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Abstract

Shrimp ecosystems represent a vital convergence of marine biodiversity and biomedical innovation, offering a reservoir of bioactive
compounds with promising therapeutic potential. This chapter delves into the ecological significance of shrimp as keystone species and their
intricate interactions with marine microorganisms, which contribute to their biochemical richness. The diverse compounds isolated from
shrimp exhibit notable antimicrobial, anti-inflammatory, antioxidant, and anticancer properties, making them valuable candidates for
pharmaceutical development. Emphasis is placed on the importance of sustainable practices, including eco-friendly aquaculture and the
valorization of shrimp byproducts, to ensure environmental balance and resource efficiency. Advances in marine biotechnology and omics
technologies have further accelerated the discovery and characterization of shrimp-derived compounds. Interdisciplinary collaboration
between marine biology, pharmacology, and biotechnology is essential to unlocking shrimp’s full potential in modern ocean-based medicine.
These ecosystems offer a unique opportunity to integrate traditional marine-based healing knowledge with innovative biomedical
applications to address emerging global health challenges through sustainable and nature-inspired therapeutic approaches.
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Introduction

Shrimp are most important creature of the marine food chain; they have significant roles in the sustainability of species and structure of
ecosystems. They are important species in the particulate matter or detrital food webs and primary consumers in the pelagic food chains
(Feng et al., 2025). Shrimps play a key role in distillation of organic matter, in the distribution of energy from the lower trophic levels to the
higher trophic levels and in the conservation of marine ecosystems. This ecological importance includes their interactions with other species
who depend on shrimp for substrate cleaning and maintaining habitat. They engage in complex series of interdependent interactions that
sustain ocean biodiversity and resilience (Herawati et al., 2025). Shrimp ecosystems encompass a pharmacological potential due to the
bioactive compounds they produce, who are increasingly being identified as potential source of therapeutics, beyond their ecological
significance. As multidrug and comprehensive holistic healing solutions, these are the first compounds based on shrimp tissue, shell and
surrounding microorganism compounds that provide an unprecedented opportunity for new drugs (Senadheera et al., 2023).

In recent years, the hit area of ocean pharmacology has emerged due to the understanding that the sea-shore creatures including shrimp
possess certain chemical substances that are not found in any land animals (Alamgir et al., 2018). The marine environment characterizes by
high pressure, salinity and significant variations of temperature, which are creating a unique selective pressure for the evolution of different
biochemical pathways in the species of this ecosystem. As these pathways advance, prodrugs are derived which may be employed as
antimicrobial, anti-inflammatory, anticancer and antioxidant drugs. Marine pollution at this time is regarded as a potential gold mine for the
discovery of new drugs, and more than thirty- four thousand compounds that have an active biological function have been retrieved from
different marine life forms (Haagen & Blackburn, 2024). In particular, shrimp ecosystems are rapidly becoming a promising site for this field
due to the fact that shrimp do provide sources of chitosan, astaxanthin, and those marine peptides with very important pharmacological
properties on the one hand, and on the other hand, the fact that shrimp are sustainable sources of harvesting for these chemicals. These
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developments encourage the development of marine biodiversity for the resolution of global health problems and the stimulation of
innovation in holistic medicine (Rotter et al., 2021).

This chapter serves two purposes as being driven to investigate shrimp ecosystems as a sustainable source of bioactive compounds that
can be used in ocean pharmacology. Shrimp shell is also known to contain chitosan and the shrimp itself contains astaxanthin known as a
compound of shrimp shell origin with broad therapeutic potential. Simply, biopolymers including chitosan possess antibacterial capacity,
wound healing properties and drug delivery, while astaxanthin, a powerful antioxidant that has been shown to possess anti-aging and even
cardiovascular applications (Muthu et al., 2021). The application of shrimp-based products delivers both health advantages and provides
sustainable outcomes by using shrimp processing waste products. The study in this chapter explores how the supporting systems for
sustainable drug development and holistic healthcare converge by examining shrimp ecosystems pharmacological value. The research on
shrimp habitats demonstrates its value for achieving global equilibrium between maritime resources and conservation practices to benefit
both human beings and the environment (Nirmal et al., 2020).

