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Development of local vancomycin delivery system from ﬁbrin gel
to prevent Staphylococcus aureus bioﬁlms graft infection
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Prosthetic vascular graft infection is one of the most severe vascular surgery complications. Fibrin gel (FG) has
many useful characteristics as biocompatibility, biodegradation, adhesion, and haemostasis to develop the local
antibiotic delivery system. In this study, human plasma was collected from peripheral blood that was used to
create ﬁbrin gel by supplement ion Ca2?. Antibiotic-containing ﬁbrin gel was then evaluated in some characteristics such as surface structure, biodegradation, antibiotic delivery, cytotoxicity, and bacterial bioﬁlm
prevention in vitro and in vivo. The results showed that ﬁbrin gel was excellent material for the extended
delivery of antibiotics. Most importantly, antibiotic-containing ﬁbrin gel was not toxic for human ﬁbroblast
cells in vitro and inhibited bacterial bioﬁlm growth in vitro and in vivo. This research is the ﬁrst step in
developing an antibiotic delivery system for effective graft infection treatments.
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1. Introduction
Prosthetic vascular graft infection (PVGI) can be disastrous and cause an increase in morbidness and mortality risk. The yearly cost burden related to PVGI is
$640 million in the United States (Kilic et al. 2016).
Morbidity of PVGI ranges from 1–5% of patients,
varies according to the location of anatomical implantation, the using biomaterials, and the patient’s comorbidities. The mortality rate is about 10–25% within
30 days after the detection and almost 50% after 1 year.
The risk of amputation is about 4–14% (Revest et al.
2016).
During surgery, the patients are often provided
antibiotics, especially in orthopedic surgery, because
the surgical area is large and graft materials are
implanted in the body. Besides, when the infection
occurs in transplant location where is low blood density, they must be treated with high doses of antibiotics
http://www.ias.ac.in/jbiosci

and for a long time. Thus, it is toxic to the patient’s
body and causes antibiotic-resistant bacteria (Archer
et al. 2011; Pye et al. 2009).
Bioﬁlm develops on the surface of graft materials
plays an important role in the difﬁculties of treating
PVGI. Bioﬁlm is formed by bacterial cells adhered
into an extracellular matrix that prevents antibiotic
inﬁltration and protects them from host defenses
(Richards and Melander 2009). Planktonic bacteria
that are found outside of bioﬁlm display strong
metabolism; so they are very sensitive to antibiotics.
Alternatively, bacteria that are deeply embedded in
bioﬁlm display slow metabolism; so their antibiotic
sensitivity decreases (Otto 2013; Stewart and Franklin 2008). When the bioﬁlm is formed, treatment of
PVGI with removal of the infected devices is compulsion (Revest et al. 2016).
To remedy the disadvantages of curing PVGI and
prevent bioﬁlm formation on graft materials surface, an
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antibiotic delivery system that is controllable and targeted is necessary. Firstly, it will distribute a high
amount of antibiotics to kill the bacteria; then, it will
slowly release the remaining antibiotics to prevent reinfection. In this system, antibiotics should be coated
by biodegradable materials. Previously, ﬁbrin gel has
been studied as a hemostatic and sealant agent.
Recently, ﬁbrin gel has also been applied to drug
delivery system (Spicer and Mikos 2010). Fibrin gel
has many characteristics to become a potential candidate for the above purposes, such as biocompatibility,
adhesion properties, and porous structure facilitated to
distribute pharmaceutical products (Canonico 2003;
Katrancioglu et al. 2012). At the present, studies have
not yet clearly assessed the properties of ﬁbrin gel as
well as the effects of ﬁbrin gel containing antibiotics on
bioﬁlm formation in vitro.
Our study aims to develop local vancomycin delivery system from ﬁbrin gel to treat PVGI effectively and
prevent Staphylococcus aureus bioﬁlm graft infection.
2. Materials and methods
2.1 Materials
Human peripheral blood was obtained from 10
healthy donors (age range 20–30 years) at Tu Du
Hospital, Ho Chi Minh City, Vietnam, and approved
by the hospital review board based on decision
number 5836/QÐ-BVTD. Staphylococcus aureus (S.
aureus) and human ﬁbroblasts were provided by
Laboratory of Tissue engineering and Biomedical
Materials (TEBM), University of Science, Vietnam
National University, Ho Chi Minh City. All in vivo
experiments were carried out in accordance to the
ethical guidelines of Animal Care and Use Committee-University of Science, Vietnam National
University Ho Chi Minh City.
2.2 Fibrin gel preparation
The human peripheral blood was centrifuged 3000 rpm
for 10 min. After centrifugation, the top layer plasma
was collected and repeated the centrifugal steps once
more time; the plasma was stored at 4°C until using.
Then, the plasma was supplemented with three concentrations of CaCl2 (Merck, Darmstadt, Germany)
solution 0.011 M CaCl2 (A gel); 0.013 M CaCl2 (B
gel); 0.015 M CaCl2 (C gel), and incubated at 37°C in a
period to create ﬁbrin gel.

