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Abstract

Photocatalytic degradation of water soluble
organic pollutants during tertiary water treatment
is one of the most popular fields of the research
related with environmental issues. Nevertheless
there has been rather limited work done on the
application of photocatalysis to the removal of
hormones and pharmaceuticals both in artificial and
real wastewater samples. We thus present a review
of the current analytical methods and removal
technology of hormones and pharmaceuticals in
wastewater and discuss the significance of the
above in current irrigation standards. In particular
we present the traditional methods in wastewater
treatment, as well as discussing the role of the
advanced oxidation processes and then we go on to
a more detailed account of the effect of titania on
wastewater processes including the current emphasis
on nanocrytalline titania films and their enhanced
performance in water treatment.

Key words: pharmaceuticals, hormones, waste
water treatment,advanced oxidation processes
nanocrystalline titania films, nanocomposites

1. Introduction

Our environment and its limited natural resources
are growing concerns around the world. During the
last decade, pharmaceuticals and natural hormones
have been classified as the most frequently detected

organic pollutants in the environment!. These
compounds can be found in wastewater arising from
households, hospitals, pharmaceutical manufacturing
facilities and livestock farms causing adverse
environmental effects 2.

Despite wastewater treatment such compounds
can still persist and thus cause significant health
concerns as one of the most common uses of
wastewater is for irrigation purposes. Recently
hormones and pharmaceuticals were also detected in
surface and ground waters, which are commonly used
for drinking purposes 3. Furthermore significant
effects of such compounds to fisheries, affecting the
fertilisation and reproduction, were also recently
reported °. It is evident that current wastewater
treatment-plant processes are insufficient for their
complete removal. Most wastewater treatment plants,
employ conventional treatment processes, such as
primary treatment in order to remove particles as
well as secondary biological treatments such as an
activated sludge process, membrane batch reactors,
and sequence batch reactors. Secondary effluent
is usually further treated with methods such as
chlorination or dissolved ozone flotation’°.

Current wastewater treatment technologies are
mainly focused in reducing conventional parameters
such as the biological oxygen demand (BOD), the
chemical oxygen demand (COD) and the total organic
carbon (TOC) "% etc from wastewater samples, as
they are world wide the acceptable quality indicators
in meeting health and safety standards!!.

* Corresponding author: George A. Karikas, karikasg@teiath.gr



It is also important to note that despite the
evident toxicity of hormones and pharmaceuticals,
their concentrations are low. The detection thus
of such ‘micropollutants’ is a first challenge that
needs to be addressed before their elimination.
Nevertheless, novel development of analytical
techniques, enabling their determination at very low
concentrations (ng/L) '*!7 has been addressed by the
use of ultra performance liquid chromatography and
high resolution mass spectrometry '® giving the most
promising outcomes.

Contemporary research in this field has applied
a number of methods to eliminate hormones and
pharmaceuticals from wastewater samples %,
Traditionally biological treatment methods have been
employed both in the form of aerobic and anaerobic
processes. Aerobic applications involve activated
sludge, membrane and sequence batch reactors,
while anaerobic applications include anaerobic
sludge reactors, anaerobic film reactors and anaerobic
filters. Some very important factors that could affect
the efficiency in such cases are temperature, organic
load, pH, presence of microbes as well as toxic and
recalcitrant substances *.

Thus the current research focuses mainly in both
traditional and new technologies, such as membrane
separation, chemical removal, activated carbon,
chlorination as well as photocatalysis.

2. Occurrence of hormones and
pharmaceuticals in wastewater
samples and analytical techniques
for their detection.

Pharmaceuticals coming from a wide spectrum
of therapeutic classes are used in human medicine
worldwide. Pharmaceuticals include more than
4000 molecules with different physicochemical and
biological propertiesand distinct modes ofbiochemical
action (WHO report). After administration of the
active pharmaceutical compounds (APIs), some drugs
are metabolised, while others remain unchanged
before being excreted through bile and urine.

As it is well known, pharmaceutical metabolism
taking place in several human organs, mostly the
liver, is divided into three phases. In phase I, enzymes
such as cytochrome P450 oxidases introduce reactive
or polar groups into the pharmaceutical compound.
These modified compounds are then conjugated
to polar compounds in phase II reactions. These
reactions are catalysed by transferase enzymes such
as glutathione S-transferases. Finally, in phase III,
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the conjugated xenobiotics may be further processed,
before being recognised by efflux transporters and
pumped out of cells.

Mostly the pharmaceuticals and their metabolites
can enter to the environment and or municipal sewage
and sewage treatment plants through the disposal of
unused/expired drugs as well as from emissions from
manufacturing processes. Additionally they can enter
through the human excretion either unchanged or
decomposed and converted to products in urine or
stool. The new analytical methods in recent years are
capable of detecting more than 100 different drugs
in the aquatic environment at ng/L concentrations
level. Nonetheless, the traditional technologies in the
waste water treatment plant do not remove all these
pharmaceutical residues, which could end up in the
surface waters 2.

Although the pharmaceutical residues in the
water cycle are low concentrated (below therapeutic
doses), they may pose a significant risk due to the
development of particular biological effects even at
low doses in humans . In particular hormones and
pharmaceuticals in concentrations of (ng/L) can
cause reproductive and developmental effects also in
the wildlife, affecting living organisms for their entire
lifetime. In addition, the continuous release of these
pharmaceuticals and hormones into the environment
could have adverse effects to many living organisms
for their entire lifetime 7.

The trace contaminants such as pharmaceuticals
and hormones in waste water have become a major
issue in environmental chemistry, which can cause
adverse impacts on the biota, including the combine
flora and fauna of a region 2*. The most common
pharmaceuticals and hormones detected currently in
waste water directly or as their metabolites include:
antibiotics (such as erythromycin, ciprofloxacin);
analgesics and anti-inflammatory drugs (such as
aspirin, ibuprofen, diclofenac); lipid regulators (such as
clofibric acid, bezafibrate, statins); beta blockers (such
as bisoprolol, betaxolol), antiepileptic drugs (such as
carbamazepine); steroids and related hormones (such
as cis-androsterone, coprostanol, 17-estradiol, 17-
estradiol, estrone, progesterone, and testosterone) '*14.
According to several studies, human estrogens (mainly
estradiol and estrone) and the artificial estrogen
ethinylestradiol are responsible for a significant part
of the endocrine-disrupting effects both to wildlife and
humans. Similarly, the presence of antibiotics in the
environment can lead to antibiotic resistance, which is
life-threatening causing the inability to resist bacterial
infections using known antibiotics®.



Recent findings show that a new group of
human-use contaminants, i.e. illegal drugs, have
been detected in aquatic media. Approximately, 200
million people have consumed such drugs in the
year 2007. Due to high consumption rates of such
compounds around the globe, the determination has
become an important issue in environmental studies.
Some of these drugs which remain unaltered can be
detected in wastewater after treatment. Furthermore
such contaminants could lead further to the formation
of new disinfection byproducts after wastewater
treatment that themselves could be harmful for the
environment. Thus their accurate detection and
identification is of prime importance .

Previously a number of analytical methods
for determining pharmaceuticals in aqueous
environmental samples have been reviewed!> %
A wide variety of pharmaceuticals can be
determined in the pg/L and ng/L range depending
on their chemical nature using either liquid
chromatography/mass spectrometry (LC/MS) or an
efficient derivatization procedure combined with
gas chromatography/mass spectrometry (GC/MS).
However, determining estrogens and progestogene
hormones in wastewater is difficult to measure at
ng/L levels in complex matrices. Sensitive, selective
and reproducible methods are of major importance
in providing realistic data regarding their presence
both in surface waters and wastewater. Thus, there is
extensive interest in this area in improving the current
analytical methods'®!°.

High performance liquid chromatography
(HPLC), capillary electrophoresis (CE) and ion
chromatography (IC) that have previously been
successful for pharmaceutical analysis, do not provide
satisfactory results in drinking water samples due to
the low concentration level of such contaminants that
is below the above methods detection limit'¢.

Consideringthatthemostcommonpharmaceuticals
in wastewater are polar compounds, the preferable
technique of choice is using high performance liquid
chromatography (HPLC)coupledtomassspectrometry
(MS), especially to tandem mass spectrometry MS.
Currently, ultra high pressure liquid chromatography
(UPLC) coupled to M'S method is becoming one of the
most suitable analytical tools due to providing faster
and more sensitive techniques for the determination
of contaminants in environmental samples'. This
technology is simple, reliable and provides high
resolution with high analysis speed. The ultra high
pressure liquid chromatography /mass spectrometry
(UPLC/MS) provides fast system analysis making it
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possible to work with short dwell times, thus increasing
the number of selected reaction monitoring (SRM)
transitions acquired simultaneously per compound.
This increases confidence in the identification of
analytes detected in samples 5%,

3. Conventional Wastewater Treatment
methods: degradation techniques
using traditional technologies as well
as filtration, activated carbon use
and chlorination

Conventional waste water treatment involves
the primary mechanical and secondary biological
treatment process. Primary treatment involves
mechanical removal of grit, rocks and fats followed
by settling in a large tank, the primary clarifier.
Secondary treatment involves the biological
reduction of organic materials, usually done by
bacteria consuming the soluble organic materials in
anaerobicenvironment. Some ofthe pharmaceuticals
such as fluoroquinolones and tetracyclines are
likely to be removed using activated sludge®.
Activated sludge has been reported to be more
effective in the removal of pharmaceuticals than are
biological filters during the secondary treatment.
Many pharmaceuticals including acetaminophen,
caffeine, salbutamol and salicylic acid are reported
to be substantially removed (>90%) during
secondary treatment. Some of the water insoluble
pharmaceuticals such as anti-cholesterol drugs
(gemfibrozil and fenofibric acid) and antibiotics
(fluoroquinolones, ciprofloxacin and norfloxacin)
are removed less efficiently (50-89%)*. Very low
removal (<40%) was reported for carbamazepine,
diatrizoate, iopamidol and roxithromycin, whereas
variable removal efficiencies were reported for
hormones using activated sludge. However,
depending on their polarity, hydrophilicity and
hydrophobicity, some of these compounds may not
be completely eliminated or transformed during
sewage treatment and, therefore, pharmaceuticals
and their metabolites may enter surface waters.

Other processes within wastewater treatment
are microfiltration, ultra filtration, nanofiltration,
membrane bioreactors as well as a combination
of membranes in a series. In microfiltration and
ultrafiltration the pore sizes are between 100-1000
times larger than the micro pollutants, thus they
slip through the membrane. Pharmaceuticals and
hormones are eliminated on nanofiltration and reverse
osmosis membreanes by one or by combinations



of the following three principles: size exclusion,
charge exclusion, i.e. electrical and physiochemical
interactions between membrane, solute and solvent
2. Nanofiltration has been particularly studied in
the treatment of drinking water %, nevertheless
there have been limited studies within treating
wastewater from pharmaceuticals or hormones. More
specific hydrochlorothiazide ketoprofen, diclofenac,
propyphenazone and carbamazepine were rejected
at more than 85% using nanofiltration and reverse
osmosis technologies for a fullscale drinking water
plant. Furthermore, reverse osmosis has showed
removal of personal care products, antibiotics, lipid
regulators, analgesics and some hormones below
detection levels®.

Activated carbon is a technology used for
removing natural and synthetic contaminants 2. It
is applied as a powdered feed or in granular form in
packed bed filters. Nevertheless carbon regeneration
and disposal creates serious environmental concern.
Powder activated carbon and granular activated
carbon have shown a 90% removal rate of estrogens,
thrimethoprim, carbamazepine and acetaminophen,
nevertheless poor results were noted when regular
regeneration was not provided *'. Additionally it was
noted that dissolved organic compounds, surfactants
and humic acids compete with binding sites and can
block pores within the activated carbon structure.
Another consideration is the essential filtration of
micropollutants before treatment. It is important to
stress that a serious difficulty with powder activation
carbon treatment is the separation of carbon from
water. That can be done either with sedimentation
requiring the use of precipitants or membrane
filtration, which would mean additional energy.
Overall active carbon technologies are suitable for
treating pre-treated wastewaters or wastewaters
where the organic load is low3!.

Another common method for wastewater
treatment plants that could have an effect on
hormones and pharmaceuticals is chlorination . A
90% rate was achieved in the removal of estrogen as
well as observing the oxidation of acetaminophen,
diclophenac, sulfamethoxazole and fluoroquinole *.
However,productionsofacetaminophenareconsidered
toxic. Furthermore, formation of carcinogens such as
chloramines and sulfamethoxasole have also been
detected *. The above data lead to the search for
even more effective techniques for water treatment,
such as photocatalytic degradation discussed in the
following sections.
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4. Advanced Oxidation Processes in
wastewater treatment

One very effective method in removing organic
load in wastewater is by using Advanced Oxidation
Processes (AOPs) *. AOPs are a set of chemical
treatment procedures enhanced by ultrasound and
UV activation that oxidise organic and inorganic
materials in the water matrix by four different
reagents: ozone, hydrogen peroxide, oxygen and
air in precise dosages. They lead to the production
of highly reactive hydroxyl radicals ((OH). These
reactive radicals when applied to wastewater, are
able to oxidise any compound present, leading to
the mineralization of a number of contaminants and
their conversion into stable inorganic compounds,
such as water, carbon dioxide and salts. AOPs
are very efficient in removing materials such as
aromatics, petroleum, pesticides, pharmaceuticals
as well as volatile organic compounds. In particular
AOPs have a number of advantages in wastewater
treatment as they can effectively remove organic
compounds in the aqueous phase and due to their
high reactivity can eliminate almost every aqueous
pollutant. AOPs can also lead to disinfection
providing an integrated wastewater treatment
solution. Additionally the products of the oxidation
procedure do not introduce any hazardous material
into the water®®7.

AOPs are usually installed as tertiary treatment
in wastewater plants, after secondary treatment
(biological treatment) or they are introduced
at the pre-treatment stage in order to improve
the biodegradability outcome of trace organic
contaminants (Figure 1). Nevertheless it should be
noted that AOPs for the partial oxidation of trace
organic contaminants should not be the method of
choice when other organic matter is predominantly
present, due to substantially high oxidant
requirements in achieving effective degradation of
trace organics.

Primary
treatment

Biological
treatment

Tetriary
treatment

Ozonation, AOPs

Figure 1: Wastewater treatment and AOPs



The production of the hydroxil radicals depends
on the AOP method employed. Most AOPs can
be categorised either as non-photochemical or
photochemical. These can be displayed in the table
below:

Table 1. A list of common AOP’S

Photochemical Non-photochemical

0,-UV 0, - H,0,

H,0,- Fe**-UV (photo phenton) | O, - Activated Carbon

0,-H,0,-UV O, — Ultrasound

TiO,-UV O, - catalyst

3

H,0,TiO,-UV O, —at elevated PH

O, TiO,-UV Fe*" - H,0, (phenton)

US-uv Electron Fenton

Vacuum UV Pulsed plasma
Ultrasound

H,0, — Ultrasound

Microwave

The most established AOP technologies so far are
the hydrogen peroxide/ozone (O, - H,0,), the ozone/
ulraviolet irradiation (O, - UV) and the hydrogen
peroxide/ultraviolet irradiation (H,0,-UV), while the
most popular emerging technologies are high energy
electron beam irradiation, cavitation (sonication
and hydrodynamic), TiO2-catalysed UV oxidation,
Fenton’s Reaction.

In the recent years, a lot of interest has been focused
on photochemical AOPs that we can further classify
accoding to the active wavelength ranges and spectral
domains of exitation as it follows in figure 2:

RADIATION CHEMISTRY
SOLAR APPLICATIONS
H20-VTV
HI0%LV —
3LV

1202030V poro.pENTON

» | PHOTOFENTON
Fe -
Fe™ OXALATE
.

DISINFECTION e

Ti02{modified)-
VATS

100 200 300 400 500
WAVELENGTH Afnm

Figure 2: AOPs classification according to active
wavelength ranges and spectral domains
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Additionally we can list the key reactions
of the most popular photochemical AOP’s
below:

Table 2. Key reactions of most popular

photochemical AOPs
AQOP Key reactions Wavelength
UVH,0, H,0,+hv —20H A<300nm
UV/0, O,thv — 0,+0('D) A<310nm
O('Dy+H,0 —» H,0,— 20H
UV/H,0,/0, |20,+H,0,+hv— 30,+20H A<310nm
UV/TiO, TiO, hv — TiO, (e+h") A<390nm
h+H,0 - H4OH ¢+0,— 0,
O, +e+2H - HO,
¢+H,0,— OH+OH
Photo Fenton | H,0,+Fe** — Fe**+OH+OH A<580nm
Fe'*+H Orthv — Fe? +H+ OH

Treatment of pharmaceuticals using AOP’s has
yielded numerous results. In particular UV/
H202 treatment has been used with success on
paracetamol®, as well as penicillin®, carbamazepine*
and diclofenac*. Additionally ozonation has lead
to the satisfactory removal of diclofenac, clorific
acid and ibuprofen*?, while studies had also shown
removal of carbamazepine®. Furthermore studies
showed elimination of penicillin** as well as the
degradation of acebutolol, atenolol, metoprolol,
sotalol, carbamazepine, bezafibrate, ketoprofen,
naproxen, ciprofloxacin, nofloxacin and ofloxacin®.
Photo-fentonprocesseshavealsoshownthedegradation
of diclofenac*> ', as well as sulfamethoxazole*® and
metronidazole® while fenton processes have also
focused on the removal of penicillin® as well as
mixtures of biguanides, guanides and triamines®'.
Furthermore semiconductor photocatalysis has
shown a satisfactory removal of 17p-estradiol’®
as well as endocrine disruptors, ethinylestradiol and
estrone**. Additionally degradation of clofibric acid,
carbamazepine, iomeprol and iopromide has been
shown®* as well as removal of tetracycline® and
triclosan®’.

