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Abstract. All species of multicellular organisms are formed from connective tissue in which the main forming protein is
collagen. Collagen is usually extracted from animal species and their waste products. Because of the prevalence of
dangerous infectious diseases (zoonosis) and religious reasons in some countries, research is needed on other sources of
non-mammalian natural biomaterials. At present, many bioactive material derived from marine source have been
developed. Collagen derived from marine source has several advantages, namely good biocompatibility, low
imunogenicity, high levels of direct cell adhesion, and high biodegradability. The excellent biocompatibility of marine
collagen has shown its potential in tissue engineering and in regenerative therapy for biomaterial scaffolding.

INTRODUCTION

Silvestri et al have reviewed biomaterial (polymers) comprehensively including collagen, gelatin, chitosan,
hyaluronic acid, matrigel, fibrin, cellulose, alginate, and silk fibers [1]. Collagen is found in various forms in the tissue
of all species of multicellular organisms, this is a major element of the extracellular matrix (ECM), and performs
various functions depending on its location [2, 3]. Various animal species and their waste products can be extracted
into collagen which is bones, tendons, cartilage, and skin [4]. Several studies of collagen from natural sources, such
as bovine and porcine have conventionally been used in biomedical applications [5]. Because of the regenerative
nature of the collagen, this is further applied to regenerative medicine [6].

Nowadays, the problem of using collagen from mammalian sources is the infectious diseases (zoonosis) such as
avian influenza and swine flu, spongiform bovine encephalopathy, teeth-and mouth disease in bovine, porcine, and
buffalo, Ebola, and Zika fever [7] . The use of collagen from mammalian sources is also limited in some countries due
to religious and cultural reasons. Therefore, an alternative source of collagen is needed. Bioactive material derived
from the sea, fish recently attracted attention with low immunogenic collagen properties and few secondary
complications in the human body. Fish collagen extracted from scales, skin, and bones, and has good bioactive
properties, such as good biocompatibility, high biodegradability, low imunogenicity, and potential of cell proliferation
[8, 9]. Collagen from marine sources has the disadvantage of low denaturation temperature (Td), this shows poor
stability. However, with the cross-linking method this can be overcome [10].

COLLAGEN AS SCAFFOLD MATERIAL IN REGENERATIVE THERAPY

Collagen is part of a protein that is very characteristic and often found in multicellular organism and it is a protein
that is most often found in mammals. This makes collagen the most widely studied biomaterials from extracellular
matrix (EMC). 30% of the human body is collagen which is useful as a provider of texture, shape and resistance and
is the most commonly found in connective tissue in animal. Bones, dermis, cartilage (hyaline), ligaments, tendons,
teeth, blood vessels, cornea, intervertebral discs, vitreous body, and placenta (fetus) is where the collagen most found.
Based on the primary structure or form of organization and function, collagen can be classified and available as many
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as 29 types of collagen have been found. Because of its various structural and functional properties, collagen is a
significant part of tissue and biomedical engineering.

Collagen fibers are formed from collagen types I, II, III, V and XI. There are 3 a chains in the collagen molecule
and form its molecular arrangement. In each of these a chains, there are a thousand amino acids that have the -Gly-X-
Y sequence. Glycine that found in these chains has a very important role in positioning the third amino acid that
functions as attachment to the three a chains in the tropocollagen molecule, proline and 4-hydroxyproline most found
in the X and Y sequence. The current major gold standard in tissue engineering is type I collagen. This type I collagen
is chosen as an implantation material in a person because only a few people have an allergic reaction to this biomaterial
and can be ascertained through a serological test.

Collagen is the most common protein that found on the earth because it can be extracted from various sources.
Every living creature can be found in this collagen. Although many sources of collagen are obtained, but generally
the materials most often used in tissue engineering applications are cow and tendon skin, pig skin, and mice. Marine
biota also contributes very large collagen, such as extra collagen obtained from fish, jellyfish, and sponges.

Only a few of this collagen is used in research and clinical use, but it is already widely used in industry. Variety
of fundamental applications has founded in vitro and in vivo in the use of collagen-based biomaterials from the
collagen or acellular matrix that has been extracted. In today’s modern techniques, bone and cartilage reconstruction
is the most important part in functional and aesthetic surgery. When osteochondral defects occur that have reached
important volumes and autograft must be avoided for pathological or practical reason, implantation of this collagen-
based biomaterial is necessary [11].

