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Toxicological Problems and Risk Assessment to Humans

Thomais Vlachogiannil, Stamatios Perdicaris?, Athanasios Valavanidis!
!Department of Chemistry, University of Athens, University Campus Zografou, 15784, Athens,Greece
2Faculty of Pharmacy, University of Athens, University Campus Zografou, 15784, Athens, Greece

Summary

Nanotechnology and applications in consumer
and advanced technological products emerged
as one of the central new technologies in the 21%
century. Thousand of scientists and technologists
are employed in this area and a great number of
technological advanced nanoproducts have flooded
the market of the developed world. Future prospects
in different fields of nano-applications seem
unlimited and its high potential will affect our daily
life, our health and the environment in the years to
come. Engineered NanoMaterials (ENMs) found
applications in the fields of consumer products, such
as cosmetics, textiles, diagnostic materials, personal
care products , paints, food, energy, medicines,
computers, portable telephones etc. After years of
intensive amount of research ENMs advanced into
various applications because of their unique optical,
electronic, magnetic, mechanical and chemical
properties. These advantageous properties can be
attributed to their special minute size, shape and
special chemical characteristics. In this review we
focused in the most important fields for ENMs
applications in biomedicine, pharmaceuticals,
personal care products, skin protection and diagnostic
medical materials. In addition, in this review we
examine at length the most important toxicological
and safety aspects of ENMs during the manufacturing
processes and for the consumers. The review deals
with the whole spectrum of human health and safety
problems from the extensive use of ENMs and their
potential for cytotoxicity and biological damage.

1. Introduction: The technological
revolution of nanotechnology.

Nanotechnology is the technological revolution of
the last decades that deals with the manipulation of
matter on an atomic and molecular scale. Scientists
and engineers had precisely manipulate chemical
atoms and molecules for fabrication of macroscale
products with a wide range of applications. These are
called engineered nanomaterials (ENMs).1?

Nanotechnology includes fields of science
as diverse as surface science, organic chemistry,
molecular  biology,  semiconductor  physics,
microfabrication, etc. Applications of ENMs
are equally diverse, ranging from extensions of
conventional device physics to completely new
approaches based upon molecular self-assembly,
from developing new materials at nanoscale
range. Biomedical imaging, drug delivery, bio-
molecular sensing, tissue engineering, data storage,
photocatalytic pigments, food packaging, cosmetics,
textiles, etc, are some of the major fields with
“revolutionary” nanotechnological applications.**

Nanotechnology became very soon an important
industrial sector in industrialized countries. The
industrial sector in the USA and the government
established the National Nanotechnology Initiative
(NNI, 2000) to serve as the central point of
communication, cooperation, and collaboration for
all Federal agencies engaged in nanotechnology
research, bringing together the expertise needed
to advance this broad and complex field. The NNI
defined nanotechnology as the manipulation of
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matter with at least one dimension sized from 1 to
100 nanometers (nm), reflecting the fact that quantum
mechanical effects are important at this quantum-
realm scale. °

Because of the variety of potential industrial and
military applications, governments in developed
countries have invested billions (dollars or euros) in
nanotechnology research. The USA through NNI has
invested 3.7 $ billion, the European Union countries
1.2 $ billion and Japan 750 $ million (in the period
2004-2005). In 2009, President Dmitry Medvedev
announced that Russia will channel 318 billion rubles
($10.6 billion) into development of nanotechnology
by 2015. ¢

The Organization Cientifica Ltd (July 2011)
estimated in its Annual Global Nanotechnology
Research Funding report, that the world’s governments
currently spend $10 billion per year, with that figure
set to grow by 20% over the next three years. In 2011
it is estimated that China will spend US$2.25 billion
in nanotechnology research. Worldwide statistics
showed that the total government funding for
nanotechnology research will be $65 billion, rising to
$100 billion by 2014. 7

According to a recent conference report, in the
period 2009-2010 the corporations and institutional
investors for nanotechnology R & D reached 9,2 and
9,7 $ billions respectively, and governments spent
8,4 and 8,2 $ billions. The sectors that are leading
the nanotechnology R&D are transportation and
aerospace, nanomedicine, electronics, energy, food
and food packaging. ®

In the last decade, nanotechnology applications
and ENMs continue to evolve rapidly and the overall
market for new nanoproducts is growing, along with
the degree to which they are permeating our everyday
lives. The Woodrow Wilson International Center
for Scholars (WWICS) in the USA established a
Project on Emerging Nanotechnologies (April 2005)
as a partnership between the WWICS and the Pew
Charitable Trusts. The Project was dedicated to helping
ensure that as nanotechnologies advance, possible
risks are minimized, public and consumer engagement
remains strong, and the potential benefits of these new
technologies are realized. The Project identified a list
of more than 1,600 nano-enabled products currently on
the market, reflecting a 50% increase, since this list was
first compiled in 2006. The list contains information on
products from over 20 countries. > '°

Nanomaterials can take a variety of forms, but for
simplicity can generally be organized into four types:

a) Carbon-based materials. Composed mostly
of carbon (spherical, elliptical, or tubular in shape).

Spherical and elliptical carbon shapes are referred to
as fullerenes, while tubular ones are called nanotubes.,

b) Metal-based materials: include nanoscale gold
(Au), nanoscale silver (Ag), and metal oxides, such as
titanium dioxide (TiO,). They also include quantum
dots, which are closely packed semiconductor crystals
comprised of hundreds or thousands of atoms, on the
scale of a few nanometers

c¢) Dendrimers: nanoscale polymers built from
branched units. The surface of a dendrimer has
numerous branch ends, tailored to perform specific
chemical functions with interior cavities into which
other molecules can be placed, such as for drug
delivery.

d) Composites: Combine nanoparticles with
other nanoparticles or with larger, conventional-scale
materials (e.g. nanoscale clay can be combined with
other materials to form a composite material).

Carbon nanotube structures.

Figure 1. Shapes, structures and types of nanomaterials



Cosmetics, textiles, food contact materials,
biosensors, drug delivery, UV blockers in sunscreen
crémes, fuel additives, medical imaging techniques,
photovoltaics are technological fields where ENMs
found applications. Application of nanotechnology
in medical and pharmaceutical fields is fuelling hopes
to significantly improve diagnosis and drug treatment
of all kinds of diseases. In addition, nanomaterials are
expected to be instrumental in waste remediation and
in the production of efficient energy storage devices
and thus may help to overcome world’s energy
problems. Finally, novel nanotechnologies and
technological advances, after many years of research
efforts are leading the revolution of computer,
portable telephones and data storage technologies. In
the near future it is hoped that ENMs will apply to a
great variety of domestic consumer products ' 12

2. Nanomaterials: Types, examples,
properties and uses

The great variety of types of Engineered
NanoMaterials (ENMs) are presented in a
comprehensive form in Table 1.

Engineered NanoMaterials (ENMs), are designed
with very specific properties through certain chemical
and physical processes, such as self-assembly (from
atoms and molecules) or milling (from their macro-scale
counterparts), and may be released into the environment
primarily through industrial and environmental
applications or improper handling. Due to their novel
nanoscale size, ENMs may possess unique chemical,
biological, and physical properties as compared to larger
particles of the same material. The unique properties of
ENMs allow them to be used for various applications.
In 2011 there were more than 1,000 consumer products
that contain ENMs on the market. *

Nanotechnology has revolutionized many areas
of modern life, yet the public has little understanding
of the technology or its ethical implications. Indeed,
the ethical, social, and political dimensions of
nanotechnology are only beginning to receive the
attention they require. Surveillance devices may
become so small that they are practically invisible
to the naked eye, raising concerns about privacy.
Nanomedicine may lead to the development of new
diagnostic and therapeutic devices, yet anxieties have
been raised about the impact of “nanobots” circulating
in our bodies. Military applications, or misuses, of
nanotechnology raise other concerns. There are already
books that explore in an accessible and informative
way how nanotechnology is likely to impact the lives
of ordinary people in the coming years and why ethical
reflection on nanotechnology is needed.
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3. Nanomaterials for biology, medicine
and pharmaceutical applications

Nanomaterials have advantageous properties
which can be attributed solely to their special size
and shape. Furthermore, most ENMs can be very
easily functionalized on the surface with synthetic
ligands to effect significant change in their properties.
In this respect ENMs are proved to be very versatile
and can be transformed into various applications. A
significant range of applications of ENMs are for
biology, medicine and pharmaceuticals.

Biomedical and other Applications involving
ENMs include:
3.1. Bio-molecular Sensing (nanoscaled

electrochemical detection, functional nanomaterial-
amplified optical assays, colorimetry, fluorescence
and electrochemiluminescence, as well as biomedical
diagnosis applications, (e.g. for cancer and bone
disease). 1

The oscillation of electrons on the surface of
metallic nanomaterials can amplify the absorption
and scattering of light, a phenomenon known as
surface plasmon resonance (SPR). Absorbed light
can be emitted as fluorescence (light of a different
wavelength). Applications such as sensors and
solar cells can take advantage of this property of
silver nanomaterials with application in biomedical
imaging. Surface plasmon resonance is one of the
most commonly exploited label free optical bio-
sensing techniques in use today.'®!”

3.2. Biological Imaging (optoelectronic properties
of metal nanoparticles). Magnetic nanoparticles (iron
oxide) can be used in Magnetic Resonance Imaging
(MRI) because can be easily guided through the
human body with the help of external magnetic
filed. Different polymers/molecules can be used
for nanoparticle coating to stabilize the suspensions
of magnetic nanoparticles under in vitro and in
vivo situations. Some selected proteins/targeting
ligands that could be used for derivatizing magnetic
nanoparticles have found applications. Various
biomedical applications have already use magnetic
nanoparticles for early detection of cancer, diabetes
and atherosclerosis.*®

3.3. Drug Delivery Vehicles (as micelles and
vesicles), Carbon nanotubes are organic and therefore
compatible with living organism tissues and can be
used in a variety of applications as carriers of drugs in
appropriate position inside the human body.

Many different types of drug delivery systems
are currently available. Carbon nanotubes (CNT)
have emerged as a new alternative and efficient
tool for transporting and translocating therapeutic



Table 1. Types, Examples, Physical and Chemical properties and Uses of ENMs. [Environ.Prot. Agency.
EmergingContaminants--NanoMaterials.Fact Sheet., May2012 http://www.epa.gov/fedfac/pdf/emerging

contaminants_nanomaterials.pdf |

cerium oxide (CeQ,).

applied on skin
High reactivity; photolytic properties.

Type of ENMs Examples Physical & Chemical Properties Uses in various fields
Carbon-based Fullerenes/Buckyballs | Hollow spheres (buckyballs), ellipsoids, Biomedical applications,
(Natural or (Carbon 60, Carbon tubes (nanotubes); 1nm wires (nanowires) or | supercapacitors,
Engineered) 20, Carbon 70); hexagonal structures (nanodiamonds). sensors, &

carbon nanotubes; Excellent thermal and electrical photovoltaics.

nanodiamonds; conductivity.

nanowires. Carbon-based ENMs are stable, have limited

reactivity, strong antioxidants.

Metal Oxides Titanium dioxide Photocatalytic properties, & ultraviolet Photocatalysts,
(Natural or (TiO,); (UV) blocking ability Used in sunscreen, | pigments, drug release,
Engineered) zinc oxide (ZnO); nano-TiO, and nanoZnO transparent when | Medical diagnostics, UV

blockers in sunscreen,
diesel fuel additive, and
remediation.

Zero-Valent Metals

Nanoscale zero-valent
iron (nZVI), emulsified
zero-valent nanoscale
iron, & bimetallic
nanoscale particles
(BNPs). BNPs include
elemental iron and a
metal catalyst (such as
gold, nickel, palladium,
or platinum)

Between 1 to 100 nm depending on the
ENM-type containing the zerovalent

metal. Properties controlled by varying the
reductant type & reduction

conditions. High surface reactivity. Popular
starting materials used in production
include: ferric (Fe [II1]) or ferrous (Fe [II])
salts with sodium borohydride.

Remediation of waters,
sediments, &soils to
reduce contaminants
such as nitrates,
trichloroethene, and
tetrachloroethene.

Quantum Dots

Quantum dots made

Reactive core controls the material’s optical

Medical imaging,

nanosilver powder, and
polymeric silver.

(Ag). High surface reactivity; strong
antimicrobial properties.

(Engineered) from cadmium selenide | properties. The larger the dot, the redder photovoltaics,
(CdSe), cadmium (lower energy) its fluorescence spectrum. Applications in
telluride (CdTe), and | Closely packed semiconductor whose Telecommuni-catiqn,
zinc selenide (ZnSe). | excitons. Possible metal structures include: & as optoelectronic
Size: 10 to 50 nm. CdSe, CdTe, CdSeTe, ZnSe, InAs, or PbSe, | S€mS0rs:
for the core; CdS or ZnS for the shell.
Dendrimers Dendrimers Highly branched polymers. Common Drug delivery, chemical
(Engineered) Hyperbranched shapes include cones, spheres, and disc-like | sensors, modified
polymers, dendrigraft | structures. Highly branched; multifunctional | electrodes, & DNA
polymers, and polymers. transferring agents.
dendrons.
Size: 2 to 20 nm.
Composite ENMs Made with two different | Composite NMs have novel electrical, Potential applications
(Engineered] ENMs or ENMs magnetic, mechanical, thermal, or imaging | in drug delivery &
combined with larger, | features. Multifunctional components; cancer detection. Auto
bulk-type materials. catalytic features parts fmd packaging
They can also be made materla!s to enhance
with ENMs combined :ne:;?g:;cta;ﬁpf:si?:s
with synthetic polymers
O resins
Nanosilver Forms include colloidal | Size: 10 to 200 nm. Made up of many Medicinal applications,
(Engineered) silver, spun silver, atoms of silver in the form of silver ions Water purification &

antimicrobial uses. Used
for a wide variety of
commercial products
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molecules. CNT can be functionalised with bioactive
peptides, proteins, nucleic acids and drugs, and used
to deliver their cargos to cells and organs. Because
functionalised CNT display low toxicity and are not
immunogenic, such systems hold great potential in
the field of nano-biotechnology and nanomedicine.'

Drug delivery with carbon nanotubes for treatment
of cancer has been advanced by many research
groups. An example, chemically functionalized
single-walled carbon nanotubes (SWNT) have shown
promise in tumour-targeted accumulation in mice
and exhibit biocompatibility, excretion, and little
toxicity. Conjugate paclitaxel, a widely used cancer
chemotherapy drug, to branched polyethylene glycol
chains on SWNTs via a cleavable ester bond to obtain
a water-soluble SWNT-PTX conjugate. SWNT-PTX
affords higher efficacy in suppressing tumor growth
than clinical Taxol in a murine 4T1 breast cancer model,
owing to prolonged blood circulation and 10-fold
higher tumour paclitaxel uptake by SWNT delivery
likely through enhanced permeability and retention.
Thus, nanotube drug delivery has been a promising for
high treatment efficacy and minimum side effects for
future cancer therapy with low drug doses.?

Scientists focused on new nano-scale drug
carriers (using dendrimers) that offer the possibility
of increasing the therapeutic index of drug molecules
by increasing their effectiveness, lowering their
toxicity and achieving controlled therapeutic levels
for a prolonged time. A recent overview presented
approaches to the development of these novel
complex nanocarriers with emphasis on those
involving dendrimers and related systems. 2

3.4.Disease Therapy (e.g.“nanoantibiotics” for
infectious diseases). Several classes of antimicrobial
nanoparticles (NPs) and nanosized carriers for
antibiotics delivery have proven their effectiveness
for treating infectious diseases, including antibiotics
resistant ones, in vitro as well as in animal models. %

Acrecent review described the development of new
non-invasive strategies for the diagnosis and treatment
of cancer with nanomaterials. Significant synthetic
advances now allow for the preparation of ENMs
with highly controlled geometry, surface charge,
physicochemical properties, and the decoration of
their surfaces with polymers and bioactive molecules
in order to improve biocompatibility and to achieve
active targeting. These new developments are
stimulating the development of a diverse range of
nanometer-sized objects that can recognize cancer
tissue, enabling visualization of tumours, delivery of
anti-cancer drugs and/or the destruction of tumours
by different therapeutic techniques.?
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3.5.Scaffolds in Tissue Engineering applications.
A recent review described the tissue-engineering
scaffolds in nanotechnology. The scaffold must be
analogous to native extracellular matrix of tissue in
both chemical composition and physical structure.
Polymeric nanofiber matrix is quite similar, with its
nanoscaled nonwoven fibrous matrix proteins, and thus
is a candidate of extracellular matrix-mimetic material.
Electrospinning to produce polymeric nanofibers have
stimulated researchers to explore the application of
nanofiber matrix as a tissue-engineering scaffold.?

