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a  b  s  t  r  a  c  t

An  antibacterial  dimethylamino-chalcone  embedded  multiblock  copolymer  (PCL–PEG)  was  synthesized
and  characterized  using  FT-IR, 1H  NMR,  SEM  and  SEC  and  the  compound  was  characterized  using  FT-
IR, 1H  NMR,  and 13C  NMR.  A 10%  copolymer  composite  was  prepared  and  casted  as  film  to be  used  as
a  biomaterial  and  the  copolymer  films  without  the  compound  acted  as  control.  TGA,  DSC,  AFM,  SEM
and EDAX  analysis  were  performed  for the  above  samples.  Surface  roughness  (Ra)  of  the copolymer
eywords:
olyurethane
halcone
acterial adhesion
EM EDAX

composite  film  was  less  when  compared  to the  copolymer  film  which  indicated  the  proper  distribution  of
chalcone  in  the  composite  film.  copolymer  composite  film  was  hydrophilic  compared  to  copolymer  film.
Antibacterial  adhesion  studies  were  performed  for copolymer  composite  polymer  film  and  evaluated
using  CFU  measurement  and SEM  analysis.  Copolymer  composite  film  shows  promising  antibacterial
adhesion  compared  to the  copolymer  film. Hence  the  copolymer  composite  film  can  be  used as  a  new

h  ant
FM biomaterial  endowed  wit

. Introduction

Formation of biofilm and colonization of bacteria on medical
mplants leads to infection. The usage of the medical implants has
ed to increased incidence of nosocomial infections accounting to
round two million cases in United States alone (Nablo, Prichard,
utler, Klitzman, & Schoenfisch, 2005). Medical implants, including
rinary catheters, central venous catheters and endotracheal tubes,
lay significant contribution towards implant associated infec-
ions (Klevens et al., 2002). Staphylococcus epidermidis is the major
rganism related to device-oriented nosocomial infections (Rupp &
rcher, 1994). Bacteria can attach either directly to the polymeric
aterial or to the proteins adsorbed on the polymeric surface, col-

nizing (biofilm formation) and then spreading and producing the
ystemic toxicity. Biofilm protects bacteria from immune system
nd antibacterial therapies (Vuong & Otto, 2002).

Methicillin resistant S. aureus (MRSA) and fluoroquinolone

esistant Escherichia coli were found at increased frequencies in
ospital acquired infections in United States ICUs. Coagulase posi-
ive S. aureus,  coagulase-negative S. aureus,  E. coli and Pseudomonas

∗ Corresponding author at: Department of Biotechnology, Indian Institute of Tech-
ology Madras, Chennai 600036, India. Tel.: +91 44 2257 4107; fax: +91 44 2257
102.

E-mail address: sivamedchem@yahoo.co.in (P.M. Sivakumar).

144-8617/$ – see front matter ©  2011 Elsevier Ltd. All rights reserved.
oi:10.1016/j.carbpol.2011.07.061
ibacterial  properties.
© 2011 Elsevier Ltd. All rights reserved.

aeruginosa are also found with device related infections (Pierce,
2005; Schulin & Voss, 2001).

Polyurethanes (PU) are widely used in the preparation of med-
ical devices due to their biocompatibility, ability to promote the
cell adhesion (Cometa, Bartolozzi, et al., 2010; Cometa, Chiellini,
et al., 2010) and to act against bacterial adhesion when compared
to other polymers (Flemming, Capelli, Cooper, & Proctor, 2000;
Khandwekar, Patil, Shouche, & Doble, 2009).

One of the strategies to prevent the bacterial attachment and
biofilm formation is to kill the bacterial cells when they come in
contact with the polymeric surfaces (Sivakumar, Iyer, Natesan, &
Doble, 2010). Hence previous studies mixed bactericidal and fungi-
cidal agents with PU, PMMA,  PET and other polymers to reduce
the bacterial infections (Grapski & Cooper, 2001; Nava-Ortiz et al.,
2010). Other strategies include use of molecules which can interfere
with quorum sensing of the bacteria, dissolve biofilms (Francolini
et al., 2010), or change the surface energy of the polymer.

