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Review Article

Pharmacological potential of marine metabolites

The oceans cover more than 70% of the earth’s surface and con-
tain over 300,000 described species of plants and animals.1 Mac-
roscopic plants and animals have adapted to all regions of the 
oceans, including polar, temperate and tropical areas. The diversity 
in species is extraordinarily rich on coral reefs, where there are 
around 1,000 species per m2 in some areas, and the Indo-Pacific 
Ocean has the world’s greatest tropical marine biodiversity.2 The 

first result of such a high level of biodiversity is the great number 
of different kinds of interactions involving different organisms. In 
addition to trophic relationships, of particular importance are the 
so-called co-evolutive relationships, such as epibiosis, commen-
salism, mutualism and parasitism. While free movers, such as fish 
and crustaceans, interact with each other through the movement of 
appendices, hearts or tentacles, sessile organisms mainly interact 
via the production of secondary metabolites, which can also have 
important applications for humans (e.g., some of these exhibit 
strong biological activities). In this way it is possible to state that 
the number and activity of natural products is directly related to the 
level of biodiversity of a marine area.

Nature represents an endless arsenal of new bioactive molecules 
and the study of these metabolites has historically proven to be of 
immense benefit in the drug discovery process.3 The history of ter-
restrial natural product chemistry can readily be traced back to the 
beginning of the 19th century, with the first research on terrestrial 
plants aimed at finding the molecules responsible for the biological 
activities of the extracts.

The marine environment has proven to be a highly rich source 
of extremely potent compounds that have demonstrated significant 
activities in antitumor, antiinflammatory, analgesic, immunomodu-
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latory, antiallergic and antiviral assays.4 To date, more than 25,000 
marine natural products have been isolated from 3,000 marine 
organisms, and reported in about 8,000 publications (these data 
refer to early 2009). Bioactive products have been isolated from 
animalia and plantae, as well as from marine microorganisms such 
as bacteria and fungi, protozoa and chromista.

These natural products or secondary metabolites, which are 
supposed to be the result of evolutionary pressures such as preda-
tion or competition for space and resources, have been transformed 
into structurally diverse and mostly stereochemically complex 
compounds, many of which belong to novel chemical groups not 
found in terrestrial organisms, possessing specific and pronounced 
biological activity. Although the biogenetic origin of this plethora 
of marine secondary metabolites can be conceived in the realm of 
the biosynthetic pathways commonly proposed for their terrestrial 
counterparts, they often integrate uniquely or predominantly ma-
rine functional groups in their structures. As an illustrative exam-
ple we can cite the abundance of halogenated compounds, most 
likely as a consequence of the relative abundance of halogen atoms 
in the marine environment, but also of functional groups such as 
isonitrile, thiocyanate, sulfamate and formamide, which are much 
more abundant among marine metabolites than among those ter-
restrial.5,6

In short, simple natural organisms, such as marine inverte-
brates, are able to create new structures in a multitude of different 
ways, and natural products thus constitute a potentially infinite 
source of molecular diversity, unmatched by any synthetic chemi-
cal collection or combinatorial chemistry. However, it should 
be acknowledged that the finding of new bioactive natural mol-
ecules, called “lead compounds” represents only a starting point 
in the drug discovery process. This step must indeed be followed 
by an in-depth investigation of the biological potential of the mol-
ecule and of the molecular interactions between the molecule and 
its target.

The most interesting and promising marine natural products 
are small- to medium-size molecular weight compounds produced 
principally by marine invertebrates (sponges, tunicates, soft cor-
als) and microbes that have spurred interdisciplinary studies by 
chemists,7–10 biologists and pharmacologists. The incredible po-
tential of even a single marine organism to produce a wide array 
of secondary metabolites can be interpreted by considering the 
common features of secondary metabolism in all the living or-
ganisms as well as some peculiar features of the marine environ-
ment. Secondary metabolites play an essential role in the adapta-
tion of the producer organism to the environment, mainly, but not 
uniquely, in terms of defense; they are practically the sole tool 
in the hands of organisms at lower evolutionary levels or lack-
ing mechanical or morphological ways of protecting themselves 
(this is the case of sessile organisms such as plants and algae, and 
marine invertebrates such as sponges, tunicates and bryozoans). 
Since the production of secondary metabolites has been selected 
by these organisms as a strategy for their survival, and since po-
tent biological activity must be considered to be a rare molecular 
property, the greater the number of secondary metabolites pro-
duced by an organism, the more chances it has to be winning in 
the evolutionary competition.

