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Abstract— Collagen have major functional role in the
formation of tissues and organs, and it is also involved in
various functional expressions of cells. The use of collagen-
based biomaterials in the field of tissue engineering
applications has been intensively growing over the past
decades. The application of collagen-derived products as
biomaterials has tremendous advantages in biomedicine
because of these products' natural structure as a biological
support for cells and scaffold for tissue repair or
regeneration, their biodegradability that obviates removal of
implants, and their biocompatibility. This article reviews
focused on the entire features of collagen in both as a drug
delivery matrix system and a system for tissue engineering
as well as its potential therapeutic applications.

Key words: Collagen, Biomaterial, Drug delivery, Tissue
engineering, Biocompatibility

. INTRODUCTION

Collagen is a protein and is widely used in medical
applications. - Collagenplays an important role in the
formation of tissues and organs, and is involved in various
functional expressions of cells. Collagen is a good surface-
active agent and it has ability to penetrate a lipid-free
interface’. Many natural polymers and their synthetic
analogues are used as biomaterials, but the characteristics of
collagen as a biomaterial are distinct from those of synthetic
polymers mainly in its mode of interaction in the body?.
Collagen exhibits biodegradability and weak
antigenecity®>. The primary reason for the usefulness of
collagen in biomedical application is that collagen can form
fibers with extra strength and stability through its self-
aggregation and cross-linking. In most of drug delivery
systems made of collagen, in vivo absorption of collagen is
controlled by the use of crosslinking agents, such as
glutaraldehyde,  chromium  tanning,  formaldehyde,
polyepoxy compounds, acyl azide, carbodiimides and
hexamethylenediisocyanate. =~ Due to its excellent
biocompatibility and safety, the use of collagen in
biomedical application has been rapidly growing and widely
expanding to bioengineering areas.

The purpose of this article is to review biomedical
applications of collagen including the osteochondral defect,
cardiac surgery, skin replacement, cornea treatment,
rheumatoid arthritis, treatment of urogenital diseases, cancer
therapy, neural migration, blood coagulation and drug
delivery system. The structure and characteristics of
collagen are also discussed.

A. Collagen

Collagens are the predominant fibrous proteins in
animals*. They constitute a major structural component in
the extracellular matrix of all multicellular animals,
including sponges, invertebrates, and vertebrates. Collagen,
in the form of elongated fibrils, is mostly found in fibrous
tissues such as tendon, ligament and skin, and is also

abundant in cornea, cartilage, bone, blood vessels, the gut,
and intervertebral disc. The fibroblast is the most common
cell which creates collagen. In muscle tissue, it serves as a
major component of the endomysium. Collagen constitutes
one to two percent of muscle tissue, and accounts for 6% of
the weight of strong, tendinous muscles. The most abundant
and well-characterized collagens are found in axially banded
fibrils with a 670A° repeat®.

B. Structure of Collagen

Collagen has a unique structure, size and amino acid
sequence®’. The basic collagen molecule is rod-shaped with
a length and a width of about 3000 and 15 A, respectively,
and has an approximate molecular weight of 300 kDa &. The
collagen molecule consists of three polypeptide chains
twined around one another as in a three-stranded rope. Each
chain has an individual twist in the opposite directions. The
principal feature that affects a helix formation is a high
content of glycine and amino acid residues®. The strands are
held together primarily by hydrogen bonds between adjacent
CO and NH groups, but also by covalent bonds 1°.

The triple helix structure contains three basic
amino acids: glycine, proline and hydroxyproline. The
pattern is glycine, proline, and X, with X being any amino
acids. Specific amino acids cause specific functions for the
collagen. Hydrogen bonds hold the helix structure together
by linking peptide bonds. Collagen molecules are comprised
of three o chains that assemble together due to their
molecular structure. Every o chain is composed of more
than a thousand amino acids based on the sequence -Gly-X-
Y-. The presence of glycine is essential at every third amino
acid position in order to allow for a tight packaging of the
three o chains in the tropocollagen molecule and the X and
Y positions are mostly filled by proline and 4-
hydroxyproline 2. The high glycine content of collagen is
important with respect to stabilization of the collagen helix
as this allows the very close association of the collagen
fibers within the molecule, facilitating hydrogen bonding
and the formation of intermolecular cross-links 3.

