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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. Clinica 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 problems!.

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 kaempterol; 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 effect>. 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 hours*. 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
administration>°. Gonzalez-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

surgery’.
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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 processS.
The increase of nitric oxide (NO) and nitric oxide
synthase (NOS), associated with an excess in Oy
production, produces the formation of high levels
of peroxynitrite (ONOO-)?. 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)!?. DNA exposure
to ONOO- or NO plus O, causes breaks in the
chains!!. Furthermore, the ONOO- renders various
enzymes inactive that are important in repairing
damaged DNA. Due to all these effects, ONOO-
induces apoptosis if oxidation is moderate, or cell
necrosis if oxidative stress is severe!2. The antioxidant
activity of pomegranate juice is three times higher
than red wine or green tea!3. 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 juicel4.
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/1 of total polyphenols!>. 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; ¢ — preservation of certain
serum enzymes (paraoxonases) that hydrolyse

specific lipid peroxides!>. The flavonoids present in
pomegranate juice are powerful antioxidants against
LDL cholesterol oxidation!e. 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
juicel®. 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 months!’. 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 NO!8. De
Nigris et al studied the in vitro and in vivo eftects of
punicalagin-rich pomegranate extract on oxidation-
sensitive genes (ELK-1 and p-CREB) and NOS!S.
Use of pomegranate extract or juice corrects the pro-
atherogenic imbalance by increasing NOS activity,
which leads to a rise in NO production and activity,
thus reducing oxidative stress!S.

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 tolerance!9:20.

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 al?! 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 ef al?? 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 eftect
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 production?3. Seeram
et al?3 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 al?> saw that pomegranate seed oil had anti-
tumour 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 al2’
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

Ay,

MCF-7 cells, a lesser effect in the estrogen-
independent MB-MDA-231 cells, and a very low
effect in normal human breast epithelial cells, MCF-
10. 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 carcinogenesis??. 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 ef al3! showed that pomegranate
extract significantly reduced the number of tumours
developed by mice exposed to two different
carcinogens: benzola]pyrene (B[a]P) and N-nitroso-
tris-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 tumours3!.

Hora et al32 observed that
pomegranate seed oil reduced the incidence and

d- Skin cancer.
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 metastasis>!. 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 factor3>. Shishodia
et al have shown that pomegranate juice, as well as
pomegranate tannins and punicalagin, suppress the
activation of NF-kB in colon cancer cells??. Various
studies conducted by Khan ef 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-kB activation has been shown to be present
and represents an independent risk factor of tumour
recurrence after radical prostatectomy3637. Rettig
et al have demonstrated in vitro that pomegranate
juice, as well as pomegranate extract, inhibit NF-kB
and cell viability in prostate cancer cells. In one
in vivo model, pomegranate was seen to delay the
appearance of hormone resistant prostate cancer®’.
NF-kB 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-a
and 1-B (HIF-1a and HIF-1B); these in turn activate
different genes related to angiogenesis, leading to
greater progression and invasion®’. 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

expression of HIF-1a and VEGF40. Toi et al analysed
the anti-angiogenesis potential of pomegranate seed oil
or fermented pomegranate juice on estrogen-sensitive
(MCEF-7) or estrogen-resistant (MB-MDA-231)
breast cancer cells, observing a significant reduction*!.
Sartippour et al carried out in vitro studies on the eftect
of pomegranate peel extract (standardised to 37%
ellagitannins and 3.5% free ellagic acid) on hormone-
sensitive prostate cancer cells (LNCaP) and human
umbilical vein endothelial cells#2. 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-1a 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 (199437 mm?3 compared to 11791106 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-1a staining and blood
vessel density were reduced significantly in those
animals receiving pomegranate extract*3. 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 reduced?!.