2.3 Evaluation of ﬁbrin gel structure
Scanning electron microscopy (S-3000N, Hitachi,
Japan) was used to evaluate the ﬁbrin gel structure.
Fibrin gels were ﬁxed with 3% glutaraldehyde for 24 h.
For SEM observation, ﬁbrin gels were dehydrated in a
range of ethanol concentrations (50, 70, 80, 90, and
100%).
2.4 Evaluation of ﬁbrin gel degradation
Degradation of ﬁbrin gel was evaluated by incubation
ﬁbrin gel in human plasma at 37°C for 7 days. The
mass of ﬁbrin gels was determined before placing it in
human plasma. Then, ﬁbrin gels were taken out and
suspended by a corner for 30 s for free drainage. After
draining, ﬁbrin gels were re-weighted. The residual
weight of ﬁbrin gel was determined every day.
2.5 Evaluation of antibiotic loading and releasing
capacity of ﬁbrin gel in vitro
2.5.1 The standard curve (Kirby-Bauer method): The
plasma solutions containing vancomycin (SigmaAldrich, St. Louis, MO) were prepared at different
concentrations (0.0625 mg/ml, 0.125 mg/ml, 0.25 mg/
ml, 0.5 mg/ml, 1 mg/ml). The sterilized Whatman ﬁlter
paper was added 30 ll each prepared antibiotic solution, then put onto the bacterial plate and incubated at
37°C. After 18 h, the diameters of the antibacterial ring
were measured. The standard curve established of
correlation between antibiotic concentrations and
antibacterial ring diameter was obtained (CJ Woolverton et al. 2001).
2.5.2 Evaluation of antibiotic loading capacity of ﬁbrin gel in vitro: The plasma was given to 4-well plate,
then vancomycin (1 mg) was added at the same time
with CaCl2 solution and incubated at 37°C. After ﬁbrin
gel formation, the remaining solution was collected to
determine antibiotic concentrations based on the standard curve.
2.5.3 Evaluation of antibiotic releasing capacity
of ﬁbrin gel in vitro: The antibiotic-containing ﬁbrin
gel was incubated in 300 ll of plasma and shaken 100
rpm at 37°C for 7 days. The plasma was collected and
stored at -20°C. The concentrations of antibiotics
were determined in each day of the experiment based
on the standard curve.
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2.6 Evaluation of acute cytotoxicity of antibioticcontaining ﬁbrin gel

