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Sildenafil Pfizer’

(sildenafil citrate) tablets

AuBevtikn MNMowdtnta anod tnv Pfizer

Mapanopnn: 1. Kadioglu A, Grohmann W, Depko A et al. Quality of erections in men
treated with flexible-dose sildenafil for erectile dysfunction: Multicenter trial with a
double-blind, randomized, placebo-controlled phase and an open-label phase.

Pfizer Limited 2013. All rights reserved. J Sex Med. 2008;5:726—734. 2. Marketing Authorizations Viagra & Sildenafil Pfizer
@ Bon01ote va yivouy Ta oappaxae wo ac@airi Ko
Ané 10UG NAPACKEUAOTEG TOU® Avogipete
OAEZX Tig avemOOunteg evépyeies yia
Q OAA t0 appaxa
(vsilclhﬁ‘ichit!czﬁ e Toprinpavovrtag v «kKITPINH KAPTA»
THINK HARD'

@ Established Products

H ouvtoueuuévn lMepiAnyn Xapaktnpelotikwv Tou Mpoidvtog dnuooteUeTal oe MOV OeAda ToU MAPOVTOG.
la neptoodtepeg mAnpopopieg ouuBouleuteite v MepiAnyn Xapaktnplotikwv tou lMpoidvrog rou diatiBetal and:

PFIZER HELLAS A.E. Aew®. Meooyeiwv 243, 15451 N. Wuxikd, TnA.: 210 6785800, TnA. MapayyeAwwyv: 210 8199060
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—— Information ——— —— Status —

KAETAIA DELAYED
ONOMA TNPOTATONIEZTH DELAYED
PIN KAPTAL DELAYED
(IPA MEETING

MEPOL IYNANTHZIHX DELAYED
KINHTO THAEOQONO

TITAOL TAINIAL DELAYED
PASSWORD YNOAOT IZTH DELAYED
ONOMALZ I A TIAPAAITAL DELAYED
AIEYGYNLH TTEAATH

LYNANTHIH TONEQN DELAYED
PANTEBOY QPA DELAYED

HMEPDMHNI#. FENEBAIQN DELAYED ’

a va pnv douAdevel n gvnpn oag pe kabuotépnon...

NeuroAge To véo e§eldikeupévo oupnAnpwpa
dlatpo@n¢ nou BonOBa kabnpepiva:

ot 8laTNPNOoN TNG AEITOUPYIAg TOU EYKEPAAOU

otnv evioxuon TNG PVAPNG

EKTETAPEVEG ENLOTNPOVIKEG EPEUVEG OEIXVOUV OTL TO NeuroAge NePLEXEL évav
anoteAeopatiké ouvéuaopo Baolkwy cUCTAtIKwY nou BonBouv atnv unoothpLeEn
AE?E’ €VOG wpLpPoU eyKePdou. Ta kUpLa NAgoVEKTNPATa NeptAapBavouy evioxuon:
TNG VONTIKNG EYPNYOPONG
TNG YVWOTIKNG Agltoupyiag
NG S1aVoNTIKNG andd0oong, Onwg N CUYKEVTPWON, N HABnon, N JvAKN Kal N AOYIKA.

- efsam EyKekplpéva Zuotatika KAwika EAcypéva Zuotatika

® Zidnpog: ® Ouptdivh @ Kutidivn @ (L)-fAoutapivn
» oUPBAAAEL oTN PUOLOAOYLKN YVWOTIKN AEIToUpyia » 3 ouotatikd (Ouptdivn + Kutidivn + (L)-Moutapivn)
, , SOKIPAOTNKAV EKTEVWG O 31 PEAETEG OMOU CUPETEIXQV
® MavtoBeviko Ogu: 2200+ eBgAOVTEG.
» oUPBAAAEL oTn PUOLOADYIKN lavonTKA anddoon » 6 651NAG TUPAEG KALVLKEG PEAETEG, EAEYXOUEVEG WG MPOG
EFSA COMMISSION REGULATION (EU) N° 432/2012 4 placebo, oug onoieg ouppeteixav 500+ eBeAoves. p

JupnAnpwpa Alatpo@ric pe oibnpo kat navtoBeviko o€U. AauBdvetal 2 kGwounes kabnuepiva pe To Npwive yelpa. Mnv unepBaivete tn ouviotwpevn npepriota 66on.
Ta oupnAnpwpata 51atpo@rig 6ev uNokabLatouv TNV LoopponnPEVN SLATPo@r) Kal Tov UYIEWVG Tpdno {wris. PuAdooetal pakpld and ta natbid.

AwatiBetal anokAelotikG ota @appakeia

AnokAELoTKGG Alavopéag yia tnv EAAGda:

€ ELPEN A.E. ®appakeutikn Blopnxavia
Tpnpa Consumer Health Care:

New®. Mapabivog 95, 190 09 Miképpt ATtikng, TnA.: 210 60 39 326,

, , , EBVIKNG AvTIOTAoEWS 114, 551 34 Ogooanovikn, TnA.: 2310 459 920-1
Kpa'[cl TN pvnun o€ gypnyopon. www.elpen.gr, farmakeia@elpen.gr  ®povtiéa yia tov avbpwno

flyingcolours

Ap18pd¢ MNvwotonoinong EO®: 70674 / 4-10-2012
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vildagliptin/metformin

Novartis (Hellas) A.E.B.E.

120 xAy. EBvikiig 030U  lpageio Beacahovikng:
ABnvav-Aapiag 120 xAy. Bea/vikng - N. Moudaviov
144 51 Merauopowon 570 01 Bépun

TnA.: 210 281 1712 TnA.: 2310 424 039
OAPMAKOEMATPYNNHIH: 210 2828 812

GR1401167970
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An Emerging Environmental Problem
Disposed Medicinal Active Products
Pharmaceuticals, Antibiotics, and Disinfectants
in the Aquatic Environment and Toxicological Considerations

Athanasios Valavanidis, Thomais Vlachogianni, Spyridon Loridas, Constantinos Fiotakis
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Summary

Medicinal active compounds, antibiotics and
disinfectants are used in various medical and
therapeutic applications in hospital and at home.
Eventually, pharmaceuticals are disposed in
thousands of tones every yearin drains and eventually
reach the aquatic environment causing substantial
toxicological problems in aquatic organisms. The
occurrence and fate of pharmaceutically active
compounds in the agquatic environment has been
recognized in the last decade as a serious emerging
environmental problem in most developed
countries. Recently, pharmaceuticals have been
detected in surface water, ground water, drinking
water and in rivers in many areas of the globe. The
problem was not so well known due to limitations
to analytical methodologies of polar compounds,
but current advances in environmental residue and

Introduction

Medicinal active compounds, antibiotics and
disifectants are disposed in thousands of tones
every year in drains and eventually reach the aquatic
environment causing toxicological problems in aquatic
organisms. Additionally, antibiotics and disinfectants
disturb the wastewater treatment process and the
microbial ecology in surface waters. The occurrence
and fate of pharmaceutically active compounds in the
aquatic environment has been recognized in the last

metabolite analysis have improved the ability to
measure extremely low concentrations. The most
important classes of drugs found in sewage and
surface waters are anti-inflammatory and analgesic
drugs, beta-blockers, blood lipid lowering agents,
neuroactive compounds, antibiotics, antineoplastic
drugs, antidiabetics, steroidal hormones, etc. This
review presents some of the important studies on
the levels of pharmaceuticals in sewage treatment
plants and surface waters, their biotransformations
and removal by new techniques. Also, the review
covers acute and chronic toxicological studies that
established the hazardous levels of drugs in the
aquatic environment. Finally, the review presents
some ecotoxicological approaches to the emerging
nature of pharmaceutical pollutants in relation to
ecosystem'’s health.

decade as one of the emerging environmental issues in
most developed countries. Recently, pharmaceuticals
have been detected in surface water, ground water and
drinking water in many areas of the globe. However,
only little is known about the toxicological significance
and the adverse effects in the marine environment
of pharmaceutical emissions from households and
hospitals.'?

