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A coating comprising quaternary ammonium salts (QAS) and aliphatic moieties was performed in
Poly(vinyl chloride) (PVC) surface in order to confer antibacterial activity. This was achieved by
grafting mercaptopropyltrimetoxysilane onto PVC, followed by aminopropyltriethoxysilane.
Betaine and Dodecenyl Succinic Anhydride (DDSA) were bonded to free amine groups. The
modified PVC samples were characterized by FT-IR, showing that the PVC surface was
successfully coated. Energy Dispersive X-ray spectroscopy showed the spatial distributions of the
elements Si and S, indicating that the coatings were homogeneous. Betaine and DDSA coated
PVC showed a better antibacterial performance than the controls. This antibacterial effect was
extremely reinforced in Betaine-DDSA modified PVC showing greater antibacterial activity than
both treatments separately applied. Antibacterial activity against Acinetobacter baumanii,
Pseudomonas aeruginosa, Staphylococcus aureus, and Bacillus subtilis was studied in the treated
samples showing that the coating was effective against Gram positive and Gram negative species.

1 Introduction

The polymer polyvinyl chloride (PVC) is a low cost and
durable plastic used in pipes, food packaging, biomedical
devices, etc. As other plastic materials, PVC is prone to suffer
microbial colonization.'"> However, it does not have inherent
antibacterial properties, an important feature in preventing
infection in humans by microorganisms present in the living
environment.® Bacterial colonization in PVC products can be
disadvantageous in various settings. Hospital environment is
especially susceptible to pathogenic bacteria contamination,
which is especially hard to deal when it is found in biofilms.”*
The rise in nosocomial infections is a direct consequence of
this. For example, infections resulting from microbial
adhesion to biomaterials have been observed on nearly all
medical devices, such as catheters and orthopaedic implants,
leading to severe economic and medical consequences.’!!
Respecting industry related environments, the contamination
caused by microorganisms during the manufacture,
processing, and packaging of food and medicines is of
considerable importance to public health and consequently it
is a major issue for industry.!> For this reason, PVC
derivatization in order to obtain an antibacterial material
would diminish the risk of infections.!'*'® One possible
antibacterial strategy is based on the use of biocides agents,
either bound to the surface or to be released to the
surroundings.®!"-2! Although some organic antibiotics such as
nisin or triclosan had been incorporated to PVC products, 2224
the most used antibacterial agent is silver.!525:26

One alternative to achieve the PVC derivatization is making
use of a nucleophilic substitution reaction. It is well known
that thiol compounds can be used for this purpose due to the
high nucleophilicity and low basicity of the sulphur.?’

Quaternary ammonium salts (QAS) have been known to be
active moieties against microorganisms by contact with the
cell membrane.?® Therefore, QAS-containing polymers have
been prepared and were the subject of several investigations2°-
31Betaine esters,3:33 methylbenzethonium chloride,?*
cetalkonium chloride’® and cetylpyridinium chloride’® are
some of the QAS known for their antimicrobial activity.
Betaine derivatives are harmless for human usage since the
products obtained from the hydrolysis are normal metabolites
of the host.’> Most QAS have a lipophilic moiety in their
structures. This moiety is involved in the interaction of the
molecule with microbial membranes enhancing penetration of
the antibacterial,’> for example in cetylpyridinium chloride,
cetalkonium chloride, benzalkonium chloride.

The aim of this study was to develop a PVC antibacterial
coating by separately immobilizing onto the surface the
quaternary amine and the lipophilic moieties of a QAS. In this
work we present the preparation of an antibacterial dual
coating containing betaine and a 12 carbon chain, covalently
bonded to the PVC surface. This was achieved by grafting
mercaptopropyltrimetoxysilane ~ (MPTMS)  onto  PVC,
followed by aminopropyltriethoxysilane (APTES) where
betaine and Dodecenyl Succinic Anhydride (DDSA) were
bonded to free amine groups. The coated PVC was
characterised by Infrared Spectroscopy (FT- IR) and Energy
Dispersive X- Ray Spectroscopy (EDS). The -NH2 moieties
were quantified by the picric acid method and the quaternary
ammonium moieties were qualitatively detected through
iodine reaction. The antibacterial properties of the pure and
modified PVC were studied against
aeruginosa, Acinetobacter baumanii, Staphylococcus aureus
and Bacillus subtilis.