Global biodiversity depends on shrimp as an important marine species because they help sustain both biodiversity and ecological
balance. Ocean pharmacology research engages with shrimp because of their bioactive compounds which makes them priority subjects in
modern therapeutic investigation of marine resources (Amalia et al., 2025). In this chapter, the ecologically, pharmacologically and
sustainably of shrimp ecosystem is considered as one of the basic constitutive parts of holistic health solution and innovation.

2. Shrimp Ecosystems and Their Biological Diversity

Shrimp ecosystems are important to global marine biodiversity and of great importance from an ecological and pharmacological point of
view. Shrimp are key wildlife to the component and function of marine ecosystem webs, as principal food web keystone species. In addition
to their enormous biological complexity and their role as specialist symbionts of marine microorganisms, their contribution to marine health
and potential pharmacological value further enhances their account to ocean health (Li et al., 2025).

2.1 Role in Oceanic Food Webs

Shrimp is one of the key hyperemotional links between primary producers and higher trophic levels and are necessary for oceanic food
webs. They feed on organic detritus and plankton and algae, being turned into a biomass of their own which is preyed on by fish and
cephalopods, seabirds and marine mammal (Kumar & Dharumadurai, 2025). This transfer of energy from lower, to higher trophic levels is
consistent with shrimp’s ecological importance. For example, shrimp, such as Penaeus monodon, are the main support of commercial fish
populations through being an indispensable source of stable food. These connected food chains can be foulered by loss of shrimp populations,
and their spreading effects can endanger biodiversity and ecosystem stability. In many ways, seafood is a highly traded food source, with
around 34% of global fisheries and aquaculture production reported to be exported in 2020. This sector is also a key source of livelihood for
many countries and nations (Waiho et al., 2025).

Shrimp provide additional dietary contributions and also affect sediment dynamics and nutrient recycling. A mechanism by which they
create oxygen penetration into the sediments, and by aerating sediments activate the microbial communities through their burrowing and
feeding on organic material. It prevents storage of harmful substances, such as hydrogen sulfide, and helps to keep benthic ecosystems
healthy (Bhatti et al., 2025). In addition, shrimp activity promotes the breakdown of organic matter, making available in the water column
numerous important nutrients such as nitrogen and phosphorus to the phytoplankton, the primary producers. The nature of these shrimp
interactions shows the variety of ways that shrimp contribute to maintaining marine ecosystem functions (Yesilsu et al., 2025).

Shrimp play a key ecological role including their role to biodiversity hotspots, institutions like coral reefs and mangroves. Shrimp
species including the cleaner shrimp (Lysmata amboinensis) keep living things in these environments healthy by getting rid of parasites and
dead tissue (Conway, 2024). Importantly, this mutualistic relationship demonstrates the role of the shrimp in stabilizing both species
coexistence and ecosystem resilience. This added diversity of habitat in which they are found demonstrates their adaptability and the
importance they play in keeping marine ecosystems intact (Bauer et al., 2023).

2.2 Chemical Complexity in Shrimp

Shrimp pharmacological potential is based on their chemical complexity. With their unique, bioactive compounds developed to assist
them in surviving in changing, oftentimes harsh, marine habitats, they are a promising source of therapeutic agents for human health.
Among all the compounds studied, chitosan, a biomolecule derived from shrimp shells, is one of the most studied. From antimicrobial,
antifungal, antiviral properties, it is important for drug delivery, wound healing and preservation of food. Moreover, its biocompatibility
and biodegradability are also capable of making it attractive for medical and industrial uses. Chitosan based nanoparticles have also been
shown in recent studies to effectively deliver drugs to targeted tissues, further launching us in the direction of nanomedicine (Mikusové &
Mikus§, 2021).

