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Infections head the list of major complications 
developing after orthopedic surgery, and many 
methods have been defined to deal with this complex 
complication. The addition of antibiotic to bone 
cement, i.e. polymethylmethacrylate (PMMA), is 
a commonly-used technique with many different 
methods.[1,2] The application of PMMA with added 
antibiotics allows high concentrations of medication 
to be delivered directly to the infection region.[3,4] 
Since the first use of antibiotics added to PMMA, 
there have been many articles published about this 
method.[1,5]

Pharmacologically, the addition of every antibiotic 
to cement is not appropriate. While the addition 
of antibiotics such as vancomycin and gentamicin 
to cement is common, due to increasing antibiotic 
resistance in recent years, newly-discovered 
antibiotics such as daptomycin have started to be 
added to cement.[6] The type and dose of antibiotic 
to be added to cement should be chosen according 
to the profile and antibiogram of the organism. As 
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bone cement hardens with an exothermic reaction, 
some antibiotics are deactivated and therefore are 
not suitable for use in cement.[7] Care should be 
taken that the chosen antibiotic is bactericidal, is in 
powder form to better integrate with the cement, 
is chemically/pharmacologically stable at high 
temperatures and is water soluble.[8,9] In addition 
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to the potential advantages of adding antibiotic to 
cement, there are some disadvantages, primarily 
allergic reactions, antimicrobial resistance and 
toxicity.[10] Consequently, it is important to know 
the cytotoxicity and biocompatibility linked to 
dose of the antibiotics added into cement when 
administering treatment. In this study, we aimed to 
investigate the biocompatibility and cytotoxicity of 
daptomycin, gentamicin, vancomycin and teicoplanin 
at commonly-used dose intervals added to PMMA 
in vitro.

MATERIALS AND METHODS

This prospective study was conducted at the 
Cumhuriyet University School of Medicine between 
February 2016 and June 2016. All the methodology 
steps of the study are summarized in Table I. A 
total of 40 g antibiotic-free bone cement (twelve 
packets) were used in this study (Biofix cement®, 
Chamberet, France). Each bone cement packet had 
teicoplanin (Sanofi Aventis Pharma®, Istanbul, 
Turkey), daptomycin (Novartis Pharma AG®, Basel, 
Switzerland), gentamicin (İbrahim Etem Ulagay İlaç®, 
Istanbul, Turkey), and vancomycin (Mustafa Nevzat 
İlaç®, Istanbul, Turkey) added at doses appropriate 
for clinical use. Standard samples were taken from 
each bone cement group. Sample groups are shown in 
Table I. The antibiotic doses added were teicoplanin 
(2 g, 3 g, 4 g), gentamicin (0.5 g, 0.75 g, 1 g), daptomycin 
(0.5 g.) and vancomycin (2 g, 3 g, 4 g). These were 
added to the cement to form 10x10 mm balls in groups 
of as standard samples (Figures 1 and 2). Negative 
and positive controls of antibiotic-free PMMA were 
added to these groups. All experimental protocols 
were approved by the Cumhuriyet University Medical 
Faculty Ethics committee for non-interventional 
clinical research (approval: 21.01.2016-2016-01/05). 
The study was conducted in accordance with the 
principles of the Declaration of Helsinki.

L929 mouse fibroblast cells (Foot and Mouth 
Institute, Ankara, Turkey) frozen in dimethylsulfoxide 
(DMSO) and fetal bovine serum (FBS) (1/9 ratio) at 
-80 ºC were thawed to 37ºC. After washing with 
Dulbecco’s Modified Eagle’s Medium (DMEM) 
solution and centrifugation, they were placed in sterile 
flasks containing the medium (DMEM+10% FBS+1% 
penicillin-streptomycin). The samples were incubated 
at 37ºC in a 5% carbon dioxide (CO2) atmosphere. 
With viability falling to approximately 60% because 
of the freezing and thawing processes and the effect 
of DMSO, passages were performed for 7-10 days to 
increase the viability of fibroblasts to 95%. When the 
cells reached 95% viability, they were trypsinized. 