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-kB
in human chondrocytes*. In another study, several
constituents of pomegranate (ellagic acid, cafteic
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 membrane**. Although
each of the substances separately and significantly
inhibited invasion, when used together, a supra-
additive effect was seen. Albrecht ef al had similar
results with the same type of prostate cancer cell2!.
Khan ef al observed a dose-dependent reduction in
cell invasion (up to 46%) using pomegranate extract
in an in vitro model of breast cancer3*.

Anti-inflammatory effects of pomegranate

Approximately 15% of all tumours are related to the
presence of chronic inflaimmation. Epidemiological
studies have shown that men with a history of prostatitis
and sexually-transmitted diseases are at greater risk
of prostate cancer®®. 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 promotion*. COX-2
also produces resistance to apoptosis and promotes
angiogenesis and metastasis. Inhibition of COX-
2 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%%7.
Adam et al studied the effects of pomegranate
on the inflaimmatory 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
punicalagin*®. 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 began!.

Ay,

1- Prostate cancer

Pantuck et al*® 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
months>0. 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 anaccumulation 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 aPP! examined the
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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 cavernosa®!.
Forest et al®2 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.

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. ¢ - spermatogenic
cell density, d- diameter of seminiferous tubules, e-
germinal cell layer thickness. A rise in antioxidant
enzyme activity (glutathione peroxidase and catalases)
was also observed?3.

3- Diabetes

Diabetesisassociated 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 noted>*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 acids®*. 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 diabetes®. 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 catalase>®. Parmar and
Kar used pomegranate skin extract to treat diabetes-
induced mice, observing a normalisation in glucose
levels and the peroxidation of lipids in hepatic,
cardiac and renal tissue>7.

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
triglycerides®. 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 stress®”.
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
acid®. 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 eftect
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 humans!.
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%02.

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
plaques®3. Aviram ef al®* 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 al®> 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
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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 al®¢ 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)
activity®7-68. Chronic administration of pomegranate
juice reduced mean blood pressure in diabetic rats
and vascular reactivity to various catecholamines,
probably reducing ACE activity®s.

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 al®? 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 37°C 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 al’® 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-1f (IL-1B) and IL-6 were also
analysed, finding a significant reduction at three and
six months compared to the results obtained before
treatment. Vasconcelos et al’l 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. DiSilvestro’2 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.

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
glucose’3. Abidov et al’* 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 animals’>.

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 world7¢.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




APPROACHES TO AGING CONTROL. VOL 15. SEPTEMBER 2011

acids. The eftects 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.

BIBLIOGRAPHY

1- Longtin, R. The pomegranate: nature’s power
fruit? J Natl Cancer Inst, 2003; 95: 346-48.

2-Seeram NP, Zhang Y, Reed JD, et al. Pomegranate
Phitochemicals. En “Pomegranates : ancient roots

to modern medicine”. Seeram NP, Schulman RN,

Ay,

Heber D (eds). Taylor & Francis. New York, 2006;
3-29.

3- Cerda B, Ceron JL, Tomas-Barberan FA, Espin
JC. Repeated oral administration of high doses of
pomegranate ellagitannin punicalagin to rats for 37
days is not toxic. ] Agric Food Chem 2003; 51:
3493-501.

4- Seeram NP, Lee R, Heber D. Bioavailability of
ellagic acid in human plasma after consumption of

ellagitannins from pomegranate (Punica granatum L)
juice. Clin Chim Acta. 2004; 348: 63-8.

5- Seeram NP, Henning SM, Zhang Y, et al.
Pomegranate juice ellagitannin metabolites are
present in human plasma and some persist in urine

for up to 48 hours. ] Nutr 2006; 136: 2481-85.

6- Cerda B, Espin JC, Parra S, et al. The potentin vitro
antioxidant ellagitannins from pomegranate juice are
metabolised into bioavailable but poor antioxidant
hydroxy-6H-dibenzopyran-6-one derivates by the
colonic microflora of healthy humans. Eur | Nutr
2004; 43: 205-20.

