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Abstract

Implant-associated infections remain a significant source of morbidity in the
clinic. Systemic administration of antibioticsis often ineffective, due in part
to limited vascularization of the implant site. Here, we describe a physical
method of incorporating antibiotics into biodegradable scaffolds. Antibiotics
gentamicin sulfate (GS) and metronidazole (MZ) were cryomilled with
polycaprolactone (PCL) and subsequently heat-melded. Antibiotic-loaded
films were evaluated for mechanical properties, drug release characteristics,
anti-microbial efficacy and cytotoxicity. Our results suggest this process to
be feasible for the generation of thin film coatings with varying drug
concentrations. Release profiles indicated an initial burst release for both
antibiotics with a sustained release of 3 and 8 days for GS and MZ films
respectively. The films inhibited bacterial growth, while viability assays
suggest low mammalian cytotoxicity. Taken together, these findings
establish this method as a chemical-free means to form biodegradable drug
scaffolds for the tailored local delivery of antibiotics.

Antimicrobial,
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system, Implant-associated infections

Implant associated infections present a major problem in
the clinics. In orthopaedic surgeries, for example about
22% of revision operations arose due to infections
(Coello et al.,, 2005), where common complications
include acute or chronic osteomyelitis caused by bacteria
and soft tissue-related infections around the site of
trauma (Hui et al., 2009). Furthermore, these infections
are a major source of site morbidity, resulting in
compromised clinical outcomes and increased mortality
risks (Ragel and Vallet-Regi, 2000). Standard of care
treatment includes traditional systemic antibiotic regimes
if unsuccessful may be followed by implant removal
and/or tissue debridement (Lucke et al., 2003). However,
these treatments are sub-optimal, as the infections are
difficult to eliminate and treat due to patient and
associated-pathogenic factors. This is especially so at
avascular wound sites that suffer from compromised
biodistribution and the attendant complications, including
a need for elevated drug doses to ensure efficacy at the
infection site and also the development of antibiotic-
resistant strains (Coello et al., 2005; Murray et al., 2006;

Aronson et al., 2006; Noel et al., 2008). Efforts to improve
this approach include replacing the infected implants with
bone void fillers adsorbed with antibiotics (as off-label
applications), antibiotic-infused collagen sponges, or
antibiotic-impregnated bone cement (Lucke et al., 2003),
that would release antibiotics for a prolonged duration for
an interim period prior to final replacement with a new
implant. These inefficient treatment regimens place a
major burden on the patient due to the high costs of
multiple procedures involved and the prolonged pain and
suffering they have to endure. To avoid these issues,
several groups have proposed the sustained local
release of prophylactic antibiotics from the implants
(Ragel and Vallet-Regi, 2000). Such local treatment is
generally preferred over systemic administration for
reasons of increased bioavailability, sustained
concentrations near the minimal effective concentrations
and avoidance of systemic dose toxicity of the antibiotic
(Bailey, 1997).

Within the last decade, numerous pharmaceu-
tical studies have demonstrated the use of bioresorbable
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Figure 1. SEM images of control (PCL), GS / MZ powder and PCL-GS / PCL-MZ films loaded with varying
concentrations (2.5%-10%) of GS and MZ. 600x magnification. Images presented here are representative of the
samples.

biopolymers as effective carriers for local drug delivery
(Thatte et al., 2005). In particular, polycaprolactone (PCL)
is commonly used in tissue engineering (Ng et al., 2007;
Ashton et al., 2011; Neves et al., 2011; Siddiqui et al.,
2018) and drug delivery applications (Woodruff and
Hutmacher, 2010). We extend upon these research
themes by using a solvent-free, powder processing
method to meld PCL with customizable payloads. The
process involves cryogenic attrition of PCL to obtain fine
particulate powders, which can subsequently be blended
with high concentrations of additives, and finally fused
into a variety of configurations (Lim et al., 2014). Here,
we studied the incorporation of two antibiotics:
gentamicin sulfate (GS) and metronidazole (MZ).
Gentamicin was chosen as it is an established antibiotic
that can inhibit and/or kill bacteria of most typical post-
surgical infections[16]. MZ was also selected as it was a
drug of clinical significance in combating anaerobic
infections (Brook, 2016). Together, these two antibiotics
target a wide antibacterial spectrum. GS and MZ were
mixed with PCL powders and heat pressed to form
PCL/GS and PCL/MZ films of varying antibiotic
compositions. These films were then characterized on
mechanical properties and surface topographies. Elution

assays were performed in vitro to evaluate drug release
profile, and functional evaluations of antibacterial
effectiveness and cytocompatibility were performed. Our
results suggest the potential utility of this fabrication
approach antibiotic-loaded scaffold.