Carbon nanotubes (CNT) are also attractive for use
in fiber-reinforced composite materials due to their
very high aspect ratio, combined with outstanding
mechanical and electrical properties. Composite
materials comprising a collagen matrix with embedded
CNT were prepared by mixing solubilized Type I
collagen with solutions of carboxylated single-walled
carbon nanotubes (SWNT). Living smooth muscle
cells were incorporated at the time of collagen gelation
to produce cell-seeded collagen—-CNT composite
matrices. Such collagen—-CNT composite matrices
have utility as scaffolds in tissue engineering, or as
components of biosensors or other medical devices.”

3.6. Immunoassays Applications with Quantum
Dots (e.g. proteins and other analysis) A recent review
examined the progress in adapting quantum dots
QDs for several predominantly in vitro biosensing
applications including wuse in immunoassays.
Luminescent semiconductor nanocrystals or QDs are
a recently developed class of nanomaterial whose
unique photophysical properties are helping to create
a new generation of robust fluorescent biosensors.
QD properties of interest for biosensing include high
quantum yields, broad absorption spectra coupled to
narrow size tunable photoluminescent emissions and
exceptional resistance to both photobleaching and
chemical degradation. 2

Various publications in the last years cover
the many aspects of nanomaterial application in
fields of life sciences, biosensors, biomedical and
pharmaceutical products.?!

4. Nanomaterials in personal care
products, skin protection and cosmetics

In the last years ENMs found multiple uses in
formulations of personal care products (e.g. toothpaste,
cleaning agents, hygiene care, mouthwash, shampoo,
talcum powder, shaving cream, etc), cosmetics
(perfume sprays, lipstick, hair dyes, etc), and skin
protection (wound infection, burnings, sunscreen
creams, etc)

Silver nanoparticles (SNPs) can be used an



antimicrobial agent and prevent skin and other
infections. SNPs remained popular agents for wound
infections, especially in burned patients. In the last
decade incorporation silver into arange ofhygiene and
healthcare products has been widespread, although
raised concerns over toxicity. The published evidence
for resistance and toxicity is limited and associated
with frequent and high levels of silver used. Research
on SNPs showed evidence of improved antimicrobial
activity and possible dual immunomodulatory effects.
This may lead to further product development as
potential alternative preservatives as some currently
available preservatives have an increasing incidence
of allergic reactions. *

In recent years nanoemulsions have attracted
considerable attention for application in personal
care products as potential vehicles for the controlled
delivery of cosmetics and the optimized dispersion of
active ingredients in particular in topical application
on skin. ¥

In the last decade many Personal Care Products
(PCP) include micron- or nano-sized formulation
components, such as nanoemulsions or microscopic
vesicles. The addition of Engineered NanoParticles
(ENPs) enhance the properties of the PCP and makes
its use more beneficial. At the same time a large
number of studies suggest that such vesicles do not
penetrate human skin beyond the superficial layers of
the stratum corneum. For example, modern sunscreens
contain insoluble titanium dioxide (TiO,) or zinc
oxide (ZnO) nanoparticles which are efficient filters
of UV light. A large number of studies suggest that
insoluble NP do not penetrate into or through human
skin. Cytotoxicity, genotoxicity, photo-genotoxicity,
general toxicity and carcinogenicity studies on TiO,
and ZnO NP found no difference in the safety profile
of micro- or nano-sized materials, all of which were
found to be non-toxic. Although some published in
vitro studies on insoluble nano- or micron-sized
particles suggested cell uptake, oxidative cell damage
or genotoxicity, these data are consistent with those
from micron-sized particles and should be interpreted
with caution. Overall, the weight of scientific evidence
suggests that insoluble ENPs used in sunscreens pose
negligible risk to human health, but offer large health
benefits, such as the protection of human skin against
UV-induced skin ageing and cancer.>

Many new nanotechnology personal products
combine cleansing and healing. A large number are
used In the area of PCP, cosmetics, skin protection
and anti-aging agents. Nanotechnology has played
an important role in delivering active ingredients to
the skin, in both patch delivery and timed release
application. The latest trend in these products is
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to combine clinically proven ingredients with
patented delivery systems and the aesthetics of fine
cosmetics. Cosmeceutical products are those poised
on the gap between cosmetic products that simply
cleanse and beautify and pharmaceuticals that cure
and heal. Cosmetic industries rank high among the
nanotechnology patent holders in U.S and in Europe.*

In the last decade new classes of nanomaterials
in PCPs have been developed that release the active
ingredient in the right time direct the deposition to
occur in the right site. The development of such systems
is based on polymer/surfactant colloid chemistry
which achieve transport and release of cosmetic and
pharmaceutical molecules at desired rates and at
desired sites. New hybrid polymers and nanogels have
been synthesized for tuning up nanodomains that can
extract and deliver at will cosmetics/drugs/toxins by
perturbing pH, temperature or ionic strength of the
system. Nanogels developed recently include that of
polyacrylamide, poly(acrylic acid) and starch nanogels
modified for extraction and subsequent slow release of
fragrances and overdosed toxic drugs.*

5. Engineered Nanomaterials in
consumer products and concerns of
toxicity

The sudden rise of a vast range of applications of
nanomaterials in the last decade prompted scientists
to debate the future implications of nanotechnology
in environmental pollution. As any new technology
the main concerns were about environmental
pollution, the toxicity in aquatic organisms and
their environmental impact in ecosystems. These
concerns have and ethical issues led to a debate
among advocacy groups, governments and in the
European Union (EU) on whether special regulation
of nanotechnology is warranted.*”*

In the USA, the Food and Drug Administration
(FDA) regulates nanotechnology differently. It
established a draft guidance for industry in June 2011
for both “Cosmetic Products” and “Food Ingredients
and Food Contact Substances” in April 2012. These
documents do not restrictedly define the physical
properties of nanomaterials, but when manufacturing
changes alter the dimensions, properties, or effects of an
FDA-regulated product, the products are treated as new
commercial products [http://www.fda.gov/Cosmetics/
GuidanceComplianceRegulatoryInformation/
GuidanceDocuments/ucm300886.htm ]. *°

Nanomaterials are used in a variety of FDA-
regulated products because of their unique properties,
imparting potential advantages to products. In the
USA the law does not subject cosmetic products and



ingredients to pre-market approval by FDA. Rather,
firms and individuals who market cosmetics have a
legal responsibility to make sure their products and
ingredients, including nanoscale materials, are safe
under labelled or customary conditions of use, and
that they are properly labelled. FDA monitors the use
of nanoscale materials in cosmetics and keeps abreast
of research into their safety. 4°

Also, safety of nanotechnology products is the
concern of environmental organizations. In 2006,
the organization Friends of the Earth released a
report, “Nanomaterials, Sunscreens and Cosmetics:
Small Ingredients, Big Risks.” [http://libcloud.
s3.amazonaws.com/93/ce/0/633/

Nanomaterials_sunscreens_and_cosmetics.pdf].
Since then, they have released updated reports every
year, sharing more and more about these alarming
risks, which could affect consumers, workers, and
the environment. FOE gathered many scientific
evidence showing that nanomaterials have the
potential for adverse effects. Recently the FOE report
on nanosunscreens “Manufactured Nanomaterials
and Sunscreens: Top Reasons for Precaution.”
(August  2009)  [http://libcloud.s3.amazonaws.
com/93/14/0/632/ Manufactured_nanomaterials_
and_sunscreens_reasons_for_precaution.pdf]  The
organizational FOE efforts are focused on ensuring
that at the end of the day (someday) consumers will
be granted the rights and products they deserve. These
changes will allow consumers to make healthier and
more informed choices.

Such international movements indicate that most
of nanomaterials with any new properties would
be assessed or regulated as new products by most
of national authorities in near future, although the
approaches are still case by case.

6. Health and safety problems for
workers in the manufacturing
processes of nanomaterials

Engineered nanomaterials, as with any new
technology and the related manufacturing processes,
the earliest and most extensive exposure to hazards
is most likely to occur in the working environment.
Workers working in nanotechnology-related industries
and small workshops have the potential to be exposed
to uniquely engineered materials with novel sizes,
shapes, and physical and chemical properties. Our
understanding of the occupational, health and safety
aspects of ENMs is still in its formative stage.

The scientific information that is currently available
on exposure routes, potential exposure levels, and
material toxicity of nanomaterials is very limited.
The first studies focused on the low solubility of
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nanoparticles because of their higher toxicity potential.
Nanoparticles during manufacturing processes can
penetrate into the respiratory system and through the
blood circulation can move into other organs. Studies
showed strong indications that nanoparticles can
penetrate through the skin. Survey of the scientific
literature indicates that the available information is
incomplete many of the early findings have not been
independently verified. Current recommendations
for ENMs in the working environment, in order to
minimize exposure and hazards to workers are largely
based on common sense, knowledge by analogy to
ultrafine material toxicity, and general health and safety
recommendations. There are strong indications that
nanoparticle surface area and surface chemistry are
responsible for observed responses in cell cultures and
animals.*>*

Studies showed that most airborne Carbon
NanoTubes (CNTs) or Carbon NanoFibers (CNFs)
found in workplaces (during the manufacturing
processes) are loose agglomerates of micrometer
diameter. However, due to their low density, they
linger in workplace air for a considerable time, and
a large fraction of these structures are respirable.
So, industrial workers are the first to be exposed to
nanomaterials at high concentrations.

The first scientific studies in rat and mouse
models, pulmonary exposure to single-walled
carbon nanotubes (SWCNTs), multi-walled carbon
nanotubes (MWCNTs), or CNFs causes the following
pulmonary reactions: acute pulmonary inflammation
and injury, rapid and persistent formation of
granulomatous lesions and progressive alveolar
interstitial fibrosis at deposition sites. Pulmonary
exposure to nanoparticles can induce oxidative stress
in aortic tissue and increases plaque formation in an
atherosclerotic mouse model. Pulmonary exposure
to MWCNTs depresses the ability of coronary
arterioles to respond to dilators. These cardiovascular
effects may result from neurogenic signals from
sensory irritant receptors in the lung. In addition,
pulmonary exposure to MWCNTs may induce levels
of inflammatory mediators in the blood, which may
affect the cardiovascular system. Intraperitoneal
instillation of MWCNTs in mice has been associated
with abdominal mesothelioma (this was a typical
disease of asbestos fibers exposure of workers in the
past decades). However, further studies are required to
determine whether pulmonary exposure to MWCNTs
can induce pleural lesions or mesothelioma. +

The adverse health effects in workers of
nanotechnology industries became recently a concern.
to NIOSH (National Institute of Occupational Safety
and Health, USA, which is the leading federal agency



conducting research and providing guidance on the
occupational safety and health implications and
applications of nanotechnology Additionally, NIOSH
recommended that engineering controls and personal
protective equipment can significantly decrease
workplace exposure to CNTs and CNFs. Considering
the available data on health risks, it appears prudent to
develop prevention strategies to minimize workplace
exposure, such as enclosure, exhaust ventilation and
respiratory protective masks or respirators) and worker
training for good handling practices .*

NIOSH has also created a field research team to
assess workplace processes, materials, and control
technologies associated with nanotechnology.
But, much research is still needed to understand
the impact of nanotechnology on health, and to
determine appropriate exposure monitoring and
control strategies. At this time, the limited evidence
available suggests caution when potential exposures
to nanoparticles may occur. ¥’

The Health and Safety Executive (HSE) which deals
with the UK regulatory framework for occupational
health and safety in the workplaces is covering the
safe use and handling of manufactured nanomaterials.
The Report “Using Nanomaterials at Work™ is a new
guidance prepared in response to emerging evidence
about the toxicity of these materials. It is specifically
about the manufacture and manipulation of all
nanomaterials including carbon nanotubes (CNTs) and
high aspect ratio nanomaterials (HARNS). It has been
prepared in response to emerging evidence about the
toxicity of these materials.

The Federal Institute for Occupational Safety
and Health (BAuA, Bundesanstalt fur Arbeitsschutz
und Arbeitsmedizin) in Germany together with the
German Chemical Industry Association (Verband
der Chemischen Industrie/VCI), the Federation of
German Industry (BDI) and the Federal Ministry of
Education and Research (BMBF) started a second
survey (2011) on occupational health and safety in
the handling and use of nanomaterials. The awareness
to the topic and the scientific and pragmatic approach
led to high number of answers from industry, research
organisations, universities and state institutions. *

A working group consisting of the Institute
of Energy and Environmental Technology e.V.
(IUTA), the Federal Institute for Occupational
Safety and Health (BAuA), the German Social
Accident Insurance Institution for the Raw Materials
and Chemical Industry (BG RCI), the Institute
for Occupational Safety and Health of the DGUV
(IFA), the Technical University Dresden (TUD) and
the German Chemical Industry Association (VCI)
published the document “Tiered Approach to an
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Exposure Measurement and Assessment of Nanoscale
Aerosols Released from Engineered Nanomaterials in
Workplace Operations” (in 2011). 5°

Also, the competent authorities for protection of
workers and the environment in Germany with the
Federal Environment Ministry developed the idea for
amending the REACH regulation of the EU because
there is need for better identification and assessment
for potential hazards arising from nanomaterials in
the future. !

7. Nanomaterials: Are they health
risks to consumers from exposure
to nanoproducts?

Concerns over consumer health and safety
from ENMs was inevitable to develop by various
toxicological scientist and agenciew for the protection
of consumers and the environment.

