Applications of hydrogels

Last Day: polyelectrolyte gels
Polyelectrolyte complexes and multilayers

Theory of ionic gel swelling

Today: hydrogels in biomedical/bioengineering applications
Linking gel mesh size to diffusivity of solutes
Reading: -
Supplementary Reading: S.R. Lustig and N.A. Peppas, ‘Solute diffusion in swollen membranes. IX. Scaling laws

for solute diffusion in gels,” J. Appl. Polym. Sci. 36, 735-747 (1988)
T. Canal and N.A. Peppas, ‘Correlation between mesh size and equilibrium degree of
swelling of polymeric networks,’ J. Biomed. Mater. Res. 23, 1183-1193 (1989)
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Applications of hydrogels in bioengineering
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Hydrogels applied to drug delivery
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Drug delivery

On/off drug release using PE hydrogels
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Drug delivery _ _ _
- =% Kinetics of drug release from hydrogels using

swollen-on/collapsed-off mechanism
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Image removed due to copyright reasons.
Please see:
Figure 3 in Canal, T., and N. A. Peppas. “Correlation
Between Mesh Size and Equilibrium Degree of
Swelling of Polymeric Networks.” Journal of
Biomedical Materials Research 23 (1989): 1183-1193.
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Drug delivery I

Mesh size of hydrogel networks
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Drug delivery _ _ _ _
- = Connection between mesh size and diffusion

coefficient of entrapped molecules
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Drug deliver : : .. :
2 4 Controlling diffusivity for responsive

drug delivery: treatment of diabetes
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Drug deliver : : .. :
2 i Controlling diffusivity for responsive

drug delivery: treatment of diabetes

Image removed due to copyright reasons.
Please see:
Figure 3 in Podual, K., F. J. Doyle, and N. A. Peppas. “Dynamic Behavior of Glucose Oxidase-containing Microparticles of
Poly(ethylene glycol)-grafted Cationic Hydrogels in an Environment of Changing pH.” Biomaterials 21 (2000): 1439-1450.
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Drugvdeliverx
Response of gel microparticles

Graphs removed due to copyright reasons.
Please see:
Figures 8 and 9 in Podual, K., F. J. Doyle, and N. A. Peppas. “Dynamic Behavior of Glucose Oxidase-containing
Microparticles of Poly(ethylene glycol)-grafted Cationic Hydrogels in an Environment of Changing pH.” Biomaterials 21
(2000): 1439-1450.
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Drugvdeliverx
Glucose sensitivity

Graph removed due to copyright reasons. Graph removed due to copyright reasons.
Please see: Please see:
Figure 3 in Podual, K., F. J. Doyle, and N. A. Peppas. Figure 6 in Podual, K., F. J. Doyle, and N. A. Peppas.
“Glucose-sensitivity of Glucose Oxidase-containing Cationic “Glucose-sensitivity of Glucose Oxidase-containing Cationic
Copolymer Hydrogels Having Po y(ethylene glycol) Grafts.” Copolymer Hydrogels Having Poly(ethylene glycol) Grafts.”
Journal of Controlled Release 67 (2000): 9-17. Journal of Controlled Release 67 (2000): 9-17.
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Drug delivery : : : :
2 : Diffusion rate changes in responsive

microgels

Graphs removed for copyright reasons.
Please see:
Figures 5 and11 in Podual, K., F. J. Doyle, and N. A. Peppas. “Dynamic Behavior of Glucose Oxidase-containing
Microparticles of Poly(ethylene glycol)-grafted Cationic Hydrogels in an Environment of Changing pH.” Biomaterials 21
(2000): 1439-1450.
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Drug delivery : : o
- -* Chemical functionality in hydrogels can

be utilized for responsive hydrogels

Mechanisms of environmental responsiveness in hydrogels:
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Prug delve | chemical functionality in hydrogels can

be utilized for responsive hydrogels
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Immunoisolation/encapsulation of living cells
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Immunoisolation/
Cell encapsulation I Formabillity: photoencapsula]tlon
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Immunoisolation/
_Ice” encapsulation | Eormability: photoencapsulation
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Graph of Biochemical Analysis removed due to copyright restrictions.
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Immunoisolation/
Cell encapsulation

Immunoisolation

Images removed due to copyright restrictions,
Please see:
Lee, et al. Adv. Drug Deliv Rev 42 (2000): 103-120.
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Hydrogels for tissue engineering

Lecture 10 Spring 2006
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Motivation for hydrogels as tissue scaffolds:
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Tissue engineering

- Hydrogels are readily modified with

biological recognition sites
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B.K. Mann, A.S. Gobin, A.T. Tsai, R.H. Schmedlen, J.L.
West, Biomaterials 22, 3045 (2001)
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Tissue engineering

- In situ formability: strategies for
macroporous structures

Images removed for copyright reasons.
Please see:
Ford, Lavik, et al. PNAS 103 no. 8 (2006): 2512-2517.



Tissue engineering

In situ formability: example:
‘printable’ gels
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Images removed for copyright reasons.
’—__‘ Please see:
1 1 Landers, et al. 2002.
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