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ABSTRACT 
 

Marine organisms, particularly fishes, harbor a treasure trove of bioactive compounds with 
immense potential for human health applications. In this review, we delve into the diverse array of 
bioactive molecules derived from marine fishes and their implications for biomedical research. We 
explore the therapeutic properties of fish-derived compounds, including antimicrobial peptides, 
omega-3 fatty acids, collagen, and bioactive peptides, among others andthe mechanisms of action 
and preclinical studies supporting the use of these compounds in various human health conditions, 
such as cardiovascular disease, cancer, inflammatory disorders, and neurodegenerative diseases. 
Additionally, we highlight the importance of sustainable sourcing and ethical considerations in 
marine biomedical research. Overall, this review underscores the significance of marine fishes as a 
source of novel therapeutic agents and the promising avenues they offer for advancing human 
health. 
 

 
Keywords: Marine biomedical research; fishes; bioactive compounds; human health; therapeutic 

potential. 
 

1. INTRODUCTION 
 
In recent years, marine biomedical research has 
garnered increasing attention due to the rich 
biodiversity of the oceans and the potential 
therapeutic benefits derived from marine 
organisms, particularly fishes [1]. Fishes 
represent a diverse group of aquatic vertebrates 
that inhabit various marine ecosystems, ranging 
from shallow coastal waters to the deepest 
ocean trenches. With their remarkable 
adaptability and resilience, fishes have evolved 
unique biochemical and physiological 
mechanisms to survive in these challenging 
environments [2]. Consequently, they produce a 
plethora of bioactive compounds with diverse 
biological activities, making them valuable 
resources for biomedical research. 
 
The exploration of marine fishes for biomedical 
purposes offers exciting prospects for the 
discovery and development of novel therapeutic 
agents to combat a wide range of human health 
conditions [3]. From antimicrobial peptides to 
omega-3 fatty acids and collagen, fishes produce 
a multitude of bioactive molecules with potential 
applications in the prevention and treatment of 
various diseases. These compounds exhibit 
diverse pharmacological properties, including 
anti-inflammatory, antioxidant, antimicrobial, 
anticancer, and neuroprotective activities, among 
others [4]. As such, they hold promise for 
addressing unmet medical needs and improving 
patient outcomes across a spectrum of health 
conditions [5]. In this review, we aim to provide a 
comprehensive overview of the role of marine 
biomedical research in elucidating the 
therapeutic potential of fishes for human health. 
We will explore the diverse array of bioactive 

compounds derived from marine fishes, their 
mechanisms of action, and their implications for 
the prevention and treatment of diseases. 
Furthermore, we will discuss the challenges and 
opportunities associated with marine biomedical 
research, including sustainable sourcing 
practices, ethical considerations, and future 
directions for research and development. Overall, 
this review aims to highlight the importance of 
marine fishes as a valuable source of bioactive 
compounds and their potential to drive innovation 
in the field of biomedical science. 
 

 
 

Source from Wikipedia 
https://en.wikipedia.org/wiki/Mercury_in_fish 
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2. BIOACTIVE COMPOUNDS FROM 
MARINE FISHES 

 

Marine fishes produce a wide variety of bioactive 
compounds with diverse chemical structures and 
biological activities, making them valuable 
resources for biomedical research. These 
bioactive compounds can be broadly categorized 
into peptides, fatty acids, polysaccharides, and 
proteins, each with its unique therapeutic 
potential.  
 

2.1 Peptides 
 

One of the most abundant classes of bioactive 
compounds found in marine fishes is                  
peptides. These peptides exhibit a range of 
biological activities, including antimicrobial, 
antiviral, antioxidant, antitumor, and 
immunomodulatory properties. For example, 
piscidins, a family of antimicrobial peptides found 
in fishes such as striped bass and hybrid striped 
bass, have shown potent activity against a 
variety of pathogens, including bacteria, fungi, 
and viruses. Additionally, bioactive peptides 
derived from fish proteins have                      
demonstrated promising potential in the 
prevention and treatment of cardiovascular 
diseases, such as hypertension and 
atherosclerosis [6]. 
 

