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Abstract 
Collagen is an excellent biomaterial. Biological characteristics of collagen including biodegradability and weak 
antigenicity made it a primary resource in medical application. In biomedical field collagen is mainly used as sponges 
for wound/burn, supplement in rheumatoid arthritis, drug delivery system, controlling material for transdermal delivery 
and basic matrices for cell culture system due to its ability to stimulate formation of tissue and organ. Moreover, 
collagen is also applied in tissue engineering including bone defect, tissue regeneration, skin replacement and artificial 
blood vessels and valves. The article reviews biomedical application of collagen in wound healing, rheumatoid 
arthritis, drug delivery system, tissue engineering and lung function improvement in pulmonary fibrosis due to viral 
infection. 
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1. INTRODUCTION 
 
Collagen is a naturally occurring polymer accounts 
for 30% of the total protein in the body. It is the 
major component of extracellular matrix (ECM) 
and involved in formation of fibrillar and microfibril-
lar network which plays a pivotal role in diverse 
cellular processes including cell proliferation, dif-
ferentiation, migration, and adhesion [1,2,3,4,5,6]. 
Collagen contributes to the stability and structural 
integrity of tissues and organs by forming stable 
insoluble fibrils with excellent tensile strength. 
Many synthetic and natural polymers and their an-
alogues are used as biomaterials, but the distinct 
mode of interaction of collagen and its character-
istics as a biomaterial made it more prominent 
than others [7]. 

Collagen possesses unique characteristic fea-
tures in terms of structure, size, and amino acid 
sequence [8,9]. The basic collagen molecule (with 
~300kDa molecular weight) is a rod-shaped trimetric 
molecule made up of three polypeptide chains, 
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twined around one another as in a three-stranded 
rope [10]. Glycine (Gly) is the major amino acid in 
collagen molecule (accounting approximately 
35%) and positions in every third amino acid resi-
due in a single polypeptide chain. Proline (Pro) is 
considered the second abundant amino acid 
(around 12%) of all amino acids, while the others 
include lysine (Lys), alanine (Ala), aspartic (Asp), 
glutamic (Glu) and arginine (Arg) are rarely occurring 
nevertheless crucial amino acids. Another charac-
teristic feature in the molecular structure of colla-
gen is that it contains almost equimolar amounts of 
basic and acidic amino acids. Additionally, the align-
ment of the polypeptide chain created during post-
translational and enzymatic protein processing 
contains a sizable concentration of hydroxyproline 
(Hyp) and hydroxylysine (Hyl), which are respon-
sible for the creation of higher-order structures 
[11,12,13,14].  

Based on the α-chain composition, there are dif-
ferent types of collagens. 28 types of collagens have 

been identified among them 5 categories are mostly 
common (type I–V)[15,16]. Due to collagen's supe-
rior degradability, flexibility, and biocompatibility, it 
can be used in a wide range of applications [17,18]. 
Again, collagen has a minimal immunogenicity; 
hence the likelihood of rejection after ingestion or in-
jection into the body is relatively low. Despite having 
lower antigenicity, this property can be enhanced by 
chemical modification to suppress any immune re-
sponse [19,20]. Additionally, collagen peptides and 
gelatin (denatured collagen) have been widely uti-
lized in different fields such as food, medicine, cos-
metics, leather and film industries, diagnostic imag-
ing, and therapeutic delivery [21]. 

The purpose of this article is to review biomed-
ical applications in terms of their mechanism of ac-
tion of collagen including the collagen sponge, col-
lagen supplement and collagen film in wound heal-
ing, rheumatoid arthritis, drug delivery system, tis-
sue regeneration, tissue engineering and lung 
function after viral infection. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 1. Biomedical applications of collagen 
  

 
2. BIOMEDICAL USE OF COLLAGEN 
 

Collagen has a wide range of uses as it is involved 
in formation of tissues and organs and also partic-
ipate in different functional expression of cells. It 
has great impact on biomedical science because 
the fiber form of collagen has extra strength and 
stability through its self-aggregation and cross-
linking properties. Another vital point is that, colla-
gen can be found abundantly in nature. 
 

