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Abstract

The increase in the average lifespan and the consequent proportional growth of the elderly segment of society
has furthered the interest in studying ageing processes.

Ageing may be considered a multifactorial process derived from the interaction between genetic and
environmental factors including lifestyle. There is ample evidence in many species that the maximum age
attainable (maximum lifespan potential, MLSP) is genetically determined and several mitochondrial DNA
polymorphisms are associated with longevity.

Many studies have shown that most of the phenotypic characteristics observed in the aging process are the result
of the occurrence, with age, of a low grade chronic pro-inflammatory status called "inflammaging", partially
under genetic control. The term indicate that aging is accompanied by a low degree of chronic inflammatory, an
up-regulation of inflammatory response and that inflammatory changes are common to many age-related
diseases. Therefore, the theory of oxidation-inflammation was proposed as the main cause of aging. Accordingly,
the chronic oxidative stress that appears with age affects all cells and especially those of the regulatory systems,
such as the nervous, endocrine, and immune systems and the communication between them. This prevents an
adequate homeostasis and, therefore, the preservation of health. It was also proposed that the immune system
plays a key role in the aging process, specifically in the rate of aging, since there is a relationship between the
redox state and functional capacity of immune cells and longevity of individuals. Moreover, the role of the
immune system in senescence could be of universal application. A confirmation of the central role of the immune
system in oxi-inflamm-aging is that the administration of adequate amounts of antioxidants in the diet improves
immune function, decreases their oxidative stress, and consequently increases longevity.

The present review was aimed to understand the molecular mechanisms underlying beneficial effects of
mediterranean diet on neuroinflammation and related diseases.
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Introduction

In industrialised societies the average
lifespan considerably lengthened during the
past century, so that whereas in the early
twentieth century life expectancy at birth
was about 40 to 50 years, today it is almost
twice as much and by 2050 it is expected to
rise by another 10 years. Italy in particular
turns out to be among the most elderly
countries in the world thanks to,
undoubtedly, improvements in nutrition,
sanitation, and medical care. This increase in
the average lifespan and the consequent
proportional growth of the elderly segment
of society has furthered the interest in
studying ageing processes [1, 2].

Ageing may be considered a multifactorial
process derived from the interaction
between genetic and environmental factors,
and lifestyle. OIld age in human beings is
characterised by the onset of several diseases
which, although not unique to old age, are
nonetheless rather strictly correlated to it,
the physiological decline over time being a
pivotal factor in the increase of the risk the
elderly have of developing said diseases.

Over time, many studies have targeted the
identification of biological events to which
the progressive deterioration over time could
be attributed. The view of ageing as a
complex multifactorial process has
superseded previous monofactorial theories
which attributed the phenomenon of ageing
to one single cause [3]. In fact, some of the
phenomena which characterise physiological
ageing can be explained by individual
theories, but no one single theory is able to
account for the ageing process in its entirety.

Inflammaging

The term inflammaging was coined by
Claudio Franceschi [45] to indicate that
ageing is accompanied by a low degree of
chronic inflammation and an up-regulation of
the inflammatory response, and that
inflammatory changes are common to many
age-related diseases [58-63]. Multiple
persistent weak stimuli (endogenous and
exogenous toxins) cause a prolonged
commitment of body’s adaptive systems with
multiple low-grade inflammatory responses,
which tend to become chronic and often
asymptomatic. Indeed, patients report vague
and nonspecific signs and systemic order
symptoms  with  complex  diagnostic

definition. Inflammaging is characterized by
five conditions: low-grade, controlled,
asymptomatic, chronic and systemic
inflammation [64]. So inflammaging is the up-
regulation of a variety of stress responses at
the cellular and  molecular levels.
Inflammaging is the result of the body's
ability to adapt to and counter the effects of
a variety of stress factors that cause the
accumulation of molecular and cellular
damage.

