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Abstract

Management of infectious wounds, particularly clcomounds and burn injuries, is a matter
of global concern. Worldwide estimates reveal thalipns of dollars are being spent annually
for the management of such chronic ailments. Evlgebacterial biofiims pose a greater
problem in the effective management of infectioncimonic wounds, since most of the
currently available antibiotics are unable to aottbe microorganisms residing inside the
protected environment of the biofilms. Accordingiy,the present study, we have attempted
to evaluate the anti-biofilm properties of humaragental extract (PLX) and also other
virulence factors that are mediated via the quosemsing (QS) signalling system. PLX is
well known for its anti inflammatory action andhias been shown earlier some anti microbial
and enzymatic activity also. PLX was found to proglwsignificant inhibition of biofilm
formation and also decreased the levels of pyomeadd pyocyanin. The microscopic analysis
(both light microscopy and atomic force microscomf) biofilms was also used for
substantiating the findings from spectrophotomet(rystal violet estimation) and
fluorescence analysis (resazurin uptake). PLX mratinent decreased the hydrophobicity of
gram-positive and gram negative cells, indicatimg ¢ffect of placental extract on adherence
property of planktonic cell, serving as an indicattor its antibiofilm effect on
microorganisms. The reduced extracellular DNA (eDNAntent in biofilm matrix following
treatment with PLX also indicates the effectivenaisplacenta extract on bacterial adherence,
which in turn serves as evidence substantiating dahébiofilm effects of the PLX.
Furthermore, PLX was also found to be significamffective in thein vitro wound biofilm
model. Thus the present study, the first of itsdkimith PLX, establishes the therapeutic
benefit of the same particularly in infected woundpening up newer avenue for further

exploration.
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Microscopy: AFM; Optical Density: OD; weight/weightv/w; Relative Fluorescence Unit:
RFU; Quorum sensing: QS; extracellular genomic DBNA; Saphylococcus aureus. S

aureus; Pseudomonas aeruginosa: P. aeruginosa; Cipro : Ciprofloxacin



1. Introduction

Management of infected wounds remains a major calisencern, and as per US reports,
several billion dollars are being spent annuallyaals treatment cost [1]. It has been found
that the moisture content and a steady supply tfemiis facilitates bacterial colonization of
wounds and in a majority of wounds (about 60-80P®&) ¢olonizing organism are known to
produce biofilms, thereby hindering the healinggess to a great extent [2]. Bacterial
biofilms have been found to be associated with misrdung infections (cystic fibrosis
patients), otitis media, dental caries, pelvicaniimatory disorder (PID), skin infection and
many other disorders. Presence of polymicrobiafillme have been reported in foot ulcers,
pressure ulcers, venous leg ulcers and also inwaumds [1].

A wide spectrum of microorganisms, during adversdrenmental conditions, are known
to form biofilms (as a protective measure), compasieself-secreting matrix of extra cellular
polysaccharides and peptides. A biofilm also carstaion cellular materials such as mineral
crystals, corrosion particles, clay or silt paggl or blood components, depending on the
environment in which the biofilm has developethterestingly, such extracellular
polysaccharide matrix is known to impart resistaioe a wide array of antibiotics.
Polymicrobial antibiotic resistant biofilms havesal been found to be associated with
infections arising from the use of catheters, madimplants or intrauterine devices [3]. A
vast majority of chronic wounds have been fountddaolonized witl&taphyl ococcus aureus,
Pseudomonas aeruginosa, Staphylococcus epidermidis, Candida albicans [1]. According to
reports, chronic infection associated with biofilme resistant to conventional antibiotic
treatments, where the minimal bactericidal con@giain for eradication of biofilm (containing
altered phenotype of the infecting organisms) feasd to be several fold higher (10-1000)
when compared to their planktonic counterparts][4Jherefore, in the management of
biofilm mediated chronic infections removal of faye bodies, changes of prosthesis or
implants, draining of abscesses, debridement oindswwombined with suitable antimicrobial
therapy may be utilized to attenuate the bacteradlim infections [3].

