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Abstract: Collagen and chitosan and their combination are the most trending biomaterials at present 

due to their excellent bioavailability, biodegradability, biocompatibility, nontoxicity, and potent wound 

healing activity. Chitosan is obtained from chitin, a second-most freely accessible characteristic 

biomaterial after cellulose. Chitin is not soluble in weak acids, while chitosan dissolves in an acidic 

environment. Due to the dominance of primary amines (-NH2) in the structure of chitosan, a net positive 

charge is gained by the molecule, which is significant for its pharmacological activity. Marine collagen 

is obtained from numerous marine sources like marine fishes, sponge, and mollusks. It plays a key job 

in tissue repair mechanism through its chemotactic properties, which attracts cells like fibroblasts and 

keratinocytes to the injury and gives the wound an alternative collagen source that is debased by elastase 

and matrix metalloproteinases (MMPs) as a conciliatory substrate. Many different types of chitosan and 

collagen have been pre-owned to an assortment of wound preparations, acting as a characteristic 

scaffold or substrate for new tissue development and making them the most favored biomaterial among 

wound experts. This review focuses on the key highlights of marine collagen and chitosan, their 

mechanism of action, pharmacological applications, and their use in biomedical engineering, 

particularly wound healing. 

Keywords: biomaterials; marine collagen; chitosan; scaffold; tissue engineering; pharmacological 

applications. 
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1. Introduction 

In the course of recent decades, various research groups have been working on 

techniques to advance the wound healing process and the improvement of newer biomaterial 

utilizing chitosan and marine collagen. For many years, these two proteins are used in many 

experimental studies. In the animal kingdom, collagen is the only abundant protein with great 

pharmacological value. It has many applications that are carried out utilizing different sources, 

such as bovine, porcine, and birds. In spite of the fact that sources of collagen are plenteous, 

collagen from land creatures posed a threat to its usage in everyday life. Consequently, 

researchers searched for an alternative source and discovered marine collagen having potent 
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tissue repair activity without potential side effects. It is composed of a long triple-helical 

structure (polyproline II-like helices) formed by three firmly joined peptidyl subunits 

composed of hydroxyproline, proline, and glycine (Figure 1), and the triple helix forms large 

fibrillar supermolecules at neutral pH [1]. 

 
Figure 1. Triple helical structure of marine collagen protein. 

It has additionally demonstrated tissue healing properties in numerous civil and 

battlefield applications. Fish collagen plays a crucial role in strengthening tissues by altering 

cellular functioning, including cell attachment and growth by interacting with other cellular 

proteins and their receptors. Chitosan has a natural origin, and it is composed of a linear 

polysaccharide chain obtained from enzymatic hydrolysis of chitin when deacetylated in a 

basic medium. In terms of its trading and marketing, it is the most sustainable biomaterial after 

cellulose [2]. Today, marine collagen and chitosan and their derivatives have gained significant 

attention in the biomedical field because of their exclusive biochemical properties. The most 

recognized properties of marine origin collagen and chitosan in the biomedical field are 

nontoxicity, environment-friendly, immunomodulatory, bacteriostatic, excellent 

bioavailability, and tissue repair activity. In vitro and in vivo studies have demonstrated their 

biodegradability where larger particles converted into monomer units [3]. The products 

procured by enzymatic degradation of chitin have shown no ADRs on living tissue. Chitosan 

has the ability to reduce cholesterol, inhibit bacterial growth by inhibition of mRNA. Both 

collagen and chitosan have been broadly utilized in numerous pharmacological applications. 

In wound healing as scaffolds or antibacterial dressings [4], in drug delivery as a carrier for 

distribution of drug at the site of the tumors, for gene delivery [5], in hemodialysis [6], and 

dentistry for absorbable sutures [7,8]. This article presents the most recent emerging 

pharmacological applications of chitosan and marine collagen-based biomaterials. This article 

also briefly explained chitosan and marine collagen, their characteristics, sources, synthesis, 

and utilization in different fields. 
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2. Sources and extraction of chitosan and marine collagen 

2.1. Chitosan. 

The production of chitosan begins after selecting appropriate chitin sources either 

marine sources like crabs, prawns or non-animal sources like fungi indicated in (Table 1.) 

Based on the source, chitosan can have distinct physicochemical properties. There are two 

modes of chitin extraction and purification, i.e., demineralization and deproteination. To obtain 

chitosan, it is treated with strong bases, preferably sodium hydroxide. This procedure is known 

as deacetylation, and it also influences molecular weight, physiochemical properties of 

chitosan, such as the distribution of amine groups and net positive charge in the polymer. 