RESULTS
Surface morphology of films

Figure 1 shows the SEM images of PCL (control) and
GS/MZ powder and samples of different GS/MZ
compositions ranging from 2.5-10% incorporated into
PCL.GS and MZ are very different in terms of their
geometry when in powder form but are absent when
incorporated into PCL. At concentrations or 2.5% and 5%
GS films were largely featureless and indistin-
guishable from native PCL films. Pitting was
evident at concentrations of 10%. PCL/MZ surfaces were
observed to contain minimal aggregates at
concentrations of 2.5% and 5%. Unlike PCL/GS,
hardly any morphological defects were observed at 10%
MZ.
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Figure 2. Mechanical properties of films with varying antibiotic
compositions (a) Stress-Strain curves (b) Young’s Modulus (c)
Maximum tensile stress (d) Toughness. * denotes p < 0.05 as

compared to control (PCL) film.

Mechanical properties of films

Mechanical properties of PCL/GS and PCL/MZ were
evaluated by tensile testing and shown in Figure 2.
Figure 2a shows the typical stress-strain curve for both
the PCL/GS and PCL/MZ films. The antibiotic
concentrations of 10% were found to compromise
mechanical properties. In comparing Young’s moduli,
increased concentrations of GS were associated with
decreased stiffness (figure 2b). PCL/MZ films however,
appeared independent of antibiotic concentration, with
Young’s moduliin the range of 200 to 250MPa. Tensile
strength was reduced by increased antibiotic load in both
groups, but less appreciably in PCL/MZ groups (figure
2c). PCL had the highest tensile strength of 13.88MPa
and gradually decreased as antibiotic concentration
increased. Interestingly, PCL/GS shows increased
toughness at 2.5% (11.3MJ/m3), followed by a sharp
decrease at higher concentrations to 2.8MJ/m® at GS
concentrations of 10% (figure 2d). PCL/MZ had a

toughness of 7.1MJ/m%at
and  subsequently
concentrations.

2.5% (similar to PCL)
decreased at higher MZ

In vitro drug release profiles of films

GS and MZ release was plotted as concentration against
time (Figure 3). A burst release of GS observed within the
first 4 hours. Thereafter, this was followed by a sustained
and prolonged release. For MZ, figure 3b shows the
release profile of films from 0 to 192 hours plotted as a
function of concentration against time. There was no
detectable MZ drug release for 2.5%. Films with
concentrations of 5% and 10% had a burst release of
metronidazole within day 1, followed by a sustained and
prolonged release for the next 7 days. In general, this
burst release is similar to that observed in GS films
whereby the initial release at the first day was the
highest.
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Figure 3. Release profiles of films over time of (a) PCL-GS and (b) PCL-
MZ. Cumulative drug release was represented in terms of concentration

(ug/ml) over time.

Antimicrobial testing

Antibiotics-laden PCL films were placed on a bacterial
lawn and the zone of inhibition (ZOIl) was examined and
compared against that of standard antibiotic discs (Figure
4). The ZOIl in the control, commercially available
standards and the respective concentrations were without
any secondary regrowth and could be clearly seen
(Figure 4a, b, c). From figure 4d, the ZOl on P.
aeruginosa increased as the GS concentration increased
with 10% having the largest mean ZOI (approx. 32mm).
In contrast, when tested on S. aureus, there was a
gradual increase in ZOl with increasing GS
concentrations and 10% GS had a ZOlI of about 23mm. It
was also observed that no ZOI was seen around the PCL

films, demonstrating that it does not suppress P.
aeruginosa nor S. aureus growth (Figure 4a, b).