There is an important Report by RIVM (National
Institute for Public Health and the Environment,
Bilthoven The Netherlands): titled: “Exposure to
Nanomaterials in Consumer Products” (Letter
Report 340370001/2009, www.rivm.nl) which have
an extensive catalogue of nanomaterials in various
types of consumemer products. The nanomaterials are
mainly in the form of particles, composites, capsules,
fullerenes, carbon nanotubes, coatings, nanoporous
materials, quantum dots, nanofibres and nanowires.
The report desctribes the toxicological problems of
the various consumer products as far as health and
safety is concerned. According to the report the most
alarming use is for foodstuffs. 2

The first problem to consumers is inhalation
exposure from the use of products with engineered
materials with smaller than 100 nm diameter
can potentially become airborne particles. These
“nanostructured particles” are potentially of concern
if they can deposit in the respiratory system of the
consumer toxicity (nanoparticles have high surface
area and surface activity). Classes of nanoparticles can
cause respiratory toxicity to consumers especially for
discretenanometer-diameter particles, agglomerates
of nanoparticles, and droplets of nanomaterial
solutions, suspensions, or slurries. >3

Another form of exposure to ENMs is dermal
penetration that give concern to toxicologists for the
variety of consumer products. Skin can be exposed to
solid nanoscale particles in cosmetics through either
intentional or non-intentional means. Intentional
dermal exposure to nanoscale materials may include
the application of lotions or creams containing
nanoscale TiO, or ZnO as a sunscreen component or
fibrous materials coated with nanoscale substances
for water or stain repellent properties. Non-



intentional exposure could involve dermal contact
with anthropomorphic substances generated during
nanomaterial manufacture or combustion. 5

Despite the recent advances It is unclear whether
nanoparticles can penetrate the human skin and have
any toxicological impact. Concerns regarding dermal
penetration include skin or other organ cytotoxicity,
accumulation, metabolism and ptotoactivation
on skin. An example of dermal contact with
nanoparticles, is the nanoscale TiO, and ZnO (<100
nm) which are included in sunscreens because of their
ability to block ultraviolet (UV) light. It is known
that TiO, particles below approximately 200 microns
do not scatter visible light but will still scatter some
UVA radiation. Thus the inclusion of nanoscale
TiO, (anatase, rutile) or ZnO in sunscreens has the
consumer-desired goal of a clear sunscreen with UV-
absorbing properties. The surfaces of nanocrystals of
TiO, can generate ROS and also can be cytotoxic. >

In order ENM manufacturers to avoid the
generation of ROS by commercial products with
anatase TiO, nanoparticles are covered with inert
oxides SiO,, ALO, or zirconium.*® But, recent studies
showed that under UV irradiation sunscreen with
TiO, produce ROS. *°

Some studies investigated skin penetration by
nanoscale TiO,. In a study scientists applied TiO,
into human skin either as an aqueous suspension or
oil-in-water emulsion and evaluated skin penetration.
They observed that TiO, apparently penetrated skin
when applied as an oil-in-water emulsion, and that
penetration was greater when applied to hairy skin,
suggesting surface penetration through hair follicles
or pores. % Another study in human skin provided
compelling evidence that nanoparticles can achieve
epidermal and dermal penetration (microsphere 0.5-
1.0 um). ®

Recent studies showed that nanoparticle skin
studies display, increasingly, a multidisciplinary
character (penetration, toxicity studies) but their
results are often contradicting. Toxicologists
recommend standardisation of available test systems
and focusing on the correlating physicochemical
nanoparticle properties to penetration potential. [39].
A study showed that UVB-damaged skin slightly
enhanced TiO, nanoparticles or ZnO penetration in
sunscreen formulations but no transdermal absorption
was detected. ¢

A recent review on the subject of skin penetration
and dermal or percutaneous absorption of metal
nanoparticlers and their effect on skin (especially
TiO, and ZnO) contain contradictory data. ©*

Pulmonary toxicity of carbon Nanotubes (single-
walled NT are graphite sheets rolled into tubes,1 nm
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in diameter and 1000 nm or more in length) have
been studied in recent years. Some NT are capped at
either end by half-fullerene domes to achieve great
strength. Some nanotubes have a strong tendency to
agglomerate by van der Waals forces into tattered
ropes, whereas, others remain as a fine powder (much
like carbon black.) is of great concern for exposure
of many workers (in aerospace and other industries)
and for consumers using miniature electronics. Under
some conditions the NTs can reach the respiratory
system and can penetrate deep into the lung. The
NTs toxicity will also depend on whether they are
persistent or cleared from the lung and whether the
host can mount an effective response to sequester or
dispose of the NT particles.

NTs were proved to be at least as toxic as quartz
(Si0,) and much more toxic than carbon black (a form
of amorphous carbon from incomplete Combustion of
fuels that has a high surface-area-to-volume ratio),
with some indication of the effect of metal content on
toxicity. The redox properties of iron in SWNT were
implicated in oxidative stress and cytotoxicity in cell
cultures of human keratinocytes. %

These studies and other experimental findings
have implications for respiratory human risk
assessment of NMs. Nanomaterials inhaled into
the lungs (depending on their content) are capable
of eliciting an inflammatory, granulomatous,
and fibrogenic response. Scientists suggest that
permissible exposure level (PEL) for respirable
graphite dust (legislated many decades ago) may
be inadequately protective for exposure to SWNTs
(single wall nanotubes). In vivo experiments with
mice that were exposed to airborne nanotubes at
a concentration of 5 mg/m?, the PEL for respirable
graphite dust, and 40% of the respired nanotubes
deposited in the pulmonary region, the lungs would
accumulate a mass of nanotubes equivalent to the low
dose within 4 working days and a mass equivalent
to the high dose within 17 working days. Moreover,
because SWNTs were more toxic than quartz based
on histopathology, assuming similar relative toxicity
in humans, a PEL below that for quartz dust (0.05
mg/m?) is suggested until further characterization of
nanotube toxicity.

Some toxicological in vivo studies used rats,
mice and hamsters that were exposed to fine-sized
TiO, particles (300 nm), TiO, nanoscale rods or
TiO, nanoscale dot particles (10 nm) at intratracheal
instillation doses (1 to 5 mg/kg). Results have
demonstrated no significant differences among any
of the particle-exposed groups compared to vehicle
controls with regard to inflammatory or cytotoxic
lung responses at any post-exposure time periods.’’



A recent review on toxicological data of
Titanium dioxide (TiO,) nanoparticles focused on
the respiratory system, showing the importance
of inhalation as the primary route for exposure in
the workplace and for consumer products. Oral
exposure mainly occurs through food products
containing TiO, -additives. Most dermal exposure
studies (in vivo or in vitro), report that TiO, do not
penetrate the stratum corneum (SC). In the field of
nanomedicine, intravenous injection can deliver
TiO, nanoparticulate carriers directly into the human
body. Upon intravenous exposure, TiO, can induce
pathological lesions of the liver, spleen, kidneys, and
brain (at high concentration exposures). There is also
an enormous lack of epidemiological data regarding
TiO, nanoparticles. Long-term inhalation studies in
rats have reported lung tumours.

Some other toxicological studies investigated the
effects of various surface treatments (0-6% alumina
[ALO,] and/or 0-11% amorphous silica [SiO,]) on
the toxicity of commercial TiO, particle formulations.
Pulmonary bioassay data from instillation exposures
in rats to TiO, particle-type formulations (compared to
reference base TiO, particle types). The TiO, particle
formulations with the largest concentrations of both
alumina and amorphous silica surface treatments
produced mildly enhanced adverse pulmonary effects.®

As noted from the various toxicological studies
with nanomaterials, the relevant inhalation dosimetry
in risk assessments of nanoparticles may be surface
area Or particle number rather than mass per volume
or per body weight, although the complexity of
other properties preclude generalizations to all
nanoparticles.”

Despite this complexity, some patterns are emerging
for the more studied nanomaterial substances. The
primary mechanism of action by inhalation or dermal
routes appears to be free radical generation and
oxidative stress associated with surface reactivity.
Oxidative stress is associated with TiO, nanoparticles,
for example, results in early inflammatory responses
such as an increase in polymorphonuclear cells,
impaired macrophage phagocytosis, and/or fibro-
proliferative changes in rodents. ™'

Most toxicological studies with NMs have been
in vitro, or in short-term in vivo studies involving
unnatural delivery (e.g., intratracheal instillation) in
limited species and types of nanoparticles.

The National Toxicology Program (NTP,
established in 1978 in the Department of Health
and Human Services) in the USA is an interagency
program evaluating chemicals and agents of public
health concern by applying tools of modern toxicology
and molecular biology. The program maintains a
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science-based approach in dealing with critical issues
in toxicology. To that end, the NTP is continually
evolving to remain at the cutting edge of scientific
research. The NTP is planning short and long-
term studies, including oral, dermal, and inhalation
exposures for some nanoparticles (http:/ntp-server.
niehs.nih.gov/files/nanoscale05.pdf).  Nanomaterial
research and risk assessments will ultimately need
to address multiple potential health effects including
cardiovascular, carcinogenicity, reproductive/
developmental, immunological, and neurological. 2

8. Conclusions

Nanotechnology has gained a great deal of
public interest due to the needs and applications of
nanomaterials in many areas of human endeavors
including industry, medicine and public health.
Environmental exposure to nanomaterials is
inevitable as nanomaterials become part of our daily
life. In the last ten years nanotechnology applications
were introduced in many consumer products
and in various biomedical imaging techniques,
pharmaceurticals, electronic and energy technologies.
There is inevitably a heated debate among scientists
for the future implications of nanotechnology. Also,
ENMs raised concerns for toxicity and environmental
pollution. These concerns have led to a debate among
advocacy groups and governments on whether
special regulation of nanotechnology is warranted. In
the last years there were calls for tighter regulation
of nanotechnology and more research related to the
human health and safety risks. ™



Mnyovikd Navoilkd Y Kewvotopeg
Buwoiotpikéc EQappoyés, @oppokevtiég
Ovoieg, [Ipoiovra lpocwmkng @povridng
kv IIpootaciag Aéppatoc.
To&wolroykd Mpofhijpara kar Extipnon
Kwdivov 110 tov AvBpamo

Oopaig Bhoyoyravvn, Zrapdtiog Mepducapns ko
ABovaociog Bolafaviong

Tunuo Xnuetag, Havemaoriuo AGyvav,
Tovemornuiotmoln Zoypapov, 15784 A0nvo
Tunuo Popuaxevurig, Hovemotiuio AGnvaov,
Tovemornuiotmoln Zoypapov, 16784 A0nva

Mepitqyn

H vavoteyvoroyio otov 21° audva givol o emotnpo-
VIKOG TOHENS TG TEXVOLOYIaG TTOV mEpIAaPaveL ToV ENey-
X0 T®V DAKOV GE OTOUIKO Kot Hoploko eminedo. Ot yn-
HKéc evaoetlg Beopodvron 6t ivon o€ GL0GTATELS Vavo-
otav etvon mepimov 100 nm 1 ppdtepeg oe péyedog [to
VaVOLETPO (M) aVTIOTOEL G £VO OIGEKOTOLLLIVPLOCTO
tov pétpov]. H vavoteyvoroyio mpocpépet éva peydio
€0POG SLVATOTHTMV YLoL TNV OVATTUEN KOVOTOU®V TTPO-
TOVTOV KoL EPAPUOYOV G d1APOPOVS ToLElg Tng Proia-
TPIKNG, QOPHOKEVTIKNG, BloAoyiog, TpoijwV, evépyeLag
Ko NAEKTPOVIKAV GLGKeL®Y,. Ta tekevtaia ypovio YALd-
O emoTApOVEG KoL TEYVOADYOL gpydalovial oTn EPEVVOL
Kot ovamTuén KovotopeV vavobMkov. [o to péddov m
VaVOTEXVOLOYIO POiveTaL OTL OEV EYEL OPLOL KOIL EMEKTEVE-
Tl pE GALaTO 68 OGAOVG TOVG TOWEIG TOV EXnPEAovY TNV
Kafnuepon Lon pog. Tow pyavikd vovobud Exovv Ppet
TPOKTIKEG EPAPLOYEG GE TOAAG KOTOVOAMTIKG TPOIOVTO,
Ommg KoAAVTIKG, vedopata, dyvaoTikés pebddoug,
TPOloVTA TPOCONKNG Ppovtidag, ypdpato KAT. Evd
GAAES EQAPLOYEG KOADTTOVV TOLELG TPOPILMV, EVEPYELOG,
VTOAOYIOTAOV, POPNTOV TNALPOVOY KAT. Ot eKmAnKTl-
KEG OTEG 1010TNTEG OPEIAOVTAL OMOKAELOTIKG GTO LUKPO
uéyeBoc, oynua kon Tig eonpetikég 110TnTeg (MAEKTPO-
VIKEG, OMTIKEG, LLOYVITIKEG, UNYOVIKEG KoL YMUKES). XTnv
EMOKOMNOT| QTN EMKEVIPMOVOLLLE TNV TPOGOYN LOG OTIG
KupLotepeg BLoloTpikés €QAPUOYESG, TO. PUPUOKEVTIKG
TPOIOVTA, TOL TPOIOVTO, TPOCOMIKNG PPOVTIONG, THV TPO-
otacio Tov 6éppatog H emokdmmon enkevipdvetat otig
TPOCOUTEG EMOTNUOVIKEG EPEVVEG TNG EMIGTNLOVIKNG
Biproypaoiag kot ™V mowia TOV EQUPLOYDY TOVC.
Eniong egetdlovpe oe apkem éktoon Tol TOSIKOAOYIKG,
npofAnuata otov GvBpomo amd Ty EkBeon og VovoiAL-
K@, KaBOG Kot TOV TOPEN TG VYIEWNG KoL A0QAAELNG TOV
VOVO-TIPOTIOVIOV GTOVG €pYOLOLEVOVG TOV Blopmyovidv
KOl GTOVG KOTAVOAMTES,

Aldnhoypogia: Ap. Owuoic Blayoyiavvy. E-mail:
thvlach@chem.uoa.gr & vlachogianni@mio-ecsde.org
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Mepitnym

10 mopov apbpo avookKOTNoNG TEPLYPAPETAL O
POLOG TOV PAPULAKOPAPOV LOVTEAOL GTNV OVOKOAL-
Y1 KOWOTOU®V QOPLOKELTIKGV Hopiov Kot ot peho-
doroyieg onuovpyiag Tov, pe Paon v mbavy Pro-
OpaoTIKY SLIUOPP®ST) TOV TPOGOEUATOS OVOPOPAG
(ligand-based) kot pe Bdon v mbavn Prodpoactikn
SpLOPPMOOT| TOL TPOGOEUATOS GTO CUUTAEYLLN TPOG-
dépatoc-froroykov otdHY0oL (structure-based). Emi-
omng, TEPLYPAPOVTAL Ol SVGKOAIEG OV TapoVSLALoVV
ot 000 peBodolroyiec. Atveror mapdderypo yprHong
€VOC POPLOKOQOPOV HOVTEAOL OTN Olodkacio TG
EIKOVIKNG OAp®ONG Kot TV TPOPANUATOV TOL aVTL-
petoniovrat yia tn dnpovpyia tov. [apovsidleton
10 Aoywopkd LigandScout, g etapiog Inte:Ligand
OV YPNOLOTOLEITAL Yo Tr OMUOVPYio POPLOKO-
QOP®V LOVTEA®V e TN XpNon TV dVo pebodoroyi-
@v. Tivetar ektetapévn meprypoen g Piiodning
EVOCEMV Zinc Kol TNG EQUPLOYNS TOL TOPEYETAL OO
v etapio Molinspiration yio Tov VTOAOYIOUO T®V
LOPLOK®OV W10THTOV [oG EVeons kafdg Kot TV T
Bovotnrta ProdpacTikdTTdg TG 68 CLYKEKPLUEVOUG
Broroyikodg 6Td)0LG.

AéEarc-khedna: Opboloyikr mpooéyyion, Dappo-
Ko@opo povtéro, LigandScout, Zinc, Molinspiration.

1. Ewvcayoy
H évvora Tov gappaxko@opov

O Tp®TOG OPICUOG TNG EVVOLNG TOV PAPLOKOPO-
pov d60nke 10 €10¢ 1909 amod tov Ehrlich, o omoiog
Op1LoE MG POPUAKOPOPO EVAL LOPLIKO OKEAETO TTOL PE-
PEL TO, OTOPOLTITO SOMIKE YOPAKTNPLOTIKG T OTTOi0
Bewpodvtar vevBuva Yo T ProAoykn dpdon evog
eopudkov.t O mo TPOSEATOS OPIGUAC TOV PO~

KoQOpov €xet 600el amd ™ Aebv ‘Evoon Eeoap-
poouévng Xnueiog (International Union of Applied
Chemistry-IUPAC). X0upovo pe avtov, T0 QopLo-
KOQOPO 0pileTal MG TO GUVOLO TOV CTEPTTIKMDY KoL
NAEKTPOVIOK®DV YOPOKTNPIOTIKOV OV gival amapai-
™Ta Yo vo Stac@aAicovy ) BEATIOT OAANAETiOpa-
o1 €VOG PAPUAKOL KOl EVOG CUYKEKPLUEVOD Bloloyi-
KOO GTOYOV KOl TOV EYOVV MG AMOTEAEG A TNV Evapén
Aertovpyiog Tov Plodoyikoh GTOXOV 1 TNV AVOUGTOAN
Aettovpyiog avtod.2

2. OpOolroywn} Tpocéyyion Yo TV
OVOKAAOYI] EVOGEDV-001YOV NE TN
APNON QUPRAKOPOPMV HOVTEAMY

"Evag véog opBoloyikdg tpdmog Tpocsyylong yio
TNV OVOKGADYT] KOWVOTOU®Y QPOPUOKEVTIKAOY OVCLHV
amoteAel AVTOG TNG YPNOTG PUPUAKOPOPOV LOVTEADV.