2.7 Evaluation of prevention and treatment
of bioﬁlm in vitro of antibiotic-containing ﬁbrin gel
2.7.1 Bioﬁlm growth in vitro: S. aureus was grown in
TSA (Oxoid, Hampshire, UK) at 37°C overnight using
a shaking incubator (SI500, Stuart, UK). Then, S.
aureus was grown in TSB (Oxoid, Hampshire, UK)
containing 2% glucose at 37°C overnight using a
shaking incubator. The cultured S. aureus was diluted
to reach a density of 5 9 105 CFU/ml in TSB containing 2% glucose (Sigma-Aldrich, St. Louis, MO).
Microplates were coated with 20% (v/v) human
plasma. Aliquots (200 ml) of the diluted bacterial
suspensions were inoculated into 96-well ﬂat-bottom
sterile polystyrene microplates (Nunc) and incubated at
37°C for 7 days.
2.7.2 Evaluation of bioﬁlm formation in vitro: Bioﬁlms formed on the plates were rinsed twice with
phosphate-buffered saline (PBS) (Sigma-Aldrich, St.
Louis, MO) to remove planktonic and loosely adhering
bacteria. Then, the cells were ﬁxed with absolute
methanol for 10 min and stained with 1% crystal violet
(Sigma-Aldrich, St. Louis, MO) for 20 min, and after
rinsed twice with PBS, the wells were air-dried. Crystal
violet was solubilized with 33% glacial acetic acid
(Sigma-Aldrich, St. Louis, MO). The absorbance of the
solubilized dye was read at 570 nm in a microplate
reader (Biochrom, USA) (table 1) (Stepanović et al.
2007).
2.7.3 Evaluation of prevention of bioﬁlm formation
in vitro of antibiotic-containing ﬁbrin gel: The antibiotic-containing ﬁbrin gel was put into each well of
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Table 1. Classiﬁcation of bioﬁlm production
Bioﬁlm production

Acute cytotoxicity of antibiotic-containing ﬁbrin gel
was examined by the direct contact method (ISO
10993-5). Fibroblasts were cultured until conﬂuency
(95%) which was formed on the surface of cultured
discs (Nunc). Then, test specimens (1/10 of area of
cultured discs) were placed in the surface center. After
incubation at 37 ± 1°C in 24 h, cells were examined
microscopically for the response around the test samples. The reactivity was graded as 0, 1, 2, 3 and 4 based
on zone of lysis, vacuolization, detachment and membrane disintegration. As per the ISO 10993-5, the
achievement of numerical grade greater than 2 is considered as cytotoxicity.
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Non-bioﬁlm producer
Weak bioﬁlm producer
Moderate bioﬁlm producer
Strong bioﬁlm producer

OD570

nm

B 0.163
0.163 B OD B 0.326
0.326 B OD B 0.652
[ 0.652

96-well ﬂat-bottom sterile polystyrene microplates
simultaneously for the inoculation of bacteria and
incubated at 37°C for 7 days. The ability to prevent
bioﬁlm formation in vitro of antibiotic-containing ﬁbrin
gel was evaluated by MTT assay and crystal violet
staining.
2.7.4 Evaluation of treatment of bioﬁlm in vitro of antibiotic-containing ﬁbrin gel: The antibiotic-containing
ﬁbrin gel was put into each well of 96-well ﬂat-bottom
sterile polystyrene microplates in which bioﬁlms have
formed in 24 h, and incubated at 37°C for 7 days. The
ability to treat bioﬁlm in vitro of antibiotic-containing
ﬁbrin gel was evaluated by MTT assay and crystal
violet staining.
2.7.5 MTT assay: Bioﬁlm samples on the plates were
rinsed twice with PBS to remove planktonic and
loosely adhering bacteria. The cultured medium was
exchanged for 5 mg/ml MTT solution and incubated for
3 h at 37°C. The solution was gently removed and the
precipitation was dissolved in dimethylsulfoxide
(DMSO) (Merck, Darmstadt, Germany) and read at
570 nm in a microplate reader.
2.8 Evaluation of prevention of bioﬁlm formation
in vivo of antibiotic-containing ﬁbrin gel
Polyurethane catheters (Guang Baihe Medical Technology, China) which were used as contaminated
grafts, were incubated in 2 9 109 cells/ml S. aureus
solution at 37°C for 3 h. Mice were divided into three
groups, each of which included ten mice: Group 1,
contaminated graft and no prophylaxis; Group 2, contaminated graft with prophylaxis; Group 3, antibioticcontaining ﬁbrin gel and contaminated graft and no
prophylaxis (antibiotic-containing ﬁbrin gel was placed
in the lumen of contaminated graft). Prophylaxis was
performed with administration of 30 mg/kg intravenous
injection of cefazolin 30 min before implantation
(Atahan et al. 2009). Graft materials were implanted in
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experimental mice mesentery. The surgical operation
was performed under deep anesthesia. After 7 days,
experimental mice were deeply anesthetized to collect
all catheters. Each harvested catheter was rinsed with 2
ml sterile saline, then sonicated in 2 ml sterile PBS for
2 min to remove adherent bacterial cells from the
catheter. Quantiﬁcation of surviving bacteria was performed by critical dilution method and counting the
colony-forming per agar plate.
2.9 Statistical methods
The data obtained were processed by the Excel program. The least signiﬁcant differentiation (LSD) was
calculated at a probability of p = 95% using differential
analysis (analysis of variance, ANOVA) under the
Statgraphic Program 7.0, 1997 of the University of
Michigan (USA). The independent sample Student’s ttest was used to compare the means between two
groups.

