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Antibiofilm Efficiency of CaF2/TiO2 Strontium Borate Bioactive Glass Composites
against Pseudomonas aeruginosa and Gamma Radiation Effect
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strontium borate bio-glasses (BBGs). Three CaF,/TiO; strontium borate compositions
have been prepared through melting annealing methods. The XRD pattern displays the
amorphous nature of the glassy samples. The primary structural components of the
borate, the trigonal BO; and tetrahedral BO, group, can be observed in FTIR spectra.
Sharpness and shifting peaks to longer wavenumbers were evident after 40 kGy of gamma
radiation. In contrast, density and molar volume (V,,) reveal an obvious change after
irradiation. The agar diffusion technique was conducted as a preliminary screening of the
antibacterial activity against Pseudomonas aeruginosa. The studied samples possessed
no antimicrobial activity toward this strain; however, samples with 2% CaF, strontium
borate (T1) and 5% TiO, strontium borate (T3) had higher biofilm inhibition potential
(inhibition percentages of 75.17 and 65.77%, respectively). The gamma irradiation
procedure had an unexpected detrimental effect on the bio-glass antibiofilm activity,
making it unsuitable for use in sterilization procedures. Collectively, BBGs could be further
investigated as possible antibacterial agents against biofilm-producing resistant strains.
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m INTRODUCTION

Infectious diseases represent the second-leading
cause of human deaths worldwide [1]. Human microbial
infections can be caused by both extrinsic and intrinsic
factors [2]. The use of antibiotics to inhibit the growth of
germs is a common strategy. However, excessive and
leads to the
development of antimicrobial resistance (AMR). AMR

unwarranted usage of antibiotics

has become one of the most outstanding public health
concerns, and the prevalence of bacterial resistance
keeps increasing [3]. AMR is predicted to be responsible
for 4.95 million fatalities in 2019, of which 1.27 million
are attributable to bacterial resistance. Australasia had
the lowest rate (6.5/100,000) while western sub-Saharan
Africa had the highest (27.3/100,000) [1]. Additionally,
high antibiotic dosages can also have undesirable side
effects and severe toxicity [4]. Besides, many antibiotics
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have lost their efficacy after overuse and long-term
misuse, generating an emergency status [3].

Bioactive glasses (BGs) are a class of biocompatible
materials that can be utilized to eliminate the dangers and
risks associated with metal or plastic surgery implants [5],
as well as to boost the regeneration of bone joints and
bone surgeries [6]. Due to the antibacterial potential of
several BGs formulations, they are ideal for use in bone-
regenerating surgical operations that are accompanied by
a significant risk of infection, such as oral bone and
osteomyelitis defects [7]. Additionally, BGs were reported
to be an effective treatment for osteomyelitis due to their
potential against most of the bacteria that cause
their
osteoconductive capabilities [8-9]. Numerous researchers

osteomyelitis  and osteo-stimulatory  and
have examined several metal ions (Ag*, Cu**, and Zn*")
for their potential application as antibacterial agents
against bacteria and fungi [10-11]. Drago et al. [8]
reported that "needle-like" sharp glass shards punctured
or dented the bacterial cell wall, allowing antimicrobial
chemicals to penetrate the cytoplasm. Also, recent
investigations have shown that BGs have strong anti-
biofilm action in a variety of formulations. Ag*, Cu*, Cu**,
Ga’*, Ti*', and Zn*" are a few examples of ions that can be
used in doped BG to target the suppression and rupture
[12-15]. BGs
bioglasses (SBGs) and borate bioglasses (BBGs) types. In

of bacterial biofilms include silicate
comparison to SBGs, BBGs have several benefits,
including faster healing rates for wounds than silicate-
based glasses [16]. Numerous studies have recently
focused on osteointegration or antimicrobial metal oxides
in different borate glass compositions [17]. A recent study
showed that the inflammatory response of the cells can be
modulated by the inclusion of boron in BGs [18]. A lot of
non-bridging oxygens (NBOs) are created when there is a
high modifier concentration, which disrupts the borate
network's connection. Due to this disruption, the
produced borate glasses are extremely vulnerable to
chemical deterioration, and the corrosion process can be
accelerated due to the increase of NBOs [19].
Pseudomonas aeruginosa is among the six bacterial
pathogens that are usually associated with AMR [20]. This
bacterium causes chronic lung infections in people with

cystic fibrosis and chronic obstructive pulmonary
disease, ventilator-associated pneumonia in people who
have been intubated, and chronic infections of the
urinary system in people who have permanent bladder
catheters. It is also well-known for being a significant
chronic infection source due to its capacity to form
biofilms, which are aggregations of bacteria with an
extracellular matrix that are resistant to antibiotic
therapy [21]. These biofilm infections are difficult to be
eradicated with antibiotics [22].

