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Background: Multiple Sclerosis

2.9 million people live with multiple sclerosis (MS) worldwidel™

Limitations of Current Oral Treatments:
* First-pass metabolism

» Systemic side effects

* Delayed onset of action

o e -
www.mesif.org

Gilenya® (Fingolimod hydrocloride): first-line oral treatment for MS —
— =

} U NOVARTIS

; GILENYA" 0.5 mg

, fingolimod hydrochloride

Mechanism of Action!Z:

* Metabolized to fingolimod-phosphate (active form)

* Mimics sphingosine 1-phosphate (S1P), a natural lipid mediator For oral use y
« Binds to S1P receptors, modulating immune cell traffickng T ‘—.4
Reference:

[1] https://www.healthline.com/health/multiple-sclerosis/
[2] Chun, J et al, 2010. Clin. Neuropharmacol. 33, 91.
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Background: Crystal Engineering & Particle Engineering

An Alternative Strategy for Treating Multiple Sclerosis

/ Multicomponent Crystals (MCC) \ / Nose-to-Brain Delivery \
Particle

Engineering

oe
ﬂ' .A. 4
Inhalable dry powders

Salt Solvate/ Hydrate k /

» Design, prepare and characterize novel crystalline forms of fingolimod
» Fabricate fingolimod-based dry powder formulations using ball milling
« Study the effect of particle size of dry powder formulations on aerosol deposition within the nasal cavity
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Results: Prediction and Resolution of Novel Solid-States of Fingolimod

Hansen Solubility Parameters (unit: MPa'/?)

8% = 85 + 812, + 8% ASFIN—IBU = 076 MPa1/2
Compound oD oP oH Total HSP
= - Adpiy—pLy = 2.11 MPa'/?
Fingolimod 183 3.9 9.9 212 A8 = 182 = Burl FIN=FLU
Touprofen 16.9 4.3 10.6 204 A Abdt value below 7 MPa'/? implies drug miscibility and a great
Flurbiprofen 17.5 3.3 6.8 19.1 chance of cocrystal/salt formationt'l
/ Fingolimod-lbuprofen Salt (FIN-IBU) Fingolimod-Flurbiprofen Salt (FIN-FLU) \
5 & o S _—
03-H3---01 . Asymrrletrlc unit

Qmine graup in Fingolimod is protonated (NH3*), while the carboxylic acid group in Ibuprofen/Flurbiprofen is deprotonated (COO-). /

Reference:
[1] Mohammad et al. Int J Pharm. 2011 Apr 4;407(1-2):63-71.
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[ Unpublished ]
Research

Results: Solid-State Characterization

Differential Scanning Calorimeter (DSC) Fourier-transform Infrared Spectroscopy (FT-IR) Powder X-ray Diffraction (PXRD)
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Results: Development of FIN-IBU Dry Powder Formulations

Ball Milling Processing Parameters

@mm mm“m @ @ \ Formulation Ball size (mm) Milling time (min) Rotation speed (rpm) Weightsample : Weightpan

F1 12 10 500 1:65

b D F2 12 30 500 1:65

F3 0.5 30 1000 1:10

Particle Size Distribution

. (] 14
FIN To Grind

IBU To Grind 12
\Carmen C. Piras et al. Nanoscale Adv., 2019, 1, 937—947/

Planetary Ball Milling

1.0
0.8

* Induce mechanochemical reaction 0.6

Density distribution

» Enable precise control over particle size for 04

optimizing drug formulation properties °~§ j .
0.1 o 10 100 1000

Particle Size (um)
—=FIN-IBU F1 —==FIN-IBU F2 FIN-IBU F3
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https://doi.org/10.1039/2516-0230/2018

[ Unpublished ]
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Results: In vitro Nasal Deposition Performance