2.2 Fatty Acids 
 
Marine fishes are also rich                                      
sources of omega-3 fatty acids, particularly 
eicosapentaenoic acid (EPA) and 
docosahexaenoic acid (DHA) [7]. These long-
chain polyunsaturated fatty acids have been 
extensively studied for their beneficial effects on 
human health, including reducing inflammation, 
improving cardiovascular function, and 
supporting cognitive function [8]. The 
consumption of fish oil, which is high in EPA and 
DHA, has been associated with a lower risk of 
cardiovascular disease and other chronic 
conditions. 
 

2.3 Polysaccharides 
  
Polysaccharides derived from marine fishes, 
such as chondroitin sulfate and fucoidan, have 
attracted attention for their potential therapeutic 
applications [9]. Chondroitin sulfate, found in the 
cartilage of fish skeletons, is commonly used as 
a dietary supplement for joint health due to its 
ability to reduce inflammation and support 
cartilage repair [10]. Fucoidan, extracted from 

brown seaweeds consumed by certain fish 
species, exhibits various biological activities, 
including anticoagulant, antitumor, anti-
inflammatory, and immunomodulatory effects 
[11]. 
 

2.4 Proteins 
 
Fish proteins have also been investigated for 
their potential health benefits. Collagen, a 
structural protein found in fish skin and bones, 
has gained popularity in the cosmetics and 
pharmaceutical industries for its ability to 
promote skin health and wound healing [12]. 
Additionally, fish-derived proteins such as lectins 
and lectin-like proteins have demonstrated 
antimicrobial and immunomodulatory activities, 
suggesting their potential for therapeutic use in 
the treatment of infectious diseases, the                    
diverse array of bioactive compounds present in 
marine fishes holds great promise for the 
development of novel therapeutic agents for a 
wide range of human health conditions [13].                     
Further research is needed to elucidate the 
mechanisms of action of these compounds and 
optimize their therapeutic potential for clinical 
applications. 
 

3. THERAPEUTIC POTENTIAL AND 
MECHANISMS OF ACTION 

 
The therapeutic potential of bioactive compounds 
derived from marine fishes stems from their 
ability to interact with various molecular targets 
and biological pathways in the human body. 
These compounds exert their effects through a 
variety of mechanisms, including modulation of 
immune function, regulation of inflammatory 
processes, and inhibition of pathogenic 
organisms.  
 

3.1 Immunomodulatory Effects 
 
Many bioactive compounds derived from marine 
fishes possess immunomodulatory properties, 
meaning they can regulate the activity of the 
immune system. For example, certain peptides 
found in fish proteins have been shown to 
enhance the activity of immune cells such as 
macrophages and lymphocytes, thereby 
strengthening the body's defense against 
infections and diseases. Additionally, 
polysaccharides like fucoidan have been 
demonstrated to modulate immune responses by 
activating immune cells and promoting the 
production of cytokines involved in immune 
regulation. 



 
 
 
 

Vidhya et al.; Uttar Pradesh J. Zool., vol. 45, no. 11, pp. 59-68, 2024; Article no.UPJOZ.3475 
 
 

 
62 

 

3.2 Anti-inflammatory Activities 
 
Inflammation is a common underlying factor in 
many chronic diseases, including cardiovascular 
disease, cancer, and neurodegenerative 
disorders. Bioactive compounds from marine 
fishes, such as omega-3 fatty acids and 
peptides, exhibit potent anti-inflammatory 
properties by inhibiting the production of pro-
inflammatory mediators and signaling molecules. 
By attenuating inflammation, these compounds 
may help reduce the risk of chronic diseases and 
alleviate symptoms associated with inflammatory 
conditions. 
 

