system®. Application of antibiotics to or-
thopaedic biomaterials or bone cement is the method most
commonly used to prevent and treat orthopaedic infections.
However, antibiotic usage potentially causes adverse effects,
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such as allergic reactions, toxicity to the surrounding cells, and,
most importantly, antibiotic resistance'* . In addition, antibiotic
loading reduces but does not necessarily eliminate production of
biofilms on bone cement'*".

Farnesol is a sesquiterpene alcohol found in essential oils
of citrus fruits. It inhibits the filamentation process and the
cell-cell communications known as “quorum-sensing systems”
in Candida albicans and subsequently compromises biofilm
formation by this fungus" . Although numerous studies have
demonstrated inhibition of Candida albicans biofilm forma-
tion by farnesol, its effect on bacteria has not been fully in-
vestigated. Recently, it has been reported that farnesol also
reduces bacterial biofilm formation by Streptococcus mutans
and Staphylococcus aureus” . However, to the best of our
knowledge, no investigators have examined the effect of far-
nesol on the formation of bacterial biofilms on orthopaedic
biomaterials or its effect on osteoblasts.

Our objective was to evaluate farnesol’s potential to
prevent and treat orthopaedic infection. We therefore in-
vestigated its effects on the formation of Staphylococcus aureus
biofilms on orthopaedic biomaterials as well as its effects on
osteoblasts. Our hypothesis was that farnesol is a safe and
effective non-antibiotic agent that can inhibit the formation of

THE EFFECTS OF FARNESOL ON STAPHYLOCOCCUS AUREUS
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Fig. 1

Soluble farnesol (30 mM) inhibits biofilm formation
by Staphylococcus aureus. Staphylococcus aureus
was incubated for three hours on titanium alloy discs
in the presence of the indicated concentrations of
farnesol. Biofilm formation was observed with fluo-
rescence microscopy (magnification, 8x) (A), and the
number of viable bacteria was quantified with plate
dilution (B). CFU = colony-forming units. Error bars
indicate the standard deviation.

bacterial biofilms on orthopaedic biomaterials without im-
pairing osseointegration.

Materials and Methods
Orthopaedic Biomaterials
itanium alloy (Ti6Al4V) discs (diameter = 12.7 mm,
height = 4.7 mm) were obtained from Titanium Industries
(Wood Dale, Illinois). The titanium alloy discs were passivated
in 25% nitric acid for twenty-four hours and washed with
Dulbecco phosphate-buffered saline solution (Mediatech, Hern-
don, Virginia) untila pH of 7.0 to 7.4 was achieved. The discs were
washed with sterile water, air-dried, and heat-treated (at 180°C)
overnight.

Bacterial Biofilm Formation

The Staphylococcus aureus strain used in this study was Seattle
1945SFPuvr which was engineered to constitutively express green
fluorescent protein®. The Staphylococcus aureus was prepared
by adding a 1-mL aliquot of material from an overnight culture
to 100 mL of brain-heart infusion broth and incubating it at
37°C in a bacterial shaker for 1.5 to two hours until the early log
phase of growth was reached (absorbance at 600 nm between
0.4 and 0.6). Ten milliliters of the suspension was then centri-
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Fig. 2

Farnesol directly applied to titanium alloy discs in-
hibits biofilm formation by Staphylococcus aureus. In
the “‘wet farnesol on titanium disc’’ group, the discs
were incubated in 30-mM farnesol and transferred to
tissue-culture plates, and the bacterial suspension
was added immediately. In the “‘dried farnesol on
titanium disc’’ group, the discs were incubated in 30-
mM farnesol and then air-dried prior to transfer to the
tissue-culture plates. The number of viable bacteria
was quantified after three hours of incubation. The
effect of farnesol was evaluated with fluorescence
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fuged at 3700 times gravity for ten minutes. The bacterial pellet
was resuspended in 10 mL of cell culture medium (minimum
essential medium, alpha modification [HyClone, Logan, Utah]
supplemented with 10% fetal bovine serum, non-essential
amino acids, L-glutamine, and pyruvate). Serial dilution of the
bacteria was performed in the cell culture medium to achieve
a final bacterial cell suspension of ~1 X 10° cells/mL. One
milliliter of the bacterial suspension was added to a titanium
alloy disc in a twenty-four-well tissue-culture plate (Corning,
Corning, New York). Cultures were incubated at 37°C, 5%
CO,, for the indicated times. Following incubation, biofilms
were examined with fluorescence microscopy (Leica MZ 16F;
Spectronic Analytical Instruments, Garforth, Leeds, United
Kingdom).