Byproducts of chitosan collaborate with living cells and tissues without causing any side effect 

in the human body. It interferes with the chain oxidation mechanism by displacing free radicals 

and acting as a bactericidal agent against many microorganisms. The antimicrobial property of 

chitosan essentially depends on the degree of deacetylation, molecular weight, pH value, 

presence of cation, pKa, and microbial species from which chitosan is extracted [9]. The 

healing procedure of an injury involves a sequence of phases, namely hemostasis, 

inflammatory phase, migration & proliferation phase, and remodeling phase. To provide better 

wound treatment to civilians, especially in the case of armed forces, research laboratories 

worldwide began to advance chitosan wound dressings, ensuring their safety and potency [10, 

11]. Compared to many natural or chemically synthesized molecules, chitosan is accepted as a 

desirable biomaterial because of its important characteristics like polycationic nature that is 

active against many microbes including Gram-positive and Gram-negative bacteria, chelating 

and blocking agent inhibiting microbial growth. 

Table 1. Sources of chitin/chitosan. 

Insects Marine Animals Microorganisms/Fungi 

Horned grass hoppers  Shrimps Fungi cell wall 

Egg-Larva-Pupa-Adult Lobsters Brown algae 

Green bugs Mollusks Green algae 

Scorpions Krill Spores 

Brachiopods Prawn Mycelia penicillium 

Spiders Crabs Ascomydes 

Cockroaches Coelenterata Chytridiaceae 

Ants Crustaceans β-type yeast 

Beetles Annelids Blastocladiaceae 

2.2. Marine collagen. 

Marine origin collagen is the safest source for acquiring collagen in the present-day 

scenario. Another main purpose behind utilizing this compound is because of the fact that "life 

started from marine". Collagen that has been extracted from kingdom Animalia includes 

chicken, bovine, porcine, avian, rodent tail, ducks’ feet, skin and ligaments of horses, sheep 

and alligators, toad skin, and sometimes even from humans is a complex, time tedious, and 

expensive process [12]. It had also reported encephalopathy and low bioavailability in certain 

instances. The output is also very low when contrasted with other sources. Because of these 

major concerns, such as antagonistic inflammation, autoimmune disorders, and the existence 

of different diseases among land creatures causing health complications, collagen from marine 

life has begun to be researched and investigated. Sources include the utilization of marine 

vertebrates and invertebrates, such as fishes, starfish, jellyfish, sponge, sea urchin, octopus, 
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squid, cuttlefish, and sea anemone and prawns. Marine collagen protein is acquired by 

discarding a significant volume of fish weight (approximately 75%) in the form of skin, bone, 

fins, head, gut, and scales. Among these deposits, a considerable amount of type I collagen is 

extracted out of having an economic value. However, if the source is fish cartilage, type II 

collagen is the preferred choice. Fishes that are on a healthy diet yield less amount of collagen 

than starved ones. Based upon the source of collagen, various methods have been suggested 

for acquiring collagen macromolecules that involve three major steps, i.e., preparation, 

extraction, and recovery. The entire process comprises separating fish and animal parts and 

then cleaning them with a suitable solvent. After that size has been reduced using mincing 

samples, a chemical pre-treatment is also given to remove the non-collagenous part. An acidic 

medium is generally utilized to solubilize collagen and designated as Acid Soluble Collagen 

(ASC) for the extraction phase. Yields of extracting collagen from various marine sources are 

reported in (Table 2). Enzymes like trypsin, pancreatin, ficin, bromelain, papain, or pepsin are 

most commonly utilized that aids in the solubilizing procedure. If treatment is done through 

pepsin, the subsequent extract is designated as Pepsin Soluble Collagen (PSC) [13]. This 

procedure is extremely helpful, as it cuts away peptide units precisely in the non-helical 

telopeptide domain of collagen, subsequently hydrolyzing few non-collagenous proteins, 

enhancing collagen concentration. It brings about a considerably purest form of collagen by 

solubilizing unwanted substances and reducing antigenicity instigated by telopeptide 

fragments. Marine origin collagen has supremacy over animal sources. It is characterized by 

high collagen content, high bioavailability, chemically inert, less antigenic, absorbed 

metabolically, biodegradable to normal body constituents, almost negligible toxicity such as 

TSE, BSE, foot and mouth disease, and minor regulatory issues [14,15]. 

Table 2. Collagen extracted from various marine sources with percent yield. 

Sources Source Tissue Yield 

Bigeye snapper  Bone ASC: 1.59% 

Largefin longbarbel catfish Skin ASC: 16.8%; PSC: 28.0% 

Seaweed pipefish Skin ASC: 5.5%; PSC: 33.2% 

Brown backed toadfish Skin PSC: 54.3% 

Ocellate pufferfish Skin ASC: 10.7%; PSC: 44.7% 

Lizard fish Scales ASC: 0.79% 

Horse mackerel Scales ASC: 1.51% 

Grey mullet Scales ASC: 0.43% 

Flying fish Scales ASC: 0.72% 

Yellowback seabream Scales ASC: 0.90% 

Bigeye tuna Bone  
Squid Skin 53% 

Cuttlefish Skin ASC: 0.58%; PSC: 16.23% 

Edible Jellyfish Umbrella 46.40% 

Brownbanded bamboo shark  Cartilage ASC: 1.27%; PSC: 9.59%  

Blacktip shark Cartilage ASC: 1.04%; PSC: 10.30%  

Ribbon jellyfish Umbrella PSC: 9%–19% 

Marine Sponge  30% 

Yellowfin tuna  Swim bladder 1.07% 

Bramaaustralis Skin 1.50% 

Sole fish Skin 1.93% 

3. Mechanism of action of chitosan and collagen 

3.1. Chitosan. 

The exact mechanism of chitosan for wound healing has not yet been discovered, but 

the information proposes three main approaches to control bleeding: 1. Plasma sorption, 2. 
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Erythrocytes coagulation and 3. Adhesion and activation of platelets as shown in (Figure 2A). 

