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electrospun vancomycin-loaded coating  
on titanium implants for the prevention  
of implant-associated infections

Abstract: The objectives of this work were to develop an antibiotic coating on the surface of a 

titanium plate to determine its antibacterial properties in vitro and in vivo. To prepare vancomycin-

coated titanium implants, we adopted the electrospinning nanotechnique. The surface structure 

of the coating implants was observed using a scanning electron microscope. An elution method 

and a high-pressure liquid chromatography assay were used to characterize the release behavior 

of vancomycin from the coating. The antibacterial efficacy and the cytotoxicity of the coated 

titanium implants on osteoblasts were investigated in vitro. In addition, X-ray, white blood cell 

count, C-reactive protein, erythrocyte sedimentation rate, and pathological examination were 

performed to validate its antimicrobial efficacy in vivo. The antibiotic coating released 82.7% 

(approximately 528.2 μg) of total vancomycin loading in the coating in vitro. The release behavior 

of vancomycin from nanofiber coatings exhibited a biphasic release pattern with an initial burst 

on day 1, followed by a slow and controlled release over 28 days. There was no cytotoxicity 

observed in vitro for the vancomycin-loaded coating. The vancomycin-coated titanium implants 

were active in treating implant-associated infection in vivo. Thus, vancomycin-coated titanium 

implants may be a promising approach to prevent and treat implant-associated infections.
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Introduction
With the development of orthopedic surgery techniques and the improvement of ortho-

pedic implants, the number of patients with a need for orthopedic implants has increased 

rapidly over the past few years.1 Patients show a higher susceptibility to infection due 

to bacterial contamination and soft-tissue damage, particularly in invasive orthopedic 

surgery.2 As a result, an accompanying increased risk of infection related to implants 

has been observed.3 Implant-associated infections following invasive orthopedic surgery 

are a major clinical problem and are one of the main causes of implant failure.

Current strategies for the management of implant-associated infections are the 

administration of perioperative systemic antibiotics. Although antibiotics can be 

administered systemically as part of routine clinical therapy, a high concentration of the 

drug may not be achieved at the desired site with systemic administration.1 Systemic 

antibiotic administration may result in various systemic toxicities and the develop-

ment of antibiotic-resistant micro-organisms.4 For this reason, a localized, controlled-

release antibiotic delivery strategy, where the antibiotic is targeted to the desired site 

and released at high concentrations over a prolonged period of time, is thought to be 

a promising alternative approach to systemic antibiotic administration.5–7

Staphylococcus aureus is thought to be the common cause of implant-associated 

infections.8 Vancomycin belongs to the antibiotic family of glycopeptides. It was 
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chosen as the loading antibiotic for the following reasons. 

First of all, it has a broad antimicrobial spectrum that covers 

most bacteria, such as methicillin-resistant S. aureus and 

methicillin-resistant S.  epidermidis. A toxic dose of vanco-

mycin (1,000 μg/mL) is relatively low compared with other 

commonly administrated antibiotics such as gentamicin, 

rifampicin, and tobramycin.9,10

Owing to the advent of nanotechnology, there has been 

an interest in utilizing this emerging science for a number 

of orthopedic applications.11 Electrospinning, a promising 

processing technique that utilizes electrical forces to produce 

ultrafine polymeric fibers using polymer solutions, has been 

developed in recent years.12

The resulting electrospun fibers have been successfully 

explored as tissue-engineering scaffolds for vasculature,13 

bone,14 neural,15 and tendon tissues16 and delivery systems 

for a wide range of drugs, including antibiotics,17,18 because 

of their high porosity, highly specific surface area, good cell 

adhesion, and controlled drug release.19

The objective of this work was to develop an antibiotic 

coating on the surface of a titanium plate to determine its 

anti-infective properties in vitro and in vivo. The follow-

ing experiments were also performed: 1) the amount of 

the vancomycin contained in the coating; 2) the surface 

morphology of the coated implants; 3) the in vitro release 

behavior of vancomycin from the coating; 4) the cytotoxic-

ity of the coating in vitro; 5) X-ray, white blood cell count 

(WBC), C-reactive protein (CRP), erythrocyte sedimentation 

rate (ESR), and histological examination were performed to 

validate vancomycin-coated titanium implants’ antimicrobial 

efficacy in the in vivo study.