7- Gonzalez-Sarrias A, Gimenez-Bastida JA, Garcia-
Conesa MT el al. Occurrence of urolithins, gut
microbiota ellagic acid metabolites and proliferation
markers expression response in the human prostate
gland upon consumption of walnuts and pomegranate
juice. Mol Nutr Food Res 2009; Nov 2. [Epub ahead
of print]

8- De Grey AD. Free radicals in aging: causal
complexity and its biomedical implications. Free
Radic. Res. 2006; 40: 1244-9.

9- Pacher P, Beckman JS, Liaudet L. Nitric Oxide
and peroxynitrite in health and disease. Physiol. Rev.
2007; 87: 315-424.

10- Dedon PC, Tannenbaum SR. Reactive nitrogen
species in the chemical biology of inflamation. Arch.
Biochem. Biophys. 2004: 423: 12-22.

11- Yermilov V, Yoshie Y, Rubio J, Ohshima H.
Effects of carbon dioxide/bicarbonate on induction
of DNA single-strand breaks and formation of
8-nitroguanine, 8-oxoguanine and base-propenal




www.approachestoagingcontrol.org

A,

mediated by peroxynitrite. FEBS Lett. 1996: 399:
67-70.

12- Szabo C. Multiple pathways of peroxynitrite
cytotoxicity. Toxicol. Lett. 2003: 140: 105-112.

13- Gil MI, Tomas-Barberan FA, Hess-Pirce B,
et al. Antioxidant activity of pomegranate juice
and its relationship with phenolic composition and
processing. J Agric Food Chem 2000; 48: 4581-89.

14- Guo C, Wei |, Yang ] et al. Pomegranate juice
is potentially better than apple juice in improving
antioxidant function in elderly subjects. Nutr Res
2008; 28: 72-77.

15- Rosenblat M, Aviram M. Antioxidative properties
of pomegranate: In vitro studies. En “Pomegranates
: ancient roots to modern medicine”. Seeram NP,
Schulman RN, Heber D (eds). Taylor & Francis.
New York, 2006; 31-43.

16- Aviram M, Fuhrman B. Effects of flavanoids
on the oxidation of LDL and atherosclerosis. En
“Flavanoids in health and disease”, Rice-Evans C,
Packer L (eds) Marcel Dekker, New York 2003;
165.

17- Aviram M, Dornfeld L, Rosenblat M, et al.
Pomegranate juice consumption reduces oxidative
stress, atherogenic modifications to LDL, and platelet
aggregation: studies in humans and in atherosclerotic

apolipoprotein E-deficient mice. Am ] Clin Nutr
2000; 71: 1062-76.

18- De Nigris F, Lerman LO, Williams-Ignarro S, et
al. Beneficial effects of antioxidants and L-arginine on
oxidation-sensitive gene expression and endothelial
NO synthase activity at sites of disturbed shear stress.
Proc Natl Acad Sci U S A 2003; 100: 1420-5.

19- De Nigris N, Wailliams-Ignarro S, Sica V,
et al. Effects of a pomegranate fruit extract rich
in punicalagin on oxidation-sensitive genes and
eNOS activity at sites of perturbed shear stress and
atherogenesis. Cardiovasc Res 2007; 414-23.

20- Huang TH, Peng G, Kota BP, et al. Pomegranate
flower improves cardiac lipid metabolism in a diabetic

rat model: role of lowering circulating lipids. Br ]
Pharmacol 2005; 145: 767-774.

21- Jafri MA, Aslam M, Javed K, Singh S. Effect of
Punica granatum Linn., (flowers) on blood glucose
level in normal and alloxan-induced diabetic rats. ]
Ethnopharmacol 2000; 70: 309-14.

22- Albrecht M, Jiang W, Kumi-Diaka J, et al.
Pomegranate extracts potentially suppress proliferation
xenograft growth, and invasion of human prostate
cancer cells. ] Med Food 2004; 7: 274-83.

