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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

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 

*Author for correspondence: Prof. Athanasios Valavanidis, E-mail: valavanidis@chem.uoa.gr
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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.1 - 5 

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 

to humans.6 - 11 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”.12

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-

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)

The Healthy Eating Pyramid
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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.13 - 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.16,17 

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 

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).18 - 20 

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.21 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.22 - 25 In fact, recent labora-
tory studies have found that vitamin C may interfere 
with the effectiveness of five anti - cancer drugs. 26

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.27 - 30

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 

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.31 - 36

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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casts continued growth with the expectation of sales 
reaching $1.3 trillion by 2018.37 - 39

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.38,39 

The global mineral supplements market is increas-
ing due to a growing geriatric population, increasing 

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 - 2020.40

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-

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
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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).41

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.42,43 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.44.45

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, 

it can be hard to find reliable information about the 
safe use and potential risks of DS.46 - 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.49,50

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.51 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.52 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.53
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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... 54

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.55,56

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 

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.57

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.58 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.59

In the third paper, Lamas and associates60, 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).60

The supporting editorial in the same journal,61 
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.62,63 
Evidence involving tens of thousands of people ran-
domly assigned in many clinical trials shows that β 
- 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.62,64 - 

66 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.67 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”.68 

“… 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.69,70,71 Contrary to the impression that 
the authors (of the paper “enough is enough…”) give 
in their editorial, the US population is inadequate in 

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.72 - 77

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.78 - 80

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.81

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.82

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.83

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 

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.84 Supplementation of 

vitamin B (folate, B6 and B12) 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.85

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.86

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 
D₂ (ergocalciferol), or an active form of vitamin D 
(1α - 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..”.87 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.88

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.89

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.90

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-

diation), is the major natural source in humans.91 
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 D3 (also 
known as cholecalciferol) and vitamin D2 (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.92

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.93 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.94

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.95
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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.96

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

Omega - 3 and omega - 6 fatty acids (ω - 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-

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. 97

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 (ω - 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.98

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 (ω - 3) in maintaining bone health and 
preventing the loss of muscle mass and function as-
sociated with ageing.99 
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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 
(ω - 6 FAs) fatty acid, and total n - 3 (ω - 3) fatty acid, 
contributed for higher bone mineral density and re-
duced risk of fragility fracture.100 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 ω - 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 ω - 3 fatty acids 
derived from fish oils.101

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.102 - 104 

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.105 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.106 

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.107

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.108

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.109

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.110 

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 

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.111

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.112
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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.113 

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. 114

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 

underlying the negative effects of iron reported in 
recent trials.115

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.116 

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.117

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.118

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.119

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 

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.120

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 β - 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 β 
- 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 β - 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 
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to an individual’s background diet, genetics, tumor 
histology, and treatments may yield benefits in sub-
sets of patients.121,122

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.123 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.124

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 

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.125

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. 
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Διατροφικά Συμπληρώματα: 
Ώφέλιμα στην Υγεία  
του Ανθρώπου  
ή Απλώς Εφησυχασμός  
της Σκέψης;  
Κριτική Eπισκόπηση για 
την Διαμάχη Ώφέλειας/
Κινδύνου στα Διατροφικά 
Συμπληρώματα

Αθανάσιος Βαλαβανίδης
Τμήμα Χημείας, Πανεπιστήμιο Αθηνών, 
Πανεπιστημιούπολη Ζωγράφου, 15784 Αθήνα

Περίληψη 
Διατροφικά συμπληρώματα (ΔΣ) είναι βιτα-
μίνες, μεταλλικά ιόντα, πρόσθετες χημικές ου-
σίες, φυτά και βότανα που προστίθενται στα 
τρόφιμα ή καταναλώνονται με διάφορους 
τρόπους για να βελτιώσουν την ανθρώπινη 
υγεία. Επίσης, διατροφικά συμπληρώματα 
χρησιμοποιούνται από άτομα για να δυνα-
μώσουν τον ανθρώπινο οργανισμό τους ή για 
να περάσουν μια δύσκολη περίοδο της ζωής 
τους. Επιστήμονες, ιατρικές υπηρεσίες και 
διατροφολόγοι συμφωνούν ότι ορισμένα δι-
ατροφικά συμπληρώματα κάτω από ορισμέ-
νες συνθήκες είναι ωφέλιμα στην ανθρώπινη 
υγεία, αλλά δεν μπορούν να αντικαταστήσουν 
πλήρη και ισορροπημένη καθημερινή διατρο-
φή με όλα τα απαραίτητα συστατικά. Η πλέον 
έγκυρη υπηρεσία των ΗΠΑ, η Food and Drug 
Administration (FDA) υπογραμμίζει ότι «… σε 
αντίθεση με τα φάρμακα, τα διατροφικά συ-
μπληρώματα δεν μπορούν να πραγματοποι-
ήσουν πρόληψη, να διαγνώσουν, να αναστεί-
λουν ή να θεραπεύσουν ασθένειες. Τα ΔΣ δεν 
επιτρέπεται να προβάλουν ή να διεκδικούν 
ιδιότητες ότι περιορίζουν τον πόνο ή ότι θε-
ραπεύουν καρδιακές ασθένειες, κλπ…». Η πα-

γκόσμια αγορά των διατροφικών συμπληρω-
μάτων είναι τεράστια και υπολογίζεται ότι ξε-
πέρασε τα 90 δισεκατομμύρια δολάρια (US$) 
το 2013. Η χώρα με την μεγαλύτερη αγορά ΔΣ 
είναι οι ΗΠΑ με αγορά άνω των 30 $ δισεκα-
τομμυρίων ετησίως. Για πολλά χρόνια οι για-
τροί, νοσηλευτές, φαρμακοποιοί και διατρο-
φολόγοι γνωρίζουν ότι πολλά από τα ΔΣ που 
κυκλοφορούν στην αγορά ισχυρίζονται για 
υπερβολικές θεραπευτικές ιδιότητες, εσφαλ-
μένες διεργασίες χωρίς ιατρικά πειραματικά 
δεδομένα, ενώ σε πολλές χώρες όπως και στις 
ΗΠΑ εκατοντάδες προϊόντα έχουν αποφύγει 
τον φαρμακευτικό έλεγχο και τους κανονι-
σμούς των υγιεινών προδιαγραφών που εί-
ναι απαραίτητοι στα φάρμακα και τρόφιμα. 
Από το 2007, μερικοί από τους πιο γνωστούς 
επιστήμονες στις ΗΠΑ, οι οποίοι εξειδικεύο-
νται στην διατροφή, μεταβολικές διεργασίες 
στον ανθρώπινο οργανισμό και ιατρική επι-
δημιολογία πραγματοποίησαν εκτεταμένες 
και πολύχρονες έρευνες για πολυβιταμινούχα 
συμπληρώματα, μεταλλικά ιόντα και διάφορα 
ΔΣ που έχουν μεγάλη κυκλοφορία στην αγο-
ρά. Τα αποτελέσματα των ερευνών αυτών δεί-
χνουν, κατά πλειοψηφία, ότι τα ΔΣ δεν έχουν 
ωφέλιμες δράσεις ή θεραπευτικές ιδιότητες 
αλλά και σε ορισμένες περιπτώσεις αρνητικές 
επιπτώσεις στην υγεία των καταναλωτών. Οι 
Τυχαιοποιημένες Ελεγχόμενες Δοκιμές (ΤΕΔ) 
(Randomized Control Trials, RCTs) είναι εξει-
δικευμένες έρευνες στις οποίες συμμετέχουν 
η ομάδα placebo (εικονικό φάρμακο) και η 
ομάδα ελέγχου και γίνεται τυχαιοποιημένη 
έρευνα για συγκριτικά θετικές ή αρνητικές 
επιπτώσεις μετά από ορισμένο χρονικό δι-
άστημα με διατροφή ενισχυμένη με ΔΣ. Την 
τελευταία δεκαετία έχουν διεξαχθεί πολλές 
επιδημιολογικές και ΤΕΔ έρευνες και τα απο-
τελέσματα έχουν παρουσιασθεί στην επιστη-
μονική βιβλιογραφία σε γνωστά έγκυρα ια-
τρικά περιοδικά. Τα αποτελέσματα ήταν στην 
πλειοψηφία τους αρνητικά. Το 2013 παρουσι-
άσθηκαν τα οριστικά συμπεράσματα πολλών 
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ΤΕΔ σε 3 επισκοπήσεις και ένα άρθρο κριτι-
κή των συμπερασμάτων στο έγκυρο ιατρικό 
περιοδικό Annals of Internal Medicine με τον 
τίτλο «..μέχρις εδώ..σταματήστε να ξοδεύετε 
τα χρήματά σας σε βιταμίνες και άλλα διατρο-
φικά συμπληρώματα…». Τα άρθρα αυτά είχαν 
σοβαρή επίδραση στον ιατρικό κόσμο πολ-
λών ανεπτυγμένων χωρών και πολυάριθμες 
νεότερες έρευνες επιβεβαίωσαν τα προηγού-
μενα αποτελέσματα ή περιορισμένη ωφέλιμη 
δράση για την υγεία . Η επισκόπηση αυτή πε-
ριλαμβάνει σημαντικά στοιχεία για την αγορά 
των διατροφικών συμπληρωμάτων, στατι-
στικά δεδομένα και γενικές ιατρικές έρευνες. 
Επίσης, η επισκόπηση περιλαμβάνει μεγάλο 
αριθμό επιλεγμένων επιστημονικών μελετών 
από έγκυρα ιατρικά περιοδικά για επιδημιο-
λογικές και ΤΕΔ έρευνες , από διάφορες χώρες 