It is now generally accepted that metabolic pathways of the 
secondary metabolism are intrinsically different from those char-
acterizing the primary metabolism. Two main differences, the 
consequence of being a wider chemodiversity at low cost, can be 
recognized: i) enzymes of secondary metabolism generally have a 
broader substrate tolerance and thus the same enzyme can be used 
to produce different products or, alternatively, the same product 
can be produced by more than one route; ii) biosynthesis of sec-

ondary metabolites is characterized by the possibility of producing 
more than one end-product. This goal is reached at low cost by 
using enzymes that possess the ability to create and manage un-
stable intermediates (such as carbocations or radicals) that are able 
to result in the formation of a variety of stable products. A further 
variability is reached with the incorporation of non-enzyme reac-
tions in the metabolic pathways.

With regard to marine invertebrates, in addition to these two 
points, the extremely rich secondary metabolism could also be in-
terpreted in the light of the possible contribution of the symbiotic 
population to the metabolic work. Indeed, marine invertebrates 
harbor in their tissues, in the extra- and intracellular spaces, a se-
ries of microorganisms such as bacteria, cyanobacteria and fungi. 
In some cases, associated microorganisms may constitute up to 
40% of the biomass, this bacterial concentration exceeding that of 
the surrounding sea water by two or three orders of magnitude. For 
example, according to recent studies,11,12 sponges can be regarded 
as “microbiological fermenters” containing novel species-specific 
marine microorganisms. Although the real contribution of the mi-
croorganisms to the secondary metabolism of marine invertebrates 
has not yet been fully understood and evaluated, essentially be-
cause of the difficulties encountered in culturing sponge-associ-
ated bacteria, it is generally accepted that these harbored micro-
organisms play a significant role in the biosynthesis of the natural 
products isolated from the invertebrate.

For all the reasons summarized above, it is not surprising that 
chemical analysis of a single marine invertebrate, performed with 
nondestructive modern spectroscopic techniques (enabling the ste-
reostructure elucidation of molecules isolated in the low milligram 
range) can afford tens, when not hundreds, of secondary metabo-
lites. These products provide a rich source of chemical diversity 
that can be fruitfully used as a “natural combinatorial library,” 
frequently richer and more chemically diverse than the libraries 
obtained through the use of synthetic combinatorial chemistry. Ide-
ally, this “natural library” can be screened in order to find lead 
compounds to be used as inspiration to design and develop new 
potentially useful therapeutic agents and to obtain the first infor-
mation about structure-activity relationships.

In spite of the difficulties associated with the limited availabil-
ity of the compounds under investigation, which is strictly related 
to the limited supply of the biological material duly protected for 
environmental reasons, some interesting results have been ob-
tained. Through the combined efforts of marine natural product 
chemists and pharmacologists, an astounding array of promising 
compounds have been identified. Some of these molecules are 
either at advanced stages of clinical trials or have been selected 
as promising candidates for extended pre-clinical evaluation. 
The majority of these products fall within the area of antimicro-
bial and cancer therapies. To cite an example, ecteinascidin 743 
(ET-743), an antitumor compound that is particularly effective 
against solid tumors, has entered the drug market in Europe.13

Luckily, two recent trends in marine science also promise to 
overcome the problem of compound supply: i) the increasing 
progress in marine culture; and, ii) the recent impressive advanc-
es in molecular genetics, currently enabling the identification of 
biosynthetic clusters in the producer organisms and their cloning 
in bacteria suitable for large-scale fermentation. If these tech-
niques were fully developed and utilized, the final obstacle to 
considering marine organisms as a potentially sustainable drug 
source would be overcome. Thus, hopefully, in the near future, 
the incredible chemical diversity of the secondary metabolites 
produced by marine invertebrates will be utilized in full, and the 
great marine potential will become a brilliant reality of medicinal 
chemistry.
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Fatty acids, small marine peptides and the immune system

It is well known that correct nutrition is essential for the main-
tenance of normal growth of all vertebrates, including mammals. 
In addition, nutritional factors play important roles in the immune 
response. Vitamins A, B6, C and E as well as the minerals iron, 
selenium, zinc and fluoride have been identified as micronutrients 
that can affect disease resistance.14

During the past three decades, increased attention has been fo-
cused on different naturally-derived compounds capable of modu-
lating the immune system by increasing the host’s resistance in 
order to reduce susceptibility to infections and various diseases in-
volving the immune system.15,16 The immune system is our shield 
against disease. Due to its complexity, it is difficult to assess the 
effects of diet on our immune function. However, different studies 
have demonstrated that dietary habits may affect the human im-
mune response. Over the past 10 years, nutrition has been shown 
to play a major role in supporting the production and action of 
both the cells and the soluble factors of the immune system.17,18 
Proteins, antioxidants, essential fatty acids, certain vitamins, and 
minerals have been shown to be essential factors for a healthy 
immune system. The biological effects of immunostimulants are 
highly dependent on the receptors on the target cells, recognizing 
them as potential high-risk molecules, as they can trigger various 
defense pathways.