Physiopathogenesis

The relationship between chronic systemic
inflammation and ageing is now widely
accepted. Many studies have shown that
most of the phenotypic characteristics
observed in the ageing process are the result
of the occurrence, with age, of a low grade
chronic  pro-inflammatory  state, called
"inflammaging", partially under genetic
control. This state seems be the result of
continuous  antigenic  stimulation  that
continues beyond the reproductive age and
therefore widely not expected by the
evolution [52, 65, 66]. The resulting tissue
damage appears to be related to death risk
in elderly people and also appears to be
deleterious to longevity [67]. Some studies
have identified genetic, cellular, and
serological markers of inflammaging, such as
an immunophenotype characterised by a
decrease of naive T cells and an accumulation
of memory cells, increased levels of pro-
inflammatory cytokines, and significant
alterations in the frequency of functional of
pro- or anti-inflammatory polymorphisms [54,
68, 69]. The inflammaging is characterised by
the activation of macrophages and the
expansion of specific T cells clones
(megacloni) directed to common virus
antigens such as the Cytomegalovirus (CMV)
and the Epstein-Barr virus (EBV) [70-74]. In
order to clarify the roles of CMV disease 121
subjects have been recently studied. The
subjects were between 25 and 100 years old:
18 subjects were serum negative and 103
serum positive for CMV infection [75]. It was
also observed that the age-related reduction
of CD8+ naive T cells was accelerated in CMV+
subjects. The reduction of naive CD8+ cells
was accompanied by a progressive increase in
CD8+ effectors T cells, CD28-, in CMV+
subjects. Therefore, the CMV seropositivity
seems to be associated with many
phenotypic and functional alterations of T cell
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immunity considered biomarkers of ageing
[75] Another chronic infection that could
play a key role in the immune-inflammatory
response in the elderly is caused by Herpes
Simplex Virus (HSV) that appears to play a
role as cofactor in damages involved in
Alzheimer's disease [76, 77]. A recent
prospective study has shown an increased
risk of AD in patients seropositive for IgM-
HSV, probably responsible for progressive
chronic damage [78]. Inflammaging is a
complex inflammatory response to various
endogenous and environmental stimuli due
mainly to the increase in circulating levels of
pro-inflammatory cytokines. Cytokines are a
class of soluble proteins responsible for the
communication between the different
components of the immune system.
Cytokines play an important role in
inflammation by acting on the targeting,
regulation, and termination of inflammatory
processes. It has been determined that these
molecules also play a central role in the
ageing processes. During ageing there is a
decrease, reversible, in the levels of IL2
cytokine, which is important in the
development of Tht and population in
increased production of pro inflammatory
mediators such as IL1, IL6, and TNFalpha [40].
The increase in the age-related inflammatory
markers (inflammaging) could be the basis of
the reduced ability for elderly subjects to
cope  with  various  stressors. The
inflammaging process may also generate
reactive oxygen species (ROS) that cause
oxidative damage and elicit an increase in the
release of cytokines, perpetuating a vicious
circle resulting in a chronic pro-inflammatory
state where tissue damage and repair
mechanisms proceed simultaneously. In this
case the damage accumulates slowly and
asymptomatically over the years, resulting in
ageing and in the development of age-related
diseases [59-64]. Reactive oxygen species
(ROS) are also capable of inducing profound
effects on gene expression and are
implicated in the pathogenesis of many age-
related diseases such as atherosclerosis, type
Il diabetes, neurodegeneration, osteoporosis
and osteoarthritis, all pathologies which
share a strong inflammatory/immunological
component. Moreover, oxidative stress and
ROS are active inducers of apoptosis and may
act as mediators influencing other
transcription factors such as NF-kB and AP-1
[68]. Alterations in apoptosis due to ageing

may therefore explain some of the most
important aspects of immunosenescence
[79], such as the accumulation of memory
cells, expanded megaclones, the restriction
of the repertoire of T lymphocytes, and the
increase in the incidence of autoimmune
phenomena. The cellular and molecular
mechanisms related to the body's ability to
appropriately respond to a series of oxidative
stresses and inflammations appear to play an
important role in promoting human longevity
and in avoiding/delaying the major age-
related diseases. The participation of
inflammatory cells and molecules in the
pathogenesis of many age-related diseases
such as atherosclerosis, Alzheimer, and
Parkinson's disease is well documented.
Conversely the control of inflammations may
allow successful ageing that can be better
achieved as is evident in centenarians. They
are the living example of successful ageing,
the desirable type of ageing, free from
chronic debilitating diseases, and which
preserves physical self-sufficiency and mental
health. These subjects are a highly selected
group who have lived for over a hundred
years without the onset of any major age-
related diseases; the study of these subjects
could detect the biological basis of ageing or
the combination of genes and lifestyle that
have allowed these people to avoid the
aforementioned age-associated diseases. The
“INCHIANTI Study”, concluded in 2004 [80],
showed that elderly subjects have high levels
of IL-6, CRP, and IL-1 compared to young
subjects in good health. A further study on a
group of Italian centenarians showed that
subjects genetically predisposed to produce
IL-6 in old age have a reduced ability to reach
the outer limits of human life.

Another study by Lyons et al. [62] on a
group of centenarians assessed the levels of
two cytokines, the anti-inflammatory protein
IL-10 and the TNF-alpha, a protein that
promotes inflammation. The study showed
that centenarians express genes encoding
high levels of IL-10 and low levels of TNF-
alpha compared to the control group of
younger subjects. Studies on the elderly and
centenarians have shown that the frequency
of variants (polymorphisms) of key genes
involved in immune response and low-grade
inflammation are present with different
frequencies in centenarians by comparison to
the young [74,81, 82]. The presence of an
anti-inflammatory genotype in centenarians
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suggests that chronic inflammation is a key
predictive marker of mortality and morbidity
in senescence. Signs of inflammaging have
also been found unexpectedly in healthy
centenarians, together with an increase of
inflammatory markers, such as IL10 and TGF-
beta [83, 84]. It seems that beside the
existent inflammatory phenomena, anti-
inflammatory phenomena (antiflammaging)
are also present and are equally important for
longevity, and that longevity is the result of
balancing these two conflicting responses
[85]. A long life, which exceeds 9o years of
age seems to have a strong genetic basis,
which explains why the almost-one-hundred-
years-old and centenarians are grouped into
families. Longevity seems to be greatly
influenced by a complex genetic pattern and
not by a few isolated genes. It is easy to
assume that genes and genetic variants
associated with strong immune responses
and inflammation have been selected and this
has helped to ensure survival in reproductive
age.