για μεγάλη ποικιλία ΔΣ με αρνητικά και θετι-
κά αποτελέσματα καθώς και κριτική παρου-
σίαση των αποτελεσμάτων. Καλύπτει μεγά-
λο αριθμό των πλέον γνωστών και εμπορικά 
επιτυχημένων διατροφικών συμπληρωμάτων 
που χρησιμοποιούνται από ηλικιωμένους, 
αθλητές, έγκυες γυναίκες και νέα άτομα. 

ΛΕΞΕΙΣ - ΚΛΕΙΔΙΑ: Διατροφικά 
Συμπληρώματα, Ισορροπημένη Διατροφή, 
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Ελεγχόμενες Δοκιμές, Ωφέλεια στην 
Υγεία, Διεθνής Αγορά Διατροφικών 
Συμπληρωμάτων
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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) techniques1. 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 heated2. 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.

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 
Tc99m and In111. 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 elsewhere3-5..

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 Tc99m 
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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 

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 possibility6.

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 

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 nanoparticles 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

nanoparticle for drug delivery include a normal group of ~6 animals, a group with the 

treatment of a standard drug, a group with treatment of the 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 imaging 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 improving 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 translation of laboratory results. To this direction low cost scintigraphic imaging 

systems provide an attractive possibility [6].

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 nanoparticles 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.
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cells and on the other hand the increased tempera-
ture can initiate and potentially control the release7. 
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 41oC, which is close to the 
43oC 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 

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.

As it is seen, during the last session the measured temperature reaches 41oC, which is 

close to the 43oC 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 

provide 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 input parameters, the calculation of the induced magnetic 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 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 

provide evidence of successful hyperthermia or drug release.

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.
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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, O2 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 domain8. 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 

animal imaging systems9. 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 0o or 90o, 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 

Figure 3: Simulation of the coil of a hyperthermia system and calculation of the corresponding magnetic field inside
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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 CsI:Na crystal with di-
mensions 1.0x1.0x5.0mm3 and a Na22 source10.

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 
3x3x5mm3 GAGG:Ce scintillator and a Na22 source.

The evaluation of the SiPM arrays in SPECT mode 
shows that crystals of CsI: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 1x1mm2 CsI: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-

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.nanother.eu, 
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 ultrasounds11, gold nanoparticles and 
X-ray imaging or radiotherapy12, quantum dots and 
optical imaging13, magnetic nanoparticles and Mag-
netic Resonance Imaging14, as well as the emerging 
fields of photoacoustic imaging15 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 

Figure 4. Alternative concepts of combining the hypertermic 
device and the proposed imaging modules
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maximize the scientific outcomes and the impact of 
nanomedicine in both diagnosis and therapy.
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image of the 6x6 GAGG:Ce scintillator array and a horizontal profile of the central scintillator elements 

produced under 511keV excitation (right).

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 hyperthermia system, as in the geometry suggested in Figure 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 require funding in terms of a larger project.

5. Discussion and conclusions

The abovementioned original results demonstrate only some of the biomedical engineering 

challenges in the emerging field of nanoparticle based drug delivery. The focus of this short 
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approach has been used by the authors in a number of recent EU and national funded 
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Περίληψη 
Η μεταφορά φαρμάκων με νανοσωματίδια θεω-
ρείται ως μία νέα και πολλά υποσχόμενη τεχνο-
λογία για την αποτελεσματική θεραπεία διαφό-
ρων παθήσεων, συμπεριλαμβανόμενου (αλλά 

όχι μόνο) του καρκίνου. Παρότι η σύνθεση των 
νανοσωματιδίων προϋποθέτει κυρίως ειδίκευ-
ση στη χημεία, τόσο η αξιολόγησή τους, όσο και 
η πλήρης αξιοποίησή τους παρέχουν ένα πεδίο 
διεπιστημονικής έρευνας, όπου είναι απαραί-
τητες οι γνώσεις στους τομείς της ιατρικής, 
βιολογίας, φυσικής και μηχανικής. Τα νανο-
σωματίδια μπορούν να χρησιμοποιηθούν για 
απεικόνιση, όπου και απαιτείται τεχνογνωσία 
αναφορικά με την οργανολογία και τα πλεονε-
κτήματα διαφορετικών απεικονιστικών τεχνι-
κών. Επίσης μπορούν να χρησιμοποιηθούν στη 
μαγνητικά επαγόμενη υπερθερμία, όπου απαι-
τείται βελτιστοποίηση του διαθέσιμου σήμερα 
εξοπλισμού και ακριβής, μη επεμβατική μέτρη-
ση της θερμοκρασίας. Ανάλογα με τις ιδιαίτε-
ρες ιδιότητές τους, υπάρχουν διαφορετικοί 
τρόποι, ώστε να βελτιστοποιηθεί η στόχευση, 
να μελετηθεί η επίτευξη επαρκούς συγκέντρω-
σής στο όργανο στόχο, να ενεργοποιηθούν 
εξωτερικά, να ελεγχθεί και να παρακολουθηθεί 
η φαρμακευτική αποδέσμευση, καθώς και το 
θεραπευτικό αποτέλεσμα. Σε όλες αυτές τις δι-
αδικασίες, ο ρόλος της βιοϊατρικής τεχνολογίας 
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είναι σημαντικός, δεδομένου ότι η αξιοποίηση 
των φυσικών ιδιοτήτων απαιτεί τη βελτιστο-
ποίηση εργαλείων και οργάνων, τα οποία δεν 
είχαν αρχικά σχεδιαστεί για εφαρμογή στη να-
νοϊατρική. Αυτή η νέα προοπτική δεν έχει γίνει 
ακόμα κατανοητή ή/και δεν έχει εκτιμηθεί από 
τους μηχανικούς βιοϊατρικής, κυρίως λόγω 
της περιορισμένης τους αλληλεπίδρασης με το 
χώρο της νανοϊατρικής. Είναι προφανές ότι η 
νανοϊατρική μπορεί να ωφεληθεί σημαντικά 
από τέτοιες βελτιώσεις, οι οποίες θα αναδεί-
ξουν περισσότερο τις εκλυστικές και σε κά-
ποιες περιπτώσεις εντυπωσιακές εφαρμογές 
των νανοσωματιδίων. Αντίστροφα, έχει ήδη 

γίνει ξεκάθαρο πως ο χώρος της νανοϊατρικής 
έχει ανανεώσει πολλούς κλάδους της βιοϊατρι-
κής τεχνολογίας και έχει αποτελέσει κινητήρια 
δύναμη για την προσέλκυση χρηματοδότησης, 
δίνοντας ώθηση σε πεδία τα οποία ήταν κορε-
σμένα από άποψη καινοτομίας.

