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Abstract: Aging, a natural process occurring in both normal and degenerative conditions, is closely 

associated with collagen degradation, impacting various bodily systems such as the skin. The 

continuous aging of the skin, influenced by both intrinsic and extrinsic factors, underscores the 

importance of collagen in dermatological and cosmetic contexts. Notably, collagen supplements 

enriched with essential amino acids like proline and glycine along with marine fish collagen have 

become popular for their safety and effectiveness in mitigating the aging process. To compile 

relevant literature on the anti-aging applications of marine collagen, a systematic search and 

analysis of peer-reviewed papers was conducted using reputable databases including PubMed, 

Cochrane Library, Web of Science, and Embase, covering publications from 1956 to 2023. From in 

vitro to in vivo experiments, the reviewed studies elucidate the anti-aging benefits of marine 

collagen, emphasizing its role in combating skin aging and promoting overall skin health. Many 

bioactive marine peptides exhibit diverse anti-aging properties, including free radical scavenging, 

apoptosis inhibition, lifespan extension in various organisms, and protective effects in aging 

humans. Furthermore, the peptide production of hyaluronic acid is discussed as a mechanism to 

fortify collagen and enhance skin moisture, contributing to the anti-aging effects of collagen 

supplementation. The integration of bio-tissue engineering in marine collagen applications is also 

explored, highlighting its proven utility in addressing skin and bone damage. Insights from this 

review illuminate the diverse biomedical applications of marine collagen alongside keystone 

molecular editing tools such as CRISPR, positioning it as a versatile resource in anti-aging 

interventions. However, limitations to the scope of its application exist. Thus, by delving into these 

nuanced considerations, this review contributes to a comprehensive understanding of the potential 

and challenges associated with marine collagen in the realm of anti-aging applications. 

Keywords: marine collagen; biopeptide; antioxidant; skin; anti-ageing; prevention; bone 

regeneration; extracellular matrix (ECM); fish collagen 

 

1. Introduction 

The aging process is a natural occurrence that takes place under normal conditions as well as in 

certain chronic degenerative diseases [1]. While studies have demonstrated the effectiveness of 

bioactive natural peptides in mitigating the effects of aging across diverse models, including cell 

studies, animal studies, and clinical trials [2], there is limited information regarding the diversity of 

anti-aging peptides found in marine organisms. This review addresses this gap by presenting recent 

Disclaimer/Publisher’s Note: The statements, opinions, and data contained in all publications are solely those of the individual author(s) and 
contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to people or property resulting 
from any ideas, methods, instructions, or products referred to in the content.

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 25 January 2024                   doi:10.20944/preprints202401.1842.v1

©  2024 by the author(s). Distributed under a Creative Commons CC BY license.

https://doi.org/10.20944/preprints202401.1842.v1
http://creativecommons.org/licenses/by/4.0/


 2 

 

insights into the anti-aging potential of bioactive peptides sourced from under-utilized marine 

resources, examining examples that can scavenge free radicals in vitro, inhibit cell apoptosis, extend 

the lifespan of fruit flies and roundworms, suppress aging in mice, and have protective effects in 

aging humans. This review additionally delves into the molecular mechanisms that underly these 

effects, encompassing unregulated oxidase activity, inhibited cell apoptosis and MMP-1 expression, 

restored mitochondrial function, and regulated intestinal homeostasis [3]. Finally, the integration of 

CRISPR technology with marine collagen holds promise for revolutionary anti-aging treatments by 

leveraging CRISPR's precise gene-editing capabilities to target aging-related genes, while marine 

collagen provides supportive properties for enhanced therapeutic effects in areas like skin elasticity 

and hydration. The findings lay the groundwork for the development of anti-aging nutraceuticals 

and cosmetic ingredients derived from peptides within underexplored marine organisms [1]. 

