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Drug delivery systems

a) Conventional delivery systems

b) Advanced delivery systems: engineering of carrier
agents such as nano-colloids

v improve stability, selectivity, bioavailability
v" maintain or control drug concentration in plasma

c) External devices or Bio-MEMS Magnetic Membrane
Aperture Released Drug
e

v Control of plasma concentrations on-demand

. . . ‘
in chronic diseases Y (=
v External control: invasive or non invasive Actuation
(magnetic or electromagnetic fields) )
Deflected
sl TR 0
U Bandopadhyay etal. (2020) Overview of different carrier systems for advanced drug delivery.
O Pirmoradi etal. (2011) A magnetically controlled MEMS device for drug delivery: design, fabrication and testing. Applied Magnetic Field

U Polymer microspheres for drug delivery to the bladder.



Photothermal capsule
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Photothermal capsule: general context
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Finding the photothermal conversion efficiency 9,
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Conservation of energy (steady state) Stationary mechanical 18- 2
stresses 22
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V-(=kVT) = Qgen ERe
V- O-ij =0 14 + g %

Light intensity profile neglecting ol o
scattering (gaussian beam) V- (FijSk) =0
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Qgen = neffKextIOexp[_Keth - rZ/A] Fij =1+Vy al

Ski = C * Egygst
Ip="r./tA  A=w?/2 i -
’ C = C(Eyoung V) -- Nerr=0.91
beam waist elasticity matrix 0 100 150 200 250 300
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v Conservation of energy (transient) @216.mW

v Solid mechanics (transient)

v Fluid dynamics (transient)

ou

pa + pl(u = Upesp) - VIu =V - [=pl + u(Vu + (Vu)T)]

V-u=90

v’ Convection of diluted species

dc

E + V- [(u- umesh)c] =0

+ Boundary and initial conditions

dy Osolid "M = [—p[ + ,u(Vu + (VU)T)]

YT

J = c(Upesp - M)

Photothermal capsule: one-way fluid structure interaction

Time=0 s marker concentration {mol/im®) , temperature in PDMS (degC)




Photothermal capsule: air bubble expansion

Time=0 s marker concentration {mol/m?)

1st study

v Conservation of energy (transient) @216.mW

Compute average T(t) in fixed bubble

p(t) =p-M,/RT(t)

2nd study

bubble

v Fluid dynamics (transient, moving mesh)

dp(t) I
T +V- (pu) =0 5
v Convection of diluted species N P

+ Boundary and initial conditions
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Content delivery by elastic deformation: fast release
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Content delivery by bubble expansion: prolonged release

t=2

Buoyancy forces
are not important

t=0s t=2 t=4 t=8
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