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Editorial
In this issue, we are proud to announce our 10th international congress, where once again we congregate
many experts in the field of aging control. In the last 10 years, SEMAL has been working in the integration
of different disciplines because fighting aging will necessarily require multidisciplinary teams of clinicians
and basic scientists, working in cooperation with the pharmaceutical industry. A better understanding of
the aging process itself can lead to improved and earlier interventions to prevent the negative effects of
the aging process. As some projections suggest in relation to life-style related diseases, failing health in
younger years can be even more burdensome than failing health in old age.
In recent decades, scientists have learned enough about the biological processes that many believe it will
become possible to slow aging in human. Also, every year, new molecules are reported to modulate life
span extension (for instance, AMP-activated protein kinase associated with mitochondrial biogenesis). As
a consequence of this, we already know that certain life-style related practices like eating habits, physical
and mental activity, stress reduction, etc. can contribute to general health improvements and healthier
aging.
However, we must have a realistic view of this interesting and difficult field because there are still critical
knowledge gaps about the root cause of aging. Of course, we know that Life style/environment as well as
genetic factors plays an important role in healthy aging but aging as a rule remains a fact of life.
Nowadays, why we age is an unanswered question like many other big and basic questions in Biology
and Medicine such as what is the biological basis of the consciousness, how the memories are stored and
retrieved, what cause Parkinson´s disease, etc. In spite of this, patients and media demand to Anti-aging
professionals a fast solution to prevent or reverse aging by giving a magic recipe but everybody knows that
this formula does not exist. In this sense, our goal is to give to the patients reliable information and stay
away of the danger of false promises of anti-aging products. For that, we must know the possibilities and
the limits of the science of aging, some of which are addressed in our meeting in Madrid.
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Using Pomegranate, from Anti-aging to treating
cancer
Gilberto E. Chéchile Toniolo.
Institute of Prostatic Diseases, Instituto Universitario Dexeus.
Instituto Médico Tecnologico. Clínica Nostra Senyora del Remei. Barcelona. Spain. g.chechile@urovirtual.net

Introduction

The pomegranate, fruit of the Punica granatum tree,
is native to the Himalayas in northern India, and
Iran. Since antiquity its cultivation has spread to
the Mediterranean countries, India, China, Japan
and Russia, as well as areas of the United States and
Afghanistan. The pomegranate’s medicinal properties
have been known for thousands of years, mention
being made in the Old Testament, the Jewish Torah,
and the Talmud of Babylon. It was used in the
ceremonies and mythology of the Ancient Egyptians,
Greeks and Romans. Ayurvedic medicine regards the
pomegranate as a pharmacy in its own right, using
it against parasites, diarrhoea, diabetes, and to cure
ulcers. In South America, pomegranate bark, peel
and petals are chewed to treat dysentery, and mouth
and gum problems1.
Phytochemical constituents of the pomegranate

Phytochemicals are plant secondary metabolites
having health-giving benefits, although they are
not considered essential nutrients. Generally,
phytochemicals are produced by the plant as part
of its defence mechanism against external dangers,
such as ultraviolet radiation, pathogens, etc2. Diets
rich in phytochemicals are associated with a reduced
risk of developing illnesses such as certain types
of cancer, and inflammatory, cardiovascular or
neurodegenerative diseases. Although the greatest
source of the pomegranate’s phytochemicals are
found in the fruit, other parts of the tree, such as
leaves and seeds also contain them. More than 100
phytochemical compounds have been isolated in the
pomegranate. Those detected most frequently are

the polyphenols, which include: a- flavonoids such
as the anthocyanins and anthocyanidins (cyanidin,
delphinidin, pelargonidin); b- flavonols such as
luteolin, quercetin and kaempferol; c- hydrolysable
tannins such as the ellagitannins, punicalagins and
gallotannins. Hydrolysable tannins are responsible
for 92% of the antioxidant activity of pomegranate
juice and the punicalagins are responsible for half of
this antioxidant effect3. Pomegranates also contain
catechins such as those found in green tea, and
steroids such as estradiol, estriol, estrone, testosterone
and ursolic acid. The oil obtained from pomegranate
seeds contains fatty acids, the most common of these
being punicic acid (>60%). The structural variations
between the polyphenols extracted from the various
components - the fruit, juice or other parts of the
pomegranate including the tree - are numerous.
The pharmacokinetics of pomegranate juice

Ellagitannins are hydrolysed rapidly in the body,
becoming ellagic acid, of which no trace is found
in the circulatory system after five hours4. Once
absorbed, ellagic acid is metabolised by enzymes,
such as glucuronosyltransferase and sulphotransferase,
which increase its excretion and detoxification by
increasing its water solubility. Intestinal microflora
transform ellagic acid into two principal metabolites,
urolithin A and B, which can remain in urine for up to
three to four days after ingesting pomegranate juice;
this may explain the beneficial effects of its chronic
administration5,6. González-Sarrias et al have shown
the presence of urolithin A and traces of urolithin B
in the prostate of men who had previously received
pomegranate juice or walnuts for three days before
surgery7.
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Antioxidant effects of pomegranate

Recent research suggests that oxygen-dependent
free radicals are the first step in physio-pathological
mechanisms of chronic illness and the aging process8.
The increase of nitric oxide (NO) and nitric oxide
synthase (NOS), associated with an excess in O2
production, produces the formation of high levels
of peroxynitrite (ONOO-)9. This compound causes
direct toxic effects, such as lipid peroxidation,
protein oxidation and DNA damage, as well as the
induction of various transcription factors, including
the nuclear factor kappa B (NF-KB) and the activator
protein-1 (AP-1), which lead to cytokine-induced
chronic inflammation. As a result of the latter
mechanism, nitro-oxidative stress is transformed into
an inflammatory process as these cytokines spread
the inflammatory message via blood circulation,
thus causing continuing cell damage (for example,
endothelial cell dysfunction)10. DNA exposure
to ONOO- or NO plus O2 causes breaks in the
chains11. Furthermore, the ONOO- renders various
enzymes inactive that are important in repairing
damaged DNA. Due to all these effects, ONOOinduces apoptosis if oxidation is moderate, or cell
necrosis if oxidative stress is severe12. The antioxidant
activity of pomegranate juice is three times higher
than red wine or green tea13. Consuming 250 ml of
pomegranate juice for four weeks has been proven to
eradicate free radicals from the body, and significantly
increase plasma antioxidant capacity in older people
when compared to those consuming apple juice14.
Rosenblat and Aviram proved that pomegranate
juice contains a total higher concentration of
polyphenols (5 mmol/l) and a greater antioxidant
activity than other fruit juices (kiwi, apple, grape,
orange, pineapple, pear, peach), which contain 1.3
– 4 mmol/l of total polyphenols15. These properties
have a potential use as a complement to anti-aging
treatment in both sexes.
Oxidation of LDL cholesterol is considered to
be an initial marker of atherogenesis. Natural
antioxidants can inhibit this oxidation via several
mechanisms: a - free-radical reduction or quelation
of metal ions; b – protection of artery wall cells
from oxidative damage; c – preservation of certain
serum enzymes (paraoxonases) that hydrolyse

8

specific lipid peroxides15. The flavonoids present in
pomegranate juice are powerful antioxidants against
LDL cholesterol oxidation16. A daily consumption
of 240 ml of pomegranate juice for one year
significantly increases paraoxanase 1 (PON1) activity,
and reduces LDL and HDL cholesterol oxidation
by 60%. The majority of these effects are obtained
during the first month of consuming pomegranate
juice16. Supplementing hypercholesterolemic mice
under oxidative stress with pomegranate juice
reduces the size of arteriosclerotic lesions by 20%.
The advance of the illness was seen to be detained
after 24 weeks’ treatment with pomegranate juice in
another group of mice which had been induced with
arteriosclerotic disease for six months17. Disturbed
blood flow harms the vascular endothelium as the
cells increase the production of free radicals capable
of causing oxidative stress, and the activity of nitric
oxide synthase (NOS) is reduced with the subsequent
drop in the production and action of NO18. De
Nigris et al studied the in vitro and in vivo effects of
punicalagin-rich pomegranate extract on oxidationsensitive genes (ELK-1 and p-CREB) and NOS18.
Use of pomegranate extract or juice corrects the proatherogenic imbalance by increasing NOS activity,
which leads to a rise in NO production and activity,
thus reducing oxidative stress18.
Other in vitro and in vivo research has shown
that prolonged administration of pomegranate
flower extract to obese diabetic mice reduces
triglyceride levels in myocardial cells, lowers plasma
total cholesterol levels, improves postprandial
hyperglycaemia, and glucose tolerance19,20.
These properties can be used in the prevention
and treatment of arteriosclerosis, diabetes-related
cardiovascular complications, in reducing plasma
levels of lipids and glucose, and in improving
irrigation of cardiac muscle.
Anti-tumour effects of pomegranate
1- Antiproliferative effects and proapoptosis

a- Prostate cancer. Several studies have shown that
different parts of the pomegranate (arils, pericarp, seeds
etc.), fresh or fermented, have antiproliferative effects.
Albrect et al21 showed in vitro that extracts derived
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from pomegranates inhibited the proliferation of
several prostate cancer cell lines - hormone-sensitive
(LNCaP) as well as hormone refractory (PC-3 and
DU 145). However, normal prostate cells are not
affected. Malik et al22 assessed the antiproliferative
effect and proapoptosis of pomegranate extract in
aggressive hormone-refractory prostate cancer cells
(PC-3), and observed a dose-dependent inhibition
in cell-growth and apoptosis induction. This effect
came about due to the decrease in expression of the
anti-apoptotic Bcl-2 gene protein and the increase in
expression of the pro-apoptotic Bax gene protein. In
one in vivo experiment in which athymic mice were
implanted with hormone-sensitive prostate cancer
cells, tumour growth was observed to be slower in
animals that had been administered with pomegranate
extract as their sole source of liquid compared to
those drinking only water. Furthermore, the animals
receiving pomegranate extract showed a significant
reduction (up to 85%) in PSA production23. Seeram
et al23 obtained similar results from pomegranate
juice with respect to growth inhibition of prostate
cancer cells in vitro and in vivo. They also observed
that the urolithins (ellagic acid metabolites) were
localised in the prostate, inhibiting growth of both
hormone-sensitive and hormone-refractory cancer
cells. Recently, Koyama et al have shown that
pomegranate juice induces apoptosis in prostate
cancer cells by inhibition of IGF24. These results
suggest that consuming pomegranate may delay the
growth of prostate cancer, which could lengthen and
improve the patients’ quality of life.
b - Breast cancer. Similar results have been seen
with breast cancer cells in in vitro and animal models.
Metha et al25 saw that pomegranate seed oil had antitumour effects in breast cancer cells. Jeune et al26
studied MCF-7 breast cancer cells and found that
the extract obtained from whole pomegranate had a
cytotoxic effect caused by induction of apoptosis and
this effect was dose-dependent. The effect was greater
with the whole fruit extract than when different parts
of the pomegranate were used separately. Kim et al27
showed in vitro that pomegranate seed oil, as well
as natural and fermented juice, inhibited estrogen
synthesis and aromatase activity between 60 and 80%.
The greatest effect was found in estrogen-dependent

MCF-7 cells, a lesser effect in the estrogenindependent MB-MDA-231 cells, and a very low
effect in normal human breast epithelial cells, MCF10. Furthermore, in a murine breast cancer model,
fermented pomegranate juice inhibited the formation
of tumours induced by the carcinogen DMBA by
47% 29. These observations support the therapeutic
use of pomegranate in human breast cancer.
c- Colon cancer. Pomegranate seed oil, with a
conjugated linolenic acid content of more than 70%,
was shown to suppress colon carcinogenesis29. All
components of the pomegranate have been shown to
induce apoptosis in colon cancer cells (HT-29)30.
d- Lung cancer. Treatment with pomegranate
produces a reduction in the viability of lung cancer
cells (A549) while only minimally affecting normal
human bronchial epithelial cells (NHBE)30. In
another study, Khan et al31 showed that pomegranate
extract significantly reduced the number of tumours
developed by mice exposed to two different
carcinogens: benzo[a]pyrene (B[a]P) and N-nitrosotris-chloroethylurea (NTCU). Eighty-four days
after being exposed to the carcinogen (B[a]P), the
animals receiving pomegranate extract displayed a
54% reduction in the number of tumours while at
140 days the reduction was 62%. At 240 days after
exposure to the carcinogen NTCU, the animals
receiving pomegranate extract displayed a 66%
reduction in the number of tumours31.
d- Skin cancer. Hora et al32 observed that
pomegranate seed oil reduced the incidence and
number of skin tumours in cancer models in mice.
2- Effects on the nuclear kappa B (NF-kB)

NF-kB forms part of a family of transcription
factors and is activated as a response to various
stimuli: cytokines, carcinogens, chemotherapies,
endotoxins, chemical or physical stress, radiation,
hypoxia, and inflammation. Activated NF-kB is
found in several tumours and it has been shown to
regulate the expression of more than 200 genes with
different functions that participate in regulating the
immune system, carcinogenesis, cell proliferation
and adhesion, anti-apoptosis, angiogenesis, invasion
and metastasis31. NF-kB activity is regulated by an
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inhibiting protein that binds onto it, retaining it in
the cytoplasm. When the NF-kB route is activated,
the inhibiting protein degrades by phosphorylation,
releasing NF-kB, which translocates to the nucleus
where it acts as a transcription factor35. Shishodia
et al have shown that pomegranate juice, as well as
pomegranate tannins and punicalagin, suppress the
activation of NF-kB in colon cancer cells29. Various
studies conducted by Khan et al have demonstrated
that pomegranate extract inhibits NF-kB activation
in lung and breast cancer cells and in an in vivo model
using athymic mice implanted with lung cancer
cells30,31,34.
Prostate cancer is one of the tumours in which
NF-κB activation has been shown to be present
and represents an independent risk factor of tumour
recurrence after radical prostatectomy36,37. Rettig
et al have demonstrated in vitro that pomegranate
juice, as well as pomegranate extract, inhibit NF-κB
and cell viability in prostate cancer cells. In one
in vivo model, pomegranate was seen to delay the
appearance of hormone resistant prostate cancer37.
NF-κB inhibition is a necessary mechanism to obtain
the maximum pro-apoptotic effect from pomegranate
juice.
3- Effects on angiogenesis

Hypoxia is the principal mechanism in the progression
of more than 70% of tumours via the activation of
angiogenesis, an essential factor for a tumour to be
able to grow more than 200 micras38. However, in
contrast to what happens with the vascularisation
of normal tissue, the tumoural microvessels formed
through angiogenesis are extremely disorganised.
Thus greater hypoxia is produced with the subsequent
activation of transcription factors associated with
cellular hypoxia, such as hypoxia-inducible factor 1-α
and 1-β (HIF-1α and HIF-1β); these in turn activate
different genes related to angiogenesis, leading to
greater progression and invasion39. Tumour-induced
angiogenesis is regulated by factors produced by
macrophages, neutrophils, and by the tumoural cells
themselves such as the vascular endothelial growth
factor (VEGF). In prostate cancer, for example, it has
been shown that androgens, which play an important
role in tumour aetiology and progression, activate the
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expression of HIF-1α and VEGF40. Toi et al analysed
the anti-angiogenesis potential of pomegranate seed oil
or fermented pomegranate juice on estrogen-sensitive
(MCF-7) or estrogen-resistant (MB-MDA-231)
breast cancer cells, observing a significant reduction41.
Sartippour et al carried out in vitro studies on the effect
of pomegranate peel extract (standardised to 37%
ellagitannins and 3.5% free ellagic acid) on hormonesensitive prostate cancer cells (LNCaP) and human
umbilical vein endothelial cells 42. Pomegranate
extract inhibited the proliferation of the endothelial
cells under both nomoxic and hypoxic conditions,
and inhibited the proliferation of LNCaP cells under
hypoxic conditions. Under hypoxic conditions, a
reduction was also observed in the concentration of
HIF-1α protein and VEGF in both cell groups. In
an in vivo experiment, human prostate cancer cells
(LAPC4) were implanted into mice with severe
combined immunodeficiency (SCID); the animals
then received either pomegranate extract or a liquid
serving as control by mouth five days a week for
four weeks. The pomegranate extract the animals
received was the equivalent of a human intake of
320 ml of pomegranate juice. After four weeks,
tumour volume was observed to be significantly
smaller (199±37 mm3 compared to 1179±106 mm3)
in those animals that had received the pomegranate
extract. Furthermore, VEGF concentration was
significantly higher in those animals receiving the
control liquid, while HIF-1α staining and blood
vessel density were reduced significantly in those
animals receiving pomegranate extract43. Khan et al
observed that the density of microvessels decreased
by 78% in mice with primary lung cancer and which
received pomegranate extract; VEGF expression was
also reduced31.
4 – Effects on tumoural invasion.

For tumours to be able to infiltrate surrounding
tissue, tumour cells need to secrete proteolytic
enzymes, such as metalloproteinases, in order to
digest the extracellular matrix. Pomegranate extract
has been proven to be effective in inhibiting
metalloproteinase expression by inhibition of NF-κB
in human chondrocytes43. In another study, several
constituents of pomegranate (ellagic acid, caffeic
acid, luteolin and punicic acid) were examined in
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vitro for their potential inhibiting effect on human
hormone-refractory prostate cancer cell (PC-3)
invasion through an artificial membrane44. Although
each of the substances separately and significantly
inhibited invasion, when used together, a supraadditive effect was seen. Albrecht et al had similar
results with the same type of prostate cancer cell21.
Khan et al observed a dose-dependent reduction in
cell invasion (up to 46%) using pomegranate extract
in an in vitro model of breast cancer34.
Anti-inflammatory effects of pomegranate

Approximately 15% of all tumours are related to the
presence of chronic inflammation. Epidemiological
studies have shown that men with a history of prostatitis
and sexually-transmitted diseases are at greater risk
of prostate cancer45. Cyclooxygenase (COX) is an
enzyme that participates in converting arachidonic
acid to prostaglandin, an inflammatory mediator.
There are two isoforms of the enzyme: COX-1 is
found in the majority of tissues and is responsible
for maintaining normal physiological functions,
while COX-2 is related to cutaneous inflammation,
cell proliferation and tumour promotion46. COX-2
also produces resistance to apoptosis and promotes
angiogenesis and metastasis. Inhibition of COX2 is important, not only in reducing inflammation,
but also in cancer prevention. Pomegranate seed oil
has been shown to inhibit COX-2 by 37% in vitro,
and lipooxygenase (which catalyses the conversion
of arachidonic acid into leukotrienes) by 75%47.
Adam et al studied the effects of pomegranate
on the inflammatory cells in HT-29 colon cancer
cells, observing that COX-2 protein expression was
inhibited by 79% with pomegranate extract, by 55%
with total pomegranate tannins, and by 48% with
punicalagin48. These results suggest that pomegranate
juice could be a potential anti-inflammatory agent
thanks to its COX-2 inhibiting capacity.
Clinical applications of pomegranate juice

All parts of the pomegranate have been used to
treat a variety of illnesses for over a thousand years.
However, it was not until the early 90s that the first
modern experimental and clinical trials began1.

1- Prostate cancer

Pantuck et al49 undertook a phase II clinical trial with
46 men with prostate cancer who had been treated by
surgery, radiotherapy or criotherapy, and whose PSA
levels had increased. The inclusion criteria were a
Gleason score of ≤ 7 and PSA between 0.2 and 5 ng/
ml. Treatment consisted of 240ml of pomegranate
juice a day until the illness progressed. None of the
patients had metastasis nor had they received hormonal
treatment. Follow-up was carried out every three
months and PSA levels were determined then. The
aim of the investigation was to study the variation in
PSA figures, such as doubling time. Concurrently an
in vitro study of cell proliferation was undertaken in
which patients’ serum was incubated with a culture of
hormone-sensitive prostate cancer cells (LNCaP). Of
the 46 patients, 16 (35%) showed a reduction in PSA
values. In four cases PSA dropped by more than 50%.
PSA doubling time (PSADT) increased significantly,
from an average of 15 months at the beginning of
the study up to 54 months (p<0.001). In the in vitro
study, after nine months a 12% reduction in prostate
cancer cell proliferation was observed, and a 17%
increase in apoptosis. Results from the patients who
had continued the treatment with pomegranate juice
were presented at the 2008 Annual Congress of the
American Society of Clinical Oncology (ASCO),
the findings showing that PSADT increased at 68
months50. These results suggest that pomegranate
juice is effective in delaying the progression of
prostate cancer in patients whose initial therapies had
been unsuccessful. There is currently a multi-centre
phase III clinical trial under way to evaluate the
benefits of pomegranate juice compared to placebo
in prostate cancer patients. There are presently no
results on the effects of pomegranate juice in patients
with other tumours
2- Andrology

Patients with erectile dysfunction caused by vascular
conditions show an accumulation of oxidative products
in the corpora cavernosa, for this reason oxidative
stress may be of great importance in the aetiology of
arteriogenic erectile dysfunction. Antioxidants may be
useful in preventing erectile dysfunction and fibrosis
of the corpora cavernosa. Azadoi et al51 examined the
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3- Diabetes

antioxidant activity of several antioxidant beverages,
such as pomegranate juice, cranberry juice, orange
juice, green tea, and red wine. Pomegranate juice
showed the highest capacity for scavenging free
radicals, reducing low-density lipoprotein oxidation,
and for inhibiting oxidative stress in macrophages.
Furthermore, in a model of erectile dysfunction in
rabbits, the authors noted that using pomegranate
juice over an extended period increased blood flow
in the corpora cavernosa, improved erectile response
and smooth muscle relaxation in animals with erectile
dysfunction and in the control group. No significant
effects were observed in the expression of nitric
oxide synthase. In the group of animals with erectile
dysfunction, prolonged consumption of pomegranate
juice prevented fibrosis of the corpora cavernosa51.
Forest et al52 undertook a pilot study with 53 men
with mild to moderate erectile dysfunction, who
were given pomegranate juice or a placebo for two
four-week periods separated by a two-week period
without treatment. Assessment was carried out via a
questionnaire on sexual activity (IIEF) and a global
assessment (GAQ). Of the 42 patients reporting
improvement, 25 had consumed pomegranate juice.
The symptoms analysed in the IIEF questionnaire
improved more in the pomegranate juice cohort;
however, statistical significance was not achieved
(p=0.058), probably due to the small sample size52.

Diabetes is associated with high levels of oxidative stress
and the development of atherosclerosis; antioxidants
could thus be useful in treating sufferers of this illness.
In several studies using diabetes-induced rats, various
components of pomegranate were used (flowers, seed
oil, skin or juice) and their effects noted54-58. Xu
et al treated diabetic rats with pomegranate flower
extract and observed a reduction in fat in the liver,
produced, at least in part, by the activation of hepatic
expression of the genes responsible for the oxidation
of fatty acids54. McFarlin et al studied the effects of
pomegranate seed oil in mice fed on a high-fat diet
(60%), noting a lesser accumulation of body fat and
an improvement in insulin sensitivity, which would
reduce the risk of developing type 2 diabetes55. Bagri
et al treated diabetes-induced mice for 21 days with
an aqueous solution obtained from pomegranate
flowers. The results showed a significant reduction in
plasma glucose levels, total cholesterol, triglycerides,
LDL and VLDL cholesterol, and an increase in
the antioxidant enzymes glutathione peroxidase,
glutathione reductase, glutathione transferase,
superoxide dismutase, and catalase56. Parmar and
Kar used pomegranate skin extract to treat diabetesinduced mice, observing a normalisation in glucose
levels and the peroxidation of lipids in hepatic,
cardiac and renal tissue57.

Turk et al 53 looked at the effects of pomegranate
juice on different semen parameters in 28 healthy
male rats, which were divided into four groups of
seven animals. Each group was treated daily for seven
weeks with either pomegranate juice (at different
concentrations) or water in the case of the control
group. At the end of the study all the animals were
sacrificed, their sexual organs were weighed and
studies made of semen quality, spermatogenic cell
density, antioxidant enzyme activity, and testosterone
levels. The animals that had received pomegranate
juice showed an increase in: a - epididymal sperm
concentration, b- sperm motility. c - spermatogenic
cell density, d- diameter of seminiferous tubules, egerminal cell layer thickness. A rise in antioxidant
enzyme activity (glutathione peroxidase and catalases)
was also observed53.