Chalcones are a class of compounds available, both in naturally
and synthetic form. They exert a wide variety of biological func-
tions including anti-tubercular (Sivakumar, Seenivasan, Kumar, &
Doble, 2007), antifungal (Sivakumar, Kumar, & Doble, 2009) and
broad spectral antibacterial activities (Sivakumar, Priya, & Doble,

2009; Selvakumar et al., 2007). They exert their antibacterial activ-
ity by the disruption of the cell membrane (Nielsen, Larsen, Boesen,
Schønning, & Kromann, 2005). Chalcones are also used in medical
devices either as coating or as a composite with polymer. Due to

dx.doi.org/10.1016/j.carbpol.2011.07.061
http://www.sciencedirect.com/science/journal/01448617
http://www.elsevier.com/locate/carbpol
mailto:sivamedchem@yahoo.co.in
dx.doi.org/10.1016/j.carbpol.2011.07.061
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heir slimicidal activity, chalcones also prevent the colonization of
acteria (Sivakumar, Priya, et al., 2009).

In the present study, a new composite based on multiblock
opolymer (PCL–PEG) and chalcone was synthesized, characterized
nd its antibacterial properties were assessed. There is a need for
esign and synthesis of newer polymer based biomaterial which
an prevent the adhesion and colonization of bacteria.

. Materials and methods

.1. General aspects

The macrodiols, i.e.  PEGdiol3400 and PCLdiol2000, HMDI (Hex-
methylene diisocynate), tin(II) 2-ethylhexanoate were purchased
rom Sigma–Aldrich, Italy. Solvents used for the study were pur-
hased from J.T. Baker, Italy. The strains used in this study namely,
. aureus NCIM 5021 and E. coli NCIM 2931 were purchased from
ational Chemical Laboratory (NCL), Pune, India and were main-

ained in nutrient agar plates. All broth and agar reported here were
urchased from Himedia, India.

.2. Synthesis of dimethylamino chalcone

Chalcone was synthesized by the method reported by Lin, Rivett,
nd Wilshire (1977) using dimethylamino-benzaldehyde and ace-
ophenone and characterized using Fourier Transform Infrared
FT-IR) Spectroscopy, 1H NMR  and 13C NMR.

.3. Polymerization

Calculated amount of PCLdiol2000 and PEGdiol3400 were dried
nder nitrogen atmosphere overnight. HMDI was distilled before
se in the reaction. PCLdiol2000 and PEGdiol3400 were mixed
ogether in the ratio of 75:25 in a polymeric tube under nitro-
en atmosphere. Stoichiometric amount of HMDI was added to
he above mixture and was followed by a few drops of tin(II) 2-
thylhexanoate. The polymeric tube was sealed and was  placed in
n oil bath and heated to 60 ◦C for 2 h and then to 70 ◦C for 1 h
nder vigorous stirring. The resultant polymer synthesized was  sol-
bilized in chloroform and then precipitated with petroleum ether
nd diethyl ether in order to remove the unreacted monomers. The
recipitated polymer was dried under vacuum for 48 h.

.4. Bulk characterization of copolymer

The bulk characterization of the synthesized copolymer was
erformed using 1H NMR  (Varian Gemini 200), FT-IR (Jasco
T/IR-410) and size exclusion chromatography (Jasco PU-1580).
ize Exclusion Chromatography (SEC) analysis was  performed
sing High-Performance Liquid Chromatograph (HPLC) connected
o a Jasco 830-RI and PerkinElmer LC-75 spectrophotomet-
ic (� = 260 nm)  detectors, equipped with two mixed-D PLgel
olumns (300 mm  × 7.5 mm).  Chloroform was used as eluting sol-
ent and the calibration curve was plotted using mono-dispersed
olystyrene standards.

.5. Film preparation

One gram of the synthesized copolymer was solubilized in 15 ml
f chloroform. 100 mg  of chalcone (10% weight to the polymer
eight) were added to the polymeric solution and mixed thor-
ughly. Then the solution was cast in a Petri dish and the solvent
as allowed to evaporate for 3 days. The film that was formed was

ept under vacuum for 1 day to remove the solvent. 1 cm × 1 cm
ieces were cut from the film (copolymer composite film) and used
 Polymers 87 (2012) 353– 360

for further studies. Films were also cast without chalcone (copoly-
mer  film) and were used as control in all the studies.