The extracellular matrix protein collagen is a naturally abundant biomaterial found in all 

animals, and its unique biochemical and physical properties make it the perfect candidate for various 

applications in drug development, biomedicine, and nutrition [4]. Its high biocompatibility, 

solubility, and tensile strength are just a few of the characteristics that make collagen an ideal 

biomaterial for medical use [4]. Recently, collagen-based products have gained popularity due to 

their acclaimed anti-aging benefits. Functioning as a crucial structural and connective component in 

systems like the skin, joints, and bones, collagen helps regulate cell growth, adhesion, and migration 

[5]. However, the natural degradation of collagen accelerates with age, which can impact skin 

elasticity, wound healing, bone density, and even neural function [6]. Thus, it is important to 

investigate the beneficial effects of collagen treatments on reversing the effects of old age to live 

longer, healthier lives [6]. In particular, the application of marine collagen peptides (MCPs) emerges 

as a promising yet underexplored avenue, displaying remarkable therapeutic potential in delaying 

aging according to multiple animals and in vitro studies [7]. Marine organisms are a rich source of 

high-quality functional proteins and peptides with diverse molecular structures. Accordingly, 

countries with extensive coastlines such as China can especially benefit from harvesting these 

valuable and abundant sources of novel bioactive compounds [7]. While fish are widely used as food 

resources, there is limited utilization of marine protein resources from other species such as sea 

cucumber, sea urchin, mussels, and various kinds of algae. Some marine bioactive peptides have been 

found to regulate free radical homeostasis both in vitro and in vivo, and have shown anti-aging 

effects in cell, animal, and human clinical trial models [7]. In addition, marine peptides are also 

commonly utilized in cosmeceutical skin products for their anti-aging properties.  

Table 1 displays the 5 common types of collagens along their functions. Marine collagen is 

predominantly type I collagen, which is the primary component of the calcium-depleted tissue of the 

teeth and bone. It is found in the skin, in tendons, in the vasculature of the lungs, and in the heart [4]. 

Table 1 significantly highlights the use of porcine collagen (collagen type I and type III), which is 

essential in the prevention and treatment of osteoporosis [4].  

Table 1. The function of the 5 most common types of collagens. α1(I), α2(I) etc. represent different 

encoded collagen proteins [4]. 

Collagen Function or Application Tissue or Organ Molecular 

Composition  

Type I the organic part of the bone, 

membranes for guided tissue 

regeneration 

Skin, bone, teeth, tendon, 

ligament, vascular 

ligature 

 [α1(I)]2α2(I) 

Type II the main constituent of cartilage, 

cartilage repair, and arthritis 

treatment 

cartilage  [α1(II)]3 
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Type III the main constituent of reticular 

fibers, hemostats, and tissue sealants 

muscle, blood vessels  [α1(III)]3 

Type IV the major component of the basement 

membrane, attachment enhancer of 

cell culture, and diabetic nephropathy 

indicator 

basal lamina, the 

epithelium-secreted 

layer of the basement 

membrane 

 [α1(IV)]2α2(IV) 

 [α3(IV)]2α4(IV) 

 [α5(IV)]2α6(IV) 

Type V feedstock for biomaterials in corneal 

treatments 

Hair, cell surfaces, and 

placenta. 

α1(V),α2(V),α3(V) 

Our literature review explores the anti-aging activities of peptides from marine organisms, 

focusing on their capacity to regulate oxidative stress in diverse models including cells, fruit flies, 

nematodes, mice, and humans [1]. In the present study, we conducted a literature search using the 

keywords "peptide" and "anti-aging" or "anti-aging" from several databases including PubMed, 

Cochrane Library, Web of Science, and Embase, covering publications from 1956 to 2023 [1]. The 

identified studies were screened for their relevance to underused marine resources. By analyzing the 

findings of these papers, we aim to contribute valuable insights that help enhance the utilization of 

marine sources for anti-aging applications [8]. However, limitations regarding the lack of long-term 

studies may hinder its potential use. Thus, this review highlights the applications and limitations of 

anti-aging marine collagen research while outlining future directions for this field [6].  

2. Marine Collagen: Effects on Skin Aging  

The anti-aging industry is growing rapidly with the release of new supplements and 

nutraceuticals that promise youthful skin, better joint and bone health, and even stronger immune 

systems [9, 10]. Among the most popular products is marine-derived collagen used for skin health 

and restoration. Several studies have cited the effects of collagen supplementation on skin 

appearance.  

