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Abstract

Throughout history, natural products have
been the most significant source of drugs in cancer
therapy. Cancer represents a multistage and
heterogeneous disease that is driven by progressive
genetic and epigenetic abnormalities. The majority of
chemotherapeutic drugs affect cell division or DNA
synthesis and function, in addition to recent targeted
therapies (monoclonal antibodies etc). On the other
hand, vegetables and fruit are also excellent sources
of cancer preventive compounds.

The mechanistic insight into chemoprevention
includes induction of cell cycle arrest and apoptosis
or inhibition of signal transduction pathways mainly:
the mitogen-activated protein kinases (MAPK),
protein kinases C (PKC), phosphoinositide 3-kinase
(PI3K), glycogen synthase kinase (GSK) which
leads to abnormal cyclooxygenase-2 (COX-2),
activator protein-1 (AP-1), and nuclear factor kappa-
light chain-enhancer of activated B cells (NF-kB).
Effectiveness of chemopreventive agents reflects
their ability to counteract certain upstream signals
that leads to genotoxic damage, redox imbalances and
other forms of cellular stress.

Epigenetic therapy is a new area for drug
development in cancer prevention. The current
generation of epigenetic drugs primarily target to
inhibittheactivityandexpressionofmethyltransferases
(DNMTs) and histone deacetylases (HDACs). In
close relation to chemotherapy, chemoprevention
enforce by edible phytochemicals or/and epigenetics
is now considered to be an inexpensive and promising
approach. The present short review present a number
of natural and synthetic chemopreventing agents,
along with their mode of action, towards cancer
control and management.

Key words: cancer chemoprevention, epigenetic
mechanisms, phytochemicals, polyphenols, synthetic
agents.

Introduction

Cancer is a growing health problem around
the world, particularly with the steady rise in life
expectancy. According to a recent report by the
World Health Organization, there are now more
than 10 million cases of cancer per year worldwide.
Cancer results from a multistage, multi-mechanism
carcinogenesis process that involves mutagenic, cell
death and epigenetic mechanisms, during the three
distinguishable but closely allied stages: initiation,
promotion, and progression. Since reducing the
initiation phase to a zero level is impossible, the most
effective intervention would be at the promotion
phase to eliminate premalignant cells before they
become malignant'.

Natural products, in general, have been the most
significant source of drugs in science. Throughout
history, these products have afforded a rich source of
compounds that have found many applications in the
fields of medicine, pharmacy and biochemistry?.

The fact that about 7 million people die from
various types of cancer every year, making this disease
responsible for 12.5% of deaths worldwide, raises an
overwhelming demand to develop new, more potent
and effective anticancer, as well as chemopreventing
agents’.

Therefore, the concept of delaying or preventing
this transformation remains a viable and attainable
goal for the future?.

Nutri-epigenetics has lately emerged as a new field
in current epigenetic research. During carcinogenesis,
major cellular functions and pathways, including drug
metabolism, cell cycle regulation, potential to repair
DNA damage or to induce apoptosis, response to
inflammatory stimuli, cell signaling, and cell growth
controlanddifferentiationbecome deregulated. Recent
evidence now indicates that epigenetic alterations
contribute to these cellular defects, for example

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



epigenetic silencing of detoxifying enzymes, tumor
suppressor genes, cell cycle regulators, apoptosis-
inducing and DNA repair genes, nuclear receptors,
signal transducers and transcription factors by
promoter methylation, and modifications of histones
and non-histone proteins such as p53, NF-kB, and the
chaperone HSP90 by acetylation or methylation®.

Vegetables and fruit are excellent sources of
cancer-preventive substances. Intervention to slow
down, arrest or reverse the process of carcinogenesis
by the use of either natural or synthetic substances
individually or in combination therapy has emerged
as a promising medical approach to reduce cancer
risk. Epidemiological and experimental evidence
emphasize that specific compounds may positively
inhibit carcinogenesis at various sites, including the
oral cavity, esophagus, stomach, colon/rectum, lung,
breast, and prostate, but at the same time, another
compelling body of evidence, together with the data
from animal and in vitro studies, strongly supports
the relationship between dietary constituents and the
risk of cancer development®. The American National
Cancer Institute has identified about 35 plant-based
foods containing 1,000 different phytochemicals,
that possess cancer-preventive properties. The most
exciting findings have been achieved with antioxidant
vitamins and their precursors, which are found in
dark, leafy green vegetables and yellow/ orange fruit
and vegetables. Recently, the focus and emphasis
have shifted to the non-nutritive phytochemicals?.

The present short review present a number of
promising natural and synthetic chemopreventing
substances along with their mode of action, towards
cancer control and management.

Chemopreventing mechanisms

The mechanistic insight into chemoprevention
includes induction of cell cycle arrest and apoptosis
or inhibition of signal transduction pathways mainly
the mitogen-activated protein kinases (MAPK),
protein kinases C (PKC), phosphoinositide 3-kinase
(PI3K), glycogen synthase kinase (GSK) which
leads to abnormal cyclooxygenase-2 (COX-2),
activator protein-1 (AP-1), and nuclear factor kappa-
light chain-enhancer of activated B cells (NF-kB).
Effectiveness of chemopreventive agents reflects
their ability to counteract certain upstream signals
that leads to genotoxic damage, redox imbalances
and other forms of cellular stress. Targeting
malfunctioning molecules along the disrupted signal
transduction pathway in cancer represents a rational
strategy in chemoprevention. NF-kB and AP-1
provide mechanistic links between inflammation
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and cancer. Thus, cell signaling cascades and their
interacting factors have become important targets
of chemoprevention and phenolic phytochemicals
and plant extracts seem to be promising in this
endeavor’.

Epigenetic mechanisms involved also in
carcinogenesis. Carcinogenesis is a long-term process
and both genetic and epigenetic factors contribute
to cancer development. Epigenetic changes, such
as DNA methylation, histone modifications and
post transcriptional gene regulation by non-coding
microRNAs (miRNAs) are easily influenced by
dietary and environmental factors. These processes
affect transcript stability, DNA folding, nucleosome
positioning, chromatin compaction, and complete
nuclear organization of the genetic material.
Synergistically and cooperatively they determine
whether a gene is silenced or expressed, as well as
the timing and tissue-specificity of the expression of
these genes. Disruption of the epigenome certainly
underlies disease development?®.

DNA methylation is probably the most well
researched epigenetic mark that differs between
normal cells and tumor cells in humans. In normal
cells, CpG islands preceding gene promoters are
generally unmethylated, while other individual CpG
dinucleotides throughout the genome tend to be
methylated. However, in cancer cells,these islands
preceding tumor suppressor gene promoters are often
hypermethylated, while CpG methylation of oncogene
promoter regions and parasitic repeat sequences is
often decreased’.

In comparison to healthy cells, cancerous cells
have been seen to exhibit decreased monoacetylated
and trimethylated forms of histone H4. In mouse
models, many have noticed that the loss of histone H4
acetylation and trimethylation actually increases as
tumor growth continues'’. Loss of histone H4 Lysine
16 acetylation (H4K16ac), that is a mark of aging
at the telomeres, specifically loses its acetylation and
this histone acetylation loss might be battled with
a histone deacetylase (HDAC) inhibitor specific
forSIRT1, an HDAC specific for H4K16".

In mammals, microRNA (miRNA) regulates
around 60% of the transcriptional activity of protein-
encoding genes. Some miRNAs have also been
found to undergo methylation-associated silencing in
cancerous cells.'>!

Dietary polyphenols can potentially impact all
above mentioned epigenetic modifications, which
in turn contribute towards their chemopreventive
potential. Although epigenetic changes are heritable
in somatic cells, these modifications are also



potentially reversible, which makes them attractive
and promising avenues for cancer preventive and
therapeutic strategies. Dietary polyphenols from
green tea, turmeric, soybeans, broccoli and others
have shown to possess multiple cell-regulatory
activities within cancer cells'.

From a clinical point of view, epigenetics seem
to offer a very promising and attractive issue, in
contrast to genetic changes such mutations, gene
deletions, DNA binding's. Unlike mutations, which
exist for the lifetime, epigenetically modified genes
can be restored. Methylation silenced genes can be
demethylated, and histone complexes can be rendered
transcriptionally active by modification of acetylation
and methylation of various histones via nutrients,
drugs and other dietary interventions'®.

An ideal chemopreventive agent should have:
1) little or no toxicity; 2) high efficacy in multiple
sites; 3) capability of oral consumption; 4) known
mechanisms of action; 5) low cost, and human
acceptance. A variety of grains, cereals, nuts, soy
products, olives, beverages confer a protective
effect against cancer'’. In particular, natural products
consist of a wide variety of biologically active
phytochemicals including phenolics, flavonoids,
carotenoids, alkaloids and nitrogen containing as well
as organosulfur compounds, which have been shown
to suppress early and late stages of carcinogenesis'®.
Chemopreventing agents and their sources inducing
epigenetic mechamisms are given in Table 1.

The bioactive triterpene lupeol (Fig. 1), commonly
found in fruits like fig, mango, etc, has recently
attracted interest in the context of chemoprevention
attributable in large part to its antioxidant'®, apoptosis-
inducing and antiproliferative anti-mutagenic, anti-
inflammatory properties as well as its efficacy in
inhibition of in vivo and in vitro cancer growth?.

CH,

Figure 1. Structure of lupeol.

Triterpenes represent a varied class of natural
products, which occur commonly and are found in
fruits, vegetables and other parts of several medicinal
plants e.g . Arbutus unedo, Tipuana tipu, etc*' have
seen tremendous efforts by researchers worldwide to
develop this wonderful molecule for its clinical use for
the treatment of a variety of disorders. The last 15 years
studies also provide insight into the mechanism of

Table 1. Polyphenols acting as epigenetics via specific mechanisms

POLYPHENOLS SOURCE DNMTs HDAC:Ss Tumor
inhibition inhibition Suppressors

coffee polyphenols coffee v

curcumin turmeric v v v
dihydrocoumarin sweet glover v
epigallocatechin-3-gallate | green tea v v v
garcinol garcinia v

genistein soya v

lycopene tomatoes v

quercetin plant food v

resveratrol red wine v v

rosmarinic acid oregano v

sanguinarine blood root v

DNMTs: Methyltransferases, HDACs: Histone deacetylases
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action of lupeol and suggest that it is a multi-target
agent with immense anti-inflammatory potential
targeting key molecular pathways which involve
NF-kB, cFLIP, Fas, Kras, phosphatidylinositol-3-
kinase (PI3 K)/Akt and Wnt/B-catenin in a variety
of cells. It is noteworthy that lupeol at its effective
therapeutic doses exhibits no toxicity to normal
cells and tissues?. NF-kB, a transcription factor, is
now known to be closely connected to the process of
tumor genesis based on a multiplicity of evidence.
NF-kB is activated in response to tobacco, stress,
dietary agents, obesity, alcohol, infectious agents,
irradiation, and environmental stimuli that account
for as much as 95% of all cancers. NF-kB: a) :
regulates the expression of most anti-apoptotic gene
products associated with the survival of the tumor; b)
: regulates the gene products linked with proliferation
oftumors; ¢) : controls the expression of gene products
linked with invasion, angiogenesis, and metastasis
of cancer. While most carcinogens activate NF-kB,
most chemopreventive agents suppress its activation.
These observations suggest that NF-kB is intimately
intertwined with cancer growth and metastasis. AP1 is
another transcription factor that regulates expression
of genes that are involved in cellular adaptation,
differentiation and proliferation. Functional activation
of AP1 is associated with malignant transformation as
well as tumor promotion®,

Other chemopreventing phytochemicals

Curcumin, (Fig.2) a spice widely used in Indian
cuisine, has been identified to show considerable anti-
tumor effects. It is a yellow pigment that is present
in the rhizome of turmeric (Curcuma longa L.) and
related species and is one of the most extensively
investigated phytochemicals, with regard to
chemopreventive potential®.

H
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Figure 2. Structure of curcumin

The mechanisms implicated in the inhibition of
tumorigenesis by curcumin are diverse and appear
to involve a combination of antiinflammatory,
antioxidant, immune modulatory, proapoptotic, and
antiangiogenic properties via pleiotropic effects on
genes and cell-signaling pathways at multiple levels.
When curcumin is combined with some cytotoxic
drugs or certain other diet-derived polyphenols,
synergistic effects have been demonstrated®.

A recent finding is that curcumin binds directly to
and activates VDR (the nuclear vitamin D receptor),
inducing the VDR target genes CYP3A4, CYP24,
p21 and TRPV6%. Despite our increasing knowledge
on this substance there still remain many unknown
effects that deserve intense investigation®.

Gingerol (Fig.3), a phenolic substance that is
responsible for the spicy taste of ginger (Zingiber
officinale), was reported to inhibit tumor promotion
and PMA-induced ornithine decarboxylase (ODC)
activity and TNF-production in mouse skin*".

0 OH
|

HO
0CH,

Figure 3. Structure of gingerol

Capsaicin, (Fig.4) a pungent component of
hot chilli pepper (Capsicum annuum L.) has been
suspected to act as a carcinogen or a co-carcinogen in
experimental animals because of its irritant properties,
but other studies indicate that this compound has
chemopreventive and chemoprotective effects?.

HO
D\/H
\0 N =

0
Figure 4. Structure of capsaicin

Epigallocatechin gallate (EGCG, Fig.5) is an
antioxidant and chemopreventive polyphenol that
is found in green tea. It has been shown to suppress
malignant transformation in a PMA-stimulated mouse
epidermal JB6 cell line, which seemed to be mediated
by blocking activation of Ap1%.

OH
OH
HO |
' OH
g
OH OH
0
HO OH
OH

Figure 5. Structure of epigallocatechin



Genistein (Fig.6), a soy-derived isoflavone, is
believed to contribute to the putative breast- and
prostate cancer preventive activity of soya®. Genistein
inhibited PMA-induced AP1 activity, expression of c-
FOS and ERK activity in certain human mammary
cell lines. Genistein treatment abrogated NF-kB DNA
binding in human hepatocarcinoma cells stimulated
with hepatocyte growth factor™®.

HO 0

OH O
OH

Figure 6. Structure of genistein

Resveratrol (3,4',5-trihydroxy-trans-stilbene,
Fig.7) is a phytoalexin that is present in grapes (Vitis
vinifera) and a key antioxidant ingredient of red
wine. It is believed to be responsible for the so-called
‘French paradox’, in which consumption of red wine
has been shown to reduce the mortality rates from
cardiovascular diseases and certain cancers®.

OH

HO N

OH

Figure 7. Structure of resveratrol

Resveratrol treatment inhibited PMA-induced
COX2 expression and catalytic activity, via the
cyclic-:AMP response element (CRE) in human
mammary epithelial cells®’. It also inhibited PKC
activation, AP1 transcriptional activity and the
induction of COX2-promoter activity in PMA-
treated cells. Resveratrol induced apoptosis and
reduced the constitutive activation of NF-kB in
both rat and human pancreatic carcinoma cell
lines*>. Of particular interest is that resveratrol is
capable of causing DNA breakage in cells such as
human lymphocytes. Such cellular DNA breakage
is inhibited by copper specific chelators but not by
iron and zinc chelating agents®.

In addition to the above phytochemicals, quercetin
(Fig.8), a well known flavonoid, is ubiquitously
distributed in edible plant foods.
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Figure 8. Structure of quercetin

Caffeic acid phenethyl ester, sulphoraphane,
silymarin, apigenin, emodin and anethole have also
been reported to suppress the activation of NF-kB and
AP1, which might contribute to their chemopreventive
and/or cytostatic effects®.

Several dietary phytochemicals have been shown
to downregulate the [-catenin-mediated signaling
pathway as part of their molecular mechanism of
chemoprevention. Curcuminandcaffeicacidphenethyl
ester inhibited tumorigenesis and decreased f-catenin
expression in the multiple intestinal neoplasia (Min/+)
mouse model**. Moreover, curcumin reduced the
cellular levels of B-catenin through caspase-mediated
cleavage of the protein®. Downregulation of -
catenin expression by resveratrol was observed in a
human colon cancer cell line”’.

Expression of a P-catenin—TCF4-binding
reporter construct was reduced in HEK293 cells
by epigallocatechin-3-gallate’®. Indole-3-carbinol
altered the pattern of f-catenin mutation in
chemically- induced rat colon tumors®, inhibited
adhesion, migration and invasion of cultured human
breast carcinoma cells, and upregulated E-cadherin
and B-catenin®. A similar effect was observed with
tangeretin from citrus*’. COX inhibitors have also
been found to suppress B-catenin signalling and -
catenin—TCF/LEF transcriptional activity*2.

Epigenetic synthetic agents

Epigenetic therapy, the use of drugs to correct
epigenetic defects, is currently a new and promising
area for drug development in the field of cancer
prevention. Besides their promise as therapeutic
agents, epigenetic drugs may also be used for
prevention of various diseases, including cancer
chemoprevention. Epigenetic therapy is a potentially
novel form of therapy since epigenetic defects, in
contrast to genetic defects, are quite reversible***.

Additionally, there is growing trend that epigenetic
drugs alone or in combination with conventional
anticancer drugs may prove to be a significant



advance over the conventional anticancer drugs,
which inherently tend to be very toxic®.

The current generation of epigenetic drugs
primarily target to inhibit the activity and expression
of DNMTs and HDACs. Among the DNMT inhibitors,
nucleic acid inhibitors, such as 5-azacytidine and 5-
aza-2-deoxycytidine (Fig.9), are the most important
and widely studied epigenetic drugs®.