2.6. Thermal characterization of copolymer

The thermal degradation pattern of the synthesized copolymer
(before the copolymer was casted in to a film), copolymer film,
chalcone (the synthesized compound) and copolymer composite
film were evaluated using a Thermo gravimetric analyser (TGA)
(TGAQ500 MFC  system). The samples were heated at a rate of 10 ◦C
per minute from 30 ◦C to 600 ◦C in the presence of nitrogen.

Differential Scanning Calorimetry (DSC) was also used to study
the thermal characteristics of the copolymer, copolymer film,
chalcone and copolymer composite film using Mettler TA4000
instrument. The sample was first heated from 30 ◦C to 150 ◦C at
a heating rate of 10 ◦C/min and then cooled from 150 ◦C to −100 ◦C
at a cooling rate of 10 ◦C/min, followed by 4 min  at this tempera-
ture. The second heating scan was  run from −100 ◦C to 120 ◦C at a
heating rate of 10 ◦C/min. Samples of 6–7 mg  were taken in a 40 �l
aluminum pan while an empty pan was used as reference. Mea-
surements were carried out under nitrogen atmosphere at a flow
rate of 80 ml/min.

2.7. Surface characterization of the polymeric films

2.7.1. Fourier Transform Infrared (FT-IR) Spectroscopy
Jasco FT/IR-410 instrument was used to record the FT-IR spec-

trum of the copolymer film, chalcone and copolymer composite
film in the range of 400–4000 cm−1.

2.7.2. Atomic force microscopy (AFM)
AFM measurements were performed by a multimode instru-

ment connected to Nanoscope IV controller and equipped with E
piezoelectric scanner (Veeco Metrology). Contact mode was  used
to determine the surface roughness of the films.

2.7.3. Static contact angle and surface energy measurements
Surface energy and static contact angle (SCA) of the films were

measured with HPLC-grade water and n-hexadecane using the ses-
sile drop method at 25 ± 0.1 ◦C with a DSA 10 drop shape analysis
system (Kruss, Hamburg, Germany).

One wt.% copolymer solution in chloroform was filtered on a
0.45 mm nylon filter, dropped on the surface of a microscope glass
plate and spin coated at 6200 rpm for 60 s. The film was kept in a
dry atmosphere and was  used for contact angle measurements.

2.7.4. Scanning Electron Microscopy (SEM)
The surface morphology of the copolymer, copolymer film and

polymer composite film were determined using a JEOL LSM5600LV
(Tokyo, Japan) scanning electron microscope. The samples were
gold sputtered under high vacuum before the analysis. EDAX stud-
ies were also performed for copolymer and copolymer composite
films to determine the composition of the surfaces.

2.8. Bacterial adhesion

Bacterial adhesion experiments were carried out as previously
reported with slight modifications (Zhao et al., 2007). A single
colony from Petri plate was  inoculated into a 100 ml  conical flask
containing 20 ml  of tryptic soy broth (TSB). It was  cultured for 16 h
in a shaker (Orbitech, India) at 180 rpm and 37 ◦C until it reached

mid-exponential phase. The culture was centrifuged at 8000 rpm
and 4 ◦C for 10 min. The pellets were resuspended in 0.9% saline
and adjusted to an optical density (O.D.) of 0.1 at 660 nm (which
is approximately 1 × 107 cells/ml). The copolymer and copolymer
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omposite films were immersed in 20 ml  of the above bacterial sus-
ension and were incubated under static conditions at 37 ◦C for

 h. At the completion of this time period, the samples were trans-
erred into fresh tryptic soy broth and incubated for 24 h at 37 ◦C
nd 120 rpm. Then they were removed using sterile forceps and
ashed gently twice in sterile water to remove non-adhered bacte-

ia. Adhered bacteria were then removed from the polymer surface
y water-bath ultrasonication (total of 4 min  with 1 min  intervals)
nd counts of viable cells were determined in tryptic soy agar (TSA).
ll the experiments were repeated thrice.

.8.1. SEM analysis of bacterial adhesion
The surface of the copolymer film and copolymer composite film

with chalcone) after the adhesion of bacteria were observed under
 SEM (Scanning Electron Microscope). The above mentioned films
fter the bacterial adhesion were washed with distilled water and
hen fixed with 3% glutaraldehyde (in 0.1% phosphate buffer at pH
.2) for an hour and then washed twice with phosphate buffer and
nce using distilled water and dehydrated using various alcohol
radients (20, 50, 70 and 90%) for 10 min  and then dried overnight
n a dessicator. The films were gold coated at 30 mA  for 1 min  and
iewed under SEM (JEOL JSM 5600 LSV model) at a magnification
f 3200×.