Placenta has been known to serve as a depot of malwogically active components with
significant healing attributes [6]. In many coues placental extract is commercially
available for medicinal use [7].8Studies have revealed the clinical efficacy ofagueous
extract of human placenta in the management of d®uncluding chronic non-healing

wounds [9]. Interestingly, a number of reports jwh®d in Indian medical journals, indicate



the usefulness of human placenta extract in theagement of PID (that has been commonly
associated with the use of intrauterine device8) s well as for the treatment of infected
wounds [11, 12, 13].
Characterizations of placental extract reveal ttesgnce of some bioactive components like
peptides, NADPH, polydeoxyribonucletides (PDRNs)jreo acids etc. Peptide of around 7.4
kDa has been identified and partial amino acid sege from mass spectrometric analysis
showed its homology with 10th type-Ill fibronecipeptide. This peptide contains the ‘RGD’
(Arg-Gly-Asp) signature sequence endowed with catlhesion properties [14]. The
importance of fibronectin in cutaneous wound heplis well documented [15]. Affinity
chromatography, reversed-phase HPLC followed bysnssectrometry have shown the
presence of free and bound NADPH in the extrac}. R&cental extract has been found to
stimulate nitric oxide (NO) production in mouseipmreal macrophages and also induces NO
mediated wound healing in the presence of NADPH.[RDRNs identified by fluorescence
spectroscopy as well as HPLC in the extract arealdapof suppressing the chemical
mediators of inflammation and thereby exerting ati-imflammatory action [18, 19]. The
placental extract was also found to contain ubiqulike proteins possessing distinct
proteolytic activity [2Q. Investigation also revealed that the peptide foactof placenta
extract stabilizes serine proteases against thea-digestion by reversibly inactivating them,
which enhances the efficiency of proteolytic enzgrtteereby facilitates wound healing [21]
Proteases regulate the balance between tissueddéigra and regeneration during wound
healing. Preliminary studies with the extract ré\agi-microbial property against a number
of pathological microorganisms, particularly th@ssociated with infected wound and burns
[22].

Considering the increasing importance of biofilmediated chronic infections and
antibiotic resistance, an effort has been madénénpresent study to evaluate the effect of

placental extract on bioflims with a special focusthe management of infected wounds.

2. Materials and Method

2.1. Preparation of Human Placenta extract

Human placental extract (PLX) and Placenta gel,tastomg 10% fresh human
placenta extract (received as a gift from AlbertvidalLid., Kolkata 700001, India) were
utilized in the present investigation. PLX contait@¥ug/ml protein (Bradford assay method)



[23]. Overall manufacturing procedure holding confidaity of the proprietary terms has
been described earlier [16].

An aqueous extract of rat stomach tissue (cont@i@B0 pg/ml protein; Bradford assay
method) has been prepared by using the same mashibeht of PLX [16], served as biological
control to check any nonspecific effect (Institatd Ethical Committee approval number is
1237/PO/ReBIi/S/2008/CPCSEA). The rat stomach tigsueact was used for experiments

after proper dilution with respect to the proteamcentration of PLX.

2.2. Bacterial strains

Bacterial Strains used for the assa@ggam positive:S aureus (ATCC25923) Gram
negative:P. aeruginosa (ATCC278531) The strains were maintained on Nutrient Agar (NA)
(Himedia) plate and stored atCGl A single colony was transferred to Mueller Himtioroth
(MHB) (Himedia), and incubated at ¥7. Density of the broth (containing the suspended

organisms) was adjusted to 0.5 McFarland standadls

2.2.1. Growth curve analysis

P. aeruginosa, cultivated in presence and absence of PLX was tmestudying the
effect of PLX on bacterial growth. Briefly, standared test inoculums (50 pl of ACFU/mI
suspension) were added to 1ml MHB in test tubef) amnd without PLX (10 pg/ml protein).
The culture were incubated at°87and the OD were recorded at 590 nm (Spectramax M5
Molecular Devices) at 0, %2, 1, 2, 4, 6, 8, 12, &8 a4 hrs intervals [25].

