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AIIO TH XYNTAZH EDITORIAL

PAPMAKEYTIKH 25, I1I, 79, 2013

Ayamntol ovoryvooteg
Me agpoppn 1o emttuynUéEVO

11° MEZOI'ETIAKO XYNEAPIO
OEPMIKHYE ANAAYXHY KAI
OEPMIAOMETPIAY (MEDICTA 2013)

oV TTporypLatomombnke oty Adnva, 12-15 Tov-
viov 2013 pe evBovn g EAAnvikng Etaipeiog
Oepuukng Avaivong (EE@A) n Zvvraktikn
Emutpom g “@apuokevtiking” omopacios
VO 0PLEPADGEL TO TOPOV TEVYOG GE EPUPLOYES
g Ogprikng Avaivong otig oproKeLTIKEG
Emotuec. Z16xoc sival vo éABel o€ emapn
He 10 avTiKeipevo g Oeppukng Availvong to
EVPVUTEPO EMOTNOVIKO KOWO 7OV OGYOAEL-
TOL UE TN QOPLOKEVTIKY] £PELVA, OEOOUEVOD
o0TL M OeplIKy] CLUTEPLPOPE TOV POPUAKDV
oyetiletar pe OAo To. GTASIAL TNG AVATTLENG,
TOPOYWYNG, OLOVOUNG, arobfKevong, LEXPL VoL
0Bacovy aCEOA KOl OTOTEAEGHOTIKO GTOV
acBevr). H eMnvi emomuoviky kowvotta
£xel SrodpapLoTiost Kot cvveyilel vo dtadpaLo-
Tiel onpovTikd poro otV avamnTuén g €pev-
vog oL oyetiletar pe ™ Ogpuikn Avaivon Kot
o1 OLdLOT TOV ATOTEAEGATOV TNG. H dtop-
yévoon tov cvvedpiov MEDICTA cupfdiet
7pog autrv Vv katevbovvon. Tig Tpoomdadeieg
oUTEG OEMNOUE VO EVIOYUGOVLE KOl HECH
g “DoppokevTikng” pe T elioéevia 6To mTo-
POV TELYOG APHPWV TOV TAPOVCIAGTNKAY GTA
mAaiola Tov Tpdspatov cuvedpiov MEDICTA
2013.
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Dear Readers

After the successful

11" MEDITERRANEAN CONGRESS
ON THERMAL ANALYSIS AND
CALORIMETRY (MEDICTA 2013)

held in Athens, June 12-15, 2013
the Editorial Board of Pharmakeftiki
decided to dedicate the present issue to
the applications of Thermal Analysis to
Pharmaceutical Sciences. Our aim was to
make the field of Thermal Analysis more
familiar to the scientific community that
is involved in pharmaceutical research
since the thermal behavior of drugs is
related to all stages of the discovery and
development of new medicines as well
as to their safety and storage. The Greek
scientific community has significantly
contributed and continues to contribute
to the development of Thermal Analysis
and to the dissemination of its results.
The organization of the MEDICTA series
of Conferences adds up to this direction.
It is our pleasure to support such efforts
through the journal “Pharmakeftiki” by
hosting in the present issue articles that
were presented in the frame of the recent
MEDICTA 2013 Conference.
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11° MEZOTEIAKO EYNEAPIO
OEPMIKHZ ANAAYZHE
KAI @EPMIAOMETPIAX
(MEDICTA 2013)

2116 12 émg 15 Tovviov Tov 2013, mpoypatorodnke
omv Adfva oto EOviko Topupa Epsuvav (E.ILE) to
110 Zvvédpro MEDICTA 2013. Tnv gvbovn g op-
yovoong Tov Xvvedpiov, gixe n EAnviky Etaipeia
®epuikng Avarvong (EE®A), pe npoedpo g Opya-
votikng Emtponng tov Kabnynt tov [Havemotpi-
ov ABnvav kopro Kovortavtivo N. Agpétlo.

Ta ocvvédpa pe tov Swkpitikd titho MEDICTA
2013, amotehodv Evponaikd Oeopd o omoiog apopd
GTNV GLUVAVTNOY| ETICTUOVOV OO SOPOPETIKA EML-
GTNUOVIKA TTEdT0L PE KOO OUMOG EMGTNUOVIKO EVIL0L-
PEPOV TO 0TO10 APOPA 6TV BEPIKN CLUTEPLUPOPE.
TOV VMK®V.

310 cLVEDPLO cuppETEiYaY TTEPLocdTEPOL 0 120 emi-
otnuoveg omd d1dpopes Evpomaikég ydpeg Kot oyt
puévo, eved Wiaitepa aeOnNT) NTOV 1 TOPOVSIN TOV
POTNTAV, LETATTUYLOUKAOV OAAG KOl TPOTTUYLOKMV.
H dptia opydvoon, to vyniod emoTNUOVIKO ETITESO
TOV OVOKOWMGEDY KOl TOV ELCT|YNOEMV OO GTLLOL-
vtikoOg ‘EAAnveg ko EEvoug EMGTNUOVEG Ol TOAD
EVOLOLPEPOVTES AVOPTNUEVES OVOKOWVAGELS (posters)
cuvéBolav otnv peydAn emtuyio Tov cuvedpiov. Ot
€10 YNGELG GTOVG TOUEIG TOV VAK®DV OTMG TAACTIKA,
mpoiovta Prounyaviog meTpelaiov, Gapuaka, Kok-
ALVTIKG K.0 H)ToY EEQIPETIKES KOl GUYKEVIPOOOV TO
EVOLPEPOV TV GLUUETEYOVTOV . OTC ovadeiyTnKke
péca amd 10 GUVESPLO M AvATTLEN VEQV QapUAK®OY
KoL Ol PHEAETEG OOPAAELOG KOl OTOTELEGILOTIKOTITOG
avtdv oyetifovror ko pe v Beppikn Tovg cupme-
pPLPOPA GE OAO TOL GTASIO TNG AVATTVLENG, TOPAY®-
NG, dtavoung, amodnkevong péxpt va pHacovv otov
acBevn. Q¢ €K TOVTOL TO GLVESPLO AMEKTNOE WL0LiTE-
pMN ONUACIO KOl EVOLOPEPOV Y10, OCOVG OGYOAOVVTOL
HE TN QOPUAKEVTIKT £PEVVA Kol GUVEROAE GTNV AVA-
TTVEN TOV GYEGEMV KL GUVEPYAGIOV LETAED EMLOTN-
UOVOV amd SLPOPETIKOVG TOUELS.

[dwitepn emitvyio elxe emiong Kol T0 EKTAOELTIKO
GoAel0 Y10 ortnTéC TOL EAPE XDPO KOTA TNV S1Gp-
KELOL TOV EPYUCLOV TOV LVVESPiov. XT0 GYoAEl0 0VTO
‘EMAnveg ko EEvor poutntég evnuepmbnkoy yuor Tig
£QAPLOYEG TNG OepKNg avAAVONG GE TOAAG ETLGTN-
povikd medio omd ‘EAAnves kar Evponaiovg epeuvn-
Té¢ O1eBvoNg KOPOLG.
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11* MEDITERRANEAN
CONGRESS ON THERMAL
ANALYSIS AND CALORIMETRY
(MEDICTA 2013)

The 11th Mediterranean Congress on Thermal
Analysis and Calorimetry (MEDICTA 2013) was
held in Athens, June 12-15, 2013 at the National
Hellenic Research Foundation, The Hellenic Society
of Thermal Analysis (HSTA) was responsible for the
congress’s organization and Professor C. Demetzos,
from the National and Kapodistrian University of
Athens, was the chair of the organized committee.
Congresses under the name MEDICTA, constitute
a European landscape that enables scientists and
experts from different scientific fields, that have a
common scientific interest concerning the thermal
behavior of materials.

In MEDICTA 2013  participated more than 120
scientists from all over Europe and all over the world,
while there was a strong attendance by graduate and
undergraduate students.

The perfect organization, the high scientific level of
the lectures and oral communications as well as the
interesting posters presented by Greek and foreign
scientists contributed to the success of the congress.
Presentations concerning the field of materials such
as plastic, products of the petrol industry, medicines,
cosmetics etc were indeed outstanding. The research
and development processes in order to produce
innovative pharmaceutical products were considered
as an emerging topic of the congress where Thermal
Analysis can have a strong contribution. It was
demonstrated that the evaluation process and new
approaches in terms of safety and efficiency of new
drugs, are strongly linked to their thermal behavior
within all stages of development, production,
distribution and storage until they end up being used
by the patient. It is, thus, obvious that this congress
gained a certain value and importance, thanks to the
approach made, towards the field of pharmaceutics
and was recognized as a great success.

We should not disregard that during the congress’s
activities, educational activities for Greek and
foreign students also took place. The main target
of this school was to inform the students about the
applications of thermal analysis in multiple scientific
fields, by Greek and European experts.
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The History of the Hellenic Society
of Thermal Analysis and Calorimetry

The history of the Hellenic Society of Thermal
Analysis and Calorimetry (HSTAC) is inextricably
connected to the one of ICTA(C). The International
Confederation for Thermal Analysis (ICTA) was
formed at the first International Conference on TA
in Scotland, in 1965, when it adopted its emblem
which is inspired from Aristotle’s concept of the
four elements !. In 1992, the name ICTA changed
to ICTAC. Twenty four affiliated societies belong to
ICTAC with membership of over 5000. In addition,
there are approximately 500 individual members.

In the first European Symposium on Thermal Analysis
(ESTA) in Salford, England, in 1976, the writer of this
article became correspondent of ICTA and assumed
the responsibility to create a connection between
thermoanalysts from Greece and the Confederation 2.
Since then, many Greek thermoanalysts have become

Georgia Margomenou-Leonidopoulou

members of ICTA(C): in 1978, various scientists
from Athens joined in; researchers from Thessaloniki
followed in 1984, from Patras in 1990 and Ioannina in
1995. Each Greek member of ICTAC was in contact
with the other thermoanalysts from his area and was
informed about any development in TA through the
ICTAC correspondent 3.

Our activities during this initial period included the
purchase on behalf of mainly the National Technical
University of Athens (NTUA) of relative books
and the subscription to scientific journals- as the
Journal of Thermal Analysis, Thermochemical Acta
etc. Furthermore, we invited various distinguished
thermoanalysts from abroad, such as the Editor
of ICTA, Dr. C.J. Keattch and the inspirator of the
derivatograph, Prof. F. Paulik, who visited some TA
laboratories in Athens and gave lectures.

3rd THERMA Athens 2007



At this point, however, the formation of a committee
which could organize national and international
conferences seemed impossible, though there
had been remarkable publications in international
scientific journals by our researchers . Thus, it
was only in 1991 when the creation of the Hellenic
Society of Thermal Analysis was discussed at the
first meeting of Greek Thermal Analysis scientists
at the offices of the Association of Greek Chemists
(AGC). The Society was finally established as a non
profit organization and became an affiliated society
of ICTAC in 1994. Its committee members were from
Athens, Thessaloniki, Patras and Ioannina 3.

