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Dietary Supplements: Beneficial
to Human Health or Just Peace of Mind?

A Critical Review on the Issue of Benefit/
Risk of Dietary Supplements

Athanasios Valavanidis

Department of Chemistry, University of Athens, University Campus Zografou, 15784 Athens, Greece

Summary

Dietary supplement can be defined as any vitamin,
mineral, added chemical substances, botanical or
herbal products that is added to the diet to improve
human health. Scientists and health professionals
agree that dietary supplements can be under certain
conditions beneficial to human health, but should not
replace complete and balanced daily meals of foods
which are necessary for a healthful diet The most
authoritative national agency U.S. Food and Drug Ad-
ministration (FDA) emphasized that “..unlike drugs,
dietary supplements are not intended to treat, diagnose,
prevent, or cure diseases. Dietary supplements should
not make claims, such as “reduces pain” or “treats heart
disease’; etc...”” Globally, dietary supplement market
stood at over US$90 billion in 2013, and on top is the
US market with over 30 billion every year. For many
years informed medical sources like doctors, nurses,
pharmacists, nutritionists and medical authorities
agree that there’s a lot of wrong information in the
supplements market. Many dietary supplements,
even in the USA that has some of the most experienced
health agencies, managed to escape the safety tests, la-
beling and health regulations. From 2007, some of the
most well known scientists in the USA on nutrition,
metabolism and epidemiology reviewed the evidence
on multivitamin/mineral supplements and concluded

that there was not sufficient evidence to recommend
for or against for the prevention of chronic disease.
Randomized Control Trials of dietary supplements
increased substantially in the last decade in many de-
veloped countries. The results are mixed but the ma-
jority is negative for health benefits or for preventing
diseases. In 2013 three papers and an overall review
of the results for the last decade with the title “Enough
is enough. Stop wasting money on vitamin and mineral
supplements” was published in the prestigious medi-
cal journal Annals of Internal Medicine in the USA. The
influence of these research results was spread to other
developed countries and more critical appraisals were
published on dietary supplements. This review covers
the most important aspects of dietary supplements,
the trends in global market, the national and interna-
tional regulations of various products. Also, examines
the debate and arguments of health professionals. The
review examines in a systematic way the most impor-
tant studies that were published in the scientific liter-
ature in the last few years on the most widespread di-
etary supplements and their results on benefits or risk
to human health. It covers dietary supplements taken
by young, elderly, pregnant women, athletes and peo-
ple with deficiencies which were self-prescribed and
on the international market.

KEY WORDS: Dietary Supplements, Balancer Diet, Vitamins, Minerals, Randomized Control
Trials, Health Benefit, Risk, Global Dietary Supplements Market
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1. Introduction: balanced diet and dietary sup-
plements

Dietary supplement can be defined as any vitamin,
mineral, added chemical substance, herbal product,
botanicals, amino acids, or other ingestible prepa-
ration that is added to the diet to benefit human
health. Dietary supplements are used worldwide
and represent a broad category of ingestible prod-
ucts that are distinguishable from conventional
foods and drugs.!-®

All developed countries have special legislation
concerning dietary supplement (for example, U.S.
Dietary Supplement Health and Education Act,
1994). In countries, such as Australia and Canada,
dietary supplements and drugs are regulated simi-
larly, and only ingredients deemed acceptable by the
Therapeutic Goods Administration of Australia or
the Natural Health Products Directorate of Canada
can be sold as dietary supplements. In the Europe-
an Union (EU), dietary supplement regulations (Di-
rective 2002/46/EC) often follow a case - by - case
basis, depending upon the individual country and
the available safety evidence for the ingredient. In
China, India and Japan, where plants, herbs, botan-
icals and animal extracts have a long history of use
as traditional medicine, regulations are different but
relatively stringent in terms of safety and side effects
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to humans.®-!!Japan has no legal definition of dietary
supplements, mostly are classified into food prod-
ucts or drugs. The Ministry of Health and Welfare
set up the Food for Specified Health Uses (FOSHU)
to provide people with accurate health information
about dietary supplements and the current Japanese
system for regulation of health foods is called Food
with Health Claims and is made up of two categories:
“Food with Nutrient Function Claims” and “Food for
Specified Health Uses”.!2

A fundamental question, that everybody asks
these days where most people are very aware that
nutrition plays a very important role in health, is,
if conventional, balanced and without supplements
diet can cover all the needs of the human body for
a healthy lifestyle until old age. Nutritionists and
health professionals argued for years that people can
get the most important food requirements that their
body needs each day from a conventional, balanced
and regular daily diet. Today’s dietary guidelines
from health and nutrition agencies cover more than
40 nutrients that are subdivided into 6 categories:
carbohydrates, fats, proteins, vitamins, minerals and
water. Daily nutrient recommendations are collec-
tively known as dietary reference intakes (DRIs).
A healthy diet is one that favors “real” fresh whole
foods that have been sustaining people throughout
the millenniums. Whole foods supply the needed vi-
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Figure 1. Conventional, balanced and healthy eating can cover all needs of the human body in terms of energy, basic nutrients
(carbohydrates, proteins, fatty acids, water) and micronutrients (vitamins, minerals, antioxidants, etc)
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tamins, minerals, protein, carbohydrates, fats, and
fiber that are essential to good health. In contrast,
commercially prepared and fast foods are often
lacking nutrients and contain inordinate amounts
of sugar, salt, saturated and trans - fats, all of which
are associated with the development of diseases. A
balanced diet is a mix of food from the different food
groups (vegetables, legumes, fruits, grains, protein
foods, meat, and dairy). Variety involves eating dif-
ferent foods from all the food groups that helps to
ensure that you receive all the nutrients necessary
for a healthy diet (Figure 1). The components of the
Mediterranean diet have been evaluated as substan-
tially beneficial to human health.!3-15

The World Health Organization (WHO) makes
the following recommendations for a balanced and
healthy diet: a. eat roughly the same amount of cal-
ories that your body is using, b. a healthy weight is a
balance between energy consumed and energy that
is ‘burnt off’, c. limit intake of fats, and prefer unsatu-
rated, than saturated fats and trans fats, d. increase
consumption of plant foods, particularly fruits, veg-
etables, legumes, whole grains and nuts, e. limit the
intake of sugar, salt/sodium consumption from all
sources and ensure that salt is iodized, f. eat a diet
with essential micronutrients such as vitamins and
certain minerals.'®17

2. Dietary supplements: short historical overview

From the beginning of human civilization diet was
mostly plant foods that could be easily gathered and
seafoods. Hunter - gatherers later contributed meat
products by big game. This was the diet of most hu-
mans until about 10,000 BC, at which time the de-
velopment of agriculture and animal husbandry
provided more meat and grains for the whole family.
Nobody knew about vitamins, minerals, proteins,
carbohydrates and fats and their role in human nu-
trition. The various people in the continents of the
Earth developed nutritious local cuisines with most-
ly local products that sustained their health, whereas
by trial and error choose a variety of foods and cook-
ing methods that lead to physical strength, health,
and fertility. The common wisdom of native cultures
knew which foods and herbs had special properties
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for energy, nutrition and extra health benefits for
children, pregnant women and elders. Everyday di-
ets were “supplemented” to make up for deficiencies
as far back as native cultures. Native Americans, for
example, knew to drink a tea made from pine bark
and needles for scurvy containing high concentra-
tion of ascorbic acid, which was later found by sci-
ence to be a vitamin C deficiency disease. In 1749, Dr.
James Lind discovered citrus fruits prevented scurvy
(high in vitamin C content).!8-2°

The discovery of the role of vitamins was a ma-
jor scientific achievement in the understanding on
the association of nutrition, health and disease. By
the 1920s and 1930s, significant strides were be-
ing made in the world of vitamin research and mass
marketing (synthesized vitamin C in 1935 and mar-
keted as vitamin C supplement under the name Re-
doxon). In the nearly 75 years since the vitamin C
pill was marketed, large steps have been made in the
vitamin and other dietary supplement products. In-
creased public interest was stimulated as a result of
claims (proved to be false later) made in the USA by
Nobel - laureate Linus Pauling (1901 - 1994) in the
1970s, that “megadoses”of at least 10 times the RDA
(Recommended Dietary Allowances) of ascorbic
acid could prevent or cure the common cold, flu, and
cancer.?! In 1976, Pauling and Dr. E. Cameron con-
tacted experiments and reported that a majority of
100 “terminal” cancer patients treated with 10,000
mg of vitamin C daily survived three to four times
longer than similar patients who did not receive vi-
tamin C supplements. Nevertheless, to test whether
Pauling might be correct, the Mayo Clinic conducted
three double - blind studies involving a total of 367
patients with advanced cancer. The studies, reported
in 1979, 1983, and 1985, found that patients given
10,000 mg of vitamin C daily did not perform better
than those given a placebo.??-% In fact, recent labora-
tory studies have found that vitamin C may interfere
with the effectiveness of five anti - cancer drugs.?®

Although health claims for a variety of vitamin sup-
plements proved to be controversial, popular books,
consumer and sport magazines, popular newspa-
pers and TV advertisements in developed coun-
tries advertise spurious claims for various botanical
herbs, and constituents of food for health benefits
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and “magical’ cures for a variety of diseases. The ma-
jority of these claims are not supported by scientific
studies. The mainstream scientific community grad-
ually became intrigued by the potential health ben-
efits of dietary supplements and numerous research
projects (epidemiologic, clinical, in vivo and in vitro)
were initiated in the 1980s. This interest was fueled
in part by studies demonstrating that nutrient anti-
oxidants, (vitamins C and A, E and b - carotene, Sele-
nium), have a role in protecting cells from oxidative
free radical damage. Furthermore, epidemiological
studies suggested that a diet rich in fruits and veg-
etables and abundant in antioxidants, nutrients, and
other substances, reduced the risk of coronary heart
disease and certain cancers. These initial promising
results were not materialized by the more accurate
and larger randomized controlled trials taking into
account confounding factors.?” -3¢

By the mid 1990s, “antioxidant” became a house-
hold word and antioxidant - fortified dietary supple-
ments and a large range of special foods and plants
appeared on the market with incredibly superficial
health benefits. According to the estimates of the
Nutrition Business Journal report, the global nutri-
tion and supplements market stood at US$96 billion
in 2012. A year later, it was approximately US$104
billion globally. U.S.A market of dietary supplements
was estimated in 2015 at US$27.2 billion. In the Nat-
ural Medicines Comprehensive Database (USA) there
are more than 54,000 dietary supplement products,
out of which only about 1/3 have some level of safe-
ty and effectiveness that is supported by scientific
evidence. Consumer Reports magazine). Reuters
3/8/2010 [http://www.reuters.com/article/us -
usa - supplements - idUSTRE6721F520100803

China is also another important consumer in the
market. With rising disposable incomes and increas-
ing health awareness among the Chinese people,
vitamins and dietary supplements are deemed a
convenient choice for consumers looking to improve
their health and wellbeing. In 2016 Chinese regula-
tors released draft regulations governing nutrition-
al supplements, a modest step toward modernizing
the health food industry in one of the world’s largest
economies. A proposal from China’s Food and Drug
Administration (CFDA) would create a notification
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or recording system for the introduction of nutrition-
al supplements, according to the U.S. - China Health
Products Association (USCHPA), 2015 [http://www.
naturalproductsinsider.com/Articles/2015/01/Chi-
na - Adopts - Proposed - Notification - System - for
- Nut.aspx .

Another trend in the last decades, which is char-
acteristic of American consumers and people from
Western developed countries (Canada, W. Europe,
Australia), is that increasingly large numbers of
middle class people became disenchanted with ris-
ing health care costs and the perceived impersonal
nature of conventional “Western” medicine. In many
countries there is a dramatic rise in the popularity
of various complementary and alternative practices,
including Chinese herbal medicine, Ayurvedic medi-
cine (an Indian holistic medical system incorporat-
ing foods and herbs), acupuncture, and homeopathy.
During the last decade the U.S. FDA and the EU at-
tempted to increase regulation of herbal products
and other botanicals and dietary supplements, as
well as health labeling and list of contents, creating a
platform of basic information among consumers and
forcing dietary supplements manufacturers to follow
hygiene practices and safety regulations. In the USA,
the Dietary Supplement Health and Education Act
(DSHEA) of 1994 classifies herbs as dietary supple-
ments. In the EU countries the European Traditional
Herbal Medicinal Products Directive (2004/24/EC)
has provided a simplified registration scheme for
traditional herbal medicinal products suitable for
self - medication.?! -3¢

3. Dietary supplements global marketing with
strong growth

Globally, the nutrition and supplements market
stood at over US$90 billion and in 2013 it was esti-
mated at approximately US$104 billion. In Figure 2
the countries with the highest consumption rates are
presented. The U.S.A market of dietary supplements
was estimated in 2015 at US$27.2 billion. Growth is
expected to remain strong through the next years
with expected increase between 5 - 6% per year. For
comparison global sales of pharmaceuticals have
reached a milestone of $1 trillion in 2014 - and fore-
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m US.
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= Others

Source: Euromonitor

Global Vitamin and Supplement Market Share, (%), 2013
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Figure 2. Global sales of dietary supplements are over US$ 90 - billion (source Euromonitor). The countries with the highest
consumption rates are: USA 28%, China 21%, Japan, 20%, W. Europe 12%. ReportLinker [http://www.reportlinker.com/ci02037/
Vitamin - and - Supplement.html]. The market is full of advertisements of nutritional supplements with excessive and controversial

health claims

casts continued growth with the expectation of sales
reaching $1.3 trillion by 2018.37-%°

Research analysis of various sections markets with
large nutrition and dietary supplements industry
show interesting sale numbers and growth projec-
tions. The global sports supplements market in 2013
was worth US$6.8 billion and growth 9%. These sup-
plements include: whey, casein, egg white and soy
proteins, amino acids, performance enhancers cre-
atine, beta - alanine, D - ribose, Nitric oxide, testoster-
one, zinc and magnesium aspartate, green tea extracts
for fat burning, raspberry ketones, caffeine, etc). The
global fatty acids supplements (linoleic acid, eicosap-
entanoic , docosahexanoic, fish oil omega - 3 fatty ac-
ids, flax seed oil, evening primrose oil, etc) market was
estimated with value of US$1.9 billion in 2013 and is
expected to reach in 2020 value of 4.7 billion.3#3°

The global mineral supplements market is increas-
ing due to a growing geriatric population, increasing
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demand from pregnant women, and rising urban
population. With the increasing population of baby
boomers, spending on mineral supplements is an-
ticipated to increase. The mineral supplements mar-
ket are: macrominerals, calcium, phosphorous, zinc,
alkaline pH booster, sodium, potassium, chlorine,
sulfur, magnesium, and trace minerals: iron, boron,
manganese, chromium, copper, iodine, cobalt, flu-
oride, selenium, colloidal silver. The global mineral
supplements market was valued at $9.9 million in
2014 and was expected to grow at 7.5% during the
period 2015 - 2020.%°

Vitamin and polyvitamin supplements are very
popular and their use as supplements, supported
by increasing promotion adverts in growing every
year. The global_vitamin supplements market, esti-
mated to be valued at US$37 billion in 2014, and is
expected to grow at 6.5% during 2014 to 2020. This
is mainly attributed to growing demand among con-
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sumer about preventative healthcare. Research on
the vitamin supplement demand showed that is due
to the increasing cost of healthcare, with people are
turning towards vitamin supplements. Vitamin sup-
plements included Vitamin C, E, B, A, beta - carotene,
K, niacin, folic acid etc).*

The growing popularity and widespread use of inter-
net has made finding health information and dietary
supplements easier and faster. Although much of the
information on the internet is valuable, at the same
time it allows false and misleading information and ad-
vertisements with excessive therapeutics claims. Con-
sumers may be misled by vendors’ claims that herbal
products can treat, prevent, diagnose, or cure specific
diseases, despite regulations prohibiting such state-
ments. Physicians should be aware of this widespread
and easily accessible information. More effective reg-
ulation is required to put this class of therapeutics on
the same evidence - based footing as other medicinal
products.***? According to recent FDA testimony, die-
tary supplements, including vitamins, were consumed
by 158 million Americans in the year 2000, that is more
than 50% the US population. Surveys showed that al-
ternative medical therapies and herbal supplements
were used by over 80 million people in the USA.**45

4. Concern among health professionals for the
excessive use of dietary supplements

In the last decade national medical authorities, health
professionals and nutritionists in developed countries
became aware of the widespread and rapid increase of
dietary supplements (DS) and excessive consumption
by a wide range of the population. The global market
is flooded with a variety of dietary supplements that
have false therapeutic claims (difficult to test exper-
imentally) and products which can be imported and
distributed through the internet advertisements. Like
drugs, dietary supplements have risks and side effects.
But sellers aren’t required to do research studies in
people to prove that a dietary supplements are safe.
And unlike drugs, DS are mostly self - prescribed with
no input from informed medical sources like doctors,
nurses, or pharmacists. Medical authorities agree that
there’s a lot of wrong information in the supplements
market. Even for those who are usually well informed,
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it can be hard to find reliable information about the
safe use and potential risks of DS.*¢-48

