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Developing bacterial biofilm on the dental unit waterlines increases the risk
of cross-infection among oral patients. Although chemical disinfectants can
achieve disinfection effects in a short period of time, corrosion damage of
dental unit waterlines and water contamination can also occur after continuous
use of it. Herein, this study explored a one-step deposition method to
prepare a durable and renewable antibacterial N-halamine polymeric coating
on polyurethane waterlines. The method utilized polyelectrolyte complexes
formed with polyethylenimine (PEIl) and phytic acid (PA), followed by chlorination
to activate the antibacterial properties. The N-halamine polymeric coating
reduces the polyurethane waterline’s water contact angle, thus reducing
biofouling deposits and the obstruction of the active halide site on the
waterlines, thereby facilitating the maintenance of the cleanliness of the
coating. In addition, benefiting both from the active chlorine release and the
high density of positive charges on the coating, the polyurethane waterline
antimicrobial activity is significantly enhanced. Besides, the N-halamine
polymeric coating is biocompatible. This study showed that long-lasting and
renewable antimicrobial requirements can be achieved by simple surface
modification of N-halamine polymer coatings, which provides a practicable
strategy for the production of long-term and reproducible antibacterial
dental unit waterlines to reduce the incidence of hospital infection in oral
department.

dental unit waterlines, N-halamine coating, antibacterial, renewable, polyurethane

1 Introduction

The dental unit waterline (DUWL) is an important part of the dental chair unit,
and its main function is to provide water for therapeutic devices such as mobile phones
and triple guns during the courses of treatment, to play a cooling and flushing role.
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However, connecting parts such as dental mobile phones are
difficult to disassemble and clean, and the DUWL is narrow
and slender, which easily leads to the formation and continuous
growth of biofilms on the surface of the waterlines. During
treatment, the bacterial colonies colonized in the DUWL are
often washed down by the water flow, and these bacteria can
enter the patients mouth with the water flow, or they can
be inhaled into the respiratory tract by the patient or dental
staff through the aerosol generated by the ultrasonic dental
cleaning machine or high-speed turbine mobile phone, resulting
in hospital infection in department of stomatology. Therefore,
DUWL contamination is considered to be one of the main
ways to cause cross-infection among oral patients and healthcare
workers (Williams et al., 1993; Pankhurst and Coulter, 2007;
Coleman, O’Donnell et al., 2009).

Biofilm is an important factor of water pollution that causes
water contamination in dental chair unit. It was reported that the
bacteria in the waterline could reach 2 x 10° CFU/mL after a dental
treatment chair was put into use for 5 days (Watanabe et al., 2016).
The average thickness of mature microbial biofilm on the inner
surface of DUWL is 25-35 nm, and the biofilm with loose surface
structure can be washed by water and released as floating bacteria
(Ramalingam et al., 2013). The microorganisms that contaminate
DUWL are composed of bacteria, fungi, viruses and amoeba,
and the main component is bacteria (Lizzadro etal., 2019). The
most common of these bacteria are gram-negative bacilli, followed
by gram-positive bacilli, gram-positive bacilli and actinomyces
(O’Donnell et al., 2011). Furthermore, phytoplankton contains a
large number of opportunistic pathogens, and even pathogens
such as Pseudomonas aeruginosa and Legionella pneumophila
(Vincent et al., 2018). If the waterline of the dental chair unit is not
effectively sterilized, the biofilm fragments in it would probably be
transferred to the patient’s mouth, resulting in acute and chronic
infection. In addition, some biofilms can also be converted into
part of aerosols, which are easily inhaled by dental clinic staff and
patients, inducing asthma, rhinitis and infectious diseases (Ji et al.,
2016). Therefore, the DUWL needs to be properly disinfected to
minimize the microbial contamination and meet water standards for
oral disease treatment.