23- Malik A, Afaq F, Sarfaraz S, et al. Pomegranate
fruit juice for chemoprevention and chemotherapy
of prostate cancer. Proc Natl Acad Sci 2005; 102:
14813-8.

24- Seeram N, Aronson W, Zhang Y, et al.
Pomegranate ellagitannin-derived metabolites inhibit
prostate cancer growth and localize to the mouse
prostate gland. J Agric Foof Chem 2007; 55: 7732-
7.

25- Koyama S, Cobb LJ, Metha HH, et al
Pomegranate extract induces apoptosis in human
prostate cancer cells by modulation of the IGF-
IGFBP exis. Growth Horm IGF Res (in press).

26- Metha R, Lansky EP. Breast
chemopreventive properties of pomegranate (punica

cancer

granatum) fruits extracts in a mouse mammary organ
culture. Eur J Cancer Prev 2004; 13: 345-8.

27- Jeune MA, Kumi-Diaka J, Brown J. Anticancer
activities of pomegranate extracts and genistein in
human breast cancer cells. ] Med Food 2005; 8: 469-
75.

28-Kim ND, Metha R, Yu W, etal. Chemopreventive
and adjuvant yherapeutic potential of pomegranate
(Punica granatum) for human breast cancer. Breast
Cancer Res Treat 2002; 71: 203-17.

29- Kohno H. Suzuki R, Yasui Y, et al. Pomegranate
seed oil rich in conjugated linolenic acid suppresses

chemically induced colon carcinogenesis in rats.
Cancer Sci 2004; 95: 481-6.

30- Shishodia S, Adams L, Bhatt ID, Aggarwal
BB. Anticancer potential of pomegranate. En
“Pomegranates : ancient roots to modern medicine”.
Seeram NP, Schulman RN, Heber D (eds). Taylor
& Francis. New York, 2006; 107-16.




APPROACHES TO AGING CONTROL. VOL 15. SEPTEMBER 2011

31- Khan N, Hadi N, Afaq F, et al. Pomegranate fruit
extract inhibits prosurvival pathways in human A549
lung carcinoma cells and tumor growth in athymic
nude mice. Carcinogenesis 2007; 28: 163-73.

32- Khan N, Afaq F, Kweon MH. Oral consumption
of pomegranate fruit extract inhibits growth and

progression of primary lung tumors in mice. Cancer
Res 2007; 67: 3475-82.

33- Hora JJ, Maydew ER, Lansky EP, Dwivedi C.
Chemopreventive effects of pomegranate seed oil on
skin tumor development in CD1 mice. ] Med Food
2003; 6: 157-61.

34- Baldwin AS Jr. Series introduction: the
transcription factor NF-kB and human diseases. ]
Clin Invest 2001; 107: 3-6.

35- Khan GN, Gorin MA, Rosenthal D, et al.
Pomegranate fruit extract impairs invasion and
motility in human breast cancer. Integr cancer Ther
2009; 8: 242-53.

36- Domingo-Domenech ], Mellado B, Ferrer B et
al. Activation of nuclear factor-kB in human prostate
carcinogenesis and association to biochemical relapse.

Br J Cancer 2005; 93: 1285-94.

37- Fradet V, Lessard L, Begin LT et al. Nuclear
factor-kB nuclear localization is predictive of
biochemical recurrence in patients with positive

margin prostate cancer. Clin Cancer Res 2004; 10:
8460-4.

38- Rettig MB, Heber D, An ], et al. Pomegranate
extract inhibits androgen-independent prostate cancer

growth through a nuclear factor-kB-dependent
mechanism. Mol Cancer Ther 2008; 7: 2662-71.

39- Harris AL. Hypoxia — A key regulatory factor in
tumor growth. Nat Rev Cancer 2002; 2: 38-47.

40- Shannon AM, Bouchier-Hayes DJ, Condron
CM, Toomey D. Tumor hypoxia, chemotherapeutic

resistance and hypoxia-related therapies. Cancer
Treat Rev 2003; 29: 297-307.

