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ABSTRACT
Ocular diseases represent a significant challenge to visual health and contribute substantially
to the global burden of disease. The World Health Organization estimates that over 2.2 billion
individuals worldwide suffer from vision impairment, with corneal opacities accounting for
approximately 6 million cases and contributing to 1.5-2.0 million instances of unilateral
blindness annually. Microbial keratitis (MK) emerges as a leading cause of corneal
opacification, posing serious public health implications and adversely affecting quality of life.

MK can arise from fungal, bacterial, or viral etiologies, with fungal keratitis frequently
associated with elevated rates of blindness. Notable fungal pathogens such as Fusarium,
Aspergillus, and Candida species present considerable therapeutic challenges due to the
limitations of existing antifungal treatments, which often suffer from issues related to low
solubility, inadequate tissue penetration, and high toxicity. Similarly, bacterial keratitis,
primarily attributed to Staphylococcus spp. and Pseudomonas aeruginosa, is further
complicated by the rising prevalence of antibiotic resistance. Collectively, these challenges
highlight the urgent need for innovative therapeutic strategies in ocular medicine.

Membrane-active peptides (MAPs) have emerged as promising candidates for
addressing these limitations. MAPs are a diverse class of short, often cationic, peptides that
interact with biological membranes, either disrupting them to exert antimicrobial effects or
translocating through them to deliver therapeutic cargo. Two prominent subclasses of MAPs
are antimicrobial peptides (AMPs) and cell-penetrating peptides (CPPs). AMPs are known for
their broad-spectrum antimicrobial activity, typically by compromising membrane integrity,
while CPPs are primarily recognized for their ability to traverse cell membranes and facilitate
intracellular delivery of various molecules. Notably, the distinction between AMPs and CPPs
is increasingly recognized as fluidic, with many peptides exhibiting both antimicrobial and
cell-penetrating properties due to shared physicochemical traits such as amphipathicity,
cationicity, and the ability to adapt helical structures.

This thesis explores the therapeutic potential of these multifunctional peptides, focusing
on Corneal Targeting Sequence 1 (CorTS 1) and its novel derivatives for the treatment of
keratitis caused by Fusarium dimerum and Pseudomonas aeruginosa.

In the initial phase of the study, CorTS 1 was assessed for its antifungal efficacy against
Fusarium Xkeratitis. The peptide demonstrated significant inhibition of Fusarium dimerum
hyphal growth through modulation of membrane permeability in vitro. Additionally, it
exhibited successful trans-epithelial penetration in rabbit eyes and effectively treated keratitis

induced by Fusarium spp. in a murine model. With its corneal-targeting characteristics and

Vi



favourable solubility profile, CorTS 1 showed considerable promise as a therapeutic candidate
for late-stage deep stromal fungal keratitis.

In the subsequent phase of the study, novel derivatives of CorTS 1 were developed to
broaden its antimicrobial spectrum and enhance efficacy against Gram-negative pathogens.
Among these derivatives, CorTS 1 Derived Antimicrobial Peptide 2 (CDAP 2), characterized
by a highly a-helical structure, exhibited potent bactericidal activity against both Gram-positive
and Gram-negative bacteria including Staphylococcus aureus, S. epidermidis, methicillin-
resistant S. aureus (MRSA), Pseudomonas aeruginosa, multidrug resistant P. aeruginosa and
carbapenem-resistant Acinetobacter baumannii, while demonstrating minimal cytotoxicity to
human corneal epithelial cells. Mechanistic investigations revealed that CDAP 2 exerts its
antimicrobial effects through the induction of oxidative stress and membrane permeabilization
in P. aeruginosa. Beyond its antimicrobial properties, CDAP 2 displayed successful cellular
internalization and cargo delivery in human corneal epithelial cells, indicating its dual role as
both a therapeutic agent and a nanocarrier for ocular drug delivery.