The most commonly reported reasons for using
supplements were to “improve” or “maintain” over-
all health. Women used calcium products for “bone
health” or for improving healthy skin appearance,
whereas men were more likely to report supplement
use for “heart health or to “lower cholesterol”. Young
people use supplements to enhance body function
in sports. Older adults report motivations related to
heart, bone and joint, and eye health. The consump-
tion of DS is excessive in the USA with most Amer-
icans taking multivitamins. The primary reasons
given for supplement use are for overall health and
wellness or to fill nutrient gaps.*>*

The concern of health professionals is that very
little is known about the efficacy of DS for disease
prevention and health needs. American scientists
emphasize that randomized clinical trials are dif-
ficult because they tend to be short in duration,
whereas many of the chronic diseases of public
health concern have a long latency period (i.e., al-
lergies, cancer, cardiovascular disease). Also, more
investigations on the complex interplay of social,
psychological, and economic determinants that mo-
tivate supplement choices are needed. At the same
time the US FDA tracks reports of illness, injury, or
reactions from dietary supplements. Recent FDA in-
formation of adverse or side effects shows that the
number of reports has continued to climb each cal-
endar year: 2010: 1,009 reports of DS for adverse
health events to consumers, 2011: 2,047 reports
and 2012: 2,844 reports. Exposures to supplements
accounted for more than 100,000 calls to US poison
control centers in 2013. Of these calls, more than
8,000 people were reportedly treated in health care
facilities and 2 deaths reported to poison control
centers.’ Emergency health departments in the USA
between 2004 - 2013 received 23.000 emergency
visits per year attributed to adverse health events
related to DS consumption, with 2,154 cases need-
ing hospitalization.>? Also, from 2012 to 2014 the
FDA received 114 reports of adverse events (hep-
atitis outbreak, liver damage) involving consumers
who ingested OxyELITEPro (promotes weight loss)
supplements.>3
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From 2007, some of the most well known scientists
in the USA on nutrition, metabolism and epidemiol-
ogy (professors Stampfer, Willett , Harvard, School
of Public Health, and Bruce Ames and Joyce McCann,
Nutrition and Metabolism Center, Children’s Hospital
Oakland Research Center) following a National Insti-
tutes of Health, reviewed the evidence on multivita-
min/mineral (MVM) supplements and concluded that
there was not sufficient evidence to recommend for
or against for the prevention of chronic disease. Their
bottom line was: “...... everyone would agree that all
persons should be encouraged to eat a good diet, but
we are far from achieving this goal, especially among
the poor. In most cases, a simple way to improve mi-
cronutrient status is to take an MVM. However, even
if one eats an ideal diet and takes an MVM, some vita-
mins can remain below recommended concentrations
in some groups..”. “..The panel excluded this highly
relevant body of evidence from consideration, and it
came to the conclusion, “....The present evidence is in-
sufficient to recommend either for or against the use
of MVMs by the American public to prevent chronic
disease”. We contend that, by conveying the impres-
sion that long - term Randomized Controlled Trials
(RCTs), which are inherently limited, represent the
only scientific evidence relevant to “evidence - based
decision making,” the panel presents a highly biased
and misleading picture... >*

Many dietary supplements, even in the USA that
has some of the most experienced health agencies,
managed to escape the safety tests, labeling and
regulations. The American agencies every year find
toxic DS products in the US market that were finally
recalled because they were found to contain banned
toxic substances. Between 2009 and 2012, the FDA
recalled 274 dietary supplements. The analysis of
these DS were performed by GC - MS and found to
contain toxic substances or additional pharmaceuti-
cal adulterants which were banned.5>%¢

5. Scientific papers on the role of vitamin and
mineral supplements in 2013

In the last decade the Randomized Control Trials
(RCTs) of dietary supplements increased substantial-
ly in many developed countries. The results are mixed
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but the majority are negative in for DS promoting
health or preventing diseases. In 2013 three papers
and an overall review of the results for the last dec-
ade on DS with the title “Enough is enough. Stop wast-
ing money on vitamin and mineral supplements” were
published in the prestigious and influential medical
journal Annals of Internal Medicine in the USA.

In the first paper scientists reviewed in a system-
atic way all trial evidence (carried by the U.S. Preven-
tive Services Task Force) for the recommendation on
the efficacy of vitamin supplements for primary pre-
vention for adults with no nutritional deficiencies.
The review contained 3 trials of multivitamin sup-
plements and 24 trials of single or paired vitamins
that randomly assigned to more than 400,000 partic-
ipants, the authors concluded that there was no clear
evidence of a beneficial effect of supplements on all
- cause mortality, cardiovascular disease, or cancer.”’

In the second paper, researchers evaluated the
efficacy of a daily multivitamin to prevent cognitive
decline among 5,947 men aged 65 years or older
participating in the Physicians’ Health Study II. After
12 years of follow - up, there were no differences be-
tween the multivitamin and placebo groups in over-
all cognitive performance or verbal memory.>® These
findings were compatible with a recent review of 12
fair - to good - quality trials that evaluated dietary
supplements, including multivitamins, B vitamins,
vitamins E and C, and omega - 3 fatty acids, in per-
sons with mild cognitive impairment or mild to mod-
erate dementia. None of the supplements improved
cognitive function.*

In the third paper, Lamas and associates®, assessed
the potential benefits of a high - dose, 28 - component
multivitamin supplement in 1,708 men and women
with a previous myocardial infarction participating
in TACT (Trial to Assess Chelation Therapy). After a
median follow - up of 4.6 years, there was no signif-
icant difference in recurrent cardiovascular events
with multivitamins compared with placebo (hazard
ratio, 0.89).6°

The supporting editorial in the same journal,®
added some previous highly relevant research pa-
pers, reviews and guidelines that have appraised the
role of vitamin and mineral supplements in primary
or secondary prevention of chronic disease but have
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consistently found null results or possible harms.*%¢3
Evidence involving tens of thousands of people ran-
domly assigned in many clinical trials shows that 8
- carotene, vitamin E, and possibly high doses of vita-
min A supplements increase mortality and that other
antioxidants, folic acid and B vitamins, and multivi-
tamin supplements have no clear health benefit.6%%-
% Despite sobering evidence of no benefit or possible
harm, use of multivitamin supplements increased
among U.S. adults in the last decade (reaching over
30 billion in 2013). Similar trends have been ob-
served in the United Kingdom and in other European
countries.®’” The editorial concludes “..the message
is simple conclude the scientists: Most supplements
do not prevent chronic disease or death, their use is
not justified, and they should be avoided...".

6. Arguments in support of dietary supplements
and health benefits

After the publication of the scientific papers in An-
nals of Internal Medicine and the editorial “Enough
Is enough: Stop wasting money on vitamin and min-
eral supplements” (2013) scientists of Oregon State
University, Linus Pauling Institute (December 2013),
an institute specializing on nutrition benefits of DS,
carried a supporting note in their website for the
balanced diet and prudent use of DS to fill the gap
of useful micronutrients, vitamins and minerals for
humans. Under the title “The case is far from closed
for vitamins and mineral supplements”.®

“... While a well - balanced diet is the best way to
get all of one’s essential nutrients, the reality is that
Americans don’'t get enough of them trough diet
alone. From the National Health and Nutrition Exam-
ination Survey (NHANES) we know that the large ma-
jority of the US population is not “well - nourished”
and falls short of getting all of their vitamins and
minerals from their diet in levels recommended.” .
“... Studies have shown that people who take multi-
vitamin/mineral (MVM) supplement with the rec-
ommended doses of the most vitamins and minerals
can fill most of these nutritional gaps safety and at
very low cost.®>’%7! Contrary to the impression that
the authors (of the paper “enough is enough...”) give
in their editorial, the US population is inadequate in
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many vitamins and minerals, a result of the energy
dense and nutrient - poor dietary pattern of Western
populations, rather than over - consuming MVM and
other DS. The known biological functions of vitamins
and nutritionally - essential minerals are to maintain
normal cell function, metabolism, growth and devel-
opment, through their roles as essential cofactors in
hundred of enzyme reactions and other biological
processes - not to prevent or treat chronic disease.
Nevertheless, the largest and longest randomized
controlled trial (RCT) of MVM supplements conduct-
ed to date, the Physicians’ Health Study II (PHS II),
found a significant 8% reduction in total and epithe-
lial cell cancer incidence in male physicians, and a
12% reduction in total cancer incidence excluding
prostate cancer. The PHS II also found a significant
9% reduction in the incidence of total cataract. The
findings are consistent with those of several other
RCTs, and are even more impressive given the fact
that the conventional RCT design is strongly biased
against showing benefits of essential nutrients, in
contrast to pharmaceutical drugs.”?-"’

Finally, the scientists of Linus Pauling Institute
concluded “... Therefore, taking a daily MVM sup-
plement will not only help fill the known nutritional
gaps in the average American diet, thereby assum-
ing normal biological function and metabolism and
supporting good health, but may also have the added
benefit of reducing cancer and cataract risk - which
no existing pharmaceutical drug can do. To call “the
case...closed” and label MVM supplements as use-
less, harmful or wasteful is highly premature and un-
scientific, and does not serve public health”.

In the last few years numerous books and collec-
tions of scientific results were published or project-
ed on websites of health agencies on dietary supple-
ments, safety, cost, efficacy and health benefits vs
risks.”8-8°

7. Recent scientific studies on vitamin and mul-
tivitamin supplements

Vitamin and multivitamin supplements in combi-
nation with calcium and antioxidants are the most
widespread dietary supplements used by elderly
people, pregnant women and people with disabili-
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ties for improving health, perinatal depression, im-
provement for neurologic and cognitive function,
osteoporosis and progression of cancer. However,
clinical trials on the use of vitamin supplements for
promotion of health and prevention of disease have
failed to demonstrate the strong associations seen in
observational studies.

In Western countries (US and W. Europe) it is fairly
common the consumption of multivitamins among
the elderly to prevent disease and improve health. In
the US half of adults report using one or more DS. Al-
though epidemiologic evidence suggests that a diet
rich in fruits and vegetables does have a protective
effect on health, clinical trials on the use of vitamin
supplements have failed to demonstrate their health
or protective benefits.?!

Other scientific data summarized in a recent re-
view (29 clinical trials involving 24,300 women) do
not support that routine vitamin C supplementation
alone or in combination with other supplements for
the prevention of fetal or neonatal death, poor fetal
growth, preterm birth or pre - eclampsia. Additional-
ly, further research is required to elucidate the pos-
sible role of vitamin C in the prevention of placental
abruption and prelabour rupture of membranes.??

A recent review examined 35 studies on diet, es-
sential nutrients, and DS and their role in perinatal
depression. The studies were grouped into four main
categories based on the analysis of dietary intake:
adherence to dietary patterns (9 studies); full panel
of essential nutrients (6 studies); specific nutrients
(including B vitamins, Vitamin D, calcium and zinc; 8
studies); and intake of fish PUFAs (12 studies). While
13 studies found no evidence of an association, 22
studies showed protective effects from healthy di-
etary patterns, multivitamin supplementation, fish
and PUFA intake, calcium, Vitamin D, zinc and pos-
sibly selenium. Given the methodological limitations
of existing studies and inconsistencies in findings
across studies, the evidence on whether nutritional
factors influence the risk of perinatal depression is
still inconclusive.®

Another randomized controlled trial (RCT) inves-
tigated the B - 12 supplementation benefits on neu-
rologic and cognitive function in moderately vitamin
B - 12 - deficient people. Results of the RCT study
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did not support the hypothesis that the correction of
moderate vitamin B - 12 deficiency, in the absence
of anemia and of neurologic and cognitive signs or
symptoms, has beneficial effects on neurologic or
cognitive function in later life.®* Supplementation of
vitamin B (folate, B, and B,,) has been investigated
by a meta - analysis of 4 RCTs, for prevention or re-
duction in osteoporotic fracture and bone turnover.
The results of this analysis failed to identify a risk
- reducing effect of daily supplementation of B vita-
mins on osteoporotic fracture in patients with vascu-
lar disease and with relatively normal plasma Hcy (a
blood test used to detect levels of homocysteine). In
addition, the study did not find any positive effects of
B vitamin supplementation on bone turnover.%

Older adults in most countries use vitamin supple-
ments (vitamins A, B, C, D and E) on the promise for
health improvements and prevention of degenera-
tive diseases (mortality, cancer, cardiovascular and
cerebrovascular diseases, cataracts, age - related
macular degeneration and bone diseases). The re-
sults of the most important studies on vitamins were
summarized in a recent review. Data from studies
demonstrate considerable variations, most confirm-
ing little to no benefit following supplementation in
healthy adults. However, clear roles exist for vitamin
supplementation in states of deficiency and in sub-
groups of older adults at high risk for deficiency of
specific or multiple vitamins.2®

The prevention of cancer with vitamin supple-
ments has been investigated extensively. Vitamin D
is well known for its beneficial effects on health. A
recent study included RCTs that compared vitamin
D at any dose, duration, and route of administration
versus placebo or no intervention in adults who
were healthy or were recruited among the gener-
al population, or diagnosed with a specific disease.
Vitamin D have been administered as supplemental
vitamin D (vitamin D3 (cholecalciferol) or vitamin
D, (ergocalciferol), or an active form of vitamin D
(1o - hydroxyvitamin D (alfacalcidol), or 1,25 - di-
hydroxyvitamin D (calcitriol)). Scientists conclud-
ed that, “ there is currently no firm evidence that
vitamin D supplementation decreases or increases
cancer occurrence in predominantly elderly com-
munity - dwelling women..”?” Another recent review
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examined (from a systematic search of scientific lit-
erature) recent RCTs on the assessment of the effect
of vitamin D supplementation on the prevention of
childhood acute respiratory infections. The findings
of the review indicated a lack of evidence supporting
the routine use of vitamin D supplementation for the
prevention of infections in healthy children; howev-
er, the findings suggested that such supplementa-
tion may benefit children previously diagnosed with
asthma.®

Prostate cancer is a very important cancer for men
and increasing in the last decades due to diet of red
meat, processed meat products and dietary fat. Long
time ago it has been advocated that vitamin and se-
lenium supplements might play a beneficial role for
the prevention of prostate cancer. A recent review
collected data from a PubMed search from 1990 to
2013. Results showed that dietary supplementation
did not have any beneficial effects for the prevention
of prostate cancer and indeed higher doses may be
associated with a worse prognosis. There is no spe-
cific evidence regarding benefits of probiotics or
prebiotics in prostate cancer.®

Vitamin E supplementation and other vitamins
have been advocated for positive benefits in preg-
nancy. A review collected 21 RCTs, involving 22,129
women, which assessed vitamin E in combination
with vitamin C and/or other antioxidant agents. The
data from these studies did not support routine vi-
tamin E supplementation in combination with other
supplements for the prevention of stillbirth, neona-
tal death, preterm birth, pre - eclampsia, preterm or
term PROM or poor fetal growth.?

8. Calcium, vitamin D, cardiovascular risk, osteo-
porosis, bone fractures, etc

Calcium (Ca) is an essential element in the human
diet, but there is continuing controversy regarding
its optimal intake, and its role in the pathogenesis
of cardiovascular diseases, osteoporosis and bone
fractures. Most studies show little evidence of a re-
lationship between calcium intake and bone densi-
ty, or the rate of bone loss. Very few food contain
vitamin D. Synthesis of vitamin D occurs in the skin,
after exposure to sun light (especially UV - B ra-
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diation), is the major natural source in humans.’!
Vitamin D refers to a group of fat - soluble secos-
teroid compounds responsible for enhancing in-
testinal absorption of calcium, iron, magnesium,
phosphate, and zinc. In humans, the most impor-
tant compounds in this group are vitamin D, (also
known as cholecalciferol) and vitamin D, (ergocal-
ciferol). A diet deficient in vitamin D in conjunction
with inadequate sun exposure causes osteomalacia
(or rickets in children). Dietary supplements con-
taining Ca and vitamin D are widespread but there
is a controversy regarding their optimal intake and
their role in osteoporosis.”