2.2.2. Effect of PLX on biofilm formation

The effect of PLX on biofilm formation bl. aeruginosa was studied according to the
method of Pompilicet al., 2011 [25]. Briefly, 5ul of the cell suspensior0{ICFU/ml) was
used for inoculating MHB, containing either PLX (t@/ml, 5 pg/ml, 2.5 pg/ml, 1.25 pg/ml,
0.625 pg/ml protein) or the standard antibiotipKafloxacin;0.0781 pg/ml) and thereafter the
suspension were inoculated for 24 hrs. After rerhovahe non-adherent cells, the biofilm
were stained with either 0.1% crystal violet oraasin (in PBS; pH 7.4; 0.15 mg/ml). In case
of crystal violet stained biofilm, the dye were raxted with glacial acetic acid and then the
concentration of the same was determined specttoptatrically at 492 nm (Spectramax M5;

Molecular Devices).



In another case, biofilms were stained with resazamd the fluorescence produced by
living cell were measured using Spectramax M5; Molar Devices (Excitation at 560 nm;
Emission at 590 nm) [26].

2.2.2.1. Microscopic Analysis of Biofilm

Microscopic analysis of biofilm dP. aeruginosa was performed on small glass pieces
(cover slip; 10 mmx10 mm). The glass pieces weseqa in 12-well polystyrene plates, and
the bacterial culture (B@FU/mI; in MHB media) were grown in presence oreatt® of the
test samples [10 pg/ml protein] or standard dru@q81 pg/ml]) for 24 hrs (3T). The cover
slips were carefully removed, washed with (PBS; p#) fixed at 60C, stained with 0.1%
crystal violet. The stained biofilm (biomass) wesbserved under light microscope [27]
(EVOS XL, Life Technologies).

Atomic force Microscopy (AFM) was also used fordsting the surface topography of
the biofilms ofP. aeruginosa. In this analysis, the biofilm grown on glass eid5mmx5mm)
were air dried and then analyzed by AFM (NMDT n#&hd! VIBRATION ISOLATION by
minus k TECHNOLOGY). AFM was performed in the tappimode and the height was
determined by using the NOVA software [28].

2.2.3. The effect of PLX on preformed biofilm

Biofilms were formed by incubating 5pl of thHe aeruginosa cell suspension (£0
CFU/ml) in 100ul of MHB. After 24hrs incubation &7°C, planktonic cells were gently
removed by washing three times with PBS (pH 7.4atuved biofilms were then treated with
PLX (30ug/ml, 40pg/ml, 50ug/ml protein). Ciprofleora was used as positive control
(2.5png/ml). Accordingly the plates were again iretgll at 37C for 24 hrs, remaining
biofilms were then scrapped and the isolated ceise subsequently mixed with 100of
0.25% trypsin-EDTA. The viability of the cell wastérmined by CFU count after diluting the

samples [27].
2.2.4. Effect of PLX on QS mediated virulence factors

2.2.4.1. Pyoverdin assay
Bacterial pyoverdin competes with eukaryotic trensh for iron uptake in the
prokaryotic organism stimulating bacterial growthdapathogenicity. P. aeruginosa cells

were inoculated for 16 hrs (32) with different concentration of the PLX (10 pdy/mm pg/mi,



2.5 pg/ml protein) and Salicylic acid (50 pg/mih€eFeatfter, the cells were centrifuged and the
fluorescence (Excitation- 400 nm; Emission- 460 mh)he supernatant was used measured
(Spectramax M5; Molecular Devices) for determimatiof pyoverdin content [29]. The
activity was expressed in Relative fluorescence (RfrU).
2.2.4.2. Pyocyanin Assay

Pyocyanin, a cytotoxic secondary metabolite Fofaeruginosa is often used as a
marker of QS induced virulence. Cultures (in MHBJ CFU/mI) of P. aeruginosa were
exposed to different concentration of either PLR (g/ml, 5 pg/ml, 2.5 pug/ml protein) or the
standard drug (Salicylic acid; 50ug/ml) for 24 hts37C (shaking incubation;125 rpm). At
the end of the incubation period, liquid culturerevextracted with chloroform then mixed
with 0.2 M HCI. The absorption of the organic layeas determined spectrophotometrically

(Spectramax M5; Molecular Devices) at 520 nm [30].