The committee was assigned to develop a direct
communication network, to provide current
information to each interested person, to promote the
publications of relative work by Greek TA scientists
and to create a website (http://www.hsta.gr ).

It organized two official one-day meetings at the
NTUA, the first in 1996 and the second in 2001. The
papers presented at the first meeting had to do with
various thermoanalytical techniques and methods,
while the ones presented at the second one aimed
at the promotion of group research activity and
information exchange aboutinstruments. Furthermore,
the committee organised the following national
Thermal Analysis conferences, which are known as
THERMA: 1# THERMA, Thessaloniki, (2002), 2™
THERMA, Ioannina, (2004), 3 THERMA , Athens,
(2007), 4" THERMA, Patras, (2010), 5 THERMA,

82

Thessaloniki, (2012). In addition, it participated in
the organisation of the following Mediterranean
conferences, known as MEDICTA. 3 MEDICTA,
Palma de Majorca, Spain, 1997, 5% MEDICTA,
Santiago de Compostela, Spain, 2001, 6" MEDICTA,
Porto, Portugal, 2003, 8" MEDICTA, Palermo, Italy,
2007, 8" MEDICTA, Marseille, France, 2009, 10*
MEDICTA, Porto, Portugal, 2011, It was also the main
organizer of the 4% | the 7" and the 11" MEDICTA
held in Patras (1999), Thessaloniki (2005) and Athens
(2013) respectively.

The present issue of ‘Pharmakeftiki’ will focus on
the last MEDICTA Conference, held in Athens in
June, 2013.This will therefore be an efficient way
to demonstrate the scientific interest and the usefull
application of TAC.

References
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1983.

2. Lombardi G. Secretary, ICTA: For Better
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1993.
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Isothermal Titration Calorimetry:
From Biomolecules to Microorganisms

Abstract

The modern microcalorimetry revolution was
sustained by the availability of sensitive commercial
instruments and two calorimetric methods, differential
scanning calorimetry (DSC) and isothermal scanning
calorimetry (ITC), that nowadays are dominant in the
studies of biological macromolecules.

In the case of bio macromolecules in diluted solution
details about the thermodynamics of the interaction
with ligands (affinity constant, interaction enthalpy
and entropy, cooperativity, allosteric effects, etc.) can
be drawn from ITC investigations.

Furthermore ITC represents a powerful method to
monitor directly the biological activity of living
cells and/or microorganisms since provide direct
quantitative information both on the energetic and
kinetic behavior of the general metabolism.
However we may mention that the ITC approach
applied in biological systems must be intended more
as “investigation” than “analytical” methods. Peculiar
thermodynamic methods and personnel training on
data analysis is demand for the optimum exploitation
of these methods in the biological research.

Introduction

Isothermal titration calorimetry (ITC) measures
directly the heat (adsorbed or released) associated
to the changes of a system undergoing a titration
process. Modern ITC calorimeters were built in the
second half of the 1960s to study chemical reactions.
During the years the sensitivity of instruments was
improved and new applications related to biology,
biochemistry and physical chemistry such as the study
of ligand binding processes and micelle formation
was included!. Now days the ITC has evolved
from a specialist method to a widely used technique
and the last years was also widely employed in the
design and discovery of drugs**. As an example we
mention that in 2009° a total of about 432 papers on
ITC topic was appear. It is very interesting to observe
that papers on protein interaction with other proteins,
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Dimitrios Fessas
DeFENS, Universita di Milano
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small molecules, metal ions, lipids, nucleic acids, and
carbohydrates as well as on nucleic acid interaction
with small molecules dominate this literature on ITC
with 374 publications over (i.e. 77%) the total'”.

In this work we present an extract of the plenary
lecture presented in the MEDICTA 2013, 11th
Mediteranean Conference on Calorimetry and
Thermal Analysis, 12-15 June 2013, Athens,
i.e. a brief overview and a critical insight of the
ITC method following the case of protein ligand
binding.

The I'TC method

The success of ITC in the study of biological ligand-
binding processes and in tern in the design and discovery
of drugs is due to the possibility to discriminate the
enthalpic and entropic contributions that determine the
binding constant of each binding process occurred in
the system. Indeed the binding constant Kb is dictated
by the Gibbs energy of binding AbG®

RT

K, =e

The AbG® is made up of two different contributions
and many combinations of AbH® and AbS® values
can, in principle, educe the same binding affinity.
However, the behavior and the response of a ligand to
changes in the environment or in the protein target are
different for enthalpic or entropic molecules, even if
the binding affinity is the same. The binding enthalpy
primarily reflects the strength of the interactions of
the ligand with the target protein (e.g. van der Waals,
hydrogen bonds, etc.) relative to those existing with
the solvent. The entropy change, on the other hand,
mainly reflects two contributions: changes in salvation
entropy and changes in conformational entropy.
Different structural and chemical characteristics
reflect themselves in different thermodynamic
signatures and currently, most molecular or drug

A,G° = A H- T ApS°



design strategies use the ITC information for the
optimization of the binding affinity®.

The basic elements of a ITC instrument is the
measurement cell (typically about 0.2 — 1.5 mL,
filled with the protein solution) that is jacket with
heat sensors and the titration syringe (filled with
the ligand) that also permit stirring to assure proper
mixing. At specified time intervals, a small volume
(typically 5-10 pL) of the ligand solution is injected
into the cell, giving rise to the characteristic titration
heat effects (power peaks, see fig. 1a). The area under
each peak is the heat associated with the process (after
subtraction of a blank experiment to take into account
the solvent dilution effects). The final layout is the
AbH (r) function i.e. the cumulative enthalpy (sum
of the peak areas in the fig.1a) expressed per mole of
protein versus the concentration ratio, r = total titrated
ligand / total protein. (fig. 1b). The asymptotic trend
of this function represent directly the overall binding
enthalpy of the process. Indeed for a process with i
binding mechanisms

AH(r)=) x, AH

where x; represent the ratio of bound ligand through
the i mechanism (that in tern correspond the binding
enthalpy A, H) with respect the overall protein.
The overall degree of association i.e the concentration
ratio x = [bound ligand] / [total protein] is given by

~ RT |:—a InQ }

o oln[L]],,

whereR istheuniversal gas constant, pLis the chemical
potential of the free ligand, [L] is the concentration of
the free ligand and Q is the partition function of the
system referred to the free protein state®. Since we
can approximate these systems as diluted solutions,
the thermodynamic activities of the solutes may be

replaced with their molar concentrations. Under this
assumption the partition function is the sum

0=YP )R]

olnQ
ou,

x=RT

of the concentrations of all protein species, Pj,
referred to the free protein, PO. Q depends on the
assumptions made on the association (binding)
mechanism and is the key function used to simulate
the enthalpy so as to check (best fitting) the model
with the experimental data (see fig 2.) and to obtain
the association (or binding) constant, Kb, and the
binding enthalpy AbH®.
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Fig. 1. Typical example of protein ligand binding ITC
experiment outcome. The figure is adapted from’
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Fig. 2. Protein ligand binding ITC experiment. Experimental
data (circles) in the AH(r) plot where AH is the cumulative
enthalpy expressed per mole of protein. The lines represent
the best fit of the data using three thermodynamic binding
models: single site (dotted thin line a), two independent sites
(dotted thin line b), and two consecutive sites (continuous
bold line). The thermodynamic states of the protein are also
schematically represented for each model in terms of free
(white circles) and ligand bonded (black circles) sites. The
best fittings were performed under the boundary conditions
to satisfy the asymptotic trend of the experimental data. The
figure is adapted from’
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Fig. 3. Simulation of the ITC outcome in the case of one site
protein ligand binding with the same binding enthalpy and
different Kd - [P] product. a: thermodynamic representation.
In the insert schematic representation of the detection limit.
b: most commercial software representation.

Discussion

Despite the ITC principles are simple and now days
the method is widely used, many issues, minor and/or
major, are still not consolidated and require particular
attention in order to obtain the useful information
in the case of biological ligand binding studies. We
mention here some of them.

a) Kb units: we may note that the binding constant
is an adimensional quantity per definition. However
in order to stress the frequent approximation i.e. the
replacement of the thermodynamic activities with the
figures of the molar concentrations, some authors use
M-1 units for this quantity.

b) Type of cells: Two types of cells are employed in
isothermal titration calorimetry. One type is the open
cell. In this case, the system to be titrated does not fill
the cells completely. The other type is the filled cell
i.e. the solution to be titrated fills the cell completely.
Both types have peculiarities to take into account
(evaporation, excluded volume, sensitive volume etc.)!
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c) Protonation / deprotonation processes: many
binding reactions are coupled to the absorption or
release of protons by the protein or the ligand. If this is
the case, the reaction is pH dependent and the binding
enthalpy is dependent on the ionization enthalpy
of the buffer in which the reaction takes place. An
investigation of the binding energetics requires the
dissection of the buffer-related contributions®. Baker
and Murphy® developed an experimental protocol
aimed at dissecting intrinsic binding from protonation
contributions to the overall energetics.

d) Data representation: The thermodynamic
representation (see fig. 3a) of the raw ITC data i.e. the
AH () expressed per mole of protein permit to control
the asymptotic conditions and in tern the reliability of
the models applied to fit these data that have to predict
an overall binding enthalpy coherently. Furthermore
this representation is independent of the instrument
and the experimental design (n° of titrations, titration
volumes, etc.) This independency permit the overlap
and the direct check of the reproducibility and other
authors data. On the other hand, the majority of the
software purchased by the instrument companies had
adopt a representation in terms of AbH (r) expressed
per mole of injectant molecule (see fig. 3b). This
representation have historical reasons since is more
suitable in the case of dilution and chemical reaction
experiments. There is nothing wrong with this, but
in the case of ligand binding studies, you may miss
the above mentioned direct control and the only
way to compare the data is to compare the values
obtained by the fitting model i.e. the Kb, AbH® and N
(stoichiometry).

e) High affinity constant limits: Wiseman et al.!
showed that the product of the protein concentration
[P] in the calorimeter cell, and the binding constant,
must be lower than 1000 for the reaction to be
measured directly by ITC. In practical terms, this
restriction sets an upper limit of 108-109 for
the binding constant®. Figure 3 shows the effects
of increasingly higher binding affinities on the
outcome of an ITC titration. Beyond a certain value,
the titrations lose their characteristic curvature,
become indistinguishable from one another and
lack the information necessary to determine the
binding constant. A solution to the problem has been
obtained by the design of competition experiments
in which the high-affinity ligand is titrated into
protein that is prebound to a weaker inhibitor.
Sigurskjold!! recently presented a rigorous protocol
for the analysis of ligand competition experiments
by displacement ITC.