Studies demonstrated no relationship between
dietary Ca intake and rate of bone loss over 5 years
in healthy older women. A recent review analysed
data from 5 recent large studies that have failed to
demonstrate fracture prevention in their primary
analyses. It was concluded that Ca supplements ap-
pear to have a negative risk - benefit effect, and so
should not be used routinely in the prevention or
treatment of osteoporosis.”® On the other hand, if
there are deficiencies in Ca and vitamin D in older
adults health professionals recommend as a cost -
effective the daily supplementation with vitamin D
to prevent or decrease the rate of osteoporotic frac-
tures. A recent study concluded that the recommen-
dation to use dairy products as the preferred source
of calcium and vitamin D in aging males and females
is supported by public health and health economic
analyses.*

A scientific meta - analysis investigated data from
9 trials in order to provide a quantitative assessment
of the efficiency of intermittent, high dose vitamin D
treatment on falls, fractures, and mortality among
older adults. The high dose, intermittent vitamin D
therapy did not decrease all - cause mortality among
older adults. No benefit was seen in fracture or fall
prevention. The risk ratio for hip fractures was 1.17
(95% Confidence Interval), while for non - vertebral
fractures it was 1.06 and the risk ratio for falls was
1.02. All these results showed very small beneficial
effects. Scientists concluded that supplementation of
intermittent, high dose vitamin D may not be effec-
tive in preventing overall mortality, fractures, or falls
among older adults.”®
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The Women'’s Health Initiative for Calcium and vi-
tamin D supplementation Study, was a 7 year, ran-
domized, placebo controlled trial of calcium and
vitamin D (1g calcium and 400 IU vitamin D daily)
in 36,282 community dwelling postmenopausal
women. The study followed the Incidence of four
cardiovascular events and their combinations (myo-
cardial infarction, coronary revascularisation, death
from coronary heart disease, and stroke) assessed
with patient - level data and trial - level data. In meta
- analyses of placebo controlled trials of Ca or Ca
and vitamin D data were available for 28,072 par-
ticipants from 8 trials. In total 1,384 individuals had
an incident myocardial infarction or stroke. Ca or
combination of Ca and vitamin D increased the risk
of myocardial infarction (relative risk 1.24) and the
composite of myocardial infarction or stroke (1.15).
Scientists concluded that Ca supplements with or
without vitamin D modestly increase the risk of
cardiovascular events, especially myocardial infarc-
tion.%®

9. Balanced diet and dietary supplements of
omega - 3 fatty acids

Omega - 3 and omega - 6 fatty acids (w - 3 & - 6 FAs)
are polyunsaturated fatty acids (PUFAs) considered
to be important in human physiology. The most
widely available dietary source of omega - 3 FAs is
oily fish, such as salmon, herring, mackerel, ancho-
vies, menhaden, and sardines. Omega FAs have sig-
nificant influence on the ratio and rate of production
of eicosanoids, a group of hormones intimately in-
volved in the body’s inflammatory and homeostatic
processes, which include the prostaglandins, leukot-
rienes, and thromboxanes. A recent trend has been
to fortify food with omega - 3 FAs supplements, such
fortified bread, pizza, yogurt, orange juice, children’s
pasta, milk, eggs, confections, and infant formula to
reduce mainly the risk for CVDs.

A review investigated a series of 11 studies for
the association of dietary supplements of omega -
3 fatty and risk to cardiovascular deaths with a to-
tal of 39,044 patients (after myocardial infarction,
heart failure, peripheral vascular disease, etc) The
average dose of EPA/DHA (fish oil containing Eico-
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sa - pentaenoic Acid/ Docosa - hexaenoic Acid) was
1.8 g/day and the mean duration of follow - up was
2.2 years. Dietary supplementation with omega - 3
fatty acids significantly reduced the risk of cardio-
vascular deaths at 0.87, sudden cardiac death 0.87,
all - cause mortality 0.92, and nonfatal cardiovas-
cular events 0.92. The mortality benefit was largely
due to the studies which enrolled high risk patients.
Meta - regression failed to demonstrate a relation-
ship between the daily dose of omega - 3 fatty acid
and clinical outcome. The scientists concluded that
dietary supplementation with omega - 3 fatty acids
should be considered in the secondary prevention
of cardiovascular events- 7

A systematic review explored more than 15,000
articles in the scientific literature, including 48 ran-
domized control trials (with 36,913 participants)
and 41 epidemiological cohort studies that focused
on health benefits and risks from diets with addi-
tional omega - 3 (w - 3) fatty acids. The health effects
were concerned with cardiovascular diseases, gen-
eral mortality and malignant neoplasms. The pooled
estimate showed no strong evidence of reduced risk
of total mortality (relative risk 0.87) or combined
cardiovascular events (0.95) in participants taking
additional omega - 3 fatty acids. Scientists conclud-
ed that long chain and shorter chain omega - 3 fatty
acids do not have a clear effect on total mortality,
combined cardiovascular events, or cancer.’®

Many studies in the last decade showed that long
- chain omega - 3 polyunsaturated fatty acids (PU-
FAs) or omega - 3 PUFAs are able to modulate in-
flammation, hyperlipidemia, platelet aggregation,
and hypertension, under different mechanisms for
conditioning cell membrane function and composi-
tion eicosanoid production, and gene expression. A
review in 2014 analyzed the influence of omega - 3
PUFAs status and intake on brain function, cardio-
vascular system, immune function, muscle perfor-
mance and bone health in older adults. It was found
that omega - 3 fatty acids can have benefits in re-
ducing the risk of cognitive decline in older people,
but more studies are needed to confirm the role of
omega - 3 (o - 3) in maintaining bone health and
preventing the loss of muscle mass and function as-
sociated with ageing.”®
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Osteoporosis is a global health problem that leads
to an increased incidence of fragility fracture. In
the last decade there is medical recommendation
of higher fish oil diet intakes. Findings from human
bone cell culture experiments have revealed both
benefits and detriments to bone - related outcomes
depending on the quantity and source of PUFAs. Ob-
servational and randomized controlled trials (RCTs)
have produced enough data to suggest that higher
fatty fish intake is strongly is linked with reduced
risk of fragility fracture. Human studies largely sup-
port that a greater intake of total PUFAs, total n - 6
(w - 6 FAs) fatty acid, and total n - 3 (w - 3) fatty acid,
contributed for higher bone mineral density and re-
duced risk of fragility fracture.'’® Also, omega fatty
acids in combination with other antioxidants, such
as resveratrol, can have a major therapeutic role. A
recent review collected some of the key studies in-
volving the health benefits supported by a combina-
tion of resveratrol and w - 3 FAs intake. Many stud-
ies showed that resveratrol, as a potent antioxidant
reduces oxidative stress in endoplasmic reticulum,
and proved to have a significantly protective role
in most important pathophysiological factors as-
sociated with CVD conditions. Numerous research
projects demonstrated the reduction of the risk of
coronary heart disease, hypertension, and stroke, by
a combination of resveratrol and w - 3 fatty acids
derived from fish oils.!%

Many studies support the notion that omega - 3
fatty acids are essential for a balanced human diet,
and a certain amount of omega - 3 is needed in hu-
man daily diet. Currently, there is increasing evi-
dence of the benefits of omega - 3 by different med-
ical professional bodies with the stronger evidence
for cardiovascular disease (CVDs). There is a broad
consensus among scientists that fish and seafood
are the optimal sources of n - 3 FAs and consump-
tion of approximately 2 - 3 servings per week is rec-
ommended for good health. But it has been noted
that the scientific evidence of benefits from n - 3 FAs
supplementation has diminished over time, proba-
bly due to a general increase in seafood consump-
tion in developed countries, better pharmacological
intervention and acute treatment of patients with
CVD diseases.?02-10*
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10. Dietary zinc, iron and selenium supplemen-
tation, health benefits/risks

Zinc (Zn) is essential trace element for normal bio-
logical growth, reproduction and immune function.
In addition, Zn is vital for the functionality of more
than 300 enzymes, for the stabilization of DNA, and
for gene expression. Zinc deficiency is estimated to
be responsible for 4% of global child morbidity and
mortality. The adult human contains 2-3 g of zinc
(Zn). Conservative estimates suggest that around
25% of the world’s population is at risk of zinc de-
ficiency.!% Most of the affected are poor, and rarely
consume foods rich in highly bioavailable zinc, while
subsisting on foods that are rich in inhibitors of zinc
absorption and/or contain relatively small amounts
of bioavailable zinc. Food choice is a major factor af-
fecting risk of zinc deficiency. A major challenge that
has not been resolved for maximum health benefit
is the proximity of the recommended dietary allow-
ance (RDA) and the reference dose (RfD) for safe
intake of zinc. The current assumed range between
safe and unsafe intakes of zinc is relatively narrow.'%

A recent review included data from 21 rand-
omized controlled trials (RCTs) reported in 54 pa-
pers involving over 17,000 women and their babies.
The results showed that there was a 14% relative
reduction in preterm birth for zinc compared with
placebo. These results appeared in primarily in trials
involving women of low income and this has some
relevance in areas of high perinatal mortality. There
was no convincing evidence that Zn supplementa-
tion during pregnancy resulted in other useful and
important health benefits. According to the scien-
tists these results reflected poor nutrition in impov-
erished areas and the need for a balanced diet than
dietary Zn supplements.'?’

Scientists experimented with Zinc supplemen-
tation that may remodel the immune alterations in
elderly leading to healthy ageing. Several zinc trials
have been carried out with contradictory data, per-
haps due to incorrect choice of an effective zinc sup-
plementation in old subjects showing subsequent
zinc toxic effects on immunity. Old subjects with
specific IL - 6 polymorphism were more prone for
zinc supplementation than the entire old population,
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in whom correct dietary habits with foods contain-
ing zinc (Mediterranean diet) may be sufficient in
restoring zinc deficiency and impaired immune re-
sponse.!0®

It is well known that Zinc and Iron are essential
minerals often present in similar food sources. A re-
view analysed the current medical and nutritional
literature on Zn and Fe supplementation and its im-
pact on mood or cognition in pre - menopausal wom-
en. 10 RCTs and one non - randomized controlled tri-
al were found to meet the inclusion criteria. The re-
sults showed that 7 studies found improvements in
aspects of mood and cognition after iron supplemen-
tation. Iron supplementation appeared to improve
memory and intellectual ability in participants aged
between 12 and 55 years of age regardless of wheth-
er the participant was initially iron insufficient or
iron - deficient with anaemia. Also, 3 RTCs provided
evidence to suggest a role for Zn supplementation
as a treatment for depressive symptoms. Overall,
the current scientific literature indicated a positive
effect of improving Zn status on enhanced cognitive
and emotional functioning. However, further study
involving well - designed randomized controlled tri-
als is needed to identify the impact of improving iron
and zinc status on mood and cognition.!%

Many children in developing countries have inad-
equate zinc nutrition. It has been shown that outline
zinc supplementation reduces the risk of respiratory
infections and diarrhea, the two leading causes of
morbidity and mortality in young children world-
wide. In childhood diarrhea oral zinc also reduces
illness duration. Oral Zn is therefore recommended
for the treatment of acute diarrhea in young chil-
dren. An updated review showed that the results
from the studies that have measured the therapeutic
effect of zinc on acute respiratory infections, howev-
er, are conflicting. Also, the results of therapeutic Zn
for childhood malaria are so far not promising.!'

Selenium (Se) is another very important trace ele-
ment (micronutrient) incorporated into selenopro-
teins that have a wide range of pleiotropic effects,
ranging from antioxidant and anti - inflammatory
effects to the production of active thyroid hormone.
In the past 10 years, the discovery of disease - as-
sociated polymorphisms in selenoprotein genes has
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drawn attention to the relevance of selenoproteins
to health. Low selenium status has been associated
with increased risk of mortality, poor immune func-
tion, and cognitive decline. Higher selenium status or
selenium supplementation has antiviral effects, is es-
sential for successful male and female reproduction,
and reduces the risk of autoimmune thyroid disease.
Prospective studies have generally shown some ben-
efit of higher selenium status on the risk of prostate,
lung, colorectal, and bladder cancers, but findings
from trials have been mixed, which probably em-
phasises the fact that supplementation will confer
benefit only if intake of a nutrient is inadequate. Sup-
plementation of people who already have adequate
intake with additional selenium might increase their
risk of type - 2 diabetes. The crucial factor that needs
to be emphasised with regard to the health effects
of selenium is the inextricable U - shaped link with
status; whereas additional selenium intake may ben-
efit people with low status, those with adequate - to
- high status might be affected adversely and should
not take selenium supplements.!!

Selenium supplementation and cancer has been
investigated by various epidemiological studies. A
recent extensive review analysed data from 55 pro-
spective observational studies (including more than
1,100,000 participants) and 8 RCTs (with a total of
44,743 participants). Although an inverse associa-
tion between selenium exposure and the risk of some
types of cancer was found in some observational
studies, this cannot be taken as evidence of a caus-
al relation, and these results should be interpreted
with caution. These studies have many limitations,
including issues with assessment of exposure to se-
lenium and to its various chemical forms, heteroge-
neity, confounding and other biases. Conflicting re-
sults including inverse, null and direct associations
have been reported for some cancer types. RCT stud-
ies have yielded inconsistent results, although the
most recent studies, characterized by a low risk of
bias, found no beneficial effect on cancer risk, more
specifically on risk of prostate cancer. Some RCTs
suggested harmful effects of selenium exposure. The
reviewers concluded that there is no convincing ev-
idence that selenium supplements can prevent can-
cer in humans.!*?
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Iron deficiency anemia in humans is an important
public health issue, especially for infants, children,
and women with menorrhagia. Oral iron supple-
ments are the cheapest, safest, and most effective
treatment. A retrospective study collected for two
years 41 patients with iron deficiency anemia who
continuously took oral ferric for over one month and
then switched to oral ferrous due to poor therapeu-
tic effects. The results showed that the mean blood
test values for all patients significantly increased af-
ter switching to ferrous iron. This study found that
blood test values improved after iron deficiency ane-
mia female patients who displayed poor therapeutic
effects with oral ferric switched to ferrous. A litera-
ture review in the same study showed that the risk
for gastrointestinal problems with ferrous is higher
than that with ferric.!*3

Randomised Control Trials or quasi - randomised
trials evaluating the effects of oral preventive sup-
plementation with daily iron, iron + folic acid or iron
+ other vitamins and minerals during pregnancy.

The study concluded that iron supplementation
reduces the risk of maternal anaemia and iron defi-
ciency in pregnancy but the positive effect on other
maternal and infant outcomes is less clear. Imple-
mentation of iron supplementation recommenda-
tions may produce heterogeneous results depending
on the populations’ background risk for low birth-
weight and anaemia, as well as the level of adherence
to the intervention. 1

Recent studies showed that intermittent iron sup-
plementation is a promising strategy in reducing
iron deficiency and iron deficiency anaemia. Also,
a small number of studies investigated the effect
of iron interventions on developmental outcomes,
such as growth and cognition, and provided mixed
results. Some studies reported that iron intervention
increased morbidity and caused unfavourable shifts
in the gut microbial composition along with increas-
es in intestinal inflammation, particularly in children
with a high infectious disease burden. Scientists sug-
gested that that there is a need for studies in chil-
dren from low and middle - income populations to
provide evidence for the beneficial effects of iron in-
terventions on functional outcomes (iron deficiency
and anaemia), and to explore potential mechanisms
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underlying the negative effects of iron reported in
recent trials.!?®

11. Dietary phytochemicals, herbs, loss of weight
supplements

The global market of Dietary Supplements (DS) is full
of numerous “natural” therapies with incredulous
claims and very little evidence of health benefits.
Dietary supplements involving flavonoids, polyphe-
nols, herbal therapies (Ginkgo, ginseng, Echinacea,
etc), and for reduction of body weight (chitosan, pi-
colinate, Ephedra sinica, Garcinia cambogia, etc) are
claiming beneficial biological effects without risk of
adverse effects.

But the scientific evidence is very different. Nu-
merous studies have shown that although consump-
tion of dietary phytochemicals such as flavonoids
has been suggested to have beneficial biological ef-
fects including the prevention of cancer and heart
disease, there is considerable evidence to suggest
that such compounds are not without risk of adverse
effects. The risk of adverse effects is likely increased
by the use of pharmacological doses in prevention/
treatment and supplement situations and genetic
polymorphisms or drug - drug interactions that in-
crease the bioavailability of test compounds.!!¢

The DS market is full of popular herbal remedies.
Scientific studies investigated the efficacy and safe-
ty of ginkgo, St. John's wort, ginseng, echinacea, saw
palmetto, and kava. The safety assessments were
based on systematic reviews of RCTs. Although data
supported the efficacy of some of these popular
herbal medicinal products, the published evidence
suggests that ginkgo is of questionable use for mem-
ory loss and tinnitus but has some effect on demen-
tia and intermittent claudication. St. John’s wort was
efficacious for mild to moderate depression, but seri-
ous concerns exist about its interactions with sever-
al conventional drugs. Well - conducted clinical trials
do not support the efficacy of ginseng to treat any
condition. Echinacea may be helpful in the treatment
or prevention of upper respiratory tract infections,
but trial data are not fully convincing. Saw palmetto
has been shown in short - term trials to be efficacious
in reducing the symptoms of benign prostatic hyper-
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plasia. Kava is an efficacious short - term treatment
for anxiety. Studies showed that none of these herbal
medicines were free of adverse effects. Because the
evidence is incomplete, risk - benefit assessments
are not completely reliable, and much knowledge is
still lacking.!”