2.2.4.3. Extracellular DNA (e DNA) assay

Standardized inoculums (250 pl of a 1-5%0FU/ml suspension) d?. aeruginosa
was inoculated with 2 ml of fresh MHB in absencenfcol) and presence (treated) of PLX for
24 hrs at 37C. The cell free supernatant was carefully remacared 1ml of Tris-EDTA (10
mM Tris; 1 mM EDTA; pH8) was added to it after cdfnigation. The adhered cells were
gently vortexed and then centrifuged at (13000g3@rSec). The supernatant was removed
and the cell pellet was re-suspended in Tris-EDT#dr and then again centrifuged. eDNA
concentration of the supernatant was determinedgustandard curve, prepared as per
manufacturer (Cubfit2.0 Fluorormeter; Life technologies) guidelin@4][

2.2.5. Effect on Bacterial motility
P. aeruginosa 10°CFU/ml cell suspension was utilized for the invgstion.

2.2.5.1. Svarming motility

Agar plates (1% peptone, 0.5% NaCl, 0.5% agar abth® glucose; Himedia, India)
containing different concentration of PLX and thanslard drug (salicylic acid; 50ug/ml)
were prepared for the swarming motility assay. €latvere inoculated (point inoculation) at
the center and thereafter incubated for 24 hr§&.3The swarming zone (Diameter; cm) was

determined for each plate [29].



2.2.5.2. Twitching motility

Agar plates (1% agar) containing different concaiin of PLX or the standard
(salicylic acid; 50ug/ml) were inoculated (stabdnlum) and the plates were incubated for 24
hrs (37C). The presence of a somewhat cloudy zone wasdaryesd as the sign of twitching
motility and the diameter (cm) of the same was rieiteed [29].
2.2.6. Cell surface hydrophobicity

Cell surface hydrophobicity was determined by niiab adhesion to hydrocarbon
(MATH) assay with slight modification. Overnightayrn P. aeruginosa andS. aureus culture
(5%:; 10CFU/ml) were inoculated with 3 ml of MHB, supplenes with and without
(control), PLX (10 pg/ml, 5 pg/ml, 2.5 pg/ml, 1.p%/ml protein) respectively. After 24 hrs
(37°C) of incubation, 50@u of toluene was added. The mixture was vortexgonausly for at
least 3 min and allowed to stand at room tempezatar the separation of two phases.
Absorbance of the aqueous layer was measured atr6(81].
% hydrophobicity = [1-(OD 600 nm after additiontofuene /OD 600 nm before addition of
toluene)] x100.

2.2.7. In vitro wound biofilm model for assessing effectiveness of placenta gel contains 10%
fresh human placenta extract.

To evaluate the effectiveness of PLX (gel, contagnil0% fresh human placenta
extract) in the prevention of the development aftbaal biofilm, untreated gauze (control) or
gauze containing PLX (gel, containing 10% fresh hamplacenta extract; 400 mg/ gauge) or
standard 2% w/w Mupirocin (400 mg/ gauge), 1% w/karkycetin (400 mg/ gauge) were
placed over the sterile 6 mm disks immediatelyrdfteculation with the strain 2@CFU of P.
aeruginosa. Direct contact between the antibiotic and thecidated disks was ascertained by
placing light-weight bars on each gauze and ansadheape attached to the sides of the plate
to restrict the movement. Twenty-four hours aftesubation (37C), the gauze was removed
and the disks were rinsed gently in PBS (pH: 7od)emove loosely attached cells. Each disk
was then transferred to a microcentrifuge tubeaaitg 1 ml of PBS and vortexed to disrupt
the biofilms and detach the cells from the diskssggnded cells were then suitably diluted
and plated on NA plates. CFU were counted aftanrsef incubation at 3T [32].

