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LAY ABSTRACT

Open wounds are breeding grounds for infection and can pose severe threats to
individuals with compromised immune systems and other at-risk groups. Antibiotic-
resistant bacteria thrive in these polymicrobial environments and are often difficult to
treat. In tandem, challenges in the drug discovery pipeline lead to slow development of
new antibiotics and routes of administration. One such challenge is the issue of solubility
of drug compounds. Otherwise promising drugs face hurdles in administration due to
their poor water solubility. These barriers highlight the need for unconventional
approaches to drug discovery and the delivery of therapeutics. In collaboration with an
Edmonton-based biotechnology company and other research groups at McMaster
University, we studied two novel hydrogels loaded with antibiotics of interest to address
the aforementioned challenges in treating infected wounds. Utilizing patented technology
and pre-clinical animal models, the two proposed routes of antibiotic administration show
promise in delivering drugs with inherently low water solubility and offer several other

advantages in the development of efficient drug delivery vehicles.



ABSTRACT

The skin is the body’s largest organ and serves a variety of essential functional
and aesthetic purposes. Wounds, burns, and other abrasions to the skin can have
consequential effects on the rest of the body if not properly managed. Open wounds are
often a breeding ground for bacterial infections and can pose a severe threat to
individuals with compromised immune systems and other at-risk groups. Antibiotic-
resistant bacteria, such as methicillin-resistant Staphylococcus aureus (MRSA), thrive in
these polymicrobial environments and are often difficult to treat. In tandem, bottlenecks
in the drug discovery pipeline lead to slow development of novel compounds and routes
of administration. One such challenge is the inherent issue of solubility of antibiotic
compounds. Otherwise promising drug candidates face challenges in administration in
critical cases, such as open wounds, due to their poor aqueous solubility. These barriers
highlight the need for unconventional approaches to drug discovery and the delivery of
therapeutics. In collaboration with an Edmonton-based biotechnology company and other
research groups at McMaster University, we performed a comparative analysis of two
novel hydrogels loaded with antibiotics of interest to address the aforementioned
challenges in treating infected wounds. Utilizing patented technology and an optimized
excisional murine wound model, the two proposed routes of antibiotic administration
show promise in delivering drugs with inherently low water solubility and offer several

other advantages in the development of efficient drug delivery vehicles.
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Introduction
Skin wound infections

Skin wounds and abrasions are common in all areas of the world and health care
system. Wounds are non-specific ailments that vary in size, shape, cause, and
consequence'?. Moreover, infection of wounds with a pathogen or combination of
pathogens compromises the body’s normal wound-healing process®#°. For these reasons,
wound care has drawn increased focus in many areas of research. Recent advancements
include nanomaterials, plant-derived products, negative pressure wound therapies, and
several others®®. However, only a select few address the specific need for infection-
management therapies, such as nanomaterial-based products and topical antimicrobial
formulations®®. Although significant work has been done in the understanding of wound
infections and the development of therapies, the incidence and cost of compromised
wounds continues to rise worldwide'°.

The cost of wound care goes beyond just financial ramifications; the prevalence
and variability of wound infections results in constant personal, clinical, and financial
distress!t. Acute and chronic wound infections are widespread burdens on individuals of
all ages, ethnicities, and socioeconomic backgrounds. Hospital intensive care wards
report some of the highest rates of infected wounds globally, causing increased concern
for patients likely in already immunocompromising conditions®2. Additionally, upwards
of 40% of all hospital inpatients have reported wounds, 7.3% of which are compromised
with an active infection®3. This has led the global cost of wound care to surpass $17

billion in 2021, with an expected increase to $28 billion annually by 20294,
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The antimicrobial resistance crisis

The growing antimicrobial resistance (AMR) crisis is one of the key reasons that
compromised wounds and therapeutic advancements in their treatment will only become
more critical with time'4. It is estimated that over 700,000 deaths annually are due to
infections by drug-resistant pathogens'®. The World Health Organization has assigned
critical priority status for research and development to six pathogens known as the
ESKAPE group'®. Due to their already high and increasing levels of AMR, Enterococcus
faecium, Staphylococcus aureus, Klebsiella pneumoniae, Acinetobacter baumannii,
Pseudomonas aeruginosa, and Escherichia coli are now a key focus in global research
for new preventative and anti-infective strategies'®. Several of these pathogens are
commonly found in compromised and infected wounds, drawing more interest and

resources to the wound care market in recent years'4.

Methicillin-resistant Staphylococcus aureus

Staphylococcus aureus and other ESKAPE pathogens continue to be detrimental
players in skin wound infections worldwide’. Genomic mutations and horizontal gene
transfer have led to the spread of antibiotic-resistance genes among these bacteria'®. One
such resistance gene is mecA, found in many common strains of Staphylococcus aureus®®.
Although denoted methicillin-resistant Staphylococcus aureus (MRSA), this pathogen
encodes resistance to several other classes of common antibiotics in addition to
methicillin?®. Since their discovery in 1961, MRSA isolates have continued to display

decreasing levels of susceptibility to previously successful antibiotic compounds®. This
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has led MRSA to be among the key public health concerns as a cause of community and
hospital-acquired infections. Unfortunately, some of the most promising drugs in
combatting infections by these bacteria are compounds that suffer from difficulties in
administration. Whether a drug is unsuccessful at its investigational stages or has inherent
complications in formulation, many potential therapeutics fail to make it to market. This

only reinforces the need for new approaches in antibiotic discovery and administration.

Low drug solubility and other therapeutic challenges

In addition to concerning levels of AMR progression, some common therapeutic
options, such as topical silver agents, have proven insufficient. Recent meta-analyses
reveal a poor correlation between traditional silver dressings and bacterial load, as well as
the success of these products in preventing infection in wounds?:. These setbacks
highlight the need for either new antibiotic candidates or novel methods of anti-infective
delivery. However, in developing new drug compounds, many inherent chemical and
physical challenges lead to complications in the formulation steps required to ensure the
safety and stability of a drug??. These characteristics can severely limit administration
efficacy and often require additional formulation steps to overcome the challenges they
present.

Low aqueous solubility is one of the most prevalent and critical issues faced by
potential antibiotic compounds in the drug discovery pipeline. Over 40% of newly
generated compounds in the pharmaceutical industry are largely water-insoluble??. This

results in questionable antibiotic candidacy of a drug, as bioavailability is often directly
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related to the solubility of a compound?®?. As a result, there has been extensive work done
to understand and manage inherently low water solubility. Several strategies have been
proposed to address these complications, including the addition of surfactants or co-
crystals, or altering particle size and binding morphologies?. However, these techniques
are often slow, expensive, or require additives that compromise the safety and/or stability
of the drug. Compound solubility is therefore one of the most frequent, yet addressable
bottlenecks in the wound care market, and the main hurdle attempted to overcome with
this project.