Several studies have been made with human diabetic
patients, confirming the results obtained from animal
models. Esmaillzadeh et al studied 22 patients with
diabetes as well as hyperlipidemia, who were treated
with 40 g of concentrated pomegranate juice per day
for eight weeks. They found a significant reduction
in total cholesterol and LDL cholesterol, although
no variations were seen in HDL cholesterol or in
triglycerides58. Rock et al treated 30 patients with
diabetes type 2 with either 50 ml of pomegranate
juice or 5 ml of pomegranate extract per day for four
weeks, observing a 35% drop in oxidative stress59.
Fenercioglu et al treated 114 non-smoking diabetics
of both sexes without complications for three months
with either a placebo (58 cases) or with a supplement
rich in antioxidant polyphenols (56 cases) containing
pomegranate extract, green tea extract and ascorbic
acid60. Those patients treated with the antioxidant
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supplement showed lower LDL cholesterol levels
and an increase in HDL, both statistically significant
when compared to the control group. A decrease in
oxidative stress and peroxidation of lipids was also
observed. The results from this research suggest that
pomegranate juice could be beneficial in preventing
cardiovascular problems in patients with diabetes.
4- Cardiovascular disease

There is an inverse relation between eating food rich
in polyphenols and cardiovascular disease. This effect
is attributed to the capacity of polyphenols to inhibit
LDL cholesterol oxidation and atherosclerosis. The
polyphenols in pomegranate juice projected against
LDL cholesterol oxidation in two ways: 1) a direct
interaction with the lipoprotein, and 2) an indirect
mechanism through the accumulation of polyphenols
in arterial macrophages. These antioxidant and
antiatherogenic effects of pomegranate juice have
been proven both in vitro and in vivo in atherosclerotic
apolipoprotein e-deficient mice and in humans61.
Treating atherosclerotic mice with the product
obtained from the whole pomegranate after juice
extraction produces up to a 57% decrease in the size
of atherosclerotic lesions, while lipid peroxidation is
reduced by up to 42%62.
When patients with carotid artery stenosis consumed
pomegranate juice for a year, a reduction of up to 30%
was seen in atherosclerotic lesion size; arterial lesions
in the patients who did not take pomegranate juice,
however, increased by 9 %. Those who continued
taking pomegranate juice for another three years saw
no further reductions in the size of atheromatous
plaques63. Aviram et al64 compared the effects
produced by either a placebo or by six preparations
obtained from different parts of the pomegranate
on arterial lesions in atherosclerotic apolipoprotein
e-deficient mice. After three months of treatment, the
preparation obtained from pomegranate flower extract
produced up to a 70% reduction in arteriosclerotic
lesions. Davidson et al65 carried out a double-blind
clinical trial in which patients of both sexes at
moderate risk of being afflicted with coronary disease
and carotid intima-media thickening were treated.
Pomegranate juice was given to 146 participants and
a control beverage to another 143 participants over an

18-month period. The progression of atheromatous
plaques was assessed, with the observation that
although globally there were no differences between
the two groups, those participants with higher
base rates for triglycerides, HDL cholesterol and
apolipoprotein, and who received pomegranate
juice showed a slower carotid lesion progression rate
than those receiving the control beverage. Sumner
et al66 studied the effect pomegranate juice had on
myocardial perfusion in patients with ischaemic heart
disease and saw that after three months of treatment,
stress-induced ischaemia had increased in the control
group but had gone down in the group receiving
treatment. A 50% decrease in episodes of angina
pectoris was found in those receiving the pomegranate
juice compared to a 38% increase in the placebo
group. The administration of pomegranate juice to
patients with arterial hypertension (AHT) produced
a significant reduction in blood pressure and a 36%
decrease in angiotensin converting enzyme (ACE)
activity67,68. Chronic administration of pomegranate
juice reduced mean blood pressure in diabetic rats
and vascular reactivity to various catecholamines,
probably reducing ACE activity68.
5- Mouth diseases

The components of the pomegranate possess properties
that can be used to improve aspects of oral health, such
as reducing dental plaque and the risk of gingivitis,
and the treatment of infection from candidosis.
Menezes et al69 studied the effects of a hydroalcoholic
extract of pomegranate on the microorganisms in
dental plaque in healthy participants of both sexes
aged 9 to 25 who used orthodontic appliances. The
participants were organised into three groups of 20
people, each using distilled water, chlorhexidine or
pomegranate extract as a mouthwash. Samples of
dental plaque were taken before and one minute
after rinsing the mouth with 15 ml of the respective
solutions for each group. The samples collected were
diluted in a saline solution, incubated at 37ºC for
48 hours, then colony forming units were counted
per millilitre (CFU/ml). Pomegranate extract was
found to be very effective against the germs in
dental plaque: results showed an 84% reduction in
CFU/ml. Similar results were observed with the
chlorhexidine (a 79% inhibition of CFU/ml), while
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distilled water produced an inhibition of just 11%
CFU/ml. Sastravaha et al70 used biodegradable
chips impregnated with pomegranate and Centella
asiatica, or chips with no impregnation as a placebo,
in patients with periodontal disease. Significant
improvement was seen in all the clinical parameters
used in those patients using the treated products when
compared with the placebo. Inflammatory markers,
such as interleukin-1β (IL-1β) and IL-6 were also
analysed, finding a significant reduction at three and
six months compared to the results obtained before
treatment. Vasconcelos et al71 carried out a phase II
clinical trial with 60 patients with candida stomatitis.
The participants were randomly distributed into
groups and treated with either a miconazole oral
gel (Daktarin®) (group A) or a gel obtained from
pomegranate bark (group B). The treatments were
applied three times daily for 15 days. Forty-eight
hours after terminating treatment, the patients were
re-examined and samples taken for mycological
analysis. The clinical results demonstrated a satisfactory
and regular response in 27 patients in group A, and
21 patients in group B. In 25 subjects in group A
and 23 in group B, the cultivations were negative
for candida, suggesting that pomegranate can be used
as a topical antimycotic in the treatment of candida
stomatitis. DiSilvestro72 et al treated 32 young adults
of both sexes with mouth rinses of pomegranate
extract dissolved in water three times a day for four
weeks. They observed changes in saliva measures that
were relevant to oral health. The investigators noted
the following changes: a reduction in total proteins,
which is correlated with plaque-forming bacteria; a
reduction in aspartate aminotransferase, an indicator
of cell injury; an increase in the activity of antioxidant
enzymes, such as ceruloplasmin alpha, which protects
against oral oxidative stress. The use of a placebo did
not alter the parameters.
The results suggest that pomegranate might be
incorporated into oral hygiene products, such as
toothpaste or mouthwashes.
Potential therapeutic applications of pomegranate
juice

In vivo research has been carried out with the aim of
finding new uses for pomegranate juice.
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Obsesity: Obese, dyslipidemic mice were
administered either 400 or 800 mg/kg/day of
pomegranate leaf extract, leading to a significant loss
of body weight and adipose pad weight, a decrease
in intestinal fat absorption and appetite, and a drop
in serum levels of cholesterol, triglycerides and
glucose73. Abidov et al74 studied the effects a product
(Xanthigen) composed of 300 mg of pomegranate
seed oil and 300 mg of marine algae containing 4.2
g of fucoxanthin had on non-diabetic obese women,
some of whom had non-alcoholic fatty liver. Some
151 women were tested and of these, 113 showed
high levels of liver fat (>11%) and 38 had normal
levels of liver fat. After 16 weeks of treatment with
the product, there was a significant reduction in body
weight in both groups of women (5.5 kg ± 1.4 kg y
4.9 ± 1.2 kg respectively). Additionally, a reduction
in waist circumference, a fall in body and liver fat
content, and a drop in triglyceride and C-reactive
protein levels in serum were observed.
Alzheimer’s disease: In a model with transgenic
mice with Alzheimer’s disease, use of pomegranate
juice reduced amyloid deposition in the hippocampus
by 50% when compared to other animals receiving
only sugar water. This suggests pomegranate products
may act as neuroprotectants given that the animals
improved on water maze tasks and swam faster than
control animals75.

Ongoing clinical trials using pomegranate juice

There are 25 clinical trials using pomegranate juice
at different stages of progression (completed trials,
those including patients, or those active but in the
pre-recruitment phase, etc) currently underway
around the world76.Eight of the investigations
are related to prostate cancer, five of which are
recruiting participants with high PSA levels after
the failure of the initial treatment with radical
prostatectomy or radiotherapy. In another study
patients are treated with pomegranate juice before
undergoing radical surgery. Another trial treats
patients with localised prostate cancer who have
not yet received any treatment, and the final study
evaluates supplementing prostate cancer patients’
diets with phytochemicals and polyunsaturated fatty
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acids. The effects of pomegranate juice in diabetic
patients is the focus of five studies. Three further
studies consider infection by rhinovirus, influenza,
swine flu, and the common cold. The nine remaining
investigations are looking into: benign prostatic
hyperplasia, carotid intima-media thickness, chronic
cardiomyopathy with renal failure, brain injury in
foetuses with intrauterine growth restriction, risk of
cardiovascular disease, lymphomas, oxidative stress
in patients in haemodialysis, physical and mental
function in middle-aged adults, and the oxidative
capacity of diet.
Conclusions

The properties of the pomegranate have been known
for more than a thousand years; however, it has only
been in the last couple of decades that the number
of in vitro and in vivo trials analysing its various
components (especially the juice) and their effect on
different pathologies has increased. Likewise, over
the last few years several multi-centre clinical trials
have been designed and are currently in progress;
when their results have been analysed, they will be
able to offer us a great deal of information about
the therapeutic effects of pomegranate. For the time
being, its potent antioxidant activity, similar to or
greater than green tea, has been proven; it could thus
be used as an adjuvant in anti-aging treatments. In
oncology, its antiproliferative, pro-apoptotic and
angiogenesis effects have been widely studied in
animal models and are pending confirmation from
human studies. The capacity of pomegranate to
regulate plasma levels of glucose, cholesterol and
triglycerides, and to reduce blood pressure opens an
ample therapeutic potential for patients with diabetes
and cardiovascular disease. The possible use of
pomegranate juice in other fields, such as neurology
and contagious diseases, needs further research.
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Abstract

Due to an increase in population life expectancy,
particularly in the female population, we face a
consequent increase in the number of women in
menopausal age.
This population aging implies an increment of
several potential problems suchs as osteoporosis,
cardiovascular diseases, cancer and dementia that can
affect life quality and length.
Professionals involved in woman’s total health should
make an effort towards preventive medicine in order
to improve life quality. Menopause is a stage in which
we can face up to strategies that allow us to develop
a good preventive health program.
Actions to improve life quality should include:
1.- Promotion of healthy life styles, putting special
emphasis on introducing changes in diet, doing
physical exercise, eliminating toxic habits and
preventing accidents (falls).
2.- Early diagnosis and treatment of chronic diseases.
Specific evaluations of particular pathologies will
be performed, such as for arterial hypertension
and hypercholesterolemia, in order to prevent
cardiovascular diseases. It would be advisable to
perform a bone mass measurement, diagnosing
osteoporosis and using instruments that permit the
evaluation of fracture risk. Cognitive functions will
be evaluated, in order to find changes that could lead
to the main pathologies of depression and dementia.
3.- Early diagnosis of those cancers which more
frequently affect women at this stage of life, applying
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screening programs that demonstrate their usefulness,
as in breast and cervical cancer, also considering the
possibility of applying other programs according to
each woman’s oncological risk.
4.- Treatment of pathologies linked to hormonal
deficit, specifically in the genitourinary area.
Preservation of pelvic floor muscles is important in
order to avoid disturbances connected to urinary
incontinence.
Introduction

Menopause is defined as the final end of menstruation.
It is a physiological fact determined by the complete
exhaustion of follicular reserve. Beginning from
the age of 40, in a different way for each woman,
ovarian function undergoes different progressive
transformations, ending with ovarian inactivity.
Menopause is something that happens during the
climacteric or period of time in which a woman goes
from reproductive to a non-reproductive phase.[1]
In western women menopause occurs at 50 on the
average, waving between 45 and 55.
If it shows before 40, then it’s called early menopause;
on the other hand, if it starts from the age of 55, it’s
called late menopause.
Menopause age is influenced by several intrinsic and
extrinsic factors.
Intrinsic Factors:

-

Heredity. Menopause appears at a similar age
in women of the same family.
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-

Menarche. Women who had early menarche
usually have menopause at a more advanced
age.

It is therefore necessary to develop a good preventive
health program in order to improve the life quality of
climacteric women.

-

Length of cycles. When a woman has short
menstrual cycles (less than 26 days) she’ll
have an earlier menopause.

The activities that should be performed to improve
life quality should cover the following aspects:

-

Giving birth. In women who have not given
birth menopause appears approximately one
year before women who have.

2.- Prevention of cardiovascular risk.

Extrinsic Factors:

1.- Promotion of healthy life styles.

3.- Early diagnosis of those cancers that more
frequently appear in this phase of the woman’s life.
4.- Treatment of pathologies connected with hormonal deficit.

-

Socioeconomic. In countries with a
high socioeconomic level, menopause is
postponed.

-

Nutrition. Nutritional deficits usually cause
an early menopause.

-

Climate. In countries with a warmer climate
and high altitude menopause appears earlier.

-

Tobacco. In smoker women a decrease of
ovarian vascular flux is observed, as well as a
hepatic metabolism increase, factors that can
bring menopause forward one or two years.

The bases on which we build a healthy life style are
diet, physical exercise and toxic habits elimination.

Alcohol. A high alcohol intake produces a
harmful action on the ovary, but in moderate
consumers it could even have a protective
effect on menopause.[2]

If we consider that women life expectancy is now
over 80 years, this means that she will spend one third
of her life (between 25 and 35 years) in a hormonal
deficit condition.

A proper diet must be oriented towards each
woman individual necessities. Nevertheless, as a
general criterion, we could fix some basic nutritional
recommendations: increasing vegetable and fruit
intake, providing proteins with high biological value
(legumes and fish), reducing the consumption of
saturated fat and refined carbohydrates and avoiding
sodium excess.

This hormonal deficit entails a symptomatology and
clinic consequences that won’t affect all women the
same way.

Due to aging, calcium necessities increase and its
absorption diminishes, thus preserving bone mass
will be a priority.

-

Promotion of healthy life styles

Promoting a life style change must start as early as
possible (even during childhood and adolescence)
in order to carry out a preventive medicine and,
consequently, offer a higher quality of life.

Diet and bone mass

•

Short-term consequences: Neurovegetative
and psychological alterations

•

Medium-term consequences: Genitourinary
and cutaneous alterations.

Bone mass is the total bone quantity of each person.
Obtaining an excellent bone mass depends on some
genetic factors (not modifiable) and on some other
factors concerning life style, such as physical exercise
and calcium and vitamin D intake, that are subject to
our decision.

•

Long-term consequences: Osteoporosis and
cardiovascular pathology.[3]

Bone mass triples after puberty and reaches its highest
moment between 30 and 35 years, keeping steady up

Menopause consequences are:
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to 40. After that, we face a constant loss that shows
an acceleration in the post-menopause period.[5]

Physical exercise must be repetitive and constant (at
least 3 times a week), in accordance with age, general
conditions and previous sport habits.

Daily Calcium need

Physical activity improves coordination, agility
and self-sufficiency, it maintains muscular tone and
strength, and it also produces a 25% reduction in the
risk of falls.[6]

The National Health Institute (NHI) advises keeping
daily doses of calcium of 1000mg/day in adults up
to 65 years and after that it must be increased up to
1500mg/day.
Doses are to be taken as a complement to the diet
in order to reach the right quantity, without risking
increasing renal calculi formation in patients who are
not predisposed to eliminate it through urine.
Vitamin D needs

Vitamin D is necessary to keep the homeostasis of
calcium plasmatic concentration. It can be obtained
through 2 ways: vitamin D3 (cholecalciferol)
synthesized in the skin after sunlight exposure or
ultraviolet rays beginning from 7-dehydrocholesterol
and vitamin D2 (ergocalciferol) that we have in food
such as fish liver oil, egg yolks and butter.
Sunlight exposure is advisable for 10 -15 minutes, after
that the reaction saturates. The use of sun protector
factors (SPF) must be reconsidered, knowing that after
SPF 8 there’s no vitamin D synthesis in fotoexposed
skins.
Vitamin D insufficiency in a sane post-menopausal
population is a risk factor for osteoporosis connected
to augmented bone remodelling and low bone
mass. Its administration is recommended in postmenopausal women, especially if there’s low sunlight
exposure.
The National Osteoporosis Foundation recommends
the administration of 800 UI/day in women at risk
or with deficit and not to exceed the 2000UI/day
dose.
Physical exercise

We know that physical inactivity increases bone
reabsorption and diminishes its formation. Compared
to controls, exercise programs increase bone mineral
density in postmenopausal women.
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Trying to go at a speed faster than walk-speed,
wearing comfortable shoes, at least 30 minutes per
day, would be an advisable exercise.
Avoid toxic habits
Alcohol increases bone mass loss and increases
vasomotor symptoms, which is not advisable for
obese persons, though a glass of wine’s polyphenols
may have cardio protector effects.
Tobacco increases the risk of cardiovascular diseases,
osteoporosis, neoplasm and chronic obstructive
pulmonary disease.
It could also bring forward menopause age of one or
two years.
Prevention of cardiovascular risk

Women usually face cardiovascular diseases at a more
advanced age than men, equilibrating or increasing
after 10 years of menopause.
Cardiovascular disease is the most frequent cause of
death in industrialized countries. Main risk factors,
according to Framingham Study data, are arterial
hypertension, hypercholesterolemia and tobacco.[7]
Arterial hypertension

Estrogen decreasing during menopause involves
an increase in sympathetic tone and in Reninangiotensin-aldosterone system, encouraging the
establishment of arterial hypertension.[8]
Reduction of sodium intake, in normotensive
as in hypertensive persons, entails a decrease in
arterial tension, particularly if it is accompanied by
increments in potassium, magnesium and calcium
intake (DASH diet = Dietary Approaches to Stop
Hypertension). Diet and physical exercise represent
80% of cardiovascular health. Weight reduction will
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diminish arterial tension and it would be effective as an
isolated treatment or accompanied by medicaments.
Recommending walking ½ hour daily would
diminish the coronary disease risk.
The WHO recommends a control of arterial tension
every 2 years when the value is <130/85 and every
year if it exceeds this.
Hypercholesterolemia

In post menopause an increase of total cholesterol,
LDL and triglycerides is produced, with a decrease of
HDL cholesterol.
A preventive diet suggests a daily cholesterol intake
that does not exceeds 300mg/day. Consumption of
fibre is important, especially the soluble kind because
it joins fats and eliminates them through the faeces
directly. We recommend the consumption of oily
fish and a moderate quantity of dried fruits, avoiding
saturated fats (fat meat, butters, pastries).
Using cold-pressed vegetable oils, such as virgin olive
oil, better if raw, can improve the cholesterol profile.
The intake of functional food, usually dairy food,
which has been enriched with vegetable sterols, can
diminish LDL cholesterol by 10-15%.
Early diagnosis in more frequent cancers
Breast cancer

This is the most frequent cancer among women.
About 70 – 75% of the cases are registered after the
age of 50 and every day the number of younger
women with it increases.
The early detection of breast cancer aims to improve
disease prognosis and to augment survival. This
detection is based on clinic breast exam and on
mammography, which is the most effective detection
method. The characteristics of breast screening varies
depending on scientific societies recommendations,
so that mammography is performed starting from
the age of 40 (US Preventive Services Task Force,
American Cancer Society) or from the age of 50
(Canadian Cancer Society).

Mammography screening programs showed a
reduction of 40% mortality for breast cancer. One
of the problems with mammography is related to
augmented breast density, which diminishes the
exam’s sensitivity, thus a breast ultrasound would
be advisable to complete the study. In case of high
risk breast cancer we would recommend Magnetic
resonance.
Concerning the use of Substitutive Hormonal
Therapy (SHT) and breast cancer, we have gathered
the following interesting tips from different studies:
-

The current use of SHT carries a risk of
causing breast cancer, especially in combined
treatment with estrogens and progesterone,
the risk being significantly higher during the
fifth year of treatment.[9]

-

Estrogens-only therapy doesn’t involve an
increase in breast cancer risk.

-

The SHT produces an increment in breast
density, which is transitory and reversible
after stopping the treatment.

Cervical cancer

This is the second most common cancer in young
women (15 to 44 years).
With the introduction, more than 50 years ago,
of screening made through cervical pap smears, a
reduction of 70-80% of the incidence of squamous
cell carcinoma of the cervix was achieved.
There is clear evidence that a persistent infection of
high risk human papillomavirus (HPV) is a cause of
cervical cancer and its precursor lesions. This evidence
permitted setting new strategies to prevent the cancer
[10]. Currently we have two available prophylactic
vaccinations against HPV which allows the realization
of a primary prevention; these vaccinations have
demonstrated their effectiveness, safety and vaccine
efficiency. Secondary prevention could be performed
by population screening with cervical pap smears
(morphological study of exfoliated cells of exo and
endocervix) and systems for detection and the ability
to type HPV.
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Endometrium cancer

This cancer is increasing due to several factors, such
as the increase of life expectancy, obesity and the
use of tamoxifene as a breast cancer treatment. In
Spain the incidence is 7-13 cases/100000 women/
year. Its appearance frequency varies with age: it is
less frequent in women younger than 40 (5%) and
increases up to 75 years, with an average age of 66
years.
Even though population screening is not effective
for this kind of cancer, in case of metrorrhagia
during pre and post menopause, it justifies realizing
additional exams such as vaginal ultrasound with
Doppler, that helps find signs of malignancy [11], and
hysteroscopy with biopsy that has a sensitivity >90%
and a specificity >95%.
Ovarian cancer

Although this represents 20-25% of gynaecological
cancers, it is responsible for a high mortality rate,
with a global survival after 5 years of less than 40%.
It has an incidence with two main age peaks: the first
in women of fertile age ( between 20 and 30 years),
with a germinal lineage predominance; the second
in women between 50 and 70 years, with epithelial
lineage predominance. Symptoms usually appear late,
not allowing the possibility of an early diagnosis for
this cancer.
Though, according to the evidence currently
available, the population screening has not proved
effective [12], strategies for an early diagnosis are
being developed. A diagnostic approximation of
suspected ovarian cancer can be realized through
tumoral markers (Ca 125, Ca 19.9 and CEA) and
vaginal ultrasound accompanied by Doppler in order
to see ecographic malignity signs.
Colorectal cancer

Compared to other cancers of the digestive system,
the incidence of colorectal cancer has augmented
during the last few years. Most of the cases are usually
diagnosed after the age of 40. Factors in the cases
are, chronic colon diseases, history of cancer and
colon polyps in the family, a diet poor in fibre and
rich in fat, tobacco, alcohol consumption and a
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sedentary life all contribute to the colorectal cancer
risk. If suspected symptomatology of colon cancer
are faced, such as intestinal habits alteration, blood
in faeces, rectal tenesmus sensation or abdominal
pain, it would be advisable to proceed with a study of
rectal touch, examination of blood in the faeces and a
colonoscopy. In general, it is recommended to start
screening examinatios, beginning at age of 50 and
repeating them every 5-10 years.
Treatment of pathologies connected to hormonal
deficit
Neurovegetatives alterations

In 75-85% of women neurovegetatives alterations
(Climacteric Syndrome) arise: hot flushes,
perspiration, palpitations, paresthesia, vertigo,
insomnia, and migraine. The effect and intensity
of these alterations is variable, presenting a severe
symptomatology in one third of women and, in 20%
of the cases, remaining for more than 5 years.
For women affected by Climacteric Syndrome a
Hormonal Substitutive Therapy would help, with
beneficial effects.[13]
Genitourinary alterations

In menopause, the estrogen deficit produces a
reduction in vaginal epithelia thickness, glycogen
and Döderlein bacillus, also muscles and pelvic floor
collagen are affected. All these changes infer the
appearance of atrophy, dyspareunia, urinary infections
and pelvic static alterations that could permit pelvic
organ prolapse and urinary incontinence.
Genitourinary symptomatology appears in 40% of
women, even during perimenopause. Genitourinary
atrophy represents a correct sign for suggesting
Hormonal therapy.[14] It could be taken both orally
and vaginally, but the vaginal consumption is more
effective, its systemic absorption being low and it
doesn’t need gestagen.
Conclusions

1.- Age is not a decisive factor to start preventive
measures and take advantage of them.
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2.- During menopause, every opportunity to diminish
the magnitude of its cardiovascular risks must be
taken into account.
3.- Early detection of frequent cancers in menopause
increases the survival rate.
4.- Treating the symptomatology linked to estrogenic
deficit improves women life quality, because it
relieves Climacteric Syndromes, improves urogenital
symptoms, improving their sexuality.
5.- Growing old does not mean getting ill.
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Sleep: a necessary condition to avoid aging
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Sleep is a reversible self-regulating natural
state characterized by a reduction in voluntary
motor activity, a diminished response to sensory
stimulation (higher threshold for arousal) and a
stereotypical view (1), but unlike other conscious
states such as wakefulness, hibernation, torpor,
etc. The main function of sleep has not been
identified, although we have been able to know
and show most of the systems involved in its
generation. It is clear that sleep has been selected as
an evolutionary advantage in the animal kingdom;
contrary to what one might think a priori, because
when we immerse into that state of consciousness,
we would be more vulnerable to predation. Then,
why do we sleep?.
CNS centers involved in stages of awake/sleep

In 1916, Baron Constantin von Economo, a
Viennese neurologist, began to see patients
with a new type of encephalitis that specifically
attacked regions of the brain that regulate sleep
and wakefulness (2). This disorder, which was
eventually called encephalitis lethargic and the
virus that caused it was never identified, affected
areas of the brain in which lesions caused specific
alterations of wake-sleep regulation. Only during
the past decade has the accuracy of his observations
come to be appreciated, as key components of the
wake-sleep-regulatory system were found to reside
at the sites that von Economo first identified.
The majority of patients with encephalitis lethargic
slept excessively. Many slept for 20 or more hours
per day, arising only briefly to eat and drink (2).
But a small percentage of the patients had an
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opposite response (2). Rather than being sleepy,
they became insomniac and slept for only a few
hours each day. Typically, they were extremely
tired, but found it difficult to fall asleep, could
sleep for only a short time, and then awoke and
were unable to fall back asleep. For the first group
of patients, which slept excessively, von Economo
found lesions at the junction of the midbrain and
the diencephalon. He therefore proposed that
there was an ascending reticular activating system
originating in the brainstem that kept the forebrain
awake.
This pathway has two major branches. The first
branch is an ascending pathway to the thalamus
that activates the thalamic neurons that transmit
information to the cerebral cortex. The major source
is a pair of acetylcholine-producing cell groups: the
pedunculopontine and laterodorsal tegmental nuclei
(PPT/LDT) (3). These neurons fire with higher
frequency during wakefulness and REM sleep (rapid
eye movement) and are much less active during nonREM (NREM) sleep, when cortical activity is slow.
The second branch of the ascending reticular
activating system bypasses the thalamus, instead of
activating neurons in the lateral hypothalamic area
(LHA) and basal forebrain (BF), and throughout the
cerebral cortex (4-6). This pathway has its origin from
monoaminergic neurons in the upper brainstem and
caudal hypothalamus, including the noradrenergic
locus coeruleus (LC), serotoninergic dorsal (DR)
and median raphe nuclei (Raphe), dopaminergic
ventral periaqueductal grey matter (vPAG) and
histaminergic tuberomammillary neurons (TMN).
The input to the cerebral cortex is augmented by
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lateral hypothalamic peptidergic neurons (containing
melanin-concentrating hormone (MCH) or orexin/
hypocretin), and BF neurons (containing acetylcholine
or GABA). Lesions along this pathway, especially in
the LHA and rostral midbrain, can produce sleepiness
or even coma (7-8). Neurons of the monoaminergic
nuclei of this pathway fire a higher frequency during
wakefulness, slowing down during NREM sleep
and stopping during REM sleep (9-11). Orexin
neurons in the LHA are, similarly, most active during
wakefulness (12-14) whereas MCH neurons are
active during REM sleep (15). Many BF neurons,
including most cholinergic neurons, are active during
both wake and REM sleep (16). These nuclei are
found precisely in those areas that von Economo had
studied, exactly at the junction of the midbrain and
forebrain.
For the second group of patients, which rather than
being sleepy, they became insomniac, slept for only
a few hours each day, were always extremely tired,
but had difficulty falling asleep, slept for a short
time, and then, awoke and were unable to fall back
asleep. These patients had lesions involving the
basal ganglia and adjacent anterior hypothalamus.
Later experiments that were performed in animals
with similar insomnia showed that a lesion in the
hypothalamic, specifically in the lateral preoptic
area, produced the same effects (17-18). One such
cell group, the ventrolateral preoptic (VLPO),
was found to send outputs to all of the major cell
groups in the hypothalamus and brainstem that
participate in arousal (19) The VLPO neurons
are primarily active during sleep, and contain the
inhibitory neurotransmitters, galanin and GABA
(20-22). These neurons form a dense cluster, as
well as a more diffuse extended part of the nucleus
(20-21). These observations suggested that damage
to the VLPO might have caused the insomnia in
von Economo’s patients.