Conclusions

ITC is the only technique that can discriminate the
enthalpic and entropic components of binding affinity.
This information is strategic in molecular design in
general and drug design in particular. However the
ITC approach applied in biological systems must be
intended more as “investigation” than “analytical”
method and the “automatization” of the practice is
far to come. Peculiar thermodynamic methods and
personnel training on the experimental set up and
the data analysis is still demand for the optimum
exploitation of these methods in the biological
research.
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Summary

Thermal analysis is widely used in basic research and
other applications by numerous scientists and engineers
all over the world. The wide range of applications of
thermal methods in measuring physical properties,
studying chemical reactions and determining the
thermal behavior of samples is of interest to academics
and to industry. Besides the more chemical ones, such as
polymers, fine organic chemicals and pharmaceuticals,
they have applications to electronics, in construction,
geology and engineering and general in materials
science. They often give information impossible to be
obtained by other analytical methods. However, TA
is indirect and it is necessary to correlate with data
obtained by direct methods, such as spectroscopic,
crystallographic and morphological observations
in order to elucidate the molecular processes. To
overcome such problems, various types of thermal
analysis apparatus can be combined so that several
physical properties can be measured simultaneously.
Such simultaneous or coupled techniques are: TG-
DTA, TG-Gas Chromatograph (TG-GC), TG-Fourier
Transform Infrared spectrometer (TG-FTIR), TG-Mass
Spectrometer (TG-MS), TG-Mass Spectrometer-Gas
Chromatograph (TG-MS-GC) and DTA-Polarizing
Light microscope (DTA-POL).

One category of compounds where the use of these
combined techniques is necessary is the coordination
compounds or commonly named as complexes. The
complex ions are consisted from metal ions bonded
with Lewis bases though covalent coordination
bonds. The coordination compounds are consisted
from A) a neutral entity as the anticancer drug cis-
platin [Pt(NH,),Cl ] or B) complex ions and other ions
with opposite charge, like K [Fe(CN),], or the salt
CuSO0,. 5H,0, which is in fact a complex compound
[Cu(H,0),]*" [H,0.S04]* . The thermal investigation
of coordination compounds is a difficult task since it
requires combination of multi-techniques.

Key words: Thermal analysis, Coordination Chemistry,
Applications
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Progress of technology in the
development of thermal analysis

Fire was discovered by man at the very old prehistoric
time, about 1.000.000 years B.C. The technique of
metallurgy, however, was developed only at the
end of Neolithic time (~ 6th century B.C.), parallel
with the use of clays for ceramics production which
started earlier, at the end of Paleolithic time (~ 6000
B.C.). The first civilizations had the knowledge of
the results creating from the different heating in the
materials. For example, they noticed that the firing
of lithanthrax resulted in the formation of optanthrax
(coke) without change in volume, but change in
weight. This observation can be considered as
presage of thermogravimetry (TG)'- and dilatometry
(TD)*, two of Thermal Analysis (TA) techniques
which are in use today. Moreover, the knowledge of
measuring the temperature, firstly with thermometers
up to use of programming temperature control,
led to the differential thermal analysis method
(DTA)*®. Progressively, various methods of TA
have been developed based on the “during the heat”
changes in the properties of the material, while at
the beginning of the 20th century the progress was
mainly due to the development of recording methods
for the experimental results® and'*"3.

TA is applied in industries as diverse as aerospace and
pharmaceuticals. It can be used to investigate samples
of all kinds of materials —inorganic and organic,
plastic, metallic, ceramic and glass. It is valuable in
many scientific disciplines ranging from archaeology
to zoology-literally from A to Z. For a common
terminology between researchers, the International
Confederation of Thermal Analysis (ICTA) was first
founded in Aberdeen, Scotland at 1965 and renamed
in ICTAC in London, U.K. at 1992417,

(ICTAC, International Confederation of Thermal
Analysis and Calorimetry).



Introduction to Thermal
Analysis Techniques

Definition

Thermal analysis (TA) has been defined by ICTA as a
general term which covers a variety of techniques that
record the physical and chemical changes occurring
in a substance as a function of temperature. The
temperature control may involve a) heating or cooling
at a fixed rate of temperature change, or b) holding the
temperature constant (isothermal conditions), or c)
any sequence of these. Also, the atmosphere around
the sample may be static or dynamic consisted of a)
an inert gas, e.g. helium or argon, or b) a drastic gas,
e.g. oxygen or ¢) a mixture of gases, e.g. atmospheric
air, or d) vacuum, e.g. 10 — 107 Torr.

The term TA encompasses many classical techniques,
such as thermogravimetry (TG), evolved gas analysis
(EGA), differential thermal analysis (DTA) and
differential scanning calorimetry (DSC) and the modern
techniques, such as thermomechanical analysis(TMA)
as well as dynamic mechanical analysistDMA or
DMTA), just to name a few!'? 161819,

The establishment of ICTAC and the great advances
in commercially available equipments have resulted
in thermal analysis being an extremely active field
with applications in numerous directions. Many
applications of them are referred to polymeric materials,
metals, construction materials as cements, catalysts,
explosives, pyrotechnics, soaps, fuels, foods, clothes,
fibers, pigments, fire retardant, drugs and biological
samples such as kidney stones?-*,

Table 1: Physical changes of the material during thermal analysis

Change Enthalpy change AH
vaporization A() —A(g) >0
sublimation A(s) —A(g2) >0
adsorption A(s) + gases—A(s) <0
desorption) A(s) —A(s) + gases >0
chemisorption <0
crystallization <0
freezing A(l) —A(s) <0
melting A(s) —A() >0
crystal transition A(s) —A(s,) <0 n >0

Table 2: Chemical changes of the material during thermal analysis

Change Enthalpy change, AH
dehydration A(s) —»B(s) + HO >0
desolvation A(s) —A(solv) >0
combustion A(s) + O, — gases <0
thermal decomposition ,

<0 | >0
A(s) — B(s) + gases or A(s) — gases
composition A(s) + B(s) — AB(s) <0 n >0
heterogeneous catalysis <0
A(s) + gases1 —A(s) + gases2
polymerization nA(s) —A (s) <0
oxidation A(s) + B(g) — C(s) <0
oxidative degradation <0
A(s) + B(g) — C(s) + gases
reduction A(s) +B(g) — C(s) >0
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Physical and chemical changes of the material
during thermal process

When a substance is heated, its physical or chemical
properties change, usually accompanied by enthalpy
changes. The main physical and chemical changes
are described in the following Tables 1 and 2, along
with their thermal events (endotherm (AH > 0), and
exotherm (AH < 0).

Instrumentation

All thermal instruments have features in common.
The variety of the techniques stems from the variety
of physical properties that can be measured and the
variety of the transducers that can be used to convert
these properties into electrical signal. [Temperature
programmer- Furnace, Sample--Temperature
measurement, Sensor for measuring the particular
property X--Transducer-amplifier--Data acquisition
system]. The sample is introduced in the furnace under
controlled temperature process. A sensor detects the
changes of the sample and the measured property
is transformed in electrical signal, is amplified and
supply the data acquisition interface, parallel with
the measured temperature. Finally, the data after
processing are displayed on a screen or recorder as a
“thermal analysis curve”. The Information coming
from the Thermal Analysis Techniques must usually be
combined with data from other indirect techniques?,
such as Spectroscopy and Crystallography, in order the
molecular processes to be clarified. For this purpose,
new instruments can give simultaneous measurements
or coupled with other techniques as the following:

* TG-DTA (Thermogravimetry-Differential Thermal
Analysis)

* TG-GC (Thermogravimetry-Gas Chromatography)
* TG-FTIR (Thermogravimetry- FourierTtransform
InfraRed spectroscopy)

* TG-MS (Thermogravimetry —Mass Spectroscopy)

* DTA-POL (Differential Thermal Analysis—Polarized
Light microscopy).

Applications of Thermal Analysis

Many applications of TA are referred to polymeric
materials, metals, construction materials (e.g.
cements), catalysts, explosives, pyrotechnics, soaps,
fuels, foods, clothes, fibers, pigments, fire retardant,
drugs and biological samples such as kidney stones.
Thermal Analysisis also widely used in Basic Research
and finds applications from scientists specializing in
many fields, since the physical and chemical properties
of simple and composite materials are recorded.
One category of these materials is the Coordination
compounds (simply called as Complexes)?3°. These
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compounds (beside the basic research) find the last
decades applications in Pharmaceutical chemistry, as
potential drugs with a variety of different biological
activities, or in different fields of Technology, as
molecular magnets?'.

Coordination Compounds (Complexes)

One category of compounds, where the use of
combined (TA) techniques is necessary is the
coordination compounds or simple called complexes.
The complexes are consisted of complex ions or of
neutral chemical compounds.

Complex ion: This is a metal ion, which is bonded
with Lewis bases (Ligands) through covalent
coordination bonds [M(L)x]™. These complex ions
are neutralized with other ions of opposite charge,
e.g. the compound K, [Fe(CN),] is consisted from
the complex ion [Fe(CN),]* and from 4 K*. Neutral
chemical compounds, [M(L)y], e.g. the known
anticancer drug cis-platin, [Pt(NH,),CL].

The Ligands are Bases Lewis (donors of electron
pairs (:)), which are bonded to the Metal ion and
could be neutral molecules or anions. Each Ligand
could have one or more donor atoms. So, they are
called monodentates or bidentates or polydentates.
The polydentate Ligands form Chelates, which are
very stable coordination compounds.

For example, monodentate neutral ligands: water
(H,0:) and ammonia (:NH,), while cyanide anion
is a monodentate anion ligand (:CN:"). A common
bidentate ligand is the 1,10-phenanthroline,

/N A

—N N—",
and polydentate is the known EDTA (Sodium
Ethyneno Diamino TetraAcetate).

Structure of coordination compounds

The stereochemistry (arrangement of the atoms in
space) depends on the coordination number (C.N).
The coordination number in the complexes is usually
2, 3, 4, 5, 6 and consequently we have the related
geometries. The Coordination Number is the number
of Bonds which are formed between the metal ion and
the electron-pair donor atoms.

The complexes with coordination number 2 are
usually linear. [H,N-Ag-NH.]". The complexes with
coordination number 3 are usually trigonal (planar) or
sometimes trigonal pyramid [Hgl]" or [Sb(CH,),],
respectively. In the complexes with coordination
number 4 the geometry could be square-planar or
tetrahedral. Tetrahedral are formed from the non-
transition metal ions, while the transition elements



form both geometries. For example, [Pt(NH,),Cl,]
has square-planar geometry and it is known as cis-
platin. It forms Isomers which are called cis and trans
and have different colors, solubilities and biological
activities. Only the cis-isomer has anticancer activity.
The Coordination number 6 is the most common and
important number, which gives octahedral geometry,
[Mn(H,0)|**. For the coordination number 7 the
geometries could be: pentagonal bipyramid, capped
octahedron, capped trigonal prism, square antiprism
and dodecahedron.