A recent study by Lee et al (2022) investigated the importance of collagen formulation on anti-

aging efficacy [11]. Only compounds with low molecular weights may penetrate the skin barrier, 

limiting the efficacy of intact collagen application, and oral administration of collagen bioactive 

peptides is limited by their poor stability and absorption in the gastrointestinal tract [11]. Thus, to 

increase absorptive ability, the fish collagen was hydrolyzed into small, bioactive collagen peptides 

and administered as an oral disintegrating film which allows the collagen to be directly absorbed into 

the bloodstream [11]. This type of delivery system avoids the systemic metabolism of the active 

compounds, keeping the active drug concentration high.  

After applying the film for 12 weeks, the authors concluded that fish-derived collagen 

administered as an oral disintegrating film was effective at significantly increasing type I collagen 

expression and absorption, reducing skin wrinkle depth and number, and increasing skin elasticity 

and density in women ages 20 to 60 years old [11]. As evident in Figure 1 [12], as an individual ages, 

a number of changes occur in the density and structure of collagen fibres [12]. Figure 1 [12] displays 

a decline in the number of collagen fibrils and the size of the fibroblast cells as the skin ages, 

emphasizing the importance of collagen fibrils in the maintenance of cell size and skin elasticity for 

healthy skin. The aged human skin is observed in vivo which is one of the driving forces of oxidative 

stress and increased reactive oxygen species (ROS) levels in aged skin [12].  
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Figure 1. Displays normal collagen fibrils that are obtained from marine sources. In young human 

skin dermis, collagen fibrils are intact and normal in size (left) in contrast with reduced collagen fibrils 

in aged human skin dermis which leads to a reduction in cell size (right). The aged human skin is 

observed in vivo which is one of the driving forces of oxidative stress and increased ROS levels in aged 

skin [12, 13]. 

3. Marine Bioactive peptides: Antioxidant and Anti-Carcinogenic roles 

On top of providing valuable sources of nitrogen and amino acids, many bioactive MCPs have 

demonstrated powerful antioxidant, anti-microbial, and immunomodulatory effects. Several studies 

have investigated the potential role of MCPs in slowing down senescence and consequently delaying 

the onset of free radical damage, metabolic and cellular dysfunction, and other genetic changes that 

majorly increase the risk of developing chronic diseases and disabilities with age [9]. The active 

peptide products isolated from fish, sea cucumber, urchins, muscles, and other marine life have 

shown the potential to lower oxidative stress, inhibit cellular senescence, and extend lifespans in 

multiple animal studies of ageing [9]. For example, one study found that jellyfish collagen 

hydrolysate (JCH) improved the exercise tolerance of mice in a dose-dependent manner after 6 weeks 

[14]. In the same study, the authors used d-galactose to induce the ageing process in mice, then 

investigated the effect of JCH on oxidative stress by measuring malondialdehyde (MDA), superoxide 

dismutase (SOD), and glutathione peroxidase (GSH-Px) activity [14]. MDA is a product of lipid 

peroxidation, which increases with age, whereas SOD and GSH-Px are enzymatic antioxidant 

systems that neutralize free radicals implicated in the ageing process, wherein activity declines with 

age [15]. Significantly, 6-week administration of JHC inhibited the decrease in GSH-Px/SOD activity 

and the increase in MDA seen in the ageing model [14]. These results are displayed in Figure 2 [14], 

showcasing the powerful in vivo antioxidant capacity of marine peptides and demonstrating their 

benefit in anti-aging products.  
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Figure 2. Serum levels of GSH-Px, SOD, and MDA in mice. Adapted from J.F. Ding et al. (2011). a= 

P<0.05, b= P<0.01 compared to control. c= P<0.05, d= P<0.01 compared to aging model. e= P<0.05, f= 

P<0.01 compared to positive. 

Similarly, Liang et al (2010) discovered that rats fed chum salmon MCPs over the course of their 

lifespan showed increased GSH-Px and SOD enzymatic activity compared to control rats; however, 

this change was only significant in rats older than 12 months [15]. Further on, the observed age-

related MDA increase was attenuated in MCP-treated rats, suggesting that MCPs can interfere with 

the cellular and physiological effects of ageing by exerting antioxidant effects. Significantly, this 

study also demonstrated that MCP-treated rats on average had longer life spans and better survival 

outcomes after 28 months [15]. MCP treatment also delayed tumour growth, decreased tumour size 

and number and lowered the incidence of deaths from tumours compared to control after 16 months 

