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Marine environments are known to be difficult and complex. To survive in hostile 

environments, living organisms have developed functional and metabolic adaptive mechanisms, 

which we are still far from knowing and taking full advantage of. Many compounds of marine 

origin are structurally complex and have unique functionalities, whose potential goes beyond 

pharmaceuticals, reaching cosmeceuticals, nutraceuticals, biomaterials and energy. Based on 

knowledge and technical development, cooperation between academia and industry allows for 

the sustainable use of marine resources. The present survey does not aim to be exhaustive, we 

intend to have an idea of the present situation and of future prospects.  
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I. INTRODUCTION 

Oceans importance is unquestionable to our planet. 

They are the largest ecosystem on Earth, containing 

97% of the planet's water and are its main life support. 

They correspond to about 2/3 of its surface and include 

all marine water (1; 2; 3). For geographical and 

historical reasons, we consider the existence of 5 

oceans: Atlantic, Artic, Indian, Pacific and Antarctic, 

but in reality they are all interconnected, so there is 

only one global ocean, a single large body of water that 

surrounds all the land masses. It is interesting to note 

that the reality does justice to the origin of the word 

ocean, from both the Greek okeanos, and the Latin 

oceanus, the name of a river that surrounded all the 

known lands at that time (4). Humans occupy only 

about 1/3 of the planet, i.e. the continents and some 

islands, but we all recognize the influence of oceans in 

the history of human civilization, over the centuries. 

Universal history shows that many peoples increased 

prestige, power and supremacy through their 

connection to the sea, the use of its resources and 

intense maritime trade. Marine sciences deal with the 

study of the oceans, their structure and functioning, 

encompassing physical, chemical, geological and 

biological aspects, as well as the ocean-atmosphere 

interaction. In general terms, all these areas of study 

carry out basic and applied research, which allow 

advancing knowledge of the physical, chemical, 

geological and biological processes of the oceans and 

coastal regions, including their interactions with the 

terrestrial, hydrological and atmospheric systems (5). 

We can imagine the magnitude of this task, which 

requires high levels of cooperation, both national and 

internationally. It is a multidisciplinary area that deals 

with a high level of scientific and technological 

knowledge and seeks to find sustainable uses and also 

new applications to the marine resources. Combining 

fundamental and applied research on the oceans is 

considered the most promising strategy to improve the 

quality of human life not only in terms of 

pharmaceuticals, but also in food, biomaterials and 

energy (3; 5; 6). 

 

II. OCEANS, GLOBAL  WEATHER AND  

CLIMATE SYSTEMS 

Reality points to climate changes on our planet (7). 

The marine environment is under threat due to all types 

of human actions that generate pollution, such as all 

sorts of industrial processes, maritime oil exploration, 

maritime transport, maritime tourism, agricultural 

wastes from nutrient leaching, etc. All these has global 

impacts and are the result of technological 

developments, but also of policies that were not always 

adjusted to local realities (8; 9).  

http://www.rajournals.in/index.php/rajar
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Although not yet sufficiently studied, we already know 

that the oceans play an important regulatory role on 

our planet's global climate. The existence of a large 

volume of surface water and its thermal capacity make 

it work as an effective buffer against any variation in 

the climate system. One of the consequences of the 

increase in the concentration of atmospheric CO 2 is the 

imbalance of the so-called greenhouse effect, leading 

to an increase in the temperature of the planet and to 

climate change. The fixation of CO2 through the 

photosynthesis of marine autotrophic organisms, such 

as planktonic algae, and its dissolution through the 

superficial movements of water masses, confer great 

efficiency to the ocean in the sequestration of 

atmospheric CO2, contributing with at least 50% of 

Earth's oxygen (6; 8). 