.8.2. Assessment of cell viability and mechanism of action of
halcone

The presence of live and dead microorganisms on the copoly-
er  and copolymer composite films after the bacterial adhesion

xperiments were determined using Live/Dead® BacLightTM Bac-
erial Viability Kit (Invitrogen, Germany). The kit consists of two  of
he dyes namely, SYTO9 and propidium iodide (PI). The PI stains in
ed only the dead cells, by penetrating into the damaged membrane
f the cells. Hence, live cells fluoresce green and dead cells fluoresce
ed (Boulos, Prévost, Barbeau, Coallier, & Desjardins, 1999). The
lms after bacterial adhesion were washed with water and placed
n a glass slide, stained with the dye, and incubated for 10–15 min
n the dark. Then it was covered with coverslip and the images

ere captured using a Confocal Laser Scanning Microscope (CLSM)
LSM 710 Carl zeiss, Micro Imaging GMBH, Germany). Thickness
f the biofilm formed on the surface was also measured using the
ame instrument. Zen 2009 software was used for data analysis.
ll images were obtained through a plan-ApoChromate 40×/0.0
orrm75 objective utilizing 594 (HeNe 594 nm)  and 488 (Argon
88) lasers, ch1-493-551 and ch2-598-712 filters and MBS–MBS
88/594 Beam splitter.

. Results and discussion

.1. Chalcone synthesis and characterization

The dimethylamino-chalcone was synthesized and character-
zed using FT-IR, 1H and 13C NMR  spectroscopy. Characteristic
T-IR peak is observed at 1648 cm−1 which is responsible for �, �-
nsaturated carbonyl system present in chalcone. The NMR  spectral
ata for it is given below:

1H NMR  (CDCl3, 200 MHz): ı 3.10 (s, 6H), ı 6.77 (d, 2H,
 = 8.8 Hz), ı 7.33–7.65 (m,  6H), ı 7.88 (d, 1H, J = 15.4 Hz), ı 8.08 (d,

H, J = 6.8 Hz). 13C NMR  (CDCl3, 50 MHz): ı 190.71, 152.04, 145.87,
39.08, 132.15, 130.43, 128.45, 128.32, 122.63, 116.91, 111.82,
2.00. The structure of the chalcone synthesized and used in the
tudies is given below:
 Polymers 87 (2012) 353– 360 355
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Structure of dimethylamino-ch alcon e

3.2. Copolymer characterization

The spectral data of the synthesized PCL–PEG multiblock copoly-
mer  is given below.

3.2.1. FT-IR
Broad peak at 3450 cm−1 (terminal OH), 2944 cm−1and

2867 cm−1 (CH2 aliphatic), 1725 cm−1 (C O ester), 1638 cm−1 (C O
amide I), 1527 cm−1 (C O amide II), 1243 cm−1 (C–O–C stretch-
ing vibrations of repeated –COO– units of PCL back bone), and
1106 cm−1 (C–O–C stretching vibrations of repeated O–CH2–CH2–
units of PEG back bone) observed confirm the presence of different
functional groups in the copolymer. These peaks match with the
literature reports (Liu, Gong, et al., 2008).

3.2.2. 1H NMR
Characteristic peaks are observed at ı 1.4, 1.7, 2.3 and 4.0 ppm

which can be attributed to methylene protons, –(CH2)3–,  –OCCH2–
and –CH2OOC– respectively which are present in the PCL units. The
peak at ı 3.6 is responsible for methylene protons in –CH2CH2O–
of polyethylene glycol repeating units in the block copolymer.
Peaks are observed at ı 3.8 and 4.3 which are responsible for
the –O–CH2–CH2– end in the PEG unit linked with PCL. The 1H
NMR  peaks at ı 4.0 ppm (–COCH2CH2CH2CH2CH2O–) and ı 3.6 ppm
(–CH2CH2O–) can be used to find the ratio of PCL:PEG. Previous
researchers have also observed similar results for PCL–PEG–PCL
triblock copolymer (Liu, Gong, et al., 2008).