Pseudomonas
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Figure 1. Schematic representation of the coatings synthesis.
2 Materials and methods

2.1 Materials
Medical grade PVC urinary catheters were purchased from
Barcat (Argentina) and cut in order to get samples of 1 cm?. 3-

mercaptopropyltrimethoxysilane 95% (MPTMS), 3-
aminopropyltriethoxysilane 99% (APTES), 2-Ethoxy-1-
ethoxycarbonyl-1,2-dihydroquinoline  99% (EEDQ) and

Betaine hydrochloride 99% were acquired from Sigma (St
Louis, MO, USA). Dodecenyl Succinic Anhydride (DDSA)
was purchased from Fullam Inc. (New York, USA). All other
reagents were of analytical grade.

P aeruginosa ATCC 27853, S. aureus ATCC 29213 were
gently provided by the Microbial Culture Collection of
Facultad de Farmacia y Bioquimica (CCM 29), University of
Buenos Aires and 4. baumanii wild type and B. Subtilis wild
type were isolated from a hospital environment. All
microorganisms were grown at 35 °C for 24 h on Luria
Bertani (LB) medium (Britania, BA, Argentina).

2.2 Solvent - non solvent MPTMS modification

MPTMS substituted PVC (M-PVC) was prepared, using a 5%
MPTMS solution in acetone:water (75:25) at room
temperature for 30 min. When PVC is exposed to a
nucleophile such as a thiol group, a substitution reactions

occur ( Step 1 in Figure 1).%7

2.3 APTES coating

In order to optimize the number of amine groups per cm? over
the surface, three different solutions had been prepared mixing
APTES, absolute ethanol ( 2.5 mL), ammonia 35% (0.5 mL)
and deionized water. The APTES concentration of each
solution was 3.76 mM, 8.53 mM and 17.0 mM, respectively.
The M-PVC samples were incubated with the previously
mentioned APTES solutions at room temperature with gentle
shaking for 18 h. After that, they were rinsed with deionized
water and air dried. These samples were named A-PVC and
those derivatized with 3.76 mM solution were chosen for the
rest of the assays (Step 2 in Figure 1).

2.4 Betaine linking

The betaine linking solution had been prepared mixing 100
mg of solid EEDQ with a 1% w/v betaine hydrochloride
solution. The A-PVC samples were left in the previously
described solution for 18 h. Later, they were rinsed with
deionized water and air dried. These samples were named B-
PVC. EEDQ was used to couple the amine group with the
carboxylic acid. The activation of carboxylic acids by EEDQ
involves the transient formation of a mixed carbonic
anhydride which cannot be isolated presumably because of a
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rapid breakdown.38-40

2.5 DDSA-betaine derivatization

A 12 carbon chain moiety was added to the A-PVC samples by
incubating them in a 50 % v/v DDSA solution in ethanol at 60
°C for 2 h. After that, they were rinsed with ethanol, deionized
water and finally air dried. These samples were named D-
PVC. Such samples were left in a solution prepared by mixing
100 mg of solid EEDQ with a 1% betaine hydrochloride
solution for 18 h. Afterwards, they were rinsed with ethanol,
and then deionized water and air dried. These samples were
named BD-PVC.

2.6 Characterisation

2.6.1 Infrared spectrum and Energy dispersive X-ray
analysis

ATR-FTIR transmission spectra were acquired in the range of
4000-650 cm', using a Fourier transform infrared
spectrometer (FT-IR) with ZnSe flat-plate attenuated total
reflectance (ATR) (Nicolet). All slides were previously dried
for 24 h at 60 °C to avoid interference from water related
bands. Elemental analyses were carried out in freeze-dried and
gold coated samples using an Energy Dispersive analyser
(EDX) analyser (OXFORD instrument) coupled to a Zeiss
Supra 40 Scanning Electron Microscope.

2.6.2 Amine groups density in A-PVC

In order to determine the amine groups density of A-PVC
samples, the picric acid method was followed. Briefly, three
A-PVC samples were neutralized with 0.3 M NaOH for 6 min,
and then washed with deionized water for 2 min. The samples
were treated with 0.1 M picric acid for 10 min and washed
five times with deionized water for 2 min each time. The
picrate was eluted with the NaOH solution for 6 min. The
solution  absorption at 354 nm was measured
spectrophotometrically. The concentration of the amine groups
in the solution was obtained by comparing the absorption at
354 nm of the unknown solution with that of a standard
picrate solution.*#?