Sorption of plasma has a key role in chitosan functioning as a hemostat. It has the ability to 

absorb 60-70 % fluid from its initial weight that aids in the aggregation of RBCs and platelets 

at the wound site. The rate of sorption relies upon the chitosan source, degree of deacetylation, 

and molecular weight. However, sorption is not a fundamental aspect that can stop bleeding. 

Coagulation of erythrocytes is legitimately connected with the hemostatic property. In 

the presence of chitosan, hemagglutination occurs due to crosslinking of erythrocyte cells. 

They are bonded together by a polymeric chain of chitosan and form a lattice that can hold 

cells forming a strong clot. In blood, the morphology of erythrocytes is altered when it comes 

in contact with chitosan. Their shape changes seemed to have an uncommon affinity towards 

each other. Jefferson Muniz de Lima et al. showed that the acidic pH of chitosan could cause 

hemolysis of human RBCs, but a balanced pH possesses higher hemagglutination index [16]. 

Chitosan can directly persuade erythrocyte adhesion without establishing any complex 

structures or adhesion of any plasma proteins. Additionally, it retains fibrinogen and other 

blood proteins that improve the adhesion of RBC and coagulation. Fan W. et al. explained that 

chitosan of low molecular weight could tie with erythrocyte wall carrying a positive charge, 

and this might be a principal mechanism of hemostasis [17]. Likewise, there is certain 

information that describes that chitosan is more effective than chitin. Based on Scanning 

Electron Microscope (SEM) assessment, platelets were firmly attached and bonded to each 

other, framing an irregular pattern over the surface of chitosan particles [18]. To sum up the 

hemostatic action of polycationic chitosan, it can be concluded that primary plasma sorption 

acts on blood cells at the injured site. The positive charge of -NH3 interacts with anions present 

at the erythrocyte surface, leading to RBC aggregation, causing quick clot formation without 

systemic hemostasis. 

3.2. Marine collagen. 

Researchers have identified collagen as the common biomaterial in wound healing for 

a long time, and it plays an important job in the body’s natural healing response. When the skin 

is injured, collagen becomes the common denominator in the body's healing response. Collagen 

enables the body to heal itself by preparing the wound bed, adjusting wound chemistry, causing 

cell migration and development, prompting granulation tissue, and improving overall skin tone. 

Collagen's role in these various mechanical, chemical and biological components frames an 

environment helpful for wound healing, and finally, to wound closure. When the blood vessels 

are injured, collagen is exposed and attracts platelets from the blood, which causes blood 

clotting. Fibroblasts and keratinocytes are accumulated at the site of injury to support 

angiogenesis and re-epithelialization. Elastase activates MMPs that help degrade key ECM 

components such as elastin and collagen at the cellular level. MMPs also have a significant 

role in breaking unhealthy ECM components to form new tissues [19]. If the level of MMPs is 

elevated for a prolonged timeframe within a wound, this results in inflammation and delays 

wound healing due to the destruction of healthy ECM. If the normal physiological processes 

do not stabilize additional MMPs, other approaches are needed to reduce protease levels within 

the wound milieu. The primary substrate of the enzyme is the elastin protein of ECM 

responsible for dermal tissue elasticity. The action of elastase is high in chronic wounds. 

Elastase helps in the conversion of pro-MMPs into active MMPs. In doing as such, elastase 

subsidizes strongly to MMP load in a chronic wound. Elastase, being a nonspecific protease, 

can likewise tie to native collagen and ultimately degrade.  
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A  

B  

Figure 2. (A) Role of polycationic chitosan (B) MMPs and elastase in wound healing mechanism. MMPs: 

Matrix metalloproteinases; Ang II: Angiotensin II; ROS: Reactive oxygen species; TGF-β1: Transforming 

growth factor-beta1; VEGF: Vascular endothelial growth factor; PDGF: Platelet-derived growth factor; FGF: 

Fibroblast growth factor; EGF: Epidermal growth factor; DDR: Discoidin domain receptor. 
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When the dermis is injured, collagen peptides result in activation of MMPs and elastase 

enzyme. They act as substituted precursors for generating false signals, detected by fibroblasts 

for stimulating the synthesis of tropocollagen bundles and processing collagen neuropeptides 

(Figure 2B). After an injury, platelets at the wounded region start to accumulate around 

collagen and secrete clotting factors that stimulate the intrinsic clotting cascade, resulting in 

the formation of a stable hemostatic "plug". αa-granules are also secreted by platelet 

stimulating growth factors (GFs) and cytokines such as platelet-derived growth factor (PDGF), 

insulin-like growth factor 1 (IGF-1), epidermal growth factor (EGF), fibroblasts growth factor 

(FGF), and TGF-β. Inflammatory cells like neutrophils, eosinophils, and monocytes are also 

secreted at the wound site during the inflammatory phase to remove bacteria and cellular debris. 

