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Introduction

Abstract Collagen, which is produced by fibroblasts, is the most abundant protein in the human body.
A natural structural protein, collagen is involved in all 3 phases of the wound-healing cascade. It stim-
ulates cellular migration and contributes to new tissue development. Because of their chemotactic prop-
erties on wound fibroblasts, collagen dressings encourage the deposition and organization of newly
formed collagen, creating an environment that fosters healing. Collagen-based biomaterials stimulate
and recruit specific cells, such as macrophages and fibroblasts, along the healing cascade to enhance
and influence wound healing. These biomaterials can provide moisture or absorption, depending on
the delivery system. Collagen dressings are easy to apply and remove and are conformable. Collagen
dressings are usually formulated with bovine, avian, or porcine collagen. Oxidized regenerated cellu-
lose, a plant-based material, has been combined with collagen to produce a dressing capable of binding
to and protecting growth factors by binding and inactivating matrix metalloproteinases in the wound
environment. The increased understanding of the biochemical processes involved in chronic wound
healing allows the design of wound care products aimed at correcting imbalances in the wound micro-
environment. Traditional advanced wound care products tend to address the wound’s macroenviron-
ment, including moist wound environment control, fluid management, and controlled transpiration
of wound fluids. The newer class of biomaterials and wound-healing agents, such as collagen and
growth factors, targets specific defects in the chronic wound environment. In vitro laboratory data point
to the possibility that these agents benefit the wound healing process at a biochemical level. Consid-
erable evidence has indicated that collagen-based dressings may be capable of stimulating healing
by manipulating wound biochemistry.
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collagen, creating an environment that fosters healing be-
cause of the dressings’ chemotactic properties on wound
fibroblasts. Collagen-based biomaterials stimulate and re-
cruit specific cells, such as macrophages and fibroblasts,
along the healing cascade in order to enhance and influence
wound healing. These biomaterials can provide moisture or
absorption, depending on the delivery system. Collagen
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Figure 1

dressings are easy to apply and remove and are conform-
able. Collagen dressings are usually formulated with bo-
vine, avian, or porcine collagen. Oxidized regenerated
cellulose, a plant-based material, has been combined with
collagen to produce a dressing capable of binding to and
protecting growth factors by binding and inactivating ma-
trix metalloproteinases in the wound environment.?

The increased understanding of the biochemical pro-
cesses involved in chronic wound healing allows the design
of wound care products aimed at correcting imbalances in
the wound microenvironment. Traditional advanced wound
care products tend to address the wound’s macroenviron-
ment, including moist wound environment control, fluid
management, and controlled transpiration of wound fluids.
The newer class of biomaterials and wound-healing agents,
such as collagen and growth factors, targets specific defects
in the chronic wound environment. In vitro laboratory data
point to the possibility that these agents benefit the wound-
healing process at a biochemical level. Considerable evi-
dence has indicated that collagen-based dressings may be
capable of stimulating healing by manipulating wound
biochemistry.®

Collagen Formation in the Human Body

Collagen, which constitutes 25% of the total protein
mass of mammals,*> is in the bones, connective tissue, ten-
dons, blood vessels, and skin. In the skin, collagen, in con-
junction with other proteins, such as elastin, forms the basic
flexible and pliable matrix that incorporates living dermal
cells, blood vessels, sebaceous glands, and other compo-
nents of the extracellular matrix (glycosaminoglycans,
glycoproteins).*”

Each collagen molecule in the dermal extracellular
matrix is formed from 3 helical protein chains assembled
into a super, triple-helical procollagen molecule inside a
cell (fibroblast) and then secreted into the extracellular
space (Figure 1). In the extracellular space, the chains un-
dergo proteolytic processing, allowing them to spontane-
ously assemble into larger, more complex fibrils that are
stabilized by covalent cross-links. The large, cross-linked
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bundles of collagen (Figure 1) provide the tensile strength
of skin that supports all the specialized structures in skin.
The maintenance of the various superstructures of collagen
in the body preserves the natural functions of the organs
that use collagen as a structural protein. Considerable scien-
tific evidence demonstrates that the chemotactic properties of
collagen depend on the retention of its native structure. Fibro-
blasts, for example, possess integrin receptors that recognize
domains of intact, native collagen and fibronectin molecules.®