For MZ, anaerobic C. sporogenes was used as the
test organism. The PCL film by itself did not inhibit C.
sporogenes growth. Commercial standards of MZ 5ug
and 50ug were used for benchmarking purposes. From
figure 4e, there is a dose-dependent increase in the ZOlI
with 10% having the largest mean ZOI (approx. 70mm)
and showing the most significant microbial inhibition of all
the samples tested.

Cytocompatibility and effect on cell metabolism

Although the antibiotics had inhibitive effects on bacteria,
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Figure 4. Inhibitory effects of films against bacteria. (a) ZOls
of PCL-GS on P. aeruginosa (b) ZOls of PCL-GS on S.
aureus (c) ZOls of PCL-MZ on C. sporogenes. (d, e)
Quantification of ZOl data of PCL-GS and PCL-MZ
respectively. * denotes p < 0.05 as compared to 10ug
standard control for GS and 5ug and 50ug standard controls
for MZ.

their toxicity and metabolism on cells have yet to be were examined through viability staining and Alamar blue
evaluated. In this part of study, the effects of the films assay on fibroblasts (Figure 5). From Figure 5a, on day 1,
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Figure 5. Film cytotoxicity over 7 days with varying concentrations of GS
and MZ on PCL films (a, b) viability staining and (c) Alamar blue. Images a)
and b) presented here are representative of the sample. Viability staining
data is normalized to that of PCL film only with 100% being the value of
PCL. * denotes p < 0.05 as compared to PCL at corresponding time points.



the cells showed good adhesion in all concentrations of
GS and MZ. By days 3 and 7, cell growth was unaffected
and comparable to levels of that of the PCL control. All
concentrations showed evidence of an increase in cell
adhesion and proliferation between day 1 and 3. To
quantitatively evaluate cellular health, Alamar blue was
used. The cells exposed to both 10% PCL/GS and
PCL/MZ showed significant differences in viability at day
1 when compared to PCL. Interestingly, at the highest
concentration of 10% GS, no significant difference was
observed. From day 3 onwards, all the cells irrespective
of GS concentration report an increase in the
fluorescence. In the PCL/MZ samples, 10% MZ revealed
an initial drop in the viability as compared to the PCL
control. However, this decrease was reversed when
incubated for longer periods.

DISCUSSION

Osteomyelitis and many other post-operational tissue
infections, such as musculoskeletal and periodontal
infections remains a major and serious problem for both
patients and doctors (Spagnolo et al., 1993)

19. (Stevens et al., 2005; Virto et al., 2007; Moskowitz et
al.,, 2010). These infections prolong pain and suffering to
patients and carries with it a financial burden as well.
More distressingly, patients may succumb to renewed
disabilities and, in some cases, even death if these
infections are not well treated (Lew and Waldvogel,
2004). The development of infections can be associated
to pathogenic microbes such as S. aureus, P. aeruginosa
and Clostridia species (Langer and Peppas, 2003;
Chatterjee et al., 2016; Akhi et al., 2015). Antibiotic
therapy represents an important step in dealing with
infections associated with such microbes conventionally
through systemic administration (Wu et al., 2013). These
are, however, associated with systemic toxicity and poor
bio-distribution to the compromised wound site. To
address this, infected tissue is removed, and antibiotic-
incorporated PMMA void fillers are currently implanted as
bone spacers in the interim period prior to revision
surgery, in order to remove residual infections
(Naraharisetti et al., 2006; Liu and Chang, 2009; Inzana
et al.,, 2016). Impracticalities of this approach include
offloading of the affected limbs for extended periods and
the need for multiple surgeries (Lim et al., 2014; Langer
and Peppas, 2003). Bioresorbable drug delivery systems
may provide solutions, both as a prophylactic coating for
implants and as bioresorbable implants in themselves.
Desirable features of such a system would include the
capacity to incorporate customizable payloads of a wide
range of antibiotic combinations and concentrations
(Acharya et al.,, 2010). PCL has flexible mechanical
properties that make it amendable for clinical applications
such as wound dressings, contraceptives and for use in
dentistry (Woodruff and Hutmacher, 2010; Mas Estelles
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et al., 2008). Hydrogels although able to coat surface of
complex geometry and are easy to apply, there is
minimal control over loading efficacy and release kinetics
(Goodman et al., 2013).