3.2.3. SEC analysis
SEC analysis was performed on the PCL–PEG copolymer. The

copolymer Mn  resulted equal to 20,500, while the polydispersity
index (Mw/Mn)  was  equal to 3.6, suggesting that, as expected in a
polycondensation process, a fairly broad molecular weight distri-
bution were observed.

3.2.4. Thermal characterization of polymer
3.2.4.1. TG analysis. PCLdiol2000 and PEGdiol3400 give a single
degradation pattern but the copolymer gives two  thermal degra-
dation patterns corresponding to the degradation of the two
macro-monomers. Thermal degradation pattern of the copolymer
was initiated due to the PCLdiol2000 and it is followed by the degra-
dation of PEGdiol3400. The percentage residue at 600 ◦C was  found
to be higher in the case of copolymer when compared to that with
PCLdiol2000 or PEGdiol3400.

Fig. 1 shows a comparative thermal decomposition pattern
for PCLdiol2000, PEGdiol3400 and block copolymer. The thermo-
gram for the copolymer lies between the thermograms of both
monomers. Fig. 2 shows a similar thermogram for chalcone, copoly-
mer  film and copolymer composite film from 30 ◦C to 600 ◦C. Sharp
weight reduction is observed between 250 ◦C and 350 ◦C. The ther-
mogram for the composite film lies closely below that of the
copolymer film.
The onset temperature (where 2% of the polymer is decom-
posed) (Tonset) and the decomposition temperature (where the
maximum amount of decomposition of polymer is achieved) (Td)
are evaluated from TGA for all these materials and listed in Table 1.
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Table  1
Onset and decomposition temperatures of monomers, copolymer, copolymer film, chalcone and copolymer composite film.

Component Onset temperature, Tonset Decomposition temperature Percentage residue at 600 ◦C

Td1 Td2 Td3

PCLdiol2000 238.35 ◦C 406.37 ◦C – – 0.60
PEGdiol3400 327.40 ◦C 397.93 ◦C – – 0.85
PCL–PEG  block copolymer 290.63 ◦C 323.94 ◦C 404.49 ◦C – 2.32
PCL–PEG  block copolymer film 305.48 ◦C 339.35 ◦C 404.69 ◦C – 2.26
Chalcone 185.79 ◦C 285.31 ◦C – – 0.39
Copolymeric composite film 242.35 ◦C 265.25 ◦C 327.31 ◦C 400.34 ◦C 2.61
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Fig. 1. TGA thermograms of PCLdiol, PEGdiol and copolymer.

Chalcone showed a single degradation pattern which also
uggests its purity. As before, copolymer film showed two degra-
ation patterns responsible for PCLdiol2000 and PEGdiol3400.
opolymer composite film showed three thermal degradation
atterns corresponding to chalcone, PCLdiol2000 and PEG3400.
rom the degradation patterns the ratio of the chalcone in
he composite was estimated to be 9.58% which is almost
quivalent to the amount added during preparation (10%). This
uggests that the copolymer composite film is uniformly dis-
ributed with chalcone. Figure S1 (supplementary material) shows
he percentage of components present in copolymer composite
lm.

.2.4.2. DSC analysis. DSC analysis of the various films was per-
ormed as mentioned before. Melting, crystallization and glass
ransition temperatures of first cooling and second heating were
alculated and listed in Table 2. The glass transition tempera-
ure, melting point and crystallization peaks for PCL and PEG
omponents are in agreement with data reported by the lit-
rature (Cometa, Bartolozzi, et al., 2010; Zhou, Deng, & Yang,
003).
Copolymer and films yield two crystallization peaks during first
ooling. The first crystallization peak is due to PEGdiol3350 and
he second are due to PCLdiol2000. Copolymer and copolymer
lms display similar crystallization peaks but copolymer composite

able 2
SC analysis of copolymer, copolymer film and copolymer composite film.

Process Polymer Tm 1 (◦C) �Hf 1 (J/

Ist cooling Copolymer 20.61 33.96 

Copolymer film 21.44 38.81 

Copolymer composite film 14.44 27.45 

IInd  heating Copolymer 48.10 −62.24 

Copolymer film 48.26 −69.22 

Copolymer composite film 44.09 −45.89 
Fig. 2. TGA thermograms of copolymer film, chalcone and copolymer composite
film.

film shows crystallization peaks at lower temperature values when
compared to other two. This earlier crystallization peaks are due to
the incorporation of chalcone and changes in crystalline behaviour
of the composite. Organic compound tends to reduce crystallization
temperatures.