2.3. Satistical analysis
All the reported values represent the average =f isdependent experiments.

Statistical analysis was performed with one-waylyais of variance followed by post-hoc



Dunnett's test. Unless otherwise mentioned, ‘Pueal less than 0.05 was considered to be

statistically significant.

3. Results

3.1. Growth curve analysis
The analysis of the growth curve Bf aeruginosa did not display any significant
difference in the growth, when PLX (10ug/ml projeireated culture was compared to the

untreated one (Fig. 1).

3.2. Effect of PLX on biofilm formation

Effect of PLX on biofilm formation was evaluated loyystal violet and resazurin
assay. In case of crystal violet assay, a deciieasefilm formation was observed following
PLX pre-treatment. As evident from Fig. 2, biofilimrmation was found to be reduced by
PLX, in a concentration dependent manner in caieaeruginosa (10 pg/ml, 68+ 2.50% ;
5 pgl/ml, 61+ 1.00%; 2.5 pg/ml, 49+ 1.50%; 1.25milg/37+ 4.00%; 0.625 pg/ml, 31+
4.00%; 0.312 pg/ml, 18+ 2.50% ) aBdaureus (10 pg/ml, 54+ 3.21%; 5 pg/ml, 44+ 2.03%;
2.5 pg/ml, 34+ 3.38%; 1.25 pg/ml, 21+ 2.65%; 0.62pPml, 07+ 1.53%). The resazurin assay
also displayed the effectiveness of the PLX (deeaf RFU) indicating the reduction of
biofilm formation and the effect of PLX were alsmuhd to be concentration dependent (Fig.
3). As evident from crystal violet (Fig. 2) and aearin assays, PLX was more effective
against the gram negative organism as compardaetgram positive The images obtained
from Light microscope (Fig. 4) further support thbservation from crystal violet assay,
where pre-incubation with PLX were found to produsignificant reduction of biofilm
formation ofP. aeruginosa. Rat stomach tissue extract was used as (negatwe)ol (Fig. 2)
in each of the experiment and exhibited no conalalerinhibitory effects.

As evident from AFM analysis (5@m x 50 um), the average thickness of the
untreated sample was found to be 450 nm as compar2d0 nm (PLX; 10 pug/ml protein)
and 100 nm for the Ciprofloxacin (0.0781 pg/miyF).

3.3. Effect of PLX on Preformed biofilm
The viability of cells within the matured biofilmaf P. aeruginosa were found to be
reduced after treating with PLX (30ug/ml, 75+ 3.2080ug/ml, 48+ 2.20%; 50ug/ml, 32+



2.50%) (Fig.6).These concentrations were higherasgpared to the concentration (10 pg/ml)

used to inhibit bacterial biofilm formation.

3.4. Pyoverdin assay

Pyoverdin production is a QS regulated process iamsl known to compete with
mammalian transferrin, thereby affecting iron uptak the eukaryotic cells. In our present
investigation, pretreatment &f aeruginosa with PLX (10, 5, 2.5 pg/ml protein equivalent)
produced significant inhibition of pyoverdin prodion (71.2%, 46.1%, and 28.6%) in a dose-
dependent manner (Table-1). Salicylic acid was wsedhe standard drug which produced
54.4% inhibition.

3.5. Pyocyanin Assay

Pyocyanin (phenazine pigment) is a QS regulatedlence factor produced by the
Gram-negative bacteria. B aeruginosa, pyocyanin (green coloured pigment) functions as a
redox active toxin, which is known to release esgtllar DNA (eDNA) from entrapped
cells. Pretreatment ¢t. aeruginosa with PLX (10, 5, 2.5 ug/ml protein equivalent) guzed
significant inhibition of pyocyanin production (4%, 33.8%, and 25.1%) and the effect was
found to be dose-dependent (Table-1).