TABLE 1. Types, forms, and distribution of collagen [11]

Type Molecular formula Polvmernized form Tissue distribution
bone, skin_ tendons, ligaments,
I [al(D)]2e2(D) fibril cornea (represent 90% of total
collagen of the human body)
cartilage, intervertebrate disc,
I [el(II}]5 fibril notochord, vitreous humor in
Fibnl- the eye
Forming II1 [el{III}]s fibril skin, blood vessels
(fibrillar) fibril
. [e1(V)]2o2(V) and - i
W non (assemble with idem as type |
al(V)e2(V)a3(V) type )
fibril
XI ol(XDo2(XDa3(XI) (assemble with idem as type 11
type 1T}
L X | o023y | aicralassocition cartilage
Fibnl- with type II fibrl
associated XII [o1(XID]5 lateral association tendons, ligaments
with type I fibril ;
Newore. | IV [alIV)]aa2(IV) S;i:_;f basal lamina
forming VII [ 1(VID]; anchoring fibrils beneath stratlﬂeq# squamous
epithelia
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FIGURE 1. (a) Triple helix scheme of the collagen o chain. (B) Tropocollagen molecules are assembled. (c) Collagen fibrils
with diameters ranging from 10 to 300 nm. (D) Bundle of collagen fibrils form collagen fibers with diameters ranging from 0.5-3

um [11].
CHARACTERISTIC OF MARINE COLLAGEN

More than half of the earth's surface is ocean. Marine species occupy half of global biodiversity, so marine species
are an unlimited resource that provides collagen that can be utilized for medical needs, biomaterials, pharmaceutical
products, food, and cosmetics. Because of the diversity of these marine species, the development and research of new
sources of collagen for advanced biomedical applications [12, 13].

Marine vertebrates (fish and marine mammals), marine invertebrates (shrimp, sponges, jellyfish, squid, sea urchin,
octopus, star fish, sea anemones, etc.), and other marine sources can be a source of marine collagen. Due to several
beneficial properties including low immunogenicity, biocompatibility, high biodegradability, safety, water solubility,
easy extraction but with high results, and low production costs, marine collagen has attracted wide scientific and
industrial interest. Lots of fish waste is thrown away such as scales, guts, heads, bones, fins and skin. Finding adequate
modalities to turn these leftover marine waste into useful products with high significance and economic value is
important. Type I collagen is isolated from marine sources, usually used as an substantial biomaterial for scaffolding,
while type IV and type II collagen can be extracted from some jellyfish, sea sponges, and fish cartilage [14, 15].

From all of the advantages, marine collagen has disadvantages. Almost all marine collagen contains lower amino
acids, thus the denaturation temperature (Td) of marine collagen is lower than that of mammalian collagen. The
difference in hydroxyproline might determine the Td of collagen. The water temperature of their normal habitat and
their thermal stability is related with the amino acid content of fish collagens. Marine collagen melts at temperatures
of more than 37 © C because Td of marine collagen is lower than the body temperature of mammals.

Scaffold synthesized from marine collagen, mostly collagen from fish, has its own difficulties, such as lower Td
and lower viscosity than terrestrial vertebrate collagen. Cross-linking in vitro can be done to improve collagen
fibrillogenesis. Many cross-linking methods have been used to stabilize collagen. Cross-linking methods used to
stabilize collagen can be divided into physical treatments, including gamma irradiation, UV irradiation, and
dehydrothermal treatments and chemical treatments, such as those using the use of carbodiimide, glutaraldehyde, and
ethyl dimethyl-aminopropyl carbodiimide (EDC). Chemical treatment provide very high strength and stability to the
collagen matrix, whereas it can produce poor biocompatibility or potential cytotoxicity, whereas physical treatment
provide sufficient stability without cytotoxicity [16-18].
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FIGURE 2. Advantages of marine source collagen [14].

BIOCOMPATIBILITY

The main reason for choosing collagen as a regenerative material is because collagen has low imunogenicity,
biocompatibility, high biodegradability, and good direct cell adhesion compared to other natural and synthetic
polymers. A tissue engineering experiment using fish collagen as scaffolding was carried out.

In a study of jellyfish collagen scaffolding carried out on cells cultured in a three-dimensional matrix, seeding of
cells with high density and efficient nutrition and oxygen was provided because the collagen scaffold was very porous
and the pores were interconnected. The ability of jellyfish collagen to stimulate an immune response comparable to
bovine and / or gelatin collagen. Making collagen from tilapia to produce collagen sponge which has a microstructure is
done by reconstructing collagen fibers using freeze dried and cross bonding through dehydrothermal (DHT). In an
experimental study of pellet implantation in rabbit paravertebral muscle with negative control of porcine collagen and high
density polyethylene it was found that tilapia collagen had almost the same statistical results. Where one or four weeks after
implantation, collagen tilapia rarely triggers an inflammatory response [19-22].

BIODEGRADATION

In vitro degradation study concluded that the addition of freshwater fish scales collagen can provide a higher level
of stability. In the study, scaffolding added with freshwater fish scales collagen was seen to decrease by ~50% after
30 days, while scaffolding without addition experienced total degradation within 4 days. In studies conducted on mice
injected with collagen and mice without treatment, it is known that collagen has minimal immunological reactions. It
can be indicated that collagen biocompatible fish scales as tissue engineering in humans. Placement of graft material
from marine collagen in subcutaneous mice is gradually biodegradable. One month after implantation, macrophages and fibroblasts
penetrate the surface of the scaffold without symptoms of necrosis. In various types of treatment with collagen on implantation, no
collagen is seen that disappears within one month after implantation [19-21].
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BIOMEDICAL APPLICATIONS

Tissue Engineering and Regeneration

The development in the field of tissue engineering or regenerative medicine is very rapid, using biological
techniques and principles to create new tissue and organ, to regenerate damaged tissues and organs by combining cells
from the body with scaffold material. Bone tissue engineering studies require the selection of an appropriate
scaffolding matrix. Excellent marine collagen biocompatibility is a potential role in tissue engineering and in
regenerative medicine for the design of scaffold material. Most recently type I collagen is most widely used as a
biomaterial. Chemical treatments provide very good strength and stability to the collagen matrix, despite they can
produce poor biocompatibility or potential cytotoxicity, while physical treatment provide sufficient stability without
cytotoxicity.