It has been proposed that an effective
inflammatory response useful for the
resolution of infection in young age may
become the cause of much pathology such as
arthritis, diabetes, cardiovascular and
neurodegenerative diseases in old age. The
double biological role of inflammation,
positive when young and negative when
older, is consistent with the antagonistic
pleiotropy theory that a gene can have
opposite effects at different periods of life.
Inflammation itself is not a negative
phenomenon; indeed, in response to various
stimuli, the immune system implements a
complex series of local and systemic
reactions that prevent tissue damage, isolate
and destroy any infectious agents and
activate the repair process. The damage is
related to the increase in life expectancy not
anticipated by evolution. When life
expectancy is prolonged it means that
immune system continues to react against
external agents for decades longer than
expected. The increased antigenic load
eventually establishes a chronic inflammation
that contributes to the deterioration of
various organs, becoming a risk factor for all
typical chronic diseases of old age. Indeed,
the elderly that have higher blood levels of an
acute phase protein, the PCR, are subject to
chronic inflammatory diseases.

The systemic consequences determine a
pattern of changes that goes by the name of
"fragility" (chronic inflammatory disease or
frailty) and epidemiological studies suggest
that low grade inflammation observed in the
ageing process promotes an atherogenic
profile that is related to other chronic
inflammatory diseases typical of old age.
Other genetic and environmental factors that
promote the diseases keep all their
importance and even determinate what will
be the principal organ affected; the
differences in the inflammatory status help to
explain why not all the subjects develop age-
related disease, even under the same risk
factors. The permanent exposure to a variety
of infectious agents for a long period (chronic
antigenic load) influences the ageing of the
immune system (Immunosenescence) [58,
86].

So the potential of our immune system,
genetically determined, is gradually depleted
over time, in relation with the pathogenic
antigen aggression. The improved hygienic
conditions typical of industrialized countries
may have reduced significantly the antigenic
overload, preserving longer the immune
system and avoiding a rapid depletion. This
factor, in addition to reduced mortality due to
acute infectious diseases, may have
contributed to an increased life expectancy
and to the increase in the number of subjects
who reach the extreme limit of life.

Related Disorders

Inflammation is a chronic systemic cause
of many agerelated diseases such as
atherosclerosis and cardiovascular illness,
Alzheimer’s disease and cancer.

Recent research has shown that chronic
systemic inflammation contributes to anxiety,
depression,  cognitive  decline, insulin
resistance and adult-onset diabetes, obesity,
and Parkinson's disease.

Cancer

Cancer is a disease that occurs mostly in
elderly subjects. The average age for
diagnosis in industrialized countries s
approaching 70 years of age and it is
expected to increase [87]. This may be due to
various reasons such as increased duration of
exposure to carcinogenic factors, stronger
cell susceptibility  to environmental
carcinogens [88, 89] or to the
immunosenescence in elderly [90]. Over the
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past 15 years a strong link between chronic
inflammations, induced by chemical,
biological, mechanical or physical lesions, and
cancer has been discovered. For example,
bowel inflammatory disease, ulcerative colitis
and Crohn's disease are clinical conditions
predisposing to the development of large
intestine or terminal ileum cancer [91, 92].
Helicobacter pylori is a microorganism
associated with atrophic gastritis, mucosal
dysplasia, gastric adenocarcinoma.
Inflammation plays an important role in the
development of solid tumours such as colon
cancer. This was clearly demonstrated by a
prospective case-control study of 22887
adults followed for 11 years, where 172 cases
of colon cancer were identified. In these
patients plasma concentrations of CRP were
higher compared to control cases [93]
Cancer susceptibility and severity may be
associated with functional polymorphisms of
cytokine genes involved in regulating
inflammation. In particular, polymorphisms
affecting IL6 and IL10 genes may influence
susceptibility and in some cases the
prognosis of cancer. Many different
mechanisms may also link inflammation to
cancer:

1. Induction of angiogenesis by
inflammatory factors
promotes cancer

progression [94].

2. Increased release of pro
inflammatory factors and
certain cytokines such as IL1,
TNF alpha and interferon are
both involved in
inflammation and cancer
development [94, 95].

3. Free radicals production
promotes carcinogenesis

[94]

Inflammatory state is the crucial mediator
of the intermediate stages of tumour
development. In cancer, genetic damage is
the fuse that triggers the fire and
inflammation is the fuel that feeds it. In 1978
Alberto Mantovani observed that innate
immunity cells tend to cluster around some
tumours [96]. Then Pollard et al. showed that
cancer cells '"reeducate" macrophages,
turning them into cytokines and growth
factors factories that stimulate cancer
growth by acting as tumour promoters [96].

Macrophages produce tumour necrosis
factor (NFK), which activates the nuclear
factor NFkB in cancer cells. This nuclear factor
triggers the production of proteins that stop
apoptosis and activate cell proliferation. So
the precancerous tissue in  chronic
inflammatory cells uses the innate immune
system to help the tumour grow. How this
process starts remains unanswered for the
time being [96].