After microscopic examination, each titanium alloy disc
was sonicated in 10 mL of Dulbecco phosphate-buffered saline
solution for five minutes in a 50-W ultrasonic bath (Fisher

microscopy with both low (1.6x) and high (8x) mag-
nification (A), and the number of viable bacteria was
quantified (B). CFU = colony-forming units.

Scientific, Pittsburgh, Pennsylvania) at a nominal frequency of
43,000 Hz followed by vortexing for thirty seconds to remove
the adherent bacteria. Serial tenfold dilutions were performed
with Dulbecco phosphate-buffered saline solution. Each di-
lution was cultured on brain-heart infusion-broth agar plates.
The plates were incubated for twenty-four hours at 37°C, and
the number of viable bacteria (colony-forming units [CFU]
per disc) was determined.

Effect of Farnesol on Bacterial Biofilm Formation

Trans,trans-farnesol (96% 3,7,11-trimethyl-2,6,10-dodecatrien-
1-ol, catalog number 277541) was purchased from Sigma-
Aldrich (St. Louis, Missouri). Immediately prior to use, the
farnesol (3.95 M) was diluted 131.8-fold to obtain an emulsion
consisting of 30 mM of farnesol per liter of cell culture medium
(minimum essential medium, alpha modification [HyClone]
supplemented with 10% fetal bovine serum, non-essential amino
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acids, L-glutamine, and pyruvate). The farnesol emulsion was
diluted tenfold further in cell culture media to obtain a solu-
tion of approximately 3 mM, which was further diluted to
obtain the indicated final concentrations. Soluble farnesol was
added to the bacterial cultures with the titanium alloy discs. In
selected experiments, bacteria were pre-cultured on the disc
for one or twenty-four hours prior to the addition of soluble
farnesol. Soluble farnesol was also tested in the presence or
absence of 1 pg/mL gentamicin sulfate (Sigma-Aldrich). In
addition, farnesol was tested after it had been applied to the
titanium alloy discs themselves. For this purpose, one group
of titanium alloy discs (referred to as “wet farnesol on tita-
nium discs”) was incubated with shaking for ten minutes in
30-mM farnesol in sterile water. The discs were then trans-
ferred to twenty-four-well tissue-culture plates, and the bacterial
suspensions were added immediately. An additional group of
titanium alloy discs (referred to as “dried farnesol on titanium
discs”) was incubated in 30-mM farnesol in sterile water with
shaking for twenty-four hours, transferred to six-well tissue-
culture plates, air-dried, and then transferred to twenty-four-
well tissue-culture plates prior to the addition of bacterial
suspensions. All experiments were performed three times with
triplicate cultures in each group.

Effect of Farnesol on Osteoblasts

MC3T3-E1 pre-osteoblastic cells were grown in cell culture me-
dium (minimum essential medium, alpha modification [Hy-
Clone] supplemented with 10% fetal bovine serum, non-essential
amino acids, L-glutamine, pyruvate, and penicillin-streptomycin).
The cells were added to a twenty-four-well tissue-culture plate
that contained titanium alloy discs at a concentration of 5.16 X 10*
cells/well. The MC3T3-E1 cells were incubated with or without
farnesol at 37°C, 5% CO,, for two days. In selected experiments,
MC3T3-E1 cells were incubated in the presence or absence of
farnesol for two hours followed by washing the cells twice with
Dulbecco phosphate-buffered saline solution and further
incubated in cell culture medium for two or five days. Fol-

lowing incubation, Texas Red-X phalloidin (Molecular Probes,
Eugene, Oregon) and 4’-6-diamidino-2-phenylindole dihydr-
ochloride (DAPI; Molecular Probes) were used to stain the
cells’ cytoskeleton and nuclei, respectively. The morphology of
the attached pre-osteoblasts on the titanium alloy discs was
evaluated with fluorescence microscopy. The experiments
were performed three times with triplicate cultures in each

group.