41- Mabjeesh NJ, Willard MT, Frederickson CE,
et al. Androgens stimulate hypoxia-inducible factor
1 activation via autocrine loop of tyrosine kinase

Ay,

receptor/phosphatidylinositol 3’-kinase/protein
kinase B in prostate cancer cells. Clin Cancer Res
2003; 2616-25.

42- Toi M, Bando H, Ramachandran C, et al.
Preliminary studies on the anti-angiogenic potential

of pomegranate fractions in vitro and in vivo.
Angiogenesis 2003; 6: 121-8.

43-Sartippour MR, Seeram NP, Rao JY, et al.
Ellagitannin-rich pomegranate extract inhibits
angiogenesis in prostate cancer in vitro and in vivo. Int
J Oncol 2008; 32: 475-80.

44- Ahmed S, Wang N, Hafeez BB, et al. Punica
granatum L. extract inhibits IL-1(beta)-induced
expresion of nmatrix metalloproteinases by inhibiting
the activation of MAP kinases and NF-«kB in human
chondrocytes in vitro. ] Nutr 2005; 135: 2096-102.

45- Lansky EP, Harrison G, Froom P, Jiang WG.
Pomegranate (Punica granatum) pure chemicals show
posible synergistic inhibition of human PC-3 prostate

cancer cell invasion across Matrigel. Invest New
Drugs 2005; 23: 121-2.

46~ Palapattu GS, Sutcliffe S, Bastian PJ, et al. Prostate
carcinogenesis and inflamation: Emerging insight.
Carcinogenesis 2005; 26: 1170-81.

47- Prescott SM, Fitzpatrick FA. Cyclooxigenase-2
and carcinogenesis. Biochem Biophys Acta 2000;
1470: M69-78.

48- Schubett SY, Lansky EP, Neeman I. Antioxidant
and eicosanoid enzyme inhibition properties of
pomegranate seed oil and fermented juice flavonoids.
J Ethnopharmacol 1999; 66: 11-17.

49- Adam L, Seeram NP, Aggarwal BB. Pomegranate
juice, total pomegranate ellagitanins, and punicalagin
suppress inflammatory cell signalling in colon cancer
cells. ] Agric Food Chem 2006; 54: 980-5.

50- Pantuck AJ, Leppert JT, Zomorodian N, et al.
Phase II study of pomegranate juice for men with
rising prostate-specific antigen following surgery or

radiation for prostate cancer. Clin Cancer Res 2006;
12: 4018-4026.




www.approachestoagingcontrol.org

A,

51- Pantuck AJ, Zomorodian N, Seeram N, et al.
Long term follow up of pomegranate juice for men
with prostate cancer and rising PSA shows durable
improvement in PSA doubling time. Abstract
presented in annual meeting of ASCO, 2008.

52- Azadzoi KM, Schulman RN, Aviram M,
Siroky MB. Oxidative stress in arteriogenic erectile
dysfunction: prophylactic role of antioxidants. ] Urol
2005; 174: 386-93.

53- Forest CP, Padma-Nathan H, Liker HR. Efficacy
and safety of pomegranate juice on improvement
of erectile dysfunction in male patients with mild
to moderate erectile dysfunction: a randomized,

placebo- controlled, double-blind, crossover study.
Int ] Impot Research 2007; 564-7.

54- Turk G, Sénmez M, Aydin M et al. Effects of
pomegranate juice consumption on sperm quality,
spermatogenic cell density, antioxidant activity and
testosterone level in male rats. Clin Nutr 2008; 27:
289-96.

55- Xu KZ, Zhu C, Kim MS, et al. Pomegranate
flower ameliorates fatty liver in an animal model of
type 2 diabetes and obesity. ] Ethnopharmacol 2009;
22: 280-7.