Among various species, fish meal is recognized as a rich source 
of digestible protein with a high content of amino acids, vitamins 
and minerals. Diet supplementation with oily fish, rich in doco-
sahexaenoic and eicosapentaenoic omega-3 fatty acids, is a well-
known strategy to modify the human immune response.19–21 Ani-

mal and human molecular studies have shown that fish oil feeding 
results in suppressed production of proinflammatory cytokines and 
can decrease adhesion molecule expression. These effects occur at 
the level of altered gene expression.

Dietary bluefish oil has been found to ameliorate the symptoms 
of chronic inflammatory disease in some animal models and to 
protect against the effects of endotoxins and similar inflammatory 
challenges.19 Cave et al.22 reported that inflammatory problems at 
the molecular level in obese patients may be corrected by a num-
ber of dietary agents, such as arginine, fish oil and carnitine. Fur-
thermore, several epidemiological, experimental and randomized 
controlled studies supported the effects of oily fish intake in the 
prevention of breast cancer cell metastasis to bone,23 atheroscle-
rosis and vascular diseases,24,25 inflammatory bowel disease and 
rheumatoid arthritis,26 among others.

Besides possessing nutritional value, peptides have several im-
portant functions in various organisms: antibacterial, antifungal, 
antiparasitic, antiviral, antitumor, antioxidative, antihypertensive, 
antiinflammatory, immunoregulating, cell growth inducing, hor-
mone signaling and health activities (Fig. 1). Peptides with anti-
microbial activity provide defense against invasive pathogens and 
have excellent properties to kill many common antibiotic-resistant 
bacterial strains.27–29 Antimicrobial peptides (AMPs) are generally 
considered an important part of the innate (nonadaptive) immune 
defense system.

AMPs are encoded by AMP genes and produced ribosomally, 
mainly as prepropeptides. Host-defense AMPs are produced in 
specialized immune-competent cells by all living organisms, in-
cluding bacteria, fungi, plants, invertebrates and vertebrates. 
Roughly 2,400 peptide sequences with antimicrobial activity have 
been described to date.30 In addition, some bioactive peptides are 
encoded within protein sequences with no obvious antimicrobial 
or other specific function. These peptides are either released during 
food processing, enzymatic degradation or gastrointestinal diges-
tion.31,32 Some peptides with antibiotic properties, such as van-
comycin and surfactin, are produced by bacteria and fungi using 
nonribosomal peptide synthetases.33,34

AMPs are relatively small molecules that typically possess a 
net positive charge and rapidly bind to bacterial membranes, form 
pores and kill bacteria.35–37 Host defense AMPs work to enhance 
host organism immune systems.38,39 They are able to stimulate the 
expression of cytokines, which, in turn, control the subsequent im-
mune response.40 Furthermore, some AMPs play an antiinflamma-
tory role by blocking the inflammatory response and septic shock 
in host organisms.41

Benefits of E-JUR-94013

E-JUR-94013 (DefenVid®; Ebiotec, A Coruña, Spain) is a lipofishin 
derived from the species Trachurus trachurus, with antiinflamma-
tory activity and powerful immune-enhancing properties in cas-
es of immunodeficiency, microbial infections and/or diseases in 
which there is a functional compromise of the immune system. 
According to in vitro and in vivo studies,42–44 the results showed 
a stimulation of antibody-secreting cell response, enhancement of 
phagocytosis, modification/enhancement of cytokine production 
and improvement of the host-acquired immune responses.

E-JUR-94013 is a food supplement lipoprotein obtained from 
the T. trachurus fish on the Galician coast of the Atlantic Ocean. 
This lipoprotein extract is a 100% natural compound, produced 
by mechanical transformation and lyophilization processes, which 
preserve the nutritional and biological properties of the species. 