Image obtained from: Clifford B. Saper, Thomas E.
Scammell and Jun Lu. Hypothalamic regulation of
sleep and circadian rhythms. Nature 437, 1257-1263
(27 October 2005).

In conclusion, the VLPO inhibits the ascending
reticular arousal system, and this in turn, inhibits
the VLPO, by a mechanism called flip-flop switch.
This explains why the states of wakefulness and
sleep cannot happen simultaneously. One can
only be awake or asleep in a normal physiological
state. Many hormones like melatonin or orexin,
or neurotransmitters such as GABA, ADP, and
Galanin... involved in this regulatory process swing
the balance toward waking or sleep (23-26).
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but have minimal effects on body-temperature
rhythms. Conversely, lesions of the dorsal SPZ
severely impair circadian rhythms of body
temperature, but not wake–sleep or locomotor
activity (33-34). Therefore, direct projections from
the SCN to sleep or thermoregulatory regions are
not sufficiently strong to maintain the circadian
rhythms of these functions, and the relay neurons
in the SPZ are required.

Circadian regulation of sleep

The suprachiasmatic nucleus (SCN) serves as
the brain’s clock. Neurons in the SCN fire in a
24-hour cycle that is driven by a transcriptional–
translational loop, which can go on even when
the neurons are dissociated from tissue and are
introduced into the cell culture (27-28). Whether
or not we destroy the SCN of animals the circadian
rhythms are abolished, which will lead to a range
of changes in behavior and physiological processes
in them, including sleep. This happens because
external sync cues are blocked (29). Under normal
circumstances, the SCN is reset on a daily basis by
light inputs from the retina during the day and by
melatonin secretion from the pineal gland during
the dark cycle (30-31).
The light signal is received from a specialized set of
retinal ganglion cells that contain the photopigment
melanopsin (32). These timing signals keep the
clock in synchrony with the external day-night
cycle. The SCN has relatively modest projections
to the VLPO or the orexin neurons (33-34).
However, the bulk of its output is directed toward
the adjacent subparaventricular zone (SPZ) and
the dorsomedial nucleus of the hypothalamus
(DMH). The SPZ contains a ventral part, just
above the SCN, and a dorsal part, just below the
paraventricular nucleus (35). Lesions in regions of
the ventral SPZ disrupt the circadian rhythms of
sleep and wakefulness, as well as locomotor activity,
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The SPZ also has, but relatively limited,
projections to the VLPO, orexin neurons and
other components of the wake-sleep-regulatory
system (33-34). However, a major target is the
DMH (37). This region receives input from many
neurons in the SPZ and the SCN. Lesions in the
DMH also profoundly diminish circadian rhythms
of sleep and wakefulness, as well as locomotor
activity, corticosteroid secretion and feeding (36).
Interestingly, animals with DMH lesions sleep
about one hour more each day and have much
less locomotor activity, implying that the output
of the DMH is mainly activating. This theme is
also reflected in the corticosteroid levels, which, in
animals with DMH lesions, remain at the lowest
basal levels throughout the day. Body temperature
retains a normal circadian variation, but is about
0.5 °C lower than in control animals (36).
The DMH is one of the largest sources of input
to the VLPO and orexin neurons (33-34), and is
fundamental to integrate and amplify the influence
of the SNC to the wake–sleep-regulatory system.
The DMH projection to the VLPO comes largely
from GABA-containing neurons (that is, those that
promote wakefulness by inhibiting sleep), and the
projection to the LHA originates from neurons
containing glutamate and thyrotropin-releasing
hormone (which should presumably be excitatory
and promote wakefulness). The DMH has relatively
few direct outputs to the brainstem components
of the ascending reticular arousal system, but the
orexin neurons have extensive projections to these
targets. Examination of Fos patterns in the DMH
show that it contains many more active neurons
during wakefulness than during sleep (37).
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NREM sleep is divided into three stages,
corresponding to increasing depth of sleep, as
indicated by progressive dominance of the EEG
by high-voltage, low-frequency (‘synchronized’)
wave activity. Stage I is not particularly different
from wakefulness. Stage II NREM is characterized
by distinctive sleep spindle and K-complex
waveforms, as well as a slow (<1 Hz) oscillation,
which influences their timing. Such low-frequency
waves dominate the deepest stages of NREM (also
termed slow-wave sleep).
Image obtained from: Fuller PM, Gooley JJ, and Saper CB.
Neurobiology of the Sleep-Wake Cycle: Sleep Architecture, Circadian Regulation, and Regulatory Feedback. J Biol
Rhythms 2006; 21; 482.

In conclusion we can say that the DMH seems
to integrate clock information from the SCN and
SPZ with feeding, temperature, social and other
cues, providing animals with the flexibility to adapt
their behavioral and physiological cycles to the
environment, thereby maximizing their chances
of survival.
Sleep-cycle basics

In mammals, there are two extremely different sleep
stages —rapid eye movement (REM) and nonREM (NREM). They are defined mainly in terms
of electrophysiological signs that are detected with
a combination of electroencephalography (EEG),
electroculography (EOG) and electromyography
(EMG), the joining measurement of these
parameters in humans is termed Polysomnography
(38). REM sleep (also known as paradoxical,
active or ‘desynchronized’ sleep) is characterized
by the following: wake-like and ‘activated’ (highfrequency, low-amplitude, or ‘desynchronized’)
activity in the EEG; singlets and clusters of REMs
in the EOG; and low muscle tone (atonia) in the
EMG (39). Note that the term ‘desynchronized’
for the activated states of waking and REM has
been rendered obsolete by the discovery of highly
synchronized gammafrequency (30–80 Hz) activity
in these states (40).

Image obtained from Pace-Schott and Hobson. The Neurobiology of sleep: Genetics, Cellular physiology and Subcortical networks.

Pace-Schott and Hobson (2002) in their review
show a panel which explains quite well the different
stages of sleep and some physiological states during
sleep stages. Panel a) shows the characteristic
waveforms of the different sleep stages; panel c)
shows changes in peripheral physiology associated
with these stages.
NREM and REM sleep alternate in each of the
four or five cycles that occur in each night of
adult human sleep. Early in the night, NREM
sleep is deeper and occupies a disproportionately
large amount of time, especially in the first cycle,
when the REM epoch might be short or aborted.
Later in the night, NREM sleep is shallow,
and more of each cycle is devoted to REM
(red bars). Panel b illustrates these changes over
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the course of a night’s sleep. Panel a depicts, in
detail, features of an early-night sleep cycle in
which NREM reaches its greatest depth at stage
III and IV (delta) sleep (currently, stage III and
stage IV is considered as stage III or slow-wave
sleep, this change was decided in 2007 by the
American Academy of Sleep Medicine), whereas
panel c depicts a late-night cycle in which NREM
descends only to stage III. The constant period
length of the NREM–REM cycle indicates that
it is timed by a reliable oscillator (for a discussion
of ultradian alternation of REM and NREM
sleep, see the main text), the amplitude of which
varies according to extrinsic factors. The cyclic
organization of sleep varies within and between
species. The period length of each REM–NREM
epoch increases with brain size across species, and
the depth and proportion of the NREM phase in
each cycle increases with brain maturation within
species. NREM sleep complexity is a function of
brain systems, such as the thalamocortical circuitry,
that reach their maximum development in mature
humans only to decline in post-mature age. It can
therefore be concluded that the differentiation of
sleep is a function of brain differentiation, a rule
that indicates both mechanistic and functional links
between sleep and other brain functions.
The consequences of sleep loss and its importance
in aging

Most people cannot survive without sleeping as
we cannot be without drinking water for a long
time, although there are a few exceptions (41).
Total sleep deprivation can lead to early death,
so much that some studies had to be stopped
prematurely because the changes that occurred in
the subjects were so dangerous that they became
life-threatening. Sleep deprivation consists either
of a complete lack of sleep during a certain period
of time or a shorter than optimal sleep time (42).
It is precisely the latter, “a shorter sleep time than
optimal”, that those involved in sleep studies are
paying more attention lately. Especially because of
the fact that throughout our lives a lack of sleep
can affect the morbidity of diseases associated
with aging. What still remains unclear, and recent
studies are exploring possibilities, is whether the
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optimal sleep loss is a consequence or cause of
these diseases. It seems that this is a reciprocal
process, and that’s what we’ll see in this section,
common diseases of old age being linked directly
or indirectly to sleep disorders.
The late nineteenth century saw the beginnings
of the first experiments to evaluate the effects of
long-term sleep deprivation. Three American
volunteers were subjected to a 90-hour sleep
deprivation study during which one person
experienced hallucinations (44). it was not until
the decade of the 60s when they began to do a
series of clinical trials in humans which examined
the effects of sleep deprivation (44-45).
Symptoms of sleep deprivation are different and
affect all systems, mainly the nervous system,
the appearance of these symptoms depending on
idiosyncrasies of each person since not everybody
needs the same number of sleep hours, this demand
varying from individual to individual. Some people
need only 3–5 hours of sleep, whereas others need
at least 8 hours to maintain work effectiveness.
Also, data will depend on the type of study being
conducted and how much sleep deprivation the
individuals are subjected to. When talk is of sleep
deprivation, the term ‘deprivation’ applies only
to the cases when impaired functioning due to
sleep loss can be observed. The extent to which
one experiences the effects of sleep deprivation
depends on individual needs. Generally, when
this happens possibilities are: a longer reaction
time, distractedness, disturbances in attention and
concentration, forgetting known facts, difficulty
in memorizing new information, and making
mistakes and omissions (42). A higher level of stress
is observed; tiredness, drowsiness and irritability
increases; work effectiveness decreases and usually
motivation as well. Reasoning slows down not
only during the night of sleep deprivation but
also on the following day. Work effectiveness
decreases, particularly at the low points of the
circadian rhythm and when the subjects perform
long, difficult, compulsory, monotonous, sitting
activities in an unchanging environment with
limited lighting, little supply of sound, and low
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motivation or little interest on the part of the
participants (42).
These are the most evident symptoms, easy
enough to observe when a subject goes a long
time without sleep, but there are other symptoms
not so obvious that could jeopardize the subject’s
long-term health. It is important to know if and
when severity of the symptoms increases to a point
where the damage can be irreversible.
Sleep and Hormonal changes

All or almost all hormones are related to a rhythm,
such as ultradian, circadian, infradian, stational...
and if one fails, another will also be affected.
Perhaps the hormones most associated with sleep
are the melatonin, which are released during the
night, and orexin is released during the day, and if
mutated in the receptor can cause sleep disorders
such as narcolepsy; GH is released during NREM
sleep and prolactin is released during REM sleep.
Glucocorticosteroids, estrogens, TSH, LH, FSH,
ACTH, renine, natriuretic peptide also fluctuate
during the day. An interruption in some of these
rhythms can alter the sensitivity of the hormonal
homeostasis system.
Melatonin

Melatonin is synthesized and secreted in a strict
circadian manner, peaking during the night, thereby
acting as a signal for the length of day and night.
But despite its rhythmicity, many mechanisms of
melatonin are still unclear. In addition to diurnal
variations in melatonin levels, the secretion is
significantly altered as a function of age (46). This
reduction in amplitude and loss of clear peak in
aging has been associated with numerous agerelated conditions such as fragmented sleep and
poor sleep quality (47), ocular degeneration (48),
increased risk of cancer formation, among others.
For this reason, maintaining good sleep habits
throughout life can help prevent the diseases
related to deregulation of the melatonin hormone,
diseases that have been generated by the ongoing
deregulation of the sleep-wake cycles during youth,
and then in old age, an individual does not have the
capacity to counteract these imbalances. Studies

are still missing that elucidate, in a quantitive way,
how poor sleep habits acquired during a life time
affect a person in old age.
Orexin

Orexin, together with melatonin, are the two
main hormones involved in the wake-sleep cycle.
As happens in both, prior thought followed the
line that their main involvement in the wake-sleep
cycle was due to greater frequency and rhythmicity
they show during the photoperiod, their functions
only related to maintenance of waking and
sleeping, when actually their involvement in
the human physiology goes beyond this limiting
thought. Orexin, also known as hypocretin, is
secreted by the HLA orexigenic neurons and its
primary mission is to excite the nuclei ascending
reticular activating system, among others, whose
ultimate goal is a general release of dopamine,
norepinephrine, histamine and acetylcholine.
This plays an important role in the stabilization of
insomnia and sleep.
A mutation in the orexin receptor causes sleep
disorders such as narcolepsy (49) that causes a
frequent and rapid permutation between sleep and
insomnia. This disease is characterized by a daily
lack of sleep and an inability to maintain wakefulness
during the day (and sleep at night) with more or less
frequent episodes of cataplexy (loss of muscle tone).
In humans, narcolepsy is associated with a specific
variant of the complex of human leukocyte antigen
(HLA). Ultimately, these genetic abnormalities cause
the autoimmune system to attack and kill orexigenic
neurons. Hence the absence of orexin production
in narcoleptic could be the result of an autoimmune
disorder (50).
Orexin is closely related to hormones that regulate
the homeostasis of appetite and satiety. Orexinergic
neurons on the one hand are inhibited by leptin, a
hormone that is released by adipocytes and reports
on the internal situation of the energy state, but on
the other hand are activated by ghrelin, a hormone
whose levels increase before food intake and
decrease after eating. A deregulation of this triad of
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hormone Orexin-Leptin-Ghrelin is closely related
to metabolic syndrome in the elderly.
A study by Kang et al (2009) (51) shows sleep
disorders may be related to neurodegenerative
diseases, particularly Alzheimer’s disease. In their
study, monitored APP transgenic mice expressed
a mutated form of human amyloid protein APP,
and levels of Aß protein were found in the brain
interstitial fluid (ISF) causing diurnal variations. The
average levels during the light period were 75% of
the average levels of Aß during the dark period.
ISF Aß levels were significantly correlated with
the amount of time awake. By contrast, ISF Aß
levels were negatively correlated with the amount
of time spent sleeping. This negative correlation
was even stronger with NREM sleep. Kang et al.
reasoned that if Aß levels were correlated with
wakefulness, they could conduct a manipulation
of sleep to alter ISF Aß levels. And so it was, Mice
were forced into wakefulness for 6 hours at the
beginning of the second 12-hour light period
when they would naturally be asleep. During
sleep deprivation Aβ levels were significantly
higher compared to Aβ levels during the normal
light period 24 hours previously. Following sleep
deprivation, the mice spent more time sleeping and
had an immediate reduction in Aβ levels. Thus,
the state of wakefulness, and not time of day, was
associated with increased ISF Aβ levels.
One might ask which molecular mechanism
could mediate the diurnal variation in levels of
Aß. As we saw above, orexin is the molecule that
regulates wakefulness. An examination was done
of whether administration of orexin modulates Aß
levels. During an infusion of orexin, Aß levels were
significantly increased compared to the levels of Aß
measured during the light period of the previous
day. Also investigated was whether chronic sleep
deprivation could ultimately affect the deposition
of Aß plaques in the brain. APP transgenic mice
were subjected to chronic sleep restriction for 20
hours a day for 21 days. Sleep-restricted animals
showed significantly higher Aß plaque deposition
compared to control littermates of the same age.
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In conclusion, this study showed the diurnal
variation in levels of Aß in the brain of awake
and active animals. Disturbances in both orexin
signaling and the sleep-wake cycle had severe effects
on the AB dynamics. Furthermore, chronic sleep
restriction accelerates the Aß plaque burden, while
improving sleep by blocking the orexin receptors
markedly inhibits Aß plaque accumulation. Sleep
disorders can exacerbate a fundamental process
that leads to neurodegeneration, and optimization
of sleep time may inhibit the aggregation of toxic
proteins and slow the progression of Alzheimer’s
disease.
Thyroid Hormones

Thyroid-stimulating hormone (TSH or
thyrotropin) is a hormone synthesized and secreted
by thyrotrope cells in the adenohypophisis which
regulates the endocrine function of the thyroid
gland. From TSH stimulation thyroxine (T4) and
triiodotironine (T3) are released. These hormones
have a catabolic effect in the human organism; in
addition to an increment of cardiac output, heart
rate, ventilation rate, basal metabolic rate and
involvement in brain development. They also
have a synergic effect on melatonin and orexin in
metabolic rate and thermoregulation.
It is obvious that the plasma concentrations of
the thyroid hormones are modified from lack of
sleep, but it is not clear yet in what measure due
to contradictory studies about this modification.
Total deprivation or selective deprivation of REM
sleep produced a considerable decreased in both T4
and T3 (52). This decline is surprising in view of
the increased metabolic rate and body temperature
in the sleep-deprived animals (42). However,
humans, post 24-h sleep deprivation produced an
increase in T3, T4 and TSH (53).
Corticosteroid

After 72 hours of sleep deprivation in animal
experiments, the corticotropin-releasing hormone
(CRH) suffered change in its plasmatic levels. This
resulted in an increase of ACTH and corticosteroid,
and consequently, higher plasmatic levels of
noradrenaline. This would partially explain the
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increased energy expenditure (54) in animals sleep
deprivation.
The circadian rhythm of cortisol is relatively
well established with a clear peak in cortisol
secretion during the morning (55), but in humans
a 24-hour hour wakefulness resulted in a slight
increase in plasma cortisol level, cortisol being
a corticosteroid hormone that is involved in the
response to stress. Cortisol increases blood pressure
and blood sugar levels and suppresses the immune
system. It works as a physiological antagonist to
insulin by promoting gluconeogenesis, breaking
down lipids and proteins leading to higher glucose
concentrations in serum. It also increases blood
pressure and when suppressing the immune system
it alleviates inflammatory responses in cells like the
inflammation of eczema for example. Cortisol also
lowers bone formation.
This does not mean that cortisol is totally bad
for health, because its effects are vital to fighting
stress, but an increase could lead to a deregulation,
producing an exacerbated and chronic response.
This can also explain why sleep loss is associated
with glucose intolerance and an increased risk of
diabetes. The effects of sleep restriction on insulin
sensitivity have not been established, but sleep
restriction (5 h / night) for 1 week significantly
reduced insulin sensitivity, raising concerns
about the effects of lack of sleep in chronic
disease processes associated with insulin resistance
(56). Other studies claim that even partial sleep
deprivation for one night induces insulin resistance
in multiple metabolic pathways in healthy subjects
(67).
Estrogens

Estrogens is normally considered to be mainly a
hormone related to sex characteristics and sexual
behavior, but estrogen receptors exist in both the
male and female brain as well as in retinas of both
sexes. The diurnal rhythm of estrogens is most
likely driven by the SCN, and is integrated with
signals from the hypothalamic GnRH and the
pituitary gonadotropin secretion profiles (58-60).
This is important in animals whose females need to
coordinate their estrogen cycle with the circanual

rhythm to give birth in the most favorable season.
In human females further research is needed,
although it appears that estrogens play a minor role
in chronobiology. Anyway, estrogens have some
connection to light and are able to modulate at
least, to some extent, the SCN (61). This light
connection should be the subject of future study.
Growth Hormone (GH)

As the human organism ages, inevitably it will
produce less GH and without sufficient sleep it
would produce even less. The influence of 24-hours
of wakefulness on GH release is particularly
interesting. GHs have a typical maximum release
peak, normally occurring during the first NREM
sleep, but in subjects with 24-hours of wakefulness,
it will disappear, or at least could not be seen;
however, the total GH release remained unchanged
(62-63). The physiological significance of the GH
release peak at early nocturnal hours has not been
elucidated. It also remains to be shown whether
the lack of GH peak in the sleep-deprived subjects
might be compensated simply by an increase in the
daily release of the hormone. Such considerations
are justified by the findings indicating that during
the rebound sleep, the GH release peak appeared
earlier and achieved a higher level than the values
obtained for the controls (64).
Dermal effects have been reported in animals
with serious sleep deprivation. The lack of
dermal symptoms in humans associated with sleep
deprivation can be due to the fact that such drastic
conditions do not happen in humans (65). In rats
the major effects, such as alteration of skin and
hairless spots, are mainly localized in the tail and
paws. It is possible that these effects might be
linked either to the change in the release pattern of
the growth hormone (GH), namely, the absence
of the nocturnal maximal GH release in the sleepdeprived animals (42,62-63), or to a tendency for
such animals to become infected with their own
migrating bacterial flora (42,66). Although these
results have not been reported in humans, the
frequent lack of sleep in older people produces
a decrease in growth hormone release that could
harm a skin in good condition, or at least, wouldn´t
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help if there was already a skin disease. Also during
old age our immune system is weakened, which
can lead to the appearance of bad skin conditions.
Sleep is also involved in the immune system (see
below).
In conclusion we can say that with aging although
less GH is produced it does not mean that its lack
ceases to be important. For this reason, maintaining
good sleep habits is vital to a healthy state of
being.
Prolactin

Prolactin is a hormone whose name describes the
function by which it was discovered. This function
is to stimulate milk production in the mammary
glands and the synthesis of progesterone in the
corpus luteum, but among all the functions perhaps
the least important but the best known and studied
is that of the relationship between prolactin and
sleep. The hormone is released during REM sleep.
There are few human studies to show whether
there really is a link between sleep quality and the
release of prolactin.
In humans, there are other functions related to
prolactin such as fluid and electrolyte balance,
growth, development, metabolism, behavior,
reproduction, immune regulation and protection
... In animals, variety of the functions of prolactin,
increases. In the year 2000 alone 300 different
actions were collected. The vast majority of
them produced different behavior in the animals
that were studied, but they all kept to a pattern,
a circadian rhythm, circannual ... that regulated
them.
Sleep and the Immune system

It is clear that when there is an infection, sleep
time is prolonged as a sign of healing. At first it
was thought to be the result of wear caused by the
immune system’s response to the infectious agent.
Nowadays the idea of “consequence” has changed
and has become an idea of “condition”. It was
presumed that cytokines, somehow might also be
involved in the sleep regulation processes (67-68).
Most studies have been done on animals, few
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on humans with the result that human studies
are not as conclusive as those of animal studies
and have even been inconsistent and sometimes
contradictory, creating all kinds of problems. (69).
There are numerous cytokines, chemokines,
and growth factors that have been shown to alter
sleep when administered to laboratory animals
(and some cases human volunteers) include IL-1β,
IL-2, IL-4, IL-6, IL-8, IL-10, IL-13, IL-15, IL-18,
interferon-γ (IFNγ), interferon-α/β, TNF-α,
TNF-β, MIP-1β, GM-CSF, FGF, NGF, BDNF,
GDNF and TGF-β1 (70), but only few of them
have been studied in depth.
A lot of the data demonstrate that at least two
cytokines, IL-1β and TNF-α, are involved in
sleep regulation. Slow wave activity increases
during periods of NREM sleep enhancement
that follow administration of IL-1β and TNF-α.
Local application of TNF-α to the surface of
the somatosensory cortex under the dura mater
increases slow wave activity during NREMs of
rats without altering the amount of time spent in
wakefulness (70-71). These cytokines, at effective
doses, increase NREM sleep in mice, rats,
rabbits, cats, and sheep (human subject on IL-1β
therapy complain of fatigue and sleepiness) These
cytokine-induced increased in NREM sleep occur
irrespective of whether they are administered
centrally or peripheral (70). Microinjections into
the dorsal raphe nucleus increase NREM sleep
(72). Low doses of IL-1β or TNF-α need not
affect REM sleep, but most concentrations that
consistently increase NREM sleep also suppress
REM sleep, irrespective of timing of administration.
As such, these cytokines and their receptors are
situated in brain regions important for regulation
of sleep-wake behavior (73), where they function
in the absence of immune challenge.
Evidence suggests that sleep alteration during
infection is important. It is not known if increased
sleep facilitates, or sleep loss impairs, recovery
from infection (70). In one experiment the
probability of survival of microbial infection was
demonstrated using Escherichia coli, Staphylococcus
aureus and Candida albicans. Survival was greater for
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rabbits that develop increased NREM sleep and
slow wave activity during NREM sleep than for
those animals that underwent prolonged periods
of NREM sleep suppression (74-75). Such a result
should indicate that promoting NREM sleep
during an infectious challenge may be beneficial.
Lack of sleep is one constant complaint in older
adults, also in healthy seniors, with prevalence
rates of diagnostic insomnia exceeding 20-30%
(76). Indeed, during ageing sleep is associated
with decline in subjective quality, increased sleep
fragmentation, and decreases of deep slow-waves
sleep (77). These sleep abnormalities are thought
to contribute to daytime fatigue, depression, and
impairments in health functioning. Elderly persons
suffer greater changes in their immune system
than younger persons, after acute or prolonged
sleep deprivation. Like acute sleep deprivation,
aging is associated with a reduced T-cell function
that includes a shift, promoting the synthesis of
type 2 cytokine instead of type 1, and in some
studies has been found also to be associated with
decreased production of IL-2 and IFNγ (78-80).
Regarding innate immune functions, aging, like
sleep deprivation, leads to diminished NK cell
activity when considered on a per cell basis (81).
Blood counts of activated T-cells (HLA-DR)
have likewise been found to be increased after
short periods of sleep deprivation as well as in the
aged. One study showed that healthy elderly, in
comparison with young subjects, increased the
production of IL-1β and TNF-α, which appeared
to be particularly pronounced during nocturnal
sleep (82). In addition, nocturnal levels of IL6
are lower during SWS as compared to Stages 1-2
sleep, and the deficits of SWS in older adults may
be associated with overall increases in circulating
levels of this pro-inflammatory cytokine. However,
other changes in the aged, like the reduced
number of circulating lymphocytes thought to
originate from a thymic involution, are clearly
opposite to what is observed following sleep
deprivation. Accordingly, caution should be used
when considering alterations in immune function
in the aged as a consequence of a “chronic sleep
deprivation”, since the effects of poor sleep in

elderly persons interact with a number of other
physiological conditions not related to sleep.
Sleep and Sensory, Cognitive and Mental
functions