The Role of Collagen and Use in Chronic
Wounds

In the chronic wound, the deposition of de novo collagen
is delayed or prevented by numerous factors.” Recruitment
of fibroblasts, the cells dominant in the proliferative phase of
normal wound healing, is retarded.® Tn addition, the expres-
sion of the collagen gene in fibroblasts is suppressed.” Envi-
ronmental factors also affect the collagen level in the chronic
wound bed. Among these factors are 2 classes of enzymes,
whose levels are known to be elevated in chronic wounds:
the matrix metalloproteinases (MMPs)'® and elastase.”
MMPs are implicated in proteolytic degradation of native in-
tact collagen and partially degraded fragments of collagens.
The dynamic creation and destruction of collagen compo-
nents are normal events in acute wound healing, and
MMPs also have a role to play in normal metabolic pro-
cesses in the skin. However, in the chronic wound, MMP
levels are abnormally elevated.'''* Moreover, a key set of
regulating enzymes, the tissue inhibitors of matrix metallo-
proteinases, are found at lower-than-normal levels.'>

The elevated ratio of MMPs to tissue inhibitors of
MMPs leads to excessive extracellular matrix degrada-
tion.'® Elastase is also involved in the healing process. The
primary substrate of the enzyme is the extracellular matrix
protein elastin, which contributes to the elasticity of dermal
tissue. Elastase activity is high in the chronic wound. Elas-
tase acts to convert pro-MMPs (the natural precursor of
MMPs) to active MMPs.!” In doing so, elastase contributes
heavily to the MMP load in the chronic wound.'® Elastase,
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being a relatively nonspecific protease, can also bind to na-
tive collagen and degrade it."® Results from laboratory ex-
periments demonstrate that the affinity of elastase for the
triple helix domain of native collagen is substantial; thus,
dressings containing native collagen will act as a substrate
magnet for elastase, as well as MMPs. In summary, the
chronic wound is characterized by both decreased collagen
deposition and increased collagen breakdown. The complex
vicious cycle of wound chronicity is shown in Figure 2 in a
very simplified and schematic manner. Elastase is shown to
play a key role in perpetuating the vicious cycle. This figure
makes clear that removing elastase essentially removes the
hub of this vicious cycle, potentially terminating the
chronic state of the wound.

Collagen’s Effect on the Brutal Cycle of
Chronic Wounds

It is reasonable to speculate on the biochemical reasons
that collagen dressings can potentially promote wound
healing. For one, collagen can seriously reduce elastase
levels in a wound environment, disrupting the cycle of
chronicity shown in Figure 2. In addition, the MMP-
binding activity of collagen is benevolently disruptive to
the biochemically stalled chronic wound. This MMP-
binding activity is easily detected in in vitro assays of all
collagen-based products.”® Several collagen-derived mate-
rials have been used in recent years as wound dressings.
Products based on extensively and aggressively processed
collagen sources would tend to have a preponderance of
denatured collagen, defined as collagen that has largely
lost its triple helical basic unit structure. Some of the newer
products have perhaps been produced through newer, gen-
tler extraction or purification technologies. Such new-
generation products tend to possess higher quantities of
the native triple helix structural unit characteristic of the
collagen in living organisms. Further evidence
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Figure 3 Microstructure in a Second-Generation Collagen
Product.

demonstrates numerous advantages to the retention of the
native structure of collagen.?' For example, native collagen
allows for more efficient angiogenesis®* and greater fibro-
blast chemotaxis. In addition to collagen’s molecular prop-
erties, its gross microstructure at cellular dimensional levels
may be important. Fibroblasts and macrophages function
best when anchored in a 3-dimensional architectural struc-
ture.”>** Collagen-based substrates with a microstructure
whose internal porosity and scale allow the infiltration
and anchorage of these key cells may allow the promotion
of natural wound healing. The microstructure in a recently
introduced collagen is shown in Figure 3.