Fusidic acid (FA) is an antibiotic produced by a strain of Fusidium fungus and has
activity against S. aureus and other Gram-positive pathogens?. FA has low toxicity,
minimal resistance levels, and shows no cross-resistance with other antibiotics, making it
an ideal candidate for therapeutic use in MRSA infections?®. Unfortunately, FA is only
sparingly soluble in aqueous medias, making formulation of the compound challenging?.

Tigecycline (TIG), a recently developed compound with excellent bioavailability,
belongs to the tetracycline class?. It has drawn significant attention in the last two
decades as a front-runner of a new generation of drugs known as the glycylcyclines?’.
Several formulations of TIG have been evaluated in attempts to exploit its broad-
spectrum activity and low levels of resistance?®2%-32, Nimal et al. demonstrated the use of
TIG in injectable, chitosan-PRP hydrogels, while Sakarya et al. demonstrated the success
of topical TIG penetration into the ocular humor and cornea®?3. However, there is more
work needed to confirm TIG’s promise as a broad-spectrum antibiotic for skin infections.

Its limited aqueous solubility has arisen as a barrier to during formulation in many
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cases3*35, For these reasons, we selected FA and TIG as the first bioactives to test with

the technologies presented in this report.

Pressurized, gas-expanded liquids

Polymer processing and loading has recently gained popularity as a drug carrying
and delivery method due to its tunability and efficiency®. More specifically, the
previously mentioned insoluble therapeutic compounds are ideal candidates for this type
of nano-dispersion and deposition-based delivery vehicle. While the range of strategies
investigated in attempts to overcome drug solubility issues is broad, polymeric bio-
aerogels and other highly porous structures continue to be frontrunners in terms of
efficiency, tunability and stability.

A team of researchers at Ceapro Inc. optimized the Pressurized Gas eXpanded
Liquid (PGX) technology invented by Temelli and Seifried to generate aerogels which
can be used as macroporous polymeric scaffolds for drug delivery®’. The process
involves pumping and mixing a sodium alginate (SA) slurry with the PGX liquid, which
consists of supercritical CO2 (SC-COz2) and ethanol, to rapidly dehydrate and precipitate
the SA. Once precipitated, a purified and dried fibrous aerogel (PGX-SA) is generated®,
The resulting PGX-SA can be used as scaffolds for further steps. This technology offers
significant advantages over conventional SA processing methods because it generates
open, porous particles, increases the specific surface area and water-binding capacity
while simultaneously allowing control over the internal pore sizes®. Work by the Hoare

Lab (McMaster University, Department of Chemical Engineering) and Ceapro’s research
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team has demonstrated the crosslinking potential of the PGX base material and

characterized the physicochemical properties of the material via mechanical studies.

Supercritical adsorptive precipitation

Supercritical fluid impregnation of bioactive compounds has become a common
method of generating controlled drug delivery products®. Alternative ‘impregnation’
methods with similar loading and delivery mechanics often face hurdles in the context of
insoluble compounds. And thus, the ability to efficiently load bioactive compounds into
the PGX-SA scaffolds is the basis for the second in-house process utilized by Ceapro Inc.

To avoid the use of organic solvents that are undesirable in applications intended
for human use and to achieve homogenous drug loading, supercritical adsorptive
precipitation (SC-AP) using SC-CO2 can be used to load insoluble compounds onto
PGX-SA. The process consists of solubilizing the drug of choice in SC-CO: at a specified
temperature and pressure. The solubilized compound is then circulated through the pores
of the PGX-SA material where a portion is adsorbed into the internal and external surface
area of the polymer scaffolds. Finally, upon depressurization of the vessel, the SC-CO2
loses its solvent capabilities and the remaining drug precipitates onto the exterior surfaces
of the PGX-SA material‘®. Most importantly, SC-COz2’s mild operating temperature, only
slightly higher than room temperature, preserves the stability and activity of heat-labile

compounds during the SC-AP process.
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Poly(oligoethylene glycol methacrylate) self-assembled nanoparticles and hydrogels

Water-based hydrogels are another widely used form of controlled drug delivery
and release*!. However, limitations in control over the gelling mechanics and loading
quantities are often encountered with traditional polymer-based hydrogels such as
poly(ethylene glycol) (PEG). Specifically, the high-water content associated with these
products results in an inability to reach therapeutic-level doses of hydrophobic drugs.
Extensive chemical modifications are frequently necessary to induce and sustain hydrogel
formation by these polymers, leading to stability and toxicity concerns#?. Additionally,
development of stable formulation of the non-soluble drugs that are to be introduced to
these matrices requires unique approaches for efficient loading and release.

To address these concerns and offer a novel route of antibiotic delivery into
wounds, the Hoare Lab developed an in-house, bench-top system of synthesizing drug-
encapsulated nanoparticles loaded into a tunable, water-based hydrogel.
Poly(oligoethylene glycol methacrylate) (POEGMA) is a brush polymer analogue of PEG
that can be functionalized via copolymerization’. The compound of interest is
encapsulated by POEGMA brush polymers that self-assemble via a flash
nanoprecipitation mechanism. Hydrazide- and aldehyde-functionalized POEGMA
precursors are then combined with the nanoparticles for in situ gelation in pre-cut silicone
molds. The functionality of the POEGMA precursors allow for extensive tunability in
gelation kinetics and many other chemical and physical properties*®. Additionally, the

polymer network’s adhesion capabilities allow for easy removal from mucous- or
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exudate-containing environments, such as wound beds, and they are an attractive option

for antibiotic administration to compromised sites*.

Full-thickness excisional murine wound model

A critical aspect of developing any new therapeutic candidate is analyzing its
effectiveness and safety using animal models. The model should emphasize clinical
relevancy, follow all ethical standards, and be reliably reproducible. For this study, a full-
thickness skin wound model was developed and carefully optimized to meet the above
criteria.

Cyclophosphamide (CP) is a widely used agent that results in neutrophil depletion
and T cell inactivation in mice**. These conditions are often necessary for high-
throughput and in-depth evaluation of infective disease progression in murine models.
This is, in part, due to the opportunistic nature of many infectious agents*. To evaluate
these opportunistic pathogens in animal models, inducing relevant immunocompromising
conditions is necessary. However, the side effects associated with the administration of
CP in mice can also result in unwanted experimental conditions in some cases.
Specifically, in the case of infected wound models, neutropenia results in significant
weight loss in experimental animals, making weight loss due to infection more difficult to
monitor. Moreover, neutropenia is not a clinically relevant condition in all wound
infection cases. Patients with immunocompromising ailments may be optimally modeled

with CP induction, but the condition cannot be assumed widely relevant. Although the
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use of CP is sometimes necessary in the modeling of bacterial infections, more work
needs to be done to examine the necessity of CP induction in specific cases*®.