ΛΕΞΕΙΣ - ΚΛΕΙΔΙΑ:  Βιοϊατρική τεχνολογία, 
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1. Εισαγωγή
1.1. Κερκετίνη

Η κερκετίνη (Σχήμα 1) ανήκει στην κατηγορία 
των φλαβονοειδών, δηλαδή στις πολυφαινολι-
κές ενώσεις χαμηλού μοριακού βάρους που απο-
τελούνται από το σκελετό του φλαβανίου (φαι-
νυλο - 2 - χρωμάνιο). Συγκεκριμένα, η κερκετίνη 
ανήκει στις φλαβονόλες. Στο Σχήμα 1 παρουσιά-

ζεται η χημική δομή της κερκετίνης. Η κερκετίνη 
[(3,3’,4’,5,7πενταϋδροξυφλαβόνη)] είναι ένα από 
τα φλαβονοειδή που απαντάται σε φρούτα και 
λαχανικά. Στα φυτά είναι παρούσα κυρίως στα 
φύλλα και σε άλλα μέρη του φυτού είτε ως άγλυ-
κο είτε με τη μορφή γλυκοσιδών στους οποίους 
ένα ή και περισσότερα σάκχαρα είναι συνδεδε-
μένα στις υδροξυλομάδες του σκελετού της μέσω 
σχηματισμού γλυκοζιτικού δεσμού. Συγκεκριμέ-

Παρασκευή και Φυσικοχημικός 
Χαρακτηρισμός Λιποσωμάτων  

με Ενσωματωμένα τα Φλαβονοειδή: 
Κερκετίνη, Ρουτίνη και Γενιστεΐνη

Ευανθία - Γεωργία Αγγελοπούλου**, Νικολέττα Γιαταγάνα**,  
Στέλλα Ξηρουδάκη**, Νατάσσα Πίππα, Κώστας Δεμέτζος*

Τομέας Φαρμακευτικής Τεχνολογίας, Τμήμα Φαρμακευτικής, Εθνικό και Καποδιστριακό 
Πανεπιστήμιο Αθηνών, Πανεπιστημιουπολη Ζωγράφου, Αθήνα, Ελλάδα

Σκοπός της παρούσας εργασίας αποτελεί  η 
ενσωμάτωση των φλαβονοειδών κερκετίνη, 
ρουτίνη και γενιστεΐνη σε λιποσώματα φω-
σφολιπιδικής σύστασης υδρογονομένης φωσφα-
τιδυλοχολίνης σόγιας και φωσφατιδυλογλυκε-
ρόλης (9:1 μοριακός λόγος) (HSPC/DPPG 9:1) 
και  η σύγκριση των φυσικοχημικών χαρακτη-
ριστικών των κενών λιποσωμιακών φορέων με 
λιποσωμιακούς φορείς στους οποίους έχουν εν-
σωματωθεί τα φλαβονοειδή. Η ενσωμάτωση των 

φλαβονοειδών πραγματοποιήθηκε σε δύο μορια-
κές αναλογίες, φλαβονοειδούς πρός φωσφολιπί-
δια. Τα φυσικοχημικά χαρακτηριστικά και η στα-
θερότητα των λιποσωμάτων μελετήθηκαν με 
βάση τη DLVO (Derjaguin, Landau, Verwey and 
Overbeek) θεωρία. Από τα αποτελέσματα συμπε-
ραίνουμε πως τα λιποσώματα αποτελούν ιδανι-
κή τεχνολογική πλατφόρμα για μορφοποίηση 
και περαιτέρω ανάπτυξη καινοτόμων φαρμα-
κοτεχνολογικών προϊόντων.

ΛΕΞΕΙΣ - ΚΛΕΙΔΙΑ: Λιποσώματα, κερκετίνη, ρουτίνη, γενιστεΐνη
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να, στους γλυκοσίδες της κερκετίνης,το σάκχαρο 
είναι συνδεδεμένο στο 3 - OH του δακτυλίου του 
χρωμανίου. Μία σημαντική ποσότητα της ισοκερ-
κετίνης (3β - Ο - γλυκοσίδης της κερκετίνης) έχει 
ανιχνευθεί στα μήλα και τη φλούδα των αχλαδιών 
καθώς και στα φύλλα και τα άνθη του φυτού 
Hypericum perforatum (βάλσαμο ή σπαθόχορτο). 
Περισσότεροι από 180 διαφορετικοί γλυκοσίδες 
έχουν βρεθεί στη φύση με το σάκχαρο ρουτινόση 
(6 - O - α - L - rhamnosyl - D - glucose), ενώ ο γλυ-
κοσίδης της κερκετίνης δηλ. ο 3 - Ο - ρουτινοσίδης 
της κερκετίνης είναι ο πιο κοινός.1

Παρόλο που η κερκετίνη είναι το φλαβονοειδές 
που έχει μελετηθεί ευρύτατα καθώς είναι το πιο 
άφθονο στην ανθρώπινη διατροφή, οι γνώσεις 
μας σχετικά με τη βιοδιαθεσιμότητά της - δεδο-
μένου μάλιστα ότι μεταβολίζεται ταχέως - και τα 
πιθανά όργανα - στόχους είναι περιορισμένες. Οι 
γλυκοσίδες των φλαβονοειδών έχουν μικρή βιο-
διαθεσιμότητα καθώς η παρουσία του σακχάρου 
αυξάνει την υδροφιλία των μορίων. Από την άλλη 
πλευρά, τα άγλυκα τμήματα των φλαβονοειδών 
μπορούν και περνούν αποτελεσματικά το εντε-
ρικό τοίχωμα. Ώστόσο, τα φλαβονοειδή βρίσκο-
νται πολύ σπάνια υπό τη μορφή του άγλυκου στα 
φυτά. Επομένως, έχει διατυπωθεί η άποψη ότι το 
κόλον διαθέτει μικροοργανισμούς που έχουν την 
ικανότητα να υδρολύουν το γλυκοζιτικό δεσμό 
απελευθερώνοντας το βιολογικώς ενεργό άγλυ-
κο μόριο. Στη συνέχεια, το άγλυκο απορροφάται 

από το παχύ έντερο με ευκολία χάρη στη λιποφι-
λία του και στη συνέχεια μεταβολίζεται στο ήπαρ 
μέσω Ο - μεθυλίωσης, γλυκουρονίωσης ή/και 
σουλφονυλίωσης.2

Η κερκετίνη αποτελεί έναν ισχυρό αντιοξειδω-
τικό παράγοντα καθώς θεωρείται εκκαθαριστής 
ελευθέρων ριζών αλλά και λόγω της ικανότητάς 
της να δεσμεύει ιόντα μετάλλων μετάπτωσης.
Αυτές οι ιδιότητες που διαθέτει αυτό το φλαβο-
νοειδές έχουν ως αποτέλεσμα την αναστολή της 
λιπιδικής υπεροξείδωσης - διαδικασία κατά την 
οποία ακόρεστα λιπαρά οξέα μετατρέπονται σε 
ελεύθερες ρίζες. Συνεπώς, η κερκετίνη αντιδρώ-
ντας με τις ελεύθερες ρίζες που σχηματίζονται 
και δεσμεύοντας τα ιόντα μετάλλων μετάπτωσης 
μπορεί να δράσει προστατευτικά σε ποικίλες νό-
σους.3 - 5