The process of effectively destroying or decreasing
practically all microorganisms is referred to as
sterilization. Numerous sterilizing techniques are
available, including gamma radiation, heat, pressurized
steam, formaldehyde, peracetic acid, dry ethylene oxide,
gas plasma, and heat. The selection of a sterilizing
technique is mostly influenced by non-hazardous tools
and materials [23]. This study focused on preparing and
element-doped BBGs and
antibacterial

characterizing metallic
their
aeruginosa. This study investigated the impact of gamma

assessing capacity against P.
radiation and different metal oxides on the antibacterial
activity of these BBGs to identify their superior

performance in medical and surgical applications.

m EXPERIMENTAL SECTION
Materials

The materials used in this study were H;BO;,
SrCO;, Li,COs, Na,CO;3, TiO,, and CaF, (purity 99.9%)
purchased from Sigma Aldrich. Ethanol (99.9% purity,
Sigma-Aldrich), sodium acetate (99.9% purity, Sigma-
Aldrich), phosphate-buffered saline (PBS, Sigma-
Aldrich), Muller-Hinton agar (HiMedia), Muller-
Hinton broth (HiMedia), ciprofloxacin HCI (Sigma-
Aldrich), and crystal violet (Sigma-Aldrich) were used in
this work.

Instrumentation

utilized  for  the
characterization of the BBGs were X-ray diffraction
(XRD, Shimadzu-Japan), XRF Philips sequential X-ray
spectrometer-2400, and FTIR
(VERTEX 70, FT/IR-430, Shimadzu-Japan).

The instrumentations

spectrophotometer
GOCO
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gamma cell (2000 Ci) was used for gamma irradiation at
EAEA, with a dosage rate of 0.717kGy/h and at a
temperature of 30 °C. A UV-visible spectrophotometer
(Labomed Inc., USA) was used for measuring optical
density.

Procedure

Glass preparation and characterization

By using the typical melting-annealing method,
three BBG samples were prepared. Glasses were made
using H;BOs, SrCOs, LiCO;, Na,COs, TiO,, and CaF,,
whose calculated compositions are shown in Table 1.

Three batches that were precisely weighed were
melted for 2 h at 850 °C in a muffle furnace with frequent,
careful stirring to produce more homogeneous melts. The
melts were then quickly transferred to warmed stainless-
steel molds and annealed at 350 °C to remove any tension
or thermal strain residues from the prepared glasses.
Previously, the annealing muffle was turned off after 1 h
to allow the glass samples to cool inside of it at a pace of
30 °C/h until room temperature. Fine powder glass samples
have been prepared to examine the glass properties.

The employed technique used to examine the
presence or absence of crystalline structure in glass is the
XRD technique at a scanning rate of 8°/min and 26 from
4° to 90°. XRF analysis was used to determine the
chemical composition of the BBG samples. FTIR
spectrophotometer operating in the 400-4000 cm™
wavenumber range.

Using Archimedes' equation, the density of the
examined glasses was calculated (Eq. (1)).
p= (ai—b) x0.86 (1)

In this formula, p is the density of the glass sample,
a is the weight of the glass sample in air, b is its weight in
xylene, and 0.86 is the density of xylene at 20 °C.
According to Chanshetti et al. [24] calculations, the molar

Table 1. Lists the ingredients in the prepared BBG samples

C iti 1.%
omP051 .10n mol.% B,O; SrO Li,0 Na,O TiO, CaF,
/Bioactive glass

T1 50 25 15 5 0 2
T2 50 28 15 5 2 0
T3 50 28 15 5 5 0

volume (V) was determined. Glasses were exposed to
40 kGy of gamma radiation.

Antibacterial evaluation

The antibacterial potential of the BBG samples was
assessed against a quality control isolate of P. aeruginosa
ATCC-27853 (Microbiology Lab, KAU Hospital,
Jeddah, KSA) using the agar diffusion method as
described formerly [25]. Briefly, 25 mL of inoculated
Muller-Hinton agar petri dishes containing 1 mL,
1 x 10° CFU/mL of bacterial culture were prepared. Five
holes, each 4 mm in diameter, were made in the plates.
Twenty microliters of each sample at different
concentrations (10, 20, and 40 mg/mL) were added, and
water served as a negative control, while a standard
antibiotic was a positive control, followed by incubation
of the plates at 37 °C for 24 h. Antibacterial activity was
recorded when no bacterial growth was observed around
the holes. The zone of inhibition was recorded by a caliper.