Epoappolovtar dvo pebodoroyieg yia tn dnpovp-
Yio QaPUAKOPOPOL LOVTELOV :

(o) Anqurovpyia popuorxopopov ue faon v mbo-
v SLodpactikn O10U0pPwon TOV TPOGOEUATOS AVAPO-
pag (ligand-based).

H mpocéyyion avt) dev amattel ) yvoon g
TPLOOGTATNG OOUNG TOV  HOKPOWOPiov GTOYOV.
H dnovpyio tov @apuakopdpov Pociletor oty
e&ayoyn TOV KOOV SOMIKOV, SOHOPOOTIKAOV Kot
OTEPEONAEKTPOVIOKDV YUPOKTNPIOTIKOV TOPEUPE-
POV EVOGEMV HE OLTMOV TOL HOPIov avapopds mov
AeLTOVPYEL OC VTOGTPOLLO, YAPUKTNPIGTIKG T OO0
Bewpodvtat vevbuva yio TV PlLodpacTKOTNTA TOVG.
(Zimo 1)

O mpooeyyioelg mov givor yvootés g CoMFA
(Comparative  Field Analysis)® kot CoMSIA
(Comparative Molecular Similarity Indices Analysis)*
aviKovv g auth TV pnebodoroyia.

Svyyoagéas yia alinioypapio: Owuds Mavoouovoraxog: Email: tmavrom@chem.uoa.gr



Zynua 1. Ooppoko@opo HOVTELO TOVL dMHOVPYHONKE e
Baomn v mbovr PlodpacTikn SOUOPPOOT| TOL TPOGIEU-
TOG OVOQOPEG. XT0 ZYNLLO TOPLOTAVETAL TO POPUOKOPOPO
o610 omoio vreptifevtar ot avactoreis: To @appokoedpo
ovTd HOVTEAO omoteAgiton amd 300 VIPOPOPO YAPAKTN-
poTikd (kitpveg o@aipec), £va ot decprod VIPOYOVOL
(mpdovo PEN0G), Téooeplg OEKTES HEOD VIPOYOVOL (KOK-
KIVEG OPAIPES), Kot Pl apyNnTIKE QOPTICUEVT TEPLOYN.

(B) Anprovpyia papuorxopopov ue Poon v wbo-
v} frodpactikn O1040pP@oN TOL TPOGOEUATOS GTO OV-
UmAeyua. poodéuotog-froloykod ardyov (structure-
based).

H mpocéyyion avt Paciletor otn yvdon i) g
TPLEOICTATIG OMEKOVIONG TOV HOKPOUHOPiov GTO-
YOV YOpIic TNV TOPOLGIN KATOWOL TPOGOEUATOG
(“macromolecule (without ligand) based”) 7 ii) ov-
vnbéotepa TG TPLodiboTaTng AmedVIong TOL GL-
pumiéypotog (complex) HOKPOHOPIOV-TPOGOENATOS
(«macromolecule-ligand-complex based”). H tpio-
Sdudotatn amewcovion Aopfdavetar cuviOOG HEGH TNG
KpuoTtaAloypapiog aktivov-X 1 TG (QOCHUTOCKO-
wiag [Tupnvikod Mayvntuod Xvvtovicpot. H vrép-
Beom tov popiov oy mepintwon avtr yivetal oto
€VEPYO, KATAAVTIKO 1] OAAOGTEPIKO KEVIPO TOL VIO-
doyéa, voukieivikov o&€og 1 froloyikng pepfpivng.®
Xto Zyfqua 2 mopovoldletal To GapUAKOPOPO HO-
VTEAO OV TPOEKLYE LE PBAOT) TN LOPLKY TPOGOEDT
Brodpaotikod avactorén Tng cPLA, kévovtag ypfion
g neBodoroyiag TG ETAYOLEVIG TPOGAPLOYNS.

Ot dV0 TPOOVAPEPOLLEVES TPOCEYYICES Yo TNV
eEoyoy| QapUAKOEOPOV HOVTEAOL £YOLV YPTCULO-
momOBel ektetapéva oTIG S10OIKAGIEG EWKOVIKNG Gd-
pwong (virtual screening), oto de nNovo oyedacuo,
KOl G GAAEG EQAPUOYEG OTMG KoL GTNV ‘TOALQUP-
pokoioyio 6mov o oyxedopds PapudKeV omottel
TN otdYeLoT TOALUTAGY oTOY®V (multitarget drug
design) (Zyfua 3). H mpdodog T vmoAoyIoTIKNG (-
petog (computational chemistry) To televtaio elkoot
xPOVIAL TPOGEPEPE GTN PAPETPA TOV BEMPNTIKOD Qap-
LLOKOYTLUKOV Lol LEYAAN TOIKIAL EpELVITIKMV peBo-
doloyudv oty epapuoyn dnuovpyiag akpiéotepmv
QAPHOKOPOP®YV HOVTEA®DV.>E

2yjua 2: Ewcovo @opokoopov LOVTELOL Lie Baon TV Tpio-
Stdotat (3D) Sopn TOL GUUTAEYLLOTOG HOKPOLLOPIOV-TIPOG-
oépartoc. To QappakoPOPo HOVTELO GE QTN TV MEPITTMOT)
amoteAeitonr amd S0 VIPOPOPa YapakMPOTIKA (KiTptveg
oQaipeg), HVO OEKTES dEGULMV VIPOYOVOL (KOKKIVAL BEAN), Eva
50t deopu®V VIPOYOVOL (TPhiotvo PEXOC) Ko pio apvn Tk
popTicuévn meployn. Ot yKptL Qaipeg avomaploTovV TIC oTe-
pég TopepTodioELg TOL VILAPYOLV GTNV EvEPYO TEPLOYN.

2.1 eprypagn Tng pebodoroyiag avaxdivyng
oapuaxo@opov pe paon ™ dopr} Tov TPOGHE-
ROTOS-BroA0YIKOD 6TOYOV

Xt pebodoroyia avtr evromiletar m meplo-
N mpodcdeong kot mpocdopilovral ot aAiniemt-
Opboeic-khedrd petald mpocdENaTog-Ploloyikod
o610)0v. To LigandScout gival éva Aoyiopkd pe to
omoio kvpimg epappoleton | pebodoroyio dnpovp-

Anm e

Zynua 3: eprypaen tng dnpovpyiog evOc aprakopopov
HOVTELOV KOl EPAPHOYES AVTOV.*7



yiag eapprako@opov pe Pdon  dour Tov TPocdé-
Hotog. AALO TPOYPAUIOTO TOV dMUIOVPYODV Pap-
poako@opa povtélo otnpllOHEVE GTO GUUTAEYMO
TPocdéatos-Proroyikod atodyov eivat o Pocket v.2
kot GBPM.

YV mepint@on mov dev veicToTol TPIeddoTaTn
OTEIKOVIOT) TOV GUUTAEYLLOTOG LOKPOUOPIOV GTOYOL
pe mpdodepa, 1 SOVGKOALD dNULOVPYING PUPUAKOPO-
POV OVTIHETOTICETAL EMTVYDG AapPAVOVTOG VITOYT
pHoévo TV TPLedIAcTAT AMEIKOVIOT TOV HOKPOLO-
piov-froroykod 6TdYOV, £POCGOV AVTH VPICTOTOL.
Hopaderypo ovtod TOL TPOTOV TPOCEYYIONG, ATO-
tedel N néB0doC avamTuéENG PapuaKoPOPov e Pdon
1 doun SBP (Structure-Based Pharmacophore) mov
EQUPUOOTNKE pe TO Aoylopkd Discovery Studio
(Accelrys Inc.).* Or LUDI (LUDI=Aoyiopiko) xap-
T€G OAAMAETIOPAGCEDV OTO €VEPYO KEVIPO TOL Lo~
Kpopopiov, ot omoiol €6TIAlOVY 0TI AEITOVPYIKES
opadeg mov Bo propovoav va dOGoVV AANAETIOPE-
OE1G E KATO10 [uKpO pop1od, petatpénoviol o€ pap-
pako@opo povtédo Catalyst (Catalyst: Aoyiopixo),
10 omoio mepAapPavel VOPOPOPes UAANAETIOPA-
0€lG, 00TEC dECUOV VOPOYOVOL Kot OEKTEG dECUDV
vopoyoOVOL.

IpofAiuota, mov epeovitovtor epapudlovrog
™ pebodoroyio e&gbpeong pappako@dpov e Paon
N SouT TOV TPOGOEUATOC-PLOAOYIKOD GTOYOV, EYOVV
oxéon pe tov apliud TV aAANAETIOPACEDY TOL
TPOKVITOLV Y10 [0, GUYKEKPLUEVT TTEPLOyN TPOGOE-
ong oto pakpopdplo otdyo. PaprakoPOPo HOVTEAD
OTOTEAOVIEVO OO OVATOPOCTACELS OAANAETIOPACE-
@V TEPLOCOTEPEG OO EMTA OV €IVl KOTAAANLO Yo
TPOKTIKEG EPAPLOYES, OGS Y10 TAPASELY AL Y10, TV
EIKOVIKN 0Gp®on oG peyding Pprobnkng evooe-
@V, yoti pe autd tov tpomo Kobictotor eEUPETIKA
dvokolo va Bpebel Avon mov va kavomolel TV vio-
Beon mov Bter To PoPUAKOPOPO LOVTELOD.

e &va QapUAKOPOPO LOVTELO KOTAVOEITOL 1) [LO-
plokn Baon TpdGdESTG LE TO LOKPOUOPLO, Ol LOVO
NG OVYKPLGTOAMAMUEVIG EVAOOTG OVOPOPAS, OAAG
KOL Y10 OTTOLOONTTOTE GAAN AYVOOTI £VEOGCT OV €)EL
™ dVVATOTNTA EUPAVIONG TMOV GUYKEKPUEVOV OA-
MAemdpdoemv (1., d0TEG deGUDY, BETIKA/ 0PV TIKA
eopTicpéva dtopa K.4.). Me tov tpodmo avtod yivetot
ePIKTO Vo gpguvnBolv peydieg BipAlodnkeg evioe-
@V, HE AmMTEPO GKOTO TNV OVAKAALYT TPOTOTUI®V
evoce®v, Tov Ba pmopécovv va ypnoyLomombody
®¢ odnyot (lead compounds) mpoxeévon vo diev-
KOADVOUV TNV OVOKOALYT QUPUAK®V HE ETBuUNTEG
W6 tec.’ H gupéme spappolopevn ot pebodoro-
yio €€l TOPOVGLAGEL OPKETEG EMLTVYIES TO TELEVTAIL
YPOVIQL, OTOG Y10l TOPASELYLLOL TV AVOKAAVYT TPOTO-
TNV avactorémv g DNA yupdong.®
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2.2 Ileprypagi] TG pedodoroyiog avakaivyng
POPRAKOPOPOV nE faon Tov TPOGIETY

H pebBodoroyia avtr Paciletar otn dnpovpyio
TOAMOTA®V SLOUOPODOCEDY Yo KAOE evepyd WOpLO
MOTE VO, S10CQAMOTEL 1 SHOPPOTIKT TOL eveMEla Yo
KOTAAN YN TOV SLopopeoTikod ymdpov (conformational
space), Waitepo 6tav dgv vdpyovy dedopéva Go-
YKPLGTOAADGNG VITOS0YEA-TPOCIEUATOC.

Extog amd v aviyvevon g Plodpactikig oo~
LOPQmONG TOV TPOSdepdTv, éva GAA0 TPOPANLL
otV epapuoyn g pebodoroyiog avthg eivor n un
Omopén  KavomromTtikod aplfpod Proroyikmdv de-
SOUEVAV Y10 TNV EMAOYT TOV HOPI®V EKYDUVAOTG
(training set) pe Baomn ta omoio Ba dnpovpynBel to
Qopproko@opo poviéro. Ta pdpla ekyduvaong amot-
teitar va Topovctdlovy PlodpacTikdTNTO G TPOGC
TO HOKPOUOPLo TTov pehetdran kGOs @opd.® T T
a&loA0YNoN EVOG POPLOKOPOPOV LOVTEAOL TTOV M-
povpyeiton pe ) pebodoroyia avtry, cuvnBileton va
YPNOHLOTOLOVVTOL KO LOPLOL TOL OTO10L OEV TOPOVGIAL-
Couv dpdiom Kot eivort SOUIKE TAPEUPEPT] LE QVTA TOL
peretdvral (decoys-moapomhavntikd).t Me tov tpdmo
avtd KobicTotor dSuvoTd va exkTiunBel edv oto Qap-
LOKOQOPO HOVTEAD dUVaTOL va “avayvopilovtol” ot
EVOGELS TOL TTapovctalovy Proroykn dpdon Kat vo
anoppintovial ta avevepyd popio.’

Yrdpyovv moAAL Aoylopikd mov vrootnpilovv
TNV TEYVIKT] QLT OT|LOVPYING PAPUAKOPOPOV LOVTE-
Aov 6nwg ta HipHop, PHASE, MOE «.4.

3. Aw0d1KOG10 EIKOVIKIG 0APOGTG
pe paon 10 QUPRAKOPOPO PLOVTELD

Ortav dnuiovpynBei éva @aprako@oOpo HOVTELO,
Booilopevo otig 000 pebodoroyieg mov meptypdpo-
vton oTig evotnTeg 2.1 kon 2.2, T0TE YPNOIUOTOI0VVTOL
Baoeg dedopévaov (compounds databases) yio v
e&evpeon VEwV TPocdeTdOV, d10d1KaGio 1 0Toio OvVo-
paletar «govikn oapwon pe faon To opproKoedpo
‘pharmacophore-based Virtual Screening’ (VS)."2 Ot
EVMOGELS, Ol OTTOIEG IKAVOTOLOVY TOL KPLTpLo. 10V Tibe-
VTOL GTO QOPLOKOPOPO HOVTELD KOAODVTOL KEVACELG
kpovoney (hits). Eivar evidoeig «véol odnyoi», mov
LITOpOvOV VO, 00NYHGOLV € QOPLOKEVLTIKG TPOTOVTA,
a@ov TpomonomBovv dopukd dote va PelTimbovv ot
(PLGTKOYMUKES KOl POPULOKOKIVITIKEG TOVG LOLOTITEG.

O1 dvokodieg Tov mapovoidlovratl Kotd T Stodt-
KaGio TG EPAPUOYNG EIKOVIKNG GAPOOTG 0QEilovTaL
og 6vo Aoyovc:

o)) oTn dnpovpyia SLOUOPPDOCEMY Yio KAOE popto
TOV TPOG LEAETN EVDGEDY, KoL

B) oV avoyvdpion TV POPHOKELTIKOD HOTIPOV
(pharmacophore pattern) onA. otnv avakdAvy”n TG



SLPOPPMOOTG EKEIVIC TTOV IKAVOTIOLEL TOL TEPIOTOTEPQL
KPLTNPLOL TOL PAPUAKOPOPOL LOVIELOV TTOV YPTGLLO-
moleitat g “odonyog”.

To peyodvtepo mpOPANHO OV TPOKVTTEL OTOV
EPAPUOGTEL 1 EIKOVIKT GAPOT], OPEIAETOL GTO LIKPO
T0600TO £EEVPECNG EVDGEDY KPOVCEMV Kol OO 0v-
TEC EVOGEMY OV VO, TOPOLGIALOVV TEAIKE Blodoyikn
dpaon. Avtd omodidetal oe TOAAOVG AOYOLS, €vag
a1td TOVG 0To10VG EivaL TO YEYOVOG OTL OEV UITOPEL VoL
OOl VTTOYN LLE TIG TEYVIKEG TOV TTEPLYPAPNKOY TTPO-
nyovpéveme, 1 eveMéia Tov poKpopopiov-oTodKOL.b

Hopokdtom divovtor mAnpogopieg yio: o) To Ao-
ywopkd LigandScout kot B) ™ ypnomn g Pdoemwg
dedopévoy Zinc oTNV MEPALOTIKY Sladtkacio g
EIKOVIKNG GAPWOOTG.