Il. CHARACTERISTICS OF COLLAGEN

A. Strength

Collagen fibrils provide the mechanical support that enabled
large multicellular animals to evolve on earth!# 5, Collagen
has great tensile strength, and is the main component of
fascia, cartilage, ligaments, tendons, bone and skin 6. The
tensile strength of collagen depends on the formation of
covalent intermolecular cross-links between the individual
protein subunits. Bone strength depends not only on the
quantity of bone tissue but also on the quality, which is
characterized by the geometry and the shape of bones, the
microarchitecture of the trabecular bones, the turnover, the
mineral, and the collagen *'. Elasticity

Collagen is a protein that forms the supporting
structure of the skin. It provides elasticity and a smooth
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appearance. Its degradation leads to wrinkles that
accompany aging. Collagen has multiple hydrogen bonds
that, on applying pressure, they can be broken and rebonded
after removal of pressure. Elastic energy storage is an
extremely  important  mechanical  characteristic  of
collagenous tissues, tendons and ligaments are examples of
musculoskeletal tissues that store and transmit energy
elastically during mechanical deformation®® 1°,

B. Biocompatibility

Collagen is a biocompatible and bioactive non specific
polymer. The use of collagen based biomaterials has been
extensively reported in the literature, as a valuable aid in
wound healing and in reconstructive surgery®. Type |
collagen has been well characterized and is ubiquitous
across the animal kingdom?. Its excellent biocompatibility
and safety, made this matrix constituent a primary resource
in biomedical applications.

C. Antigenicity & Immunogenicity

Until 1954, collagen was largely considered to be
nonimmunogenic, and despite subsequent evidence
demonstrating its ability to interact with antibodies, it is still
considered to be a weak antigen®?. Antigenicity refers to the
interaction between the antibodies and the antigenic
determinants or epitopes®. Collagen is an important
biomaterial in medical applications due to its special
characteristics, such _as _biodegradability and weak
antigenecity?*. Scaffolds made of collagen have been used in
a variety of applications due to a number of useful
properties; such as hemostatic effect, low antigenicity, and
good mechanical characteristics for use in soft tissue
engineering applications.

Immunogenicity is about triggering an immune
response 23.An immune response against collagen mainly
targets epitopes in the telopeptide region at each end of the
tropocollagen molecule®®. Type | collagen is a suitable

material for implantation since only a small amount of
people possess humoral immunity against it and a simple
serologic test can verify if a patient is susceptible to an
allergic reaction in response to this collagen-based
biomaterial?®:27,

D. Biodegradability

The degradation product of collagen type | to Il have also
been shown to induce a chemotactic attraction of human
fibroblasts?®. Collagen degradation by human collagenases
is responsible for the widespread use of this material in
many biomedical applications. Biodegradability is a
valuable aspect for most collagen-based biomaterials.
Biodegradation of collagen-based  biomaterials  for
applications such as tissue engineering could potentially
lead to the restoration of tissue structure and functionality %°.

E. Types of collagen

Collagen occurs in many places throughout the body. Over
90% of the collagen in the body is type one. 28 types of
collagen have been identified and described. The five most
common types are: Collagen 1. skin, tendon, vascular
ligature, organs, bone [main component of the organic part
of bone], Collagen II: cartilage [main component of
cartilage], Collagen IlI: reticulate [main component of
reticular fibers], commonly found alongside type I.,
Collagen 1V: forms bases of cell basement membrane,
Collagen V: cell surfaces, hair and placenta. Types I, 1l 111
and V collagen are triple-helical structure. Types I, II, IlI,
and V are called as fibril forming collagens and have large
sections of homologous sequences independent of species.
In type IV collagen, the regions with the triple-helical
conformation are interrupted with large non-helical domains
and short non-helical peptide. Type VI is microfibrilla
collagen and type VII is anchoring fibril
collagens®.Collagen types are shown in table 1.