The increase in the average temperature of the planet 

can have several effects on the oceans: i) the 

acidification of the waters leads to a reduction in the 

capacity to absorb and retain CO2, with negative 

impacts on marine ecosystems and aquaculture; ii) the 

melting of ice and the consequent increase in the 

volume and mass of water, leads to a rise in the average 

level of the oceans; iii) the change in the wind and 

rainfall regime with the consequent modifica tion in 

ocean currents can cause extreme phenomena, such as 

cyclones, hurricanes and deviations in the monsoon 

regime and even the triggering of a new ice age in the 

northern hemisphere. Some of these aspects have led 

to local interventions, the so-called mitigation tactic, 

such as algae culture, also called seaweed farming, for 

environmental reasons to reduce local waters pollution 

and acidification and to increase CO2 absorption (10; 

11; 12). 

 

III. MARINE ECOSYSTEMS  

Marine ecosystems are under the influence of the 

oceans and differ greatly from other ecosystems on our 

planet. They include very diverse habitats with 

complex, competitive and aggressive environmental 

conditions, from coastal zones to remote and deep 

areas in open sea, which cover, for instance, rocky 

coasts, sandy beaches, swamps, mangroves, reefs, 

hydrothermal vents, polar and abyssal regions. These 

differences lead to the emergence of a huge biological 

diversity to which periodic daily changes in physical 

and chemical conditions can be added. In some coastal 

areas, the tidal effect as well as salinity variations, 

temperature, light availability and oxygen levels. Deep 

areas have more constant conditions, like the  pressure, 

that increases with depth, and the absence of light, 

which limit the autotrophic life forms (7; 13; 14).  

Despite these variables, some ecosystems are very 

productive, especially estuaries, mangroves and coral 

reefs. As a whole, marine habitats have more than 80% 

of plant and animal species of our planet. About 36 

animal phyla are known and 34 of them exist in the 

marine environment, 15 of which are exclusive to this 

type of environment (3; 13; 15). It is estimated that this 

enormous biodiversity includes more than a million 

different species of animals, such as corals, sponges, 

mollusks, echinoderms, jellyfish, tunicates, bryozoans, 

fish and marine mammals and more than a billion 

species of microorganisms, including viruses, bacteria, 

cyanobacteria, protozoa, fungi and microalgae and also 

the macroalgae, which include thousands of species of 

seaweed belonging to three phyla, Chlorophyta, 

Rhodophyta and Phaeophyta (1; 3; 13; 15; 16). All 

these marine organisms survive because they developed 

special mechanisms of adaptation, including symbiotic 

interactions that may involve unique biochemical pathways 

leading to the synthesis of secondary metabolites, many of 

them unknown in terrestrial organisms. The vast majority of 

natural products are secondary metabolites of different 

chemical groups, usually with a low molecular weight, 

resulting from essential metabolic pathways. They do not 

interfere in basic survival functions, but in biotic and abiotic 

relationships, i.e., with other living beings and with the 

environment, performing the most varied functions, 

among others: communication between species, 

defense against competitors and predators, 

pheromones and also as reserve compounds. 

 

IV. MARINE BIODIVERSITY 

When we talk about the use of marine resources, we 

immediately think on activities, related to human food, 

mainly fishing and aquaculture, the latter with a 

greater increase in recent times, although humans have 

a long tradition on marine organism’s culture, already 

practiced by the Egyptians, since 2000 BC (3). 

Aquaculture deals with the exploitation or breeding, 

under controlled conditions, of aquatic organisms, not 

only fish, but also for example, crustaceans, bivalves 

and algae. There are other practices with a high impact 

on the world economy, such as maritime transports, the 

oil and natural gas exploration and all kinds of 

activities involving tourism and leisure. Until recently, 

a number of other activities have gone unnoticed, but 

due to various circumstances, they have been brought 

to the fore in more recent times. These include the 

exploitation of all types of biological resources, i.e. of 

marine biodiversity as a whole.  

Despite great progress in drug synthesis and design, 

natural products remain a major resource for the 

pharmaceutical industry (16). Terrestrial sources, 

mainly angiosperm plants, have been their main font. 

The development of pharmacological resistance to 

traditional therapies and the difficulties in treating new 

diseases have forced the search and development of 
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new drugs (17; 18). This horizon was greatly expanded 

with the search for biologically active compounds 

derived from marine organisms. In fact, in recent 

years, untapped marine resources have been 

considered the greatest source to meet the needs, not 

only of drug candidates, but also of food, cosmetics, 

biomaterials and energy (1; 3; 18).  