The thermal decomposition study of the coordination
compounds exhibits important difficulties, since the
measurement conditions, like the heating rate and the
atmosphere around the sample are the determining
factors for repeatable results. Moreover, in most
cases the use of more than one combined techniques
is necessary for reliable results. The most common
techniques are the TG for the thermal decomposition,
the DTA for the thermal effects, the simultaneous
techniques (STA)**3, like, TG-DTA or TG-DSC,
and the coupled techniques like TG-MS and/or
TG-FTIR**. In order to have more accurate and
completed results for the thermal decomposition
mode of a complex compound, the spectroscopic
techniques IR and MS, as well as the powder X-ray
diffraction analysis (XRD) are used for the initial,
intermediates and final solid products (residues).

Thermal decomposition of Complexes

Examples
(1) Thermal decomposition
[M(py),CL], (n=2, 4, 6)

The thermal decomposition of complexes was
achieved very early with the derivatograph®**', an
apparatus which gives simultaneously the TG, DTG
and DTA curves. With metal complexes, the thermal
decomposition of which begins with the splitting of
a coordinate bond, the decomposition temperature
can be used for the characterization of the strength
of this bond. In Figure 1, it is depicted the thermal
decomposition of the metal complexes with pyridine
(py) [M"(py),CL,], where M = Ni, Mn(Il) and n = 2,4
or 6.

(2) Thermal decomposition of kidney-stone
(calcium oxalate monohydrate, CaC,0,.H,0).

In nitrogen atmosphere, the salt decomposes in three
very well separated steps, which are assigned to the
following decomposition reactions:

1. CaC,0,HO — CaCO, +HO
dehydration at 210 °C

2. CaC0, — CaCO, +CO,
decomposition at 480 °C

3. CaCO,— CaO +CO,

decomposition at 750 °C
Question: How the atmosphere around the sample
affects its thermal decomposition and what is evolved
in the 2nd decomposition stage? Carbon monoxide
(CO) or carbon dioxide (CO,) ? The answer gives the
coupled technique TG/DTG-DTA-MS (Figure 2)*.
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Figure 1. The derivatogram (TG/DTG-DTA curves)
of the complex [Ni(py) CL].
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Figure 2. TG/DTG-DTA-MS curves for CaC,0,.H,0




(3) Thermal decomposition of the fertilizer blue-stone
(Copper sulfate pentahydrate CuSO, .5H,0)

The structure of this compound can be proved with
the aim of TG/DTG curves, from which it is obvious
that the 5" water molecule is evolved in much higher
temperature (>250 °C) than the other four, which
are eliminated at ~100 °C. So, in the structure of this
compound the four water molecules are bounded to
copper behaving as ligands, while the fifth is anionic
water, linked with the sulfate anion and the complex
cation with hydrogen bonds, [Cu(H,0),]*" [H,0.SO,J*.

(4) Binary Mixtures

The amount of each component AX and AY in a binary
mixture can be estimated from their TG curves. As an
example is the material called Plaster (construction
material), which is consisted from three components:
(gypsum (CaSO,5H,0), lime (Ca(OH),) xor chalk
(CaCO,).)

(5) Purity assessment and Polymorphism

The presence of impurities in a sample will cause the
melting peak measured by DSC to broaden and to

CuS+CuX — 54 Oy

Figure 3. Proposed decomposition mechanism in
nitrogen atmosphere
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shift to lower temperatures. For pharmaceuticals, for
example erythrocytes or organoplatinum antitumor
reagents, the assessment of purity is very important.
The stability of pharmaceutical drugs and of dosage
mixtures is highly important since the product may
become less effective. By using DSC techniques, it
is possible to aid in testing the active component in
drugs and to determine the degradation on melting or
the possible polymorphic forms*.

(6) Thermal behavior of neutral copper(])
complexes with heterocyclic thiones:
[(L)CuX(n2-L)2CuX(L)] ( X =Cl, Br)

In this article, has been used a plethora of techniques:
TG/DTG-DTA,  Spectroscopy (IR,  UV-Vis,
Luminescence), Single-crystal X-ray diffraction
for starting compounds, Powder XRD for the
characterization of the thermal decomposition solid
products and Coupled TG-MS for the detection of
the gas evolved products. Based on the curves TG-
DTG-DTA and TG-MS, a possible mechanism of the
thermal decomposition has been depicted in Figure
3%,

(7) Lanthanide complexes of o-vanilline
(3-methoxy-salicylaldehyde)
Ln(3-OCH,-salo),: Thermal and kinetic
investigation by simultaneous TG/DTG-DTA,
coupled with MS.

The onset decomposition temperatures, shows that
the stability of the complexes follows the series:
ErL, = DyL, > GdL, > Nd = Pr. In order to enhance
the accuracy of this stability series, a kinetic study
was performed for the three decomposition stages.
The complex nature of the thermal decomposition
was revealed with the isoconvertional method of
Ozawa-Flynn-Wall*.

Conclusions

The Thermal Behavior study of Coordination
compounds (especially of the newly prepared) is a
difficult task. It is advisable, the molecular structure
of the novel complexes firstly, to be characterized
by spectroscopy (IR, UV-Vis, ‘H-NMR, MS) and
physicochemical measurements (elemental analysis,
conductivity, —magnetic measurements). The
arrangements of the ligands around the metal ion to
be verified by single-crystal X-ray diffraction, if it is
possible. The thermal analysis techniques used are:
Simultaneous TG/DTG and DTA or DSC. Since,
the shape of mass loss is usually very complicated
and each decomposition stage area starts before



the ending of the previous one, it is very difficult
to correspond to different areas of mass loss in a
specific way of decomposition of the compounds.
The solid residues and the intermediates at a given
temperature, estimated from TG/DTG curves must
be verified by IR spectroscopy and powder XRD.
The quantity of mass loss depends of the heating
rate. The quantity of the residue in inert atmosphere
varies very much, possibly due to the big amount of
organic carbon derived from the fragmented ligands,
which can be completely pyrolized only in small
heating rate. The atmosphere around the sample can
dramatically alter the decomposition mode of the
complexes.

The evolved gaseous products of the thermal
degradation could be detected by coupled TG-MS
or TG-FTIR techniques. In order to determine the
kinetic mechanisms of the decomposition of the
studied materials different heating rates were used.
Kinetic analysis makes it possible to identify the
activation energies (E), pre-exponential factors (A),
and reaction models of various processes.

The activation energy (E) can be calculated with
different methods, usually, the isoconversional
methods of Ozawa, Flynn and Wall (OFW), the
Friedman and Kissinger. The dependence of the
activation energy is very complicated. It usually
presents more than two different areas of stable
values or monotonous increase or decrease. This is a
strong indication that for the kinetic description of the
decomposition of these materials must be used more
than two different kinetic mechanisms.
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Summary

In this work, we report on the self assembly
behavior of chimeric nanosystems consisting
of dipalmitoylphosphatidylcholine (DPPC) and
poly(2-methyl-2-oxazoline)-grad-poly(2-phenyl-2-
oxazoline) (MPOXx) gradient copolymers with different
composition in phosphate buffer saline (PBS).
Indomethacin (IND) was successfully incorporated
into these nanocarriers and drug release rate was
depended on the composition of MPOx component.
We observed that there is a strong interplay between
the cooperativity of the biomaterials comprising
the prepared chimeric liposomes, as expressed by
thermotropic characteristics and thermograms and the
rate of release of IND from the chimeric nanovectors.
Namely, higher cooperativity corresponds to lower
release rates. In conclusion, thermotropic behavior
of chimeric liposomal membranes is the mechanistic
explanation of the release rate of lipophilic/
amphiphilic drugs.

Keywords: chimeric liposomes, gradient block
copolymer, drug release.

1. Introduction

Techniques of Thermal Analysis are considered as
one of the most popular in material sciences. Despite
the fact that most thermal analysis methods can deal
with samples as solids, semi-solids or liquids, solid-
state characterization, could apply to a majority

of the applications in pharmaceutical research
providing laboratories with applications that are of
great importance for almost every Pharmaceutical
field. Thermal analysis can also provide detailed
information on the stability, polymorphism, purity
and interactions that concern the excipients and the
active substance of the pharmaceutical products over
time and during their development process.!

Liposomes are thermodynamically unstable
nano-colloidal vesicles, in which the free energy (G)
of their surface area depends on their interfacial or
intra-facial phenomena.>* Liposomes can be applied
as containers of drugs, genetic material, vaccines and
bioactive molecules and their aggregation process
is a challenge for studing not only their stability
but the processes of protein aggregation which are
involved in several illnesses. An ideal liposomal
delivery system should be stable, long — circulating,
accumulate at a target site and release its drug in a
controlled manner.*

Additionally, poly(2-oxazoline)s and their
copolymers are characterized as bioinspired
materials due to the pseudopeptide nature of the
oxazoline  segments, while poly(2-methyl-2-
oxazoline) is proposed as an alternative to PEG in
terms of biocompatibility and stealth properties.*¢
Furthermore, polymers of the poly(2-oxazoline)
family, as modifiers of the liposomal surface, are
efficient in conveying long-circulating and stealth
properties to liposomes in mice.”®

The goal of this study is to investigate the

* Corresponding author: demetzos @pharm.uoa.gr
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alterations of the thermotropic behavior of DPPC
(dipalmitoylphosphatidylcholine) liposomes, caused
by the incorporation of gradient block copolymers
MPOx  (poly(2-methyl-2-oxazoline)-grad-poly(2-
phenyl-2-oxazoline)) with different composition
(Table 1) at 9:1 lipid:copolymer molar ratio. A
gamut of light scattering techniques and Differential
Scanning Calorimetry (DSC) were used in order to
extract information on the physicochemical and
thermodynamic characteristics of liposomal drug
nanocarriers, respectively. We also studied the
conventional and chimeric nanoassemblies formed
by the incorporation of indomethacin (IND) and the
drug release profile of this lipophilic drug which
is correlated with their structural characteristics
and the thermotropic behavior of mixed liposomal
membranes.

2. Materials and Methods
2.1. Materials

The lipids used for liposomal formulations
were 1,2-dipalmitoyl-sn-glycero-3-phosphocholine
(DPPC). They were purchased from Avanti
Polar Lipids Inc., (Albaster, AL, USA) and used
without further purification. The MPOx gradient
block copolymers were prepared via cationic
polymerization.” The molecular characteristics of
MPOx-1 and -3 copolymer samples are presented in
Table 1.

Chloroform, indomethacin (IND) and all other
reagents used were of analytical grade and purchased
from Sigma—Aldrich Chemical Co.

2.2. Methods

2.2.1 Liposome preparation, physicochemical
characterization and in vitro drug release.

Different liposomal formulations without and with
IND have been prepared using the thin-film hydration
method, as described in our previous investigations.
A gamut of light scattering techniques (Dynamic,
Static and Electrophoretic) was used in order to
extract information on the physicochemical and
morphological (fractal dimension, d,) characteristics
of liposomal nanocarriers, as described in our
previous works.!*13

2.2.2. Differential Scanning Calorimetry

Differential Scanning Calorimetry (DSC)
experiments, were performed on an 822°¢ Mettler-
Toledo (Schwerzenbach, Switzerland) calorimeter
calibrated with pure indium (T =156.6 °C). Sealed
aluminum 40pl crucibles were used as sample holders.