Cotl)llggen Tissue distribution Structure Site of synthesis Main function Disorders
Osteogenesis
Dermis, bone, Deqsly paqked . imperfecta, Ehlers—
. . thick fibrils Fibroblast osteoblast .
tendon,dentin,fascias, . Resistance to Danlos syndrome,
I with marked odontoblast . . .
sclera, organ capsules, e tension Infantile cortical
. ; variation in chondroblast .
fibrous cartilage . hyperostosis aka
diameter o
Caffey's disease
Very thin
fibrils Resiistant to
I Hyaline find elastic embedded in Chondroblast intermittent Collagenopathy, types
cartilages abundant Il and XI
pressure
ground
substances
Smooth muscles, Loo_sly _pa<_:ked Smooth muscle, Structural Ehlers—Danlos
: ; thin fibrils ; ; ; . ,
endoneurium, arteries, . fibroblast,reticular maintenance in | syndrome, Dupuytren's
1| ! with more .
uterus, liver, . calls, schwann cells, expansible contracture
spleen,kidney, lung gnlform hepatocyte organs
' ' diameters
Epithelial and endothelial . . Enfjoth_ellal and Goodpasture's
. Neither fibers epithelial cells, Support and
v basal laminae and L e syndrome
nor fibrils muscle cells, schwann filtration
basement membaranes cells Alport syndrome
V Most interstitial tissue, Fibrils with Cell surfaces, hair and provides Ehlers—Danlos
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more uniform
diameters

associated with type I,
associated with placenta

instructions for
making a

component of
collagen

placenta syndrome

Table 1: Types

F. Biomedical Application of Collagen

Collagen plays an important role in the formation of tissues
and organs, and is involved in various functional
expressions of cells. The primary reason for the usefulness
of collagen in biomedical application is that collagen can
form fibers with extra strength and stability through its self-
aggregation and cross-linking.

G. Osteochondral Defect

Collagen-based biomaterials used for cartilage regeneration
tend to be more flexible and are ideally built with type 11
collagen in contrast to most of the other collagen-based
biomaterials, which are produced using type | collagen.
Some studies demonstrate that small amounts of autologous
chondrocytes can grow in dynamic culture on type | or Il
collagen structures without any notable difference . Sheet-
like collagen scaffolds seeded with or without autologous
cells can also be used to fill ostechondral defects®.

Among the many tissues in the human body, bone
has been considered as a powerful marker for regeneration
and its formation serves as a prototype model for tissue
engineering based on_morphogenesis. Collagen has been
used as implantable carriers for bone inducing proteins, such
as bone morphogenetic protein 2 [rhBMP-2] [84].A
composite of recombinant human bone morphogenetic
protein 2 [rhBMP-2] and collagen was developed to monitor
bone development and absorbent change of carrier
collagen®. Collagen matrix loaded with BMP and placed in
a close contact with osteogenic cells achieved direct
osteoinduction without causing a cartilage formation3.

An absorbable collagen sponge containing bone
morphogenetic protein 2 [rhBMP-2] was tested in the rat
model for the evaluation of the efficacy of rhBMP-2
produced in Escherichia coli on promoting bone healing®.
Bacterially expressed rhBMP-2 loaded in collagen sponge
was osteogenic in vivo. An absorbable collagen sponge
containing bone morphogenetic protein 2 [rhBMP-2]
stabilize endosseous dental implants in bony areas and
normal bone formation was restored without complication®®.