In this study, a full-thickness, excisional wound model was used to examine the
effectiveness of the iPX and POEGMA agents in vivo. Murine wound models offer
excellent insight into the body’s natural wound healing capabilities. However, due to the
rodent’s confounding wound contraction mechanisms, skin abrasions need a secondary
method of wound bed reinforcement for clinical modeling in mice. Sterile plastic washers
are used to keep murine wound models from undergoing their natural contraction

process?’.

Current standards of care for wound infections

As mentioned, shortcomings of several widely used wound care products, such as
silver dressings, have been identified in recent years?. The lack of thorough clinical
trials, high production costs, and fabrication sustainability are just some of the
considerations making silver-based wound dressings less desireable*®. Therefore, there
has been a shift in focus in advanced wound care products. Therapies such as hydrogels
have quickly become a standard of care for the management of complicated, infected
wounds. The biocompatibility, swelling/water content, and tunability of both natural and
synthetic hydrogels make them favored options in infection therapy*'. Many hydrogel
products have advantages and properties beyond just bioactive delivery®5051.52 Song et

al. generated cell-adhering, polypeptide hydrogels with inherent antibacterial activity
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against E. coli and S. aureus strains®2. These novel wound-healing scaffolds are just one
of the many recent and promising developments in the wound care market.

However, the water-based nature of many of these products narrows the list of
deliverable compounds to those having at least moderate aqueous solubility. Limitations
in efficiently preparing then delivering bioactives from hydrogels arise when the drug of
interest has low inherent aqueous solubility. The drug-loading mechanisms of both
technologies/products presented in this report overcome this issue in that they both

efficiently carry and distribute insoluble drug compounds to infected wound sites.

Hypothesis

Due to the complexity and variability of wound bed infections as well as the lack
of tunable, highly-efficient advanced wound treatment options, we suggest that drug-
impregnated iPX disks and POEGMA gels offer a useful route of antibiotic

administration into compromised wound sites.

Results
Cyclophosphamide is not required to establish MRSA infection in murine skin
wound model.

Previous work suggested the need to induce neutropenia and other immune
deficiencies in mice using cyclophosphamide (CP) to establish infection. To determine
whether CP induction was a necessary step in the model used for this work, we examined

its effect on weight loss, bacterial infection establishment, and overall well-being of

10
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experimental animals. Mice were treated twice with CP at 4- and 1-day pre-infection and
compared with a non-treated control group. Both groups were inoculated with ~5x108
colony forming units (CFU) of MRSA and housed for 24 hr prior to assessment. Post-
infection tissue sample results in Figure 2 suggest the successful establishment of a
MRSA infection in the wound bed in both CP pre-treated and non-treated groups.
Moreover, weight loss and morbidity in CP pre-treated mice was critically higher than
non-treated mice (Figure 2). Together, these data suggest that CP is dispensable as a pre-
treatment for MRSA (strain USA 300) infection in a full-thickness, murine skin wound

model.

iPX disks are sufficiently and uniformly loaded with FA.

High-performance liquid chromatography (HPLC) and mass spectrometry (MS)
were used to separate the components of the disks from the bioactives. These analyses
suggested the FA-iPX disks (average mass: 4.2 mg) are loaded with an average of 5.1 pg

(SD: 0.46) FA each (Figure 6).

In vitro tests show successful loading and deposition of antibiotic compounds by iPX
disks and POEGMA gels.

Disk diffusion assays were used to assess loading and release efficiency of the
drug-impregnated disks and gels. The various treatment options were placed on Luria
broth (LB)-agar plates inoculated with MRSA in minimum triplicate counts along with

control disks for 16-18 hr. FA and TIG-impregnated iPX disks both demonstrated

11
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comparable inhibition zones: FA-iPX disks had an average 27.2 mm clearance diameter
and TIG-IPX disks had an average 24.0 mm diameter (Figure 3). FA-POEGMA gels
displayed an average of 30.3 mm diameter of inhibition in comparison to control gels,

indicating a suppression of bacterial growth in these areas (Figure 3).

iPX disks impregnated with fusidic acid prevent MRSA expansion in murine wound
model.

Fusidic acid’s solubility issues in administration and therapeutic development
make it an ideal candidate for use in the iPX technologies and products. The full-
thickness skin wound model described below was used to evaluate FA-iPX disks as drug
delivery vehicles in compromised wounds. FA, a bacteriostatic compound, was
impregnated into PGX disks using the SC-AP technology and introduced into the infected
wounds. Treatment disks were placed in wound beds 1 hr post-infection (~5x10® CFU
inoculum) and left to deposit drug for 48 hr. Retention of inoculum-level bacterial counts
post-infection (48 hr) suggests iPX disks are successful in delivering loaded FA and
preventing expansion of MRSA colonization in the wounds. FA-iIPX treated mice
experienced no increase in bacterial CFU between the time of infection and the time of
sacrifice, in comparison to untreated mice that experienced a significant increase in
bacterial CFU by 1-2 orders of magnitude during the same timeframe. Mice treated with
control iPX disks (no compound) had slightly reduced level of bacterial colonization as

compared to untreated mice, though this was not significant (Figure 4).

12
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iPX disks impregnated with tigecycline eliminate MRSA infection in murine wound
model.

As an initial tunability assessment of the iPX to various wound conditions, a
different compound, TIG, was loaded and evaluated for wound treating potential. The
full-thickness skin wound model described below was used to evaluate TIG-iPX disks as
drug delivery vehicles in compromised wounds. TIG, a bacteriostatic compound that has
been previously shown to exhibit bactericidal properties in certain cases?®, was
impregnated into cut PGX using the SC-AP technology and introduced into the infected
wounds. Treatment disks were placed in wound beds 1 hr post-infection (~5x10® CFU
MRSA inoculum) and left to deposit drug for 48 hr. Total clearance of bacterial
colonization post-infection (48 hr) suggests TIG-iPX disks were successful in preventing
expansion of MRSA in infected wounds. TIG-iPX treated mice had no remaining
bacterial CFU at the termination of the experiment, in comparison to untreated mice that
experienced an increase of 1-2 orders of magnitude (from inoculum level) in CFU in the
same timeframe. Mice treated with control disks (no compound) experienced an
insignificant, slightly reduced level of bacterial colonization compared to untreated mice

(Figure 4).