1.2. Ρουτίνη

Η ρουτίνη (Σχήμα 2) απομονώθηκε για πρώτη 
φορά το 1930 από τα πορτοκάλια. Εκείνη την επο-
χή θεωρήθηκε πως ήταν μέλος μια νέας τάξης βι-
ταμινών και χαρακτηρίστηκε ως Βιταμίνη Ρ λόγω 
της συνεισφοράς της στη βελτίωση της διαπερα-
τότητας των αγγείων (Permeability). Αργότερα, 
έγινε σαφές πως η ουσία αυτή ανήκε στην κατη-
γορία των φλαβονοειδών.6 

Η ρουτίνη είναι ένα πολυφαινολικό βιοφλα-
βονοειδές (φλαβονόλη) και έχει να επιδείξει ένα 

Σχήμα 1. Η χημική δομή της κερκετίνης Σχήμα 2. Η χημική δομή της ρουτίνης
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ευρύ φάσμα φαρμακολογικών εφαρμογών λόγω 
των σημαντικών αντιοξειδωτικών ιδιοτήτων της. 
Συνήθως χρησιμοποιείται ως αντιμικροβιακός, 
αντιμυκητιασικός και αντιαλλεργικός παράγο-
ντας. Ώστόσο, νεότερες έρευνες έχουν αναδείξει 
τα φαρμακολογικά οφέλη στη θεραπεία ποικίλων 
χρόνιων ασθενειών όπως ο καρκίνος, ο διαβήτης, 
η υπέρταση και η υπερχοληστερολαιμία. Ακόμα, 
μελέτες που εμφανίζονται πολύ συχνά τα τελευ-
ταία χρόνια στη δημοσιότητα, αναδεικνύουν το 
αυξανόμενο ενδιαφέρον των επιστημόνων για 
την εφαρμογή της ρουτίνης στο θεραπευτικό σχή-
μα ασθενειών όπως η πορφυρική δερματοπάθεια, 
το άσθμα και η ελκώδης κολίτιδα καθώς και για 
τη συμβολή της στον περιορισμό των ανεπιθύμη-
των ενεργειών φαρμάκων με τα οποία μπορεί να 
συγχορηγηθεί (πχ. παιδιατρικά αναισθητικά, οξα-
λιπλατίνη) ή στην αύξηση της βιοδιαθεσιμότητάς 
τους (πχ. ραδιενεργό ιώδιο, πακλιταξέλη). Η χρή-
ση της έχει πολλά πλεονεκτήματα έναντι άλλων 
φλαβονοειδών καθώς είναι μη τοξική ένωση.7 Βρί-
σκεται ευρέως στο φαγόπυρο, το μαύρο τσάι, και 
τα εσπεριδοειδή. Το όνομά της προέρχεται από το 
φυτό Ruta graveolens L. (απήγανος), στο οποίο 
επίσης βρίσκεται σε υψηλές συγκεντρώσεις.8 Η 
ρουτίνη, ως γλυκοσίδης είναι διαλυτή σε μεθανό-
λη. 

Κατά την λήψη per os η απορόφηση της θα γίνει 
μετά την υδρόλυση της στο παχύ έντερο απο τους 
μικροοργανισμούς της εντερικής χλωρίδας. Ταυ-
τόχρονα ωστόσο, τα βακτήρια του παχέος εντέ-
ρου αποικοδομούν τα απελευθερωμένα άγλυκα 
και αυτό έχει ως αποτέλεσμα τη φτωχή βιοδιαθε-
σιμότητά τους. 

Συνεπώς η ανάπτυξη ημισυνθετικών υδατοδι-
αλυτών παραγώγων της ρουτίνης πχ. υδροξυαι-
θυλορουτοσίδες, έχει οδηγήσει στην επιτυχημένη 
χρήση των παραγώγων της ρουτίνης για τη θερα-
πεία μικροαιμορραγιών.

Η ρουτίνη κυκλοφορεί στην Ελλάδα ως φάρμα-
κο μόνο υπό μορφή οξερουτινών και συγκεκριμέ-
να τροξερουτίνης, ενός συνθετικού υδροξυαιθυλο 
παραγώγου της ρουτίνης με την εμπορική ονομα-
σία Venoruton® με κύρια ένδειξη την ανακούφιση 
από οίδημα και σχετιζόμενα συμπτώματα χρόνιας 
φλεβικής ανεπάρκειας.

1.3. Γενιστεΐνη

Η γενιστεΐνη (Σχήμα 3) είναι το πλέον ευρέως 
διαδεδομένο φυτοοιστρογόνο, γνωστό κατά κύ-
ριο λόγο για τις αντικαρκινικές του ιδιότητες, 
που απομονώθηκε για πρώτη φορά το 1899, 
μετά από ξήρανση των κλαδιών, από το ομώνυ-
μο φυτό Genista tinctoria (στα Λατινικά η σκού-
πα) της οικογένειας Leguminosae, ενώ η χημική 
του σύνθεση έγινε για πρώτη φορά το 1928.9 Το 
φλαβονοειδές αυτό βρίσκεται σε αφθονία στη 
σόγια (Glycine max L. Merill, Fabaceae), σε μεγά-
λες συγκεντρώσεις της τάξεως του 1,5 mg/g σε 
ξηρά δρόγη, ενώ εντοπίζεται και σε άλλα είδη φυ-
τού της οικογένειας Fabaceae, όπως είναι η φάβα 
(Vicia faba), το kudzu (Pueraria lobata), η αγριά-
δα (lupine, Lupinus spp.) και η ψωραλέα (Psoralea 
cordifolia).10 Είναι πολυφαινολική, μη στεροει-
δούς δομής, χημική ένωση, με σκελετό χρωμόνης, 
με ανάλογη βιολογική δράση (αγωνιστική ή αντα-
γωνιστική) με αυτή των φυσικών οιστρογόνων, 
καθώς η δομή της προσομοιάζει σε αυτήν της 17β 
- οιστραδιόλης, και της επιτρέπει να συμπλέκεται 
με τους οιστρογονικούς υποδοχείς. Είναι διαλυτή 
σε χλωροφόρμιο:μεθανόλη 1:1, με χρώμα υποκί-
τρινο/υπόλευκο, σε DMSO, σε ακετόνη εν θερμώ, 
πυριδίνη, ενώ είναι ελάχιστα διαλυτή σε καυτό 
νερό, και αδιάλυτη σε κρύο νερό. Ανήκει στην 
κατηγορία των ισοφλαβονών, τα οποία παρουσι-
άζουν πολλά πλεονεκτήματα λόγω της βιοδιαθε-
σιμότητας, της βιοσυμβατότητας, της βιοαποικο-
δομησιμότητας, της βρωσιμότητάς τους, αλλά και 
της χαμηλής τοξικότητας τους.