Already a great number of medicinal active
compounds, several drug metabolites, antibiotics
and high concetrations of disifectants have been

* Corresponding author: Prof. A. Valavanidis, e-mail: Valavanidis@chem.uoa.gr
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detected at concentrations up to the pg/L-level in
sewage effluents and drinking water samples, as well
as in several surface waters located downstream from
municipal sewage treatment plants. Research data
show that most of the pharmaceuticals originating
from human therapy are not eliminated completely
in the municipal treatment plants. Pharmaceuticals
and metabolites have been reported in groundwater
contaminated by landfill leachates or manufacturing
residues.>*

Global production and consumption
of pharmaceuticals

Global pharmaceutical sales increased to 856 billion
SUSD (2012) compared to 456 $ ten years ago (2002).
The USA with 325.8 billion of SUSD in 2012 comes first
with 34% of the total production. The other 36% of the
total pharmaceutical production and sales are from
the five most advanced industrial countries in the West
Europe (Germany, UK, France, Italy and Spain), Japan
and China. These countries have 70% of total global
production and sales of medicinal active compounds.®

The World Pharmaceutical Market in the last years
(1999-2012) was presented in a statistical table by IMS
Health Market (June 2013). [322 billion USS (1999),
456 billion US$ (2002), 600 billion USS (2006), and 856
billion US$ (2012). The global Pharmaceutical market
in 2012 by country is as follows: USA, 326.892 USS
(millions), Japan, 112.067, China, 81,698, Germany,
42,333, France, 36,674, Brazil, 29,112, Italy, 26,231,
Canada, 21,877, UK, 21,635 and Spain, 19,635.[Source:
Global Pharmacetical top markets (2012)].57

The amounts (in terms of metric tones) of medicinal
active products used on a global scale is very difficult
to estimate quantitatively since there are not adequate
data. Some production statistics exist in the European
Union (EU) and in the USA in term of consumption
and sales. It is estimated that more than 3.000
different pharmaceuticals are used as analgesics and
antiinflammatory drugs, contraceptives, antibiotics,
beta-blockers, lipid regulators, neuroactive
compounds, anticancer drugs, etc. Also a large number
of pharmaceuticals are used in veterinary medicine,
among them antibiotics and anti-inflammatory drugs.®

The amounts of production for some well known
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drugs are regularly documented by the industry
but in a very rudimentary way. The total annual
production of medicines do not account for how much
plarmaceutical residues or metabolites are disposed as
solid waste from industry, or disposed in drains from
hospitals and homes. There are some examples of
drug production (for example in 2001 in Germany),
e.g. the antiinflammatory drug acetylsalicylic acid
was produced in 836 tones, paracetamol in 622 tones
ibuprofen 345 tones, diclofenac 86 tones, the oral
antidiabetic metformin 517 tones and the antiepileptic
carbamazepine in 88 tones. The drug carbamacepine
produced in USA ranged from 43 tones in 2000 to
35 tones in 2003. Of course all these estimates are
approximations not only for medical active compounds
produced and annual consumption but also for their
disposal in the environment.®

Medicinal active chemicals as emerging
environmental pollutants

In the last decade antibiotics, analgesics, anti-
inflammatory drugs, contraceptives, beta-blockers,
lipid regulators, neuroactive compounds and many
other pharmaceuticals have become emerging
environmental pollutants in the aquatic environment.
In addition, veterinary pharmaceuticals are used
extensively in agricutlure and may enter aquatic systems
via manure application to fields and subsequent runoff.
Also, large amounts of pharmaceuticals and antibiotics
are used in aquaculture (fish farming).

Few decades ago the problem was not so well known
due to limitations to analytical methodologies of polar
compounds. But current investigations and advances
in environmental residue analysis (particularly liquid
chromatography-tandem mass spectrometry, LC-
MS-MS, allowing the identification of trace quantities
of polar organic pollutants without derivatization)
the extent of aquatic pollution was investigated in
a more detailed ways.'”'" These monitoring studies
demonstrated that pharmaceutical residues in treated
wastewater and surface water are very widespread.'?'
Although the environmental pollution problem
has been thoroughly investigated, knowledge of
ecotoxicological effects of pharmaceuticals on aquatic
and terrestrial organisms and wildlife is very limited.
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Aquatic organisms are particularly important targets,
as they are exposed via wastewater residues for along
period of their lives. Acute ecotoxicity data have been
reported for a number of pharmaceuticals, however,
such data alone may not be suitable for addressing the
environmental effects, and subsequently the hazard
and risk assessments.'*'®
Environmental pollution by pharmaceuticals proved
to be an emerging problem in the last years and
contributed in reassessing issues of hazardous
chemicals ecological risk. Requirements for ecotoxicity
testing in the EU as a prerequisite for registration
of pharmaceuticals was established in 1990s The
European Union (EU) Commission Directive 92/18/
EEC of 20/3/1992 modifying the Annex to Council
Directive 81/852/EEC, on the approximation of
the laws of Member States relating to analytical,
pharmacotoxicological and clinical standards and
protocols in respect of the texting of veterinary
medicinal products and the corresponding “Note
for Guidance” (European Medicines Agency, EMEA,
1998) for veterinary pharmaceuticals. The European
Commission released a draft guideline (Directive
2001/83/EC) [Directive 2001/83/EC on the Community
code relating to medicinal products for human use,
Official Journal L — 311, 28/11/2004] specifying that
an authorization for a medicinal product for human
use must be accompanied by an environmental risk
assessment (EMEA, 2005).'¢

The U.S. Food and Drug Administration (FDA)
published their own regulations for environmental
pollution by pharmaceuticals. FDA has the authority
to approve pharmaceuticals and medicinal activity
products and cosmetics before they can be marketed
and sold in the U.S. Part of that approval includes
assessing the environmental impact (mainly aquatic
pollution) Producers and pharmaceutical companies
must provide environmental assessment reports
on drugs when the expected concentration of
the active ingredient of the pharmaceutical in the
aquatic environment reached levels of =1 pug/L."” The
FDA requires rigorous risk assessment motivating
pharmaceutical companies to design less toxic
drugs, less pesrsistent in the environment where can
bioaccumulate. Also, FDA has legislated for analysis and
environmental assessments of residues of veterinary
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pharmaceuticals in the aquatic environment since
1980.81

Waste discharged from pharmaceutical
manufacturing facilities and from hospitals is a
significant source of active pharmaceutical ingredients
in the environment and during runoff residues and
metabolites of drugs accumulate in the aquatic
environment.The U.S. Environmental Protection
Agency (EPA) has jurisdiction to control air and water
emissions from production plants. More stringent
regulations from EPA have been instrumental forcing
companies to remove drugs from their waste stream
or motivate them to adopt green chemistry principles
and reduce biologically active waste products in the
first place.?2!

The current scientific knowledge provide able
evidence that residues of pharmaceuticals, personal
care prodcuts (PCPs) and medical active substances
at trace quantities are widespread in aquatic systems
(Figure 1). Pharmaceuticals in the environment are
suggested to pose only a low risk for acute toxicity.
For chronic effects, the situation may be different,
but there is a considerable lack of information.
Environmental assessment of drug residues and
PCPs has started in the wastewater effluents, surface
waters and sediments, but other aquatic sources
(drinking water, undergound water sources, etc) can
be investigated. Also, hospital wastewater, wastewater
from manufacturers and landfill leachates may contain
significant concentrations of drug metabolites.?>%

Additional information can be found in the links
below for EMEA, FDA, EPA, The Swedish Association of
Pharmaceutical Industry, US PhRMA, and Environment
Agency (UK):

EMEA Guideline on the environmental risk
assessment of medicinal products for human use;
The European Agency for the Evaluation of Medicinal
Products, London, England, 2006 Doc. Ref. EMEA/
CHMP/SWP/4447/00 [http://www.emea.eu.int/pdfs/
human/swp/444700en.pdf]

FDA-CDER. Guidance for industry - environmental
assessment of human drugs and biologics applications,
FDA Center for Drug Evaluation and Research, Rockville,
MD, U [http://www.fda.gov/cder/guidance/index.html]

The Swedish Association of the Pharmaceutical
Industry (LIF) Environmental classification of
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pharmaceuticals in www.fass.se — guidance for
pharmaceutical companies, June 2012 ( http://www.
fass.se ) [http://www.fass.se/LIF/healthcarefacts?user
Type=0&docld=76074]

Environmental Protection Agency (EPA, USA)
Pharmaceuticals and Personal Care Products (PPCPs)
as Environmental Pollutants [ http://www.epa.gov/
esd/chemistry/pharma/]

US PhRMA Position on Pharmaceuticals in the
Environment . [http://www.phrma.org/mediaroom/
press/releases///13.03.2002.366.cfm ]

PhRMA PhATE Model Screening Analysis of Human
Pharmaceuticals in US Surface Waters [http://pubs.
acs.org/cgi-bin/article.cgi/esthag/ 2004/38/i03/pdf/
€5034430b.pdf]

Human pharmaceuticals in US surface waters: A
human health risk assessment [http://dx.doi.org/
doi:10.1016/j.yrtph.2005.05.005 ]. Literature Citations
Relevant to Pharmaceuticals and Personal Care
Products (PPCPs) [http://www.epa.gov/ppcp/lit.html]

Environment Agency (UK). Environment Agency,
Position Statement: Human Pharmaceuticals and their
Impact on the Aquatic Environment, Environment
Agency of England and Wales, Bristol, UK, 2003.

