Controlled Release Theory

Last time: tailoring the structure of degradable polymers
Fundamental concepts in controlled release

Today: Theory of degradable polymer-based controlled release

Reading: Charlier et al., ‘Release of mifepristone from biodegradable matrices: experimental and
theoretical evaluations,’ Int. J. Pharm. 200, 115-120 (2000)
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Therapeutic index: tailoring materials to provide release
Kinetics matching the ‘therapeutic window’

Bolus drug injection:
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Mechanisms of controlled release
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Drug diffusion-controlled release
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Release kinetics for diffusion-controlled release
RESE Rven\ X! v MEMpRaAS Flek’s FIRST Layy -
P (O Sk T = Fx = Mssome = _DRe
/' ) (wew- mzx%')v A Tive Ox
‘ 00 SWYK
l . =
<IN T= 49 |
|

C

l

)

| A N = WSS OF |\ = SuRe, AFA

CM )( DROG oF MomBLANES

JQ‘ = AP (Cr' ”'C',\> Q
TOTAL AMUNT KELSASED E
o '

) - Al ><C __C )——t 0 0 20 30 40 10120
ét P r Time (days)

Release rate of testosterone from cylindrical reservoir devices of different membrane
thickness made from silicone rubber.
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Release kinetics for diffusion-controlled release
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Water-influx controlled release
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Reqgulated/triggered release: mechanical
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Reqgulated/triggered release: mechanical
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Figure by MIT OCW.
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eroding matrix

Continuous release:
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eroding matrix
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Typical release profiles Bulk-eroding matrix

Poly(dioxepanone-co-lactide)

Surface-eroding matrix [,{l-wfx
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Release of a therapeutic substance from -e~ P(L-LA-co-DXO0),
-0- PDLLA-PDXO, and -0 PDLLA-PDXO microspheres with a

Fj/j\/-\ o) ‘/VT/Y‘ L-LA/DXO molar ratio of 90:10
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Garcia, J. T., M .J. Dorta, O. Munguia, M. Lllabres, and J. B. Farina.
"Biodegradable Laminar Implants for Sustained Release of Recombinant Human Growth Hormone."
Biomaterials 23 (2002): 4759-4764.

Lecture 4 Spring 2006 14



Characteristics of surface vs. bulk-eroding controlled
release: (why not always use surface-eroding

polymers?)
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Examination of one approach to drug delivery using eroding

matrices in detail: degradable microspheres R
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Limiting factors: pH gradients within degradable
devices

Fu, K., D. W. Pack, A. M. Klibanov, and R. Langer. “Visual Evidence of Acidic Environment within
Degrading Poly(lactic-co-glycolicacid) (PLGA) Microspheres.” Pharm Res. 17, no. 1 (January 2000): 100-6.
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Limiting factors: Contact with hydrophobic
surfaces/organic interfaces
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Quellec et al. J Biomed ﬁatér Rgas 42 45-54 (1998)



Modeling an important controlled release system: single
emulsion encapsulation of small molecule drugs in
degradable polymers
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Faisant N., J. Siepmann, and J. P. Benoit. “PLGA-based Microparticles: Elucidation
of Mechanisms and a New, Simple Mathematical Model Quantifying Drug Release."

Eur. J Pharm Sci. 15, no.4 (May 2002): 355-66.
(Edlund 2002)



Theory of controlled release from degradable

solids: physical basis of the model
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Theory of controlled release from degradable

solids: physical basis of the model
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(Charlier et al. 2000)
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Theory of controlled release from degradable

olids: physical basis of the model
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A device surface area

Cs concentration of drug soluble in matrix

Co initial concentration of drug encapsulated indevice
M(t) molecular weight of matrix at timet

DN

Mg initial molecular weight of matrix
D Diffusion coefficient of drug in polymer matrix %
h thickness of diffusion region in releasing sample J —_ < -— C
Q(t) total massof drug released from dispersed phase from time O to time t | / ) - - - <
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Diffusion-controlled release for nondegradable
solid: Higuchi equation
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Further Reading
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