The second compound found in abundance in shrimp tissue is another carotenoid, astaxanthin, a potent antioxidant. They neutralize
free radicals which reduce oxidative stress and inflammation, triggered in chronic diseases such as cardiovascular disorders,
neurodegenerative diseases and cancer. Astaxanthin also has anti-aging effects, from protecting skin cells from the effects of UV or
improving skin’s elasticity. We know that its market demand is high and it's being widely used in dietary supplements and cosmetics
(Mansour et al., 2022).

The bioactivity of marine peptides extracted from shrimp proteins includes anti-microbial, anti-inflammatory, and anticancer effects.
These are tiny, roughly a dozen amino acids long, chains of amino acids that work to inhibit microbial growth, reduce inflammation or
prevent tumor progression by interacting with cellular mechanisms. Shrimp-derived peptides, for example have been shown to promote
immune responses and modulate blood pressure, making them attractive candidates for therapeutic uses in the treatment of infectious
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diseases and cardiovascular health. The robustness derives from the fact that their stability in harsh environments is another indication of
robustness and suitability for pharmaceutical development (Ashraf et al., 2023).

Shrimp chemical complexity is indicative of evolutionary adaptations but also makes shrimp poster children for biotechnological
innovation. A continued exploration of shrimp derived compounds has potential to establish breakthroughs in drug discovery and holistic
health solutions (Chen et al., 2024).

2.3 Interdependence of Shrimp and Marine Microorganisms

Shrimp are a testament to how marine ecosystems are interdependent and produce bioactive compounds; the symbiotic
relationships between shrimp. Together these interactions boost the biochemical potential of shrimp and help maintain healthy and
productive habitats (Raza et al., 2025). Shrimp and gut microbiota are one of the most significant symbiotic relationships. As is the
case for many other micro shippers, the microbial communities residing in the digestive systems of shrimp are essential to br eakdown
complex organic matter, absorb nutrients, and boost immunity. For example, Lactobacillus and Bacillus species that are beneficial to
shrimp can produce enzymes that break down cellulose and chitin, so that shrimp can consume energy released from plant and
detrital food. They also produce antimicrobial compounds that defense shrimp from pathogenic infections and make the survival and
productivity of the shrimp better (Zhou et al., 2025).

Surfaces of exoskeletons are also inhabited by shrimp’s symbiotic interactions with surface microorganisms. Bioactive elastic
polysaccharides produced by these microbial communities can deter biofilms and pathogens. For instance, metabolites produced by
Vibrio species that have been implicated in shrimp exoskeleton health that are deadly to bacteria to protect the shrimp and the
ecosystem in which it lives (Cui et al., 2025). Shrimp also contributes to the mixture of microbial richness and diversity of their
habitats indirectly. The burrows and feeding stimulate benthic microbial communities that are essential to cycling of nutrients and
degradation of organic matter. In this production positive feedback loop, these processes are taking up nutrients and contrib uting to
the productivity (Murugan et al., 2024).

2.4 Antimicrobial Properties

It is remarkable that shrimp derived compounds possess antimicrobial properties which may be a great source of antibiotics in the fight
against bacterial and viral infections (Abdel-Latif et al., 2022). Broad spectrum antimicrobial activity of chitosan, a material was extracted
from shrimp shell. Disruption of the target membrane causes leakage into the intracellular content to die the target. Especially the
mechanism is effective against, antibiotic resistance bacteria such as Escherichia coli and Staphylococcus aureus (Gao et al., 2024). Further,
the chitosan has high potential to form protective biofilms, which make it an attractive coating material for wound dressings to prevent
clinical infection. Shrimp proteins also produce great antimicrobial peptides, but marine peptides which are derived from them also have a
strong potential in this regard. Once these peptides bind to microbial membranes and cause their structure to become destabilized, these
peptides inhibit cellular processes. Shrimp derived peptides have been shown effective in killing many pathogens, including Candida albicans,
a common fungal infection, as well as strains in the genus Vibrio, the cause of a number of seafood related illnesses. Shrimp derived
compounds have also been evaluated for their antiviral properties with potential in the inhibition of viral replication such as that seen with
influenza and herpes simplex viruses, to show their properties in infection control (Guryanova et al., 2023).

