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ABSTRACT

Blindness and vision impairment remains a major health concern in developing countries with
more than 2 billion people visually compromised globally. In India, corneal opacities (8.2%)
are the second leading cause of blindness among people of age 50 years and above. Major risk
factors of corneal opacities include infectious and non-infectious keratitis, xerophthalmia,
keratoconus, trauma, and few inherited and inflammatory disorders. Out of total visually
compromised population, atleast 1 billion have preventable blindness owing to accurate
diagnosis and timely management of ocular disorders. Present study aims at developing
alternate strategies for efficacious management of fungal keratitis and keratoconus than the
existing therapeutic regimes and also reduction in treatment duration as compared to the

standard treatment protocols.

One of the approaches to increase therapeutic efficiency of any treatment protocol is to enhance
the bioavailability of active drug molecules that will subsequently lead to reduced treatment
duration and increased patient compliance. In past few decades, several nanocarrier mediated
drug delivery strategies have been investigated. Cell penetrating peptides (CPPs), with an
ability to translocate themselves across the cell membranes, have emerged as promising drug
delivery vehicles for the management of various diseases including ocular disorders. Since the
path breaking discovery of TAT, numerous CPPs have been designed and developed for their
potential therapeutic applications in vitro and in vivo. The present study aims at assessing the
potential of an established cell penetrating peptide, Tat, for efficacious management of fungal

keratitis and keratoconus.

First part of the study investigates tissue penetration ability as well as antifungal efficacy of a
CPP (Tat2) conjugated standard drug (Natamycin) used for the treatment of fungal keratitis.
Natamycin is the only FDA approved drug that is used as a first line of treatment for fungal
keratitis caused by filamentous fungi, however natamycin is known for poor corneal
penetration. To address this drawback, natamycin has been successfully conjugated with a cell
penetrating peptide, Tat2. Recently, we have shown the enhanced cellular uptake as well as
antifungal efficacy of Tat> conjugated natamycin (Tatznatamycin) in vitro. In the present study,
tissue penetration ability and antifungal efficacy of Tatznatamycin have been investigated and

compared with natamycin alone in vivo. Results have shown that Tatonatamycin exhibited five-

Vi



fold higher ocular penetration than natamycin alone when given topically. Complete resolution
of fungal keratitis in 44% of the animals in Tatonatamycin treated group as compared to only
13% of the animals in natamycin treated group further highlighted its increased antifungal
efficacy. Hence, this conjugate is a promising antifungal strategy with enhanced ocular

penetration as well as efficacy against selected fungal species.

In the second part of the study, cell penetrating ability of Tat> conjugated riboflavin has been
assessed in vitro. Dresden protocol, involving riboflavin as a photosensitizer, is used as a
standard therapy for the management of keratoconus. However, less ocular permeability of
riboflavin across corneal epithelial layer necessitates the removal of corneal epithelial layer
prior to the initiation of protocol. As a result of this, severe post-op complications including
pain, infections, sterile infiltrates, corneal haze etc., have been reported. In the current study,
we have conjugated a cell penetrating peptide, Tato, with riboflavin to enhance its cellular
penetration across human corneal epithelial cells in vitro. Significantly enhanced cellular
uptake of Tatoriboflavin, in addition to negligible cytotoxicity, was observed in human corneal
epithelial cell line. Upon quantification, Tatzriboflavin was found to enter more than 80 % of
the cell population as compared to approximately 0.1 % of the cells treated with riboflavin
alone. The study demonstrates the potential of Tatzriboflavin in modifying the standard
Dresden protocol with respect to the epithelial debridement step, paving way for the in vivo

studies.
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Mycotic Ulcer Treatment Trial

Nucleolin Binding Peptide

National Council for the Social Studies

Nano Emulsion

Nucleotide-binding oligomerization domain, Leucine rich Repeat and
Pyrin domain containing Proteins

Nanometre

Nucleotide-Binding Oligomerization Domain

Nanoparticle

National Programme for Control of Blindness & Visual Impairment
Hydroxyl group

Ocular Response Analyzer

Poly (Acrylic Acid)

Photoactivated Chromophore for Keratitis-Corneal Collagen
Crosslinking

Poly(Amidoamine)

Phosphate Buffered Saline

Poly Sulfone Capillary Fibre

Polycaprolactones

Potato Dextrose Agar

Potato Dextrose Broth

Photodynamic Therapy

Polyethylene Glycol

Paraformaldehyde

Polyglycolic Acid

Protease Inhibitory Cocktail

Penetrating Keratoplasty

Poly Lactic Acid

Polylactic-co-Glycolic Acid

Polymethyl Methacrylate
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POD
POE
PRR
PTD
PVA
RGP
RIPA
RNA
ROS
rpm
RVO
SCL
SD
SEM
SLN
SO
SODI
SPF
TAT
Tatz
TLR
TNF
TPK
USFDA/FDA
uv
UVA
VE-TPGS
Vi
WHA
WHO
ZNF

Peptide for Ocular Delivery

Poly Ortho Esters
Pattern-Recognition Receptors
Protein Transduction Domains

Poly Vinyl Alcohol

Rigid Gas Permeable
Radioimmunoprecipitation Assay
Ribonucleic Acid

Reactive Oxygen Species
Revolutions per minute

Retinal VVein Occlusion

Soft Toric Contact Lens

Standard Deviation

Scanning Electron Microscopy
Solid Lipid Nanoparticle

Singlet Oxygen

Soluble Ocular Drug Insert
Specific Pathogen Free
Transactivator of Transcription
TAT Dimer

Toll-like Receptor

Tumor Necrosis Factor
Therapeutic Penetrating Keratoplasty
U.S. Food and Drug Administration
Ultraviolet

Ultraviolet-A

Vitamin E- D-a-Tocopheryl Polyethylene Glycol 1000 Succinate
Visual Impairment

World Health Assembly

World Health Organization

Zinc Finger
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