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Abstract

Several factors may influence numbers and function of peripheral blood lymphocytes (PBLs) by different processes. We
conducted this study to evaluate the effect of E-CAB-94011%® and E-JUR-94013®, two marine fish extracts from S. scombrus
and 70 trachurus, respectively, on in vitro PBLs activation and on the expression and functionality of Fas, a cell surface
molecule that plays a central role in immune homeostasis and cytotoxic activity. PBLs from 24 healthy volunteers were isolated
and flow cytometry was performed to measure the state of activation, Fas expression and apoptosis of PBLs. Functionality of
Fas was tested by assessing apoptosis after incubation of isolated lymphocytes with agonistic anti-Fas antibodies in blood
samples treated with both E-CAB-94011%® and E-JUR-94013®. Studies on the lymphocyte cell marker suggest a clear immune
activation as measured by the increased levels of CD25, CDS§, CD38, CD19 and HLA-DR in vitro expression on lymphocytes
treated with both extracts. In addition, a significant reduction in the percentages of apoptotic CD19'CD38" double positive
lymphocytes could be demonstrated in the treated samples with respect to controls ( p<0.05). Therefore the present results
indicate that both E-CAB-94011%® and E-JUR-94013® in vitro are powerful immunoregulatory, increasing immune
surveillance.
© 2004 Elsevier B.V. All rights reserved.
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ing bacteria, viruses, and cancers. One of the most
common immune weakeners is malnutrition, the
commonest cause of immunodeficiency worldwide
[1], and nutritional deficiencies are scen in at least
one-third of the elderly in industrialized countries [2—
5]. Stress, a major assault on immune health [6] as

1. Introduction

The immune system represents a sophisticated
machinery for protection against damage from invad-
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well as overeating and obesity, now epidemic in the
Western world, also decrease immune function [7,8].
Perhaps the most inevitable weakener of our immune
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function is ageing itself. Ageing, which is associated
with a decline in immune function that leads to an
increased incidence of infection, cancer, and auto-
immune discase, is known to bring about adverse
changes in almost every aspect of our immune power,
as alterations in both T and B cell functions [9-11].

The task at present is to define biomarkers
(immunologic indices) that can predict resistance to
infection and other illnesses associated with poor
immune function with reasonable accuracy. We do
know that the older we get, and the poorer our diet,
the more susceptible we are to infection, tumor, and
immune dysfunction. Free radicals have been linked
to the immune system damage that accompanies
normal aging [12-14]. Vitamins play a critical role
along with trace elements in maintaining the human
immune system [15]. Several herbs have demonstra-
ted the ability to enhance and strengthen the immune
system. These include echinacea, and ginseng and
astragalus extracts [16,17]. Other nutrients that have
shown a positive effect on immune function are
lactoferrin [18,19], whey extract [20], L-carnitine and
CoQ10 [21]. Useful hormones and extracts are
melatonin, DHEA, glucocorticoids and estrogens
[22-24].

Fish contains various antioxidants for protection of
their unsaturated lipids and other nutrients from
reactive oxygen species [25]. Oxidative protection of
fish includes enzymes, various water-soluble and lipid
soluble antioxidant systems. The function of these
antioxidants is to control pro-oxidants, scavenging
free radicals and inactivating reactive oxygen specics
as well [26].

Recently, research on antioxidants has gained
much interest due to increased evidence of the
importance of antioxidants in human health [27].
This interest has brought about considerable research
on defining and finding components with antioxida-
tive activity in humans and in biological systems.
Relatively few studies on the various antioxidants in
fish are currently available. Studies on the interaction
between the diverse endogenous antioxidants in fish
are also very few and may be difficult to rationalize
because of the multiplicity of the antioxidant system
in fish. However, the occurrence of the most abundant
endogenous antioxidants found in fish such as
tocopherols and carotenoids is fairly well established.
The relative concentration of antioxidants varies with

the fish species as well as the type of fish muscle
tissue [28]. The quantity of these antioxidants may
also fluctuate with storage time and handling post
mortem. Control of lipid oxidation in fish involves
utilizing processing and storage techniques that do
not greatly decrease the activity of endogenous
antioxidants.