Media were refreshed every two days to remove 
toxic materials accumulating in the environment 
and proliferation processes were performed in many 
flasks to reach the number of cells required for the 
experiments.

The cells produced in flasks were transferred to 
six-well sterile plates at the rate of 1.5x105 cells/mL 
in each well and incubated at 37ºC for 24 hours in a 
5% CO2 incubator. When the cells fully covered the 
base of the wells, the medium above was changed 
and medium containing serum and melted agar (0.5-
2% agarose by mass is appropriate for mammal cells) 
was added. When the agar solidified, the samples 
were investigated under an inverted light microscope 
(Nikon FDX-35,  New York, USA) and then placed 

TAbLO I
Methodology flowchart

1. Sample preparation

•	 For each sample group including control groups, a total 

of 12 packets of 40 grams of bone cement were used

•	 Antibiotic doses were added to the cements in order

•	 Standard cement balls with 10 mm diameter were 

created for teicoplanin (2, 3, 4 g), daptomycin (0.5 g), 

gentamicin (0.5, 0.75, 1 g) vancomycin (2, 3, 4 g) and 

control groups

2. Cell culture preparation

•	 Activated L929 mouse fibroblast cells

•	 Fibroblasts proliferated in cell culture in sterile flasks

3. Agar diffusion test

•	 Cells incubated with 1.5¥105 cells/mL on sterile plates 

and cement balls added

•	 Negative and positive control samples prepared

•	 Wells stained with neutral red

•	 Microscope investigation of cell viability at 24 hours

 4. Cytotoxicity test

•	 Cement balls incubated in tubes containing DMEM 

solution for one week

•	 Material filtrates placed on media

•	 100 µL of cement material filtrates added to cell cultures 

prepared on sterile plates

•	 Left for 24-hour and 72-hour incubation

•	 Cell viability percentages calculated with XTT test at 24 

and 72 hours

5. Electron microscope analysis

•	 Two samples each taken from control group and 

investigation material

•	 Samples incubated in fibroblast cell cultures

•	 Prepared samples examined with SEM device at Erciyes 

University Technology and Research Center

DMEM: Dulbecco’s Modified Eagle Medium; SEM: Scanning Electron 
Microscope; XTT: Cell Proliferation Kit II.
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in the center of the wells and left for incubation for 
24 hours at 37ºC under 5% CO2 (Figure 3). Whatman 
paper (Whatman Ltd., Maidstone, Kent, UK) soaked 
in DMSO was used for negative control and DMEM 
for positive control. At the end of 24 hours, the vital 
stain of neutral red was dropped into the wells and 
cytotoxicity was determined with examination using 
the inverted microscope. The viability rates of the cells 
were identified according to the scale recommended 
by Ergün et al.[11] (Table II).

As part of the cytotoxicity test:

a) The experimental material prepared under 
sterile conditions, i.e. the cement balls, were vortexed 
after being incubated in tubes containing 5 mL DMEM 
solution at 37ºC for one week. Cement material filtrates 
obtained from each group were transferred to media, 
and then this filtrate was added to the fibroblast cell 
cultures prepared as follows:

b) Cells covering the surface of flasks were 
trypsinized and placed in tubes containing medium 
(DMEM+FBS+PS). Separate 96-well sterile plates were 
used for the test, with each well on the plate applied 
with 1¥104 cells medium distribution. The plates were 
left in a 5% CO2 incubator for 24 hours at 37ºC, after 
which the medium was removed. Each well had 100 µL 
medium added, then 100 µL of each cement material 
filtrate was added. For positive control, medium-only 
wells were prepared and for negative control, wells 
containing alcohol and DMSO were prepared. Plates 
were incubated for 24 and 72 hours at 37ºC in a 5% 
CO2 incubator.

c) After the processes above, plates prepared 
in 24 and 72 hours had the Cell Proliferation Kit II 
(XTT; Roche Diagnostics, Mannheim, Germany) test 
performed as follows: the prepared XTT (2,3-bis(2-
methoxy-4-nitro-5-sulfophenyl)-2H-tetrazolium-5-
carboxanilide) solution of 20 µL was distributed 
to each well. After two-four hours duration, 
assessment was performed with an enzyme-linked 
immunosorbent assay (ELISA) optical reader at 
450 nm. The values obtained with the optical 
reader were used in the formula and separate cell 
proliferation/viability percentages were calculated 
for the test material (Table III).