Sources and fate of pharmaceuticals entering
the aquatic environment

The consumption of pharmaceuticals is substantial but
figuring out the annual consumption of a certain drugs
is difficult and often based on approximate estimates.
According to newspaper reports besed on statistical
data (in 2012) Americans consume 80% percent of
the world’s supply of painkillers, more than 110 tons
of pure, addictive opiates every year. Also, there are
estimates that in 2010 American farmers used 11,000
metric tones of antimicrobial medication for the
growth and protection of their animals. It is estimated
that about more than 3,000 different substances
are used in human medicine such as analgesics and
antiinflammatory drugs, contraceptives, antibiotics,
beta-blockers, lipid regulators, neuroactive compounds
and many others. Also, veterinary medicine and fish
farming in developed countries use a large number of
antibiotics and antiinflammatory drugs.?*
Pharmaceuticals are excreted after application in
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Figure 1. Pharmaceuticals, their metabolites and degradation
products have been detected as emerging contaminants

in municipal wastewater and in the aquatic environment
(surface, groundwater, drinking water, river, seawater)

their original chemical form or as metabolites and
enter aquatic systems via different ways. The main
pathway from humans is ingestion following excretion
and disposal via wastewater. Municipal sewage (or
wastewater) treatment plant (STPs) is therefore the
main route that brings human pharmaceuticals
after normal use and disposal of unused medicines
into the environment. Also, hospital wastewater,
wastewater from medicinal manufacturers and landfill
leachates may contain significant concentrations
of pharmaceuticals.?>* Although most drugs are
soluble in water and gastric fluids, they do not readily
degrade in the municipal sewage treatment plants.
Inevitably, they are being discharged in treated
effluents resulting in the aquatic pollution of rivers,
lakes, estuaries and sometime groundwater and
drinking water. Where sewage sludge is applied to
agricultural fields, contamination of soil, runoff into
surface water but also drainage may occur. In addition,
antibiotic pharmaceuticals may enter aquatic systems
via direct application in aquaculture (fish farming).?”-%
Of environmental concern is not necessarily a high
production volume of a certain pharmaceutical per
se, but the environmental persistence and its toxic
biological activity on marine organism and their
development and reproduction. This problem has
been exemplified by the synthetic steroid hormones
in contraceptive pills because of persistency and strong
biological activity. The 17a-ethinylestradiol (EE2) was
studied thoroughly, with an annual production of,
approximately, 200 kg/year by the European drug
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companies. This compound is very persistent, with high
estrogenic acivity in fishes at very low concentration
(1-4 ng/L).* Knowledge on the behaviour and fate of
medicinal active products and their metabolites in the
soil and the aquatic environment and effects on fish is
limited at present despite the numerous studies in the
last decade3%*

Elimination processes of drugs in sewage and
wastewater treatment plants. Is there efficient
removal of residues?

Two elimination processes are generally important
for drug degradation in sewage treatment plants
(STPs) or wastewater treatment plants (WTPs): a)
adsorption to suspended solids (sewage sludge)
and b) biodegradation. Adsorption is dependent
on both hydrophobic and electrostatic interactions
of the pharmaceuticals with particulates and
microorganisms. Acidic pharmaceutical (such as
acetylsalicylic acid, ibuprofen, fenoprofen, ketoprofen,
naproxen, diclofenac, etc) have little tendency of
adsorption to the sludge. But adsorption can increases
with lower pH. Pharmaceuticals in digested sludge and
sediments are relatively low, as was demonstrated in
several monitoring studies.3>** In Figure 2 a view of a
typical STPisillustrated.

Pharmaceuticals showed very different removal rates
in wastewater treatment processes. The elimination of
most of the pharmaceutical substances is incomplete
and improvements of the wastewater treatment and
subsequent treatments of the produced sludge are
required to prevent the introduction of these micro-
pollutants in the environment.>® Biodegradation
of active drug substances is the process occurring
mainly in the dissolved aquatic phase. Biodegradation
can occur either in aerobic zones in activated sludge
treatment, or anaerobically in sewage sludge digestion.
For example, diclofenac was shown to be significantly
biodegraded only when the sludge retention time was
atleast 8 days.* There are many studies for the average
removal rates of various pharmaceuticals under
standard and advanced sewage treatment processes
in STPs. The variations are part of chemical properties
of substances and partly the construction, treatment
technology and hydraulic retention time of STPs. 3%
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Figure 2. Municipal wastewater or sewage treatment
plants (STPs) play an important role in removing
pharmaceuticals, personal care prodcuts and other
chemical contaminants from municipal wastewater

Efficient removal of pharmaceuticals takes place
mainly in the secondary treatment step, whereas
primary treatment removes less than 50% of the
contaminants. A recent stuydy (2014) measured
concentrations of 56 active pharmaceutical ingredients
in effluent samples from 50 large wastewater treatment
plants across the US. Some medications were identified
in most STPs, such as hydrochlorothiazide (thiaxide,
diuretic) was found in every sample. Metoprolol,
atenolol (drugs for hypertension treatment), and
carbamazepine were found in over 90% of the
samples. Estimates of potential risks from exposure to
healthy human adults (from drinking water) to 6 anti-
hypertensive drugs (lisinopril, hydrochlorothiazide,
valsartan, atenolol, enalaprilat, and metoprolol)
are considered generally very low. Estimates of
potential risks to aquatic life were also low for most
of pharmaceuticals.®® Monitoring studies on the
elimination rates of pharmaceuticals during the STP
process are based on measurements of influent and
effluent concentrations and they vary according to the
type of construction, treatment technology, hydraulic
retention time and season. Elimination efficiencies
span a large range (0-99%) depending on the drug
structure and biodegradability.*'?

Very high to total elimination (94-100%) in STPs
has been achieved for drugs like ibuprofen, and
naproxen.** The variation in elimination rates
is not surprising, since pharmaceuticals form a
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heterogeneous group consisting of compounds
with diverse chemical properties. But the chemical
characteristics and the efficiencies of various STPs
also vary. The wide spectrum of substances detected
in receiving river waters indicates that municipal STP
outlets are major contributors of pharmaceuticals
in the aquatic environment. As for the hazard posed
by pharmaceuticals in both surface and effluent
wastewaters, it was assessed toward different aquatic
organisms (algae, daphnids and fish). Results indicate
that there is no significant risks by the presence of
pharmaceuticals in those matrices. The dilution factor
once pharmaceuticals are discharged in receiving river
or sea water efficiently mitigate possible environmental
hazards.*

Biotrasformations of pharmaceuticals in the surface
water of various aquatic environments is mainly
through photodegradation than hydrolysis. The
efficiency of photodegradation depends, besides
substance properties, on the strength of the solar
irradiation, and therefore on latitude and season,
and on constituents present in the water that may
act as photosensitizers generating hydroxyl radicals
and singlet oxygen.*** Numerous research projects
investigated the environmental metabolites and
tranformation products of pharmaceuticals in the
aquatic environment. The transformations can ve
biotic or non-biotic and most synthetic drugs change
into new chemical entities with different properties.
Pharmaceuticals residues has become another class
of emerging pollutants (or contaminants at low
concentrations) and their occurrence, effects and
risk to aquatic biota has become an ecotoxicological
issue.” Since the presence of pharmaceuticals and
transformation products at (relative) low concetrations
in the drinking water they are concerns for human
health. Results from a toxicological assessment of a
monitoring campaign in sourcesof drinking water
in the Netherlands found no risk for adverse health
effects of the studied drug compounds.*® Analysis of
pharmaceuticals and personal care products in surface
water (used for drinking) in the USA found that the total
average concentrations were in the nanogram range
(~ 360 ng/L) and for endocine disrupting compounds
below 15 ng/LThe total concentrations after treatment
in the finished drinking water was for pharmaceutivals
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and personal care products at 98 ng/L These
concentrations are considered relatively low (1 ng=10
° g) to have any measurable risk to human health,
although there is no knowledge as to the synergistic
effects of these substances and chronic toxicity.*

Despite the numertous studies and toxicological
evaluations, a recent review assessing exposure to
pharmaceutical chemicals (at ng/L concentrations) in
drinking water and health effects to humans reached
the conclusion that at present specific adverse health
problems are unknown.*

Occurrence of pharmaceuticals in the aquatic
environment

The occurrence of pharmaceuticals, steroid hormones
(contraceptive pill), their metabolites and personal
care products (PCP) in the STPs was reported in the
1970 and 1980s by researchers in the USA, UK and
Canada.*'In the last decades new analtyical techniques
measuring traces of chemicals (down to picopgram,
pg =10"?g) in aquatic samples increased substantially
the knowledge for the presence of metabolites and
transformation substances and their removal from
STPs. Environmental concentrations and data from
were compiled and reviewed.5%3

Various studies reported concentrations of a
wide range for >100 pharmaceuticals from many
classes of drugs (antiinflammatory, beta-blockers,
sympathomimetics, antiepileptics, lipid regulators,
antibiotics, etc.) and some of their metabolites in
many countries in treated sewage, rivers and creeks,
seawater, groundwater and even in drinking water.
Surface water of Anacostia River (Washington, DC)
was analysed for drugs and domestic-use chemicals.
Median concentrations for all measured domestic-use
chemicals in surface water ranged from nondetectable
to 50ng/L.In STPs samples, naproxen (drugto treat pain
or inflammation by arthritis) was observed, with the
highest concentration at 270 ng/L.>* Pharmaceuticals
residues oin the Belgian aquatic marine ecosystems
were investigated by using the marine diatom
Phaeodactylum tricornutum. No immediate risk
for acute toxic effects of these compounds on P.
tricornutum were apparent at the concentrations
observed in the Belgian marine environment. In two
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Figure 3. The chemical structure of Diclofenac and Tamoxifen

Belgian coastal harbours however, a potential chronic
risk was observed for the B-blocker propranolol.*®