3.6. Extracellular DNA (e DNA) assay:

eDNA present in biofilm matrix plays an importaote in the cellular attachment and
subsequent biofilm formation [33]. PLX pre-treatrhe(Oug/ml, 5Sug/ml, 2.5pg/ml,
1.25pug/ml of protein) was found to reduce eDNA fation in P. aeruginosa (82%, 62%,

48%, 30%) biofilms and the effect were found tacbacentration dependent (Fig. 7).

3.7. Swarming and twitching motility

PLX significantly decreased the swarming zone, uasdan index of flagellum-
mediated swarming motility responsible for coloni@a (Table 2). Furthermore the PLX also
produced significant reduction of twitching movernen P. aeruginosa, (Table 2), thus

indicating the effect of the extract on bacteriavement.



3.8. Cdll surface hydrophobicity

Initial adherence of bacterial cells to a solidface (like glass or polystyrene plates)
may favour biofilm formation. Such adherence is Wwnoto be governed by cell surface
hydrophobicity. In the present context, PLX treatine@as found the decrease in cell surface
hydrophobicity both inP. aeruginosa and S. aureus (Fig. 8). This, reduced hydrophobicity
may be correlated to poor attachment capacity, fladkened microcolony formation on
polystyrene plates, which may have ultimately lea@ reduction of biofilm forming ability
of the PLX treated cells.

3.9. In vitro wound biofilm model for assessing effectiveness of placenta gel

A freshly debrided wound was simulated in a dismtaining 16 - 10° CFU (the
microbial load was similar to a fresh wound)Rofaeruginosa, notorious for triggering biofilm
formation [32]. As evident from our present invgation PLX (containing 10% PLX;
400mg/gauge), produced significant reduction 99&ticgon of CFU count oP. aeruginosa.
Whereas, 1% Framycetin (400mg/gauge) or 2% mupmirositment (400mg/gauge), used as
the standard drugs, produced 85.41% and 97.5%iiidmlvespectively (Table 3).

4. Discussion

During tissue injury, the defensive functions aertrbed, along with reduction in
different acidic secretions like lactic acids frdine sweat and sebaceous glands leading to loss
of normal protective mechanism of the body [34]ilikihg the impairment of protective
systems microorganisms lil& aureus, E. coli, P. aeruginosa, Klebsiella, Serratia etc.invade
and colonize the wounds [35, 36, 37, 32]. Accordimghe recent reports, delay or failure of
wound healing has been associated with biofilm &irom [1]. Microorganism, infecting
wounds, release diffusible signal molecules likg/l daomoserine lactones, auto inducer
peptides, furanosyl borate diesters. When theseralutcers attain critical concentrations with
time cellular communication takes place betweenesamdifferent species, a phenomenon
known as QS [38, 39]. QS helps the organisms inlagiag different physiological activities
including biofilm formation. Considering the inefteveness of a vast majority of
antimicrobials to penetrate the biofilm matrix, amber of studies are being conducted for

evolving novel strategies that may be utilizedigrupt or prevent the bioflim formation.



In the present study PLX displayed significant iahin of biofilm forming ability of
P. aeruginosa and S. aureus (organism often associated with nosocomial andnconity
infectious). However bacterial growth curve anayshows that the planktonic cell growth is
unaltered (Fig 1). The concentration chosen faX P10 pg/ml of protein) is much below the
MIC [22], to avoid selective pressure on the micgamisms, shows significant biofilm
inhibitory property against both gram-positive ayjrdm-negative organisms (Fig 2 & Fig. 3).
The rat stomach tissue extract (as negative condidl not display any effect on biofilm
inhibition (Fig 2 & Fig. 3). Reduction of colony fimation of P. aeruginosa with reduced
dispersion of micro-colonies was confirmed by msoapic investigation of PLX treated
sample (Fig. 4 & 5). PLX at higher concentratio® {bg/ml of protein) reduced the viable
cells entrapped in matured biofilm (Fig 6). Thug tequirement of anti biofilm substance for
inhibition of bacterial growth in matured biofilmay be higher than the concentration needed
for inhibiting biofilm formation [40, 41].