Activated macrophages secrete TNF-α to produce interleukin-1β. IL-1β is mitogenic for 

fibroblasts and controls the expression of MMP. Pro-inflammatory cytokines like TNF-α and 

IL-1β influences collagen deposition in wounds by promoting collagen synthesis via fibroblast 

cells, and it also down-regulates the level of TIMPs. Byproducts released due to collagen 

degradation stimulate the proliferation of fibroblasts that secrete growth factors such as KGF, 

bFGF, TGF-β, PDGF, and IGF-1KGF necessary for ECM growth. 

To summarise, Marine collagen's role in wound healing starting from hemostasis with 

the binding of collagen to receptor sites on platelet membranes that swell and release 

constituents to initiate hemostasis. Collagen ties to glycoprotein fibronectin for adhesion and 

aggregation of platelets. Collagen is chemotactic to monocytes and leukocytes. Monocytes 

transform into macrophages which scavenge and phagocytize foreign bodies and debris for 

wound debridement. Granulation and angiogenesis begin when collagen binds with monocyte 

cells and convert them into macrophages. Macrophages engulf and destroy microbes from the 

wound surface. There is also the growth of new blood vessels, fibers, cells, capillaries, and 

ECM materials supported by collagen protein. Collagen binds with fibronectin, promoting 

fibrillogenesis, influencing fibril dimensions, and stimulating fibroblast proliferation and 

migration. It provides a substrate for directed migration and permeation of fibroblasts. It helps 

in the migration of keratinocytes and the organization of new tissue matrix to form new cells 

and tissues. Wound Remodeling is the last step during which collagen reduces scarring by 

depositing oriented and organized fibers and regulating the amount of collagenase expressed 

by keratinocytes. Normally, it takes around 21 days for complete wound healing. 

4. Pharmacological applications of chitosan and marine collagen 

Chitosan and marine collagen-based products have a number of pharmacological 

applications because of their inimitable physiochemical properties like biocompatibility, 

accessibility, characteristic antibacterial property, and biodegradability. Marine collagen has 

diverse clinical functions in managing complications of bones and skin, and it is the most 

widely used biomaterial in the development of pharmaceuticals. In tissue building, chitosan 

and marine collagen are reasonable molecules of interest for constructing ECM materials [20]. 

These biomaterials are utilized to prepare different kinds of wound dressing since they have 

prominent tissue healing potential, as discussed above. Chitosan is utilized as a carrier for drug 

delivery in the human body and different medicinal purposes. Some clinical approaches to 

chitosan include its utilization in kidney failure, tissue repair as a scaffold, ocular therapies, 

and hemodialysis [21]. Chitosan as a carrier, deliver active pharmaceutical ingredient and 

medications [22], in quality and malignancy treatment [23], bioimaging and dentistry acting as 

antibacterial agent [24]. Marine collagen is a drug delivery component, tissue engineering 
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product, and pharmaceutical in diabetes, obesity, and skin aging. Some potential applications 

have been discussed in detail (Figure 3). 

 
Figure 3. Potential pharmacological applications of chitosan and marine collagen. 

4.1. Role of chitosan in vaccine and drug delivery. 

Chitosan (CH) has been tested for a number of drugs and vaccine delivery. In fact, 

various forms are developed and used in drug delivery applications as drug conjugate, 

nanofiber, absorbable scaffolds, microspheres, aerogels, and so on [25]. Anticancer drugs like 

cisplatin and glutaraldehyde, their derivatives when combined with CH, they indicated 

excellent anticancer activity in the cancerous hepatic cells of dog. When examined, there was 

a significant reduction in the number of venues inside the liver. Necrosis and hepatic cell 

relapse in the immobilized locale were observed utilizing non-cholesterol-CH hydrogels. 

Polyelectrolytic compounds of CH with peptides were analyzed for drug release study. For 

instance, CH-enhanced lipid-insulin complex and CH-insulin conjugate are administered 

orally. CH-gelatine microparticles with specified zeta potential are given through the nasal 

route. Transdermal insulin patches delivery is achieved through low molecular weight CH and 

alginate-chitosan-based microparticles. Calcitonin and Mannitol incorporated with CH have 

demonstrated satisfactory results. CH-neomycin proved to be a safer drug choice for the 

treatment of the internal ear [26]. CH nanoparticles are being utilized for DNA vaccine carrier 

[27], nasal vaccine [28], injectable and mucosal delivery, and vaccine adjuvant chitosan 

promotes cellular immunity through interferons [29]. However, different antitoxins are 

administered with CH delivered both systemic and localized immune responses. Phase I – 

clinical investigation of intranasal influenza vaccine developed with CH-glutamate 

demonstrated favorable outcomes. It has been observed that anti-inflammatory drugs, when 

combined with CH-microparticles, have a long-term effect, extended drug delivery (Table 3). 