The drug discovery process in marine natural products is not 

very different from the processes used in other natural 

products, or in synthesis compounds. In a first phase, research 

focuses on identifying molecules with certain biological 

effects. Then, and already in the pre-clinical tests, its focus is 

the optimization of the pharmacokinetic and 

pharmacodynamic properties tested in animals. In a third and 

final phase, clinical trials focus on the study of their efficacy 

and safety in humans (13; 19; 20; 21; 22; 23). 

The study of marine organisms began in the middle of the 

20th century with the isolation of two nucleosides, 

spongouridine and spongothymidine, in a Caribbean sponge, 

Tethya crypta (syn. Cryptotethya crypta) (1; 3; 22; 23). Later, 

these compounds allowed the development of two drugs, Ara-

C (cytarabine, an agent that fights leukemia) and Ara-A 

(vidarabine, an antiviral agent) (19; 22; 23; 24). In the 1950s 

and 1960s, a screening program for materials from land plants 

and from marine organisms was launched, carried out by the 

Cooperative Drug Discovery Program, of the National 

Cancer Institute of the United States of America. Following 

these works, it was noticed that some extracts of marine 

organisms had more antitumor activity than those of 

terrestrial origin. These actions were a stimulus for 

cooperation between academia and pharmaceutical 

companies. In the 1960s, the development of the 

cephalosporin class of antibiotics took place, starting from 

cephalosporin C, isolated some years before, in cultures of 

Acremonium chrysogenum (syn. Cephalosporium 

acremonium), a fungus from the Mediterranean waters of 

Sardinia. However, it was the discovery of large amounts of 

prostaglandins from the octocoral Plexaura homomalla, in 

1978, that sparked investment by the pharmaceutical 

industry. Since then, research on marine natural products has 

led to the isolation and identification of numerous 

compounds, belonging to different chemical groups, such as 

alkaloids, lactones, phenols, quinones, xanthones, tannins, 

terpenes, saponins, fatty acids, glycosides, polyketides and 

peptides, among others (2; 13; 14; 23). All these classes of 

compounds have different biological activities such as: 

cytotoxic, antiviral, antibacterial, anti-tuberculosis, 

antifungal, antioxidant, anti-inflammatory, analgesic, 

antidiabetic, immunomodulatory and anticoagulant (1; 3; 21). 

Cytotoxic compounds accounted for more than half of new 

products of marine origin discovered until now, followed by 

compounds with antibacterial activity. The largest group of 

isolated bioactive compounds are the peptides (1; 3; 21). 

Among the marine-derived drugs approved by the Food and 

Drug Administration and the European Medicines Agency 

are ten cytotoxic drugs, one antiviral and one analgesic (25). 

Marine invertebrates are about 60% of all marine animals, 

presenting themselves as the main source of natural products 

from this environment. About 47.1% come from sponges 

(Phylum Porifera), 33.5% from corals and jellyfish (Phylum 

Cnidaria) and 7.4% from echinoderms (Phylum 

Echinodermata), 6.0% from tunicates (Phylum Chordata) and 

5,0% from mollusks (Phylum Mollusca) respectively (8). 

Although isolated from marine invertebrates, many of the 

bioactive compounds with high pharmacological interest are 

produced by microorganisms associated in symbiosis with 

other species (13; 26; 27; 28; 29). Through the culture of 

microorganisms, fermentation processes and even their 

possible genetic recombination, we can obtain marine natural 

products for biosynthetic production in sufficient amounts to 

be able to carry out all clinical trials and eventual future drug 

production (30). Contrary to what happens with the collection 

of invertebrates, the isolation of these compounds in 

microorganisms has no impact on marine environment. In this 

way, microorganisms are promoters for industrial processes, 

which presents an important challenge for the sustainable 

production of marine origin compounds (26; 30; 31). 