POEGMA gels containing FA self-assembled nanoparticles prevent MRSA
expansion in murine wound model.
Previously, the POEGMA precursors have been used to generate robust,

injectable hydrogels as a potential platform for both drug delivery and tissue scaffolding

13
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applications*3. To further explore the prospect of POEGMA and its derivatives for use in
advanced wound therapeutics, POEGMA-based hydrogels were loaded with FA-
containing nanoparticles. FA-containing SAPs were generated using a flash nano-
precipitation mechanism and then suspended in the mixed POEGMA gel precursors. The
treatment gels were placed in the surgical wound beds 1 hr post-infection (~5x10%® CFU
MRSA inoculum) and left to diffuse drug for 48 hr. Again, minimal expansion of
inoculum bacteria during the treatment period suggests that the SAP-containing gels
deliver FA and efficiently prevent MRSA infection in wounds. FA-POEGMA gel treated
mice experienced no increase in bacterial CFU between the time of infection and
sacrifice. Non-treated groups experienced a significant increase in CFU by 1-2 orders of
magnitude during the same timeframe. Mice treated with control gels (POEGMA gels
containing FA-free SAPS) experienced the same expansion in infection as the non-treated

mice (Figure 5).

Discussion

This work demonstrates the potential of two novel wound infection therapies
intended to overcome complications posed by low drug solubility, antibiotic-resistant
bacteria, and compromised-wound variability. Previous studies have shown that
addressing infections is the second most critical step in managing open wounds, after
tissue assessment®3, Wound healing is a complicated and time-sensitive affair, and while
the body’s natural healing process is impressive, assistance is often necessary. Controlled

drug-delivery from wound dressings is one such method and is often favored over other

14
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topical, medicated agents. Antimicrobials introduced via wound dressings have
advantages over other methods of delivery such as less interference with the body’s
natural healing processes and localized activity®*. These factors also reduce the dose of
drug required, further preventing the possibility of systemic toxicity®®. However, there are
many additional factors at play when it comes to successfully delivering antimicrobial
compounds to infected wound sites.

After George Winter first suggested the concept of moist wound healing, based on
a study in which he witnessed more rapid epithelialization of the surrounding tissue when
the wound bed was kept moist, there was a shift in focus towards hydrogel-based healing
therapies®®. Couto et al. recently demonstrated the ability to load bioactive compounds
via supercritical adsorptive precipitation onto porous, alginate-based polymer scaffolds.
The carrier/impregnation system is highly efficient both in terms of polymer processing
and drug-loading. Moreover, it has the ability to carry and deliver poorly water-soluble
compounds without the use of complicated or destabilizing solubilization technigques®’.
Some traditional methods of enhancing compound solubility include particle size
reduction, solid dispersion, hot-melt fusions, precipitation, and the use of cryogenic
technologies®®. However, studies have shown that many, if not all, of these approaches
involve physically- or chemically-degrading processing steps®%:60.61626364 The PGX/SC-
AP systems circumvent these intricacies of drug solubilization by keeping operational
temperatures and pressures mild, using only food-grade solvents and processing with
rapid turnaround times*®. The resulting products are stable, uniform, and highly porous

bioactive-polymer complexes that have potential application in a variety of wound

15
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infection and other bioactive-requiring sites®. This study revealed the success of one
such application: delivery of insoluble drug compounds to open and infected wound sites.

When Lutz et al. further characterized and made popular the work done to
develop PEG-analogue block polymers based on poly(oligoethylene glycol methacrylate)
(POEGMA) by Wang and Armes, another avenue for insoluble drug delivery became
apparent®, Qur study re-emphasizes this route of administration and builds upon the
POEGMA precursor potential by using alternatively functionalized POEGMA monomers
as hydrogel building blocks. Others have also utilized PEG-analogue block polymers to
encapsulate and release bio-actives in specified locations, such as the delivery of Tat-
EGFP to retinal cells by Rafat et al.®”. These advancements have collectively established
POEGMA as a popular basis for drug encapsulation and delivery in various fields®. The
aldehyde- and hydrazide-functionalized POEGMA precursors have been used by the
Hoare group to design hydrogels for various biomedical applications*. Our work
expands on this by generating hydrogels containing encapsulated, insoluble compounds
for in situ delivery into infected wound sites.

This work consists of the preliminary trials for both these technologies/products
as wound infection therapeutics. As such, qualitative validation of baseline milestones,
which in this case was successful loading of bioactives into the disks and gels, was
necessary. This was accomplished using a series of disk diffusion (Kirby-Bauer) assays
to model and evaluate the in situ drug release by the disks and gels in an infected

environment®®, These assays revealed that iPX disks containing FA, TIG, or the FA-AZT

16
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combination, and POEGMA gels containing FA-SAPs were not only successfully loaded,
but also loaded uniformly.

Neither the SC-AP nor POEGMA-SAP systems can load precise quantities of
drug compound to individual disks or gels. While we have a rough estimate based on how
much total drug was introduced into the systems and how much remained after the
fabrication of the products, a secondary analysis is necessary to quantify loading
amounts. To determine the level of antibiotic carried by each individual iPX disk and
POEGMA gel, analyses based on dissolution of the products followed by isolation of the
drug contents were used. More work is needed to characterize the drug release dynamics
and swelling characteristics from both products. This will help to further clarify the
dynamics of drug release, and interactions with the wound and colonizing pathogen(s)3®.

The use of infection models is an integral part of evaluating the success of novel
therapeutics in the health care and biomedical fields. Previous studies reveal in vivo
testing outperforms traditional in vitro studies in terms of clinical relevance and
providing insight into interacting factors of host, pathogen, and antibiotic systems’%"%,
Pathogenic tolerance, susceptibility, and resistance to antibiotics is most accurately
measured in live models as opposed to simulated environments’. In developing the
wound model used for this study, we hypothesized that immunosuppression would be
necessary to establish a skin infection. Previous literature defines infection establishment
as little to no decrease in wound CFU from inoculum levels within the first 24 hr, with an
increase in CFU providing additional evidence of infection”®. However, when conducting

a side-by-side analysis of infection progression in mice that were pre-treated with CP or
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not pre-treated, both groups reached the establishment baseline in 24 hr. There was
approximately a 1.1 log difference in bacterial CFU/g tissue between the two groups after
24 hr (CP pre-treated > not pre-treated). Moreover, there was a 1.66 log increase in
wound CFU in the untreated mice over the course of the infection. A second
consideration in deciding whether to move forward with immunosuppression in the
model was whether the process resulted in unwanted side effects that impacted body
condition scoring. Weight change and other measures of disease progression in
experimental animals are fundamental for accurate evaluation of infection models and for
detection of ethical endpoints’. Our study demonstrated that the weight loss and animal
morbidity caused by the CP pre-treatment in BALB/c mice infringed on reliably
measuring these same conditions as a result of the infection alone. Thus, CP pre-
treatment was removed as a component of our wound model.