Bacterial motility is QS mediated phenomenon ana isajor determinant influencing
biofilm development [29, 42]. In our present invgation pretreatment with PLX inhibited
bacterial motility (swarming and twitching) in sifoant dose dependent manner (Table 2).
Similar report with a synthetic cationic peptide3Z0was found to inhibit bacterial biofilm
formation by reducing bacterial motility [42]. QSssem is also shown to regulate the
productions of other virulence factors like pyovardnd pyocyanin, which are involved in
host cell damage [30, 42, 43]. Analysis of the seipernatants (frorR. aeruginosa liquid
culture), treated with PLX, showed significant retilon in concentration of both pyocyanin
and pyoverdin, in dose dependent manner (Table 1).

Microorganism releases eDNA, an important comporanbiofiim (extracellular
matrix), which promotes adhesion of the biofilm abiotic surfaces through acid-base
interactions [44]. Certain enzymes (DNase I, trgpgproteinase K) have been found to make
eDNA more soluble as well as susceptible to chemagents [45]. Therefore, enzymatic
treatment may improve the accessibility of conwamdl antimicrobials, in biofilm related
chronic infections [46, 47]. Pretreatment with Plcdused significant reduction of eDNA
content ofP. aeruginosa biofilm which was dose dependent (Fig 7).

Increased cell surface hydrophobicity has been doiinenhance the adherence of
planktonic cell [31], a property often correlatedhiofilm formation [48]. Pretreatment &%
aeruginosa and S. aureus with the PLX not only reduced biofilm developmenit kalso

resulted in a decrease of surface hydrophobicity 8l



The effectiveness of PLX was also evaluated utifjzthein vitro wound biofilm
model (a biofilm prevention model), that was ugliz for mimicking an infected wound
environment. From our observations, it was evidbat the anti-biofilm activity of PLX gel
was found to be more effective than Framycetinraraad mupirocin ointment (Table 3).

In recent studies application of various protededsacterial cultures are often shown
to result in the reduction of biofilm formation amdthe dispersal of established biofilms [49].
In our earlier report it has been shown that thatide fraction of PLX containing ubiquitin
has distinct proteolytic activity [20]. Thus, pefes of PLX and the enzymatic activity may be
responsible for the anti-biofilm property and thd&ufe endeavor will be to identify the
component/s responsible. Therefore any substaratecdn reduce formation or break the
biofilm shall definitely take care of the above Ipiems. PLX therapy has shown significant
reduction in signs and symptoms of PID along withund healing [50]. The healing time,
recurrences of the disease was considerably brodgivh compared to antibiotics alone.
Administering PLX along with antibiotics improveset patient compliance and may decrease

the chance of antibiotic resistance [50, 51].

5. Conclusion

In the present study it has been observed for itise time that PLX significantly
inhibits QS dependent bioflim formation in both mkpositive and gram-negative
organisms. It also attenuated pyoverdin and pydoydormation and reduced eDNA
concentration. In vitro wound biofilm assay modettfier demonstrated effectiveness of
PLX. This property of PLX to combat bacterial biofs could open up new avenues in the
management of infected wounds and may be useflimiting burn induced sepsis like
situations, associated with serious burn injuriespedited healing has been observed in
clinical studies with PLX and antibiotics with caderable shortening in recovery time
improved MAGS score, neoangiogenesis and healtiipgam formation [52]. However,
further characterization of PLX and purification aftive components would be able to
highlight the role of individual or combination dafifferent components on anti-biofilm

properties.
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Figure legends

Fig. 1. Influence of PLX on growth dP. aeruginosa (incubated at 37C for 24 hrs). The data
represent the mean values of growth curve expetimdriplicate.

Fig. 2. Biofilm inhibition assay for PLX (Protein contengnd ciprofloxacin (Cipro) at
different concentrations. The biofilm inhibition thi P. aeruginosa and S. aureus were
assessed colorimetrically, using crystal violetheTresults are expressed as percentage of
biofilm inhibition with respect to the untreatedeorRat stomach tissue extract used as a
control (negative). All values are expressed asma&EM (n=6).