NjN\N
. |>N/l\0
HU/\Q

o
=

HO
Figure 9. Structure of 5-aza-2-deoxycytidine

This hypomethylating agent has been used to treat
myelodysplastic syndrome, a blood cancer produced
by abnormal bone marrow stem cells* An inhibitor for
all three types of active DNA methyltransferases, 5-
azaC, previously thought to be highly toxic for human
trials, proves to be an effective therapeutics in clinical
trials when apply in low dosage, reducing progression
of myelodisplastic syndrome to leukaemia, and
increasing survival rate of patients with cancer?’.

In addition, certain non-nucleoside inhibitors
such as procainamide, procaine and EGCG have also
shown potent inhibitors of DNMT activity in various
experimental and clinical studies***'.Concerning
HDAC inhibitors, trichostatin A, suberoylanilide
hydroxamic acid, valproic acid and phenyl butyrate,
have been widely used with some success in various
studies. Vorinostat (suberoylanilide hydroxamic acid,
Fig.10,) a highly potent histone deacetylase inhibitor,
was recently approved by the FDA for the treatment
of cutaneous T-cell lymphoma3?34,

0

H
N\N/\/\/\)LN/OH
H

0

Figure 10. Structure of vorinostat

Vorinostat in treatment of advanced non-small-
cell lung cancer (NSCLC) showed improved
response rates and increased median progression free
survival and overall survival, although the survival
improvements were not significant at the P=0.05
level.* Binding of Vorinostat to histone deacetylase
is depicted in Figure 11.
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Figure 11. Vorinostat incorporation into HDAC
enzymatic system (http://pharmaceuticalintelligence.
com/author/sjwilliamspa/)

HDAC inhibitors generally consist of three parts
in the chemical structure:

1. a zinc-chelating group
2. aspacer group, which is generally hydrophobic

3. "enzyme binding" group that confers specificity
and is generally aromatic in character®¥’.

As for the common antiepileptic agent, valproic
acid it was suggested that impairs the liver function
resulting in free radicals production. The latter
seems to produce DNA oxidative damage in liver
cells, not excluding neuronal cells, as evidenced by
the measured remarkably increased 8-OHdG serum
levels®®. Interestingly, only recently, researchers have
taken advantage of the high level of reactive oxygen
species (ROS) in cancer cells, developing new
therapeutic strategies to preferentially kill these cells.
Strategies involving ROS activation may be used for
development of new ROS-targeting prodrugs, which
could lead to new approaches or technology for more
effective cancer treatment®'.

Several of these potentially useful epigenetic
drugs are still undergoing preclinical and clinical
drug trials. Although the current generation of
epigenetic drugs have provided the proof of principle
in its favor, epigenetic therapy has its limitations.
Some of these shortcomings include that both DNMT
and HDAC inhibitors may activate oncogenes due
to lack of specificity, resulting in accelerated tumor
progression®.

Furthermore,  benefits and  targets  of
phytochemicals, mainly rely so far on cell and
animal models. To safely apply phytochemicals as
personalized cancer preventive agents, the effects of



phytochemicals in humans will need to be assessed.
Thus, personalized prevention methods using nutri-
epigenetics could have a crucial role in cancer
prevention, especially in high-risk populations.
Extensive research in identifying molecular targets
and conducting human studies with chemopreventing
agents would provide a more orientated approach to
personalized cancer prevention for the near future®.

Conclusions

The hallmarks of cancer comprise six biological
capabilities acquired during the multistep
development of human tumors. The hallmarks
constitute an organizing principle for rationalizing
the complexities of neoplastic disease. They
include: sustaining proliferative signaling, evading
growth suppressors, resisting cell death, enabling
replicative immortality, inducing angiogenesis, and
activating invasion and metastasis. Underlying these
hallmarks are genome instability, which generates
the genetic diversity that expedites their acquisition,
and inflammation, which fosters multiple hallmark
functions. Conceptual progress in the last decade has
added two emerging hallmarks of potential generality
to this list-reprogramming of energy metabolism and
evading immune destruction®'.

As it was already stated, natural products consist of
a wide variety of biologically active phytochemicals,
including phenolics, flavonoids, carotenoids, alkaloids
and nitrogen containing as well as organosulfur
compounds, which have been shown to suppress
early and late stages of carcinogenesis. Effectiveness
of natural chemopreventive agents reflects their
ability to counteract certain upstream signals.
Dietary polyphenols can also potentially impact
epigenetic modifications, such as DNA methylation,
histone modifications and post transcriptional gene
regulation by non-coding microRNAs (miRNAs).
All these mechanisms seem to be closely related to
their well known antioxidant effect. In addition,
epigenetic drugs acting via similar mechanisms,
alone or in combination with conventional anticancer
drugs may prove to be a significant advance over
the conventional anticancer drugs. It has become
obvious, that chemoprevention in close relation to
chemotherapy, enforced by edible phytochemicals is
now considered to be an inexpensive and promising
approach to cancer control and management®,

Concluding, with healthcare costs being an
international key issue today, it would be especially
cost-effective to promote the awareness and
consumption of phytochemicals as acancer-preventive
and therapeutic strategy, within the health system.
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T'edoyrogs A. Kapirag

Tunjua latoixdv Egyaotnoiwy, Xyorj Emiotnudy
Yyeiag xau ITpovorag, Teyvoloyind Exmaidevtino
‘Ioovua AOyvdv, Ay. Emvoidwvos xar Aqunrodvag,
Abijva, 12 210

ITegidnyn

Ta puokd mpotovra vnpéay avékadev 1 o
ONUOVTIKY TNy OVIIKOPKIVIKGOV @oppdkov. O
KOPKIVOG QVTITPOCMOTEVEL L0l OLLASOL ETEPOYEVAOV
Kot TOA®OV otadiov achéveln, mov kobopileton
a0 TPOOJEVTIKEG YEVETIKEG KOl EMLYEVETIKESG OL0-
tapayéc. [Iépav tov oToxeLpévav BepoamenTiK®V
HEC®V (LOVOKAMVIKGE OVTIGMUOTO KAT), 1| TAELO-
YNoio TOV OVTIKAPKIVIKOV QopLIK®V ennpedalet
TN KuTTopIKn S1€yepon 1N T cOvheom Kot AgrTovp-
ywotnto Tov DNA. Antd v GAAN peptd, moAlot
QLTIKOT OPYOVIGLLOL KOl PPOVTA GLVIGTOVY TAOVGL-
£G TNYEG EVOCE®V, LLE XN LLELOTPOCTATEVTIKT Opdion
£VOVTL TOL KOPKIvOL.

O unyavioposg TG YNUEOTPOANYNG TEPIAOLL-
Bavel apevog v evepyomoinon g TOHGNG TOV
KUTTOPIKOD KOKAOV, TNV OmOTTOON N TNV Vo~
GTOM] TOV OO0V CNUATOV-UETAY®YNG, 7OV
oyetifovton pe Tig Tpwteivikég Kvaoeg (MAPK,
PKC) mv owceo-wvocidikny -3- kwéon (PI3K),
mv Kwaon ovvBetdon tov yAvkoyovov (GSK),
OV 00N YOVV GTOV GYNUOTICUO U1 QUGLOAOYIKNG
KukAoo&uyovaone-2 (COX-2), mpwteivne-1 (AP-
1) kou tov mapdyovro NF-kB, evepyomompévov
Kuttdpov B. H amotehespatikotnta tov ynpeto-
TPOMTITIKOV EVOGEDV OVTOVOUKAG GTNV IKAVOTNTA
TOVG VO, AvTay®VICOVTOL GLYKEKPULEVO OT) LLOTO-LE-
TAy®YNG, TOL 03N YOVV GE YeVOTOEIKES PAGPES, dla-
TapayN TOL 0EEBMTIKOY status Kot GAA®V LOPODV
KLTTOPIKOD Stress.

H emyevetkn Oepomeio,cuvicotd €va oyeTIKoO
VEO TOMEN OVATTUENG QUPUAK®V GTN YNLLEOTPO-
Mymn tov kapkivov. H mpdoeatn yevid emiyeve-
TIKOV QUPUIK®V GTOYELOVV GTNV OVOGTOAN TNG
dpaoTIKOTTOG KOl EKPpOoNg TV HeEBLATpavVoE-
poacdv (DNMTs) kat TG 16TOVNG OTO0KETVAACTG.
H ynueonpdinyn-ymueonpostacio  Ppodoipmv
QULTOYNUIK®V 1)/Kal GUVOETIKDV EMLYEVETIKOV (QOP-
HLAK®OV, GE GUVOLOCUO LLE TN KAOGIKN ¥nuelobepa-
melo, Bempeltal (o OKOVOLIKY Kot EATTLO0QOpA
Bepamevtikn mpocéyyion. To mapdv apbpo emioKod-
oG Kataypaeet Evay aplipud eLOIKAOV Kot GuV-
OETIKOV TPOLOVTOV KOl TOVG UNYOUVIGHODS dpAoTg
TOVG, Y10 TOV EAEYYO KOl OLoYEIPIOT TOL KOPKivOv.
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AlMnhemidpdoerg Brodgaotirav Mogiov pe tig Meupodves
%ot 1 Xuvelogood g Aumidouxns otn Pagpnaxevtixy "Egpevva

Anmijtorog Ntovvravidtng'? Avva Toavtidn-Kaxovridov?, Oopds Mavgopovotarog?

! [Tavemorijuo Hatodv, Turua Xnueiog
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ITegidnyn

Y10 mopeABov ot pepPpaveg Bempovvtay wg adpa-
i} Mdeho. @pary ot Tov mapepnodifovy Ty eicodo
TOV TOEIKAOV OVGIOV GTO KOTTOPO KOl ETOUEVMS TV
egdoknon TV PAUTTIKOV BOAOYIKOV TOVG dpAoE®V
OAAGL EMITPETOVY GE EVEPYETIKG LOPLOL VO EVOOLOTM-
Bovv 610 MmdeLho TupNva Kot vo €EUGKAGOVY TNV
(VGIOAOYIKY] TOVG dpdon. Xuepa, yvapilovpe OtL ot
HepPpaveg etvar TOADTAOKES OVIOTNTES OV EAEYYOLY
Bepelewndelg Proroykés Aettovpyieg g {ong Kot ™
QOPUOKEVTIKY Opbion. Metald tov Tpudv Pflopopiov
oLOTOTIKOV NG (Mmidla, TPMTEIVEG Kol GAaKyapa) Ot
TPOTEIVEG IGTOPIKE HTOV Ol TPMTES TTOV EPEVVIONKALV
evtatikd. Tnv tedevtaia dekoetio, Adyw® ™G TPOSoL
g Proympueiog, froloyiog kat poptakng Poroyiog Eyet
Kotovondel o oNUAVTIKOTATOS POAOG TOL ALTIOUKOV
TUNHOTOG TOV BroAoyikdv pepppavov. Eivarl yvootd
OTL To. AMTid1o GAANAETIOPOVV L TIC TPOTEIVEG KoL OTL
aLTEG 0L OAMAETIOPACELS cLYXVA gVBVVOVTAL Yol TNV
emay®y™n Tov Proroykov amoteréopatos. H avamtuén
SPdpmV PUCIKOYN KGOV HeBOd®V Kat TG LOPLOKNG
LLOVTEAOTOIN GG TTOV TPOGOLOIDVOLV TIG OLOTNTEG TV
Mmdov dimhootifddmv Pordnoe onpavtikd otnv
avamTuén Tov TEGIOL KoL GTNV KOTOVONON TOV 0AAN-
AETIOPACEDY QUPUAKEVTIKOV Hopiov pe TG Ploloyt-
Kkéc pepPpaves. To kdbe pappakevTikd poOplo amoTL-
TOVEL KOTA TNV 0AANAETIOPOGT] TOV LE TG PLOAOYIKEG
HEUPPAVES TO «OOKTLAKO TOV OTOTOTWMLLO, TO OTTOI0
opiletat amd TOV EVIOMIGHO, TPOGAVATOAMOHO Kot Ot
aTapayn TOL TPOKOAEL 6° AVTEG. AVTO TO «OUKTVAIKO
TOL AMOTOTOUOY GYETILETAL [LE TO POPLLOKOAOYIKO TOL
TPoPiA. Ot AAMANAETIOPACELS PUPUAK®V LE TIC BLoAo-
YIKEG Lepfpaveg elvar onUavTIKES Yo v KotavonOsl
1N d1dyvom Kot ot LETOPOAKES WBOTNTES TOVG Ol OToleg
npocdopilovv Tig embountég 1 ovemBounteg Proro-
yiKéG tovg dpdoelg. Iapdiinio, onuavtikdg givar o
POAOG TNG YOANGTEPOANG M Omoi0, aVAAOYQL LE TN GL-
YKEVIPOON ™G emNpedlel v opoAr Aettovpyia g
pepuPpavng. Emmdéov aAlayég oto Mmidied mpopii
omVv mePInT®on TaHOPLVGIOAOYIKDV  KOTAGTACEDY

£yovv 0dnynoet TpdoPATH STV AVATTLEN TOV TEGIOVL
™G «AMTOOMUKNG», TTOV OMOTEAEL TUNHA TG HEeTOPo-
VOUIKNG (HeTaBOAOUIKNG), MG doyveOoTIKO epyaielo
OTIV TOVTOTOWON Blo-dEKTAOV.

1. Ewayoyn

O1 Broroyikéc pepppaveg dradpaptotilovy onpovt-
K6 poAo ot drotpnon g Long. Enmpdoheta, anote-
A0OV Prodoykong epory oG TPOGTUGIOG TOL KUTTAPOL
Kot ouppeTEyovv og LOTIKEG Asttovpyieg tov (OVTmV
opyovicpav. T to Adyo avtd ot Brordyot, Broympt-
Kol, BLoQLGIKOL OTIMS KoL Ol PAPLLOKOYNLUKOL, POPLLO-
KoAdyol Kot ytpoi deEdyouv Pacikn £pgvva Yo va
KOTOVOGOLV T, QOVOLLEVO, GTOL OTTOT0L EUTAEKOVTOL OL
BroAoywég pepppavec. Ot pappokoynukol peretodv
TG ProAoykég LepPpaves G GTOYO Yo TNV AVATTLEN
KOIVOTOL®MV POPUOKEVTIKMV popiov (Zynpa 1).

odkyapo

MPWTEIVN

NMPpWTEIVIKGS diauhog Amidia

Siapepppaviki
npwreivn

Zynua 1: Bioloyikn ueufpavy

Aopukd ot peuPpdveg oamotehobv  TOAVTAOKO
VYPE KPUGTOAMKG GUOTNLOTO LE OTEPEES TEPLOYES
(domains) wov mepiEyovv Kvping poopoinidw. To
eoceolmidia avtd oynpatifovv Mmdikég dSurhooTti-
Badeg otig omoieg givarl evoopatopévo aiia Plopod-
pLoL OTOG TPAOTEIVES, GAKYOPO KO YOAGTEPOAN.

Ot pepPpavikég mpoteiveg emtehodV GNUOVTIKES
Agrtovpyieg otovg {mvteg opyaviopovs Onmg etvar 1
EMAY®YN POyMUKOV avTdpace®mV Kot TOAAES Brogu-

* Suyyoapéas yia aAlnloyoapia: Thomas Mavromoustakos e-mail: tmavrom@chem.uoa.gr



okég dtepyaciec. Me v vobeomn OTL Ol TPOTEIVES
nailovv TPOTEHOVTU POLO GTOV EAEYYO TV KLTTOPL-
KOV SlEPYACIDV, TO EVOLOPEPOV TMV EPEVLVITMV YI0L TV
AVOKOALYT KoL OVATTUEY VEOV QOPLLOKOLOPI®MV E0TL-
GotnKe 01O TOPEABOV Kuplmg otV aAAnAemidpoon
TOV TPOGIETN (POPLAKOV) Le TO Hoptakd 6TdYO (Tpw-
TEVIKOG VITOdOYENG). To amoTéAESLA VTG TNG VTEP-
T{UNONG TOL POAOL TOV TPOTEIVAV GTLS LOAOYIKES Ot
£pY0OiEg, NTav Vo ot Oei ) onpocios Tov MTdKoy
TuNpatog Tov pepPpoavav. To Mmidikd tunpoe Oswpin-
Onke mg éva 0dpovEC SOLKO GTPAOUN TO OO0 TTEPL-
BaAer To TPOTEIVIKO Ko dpo. pe TadNTIKO TPOTO 2,
To cOyypova dedopéva ®GTOGO OAOEVH KOL TTPOGOT-
dovv éva duvakd poro oto pepfpavicd Amidla. Eivor
TAEOV YVOOTO OTL T PEpPpaviKd Mmtidia epmAékovTon
G€ YPNOLLEG KVTTAPKES AgLTovpyiec, ot omoieg dtkot-
0AOYOUV TNV TOPOLGIN SPOP®V THTOV POCOOATL-
Slwv. AvEavopeva epeLYNTIKA ATOTEAEGLLOTA GLUVI|YO-
POV Y10 TO KEVTPLKO pOLO TOV ATTLOKOD GTPMUOTOS GE
HUPLAGES KVTTOPIKES HlEPYAGIES AMOSEIKVVOVTAS OTL TA
Mmtidio 6ev givot LOVO SoLIKA GTotyEl0 Ko TNYEG LETO-
BoAung evépyetac. AviiBétme, To Amidio ival ovolmon
KUTTOPIKG GLGTOTIKG TO, 0Tl £XOVV TOAAATAOVG KoL

<

MeTaypagiki

S1oKpLtohg POAOVG OTIS KUTTUPIKES KOl LETOPOMKES
Aertovpyieg. Kotd cvvéneia ta Amidio dgv amoTeAovvV
HOVO TO PUOIKSO VITOCTPOLL TOV HEUPPAVIKDV TPOTE-
VOV KoL TO QPOYLLO TOV OTOLOVAVEL Kot TPocdtopilet
Ta KOTTOPO KO 0pyavidiaL, 0AAG COUUETEYOLY GTNV 1510
™V OAANAETIOPACT TOV TPOTEIVAOV L TOV KLTTUPIKO
Ppaypd Kot EAEYYOLV TNV KOTOVOLY| Kol TOTOYPOOLIKT|
Béon TV TEPLPEPIKMV TPOTEIVOY OTIS HEUPPaVIKEG
TEPLOYES, OMOV UTOPOVY VO UAANAETIOPOVY HE GANES
TPOTEIVEG TOL AETOVPYOLV MG  oNuatoddTes. ‘Eyet
SdwmiotoBel 611, petoforéc g MmSIKNG cvvOeong
oTIC pepPpaveg oyetiletar pe v avantuén dlapdpmv
THOLOYIKOV KATAGTAGEDY, OTMG 1) ToYLGAPKIaL, 0ON-
POGKAPOON, KAPILOKN TPOGPOAN, VITEPTACT KoL dtoi-
pNne.>*. EE dAAov 1 9oo@oMTId®oN, [0 KOTAoToo
OV EMAYETOL OO PUPLAKEVTIKEG OVGIEG 00N YEl G€ GO-
Bapd to&ucd pavopeva Kot amotelel cuyva TPOPAN L
Y10 TNV 0GQAAELD TOV QAPUAK®OVS.