Demineralized bone collagen was used as a bone
graft material for the treatment of acquired and congenital
orthopaedic defects either by itself or in combination with
hydroxyapatite>’. The result of this study showed that
grafted demineralized bone collagen in combination with
hydroxyapatite was an excellent osteoinductive material and
could be used as a bone substitute. A recent study showed
that addition of 500 U of retinoic acid to collagen at a site
of a bone defect enhanced regeneration of new bone,
achieving union across the defect and leading to its complete
repair %,

I1l. LIGAMENTS & TENDONS

Once damaged, ligaments and tendons have no ability to
heal through a regenerative process, but instead form
fibrotic scars. The development of tissue engineering and

of collagen

regenerative medicine may provide a promising method to
treat ligament and tendon injuries. Many biomaterial grafts
fabricated as ligament and tendon scaffolds®*%°, knitted
scaffolds have mechanical properties similar to those of
biological tissues and are therefore a good prospect for
ligament and tendon reconstruction. Chen et al.*! developed
a new practical ligament scaffold based on the synergistic
incorporation of a plain knitted silk structure and a collagen
matrix.

A. Cartilage

In cartilage tissue engineering, the fundamental challenge is
to develop a suitable scaffold that provides sufficient
structural support to withstand the large forces applied to the
new tissue. Chen and colleagues have conducted many in
vitro and in vivo studies in cartilage reconstruction with the
use of knitted PLGA mesh/collagen hybrid scaffolds*?. The
hybrid scaffolds, taking advantage of naturally derived and
synthetic materials, were prepared by integrating collagen
sponges with the knitted PLGA mesh, and with adjustable
thickness*®.The polymer mesh served as a “skeleton” and
reinforced the hybrid scaffold, that facilitated cell seeding
and cell distribution®?. These studies demonstrated that the
PLGA mesh/collagen scaffolds improved chondrocyte
adhesion, proliferation* facilitated the redifferentiation of
the dedifferentiated multiplied chondrocytes, and promoted
chondrogenic differentiation of MSCs. The engineered
tissue obtained by this approach matched the native cartilage
both histologically and mechanically“>. A recent study has
focused on a novel leak-proof PLGA mesh/collagen cell
scaffold to transdifferentiate MSCs for cartilage tissue*.

B. Blood Vessels

Tissue engineering techniques have been developed to
construct vascular grafts, but the clinical use of blood vessel
alternatives remains limited. The primary obstacles include
shortage of vascular endothelium, thrombosis, lumen
collapse, low seeding-cell viability, infection risk, and
insufficient mechanical strength to afford long-term patency.
For an ideal blood-vessel substitute, the fundamental
requirements with respect to mechanical properties include
sufficient burst pressure and viscoelasticity. Burst pressure
is the strength required to rupture the vessel, is a critical
characteristic of blood-vessel substitutes. For native arteries,
the burst pressure is in excess of 2000 mm Hg; given the
normal arterial pressure range of up to several hundred mm
Hag, this indicates that native blood vessels are designed with
a safety factor of approximately ten fold*>. Another
important characteristic is the viscoelasticity, which should
match that of native blood vessels. Although it is difficult to
construct an ideal substitute, incorporating a weft-knitted
fabric into a polyurethane vascular graft can improve
elasticity and strength*. Among the polymeric materials
that provide appropriate mechanical properties for vascular
scaffolds, the knitted mesh has the potential to be used in
routine clinical practice. Iwai et al.,*” have fabricated a
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tissue-engineered ~ patch  consisting  of  collagen
microsponges, an interior layer of PGA knitted mesh, and an
exterior layer of woven PLA fibres for reconstructing
vascular walls.