2.1. Collagen in Wound Healing 
 

Collagen plays a critical function in all stages of the  

wound healing process, promoting cellular activity 
and assisting in the formation of new tissue [22]. 
Wound healing is a multi-phased process that in-
cludes hemostasis, inflammation, proliferation & 
maturation. This process involves in platelet acti-
vation and inflammatory cytokine secretion, migra-
tion of macrophages, fibroblasts, and keratino-
cytes and expression of matrix metalloproteinase 
(MMPs) and growth factors which leads to mature 
ECM and the formation of functional neo-tissue [23]. 

Collagen structure consists of large amino ac-
ids chain mostly characterized as the repeating se-
quence of Gly-Pro-X or Gly-X-Hyp where X repre-
sents other amino acids. 
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Figure 2: Function of collagen in wound healing process 

 
 

This large molecule undergoes eight different 
posttranslational steps including cleavage to sin-
gle peptides, hydroxylation of proline or lysine to 4-
hydroxyproline or 4-hydroxylysine, glycosylation of 
few hydroxylysine molecules with glucose or ga-
lactose, addition of oligosaccharides to previously 
formed propeptides, association of C-terminal pro-
peptides, formation of disulfide bonds, formation of 
triple helix structure until secreted as procollagen 
into the extracellular matrix [24]. In extra cellular 
environment the propeptide ends are specifically 
cleaved by procollagen C-proteinases and procol-
lagen N-proteinases which decrease the solubility 
of the molecule and trigger up the fibrillation pro-
cess [25].  

Collagen increases the mechanical strength 
and elasticity of tissues and promotes cellular at-
tachment, proliferation and differentiation (Figure 
1). Upregulation of MMP-2 via microRNA generate 
a collagenolytic environment in wounded region. 
This can reduce the collagen-I/collagen-III ratio 
and compromising the biomedical properties of the 
repaired skin and try to make it vulnerable to 
wound recurrence [26]. 

Several aquatic collagen-derived peptides with 
modest molecular weights (5KDa) have been 
demonstrated to have a chemotactic impact when 
administered to skin cells (keratinocytes). These 
peptides have the capacity to induce cellular pro-
liferation and migration to the wound site, speed-
ing up wound healing. Collagen peptides from the 
skin of nile tilapia (O. niloticus) have recently been 
found to have wound healing capabilities by Hu et 
al. [27]. Both in vitro and in vivo wound healing in-
vestigations yielded encouraging results for future 
wound healing applications. Yang et al. also ex-
tracted collagen peptides from fish and demon-
strated that oral treatment of collagen peptides to 
wounded rats boosted healing rates compared to 
control groups [28]. Hydroxyproline was shown to 
be higher in the collagen-treated group over time 
than in the control group, indicating that it pro-
motes collagen deposition and consequently heal-
ing [29]. Wang et al. [30] reported that oral intake 
of Chum salmon skin collagen peptides may pro-
mote angiogenesis, collagen deposition, and 
wound contraction, like the experiments discussed 
above.  
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These findings are comparable to those of 
Zhang et al., who found that marine collagen pep-
tides improved wound closure rates as well as ten-
sile strength and collagen deposition at the site of 
incision in rats [31]. At 7 and 11 days after injury, 
histological analysis of the collagen-treated 
groups revealed increased epithelization, vascu-
larization, and fibroblast infiltration. Collagen dep-
osition was also greater in the treated groups 
[31,32]. 

Pozzolini et al. extracted and purified marine 
collagen hydroxylates from a marine sponge 
(Chondrosia reniformis) [33]. Collagen peptide frac-
tions were administered in vitro at a specific con-
centration level and cells were examined for several 
hours after administration. At the 24-hour time pe-
riod, cells were seen moving and populating the 
scratch gap area, followed by enhanced cell prolif-
eration. These findings point to the marine collagen 
hydroxylates derived from C. reniformis having 
promising wound-healing properties. 

 

2.2. Drug Delivery Systems 
 
A drug delivery system is a device that is used to 
deliver a pharmacological agent to a patient in or-
der to create a therapeutic effect. Concerns that 
large-sized materials in drug delivery encounter in-
clude in vivo instability, limited bioavailability, sol-
ubility, and absorption into human tissues with tar-
get-specific delivery and tonic effectiveness, as 
well as possible adverse effects. As a result, adopt-
ing innovative drug delivery methods to tailor medi-
cations to specific body areas could be a viable so-
lution to these pressing problems [34]. Collagen has 
been established in several studies to be a viable 
carrier for various drug delivery systems.  

