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The use, synthesis and investigation of biomaterials are an
important part of modern day life. Biomaterials are
popular because they usually stem from a renewable

source, are biodegradable, or utilise an otherwise waste product.
There are many different facets to the use of biomaterials which
incorporate biotic, bio-based, and biocompatible materials.  

Biocompatible materials are used in the medical field. They
may be biological (e.g. collagen, gelatin and celluloses) or synthetic
(e.g. ceramics and polymers) and are expected to operate in contact
with biological systems.  

The basis of the biomaterial in this particular case is collagen,
with its origin in bovine, porcine and various other species of
animal. Collagen has been widely used in the biomedical field as
the base material for the preparation of biomaterials for medical
treatments and bio-engineering. 

Collagen is used more widely as a biomaterial than any other
natural or synthetic polymer. The distinct advantage of collagen
is that the required information which aids the attachment of
cells (such as fibroblasts) in a particular order is present. Synthetic
polymers may provide structural support; however, no cell-
material surface interaction occurs.  

Collagen has gained popularity as a substrate in recent years as
a result of improved processing, success in medical applications
such as wound healing, and the ease with which soluble collagen
can be manipulated into various forms. The term collagen is used
loosely in this context and is dependent on the processing
procedure of the insoluble collagen. The resultant material may
be referred to as individual collagen molecules, structures where

the non-helical regions (telopeptides) have been removed, and/or
fibrils. Soluble or reconstituted collagen is also able to form
fibres with high mechanical strength and stability through
self-aggregation at neutral pH or as a result of crosslinking. 

Another benefit of using collagen as a substrate is
biocompatibility with the human body. Collagen is ➤
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Using advanced bio-technology, it is possible to cut specific regions of the collagen molecule

in order to solubilise collagen whilst, at the same time, retaining its helical nature. This new

form of collagen can then be precipitated from solution, solubilised and moulded into any

shape or form that may be required. 

Biomaterials for medical purposes have gained popularity, and this form of collagen is

effective in areas such as wound treatment as a result of its lower inflammatory reactions.

Part II will explore various forms of collagen and their applications,

and will be presented in World Leather December/January 2007/8.

Definitions

Biotic material: Biotic or biological materials originate from
living organisms and represent the natural material in an
essentially unmodified form, e.g., wood, straw, bark, bone, etc.

Bio-based materials: Processed biotic materials typically refer
to materials that have undergone more extensive processing
than is conventionally required to prepare biotic materials for
use. They are commonly engineering materials made from
substances derived from living matter.

Fibroblasts: A type of cell that synthesises and maintains the
extra-cellular matrix of many animal tissues.They are the most
common cells of connective tissue in animals. Fibroblasts provide
a structural framework, for example, by providing collagens,
glycosaminoglycans, elastin fibres and glycoproteins.

Telopeptides: Non-helical regions of the collagen molecule.

BSE: Bovine spongiform encephalopathy.

Antigenicity: Existence of antibodies.
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biocompatible due to its low toxicity and low inflammatory
responses. This is thought to be the result of the similarity of the
amino acid content between species, as well as a low
concentration of aromatic amino acids such as tryptophan. 

Collagen accounts for 20-30% of the total protein in the body.
Presently, 27 different types of collagen have been characterised.
Extensive research has been undertaken to identify and
characterise various collagens and to understand the
structure/function relationship of each collagen type in various
tissues. Structural characteristics of the various types of collagen
are tissue-specific and are dependent on the interaction of the
collagen with the cell in the extra-cellular matrix.  

Fibrous Type I collagen has been studied as a potential material
for the medical market as it is able to impart mechanical and
various structural properties to the material. Tissues rich in
fibrous Type I collagen such as tendons and skin from animal
sources such as bovine, porcine and ovine are used. However,
BSE has curtailed the use of bovine collagen for biomedical
applications. 

The structure and manipulation of Type I collagen

To manipulate the collagen into a particular form, it is
necessary to understand the material that is to be used to form
the basis of the template. It consists of three intertwined
polypeptide chains containing large portions of the repeated
amino acid sequence: Gly-X-Y, where X is proline and Y
hydroxyproline. Glycine accounts for 33% of the total amino
acid content and plays a crucial role in the overall structure. This
is the result of its small side chain (H): the strands are able to
pack closely together allowing hydrogen bonding and
thus interaction of the -CO- with the -NH-
functional group of the adjacent strands.  