Finally sonolysis has also shown success in the
treatment of triphenylphosphine oxide®® as well as
diclofenac® and triclosan®.



5. Photocatalysis of hormones and
pharmaceuticals: the role of TiO,

More recently the role of TiO2 is being intensively
studied ®! within wastewater treatment as it provides
a safe and inexpensive solution being non-toxic %%,
relatively cheap and widely available.

Photocatalysts usually are semiconductor metal
oxides that absorb light generating charge carriers
eventually leading to the formation of radicals
(see next section) having the ability to react with
impurities and pharmaceuticals in wastewater leading
to their considerable degradation . More particular
it has been shown that TiO, is effective up to 98%
in the removal of antibiotics, antiepileptics and lipid
regulators and anti-inflammatory agents *%. TiO,
can be used either in powder form (for example,
commercial Degussa 25) or more efficiently in
nanocrystalline titania films that have the advantage
of being re-usable ¢.

5.1 The principles of TiO, photocatalysis
and photodegradation

Outlines of TiO, photocatalysis: TiO, isa well known
semiconductor that is used in photocatalysis’; it has a
band gap corresponding to 3.2 eV, thus requiring UV
light for electron excitation between the valence and
conduction band (A=385nm). TiO, in nature can be
found in 3 basic forms: anatase, rutile and brookite.
Brookite has not been frequently used as anatase and
rutile. Furthermore, anatase in contrast to rutile has
superior photocatalytic properties, thus making it the
best candidate’ . TiO, in anatase form, can be used
in sterilisation of water, air, surfaces as well as color
degradation in water and oil spill clean up.

More specifically, it is important to consider the
photocatalytic properties of TiO, and the processes
involved. When a semiconductor is illuminated by
photons with energy equal or larger than the energy
bang gap, electron and hole pairs™ are generated.
Electrons are excited to the conduction band while
holes remain in the valence band. These charge
carriers may recombine creating photons or phonons
but they may also interact with active species at the
surface of the semiconductor nanoparticle creating
highly oxidative radicals according to the following
reactions:

h'+H,0 > H' + OH
e +0,2 0,

Superoxide radicals may in turn further interact with
electrons creating hydrogen peroxide
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0, +e+2H" > H,0,

and finally lead to the formation of the highly
oxidative hydroxyl radicals,

e+ H,0,> OH +OH

Hydroxyl radicals are the main intermediates that lead
to the degradation of organic molecules, mineralising
them to CO,, H,O and inorganic ions. It is important
to note that degradation of organic molecules may
also result from a direct reaction with holes giving
similar results, thus making it difficult to determine
which is the dominant process.

These processes are called photocatalytic degradation
and define the photodegradation efficiency (PDE) as:

PDE=1-C_ /C.

final’ initial®

0<PDE <1
where C_.. and C,__ is the initial and final
concentration of the pollutant, respectively.

The reaction rate of the photodegradation process
can be approximated with first order kinetics in the
case that the concentration of the pollutant is lower
than 1 mM. In this case the reaction rate is linearly
dependent on the concentration C of the degradable
molecule:

dC/dt=-kC

where k is the first order rate constant. Upon integration
we find that the concentration as a function of time is
given by:

C(t)=C(0)e™*

Where C(0) is the initial concentration
and t is the time.

Moreover when a reaction follows first order kinetics,
the half life of the concentration is independent of
the initial concentration and can be found by the
following equation:

t,,=In(2)/k

Photodegradation enhancement: The photodegra-
dation process using titania nanoparticles occurs for
wavelengths shorter than 385nm. When a wavelength
of 385 nm is used then only transitions between
the band gap edges occur reducing efficiency. In
the case though of light with shorter wavelengths
also transitions requiring higher energy can occur



(E=hc/l). This increases the transition probability
and the number of electron-hole pairs created.
Additionally when other transitions than band edge
transitions occur, the electrons and holes also acquire
opposite and equal momenta, preventing them from
annihilating and thus increasing efficiency’.

It is important to note here that even though we can use
UV light with a range of commercial lamps, the aim
is to be able to achieve similar results using sunlight.
Nevertheless, only a very small fraction of it at sea
level has wavelengths shorter than 385 nm. Thus the
best solution would be to achieve a minimized band
gap to increase photodegradation efficiency.
Considering that photodegradation reactions occur at
the particle surface, a large surface area and a short
distance to the surface is required. An ideal size in this
case would be 10 nm, as any small would make the
particle size comparable to the de Broglie wavelength
of the electrons and holes. This would cause the
band gap to increase due to quantum confinement.
In addition to the pure excitation energy, energy is
also required to confine the created electron hole pair
inside the particle. It also increases the electrostatic
attraction between the electron and the hole, causing
an increased recombination rate. Thus the optimum
particle size is a compromise between wanting small
particles with a large surface area, a small band gap
and a low recombination rate which sets a lower limit
on particle size”>"".

Other factors that affect efficiency are crystallinity and
the concentration of TiO, particles used. Regarding
crystallinity, amorphous TiO, has negligible
photodegradation efficiency, compared to TiO, of
high crystallinity. In samples of amorphous TiO, a
high recombination of electrons and holes is noted
due to the large amount of defects’. Usually the
amount of defects increases with increased surface
area of the powder of the particles, thus giving one
more reason why very small particles would not be
considered ideal™.

In the case of particle concentration, we note that
the higher the concentration used, the surface area
available for reactions increases, increasing the
degradation efficiency. Above a certain concentration
the degradation again decreases due to the increased
light scattering of the particles and the reduced light
penetration in the sample. It has been reported that
the optimum concentration range is 0.15-8 mg/ml.
Finally the pH and temperature can both have an
effect on the photodegradation process®.

Combined photocatalysts: Another way to reduce the
recombination rate between photoexcited electrons
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and holes is by using nanocomposites *-%. It has
been shown that nanocomposites of a semiconductor
material and a material that accepts electrons can
dramatically increase photodegradation. When
electrons are removed from the semiconductor the
remaining holes are less likely to recombine and
the possibility of the holes reaching the surface of
the particle and participating in reactions is greatly
increased. The transferred electrons also have a
greater possibility to react with oxygen which further
increases the photodegradation efficiency.

When nanoparticles are suspended in an aqueous
solution it will develop an electrical double layer,
which consists of the Stern layer and the diffuse layer.
The Stern layer is built up of charges on the surface
of the particle while the diffuse layer is built up of
ions in the solution. Because of the double layer a
potential barrier is created when two particles come in
contact with each other %. During light exposure the
UV light and the electrons created in the TiO, tunnel
through the potential barrier between TiO, and for
example silver, gold, germanium or silicon particles
and thus reduce the recombination rate of the electron
hole pair, leading to an enhanced hole density on the
TiO, surface. Tunnelling is possible if the energy of
the Fermi level of the added material is lower than
the energy of the conduction band of TiO,. Thus
process is highly dependent on the height and width
of the barrier and if the photodegradation process is
greatly increased, it would indicate a high efficiency
of the tunnelling of the electrons. Materials with a
high electron affinity and materials that bind tightly
to the semiconductor should have a higher electron
transfer rate and that should lead to an increase in the
photodegradation capacity -84,

5.2 Film technologies: nanocrystalline titania
films and photoreactor technologies

TiO, nanopowders can be immobilised on substrates
by preparing pastes, which are applied either by
doctor blading or by screen printing. Sol-gel routes
and plasma processing have also been used to
produce TiO, films on fluorine doped tin oxide (FTO)
glass substrates. The design of photoreactors that use
titania films is an important version of photocatalytic
procedure. Nevertheless, most of the work that has
been successfully demonstrated at a laboratory scale
still requires verification of its efficacy and safety in
the field. The following figure 3a and b present two
common photoreactor designs 386 that could have
potential applications in wastewater treatment of
hormones and pharmaceuticals.
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Figure 3: (a) Photoreactor operating with simulated
sun light b) Photoreactors operating with UV light®

6. Conclusions

The occurrence and fate of pharmaceuticals in
the aquatic environment and their significance for
drinking-water production as well as agricultural
purposes have been reviewed. Due to the metabolic
stability of the pharmaceuticals, they are resistant to
the biodegradation and biologically active compounds.
Therefore, pharmaceutical residues in the environment
are unique and they cannot be directly compared with
other contaminants (e.g., pesticides). In addition, the
continuous transformation of by-products is still a great
challenge for many scientists working in the field.

Although there are many available techniques for
the analysis of these trace contaminants of hormones
and pharmaceuticals, no single technology can be
found to remove these contaminants completely.
Advanced analytical methods along with the current
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scientific research is urgently needed to solve the
impact of pharmaceuticals, and their metabolites and
by-products on the aquatic environment. Particularly,
when wastewater is reused for irrigation or drinking
purposes, the organic loading of the treated wastewater
must be characterized to a greater extent and
effectively treated. Apart from conventional methods,
nanotechnologies and in particular nanocrystalline TiO,
films provide promising unpublished by the authors
results, thus such investigation towards the elimination
of these compounds is apparently quite important for
both nature biodiversity and human safety.
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TPOGEYYION T®V VOG®V, TOV TPOCAVATOMGUO TNG
omoiag kaBopilovv ot véor Topeig TG oVYYXPOVNG
épguvag Kol G texvoioyiog. Xto mapodv apbpo,
Ba KotnyoplomomBovv ta. Kavotopa BepamevTiKd
TPoiOVTAKALEV GLVEXEIN B TOPOVGLUGTEL GUVOTTIKA
N eykprtikn dwdwacio péyxpt TV KukAopopia Tov
TPoiOVTOC GTNV ayopd Kot TNV YPNon Tov ond TovV
KATOVOAMTY.

1. Evponaikég Opyaviopdg Pappakmv
- Emtponn ywo Kowvotopec Oepamneieg

Xmv EBvponaikn Eveoon, 1o @dpuoxo, to
KOAADVTIKG KOODGKOLOLLOTPIKEG CVCKEVEG VITOKELVTOL
oTlg  KavovioTkég Owtaéelg tov  Evpomaikod
Opyavicpod @appdkwv (European Medicines
Agency-E.M.A.), ot emitpoméc Tov onoiov Aapfdvovv
oy TG eEeMEELS OTO YDPO TNG EMOTAUNG KoL TNG
TEYVOAOYING, KAOMG Kot TNV avAyKN Ylo. ACQOAT KoL
OTOTEAECLOTIKA QOPHOKEVTIKE KOt 10TPLKE TPoidvTa
pe otdY0 TNV Tpootacio Tng Oonuociag vyesiag. O
Evponaikog Opyaviopdg Doppdkmv 10pvbnke to
1995 ko €yet €6pa 10 Aovdivo. Amaptiletar amd €5
Emompovikég Emtponég (Zynpa 1), kabepio amd Tig
OTOLEG €YEL CLYKEKPLUEVES OPLLOJIOTNTES:

1. Emitpomn ylo @appakevtikd mpoidvta avOpdmivng
xpnong (Committee for Medicinal Products for
Human Use - CHMP)

2. Emupomn vy Dappoxevtikd  mpoidvra
ktnviatpikng xpnong (Committee for Medicinal
Products for Veterinary Use - CVMP)

3. Emutpomi ywt op@avd QopLOKELTIKA TPOidvTa
(Committee for Orphan Medicinal Products -
COMP)

4. Emtpom vy Botavobepamevtikd mpoidvta
(Committee on Herbal Medicinal Products -
HMPC)

5. Todwtpwr Empony] (Paediadric Committee
—PDCO)

6. Emutponn yio [ponyuéveg Oepancieg (Committee
of Advanced Therapies — CAT).

H tedevtaio emtponn dpHbnke tpoéspata (2007),
1 600TOoT TNG TPOYUATOTOONKE GOUPOVA LE TNV
Kavovicuo (EC) apiBu. 1394/2007 kor amotedel
an6delén mog o Evponaikdc Opyavicpog appdrkov
Aappaver voyn tov Tig e&elifelg ota media aryung
¢ Emotiung, kot xuping g Blotegyvoroyiag, g
Navoteyvoroyiag, tng Avayevvntikng kot Moptlakng
Tatpucng kabmg kot g Mrnyavikig tov Iotov.! TTo
GULYKPLEVQ, 1] EXLTPOTN TPOTYHEVOVY BEPATELDV Elvar
pio SIEMOTNOVIKY EMTPOTI], 1] OTOI0 GUYKEVIPDVEL
LLEPLKOVG OO TOVG KAADTEPOVS EUTEPOYVALOVEG TOV
vrapyovv drabéoipol otov Evpenaikd yodpo yo v
a&loddoynomn g moldTTOG, TNG OCQAAELNG KOl TNG

* Svyyoagéas yia arlnloyoagia: Costas Demetzos, Tel.:+30 2107274596, fax: +30 2107274027

E-mail address: demetzos @pharm.uoa.gr
*lpdedpos Tov E.O.P.
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Emtpom) 10 opprokenTIKG
Tpoidvta avlpamvng xp1nong

4 )

Emtpomn o
BotavoOepamevTikg Tpoiovra

Emtpomi) Y10 gopprokenTIKG
TPOIOVTU KTNVIATPIKNG YP1ONS

Howdretpuciy Emtpomny

Emtpom Yo oppava
QUPLOKEVTIKA TPOIOVTO

Emtpomn 1o Kawvotopeg
O¢gpancieg

2ynua 1. O1 Emimponég tov Evpwraixod Opyaviouotd @opucrwv.

OTOTEAECHOTIKOTNTOG TOV KOWOTOU®V Oepomeidv
Kot evoppoviletar pe T emotnpovikég eEeAilelg
otov Topén avTd. Ot VEEC EMOTNHOVIKEG TPOCEYYITELS
oT1 KUTTOPIKY Kot popuokn Proteyvoroyia (cellular
and molecular biotechnology) éyovv odnynoel oy
avantuoén tev  kowvotopmv Bepameidv  (advanced
therapies). O paydoio. OVOTTUGGOUEVOS TOUEAS TNG
Buotatpikrg mpoc@épet véeg evkarpieg yio t Oepaneio
vOcmV  KOBDG Kol GLYYEVAV OGUGAEITOVPYLOV TOV
avOponivov copotog. To wpoidvia TV KovoTOpmY
OepameldVIPEMELVOOI0OETOVVISIOTNTEGKOTAAANAES YLD
v Bepaneio ) TV TPOANYT TOV VOGOV, 1} OTL LTTOPOVV
va ypnotporomBovv 1 va yopnynbodv o avBpdmovg
HE OKOTO VO OVTIKOTOGTACOVV, VO PEATIOCOLV 1
VO TPOTOTOU|GOVV  (PUGIOAOYIKEG Agttovpyiec. Oa
TPEMEL V. SIBETOVLY POPLLOKOAOYIKY], OVOGOAOYIKT| 1)
petaPolikn dpdon, Kol Vo KT YOPLOTOLovVTOL GTO.
BroAoywd pdppoka copemva pe to Hapdptnpa I g
oonyiag 201/83/EC tov Evpanaikov Kowofoviiov kot
Tov XvpPoviiov g 6™ Noeuppiov 2001 tov Kddwka
g Kowdmrtog mov oyetifetor pe T QOPHOKEVTIKG
TPOIOVTA Y100 AVOp TV YPTON, OE GUVOVACUO LE TOV
OPICUO TOV QOPUAKEVTIKOV TPOIoVTIOV Tov Apbpov
1(2).2

2. Kowvotopo @appoxevtika [poidvra.

To KovoTOp POPUOKELTIKA TPOTOVTA SLOPEPOLY
a7td TO POPLAKEVTIKA GKELAGOT TOL darTtifevTal oTo
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PopUOKER 0VOLYTA GTO KOWO KO TO. QOPUOKEIR TV
voookopeiov. Zopeova pe v Odnyia 201/83/EC kot
tov Kavovieud (EC) apBu. 726/2004 @approkeuTicd
TPOiOV  TPONYUEVNG  TEXVOAOYIOG Y.  TTPOTYUEVT
Oepancio. (Advanced Therapy Medicinal Products
-ATMPs) vogitar omoodnmote amd To akdAovba
POPLOKEVTIKA TPOTOVTA Yo avOpadmivn xpriom (Zy. 2):
1. ®oappokevutikd mpoidvta yovidlokng Oepameiog
(gene therapy medicinal product)
2. ®oppokeuTikd — TPOoidV
Oepomeiog (somatic cell
product) kot

COUOTOKVTTOPIKNG
therapy medicinal

3. Tlpoibvta G UNYOVIKNG TV 10TV (tissue
engineered product).

Mo ovykexkpéva ooppava pe Kowotikny Odnyia
(EC) apBp. 668/2009, wov diverdraitepn ELeaocn Tovg
0PIGLOVG, TTOV JLETOVV TV OPOAOYIN TOV KOVOTOUMY
(POPUOKEVTIK®OV TTPOIovVTmV, DapUoKEVTIKO TPOIOV
yovidlakng Oepameiog  vositor  éva  Brodoyiko
(POPLLOKEVTIKO TTPOTOV YOVIdlakTg Bepameiag, To onoio
£xel 10 aKOAOLOO YOPOUKTNPLIOTIKA:

1. mepéyel QOUPLOKOAOYIKG OpPOCTIKY) 0VLGIO TOL
QmOTEAEITOL OO  AVOCLVOVAGUEVO VOVUKAEIKO
0&D mov ypnotponoteitarl | pumwopel vo yopnynOei
oe GvBpomo pe okomd ™ pOOUoT, emoKELN,
avtikotaotoon, wpocHnikn 1 Swypoen piog
YEVETIKNG akolovbiog.