Chinese scientists have extended their monitoring
and presented recently studies for pharmaceuticals and
PCPs in Chinese aquatic environment, surface waters
and sediments. More than 100 such chemicals were
identified and the detectedconcentrations in waters
and sediments in most cases were at ng/L and ng/g
levels.” A Spanish study identified 60 pharmaceutically
active compounds (PhACs), 20 metabolites and 8
PCPs in the aquatic environment in Spanish aquatic
systems. Their predicted environmental concentrations
were calculated and comparate with measured
environmental concentrations obtained from
relevant published research. The highest occurrence
in the aquatic environment was for drugs such as:
acetaminophen glucuronide, Galaxolide®, Iso-E-super®,
acetaminophen, valsartan, amoxicillin, 2-hydroxy-
ibuprofen, iopromide, omeprazole, carbamazepine
10, acetylsalicylic acid, etc. These compounds
have been estimated with releases (in the aquatic
environment) between 5 and 600 tones/year. The
predicted concentrations for drugs and PCPs that had
a high occurrence in the aquatic environment were
very close to the measured concentrations. Estimation
for consumption can become a useful tool for
identifying drugs in the aquatic environment and these
estimations could be used to improve environmental
risk assessment studies. %8

The occurrence of selected pharmaceuticals was
also reported in the Tyne estuary in the U.K. The
pharmaceutical compounds measured were acetyl-
sulfamethoxazole, clofibric acid, clotrimazole,
dextropropoxyphene, diclofenac, erythromycin,
ibuprofen, mefenamic acid, paracetamol, propranolol,
sulfamethoxazole, tamoxifen and trimethoprim. The
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concentrations of drugs ranged from 4 to 2.370 ng/
L** Pharmaceutical residues were identified in STP
effluents, in streams and in estuaries at concentrations
generally in the ng/L to pg/L range. In rivers, lakes
and seawaters the concentrations were in the range
of ng/L.6%2 The chemical structures of diclofenac and
tamoxifen are representatively depicted in Figure
3. Areview in the USA identified pharmaceutical
compounds of significance to water supplies. Available
data on the use of prescription drugs indicated that
approximately 40 compounds could be present in
municipal wastewater effluent at concentrations
above 1,000 ng/L, and at least 120 compounds could
be present at concentrations above 1 ng/L. Important
classes of prescription drugs include analgesics, beta-
blockers, and antibiotics. 3

Effluents from 90 European wastewater TPs were
analyzed for 156 polar organic chemical contaminants
by LC-MS-MS) or GC-HRMS (High resolution MS). The
obtained results show the presence of 125 substances
(80% of the target compounds) in European
wastewater effluents, in concentrations ranging
from low nanograms (ng/L) to highest milligrams per
liter (ug/L).The most highest median concentration
levels were the artificial sweeteners acesulfame
and sucralose, benzotriazoles (corrosion inhibitors),
several organophosphate ester flame retardants
and plasticizers (e.g. TCPP) the insect repellent N,N-
diethyltoluamide (DEET), the pesticides MCPA and
mecoprop, caffeine, and gadolinium. Pharmaceutical
at high coencentrations found in STPs were
carbamazepine, tramadol, telmisartan, venlafaxine,
irbesartan, fluconazole, oxazepam, fexofenadine,
diclofenac, citalopram, codeine, bisoprolol, eprosartan
and the antibiotics trimethoprim, ciprofloxacine,
sulfamethoxazole and clindamycine.®*
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Figure 4. Chemical structures of B-blockers Propanolol and Metoprolol

Pharmaceuticals classes in sewage
and surface waters

The most important classes of drugs found in sewage
and surface waters, their metabolites and transformation
products are considered: a) anti-inflammatory
and analgesic drugs, b) beta-blockers (B-blockers,
B-adrenergic blocking agents, 8- antagonists etc, widely
used class that target the beta receptors found on cells
of the heart muscles,smooth muscles, airways, etc), )
blood lipid lowering agents, d) Neuroactive compounds
(antiepileptics, antidepressants), e) antibiotics, f)
antineoplastic and antitumour drugs, g) antidiabetics,
h) steroida hormones. Some of the most widely used
drugs were found in aquatic samples at inceasing
concentrations, such as atenolol and metoprolol (beta
blockers), citalopram (antidepressant drug), diclofenac
(analgesic), Ibuprofen (analgesic), naproxen (anti-
inflammatory), trimetoprim (antibiotic), citalopram
(antidepressant drug) and propoxyphene (narcotic/
anesthetic).

Analgesics and antiinflammatory drugs

The first studies in the 1990s detected in sewage
and surface waters non-steroidal anti-inflammatory
drugs (NSAID) ibuprofen, naproxen, diclofenac and
some of their metabolites at concentrations exceding
0.1ug/L.5>%The occurrence of these pharmaceuticals
can be used as molecular markers of aquatic
contamination with drugs.” Non-steroidal anti-
inflammatory drugs have been found in Indian rivers.t
More than 100 pharmaceuticals were detected in urban
wastewater and effluent from activated sludge system.
Areview showed that the highest amounts discharged
through secondary effluent contain several beta-

blockers, and analgesic anti-inflammatory drugs, but
the highest risk (from the point of high concentrations)
is posed by antibiotics, several psychiatric drugs and
some analgesic drugs.®® Acetylsalicylicacid (aspirin) has
been found in many municipal wastewaters at levels
from 4 pg/L to 60 pg/L. Aspirin and acetaminophen
(paracetamol ) can be removed quite efficiently from
STPs.32 However up to 10 ug/L paracetamol has been
found in 24% of samples from streams in the USA.®'
In many countries diclofenac (NSAID) and ibuprofen
were frequently detected in wastewater in the pg/L
range, and in surface water at lower levels. Ibuprofen
and its metabolite hydroxy-ibuprofen are significantly
removed during sewage treatment.®’ Naproxen
(another well known NSAID) was also found in STP
effluents with median levels of 12.5 pg/L and maximal
levels of up to 33.9 ug/L.”° Moreover, several other
analgesics have been detected in sewage and surface
water, but also in ground water and drinking water
samples.”!72

Beta-blockers as contaminant
in sewage and surface waters

Several beta-blockers (BB, beta-adrenergic blocking
agents, used for the management of cardiac
arrhythmias) were identified in wastewater and surface
waters. Propranolol, bisoprolol and metoprolol were
found at concentrations 0.59-2.9 ug/L in surface water.
Beta blockers show great partitioning to sludge. Most
of the removal of b-blockers in sewage is performed by
mictrobial biodegradation.”>”* In Figure 4 the chremical
structures of typical B -blockers are presented.
Beta-blockers are one of the most widely used
pharmaceuticals whose presence in different
environmental compartments has already been
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Figure 5. Chemical structures of Clofibrate and Etofibrate BLR

proven in concentrations of even up to a few pg/L.
Propranolol, metoprolol and nadolol - the most
commonly consumed BB drugs are inevitably detected
in environmental samples.”> Scientists performed
ecotoxicity evaluation for BB in aquatic species. Tests
were based on a flexible ecotoxicological test battery
including organisms, representing different trophic
levels and complexity: marine bacteria (Vibrio fischeri),
soil/sediment bacteria (Arthrobacter globiformis), green
algae (Scenedesmus vacuolatus) and duckweed (Lemna
minor). Based on toxicological data from the green algae
test (S. vacuolatus) propranolol and metoprolol can be
considered to be harmful to aquatic organisms. However,
sorption explicitly inhibits the hazardous effects of BB,
therefore the risks posed by these compounds for the
environment are of minorimportance.”

Blood lipid regulators in wastewater
and surface waters

Monitoring studies have found widely used drugs
for blood lipid regulators (BLR) : clofibrate, etofyllin
clofibrate, etofibrate, and metabolites of fenofibrate
gemfibrozil, clofibric acid and fenofibric acid. BLR
concentrations in wastewater were at 0.35t0 4.6 pg/L, in
groundwaterin the range of 0.5 to 4 ug/Land in drinking
water 0.07-0.27 pg/L.”7® Ecotoxicity assessments of
some BLRs have been performed in various bioassays
(Vibrio fischeri, Daphnia magna) and their EC,, was
established. 8 The chemical structures of clofibrate and
etofibrate are representatively depicted in Figure 5.

Antiepileptic and antidepressant
pharmaceuticals in wastewater

The most frequently detected antiepileptic in the
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aquatic environment was Carbazepine at concentration
6.3 pg/L in wastewater. Carbazepine (Figure 6) was
found to occur ubiquitously in the river Elbe and its
tributaries (Germany) exceeding 1 ug/L. Also, it has
been found in surface water and groundwater.?