Minimum inhibitory concentration

The antibacterial activity (concentrations ranging
from 0.156 to 20 mg/mL) for each sample was also
evaluated to determine the minimum inhibitory
concentrations (MICs) according to the CLSI guidelines
using the micro-broth dilution method [25]. Positive
control ciprofloxacin was used. A loopful of bacterial
cultures was added to 5 mL PBS, and turbidity was set to
1-5x 10° CFU/mL. In 96 wells of tissue culture plates
with 100 mL of Muller-Hinton broth per well and
various concentrations of the samples, 10pL of
standardized bacterial culture were added. The MIC
(ug/mL) was identified as the lowest concentration that
prevents the bacterial strains from growing. All assays
were performed in triplicate.

Antibiofilm assay

A qualitative assessment of the antibiofilm activity
of BBG samples at 3 different concentrations (10, 20, and
40 mg/mL) was determined as previously described [25].
A loopful of bacterial cultures was added to tubes
containing 5 mL Muller-Hinton broth and incubated at
37 °C for 24 h. The tubes were decanted and dried after
being washed 3x with PBS (pH 7.3). Preserving the
bacterial films was done by adding 5mL of a 3.0%
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sodium acetate solution for 15 min, followed by washing
with water. Crystal violet (0.1% v/v) was used to stain the
bacterial biofilms for 15 min, and then the excess dye was
discarded and washed with de-ionized water. After that,
checked for the
development of biofilms. Positive biofilm formation was

tubes were dried inverted and
defined as the presence of a discernible coating on the
tube's bottom and wall. Ring growth at the liquid interface
was not considered a sign of the development of a biofilm.
Following a thorough examination of the tubes, the
amount of biofilm development was graded as 0-absent,
1-weak, 2-moderate, or 3-strong. The crystal violet dye
was dissolved in 2 mL of ethanol. By using a UV-vis
spectrophotometer set at 570 nm, the biofilms were
measured. Using Eq. (2), the inhibition % was calculated;

oD
Inhibition % = [ODC - ODt ]x 100 (2)
C

where OD. is the control's optical density (without glass),
and OD is the optical density of the treatment.

m RESULTS AND DISCUSSION

Results revealed that samples T1 and T3 showed the
strongest biofilm inhibition activity with %inhibition
75.17 + 2.61 and 65.77 + 1.81, respectively. Accordingly,
both T1 and T3 were further investigated.

XRD

The XRD configurations of the prepared glass
systems (T1 and T3) are shown in Fig. 1. The XRD
configurations of both samples show broad hump peaks
rather than any crystalline peaks, indicating that the
samples are of an amorphous structure [26].

XRF

The experimental compositions of the three borate
glasses generated using the melt-quench process were
found to be relatively close to the expected calculated
composition, according to the XRF data shown in Table
2. The results suggested that the glass network structure
was formed as intended. However, the high volatility of
alkali-borate compounds during the melting process may
be the reason for the small dissimilarities between
theoretical and XRF findings [27]. The compositional
changes between the theoretical and the experimental were

— T3

NaBO, -

Y | |
WMMMM \‘ MM\!WWWNMWWVWM)WWJWMMWMWWM

Intensity (a.u.)

0 1 20 30 40 5 60 70 8 90
20 (deg)
Fig 1. XRD pattern of the studied T1 and T3 strontium

borate glasses

Table 2. Compositional analysis of the prepared BBG

samples by XRF
Composition mol.% . .
R . B203 SrO leO NaZO T102 Can
/Bioactive glass
T1 51.11 25.03 1692 518 0 1.76
T2 51.03 26.10 1542 5.04 241 O
T3 50.29 25.37 14.13 5.14 507 O

negligibly minor and would barely affect the glass's
bioactivity. Also, in the T3 sample, it was noticed that the
measured CaF, level was a little lower than the calculated
value. This may be attributed to the loss of some fluorine
in the form of HF during the melting process [28].

FTIR Absorption Spectra

A method for examining the structure of both
crystalline and non-crystalline materials is considered to
be FTIR spectroscopy. It is also utilized to identify a
material's numerous structural groups as well as any
structural modifications made, such as composition
alterations and irradiation processes [29].