Because antioxidants play a key role in minimizing
damage to cells, such as those that make up the
immune system, recent research examined the benefits
of certain antioxidants on the immune response of
dogs and cats [29,30]. The results of these studies
indicated that antioxidants are important in helping
dogs and cats maintain a healthy immune system.
Since the T cell response, the T cell dependent
antibody response, the T and B cell counts, the natural
killer (NK) activity vary, the mechanisms underlying
these changes in immune function and peripheral
blood lymphocyte (PBL) distribution contribute to the
understanding of the direct effect caused by both
pharmacological and nutritional compounds.

As with many animal products, E-CAB-94011®
and E-JUR-94013® fish extracts contain water,
proteins and other nitrogenous compounds, lipids,
minerals and vitamins. Proteins comprise structural
proteins (actin, myosin, tropomyosin and actomyo-
sin), sarcoplasmic proteins (myoalbumin, globulin
and enzymes) and connective tissue proteins (colla-
gen). Due to the freezing/drying transformation
process used for their production, E-CAB-94011®
and E-JUR-94013® are able to maintain their
chemical structure and, like milk, eggs and mamma-
lian meat proteins, have a very high biological value.
As well as being a rich source of high quality protein,
they have a relatively high energy content and are rich
in important minerals such as phosphorus, in B
vitamins, in Eicosapentaenoic Acid (EPA) and in
Docosahexaenoic Acid (DHA). EPA, a member of the
Omega-3 fatty acid family is required for the
production of prostaglandins which control blood
clotting and other arterial functions [31-33] and
DHA, a major component of the human brain tissues
and retinal tissues of the eyes, participates in the
transmission of nerve impulses in the nervous system
[34]. Both DHA and EPA may help prevent heart
disease and atherosclerosis by lowering triglyceride
levels, raising HDL cholesterol and also reduce the
risk of stroke and cardiac arrythmias [35].
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The main focus of our work was first to evaluate
how the expression of molecules, associated with
activation or “memory” status in lymphocytes, was
modified after E-CAB-94011® and E-JUR-94013® in
vitro stimulation, and second to understand how both
extracts regulated the expression of Fas, a membrane
receptor, that plays a central role in cellular immune
homeostasis and mediates essential signals in acti-
vated mature lymphocytes.

2. Materials and methods
2.1. Extract preparation

E-CAB-94011® and E-JUR-94013® are two
marine fish extracts obtained through biotechnolog-
ical methods and treatment of specific components of
the fish [36]. The main chemical composition of E-
CAB-94011%® is: 20% fat, 74% nitrogenous material,
4% ash and 2-3% moisture, while in E-JUR-94013®
a 78% of nitrogenous material, a 16% of fat, a 4% ash
and 2-3% of moisture, was quantified. More than
50% of fatty substances are unsaturated fatty acids
(Arachidonic, Gadoleic, Linoleic, Linoleic, and Clu-
panodonic acids) and 8% of more complex lipid esters
such as sterols. In the sterols group, more than 99%
was represented by cholesterol. Extracts were main-
tained at —40 “C to prevent fat oxidation. Each extract
was used at a final concentration of 5 mg/ml in
complete medium (RPMI 1640+2 mM glutamin+60
pg/ml gentamycin+5% human pool serum).

2.2. Lymphocyte isolation

Five milliliters blood samples from healthy volun-
teers were drawn into a EDTA-coated. The blood were
diluted with an equal volume of phosphate-buffered
saline (PBS), overlaid with 5 ml of sodium metri-
zoate-Ficoll for human lymphocytes, and centrifuged
at 1200 rpm for 30 min. The fraction consisting of the
peripheral blood mononuclear cells (PBMCs) was
washed with PBS three times, and maintained in static
culture in RPMI 1640 medium supplemented with 5%
human pool serum at 37 “C in an atmosphere of 5%
CO,. Four hours later, the plastic-adherent cells were
removed, and PBMCs (5x10° cells/ml) consisting
mostly of lymphocytes were isolated.

2.3. PHA activation

To induce lymphocyte division, a polyclonal
mitogen, phytohemagglutinin (PHA), was added to
the PBMCs, which were incubated for 2 days. PHA
(5-10 pg/ml) was administered to PBMCs consisting
mostly of lymphocytes and, after incubation for 48 h,
PHA treated samples were used as positive/activated
lymphocyte controls and stained with monoclonal
antibodies.