Statistical Analysis

The quantitative results are presented as the mean and stan-
dard deviation of three experiments. The level of significance was
setat p <0.05. To better meet assumptions of normality and equal
variance in analysis of variance, the log-10 transformed values of
bacterial counts were analyzed. Since the lowest possible value for
a single count was 100, undetectable counts were set to fifty prior
to taking logarithms. The mean of the log-transformed counts
across the three replicates per experiment was then calculated for
each experiment and treatment. These means were then analyzed
with use of a randomized block analysis of variance, with ex-
periments as the blocks. This analysis controls for systematic
variability due to multiple experiments. Pairwise comparisons
among treatment group means were carried out with use of the
Tukey multiple-comparisons procedure. If the only comparisons
of interest were those comparing each treatment with a single
control group, then the Dunnett multiple-comparisons method
was used instead.

Source of Funding

This study was supported by a grant from the Sulzer Settlement
Medical Research Trust Fund and the Department of Ortho-
paedics, University Hospitals Case Medical Center, Case West-
ern Reserve University.

Results
luorescence microscopy demonstrated that green fluorescent
protein-expressing Staphylococcus aureus formed a homoge-
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neous biofilm on the titanium alloy discs after culture for three
hours in the absence of farnesol (Fig. 1, A). A similar amount of
biofilm production was observed in the presence of soluble
farnesol at concentrations of <3 mM (Fig. 1, A). However,
30-mM soluble farnesol resulted in complete inhibition of bi-
ofilm formation (Fig. 1, A). The microscopic results were con-
firmed by determining the number of viable bacteria attached to
each disc by plate dilution. The 30-mM soluble farnesol reduced
the number of viable bacteria 10*-fold (p < 0.0001), and the
lower concentrations of farnesol had no detectable effect (Fig. 1,
B). Therefore, 30-mM farnesol was used for all subsequent
experiments.

THE EFFECTS OF FARNESOL ON STAPHYLOCOCCUS AUREUS
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Fig. 4

Farnesol reduces the viability of bacteria that have already attached to
titanium alloy discs. Staphylococcus aureus was pre-cultured with
titanium discs for one hour or twenty-four hours. Following the pre-
culture periods, the media were changed and the discs were cultured
for twenty-four hours in the presence or absence of 30-mM farnesol.
The effect of farnesol was evaluated with fluorescence microscopy
(magpnification, 8x) (A), and the number of viable bacteria was
quantified (B). The single asterisk denotes p < 0.0001, the double
asterisks denote p < 0.001, and NS indicates not significant. CFU =
colony-forming units.

When the farnesol was applied to the titanium alloy
discs rather than to the culture medium, it was found that
both application methods (culture of the bacterial suspen-
sions with the titanium alloy discs immediately after in-
cubation of the discs in the 30-mM farnesol solution [wet
farnesol on titanium disc] or after incubation in the farnesol
followed by air-drying [dried farnesol on titanium disc])
significantly reduced the number of viable bacteria when
compared with that in the control group (p < 0.005) (Fig. 2,
B) and reduced biofilm formation (right top and left bottom
panels of Fig. 2, A). Biofilm formation was extremely non-
homogeneous in the dried farnesol-on-titanium disc group
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(left bottom panel in Fig. 2, A). This was presumably due to
nonuniform air-drying and concentration of the farnesol
in the areas that dried last. However, the magnitude of the
reduction in biofilm formation and in the number of viable
bacteria was much lower in the wet and dried-farnesol
groups than in the soluble-farnesol group (p < 0.0001) (Fig.
2, A and B).