Materials and methods
Preparation of the vancomycin-loaded 
coating
The titanium implants used in this study were purchased 

from Health Medical Treatment Apparatus Co., Ltd (Suzhou, 

People’s Republic of China). Poly(lactic-co-glycolic acid) 

(PLGA) with a lactide:glycolide ratio of 50:50 was purchased 

from Daigang Biotechnology Co., Ltd (Shanghai, People’s 

Republic of China). Trifluoroethanol was purchased from 

Darui Finechemical Co., Ltd (Shanghai, People’s Republic 

of China). The vancomycin was purchased from Eli Lilly 

Japan K.K, Seishin Laboratories (Kobe, Japan).

The electrospinning apparatus utilized in this study con-

sisted of a high voltage source, a needle, a syringe pump, 

and an aluminum-collecting screen, supplied by the State 

Key Laboratory of Bioelectronics, Southeast University, 

Nanjing, People’s Republic of China. Briefly, PLGA (50:50;  

molecular weight (MW) =80,000 Da) was codissolved with 

vancomycin (10% weight/weight [w/w]) in trifluoroethanol 

to achieve a final concentration for total solids of 0.4 g/mL. 

The solution was then delivered and electrospun using a 

syringe pump with a volumetric flow rate of 2.5 mL/hour. 

The titanium implants were fixed on the aluminum foil as a 

collector. The positive voltage applied to the polymer solu-

tions was 12 kV, and the distance between the spinneret and 

the collector was 15 cm. All of the electrospinning experi-

ments were carried out at room temperature with humidity 

at 40%. After the coating procedure, all these specimens 

were dried under vacuum at room temperature for 2 days to 

completely remove solvent residue. Both the vancomycin-

coated and the polymer-coated titanium implants were 

prepared according to these methods. Subsequently, all of 

these titanium implants were sterilized by 25 K-Gray gamma 

radiation for the following experiment.

scanning electron microscope 
observation and drug loading
The morphology of the vancomycin-loaded coating was 

observed using a Hitachi S4800 scanning electron micro-

scope (SEM) (Hitachi, Tokyo, Japan) after gold coating. The 

diameter distribution and average diameter of the two coating 

groups were obtained by analyzing SEM images using Image J 

software (National Institute of Mental Health, Bethesda, MD, 

USA). We randomly selected vancomycin-coated titanium 

implants (n=12) and weighed each plate before and after the 

coating procedure. Next, the mean weight of the coating was 

determined using SAS (version 9.1.3; SAS Institute, Cary, NC, 

USA) after excluding the maximum and the minimum values. 

The amount of vancomycin in the coating was accurately 

calculated according to the formation of polymer solutions.

In vitro release behavior of vancomycin
An elution method and a high-pressure liquid chromato graphy 

(HPLC) assay (Shimadzu Corporation, Kyoto, Japan) were 

used to characterize the release behavior of the vancomycin 

from the coating. The implants were immersed in 10 mL of 

phosphate buffer at pH 7.4 and incubated in a thermostatically 

controlled oven at 37°C under gentle rotation. At predeter-

mined time intervals (1, 7, 14, and 28 days), specimens of 1 mL 

samples were withdrawn for HPLC, and the remaining medium 

was removed and replaced with fresh phosphate-buffered 

saline at pH 7.4. The studies were carried out in triplicate.