4. Tleprypogn facik®v onuei®v Tov TPo-
ypapportog LigandScout

To LigandScout eivar éva AOYIGHIKO TNG TOLPEL-
ag Inte:Ligand mov ypnoylomoteiton yio tn dnpovpyia
QUPUAKOPOPOV LOVTEAMV Kat L€ TIG OV0 pebodoroyieg
7oL £Y0VV TEPLYpapel. Amoteleital amd TEGoEPA THN-
pata (perspectives) ot 0oio, EKTEAOVVTOL SIOPOPETL-
KNG QUGEMG EPYOGIES KOL TOPEXOVTOL TOIKIAEG SUVHTO-
TNTEG GTOVG XPNOTEG Y10 T GLAAOYN TV OTTOPAITITOV
TANPoPopLOV. Xtov mapakato [ivaka 1 wapovsidlo-
VTl To TUAROTe Tov Aoyicpkov LigandScout kot ot
AEITOVPYIEG TTOV EKTEAOVVTOL GE QVTA.

Mivexag 1: Tunuata kot Agitovpyieg AOYIGHUKOD
Ligandscout

Tpqpota Agrrovpyisg
Anpuovpyia eoppoKo@OpOLv
Structure- pe Baon v (mbavn)
Based Modeling Blodpaotikn drapdpewon
Perspective TOV TPOGOEUATOG GTO

Bloroykd otdyo

Anpovpyio eappaKo@Opov

Ligand-Based pe Paon v mavn

aAMniemdpaoelg. Ot aAAnAemidpdoels avtég eivat
amOPPOLL TOV OTOCTAGEMV PETAED TMV ATOUMY TOL
HEAETOVTOL, OT®G EMIONG TOV €I60VE TOV ATOU®V Kot
g peta&d toug yoviag. o mapdderypo, o deopdg
VOPOYOVOL EMITLYXAVETOL €AV T omdoTOoT UETAED
Vo atopmv Kupaivetol ond 2,2-3,8 A. Tto Tynua 4
7OV 0KOAOVOEL SiveTaL O OPIGHOG OTEIKOVIGEDY TOL
ATOVTAOVTOL OTO POPUAKOPOPO. LOVTELQ.

Hopokdtm eneEnyodviat ot S1dpopeg Aettovpyieg
TOL AOYIGHIKOD :

e TpAuo pe v ovopaoio «Structure-Based
Modeling Perspective™ : Elodystat to chpmieypo
HLOKPOUOPLO-TIPOGIETNG KOl OVTOUATOS dnovp-
YEITOL TO POPUAKOPOPO LOVTEAD TTOV OVATOPLGTA
TIG AAAMAETIOPAGELS TPOGOEUATOC-LLOKPOLLOPIOV.
[Ipwv ™ dnpovpyia Tov eoppaKoPOPOL LOVTELOL
eréyyetal amapaitnta 1 dopn Tov TPocdET Yiati
pmopel va vhpyel acvpPoTdTNTO GTOV TUTO -
xelov .pdb pe 1o Aoyopwd LigandScout.

e TuApa pe v ovopacio «Ligand-Based Modeling
Perspective” : Ewdyovtol ot tpoodéteg mov Ha
xPNoLLoTomBovy ya T dnovpyio TOL PapHOKO-
(@OPOL, dNUOVPYOVVTOL TOAAATAES SLOLOPPMCELS
QLTOV PE GKOTO T SWHOPEOTIKY gveMELD Yol KO-
TAANYN TOL SLOLOPPMOTIKOD YMPOL Kot akorovdel
1 OMHovPYic TOL EAPLAKOPOPOL LOVTEAOV.

o Tunpo pe v ovopacio «Alignment Perspective”™
: Z& autd To T YivovTon vtepOEcELS popLoKo-
QoOpwV 1 / Ko pappakoedpov / popiov.

o Tunpo pe v ovopacio «Screening Perspective”™
: Ta pappaxo@dpa Tov dnovpyodvIoL LE TIg e~

To approko@opo LOVIELD TOL dNovPYEiTOL 0T
10 Aoylopkd LigandScout mapiotdvetor pe omet-
KOVIGEIS, Ol OTOoieC VTOOMADVOUV GUYKEKPUUEVES
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Modeling Blod . S
Perspective 10 p(mn’Kn 1(xu0p(pc061j
TOV TPOGOEUATOG OVAPOPAG

Alignment YnepBéoeig popiov ko Zyijua 4: TopfoAcpol Tov amaVTOVTOL 5T0 POPUAKOPOPa
Perspective QOPLOKOPOPOV povtéda pe ypiomn tov Aoyopkod LigandScout. TIpdoivn

- . - o@oipan PELOG: dOTNG dEGLLOD VOPOYOHVOL, KOKKIVY] GPOAIpO
Screenn.lg Ewovikii oédpwon pe paon 1 Bé€rog: dékTng deopod VEPOYOVOL, YKPL GOAIPA. : GTEPIKES
Perspective T0 QUPUAKOPOPO nopepnodicels, kitpvn opaipa: v3popofeg oAntemdpa-

GEIG, KOKKIVO “aoTépl” : apvnTikd gopTiopévn meployn. Ot
50t1eg M 0éKTEG deoUMY VOPOYOVOL TaploTAvovToL PE BENOG
1 oeaipeg yoti o deopdg vipoydvov dev elaptdtar povVo
a6 Vv katevbuvvon (BELog) aAld Kot amd v andoToon
peta&d dVo aTop®V (ceaipa).



Bodoroyieg «Anpovpyia eopproKo@dpoL e Baom
v (Bavn)) Brodpactikn SLHOPP®GT TOV TPOG-
011 670 Proroyikd oToOYO» Kot «Anpovpyia eap-
HOKO(QOPOV pe Baor v mihovi Plodpactikn dio-
HLOPP®OT] TOV TPOCIELOTOG AVOPOPHC», LTOPOVV
Vo «UeTapepHOVVY GE AVTO TO TUNUO HECH TOL
Copyboard Widget kot vo, akolovBnicel glkovikn
oGpwon pe Péon To PaPUAKOPOPO OTOLUGONTOTE
Bipriodnkng evdoenv emidéEet o ypHotng.®

5. Zinc: Xmpic mepropropovg tpanelo
0E00IEVOV ENTOPIKAS OL0Ec1H®Y
EVAOGEMYV Y10 ELKOVIKY] 6apmon
(virtual screening)'*'

Mia amd Tig peyaddtepeg SVOKOAIES TNG dlodIKoL-
olog TG EQAPUOYNS TNG EIKOVIKNG GApmoNg elvar 1
EMewyn katdAANANG tpameloc dedoUévav KpGY
popiov yw ypnon. Ymapyovv tpamelec dedopévav
7ov M TpoSPacn oe oVTEG amatTel YPNUATIKY GLUPO-
M Kot GAAEG Ol OTOlEC TTEPIEXOVY EVAOGELS U KOTAA-
Ao dopmpéveg (.. Agimel 1 yv®dON amOAVTNG OTEL-
KOVIONG TOV XEPOUOPPOV KEVTIPMV).

TNo va givan, eniong, ypnoyn pio GLAAOYYN EVd-
oemv, Bo TPEMEL Vo LTLAPYEL TANPOPOPIa, EKTOG 0T
TN TPLEOLAGTOTN SOUN TMV EVDGEWDY TOV TEPLEYEL, KoL
v tov TpopunOevt. Emimhéov, Ba npénet va mopéyo-
VTl TANPOQOPIEG Yio T SLOUOPPMOTIKY] TOVG EVLEML-
&la, vo glval YVooTég 01 TOAAMATAES KATAGTAGELS TP-
TOVI®MOT|G TOVG (TAVTOUEPELS LOPPES), 1) oTEPEOYNLEiDL
TOVG, Ol 110TNTEG oopep®V Bécemg (regiochemical)
KoL 1 AOADTY OTEIKOVIOT TOV YEWPOUOPPDV KEVTIPMV
tovg. Térog, eival amapaitnto 1 Bdon dedopévov va
EVNUEPADVETOL TOVTOYPOVO LE TNV EVNUEPWOOT TOV
KOTOAOY@V TV TPOUN0evTOV.

Mepikég amd TG PAcels dedOUEVOV TOV YPNGULO-
ToVVTOL, UE OPKETE PELOVEKTNUATO OGS OLTE TOV
wpoovapEpnkay (EAAelyn SHOPOOTIKDY, GTEPEOD-
ANHKDV KoL QUGTKOYNLUK®Y dedopUEVmV) givat ot e€RG:

Accelrys Available Chemicals Directory (ACD),
(http://accelrys.com/products/databases/sourcing/
available-chemicals-directory.html)

Chem Navigator database (http:/www.
chemnavigator.com)

Ligand Info database (http://Ligand.info)
ChemBank project (http://chembank.med.
harvard.edu)

Chemspider (http://www.chemspider.com)

Kpttipa yro. tn dnpovpyia g Pdong Zing,
OmC TEPLYPAPovTaL 6T0 APOPO o TOVG OTLLOVP-
YOG TG, etvon To €ENG:
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1. Ot evooelg, mov mepiéyovtotl otn Paon, va givat
gumopikd dlobéoipeg dote vo givar duvatd va
amoTiunBovv Plodoykd oty TEPITTM®ON TOV e
SOKILAGT0 EIKOVIKNG CAPMONG TAPOVGLAGEL dSVUVA-
pet Tpocdépata gvog pokpopopiov. I to Adyo
avTo, £xovv dnovpyndet oktd katdroyot (ITivo-
kag 2) mov Pacilovral og 1310TNTEG OTOE KOGTOG,
YPOVOG TOPASOCNG, TOGOTNTA, TOL dlTifETOL TPOG
TOANOT DOTE 0 XPNOTNG VO, PpicKel akpidg ovtd
TOV TOV EVOLUPEPEL.

Mivexag 2 : Katdhoyot Baong dedopévav Zinc

Améooon 6T0.

Eidon evocewv EAvike

building blocks dopukd TpMpaTo

screening compounds EVADGELG GAPMOTG

mpounbevoeg

procurement agents ,
EVOOELG

EVAGELG TOV
mopackevalovran
KOTOTLV OOiTONg

make-on-demand

natural product QUGIKE TPOTIOVTOL

EVAOOELS TPOEPYOLEVES

collabocules amd cuvepyalOUEVES
Tnyég
annotated w 060“,) TIHEVES
EVAOELG
boutique EVAOOEIC VEDTEPITUOV

2. YmooOvoro evidoemv pe HETAPANTES 1O10TNTES
OT®G AELTOVPYIKEG OPAdEG, LOPLOKO PApoc, Kot
vroloywopévo logP, va mapovoidlovv gukoria
o1 onuovpyia Kot dloyeipton Toug ot Pao.

3. H Pdon dedopévav mpémet va map€yel TANPOQPO-
pileg Yo TOALOTAES KOTOGTACELS TPOTOVIOOTG,
TOVTOUEPEIG HOPQEC, oTtepeoynueia, mpounbev-
TEC, Kot duvoToTNTO VIOPENG TOV amapaiTHTOV
3D dpopedce®v Yo T SodtKasio TNG EWKOVL-
KNG 6apmons. Ot TpIGOICTATEG AMEKOVIGELS TOV
popiov Ba tpémet va gival avtég mov mbavotata
va gpeavifovtay 6e KATOl0 GOUTAEYLO LOKPOLLO-
pilov-TpocdépaToc.

4. Qo mpémet va. givar 0KoAo va yivetatl TpocOnKkn
vémv popiov, va vmhpyet éva 100G TaVTOTNTOGC
TOV EVOCEMV Y10 VO YIVETOL EVKOAOTEPOG O EVTO-



TGLOG OLTAOV KO TOV TANPOPOPLDV TOV TIG GLVO-
debovv, va gival EDKOAN 1 APAipEST) TOV EVHGEDY
7ov dgv givarl TAéov dlabéoieg, Kot 1 dopbmon
aVTOV OV TaPoVGLalovy AGON, Yo mapddetypa.
OTIC VEEC EVOELG OV TPOOTIOEVTAL VO VTTAPYEL
duvatdTa OMovPYiog TOV GLVOAOL TV duva-
TAOV KATAGTAGEDV TPOTOVIOONG.

5. Télog, n Paon Ba mpémel vo givor dypnotn ot
Suoyeipion g, dNAadT va Tapéyet ypoULA VITO-
GUVOLD, EVODGEMY, Vo gival e0KoAn N avalitnon
TOV EVOCEMV, va. €lvol £TOUN TPOG ¥promn Yopig
VO OTTOLTELTOL KOLLA ETITAEOV O1001KAGT0 TPOETOL-
paciog TV popimv, kol 0o TpEmEL Vo avavemve-
TOL TOKTUKG.

5.1 M£00do1 Tov YPNCLUOTOLOVVTOL Y10, TT] ONUL-
ovpyia g fdong :

5.1.1 IInyéc evdoe@v Kol QIATPpa EMAOYNG AVTOV :

¥t Pdomn dedopévov Zinc ypNCLLOTOLOVVTOL
134 xotdAroyolr mpounbevtdv Kot cvumeptiopupad-
VOVTOL KOl EVOCELS OV €Yovv avapepbel oe me-
plocodtepeg amod gikoot GAAeG Baoelg evdoemV (T.y.
Drugbank, ChEMBL, PubChem). v televtaia
avty mepintowon, N Zinc moapéyet oAdKANpM TNV
avtictolyn PAcn eVOCE®V Kal VO VTOGVLVOAO O-
TG HE EVDGELG TOV TBavOTATO VO, Elval EUTOPIKA
SdaBéoipeg. H emhoyn tov evdoewmy mov umopel va
Bpet kdmotog ypnog ot Zine yivetal pe Paon to
€ENg kpuTpLaL:

70 poplakd Papog(<700),

logP (-4 <logP< 6),

50T€G OEG UMV VOPOYOVOL (<6)

déKteg deoudv vdpoydvov (<11)

apOpog TEPIOTPEPOUEVDV deGmV (<15).

¥t Pdon dedopévav  dev  mpooTéONKOV
gvioelg mov  meplapPdvooy  dTopo TEPL  TOV
H,C,N,0,F,S,P,Si,Cl1,Br,| pe ehdyioteg eapéoelc.

Xpnowonotgital, €xiong, EIATPO Yo Vo, apoipe-
000V avemBvunTeg EVOGELS, 01 0Toieg Be@podvTat un
KOTAAANAEG atO TOLG OMoVPYoVS TG Zine yio ™
Swdkacio g ekovikng capmong. o wapdaderyua,
aQalpovVTOL T0, GAKLAOAOYOVISI oL BewpodvTat
TOAD OPOCTIKEG EVAOGEIS 1| LOPLOL TTOV TTEPLEYOLV Lé-
TaAlo 1 POplo yloTi dev vPioTUVTOL TOPAUETPOL YIaL
avtd o, dropa oto medio duvapewv MMFF94.% Y10
dradkrvaxd ydpo http://blaster.docking.org/filtering
TOPEYOVTOL TTANPOPOPIES Y10 TO, KPLTNPLOL TOV (PN Ol-
LLOTTOLO0VTOL Y10 TO aPYIKO QIATPAPIGUN TOV EVAOOE-
@v mov B coumepuinEbovy oty Pdaon dedopévav
Zinc. Kd0Oe ypnotng g Zinc pnopei vo emiééel evo-
OE1g OO TO VITOCVVOAQ TTOL KaAoVVTAL “TtpdTUTES”
(standard) ota omoio dev mepiéyovior pOplo. TOAD
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OpaoTIKd Kot TPOPANUATIKG Kot VETAPYEL, €TioNG, M
SuVOTOTNTO EMAOYNG TOV VTOGLVOA®Y 7OV KOAOV-
vtar “emBountd” (clean) to omoio TEPLEYOLY HOPLOL
pe TPOSPOPES AEITOVPYIKES opades (benign).