Time-course experiments were performed to determine
whether the effects of farnesol are long-lasting. As observed
previously (Figs. 1, B, and 2, B), soluble farnesol reduced the
number of viable bacteria 10*-fold (p < 0.0001) at three hours
(Fig. 3), whereas it reduced the number of viable bacteria
2600-fold and 350-fold (p < 0.0001) at twenty-four hours
and seventy-two hours, respectively (Fig. 3). The smaller re-
ductions at twenty-four and seventy-two hours were due to
the combination of a decrease in the number of viable bacteria
in the control group and an increase in the number of viable
bacteria in the group with soluble farnesol. Dried farnesol on
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Fig. 5

Neither low concentrations of farnesol nor gentamicin potentiated the
effect of each other. Farnesol concentrations of 0.03 to 3 mM (A) and
30 mM (B) were tested in combination with 1 wg/mL gentamicin.
Staphylococcus aureus was incubated with the indicated concentra-
tions of farnesol in the presence or absence of gentamicin. The number
of viable bacteria was determined after three hours. NS indicates not
significant. CFU = colony-forming units.

titanium discs had an intermediate effect on the number of
viable bacteria at each time point (Fig. 3).

To determine whether farnesol affects bacteria that have
already attached to titanium alloy discs, bacteria were pre-
cultured on the discs for one or twenty-four hours prior to the
addition of farnesol. After one hour of pre-culture, bacteria
were attached to the titanium alloy discs either individually or
in small colonies (upper left panel in Fig. 4, A). An additional
twenty-four hours of culture in the absence of farnesol resulted
in a 670-fold increase (p < 0.0001) in the number of viable
bacteria (white bars in Fig. 4, B) and formation of a bacterial
biofilm (middle left panel in Fig. 4, A). Farnesol, however,
reduced the number of viable bacteria 210-fold compared with
the number in the group without farnesol (p < 0.0001) and
prevented formation of the biofilm (bottom left panel in Fig. 4,
A, and white bars in Fig. 4, B). In contrast, after twenty-four
hours of pre-culture, the bacteria had already formed a biofilm
(top right panel in Fig. 4, A), and an additional twenty-four
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High concentrations of soluble farnesol (3 and 30 mM) inhibit spreading of
MC3T3-E1 pre-osteoblastic cells. MC3T3-E1 cells were incubated on titanium
alloy discs without or with the indicated concentrations of farnesol for two

days. The cellular morphology was assessed with fluorescence microscopy
following staining with Texas Red-X phalloidin and DAPI (maghnification, 20x).

hours of culture in the absence of farnesol did not lead to
detectable changes (middle right panel in Fig. 4, A, and black
bars in Fig. 4, B). Farnesol, however, reduced the number of
viable bacteria fifty-six-fold (p < 0.001) (black bars in Fig. 4,
B). Although farnesol did not detectably affect the morphology
of the biofilm in this group (bottom right panel in Fig. 4, A),
the green fluorescent protein fluorescence is unlikely to dis-
tinguish between live and killed bacteria.

To determine whether farnesol would have an additive ef-
fect with antibiotics, bacteria were cultured on titanium alloy discs
with or without farnesol in the presence of a submaximal level of
gentamicin sulfate (1 pwg/mL). The gentamicin sulfate reduced the
number of viable bacteria 825-fold (p < 0.0001, compare first
black bar with first white bar in Fig. 5, A). However, 0.03 to 3 mM
of farnesol did not detectably increase the antibacterial effect
of this concentration of gentamicin (black bars in Fig. 5, A). A
finding that was similar to those in previous experiments was that
3-mM farnesol, as a negative control, had no detectable effect
(white bars in Fig. 5, A), while 30-mM farnesol, as a positive
control, significantly reduced the number of viable bacteria (p <
0.0001). Therefore, 30-mM farnesol was tested in combination
with gentamicin. The number of viable bacteria observed in
the presence of both 30-mM soluble farnesol and gentamicin
(1 pg/mL), however, was not significantly different from the
number in the group with soluble farnesol alone (Fig. 5, B).