In vitro cytotoxicity assay
In this study we utilized the Cell Counting Kit-8 (Dojindo, 

Kumamoto, Japan) to measure cell viability. First, both 
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the vancomycin-loaded coating and polymer coating 

samples on circular glass slides with a diameter of 1 cm 

were prepared by the electrospinning process. All of these 

specimens were sterilized (25 K-Gray gamma radiation) 

for the following studies. Osteoblastic MC3T3-E1 cells 

were cultured in  Dulbecco’s Modified Eagle’s medium 

supplemented with 10% fetal bovine serum and 10 U/L 

penicillin and streptomycin in a 5% CO
2
 incubator at 37°C. 

MC3T3-E1 osteoblasts cells in the complete growth cul-

ture medium were seeded at a density of 5×10³ cells/well 

on bare circular glass slides, vancomycin-coated circular 

glass slides, and polymer-coated circular glass slides in 

48-well plates. After cell seeding, the culture medium was 

removed on days 1, 3, and 5. Then, 20 μL of Cell Counting 

Kit-8 (CCK-8) solution (Dojindo Laboratories, Kumamoto, 

Japan) mixed with 200 μL of fresh cell culture medium was 

added to each well and incubated for 3 hours, before 100 μL 

of solution was transferred to a 96-well plate. Finally, we 

estimated the fluorescence at 450 nm by a microplate reader 

(Bio-Rad Laboratories Inc., Hercules, CA, USA) to measure 

cell viability.

The antibacterial efficacy of the 
vancomycin-loaded coating in vitro
Because Staphylococci are the most common micro- organisms 

that cause implant-related infections, we chose S. aureus as 

the experimental bacterial strain.20 This study was divided 

into three groups: the vancomycin group, the polymer group, 

and the bare group. The S. aureus strain (American Type 

Culture Collection [ATCC] 29213) used in this study with 

a density of 1.5×108 colony forming units (CFU)/mL was 

supplied by the Department of Laboratory Medicine, Nanjing 

First hospital, Nanjing Medical University. A total of 0.5 mL 

of this bacterial suspension was inoculated uniformly on each 

Mueller–Hinton plate (Keygene Biotechnology Co. Ltd., 

Nanjing, China). Next, a sterilized, 6 mm diameter circle of 

paper was placed individually on each Mueller–Hinton plate. 

A total of 20 μL derived from the aforementioned elution 

study was dropped on to the paper circle. The time intervals  

(1, 7, 14, and 28 days) of solution extraction were con-

sistent with an in vitro vancomycin release study. After 

that, the plates were incubated at 37°C for 24 hours, after 

which the zones of inhibition around each paper circle were 

measured.

The antibacterial efficacy of the 
vancomycin-loaded coating in vivo
Thirty-six New Zealand male rabbits weighing 2.5–3.0 kg 

were randomly divided into three groups in this in vivo  

study: the vancomycin group (n=12), the polymer group 

(n=12), and the bare group (n=12). All animal procedures were 

carried out in conformity with the guidelines on the protection 

of animals used in experiments. The New Zealand rabbits 

were obtained from the Laboratory Animal Center, Nanjing 

Medical University. For the in vivo study, the density of  

S. aureus was diluted to 106 CFU/mL. To test the ability 

of the vancomycin-loaded coating to prevent the implant-

associated infection in vivo, we produced a rabbit model of 

tibia transverse and infected fracture as per Arens et al.21 All 

animal surgical procedures were operated under sterile condi-

tions. After induction of anesthesia, the skin over the medial 

aspect of the midshaft of the tibia was incised. Retraction 

of the muscles allowed tibia exposure, and manufactured 

transverse fracture of the tibia used a wire saw. The titanium 

implants were then fixed to the medial aspect of the tibia.  

A total of 100 μL of the S. aureus suspension (105 CFU) was 

introduced into the transverse fracture site before closing the 

incision. WBC, CRP, and ESR experiments were performed 

the day before surgery and on the first and fourth week after 

surgery. On postoperative day 28, all the animals were sac-

rificed using an overdose of isoflurane. X-ray examinations 

were obtained on the 28th day after surgery. Both bone and 

soft tissue surrounding each titanium implant were excised 

and preserved in sterile 10% buffered formalin for histopatho-

logical analyses. The study and its design were approved by 

the local animal ethics committee (Nanjing First Hospital 

Affiliated to Nanjing Medical University).