Σχήμα 3. Η χημική δομή της γενιστεΐνης
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Οι επιστήμονες έχουν δείξει μεγάλο ενδιαφέ-
ρον και ζήλο όσον αφορά την ευεργετική δράση 
της γενιστεΐνης, καθώς η τελευταία αποτελεί και-
νοτομία στην εξέλιξη διαφόρων θεραπειών, με 
προτεραιότητα τη θεραπεία κατά του καρκίνου, 
την καρδιοπροστατευτική δράση, τη μείωση της 
οστικής απώλειας (με αναστολή της οστεοκλα-
στογένεσης), και την εναλλακτική ορμονολογική 
θεραπεία κατά την εμμηνόπαυση. Υποστηρίζεται 
ότι είναι αποτελεσματικό φάρμακο έναντι του 
καρκίνου του μαστού, των ωοθηκών και του προ-
στάτη, του παχέος εντέρου, του πνεύμονα, του 
παγκρέατος και των αδενοκαρκινωμάτων και 
λεμφωμάτων. Εκτός από την οιστρογονο - μιμη-
τική δράση, η γενιστεΐνη εμφανίζει ανασταλτική 
δράση για τις κινάσες της τυροσίνης, αντιοξειδω-
τικές, αντιφλεγμονώδεις ιδιότητες, ινσουλινο - μι-
μητική δράση, ενώ ταυτόχρονα διαμορφώνει πολ-
λά σηματοδοτικά μονοπάτια που συμμετέχουν σε 
κυτταρικές λειτουργίες, οι οποίες σχετίζονται με 
αποπτωτικούς μηχανισμούς, πολλαπλασιασμό 
ή διαφοροποίησή τους.11 Επιπλέον, η γενιστεΐνη 
εμπλέκεται στη διαφοροποίηση του γενετικού 
υλικού, είτε με μεθυλίωση του DNA, είτε με ακε-
τυλίωση των ιστονών, άμεσα, ή έμμεσα, μέσω 
ενεργειών επί των οιστρογονικών υποδοχέων.10 
Μπορεί ακόμη να υπάρξει σημαντική αλληλεπί-
δραση με το tRNA και με τα microRNAs (miRNAs), 
τα οποία αποτελούν μη κωδικοποιημένες μορφές 
του RNA, ενώ η στόχευση τους αποτελεί μια νέα 
θεραπευτική προσέγγιση σύμφωνα με την κινεζι-
κή ιατρική, ειδικά όταν γίνεται με συνδυασμό με 
συμβατικά θεραπευτικά σχήματα.12 Σε αυτές τις 
ενέργειες βασίζονται όλοι οι μηχανισμοί φαρμα-
κολογικής δράσης της γενιστεΐνης. Αξίζει να ανα-
φερθεί ότι η αντιοξειδωτική της ικανότητα, σε 
συνδυασμό με την εμπλοκή της σε διαφορά βιοχη-
μικά μονοπάτια, οδηγούν σε ραδιοπροστατευτική 
δράση με χορήγηση του φλαβονοειδούς. Λόγω 
αυτής της ικανότητας, δημιουργήθηκαν καινοτό-
μα επιδερμικά νανοσκευάσματα, με την επωνυμία 
Gen - Tocomin®, τα οποία είναι πλούσια σε βιτα-
μίνη Ε και ενσωματωμένη γενιστεΐνη. Διαθέτουν 
στοχευμένη, στο επιθηλιακό στρώμα του δέρμα-
τος, χημειοπροστατευτική δράση, με τροποποίη-
ση των φυσικοχημικών ιδιοτήτων της κυτταρι-

κής μεμβράνης των επιδερμικών κυττάρων, ενώ 
η γενιστεΐνη δρα ως αναστολέας της κινάσης της 
τυροσίνης. Έχουν πραγματοποιηθεί κλινικές με-
λέτες για τη δραστικότητα, την ασφάλεια και την 
αποτελεσματικότητα αυτού του σκευάσματος, 
ωστόσο δεν διατίθενται ακόμη στο εμπόριο.13 

Οι ευεργετικές επιδράσεις της γενιστεΐνης κα-
λύπτουν ένα ευρύ θεραπευτικό πεδίο, ωστόσο 
χρειάζεται μεγάλη προσοχή στη δοσολογία των 
χορηγούμενων ορμονών, δηλαδή της γενιστεΐνης, 
ή και των φυσικών οιστρογόνων, διότι οι ορμονο-
λογικές μεταβολές μπορεί να μην είναι ομοιόμορ-
φες και να υπάρξουν αρνητικές επιπτώσεις με τη 
χορήγησή τους.14

Σκοπός της παρούσας εργασίας αποτελεί η εν-
σωμάτωση των φλαβονοειδών κερκετίνη, ρουτίνη 
και γενιστεΐνη σε λιποσώματα φωσφολιπιδικής 
σύστασης υδρογονομένης φωσφατιδυλοχολίνης 
σόγιας και φωσφατιδυλογλυκερόλης (9:1 μορια-
κός λόγος) (HSPC/DPPG 9:1) και η σύγκριση των 
φυσικοχημικών χαρακτηριστικών των κενών λι-
ποσωμιακών φορέων με λιποσωμιακούς φορείς 
στους οποίους έχουν ενσωματωθεί τα φλαβονο-
ειδή.

2. Υλικά και Μέθοδοι
2.1. Υλικά

Τα λιπίδια που χρησιμοποιήθηκαν ήταν η υδρογο-
νομένη φωσφατιδυλοχολίνη σόγιας (HSPC) και η 
φωσφατιδυλογλυκερόλη (DPPC) (Avanti Lipids). 
Όλοι οι διαλύτες που χρησιμποιήθηκαν ήταν HPLC 
καθαρότητας. 

2.2. Παρασκευή Λιποσωμάτων

Η παρασκευή των λιποσωμάτων με ενσωματωμένα 
τα φλαβονοειδή πραγματοποιήθηκε σύμφωνα με τη 
μέθοδο του λεπτού λιπιδικού υμενίου, όπως αναφέ-
ρεται στις προηγούμενες δημοσιεύσεις μας.15,16

2.3. Δυναμική και Ηλεκτροφορετική Σκέδαση 
Φωτός

Σωματίδια μεγέθους από 1 - 5000nm μπορούν 
να μετρηθούν με τη μέθοδο φασματοσκοπί-
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ας συσχετισμού φωτονίων (photon correlation 
spectroscopy – PCS). Ένα από τα χαρακτηριστικά 
των σωματιδίων είναι ότι βρίσκονται σε συνεχή 
τυχαία θερμική κίνηση (κίνηση Brown). Αυτή η κί-
νηση έχει ως αποτέλεσμα η ένταση του σκεδαζό-
μενου από τα σωματίδια φωτός να σχηματίζει ένα 
μοντέλο κινούμενου στίγματος. Αυτή η κινητικό-
τητα ανιχνεύεται ως αλλαγή της έντασης σε σχέση 
με το χρόνο, από έναν ανιχνευτή και έναν φωτο-
πολλαπλασιαστή. Τα μεγάλα σωματίδια κινούνται 
πιο αργά από τα μικρά και συνεπώς ο ρυθμός της 
διακύμανσης του σκεδαζόμενου φωτός είναι πιο 
βραδύς. Η φασματοσκοπία συσχετισμού φωτο-
νίων χρησιμοποιεί το ρυθμό μεταβολής των δια-
κυμάνσεων του φωτός για να προσδιορίσει την 
κατανομή μεγέθους των σωματιδίων που προκα-
λούν το σκεδασμό του φωτός.

Στο όργανο αυτό η παραγωγή της δέσμης του 
εκπεμπόμενου φωτός γίνεται από λυχνία He - Ne 
και το μήκος κύματος του φωτός είναι 633nm. 
Η ακτινοβολία προσπίπτει στα σωματίδια (π.χ. 
λιποσώματα), σκεδάζεται και στη συνέχεια, τα 
σκεδαζόμενα φωτόνια ανιχνεύονται από έναν 
φωτοπολλαπλασιαστή. Στο λογισμικό του οργά-
νου υπάρχει πρόγραμμα αλγορίθμων που επεξερ-
γάζεται τις μεταβολές της έντασης του σκεδαζό-
μενου φωτός και καταλήγει στην κατανομή του 
μεγέθους των σωματιδίων που περιέχονται στο 
δείγμα. Επιπλέον, χρησιμοποιώντας συγκεκριμέ-
νη μαθηματική ανάλυση, η οποία συνίσταται από 
την ISO 13321 διεθνή μέθοδο, προκύπτει και ο μέ-
σος όρος των μεγεθών. Κατά τις μετρήσεις αυτές 
το μέγεθος ορίζεται η υδροδυναμική διάμετρος 
των σωματιδίων – λιποσωμάτων, ενώ ως δείκτης 
διασποράς το εύρος κατανομής. Το ζ - δυναμικό 
των σωματιδίων που μετρά το όργανο είναι το ζ 
- δυναμικό της επιφάνειας κάλυψης του σωματι-
δίου που δημιουργείται μεταξύ του φορτίου του 
σωματιδίου και του μέσου, και όχι το φορτίο επι-
φανείας του σωματιδίου.