Additionally, it defines the glass structure and
explains how the various metal oxides are placed and
interrelated with their neighboring ions in the glassy
network [30]. The trigonal BO; units, which join to form
the six-membered boroxol ring, and the tetrahedral BO,
groups are the basic structural building blocks of the
borate structure. The splitting of B-O-B bonds that
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result from the hosting of network modifier oxides like
alkali ions, transition metal ions, and rare earth ions
results in the creation of more NBO, which in turn causes
the transformation of triangular planar sp’ BO; units into
tetrahedral sp’ BO, groups with penta-, tetra-, tri-, and di-
borate groups. This method depends on the inserted ions’
kind, concentration, and interactions with the other ions
in the area.

The structure of alkali-metal borate glasses has been
simultaneously revealed in three distinct boron positions:
ring BO; units positioned within six-membered boroxol
or borate rings, non-ring BO; units positioned outside the
rings, and BO, units. BOs units that do not form a ring can
be converted to BO,4 units by introducing alkali metal ions
to boron oxide. Boroxol rings are transformed to six-
membered rings with one BO, tetrahedron such as
triborate, tetraborate, pentaborate, or six-membered rings
with two BOy™ tetrahedral (diborate) by the addition of
metal oxide to boron [30-31]. The addition of low
percentages of 3d transition metal oxide, such as titanium
oxide (TiO,),
modifications in the FTIR spectra of either the primary

is not expected to create noticeable

structural building components or their arrangements.
Transition metal ions, when doped in low percentages, act
as network modifiers.

Fig. 2 and 3 show the FTIR absorption spectra of the
manufactured TiO, and CaF, strontium borate glasses
before and after 40 kGy gamma irradiation, revealing
certain common structural units in the three examined
strontium borate structures. Herein, the interpretation of
the communal indispensable structural groups in the
three investigated glasses according to FTIR absorbance
spectra. The characteristic tiny bands formed in the far-
IR region centered at 428-462 cm™" were attributed to the
bending vibration of the inserted modifier ions, such as
Li*, Na*, or Sr** ions, in their interstitial sites, including
bridging and non-bridging kinds [32-33]. The presence of
high concentrations of alkali ions (45%) in the glassy
structure aids in occupying interstitial sites and boosting
the synthesis of NBOs via nonlinear variations in borate
network connectivity. This behavior allows the glass to
melt at a relatively low temperature (850 °C), where alkali
ions are known as “fluxes” [34]. The observed small broad

bands at 510 and 590 cm™' may be attributed to B-O-B
bending vibrations, while the bending vibration of (B-
O-B) triangular borate linkages was associated with an
observed strong absorption band centered at 706 cm™
[35]. The asymmetrical stretching vibration of B-O
bonds in tetrahedral BO4 units delivered high sharp
bands in the 800-1,200 cm™" area. TiO,-doped glass has
bands at 920 and 990 cm™!, and CaF, has bands at 826,
890, and 955 cm™! [36]. The bands at 1,200-1,600 cm™
are related to stretching vibration of trigonal BO; units,
such as bands at 1,210 and 1,390 cm™ for TiO, doped glass

B-O-B
T1 B, O -BO, BO,
\ \‘\ ﬂ\f\
H,0/B-OH/OH/H-Bonding / \ ‘ | \
/\ [ Li/Na/Sr ions
MW ( t \‘ ‘\MJ
— 40 kGy

before irradiation

Absorbance (a.u.)

T T T T
2500 2000 1500 1000 500
Wavenumber (cm™)

Fig 2. FTIR spectra measurements of T1 strontium
borate glass before and after 40 kGy of gamma radiation

BO,

T3 .
B,04-BO, |
|

Li/Na/Sr ions

— 40 kGy
Before irradiation

Absorbance (a.u.)

T T T T T T T T T T T T T T T T T T T N
2400 2200 2000 1800 1600 1400 1200 1000 800 600
Wavenumber (cm™)

Fig 3. FTIR spectra measurements of T3 strontium
borate glass before and after 40 kGy of gamma radiation
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and bands at 1,320, 1,390, 1,470, and 1,670 cm™! for CaF,
doped glass. The high distinctive band, 1,390 cm™ for the
two glasses, can be correlated to diborate ring vibrations
between B3;Os-BO; links and/or stretching vibration of
tetra/penta-borate rings [37]. Many observed bands were
discovered in the region 1,600-4,000 cm™ linked with the
vibration of H-bonded, such as broad bands nearly at
2,000-2,300 cm™!, in addition to the vibrations of
molecular H,O, OH, and B-OH units [38-39].