To investigate the effects of farnesol on osteoblasts,
MC3T3-E1 pre-osteoblastic cells were grown on titanium alloy
discs for two days with or without farnesol. As demonstrated
in Figure 6, MC3T3-E1 cells attached and spread homoge-
neously on titanium alloy discs in the absence of farnesol or in
the presence of 0.3-mM farnesol. However, in the 3-mM and
30-mM farnesol groups, the pre-osteoblasts attached but did
not spread. Instead, they formed aggregates consisting of three
to ten rounded cells (Fig. 6). To determine whether these ef-
fects were reversible, MC3T3-E1 cells were exposed to farnesol
for two hours and then cultured in the absence of farnesol.
The brief two-hour exposure period reduced both attachment
and spreading (Fig. 7, A), and the pre-osteoblastic cells did not
recover during culture in the absence of farnesol for an addi-
tional two or five days (Fig. 7, B).

Discussion
B acterial biofilm is defined as a microbially derived sessile
community, typified by cells that are embedded in a ma-
trix of extracellular polymeric substance and exhibit an al-
tered phenotype with regard to growth, gene expression, and
protein production™. A benefit for bacteria of growing as
a biofilm is the facilitation of resistance to a number of re-
moval tactics, such as elimination by antimicrobial agents,
host phagocytic clearance, and host production of oxygen
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30 mM farnesol

B 2 days after media exchange

control

30 mM farnesol

5 days after media exchange

control
Fig. 7

30 mM farnesol

The effects of farnesol on MC3T3-E1 pre-osteoblastic cells are not reversed by
subsequent culture in the absence of farnesol. MC3T3-E1 cells were incubated
on titanium alloy discs in the presence or absence of 30-mM farnesol for two

hours (A). Following the incubation, the cells were washed twice with Dulbecco
phosphate-buffered saline solution and further incubated in cell culture media

without farnesol for two or five days (B). The cellular morphology was assessed
with fluorescence microscopy following staining with Texas Red-X phalloidin and

DAPI (magnification, 20x).

radicals. As a result, bacteria in the biofilm become 1000 to
1500 times more resistant to antibiotics, which make them
difficult to eradicate™*. Currently, coating the implant with
antibiotic-loaded bone cement has been the only practical
method for the local delivery of antibiotics around the pros-
thetic surface.

Our results showed that only a high concentration of
farnesol (30 mM) exhibited an antibacterial effect. This result
was different from that in previous studies, which showed
lower concentrations of farnesol (300 WM to 5 mM) to have

a significant antibacterial effect” . The difference is likely due
to our suspending the farnesol directly in cell culture media
rather than initially diluting it 100-fold in methanol as was
done in most other studies®****. In addition, the authors of the
other studies used different surface materials, different types of
bacteria, and bacterial culture media rather than the tissue
culture media with 10% fetal bovine serum that we used to
better replicate human body fluids” . It is possible, for ex-
ample, that serum constituents, such as albumin, may bind to
farnesol and thus reduce its antibacterial efficacy.
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When bacteria were incubated with farnesol for longer
periods of time than used in previous experiments, which
were performed at three hours, the antibacterial effect of the
farnesol was observed for at least seventy-two hours. The
magnitude of the reduction of viable bacteria at seventy-two
hours, however, was lower than that at three hours. This is
due to the combination of a decrease in the number of viable
bacteria in the control group and an increase in the number
of viable bacteria in the group with soluble farnesol. The
increase in bacterial number in the presence of farnesol is
likely due to proliferation of the bacteria that were not killed
by the farnesol. It is also possible that farnesol may have
a direct stimulatory effect on proliferation of bacteria that
are not killed initially. This possibility, however, is unlikely
since the increase in the number of bacteria was quite
modest. The reduction in viable bacteria in the control
group is likely due to nutrient limitation or the accumula-
tion of waste products.