Fig. 1. Different types of small bioactive peptides and their activities. 
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Electrophoresis techniques were used to observe the lipoprotein 
nature of the extract and to confirm the nondenaturing proper-
ties of the techniques applied. A rigorous manufacturing pro-
cess, controlled at different points, guarantees the quality of the 
extract and of the final packaged product on the market, Defen-
Vid®. Complex analysis of different fractions was performed to 
detect the active ingredient responsible for this effect, and we 
concluded that the isolated fraction corresponding to amino acid 
4,5,6,7-tetrahydroimidazo[4,5-c]pyridine-6-carboxylic acid (spi-
nacin) could be responsible for the immunomodulatory activity 
observed in in vitro tests.

The evaluation of acute and chronic toxicity did not reflect any 
toxic effects derived from the extract. The first study in labora-
tory rats to determine the effect of the extract in the diet, showed 
a short-term stimulatory effect of the immune system, manifest-
ing an increase in total and subclasses of leukocytes in the group 
treated with E-JUR-94013 for a month.44 In a second study, 300 
farm piglets were divided into 15 groups and treated with five dif-

ferent diets with fish extracts, including E-JUR-94013, as a sup-
plement to a commercial diet, for 42 days. Data analysis confirmed 
an increase in immune cells (cellular immunity), in addition to an 
active response in the serum immunoglobulin levels (humoral im-
munity).43

To demonstrate the immunostimulatory effect of E-JUR-94013 
observed in animals, an in vitro assay was conducted in E-JUR-
94013-treated human lymphocyte cultures for 2 days.42 The re-
sults obtained by measuring different markers of lymphocyte 
activation by flow cytometry revealed significant immunoactiva-
tion compared with the control group and with other known lym-
phocyte inducers, proving it a potent immunoregulatory agent. 
A significant reduction in the percentage of apoptotic cells was 
also observed in lymphocyte cultures treated with E-JUR-94013, 
reflecting an extract-associated increased cell viability. The ben-
eficial effect of different oily fish-extracted molecules on the im-
mune system has been published on numerous occasions. The 
main objective of the present study, coalescing previous animal 

Fig. 2. Leukocyte changes with 750 mg/day (3 capsules) of DefenVid® for 6 months. Data are expressed as mean ± SD.
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study data, was to determine whether the immunostimulant ef-
fect of DefenVid® (E-JUR-94013) could be confirmed in hu-
mans.

Methods and results

Study #1

Subjects

Fifty-six subjects were supplemented with 750 mg/day (3 cap-
sules) of DefenVid® for 6 months. During the study period, none 
of these patients were taking any drug or nutraceutical affecting 
the immune system.

Results

An increase in the cell number of all leukocyte subclasses was 
observed, with a significant increase in the number of neutrophils 
(p < 0.03) and eosinophils (p < 0.001) (Fig. 2). Serum immu-
noglobulin A (p = 0.033), G (p = 0.016) and M levels were also 
increased, while displaying a slight reduction in the concentra-
tion of IgE, a protein related to allergies (Fig. 3). Previous studies 
had linked the blue fish supplement to a preventative effect on 
childhood allergies.45 To demonstrate the effect of DefenVid® in 
patients with immunodeficiency, patients with <5,000 leukocytes/
µL were selected. After 6 months of treatment with DefenVid®, a 
significant increase in the total leukocyte count was observed (p = 
0.023), with a moderate increase in all of the white cell subclasses 

(Fig. 4).

Study #2

Subjects

A larger study was performed in 205 patients with immune sys-
tem problems, while maintaining the hypothesis that DefenVid® 
might be useful to enhance their defense mechanisms. Patients 
aged 68.41 ± 9.11 years were grouped according to the number of 
leukocytes (total or subclasses), high or low relative to our refer-

Fig. 3. Serum immunoglobulin levels after 750 mg/day (3 capsules) of DefenVid® for 6 months. Data are expressed as mean ± SD.

Fig. 4. Leukocyte increase in patients with immunodeficiency after 
6-month treatment with DefenVid®. Data are expressed as mean ± SD.
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ence ranges. Patients were treated daily with a 750 mg (3 capsules/
day) dose of DefenVid® for a 3-month period.

Results

The data showed an interesting immunomodulatory effect, not 

previously found, demonstrating an increase in white cells in the 
immunodeficient patients and a decrease in the percentage of white 
cells in the group with high leukocyte counts at baseline, bringing 
the white cell count to within normal ranges in both cases (p < 
0.05) (Fig. 5). Serum immunoglobulin levels were also affected 
positively, as observed in the increase in IgA, IgG and IgM and a 
decrease in the levels of IgE (Fig. 6).