Εφαρμογή του δείγματος
Το δείγμα αραιώνεται με H2O HPLC καθαρότητας 
διηθημένο (από φίλτρο Millipore με διάμετρο πό-
ρων 200nm) και 

a) μεταφέρεται σε κυψελίδα μιας χρήσης από 

πολυστυρένιο. Αυτή τοποθετείται σε ειδική υπο-
δοχή του οργάνου, η οποία κλείνει με καπάκι ώστε 
να μην διαχέεται το σκεδαζόμενο φως και μετρά-
ται το μέγεθος

b) ενίεται με σταθερό ρυθμό στην ειδική υποδο-
χή του οργάνου, προς αποφυγή δημιουργίας φυ-
σαλίδων που θα εμπόδιζαν τη σωστή μέτρηση του 
ζ - δυναμικού, που οδηγεί το λιποσωμιακό εναιώ-
ρημα στην εσωτερική κυψελίδα του οργάνου και 
μετράται τα ζ - δυναμικό 

3. Αποτελέσματα και συζήτηση

Το μέγεθος (μέση υδροδυναμική διάμετρος Dh), 
ο δείκτης πολυδιασποράς (PDI) και το ζ - δυνα-
μικό (Z - potential) των λιποσωμάτων με ενσω-
ματωμένη την κερκετίνη παρουσιάζονται στον 
Πίνακα 1. Με την προσθήκη της κερκετίνης,το 
μέγεθος των σωματιδίων αυξήθηκε κατά 171 
νανόμετρα στο λιποσωμιακό εναιώρημα σύστα-
σης HSPC:DPPG:quercetin 9:1:1 ενώ κατά 303,1 
nm στο λιποσωμιακό εναιώρημα σύστασης 
HSPC:DPPG:quercetin 9:1:2. Ενώ,λοιπόν, το μέγε-
θος των σωματιδίων αυξήθηκε κατά 4 φορές,το 
εναιώρημα 9:1:2 την ημέρα παρασκευής φάνηκε 
να είναι πολύ πιο σταθερό από το 9:1:1 με το δεί-
κτη πολυδιαποράς για το πρώτο να είναι 0,737 
ενώ για το δεύτερο 1.Όσον αφορά στο λιποσωμι-
ακό εναιώρημα σύστασης 9:1:1, η τιμή 1 του P.D.I 
αποδεικνύει ότι η εισαγωγή της κερκετίνης σε ίση 
μοριακή αναλογία με το λιπίδιο DPPG οδηγεί σε 
ένα πλήρως ασταθές σύστημα,όπου οι ελκτικές 
δυνάμεις μεταξύ των σωματιδίων υπερτερούν 
των απωστικών,οδηγώντας το σε κατάρρευση. 
Τέλος, το ζ - δυναμικό μειώθηκε κατά απόλυτη 
τιμή και στα δύο εναιωρήματα με την ενσωματω-
μένη στη λιπιδική διπόστοιβάδα κερκετίνη σε φυ-
σιολογικά όμως επίπεδα.

Το μέγεθος (μέση υδροδυναμική διάμετρος Dh), 
ο δείκτης πολυδιασποράς (PDI) και το ζ - δυναμι-
κό (ζ - potential) των λιποσωμάτων με ενσωμα-
τωμένη τη ρουτίνη παρουσιάζονται στον Πίνα-
κα 2. Τα λιποσώματα σύστασης HSPC:DPPG (9:1 
μοριακός λόγος) που παρασκευάσθηκαν ήταν 
όλα μικρά μονοστοιβαδικά (SUVs) με μέση υδρο-
δυναμική διάμετρο 91,8±0,4nm την ημέρα της 
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παρασκευής τους. Ο δείκτης πολυδιασποράς, ως 
το μέτρο κατανομής των μεγεθών γύρω από τη 
μέση υδροδυναμική διάμετρο την ημέρα της πα-
ρασκευής τους ήταν 0,305±0,009 ενώ το ζ - δυ-
ναμικό ήταν - 41,8±4,6 (ισχυρές ηλεκτροστατικές 
απώσεις μεταξύ των σωματιδίων). Τα λιποσώμα-
τα σύστασης HSPC:DPPG:Rutin (9:1:1 μοριακός 
λόγος) που παρασκευάσθηκαν ήταν μεγάλα μο-
νοστοιβαδικά (LUVs) με μέση υδροδυναμική διά-
μετρο 171,3±20,1nm την ημέρα της παρασκευής 
τους. Ο δείκτης πολυδιασποράς, ως το μέτρο κα-
τανομής των μεγεθών γύρω από τη μέση υδρο-

δυναμική διάμετρο την ημέρα της παρασκευής 
τους ήταν 0,897±0,138 ενώ το ζ - δυναμικό ήταν 
- 43,1±3,8(ισχυρές ηλεκτροστατικές απώσεις με-
ταξύ των σωματιδίων). Επιπρόσθετα, τα λιποσώ-
ματα σύστασης HSPC:DPPG:Rutin (9:1:2μοριακός 
λόγος) που παρασκευάσθηκαν ήταν μεγάλα μο-
νοστοιβαδικά (LUVs) με μέση υδροδυναμική διά-
μετρο 186,4±32,7nm την ημέρα της παρασκευής 
τους. Ο δείκτης πολυδιασποράς, ως το μέτρο κα-
τανομής των μεγεθών γύρω από τη μέση υδρο-
δυναμική διάμετρο την ημέρα της παρασκευής 
τους ήταν 0,711±0,115 ενώ το ζ - δυναμικό ήταν - 

Πίνακας 1. Τα φυσικοχημικά χαρακτηριστικά των λιποσωμιακών συστημάτων κενών και   
με εγκλωβισμένη κερκετίνη
Σύστημα Dh(nm) SD PDI SD Z-potential SD

HSPC:DPPG
(9:1 molar ratio) 82.3 0.8 0.285 0.018 -34.8 4.5

HSPC:DPPG:quercetin
(9:1:1molar ratio) 253.4 0.9 1.000 0.000 -27.8 3.9

HSPC:DPPG:quercetin
(9:1:2molar ratio) 385.4 11.2 0.737 0.005 -23.5 8.3

Πίνακας 2. Τα φυσικοχημικά χαρακτηριστικά των λιποσωμιακών συστημάτων κενών και  με 
εγκλωβισμένη ρουτίνη
Σύστημα Dh(nm) SD PDI SD Z-potential SD

HSPC:DPPG:Rutin 9:1 
molar ratio 91.8 0.4 0.305 0.009 -41.8 4.6

HSPC:DPPG:Rutin 
9:1:1 molar ratio 171.3 20.1 0.897 0.138 -43.1 3.8

HSPC:DPPG:Rutin 
9:1:2 molar ratio 186.4 32.7 0.711 0.115 -21.2 4.9

Πίνακας 3. Τα φυσικοχημικά χαρακτηριστικά των λιποσωμιακών συστημάτων κενών και με 
εγκλωβισμένη γενιστεΐνη
Σύστημα Dh(nm) SD PDI SD Z-potential SD

HSPC:DPPG
(9:1 molar ratio) 82.9 0.3 0.275 0.005 -48.5 2.9

HSPC:DPPG:genistein
(9:1:1molar ratio) 376.4 326.7 0.903 0.167 -33.5 10.8

HSPC:DPPG:genistein
(9:1:2molar ratio) 606.2 322.7 1.000 0.000 -14.8 8.2
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21,2±4,9 (πιο ασθενείς ηλεκτροστατικές απώσεις 
μεταξύ των σωματιδίων). 