Collagen is non-antigenic, non-toxic, biode-
gradable polymer which is absorbed simply in the 
body, shows synergism with other bioactive com-
pound and compatible with synthetic polymers. 
Transdermal delivery of 17b-estradiol-hemihy-
drate during hormone replacement therapy, renal 
cartilage sponge collagen nanoparticles were 
employed as an osmotic accelerator which re-
vealed that hydrogels of estradiol-collagen nano-
particles might delay estradiol release time and 
increase estradiol absorption substantially. As a 
result, sponge collagen nanoparticles are a via-
ble transdermal medication delivery vehicle [35]. 
The high content of glycosaminoglycan in natu-
rally keratinized sponges (Porous fungus, 
Dictyoceratida) can promote wound healing 
when used topically as a bio-based dressing and 
a biologically active bionic carrier [36]. Collagen-
ous peptide-chelated calcium (CPCC) from ma-
rine fish scales can use as a transporter of re-

quired nanoparticle in target site and as a supple-
mentation of calcium which can significantly 
boosted bone mineral density [37]. Collagen hy-
brid gel made from chitosan and chum salmon 
skin was discovered as a good carrier for tissue 
filler and a drug delivery technique [38]. 

Collagen has the potential to be used as a mi-
croprotein delivery device. Being a polymer matrix, 
the microgranular protein delivery method was de-
veloped utilizing collagen [39]. They were ex-
tracted using an emulsification-gel-solvent method 
and CMP collagen microparticles were cross-
linked with 1-ethyl-3-(3-dimethylaminopropyl) car-
bon diimine (EDC) which increased the stability of 
CMP in water, allowing for delayed release of mi-
crogranular proteins.  

 

2.3. Rheumatoid Arthritis 
 
Rheumatoid arthritis (RA) is an autoimmune ill-
ness marked by chronic inflammatory synovitis 
and consequent articular tissue loss. Although the 
exact origin of RA has yet to be determined, evi-
dence suggests that CD4+ T cell–mediated auto-
immune responses play a key role in the disease's 
pathophysiology [40]. 

By infiltrating fibrovascular tissue, RA induces 
cartilage and bone degradation [41]. Oral admin-
istration of cartilage-derived collagen type II was 
clinically helpful and safe in individuals with RA [42]. 

A randomised trial on 274 individuals with ac-
tive RA were randomized to receive either placebo 
or various doses of oral cartilage derived collagen 
type II. The collagen therapy group showed posi-
tive results at the lowest dose tested, and the ther-
apeutic agent had no negative effects. 

Wei et al. [43] used type II collagen (chicken 
breast) (CCII) in the treatment of RA in a 24-week 
randomized methotrexate-controlled research and 
evaluated safety and efficacy. CCII is a protein de-
rived from the cartilage of chicken breasts. By de-
veloping oral tolerance, it has the potential to cure 
autoimmune illnesses. A total of 533 RA patients 
were split into two groups. CCII was found to be 
effective in the treatment of RA and to be safe to 
consume. Furthermore, Xue et al. suggested 
that, the discovery of therapeutic DNA vaccines 
may open new avenues for the treatment of RA 
[44]. 

Song et al. [45] created a novel therapeutic 
DNA vaccine encoding CCII (pcDNACCOL2A1), 
and it has been shown that a single injection of the 
pcDNA-CCOL2A1 vaccination can generate sub-
stantial immunological tolerance to experimental 
RA. As a result, this vaccination could be used to 
treat RA and appears to be as effective as metho-
trexate, which is now the "gold standard" treat-
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ment. In Wistar rats, the immunogenicity and 
safety of the pcDNA-CCOL2A1 vaccination were 
examined [46]. The pcDNA-CCOL2A1 vaccination 
was well tolerated and safe at a maximum dose of 
3 mg/kg, according to the findings. 
 