2.4. E-CAB-94011% and E-JUR-94013%® treatments
and cell viability

To test the effects of E-CAB-94011® and E-JUR-
94013® on lymphocytes, 5 mg/ml of each extract
were added to the PBMCs, which were incubated for
2 days. After incubation for 48 h, treated samples
were washed with PBS, centrifuged, resuspended in
PBS and stained with monoclonal antibodies. To
measure viability, a small sample of the cell suspen-
sions were diluted 1:5 in 0.4% (w/v Trypan blue). A
20 pl of suspensions was added to a hemacytometer
chamber and an inverted microscope with a 100X
magnification was used to perform cell counts. The
number of cells per ml and total number of cells was
determined by using the following calculations:

#cells counted x 10* x dilution factor

lls/ml =
el #squares counted

total cells = cells/ml
x vol. of original cell suspension

The percentage of viable cells was calculated using
the following formula:

#Viable Cells Counted x 100

%Viability =
GYLEDEATY Total # Cells Counted

2.5. Cell staining, FACS analysis and apoptosis assay

For surface staining the following conjugated
monoclonal antibodies (mAb) were used: (CD3,
CD4, CDS, CDI19, CD25 and HLA-DR). In brief,
100 pl of blood was added to tubes and stained with
the monoclonal antibody specific for lymphocyte
marker during a 45-min incubation on ice in the dark.
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Following staining, red blood cells were lysed using
diluted (1x) FACS lysing solution. Immediately after
a 10 min incubation with lysing solution, tubes were
centrifuged at 300xg for 5 min. Supernatants were
aspirated leaving approximately 50 ul of residual fluid
in the tube to avoid disturbing the pellet. Cells were
gently resuspended in the residual fluid, washed with 2
ml of phosphate buffered saline and then centrifuged at
200xg for 5 min. Washing was repeated twice. After
the addition of 222.5 ul binding buffer (10 mM hepes
pH=7.4, 140 mM NaCl, 5 mM CaCl,), 25 ul
propidium iodide (10 pg/ml) and 2.5 ul FITC-labeled
annexin V diluted 1:50 were added. Immediately after
incubation for 10 min on ice in the dark, cells were
analyzed using the flow cytometer (FACScan) after
gating lymphocyte characteristics using both forward
and sideward scatter. For optimal analysis only those
samples were included in which more than 500 cells of
the respective subsets were counted. CaliBRITE beads
and AutoComp software were used for setting the
photomultipler tube voltages, the fluorescence com-
pensation and checking instrument sensitivity prior to
analysis. Percentages of cells staining positive for a
particular marker were compared between groups. In
addition, we compared mean fluorescence intensity
(MFI) of staining between both groups. MFI represents
the intensity of the signal on those cells positively
staining for the respective marker. All analyses were
performed consistently by the same person.

2.6. Apoptosis induction

To analyze whether the Fas-mediated pathway of
apoptosis induction was functionally affected by E-
CAB-94011® and E-JUR-94013® treatments, lym-
phocytes from 10 healthy subjects were incubated
with an agonistic anti-Fas mAb. After isolation (t0),
cells were resuspended in complete medium with and
without the addition of 5 pg/ml anti-Fas. Subse-
quently, cells were cultured for 24 h (tl). Both
immediately after isolation (spontaneous apoptosis)
and after 24 h of culture (induced apoptosis) were
analysed for apoptosis assessment. To indirect mon-
itor PS translocation after E-CAB-94011® and E-
JUR-94013® treatment, PBLs from 10 healthy sub-
jects were incubated with anti-Fas for 0 to 24 h,
stained with annexin V-PE, a 35-36 kDa, calcium-
dependent, phospholipid-binding protein with a high

affinity for PS and Active Caspase-3 FITC mono-
clonal antibodies.

2.7. Statistical analysis

Differences between groups were evaluated using
the Student’s 7-test or Mann—Whitney U-test when
appropriate. Paired samples were analysed separately
using the Wilcoxon rank sum test. Spearman’s rank
correlation was applied for detecting correlations
between different study parameters. A p value less
than 0.05 was considered statistically significant.

3. Results

PBLs obtained from five normal volunteers were
treated with different concentrations of both E-CAB-
94011® and E-JUR-94013® to perform preliminary
toxicity tests. Cytotoxicity was assessed by the trypan
blue dye exclusion test after 24, 48, 72 and 96 h in
culture. As it can observed in Table 1, no cytotoxic
cffects were observed with both CAB-94011® and E-
JUR-94013® extracts. Concentrations ranging from 1
to 50 mg/ml did not show any sign of cytotoxicity as
compared to untreated cultures.