3. Results

Figure 1. SEM image of ﬁbrin gel (9 10,000). SEM image
showed that ﬁbrin gel was a porous structure which formed
by interlacing protein ﬁbers.

rapidly in the ﬁrst day (30–50%) and decreased more
slowly in the days after. After 7 days, C and A gel
completely decomposed; B gel preserved 25% of the
initial weight (ﬁgure 3). This result showed that ﬁbrin
gels were in vitro biodegradable in human plasma and
B gel probably remained longer than 7 days.

3.1 Fibrin gel preparation
After two centrifugation times, the obtained plasma is
yellow, and plasma volume was 45% approximately to
total peripheral blood volume. After the addition CaCl2
solution, plasma changed into cloudy yellow. After 20
min, the ﬁbrin gels were formed. The higher concentration of CaCl2 solution was, the faster formation time
of ﬁbrin gels was.

3.4 Standard curve
The vancomycin is diluted with different concentrations in obtained plasma, then created antibacterial ring
using the Kirby-Bauer method. The standard curve
indicated the relationship between vancomycin concentrations and antibacterial ring diameters which
conﬁrmed as 98.9%.

3.2 Fibrin gel structure
SEM image showed that ﬁbrin gel was a porous
structure which formed by interlacing protein ﬁbers.
These protein ﬁbers were approximately 0.5 lm in
diameter (ﬁgure 1). The average hole size of ﬁbrin gels
was increased gradually as the concentrations of CaCl2
solution increased. On the other hand, the density of
the holes in the gel decreased (ﬁgure 2).

3.5 Antibiotic loading capacity of ﬁbrin gel
in vitro
The results showed that the quantity of vancomycin
was retained of A and B gels were equivalent (67.1%
and 65.5%), higher than quantity of vancomycin was
retained in C gel (44.8%) (table 2).

3.3 Fibrin gel degradation

3.6 Antibiotic releasing capacity of ﬁbrin gel
in vitro

The result of ﬁbrin gels degradation in autologous
human plasma showed that ﬁbrin gels continuously
degraded for 7 days. Mass of ﬁbrin gels decreased

The results showed that A and B gels could release
vancomycin quantity equivalently (approximately 30%
of quantity of vancomycin in the gel) in the ﬁrst day,
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Figure 3. Percentage of ﬁbrin gels mass remaining for 7
days. This result of diagram showed that ﬁbrin gels were
probable biodegradation and B gel probably remained longer
than 7 days.
Table 2. Quantity of vancomycin in remaining solution
Quantity of vancomycin (mg)
A Gel
B Gel
C Gel

0.329 ± 0.008a
0.345 ± 0.010b
0.552 ± 0.020c

n = 10, aP = 0.023, bP = 0.026, cP = 0.027.

3.7 Acute cytotoxicity of antibiotic-containing
ﬁbrin gel
The results showed no sign of cell death and detachment in the culture plates containing ﬁbrin gel.
Fibroblasts still maintained their shape and growth
normally (ﬁgure 5C and D). This result showed that
ﬁbrin gel containing antibiotic did not cause acute
toxicity to ﬁbroblasts. On the contrary, in culture plate
containing latex, all the ﬁbroblasts were deformed,
round, formed clusters and wholly detached from the
culture surface (ﬁgure 5A and B).
B gel showed many characteristics that were appropriate for the local antibiotic delivery system. Therefore, B gel was selected for further experiments.
Figure 2. H&E images of ﬁbrin gels (9 400). (A) A gel;
(B) B gel; (C) C gel. Images showed that the internal
structure of ﬁbrin gels had a lot of holes. The hole size of
ﬁbrin gels were directly proportional to the concentrations of
CaCl2 solution.

which of C gel was very low (approximately 14% of
quantity of vancomycin in the gel). A and B gels could
release vancomycin for 5 to 7 days, while C gel could
only release vancomycin for three days (ﬁgure 4).