In U.S. rivers average levels of carbamazepine were
60 ng/L in water and 4.2 ng/mg in the sediment.’ The
antidepressant drug fluoxetine (Figure 6) was also
detected in STP effluents samples in Canadaandin U.S.
streams with median concentrations of 0.012 ug/L.6"7°
The antiepileptic Primidone has been detected in
sewage waters at concentrations up to 0.6 ug/L.>

Antineoplastics and antitumour agents

Chemotherapeutic drugs for the treatment of various
types of cancer occur mainly in hospital effluents and
at lower concentrations in municipal sewage water.
Two well known anticancer drugs, Ifosfamide and
cyclophosphamide have been found in concentrations
of up to 4.5 pg/L in hospital wastewaters and at
levels of ng/L in municipal wastewater.®®> The cancer
drug and antiestrogen Tamoxifen (breast cancer
therapy), has been detected at concentrations in STP
effluents ranged between 146 and 369 ng/L.# In the
last decades consumption trends at an international
and national scale of anticancer drugs has increased
substantially leading to increased levels released
in the environment, espeially in surface waters and
in STPs. Furthermore, due to the rise of anticancer
home treatments, anticancer prescribed drugs can
be found in municipal wastewater and in hospital
effluents.®> Platinum anticancer drugs are widely used.
Cancerostatic platinum compounds, such as cisplatin,
carboplatin and oxaliplatin has been monitored
in wastewater of an oncologic ward of the Vienna
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Figure 6. Chemical structures of Carbazepine and Fluoxetine

University Hospital. Concentration levels ranging from
4.7 to 145 pg/L were measured by inductively coupled
plasma mass spectrometry (ICP-MS).&

Antibiotics in surface water and wastewater

The widespread use of antibiotics over 50 years in
human medicine and in intensive animal husbandry
has as a consequence the emergence of new antibiotic
pollutants in the environment and their metabolites
in surface and wasterwater. The end result was the
emergence of water bacteria resistant to antibiotics
in aquatic areas. Many studies focused on the fate
and metabolic transformations of several antibiotics
in the aquatic environment, including sulfonamides,
nitrofurans, terfenadines, cephalosporins and
cyclosporins. The results of these studies showed that
antibiotic metabolites are of considerable persistence
and are localized to groundwater and drinking
water supplies.®” STPs are among the main sources
of antibiotics’ release into the environment. The
occurrence of antibiotics in the aquatic environment
and surface water can promote the selection of
antibiotic resistance genes (ARGs) and antibiotic
resistant bacteria (ARB), which can increase health
risks to humans and animals. Despite Intense efforts
by environmental scientists to control antibiotic
resistance in the environment there are still important
technological gaps. Pesristent antibiotics in municipal
water recycling is known to facilitate the development
of proliferation of resistant strans of bacteria. Although
conventional biological STPs processes are effective
for the removal of some antibiotics, many have been
reported to occur at concentrations of 10-1000 ng/L
in secondary treated effluents. The type of antibiotics
found are beta-lactams, sulfonamides, trimethoprim,

macrolides, fluoroquinolones, and tetracyclines. The
effectiveness of ATPs has increased substantially
recently by including tertiary media filtration,
ozonation, chlorination, UV irradiation, activated
carbon adsorption, and NF/RO (nanofiltration/reverse
osmosis membranes) techniques of advanced filtration
with good elimination results.8*°

Hospital wastewater. Disifectans,
diagnostic aids and drugs in wastewater effluents

In the last decades large volumes of disifectants,
detergents. chemicalreagents and radioactive
elements (diagnostic aids in hospitals) are disposed in
the wastewater from hospitals. The concentrations of
these compounds in the hospital effluents vary from
ng/L to pg/L. Many of these chemical compounds
resist normal wastewater treatment and end up in
surface waters where they can influence the aquatic
ecosystem and interfere with the food chain. Aware
of this problem, hospitals in the developed countries
are giving increasing attention to the nature of
their wastewater effluents and their impact on
the environment, by implementing more efficient
effluent management policies. Hospital wastewater
contains also microbial agents and multiresistant
microbial strains. Separating hospital wastewater
from public sewers warrants indepth evaluation by
technologists and ecotoxicologists as well as public
health specialists.”

Studies in a big hospital (e.g. Lyon, France) showed
that they are using around a thousand different
chemicals, disifectants and pharmaceuticals. A great
number these chemical substances are excreted
as non-metabolized drugs finding their way to the
hospital wastewater. Seventy (70) of them have the
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potential to bioaccumulate in the aquatic species.”
Analytical procedures and toxicological measurements
were aplied to the wastewater treated effluents under
various conditions. Halogenated compounds and
heavy metals were measured. For toxicity assessment
of wastewater, the bioluminescence assay using
Vibrio fischeri photobacteria, 72-h EC_ algae growth
Pseudokirchneriella subcapitata and 24-h EC, on
Daphnia magna were used. This methodology is
considered as a semi-quantititative risk evaluation
of hospital effluents. ** In the other hand hospital
effluents and urban wastewater have some common
characteristics of emerging micropollutants and
advanced treatment methodologies can be applied
effectively in both cases.**

Ecotoxicological effects of pharmaceuticals
and medical active compounds

Toxicological studies of pharmaceuticals in the aquatic
environment have their own problems. Medicinal active
substances at environmental conditions may affect the
same pathways in experimental animals having identical
or similar target organs, tissues, cells or biomolecules.
Certain receptors in lower animals resemble those in
humans, others however, are different or lacking, which
means that dissimilar modes of actions may occur.
Ecotoxicity testing merely provided indications of acute
effects invivoin organisms of different trophic levels after
short-term exposure or long-term (chronic) exposures.
These data are ultimately used for ecological risk
assessments. In vitro toxiciological tests are becoming
more important, but they are not sufficient for assessing
the toxicological profiles of a drug, particularly as a basis
for risk analysis. In the last decade mathematical models
are used for estimatition/prediction of ecotoxicity of
hazardous chemicals under environmental conditions.
The most often applied programme by toxicologists is
Quantitative Structure—Activity Relationship (QSAR or
ECOSAR).>>%

Most of the scientific literature about ecotoxicological
effects of pharmaceutical residues and their
metabolites focused on acute toxicity in standardized
tests on aquatic organisms. Ecotoxicologists suggest
that transformation products of drugs in the aquatic
environment may have higher toxicity to aquatic
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species due to speciation, solublity and lipophilicity.
For example, phototransformation products of the
drug naproxen showed higher toxicities than the
parent compound.’” Chronic effects of drug residues
are less investigated although often are not related to
short-term exposures. However, long-term exposures
are needed for an accurate environmental and
ecotoxicological risk assessment.?® Drugs, antibiotics
and other medicinal active compounds are assessed
for acute toxicity by using established biotests (these
tests have been approved by OECD, EPA and other
toxiciological institutes) in labortatory organsims, such
as algae, zooplankton, invertabrates and fish.

Acute toxicity tests of drugs and standardized
bioassays

Acute toxicity data of more than 100 drugs were
compiled in a list from different sources.The toxicity
data suggested that algae were more sensitive to the
pharmaceuticals than Daphnia magna, and fish were
even less sensitive. The most toxic classes of drugs were
antidepressants, antibacterials and antipsychotics.
There are various considerations among toxicologists
as to the suitability of biotests for risk assessment of
pharmaceuticals in the aquatic organisms.?*1%°

A series of aquatic organisms are used for ecotoxicity
tests (Figure 7). Acute toxicity tests were performed for
caffeine, ibuprofen, carbamazepine and novobiocin
at environmental occurring concentrations, using 4
organisms including bioluminescence response in
Vibrio fischeri (is an oxidase-positive, Gram-negative
bacteria), growth inhibition inlsochrysis galbana
(marine water) and Pseudokirchneriella subcapitata
(fresh water) and fertilization and embryo-larval
development in Paracentrotus lividus.(is a species of
purple sea urchin). Results indicated that acute toxicity
was found above environmental concentrations in the
order of mg/L for bacteria bioluminescence, microalgae
growth inhibition and sea urchin fertilization. The risk
calculated for drugs suggested they are harmless
for aquatic environment except when applying the
embryo-larval development endpoint. '’

Diclofenac is a drug that has one the highest
acute toxicity within the class of non-steroid anti-
inflammatory drugs (NSAID). Short-term acute toxicity
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Figure 7. Daphnia magna is used for a standardized ecotoxicity test. D. magna is specified
to be used in the OECD Guidelines for the Testing of Chemicals, Tests No. 202 and test 211

for diclofenac were performed in algae, invertebtates
and phytoplankton.'?'% Experiments with zebrafish
exposed to 320 pg/L in diclophenac did not noticed
any adverse effects. This NOEC inticates that there is
sufficient safety margin for fish populations, because
concentrations in European rivers have been in the
range of ng/L or low pg/L."**

Frequently measured pharmaceuticals (carbazepine,
diclofebac, metoprolol) in aquatic environmental
samples were tested for acute toxicity in fish embryo.
These toxicity tests with Danio rerio are based on
the draft of OECD test protocol. The results showedi
critical effects on growth retardation above 30.6
mg/L for carbamazepine, on hatching, yolk sac and
tail deformation above 1.5 mg/I for diclofenac, and
on scoliosis and growth retardation above 12.6 mg/L
for metoprolol. Scoring all effect parameters, the 72-
h-EC,, values were: for carbamazepine 86.5 mg/L,
for diclofenac 5.3 mg/L and for metoprolol 31.0
mg/L (mean measured concentrations).'® The acute
toxicity of beta-blockers propanolol, metoprolol and
veprapamil were studied in Daphnia magna presenting
the highest acute toxicity among BBs.'* Biotests with
B-blockers metoprolol and verapamil caused the
acceleration of the heart beat rate at low concentration,
but lowered it at high concentrations in Daphnia
magna.107 Astudy (Vibrio fischeriand Daphnia magna
bioassays) found that toxicity was reduced in the range
from 30% to 100% after photodegradation methods
were used to reduce the concentration in sewage.'%