Table 1
Cytotoxic effects of E-CAB-94011® and E-JUR-94013® on PBLs
24 h 48 h 72 h 96 h
Untreated 2.5+0.17 2.6+0.15 2.9+0.18 3.3+0.21
E-CAB-94011®  2.6+0.11 28+0.14 29+0.22 3.2+0.22
(1 mg/ml)
E-CAB-94011%  2.74+0.15 2.5+0.11 3.1+0.15 3.5+0.19

(5 mg/ml)
E-CAB-94011®
(25 mg/ml)

2.5+0.17 2.8+0.13 3.240.19 3.2+0.21

E-CAB-94011®  2.7+0.11 29+0.17 3.2+021 3.3+0.16
(50 mg/ml)
E-JUR-94013®  25+0.14 2.6+0.16 2.9+0.18 3.14+0.21

(1 mg/ml)

E-JUR-94013®  2.6+0.15 2.7+0.18 3.2+0.19 3.3+0.22

(5 mg/ml)
E-JUR-94013®  2.5+0.21 28+0.19 2.9+0.16 3.4+0.21
(25 mg/ml)
E-JUR-94013®  2.7+0.19 29+0.14 3.0+0.21 3.2+0.32
(50 mg/ml)

Cytotoxicity was assessed by the trypan blue dye exclusion test up
to 96 h in culture. The data represent the mean of three different
experiments with S.D.
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Fig. 1. Percentages of activated lymphocytes of the subpopulations
analysed after E-CAB-94011 and E-JUR-94013 in vitro treatment.
(a) Percentage of CD4" cells expressing the activation marker
CD25. (b) Percentage of CDS8" cells expressing the activation
marker HLA-DR. (c) Percentage of CD19" cells expressing the
activation marker CD38. Horizontal lines denote the median. Only
results of those samples are shown in which the number of cells
measured exceeded 500.

Twenty-four blood samples were used to study the
effects of E-CAB-94011® and E-JUR-94013® on in
vitro activation of lymphocytes. CD4" lymphocytes

showed signs of increased activation reflected by
increased expression of CD25, the interleukin-2
receptor (p=0.005, p=0.002 versus controls, Fig. 1a).
Percentages of the CD8" T-lymphocytes expressing the
activation marker HLA-DR tended to be higher after
treatment ( p=0.02, p=0.005, versus control, Fig. 1b).

100

% Fas positive CD4+ lymphocytes
8

Control
100

50

% Fas positive CD8+ lymphocytes

Control

100

% Fas positive CD19+ lymphocytes
(3]
(=]

Control PHA E-CAB E-JUR

Fig. 2. Fas (CD95) expression on CD4'- (panel a), CD8"- (panel b)
and CD19"-lymphocytes (panel ¢) after E-CAB-94011 and E-JUR-
94013 in vitro treatment. Horizontal lines denote the median. Only
results of those samples are shown in which the number of cells
measured exceeded 500.
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Percentages of CD19" B-lymphocytes expressing the
activation marker CD38 were also increased after
treatment compared to untreated controls (p=0.02,
p=0.006, versus control, Fig. 1c). Fas expression was
measured on CD4", CD8", as well as CD19" lympho-
cytes (Fig. 2). Fas expression on CD4" T-lymphocytes
did not show significant differences between treated
and untreated samples (Fig. 2a). The percentages of Fas
expressing CD8" T-lymphocytes tended to be
increased after both treatments (»=0.03 and p=0.01,
versus controls, 2b). However, the percentage of Fas
expressing CD19" B-lymphocytes was strongly
increased after treatment (p=0.009 and p=0.0008
versus control, respectively). To investigate whether
Fas expression was associated with lymphocyte
activation we analysed Fas expression in conjunction
with CD38 expression as a membrane marker for B
cell activation (Fig. 3). The percentage of lympho-
cytes double negative for CD38 and Fas CDI19"

30

N
o

% Fas negative and CD38
negative CD19+ lymphocytes
s

Control PHA E-CAB E-JUR

% Fas positive and CD38 positive
CD19+ lymphocytes
N o
2 o

Control PHA E-CAB E-JUR

Fig. 3. Fas (CD95) expression on CD19" B-lymphocytes in relation
to the expression of the activation marker CD38 after E-CAB-94011
and E-JUR-94013 in vitro treatment. Horizontal lines denote the
median. Only results of those samples are shown in which the
number of cells measured exceeded 500.

lymphocytes was reduced, compared to controls
(p=0.02 in both cases, Fig. 3a). In contrast, the
percentage of lymphocyte double positive for CD38
and Fas was significantly increased with respect to
control (p=0.05 in both cases, Fig. 3b). No
correlation was found between the percentages Fas
expressing CD4"- or CD8"-T-lymphocytes.