Fig. 5. Leukocyte changes in patients with immune system dysfunction after 3-month treatment with DefenVid®. Data are expressed as mean ± SE.
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Study #3

Subjects

One thousand five-hundred randomly selected subjects aged 1-98 
years were treated for 3 months with a multifactorial therapy, with 
a single common factor: DefenVid®. A descriptive analysis of the 
data was performed, presenting the baseline and posttreatment val-
ues, case by case.

Results

The infographics demonstrated the regulatory effect of DefenVid® 
on the total leukocyte count and the percentage of neutrophils, 
lymphocytes, monocytes and eosinophils, showing a modulating 
effect in the extreme cases (Fig. 7). Low counts (on the left) in-
creased, and high counts (on the right side of the graph) decreased, 
reaching normal immunity values. To understand whether this 
response to DefenVid® was affected by polymorphic variations 
of genes involved in immune regulation of inflammation, the 
genotypes IL1B-T3954C, IL6C573G, IL6R-A1510C and TNFA-
G308A were determined, and a genotype-dependent response was 
observed (Fig. 8). The ultrasensitive C-reactive protein (us-CRP) 
levels, used as an indirect biochemical marker of inflammation sta-
tus, were also measured. The results indicated that high us-CRP 
values decreased, reaching normal values in many cases (Fig. 9).

Discussion and conclusions

In previous data we had observed a DefenVid®-related immu-
noactivating effect in animals and human peripheral lymphocyte 
cultures,42–44 and now we can confirm the same response in an 
extensive human sample. Our hypothesis, considering DefenVid® 
to be a useful complement to enhance the immune system in im-

munodepressed patients, has been consolidated in several popula-
tions of different ages.

Numerous scientific studies have demonstrated the beneficial 
use of nutritional supplements in immune system function in 
healthy subjects and in immunodepressed patients. Schmoranzer 
et al.45 published that supplementation with a complex micronutri-
ent formulation increases the number of various types of immune 
cells and decreases total and low-density lipoprotein cholesterol 
in elderly people. Immunonutrition based on arginine, omega-3 
fatty acids, and RNA reduced stress-induced immunosuppres-
sion and multiple micronutrient supplements have been reported 
to reduce morbidity and mortality in human immunodeficiency 
virus-infected pregnant women and their offspring,46 and also im-
proved early child growth in a large randomized controlled trial 
in Africa.47

The biological mechanisms of action are not clear and depend 
on the nature of the nutrients. Fish oil-enriched food has been 
significantly related to an increase in the percentage of eicos-
apentaenoic in phospholipids of white blood cells and the im-
mune response to lipopolysaccharide within 1 week in healthy 
subjects.48 Recently, much research has focused on regulatory T 
cells as controllers of immune responses not only to self-antigens 
but also to non-self-antigens,49 the modulation of Th1/Th2 dif-
ferentiation and Th17 response being an important key in this 
immunologic effect, according to Suzuki et al.46 Other authors 
reported that absorption of long-chain fatty acids stimulates lym-
phocyte flux and lymphocyte blastogenesis in intestinal lymphat-
ics,50 and that lipoproteins are involved in the stimulation of lym-
phocyte function by both receptor-dependent and -independent 
mechanisms.

Regardless of the mechanism of action, all these studies show 
that nutritional lipoprotein supplement intake may modulate intes-
tinal immune function. Since the first level of defense takes place 
at the intestinal lumen-mucosa for oral supplementations and in-
nate immunity in the small intestine is mainly characterized by IgA 
secretion,51 our group suggest that DefenVid® might act on the 
systemic immune system by modulating lymphocyte action and 

Fig. 6. Serum IgA, IgG and IgM, and total IgE after 3-month treatment with DefenVid®. Data are expressed as mean (IgA, IgG and IgM in mg/dL; IgE in UI/
mL).
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Fig. 7. Case-by-case graphics showing the regulatory effect of DefenVid® on total leukocyte counts and percentage of neutrophils, lymphocytes, mono-
cytes and eosinophils. A significant modulating effect can be observed in the extreme cases.
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intestinal immune function at IgA level.43

Data analysis from human studies showed a DefenVid®-related 
immunomodulatory effect that we had not assessed in animals or 
in vitro studies. In patients presenting high leukocyte counts, we 
observed a significant decrease in the total and leukocyte subclass-
es and a positive modulation in serum Ig levels after 3-month treat-
ment with DefenVid®. It has been hypothesized that the activation 
of cytokines and resulting inflammation may play a role in the de-
velopment of autoantibodies and subsequent progression to auto-
immune diseases. In our studies, increase of inflammation markers 
such as CRP and/or proinflammatory cytokines and chemokines 
was not observed, suggesting that the increase in total IgG, IgA 

and IgM antibodies and not in autoantibody levels had a positive 
effect on the immune system.