Type I collagen is rod-shaped, and approximately
300nm in length with a diameter of 1.5nm.
Approximately 4-8 collagen molecules aggregate
into microfibrils which then pack together in a
quarter-staggered arrangement with a periodicity of
67nm. This arrangement is illustrated in Panel 1.

The stability of collagen fibres is the result of
intra- and inter-molecular crosslinks. The enzyme

lysyl oxidase mediates the crosslinking in the non-helical
telopeptide area, which leads to the formation of the aldehydes
allysine. These links between aldehyde residues and ε-amine
groups of lysine are known as aldimine and are indicated in
Panel 2.

These aldehydes can spontaneously react intra-molecularly
between two chains or inter-molecularly between two collagen
molecules, as indicated in Panel 3. 

The crosslinks produce a material which has a high stability
and mechanical strength. The extent of crosslinking increases
with age and thus the properties of the material changes. The
solubility of collagen in an acid or alkali medium also decreases
with age. 

Proposed synthetic pathways of natural crosslinks in
Type I collagen

In young animals, the crosslinking is low and thus extraction
is relative simple, however, the major proportion of collagen
from older animals is extensively crosslinked. Due to its high
insolubility, acid or enzyme treatment is usually carried out to
solubilise collagen. 

Enzyme treatment using pepsin results in the cleavage of the
telopeptide region which leads to the degradation of the peptide

Panel 1: Representation of a microfibre pack

a and b: the triple helix of the collagen molecule
c and d: the alignment of the collagen molecules next to each

other in a quarter-staggered arrangement
e: the periodicity of the collagen fibre as shown in a scanning
electron microscope image

Panel 2: Inter-molecular crosslink of collagen fibres

Panel 3: Intra- and inter-molecular crosslinking of collagen fibres
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bonds near the crosslinked region. This allows the solubilisation
of the collagen molecules to occur. The non-helical or
telopeptide region of the collagen molecule is shown in
Panel 4.

Collagen molecule showing telopeptides

The major concern with foreign material or implants in the
human body is the massive immune response that it may
cause and the secondary effects it may have such as organ
damage or the induction of auto-immune diseases. There are
three areas in the telopeptide region of collagen which is
thought to induce an immune response. Selectively removing
this region allows the antigenicity of collagen to be removed
or lowered along with the immune response. It is therefore the
pepsin-treated collagen that is widely utilised for the
preparation of collagen-based biomaterials. Reactions to
collagen are usually limited to slight swelling and redness after
an implant operation.

The disadvantage of using pepsin-solubilised collagen, due to
the destruction of the natural crosslinks, is that the implants
residence period in the body is now shortened. Reconstituted
collagen is now susceptible to attack by general proteases to

produce smaller peptide fragments and amino acids.
Uncrosslinked collagen matrices such as films are absorbed by the
body within 2-7 weeks. 

It is also thought that products created during enzymatic
digestion induce inflammatory responses. To limit the tissue
response to the matrix, the material is often stabilised through
crosslinking by the addition of chemical agents such as
carbodiimides, diisocyanates and acyl azides. The degradation
rate of collagen through enzymatic digestion is slowed down,
which in turn lowers the body’s inflammatory response.

Testing and trials of new collagen-based matrices is
constantly evolving. The advantages and disadvantages of
using collagen as a substrate in preparing biomaterials are
summarised in Panel 5.

Even though there are concerns with collagen originating from
animal sources, if only notional, biomaterials in the form of
sutures and dressings have been found to be safe and suitable as
implants, drug delivery systems and injectables.
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Panel 4: Enzyme cleavage of the non-helical regions
within the collagen molecule

Advantages Disadvantages

• Type I collagen in high abundance • High cost to purify Type I

• Low inflammatory response • There may be some variability in the final product of collagen

• Biodegradable • Calcification of material in the body

• Biocompatible • Digestion due to enzymes may be variable

• Able to control biodegradability through crosslinking • Potential hazard of BSE contamination, hazard is thought to be
lowered by the use of tendon (found to have a lower infectivity rate)

• Able to prepare various forms

• Collagen blends are able to be prepared

• Easily crosslinked

Panel 5: Summary of the advantages and disadvantages of utilising collagen as a biomaterial
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