Results of anti-Fas induced apoptosis of CD19"
cells are shown in Fig. 4. The percentage Fas
expressing lymphocytes increased in medium after
24 h; increase of Fas expression occurred also after
incubation with anti-Fas, though less pronounced
(data not shown). Percentages of apoptotic B cells
were low directly after isolation, increased after 24 h
incubation in medium alone, and, compared to the
latter value, reached significantly higher percentages
after incubation with anti-Fas, demonstrating the
functionality of the Fas-induced apoptotic pathway
(Fig. 4). Untreated samples were primarily negative
for both markers, positive peaks were apparent at 1
h, and the percentages of positive cells increased
over the 24-h treatment. After 24 h of apoptosis
induction in B cells, percentages of apoptosis
significantly differed between treated (tlb and tlc)
and untreated (tla) lymphocytes (Fig. 4), indicating
the capacity of both extracts to reduce significantly
the proportion of apoptotic B cells (p=0.03 and
p=0.02, respectively). Percentages of apoptosis
reached in T cells after apoptosis induction were
comparable between treated and untreated lympho-
cytes after 24 h (data not shown). As we found Fas-
induced apoptosis significant different in treated and
untreated Iymphocytes, we wondered whether differ-
ences in percentages of spontaneous apoptotic
lymphocytes could be demonstrated in the two
groups. Percentages of circulating apoptotic lympho-
cytes were assessed by annexin V staining. Although
percentages of apoptotic CD19" cells, CD4" cells
and CD8" T cells were higher in the group of treated
lymphocytes, differences were not statistically sig-
nificant (Table 2).

4. Discussion

In vitro assays of cellular function contribute
significantly to a better understanding of the immune
response and mechanisms of host defense. Lympho-
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Fig. 4. Percentages of apoptotic annexin-V PE and Caspase-3 FITC CDI19” lymphocytes analysed at: t0, immediately after lymphocytes
isolation; t1, after 24 h incubation in medium; tla, after 24 h incubation with anti-Fas following incubation with anti-Fas antibodies; t1b, after 24
h incubation with anti-Fas following incubation with anti-Fas antibodies and E-CAB-94011; tlc, after 24 h incubation with anti-Fas following
incubation with anti-Fas antibodies and E-JUR-94013. Apoptotic cells are depicted as those staining positive with both annexin V and Caspase-3.

cytes, monocytes, granulocytes and dendritic cells are
the major cellular components of the immune system
and play important roles in host defense. Each cell
type expresses a unique phenotype pattern of surface
molecules/receptors that may participate in biological
mechanisms during the immune response. Targeted
therapies that make use of the immune system and
address selectively the individual target molecules or

Table 2
Percentages of total lymphocytes and lymphocyte subsets staining
with annexin V in the treated and untreated groups

E-CAB- p E-JUR-  p Untreated
treated  value treated value (n=10)
(n=10) (n=10)
% Lymphocytes 5.5+4.3 0.76 52+32 077 4.7+3.5
annexin V©
% CD4" 33+£3.7 028 39+£35 059 29%25
annexin V'
% CD8" 48+44 039 38+423 045 45+38
annexin V'
% CDI19" 8.6+58 0.66 069+49 081 7.7+59
annexin V'

Data are means+S.D. p values were calculated using the Mann—
Whitney U-test (two-tailed).

cellular pathways that play a role in carcinogenesis
came long after the discovery and first use of more
general immunostimulatory agents such as staph-
ylococcal enterotoxins and staphylococcal superanti-
gens [37] or cytokines [38,39].