Those symptoms that appear most frequently when
there is lack of sleep will now be treated. Many of
them are not dangerous in and of themselves, but
they can make the organism more vulnerable when
something needs to be brought under control.
When sleep deprivation is not long, the symptoms
that appear are a consequence of an inaccurate
image formation on the retina: the images become
dim, there is double vision and disruption of
visual perception, tunnel vision... (83-84), but if
the period of sleep deprivation is long (85-86),
the number of visual errors and hallucinations
increase with the duration of wakefulness (42).
Hyperesthesia or limb numbness may occur, as
well as an increased sensitivity to pain, whereas the
sense of temperature remains unchanged (42).
In the course of prolonged wakefulness,
concentration of attention becomes impaired,
thoughts are distracted and the microepisodes of
sleep are longer (83). Such effects lead to decreased
accuracy and effectiveness of work performance
as well as impaired cognitive processing (42). It is
plausible that during a stressful event, the motivation
compensates for the effects of weariness (83). This is
because the release of adrenergic neurotransmitters
that stimulate the ascending reticular activating
system and production of catabolic hormones that
prevent going into the sleep phase are temporarily
postponed. What is not clear yet, it is how long
optimal waking conditions can be maintained
only with releasing neurotransmitter and catabolic
hormones.
A study realized in humans with a 50-hour
sleep deprivation, showed decreased emotional
intelligence and deteriorated interpersonal relations,
lower assertiveness, empathy and positive thinking
(87). Other studies demonstrated that a 55-hour
sleep deprivation induced intense frustration and
aggression in subjects, along with an increase in
the subjective perception of affective symptoms
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of psychopathology (anxiety, depression, mania,
insanity) (88) Survey studies conducted on male
teenagers revealed a correlation between sleep
deficiency and elevated aggression (89). Moreover,
an improvement in the quality of sleep mitigated
the emotional problems.
Conclusion

This review, “sleep and its importance in aging”,
has not attempted to reach a consensus about
which is the main function of sleep. It has been
an attempt to discuss to what extent sleep is
involved in and affects the human organism.
There are a few examples shown of species that
have been investigated such as humans, rats, mice
and monkeys, but sleep is different in the animal
kingdom and so different among the various
species that to attempt to reach a consensus would
be ludicrous. What can be said is that sleep
performs a vital function for any species that has
been molded by environment and behavior of each
species on its evolutionary path. For this reason,
to understand the essential function of sleep it is
necessary to carry out an exhaustive evolutionary
study of sleep. Meanwhile, health sciences could
go a step further in terms of sleep physiology and
not treat sleep disorders as mere symptoms, but
as a global alteration that requires care to avoid
breaking the balance that is established during the
circadian rhythms. During old age, sleep disorders
also require paying attention to because it is one
stage of life in which our systems are altered, reason
enough to prevent the disruption of circadian
rhythms intensifying the changes that occur during
old age.
We have mentioned in our review that studies
have shown that maintaining good sleep habits
prevents hormonal disruption. This control is
important because it could be preventing the
premature appearance of physiological aging,
since both the melatonin and estrogen hormones
are considered antioxidants. Proper sleep would
be avoiding, or delaying, cognitive dysfunction, a
characteristic of old age, and the immune system
would be stronger. An added benefit is that sleep
brings happiness if a person can relax after a long
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day’s work. This fact is not trivial, it is the means
to activate the reward pathway that exist in the
brain because sleep is vital for life.
In conclusion we can assure that sleep is involved,
directly or indirectly, in all biological processes of
the human organism. Good sleep habits must be
valued and the benefits brought to the attention of
the world population.
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Functional Food: recent research with historical
beginnings

“Functional Foods” represent an emerging opportunity and if put on a timeline they will certainly
play a consistent and important role in the future. Such a new perspective entirely depends on
the growing attention paid by nutritionists to the
development of new innovating solutions aimed
at acting upon organic systems as well as on more
general topics related to good consumer health .
Different from the past, when mainly retrospective epidemiological studies or empirical experiences were carried out on single nutrients, such a
new and growing interest by the scientific community follows research deeply oriented to clinics
supplemented by an accurate study on nutrients,
genomics and single nutritional requirement diagnostics. Already in 1993, the leading journal Nature published a report “Japan is exploring limits
between food and medicine” (Swinbanks 1993).
Clearly the success of “Functional Foods” depends
on the food industry capacity, too, of developing
new effective products which on the one hand
meet any consumer request and on the other hand
must have positive effects on health, supported
and validated by scientific research and therefore
far beyond simple positive properties, as recently
underlined in a meeting, organised by a non-profit
non-governmental international association.
Definition and needed features

Such a new philosophy in the last few years has led
to constant changes in Functional Food definition
which an authoritative scientific European panel

defined as follows in 1999 “ A nutrient can only
be easily considered functional if it was satisfactorily
proved that it can positively change one or more
target functions, besides nutritional effects, as to
consistently improve health, well-being while
reducing any affection risk. A Functional Food
should ideally be a nutrient and should not change
its efficacy when entering into a diet, it should not
be either a pill or a capsule”. It was then agreed
that, from a practical view point, a Functional
Food should comply with the following features:
1) be a natural food;
2) a food which was simply supplemented by a
component;
3) a food which was no longer holding a
component;
4) a food which the nature of one of more
components has been changed;
5) a food which one or more component availability has been changed;
6) a combination of the previous features.
It was then underlined how, besides its nutritional
properties or physiological effects, it was necessary
to offer a consistent administration safety profile.
Such a condition is nothing but a prerequisite to
further develop any Functional Food. From the
recommendations of such a European commission,
it is possible to come to the conclusion that “The
design and development of a Functional Food is
a key factor , besides a scientific challenge, which
should be mainly based on consistent scientific
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knowledge in terms of target functions and their
possible modulations by nutritional components”.
And therefore it is further stressed that “… while
Functional Foods are not universal, therefore a
nutritional-specific approach would be no longer
enough. But mainly and universally a basic specific
scientific approach only applies”.
It is important to underline a new concept within
nutrition on the role played by “Functional Foods
science”, which is the only one to be followed
to get to useful clinical inferences (Roberfroid,
2002).
An ancient Chinese proverb specifies that
“medicine and food are isogenic” and it is not by
chance that in 1984, in Japan, a unique national
study group was set up, under the patronage of
the Ministry of Education, Science and Culture
(MESC), aiming at exploring the interface between
nutrition and science. Scientists for some time
studied and defined a series of foods and nutrients
which were officially listed in the category “foods
to be specifically administered for health-care”
(Food for Specified Health Use, FOSHU), stressing
and recognising their nutritional value, after
undergoing a consistent bio-fermentation process.
Such a classification is still a legally-binding tool
against media communication of wrongly defined
natural products, misleading or simply generally
recalling generic data in literature but not followed
by specific validations of the product itself.
Synergies, markers and development strategy leading to nutrigenomics

A biochemistry and molecular biology specific
development, together with biotechnological
methods, were enhanced so as to support the
hypothesis that some nutrients could modulate
the body functions playing a role in its general
good health conditions as well as in the
reduction of contagion risks depending on life
style. Such assessments had to be in line with
consistent marker identification, both directly
connected (functional factors) to the process to be
modified as well as indirectly liable (indicators).
Suitable marker selection mainly supported the
development of genomics. In fact from the human
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genoma project conclusion (Venter JC 2001), the
post-genomic era started, which should mainly
be correlated with Functional Foods, profiting
from sophisticated technologies such as the DNA
tip technology and some others, which lead to
nutrigenomics (DellaPenna, 1999). Such a word
was only recently introduced and represents a
leap forward in comparison with observation
studies which were mainly based on research
in the bioactive nutritional component field.
Nutrigenomics mainly aims at studying genetic
and epigenetic interactions with a nutrient so as
to lead to a phenotype change and therefore to
the cell metabolism, differentiation or apoptosis
(Fafournoux 2000). Furthermore to stress the
scientific research importance and mainly, as far as
natural products are concerned, the simple fact that
research is effectively carried out on the nutrient
which apparently is “functionally” effective, it is
necessary to define the minimum effective quantity
leading to the above-mentioned changes. There
are in fact many pre-clinical studies which use a
bioactive nutritional component at concentrations
which cannot practically be administered. More
recently papers suggest that cells are able to adapt
themselves when exposed to excessive quantities of
nutrients. As previously stated, it would be highly
confused , if there were no scientific application,
to enforce any approach to a natural product:
1) which is only nutrient-specific;
2) and even more, if generally referring to
properties simply derived from literature, but with
no specific validation or bioavailability study.
What is more, a series a far-sighted companies
and food industries are consistently sponsoring
independent validation studies on natural products,
even when not imposed by the regulation in
force;
3) taking into account the negative effect of the
variable efficacy of the nutrient according to
the different formulation (lyophilised products,
dehydration processes at low or high temperature,
extracts, etc.) or associations. Isoflavons and soy
proteins stand out among all of them, where the
role of each single component is not clear yet, as
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well as the effects of any possible association or the
best formulation of soy itself (Crouse 1999).
As for new generation studies, however, it is too
early yet and still many interactions are to be assessed
between nutrients and host and among nutrients
themselves, and possibly many mechanisms will
play an important role when the dust is settled..
Biological answers in the presence of a Functional
Food would shortly be anti-oxidant (followed by a
series of possible genomic sequences mediated by
an increased transcriptional rate by: cytochrome
P450s, glutatione-S-transpherase, NAD(p)H:
kinone-reductase, UDP-glucuronosyltranspherase,
microsomial hydrolysis, aphta-toxin B1-aldehyde
reductase, dihydrodiol-dehydrogenase, aldehydedehydrogenase, glutatione-reductase, etc.),
supporting the detoxigenic enzymes, carcinogen
build-up and metabolism block, hormonal
homeostasis change, delaying the cell division or
inducing apoptosis.
Fermented Papaya Preparation history: an example of the rational and evidence-based biotechnological study.

That being said, it is far more interesting to further
and briefly analyse the study and development
process, still in progress of fermented papaya
preparation (FPP) a specific product derived from
the technologically advanced and controlled biofermentation process of Carica Papaya Linn, in the
absence of genetic manipulation, within a Japanese
research institute carried out in compliance with
every quality control and environmental-friendly
validated standards.
It has been well-know for a long time that the
anti-oxidant natural papaya properties, mainly
depending on vitamins (A & C) and amino acids
were consistent both in the fruit and derived from
the papain enzyme (Arginine among others ). Papain
plays a digestive role , but such an activity is no
longer present in the FPP. A long fermentation, by
means of yeasts, is the unique process, supporting
the preservation of papaya anti-oxidant properties
while offering important new immune-modulating
features. Fermentation deeply modifies, within the
product, the ratio between complex carbohydrates

and proteins, which in lyophilised papaya accounts
for about 10:1, increased up to 10:0.03 in the
case of FPP, that is 30 times higher . In the final
fermented product and not in the fresh fruit,
many new classes of oligosaccharides are present
at a different polymerisation as well a monomers
similar to the basic structure of ß 1-3 D-glucan.
Such oligosaccharides, mainly oligosaccharides
exhibiting a low molecular weight, exhibit a wide
spectrum of immune-modulating activity.
After a series of initial reports by Japanese scientists
on a series of populations living in the Philippines
and eating large amount of papaya on a daily basis,
over 20 years ago, a research institute was set up
committed to the study of “functional” properties
of a series of specific compounds within a fruit and vegetable-based diet. Special attention was
paid to Carica Papaya Linn, which was collected in
the Philippines and was further processed in Japan
with other exotic fruits through a long fermentation
process according to organic methods.
Basic research: a compulsory process to follow
the development of biotechnologies

From extraction of the final product, a series of
experimental scientific activities and studies were
carried out by the Neuro-science Department,
Molecular Biology Institute at the Okayama
University in Japan, directed by Prof. Mori
(Santiago 1991). Such studies, carried out with
sophisticated methods, among which Electron
Spin Resonance, highlighted that such a product
consisting of fermented papaya exhibited a powerful
anti-oxidizing activity on in vitro cerebral cells
(Santiago 1993) as well as on the in vivo epilepsy
experimental model, where the epileptogenic
monoamine neutral release was consistently
reduced (Santiago 1993). Prof. Mori’s group also
proved the capacity of fermented papaya to reduce
the increase of free radical concentration as well as
superoxide dismutase at the brain level in elderly
rats followed by the reduction of experimental
ischemia-reperfusion induced cerebral damage.
The consistent in vitro resistant anti-oxidizing
product capacities was furthermore highlighted
even when tested for one hour at high temperatures
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(100°C) and acid pH (1,2). What is more, such
features were confirmed after long-term storage.
Such potential neutoprotective effects of FPP
are at the moment the issue of a clinical study on
Parkinson’s disease patients by the group of Dr.
Nordera in northern Italy. which is showing some
preliminary promising results especially in rigidity
symptoms. Interestingly, some still uncontrolled
data from Prof. Barbagallo, chief of Geriatrics unit
at the University of Palermo pointing towards
a significant decrease of plasma oxidative stress
parameters in FPP-supplemented patients with
varying degree of dementia.

cells and protection of brain oxidative damage in
hypertensive rats.

Then, after thoroughly refining the product and
getting certification by the governmental body
(table 1), two important studies were carried
out with international institutes so as to further
assess the topic such as its possible effects on the
immune system together with the Kyoto Pasteur
Institute (Kishida 1994) as well as its effects on the
oxidizing stress in co-operation with the Molecular
Biology Department at UC at Berkley directed
by Prof. Packer, a widely recognised authority on
the subject, leading to a better assessment of its
activity mechanisms. Such successful studies, still
in progress, lead to a series of extremely interesting
in vitro and ex vivo evidence . The group from
the Pasteur Institute in Kyoto, starting from the
evidence of positive effects of FPP on the Natural
Killer population of a sarcoma experimental model
proved its capacity to affect the γ-interferon
production on human beings. Such data was
further proved by studies supporting the positive
activity of FPP on the macrophage function on rats
(Marcocci 1996) and human beings as well . In the
same time period, the working group co-ordinated
by Prof. Mori proved the consistent protection
effect by FPP on oxidizing stress on isolated rat
hearts (Haramaki 1995) when undergoing a severe
effect such as ischemia/reperfusion in the clinical
practice, the unique epiphenomenon present
during a myocardial stroke. Such data have recently
been confirmed and have gained further insights
from Aruoma et al. (2006) who has shown the
ability of FPP to modulate oxidative DNA damage
due to H2O2 in rat pheochromocytoma (PC12)

Such an activity was further assessed when two
different fractions were arbitrarily separated,
according to their different molecular weight (cut
off: MW 3.000), both confirming the previous
results as well as the new important evidence of
their action on the NF-κB binding to DNA as
a clear explanation of the transcriptional increase
of inducible nitric acid gene. The two different
fractions, however, proved a series of differences
in terms of macrophage stimulation and antioxidising scavenging activity. It is therefore
possible to prove, for example, that a different
immune-modulating activity could depend on the
different (1-3)-β-D-glucan concentrations, which
represents the most representative portion of some
peculiar yeasts, used in the FPP bio-fermentation
process.
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The same Mori group also led to important
scientific results proving the connection of the
immune-modulating activity of FPP to its antioxidising features. In fact, on a rat macrophage line,
important experimental evidence was put forward
on how FPP can adjust the nitric acid production
induced by interferon-γ upward. FPP (Kobuchi
1997) would then exhibit a nutrigenomic effect
able to change the messenger RNA expression
both of inducible nitric acid and of TNF-a and of
interleukin 1β.

Clinical evidence supported by research: a needed
evolution from the empirical

Supports offered by scientific evidence and a series
of works on human beings represented a foundation
to plan a series of clinical studies. In 1995 in
fact a oncological- haematologic Russian study
group (Korkina 1995) proved, on young subjects
undergoing radiotherapy against severe mieloand lympho-leukaemia, how the administration
of FPP, as proved in the previous experimental
studies of Prof. Mori, managed to significantly
reduce clinical side effects (encephalopathy score:
anorexia, nausea, vomiting, convulsions, dizziness)
and bio-humoral effects (change of the redox
state due to erythrocyte gluthatione depletion and
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leukocyte SOD increase, deficit of the monocyte
bactericidal activity). During the same time period
a group of Italian, French and Japanese scientists
co-ordinated a series of studies on the alcoholic
liver disease which proved how FPP allows the
reduction of alcoholic oxidative stress (reduction of
plasma and erythrocyte level of malonyldialdehyde
as well as of plasma lipoperoxides) both during the
initial phases of withdrawal, when it is possible to
observe a persistence of the microsomial system
activation leading to ethanol oxidation (with a
consequent maintenance of the pro-oxidative
state) and during chronic alcoholic abuse. More
precisely, taking into account the low clinical
practice compliance in the case of withdrawal,
it was proved how the administration of FPP to
alcoholics led to the following effects:
1. a significant improvement of haemorheology
(reduction of the whole blood viscosity, recovery
of the erythrocyte deformability and increase
of blood filtration capacity through a specific
membrane). Such a consistent increase of the
malonylaldehyde concentration in the erythrocytes
in the case of chronic alcoholics leads to, through
lipoperoxidising effects, a lipid asymmetry
destabilisation (Marotta et al. 2001). Part of these
data have recently been confirmed in a small
group of generally healthy elderly individuals
(Marotta et al, 2006). In a different setting of
chronic liver disease unrelated to alcohol, i.e.
HCV-related, the same research group has then
shown that A significant improvement of redox
status was obtained by both alpha-tocopherol 900
IU/day or 9 g/day of a FPP regimens. However,
only FPP significantly decreased 8-OHdG and the
improvement of cytokine balance with FPP was
significantly better than with vitamin E treatment.
A few years later, a similar group of patients was
further studied (Marotta 2010) and it was found that
patients with liver cirrhosis showed a significantly
time-dependent upregulated TNF-α production
from ex-vivo LPS-stimulated monocyte, this
effect being more pronounced in more advanced
stages of the disease together with a higher serum
level of thioredoxin (Trx). Again, FPP showed a
normalization of Trx anda partial but significant
downregulation of TNF-α mRNA.

2. The previously mentioned haematological
data also proved to be interesting for an
authoritative (CORRECT) Israeli group led by
Prof. Rachmilewitz (2002, Amer 2008) which
has shown that in vitro treatment of blood cells
from beta-thalassemic patients with FPP increased
the glutathione content of red blood cells,
platelets and polymorphonuclear leukocytes,
and reduced their reactive oxygen species,
membrane lipid peroxidation and externalization
of phosphatidylserine. These effects result in (a)
reduced thalassemic RBC sensitivity to hemolysis
and phagocytosis by macrophages; (b) improved
PMN ability to generate oxidative burst - an
intracellular mechanism of bacteriolysis, and (c)
reduced platelet tendency to undergo activation,
as reflected by fewer platelets carrying external
phosphatidylserine. Oral administration of FPP
to beta-thalassemic mice (50 mg/mouse/day for
3 months) and to patients (3 g x 3 times/day
for 3 months), reduced all the above mentioned
parameters of oxidative stress (Fibach 2010). Quite
recently, this group has studied the effect of FPP
on two groups of beta-thal patients: beta-thal,
major and intermediate, (in Israel) and E-betathal (in Singapore). The results indicated that in
both groups FPP treatment increased the content
of reduced glutathione in red blood cells, and
decreased their reactive oxygen species generation,
membrane lipid peroxidation, and externalization
of phosphatidylserine, indicating amelioration of
their oxidative status. Further corroborative hints
come from a concomitant case report of a beneficial
administration of FPP to a patient with paroxymal
nocturnal haemoglobinuria (Ghoti 2010).
3. a significant recovery of the latent malabsorption
of vitamin B12 due to the interference of alcoholinduced oxidising effects on the gastric mucus at
the binding site level between the intrinsic factor
and cyanocobalamin (Marotta 2000).
Such evidence on the efficacy of FPP on oxidising
stress induced by alcohol on the gastric mucus
was also based on the associated evidence of the
significant protective effect (macro and microscopic
and biochemical as well) on healthy subjects, after
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being administered a test-dose of ethanol (40 ml
80% ethanol) (Marotta 1999).
According to the previous results on the
antigenotoxic effect and on the DNA in vitro
protection by FPP from the group of Prof. Mori and
more recently of Prof. Packer’s group (Rimbach
2000) who highlighted the iron chelating effect,
a new clinical trial was carried out on the gastric
pre-cancerous lesions. A group of Italian and
Japanese scientists proved in fact in a controlled and
randomised study carried out for a six month period
on patients suffering from chronic atrophic gastritis
without the presence of Helycobacter pylori that
both a multivitamin anti-oxidant mixture and high
dosage vitamin E and FPP led to the reduction of
a series of mucosal markers related to oxidative
stress. However, FPP only managed to significantly
reduce the two markers used as an expression
of a pre-mutagenic biochemical changes, that is
ornithine decarboxylase and 8-oxoguanine. This
is one of the most frequently used biochemical
markers relating to the DNA oxidative damage,
since being a mutated base, it can lead to severe
replication errors and anaplastic transformation)
(Marotta 2004).
At the same time as the first clinical trials by the
Kyoto Pasteur group on the immuno-modulating
FPP effects and related reports (increase of the
CD8+ and QOL score), on the positive beneficial
effect which HIV-affected patients could benefit
from (Mimaya 1998), a series of studies were started
by Prof. M. Weksler of Cornell University in
the USA (2002) and Prof. L. Montagnier, former
director of the virology laboratory of the Pasteur
Institute in Paris and present chairman of the World
AIDS Research and Prevention Foundation. In a
preliminary study, which is going to be enlarged
further, it was proved that FPP administration
for 3 weeks before the anti-flue vaccination in 10
hospitalised elderly patients consistently improved
their specific antibody response in comparison to
a control group which was only administered the
vaccine. What is more, Prof. Montagnier’s group
(2003) carried out a study on the administration
of FPP to poor immunological-responder HIVpositive patients and data from the open preliminary
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research proved how such a compound, when
associated with the anti-retroviral treatment, could
significantly improve the CD4+ concentration as
well as hemoglobineamia, weight increase and
cenaesthesia. Such immune-modulating effects
of FPP are now under consideration in a clinical
research project aimed at ascertaining its potential
properties in reducing the upper respiratory tract
infections in the overall population and, principally
, in elderly subjects (Marotta 2010)
Taking into account the overall previously
mentioned data, one can also suggest that either
the antioxidant effect of FPP and its beneficial
microrrheological and macrophage activityenhancing properties must have played a role
in the successful study of the Comprehensive
Wound Center, Department of Surgery at Ohio
State University Medical Center, USA. Indeed,
Drs Collard and Roy studied (2010) the effects
of FPP on wound healing in adult obese diabetic
(db/db) mice and found that FPP supplementation
improved respiratory-burst function as well
as inducible NO production together with a
higher abundance of CD68 as well as CD31 at
the wound site, suggesting effective recruitment
of monocytes and an improved proangiogenic
response. Interestingly, the authors also noted that
FPP blunted the gain in blood glucose and this
somehow parallels the intriguing clinical findings
of the Italian researcher Danese (2006) who,
by administering 3 grams of FPP daily, during
lunch, for two months to 25 patients affected by
type-2 diabetes mellitus under treatment with
glybenclamide and to 25 controls, noticed a
significant decrease in plasma sugar levels in both
groups. This data needs further confirmation in a
larger study but it may open new avenues to an
integrated medical approach.
It goes without saying that it is extremely
important to promote a diet rich in organicallygrown vegetables, which if correctly enforced,
offers the availability of micro-nutrients and antioxidants which are sufficient to comply with the
body requirement in the case of normal health
conditions and in the absence of important
psychological and physical burdens. What simply
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depended on common sense, was underlined a
long ago by an authoritative international nonprofit institute which stressed how a healthy
diet should not be replaced by a non-controlled
diet rich in supplements or food-like compounds
such as vitamins, extracts or lyophilised products,
mainly when the variability of such products in
each single batch is uncontrolled or even worse,
when no certified titration was carried out.
However, the absence of specific and referenced
studies on each single nutraceutical attempt cannot
be counterbalanced by general data from the
literature. Legislation and standards are still open
about fortified foods supplemented by specific
nutrients which deserve a discussion of each
one . As previously underlined by Prof. Packer
during an international congress (2003), we are
facing a consistent evolution of anti-oxidants,
implying the study of some of them from a simple
scavenger function are instead able to interact
in a complex way with the redox balance and
immune-modulating network through a genomic
adjustment.
In particular, a polymorphism-profile designed
placebo-controlled study (Marotta 2006) carried
out in 54 elderly patients without major diseases
has shown that only the GSTM1 (-) subgroup
was the one that, under FPP treatment, decreased
lymphocyte 8-OHdG. Such preliminary data
show that FPP is an advisable nutraceutical for
improving antioxidant defences even without
any overt antioxidant-deficiency state while
helping explain some inconsistent results of prior
interventional studies. A further study (Marotta
2007) showed that in a similar group of patients,
there may occur a proinflammatory profile acting
also as a downregulating factor for inducible
Hsp70, particularly if Interleukin-6 promoter
-174 G/C-negative while FPP supplementation
at the dosage of 9g/day sublingually (a preferable
route) proved to normalize such phenomena.
The understanding of the complex intracellular/
epigenomic mechanisms of FPP still needs further
investigations and posttranscriptional/translation
protein modifications that also occur need to be
unfolded as Prof. Migliore from Pisa University in

