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“#. High demand for new oral drug “- Why mesoporous particles?

fOfmUlatlon teChnOIOQIeS B Small size pores (2-50 nm) to confine space for drug molecules in an
amorphous form
B Difficulties to develop successful drug candidates u disordered structure can be stabilized (reduced lattice energy)
due to poor bioavailability when administered via B Pore wall-drug molecule interactions

the oral route LADME = small enough to avoid crystallization of drug molecules
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= Low solubility and dissolution rate in the stomach = prevent strong chemical interactions between the drug and the pores

beorption
and intestinal lumen %ﬁ- B Pore radius is large enough for fast release
= Poor permeability properties in the Gl tract B Wettability can be improved (hydrophilic particles)
= High intestinal and/or hepatic first pass metabolism ~ B High drug load capacity (> 30%)
B Dissolution and absorption enhancing drug g~ B Fabricated with desired surface chemistry, pore size, shape and

delivery systems and materials regarded "key b morphology to achieve improved release kinetics
technologies” of drug formulation development = resist the harsh conditions of stomach, GI lumen, and first pass metabolis!
today maintaining their physicochemical properties unchanged

= high local concentration due the drug loaded porous microparticles — improve

| the drug permeation across the Glwall




Fabrication of silica materials
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“#. Fabrication of porous silicon (PSi)
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-  Mesoporous material as a drug
‘?“ delivery system

HR-TEM of actual
mesoporous material

ARANTLEVALL

A

Mesopore g 2.5 nm

Ibu 1.0 x 0.5 nm k.
&
el ..; r B Nanoscale pore prevents crystallization of
AT Py loaded drug
i B The drug is delivered in the
EEs amorphous/disordered form
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»  Mesoporous Material as a Drug
‘* Delivery System

HR-TEM of actual
mesoporous material
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% Drugq loadinag:
Antipyrine — 53
Furosemide — 41 .
Ranitidine — 40 ) Fast release of drug with a
Ibuprofen — 39 dissolution and permation

Indomethacin — 35 enhancing effect!

Beclomethasone — 30
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5 PSi and PSiO, in oral drug delivery applications
. (Dosis 24: 129-149)

Drug loading Storage Administration
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- PSi/SiO, — solvent « PSi/SiO, — drug - Toxicity
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» Drug — solvent stability || « Humidity > Biodegradation
« PSi/SiO, — drug » Crystallinity of drug - Dosing
stability -
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CellTiter-Fluor Multiplex

* Measures cell proteases’ activity:

> marker of cell viability

PSiO,
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Number of cells (%)

ontr MCM-41 MCM-41
(cells only) (1225, wm)  (63-90 pm) (1,2-25 gm) (63-90 pm)

O Control O4mg/m ®WM2mg/m O1mg/ml O0.2mg/ml 3h

Control

=- |

@ Control (cells only)
® SBA-15 (4 mg/ml)
O MCM-41 (4 mg/mi)

24 h

Number of cells (%)

PSiO,

3
pH 5.5 @ 37°C 1
Size: 537/5/(1;&//!r T

P

A TCPsi+ibu

mTOPSi+lbu
—e—Ppurelbu

S

20 40 60 80 100 120 140 160 180

Time (min)

200)

PSi

Drug release |
(Dr. Helder Santos) _
= £ 50
H
& '/ %50
= K
s 40
y. &
- 20
Ibuprofen o
0
100 I
a
R g0 4pH5.5@ 37°C /{%/‘/
£ Size: 456
3
5 % /E//r [/{/1
3
g 40 7 B MCMaLs by
o V / ‘ A SBA5+ibu
« 20 —4—Pure by

PSiO,

0 20 40 60 80 100 120 140 160 180 20C

Time (min)

"‘ Drug release (Dr. Helder Santos)

pH5.5@ 37 °C
TCPSi (53-75 pm)
SBA-15 (100-125 pm)

v W
g 80 l 2
S 64.3W-%
3
E 60 -
0, # TCPSi+Ind .
s ] GOOW % MO Indomethacin
;z; 40 —4— Pure Indo
z 28 — fold
20 2.3 w-9=—>
26 —fold
{ e — ke ——— K
e ——— AT -
O e I
0 20 40 60 80 100 120 140 160 180 200

Time (min)

Kinetic s

Area | Arca I

Linear diffision Radial diffusion

Flux in = Flux out

Si matrix Hr=L)=Pr=R,)

modelling

(Dr. Timo Laaksonen)

r, =k,

The shrinking core
dissolution model:

Solid drug phase inside the
linear pores is eroded (upper)
and the material inside each
pore in the whole PSi particle
is consumed at an equal rate
(lower).

Surface reaction

-

-k

e L=

Time




: Kinetic modelling

(Dr. Timo Laaksonen)
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Dissolution profiles for ibuprofen and ibuprofen loaded PSi-particles.
Symbols mark the measured dissolution curves and lines are calculated
values fitted to the data by adjusting the rate of the surface reaction.

“¥. Drug permeation studies

. Permeability experiments across
‘- Caco-2 cell monolayers

Permeation from apical to basolateral chamber (absorptive direction)

Caco-2 cells (ATCC), P31-42, grown on 12-well Transwells, monolayer age 21-28 days

= apical pH 5.5,6.8 and 7.4
Apical = basolateral pH 7.4
Chamber (AP) = furosemide solutions
m suspensions of furosemide-TCPSi

| ® about 1.5 mg per monolayer
Cell monolayer i
rgva] gy = apical chamber transferred to
10116 (€](0] fresh basolateral chamber every

support 25-30 min up to 180 min
= TEER determined before and after
= mannitol permeability checked after

Basolateral Chamber (BL)

Ppp (cm/s) = AQ/(At - 60 - A - Cy)
AQ/At = flux across monolayer (ug/min)

Released furosemide (%)

‘ Dissolution of unloaded furosemide and

from TCPSi microparticles
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Furosemide permeation at apical pH 5.5

—e- - Furosemide solution pH 5.5, concentration 150 pg/ml|
—a - TCPSi-furosemide pH 5.5, dose eq. to concentration 520 ug/ml

Solution concentration restricted by poor solubility of furosemide
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‘ Furosemide permeation at apical pH 6.8

—8 — Furosemide solution pH 6.8, concentration 600 pg/ml
—&— TCPSi-furosemide pH 6.8, dose eq. to concentration 840 ug/ml, pH 6.8
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