3.3 Antimicrobial and Antiviral Actions 
  
Certain peptides and proteins derived from 
marine fishes possess antimicrobial and antiviral 
activities, making them potential candidates for 
the development of novel antimicrobial agents. 
These compounds can disrupt the integrity of 
microbial cell membranes, inhibit the growth and 
replication of bacteria and viruses, and enhance 
the body's natural defense mechanisms against 
infections. Examples include piscidins, which 
have broad-spectrum antimicrobial activity 
against pathogens such as bacteria, fungi, and 
viruses, and lectins, which can agglutinate and 
neutralize microbial pathogens [14]. 
 

3.4 Antioxidant Effects 
 
Oxidative stress, characterized by an imbalance 
between the production of reactive oxygen 
species (ROS) and the body's antioxidant 
defenses, is implicated in the pathogenesis of 
many chronic diseases, including cancer, 
diabetes, and neurodegenerative disorders [15]. 
Bioactive compounds from marine fishes, such 
as astaxanthin and certain peptides, possess 
potent antioxidant properties that help scavenge 
free radicals and reduce oxidative damage to 
cells and tissues. By mitigating oxidative stress, 
these compounds may help prevent oxidative 
damage and protect against age-related 
diseases [16]. 
 
The therapeutic potential of bioactive compounds 
from marine fishes is attributed to their 
multifaceted mechanisms of action, which target 
key processes involved in immune function, 
inflammation, microbial defense, and oxidative 
stress [17]. Further research is needed to 
elucidate the specific molecular pathways 
underlying the therapeutic effects of these 
compounds and optimize their clinical 

applications for the treatment and prevention of 
human diseases. 
 

4. PRECLINICAL STUDIES AND 
CLINICAL APPLICATIONS 

 
Preclinical studies involving bioactive compounds 
from marine fishes play a crucial role in 
elucidating their therapeutic potential and safety 
profile before advancing to clinical trials in 
humans. These studies involve in vitro and in 
vivo experiments to assess the efficacy, 
pharmacokinetics, and toxicity of the compounds, 
as well as their mechanisms of action [18]. 

 
4.1 Preclinical Pharmacological Evalua-

tion 
 
Preclinical studies often begin with screening 
assays to identify bioactive compounds with 
promising therapeutic properties [19]. In vitro 
experiments involve testing the compounds on 
cultured cells or tissues to evaluate their effects 
on specific biological processes, such as cell 
proliferation, apoptosis, and inflammation. Animal 
studies are then conducted to assess the 
pharmacokinetics and pharmacodynamics of the 
compounds, including their absorption, 
distribution, metabolism, and excretion in vivo. 
These studies provide valuable insights into the 
optimal dosing regimens and potential adverse 
effects of the compounds. 

 
4.2 Safety and Toxicity Assessment 
 
Safety assessment is a critical component of 
preclinical studies to ensure that bioactive 
compounds from marine fishes are well-tolerated 
and free from harmful side effects. Toxicity 
studies involve administering the compounds to 
laboratory animals at various doses and 
monitoring for signs of toxicity or adverse 
reactions. Acute toxicity studies determine the 
maximum tolerated dose, while subchronic and 
chronic toxicity studies evaluate the effects of 
long-term exposure. Additionally, genotoxicity 
and carcinogenicity studies assess the potential 
for DNA damage and cancer development. 
 

4.3 Mechanistic Studies 
 
Preclinical research also aims to elucidate the 
underlying mechanisms of action of bioactive 
compounds from marine fishes. Molecular and 
cellular studies investigate how the compounds 
interact with specific molecular targets or 
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signaling pathways involved in disease 
pathogenesis. Techniques such as gene 
expression analysis, proteomics, and 
metabolomics provide insights into the molecular 
mechanisms underlying the therapeutic effects of 
the compounds. These mechanistic studies help 
identify potential drug targets and optimize the 
design of clinical trials. 
 