addressing her research studies stated. Nonetheless,
a recent small pilot study showing FPP-induced
upregulation of gene expression of leukocyte
GPx, SOD, catalase and hOGG1 (Marotta 2010)
seems to suggest that a transcriptomic modification
of key redox and DNA repair genes may offer
further insights when attempting to interrelate
“nutragenomics” to clinical phenomena.
FPP certainly represents a Functional Food, highly
compliant with the novel features of the new
nutrigenomic-driven action plan strategy aimed
at disease risk reduction and successful integration
within specific pharmacological treatments.
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Apart from its meaning as training, the word
coaching originates in the term for a carriage, a
vehicle. It is the coach that takes us from where
we are in life to where we want to go.
As a personal trainer, my activity consists of helping
clients achieve their personal and professional
goals. To this end, I use the fastest, most powerful
and effective methodology currently known
for obtaining such results. This methodology is
coaching, a personal training process that works
with people’s potential to create new versions of
themselves capable of attaining the objectives they
wish to reach.
In order to do so, coaching helps to change
belief systems, habits and behaviour that
keep people anchored to the situations they
are trying to overcome. It is often said that if
we go on doing what we have also done before,
we will go on getting the same results as before. It
is not reasonable to expect a different outcome if
we are doing the same as always, so people learn
in the course of their training to assimilate and
integrate the new thoughts and skills they need to
project themselves to where they want to go.
During sessions, coaches use tools that help
clients become aware of their current situation,
their difficulties and limitations, their options and
opportunities. Then they select, from among these
options, the ones that are most suitable for the
action plan established in the form of a previously
designed strategy. The clients have to undertake to
achieve these steps before the next session. Thus,
they are engaged in a process of learning by doing

that forms a feedback loop session after session
until the final goal is achieved. In other words,
coaching promotes action, action generates
learning, learning becomes new habits, and
new habits build new identities.
At the core of any coaching process is the realization
and harmonious balance of the individual. Around
this, there is an alliance between coaches and their
clients an alliance based on trust, confidentiality
and commitment. A commitment to carry out the
actions identified in the strategy designed to reach
the set target.
The goals of a coaching session can be as diverse as
the people participating in it search of assistance: to
quit smoking, write a book, change jobs, control
stress, balance personal and professional lives, set up
a business, keep fit, feel younger, etc. Any personal
or professional goal someone may want to set but
is difficult to achieve by him/herself.
In the years I have spent devoted to this profession,
I have more and more often run into cases in which
feeling younger has been the direct or indirect
goal of the individuals I was working with. This
has led me to design an anti-aging coaching
programme using an anti-aging protocol as its
reference framework, in other words a suite of
actions of demonstrated efficacy that are
aimed at rejuvenation and longevity and
that work comprehensively with the body,
the mind and the emotions.
The reason for wanting to achieve the goal of
rejuvenation is not merely the need to respond to
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the demands of a society like ours, which places
enormous value on youthfulness, but rather the
intimate desire of people to achieve physical
wellbeing, calmness and mental clarity, a feeling
of plenitude that is maintained throughout an ever
longer lifetime.
While we await the progress of biogerontology
over the next two decades, with the help of the
appropriate technology, to be able to manipulate
the distinctive factors of cellular aging, we already
have available today a number of actions that
have been shown to be effective in the realms of
science, technology and body-mind integration
therapies that allow us to design powerful antiaging protocols capable of delaying and in many
cases reversing the aging process.
This is the goal a growing number of people are
setting for themselves and that is why it is important
for professionals working in the area of anti-aging
and longevity to join forces so that the diversity
of steps aimed at achieving this common goal can
be implemented safely, effectively and with the
greatest co-ordination.
In this sense, coaching has been shown to
be the ideal procedure through which
interested parties can change the beliefs
and the behaviour that keep them clinging
to the current paradigm of aging and then
undertake in an orchestrated fashion the
actions of the anti-aging protocol that best
fit their circumstances.
Let us see how coaching does this:

First of all, by working with the belief that
rejuvenation and staying young longer
is possible. The German scientist George
Lintemberg said way back in the 18th century that
nothing made us age faster than intensely thinking
that we are getting old.
Nowadays, based on the latest discoveries of
neuroscience that have shown the extraordinary
power of our thoughts, we can state that aging
depends, in part, on our expectations. If
we expect our physical and mental abilities to
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decline over time then this is very probably what
will happen, but if we start believing that we will
remain strong and with our full capacity to live
longer and better then this in all likelihood will be
what we will achieve. Beliefs can change biology,
knowing that is the prelude to learning how, as
can be inferred from the work of highly renowned
neuroscientists such as Sam Harris, Antonio
Damasio or Richard Davinsson.
Secondly, coaching provides an appropriate,
safe space in which people participating in
anti-aging training can discover, explore,
select and put into practice the possibilities
offered by science, technology and bodymind integration therapies.
It is important to highlight here the holistic nature
of coaching that allows it to work in a co-ordinated
and harmonious way with the mind, the body
and the emotions as a single whole. These aspects
are interrelated and affect each other to provide
powerful synergies that should be taken advantage
of.
Aspects such as nutrition and detoxication,
physical exercise and beneficial rest, mental
stimulus for better specific cognitive functions
such as memory, attention, concentration,
language and reasoning, the anti-aging related
medical treatments available in all specialities,
safer and more effective technologies, stress
control, managing emotions, self-esteem,
neuroplasticity, bio-energetics, sexuality,
attitude and image, creativity, positive
thinking, sense of humour, empowerment
and leadership of one’s own life are, among
others, the material with which we work
during the anti-aging coaching sessions.
Together with the best exercises, treatments
and therapies, at coaching sessions we also
seek and select the most recommendable
professionals in each area depending on
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the interests, needs and possibilities of each
client. This is where the synergy of professionals
working with a shared goal is multiplied: the
regeneration of the body, of the mind and the
revitalization of the spirit.
As well as helping to change limiting beliefs around
aging and selecting the most appropriate actions
and the most suitable professionals, coaching
thirdly provides the focus, structure and
motivation needed to carry out all the actions
and learning required as anti-aging protocols
are usually extensive and demanding programmes,
making them difficult to implement successfully
without the aid of professional trainers.
A large dose of enthusiasm is needed to
implement an anti-aging protocol. It can
sometimes seem heavy going, a break with
routine, giving up doing things that have
been done for many years, it’s a challenge
that requires effort, determination and great
confidence that may perhaps be deflated in
a couple of weeks, just like so many things
that have been started and left unfinished,
good intentions that fell by the wayside.
That’s why having a coach is what marks
the difference here.
In other words, from my point of view the
fundamental added value provided by coaching for
this matter of anti-aging and longevity.
At each stage of the process, the coach
maintains motivation with highly practical
information, feedback and support, helping
clients to clarify their ideas, take decisions
and design a realistic action plan that fits
their lifestyle.

Coaches drive their clients’ process of change and
transformation throughout a programme that lasts
from three to six months, accompanying them at
all times, offering encouragement in the face
of difficulties, identifying and neutralizing
their internal saboteurs, acknowledging
their improvements and consolidating their
achievements, making it easier for these to
be assimilated and integrated into their daily
life.
Although the effects of coaching start to be noted
shortly after the start of training, a minimum of
twelve weeks is normally needed to integrate these
new lessons and articulating them with one another
until the final outcome is reached. We give time
to the body to respond and subsequently change.
Bodies behave holistically. When an improvement
occurs in a biological or cognitive marker,
it triggers a domino effect on the rest. Thus, if
muscles are developed, the bone structure also
improves, if we boost aerobic capacity it improves
the immunological system, our psychological and
biological states affect each other, etc.
At the end of training, coaches propose
clients should enter into a conscious pact
with themselves, a commitment to their
health and wellbeing, which will lead them
henceforth to a new way of living their
lives.
If we reflect on what has been said, it all implies an
improvement in people’s ability to be happy
as the actions in the anti-aging protocol trained
during the coaching process for rejuvenation and
longevity are designed to furnish health, physical
wellbeing, clarity and peace of mind, beauty,
creativity, enthusiasm and personal progress.
The fact that more and more people have access to
the proposals of anti-aging coaching will help define
and consolidate the new paradigm in which
the idea of aging will be replaced by the idea
of longevity. Long life as a consequence of
the advance of humankind.
Evolved individuals understand their bodies, their
minds and emotions and know how they work.
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They have also learned to remain connected to
their spiritual side. If someone in this frame of
mind wishes to slow down aging and maintain
vitality, this will be achieved.
In this sense, devoting time, attention and
resources and achieving rejuvenation has
nothing to do with a frivolous, superficial
fad but rather constitutes a more aware and
happier philosophy of life for people who
wish to live a full life for many years. It is
the responsibility of our generation to confront
this paradigm shift with the technical and human
resources provided by the current state of the art
in science and knowledge.
I should like to conclude by mentioning that
the welfare industry, focused on diminishing the
advance of illness and reducing the effects of aging,
will grow by 500% in the United States in 2010,
according to the economist Paul Zane Pilzer.
Baby boomers, the generation now between 37 and
55 years of age, have generated great purchasing
power. They represent 30% of the US population
and 50% of the country’s gross domestic product.
These figures lead us to think that health, antiaging and welfare may well represent the next
revolution. With its vocation to accompany people
and organizations in their processes of change and
progress, coaching will play more than important
role in that scenario.
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Abstract

In the field of medicine, stem cell research is now
the most exciting opportunity for the treatment
of some diseases that until now have been incurable. The discovery of the regenerative properties of stem cells, both embryonic and adult, has
been one of the main advances in Biology in the
past years. This fact has contributed to the increase in the number of projects of human stem cell
line derivation. In the process of obtaining stem
cell lines for research or clinical application purposes, there are still some problems that should
be resolved. Apart from the difficulties of cell line
generation, the problems with the culture media
and the possibility of tumoral degeneration, one
of the main complications of stem cell cultures is
the possibility of contamination. The main sources
for this to occur are the stem cells themselves, the
laboratory workers and the environment in which
these cell lines are being handled. Due to the large
quantity of microorganisms that could contaminate these cultures (e.g. bacterias, fungi, viruses and
prions), all the stem cell research centres should
incorporate an exhaustive microbiological and
environmental program in order to both detect
the possible pathogens and to avoid the transmission to the recipients. Any microbial contamination during the manufacturing process presents a
serious hazard to recipients. In order to establish
the sterility of stem cell cultures, there are several
methods to study the possible presence of pathogens both in cell cultures and in the environment

of the manufacturing cell factories. Until now, the
methods used for this purpose are mainly standard
protocols based on the culture in liquid or solid
growth media and incubated at different temperatures, reflecting conditions for human pathogen
culture and environmental microorganisms. Other
techniques used are PCR and RT-PCR methods,
electron microscopy and in vitro inoculation and
in vivo animal inoculation. However, some of
these tests are long standing techniques and can
take a number of weeks and can prove difficult
to implement in the scheduling for release testing
of time critical products. In this sense, the technologies based on the use of hybridization chips,
using microarrays of immobilized oligonucleotides
or antigens/antibodies/genes for microorganisms
can provide a rapid and useful methodology for
the identification of contaminants.
This review will discuss the methodology that
could be used in stem cell research centres to assure the quality and biosafety of cell lines and biotechnological products and avoid the transmission of
pathogens like bacteria, virus and prion particles.
Production

The recent advances with respect to the regenerative capacity of stem cells are one of most important
facts in the past years in Biology and Medicine.
The discovery of the regenerative properties [1] of
both, adult and embryonic stem cells, to provide
a solid base in research for the future treatment of
some diseases that until now have been incurable
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(e.g. Parkinson disease, degenerative osteoarticular diseases, myocardial infarctation, etc). Since the
main purpose of these kinds of cells is the application in human beings, the quality and safety of
cultures for transplantation should be assured. This
should be achieved by means of the standardization of processes involved and the implementation
of quality control programs and methods which
reflect best practices. However, these possible new
treatments still have several problems such as the
possibility of chromosomal alterations, the difficulties of obtention, culture and differentiation, ethical problems in embryonic stem cells and potential
for tumorigenicity [2]. In this sense, one of the
main problems of these cultures is the possibility
of contamination and the transmission of pathogens to the recipients of these cell products. The
most common potential forms of contamination
are bacterias (including mycoplasma), yeasts and
fungi. These microorganisms can be diagnosed
on a routine basis [3, 4]. Moreover, some stem
cell lines may contain an endogenous virus or can
be contaminated with exogenous viruses or prion
particles. Viral and prion contamination of cell
cultures and feeder cells is the most challenging
and serious outcome to diagnose, due to the difficulty involved in virus and prion detection and the
potential to cause serious disease in the recipients.
Thus, to ensure the provision of safe and reliable
cells for these purposes, it is necessary to regulate the obtention, processing, testing, storage and
distribution of all the cells that will be transplanted in the human body [5, 6]. Stem cell research
and in particular stem cell banks must assure the
quality and safety of the cell products in order to
avoid transmissible diseases caused by all the above
mentioned microorganisms. These centres should
implement adequate quality assurance programs
like the microbiological control program.
So, accredited stem cell research centres should
standardize procedures and protocols used for
microbiological testing and in validation programs
to assure both the quality and safety of the cells.
The microbiological control program should be
dynamic and should include upgraded protocols
related to the testing of all microorganisms that
could be found in stem cell cultures. The three
key areas in this microbiological control are:
(a) Clean room environmental control and plans
for processing and storage areas.
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(b) Microbiological control of stem cell lines, “feeder” cells, and other biotechnological products and
reagents used in cell culture manufacturing.
(c) Microbiological screening of donors of biological material (e.g. embryos, bone marrow, umbilical cord, etc) in order to avoid the transmission
of infectious agents. This chapter will discuss the
most appropriate methodology that could be used
in stem cell research centres in order to assure
the safety and quality of cell and biotechnological
products, and intends to give an overview of the
microbiological controls that should be carried out
on the cell lines in order to avoid the transmission
of pathogens to the recipients.
Microbiological contamination sources in stem
cell cultures bacterial, yeast and fungi contamination

The most important source of contamination for
bacterias, yeasts and fungi are the contaminated
cells that are used as the primary starting material
for cell culture. The cell lines recently imported
and introduced in the culture laboratory represent the greatest source of contamination, depending on their culture history and past exposure to
microorganisms. For this reason, providers of stem
cell lines should be able to provide details of passage history and appropriate testing [7] and a “quarantine status” should be established. Apart from
other stem cell lines, another important source of
contamination are the laboratory workers who
handle the cell cultures. Thus, the most prevalent
contaminants will be the microorganisms present in the human skin flora (e.g. staphylococcus,
grampositive bacilli, Candida). Moreover, these
microorganisms are dispersed into the air [8], so
another potential source of contamination is the
environment in which the cultures are carried out,
because these microorganisms can be deposited
into the cultures. Finally, other potential sources
of microbial contamination in stem cell cultures include culture media and reagents, biological products (bone marrow, embryos, and blood
umbilical cord), glassware or apparatus (e.g. storage bottles and pipettes) and break-down in aseptic
procedures.Viral contamination
The primary sources of potential viral contamination in cell cultures are infected animal products
used to prepare biological reagents and culture
media, contamination during manipulation by
laboratory workers and biological products from
donors used to obtain the stem cell lines (e.g.
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embryos, bone marrow, blood umbilical cord,
etc.). Until this moment, in embryonic stem cell
cultures the use of “feeder” layers both of animal
and human origin is necessary to maintain undifferentiated growth. This requirement provides intimate contact between the embryonic stem cells
and the “feeder” cells; this contact could be used
as the means to transmit pathogens or bioactive
molecules in the final cell product. With respect to
the use of “feeders” of animal origin, above all of
murine origin, certain mouse viruses like lymphocytic choriomeningitis virus (LCMV), reovirus-3
and Hantaan virus have been diagnosed in mouse
colonies [9] and these viruses have caused serious
infection and include fatalities in laboratory staff
[10, 11] and may also be transmitted in cell lines
and reagents [12]. Moreover, there is also evidence that other mouse viruses like Sendai virus and
lactic dehydrogenase virus are capable of infecting
human or primates [13]. Other murine viruses like
ectromelia virus, Toolan virus, Kilham rat virus,
mouse adenovirus, mouse cytomegalovirus, etc.,
are capable of replicating in vitro in cells of human
or primate origin although is not known that cause
serious human disease [13] (Table 1).
On the other hand, in the case of use of “feeder”
cells of human origin [14], there are numerous
microorganisms that could be transmitted to the
recipient due to the fact that the human “feeder”
cells can be infected by viruses and other pathogens. Some viruses can be transmitted and should
be screened like HIV-I/II, HBV, HCV and CMV.
Other viruses susceptible of testing are HTLV-I/
II, HAV, HEV, and other potentially viral agents
that could be transmitted and cause diseases include human herpesviruses (HHV-6, HHV-7, HHV8, EBV, and HSV), parvovirus B19, TTV virus
and human polyomaviruses (JC and BK virus).
These viruses could remain latent and later some
of these viruses could be involved in oncogenic
transformation [15]. Moreover, depending on the
geographical origin of human “feeder” cells, some
pathogens can be transmitted to the recipients and
could be susceptible of testing. Several examples
of these microorganisms can be the lymphocytic
choriomeningitis virus [16], the coronavirus (severe acute respiratory syndrome-SARS), HTLV-3/4
[17] and rabies virus [18]. In this sense, any new
pathogen should be considered as a risk factor and
a testing should be performed in order to avoid
the possible transmission to human biological products.

Prion particles contamination

The American and European regulatory agencies
[19, 20] have identified the risk of prion particle
transmission with the use of all products derived
from rumiants (e.g. bovine foetal serum). For this
reason, the introduction of techniques for testing
the prionic protein (PrPSc) is necessary. Cell cultures could be an adequate medium to allow the
replication of PrPSc and to maintain the infectivity
[21]. On the other hand, several products that can
be used to obtain stem cell lines (peripheral blood,
bone marrow) could transmit the prion protein to
the recipients of the final products [22].
Control of donors of biological products

All human cells (including reproductive cells) could
transmit any infectious diseases. So, the procedures
and technical criteria to assess are the eligibility of
the donors, the laboratory tests required and the
criteria for acceptance of cells. In the recent past,
donors have been screened for the human immunodeficiency virus (HIV-1 and 2), the hepatitis B
virus (HBV) and the hepatitis C virus (HCV) [23].
However, current regulations require that donor
screening includes tests for a range of viruses causing serious human diseases and that are known to
be transmitted by blood and tissues (Table 2). For
this reason, additional viruses should be included
in the screening like HTLV-I/II, CMV, hepatitis
A virus (HAV), hepatitis E virus (HEV) which is
considered “cell associated virus”. This list could
be different in each country where the national guidelines might vary. Although this list may
be expanded even further in light of developing
knowledge and technology, it is inevitable that a
balance will be drawn between the associated risk
of infection and the resources and time required
to perform an ever-increasing list of virus tests. It
is known that some viruses, such as herpesviruses
[herpes simplex virus (HSV), Epstein-Barr virus
(EBV), human herpesvirus (HHV-6, 7, 8), human
Polyomaviruses (JC and BK viruses), parvovirus B19 and transfusion transmitted virus (TTV)]
remain latent and detectable in humans from
early childhood and are potential contaminants of
cells from normal, healthy individuals [24-28]. As
these viruses are so ubiquitous, there may be no
clinical impact of their presence in transplanted
tissues and cells for the majority of patients, and
in certain cases, such as parvovirus B19, contamination of blood products up to a maximum limit
(currently 105 genome equivalents per dose for
B19) is acceptable for use in humans. However,
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in some instances, these agents can prove to be
of concern. Some microbial agents have marked
variation in their geographical distribution, producing infectious epidemics in different areas like
the lymphocytic choriomeningitis virus in USA
[29] and the very recent outbreak of severe acute
respiratory syndrome (SARS) virus in humans in
South East Asia. Furthermore, two new retroviruses (HTLV-3 and HTLV-4) have been recently
identified among African bush-meat hunters [30]
and recent cases of transplant transmitted disease
due to rabies virus in USA and Germany [18] have
been reported, which clearly shows the potential
emergence of new serious pathogens of the reemergence of known pathogens. Accordingly, all
infectious agents should be considered as potential
pathogens and any new entity that arises should
be considered as a contamination risk factor, and
a risk balance for the use of contaminated products established, which should include consideration of the recipient`s prior exposure and competence to fight infection. Moreover, specific tests
may be required, and these may be developed for
surveillance initiatives, and in the case of SARS,
for which detection methods are being developed for the causative coronavirus agent [31]. With
respect to non-viral agents, currently donor screening may include Treponema pallidum [32], and
it is inevitable that there will be a requirement to
test for a transmissible spongiform encephalopathies (TSEs), including Creutzfeldt-Jakob Disease
(CJD), as sensitive and clinically validated assays
become available [23, 33]. Moreover, the Food
and Drugs Administration is proposing to require
that donors of reproductive cells and tissue be tested for Neisseria gonorrhoeae and Chlamydia trachomatis (which are known to have been transmitted through artificial insemination) and screened
for other sexually transmitted and genitourinary
disease that could contaminate reproductive cells
and tissue during recovery and then be transmitted
to the recipient of those cells or tissues (Table 2).
The screening of the majority of microorganisms
has been carried out using currently available tests
based on the detection of donor antibodies to viral
infection, but more recent research has shown
that the detection of antibodies exclusively runs
the risk of samples for tests being taken during an
antibodynegative window period of these infections, where an individual has been exposed to
viral infection and indeed can be viraemic [34].
This finding has led to the introduction of nucleic
acid amplification techniques such as polymerase chain reaction (PCR) and the retrotranscriptase
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polymerase chain reaction (RTPCR) in which the
presence of viruses can be observed by means of
the amplification of sequences of viral genome.
The addition of nucleic acid test methods to the
screening of tissue donors, and to the testing of
cell lines, could reduce the risks of these infections
among recipients of stem cells [35].
Microbiological diagnosis in stem cell lines

Cell lines may become contaminated with a large variety of bacterial, yeasts and fungal agents.
Potential sources of contamination include other
cell lines, laboratory conditions and workers poorly
trained in core areas such as aseptic techniques
and good laboratory practice. Most of these contaminants become grossly obvious if the cells are
grown in medium without antimicrobial agents.
However, the routine use of such agents should be
avoidable with good sterile cell culture techniques
and clean cultures. The use of cells and reagents
of known origin and quality alone is not sufficient
to guarantee the quality of product (cell stock or
culture products); it is necessary to demonstrate
quality throughout the production process and
also in the final product. Screening aids the early
detection of contamination since all manipulations
are a potential source of contamination. For any
reasonable quality control program involving cell
lines it is absolutely necessary to include routine
culture tests for bacteria, yeast, fungi, virus and
prion particles. However, the fundamental element in avoiding contamination and laboratory
infection is aseptic technique and this should be a
major component of the training in any tissue and
cell culture laboratory. Moreover, one of the most
important approaches to avoid contamination problems is to avoid the routine use of antimicrobials.
These are not a substitute for aseptic techniques
and may only mask contamination which may
reappear at a later date. Finally, providers of cell
lines should be able to provide details of passage
history and appropriate testing [36]. Once the cell
lines have been obtained from a reliable source,
it is important at the earliest stage to establish a
master bank and apply appropriate tests to rule out
microbiological contaminants and to confirm the
authenticity of cell culture [7]. Bacterial, yeast and
fungal contamination
All these contaminants are generally visible to the
naked eye and detected by an increase in turbidity and colour change of the culture medium; this
change of colour is due to a change in pH. Early
detection of contamination is possible due to daily
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microscopic observation of cell cultures as part of
a routine screening in the laboratory. The presence of contamination enables appropriate action
to be taken as soon as the signs of contamination
become apparent to avoid contamination of other
cultures. In addition to daily culture observation,
specific tests for the detection of bacteria and other
contaminants must be used as part of a routine
quality control screening procedure. It is necessary to detect low level of contamination, so samples from the stem cell cultures and their products
should be inoculated either into liquid (e.g. fluid
thioglycollate medium, tryptone soya broth) or
onto solid (e.g. blood agar, Sabouraud`s dextrose
agar, malt extract agar) growth media. European
and United States Pharmacopeia have given standard protocols for such testing [3, 4, 37]. These
media should be incubated at different temperatures, reflecting conditions for human pathogen culture (e.g. 32-35¼ C) and environmental microorganisms with lower growth temperature optima
(e.g. 25-30¼ C). These, should be incubated for
7-14 days in microbiological culture incubators,
depending on the specific testing standard used.
Moreover, the media should be tested using reference strains of potential contaminants. Later, all
these microorganisms isolated should be identified
and confirmed using confirmatory tests (e.g. Gram
stain) (Figure 1). Microbial identification systems
are either manual (conventional procedures) or
automated. Automated systems offer the advantage of hands-off approach, allowing more time for
the laboratory technician to carry out other duties;
manual methods offer the advantage of using the
analytical skills of the technologists for reading and
interpreting the tests. These procedures should be
carried out in the microbiology laboratory isolated from the cell culture laboratory. Mycoplasma
contamination
Mycoplasma is a generic term given to microorganisms of the order Mycoplasmatales that can infect
cell cultures. Those that belong to the families
Mycoplasmataceae (Mycoplasma) and Acholeplasmataceae (Acholeplasma) are of particular interest.
These microorganisms are the smallest free-living
selfreplicating prokayotes (0.3 µm in diameter) and
can be observed as filamentous or coccal forms.
They lack a cell wall and lack the ability to synthesize one. The first observation of mycoplasma
infection of cell cultures was by Robinson et al in
1956 [38]. Although mycoplasma contamination
of primary cultures and continuous cell lines has
been known since this date and for several decades, it still represents a significant problem in cell

culture. This might be due to the inability of workers to detect these contaminants by microscopic
observation. Mycoplasma contamination will also
fail to be detected during routine sterility testing
for other bacterial, fungi or yeast contaminations
due to their fastidious growth requirements. The
incidence of such infection has since been found
to vary from laboratory to laboratory. At present,
the surveys of cell culture laboratories and cell
banks substantiate that on average 15-35% of all
cell cultures may be contaminated with mycoplasma [39, 40]. Mycoplasma contamination is usually
caused in 98% by seven species: Mycoplasma hyorhinis, Mycoplasma arginini, Mycoplasma orale,
Mycoplasma salivarium, Mycoplasma fermentans,
Mycoplasma hominis and Acholeplasma laidlawii
[41]. In cell cultures, Mycoplasmas have shown
several effects, including induction of chromosome aberrations [42], induction of morphological
alterations (including cytopathology) [43], interference in the rate of growth of cells [44], influence
of nucleic acid and amino acid metabolism [45, 46]
and induction of membrane alteration and even
cell transformation [47, 48]. The contamination
mainly spreads from one culture to another, transmitted by aerosols or by poor cell culture practice.
Therefore, good laboratory practice and frequent
monitoring of the cell lines is mandatory for every
laboratory engaged in research using cell cultures
[49, 50]. A range of assay techniques is available
for the detection of mycoplasma contamination,
and it is usually
recommended to use at least two techniques for
testing cell banks to ensure optimum sensitivity
and specificity. These include culture, PCR, indirect DNA staining and non-isotopic detection system.
New methods on the future: microarrays, protein
arrays and biosensors