In addition, intravenous immunoglobulin, originally developed 
for replacement therapy in humoral immunodeficiency syndromes, 
has more recently become an important therapeutic modality in se-
vere autoimmune disorders, such as neuroimmunological diseases 
like Guillain-Barré syndrome,50 systemic lupus erythematosus,51 
certain forms of vasculitis,52 and polymyositis/dermatomyositis.53 
The mechanism of action remains unclear, but intravenous immu-
noglobulin may block the function of Fc receptors expressed by 
phagocytes of the reticuloendothelial system, and also induces the 
inhibitory Fc receptor (FcγRIIB) expression on infiltrating mac-

Fig. 8. IL1B-T3954C and IL6-C573G genotype-dependent responses of DefenVid®. 
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rophages in the K/BxN model of rheumatoid arthritis. An addi-
tional mode of action may involve the presence of antiidiotypic 
antibodies that block the antigen combining sites of pathogenic 
antibodies.

A fish oil-supplemented diet has been demonstrated to be ben-
eficial in the following pathologies: preventing or ameliorating in-
flammatory bowel disease54–56; protecting against impaired lung 
function and chronic obstructive pulmonary disease, especially 
in male smokers57; attenuating inflammatory processes, oxidative 
stress and metabolism58; slowing development of rheumatoid ar-
thritis and reducing disease severity59; and, decreasing the allergic 
response,60 among other pathologies. As occurs with drugs and 
other nutritional supplements,61,62 the personal genotype profile 
exerts an important effect on the interindividual response to De-
fenVid®.

According to our results, we conclude that DefenVid® may be 
considered to be a nutritional supplement with a rapid response 
in the recovery of immune status, making it a highly beneficial 
dietary supplement for those persons presenting low defense 
mechanisms or immune problems, both in humoral and cellular 
immunity. In addition, DefenVid® might help in the management 
of some pathologies such as inflammatory, allergic or autoimmune 
disorders. Further work comparing the responses to DefenVid® 
versus a control compound would be very interesting to support 
these results.

Future prospects

In regions such as western Europe, the use of low-value species for 
food markets offers major opportunities for new biotechnology op-
tions. A particular challenge for marine-derived compounds is the 

degree to which synergistic effects can be not only conclusively 
demonstrated but also realistically defined for biotechnological 
intervention. Otherwise, increasing understanding of what the ac-
tive components in marine organisms are and how they work will 
simply lead to their isolation as marine-derived drugs, and biotech-
nological interest in the marine organisms and whole extracts from 
them will not be justifiable.

Among the different factors that can support chronic inflamma-
tion, nutrition plays a pivotal and fascinating role. Indeed, nutri-
tion, acting on immune system and inflammation, can be a trig-
ger for both pathogenic and protective processes during the entire 
lifespan. Accordingly, nutrition is probably the most powerful tool 
that we have to modulate the immune system response, towards 
an enhancement of health status of the general population. In this 
framework, one of the most fascinating immune-regulation strate-
gies seems to be the possibility to decrease inflammation without 
compromising its physiological role, fundamental for survival.

To this aim, it is urgent to clarify the shady areas of the com-
plex mechanisms involved in the chronic inflammation status in 
order to carry out targeted therapeutic interventions. At present, 
one possible intervention could be represented by a whole diet ap-
proach and/or by a nutraceutical approach that, acting on digestive 
processes and immune systems, is able to modulate the inflamma-
tory and degenerative processes of the body. Indeed, ad hoc dietary 
adjustments, such as reducing or eliminating saturated and trans 
fat, or increasing the intake of omega-3 fat, vitamins, micronutri-
ents and antioxidants, can help minimize inflammation. Similarly, 
lipofishins, when adequately administered, as well as potential 
manipulation of the gut microbiota such as intestinal microbiota 
transfer, could confer beneficial effects to the host by influencing 
the gut microbiota composition and directly affecting the inflam-
matory state and metabolic disturbances related to inappropriate 

Fig. 9. DefenVid®-associated regulation of C-reactive protein. 
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