2.6.3 Determination  of Ammonium
Compounds

This qualitative assay was performed as follows: 1 ml of
reagent (10 g of resublimed iodine + 12.4 g of KI in 1 L of
water) was added to the PVC samples. Brown colour indicated
the presence of quaternary ammonium salts.

Quaternary

2.6.4 Plasticizer loss

The plasticizer loss was measured according to ASTM D1203-
1992 (Test Method A, 70°C, 24 h, using activated carbon
method).#4 Briefly, the PVC samples were individually
weighted using an analytical balance and designated this
weight as W,. Weights of individual specimens were 0.1 g
within a tolerance of 10%. Activated carbon was spread on the
bottom of a container. One specimen was placed on top of the
activated carbon and covered with activated carbon. A second
specimen was placed on top of the first and covered carbon,
followed by a third specimen and then more of activated

carbon. A cover was placed on the container in such a manner
that the container was vented. The containers were placed in
an oven at 70 + 1 °C for 24 h. At the end of the 24 h period,
the containers were removed from the oven. Then, the
specimens were removed from the containers and brushed free
of carbon.

After reconditioning, the specimens reweighed and this weight
was designated as W,.

The volatile loss was calculated as Eq (1):

weight loss % =[ (W;-W,)/W,]x100 (1)

where:
W, = initial weight of test specimen, and
W, = final weight of test specimen.

2.7 Antibacterial activity and efficacy test

The antibacterial activity of the coatings against P. aeruginosa
was performed according to a modified assay from Japanese
Industrial Standards (JIS) Z 2801.# For this test
microorganisms were grown in LB medium for 24 h. The
challenge inoculum was prepared diluting the grown bacteria
with a culture medium (LB medium diluted 500-fold in
physiological sterile solution) until the microorganism
concentration was 1.9 10° cfu/ml.

Treated and untreated PVC samples were immersed in 1 mL
of 70 % ethanol for the disinfection, and used for the
antibacterial efficacy assay after washing three times with 1
mL of sterilized water. Then, they were incubated in 0.020 mL
of the previously described bacterial suspensions.

After 24 h, the surviving bacteria on the supernatant were
counted by the spread plate method. Decimal dilutions were
spread on a Petri dish that contained LB agar and were
incubated at 35 °C 24 h. After incubation, the colonies were
counted.*

The results were presented in terms of value of antibacterial
activity (R(log); Eq (2)) and % bacterial reduction (D%; Eq
(3))-

R (log) = [log (A) - log (B)] (2)
D%= (A-B)/B x100 3)

where A is the average of the number of viable cells of
bacteria on the untreated PVC samples after 24 h and B is the
average of the number of viable cells of bacteria on the treated
piece after 24 h. In order to assess the antimicrobial spectrum
Figure 2. FT-IR of untreated and treated samples.

A. baumanii, S. aureus, and B. subtilis bioburden reduction
was also studied in the BD-PVC samples following the
protocol described above.

All experiments were conducted in triplicate, each time
utilizing a fresh cell suspension.

2.8 Determination of coating release.

In order to assess if the coating was released during the
antibacterial assay, BD-PVC samples were left in 1 mL of
sterile saline solution during 24 h. Supernatant antibacterial
activity was measured in a diffusion agar test.

This journal is © The Royal Society of Chemistry [year]
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2.9 Biofilm formation test

Biofilm formation of P. aeruginosa in PVC and BD-PVC
samples was evaluated. For this test microorganisms were
grown in LB medium for 24 h (10® cfu/mL) and then used as
the challenge inoculum. On the other hand, each PVC sample
was sterilized with 70 % ethanol and then washed with
sterilized water. After that, they were incubated in the
previously described bacteria suspensions for 48 h. After that
period, the PVC samples were rinsed with sterilized water, put
in a tube with sterilized physiological solution and sonicated
for 5 min.#” The bacteria present in the supernatant were
counted by the spread plate method as described above. All
experiments were conducted in triplicate, each time utilizing a
fresh cell suspension.