Fig. 3. The effect of PLX (Protein content) and ciprofloxa(Cipro) on biofilm formation by

P. aeruginosa and S aureus were assessed with resazurin, a dye which is takeny living
cells and the fluroscense emission (RFU) was rexb(Bxcitation at 560 nm; Emission at 590
nm). Rat stomach tissue extract used as a comgegifive). All values are expressed as mean
+SEM (n=6).*P < 0.05 (vs control).

Fig. 4. Light Microscopic images (400x) d&?. aeruginosa biofilm grown in absence [A] or
presence [B] of PLX. Ciprofloxacin was used asstandard drugC].

Fig. 5. Effect of vehicle (A), PLX (B) or Ciprofloxacin (Cpn P. aeruginosa biofilm
formation, visualized by Atomic force microscopy HM). The biofilm topography
(50umx50um scan) in three dimensions determindgeitapping mode.

Fig. 6. Effect of PLX (Protein content) at different contations againsP. aeruginosa on
preformed biofilm. The results are expressed asreeptage of the biofilm viability, assessed
by colony counting, with respect to untreated aanfiaken as 100%). The data represent the
mean values of experiment +SEM (n=6).

Fig. 7. Effect of PLX (in terms of Protein) on eDNA contesf P. aeruginosa biofilms. All
values are expressed as mean +tSEM (n=6).

Fig. 8. Alteration of cell surface hydrophobicity & aeruginosa andS. aureus, following
pretreatment with PLX (Protein content). The hydmalpicity was calculated from the
absorbance (measured at 600nm) of the aqueous (bg@re toluene addition and after
partitioning with toluene). All values are expretss mean +SEM (n=6).



TABLES
Table 1

Pyoverdin and Pyocyanin productionRnaeruginosa, grown in presence of PLX or salicylic

acid (standard).

Pyoverdin production

Pyocyanin production

Treatment Corlj’(:rgaet:r;tion RFU (Ex0|t<j;1t|(?r % _O_f Absorbance % of
405nm; Emissic  Inhibition at 520 nm Inhibition
(Hg/ml)
465 nm)

Control 9581.666+131 0.0 0.408+0.006 0.0
2.5 6838.333+245* 28.6 0.306+0.008* 25.1
PLX 5 5166.333+91* 46.1 0.270+0.008* 33.8
10 2760.666+157* 71.2 0.239+0.01* 41.4

Salicylic acid

4365.666+132* 54.4 0.265+0.007* 35.1

(50 pg/ml)

RFU: Relative fluorescence Unithe fluorescence emission spectrum was recorded at 465 nm by exciting at 405 nm

Values are expressed as mean = SEM.; (n = 6); 0@ (vs contral).

Table 2

Swarming and twitching motility d?. aeruginosa cells, evaluated on semi-solid agar in the

presence of either PLX or salicylic acid (standard)

Protein Swarming motility Twitching motility
Treatment Concentration Distance of migration Distance of migration
(ng/ml) (cm) (cm)
Control 2.16x0.12 1.6£0.07
2.5 0.97£0.04* 0.83+0.03*
PLX 5 0.54+0.02* 0.63+0.03*
10 0.37£0.01* 0.24+0.02*
Salicylic acid
(50 pg/ml) 0.23+0.01* 0.9+0.04*

Values are expressed as mean + SEM.; (n = 6); 0@ (vs control).



Table 3

Effect of the PLX (in a gel containing 10% humaaganta extract) or 2% w/w Mupirocin or
1% w/w Framycetin on biofilm formation, studied i aeruginosa. A representative wound
biofilm model {n vitro).

Blank PLX Mupirocin Framycetin

CFU/Disk 4.8x10 1x10* 1.2x10P* 7x10%

Disks were inoculated with 103 CFU of P. aerugind$ee inoculated disk were covered with untreataalzg, or treated with 10% human
placenta extract, 2% mupirocin ointment, 1% Frartigagream and incubated for 24hrs. Numbers of Clltevdetermined by plating after
suitable dilution on NA plate. Values are expressgdhean CFU; (n = 6).*P < 0.05 (vs control).
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