For scanning electron microscope (SEM) 
investigation, paired samples of the control group 
and investigation material were used. The material 
was placed on 24-well plates, and each well had 
fibroblast culture of 3¥104 cells added. The plates 
were then incubated for 24 and 72 hours at 37°C in 
a 100% humid environment. During the incubation 
period, the medium was not changed. At the end 
of the 24- and 72-hour incubation periods, 0.1% 

FIGURE 1. Preparation of standard 10¥10 mm bone cement 
samples.

FIGURE 2. Standard samples at 10 mm diameter with different doses of antibiotics added.
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glutaraldehyde was used for 5-minute preliminary 
fixation. After aspiration of the media, sample discs 
were fixated in 4% glutaraldehyde for six hours, 
then washed with phosphate-buffered saline, and 
dehydrated with 50%, 60%, 70%, 80%, 90% and 95% 
ethyl alcohol series once each and pure ethyl alcohol 
twice. The samples were left for 10 minutes between 
each dehydration procedure. Later, the samples 
were sent to the SEM device (LEO 440 computer-
controlled digital, Cambridge, England) in Erciyes 
University Technology and Research Center, where 
CO2 critical temperature drying processes were 

applied, after which the samples were covered with 
gold-palladium alloy and investigated (Figure 4).

RESULTS

According to the agar diffusion test results, visible 
lysis was not observed for gentamicin at 0.5 g, 0.75 g 
and 1 g doses, for vancomycin at 2 g, 3 g, and 4 g doses 
and for teicoplanin at 2 g and 3 g doses. Teicoplanin at 
4 g dose had 20% lysis observed in the area diameter. 
Daptomycin at 0.5 g dose had 20-40% lysis observed 
(Table II).

The cytotoxic effect of the material on fibroblasts 
at 24 and 72 hours was assessed with calculations 
of data taken with an ELISA reader in the XTT 
test. The results were used to calculate mean cell 
proliferation percentages (Table III). Accordingly, 
the lowest 24-hour cell viability was observed for 
daptomycin. The highest decrease in cell viability 
at 72 hours compared to 24 hours was observed for 
teicoplanin 4 g dose. According to these results, 
daptomycin 0.5 g and teicoplanin 4 g doses were 
the most cytotoxic groups. Cytotoxicity was not 
observed for the other antibiotic groups.

The SEM investigations assessed fibroblast 
involvement and cells on the cement balls. 
Disintegrated fibroblast cells were observed with 
daptomycin 0.5 g dose and teicoplanin 4 g dose, 
due to the cytotoxic effect (Figure 4). Other images 
demonstrated that fibroblast cells had healthy 
adhesion to the surface.

FIGURE 3. Samples prepared for agar diffusion test by 
placement in center of medium.

TAbLE II
Sample groups and agar diffusion test results

Sample name (g) Scale Cell Lysis Index

1 Gentamicin - 0.5 0 No visible lysis

2 Gentamicin - 0.75 0 No visible lysis 

3 Gentamicin - 1 0 No visible lysis 

4 Vancomycin - 2 0 No visible lysis 

5 Vancomycin - 3 0 No visible lysis 

6 Vancomycin - 4 0 No visible lysis 

7 Teicoplanin - 2 0 No visible lysis 

8 Teicoplanin - 3 0 No visible lysis 

9 Teicoplanin - 4 1 Lysis in 20% of the areal diameter 

10 Daptomycin - 0.5 2 20 - 40% lysis 

11 PMMA 0 No visible lysis

12 Negative Control - DMSO 4 Lysis in 60 - 80% of the areal diameter

13 Positive Control - DMEM     0 No visible lysis

PMMA: Polymethylmethacrylate; DMSO: Dimethylsulfoxide; DMEM: Dulbecco’s Modified Eagle’s Medium.
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DISCUSSION

