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Introduction

 Orthopedic implant infections represent major complications 
clinical and economic impact for the patient and society at large. 
Review on infection arthroplasty represents a cost 2.8 times 
higher than the revision revision aseptic release is a cost 4.8 times 
higher than primary arthroplasty [1]. The estimated prevalence 
of infection in arthroplasty ranges in the literature from 0.5% to 
7.5% [2,3]. Risk factors are influenced by variables such as patient, 
procedure, surgeon and hospital environment characteristics [4,5]. 
Orthopedic implants are subject to chronic biofilm-associated 
infections bacteria, which can only be eradicated by traumatic 
implant removal accompanied by intravenous antibiotic therapy 
[6,7]. Alternatives have been moving towards treating the surface 
of these materials biosurfactants to inhibit bacterial adhesion 
on surfaces of these implants. Biosurfactants (BS), surfactant 
compounds produced by microorganisms, are molecules that have 
a hydrophilic region, and another therefore reduce the interfacial 
tension between two surfaces by changing the properties of the 
surfaces with which they come in contact [8,9]. 

 

The main advantages of using biosurfactants compared to 
synthetic surfactants reside in the biodegradable nature, low 
toxicity and activity antimicrobial agents that, combined with 
surfactant activity, may not only inhibit adhesion but also the 
survival of contaminating microorganisms [10]. Among the known 
biosurfactants, we highlight the surfactin, produced by Bacillus 
subtilis, and rhamnolipidss, produced by Pseudomonas aeruginosa, 
both of a natural surfactin belongs to the class of lipopeptides and 
rhamnolipidss are glycopeptides [11,12]. 

 Colonization of the implant surface by bacteria may begin at 
this time of the introduction of the foreign body into the organism. 
This is the first step towards infection development. The bacteria, 
once adhered to the implant, can initiate a process involving 
several stages culminating in the formation of biofilm, and initially 
the surface is conditioned by molecules present in the medium 
that adsorb to the material, modifying its properties, and then the 
adhesion of the microorganisms on this surface which, once formed, 
are difficult to treat since bacteria inside the biofilm are protected 
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from phagocytosis and the action of antibiotics. Studies involving 
biofilms have revealed distinct properties, such as structured 
groups of cells with community characteristics. Recent advances in 
knowledge of genetics and molecular basis of community behavior 
bacteria present in biofilms point to the control of infections 
induced by them and, consequently, measures that inhibit or reduce 
bacterial adhesion, contributing to thus reducing the formation of 
these biofilms [13]. 

 Infection of implantable devices often requires removal 
and replacement in order to prevent the development of severe 
complications and even lethal [4,12-19]. The microorganisms 
often involved in the loss of medical devices due to infection 
include-Staphyloccocus epidermidis, Staphyloccocus aureus and 
Escherichia coli. However, S. aureus and E. coli are associated with 
biomaterials infection metal, bone-joint and soft tissue. E. cloacae 
and S. epidermidis, in turn, is related to polymer infections as 
endocardial valves [20]. 

 Staphyloccocus are widely distributed in nature and are part 
of the normal microbiota of the skin and mucosa of mammals 
and birds. In general, Staphyloccocus have a benign or symbiotic 
relationship with the host but may become pathogenic when they 
reach tissues by cutaneous barrier by needles, or also by direct 
implantation through medical prostheses [21]. Infection of bones 
is called osteomyelitis and is characterized by bone colonization by 
microorganisms including Staphyloccocus aureus, Staphyloccocus 
epidermidis and Escherichia coli. Bone infections associated with 
bodies Strangers such as prostheses and osteosynthesis devices are 
difficult to treat. THE Treatment usually involves evaluation, staging, 
etiology sensitivity and antimicrobial therapy and if necessary, 
debris, management of the dead space and bone stabilization [22]. 

 In this study it was verified whether the potential of the anti-
adhesive activity of biosurfactants, surfactin and rhamnolipidss, 
against some bacteria of interest aiming at establishing the potential 
use of these compounds in the control of the bacterial adhesion, 
thus contributing as an alternative to control the adhesion on 
implants for use in orthopedic surgeries. 

Material and Methods 

Production and purification of biosurfactants 

 Production and partial purification of biosurfactants was 
performed by Cultivation of Bacillus subtilis ATCC 19659 and 
Pseudomonas aeruginosa ATCC isolates 25619, evaluated for the 
production capacity of aerobic surfactants in the M1, M2, M3 and 
ME mineral media containing glucose as carbon sources at 2.0% 
(w/v), incubated at 30⁰C in Erlenmeyer flasks on a Shaker orbital 
shaker at 200 rpm in 72 hr intervals. Following the production of 
biosurfactants, precipitation of the surfactants by adjusting the 
pH of the centrifuged and cell-free medium to 2.0, employing a 
6.0M HCl solution. The medium remained incubated overnight 
in refrigerator at 4°C, thus completing the process of partial 
purification of surfactants produced. 