2.10 Statistics

All quantitative results were obtained from triplicate samples.
Data were expressed as means + SD. Statistical analysis was
carried out using a One-way ANOVA test and a Bonferroni
post test. A value of p < 0.05 was considered to be statistically
significant.

3 Results and discussion

As it was described before, a PVC surface derivatization was
performed in order to confer antibacterial activity. This was
achieved by grafting MPTMS onto PVC, followed by APTES.
Betaine and Dodecenyl Succinic Anhydride (DDSA) were
bonded to APTES free amine groups in order to obtain a
coating comprising QAS and aliphatic moieties. This samples
(BD-PVC: A-PVC + Betaine + DDSA) where characterized
and tested against bacteria as well as all the intermediates: M-
PVC (PVC + MPTMS), A-PVC (M-PVC + APTES), B-PVC
(A-PVC + Betaine) and D-PVC (A-PVC + DDSA).

3.1 Surface characterisation

The FT-IR spectra of the uncoated and coated PVC samples
(PVC, M-PVC, A-PVC, B-PVC, D-PVC and BD-PVC) were
characterised (ESI 1 1). Each step of the PVC grafting was
assessed by the appearance of new functional groups
corresponding to each new molecular link. In the PVC
spectrum, characteristic absorption bands could be found at
695 cm™', due to C-CI stretching vibration, at 732, 943, 1066
and 1114 cm™', attributable to PVC chain stretch, at 1247
cm™!, corresponding to C-H bend, at 1342 and 1413 cm ™', due
to C-H, bend, at 2850 and 2908 cm™', owing to C-H,
stretching and at 2933 cm™, corresponding to C-H stretching,
neighbouring CH-CI1 groups.*® Since diethyl hexyl phtalate
(DEHP) is the plasticizer used in this PVC sample, absorption
bands due to its presence could also be found in the PVC
spectrum. Absorption bands 742 and 1720 cm™' corresponded
to C-H from the aromatic compound and the carbonyl group
from the plasticizer, respectively. Furthermore, an absorption
band due to the alkane C-H bond from PVC and DEHP was
found around 1250 cm .47

The M-PVC sample showed a typical silicon oxide broad band
at 815 cm™' corresponding to symmetric Si-OH stretching.
Asymmetric Si-O-Si bond stretching band at 1021 ¢m™ was
found in A-PVC, B-PVC, D-PVC and BD-PVC spectra.20:4%:50

Silicon

Sulfur

M-PVC

A-PVC

B-PVC

D-PVC

DB-PVC

Figure 2. EDX mapping of untreated and treated
samples.Coating homogeneity was evaluated by Silicon
and Sulfur surface distribution.

This band accounted for the presence of a polymerized silicon
oxide network, which became significant after APTES
addition. This would be in relation to the coupling between.
This band accounted for the presence of a polymerized silicon
oxide network, which became significant after APTES
addition. This would be in relation to the coupling between
MPTMS and APTES silanol groups.

In the D-PVC and BD-PVC spectra, the broadening of the
band at 1720-1710 c¢m™ accounted for the presence of new
carbonyl groups from DDSA. The adsorption band due to the
alkane C-H bond from DDSA carbon chain was found around
2950 cm™' in D-PVC and BD-PVC as well. The intensity of
the bands was higher in the former.

3.2 Coating homogeneity

In order to asses the coating homogeneity EDX elemental
analysis and mapping were performed. In the PVC samples
the presence of Cl, C and O was observed (ESI { 2). In the
coated samples the Si and the S were also present. The Si
came from the organosilanes used in the coating and the S
from the MPTMS. The elemental mapping showed that upon
addition of MPTMS, homogeneous distribution of Si and S
has been achieved in the coated surface (Figure 2). Moreover,
with the addition of the subsequent link molecules the
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Volatile loss weight (%)

Figure 3. Volatile loss weight of untreated, betaine-DDSA treated
samples and all the intermediates. The effect of the treatments in
the plastizicer loss is evaluated.

homogeneous distribution of Si and S is maintained. This
would indicate that next coating stages would also be
homogeneous. Otherwise, the elemental ratio would varies
among the surface.