Study the powder deposition of the formulations with varying particle size

. ONeciory Rghon (a) Inspiratory Flow Rate of 7.5 L/min (b) Inspiratory Flow Rate of 15 L/min
= 100 — FIN-F1 g 100 R — FIN-F1
Unit Dose Powder g w o i::ﬁ g o v — :}:ﬁg
Nasal Spray System\ Tirbinates 3 : ::32 5 : :sﬂi;
i BUFs ° | e b 1BUF3
Alberta Idealised 3 ° % ®
Nasal Inlet (AINI) P Nasopharynx g 40 s 0 e
£ e mlm] = om
coup led a !VeXt Next Generation E 2 E 20 e I
Generation Impactor (NGI) g % I I i I I |
Impactor (NG R K =l '
p ( ) \\ 'So‘»\ @é\oo ‘59 "dé' ‘?& b“i\o %o&o qﬂ\o‘\ \&"@6 od& \?&9 bo’i\&
SP PO e ST PO
o\@o & X o\@o‘ & g
Na _sm == I\ .
[ —— | (c) Turbinates (d) Olfactory Region
Zhang X et al. Drug Deliv Transl| Res. 2025 Jun;15(6):2022-2047. ~#=FIN (7.5 L/min) 0 === FIN (7.5 Umin)
40 4 === |BU (7.5 Umin) ==& |BU (7.5 L/min)
=4=FIN (15 L/min) 50 4 ===FIN (15 L/min)
. ==p==1BU (15 L/min) . ==p==1BU (15 L/min)
* The equimolar FIN-IBU salt formulation exhibited consistent & 5%
deposition patterns of FIN and IBU £l £
» Particle size critically influences powder deposition profile é gzo.
+ At flow rates of 7.5 L/min and 15 L/mins, FIN-IBU F3 exhibited " % o]
superior olfactory deposition and turbinate deposition ,
5 o % % °s 1o P %
Particle size (um) Particle size (um)
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Results: In vitro Drug Release & Cell Viability

(a) The in vitro Drug Release Profile (b) pH Monitoring

50 FIN —=—FIN

[ Unpublished
Research

)

3% D ey « Synchronized release of drugs during
the initial 15 min

50 2o - * FIN-IBU F3 maintains pH stability

5 07

§.o] (5.46-5.56)
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(c) Nasal epithelial RPMI 2650 cells
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50 | |
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(d) Human neuroblastoma SH-SY5Y cells
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T T 0- T T T
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Cell Viability (%)
Cell Viability (%)
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Conc. of Drug (nM) Conc. of Drug (nM)
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Minimal cytotoxicity in both RPMI 2650
and SH-SY5Y cell lines.
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Highlights and Significance of the Study

/l/ Drug-Drug Salt Screening ]\

Fingolimod (FIN)

Crystal structure
of FIN

+ Salt Formulation

i J\/Q)\u( m—

Ibuprofen (IBU)

:g-‘: 5
Crystal structure
of FIN-IBU
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FIN-IBU Formulation

Development

Crystal structure
kﬂurbiprofen (FLU) of FlN-FLU/
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Density distribution
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O FIN To Grind
« IBU To Grind

Planetary Ball Milling

Particle Size Distribution
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<

A

FIN-IBU Formulation
Performance

A

Fraction of the recovered drug dose (%)
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/ Cell Viability (%)
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Formulation Deposition on
Alberta Nasal Cast

8

Nasal Cytotoxicity
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Unpublished
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The structures of FIN and two drug-drug
salts of FIN (FIN-IBU and FIN-FLU) were
reported the first time

Novel 1:1 FIN-IBU salt formulations were
successfully fabricated via ball milling

The FIN-IBU F3 with D5y of 7.00 ym
exhibited superior deposition in olfactory
region and turbinates

The optimized formulation demonstrated
a consistent and controlled drug release
profile, showing stable pH and low
irritation potential

NEXT-GENERATION
DELIVERY INNOVATIONS



Acknowledgement

| would like to express my sincere gratitude to
to my supervisors Prof. Aviva SF Chow, and Prof. George

Leung, for their continuous guidance and help.

| am also sincerely thankful to Dr. Katrina Wong, the
postdoctoral fellow, as well as my lab colleagues and

technicians, for their generous assistance. | gratefully

- /... acknowledge the financial support provided by the
LKS Faculty of Medicine st amantation Contre . . .
KU 10 Griversity of Hong Kong QW Postgraduate Scholarship of the University of Hong Kong.

ed szrzzsunzr
NEXT-GENERATION
DELIVERY INNOVATIONS

Q ot

CRS =z

ANNUAL MEeTine PHILADELPHIA, PA
& EXPOSITION JULY 13-18, 2025




e HKU LKS Faculty of Medicine
M The University of Hong Kong
1o Med serezpansr

Thank you for listening.
Questions are warmly welcome!
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