2.4. Oral mucosa tissue regeneration 
 

Different types of natural and synthetic, colla-
gen-based biomaterials have been used to engi-
neer oral mucosa. Terada et al.[47] constructed a 

 

 

 
 

Figure. 3: Function of collagen in Rheumatoid arthritis 

 
 

chitosan–collagen composite scaffold (C3) by in-
corporating commercial chitosan and tilapia scale 
collagen and also assessed its biocompatibility 
with oral mucosa keratinocytes. Their finding sug-
gested that C3 has a potential application for epi-
thelial tissue engineering and provides a new po-
tential therapeutic device for oral mucosa regener-
ative medicine. In another study, Suzuki at el. [48] 
constructed biomimetic tissue engineered oral mu-
cosa from 1% type I collagen scaffold (CS) from 
tilapia fish scale. This microstructure mimics the 
dermal–epidermal junction of oral mucosa. Marine 
collagen peptides (MCP) extracted from tilapia 
skin was treated against the oral ulcer on the 
tongue mucosa of C57/BL6 mice by phenol liquids 
[49]. MCPs accelerate the oral ulcer healing pro-
cess effectively because of the high Pro-Hyp con-
tent. Acceleration of healing process was occurred 
as decreased of inflammatory cells infiltration, 
TNF-α and IL-1β expression and increased fibro-
plasia, angiogenesis and collagenesis trend. 
Blagushina et al. [50] conducted a comparative ex-

amination of biodegradable collagen membranes 
for the rabbit model's oral mucosa post-operative 
defects.  According to their findings, the wound's 
epithelization and cicatrization times were sped up 
and the hard mucous palate wound defect was ef-
fectively closed with pericardium and collagen film. 
 

2.5. Skin Tissue construction 
 
Collagen is a major component of skin responsible 

for the maintenance of skin tone. Decreased colla-
gen density decreases the synthesis and replace-
ment of important structural proteins of the skin 
which can stimulate the process of skin aging. Oral 
supplement of collagen significantly protects skin 
moisture and increase skin elasticity [51]. Cosmetics 
containing collagen induce synthesis of hyaluronic 
acid which promotes fibroblast growth and migra-
tion, responsible for the improvement of skin bar-
rier function [52,53]. 

Oral collagen supplement improves skin mois-
ture content and prevent fragmentation and reduc-
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tion of dermal collagen network. Collagen drink 
containing collagen, biotin, acelrola extract, zinc 
and vitamin E significantly improve skin hydration, 
roughness, elasticity and formation of collagen in 
skin [54]. 

Low molecular weight collagen peptide im-
proves skin hydration and skin elasticity without 
any side-effect [55]. Collagen improves UV-B in-
duced skin damage because of its antioxidant 
properties [56]. Antioxidant property of collagen is 
also responsible for skin aging, wrinkle formation, 
laxity, roughness, and irregular pigmentation. 
 

2.6. Vascular tissue regeneration 
 
Collagen has been widely used as a substitute of 
synthetic materials in biomedical industries be-
cause of its inherent biocompatibility such as low 
antigenicity, low inflammation, and less cytotoxic 
responses. Cellularised collagen gels help vascu-
lar tissue regeneration. Vascular graft prepared by 
combining collagen with poly-ℇ-caprolactone 

(PCL) grafts have shown more promising out-
comes than vascular graft made from synthetic 
material. To find suitable combination, Bertram et 
al. [57] used PCL with various concentrations of 
(ranging from 5% to 75%) collagen (type I). Elec-
trospun nanofibers were then applied in endothe-
lial progenitor cell line T17b and facilities cell ad-
herence and growth. PCL graft containing 25% 
collagen type I proved to be more effective. 

Jeong et al. [58] synthesized a tissue-engi-
neered vascular graft by combining collagen ex-
tracted from jellyfish (Stomolophus nomurim 
eleagris) and PLGA poly(D, L lactide-co-glycolide) 
in electrospinning technique. It was discovered 
that co-culturing SMCs and ECs on colla-
gen/PLGA hybrid scaffolds under pulsatile perfu-
sion increased cellular alignment, improved vas-
cular EC development, and preserved differenti-
ated cell phenotype. Their findings also suggested 
that collagen/PLGA scaffolds did the up-regulation 
of smooth muscle expressions and endothelial cell 
activity-related molecules. Fish scale-derived col-
lagen exhibited a favorable incorporation to the 
surrounding tissues utilizing a mouse lymphatic 
endothelial cell line, with good infiltration of cells, 
blood vessels (BVs), and lymphatic vessels (LVs), 
as well as increased cell attachment and prolifera-
tion [59]. 
 

