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We address two challenges in oral formulation

Generating drug nanoparticles

0(L)~0.1 — 1 um

v/ Improve drug dissolution

v/ Control crystal size distribution
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Nanosizing improves the oral bioavailability of hydrophobic APls

/ Thermodynamics \
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Nanosized API particles have
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Nanosizing API
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/ Kinetics \

Noyes-Whitney
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Nanosized API particles have

!‘aster dissolution kinetiCS/
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Conventional ‘top-down’ nanosizing is resource-intensive and difficult to control

4 Drug amorphization A /Contaminations from
milling beads
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Nanoemulsions template drug nanoparticles from the

( ’
bottom-up
A~ X\
Emulsig ¢ o P P Crossligk In sit
< V4 r< (gel’ solidific'aitlon

drug-loaded drug-loaded nanoemulsion- nanoparticle-loaded
solvent precursor nanoemulsion loaded hydrogel polymer matrix
Eral. Chem. Mater. (2014) Domenech. Chem. Mater. (2020)
Eral. Cryst. Growth Des. (2014) Chen. Adv. Mater. (2021)
Badruddoza. Adv. Healthc. Mater. (2016) Chen. Chem. Mater. (2022)
Badruddoza. Adv. Ther. (2018) Attia. Adv. Healthc. Mater. (2023)
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We address two challenges in oral formulation

Manufacturing core-shell carriers

4\, d Shell

v/ Control drug release

#“Mw*/é v/ Structure drugs in distinct
6 L8 layers
" fﬁt]
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Various therapeutic applications require core-shell carriers

Intestinal and colonic targeting Sustained/Extended release

Immediate release

Release %

Extended release

time
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Delzicol Carbamazepine

McCoubrey. J. Control. Release (2023) McHugh, Nature Reviews Drug Discovery (2023)
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Combination drug products

@ a» ( @

Efavirenz + Emtricitabine + Tenofovir DF = Atripla
(600 mg) (200 mg) (300 mg)

NOC 1558401011

. ATRIPLA™

it 600 mefemiricitabine 2%

'bidiu:zﬂfumwmd
Tablets

30 tablets

Atripla

Rabbani. Am. J. Hypertens. (2008)
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Current core-shell carrier manufacturing platforms are limited

1. Manufacture core-shell particles with distinct polymeric layers

2. Template hydrophobic drug nanoparticles in each layer
3. Control release kinetics through formulation parameters




We combine thermogelling and ion-gelling capabilities

.'l" M / )J/( Dissolve Ca®* i /)J/(

drug-loaded methylcellulose methylcellulose Ca2*-loaded methylcellulose

solvent solution nanoemulsion nanoemulsion
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We exploit these orthogonal gelling mechanisms

Ca?"-loaded thermogelling : Gelation 1: Viethylcellulose thermally gels

nanoemulsion

lon-gelling
alginate bath
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We exploit these orthogonal gelling mechanisms
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Formulation parameters control core-shell particle properties

Volume fraction of solverN

droplets controls drug loading

drug-loaded thermogelling
solvent polymer
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[Ca*]
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ﬁ)ispensing tip size controls methylcellulose core radius )
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In situ crystallization templates drug nanoparticles

A Spheroidal drug nanocrystals are templated

[0 SR PR

Concentration

Stable solution I

Temperature
Nanodroplet size distribution controls crystal size
1.0
m =m — . ddroplet
drug,crystal drug,droplet ~ 0.8
=] ~ 200 nm
~ 3 206
47T dcrystal . 47T ddroplet C = 0.4
Y B — _ | 4ropret 5 0.4
3 2 pcrystal 3 2 drug I3
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3 0.0
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Pcrystal Droplet Diameter (nm)
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Increasing shell thickness accesses site-specific delayed release profiles

Enteric coating

Tstomach ~1 — 2 hours

tlag
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100

.................. Colonic targetingz

------ 0 100 200 300 400 500 largeintestine ~ *+hours

* Time (min)
Intestinal targeting'

| Tsmall intestine ~3 — 5 hours
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Combining particles with different lag times can sustain drug release

In vitro drug release results Simulated sustained release
100 100
__ 80 __ 80
X X
- 601 5 60
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Our approach can structure drug nanoparticles in each gel layer

Gelation 1: Methylcellulose thermally gels ‘.‘ ... Gelation 2: Alginate is crosslinked by CaZ4

drug-loaded solvent Vit drug-loaded solvent

Zidovudine Efavirenz

100 (anti-retroviral) (anti-retroviral)
g ° I i _o
3 NH
o 60 HO L \f
] o N © + cl P
O 40
o o T
20 \ N=N=N -/
0 . | Example drug combination’
0 100 200 300

Time (mln) 1. Gomes. J. Braz. Chem. Soc. (2013)
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Summary

Generating drug nanoparticles Manufacturing core-shell carriers

Shell

®®
—9

0(L)~0.1 — 1 um

v/ Nanoemulsions template drug | v/ Combined orthogonal gelations to build
nanoparticles inside hydrogels core-shell hydrogels in 1 step

v/ Droplet size controls nanoparticle
size

v/ Demonstrated delayed, sustained, and
sequential drug release

v/ Templated nanoparticles have » ' \ v/ Structured different drugs in each layer
improved drug dissolution N to enable new combination products
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Thank you! Questions?
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A new way to deliver drugs more efficiently
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Hydrophobicity limits the oral delivery of small molecules

Most drug molecules are Hydrophobic drugs have
hydrophobic poor dissolution
.Z‘A ﬁHydrophiIic J—
% . “ps Dissolve
qE, Hydrophobic | Hydrophilic >
E’ —
- Hydrophoblc o

Solubility
Marketed drugs Candidate drugs’
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Causes 10-15 % of
90% clinical trial failures?

40% 60%
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We use nature-derived polymers as model gelators

/Methylcellulose (MC) | DA }/5\

O—CHjs
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MC thermally gels’
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Nanodroplet size distribution controls nanoparticle size

Crystal size distribution

dcrystal ‘

dcrystal

1759 +535nm

mdrug,crystal = mdrug,droplet

Nanodroplet size distribution
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Melting point depression validates the relationship between droplet S|ze and crystal size

Heatflow (endo. up)

40 60 80 100
Temperature (°C)
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Gibbs-Thompson Equation
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1/Droplet size (1/nm)

0.006

1. Chen. Adv. Mater. (2021)
2. Dwyer. CrystEngComm. 2015)
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