Similar acute toxicities are found in blood-lipid
lowering agents. Clofibrate showed LC50 values in the
range of 7.7-39.7 mg/L which can be classify the drug
as harmful to aquatic organisms. Another bioassay, with
fish Gambusia holbrooki (a sensitive organisms used in
biotests) established an LC50 (96 hours bioassay) of
7.7 mg/L."* Neuroactive compounds (antiepileprics
and antidepressants), such Fluoxetine (serotonin re-
uptake inhibitor), were observed in toxicity bioassays
to have high acute toxicity, ranging from EC, (48 hour,
algae bioasay) 0.024 mg/L to LC50 (48 h) 2 mg/L.2"°
Diazepam and carbamazepine (antiepileptics) are
classified as potentially harmful to aquatic organisms,
because most of the acute toxicity data are below 100
mg/L (experiments in Daphnia magna). Acute toxicity
of carbamazepine was found at 17.2 mg/L in Daphnia
magna.’

Cytostatic and anticancer drugs showed acute
toxicity at environmental concentrations. In a recent
research paper 6 anticancer drugs (5-fluorouracil,
capecitabine, cisplatin, doxorubicin, etoposide, and
imatinib) were tested in crustaceans, such as Daphnia
magna, Ceriodaphnia dubia, etc. Acute ecotoxicological
effects occurred at concentrations in the order of mg/L,
higher than those predicted in the environment, and
the most acutely toxic drugs among those tested were
cisplatin and doxorubicin for most aquatic organisms.
For chronic toxicity, cisplatin and 5-fluorouracil showed
the highest toxic potential in all test organisms,
inducing 50% reproduction inhibition in crustaceans
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Table 1. Ratio between acute and chronic toxicity in Daphnia magna and Ceriodaphnia dubia (48 h/21days).*>71711°

Pharmaceutical Acute toxicity (mg/L) Chronic toxicity (mg/L)
Acetylsalicylic acid 1293.1 14 924
Salicylic acid 1031.7 133 77
Clofibrate 28.2 0.01 2820
Naproxen 66.4 0.33 201
Naproxen Na 43.6 0.68 64

at concentrations on the order of pg/L. Rotifers were
less susceptible to these pharmaceuticals. On the basis
of chronic results, the low effective concentrations
suggest a potential environmental risk of cytostatics.
Thus, this study could be an important starting point
for establishing the real environmental impact of
cytostatic substances.”

Chronic toxicity tests and standardized bioassays

Chronic toxicity tests are less frequently performed
compared to acute toxicity. They measure continuous
exposures to medicinal active compounds in aquatic
organisms over long periods of time for single substance
and mixtures of drugs. These studies indicate that
chronic exposure of fish to pharmaceutical mixtures
and wastewater impacts reproduction and induces
histopathological changes, similar to what we have
previously seen with single compound exposures.
These data suggest that fish populations exposed to
pharmaceuticals discharged in wastewater are at risk
of negative impacts to their reproductive capacity and
health."2 Chornic toxicity studies with ibuprofen on
freshwater bivalve Dreissena polymorpha used a series
of biomarkers. These results pointed out a slight cyto-
genotoxicity on zebra mussel hemocytes at the IBU
concentration of 0.2 pug/l, with higher IBU concentrations
able to significantly increase both genetic and cellular
damage. In addition, Ibuprofen seems to have a
considerable effect on the activities of antioxidant
and detoxifying enzymes as shown in the exposed
specimens’notable oxidative status imbalances.'
Chronic toxicity tests were contacted for a long
period of time with the synthetic steroid EE2 (17 alpha-
ethinylestradiol, active substance in contraceptive

20

pills) at extremely low and environmentally relevant
concentrations. This steroid has been shown in many
fish to induce estrogenic effects. Exposure of fathead
minnows over their life cycle indicates reproductive
effects atlow concentrations of EE2."'* Male fish exposed
to EE2 at 4 ng/L failed to develop normal secondary
sexual characteristics and the sex ratio was altered.
Another study showed vitellogenin (VTG) induction in
fathead minnows with an EC,, value as low as 1ng/L; EE2
was 25-30 times more potent than estradiol, confirming
previous reports on VTG induction at concentrations
between 0.1 and 1ng/L."">116

Toxicologists use very often for their evaluation of
hazard and risk assessment, the ratio between acute to
chronic toxicity of chemical pollutants/contaminants.
For pharmaceuticals, this is difficult, because only very
rarely, a systematic analysis of a given drug in both acute
and chronic toxicity in a single species is performed.
Apart from EE2, there are only a few examples of chronic
toxicity tests. Studies until now showed that for similar
drugs, these ratios in Daphnia magna vary by two
orders of magnitude. For all other drugs, only partial
information is available on a given species. The examples
presented in Table 1 confirm that chronic toxicity cannot
be derived from acute toxicity by simple calculations.

There are limited toxicological studies dealing with
the effects of mixtures of pharmaceuticals in the aquatic
environment and their ecological potentiual for damage
to ecosystems. In a toxicity study a mixture of NSAID
drugs (diclofenac, ibuprofen, naproxen, acetylsalicylic
acid) has been evaluated using acute Daphnia magna
and algal tests. Toxicity of the mixture was found at
concentrations at which the single compound showed
no or only little effects. The mixture toxicity followed the
concept of concentration addition, which means that
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the concentrations of each compound behaved in an
additive fashion.The anti-inflammatory drugs diclofenac
and ibuprofen act unspecific by non-polar narcosis.
The measured toxicities of the tested pharmaceuticals
showed that acute effect of single substances in the
aquatic environment are very unlikely, but there are
possibilities for considerable combination or additive
effects at chronic toxicity studies. Most measurements
of mixture of drugs in aquatic samples showed that they
have much higher toxic potential.’*%

A number of toxicological studies with pharmaceutical
residues were contacted on marine fish. A critical review
collected data on a series of pharmaceuticals, such as
NSAID drugs, BBs, azoles and antibiotics, and selective
serotonin reuptake inhibitors. Water concentrations
were between pg/Land mg/L, typically at least 1 order of
magnitude higher than concentrations normally found
in surface waters (ng/L). Adverse biological effects on fish
in the laboratory tests were similar to other mammals.
Although generally effect levels for pharmaceuticals
are higher than those found in the environment, the
risks to wild fish populations have not been thoroughly
characterised (especially chronic exposure). Scientists
suggest that as global consumption of pharmaceuticals
rises, an inevitable consequence is an increased level of
pollution of surface and ground waters with these active
drugs, and thus in turn a greater potential for adverse
effects in aquatic wildlife.'

A recent review presented the occurrence of
pharmaceutical compounds in wastewater (more
than 100 priority drugs at high concentrations) and
their environmental risk in ther aquatic environment
after secondary treatment. The highest amounts
discharged through secondary effluent pertain to
one antihypertensive, and several beta-blockers and
analgesics/anti-inflammatories, while the highest risk
is posed by antibiotics and several psychiatric drugs
and analgesics/anti-inflammatories.** The presence of
10 anticancer drugs was studied along the entire urban
water cycle-from hospital effluents through urban WTPs
till surface waters-- and their potential environmental
risk was assessed. Azathioprine, etoposide, docetaxel,
paclitaxel, methotrexate, cyclophosphamide, tamoxifen
and ciprofloxacin were detected in hospital effluentand
in the urban influent of the STPs although most of them
were totally eliminated after treatment. Tamoxifen and
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ciprofloxacin (veterinary practices), were also detected
in the river upstream the sewage discharge. In addition,
they both were considered to pose a potential risk to
the environment based on the levels found in sewage
effluent together with their ecotoxicological impactin
selected organisms.'**

Conclusions and future directions

The presence of medicinal active compounds, as
residues and metabolites, in sewage treatment plants
(STPs) and subsequently in the aquatic systems
has increased scientific awareness about emerging
environmental pollutants and threats to quality of
aquatic systems, adverse health effects to aquatic
organisms and ecosystems. There is a need to increase
the knowledge about the fate of pharmaceuticals
during sewage treatment for implementation of better
removal techniques. Future work on STP treatment
optimization will show to what extend pharmaceuticals
can be removed from wastewater and to what extent
the implementation of an improved technology is
feasible, taking into account other macro- and micro-
pollutants as well as the broad variety of complex
wastewater matrices. Our present knowledge about
residues of pharmaceuticals in aquatic systems indicate
that they are unlikely to pose a risk for acute toxicity.
Environmental concentrations are in the range of 10°
(mg/L) to 107 (100 ng/L) times lower than known LC_|
or EC50vaIues. In the other hand, there is a general lack
of chronic toxicity data on pharmaceuticals, particularly
in fish. Many pharmaceuticals need more investigation
about potential long-term ecotoxicological effects,
particularly with respect to potential disturbances
in hormonal homeostasis (endocrine disruption),
immunological status, or gene activation. Current data
on acute and chronic toxicity of pharmaceuticals support
to the conclusion that more target- or biomolecule-
oriented, or mode-of-action-based investigations, will
allow more relevant insights into effects on survival,
growth and reproduction than traditional standard
ecotoxicity testing. Unless more is known about
possible chronic effects of individual pharmaceuticals
and mixtures, conclusions concerning hazards or
risks of pharmaceuticals to the aquatic ecosystem are
premature.]
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AnoBANTa QapuUaKeUTIKWY ApaoTiKwy Quolwy,
eva Avaduopevo lMeptiBarrovtiko NpoRANUa

