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Evolving Role of Controlled Drug Delivery Systems
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Mesoporous silica nanoparticles (MSNSs)

 MSNSs are inorganic nanoparticles
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Silica — an emerging material B S et
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Can silica nanoparticle be used as delivery system? B or aurzmsiavo

Lipoceramic hybrid || Expected results

° . Lipoceramic hybrid silica nanoparticle || from phase I
Silica-gold-iron- Gold nanoparticles silica nanoparticle for Cornell dots for oral simvastatin || clincial trials on
na u‘ e I eVIews I I | a e r | a S beqring nanoparticles || with silica—iron oxide | oralibuprofen delivery || Auroshell 97r—cRGDY-Cy5 || delivery (ACTRN1 silica nanoparticles
(NCT01270139) shells (NCT01436123) || (clinical study) (NCT02680535) || (NCT03465618) 2618001929291) (NCT02106598)

2013 2020 2023

2018 2019

2008 2010 2014 2016

2011

Clinical translation of silica nanoparticles

Taskeen lgbal Janiua Yuxue Cao Chengzhong Yu & Amirali Po at Aurolase Cornell dots Cornell dots Mesoporous silica Cornell dots Auroshell
-4sKeen 'qba Janjua, TUXue 4o, LNengziong 1u amiral ropat (NCT0D848042) 1-labelled cRGDY-PEG-Cy5.5 | | nanoparticle for oral | | NH,-PEG-Cy5.5 | | (NCT04240639,
(NCT01266096) | | (NCTD2106598) fenofibrate delivery (NCT04167969) NCT04656678)
(clinical study)

Nature Reviews Materials 6, 1072-1074 (2021) ‘ Cite this article O Completed (6)

[ Active, recruiting (5)
[ Terminated (1)
[ Active, not recruiting (1)

MRI-PET

Silica nanoparticle with gold shell Cornell dots

-
’ \ —

Gold
shell
1

I

core

Silica nanoparticle have been tested in clinical trials for: Mesoporous silica
1. Drug dell_very Fenofibrate ~
2. Plasmonic/ photothermal therapy

3. Cancer diagnostic — including head and neck tumours

Ibuprofen or
simvastatin

» Phillips, Evan, et al. "Clinical translation of an ultrasmall inorganic optical-PET imaging nanoparticle probe." Science translational medicine 6.260 (2014)



MUCUS BARRIER

JCIS,2014, 2017, 2021

JMC B 2014

Angeandte Chemie 2012,2013
JMC B 2014
ChemComm, 2014
Mol Pharm 2014, 2017,2020
ACS applied Mat Int 2017
Advanced Therapeutics 207

SMALL INTESTINE
ANTIMICROBIAL

V4
DHIr
O )LARGE INTESTINE

. EPITHELIAL CELL
! TIGHT JUNCTION
‘J INFLAMED EPITHELIAL CELL

MPROVED TARGETING
IMPROVED PERMEABILITY

BETTER STABILITY

# BACTERIA

Pharmaceutics,2018
JCR 2019, 2020
ACSBiomat Sci Eng 2021

Drug Disc Today,2020

IJP 2020, 1JP 2021
ACSBiomat Sci Eng 2021
ACS applied Nano, 2020

Lo TUMOR BARRIER

(-CH2)n, (-CHy-CH,-CH,-O-)n

Ligand specific

Editor’s Choice ADDR 2021
ACSBiomat Sci Eng 2021
Nanoscale 2021

-@
#.a"4 TUMOR
Lt B ¥

ENDOTHELIAL CELL
== TIGHT JUNCTION

o o PP
@
BLOOD VESSEL »:: s METASTATIC
@

Colloids ad Surfaces B 2016
JCIS 2014

Front BioEng BioTech 2019
Biomaterials Science 2020
Trends in Biotech 2022

8



Floating Tablet using MSNSs
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Oral Delivery of MEROPENEM
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Microfluidic assembly of hierarchical microparticles
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Programmable MSNs for Oral Delivery
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In-vIitro release
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Rationally Designed Dendritic Silica Nanoparticles
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Improved permeability of Vancomycin
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Results - Design and Synthesis of USLP delivery system

A) Drug loading
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Results — USLP permeates in vitro blood brain barrier ) or quensiany
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Cell apoptotic studies U87 GBM cells

NoO treatment

USLP-PO,

USLP-PO,-Lf

B) Early apoptosis

Jan 2 o
+ ELRE 2 .
- o
<. B2 2D Cell culture
| | <
)
% | AR 0
=g 6 Q :
< aes s O
l\ W o 0 %\/Q/
" u 06\/
)
USLP-PO;-DOX-Lf C) Late apoptosis D) Alive cells
2 30, —— Q 100, _ KK KK KK
8 T 8 80
C—B 201 f_g 50.
2 10{ S 40
S o 20;
0 oA
AN LN LY \
OQQ' O FOAN AN
NN NS S 9%
» 3

Janjua TI..., Popat A.et al. Nanoscale. 2021.



THE UNIVERSITY
OF QUEENSLAND

AUSTRALIA

MUCUS BARRIER

Ac Biomaterials

|SCIENCE & ENGINEERING

ChemComm _,
°.® .

ENTEROCYTE

o GOBLET CELL

\PANETH CELL E

SMALL INTESTINE

GUT
INFLAMMATION

“ ey

ANTIMICROBIAL

SHAPE | SURFACE

Tt iy 3

i

) LARGE INTESTINE

EPITHELIAL CELL
! TIGHT JUNCTION
‘U" INFLAMED EPITHELIAL CELL
£r TOXINS

# BACTERIA

w3 org

Hollow
particle

. . :"A"e
Cationic €%

Antibody

8> Polymer

e Anionic @ OOY _»,f: Proteins/
- . [ - P,  peptides TUMOR BARRIER
Matena|s Chem|stry = BLOOD BRAIN BARRIER Hhairaphisie [ "3 Aptamer

(-CHan, (-CHy-CHy CHr O-Jn Ligand specific

o { Hydrophobic
I e O S SURFACE | SURFACE
® ‘. @o% 0 CHEMISTRY | LIGANDS MULTIPLE
b0 e 00 ORGANS
o e g PRIMARY
BLOOD VESSEL « %%, TumOR
22009 Showcasing the work of Taskeen Igbal Janjua from
@ A/Prot Amirall Popat's group 3t the School of Pharmacy,
SRAT 2 o B e

ENDOTHELIAL CELL
== TIGHT JUNCTION

with Prof Marta Kavallaris at Children's Cancer Instituto,
University of New South Wales and Dr. Roberta Mazzierl,
Peter MacCallum Cancer Centre, Victorta.

ultra smat large

L ¥ @
@

BLOOD VESSEL - %\ METASTATIC

TUMOR

~
-©

YAL SOCIETY ~ |
o ROYAL SOCIETY . i
e OF CHEMISTRY rsc.li/nanoscale