5.2. TIpoctowpnacio popiov - lpotékoidro :

Ipaypatomoteitan petatpont| twv 2D SDF apyeiov
v npoundevtdv ce SMILES pe v ypnoonoin-
omn tov Aoyopikov OpenEye’s OEChem. Tumikd, to
70% TV popimv gival ayepOLOPPO Kot OV EUQAVI-
Covv dopukn acageta. I'a to vdAoTa ot TANpoPopi-
€G OV TOPEXOVTOL IO TOVS TPOUNOEVTEG Elvat aoa-
oeic. To yeyovog 0Tt ot TeptocdTepeg eppavifovv va
1 800 XEPOUOPPA KEVTPA SOUIKNG AGAPELNG KadioTh
™ dnpovpyio dVO Kol TECCAPWOV GTEPEOIGOUEPDOV.
Moapéyetor n dvvatdTTa GTOV ¥PNOTH VO XPNCILO-
momoel pio amedvion tov popiov yo ypriyopdtepm
oGpwomn 1 T XPNOLoToiNcn VIToouddwy ¢ Baong
7oV Ogv epPOviovv SopIKEG ACAPELES.
TNo va eaceolotel  povadikdétnta ot Pdon,
dnpovpyeitor po “dokipactikny” (trial) tpiodid-
otatn doun pe to Aoyiopkd Corinal® yio kdOe
évoon mov Ba mwepineBel ot Zinc ®oTE va g
d00el évog povadikdg aptBpog “tantdTnTag” TOL
0o ™ yapaxtnpilel. X cvvéyeln, 1 SOKILOOTL-
K1 ovtr doun peketdtol og 4 mepoyég pH ypn-
owonotdvtog v epapuoyn Schrodinger’s Epik
version 2.1209 (mepilapfdvovtot yio Topadetypo
0l OTOTPOTOVIDGELG KopPoboAikdv o&éwv Kat Te-
TpalOADVY KOl Ol TPOTOVIDGCELS TOV TEPLOGOTEPOV
aAelpatikdv apvav). Ot téooepig meployés pH
givar ou: a. pH = 7,05, B. pH = 6-8, y. pH = 7-9,5,
d. pH = 4,5-6. O1 meproyéc avtég e&aoparifovv
v opbn oe k4Be meproyn pH tavtopepn popon.
O1 meplocoTEPEG TPAOTEIVES UTOLTODY TPLEOLACTO-
TEC TOVTOUEPEIG LOPPEC TPOGOETMY TTOL Va. Elvat
ovpPatéc pe mepoyéc pH tudv (6-8) apov ot
(QUGLOAOYIKEG AELTOVPYIEG TOV TPOTEIVAOV QVTOV
TaPATNPOVVTOL OTIG «EV AdYym» Tiég pH. Ymdap-
YOVV KoL TOPASEIYILOTO OTMG O TEPLOYEG TPOGOE-
oNg TOV PETAAAOEVIDU®OV TOV AmaLTOVV SloOpP-
emnoelg ovpPotéc pe vynadtepeg Tywég pH (8-9).
Této10 TOPAdELY L0, OTOTEAEL TA ATOTPOTOVIOLE-
v GovAQOvaidlo. AkoAovBel 1 epaproyn TOV
Aoyiopukod OpenEye’s Omega yia tn dnpovp-
vio 3D povtéhov. Me ) ¥pfion Tov AOYIGHKOD
AMSOL'” vrohoyilovton Ta uepIK aTopkd gpop-
tio, T0 omoio. BewpovVTOL GNUOVTIKOL AEKTPO-
OTOTIKOl TOPAYoVTEG, Yoo T SUOpP®oT KAOE
KATAOTOONG TPOTOVIOONG, GTEPEOIGOLEPOVCS, Kol
TAVTOUEPOVG,.
INa ta popla mov mepéyoviar otn Paon Zinc di-
VOVTOL TANPOQOPIES YO TIC HOPLOKES OLOTITEG



ToVG. AvTég meprAapavouy to poplakd Bépoc, Tov
ap1Bd TV TEPIOTPEPOUEVOVY dEGUOV, TO logP, Tov
ap1Bud TV S0TMV SEGUAY VEPOYOVOUL, TOV aPlOd
TOV JEKTMV JECUOV VOPOYOVOV, VIOAOYILOUEVOL
a6 10 Aoylopikd Molinspiration’s mib. Aivovtad,
emioNg, TANPOPOPIES Y1t TOV aPOUd TV YEPOLOP-
@OV KEVIPOV, TOV apliid tov Sumhdv deopdv (E/Z
LOOEPT]) KOL TOV OPLOLO TOV GKOUTTOV TUNUATOV.
TN t1g moAkég Kot GmoAeg Evepyeleg amodoAdT®-
ong (desolvation) ypnoylomoteitor T0 AOYIOHKO
AMSOL (mpwtokorro Wei).

Ewwkd, ywo tov vmoroyiwopd logP yuo xdbe
évaon mov amobnkevetol otnv Zinc, YpnoIHo-
molelTal M €QPAPUOYN MOV TAPEYETAL OO TNV
Molinspiration, Kol GUUE®OVEL E TIG TELPOLO-
TIKG vrohoywopéveg logP yia peydin mokidio
evooewv. H gpappoyn avty ommpiletor otov
aAyopiOpo XLogP (Wang).'®

INo k@O podpo, emiong, divovtar TANPoPOpieg yio
Tov mpounBevt kot Tov aplBpd KaTaAdYoL Yo
KkG0e epmopikn Tyn g évmongc. Emiong, émote
aUTO Eivol SLVOTOV TAPEYOVTAL TAPOPOPIES Yio!
T Ploloyikr| dpacTNPLOTNTO KAl AEITOVPYIKOTNTO
TOV EVOGEMV.

5.3 Aopn g Zinc :

H Paon dedopévov oyedidotnke pe Tpodno doTe
Vo mTuyydvetatl €OKoAa 1 TPocOnK oG vEag Evo-
oMG, VO VITAPYOVY VTOOUAOEG EVOGEMV LE Pdom Tig
1O10TNTEG TTOL TTPOOVAPEPON KAV KAl VO UTOPEL 0 Xp1-
OTNG VO SNUIOVPYNCEL TO EPMTNUATOAOYLO TOV DOTE
VO EVTOTIOEL TNV OUAd0 EVAOCEDMY OV TOV EVOLUQE-
pet. Emiong, éxet mpoPrepbei n gvxoln mpocPaon
otV Bdon (download). I'a vt TO AOYO O S1APOPESG
VIOKATNYOPIEG EVGEDMV TOPEXOVTIOL GE CLUTIEGUE-
VOUG PAKEAOVG TTOV TTOPUAQUPAvVOVTOL HECH TOV O1-
adtKTOOV L Ypiyopous pubuovg (ready-to-download
compressed files).

H dwdictvaxn tomobeoio g Pdaong dedoué-
vov PBpiloketar ot dievbuvon http://zinc.docking.
org xoi meplopPavel mdveo omd 20 ekatoppdplo
EUTOPIKDG StaBéoylo popla o SUOPPDGELS TOV
amovidvtol o€ PBroAoyikd cvotiuate. Ot eVvOGELG
KOTIYOPLOTOl0OVTOL Kol 6€ GAAEG KATYOpPieg EKTOC
TOV “TPOTLTTOV” Kol “ETBVUNTOV” TOL TPOUVAPEP-
Onkov. o Tapdderypo vEapyel T0 VIOGHVOAO VIO
TOV TITAO «EVAOEIS TOV TPOTOUOLALOVY TIG 0ONYOVGH
(lead-like) ot omoieg &xovv €bpog poplakdy Bopmdv
150 - 350, logP < 4, ap1Bud d0tdV deopdY VOPOYO-
vou = 3, aplBud deKT®V dEGUDY VOPOYOVOL = 6 KoL
TO VTOGUVOAO «JOMUKGE TUALOTO 7OV TPOGOUOL-
Covv avTd OV PITOPOVV VO TPOGIDOGOVY BLOAOYIKEG
womtegy (fragment-like) to. omoio, &govv Tiuég -2
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<logP< 3, Myb6tepovg amd Tpelg 00TEG OEGUDY VOPO-
YOVOU, AMYOTEPOLG ATO 6 JEKTEG OEGUDY VOPOYOHVOU,
MyOTEPOVG OO TPELG TEPITTPEPOUEVOVS HECLOVS KoL
poplokod Bapog pikpdtepo omd 250. EpeaviCovrar kot
GALO. VTTOCHVOAD EVDGEMV, OTMG Y10, TAPAOELY A TO
VITOoHVOAO VITd ToV TitThOo “QuoiKd TPoidvta” N T0
VTOoHVOAO “petafolrites”.

A&ilet, €dd va avapepbei 6TL 6N Zine TEPIAULL-
Bavovtar evdoeilg mov mapafialovy Tov Kovovo Tov
Lipinski e&attiog vyniodv typudv logP. Avtd copfoai-
vel Moyo ¢ afefardtntog TV vwoAoyILOUEVOVY a-
TAOV TILOV.

O1 evioelg g Paong Topéyoviol GTovG XPNOTES
oe apyeio SMILES, mol2, SDF, DOCK flexible.

5.4 Avalitnon otnv ZINC :

Ov ypnoteg égovv ™ dvvatdmra avalntnong
Kavovtag xpnon dapopv KpLtnpinyv, 0TmS Yo mo-
PAdELY IO QVTO TNG SOUNCNG TNG CLYKEKPYEVNG TPOG
pelétn évoong. AAAo KpUTiplo HTopovy vo. givat n
Bloloyikn| dpaoTIKOTNTO, Ol QUGIKES IOOTNTES, O TPO-
unbevtrg, To OVOUO LOG EVOGCTG OKOMO KOl TO Lo~
KPOWOPLO GTOYOG HI0G EPEVVNTIKNAG TTPOCTAOELNG.

¥10 EZynua 5 mov moptoTd To SAdIKTLAKO YHPO
g tpamelac dedopuévmv Zinc'® avaypdapovtat o1 Tpo-
TOL TTOV UTOPEL VOl YPNGLOTOMGEL VOGS YPNOTNG TPO-

Uf.§ Uiy Callmi S e | AbotUCSF | Seaeh UCSF | UCSF Medial Gt

ZINC 1] NotAuthenticated - sign
Actvecart: Teemporary Cart (0 tems)
CEEXEETT ( D)

Text Strcture Propertis: Catalogs: ZINC. Targets Rings Combination
(0 ppe Fomtwee ] PoesciosDiod || Podebihousle "

Besign Funcivaly. [
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Zyfua 5 Awdiktoakog ywpog : http://zinc.docking.org.



Keyévov va avalntioet Tig enbountég Yo ekeivov
EVOGELS 0EO0UEVOV OVOAOYMG TOL EPEVVITIKOD TOL
oTOYOV.

Ot tpémot avtoi eivat: (o) Méow AéEemv-KAedimv
otV otAn Text (keipevo). (B) Xyedalovtag v ent-
Bopnt dopun oty ot)An Structure (doun). (v) Méow
TOV eUoKoYNKOV Wothtev (Properties). TTapéye-
ToL 1) SLVATOTNTA GTO YPNOTI| VO, OPIGEL TO EVPOG TV
TIL®V IOV EMBVUEL VOL £XOVV 01 PUGIKEG IOIOTITEG TTOL
napovatalovral 6to Zynuo 5 kot [livoka 3.

Mivakag 3: Anddoon opav Zynpatog 5 ota EAAnvia

DuoIkéc W00TNTES | AT6O001] 6TO EAANVIKG

Molecular Weight . Tax
[/mol] Moprakd Bapog
xlogP -
Net Charge OAod poptio
Rotatable Bonds Hepwotp EponEVOL
deopol

Polar Surface Area [ToAkn emeaveia

Aodteg deopdv

Hydrogen Donors V3POYOVOD

Aéxteg deoudv

Hydrogen Acceptors V8pOYOVO

Polar Desolvation

[keal/mol] [ToAwn amodtoddtmon

Apolar Desolvation

[keal/mol] Amoln amodtoldTeon

(8) Mg Baon toug katardyovg otn otiin Catalogs
KoL TNV TO0TOTNTO TOL £)XEL AAPEL Lo EVOOT TOV G-
purepriopfavetar oty Zince. (g) Avédioya tov emifo-
pntov Proroyucov otdyov (otnAn Targets). (ot) Zn
omAn Rings avalntovviot evdcelg mov mepEyovy
Tov S0KTUA0 oV 0 ¥pnotng Ba opicet m.y. okele-
16 avBpaxeviov. (n) Télog, ot omAn Combination
VILAPYEL £vag oOVOETOG TOTOG EPOTNUATOAOYIOV TOV
neptiapPdvel 6A0 to Tponyovueva Kpitiplo. avoli-
mong. Xto Xynpa 6 mov akolovbei mapovoidletan
éva ouvheto epoTUATOAOYO0 OTTOVL dtoKpivovTal To
EMUEPOVG Kprtpa avaltnong Ommg ot UOLKEG
wWotTES, 1 duvatotnTa oyxedioong dopdv, 1 dvva-
TOTNTO EMAOYNG KATOAOY®V KOOMS Kot TO VITOAOUTOL
Kprmpla avalitmong mov pmopel €vag xpnotng va
ypnoonomoet oty tpamnela dedopévav Zinc.

To amoteléopata g avalitnong umopet o yp1-
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Zyiua 6. Epotuoatordylo ovvbeg avalitmong, dwodt-
KTLOKOG ¥dpog : http://zinc.docking.org.

oG va ta embempnost gite oe TOAD Aiyo ypdvo 1
TEPLEVOVTAG TEPLOGATEPO OV HOBNKOV TEPIGGOTEPO
TEPITAOKN EPOTNUATOAIYIO. £TO ZyNpa 7 @aivovtol
T amotehéopata TG avalimong, oxedialovtag m.y.
TOV TOTO NG aoTipivig kat {ntdvTag va Ppebovv emt-
TAEOV Kat ot dopég Tov opotalovv katd 90% pe Tov
TOTO oL oYeddoTnKE. Mg avTOV TOV TPOTO diveTal
1 6VVATOTNTO GTOV ¥PNOTN VA OTLLOVPYNCEL TAL VTTO-
GUVOLN EVDGEMY OV EMOVLEL Y10 LETEMELTAL YPNOT.
Onog mopatmpeitat 610 Zynpa 7, tapovstaiovton
T OTOTELEGHOTO TG avad)TNONG LE TOV KOOIKO E
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Zynua 7: Anoteléoporta avaliTnong TG aompivg Ko mo-
PEUPEPDOV dOopMV 6T Pdion dedopévev Zine,(AodtkTuakdg
xdpog: http://zinc.docking.org).



[Dverview

Bl

3.
{aG0EET 1221

Qi\

Dieare Idantity #5% 0% 80% 0%

Type | xiogP | Des A-Pal | Des Pul Hmlnu cng|wsa| wwT mln.

Ral | 169 | 667 |-1144| 0

Zynua 8: Me avokOANGn Tov TovTiKiod ot dopn pe apib-
né tavtodmrag Zine 02560557 mapéyovton emmAéov TAnpo-
QOopieg Yo TN CLYKEKPLEVT EVOOON.

ToV 0moi0 KataywpnOnke to kdbe popro otn Paon,
ovvodevdpevo and TN OiedldotoTn doun Tov. Mg
avakOANGCT TOL TOVTIKIOD o€ KABE dour Tapéyovtat
emmAéov mAnpoPopies, Onwc eaivetal 6To Tynuo 8.

Mopokdto mopatiBetor éva Topaderypo yio to
TG WTOPEL VG YPNOTNG VA PN OLLOTOoEL TN Pdon
dedopévav Zinc TPoKEWEVOL va dlevkoivuvOel otn Ot-
ad1KOoTI0 TNG EKOVIKNG GOPMONG.