95

The samples investigated were DPPC, DPPC:MPOx-
1 (9:1 molar ratio) and DPPC:MPOx-3 (9:1 molar
ratio) liposomes with a 30 mg/ml concentration (with
reference to the whole dispersion) for the overall lipid
content. An empty aluminium crucible was used as
reference. Prior to measurements the crucibles were
subjected to a temperature over the transition of
DPPC (41.7 °C) to ensure equilibration. All samples
were scanned repeatedly until identical thermograms
were obtained. Two cooling-heating cycles were
performed; 10 to 60°C at 20°C/min and 2°C/min
scanning rate, respectively. The second heating
run was taken into account. Enthalpy changes and
characteristic transition temperature were calculated
with Mettler-Toledo STAR® software.

3. Results and Discussion

3.1. Physicochemical characterization and
Thermotropic behavior of liposomes.

Physicochemical and structural characteristics, via
fractal analysis, of conventional DPPC and chimeric
DPPC:MPOx-1 and DPPC:MPOx-3 (9:1 molar
ratio) liposomes in aqueous medium are presented
in Table 2. Nanoassemblies incorporating gradient
copolymers and conventional DPPC liposomes did not
exhibit the same size and d, values, especially those
incorporating MPOx-3 (Table 2). The {-potential of
DPPC liposomes was found near zero, because of the
absence of net charge on the liposome surface. The
structural and the morphological changes during the
formation process of chimeric liposomal nanovectors
caused only a small change of zeta potential values
compared to DPPC liposomes (Table 2), probably
because of the different screening effects, as a result
of the ionic strength of PBS (1=0.154M).

The incorporation of IND led to a decrease in
the size of conventional nanocarriers and of DPPC:
MPOx-1 (9:1 molar ratio) chimeric liposomes (Table
2). On the other hand, the incorporation of IND led
to an increase in the size of DPPC:MPOx-3 (9:1
molar ratio) mixed nanovectors. The morphological
characteristics of chimeric nanocarriers changed
significantly after the incorporation of IND, especially
for chimeric nanoparticles. Most probably IND having
some amphiphilic character alters the spatiotemporal
liposomal phase behavior, as well as the solvation
properties of the nanosystems. ¢!

However, DSC was applied to study the effects
of different composition of gradient copolymer
MPOx-1 and MPOx-3 at the same molar ration on the
thermotropic behavior of DPPC liposomes and their
ability to influence the membrane fluidity.

DSC profiles obtained for pure DPPC liposomes
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Figure 1. a. DSC heating scans of i. DPPC, ii. DPPC:MPOx-1 (9:1 molar ratio) and iii. DPPC:MPOx-3 (9:1
molar ratio) liposomes.

b. Cumulative drug release from DPPC:MPOx-1:IND (9:1:1 molar ratio) and DPPC:MPOx-3: IND (9:1:1
molar ratio) (each value represents the mean = S.D. of n = 3 independent experiments).

c¢. The structure of different chimeric liposomal membranes.
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Table 1: Molecular characteristics of poly(2-methyl-2-oxazoline-grad-2 phenyl-2-oxazoline) gradient block
copolymers.

Sample M M /M “ %wt PhOx®
MPOx-1 5,200 1.14 28
MPOx-3 3,300 1.26 38

“By SEC in CHCI, using polystyrene standards
"By 'H-NMR in CDCI,

Table 2: The physicochemical and morphological characteristics of liposomal nanocarriers. Calorimetric data of
liposomal nanocarriers (heating).

.. Physicochemical . Gt
Composition characteristics Thermotropic characteristics
R, {-potential dv T etm” T ¢ (C) AT, , ¢ AH_ '
(nm)* (mV) f (°C) m (°CO) (J/mol)
1.3£0.0
DPPC 75.3 +0.7 2.4, 41.2+0.1  42.3+0.0 -45.4+1.4
g?lpﬁ;mpgi‘ij) 75.4 +1.5 24, 412401  425£00 1.620.1 -21.7£02
(];?lpfl;laMrPr(;fi-o:;) 96.6 +5.1 23, 412403  42.3+0.1 1.4+0.3 -24.4+0.5
DPPC:IND
(9:1 molar ratio) 372 63 24,
DPPC: MPOx-1:IND
(9:1:1 molar ratio) 60.4 -2:6 2.2
DPPC: MPOx-3:IND
(9:1:1 molar ratio) 146.1 3.9 214

“ From DLS by cumulants method at 90°, ®* From multiangle SLS, ‘T

onset m

: temperature at which the thermal event

starts; T : temperature at which heat capacity (4C p) at constant pressure, is maximum; ‘AT, , : half width at half
peak height of the transition; 'AH : transition enthalpy normalized per mol of liposomal system

and chimeric DPPC liposomes incorporating the affect the mobility of the polar head groups. The
gradient copolymer (9:1 molar ratio) are shown main transition temperature, which corresponds to
in Figure la, while changes of the calorimetric the mobility of the acyl chains of phospholipids
parameters are summarized in Table 2. The is remained unaffected, as mentioned above
incorporation of gradient copolymer has caused (Table 2 and Figure la). The composition of the
alterations in the thermotropic behaviour of DPPC gradient copolymer affects the cooperativity of the
liposomes affecting the main transition specific biomaterials comprising the chimeric liposomes.
enthalpy (AH) and the half width at half peak height Incorporation of MPOx-1, led to a small decrease of
of the transition (AT,, ) (Table 2 and Figure la). the cooperativity of the two biomaterials (i.e. lipids
All the other calorimetric parameters remained and gradient block copolymers) as the AT, ,  values
unaltered. This fact indicates that the interactions indicated. The biomolecular structure of the mixed
of these gradient copolymers with DPPC liposomes liposomal membrane is presented in Figure 1c.
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3.2. In vitro drug release.

The in vitro release of the IND from the chimeric
nanovectors is presented in Figure 1b. It is observed
that the in vitro release of the drug from the
prepared DPPC:MPOx:IND (9:1:1 molar ratio)
chimeric nanostructures is quite slow for the mixed
nanovectors prepared with the gradient block
copolymer with the larger amount of hydrophobic
component (MPOx-3) (Table 1) (DPPC:MPOx-3:
IND 9:1:1). The composition of MPOx plays a key
role in the release of the incorporated drug because
it promotes alteration in the cooperativity of the
biomaterials comprising the mixed membrane. The
effect of the MPOx composition on the thermotropic
phase behaviour can be attributed primarily to the
significant difference in the copolymer composition
and presumably to their molecular conformation
within the liposomal membrane (Figure 1a). These
findings support the hypothesis that the transition
cooperativity (Table 2) of the liposomal membrane
might be the reason for the different release profile of
the incorporated drug. Namely, higher cooperativity,
as observed for chimeric liposomes incorporating
MPOx-3 gradient copolymer, is the driving force for
the slowest release of the incorporated IND. In our
opinion, due to the higher cooperativity of the two
biomaterials, the release of IND is slowed down.
On the other hand, the smaller cooperativity leads to
rather accelerated drug release profiles. Additionally,
the gradient copolymer acts as a modulator/promoter
for the release rate of the IND, because IND did not
release from the conventional DPPC liposomes.

4. Conclusions

Conventional and chimeric nanocarriers consisting
of DPPC and MPOx gradient block copolymers with
different copolymer composition, but at a constant molar
ratio of the components, were successfully prepared.
These chimeric nanosystems can be utilized as advanced
Drug Delivery nano Systems. The physicochemical and
structural behavior of these chimeric nanoassemblies
was found to depend on the composition of the
MPOx component. The incorporation of the gradient
copolymers has caused alterations in the thermotropic
behavior of DPPC liposomes, affecting the cooperativity
of the components of the chimeric liposomes. In
conclusion, we can state that this approach can promote
a concept based on the thermotropic characteristics of
advanced drug liposomal carriers, which is very useful
for a better understanding of the release of lipophilic/
amphiphilic drugs from conventional and chimeric
liposomes, and of course for fine-tuning the release
profile of the incorporated drug.
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Hepilnym

v mapodoa epyocic, LEAETHCALE TNV OWTO-0pYd-
VOGN YLOPIKAOV VOVOPOPEDY TOV GTOTEAOVVIOV OO
Mmidwo (DPPC) kot ywevdodiovoTadikd GUUTOAVUEPT
(MPOX) pe d109p0opeTiKy 600TOOT 68 PLOUOTIKO S1d-
Mpa poceopwkdv. H Ivdopebokivn (IND) evoouatd-
Onke emTLYDS GTOVG VOVOPOPEIS Kot 0 pLOULOG TNG 0O~
déopevon g e€optdral and ) cvotoon tov MPOX.
[opatnproape 6TL VEAPYEL i WOYLPT CAANAETIdPO-
o1 UETAED TNG GLVEPYAGIHLOTNTOS TOV PLOVAK®OV TV
TOPUCKEVOCOEVIOV YILOIPIKOV MTOCOUATOV, OTMG
ekepaletor amd to OEPUOTPOTIKA YAPUKTNPIOTIKA TOV
UEIKT®OV MTOCOUATOV Kot Ta OEpLOYPAPALOTE TOVG,
kat Tov puhuov amodéopevong g IND and Tovg yi-
Hoptkovg vavopopeis. ITio cuykpuéva, 1 peyolvtepn
ouvepyoTIKOTN T LETAED TOV PLODAIKOV OVTIGTOLYEL G
XOUNAOTEPO TOGOGTA ATOOEGULEVOTG TOV POPLLOKOLLO-
pilov. Zvumepacpatikd, n OepLoTPOTIKY CLUTEPLPOPE
TOV YLOPIKOV AMTOCOUOKOV HEUPBPAVAOV Elvor 1 Un-
YovieTikn €€nynomn tov pulpov amodécevong MrdeL-
A0V / QpEIPIA@V QOPLOKOUOPI®V.