DapuakeuTIKEG YAEG, AVTIBIOTIKA Kat ATTOAUMAVTIKA
oto Yoéatwvo Mepifarlov kat To§ikoAoyikég EmMmTwoelg

ABavaciog BalaBavidng, Owpudig Bhayoyiavvn, Znupidwv Awpidag kat Kwvotavtivog Qiwtakng
*Tunpa Xnueiag, Mavemotripo ABnvawy, MNavemotnuioumoAn Zwypdeov, 15784

Nepidnyn

Medicinal active compounds, antibiotics and
disinfectants are used in various medical and
therapeutic applications in hospital and at home.
Eventually, pharmaceuticals are disposed in thousands
of tones every year in drains and eventually reach the
aquatic environment causing substantial toxicological
problems in aquatic organisms. The occurrence and
fate of pharmaceutically active compounds in the
aquatic environment has been recognized in the
last decade as a serious emerging environmental
iproblem in most developed countries. Recently,
pharmaceuticals have been detected in surface water,
ground water, drinking water and in rivers in many
areas of the globe. The problem was not so well known
due to limitations to analytical methodologies of polar
compounds, but current advances in environmental
residue and metabolite analysis have improved the
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Nea QapuakeUTIKG 2 kevaopata otn Maxn yia tov Kapkivo:
WS ol AYwVIOTEC Twv YTTodoxewv Turmou Toll (Tirs)
EvioxUouv Tn Apdon Twv AVTIKOPKIVIKWY EBoAiwy

MnveAomn Zapapd', ZrmupidouAa-AyyeAikn Nikou', Zwtrptog Poptng'?,
lwavvng Boutodc? Kwvotavtivog Mrma&eavng?, Oupavia Tortoihwvn' *

"Topéag Ouaoiohoyiag Zwwv kat AvBpwmou, Turipa BloAoyiag, Mavemotripio ABnvwy, MavemotnuioumoAn, IAicta, 15784, ABriva

2Kévtpo Avoooloyiag kat AvocoBepareiag Tou Kapkivou, Noookopeio «O Aylog ZaBRac», Aewe. AAe€avdpag 171, 11522, ABrva

MepiAnyn

Ot aywvioTég Twv urmmodoxéwv Tumou Toll (Toll-like
receptors, TLRs) xapaktnpiCovtal amd Tnv IKavotnTd
TOUG va evepyormololy ta devopltikd kuttapa (DCs),
TIPOAYOVTAG TNV TIAPAYWYN KUTTAPOKIVWY TUTToU T, 1
Kall EVIOYXVOVTAG TIC ATTOKPIOEIC TWV KUTTAPOTOEIKWY
T kuTTApWV. Ol LEXPL OMHEPA TIPOKALVIKES KOl KAIVIKEG
HENETEC SElxvouV OTI Ol AYWVIOTEG TwV TLRS pmopouv
VA BEATILDOOLY TNV ATTOTEAECUATIKOTNTA TWV MTPWTO-
KOMNWVY QVTIKAPKIVIKOU EUBONACLIOV. SHUERQ, TPEIG
TLR aywvioTég éxouv eykplBei amd tov Opyaviouod
Tpogipwyv kat Qapudkwyv (FDA) twv HITA yia kAvi-
kr) xprion otov avBpwmo. Ouwc, n eupeia epapuo-
yr TOUC CLVOSEVETAL ATTO TIEPIOPICLIOVE, KUPIWS AOYW
NG EUPAVIONG TOEIKOTNTAG WG ATTOTENECUA TNG OU-
OTNUATIKAG TTAPAYWYNS ALENUEVWY CUYKEVTPWOEWY
KUTTAPOKIVWV. 2 TNV EMIOKOTINGCN AUTH, XPNOIOTTONW-
VTAC EMAEYLEVA TTAPAOEYUATA amd TTPOKAIVIKES Kal

1. Eloaywyn

OLPdOPATEG ETMITUXIEG TWV AVTIKAPKIVIKWY AvOo0o0e-
PATTEUTIKWV KAVIKWV Sokipwv Sgixvouv o011 0 Topéag
NG avoooBePaTEiag TOU KAPKIVOU €XEL TTAEOV «wPIUA-
o€, MpaypaTy, cuPEWVa PE TIG TeEAeuTaieC EeNIEEIC,
@aivetal 0TI n emaywyn Wiag 1Ioxupng oykoSpaoTIKAG

KAIVIKEC UENETEC, TTAPOUCIACOULE CUVOTTTIKA, TA -
Xl Twpa 6edopéva yla TNV aVoOoEVIOXUTIKY Spaacn
Twv TLR aywvioTwy, WG CUOTATIKWY TWV AVTIKAPKIVI-
KWV EUBOAIWV.

Emiong, kAvoupe avapopd TNV TTPOOTTTIKK TNG KAL-
VIKNG Xpnotpomnoinong evog veou TLR aywvioTn, TG
meoBuuOGCivNC a, N OTTola TPOAYEL TNV WEILIAVON TWV
DCs kal O€ in vivo JovTéNa Kapkivou O€ melpapatolwa
OeixBnKe va evioyUEL TN AEITOUPYIKOTNTA TWV OYKO-
OPACTIKWY EKTEAECTIKWV KUTTAPWY, XWPEIC TNV ELPA-
VION COPAPWY TTAPEVEQYEIWV.

Né€erg-kKAe1dia

AywvioTtég umodoxéwv Tumou Toll (TLRs), Avooo-
EVIOXUTIKA, AVTIKAPKIVIKOG EUBoAlacudc, DAMP
(Damage-Associated Molecular Pattern), MpoBupo-
alvn a

avooOoAOYIKAG anmdkplong in vivo, odnyei Kal o€ avti-
KEIUEVIKA, KAVIKA METPNOLIUQ, armoTteAéopata. H mma-
paywyn Kat n pUBUION TWV AVTIKAPKIVIKWY Avoooa-
moKpiogwv ival éva 81ad0x1KO, TOAUTTAPAYOVTIKO Kal
OXETIKA TTEPITTAOKO YEYOVOG. ZEKIVA ATTIO TNV Tapouoia
Kal TNV KATAAANAN Tapouciaon Twv avtiyovwy Tou
OYKOU 0Ta KUTTOPA TOU AVOOOTIOINTIKOU CUCTAMATOG

* Tuyypagéag alAnloypagiag: Oupavia Tottoihwvn, TNA: 210- 7274215, fax: 210-7274635,

e-mail: rtsitsil@biol.uoa.gr

29



OAPMAKEYTIKH, 26, 1ll, 2014

APOPO EMIZKOMHZHX | REVIEW ARTICLE

Kal, OewpnTIKA, OAOKANPWVETAL UE TNV EMAYWYI TTAPA-
TETANEVNC SIAPKEIAC TTPOCTATEVUTIKAG AVTIKAPKIVIKIG
amdkpiong MvAUNG. Mia amo Ti¢ mo dnuoileic avti-
KOPKIVIKEG AVOO0DEPATIEUTIKEG TTIPOOEYYIOEIG €ival O
eUPoAlaoudC pe menTidla mou TPoEPXoVTal Ao KAPKI-
VIKEC TTPWTEIVEC. OTTWC Kal oTNV TIEPIMTWON TwV EUPo-
ANiwv evavTtiov cuvrBwv TaBoydvwy UIKPOOPYAVICHWY,
TO ATTOTEAECUATIKA AVTIKAPKIVIKA TTEMTIOIKA B OAIa
nepthapPfdvouv 1600 T0/T0 AVTIydVO/a OO Kal avo-
OOEVIOXUTIKA, Ta oTroia MPEMEL va xopnyouvTal Tau-
TOXPOVA LIE TO AVTIyOVO Kal péow tn¢ idtag 0dou. Ka-
Trolot anmd Toug OUVOETEC (AYWVIOTEC) TwWV UTTOSOXEWV
tomou Toll (TLRs) éxouv 16N deifel onuavtikA emayw-
Yy avocogvioxuong Kal BEATIWEVN IKAVOTNTA EVEP-
yoroinong §pacTIKWV KUTTAPWV e BepammeuTIKO Ope-
Aoc otov kapkivo'. ApkeToi TLR aywvioTég BpiokovTtal
OE TTPOXWPNHEVA 0TASIA KAVIKWV SOKIUWY, KAl AKOUN
TIEPIOCOTEPOL EAETWVTAL ZTNV TTAPOUOCA EMOKOTINGN,
Ba avagpepBouue mepIANTITIKA o€ TLR aywvioTtég mou
XPNOLHOTTOIoUVTAL OHEPA WG CUCTATIKA TwV EUPOAI-
WV KATA TOU KapKivou Kat Ba culntricoupe yia évav
véo TLR-4 aywvioTr, To mohumnentidio tou B0pou adé-
va poBupooivn a (mpoTa). Oa TapouCIACOoUE TOV
Tpomo Spdong tng mpoTa Kal Ba mpoTeivoupe TpO-
TTOUC WOTE TO MOAUTTENTIOIO, 1)/Kal BpalouaTa autou,
va urmopéoouv va a&lomoin8ouv HeANOVTIKA yia T Beh-
Tiwon TG oLVOEONC TWV AVTIKAPKIVIKWY EUBOAIWV.