O apuoxa
YOVISLUKTG
Oepameiag

O opUOKEVTIKG,

-

TPoOioOvVTQ
COUETOKVTTUEPLKTS
Ogpaneiog

IIpoiovTtae g
UNYOEVIKIG TOV
16TOV.

2ynua 2: H kotnyopiomoinon twv KoIvoTOU®Y POPUOCKEDTIKOY TPOIOVIDY.

2. 0 BepamevuTIKOC, TPOPVAAKTIKOG 1 SoyVOOTIKOG
mopayovrog  oxetileton  Gpeco  pe Vv
avaoLVOLAGHEVT aAAnAovyio. TOL VOVKAETKOD
0&£€0G OV TEPLEYEL, 1) TOV TPOIOVTOG TNG YEVETIKNG
€KPPOONG AVTAG TNG oAANAoLYiaG.

SOUEOVO LE TATAPATAVEO KOLTNVTpoovapepBeica
Kowotwkrp Odnyio, ota @oppokevtikd mpoidvta
yovidlokng Oepomeiog dev  mepthapfdavovrar T
eUPOMa KATA TOV AOIUOIDV VOOT|LAT®V, TO. OToid
vrokewvtolr oty pvduiotikn Apyn g Emupomig
(QOPLOKEVLTIKOV TPOTOVTOV Yo avBpdmivn xpnon .

QoppokevTikd  mwPOIdV  COUOTOKVTTOPIKNG
Oepomeiog voeltar évo  Ploloylkd QOPUOKELTIKO
TPoidV T0 0moio €xet Ta AKOAOLON YOPAKTNPLOTIKAL:

1. mepiéyer ) anotereitarl and KOTTOPA 1} 1GTOVG TOL
£YOLV VOGTEL GNULAVTIKT TPOTOTOIN G, £TCL DOTE
T BLOAOYIKA Y0P UK TN PLOTIKATOVS, OLPVGLOAOYIKES
Aertovpyieg Toug N 01 SOUIKEG WLOTNTEG OV £YOVV
onuacio yioo v TpoPAETOUEV KAWVIKY ypriom
&yovv tpomonombei, gite amd KOTTAPA 1 16TOVG
7oL dev mpoopilovrot va ypnoionombody yio tnv
S Bacwn (-eg) Aettovpyia (-€5) TOV TAPAANTTN
Kot Tov 30T

2. Awnbétouvv 1810tNTES, e oKomo T Oepaneia, TV
TPOANYM N T ddyveon piag vooov xapn ot
(QOPLOKOAOYIKY, OVOGOAOYIKT} 7 MeTaBOAIKN
dphon tovg ota, KHTTAPO 1 GTOVS 16TOVC.

Sopeove pe TIg cu{NTAGCELG TOV EMGTNUOVOV TOL

CLMUETEAY Oomd Oleg TIC Ydpeg TG Evpomaikng

‘Evoong omv muepida g 3™ Ampidiov 2009,
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SaplopedBNKE N AToyn TMG 1 KATNYOPLOTOINGT TOV
(POPUOKEVTIKOV TPOoiOVTOV mov gvappovilovtar pe
v vopobeoia g Emtponng avtig eivan waitepa
ONUOVTIK KoBmdg mAéov Ta @Aappoko dev  eivat
adpovi VAIKA, aAAd kOTTapa kot Bro-vavobikd, To
onoio. amokpivovior oe eEwtepwcd epebiopuora. H
vroype®Tik eméktaon ¢ Kevipuag Awdikaciog
(Centralized Procedure) pe o160 ™V KOVOVIGTIKN
OTOEOBETNON TOV  KOWVOTOU®MV  (POPHOKEVTIKMV
npoioviov pe Pdaon ta Apbpa ko tig Odnyieg tov
Evpondikod Opyaviopod Pappakov mapovstdlovran
oto Zynuo 3. Akoun, pe faon tov kavoviopd (EC) apif.
1394/2007 n Kevtpwkn Awdwacio Eywve vroypewnikn
Yo o Kavotopa ovtd mpoidvta (Zxnua 4). Eniong
opioTNKOV KO TO TOPAKATO:

1. HopodomoinontovyvhoemvKoulT@VIANpoQopidv
OV 0POPOVV TO GULYKEKPIUEVO TPOiOVTA e
VROPabpo TN YVOON TOV EUNEPOYVOUOVOV TNG
Kowoémtog

2. H evopuovion tov amoitioemv Kol 1 LETEMELTO
a&oAdynomn kabmg Kot n

3. Befaimon 1y v opoldpopen Kol GuEcT
pocPocn OAMV TOV KATAVOAMTOV GTNV ayopd
TOV TPOIOVIOV QVTOV

4. Ou Apyéc g volotauevng vopobeciog yo ta
QOpUOKO 7OV  ePapudlovial o TPONYUEVES
Oepomeieg, mAadn Ilowdtnrag, Acedielag Kot
Amoteleopatikdmrag, Adelag KukAoopiog -
Merteykprtikng Enaypdnvnong (@appoxoemoypo-
wnong).



KAINOTOMA ®APMAKEYTIKA ITPOIONTA I'TA ANOPQIIINH
XPH>H:

» Pappoxka yovidrwokrg Oeponeiag
» ®eppokevTikd Tpoidy

CORATOKVTTUPIKIC Beponeiag

7 Tpoidvro g pNyavikis

TOV LOTOV

Avtodvocn vooipata Kat Ghieg duchertovpyieg Tov avocsomomtiko
1

AIDS - Kopkivog - NevpoekguhioTikéc Alatapayg

Awapritng

Opgava PappakentiKd Tpoidva

loyeveig Nocot
- Texvohoyia Tov Avacuvdvacpévov DNA
EAeyyopevn ék@poon yovidiov |
Movorxhavikd Avtichpata )
H Reg. 1394/2007 ﬂ
” Reg. 2309/93 ‘l : M Reg. 726/2004 ﬂ
Amd 1/01/1995 ——

{ Amd 20/11/2005 ‘ Am6 1/05/2008 ‘ Amo 30/12/2008

Zynipa 3: H kavoviouikn eméxtaon e Kevipikng Aiadikaoiog yio. 1o, kaivotoua.
POPUAKEVTIKG. TEPOIOVTa aVOPOTIVHG YPHOHG.

=307 Hpépa -15" Hpépa 0 Hpépa 15" Hpépa 27" Hpipa 30" Hpépa S07 Hpépa 60" Hpépa
Yrofoin "Ehreyyos amd «To poki 8] [8] Agv vrdpyet (8] Ywbérnen mg Anp inon
™mg Tov EMA. Eekwvidon. TUVTOVIOTTC Zuvroviatiig VALK Y Zuvrovionig EMGTNHOVIKIG g Mepidnyme.
EMOTOAS g CAT g CAT pe apoabetag g CAT pe FvopodoTnong
npobeong o ‘Evapén mg amOGTEAAEL VROGTAPIEN mapopopics. ooy oand mv CAT
1o Zvvroviotiic  Afwidymone aytdo oV H Mpappatsio o0
Katabeon Tpostoyadet . YvopodoTnon GUVTOVIGTH) mg CAT TUVTOVIGTT)
PakELon ™o <y Tou EMA ARMOGTEALEL TN Tou EMA
atn EVIIUEPOITIRG AUPUTPNGEL.  OPIGTIKOTOWEL aBGTAGNS OPIGTIKOTOLEL
Tpappoteio onpEioua. ae 7 nuépeg. mv PVHPOBATGT mv
e CAT EMIGTIHOVIKT £y ETTTIUOVIKT]
vouoddtTnen  mupampicels  yvouoddTno
. amv EK evtog n
10 nuepdwv.

@ L

H emompovia] yvopoeddmong mg
CAT amootéldetal otov aitodvia.

Zyiua 4: To ypovooigypouuo. yro. v Kevipikn Aiadikacio evog KaivoTouon
POPUOKEDTIKOD TPOIOVTOS 1o avBpdTIvy YpHo.
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3. Eykprrikni Awodikacio yio 1o KowvoTo-
RO QUPRUKEVTIKA TTPOIOVTO.

O exTinoels Yoo Ty €yKpion evog KovoToHov
QopLHoKeLTIKOV TPoidvTog Pocilovioar oe Kabopd
EMOTNUOVIKA Kprtipia ta omoia kabopilovv edv i Oyt
TOL QAP LLOKOL OV TA TATPOVV TIG OTTOPULTI TES ATTOLTHGELG
TOWOTNTOG, OCPAAENS  KOU OTOTEAEGULOTIKOTNTOG
(odppwva pe v vopobesio g Evpomaiknig
‘Evoong, kot witepa pe Paon v Odnyiag 2001/
83/EK). Ot dadwkacieg avtég dtacparilovy 0Tt Ta
KOVOTOLO. @ApLOKa EXOVV GYECT KIVOUVOL-0QEAOVE
VIEP TOV KATAVOAMTOV 10V @BAvouV otV ayopd.
lNo ™ dwdwocio avantuéng &vog KaVOTOUOL
(QOPLOKELTIKOV TPOIOVTOG TPEMEL VO THPOVVTOL TA
akOA0v0a YEVIKA B LOTEL, GOLPMVA LLE TIG CTPATIYIKEG
Yo T pOOLUGT TOV PAPUAKEVTIKOV TPOTOVIOV:

*  Ipoxivikn pdaon avamtuéng
*  Khlwvikn @don Avamtoéng
*  Metd v £ykpion Ao avamtuéng.

Oa mpémel va onpewbsl mog M TElELTAiN
LETEYKPITIKN @doT  €YEl HEYAAN onuacia, emedn
oyetiletal pe T onpocia vyeio kot €xel opiobei wg
doppoakoemoypOmTVnoN.

Extog amd 6lo To mOpAmAVED OV GYOLOLV e
KAmoleG  SlOPOPOMOMOELS KOl Yol TO VITOAOUTOL
QOPLOKEVLTIKA oKevAcHata mov Tpoopilovtol yio
avBpomvn ypfon, Ba mpémel va 1oyvovy CHLE®VA
mv odnyio g emrponng 2009/120/EC g 14n¢
YentepPpiov 2009 yuo v Tpomomoinct TG 0dnyiog
2001/83/EC 100 Evpomaikod KowvoBoviiov ot
oV ZopPovAiov oyetikd pe TN OE0TION KOWVOTIKOD
KOOIKO OYETIKE LE TO. QOPULOKEVTIKE TPOIOVTA Yo
avBpdmvy ypnon 06OV apopd TO, QOPUUKEVTIKA
poidvto mponyuévng Oepameiog, ot axdrovbeg
amartioec: >
1. Ba mpémer va TopEyoviar TANPoOPOpies Yo

oA TAL OpYWKE VAKG TOL  YPNCLOTOLOVVTOL

Yo TNV TOPOCKELY NG OPUCTIKNAG ovoiag,

oopmepAappavoléveoy TV TPOIOVI®MV OV

OTTOLTOVVTOL Y10 TV YEVETIKY TPOTOMOINGN TMV

avBporvov 1 ooV KuTTap®V Kot OOV oYLEL,

Kot NG emokOAovOng  KoAMEpyelng Kot

SlTNPNONG TOV  YEVETIKDG TPOTOTOUUEVOV

KUTThp@V, Aapupdvovtag veoyn v evogyopevn

arovcia faduidov kabapiopod.

2. Y TOTPOTIOVTOTOV TEPLEYOVV VA LLIKPOOPYOVIG O

N 16, To dedOUEVO Yl TN YEVETIKY TPOTOTOING,

N ovdivon oAiniovyiog, m e&acBévnon g

TaBoyEVeElG, O TPOMICUOC YO CLYKEKPLUEVOLG

10TO0G KOl TOMOVG KLTTAPWV, KLTTAPWOV Kol

e&pton Tov KOKAOUL TOL  UIKPOOPYOVIGHOV

N Tov 100, N TaboyEVeld KOl TO YOPOKTNPLIOTIKA
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TOV YOVIKOD GTEAEXOVC.

3. ot Jdwdikacieg mwov oyetilovior pe  TOVG
LOAVGLOTIKOUG TOPEyOVTEG KOl TO TPOIOV, TPEMEL
Vo TEPLYPAGOVIOL OTO  OVTIOTOLYOL TUHHOTO
TOV QOKELOL, kol Wimg av o 100G eivol avog
AVTLYPOONG KL AV O POPENG £XEL OYEOLAOTEL Y1l
va glval ovikovog yio avTrypoon|.

4. yw ta TAaopidia, emPBAAAETOL 1] TOCOTIKOTOINON
TOV J10QPOPOV HLOPPOV TAAGULOI0V, Kot Oa Tpémet
va Aappévovtor vToyn ce OAN ™ dbpketa Long
TOV TPOIOVTOG

5. Y. YEVETIKOG  TPOMOTMOUEVO  KOTTOPO,
AmOLTOOVIOL TO YOPOKTNPIOTIKE TOV KLTTAPOV
TPV KO UETO TNV YEVETIKY| Tpomomoinon. [a
YEVETIKAOG TPOTOTOMUEVA KOTTOPO, EKTOG OO TIG
E101KEG OOLTIOELG Y10, TO POPHOKEVTIKE TPOIOVTAL
YOVIOLOKNG Oepameiog, Ol OmalTHoELS TOOTNTOG
Y10l TO QAPLLOKO COUOTOKVTTAPIKNG Oepomeiog Kot
TPOTOVTO, UNYAVIKNG 1OTOV TPoidvTo Ba Tpémel va
epapudlovral, eniong.

Hmrolvmhokotnta mgdouns, TNGAELTOVPYIKOTNTOG

KO TOV POPLOKOAOYIKOV 1O10TNTMV TOV KOIVOTOUMV

BepomevtiK@v Tpoidvimv pe fdon  Novoteyvoroyia,

™ Buotgyvoroyio ko ™ Mopwokn latpikn, m

duvatdto agloAdynong tovg amd Tig PLOUOTIKEG

KoL KOVOVIOTIKESG apyég mov glvar vrevhuveg yuo TV

a&loAoyNon TV TPOTLAWYV TOLOTNTOC, OCPAAELNG

KOl OTOTEAECUATIKOTNTAG, (OiveTal vo  déyovtal

wyvpn] apeePrmon. o mopdderypo n Emtponn

Y0 QOPUOKEVTIKG TTPOTdvTa avOpdTIVNG YPNONG OE

dnpocievon 1o 2006, VIOYPAUUICE THV AVAYKN Yo

o SIEMOTNUOVIKT TTpocéyylon Yoo v eveléio

oV anodoyn VE®V HOVIEA®V avATTLENG Kot TNG

TPOGOPLHOYNS TG HeBodoAOYING TV SOKIUMY Yio. TO

KOLVOTOLO.GLGTI LLOTO LETOPOPAG POPLOKOLOPTIOVTNG

Navotgyvoroyiac.® Avth n eveM&io otny vioBEToN

TOV KOTOAANA®V ETIGTNHOVIKGOV pyoreiov Yo TV

oplofétnon evoc TAnpéstepov vopodeTikoy TAGIon

epapudletarmiéov omd Ty Enttpont| ylota kavotopo
eoppokevTiKdTpoiovta tov Evponaikod Opyovicpod

DQapudrev. Amd ™V GAAN TAELPA, 1 EMICTNHOVIKY

KOWOTNTO OVTOTOKPIVETOL GTNV TPOKANGN CLTH UE

TAN0dpa dnoctledoemv Tov aPopody 6N droyeipion

VGVo- KO Sio-OMK®OV e EKTANKTIKEG PUGTKOYNUIKES

WO0TNTEG KAl HOPPOAOYIKA YOPOKTNPIOTIKE, TOL

avtavakAiovv oTig Peltiopéveg Ploroyikég dpdoelg

YL TV OVTIHETOMON ovidTOV KOl EKPLAGTIKOV

voowv. Ta mapdderypa n TpOGEOTO SNUOCIEVIEVT

gpyaocio. tov Stephan Kot TOV GLVEPYOTMV TOV TO

2010 oto Nature ovagépel Bepamevtikd KOTTOPO

WG EVEPYOVLS LETAPOPEIG Y10 CTOXEVLEVT LETOPOPE

eoppokopopiov, pe ovlevypévo  VovocmUOTiOw



OTNV EMPAVELY TOVG LLE OTMDTEPO GKOTTO TNV AVATTLEN
evOG PUPUOKEVTIKOD TPOIOVTOG COUOTOKVTTOPIKNG
Oepanciog. Tavtoypova, epyaciec mov a@opohv
TIG KOVOVIOTIKEG TPOEKTAGES TMOV PUPUUKEVTIKAOV
npotovtewv g Noavoiatpwknig tovilouv ) onuacio
NG SLEMGTNUOVIKNG GUVEPYUTIOG Y10l TNV KATOVOTON
TOV  QOPUOKOAOYIKAOV 1010TNTOV OAAG KOl T®V
oK@V dpaoemv Tovg. 10

YopumEPAcNOTA

Keivovtog kot cvvoyilovtag OAo To TPATAV®, TO
KOvoTopo, Bepamentikd TpoidvTo gival amoTéEAEcO
™G €PELVOG VEMV EMIGTNUOVIKAOV TESIMV, OTMG TNG
Navoteyvohoyiag kot g Moplakng latpikng, mov
odnynoe tov Evponaixd Opyaviopud ®apudkwov oty
idpvon g Emtpomnic tov Kawotopwv Oepancimv
LE OKOTO TN GLUTOPELCT| TOV EMGTNHOVIKOV KOl
TEYVOAOYIK®V EEEMEE@V LLE TIGKOVOVIOTIKEG OLOTAEELS,
HEe HOVOSIKO GTOYO OOQOUAN KOl OTOTEAECLOTIKG
QOPUOKEVTIKA TPOTOVTO YO TNV TPOCTACIH TNG
dnupodoag vyeiog.