*AAAnAoyoagia Kab. Kbotas Aguértos:
demetzos@pharm.uoa.gr
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AEATIO TYIIOY

Awryoviepog Kawvotopiog kou Emyeipnpotikotyros otnyv Yyeio
«X®EE Innovation Project»
Andooeig coppetoys péxpt 1 Noguppiov 2013

Tpitn, 1 Okrofpiov 2013 — Me ocovinuo «EmPpapedovpe v Karwvoropia,
Mpoayovpe v Yyeion, o Zovosopog @appokevtik®dv Emyeiprocemv EAlddoc (XDEE),
pe v vrootpiEn tov Industry Disruptors — Game Changers (ID-GC) napovcioce og
Yvvévtevén Tomov Tov avorytod Staywviopd e titho «=ZDEE Innovation Project» mov 6160
EXEL TNV OVAdEIEN KAWVOTOU®MY TPOTAGE®DY 6T0 Ydpo TG Yyeiac. [To cuykekpéva, o ZOEE
0a Ppafedoel To O OPILO KOl KOIVOTONO, ETLYEIPNUATIKE 6YE0L0 IE TIC TEPLGGOTEPES
mOBavotnteg emroyioc. Ta PpaPeia tov vikntdv meprapfdavovy ypnuotikd énadio 50.000
EVPA Y10 TOVG 3 TPATOVG VIKNTEG KOl TPOYPOLLLA CULBOVAEVTIKNG VITOSTHPIENG o€ BEpa-
TO. OTPUTNYIKNG, OVATTVENG EMYEPNOEMV, TPOCPACTG GE KEVIPA EKTOIOELONG KAl EPELVAG
& avamnTuéng, SIKTHOONG Yo LETAPOPA TEXVOYVMGLOG Kot de&tothtmv. Avtd Bo emtevybel
LES® NG OTEVIG cuvepYaciog e Tig etarpeieg néAN tov ZOEE, kabmg kot pécw Tov okocsv-
otpatog «epyareimvy tov ID-GC yia v otpi&n TG EMYEPNLATIKOTI TG

Tnv exdioorn ompiEav pe TV Tapovsio. Touvg 0 YQumovpyds AvamtvEng kot
AvVTayovieTIKOTNTOG, KOG Oavaong Xkopddg, o onoiog dMhwaoe: «Or dvo opoi, Korvorouio
& Yyeia eivar oyedov tovtoonuor. O aymvas yio ToloTIKES VINpETies ato ywpo ¢ Yyeiag
OTOKTO. VONUA HOVO UE ETIOTHUOVIKES OVOKOADWEIS (OG OTOTEAEGUA. KOIVOTOUMY 1eBOdwv
KOl EMVONOEWY KAl OTH OLOYDGN VTV TV ETITEVYUATOV TTNV OYOPG DOTE VO EXWPELOD-
vtar o1 ovovavBpwmor pag. Oecwpw ot n mpwtofoviio tov ZPEE amodeikvier ot 0 KAGO0G
&yel ovverdntomomoel mpog wola. karedBovan vo. avolytioel 1o uéidov. H exévovon otnv
Kauvotouio kol v texvoloyio Ba KAvovy 10 PapUaKO Kol YEVIKOTEPQ. TIS VINPECIES VYEIOS
IKOVES VO. OLEKOIKGOVY GHUAVTIKO UePioto atn diebvy ayopa. H korvotouio xai n teyvolo-
yia Ba empéwovv v ewotpepn avamToll TOV TOGO EYOVUE AVAYKNY», OTMG EMIONG KoLl O
Youmovpyos Yyeiag, Aviovng Mnélag o omoiog onAwoe: "Néa mpooéyyion tne emiyel-
pruotikotnrag oto ywpo s Yyeiog. H avamrody, Oo mpoédber péow g Peltivwons g
QVTAYWVIOTIKOTHTOS KOl YWPIS THY TPowldnon t)e KoIvotouiog, oev Umopel vo, vmplel.
2to Ymovpyeio Yyeiog épovue oAokinpwaoel pio ompornyixy ue mépovg omod 1o véo EXIIA kau
wepilaufiaveror kot mpoypouua yio EComvy eeldikevon Kai Tpoaywyn e Kaivotouiog. "

Aoi®o, GULUETOYNG OTO SOYOVICUO £XOVV PUGIKE TPOGHTO 1) OUASES PLCIKMV TPO-
OOTOV 1 VOUKA TPOCHOTO OTOLLGONTOTE HOPONGC. MEPIKES amd TIC KATNYOPIES OTIG Omoieg
KOAOUVTOL Ol VIOYNELotl va katafécovv mpotdoels eival ot €€ng : [Ipoyvootikd kot dta-
yvootikd epyaieio, Kuttapuég Bepaneieg, Avayevvntkn latpikn (Regenerative medicine),
A&ordynon kot a&lomoinomn vémv Bgpamevtikdv ovcwmv, Texvoloyieg, MebBodooyieg Kot
Agikteg, Zvotquato yopnynong eapudiov, Broteyvoroyio, Blo-niektpovikd cvotiuara,
Yroloylotiky ometkovion kot Popmotucég drotdéets, Xapaktmpiopog Loptak®V UnyovicHdv
aBoyévveong Kot avadelln vémv Bepamevtikdv otdymv, Blo-mAnpogopikn, Tnie-tatpkr (e-
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/m-health), Teyvntd 6pyava, Navo-tatpikn, [mplatpikn, k.o. H wpoBeopio vrofoing tov
ovppeToy®@v givar péypr v 1" Nogpppiov. Avarvtikd ot 6pot Kot o1 TpodmobEécelg cuppie-
TOYNG TOV dloy®@VIoHov Ppickovtal oto http://innovationproject.gr/site/.

Exapoconmdvtag évav kKAGO0 mov yopoaktnpiletol ®g «kKAGS0GC atyuiey» Yo TNV avamTy-
&n ™g eMVIKNG otkovopiag Kot xovtag TNV Kawvotopio o¢ facikd cuotatikd ototyeio,
0 XOEE emyeipel va coppdidlel evepyd otnv voctiplén TPOTOTOP®V OEDV LLE GTOXO TN
dnpovpyio veopumv enLyEPNoe®V 6T0 XdPo TG Yyeiag otv EALGS, m¢ amotédespa epap-
HOGUEVNG EPEVVAG KOl KOVOTOUMY ADGEDV GE TPOTOVTA KOl VITTPECTEG.

H npotofovirio avti tov ZOEE evidooetatl 610 mhaictlo tov mpoypdppatog Y evbovng
Apaotnpronoinong kot Avantoéng tov XuvaEGHov. Ze pio TEPIodo KPiomg yio TNV EAAVIKT
Kow@via Kot otkovopio, o kKAadog ¢ Yyeiag amotelel Oyt povo évo kpicio otoyyeio Kot
VOVIKNG GUVOYNG 0AAG Kot £va TESTI0 EVKOUPLDY Y10, TV VAOTOINGT TOV «VEOL avaTTLELNKOD
povTélovy, Tov Pociletol oty Kowvotopia, TV e£®oTpépela, TV EULPACT 6€ KAAOVG LE
AVTOYOVIOTIKG TAEOVEKTAOTA, TNV VYNAN TpootiBéuevn aio, v aflomoinon eyydpiov
EPEVVNTIKMV TPOCTAOELDV KOl EXLGTILOVIKOD KEPAANIOV.

«H mpoorabera mov kaver 1 EALdda yio. tqy avakouyn te o1kovouiog te amoTelel 1o
ONUOVTIKY TPOKANON YL0. OLOVS KO 1010ITEPWIS IO TO POPUAKEVTIKO KAGdo. 1’ avTo emiyeipov-
e va ovufidAlovue evepya oty oThpiln KOIVOTOUMY TPOTATEWY VEWV, IKOVOY avOpPOTWY KAl
Vo ODTOVUE EVA LITVOUO. OTL ] YDPO. OGS UTOPEL KOl TPETEL VO, OCLOTOINOEL TOGO TOVS AOUTPOVG
EMIOTHUOVES TIOV EYEL AAAG KOL TIG KOIVOTOUES LOEES TOVS, «PUTMPLOY QUPLAVIY ETLYEPHUOATI-
K@V dpdoewv wov Bo dwaovy wbnon oty ovartoln TS OIKOVOUIaS KOl AVIOYWVIGTIKOTHTAS
oty yopo. pacy, emonuoiver o Ipoedpog rov XOEE, Kwvoravrivog Ppovlijs. 2ty ovvéyeia
VIOYPOLUUICE TS KOl POPUOKEVTIKES ETLYEIPHOELS YVPILovy TOAD KaAG. T onuacio TS Koi-
votouiog yia. v avamroén kot my mopoywyn apoctiféusvns aliog, 1diaitepa arov gvaiodn-
70 KAGdo TG vyElog kol dgv o umopodooue TOPG. Vo, GTHPIEOVUE EUTPAKTMOS TOVG EPEDVHTESG
KQl ETOTIUOVES THG YWPOS 1as Ponbavios tovg va vAomoroovy v 10éa tovg otnv ElAdda.
Aldwote 1 kouvotouio. eivar o Loyog vmopéng pag, eivor ato DNA twv etaupiadv épsvvag kai
avamwtvdng kot amotelel axpoywviaio AiBo TS PapuoKELTIKNG 0yopas. AVTO IO EMOLOKOVUE
eivar va emPpofedoovue v KoIvoTouia, Tposyovias Topdlinia ty vyeio!»

O Wputic TV Industry Disruptors - Game Changers, Myding Xrdykog, copmin-
POVEL AEYOVTOG WG, «XE pia TEPLOOO KOTA TV OTOLA 1] OVEPYIO, TWV VEWV KOATGALEL € TPW-
TOYVWPO, Y10, T YOPO. ETITEIQ, N ovvepyaaio. aviueoa atovg ID — GC ki tov XDEE mpocdo-
KG T ONUIovpyio. kol TV AEITovpYio. EVOG VEOD ETLYEIPHUATIKOD OIKOGVOTHUOTOS UE TKOTO
Vo TPOTPEPEL VEQ TVOT KOL OPOLO, OTIYV VEQ YeVIA. XaipOuaoTe 10100TEPO. Yo THY EUTPOKTH
eumaroaivy tov XPEE 010 épyo pag xai TiHoDUE QUTHY THY EUTIOTOCOVH UE THY OPWYH Kol
™Y OTOCTHPIEH UAS GTHY AVATTOEN THS OIKOVOULAS, AVTAYWVIGTIKOTNTOS KOl ECWOTPEPELOS THS
XOPOSH

Méin Kprtueip Emerponnyg

IIpdxettat yio kataSlOUEVES TPOCOTIKOTNTESG Ie LEYAAN eumelpia o€ Bépata KovoTo-
plag, avantuéng kot extyepnuatikdmrag. [Ipoépyoviatl amd d1i@opovs TOUEIC OTMG TOL
K ado tov Emyeprioemv, g Yyeiog, g Texvoroyiog kot Eappoydv, tov Enevédoewv
kot ¢ Avamtuéne Neopuav Emyeipriiceav k.. IIpdedpog e Kprtikng Exttponic Oa gi-
vat o [Ipoedpog tov ZDEE, k. Kovotavtivog Dpoviig evd petad tov pehdv givol ot K.K.
Avactacomovrog Xipog [1poedpog tov EAAnvo-Apepikavikod Europukod Empeintnpiov,
Aovkidong I'edpyrog A/ving Epyaoctnpiov Hiektpovikod Eniyepeiv (ELTRUN), Kabnyn-
g Owovopkov Ilavemiotnuiov Abnvav, Evpuriong Kovetavtivog [1poedpog Aéoyng
Emyeipnuoticotnrog, Avtimpoedpog TOEE kat Atevbivaov Zopfovioc g GENESIS, Ka-
160G Baoilerog ['evikoc 'pappotéac g ITED, [pdedpog kot Atevbivav Zoppoviog tng
OAPMATEN, Kvpralig Xapng Exteleotikdg Avtinpdedpog tov LEB, Kvprakoémovrog
0Odvoocéag [Ipdedpog tov [dpHuatoc Okovopukdv & Brounyovikov Epsovav, Kopkog
Avt®vng Senior Partner Mckinsey & Company, Aepmpivérovrog Kovetavrivog [Ipoe-
dpog g EAAnvikng Etaipeiog Atoiknoewg Entyeipnocwv kat A’ Avtinpdedpog Aéoyng Emt-
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yepnuotcoTTog, Mrapovtsov Bappapa Zvvrtoviotpia Emtponng latpikdv Atgvbuvidv
YOEE, latpwn Atevbovipio g SANOFI, IMavayovieg Kovetavrivog Avtimpoedpog
YOEE, I1poedpog Enttponng Avamtuéng & Ipootibépevng ALiog ZOEE kot Avtimpoedpog
AX. g BIANEE, Zvppokéing Zotipng ['evikdc Atevboviig Opitov Tpanelog Iepat-
@¢, Tpurddng Nikog Aevbuvtrg Etapikng Ztpamykng yio 1o Group g NOVARTIS
Switzerland, Mikhail Karim Avtinpoedpog kot Atevfovav Zopfoviog tg MSD EAldadac,
Kvnpov, Mdaktag kor Nordkamp Erik IIpéedpog tov Pharma Innovation Forum (PIF),
[Ipdedpog & AevBovev Zoppfovrog g PFIZER kot Alexander Zehnder, Aevfovev
>opupovrog g ROCHE.