Numerous supplements are used in the global
market for body weight reduction without evidence
of effective effects and some of them containing
risks. An overall critical review assessed the efficacy
by using 5 systematic reviews and meta - analyses
and 25 additional trials. Data on the following die-
tary supplements were identified: chitosan, chro-
mium picolinate, Ephedra sinica, Garcinia cambogia,
glucomannan, guar gum, hydroxy - methylbutyrate,
plantago psyllium, pyruvate, yerba maté, and yohim-
be. The reviewers identified some encouraging data
but no evidence beyond a reasonable doubt that any
specific DS was effective for reducing body weight.
The only exceptions were for E. sinica- and ephed-
rine - containing supplements, which have been as-
sociated with an increased risk of adverse events.
Reviewers concluded that the evidence for most DS
as aids in reducing body weight was not convincing.
None of the reviewed DS can be recommended for
over - the - counter use.!'®

A large study involving124 086 men and wom-
en [Health Professionals Follow - up Study (HPFS),
Nurses’ Health Study (NHS), and Nurses’ Health
Study II (NHS II)] measured self reported change
in weight over multiple four year time intervals be-
tween 1986 and 2011. Results showed that Increased
consumption of most flavonoid (flavonols, flavan - 3 -
ols, anthocyanins, flavonoid polymers) was inversely
associated with weight change over four year time
intervals, after adjustment for simultaneous changes
in other lifestyle factors including other aspects of
diet, smoking status, and physical activity. Scientists
concluded that intake of food rich in flavonoids may
contribute to weight maintenance in adulthood and
prevent obesity.'*

The use of herbal or alternative medicine as ther-
apeutic supplements for neuropathy diseases has
garnered rising interest in recent years. The Inter-
net is a ubiquitous source of information/market
for these supplements. A study investigated 184
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websites, 28% claimed to decrease CKD (chronic
kidney diseases) progression, 60% did not advise
to consult a doctor before taking the supplement,
and >90% did not mention any potential drug inter-
action, disease interaction, or caution in use during
pregnancy or in children. Scientists concluded that
nephrologists need to be cognizant of the lack of sub-
stantiated proven benefits of these substances (in in-
ternet sites) and of the potential adverse effects in
the animal models that can translate to the patients.
Regulation of these products must change to prevent
patient harm and misinformation.!?°

12. Dietary supplements and prevention of
cancer

Dietary supplements are widely used among pa-
tients with cancer who perceive them to have strong
anticancer and antioxidant properties. Large - scale,
randomized cancer prevention trials have mainly
been negative, with some notable adverse and ben-
eficial effects. These trials showed that 8 - carotene
increased the risk of lung and stomach cancer, vi-
tamin E increased prostate cancer and colorectal
adenoma, and selenium reduced gastric and lung
cancer in populations with low selenium levels but
increased rates in those with higher levels. Both (3
- carotene and vitamin E supplementation increase
overall mortality. A recent review examined phase
II and III trials that investigated the effects of multi-
vitamins, antioxidants, vitamin D, and n - 3 supple-
ments on outcome and toxicity from cancer treat-
ments. Although vitamin E and {3 - carotene reduced
toxicity from radiotherapy among patients with
head and neck cancer, it has been found to increase
recurrence, especially among smokers. Antioxidants
have mixed effects on chemotherapy toxicity, but
there are no data on outcome. Vitamin D deficiency
is relatively common among patients with cancer,
and ongoing phase III trials are studying the effect
of vitamin D on outcome as well as optimum vitamin
D and calcium intakes for bone health. Docosahex-
anoic and eicosopentanoic acid supplements have
mixed effects on cachexia and are currently being
tested as potential adjuncts to maximize response
to chemotherapy. Dietary supplementation tailored



$APMAKEYTIKH, 28,11, 2016

PHARMAKEFTIK], 28,11, 2016

to an individual’s background diet, genetics, tumor
histology, and treatments may yield benefits in sub-
sets of patients.'?1122

In the last decade numerous studies investigated
the anticancer properties for Resveratrol (antioxi-
dant polyphenol in red wine). Studies in experimen-
tal animals showed that resveratrol can protects
against angiogenesis, inflammation, and cancer, but
dietary sources of resveratrol are not enough to
have an impact on health. Pre - clinical findings have
provided mounting evidence that resveratrol may
confer health benefits and protect against a varie-
ty of medical conditions and cancer, but there is no
consistent evidence. Most of the studies that have in-
vestigated the effect of resveratrol administration on
patient outcomes have been limited by their sample
sizes for diseases, such as cancer, diabetes, neurode-
generation, CVDs and other age - related ailments.
There is an open question as to resveratrol supple-
mentation for therapeutic anticancer benefits, es-
pecially for prostate.!?® The relationship between
dietary polyphenols and the prevention of prostate
cancer has been examined by a great number of clin-
ical trials. Although results are sometimes inconsist-
ent and variable, there is a general agreement that
polyphenols hold great promise as chemopreventive
agents for the future management of prostate can-
cer, including resveratrol. Dietary supplements of
polyphenols can act as key modulators of signaling
pathways and affect post - translational modifica-
tions and microRNA expressions.'?*

Dietary supplementation for cancer prevention
or for therapeutic intervention (market claims not
consistent with supplements) has become a multi-
billion - dollar industry all over the world. There is
a widespread belief that nutritional supplements
can ward off chronic disease, including cancer, al-
though there is little to no scientific evidence. To
the contrary, there is now evidence that high doses
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of some supplements increase cancer risk. Despite
this evidence, marketing claims by the supplement
industry continue to imply anticancer benefits. Sci-
entists and medical professionals agree that insuffi-
cient government regulation of the marketing of DS
products resulted in unsound advice to cancer pa-
tients and consumers. According to the most recent
National Health and Nutrition Examination Survey
(2003-2006), 50% of the US adult population uses
one or more dietary supplements; most of those are
multivitamin and/or multimineral supplements de-
spite the results of observational studies that pro-
vide little evidence that multivitamins reduce cancer
risk, and there have been no randomized studies of
multivitamins for cancer prevention.'?®

13. Conclusion

Scientists and health professionals agree that dietary
supplements (DS) can be under certain conditions
beneficial to human health, but should not replace
complete and balanced daily meals of foods. For the
last decades informed medical agencies, doctors,
pharmacists and nutritionists inform the consumers
that there’s a lot of wrong information in the glob-
al supplements market. Many DS even in developed
countries managed to escape the safety tests, labeling
and health regulations. Scientists in the USA and West-
ern Europe specializing on nutrition, metabolism and
epidemiology reviewed the evidence for DS supple-
ments and concluded that there was not sufficient evi-
dence to recommend for or against for the prevention
of chronic disease. Results from Randomized Control
Trials of DS showed that the majority are negative for
health benefits or for preventing diseases. Self - pre-
scription of DS should be avoided and patients, older
people, pregnant women, young and people with dis-
abilities should be informed and advised by their doc-
tors or pharmacists for dietary supplementation. O
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Tunua Xnueiag, Mavemiotijpuio ABnvay,
Havemotnuiovmoin Zwypdagpov, 15784 Abnva

Mepianym

Awatpo@ika cvpmAnpopata (AX) elvar Bira-
UIVEG, LETAAALKA LOVTQ, TIPOCOETES XMULKES OV-
oleg, uUTA Kot BoTtava Tov TpootiBevtal ota
TPOPIUA 1) KATAVOA®VOVTOL HE SLAPOPOUG
TPOTOVG YLt Vo BEATLOGOUY TNV avBp®TILVY
vyela. Emiong, Swatpo@ikd cvpumAnpopato
XPNOLHOTIOLOVVTAL ATO ATOpA Yl va duva-
LWOGOLV TOV avOpWTILVO 0PYAVIGHO TOUG 1] YLa
va TEpAcoLV piae 8UoKoAN Tepiodo TG {wng
TouG. ETOTNHOVEG, OTPIKEG LTINPECIEG KAl
SLaTpo@ordyol GUUEWVOVY OTL OpLoUEVA SL-
ATPOPIKA CUUTIANPWUATH KATW OO OPLOpE-
VEG GUVONKES lval W@EALLA OTNV avBpWTILVN
vyela, aAAQ Sev PTIOPOVV VA AVTIKATAGTI|COVY
TIAT)PN KAl LOOPPOTINHEVT] KaBnuepvy Statpo-
@M HE OAa T aTapaitnTa cuoTaTiKd. H tAéov
éykupn vmmpeoia twv HIIA, n Food and Drug
Administration (FDA) vmtoypappiet 0Tt «... o€
avtiBeon pe Ta @ApUAKA, TA SLATPOPIKA OL-
UTANpOPATA €V PUTTOPOVV VA TIPOYULATOTIOL-
Noovv TPOANYT, va SLatyvmweouy, va avaoTEl-
Aovv 1 va Bepamevoovy acBéveleg. Ta AX Sev
eMITPEMETAL VA TipofdAouv 1 v StekSikovv
810N TEG OTL TEPLOPLOVV TOV TOVO 1) OTL Oe-
pameVovV KapSlakeg aobeveleg, KAT...». H ta-
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YKOGULA AYOPd TWV SLATPOPLK®V CUUTIATPW-
ATV elval TEpAOTIA Kol UTTOAOY(leTaL OTL Ee-
mépaoce ta 90 Stoekatoupvpla Sordpia (US$)
70 2013. H ywpa pe tnv peyadtepn ayopd AX
elvat ot HITA pe ayopd dvw twv 30 $ Sioeka-
Toppvplwy eTNoiwg. o ToAAG xpdvia ot yio-
Tpol, voomAeuTeg, @appakotolol kat diatpo-
@OAGYOL yVwpilouv OTL TTOAAA atod Ta AX TTov
KUKAO@OPOUV aTnv ayopd Lloyupilovtal yl
VTTEPPLOALKEG BEPATIEVTIKEG LOLOTNTES, EGQUA-
UEVEG SLEPYAOIEG XWPIG LATPIKA TIELPAUATIKA
Sebopéva, eved o€ TTOALEG XWPEG OTIWG KAL OTLG
HITA exatovtadeg mpoiovta £xouv amo@UyEL
TOV (PUPUAKEVTIKO £AEYXO KOL TOUG KOVOVL-
OHOVG TWV VYLEW®V TIPOSLAYPAPWV TOV El-
Val amapaitnTol oTo @APUAKA KAl TPO@LUA.
A1t6 to 2007, pepikol amod TOUG TILO YVWOTOVG
emotpoves otig HITA, ot omoiot e€slSikevo-
vTaL otnV Slatpo@n, LETAPBOAKES Slepyacieg
OTOV aVOPWTILVO 0PYAVIOUO KAL LATPLKY ETTL-
Snuodoylae TPAYHATOTIOMOAV EKTETAUEVES
KalL TTOAUXPOVEG EPEVVEG YLA TTIOAL BLTAPLVOUXQ
CUUTIAN PO UOTA, LETAAALKE LOVTA Kat Sta@opa
AX TIov €xouv PEYAAN KuKAo@opia TNV ayo-
pa. Tt ATOTEAEC AT TWV EPEVVOV AVTWV OEl-
XVouy, kata mAeloym@ia, 6TL Ta AX Sev £xouv
WEEANUEG SpAoELS 1] BepaTeVTIKEG IOLOTNTES
QAAQ KL O OPLOUEVES TIEPLTITWOELG APV TIKEG
ETIUTTWOELS GTNV VYEX TWV KATAVOUAWT®V. Ot
Tuxatomompéves EAeyyopeves Aokipeg (TEA)
(Randomized Control Trials, RCTs) eiva e&el-
SIKEVUEVEG €PEVVEG OTIG OTIOIEG CUUUETEXOUV
1N oudda placebo (elkovikd @Apuako) kot M
OUGSo EAEYXOU KAl YIVETOL TUXALOTIOUUEVN
£€PELVA YL GUYKPLTIKG OETIKEG 1) APV TIKEG
ETMMTWOELS UETA ATO OPLOPEVO XPOVIKO SL-
aocTnua pe Satpo@n evioxvuévn pe AX. Tnv
TeAevtala Sekaetio €youvv Ste€axBel TOAAEG
emdnuoAoyikeg kat TEA €pguveg kal Ta amo-
TEAEGHATA EXOVV TIAPOVGLACOEl TNV ETLOTN-
povikn BiBAoypagia oe yvwotd £ykupa La-
TPKG TtepLodikd. Ta amoteAéopata Tay 6TV
mAgloym@ia toug apvntika. To 2013 mapovot-
acONKAV TA 0PLOTIKA CUUTIEPACUATA TIOAAWV
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TEA o€ 3 emlokommoeLg Kot eva apBpo kpLti-
K] TWV CUUTIEPACUATWY GTO EYKUPO LATPLKO
TePLodik6 Annals of Internal Medicine pe tov
TITAO «..UEXPLG E6W..0TAUATNOTE VX E08EVETE
Ta XpHatd oag o€ Brrapives kat GAAa Statpo-
POLKA CUUTIAN pOHATA...». Ta &pBpa avTd iy
cofapn emidpacmn OTOV LATPIKO KOGUO TOA-
AWV QVETITUYUEVOV XWPWV Kol TTIOAVAPLOUES
VEOTEPEG EpELVEG eMIBERaiwoav Ta TPONYoV-
UEVO QTTOTEAECUATA 1] TIEPLOPLOUEVT) WPEALUN
Spdon ya v vyela . H emokommon autr me-
pLlapufavel onpavTikd oTolyela yio Ty ayopd
TWV SLTPOPIK®OV GUUTANPWHATWY, OTATL
OTIKA SESOUEVA KL YEVIKEG LATPLKEG EPEVVEG.
Emiong, n emokomnon meplAapfavel peyairo
aplOUs ETMAEYUEVWV ETILOTNHOVIKWV HEAETWV
Ao £yKupa LATPLIKA TEPLOSIKA Yl ETTLENLO-
Aoyikég kat TEA £peuveg, amd SLAPOPES XWPES
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Summary

Nanoparticle based drug delivery is a relatively new
and highly promising technology for the treatment
of several diseases, not limited to cancer. While
nanoparticle synthesis requires mainly expertise
in chemistry, their evaluation and exploitation
opens a new field for multidisciplinary research,
where the combination of medicine, biology,
physics and engineering is dominant. Biomedical
engineering can have a strong impact, since several
instruments and technologies that are now used
are not designed and optimized for application

in nanomedicine. Such examples include imaging
systems, hyperthermia devices and methods to
stimulate nanoparticles using different forms of
energy. This possibility will open new prospects
in nanomedicine with an obvious benefit for
both domains: On the one hand, the properties
of nanoparticles can be better understood and
exploited; on the other hand, the field of biomedical
engineering can highly benefit from extending in
new ideas and concepts, which can boost the field,
as well as increase funding opportunities.

AEZEIX - KAEIAIA: Biomedical engineering, hyperthermia, molecular imaging, nanomedicine,

simulations

1. introduction

Nanoparticle based drug delivery is considered as
a new, promising technology for the efficient treat-
ment of various diseases including, but not limited
to cancer. Nanoparticles can penetrate biological
barriers, carry drugs on the target site, while min-
imizing dose in other organs. While the synthesis

of nanoparticles requires mainly chemical exper-
tise, their evaluation and exploitation provides a
field for multidisciplinary research, where exper-
tise from the fields of medicine, biology, physics
and engineering is dominant. Nanoparticles can be
used for imaging, thus requiring deep knowledge
in the advantages and limitations of different im-
aging modalities, as well as improvements of the
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existing tools. When nanoparticles are radiola-
belled it is possible to image them, using standard
molecular imaging SPECT (Single Photon Emission
Tomography) or PET (Positron Emission Tomog-
raphy) techniques'. On the other hand magnetic
nanoparticles can be imaged using MRI (Magnetic
Resonance Imaging) techniques, microbubbles can
be imaged with ultrasounds, quantum dots using
optical imaging and gold nanoprticles using X-rays.
The use of magnetic nanoparticles in hyperther-
mia is one of the most promising nanomedicince
directions and requires the optimization of mag-
netic induction devices, as well as the accurate, non
invasive, monitoring of temperature increase. The
combination of imaging and therapy has opened
the very promising Theranostics domain. Simul-
taneous nuclear imaging during hyperthermia can
provide insights in the biological process that oc-
cur when nanoparticles are heated? In this way it
is possible to monitor the successful organ/tumor
targeting, drug release and/or real time response
to therapy. This approach is by far superior when
compared to the use of conventional anatomic or
functional modalities, which can monitor the long
term therapeutic effect.

Depending on the nanoparticle specific proper-
ties there are different ways to optimize targeting,
asses efficient concentration on the target, stim-
ulate them, control and monitor drug release and
assess therapeutic effect. In all these procedures
the role of biomedical engineering is critical, since
the exploitation of nanoparticle physical properties
requires the optimization of existing tools and in-
struments, which were not initially designed for ap-
plication in nanomedicine. This is a new direction,
which is not yet well understood and/or appreciat-
ed by biomedical engineers, mostly due to limited
communication with the nanomedicine sector. It
is obvious that the field of nanomedicine can ben-
efit from such improvements, which can highlight
more attractive applications for nanoparticles and
vice versa; it has been already clear that nanomed-
icine is becoming a refreshing direction for many
domains of biomedical engineering and a driving
force for attracting funding and performing innova-
tive research.