Statistical analysis
Data are expressed as mean ± standard deviation, and the 

database was analyzed using SAS software (version 9.1.3). 

Significant differences were analyzed using the Student’s 

t-test. The results of cell viability data were analyzed using 

repeated-measures analysis of variance, and the Student–

Newman–Keuls test was used for comparisons among 

groups. All statistical tests were two-sided and P0.05 was 

considered to be statistically significant.

Results and discussion
Despite noteworthy advances in antimicrobial therapy and 

orthopedic surgical techniques, implant-related infection can 

be ravaging and is associated with poor functional outcomes 

and high treatment expenditure. Approximately 2.6 million 

orthopedic implants are performed annually in the United 

States.22 As the number of orthopedic surgeries increases, the 

incidence of implant-associated infection is also increasing.23 

Meanwhile, patients show a higher susceptibility to  infection 

Powered by TCPDF (www.tcpdf.org)

www.dovepress.com
www.dovepress.com
www.dovepress.com


International Journal of Nanomedicine 2014:9submit your manuscript | www.dovepress.com

Dovepress 

Dovepress

3030

Zhang et al

due to bacterial contamination and soft-tissue damage, 

particularly in invasive orthopedic surgery.2 Thus, implant-

related infection is still a difficulty for us.

In order to solve this problem, various local anti biotic 

delivery studies have been conducted to reduce the fre-

quency of implant-related infection. Local antibiotics have 

the advantage of delivering high drug concentrations to 

the required site, and the total drug dose applied locally 

is not normally sufficient to produce systemic toxicity. 

Some scholars have put forward some points of view on 

antibiotic-coated implants or metal ions as local drug  

delivery systems to treat infection. Gollwitzer et al24 pre-

pared a biodegradable drug delivery coating that was 

loaded with teicoplanin or gentamicin on the surface of 

implants, followed by studying adhesion of viable bac-

teria and antibiotic release. Schmidmaier et al25 reported 

that intramedullary tibial nails coated with gentamicin 

were Communauté Européenne-certified for Europe and 

Canada. Eight patients with open tibia fractures have 

been treated with gentamicin-coated intramedullary tibial 

nails. None of the patients developed infection during the 

follow-up. Hardes et al26 utilized silver-coated prostheses 

to treat patients with bone sarcoma and found that the use 

of silver-coated prostheses can reduce infection rate in the 

medium term. Fiedler et al27 prepared silver ion-coated 

titanium alloy and studied its antibacterial effects and 

proliferative response of osteoblasts in vitro. They reported 

that silver ion coating can inhibit colony incidence of  

S. aureus without cytotoxicity. 

The morphology of the coating  
and the amount of vancomycin
Continuous, defect-free fibers were produced by vanco-

mycin-loaded formulation, with narrow size distributions.  

A prepared sample is shown in Figure 1. The polymer group 

(without vancomycin) showed a similar morphology to the 

coated nanofiber coatings with smooth surface and round 

cross-sections. However, vancomycin-loaded nanofiber 

caused a significant decrease in its diameter from 983±86 nm 

(polymer group) to 728±72 nm. The mean weight of van-

comycin was 627.6±46.2 μg for each vancomycin-coated 

titanium implant. 