Baowé Zroyysio Aloyoviepod

» Y16y0¢ T0V dlaymviocpuov «SFEE Innovation Project» eivor n avoyvdpion g kaAdTePNG
KOLVOTOLOL 180G, SIOUOPPOUEVNC 101 GE EMXEPNUOTIKO GYEDL0, OTIC GLYKEKPIUEVES KO-
Tryopieg Tov KAASOVL NG vYEiog.

* AcoimpLo GUUUETOYNG OTO SLAYDVIGHO £XOVV PLGLKE TPOSMTA 1} OUAOES PVCIKMY TPOCHTMV
1N veoouoTaBEVTa VOLLKA TTPOGMTO. OTOLGONTOTE LOPPTS. Ot CUULETEYOVTES OTOV SL0y®VL-
oud Ba mpémel, KoTd ONAMCT TOVG, VoL EYOVV TOL VOO SUKOL®dPOT £ TNG VITOPBUAAOUEVTS
VoYM PLOTNTOG, 1TOL ENL TOV EMLYEPNULATIKOD TOVG GYESIOV.

Awkekpipévn Emitponn A&oAdynong, e d1ebvn eumepio 6€ veupaAyikovg TopEic g ot-
kovopiog (Emyepnoeav, Yyeiog, Texyvoloyiog kot Eapuoydv, Enrevévoemv kot Avamtv-
&ng veopumv emyelpioemv), o a&loA0YNGEL TO GVVOLO TOV TPOTUCEMV UE TNV OALOKAN-
poon g vrofoing. Ot telikoi vikntég Ba Ppafevtovy oe 101K, AVOIKTH Y10 TO KOWO,
TeAET 6T0 TANiG10 TV dpdcemv g [aykoopog Efdopddag Exyeipnuatikotntag, ota
éAn Nogpufpiov 2013.

H avamrtuén cvvepyacidv Kot Siktvmong, oty EALGda kot to eE@tepkd, avdpeoa og
EPELVNTEG, VEOLG emyelpnaTies, opelg kawvotopiag, Beoukong popeis, Leydres emyepn-
OELg KO LEAN TNG EMEVOVTIKNG KOWVOTNTUG TMV EMAEYUEVOV GYNUATOV Kt 1OEDV, ATOTELOVV
npotepardra g tpotofoviiag «SFEE Innovation Project» tov Xvvdéopov @appokevtt-
kv Emyeipnoemv EALGSG.

O Alyoviopdg tedei vrd v Aryida tov Yrovpyeiov Avantoéng & AvioyovieTikOTnTog
Kot Tov Ymovpyeiov Yyeiog.
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Anioosgig perav Kprtikiig Emrponiyg

Yipog Avootooo6moviog,
IIpdedpog tov EAAnvo-Apepikovikod Epropukod EmypeAntmpiov:

«O 10y VIGUOS 0WTOS OmOTELEL TV amavinon kot couuetoyn tov XPEE otnv eBviki mpo-
OKANON Y10, GOOTPLTEVTN TOV ETLYELPHUATIKOD KOOUOV TTHY TOPELQ. PLO. TV OVATTOCH, THY AVIO)®-
VIGTIKOTHTO. KOL TV EEWOTPEPELD. XTHV TOPELQ. PLO. TH OIKAIWGH TOV VEOV AVATTUEIOKOD TPOTOTOD
7oV eméleCe N yawpa. Amotelel éumpartn omovinon o€ 0lovg ekeivovg mov Pialovior vo. vwo-
Pobuicovv v mpoomabeio g ywpog koi Tov ywpov ¢ Yyelag va orldéel TG opyovwTIKES TS
OOUES KO Va. PPEL Lo TEPpATH POPE. THY ONILOGIOVOULKY THS 100pPOTILa, PIOoTIKG TPOECOPAOVTAS
70 UELAOV THG. »

Kovetavrivog Evpuriong,
IIpdedpog Aéoyng Emyepnuotikottog, Aviurpoedpog ZOEE kai Atevfdivav Zoppoviog
g GENESIS:

«Me v mpwrofoviio avty pilodoodue va otnpiéovue evepyd tnv eAAnVvikny emiyelpnuo-
TIKOTNTO. KOl KOIVOTOWI0, 0TOV KAGOO THS VYglog, Kabwme maredovie mpoyuatikd 0tt arov t0mo
Hog Og Aeimovv o1 10é€g, 0AAG 01 vKAIPIES Y10, VO YIVODY OTEG TPACH. ZToyedovue AoITov va
otnpicovpe Tovg EAANVES ETIOTHUOVES, DOTE VO EPOPUOGOVY TIG TPWTOTOPLOKES TOVG 10EES KOl
VO TOVG JDOOVUE YEPOTLATTEG ADTEIS YPLO. VO. DAOTOUGOVY TO. ETIYEIPNUOTIKG TOVG TYEOLOL. »

Zotpne Zvppakilng,
T'evikog AtevBuvtig Opilov Tpdmelag epoidg:

«2nv Tpdmelo Heporwg divovue Eupoon otny KOIVOTOUIO. KOl 0TO ATOOEIKVDETOL 00 TH
opaotnpioTyTa 1og oTny nAektpoviky tpane(ikn. Exovue emevovoel, emiong, oty emiysipnuoti-
KOTHTO HEO® TV ETEVOVTIKAY Kepaloiwv PJ Jeremie Tech Catalyst kou TANEO. »

Bagsiierog Karooc,
I'evikog pappatéog g [ED®, [Ipdedpog kat AtgvBivaov Zoppoviog tg PAPMATEN:

«IIpoowmixa, TOTEL® TWS ADTOS 0 JIOYWVIOUOG, EIVAL Uio. YPVOOH EVKOIPIO. VIO, VO, KPOTH-
oovuE TO. AaUTPa Lvala. THS ywpog pog oty EALGda. Ze pio emoyn amdierag mpocovaroiionod
Kal KpLong - OTWS OTH TOL J10VOOVUE - TO Opopa omotedel molida yia olovg. H kovy mwioty,
ONAadN, 0€ GVYKEKPIUEVOVS TTOXOVS Kail uéoa eritevéng. H avadeiln g mpoortikig wg otoi-
xeiov draplng kot onuovpyiag. H npoordabeia yia to avpio, oiuspo. »

Erik Nordkamp,
IIpdedpog tov Pharma Innovation Forum (PIF), [Ipoedpog & Atevfivev Zopfoviog g
PFIZER:

«EArilw, ot avth n mpwrtofovlio Qo omoteAéoel kotality, wote va apyicovue vo okepTo-
LOOTE TIG KOIVOTOUES EVKAIPIES KL VO, KOTO.OTHOOVIUE THY KOIVOTOUIO. 68 Baoikd aToLyeio Tov
TOMTIOUOD oG »

INa weprocdTepeg TANPOPOpieg pmopeite va anevbuvbeite

otV ka Natoriio Tovpmavakn, Atevdoviplo Exucowvoviog ZDEE.
E-mail: natalia.toubanaki@sfee.gr, tnA.: 6947936708, 210 6891101
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Néa Tov PopRoKEVTIKOV ZVALOY®V

IIpog peydin pog yopd, to televtaio didotnua, dtavdovpe o véa groyn, 6mov i
«Doppokevtikny Pprke moAd {eot) anodoyn and tovg PaplaKeLTIKOVG ZVAAOYOVS, LE
OTTOTEAEGLO, EKTOG TOV VO AITOGTEAAETOL AEKTPOVIKG GTO e-mails TV PHEADV-PapLoio-
OOV TOV ZVALOYOV, Vo PIAOEEVEITOL KOl OTIG IGTOGEAIDEG TOVG.

Oa 0hayLe vo, evyaptotioovpe Tovg IIpoédpoug Tav ZuALOY®V, To LEAT, 0ALG Kot GGOVG
ovppetelyav o autr ™V Tpootafeln LEYPL TOP. Zag vOUPPUVOVLLE VO LOG OTOCTEANE-
TE VEOL OYETIKGL e TOLG ZVAAOYOVG 1) EMOTNLOVIKG GpBpa, To omoial LETd ommd £yKpLoN TG
Yvvtoaktung Emrponc, 6o dnpociebovion og ETOLEVO TELYOG.

Yromdg pog pEsa amd avtn TN dadikacia, Vol 1 TPOMONOT TG EXGTILOVIKNG YVO-
ong kat £pguvag og 0,tL aeopd Ty Dappoakevtiky emotiun. Edikd petd tig eEehigelg
oToV KAGOO TNG VYELNG, 1| EVEPYT CLUUETOYN GOG ElvaL GKPMG AmaPAiTNTN Kot YPNoLuN.

Yag dwPePoardvovpe 0t n «Pappaxevtikny o cuveyicel va amotehel ypioLlLo eyyEL-
pid1o oTa YEPLAL TOL POPLLOKOTOLO, OGS EXEL EMTOYEL EML GEPEL ETMV.