Advanced Therapies:
New Guidelines and the
Approval Process.

Costas Demetzos'*, Natassa Pippa’, Yannis Tountas®

!Department of Pharmaceutical Technology,
Faculty of Pharmacy, Panepistimioupolis Zografou 15771,
University of Athens, Athens, Greece

2Centre for Health Services Research, Department of Hygiene
and Epidemiology, Medical School, Athens University,
25 Alexandroupoleos Street, Athens 11527, Greece

Abstract

The first scientific conference for advanced therapies
which held in London on the 3rd of April 2009
was organized by the European Medicines Agency
(E.M.A.). This date -is a landmark- signals the opening
of a new direction for the therapeutic approach of
human diseases. The legislation of these guidelines
are specified by new sectors in innovative scientific
research and technology. In this mini-review article, the
advanced therapies will be classified and the approval
process is highlighted.

* Corresponding author. Tel.:+30 2107274596; fax: +30
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Abstract

Pharmacokinetic properties of drug molecules
determine to a great extent their fate in the organism
and play a crucial role in the drug development
process. In fact, poor pharmacokinetics and safety
issues constitute two of the major reasons for the
failure of many drug candidates. Therefore, it is a
necessity that the so called ADME(T) (Absorption,
Distribution, Metabolism, Elimination and Toxicity)
profile is investigated in the early stages of drug
research in parallel with the affinity to the target
receptor, so as effective and safe products reach the
market for the patients benefit and the high industrial
costs are reduced. To the achievement of the afore-
mentioned goals computational strategies have an
important contribution and are implemented in many
calls for proposals by healthcare funding agencies. In
the present review, in silico methodologies for early
estimation of ADME(T) profiling and the role of drug-
like properties in in the selection of drug candidates
are reported and discussed. Property- based and
structure- based models as well as expert systems are
described in the context of several pharmacokinetic
processes, including passive diffusion through
biological membranes and binding to plasma proteins
and other ADME(T) proteins, like transporters,
metabolizing enzymes and anti-targets. Progresses
in the prediction of metabolism and toxicity are
highlighted. Model validation, applicability domain,
limitations and pitfalls of the in silico methods are
also discussed.

Key words: ADME properties, lipophilicity, plasma
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1. Introduction

Discovery and development of new chemical entities
intended to be marketed as drugs is a very complex
and time-consuming process. Approximately, 15
years are required for a chemical substance to be
approved by the responsible regulatory organization
and, subsequently, launched in the market. In addition,
the attrition rate of this process is very high, as only
an extremely limited proportion of new biologically
active compounds eventually reach the market. In
other words, even if a compound has exhibited good
biological activity on a specific target, after being
tested in vitro and in vivo (in animals), there is a
probability that this compound can be used in clinical
practice. The main reasons of this increased failure
rate concern safety issues, efficacy and unsatisfactory
biopharmaceutical/pharmacokinetic behavior
(Figure 1). Pharmacokinetic properties of compounds
are briefly summarized in the abbreviation ADME
(Absorption, Distribution, Metabolism, Excretion),
or ADME(T) where T stands for toxicity?. Hence, it
is important to estimate ADME(T) properties in the
early stages of the drug research procedure in order to
reduce cost and time demands (‘fail fast, fail cheap”),
as well as the number of animal experiments and in
order to guarantee more chances for the candidates to
succeed in the later clinical phases.

Itiswidely acceptedthatdrugs exhibitphysicochemical
properties which distinguish them from other
chemicals. The so-called “drug-like” properties have
been a central issue for scientists working in the field
of pharmaceutical research since many decades’.
The most important among them are lipophilicity,
molecular weight, hydrogen bond capacity, as well
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Figure 1. Histogram of the attrition for each criterion
expressed as % percentage. Adapted from ref.

as flexibility (usually expressed by the number of
rotatable bonds) of the molecules. Provided the high
industrial demands, a very important step in the
drug discovery process is, thus, the reliable and fast
evaluation (or the rapid determination, if possible) of
these properties®.

The last decades, many attempts to develop
sophisticated methodologies for high-throughput
assessments of new chemical entities have been made.
These methodologies concern more rapid synthetic
procedures, such as combinatorial chemistry, in vitro
evaluation in a high-throughput fashion, as well
as computational methods, like virtual screening.
These strategies lead to faster identification and
validation of hits and, subsequently, lead compounds.
In addition, rapid analytical techniques, in silico
methods and molecular simulation studies (docking)
allow the early estimation of the physicochemical
and pharmacokinetic properties of drug candidates.
More to the point, the development of Quantitative
Structure-Activity  Relationships (QSAR) and
Quantitative  Structure-Property ~ Relationships
(QSPR) offers a valuable tool in the early estimation
of the biological behavior of molecules. In QSAR
and QSPR appropriate statistical tools are used in
order to establish reliable models correlating a given
property with certain molecular parameters. From this
perspective it should be mentioned that a more efficient
way to estimate the above mentioned properties of
new molecules may be the combination of automated
and medium-to-high throughput analytical techniques
for in vitro screens with in silico methods, according
to the in combo approach’.

The in silico strategies implemented in the area of
ADME(T) prediction can be classified into property-
based (or ligand-based) and structure-based methods,
as well as to expert systems. The first approach
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concerns the impact of the physicochemical properties
of compounds on a specific pharmacokinetic process,
including both passive phenomena (permeability)
and binding (e.g. plasma protein binding). The
second approach constitutes a useful tool for the
investigation of the protein-ligand interactions and
can be applied to predict the affinity to the so called
ADME(T) proteins (metabolizing enzymes, plasma
proteins, transporters etc). In many cases, such as
plasma protein binding, combination of these methods
has been proposed as a more effective strategy®’.
Expert systems are computer programs belonging to
Artificial Intelligence (AI) methods. They have been
developed to assist decision making and solving of
complex problems, the solution of which usually
requires a human specialist®.

2. Factors determining the
pharmacokinetic behavior of drug
molecules

2.1. “Drug-like” properties and ADME profiling

As already mentioned, the “drug-like” properties
determine to a large extent the fate of a compound
in the organism. A pioneer study on this issue led to
the establishment of the Lipinski’s Rule of five®'°,
according to which there are defined thresholds in
specific physicochemical properties, beyond which
oral bioavailability problems may be encountered
(Table1). Theinitial rules were subsequently expanded
for lead- and hit-like properties'' while they were
revisited and evaluated by other authors'*!¢. Other
‘metrics’ like Ligand Efficiency (LE) and Ligand
Lipophilicity Efficiency (LLE) have also been
introduced. In fact these metrics normalize affinity
in respect to size and lipophilicity respectively!”?. It
should be mentioned, however, that these rules and
metrics should be considered with criticism and not as
absolutely restricting factors. They have the advantage
to be very simply and easy to be applied, nevertheless
this simplicity constitutes also their disadvantage,
since they do not take into consideration a number of
other complex factors, among them the requirements
of the target receptor.

Table 1. Restricting values for Physicochemical/molecular
properties as determined in lipinski s rule of five’

Property “Cut-off” value

ClogP 5
Molecular Weight (MW) 500
Hydrogen Bond Donors (HBD) 5
Hydrogen Bond Acceptors (HBA) 10




Lipophilicity: From the advent of the modern
pharmaceutical research processes, lipophilicity has
played a crucial role in the drug design concept.
In addition, it is proven to be a key parameter in
the Quantitative Structure-Activity Relationships
(QSAR)*" 2, 1t is expressed as the logarithm of the
partition coefficient of the uncharged species of a
compound in the n-octanol/water system (logP),
which is regarded as the reference solvent system.
There are also logP values obtained with different
solvent systems, mainly alkane/water systems, e.g.
cyclohexane/water. In cases where ionization of the
compound takes place, lipophilicity is expressed
by the distribution coefficient, logD, which is pH
—dependent. The traditional experimental procedure
for the determination of logP (or logD) is the
shake flask method. However, this method is time-
consuming and the reproducibility of the results is
limited in a narrow range (from -2.5 to 4 log units).
These limitations led to the development of more
rapid and accurate techniques, such as the Reversed-
Phase Liquid Chromatography. Nevertheless,
despite the efforts for the standardization of the
chromatographic conditions, retention data should
usually be compared to the reference octanol-water
partition coefficients or considereded as relative
lipophilicity measures for compound ranking ». LogP
can also be calculated with computational methods,
based on the summation of fragmental (plus relevant
correction factors) or atomic contributions or on a
combination of bot (substructural or whole molecule
approaches)*26, Lipophilicity is considered to be
a composed property encoding the combination of
molecular size and polarity and in many studies it is
replaced by these two components?’. It constitutes a
very important element of the pharmacological action
of drug molecules, as it affects both the protein-
ligand interactions and the pharmacokinetic profile of
compounds. It is a determinant factor in the process
of absorption and, in general, in processes including
drug transport through membranes. Lipophilicity
also affects the distribution of a drug, the extent of
metabolism, the permeation of the blood-brain barrier
as well as the renal clearance® .

Solubility: On the opposite of lipophilicity there
is solubility. Solubility of drug molecules often
constitutes the rate-restrictive step in the process
of absorption. Low solubility leads to poor oral
absorption!?, since only dissolved compounds are
available for permeation across the gastrointestinal
membrane. It is, therefore, not surprising that
solubility is taken into account not only in the early
stages of formulation studies, but even in the initial

57

design of drug candidates. A drug substance is
considered “highly soluble” when the highest dose
strength is soluble in 250 ml or less of aqueous media
over a pH range of 1-7.5 at 37°C. A common method
for increasing dissolution rates is salt formation®.
However, the usefulness of solubility studies in
aqueous buffer is under question regarding the in vivo
situation and bio-relevant media have been proposed
for such measurements®. Solubility can also be
predicted with several calculation programs, which
however have the drawback that are based on data
obtained with different experimental conditions®*.
Ionization-pKa: The ionization state of a molecule,
expressed with the negative logarithm of the ionization
constant pKa, affects many of its properties and
mainly lipophilicity and solubility. The pH-partition
theory considers that practically only the uncharged
species of a molecule can cross the cell membranes.
However, it has been proven that also ionized
molecules can transport through the membranes
either as ion-pairs with counter-ions or with protein-
mediated transport®. Another pharmacokinetic
process which is highly influenced by ionization is
the renal excretion and tubular reabsorption process.
Ionization constants can be measured experimentally
with several analytical techniques (e.g. potentiometry
and UV-Vis Spectroscopy)®® and predicted by
computational tools** ¥,

Permeability: Permeability of cell membranes is a
determinant factor for drug action. Cell membranes
consist of phospholipid bilayers, which are structures
containing polar ionized head groups exposed to the
aqueous phases (i.e. the interior and the exterior of the
cell) and an intermediate lipid layer. The permeability
ofacompoundishighlyrelatedtoitslipophilicity, when
the membrane-crossing mechanism is the transcellular
passive diffusion. However, other mechanisms may
also occur, depending on the molecular species, such
as paracellular transport through pores, transporter
mediated transport or active transport, which make
the prediction of permeability more complicated.
Permeability is a prerequisite for oral (intestinal)
absorption, which is the friendliest route of drug
administration. In addition, skin permeability is a
very important factor for percutaneous absorption in
the case of topical administration®.

Permeability, although not a pure physicochemical
property per se, but rather a physicochemical process,
is often included in the physicochemical profiling
of drugs while it is one of the two components
incorporated in the Biopharmaceutics Classification
System. The Biopharmaceutics Classification System
(BCS)*"- %8 has been used to classify drug molecules



in four classes according to their solubility and
permeability (Figure 2). For compounds belonging
to class 1, which is the most desired drug class (high
solubility — high permeability), bioequivalence
studies are waived. However, the fundamental
character of these two properties has been under
question and a projection of the BCS according to
molecular size and hydrogen bond capacity has been
proposed®. More recently, the BCS has been extended
to Biopharmaceutics Drug Disposition Classification
System (BDDCS) to address Drug-Drug Interactions
and the role of transporters and metabolism, in the
aim to provide a road map for designing preclinical
and Phase I clinical studies®.

Class I
High solubility
High permeability

Class 11
Low solubility
High permeability

Class 111 Class 1V
High solubility Low solubility
Low permeability | Low permeability

Figure 2. The Biopharmaceutics Classification System®

Hydrogen Bonding: Hydrogen bonding capacity
influences lipophilicity and solubility. In specific, it
can be seen as a negative component of lipophilicity
and, on the other hand, as a factor enhancing solubility.
Hydrogen bonding capacity may be expressed with
the AlogP parameter, which is the difference between
octanol/water and alkane/water partition coefficients
(AlogP= logPoct-logPalk)*'. However, more simple
parameters are currently used, such as the count of
hydrogen bond acceptor sites (count of nitrogen and
oxygen atoms) and the count of hydrogen donor sites
(count of hydrogen attached to nitrogen and oxygen
atoms), Linear Solvation Energy parameters, easily
calculated by a relevant software®, as well as polar
surface area (PSA) and topological polar surface area
(tPSA)*®. Low permeability and absorption is often
related to high hydrogen-bonding potential, as strong
hydrogen bonds between a drug and its aqueous
environment prevent it from being transported
through the membranes.

Molecular Size: Another factor playing a crucial role
in pharmacokinetics, mainly in oral absorption and
blood-brain barrier permeability, is molecular size*".
The most common measure of the size of molecules is
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the molecular weight. Van der Waals Volume and van
der Waals Surface Area consider the volume or surface
occupied by the overlapping van der Waals spheres
of the different atoms within the molecule. Solvent
accessible surface Area is calculated considering the
surface produced if the sphere of the solvent atom
(by default water) rolls around the van der Waals
surface area. Such size and shape parameters can be
calculated by relevant software.

2.2 ADME(T) proteins

Drug molecules, besides their interaction with
biological targets to elicit he pharmacological
response, bind to a number of other proteins which
influence their pharmacokinetic and toxic behavior.
These proteins, usually termed ADME(T) proteins,
are characterized to a high extent by their promiscuity,
i.e. their ability to accommodate in their binding site
a large variety of structurally diverse molecules.
ADME(T) proteins include plasma proteins,
metabolizing enzymes, transporters, nuclear proteins
and the hERG potassium channel*.

Plasma proteins: Binding to plasma proteins is mainly
related to the distribution of a drug to the tissues and
its half life. Extended plasma protein binding may
be further associated with drug safety issues, low
clearance, low brain penetration as well as drug—drug
interactions. In addition, the bioactive form of a drug
is considered the free (unbound) one, as this form is
able to penetrate cell membranes. Therefore, plasma
protein binding is associated also with drug efficacy.
Among the plasma proteins, the most important
regarding drug-binding, are Human Serum Albumin
(HSA) and al-Acid Glycoprotein (al-AGP). HSA
is present in higher concentration, has high binding
capacity and a pronounced affinity for acidic and
neutral compounds. AGP in lower concentration and
with lower binding capacity exhibits high affinity for
basic and neutral drugs®.

Metabolizing enzymes: The most important sites of
metabolism within the organism are the liver and
the gastrointestinal tract. The family of Cytochrome
P450 enzymes (CYP450), with CYP3A4, CYP2D6
and CYP2C9 being the most important isoforms, play
a crucial role in drug metabolism. Other important
enzymes are the UDP-glucuronosyl-transferase
(UGT) and the sulfotransferase (SULT). Metabolizing
enzymes,and especially CYP, are characterized by their
flexibility and their ability to bind to a wide variety of
molecules. Drug metabolism is often related to poor
bioavailability or, when occurring in the GIT, reduced
absorption. Although the primary aim of metabolism
of xenobiotics is their elimination, in many cases this



process leads to the manifestation of toxic effects. The
toxicity related to interaction with CYP enzymes can
be pharmacophore-induced or metabolism-induced*.
The first type is observed with non-selective drugs,
having the potential to interact with structurally
related proteins. What is important in this case, is
the drug-drug interactions caused by the inhibition or
induction of CYP enzymes, mainly CYP3A4, when
two or more drugs are co-administered. Metabolism-
induced toxicity is associated with the formation of a
reactive metabolite*’.

hERG potassium channel. Another case where
pharmacophore-induced toxicity is observed is when
a drug interacts with the hERG (human ether-a-go-
go related gene) potassium channel. Inhibition of this
type of channel is related to cardiotoxicity caused
by QT prolongation*®. Hence, inhibition of hERG
channels is among the first in vitro tests performed
during drug development®.