3.3 Amine groups density in A-PVC and presence of
Quaternary Ammonium Compounds

The amine group density of samples coated with 3.76 mM,
8.53 mM and 17.0 mM APTES solutions was 3.5 = 0.6
umol/cm?, 3.3 £ 0.8 umol/cm® and 4.4 = 0.7 umol/cm?
respectively. Since the densities found in the three
concentrations tested were not significantly different (»>0.05),
the A-PVC samples chosen for the following assays were
those exposed to the lower APTES concentration (3.76 mM).
As shown in ESI { 3, those PVC slides treated with betaine
turned brown after periodate exposure. This confirmed that
the grafting with quaternary ammonium groups was
successful.

3.4 Plasticizer loss

As it was mentioned before, the PVC plasticizer present in the
samples was DEHP, which could be released from the bulk of
the solid to the human fluid in contact. Therefore, any
treatment to PVC should not increase plasticizer loss.
Although significant difference could be found among the
samples, none of the treated samples was significant different
from PVC (p>0.05). (Figure 3). These results showed that
none of the coatings induced DEHP loss.

3.6 Antibacterial activity and efficacy

In order to evaluate the antibacterial activity of the different
coating stages, the treated and control samples were first
tested against P. aeruginosa. The results (Table 1) showed that
in PVC, M-PVC and A-PVC samples the bacterial growth was

Table 1. Antimicrobial efficacy assay against P. aeruginosa of

untreated, betaine-DDSA treated samples and all the
intermediates
ufc/mL R% R(log)
PVC 2.7x 108
M-PVC 1.6 x10% 33.338 0.1
A-PVC 13x108 51.838 0.4
B-PVC 2.3 x10’ 86.633 1.3
D-PVC 1.3x10° 99.227 2.3
BD-PVC 1.4x10° 99.913 35

Table 2. Evalation of the antimicrobial efficacy spectrum of
BD-PVC samples against Gram positive and Gram negative
bacteria.

cfu/mL in cfu/mL in R% R(log)
PVC BD-PVC
S. aureus 4.0x 107 1.1x10° 99.7 2.9
A. baumanii 1.9x 10® 1.7 x10° 99.0 2.2
B. subtilis 2.8x10° 2.4x 10 99.2 2.4

not significantly different (p>0.05) in all of them indicating
that neither MPTMS nor APTES treatment contributed to
antibacterial activity.

As it was described before, the antibacterial moiety chosen
was the quaternary ammonium present in betaine. It is
generally accepted that lipid bilayer structures of cell
membranes are principal targets for this class of compounds .
A possible mechanism that can explain their activity is that a
highly charged surface (like those obtained in this research)
can induce what is essentially an ion exchange between the
positive charges on the surface and structurally critical mobile
cations within the membrane. Upon approaching a cationic
surface, the structurally essential divalent cations of the
membrane are relieved of their role in charge neutralization of
the membrane components and are thus free to diffuse out of
the membrane. The loss of these structural cations results in a
loss of membrane integrity.’'**In the process of binding, the
presence of a hydrocarbon chain would enhance antibacterial
activity by intercalating into the hydrophobic interior of the
microbial membrane, and the cationic polar head group would
participate in charge interactions with neighbouring surface
structures.’*

As could be seen in Table 1, in B-PVC, D-PVC and BD-PVC
the cfu/mL was significantly lower than in untreated PVC. We
found the highest bactericidal activity for the BD-PVC
(R(log)=3.5). D-PVC and B-PVC samples also showed
activity  (R(log)=2.3 and  R(log)=1.3
respectively). Accordingly, since the betaine portion and its
quaternary ammonium moiety were identical in BD-PVC and
B-PVC, the differences in antibacterial activities between
them were dependent on the presence of the lipophilic
moiety.> This effect suggested that the membrane disruption

antibacterial
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caused by the hydrophobic chain is of relevance in the
mechanism of action.

In order to assess the antibacterial spectrum of the coating, the
antibacterial efficacy test was also performed in BD-PVC
samples  against baumanii,  Salmonella
choleraesuis and Bacillus subtilis. Results describing the
R(log) and D (%) against the previously mentioned species
are shown in Table 2. The antibacterial reduction was
important in all of them, confirming that this coating may be
useful to prevent infections caused by Gram negative and
Gram positive microorganisms.