Our results demonstrate the success of FA-IPX and TIG-iPX disks in managing
MRSA colonization in compromised wounds. Animals receiving blank PGX-SA disks
showed a slight reduction (~0.46 log) in bacterial CFU in wound tissue as compared to
the untreated group (not statistically significant). Although the reason for this has not
been fully investigated, it is thought that it is, in part, due to the disk’s swelling
capabilities. We hypothesize that some bacteria are retained within the highly porous disk
material during the infective period and are therefore removed from the wound when the
disk is extracted post-mortem. It then follows that animals receiving FA-iPX disks
exhibit identical or slightly reduced bacterial CFU counts to the infective inoculum size

(~5x108 CFU). And although not significant, spleen CFU counts also demonstrated lower
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systemic levels of infection in treated mice than untreated mice. Moreover, mice treated
with FA-IPX disks lost minimal weight during the first 24 hr (average <0.5% body
weight), in contrast to control groups which experienced more significant weight loss
(average 3-4% body weight). However, during the second half of the infective period,
FA-IPX treated mice experienced a drop in weight (average 3% body weight). We
speculate this is because the FA in the disks was depleted shortly after the 24 hr mark and
the remaining bacteria in the wound were able to proliferate and resume the infection
progression in the mice. From these results, we concluded that the FA-loaded PGX-SA
disks tested here reduce MRSA infection for at least 24 hr.

The TIG-iPX disk treatment resulted in clearing of the bacterial inoculum in its
entirety. TIG’s slightly higher aqueous solubility than FA, albeit still minimal (FA: 0.005
mg/mL, TIG: 0.45 mg/mL), translates to similar SC-CO:z solubilization levels,
respectively”™. Therefore, the SC-AP stream impregnates more TIG than FA. This is
likely the reason the TIG-iPX disks were more effective in clearing the MRSA inoculum
and preventing infection. Minimal weight loss in treated animals in the first 24 hr
(average <1% body weight) followed by weight gain (average >1% body weight)
suggests that the TIG-iPX disks continue to deposit drug and ward off bacterial
colonization for the length of the infective period. Lastly, the spleen CFU counts support
this conclusion, as all but one experimental animal had no bacteria present in the spleen.
Together, these results demonstrate not only the success of the PGX/SC-AP technologies

in producing effective wound infection therapies but confirm their ability in addressing
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the need for tunable and tailor-made products necessary for the treating wound infection
variability.

Treatment with the POEGMA nanoparticle and hydrogel system resulted in
similar therapeutic efficacy. Mice receiving FA-SAP-POEGMA gels exhibited a
retention of inoculum-level MRSA counts after the 48 hr treatment period. However, in
contrast to the iPX vehicle-treatment group, POEGMA vehicle-treatment animals had no
drop in MRSA CFU in comparison to the untreated group. This follows our
aforementioned hypothesis: the POEGMA gels are a water-based system and have little
swelling capacity so they are not able to retain bacteria-containing wound fluid as the iPX
disks do. Although the variance in weight loss between treated and untreated groups is
not significant, mice treated with FA-SAP-POEGMA gels experienced the least weight
loss. From these results, conclude that FA-SAP-containing POEGMA can prevent MRSA

infection for at least 24 hr.

Future directions

To further develop the potential of drug-impregnated polymer hydrogels as an
antimicrobial scaffold, the following have been recognized as necessary future steps.
(1) LC/MS quantification of TIG loading levels in iPX disks

This report includes quantification of FA levels in the first set of iPX products. To
expand on the efficacy of our disks and understand the variability and interactions
between different compounds and the SC-AP system, drug quantification of the TIG

disks is a critical next step. After the development of a standard curve of TIG
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concentrations in relevant media, LC/MS techniques will be used to extract and analyze
the levels of TIG in the TIG-iPX disks.
(2) Evaluating the application of iPX disks and POEGMA gels in chronic and other long-
term compromised wounds

Using a 48 hr infection model, we investigated the potential of two novel wound
therapies in acute and/or short-term wound infections. To expand upon this proof of
concept and broaden the possible patient pool for these products, a long-term or chronic
wound model could be employed. Several research groups have successfully developed
chronic wound infection models’®7’. Re-evaluation and modulation of the treatment
regime will be necessary to account for the increased length of the infection and other
differences. For the iPX therapy, replacement of the disks will likely be necessary during
the course of the infection. This method could then also be applied to polymicrobial
infections; disks containing varying anti-infective compounds could be alternated to
target any and all pathogens present, or a disk loaded with a combination of compounds
could be used. For the POEGMA hydrogels, both SAP content and/or the gel’s physical
properties could be adjusted to control release of bioactive into the wounds. Comparative
in vivo studies of our proposed therapeutics and the current standards of care in the
wound-healing sector should be performed. Common wound-treatment approaches
include topical formulations, such as ointments and creams, oral drugs and other systemic
methods of antibiotic delivery, and even natural antimicrobials such as essential oils or
honey. Further studies are needed to demonstrate how our proposed therapies compare to

well-established options.
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(3) The role of drug release kinetics from iPX and POEGMA products and the
implication of wound geography

While our work demonstrates the successful delivery of antibiotic compounds to
compromised wound beds, it is not yet clear how the compound progresses through the
geography of the wound. It would be valuable to investigate how the infective pathogen
(in this case MRSA) colonizes the wound to better understand how the bacteria and drug
delivery system interact. A bioluminescent MRSA strain (such as Xen31, a derivative of
ATCC 33591), coupled with fluorescent imaging, could be employed to monitor the
development of infection’®. With an understanding of where and how the inoculum
colonizes in the wound, aspects of the therapeutic products or treatment regime could be
adjusted to better align with the specifics of each wound. Alternatively, histological
analysis of the infected wound tissue could reveal infection progression, as well as
provide key insight into the body’s natural immune response in these situations’.
(4) The implications of wound-site drug release on inflammation

Another important aspect yet to be investigated is whether either of the proposed
wound therapies have anti-inflammatory or otherwise adverse implications on the healing
process’®. Previous work has shown that glucocorticoid treatment impairs wound healing
by suppressing the natural inflammatory stage of the wound-healing process®.
Histological staining and examination of local and/or infected tissue could be employed
to reveal inflammatory and immunological cell infiltration in those areas. BALB/c mice
would be prepared with the same full-thickness, excisional wound and MRSA inoculum.

Six experimental groups would be necessary to fully elucidate any off-target effects of
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the  therapeutics: uninfected-untreated  wound, uninfected+vehicle  disk,
uninfected+treatment disk, infected-untreated wound, infected+vehicle disk, and

infected+treatment disk.

Conclusion

The need for novel wound care technologies is intensified by (1) the rate of AMR
development and (2) the failure of promising bioactive compounds due to inherent
physicochemical liabilities. The variability of infected wounds further emphasizes the
necessity of tunable and efficient therapeutics to target these compromised sites. Our
work demonstrates the potential of two novel, drug-loaded hydrogel and bioaerogel
products to address the current needs in the wound care space. Through the evaluation
and characterization both iPX disks and POEGMA gels in vitro and in vivo, we suggest

that these products may provide attractive options as infected-wound therapeutics.