YYNTOMH EINIXKOIIHEH | SHORT REVIEW

2. Imaging as a tool to quantify nanoparticles
spatiotemporal biodistribution

Although it is relatively easy to design and produce
different types of nanoparticles, with small varia-
tions in terms of size, coating and properties, their
characterization is a time consuming procedure and
especially the in vivo preclinical evaluation can be
rather complicated and expensive. However, when
designing nanoparticles it is critical to provide an
answer to the following questions: i) Do nanoparti-
cles reach their target? ii) How long do they remain
in blood circulation? iii) Are they concentrated in
other organ/tissues? iv) How long do they remain
on the target? v) Are they stable? vi) What is their
fate in the long term? In therapeutic applications
there are also some important questions that need
to be answered such as: i) Can we confirm drug
release? ii) Can we image possible temperature in-
crease? iii) Can we image biological changes during
drug release; iv) Is it possible to image the thera-
peutic effect as early as possible?

In principle these questions can be answered by mo-
lecular imaging techniques and more specifically by
using the well-established nuclear imaging and main-
ly radiolabelling with simple SPECT isotopes such as
Tc%™ and In'. While other imaging techniques have
many advantages, scintigraphy is relatively simple
and low cost in terms of the needed radiochemical
and imaging equipment, while providing high spatial
resolution and the ability to quantify images. Other
imaging techniques require complicated and expen-
sive equipment (MRI, PET), complicated chemistry
(PET) or do not provide quantified data (optical im-
aging), which limit their wide spread to most of the
nanoparticle developers. An important step is radio-
labelling of nanoparticles without altering their prop-
erties, something that has been successfully carried
out by many groups and more details about these ap-
proaches can be found elsewhere®>.

Scintigraphic imaging for nanoparticles assess-
ment can provide valuable information, not only for
the evaluation of new products, but also for mini-
mizing errors that can occur in therapeutic studies.
Some examples are given in Figure 1, where different
magnetic nanoparticles are radiolabelled with Tc?™
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Figure 1: In vivo scintigraphic images of different magnetic nanoparticles radiolabelled with Tc99m. (A) a product where blood
circulation remains high; (B) a product where the nanoparticles are concentrated fast in liver; (C) a case where aggregates are

formulated when nanopatrticles are injected in vivo and are stacked in lungs; (D) a typical example of a bad injection where the

nanoparticles remain in the tail vain

and in vivo imaged by our team. Image (A) shows a
product where blood circulation remains high, thus
the product is likely to concentrate on the target tis-
sues either through Enhanced Permeability and Re-
tention (EPR) effect or efficient targeting; Image (B)
shows a product where the nanoparticles are con-
centrated fast in liver, thus no further Kinetics are
expected; Image (C) shows a case where aggregates
are formulated when nanoparticles are injected in
vivo and thus the product is stacked in lungs; Finally
image (D) shows a typical example of a bad injection
where the nanoparticles remain in the tail vain, thus
it is not possible to evaluate the product and the an-
imal needs to be excluded from any study.

These results clearly demonstrate that the ab-
sence of in vivo imaging may affect the outcomes of
several nanoparticle drug delivery studies, since it is
not possible to ensure the efficient biodistribution
of the injected products. Usually studies to evaluate
a new nanoparticle for drug delivery include a nor-
mal group of ~6 animals, a group with the treatment
of a standard drug, a group with treatment of the
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new nanoparticle drug and in some cases a group
where hyperthermia is also applied. However, there
presented examples show that there are a number
of factors that if not evaluated in vivo may lead to
false interpretation of the results and in vivo imag-
ing could be a quality control step to ensure if an
animal will participate in a study or not. For these
reasons significant effort needs to be put on improv-
ing the performance of imaging systems, decreasing
the cost, simplifying the imaging procedures and
hopefully making in vivo imaging available to more
nanochemistry labs, to contribute to cost savings,
reproduction of results and assist the clinical trans-
lation of laboratory results. To this direction low
cost scintigraphic imaging systems provide an at-
tractive possibility?®.

3. Hyperthermia and temperature monitoring
Magnetic induced hyperthermia has two main aims

in nanoparticle based drug delivery; on the one
hand, the temperature increase aims to kill cancer
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Figure 2: Images of a near infrared camera of a mouse with a tumor implanted on the left shoulder during a hyperthermia session.
Successive injections of magnetic nanoparticles were performed at Day 1, Day 2, Day 12 and Day 14. The increased nanoparticles
concentration and the subsequent temperature increase are clearly imaged. By drawing a ROI on the tumor and analysing small
imaging frames of 30secs, it is possible to also quantify the temperature increase.

cells and on the other hand the increased tempera-
ture can initiate and potentially control the release’.
Thus a critical parameter in the preclinical evalua-
tion of new nanoparticles is the measurement of the
temperature on the target organ or tissue (usually
tumors), as well as the monitoring of the temper-
ature of the entire animal. Currently temperature
monitoring is mostly performed with the use of a
thermometer or an optical fiber, which is placed on
the surface of the animal or inside by using a cath-
eter. However, in the first case the inner tempera-
ture is not monitored and in both cases temperature
from only one local point is provided, thus it is not
possible to ensure the homogeneous temperature
increase in the target region.

One way to overcome this limitation is the use of
near infrared imaging, which has not been exploit-
ed adequately yet in the field. Some of our results
demonstrate that it is possible to perform whole
body mouse imaging during hyperthermia of the
temperature increase, draw regions of interest
(ROIs) on different organs, as well as quantify the
temperature increase as a function of time. In Fig-
ure 2, whole body images of the temperature in a
small mouse during hyperthermia are shown. A tu-
mor is implanted on the left shoulder of the mouse
and successive injections of magnetic nanoparticles

were performed at Day 1, Day 2, Day 12 and Day 14.
The increased nanoparticles concentration caused
an increased in the maximum temperature that was
reached on the tumor, while the temperature of the
entire mouse was constant. By drawing a ROI on
the tumor and analysing small imaging frames of
30secs, it is possible to also monitor and quantify
the temperature increase in each session, until it
reaches a plateau. In this way it is possible to image
the effectiveness of the hyperthermic session.

As it is seen, during the last session the measured
temperature reaches 41°C, which is close to the
43°C where hyperthermia occurs. However, it must
be taken into account that a near infrared camera
measures the outer temperature, which means that
the tissue absorption has to be taken into account
and corrected. Since the near infrared images pro-
vide several advantages compared to the single
point images of thermometers or optical fibers, a
challenging engineering task is the simulation of the
hyperthermia session, including the coil and its in-
put parameters, the calculation of the induced mag-
netic field and finally the temperature increase in
nanoparticles. In this way the thermal diffusion and
absorption can be calculated, to create a model that
correlates the outer temperature that can measured,
with the inner temperature that is unknown. This is
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Figure 3: Simulation of the coil of a hyperthermia system and calculation of the corresponding magnetic field inside

a purely engineering task and the initial results of
our group are given in Figure 3, where a simulation
of the existing coil and the corresponding magnetic
field are shown. Such an approach could easily pro-
vide evidence of successful hyperthermia or drug
release.

4. Hyperthermia and simultaneous theranostic
imaging

In vivo imaging during hyperthermia is another
challenging task, which is likely to provide real time
information of the procedures that occur during
hyperthermia. Molecular imaging has shown the
possibility to image a number of procedures includ-
ing hypoxia, pH, O, and there are also challenging
possibilities such as temperature imaging, as well as
drug release imaging. It is well known that a typical
imaging system consists of a coil, which induces a
magnetic field. However, conventional photon de-
tectors such as photomultipliers cannot operate in
magnetic fields. Thus, a theranostic imaging system
should be designed in a way that such interactions
are minimized and do not introduce artifacts in the
obtained images. Silicon Photomlutipliers (SiPM)
are magnetic insensitive detectors, which have been
widely used in the PET/MR domain®. Their compact
characteristics, as well as their compatibility with
magnetic fields make them promising candidates
for the design and development of small imaging
systems, which are compatible with hyperthermia
equipment. Although Position Sensitive Photomulti-
pliers Tubes (PSPMTs) are considered as the stand-
ard detectors of choice for the development of small
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animal imaging systems®. Besides magnetic incom-
patibility issues, since they are not very compact
they cannot be used for the design of optimal detec-
tors in terms of geometry and subsequently perfor-
mance. For this reason we have developed different
detector modules based on SiPMs, which can serve
as the basis for the development of SPECT and PET
systems that can be used inside the magnetic field of
the hyperthermia coil.

There are many ways to design a SPECT or PET
imaging system in combination with a magnetic
hyperthermia system as it can be seen in Figure 4.
In Figure 4 the detector heads of a PET system are
visualized as simple blocks, although more com-
pact shapes are possible. The detector heads can
be placed either inside or outside the coil. They can
also image the field of view from 0° or 90°, depend-
ing on the animal placement, as well as possible in-
teractions with the hyperthermia system.

Although, the magnetic field outside the coil is not
very strong and our measurements show small in-
terference with the detectors, to obtain high resolu-
tion images, the distance between the detector and
the object to be imaged should be minimized. For
this reason, only the use of SiPMs can be explored
for such an application, something that has not been
demonstrated yet.

Our group has tested such a SPECT component,
based on the C-series of SensL SiPM with 3mm pixel
size, 4x4 arrays. The 16 output signals of the SiPM
array are further reduced to 4 position signals, then
amplified and then digitized using free running ADCs.
The sampling rate was 40 MHz. A Field Programma-
ble Gate Array (FPGA) Spartan 6 LX150T is used for
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triggering and processing of the four digitized posi-
tion signals. Data are transferred to a standard PC via
Ethernet link. The evaluation of the SiPM arrays was
performed using a pixilated Csl:Na crystal with di-
mensions 1.0x1.0x5.0mm? and a Na?? source'’.

In addition we have tested a PET component,
based again on the C-series of SensL SiPM with 3mm
pixel size, 4x4 arrays. The 16 output signals of the
SiPM array are further reduced to 4 position signals
through a two-stage charge division resistive net-
work and then amplified then digitized using free
running ADCs. The sampling rate was 40 MHz. A
Field Programmable Gate Array (FPGA) Spartan 6
LX150T is used for triggering and processing of the
four digitized position signals. Data are transferred
to a standard PC via Ethernet link. Here, the eval-
uation of the SiPM arrays was performed using a
3x3x5mm?® GAGG:Ce scintillator and a Na?? source.

The evaluation of the SiPM arrays in SPECT mode
shows that crystals of Csl:Na with dimensions
1.0x1.0mm can be clearly resolved. The best ener-
gy resolution was measured equal to 22% under
120keV irradiation for the 1x1mm? Csl:Na. The ob-
tained raw images and typical line profiles for the
three tested circuits are shown in Figure 5. The
evaluation of the PET component with the GAGG:Ce
scintillator has shown that all crystal pixels are very
clearly identified with a mean peak to valley ratio
equal to 40. The measured energy resolution under
511 keV irradiation was equal to 10.5%.

These results, show that it is possible to use the
combination of SiPMs and GaGG:Ce, as the basic
component of a PET system, which can operate in
combination with the magnetic field of the hyper-
thermia system, as in the geometry suggested in Fig-
ure 4. According to our knowledge, this is the first
time that SiPMs are tested for such an application,
although the development of a full system will re-
quire funding in terms of a larger project.

5. Discussion and conclusions

The abovementioned original results demonstrate
only some of the biomedical engineering challeng-
es in the emerging field of nanoparticle based drug
delivery. The focus of this short review is most-
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Figure 4. Alternative concepts of combining the hypertermic
device and the proposed imaging modules

ly related to the exploitation of nuclear medicine
techniques, since this approach has been used by
the authors in a number of recent EU and national
funded projects with focus on tumor targeting and
blood brain barrier crossing (www.nanothereu,
www.onconanobbb.eu). However, similar consider-
ations and challenges can be subject of a broader
review if one considers the combination of micro-
bubbles with ultrasounds'?, gold nanoparticles and
X-ray imaging or radiotherapy’?, quantum dots and
optical imaging!3, magnetic nanoparticles and Mag-
netic Resonance Imaging!*, as well as the emerging
fields of photoacoustic imaging®® and the combina-
tion of more than one methods in hybrid technol-
ogies. Although there is an on-going debate on the
role of nanotechnology in medicine and its efficient
translation in clinical practice, there are continu-
ously increasing published results that prove the
added value of biomedical engineering in nanomed-
icine. Deeper understanding of its multidiscipli-
nary nature can enhance the cooperation between
engineers, biologists, physicians and chemist and
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Figure 5. Raw images and horizontal profiles of the 1x1x5 mm3 Csl:Na scintillator in SPECT mode (left); Raw image of the 6x6
GAGG:Ce scintillator array and a horizontal profile of the central scintillator elements produced under 511keV excitation (right)

maximize the scientific outcomes and the impact of
nanomedicine in both diagnosis and therapy.
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H peta@opd @apudxwv pe vavoowpatidia Oew-
peltal wg pio véa Kot TTOAAQ UTTOGXOEVT] TEXVO-
Aoyla ylo TNV amoteleopatikn Oepameio Sta@o-
pwv mabnoswv, cvumeplapfoavopevou (aAAd
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0L uOvo) Tov Kapkivov. [lapotin ocvvheon Twv
vavoowpatiSiwy Tpolmobétel kuplwg eldikev-
omn o xnuela, T0o0 1 a€loAdynoT) TOUG, 660 KAl
1 TANPNG aglomoinor| Toug TapExovv Eva edio
SLEMOTNHOVIKNG €PEVVAG, OTIOV Elval amapai-
TNTEG Ol YVWOELS OTOUG TOUEIS TNG LATPLKNG,
Blodoyiag, @uowknig kat pnxaviknig Ta vavo-
ocwpatidia pmopolv va xpnotpomotnfoiv ya
QTTELKOVLOT, OTIOV Kol ATIALTETAL TEXVOYVWoia
AVOPOPLKE LLE TNV 0pYaVOAOYia Kol Ta TTAEOVE-
KT HOTA SLAQOPETIKWV ATELKOVIOTIKWOV TEXVL-
kwv. Emlong pmopovv va xpnopomowmBovv ot
HOyVNTIKG emayopevn vepBeppia, 6mov amal-
Teltau BeAtioTomomon tov Stabéciuov onjpepa
eE0TALOPOU KAl akPLRNG, Un emepBatikr pETpn-
omn g Beppokpaciag. Avadoya pe TG Slaite-
PEG LOLOTNTEG TOUG, UTIAPYXOUV SLaQOPETIKOL
TPOTOL, WOoTE v BeAtiotomomBel 1 otdxeLON,
va LEAETN Ol 1) ETITEVEN EMTAPKOVG CUYKEVTPW-
ONG OTO Opyavo oOTOXO, Vo gvepyoTolnBovv
eEWTEPIKA, VA eEAeyxOel kKl va TTapakoAovOnOel
1 QOPUOKEVTIKI] ATOSECUEVON, KABWG Kal TO
BepPATIEVTIKO ATTOTEAET AL € OAEG AVTES TLG SL-
adkaolies, 0 poAog TG BlolaTpikig TEXVOAOYinG
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elval onpavtikag, dedopévou 0TL 1 aglomomon
TWV QUOIK®OV LLOTTWwV amattel T BeATioTo-
Toinomn epyaieiwyv kal opyavwy, Ta omoia Sev
elxav apxIKd oXeSIOTEL YIX EQAPUOYT) OTN VaL-
volaTpLKn. AUTH 1) VEX TIPOOTITIKY) SEV EXEL YiVEL
aKOpUa Katavon T 1/kaL 8ev éxel ekTiun Ol amd
TOUG UMyovikoVS floiatpikng, kKuplwg Adyw
NG TEPLOPLOUEVNG TOVG XAANAETISpAOTG LE TO
Xwpo TG vavoiatpikns. Eivat tpo@avég 6t
VavolaTpIK] UTOpEl va w@EANOEl onpavTika
ATl TETOLEG BEATIWOELG, oL oTroieg Ba avadel-
E0UV TIEPLOOOTEPO TIG EKAVUOTIKEG KAl OF KA-
TIOLEG TIEPLMTWOELG EVTUTIWOLAKES EPAPUOYEG
TwV vavoowpatidiov. Avtiotpo@a, €xel 16
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[Mapackeun kot PUGLKOYTUKOC
XapoKTNPLONOC AITIOCWULATWV
ne Evowpatwpéva ta PAapovostdn:
Kepketivn, Poutivi katFevioteivy

EvavOia - Tewpyla Ayysdomovdov**, NikoAétta Matayava**,
Ttéda Enpovdaxkn**, Natdooa Iintrna, Kwotag Aspétfoc*

Touéag Papuaxevtiknc Teyvodoyias, Turjua apuaksvtikng, EOviké kat KamoSiotpiaxo
Havemothiuio Anvay, lavemiotyuiovmodn Zwypdaeouv, ABiva, EAMAdSa

[Meptanym

TKOTOG NG TapoVoag epyaciag amoteAel 1
EVOWUATWOT TWV PAAB0VOELSWOV KEPKETIVT,
POUTIVN KL YEVIOTEIVN 0€ ALTOCWUATA QW-
0@OMTILS KNG CVOTACTG USPOYOVOUEVIG PWO Q-
TI6VAOXOAIVNG 0OYLAG Kl PWOPATIOVAOYAVKE-
p6ANnG (9:1 poplakog Adyog) (HSPC/DPPG 9:1)
KL 1) GUYKPLOT TWV QUOLKOXT HLIKMOV XAPAKTN-
PLOTIK®V TWV KEVWOV ALTTOCWULAK®OV (POPEWV LLE
ALTTOC W ULLAKOVG (POPEIG GTOVG 0TIOIOVG EXOVV EV-
ocwpatwOel ta @AaBovoeldn. H evowpdtwon twv

@Aafovoeldwv TpaypatomomOnke o SVo popla-
KEG avaAoyles, @AABOVOELSOVG TTPOG WO POALTIL-
Sta. Ta UOLKOXN KA XAPOKTNPLOTIKG KAl 1) oTa-
BePOTNTA TWV ALTIOCWUATWY HEAETNONKAV PE
Baon ™ DLVO (Derjaguin, Landau, Verwey and
Overbeek) Bewpia. Ao Ta amOTEAEGUATA GUUTIE-
PULVOUE WG TA ALTTOCWUATA ATTOTEAOVV LEOVL-
KT] TEXVOAOYLKI] TAATPOPUA YLX LOPPOTIOINOoT
KOL TIEPALTEPW AVATITUEN KALVOTOUWY QapPLa-
KOTEXVOAOYIKWOV TIPOTIOVTWV.