DNA arrays consist of nucleic acid targets immobilised on a substrate of glass, nitrocellulose or
nylon membrane. The arrays of 2high density can
have thousands of probes per cm and are known
as microarrays. The microarrays synthesised on
silicon surface are known as DNA chips. Microbial diagnostic microarrays consist of nucleic acid
probes, and each probe is specific for a strain,
species or genus. These platforms can be used as
a complement of culture methods for identification of microorganisms [70]. There are two kinds
of microarrays: the PCR product based DNA
microarrays and the oligonucleotide-based DNA

59

www.approachestoagingcontrol.org

microarrays. In the microarrays based on the PCR
product, the first step is the design of primers to
amplify specific regions of interest. All probes on
a microarray should be highly specific for their
target, should bind efficiently to target sequences
to allow the detection of low targets, and should
display similar hybridization behaviour. After this,
whole genome PCR amplification should be
carried out. The purified PCR products are spotted onto membranes or coated glass slides. The
DNA microarrays based on oligonucleotides use
oligonucleotides synthesized on a glass surface. In
this case, no reverse transcription or amplification
steps are involved. The main advantages of these last microarrays are that there is less likelihood
for contamination due to non specific amplification and mishandling, that there is a reduction in
cross-hybridization, that it is easier to normalize
the oligonucleotide concentrations and that high
density oligonucleotide arrays enable high coverage of the genome. From the microbiological point
of view, the main advantage of DNA microarrays
for stem cell cultures is the possibility of detection
and analysis of hundreds or thousands of microorganisms in a single experiment. Aside from their
costs and the difficulties associated with designing
and making a suitable array, the majority of the
problems with their use are related to quality control, due to the difficulties of standardisation and
reproducibility associated with the large number
of probes on an array. Moreover, there may be
contamination if PCR amplicons are used, as large amounts of these products will be made. There may also be problems with the hybridization
reaction. Other similar new technologies include
protein arrays and biosensors. Proteomics include different methods to identify all the proteins
present in a cell or tissue at a given time. Protein arrays are prepared with antigens or antibodies
bound to a solid phase and used to capture specific antibodies or antigens, respectively [71]. The
slides are incubated with serum samples and later
with fluorescently labelled secondary antibodies. A
microarray platform of oligosaccharides on nitrocellulose has been developed for capturing carbohydrate proteins, and it may be possible to develop
this for microbial diagnosis [72].
Biosensors are defined as small devices which use
biological reactions to detect targets [73]. The target bind to a ligand immobilized on a solid phase,
and the hybridization of the probe and target is
detected by electronic means. Biocatalytic arrays
involve an immobilized enzyme being used to
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recognize the substrate of the enzyme which is the
target of the array. The reaction might be recognized either by colorimetric means or by electronic
transducer. Finally, the amount of data generated
by microarray experiments is very large. These data
require specialised software to assess the patterns.
There is no single universally accepted method
of statistically analysing microarray data and each
method has advantages and disadvantages.
Conclusions

Stem cell research centres are the establishments
that must guarantee the existence of an appropriate
source of cell lines in a standardized way for their
use in research and/or human therapies through
clinical trials [74, 75]. Moreover, these establishments must assure the quality and biosafety of biological products for use in cell therapy [76]. One
of the main risks associated with the use of cell
lines and biological products in stem cell cultures and cell therapy is related to cell contamination [77]. Potential sources of microbial contamination include reagents, laboratory environment
and other cell lines. Routine screening of cell lines
helps in the early detection of contamination, since any kind of manipulation is a potential source of
contamination. The assurance of the quality of the
cell lines requires authentication, characterization
and accurate description and to test the possible
presence of microorganisms like bacteria (include
mycoplasma), virus, prions, fungi and yeast [76,
77]. Selecting and testing of stem cell lines and
biotechnological products is one part of a strategy
for establishing a microbiological safety program
(Table 3). There are still several problems to be
solved before the final and routine application in
humans is carried out. While the technology to
avoid the animal products in the culture processing is being developed, the safety of the animal
and/or human products used in the cell cultures
with respect to microorganism contamination
should be obtained for application of an exhaustive
program of microbiological screening by means of
the combination of the above mentioned diagnostic methods.
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Figure 1.-Gram stains in which it can observe: A.Gram positive cocci (Staphylococcus epidermidis)
B.-Gram positive bacilli (Corynebacterium spp)
C.-Gram negative bacilli (Escherichia coli) D.Yeast (Candida albicans)
Figure 2.-In this microphotograph, some strains of
Mycoplasma spp with a characteristic “fried egg”
appearance are shown (Magnification 10x).
Figure 3.-Electron microscopy of murine “feeder”
cells, that shows a viral particle corresponding to
Murine Leukemia Virus (Magnification 50,000x)
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Table 1.- Murine viruses that can be transmitted to human cells (Obtained from
EMEA, 1998).
Viruses with capacity for infecting

Viruses with no evidence for infecting

humans

humans

Sendai virus *

Ectromelia virus *

Lymphocytic Choriomeningitis virus *

Kilham rat virus *

Reovirus type 3 *

Minute virus of mice *

Lactic Dehydrogenase virus *

Mouse adenovirus *

Hantaan virus *

Mouse cytomegalovirus *
Mouse encephalomyelitis virus
Mouse hepatitis virus
Mouse rotavirus *
Polyoma virus
Pneumonia virus of mice *
Rat coronavirus
Sialoacryoadenitis virus
Toolan virus *
Thymic virus

* Viruses capable of replicating in vitro in cells of human origin

Table 2.- Infections, screening tests and indications for donors of biological cell,
tissues and organs (Modified from US Food and Drugs Administration, 1999).
Microorganism

Indication

Test

HIV-1/2

Always

HIV-1/2 antibody; MT

Hepatitis B

Always

HBsAg

Hepatitis C

Always

HCV antibody; MT

Treponema pallidum

Always

Treponemal-specific antibody (TPHA)

HTLV-I/II

Donor risk factors

Anti HTLV-I/II

CMV

For

CMV antibody

solid

organ,

allogenic

1, 2

; anti-core HBc; MT

bone

marrow donors
Toxoplasma

Heart,
bone

liver

and

Toxoplasma antibody

marrow

donors
Epstein-Barr virus

Donor risk factors

Prions

Donor risk factors

ELISA, W-B, MT

Neisseria gonorrhoeae

Donors

Bacterial culture

of

MT

reproductive cells

Chlamydia trachomatis

Donors

of

Ig G anti-Chlamydia

reproductive cells
HIV: Human immunodeficiency virus; MT: Molecular techniques (nucleic acid tests); HTLV:
Human

T

lymphocytotropic

virus;

TPHA:

Treponemal

hemagglutination;

CMV:

Cytomegalovirus; ELISA: Enzyme linked immunoassay; WB: Western-blot
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Table 3.- Summary of the main contaminants and diagnosis methods in stem cell cultures.
Microorganisms

Bacterias

Mycoplasma

Culture in solid and Culture

in

specific Culture

specific Culture

in

Viruses

Prion particles

specific Electron microscopy

Detection

of

antibodies

(ELISA,

solid and liquid media solid and liquid media solid and liquid media

Cell culture

Microarrays *

(PPLO)

(Sabouraud agar)

(Sabouraud agar)

Antigen viral detection WB)

PCR

Microarrays *

Microarrays *

Molecular methods

Indirect DNA staining

In

(Hoechst stain)

inoculation

Non-isotopic detection

Microarrays *

system
Microarrays *

* Microarrays: need validation for sensitivity and specificity.
PPLO: pleuropneumonia-like organism
PCR: polymerase chain reaction
ELISA: Enzyme linked immunoassay
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in

Yeasts

liquid media

Diagnosis methods

WB: Western-blot

Fungi

vivo

Cyclic amplification of

animal protein misfolding
Microarrays *

Approaches to Aging Control. Vol 15. September 2011

The prevention and treatment of lung diseases in relation
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Ageing is a gradual and adaptive process that is
characterised by a relative decrease of homeostatic regulation due to morphological, physiological,
biochemical, and psychological changes brought
about by ageing and the accumulated wear and
tear on the body over a person’s lifetime in a given
setting; hence, there is an increased risk of severe
and chronic conditions that could develop1. These
are due to morphological, physiological, biochemical and psychological changes that affect human
beings as a result of the passage of time. (Binet &
Bourliére, 1982).

1. - Changes in tissue composition and structure as
age increases.

Ageing is a characteristic of each species and is
intrinsic to their habits and to their setting. It
is not rare to find humans and Galapagos turtles
living beyond the maximum life-span potential of
100 years, while mice live barely longer than three
years of age.

If we revise the theories on the ageing process,
we find that there is no single theory that predicts
longevity and ageing (there are human beings that
have lived over the age of 122), nor is there one
that explains, from a phenotype or genotype perspective, the variability shown by certain individuals
in terms of ageing and longevity. Of noteworthy
interest is the youthful and healthy appearance we
can observe in some of the elderly, while others
with similar ages present a decrepit aspect .

The characteristics of ageing manifest themselves
as an individualised process because not everybody
ages in the same way; furthermore it is a multi-factor process caused by genetic, environmental and
lifestyle factors. These characteristics also account
for the body’s vulnerability (susceptibility) to developing more severe and chronic conditions.
Even though more characteristics of the changes
in the body brought about by age could be elaborated upon, they may be briefly summarised in the
following:

2. - A progressive weakening in the physiological
function of the tissue.
3. - A reduction in the adaptive response to environmental stimuli.
4. - Greater susceptibility and vulnerability to illness.
5. - Increase in the mortality rate after the individual has attained maturity.

Genetic markers explain only 35% of the variability in longevity in people while longevity per se
depends on an excess of 65% on environmental
factors (lifestyle, habits, stress, etc.).
There are many theories that attempt to explain
the ageing process. In 1961, Hayflick & Miirhead
proposed the so-called cellular clock that places
a limit on the division of cells during a life time.
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The proposal of error-catastrophe (Orgel 1963)
attributed cellular death to the accumulation of
errors in protein synthesis. Immunity Depression
was an expression of the faulty functioning of the
immunological and endocrine systems (Burnet
190) due to a modification of the T-lymphocytes,
the weakening of immunity and senescence. Finally, The Free Radical Theory postulates that ageing is the result of damage to chromosomes and to
certain macromolecules (collagen, elastin, mucopolysaccarides, lipids, etc.) by oxygen-free radicals
over a prolonged period of time. (Denham Harman 1956-Jaume Miquel 1980).
Ageing and the respiratory function

In the respiratory system, the changes caused by
the ageing process can be explained by the slow
and progressive reduction of various factors2
a) A reduction of elastic retraction pressure in the
lung attributed to changes in collagen configuration and the presence of elastin.
b) A loss of thoracic wall compliance/insufflations caused by calcium-induced joint calcifications, particularly in the vertebrae-rib region and
the intervertebral discs. Furthermore, the thoracic
cavity changes in shape due to osteoporosis and
vertebral collapse.
c) A loss of strength in the respiratory muscles;
hypoplasia of muscle fibres and a decrease in the
number of peripheral neurons, interferences in the
active transport of the calcium ion in the sarcoplasmatic reticulum, a reduction in heavy chain
myosin synthesis and a downturn in ATP mitochondria production.
d) A reduction in the hypoxic response and to
hypercapnia with an increased prevalence of sleep
apnoea with age.
e) Reduction in the perception of increase of
resistance in the airways. Elderly adults tend to
reduce their perception of bronchial constriction
caused by methacholine3
f) Decrease of purification in the mucocilliary
function.
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These physiological changes that take place in the
lungs of the elderly mean that in stress situations
such as respiratory tract infections, coupled with
failure in the left ventricle and where further ventilation is needed, the elderly with a low pulmonary reserve or chronic lung condition are at high
risk of developing acute respiratory failure.
The prevention and treatment of lung conditions
in relation to ageing
Respiratory illnesses are likely to play a greater
role in the changes we understand as physiological ageing. Phenomena such as inflammation, the
effects of excessive oxidant production in tissues,
otherwise known as oxidative stress, as well as
some repair mechanisms present in the lung, form
part of many pneumological conditions 4.
The incidence of inflammation and oxidation
phenomena are common to virtually all respiratory
conditions and it would be beyond the scope of
this paper to deal with all of them; we have focused however on Chronic Obstructive Pulmonary
Disease (COPD) and Obstructive Sleep Apnoeas
(OSA) as paradigms of the conditions of interest
to us.
Copd and its influence in ageing

Chronic Obstructive Pulmonary Disease (COPD)
is one of the most frequent causes of death and
disablement today, but it was not until recently
that there was renewed interest in the need to closely examine the most recently revealed cellular
and molecular mechanisms that would fit in with
an etiopathogenic perspective.
COPD is characterised by an inflammatory condition that leads to an obstruction that is mostly
irreversible in the smaller airways; there is also
damage to the alveolar walls (emphysema). In its
pathogenesis, genetic and, above all environmental
elements , in particular, the exposure to tobacco
smoke intervenes. Various mechanisms are involved in the development of the disease: the inflow
of inflammatory cells to the lung which in turn
produce a chronic inflammation of the airways, an
imbalance between proteolitic and antiproteoltic
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activity that leads to tissue destruction and oxidative stress. More recently, the apoptosis of structural
cells has been pointed out . These processes are
involved in both the diseases as well as in processes
that however physiological they may indeed be,
result in non-desirable outcomes (e.g. ageing) 4,5.
Chronic Obstructive Pulmonary Disease (COPD),
according to the Spanish Society for Respiratory
Pathology (known as SEPAR), is characterised
by a virtually irreversible chronic obstruction of
the airways and is associated with an anomalous
inflammatory reaction, particularly when subjects
are exposed to tobacco smoke. This etiological
approach influenced by the effects of tobacco has
offered doctors new scope and possibilities in the
treatment and prevention of this disease6.
In Spain 15.1% of male smokers and 5.7% of female smokers in the 40 to 80 age bracket are afflicted
with COPD. It is the 5th highest cause of mortality in Spain and the 4th highest in the world. It is
believed that 73% of patients have not been diagnosed and it is the only cause of death that has risen
over recent years compared to other serious causes
such as cardio- and cerebro-vascular diseas7.
The functional diagnosis for a patient presenting
compatible symptoms (a smoker) is carried out
with a spirometer. A study carried out on a random population sample established an FEV1/FVC
ratio greater than 0.70 in all age groups and this
finding would validate the use of this numerical
relationship in diagnosis of the illness. (Figure 1).
The non-smoking patient however has an annual
loss of 35 ml. compared to smokers who lose 50 to
100 ml annually. As the forced expiratory volume
in the first second (FEV1), the symptoms characteristic of the illness appear; there is a subsequent
deterioration of quality of life related to health,
respiratory failure develops and there is premature
death8 (Figure 2).
The inflammatory response to tobacco smoke
toxins is crucial in the pathogenic mechanisms in
chronic obstructive pulmonary disease (COPD).
The quantity of oxidants present in tobacco smoke,
in addition to those generated by the inflammatory

activity mean that the capacity for the physiological mechanisms to afford antioxidant protection is
overburdened, resulting in oxidative stress. Such
stress can bring about direct damage to structural
cells, increase the inflammation and favour the
proteolitic degradation of tissues as the antiprotease systems are inhibited.
Furthermore, oxidative stress can negatively modify the regulation of genetic expression and can also
interfere with the systems that remodel chromatin
and hence a critical mechanism in steroid medication is blocked9.
As a consequence of the inflammatory and oxidative phenomenon, the patient with COPD presents a co-morbidity and systemic ailment that go
beyond the simple functional malady resulting
from a progressive reduction of FEV1. This is why
there has been a recent tendency to abandon the
traditional concept of COPD and hence the new
understanding that we are dealing with a complex inflammatory and multidimensional disease
that has opened up new and optimistic treatment
expectations10. In a recent study, the increment in
the systemic inflammation marker, which is the
C-reactive protein, increased the risk of an eventual cardiovascular episode and is a predictor of
mortality independent of the value of FEV111.
First and foremost, the role of prevention in potential patients is geared at their giving up the habit of
smoking. Following from this, an early functional diagnosis is carried out in order to gauge the
severity of the illness and then bronchodilating
treatment is required to relieve symptoms.
Obstructive sleep apnoea and its influence on
ageing

Obstructive Sleep Apneoas-Hypopnoea Syndrome
(OSAHS or OSA) is characterised by the presence
of respiratory pauses that are a consequence of the
partial (hypopnoeas) or total (apnoeas) obstruction
of the upper airways; this is due to blockage after
the collapse of the softer portions of the throat
during sleep; it causes a pause in breathing over
10 seconds long and such pauses may occur 10 or
more times in the space of an hour. This situa-
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tion almost always causes a reduction in the arterial
saturation of oxygen11.
For these patients, the obstruction leads to a major
decrease in the quantity of oxygen available in the
blood and, consequently, to several unconscious
occurrences of waking up. There is a resulting lack
of restful sleep that is reflected in excessive somnolence and tiredness during the day.
OSA is quite a common disease that affects 4 to
6% of males and 2 to 4% of women in their middle
age and its frequency increases with age12. Similarly, this syndrome occurs in 1 to 3% of children.
It has been shown that OSAHS diminishes the
quality of life, can cause arterial hypertension, cardio and cerebrovascular diseases and increases the
risk of death: it also increases the likelihood of traffic, workplace and home accidents.
A conventional polysomnographic study (CPS) at
night time is a standard procedure in the detection
and evaluation of the severity of the syndrome of
nocturnal apnoea. It involves the simultaneous
registering of neurophysiologic and respiratory
variables that enable us to evaluate the quantity and
quality of sleep, as well as to identify the various
respiratory episodes and their cardio-respiratory
and neurophysiologic repercussions.
Respiratory Polygraphy (RP) is a simpler and cheaper diagnostic method that can be used in the
patient’s home; it consists of the analysis of both
respiratory and cardiac variables without evaluating the neurophysiologic parameters. It is now
an accepted approach in the diagnosis of obstructive sleep apnoea/hypopnoea syndrome. In noncomplicated cases, pulse oximetry can offer a high
degree of correlation with RP data (Figure 3).
It is clear, hence, that episodes of apnoea in
OSAHS, which are associated with oxygen desaturation following from those of reoxygenation
(Figure 3), are similar to the ischemia-reperfusion
and its consequences (Oxidative Stress)13 described in animals; this would explain the increased
incidence of cardiovascular diseases suffered by
these patients (arterial hypertension, hypercholesterolemia, coronary heart disease, etc)14.
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In light of the risks and complications that these patients may face, the advised manner of proceeding would be an early diagnosis; it would
otherwise confirm suspicions that hover over
snorers who report daytime hypersomnolence and
who present sleep apnoeas; such patients would
be admitted to specialised units for a definitive
diagnosis and a correction of those factors that may
be common to them and which might impair their
evolution such as obesity.
With a confirmed diagnosis, such patients should be
treated with CPAP (Continuous Positive Airway
Pressure) that will administer positive pressure on
the airway, hence avoiding its closure and restarting the air flow (Figure 4). Should it be necessary,
at this point concomitant anatomical factors can
be corrected (tonsils, uvula hypertrophy, micrognathia, etc) that may contribute to a worsening of
the condition.
The influence of ageing in respiratory infections:
immunosenescence

Community-based pneumonia is the main cause
of death caused by infectious diseases in the elderly
population; it ranks within the top 10 overall causes of mortality in this age group. It is well known
that patients over 65 are presenting an increased
incidence of pneumonias.
The greater predisposition in this population to
endure these kinds of infections is explained by
various mechanisms15:
1- Co-morbidities: Elderly patients tend to group
together various co-morbities that may be aggravated by infection or perhaps lead to some kind of
negative change in the host’s defence mechanisms,
as well as the factors that depend on the medication assigned to this kind of chronic patients.
2- A negative change in local defence mechanisms:
With ageing, the ability to expectorate diminishes and there are negative changes in mucociliary
transport with a reduction of the bacteriologic
clearing of the respiratory tract. There may also be
a reduction of the cough reflex as well as an increase in oropharíngeaic aspirations in this population.
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These patients may experience a greater incidence of oropharyngeal colonisation by Staphylococcus aureus and gram negative enterobacteriaceae;
ensuing serious infections are also frequently associated with resistance to antibodies.
3- Inmunosenescence: The immune system also
goes through the effects of ageing and a reduction
of cytotoxic T-lymphocytes (CTL) and of certain
interleukins (IFN-gamma) have been observed;
furthermore there was a reduction in antibody
production and a low affinity capacity in relation
to antigenic stimulus as well as a reduction in the
phagocyte function of the macrophages.
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Figures:

Figure 1: Spirometric readings indicating a typical
obstruction.

Figure 2: Reduction of FEV1 and its prognosis.

Figure 3: Continuous nocturnal oximetric register of a patient with Obstructive Sleep ApnoeaHypopnoea Syndrome or OSAHS (de-saturations
of (SaO2) show up and can reach a level as high as
65%) and a register of a healthy individual.

Patient with OSAHS
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Healthy individual

Figure 4: Correction of apnoeas with use of Continuous Positive Airway Pressure (CPAP).
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Abstract

The combination of using botulinic toxin and
filling substances associated with ageing surgery
in the maxillofacial and cervical oral fields [1][2]
[3][4], frequently shows optimum results, though
not always, the procedures being used essentially for cosmetic purposes. This use is, and most
likely, going to be on the increase even though the
right correcting measures are not always taken into
account in this often inappropriate mix. Caution
about the mix should come fundamentally from
alerted professionals, non professionals and from
an informed society, forcing patients to see the
possible inconveniences derived from a dubious
scientific procedure of medicine and procedure.
From what we observe in determined social and/
or professional spheres no one wants his/her ageing to be or become visible to others. A wrinkle
from the point of view of some can be as socially
unacceptable as being untidy and from this same
frame of mind that wrinkle can be a reason for
day to day rejection of a person or an item that
can even reduce the value of a person’s CV. We
have been able to acknowledge, without difficulty,
especially from media examples, and also in our
clinical practices, that features of preferred facial
predominance are associated with specific psychosomatic characteristics of individuals in line for
these procedures, which suggested to us to the utility of joining clinical and psychosomatic characteristics into one syndrome.