Atherosclerosis

Almost the 50% of all deaths in the
developed world and 25% of the deaths in
developing countries are attributable to
cardiovascular diseases. Atherosclerosis is the
leading cause of heart disease and stroke.
Atherosclerosis, considered in the past a
disease of lipid accumulation, is now
considered a chronic inflammatory disease of
large and medium size vessels [97]. The
lesions begin in childhood as lipid streaks
(reversible), which in old age tend to become
plaques proper that can narrow the arterial
lumen or ulcer and complicate in thrombosis
which can occlude the lumen. The clinical
manifestations depend on the vessels
involved, so it will be angina pectoris and
heart attack during when the coronary
arteries are involved, stroke if the arteries of
the central nervous system are involved, and
peripheral arterial disease if the peripheral
circulation is concerned. It is clear that the
seats that are more predisposed to the
development of atherosclerotic lesions are
the ramifications and the curvatures of the
vessels of the blood stream due to friction on
its surface (hemodynamic stress), an
important factor for the intima thickening.
The early lesion of atherosclerosis is
identified in the functional/dysfunctional
endothelial alteration by cardiovascular risk
factors  (smoking, hypercholesterolemia,
hyperhomocysteinemia, hypertension,
obesity and diabetes mellitus, and possibly
infectious and immunological causes) and to
the accumulation and subsequent oxidation
of low density lipoprotein (LDL). The
endothelial dysfunction is followed by
adhesion and migration of monocytes and T
cells to the intima in response to the surface
expression of endothelial adhesion molecules
such as selectins, VCAM-1, ICAM-1 and
chemotactic signals (MCP-1).  Recruited
monocytes proliferate in the intima, and
differentiate  into  macrophages  that
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phagocyte infiltration and oxidized
lipoproteins transforming them into foam
cells that characterize striae lipid (fatty
streaks). The secretion of cytokines and
growth factors, mainly derived from
macrophages, induces migration of smooth
muscle cells from the media to the intima,
where they proliferate, differentiate in
"synthetic" phenotype and synthesize
extracellular matrix, resulting in the
transformation of lipid streaks in advanced
lesions: fibrous plaques consisting of a
fibrous cap that encloses a lipid core. The
accumulation of LDLs is not only due to
increased  permeability of  functionally
damaged endothelium, but also its ability to
bind the extracellular matrix constituents in
the intima. The LDLs undergo oxidation and
plays a key role in the development of the
intima chronic inflammatory reaction. The
LDLs are then trapped in the extracellular
matrix of the subendothelial space. Oxidation
of LDLs is due to enzymes and oxidative
metabolites produced by the arterial wall
cells, especially by monocytes-macrophages
recruited in the intima as an endothelial
damage result due to various causes. Initially,
LDLs lipids peroxidation takes place, which
interferes poorly with the binding between
LDLs and the receptor ApoB-E (or LDL-R);
MM-LDLs (minimally oxidized LDLs) are
"Trojan horses", physically similar to LDLs,
but with a bioactive macromolecular cargo,
which is introduced into the cell by
endocytosis of MM-LDLs. At later stages, lipid
peroxides and aldehydic products are
generated (malondialdehyde, MDA, 4-
hydroxynonenal) that can covalently modify
the LDL protein component; these OX-LDLs
called "cellular saboteurs" are no longer
recognized by LDL-R but bind to "scavenger
receptors” (SR: SR-A, CD36 and CD68). Since
SR are not subject to negative-feedback
regulation, the OX-LDLs not only introduce
active macromolecules into cells, but it also
causes the accumulation of intracellular
cholesterol esters, responsible for the
transformation of macrophages into foam
cells characteristic of atherosclerotic tissue.

The OX-LDLs activate some transcription
factors (e.g. NF-kB) in the cells (endothelium,
macrophages, smooth muscle cells), which
induce the expression of genes encoding
adhesion molecules, cytokines, and growth
factors and triggering the inflammatory
response. Experimental studies have attested

that oxidized LDLs have many biological
activities on arterial wall cells, including
cytotoxic action and direct mitogenic action
on smooth muscle cells, macrophages,
fibroblasts and endothelial cells. In the
endothelium they induce the expression of
adhesive molecules on leukocytes, stimulate
the production of chemotactic substances
(which are partly related to the endothelial
surface and are partly released in
subendotelium) and promote the synthesis of
growth factors for monocytes/macrophages
and smooth muscle cells, stimulate the
synthesis of PAI-1 (plasminogen activator
inhibitor-1) and tissue factor promoting
coagulation, stimulate the production of
endothelium and inhibit NO, inhibiting
endothelium-dependent vasodilation. These
species have a direct chemotactic effect on
macrophages; determine the transformation
into foam cells, stimulate the production of
cytokines, growth factors and
metalloproteases. In smooth muscle cells
induce the synthesis of MCP-1. Finally,
oxidized LDL activates platelets and cause
aggregation. The fibrous plaques may
experience more complications (ulceration,
bleeding, thrombosis, calcification)
determining the third and most serious
atherosclerotic stage: the complicated
lesions. There are many factors responsible
for plaque fissuring, in particular the great
importance of plaque inflammation and
abundant lipid component that would make
the plate less resistant to the blood
component. Inflammatory cells and especially
macrophages produce hydrolytic enzymes
such as metalloproteases able to lyse the
collagen of the fibrous cap that becomes less
resistant to hemodynamic stress.