Common disinfection methods of DUWL can be divided into
two categories: non-chemical methods and chemical methods.
The non-chemical methods can effectively remove bacterial
films attached to the surface of the waterline through ultraviolet
irradiation, ozone sterilization and mechanical erasure, etc.
However, due to the narrow, complex and difficult disassembly
of the waterline of dental chair unit, non-chemical methods are
difficult to carry out comprehensive sterilization of the whole
waterlines. Regarding chemical sterilization, the disinfectants
commonly used at present mainly include chlorhexidine gluconate,
sodium hypochlorite, povidone iodine, hydrogen peroxide, etc
(Aprea et al., 2010; Abdouchakour et al., 2015; Ji et al., 2016). The
main mechanism of such strong oxidant is to destroy the DNA or
RNA structure of the pathogen and hinder the metabolic pathway
of adenosine triphosphate to kill the pathogen (Dutil et al., 2007;
Shajahan et al., 2017). Chemical methods can achieve excellent
disinfection effect in a certain time, and it should be convenient and
fast, but the long-term and frequent use of chemical disinfection
method still faces many challenges. For example, it will cause
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corrosion to the dental chair unit and reduce the service life of
the waterline, and affect the adhesion of the resin material to
the dentin and tooth enamel (Ritter et al., 2007; Schonning et al.,
2017). this,
DUWL to achieve the long-term circulation and renewable

Based on suitable surface modification of
antibacterial function of the waterline is an urgent problem
to be solved.

Halamine coatings show significant promise as antimicrobial
materials due to several key advantages: broad-spectrum efficacy
against diverse microorganisms, inherent biocompatibility, excellent
long-term stability and unique regenerability. Besides, halamine
coatings are less corrosive and more environmentally friendly than
sodium hypochlorite (Kenawy etal.,, 2007; Hui and Debiemme-
Chouvy, 2013; Dong et al., 2017; Debiemme-Chouvy and Cachet,
2018). N-halamine coating is an organic polymer usually formed by
halogenation of amine, imine or amide groups, containing nitrogen-
halogen covalent bonds (Chien and Chiu, 2020). The antimicrobial
performances of N-halamines coating depends on the halide ions’
oxidation state in chloramines. Which can be bactericidal not
only through direct contact with bacteria, but also through the
release of chloride ions. Halogen ions in the oxidized state can
directly interact with biological receptors (thiol groups or amino
groups) on the surface of bacteria, resulting in bacterial inhibition
or inactivation (Jainetal., 2014). Whats more, an important
advantage of N-halamine coating over other fungicides is that its
antibacterial properties could be regenerated by simply rinsing with
bleach after the halogen ions being exhausted (Liu Y. etal., 2016;
Ma et al., 2019).

In this work, an N-haloamine polymer coating based on
polyelectrolyte complexes were constructed on a dental unit
waterline, synthesized with PEI and PA components. And the
long-lasting and renewable antimicrobial needs can be met by
simple rinsing with sodium hypochlorite disinfectant. The long-
lasting antibacterial properties of N-halamine polymeric coating
can effectively prevent the bacterial adhesion of the inner wall
of the waterline in the early stage, and the active chlorine in N-
halamine coating can be recovered by regular washing with a simple
sodium hypochlorite sterilized water to restore its antibacterial
ability, which can prevent the establishment of bacteria biofilms,
mitigate corrosion of waterlines and lengthen its service life in
the long run (Figure 1).