These findings position CorTS 1 and its derivative CDAP 2 as novel peptide-based
therapeutics with significant potential for effective management of fungal and bacterial

keratitis.
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(DOTA (1,4,7,10-Tetraazacyclododecane-1,4,7,10-tetraacetic acid))
Membrane Active Peptides

Model Amphipathic Peptide

Melanoma Antigen 1

Multi Drug Resistant

Methicillin-Resistant Staphylococcus aureus
Microbial Keratitis

Milligrams

Minimum Inhibitory Concentration

Minimum Bactericidal Concentration

Matrix metalloproteinase-9

Minute

Milliliter

Millimolar

Multi-drug Resistance Protein

Mueller Hinton Broth

Mitochondrial DNA
3-(4,5-Dimethylthiazol-2-yl)-2,5-Diphenyltetrazolium Bromide
Membrane Translocating Sequence

Multivariant Penetratin
9,9'-(2,2'-Dipyridylamino)-9H,9'H-3,3"-bicarbazole
National Clinical Trial number

Newcastle Disease Virus-derived Neuropeptide 5.7
Nuclear Factor kappa-light-chain-enhancer of activated B cells
Nuclease Free Water

Normal Human Conjunctival Cells

National Institute of Biologicals

Nanometer

Nitric Oxide
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NPs
NPDR
NRFU
OD
OH-CATH 30
Oxal

PK
PACAP
PAS
PDA
PDB
PEG
PBS
PGIMER
PI
PLGA/PEI
PMNs
PMOs
PDA
POD
PRR
PDR
rthNGF
RIPA
RNA
ROS

Nanoparticles

Non-proliferative diabetic retinopathy
Normalized Relative Fluorescence Unit
Optical Density

Odorranine Heptad-Cathelicidin 30
Oxaliplatin

Penetrating keratoplasty

Pituitary Adenylate Cyclase-Activating Polypeptide
Penetration Accelerating Sequences
Potato Dextrose Agar

Potato Dextrose Broth

Polyethylene Glycol

Phosphate Buffered Saline

Postgraduate Institute of Medical Education and Research

Propidium lodide

Poly (lactic-co-glycolic acid) / Polyethylenimine
Polymorphonuclear Neutrophils
Phosphorodiamidate Morpholino Oligomers
Potato Dextrose Agar

Peptide for Ocular Delivery
Pattern-Recognition Receptors

Proliferative diabetic retinopathy
recombinant Human Nerve Growth Factor
Radioimmunoprecipitation Assay
Ribonucleic Acid

Reactive Oxygen Species

Reverse Osmosis

Revolutions per minute

Retinal Pigment Epithelial cells

Roswell Park Memorial Institute

Retinal Ganglion Cells

reactive oxygen species

Room Temperature

XiX



SD Standard Deviation

SEM Scanning Electron Microscopy

SDS Sodium dodecyl-sulfate

SLRPs Small Leucine Rich Proteoglycan

SIM Structured Illumination Microscopy

SMAP-29 Sheep Myeloid Antimicrobial Peptide 29

STAT 3 Signal Transducer and Activator of Transcription 3
Tp4 Thymosin 4

TAT Transactivator of Transcription

TADF Thermally Activated Delayed Fluorescence

Taty TAT Dimer

TFE Trifluoroethanol

TLR Toll-like Receptor

TNF Tumor Necrosis Factor

ToAP2 Tityus obscurus Antimicrobial Peptide 2

TRP 1 Tyrosinase-Associated Protein 1

TUNEL Terminal deoxynucleotidyl transferase dUTP nick end labeling
UM Uveal Melanoma

USA United States of America

uv Ultraviolet

UVA Ultraviolet-A

VEGF Vascular Endothelial Growth Factor

VRE Vancomycin-resistant Enterococci

VISA Vancomycin-intermediate resistant Staphylococcus aureus
VIP Vasoactive Intestinal Peptide

VGCV Valganciclovir

WHO World Health Organization
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