H ovveyng avayvdpion tov onpavtikod poilov
TOV MTdiov 0d1yNcE Ta TELEVTAin ¥POVIO GTNV Ve
TTVEN TNG MTIBOUIKNG TOV HEAETA TO KUTTOPIKO AL
S1kd mPo ik ota Proloyikd cLGTHHATE, SIEVPVVOVTOG
10 medio ¢ uetaforopuknc®’ (Tyfua 2).

MeTapoAiteg

®aivoTunog - BioAoyiki dpdon

Zyipa 2: T'eviko oynua oto 0moio EUPAIVOVTOL 01 CYETEIS THG MTLOOUIKNG, YEVOULKNG, UETAYPOPIKNG, TPWTEOUIKNG
kot petafoloprng. To limidio. pvBuilovy emions v TPOTEIVIKI] AEITOVPYIO KOL T YEVETIKN UETAYPAPT] OTO. TAAIOLOL
TG OVVaUIKNG «OAAnAemidpokng (interactomics)» uéco. 6to KOTTOPO.
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Mopdriinio o Mmtidio givot SuVOTOV VoL OTOTEAE-
GOLV  GTOYOLG Y10, POPUOKEVTIKG LOPLOL TV OTOiwV
1 QaPLOKOAOYIKY dpdon oyetileTal (e TNV TPOTOTOI-
N01 TOV PUGIKOYNIKAV O10THTOV TOV HEUPPUvVOV.
E@ocov 1 dpdon tov PepPpoaviKdy TpmTeEivdy eAEY-
YETOL OO TOL ATTidaL, EIVOL AVTIANTTTO OTL PAPLLOKO, TOL
omoio givat kovd vo emnpedlovv T Mmdkny opyd-
voon 0o propodoay Vo TPOTOTOGOLY TIG dPACELS
TOV UEUPPAVIKOV TPOTEVAOV KOL TO UNYOVICUO O1)-
LOTOd0TNONG.

Emopévmg, ot oAANAETIOPAGES QOPHOKEVTIKOV
popiov pe pepPpdveg amoteAovv €va vpv Kol mo-
Amhoko medio g Pappakevutikng Xnueiog mov me-
pAaUPavEL HEAETEG POPUAK®Y TO OOl £XOVV TNV
KOVOTNTO, VoL EMNPEALOVY TNV TPOTEIVIKY Agttovpyia
GpEesO 1) EUUESO LLE TPOTOTOINGT TOL ATISIKOV VITO-
otpodpatoc. O TPOTEIVIKOS EAeYYOC O 0TTOI0G EMITVY-
YEveTor AOY® TOV GAANAETIOPACEDY TOV POPLOKED-
TIKAOV POpl®V HE TIG HEUPPAVEG UTOPEL VO 0N YN OEL
o€ OALOYEG OTNV KLTTOPIKY ONUATOOOTNOT KOl €K-
@paon yovidiov ta onoio Oo Lropovcay vo avacsTpé-
youv po taforoykn katdotoon (Zxnua 3). 2

MHXANIZMOZ
APAYHE KAl
BIOAOTIKO
ANOTEAEIMA

2ynua 3: H dpdon twv iimidiwv ooumiéxetol e ovth twv
TPWTEIVOY Y10 Vo, TopayOet Eva. froloyiko omotédeoua.

2. Aopn} pepPpavav Kol povtére mov YPNGLULOTOL-
0VVTOL Y10 TIS NEAETEG AAMAEMIOPACE®V NE QUP-
ROKEVTIKG pépra

Aoun peufpovaov: To KOPLL GLOTATIKA TOV LLELL-
Bpavov gtvat: a. Ta tpio €ldn TV Amdiov: poceo-
Mmidie, yAvkoMmidl, kot otepores. PB. lpmtetveg v.
Zaxyapa mov gvromilovtal 6Ty eEMTEPIKN EMPAVELL
Kot gfval evopéva pe Mmido (YAvkoAmidwr) 1 mpo-
tetveg (YAvkompotetveg) (Zymuo 4).

Amd 11¢ otepdhec, n yoAnotepdAn etvor To KL-
PO GLOTATIKO TOV EVKOPLOTIKAOV HEUPPAVOV Kot
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Zyfua4: (avew) Apiotepa mapiotavetal 11 yoAnorepoin
O€ YWPOTANPWTIKO LOVTEAD Kl TAEYUO. NAEKTPOVIKNG
TokvoTnrog. AeCla TopioTaveTol pia pawopoTiovioyo-
Aivn. (kazw) Apiotepd wapiotaverar éva yAvkolimiolo
Kot 0eéia éva, avlevyuévog ue G-mpwteiviy vwodoyéag.

emnpedlel 1oyupd T HOPLOKN OpYAvVMOGY TOVG OA-
MAemdpdVTOS He To POoEoMTId dTmg emiong
Agrtovpyio TOAGOV pepfpavedv cuvohkd. Ta tpomte-
ik tuqpote Towkidovv avaAoya pe ) Agttovpyia
OV EKTEAOVV.

To moGooTd YALVKOMTISI®V, POCEOMTIdI®V Kot
YOANGTEPOMG GE SLOPOPETIKOVS TOTOVG HEUPPAvng
nopovotdlovtotl otov wivoka 1.8

H opydvoon tov Bopepppavav Exet ta tehevtaio
xpoOvia avaBempnBet Kot To peuoTd HOGATKO LOVTELD
tov Singer kot Nicholson mov avéntvéav to 1972 éyet
tpomononBel’. Ttig oVyypoves amdyelg 1 Plopeuppa-
vn Bempeitor 1L anoteheitor omd oTEPEEG TEPLOYES
pe kafopiopévn dopn Kot AELTovpyio Kot pEVGTA ELL-
Bpovikd Amidia'. Avtég ot meproyée éyxouvv Srakpird
QLOIKE YOPOKTNPLOTIKA Kot cbvBeon 1 omoia e&op-
Téron and TG oAANAeTdpdoels AMmidiov/Amdioy Kot
MTSIOV/TPOTEIVOV 1) WTopEl VoL Elvat EUTAOVTICHE-
VEG LLE YOMNOTEPOAN OTIG OMOIEG VO GLCCOPELOVTOL
npoteiveg (rafts). Ot andyelg ovtég KaTadekviovy
™ Sopky molvmAokdTNTO TOV pepPpavavii-i. Av
emmAéov AeBel v’ dym 1 Hrapén dapdpmV THTOV
HEUPPOVAOV GTOV OPYOVIGUO, TOV OTOI®MV 1| GVGTACN



ivarag 1.  [Tooootd yAvroMmdimy, OoQOATTLOIMY %ol YOANOTEQOAS Ot dLOPOETIROUS TUTTOUS UEUPQAVMV.
IMocoo76 % Mmdinv (katd Bapog)
Tomog Mepppavng ; : .
INwkommiow DocpomTiorn XoAinotepoin
AvOp.Epvbpoxitrapa 11 61 22
Moghivn 28 41 22
Mitoyovdpia Nratog (movrikt) <5 80 4
Evdomlacpatikd diktvo <5 75 8
[Ipotomiiocteg faktnpiov Tyvm 80-90 0
dutikol YAoponddoTteg 80 12 0

TOWKIAEL, 1) TOAVTAOKOTITO TOVG CVEAVETOL TEPULTE-
po. Omtmg O avaeépinke N katavonon TV aAin-
AemOPACE®V HETAED TOV GLOTATIKMV TNG PLOAOYIKNG
pepuppbvng norc mpdopata Gpyloe Vo Katovoegitat.
[Ipog amhomoinon g doung g pepPpdvng, ovt
pmopet vo Bempnfel g pio Mmdwkn dSurhootifada
oTNV oToia £ival EVOOUATOUEVES TPMTEIVEG.

Movtédo peufpavov: T perétn tov olinle-
TOPACEMY PUPUAKEVTIKOV LOpimV pe TG Bropepnpd-
veg elvar avaykn va ypnoomomBodv aniovotepa
GLGTALOTO T OTola EMTPEMOVY TN SvvATOHTNTA ELL-
Babvvong oy katavonon Tov WTHTOV ToAYTA0-
KoV Boloyikodv pepppavov. To povtéha ovtd siva:
LUKVAMOKG, MTOCOMOKE, ETOTPOUEVES MTOKES
dumhootifddeg N povooTifadeg (Zynpa 5).

To. MTOGOUOTO ATOTEAOVV GOULPIKA GLGTNLLOTO
MmdKoV dmAooTBddwv Ta omoila ecmiAeiovy vIa-

TIKO dlopépiopal*te, O dumhootiBddeg ovtég pmo-
pel va etvol TOAVKVGTIOIKES e AVOLLOLOYEVES GYTLLOL
(multilamellar vesicles-MLVs), povokvotidwkég ot-
mhootifadeg (unilamellar vesicles-ULVs), ot omoieg
dnpovpyovvtal He ypnom vrepnymv (sonication) 1
pe eEdOnon oe modvkapPovikes pepPpiveg | LKLA-
Moké povootiBadeg (micelles).

Ot povokvotdkég pepfpaveg yopitoviol o -
Kkpég, pe Owdpetpo pkpotepo tov 100 nm (small
unilamellar vesicles SUVs), peydeg (large unilamellar
vesicles-LUVs)  xkot yrydvrieg (giant unilamellar
vesicles-GUVs) 71 Ot peydreg povokvotidikés pept-
Bpdveg LOvVTOL TV KUTTOPIKT OPYLTEKTOVIKY).

H Mmdwen duthootifada 0nmg gival yvwotd amo-
tehel KAeloTO VTN TO omtoio Staywpiletot amd To
eEotepkd dtdAvpa. Ot LOVOKVOTIOIKES OTTMG KOl Ot
TOAVKVGOTIOWKEG HePPpaveg elvat KATAAANAES Yo T

Q.
T
L

O

Zyijua 5:(6vo apiotepa) Tpiodiaoroty arneikovion AMmioikng OImiooTIfAd0s Kol LOVOKDGTIOIKMY MTocmuatmy. To
LOVOKVOTIOLKG. AITTOTMUOTA EUPAVICOVTOL KOl O€ OLGOI0GTOTH ATEIKOVIOH. (KATw oplotepa) MikvAio o€ kavovikn kol

aveatpopuEv popei. (oeia) Eion simoowudtwv.
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HEAETN NG SlomePATOTNTOG TOV PUPLAK®V KOl TOV
CLGTNUATOV OTOEGUEVONG PAPUAK®OV, EVD GE GVV-
SVOGUO e SIAPOPEG POCUATOCKOTIKES TEYVIKES OTTMG
eBopiopopetpio kKot pocpatookonioo Raman enttpé-
ovv 1 depedvnon PLoQLGIKOV OAANAETIOPUCEDV
KOl TIg GLOYETIGELS pe Prodoyikég dpaoelg 22!,

Ot Mmtidikég povooTiBadeg pipovvtot povo T pio
otfdda g pepppavng. Eminedo cvotiupoto pep-
Bpavdv (planar membranes) ypnoylomoobvTot yio
VO LLLOVVTOL TNV TAEVPIKT] 0PYAvVmGT TOV KLTTOPL-

Iivaxag 2:

KOV eMQaveldv?, Zynuotilovtol oty enQaveld ve-
pob (] pvBuiotikod dtwAdpoTog) e e&looppomnon
vueviov Langmuir.

3. opadeiypata Ypoemv QUOIKOYNIK®Y nedddmv
o€ PELETEG PUPURUKEVTIKAOV Hopicv pe pepPpaveg

Xtovg mivaxeg 2-4 cuvoyilovton o1 S10POPETIKES
TEYVIKEG IOV YPNOLUOTOOVVTAL GE GUVOLUGUO LE TOL
SLOPOPETIKA LOVTELD LEUPPaVOV, KOODS KoL 01 TAN-
POPOPIES TOL TOPEXOLV.

DUOLHOYNURES TEXVIRES TTOV YONOLUOTOLOUVTOL YLOL TNV AVTANOT TANQOPOQLAIV TTOU 0LpOQOUV OLA-

MAemdQAoELS PAQUOXEVTIHMV HOQIwV te ToOARVOTLOWES duthootddec.

Mé0000g

IIAnpogopieg

RTOPEL VO EIVOL GTUTIKO 1] TEPLGTPEPOUEVO OTO 1O~
yvnTiko wedio (w.y. 'H, 2H, *C, “N khr))

NMR oTtepeng Ko vypig katdotoons (to deiypa  Aopr, SUVOLIKT KoL TPOGAVOTOMGUOS GUPUAK®OV KO-

Mg Kot TOTOYPAPIKOG EVIOTIGHLOG.
Eme&nynon dpdong i dpactikdTToc.

Awgopiki] Oeppidopetpio Lapmong

Oepuikég petaforéc Kot GALUYES OTY GUVEPYOTIKOTN-
oL TOV HEUPPAVAV.

Avvapikn, opydvoon Kot LETUPOAEC OTIG PACELS [Le-
TOGYNUOATICU®V TOV MBSOV TOV LEUPPUVOV.

®ooparockoric Raman ko IR

AM\oyég 06TIG PAGELS KOl LETPTON TTOGOTIKAOV LeTafo-
M@V gauche:trans. AAMNAOETYDOPNOT| TOV CAKVAIK®V
aAvcidwv (interdigitation).

Hivoxrag 3:  PUOKOYNULRES TEYVIRES TTOV YONOLUOTOLOVVTOL YLOL THV GVTANOY TTANQOQOQOLHV TTOU ClpOQOVV LA~
MAeTLOQAOELS PAQUOKEVTIRMV HOQIWV e UOVORVOTIOES dumhooTLfAdeC.
M£00d0og Minpo@opieg
Kvxioixoc dvypwicuos Aevtepotoyeic douss evEOUmY Kol UEAETES TV HEeTOfo-

(circular dichroism-CD)

AV 0TIS LOHUOPPDOCELS TOV TPWTEIVAOV TOV ETAYOVIOL
OO PAPLUAKAL.

20VTOVIGUOS NAEKTPOVIKNG LO10TLEPIGTPOPHS
(electron spin resonance-ESR)

Xpnon emonuocuévov aioOnTnpwy mov mpocoivoviol
OUOLOTIOMKG. 0€ OLAYOPO. TUIUATO. TV MTLOIKWDV OAKD-
Aikav odvoiowv kai oe oiapopes Oéoeig. Bonbovv otn
UEAETH] TOV TOTOYPAPIKOD EVIOTIOUOD TWV POPUAKDYV
KOl THS TPOTOTOINONG TOV TPOKOLODY GTI] PEVGTOTHTA
TV Umdiwv kot MTLoKNG KIvHonG.

Teyvinés pOopiouot
(fluorescence leakage techniques)

Exmouniy tov tunudr@y tportopdvys o€ evEOUIKES
aKolovlics (PVGIKA 1] TEYVITH EVOWUATOUEVES)
DOoPIoUOUETPIKGS GOVTOVIGUOS UE HETAPOPA. EVEPYEL-
og (Fluorescence Resonance Energy Transfer-FRET)

T'ivetau yprion pOopiououetpixav dsiktav (dyes) pooi-
K@V 1] TEYVITOV, TPOTOEUEVMV OTO, MTTIOLOL.

Meletdror 0 oynUOTIONOS TOPOYV KOl 1] OMKI KOTO-
otpopn s ueuPpaovng. Teroieg uetoforés Erovv wg
OVVETELD, TV 0AL0yN THG POOPIoUOUETPIKNG EKTOUTHG.
Melétn fabovg eioaywyns mertidiwv.