ABC transporters: Besides the afore-mentioned
causes, reduced drug absorption can also be the
result of the activation of efflux pumps. ATP-binding
cassette (ABC) transporters belong to this class of
proteins. They are related to multidrug resistance
(MDR), mainly observed with antitumor agents. Their
impact in permeability is so critical that suggestions
have been made to include the role of transporters in
BCS [38] P-glycoprotein (P-gp) is the first discovered
and most investigated ABC transporter and several
studies attempt to predict whether a molecule is a
substrate or an inhibitor of P-gp>®3'.

Nuclear receptors: Interaction with certain types
of nuclear receptors is related to an effect called
endocrine disruption®. Nuclear receptors regulate the
transcription of specific genes and, thus, they involve
in the synthesis of a number of proteins, some of them
with hormonal or metabolizing function. Pregnant
X Receptor (PXR) and Constitutive Androstane
Receptor (CAR) are found to trigger the upregulation
of metabolizing enzymes and can indirectly induce
drug-drug interactions*. Other nuclear receptors,
investigated for their role in the toxic behavior of
drugs are the Estrogen Receptor (ER), the Androgen
Receptor (AR) and the Peroxisome Proliferator-
Activated Receptor -gamma (PPAR-gamma).

3. Property-based ADME(T) prediction

The concept of the property-based approach lies on
data modeling by statistical procedures, namely the
establishment of QSAR or QSPR models. The first
step in the elaboration of a QSAR/QSPR model
is the compilation of the training set, i.e. the set of
compounds which is used to “train” the model, for
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which appropriate experimental data is available.
This experimental data constitutes the property under
study, e.g. the absorbed fraction. The following step
is the chemical description of the compounds using
a pool of descriptors, i.e. parameters describing the
molecular features. Subsequently, the statistical
analysis is implemented on the data in order to
find a correlation between the given property and
certain descriptors or patterns within the data. The
obtained models should be further validated for
their robustness, while a continuous update overtime
has been proposed®3*. One of the most important
features of the QSAR models is their applicability
domain, which reflects their ability to predict reliably
the given property of a set of compounds not included
in the training set (blind test set)%. The selection of a
representative training set is of critical step. When the
analysis is implemented on a relatively small series
of congeneric compounds, the models obtained are
characterized as local models. Models derived using
a large series of structurally diverse molecules aim
to be considered as global models. Local models are
valuable in the discovery process within a certain
therapeutic class; however, global models help to
explore new chemical space. A crucial factor and a
serious obstacle in global QSAR/QSPR models is the
robustness and consistency of the experimental data.
The acquisition of high quality -data curation- is of
paramount importance during QSAR analysis.

Nowadays a vast number of descriptors for QSAR
models is available- currently used software may
calculate more than four thousands descriptors.
They can be classified into physicochemical (e.g.
lipophilicity), molecular (e.g. molecular weight,
hydrogen bonding), constitutional (count of
certain structural characteristics), topological /
electrotopological, geometrical, charge related, semi-
empirical and thermodynamic descriptors as well as
moleculartype, atomic type, and bond type descriptors.
Physicochemical descriptors can be either measured
by experimental methods or computationally
calculated. In fact, the experimental determination of
fundamental properties concerns lipophilicity, pKa
and solubility. However, while for small series of
congeneric data experimental values provide a more
thorough investigation, computational calculations
of descriptors are preferred as a first evaluation of
the trend observed in the data and are valuable for
screening of compound libraries . A large number of
computational tools is available for calculation of
various descriptors. Among the most popular software
are Dragon, Codessa, Volsurf, MoKa** 3¢5, A detailed
description of descriptors and relevant software is



provided in the book of Todeschini and Consonni*

The statistical analysis used to treat all information
related to thee given property is based on data
analysis tools, namely machine learning techniques
and chemometrics. Statistical models can be linear
or non-linear and based either on classification or on
regression methods. Further, classification methods
can be supervised or unsupervised (i.e. clustering).
With classification methods patterns and trends can
be detected within the data and, in addition, grouping
of the data according to the studied property can
reveal correlations with certain descriptors. The
most common methods for data classification and
clustering are Principal Component Analysis (PCA)-
a projection method- , Hierarchical Clustering®',
Nearest Neighbors®?, Random Forests®, Neural
Networks® and Support Vector Machines®,
Multiple Linear Regression (MLR) is the most
common method used in QSAR/QSPR analysis, the
objective being the extraction of a correlation model
between the dependent variable and the independent
variables, namely the descriptors. The question in this
case is how a successful variable selection could be
achieved as a first step®”. Several methods have been
proposed regarding this issue, such as evolutionary
algorithms®®, though in many cases the appropriate
selection depends on the experience of the statistician.
The variable selection problem ameliorates with
the use of projection methods, such as Partial Least
Squares (PLS), which is the regression extension of
PCA™. Another limitation of MLR is the interrelation
among descriptors, an issue that does not constitute
a problem in the case of PLS which can treat inter-
related variables. Neural Networks and Support
Vector Machines are also frequently applied for the
establishment of non-linear QSAR/QSPR models.

Validation of the models is a procedure of significant
importance in the statistical analysis. It is not very
unusual to establish a random model containing
redundant information such as noise, or a model
that is very specific for the training set and cannot
generalize to new molecules (over fitting)”"”>. The
most common methods for model validation are:
internal validation, external validation and random
redistribution of the values of the dependent variable.
Internal validation is based on cross-validation, using
the leave one out or the leave many out procedure,
in the latter case after dividing the training set into
groups, usually seven. Each time a compound or a
group is removed from the training set the model
is regenerated and used to predict the values of the
left out compounds. The procedure continues till all
compounds or groups have been left out once and the
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statistical measure PRESS and the cross-validated
correlation coefficient Q? are calculated according to
equations (1) - (3):

PRESS=X(Y, /Y, ) (1)
SS=X(Y, -Y, ..\ )
Q=1-(PRESS/SS) 3)

where Y e and, Y, are the predicted the experimental
values of the response variable, respectively,and Y __
represents the average value of the response variable
for the entire data set (PRESS: Prediction Error Sum
of Squares).

With external validation, the model is used to predict
the response variable of a set of new compounds, not
included in the training set. Finally, randomization of
the response variable should lead to inferior models
compared to the original one™. However, regardless
the validation method, it is considered that reliable
predictions are only possible for molecules lying in
the applicability domain of the model and different
distance metrics are used for its definition®.

After this brief description of the methodology applied
in property-based studies, some specific studied cases
are given below. They concern intestinal absorption,
CNS penetration and plasma protein binding,
which are processes successfully investigated by
QSPR methodology. Attempts to predict other
pharmacokinetic processes like volume of distribution
or clearance are also available in literature; however
the complexity of these phenomena does not permit
the elaboration of high quality in silico models with
more general applicability’”. Permeability through
the placenta barrier also constitutes an issue related to
the protection of the fetus and some in silico models
have been suggested’” 7.

Prediction of permeability and intestinal absorption:
In vitro drug permeability can be assessed by several
in vitro methods, based on cell cultures like Caco-
2 cell lines”’, Madin-Darby canine kidney (MDCK)
monolayers’ and onartificial membranes, like PAMPA
(Parallel Artificial Membrane Permeation Assay)”™
and TAM (Immobilized Artificial Membranes)
chromatography®#°. The results obtained by these
methods can be correlated with in vivo absorption/
permeability data. Further in silico models to analyze
permeability data on cell cultures and artificial
membranes may be useful to compare the underlying
mechanism but are of little value to be used for
permeability predictions, since such techniques serve
as in vitro models themselves and the corresponding
QSPRs are actually models of a model®!.



Efficient predictions of intestinal absorption
are possible using simple descriptors, such as
logP or logD in the cases that passive diffusion
predominates. In many QSPR models predicting
oral absorption, hydrogen bonding descriptors, and
mainly polar surface area (PSA), have been proven
to be also of paramount importance”8>%, Usually,
poorly absorbed compounds have been identified
as those with a PSA>140A2. To this point, it should
be mentioned that although lipophilicity has been
historically included in many permeability studies,
its substitution by molecular size and hydrogen
bonding descriptors has been proposed by several
authors in order to avoid tedious experiments or
calculations that are not always reliable. When
more complex molecules are included in the data
set, introduction of descriptors associated with
molecular flexibility (e.g. rotatable bonds) may be
necessary. Electrotopological descriptors have also
been succesfully used in QSPR models for prediction
of absorption, as they can describe hydrophobicity/
hydrophilicity and size parameters; yet such
descriptors are not always easily interpretable.
Although the use of quantum mechanics to calculate
descriptors like logP, polarizability, polarity,
hydrogen bonding etc, has been suggested to lead
to more accurate models™, almost equal model
quality can be achieved by less complex and more
rapidly calculated descriptors as well. However,
for many drugs, absorption is highly influenced
by the presence of metabolizing enzymes (mainly
CYP3A4) and transporters (mainly P-gp) in the
gut wall®. In these cases, simple physicochemical
descriptors are not adequate to predict oral
absorption and more sophisticated models including
physiological parameters should be developed.
Caco-2 and MDCK monolayers express a number
of transporters, but low levels of metabolizing
enzymes. Absorption simulation software is also
available, with GASTROPLUS and IDEA being the
most popular®,

Prediction of blood-brain barrier penetration: The
entrance of a compound in the central nervous system
(CNS) is highly favorable when the compound is
intended to act as a CNS agent, but unfavorable when
the compound exhibits a peripheral action. Thus, the
ability of a molecule to penetrate the Blood-Brain
Barrier (BBB) is always studied in the early stages
of drug development. Experimental data is usually
obtained by cell lines such as the bovine microvessel
endothelial cells (BBMEC), which serve as an in
vitro model. Although permeability of molecules in
the gastrointestinal tract is correlated with octanol-
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water logP values, in the case of BBB penetration
cyclohexane water logP has proved to lead to
better correlation®®’, QSPR studies have shown
that molecular size and hydrogen bonding potential
constitute the fundamental properties determining
to a large extent the permeation into the brain?”35%,
The use of IAM retention data in combination
with molecular weight has been suggested for
drug classification according to CNS penetration”
Although P-gp is present in the BBB, its role is not
completely understood. It is considered that there is
a differentiation in P-gp binding between CNS and
no-CNS active drugs’'.

Prediction of HSA and AGP binding: Plasma protein
binding is usually given as the percentage of a drug
bound (%PPB) or as the logarithm of association
constant logK, obtained by several in vitro techniques.
Among these techniques, chromatography is the
most rapid and convenient one. The columns used
for this purpose contain immobilized HSA or AGP.
Using zone elution or frontal analysis the association
constants for HSA binding can be obtained, indication
that binding characteristics are similar with those of
the protein in solution. This is however not evident
for the AGP column®-**. In both cases the retention
of compounds can be considered as a relative protein
binding measure and QSRR models (Quantitative
Structure Retention Relationships) can be established
based on physicochemical/molecular or other
descriptors. In a recent review in silico prediction
of HSA binding has been extensively discussed’. In
most cases, lipophilicity, expressed either by logP or
by topological descriptors, as well as the fraction of
anionic species at physiological pH were proven to
be the most vital factors for binding.

Prediction of Toxicity: There are many efforts to
predict the toxicity potential of drugs as well as of
hazard compounds and many groups collaborate in
consortia for this purpose.

Currently, OpenTox and Cadaster are two important
consortia on toxicity predictions, operating within the
frame of the REACH (Registration, Evaluation, and
Authorization of Chemicals) legislation for chemical
safety evaluation and regulatory submissions of
safety evidence®. OpenTox is a framework for the
integration of algorithms for predicting chemical
toxicity providing also web services and can be
accessed in http://www.opentox.org/. Cadaster aims
at providing the practical guidance to integrated
risk assessment by carrying out a full hazard and
risk assessment for chemicals belonging to four
compound classes. In this aspect it has developed a
thesaurus of QSAR models available at http://www.
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4. Structure-based ADME(T) prediction

Next to property based methods, in the case of
protein binding predictions, structure based methods
are also popular. Structure-based methods require
that the three dimensional structure of the studied
protein is available, usually determined with X-ray
crystallography or Nuclear Magnetic Resonance
(NMR). In cases where 3D structures are not available,
pharmacophore or homology models may be applied,
with the former based on the superposition of known
substrates of the protein while the latter based on
structures of homology proteins. Molecular simulation
and docking studies aim at two main outcomes;
investigating the binding mode of ligands within
the binding site of the protein and/or establishing a
scoring function in order to quantify the interaction
forces with energy terms.

Prediction of HSA binding: In the field of HSA binding
predictions, there are several studies concerning
the combination of structure-based techniques with
QSAR analysis”® 7. 1In this case, identification of
the binding site, using techniques such as Nuclear
Magnetic Resonance (NMR), is followed by statistical
analysis, based on 3-D descriptors.

Prediction of Metabolism/ Binding to metabolizing
enzymes: The most studied metabolizing enzymes,
regarding the binding mode of drug molecules, are
the CYP450 enzymes (CYP3A4, CYP2D6 and
CYP2C9). Lill et al. combined flexible docking and
multidimensional QSAR to a data set of 48 diverse
small molecules in an attempt to predict binding
affinities for CYP3A4, which is the major CYP450
enzyme [98]. Their results, being consistent with
experimental metabolism data, indicated that besides
hydrophobic interactions, hydrogen-bonding and
water-mediated hydrogen-bonding forces play an
important role in drug—enzyme interactions. CYP2D6
and CYP2C9 constitute the next most-studied
metabolizing enzymes. In particular affinity to
CYP2D6 is very important because of its high degree
of genetic polymorphism within the population®-'%,
Structure-based approaches on the metabolizing
enzymes UDP- glucuronosyltransferases and SULT
are described in the review by Moroy et al*.
Predictions of Toxicity: Applying the structure-based
approach Vedani et al>? have created a platform called
VirtualToxLab to predict endocrinic and metabolic
disruptions, some aspect of carcinogenicity and
cardiotoxicity of drugs, chemicals and natural
products. For this purpose the platform calculates
binding affinities for a series of 16 proteins which are
known or suspected to trigger adverse reactions. They
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include 10 nuclear receptors (androgen, estrogen
a, estrogen P, glycokorticoid, mineralcorticoid,
liver X, progesterone, thyroid a, thyroid f and the
peroxisome proliferator- activated receptor y), one
potassium channel (herg), a cytosolic transcription
factor (aryl hydrocarbon receptor) and four members
of cytochrome P450 family (1A2, 2C9, 2D6 and
3A4) . Automated flexible docking combined with
multi-dimensional QSAR is used to identify all
potential binding modes of a small molecule in the
protein binding pocket. From up to 25 poses collected
and sorted according to energy eight most favorable
are used to calculate binding affinities. Compounds
are then classified according to toxicity potential
which extends from low, moderate, elevated, high
and extreme.

5. Expert Systems

The development of the Expert Systems (ES) during
the 1970’s was based on the attempt to effectively
manipulate and exploit the large amount of the existing
knowledge rather than trying to identify a few powerful
techniques in order to understand intelligence. The
so called “knowledge-based approach” led to the
construction of rule-based problem solving programs.
Moreover, there are ES based on statistical methods,
as well as, on mechanistic approaches. Combination
of both rule —based and statistical methods has
been proposed for more effective problem solving
(hybrid systems)®!°!. One of the most common
implementation of ES is the solution of classification
problems. Specific applications of ES are described
below.

Prediction of Toxicity: Many efforts have been
made in order to develop intelligent systems able
to predict the toxicity of chemicals such as drugs
and environmental pollutants. Rule-based ES
implemented in the field of toxicology are mostly
based on the similarity among molecules, i.e. the
identification of certain reactive/toxic chemical
groups. HazardExpert is one of the toxicity prediction
systems based on this concept'®. Other ES used for
toxicity predictions are TOPKAT!®, CASE!* and
COMPACT!, with the two former lying on statistical
methods and the latter being an application of the
mechanistic approach. Gini et al have developed a
hybrid ES which combines artificial neural networks
(ANN) and classical rules'*!. The ANN performed
the classification of a compound in a certain chemical
class based on appropriate descriptors, while the
rule-based approach was applied for the qualitative
prediction (active/non active).

Prediction of Metabolism: As already mentioned



metabolism is a complex process, however there
are available expert systems to predict the sites of
metabolism and the metabolites. MetabolExpert was
one of the first software developed by CompuDrug.
The frequently used software MetaSite which was
recently improved by experimental information
from the Human CYP Consortium Initiative, a joint
venture between pharmaceutical companies and
Molecular Discovery software company'®, Metasite
considers both enzyme-substrate recognition,
which is a thermodynamic factor, and the chemical
transformations induced by the enzyme, which is a
kinetic factor. MetaSite algorithm claims to be not
training set dependent.