Moreover elevated levels of some
inflammatory markers predict the outcome of
patients with acute coronary syndrome
regardless of myocardial damage. The
reactive C protein adds to the most common
risk factors such as negative prognostic index
for atherosclerotic cardiovascular events
even in apparently healthy subjects as shown
by Ridker. It is now commonly accepted that
the cardiovascular risk increases for PCR
levels in serum above 5 mg/l, but some
authors have shown that subjects with PCR
levels greater than 3.6 have a risk for
cardiovascular events 2 times higher than the
rest of general population.
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Alzheimer's Disease

Alzheimer's disease is the most common
neurodegenerative disease in Western
Europe and an important public health
problem as the number of cases is increasing
with the aging of the population. It manifests
with progressive decline in memory and
intellectual abilities, impoverishment of
language, disorientation and behavioral skills.
The characteristic neuropathological aspects
of Alzheimer's disease (AD) are senile plaques
(SP), neuro fibrillar clusters (NFT) and
amyloid  angiopathy. ~The NFT are
accumulations  of  dystrophic  neurites
containing double helix filaments whose main
component is the phosphorylated form of tau
protein encoded by chromosome 17 and
associated with microtubules. Amyloid beta
deposits are observed both within the
cerebral vessel wall and, more typically, as SP
represented by a central core of beta amyloid
fibrils surrounded by a ring of dystrophic
neurites, reactive astrocytes and microglia.
The beta amyloid protein originates from the
cleavage of a precursor consisting in two
fragments of 40 (Abeta1-40) and 42 amino
acids (Abetat1-42). About AD it is known a
familial form (FAD) with autosomal dominant.
In more than 50% of cases of this type have
been identified mutations in the amyloid
precursor protein (APP) on chromosome 21
[98], presenilin 1 gene (PS-1) on chromosome
14 [99] and presenilin 2 gene (PS-2) on
chromosome 1 [100]. These changes are
associated with increased production of
amyloid beta fragment 1-42 (Abeta), highly
toxic for neurons and main component of the
plaques observed in AD. However, the role of
genetic factors in the sporadic AD
pathogenesis is not completely clear and is
likely involved multiple risk factors.The
presence of epsilon 4 allele (e4) in the gene
for apolipoprotein E (APOE) is the major
genetic risk factor associated to the
development of sporadic AD. Subjects
carrying respect to non-carrying e4 allele has
a developing AD risk by three (in
heterozygote’s) to eight (in homozygote’s)
times greater. The e4 promotes the
deposition of Abeta in extraneuronal plaques.
The annual incidence rate is estimated about
1% in subjects over 65 years old to more than
3% in patients over eighty. Immune
responsiveness in AD appears to be altered
[101, 102]. In the brain of these patients there
are some acute phase proteins and elements

of the immune system, although there are
the classic inflammation signs such as
oedema and neutrophil invasion. Alterations
of this type found in the brains of patients
affected by AD, but not in age-matched
healthy controls, include a greater number of
receptors for immunoglobulin and for the
complement, increased microglial expression
of major histocompatibility = complex,
increased production of cytokines (like IL-
1beta, IL-6), increased acute phase proteins
alpha-1-antichymotrypsin (ACT) and
infiltration of T lymphocytes in the tissues
[103-106]. A case-control study (103) showed
that plasma levels of ACT are related to the
degree of cognitive impairment in AD
patients and that peripheral markers of
inflammation or altered immune response
could be used to monitor disease
progression. The role of inflammation is
further underlined by epidemiological studies
showing that the long-term use of NSAIDs
may protect against AD [107]. From the
immunohistochemical prospective microglia
is phenotypically related to monocytes, which
replaces in phagocytic role in brain.lt also
expresses a number of important marker of
immune function including major
histocompatibility antigens type | and II,
which  facilitates interaction with T
lymphocytes. It is shown by numerous
studies the increased concentrations of some
cytokines and their receptors that regulate
and amplify immune responses, conversely
lymphocytic infiltration does not seem to be
an important component. Complement
system also participate to these reactive
processes [108]. When complement system is
activated prepares the «cell to the
phagocytosis and stimulates the cytolysis.
Antibodies against complement components
are demonstrated in brain tissue of patients
with AD but they don’t bind to age-matched
controls tissues. These and other data imply
that in this disease there is activation of the
complement reactions cascade to the
production of a lytic membrane complex;
neurons exposed to the complex are
defended increasing the synthesis of
inhibitors. However in the disease status
prevails the process of self-destruction and
phagocytosis. These findings provide helpful
tips for AD treating, such as assumptions
regarding the use of inflammatory, and
stimulate suggestive questions such as what
is the relationship between beta-amyloid and
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inflammatory response. It seems that Beta-
amyloid directly activate components of the
inflammatory response as the complement
cascade and  microglia  [109] and
macrophages activity. The 1-40 and 1-42 forms
of the peptide evoke neurotoxins release by
microglia, including a newly-identified [105],
and it seems also involved a 'scavenger
receptor" present on microglia that should
bind beta-amyloid. According to some
authors, the beta-amyloid may activate the
cytotoxic  response  of  mononuclear
phagocytes and macrophages, causing a
cytopathic  response  directed against
neuronal elements. In terms of measurable
parameters directly in the patient were
observed high antibodies values against
microglia in liquor, indirect evidence of
abnormal activation system. Despite the
progress made by research in this area and
even though it was discovered the direct
confirmation that brain tissue inflammatory
cascade involving COX-2 is activated in
patients with the this disease [110-112], clinical
data, as opposed to the epidemiologicals, are
disappointing [113]. The only recent trial using
prednisone gave essentially negative results
[114]. In conclusion, the brain lesions
associated with AD such as neurofibrillary
tangles and senile plaques, are characterized
by the presence of a broad spectrum of
inflammatory mediators produced by cells
residing in the brain, including neurons.
Although of secondary importance compared
to the fundamental cause that determines
the tangles and plaques, there are strong
evidences that inflammation exacerbates the
neuronal loss. Consequently, the AD risk is
substantially influenced by several
polymorphisms in the promoter region of
genes, and other non-coding regions, coding
for inflammatory mediators. Alleles that
support the increased expression of
inflammatory mediators or alleles that favour
the reduced expression of anti-inflammatory
mediators are more frequent in patients with
AD compared to controls. The
polymorphisms are fairly common in the
general population, so there is a strong
probability that everyone will inherit one or
more high risk alleles [104,115,116-123].

