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Preface

Over the past 25 years many interesting biomedical uses have been proposed for
polymers especially in diagnostics and drug delivery. However, medical research is
often regulated by “trial-and-error” approaches, and complete theory and under-
standing sometimes lack. Chemical engineering, thanks to their knowledge in
thermodynamics, physical chemistry, polymer chemistry, and transport phenomena,
can help medicine designing smart controlled drug delivery devices. Since its very
beginning (first decade of the twentieth century), chemical engineering has
undergone several and fundamental transformations. Indeed, the affirmation of the
concept of unit operation (distillation, absorption, stripping, extraction, and crys-
tallization) marked the definitive detachment of chemical engineering from the
original chemistry frame. The main idea of that time was that each unit operation
was governed by its own distinct principles: this view was overcome in 1960 when
some outstanding scientists (in particular Neal R. Amundson, Rutherford Aris, R.
Byron Bird, Edwin N. Lightfoot, and Warren E. Stewart) proposed to combine all
these single units into one single discipline that takes into account mass, energy,
and momentum balance. A clear evidence of the extension of the cultural horizons
of chemical engineering was felt only in the mid 1970s, the seed of biochemical
engineering must be searched in the early 1960s when valuable researchers (such as
Elmer L. Gaden, Arthur B. Metzner, R. Byron Bird, Edward W. Merrill) understood
that the concept of balance (mass, energy, and momentum) could be profitably
applied also to knowledge fields, such as medicine, biology, pharmacy, and psy-
chology, which were, traditionally far from chemical engineering. In so doing, these
researchers introduced the concept of interdisciplinary that is so important in the
modern research and that represents, according to our point of view, the winning
strategy also for the future. In this book, our purpose is to provide a complete
understanding of these systems to address different medical needs. In addition, new
highlights, from the material point of view, are analyzed over the classic
well-established delivery systems.

In summary, the main innovative aspect is the definition of chemical engineering
principles applied to drug delivery systems, the focus on the main problem with a
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Preface

brief overview of the most recent approaches and the examination of some appli-
cations already on the market. In order to illustrate drug delivery mechanisms,
devices, and applications we divided this book into five chapters:

Chemical engineering and medicine: brief introduction and joint points between
these two disciplines that seemed to be very far;

Principles of controlled drug release: a mass transport matter. Detailed
description of transport phenomena applied to drug delivery.

Overview on polymeric drug delivery systems: updated description of different
possibilities to deliver drugs.

Device design: functional polymer for drug delivery. The possibility to modify
and functionalize scaffolds with compounds that are able to improve mechanical
properties or cell viability and improve their differentiation in a tailorable
manner opens new opportunities for researchers.

Applications: principles described are applied to a complete and novel design of
drug-eluting stent taking into account polymer degradation, drug release, and
in-stent restenosis.

Filippo Rossi
Giuseppe Perale
Maurizio Masi



Contents

1 Introduction: Chemical Engineering and Medicine . ............ 1
1.1 Chemical Engineering Traditions . . ... ... ................ 1
1.2 Differentiations in Chemical Engineering . ................. 2
1.3 Chemical Engineering and Medicine . .................... 5
References . . ... ... . . 7

2 Principles of Controlled Drug Release: A Mass Transport
Matter. . . . .. .. e 9
2.1 Introduction . .......... ... ..t 9
2.2 Drug Release Mechanisms . . ........... ... ... ... ...... 11
2.3 Diffusion in Polymeric Matrices . ....................... 12
2.3.1 Conventional Models. . .. ....... ... ... ... ... .... 12
2.3.2 Theories and Physical Models. . . ... ............... 14
233 OtherModels . . ....... .. . 26
2.4 Diffusion in Charged Hydrogels. . . .. .................... 27
24.1 Fatin-Rouge Model . .......... ... ... ... ... .... 27
242 VegaModel . ...... ... ... ... . ... 30
References . . .. .. .. 31
3 Overview on Polymeric Drug Delivery Systems. . .. ............ 35
3.1 Introduction . ......... .. ... 36
3.2 Polymers Used in Designing Drug Delivery Devices ... ....... 37
3.2.1 Synthetic Polymers . . ....... ... ... ... ... ... ... . 38
3.2.2 Natural Polymers. . .. ....... .. .. .. .. .. 40
3.3 Drug Delivery Routes of Administration. .. ................ 41
3.3.1 Transdermal Systems. . .. .............vinenen... 41
332 Oral Systems ... ..ottt 42
333 Implants. . .. ..o 43
3.3.4 [Injectable Systems: Hydrogels. . . ... ............... 45
3.3.5 Nanoparticles .. ... ..o 53
References . . ... ... 58