[15]. Genetic mutations increase in frequency with age, predisposing the cells to various oncogenetic 

processes; thus, MCP may act in a protective, anti-carcinogenic capacity to slow the progression of 

aging-related diseases such as cancer. Taken together, these findings suggest that marine collagen 

may exert anti-fatigue and antioxidant capabilities that interfere with the aging process, leading to 

longer, healthier lives [6]. Other examples of bioactive peptides are bio active mussel polypeptide 

(MP) and fish protein hydrolysate (FPC), immunomodulatory foods that can enhance non-specific 

host defence mechanisms. To test this, mice were given FPC for 7 days which showed an activation 

of the immune response [1]. Another element of collagen is RSH, which helps cells modulate 

antioxidant and neurotrophic pathways to improve memory, hormonal function and anti-coagulant 

activity [1] 

4. Marine Collagen in Tissue Engineering for Anti-aging  

Marine collagen is recognized for its bioactive properties and is used in skin tissue engineering 

due to its water solubility, metabolic compatibility, and accessibility. It has shown effectiveness in 

healing skin injuries of varying severity and in delaying aging processes, promoting keratinocyte and 

fibroblast migration, and vascularization of the skin. In animal model studies, marine collagen from 

different species has shown promising results in skin tissue healing [16,17]. Treatments using marine 

collagen have led to increased deposition of granulation tissue, enhanced re-epithelialization, 

stimulated neoangiogenesis, and improved the morphological aspect of wounds [17]. These findings 

underscore its potential in tissue engineering and wound healing applications [16,17]. The marine 

environment has been a significant source of biological macromolecules for developing tissue-
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engineered substitutes with wound-healing properties. These molecules play a key role in enhancing 

the wound-healing process and are crucial in advancing wound-care management [10]. Moreover, 

studies on collagen-derived peptides from the marine sponge Chondrosia reniformis reveal their 

antioxidant activity, ability to stimulate cell growth, and protection against UV-induced cell death 

[10]. These peptides have shown no toxicity in cell lines, and their significant ROS scavenging activity 

indicates their potential in drug and cosmetic formulations, especially for damaged or photoaged 

skin repair [10].  

Marine collagen’s role in bioprinting and scaffold development is pivotal for tissue regeneration. 
Marine collagen, particularly type I, is ideal for creating 3D bioprinted structures due to its 

biocompatibility, biodegradability, and low immunogenicity [18, 19]. These structures mimic the 

natural extracellular matrix of human tissues, which is essential for effective tissue regeneration. In 

tissue engineering scaffolds, marine collagen offers a structure that supports cell attachment, 

proliferation, and differentiation, key factors for tissue repair and regeneration [19]. These properties 

of marine collagen are particularly significant in anti-aging applications, as they support the growth 

and repair of various tissues, including skin, bone, and cartilage. As aging is associated with the 

degradation of these tissues, marine collagen scaffolds can be used to replace or support damaged 

tissues, thereby counteracting some of the effects of aging. Ongoing research is optimizing marine 

collagen properties for bioprinting and scaffold design, enhancing its mechanical strength, stability, 

and compatibility with human tissues. The development of hybrid scaffolds, combining marine 

collagen with other biomaterials, is also an area of interest to improve functionality and efficacy in 

tissue regeneration [13, 19-21]. 

5. The Integration of CRISPR Technology with Marine Collagen 

The integration of CRISPR technology with marine collagen is an innovative area of research, 

combining the genetic editing capabilities of CRISPR with the beneficial properties of marine-derived 

collagen. Marine collagen has shown promise as a biomaterial in various applications, including 

wound healing, skin anti-aging, and bone regeneration. Its biocompatibility makes it an excellent 

candidate for tissue engineering and regenerative medicine. On the other hand, CRISPR technology 

offers a groundbreaking approach to gene editing, allowing for precise modifications at the DNA 

level. This technology has been making strides in various medical applications, including the 

development of more refined editing techniques like base and prime editing. These newer methods 

aim for uniform and predictable gene-editing results while minimizing potential risks associated 

with traditional CRISPR-Cas9 techniques, such as the creation of double-strand DNA breaks 

[22][23][24]. 