Benefical Effects of Mediterranean Diet in
Neuroinflammation and Related Diseases

Despite during recent years many theories
about aging have been developed we are still

far from a full explanation of the mechanisms
underlying the aging process. It has not yet
been found an answer to the question that
always arises from the man : "why grow old?
") what do to live longer?". Great strides
have been made by immunological-
inflammatory research , but it is still waiting
for effective and validated therapeutic
strategies. It has great consensus the
hypothesis that aging is multifactorial and
complex process, produced by the
interaction between genetic, environmental
and lifestyle. According to the latest scientific
understanding our genes are programmed to
make us live 120 years. But we know that
longevity is not only written in the genes, but
for a good 70% must conquer day by day with
healthy lifestyles. So from the earliest years
of life is essential for healthy nutrition,
physical exercise constant, constant mental
activity, a limited use of tobacco and alcohol,
a life away from polluted environments, with
limited sun exposure and most importantly it
is necessary to lead a life animated by many
interests [124-138]..

Epidemiological studies have shown an
inverse association between adherence to
the mediterranean diet and the risk of chronic
and neurodegenerative diseases, the most
frequent causes of mortality in industrialized
countries. Greater adherence to the
Mediterranean diet is associated with a
reduction in the incidence of cardiovascular
mortality (10%) and a reduction of all-cause
mortality (8%) [124-138].

The paternity of research on the
Mediterranean Diet is to be attributed to the
nutritionist Lorenzo Piroddi (1911 - 1999), who
in 1939 hypothesized the connection
between eating habits and the onset of the
diseases of the exchange. To cure his
patients, Piroddi developed a first version of
the Mediterranean Diet, which limited the
consumption of animal fats favoring the
vegetable ones. But the first scholar who
brought the concept of "Mediterranean Diet"
to the attention of science was Ancel Keys
(1904 - 2004) [124-138].

The indicators of adequacy to the most
used Mediterranean Diet are: 1) the
Mediterranean Adequacy Index (MAI),
created by Albert-Fidanza, is built on the
Mediterranean Diet of reference, ie that
taken in 1960 in Nicotera (which was then
designated in the Seven Countries Study as
the third Italian rural area), dividing the
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percentage of energy deriving from the
consumption of typical Mediterranean foods
for that deriving from foods of a typically
non-Mediterranean diet. The MAI of the men
of Nicotera of 40-50 years amounted to 7.5.
Analyzing the MALI it was possible to see how
the diet of population groups examined in
Italy in the last four decades has changed,
progressively abandoning the nutritional
characteristics of the Italian-Mediterranean
diet. Even the diet of the subjects of Nicotera,
has undergone profound changes in quality
over time, in fact after 42 years the MAI has
fallen to 3.5 for men [124-138].

2) The Mediterranean Diet Score (MDS),
created by Antonia Trichopoulou, is a scale
that indicates the degree of adhesion
through 9 components and determines a
score from o to 9 (from the minimum grade
to the maximum degree of adherence to the
Mediterranean diet [124-138].

3) The Mediterranean Diet Score, created
by Panagiotakos, evaluates the consumption
of 11 categories of food products with a score
from o to 5 depending on the portions taken
weekly [124-138].

The Mediterranean diet foods

The undisputed protagonists of the
Mediterranean diet are: olive oil, whole
grains, fresh fruit, vegetables, fish, legumes, a
moderate amount of dairy products and
meat, red wine [124-138].