vii


http://dx.doi.org/10.1007/978-3-319-02288-8_1
http://dx.doi.org/10.1007/978-3-319-02288-8_1
http://dx.doi.org/10.1007/978-3-319-02288-8_1#Sec1
http://dx.doi.org/10.1007/978-3-319-02288-8_1#Sec1
http://dx.doi.org/10.1007/978-3-319-02288-8_1#Sec2
http://dx.doi.org/10.1007/978-3-319-02288-8_1#Sec2
http://dx.doi.org/10.1007/978-3-319-02288-8_1#Sec3
http://dx.doi.org/10.1007/978-3-319-02288-8_1#Sec3
http://dx.doi.org/10.1007/978-3-319-02288-8_1#Bib1
http://dx.doi.org/10.1007/978-3-319-02288-8_2
http://dx.doi.org/10.1007/978-3-319-02288-8_2
http://dx.doi.org/10.1007/978-3-319-02288-8_2
http://dx.doi.org/10.1007/978-3-319-02288-8_2#Sec1
http://dx.doi.org/10.1007/978-3-319-02288-8_2#Sec1
http://dx.doi.org/10.1007/978-3-319-02288-8_2#Sec2
http://dx.doi.org/10.1007/978-3-319-02288-8_2#Sec2
http://dx.doi.org/10.1007/978-3-319-02288-8_2#Sec3
http://dx.doi.org/10.1007/978-3-319-02288-8_2#Sec3
http://dx.doi.org/10.1007/978-3-319-02288-8_2#Sec4
http://dx.doi.org/10.1007/978-3-319-02288-8_2#Sec4
http://dx.doi.org/10.1007/978-3-319-02288-8_2#Sec8
http://dx.doi.org/10.1007/978-3-319-02288-8_2#Sec8
http://dx.doi.org/10.1007/978-3-319-02288-8_2#Sec12
http://dx.doi.org/10.1007/978-3-319-02288-8_2#Sec12
http://dx.doi.org/10.1007/978-3-319-02288-8_2#Sec14
http://dx.doi.org/10.1007/978-3-319-02288-8_2#Sec14
http://dx.doi.org/10.1007/978-3-319-02288-8_2#Sec15
http://dx.doi.org/10.1007/978-3-319-02288-8_2#Sec15
http://dx.doi.org/10.1007/978-3-319-02288-8_2#Sec16
http://dx.doi.org/10.1007/978-3-319-02288-8_2#Sec16
http://dx.doi.org/10.1007/978-3-319-02288-8_2#Bib1
http://dx.doi.org/10.1007/978-3-319-02288-8_3
http://dx.doi.org/10.1007/978-3-319-02288-8_3
http://dx.doi.org/10.1007/978-3-319-02288-8_3#Sec1
http://dx.doi.org/10.1007/978-3-319-02288-8_3#Sec1
http://dx.doi.org/10.1007/978-3-319-02288-8_3#Sec2
http://dx.doi.org/10.1007/978-3-319-02288-8_3#Sec2
http://dx.doi.org/10.1007/978-3-319-02288-8_3#Sec3
http://dx.doi.org/10.1007/978-3-319-02288-8_3#Sec3
http://dx.doi.org/10.1007/978-3-319-02288-8_3#Sec4
http://dx.doi.org/10.1007/978-3-319-02288-8_3#Sec4
http://dx.doi.org/10.1007/978-3-319-02288-8_3#Sec5
http://dx.doi.org/10.1007/978-3-319-02288-8_3#Sec5
http://dx.doi.org/10.1007/978-3-319-02288-8_3#Sec6
http://dx.doi.org/10.1007/978-3-319-02288-8_3#Sec6
http://dx.doi.org/10.1007/978-3-319-02288-8_3#Sec7
http://dx.doi.org/10.1007/978-3-319-02288-8_3#Sec7
http://dx.doi.org/10.1007/978-3-319-02288-8_3#Sec8
http://dx.doi.org/10.1007/978-3-319-02288-8_3#Sec8
http://dx.doi.org/10.1007/978-3-319-02288-8_3#Sec9
http://dx.doi.org/10.1007/978-3-319-02288-8_3#Sec9
http://dx.doi.org/10.1007/978-3-319-02288-8_3#Sec15
http://dx.doi.org/10.1007/978-3-319-02288-8_3#Sec15
http://dx.doi.org/10.1007/978-3-319-02288-8_3#Bib1