6. Conclusions

In the present review, in silico methodologies for
early estimation of ADME(T) profiling and drug-
like properties are reported and discussed. Current
trends in drug discovery implement consideration
of pharmacokinetic profiling of drug candidates in
parallel rather than in sequence with the binding
affinity to the biological target and in silico strategies
offer a valuable tool regarding this direction. The
importance of in silico ADME(T) predictions is
further emphasized in many calls for proposals by
healthcare funding agencies'”. In the Innovative
Medicines Initiative (IMI), two of the four pillars
of the Strategic Research Agenda are Predictivity of
Efficacy and Predictivity of Safety, the third being
Knowledge Management'® The REACH regulation
also advocates the use of non-animal testing
procedures, including alternative methods, among
them (Q)SAR. On the other hand limitations and
pitfalls of the in silico methods should not be under-
estimated. Therefore, combination of different in
silico approaches or integration of in silico methods
with rapid analytical techniques (in combo concept)
may contribute to safer ADME(T) predictions.
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160 ITaverifvio PopproKeLTIKO X0VEIPLO
Yrpoyyvro Tponelr EAinvikig @appoxevtikic Etapeiog
OEMA: [Tavemotnuoxkn Exnatdocvon ko owo fiov padnon
6TV aokion Tov Pappokevtikov Exayyéipnatog
ne opiCovra 1o 2020

YUVTOVIOTEG:

Avvo Toavtiin-Kakoviidov,

KoOnynrpra, Tunpazog Qopioxevtikig,

Ebvikod ka1 Komodiorpioxov Hovemiothuioo AOnvav,
A Avumpoedposc EDE

TCovMa Attéd - IToAitov,

Av. KabOnyntpro, Tunuozos Xnueiog,

Ebvirod ko Korodiorproxov Hovemotnuiov AOnvav,
B Avumpoedpog EDE.

To otpoyyvdd tpamél mpaypatorombnke ota mAaicta tov 16% IMavelinviov doppokevticod Xvvedpiov mTov
dopyavmoe 1 Iavediqvie ‘Evoon ®oppokoroidv 31 Maiov — 3 Iovviov, 2013. To tpanéll dvoi&e pe v
glooy@ykn opdia g K. Tlovhug Attd — IModitov £k HEPOLG TOL TPOEdPEIOV, KOl GTN GLVEYELD 0 AOYOG 00N KE
otov [1pdedpo g EOE Kabnynm Koota Agpétlo kot 6Toug Tpelg 16mynTég - QopUoKOTOI00G IOV CUUUETEI OV
070 TPUTEL MG EKTPOCHOTOL JUPOPETIKADV EXUYYEALOTIKOV YDPOV:

Nikog KéAipav,

MievBovric Etoupikadv Yrobéoewv Galenica

“To votato ofuepa Exel Tapdbvpa;

Avolntadvtog to peAlovtikd povordtio e PapparxoBlopunyaviag”

Teopyrog Kapikac,

KaOnynting Bioynueiog — Klivikng Xnueiag,

Tunue Texvoloyiag lozpirwv Epyaotnpiwv, TEI AOnvav.
“Nocokopetaxn @appokevtikn): Ilapovoa katdotaon kot [Ipoomticéc”

Yravpovro - Tva IIiwepaxn,

Dopuoxomnoiog, Aiddrtwp Tunuortos PopuoksvTikng
Ebvikod ko Korodiorpioxov Hovemiotnuiov AOnvav.

“H doxnomn Tov oprOKELTIKOD ETOYYEALATOG

KoL M EMYEPNOLOKT] ETPImoN TOV W1OTIKOD PAPHOKEIOL
pe opitovta to 2020”

O1 glonyNoels aTéG amoTéhecay T0 £VOVCUA Yol T cLENTNOT oL akoAoVONGe Kot To Tpanéll EkAeloe pe TPod-
OKANGT 0TOVG emaryyeApatikong eopeig kat ta [avemotiua va soppdirovy pall pe v EQE og kown mpoond-
fe1a yio ) dropydvemon g dwa flov padbnong pe otdyo TNV EMKALPOTOINGT TOV YVOCEDV Kot deE0TNTOV TOV
QOPLOKOTOLDV. .

Iopoatibevtol n elcoy@yiKn opdio ToV TPOedPEiov Kal Ol TEPIANWELS TMOV DITOAOITWOV EICTYCEMV.
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Ewsoyoywn Omiio tov Ilpogdpeiov

TovMa Attd — Moritov!, Avva Toavtiin-Kakovridov?
! Tunporog Xnueiog, EOvikod kar Komodiotpiaxod Tavemotnuiov AOnvdv
2 Tuiua @appoxevtiris, EOvikod kou Karooiotproxod Havemotnuiov AOnvdv

Am6 to 2011 1 E.E nopovciace 10 mpdypappo «New
Horizon 2020 -The Framework Programme for
Research and Innovation» mov agopd tn 6TpoTnyIKn
vy v Evpdrn tov 2020 kol TOUg TPOTOPYIKOVS
o1dyovg ov Exovv tebel and v Evponaikn Evoon
vy v ‘Epevva, v Kowotopio kot v Emoetiun.
To wpdypoppe avTd AmoTEAEL KO EVOL OAOKANPOUEVO
oVOTN A XPNHATOdOTN oG, Vyoug 80 d16. Evpd, Tov
€XEL WG TPOTEPOLOTNTES TNV OPLOTEID GTNV EMOTNUN
KOl TV KOW®OVIKT] GUUUETOYN.

Ocov apopd T0 «QApUOKO»,  COUE®VE HE TO
TPOYPOULO, OVATTOGGETOL £va VEO  OLKOVOULKO
TPOTLTO  OTNV  KOW®Vio TG Yyvdong to omoio Oa
VROGTNPIEEL TOMTIKEG TTOL Bo 001 YOUV GE KaALTEPN
Kowwvikny vyeio péoa amd MV ovadElEn ToV
dvvatotntov Tov Pappokevtikdv Emomudov kot
g Teyvoloyiag.

H Evponaikny wpdtacn mopovctdlel Tpelg Kopieg
TPOTEPALOTNTEG:

e v Epgvva

* v @oppokevtiki) Biopnyovia
* v Kowovia

To mpoypappo Teplapfavel Tv:

1. emavakaTnyoplomoincn Tov YOPT] TOV
oo0eveldv kot dnuovpyel véeg opddeg aobeveidv
ov Ba avripetonilovior kdt® amd to Tpiopa g
QUPUOKOYEVETIKIG , TOV Prodeikt®dv (biomarkers),
NG VEVOTEYLVOAOYIAG, ALY KL TOV VEDV TEXVOLOYLDV
OV OPOPOVV T1| SLAYVAOCT), TNV OTEKOVION KoL TNV
KAWVIKT TPOKTIKY.

2. afomoinon g  évvolog TOV YEVETIKOV
VITOOTPOUATOS 7oL  emmpedlel TN Opdon TV
QOPUAK®Y Kol TN Qoappokodepaneio kot oyetileton
HEe TNV €KEpooT YOVISI®V Kol TNV Emidpact Tovg
oToV UETAPOMOUO TOV PapraKkoy. O QapUakdTUTOG
(pharmacotype) t@v acBevadv avadeikvioetor péco
amd v eEEMEN TV —omics GE GUVOLOOUO LE TNV
TEYVOAOYIOL TV KOWVOTOU®MY VOVO -GLUOTIUAT®V
HETOQOPAS  Qapuakopopiov Kot  Ploloyikdv
HLaKpOpOpimV.

3. sgfoatopkevpévn Oepamevtiky (personilized
medicine). Ou véec teyvoloyieg omnv Kobnpepv
KAV Tpdén Koun avamtuén g kKAvikngaglomotiog
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otov  eviomicud Tev Prodeiktdv  (biomarkers)
yopoaktnpilovrol mg eE0MPETIKNG GTOVONOTNTOS YIOTL
dnuovpyovv v kowvotopio oty ITPOI'NQXH ko
™™ AIATNQXH mov odnyovv otov eEopboroyiopd
mg OEPAIIEIAY, efotopikevovtag Ty €mAOYN
TOV QOPUAKOV 1 TOV PLOAOYIKOV TOPAyOVI®OV OTN
OepamevtiKy.

H véa otpatnyikn cvvoyiletal otn pdon:

«H oot Tpoinyn ko Ogpameio
Y10, T0 6®G6T6 060eV] 6T GOGTH oTIYP»

(The right prevention and treatment
for the right patient at the right time)

H European Federation for Pharmaceutical
Sciences ( EUFEPS) vroompilet v véa ovth
OTPOTNYIKY] KOl CULUUETEXEL G 0vTN HE Pacikd
o100 ™V ovvepyaosia tov Ilavemomuiov pe v
Qappaxevtik Blopunyavia, v petaeopd yvaong
Kot Tn dnpovpyia Tov oYETIKOV pLOLLGTIKOV TAIGIOV
Yoo TV £YKPLoN ACQPUADY KOl OTOTEAEGULOTIKOV
QopUdK®V

HE.®.E, oc péhoc g EUFEPS, vroompilet pe
N GEPA TNG TNV VEX OVTH CTPATNYIKN KL GULLULETEYEL
o€ ot pe amootoAn amoyewv ntpo v EUFEPS.

Mmnpootd oty mpoOKANoN TOL TPOYPAUHLOTOS
Horizon 2020 mpofdiieTor mn  oavaykn g
EMKOIPOTOINONG TOV YVAOCEMV TOV EMGTHUOVOV,
HeTaED TV Omoi®V Kol TOV QOPUOKOTOIDV, CF
OAOVG TOVG €Ml HEPOVG YDPOVG ATOACYOANCNG TOVG
(exmaidevon, kpatwkol opeic, pappaxofopnyovia,
QoppoKkeio, KAT.) Kot 1 avAyKN Yo GUVEYT KOl dro
Biov ekmaidgvon.

H exmaidevon ko n Kotdption sivor pépog g
Mong oo v vrépPfaocn TG OWOVOMKNS Kplong,
1660 og gVPOMAIKO 660 Kol o€ €0vikd emimedo. H
EKTTOIOELON KOl KOTAPTION EVNAIK®V KOAOTTEL TO
peyordtepo Tuqpo ot Swdwkacio pabnong o
fon «abe atopov. And ™ evveyilousvy kardption
gfaptdtoar mn  Swrnpnon Ko avantuén  véwv
0eE10TNT®V, TPOKEEVOL VO VITAPEEL TPOGAPLOYN OE
dopukég adhayég kot TexVikég eEeMEELS, I TapaLov
01N 00VAELL, 1 €EEMEN otV KOPLEPD 1| 1| ETLGTPOPT|
oV ayopd epyociog.

v EALGSa oA kot og OAn v Evponn, dev
VILApyoLV drafEciLa oToLElD GYETIKA Yl TNV dTVOTTH



HaOnon.Asv Exovpie axpiPr EIKOVOL YO TICTPOY LOTUIKEG
0e10TEG / IKAVOTNTEG TOL EVAAIKOV TANBVGLOD
KkaBmg dev yvopilovpe T0 TMG GUVOEETAL O EVIAMKOG
TNOVOUOG e TIC EKMAOEVTIKEG Kot UaONCLOKES
dwadikaoieg 1 T0 KOTO TOCOV OVIOTOKPIVETOL OTIG
OTTOLTY|GELS TOV EPYAGLOKOD YMDPOV.

Y11 onuepwég ouvvbnkeg, OGOV  aQopd  TO
(QOPLOKEVLTIKO ETAYYEALD, O POPLUKOTOLOC KOAEITOL
VoL

* ovvepyaoBei otevotepa  pe  TOvg  GAAOVLG
emayyelpatieg vyeiag,
* OVTINETOMIGEL TG VEEC TPOKANOCES  OTN

QOPLOKELTIKN Bropmyavio

* JLUOPUNOTIGEL OTLLOVTIKO POAO OTI) QOPLOKEVTIKN
@povTida Tov TPEmeL va, amoldPet o acHevig

* Aetovpynosl o610

ooppokeio

®¢ ovppoviog vyeing

* dwo@uricel T oot EVAAEN Kol GuVTHPNON
0TO QOPUOKEID TOV VEQV PlOTEYVOLOYIKDY Kol
GAA®V KOWVOTOU®V TPOTOVIMV IOV EIGEPYOVTAL OTN
Oepomevting

H E.Q.E amogpdocioe vo opyavaceL To onuepvo
oTpOoYYLAS Tpamé(l ota mAaicla tov 16° Zvvedpiov
¢ [ME® ywo va avadeifel v avdykn g S flov
LAONoNG TOV QOPLOKOTOLDY KATM OO TIG OTLEPIVEG
ovvinkec. Xto otpoyyvAd Tpoméll GUUUETEXOLV O
[pdedpog g EQE kot 3 cuvadérpot pappakonotol
YL vo avartoEouy o TPOoPANUATO TG AGKNONG TOV
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(POPLOKEVTIKOD emayyEAUATOG o€ 3 SlopOPETIKONG
OALD  OVTUTPOCMTEVTIKOVS  EPYACIOKOVS  YDPOVG
(to voocokxoueio, T Qappokoflopnyavio Kol To
poppokeio) mopovoidloviag o kabévog, amd ™
GKOTILYL TOV:

* TV mapovoa Katdotaon

*TIG TPOOMTIKEG OTOL TAQICLO TOV GTOYOV TOL
npoypdupatog Horizon 2020

* TOVG TPOTOVG EMIKOPOTOINGNG NG YVAOCNG TOL
OTOLTOOVTOL Y10 TOV KAOE CUYKEKPLUEVO YDPO.

H E®.E. sivmm n Emompovik| Etapeia
oAwv tov EMnveov Doppokomoldv, aveEaptiteg
EMAYYEALLLATIKNG OPOCTNPLOTNTAG, [LE LOVOVS GKOTOVG
™mv mpoay®@yn ™G PapUoKELTIKNG EMOTHUNG KoL
TNV EMOTNUOVIKN TG ovpPoArr oe Bépata mov
oyetilovton pe 1o eappako Kot v avlpomivn vyeio.
Mmopetl kot mpémnet va avadei&el Tov KOmvikd poAo
tov PappaKomToloD Kot Vo ATOTEAEGEL GE GLVEPYOTIO
HE TOVG EMOYYEAUOTIKOVG WOG QOpelG, Tov SlowAo
emkowoviag pe v IHolteia og Bépata mov apopodv
TO QAPLLOKO.

2TV opyn TOL oNUEPVOV GTPOYYLAOD Tpamellov o
[pdedpog g EOE Kabnyntm k. K. Agpérlog Ba pog
avantuéel tig andyelg tov A.X. g EQE ya tov mbavo
poro mov pmopei va dwdpapaticet 1 EQE urpooctd
ot véa aut) TpoOKAnom, ovaiapupdvovrog pali pe
tovg Erionpovg @appaxevticong Popeig (I1.O.X. ko
tomkovg PappokevTikodg ZVAAOGYOVS) TNV cvvern
Kol e Biov ekmaidgvon TOV PUPPAKOTOLOV.



H ®oppoxkevtikng kawvotopia pe opiCovra v Evponn tov 2020
H ovppoin g E.®.E

O emotnpovikég eEeMEEIS 6TO YDPO
™S Qappokodepameiog Kot
N Evponaiki moltu)

H &lotopkeopévn Ogpomevtiky] (personilized
medicine), foaciopévn oy yvdorn tov avlpdTIVOL
YOVISIWUATOG, KoL 0L VEEG TEXVOAOYIEG OTNV Kabnpept-
v KAMVIKY TPAEn, dNovpyodv TV KOvoTopio oty

* Ipéyvoon

* Awdyvoon

* Ogpameio

€EUTOLUKEDOVTOG TNV EMAOYT TOV QUPUAK®OV | TOV
Broloykdv mapayovimv.