2 Materials and methods

2.1 Materials

Polyurethane (PU) with a diameter of 12 mm and a thickness of
2 mm was purchased from LK Plastic Products Co., Ltd (Dongguan,
China). Polyethylenimine (PEI), phytic acid (PA, 50% in water),
Sodium iodide (Nal), hexamethyldisilazane (HMDS) and sodium
thiosulfate were obtained from Aladdin Reagent Co., Ltd (Shanghai,
China). Sodium hypochlorite (NaClO, 1%) was bought from Langli
Biomedical Co., Ltd (Wuhan, China). Ethanol (C,H;OH) was
procured from Lingfeng Chemical Reagents Co., Ltd (Shanghai,
China). Starch was obtained from local markets. All the chemicals
were analytical grade.

frontiersin.org


https://doi.org/10.3389/fmats.2024.1399597
https://www.frontiersin.org/journals/materials
https://www.frontiersin.org/journals/materials#articles

10.3389/fmats.2024.1399597

A
H

rf\um rf\
3 O ,\/ﬂ
Y HN u N NH;
n

N
N)N/\/ \/\NH)

Chlorination Dry
— —

NaClO
solution

Xing et al.
Ho_ | oH
0 Yo  Sp—oH
OH |
Ho_ .0 o
PA: I Il_oH
. o pZ
fl) 0~ “oH
Py O_ _O
HO | So  ~pZ
OH | SoH
H
1
B
1
1
0 Immersion
1
: —
1
1
i (PA+PEI)
1
! solution
FIGURE 1
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Design schematic of long-lasting renewable antibacterial N-halamine coating on dental unit waterlines to prevent and control oral infection.

2.2 Coating preparation

A mixed solution of PA and PEI was prepared using ultrapure
water (18.2 megohm-cm, Millipore) dissolution to a final
concentration of 5 mg/L and 2.5 mg/L, respectively. Then the PU
samples were immersed in the mixed solution for 4 h to form a
PA/PEI co-deposition coating, note as PP coating. After drying
the PP samples at room temperature, they were immersed in a
0.2% NaClO solution for 10 min and chlorinated to obtain the
PP-Cl coating.

2.3 Surface characterization

Morphological observations of the samples were conducted
using a scanning electron microscope (SEM, S-3400N, 15.0 kV,
Hitachi, Japan). The chemical compositions of the samples were
analyzed by an X-ray photoelectron spectroscopy (XPS, AXIS,
Shimadzu, Japan). The surface contact angle of the samples was
evaluated by a contact angle tester (SL200B, Solon, China).

Frontiers in Materials

03

2.4 Determination of oxidative chlorine
(Cl*) content

The oxidative chlorine content of PP-Cl sample was quantified
by the iodometric/thiosulfate titration procedure. In detail,
the PP-Cl sample was immersed in 30 mL potassium iodide
aqueous solution (1%) for 10 min to form I,. Then, 1 mL of 1%
starch solution was added until the solution color changed to
blue. The solution was titrated with sodium thiosulfate solution
(the color of the solution changed from blue to colorless).
The oxidative chlorine content was calculated according to the
following formula:

_ 106 XxNxV

CI*(uM/cm?) = 3%S

Specifically, N is the concentration of the titrant sodium
thiosulphate and V is its volume; S is the area of the sample
(33.91 cm?).
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FIGURE 2
(A) SEM surface morphologies of PU, PP and PP-Cl; (B) Surface water contact angles of PU, PP, and PP-CL; (C) XPS full spectra of PU, PP, and PP-Cl
surfaces; (D) XPS high-resolution spectrum of Cl 2p from PP-Cl sample.

TABLE 1 The average water contact angle of PU, PP, and PP-Cl surfaces.

Samples The average water contact angle (degree)

PU 115.53 + 1.44
PP 35.45+2.84
PP-Cl 30.63 +0.52

2.5 Antibacterial properties evaluation in
vitro

2.5.1 Antibacterial test

Gram-positive Staphylococcus aureus (S. aureus, ATCC 25923)
and Gram-negative Escherichia coli (E. coli, ATCC 25922) were
used to evaluate the antibacterial performance of the samples. The
bacteria were cultured in standard Luria-Bertani (LB) for E. coli
or Tryptic Soy Broth (TSB) for S. aureus at 37 °C with a constant
temperature incubator. The samples were sterilized with 75% ethanol
for 2 h. Bacterial suspensions with 1.0 X 10° and 1.0 X 10’ CFU/mL
were used for the antibacterial test. The samples were placed in a
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24-well plate and then 500 pL bacterial suspension were introduced
into each well. Subsequently, the samples were incubated at 37 °C
for 6 h. Then the samples were placed in a test tube containing 4 mL
sterile saline and vortexed to detach the bacteria. According to GB/T
4789.2, the diluted bacterial suspension was spread on agar plates
and cultured at 37 °C for 18 h. The antibacterial rate was calculated
according to the following formula:

A-B

Antibacterial rate % = x 100 %

Where, A and B are the number of bacterial colonies from
control group (PU) and the experimental groups, respectively. The
test was independently repeated three times.

2.5.2 Bacterial morphology observation

The bacterial morphology of S. aureus and E. coli on sample
surface was observed by SEM. First, the samples were sterilized with
75% ethanol for 2 h. Then, the samples were placed in a 24-well plate
and 100 uL bacterial suspension (10’CFU/mL) were introduced
onto each sample. Subsequently, the samples were incubated at 37°C
for 6 h. The samples were then washed twice with phosphate buffer
solution (PBS) and fixed in 2.5% glutaraldehyde solution for 4 h. The
samples were dehydrated with graded ethanol solutions (30%, 50%,
75%, 90%, 95% and 100%, v/v) and continued to be dehydrated in a
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FIGURE 3
Photographs of iodometric/thiosulfate titration of PP-CL.

TABLE 2 The active chlorine content of PP-CL.

Titration volume (mL) The active chlorine

content (uM/cm?)
136 0200
133 0.196
129 0.190

mixture of ethanol and HMDS (ethanol: HMDS = 2:1, 1:1 and 1:2,
v/v) as well as 100% HMDS solution. The samples were sprayed with
platinum before SEM observation.

2.6 Cytotoxicity evaluation in vitro

2.6.1 Cell culture

1929 mouse fibroblast cells (kindly provided by Cell Bank,
Chinese Academy of Sciences) were cultured with a-MEM culture
medium (Gibco, USA), supplemented with 10% fetal bovine
serum (FBS, Gibco, USA) and 1% antimicrobial penicillin and
streptomycin (Gibco, USA) in a cell incubator with 5% CO, at 37 °C.
The cell culture medium was refreshed every 2 days.

2.6.2 Cell viability assay

The extracts were prepared by immersing the samples in
3 mL a-MEM medium for 48 h, and then filtered with a bacterial
membrane. Six parallel samples were set up for each group of
extract. L929 cells were inoculated into 96-well cell culture plates
with a density of 1 x 10° cells/well (n = 4), and incubated for
24 h. After that, the medium was changed to 100 uL fresh a-
MEM with different extracts per well and incubated for 24 h and
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48 h. Then the culture medium was replaced by 100 pL fresh
medium with 10% alamarBlue™ (Thermo Fisher Scientific Inc.,
USA) in each well. The amount of reduced alamarBlue™ was
detected with an excitation wavelength of 560 nm and emission
wavelength of 590 nm using a microplate reader (BioTek Cytation
5, USA). The relative cell viability was calculated according to the
following formula:

x 100 %

R —Ry
Cell viability % =
ell viability % R _R

C 0

where, Ry, R, and R, are the amount of reduced alamarBlue™ of
the experiment groups, control group and the 10% alamarBlue™,
respectively.

2.6.3 Live/dead cell staining

A Live/Dead cell staining kit (Thermo Fisher Scientific Inc.,
USA) was used to evaluate the cell viability. L929 cells were
introduced into 96-well cell culture plates with a density of 1
x 10% cells/well, and incubated for 24 h. The medium was then
changed to 100 uL fresh o-MEM with different extracts and
incubated for 24 and 48 h, respectively. Afterwards, samples were
rinsed with PBS twice, and stained with 100 uL PBS containing
calcein-AM and propidium iodide for 15 minat 37 °C. Finally,
the 1929 cells were observed by a fluorescence microscope
(Olympus, Japan).