This study can be considered of value in terms of 
showing the cytotoxicity and biocompatibility of 
different antibiotics added to PMMA. Infection is a 
serious complication of orthopedic surgery, and when 
replacing implants or prosthesis removed because of 
infection, cement spacers with antibiotics added are 
commonly used.[12] This application ensures that the 
dead cavity is filled after debridement of the infected 
region.[9,13] Effective antibiotic release into the surgical 
field is important for protection from and treatment 
of infection. The main advantage of this technique 
is that local antibiotics reach concentrations that 
systemic treatment cannot reach. Although the 
amount of antibiotic within the cement is still a 
matter of debate, some authors have stated that a 
high dose of antibiotic should be used to increase 
the efficacy of the cement.[10,14] To destroy bacterial 
colonization forming biofilm layers in cases with 
resistant infection, antibiotic concentrations need to 
be 100 times higher than standard concentrations.[15] 
As increasing the antibiotic dose increases the local 
concentration, one of the aims of this study was to 
investigate the toxic effect on local tissues of the 
amount of dose increase. For surgeons, this raises 
the basic question of which antibiotic should be 
added to cement. Typing of the infection vector 
with culture is very important in the selection of 
the appropriate antibiotic. Moreover, with recent 
increases in antibiotic resistance, there is a need for 
variations in doses of antibiotics added to cements, 

the addition of new antibiotics to cement or different 
antibiotic release properties.[12,16] However, the effects 
on healthy tissue when using these must be known. 
With this in mind, the current study investigated the 
cytotoxicity and biocompatibility of frequently-used 
doses of daptomycin, gentamicin, vancomycin and 
teicoplanin.

FIGURE 4. Scanning electron microscope image showing 
cytotoxic effect of daptomycin antibiotic at 0.5 g dose on 
fibroblasts (LEO 440 computer-controlled digital, Cambridge, 
England). Bone cement was of an intensified layered 
polymethylmethacrylate structure which was polymerized, 
and antibiotic particles were seen to exhibit regular 
distribution in a spherical morphology. Blue arrows show that 
fibroblasts still tend to grow in presence of antibiotic, but this 
had caused cell death by showing a toxic effect regionally.

TAbLE III
Cytotoxicity test results

Sample name (g) Cell viability 
percentage 24 h (%)

Cell viability
percentage 72 h (%)

1 Gentamicin - 0.5 100 93

2 Gentamicin - 0.75 70 84

3 Gentamicin - 1 93 92

4 Vancomycin - 2 96 100

5 Vancomycin - 3 84 97

6 Vancomycin - 4 74 88

7 Teicoplanin - 2 100 100

8 Teicoplanin - 3 100 95

9 Teicoplanin - 4 100 77

10 Daptomycin - 0.5 60 58

11 PMMA 88 87

12 Negative Control - DMSO 0 0

13 Positive Control - DMEM 100 100

PMMA: Polymethylmethacrylate; DMSO: Dimethylsulfoxide; DMEM: Dulbecco’s Modified Eagle’s Medium.
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According to our best knowledge, the literature 
on the cytotoxicity and biocompatibility of 
these antibiotics is scarce. Previous studies have 
demonstrated that 400 mg of teicoplanin in PMMA 
is biocompatible.[17] In addition, negative effects of 
gentamycin and vancomycin on osteoblasts in certain 
doses have been emphasized in the literature.[18,19] 

Our study also stands out in terms of examining 
these antibiotics participating in PMMA with their 
frequently used doses.

The agar diffusion test, XTT test and electron 
microscope investigation were used in this study. 
For the assessment of cytotoxicity of materials, the 
generally accepted criteria are cell death (viability 
tests), disrupted membrane integrity, reduced 
cell adhesion, variations in cell morphology and 
reduction in cell proliferation and biosynthetic/
enzymatic activity.[20] The agar diffusion test is a 
barrier test method, which has long been in toxicity 
experiments.[21] The formation of cellular injury 
results in loss of capacity of the cell to provide 
the energy required to maintain metabolic cell 
functions and growth, and thus sustain viability. 
The XTT test is a method based on this and 
generally measures mitochondrial activity.[22] 
Electron microscope data ensured confirmation 
of these test results with visualization. That these 
three investigations were used together is a strong 
aspect of this study.