4.4 Clinical Trials and Translational 
Research 

 

Clinical trials represent the final stage of 
translational research, where the safety and 
efficacy of bioactive compounds from marine 
fishes are evaluated in human subjects. Phase I 
trials focus on determining the safety and 
tolerability of the compounds in healthy 
volunteers, while Phase II and III trials assess 
their efficacy and safety in patients with specific 
diseases or conditions. These trials involve 
randomized, double-blind, placebo-controlled 
studies to rigorously evaluate the therapeutic 
potential of the compounds. Phase IV trials, or 
post-marketing surveillance studies, monitor the 
long-term safety and effectiveness of the 
compounds in real-world clinical settings, 
preclinical studies play a vital role in the drug 
development process by providing essential data 
on the pharmacological properties, safety profile, 
and mechanisms of action of bioactive 
compounds from marine fishes [20]. These 
studies serve as a foundation for advancing 
promising compounds to clinical trials and 
ultimately translating scientific discoveries into 
innovative therapies for human health. 
 

5. SUSTAINABLE SOURCING AND 
ETHICAL CONSIDERATIONS 

 

As the demand for bioactive compounds from 
marine fishes continues to grow, it is essential to 
address issues related to sustainable sourcing 
and ethical considerations to ensure the long-
term health of marine ecosystems and 
communities. This section discusses the 
importance of sustainable harvesting practices, 
conservation efforts, and ethical considerations 
in the sourcing of marine-derived compounds for 
biomedical research [21]. 
 

5.1 Sustainable Harvesting Practices 
 

Sustainable harvesting practices are essential to 
prevent over exploitation of marine resources 
and maintain the ecological balance of marine 
ecosystems. This involves implementing 
regulations and guidelines to govern fishing 

activities, such as catch quotas, size limits, and 
seasonal closures [22]. By promoting sustainable 
harvesting practices, researchers can minimize 
the environmental impact of marine resource 
extraction and ensure the availability of bioactive 
compounds for future generations. 
 

5.2 Conservation of Marine Biodiversity 
 
Conservation efforts play a crucial role in 
protecting marine biodiversity and preserving the 
natural habitats of marine fishes. Marine 
protected areas (MPAs) are established to 
safeguard vulnerable ecosystems and species 
from habitat destruction, pollution, and 
overfishing [23]. Additionally, initiatives aimed at 
reducing bycatch, minimizing habitat 
degradation, and promoting habitat restoration 
contribute to the conservation of marine 
biodiversity. By supporting conservation efforts, 
researchers can help maintain the integrity of 
marine ecosystems and safeguard the 
biodiversity that supports the discovery and 
development of novel bioactive compounds. 

 
5.3 Ethical Considerations 
 
Ethical considerations are paramount in the 
sourcing and use of marine-derived compounds 
for biomedical research. Researchers must 
ensure that their research activities adhere to 
ethical principles and guidelines, including 
respect for animal welfare, informed consent, 
and equitable distribution of benefits. In cases 
where marine organisms are used in research, 
efforts should be made to minimize harm and 
maximize the welfare of the animals involved. 
Additionally, researchers should consider the 
rights and interests of local communities and 
indigenous peoples who rely on marine 
resources for their livelihoods. Collaborative 
partnerships with local stakeholders can help 
ensure that research activities are conducted in a 
socially responsible and culturally sensitive 
manner [24]. 
 

5.4 Certification and Traceability 
 
Certification and traceability initiatives provide 
assurance that marine-derived compounds are 
sourced responsibly and ethically. Certification 
schemes, such as the Marine Stewardship 
Council (MSC) certification for sustainable 
fisheries, help consumers identify products that 
have been harvested or produced in an 
environmentally and socially responsible manner. 
Traceability systems track the origin and 
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movement of marine-derived compounds from 
harvest to market, ensuring transparency and 
accountability in the supply chain. By supporting 
certified and traceable sources, researchers can 
promote ethical sourcing practices and contribute 
to the sustainable management of marine 
resources, sustainable sourcing and ethical 
considerations are integral to the responsible use 
of marine-derived compounds for biomedical 
research [25]. By promoting sustainable 
harvesting practices, supporting conservation 
efforts, and upholding ethical principles, 
researchers can ensure the long-term viability of 
marine ecosystems and contribute to the 
development of innovative therapies while 
respecting the rights and welfare of all 
stakeholders involved. 
 