Acinetobacter

3.7 Coating release.

This assay was made by incubating BD-PVC in saline solution
in order to assess if the coating was released during the
antibacterial assay. As could be seen in ESI { 4, supernatant
antibacterial activity was undetectable. This confirms that the
antibacterial activity of the coating is achieved by contact of
bacteria with the modified PVC surface, being the leaching of
the coating negligible by means of its antibacterial effect.

3.8 Biofilm formation

The biofilm formation test showed that the bacterial adhesion
was 82 % lower in treated samples than in the control showing
that the coating could prevent biofilm formation and its
consequences. Biofilm formation is usually promoted by rich
environments, high bacterial number and long exposure times.
By exposing the coatings to a 1x10® cfu/ml in LB medium for
48hs the coatings where challenged in a worst case scenario.
Even in this conditions the coatings showed that the bacterial
adhesion was much lower in the treated samples than in the
control.

4. Conclusions

According to the reported results in this paper, it
wasconcluded that medical grade PVC samples could be
transformed into antibacterial plastics with a high antibacterial
activity against P. aeruginosa, S. aereus, A. baumanii and B.
subtilis when they were derivatized with a 12 carbon aliphatic
chain and a QAS moiety.

The modified PVC samples were characterized by FT-IR,
showing that the PVC samples were successfully coated. EDX
mapping showed the distributions of the elements Si and S,
indicating that the coatings were homogeneous.

BD-PVC samples showed an excellent antibacterial activity
against P. aeruginosa, S. aereus, A. baumanii and B. subtilis,
which implies antibacterial activity for both Gram positive
and Gram negative microorganisms. Besides, the treated
samples showed a lower bacterial attachment, which makes
them suitable for preventing biofilm formation. The
antibacterial activity of the coated PVC is related to the
interaction between cationic and aliphatic moieties and
microbial cells. Hydrophobic chains are of main importance in
biocidal activity.

Acknowledgements
A.S. is grateful for her undergraduate fellowship granted by
CIN. M.V. is grateful for her doctoral fellowship granted by

CONICET. J.G is grateful for her doctoral fellowship granted
by UBA. This work was supported with grants from
Universidad de Buenos Aires (UBACYT
20020130100780BA). The authors would like to thank Dr.
Miguel D"Aquino for useful discussions.

Notes and references

a Cadtedra de Quimica Analitica Instrumental, Facultad de Farmacia y
Bioquimica, Universidad de Buenos Aires (UBA), IQUIMEFA (UBA-
CONICET), Junin 956, C11134AD Buenos Aires, Argentina; Tel/fax: +54
11 49648254.

b Catedra de Microbiologia, Facultad de Farmacia y Bioquimica,
Universidad de Buenos Aires (UBA), Junin 956, C11134AAD Ciudad de
Buenos Aires, Argentina

* Corresponding author at: Catedra de Quimica Analitica Instrumental,
Facultad de Farmacia y Bioquimica, Universidad de Buenos Aires
(UBA), IQUIMEFA (UBA-CONICET), Junin 956, C11134AAD Buenos
Aires, Argentina; Tel/fax: +54 11 49648254. E-mail address:
gcopello@ffyb.uba.ar

1 L. J. Douglas, Trends Microbiol., 2003, 11, 30-36.

2 D. G. Maki, D. M. Kluger and C. J. Crnich, Mayo Clin. Proc.,
2006, 81, 1159-1171.

3 S. P. Hawser and L. J. Douglas, Infect. Immun., 1994, 62,
915-921.

4 M. Katsikogianni, I. Spiliopoulou, D. P. Dowling and Y. F.
Missirlis, J. Mater. Sci. Mater. Med., 2006, 17, 679—689.

5 S.Y. Choi, H. Rodriguez, H. Q. N. Gunaratne, A. V. Puga, D.
Gilpin, S. McGrath, J. S. Vyle, M. M. Tunney, R. D. Rogers
and T. McNally, RSC A4dv., 2014, 4, 8567-8581.

6 M. Marini, S. De Niederhausern, R. Iseppi, M. Bondi, C.
Sabia, M. Toselli and F. Pilati, Biomacromolecules, 2007, 8,
1246-1254.

