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Preface and Scope 

The aim of this book is to provide a brief but comprehensive overview on the issue of 

biodegradable polymers. The introduction chapter is followed by a description of the 

general characteristics of biodegradable polymers and pathways of their degradation in 

the human body. Particular pitfalls and specifics of their various biomedical and 

pharmaceutical applications, especially in the field of pharmaceutical technology, are 

described in order to define the ideal carrier polymer system for specific types of 

therapy. Finally, the work presents the classification of these polymers based on the 

type of degradation mechanism. This section also includes the chemical structure of 

particular polymer molecules, their chemical or bio-synthesis and the description of 

their uses in specific biomedical and pharmaceutical applications. 

The book could be used as a textbook for students of medical and pharmaceutical 

sciences as well as by researchers in this field or industrial area. 

 

Abstract 

In the past few decades, biodegradable polymers have reached significant importance in 

fields of biomedical and pharmaceutical applications. They have become preferred 

candidates for the manufacture of therapeutic forms, for instance, orthopaedics 

devices, temporary bone screws and spins, three-dimensional scaffolds for tissue 

engineering or drug delivery systems for sustained and targeted release. Each of these 

applications requires material with specific physical, biological, and chemical properties, 

as well as specific degradation profile. These polymers (natural or synthetic) undergo 

hydrolytic or enzymatic degradation, which both have some advantages and 

disadvantages. Most widely used polymer materials in biomedical applications are 

listed, including their structure and degradation pathways. 

 

Key words: polymer, biodegradation, hydrolytic degradation, enzymatic degradation, 

biomaterial 
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INTRODUCTION AND GOAL 

 In recent decades, there has been significant progress in the development of 

biologically degradable polymer materials. Because of their biocompatibility and ability 

to decompose to non-toxic monomer units, these degradable polymers (both of natural 

and purely artificial origin) are preferred in the development of new and modern 

therapeutic systems. They are sought after in various fields of medicine – as elementary 

scaffold in tissue engineering, sutures (without subsequent need to extract stitches), or 

bone replacement as well as of pharmaceutics – their suitable properties play key role 

as carrier materials in the production of modern dosage forms with controlled or 

targeted release of drug in the organism. Any of these applications demands material 

with specific physical, chemical, biological, biochemical, and degradation properties that 

are essential for the therapy to be effective (1). The synthesis and design of new 

polymer combinations is a trend showing significant future potential, widening the 

range of perspective locations where new systems can deliver the drug in the organism 

(2). 

 The earliest proven application of biodegradable polymers for therapeutic 

purposes can be traced to Egypt, 3500 BC. The Egyptians used natural polymers – 

treated animal guts – to stitch wounds; these can be considered to be the earliest 

versions of surgical sutures based on collagen (3). 

 Polymers based on polyesters were the first synthetic biodegradable polymers to 

have properties suitable for biomedical application. At the beginning of 1930s, DuPont 

company manufactured high-molecular linear poly(lactide)s using ring-opening 

polymerization. Since 1960, as the result of subsequent oil crises, biotechnological 

procedures for polymer materials as poly(hydroxy alcanoate)s have been developed to 

be independent of petrochemical procedures to manufacture plastics and polymers. 

Shortly afterwards, at the beginning of 1970s, first co-polyesters were used in matrices 

for controlled release drugs or as sutures in surgery (4).  

 The term biodegradation is often used to describe degradation in biological 

environment. In the context of biomedical application, however, biodegradation is 

defined rather as gradual decomposition of material caused by specific biological 
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activity. The correct meeting of requirements for medical devices depends to some 

extent on the stability of material that was used to produce them. Biodegradation has 

its strong position on the list of safety norms when choosing suitable material for 

particular biomedical application. The understanding of degradation of materials 

(degradation kinetics, the changes in mechanic properties in the course of degradation 

and subsequent identification of degradation products) is crucial for their development, 

choice and correct application (5). 

 This book aims at giving concise though complex overview of knowledge 

concerning biodegradable polymers. The introduction is followed by the description of 

general properties of biodegradable polymers and possible pathways of their 

biodegradation in the human organism. Besides classifying polymers in various groups, 

the book points out particular challenges and specifics of various biomedical and 

pharmaceutical applications, including the manufacture of dosage forms based on ideal 

carrier polymer system intended for particular therapeutical mean. The polymers are 

classified according to their degradation mechanism and for each polymer, its chemical 

structure, synthesis, and use in concrete biomedical and pharmaceutical applications are 

listed. 
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GENERAL TERMS 

BIODEGRADABLE POLYMERS 

 Biodegradable polymers are macromolecular compounds that are degraded in 

vivo (under suitable conditions also in vitro) to products of physiologic human 

metabolism or products that can be eliminated completely from the organism, either by 

a specific metabolic pathway or directly. These polymers can be natural, completely 

synthetic or of mixed origin (derived from natural polymers; semisynthetic). Based on 

the breakdown mechanism, polymers are either degradable by hydrolysis or degradable 

by enzymatic reactions. Therefore, their structure has to contain bonds that are 

susceptible to hydrolytic or enzymatic cleavage, allowing for the breakdown (1) (2). 

  Natural polymers were the first biologically degradable biomaterials to be used 

in clinical practice. Most polymers of natural origin are degraded in the organism by 

enzymatic reactions. The rate and the velocity of in vivo breakdown of enzymatically 

degradable polymers depend significantly on the site of implantation or administration 

of the polymer in the organism and the availability and concentration of particular 

enzyme. Chemical modification of these polymers can have impact on the velocity of 

their degradation. Natural polymers are disadvantaged chiefly by the lack of uniformity 

of production batches (1). On the other hand, natural polymers include proteins which 

have several important advantages: mainly often pronounced biological activity, i.e. the 

ability to act as ligands and bond themselves to cellular receptors. Furthermore, they 

are liable to enzymatic degradation initiated by the cell. Protein structures can be 

remodelled easily. Nevertheless, there are disadvantages: strong immunological 

response and easier contamination with endotoxins (6). 

 On the contrary, the disadvantages of natural biopolymers are mostly absent in 

synthetic biomaterials that are usually biologically inert. Their properties are more 

predictable and their manufacture batches are more uniform. The largest advantage 

they have is the possibility to tailor the profile of their properties with respect to specific 

application. Usually, their breakdown is caused by hydrolysis (7).  