Το μέγεθος (μέση υδροδυναμική διάμετρος Dh), 
ο δείκτης πολυδιασποράς (PDI) και το ζ - δυναμικό 
(Z - potential) των λιποσωμάτων με ενσωματωμέ-
νη της γενιστεΐνης παρουσιάζονται στον Πίνακα 3. 
Την ημέρα παρασκευής των λιποσωμιακών φορέ-
ων παρατηρείται στατιστικά σημαντική, αύξηση 
του μεγέθους των σωματιδίων με την ενσωμάτω-
ση της γενιστεΐνης, και ειδικότερα διπλασιασμός 
του μεγέθους όταν διπλασιάζεται η ποσότητα του 
φλαβονοειδούς. Όσον αφορά το δείκτη πολυδια-
σποράς των κενών λιποσωμιακών σχηματισμών, 
είναι πολύ ικανοποιητικός, καθώς τείνει στο μη-
δέν, γεγονός το οποίο εκφράζει την ομοιογένεια 
του εναιωρήματος. Αντιθέτως, οι τιμές των συστη-
μάτων των λιποσωμιακών σχηματισμών με την εν-
σωματωμένη γενιστεΐνη τείνει στο 1, εκφράζοντας 
έτσι την πλήρη ανομοιογένεια των συστημάτων, 
που συνεπάγεται την αστάθειά τους Συγκρίνοντας 
τις τιμές των τριών συστημάτων, παρατηρείται μια 
φθίνουσα πορεία του ζ - δυναμικού κατά την ενσω-
μάτωση ποσότητας φλαβονοειδούς, καθώς μειώ-
νεται, κατά απόλυτη τιμή, περίπου στο ενα τέταρτο 
έπειτα από ενσωμάτωση γενιστεΐνης σε μοριακές 
αναλογίες 1:1 και 1:2. Πιο αναλυτικά, το ζ - δυναμι-
κό των κενών λιποσωμιακών φορέων μετράται σε 
τιμή πολύ ικανοποιητική, που δηλώνει τη μέγιστη 
σταθερότητα του συστήματος (> - 30 mV). Με την 
ενσωμάτωση γενιστεΐνης κατά μοριακή αναλογία 
1:1, παρατηρείται μικρή μείωση του δυναμικού 
κατά 15 mV κατά απόλυτη τιμή, η οποία δεν επη-
ρεάζει ιδιαίτερα τη σταθερότητα του συστήμα-
τος. Άρα, τα δύο συστήματα είναι εξίσου σταθερά. 
Ώστόσο, με την παρασκευή λιποσωμιακών φορέων 
με ενσωματωμένη τη διπλάσια ποσότητα γενιστε-
ΐνης, σημειώνεται αξιόλογη μείωση της απόλυτης 
τιμής του ζ - δυναμικού, κατά περίπου στο ήμισυ 
της τιμής του συστήματος 1:1. Ο διπλασιασμός της 
συγκέντρωσης της ισοφλαβόνης οδηγεί λοιπόν σε 
υποδιπλασιασμό του ζ - δυναμικού, που σημαίνει 
ότι η ελάττωση της τιμής της παραμέτρου είναι 
στοιχειομετρική, και συνεπώς ότι η σταθερότητα 
του συστήματος επηρεάζεται σημαντικά από τη 
μοριακή αναλογία του φαρμακομορίου. Το σύστη-
μα 1:2, καθότι έχει πολύ χαμηλό, κατά απόλυτη 

τιμή, ζ - δυναμικό, έχει οδηγηθεί εξαρχής σε κατάρ-
ρευση και καθίσταται ακατάλληλο για χρήση.

4. Συμπεράσματα
Ύστερα από τη διεξαγωγή των πειραμάτων για 
την παρασκευή των λιποσωμιακών εναιωρημά-
των σύστασης DPPG:HSPC:quercetin καθώς και 
για τη μέτρηση των φυσικοχημικών τους χαρα-
κτηριστικών, έγινε αντιληπτό ότι αυτό που περιέ-
χει την ενσωματωμένη στη λιπιδική διπλοστοιβά-
δα κερκετίνη σε διπλάσια μοριακή αναλογία από 
το DPPG (9:1:2),είναι σταθερό. Επομένως, μπορεί 
να εξαχθεί το συμπέρασμα ότι σε αυτή την ανα-
λογία, οι απωστικές δυνάμεις υπερτερούν των 
ελκτικών (θεωρία DLVO) με αποτέλεσμα αφενός 
την αποφυγή καθίζησης και αφετέρου την ύπαρ-
ξη ομοιογένειας μεταξύ των σωματιδίων.17,18 Τα 
αποτελέσματα της μελέτης της ενσωμάτωσης της 
ρουτίνης στα λιποσώματα έδειξαν πως η μοριακή 
αναλογία HSPC:DPPG:Rutin (9:1:2) προσέδωσε 
σταθερότητα στο σύστημα (μείωση της τάσης 
συσσωμάτωσης των σωματιδίων και αύξηση της 
ομοιογένειας των μεγεθών τους), σε αντίθεση 
με την αναλογία (9:1:1). Αυτό εξηγείται με χρή-
ση της επέκτασης της θεωρίας DLVO (απωστικές 
δυνάμεις ενυδάτωσης στο 9:1:2 και ελκτικές στο 
9:1:1).19,20 Η παρούσα μελέτη έδειξε ότι με την εν-
σωμάτωση του αμφίφιλου μορίου της γενιστεΐνης 
στη λιπιδική μεμβράνη των λιποσωμάτων μετα-
βάλλονται τόσο οι ιδιότητες αυτής όσο και εκείνες 
του φαρμακομορίου, οδηγώντας τα συστήματα 
σε κατάρρευση. Γνωρίζοντας τις μεταβολές αυτές, 
είναι φανερό ότι απαιτείται ορθολογικός σχεδια-
σμός των συστημάτων ελεγχόμενης αποδέσμευ-
σης βιοδραστικών φαρμακομορίων, τα οποία να 
είναι αποτελεσματικά ως φορείς μεταφοράς ή και 
στόχευσης, να διατηρούν τη θεραπευτική απο-
τελεσματικότητα του φαρμακομορίου, να βελτι-
ώνουν τις φαρμακοκινητικές του παραμέτρους 
καθώς και τη βιοδιαθεσιμότητά του, και να ελατ-
τώνουν την τοξικότητά του. Κλείνοντας και συνο-
ψίζοντας όλα τα παραπάνω, φαίνεται ότι τα λιπο-
σώματα αποτελούν μία τεχνολογική πλατφόρμα 
για την ενσωμάτωση φλαβονοειδών ιδανική για 
περαιτέρω ανάπτυξη μίας τεχνολογικής μορφής 
(κρέμας, γέλης, κ.ά.). 
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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-α-phosphatidylcholine, hydrogenated (soy) 

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 that liposomes are ideal technological 
platforms for further design and development 
of technological forms for these flavonoids.

