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Summary

Polymeric nanofibers have demonstrated great potential as a platform for many
biomedical applications due to their unique properties such as high porosity, strong
mechanical properties, , high surface area in addition to their ability for incorporating drugs or
bioactive factors for sustained release and localized drug delivery. The combined features of
nanofibrous matrices promoted their use for wound healing, anti-tissue adhesion, tissue
engineering and other biomedical applications.

Applying the principles of drug delivery technology, we aimed to develop an a novel
anti-microbial-loaded nanofibers for the application in various biomedical applications such
as promoting healing of infected wounds, prevention or reduction of post-surgical tissue
adhesion and development of medicated stents, sutures and other implants. The selected drug
was methylene blue that exerts antimicrobial activity that can be enhanced by application of
light in what is called Antimicrobial Photodynamic Therapy (APDT) .The current thesis is
presented in four chapters.

1. Chapter One: Development of novel methylene blue-loaded polyhydroxybutyrate
nanofibers for biomedical applications

This chapter was concerned with the development of methylene blue (MB)-loaded
polyhydroxybutyrate (PHB)-based nanofibers that would be used for two different biomedical
applications throughout the thesis. The developed fibrous matrices were then examined for
their anti-tissue adhesion effect (in Chapter Two). Enhancement of the antimicrobial by the
aid of APDT was examined (in Chapter Three) and used (in Chapter Four) as wound dressing
for infection control and enhancement of wound healing

Novel MB-loaded PHB-based nanofibers were prepared by emulsion electrospinning
with targeted pharmaceutical attributes in terms of drug incorporation efficiency, release
pattern and degradability. The effect of experimental wvariables including: emulsion
formulation, polymer concentration and drug loading on morphology, incorporation
efficiency and release were investigated. Attempts to modulate the behavior of the developed
systems including blending with PEG 4000 were done. The developed nanofibers were
characterized by using SEM, DSC, FT-IR, and assessment of drug entrapment efficiency,
drug release and polymer degradation. Different formulas have been developed with high
incorporation efficiency and average fiber diameter ranging from 400 to 600 nm for the MB
loaded ones. Two of them have been selected for further biological applications. They were
MB-loaded PHB and PHB/PEG (60/40) nanofibers. They both have high incorporation
efficiency almost 100% but they differ in term of hydrophilicity, drug release behavior and
matrix degradation. They were designed for two different biomedical applications. As the
hydrophilic formula showed a faster initial drug release that could prevent the proliferation of
early intruding bacteria, it was tested for its antibacterial activity in vitro against 2 bacterial
strains; MRSA and S.aureus. The effect of the antibacterial nanofibers on bacteria was
investigated by viable count technique. The effect of electrospinning on drug antibacterial
activity was assessed using the agar diffusion method and proved that MB activity was not
affected during the drastic environment of electrospinning.
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2. Chapter Two: Tissue anti-adhesion potential of selected polyhydroxybutyrate
biomaterials in a rat model

Chapter two was concerned with the investigation of the ability of PHB-based
membranes to reduce the post-surgical peritoneal adhesion induced in rat model. MB can
induce dual effect for prevention of tissue adhesion through its antimicrobial effect and the
direct anti-tissue adhesion effect. So, MB-loaded nanofibers exert a dual effect for reduction
of adhesion; as a physical barrier and as a carrier of anti-adhesive pharmacological adjuvant.
The formed adhesions were assessed macroscopically through scoring in terms of type,
tenacity and extent of adhesion bands formed , and by histological examination .While, the
implants retrieved after animal scarification were assessed for changes in their physical
properties and microscopically by SEM to examine cell growth and attachment to their
surfaces. The results showed a good ability for PHB nanofibers to reduce the formation of
adhesion bands, while PHB/PEG blended nanofibers were not recommended for the anti-
tissue adhesion application, as the leaching of PEG allows for larger pore formation and cell
infiltration; however this property is excellent for tissue engineering scaffold applications.
However, it was observed that loading of PHB/PEG nanofibers with MB rendered it able to
reduce tissue-adhesion formation. The striking reduction in peritoneal adhesion was obtained
by using MB-loaded film. The smooth surface of the film completely prevent cell adherence
as examined by SEM. The histological examination of the injured tissue showed a great
reduction in inflammation and leukocytes infiltration. That result was further assured by
differential WBCs count in peripheral blood that showed neutropenia.

3. Chapter Three : Methylene blue-eluting nanofibers as a potential biomaterial for
antimicrobial photodynamic therapy (APDT)

Chapter three aimed to enhance the antibacterial activity of MB-loaded nanofibers by the
application of activating red light for APDT. The developed system consisted of the MB-
loaded nanofibers and the light of optimum wavelength and fluence were examined for its in
vitro photobioactivity. Its response to light was assessed by measuring light transmission
through the fibrous matrix which showed opaque nature that could protect the encapsulated
photosensitizer. For MB to be activated by light, it should be first released from the matrix.
The effect of light fluence on singlet oxygen production by the released MB was assessed
using uric acid as a quenching agent. Increasing the light fluence up to 300 J/cm® would result
in more singlet oxygen production which has antibacterial destroying effect. MB-loaded
nanofibers were tested for their photodynamic antibacterial activity using red LED at 650 nm
which revealed bactericidal activity. Antimicrobial profile of the light activated nanofibers
revealed that the tailored MB release profile is well suited with a high initial burst proved to
be sufficient for the application of APDT then a slower release rate that did maintain the
antibacterial effect of MB 1n dark.

4. Chapter Four : Methylene blue-eluting nanofibers for antimicrobial photodynamic
therapy (APDT) of infected wounds in immunocompromized rats

APDT has an advantage over the traditional treatment by antibiotics, in term of no
development of antimicrobial resistance. PHB/PEG nanofibers provide the required properties
to enhance wound healing in terms of high hydrophilicity, fluid uptake and good cell
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attachment. So, MB-loaded nanofibers would provide a unique dual effect which made it
necessary to test it against a challenging model of infected wound. S. aureus infected wounds
were induced in cyclosporine A- immunosuppressed rat model. Wounds were irradiated with
red LED at 650 nm after eluting a suitable amount of MB from the fibrous mats. The wound
healing properties of MB-loaded PHB/PEG nanofibers was assessed by microbiological and
morphological examination. Application of MB-loaded nanofibers with multiple irradiation
resulted in accelerated wound healing of better quality and no scar formation on the
macroscopic scale. The results are due to enhanced re-epithelization and granular tissue
formation as revealed by histological examination. APDT has also succeeded to eradicate the
infective bacteria. At the molecular level, examination of VEGF, PDGF, COX-2 and TNF-a
levels by RT-PCR showed a great potential of MB-loaded PHB/PEG NFs combined with
APDT to enhance wound healing.
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