2.7 Statistical analysis

Data were expressed as means + standard deviation (SD).
Statistically significant differences (p) between groups were
measured using the one-way analysis of the variance and Tukey’s
multiple comparison tests. All the statistical analyses were
determined with the GraphPad Prism statistical software. The
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(A) Photographs of S. aureus and E. coli colonies (culture density of 10° CFU/mL) on agar culture plates of PU, PP and PP-Cl and the corresponding
antibacterial rates of PU, PP and PP-Cl against S. aureus (B) and E. coli (C) based on the plate counting method.
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difference was considered statistically significant at  p < 0.05, * * p
<0.01,and * * *p <0.001.

3 Results and discussion

3.1 Characterization of N-halamine
polymeric coating

In this work, an N-halamine polymer coating was prepared
on the PU surface. PEI and PA formed a polyelectrolyte complex
and deposited as a film, which was then chlorinated. Specifically,
PEI has a high density of positive charge and can be used as
a cationic polyelectrolyte (Lin etal.,, 2014; Bediako et al., 2021).
PA, an eco-friendly natural compound, has strong negative charge
and serves as anionic polyelectrolyte (Kong et al., 2023). The SEM
morphologies of PU, PP, and PP-Cl are shown in Figure 2A. The PU
surface is relatively smooth, while PP and PP-Cl surfaces have some
protrusions and depressions, which may be due to the co-deposition
of PA and PEIL Chlorination of the PP surface with NaClO solution
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did not cause significant changes in surface morphology of PP-CL
In addition, the polar amino groups of PEI allow the coating to
deposit stably on a variety of substrates, providing strong internal
energy and allowing the coating to form hydrogen bonds and
electrostatic interactions that anchor it to different substrates (Fan
and Gong, 2021).

Furthermore, hydrophilic ~zwitterions present potential
applications in preventing biofouling (Jiang and Cao, 2010).
Therefore, we characterized the surface hydrophilicity of N-
halamine polymeric coatings on the PU waterlines (Figure 2B;
Table 1). The water contact angle of PU surface is 115.53 + 1.44°.
With the abundance of hydrophilic dihydrogen phosphate groups

in PA (Blootetal, 2023), the water contact angles of PP and

PP-Cl  surfaces are  significantly reduced to 3545
+ 2.84° and 30.63 =+ 0.52°, respectively, rendering
them hydrophilic. The incorporation of PA and PEI
resulted in the formation of a hydration layer on the
surface  through electrostatic  interaction or  hydrogen
bonding. As a result, the possibility of biofouling
deposition on the surface and blocking of the active
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(A) Photographs of S. aureus and E. coli colonies (culture density of 107 CFU/mL) on agar culture plates of PU, PP and PP-Cl and the corresponding
antibacterial rates of PU, PP and PP-Cl against S. aureus (B) and E. coli (C) based on the plate counting method.
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haloamine sites has been reduced, which advantageously
contributes to the preservation of the coating’s cleanliness
(Zeng et al,, 2021).

To further confirm whether the N-halamine polymer coating
has been successfully fabricated on the PU surface, we analyzed
XPS full spectra of PU, PP, and PP-Cl as shown in Figure 2C.
Due to the strong negative electricity of PA and the high
positive charge density of PEI, a PA®@PEI polyelectrolyte
complex is formed on the PP surface. Hence, the XPS spectrum
of PP shows a characteristic peak of P 2s and P 2p. After
chlorination, an obvious Cl 2p characteristic peak appears in
PP-Cl surface.