2.5 Anti-Inflammatory and Antioxidant Effects

Shrimp compounds, astaxanthin and peptides, have been known to be able to modulate inflammation and combat oxidation in
widespread. Shrimp tissue has an important anti-oxidant carotenoid called astaxanthin, which protects cells and tissues against damage from
free radicals. Being both high in bioavailability and able to penetrate across the blood brain barrier, it is extremely good for treating the
neurodegenerative diseases and chronic conditions such as arthritis. Astaxanthin’s inhibitory effects on pro-inflammatory cytokines
(interleukin-6 and tumor necrosis factor-alpha) lead to a marked reduction in inflammation, a major contributing factor to numerous chronic
diseases (Messina et al., 2021). Thus, shrimp derived peptides further enhance these effects by regulating immune responses. These peptides
inhibit inflammatory pathways, including the nuclear factor kappa (NFkB) signaling pathway, that may be implicated in chronic
inflammatory diseases. For example, peptides can reduce markers of oxidative stress in cardiovascular tissues thereby improving overall
heart health. Shrimp peptides and astaxanthin act dual by reducing inflammation and oxidative damage and are thus critical tools for the
management of age related and inflammatory conditions (Cholidis et al., 2024).

2.6 Applications in Cancer Therapy

Shrimp derived bioactives have recently gained interest as potential agents to be used for cancer therapy through the potential to inhibit
tumor growth and enhance the efficacy of chemotherapy (Saeed et al., 2021). The anti-cancer properties of astaxanthin are through it causing
apoptosis (programmed cell death) of the cancer cells but leaving healthy cells unharmed. Reducing the side effects of conventional cancer
treatments is dependent on a selectivity to the cancer cells. Additionally, astaxanthin inhibits cancer cells from proliferating by down
regulating cell cycle essential proteins, cyclin dependent kinases, to stop tumor growth (Kim et al., 2015). Shrimp proteins also have proven
potential in the field of cancer research as marine peptides derived from shrimp proteins. Cytotoxic effects on tumor cells of these peptides
are mediated by the target disruption of mitochondrial function and the induction of oxidative stress in the cancerous environment. In one
example, peptides isolated from Penaeus monodon are found to inhibit growth of colon and breast cancer cells in preclinical studies, and may
be therapeutically useful. In addition, these peptides also help boost the immune system’s ability to aim for cancer cells, as
immunomodulatory agents that augment existing treatments (Okeke et al., 2024). Another shrimp derived compound chitosan is used in
drug delivery systems for treatment of cancer. This biocompatible material forms nanoparticles for delivering chemotherapeutic agents to

111



tumor sites with minimal systemic toxicity and an improved therapeutic potential. It has been reported that the chitosan-based drug delivery
systems effectively improved the efficacy of drugs such as doxorubicin and paclitaxel in treating breast and lung cancers (Wu et al., 2020).

2.7 Sustainable Utilization of Shrimp Ecosystems

Shrimp ecosystems provide great value beyond their ecological roles; they have tremendous pharmacological and biotechnological value.
But given the growing demand for shrimp and consumption of compounds derived from shrimp, sustainable practices are needed to insure
long term resource availability. If the harvesting techniques become ecofriendly, maximizing the value of by products and enforcing marine
conservation, we can keep in check the use and conservation of shrimp ecosystems. Various food types, including those classified as “blue
foods,” face susceptibility to diverse risks, such as disruptions in the supply chain, issues within the distribution network, and challenges
related to high energy intensity (Yesilsu et al., 2025).

2.8 Eco-Friendly Harvesting Techniques

Increasing demands for shrimp require practices that help to minimize the environmental impact of shrimp production. Traditionally,
the shrimp farming has done for bad things, you know - habitat destruction - chopping down mangroves, and using antibiotics, and it’s put
into the ecology out of whack, and it’s put people into health risk. Although such approaches as integrated multi-trophic aquaculture (IMTA)
are innovative but they are sustainable (Ohia, 2025). In IMTA systems, shrimp farming is paired with other (complementary) species that
consume waste and maintain water quality, such as algae or shellfish. It is a method of reducing nutrient pollution, minimizing disease
outbreaks, and overall increasing ecosystem resilience (Meinam et al., 2025).