T cells express T-cell receptor molecules that are
noncovalently associated with the CD3 complex.
Interaction of antigens presented via major histocom-
patibility complex (MHC) molecules with TCR
activates T cells and induces T-cell proliferation and
differentiation. The executives of specific cellular
immunity are activated CD8" killer T cells and CD4"
helper T cells, which bear T cell receptors that can
recognize cells expressing MHC molecules on their
surface. Not only does every positive reconnaissance
of a host tissue cell by a killer T cell require MHC
Class I expression, but recognition necessarily
depends on short peptides bound by those MHC
Class I molecules. Short peptides allow killer T cells
to discriminate between non-rendered cells with an
unchanged proteome and altered cells, which express
viral proteins, mutated self-proteins or self-proteins
that appear at increased expressed levels in association
with a certain state of disease.
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In a previous work we showed that the supple-
mentation with E-SAR-94010® a marine fish extract
obtained from S. pilchardus, with a high content of
long-chain polyunsaturated fatty acids, was able to
modulate Tyl and T2 cell generation, their cytokine
production, and cell proliferation and to improve the
immunological status of pregnant rats and their
sucking pups [40]. These results indicated that the
secondary response, which is typically more specific,
rapid and of a greater magnitude, was enhanced by
gestational E-SAR-94010® supplementation. Based
on these observations, it was possible to demonstrate
that the incorporation in the diet of this fish extract was
able to influence the postnatal immune response of the
offspring and these data suggested that substantial
amounts of fatty acids and lipoproteins were present in
both rat breast milk as well as at the mucosal level.

Recent studies in humans and in experimental
animals indicated that the immunomodulatory effects
of fish oils depend on synergistic effects of at least
EPA and DHA [41.,42]. Nutritional modification of
cellular functions by dietary lipids with a balanced
ratio of -6 and ®-3 fatty acids offers an attractive
avenue to correct, modify and/or prevent many patho-
physiological processes in health and disease state and
to reduce toxicity of drugs in many patients. The
mediation of such effects is thought to be primarily
achieved through alterations of cellular membranes
composition and other endogenous lipid stores which
may modify the functional activity of various recep-
tors on plasma membranes. Many investigators have
demonstrated that ®-6 (n-6) and ®-3 (n-3) PUFAs
including linoleic acid (LA), gamma-linolenic acid
(GLA), dihommogamma-linolenic acid (DGLA),
arachidonic acid (AA), alpha-linolenic acid (ALA),
eicosapentaenoic acid (EPA), and docosahexaenoic
acid (DHA) inhibit growth and are cytotoxic to cancer
cells in vitro [43,44], that the effects are associated
with the production of lipid peroxides and aldehydes
[45], and that the cytotoxicity of the added PUFAs is
reduced by the addition of antioxidants. Studies with
laboratory animals have also demonstrated that feed-
ing a diet containing peroxidation products of fish oil
reduces tumor growth, and that the effect is reduced
by administering antioxidants [46].

From the above, it can be seen that a strong
immune system is dependent on a good foundation of
nutrition. There is no single nutrient that, by itself,

will enhance immunity [47]. In fact, too much of one
nutrient can do the opposite of what one might want
and decrease immunity [13,48].

Studies published in the 1980s and 1990s clearly
show specific immune-enhancing effects of the proper
use of nutritional supplements, proteins, hormones,
and certain drugs. Micronutrients are now known to
play a key role in many of the metabolic processes
that promote survival from critical illnesses [49,50].

The goal of this investigation was to study the effect
of both E-CAB-94011® and E-JUR-94013® extracts
on the in vitro activation of immune cells. Regarding
the effect on T-lymphocyte subpopulations, significant
differences were observed on CDS8, CD25, HLA-DR
and CD19"CD38" double positive cells after treatment
(Fig. 1), which indicates that both extracts act on a
common step in the activation of these cell types, that
is, a common central step is probably required for the
activation of these subpopulations, such as the activa-
tion of transcription factors. To determine the possible
toxic effect of both extracts in whole blood samples, we
quantified the amount of apoptotic cells after overnight
incubation. Surprisingly, the tested extracts did not
show any sign of toxicity and the expression of Fas on
CD4", CD8" and CD19" lymphocytes (Fig. 2) as well
as on CD19 CD38" and CD19'CD38" (Fig. 3) was
reduced comparing to activated positive controls.
These results were unexpected considering the level
of activation observed and one possible explanation for
the observed results is that the lack of toxicity could be
a consequence of the inhibition of transcription factors
which directly act on the CD95 death receptor.

A measurable feature of apoptosis is the loss of
membrane asymmetry. In normal cells, membrane
phospholipids are distributed asymmetrically between
the inner and outer leaflets of the plasma membrane.
For example, phosphatidylserine (PS), an amino-
phospholipid, is normally present in the inner leaflet
of the plasma membrane. Early in apoptosis, before
the loss of membrane integrity, PS translocates from
the inner to the outer leaflet of the plasma membrane,
exposing it to the external cellular environment at the
surface of the plasma membrane.