6. CHALLENGES IN MARINE 
BIOMEDICAL RESEARCH 

 
Despite the promising potential of marine-derived 
compounds for biomedical applications, several 
challenges must be addressed to harness their 
full therapeutic benefits. This section highlights 
key challenges faced by researchers in the field 
of marine biomedical research and discusses 
potential strategies to overcome these obstacles 
[26]. 
 

6.1 Access to Marine Biodiversity 
 

One of the primary challenges in marine 
biomedical research is gaining access to diverse 
marine ecosystems and their inhabitants [26]. 
Limited access to remote or protected areas, 
logistical constraints, and regulatory hurdles can 
hinder researchers' ability to collect samples and 
study marine organisms in their natural habitats. 
Additionally, the high cost associated with marine 
expeditions and sample collection efforts poses 
financial challenges for researchers, particularly 
those working in resource-limited settings [27]. 
 

6.2 Discovery and Characterization of 
Bioactive Compounds 

 

Identifying novel bioactive compounds from 
marine organisms is a complex and time-
consuming process that requires advanced 
analytical techniques and interdisciplinary 
collaboration [28]. Researchers face challenges 
in isolating, purifying, and characterizing 
bioactive compounds from complex marine 
extracts, often due to the presence of numerous 
structurally similar molecules and contaminants. 
Moreover, the lack of standardized protocols and 
reference databases for marine natural products 

complicates the identification and 
characterization process. 
 

6.3 Preclinical and Clinical Development 
 

Transitioning from the discovery phase to 
preclinical and clinical development represents 
another significant challenge in marine 
biomedical research. Preclinical studies involving 
in vitro and in vivo experiments are necessary to 
evaluate the safety, efficacy, and mechanism of 
action of marine-derived compounds before 
advancing to human clinical trials [29]. However, 
limited funding, regulatory barriers, and the lack 
of established preclinical models for marine-
derived compounds can impede progress in this 
area. Furthermore, conducting clinical trials to 
assess the therapeutic potential of marine-
derived compounds requires substantial 
investment, infrastructure, and regulatory 
approval, posing additional challenges for 
researchers. 
 

6.4 Intellectual Property and 
Commercialization 

 

Securing intellectual property rights and 
commercializing marine-derived compounds 
present significant hurdles for researchers and 
industry partners. Intellectual property protection 
for natural products is challenging due to issues 
related to novelty, patentability, and prior art. 
Additionally, the lengthy and costly process of 
drug development, coupled with the uncertain 
regulatory pathway for marine-derived 
therapeutics, can deter investment from 
pharmaceutical companies and venture 
capitalists. As a result, many promising marine-
derived compounds fail to progress beyond the 
research stage, limiting their potential impact on 
human health. 
 

7. FUTURE PERSPECTIVES AND 
OPPORTUNITIES 

 

Despite the challenges, marine biomedical 
research holds immense promise for addressing 
unmet medical needs and advancing drug 
discovery and development. This section 
explores future perspectives and opportunities in 
the field, highlighting emerging trends and 
potential areas for innovation and collaboration. 
 

7.1 Advancements in Technology and 
Analytical Tools 

 

Rapid advancements in technology, including 
genomics, proteomics, metabolomics, and 
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bioinformatics, are revolutionizing the field of 
marine biomedical research. These tools enable 
researchers to explore the genetic and 
biochemical diversity of marine organisms, 
identify novel bioactive compounds, and 
elucidate their mechanisms of action. 
Additionally, innovative analytical techniques, 
such as mass spectrometry, nuclear magnetic 
resonance spectroscopy, and high-throughput 
screening platforms, facilitate the discovery, 
characterization, and optimization of marine-
derived compounds for therapeutic applications 
[30]. 
 