In our study, the biodegradable PLGA coatings were 

produced by an electrospinning technique. Electrospinning 

is a novel nanotechnology for biomedical application.28 Elec-

trospinning can produce continuous, defect-free fibers in a 

range with narrow size distributions. We found the nanofiber 

diameters were significantly decreased by the presence 

of drug (vancomycin) compared with the polymer group 

(without vancomycin). A lower concentration of PLGA in 

the solution is thought to be the cause of this decrease in 

diameter. Some researchers reported that these nanofibers 

can promote cell adhesion and growth owing to their porosity 

and highly specific surface area.29,30

In vitro release of vancomycin  
from titanium implants
Data on the in vitro release behavior of vancomycin from 

titanium implants are represented in Figure 2. The release 

A B

Figure 1 representative scanning electron micrographs of electrospun coatings containing (A) 10% (weight/weight) vancomycin and (B) no drug. Both of the formulations 

produced continuous, defect-free nanofibers with no visible evidence of phase separation. The scale bar in each micrograph represents 100 μm.
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behavior of vancomycin from nanofiber membranes 

exhibited a biphasic release pattern with an initial burst on  

day 1, followed by a slow and continuous release over 

28 days. Approximately 50.3% of the vancomycin was 

released in the initial burst on day 1 (vancomycin at a con-

centration of 31.8 μg/mL). After the initial burst, a slow 

and controlled release (the 4-week test period) accounted 

for 82.7% (approximately 528.2 μg) of total vancomycin 

loading in the coating.

ccK-8 cytotoxicity evaluation
We used a CCK-8 assay to measure cell viability after cell 

culture for 1, 3, and 5 days. As shown in Figure 3, on the 

first day of cell seeding there was no significant difference 

between the bare circular glass slides and the other coated 

circular glass slides (P0.05). On day 3 and day 5, cells 

of the vancomycin-coated circular glass slides and the 

 polymer-coated circular glass slides showed better growth 

than those on the bare circular glass. However, no sig-

nificant difference between the vancomycin-coated circular 

glass slides and the polymer-coated circular glass slides 

was observed (P0.05). The cell-promoting effect of the 

nanofibers was validated in our in vitro cytotoxicity assay, 

which indicated that the vancomycin and polymer groups 

promoted cell growth more dramatically than the bare group. 

Therefore, the results of the cytotoxicity assay show that the 

coatings are not toxic to the cells.

In vitro antimicrobial efficacy  
of the vancomycin-loaded coating
The results of the inhibition zone test validated the anti-

microbial efficacy of the vancomycin-loaded coating. When 

the samples from the polymer group or the bare group loaded, 

there were no obvious changes indicating that the polymer 

coating or the bare titanium implant did not affect bacterial 

growth. In contrast, a clear inhibition zone was formed for 

all of the bacterial dish in the vancomycin group. Moreover, 

the inhibition zone of the vancomycin group was maximum 

on the first day (average diameters of 12.7±0.4 mm), as 

shown in Figure 4A. During the next testing period, the 

diameters of the zone of inhibition remained around 8 mm  

(Figure 4B–D).The results of the inhibition zone test were 

basically consistent with the vancomycin release behavior, 

further suggesting a biphasic release pattern with an initial 

burst and a controlled release of the vancomycin coating.

After the preparation of the antibiotic coating and the 

gamma radiation sterilization, we were unsure whether the 

vancomycin would maintain its biological activity. Consistent 

with our expectation, it does not lose its effectiveness from 

our in vitro and in vivo test results. The vancomycin-loaded 

coating did inhibit the growth of S. aureus bacteria in vitro. 

The antibacterial effect of vancomycin coating was validated 

by the inhibition zone. The control groups showed that no 

inhibition zones were observed. From the results of the inhibi-

tion zone test and elution study, we confirmed that vancomy-

cin coating has a burst release and the strongest antibacterial 

properties on the first day, followed by a slow and controlled 

release over 28 days. These results were strongly supported 

by results obtained from some other researchers. Gilchrist 

et al31 used the electrospinning technique to prepare fusidic 

acid and rifampicin-coloaded PLGA nanofibers to prevent 

orthopedic implant-associated infections. The similar bipha-

sic release behavior was shown in their in vitro drug release 

study. Some authors hold that the initial burst is due to the high 

solubilization of the drug located on the surface of the nano-

fibers, and the maintenance of the fibrous m structure could  
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Figure 2 In vitro release profiles of vancomycin from the vancomycin-coated 
titanium implants performed in phosphate-buffered saline at 37°c exhibited an initial 

burst release, followed by a slow and controlled release.
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contribute to the controlled drug release at a fairly constant 

rate until the end of the study.32 Thus, the vancomycin-loaded 

coating does exert such functions in our studies.