Merapopd. evépysiag amd évo. oty plopiououetpiico
0€ EVO. 0SKT UEGW EVOG U] OKTIVOLOALODUEVOD Unyo-
viguov. Avto ovufaivel otav givar o€ WKPT OTO0TO0N
HETAED TOVS KO UTOPODY V. UETPOOVY TOGOTIKG.

93



ivoxrag 41 PUOOYNULRES TEYXVIRES TTOU Y ONOLUOTTOLOVVTOL VIO THY GVTANOY TTANQOQOQOLHV TTOV ClpOQOTVV LA~
MAemdQdoeLs PaQUOXEVTIRMY HoQlwV ue novootfadiwés ueupodveg
Mé00d0g Mimpo@opieg
Diiug Langmuir Ievpikn opyavamon TV KOTTOPIKDV ETIPAVELDY

loobOepues micong-ufodod emtpémovy ) ueAéty twv
oAnAemidpdoewy popudkwy e Amiole (T.y. QOcels
UETOGYNUOTIOUOD UOVOTTISGOMY KOl PEVGTOTHTE, TOVG).

Mikpooxonia arouikijs POopiocuousTpiog

(Atomic fluorescence microscopy-AFM)
Kpvoyeviky nlextpoviky pikpocxonio capwons Kai
uetrdooons (Cryogenic scanning and transmission
electron microscopy-cryo-SEM and cryo-TEM).

Metafolés ot poppoloyia twv limidiowv oty pecemi-
POVELQ OEPO-VEPOD.

IlepiOiacny veTpoviwy (neutron scattering) koi me-
pibiacny arxtivov-X ue auvyés oty mPocrIinTOVGA
(grazing incidence x-ray scattering —GIXD)

Xaportnpiopds s popLoxiis dops e uepfpavig rou
OAANAETIOPBOELS POPUCKWY UE TN LEUPPaVT.

Melétn fropvoikdy Troydv peufpavng 0mws erxaywyn
t0éewg (order) N kAiong oTic 0AKVAIKES 0AVTIOES.

Movootifadec  ne orepea  vmootnpiyuazo.  (solid
supports) Langmuir-Blodget (LB) piiug.
Langmuir-Shaefer piiug.

Mimhootiffades ue oteped vToTTNPIYILOTO. OTWE EIVAL O1
novpes limowkes ueuPpovec—BLM (black lipid mem-
branes).

Amodvvoumuévy avaxioon gacuotockoriog vrEPD-
Bpov omov yivetar ypnon petacynuotiopod Fourier
(Attenuated total reflection Fourier transform infrared
spectroscopy-ATR-FTIR).

Yrootnpiyuéveg Aimdikés dimlootifddes e pikpoyo-
vipeg (microbeads) ka1 vavoibiika.

Koundleg himoicés usupPpaves pe vynlod fobuod do-
iK1 oloxAnpawon.

AnuogiAn froyiuntikd. Leufpavird cooTiuate, to. 0moio;
ETITPETOVY TNV £EETOON TEMTIOIKWV OAANAETIOPAoEWY
oty OIETIPAVELQ MTIOIOV/VEPOD KOL TNV TEPLOPIOUEVN
KIVIon TV Amidiwy A0y TS OKIVHTOTOINGHS THS ETL-
PaveLag.

Meétpnon devtepotaydv Soumv Kot TPOGOVATOMOUDY
TETTIOIWY Kl POPUAKY o€ MTIOIKA TEPIfdliova.

MeAétn 1010ty usufpovadrv kot froloyikav Jeitovp-
VIOV OGS 1] PEVOTOTNTO, KOI 01 OAANAETIOPAOEIS e
TPWTEIVEG.

4. O pepppaveg o Proroykoi gpaypoi

H eoppoxevtikn Bropnyovia Bpicketot og pia ot
OPK®OG QLENVOLLEVT] OVTOYMVIGTIKT] OIKOVOLIKT) TTiECT
VO EMITOYEL LEYOADVTEPT] OMOTELEGUOTIKOTNTO GTNV
avaKGALYT Kovotop®v eapudrkav. o va amoeev-
x0obV  vyMAOTEPEG EMEVOVOEIS KOl OMOTVYIES OTIC
QACELS TOV KAMVIKOV SOKIU®OV, OTOLTEITOL O £YKOLPOG
EVIOMIGUOG TV TPOoPANUdT®V Tov oyetifovtol pe
™ Prodbdeciotnto TV VTOYNEIOY EVAOCEOY Kol
™ SVVOTOTNTA TOVG Vo SIEPYOVTOL TOVG BLoAoykohe
epaypovg. o 1o oxomd avtod £xovv avamtoydei ypn-
YOPEG SOKLUES TOV TPOGOUOIDVOLY T1 GUUTEPIPOPE.
TOV QOPUAKOL EVAVTL TOV QPAYUOV aLTOV. ExTdg
a7to TN JUMEPATOTNTA PHECH TOV PLOAOYIKDV Opoy-
pov wov kabopilovral and pepPpdves Kot 1 owoio Gg
peyédo Pabpod eEoptdtan amd TG PLGIKOYNUIKES 1O10-
TES, KLpimg T AMmo@idia kot To Babod 1ovicpov, Pi-
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oymukég depyacies (PropetaTponés, LetafoAcog),
emnpedlovv emiong ) ProdiabecitdTro  LeUdVOVTaG
TNV TOGOTNTO TNG OVGING 1| ool TEMKA EOAvVEL 6TO
Bepanevticd otdyo 2.

O opBoroykds oxedacuds Qopudkov TpEmel
va Aopfavel vmoym Tic  apotPoieg aAANAETIOPACELS
HeTa&D PaPUAKOV Kol LEUPPAUVIKAOV QPOUYUOV EVTOG
TOV 0pYaVIGHOD, avayvepilovtog 0Tl Ta PLCLKOYN-
HIKG YOpOKTNPLOTIKG TOV QapUAKOY ennpedlovy To
Bobod dieicdvomng kot ToV EVIOTIGUO TOVG OTIC HELL-
Bpavec. Ot oAlniemdpdoelg ovtés cvoyetilovron
HE TEPAUTEP® OLOPOPOTOGELS, OTTMG 1 UETAPOAN
oTn damepatoOTTA TG HEUPPAVNG GE TOBOAOYIKES
KOTOOTAGEG, 1 AAAOYEG GTO KUTTOPIKO GYNLLOL KATE
™ @don g pepPpavikng ENG®, mov TeMkd givol
vrevbuveg yioo coPapéc petaforég oty ekTéheot
TOV AETOLPYLOV TOL KuTTdpov. Emiong, emnpedlovv



TN AELTOLPYIO TOV SLOUEUPPOUVIKAOV TPOTEIVOV VITED-
Buvov Yo T HETASOGN GNLOTOG Ol OTOIEG TEMKA
oyetifovTol [e To PNYavicpd G€ Loplokod Eninedo g
dpaong N TV avemlBOUNTOV EVEPYEIDV TOV QUPLLG-
KoL (Zynua 6).

OAPMAKO
(pka, dioAutdTnTa, Aimo@iAia)

METABOAES $TH AOMH,
ENI®ANEIAKO OOPTIO, |:> RN OE
PEYZTOTHTA

2ynpa 6: Apcon popuoKenTIKOY HOPIWY OTIC ATidl-
Ké¢ oimAoatifidieg.

AwmepaTéTnTa péom pepfpavav

Ot QUpUOKEVTIKES EVAOOELS dlomepvodV |e Todn-
TIKN Sudvom TG LEPPPaveG N LECH SLEVKOADVOLLEVIC
N evepyol LETOQOPAG Le cVVOEOT o pia pepppovi-
KN Tpwteivn-petapopiat™?. EE dAlov pepuPpavikég
TPOTEIVEG —LETAPOPELS etvarl duvaTOV va 001 yoOV o€
‘eKpon’ EVOC QUPLLAKOV 0T TO KUTTOPO KOl VO LELD-
vouv TNV domepatdTnTd Tov,

O pnyovicpog g TodnTikng didyvong Pacileton
ot yvoot) vrndbeon pH/ pepiopod kot eaptdrtot
Kuplog and ™ otabepd wvtiopov (pKa) kot 10 ov-
VTEAESTN LEPIGLOD GTO GUGTNLLO OKTAVOANG —VEPOD
(logP), o¢ xaBiepopévo péETpo TG AMmOPAing TV
popimv3h:32,

INo v mpocopoimon g dlamepatdTnTag £XOVV
avantoyfel povtéra in vitro mov Paciloviat og KuT-
TAPIKEG GEPES, OTMG KLTTAPIKES oepés (Caco-2) Tov
amoteAovVTaL 0md avOpdTIVe emBnAoKd KopKIVIKA
kOttapa N ot oepés, Madin-Darby Canine Kidney
(MDCK) mov amoteAovvtol omd KOTTOPO VEPPOV
OKOA®V333,

AMeg TEYVIKEG TTOV avOTTTOYONKOV Yo TOV 1610 GKO-

n6 etvau:

® Teyvntéc MeuPpdvec yioo toxd €heyxo (High
ThroughPut) g JdwmepotdTNTOG (parallel
artificial membrane permeation assay-PAMPA)?®.

® AwrtdEelc cuVToVIGHOD Empaveing TAGGUATOS
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(surface plasmon resonance-SPR)?*’

® Avtiotpopov Pdhocwg Yypr Xpopatoypopio
Y yniig Atodoong (RP-HPLC)**!

o Xpopotoypapic Axwvnromompéveov Texvntov
Mepppovav- Bloypopatoypoeio (Immobilized
Artificial Membrane, IAM Chromatography-
biochromatography)*+
H avtietpoégov pacewc HPLC npocopoidvel vd

KOTAAANAEG CUVONKEG TNV KOTOVOUY OTO GUGTNUO

OKTOVOANG VEPOD Kot VIO QLTI TNV £vvola TV modn-

Tk didyvon*®**. T6Go 10 GVOTNUA OKTAVOANC-VEPOD

660 Kkat 1M ovTeTpoPoL pacemg HPLC dev emtpénovv

NV €KQPOCT] LOVIIKOV OAMAETOPAGE®Y, TOV VOE-

YOUEVOG AQUPAVOLY YDPO LE TO, POPTIGUEVE KEVTPO

tov Mmdiov. To AMmocdpate ©otdco Hempovvtat

apeca pLovtéda PlopepPpavay Kot OV TPoGPEPOVTIL

Y0 YPTYOPEG LETPNGELG TOV GUVTEAEGTN KATAVOUNG.

Qg ek TovTov, N ypopatoypapio IAM apyilet va cv-

YKEVIPDOVEL 0LEAVOUEVO EVOLOPEPOV, GESOUEVOL OTL

oLVOVALEL TNV KOTOVOUY O HEUPPAVES e TV TayD-

TNTO KO EMOVOANYILOTNTO TOV LETPCEWDVY, TAPAUK(L-

UTTOVTOG TIG SLGKOAIEG TOL GyetTilovTan e TNV Tapo-

OKELT] MITOCOUAT®V 1] KUTTOPIKAV GEPDV. ATO TNV

AN dev amartel e£e101KEVIEVO EEOTMGUO- L0l GUVT-

Ong suokevn VYPNG YPORUTOYPOEinG Elvat apkeT. Ot

otatikés paoelg IAM mepiéyovv evompatopéva em-

oQOMTId (KVPIMG POOPATIOVAOYOAIVY) GE OKEAETO
npomvAapvo-tupttiog. [Ipoxettar yio povootiBadeg

MadIi®V OKIWVNTOTOMUEVEG OE GTEPED VTOCTPMLLM.

>t BPproypoeio avopEPOVIOL GLGYETICELS XPOLLOL-

TOYPOQPIKOV SEIKTMV OV TPocdlopilovtal 6 GTHAES

TAM pe 10V GUVTEAEGTEG KOTOVOUNG O AMTOCMLLOTO

QPOGPATIOVAOYOAIVIG KOODG Kot pe peyébn diame-

POTOTNTOC KOl QUPUOKOKIWITIKEG TOPAUETPOVGHEH,

H ypopatoypaeio IAM eivar duvatdv va mopéyet

TANPOPOPIES YioL TNV OAANAETIOPACT TOV QPOPUAKDV

pe ta Mmidio tov  Proroyikodv pepppavov. ILy. ot

@BOPOKIVOALOVES, O1 OTTOLES, TOPA TN GYETIKE YOUNAN

MTOQIAL0 TOVG, GLYKPATOVVTAL IGYVPE OTNV CTOTIKN

ebon TAM®, éysr Swmotwbel 61t alAniemdpovv

oxLpd pe o poopolmidie’’. Ioyvpn cvykpdrnon €€
dAlov og otatikés pdoeic IAM, mbBavdv va oyetile-

TOL LLE TO POLVOUEVO THG POGPOMTIOMONG, GOUPOVO

e oyeTikég ovapopég ot Pirpioypaeia 2.

5. Zyedwoopds QuppRIKOV-TPOGIEPATOV G6E L0~
pepppavikovs vmwodoyeic-tépa amd TIS UTULTGELS
TOV €vEPYOU KEVTPOL

Ta poppoakopdplo SeoHeEHOVTOL GTO EVEPYO KEVTPO
TV SwpeUPpoavikdy VITOdoYEwV gite LEcH TOV £EM-
KLTTAPLoV TPobaAdpov, gite gloepydpeva ot AMmidt-
K1 dumhooTPdda pe akdOAOLON TAELPIKN UETATOMION.
Yrdpyovv tpetg Pacikoi Adyot mov otnpilovv v dro-
Y1 OTL €voL PUPLLOKOUOPLO LTopel va TPoceyyiceL To



evepyd KEVTPO aPov TPMOTA E1GEADEL OTIG MTOELdElg
dumhootifddec. O mpdTOC AdYOG €ivorl OTL TOL PUPLLOL-
KELTIKG PLOpaL eiva Uy Ve MITOPILES 1) AULOIPILEG EVD-
OEIC, OTTOTE TPOTLLOVV VO, KATAVELOVTOL GTO ATOPIAOQ
TUNUO 1] EVOLAUESTG TOMKOTNTOG TUAMO. TNG AUTOEL-
dovg dumhootifadac. O dedtepog Adyog givar 6Tt 1 dt-
Gyyvon evog pappdkov ot pepPpdvn meplopileton og
dvo dlaotdoelg. H mapampnon ovt pmopet va givor
onuaivovoag Broroywng onpocioc. ‘Evag pnyoviopog
dtdyvong mov emttereitol 6g dVO JOGTACEIG ALEAVEL
™V TOAVOTNTA TPOGEYYIONG OTNV TPMOTEIVI] VITOSO-
xéo M dlowro-otdyo mepimov 1000 popéc.’™ > O tpitog
AOYOG givot 6Tt To epPadov g puepPfpavng sivat Tord
peyaAnTepo amd ovTod piog EEEIOIKEVUEVNC TPOTEIVNG.
Emopévag, pio un €01k 3EGUEVGT) TOV QOPUAKEDTL-
K00 Hopiov ot HEUPPAVN QEPVEL TO LOPLO GE YOPIKN
€yyuTnTO LE TNV TPWOTEIVY 6THYO.

Ot dudpopot punyaviopol odnienidpaong evog eop-
LAKOV LE TIG LEUPPAVES TTOPIGTAVOVTOL GTO YL 7.

Ot OAMMNAETIOPACELS POPUAKDV LE HEUPPAVIKOVG

OappaKeuTIKO popio

Zynua 7: 210 Gxipo. TopLoTavovtal ol O10QOopES TEPL-
TTOOELS OAANIETIOPOTNS POPUAKEVTIKWDOV UOPIWYV OTO
EMTEDO TWV UEUPPOVOV. A: TO POPUOKEVTIKO UOPLO
oAAnAemiopa. katevBeiav e tov vmodoyéa. H mepintw-
on oty umopel vo, wapatnpnlel kvpicwg otav o pap-
HOKEVTIKO HUOPLO OAINAETIOPE. TPdTOL LUE TO eEWKVTTA-
PLO TUNUO. TOD DTOOOYEQ. OIS EIVAL 0TIV TEPITTWON
tov AT, vrodoyéa (PAéme Keiuevo). B: 1o pépuaxo al-
Anlemidpa pe o limidiko wuajue ¢ oimhoouifadog. I
TOPOVGIALETAL O UYOVIOUOS 000 aradiwv. To papua-
KEVTIKO HOPLO ELGEPYETOL OTO EOCMTEPIKO THS MTIOIKNG
oihooTifiados ko pe wAEVPIKN Oidyvon mpooeyyilel
KOl TPOCOEVETAL GTO EVEPYO KEVTPO TOV vIoJoyéa. (Thv
eova emueAntnke o Ap. K. lomaxwvarovtivov).
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vodoyelg eivar dvvatov vo peietnBodv pe Mopio-
K Mnyavicr. Tlpdogata pedetibnke o punyovicpuog
TPOGOECTG POPUAKEVTIKDV LOPIOY GTOV AOPEVEPYIKO
vrodoyéa- mepintwon an’evbeiag npdodeons (A oto
oynua 7). H pelém apopovoe o€ B-avactoleic kot Eva
B-ayoviom. Ta pdpa owtd cuvavmoay d0o epmodio
GTNV TOpEin, TOLG Yo Vo, OAGOVY GTO gvepyd KEVTPO
0V VTodoyEa. To éva epmod10 HTOV 1 ATMOAEL TG OTL-
Badag evuddtmong n onoio cuvEBave 0pKETE LoKPLd
a7t TO EVEPYO KEVTPO TOV LITOSOYEN GTOV EEM-KVTTAPLO
TPoBdAaLL0 Kot TO S£HTEPO EUTAFIO OPEINITAY GT) YEW-
UETPia TOL VITOSOYEN TANGIOV TOV EVEPYOD KEVTPOUL.