7.2 Interdisciplinary Collaboration and 
Consortia 

 
Interdisciplinary collaboration and consortia are 
essential for overcoming the multifaceted 
challenges associated with marine biomedical 
research. By bringing together scientists, 
engineers, clinicians, policymakers, and industry 
partners from diverse backgrounds, researchers 
can leverage their collective expertise and 
resources to tackle complex research questions, 
optimize drug discovery pipelines, and accelerate 
the translation of marine-derived compounds into 
clinical therapies. Collaborative initiatives, such 
as research networks, consortia, and public-
private partnerships, foster knowledge exchange, 
promote data sharing, and catalyze innovation in 
the field [31]. 
 

7.3 Sustainable and Responsible 
Practices 

 

Adopting sustainable and responsible practices 
is critical to the long-term success and viability of 
marine biomedical research. Researchers must 
prioritize environmental conservation, ethical 
sourcing, and equitable benefit-sharing to ensure 
the sustainable use of marine resources and the 
protection of marine ecosystems. By engaging 
with local communities, indigenous peoples, and 
policymakers, researchers can develop ethical 
guidelines, conservation strategies, and 
regulatory frameworks that promote the 
responsible conduct of marine biomedical 
research while respecting cultural values and 
traditional knowledge [32-47]. 
 

7.4 Translation and Commercialization 
Strategies 

 

Efforts to translate marine-derived compounds 
from bench to bedside require innovative 
strategies for funding, intellectual property 

management, and commercialization. 
Researchers can explore alternative funding 
sources, such as government grants, 
philanthropic donations, and crowdfunding 
platforms, to support early-stage research and 
development activities [33-38]. Moreover, 
strategic partnerships with industry stakeholders, 
technology transfer offices, and investment firms 
can facilitate the commercialization of marine-
derived therapeutics and accelerate their entry 
into the market. By embracing entrepreneurship, 
innovation, and collaboration, researchers can 
overcome barriers to translation and maximize 
the societal impact of marine biomedical 
research, while marine biomedical research 
faces numerous challenges, it also presents 
exciting opportunities for scientific discovery, 
innovation, and societal impact. By addressing 
key challenges, fostering interdisciplinary 
collaboration, embracing sustainable practices, 
and leveraging emerging technologies, 
researchers can unlock the therapeutic potential 
of marine-derived compounds and advance 
human health and well-being. 
 

7. CONCLUSION 
 

marine biomedical research offers tremendous 
potential for the discovery and development of 
novel therapeutics with diverse applications in 
human health. From bioactive compounds 
derived from marine organisms to innovative 
feed additives and dietary supplements, the 
marine environment harbors a wealth of bioactive 
molecules with therapeutic properties [39-45]. 
Through interdisciplinary collaboration, advanced 
analytical techniques, and sustainable practices, 
researchers can unlock the full therapeutic 
potential of marine-derived compounds and 
address unmet medical needs across various 
disease areas, the challenges inherent in marine 
biomedical research, including access to marine 
biodiversity, preclinical and clinical development, 
and intellectual property issues, the field 
continues to advance at a rapid pace. Emerging 
technologies, such as genomics, metabolomics, 
and high-throughput screening platforms, are 
revolutionizing drug discovery and development, 
enabling researchers to explore the vast 
biochemical diversity of marine organisms and 
identify promising candidates for further 
investigation.it is essential to prioritize 
sustainability, ethical sourcing, and responsible 
practices in marine biomedical research to 
ensure the long-term conservation of marine 
ecosystems and equitable benefit-sharing with 
local communities. By fostering collaboration 
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between academia, industry, policymakers, and 
stakeholders, researchers can accelerate the 
translation of marine-derived compounds from 
bench to bedside and maximize their impact on 
human health and well-being, marine biomedical 
research represents a frontier of scientific 
exploration with the potential to transform 
healthcare and improve the lives of millions 
worldwide. By embracing innovation, 
collaboration, and sustainability, researchers can 
harness the power of the oceans to address 
some of the most pressing health challenges of 
our time and pave the way for a healthier, more 
sustainable future. 
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