The integration of these two fields could lead to revolutionary anti-aging treatments. For 

instance, CRISPR technology could be employed to target and modify specific genes associated with 

aging and skin degeneration. By precisely editing these genes, it might be possible to slow down or 

reverse certain aging processes at a molecular level. Meanwhile, marine collagen could play a 

supportive role in this integration. Its ability to enhance cell viability and support tissue regeneration 

could be crucial in facilitating the effectiveness of CRISPR-mediated gene edits. For example, in a 

scenario where CRISPR is used to edit genes related to skin elasticity, marine collagen could provide 

the necessary extracellular matrix support, enhancing the overall therapeutic effect. 

Another potential approach to integrating CRISPR with marine collagen could focus on 

enhancing skin hydration and barrier function. This would involve using CRISPR to edit genes 

crucial for maintaining skin moisture, such as those involved in hyaluronic acid synthesis. 

Concurrently, marine collagen could be developed as a topical delivery system for CRISPR 

components, leveraging its skin absorption properties and biocompatibility. This could involve 

encapsulating CRISPR components (like Cas9 and guide RNA) within marine collagen-based nano-

carriers that can penetrate the skin layers.  

While direct research on the integration of CRISPR technology with marine collagen in anti-

aging is still in its infancy, the combination of CRISPR’s precision in genetic editing and marine 
collagen’s supportive properties presents a highly promising avenue. Future research in this area 
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could lead to innovative and effective anti-aging therapies, potentially revolutionizing the way we 

approach aging and skin health. 

6. Marine Collagen Use: The Pros and Cons 

The extracellular matrix (ECM) plays a fundamental role in ensuring cell integrity and aiding in 

various cell functions, such as proliferation, differentiation, migration, and adhesion [20]. Marine 

organisms (Figure 3), including fish, jellyfish, sponges, and other invertebrates, provide a valuable 

source of collagen that is free from religious restrictions and animal pathogens. This type of collagen 

is metabolically compatible and has advantages over other sources [20]. Fish skin is often used to 

extract type I collagen because it is abundant and not suitable for industrial use. Overall, marine 

sources of collagen are a safe, convenient, and promising option. The combination of biomaterials 

and single gene delivery has shown promising potential for tissue engineering. Studies have found 

that marine collagen from organisms like fish, jellyfish, and sponges can promote wound healing, 

enhance blood circulation, and prevent infection [20]. Additionally, marine collagen has anti-aging 

properties that have been demonstrated in mice with osteoporosis [20]. It can increase bone mineral 

density, protect against bone loss and osteoarthritis, induce plastic differentiation, and even improve 

skin elasticity while slowing the aging process [20]. Finally, drug delivery and immobilization are 

two ways marine collagen is used within the human body [20]. Some of the advantages of using 

marine collagen over other sources of collagen, such as popularly used bovine or porcine collagen. 

Collagen is a topic that is talked about many for its advantages and disadvantages. One of the key 

advantages of collagen is resource abundance, as marine collagen is derived from the massive 

amounts of marine waste produced by the fishing industry, helps reduce environmental 

contamination while reducing waste, providing high yields and cheap production. Marine collagen 

also presents with a higher biocompatibility/no disease transmission risk - as marine collagen is free 

of the same pathogen transmission risk that mammalian collagen confers, in which case incidences 

of bovine spongiform encephalopathy (BSE) from the transmission of prions were observed, marine 

collagen can be seen as safer [25]. Safety is among the primary considerations when evaluating the 

advantages and disadvantages of marine collagen. As discussed, marine collagen proves to be a safer 

alternative to land animal-derived collagen in terms of reduced transmission of disease. However, 

marine collagen sources, such as fish and marine sponges, carry the possibility of allergens and 

toxicity [26]. The level of allergenicity varies depending on the type of fish or fish product from which 

the collagen is derived [26]. Likewise, the threat of toxicity is more apparent among certain sources 

such as jellyfish and sponges [26]. To reduce the likelihood of adverse effects on human usage and 

consumption, the extraction and purification of marine collagen must comply with regulations that 

ensure the safety and consistency of such products [26]. The anti-aging effect of marine collagen can 

be evident throughout the body both externally and internally. Externally, through reversing the 

aging effects of the skin, and internally, through regulating bone health, tissue regeneration, and 

dietary and metabolic processes. Together, these effects facilitate improved overall health, skin 

appearance, and well-being. 
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Figure 3. Illustrates biomedical applications and advantages of marine collagen compared to land 

animal-derived collagen [27]. 