In our previous study, we had demonstrated powder
processing to be an efficient, solvent-free method to dope
large quantities of pharmaceutical agents into a PCL
matrix (Allaf et al., 2013). Here, we evaluated this
approach as a means to generate PCL matrices with
even distribution of antibiotic load for sustained and
controlled deliveries. Although not an injectable, we
envision that this can be used as implanted scaffold or
implant coatings.

Morphology and mechanical properties of PCL/GS
and PCL/MZ films

From the micrographs shown in figure 1, the
incorporation of GS particles resulted in noticeable
morphological changes, particularly at the higher
concentration of 10%. These fusion defects may have
arisen from local aggregation of the dopant in the PCL
melt-phase, and subsequent micro-spalling leading to pit
formation. With respect to MZ, no significant changes in
film morphology were observed under SEM. At higher MZ
concentrations, some fibrous, porous structures started to
become evident. Similar to that of GS, these may be
attributed to aggregation; the less pronounced effects are
likely due to the more polar nature of MZ and, hence,
better dispersion in the polymer matrix.

For both PCL/GS and PCL/MZ, the data demonstrates a
general decrease in Young’s modulus across the
concentrations, ensuring flexibility maintained and
importantly also indicates that the stiffness of PCL would
not be greatly increased by the incorporation of various
GS/MZ concentrations. Generally, antimicrobial films that
are flexible would be greatly favourable to be used as a
drug delivery platform. This is so as films would be able
to conform to shape and be easy to handle for potential
applications (Chen et al., 2014).

When toughness is examined, the results demonstrate
that the pores in 2.5% GS and 5% GS as seen in the
SEM images do not affect the resilience of the material.
The possible strengthening of toughness could be
explained by the location, shape and size of pores at or
near the crack location (Leguillon and Piat, 2008). Crack
blunting could have occurred in 2.5% GS and 5% GS
resulting in enhancement of toughness. This is possible
as a single pore at the tip of the crack could have
increased its apparent toughness, with the larger the pore
the larger the enhancement [35, 36]. Moreover, the
smaller pore sizes in lower concentrations could have
had greater specific surface and interfacial areas within
the matrix, leading to an increase in toughness (Razak,
2012). With respect to MZ, there is no significant
difference in toughness deviation in toughness of 2.5%
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and 5% as compared to PCL. This shows that 2.5% of
MZ incorporated would be able to have similar
deformation and withstand pressures similar to PCL if the
films were implanted in animal models. At higher
concentrations of GS and MZ, their toughness is
significantly reduced and are less malleable. However,
when used as an implant coating, the mechanical
properties become may not be as crucial as its primary
role is to address potential infection at the tissue-implant
interface.

Drug release profile

Interestingly, it was shown that GS 10% film released the
highest amount of antibiotics (55%) in terms of
concentration  (1600ug/ml) and total percentage
cumulative amount when compared with the other
concentrations. A major contributing factor to this finding
could be due to the different pore structure present on the
10% film surface when compared to the rest of the
concentrations as observed in the SEM micrographs. In
addition, the pore structures of 2.5% and 5% seem to
occur less frequently, possibly resulting in lower levels of
dissolution when immersed in PBS. MZ 2.5% release
could not be detected as it was below the detection limits.
Similar to what was observed in GS/PCL, at higher
concentrations of MZ, less cumulative antibiotic was
released. This can be explained by the entrapment of MZ
in PCL during fabrication as observed in the SEM
micrographs. It is conceivable that bulk degradation of
PCL would have to occur first before the entrapped MZ
can be released. It must be highlighted that a burst
release was observed and completed 4 hours after initial
immersion into DI water. This initial burst is necessary for
drug delivery platforms as a high drug dose is normally
required during the initial period, to combat bacterial
infections effectively and then slowly prolong the release
for longer time periods to complete the treatment
(Balmayor et al,, 2012). Such elution profiles are
desirable in infection control applications, as it features a
short duration of antibiotic release without sub-inhibitory
GS concentrations that brings about resistant strains (van
de Belt et al., 1999). Also, as the inflammatory response
to wound healing (acute phase) occurs in the initial 24-48
hours (Busti et al.,, 2005), having a burst release may
prevent the initial attachment and subsequent biofilm
formation leading to lowered infection risk better healing
at the infection site. An early prevention in the biofilm
formation will greatly benefit the healing of wound, due to
the dramatic increase of up to 10-1000 times more
resistance to antimicrobial agents as compared to the
planktonic counterparts (Hoyle and Costerton (1991).
Generally, biofilm infections will not clear until the implant
has been removed and re-implantation after removal of
an infected joint replacement has a high failure rate (Neut

et al., 2005).

