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Research Group (OTRG) - Pharmaceutical & Molecular Biotechnology
Research Centre at South East Technological University

Laurence is the Principal Investigator of the Ocular Therapeutics
Research Group (OTRG), within the PMBRC, and the coordinator
of the EU-funded ORBITAL-ITN network. His research is focused
primarily on the development and production of novel therapeutics
to treat various chronic and acute diseases of the eye. This work
focuses on developing new nano- and micro-formulations,
investigating novel therapeutics and designing innovative drug
delivery platforms to improve patient outcomes and quality of life
issues for a range of ophthalmic conditions.

He is also the co-founder of OcuDel, a spin out of the South East
Technological University that develops advanced drug delivery
technologies.

Laurence received a BSc (Hons) Degree in Applied Chemistry with Quality Management and a PhD in polymer
and analytical chemistry from WIT in 2007 and 2011, respectively.
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Ocular Therapeutics Research
Group

Focus:

- Design and development of drug delivery
technologies for the treatment of ocular
disease



Ocular Therapeutics Research
Group

Focus:

- Design and development of drug delivery
technologies for the treatment of ocular
disease

- Multidisciplinary and intersectoral research
group working towards new therapeutics for
ophthalmic conditions



Global Impact of Ocular Disease

World Health Organisation and Global Vision Database:

e 2.2 billion people with a near or distance vision impairment
— Cataract: 94 million (15.2 m)
— Glaucoma: 7.7 million (3.6 m)
— Diabetic retinopathy: 103 million (3.9 m)
— Age-related macular degeneration: 170 million (1.8 m)
* Majority of people with vision impairment and blindness are
over 50
— Population growth and aging expected to increase the above numbers

e Significant impact on quality of life
* Considerable global financial burden



Ocular Anatomy



Anterior Segment Conditions

Dry eye disease (350 million people
worldwide)

Blepharitis
Ocular rosacea

Conjunctivitis



Ocular Anatomy



Conventional Routes for Ocular Drug Delivery









OTRG Areas of Focus

Contact lens

Nanoparticles

Hydrogels, oleogels

New/repurposed therapeutics

In vitro and ex vivo preclinical models
Patient-directed research
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Contact lens
Nanoparticles

In vitro and ex vivo preclinical models



Nanotechnology



OcuHealth: Nano-enhanced eye
drops for Dry Eye Disease
Aim:

To design and formulate a commercializable
eye drop formulation...

...based on biocompatible nanomaterials that

can treat Dry Eye at all stages of the “cascade of
inflammation”



US National Eye Institute — NIH






Liposomes and nanostructured lipid carriers

Behl, G. Kumari, S. et al. Microemulsion For Ophthalmic Drug Delivery PCT/1B2018/060522

Kumari, S. Behl, G. et al. Ocular Drug Delivery PCT/IB2018/060528

Kumari, S. Dandamundi, M. et al. Dexamethasone-loaded Nanostructured Lipid Carriers for the treatment of Dry Eye Disease, 2021,
Pharmaceutics, 13, 905 https://doi.orq/10.3390/pharmaceutics13060905

Funded by Enterprise Ireland Commercialisation Fund: 2016 -2019 and 2021-2024

Spin out — OcuDel Ltd.

CUDEL


https://doi.org/10.3390/pharmaceutics13060905

Cellular Internalisation Studies

Coumarin-6 loaded nanoparticles on HCECs (DIC filter - left; FITC filter - right)
4 hour incubation;10X magnification



ex-vivo Mucoadhesion Study

»Porcine Cornea

»4 Hour Incubation,
Magnification: 10X
»Sample: Control (No
Treatment with NLCs) (a,
b) and coumarin-6 labelled
CHLF-NLCs (c,d)



Inflammatory Biomarkers






Contact lens for Ocular
Drug Delivery



Adapted from: L.C. Bengani, K-H Hsu, S. Gause and A. Chauhan, Expert Opin, Drug Deliv., vol. 10, no. 11, 2013.












Chitosan NPs - SEM and AFM

Dr Gautam Behl Dr. Javed Igbal



Optical properties of NP-loaded lenses

NP-loaded contact lens

Lens hydrated in
0.1 M PBSfor24 h
e Mounted between
two glass slides

Drug release from Contact lens

Behl, G., Igbal, J., O'Rellly, N.,
McLoughlin, P. & Fitzhenry, L.
Pharmaceutical Research 2016
33: 1638 — 1648

o 48 ug DXP released (~50% of total)
* Therapeutic dose maintained



Delivery of antioxidants with CLs

IRC/WIT co-funded project with Bausch + Lomb
Researchers Dan Chau Thuy Nguyen and Syed Ali Faran

» To determine the effect of process parameters on the manufacture of commercial standard
pharmaceutical-loaded SCLs.

» To establish the impact of incorporating drug, drug complexes and NPs on lens’ properties
and performance

« To investigate the in vitro drug release profiles of the developed ODD systems.



Physicochemical properties of pharmaceutical-loaded

lenses prepared by soak and release approach.

Parameters Control Blank NAR- [ Complex NP-lens
lens lens lens -lens

Diameter

Centre
thickness

%Optical
clarity

Refractive
index

Water
content (%o)

Tensile
strength
(MPa)

Contact
angle (°)

14.18 +
0.10

0.116 +
0.008

98.1+
0.7

1.373 +
0.0003

76.0 £
0.5

0.53 +
0.05

41.22 +
0.57

14.15 +
0.09

0.117 +
0.008

98.2 +
0.8

1.373
0.0002

75.8 =
0.2

0.54 +
0.06

40.35
0.66

14.13 +
0.09

0.124 +
0.007

98.2 +
0.6

1.373 +
0.0003

759+
1.0

0.53
0.07

4447 +
0.97

13.94 +
0.12

0.110 +
0.006

979+
0.7

1.374 +
0.0005

74.7
0.3

0.61 +
0.08

43.88 +
0.89

1352 +
0.22

0.116 +
0.002

975+
0.5

1.374 +
0.0006

745+
0.5

0.69 +
0.07

44.68 +
1.05

Blank WM lens

Pharmaceutical-lens



In vitro release study of NAR-, complex-, and NP-loaded lens prepared using soak and release
approaches.



Optical properties of NP-loaded lenses

NP-loaded contact lens

Lens hydrated in
0.1 M PBSfor24 h
e Mounted between
two glass slides

Drug release from Contact lens

Behl, G., Igbal, J., O'Rellly, N.,
McLoughlin, P. & Fitzhenry, L.
Pharmaceutical Research 2016
33: 1638 — 1648

o 48 ug DXP released (~50% of total)
* Therapeutic dose maintained






Patient involvement in research

MSCA-ITN:
EU Grant
no 813440



World Cafe

MSCA-ITN:
EU Grant
no 813440
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