Some examples of drugs that were combined with CH are betamethasone and indomethacin 

[30]. CH improves dextran sodium sulfate-induced ulcerative colitis by enhancing intestinal 

barrier functioning and regulating microflora in mice models [31]. CH hydrogel combined with 

bone morphogenetic protein (BMP-7) demonstrated the capacity to repair blemishes and scars. 
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Moreover, chondroitin sulfate from ligament along with CH has shaped cartilaginous tissues 

[32]. Chitosan is not only used as a carrier protein but also in a large number of delivery 

systems. It possesses great affinity when combined with other drugs without causing any 

adverse reaction. 

Table 3. Chitosan-based drug delivery systems. 

Antibiotic 

systems 

Anticancer 

systems 

Therapeutic 

proteins/peptides 

Anti-inflammatory 

systems 

Growth-factor 

enhancement system 

Tetracycline-CH 
Glutaraldehyde

-CH 
Mannitol-CH Betamethasone-CH Laminin-CH 

Neomycin-CH Cisplatin-CH Calcitonin-CH Acetonide-CH Albumin-CH 

Cloxacillin-CH 
Mifepristone-

CH 
Insulin-CH Indomethacin-CH BMP7-CH 

Tetrachlorocycli

n-CH 

Trastuzumab-

CH 
Alginate-CH Triamcinolone-CH Chondroitin-CH 

4.2. The antimicrobial properties of chitosan. 

The antimicrobial activity of chitin, CH, and their bi-products against various 

microorganisms such as fungi, bacteria, yeast, and algae has revealed impactful results because 

of their characteristic properties. Generally, CH can be used alone or mixed with other 

compounds to show its antimicrobial actions [33]. There are two antimicrobial mechanisms of 

CH. The foremost mechanism deals with the polycationic structure that inhibits bacterial cell 

wall, impairs the cellular functioning, and finally cause cell death. The second mechanism 

concerns the hindrance in central dogma; transcription is affected when chitosan binds to 

bacterial DNA. Soluble chitosan demonstrated better antimicrobial properties compared with 

CH oligomers, it uniquely suppressed Gram +ve and Gram -ve bacterial growth (Figure 4). 

Based upon the molecular weight, CH can suppress specific microbes and fungi, 0.1% solution 

along with 0.75% acetic acid was more effective against Gram -ve bacteria rather than Gram 

+ve. Yet, lactic acid bacteria are inhibited by the solution of 1% methanoic acid [34]. Few 

examples of microbial species that were restrained using CH solution are F. acuminatum, 

Cylindrocladium floridanum, Saprolegnia parasitica, and so on [35]. Similarly, CH was 

demonstrated to be bactericidal on different microbial species summed up in (Table 4), 

indicating the minimum inhibitory concentrations (MICs) of microorganisms. Today biofilms 

and composite nanofibers of CH are manufactured by electrospinning technology with great 

morphological characteristics and diameter across 250 nm to 390 nm [36, 37]. Many other 

antibacterial composite nanofibers are also being developed to give more effective results. 

Table 4. Minimal inhibitory concentration (MIC) of chitosan against different microbes. 

Type of microorganism 
Mw.  

(Kda) 
pH 

Degree of  

Acetylation (%) 
MIC (µg/ml) 

Fungi 

Candida lambica  43 5.5 6 400 

Botrytis cinerea - - - 10 

Drechstera sorokiana - - - 10 

Fusarium oxysporum 49-1100 6 2-57 500-2000 

Microsporum canis - - - 1000 

Micronectriella nivalis - - - 10 

Trichophython equnium - - - 2500 

Gram positive  

Bacillus megaterium  28-1670 5.9 0 500-800 

Bacillus cereus  43 5.5 6 60 

Bacillus cereus  2.3-224 6 16-48 80-2000 

Listeria monocytogenes 49-100 6 2-53 150 

Lactobacillus brevis 224-1106 5.9 - 500-1000 
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Type of microorganism 
Mw.  

(Kda) 
pH 

Degree of  

Acetylation (%) 
MIC (µg/ml) 

Lactobacillus bulgaricus 28-1670 5.9 - up to 1000 

Staphylococcus aureus 28-1106 5.9 - 800-10000 

Gram negative 

Escherichia coli 49-1100 6 - 100-500 

Escherichia coli 28-1670 5.9 2-53 800-1000 

Escherichia coli 3-224 6 16-48 30-2000 

Enterobacter aerogenes 43 5.5 6 60 

Pseudomonas aeruginosa 49-1100 6 2-53 150-200 

Pseudomonas fluorescens 43 5.5 6 80 

Salmonella typhimurium 49-1670 6 2-53 1500-2000 

Vibrio cholera 49-1100 6 2-53 200 

 
Figure 4. Antimicrobial action of chitosan on DNA of gram-positive and gram-negative bacteria causing the 

inhibition of mRNA due to its polycationic nature. 
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4.3. Chitosan as a tissue engineering scaffolds.  