Avtifeta ot Hurst kot o1 cuvepydteg tov mpoTeL-
vav punyoviopd dvo Prpdtev (I' oto Zymua 6) yio tv
TPOGOEST) TOV KAVVOPLO0EBDV LOPIOV GTOV VITOJO-
xéa kavvapivoedov CB2. Ta popia avtd g apei-
PLAQ TTPOTLHLOVV VO, EIGEPYOVTOL OTIG MTIOIKEG dtTho-
oTfddeg Kat pe mAgVpIKN didyvor wpoceyyilovy to
evepyo kEvtpo™,

O Zovumovhdkng Kot 0l GLVEPYATEG TOVL TPOTEL-
vav ToV 1010 punyaviopd yo opeieiio popLo, avtoym-
viotég g ayyerotacivng 11 (AT)) (oxfiua 8)*.

R O 1o otddio: Eioxwpnon Kai
*g\.%\rm diduon oTIC pEPPPAVIKES
~ 1L smhoompades.

A
20 oTddio:
Mpdodeon oTov
AT1 unodoxéa.

B

Zyjua 8: A: Tpémog dpdong AT, aviaywviorwv otov
AT, vrodoyéa. Avapépoviar To. 6o Briucto to omoia o
mpémer vo. axoiovBdiioovy ot AT, aviaywviatés maote vo
poaoedody ato evepyo kévipo. To mpato Pruo. wepiiop-
paver v eiaydpnon tovg otig Mmoikés oimhootifadeg.””
3 Excel dropéoviar mAsvpiid, mpog 1o evepyo kévipo® omov
HEOW OUPOTEPIKDY QIANAETIOPCOEDY EVEPYOTOLODY TOV
VIOOOYEQ. KO TEAIKG. OVOTTEALODY TI] Opaol] THS OYYELO-
oaotodtiknc opuovig ayyetotooivig I (B).



IMepdpata Moprokng Avvopikng £dsi&av Ot To
HOpLOL BVTA UITOPOVY VO EIGOVOVY OTIG MTIIIKEG Ot
mhootifadeg. Amopével vo dieEoyBodv KatdAANAL
TEWPALOTO Y10 VO SIEVKPIVIOTEL 010G 0O TOVG OV0
TOAVOLG UNYOVIGLOVG OVTIGTOLYEL GTNV TP HLOTIKO-
NTa 0T OpAom PAPUAKEVTIKOV HOPimY TOV oAANAE-
TOPpovV 6ToVG GLiEVYEVOVG VTTOdoYElS pe G-TpmTe-
Tvn. Ae Bo Tpémel vo. amoKAEIoTEL KO 1) TEPInT@OT OTL
UTTOPEL VoL AELTOVPYOVV KOt 0L SVO HNYOVIGHOL.

6 . AMinlenmidpaocn Qupprak®v pe pepPpdveg

Onog avapépbnke pehétec o€ KLTTAPOKAAMEP-
YELES, G LOVTELD LEUPpavdV Kot in vivo €xouv deilet
oTL ol oAAnAemdpdoelg pappdkov-Amidiov mailovv
ONUOVTIKO POAO OTIG POPLLOKOKIVITIKES 1O1OTNTES KOt
emnpedlovy TN PETAPOPA KOl KOTOVOUN OTO OLOfLE-
plopaTo TOL 0PYOVIGHOD OAAG KOl T GLGGMOPELON
(accumulation) gvtog ToVL KLTTAPOL, SlOOIKAGIEG Ot
omoieg emnpedlovV TV TEAMKT OTOTEAECULOTIKOTITOL.
O péroG TV MTIOV O ONULATOSOTIKAOV LopiV £xet
eniong avayvoplotei 62,

O petaforég mov cvpfaivovv katd TV oAAnAe-
TOPOoT EVOG PUPLOKELTIKOV Hoplov pe TG pepPpd-
VEG, LTOPOVV Vo dlakptfovv og dVo KaTnyopiec:

A) Metaforég otn dopn g pepPpdvng
®  Alhoyn TNV SLOUOPPMCT) TOV AKVAK®OV OG-
dwv (trans-gauche 1copepeldoeLg)
AvEnom g LEUPPAVIKNG ETLPAVELOG
AlAayn oto Tayog TG LEUPPavNG
AlAayn 6TN PEVGTOTITA KOL T1] GUVEPYOTIKO-
ta (cooperativity)
®  Alhoyn oty €VLOGTMON TNG TOMK®DV KEPO-
AV
B) Metaforéic 611 OLUPOPO®OC TOV EVEOUATO-
REVOV TPOTEWVOV-6TOHYOV 3
H Broloywn| dpdion tov gappdiov e€aptdrat and
™ d1dyvon tov ot pepPpdvn. Katd v gicodo tov
popiov ot Amdiky Surhootifada g Hepppivng
vrapyet mhavomta va enéhBovv aAlayég ot O~
HLOPPMOOT TOV EVOOUATOUEVOV TPOTEVOV LE ALLECO
amotéleco TNV enttdyvvon 1N emPpdovven g ot
GYLOMG TOL POPLOKOLOPIOL KOl KOTO GUVETELLL TNG
EKONAMONG TNG PAPLAKOAOYIKNG dpdong. Ao ta. o~
pandve kabiotatol caess 0T To Amidia Kot ot Tpm-
tetveg mpémel va Bempolvtal mg GulevyLEVEG OVTOTI-
te¢ (partners).
HopatiBevor peptkd mapadeiypota yio vo Koto-
GTNOOLV GO TA TPOAEYOUEVQL:

(a) H datapoyr g Mmdikng @acng tov KuTto-
PIKOV pepPpavav arnd tporomomtég (modulators) p-
YAOKOTPOTEIVIG TPITNG YeVERS eupaviletol Wlaitepa
oNUaVTIKY otV gvioyvon (potentiating) g avTikop-
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KIWVIKNG Oepaneiag, 1 amoTeELeGUATIKOTNTO TNG OTOT0G
emnpedleTtal Omd UNYOVIGHOVG «OGTOVPOVLEVG
avtoyng, multi drug resistance». 'H p-yAvkonpwte-
Tvn avinKel 6Tovg petapopeis tng owoyévelag ABC
(ATP-Binding Cassete) kot givar 1 KOplo TpoTEIVN
OV EUTAEKETOL OTO HNYOVIGHO «OLOGTOVPOVLUEVNG
avtoyfe». ¢ €K TOVTOL AVOGTOAN 1] TPOTTOTOINGN TNG
SUOPPOONG TG P-YAVKOTPMOTEIVIG  HEIDVOLY TNV
avtiotaon oV aviikapkivikn Oepameio. Ot Tpomo-
TOMTEG TPITNG YEVEAS LE YOPOKTNPIOTIKO EKTPOGHOTO
™ tapikivtdpn (tariquidar) Tpocdévovtar iIoyvpd otV
P-YAvKOTp®TELVT, EMCYOVTOG OAAYT| OTN SIUOPPMOT
g Kot gumodifovtag v vdpdiven tov ATP kot katd
GUVETELDL TNV EKPOT] TOV KVTTOPOGTOTIKOD TOPAYOVTOL
é€w omod 10 KOTTOPO 046

(B) H mpdcdeon tov pepppavikdv Mmidiov pmo-
pel va odnynoet og ahlayég ot Asttovpyio TPOTEL-
VOV 0TtOg TG pwcpolmdong A, S-Mmo&vyovaong,
0&€106.0MG KLTOYPDLOATOG C, AVGOCMUOKES POCPOAL-
TACES, POCEUTIOVAOIVOGITOAN EOIKT) POCPOALTACT
C, GQUYYOHVEAIVAOT Kot TpmTEiVIKT Kivaon C 2.

(v) 'Evag amd Toug onpHoVTIKOTEPOLS PLGLOAOYL-
KOUG POAOVLE TNG HEUPpavikig AMmidikng cvvheonc
Kot OOUNG V0L 1) GUUUETOYN GTN KUTTOPIKT G0~
t0d0tnon. Ta pepPpavikd Mmidio cuvelcpépovy e
d1dpopovg Tpdmovg oTN peTaywyn onpotog . Anote-
AOVV €va EKAEKTIKO @PaYLLO GTIC VOPOPOPES OPLOVES
Kot VOPOPIAL onpotodotikd popta. Eivor wavd va
EAEYYOLY TN Ophon TOV HEUPPAVIKOV ONLLOTOd0TL-
KOV TPOTEVOV dtatnpodvtag kabopiopévn cdvheon
kot pegvotdmra. Emnpedlovv v aliniemidpaon
TOV ONUATOO0TMV TPOTEIVOV dtatnpmdvtag kabapd
OPVNTIKO ETPOVEINKO POPTIO GTO EGMOTEPIKO TUNLOL
™G peuPpavng. Avtd emtvyydvetol KOplo omd ™
POGPATIOLAOGEPTVY KOl TopEXOVV TOALODS 0O TOVG
omoLdOioVg HOPLOKODS KLTTOPIKODS GNUATOSOTEG
HECH TOV POGPOMTACHV KOl ATISIKOY KIVUCHV.

(0) Ot G mpwteiveg OmMOTELOVY TOVG HOPLOKODG
dtakomTEG TOV opyavicprov. Avtég petafifalovv to
onuo 6tav &yovv deopevcet ™ GTP kot oryovv dtav
deapevoovv m GDP. Ot GPCRs anotehobdv 10 80%
TOV YVOOTOV DT0d0YEMV Yo vevpodtaifactés op-
LOVES KOt VEVPOTPOTOTOMNTEG KO YOPp® 6T0 5% TV
YOVIS IOV TOV EVKOPLOTIKOV opyavicpdv. H duvatd-
mra vo eheyyxfel  dpaotikdTTo TOV G-TPpOTEIVOV
HEC® TPOTOTOINGONG TOL ATIIIKOD TEPPAAAOVTOG
&xel tehevtaio ypnoyomombel yo va avomtuyfodv
QappoKo yo T Bgpomeio Tov KapKivov, ToyLoOPKi-
ag, veéptaong KAT. Onmg gival yvootd 1 gvookuT-
Tapikn G-mpoTEiv dpa MG HETADOTNG KOl EAEYYEL TN
dpaon tov enevepyovcav (effector) Tpwteivdv dnmg
Y. OOEVOMKNG KUKAGGTG, YOLOVOAMKNG KLUKAGONG,



POGPOMTACNG C, LOVTIK®OV Kovoldv kAT, ['a vo on-
povpyn et éva amobepo G TpoTEIVAOV YOP® 0md ToVg
ovlevyuévoug G mpmteivikodg vrodoyeic (GPCRs)
glvat avaykn n cvecd®pevon Mrdioy Tov dE GYNLLa-
tiCouv ehoopatddn (lamellar) edon. Tétowo Mmidio
givar w.y. N eoopatidvAoatdviauivny (PE), mov op-
yovavovtar oe Ha (eaymvikéc-Hexagonal) ¢dcels.
AvTég o1 U ghocpatddels pacelg Ppédnke vo av-
Eavouv ) déopevon Tov etepotpipuepdv G TpoTEL-
vov. H diepyacio déopevong tov G TpoTteivdy 6Tovg
GPCRs teppatifetor 6tav ot EMAGLOTMOELS TEPLOYEG
(.. Mmducd tpmparta-lipid rafts) mpokodovv pio to-
yelo €080 tv G TPOTEIVOV 06 T0 TEPIPAAAOV TOL
vrodoyéa (Tyfua 9) -6,

Mpdodepa + YrmodoyEag

R—
A 4

Evepyonoinon unodoyéa
Kai G-npwreivng

Nimdiko
nepifdAiov

v

Evepyomnoinon adevulIKiig
KukAdong, augnon cAMP
Kai BroxXnpiki anokpion

Zyipua 9: To himidwo mepiffdriov oty ueufpovn eréy-
el Loy amoxplon.

6. AvanTuEn 6VGTNRATOV NETAPOPES PUPPLAK®OV

H pedém tov odiniemdpdoswv petald oop-
pékov pe pepfpdves etvor onuavtikn Kot omd pio
A dmoym. To MmocduaTe ¥PMCYLOTOLOVVTOL Kot
®G CLOTAUATO HETOPOPHS Papudkov. H petapopd
TOV QAPUAKOV Kol 1 VYNAN eKAEKTIKOTNTO £E0PTO-
vtat and T d1dy Vo TOV EVOMOUATOUEVOL PAPLLAKOV
S0 LEGOV TOV MTOCOIOK®OV Totyopdtov. H épevva
eotdletal o PertioTomoinctn g AmOKNG cOvOe-
oNG, TOL MTOCHOUIOKOL LeYEDOVG, TG PELGTOTNTOG
™G LEUPPAVNG, TOL ETLPAVELNKOD (OPTIOV, TNG OTO-
Bepotntog dote va ovEndel 1 omTOTELEGLOTIKOTNTA
TOV MTOCOUATOV ©OC HETAPOPELS GE CVYKPLON LE
to ovpfatikd okevdopato (formulations)®®®, Tty
TPUYUATIKOTNTA, 1] OTOTEAECUATIKOTNTA TG Prodio-
Bec1LOTNTOG KATA TN HETAPOPE TOL QOPUAKOL e
™ ¥PNoN MTOCOUATOV KOl 1) VYNAN EKAEKTIKOTI-
T eEupTOVTAL 0T TN S1AYLON TOV EVOOUATOUEVOL
(QOPUAKOL dl0 LEGOV TMV ATOCOUOK®OV TOW®LE-
TOV.

Me 1o oKentikd avtd 1 CAANAETIOpAGT TOL GL-

GTNLLOTOG LETAPOPAS TOV PAPUAKOL LE TN HeUPpdvn
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TPEMEL Vo €ival TO TPAOTO P HEAETNG Y10 VO KO-
Tavonovy ot PloQuoIKEG OAANAETIOPACELS TOV Vo
VOUETAPOPEDV LE TIG KVTTOPIKEG LEUPPaveS DOTE va.
avantoydel éva OTOTELEGOTIKO GUGTILLOL LETUPOPEG
Qoppakov (M mTpoteivng 1 yovidiov). Erniong sivar
ONUOVTIKO VO €ival YVOOTA OTOL0ONTOTE YOPOKTI-
PLOTIKG VOVODAIKAV OV UTOPOVV VO TPOKAAEGOLV
to€kd anmoteléopata’.

5.8. O onpaivev pérog TS YoANGTEPOING

H yoAnotepoin, n epyoctepdin, 1 oTrypactepOin
Kot 1 61Tt0oTEPOAN £Vl GTEPOLEG TOV OMAVIMVTOL GE
S10pOPOLS TOTOVG HEUPpavdV 6 GAOVS TOLS LWTKOVS
KOl UTIKOVG opyaviopovg (oyfAua 10) %7472 To ye-
yovdg OTL aVTA TO TEGGEPO. LOPLOL EYOVV TOPEUPEPT|

| i{\\—"\‘/\l/ " “‘«\:/\/
P 5/
. /A;\/?/,J/.tm haoTkg o L 1 (atoug poxrree)
i3 'x//\|/ \rﬂ-v
e AN S0
HO /“‘*j\:/j/ HO'/\'“” ‘/T

ErrypacTepdhn (oTa guid) LimoaTepdhn (oTa purd)

2ynua 10: O1 o1epoieg mov amovt@vTal oTis LUEUPPa-
veg (WIKMV Kol QUTIKWOV OPYOVIGUMDY.

dopn Kol amavTOVTOL TOG0 cLYVE o8 HepPpaveg, vto-
detkvoel OTL o1 otepOreg mailovy onpaivovia poro
o0TN Agrovpyio. ovtdV TV pepPpavav. H yoinote-
pOAN Yo Tapadetypa 1 omoia PpicKeTol avipeso oTo
HOPLOL TOV POCEOMTIIIOV TOV TAUCUOTIKOV HELL-
Bpavov tov {owdv opyovicpodv (oynqua 11), Bew-
peitot 6TL otabepomotel T pLepPpdvn, HEL®VOVTOG TN
KIVNTIKOTNTO TOV HEUPPAVIKOV pOOQOAMTISimY.”

2 ;(ti;ia 11: Anezko'vzmy KOTTOPIKNG peuppovns: 1)pwo-
poMmidia 2) yoAnotepoin 3)yAvkolmiolo 4)cdicyopa
kot 5,6,7,8) llpmteiveg



Ot S10LOPLOKES OVVALLEIS TOV AVOTTOGGOVTOL LLE-
Ta&0 TOV popiov NG YOANGTEPOANG KAl TOV VEPOL
7ov Ppioketot evtdg Kot EKTOG KUTTAPOL GLUPAAAEL
OTN PEVGTI GALG GUVEKTIKY dopn TG HEUPBPavNG, Kot
™G Tpoadidet Aettovpyikotnta. Emmiéov, £xet kabo-
PLOTIKO POAO OTNV OVATTLEN VEVPIKOV GUVOEGU®MV
TOV €YKeEAAOL Kot fonbdel Tov opyaviopd 6To oyn-
HOTIGHO KO TNV TPOCTAGIO TV VELPOVAOV Kol GTN
dMpoLPYIN TOV IGTOV TOV KLTTAP®V. X TOAAEG Pro-
ANHKEG S1aOKAGTIES YPNOUYEVEL MG TPAOTN VAT, OTOC
Y. GTNV TAPACKELY TG TTpoPrrapivng D.”