6.1. Hydration 

Hyaluronic acid plays an important role in skin moisture retention, and aging skin experience 

[28]. Collagen hydrolysates, restore the production of hyaluronic acid which is rich in proline-

hydroxyproline when administered orally. It has been shown that oral collagen improves skin 

hydration. Fish collagen is found to be the optimal source, with diverse amino acid compositions and 

high bioavailability [28]. Marine collagen and collagen peptides, especially from fish, have 

demonstrated significant effects on skin hydration. Limited research on chicken-derived collagen 

suggests potential benefits, but more studies are needed for conclusive results [29]. 

6.2. Elasticity 

The primary collagen in the skin is Type I collagen, leading to structural integrity and strength. 

Elastin and microfibrils in the elastic fabric network relay elasticity and resilience to the skin. 

Consuming oral collagen has been expressed to improve skin elasticity, resulting in increased levels 

of type I collagen [28]. Numerous studies exhibit positive effects on skin elasticity, including 

improvements in surface elasticity [28]. Collagen peptides have been found to increase collagen 

content and improve skin laxity in a variety of animal and human studies. There are limitations to 

this research however, like contrast in the duration and forms of amounts, small sample size, and 

relying on skin elasticity measurements that were self-reported [30]. 

While marine collagen unveils multiple advantages, it also introduces detrimental 

disadvantages. Cross-linking methods can be physical treatments like UV irradiation and gamma 

irradiation treatment, which results in a stable collagen matrix with no cytotoxicity [29]. Fishing 

industries in North America are highly productive as they produce an ample amount of waste during 

processing that gets repurposed for marine collagen extraction and development, hence decreasing 
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environmental pollution and reducing costs [16,31]. Marine-derived peptides also have better 

chemical and physical/mechanical durability compared to mammalian counterparts [16]. 

7. Collagen Peptides: Promising for Osteoporosis Treatment and Prevention 

Marine collagen biopharmaceuticals play a crucial role in encouraging cartilage regeneration, 

contributing to enhanced skin and bone health [20]. Osteoarthritis (OA) is a condition caused by 

irreversible cartilage degradation, characterized by joint pain and stiffness. Exposure of subchondral 

bone further diminishes the quality of life for those with OA [20]. Nonetheless, research has 

demonstrated that marine collagen may promote cartilage regeneration by inducing chondrogenic 

differentiation [20]. Studies by Raabe et al. have demonstrated that the growth factor TGFB1 and 

hydrolyzed fish collagen can promote the synthesis of collagen fibers and proteins, and that fish 

collagen in particular can cause chondrogenic differentiation [20]. The study investigated the effects 

of three collagen hydrolysates on fish skin and cartilage chondrocytes [20]. In one experiment, the 

levels of collagen I and collagen II were modified by collagen hydrolysate at concentrations of 0.5, 50, 

and 100 µg/mL [20]. Collagen use also resulted in a decrease in the expression of protein markers like 

Cox2, Mmp103, and Adamts5. These indicators have been linked to the development of OA [20]. 

8. Collagen as a Biomaterial for Tissue Engineering 

One of the most common and prominent biomaterials in tissue engineering and regenerative 

medicine is collagen, such as collagen proteins in the extracellular matrix of marine invertebrates 

(Figure 4). Although fish collagen peptides (FCP) have been used as a dietary supplement, little is 

known about how they affect cellular function in the human body [32]. Extracellular matrix (ECM) 

replacements can significantly affect cell proliferation and function based on recent research [3, 33]. 

These extracellular matrixes, however, are mainly used in a general sense and are not yet tailored to 

certain cell types [33]. This paper focuses on ECM-based coating substrates tailored to the individual 

needs of skin, skeletal muscle, and liver cell cultures [33]. With ongoing advancements, neural tissue 

engineering (NTE) indicates significant potential to treat a number of debilitating neurological 

illnesses [4]. For NET design strategies that facilitate axonal growth and neural and non-neural cell 

differentiation, choosing the best scaffolding material is essential. As the nervous system is naturally 

resistant to regeneration, collagen is often used in NTE applications [4]. It can function with 

neurotrophic factors, neural growth inhibitors, and other compounds that promote neural growth 