C. Blood Coagulation

Collagen shows hemostatic properties that promote blood
coagulation and play an important role in tissue repair
process. Collagen sponge or gel initiates adhesion and
aggregation of platelets that lead to a thrombus formation*?.
Monomeric collagen does not activate platelet aggregation,
while polymeric collagen having a regular arrangement of
the molecules with a length of around 1 um does activate it.
Arginine side chains of collagen seemed to be responsible
for its interaction with platelets “®,

D. Cardiac Surgery

Natural collagenous materials were used for surgical repair
and abdominal wall repair by taking advantage of their low
antigenecity and ability to integrate with surrounding
tissues®®. A technique of, and the results obtained with, the
intraoperative and postoperative intrapericardial instillation
of microfibrillar collagen and fresh frozen plasma and
platelet mixture are presented. Intraoperatively, the mixture
was instilled into the exposed mediastinum in the course of
open-heart operations in 31 patients in whom diffuse oozing
of blood persisted following the termination of
cardiopulmonary bypass and the neutralization of circulating
heparin. Immediate clot formation and decrease of blood
loss were observed in all instances. This method was also
found effective in 9 of 20 patients who had continuing blood
loss during the hours following open-heart surgery and in
whom the mixture was instilled through the mediastinal
drainage tubes™®. Sirlak et al., % extolled the virtues of
microfibrillar collagen [MC] as a hemostatic agent.

E. Skin Replacement

Collagen-based wound dressings have been applied for
decades for burn coverage applications and ulcer
treatment?®. Highly sophisticated and innovative tissue-
engineered skin models have been developed with
melanocytes a capillary like network, dendritic cells52,
sensory innervation adipose tissue, and tissue reproducing
psoriatic or sclerotic phenotypes. Mesenchymal stem cell
delivery to the wound bed in collagen-based biomaterial is a
growing topic in wound healing®®.

Collagen based implants have been widely used as
vehicles for transportation of cultured skin cells or drug
carriers for skin replacement and burn wounds®*.Cultured
skin substitutes developed on collagen lattice were also used
for skin replacement and skin wounds. Reconstituted type |
collagen is suitable for skin replacement and burn wounds
due to their mechanical strength and biocompatibility®.
Chronic wounds resulting from diabetes have been
successfully cured with allogenic cultured skin substitutes
prepared from cryopreserved skin cells. Addition of selected
antimicrobial drugs like amikacin to the bovine skin
implantable collagen managed to control microbial
contamination and increased healing of skin wounds.

In burn and leprosy patients, collagen can be used
as a wound dressing to protect skin surfaces. The resulting

bandage simulates some of the basic properties of skin,
controls fluid loss, maintains thermoregulation, and prevents
contamination until healing occurs or a skin replacement can
be grafted. In addition to their usefulness for skin
augmentation and as a dressing, several types of vascular
prostheses have been derived from collagen, these devices
generally have been further treated with heparin to create
anti-thrombogenic surfaces 5.

F. Cornea Treatment

The combination of collagenous biomaterials and stem cells
could also be a valuable strategy to treat corneal defects. In
the last decade, collagen scaffolds have been intensively
studied for the delivery of limbal epithelial stem cells to
damaged cornea. Advances in collagen-based corneal
scaffolds also include the utilization of recombinant human
collagen, the secretion of collagen by the fibroblasts
themselves and surface modification to reduce extensive
endothelialization®®. The effectiveness of collagen sponges
as a substrate for human corneal cells was demonstrated and
corneal cells exhibited normal cell phenotype when cultured
individually on an engineered collagen sponge matrix 7.

The collagen corneal shield is fabricated from
porcine sclera tissue that closely resembles collagen
molecules of the human eye®. The mechanical properties of
the shield protect the healing corneal epithelium from the
blinking action of the eyelids. The collagen corneal shield
would promote epithelial healing after corneal
transplantation and radial keratomy®.

G. Rheumatoid Arthritis

Rheumatoid arthritis [RA] is an autoimmune disease
characterized by chronic inflammatory synovitis and
subsequent progressive destruction of articular tissue. The
etiologic cause of RA has not been clearly delineated, but
cumulative evidence suggests that CD4* T cell-mediated
autoimmune responses play a critical role in the
pathogenesis of RASC,

Oral tolerance therapy has long been recognized as
being able to induce peripheral immune tolerance to specific
antigen®’. Low doses of orally administered antigen favor
active suppression of T cell-mediated immune responses,
whereas high doses can induce peripheral tolerance.
Treatment with orally fed antigens has proved highly
effective in various animal models of human autoimmune
diseases, including collagen-induced arthritis®? and adjuvant
arthritis, two models that resemble human rheumatoid
arthritis [RA].