In vivo antimicrobial efficacy  
of the vancomycin-loaded coating
Five animals (two animals from the polymer group and 

three animals from the bare group) died within a week after 

surgery. Sepsis was considered to be the cause of their death. 

Mortality did not appear in the vancomycin group.

WBC, CRP, and ESR were detected, respectively, on the 

day before surgery and the first and fourth week after surgery. 

The results are shown in Table 1. The results of this study 

showed that WBC and ESR of the rabbits in the bare and 

polymer groups after 1 week were significantly higher than 

those in the vancomycin group. Changes in the groups were 

found by analyzing serum markers at different time points. 

WBC and ESR of the rabbits in the bare and polymer groups 

showed an upward trend on postoperative day 28, whereas 

WBC of the vancomycin group basically returned to the 

preoperative level. Although ESR of the vancomycin group 

had not yet returned to baseline on the 28th day, its index 

stabilized after the first week postimplantation. There was no 

significant difference in the CRP test among the three groups. 

This may be related to the latex agglutination assay, which 

was not sensitive enough for low concentrations of CRP.

Four weeks after the implantation, all the animals were 

sacrificed using an overdose of isoflurane. Figure 5 shows 

the macroscopic observation of the surgical site surrounding 

the implants on postoperative day 28. Pus and necrotic tis-

sue were observed in the polymer and bare groups, but the 

obvious signs of infection had not occurred in the animals 

of the vancomycin group. 

New bone formation and slight soft-tissue swelling were 

observed in the X-rays of the vancomycin group (Figure 6C). 

X-rays of the polymer and bare groups revealed radiographic 

signs of osteolysis and serious soft-tissue swelling in all 

animals (Figure 6D). 

All histological slices of the polymer and bare groups 

showed typical signs of infection: diffusive infiltration of 

inflammatory cells, degenerated muscle, and formation of 

necrotic tissue. In contrast, few abscesses, normal muscle 

tissue, and new bone tissue were observed in the vancomycin 

group (Figure 7).

Table 1 The results of serum biochemical parameters from three groups

Groups White blood cell count 109/L,  

(mean value, x±s)

Erythrocyte sedimentation rate  

(mm/hour, x±s)

C-reactive protein (mg/L, x±s)

Preoperation 1 week 4 weeks Preoperation 1 week 4 weeks Preoperation 1 week 4 weeks

Bare 6.753±1.882 10.534±1.073 12.226±1.167# 3.167±1.169 17.175±1.812 28.012±2.171# 1.680±0.197 1.625±0.283 1.736±0.258

Vancomycin 6.350±1.544 11.613±1.929 7.218±1.322* 3.123±0.753 15.722±2.353 17.125±1.849* 1.802±0.232 1.810±0.301 1.773±0.294

Polymer 6.523±2.132 11.732±1.408 13.130±2.037# 3.329±0.213 18.327±2.645 25.775±3.288# 1.693±0.241 1.693±0.142 1.859±0.207

F 3.44 22.81 31.6 198.86 1.79 0.72

P 0.0741 0.0001 0.0001 0.0001 0.1922 0.4950

Notes: compared with the control group, *P0.05; compared with the vancomycin group, #P0.05.
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Figure 4 representative photographs of the inhibition zone of the vancomycin group showing (A) day 1, (B) day 7, (C) day 14, and (D) day 28. (E) The inhibition zone was 

at the maximum on the first day (average diameters of 12.7±0.4 mm). During the next testing period, the diameters of the zone of inhibition remained around 8 mm.
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A B

Figure 5 Macroscopic findings of the surgical site at week 4 after implantation. (A) Pus (black arrow) and necrotic tissue (white arrow) were observed in the groups without 

drug. (B) Basic normal bone and soft tissue (white arrow) were observed around the titanium implant, which was coated with incomplete degraded white vancomycin-loaded 

coating (black arrow).