AEZEIX - KAEIAIA: AUTOCWPATA, KEPKETIVT], POUTIVI), YEVIGTELVY

1. Elcaywyn
1.1. Kepketivn

H xepketivn (Zxnua 1) avikel oty katnyopia
Twv @Aafovosldwyv, SNAady 0TI TOAVEALVOAL-
KEG EVWOELG XaUNAoU poplakov BApoug Tov amo-
TEAOVVTUL ATIO TO OKEAETO TOU YAaBaviov (at-
VUAO - 2 - XpWUAVLO). ZUYKEKPLUEVA, 1) KEPKETIVT
avikel 0TI @Aafovores. Xto Iynua 1 mapovotd-

* Yuyypa@éag vtev0uvog yia tThv aAAnioypa@ia
** |67 GUIUETOXT) 6TNV EpYacia
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Cetal n ynuikn Soun tng kepketivng. H kepketivy
[(3,3,4,5,7mevtaidpolueraBdovn)] eivat éva amo
Ta EAABOVOELST] TIOV ATAVTATAL GE EPOVTH Kol
Aaxavikd. Xta @uta elval mapovoa Kupiwg ota
@UAAa Kal og GAAa PépT TOL PUTOU glte WG dyAv-
KO €lTe pe TN pop@N YAUKOGLS®WV G6TOVG 0Toloug
éva M kat meploodTeEpa cakyapa elval ovvdede-
péva ot VSPofuAoUaSes Tov OKEAETOV TNG HEOW
OXNUATIOUOV YAUKOULTIKOU Se00V. ZUYKEKPLUE-

: Kwotag Agpétlog, E - mail: demetzos@pharm.uoa.gr
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Zynua 1. H ynuixn) Sourj TG kepkeTivig

VQ, 0TOVUG YAUKOGISEG TNG KEPKETIVNG,TO GAKXAPO
elvat ovvdedepuévo oto 3 - OH tov SaktuAiov Tov
xpwpaviov. Mia onpavtik TocdTnTA TG LOOKEP-
ketivng (3B - O - YAukooidng ¢ kepKeTivNG) ExEL
aviyvevBel ota pnAa kot T @AoUSAa TwV ayAadLwy
KaBws Kal ota @UAAX KAl Ta GvOn Tou @uTOV
Hypericum perforatum (BdAcapo 1 omtaboxopto).
[eploadTtepol amod 180 SwagopeTikoi YAUKOGISES
éxovv Bpebel ot @OoM pe To ocakyapo poutvoon
(6-0-a-L-rhamnosyl - D - glucose), evay o yAu-
K0G(8NG TG kepKeTIVG SNA. 0 3 - O - pouTIvoaidng
NG KEPKETIVNG ElvaL 0 TILo KOV OG.!

[TapodAo mou 1 kepkeTivy eivat To @AaBovoeldég
oL €xel pedetnOel evpvTaTA KABWE Elval TO TILO
agbovo otnv avBpwTvy SLATPOPT], Ol YVWOOELS
pag oxetika pe ™ ProdiabeoipdéTnTd TG - 6€d0-
HEVOU PAALOTA OTL HETAPBOALlETUL TAXEWS - KAL TA
mlava dpyava - atoxous eival eploplopéveg. Ot
YAUK0G(8eG TV @AaBovoeldwv éxouv pikpn Pro-
StabeoudTNTA KABWS 1 TTApoVoia TOV caKYdpPOL
av&dvel v vSpo@Ala TwVv popiwv. Ao TV GAAn
TAEVPA, TA AYAUKX TUNHATA T®WV @AaBovoeldwv
UTOpPOVV KAl TEpVOVV OTOTEAECUATIKA TO EVTE-
PO Tolywpa. Qotoco, ta @Aafovoeldy Bpioko-
VTAL TTOAU GTIAVLX UTIO T1) HOP@T] TOU GYAUKOU 0TA
@uTa. ETopévwg, éxet Statumtwdel n dmoym 6TL TO
KOAOV SLaBETEL PIKPOOPYAVIOUOVG TTOV £X0UV TNV
LKavOTNTA va VEPoAVOLVV TO YAUKO(LTIKO Seopd
ameAevBep®VovVTag To PBLOAOYIKWG EVEPYO GyAv-
KO UOPLOo. £TN GUVEXELX, TO AYAUKO QTIOPPOPATIL

Zynua 2. H ynuuaj Sourj tng poutivig

AT TO TaXV EVTEPO UE EVKOALX XApM oTN ALTTOEL-
Ala Tov kat ot ovvéxela petafoAileTal oTo NTTAP
péow 0 - peBuAiwong, yAvkouvpoviwong 1/kat
00VA@OVVLAIWONG.2

H kepketivn amoteAel évav toxupd avtiogeldw-
TIKO Tapdayovta Kabws Bewpeital ekkabaplotng
eAevBépwv plwV aAAG Kat Adyw TNG LKAVOTNTAS
™G va SeopeVel LOVTA HETAAAWV HETATITWONG.
AuTég oL 1816t TEG OV SLaBéTel auTo TO PAAPo-
VOELSEG €XOUV WG ATIOTEAEGUN TNV AVACTOAN TNG
AmSIkn g vmepodeidwong - Sadikaocia katd v
omola akopeoTa ATapd oféa PETATPETOVTAL OE
eAevBepeg pileg. TUVETWG, 1 KEPKETIVN avTIOpw-
VTaG HE TIG eAeVBepeg pileg mou oymuatifovtal
Kot £0UEVOVTAC TA LOVTA HETAAAWY UETATITWOTG
pumopel va SpAcEL TPOOTATEVTIKA GE TOLKIAEG VO-
oovg.3-3

1.2. Povtivny

H poutivn (Zxnupa 2) amopovwbnke yia mpwn
@opd o 1930 amod ta moptokdAia. Exeivn tnv emo-
X1 BewpnBnke Twg NTav pédog pa véag taéng Pi-
TAUWV OV KAl yapaktnpiotnke wg Bitapivy P Adyw
NG OLUVELOPOPES TNG oTT BeAtiwon NG Swamepa-
TéomTag Twv ayyeiwv (Permeability). Apyotepa,
€ywve oa@EG WG 1 ovola AUTH AVIKE GTNV KATh-
yYopia twv @Aafovoeldwv.b

H poutivn eivat éva moAv@aivoAiko Blo@Aa-
Bovoelbég (@Aafovorn) kat exel va emidel€el eva
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EVPY PACUA EAPUAKOAOYIKWOV EQAPUOY®V AdYw
TWV ONUAVTIK®OV AVTIOEELSWTIK®V IBLOTHTWV TN,
TuvnBwg xpnotpomoleital wg avtiptkpoBlakdg,
QVTIHUKNTINOIKOG KL QVTIXAAEPYLKOG TapAyo-
vTag. 0TO00, VEOTEPESG £PEVLVEG £xouv avadeiel
TA APUAKOAOYIKA 0@EAN 0T Bepameia TOKIAwY
XPOVIWwV acBevel®V OTIwG 0 Kapkivog, o Stapntng,
1 VTEPTAOT KAl 1] UTtEpXOANOoTEPOAaLpia. AkOpa,
HEAETEG TIOV ep@aVifovTal TTOAD CUXVA TA TEAEL-
Tala xpévia ot SNUOCLOTNTA, AVASELKVUOUV TO
aviavopevo evlla@épov TV EMOTNUOVOV Yl
TNV €QAPUOYN TNG POVUTIVNG 6TO BEPATIEVTIKO GXN-
po aoBeveL®Y OTIwG 1) TOPPLPLKY Seppatomadela,
To aobua kat 1 eAkwoNG KoAlTida kabwg kat yia
N cUVUPOAT TNG GTOV TEPLOPLOUO TWV AVETLOVUN-
TWV EVEPYELOV PAPUAK®VY HE TA OTola UTopel va
ovyxopnynOet (my. maSlatpik& avalodOnTika, ofa-
AmAativy) 1 otnv abénon ™ BodiabeotpdnTag
Tovug (Y. padievepyd Lwdio, TakAttagéAn). H xpn-
0T NG €XEL TTOAAX TAEOVEKTIUATA EVAVTL GAAWVY
@Aafovoeldwv kabwg eival un To&ikn évwon.” Bpi-
OKETAL EVPEWG OTO PAYOTIUPO, TO LAVPO TOAL, KAL
Ta eomepldoeldn. To Ovopd ™G tpoEpxeTaL amd TO
@UTO Ruta graveolens L. (amfiyavog), oto omolo
emiong Bploketal oe vYMAég ovykevipwoelg.t H
povuTivn, WG YAukoo(dng eivat StaAvt o pebavo-
An.

Kata tnv Aqym per os n amopo@nomn g Ba yivel
HETA TNV VEPOAVGT TNG OTO TAXV EVTEPO ATIO TOUG
ULKPOOPYAVIOHOUS TNG EVTEPLKNG YAwpidag. Tav-
Toxpova wotdoo, Ta PaKTpLlA TOU TaXEOG EVTE-
pov amolkodopovv Ta ameAevBepwpéva dyAvka
KoL 0UTO EXEL WG ATTOTEAEOHA TN PTWY PloSiabe-
OlLOTNTA TOVG.

ZUVETWG 1] AVATITUEN NULOLVOETIKWOV VSATOSL-
QAVTOV TIHPAYWYWV TNG pouTivng my. vépoduat-
BulopouTtooibeg, Exel 08NYNOEL TNV ETLTUXTLEVT
XPNOT TWV TAPAYWYWV TNG POUTIivNG yla ) Bepa-
Telo LIKPOALHOPPAYLOV.

H poutivn xukAo@opel otnv EAAGSa wg @apua-
KO HOVO UTIO Hop@Y] 0EEPOVTIVDV KOl CUYKEKPLULE-
va tpo&epouTivng, evog ouvBeTikol vSpotualbuio
TAPAYWYOL TNG POUTIVNG LE TNV EUTIOPLKT| OVOLA-
ola Venoruton® pe kVpLa £voeldn v avakov@Lon
ato oldnpa Kol GXETWOUEVA CUUTITOHATA XPOVLAG
PAEPLKN G AVETIAPKELAG.
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Zynua 3. H ynuuj Sourj g yevioteivng

1.3. I'evioteivy

H yevioteivy (Zynpa 3) eivat to mAov gupews
StadeSopévo UTOOLOTPOYOVO, YVWOTO KATA KU-
pPLO AOYO Yl TIG OVTIKOPKIVIKEG TOU LOLOTNTES,
TOU amopovwOnke ya mpwTn @opd to 1899,
HETA amo &Npaveon TwV KAASLWV, amd TO OUWVU-
Ho @uto Genista tinctoria (oto Aatvikd 1 okoU-
Ta) TNG olkoyévelag Leguminosae, evw 1 XNULKY
Tou oVUvBear €yve ya Tpw TN @opd to 1928.° To
@Aafovoeldéc autd Bploketal oe a@bBovia ot
oo6ywx (Glycine max L. Merill, Fabaceae), o€ peyad-
AEG oLYKEVTPWOELS TNG Tdews Tov 1,5 mg/g o€
ENpa 6poy”n, evw evtoTileTal Kol 6€ AAAa €181 @U-
ToU NG owkoyévelag Fabaceae, 0Ttwg eivat n @aa
(Vicia faba), to kudzu (Pueraria lobata), n aypl&-
Sa (lupine, Lupinus spp.) katn Ywparéa (Psoralea
cordifolia).’® Elvat ToAU@QOALKY, U OTEPOEL-
5006 Soung, xMUKN Evwon, HE OKEAETO XPWUOVTG,
pe avaAoyn Boroykn Spdomn (AywvioTIK) 1] avTa-
YWVIOTIKY) HE AUTH TWV PUOLKWOV 0LGTPOYOVW®Y,
kaBwg 1 Soun g mpooopolalel oe avtnv TG 178
- 0LoTPASLOANG, KOL TNG ETUTPETEL VA GUUTIAEKETAL
HE TOUG oloTpoyovikoUS vtodoyxels. Eival Staivtn
oe YAwpo@oputo:pefavorn 1:1, pe xpwpa vmoki-
Tpwo/vmoAevko, oe DMSO, oe akeTtdovn €v Bepuw,
mupLsivn, evw elval eddylota SLAAVTY 0€ KAUTO
vepd, kat adtdAvtn oe kpvo vepd. AviiKeL oTnv
katnyopia Twv woo@lafovwyv, Ta omoia Tapovaot-
alouv TOAAG TAgoveKTHaTA A0Yw TNG PloSiabe-
owomrag, g Bloocupfatotntag, g Bloamolko-
SopnopoTnTag, TNG BPWOLLOTNTAS TOUG, AAAG Kal
™G XaunAnNG ToékdTnTAg TOUG.
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OL emotnpoveg €xouvv Sel&el peyddo evla@é-
pov Kol {NAo 660V a@opd TNV gVEPYETLKN Spdom
¢ yevioTeivng, kaBwg 1 teAevtaio amotelel kat-
votopia otnv eEEAEN Sla@dpwv Bepamelwy, pe
mpoTEpALOTNTA TN Bepameia kKatd Tou Kapkivov,
NV KapSLloTPOoTATEVTIKY Spdan, ™ UElwon TG
OO0TIKNG ATWAELNG (UE AVAOTOAY TNG OCTEOKAA-
OTOYEVEODTG), KAL TNV EVOAAXKTLKI] OPULOVOAOYLKN
Bepamela Katd v gpupnvoTavot. Ymootnpiletat
OTL elval amMOTEAEGUATIKO PAPUAKO £VAVTL TOU
Kapkivou Touv Haotol, TwV wobNnK®V KAl Tov Tpo-
OTATN, TOU TAX£0G EVTEPOV, TOU TVEUHOVA, TOU
TAYKPEATOG KUl TWV ASEVOKAPKIVWUATWY Kal
Aep@wpdatwyv. EKTO6G amd TNV oloTpoyovo - pLun-
Tk §pdom, 1 YeVIoTEivn] gp@avilel avaoTAATIKY)
Spaom yla TI§ KIVAGES TNG TUPOGIVNG, AVTLOEELS -
TIKEG, AVTLPAEYHOVWOSELS LELOTNTES, LVGOVALVO - UL-
UNTIKY 6pAOT, EVO TAVTOXPOVA SLALOPPWVEL TIOA-
AQ ONUATOSOTIKA LOVOTIATLA TIOV CUUUETEXOVV OF
KUTTOPLKEG AELTOUPYLEG, OL OTIOlEG OXETI(OVTOL UE
ATOTTWTIKOVG  UNYXAVIOHOVS, TOAAATANCLACUO
N Swaopomoinon tovg.!! EmmAéov, 1 yevioteivn
EUTIAEKETAL O0TN SLPOPOTIOMNOT TOU YEVETLKOV
VALKOV, eite pe pebuiimwon tou DNA, eite pe axe-
TUAlwoTN TV oTOVWVY, GUEca, N £UUEcA, PECW
EVEPYELWV E€TIL TWV OLOTPOYOVIK®V VTOSOXEWV.?
Mmopel akoun va vTapéel onUAVTIKY CAANAETI-
Spaon pe to tRNA kat pe ta microRNAs (miRNAs),
TA OTIOlAL ATTOTEAOVV U1 KWSIKOTIOUEVEG LOPYPES
Tou RNA, evw 1 0TdYEVOT TOUG ATOTEAEL i véEQ
BepATEVTIKY TPOGEYYLOT CURPWVA PE TNV KIVETL-
K1| LATPLKY, EL6KA OTAV YiVETAL HE CUVSUAOUO pE
oVUBATIKA BEPATIEVTIKA oXUATH.? XE AUTEG TIG
evépyeleg Baoifovtal 6AoL oL unxaviopoi @apuo-
KOoAOYLKN G Spdaong TG yevioteivng. Afilel va ava-
@epOel OTL N avToEelSWTIKY TNG LKAVOTNTA, OF
ouvvSLao PO LE TNV EUTTAOKN TNG o€ Staopd Bloxn-
WLKA LoVOTIATL, 081 YOUV O pASIOTPOCTATEVTIKY
Spaon pe xopnynomn touv @Aafovoeldovs. Adyw
AQUTNG TNG LKAVOTNTAG, SNUovpyHBNKAV KALVOTO-
pa EMISEPULKA VAVOOKEVAGUATA, E TNV EMWVL LA
Gen - Tocomin®, ta omoia elvatl TAoVolx o€ Brta-
uivn E kat evowpatwpévn yevioteivn. Atabétouv
OTOXEVUEVY], OTO EMONALAKO OTPWHA TOV SEPHA-
TOG, XNUELOTIPOOTATEVTIKY] SpAoT, UE TPOTOTOIN-
0N TWV @QUOLKOXNUIKWOV LSLOTNTWVY TNG KUTTAPL-