7 S. Rajalakshmi, A. Fathima, J. R. Rao and B. U. Nair, RSC
Adv., 2014, 4,32004-32012.

8 M. E. Villanueva, A. Salinas, L. E. Diaz and G. J. Copello,
New J. Chem., 2014.

9 K. Vasilev, J. Cook and H. J. Griesser, Expert Rev. Med.
Devices, 2009, 6, 553-567.

10 L. Rodrigues, in Bacterial Adhesion, eds. D. Linke and A.
Goldman, Springer Netherlands, 2011, vol. 715, pp. 351-367.

11 T. Benneche, Z. Hussain, A. Aamdal Scheie and J. Lonn-
Stensrud, New J. Chem., 2008, 32, 1567-1572.

12 D. Cunliffe, C. A. Smart, C. Alexander and E. N. Vulfson,
Appl. Environ. Microbiol., 1999, 65, 4995-5002.

13 D. J. Balazs, K. Triandafillu, Y. Chevolot, B.-O. Aronsson, H.
Harms, P. Descouts and H. J. Mathieu, Surf. Interface Anal.,
2003, 35, 301-309.

14 H. Lin, Z. Xu, X. Wang, J. Long, W. Su, X. Fu and Q. Lin, J.
Biomed. Mater. Res. B Appl. Biomater., 2008, 87B, 425—431.

15 D. R. Monteiro, L. F. Gorup, A. S. Takamiya, A. C. Ruvollo-
Filho, E. R. de Camargo and D. B. Barbosa, Int. J.
Antimicrob. Agents, 2009, 34, 103—110.

16 A. Asadinezhad, I. Novak, M. Lehocky, V. Sedlatik, A. Vesel,
I. Junkar, P. Saha and 1. Chodak, Colloids Surf. B
Biointerfaces, 2010, 77, 246-256.

17 W. D. Schindler, P. J. Hauser and E. Textile Institute
(Manchester, Chemical Finishing of Textiles, CRC, 2004.

6 | Journal Name, [year], [vol], 00—00

This journal is © The Royal Society of Chemistry [year]

Page 6 of 8



Page 7 of 8

New Journal of Chemistry

18

19

20

2

—_

22

23

24

25

26

27

28

29

30

3

—_

32

33

34

35

36

37

38

39

40

41

42

43
44

M. A. Rauschmann, T. A. Wichelhaus, V. Stirnal, E.
Dingeldein, L. Zichner, R. Schnettler and V. Alt,
Biomaterials, 2005, 26, 2677-2684.

V. Alt, A. Bitschnau, J. Osterling, A. Sewing, C. Meyer, R.
Kraus, S. A. Meissner, S. Wenisch, E. Domann and R.
Schnettler, Biomaterials, 2006, 27, 4627-4634.

G. J. Copello, S. Teves, J. Degrossi, M. D’ Aquino, M. F.
Desimone and L. E. Diaz, J. Ind. Microbiol. Biotechnol.,
2008, 35, 1041-1046.

A. Rajendran and D. K. Pattanayak, RSC Adv., 2014, 4,
61444-61455.

N. Natrajan and B. W. Sheldon, J. Food Prot., 2000, 63,
1189-1196.

C..Bower, J. . Parker, A. . Higgins, M. . Oest, J. . Wilson, B. .
Valentine, M. . Bothwell and J. McGuire, Colloids Surf- B
Biointerfaces, 2002, 25, 81-90.

A. Asadinezhad, 1. Novak, M. Lehocky, V. Sedlatik, A. Vesel,
L. Junkar, P. Sdha and 1. Chodék, Plasma Process. Polym.,
2010, 7, 504-514.

E. M. Hetrick and M. H. Schoenfisch, Chem. Soc. Rev., 2006,
35, 780-789.

Q. Cheng, C. Li, V. Pavlinek, P. Saha and H. Wang, App!.
Surf. Sci., 2006, 252, 4154-4160.

K.-Y. Chen, Y.-S. Lin, C.-H. Yao, M.-H. Li and J.-C. Lin, J.
Biomater. Sci. Polym. Ed., 2010, 21, 429-443.