Olive Oil

It is the heart of the Mediterranean diet,
and determines its taste. It is the most used
fat and this is good: it is rich in
monounsaturated fatty acids and in particular
of oleic acid (70-86%), thanks to this particular
feature is one of the best condiments to keep
under control the serum concentrations of
lipoproteins very low density rich in LDL
cholesterol which tends to remain in the
blood and to settle on the walls of the
arteries. Furthermore, the relatively high
concentration of oleic acid in the membrane
phospholipids, makes the cell less susceptible
to oxidation, reducing the formation of pro-
inflammatory molecules [124-138].

It is rich in polyphenols, substances that in
addition to having antioxidant characteristics,
stimulate the expression of genes that
protect us from cancer. Some of these
compounds, in particular flavonoids and
secoiridoids, have shown significant effects in

the prevention of chronic diseases such as
cardiovascular diseases, some types of
tumors, premature aging and degenerative
diseases of the nervous system, so they could
help to explain the healthy effects of extra
virgin olive oil in addition to the oleic acid
content [124-138].

Olive oil is not only important for its
intrinsic properties, but also because it
replaces other fats widely used in non-
Mediterranean kitchens, such as those of
animal origin (lard or butter) or from lower
quality vegetable oils. Let's not forget,
however, that it is still a fat and that all fats,
regardless of other nutritional characteristics,
have the same caloric intake [124-138].

Whole Grains

They are representative of the
Mediterranean Diet, in fact they occupy the
base of the food pyramid with vegetables
and fruit. Cereals are a group of foods that
include corn, barley, rice, wheat (soft and
hard wheat) and spelled. They are an
important source of nutritive energy and
provide this energy in the form of starch,
polysaccharide from which glucose s
obtained after the digestive process, and are
also a good source of protein. Whole grains
are those that keep intact bran and germ and
are rich in iron, B vitamins and fibers that
facilitate intestinal transit and limit the
contact of some harmful elements with the
gastrointestinal mucosa. Many cereals can be
ground to make different types of flour,
which may have retained the original
composition for the entire production path or
have been reconstituted. These flours are
then used for the production of pasta, bread
and other baked goods [124-138].

Current epidemiological evidence indicates
that whole grains have a beneficial effect on
health. Whole grain foods substantially
reduce the risk of cardiovascular disease,
diabetes and cancer and also play a part in
body weight management and digestive
health. Essential macro and micronutrients
with phytonutrients present in whole grains
contribute synergistically to their beneficial
effects. The inverse association between
whole grain intake and cardiovascular disease
was demonstrated by a meta-analysis that
evaluated seven cohort studies highlighting
that the increased total grains intake (2.5
portions compared to 0.2 per day) was
associated with a 21% lower risk of
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cardiovascular events. On the contrary,
there was no correlation with the intake of
refined cereals, in which the relative
concentration of starch is higher because
most of the bran and some parts of the germ
are removed in the refining process [124-138].

A recent intervention trial showed a
greater reduction of fat mass without any
change in body weight, in the group that took
whole grains compared to that with refined
grains. Also for the risk of type 2 diabetes
mellitus has been demonstrated an inverse
association with the intake of whole grains;
the beneficial effects may be due to the
structure of whole grains and nutrients
present in whole grains, such as magnesium
and antioxidants such as vitamin E, phytic
acid and selenium [124-138].

A recent meta-analysis of 25 prospective
observational  studies  confirmed the
reduction in colorectal cancer risk, resulting
in an increase of 3 portions per day of whole
grains. The nutritional components of whole
grains, which exert their action in improving
health by preventing chronic-degenerative
diseases, include tocotrienols, lignans and
phenolic compounds, and anti-nutrients such
as phytic acid, tannins and enzymatic
inhibitors [124-138].

Fresh Fruit and Vegetables

They are foods with reduced caloric
power, rich in fiber, water, vitamins and
minerals.
The dietary fiber present in fruits and
vegetables increases the distension of the
stomach with an increase in the sense of
satiety which consequently leads to not
exceeding the consumption of other types of
foods with higher caloric power. The portions
of fruit and vegetables consumed per day
must be five. Always choosing seasonal fruit
and vegetables limits the risk of using harmful
substances used in agriculture with them,
helps to preserve biodiversity and also the
organoleptic qualities are superior [124-138].

Fish

It is a food that has shaped and
determined the history of the countries
bordering the Mediterranean. It is an
excellent source of protein, vitamin D, of
omega-3 long-chain polyunsaturated fatty
acids and some mineral salts such as
selenium, phosphorus and potassium that
regulate the exchange of substances through

the cell membrane and therefore affect the
normal functioning of all the cells of our
body. Particular attention is given to the
presence of omega-3 fatty acids, which
include eicosapentenoic acid and
docosahexaenoic acid, defined as essential
because our body is not able to produce
them, and must therefore necessarily be
taken with the diet. Consumption of omega-3
protects the  cardiovascular  system,
decreasing the risk of coronary heart disease,
hypertension, atherosclerosis, thrombosis
[124-138].