2.7. Bone tissue construction 
 

Bone tissues are continuously changing commen-
surate with the age of a personal. Human body it-
self has natural bone healing process but, in some, 
it may not be adequate because of mechanical 

and biological problems. Therefore, it required as-
sisted bone reconstruction. Biomaterials are play-
ing vital role in bone tissue engineering. Large 
bone deficiencies caused by congenital disorders, 
injuries, or trauma have been treated with bone 
graft alternatives such as autologous bone grafts, 
allogeneic bone grafts, and synthetic bone grafts 
[60]. An ideal synthetic bone graft should be bio-
compatible and biodegradable and support oste-
oconduction, osteoinduction and osteointegration 
[61,62]. Minerals, mostly hydroxyapatite (HAp), 
and proteins like type I collagen make up bone tis-
sue. Collagen scaffolds can spoof the extracellular 
matrix of bone in some ways [63,64].  

Echazu et al. [65] synthesized collagen (ex-
tracted from rat tail) silica-based (C/Sol-Si) bio 
composite for potential application in bone tissue 
engineering and performed the physicochemical 
characterization and biocompatibility tests in ex-
perimental model in male Wistar rats. The injected 
bio composite in the bone marrow compartment 
developed agglomerates with the help of tissue sil-
ica particle and act as “larger structures” with dif-
ferent surface roughness.  It was suspected that 
the body recognizes the agglomerated particles as 
micro particles instead of nanoparticles, and this 
may account for the absence of an inflammatory 
response [66]. One of the major components of 
bone is hydroxyapatite (HA), composed of calcium 
and phosphate which is adjacent to and bound to 
the collagen fibers. These collagen fibers provide 
tensile strength, and the HA crystals are responsi-
ble for imparting compressional strength [67]. 

Liu et al. [68] have developed a new method 
named self-assembly/mineralization (SSM) for 
doping of collagen where amorphous mineral na-
noparticles (AMN) are combined with collagen fi-
ber under acidic condition. It was shown that bone 
marrow-stimulating Sr-doped collagen (Sr-CS) 
scaffolds increased osteogenesis of rBMSCs by 
modifying the macrophage response, accelerated 
in vitro cell proliferation, and osteogenic differenti-
ation of mesenchymal stromal cells (rBMSCs). 
Tacrolimus was mixed with collagen-based hydro-
gel for bone tissue regeneration [69]. Tacrolimus 
has been reported that it increases osteogenic dif-
ferentiation by activating the Bone morphogenetic 
protein (BMP) receptors [70]. Nabavi et al. demon-
strated that the porosity of collagen I hydrogel is 
89.2 12.5%, and it behaves appropriately in terms 
of swelling, drug release, and blood compatibility. 
Aquamin, a multi mineralized food supplement, 
found in algae species Lithothamninon has been 
shown effective result in reducing symptoms of os-
teoarthritis [71].  Brennan et al. [72] produced col-
lagen-Aquamin (CollAqua) scaffolds and cultured 
osteoblast in CollAqua scaffolds. Culture result re-
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vealed that the scaffolds improved osteogenesis 
as measured by alkaline phosphatase, osteopon-
tin and osteocalcin expression [73]. 
 

2.8. Cartilage tissue regeneration 
 
As a stress and load-bearing tissue, cartilage has a 
limited ability to repair on its own [74] . Cartilage de-
fects caused by aging and degenerative patholo-
gies, sports-related injuries, unforeseen occur-
rences, fatness, illnesses, and other factors have 
been seen for over the years [75]. The limited regen-
eration of cartilage is due to its non-vascular and fi-
nite cellular component. Surgical approaches and 
tissue engineering are the two major healing pro-
cesses for cartilage defects [76]. Recently, tissue en-
gineering is the most popular process for cartilage 
tissue regeneration and reconstruction [77].  

Horbert et al. [78] tested clinically approved hy-
drogel collagen type 1 implant in a standardized 
bovine cartilage punch model. Bovine cartilage 
was extracted from the knee joint of German Hol-
stein Friesian cow (24 months old) [79]. They con-
structed collagen implants both cell-free and cell-
seeded with bovine chondrocytes. The constructs 
were cultured in an agarose cylinder (48-well 
plates) for 0, 4, 8, 10, and 12 weeks at 37°C and 
5% CO2 in Dulbecco’s modified Eagle’s culture 
medium. Media were changed 3 times a week. 
Their main findings were (1) The "host" cartilage 
ring showed gradual, albeit minor, proteoglycan 
degradation, and decreased proteoglycan release 
into the culture supernatant in cartilage-implant 
constructions and (2) cell-free or cell-loaded colla-
gen implants both showed substantial cell immi-
gration/colonization and gradually increased ag-
grecan level. 