P. Lewandowski, R. Kukawka, H. Pospieszny and M.
Smiglak, New J. Chem., 2014, 38, 1372—-1375.

M. Marini, M. Bondi, R. Iseppi, M. Toselli and F. Pilati, Eur
Polym. J., 2007, 43, 3621-3628.

S. Lin, J. Wu, H. Jia, L. Hao, R. Wang and J. Qi, RSC Adv.,
2013, 3,20758-20764.

X. Dong, S. Li, Q. Zhang and S. Zhang, RSC Adv., 2014, 4,
22625-22631.

M. Lindstedt, S. Allenmark, R. A. Thompson and L. Edebo,
Antimicrob. Agents Chemother., 1990, 34, 1949-1954.

B. AHLSTROM, R. A. THOMPSON and L. EDEBO, APMIS,
1999, 107, 318-324.

J. Soto, P. Fuya, R. Herrera and J. Berman, Clin. Infect. Dis.,
1998, 26, 56-58.

L.-A. O’Hare, L. O’Neill and A. J. Goodwin, Surf. Interface
Anal., 2006, 38, 1519-1524.

C. N. Cutter, W. J. Dorsa, A. Handie, S. Rodriguez-Morales,
X. Zhou, P. J. Breen and C. M. Compadre, J. Food Prot.,
2000, 63, 593-600.

T. Kameda, M. Ono, G. Grause, T. Mizoguchi and T.
Yoshioka, J. Polym. Res., 2011, 18, 945-947.

F. Albeiicio, R. Chinchilla, D. J. Dodsworth and C. N4jera,
Org. Prep. Proced. Int., 2001, 33, 203-303.

A. El-Faham and F. Albericio, Chem. Rev., 2011, 111, 6557—
6602.

J. G. Lombardino, S. L. Anderson and C. P. Norris, J.
Heterocycl. Chem., 1978, 15, 655-656.

B. F. Gisin, Anal. Chim. Acta, 1972, 58, 248-249.

W. Wang and M. W. Vaughn, Scanning, 2008, 30, 65-77.
ASTM D1203-1992, .

M. Rusu, M. Ursu and D. Rusu, J. Thermoplast. Compos.

45
46

47

48

49

50

51

52

53

54

Mater., 2006, 19, 173—190.

JIS 2801:2000, 2000.

V. Gadenne, L. Lebrun, T. Jouenne and P. Thebault, Colloids
Surf. B Biointerfaces, 2013, 112, 229-236.

R. Ito, F. Seshimo, Y. Haishima, C. Hasegawa, K. Isama, T.
Yagami, K. Nakahashi, H. Yamazaki, K. Inoue, Y. Yoshimura,
K. Saito, T. Tsuchiya and H. Nakazawa, Int. J. Pharm., 2005,
303, 104-112.

Robert R. Stromberg, Sidney Straus and Bernard G .
Achhammer, J. Res. Natl. Bur. Stand., 1958, 60, 147—-152.

T. Nakagawa and M. Soga, J. Non-Cryst. Solids, 1999, 260,
167-174.

Y.-K. Lv, Y.-D. He, X. Xiong, J.-Z. Wang, H.-Y. Wang and Y.-
M. Han, New J. Chem., 2015, 39, 1792—1799.

S. B. Lee, R. R. Koepsel, S. W. Morley, K. Matyjaszewski, Y.
Sun and A. J. Russell, Biomacromolecules, 2004, 5, 877-882.
M. Crismaru, L. A. T. W. Asri, T. J. A. Loontjens, B. P. Krom,
J. de Vries, H. C. van der Mei and H. J. Busscher, Antimicrob.
Agents Chemother., 2011, 55, 5010-5017.

L. A. T. W. Asri, M. Crismaru, S. Roest, Y. Chen, O.
Ivashenko, P. Rudolf, J. C. Tiller, H. C. van der Mei, T. J. A.
Loontjens and H. J. Busscher, Adv. Funct. Mater., 2014, 24,
346-355.

Q. Zhao, S. Wang and H. Miiller-Steinhagen, Appl. Surf. Sci.,
2004, 230, 371-378.

This journal is © The Royal Society of Chemistry [year]

Journal Name, [year], [vol], 00-00 | 7



New Journal of Chemistry Page 8 of 8

Antimicrobial
activity

Quaternary ammonium salts and lipophilic moieties were separately immobilized onto PVC to obtain a broad
spectrum antimicrobial coating.