Material and methods

Syndromes primarily appear in clinical practices
when resemblances are observed and noted among
patients who often share a specific illness. A shared illness is not absolutely necessary for the circumstances but there should be enough points
of reference that an observant physician can be
aware of them and from there to be able to put
in logical sequence the coincidences in a way that
this physician would practically be forced to create a group of individuals with similar symptomatic data and pathologically similar features. This
could be a group from which later more precise
subgroups could be itemized that would serve to
explain that various symptoms, or new discoveries,
appear to match specific pathologies. It would be
like a disaster drawer from where one could pull
out easily obtained information that could deepen
previous knowledge and bring to light heretofore unforeseen connections of what appears to be
coincidence, and could then further develop the
inherent possibilities of the material.
When we realized that patients who had had cosmetic facial treatments essentially developed an
obvious look alike among them, the idea evolved of classifying them into a syndrome that called
for a connecting family name. The first idea was
that of naming it Botox Syndrome (a combo of
botulin and toxin) as a starting point; meanwhile,
the similarity of patients to a natural representative
of the animal kingdom occurred to us: the Tapir.
From there we created a huge group of individuals, not only patents from the clinics, but from
social ambiences, even from the street and especially from television.
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Along with patients, it is not difficult to see media
characters, every day, with predominant facial
characteristic of non-expressiveness and without
dynamic that is shocking because it affects not only
professionals but seems to be even more prevalent in common mortals of practically any age or
social condition. For the moment, however, this
condition seems to be found most often in young
women and those affected seem to be younger all
the time. The reader will most probably agree with
us that in the case study we are about to present
the problem is clear enough. It is not even worth
the trouble of looking for a determined number
of patients since more than a medical problem it is
an evident social problem and “cases” can be seen
everywhere. The mission of our work is to alert
not only professionals and the public at large but
the affected persons of this syndrome since they
may not realize their aspect could be shocking to
others causing interpersonal problems that seem to
them to be ordinary, happening daily, seemingly
natural when in fact their experience is massive
rejection.
Since Cicero (106-43 B.C.) wrote what is considered a proverb The face is a picture of the mind as
the eyes are its interpreter, there have been handed
down variations on the theme from every culture with an oral tradition or a written language.
To the point that nowadays we take for granted
that the face is the mirror of the soul, reflecting
with relative clarity the life history of every individual, showing each one of us has searched to some
degree or another for our essence, our core existence, in order to possess a deep personal relationship, first with ourselves and then with others. In
the case of the patients we are going to pin point,
the personal relationships with others can become enormously deteriorated because of the lack
of daily basic tools that could help them recognize
immediately the innate and unique characteristics
that should appear in the persons close to them,
that seem not to be signaled and if they are signaled they are clearly not picked up.
As to the conceptual description of the Tapir Syndrome, which for the moment the bibliography
covers only one case [10], it will be more detailed
than at the beginning but for practical reasons will
not be excessively explored due to the fact that by
nature the syndrome term usually demands a large number of participants in the case study based
on clinical, anatophysiological and even psychosomatic symptoms in order to make valid compa-
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risons. Because of that we should include in the
same term diseases or developments such as the
presence of angiomata and/or lymphoangiomata and other congenital malformations preferably
situated in the nasal region and in the upper lip,
places where other multiple temporary processes
are or possibly what could be allergic reactions or
edema, post-traumatic reactions or a parasitic procedure that can affect not only the soft parts of
the mentioned region, but also neighboring areas
that could determine neurofibronatosic profiles, or
the affected area could possibly be systemic. In the
same way, this can have a special importance in the
exposition of our Syndrome, the known Melkersson-Rosendthal Syndrome (Dominant Autosomic
Condition) where the neurological disorder and
other symptoms mimic the real Tapir Syndrome,
which we hope to show more clearly. Nevertheless, we want to insist on clarifying that our real
intention when we tried to join them into a group
of one Syndrome, the predominant facial manifestation along with social interplay, from what the
clinic and the street offered us, was to reference
aspects not only purely clinical but also the social
habits involved. Because of the mal-use of the pretended botox and other similar therapies that produce the same negative effects, the idea was not to
get lost in a never ending search for pathologies
that remind us of Tapiarian faces with the proboscis shape, when the professional reader can surely
see it in the same apparent way that we can.
Methods
Primarily from our point of view and for the present, it is our wish to enrich our description of the
Syndrome for the reader, with clinical proofs i.e.,
pysiopathological behavior, [5][6], etc., that can be
measured.
Without further delay we believe we are able to
demonstrate the symptoms and sufficient signs
that permit the construction of a genuine Tapir
Syndrome (TS) the origin of the disease basically
caused by medical treatment, induced by drugs or
surgery.
The symptoms for now are the following:

Social signs/symptoms: normally a beautiful
youthful woman, usually from the middle-middleclass or upper middleclass economical status with
a variety of social and professional compromises,
especially worried about her figure being in a proper organic form and if not organic then cosmeti-
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cally, including several skin conditioners in which
wrinkles can mean a symptom of self rejection or
rejection from others.
Physical signs/symptoms: well-rounded face
toward brilliant because of excessive use of creams
and artificial colourings.
Lack of vital marks and expressivity tracks, such as
frown marks, crow’s feet, laughing and whistling
marks.
Adinamic and inexpressive facial zones with fairly
generalized limits.
Facial ptosis (drooping) fundamentally in the tender more fleshy superior part of the face.
Adinamia disorder, weight and increase in the
volume of area bone structure and lip areas to
various degrees (disorder in the modulation of
words; decrease of lip occlusive capacity that
can become a smile without meaning, scarce or
nonexistent exposition of the gingivodental structures [8], with the consequent diminution of the
expressive contrast between the white part of the
sclerotic and the dental enamel; in serious cases
saliva incontinence and some cases becoming sialorreas, making it difficult for alimentation forcing
the person to eat with a lot of attention so as not
to let food fall out of the oral cavity, which makes
movements of the eater voluntarily quite slow).
There is no naturalness or grace with this type of
problem.
A resemblance among the several Tapirian syndromes is a well-known fact. The patients try to mimic
their own general behavior with youthful aspects
that are complicated and many times it does not
work primarily because their behavior does not
match reality, i.e. exaggerated movements, attitudes and clothing, none of which correspond to
their age. At times people who have this Syndrome are seen by others as being rude and this puts
them under social judgment that is frequently not
particularly flattering. There is one possible favorable aspect and that is the condition could pass
unnoticed by interested persons since it is often
not blatently apparent. Sometimes we are capable
of noticing species of the Tapirian Syndrome from
the formation of the inferior third part of a Belfic
face that generally fits what we have described[1].
These phatophysiological aspects seem to be measured with good intentions and are fairly reliable.
For now, the structures, craniofacial and cervical,

are not going to be treated clinically very well.
We ask the reader’s collaboration and concern for
the purpose of reversing the poor treatments. Photographs, micro-graphs, electroencephalographs,
along with biopsies, cytology and even bimolecular studies [9] can easily facilitate the confirmation that we are in fact faced with a real Syndrome
(Figure 1).
Conclusions

The existence of well-intentioned criteria, can
result highly beneficial so that society will not lose
the course of a “pre-ordained” evolutionary course and will stay oriented, keeping people within
natural evolving parameters that could otherwise
lead to an improper Avatar situation—an ever present temptation reflecting the times in which we
live, possibly accepted in social gatherings but not
practical for real life. Aside from genuine medical
needs, what happens within the Syndrome, while
attempting to heal an individual’s wish to improve
a physically unwanted aspect, can be a drastic dislocation of the eternal beauty canons that human
beings enjoy genetically.
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'U-XDQ&DUORV0pQGH]9HQH]XHOD



ΗǆƚƌĂĐƚŽƐƉůĂĐĞŶƚĂƌŝŽƐ͘WƌŽĚƵĐƚŽƐǇƚƌĂƚĂŵŝĞŶƚŽƐΗ
'U-HV~V)%DOOHVWHURV(VSDxD



Η>ŽƐĞĨĞĐƚŽƐĚĞůĂŵĞůĂƚŽŶŝŶĂĞŶůĂŶĞƵƌŽŐĠŶĞƐŝƐΗ
3URI*HUPDLQH(VFDPHV(VSDxD



ΗsĂůŽƌƚĞƌĂƉĠƵƚŝĐŽĚĞůĂŵĞůĂƚŽŶŝŶĂ͗YƵĠĚŽƐŝƐƵƐĂƌǇƉŽƌƋƵĠΗ
3URI'DUtR$FXxD(VSDxD



ΗĨĞĐƚŽƐĞƐƉĞĐşĨŝĐŽƐĚĞůĂƐŚŽƌŵŽŶĂƐŵĂƐĐƵůŝŶĂƐĞŶůĂŵƵũĞƌΗ
'U2FWDYLR9LHUD(VSDxD



ΗdĞƌĂƉŝĂĚĞƌĞĞŵƉůĂǌŽŚŽƌŵŽŶĂůĞŶĞůŚŽŵďƌĞ͘ſŵŽǀĞƌƐĞĚĞϱĂϴĂŹŽƐŵĄƐũŽǀĞŶΗ
'U-HDQ3DXO2VRUHV3HU~



Wh^&zs/^/d>yWK^//MEKDZ/>

D//EEd/Es:/D/EdK͗>WZd/
0RGHUDGRUHV'U-RVp6HUUHV'U5DPyQ9LOD5RYLUD


ΗEƵĞǀĂƐƚĞŶĚĞŶĐŝĂƐůĞŐĂůĞƐĞŶƌĞƐƉŽŶƐĂďŝůŝĚĂĚŵĠĚŝĐĂΗ
/GR5LFDUGR,EDxH](VSDxD



ΗDŝĞŶƚƌĞŶĂŵŝĞŶƚŽƉĂƌĂůůĞŐĂƌĂůŽƐϭϮϬĂŹŽƐĐŽŶǀŝƚĂůŝĚĂĚ͕ĂŐŝůŝĚĂĚǇůƵĐŝĚĞǌΗ
'U5DPyQ9LOD5RYLUD(VSDxD



Η'ĞƐƚŝſŶĞŶDĞĚŝĐŝŶĂŶƚŝͲŶǀĞũĞĐŝŵŝĞŶƚŽ͗ǆƉĞƌŝĞŶĐŝĂĐƌşƚŝĐĂĚĞϱĂŹŽƐΗ
3URI0DQXHO-&DVWLOOR(VSDxD



ΗƐƚƵĚŝŽĚĞϭϬĂŹŽƐĚĞŶƵĞƐƚƌĂƉƌĄĐƚŝĐĂĞŶŵĞĚŝĐŝŶĂĂŶƚŝĞŶǀĞũĞĐŝŵŝĞŶƚŽΗ
'U0DQXHO6iQFKH](VSDxD



ΗDĞĚŝĐŝſŶ ĚĞ ůŽŶŐŝƚƵĚ ƚĞůŽŵĠƌŝĐĂ ĐŽŵŽ ŵĂƌĐĂĚŽƌ ĚĞ ůĂ ĞĚĂĚ ďŝŽůſŐŝĐĂΗ
ΗDĞĚŝĐŝſŶĚĞůŽŶŐŝƚƵĚƚĞůŽŵĠƌŝĐĂĐŽŵŽŵĂƌĐĂĚŽƌĚĞůĂĞĚĂĚďŝŽůſŐŝĐĂΗ
'UD0DUtD%ODVFR(VSDxD

 ',6&86,Ð1
 &21)(5(1&,$'(&/$8685$

ΗZĞŝƐŚŝ͕ƐŽĚǇůĂƐƚĞŽƌşĂƐ;ǇƉƌĄĐƚŝĐĂƐͿĚĞůĚŽĐƚŽƌEŝǁĂΗ
')HUQDQGR6iQFKH]'UDJy(VSDxD

^>d>>Z^;EdZ'Zdh/dͿ


s/ZE^ϳĚĞKĐƚƵďƌĞĚĞϮϬϭϭ

ΗDĞĚŝĐŝŶĂWĞƌƐŽŶĂůŝǌĂĚĂ'ĞŶſŵŝĐĂ͗ĂƐĞƐĐŝĞŶƚşĨŝĐĂƐǇĂƉůŝĐĂĐŝŽŶĞƐƉƌĄĐƚŝĐĂƐĞŶDĞĚŝĐŝŶĂŶƚŝĂŐŝŶŐΗ
3URI-XDQ6DEDWHU(VSDxD

 ΗƉůŝĐĂĐŝſŶƉƌĄĐƚŝĐĂĚĞůĂŵĞĚŝĐŝŶĂĐƵĄŶƚŝĐĂƉĂƌĂůĂĚĞƚĞĐĐŝſŶǇĐŽƌƌĞĐĐŝſŶĚĞůĂƐŚĞƌŝĚĂƐĞŵŽĐŝŽŶĂůĞƐǇůŽƐ
ƚƌĂƐƚŽƌŶŽƐĚĞĐŽŶƚƌŽůƋƵĞĂĐĞůĞƌĂŶĞůĞŶǀĞũĞĐŝŵŝĞŶƚŽΗ;WdEK>K'1^Ϳ
'U5LFDUGR:RKO(VSDxD


Η/ŵƉŽƌƚĂŶĐŝĂĚĞůĂƐŝŶĐƌŽŶŝǌĂĐŝſŶĐĞƌĞďƌĂůĞŶůĂƉƌĞǀĞŶĐŝſŶǇƚƌĂƚĂŵŝĞŶƚŽĚĞĞŶĨĞƌŵĞĚĂĚĞƐŶĞƵƌŽͲĚĞŐĞŶĞƌĂƚŝǀĂƐΗ
'U-XDQ&DUORV0pQGH]9HQH]XHOD



Η/ŶĨůƵĞŶĐŝĂƐĚĞůĞŶǀĞũĞĐŝŵŝĞŶƚŽƐŽďƌĞůŽƐŶŝǀĞůĞƐĚĞĐŽŶƐĐŝĞŶĐŝĂǇĐĂƐŽƉƌĄĐƚŝĐŽΗ
3URI/DXUHQW0HVVHDQ)UDQFLD



ΗDĞƐŽƚĞƌĂƉŝĂĨĂĐŝĂůĚĞDĞƐŽĞƐƚĞƚŝĐͲWƌŽĚƵĐƚŽƐDĞƐŽŚǇĂůΗ
'U)HUQDQGR*DOFHUDQ0RQWDO(VSDxD



K<d/>/EsE/

^>d>>Z^;EdZ'Zdh/dͿ


Η>ĂĂƌďŽǆŝƚĞƌĂƉŝĂ/ŶĚŽůŽƌĂΗ;^<zD/Ϳ
'U-XDQFDUORV/ySH]%UDVLO



ΗZĞũƵǀĞŶĞĐŝŵŝĞŶƚŽ&ĂĐŝĂů/ŶŵĞĚŝĂƚŽ;WĂƌƚĞ/Ϳ͘dŽǆŝŶĂŽƚƵůşŶŝĐĂǇƚĠĐŶŝĐĂĚĞDĞƐŽͲŽƚŽǆΗ;>>Z'EͿ
'U-XDQ6RSHQD(VSDxD



ΗZĞũƵǀĞŶĞĐŝŵŝĞŶƚŽ&ĂĐŝĂů/ŶŵĞĚŝĂƚŽ;WĂƌƚĞ//Ϳ͘ZĞƐƚĂƵƌĂĐŝſŶ/ŶĚŽůŽƌĂĚĞĐŽŶƚŽƌŶŽƐĨĂĐŝĂůĞƐĐŽŶsŽůƵŵĂΗ
'U -XDQ 6RSHQD (VSDxD
'U-XDQ6RSHQD(VSDxD



ΗsĞƌƐĂƚŝůŝĚĂĚĚĞůƵƐŽĚĞůůĄƐĞƌĞŶŵĞĚŝĐŝŶĂǇĐŝƌƵŐşĂĞƐƚĠƚŝĐĂΗ;^/y>^ZͿ
'UD$OFDOLUD-LPpQH]0DQDXUH9HQH]XHOD



(67((681352*5$0$35(/,0,1$5<(67É68-(72$&$0%,26

s/^/d'h/WKZ>DZ/>K^h^dZ/^͘/ŶƐĐƌŝƉĐŝſŶ'ƌĂƚƵŝƚĂĞŶ^ĞĐƌĞƚĂƌşĂ͘WůĂǌĂƐůŝŵŝƚĂĚĂƐ͘

^>Ed/Ͳ'/E'
^^/ME/EdZE/KE>;^ŝŵƵůƚĂŶĞŽƵƐƚƌĂŶƐůĂƚŝŽŶͿ

^K͕ϴĚĞKĐƚƵďƌĞĚĞϮϬϭϭ
/'EK^d/WZKhZ^

0RGHUDGRUHV'U-RVH,JQDFLR/DR3URI'DPLDQR*DOLPEHUWL


Η'ĞŶŽŵŝĐƐĚŝƐĞĂƐĞƐƵƐĐĞƉƚŝďŝůŝƚǇĂŶĂůǇƐŝƐŝŶDŝĚĚůĞĂƐƚĞƌŶWŽƉƵůĂƚŝŽŶ͗/ƚƐĞĨĨĞĐƚƐŽŶŶƚŝĂŐŝŶŐDĞĚŝĐŝŶĞWƌĂĐƚŝĐĞΗ
'U6KDILF.DLGEH\$UDELD6DXGt



ΗEƵĐůĞĂƌZĞĐĞƉƚŽƌƐĂŶĚƚŚĞƌĞůĂƚŝŽŶďĞƚǁĞĞŶĨŽŽĚůŽŶŐĞǀŝƚǇĂŶĚĐĂŶĐĞƌΗ
3URI'DPLDQR*DOLPEHUWL,WDOLD



ΗĞƚŽǆŝĨŝĐĂƚŝŽŶŝŶĂŶƚŝͲĂŐŝŶŐ͖ĂŶĞǁƚƌĞŶĚǁŝƚŚŐĞŶĞƚŝĐƚĞƐƚΗ
'U&ODXGH'DOOH)UDQFLD



ΗDƵƐĐůĞĨƵŶĐƚŝŽŶĂŶĚǁĞůůŶĞƐƐΗ
3URI'DPLDQR*DOLPEHUWL,WDOLD

 ',6&86,Ð1


Wh^&zs/^/d>yWK^//MEKDZ/>

^^/ME/EdZE/KE>;^ŝŵƵůƚĂŶĞŽƵƐƚƌĂŶƐůĂƚŝŽŶͿ

,KZDKE>d,ZWz

0RGHUDGRUHV3URI0DQXHO-&DVWLOOR3URI0LFKDHO.OHQW]H


ΗŝŽŝĚĞŶƚŝĐĂů,ŽƌŵŽŶĞƚŚĞƌĂƉǇŝŶĂƐĂĨĞŵƵůƚŝůĞǀĞůďĂƐŝƐΗ
'U0LFKDHO.OHQW]H$OHPDQLD



ΗdŚĞhƐĞŽĨWƌĞŐŶĞŶŽůŽŶĞŝŶĂŶĂŶƚŝͲĂŐŝŶŐƉƌĂĐƚŝĐĞΗ
'UD)LORPHQD7ULQGDGH((88



ΗĞŶƚĞŶĂƌŝĂŶƐƐĞĐƌĞƚƐĂŶĚŚŽƌŵŽŶĂůďĂůĂŶĐĞΗ
3URI9LQFHQ]R$ORLVDQWRQL,WDOLD



ΗĞĂƵƚǇĨƌŽŵƚŚĞŝŶƐŝĚĞ͗,ŽƌŵŽŶĞĂƉƉůŝĐĂƚŝŽŶƐĂŶĚǀŝƚĂŵŝŶƐĨŽƌƚŚĞƐŬŝŶΗ
3URI0LFKDHO.OHQW]H$OHPDQLD



ΗDĞůĂƚŽŶŝŶ͗ŶŶĚŽŐĞŶŽƵƐdƵŵŽƌĞůůƐƐĂƐƐŝŶΗ
Ő
3URI5XVVHO5HLWHU((88

 ',6&86,Ð1

^D>'EZ>D/DZK^^D>ϭǐŽŶǀŽĐĂƚŽƌŝĂ͘ϭϱ͗ϬϬϮǐĐŽŶǀŽĐĂƚŽƌŝĂ͘



'h^d/MEWZKhdK^/Z/K^zs



^^/ME/EdZE/KE>;^ŝŵƵůƚĂŶĞŽƵƐƚƌĂŶƐůĂƚŝŽŶͿ

dZdDEd^/E'/E'

0RGHUDGRUHV'U-XOLiQ%D\yQ'U&ODXGH'DOOH


ΗŽŵŵŽŶWƌŽďůĞŵƐŝŶ&ĞŵĂůĞ,ŽƌŵŽŶĞdŚĞƌĂƉǇΗ
'U&ODXGH'DOOH)UDQFLD



Η/ŶƚĞƌĞƐƚŽĨƐƚŝůďĞŶƐŝŶŶƚŝͲŐŝŶŐDĞĚŝĐŝŶĞΗ
'U-DPHV%HW]$XVWULD



ΗŝŽůŽŐŝĐĂůƚŚĞƌĂƉǇŝŶĐĂŶĐĞƌΗ
'U%HQQR:|OIHO$OHPDQLD

 ΗŶƚŝͲŐŝŶŐĂŶĚKƌƚŚŽŵŽůĞĐƵůĂƌDĞĚŝĐŝŶĞ͗WƌĂĐƚŝĐĂůŽŶĐĞƉƚƐĨŽƌƚŚĞWƌĞǀĞŶƚŝŽŶĂŶĚdƌĞĂƚŵĞŶƚŽĨ ŐŝŶŐĚŝƐĞĂƐĞƐ͘Η
'U8GR%|KP$OHPDQLD
 ',6&86,Ð1


Wh^&zs/^/d>yWK^//MEKDZ/>

^^/ME/EdZE/KE>;^ŝŵƵůƚĂŶĞŽƵƐƚƌĂŶƐůĂƚŝŽŶͿ

D,E/^D^/E'/E'

0RGHUDGRUHV3URI$QWRQLR$\DOD3URI:DOWHU3LHUSDROL


ΗDĞƚĂďŽůŝĐĞŶĞƌŐǇŚŽŵĞŽƐƚĂƐŝƐĂŶĚŶĞƵƌŽͲŝŶŵƵŶĞĞŶĚŽĐƌŝŶĞƚƌŝŐŐĞƌƐŝŶĐŚƌŽŶŝĐŝŶĨůĂŵŵĂƚŽƌǇĚŝƐĞĂƐĞƐΗ
3URI)UDQFHVFR0DURWWD,WDOLD



ΗDŽŽĚŝƐŽƌĚĞƌƐ͗&ƵŶĐƚŝŽŶĂůƉƉƌŽĂĐŚΗ
'UD)LORPHQD7ULQGDGH((88



ΗDĞůĂƚŽŶŝŶĂŶĚdZ,͗ƚǁŽůŝĨĞͲŐĞŶĞƌĂƚŝŶŐĂŶĚĂŐŝŶŐͲƌĞǀĞƌƐŝŶŐŵŽůĞĐƵůĞƐΗ
Ő
Ő
Ő Ő
Ő
3URI:DOWHU3LHUSDROL,WDOLD

 ',6&86,Ð1
(67((681352*5$0$35(/,0,1$5<(67É68-(72$&$0%,26


E>h^hZͲ/E^Z/W/MEE^ZdZ1

^>Ed/Ͳ'/E'

 (QWUHJD'RFXPHQWDFLyQ
 $FWR,QDXJXUDO

s/ZE^ϳĚĞKĐƚƵďƌĞĚĞϮϬϭϭ
^^/MEE/KE>

/'EM^d/K'EMD/KED//EEd/Es:/D/EdK
0RGHUDGRUHV3URI-XOLDQD)DULxD'U-RVp,JQDFLR/DR
 Η>ĂŶƵƚƌŝŐĞŶſŵŝĐĂĐŽŵŽďĂƐĞƉĂƌĂƵŶĂŵŝĐƌŽŶƵƚƌŝĐŝſŶƉĞƌƐŽŶĂůŝǌĂĚĂΗ
'U-RVp,JQDFLR/DR(VSDxD
 ΗhƚŝůŝĚĂĚĚĞůĂŶĄůŝƐŝƐŐĞŶĠƚŝĐŽĞŶůĂƉƌĞǀĞŶĐŝſŶĚĞůĞŶǀĞũĞĐŝŵŝĞŶƚŽĐĞƌĞďƌĂůΗ
'U-RVp)pOL[0DUFRV)UtDV(VSDxD
 ΗWĂƉĞůĚĞůĂƉƌĞĚŝƐƉŽƐŝĐŝſŶŐĞŶĠƚŝĐĂĞŶĞůĚŽůŽƌŐĞŶĞƌĂůŝǌĂĚŽǇůĂĨĂƚŝŐĂĞŶůĂĞĚĂĚĂǀĂŶǌĂĚĂΗ
'U)HUUiQ-*DUFtD)UXFWXRVR(VSDxD
 ΗŶǀĞũĞĐŝŵŝĞŶƚŽ͕ŐĞŶĠƚŝĐĂǇĚŝƐĨƵŶĐŝſŶĞŶĚŽƚĞůŝĂů͘/ŵƉůŝĐĂĐŝŽŶĞƐƚĞƌĂƉĠƵƚŝĐĂƐΗ
'U-RVp6DEiQ(VSDxD
 ',6&86,Ð1
Wh^&zs/^/d>yWK^//MEKDZ/>


/'EM^d/KED//EEd/Es:/D/EdK

0RGHUDGRUHV3URI0yQLFDGHODIXHQWH3URI-XDQ6DEDWHU


ΗƐƚƌĂƚĞŐŝĂƐĚĞĞƐƚŝůŽĚĞǀŝĚĂƉĂƌĂĐŽŶƐĞŐƵŝƌƵŶĂůŽŶŐĞǀŝĚĂĚƐĂůƵĚĂďůĞ͘hƚŝůŝǌĂĐŝſŶĚĞůƐŝƐƚĞŵĂŝŶŵƵŶŝƚĂƌŝŽƉĂƌĂ
ǀĂůŽƌĂƌƐƵĞĨŝĐĂĐŝĂΗ

3URI0yQLFDGHOD)XHQWH(VSDxD
 ΗŝĂŐŶſƐƚŝĐŽďŝŽƋƵşŵŝĐŽǇŐĞŶĠƚŝĐŽĚĞůĞƐƚƌĠƐΗ
'UD*ORULD6DEDWHU(VSDxD
 ΗĞŶƐŝƚŽŵĞƚƌşĂĞŶDĞĚŝĐŝŶĂŶƚŝĞŶǀĞũĞĐŝŵŝĞŶƚŽΗ
'U$OEHUW1DGDO(VSDxD
 ΗDĞĚŝĐŝŶĂƉĞƌƐŽŶĂůŝǌĂĚĂƉŽƐƚŐĞŶſŵŝĐĂ͗ƉƌĞĚŝĐĐŝſŶͲƉƌĞǀĞŶĐŝſŶĚĞĞĨĞĐƚŽƐĂĚǀĞƌƐŽƐƉŽƌĞƐƚĂƚŝŶĂƐΗ
3URI-XDQ6DEDWHU(VSDxD
 ',6&86,Ð1

EhdZ//KEdZWhd/ED//EEd/Es:/D/EdK

0RGHUDGRUHV'U(IUDtQ2OV]HZHU'U-XOLiQ%D\yQ
 ΗZĂĚŝĐĂůĞƐůŝďƌĞƐǇĂŶƚŝŽǆŝĚĂŶƚĞƐĞŶůĂƐĞŶĨĞƌŵĞĚĂĚĞƐĐĂƌĚŝŽǀĂƐĐƵůĂƌĞƐΗ
'U(IUDtQ2OV]HZHU%UDVLO
  ΗůĐŽŚŽů͕WŽůŝĨĞŶŽůĞƐǇ^ĂůƵĚΗ

Ηů Ś ů W ůŝĨ
ů
^ ů ĚΗ
3URI0DQXHO-&DVWLOOR(VSDxD
 Η>ĂŶƵƚƌŝĐŝſŶŐƌĂƐĂĞŶůŽƐŵĞĐĂŶŝƐŵŽƐĚĞƌĞŐƵůĂĐŝſŶĞŶĚŽĐƌŝŶŽͲŵĞƚĂďſůŝĐĂĞŝŶŵƵŶŽůſŐŝĐĂΗ
'U9LFHQWH*9LOODUUXELD(VSDxD
 ΗDŽĚƵůĂĐŝſŶŶƵƚƌŝĐŝŽŶĂůĚĞŶĞƵƌŽƚƌĂŶƐŵŝƐŽƌĞƐǇŶĞƵƌŽƉĠƉƚŝĚŽƐĞŶůĂŽďĞƐŝĚĂĚΗ
'U(IUDtQ2OV]HZHU%UDVLO
 ',6&86,Ð1
K<d/>/EsE/