Copolymer and films during second heating yield two melting
points (Tm) and one inflection point and the later is defined as
the glass transition temperature (Tg). Copolymer composite film
showed the lower melting temperature when compared to copoly-
mer  film, due to the presence of chalcone which melts initially and
initiates the melting of the monomers.

Fig. 3 shows the DSC spectrum for second heating of copolymer,
copolymer film and copolymer composite film. Though there are
no extra melting, glass transitions or crystallization peaks, there is
a shift in the melting and crystallization peaks which indicate the
incorporation of chalcone in the copolymer composite film.

3.3. Surface characterization

Fig. 4 shows the SEM micrographs of copolymer, copolymer film

and copolymer composite film. Polymer exhibits an amorphous
nature while the cast films show uniform surfaces with indentation.
Table 3 shows the weight and atomic percentages of carbon, oxygen
and nitrogen contents in copolymer film and copolymer composite

g) Tm 2 (◦C) �Hf 2 (J/g) Tg (◦C) �Hf 3 (J/g k)

27.61 70.80 – –
28.27 64.17 – –
21.77 64.26 −46.53 −0.202
52.43 −45.56 −57.35 0.192
52.59 −39.90 −57.52 0.283
50.42 −43.38 −44.36 0.342
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Fig. 3. DSC traces relevant to the second heating of copolymer, copolymer film and copolymer composite film.

 copo

fi
a
i

r
c
c
fi
c

T
W

Fig. 4. SEM micrographs of (a) copolymer, (b)

lm. The copolymer composite film shows increased weight and
tomic percentages of nitrogen and carbon, which indicates the
ncorporation of chalcone into the copolymer cast film.

AFM measurement was performed to analyze the surface
oughness and morphology of the copolymer film and copolymer

omposite film (Fig. 5). The surface roughness of the copolymer
omposite film (168.33 ± 7.17 nm)  was lower than the copolymer
lm (276.33 ± 20.36 nm). This is due to the uniform distribution of
halcone in the polymer leading to the smoothening of the surface.

able 3
eight and atomic percentages of various elements in copolymer film and copolymer co

Element Copolymer film 

Weight percentage Atomic percentag

Carbon 60.77 68.41 

Oxygen 34.62 29.26 

Nitrogen 2.12 2.05 
lymer film and (c) copolymer composite film.

Contact angles of the film were measured using water and n-
hexadecane. With water, the contact angles of copolymer film and
copolymer composite film were 56.4 ± 3.4 and 65.7 ± 7.6 respec-
tively. Being chalcone hydrophobic it increased the water contact
angle of the polymer composite film. Rough surface will lead to

increase in contact angle of hydrophobic surfaces and reduce the
contact angle of hydrophilic surfaces (Liu, Wu,  Wei, Cai, & Wei,
2008). With n-hexadecane, the contact angles of copolymer film
and copolymer composite film were of 16.2 ± 1.7 and 15.0 ± 1.2,

mposite film (based on EDAX).

Copolymer composite film

e Weight percentage Atomic percentage

72.12 76.57
17.15 13.67
10.72 9.76
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Fig. 5. AFM images of copolymer film (a) and copolymer composite film (b).
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Fig. 6. SEM micrographs of S. aureus biofilm on 

espectively. This shows that the copolymer composite film is
lightly hydrophobic when compared to the copolymer film.

The composite film had lower surface energy (41.4 ± 2.8 mJ/m2)
hen compared to the polymer film (47.2 ± 1.4 mJ/m2), once again

ndicating that the former is more hydrophobic than the later.
urface roughness, topography, surface composition, surface free
nergy and hydrophilicity play an important role in implants in
etermining the initial protein and cell adhesion (Rupp et al., 2006).

.4. Bacterial adhesion

Adhesion of E. coli and S. aureus onto the polymer film and
opolymer composite film were evaluated quantitatively in terms
f CFU (colony forming units of the viable cells) Copolymer compos-

te polymer film showed 99.5% and 98% reduction in the adhesion
f S. aureus and E. coli respect when compared to the copolymer
lm. Fig. 6 shows the SEM of adhered S. aureus on copolymer and
opolymer composite films.