In the experiment conducted, the main driving factors
for in vitro drug release could be due to the presence of a
diffusion gradient as the films were fully submerged in DI
water, solubility of GS/MZ in water, as well as solute
diffusion through the pores present within the matrix.
Degradation is often one of a major driving force for drug
release kinetics however this has been proven to be not
so for polymer matrixes consisting of PCL (Arifin et al.,
2006). This is because PCL is a slow degrading material
which takes over two years to be completely degraded
under physiological conditions (Lao et alo., 2008). These
characteristics may prove beneficial in the treatment of
infections for long periods. Due to the short-release
profiles of current anti-microbial materials, there is
increasing interest in immobilization of
antibiotics/antimicrobial peptides to the implant surface
by permanent covalent tethering for long-term prevention
of implant-associated infections (Hickok and Shapiro,
2012).

Antimicrobial activity

Ideal local antibiotic delivery systems should provide
reliable pathogen killing via an immediate burst release
within the first 24-hour period after administration
followed by sustained drug release above the tissue
bed’s minimal inhibitory concentration (MIC) to address
the remaining microbial threat out to a 6-to-8-week time
point asserted by the orthopedic community as an
important point for infection prevention (Kanellakopoulou
and Giamarellos-Bourboulis, 2000). In this work, the
results from the bacteria assay confirmed that both GS
and MZ did not lose their antimicrobial properties after
fabrication. The ZOls between P. aeruginosa and S.
aureus were different but this was to be expected as
these are two different bacterial species. The ZOI
exhibited a dose-dependent increase in GS concentration
although the increase of ZOI was less pronounced for S.
aureus. This may be due to the fact that an increase in
GS may not necessarily translate to an increase in
bacterial killing (Tam et al., 2006). For MZ, 5% and 10%
showed similar levels of ZOls suggesting that there is no
dose dependent release of MZ into the agar. This is in
agreement with the observed release profiles of MZ
which reveal that at higher concentrations, this is
reduced. Nevertheless, the MZ data validates the
antimicrobial ability of the film. In all, antibiotics together
with PCL blended using cryomiling not only
demonstrate the ability for sustained release but
antimicrobial efficacy against bacteria. The comparison
with commercially available antibiotic discs corroborates
the potency of the antibiotic loaded PCL films and is
crucial in analyzing its effectiveness as a drug delivery
vehicle.



In vitro compatibility

While antibiotics are largely specific in their targets,
accumulation and exposure to excessive doses may be
cytotoxic, leading to unexpected cell death and tissue
necrosis, further compromising the surgical site. To
evaluate potential cytotoxicity, fibroblasts were incubated
together with the liquid extracts of the films and cell
viability assessed. To note, despite the increase in
antibiotic concentrations, there was no observable and
quantitative effect on the viability of the cells. Our results
suggest normal cellular proliferation in the presence of
films, with no obvious signs of cell death.

Experimental Section

Materials: Gentamicin Sulfate (GS) Salt (Sigma, St Louis,
MO) with a melting temperature range of 218-237 °C and
Metronidazole (MZ) (Sigma, St Louis, MO) with a melting
temperature range of 159-161 °C were used as-obtained.
Medical grade poly (e-caprolactone) (PCL) pellets
(Osteopore International, Singapore) with a melting
temperature range of 58-60 °C was used in this study
(Lim et al., 2014).