On the other hand, irradiating glasses with gamma
rays (40 kGy) caused some modifications in the FTIR
spectra, such as increasing band sharpness and shifting
peaks to longer wavenumbers. As is well known, borate
glasses have three or four coordinations, with the random
borate network consisting primarily of trigonal BO; units
(B-O-B).
radiation, such as X-rays, gamma rays, and/or electron

connected by bridge oxygens Ionizing

beams, can cause certain dislocations and atomic
displacements in glass, resulting in a more interrupted or
disordered glass structure. As a result of the increase in
NBO concentration, trigonal BOs; is converted to
tetrahedral BO,, resulting in the development of various
structural units such as di-, tri-, tetra-, or penta-borate.
Irradiation also induces the creation of "Frenkel pairs,"
which causes the glass connection to rupture due to
differences in bond angles and/or bond lengths of the
main structural groups. As a result of the clear effect of
gamma radiation on the examined glass structure,
vibrational bands would move and sharpness would rise
[26,29,40].

36 1
35
34 -
3:3 4
3.2 4 ¢

3.1 ¢

Density and Molar Volume

Glass density is an important physical measure
used to investigate material tightness and structural
changes [41]. It relates to the matching of masses and
volumes; therefore, density is directly tied to the
chemical composition of the host glass and how its
atomic groups are associated with one another [41-42].
The addition of modifier oxide/ions changes the glass
density values depending on the concentration of
injected ions and how they interact with other glass
components. As obvious in Fig. 4, the highest density was
for 5% TiO,, followed by 2% CaF,, then the glass doped
2% TiO,. Density can alternatively be defined as weight
per unit volume. As a result, it is directly connected to
the molar mass of the inserted metal ions, where CaF,
and TiO, have a molar mass of 78.07, and 79.86 g/mol,
respectively. Accordingly, the density values of the three
glasses are relatively close and have the last order
according to the weight or molar mass of the introduced
ions and their concentrations. The observed increase in
TiO; glass density could be attributed to the presence of
Ti** ions in the glassy network in the form of compacted
TiOs and TiOs, which can affect charge balance and
hinder the creation of new NBOs, resulting in more
compacted and denser structures [43]. As demonstrated
in Fig. 4 and Table 3, the irradiation procedure causes a
minor drop in the density values and a slight increase in
the molar volume values of the three examined glasses.
This behavior is due to the effect of such ionizing
radiation on the glass host structure, where atomic

N T2

T3

e Before irridiation @40 kGy

Fig 4. The density of the three examined glasses both before and after 40 kGy of gamma radiation
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Table 3. Molar volume (V,,) values of the BBG samples

Glass composition Density (p) (g/cm?) Vm before Vnm after
Molar mass (M) . . . .
Glass samples ) ) (¢/mol) before after irradiation irradiation  irradiation
B,O; SrO LiO NaO TiO, CaF: g/mo irradiation (cm?®/mol) (cm3/mol)
T1 50 25 15 5 0 2 69.83 3.45 3.12 20.24 22.38
T2 50 28 15 5 2 0 72.97 3.38 3.22 21.59 22.66
T3 50 28 15 5 5 0 75.37 3.50 3.37 21.53 22.36

displacements and electronic flaws result in a decrease in
the number of NBO atoms, which causes a decrease in
density [39].

Antibacterial Bioassay

In an in vitro antibacterial bioassay, the three
strontium borate samples were evaluated at three
different concentrations (10, 20, and 40 mg/mL) by agar
diffusion technique, followed by MIC determination at
concentration ranges 0.156-20 mg/mL against a standard
strain of P. aeruginosa and the results were listed in the
shown Fig. S1 and S2. The samples studied possessed no
antimicrobial activity toward the selected microorganism.
Assessment of the formation of biofilm was done as
described previously by Christensen et al. [44]. This was
in accordance with the 2017 study by Farag et al. [45],
which examined the antibacterial activity of two bioactive
glasses, S5-0 and S$5-25, against Bacillus subtilis,
Staphylococcus pneumonia, Escherichia coli, and P.
aeruginosa. The findings revealed that S5-0 glass had no
inhibitory activity against P. aeruginosa but showed
moderate inhibitory activity against B. subtilis (18.2 mm),
S. pneumonia (17.1 mm), and E. coli (16.9 mm) [45].