Evyapiotodpe toug mapakdtom Ooprokentikong ZoAAOYOUS Yo TNV GUECT] AVTOTO-
KPLoT) TOVG G TTPOG TNV avapTnon TG «DopLOKEVTIKNG OTIG IOTOGEAIDEG TOVG:

1. Tlaveadqviog @appakevtikdc XoAloyog 15, @.X. AaciBiov
2. O.X. Apyoridag 16. ®.Z. AécPov

3. @.X. Apkadiag 17. ©.X. APadetdg
4. O.X. T'pePevav 18. @.X. Meoonviag
5. ®.X.Efpov 19. ®©.X. EdvOng

6. @.X. Zaxbdvhov 20. @.%. [TpéPelog
7. ®@.X. HpoxAeiov 21. @.2. PeBopvov
8. @.X. Oscoarovikng 22. ®.3. Zepphrv

9. @.%. Kaotoplig 23. @.2. Tpwarov
10. ©.X. Képkvupag 24. ©.X. Dropvog
11. ®.X. Koldavng 25. @.2. XaAKOwKng
12. ©.X. Kopwbiog 26. ©.X. Xaviov

13. @.X. KvkAddwv 27. ®.%. Xiov

14. ©.2. Adproag

TN mepattépm TAnpopopieg Kot d1evkpviceLs, emkovoviote pall pLog
010 am(@zita-congress.gr 1] 1o 211 100 1764.
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Do pprokevTIKOg XVAL0Y0S AéoPov
Ampepioa ®.X. Aécfov, 14-15/9/2013, pe 0épa:
«On €€EMICEIS 6T QUPUOKEVTIKT AYOPE KoL 1| TOPELQ,
70V EAAMVIKOY ®upprokeiov o6TIS VEES VVONKESH

Me peydn ooppetoyn tov eoppokonol®v g AécPov dopyavobdnke okdpo pio EKTOOELTIKY Ampepion Tov
oLALGYOL poG, ota TAaicta TG «Ata Biovy ekmaidevong, Tov epoapuoletal 36 Kot ypovia and To GOALOYO oG

H moA0 eviuapépovoa Bepatoloyia kot 1 coppetoyn a&OAOY®V OpANT@YV, KPATNGE AUEIDTO TO EVOLIPEPOV
Yo OGAOVG TOVG GLUUETEXOVTEG PAPLLOKOTOLOVG.

O ®appokevtikodg LoAoyog AéoPov Ba Beke va evYAPIETAGEL TOVG AEOTYOVS OMANTESG TOL TTapaPpEdnKay,
ommg kat tovg yopnyovg: ELPEN, LIBYTEC, PHARMATHEN, Frezyderm, Karabinis medical, Galenica — Olvos,
Menarini diagnostics & Power Health, mov pe tnv okovopky tovg otipién cuvéfolav otn TpayLotomoinem tnge.

TnieonTkO om0t TOLV PUPUREKEVTIKOD XVAAOYOV AécPov

UMIOTEUTELTE
TO PAPUAKOTION 0acg

OAPMAKEYTIKOZ
IZYANOrOX AEXBOY

SGAPMAKEYTIKOZ
IYAAOTOZ AEZBOY

O Z0AhoY0G LOg Y10 VoL TPOGYEL TIGC TOANGELG KOALDVTIKAOVY KoL TOPUPUPLUKEVTIKDY TPOIOVIOV LECH TOV
(QOPUOKEIDOV [OG, LETASIOEL SLOPNGTIKO GTOT G€ OAOL TNAEOTTIKA LEGA TOL VOOV AEGPov.

Oa akoAovONGOVV KoL GAAC SLOPNULGTIKG GTOT, GE GTOYEVOLEVA TPOIOVTA (TAVES AKPATELNG KTA), TOV
Satifevon Ko amd GAAA KOvAAo SIVOUNG, GE L0 TPOCTABELD ETAVAKTNONG TNG YOLEVING DANG OTtO TO. Pap-

pokeio pog.
To Tnieomtikd Xm0t Umopeite VoL T0 deite GTNV 16T0GEALN TOV GLAAOYOL: Www.fsl.gr
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Do pprokeVTIKOG XVAL0Y0S XaVI®V
Hpepioa @.X. Xaviov, 14/9/2013, pe 0épa:
«Ewayoyn ot pacwkn KAA — EvecoOepancior

H npepida pe 0épa «Eoaymyn o PBooikn KAA — evecobepameion gixe cov 6TOX0 VoL EKTOLOEVCEL TAVD GTNV
evecoBepaneia, divovtag MGTOTOMTIKA GTOVG GUUUETEYOVTEG PAPLOKOTOIOVG EITE VITGAANAOLG Qoppaketdy. Tnv
nuepida dopydvaooe n Gappakevtikr Etapeio EALGS0G pe tov Dapprokeutikd Z0AA0Y0 Xoavidy Ve EKTOLOEVTEG
NtV OpLada YoTpdV Kot voonAevtmv and tnv Movada Evtatig tov Zicpovoyieiov.

O wpodedpog g D.E.E. k. BAuocomovdog TOVIoE OTL 0 QAPLOKOTOIOG TPETEL VAL PYel Kol EKTOG TAYKOV Yi0. VO,
avodEIZOVIE TOV KOWVOVIKO oG POLO TPAOTIOTOS e OAES OL VIINPEGIEG VYELNG TOV TAPEYOVLE KOL LEGO OE QVTEG TIG
TapoyEs etvar kan 1) evecobepancia. Evd o dddeg ydpeg g Evpdmng vdpyet vopobetikd mAaicto yo v evecobe-
pomeio oto eoppakeio oty EALGda avtd dvotuydg dev cvpPaivel. Nopilovpe 6Tt pe TG KoTdAnAeg mapepfaoetg
7oL Ba yivouy pécm tmv Goppakentikdv ZvAldyov 1 oo to [avemotpio péoa, va acknBei pua tieon oto Yrovp-
veio Yyetog ko Ioudeiog €161 doTE vo avTh| va voppomowm Oet.

Onwg avépepe o Tpdedpoc tov O.Z. Xaviov k. Bappovkag «rn evesobepameio gival o Tpdmog Tov Kabe Popd
Kavovpe pa £veon gite ot ivar evoopikn eite vTodopia. AdTt 1 dtadikacio Kot 0 TPOTOG TPEMEL VAL VUL GUYKE-
KPLEVOG KOl VO DTAPYEL 1] COGTH YVAOGOT. METE and antd TO GEUVAPLO Ol apPUOKOTOol o givol TioTomOmpUEVOL.
Q61060, TO GUYKEKPYEVO GELVAPLO OEV EYEL GKOTO LLOVO VO EKTOUUSEVGEL TOVG CUUETEXOVTESG PUPHOKOTOLONG KoL
BonBobc pappokomoldv oty evecoBepamELD, OALG VO KAVEL KOL L0 ELGOYMYT 0T BOCIKE TNG KOPIIOUVOTVEVCTIKNG
aval®oyovnong, KATL Tov €ivol ToAD ¥pIoylo, S1OTL SloyEETal Yo G EVaV TOUEN ETEIYOVCOG AVAYKNG Y10 TEPL-
OTOTIKG OGS EPPPOYLLO, TVIYUOG KA. TT.)»

O ypappatéog tov .2 Xaviov k. Katoopdxng onpeimoe 6Tt 1) kabnepvi Tpaktikn oto eappokeio falet to
PoppoKonold o Bon ekmandevti ToL Asbevovs otV avtobepameio pe PITAUVOVYES, AVTUTNKTIKES, AVTIOALEPYIKES,
avTIBLOTIKEG, AVTITETOVIKES K.0l. EVEGELG EVA Y10 TAPASELYIA O avTLypuTikog EPPolacpog anacyolel kabe ypdvo to
poppoxeio. Ex tov mpaypdtov Aoumdv 0 @oplaKoToldq TPETEL VO KUTEYEL TO OVTIKEIIEVO TNG evecobepaneiog £0T®
Kot av 6gv 10 dddyTNKe 6T oYoAN TG PopLOKEVTIKNG, OTMG EMIONG TPEMEL VOl SLUDETEL TIG OTOPOITITES YVDGELS Y0l
vo. fondnoet £va cuvavBpmmo pe AMmoBupkd enelcddto.

EMIITHMOMIKH HMEPLAA “
EIZATOIH EITHN BAIIKH KAA - ENELIOBEPANEIA -

MPOTPAMMA
9:30-10:00 : Eyypogpes
10:00-10:30 : Xawperiopol
N.BAaoadmoudog (Mappnkannibs, Npéedpog ©.E.E)
Av. BapBoukag (Mpdedpos Pappakoimxou Fulddyou Xavinw]

A' TYHEAPIA:

EIZAMOMH ITH BATIKH KAA - MMNOSYMIKD ENEIZ0AID 11:15-12:00 Baowig apuég eveooBepaneiag
ZUVTOVIOTES: « Mopopec petafl unodapog ko evopuiRnG Eveong
M.Blocodmoudos (Dapparomeds, Npdeldpes 0.E.E) «Texvikée extedeans » AvemBupnTeg EvEpYEIES
Av.BapBouxac [Npdedpoc Sappausimkos Tulkdyou Xoviuv) = TupBApara Kol EmmAokEe
10:30-11:00 Eranyntris: E. NaBaodmouhos

(HoonAeutrg M5C, Y. Asdcriap lanpuchs Toodsg ERLILA,,

Ewsaywyn otn Basn KAA (Kapdioovamveuatikn Avalwoyovvnan) Mciovevec X Xeypoupywsic & Siapax/ ik Khevicl: TiopaviyAeic™ T MA)

= AvTipetwmon AimoBupikol emexrodion

Ewonyritpa: M.Kokokdxn 12:00-12:15
|.huuuB_ﬂmni'._m,-m;. MpuBimpea karpde E.L Y, Tianparog AvasoBnauadoyiag Nopixd SikAppara
& lotpeiou Mivou"TopoedyAein” MHLAL) waTd TV doknon evesoBepaneing I:[ITﬁ. PAPPTKOTBIONE
B' IYNEAPIA: ENEZOQEPAMEIA _ Ewnynme: M. Geodogiou
: (lotpig, deeuBiving ELE Y., [.M.A. T.Fevnporac’)
IuvTovioTEc :
Mn. Paitaiou 12:15 - 12:45  Aghepa
[Evtonmohdyog: Xaigoupyos, EA° ME.B.Tuopoviyheio” [.H.A) 17:45-14:30
Epprovound Katoapakng ) NPAKTIKH AZKHIH ITHN ENEZOSEPANEIA
(Tpaypatior; Sapuareumkod Iulhayou Xavuw) KAviki Goxnon OF TpoOcopoiTES ava opadeg
11:00-11:15 lotopien avadpopn Tng oupiyyag kar g Behavng Exmaibeutéc:
Eranynng: In. Kopowvng M. Koxohdwn - E. MNaBaodmouldog - Mn. Paitaiou
(Xeipoupryts, Odowtiarpoc, Mouoduoc E.K.M.A., MEog D.EE.) Poupmou Nika Miovugia - N.BAasgonouioc - In, Kopwwne
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30 years of excellence, inspiration, efficiency
Congresses & Events / Travels / Associations

ZITA

CONGRESS

designwise

ISO 9001
ISO 14001

We inspire results

S —

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
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URISANOL

gelules
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Cranberry
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