H. Urogenital Diseases

Surgical procedures aiming to solve genitourinary disorders
use acellular collagen scaffolds in bladder augmentation®
and urethral stricture®* collagen-composite scaffolds
populated with the patient’s own urothelial and muscle cells
or self-assembled fibroblast sheets are also a promising
strategy for bladder augmentation®and are showing
optimistic clinical results. Vesico-urethral reflux and
incontinence are other defects of the urogenital system
which can also be solved using injection of collagen
biomaterials . Collagen synthesis in the urogenital tract is
under the influence of estrogens®”- The Collagen
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concentration was found to be almost doubled in
postmenopausal paraurethral biopsy specimens when
postmenopausal were compared with premenopausal
women. The collagen fibril organization was also changed
with higher cross-linking after the menopause, whereas both
the amount and composition of the proteoglycans were
unchanged. Estrogen replacement therapy resulted in
decreased collagen concentration and decreased cross-
linking of the collagen®’.

I. Cancer Therapy

Scaffolds prepared from collagen and chitosan can be
utilized as a substrate to culture HEp2 cells and can also be
used as an in vitro model to test anticancerous drugs. A
biodegradable polymer scaffold was developed using
collagen and chitosan, in the form of interpenetrating
polymeric network, for in vitro culture of human epidermoid
carcinoma cells [HEp2, Cincinnati]®. Glutaraldehyde was
used as crosslinking agent for the development of scaffold. .
In vitro culture studies were carried out using HEp2 cells,
over the selected scaffold and its growth morphology was
determined through optical photographs taken at different
magnifications at various days of culture. The results of the
above studies suggest that the scaffolds prepared from
collagen and chitosan can be utilized as a substrate to
culture HEp2 cells and can also be used as an in vitro model
to test anticancerous drugs 8.

J. Neural Migration

Peripheral nerve regeneration is a very important topic in
regenerative medicine. Collagen-based biomaterials have
been extensively studied as a promising nerve guide®
Multiple compositions of collagen-based nerve conduits
have recently been tested with positive results compared to
clinically used autografts. Even if acellular scaffolds have
shown good results’®, most collagen nerve guides are
engineered from crosslinked collagen solution molded into
tubular shape like commercially available NeuraGen® from
Integra™. Pore orientation addition of neurotrophic factors™
and cell delivery are currently being investigated in an
attempt to enhanced nerve guides for clinical applications.
Collagen-based biomaterials can also be used to develop
innovative three-dimensional tissue-engineered nervous
system models to promote 3D axonal migration and
myelination of sensory or motor neurons by Schwann cells
through a connective tissue’.

K. Drug delivery system

Drug delivery is the method or process of administering
pharmaceutical compound to achieve a therapeutic effect in
humans or animals. Collagen gels are one of the first natural
polymers to be used as a promising matrix for drug delivery
and tissue engineering®.

1) Collagen shield

The collagen shield was designed for bandage contact
lenses, which are gradually dissolved in cornea’. The use of
the collagen-based drug delivery systems is the ease with
which the formulation can be applied to the ocular surface
and its potential for self administration’®. The mechanical
properties of the shield protect the healing corneal
epithelium from the blinking action of the eyelids. Drug

delivery by collagen shields depends on loading and a
subsequent release of medication by the shield ™. The
collagen matrix acts as a reservoir and the drugs are
entrapped in the interstices of the collagen matrix in a
solution for water-soluble drugs or incorporated into the
shield for water insoluble drugs. As tears flush through the
shield and the shield dissolves, it provides a layer of
biologically compatible collagen solution that seems to
lubricate the surface of the eye, minimize rubbing of the lids
on the cornea, increase the contact time between the drug
and the cornea, and increase the epithelial healing 6. A
bolus release of drug from the lenses leads to the enhanced
drug effect’””. Therefore, this system allows the higher
corneal concentrations of drug, and the more sustained drug
delivery into the cornea and the aqueous humor.