Fig. 7. Biofilm on (a) copolymer film and (b) copolym
olymer film and (b) copolymer composite film.

Copolymer composite film has lower surface roughness, and
slightly higher contact angle and slightly lower surface energy
when compared to the copolymer film. Decreased surface rough-
ness leads to a decrease in bacterial adhesion (Sivakumar, Iyer, et al.,
2010). Shao and Zhao (2010) also found that decrease in surface
energy after silver coating leads to decrease in bacterial adhesion
against one of the medical device infection associated microbe, P.
aeruginosa PA01.

Apart from dead and live cells, bacterial biofilm comprises of
proteins and exopolysaccharide which are useful in the adhesion
of the bacteria on implant surfaces. Pathogenesis of infection is
dependent on bacterial adhesion and protein absorption on to
the biomaterial surfaces (Pavithra & Doble, 2008). Hydrophobic

surfaces enhance the protein adhesion to the surfaces which in
turn produce conditional layer promoting the formation of biofilm
(Wang, Robertson, Spillman, & Claus, 2004). Thus hydrophilic
surfaces are preferred since they reduce the bacterial adhesion

er composite film established by CLSM study.
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Bendinger, Rijnaarts, Altendorf, & Zehnder, 1993; Fletcher & Loeb,
979; Pringle & Fletcher, 1983).

Although the copolymer composite film is slightly more
ydrophobic than the copolymer film, chalcone has bactericidal
chalcones acts by cell membrane disruption which leads to bacte-
ial cell lysis) and slimicidal activities which is the reason for the
eduction in the bacterial adhesion. Previous research communi-
ations have established the cell membrane disrupting activity of
halcones (Sivakumar, Iyer, et al., 2010; Sivakumar, Kumar, et al.,
009; Sivakumar et al., 2007). Moreover, bacterial adhesion not
nly depends on hydrophobicity of the polymeric surface, but it also
epends on the hydrophobicity of the organism surface, presence
f functional group on the polymer, surface roughness, charge and
exibility, etc. Surface roughness of the copolymer composite film

s lower than that of the copolymer film which also further reduces
he bacterial adhesion on to the copolymer composite film.

Attached S. aureus cells were found on the copolymer film but
hey were absent in the case of copolymer composite film surface.
his finding also proves that apart from bactericidal activity chal-
one also has slimicidal activity. Irregular shapes observed on the
opolymer composite film are not known.

.4.1. Assessment of cell viability and mechanism of action of
halcone

In the present study, CLSM was used to analyze the biofilm
nd identify the distribution of live and dead cells. Chalcones are
elieved to act by the disruption of cell membrane. Live/Dead®

acLightTM Bacterial Viability Kit shows live cells fluoresce as green
olor and the dead (cell membrane damaged) cells as red color. In
omparison to the biofilm on copolymer film, biofilm on copolymer
omposite film has more amounts of red dead cells which is due to
he bactericidal action of chalcone (Fig. 7). This was also revealed
n previous studies (Sivakumar, Prabhawathi, & Doble, 2010).

. Conclusion

PCL–PEG multiblock copolymer and dimethylamino-chalcone
ere synthesized and characterized by FT-IR, 1H NMR, 13C NMR  and

EC analysis. Copolymer film and copolymer composite film with
imethylamino-chalcone derivative were also prepared using the
ynthesized copolymer. Copolymer composite film resulted to have

 lower roughness and a higher contact angle values when com-
ared to the copolymer film. Copolymer composite film showed
ore than 95% reduction of adhesion of S. aureus and E. coli when

ompared to copolymer film. Though the copolymer composite
lm was found to be slightly hydrophobic than copolymer film,
he reduction in bacterial adhesion was achieved due to the incor-
oration of the chalcone (which exerts bactericidal and slimicidal
ffects). CLSM and SEM studies indicated the membrane damag-
ng effect of chalcone. Previous researchers also established the
iodegradability and biocompatibility of PCL–PEG based multi-
lock copolymers (Cometa, Bartolozzi, et al., 2010). Hence this
opolymer composite film could be proposed as biomaterial for
atheter and urethral stents.

ppendix A. Supplementary data

Supplementary data associated with this article can be found, in
he online version, at doi:10.1016/j.carbpol.2011.07.061.
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