As cells function normally in the body, they
produce damaged molecules, such as free radicals.
These free radicals are highly unstable and steal
components from other cellular molecules, such as fat,
protein, or DNA, thereby spreading the damage. This
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damage continues in a chain reaction, and entire cells
soon become damaged and die. Antioxidants help
prevent widespread cellular destruction by willingly
donating components to stabilize free radicals. More
importantly, antioxidants return to the surface of the
cell to stabilize rather than damage other cellular
components.

When there are not enough antioxidants to hold
peroxidation in check, free radicals begin damaging
healthy cells which, in turn, can lead to problems. For
example, free radical damage to immune cells can
lead to an increased risk of infections [51-53]. Since
optimal T-cell activation requires multiple signals
provided by recognition of peptide-major histocom-
patibility complex (MHC) proteins, by the T-cell
receptor (TCR), and by interaction of T-cell co-
stimulatory receptors with their ligands on antigen-
presenting cells [54,55], it could be possible that some
components, like small peptides, PUFAs, in combi-
nation with antioxidants of both E-CAB-94011® and
E-JUR-94013® have a major role in the in vitro
modulation of the expression of genes concerned with
immune response as well as in the downregulation of
the pathological mechanisms that tend to induce the
expression of apoptotic genes.

The study of the potential ability of bioactive
compound(s) present in both E-CAB-94011® and E-
JUR-94013® to participate in cell activation, oxida-
tive processes, immune responses, and inflammation
is only starting, and more research must be done in
order to understand the complete mechanism of their
action. By the production of bioactive compounds
through the use of biotechnological advanced pro-
cesses, these findings will aid the development of new
food-based products that help to prevent poor specific
cellular immune responses.
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Editorial

A series of novel bioproducts obtained from natural sources
(marine, animal, vegetal) have been discovered and characterized for
the prevention and treatment of Neuro Degenerative Disorders
(NDDs) and vascular pathology. Lipofuscins (LFs) are a new class of
lipoproteins derived from the muscle of different fish species.
Examples of LPs obtained from biomarine sources by means of non-
denaturing biotechnological procedures include the following: E-
JUR-94013  (DefenVid’), = E-CAB-94011  (CabyMar), E-
Congerine-10423 (AntiGan’), E-SAR-94010 (LipoEsar), and E-
MHK-0103 (MineraXin’) [1-6]. Most effects of these novel bio
products are genotype-dependent, showing specific nutrigenomic and
pharmacogenomic profiles [7-10].

E-CAB-94011 is an LF obtained from the muscle of the species
Scombrus scombrus, with anti-oxidant, anti-inflammatory, and bio-
energizing properties, with potential utility in several medical
conditions (anemia, debilitating disorders, alterations in growth and
development, ROS generation, NDDs) [3].

E-Congerine-10423 is an LP extracted from muscular structures of
the species Conger conger. This compound displays a powerful anti-
tumoral effect in many different tumor cell-lines, with specific effects
in colon cancer, ulcerative colitis, and Crohn’s disease [6].

E-MHK-0103 is an atypical LP derived from the Atlantic mollusc
Mpytillus galloprovincialis cultivated on the Atlantic coast of Galicia
(Spain). This bioproduct regulates hypothalamus-pituitary hormones,
influences growth and development, protects against menopause-
related biological decline, and modulates bone metabolism, acting as a
powerful anti-osteoporotic agent [10,11].

E-SAR-94010 (Sardilipin, LipoEsar’, LipoSea’) is an LP obtained
from the species Sardina pilchardus [1]. The main chemical
compounds of LipoEsar are lipoproteins (60-80%) whose micelle
structure probably mimics that of physiological lipoproteins involved
in lipid metabolism. In preclinical studies, sardilipin has been shown to
be effective in (i) reducing blood cholesterol, triglyceride, uric acid,
and glucose levels, as well as liver alanine aminotransferase, and
aspartate aminotransferase activity; (ii) enhancing immunological
function by regulating both lymphocyte and microglia activity; (iii)
inducing antioxidant effects mediated by superoxide dismutase
activity; and (iv) improving cognitive function [2]. This LP shows a
powerful effect in the regulation of lipid metabolism, especially by
reducing total-cholesterol and LDL-cholesterol levels in cases of
dyslipidemia or hypercholesterolemia, and also acting as an effective
co-adjuvant of statins. E-SAR is effective in liver steatosis and in cases
of primary or secondary transaminitis. It is also a strong anti-
atherogenic agent, reducing the size of atheroma plaques in systemic

atherosclerosis. E-SAR has shown cognitive-enhancing properties in
hypercholesterolemic  patients with ~Alzheimers disease. The
therapeutic response of patients with dyslipidemia to sardilipin is
APOE-related. The best responders are patients with the
APOE-3/3>APOE-3/4>APOE-4/4 genotypes. Patients with the other
APOE genotypes (2/2, 2/3, 2/4) do not show any hypolipemic response
to this novel compound. In patients with dementia, the effects of
sardilipin are very similar to those observed in patients with chronic
dyslipidemia, suggesting that the lipid-lowering properties of sardilipin
are APOE-dependent [2,7-9,12,13].