3.8 Bioﬁlm formation in vitro
This study formed bioﬁlm on human plasma coated
96-wells polystyrene plates by Staphylococcus aureus
grown on tryptic soy broth (TSB) containing 2% glucose. The result achieved by crystal violet staining of
bioﬁlm biomass at 24 h was 3.998 ([ 0.652) which
demonstrated that strongly bioﬁlm was formed
(table 3).
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Figure 4. Percentage of ﬁbrin gels releasing vancomycin for 7 days. This result of diagram showed that A and B gels had
ability to release vancomycin for 5 to 7 days, while C gel could only release vancomycin for 3 days.

Figure 5. Fibroblasts in culture plate after 24 h (9 100). (A) cells around the latex; (B) cells beneath the latex; (C) cells
around the ﬁbrin gel; (D) cells beneath the ﬁbrin gel. Images showed that latex was toxic to ﬁbroblasts which were
completely detached from the culture surface. However, in the culture plate containing ﬁbrin gel, ﬁbroblasts still maintained
their spindle-shaped and reached 90% conﬂuency.
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3.9 Effects of antibiotic-containing ﬁbrin gel
on bioﬁlm formation in vitro
To prevent bioﬁlm formation in vitro, antibiotic-containing ﬁbrin gel had the ability to release high quantity
of vancomycin in the ﬁrst few days (approximately
30%) which destroyed and inhibited bacterial cells’
adherence polystyrene plates surface. In addition,
vancomycin was continuously released in the following
days to kill all remaining bacterial cells. The bacterial
proliferation and bioﬁlm formation (OD570 nm \0.163)
in wells containing ﬁbrin gel were not observed (ﬁgure 6; table 3).
To treat bioﬁlm formation in vitro, after antibioticcontaining ﬁbrin gel was inserted into the wells, the
proliferation of bacteria decreased gradually. By day 7,
there was no presence of bioﬁlm in the cultured wells
(OD570 nm \0.163) (ﬁgure 6; table 3).
Table 3. Results of crystal violet staining of bioﬁlm
biomass

Time
(h)

Control
(OD570 nm)

24

3.998 ±
0.000a
1.710 ±
0.006d

168

Prevention
group
(OD570 nm)
0.036 ±
0.000b
0.036 ±
0.000e

Treatment
group
(OD570 nm)
3.998 ±
0.000c
0.036 ±
0.000f

n = 10, aP = 0.016, bP = 0.014, cP = 0.016, dP = 0.023, eP =
0.014, fP = 0.015.

Figure 6. Growth curve of bacteria by MTT assay in
experimental groups. Growth curve showed that strongly
bioﬁlm model was formed and maintained in 7 days.
Concurrently, the ﬁbrin gel containing antibiotic had ability
in prevention and treatment of bioﬁlm models in vitro.

Figure 7. Concentration of bacteria in experimental
groups. Concentrated bacteria of Group 1 was signiﬁcantly
higher than Group 2 and Group 3.