viii Contents

4 Device Design: Functional Polymers for Drug Delivery . ......... 61

4.1 Introduction . ...... .. ... ...t 62

4.2 Post-polymer Modification via Thiol-Ene Addition. . .. ........ 63

4.3 Post-polymer Modification via Azide Alkine Cycloaddition. . . . . . 67

4.4 Post-polymer Modification via Diels-Alder Reaction .......... 72

4.5 Other Post-polymer Modification Strategies. . ... ............ 75
4.6 Short Case Study: Hydrogels for Controlled and Sustained

Protein Delivery ... ... ... ... ... ... . .. .. 78

References . . . . .. ... . 79

5 Case Study: Drug Eluting Stent . . . .. ...................... 83

5.1 Introduction . .......... ... ... .. 84

52 DrugRelease . ...... ... ... ... ... 87

5.3 Modelling of Uniform Cell Proliferation. ... ............... 92

5.4 Drug Diffusion Within the Media Tissue .................. 96

5.5 Coupled Drug Release and Cell Proliferation. . . ............. 98

References . . . ... ... . e 99


http://dx.doi.org/10.1007/978-3-319-02288-8_4
http://dx.doi.org/10.1007/978-3-319-02288-8_4
http://dx.doi.org/10.1007/978-3-319-02288-8_4#Sec1
http://dx.doi.org/10.1007/978-3-319-02288-8_4#Sec1
http://dx.doi.org/10.1007/978-3-319-02288-8_4#Sec2
http://dx.doi.org/10.1007/978-3-319-02288-8_4#Sec2
http://dx.doi.org/10.1007/978-3-319-02288-8_4#Sec3
http://dx.doi.org/10.1007/978-3-319-02288-8_4#Sec3
http://dx.doi.org/10.1007/978-3-319-02288-8_4#Sec4
http://dx.doi.org/10.1007/978-3-319-02288-8_4#Sec4
http://dx.doi.org/10.1007/978-3-319-02288-8_4#Sec5
http://dx.doi.org/10.1007/978-3-319-02288-8_4#Sec5
http://dx.doi.org/10.1007/978-3-319-02288-8_4#Sec6
http://dx.doi.org/10.1007/978-3-319-02288-8_4#Sec6
http://dx.doi.org/10.1007/978-3-319-02288-8_4#Sec6
http://dx.doi.org/10.1007/978-3-319-02288-8_4#Bib1
http://dx.doi.org/10.1007/978-3-319-02288-8_5
http://dx.doi.org/10.1007/978-3-319-02288-8_5
http://dx.doi.org/10.1007/978-3-319-02288-8_5#Sec1
http://dx.doi.org/10.1007/978-3-319-02288-8_5#Sec1
http://dx.doi.org/10.1007/978-3-319-02288-8_5#Sec2
http://dx.doi.org/10.1007/978-3-319-02288-8_5#Sec2
http://dx.doi.org/10.1007/978-3-319-02288-8_5#Sec3
http://dx.doi.org/10.1007/978-3-319-02288-8_5#Sec3
http://dx.doi.org/10.1007/978-3-319-02288-8_5#Sec4
http://dx.doi.org/10.1007/978-3-319-02288-8_5#Sec4
http://dx.doi.org/10.1007/978-3-319-02288-8_5#Sec5
http://dx.doi.org/10.1007/978-3-319-02288-8_5#Sec5
http://dx.doi.org/10.1007/978-3-319-02288-8_5#Bib1

Acronyms

DES
HA
MC
NASI
NPs
PAA
PAM
PCL
PEG
PGA
PLA
PLGA
PNIPAM
RAFT
SCI
SDDS
SMC
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Molar flux

Permeability
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Boltzmann constant

Drug partitioning coefficient
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