Coating of the metal implants with anti-infective agents
has been used as one modality to prevent orthopaedic infection. In
recent years, there have been several advances in anti-infective
technology in orthopaedics, including silver-coated pins, nitric
oxide-releasing implants, gentamicin or vancomycin-coated rods,
and antiseptic dye-coated devices”™*. In the current study, we
used two methods for coating titanium alloy discs with farnesol:
incubating the discs in farnesol solution and then adding the
bacterial suspensions either immediately or after air-drying. Both
types of farnesol-coated titanium alloy discs exhibited significant
antibacterial activity; however, the magnitudes of the effects were
much lower than that seen in the soluble-farnesol group. This
may be due to the higher total amount of farnesol in the soluble-
farnesol group. Although the results of the use of farnesol
coatings are intriguing, it is not known whether a farnesol
coating on an orthopaedic device would be stable during
drilling or implanting into bone. Additional in vitro studies
should also be carried out to examine the elution charac-
teristics of farnesol from titanium alloy discs coated with
farnesol.

We hypothesized that farnesol might synergize with
a low concentration of antibiotic, thereby reducing the po-
tential for adverse effects of either agent. However, when we
tested farnesol in the presence or absence of gentamicin, we
found that neither low concentrations of farnesol nor genta-
micin potentiated the effect of the other agent.

The mechanism of farnesol’s effect on the formation
of a bacterial biofilm remains unclear. Farnesol was reported
to inhibit the synthesis of biofilm matrix polysaccharides
by Streptococcus mutans®*, to disrupt the cell membranes of
Staphylococcus aureus”, and to prevent the formation of the
fibrin matrix by Staphylococcus aureus™. Although the exact
mechanism is not well understood, the results from these
studies as well as ours showed that farnesol can inhibit bac-
terial biofilm formation.

Local toxicity is always a major concern when applying
any agent directly to the bone. McLaren showed that bone
cement loaded with a high dose of antibiotics causes local levels
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of antibiotics inside the joint to exceed 2000 pg/mL", and the
local application of high-dose antibiotics has negative effects
on both osteoblasts and osteoclasts'"*>**. However, to the
best of our knowledge, there is no evidence that a high con-
centration of antibiotics jeopardizes clinical bone-healing or
causes osteonecrosis. Similarly, our study showed that farnesol
at concentrations of 3 and 30 mM had negative effects on pre-
osteoblasts. In addition, the pre-osteoblasts did not recover
during subsequent culture in the absence of farnesol. Our
finding that farnesol prevents spreading of pre-osteoblasts is
consistent with those of studies showing that farnesol causes
cytoskeletal disorganization and apoptosis of other types of
mammalian cells™***. Nonetheless, it is unknown whether
there would be any long-term local or systemic toxicity if
farnesol were used in vivo.

One limitation of this study was that our quantitative
culture technique had a detection limit for viable bacteria of
100 CFU/disc; therefore, if the number of viable bacteria per
disc was <100 CFU it was undetectable. Another limitation
of this study was its in vitro nature. In vivo studies need to
be performed to determine farnesol’s efficacy in an animal
model as well as its toxicity to osteoblasts and surrounding soft
tissues.

In conclusion, the results of our study provide a basic
knowledge of the activities of farnesol against Staphylococcus
aureus biofilms on titanium alloy surfaces. A high concentration
of farnesol showed antibiotic properties against bacterial bio-
films; however, it also had a negative effect on pre-osteoblasts.
Farnesol may nonetheless be clinically useful if, for example,
short-term treatments are successful at eradicating infections
but have relatively minor negative effects on osteoblasts and
other surrounding cells. Additional investigations are therefore
warranted to compare the antibacterial effects of farnesol with
its effects on mammalian cells. ®

Note: The authors thank Michelle Beidelschies, BS, and Mark Schluchter, PhD, Professor of
Epidemiology and Biostatistics, for their assistance with the study.
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