Characterization of biosurfactants 

Drop collapse test: Biosurfactant producing colonies were 
selected by the test analysis of gout collapse [23]. The qualitative 
drop collapse test was performed in wells of microplates containing 
96 shallow wells. The wells of the caps were greased with 2 μl of 
10W-40 motor oil or olive oil and left to stand for 24h. In Then 
5 μl of the sample was dispensed into each well in triplicate and 
the droplet spreading evaluated one minute later. The positive 
result came when the droplet diameter was larger than that of a 
deionized water droplet used as a control negative. This test was 
also performed with 5 μL of MM supernatant in which the cultures 
were grown after centrifugation at 15,000 rpm for 5 minutes. All 
the isolates were cultivated at least twice in the different media for 
this selection.

Surface tension assessment: Critical micellar concentration 
of biosurfactants (CMC) partially (i.e. supernatants and cell 
culture media) were estimated by surface tension quantification 
by the Du Nouy method [24]. Dilutions of culture media and 
their supernatants were prepared in water. the surface tension of 
the supernatant dilutions is quantified in tensiometer. CMC was 
estimated after plotting surface tension. versus medium dilution, 
such as the reciprocal of critical micellar dilution, in which the 
superficiality began to increase [24]. This evaluation was carried 
out with three repetitions for each isolate, each repetition was 
performed in triplicate.

Analysis of biofilm formation 

 In this study the bacteria S. aureus-ATCC 29213, E. coli-ATCC 
25922 and E. cloacae sp on test discs in stainless steel and titanium-
aluminum-vanadium to induce biofilm formation. These were 
aseptically inserted into culture tubes containing Mueller broth. 
Hinton®, the 108 CFU ml-1 bacterial test discs and suspensions 
incubated for 24 hours for the surfactin test and 72 hours for the 
rhamnolipids test under stirring at 37°C. After incubation periods, 
the discs were removed from the médium culture and ultrasound 
bath in 5.0 ml sterile physiological solution at 0.85% (w/v). From 
then on, dilutions of the order of 10-1 The 10-4, quantifying the 
viable cells present and characterizing the formation of biofilm. 

Result and Discussion 

 After production, partial purification of the studied 
biosurfactants and coating with them in the titanium and 
stainless steel specimens to then induce the formation of bacterial 
biofilms in those materials, it was possible to perceive inhibition 
of microbial cover formation to varying degrees depending on 
the type constituent material of the test specimens, bacterial 
species forming the biofilm, type and concentration of applied 
biosurfactant. After 24 hours of incubation, biofilm formation in 
the presence of surfactin biosurfactant was significantly reduced 
compared to control, as shown in Table 1. As shown, S. aureus, 
E. coli, and E. cloacae showed reductions in bacterial counts on 
specimens by up to 80%, after surfactin application (Table 1).
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Table 1: Colony Forming Unit Counts for Each Milliliter (CFU.mL-1) for the control treatment (without the addition of surfactin) and for the diferente 
biosurfactant treatments at 0.1mg/ml; 1.0mg/ml and 10.0mg/ml.

Titanium Alloy

Bacteria Controls
Biosurfactant Concentrations

0,1mg/ml 1mg/ml 10mg/ml

E.coli 13.5 12.6 8.2 4.8

E.cloacae 5.6 4.3 3.9 3.3

S.aureus 11.4 10.2 8.9 6.9

S.epidermidis 9.9 9.6 8.4 4.2

Stainless Steel

Bacteria Controls
Biosurfactant concentrations

0,1mg/ml 1mg/ml 10mg/ml

E.coli 30.6 28.3 8.9 5.7

E.cloacae 11.2 10.1 4.8 4.1

S.aureus 13.5 12.5 9.2 8

S.epidermidis 13.8 12.5 9.4 7.5

For the rhamnolipids biosurfactant produced by P. aeruginosa 
strain, a reduction in biofilm formation on the surface of the 
specimens was also observed. tested in the presence of that 
biosurfactant in relation to the control, as shown Table 2. For 

biofilms formed by S. aureus, E. coli and E. cloacae up to 72% 
inhibition of biofilm formation, especially S. aureus, important 
microorganism that causes nosocomial infections with reduction in 
stainless steel up to 68% (Table 2).