Utilizing chitosan, many tissues engineered products have been designed, and their 

physicochemical properties are re-established for improved functioning. It involves nuclear 

reprogramming and structuring of new cells using pre-existing cells. Due to the 

biodegradability and nontoxicity of CH, it can be modified into fiber, film, sponge, and 

hydrogels. Tissue-engineered CH is utilized in repairing a section or entire tissue, blood 

vessels, bone, skin, cartilage, bladder, damaged muscles, etc. At current, CH-built biomaterials 

are the mainstream focus being developed for regenerative medicine. The phosphorylated CH 

in conjunction with calcium phosphate is used for bone treatment. It is an ideal polymer shaped 

into the desirable scaffold, artificial skin grafts, or nanocomposites. Lignin/chitosan-PVA 

composite hydrogel biopolymeric dressings have prominent wound contraction ability, and 

when applied on an open wound surface, they maintained good antioxidant and antibacterial 

properties [38]. Several artificial tissues have been readied, such as cartilage and nerve tissues 

and the most common artificial dermal tissue. In bone tissue engineering CH facilitates 

osteoblast cell culturing for producing mineral-rich matrix. CH-β-tricalcium phosphate 

complex expressed efficacious results in promoting osteogenesis, vascularization, and 

repairing bone deformities related to mesenchymal stem cells. Autografts and allografts have 

been deployed for long bone segmental defects [39-41]. For the treatment of chronic skin ulcer, 

sponge dressings composed of chitosan glutamate and sericin was optimized and formulated 

[42]. The fibrillar network of sponges indicated advantageous results in tissue repair 

application. In the year 2009, supercritical CO2 was utilized to prompt permeability in chitosan 

scaffolds, making them porous for maximum absorptive capacity [43]. The sponges made up 

of chitosan were also crosslinked with antibiotics like norfloxacin, levofloxacin using the 

solvent evaporation method for antimicrobial action. Nanofibrous scaffolds have improved 

osteoinductive effects compared with pure chitosan films after culturing for 7 days in-vitro [44, 

45]. 

4.4. The anticancer activities of chitosan.  

Among many incurable diseases, cancer is considered to be the most lethal and life-

threatening disease. Many treatments are available to eliminate tumor cells from the body, like 

chemotherapy, including drug treatment, which arrests the cell cycle to stop the abnormal, 

excessive, and uncontrolled growth of cancerous cells. [46]. This execution also incorporates 

few noncancerous cells, for example, bone marrow, gut epithelia, lymph cells, RBSs, and hair 

follicles. The fundamental challenge in the existing chemotherapy treatment is drug toxicity to 

the body's healthy organs because of non-selectivity and non-specificity. Furthermore, 

chemotherapeutic agents may cause serious side effects, thereby limiting viable medical care 

and the life of patients. Relevant possibilities have been designed to overcome this problem, 

which is lodged with biopolymeric pathways and consists of polymer-based anticancer 

medications. In-vitro and in-vivo studies were carried out to evaluate the performance of 

chitosan and its derivatives as antitumor agents. Experimental data indicated anticancer activity 

of chitosan, the main mechanism behind this was an increase in the release of IL-1 and IL-2, 

causing invasion of T-cell lymphocytes. Besides that, it was shown that micelle-paclitaxel 

conjugated chitosan is dynamic for the high production of lymphokines and the development 

of cytolytic T lymphocytes [47]. Numerous investigations stated that chitosan was associated 

with obliteration of cancerous cells by initiating programmed cell death (apoptosis). It hinders 
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the attachment of primary melanoma A375 cells, prevents the growth of melanoma SKMEL28 

cells and refined neurolemma cells. In epithelial ovarian cancer, chitosan nanoparticles (NPs) 

delivering mEZH2 siRNA have a perceptible impact on the tumor's vasculature along with 

other features such as inhibitory effects on the proliferation of cells [48]. When siRNA is 

combined with chitosan NPs and docetaxel, it inhibits tumor cells [49]. 

4.5. Usefulness of marine collagen in artificial skin grafts. 

Regardless of their medical significance, skin grafts have many limitations like adverse 

immune response, graft rejection, and donor availability. Over the years, an increase in the 

need for skin replacements for the permutation of skin damages caused due to injury, burns, 

blow, scars, contamination, mutations, and different ailments turned into a serious healthcare 

problem. Therefore, marine collagen-based artificial grafts have been developed from different 

marine sources such as fishes, sea-urchins, ocean lobsters, and jellyfish with minimal side 

effects and influential properties [50]. There are four stages of wound healing in humans. Skin 

grafts developed with fish collagen play an important function in each step of the healing 

process. Hemostasis is the primary stage of wound healing; it starts right away after an injury 

and causes the stoppage of bleeding. In hemostasis, various factors are released by the 

degranulating thrombocytes and by the substance released by damaged tissue cells like IGF-I, 

PDGF, TGF-β, and EGF and followed by coagulation cascade. During the inflammatory stage, 

penetrability is expanded to improve adherence of cells for wound contraction. The migration 

and proliferation stages are characterized by angiogenesis, epithelisation, and fibroplasia. The 

final stage of healing, called remodeling, also known as the maturation phase, starts after 21 

days post-injury and can last for two years. During this stage, the composition of the matrix 

also changes; collagen organization takes place utilizing collagenase, elastase, and MMPs. 