H yoknotepoin pe v molikn opdda vOPoELAL-
oV, UTopel voL aAANAETIOPEL [LE OULASES EMAVED 1) KOVTA
omv peuPpovikny emeaveln (Zynpo 12). X pev-
ot edon ™S HeUPpavng 1 YOANCTEPOAN EAUTTOVEL
TNV TEPLOTPOPIKY €AeLOePiol TOV YEITOVIKOV VOPO-
YOVavOpaKIKOV 0AVGIOMV Kol £T61 €AOIGTOMOLEL
TN PELGTOTNTO N OAMMG OMovpYEl axapyio otV
pepppbvn. Xtn edon KT 1 YOANCTEPOAT dpo. MG
TPOGUEN oV EAaTTOVEL TV TAEN HETAED TV KAAL
TOKETAPICUEVOV MTIOIKADY 0Acidmv.?

AxapTrTol
oTEPOEIBEIG
BakTohiol
X Mohikr
e }mpai\ﬂ
oy )
Ds‘:‘:ﬂ. )
& Mn oAk
o ahuoida
&

2ypa 12: H yoinotepoln dotaooeton mopalinio. pe
TS 0Avoideg imopdv 0&Ewy Twv pwopolimidiwy, e Tny
OPOCLAOUGOC VO OAANAETIIPE, UE TIG TOAIKES KEPALES.

Ot emdpacelg TG yoANoTEPOANG e LepPpdives - [o-
véda Exovv peletnOel exTEVAC amd SLAPOPES TEYVL-
KEG, OMMG .Y [l TPOGOUOIDGES Moptokng Avvoplt-
KNG, eacpatookonioo NMR, mepibiaon aktivov X,
Srapopikng Bepudopépiog ohpmong k.o’ And ta
TEWPALOTO QVTA TIGTEVETOAL OTL T YOANGTEPOAT OPOL G
PLOUIOTNG TOV KLTTAPIKGV pepPpavay puBuilovtog
T pevototta toug. H yoAnotepdin pmopel emiong
Vo, a0ENGEL TNV UNYOVIKY avToyn TG LepPpavng®>s,
[Ipocopoidoeic Moptakng Avvokig g dumAootifd-
0€G POCPOMTIOIOV MG GLVAPTNOT TNG GVYKEVTIPMONG
YOANGTEPOANG Oelyvouv o onpavtiky adénon ot
T4EN TOV POCEOMTIOIKOV MGV Kol LELOUEVO
T0600TO TG gauche SAPOPPOONG KOOMOG KoL peim-
on TG TAEVPIKNG ddyvong TOV POGEOMTISIVEHE,
Meléteg °’H NMR o pocpoimidikég dimhootifddeg
OV TEPLEYOVY YOANCTEPOAN|, dElyvoLV OTL 0EOVIKES
TEPIOTPOPEG TOV POCQOMTISI®V enpaviloviol oe
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VYNAGTEPO TOGOGTO GLYKPLTIKG e SmAooTIPadeg
eocpolmdiov yopic yoAnotepoAn. Emumiéov, to
AKOUTTO POPLO TNG YOANCTEPOANG PAIVETAL VO VTTO-
BaiAietar og aovikn TEPIGTPOPT| 1O 0Py o OTL TO
avtiotoryo Hoplo pooPoMmTdimve,

Yypn edoxroxty poon (liquid-ordered phase) xou yoin-
otepoln: Tlepduoto pe GLVOLOCUO TOV TOPUTAVED
pebodoroyidv €det&av OtL 1 YoAnoTEPOAN dSntovp-
vel plo véa @dorn LEeTaoYnUOTIGHOD 1) omoio Kohei-
ToL gVTAKTN VYPN edon. H vypn edtoktn edon sivar
vypN He TV €vvola OTL VILAPYEL LETAPOPIKT atalio
(translational disorder) kot toayelo Sidyvon (rapid
diffusion) oto eninedo g dimhootiPadog aALd evTa-
KT Y10Tl cLYYPOVOG VIAPYEL KOl LEYOAT SLOLULOPPm-
TIKY TAEN oTIG Mmdtkég aAvcides. Onmg Oao e&nynOel
TOPAKAT®  OVTH 1 VYNAN TAEN OTNV VYPR EVTOKTN
@dom odnyel oe emBLUNTEG UNYOVIKES 1010TNTES [iog
oTEPENG HEUPPAVIG YOPIS OTNV TPAYLOTIKOTNTA VO
etvat kpuotarikr. H vypr avt ebtaktn edon eivat
povadikn yia ) yoAnotepdin kot GAleg otepOrec?’.
ZNUOVTIKA YOpaKTNPLOTIKG oV emnpedlovtal avd-
AOYOL HE TN GLYKEVIP®OT TNG YOANGTEPOANG OTIC
MTIOIKEG SIMAOGTIRAdEG (KOt ToL OTTOi0, OTOLTOVY TEL-
PALOTO e TOALEG TEXVIKES KOl dLAPOPES OLGIES Yo
dte&aymyn TEMK®V cupmepacpat®v) ivat ta eENg:
® [laOntikn damepatodTTAL
[Ipdcdeon ovoidv
Oeppopnyovikn e Mmdikng Stmhootifadog
IMievpikn d1dyvon
Agttovpyio TpoTEVOV

Momeparotnra: Etvon dwaitepa evdtapépov 6Tt 1 Ot-
AmEPOTOTNTO TNG LEUPPAVIG TaPOLGLALEL SLOKVLLAV-
OELG AVALOYO LLE TN GLYKEVTPWOOT) TG XOANGTEPOANG.
Amovcio yoAnotepding, n Surhootifdda mapOVoL-
alet onpovtiky domepatdnTo. Xe HIKPO TOGOGTO
popakng avaroyiog ot dumhootiBéda (.. 5%), n
YOANGTEPOAN TTPOKAAEL Likp) adEN G TG dtamepATO-
mrag. Ot peydleg GLYKEVTPOGELS YOANGTEPOANG (TT.X.
40%) mpocdidovv evtadia otig Mmdikég dSumAooTia-
dgg, AOy® Og TG LeYIANG EMPAVELNG TOV KAADTTOVV,
HELDVOLV T SlamepaTdTTa TOVGSS S,

Ipocdeon ovoiwv: H yolotepdin dpa ®¢ ovto-
YOVIOTAG o€ GALEG ovoieg mov pmopovdv vo Oe-
oueVTOVY  oTIC HeEUPpaveg o€ pEYAAES GLYKE-
VIPOGOELS. X WIKPEG OUMG CLYKEVIPAOGCELS, OTMG
ovopPaivel kol pe ™V moONTIK)  SlamepaToOHTTA,
00N yel o€ 1oYLPITEPT OEGUEVOT] AOY® TOV SLOKVLLALV-
oemv mokvotrag (density fluctuations) kot katd cv-
VETELN TAEVPIKNG ETEPOYEVELOG TNG HEUPPEvM .

Ocpuounyovikn e imdikns dirhootifados: O dio-
KUUAVGELS TNG TUKVOTNTAG KATA T OAGT] LETOGYMLLO-
TIGHOU piog MmdKNG SmAOGTIRAdNG EXEL CUVETELES



otig Beppopnyovikég WO TéG ™G H Mmidwr| ot-
TAOGTIRAS KOTA T (ACT| LETACYNLOTIGHOD YiveTal
mo poiokn (softens) kot to mayog g dumAooTtPd-
dag av&avel avopaia. H mapovsio yoAnotepding o
TAMPOG deVTEPIOUEVES SUTAOCTIPRASEG SYLVPLOTIKNG
POSPATIOLAOYOAIVIG oe avaloyio >4 mol% &xetl g
GULVETELD TNV €E0PAVIOT] OVTNAG TNG AVAOUOANG aOEN-
oNgG TOL TAYOVG. AvtifeTa G UIKPEG GVYKEVTIPMDOELG
éxet to avtifeto amotéheopa Kot 1 &nynon mov dive-
Tat etvat 6Tt avEAVEL TIG SIAKVILAVOELS TUKVOTNTOC.

Ievpirn oigyvon: H yolnotepOAn £xel T HOVOSIKY
wWwidmra va ovEdvet T Mmdkn evtaéia, vo BeATidvel
TIG UNYAVIKEG 1O10TNTEG KOL TN SLOTEPOTOTNTO KOl GUY-
YPOVOS VOL TPOGIIOEL YOPOKTIPLOTIKG VYPOV GTN SUTAO-
otifdda. Xe vymAég Beppoxpoocieg (LeyoaldTEPES TOL
Tm tov Mmdkov dtmhootifadwvy) 1 didyvon (D) ehot-
TOVETOAL Pe 0OENCT] TNG CLYKEVTPMOGNG TNG YOANOTEPO-
Ang kot o€ yapunAodtepeg Beppokpacies (LKpOTEPES TOL
Tm tov Mmdev duthootfadmv) 1 didyvon avkive-
TOL LOVOTOVIKG, pE TNV a0ENGM ™G xoAnotepoing”.

Aertovpyio twv mpwteivav: YTAPYOLV TOAAG Topo-
delypota yloo v emidpacn g YOANoTEPOANG O
Broymukn Aettovpyio TV SL0QOP®V KUTTAPIKAOV Ot
gpyactdv. H yoAnotepdin teivel va PETATOTIGEL TV
1COPPOTTIO, TMV TAEVPIKAOV TIEGEDY TPOG TO ECMTEPL-
K0 ¢ durhootifadag. Opiopéves mpoteiveg eaivetan
VO TPOTLOVV TI GLGCMOPEVCT) GE TUNUATO TAOVGL
o€ yolnotepoin (oynua 12). Zoyva avtéc ot TpoTei-
VEG PEPOLV Lo VOPOYOVAVOPAKT AAVGIdN G «AyKL-
PO TOL TUPLALEL AVETO GTO GOLYTO TAKETAPICLLA TG
oyediog. [Ipdoinyn TpmTEIVOV 1 AmOOTACT T TUN-
pota ovtd (rafts) pwopovv gbkola va drevkoivvOodv

pe evQupHOTIKY S10oTOoT 1) TPOCKOAAN O TMV KOTAA-
IAwv vépoyovavOpaxikdv olvcidwy ',

YuurmeQdopata

O poAog TV Mmdiny Tav pepppavov dev teptopi-
Cetat og avTOHV TOV PLOAOYIKOD PPOYLLOV TOL GTOYEVEL
GTNV TPOGTAGiK TOV KLTTAPOL. Avtibeto Eyel Stami-
oTm0el OTL EMTEAOVY TOAAOTAEG KOl TOADTAOKEG AEL-
TOVPYIEG, GUUUETEXOVTOG GE OVTIOPACELS LETOYOYNS
ONUOTOG KOl 0€ OAANAETOPACELS L POPUAKEVTIKA
Hopio Katd T SLodtKocio TPOGEYYIoNG OTO EVEPYO Ké-
vtpo dwpepppavikdv vrodoyéwv. Emt miéov petofo-
AN ToV MTS1KOV TPOPIA GE TUHOAOYIKES KATUGTAGELG
€xel odNyNoeL oty avATTLEN TG “AMTSOUIKNG TOL
enekteivel 1o medio g petafovopuxng. H avamtoén
TEYVNTOV HOVTEA®V UEUPPOVAOV EMTPENEL TN YPN-
yopn EKTIUNOT TNG JAMEPATOTNTAG TOV PAPUAK®OV,
EVAO 1N TOPUCKELT] MTOCOUATOV PpioKel epoprLoyn
OTNV OVATTLEN GUGTNUATOV HETAPOPAS POPUAKOV.
Ot Boguotkés OAANAETIOPACELG TOL TOPATPOVVTOL
YPNOHOTOLDVTOG LOVTELD AMmidicv Tailovv onpavti-
KO pOLo o1 SlEPELVNON TOV AVOTEP® AEITOVPYLDV
TOV HEUPPaVIKOV MTdimV. ZNHovTIKOS eivatl o poAog
™G YOANGTEPOANG, O 0TOI0G dLPOPOTOLEITAL ALVAAO-
YO LLE TN CUYKEVIPMOOT] TNG EMNpeAlovTag T dlmePa-
TOTNTA KOt TV TPOGOEST] AAL®V 0LGLDV, KOOGS Kot
™ Beppoduvvapukn g Mmidikng dimhootiBadag, v
TAELPIKY OLAYVON KOt TN AEITOLYIN TOV TPOTEVAOV.
¢ €K TOVTOV OTOLTEITOL L0 OMGTIKT TPOGEYYIGT TNG
AELTOLPYIOG TOV KVTTOPIKOV HEUPpavdv BempdvTog
TOL. GLOTOTIKG TNG, M0, TPOTEIVES, GTEPOAES MG
pio GCeVYpEVT) OVTOTNTO.

1. Tpripa pepPpdvng Xwpic XoAnatepoAn

. Turipa pepppdvng mAouoio o€ XoAnoTepoAn (raft)

3. Aiapepppaviki mpwTEivn ouvdedepsvn aTo TPpa
pepppavng 2 (raft)

4. Mepppaviki mpwTeivy o€ Tpqpa pepppavng Xwpig
XOANGTEPOAN

N

5. AA\ay€g oTn YAuKogulion (mave o€
YAuUKOTIpWTEivEG Kal YAuKoAmidia)

6. GPl-aykupoBoAnuévn npwreivn (Glycosylphosphatid
ylinositol-anchored protein)

7. XoAnoTtepoAn

8. T'AukoAimidia

Zyipua 12: Aimidikn dimdootifiada uépog e omoiog eivor mhovoto ae yonotepoln (raft)
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Abstract

In the past, membranes were considered as inert
lipophilic barriers that block toxic substances to
enter the cells and exert their detrimental effects
but allow beneficial molecules to stay inside the
bilayer core and promote physiological responses.
Today, we know that membranes are complex
entities that govern fundamental biological aspects
of life and also control drug action. Among the
three biomolecule constituents: lipids, proteins
and sugars, historically proteins received first
recognition fortheirimportantroleinvitalbiological
processes. In our days, an increasing recognition of
the paramount importance in the biological action
of the lipidic part is experienced. Thanks, mainly
to the advances of biology, biochemistry and
molecular biology which contributed to understand
the vital role of the lipid part of the membrane
bilayers. Lipids are in a harmonic interactions with
proteins and because of this, the promotion of the
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biological response is triggered. In addition, lipids
can control drug action. Pharmaceutical research
has been developed for studying drug:membrane
interactions using several models that simulate lipid
bilayer functions. The advance of physical chemical
techniques aided tremendously in the explosion of
this field. The “fingerpring” of drug defined as its
localisation, orientation and perturbing effects in
membrane bilayers is assumed to be related with the
pharmacological action as well. Drug-membrane
interactions are also important to understand the
diffusion and metabolic properties of the drugs and
in many cases they may be responsible for their
desirable or undesirable effects. The importance
of membrane lipids in signal transduction, in most
cases through complicated processess, is also well
established. Moreover, changes in the lipid profil
in pathophysiological conditions have triggered
the development of ‘lipidomics’, an emerging
field to complement with ‘metabolomics’ in the
disease diagnosis and in identifying and validating
novel biomarkers. Among the sterols a special
role is assigned to cholesterol. The importance of
membrane lipids in the drug discovery process
has led to the development of biophysical models
and biophysical techniques in order to investigate
and understand drug permeability and drug action
in the early phase. The application of liposomes
in drug delivery systems is another important
aspect of the role of lipids in drug efficacy
and may solve formulation and drug targeting
problems. After providing a short overview of the
recent aspects on membrane structure, the above
functions of membrane lipids and the impact of
biophysical interactions with lipid models and
artificial membranes are reviewed in the present
article.
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Abstract

The DLVO theory is a tool to explain the
phenomenology of the physicochemical behavior of
nanocolloidal dispersion qualitatively. The -potential
measurements can be considered as a method for
quantitative characterization of the surface properties
of these systems. Particle charge determines the
stability of colloidal suspension. The magnitude of the
C-potential gives an indication of the potential stability
of the nanocolloidal systems. For electrostatically
stabilized suspensions and dispersions, minimum
C-potential should be +30 mV, and for combined
steric and electrostatic stabilization, it should be
a minimum of +20 mV. The goal of this study is to
investigate the role of {-potential as a key parameter
for detecting changes of structural components of
liposomes, the most common nanocolloidal particles
of Pharmaceutical Nanotechnology. For this purpose,
physicochemical characteristics were evaluated by
measuring the size distribution and (-potential of two
liposomal dispersions, which were prepared by the
same phospholipid with different purity grade. The
hydrodynamic diameter of two liposomal dispersions
did not change significantly, while C-potential
presented significantly change. These results indicate
that the (-potential could be used as an indicator of
nanocolloidal stability, which should be taken into
consideration identifying the quality of raw materials
in Pharmaceutical Industry and understanding the
nanocolloidal behavior of vectors for designing drug
containers.