EPEYNHTIKH EPTAZIA | RESEARCH ARTICLE

KNG HEUBPAVNG TWV ETSEPULIK®OV KUTTAPWY, EVE
1 YevioTeivn Spa WG avaoTOAENS TNG KLVAOTG TNG
Tupocivng. ‘Exouv mpaypatomowmnOel kKAVIKESG pe-
AETEG Yot TN SPACTIKOTNTA, TNV ACPAAELX KAL TNV
QATOTEAECUATIKOTNTA QUTOU TOU OKEUAGUATOG,
wotdoo Sev SatiBevtal akdun oto epmopLo.3

O gvuepyeTikéG eMSPATELS TNG YEVIOTEIVNG KO-
AUTTovY éva eupy Bepamevtikd medlo, WOTOCO
XpELaleTal peydAn mpoooyxn otn SocoAoyla Twv
XOPMNYOUUEVWV OpHOV®Y, SNAaSY TNG YEVIGTEIVNSG,
1 KAl TV (QPUOLKWOV 0L6TPOYOV®Y, SLOTL OL OPUOVO-
AoykéG petaforég pmopel va unv eivat opotdpop-
(PEG KAL VO UTIAPEOUV APV TIKEG ETULTITWOELG UE TN
Xopnynon tovg.**

ZKkoToGg ™G TapoVoag epyaciag amoTeAel n ev-
OCWUATWON TWV PAXABOVOEIS®V KEPKETIVT, pouTivn
KOl YEVIOTEIVY] 0€ ATIOCWOUATA OWOQOALTILISIKTG
oUoTAONG VEPOYOVOUEVNG PWO@ATISBUAOYOAIVNG
ooYLaG Kal @wo@atiduAoyAukepoAng (9:1 popia-
k0G Adyog) (HSPC/DPPG 9:1) kat n oVvykplon Twv
(PUOLKOXT KOV XOUPAKTNPLOTIKOV TWV KEVOV AL-
TOOCWHULAK®OV QOPEWV HE ALTTOCWULAKOVG POPE(S
0TOVG 0TIOloUG €xouv evowpatwlel Ta @Aafovo-
eLdm.

2. YAwka kot M€0oSou
2.1. YAwkd

Ta AtiSia Tov xpnopomomOnkav tav n vépoyo-
vopévn @wao@atiduioxoAivny adylag (HSPC) kat 1
ewo@atiduAoyAlvkepoAn (DPPC) (Avanti Lipids).
‘OAot ot StaAUteg Tov xpnoumomBnkav ntav HPLC
kaBapoTnTag.

2.2. Mapackevt] ALTTOCWUATWV

H mapackeut] Twv AMOCWUATWVY HE EVOWUATWUEVA
Ta AXBOVOoELST) TIPAYHATOTIOW ONKE CUUPWVA LLE TT)
peBodo Tou AeToU ATISIKOU VHEVIOV, OTIWG avVaPE-
PETAL OTIG TIPONYOUUEVES SIUOCLEVOELS PG, 1510

2.3. Avvapikt) kat Hisktpo@opetikn Tkédaon
PwTOG

Twpatidia peyébovg amd 1 - 5000nm pmopovv
va petpnBovv pe T péEBOSO PACUATOOKOT-
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ag ovoxeTlopov @wTtoviwv (photon correlation
spectroscopy - PCS). 'Eva amo ta xapaktnploTika
TV cwpatidiov eivat 6Tt Bplokovtal oe cuveXT
Tuxaia Bepuikn kivnon (kivnon Brown). Avtn 1 ki-
VNOT EXEL WG ATTOTEAECUA 1] £VTAOT] TOV OKESAl0-
HEVOU ATIO TA CWUATISLH @WTOG VL oxXMNUaTI(EL Eva
LOVTEAO KLVOUUEVOU OTIYHATOG. AUTY| 1] KLVNTIKO-
TNTA AVIXVEVETAL WG AAAAYT] TNG EVTAOTG OE OXEDT)
HE To xpOvo, amd Evav aVIXVEVTI] KAL VAV (PWTO-
moAdamAactaoTh. Ta peydda cwpatidia kivovvtat
O APYA ATTO TA UIKPA KAL GUVETIWS 0 puOUGS TG
Stakvpavong Tov okeSalOPeVoU QWTOG elval TiLo
Bpadvs. H @aocpatookomia GUGXETIOHOV QPWTO-
viwv xpnoipomotel To pvOud petaforng twv dia-
KUULAVOEWV TOU PWTOG Yla va Tpoodlopioel v
Katavoun pHey£é0oug Twv cwpatiSiwyv Tov TpoKa-
AoVV 10 oKESAGUO TOV PWTOG.

ZTo 0pyavo auTO 1 Ttapaywyn g SEoung tou
EKTIEUTTOUEVOL PWTOG YiveTal amd Avxvia He - Ne
KOl TO UNKOG KUHATOG TOU @WTOG elval 633nm.
H aktwofoAia mpoomintel ota cwpatidia (m.X.
Amoowpata), okeSAlETAL KAL 0T OULVEXELX, TA
okedSalopeva @WTOVIA AVIXVEVOVTUL ATO Evav
POWTOTOAAATIAAGLACTY]. ZTO AOYLOUIKO TOU 0pYd-
VOU UTtdpyxeL TPOYypappa adyopiBpwv mov emegep-
yaletat Tig peTaBoAEG TNG EvTAONS TOU OKESALO-
HEVOU (PWTOG KAl KATAANYEL OTNV KATAVOUT TOU
peyéboug Twv cwpatidinwy mov TEPLEXOVTAL OTO
Selypa. ETumAéov, XpnolHoToldVTAG GUYKEKPLUE-
V1 padnuatiky avéivon, n omoia cuvictatal amo
v ISO 13321 81e6vn péBodo, TPOKVTITEL KAL O pE-
006 0p0oG TWV peyeBwv. Katd Tig HeTpoeLlg QuTEG
10 péyebog opiletalr n vSpoSuvaulky SLANETPOG
TWV COUATIS WV — AITTOCWHATWY, EVE WG SelkTng
Staomopdag to gvpog katavouns. To { - Suvapikd
TwV cwpatidinv Tov peTpd to dpyavo sivat to
- SUVaLKO TNG ETILPAVELXG KAAVYTG TOU CWHUATL-
Slov mou Snpovpyeital petadV Tou @opTiov TOL
owpaTIS{0V KAl TOV HEGOV, Kal OXL TO QOPTiO ETL-
@aveiag Tov cwpatidiov.

E@apuoyn tov Selyuatog
To Setypa apatwvetal pe H,0 HPLC kaBapotmtag

SmOnpuévo (amod @irtpo Millipore pe Sidpetpo mo-
pwv 200nm) kot
a) petaépetal oe kKVPEASa plag xpnong amo
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ToAvoTUpEVIo. AuTh ToToBeTelTaL OE €L8IKY UTIO-
Sox1M ToL 0pyAVOU, 1 OTIOLA KAEIVEL LE KATIAKL WOTE
va Unv Slax€etal To oKeSAlOUEVO PWS KAL LETPA-
TaL o péyebog

b) evietatl pe otabepd puOU6 TNV €181k LVTTOSO-
X1 TOL 0pY&vov, TPOG amo@uyT Snuovpyiag @u-
caAl8wv Tov Ba epmdSIlay T WO T LETPNON TOV
¢ - Suvapkov, Tov 08nyel To ALTOCWHULAKO EVAL®-
pPNUA OTNV ECWTEPLKY KUPEAISA TOV 0pyAVOL Kal
petTpatal ta { - Suvapkd

3. AToteAéopata Kot ovlnTnon

To péyebog (neon vépoduvaukn Siapetpog Dh),
o Seixktng moAvdiaomopdg (PDI) kat to { - Suva-
pkd (Z - potential) Twv AMOCWUATWY [E EVOW-
HOTWUEVT] TNV KEPKETIVN TApoLoL&lovTal GTOV
[Mivaka 1. Me v TpooBNKN NG KEPKETIVNG,TO
puéyefog twv cwpatidiov avinbnke kata 171
VAVOUETPA OTO AMOCWULNKO EValOpnUa ocvoTa-
ong HSPC:DPPG:quercetin 9:1:1 evw kata 303,1
nm oTo AMOCWULAKO evalWpNUA  cVOTAOTG
HSPC:DPPG:quercetin 9:1:2. Evw,Aowmtov, to péye-
006 TwV cwpatidinv auindnke kata 4 @EopEg,To
evalwpnpa 9:1:2 v nuépa TAPACKELTG PAVNKE
va elval oAU mo otabepd amod to 9:1:1 pe to Sel-
KT1 TOAUSLATOPAS Yl To TpwTo va eivat 0,737
evw yla 1o §eUtepo 1000V apopd 6To ALTTOGWL-
ako evalwpnua cvotaong 9:1:1, n tiun 1 touv P.D.I
aTmOSEKVVEL OTL T ELOAYWYT] TNG KEPKETIVNG o€ (oM
poplakn avoroyia pe to AwmiSio DPPG oényel oe
éva MANPpwG aoTaBeg cVOTNUA,OTOU Ol EAKTIKES
Suvvapelg petaly tTwv ocwpatidinwv vTEPTEPOLV
TOWV ATWOTIKOV,00NYWOVTAG TO OE KATAPPELON.
Tédog, To T - Suvaplkd pelwONKe KATA amoOALTY
TLUT Kol 0T U0 EVALWPTUATA [LE TNV EVOWHATW-
pevn otn Ak StmdéotolBdda kepkeTivny o€ OL-
OLOAOYLKA OUWG eTtiTeS Q.

To péyeBog (ueom vépoduvapkt Sidpetpog D,),
o 8eixtng moAvSiaomopdag (PDI) kat to { - Suvaput-
k0 (¢ - potential) Twv AMTOCWUATWY UE EVOWUA-
Twpévn ™ povutivn mapovoialovtatl otov Iliva-
ka 2. Ta Aimoowpata cvotacng HSPC:DPPG (9:1
HoplakoG AGY0G) TOU TAPACKEVAGONKOV NTaV
O0Aa pikpa povoototBadika (SUVs) pe péomn vépo-
Suvapikn Siapetpo 91,8+0,4nm v Muépa g
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Mivakag 1. Ta @UOIKOYT KK XAPAKTIPLOTIKA TMWV ATTOCWULAK®OV CUGTILATOV KEVOV Kot

ME eYyKAwBLopévn KEpKETIVN

EPEYNHTIKH EPTAZIA | RESEARCH ARTICLE

Tvotnpa Dh(nm) SD PDI SD Z-potential SD
HSPC:DPPG 82.3 0.8 0.285 0.018 -34.8 45
(9:1 molar ratio)

HSPC:DPPG:quercetin 253.4 0.9 1.000 0.000 -27.8 39
(9:1:1molar ratio)

HSPC:DPPG:quercetin 385.4 11.2 0.737 0.005 235 8.3
(9:1:2molar ratio)

Mivakag 2. Ta @UOGIKOYT KK XAPAKTIPLETIKA TWV AUTOCWULAK®OV CUGTIHATOV KEVOV KOl LE

eyKAwBLopévn poutivn

Tvotnua Dh(nm) SD PDI SD Z-potential SD
HSPC:DPPG:Rutin 9:1 91.8 0.4 0.305 0.009 418 46
molar ratio

HSPC:DPPG:Rutin 1713 20.1 0.897 0.138 -43.1 38
9:1:1 molar ratio

HSPC:DPPG:Rutin 186.4 327 0.711 0.115 212 49
9:1:2 molar ratio

Mivakag 3. Ta @UOKOYT KA XAPAKTIPLOTIKA TMWV AUTOCWMLAK®OV CUGTIHLATWV KEVOV KoL LE

£YKA®BLOPEVT YEVIOTEIVY

Tvotnua Dh(nm) SD PDI SD Z-potential SD
HSPC:DPPG 82.9 03 0275 0.005 -485 29
(9:1 molar ratio)

HSPC:DPPG:genistein 376.4 326.7 0.903 0.167 -335 10.8
(9:1:1molar ratio)

HSPC:DPPG:genistein 606.2 322.7 1.000 0.000 -14.8 8.2
(9:1:2molar ratio)

TAPAOKEVNG TOVG. O SelKTNG TTOAVSLACTIOPAS, WG
TO UETPO KATAVOUNG TWV HEYEOWV YOpw amd T
péomn vdpoduvapikn SIAUETPO TNV NUEPA TNG TIXL-
paokeung toug Ntav 0,305+0,009 evw to { - Su-
vaplko Ntav - 41,8+4,6 (LoxUPEG NAEKTPOOTATLKES
ATWOELS HETAEY TWV cWHATISIwV). Ta Atmocwpa-
ta oVotaong HSPC:DPPG:Rutin (9:1:1 poplakdg
AdY0G) Tov maApACKELAGTONKAY NTOV PEYAAQ pHO-
vootolBadikd (LUVs) pe péon vépoduvauikn Sia-
petpo 171,3£20,1nm v Nuépa TG TAPACKELTG
ToUG. O SeikTNng TOAVSLACTIOPAS, WG TO METPO KA~
TavVounis Twv pueyebwv yupw amd 11 péomn vdpo-

Suvapikny StapeTpo TNV NUEPA TNG TAPACKEUNG
Toug tav 0,897+0,138 evw to { - Suvapko Ntav
- 43,1+3,8(LoYUPEG NAEKTPOOTATIKEG ATIWOELG |LE-
TV TV cwpatidinv). Emmpocbeta, ta AlToow-
poata cvotaong HSPC:DPPG:Rutin (9:1:2poplakog
A6Y0G) OV TMAPACKEVAGONKAV NTAV PEYAAX {O-
vootolBadika (LUVS) pe péon vépoduvapikn Sia-
petpo 186,4+32,7nm tnv NUEPA NG TAPACKELNG
Tovug. O Selktng TOAVSLAGTIOPES, WG TO HETPO Ka-
Tavoung Twv peyebwv yopw amd tn péon vépo-
Suvaplkn SLAUETPO TNV NUEPA TNG TAPAOKELTG
Tougfjtav 0,711+0,115 evw to { - Suvapiko nTav -
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21,2+4,9 (o acBeveig NAEKTPOOTATIKEG ATIWOELS
petadl Twv cwpatisimv).