KEY WORDS: Liposomes; quercetin; rutin; 
genistein
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Κυκλοφόρησε από τις εκδόσεις Κάλλιππος (Ελ-
ληνικά Ακαδημαϊκά Ηλεκτρονικά Συγγράμμα-

τα και βοηθήματα, www.kallipos.gr) το ηλεκτρο-
νικό σύγγραμμα ‘Βασικές αρχές σχεδιασμού και 
ανάπτυξης φαρμάκων’ με συγγραφείς τους Βασί-
λειο Δημόπουλο και Άννα Τσαντίλη-Κακουλίδου. 
ISBN: 978-960-603-190-8 ID Ευδόξου: 59303610

Το βιβλίο περιλαμβάνει τις σύγχρονες τάσεις στο 
σχεδιασμό νέων φαρμακευτικών ουσιών. Ξεκινώ-
ντας από τα πρώτα στάδια σχεδιασμού για την 
ανακάλυψη νέων ενώσεων-οδηγών με συγγένεια 
σε συγκεκριμένο υποδοχέα-στόχο, επεκτείνεται 
στο ρόλο των ιδιοτήτων ADME (Απορρόφηση, Κα-
τανομή, Μεταβολισμός, Απέκκριση) και των φυσι-
κοχημικών ιδιοτήτων έτσι ώστε να επιτυγχάνεται 
κατάλληλο φαρμακοκινητικό προφίλ. Αναπτύσ-
σονται οι in silico τεχνικές στις οποίες βασίζε-
ται ο σχεδιασμός με βάση τη δομή του υποδοχέα 
(structure-based drug design), με βάση τα προσδέ-
ματα (ligand-based drug design) και με βάση δομικά 
θραύσματα (fragment based drug design). Επιπλέ-
ον, συζητείται η στρατηγική της πολλαπλής στό-
χευσης και αναφέρονται οι κυριότεροι αντι-στόχοι 
φαρμάκων. Αναλύονται οι κυριότερες στατιστικές 
τεχνικές ως εργαλεία για την εξαγωγή μοντέλων 
ποσοτικών σχέσεων δομής-δράσης και συζητού-

νται οι φυσικοχημικές και μοριακές ιδιότητες -λι-
ποφιλία, ηλεκτρονιακές, στερικές- που επηρεάζουν 
την πρόσδεση των μορίων στα μακρομόρια και τη 
διαπερατότητα των βιολογικών φραγμών. Ιδιαίτε-
ρη έμφαση δίδεται στη λιποφιλία ως πρωταρχική 
ιδιότητα στη δράση των φαρμάκων Παρουσιά-
ζονται οι τεχνικές για τον προσδιορισμό και τον 
υπολογισμό του συντελεστή μερισμού/κατανομής. 
Αναφέρονται οι άριστες τιμές λιποφιλίας για τη δι-
απερατότητα βιολογικών φραγμών, ενώ τονίζεται 
η αρχή της ελάχιστης λιποφιλίας. Εισάγεται η έν-
νοια της φαρμακο-ομοιότητας (drug-likeness) και 
παρουσιάζονται οι αντίστοιχοι μετρικοί κανόνες. 
Τέλος αναπτύσσεται επίσης ο ρόλος της στεροχη-
μείας, των χηλικών ενώσεων και των προφαρμά-
κων στη βιολογική δράση. 

Συνοπτικά , το βιβλίο προσπαθεί να καταδείξει 
την πολυπλοκότητα στην έρευνα για την ανάπτυξη 
νέων φαρμάκων ως προϊόντων υψίστης τεχνολο-
γίας.

Το βιβλίο απευθύνεται σε προπτυχιακούς και 
μεταπτυχιακούς φοιτητές της Φαρμακευτικής 
και συγγενών επιστημών και είναι διαθέσιμο για 
μη εμπορική χρήση υπό τους όρους της άδειας 
Creative Commons στην ηλεκτρονική διεύθυνση 
http://hdl.handle.net/11419/5881 

Βασικές αρχές σχεδιασμού 
και ανάπτυξης φαρμάκων 
Βασίλειος Δημόπουλος και Άννα Τσαντίλη-Κακουλίδου
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Φυτά με Φαρμακολογικές 
Ιδιότητες-Σύγχρονες 
Φυτοθεραπευτικές Δυνατότητες
Τεσσερομμάτη Χριστίνα

Με α/μ εικονογράφηση και Ευρετήρια. Σελίδες 702. Χαρτόδετο.  
Σχήμα: (25,8x18,3 εκ.). ISBN: 978-960-262-096-0.

Κυκλοφορεί σε πρώτη έκδοση το επιστημονικό 
έργο «Φυτά με ΦαρμακολογικέςΙδιότητες-Σύγ-

χρονες Φυτοθεραπευτικές  Δυνατότητες», της καθη-
γήτριας Φαρμακολογίας του Πανεπιστήμιου Αθηνών 
Χριστίνας Τεσσερομμάτη, από τον εκδοτικό Οίκο Σπα-
νός-Βιβλιοφιλία.

Πρόκειται για την πρώτη σύγχρονη ελληνική, επι-
στημονική, φαρμακολογία φυτών.

Το βιβλίο προλογίζει η κ. Νίκη Γουλανδρή, Πρόεδρος 
του Μουσείου Γουλανδρή Φυσικής Ιστορίας. Επιστη-
μονικοί συνεργάτες του τόμου είναι οι κκ. Ε. Ανθοπού-
λου, Ι. Βώβου και Κ. Σαπουνάκης.

Το βιβλίο αποτελεί πηγή έγκριτων πληροφοριών και 
αναφέρεται:

•  Στην Φαρμακολογία 161 και πλέον φυτών.
•  Στις πιθανές φυτοθεραπευτικές δυνατότητες (βάσει 

των σχετικών μονογραφιών από την ESCOP) σε λει-
τουργικές διαταραχές των διαφόρων συστημάτων 
χωρίς να υπερ/υποτιμάται η αποτελεσματικότητα 
της χρήσης τους.

•  Στην νομοθεσία χρήσης φυτοθεραπευτικών προϊό-
ντων
Επι πλέον το βιβλίο παρέχει πολύτιμες  γνώσεις  για 

την καθημερινή χρήση φυτών  που φύονται ελεύθε-
ρα γύρω μας και  εξοικειώνει  τον αναγνώστη με τους 
τρόπους υγιεινής χρήσης και τις φυσικές ιδιότητες 
των φυτών που οδηγούν στην ανακούφιση και στην 
πρόληψη διαφόρων προβλημάτων υγείας  αλλά και 
επισημαίνει την τοξικότητά τους. 
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This 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 

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. 

Pharmaceutical 
Nanotechnology 
Fundamentals and Practical Applications

C. Demetzos

1st ed. 2016, XXVIII, 203 p. 44 illus., 17 illus. in color.
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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 RIMINI, 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

www.spica2016.org

20 - 23 OCTOBER 2016 SPARTA, GREECE
2nd World Congress ‘Genetics, Geriatrics and Neurodegenerative Diseases Research’,

http://www.genedis.eu/
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ΕΚΔΗΛΩΣΕΙΣ | MEETINGS

18 NOVEMBER 2016 BUDAPEST (HUNGARY)
VI Meeting of the Paul Ehrlich Euro-PhD Network

http://phdcongress.com
http://www.pehrlichmedchem.eu

24 - 25 ΝΟΕΜΒΡΙΟΥ 2016 ΑΘΗΝΑ
Διημερίδα Ελληνικής Φαρμακευτικής Εταιρείας 
«Η βιβλιογραθία ως “πολυδύναμο εργαλείο” για την επιστήμη»

www.efe.org.gr/

11 - 12 FEBRUARY  2017 ΑΘΗΝΑ
Επιστημονική Ημερίδα Ελληνικής Φαρμακευτικής Εταιρείας

Zappeion Conference and Exhibition Center 

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

www.hsmc.gr

25-28 JUNE 2017 DUBROVNIK, CROATIA
Joint Meeting on Medicinal Chemstry 

http://www.jmmc2017.hr/
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