Efficacious tissue repair is important to facilitate homeostasis and to stop microbial infection 

[51, 52]. Collagen was extracted from the skin of marine big eye snapper Priacanthus humor. 

The mechanical spinning method was employed to crosslink polymers and fabricate scaffolds 

as artificial tissue [53]. 

4.6. Usefulness of marine collagen in skin regeneration.  

The tissue repair activity of poly (3-hydroxy butyrate-co-4-hydroxy butyrate) scaffolds 

was determined by conjugation of its amine surface with marine collagen peptide (MCP) 

obtained from tilapia skin [54]. These P(3HB-co-4HB)/MCP scaffolds have improved the 

adhesion and distribution of mouse fibroblast cells (L929) and had a prominent influence on 

wound stenosis, proposing that this tissue-engineered scaffold can be a future platform for 

wound healing advancements. Mrigal fish (Cirrhinus cirrhosis) scales were also utilized for 

the production of collagen scaffold by means of the lyophilization technique [55]. It has been 

observed that modified scaffolds advanced human fibroblasts and keratinocyte multiplication. 

Collagen gel matrix was formulated using centrifugation technique, utilization of EDC 

crosslinking polymer using pepsin soluble collagen separated from the skin of Leiocassis 

longirostris and Nile tilapia (Oreochromis niloticus) [56]. Pepsin soluble collagen from the 

skin of Lophius litulo showed antioxidative and wound mending characteristics on ICR strain 

mice [57]. This scaffold not only have superior biocompatibility for the activity and 

proliferation of the mouse embryonic fibroblasts (MEFs) in vitro, yet in addition, it prevented 

cerebrum tissue adhesion, reduced inflammation, enabled fibroblasts growth and improved the 
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tissue recovery in the in-vivo rabbit dural defect model, indicating that these scaffolds can be 

utilized successfully as engineered dural substitutes. In the rat uterine wound model, MCP from 

chum salmon skin improved the tensile strength of skin and uterine bursting pressure. It 

enhanced hydroxyproline limits, facilitated capillary formation and growth of new fibroblasts 

and collagen bundles [58]. This investigation stated better organization of extracellular 

membrane (ECM) segments due to expression of growth factors like TGF-β1 and bFGF, 

respectively. Clinical advancements are in progress to accelerate tissue repair and regeneration. 

4.7. Usefulness of marine collagen in targeted drug delivery.  

Drug delivery of large size molecules to a specific site is a major issue affecting 

bioavailability, solvency, and absorption of the drug in the body tissues. Therefore, utilization 

of targeted drug delivery systems specific to body organs is possibly a choice that may 

comprehend these challenges. Today, nanotechnology assumes a crucial job in new 

medications, and their targeted delivery with controlled-release has been a big achievement 

[59]. A number of researches have indicated that marine collagen is a suitable material for drug 

carriers in controlled release systems. In silver carp skin, tissue engineering marine collagen 

and chondroitin sulfate scaffolds were constructed by freeze-dried technique and merged with 

bFGF-loaded PLG micro particulates. These scaffolds expressed a regulated release rate that 

depended upon the proportion of marine collagen within the scaffold and was biologically 

compatible. They promoted fibroblasts for skin tissue recovery, thus representing that scaffolds 

designed using marine life collagen can be utilized for targeted delivery systems for wound 

mending. Utilizing Synodontidae fish scales and MCP, chelated calcium alginate nanoparticles 

of 400nm in diameter were encapsulated [60]. The in vivo studies demonstrated that MCP-

based calcium chelated complex nanoparticles enhanced calcium uptake impeding calcium 

deficiency, expanded femoral bone mineral density in rats, and recommended that it be an ideal 

transporter of calcium. The appropriateness of collagen gels and films synthesized utilizing 

acid-soluble collagen and pepsin soluble collagen from the eel fish (Evenchelys macrura) skin 

were examined for holding drugs like amoxicillin and tetracycline acting as active carriers for 

antibacterial drugs [61]. An injectable combination of chitosan and marine collagen gel was 

also formed utilizing scales of Chum salmons (Oncorhynchus keta) and was infused in rats via 

a subcutaneous route. Results indicated that the release of TNF-α was progressively controlled 

with the incursion of other inflammatory mediators [62]. 

