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Porous Nanomaterials in Kumeria Lab
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Fabrication: Electrochemical Anodization
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Fabrication: Porous Silicon

Source: Sailor Lab-UCSD



Porous Silicon
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- Cytocompatibility

- High loading capacity

- Tunable release profiles
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1. Orl Meropenem Delivery Using pSi-PEG
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pSi-PEG for Efflux Regulation
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MER activity retention
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2. Biomodulating Microspheres for oral Meropenem
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Mesoporous Silica Nanoparticles (MSN)
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Eudragit® Microspheres

Particle size and surface charge

o 20
o
@ 15 ~MCM-48
g 10 ~MCM-MER
=
Z s

’ 10 100 1000 10000 20 T T

Size (nm) MCM-48 MCM-MER

50 pm
MER-MCM-RSPO

MER-MCM-RS100

MER-MCM-S100

MER Release

—~70- —_— —_—
2 " |—e—Total Drug R 70 {—— Total Drug & |—e—Total Drug
@ 6040 = Active Drug S —o = Active Drug ® 4015 - Active Drug
» o 604 )
S 50 3 ! 3 '
9 2 504 | 2 30+ |
] ] [}
¢ 40 @ 40 | x |
£, [pH12 g1
5 204 E 20 E I
3 3 <V = 10
E ¢5] £ pH 6.8 £ I’ pH6.8
3 3" 3 !
@ 0 {0mCmOm—f
O 04" Q 0- o
< L x - < L - < L + -
0 2 4 0 4 0 2 .4
d Time (h) f Time (h) g Time (h)
100 4 100 ~
" — PO 100+ o
804 " : 801 f/ W ——
T / 80
S 60+ 604 >
2 —s—Degraded MER R e —&— Degraded MER Z 60
g) 40+ == Active MER D40 N et == Active MER g) —— Deqraded MER
2 = = 40 —o=— Active MER
o = o
o [=]
201 o \\é\e “] \\H )
l N [P M
1 2 3 4 5 6 7 8 0 1 2 3 4 5 6 7 8 0 1 2 3 4 5 6 7 8
Time (h) Time (h) Time (h)
13




Eudraqit® Microspheres

Q)

Cumulaytive MER
permate (ng)

(o)

Cumulaytive MER
permate (ng)

Eudragit®coated MCM
MER

Media/buffer

Caco2 monolayer

Popp (x10°® cm/s)

e

b

+

i

)

—
1

e

TR

Manllen

AtoB BtoA
® MER ¥ MER-MCM-RSPO
M MER-Ver M MER-MCM-RS100
B MER-MCM M MER-MCM-S100

Formulations | Efflux ratio
MER 5.31
MER-Ver 0.09
MER-MCM 1.23
MER-RSPO 0.71
MER-RS100 0.96
MER-S100 0.99

Intestinal Efflux &~
Controlled release W y



pSi/Hydrogel Composite
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pSi/hydrogel Composite
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MF release in SNF
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pSi/Hydrogel Composite

MF Deposition in human Nasal Tissue
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PSINPs for Photoacoustic (PA) Bioimaging

Functionalized pSiNPs PA Data Dlsplay
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pPSINPs for Photoacoustic (PA) Bioimaging
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Targeting and Degradation of pSiNPs
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pPSINPs for Photoacoustic (PA) Bioimaging

Figure. PA imaging using of orally injected ICG, SiO,, and pSiNPs
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3. Biomodulating Spikey Virus-like MSN

40- 105-
% 304 s 1”" a—— Stbbel’
= 5 ; 95- _ — Stéber-NH,
| Stdber-Cy5
§ 10- 1 ::_ S~ — VSNP
0- s — VSNP-NH,
,‘?, -10- 80- VSNP-Cy5
75 ¥ T v T v T b 1 u A
-20 0 200 400 600 800 1000
G H Temperature (°C)
30- Stéber 40+ VSNP — 0 min
— ~ 30- ~ 30 min
2 204 — Orignal
: - | rigna
z 10- =z 10' \',‘
0- : ; 0- :
10 100 1000 10000 10 100 1000 10000
Size (d.nm) Size (d.nm)
26

Cao, Biomaters Science, 2023



In-vitro Permeation Model Development
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VSNPs Mediated Permeation
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VSNPs Mediated Permeation
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VSNPs Mediated Oral Uptake
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pSi based Oral Protein Delivery
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Figure: SEM images of Eudragit coated pSi
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ICG/Functionalized MSN for PA imaging
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LBLMSN ICG



Functionalization of MSN
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Release and Degradation of ICG
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In-vitro PA imaging
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PA imaging after bolus injection
PBS MSN ICG MSN-ICG

The NH2- MSNs displayed
an enhancement of
1.29-fold compared to the
same equivalent dose of
pure |ICG, whereas the
highest PA bioimaging
signal enhancement in
subcutaneously injected
mouse cadavers of
1.43-fold was observed for
LBL modified MSNs in
comparison to pure ICG
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Self-reporting Ophthalmic Protein Delivery
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Self-reporting Ophthalmic Drug Delivery

Luminescent pSi in vivo
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