Tpofinuo: Xpiome embopel v ovakoAdhyel
npocdépara (ligands) dvvdypel Kovotdua vITOYNHELo
QAPLOKO Y0 [0, TPOTEIVN-0TOY0. Amatteital, Aot-
7oV, Lo BiAodnikn eumopikdg S100ECIUOY EVOCEDV
g katnyopiag “lead-like”. Ta Pripata mwov Tpémet va
OKOAOVONGEL Y10 VO, TPOYLLOTOTOLGEL TNV J1ad1KaGio
NG EIKOVIKNG OAPOONG HE OKOTO TNV OVOKAALYT
VEDV EVDGEDV-00YOV TEPLYPAPOVTOL OTT) GUVEYELQL:

A) Amo tov katdioyo Subsets ypnotponoleitat m
emioyn Properties. B) Ztov opilovtio dEova emhéyet
™ otmAn lead-like. ) Xtov kdfeto a&ovo emiéyet
mv ypopun Standard. 4) EmAéyeton o tithog lead-
like oty AV 0pLoTEPE YOVIOL TOV TIVOKO OOV Ot
CTAVPMOVOVTOL 01 ETLOYEG TV Tepimtoemv (B) &
(D). E) O ypiomg emréyel nog Bo amobniedost
BProbnkn tov vrocvvorov lead-like yio va T yp1-
OLUOTOMGEL 6T SodIKOGT0 TNG EIKOVIKNG GOPMGNG.
Hoapéyovrat ot duvatdTnTeg TG amobnkevong oe SDF
N MOL2 1 flexibase 1 SMILES opygio. EmiAéyetan
N xaptélo Downloads apécmg petd to KOplo Pevod
EVIOADV NG 10T00EAdAG TG Zinc 4TV 0 XPHOTNG
emBopel o1 evdoelg mov Oa xpNGILOTOIMGEL 0T dla-
dKacio TNG EKOVIKNG GAPp®ONG va givol cupPaté e
ovykekpiéves meproyég pH.

¥t0 apbpo twv John.J.Irwin ol cuvvepyormv'
mapatiBevrar Kot GALO PO TOPUSETYLOTA Y10 T

xpnon g Zinc.
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5.5 AwdKTLOKOS YMPOS:
http://www.molinspiration.com

370 O10OIKTVOKO 0T YDPO, O YPNOTNG EXEL T dL-
VOTOTITO VO VTTOAOYIGEL OTUOVTIKEG LOPLUKES 110N~
TEC LLOG EVAOONG, OTIMC Y10, TOPASELY L TOV aPlOpd TV
d0TOV decUOV VOPOYOVOL, KAODG Kot TNV TOAVOTH-
T BlodpaoTikOTNTOG TG EVMOTNG G LOKPOUOPLO, TOL
QOTEAOVV TOVG GNUOVTIKOTEPOLS GTOYOVS PUPUAKOV.

5.6 Ymolhoylopdg HOPLOK®V 10T TOV

logP: Xvvteleotng LEPIOHOV GTO GUGTNLLO OKTO-
voAnG vepoy. Xpnopomoteitol o peréteg QSAR
(ITocotwég oyéoelg dopng dpaomng) KoL oTov op-
Boroy1KO oYEOOGUO PUPUAKOV MG KPITHPLO TNG
Mmo@idiag tov popiov. H Amoeihio enmpedlet
TV anoppoOPNoN TOV QAPUAK®V OO TOV 0pYo-
Viopo, v Prodiabecipdtra, Tig v3POPoPeg aA-
niemdpdoeic papudkov—vmodoyéa, To petafo-
Mopo6 Kot TV ToEIKOTNTE TOVE. Y Tapyovy TOALG
GLOTALOTO, VTOAOYIoUOD THG TTapoueTpov logP.t®
MiLogP: Mé6odog mov ypnoiponoteital 6To 1o~
dktvokd ympo http://www.molinspiration.com/
v Tov vroAoyopd tov logP. I'a to 50,5% twv
popimv mov £yel voroywotet o logP pe ™ pébo-
60 miLogP ka1 éxel ovykpibei pe v mepapoT-
K6 vroAoyilopevn T logP €xet Ppebel cpdipa
< 0,25, oto 80.2% ocpdipa < 0,5, ka1 610 96,5%
opdipa < 1,0. Mdvo o1o 3,5% tov popiov topo-
mpnOnke ceaipa peyoivtepo omd 1,0.

Mopiakn ok Emdveia (Molecular Polar
Surface Area TPSA): Oswpeitor kprplo amop-
POPNONG EVOG QUPLAKOV LE OVTIOTPOPMG AVAAO-
YN oxéon. LyetileTor pe TV KOvOTNTO GYNLUOTL-
oo decU®OV VIPOYOHVOL.Z

Kavévog Lipinski 1} “kavovag tov 57:2 Zougpova
pe autd Tov kavova, To Loplo Tov givat TEPLGGo-
Tepo TOAVO va givar Exovv KaTdAAnieg Progoap-
LOKEVTIKES 1010TNTEG €lvar avtd mov €xovv logP
=5, popraxd Bapog = 500, dékteg deopmdV VOPO-
yovov = 10, d6teg deopmv vdpoydvov = 5. Mo-
plo. mov mapaPrédlovyv dvo 1 TEPLGGOTEPO KPITH-
plo. TOV KAVOVa aVTOD TOOVOV VA TapPoLGSLALovy
TpoOPAna ProdradeciotnTag Katd TV xopnynon
omd T0 GTOUA.

Ap1Budc meplotpepopeveoy deopdv (Number of
Rotatable Bonds—nrotb): Kpitipto g poplaknig
eveMé&lag.

Mopiaxdg dykog (Molecular volume): H 1316-
NTo VT OToTeAEL £VOL OO TOL POPLLOKOY LKA
YAPAKTNPLOTIKA TTOv emnpedlovv TG0 TN dtame-
PUTOTNTO 00O Kol TNV TPOGOEST] GTOV VITOSOYEN,
oyxetildpevo pe to péyebog kat TV evkopyio g
KOWLOTNTOG TOV EVEPYOD KEVTPOL.Z



5.7 Ynoloyiopdg mOavoTnNTOS PLOodpacTIKOTNTOS

H ooappakopoploks opotdtnta  (druglikeness)
UTOpEl Vo, 0ptoTel G o TEPITAOKT 1oOpPOTTio. O10-
QOP®V LOPLOKAOY 1O0THTOV KOl YOPUKTNPLOTIKAOV
01N dopn €VOG LOPiov, TO, OTToio 03 YOUV GTO GUUTE-
POGCLO OV [0 GUYKEKPUYEVT OVGI0 TPOCOHOLALEL [
KGO0 YVOOTO PApHOKO. AVTEG Ol 1OLOTNTES, KUPIMG
N Amoeidia, M MAekTpovikn daomopd, 0 péEyebog
TOV popiov, N eveMéio TOV, TO, YUPOKTNPIOTIKE TOL
B0 umopovGaV Vo 08N YNCOVY GE SEGIOVG VOPOYOVOL,
oA avtd poli pe AN QOPUOKOUOPLOKE YOPOKTT)-
ploTikd ennpedlovv ™V coumeppopd evog popiov
oe éva {ovtavd opyaviopd cuumeptAapPovopéving
¢ ProdabecotTTag, TG HETOPOPAS Tov Hopiov,
g To&IKOTNTAG, KOt TG HETABOMKNG oTaOEPITNTOC
(metabolic stability).

H mowiAia TV QOopUOKELTIKOV OTOXOV (KO-
0évag amd tovg omoiovg omottel Eva SAPOPETIKO
GLUVOLOCUO HOPLOKAV YOPUKTNPLOTIKAOV) Eival TOGO
peydain mov givor whovo va Ppebdei Evag kowvdg ma-
pavouactig «Pdcey Tov omoiov vo EKQPPUCTEL M
opoldtnta evdg popiov pe €va QAPUAKO OTTWS Yol
Tapadetypa ot kavoveg tov Lipinski. [Tapora avtd
TOGOTIKG KPLTHPLo. OGS TO Vo TibevTal Oplo. GTo JLo-
plakd Papog, oto logP, otov aptBud tv dotdv 1
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Zyfua 9: Bipoto mov ektehohVIOL MOTE VO TPOKVYEL TO
oKop ProdpactikdtnTag.[24]
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deKTAV VIPOYOVOL amhd Bonbovv otV gvKOAN O1d-
Kplomn evOGE®V Tov O Bo pTopovcay ToTé va, ivor
Broroyukd dpoaoctikég. 2

Y11 Molinspiration Bempeitor 0Tt Tpénel vo 600el
éUQaOT OTIC OlAQOPES KATIYOPIEG MOKPOUOPI®V-
(POPLOKEVTIKDV 6TOYWOV KOl Vo, 0t0000gl o€ anTég Eva
GKOp OpaoTIKOTNTAG Hopi®v. Xtn péBodo mov oKo-
AovBeiton ypnoiponoteitoan Bayesian otatiotikn ovd-
Avon. Zuykekpuéva, cuykpivovtal SOpES dPUCTIKG
EVEPYADV EVOCEWMV G TPOG EVOL LAKPOUOPLO-GTOYO LLE
OOUEG U EVEPYDV EVOGEDV Y10 Vo dtokplBovv oo
SOLUKE YOPOKTNPIOTIKA (TOL OO0 [LE TNV GEPA TOVG
a0d100VV GUYKEKPIUEVEG PLGIKOYMIKES 11OTNTES)
€lvOl QUTA TOV GLVAVTAOVTOL OTO, EVEPYDS OPUCTIKA
popia. Xrov Iivaka 4 mapovoidlovial ot TpoPAemnod-
UEVEG TILEG POPLOKOLOPLOK®Y 1010THTOV Kot frodpa-
GTIKOTNTOG Y0 TNV aoTpivn

Mivoxag 4: YToloylopdg LOPLOK®Y 110THTOV KOl T
Bovotnra PlodpacTikdTNTS TG 0oTLPivNg

Iawmra Tpop )uan’o newn
T
miLogP 1,434
TPSA 63,604
natoms 13,0
MW 180,159
nON 4
nOHNH 1
nviolations 0
nrotb 3
volume 155,574
2Toyor popudrwv 2xop
Ipocdépara GPCR 076
(GPCR ligand) ’
PvBpiotig mpoteividv-
KOVOALOV 10VTOV -0,32
(Ion channel modulator)
AvooToAE0G KIVAOTG 1.06
(Kinase inhibitor) ’
[Ipocdétng mupnvikdv
TPOTEVOV -0,44
(Nuclear receptor ligand)
Avootoréag eviopmv 028
(Enzyme inhibitor) ’
AvooToAENG TPMTEACHY 0.82
(Protease inhibitor) ’




§ GPCR mpooting
g Ll EViIs ou opowddouy e dopasa

§ — | Avoorotsic mupeviie npwE v
Evubonsg mou opes{ow B gdppons

L
200 -1 .50 -1.00

o e avaoTahsl
vy

100 150 200

Zyfua 10: Tpaprporto amd to Sodiktvakd tomo [23] mov
delyvouv 10 doywptopd HETAED EVOCEDV [UE YOPAKTNPLOTL-
K6 pappdxov (druglike) kot evepydv Brodoyicd popiov yio
TIG GUYKEKPYEVEG KOTNYOPIEG LOKPOUOPIOV-QOPHOKEVTL-
KOV GTOY®V TOV TEPLYPAPOVTOL.
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5.8 A&woroynon Tov popimv

H a&oloynon tov popiov deiyvetar 6to Zyniua 9
Kot aoA0LOEL TOL o KATM Prpatal.

To 1° Puo ot dwdwkacio weptiappdver v
avAAVCT SPACTIKAOV EVOGEDV MG TTPOG va Ploloyikd
0T0%0 (EVAOOELS EKYDUVAOTG) KOl GOYKPLIOT QUTAOV LE
un dpaotikég evaoelc. Me Bdon avt) v avaivon,
dnpovpyeitor va povtédo Saeopmv Bpavopdtov
(otaTioTiKo HoVTELD), TV OTTOIMV 1) GLVEICPOPE GTN
dpaoTtikdmTo Pabporoyeital avaroya.

To 2° frna mepriapPdvetl avaivon g vnd peré-
N VOoNG Kol VTOAOYIGHO TG GUVEICQOPAG KOOEVOS
«dpaoTikoD dopkod Tupatoy tg. Etot, mpokv-
TTEL TO oKOop PLodpacTikdTnTag, T0 0Noi0 amoTeELEL
pia €voelgn yo v mhovi flodpactikdTnTo Mg TPog
éva Ploloykd ctdyo.

2T TapaKATo €KOVES TOL Zynuatog 10 eaiveran
1 S100TTOPE TV TIHDV SPACTIKOTNTAS, Y1 TS £6L KLPL-
OTEPEG KATIYOPIES PAPUOKEVTIKOV GTOXMV, TWV YV®-
OTMV OpPOCTIKA EVEPYDV HopimV (S1Popo YPMLLOTOL)
KGO Kotnyopiog KoM Kot 01 TYES TMV OLGLOV TOL
OpOLALOVV [LE PAPLLOKO TNG CLYKEKPUEVIG KOLTIYOpPiog
(ykpt ypopa). Oco vymAdTEPO €ivol T0 KO Yo Lo
évmon mov peleTdTol TOGO HeyaAvnTEPT THAVOTNTO
VILAPYEL VO ETvo EvEPYO TO GLYKEKPEVO PLOPLO.

Hopokdtm, didoviar ta Kpirtnple aEloA0YNoNG
OPUCTIKOV KOl EVAOCEMYV OV OLOLALOVV e PAPLLOKOL
Y k@6 KaTnyopio. LOKPOHOPI®V oTOY®OV GE LOPPT
ypaonuotog (Zynua 10) 6mog avtd Kotoypaeovtol
670 SdIKTLOKO YMPO.232
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Summary:

In this review article, the role of the
pharmacophore model in the discovering of novel
drugs is described. The methodologies used to
create a pharmacophore model are classified
as: 1) ligand-based and 2) structure -based. The
difficulties encountered in the application of both
methodologies are also described. An example
is given for the use of a pharmacophore model
in the process of virtual screening and hints to
avoid running into problems. The LigandScout, a
software created by Inte:Ligand, is used to create
pharmacophore models. The drug data-base Zinc
and its application Molinspiration for calculation
of molecular properties and the likelihood of
bioactivity are extensively described.
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D opuoKELTIKA QUTA
GTIV ETOVAMGCT TPUVUATOV

Bovdovpn Afqjuntpa, Teosepoppdrn Xprotive*®

Epyaotipio Hepauotixng @opuoxoloyiog lotpixn Zyoin, E.K.I1.A.,

Hepidnym

H emovAwon evog tpavpatoc amoteiel mtoAdmAo-
kN oepyacia. Iapackevdopata QLTIKNG TPOEAEL-
ong eppavifovv Betikd omoteléopata, avaioya 1 Kot
BetikoTEpO TV GLVBETIKMOV Papudkov. MeTald TV
QLTAOV TOL SLBETOVY EMOVAMTIKES OLOTNTEG ATOTE-
AeopatikOTnTa £MOEKVOOLY 1 KOAEVTOLAD (GvO0q),
10 vrepwd (BdAcapo M omabdyopto) (avOicuéva
vIépyela LéEPN), N aAom (YEAN) K.4., T®V omoimv 1
EMOVA®TIKY dpdon &xel TekunpwBel mépav g mo-
PAdOGLOKAG XPNONG TOVG Kat amd in Vitro kot in vivo
peAETEC. XNV Topohoa AVACKOTNOT YiVETal EKTETO-
HEVI avapopd GTA OPACTIKG CLGTOTIKE, GTIS O1OTN-
TEC KOl OPACEIS TV OAVOTEPD PUPUAKEVTIKMV QUTAOV.
H ocv{imon eotidleton otn duvatdnTo }pnoponoi-
NONG TOVG OTN JAOKAGIN TNG EMOVAWMONG TPOVLLG-
TOV OAAG Kol YeVIKOTEPO Ot OgpamevTiky), Kabdg
Kot GTIS OAANAETOPACELS TOVG, 1| LEAETN TOV OTOL®V
etvan Wwaitepa onuavTiKng yo TV oveDPEST| TOL Ko
TOAANAOTEPOL KOl SPAGTIKOTEPOL GLUVOVLAGHOD GTNV
ekdoToTe Oepameio.