56- McFarlin BK, Strohacker KA, Kueht ML.
Pomegranate seed oil consumption during a period
of high-fat feeding reduces weight gain and reduces
type 2 diabetes risk in CD-1 mice. Br J Nutr 2009;
102: 54-9.

57- Bagri P, Ali M, Aeri V, et al. Antidiabetic effect
of punica granatum flowers: effect on hyperlipidemia,
pancreatic cells lipid peroxidation and antioxidant

enzymes in experimental diabetes. Food Chem
Toxicol 2009; 47: 50-4.

58- Parmar HS, Kar A. Antidiabetic potential of
Citrus sinensis and Punica granatum peel extracts

in alloxan treated male mice. Biofactors 2007; 31:
17-24.

59- Esmaillzadeh A, Tahbaz F, Gaieni I, et al.
Concentrated pomegranate juice improves lipid
profiles in diabetic patients with hyperlipidemia. J
Med Food 2004; 7: 305-8.

60- Rock W, Rosenblat M, Miller-Lotan R, et al.
Consumption of wonderful variety pomegranate juice
and extract by diabetic patients increases paraoxonase
1 association with high-density lipoprotein and
stimulates its catalytic activities. ] Agric Food Chem
2008; 56: 8704-13.

61- Fenercioglu AK, Saler T, Genc E, et al. The
effects of polyphenol containing antioxidants on
oxidative stress and lipid peroxidation in type 2
diabetes mellitus without complications. ] Endocrinol
Invest in press).

62- Aviram M, Dornfeld L, Kaplan M, et al.
Pomegranate juice flavonoids inhibit low-density
lipoprotein oxidation and cardiovascular diseases:

studies in atherosclerotic mice and in humans. Drugs
Exp Clin Res 2002; 28: 49-62.

63- Rosenblat M, Volkova N, Coleman R,
Aviram M. Pomegranate byproduct administration
to apolipoprotein e-deficient mice attenuates
atherosclerosis development as a result of decreased
macrophage oxidative stress and reduced cellular
uptake of oxidized low-density lipoprotein. | Agric
Food Chem 2006; 54: 1928-35.

64- Aviram M, Rosenblat M, Gaitini D, et al.
Pomegranate juice consumption for 3 years by
patients with carotid artery stenosis reduces common
carotid intima-media thickness, blood pressure and
LDL oxidation. Clin Nutr 2004; 23: 423-33.

65- Aviram M, Volkova N, Coleman R, et al.
Pomegranate phenolics from the peels, arils, and
flowers are antiatherogenic: studis in vivo in
atherosclerotic apolipoprotein e-deficient (E 0) mice

and in vitro in cultured macrophages and lipoproteins.
J Agric Food Chem 2008; 56: 1148-57.

66- Davidson MH, Maki KC, Dicklin MR, et al.
Effects of consumption of pomegranate juice on
carotid intima-media thickness in men and woman

at moderate risk for coronary heart disease. Am ]
Cardiol 2009; 104: 936-42.

67- Sumner MD, Elliot-Eller M, Weidner G, et
al. Effects of pomegranate juice consumption on
myocardial perfusion in patients with coronary heart
disease. Am J Cardiol 2005; 96: 810-4.




APPROACHES TO AGING CONTROL. VOL 15. SEPTEMBER 2011

68- Aviram M, Dornfeld L. Pomegranate juice
consumption inhibits serum angiotensin converting
enzyme activity and reduces systolic blood pressure.
Atherosclerosis 2001; 158: 195-8.

69- Mohan M, Waghulde H, Kasture S. Effect
of pomegranate juice on Angiotensin-induced
hypertension in diabetic wistar rats. Phytother Res
2009 Dec 17 (Epub ahead of print.

70- Menezes SM, Cordeiro LN, Viana GS. Punica
granatum (pomegranate) extract is active against
dental plaque. ] Herb Pharmacother 2006; 6: 79-92.