[4]. It can also be used for neural repair and thus mitigate neurodegenerative diseases that come with 

age [4]. Time and time again it has become clear that ECM is a powerful structure that influences the 

cells in contact with it [34]. A poor prognosis has been linked to the composition and collagen density 

of the tumour-specific extracellular matrix (ECM) in a number of cancer forms. The cause of this 

correlation is still mainly a mystery [34]. Collagen can stimulate the development and migration of 

cancer cells, although collagen has been found in recent research to influence the activity and 

phenotype of T cells and tumour-associated macrophages (TAMs), two types of immune cells that 

infiltrate tumours [34]. 
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Figure 4. Collagen of extracellular matrix. The right image shows a model of cells whereas the left 

image shows the structural elements of the extracellular matrix, which are required in the formation 

of collagen in marine invertebrates [3]. 

9. Applications of Marine Collagen in the Cosmetic Market 

The cosmeceutical industry is flooded with a variety of anti-aging products that claim to address 

wrinkles, fine lines, and other signs of aging through various mechanisms of action. Some of the most 

popular products on the market include retinoids such as retinol, retinyl esters, and retinaldehyde - 

vitamin A derivatives known for their ability to stimulate collagen production and promote cell 

turnover, thereby increasing skin elasticity and reducing the appearance of fine lines and wrinkles 

[26]. Alternatively, vitamin C- and vitamin E-based serums provide anti-aging benefits through their 

powerful antioxidant effects that protect the skin against UV-induced photodamage and oxidative 

stress [26]. Vitamin C stimulates collagen synthesis, and both vitamins have anti-inflammatory 

functions that aid in wound healing. Another widely used anti-aging ingredient is hyaluronic acid, a 

hydrating glycosaminoglycan (GAG) that can act as a barrier against trans-epidermal water loss to 

help retain skin moisture and reduce the appearance of fine lines. Other popular products include 

alpha hydroxy acids (AHAs i.e. lactic acid, glycolic acid, citric acid) and beta hydroxy acids (BHAs 

i.e. salicylic acid) that exfoliate the skin, promote cell turnover, and facilitate GAG and collagen 

synthesis to improve skin texture and tone [26, 27]. Finally, there are numerous bioactive peptide 

formulations that can help stimulate collagen production and improve skin elasticity [26]. For 

example, extracts from brown algae have proven a plentiful resource for anti-inflammatory and 

antioxidant compounds. Because of their photoprotective properties, these bioactive peptides can be 

used in cosmetic preparations for anti-aging skincare and sunscreen [35]. In one study, the brown 

algae, Ericaria amentacea, showed dose-dependent in vitro activity for reducing various markers of 

oxidative stress, inflammation, and collagen and hyaluronic degradation. The results of various 

antioxidant assays are displayed in Figure 5 [35], demonstrating remarkable potential for anti-aging 

cosmetic applications.  
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Figure 5. Marine seaweed displays anti-aging properties. (S) Schematic representation of E. amentacea 

seaweed body parts, and antioxidant activity of E. amentacea extracts in spectrophotometric tests. 

Extracts were solubilized using either 50% ethanol (EtOH) or DMSO. (A) ROS scavenging activity by 

DPPH assay. Data are expressed as a percentage of scavenging of the DPPH radical with respect to 

the absorbance of the DPPH radical alone (control). Symbols indicate significance in paired Tukey 

test (ANOVA p < 0.0001; Tukey of DMSO apex vs. DMSO thallus’ respective concentration, * p < 0.05; 
Tukey of EtOH apex vs. EtOH thallus’ respective concentration, $ p < 0.05) (B) Fe (III)-reducing power 

assay, measured by the potassium ferricyanide method. Data are expressed as a percentage of 
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reducing power compared to the Fe reduction of ascorbic acid (AA, concentration 30 μg/mL) positive 
control. Symbols indicate significance in paired Tukey test (ANOVA p < 0.000001; Tukey of DMSO 

apex vs. DMSO thallus’ respective concentration, * p < 0.05; Tukey of EtOH apex vs. EtOH thallus’ 
respective concentration, $ p < 0.005). (C) OH radical scavenging activity by Mohr’s salt assay. Data 
are expressed as a percentage of inhibition of OH radical production concerning the absorbance of 

the OH radical-producing solution alone (Control). Symbols indicate significance in paired Tukey 

(ANOVA p < 0.0001; Tukey of DMSO apex vs. DMSO thallus’ respective concentration, * p < 0.05; 
Tukey of EtOH apex vs. EtOH thallus’ respective concentration, $ p < 0.05). (D) NO radical scavenging 

activity was measured by the sodium nitroprusside method coupled with the Griess assay. Data are 

expressed as a percentage of inhibition of NO production to the absorbance of the NO radical-

producing solution alone (Control). Taken from Mirata et al. (2023) [35]. 