Table 2: Colony Forming Unit Counts (CFU mL-1) to control treatment (without addition of rhamnolipids) and for treatments with the addition of 0.1mg/
ml rhamnolipids biosurfactant; 1.0mg/ml and 10.0mg/ml.

Titanium Alloy

Bacteria Controls
Biosurfactant concentrations

0,1mg/ml 1mg/ml 10mg/ml

E. coli 12.95 12.8 9.5 7.1

E. cloacae 6.5 5.9 4.6 4.1

S. aureus 13.5 13.3 12.5 10.7

S. epidermidis 8.6 8.2 4.15 2.6

Stainless Steel

Bacteria Controls
Biosurfactant concentrations

0,1mg/ml 1mg/ml 10mg/ml

E. coli 27.8 26.2 22 18.3

E. cloacae 13.3 11.5 8.1 5.4

S. aureus 14.2 13.9 11 7.9

S. epidermidis 12.1 11.8 6.4 4.3

Through the direct counting method performed to quantifying 
the total bacterial cells adhered to the devices were found differences 
in the inhibition of biofilm formation between titanium alloy and 
steel stainless steel devices (Figure 1 and 2). This is probably due 
to associated virulence factors, adhesion, hydrophobicity as well as 
the outer membrane and the different degrees of electronegativity 
of bacterial cell walls and the presence of polar chemicals on their 
surface (Figure 1 & 2).

As shown in the Graph below (Graph 1), the tests performed 
with the surfactin to evaluate the anti-adhesive effect on titanium 
and steel specimens stainless steel, point to a trend towards greater 

biofilm formation in steel parts stainless (Graph 1).

For S. aureus and E. cloacae there are differences in the inhibition 
of biofilm formation to titanium alloy and stainless-steel devices in 
the presence of sufactin with silver nanoparticles. However, there is 
a trend towards higher biofilm formation in stainless steel devices 
(Graphic 2 & 3).

Tests with rhamnolipids was performed to evaluate the anti-
adhesive effect on the devices. Was noticed that trend of higher 
biofilm formation in stainless steel devices compared to titanium 
alloy devices (Graphs 4 & 5).
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Figure 1: Fistulous

 

Figure 2: Titanium alloy and stainless-steel devices.

 

Graphic 1: E. coli concentration (CFU mL-1) on titanium and stainless steel devices in different surfact in concentrations and control treatment 
with silver nanoparticles.
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Graphic 2: Concentration of S.aureus (CFU mL-1) in titanium and stainless steel devices submitted to different surfactin concentrations with 
silver nanoparticles and control treatment.

 

Graphic 3: Concentration of E. cloacae (CFU mL-1) in titanium and stainless steel devices submitted to different concentration surfactin with 
silver nanoparticles and control treatment.

 

Graphic 4: E. coli concentration (CFU mL-1) on titanium and stainless steel parts about different rhamnolipids concentrations and control 
treatment. 
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Graphic 5: S. aureus concentration (CFU. mL-1) in titanium and stainless steel devices submitted to different rhamnolipids concentrations and 
control treatment. 

 

Graphic 6: S.aureus concentration (CFU mL-1) in titanium and stainless steel devices submitted to different concentrations of rhamnolipids 
and control treatment. 

 

Graphic 7: Concentration of E. cloacae (CFU mL-1) in titanium and stainless steel devices submitted to different concentrations of rhamnolipids 
and control.

To S. aureus isolates the tendency of higher biofilm formation 
in stainless steel devices remained in the control treatment and 0.1 
mg mL-1 treatment with. In the case of for rhamnolipids to 1.0 mg 

mL-1 and 10mg ml-1 it was observed that stainless steel devices 
showed greater inhibition of biofilm formation when compared to 
titanium alloy devices (Graph 6).
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For isolates of E. cloacae the tendency of greater biofilm 
formation in stainless steel devices remained in the control test as 
well for the different rhamnolipids concentrations (Graph 7).

Conclusion

 Evaluating the anti-adhesive action of biofilm-forming 
bacteria from surfactin and rhamnolipids biosurfactants with 
silver nanoparticles obtained by green synthesis, we obtained very 
promising results in terms of inhibition of biofilm formation of S. 
aureus, E. coli and E. cloacae. Best performance and best anti-biofilm 
feature for biosurfactant surfactin compared to rhamnolipids 
biosurfactant as well as higher formation and biofilms in stainless 
steel parts compared to titanium. The results are quite promising 
from a public health point of view. in view of the health problems 
and major damage to public health systems, resulting from biofilm 
formation in those types of implanted orthopedic materials.
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