71- Sastrahava G, Gassmann G, Sangtherrapitikul
P, Grim WD. Adjunctive periodontal treatment
with Cetella asiatica and Punica granatum extracts
in supportive periodontal therapy. J Int Acad
Periodontal 2005; 7: 70-9.

72- Vasconcelos LC, Sampaio MC, Sampaio FC,
Higino JS. Use of Punica granatum as an antifungal
agent against candidosis associated with denture
stomatitis. Mycoses 2003; 46: 192-6.

73- DiSilvestro RA, DiSilvestro DJ, DiSilvestro DJ.
Pomegranate extract mouth rinsing eftects on saliva
measures relevant to gingivitis risk. Phytother Res
2009; 23: 1123-7.

74- Lei F, Zhang XN, Wang W, et al. Evidence of
antiobesity effects of the pomegranate leaf extract in
high-fat diet induced obese mice. Int ] Obes 2007;
31: 1023-29.

75- Abidov M, Ramazarov Z, Seifulla R, Grachev S.
The effects of Xhantigen in ythe weight management
of obese premenopausal women with non-alcoholic

fatty liver disease and normal liver fat. Diabetes Obes
2010; 12: 72-81.

76- Hartman RE, Shah A, Fagan AM, et al.
Pomegranate juice decreases amyloid load and
improves behavior in a mouse model of Alzheimer’s
disease. Neurobiol Dis 2006; 24: 506-15.

77- www.clinicaltrials.gov. Consultado el 17-01-
2011.

Ay,

Pascual Garcia Alfaro*, Montserrat Manubens
Grau

Department of Obstetrics, Gynaecology and
Human Reproduction . Institut Universitari

Dexeus. Gran Via Carlos III, 71-75. 08028 Barce-
lona, Espaia

*Corresponding author:
E-mail: pasgar@dexeus.com

Telephone number: +34 932274700




www.approachestoagingcontrol.org

A,

Prevention during menopause to improve life quality

Pascual Garcia Alfaro*, Montserrat Manubens Grau

Department of Obstetrics, Gynaecology and Human Reproduction. Institut Universitari

Dexeus. Gran Via Carlos I1II, 71-75. 08028 Barcelona, Espaiia

*Corresponding author: E-mail: pasgar@dexeus.com

Telephone number: +34 932274700

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

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.

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

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

Extrinsic Factors:

- 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.

- Alcohol. A high alcohol intake produces a
harmful action on the ovary, butin 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.

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

Menopause consequences are:
e Short-term consequences: Neurovegetative

and psychological alterations

¢ Medium-term consequences: Genitourinary
and cutaneous alterations.

e Long-term consequences: Osteoporosis and
cardiovascular pathology.[3]
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It is therefore necessary to develop a good preventive
health program in order to improve the life quality of
climacteric women.

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

1.- Promotion of healthy life styles.
2.- Prevention of cardiovascular risk.

3.- Early diagnosis of those cancers that more
frequently appear in this phase of the woman’s life.

4.- Treatment of pathologies connected with hor-
monal deficit.

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.

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

Diet and bone mass

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.

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

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.

Bone mass triples after puberty and reaches its highest
moment between 30 and 35 years, keeping steady up
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to 40. After that, we face a constant loss that shows
an acceleration in the post-menopause period.|[5]

Daily Calcium need

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 post-
menopausal women, especially if there’s low sunlight
exposure.

The National Osteoporosis Foundation recommends
the administration of 800 Ul/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.

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

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]

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 eftects.

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 Renin-
angiotensin-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 ' hour daily would
diminish the coronary disease risk.

The WHO recommends a control of arterial tension
every 2 years when the value 1s <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).
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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

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
flushes,
perspiration, palpitations, paresthesia, vertigo,

(Climacteric Syndrome) arise: hot
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 Déderlein 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 1s 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

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 non-
REM (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 eftects (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.
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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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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,

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.

The SPZ
projections to the VLPO, orexin neurons and

also has, but relatively limited,
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 t