Studies have shown that N-halamines’ antibacterial mechanism
mainly contains contact sterilization and release sterilization
(Dongetal., 2017), and no matter which sterilization method,
the main components of bactericidal action for N-halamines
are active halogens (Wuetal, 2021). Therefore, active chlorine
of PU, PP and PP-Cl was detected by XPS high-resolution
spectrum and the results are presented in Figure 2D. The
characteristic peaks attributed to N-CI 2p,,, and N-CI 2ps,, were
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observed at 201.5eV and 200.0 eV, respectively, which indicates
that active chlorine has been successfully loaded on the PP-
Cl surface. In addition, the active chlorine content of the PP-
Cl surface was quantified using iodometric/thiosulfate titration
method. The blue starch solution gradually turns transparent
after being titrated with sodium thiosulfate (Figure 3). The
results of thrice measurements are shown in Table 2, and the
active chlorine content is 0.200, 0.196, and 0.190 (pM/cmz),
respectively, which suggests that the PP-Cl surface can release
active chlorine.

3.2 Antibacterial test

Gram-negative  Escherichia  coli and  Gram-positive
Staphylococcus aureus were used to study the antibacterial
performance of PP-Cl, PUand PP. Two bacterial inoculation
densities (1.0 x 10° and 1.0 x 107 CFU/mL) were selected
to simulate different degrees of bacterial infection scenarios.

As shown in Figure 4, when the bacterial inoculation density was
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FIGURE 6

SEM bacteria morphologies of S. aureus (A) and E. coli (B) from PU, PP and PP-Cl at low and high magnification.

1.0 x 10° CFU/mL, the PP and PP-Cl surfaces could significantly
inhibit the growth of S. aureus and E. coli, with an antibacterial rate
of 100% for both.

As shown in Figure 5, when the bacterial inoculation density
increased to 1.0 X 107 CFU/mL, the antibacterial rates of PP
and PP-Cl against S. aureus were 9581 + 0.27% and 99.99
+ 0.01%, respectively. The antibacterial rates of PP and PP-
Cl against E. coli were 78.50 + 2.01% and 100%, respectively.
Furthermore, Figure 6 shows the effects of PU, PP, and PP-
Cl surfaces on the morphology of S. aureus and E. coli. The
S. aureus and E. coli on the PU surface maintained intact
spherical and rod shapes, respectively, showing aggregated
distribution. Compared to the PU surface, the number of bacteria
significantly decreases on both the PP and PP-Cl surfaces,
demonstrating that both PP and PP-Cl coatings are effective
in preventing bacterial growth. Additionally, the PP-Cl surface
showed the least amount of bacteria, along with noticeable
damage to the bacterial structure, indicating a more potent
antibacterial effect.

PEI has a high positive charge density, which makes it easy
to contact negatively charged bacteria. Then it can destroy the
bacterial cell wall and embed itself directly into the bacterial cell
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membrane, ultimately resulting in bacterial death (Giano etal,
2014). Therefore, PP surface without active chlorine also has a
certain antibacterial effect. For PP-Cl surface, supported by active
chlorine, it was more effective in severe bacterial infection scenarios,
demonstrating a superior antibacterial effect. The PP-Cl surface
with N atom in PEI can be repeatedly chlorinated by NaClO. To
be specific, the strong oxidative ClO™ attacks the electron-rich N
atom in the secondary amine bond during the chlorination process.
Thereafter, the shared electron is attracted to the N atom to generate
positively charged Cl atoms, which ultimately creates the N-Cl bond
(Wu et al., 2015). When bacterial infection occurs, the covalent
bond between N and Cl is broken, leading to the release of active
chlorine. Active chlorine exhibits strong oxidative properties, which
enable it to oxidize and destroy bacterial structures (Yin et al., 2021).
Besides, the cationic charge center may capture the bacteria with
negatively charged shell and can transfer oxidative chlorine to the
bacterial interior through electrostatic interaction (Li et al., 2012).
This process can destroy the internal proteins and genetic materials
of the bacteria (Si et al., 2017). Meanwhile, due to their non-specific
interaction with bacterial proteins, N-halamines are considered
sensitive to a broad range of bacteria and are unlikely to induce
bacterial resistance.
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3.3 Biocompatibility assessment