Biodegradable porous scaffolding applications that replicate natural extracellular matrix are needed for tissue
engineering, which provides to spatially regulate cells and provide specific cellular signals and regulation. Important
parameters that are widely recognized for scaffolding used in tissue engineering related to cell migration, seeding,
growth, and formation of new tissue, surface area, number of pores, pore size, and pore wall morphology.

Polymer scaffolds directs various cellular processes based on structural and biochemical properties of scaffolds so
that they have known as a central of tissue engineering technology. The material used to make scaffolds not only
establishes the physical properties of mechanical stability, biocompatibility, and biodegradability, but also supplies
the right signal to direct cellular processes that induce tissue formation. Collagen supports all types of connective
tissues, including bones, cartilage, tendons, ligaments, skin, and blood vessels so it can be an ideal scaffold or carrier
for tissue engineering.

Marine collagen has been researched as having osteogenic activity. Marine collagen extracted from tilapia scales
can promote cell viability, significantly increase the expression of osteogenic and endothelial marker in the
mesenchymal stem cell of the rat. It proves that marine collagen has the potential to promote osteogenic and
endothelial differentiation. Interestingly, it also shows that marine collagen inhibits the expression of chondrogenic
and adipogenic markers. Treatment with marine collagen increased the expression of osteogenic markers, activity of
alkaline phosphatase, cell proliferation, and mineralization, which demonstrated the potential function of marine
collagen as a biomaterial in osteoblast cell culture for tissue engineering in marine collagen extracted from bone and
skin cod in human osteoblastic cell [23-26].

Skin Tissue Engineering, Regeneration, and Wound Healing

In clinical application, skin graft still has many limitations and weaknesses including donor availability. Due to
increasing demand for skin replacement or skin defects caused by burns, trauma, infections, scarring, skin graft
rejection, genetic defects and other diseases, this has become the major challenge for health care. There are three
phases of the wound healing process in humans, namely: the inflammation phase, the proliferation phase and the
maturation phase.

In the inflammatory phase, there is an increase in permeability to increase cell adhesion resulting in contraction at
the wound edge during proliferation until maturation, regression and differentiation result in the appearance of new
capillaries and differentiation in fibroblasts. And to continue the process of healing the wound, foreign particles and
tissue that cannot survive must be immediately removed and cleaned from the wound surface. To increase the
occurrence of homeostasis and to prevent infectious agents to penetrate, effective wound healing must be carried out
[27-29].

The use of scaffold P (3HB-co-4HB) / marine collagen from tilapia skin increases the attachment of fibroblast
proliferation and has a very significant effect in the process of wound healing and wound closure which shows that
this scaffold can function as a wound healing technology in the future. The material used in this scaffold collagen is
collagen obtained from mrigal fish (Cirrhinus cirrhosis) through the freeze drying method where the marine collagen
sponge can stimulate proliferation and growth of primary fibroblasts and human keratinocyte when using this scaffold
which causes faster wound healing and increases layers of the epidermis, proving that the use of this scaffold is proven
as a skin substitute. Biocompatible scaffolding produced through Tilapia-scale collagen (Oreochromis niloticas) that
form as hydrogel which is water soluble, can show that tilapia scales are a very effective source of collagen isolation
used as ingredients that have potential to be used in skin regeneration and tissue engineering [32,34].
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Dental Tissue Engineering and Regeneration

Marine collagen is responsible for osteogenic differentiation by increasing the viability of periodontal ligament
cell and increasing the regulation of osteogenic markers and proteins associated with osteogenesis through ERK
pathway. Marine collagen is a good biocative material as an alveolar guidance biomaterial. In clinical use, the tilapia
collagen scaffold has the ability to enhance periodontal tissue repair by guiding tissue and bone repair membranes. In
addition, the tilapia collagen membrane exhibits anti-bacterial properties against Streptococcus mutans and increases
cell viability, cell adhesion, and osteogenic expression in periodontal ligament cell [34].

CONCLUSION

The selection of marine collagen as a biomaterial for tissue engineering because this collagen has good
biocompability, soluble in water, safe, low-cost, easy to obtain, good biodegradation and antimicrobial. Marine
collagen is natural and has a structure similar to mammalian collagen, so it has the potential as a biomedical
biomaterial. Nevertheless, further experiments with experimental animals are needed before the material is used in
humans.
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