Experimental Procedures

Preparation of bacteria

Staphylococcus aureus Rosenbach strain USA 300 was inoculated from a -80°C
glycerol stock into ~5 mL LB and cultured for 16-18 h. One mL of the overnight culture
was transferred into 50 mL fresh LB and allowed to subculture to stationary phase (~2.5
— 3h) or an ODeoo = 0.4-0.6. The culture was then transferred to a 50 mL conical tube and
pelleted at 4000 x g for 5 min. The supernatant was discarded and the pellet was

resuspended in 10 mL PBS. This wash was repeated once more and then a 1:10 dilution
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was made to measure the ODeoo Of the resuspended inoculum. The culture was then

diluted to needed inoculum levels depending on the experimental procedure.

Disk diffusion assays

An overnight culture of Staphylococcus aureus Rosenbach strain USA 300 was
grown in LB. A sterile inoculum loop was used to transfer and spread ~10 uL of bacterial
culture onto prepared LB agar plates. Treatment disks were immediately placed in
triplicate on plates, along with a control (blank) disk. Plates were inoculated at 37°C for
16-18 h. Zones of growth inhibition were examined and measured in anticipation of

successful drug diffusion from iPX and POEGMA gels in vivo.

Full thickness murine skin wound model

Animal experiments were conducted according to the guidelines set by the
Canadian Council on Animal Care, using protocols approved by the Animal Review
Ethics Board and McMaster University under Animal Use Protocol #20-12-41. 6-8 week
old, female BALB/c mice (Charles River Laboratories) were anesthetized using inhalant
isoflurane. Buprenorphine (0.1 mg/kg) was administered intraperitoneally and eye gel
was applied pre-procedure. A 2 cm? patch was clipped of hair on the dorsal surface and
sterilized using a povidone-iodine wash. A plastic washer (6 mm inner diameter) was
sutured in place and furthered glued down using Vetbond for reinforcement. A 5 mm
diameter, full-thickness, excisional wound was created using a biopsy punch. Wounds

were immediately infected with a bacterial inoculum of ~5x10"6 CFU Staphylococcus
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aureus USA 300 suspended in PBS. The infection was left to establish for one hour prior
to placement of treatment gel or disk.

The experimental period was 48 h, during which mice were monitored for wound
bed humidity, weight change, and overall well-being at the 24 h and 48 h marks. Mice
were euthanized at experimental endpoint of 48 h. Infected wound tissue and spleen
samples were collected post-mortem, homogenized in phosphate buffered saline (PBS),

and plated on LB plates supplemented with oxacillin to quantify bacterial loads.

Cyclophosphamide pre-treatment in mice

Mice were treated with CP in a two-dose regime on days T-4 and T-1 prior to
infection. On day T-4, mice were weighed and injected with 150 mg/kg CP
intraperitoneally. On day T-1, mice were weighed and injected with 100 mg/kg CP
intraperitoneally. Mouse weight loss was monitored on both dosing days and daily

throughout the infective period.

Fabrication of PGX polymer scaffold

A solution of sodium alginate (SA) and calcium chloride (CaClz) were pumped
through a nozzle and mixed with the PGX fluid (SC-CO2 and ethanol) at 40°C and 100
bar. The resulting precipitated, crosslinked SA (xSA) was then dried using SC-COz2 to
obtain a purified, dried fibrous aerogel (PGX-SA). This material was then mechanically

compressed at 30 MPa to form a thin, porous film. 3/16-inch diameter disks, each
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weighing ~4.5 mg, were then punched from the film using a hole-punch mechanism.

Surface area measurements were conducted using gas sorption (~1 m? per disk)38.

Supercritical loading of bioactive into polymer carrier

Approximately 10 mg of the drug of interest (FA or TIG) was saturated and
solubilized within a stream of SC-CO2 in a 10 mL, high-pressure vessel inside a 40°C
chamber. The stream was then passed through a bed formed by the porous, PGX disks,
allowing the drug to be adsorbed into the inner pores and surface area of the disks at an
overall pressure of 200 bar. After 2 h of circulation, the vessel and its contents were
depressurized, resulting in the SC-CO2 converting to gaseous CO2 and the remaining
drug precipitating out of its solubilizing, supercritical carrier. This remaining drug was

then precipitated onto the outer surface area of the PGX-SA disks®’.

PLA-POEGMA nanoparticle synthesis

PLA-POEGMAu7s block polymers were synthesized and filtered in preparation
for nanoparticle fabrication using previously established protocols*®. Three mL of
acetone containing PLA-POEGMAu475 (10 mg/mL) was sonicated for approximately 1 h
at room temperature. Fusidic acid (0.8 mg/mL) was added directly to the
acetone/monomer solution for preparation of drug-containing SAPs. The slurry was
loaded into one syringe and 3 mL MilliQ H20 was loaded into a second syringe. The
nanoparticles were then generated through flash nanoprecipitation using a 3D-printed,

confined impinging jet mixer (CIJM) and a gas-pressurized pump. The entire contents of
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both syringes were flash-mixed and released into a glass collection vial containing 3 mL
MilliQ H20. The acetone solvent was evaporated overnight and the SAP suspension was
collected via centrifugation (30 min, 50,000 x g, 15°C). The pellet was then resuspended

in 2 mL MilliQ water in preparation for POEGMA gel loading.

POEGMA gel synthesis

Hydrazide- and aldehyde-functionalized POEGMA precursors were fabricated
using previously established protocols®. SAP-containing POEGMA gels were fabricated
using functionalized POEGMA monomers PO100H30 and PO100A30. The two
monomers were diluted to a specified concentration (15 w/v%) using the SAP-MilliQ
suspensions (drug-containing or blank). A one-to-one mixture of the two monomers was
mixed and immediately pipetted into silicone molds (35 pL per 5.2 mm diameter mold).
Gels were left to set in 4°C overnight (24 h before use). At time of wound placement,

gels were extracted from the molds using a sterile spatula and MilliQ H20.

LC/MS drug loading quantification
Drug-impregnated PGX disks

Impregnated iPX disks were prepared for drug quantification by alginate
degradation. Disks were dissolved in vials containing 6 mL 0.2M EDTA and 100 pL
0.1M alginate lyase for 30 min at 37°C. The hydrogel components were extracted via
precipitation by concentrated HCI and centrifugation (2000 x g, 5 min). The drug-

containing supernatant was isolated and drug was isolated using 3 replicate, 1 mL
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dichloromethane extractions. Extraction layers were combined and evaporated under
nitrogen before being resuspended in 1 mL acetonitrile containing 50 ng/mL FA-d6 or
TIG-d9 (deuterated fusidic acid or tigecycline). Sampled were sonicated and vortexed for
1 min to ensure thorough mixing.