Cryomilling of PCL pellets: PCL pellets were
cryomilled (Cryomill, Retsch, Germany) into PCL powder
with a cryomilling cycle of 5-minutes precooling and 50-
minutes of continuous milling. Thereafter, PCL/GS and
PCL/MZ composites were homogenously formed through
the same process. Briefly, GS and MZ of different
proportions (2.5%, 5% and 10%) with respect to PCL
were loaded into a cryogenic vial with a ball-to-mass ratio
of 30:1. The cryomilling period was 5-minutes of
precooling at a cryogenic temperature (approx. -196°C)
and 20 minutes of continuous milling at a frequency of
17.5 Hz.

Heat Pressing of Films: Uniformly blended PCL/GS
and PCL/MZ powders of different proportions were
thermally pressed into films with an approximate
thickness of 100-120um. 0.5g of the blend was placed in
between two 0.1mm aluminum sheets and heat pressed
(Carver 3853, Wabash, USA). Temperature of the Carver
System was maintained at 80 °C for 15 minutes and
allowed to cool by natural convention for 1 hour. Pressure
was maintained at 0.158MPa throughout the pressing
and cooling process. Thereafter, films were removed
from the aluminum sheets using minimal water and force
and stored in a cabinet with humidity control (DigiCabi,
AD-100, Singapore).

Mechanical properties of films: The mechanical
characteristics of PCL/GS and PCL/MZ films were
determined using tensile tests (Instron tester 5569, USA)
with a 1kN load cell. Films of each composition were cut
into 5cm x 1cm rectangular strips and mounted onto a
5cm x 5¢cm paper frame with gauge length of 3cm. The
rate of elongation was 3mm/min (10% of gauge length).
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The sample thickness of each composition was
determined by measuring 6 points using a micrometer
(Coolant Proof Micrometer, IP65, Mitutoyo, Japan) and
then calculating the average thickness. All experiments
were conducted with a sample size of n=6. The analysis
of mechanical properties was done using the stress-strain
curve through the calculation of Young’s modulus
(stiffness), toughness and maximum tensile strength.
Young’s modulus was attained by way of the secant
modulus method. Toughness was approximated by the
area under the stress-strain curve with the use of the

trapezium rule: Area = Zyl;ryz X (X — X)J/em?

Film morphology: PCL/GS and PCL/MZ films were
placed in the JFC-1600 Autofine Coater (JEOL, Japan) to
be coated with platinum for 60 seconds at 20mA.
Thereafter the surface morphologies of the samples were
observed using a Scanning Electron Microscope (SEM)
(JSM-6390LA, Jeol, Japan) with an acceleration voltage
of 10kV.

In vitro drug release: In vitro drug release for PCL/GS
films were assayed using a protocol adapted from Teo et
al. (2011). For each composition, 3 film samples of total
weight 30mg were pre-treated with 3M NaOH for 1 hour
and washed in Phosphate Buffer Saline (PBS) at room
temperature and transferred into new vial of containing
iml PBS for a range of time intervals. Prior to GS
absorbance analysis, an o-phthaldiadehyde reagent was
made using 0.5 g of o-phthaldiadehyde, 12.5 ml of
methanol and 0.6 ml of 2-hydroxy-ehtylmercaptan and
112 ml of 0.04 M sodium borate in distilled water. For GS
analysis, 200ul of o-phthaldiadehyde reagent and 200ul
of isopropanol were added to 200ul of test solution.
Thereafter, the mixture was incubated in the dark for 45
minutes at room temperature. Absorbance was taken at
333nm. All readings were compared against a calibration
curve generated from GS solutions of known
concentrations.

Drug release studies for PCL/MZ fiims at different
compositions were carried out. Similarly, for each
composition, 3 film samples of total weight 30mg were
pre-treated in 3M of NaOH for 1 hour and subsequently
washed in deionized (DI) water. Samples were
transferred to a new vial with 1ml water for a range of
time intervals to measure the release of MZ. During these
periods, samples were placed in room temperature on a
shaker at 160rpm. MZ release was measured at an
absorbance of 320nm with DI water as control. All
readings were compared against a calibration curve
generated from MZ solutions of known concentrations.