4.8. Usefulness of marine collagen in cosmetic and medical applications.  

Collagen has now been recognized for its pharmacological activity having great 

possibilities in the field of cosmetics. The search for safer and cost-effective medicinal products 

is consistent. Particularly, marine proteins these days are being introduced as excellent API for 

the cosmetic industry. For example, its characteristics like anti-aging, UV protection take to 

the advancement of ointments and gels with effective nourishing activity. From a cosmetic 

point of view, marine collagen is acquired from scales and body of cold-water fishes, for 

example, codfish, pollack, Tilapia nilotica, Salmo salar, and salmon; through enzymatic 

hydrolysis technique, the peptides obtained from scales of these fishes could accelerate the 

wound healing process via upregulation of β-defensin and nucleotide-binding oligomerization 

domain-2. Also, oral collagen intake for four weeks improved skin texture, elasticity, and 

sunburn [63, 64]. Oral administration of active peptides from Pinctada martensii has resulted 
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in improved skin wounds [65]. Collagen products in cosmetics are utilized for retaining 

moisture and heat loss from the injured site while shielding the wound from microbial attack 

and regenerating new tissues [66, 67]. Furthermore, vitamin-C eye gel with collagen is being 

utilized in ophthalmology as shields, micro-capsules, tablets for drug delivery, gels combined 

with liposomes for transdermal patches, and nanoparticles for genetic engineering technology. 

Currently, a collagen-based scaffold presumes an imperative job. It is limited to heal wounds 

and supports ligament and bone remodeling influenced by stem cells. Scaffolding materials are 

implanted in cases of traumatic injury, grafts or evasion, burns, severe cut impact, etc. Collagen 

has different applications: in the cardiovascular system, collagen as an artificial blood vessel is 

grafted in patients with successful outcomes, in urological & genital diseases, corneal defects 

(contact lenses), neural migration, dental applications, osteoarthritis, and obese morbidities 

[68, 69]. Marine collagen, particularly from blue shark scales, is combined with chitosan for 

synergistic effects and used as a preservative as a composite coating [70]. MCP from Nibea 

japonica stimulates cell proliferation and migration of embryonic fibroblast cells from the mice 

NIH-3T3 via an NF-KB signaling pathway that aids in wound repair [71, 72]. 

4.9. Usefulness of marine collagen in dental and corneal tissue engineering.  

The skeleton of a human tooth is distinctive, composed of several hard and soft tissues 

such as tooths, maxilla, mandible, and gums. In recent years, a great advancement has been 

observed in the field of regenerative dental and corneal tissue engineering [73]. Fish collagen 

obtained from the skin of tilapia (Oreochromisniloticus) advanced cell suitability, improved 

alkaline phosphatase functioning and tuned the expression of genes in bone sialoprotein of 

mice odontoblast like cells (MDPC-23). It has also stepped up matrix concretion similar to that 

of porcine skin, suggesting type II collagen’s applicability in dentistry for dentin-pulp recovery 

[74]. The use of MCP in osteogenic differentiation advanced the growth of human periodontal 

ligament (hPDL) cells and upregulated the expression of osteogenic markers using the ERK 

signaling pathway, proposing that MCP is a bioactive pharmaceutical utilized in alveolar bone 

recovery [75]. Secondly, Corneal damage is the major reason for visual impairment around the 

globe. Keratoplasty using solid tissue transplant is the surgical treatment of cornea when vision 

cannot be rectified with different medicines. This is the most appropriate method accepted 

globally. However, there is a shortage of cornea donors which tends to be a common issue. But 

researchers are focusing on treating corneal infection and vision recovery by incorporating 

marine collagen and its bi-products to minimize vision loss. A decellularized and de-calcified 

fish skin-originated collagen matrix was suggested as an option for corneal tissue donors [76]. 

MC-based matrix has been implanted in the ocular membrane of a rat model in front lamellar 

keratoplasty indicated sufficient light transmission, practical light-emitting value, and 

improved eyesight recommending marine collagen for a corneal transplant to tackle the scarce 

of cornea donors. 

5. Conclusions 

 In the current scenario, biopolymers are assuming a prime job in the pharmaceutical 

and biomedical fields. Marine collagen and chitosan and their combinations have been 

introduced as perfect sustainable biomaterial to develop antimicrobial wound dressings, either 

alone or bettered by means of some drug incorporation and combined with antibiotics, natural 

compounds, or plant extracts. They both act as the most promising biomaterials and have 
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versatile pharmacological applications, for example, wound care, tissue engineering, sponge, 

scaffold, nanofibers, absorbable surgical sutures, and drug release kinetics. Significant 

evidence has demonstrated that collagen and chitosan-based therapeutic agents are broadly 

utilized in the pharmaceutical industry as microparticles, biologicals, shields in ophthalmology 

sponges, and many others. These agents have the ability to manipulate the pathophysiology 

and biochemistry of wound surfaces at the cellular level. Numerous scientific reports and 

researches indicate the capability of marine collagen and chitosan from small-scale use to large-

scale production, the power to the scaffold, in case of severe bleeds, these are supreme bioactive 

molecules. Another biomedical application is targeted drug delivery, where chitosan and 

marine collagen as nano-biodegradable carriers play an essential role. These biomaterials are 

widely used in today's clinical practices and are supposed to influence developing 

pharmacological approaches significantly. 
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