Recirculating aquaculture systems (RAS) are another approach through which unfolded water facilitates water usage and pollution and
are more closed loop systems (Afewerki et al., 2025). Furthermore, water quality can be controlled with RAS technology in a manner that is
precise, nearly disease-free shrimp with optimized productivity and minimal environmental footprint for farming operations (Waiho et al.,
2025). Organic shrimp farming does away with the use of synthetic chemicals, and uses natural feed sources, not only helping to create a
more ecofriendly shrimp farming, but also meets with consumers tastes for sustainable seafood (Venugopal et al., 2023).

2.9 Byproduct Valorization

Shrimp processing creates a lot of waste in the form of heads, shells and exoskeletons that are thrown out but these products are
valuable and can be recycled back for use in making high value bioproducts, which can support a circular economy (Su et al., 2019). One of
the most noticeable valorization examples of byproduct using is chitosan, derived from shrimp shells. And, this biopolymer is applied to many
uses: biodegradable packaging, drug delivery systems, water purification, and wound healing materials. In addition to adding an economic
value, the extraction of chitosan reduces an environmental waste (Shinde & Pawar, 2023). Nutraceuticals from shrimp byproducts consist of
powerful antioxidant, astaxanthin, which may be used for dietary supplements and cosmetics. An important application of astaxanthin is in
shrimp waste to reduce stress and inflammation and available market opportunities for this for health and wellness industries. In addition,
proteins and lipids are other byproducts which can be fractionated into animal feed or ‘bioenergy’ and thus maximized the resource
efficiency. Taken together, these innovations provide models for how waste generated by shrimp can be turned from a liability into a
sustainable resource that contributes to curbing waste and enhancing biotechnological innovation on a global scale (Prameela et al., 2017;
Rossi et al., 2024).

3. Addressing Overfishing and Marine Conservation

Wild shrimp overexploitation threatens marine biodiversity and eco-system health. Bottom trawling is not only a depleting method for
shrimp stocks, but it damages seabed habitats and yields high bycatch rates including endangered species, something which is quite
unregulated. Recognizing these challenges, fisheries management policies are needed. For example, it includes setting quotas, imposing
seasonal fishing bans, promoting use of selective gear to reduce bycatch. Just as MPAs also can help in conserving shrimp habitats and return
overfished populations to healthy levels (Carneiro & Martins, 2022).

3.1 Integration into Modern Ocean Pharmacology

Shrimp ecosystems integration into modern ocean pharmacology bridges traditional knowledge and cutting-edge science to uncover
new therapeutic avenues, while maintaining a focus on sustainability. Shrimp-derived compounds have experienced a history of use in
holistic medicine that is now leading to their inclusion into modern medicinal frameworks via advances in biotechnology and
interdisciplinary research (Pasumarthi et al., 2024).

3.2 Shrimp in Holistic Medicine

Shrimp and its byproducts were long used as traditional remedies in coastal and fishing communities. Shrimp were traditionally
known to have both their nutritional and healing properties and have been used in the remedies to treat inflammation, infections and
malnutrition amongst others. For instance, shrimp shells and their extracts have been boiled into broths to support the immune
function and help recovery from infectious illness due to their mineral rich composition (Azelee et al., 2023). The presence of
bioactive compounds as found in chitosan and peptides, for instance, in shrimp is similar to these traditional practices and thus their
health promoting properties. Shrimp derived compounds have gained increasing value in modern therapeutic frameworks as holistic
benefits. Incorporated into modern biomedical applications, chitosan is widely used in traditional remedy, as an antimicrobial wound
dressing and drug delivery system. Like shrimp tissue, astaxanthin, one of the most potent antioxidants now recognized as beneficial
to reducing oxidative stress and improving skin health, is a component of nutraceuticals and cosmeceuticals. This indicates how
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compounds of traditional medicine derived from shrimp can be repositioned to modern medicine, including sustainable and effective
therapeutic options (Ghosh et al., 2021; Hu et al., 2024).