E-JUR-94013 (DefenVid') is an LF derived from the fish Trachurus
trachurus, with anti-inflammatory activity and powerful immune-
enhancing properties in cases of immunodeficiency, microbial
infections and/or diseases in which there is a functional compromise of
the immune system [3-5]. DefenVid significantly modifies White
Blood Cell (WBC) numbers in a differential fashion, decreasing
neutrophils, increasing lymphocytes, monocytes, and eosinophils, and
not affecting basophils. The effect of DefenVid is immunomodulatory
due to the fact that in cases with high WBC numbers the general
tendency is to reduce the excess of WBC, whereas in cases with low
levels of WBC DefenVid tends to increase WBC, approaching normal
levels. This immunomodulatory effect of DefenVid is influenced, in
part, by Single-Nucleotide Polymorphism (SNP) variation associated at
least with the IL1B, IL6, and TNF genes, classically involved in
neuroimmune regulation and inflammatory reactions. In patients with
immunodeficient phenotypes, DefenVid reduces blood cholesterol
levels in over 60% of the cases, similarly to LipoEsar in dyslipidemic
patients. A differential pattern of cholesterol response to DefenVid was
also associated with the IL1B-T3954C, IL6-G174C, IL6R-A1510C, and
TNFA-G308A variants, which are involved in inflammatory reactions
associated with atherogenesis [14]. These data, together with those
reported on the APOE-dependent anti-atherogenic effect of LipoEsar
[9], suggest that this class of LFs might be useful to prevent
arteriosclerosis and vascular risk, either peripheral or central, in the
hypercholesterolemic population and in NDDs [7,8,14].

E-PodoFavalin-15999 (Atremorine’) is a novel biopharmaceutical
compound, obtained from structural components of Vicia faba L. by
means of non-denaturing biotechnological processes, for the
prevention and treatment of Parkinson’s Disease (PD) [15,16]. In vitro
studies revealed that Atremorine is a powerful neuroprotectant in (i)
cell cultures of human neuroblastoma SH-SY5Y cells; (ii) hippocampal
slices in conditions of oxygen and glucose deprivation; and (iii) striatal
slices under conditions of neurotoxicity induced by 6-OHDA. In vivo
studies showed that Atremorine (i) protects against 1-Methyl-4-
Phenyl-1,2,3,6-Tetrahydropyridine (MPTP)-induced dopaminergic
neurodegeneration; (ii) inhibits MPTP-induced microglia activation
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and neurotoxicity in substantia nigra; and (iii) improves motor
function in mice with MPTP-induced neurodegeneration [16].

Clinical studies have been performed in 3 groups of patients: (i) NP:
drug-free patients with PD; (iii) AP: Parkinsonian patients chronically
treated with L-Dopa; and (iii) MX: a heterogeneous sample of patients
with Parkinsonian disorders. One hour after a single dose (5 g) of
Atremorine, plasma levels of dopamine increased from 16.71 + 14.38
pg/mL to 2,286 + 4,218 pg/mL (p<0.001) in NP, from 4,149 + 7,062
pg/mL to 13,539 + 12,408 pg/mL (p<0.001) in AP, and from 860 +
3,445 pg/mL to 4,583 + 8,084 pg/mL (p<0.001) in MX patients, with a
parallel clinical improvement lasting for 3-6 h. Atremorine
administration also increased the plasma levels of noradrenaline in NP
and MX. Atremorine decreased prolactin levels in NP and MX, and
Growth Hormone (GH) levels in NP and MX. Pharmacogenetic
studies indicate that the therapeutic response induced by Atremorine
in PD is associated with the pharmacogenetic profile of each patient.

LFs and Favalins are clear examples of novel bioproducts with
genotype-dependent beneficial effects in complex disorders such as
cardiovascular, oncological and brain diseases.
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