This study can be considered important in 
terms of investigating antibiotic groups at different 
doses commonly used in clinical practice, because 
antibiotics added to bone cement show dose-linked 
antibacterial effects. As the dose amount increases, 
the duration of antibiotic release from cement 
increases.[23] Antibiotics added to PMMA must be 
resistant to the thermal effects of the cement, and have 
good water solubility. Consequently, the antibiotics 
that are suitable for addition to cement are limited.[14] 
The surgeon should select the bone cement-antibiotic 
combination specific to the patient. The results 
of the current study are important in respect of 
showing the cytotoxicity and biocompatibility of a 
new antibiotic, such as daptomycin, in addition to 
routinely-used antibiotics. 

The dose of daptomycin used in this study 
showed local toxic effects. In addition, daptomycin 
is a more expensive medication compared to other 
antibiotics, although the situation is such that in 
daily surgical practice, the use of daptomycin should 
be in compliance with benefit-harm calculations. 
This is because daptomycin is used for methicillin-
sensitive Staphylococcus aureus, methicillin-resistant 

Staphylococcus aureus and vancomycin-resistant 
enterococci infections, which are difficult to treat 
and are resistant to other antibiotics.[24] The use and 
efficacy of daptomycin combined cement spacers in 
arthroplasty infections caused by these vectors has 
been shown in previous studies.[25,26] In the current 
study, local toxic effects were observed for daptomycin 
and teicoplanin at the stated doses on XTT, agar 
diffusion and electron microscope images.

All doses of gentamicin and vancomycin 
included in the study and teicoplanin at doses 
other than 4 g were shown to be biocompatible and 
non-toxic. This shows that there are minimal effects 
on surrounding soft tissue of antibiotics added to 
PMMA at these doses. Although teicoplanin was 
shown to be toxic at 4 g dose, the dose commonly 
used in clinical practice is lower, and higher doses 
may be used when the benefit-harm calculation is 
taken into consideration.[27-29] This study is the first 
to show cytotoxicity and bio-incompatibility of 
teicoplanin at 4 g dose and daptomycin at 0.5 g dose. 
If these antibiotics are to be added to PMMA, the 
results of this study should be given consideration.

There were some limitations to this study. 
Although antibiotic doses commonly used in daily 
practice were included in the study, the dose of 
every antibiotic may be increased to toxic levels. 
This was an in vitro study, so properties of body 
fluids, movement of extremities, host response and 
in vivo antibiotic stability were not noted. There 
is a need for further studies to include different 
cell cultures, primarily osteoblast culture, which 
could be important in the evaluation of different 
tissue reactions for cytotoxicity and biocompatibility. 
In addition, to be able to broaden the antibiotic 
spectrum in the clinic, studies could be performed 
of different antibiotics added to the same PMMA. 
In the current study, each antibiotic was included 
separately. Further studies could show the effects of 
combinations on cytotoxicity.

In conclusion, although increasing the antibiotic 
dose in PMMA is known to increase the antibacterial 
effect, knowledge of the cytotoxicity that could 
form with the effect of increased doses could affect 
the treatment process. In this study, gentamicin, 
vancomycin and teicoplanin were observed to be 
non-toxic and biocompatible at the commonly-used 
dose intervals. Furthermore, with increasing doses, 
increases in cytotoxicity percentages were identified. 
Cytotoxicity was identified for 4 g teicoplanin dose 
and 0.5 g dose of daptomycin. When using antibiotic-
loaded PMMA, which is one of our greatest weapons 
in the fight against infection, it was observed that an 
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increased local dose could lead to cellular damage. 
The use of these antibiotics at high doses with bone 
cement should be limited to selected cases only after 
completing benefit-harm calculations.
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