To péyeBog (neon vdpoduvapikn Siapetpog Dh),
0 el moAvSiaomopdg (PDI) kat to - Suvapuiko
(Z - potential) TwV ATTIOCWUATWV HE EVOWUATWUE-
V1 TNG YEVIOTEIVNG Ttapovotdlovtat otov IMivaka 3.
TNv NUEPA TTAPACKEUNG TWV ALTTOCWILAKWOV (QOPE-
WV TAPATNPEITAL OTATIOTIKA CNUAVTLKY, auéinom
TOV PEYEDOVG TV CWUATISIWY PE TNV EVOWUATW-
oM NG YEVIOTEIVNG, Kal E8IKOTEPA SITAACLAOUOG
Tov peyéBoug dtav SimAactdletal 1 TOGOHTNTA TOV
@Aapovoeldovs. ‘Ocov a@opd to Seiktn mMoALSLA-
OTIOPAG TWV KEVWOV ATIOCWULAK®V CYXNUATIOUWDV,
elvat oAU kavomomTikdg, Kabwg Telvel oTo Un-
8€v, yeyovds TO oTolo eK@PAlEL TNV OUOLOYEVELX
TOV EVALWPNHATOG. AVTIOETWG, OL TIUEG TWV OUOTY-
HATWV TV ATIOCWULOHK®OV CXTLATIOUWY LE TNV EV-
oWHATWWEVN YeviaTeivn Telvel oto 1, ek@palovtag
£TOL TNV TIANPT] AVOUOLOYEVELX TWV GUOTNUATWY,
TIOV GUVETIAYETUL TNV A0TAOELA TOUG XUyKpivovTag
TLG TLHEG TWV TPLWV CUCTNUATWY, TapaTnpelToL pia
@Bilvovoa mopeia Tov { - SUVAPLKOU KATA TNV EVOW-
patwon moodTNTAg PAABoVoELSoUs, KabBws HeLw-
VETAL, KATA ATTOAUTY TIUTY, TIEPITTOV GTO EVA TETAPTO
ETIELTA ATIO EVOWUATWOT) YEVIOTEIVNG O LOPLAKES
avaAoyieg 1:1 kot 1:2. o avaAvTika, To ¢ - Suvapt-
KO TWV KEVWOV ATTOCWULAKWOV POPEWV HETPATAL OE
T TIOAD (KAVOTIOUTLKT], TTOU SNAMVEL TN HEYLOTT
otaBepOTNTA TOV cuaTHUATOS (> - 30 mV). Me v
EVOWUATWOT YEVIOTEIVNG KATA poplakn avaloyia
1:1, mapatnpeitar pikpn peiwon tov Suvapkov
katd 15 mV katd amoAvtn tiun, 1 omoia Sgv emn-
pealel WSlaitepa TN otabepdNTA TOU GUOTNHHA-
106. Apa, Tae V0 cvotTHuata eival e&icov otabepd.
Q0T1600, HE TNV TTAPACKELT] ALTTOCWULAK®DV POPEWV
UE EVOWUATWHUEVT TN SITAGCLA TIOGOTN T YEVIOTE-
vng, onuewwvetat aflodAoyn pelwon TG amoAVTNG
TLUNG TOL { - SUVaULKOU, KATA TEPITTOV GTO NULOV
™G TING Tov cvoTipatog 1:1. O SimAaclaopog g
OUYKEVTPWONG NG Loo@AaBOVNG 0dnyel Aotmov oe
VTOSIMAAGLAo PO TOU { - SUVAULKOU, TIOU OMHAIVEL
OTL 1 EAATTWON TNG TG TNG TAPAUETPOV Elval
OTOLXELOUETPLKT, KAL CUVETWS OTL 1| oTaBepdTnTA
TOU OUOTHUATOG EMNPEALETAL ONUAVTIKA ATO TN
poplakn avaioyia Tov @appakopopiov. To cvotn-
pa 1:2, kaBotL €£xel MOAY XaunAd, KAT& AmOALTH
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TN, ¢ - Suvapiko, exet odnynOel eEapxng oe katdp-
pevon kal kabBlotatat akatdAAnAo yio xpnon.

4, TupTEPAC AT

Yotepa amo TN Sefaywyrn TV TMEPAUATOV VLA
TNV TAPACKELT TWV ATTOCWUIAKWOY EVALWPTUA-
Twv oVotaons DPPG:HSPC:quercetin kaBwg kot
ylx Tn pETPNOT TWV QUOLKOXNULIK®OV TOUG Xopo-
KTNPLOTIKWOV, EYLVE AVTIANTITO OTL AUTO TIOV TEPLE-
XEL TNV EVOWUATWHUEVT] 0TN AT 1KY StmAooTolB&-
Sa kepkeTivn og SIMAGoLA poplak avaioyia amd
to DPPG (9:1:2),eivat otabepd. Emopévwg, pmopel
va ggaxBel To ovpmépaocua 4TL o AQUTH TV ava-
Aoyla, Ol QMWOTIKEG SUVANELS UTIEPTEPOVV TWV
eAktikwV (Bewpia DLVO) pe amotédeopa a@evog
™mv amo@uyn kabilnong kat a@etépov TV vIAp-
&N opoloyévelag petadl twv cwpatdiwv.t’1® Ta
QATOTEAEGUATA TNG LEAETNG TNG EVOWUATWONG TNG
pPOVTIVNG 0TH ALTIOCWHATH ESELENV TTWG 1 LOPLAKN
avaioyla HSPC:DPPG:Rutin (9:1:2) mpooédwoe
otabepdTnTa 010 cLoTNua (pelwon TNng TAONMS
OUGOWUATWONG TWV CWUATSIWY Kal avinon g
OMOLOYEVELRG TwV HEYEDWV TOUG), o€ avtiBeon
pe v avoroyia (9:1:1). Autd e&nyeltal pe xpn-
on ¢ eméktaons ¢ Bewpiag DLVO (anmwoTtikég
Svvapetg evudatwong oto 9:1:2 kol EAKTIKEG 0TO
9:1:1).192° H mapovoa perétn £56€1&e OTL Pe TNV €V-
OCWUATWON TOV ap@i@llov popiov TG yevioTeivng
ot Ay pepBpavn TwV ATIOCWUATWY HETA-
BaAdovtal tdoo oL LSLOTNTES AUTIG OG0 Kol EKEIVES
TOu @apuakopopiov, odNyOVTAG TA CUOTHHATA
oe katappevon. 'vwpilovtag Tig peTafBorég auTéEg,
elval @avepd OtL amatteital opBoroyikog oxedia-
OMOG TWV CUCTNUATWY EAEYXOUEVNG ATIOSEGUEL-
ong Blodpactikwv @appakopopinv, Ta omoia va
elVUL ATIOTEAEOUATIKA WG POPEIG LETAPOPAS M KAl
O0TOXELONG, VA Slatnpovv Tn BepamevTiky omo-
TEAEOUATIKOTNTA TOVU Qapuakopopiov, va BeAtt-
WVOUV TIG PAPUUKOKIVITIKEG TOU TAPAPETPOUS
KaBwe kat N BlodlabecIUdTNTAE TOV, KAl Vo EAXT-
TWVOLV TNV TOEKOTNTA Tou. KAgivovTtag kat cuvo-
Piovtag 6Aa Ta TapamTavw, @aivetat 6TL Ta ALTo-
OWUATA ATOTEAOVV pid TEXVOAOYLKN TAATPOPpUA
Yt TNV EVOWUATWON @AaBovoeldmv 18avikn yia
TEPALTEPW AVATITUEN HIAG TEXVOAOYLKNG HOPPNG
(kpépag, YéAng, k.¢.). O
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Summary

The purpose of this work is the investigation of
the incorporation of flavonoids (quercetin, ru-
tin and genistein) into liposomes composed of
L-a-phosphatidylcholine, hydrogenated (soy)
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and Dipalmitoylphosphatidylglycerol (9:1
molar ratio) and the comparison of the phys-
icochemical characteristics of empty liposo-
mal vectors with the liposomes incorporating
these bioactive compounds. The incorporation
of the flavonoids was performed at two differ-
ent molar ratios. The physicochemical charac-
teristics and the stability (ageing) studies were
discussed in the basis of DLVO (Derjaguin, Lan-
dau, Verwey and Overbeek) theory. Finally, we
conclude thatliposomes are ideal technological
platforms for further design and development
of technological forms for these flavonoids.
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vkAo@opnoe and Ti§ ekdooelg KaAlimmog (EA-
Avika Akadnuaikd HAgktpovika Zvyypappa-
Ta kat Bonduata, www.kallipos.gr) to niektpo-
VKO ovyypappa ‘Bacikég apxég oxedlaopol Kot
AVATITUENG QapUAK®WY' e ovyypagels Toug Baoi-
Aeo Anuomovio kat Avva Toavtiin-KakouvAiidov.
ISBN: 978-960-603-190-8 ID Eud6&ov: 59303610
To BiBAlo teptdapuavel Tig cVyXpOVES TACELS OTO
OXESLAGUO VEWV QUPUAKEVTIKWOV 0VOLWOV. ZEKIV®D-
VTAG aTmd To MPWTA oTASI oXeSlaAoHoy Yl TNV
AVaKGALYM VEWV EVOOEWV-00NYWOV UE CLYYEVELX
0€ OUYKEKPLUEVO UTIOSOXEN-OTOXO, EMEKTEIVETAL
0To poAo Twv Womtwv ADME (Amoppodpnon, Ka-
Tavour, MetafoAlopds, ATIEKKPLOT) KAl TWV PUOL-
KOXTIULK®V SLOTNTWV £TOL MOTE VA ETLTUYXAVETAL
KATAAANAO @appakokivnTikd Tpo@iA. Avamtio-
ocovtal ot in silico teyvikég otig omoieg PBaoile-
TaL 0 oXeSlaopog pe Baon tn Sour Tov vmodoxéa
(structure-based drug design), pe fdon ta Tpoodé-
pata (ligand-based drug design) kat pe Baon Sopka
Bpavopata (fragment based drug design). EmumAé-
oV, ou{NTEITAL 1] OTPATNYIKY TNG TIOAAATIANG OTO-
XEVOTG KAL AVAQEPOVTAL OL KUPLOTEPOL AVTL-GTOXOL
@apPaKwv. AvaAVovTal ol KUPLOTEPEG OTATLOTIKEG
TEXVIKEG WG epyalieia i TNV €faywyn HOVTEAWV
TOCOTIKWV 0Xé0ewV Soung-8paons kat cu{ntov-
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Ba(rucsg QAPYEC st&aauov
KL XVATITUENC APUAK®DV

BaoiAeiog Anuodmoviog kat Avva ToavtiAn-KakovAibov

VTAL OL PUOLKOXTULKEG KL HOPLAKEG LOLOTNTEG -AL-
TO@AL, NAEKTPOVIAKEG, OTEPLKEG- TTOV ETNPERTOVV
™V TPOGSEST TWV HOPIWV OTA HOUKPOUSPLA KOL TT|
SlamepatdTNTA TWV BLOAOYIK®OV @payu®v. I8iaite-
pn éuaon Sidetal ot Amo@Aia w¢ TPWTAPXLKN
Wwomta ot Spdon Twv @apudkwv I[Mapovold-
JovTal oL TEYVIKEG YLK TOV T(POGSLOPLoNd KAt Tov
UTIOAOYLOHO TOU GUVTEAEGTN HEPLOUOV /KATAVOUT|G.
Ava@épovtal oL ApLoTeG TIHEG ALTTO@IALXG Yo TN St-
amEPATOTNTA BLOAOYIKWOV @PAYU®Y, EVK TOVIIETAL
N apxn g eAdxlotng Atmo@Aiag. Eloayetat n €v-
vola G @apuako-opolotntag (drug-likeness) kot
TAPOVCLAJOVTAL Ol AVTIOTOLYOL HETPIKOL KOVOVES.
Télog avamtiooeTal emiong o pOAOG TNG OTEPOXT-
HElOG, TV XNALKWOV EVOOE®Y KAL TWV TIPOPAPUAE-
Kwv otn BloAoyikn Spdon.

Tuvomtika , To BiBAio mpoomabel va katadeiEel
TNV TTOAVTIAOKOTNTA TNV EPEVVA YLK TNV AVATITUEN
VEWV QAPUAKWY WG TIPoTiovVTwV viiotng TeEXVoAO-
yiag.

To BBAlo amevBUvVETAL GE TPOTTUXLAKOVG KoL
UETATITUXLAKOVG  @OLTNTEG NG PAPUAKEVTIKNG
KOL GUYYEVWOV ETIOTNU®V Kal eival Stabéopo yia
UM EUTOPLKN XPNOT UTO TOUG OPOUG TNG Adelag
Creative Commons oTnv nAektpovikn Stevbuvon
http://hdl.handle.net/11419/5881
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WVTA ME SAPMAKOAOTIKEL [AI0THTEL
TATXIONNE Y TOMPAIEVTIIE AYRATOTHIEE
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Puta pe PapuaKoAOYIKES
I810TNTEG-ZUYXPOVEG
PUTOOEPATTEVTIKEG AUVATOTITEG

Teooepouuatn Xplotiva

Me a/u sitkovoypdpnon kat Evpetipia. Zedideg 702. Xaptddeto.
Zynpa: (25,8x18,3 €k.). ISBN: 978-960-262-096-0.

KUKAocpopsi 0€ TIPWTN €KB0OT TO EMIOTNUOVIKO
épyo «Dutd pe DPappakoAoyéglSiotTteg-Luy-
xpoveg PuToBepaTeEVTIKEG ALVATOTNTES, TNG KaON-
yntplag dappakoroyiag tov IMavemotiuiov ABnvwov
Xptotivag Teooepoppdn, amd tov ekdotikd Oiko Xma-
vog-BifAlogAia.

[IpoxelTal ylao TV TPWTI 6UYXPovN EAANVIKY, ETL-
OTNHOVIKT], (PUPUAKOAOYIX (PUTWV.

To BBAio tpoAoyilel n k. Nikn FovAavdpn, [pdedpog
Tou Movuaceiov TovAavSpr) Puciknig lotopiag. Emiom-
povikol cuvepydTteg Tov TOHOL glvat oL kk. E. AvBotov-
2ov, 1. BoBovu kat K. Zamouvaxng.

To BBAl0 ATIOTEAEL TINYT) EYKPLTWV TIANPOQOPLDV Kol
aVa@EpeETaL:
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o XV ®appoakoroyia 161 kat TALOV QUTWV.

e X11¢ BaveES uToBepamevTKEG SuvatotnTes (Bdoet
TWV OXETIKWV povoypa@lwv amd mv ESCOP) ot Aet-
TOUPYIKEG SLATAPUYES TWV SLXPOPWYV GUOTNUATWY
XwPI§ v UTIEP /UTIOTIUATAL 1) ATIOTEAECUATIKOTI T
NG XP1ioMNG TOVS.

e XV vopoBeoia xprong @UTODEPATEVTIKWY TPOIO-
VTWV

EmimAéov to BiBAio apéxel TOAUTIUES YVWOELS Y

TNV KaBnuePVN XpNoT @UTWV ToU PUOVTAL EAEVOE-

P YUPW MG KOl EEOLKELWVEL TOV AVAYVMDOTI HE TOUG

TPOTIOUG UYLEWVIG XPNIONG KOL TG (PUOLKEG LOLOTNTES

TWV QUTWV TIOV 081YOVV TNV AVAKOV@LOT] KoL 6TV

TPOANYM Sa@opwv TPoBANUATWY VYelag oAAG Kot

EMONUAVEL TNV TOEIKOTNTAE TOLG. [
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Costas Demetzos

Pharmaceutical
Nanotechnology

Fundamentals and Practical Applications

C. Demetzos

his textbook explains the fundamental aspects

of nanotechnology and fills the gap between
bio-inspired nanotechnological systems and
functionality of living organisms, introducing new
insights to their physicochemical, biophysical and
thermodynamic behaviour. Addressed to all those
involved in recent advances in pharmaceutics, this
book is divided in three major parts: Part A refers
to the physicochemical and thermodynamics
aspects of nanosystems, wherein their biophysical
behaviour is correlated with that of the cells of
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Pharmaceutical
Nanotechnology

Fundamentals and Practical Applications

Isted. 2016, XXVIII, 203 p. 44 illus., 17 illus. in color.

living organisms; Part B refers to the application
of nanotechnology in imaging, diagnostics and
therapeutics; Part C is focused on issues regarding
safety and nanotoxicity of nanosystems, and
the regulatory framework that surrounds these.
The text promotes the concept that biophysics,
thermodynamics and nanotechnology are
considered to be emerging tools that, when
approached within regulatory boundaries, provide
new and integrated knowledge for the production
of new medicines. O
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28 AUGUST 28 - 1 SEPTEMBER 2016 BRNO, CZECH REPUBLIC
(CTB 2016 BRNO)

8th Central European Conference "Chemistry towards Biology",
https://sites.google.com/site/ctb2016brno/

28 AUGUST - 1 SEPTEMBER 2016 MANCHESTER, UK
XXIV EFMC International Symposium on Medicinal Chemistry (EFMC-ISMC 2016)

http://www.ldorganisation.com/v2/produits.php?langue=english&cle_menus=1238915829

4-8 SEPTEMBER 2016 VERONA, ITALY

21st European Symposium on Quantitative Structure-Activity Relationship
Where Molecular Simulations Meet Drug Discovery

http://www.euroqsar2016.org

21-23 SEPTEMBER 2016 RIMIN]I, ITALY

SSPA (Summer School on Pharmaceutical Analysis) Advanced Analytical Methodologies
for Biotechnological and Biological Medicinal Products

http://users2.unimi.it/SSPA/

9-12 OCTOBER 2016 VIENNA, AUSTRIA
SPICA 2016
16th International Symposium on Preparative and Industrial Chromatography and Allied Techniques
WWWSPICAZOTGOTY ..ot
20-23 OCTOBER 2016 SPARTA, GREECE

2nd World Congress ‘Genetics, Geriatrics and Neurodegenerative Diseases Research’,

http://www.genedis.eu/
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18 NOVEMBER 2016 BUDAPEST (HUNGARY)
VI Meeting of the Paul Ehrlich Euro-PhD Network

L

http://WWW.PERIHCRIMEACREILEU e
24 - 25 NOEMBPIOY 2016 AOGHNA

Ampepida EAAnviki¢ @appakeutikig Etaupeiog
«H BLBAoypabia ws “moAvdvvapo epyadeio” yla TNy EMLOTIUN»

www.efe.org.gr/

11-12 FEBRUARY 2017
Emtiompovikn Huepida EAAnvikn g ®appakevtikng Etaipeiag

AGHNA

QOFORUM01/

Zappeion Conference and Exhibition Center

1-3 JUNE 2017 THESSALONIKI, GREECE
17th Hellenic Symposium on Medicinal Chemistry (HSMC-17)

B LA
25-28 JUNE 2017 DUBROVNIK, CROATIA

Joint Meeting on Medicinal Chemstry

http://www.jmmc2017.hr/
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