Hyaluronic acid–transglutaminase (HA-TG) is 
an enzymatically cross linkable adhesive hydrogel 
with chondrogenic properties [80], [81]. Levinson 
et al. [82] investigated the viability of treating chon-
dral lesions in an ovine model utilizing HA-TG on 
a collagen (Optimaix) scaffold. They evaluated the 
cartilage regeneration in a joint environment (me-
chanically and biologically). Collagen scaffolds 
were punched into 6mm-diameter cylinder shaped 
chondral defects and placed in the defect prior to 
addition of HA-TG hydrogels in order to improve 
the stability of the HA-TG gel. HA-TG in combina-
tion with a collagen I/III sponge (Optimaix) can ad-
here to the surrounding tissues which is para-
mount to long-term success of cartilage repair 
strategies [83,84]. In one study, Bermuller et al. 
[85] performed nasal cartilage replacement matrix 
using marine collagen scaffolds. They isolated col-
lagen from the jellyfish Rhopilema esculentum and 
produced scaffolds from it. In comparison to no re-

placement, the data revealed a substantial de-
crease in the number of nasal septum perfora-
tions. 

Diogo et al. [86] studied the blue shark (Pri-
onace glauca) skin collagen induced chondro-
genic differentiation of human adipose stem cells 
(hASC) in presence and absence of externals sim-
ulation. To create highly interconnected porous 3-
dimensional (3D) constructions comprised of col-
lagen and collagen:hyaluronic acid (20:1), a cryo-
gelation process was used. New tissue creation 
requires cell migration and infiltration into the inte-
rior of a 3D object. The pore size of the scaffolds 
has a significant impact on the rate of cell adhe-
sion, motility, and infiltration [87,88].  
 

2.9. Corneal tissue regeneration 
 
The cornea is a tough, clear anterior surface of the 
eye that is necessary for good vision. Over 1 mil-
lion new patients are diagnosed with corneal inju-
ries and abnormalities each year, resulting in 
blindness [89].  

Chen et al. [90] have developed a bio-orthogo-
nally cross-linked hyaluronate-collagen hydrogel 
that can heal in situ corneal defects without su-
tures, initiators, or catalysts. The effects of 
biorthogonal crosslinking on the hydrogel's light 
transmittance, which was higher than 97 percent 
water, were investigated. In the visible light range, 
the optimized hydrogel had a transmittance of al-
most 94 percent. Their findings showed that this 
bio- orthogonally cross-linked hyaluronate-colla-
gen hydrogel has good promise as a biomaterial 
for cornea repair and regeneration in vitro, in vivo, 
and ex vivo. 

Corneal injury is one of the most common 
causes of visual problems that lead to limbal stem 
cell insufficiency [91]. Krishnanet et al. developed 
a biocompatible collagen scaffold (FSC) from 
Lates calcarifer fish scale to culture limbal stem 
cells, that did the perfect replacement of human 
amniotic membrane (HAM). Furthermore, poten-
tial stem cell markers were identified using an RT-
PCR on cultivated corneal cells. When compared 
to HAM, FSC produced better outcomes. When 
compared to HAM, the physical and mechanical 
strengths of FSC were 5 times higher as FSC con-
sists of only collagen type I while HAM consists of 
both Collagen type I and IV. Epithelial migration 
was observed under microscopic inspection in lim-
bal explants plated on FSC after 48 hours and on 
HAM after 72 hours. By the 15th day, 90% to 100% 
confluent development was visible, resembling the 
morphological characteristics of limbal epithelium. 
Another study was done by Essen and colleague [92] 
where they suggested a fish-scale (Oreochromis 
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mossambicus) derived collagen matrix (FSCM) as 
an alternative for human corneal tissue. A stray 
light meter was used to quantify light scattering, 
and a broadband absorption spectrometer was 
used to evaluate light transmission. The FSCM 
was soaked in antibiotics (polyspectran containing 
gramicidine, neomycine, and polymyxine B) for 5 
minutes before to implantation. Total a 3 weeks 
period, transparency, neovascularization, and 
epithelial lesions were tracked in rat model. The 
visible spectrum light transmission was measured 
in 0.56-nm wavelength increments and compared 
to the overall light transmission of the human 
cornea using van den Berg and Tan's formula [93].  