1. Evcayoy-Xoyypovn ®utobepanscia

H ypiion tov gutdv pe okomd ) Bepaneio amo-
tehel pla apyodtatn mpoktiky. Ot QapUOKEVTIKEG
WOLOTNTEG TOV QLTAOV EVIOTUIGTNKOV OO TLG OPYES TOV
TOMTIGHOD [OG KOl YPNOLULOTOONKAV Yol TV avTL-
LETOMIGT TOL TOVOV, TNV ETOVAMOT] TPOVUATOV KO-
B¢ ko ) Bepomeio Srapopwv acbeveldv.t

Ta @dppoko QUTIKNAG TPOEAELOTG ATOTELOVY [ua
OpaoTIK Hovada amd UiYHO TOAADY YMUIKOV OVGLOV.
> Bepomevtikn pmopet va xpnoonombel avtovslo
TUNHA ENPOVL VTOV 1] PLTIKA TAPACKEVAGLLOTO OTMS:
gyyopa, OQEYNUO, EAOLDOES EKYVAIGLO, OAKOOAIKA
gkyvAiopota KA. Ta eappoxa GLTIKNG TPogAevong
SwféTovy VPV PappOKOAOYIKO Kot BepanevTikd Tedio

Mikpdg Aoiog 75, Tovon 11527, AGnva

dpdomng, AOY® TG YNHKNAG OVOTACNG TOV PEPOLEVOV
®G dPUOTIKAV OLGIDOV OAAG KOL TNG CLVEPYIKNG TOVG
dpdong pe GAa ynud cuoToTikd.?

2. H depyaoia g emovimong

Me tov 6po emodAwan eVVOOVE TO GUVOAO TOV
AVTIOPACGEDY TOV OTOGKOTOLY GTNV OIOKATACTAON
™G ADONG TNG AKEPAULOTNTOG TOV IGTMV LE GTOYO TN
dthpnon ¢ aKepaOTNTAS TOL opyovicpov.’ H
EMOVA®ON omoterel TOAOTAOKT dlepyacio Kot Oié-
netal and PLoAOYIKOVG pUNYOVIGHOVG, OTMG emONAL-
0TOoINoT™, TOPUYWYT GUVOETIKOD 1GTOV OO TOVG VO-
BAGoTeC KO EVOTOBEST] KOl GYNUATIOHO TAEYUATOG
KOALOYOVOUL, EIGOAKT| LLE TPOG T £6® EMEKTOCT] TMOV
YEWEMV TOV TPAVUATOG KOl PIKVOOT| ETUNK®OV GO-
Mvov.?

H dwdikacia tng emovilwong dwakpivetal o T€0-
ogpelg paoeig (Tynfua 1)*:

L. Awpootacn kot mén: H BAGPN 1oT00 cuvoden-
etal amd omelevbipmon TANBdpag TapayoVIOV and
10 KuTTOpOmAacua (. Opopfoldvng A,, mpoota-
yAavdivng PGE2-a, avéntikdv mopaydviov, ommg
PDGEF, TGF-B, EGF, «im). Inpeiwtéov 0Tt T0. aujLo-
meTdALN Kot ot 1070l aneievBepdvouy Bpopfortvaon
(netatpoméa g TpobpopPivng o Bpopfivn) e Telt-
KO TPOIOV TO LOVOUEPES WVMOES, TO 0010 GLUPAAAEL
ot dnpovpyio Tov Bpdufov.’

II. @heypovi): Amotehel evtomicpévn oamdvn-
omn tov opyovicpo otn Aolpmén M | PAAPN woTdv
(tpavpo/éykavpa). Ta payoxvtTapa, KOTTAPA-KAEWDT
™g PAeYHOVIS, SLpPdAlovy oty TpdkAnon ayyeto-
oo S, £pvBpdTNTOS Ko avénong g Beppokpa-
olag, eEayyeimon mAdopoTog pécm avénong g do-
TEPATOTNTAS TOV TPLYOEWDV KOl TOV PAEROI®mV TG
QAEYLOIVOVCOG TTEPLOYNG KOl LETOPOPH TPOTEIVOV
oo T0 TAAGLO. GTO LEGOKLTTAPLO VYPO.

YrevOvvog AAAnAoyoapiag: ctesser@med.uoa.gr
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!

& Mapaywyiki pdon (T2wpeg)

» OT.A

{eBBopdBeg wc priveg)

Zyqpa 1. @doeig g eTodAOONG TPAVLATOS TOV dEP-
HOTOG (TPOCAPUOGHEVO OO TNV TOPATOUTN?).

1. Hapayoyiky @don (6MUOTICROS KOKKLA-
00V¢ 16700, TAPAYOYT] KOALOYOVOV KOl OyYELOYE-
veon): Inuoviikd poio mailovv ot voPArdoteg, mov
LETOVOOTEDOVY OTNV TPOLUATICUEVT] TEPLOYN. ZxM-
potietatl yoAapdc KOKKIOONG 10TOS ATOTELOVIEVOS
amd iKY, WmOOVEKTIVY, KoAAayOvo, yAvkoloapvo-
yAvkdveg kot vaiovpovikd 00> H dwadikaoio g
ayyeloyéveong dakomtetal dtav amokotootobel 1
0&uydvmon Tov 16ToY Kot amovetalovy VTOEIKA Epe-
Oiopata Tomkd Kabmg Kot avEnuévn cvyKEvipmon
YOAOKTIKOU 0EEDG.

IV. Avapépomon Tov TPOORETOS KoL dnuIovp-
yio. ovMg: Tlapatnpeitar avamtuén véov emBnAi-
0V Kol TEMKT] SopdOpPPOOT TOL OLAMAOVE 1GTOV Kol
umopei vo. dtapkéoet uéypt 1 - 2 ypévio. H odvBeon
TOV KOAAGYOVOU QTAVEL TN HEYIOTN TN EVTOC 5 €m¢
7 nuep@v akoAovBovuevn amd TPoodEVTIKT EAATTM-
on. Zynuotiletar Gpyn ovAN HE EAACTIKOTNTA KOt
avOektikotnTo €£AGPAAILOVTOC TV OKEPALOTITO, TOV
TPOVLOTOG,

3. Hopayovrtes mov enanpedlovv TV 10V~
Aoon

Tomukol Kol GLUGTNUOTIKOL TOPAYOVTEG EMNPEA-
Couv TV emovAmon pe amotédesia TV Kabuotépnon
™G, TN UEWOUEVT UNYOVIKT oTafepdtnTo TG OVANG 1|
axéun Kot ™ dnuovpyio SVoHOPE®Y OLAMY.
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¥T0Vg TOTIKOVG Topdyovtes meptlapfdavovtatr n
EMUOAVVGON TOL TPOOHATOG, 1 VTapén EEvov ohdpa-
TOG, M OVEMAPKNG ALULATOON - 0ELYOVOGT TNG TEPLO-
NS, M vmapén xpoviov epebicpov, Od1LOTOG, oL~
TOUOTOC, KAPKIVDLOTOG, 1] EPOPLOYT aKTIVOBOADY,
N téon M wieon g meployng (.. EAkn oo Tigon N
Kotdkion), K.6.7

3T0Vg GLOTNHATIKOVS TUPAYOVTES TEPAOPAvVO-
vtol 1 woyopio, To Kdavicpa, 1 vrobpeyio (EAdetym
Brrapuvav A, C, D, Bsiopivng, pacikdv Amapdv o&é-
@V kot tyvootoyeiov (Wyeudapydpov — Zn, YOAKOD —
Cu)), n moyvoapkio, 1 peydAn niwia, eappoka (yn-
He0BePATEVTIKG, YAVKOKOPTIKOEDY, W1 GTEPOELON
avTIEAEYLOVAIN), peTaforikég vOsol (caKkyapddng
SPfNe), cLOTNHOTIKEG AOIUADEELS, XPOVIES KO Kol
Kkon0eig mabnoelg, K.4..

4. Apaon QUTOV 6TV ETOVA®OY

[ToAAG @UTA ATOTEAOVY TINYN YNUIKOV OVGLOV HE
Oepomevticd amoteréopata. IIndmdpa peletdv ova-
(PEPETOL GE PUTIKA TPOTOVTO, TOL QLPOPOLV T1| LUK
ola g emovlwonc.t To eappaka EVTIKAG TPOEAED-
o1¢ §YOVV TPOGITO KOGTOG KOl Efvat apKeTd acQaAn.®
Q01060, OPIGUEVES PUVTIKEG OIKOYEVELES OTIMG eKEtveg
v Zovbétov (Asteraceae / Compositae) Eyovv evo-
yomomOel ylo avtidpaoelg vrepevatcOnoiog. Ta wo
KOWG QUTA pE EMOVAMTIKEG 11OTNTEG Eivatl 1 KOAE-
vrovla (kadevdovAn) (Calendula officinalis L), 1o
vrepkdv to ddtpnrov (Hypericum perforatum L),
Kot 1 oAon (Aloe vera L) «.4..

4.1. Karévrovio (Calendula officinalis L),
owkoyévela Asteraceae (XvvOétmv)

. A £ A WAl
Ewéva 1. Calendula officinalis L*°

Mikpd etoto M detég eutod Vyovg 30-40cm, pe
évtovo apopa. Atabétet pia kbpla pifo pnkovg mepi-
7ov 20cm oALG Kot ToAAEG Sevtepevovoeg.tt

To ypnoyomolovpevo papprokevtikd (Bepamevtt-
K@) TUALLO TOL QLTOY (dpOYN) eivar Ta Gvo.

ApacTIKG ocvoTaTikG: TKpEG ovoieg, PAévva,
afépo édano (0,2 — 0,3%), tprrepmevocanmviveg
(2 — 10%), tprrepmeveooikoreg (KOAEVTOVAOIIONN),



TpLoAeg, ehofovoedn (prafolavOivn kot aovpoov-
0ivn) (0,3 — 0,8%), kovpapives, VIATOSIHAVTOL TOAD-
caxyopiteg (15%), odkaroegdn, Prrapivny C, acPéotio
(Ca™), xapotévia (Aovteivr (80%) kot CealovOivn
(5%)), onpovrikég mosdTTEG TVPLTIOL, EAEHOEPA OpLL-
vo&éa (aAavivn, apywivn, acmaptikd 0D, acmapyivn,
BoAivn, otdivn, ylovtapkd o0&y, Aevkivn, Avcivn,
TPOALVY, oepiv, TVpOGivn, Bpeovivn, pebelovivn, eot-
voiaAavivn), kabog ko Mmida (ovdétepa (15,7%),
poceolmidia (0,6%), yAvkohmidia (0,9%).12

e mepapotikd Bepuikd eykadpaTe 68 Hog M YO-
pfynon (20, 100, ka1 200 mg/kg) exyviicpotog ovoé-
@V KOAEVTOOAOG PeATioE ONUAVTIKA TNV ETOVAMGT
oe 80om v 200 mg/kg. ! Tu eninedo TV TPOTEIVOVY
o&elag PAcemS, OTMS TNG TPOVCAUVACTG TNG oAavi-
VNG KOl TNG OCTOPTIKNAG TPOVOUUIVAOTS, HEIDBN KAV
ONUOVTIKG, VD 1 pelmon ¢ MmN viepo&eidm-
ong whavov vo ogeiletar otV avTloEEd®TIK 1510-
TNTO TNG KAAEVTODANG.

Emuléov, ot Fronza et al”® dwmioctwoav 61t k-
yoAicpoto avhémv dleyeipovy TOV TOAAATAUCIOAGUO
(64,35%) wonr ) petovdotevon (70,53%) woPia-
GTAOV OKOUN KOl GE WKPES CLYKEVTIPMOOELS .y, 10
microg/ml.

Yrapyer TAn0dpo TOPACKEVAGUATOV HE KOAE-
VTOOAQ, OTMG KPEUEG, AL KOl OpDUOTO, B
KOAEVTODAOG, TTOL YPTCULOTOLEITOL GE EMBENATA Y10l
TPOOOTO, GE GTOHOTOTAVLOTO (Papuyyitidn) 1 o
KOATTIKEG TAVGELS KOOMDG KOl YOAOKTMOUOTO Yo LETA
t0 EOpLopa Kot yio LETA TV €kBeom oTov 1AL0.

4.2. Yrepwov to owarpnrov (Hypericum
perforatum L), owkoyévera Hypericaceae

Ewova 2. Hypericum perforatum L'

2TV 01KOYEVELD 0T OVIIKOVY TEPLGGOTEPA A0
370 &idn evtdv. Eival eutd avtoguég, Dyovg péypt
60 cm, ToALETEG, PaPUAKELTIKD, 10ayevES TG Evpd-
7ng kat g EAAGSOG Kot ev YEVEL TGV VIOTPOTIKMV
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neploydv pe PAactd 6pbio, 1oyvpod, morvkAado. Ta
QUALO. TOV EIVOL ETLOVT|, LUKPQ, ETIUNAKT], WOELOT, LE
oTiypata Kot To avOn Kitpvoypucso SLIoTIKTA, GF
ta&lavlieg (poPec), dapétpov mepimov Smm. Xtnv
Evpdmn cvvavtdvrol 9 koping putikd gidn. Qg pap-
HLOKEVTIKO QUTO YPTCYLOTOLEITOL TO Y TEPIKOV TO OG-
tpntov L, yvooto yuo Tig Oepamentikés Tov 1010t Teg
KOLL TO EDPVTATO PACHLO TOV KAVIKDOV EPOPLOYDV TOL
oamd v apyodTTO.

Iotopikd oTorycia

To vepkd avapépetar omd Tovg Inmoxpdn, o-
Avo kot Atookovpidn g dovpNTIKO, ETOVAMTIKO,
EUUNVAY®YO, OLLOCTATIKO. ZOHQOVL pe TV Inmo-
kpato latpwn, xopnyeito ®G evOOKOATIKOG VITOKAL-
oudc oe eEEAKMOELG Kol QAEYLOVEG TNG UATPOG LETA
TOV TOKETO KoL ywo mokd Edkn g pntpac.® Metd
amd TNV €QOPLOYN| TECODV EYOPNYEITO MG VTOKAL-
opdg ékmivong poll pe evAlo okivov Kot ereAipa-
OKOV €VTOC LOHPOL OPMUATIKOL 0ivoL 1} VIO vEPOD
pall pe kpappn, Avoldotn kot kokkivo vitpo. Ila-
PAAANAQ, EKTOG TNG XOPNYNONG VTOKMOU®MY, £610TO
amd 1o otopa poall pe dAlo Potavo yior EAEYHOVEG
™mg ptpog and emioyeon Eupnvng pHong oAAG Kot
Aoyiov.

Tn dpoyN amotedobv o LVIEPYELD LEPN LE TOVG
avBopdpovg PAAGTOVG TNV £mOYT| TG avBopopiag Tov
QUTOV.

APAGTIKG 6GVGTUATIKA: XT0 0moENPapévo T,
Tov PuToL avevpioketon 0,1-0,3% vrepikivn Ko yev-
dobmepikivn (vapbokivoveg) kabmg kot Tapdymyo. H
dpoyN TEPLEXEL VITEPIKIVI Kot YeLdO-DTepikivn, Eav-
0ovec, pavolika o&éa, abépio Ehata (0,13% o€ olo-
KA\npo 10 eutd). To aBéplo Ehato TEPIEYEL O-TITEVIO
KOl GECKITEPTEVIKOVG VEpoyovavOpakes. Emiong, to
@uT6 TEPLEXEL PAafovoetdn 0,5-1% pe KOplo ynpukd
ovotatikd ™V vrepocion 0,05-0,3%, diprafovec,
eAaPovores, praPovoyivkocides, vapbodiavBpovec,
@BoproyAvkivoreg, Tavviveg, kovpapives, EavOopua-
Mveg, xateyiveg 0,1%, 10 mapdymyo @Awpoyivki-
VNG, ™V vrepeopivn, oe mocootd mepimov 4% Kot
GAAQL. 1618

To vrepkd dwabéter TAnbog W0 TOV: c8 Omd
TOV GTONOTOC Yopnynon avrtikatabAmtikés (cvvra-
YOYPOPOVLEVO TPAOTNG EMAOYNG  avTIKOTOOMTTL-
K0 - 50% TG GUVOMKNG ayopds av