Keywords: (-potential, nanocolloidal stability,
liposomes, DLVO theory
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Introduction

Nanocolloidal nanocarriers like liposomes,
polymeric nanoparticles, etc., can be classified in
a more general category of “soft matter”, which
includes a wide range of materials, that cannot
classified as solid or liquid and that can deform
easily because their molecules simply rearrange.!
These materials are characterized by softness (can be
considered synonymous with deformability) because
for these bionanomaterials, the entropy changes
related to the bond energy variations are dominated
by the modification due to molecules or biomolecules
configuration and structural and/or surface changes.!
Another important feature is the particle shape, which
is related to the specific surface and determines the
presence of attractive or repulsive forces within
dispersed and dispersive phases, which are present
in a nanocolloidal dispersion. The interactions
which play a key role in particle shape related to
ionic interactions, dipole-dipole interactions, steric
interactions and hydrogen bonding. In life sciences,
knowledge of the interaction mechanism at short
distances between the biomolecules immersed in an
electrolyte solution is very important to elucidate
the essential biological processes involved in many
cellular phenomena like membrane fusion.>?

The colloidal properties of micro- and/or nano-
particles are of paramount importance for their
applications.  The  Derjaguin-Landau-Verwey-
Overbeek (DLVO) is the central theory for colloidal
stability.*> According to the recent literature, the
hydration interaction energy can play an important
role in the colloid particle aggregation, though the



classical DLVO theory considers only the Coulomb
and van der Waals interactions . This phenomenology
is predicted by extended DLVO theory and by fractal
formalism.*'° The concept of fractal geometry
can be applied to describe the complexity of the
heterogeneous nature of drug processes due to
aggregation phenomena in the human body and the
dissolution of bioactive compounds.'!?

The C-potential

The C-potential values play an important role in
the nanocolloidal stability (Scheme 1). Almost all
particles in contact with a liquid acquire an electric
charge on their surface (Figure 1). The electric
potential at the shear plane is called the {-potential
(using the Greek letter {) (Figures 2 and 3). The shear
plane is an imaginary surface separating (Figure 2)
the thin layer of liquid (liquid layer constituted of
counter-ions) bound to the solid surface in motion.
Z- potential (Figure 3) is an important and useful
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Scheme 1. Destabilization mechanism  and

consequences on colloidal vectors of drugs. The
central role of (- potential. Adapted from'.

indicator of particle surface charge, which can be used
to predict and control the stability of nanocolloidal
suspensions or emulsions, as mentioned above." In
other words, C- potential is the potential at the slipping
plane (Figure 3). It is not the surface potential may or
may not be related. The measurement of {-potential is
often the key to understanding dispersion’s stability or
aggregation processes in applications. The magnitude
of the {-potential gives an indication of the potential
stability of the nanocolloidal systems (Table 1). If all

, bulk solution
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— layer

Particle

Figure 1. Nanoparticles in dispersion. When
nanoparticles are dispersed in medium, most of them
will carry surface charge. The surface charge will
attract ions of opposite charge to form a Stern layer,
where the ions are strongly bound and a diffuse region
where they are less firmly associated.

e-—“?é' ,,,,,,,,,,,,,,, Q C
@ gy -}
® /(e (TRl R
o e, © e
] i & Y e
o o9 ® 3 Location varies
; i ® .
o Lo 8 ® © r‘ﬁ_— with surface
o © ® : ?‘5 & morphology.
@ ® A @ 74
(]
o8 e ~

®
m'.
(C]

Figure 2. The slipping plane (shear plane). It is an
imaginary location, somewhere in the diffuse layer.
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Figure 3. Z- potential is the potential at the slipping
plane. It is not the surface potential may or may not
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Table 1: Stability characteristics of colloidal systems.

Stability characteristics ¢ - potential*

Maximt.m} agglomemtion 010 3mV

& precipitation

Strong -a.ggl-omeration SmV

& precipitation

Threshold of agglomeration 10 to 15mV

Zl"ﬁreshqld ofdelica_te 15 10 30mV
ispersion/suspension

Moderate stability 30 to 40mV

Fairly good stability 40 to 60mV

Very good stability 60 to 80mV

Extremely good stability 80 to 100mV

* The measurements of (-potential correspond to the
absolute values

the particles in suspension have a large negative or

positive {- potential then they will tend to repel each

other and there is no tendency to flocculate. 41
However, if the colloidal particles have low (-

potential values then there is no force to prevent

the particles coming together and flocculating or
aggregating. The general dividing line between stable
and unstable suspensions is generally taken at either
+30mV or -30mV (Table 1). On the other hand,
nanocolloidal particles with (- potential values more
positive than +30mV or more negative than -30mV

are normally considered stable (Table 1).

Z-potential depends not only upon the particle
surface but also on its environment (dispersion
medium). It can be affected by small changes in
the pH values or ionic strength of the medium
(Figure 4)."*15 Tt also depends on the surface
morphology of non-smooth particles. In this study,
- potential can be readily measured by the technique
of microelectrophoresis.'® The main applications of {-
potential determination are:

1) The relative comparison of various systems with
regard to their surface properties, to predict or
monitor stability of nanocolloidal dispersions in
micro- or nano- scale

2) The identification of the isoelectric point (or
point of zero (- potential) of nanocolloids and
microcolloids

3) The particle surface absorption and
4) The morphology identification.
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Figure 4. A typical plot of (- potential versus pH.
Isoelectric point: the point where the plot passes
through zero (- potential and is very important from
a practical consideration. It is normally the point
where the colloidal system is least stable.

Furthermore, surface charge and C-potential
determination are critical for understanding the
cellular uptake of colloidal particles, especially those
which are used as containers of bioactive agents.!”

Electrophoresis

When an electrictromagnetic field is applied
across an electrolyte, charged particles suspended in
the electrolyte are attracted towards the electrode of
opposite charge. Viscous forces acting on the particles
tend to oppose this movement. When equilibrium
is reached between these two opposing forces, the
particles move with constant velocity.

The velocity of the particle is dependent on:

1) Strength of electric field or voltage gradient.
2) The Dielectric constant of the medium.

3) The Viscosity of the medium.

4) The (-potential.

The velocity of a particle in an electric field is
commonly referred to as its electrophoretic mobility.
The Henry equation is:

2€( f(Ka)
Ug = 3In (1)

Where:

¢ is the - potential, U, the electrophoretic
mobility, € the dielectric constant, n the viscosity
and f(Ka) is the Henry’s function.

Two values are generally used as approximations
for the f{Ka) determination either 1.5 or 1.0.



Electrophoretic determinations of {-potential are most
commonly made in aqueous media and moderate
electrolyte concentration. f{Ka) in this case is 1.5, and
is referred to as the Smoluchowski approximation.
The C- potentials were calculated from electrophoretic
mobilities, p, by using the Henry correction of the
Smoluchowski equation:

_ 3pgn 1

T 25 &, f(Ka)

where £0 is the permittivity of the vacuum, &= is
the relative permittivity, a is the particle radius, K is
the Debye length, and n is the viscosity of water. The
function f(Ka) depends on particle shape. Therefore
calculation of - potential from the mobility is
straightforward for systems that fit the Smoluchowski
model, i.e. particles larger than about 0.2 microns
dispersed in electrolytes containing more that 107
molar salt. The Smoluchowski approximation is used
for the folded capillary cell and the universal dip cell
when used with aqueous samples.

For small particles in low dielectric constant
media f(Ka) becomes 1.0 and allows an equally
simple calculation. This is referred to as the Hiickel
approximation. It should be noted that Non aqueous
dispersions’ measurements generally use the Hiickel
approximation. While if Ko > 1:

)

g 75
2 T 2Ka)?

flka) = 1.5+ (3)

The role of C- potential in liposomal technology

Liposomes are colloidal nanoparticles and have
been considered as suitable carriers in drug delivery.
The structural units of liposomes are amphiphile
molecules, mainly phospholipids. The most abundant
lipids in liposomes are phosphatidylcholines (PCs).
In addition, parameters that influence the behavior
of liposomes in biological environments are
membrane fluidity, surface charge and - potential,
degree of hydration, liposome size and the method

of preparation. The physicochemical properties
of liposomes such as lipid composition, surface
charge and size, can modulate their in vivo behavior,
resulting in an improvement of the pharmacokinetic
properties as well as the pharmacological response
of the incorporated drugs. High net C-potential
values indicate increased stability of the liposomal
suspension, due to decreased aggregation and fusion
of liposomes.” The liposomal stability indicates
that electrostatic repulsion should be responsible for
keeping the liposomes far enough to avoid van der
Waals attraction, which was predicted from classical
DLVO theory.*”

The goal of this study is to investigate the role
of (-potential as a key parameter for detecting
changes of structural components of liposomes, the
most common colloid particles of Pharmaceutical
Nanotechnology.

Materials and Methods

Materials

The phospholipid used for the preparation
of  liposomes was 1,2-Diacyl-sn-glycero-3-
phosphocholine (EggPC) of 60% and 99% purity
and was used without further purification. It were
purchased from Sigma Aldrich and Avanti Polar
Lipids Inc., (Albaster, AL, USA), respectively. All
reagents used were of analytical grade.

Liposome preparation

Liposomes were prepared by thin-film hydration
method. The lipid film was prepared by dissolving
EggPC in chloroform, and slowly evaporating
the solvent in a flash evaporator. The film was left
under vacuum for at least 24h. The lipid film was
hydrated either in tris-buffered saline (TBS) of pH
7.4 by slowly stirring for 1h, in a water bath above
the phase transition of lipids (23° C). The resultant
multilamellar vesicles (MLVs) were subjected to size
reduction in an extruder through a polycarbonate filter
of 200 um pore size resulting to the formation of large
unilamellar vesicles (LUVs).

Table 2. Physicochemical characteristics of liposomal formulations.

. .. z-average mean* {-potential
Liposomal Composition rr

P P (nm) (mV)
EggPC (60%) 209.03 +£0.95 0.133 £0.002 -26.2+0.9
EggPC (99%) 191.60 +2.70 0.120 £0.024 0.8+0.7

@ z-average mean: mean size of particles, * PI: Polydispersity index
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Mean particle size and {-potential measurements

Physicochemical characteristics were evaluated
by measuring the size distribution (z-average mean),
polydispersity index (PI) and {- potential of liposomes.
The mean hydrodynamic diameter (z-average mean),
polydispersity index (PI.) and C-potential of the
particles were used for the characterization of the
liposomal dispersion immediately after preparation.
100 pl aliquots were 30-fold diluted in HPLC grade
water. Measurements are performed at a detection
angle of 90° and at 25°C in a photon correlation
spectrometer (Z-sizer 3000 HAS)

Results and Discussion

Physicochemical characteristics
liposomes are presented in Table 2.

The hydrodynamic diameter of two liposomal
dispersions did not change significantly and the
PD.I. values indicate quite monodisperse liposomal
formulations (Table 2). The {-potential of EggPC 99%
purity liposomes in TBS water was found near zero,
because of the absence of net charges on liposome
surface (Table 2). On the other hand, the preparation
of liposomes with EggPC 60% purity caused a shift
of (-potential to more negative values (Table2).
Furthermore, - potential plays an important role for
the elucidation of structural characteristics of liposome,
while hydrodynamic diameter did not alter by the
change of the purity of EggPC. These results indicate
that the {-potential is a key parameter, which could be
used as a road map for choosing raw materials with
optimal properties for designing and developing drug
nanocolloidal containers. According to the requirements
of Pharmaceutical Industry, the Good Manufacturing
Practices (GMPs) shall adopt {-potential measurements
of raw materials to produce nanocolloidal systems
incorporating drugs with therapeutic value.

of EggPC

Conclusions

Electrokinetic  characterization of colloidal
particles surfaces is important to a number of fields
in Pharmaceutical Nanotechnology. The DLVO,
classical and extended, is the central theory, which
describes the stability of colloidal nanoparticles, while
the C- potential values indicate and predict the stability
of a colloid dispersion or suspension. Additionally, it
is well established in the recent literature, that the
regulatory considerations are of great importance
aiming at providing proofs concerning not only the
design, biomaterials and preparation of liposomal
delivery systems but also the final formulation’s
physicochemical and structural characteristics.!® Z-
potential determinationis significant forunderstanding
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the biophysical behavior of colloidal particles,
especially those which are used as containers of drugs.
Finally, we could conclude that the determination of
C- potential is very important for colloidal systems,
especially for liposomes, as it was indicated of the -
potential values of liposomal dispersion consisted of
the same phospholipid with different purity grade.

0 o6hog Tov C-Ouvapuxov ot otodeQo-
TITO TOV VAVOXOALOELDV CUOTUATOY.
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H 0ewpio. DLVO amote)el éva epyaleio yoo v
€ENYnon G PAVOLEVOAOYIOG TNG PUGIKOXNLIKTG GL-
UTEPLPOPAG TOV VOVO-KOAAOEWOMV SL0GTOPAV TO0TL-
Ka. O petpnoels Tov C-duvapukon pmropovyv vo, Osmpn-
6oV g pio pEHOSOS Yo TOV TOGOTIKO TPOGHOPIGUO
TOV 1O0THTOV ETUPOVEINS OVTOV TOV GLGTHUATOV.
To @optio tov copartidiov mpocdopilet T otabepod-
NTO TOL KOALOEWOVG evaumpnpotos. To péyebog tov
-dvvapukon mpocdidet pio Evoelen g mhavng ota-
BepdTnTOG TOL VOVO-KOAAOEWOOVG cvotipotos. Lo
NAEKTPOGTATIKMG GTAOEPOTOMUEVE, EVOLMPTLLOTOL KOt
dwomopég, N eldytotn Tov C-duvapkov Bo mpémet va.
givor £30mV, Kot Yoo GUVILOGHO GTEPIKNG Kot MAE-
KTPOGTOTIKNG 6Tafepomoinong, o mpémet vo AapuPavet
eMdyo Ty £30mV. komdg TG TapovGag EPYAGTNG
givo va dtepeuvnBet o porog tov C-Ouvapikod og piog
TOPOUETPOV-KAEWDIO0 Y0 TNV aviyvevon Tov oAla-
YOV 670, SOUIKE GUGTATIKA TMV AMTOGMOUATOV, TO. TLO
Kowd KoAAoewn copatidw g Coppokevtikig No-
votgyvohoyiag. I'a 10 6Komd aTd, TO. PLCTKOYNUKE
FOPAKTNPLOTIKA a&loroynOnkav tpocdiopiloviog v
Kozovoun peyéboug kot to C-duvapkd Vo MITocmLL-
KOV EVOLOPNULATOV, TO OO0, TOPUCKEVAGTIKOLY OO
QeooPoMmidwW iS10¢ YNUKNG SOUNS, aAAG dLOPOPETL-
KoV Babpov kabapdmtag. H vdpoduvopukr Stapetpog
TV 000 MTOCOUIK®OV EVOIOPNUATOV Oev GAAAEE,
evd 10 (-6uVOpIKO TOPOVGIOGE OTATIGTIKG GTLLOVTL-
k1 dwpoporoinon. Ta amoteAécpato avtd 0oMyovV
670 GLUTEPAG 0Tl To (-Ouvapkd Ba propovce va,
ypnolpomomOei og pio EVOEIEN TG VaVO-KOALOEB00G
otabepdmTag, Kot To omoio o mpénel vo Aapfdveton
VIOYN YO TNV TOVTOMOINOY] TNG TOLOTNTOS TOV TPD-
TV VAOV ot Popuokevtikny Bopmyavia kot yio v
KOTOVONGT TNG VOVO-KOALOEWO0VG GUUTEPIPOPAS TOV
POPEMV YL TO GYEOOGHO GUOTNUATOV HETOPOPES
(POPLLOKOLOPI®V.
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Radioimmunotherapy in Patients with non-Hodgkin’s
Lymphoma (NHL) - Preparation and Administration
of [*’Y] Zevalin - Hospital Experience

Maria Papachristou'’, Aggeliki Georgiou?, Anna Kolintou?, Despina Kyriaki?,
! Department of Nuclear Medicine, General Hospital “Evagelismos”,
2 Department of Nuclear Medicine, General Hospital “Laiko”

Abstract

Zevalin therapy is a new treatment for NHL which
demands a different preparation procedure and
administration. The Nuclear Medicine Department of
General Hospital “Laiko” had a series of therapies,
10 of those were “multiple” labeling preparation
procedures. Thepreparationoftheradiopharmaceutical
was based on the labeling of rituximab with [*Y]CI,
(Kit) and for the quality control, ITL-Chromatography
was used. The radiolabelings were 1 to 3 per day. The
process is reproducible and provides a consistent
quality product for patient administration. “Slow-
push” injection (i.v) is the way to administer the drug.
The whole procedure is considered to be complexed
for the Nuclear Medicine Departments of Hellenic
Hospitals.

Introduction

Zevalin (ibritumomab tiuxetan) therapeutic regimen
is indicated for the treatment of patients with relapsed
or refractory low grade follicular or transformed B-
cell non-Hodgkin’s lymphoma (NHL), including
patients with Rituximab refractory follicular NHL'?.
Zevelin is a radioimmunotherapeutic compound
and was approved in 2002 in the USA and later in
Europe®.

Zevalin is distributed as a kit containing all non-
radioactive ingredients necessary to produce a single
dose of [**Y]Zevalin when labeled with the radioactive
isotope yttrium-90 [*Y], supplied separately as
[*Y] chloride. The final product contains 2.08 mg
ibritumomab tiuxetan in 10 mI*®.