Samples were quantified using HPLC (Agilent 1290 Infinity 11) and QQQ-MS
(Agilent 6495C iFunnel) under the following experimental conditions. Separation was
achieved with an analytical column (Agilent RRHD Eclipse Plus Cis): mobile phase —
(A) 0.1% (v/v) formic acid in H20 and (B) 0.1% (v/v) formic acid in acetonitrile, flow
rate — 0.3 mL/min, temperature — 30°C. Separation specifications: linear gradient — 5% to
97% B over 7 min, held at 97% B for 0.5 min. Mass spectrometer: drying gas flow rate —
11L/min, drying gas temperature — 290°C, nebulizer pressure — 30 psi, sheath gas flow
rate — 11L/min, sheath gas temperature — 300°C, capillary voltage — 2000V, nozzle

voltage — 1500V, acquisition rate — 1.23 cycles/s.

SAP-containing POEGMA gels

POEGMA gels containing FA were soaked in 5 mL of simulated wound fluid
(SWF), triggering dissolution of the drug particles from the polymer matrix. 500 pL
samples were taken at time points ranging from T+1 hour to T+7 days. After each sample
collection, a 500 pL aliquot of fresh SWF was replaced in the sample tube. A volume of
50 uL of each collected sample was loaded into a microcentrifuge tube. Two hundred pL
of ice-cold acetonitrile + 0.1% formic acid and 62.5 ng/mL of fusidic acid-d6 was then

added to each sample tube. The tubes were vortexed for 1 min and then centrifuged at
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18,000 x g for 15 min to pellet the precipitated BSA. One hundred pL from the top of the
sample was removed and diluted 100x with acetonitrile + 0.1% formic acid and 50 ng/mL
fusidic acid-d6. Samples were prepared in triplicated and injected in duplicate.

Samples were quantified through HPLC (Agilent 1290 Infinity 1) and QQQ-MS
(Agilent 6495C iFunnel). Separation was achieved with an analytical column (Agilent
RRHD Eclipse Plus Cis): mobile phase — (A) 0.1% (v/v) formic acid in H20 and (B)
0.1% formic acid in acetonitrile, flow rate — 0.3 mL/min, temperature — 30°C. Separation
specifications: linear gradient — 5% to 97% B over 7 min, held at 97% B for 0.5 min.

Electrospray ionization (ESI) was used for multiple reaction monitoring and
quantification of analytes under the following specifications: drying gas flow rate — 11
L/min, drying gas temp. — 290°C, nebulizer pressure — 30 psig, sheath gas flow rate — 11
L/min, sheath gas temp. — 300°C, capillary voltage — 2000 V, nozzle voltage — 1500 V,

acquisition rate — 1.23 cycles/sec, retention time — 8.46 min.
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Figures

Figure 1: Full-thickness, murine skin-wound model of infection. After preparation
(clipping) and sterilization of the dorsal surface, a 6mm excisional wound was created
using a biopsy punch (a). To prevent wound contraction, a sterile plastic washer (6 mm
inner diameter, 11 mm outer diameter) was fastened to the skin around the wound via
suture and skin adhesive (Vetbond) (b). A prepared inoculum of bacteria was
administered via pipetting directly into the wound site (c). A round adhesive film (Opsite,
~13 mm diameter) was used to cover the wound/washer area and entrap wound humidity
(d). After 1 h the treatment disk or gel was placed inside the washer and wound area,
under the adhesive layer (e). During harvesting, all necrotic and visibly infected tissue

was extracted for post-mortem analyses.
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Figure 2: Cyclophosphamide pre-treatment is not necessary for establishing MRSA
infection in mice. Female BALB/c mice, both pre-treated with CP (n=5, circle) or not
pre-treated (n=5, triangle), were given full-thickness skin wounds inoculated with ~5x108
CFU MRSA (S. aureus Rosenbach, USA 300). Post-infection skin tissue and spleen
bacterial counts were analyzed and expressed as CFU per gram tissue with the mean,
along with starting inoculum dose (dashed, horizontal line) (A). Weight change was
monitored on days T-4, T=0, and T+1, where T=0 represents the time of infection and
T+1 represents the time of sacrifice. Weight change is represented as average % body
weight lost since previous point of measurement for each group, along with standard
error of the mean (SEM) (B). These data represents two independent replicates, one of 2

mice per group and another of 3 mice per group.
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Figure 3: Disk-diffusion assays reveal FA- and TIG-iPX disks and FA-POEGMA
gels are homogenously loaded. iPX disks impregnated with FA (A) and TIG (B) and
POEGMA gels containing FA-SAPs (C) were placed in triplicate on agar plates
inoculated with MRSA (S. aureus Rosenbach, USA 300). Each plate contained one blank
control disk or gel, shown in the lower-left corner on each image. The plates were

incubated for 16-18 hr at 37°C and before being evaluated and imaged.
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Figure 4: Drug-impregnated iPX disks reduce MRSA wound colonization. Female,
BALB/c mice were subjected to the full thickness wound procedure mentioned
previously, and inoculated topically with ~5x106 CFU MRSA (S. aureus Rosenbach,
USA 300). Mice received either no disk (circle), vehicle PGX disks (square), FA-iPX

disks (triangle), TIG-iPX disks (diamond), or FA-AZT-iPX disks (open circle), 1 h after

Days Since Infection (T=0)
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inoculation. After 48 h, bacterial colonization was evaluated in infected skin tissue and
spleen samples and is expressed in CFU/g tissue along with the mean (A). Dashed
horizontal line represents inoculum dose. Weight change and animal condition was
monitored daily and represented by average % body weight change since previous time
point for each group, with SEM (B). These data represent two independent experiments
for each treatment group, with n=8 for each group. Statistical significance was
determined using a non-parametric Kruskal-Wallis test (ns-no significance, *P<0.05,

**P<(,01, ***P<0.001).
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Figure 5: FA-SAP-containing POEGMA gels reduce MRSA wound colonization.
Female BALB/c mice were subjected to a full thickness wound procedure and inoculated
topically with ~5x10® CFU MRSA (S. aureus Rosenbach, USA 300). Mice received

either no gel (circle), drug-free SAP-POEGMA gels (square), or FA-POEGMA gels
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(triangle), 1 h after inoculation. After a 48 h treatment period, bacterial colonization was
evaluated in infected skin tissue and spleen samples and is expressed in CFU/g tissue
along with the mean (A). Dashed horizontal line represents inoculum dose. Weight
change and animal condition was monitored daily and is represented by average % body
weight lost since previous time point for each group, with SEM (B). Thesse data
represent one independent experiment for each treatment group, with n=8 for each group.
Statistical significance was determined using a non-parametric Kruskal-Wallis test (ns-no

significance, *P<0.05, **P<0.01, ***P<0.001).
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A
Sample ID Spike Level FA % Recovery

QC1 20 ug 49%

QC2 20 ug 50%

QC3 20 g 43%

Average 47%

SD 3%

B
Sample ID Description Amount FA (mg)*

Disk 1 Hydrogel disk 1, weight 4.6 mg 0.0049
Disk 2 Hydrogel disk 2, weight 4.4 mg 0.0057
Disk 3 Hydrogel disk 3, weight 3.7 mg 0.0046
Average 0.0051

*Amount has been adjusted to account for 47% recovery.