Agar diffusion assays were used in a different study
by Wilkinson et al. [46] to test silver Bioactive Glass (Bg"¢)
against planktonic cultures of P. aeruginosa and S. aureus,
and the results showed that the two types of bioactive glass
had different effects on the strains under study.
Interestingly, BG had no inhibitory effect on S. aureus yet
was modestly efficient at preventing P. aeruginosa growth.
In contrast, following 24- or 48-h treatments, Bg"s
induced substantial antimicrobial activity against both P.
aeruginosa and S. aureus [46].

The amount of biofilm formation was graded as 0-
absent, 1-weak, 2-moderate, or 3-strong, and the
inhibition percentage

was valued. A qualitative

assessment of the antibiofilm activity of borate glass
samples at 3 different concentrations, namely 10, 20, and
40 mg/mL, was determined using the tube method (Fig.
5,6, S3, and S4). Results revealed that sample T1 showed
strong biofilm inhibition activity with an inhibition
percentage of 75.17 £2.61% (strong), followed by
T3 with 65.77 £1.81% (moderate), then
54.37 + 0.99% for T2 (weak) at the highest concentration
studied. The release of fluoride ions may be the reason
for the highest antibiofilm activity of T1 BBG [47-48],
while the presence of TiO, in both T2 and T3 samples

sample

may be the reason for less release of ions as TiO, may
contribute to the glassy network as a former oxide that
causes less nonbridging oxygens [49]. Surprisingly, after
exposure of borate glass samples to gamma irradiation,
sample T1 showed a moderate biofilm inhibition

* k%

Inhibition %

&
o &
& ® & ® P
OF Q7 Q7 QT QT T QT
Fig 5. Biofilm inhibition percentage of borosilicate glass
samples at three different concentrations against P.

aeruginosa
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Inhibition %
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T
Ciprofloxacin T1 T3

Fig 6. Biofilm inhibition percentage of T1 and T3 borate

glass samples after radiation against P. aeruginosa

percentage of 51.3 + 1.955% while sample T3 showed a
weak biofilm inhibition percentage of 40.73 + 1.79%. In
the same study by Wilkinson et al. [46], 0.625% Bg"s
completely suppressed S. aureus biofilm formation, while
0.625% Bg treatment had no effect on S. aureus biofilm
formation. Both Bg and Bg"¢ significantly prevented
biofilm development for P. aeruginosa at higher
concentrations (0.625%). Only Bg"¢, however, was able to
partially prevent biofilm development at the lower 0.15%.
These results show that Bg¢ is more effective at
preventing biofilms than Bg alone [46]. This work
primarily presented gamma irradiation as a sterilizing
procedure, an enhancement to bulk characteristics, and a
surface modification of glass. Due to the formation of
defects brought on by this irradiation, gamma irradiation
is thought of as a modifier for the glass network. Although
the irradiation process can be assumed to make some
structural changes, including displacement, radiolysis,
and/or electronic rearrangements. Thus, an increase in
the glass surface area for a less antibiofilm effect, this may
be due to an unexpected decrease in leaching of glass
components. This weak effect may be attributed to this
borate glasses' robust, compact structure, which contains
multipurpose structural building blocks (BOs, BOs, TiOs4).
By combining modifying cations to make up for the
excess negative charges of BO4 and TiOs, which are firmly

bound within the structure, this collective arrangement
may decrease the nonbridging oxygens. Hence, the
liberated ions are relatively few, and all the expected
variations are quite low [45,49]. Therefore, the
irradiation process could have a negative effect on
antibiofilm glass activity. Accordingly, irradiation can’t
be recommended for sterilization and cannot be
recommended for enhancing the antibiofilm effect
against P. aeruginosa.

m CONCLUSION

Three strontium borate glass compositions have
been prepared and characterized. Trigonal BO; and
tetrahedral BO, group vibrations were noted in the FTIR
spectrum. Sharpness and shifting peaks to longer
wavenumbers and molar volume and density changes
were detected before and after 40kGy gamma
irradiation. Samples T1 and T3 displayed higher
antibiofilm potential against P. aeruginosa than that of
T2. Before irradiation, the presence of TiO, in T2 and T3
plays an important role in the decrease of NBOs and,
thus, lower release of ions than T1, which also releases
fluoride ions. On the other hand, the irradiation
procedure had an unexpected detrimental effect on the
glass antibiofilm activity, which could be attributed to
structural alterations that resulted in a greater decrease
in NBOs and, hence, ion liberation. As a result,
irradiation is not suggested for improving the antibiotic
efficacy of these BGs against P. aeruginosa. As a result,
additional research should be conducted to assess the
effect of these samples on other bacterial strains, as well
as the potential combination of these created bioglasses
with antibiotics antibiotic-resistant
pathogens.
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