3.10 Effects of antibiotic-containing ﬁbrin gel
on bioﬁlm formation in vivo
As shown in ﬁgure 7, concentrated bacteria of Group 1
were signiﬁcantly higher than Group 2 and Group 3
(ﬁgure 7). In particular, there was no bioﬁlm formation
on polyurethane catheters surface in Group 3 (antibiotic-containing ﬁbrin gel graft) (ﬁgure 8).
4. Discussion
In the ﬁbrin gel preparation process, peripheral blood
was centrifuged at 3.000 rpm for 10 min. This method
did not cause hemolysis and preserve plasma protein
(such as ﬁbrinogen). In ﬁbrin gel formation, calcium
ions activated thrombin that was need for converting
ﬁbrinogen to ﬁbrin monomers. The high activation level
of thrombin made the ﬁbers larger, less branched, and
larger holes (Janmey et al. 2009). This could lead to
increase diffusion of plasma into the ﬁbrin gel structure,
so that ﬁbrin gel decomposed faster (Woolverton et al.
2001). The longer the formation time of ﬁbrin gel was,
the higher density of holes (Blombäck et al. 1994).
This study proved that ﬁbrin gel could quickly and
continuously release antibiotic to maintain suitable drug concentration for a long duration. In addition,
the molecules of vancomycin were entrapped in the
pores of ﬁbrin gel, so the structures did not interfere
with the electrical and chemical bonds. The release of
trapped antibiotic was controlled by the diffusion-dissolution mechanism (Chotitumnavee et al. 2019;
Rubalskii et al. 2019). Many studies suggested that low
solubility antibiotics (B 1 mg/ml) particularly conform
to this system because they dissolved and diffused
slowly from the ﬁbrin gel (Woolverton et al. 2001). In
our study, high local antibiotic concentration was
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been released from ﬁbrin gel in vitro about 5–7 days for
gentamicin (Kram et al. 1991) and about 60 days for
ciproﬂoxacin (Tsourvakas et al. 1995), although over
66% was released in the ﬁrst two days.
Many studies have suggested that bacterial bioﬁlms
lacked antibiotic sensitivity, whereas suspended bacteria were very sensitive to antibiotics. Therefore,
antibiotic susceptibility testing of suspended bacteria
could not help predict the in vivo resistance of the
infectious devices to antibiotics (Melake et al. 2012). S.
aureus caused bioﬁlm-related infections and was frequently found together in chronically infected wounds
and medical devices such as prostheses, stents,
implants, catheters, and endotracheal tubes (Hubert
et al. 2013; Percival et al. 2015). Many in vitro and
clinical studies showed that S. aureus bioﬁlms could
form on the polypropylene surface (Engelsman et al.
2008; Yadav et al. 2017). Bioﬁlm was able to resist
antimicrobials and host organism’s defense mechanisms
by two main factors which were extracellular polymeric
substances and quorum sensing (Martin et al. 2015).
Drug delivery systems could encapsulate and protect drugs, adapt for various administration routes,
provide targeted, and control release delivery.
Accordingly, drug delivery systems could supply high
local concentration of antibiotics to the avascular
region of wounds were hardly provided by systemic
antibiotic therapy. In addition, bioﬁlm-growing bacteria were sensitive to the tremendous high local
antibiotic concentration which provided by drug
delivery system (Tsourvakas 2012). As in our result,
vancomycin released from ﬁbrin gel maintained its
potency to inhibit the bioﬁlm formation in vitro and
in vivo.

5. Conclusions

Figure 8. Bioﬁlm formation on polyurethane catheters
surface in experimental groups after 7 days (9 1.000).
(A) Group 1; (B) Group 2; (C) Group 3. Images showed that
bioﬁlm in which bacterial cells embedded within extracellular matrix was created on polyurethane catheters surface in
Group 1 and Group 2. In particular, there was no bioﬁlm
formation on polyurethane catheters surface in Group 3.

sustained for one week, thereby overcoming the bacterial resistance mechanism. Moreover, highly soluble
antibiotics such as gentamicin and ciproﬂoxacin have

Our study successfully created ﬁbrin gel with hole sizes
between 5 and 25 lm, self-biodegradability, effective
antibiotics loading and releasing capacity to apply
treatment for post-operative infection. In addition, the
created antibiotic-containing ﬁbrin gel did not cause
acute toxicity towards human ﬁbroblasts. Importantly,
antibiotic-containing ﬁbrin gel had ability in prevention
and treatment of bioﬁlm formation in vitro and in vivo.
However, this study had some limitations; we need to
test the loading and releasing ﬁbrin gel capacity on
various antibiotics. In addition, multiple antibiotics can
be combined at the same time on ﬁbrin gel. After that,
effect of antibiotic-containing ﬁbrin gel on many
strains of bioﬁlm bacteria should be assessed.
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