Native Collagen vs Denatured Collagen in
Wound Healing

It is reasonable to expect that some of the benefits that
native collagen may bestow on a wound dressing may be
lost if the collagen was to be largely denatured in the
manufacturing process. From the point of view of nomen-
clature, such denatured collagen may be more accurately
described as gelatin, and it appears that in the field of
wound dressings, the name collagen is somewhat loosely
applied because gelatin-based dressings are sometimes
marketed as collagen dressings. Aside from the problem
with nomenclature, gelatin or gelatin-like, highly processed
collagen would appear to be unable to elicit some of the bi-
ological responses native collagen nature has programmed
into cells involved in wound healing.

Development From Procollagen Chains to
Complex Fiber Bundles

Formation of procollagen chains in the primary structure
(amino acid sequence) is a unique process. Collagen
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molecules consist of 3 protein chains, each of which is a
long, rodlike, left-handed helix (similar to a spiral stair-
case). Glycine, the smallest of the amino acids, is the third
amino acid in the chains; such spacing allows the procol-
lagen chains to form their characteristic spiral helix struc-
ture. Three procollagen protein chains spontaneously
assemble into a right-handed triple helix, forming a single
procollagen molecule. The helix is maintained in this
critical conformation by interchain hydrogen bonding.
Procollagen molecules are secreted into the extracellular
space where propeptide sequences are removed by specific
enzymes, generating active collagen molecules that can
assemble into higher-ordered structures. The formation of
organized fiber bundles is an intricate process. Many triple-
helix collagen molecules assemble in a laterally staggered,
repeating pattern in head-to-tail alignment and become
chemically cross-linked with each other to form stable
fibrils that are visible in electron microscopy. Collagen
fibrils assemble into larger fibers that further associate into
complex superstructures of organized fiber bundles.* See
Figures 1, 2, and 3.

New generations of collagen-based dressings have
tended to combine properties of stimulation of wound
healing with absorption of moderate to high levels of
wound drainage. Such dual functionality is possible by
adding alginate to the product, for example, although some
pure collagen dressings seem absorbent enough to be
described as “absorbent.” Many pure collagen or denatured
collagen dressings combine collagen with silver to decrease
the bioburden in the dressing. Some new products in the
collagen dressing category seem to present a remarkably
pure form of collagen, which could conceivably lead to less
giant cell type of reaction in the wound bed due to the lack of
non-biodegradable materials (such as plant-based or marine-
based cellulose derivatives). Denatured or degraded collagen
(more accurately described as gelatin), especially when
mixed with noncollagenous substances, is expected to de-
grade faster than a native collagen dressing in a wound envi-
ronment because of its inherently modified and processed
nature. Crosslinking through the use of chemical crosslinking
reagents is a conceivable method to improve the degradation
rate of gelatin (denatured collagen) products. From a bio-
chemical cellular response perspective, such artificial chem-
ical methods do not improve, and may actually deteriorate,
the nature of a material that is meant to be as close in chem-
ical structure to its natural source as possible. The presence
of a minimally degraded native collagen is expected to allow
a collagen dressing to last longer (compared with denatured
dressings) in the wound bed because of the longer time that
wound proteinases take in digesting a native protein vs a de-
natured protein. Such a property may lead to a higher lon-
gevity of the dressing in the wound bed, associated of
course with a longer period of biological action in the wound
bed. The resulting reduced frequency in dressing changes
may lessen trauma associated with dressing changes and
also be more cost-effective.

When choosing a collagen dressing, consider the type of
collagen it contains, the way the dressing has been
manufactured, and how the dressing works to provide a
reduction of proteolytic enzymes and a scaffold for healing.
Collagen dressings can provide anti-infective, anti-inflam-
matory, antifibrotic, and analgesic properties, as well as
promote angiogenesis, returning the body to its normal
state and function and providing a foundation for wound
healing.
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