Figure 6: HPLC/MS quantifies drug-loading levels of iPX disks. Triplicate control

samples were used to prepare a standard curve to estimate FA recovery by the LC/MS

protocol used. Three 20 pg-spiked samples were measured and FA recovery is expressed

as % of total spike amount, with average and standard deviation (A). Triplicate FA-iPX

disks were then prepared and analyzed for loading amounts. Data are represented as total

amount FA detected per disk, adjusted to account for 47% recovery levels in QC trials,

with average (B).
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Appendix

Methods
Fabrication and in vitro testing of thiostrepton (TS) and fusidic acid/azidothymidine
(FA/AZT)-iPX disks

PGX-SA material was generated and impregnated with TS or FA as previously
described. FA-iPX disks were soaked in a 20 mg/mL solution of azidothymidine (AZT)
in MilliQ H20 for 10 seconds prior to placement onto plate. Treatment disks were placed
in triplicate on LB-agar plates inoculated with MRSA (S. aureus Rosenbach strain USA
300), along with a control (blank) disk. Plates were inoculated at 37°C for 16-18 hours.
Zones of growth inhibition were qualitatively examined to anticipate successful drug

diffusion from iPX disks in vivo.

In vivo testing of TS and FA/AZT disks

The excisional wound model was carried out as previously described for both TS
and FA/AZT iPX disks on 6-8 w/o female, BALB/c mice (Charles River Laboratories).
FA-iPX disks were soaked in a 20 mg/mL solution of AZT in MilliQ H20 for 10 seconds
prior to placement into infected wounds. Infected skin tissue and spleen samples were
harvested post-mortem for bacterial CFU quantification. Weight change was monitored

during the course of the infective/treatment period.
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MRSA growth curves

TIG collected from the SC-AP vessel post-impregnation (iTIG) was evaluated for
loss of activity as compared to standard, purified TIG. An overnight culture of MRSA (S.
aureus Rosenbach strain USA 300) grown and subcultured 1:500 in 15 mL LB. 100 uL of
the subculture was added to columns 2-11 in a 96-well plate. 256 pg/mL stocks were
prepared of sodium fusidate (SF), oxacillin (OX), TIG, and iTIG using the subcultured
MRSA in LB. 200 pL of each compound stock was added to column 1 of different rows
on the 96-well plate. A serial dilution was carried out between rows 1 and 11, resulting in
antibiotic concentrations ranging from 256 ug/mL to 0.25 ug/mL. Column 12 was used as
a blank and contained no antibiotic or bacteria. The plate was read using an Epoch
Microplate Spectrophotometer and BioTek Gen5 software under the following protocol:

shaking incubation at 37°C for 24 hrs, ODeoo measurement taken every 30 min.

Results

In vitro tests show successful loading and deposition of TS and FA/AZT by iPX disks
The same disk diffusion assays introduced previously were utilized to determine

loading success of TS and FA/AZT disks. Both products displayed successful and near-

homogenous loading of antibiotics compounds as evident by consistent zones of

inhibition between treatment disks (Figure 7). TS iPX disks had an average inhibitory

zone diameter of 23 mm and FA/AZT disks had an average inhibitory zone diameter of

24.7 mm.
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Figure 7: Disk-diffusion assays reveal TS- and FA/AZT-iPX disks are homogenously
loaded. iPX disks impregnated with TS (A) and FA/AZT (B) were placed in triplicate on
agar plates inoculated with MRSA (S. aureus Rosenbach, USA 300). Each plate
contained one blank control disk, shown in the lower-left corner on each image. The

plates were incubated for 16-18 hr at 37°C and before being evaluated and imaged.

Neither TS- nor FA/AZT-iPX disks effectively prevent MRSA colonization in vivo
The full-thickness skin wound model previously introduced was utilized to
evaluate success of TS- and FA/AZT-iPX disks as drug delivery vehicles in compromised
wounds. Treatment disks were placed in wound beds 1hr post-infection (~5x10® CFU
inoculum) and left to deposit drug for 48 hours. Both disks were unsuccessful in
preventing the colonization of MRSA in the wound. Mice that received the TS-iPX disks

displayed similar wound CFU counts to those receiving the vehicle disks (TS mean:
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6.6x10" CFU, vehicle mean: 1.0x108 CFU). Mice that received the FA/AZT-iPX disks
had near-identical wound CFU counts to untreated mice (FA/AZT mean: 3.0x108 CFU,
untreated mean: 2.9x108 CFU). There is no significance between any skin tissue data sets

or spleen data sets (Figure 8). .
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Figure 8: In vivo model results suggest TS- and FA/AZT-impregnated iPX disks are
unsuccessful in preventing MRSA wound colonization. Female, BALB/c mice were
subjected to the full thickness wound procedure mentioned previously, and inoculated
topically with ~5x10® CFU MRSA (S. aureus Rosenbach, USA 300). Mice received
either no disk (circle), vehicle PGX disks (square), TS-iPX disks (triangle), or FA/AZT-
iIPX disks (diamond), one hour after inoculation. After a 48hr treatment period, bacterial
colonization was evaluated in infected skin tissue and spleen samples and is expressed in

CFU/q tissue along with the mean (A). Dashed horizontal line represents inoculum dose.
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This data represents independent experiments for each treatment group, with n=8 for each
group. Statistical significance was determined using a non-parametric Kruskal-Wallis test

(ns-no significance, *P<0.05, **P<0.01, ***P<0.001).

SC-AP processing and solubilization does not alter the activity of, or destabilize
TIG.

A 24-hour growth curve was used to evaluate activity differences between
standard and processed TIG. MRSA growth curves under TIG MIC and sub-MIC
concentrations (0.5 and 0.25 ug/mL, respectively) exhibit no difference in level or
trajectory of expansion. At a concentration of 0.25 pug/mL for both TIG and iTIG, the
MRSA culture enters its exponential phase at around 12 hours. At a concentration of 0.5
ug/mL, both cultures undergo no expansion during the entirety of the experiment. These
results preliminarily suggests that there are no discernable, qualitative differences in

antibiotic activity between TIG and SC-AP-processed TIG.
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Figure 9: Growth curves reveal SC-AP solubilization and impregnation has no
destabilizing effects on TIG. A 24-hour growth curve was used to evaluate antibiotic
effects on a liquid MRSA culture. ODesoo measurements of cultures containing OX
(green), TIG (dark blue and orange), iTIG (red and light blue), and SF (black) at various
concentrations are shown as a function of time. SF and OX were used as positive and

negative controls, respectively.
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