Likewise, in addition to all the marine organisms mentioned 

above, micro and macroalgae are also the subject of interest 

and research. Nowadays the potential of algae extends into 

the most diverse areas, from intervening in water 

decontamination (32), improving water retention and 

consistency of sandy soils, or be applied in antifouling and 

anticorrosive coatings for ships (33). Marine organisms, 

including red macroalgae synthesize these active compounds 

as a means of chemical defense to prevent fouling on their 

own surfaces (34). Algae do the synthesis of other high-value 

chemicals, such as biofuels, degradable bioplastics, and of 

course bioactive compounds applied to health, cosmetics and 

food (1; 3). The cosmetic industry has a new class of 

products, the cosmeceuticals. They are a combination of 

cosmetics and pharmaceuticals, where bioactive compounds 

are added to traditional creams, lotions and ointments with 

the aim of preventing and treating (6; 27; 35). The cosmetic 

industry is increasingly focused on the search for new 

molecules and therefore the use of marine natural products is 

not surprising (6). Microalgae are the source of some of 

today's most innovative skin care products. Some have 

excellent moisturizing and antioxidant properties that 

enhance cell regeneration and the protection of skin 

homeostasis, also playing an important role as carriers of the 

bioactive compounds. Marine carbohydrates are biopolymers 

known since classical antiquity. Sulfated polysaccharides, 

such as agar, carrageenan, fucoidin and alginates, isolated 

from marine macroalgae and some marine invertebrates, 

provide a good source of antioxidants and anti-aging 

molecules, used in the cosmeceutical industry and in plastic 

surgery (27; 35; 36; 37).  
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In some areas of the world, the aquaculture of both 

macro and microalgae have become an important 

practice, providing work, food benefits for humans and 

animals, due to its excellent nutritional characteristics, 

working as food supplements, promoting the 

maintenance of health. The addition of microalgae to food 

formulations allows the enrichment of their carbohydrates, 

proteins, fatty acids, vitamins and minerals content (38; 39; 

40; 41). Some species of microalgae can also be a source of 

some antioxidant pigments from the carotenoid group, such 

as beta-carotene, lutein, zeaxanthin, fucoxanthin or 

astaxanthin. These pigments can be extracted for 

commercialization in their pure form, or added to 

nutraceutical and cosmetic formulations, creating 

considerable added value (42).  

The consumption of products of marine origin, fish, mollusks 

and algae is part of the eating habits of many populations, and 

even a cultural tradition. They are foods rich in many 

bioactive chemical groups, proteins and polysaccharides, 

among others. In addition to these, other marine organisms 

are also used in the production of various functional foods, 

dietary supplements and nutraceuticals products, which are 

important in the daily diet of humans, preventing disease. In 

addition to source of health and well-being, they also have 

antioxidant, gelling, preservative and emulsifying properties 

(41; 43; 44). 

 

V. MARINE NATURAL PRODUCTS TODAY 

Extending the research of marine biodiversity to deep 

sea environments, without being limited to organisms 

that can only be collected in coastal areas or by 

freediving, raises huge problems and can be a 

controversial issue for environmental reasons. New 

approaches have become necessary in the way of 

exploiting all the oceans resources. Advances in diving 

methods and in equipment for collection in deeper 

areas, such as manned submersibles or remotely 

operated vehicles, were achieved and allowed the 

exploration of underwater environments and access to 

previously unreachable organisms. Even so this type of 

access is limited as it has a very high cost, but on the other 

hand it also avoids environmental damages and encourages 

cooperation between institutions. At the same time, other 

technological developments took place, more specific and 

improved, in the isolation of compounds, which allowed the 

determination of their structure and identification, from small 

amounts of samples. Even other developments such as the use 

of molecular biotechnology and genome sequencing, all 

contributed to the use of marine natural products on a larger 

scale (13; 15; 17; 18) and also the implementation of 

synthesis methods make it possible to resort to genetically 

modified microorganisms for the production of substances 

with complex structures (1; 6; 19; 45). The structural 

elucidation of chemical compounds allows expanding 

the knowledge about their pharmacological actions and 

the clarification regarding their therapeutic targets 

also leads to the synthesis of new drugs. Chemical 

synthesis continues to be the industry's resource of choice to 

obtain the amount of material necessary to meet the needs of 

the market and the guarantor of its independence from the 

vulnerability of biological resources (1).  