O oopuakotonog (pharmacotype), twv oocBevav
avodelkvoetol péco amo v e&EMEN TV —omics
o€ GUVOLOUO HE TNV TEXVOAOYID TMV KOWVOTOU®Y
VOVO GUCTNUATOV HETAPOPAS POPLOKOLOPIOV Kot
BloAoytK®OV LOKPOUOPI®mV T MTOCOLNKT) TEYVOAOYIaL.
H avantuén g kKAMvikig a&lomioTiog 6ToV EVIOTIGHO
1oV prodetkt@v (biomarkers) Le okond v Tpdyvoon
v Odyveoon kol TNV oot eopuakobepamneia,
yopoxtpiletor  ®g  €EOUPETIKNG  GTOVIALOTNTOC
Ko oyetiletor pe TNV avamtuén  KOVOTOU®V
GLUGTNUATOV Kol KUPIWG VAVOGLGTNUATOV LETAPOPAS
Tov Poloywdv pokpopopi@v 1 1@V KAOCGIK®V
QOPUOKOLOPI®MV HE OTOHYO TNV OTOTEAECUOTIKOTNTO
Ko v peyiotn aocedAelo. Méypt onpepo PeyGAog
aplOUOG  QUPUOKOYEVOLUK®OV PlOdEIKTOV , €Youv
yiver amodextol Kot mEPIAOUPAVOVTIOL GTOV GYETIKO
xatdAoyo Tov EMA kot FDA (Zympa 1) (Vizirianakis,
7, 2011, Nanomedicine)

Amd 10 2011 m Enitpomog otnv E.E vevbovn v
v ‘Epevva, Kawvotopio kot Emetiun, napovciace
10 “New Horizon 2020-The Framework Programme
for Research and Innovation” to omoio dev givot GA o
at0 £VaL OLOKANPOLEVO GVGTNHO PN HaToddTons (80
o16. Evpd) 10 omoio Oa £xel g mpotepandTNTEG

1. Apworteio otny emotiun

2. H ®oppoxevtikny Bropnyavia og nyeTiké poro
Ko

3. Kowaovikn ovoppetoyn péom tov public private
partnership (PPP)

Kovoetavrivog N. Agpétlog
Tunuo Dopuoxevtixng EKIIA,

Ipoedpos e EMnvikng @oppoxevtikng Etapeiog (E.D.E.)
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AVOTTOGOETAL 1| KOVAVIL TNG YVOONS ©€ £va
V€O OWKOVOUKO TpdTLmo 1O omoio Ba vmootnpilet
TOMTIKEG TOL  0ONYOUV GE KOAVTEPY KOWMVIKN
vyeia péoa amo v avadelEn Tov SVVATOTHTOV TOV
Dappaxevtikdv Emomuov kot g Texyvoroyiog (R.
Gaspar et al. The EUFEPS position paper on Horizon
2020, Eur. J. Pharm. Sci., 2012)

H Evponraikq mpdtoon péow 1ng Strategy
Research Agenda (SRA) mapovoidlet tpeig khpieg
TPOTEPALOTNTES
* TIpoteparotnTa oty Epevva
* IIpoteparotnto otnv @appoxkevtikn Bropnyavia
e [potepardéTnTa 6TNV KOWOVia

H enavokoatmyoplonoinon tov ybpt t@v acheveumv
Bo onuovpynoet véec opddeg acbeveldv (new
disease classes) nov 0o avtipetoniloviol kdtw amd
T0 TTPICLO TNG PUPRAKOYEVETIKNG, TOV BLOGEIKTOV,
NG VEVOTELVOLOYINGS, OAAY KL TOV VEDV TEXVOLOYLDV
Yy TV SdyvVeOoT], TNV OTEKOVION KOl TNV KAIVIKY
TPOKTIKT

Chrono

Pharmaco

pharmacology senetics
Pharmaco Pharmaco
metabolomics geomics

Pharmaco

proteomics
Zynua 1. To yevetiko vmootpwua Kot 1 ExOPocy Tov
otV OPOoH TV POPUAKDV, ETEIPEALEL THV POPUOKO-
Oepameio kou oyetiletor pue v Exppaon yovidiwy kol
TV GYECH TOVG UE TOV UETOLOMOUO TWV POPUCKDV.



System Approach

System Biology

Genomics Proteomics

Lipidomics ~ Metabolomics

System Pharmacology

Pharmacogenomics

Pharmacoproteomics

2ynua 2. H 2votyuxn mpooéyyion otig PopuaKevTIKES ETIOTIIES

H EUFEPS (European Federation for
Pharmaceutical Sciences) vrootnpilet v véa avt
OTPOTNYIKT KoL GUUUETEYEL GE QLT LE PaCIKO GTOYO
v ovvepyacia tov [avemomuiov pe v @app.
Buopnyavia, Ty petagopd yvaong kot v dnpovpyio
TOV GYETIKOV PLOUGTIKOD TAOLGIOV Yo TNV £YKPLoT
ACPAADY KOl OTOTELEGLOTIKOV QAPUAK®OV

H E.®.E vrootpilel Vv véa avt OTPOTNYIKN
Kol GCULUUETEYEL o€ avT (AMOGTOAN OmOYE®V
otv EUFEPS, ot0 mloicio tg oAokAnpwong
™G otpatnylkng avtig). H ovppetoyn 6Aov tov
Pappokoroidv ommv E.D.E elvar onpaviikni
Kol amapoitnTn, yoti £tot Oa égovpe Adyo ota
Evponaikd emotnuovikd Jdpdpeva, HESH OmO
ovvepyocieg, oLVESPLO, MUEPIOES, OLKOVOWLIKEG
Oekdiknoelg ot omoiec Ba Ponbncovv Kvpiog
T0VG vEOuG oLVadEAPoVE. Ot Omoleg SlEKIIKNOEL
pog Ba mpémer va yivouv pe vyniov emmédov
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EMGTNUOVIKO OUVUPIKO, EVNUEPOUEVO OTIG VEEC
EMOTNUOVIKEG £EEMEELS LEGO GO TNV GVVEY] KL
o Biov exkmaidogvon. (I. Vizirianakis, D. Fatouros,
Advanced Drug Delivery Reviews, 64, 2012)

Topmepaopara: Kheivovtag, m  ovdmtuén tov
EMOTNUOVIKOV KatevBhvoemv mov oyetilovron pe
TNV QOPUOKOYEVOLLLKT, TNV QOPUOKOTPMTEOUIKT KO
TV QUPUAKOUETAPOAOMIKT OAAG KoL YEVIKOTEPQ LE
o —omics, ONUIOVPYOVV vo, eENPETIKO TTepIPiAiov
ovvepyaoiog g Pappokevtikng Novoteyvoroyiog
pe v  Xvommuikn Bloloyio kor  Zvotnukn
(POPLAKOLOYIO YLOL TV AVATTUEN VEDV KO KOVOTOLMV
eoappakov.H Erinvikn ®@appoxevtiky] Etopeio
(E.®.E), amotelel TO £MGTNROVIKO OYnpo. 0oV
10v EAMvov @oppokomTolidv Kol 1 Topovcia
¢ otnv EUFEPS dwo@ariler Tnv emotnpoviki
LOG GUUUETOYN OTIS OTOPAGELS GTO YAPO TOV
@ appdaxov, stnv Evpom.



To voTato onuepa £xer mapadvpa;
Aviyvevon tov vémv dpopwv otnv Oappokoflopnyavia kot
«O pOAOG TOV POPLOKOTOLOD YOPIC TPOP!

O K.IT. Kafdaoeng , Tov omoiov @étog yioptalovpe
ta 150 xpoévia amd ™ yévvnon tov, avaltnoe Ue to
TOW AT TOL TO TaPaBLPO Yo va EIGEADEL QS Tapd
TIG OUQIPBOAIEG TOV UATIOG TEMKA 0VTO TO QMG TOL
eépet véeg Tupovvied®... uepa o TOmog goTidleTan
OOLOAEITTMC EOM KoL TPIo Y POVIO OTIG KKOKES EWONOEIS)
O)L EMELDN APECEL «TO ¥GOG N 1| 0dVVI OAAG PLAAAOV
YTl T0 Kuplopyo HOVTELO TNG YPNUOTOTIGTOTIKNG
KePOOPOPLOG TIOTEVEL OTL «O1 AVOp®TOL Elvat TOAD Lo
wpaiot Tecpévorl...»’. Ki dumg 1o mpopinua onpepa
dev givor aplBunTikd, otkovouikod, eivar moMTikd?,
To owovopkd KatesTnUEVO €YOGE TN VOULLOTOINoN
ov O1€0eTe e TNV QmOTLYIO. TOV GLGTHLOTOS VO
TPoPAEYEL KOl KUPIWE VL aVTIUETOTIoEL TV Kpion?.
Tn dwayeipton g kpiong v v avordafovv véot
avBpomor (kabapd yépla) avti ot idlot mov TV
TPOKAAESAV.

O ¥dPp0og TG LYEING YEVIKOTEPO KOt ELOIKOTEPA GTN
YDOPO LLOG EVPICKETAL GTO YiyvesHal TMV KOpOV HLOG.

O poOAOG TOL POPHAKOTOOD GTO OLYPOPOUEVO
pélov Ba  etvor mpocsavatoMopévog oty adia
™m¢ laong Tov aobevoig Mo mEPIGGOTEPO e TNV
ypnuotiky a&io Tov Tov TPoSEEpeL N achéveln Tov
TEAATT TOV.

To mp®to Pripa ywo. TNV ovatpomn g VEEONG,
afefoardtrag, ava&lokpotiog, eOPov, ama&imong...
givor «va. yphyovpe to oevapo tng {ong poagy®
EMOTPATEVOVTOG TPOTA TIg «BepeMddelg

Nwkoraog O. Kéipav
AevBovriig Etaupikadv Yrobsoewv, Galenica

vonuoovveey’  pog,  dgdtepov v vmapElokn
vonpoouvn (yvobt covtdv) kot tpitov ta oS
pag, avtomenoidnon, @povnon, ovbeviikotnto vo
avakTnoovpe to padnciokod tagidl mge (ong.

Ot aMlayéc ot @povtida vyeiog eivar Mon
OPOLOAOYNUEVEGKALLAAGTAETITAUYVVETOL VAOTOINOT|
Toug AOYm g kpionc. H oappaxofropmyavia to
dtdotnpa 1980-2020 petaxtveitor amd TV ETOYN TOV
“Blockbusters” otic e&edikevpéveg Oepomeieg, amd
NV €NOYN TOV OvVTIANTTOV Bepaneidv (perceptional)
onwg M TpdAyM og “value for money™.

H devtepofddina epovtida amardocetot and v
OVTILETOTION YEVIKOV cvpPapdtov kot O meplopile-
TOU HOVO OTIG EVTATIKES LOVADES, MEYALEG GOPapéc xEl-
povpyikég emepPaoelg. Tty npoTofddiue epovtida
0o eykoAmmbovv mo cvvheteg doyvdoeig-Oeparneieg
KoBmG Kot BOCIKES 10y VADGELG KoL GLVTAYOYPOPio Ao
(QUPUAKOTOL00G — VOGOKOLES, EAMAGGOVEG YEPOVPYIKEG
eneppaoceic. H avtobepaneio pe OTC Oa emextabet kot
o€ ypovieg mabnoelg kabmg ot avTodlayvaacels Ba yivo-
vtat og Bdon web. O acBevnc amd TabnTikdg 1on €xet
petaPanbel o gvepyod achevi). Avti 1 epeavig oAla-
M evioyvetan pe v eEEMEN tov social media.

H ¢appoakoBopunyavia tpocapudletar otig véeg
ouvinkeg mov emPAALOVY KLPIOG Ol AGPUVKTIKEG
TEGELG TV OIKOVOUIKDY TV OGQOAMOTIKOV TAUEI®V,
0l TEPLOPIOHOT KOl Ol EAEYYOlL TOV KOVOVIGTIKMOV
apydV KOl Ol HETAUOPPADCELS TOV OVTOYMOVIGLOV UE

To R&D / épevva kon avamToén

Inpepa

CIM = Confidence n Mechanism
CIS = Confidence n Safety

- Patient subpopulation

- Disease-specfic biomarkers
- Efficacy biomarkems
- Safoty biomarkers.
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MV €l6000 TNg TEYVOAOYING TOV genomics Kol TV
generics.

Yty onuepwvn Swdpouny ™G £PELvOG Kot
™m¢g avamtuéng mpootifeviar 1 TaBOPLGLOAOYIKN
euPabovvon ota (Tt g Yvaong Tov acbeveimv
®G TPOG TNV EMONUOAOYIN TOVS, TIG VTOKATNYOPlES,
TOVG UNYOVIoHOVS, Tovg biomarkers, tn cuyvotnta og
GULVAPTN GO LLE TO ATOTEAEGLLATA TTPDLUMOV LEAETMV GE
avBpwmo mov Ba eacparilovv ag’evog Tny adlomioTia
TOL UNYOVIGHOV dpAcNG TNG OLGING, Op’ETEPOL TNV
acpdreld tov (CIM ko CIS). Amodei&elg Aowmdv
oG Bgpanevtiknc’ vrddeong Ba tpoxdrToLY ATd TN
HeAETN Tov BepamenTicod GTOYOV, LOPLOKT AVAAVG,
vrokotnyopia oocBevdv, biormarkers oyeTIKOV
pHe NV €01k 7WAONoN, OTOTELECUOTIKOTNTO KOl
acpdreto. Emiong, n dvvatdmra yio meplopiopévn
KukAo@opio. Tov @apudkov (in-life testing) mwov OBa
vroompiler v eupdbovon ota mabopuoioroyucd
ELVPNUATA OTN QAOCT] AVATTLENG TOV HOPloL MOTE M
Voo Tov PaKEALOV va £xEL TEPLETOTEPQ EXEYYLA
om o¢don II. Avty n mpocéyyion Ba cvvdvaleton
pe pubotikég tpomomomoelg mov Bo emPdilovv
avtopartonompéveg dadwkacieg (Instant Automated
Approvals)’.

Eivar Mon Jdpoporoynuévn m  onuacio  Tov
KOGTOVG — OQELOVG OV €QAPUOLETOL e TOAAATTAES
pebodovg Kot epyalreion OTmg ot BeTikég, apvnTikég
Moteg, EAeyY0G TOV TIUAV S0, TOV TOPOTNPNTNPI®Y,
NAEKTPOVIKN ouvtayoypdonon, OepamevTiKg
npotékolra. H amolnpioon pag ocuvvtayng to
2020 Ba gEaptdTor amd TNV CLTOUAT NAEKTPOVIKY

eKTiUMON:

A) av 10 pdppoKo eivor KatdAinio 1 oyt

B) av 10 @dpuaxo givol ac@orég 1 oyt

I') av to edppoxo givar oyeTkd Le TNV VITOKATIYO-
pio g acBévelac-aoBevoic,

ev KotokAeidel, av a&ilelt 1 cuvoAkn Tov amddoon
(marker vs best available treatment) vo amolnpio0ei.

To koavovioTtikd mepifdAlov yivetat kot Oo cuveyilet
vo ohokAnpadvetor péxpt to 2020 wo dpaveg, o
pocPacipo, o mopakolovdnTikd (oAOKANPOL TOL
KOKAOL 0G0EveELng - aoBevong) kot Kupiog Ba. a&loloyel
TPV TNV €YKPLON EMITAEOV TNG OTTOTEAEGUOTIKOTITOG
Kot ac@dAretag v vodeon “value for money”.

>’ antd 10 Thaicto M eoppokoftopnyavio eotidlet
oT1G €01KEG MAONOELG OMOLLOKPUVOLEV OtO TO Mass
market, avalntd mo ovvBeta @dppoke (genomics,
biotechnology), otoyevel oe €0WKoVG Y0TPoHS OE
obykplon pe tovg OL’s kot avaykdletor vo eKTovioet
marketing plans wov 8a epfadvovovy ot EMGTNUOVIKG
OedOLEV, OPYOVAOVEL LIKPEG OLLASEG TOANCEDV LLE TN
eocopio tov K.A.M., otedeydveton pe e&etdikevpévo
TPOCOTIKO Ko oo TG kaOeTeg dopég, mpocopudleran
oe ovomuoto networking, omd To TUNUOTO OTIG
e€eldkeboelg Kol omd TG OWYOPICTIKES YPOLLLLEG
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UETOKIVEITOL O OAOKANPOUEVEG GUVEPYELEG TUNLLATOV.

"Hon ot apyég tov 21°° aidva ovadetkviouy vEoug
topeic, véeg €EeldkedoEl TOV 1 KOTAKTNGN TOLG
e€opTATOL TPMTO OO OVETTUYUEVES EMIGTNLOVIKEG
Bdoelg kot devTEPOV OmO cuveyn eKmaidevon oe
GUVOVLOGHO LE CLOTNUOTIKY TPOKTIKY eEdoknon.
Oplopéveg Béoelg omapaitnteg onuepa mov dgv
voiotovto mpv déka yxpovie eivar Compliance,
Pharmacovigilance, Market Access, Communication,
Government/Corporate  Affairs, KAM, CRM,
Pharmacoeconomics kot péypt 1o 2020, omAadn
and onuepa Bo mpooteBov topeig dnwg Clinicals,
Patient Education, Social Media, MedicoMarketing,
Therapeutic  Protocols, Crisis = Management,
Networking, Medical Services, Congress Officer,
New Business Development.

210 LOVTEAM TOV TPONYOVLEVMV OEKAETIDV TOV
ktiotkav ot @erhocoeia “blockbusters” ot etaupeieg
oovpynoay TOALTANOY TUALOTO TOANCE®V UE
o10Y0 TO0 000 Yivetol avtoyovioTikotepo “share of
voice” Ko 1 EVTOTIK) Tpo®Bnom tov onepa. (LGALAOV
napelBovTog) avtikabioTdtol pe vEeg 0eE10TNTEG OTIC
TP AYLOTEVCELG, OLKOVOLLKE VYELOG, CUUPOVAELTIKN
OepamenTiKy, TOAMTIKT VYEiag, EKTaidevon aohevdv.

Ot véeg €Eeldikedoel; MoV  OOLTOVVIOL OTN
poppakoflopnyovio 0ev ovaTPETOVY T OTUOGI0 TOV
Boowod TPOYPAULOTOS QPOPUOKEVTIKOV GTOLOMY
avtifeto amartodv v eupdbvven Tov pe TOV
amoLTOVHEVO eKOLYYPOVIGHO. Exeivo mov yperdleton
gival vo, opoploTioTovpe éva HEAAOV pe Tov acbevn
010 KEVIPO TOV otpatnykov pog. H e amapaitnm
cLVEILOLEV EKTAUOEVOT| VO VITOLYOPEVETOL O VTV
TNV OTPATIYIKY.