Figure 6 (A,B) representative X-ray images after surgery. (C) Tibia with vancomycin-coated implant: new bone formation and slight soft-tissue swelling were observed. (D) 

Tibia without vancomycin-coated implant: osteolysis (white arrow) and serious soft-tissue swelling are clearly visible.

A C

B D
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A B

C D

E F

G H

Figure 7 hematoxylin and eosin staining of bone (A,C) and soft tissue around the implants (E,G). Magnified images in the squared area are displayed (B,D,F,H). Many 

inflammatory cells (A,B) were observed in the bone marrow cavity in the control group. Many abscesses (E,F) were located in the area around the control implant. New bone 

formation around the coating (C,D) and basic normal muscle (G,H) were observed in the vancomycin group. (A,C,E,G) (magnification ×40); (B,D,F,H) (magnification ×200).

Notes: Black star represents inflammatory cells (A). Black triangle represents new bone formation (C). Black diamond represents abscesses (E). Black square represents 

basic normal muscle (G).
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electrospun vancomycin-loaded coating on titanium implants

To the best of our knowledge, this is the first study 

to report antibiotic-loaded electrospun coating to pre-

vent  infection in an animal fracture model. In our previ-

ous investigation, we studied the antibacterial effects 

of gentamicin-loaded electrospun coatings on titanium 

implants in vitro.33 For further investigating the role of this 

antibiotic-loaded electrospun coating in the prevention of 

implant-associated infections in vivo, we carried out the 

animal experiments. Gilchrist et al31 prepared fusidic acid 

and rifampicin-coloaded electrospun coating to prevent 

the adherence of methicillin-resistant S. aureus to a tita-

nium implant in an in vivo rodent model of subcutaneous 

implant-associated infection. Compared with their in vivo 

research, we had a better model of the clinical orthopedic 

trauma surgery. Tseng et al34 developed vancomycin-loaded, 

biodegradable PLGA nanofibrous membranes for the sus-

tainable delivery of vancomycin to the brain tissue of rats 

by using the electrospinning technique. The results from 

our in vivo animal experiments suggest that vancomycin-

loaded coating can be advantageous in preventing implant-

associated infections. Five rabbits from the control groups 

(without vancomycin) died of sepsis after surgery. The 

levels of WBC and ESR appeared higher in the control 

groups. These obvious infective signs, such as necrotic tis-

sue, osteolysis, and diffusive infiltration of inflammatory 

cells from observations of the macroscopic test, X-ray, and 

histological examinations, respectively, occurred in the 

animals without vancomycin-loaded coating. However, 

the antibacterial performance of the vancomycin group was 

impressive. Not only did it prevent animal deaths but also 

it demonstrated excellent antibacterial performance, such 

as relatively normal biochemical markers, slight soft-tissue 

swelling, new bone formation, and fewer inflammatory cells. 

Poelstra et al35 reported that bacterial adhesion onto the 

implanted surfaces was critical for the pathogenesis of the 

implant-related infections, and an initial hours’ postimplant 

“decisive period” was determined, during which prevention 

of bacterial adhesion was critical to infection prophylaxis. 

Therefore, we hypothesized that antibacterial effects of the 

vancomycin group toward S. aureus in vivo could have been 

attributed to the initial burst release of the vancomycin from 

the vancomycin-loaded coating.

This study has several limitations: 1) only one bacte-

rial strain was investigated, 2) just one concentration of 

vancomycin was evaluated, and 3) longer-term efficacy of 

the vancomycin-loaded coating was not investigated in the 

present experiment. All of these limitations will be the subject 

of research in our future work. 

Conclusion
Vancomycin-coated titanium implants prepared by an elec-

trospinning nanotechnique exerted antibacterial properties 

in vitro and in vivo. This therefore may be a promising 

approach to preventing and treating implant-associated 

infections.
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