All this gave rise to the so-called blue economy, an economy 

based on the knowledge and technical development, which 

enables the sustainable use of ocean resources for human 

well-being and social equity. This is a long-term strategy 

aimed at supporting sustainable economic growth through 

ocean-related sectors and activities, like fisheries, 

aquaculture, tourism, energy and marine biotechnology (46). 

Biotechnology allows the use of some types of 

biological agents (organisms, cells, organelles, 

molecules) to obtain goods or ensure services, like the 

development of genetically modified organisms, to 

allow a set of knowledge that increase world food 

production and drug development (47). Marine 

biotechnology seeks molecules with a huge economic 

potential, in addition to promoting the development of 

the following technologies: i) biological technology to 

identify ecological stress points in the environment 

(e.g. molecular probes of harmful algal blooms to 

predict potential health risks); ii) molecular 

technology for identifying populations and emerging 

diseases, with a view to protecting fisheries and other 

biological resources (e.g. fish DNA mapping); iii) 

molecular technology for rapid diagnostic tests, which 

guarantee the safety of food resources, from 

aquaculture (e.g.  application of PCR reactions to 

identify, in a single test and simultaneously, several 

pathogenic microbes). The good results in some of those 

areas, accelerated the integration of the concept in national 

and international maritime strategies (48; 49).  

The potential of marine organisms can be used as a direct 

source of new compounds or as suppliers of model molecules, 

whose structures can be modified to obtain new compounds 

by chemical synthesis, or to enhance their mechanism of 

synergy (23; 50) Marine natural products are very attractive 

target molecules, as they act at low concentrations, are very 

selective against some malignant cells and develop low 

resistance (50). But marine molecules still have some 

disadvantages, for example, very high experimental cost, low 

yield in isolation processes, some structural complexity and 

consequent difficulty in its synthesis and limited therapeutic 

use, due to its high toxicity (51; 1; 3). Some of these 

difficulties have been overcome, with new molecular biology 

tools, using genetically modified bacteria for the production 

of substances with complex structures, advances in structural 

analysis techniques, and the correct use of aquaculture.  

Despite the high number of new compounds with recognized 

biological activity, so far, few have been marketed as drugs. 
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Its approval for therapeutic use, only happens after many 

years of research. The whole process of research and 

development of new drugs is not easy, nor is success 

guaranteed from the outset, because statistically, out of every 

5000 substances that enter the pre-clinical testing phase, only 

5 go on to clinical studies and only one molecule results in 

medicine (52). 

If the structural complexity of most marine natural products 

makes it difficult to produce new financially profitable drugs, 

the solution is to invest in understanding their mechanisms of 

action, determine the pharmacological group and try to create 

simpler molecules, with comparable therapeutic activity and 

with fewer side effects. This process, called structural 

simplification or function-oriented synthesis, is already in 

practice. The strategy involves the conjugation of small 

molecules-drug or their encapsulation in nanoparticles (13; 

53). With the advances in molecular synthesis and modeling 

techniques, the tendency is for the original structure of natural 

products to be the basis for the development of new drugs, 

and not for them to be the active principle with therapeutic 

action (1). Currently, the interest does not come from the 

direct use of bio-resources, but from the isolation of bioactive 

compounds for subsequent synthesis and industrial 

production (13; 53).  

In recent years there has been a very significant 

increase in the number of patents worldwide in the 

field of marine biotechnology. If we look at these 

patents, we see that in most, microorganisms stand out, 

meaning bacteria, cyanobacteria and microalgae but 

also macroalgae. When we use “marine products” as a 

keyword, among the institutions holding the largest 

number of patents, the highest number, in descending 

order, are pharmaceutical, chemical, fuel and food 

industries (54; 55). 