They have antithrombotic effects as they
inhibit the platelet aggregation, substituting
arachidonic acid to produce the thromboxane
A3 without any aggregating and weak
vasoconstrictor effects and antidyslipidemic
effects, as they reduce the expression of
ApoB100 of LDL [124-138].

Legumes

Often called the "meat of the poor", they
have a dual function, both for the presence of
slow-absorbed carbohydrates and for the
good protein content they possess. The
association of cereals and legumes s
complete from the protein point of view, as it
provides the body with all the essential amino
acids we need. Legumes have a fair amount
of mineral salts, some vitamins and dietary
fiber, which helps to reach a sense of satiety.
They also help to modulate the glycemic
response of the meal [124-138].

Dairy products and meat

As for meat, we tend to prefer white to
red. It is rich in proteins, fats whose quota
depends on the type of breeding and origin
of the animal, vitamins and mineral salts. Milk
is an excellent source of protein, minerals and
vitamins [124-138].

Wine

Attention goes to the presence of
antioxidants such as resveratrol and
quercetin. These substances are important
because they have the power to protect the
proteins, lipids and nucleic acids of the cells
from the attack of free radicals. Obviously, it
is not possible to pursue an anti-radical or
completely protective objective, because it
would coincide with an excessive amount of
alcohol. The concept therefore remains that a
good glass of red wine can help to exercise
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positive actions not only for the reduction
of cardiovascular risks, but also for the
improvement of the lipid pattern, of the
hemostatic balance, of blood pressure, of
insulin sensitivity, of cholesterol level. HDL
[124-138].

Each food, therefore, has beneficial effects
on health, when the consumption of these is
adequate and proportionate in the right
amounts, to meet the energy and nutrient
needs of the body.
It is essential to stress that all the meals of a
day, starting from breakfast, lunch, dinner
and snacks, must be balanced, that is to
contain all the nutrients we need, a goal that
can be reached easily with a diet as varied as
possible as the Mediterranean diet indicates
to us [124-138].

Always pay attention to the quantity, but
above all to the balance of the nutrients that
bring energy, respecting in particular the
following proportions: 55-60% of the energy
from the carbohydrates, 12-15% from the
proteins, 25-30% from the fats. We can also
say with certainty that the Mediterranean
diet can be a useful tool for reducing body
weight, with moderate caloric restriction
associated with physical activity [124-138].

Conclusions

While nutritional strategies that reduce
inflammation and oxidative stress appear to
hold promise for preventing
neurodegenerative disease, it’s important to
note that some nutritional factors may
actually enhance brain inflammation. Obesity
seems to be on the top of the list of
concerns. Studies have shown that people
with higher levels of adiposity are at higher
risk for both future PD and AD and that
central adiposity is related to cognitive
decline and dementia. Body fat promotes
inflammation. Body fat may store toxins. A
fatter person even has a smaller
hippocampus, says Perlmutter of links
between obesity and neurodegeneration.
Diabetes is linked with a higher risk of
dementia and AD as well. Brain inflammation
may also be bolstered by advanced
glycosylation end products (AGEs), molecules
formed during a nonenzymatic reaction
between proteins and sugar residues called
the Maillard reaction. AGEs produce a “fifty-
fold increase in free radicals and increase the
risk of AD by 400%,” according to Perlmutter.
AGEs can create adverse effects on tissues

and cells, including the activation of
intracellular signal transduction pathways
leading to the upregulation of cytokine and
free radical production [124-138].

It may seem strange, but the much-
publicized Mediterranean Diet, which we
should all follow to be better and prevent
diseases of well-being and which represented
the basis of eating habits until the middle of
the twentieth century in all the countries of
the area, is progressively disappearing from
the Mediterranean countries, from Italy, from
Greece, from Spain and also from the Middle
East and from North Africa, because of the
wide diffusion of the western economy, of
the urban and technological culture and of
the globalization of production and
consumption. The food choices are oriented
towards what the market offers, depending
on the efficiency and speed of transport,
distribution networks and the effectiveness
of conservation technologies and become
increasingly disconnected from seasonality
and tradition [124-138].

In the last years, the Mediterranean style
has undergone a profound change: the diet
has progressively been enriched with foods
high in protein, saturated fats and simple
sugars because they have become more
frequent both meals outside the home (for
necessity and for laziness) that the
consumption of ready-made foods (very
different qualitatively from those consumed
in the 60s) and also the portions of Italians
have increased by 30-40% (from 2,500 to
3,300 kcal /| day), with a progressive
impoverishment of plant origin and complex
carbohydrates. This increase in the calorie
intake did not follow an adequate energy
expenditure because the lifestyle has become
more sedentary as it is linked to transport
and work more and more to the machines,
thus resulting in a significant reduction in
daily energy expenditure [124-138].

We live, therefore, in an era of "apparent

well-being", where the growth of overweight
and obesity and of all the related pathologies
is also registered when life expectancy is
prolonged.
The Mediterranean food model should not be
abandoned, but rediscovered, re-evaluated
and proposed daily in the tables of all the
people [124-138].

The smart lesson to be learned about
health and function? Don’t neglect
mediterranean diet.
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