2) Collagen films

Collagen films have also been used as a drug carrier for
antibiotics? after implantation into rabbits, The duration of
therapeutic effect of tetracycline is increased after
administration of the collagen film containing tetracycline
and it could be detected in the plasma for more than 7 days
after implantation into rabbits. Biodegradable collagen films
or matrices have served as scaffolds for a survival of
transfected fibroblasts’®. A combination of collagen and
other polymers, such as atelocollagen matrix added on the
surface of polyurethane films, enhanced attachment and
proliferation of fibroblasts and supported growth of cells™.
3) Collagen sponges

Collagen sponges were found suitable for short term
delivery (3-7 days) of antibiotics, such as gentamicin®.
Gentamicin containing collagen sponges placed on a septic
focus in the abdomen reduce local infection®. This therapy
achieved high concentration of gentamicin at the local site,
while low concentration in serum. Collagen sponges
containing antibiotics did not show any side effects and the
collagen is reabsorbed after a few days. Collagen sponges
were also used for delivery of steroids through topical
applications, such as intravaginal delivery of lipophilic
compounds including retinoic acid®.

Collagen-based sponge was inserted into a cervical
cap made of hydrogel hypan, which, when in contact with
wet tissue surfaces, adheres to them by the force of
differential osmotic pressure®. This novel system is
associated with high local concentrations of drugs without
producing any systemic symptoms, and has been very useful
for local drug delivery.

4) Collagen gels

Collagen gels are widely used in tissue engineering, the
nature of their application has changed little in more than a
decade. They are visco-elastic; i.e. they are semi-solid when
at rest, but can be induced to flow under stress [e.g.,
extrusion from a syringe]. In addition, they exhibit good cell
and tissue compatibility®, and thus should not interfere with
normal function at the site and systemically. Collagen gels
are flowable, suggesting the possibility of an easily
injectable, biocompatible drug delivery matrix. Collagen
gels are primarily used for injectable systems. The most
readily available forms of such injectable collagengels are
[a] injectable suspensions of collagen fibers and [b]
nonfibrillar, viscous solutions in aqueous media., embedded
chondrocytes in collagen gels to repair articular cartilage
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defects. Awad et al®® incorporated autologous mesenchymal
stem cells into collagen gels for tendon repair.

5) Hydrogels

Hydrogels have been widely used as a drug carrier due to its
ease in manufacturing and self application. Hydrogels may
be used as carriers to control delivery of the virus and
resultant tissue regeneration®. Hydrogels consist of a 3D
polymer network, which swells in water or aqueous media.
The viscoelastic nature, high hydration state, and porous
form of these polymers have made them useful scaffolds for
in vitro and in vivo cellular support®”. One of the successful
applications of collagen for the controlled delivery systems
is collagen based gel as an injectable aqueous formulation.
An injectable gel formulation in a combination of collagen
and epinephrine for delivery of 5-FU was developed for
cancer treatment®. Collagen and polyhydroxyethyl
methacrylate into hydrogels was made to develop a delivery
system for anticancer drugs, such as 5 FU %.  Hybrid
copolymers of collagen with polyethylene glycol and
polyvinyl pyrrolidone were prepared for the controlled
delivery of contraceptive steroids®.

Implantable collagen hydrogels have been
incorporated as agents for delivery of chemotherapeutic
agents and new ocular drug delivery systems are being
evaluated using collagen inserts as a controlled-release
system. For example, pilocarpine - currently is under
investigation in a collagen drug carrier because it can be
used as a topical miotic for controlling elevated intraocular
pressure associated with glaucoma where the kinetics of
drug release can be manipulated based on modifications
made to the collagen carrier °%.