While these products demonstrate numerous anti-aging benefits, there are associated drawbacks 

that may limit their efficacy and applicability. For one, prescription-strength retinoid formulations 

and AHAs may induce adverse reactions such as skin irritation, burning, and dermatitis [26]. In 

addition, the oxidation of retinol, vitamin C, and vitamin E over time poses a problem for the stability 

of the product, which can affect the overall quality and efficacy of the cosmetic preparation [26]. 

Further on, in rare cases, topical application of vitamin E has been linked to cases of contact 

dermatitis, erythema multiforme, and xanthomatous reaction [26]. As a result, recent trends in the 

anti-aging industry have demonstrated rising consumer interest in the natural bioactive compounds 

found in marine collagen rather than synthetic ingredients. A recent study of the Portuguese anti-

aging cosmetic market revealed a 27% increase in marine collagen cosmetics from 2011 to 2018, with 

red algae being the most widely used marine ingredient [36].  

A potential explanation for the increasing popularity of marine collagen products may lie in the 

manufacturing, safety, and efficacy advantages that they provide. For one, marine sources are 

biodiverse, abundant, and easy to cultivate and modulate during their life cycles. These 

characteristics make it possible to harness the production of specific bioactive compounds involved 

in collagen synthesis and wound healing [27, 37]. The highly productive fishing industry in North 

America produces a lot of waste during processing; as demonstrated by Figure 6 [27], this marine 

waste can be repurposed for marine collagen extraction and development, thus reducing 

environmental pollution and keeping production costs low [27]. Furthermore, marine collagen is 

highly bioavailable, considering it is easily absorbed by the body and efficiently utilized for collagen 

synthesis. Marine collagen also offers several other advantages over mammalian-derived collagen, 

such as better biocompatibility (less antigenic), better biodegradability and water solubility, and 

better safety profile (free of the risk of mammalian pathogen transmission) [36]. Marine-derived 

peptides also have better chemical and physical/mechanical durability compared to mammalian 

counterparts [27].  

It is important to note that while marine collagen has a wide range of benefits, the effectiveness 

of any anti-aging product can vary depending on individual genetic and environmental factors. Thus, 

other anti-aging products, such as those containing retinoids, hyaluronic acid, antioxidants, and other 

beneficial compounds may be more effective for specific skin types and concerns. 
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Figure 6. Potential utilization of marine by-products in anti-aging cosmetic preparations [27]. 

10. Concluding Remarks 

This comprehensive literature review highlights the diverse biomedical anti-aging applications 

of marine collagen, establishing it as a superior biomaterial in tissue engineering and regenerative 

medicine. Marine collagen's unique properties, such as promoting osteogenesis, collagen synthesis, 

and anti-inflammation, highlight its pivotal roles in accelerating the healing process, preventing signs 

of aging, and treating degenerative conditions such as osteoporosis. Compared to land animal 

sources, advantages like metabolic compatibility, safety, and environmental sustainability further 

position marine collagen as a compelling choice for anti-aging applications. Utilizing readily 

available marine waste from the fishing industry ensures cost-effective production and addresses 

environmental concerns. Marine collagen also proves valuable in vascular tissue engineering, 

demonstrating promise in crafting advanced scaffolds for vascular grafts, enhancing mechanical 

strength, and fostering vascular endothelial cell development. Ongoing research and innovation 

efforts focused on marine collagen extraction, processing, and application, as well as synergy with 

anti-aging CRISPR technology underscore its continued importance in advancing the fields of tissue 

engineering and biomedicine. The pressing need to discover further anti-aging applications of 

diverse marine collagen sources emphasizes their significance and utility in marine health and 

science, and further research efforts should continue to explore this biomaterial’s remarkable 
therapeutic efficacy and versatility.   
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