The therapeutic water passes through the waterlines and flows
directly into the patients mouth. Histotoxic components can
cause multiple complications such as inflammation and pain after
treatment, so it is necessary to evaluate the biocompatibility of the
surface coating. Mouse fibroblast cell line L929 were used to assess
the cytocompatibility of PU, PP and PP-Cl extracts under immersion
for 48 h. No noticeable difference in cell viability was observed
among the surfaces at either time point, which means that the PP-Cl
coating has good cell compatibility (Figures 7A, C). This was further
confirmed by the live/dead cell staining results (Figures 7B, D),
where a large numbers of live cells with green fluorescence could
be observed on the PP-CI surface, and the dead cells with red
fluorescence could hardly be seen. This indicates that the PP-Cl
coating prepared on the PU surface has good biocompatibility and
biosafety.

The formation of bacterial biofilm in the waterline is a dynamic
process, which generally goes through five stages: colonization
stage of reversible adhesion of bacteria, agglomeration stage of
irreversible adhesion, maturation stage of biofilm, and shedding
and recolonization stage of bacteria (Wang et al., 2020). Bacterial
adhesion is the first step to trigger surface infection of biological
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materials, and it is also the primary goal of targeted antimicrobial
strategies. Therefore, surface coating modification is the simplest
and most effective way to solve surface microbial contamination,
and it can also reduce the frequency of use of chemical disinfectants,
thus reducing corrosion damage to waterlines. Nowadays, many
fungicides have been used for antimicrobial modification of
biological materials, such as antibiotics, antimicrobial peptides,
metal ions, polymeric quaternary ammonium salts and N-halamines
2015; Amin Yavarietal., 2016; LiuZ.etal.,
2016). N-halamines have gained significant attention due to their

(Pérez-Anes et al.,

potent antibacterial activity against a wide range of bacteria, long-
lasting stability in water and dry conditions, renewability, biosafety
and low cost (Wuetal, 2021). However, they have been rarely
exploited for the antibacterial use of dental unit waterline.

Based on the above considerations, in the present work, an
N-halamine coating was prepared on dental unit waterlines by
forming polyelectrolyte complexes with PEI and PA, followed by
chlorination. Mainly due to the bactericidal effect of active chlorine,
N-halamine coating showed good antibacterial performance in both
inhibiting the early bacterial adhesion and preventing the bacterial
biofilms’ formation. In the process of sterilization, the active halogen
of N-halamine polymeric coating will be gradually consumed. Yet,
by simple rinsing with sodium hypochlorite disinfectant, it can be
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easily renewed with great antibacterial properties for the durable
and renewable antibacterial requirements (Luo et al., 2011; Ma et al.,
2019). Besides, N-halamine polymeric coatings showed good cell
compatibility. Therefore, our results provide guidance for the design
of long-term renewable antibacterial waterlines, and further help to
save costs and lower the probability of hospital-acquired infections
in the department of stomatology.

4 Conclusion

In summary, we prepared an N-halamine polymeric coating
on the dental unit waterlines. This coating possesses durable and
renewable antibacterial activity by repeated regeneration of active
chlorine. N-halamine polymeric coating shows a hydrophilic surface
due to the formation of a hydration layer through electrostatic
interaction and hydrogen bonding, which can inhibit the deposition
of biofouling and the obstruction of the active halide site on the
waterlines, thereby helping to maintain the cleanliness of the coating.
Moreover, the N-halamine polymeric coating shows significant
antibacterial effects on E. coli and S. aureus, effectively inhibiting
the formation of bacterial biofilms, which is mainly due to the high
density of positive charge on the coating surface and the release of
active chlorine. Besides, the coating showed good biocompatibility.
Therefore, our work provides a new approach to designing durable
and renewable antibacterial dental unit waterlines to prevent and
reduce the incidence of hospital-acquired infection.
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