Natural products arouse curiosity in consumers and appeal to 

their consumption, especially in the areas of cosmetics and 

nutrition. Regarding the use of marine natural products there 

might be some constraints as mentioned in the report Blue 

Growth Scenarios and drivers for Sustainable Growth from 

the Oceans, Seas and Coasts carried out in 2012 for DG 

MARE (Directorate-General for Maritime Affairs and 

Fisheries) of the European Union. An example is the use of 

some of these products as food ingredients, as only a very 

small number of species are approved by the European 

Union, but their application is being studied in various 

consumer products (56) 

There are several other benefits of blue economy, like the 

contribution to the preservation of marine environment and 

natural resources. Unfortunately, the oceans might be 

polluted by human activities, spills from shipping and 

industrial runoff. There are biological methods to prevent, 

reduce and combat some of these actions. They include the 

addition of microbes, nutrients or oxygen to stimulate 

bacterial growth and thus, through microbial action, manage 

to reduce pollution and its effects (57). 

The transformation of all types of by-products, namely of the 

fishing industry is being implemented and associated with 

sustainable production processes, reducing chemical product 

recycling costs and greenhouse gas emissions. From fish 

wastes high-value proteins can be extracted reducing the 

uncontrolled use of resources (58; 59). Fish viscera and skin 

are recognized to be an important source of proteins as well 

as a source of antimicrobial compounds that contribute to 

provide a first barrier against pathogens’ attack (59; 60).  

Many natural compounds of marine origin have been tested 

and recognized for their antimicrobial activity, for their 

potential against multidrug-resistant bacterial infections and 

also for their antiviral activity (61), including against the 

SARS-CoV-2, through the use of a depsipeptide, isolated 

from the tunicate Aplidium albicans (62; 63; 64). 

By the way, many experimental and diagnostic tools, 

nowadays very common and routine in applied research and 

development laboratories, are originated from marine 

organisms. In recent years we all heard about PCR 

(polymerase chain reaction), used in some Covid tests, but 

very few will know that the Taq polymerase enzyme, 

irreplaceable for PCR, was first isolated from the bacterium 

Thermus aquaticus, in hot springs. Other enzymes from hot 

springs and marine environments have been reported, such as 

Pfu, an enzyme from a marine thermophile, Pyrococcus 

furiosus, is now also used in PCR (6). 

Under fluorescence microscopy the use of fluorophores 

allows the chemical localization of cellular components. GFP 

(green fluorescent protein) is used as a biomarker for labeling 

cell structures in vitro and in vivo, for instance the INCENP, 

i.e., inner centromere protein. It was isolated from the 

jellyfish Aequorea Victoria, whose discovery was awarded 

the Nobel Prize in Chemistry in 2008. There are other 

fluorescent proteins that have been isolated from marine 

organisms with unique characteristics for emitting light in the 

infrared region and with applications in several areas of 

biology (59; 65). 

Accurate and rapid detection of pathogens is critical to 

implement preventive measures. Classified as a lipoglycan, 

lipopolysaccharides (LPS) are small amphiphilic molecules 

that are associated with Gram-negative bacteria. LAL, 

Limulus-Amoebocyte-Lysate, derived from the crab Limulus 

polyphemus, is used in the form of the LAL test for the 

sensitive detection of LPS from Gram-negative bacteria. The 

European Pharmacopoeia prescribes the LAL test to verify 

the absence of LPS in samples (6). 

 

VI. CONCLUSIONS 

The marine environment has great biological and 

chemical diversity and therefore has become an 

important option for prospecting resources that are 

known to have enormous potential, not only for 

therapeutic uses, but also as food, cosmetics, 

biomaterials and energy. From the cooperation 

between industry and academia, new scientific 
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developments have emerged that have provided a solid 

foundation for the management of marine resources. 

The future of their exploitation involves the use of 

biotechnological strategies. For instance, the culture of 

different organisms combined with genetic 

engineering, will overcome the problems of harvesting 

and the lack of raw materials necessary for research 

and development of new products.  

This gave rise to the so-called blue economy, an 

economy based on knowledge and technical 

development, which enables the sustainable use of 

ocean resources for human well-being and social 

equity. It should be borne in mind that results in this 

area are obtained in the medium and long term and 

public opinion must be involved throughout the 

process. 
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