E&ZD^Z>/KE^KE>Es:/D/EdK

0RGHUDGRUHV'U/XLV$VPDUDWV'UD0HUFHGHV(JXLOX]
 ΗZĞůĂĐŝſŶĞŶƚƌĞĂĚŝƉŽƐŝĚĂĚǇƌĞƐŝƐƚĞŶĐŝĂĂŝŶƐƵůŝŶĂĚƵƌĂŶƚĞĞůĞŶǀĞũĞĐŝŵŝĞŶƚŽΗ
'U$QWRQLR$QGUpV+XHYD(VSDxD
 ΗƐƚĂƚŝŶĂƐĚĞEƵĞǀĂ'ĞŶĞƌĂĐŝſŶ͘^ƵŝŵƉŽƌƚĂŶĐŝĂĞŶDĞĚŝĐŝŶĂŶƚŝĞŶǀĞũĞĐŝŵŝĞŶƚŽΗ
'U/XLV$VPDUDWV(VSDxD
 Η>ĂŝŶĨůĂŵĂĐŝſŶĞŶĂŶƚŝĞŶǀĞũĞĐŝŵĞŝŶƚŽǇƐƵƚƌĂƚĂŵŝĞŶƚŽĐŽŶŵĞĚŝĐŝŶĂďŝŽƌĞŐƵůĂĚŽƌĂΗ
'UD'LJQD9HUJDUD9HQH]XHOD
 ΗŽŵŽŵŝŶŝŵŝǌĂƌĞůĞŶǀĞũĞĐŝŵŝĞŶƚŽĐĞƌĞďƌĂůΗ
'UD2GLO]D9LWDO%UDVLO
 ΗŶĨŽƋƵĞƚĞƌĂƉĠƵƚŝĐŽĂŶƚŝĞŶǀĞũĞĐŝŵŝĞŶƚŽĚĞůĂĚĞƉƌĞƐŝſŶǇůĂĂŶƐŝĞĚĂĚΗ
'U-XDQ&DUORV0pQGH]9HQH]XHOD
 ',6&86,Ð1
Wh^&zs/^/d>yWK^//MEKDZ/>


W^/K>K'1zD//EEd/Es:/D/EdK

0RGHUDGRUHV'U-XDQ&DUORV0pQGH]/GD0RQWVHUUDW0iUTXH]
 ΗůĂƌƚĞĚĞǀŝǀŝƌĞŶůĂϯǐĞĚĂĚΗ
3URI(QULTXH5RMDV(VSDxD

'U5LFDUGR:RKO)UDQFLD
(67((681352*5$0$35(/,0,1$5<(67É68-(72$&$0%,26
s/^/d'h/WKZ>DZ/>K^h^dZ/^͘/ŶƐĐƌŝƉĐŝſŶ'ƌĂƚƵŝƚĂĞŶ^ĞĐƌĞƚĂƌşĂ͘WůĂǌĂƐůŝŵŝƚĂĚĂƐ͘



Η>ĂƉŽĚĞƌŽƐĂŝŶĨůƵĞŶĐŝĂĚĞůĂŵĞŶƚĞƐŽďƌĞĞůĞŶǀĞũĞĐŝŵŝĞŶƚŽΗ



ΗƐƚƌĠƐǇŶǀĞũĞĐŝŵŝĞŶƚŽΗ



ΗDŽƚŝǀĂƚŝŽŶĂů/ŶƚĞƌǀŝĞǁǇŶƚŝͲŐŝŶŐΗ



ΗDŽƚŝǀĂĐŝſŶǇDĂŶƚĞŶŝŵŝĞŶƚŽĞŶŽĂĐŚŝŶŐŶƚŝĂŐŝŶŐΗ



ΗĨĞĐƚŽƐĚĞůĞƚĞƌĞŽƐĚĞůĂŝƐůĂŵŝĞŶƚŽƐŽĐŝĂůĞŶůĂĨƵŶĐŝſŶĐŽŐŶŝƚŝǀĂΗ



'U&pVDU9HQHUR(VSDxD

/GD&DUPHQ*LPpQH]&XHQFD(VSDxD
'UD 6XVDQD &DQWyQ (VSDxD
'UD6XVDQD&DQWyQ(VSDxD
'U-RVp$QWRQLR&DUUREOHV(VSDxD

hZ^K^WZͲKE'Z^K

:hs^ϲĚĞKĐƚƵďƌĞĚĞϮϬϭϭ

͎ſŵŽŝŶĐŽƌƉŽƌĂƌƵŶĂĐŽŶƐƵůƚĂĚĞDĞĚŝĐŝŶĂŶƚŝĞŶǀĞũĞĐŝŵŝĞŶƚŽĞŶƚƵƉƌĄĐƚŝĐĂĚŝĂƌŝĂ͍
ƌ͘DŝĐŚĂĞů<ůĞŶƚǌĞ
DŽĚĞƌĂĚŽƌ͗WƌŽĨ͘DĂŶƵĞů:ĂƐƚŝůůŽ
35(&,2&21,16&5,3&,Ð1&21*5(62½62/2&8562½
+25$5,2$+25$6
6HHQWUHJDUiGLSORPDDFUHGLWDWLYR

ϭ͘ŶĄůŝƐŝƐĚĞůŶǀĞũĞĐŝŵŝĞŶƚŽ͘DĂƌĐĂĚŽƌĞƐĚĞŶǀĞũĞĐŝŵŝĞŶƚŽ
Ϯ͘,ĞƌƌĂŵŝĞŶƚĂƐƉĂƌĂĚĞƚĞĐƚĂƌĞůĞŶǀĞũĞĐŝŵŝĞŶƚŽĚĞſƌŐĂŶŽƐǇƐŝƐƚĞŵĂƐ
ϯ͘ſŵŽƚƌĂƚĂƌĐŽŶ,ŽƌŵŽŶĂƐŝŽŝĚĠŶƚŝĐĂƐ͗
ͿDĞŶŽƉĂƵƐŝĂ
ͿŶĚƌŽƉĂƵƐŝĂ
Ϳ^ŽŵĂƚŽƉĂƵƐŝĂ
ͿWƌŽďůĞŵĂƐĚĞůĂƚĞƌĂƉŝĂŚŽƌŵŽŶĂů
ͿdŝƌŽŝĚĞƐ
&Ϳ&ĂƚŝŐĂƌſŶŝĐĂ͗ĞůĐŽƌƚŝƐŽůǇůĂ,
ϰ͘WƌƵĞďĂƐĚĞůĂďŽƌĂƚŽƌŝŽ͕͎ƋƵĞŶĞĐĞƐŝƚĂŵŽƐ͍
ϲ͎͘ſŵŽǇĚŽŶĚĞĞŶĐŽŶƚƌĂƌĂǇƵĚĂ͍
ϳ͘^ƵƉůĞŵĞŶƚŽƐ͕͎ĚĞďĞŶƐĞƌƉĞƌƐŽŶĂůŝǌĂĚŽƐ͍

DŝƉƌĄĐƚŝĐĂƚƌĂƐϭϱĂŹŽƐĚĞDĞĚŝĐŝŶĂŶƚŝĞŶǀĞũĞĐŝŵŝĞŶƚŽ
ƌ͘ĨƌĂşŶKůƐǌĞǁĞƌ
DŽĚĞƌĂĚŽƌ͗ƌ͘:ƵůŝĄŶĂǇſŶ
35(&,2&21,16&5,3&,Ð1&21*5(62½62/2&8562½
+25$5,2D+25$6
6HHQWUHJDUiGLSORPDDFUHGLWDWLYR

ϭ͘DĂƌĐĂĚŽƌĞƐďŝŽůſŐŝĐŽƐĚĞůĞŶǀĞũĞĐŝŵŝĞŶƚŽǇŵŽĚƵůĂĐŝſŶŚŽƌŵŽŶĂů;ĂĚƌĞŶŽƉĂƵƐŝĂ͕ĂŶĚƌŽƉĂƵƐŝĂ͕ŵĞŶŽƉĂƵƐŝĂ͕
ƐŽŵĂƚŽƉĂƵƐŝĂǇƚŝƌŽŝĚĞŽƉĂƵƐŝĂͿ
Ϯ͘EƵƚƌŝŐĞŶſŵŝĐĂ͕ĞƉŝŐĞŶſŵŝĐĂ͕ůŝƉŝĚſŵŝĐĂ͕ƉƌŽƚĞŝŶſŵŝĐĂǇƌĞƐƚƌŝĐĐŝſŶĐĂůſƌŝĐĂĞŶůĂŵŽĚƵůĂĐŝſŶŶƵƚƌŝĐŝŽŶĂůĚĞůŽƐ
ĨĂĐƚŽƌĞƐĞǆƚĞƌŶŽƐƋƵĞĂĐƚƵĂŶĞŶĞůŐĞŶŽŵĂ͘ŽŶƚƌŽůĚĞůĂĞǆƉƌĞƐŝſŶĚĞůĨĞŶŽƚŝƉŽ͘
ϯ͘ƐƚƌĠƐŽǆŝĚĂƚŝǀŽ͕ĞƐƚƌĠƐĂĚƌĞŶĂů͕ŝŶĨůĂŵĂĐŝſŶ͕ĂůƚĞƌĂĐŝſŶĞŶĚŽƚĞůŝĂůǇĚŝƐůŝƉŝĚĞŵŝĂƐĐŽŵŽĨĂĐƚŽƌĞƐƋƵĞĂĐĞůĞƌĂŶĞů
ĞŶǀĞũĞĐŝŵŝĞŶƚŽ͘
ϰ͘ŶǀĞũĞĐŝŵŝĞŶƚŽĐĞƌĞďƌĂů͗ĞůĂĚŝƐĨƵŶĐŝſŶĐŽŐŶŝƚŝǀĂŵşŶŝŵĂĂůĂĚĞŵĞŶĐŝĂ͘
ϱ͘DŽĚƵůĂĐŝſŶŶƵƚƌŝĐŝŽŶĂůĞŶĞůĞŶǀĞũĞĐŝŵŝĞŶƚŽĚĞůƐŝƐƚĞŵĂůŽĐŽŵŽƚŽƌ͘
ƵƌĂŶƚĞĞůĐƵƌƐŽĚŝƐĐƵƚŝƌĞŵŽƐ͗
>ĂƌĞƉŽƐŝĐŝſŶŚŽƌŵŽŶĂů͗ŵŝƚŽƐǇǀĞƌĚĂĚĞƐďĂƐĂĚŽƐĞŶůĂĐŝĞŶĐŝĂ͘
ſŵŽƚƌĂƚĂŵŽƐŶƵƚƌŝĐŝŽŶĂůŵĞŶƚĞĂůŽƐƉĂĐŝĞŶƚĞƐĂŶƚĞƐĚĞƉĂĚĞĐĞƌĚŝĂďĞƚĞƐ͕ĂƌƚĞƌŽĞƐĐůĞƌŽƐŝƐ͕ŽƐƚĞŽƉŽƌŽƐŝƐ͘͘͘ǇĐſŵŽ
ŵŽĚƵůĂƌĨĂĐƚŽƌĞƐƋƵĞŵŝŵĞƚŝǌĂŶůĂƌĞƐƚƌŝĐĐŝſŶĐĂůſƌŝĐĂĐŽŵŽĨĂĐƚŽƌƋƵĞĚĞĨŝŶŝƚŝǀĂŵĞŶƚĞƉƌŽůŽŶŐĂůĂǀŝĚĂ͘
ſ
ſŵŽĂĐƚƷĂŶůŽƐƌĂĚŝĐĂůĞƐůŝďƌĞƐĞŶĞůĞŶǀĞũĞĐŝŵĞŶƚŽǇƐƵĂĐĐŝſŶĞŶĞůƐŝƐƚĞŵĂĐĂƌĚŝŽǀĂƐĐƵůĂƌ͘
Ʒ ů
Ěŝ ů ůŝď
ů
ũ ŝ
ŝſ
ů ŝ
Ěŝ
ů
ſŵŽƐĞŵĂŶƚŝĞŶĞŶƵƚƌŝĐŝŽŶĂůŵĞŶƚĞůĂĂĐƚŝǀŝĚĂĚĐĞƌĞďƌĂů͕ĨĂĐƚŽƌĚĞĐĂůŝĚĂĚĚĞǀŝĚĂĞŶĞůĞŶǀĞũĞĐŝŵŝĞŶƚŽ͘
ſŵŽĐŽŶƚƌŽůĂƌĞůĚĞƐŐĂƐƚĞĂƌƚŝĐƵůĂƌ͕ŝŵƉŽƌƚĂŶƚĞĨĂĐƚŽƌůŝŵŝƚĂŶƚĞĞŶůĂƐĞŶĞƐĐĞŶĐŝĂ͘

ƌ͘
WƌŽĨ͘
ƌ͘
WƌŽĨ͘
ƌ͘
ƌ͘
ƌ͘
ƌ͘
ƌ͘
WƌŽĨ͘
ƌ͘
ƌ͘
ƌ͘
ƌĂ
ƌĂ͘
ƌ͘
ƌ͘
WƌŽĨ͘
ƌĂ͘
ƌ͘
WƌŽĨ͘
ƌ͘
ƌ͘
ƌĂ͘
WƌŽĨ͘
ƌĂ͘
WƌŽĨ͘
WƌŽĨ͘
ƌĂ͘
ƌ͘
WƌŽĨ͘
ƌ͘
ƌ͘
ƌĂ͘
>ĚĂ͘
ƌ͘
ƌ͘
ƌ͘
>ĚŽ͘
ƌĂ͘
ƌ͘
ƌ͘
ƌ͘
ƌ͘

yKE'Z^K>^K/^WHK>D//EEd/Es:/D/EdK
35(6,'(17(
35(6,'(17(
ƌ͘:ƵůŝĄŶĂǇſŶ
WƌŽĨ͘DſŶŝĐĂĞůĂ&ƵĞŶƚĞ
9,&(35(6,'(17(
9,&(35(6,'(17(
ƌ͘:ŽƐĠ^ĞƌƌĞƐ
WƌŽĨ͘ŶƚŽŶŝŽǇĂůĂ
ŽŽƌĚŝŶĂĚŽƌĞƐĚĞ^ĞƐŝſŶ
ŶƚŝͲŐŝŶŐEĂĐŝŽŶĂů
ŶƚŝͲŐŝŶŐ/ŶƚĞƌŶĂĐŝŽŶĂů
ƌ͘:ŽƐĠ/ŐŶĂĐŝŽ>ĂŽ
WƌŽĨ͘DĂŶƵĞů:ĂƐƚŝůůŽ
DĞĚŝĐŝŶĂƐƚĠƚŝĐĂ
ŝƌƵŐşĂƐƚĠƚŝĐĂ
ƌĂ͘DĞƌĐĞĚĞƐŐƵŝůƵǌ
ƌ͘ZĂŵſŶsŝůĂͲZŽǀŝƌĂ

͘:ƵĂŶĂƌůŽƐ/ĚĞŽƌďſŶǇŽƌďſŶ
^ƵDĂũĞƐƚĂĚZĞǇĚĞƐƉĂŹĂ
ǆĐŵĂ͘^ƌĂ͘ǐƐƉĞƌĂŶǌĂŐƵŝƌƌĞ
WƌĞƐŝĚĞŶƚĂĚĞůĂŽŵƵŶŝĚĂĚĚĞDĂĚƌŝĚ
ǆĐŵŽ͘^ƌ͘ůďĞƌƚŽZƵŝǌ'ĂůůĂƌĚſŶ
ůĐĂůĚĞĚĞDĂĚƌŝĚ
/ůŵĂ͘^ƌĂ͘:ƵůŝĂŶĂ&ĂƌŝŹĂ
WƌĞƐŝĚĞŶƚĂŽůĞŐŝŽKĨŝĐŝĂůĚĞDĠĚŝĐŽƐĚĞDĂĚƌŝĚ

&20,7e25*$1,=$'25

&20,7e'(+2125

&20,7e&,(17Ì),&2

WKEEd^zDKZKZ^
&ƌĂŶĐŝƐĐŽ
ĂƌşŽ
DŝŐƵĞů
sŝŶĐĞŶǌŽ
ŶƚŽŶŝŽ
:ĂǀŝĞƌ
DĂŶƵĞů
>ůƵşƐ
,ĞůŝŽ
ŶƚŽŶŝŽ
:ĞƐƷƐ&͘
:ƵůŝĄŶ
:ĂŵĞƐ
DĂƌşĂ
DĂƌşĂ
hĚŽ
WĂďůŽ
:ŽĂƋƵşŶ
^ƵƐĂŶĂ
:ŽƐĠŶƚŽŶŝŽ
DĂŶƵĞů
ĞƌŶĂƌĚ
ůĂƵĚĞ
/ƐĂďĞů
DſŶŝĐĂ
DĞƌĐĞĚĞƐ
'ĞƌŵĂŝŶĞ
:ƵůŝĂŶĂ
sŝǀŝĂŶĞ
:ŽƐĠ
ĂŵŝĂŶŽ
&ĞƌƌĄŶ:͘
sŝĐĞŶƚĞ
^ĂŵŝĂ
ĂƌŵĞŶ
ŶƚŽŶŝŽ
:ŽƐĞŶƚŽŶŝŽ
ZſŵƵůŽ
ZŝĐĂƌĚŽ
ůĐĂůŝƌĂ
^ŚĂĨŝĐ
DŝĐŚĂĞů
:ŽƐĠ/ŐŶĂĐŝŽ
:ƵĂŶĂƌůŽƐ

ďƌŝů
ƐƉĂŹĂ
ƌ͘
/ǀĂŶ
DĂŹĞƌŽ
ĐƵŹĂ
ƐƉĂŹĂ
ƌ͘
:ŽƐĠ&Ġůŝǆ
DĂƌĐŽƐ
ŝǌƉƵŶ
ƐƉĂŹĂ
WƌŽĨ͘
&ƌĂŶĐĞƐĐŽ
DĂƌŽƚƚĂ
ůŽŝƐĂŶƚŽŶŝ
/ƚĂůŝĂ
>ĚĂ͘
DŽŶƚƐĞƌƌĂƚ
DĄƌƋƵĞǌ
ŶĚƌĠƐ,ƵĞǀĂ
ƐƉĂŹĂ
ƌ͘
:ƵĂŶĂƌůŽƐ
DĠŶĚĞǌ
ŶŝĚŽ
ƐƉĂŹĂ
WƌŽĨ͘
>ĂƵƌĞŶƚ
DĞƐƐĞĂŶ
ƐşŶ
ƐƉĂŹĂ
ƌ͘
ŶƌŝƋƵĞ
DŽŶĞƌĞŽ
ƐŵĂƌĂƚƐ
ƐƉĂŹĂ
ƌ͘
:ƵĂŶ
DŽŶƌĞĂů
ǀĞůĂƌ
ƌĂƐŝů
ƌ͘
ůďĞƌƚ
EĂĚĂů
ǇĂůĂ
ƐƉĂŹĂ
ƌ͘
&ƌĂŶĐŝƐĐŽ
EĂǀĂƌƌŽ
ĂůůĞƐƚĞƌŽƐ
ƐƉĂŹĂ
ƌ͘
ĨƌĂşŶ
KůƐǌĞǁĞƌ
ĂǇſŶ
ƐƉĂŹĂ
ƌ͘
'ĞƌĂƌĚŽ
KƌĚŝĂůĞƐ
Ğƚǌ
ƵƐƚƌŝĂ
ƌ͘
:ĞĂŶWĂƵů
KƐŽƌĞƐ
ůĂƐĐŽ
ƐƉĂŹĂ
WƌŽĨ
WƌŽĨ͘
tĂůƚĞƌ
WŝĞƌƉĂŽůŝ
ƂŚŵ
ůĞŵĂŶŝĂ
ƌ͘
:ŽƌŐĞ
WůĂŶĂƐ
ŽŝǆĞĚĂ
ƐƉĂŹĂ
ƌ͘
ŶƚŽŶŝŽ
WŽƌĐƵŶĂ
ĂůĂƉ
ƐƉĂŹĂ
WƌŽĨ͘
ZƵƐƐĞů
ZĞŝƚĞƌ
ĂŶƚſŶ
ƐƉĂŹĂ
ƌ͘
DĂŶƵĞů
ZŝƉŽůů
ĂƌƌŽďůĞƐ
ƐƉĂŹĂ
ƌĂ͘
WŝůĂƌ
ZŽĚƌŝŐŽ
ĂƐƚŝůůŽ
ƐƉĂŹĂ
ƌ͘
ǌĞƋƵŝĞů
ZŽĚƌşŐƵĞǌ
ŽƌŶĞƚƚĚĞ^ĂŝŶƚǇƌ
&ƌĂŶĐŝĂ
WƌŽĨ͘
ŶƌŝƋƵĞ
ZŽũĂƐ
ĂůůĞ
&ƌĂŶĐŝĂ
ƌĂ͘
ůŝĂ
ZŽſ
ĞĞŶŝƚŽ
ƐƉĂŹĂ
ƌ͘
:ŽƐĠ
^ĂďĄŶ
ĞůĂ&ƵĞŶƚĞ
ƐƉĂŹĂ
WƌŽĨ͘
:ƵĂŶ
^ĂďĂƚĞƌ
ŐƵŝůƵǌ
ƐƉĂŹĂ
ƌĂ͘
'ůŽƌŝĂ
^ĂďĂƚĞƌ
ƐĐĂŵĞƐ
ƐƉĂŹĂ
ƌ͘
DĂŶƵĞů
^ĄŶĐŚĞǌ
&ĂƌŝŹĂ
ƐƉĂŹĂ
͘
&ĞƌŶĂŶĚŽ
^ĄŶĐŚĞǌƌĂŐſ
&ĞƌƌĞŝƌĂĚĞĂŵƉŽƐ
ƌĂƐŝů
ƌ͘
DŝŐƵĞůŶŐĞů
^ĂŶƚŽƐ
&ŽůĐŚ
ƐƉĂŹĂ
WƌŽĨ͘
:ŽƐĠD͘
^ĞƌƌĂZĞŶŽŵ
'ĂůŝŵďĞƌƚŝ
/ƚĂůŝĂ
ƌ͘
:ŽƐĠ
^ĞƌƌĞƐ
'ĂƌĐşĂ&ƌƵĐƚƵŽƐŽ
ƐƉĂŹĂ
ƌĂ͘
ĂƌŵŝŶĂ
^ŝĞƌƌĂ
'͘sŝůůĂƌƌƵďŝĂ
ƐƉĂŹĂ
ƌ͘
:ƵĂŶ
^ŽƉĞŶĂ
'ƵĞƌďĂĂ
dƷŶĞǌ
ƌ͘
DĂƌŝŽ
dƌĞůůĞƐ
'ŝŵĠŶĞǌͲƵĞŶĐĂ
ƐƉĂŹĂ
ƌĂ͘
&ŝůŽŵĞŶĂ
dƌŝŶĚĂĚĞ
'ŽŶǌĄůĞǌĚĞEŝĐŽůĄƐ
ƐƉĂŹĂ
ƌĂ͘
WĂůŽŵĂ
dĞũĞƌŽ
'ŽŶǌĄůĞǌͲŝĂǌ
ƐƉĂŹĂ
ƌ͘
DĂƌŝĂŶŽ
sĠůĞǌ
'ƵĞƌƌĞƌŽ
ĐƵĂĚŽƌ
ƌ͘
ĠƐĂƌ
sĞŶĞƌŽ
/ďĄŹĞǌ
ƐƉĂŹĂ
ƌĂ͘
ŝŐŶĂ
sĞƌŐĂƌĂ
:ŝŵĠŶĞǌDĂŶĂƵƌĞ
sĞŶĞǌƵĞůĂ
ƌ͘
KĐƚĂǀŝŽ
sŝĞƌĂ
<ĂŝĚďĞǇ
ƌĂďŝĂ ^ĂƵĚş
ƌĂďŝĂ^ĂƵĚş
ƌ͘
ZĂŵſŶ
sŝůĂ ZŽǀŝƌĂ
sŝůĂZŽǀŝƌĂ
<ůĞŶƚǌĞ
ůĞŵĂŶŝĂ
ƌĂ͘
KĚŝůǌĂ
sŝƚĂů
>ĂŽ
ƐƉĂŹĂ
ƌ͘
ZŝĐĂƌĚŽ
tŽŚů
>ſƉĞǌ
ƌĂƐŝů
ƌ͘
ĞŶŶŽ
tƂůĨĞů
^ĞĚĞĞůŽŶŐƌĞƐŽ͗,ŽƚĞůE,WĂƌƋƵĞǀĞŶŝĚĂƐΎΎΎΎͬ͘ŝĂƌƌŝƚǌ͕ϮϮϴϬϮϴDĂĚƌŝĚ͕^W/E

ƐƉĂŹĂ
ƐƉĂŹĂ
/ƚĂůŝĂ
ƐƉĂŹĂ
sĞŶĞǌƵĞůĂ
&ƌĂŶĐŝĂ
ƐƉĂŹĂ
ƐƉĂŹĂ
ƐƉĂŹĂ
ƐƉĂŹĂ
ƌĂƐŝů
ƐƉĂŹĂ
WĞƌƷ
/ƚĂůŝĂ
ƐƉĂŹĂ
ƐƉĂŹĂ
hh
ƐƉĂŹĂ
ƐƉĂŹĂ
ƐƉĂŹĂ
ƐƉĂŹĂ
ƐƉĂŹĂ
ƐƉĂŹĂ
ƐƉĂŹĂ
ƐƉĂŹĂ
ƐƉĂŹĂ
ƐƉĂŹĂ
ƐƉĂŹĂ
ƐƉĂŹĂ
ƐƉĂŹĂ
ƐƉĂŹĂ
ƐƉĂŹĂ
ƐƉĂŹĂ
hh
ƐƉĂŹĂ
ƐƉĂŹĂ
ƐƉĂŹĂ
sĞŶĞǌƵĞůĂ
ƐƉĂŹĂ
ƐƉĂŹĂ
ƌĂƐŝů
&ƌĂŶĐŝĂ
ůĞŵĂŶŝĂ

PROGRAMA SEMAL