6) Liposomes

Liposomes are widely used as a drug carrier due to their
biodegradability and removable versatility in terms of
composition and size. The combination of liposomes and
collagen-based technologies has been long achieved since
the early 80s®. In this case, drugs and other bioactive agents
were firstly encapsulated in the liposomes and then
embedded inside a depot composed of collagen-based
systems, including scaffolds and gels. The combination of
these two technologies [i.e., liposomes and collagen-based
system] has improved storage stability, prolonged the drug
release rate, and increased the therapeutic efficacy °2. It was
found that a coupling of liposomes to the gel-matrices
enhanced the stability of the system due to the antioxidant
effect of collagen molecules when they were immobilized.
A novel drug delivery system comprising liposomes
sequestered in a collagen gel has demonstrated controlled
release profiles of insulin and growth hormone into the
circulation. Moreover, since coated vesicles were more
stable than control liposomes, the permeation rates of
incorporated drugs from small unilamellar liposomes coated
by collagen into systemic circulation were much greater %,
7) Pellets

Minipellets made of collagen have been developed for
various candidate compounds®. A minipellet is small
enough to be injected into the subcutaneous space through a
syringe needle and still spacious enough to contain large
molecular weight protein drugs, such as interferon and
interleukin-2 %. An attempt to produce a pellet type
controlled-release delivery vehicle made of purified type |

collagen for water soluble osteogenic proteins was described
96

Collagen-based pellet as a gene delivery carrier has
been extensively studied. The effect of atecollagen- based
mini-pellet on the mRNA expression and functional status
of facial nerve in the rat model was investigated %’. The solid
nature of atelocollagen in vivo seems to have a great
potential for site- or tissue-specific transportation of target
genes. The controlled gene transfer using atelocollagen in a
form of pellet has allowed a prolonged systemic circulation
of target products and has facilitated a long term use of
naked plasmid vectors for somatic gene therapy %. The
mechanism of direct bone formation by BMPs—collagen
complex was ultrastructurally investigated *. This study
proved that direct bone formation is ectopically induced by
bone morphogenetic proteins [BMPs] without cartilage
formation when atelocollagen type | collagen pellet is used
as a carrier.

8) Nanosphere

Property, in which the crystallites in the gel aggregates
appear as multiple chain segments in the collagen-fold
configuration, has been used to prepare aggregates as
colloidal drug delivery carriers 1°°. Nanosphere formation is
driven by a combination of electrostatic and electropic
forces with sodium sulfate employed as a dissolving reagent
to facilitate greater charge—charge interactions between
plasmid DNA and collagen .

a) Nanoparticles

The molecular weight of collagen or gelatin has a decisive
influence on the stability of the manufactured gelatin
nanoparticles . The biodegradable collagen based
nanoparticles or nanospheres are thermally stable, readily
achieving their sterilization'%2, Moreover, nanoparticles can
be taken up by the reticuloendothelial system and enable an
enhanced uptake of exogenous compounds, such as anti-
HIV drugs, into a number of cells, especially
macrophages®, which may be an additional advantage of
collagen based nanoparticles as a systemic delivery carrier.
Thus, nanoparticles were used as a parenteral carrier for
cytoxic agents and other therapeutic compounds, such as
campthocin and hydrocortisone %, Collagen nanoparticles
were used to enhance dermal delivery of retinol .The retinol
in the system was very stable and facilitated a faster and
higher transportation of the incorporated drug through the
skin than the freshly precipitated drug.

IV. CONCLUSION

Collagen has various advantages as a biomaterial and is
widely used as carrier systems for delivery of drug, protein
and gene. Because of its superior biocompatibility and low
immunogenicity, collagen is still the protein of choice for
biomaterials preparation. Collagen has lead to the
development of bioengineering tissues, such as bone
substitutes, tissue and cartilage scaffolds. The study of
native collagen for drug delivery systems and tissue
engineering may lead to a better understanding of
pathological diseases. Collagen-based biomaterials are
expected to become a useful matrix substance for various
biomedical applications in the future.
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