3.3 Biotechnological Innovations

Genetic engineering of shrimp species themselves has also demonstrated promise in improving the yield and quality of bioactive
compounds. For instance, modifications of genes implicated in astaxanthin biosynthesis in CRISPR-Casg technology have been made in
shrimp with increased antioxidant properties (Zhu et al., 2023). By improving efficiency, these innovations also allow the tailoring of
shrimp derived compounds to particular therapeutic needs like targeting inflammation or cancer. In addition, the effectiveness of shrimp
derived compounds has increased due to biotechnological advancement in nanoparticle delivery systems (Jonjaroen et al., 2024). In order
to deliver drugs and vaccines more precisely and with fewer side effects, chitosan nanoparticles have been synthesized. Marin e resources
have potential to revolutionize modern medicine arising from convergence of biotechnology and use of shrimp derived materials (Ahmed
& Aljaeid, 2016).

3.4 Collaborative Research Opportunities

Full ocean pharmacology potential requires sustainable science collaboration between marine biology and pharmacology as well as
between biotechnology and sustainable science. The partnerships between the marine biologists and pharmacologists allow for shrimp
biology to be better understood and bioactive compounds can be extracted from the shrimp that can be used for therapeutic use. For instance,
shrimp's ecological contribution learned about antimicrobial peptides and how the ones could be used to fight drug resistant bacteria (Veera
et al., 2024). For the sake of being environmentally responsible, the work in shrimping and production will remain collaborative with
sustainability experts. These relationships will create groundwork for eco amicable farming, utilization of byproducts and ecological conserve
with respect for resources by means of the equilibrium among extraction of the two and the natural life conserve (Nagarajan et al., 2024).
International networks and initiatives like international ocean pharmacology consortia provide further means for further knowledge sharing
and joint research effort (Brennecke et al., 2018). Other, more interdisciplinary, research provides new applications of shrimp derived
bioactives. The combination of synthetic biology, nanotechnology and marine pharmacology allows researchers to reach further levels of
creative thinking and contribute to real world global health challenges in ways that are sustainable. Consequently, bioplastic materials are
developed through collaborations of shrimp chitosan, which are alternatives to petroleum plastics with environmental and health risk
(Nguyen et al., 2024).

Conclusion and Future Perspective

Shrimp ecosystems themselves become a wonderful icon of nature’s pharmacy with a variety of bioactive compounds with uncovered
therapeutic potential. Now, these ecosystems have been found to be just as important in modern pharmacology as they were in ecological
importance. Antimicrobial peptides and chitosan to astaxanthin among other shrimp derived compounds are solutions to a wide range of
maladies such as infections, inflammation, oxidative stress and cancer. It is their versatility and their efficacy, which have rendered them a
tool of holistic healing that bridges that gap between traditional remedies and modern medicine. Interdisciplinary collaboration is required to
fully unlock the benefits of the use of shrimp derived resources. There is much potential for cooperation in academic institutions, industries
and conservation organizations for innovation concerning the sustainable harvesting techniques, biotechnological production methods as
well as for eco-friendly use of byproducts. Such a level of collaboration is important for maintaining a balance between the pharmacological
exploration of our oceans, and marine conservation so that shrimp ecosystems can remain viable and resilient into the future. In the long
term, shrimp ecosystems can become a foundation for ocean focused pharmacology and global health innovation. While integrating
biotechnological innovations, like synthetic biology and genetic engineering, with traditional conservation approaches and knowledge, the
shrimp derived compounds' therapeutic potential can be tapped responsibly. It fits into broader initiatives for a more sustainable approach to
world health challenges, to diminish environmental footprint, and to improve sustainability. Shrimp serve a critical dual role of protector to
marine biodiversity and provider to human health, reconciling the marriage of nature and science of where and what is possible in the future
of shrimp ecosystems.
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