According to the SEM data, the micro pattern 
on top of the FSCM varied depending on the area, 
with one quarter having a spider-web look with mi-
cro ridges and channels, two quarters having cir-
cular running ridges and channels but no intersect-
ing lines, and the final quarter having spikes. This 
pattern's non-homogeneity does not stop corneal 
stromal cells from filling the scaffold's surface, and 
it may even encourage cell spread [94]. The 
amount of light dispersed was comparable to that 
seen in early cataracts, according to preliminary 
findings. The proportion of light transmission was 
comparable to that of the human cornea. Apart 
from the two cases described, all implanted ani-
mals were healthy, maintained their weight, and 
exhibited no signs of eye infection or discomfort. 
Their research into the FSCM's physical and bio-
logical short-term impacts as a corneal replace-
ment proved its future potential. 
 

2.10. Collagen in pulmonary fibrosis 
 

A lung condition known as pulmonary fibrosis de-
velops when lung tissues are injured and scarred. 
Lung function is made more difficult by this stiff, 
thicker tissue. Patient's breathlessness shortens 
with worsening of pulmonary fibrosis [95]. There is 
now a lot of evidence in people that shows a strong 
relation between the development of pulmonary fi-
brosis and respiratory viral infections [96]. TGF-1 
(transforming growth factor-1) and collagen both 
may be important in the development of airway re-
modelling [97]. 
The lungs show symptoms of fibrosis, in (weeks 
2–5) of SARS-CoV-2 infection, with fibrin deposi-
tion and infiltration of inflammatory cells and fibro-
blasts near to the epithelial cells in the alveolar 
gaps. In the last stage of SARS-CoV-2 infection 
(weeks 6–8), lung tissue fibrosis with collagen 
deposition is developed[98]. In individuals with 
worsened lung fibrosis, airway remodelling has 
been linked to higher plasma levels of AngII 
(angiotensin II), which has been related to the syn-

thesis of TGF-1 and the deposition of collagen 
[99,100,101]. During lung fibrosis, the ACE2 ex-
pression is extremely downregulated, which in-
crease the content of type I pneumocytes [102]. 
Thus, the protective system of Lung is deregulated 
and enhance AngII activity. In COVID induced fi-
brosis, epithelial cells experience increased oxida-
tive stress, which stimulates the production and re-
lease of TGF-β, causing excessive fibroblast mi-
gration, proliferation, activation, and myofibro-
blastic differentiation, resulting in an abnormal ac-
cumulation of these cells and reflecting the airway 
remodelling process. Collagenous and non-colla-
genous matrix molecules are produced exces-
sively by myofibroblasts [103,104]. TGF- would 
also oversee inhibiting the production of the MAS 
receptor for Ang1-7 in fibroblasts, antagonizing the 
heptapeptide’s anti-fibrotic properties [105]. 

AngII activity increases the risk of acute lung 
injury by causing pulmonary vasoconstriction, as 
well as inflammatory and oxidative organ damage. 
The immune system's uncontrolled overreaction to 
the virus causes the overproduction of inflamma-
tory cytokines, superoxide, collagen, and other 
matrix components, which are responsible for the 
onset of (acute respiratory distress syndrome) 
ARDS, which can result in fibrosis [106,107,108].  
 

3. CONCLUSION 
 
Collagen is an essential component of cell survival 
and plays a critical function in cellular and tissue 
healing. Lots of research works have been done in 
collagen application. In our review, we have tried 
to go through papers regarding collagen biomedi-
cal and clinical application. Importantly, various bi-
omedical studies have revealed that this biomole-
cule has significant pharmacological effects, nota-
bly on tissue regeneration. In future, collagen can 
be used as substitute for synthetic materials which 
will ease the side effect of the surgery. More rigor-
ous research needs to be done, to isolate collagen 
efficiently and apply it more effectively in food, cos-
metics, pharmaceutical and medical sectors. 
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