Antimicrobial testing: Ability of the samples to inhibit
microbial growth was determined by a disc diffusion
assay. Staphylococcus aureus (ATCC 25923) and
Pseudomonas aeruginosa (PAO1) were the test
organisms used for PCL/GS samples while Clostridium
sporogenes (ATCC 13732)was used for PCL/MZ. Media
preparations of broth and agar for reinforced Clostridial
Medium (Oxoid, Basingstoke, UK) for PCL/MZ samples
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and Mueller-Hinton (Oxoid, Basingstoke, UK) for PCL/GS
samples) were prepared in advance. In addition, 6mm
PCL/GS and PCL/MZ samples were punched out using a
biopsy punch and sterilized using 100% ethanol. Broth
cultures were prepared with an overnight inoculation for
S. aureus and P. aeruginosa and 3 days for C.
sporogenes. All cultures were incubated at 37°C and for
C. sporogenes, an anaerobic Gaspak (Becton, Dickinson
and Company) was used. After incubation, an optical
density (600nm) (Molecular Devices, SpectraMax) of
approximately 0.15 for S. aureus and P. aeruginosa and
approximately 0.20 for C. sporogenes was obtained.
100yl of culture was spread uniformly onto the surface of
the respective agar using a spreader to form a bacterial
lawn. Thereafter a sterile 6mm sample was placed gently
on top of the agar and the plates were incubated for 1
day for (S. aureus and P. aeruginosa) and 3 days (C.
sporogenes). Thereafter, the zones of inhibition (defined
as the diameter of the zone with no bacterial growth
taken across the sample) were measured and
compared to that of commercial available discs of GS
(10ug) and MZ (5ug and 50ug) (Oxoid, Basingstoke,
UK).

Cell culture: Fibroblasts (L929) are used to in the
cytocompatibility and cytotoxicity studies. Cells are
cultured in DMEM (ThermoFisher, Waltham, USA) with
10% fetal bovine serum (ThermoFisher, Waltham, USA)
at 37°C.

Cytocompatibility: The cell viability when exposed to
PCL/GS and PCL/MZ over time was determined via
indirect testing accordingly to the methods adapted from
ISO 10993-5 standards. Samples were disinfected by
soaking in 100% ethanol for 24 hours and washed with
sterile phosphate buffer saline before use. They were
then left to incubate overnight in 1ml of culture media and
the supernatant was filtered and used for testing. L929
cells (mouse fibroblasts) were seeded in 12-well
plates at a density of 10,000 cells/cm?® and incubated
together with the sample supernatant. On days 1, 3 and
7, viabilty assay using fluorescein diacetate
(FDA)/ propidium iodide (P (Life Tech-
nologies, California, USA) was performed and images
were taken using fluorescence microscopy (Olympus FV-
1000).

Cytotoxicity: Cell metabolism effects were determined
using Alamar Blue (Life Technologies, California, USA).
PCL/GS and PCL/MZ samples were prepared
similarly as the cytocompatibility study. L929 cells with a
density of 10,000 cells/cm® were seeded into 12-well
plates and incubated together with the sample
supernatant. On days 1, 3 and 7, alamar blue was
added to the culture media in a ratio of 1:10 and
incubated for 3 hours. Aliquots of 200ul each were
prepared in a 96-well plate and measured for
florescence at an excitation /emission wavelength of
560nm/590nm using a spectrophotometer (SpectraMax,
Molecular Devices).

CONCLUSION

Topical delivery via drug carriers may be used to
overcome the Ilimited bioavailablity of antibiotics
associated with oral or transdermal routes of
administration due to its poor intestinal and dermal
permeability [47].Moreover, the general concern about
risk of over toxicity and systemic toxicity can also be
avoided when low concentrations incorporated can be
released locally, targeting only the infection site
[48].Furthermore, GS belong to the heat-stable family of
aminoglycosides and is thermally stable [49]. The same
can be said of MZ as well [50]and thus both these
antibiotics are compatible with a range of fabrication and
incorporation methods, including heat-pressed films.
Tailoring antibiotic release bioactivity using antibiotic-
polymer miscibility provides extended, antibiotic delivery
that can be customized and combined to meet
established criteria and accommodate diverse clinical
needs while better addressing antibiotic-resistance [51,
52]. This study demonstrates the ability of a synthetic
biodegradable polymer that when loaded with antibiotics
will be able to provide a localized antimicrobial effect that
has potential for use in implant surgery.
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