Avt 1 cOvToun meptypaen o NTov EALETNG oV
dev TOVILE TN oNUAGio TOL OVOPAOTOL GTNV LAOTOINON
TOV OTPOTNYIKOV Kot Tev opapdtov. «H wyoykn
dpovpywdTTa dev yopilel 1o gpdvo oe Tapehfdv
Kot Topdve £yl v Tdor vo TAnoldletl to dvelpo. Na
outéyel etepd otov avBpmmo, Y vo metdéel oto
pUéELAOV ToUR. !

Bipioypagia

1. TTapdepaocn Tov titAov tov Bifiiov «Eni okn-
V|G Yopic Tpofar, A. Mrovpavtd

2. Hapadupo, K.IT. Kapaeng

To votato onpepa, H. Barker / Tlapdotaon A.

Boylatln

To wpépinpa givar wolrtikd, X. Iavvapdg

O pavpog kokvog, N.N. Taleb

Exi oxnviig yopic mpofa, A. Mrovpovtdg

Ogpeh@ong Nonpoosvvy, H.Gardner

Pharmaggedon 2020, Zotnpic 1 Opapa: Iowd

povordaty, N.O.Korpov

9. Pharma 2020: The vision, Price Waterhouse
Coopers

10. Téén oto yaog, K. Katlovpdkng

W

e



Noocoxkopgrokn PopproKevTIKN:
HHapovoa katdotaon, lIpoontikég

T'edpyrvoc-ArBéprog Kapikag

Tunuo. Teyvoloyiag latpixav Epyaotnpiwv, Teyvoloyiko Exroidsvtiko Ipvuo. AOnvav

H moapovoa gionynon, meptypdpel GUVORTIKA TO
POLO TOV VOGOKOUELNKOD POPLOKEIOD (QUPUAKEVTIKD
TUNOL), T KOBNKOVTO, VOGOKOUELOKOD (POPLLOKOTOO0
KOl TIC OVOYKOIEG HETOPPLOUIcE oTo EAANVIKA
voookopeio, kot v ekmaidevon, pe opilovia To
2020.

To doppokevticd Tunua, péoo ota Thaicla evog
oUYYPOVOL VOGOKOUEIOL, GUVIGTA o aVTOSHVOUN
KouPikr] vampesia veevBovn Yo T TOPOY EVOC
ONUOVTIKOD  aplpold  OpuoTNPOTHTOV, WHE  TIG
akO6A0LOEC 0ppodIOTNTES, OTMG:

a. Tnv  opBoroyw dwyeipion kot vredbovn
YOPNYNOT QOPUAK®V KOl VYELOVOLUK®DV VAIKOV
OTOVG ECMTEPIKOVG Kot EEMTEPIKOVG 0oBeVEiC TOV
VOGOKOLLELOV.

B. Tnv mpopnbea tov avtdpactnpiov OAov TtV
VOGOKOLELOK®V EPYACTNPIMV.

v. Tnvoteviouvepyaoia TOL LETOLOTPIKO TPOCOTIKO
oTNV ETAOYN, AVoTNPO Kol 0pHoroyikd EAeyyo g
VOGOKOUELOKTG KOTOVOLNG TMV QAPUIK®OV K.0.

[Tépav OpOG TOV AVOTEPD YEVIKOV KOONKOVI®V,
éva oOYXpOVO QOPUOKELTIKO TUNUO,  HECH Kot
oto. mAaiowr ¢ Khwviknig Poappokevtikng, eivot
TPOOPLCLEVO VO AGYOAELTOL

1. Me v mopoackeu otelpov  Swivpdtov
(KUTTOPOOTOTIKA ~ QAPUOKO Kot SteAdparto
TOPEVTEPIKNG SLATPOPNG, VEOYVDV KOl EVIAIKOV).

2. Me v A&oAdynon o€ cvvepyacio e ToV KAVIKO
YwIpd TG BEPamEVTIKNG AMOTEAECUATIKOTITOG-
OCPAAELOG TOV YOPTYOOUEVOV PUPLAK®OV

3. Tov epyaotnplokd £€reyyo G otdbung twv
QOPUAK®V, pe HKpO Oepamevtikd €0pog Kot
VYN ToEIKOTNTO.

4. Tnv avdAvon TOV GLVTAY®V KoL TNV EQOPLOYT
™G QOPUUKOETAYPVTVIONG, GE CLVEPYAGIH TIG
Emompovikég Emtponéc tov vocokopgiov.

5. Tqv mpoxktik]  Aoknomn TV QOuNTOV
(QOPLOKEVTIKNG ECMTEPLKOV Kol EEDTEPIKOD.

6. Tnv ovppetoyn TOL G  (QUPUUKOAOYIKES,
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QOPLOKOKIVITIKES, EMONUIOAOYIKES
(QOPLLOKOOTKOVOUIKEG UEAETEG.

Ko

7. Tn GUUUETOYN TOV GE VOGOKOUEWNKES EMITPOTES
(Poppdxv, Aoudéewv, PoppaKoemaypOTVNoNG)

Ta ovtovomto opéAn amd TG meprypopeiceg
mapeyOLeveg vanpeciec, slvor 1 onUovTKY peioon
TOL KOOTOLG TNG WaiTtepa VYNNG  QPOPUOKEVTIKNG
dambvne. Amd ™ oebvi Ploypagia, 1 peioon
TOL  QOPUOKELTIKOD KOGTOLG, umopel vo  @Tdoet
péxpt to mocootd tov 60% , pe N oxéon wEEAOLS/
KéoTovg va Kopaiveton and 1.7/1, éwg 17/1, og 6T
aQopa TNV €POPLOYN Kot TV dtodtkactdv Kiwiknig
DopHOKEVLTIKNG.

e 611 0popd oTIC TPoHoBETELG VAOTOINONG TV
TOPOTAVO SEIKTAOV BEpeitan AUESTG TPOTEPALOTNTOC
Yo T YOpo Hog Kot waitepa ¢ outh T meEpiodo,
N &vioyuon TOL QUPUOKELTIKOD OLVOUIKOD TOV
VOOOKOUEI®V, ¢ avayKoio Kot tKovy cuvOnkn yo
TNV TANPN EQAPLOYTN TNG WoYHLOVOAG VoLoBEGiag, Tov
ouvakoAovBa Bo odnynoet og awoBnt) peiowon tov
YEVIKOTEPOV VOGOKOUELOKOD KOGTOUG.

Emumpocheta kar oe Pabog ypodvov, Ba eivon
KoBoploTIK) otV WO0TIKY  avafabicn  Tov
VANPESIDV, T OLCLICTIKN Topépfacn o Oéparta
EKTAUOEVONG TOV VOGOKOUEIKOD PUPUAKOTOI0D, LE
EMKALPOTOINGT] TOV TPOYPAUUATOV GTOVO®V TOL
Kol TNV oTPATNYIK avofedpnon o€ SlodpacTiKn
MOGUMCT UE TN GOYXPOVI TPAYLATIKOTNTO Kol TIC
avaykeg g, ®ote va woyvpomombel o porog Tov
(QOPLOKOTO0D, MG OVOVTIIKOTAGTOTOL GLUBOOAOL
vyeiog kot TpdANYNG. Méoa amd T cvyypovn Tdom
NG UETOQPOOTIKNG ekTaidgvong mpémet vo, dobei o
SlPULVOLEVOG  TIPOGOVATOMGHOG TOV  LOPLOKOD
(QOPLOKOTOOD LE EUPACT O YVOOTIKE ovTikeiteva
Omwc, poplokn  ProAoyic,  QOPUOKOYEVETIKT,
(QOPLOKOYEVOLIKT, LETABOAOLIKY], EXLYEVETIKT K.OL.

Téhog etvan amapaitntn TAEOV, 1| EVEPYOS ELTAOKT
tov [lavemomuiov t6c0 oV  Kebodynon Kou
TopoKoAoVONoN TG MPOKTIKNG doknomng, 6co Ko
OTNV EVIOYLOTN TOV HETOMTUYIOKMY OTOLOMYV OTN
VOGOKOUEWOKT] POPUUKEVTIKY, GE GCLVOLOOUO TAVT
pe v ow Piov cvveyn emOPE®OCT] TOL HUAYLOV
(OPLOKOTOL0D.



H Aoxnon tov ®appokevtikov Erayyéipnatog
ko | Emyeipnowoxn) Empioon tov Idiotikod ®appoakeiov
ne Opilovta 1o 2020

2V mapovcioon ovt YiveTol ovoapopd ot véa
TPAYUOTIKOTNTO. OV OVTIUETONIEL TO  EAANVIKO
eopuaxeio ond tov Ampiio  tov 2010 wou ™
dnpovpyio tov EOITYY to Noéuppro tov 2011 pe
To XPEN TOV TOUEIOV VO CLGCOPEVOVTOL KOl UE TN
dnpovpylavémvypedvTov kabvoTEPEIN OUTOTANPOUN
tovg. TiBeto To GyTnpa ToL ‘emyelpetv © KATm oo TIg
OLVONKES TNG OIKOVOUIKN G KPIoNG UE T QOPLOKEVTIKT
QPOVTION VO OVASEIKVOETOL MG KVPIAPYOC TUPAYOVTOGC.
O pdrhog TOV PUPUAKOTOLOL KOL 1) GUVEICQOPE TOL
oTNV J1ATHPNON TNEG KOWOVIKNG GLVOYNGS, 1 0w fiov
HLaONon Kot 1 GUVEXNGEMIGTNLOVIKY EVUEPMON LE
o10Y0 TNVaVAdEIEN ¢ a&iog Tov emayyEANATOC, OALG
KOL 1 E€QEVPETIKOTNTO KOl KOIVOTOUIOL OTOTELOVV
ONUOVTIKES TTUYES TOV VEOL TPOTOL Agttovpylog TV
Wwotikdv eoppokeiov. Ot véeg cuvOnkeg odnyovv
oc  OWIPOPETIKY] OPYAVMOOCT] TOV QOPLOKEIOD, €V
wpoPdidel dueca M avdykn ovvepyooiog ToV
(QOPLOKOTOLOV TMV OIOTIKOV QOPHOKEIOV LE TO

I[Movemotyuio kot 11¢  Emommpovikéckowdtnreg.
«Apetécy  Omog  vmopovy  dwmpaypdrtevon,
amopactotikétta B amoderytodv  TOAVTILEG

010 UEAAOV TOL OLOHOPOOVETOL AVOQEPOVTAL TO
Boowd Prpato ™G OPUOKELTIKNG PPOVTIONg Tov
Eekvouv pEe TNV avAmTLEn OTEVNG EMOYYEALOTIKNG
OX£0NG AVAUESH GTOV 0GHEVT] KOl TOV POPLOKOTOL0
KoL TN GLAAOYY , KATOXDPNON KOl 0pYAvV®ST OA®mV
TOV TANPOPOPLOV TOV CYETIKOV HE TO 1OTPIKO KoL
(QOPLOKELTIKO 1GTOPIKO TOV 0oBevN e GTOYO

™ Onuovpyic. NAEKTPOVIKGOV opyeimv  Tov
EMUTPENMOVY TNV TEPATEP®  AELOAOYNON TOVG €1G
OPEAOG TNG OCPAAELNG KOl OTOTEAECUATIKOTITOG
MG QUPUOKEVTIKNG ayoyns. H dnuovpylo piog
peyains faonc dedopévav Ba cuvelopépet eni TAgov
o 01e&oy@YN KAMVIKOV HEAETOV, GE TPOYPAULOTO
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Dr. Zravpovia - Ive IIutepaxn
DopuoKxomo1og

DdappokoenoypdmTvnong kabdg kot otov Kabopiopd
TOL KOOTOVG TNG QOUPULOKELTIKNG TePIBaAwNG.
Yto. mwAoiolo NG QOPUOKELTIKNG  @povtidag o
POPUAKOTOLOS GVUPOVAEVELTOV COEVT Y10, TT COGTN
YPNON TOV PAPLAK®OV, EVD GUUPAAAEL GTNV TPOAN YT
EMON DV, EIVALEV LEPOGYIATIGEALEIWEIGPOPLLAK®DOV
Kot eivol mpoetoacpévog Yo v avalitnon
opocdmv. H eykatdotaon diktvov HAektpovikdv
YnoAoylotdv — emutpénel o€ OAa TO. UEANTOL
TPOCOTIKOD TOV Qappokeiov va €yovv Tpdcfaon
ot {010 JESOUEVH Y10 KOTAX®PNUEVOLG TEAATEC,
va  ovAAEyouv oTolyeln «kTilovtagy éva 1Tpiko
apyeio, va evromilovv TpofAquota, va TpoTEivovy
EPIKTEC ADGELS GE GLVEPYOGIQ PE TOVS OTPOVS, VO
epoapuooovy pio eéatopkevpévndepomeio Kot vo
TapokolovBovy v e&EMEN TOV VIPOTEVOUEVDV
Moeov. O QOPULOKOTOLOG TPEMEL VO GLUUETEYEL
GTNV EVNUEPMOT GYETIKG LE TNOPACTIKOTNTO KOL TNV
ACQAAELD VEOV QUPLAKOV e cuveyn BpAloypapikn
mapokoloOnon kot pe evepyd GULUUETOYN OTIC
dradikacieg poppakoemaypdmvnong. Avn aviamtoén
TOALUTAGDV VN PESIOVCPaproKkeLTIKNG PpovTidacy
Ntav wavio pio ETGTNUOVIKY TPOKANGM ONHEPa
elvar pia avaykn yatnyv avafaduen tov poAov Tov
POPUAKOTOIOD KoL TNV ETPIMOT TOL PAPUAKEVTIKOD
emoyyélpatog oe  plokowvevio mwov  Buoialet
mv mowdtrta oto Popd plag Ppayvrpddecunc
nocotntag. TEAOG, TO yeEvOomUd, TO OIEVPLUEVO
wpbpro ot eEghielg otov ydpo ™G avtobepaneiogta
e-shop&Digital media Sapopedvovy évo tayémg
eEeMooopevo meppdriov mov pmopel va dnpovpyet
@oPo Yo To AyveoTO AALG amd TV GAAN omoteAel
Kot TpoKkAnon vy e&€Mén . To @appokeio pe 6mAo
TNV YVOON, TNV 0OGCTH EVNUEPOOT) TOV achevikat T
cuveyn oo Plov ekmaidevon Ba Pyel «viknto»



EKAHAQXELY MEETINGS

OAPMAKEYTIKH 25, 11 77, 2013

September 10-13,
2013 Rome, Italy

XXIInd National Meeting on Medicinal
Chemistry NMMC 2013

http://w3.uniromal.it/nmmc2013/#

Email: 22nmmc-roma2013@uniromal.it
Organised by:

Division of Medicinal Chemistry of the Italian
Chemical Society (Societa Chimica Italiana)

(Italy)

September 26-28 2013,

Athens, Greece

5th BBBB International Conference
www.bbbb-eufeps.org

Organized by:
EUFEPS, Hellenic Society of Medicinal
Chemistry, Hellenic Pharmaceutical Society

Contact person:

Prof. Panos Macheras,
Tel: =30 210 7274026
Fax: +30 210 7274027

e-mail: macheras@pharm.uoa.gr

* ok 3k

27th -29th September 2013, Santa

Margherita di Pula, Cagliari

3rd Meeting of the Paul Ehrlich
MedChem Euro-PhD Network

Contact person:
Julio Alvarez Builla
e-mail: julio.alvarez@uah.es

* ok 3k
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October 9, 2013
Basel, Switzerland

Anglo-Swiss Symposium on Phenotypic
Screening - Target Identification
Approaches

http://www.maggichurchouseevents.co.uk/bmecs/
angloswiss_symposium.htm

Telephone and fax +44 (0)1359 221004

Email: maggi@maggichurchouseevents.co.uk

Organised by:

Division for Medicinal Chemistry
(DMC), Swiss Chemical Society (SCS)
(Switzerland)

Organised by:

The Biological and Medicinal Chemistry
Sector (BMCS) of the Royal Society of
Chemistry (RSC) (United Kingdom)
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October 15-18, 2013

Taipei, Taiwan
EFMC Session on Drug Discovery in
the field of Epigenetics at the 9th AFMC
International Medicinal Chemistry

Symposium (AIMECS13)
http://www.aimecs13.tw/index.html

Contact person:

Ms. Jasmine Lin

Tel: +886-2-8502-7087 Ext. 38

E-mail: aimecs.service@elitepco.com.tw
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BBBB International Conference

From Drug Discovery and Formulation Strategies
(design-synthesis and preclinical testing, delivery systems,
nanotechnology, biopharmaceuticals, Lm;n llars,
generics-bioequivalence)

To Pharmacokinetics-Pharmacodynamics
(metabolism, transporters, pharmacogenomics, biomarkers,
drug therapy, individualized therapy, biotherapeutics,
PK/PD modeling)

26-28 September 2013
Athens-Greece

el

LIy
‘% NATIONAL AND KAPODISTRIAN
{ N UNIVERSITY OF ATHENS

ur.n;:‘. TR 'I-g-.ﬁfg Congress website:
L\ www.bbbb-euteps.org
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30 years of excellence, inspiration, efficiency
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designwise

ISO 9001
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We inspire results
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1st klm Peanias-Markopoulou Avenue, 19002, Peania, T: +30 211 1001 777, F: +30 210 6642 116

info@zita-congress.gr, www.zita-congress.gr