Ibritumomab is a murine IgGl kappa monoclonal
antibody directed against the CD20 antigen, which is
expressed on the surface of normal and malignant B-
lymphocytes. Ibritumomab, like Rituximab induces
apoptosis in CD20+ B-cell lines in vitro’. The chelate
tiuxetan which tightly binds [*°Y] is covalently linked
to the amino groups of exposed lysines and arginines
contained within the antibody. The beta emission
from yttrium induces cellular damage and formation
of free radicals in the target and neighboring cells'.
Yttrium-90-ibritumomab tiuxetan produces high
rates of clinical response (up to 80%) and durable
remissions in patients with NHL, and can be given at
standard doses in older patients. The favorable safety
profile of the regimen makes it an effective treatment
for older patients, who may not otherwise tolerate the
adverse events associated with chemotherapy!!
Handling and administrating [*Y]Zevalin should
be done by professionals and physicians qualified
by training and experienced in the safe use of
radionuclides'?. This report represents the experience
ofthe experience of the Nuclear Medicine Department
of “Laiko” Hospital in preparing, handling and
administrating 10 doses of [**Y ]Ibritumomab tiuxetan
(Zevalin) in multi-labeling procedures.

Experimental methods

The Zevalin therapeutic regimen is administered in
two steps. Step 1 includes one rituximab (“cold”)
infusion (i.v 250 mg/m?). Step 2 follows 8 days after
and consists a second infusion of rituximab (i.v 250
mg/m?) followed within 4 hours by a [*°Y]Zevalin

* Corresponding author: Papachristou Maria, e-mail: papacmaria @yahoo.gr



dose (maximum dose 32 mCi, 1200 MBq).

Proper aseptic technique and precautions for handling
radioactive materials were employed. Appropriate
shielding is used during radiolabeling, and use of
syringe shield is recommended during administration
to the patient.

The radiolabeling of [*Y]Zevalin is to be done
according to the following directions: i) before
labeling allow the contents of the refrigerated carton
to reach RT and clean the rubber stoppers of all the
vials with a suitable alcohol swab and allow to air
dry, ii) prior to initiating the radiolabeling reaction,
determine the amount of each component needed,
iii) with a 1 ml syringe transfer the sodium acetate
volume to the empty reaction vial coating the inner
surface by gentle rolling, iv) with a 1 ml syringe
transfer the °°Y-chloride volume mixing the two
solutions as stated above, v) with a 2.5 ml syringe
transfer the volume of ibritumomab tiuxetan to the
reaction vial mixing carefully not to cause foaming,
vi) incubate the mixture for 5 min, vii) with a 10 ml
syringe immediately transfer the formulation buffer
to the reaction vial.

The procedure to determine the radiochemical purity
(RCP) — quality control of the radiopharmaceutical
is ITL-Chromatography. Three strips of ITLC-SG
paper are used. A small drop of the product is placed
at the origin of the strip. The strips are placed into
a chromatography chamber with the origin at the
bottom and the solvent front at the top. The solvent
(0.9 % NacCl) migrates from the bottom of the strip

Table 1. Information about the administrated drugs

and the strip is removed from the chamber and the
cut in half. The two parts are counted in a g-counter
for one minute (CPM). The RC Pos calculated as
follows:

% RCP = [cpm bottom half / cpm bottom half + cmp
top half ] * 100

average % rep =cpm 1 + cpm 2 + cpm 3 =95 %

The radiochemical purity should be > 95 %, if the
purity is less than 95% the ITLC should be repeated.
If repeat testing confirms that radiochemical purity is
< 95 %, the preparation should not be administered.
The labeling procedure and the quality control take
approximately 50 — 60 min.

Results — Discussion

The labeling of simple dose (1 patient — 1
administration) does not present handling problems.
For multiple labelings double and triple doses,
special programming is needed. The cooperation of
the Hematological Clinic is essential because of the
administration of rituximab.

The group of three labelings needed great effort.
The procedure was 1* labeling — 1* quality control
— 1* administration. After the conclusion of the 1%
procedure followed the 2™ labeling — 2™ quality
control — 2™ administration and then the 3" labeling —
3" quality control — 3™ administration. This protocol
was followed instead of a “parallel” one because
the department owns one set appropriate shielding.

Patient % RCP Labelings (group) Dose
1 95.6 1 28 mCi (0.4 mCi/Kg)
2 98.13 3 24 mCi (0.3 mCi/Kg)
3 95.06 3 29 mCi (0.4 mCi/Kg)
4 95.5 3 32 mCi (0.4 mCi/Kg)
5 96.2 2 32 mCi (0.4 mCi/Kg)
6 97.31 2 21.2 mCi (0.4 mCi/Kg)
7 95.08 2 32 mCi (0.4 mCi/Kg)
8 98.5 2 30 mCi (0.4 mCi/Kg)
9 95.7 1 32 mCi (0.4 mCi/Kg)
10 98.4 1 32 mCi (0.4 mCi/Kg)
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For multiple parallel radiolabelings at least 2 sets of
appropriate shielding is needed. Additionally, after
the administrations sometimes there are radiospils
in the syringe shielding, so to manage multiple
administrations, time for disinfecting is needed.
Other problems that might arise are the multiple
radio-infections of the clubs and seizers used in the
quality control which led in two cases to the repetition
of the ITL-Chromatography in order to verify the
radiochemical purity of the pharmaceutical.
Information about the administrated drugs,
radiolabeled percentage, group of radiolabelings
(how many labeling were performed in the same day)
and the patient dose is given in Table 1.

The radiochemical purity (average) was about 97%.
The dosage of Zevalin for a) patients with platelets >
150000 celle/mm?® is 15 MBg/Kg or 0.4 mCi/Kg up
to 100000 and 150000 cells/mm?® the dose is reduced
to 11 MBg/Kg or to 0.3 mCi/Kg. Depending on
their peripheral blood status, 9 patients were given
a 0.4 mCi/Kg and in 1 patient 0.3 mCi/Kg dose of
[*°Y]Zevalin.

[*°Y]Zevalin is injected intravenously (i.v) over a
period of 10 min (“slow-push” injection) using a 10
ml syringe with shielding. After the administrations,
no adverse reactions were noted. Generally the
most common adverse events reported with Zevalin
therapeutic regimen are hematological 6 to 8 weeks
after the treatment and are reversible.

Conclusions

[*Y]Zevalin provides an alternative treatment
for patients with rituximab relapsed or refractory
CD20+ follicular B-cell NHL. The cooperation of the
Hematological Clinic is important because the first
and the second administration of the “cold” rituximab
is in the Clinic’s responsibility. The [*"Y]Zevalin must
be infused within four hours after the administration
of the “cold” pharmaceutical.

The radiolabeling procedure is complicated for the
Nuclear Medicine departments of Greek Hospitals
because of the lack of radiopharmacists. The ITL-
Chromatography secures quality control for the
administrative radiopharmaceuticals. The labelings
are reproducible and with good yields. Using the
supplied labels, protocols of labelings and dose
administrations are kept for further references (follow-
ups etc). Worksheets with the date and the time of
preparation, the total activity and volumes added, are
very important for the procedure especially in cases
of multiple administrations.
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PadroavosoBeganeio oe AoOeveig
ne non-Hodgkin Aéugopa -
Iagaoxevn xo Xogrjynon
tov [*'Y] Zevalin -
Nocoxoperaxn Epnegia

Magio. IMaraygiotov'”, Ayyehnr emgyiov?,
Avvo. Kokrivrov?, Aéomowva Kvgudxn?

! Egyaotijoto Ilagaoxevijs Padiogaoudxwy,
Turjua Ivonvisjs latouxijc TNA «Evayyeliouos,
2 Tujua Tvonvixajs Tatouxtjc TNA «Aaixo»

ITegidyn

H 0gpomeio pe Zevalin givar puo véa Bepamev-
TIKN ovTieTdmon Tov acbevav pe NHL n omoia
£xeL 10101TEPOTNTA OG TPOG TNV SLUSIKOGI0L KOt TV
yopnynon. Zro Tunpa IMupnvikng latpikng tov
I'NA «Adaikd» mpaypoatorombnke o oelpd omd
Oepameieg, ot 10 amd Tig omoieg Eyvav G «TOAA0L-
TAEQ) padloemionpavoels. H mapackeun tov po-
dtookevdopotog Paciletor 6TV EMGNUOVGT TOL
HLOVOKA®VIKOD OVTIGMOTOG rituximab e yAopt-
ovyo [90Y] (Kit) kot o motoTikdg ELEYYOG YiveTOL
pe ypouatoypapio ITLC. Ot moAlamhéc emion-
péveoelg £ywvov oe opades 600 £0G TPLOV TNV NLLE-
po. H dadwkacio givat emavoinyiun, mopéyovtag
GUGTNUATIKGE TOLOTIKO TPOIOV Y10 YOP1YNOT GTOV
acBevn. O tpémog yopnynong sivar evéopiePimg
pe «Slow-push» éveon mept ta 10 Aemtd. H 6An
dwdkocio Bempeital diaitepa TOAOTAOKN Yl TO
dedopéva tov Tunudatov g Mupnvikng latpikng
tov EAAnvikdv Nocokopeimv.
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Aghtio Tomov tng EAAvirt g Pagnaxzevtinns Etawgeiog

Me peydn emrvyio TpoyLOTOTOMONKE 1 ENETEL-
akn ekonimon «80 ypévia tng EAlnvikig ®appa-
kevTikig Etapeiogy, otig 3 dexeufpiov 2012, oty
Meydldn Aifovoo. Tedetwv EKTIA.

Tnv exkdniwon tiuncav He TNV TOPOVGIo TOVG
eknpoconol and v Ilovemomuokn Kowomnra,
tov EOviko Opyaviopd @apudakmv, tov [HoaveAlnvio
Doppokentikd X0AA0Y0, KaODS Kot T QopproKoft-
opnyavio.

Tnv evapkmpla opkia ékave o Kabnynmge tov
Tunpatog @appokevtikng EKITA kot mpdedpog g
EMmvicng @appoakevtikig Etapeiog (E.F.E) k. Kwv-
oTovTivog Agpuéréos, o 0moiog mapoLGInGE TO OPOLL
Kot 115 dpactprotnteg g E.@.E, kdvovtag kot pio
GUVTOUT| IGTOPIKT OVOLOPOUN.

Zmv ynmoewnoinon tov apyxeiov mg E.O.E kot
GTOVG VEOVG 6TOYOVG avapépOnke N ko Tlovlia Atd-
Iloiitov, Avomh. KoOnyntpio Tuniupotog Xnueiog
EKIIA kot B’ avtumpoedpog g EAAnvikng Doppo-
kevtikng Etapeiog.

21t ovvéyewa, n Kabnyntpuo kot A’ Avturpoedpog
g EAMnvikng ®@appokevtikig Etaipeioc, ko Avva
Toavziin-Karxovlidov ovopépOnke oTic dpoaotn-
potteg g Evpomaikng Opoomovdiog twv dap-
pokevtikov Emommuov (EUFEPS) kot v ehAn-
VIKT] GUUUETOYN GE OVTEG KOl KAAEGE GTO Bpo ToV
Professor Lennart Denker, np6edpo g EUFEPS.
O Professor Lennart Denker ovéntuée otnv opuhio
Tov 10 emikapo Bépo «kEmbryo, Fetus, Child: are
they at risk upon drug treatment?» . ITapatiBetoin
mepiAnyn g ophog 6to T€A0g Tov deAdtion. Metd o
TELOG NG OpAiag, o Tpdedpog ¢ E.@.E Kabnynmg
K. Koveravrivog Asuérlos npocpepe otov Professor.
Lennart Denker évo. d®po-evOOLIO TG TOPOLGIOG
TOV GTNV EKONA®OT).

Xopetiopd ammvbovay ot k.x.: Mapio Zxovpo-
Awarxov, Emix. Kabnynrpio Tunpotog Awotoloyiog
Xapoxomeov IMavemotnuiov kot A’ AvTurpoedpog
EOQ®, Iavayiwtns Maparxog, Kabnyntig kot Avoma.
TIpdedpog Tunpatog Dappakevtikng, EKITA, Evyé-
vios Koxkalov, KoOnynmg kot [Ipdedpog Tunpatog
Goppokevtikng AILO, ko Xwtipios Nikoiepo-
moviog, Avamh. Kabnyntg kou [pdedpog Tunpatog
Oappakevtikng Haverompiov [Hatpdv.

[Saitepa OpopPN NTAV 1M GTIYUN TOV TOV «AOYON»
mpe N pekt yopwdio IMavemompiovn Anvov, &p-
pnvevovtag Epya Tov Mdavov Xotliddxt vod ) d1ev-
Bvvon tov k. ZapPa Paxvrlim.
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Embryo, Fetus, Child: are they at risk
upon drug treatment?

Lennart Dencker,

Professor of Toxicology, Uppsala University,
Uppsala, Sweden

President EUFEPS

Abstract of the lecture presented at the Day Meeting
for the celebration of 80 years from the foundation
of the Hellenic Pharmaceutical Society.

Ever since the Thalidomide catastrophe in the
early 1960ies, there has been concern that new drugs
would have the potential of harming the developing
individual in utero. Therefore test of potential drugs
are performed in pregnant animals, to reveal possible
teratogenic effects before introduction in the market.

Embryonic development is characterized by
the expression of a multitude of developmentally
important genes at a given strength, in the right cells
and right in time. A comparison from every-day life
may be the performance of a symphony, where speed
and the order of the different instruments to appear,
the strength of their expression, and not playing false
is most important for the full enjoyment. Exposure to
several chemicals during pregnancy may disturb this
delicate orchestration, such as anticancer drugs, anti-
epileptics, antihypertensive drugs, retinoids and in
alcoholism.

Chemicals may exert hormonal (disturbing)
effects, changing development of e.g. sexual organs
and behavior. These and other findings have focused
attention to epigenetic mechanisms, meaning
disturbance of the complicated machinery regulating
the expression of genes (the orchestration). If this is
disturbed early in life, it may affect disease patterns
of the individual for the rest of its life. One additional
example of such disturbances is that in animal models,
exposure of newborn rats to anesthetics, regularly
used in surgery of babies, can affect behavior of the
rats later in life.

The practical implications of our knowledge in
this field is that one should avoid unnecessary use
of drug during pregnancy, adhere to lowest possible
therapeutic doses if treatment is necessary (such
as in epilepsy), and practice anti-conception when
applicable.
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May 19-23, 2013 Camerino, Italy

31st Camerino-Cyprus-Noordwijkerhout
Symposium

http://www.unicam.it/farmacia/symposium/index.html

Organized by:

School of Pharmacy - University of Camerino
Divisione di Chimica Farmaceutica Societa Chimica
Italiana

Contact persons:

Prof. Mario Giannellael:

Tel: +39 0737 402 237

Fax: +39 0737 637 345

Email: secretariat.camerino@unicam.it

Prof. Dr H. Timmerman
Tel: +31 71 576 27 91
Fax: +31 71 364 65 56

Email: henktim@planet.nl
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MEDICTA 2013, 11th Mediterranean
Conference on Calorimetry

and Thermal Analysis
http://www.hsta.gr/medicta2013/

organized by: Hellenic Society of Thermal Analysis

Contact person:

Vicky Delidimitriou

tel: (+30) 210 2715032
fax: (+30) 210 27114437
Email: vicky@kprovoli.gr,
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June 23-26, 2013 San Francisco, US

Frontiers in Medicinal Chemistry

http://wizard.musc.edu/frontiers2013.html
Co-organised by the European Federation for
Medicinal Chemistry and the Division of Medicinal
Chemistry of ACS.

Organizing Committee:

Jeff Zablocki, Ph.D. (USA)
Patrick M. Woster, Ph.D. (USA)
Koen Augustyns, Ph.D. (Belgium)
Anders Karlen (Sweden)

Ulrich Stilz (Germany)
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June 30 - July 3, 2013 Bologna, Italy

24th International Symposium
on Pharmaceutical and Biomedical Analysis
(PBA 2013)

http://www.pba2013.org

Contact person:

Carlo Bertucci (Chairman)
Tel: +39 051 209 97 31

Fax: +39 051 209 97 34
Email: carlo.bertucci@unibo.it

Organized by:

Dipartimento di Farmacia e Biotecnologie,
Universita di Bologna

Organised by:

Division of Medicinal Chemistry of the Italian
Chemical Society (Societa Chimica Italiana) (Italy)
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June 30 - July 4, 2013 Lublin, Poland
VIIIth Joint Meeting
on Medicinal Chemistry
Organized by:
The Polish Society of Medicinal Chemistry
and Prof. Dariusz Matosiuk Chairman of the
Organizing Committee

Contact person:

Prof. Dariusz Matosiuk
Tel: +48 81 535 73 55
Fax: +48 81 535 73 55

Email: darek.matosiuk@am.lublin.pl
Organised by:
Polish Society of Medicinal Chemistry (Poland)
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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
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BBBB International Conference

From Drug Discovery and Formulation Strategies
(design-synthesis and preclinical testing, delivery systems,
nanotechnology, biopharmaceuticals, biosimilars,
generics-bicequivalence)

To Pharmacnkinetics-Pharmacodynamics
(metabolism, transporters, pharmacogenomics, biomarkers,
drug therapy, individualized therapy, LIL.I"‘IPI.:I‘“JE tics,
PK/PD maodeling)

26-28 September 2013
Athens-Greece
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