2.Ta Bactkda XapaktnpioTika Twv TLRs

OLTLRs givat péAn piag e€eAIKTIKA cuvTnENUEVNG OLKO-
Yévelag umoSoxEwv avayvwplong HoTiBwv Kat ekppd-
Covtal o€ TOIKIAIO KUTTAPWY, 181aiTEPA TOU PUCIKOU
okéhou¢ Tn¢ avooiac. To yovidio Toll avakaAugOn-
Ke To 1985 otn Drosophila, 6mou SeixOnke va pubui-
(el Tov Ke@aloupaio d§ova avantuéng Katd Tnv -
Bpuoyéveon Kal TIG AEITOVPYIEC TOU YUOIKOU OKEAOUG
NG avooiag 2. To avBpwrivo opdAoyo TnE MpwTeivng
Toll tn¢ Drosophila tautomoiri®nke 1o 1997 amd Toug
Medzhitov kai cuvepydTtec, ot omoiol €de1€av 6TI TO po-
vomnati onpatoddétnongToll-NF-kB eivat cuvtnpnuévo
oTov AvBpwrio, Kal OTL Ol TTPOCAPOOTIKEG AVOCOAOY!I-
KEC ATTOKPIOELG EVEPYOTIOLOUVTAL HECW ONUATOSOTN-
ongamd Toug TLRs 3.

O1TLRs €xouv e€elixBei yia va avayvwpilouv &éva (un
£0QUTA) OTOIXEIQ, KUPIWG HOoPLakA poTiBa oxeTi(Opeva P
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nmaBoyodva (Pathogen-Associated Molecular Patterns,
PAMPs) i poplakd potifa oxeti{opeva pe pikpopia
(Microbe-Associated Molecular Patterns, MAMPs), kait
VA EKKIVOUV QVOCGOAOYIKEC ATTOKPICELC TOU UOIKOU OKE-
Aou¢ ¢ avooiac. Ta PAMPs gival cuvtnpnuéva poTi-
Bakowa og 100¢, Baktrpla, mpwtdlwa Kal HUKNTEC. Ma-
padeiypata PAMPs amote\oUv o AiTormoAucakxapitng
(LPS, o omoiog avayvwpiletat amd Tov TLR-4), cuotatikd
TOU BAKTNPLOKOU KUTTAPIKOU TOIXWHATOG (TTemTidoyAu-
KAveg, Nimompwrteiveg 1 owpatidia zymosan, ou ava-
yvwpiCovtal amo tov TLR-2 petd Tov eTEPOSIUEPIOUO
TOU ME TOUGTLR-1 1}-6), CUCTATIKA TWV BAKTNPIAKWY Ha-
ottyiwv (pAayyehiveg, mou avayvwpilovtatamd Tov TLR-
5), un pebBuhiwpéva Baktnptakd r uka CpG DNA (rou
avayvwpiCovtatamd Tov TLR-9), kai ukd RNA (povokiw-
va kat dikAwva [dsRNA], mou avayvwpilovtal amd Toug
TLR-7/8 kai TLR-3, avtioToixa). Méxpl onpepa, £xouv
TautomoinBei §éka Aertoupyikoi TLRs otov avBpwro,
€K TwV omoiwv ot TLR-1, -2, -4, -5, -6 ka1 -10 Bpiokovtal
OTNV KUTTAPLKN €M@Aavela kat ol TLR-3, -7/8 kat -9 ota
evboowpata. ‘ONol evepyorolouvTal UETA TNV TPOOSE-
on Kat ¢ayokuttdpwaon maboydvwy 1 Twv PoiovTwy
TOUG, EVW OE YEPIKEG TIEPIMTWOELG, Ol TLRs Tn¢ KuTTOpI-
KNG EMPAVELAC, UTTOPOUV va evOoKUTTApWOOUV HETA
N 6€0UEVON TOU GUVOETN TOUG, OTTWG Yia Tapddetyua
o TLR-2 mmou evtomi{eTal 0Ta GAyOoWHATA TWV UOKPO-
@aywv. EmmAéov, opiopévol TLRs (m.x. TLR-2 kai -4) &¢-
OUEVOUV KAl HOPLaKA HoTifa mou oxetiCovtal pe BAa-
Bec (Damage-Associated Molecular Patterns, DAMPs).
Ta DAMPs amoTteAoUV pia OIKOYEVELD EVOOKUTTAPIKWV
MopiwV e TTOLKIAEG AelTOUpPYiEG, Ta oTToia, dTaV ameAeu-
BepwvovTal f EKKpivovTal amo Ta KUTTapa, AEIToupyouV
w¢ evdoyevri orjpata Kivouvou .

OLTLRs S0pIKA AVAKOUV OTNV UTTEP-OIKOYEVELD TWV
urtodoxéwv TIR (TLR-IL-1), mou givat StapeuBpavikég
MPWTEIveg TUTIOU |. AlaBéTouv éva KuTTapomiacua-
Tk potifo TIR yla katappoik onpatodotnon Kat
éva e€WKUTTAPLO TUAMA TTOU amoTeAEiTal amd emava-
AapBavopeveg aAknlouyieg, MAoUO1EG O AEUKIVEG,
yla TV mpoodeon Tou cuvdETN Touc . H evepyomoin-
on Twv TLRs, odnyei 0tn otpatohdynon evéokuttapl-
KWV TIPWTEVWV-TIPOCApOYEWV pE poTiBaTIR, dtwg ot
MyD88 (myeloid differentiation factor-88), TIRAP (TIR-
associated protein), TRIF (TLR-associated-activator of
interferon) kat TRAM (TLR-associated molecule) (Eiko-
va 1). ONot ot TLRs amaitoUv tov MyD88 yia tn onua-
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Tt0d6TNON, pe e€aipeon Tov TLR-3, o omoiog onuato-
Sotei amokAeloTikA péow TRIF, kat Tov TLR-4, 0 omoiog
otpatohoyei 1ooo Tov MyD88 6oo kai tov TRIF. H evep-
yoroinon tou MyD88 0dnyei o€ pwo@opuliwon Twv
MAP kivacwv (ERK, JNK, P88), otnv evepyomoinaon tou
NF-kB kat otnv ék@paon yoviSiwv ou Tpodyouv tn
@Aeypovn. H TIRAP evepyomolei to MyD88-e€aptwype-
VO HoVOTIATL KaTappoikd Twv TLR-2 kat -4, evw o TRIF
pecoafel, péow EVOC EVAANAKTIKOU LOVOTTATIOU, TNV
evepyomoinon twv MAP kivacwy, Tou IRF-3 (Interferon
Regulatory Factor 3) kat tou NF-kB, katappoikd Twv
TLR-3 kat -4. H evepyomoinaon tou IRF-3 givat {wTIKAg
onpaciag yla tnv mapaywyn vtep@epovwy (IFNs) To-
mou |. TéAog, To TRAM evepyorolei o TRIF-e§apTwpe-
VO povordtt katappoikd Tou TLR-4. Oha ta mapamdvw
yeyovota odnyoulv oTnv mapaywyr meo@Aeypovwdwv
KUTTAPOKIVWV (TT.X. TTapAyovTa VEKPWONG TWV OYKWV
(TNF)-a, vtepAeukivng (IL)-1pB, IL-12 kat IL-6), IFNs T0-
TT0U |, KOl XNUELOKIVWY, Ol OTIOIEG E TN O€IPA TOUG €MA-
YOUV T CUVTOVIOUEVN EVIOXUON TWV AEITOUPYIWV TOU
@UOoIKoU Kal 181koU okéNouc Tn¢ avoaiag (Eikova 1).

O1TLRs ekppddlovtal Kupiwg o€ KUTTAPA TOU OVOCO-
TTOINTIKOU OUOTAMATOG. Ta HOVOKUTTAPA Kal Ta oude-
TEPOPINa eKPPAlouv OAoug Toug TLRs ektdc Tou TLR-3,
Ta QUOIKA Qovikd (NK) kuTttapa ekppdlouv AEITOUPYIKO
TLR-1 kaita B kUttapa ekppdlouv kupiw¢ Toug TLR-9 kat
-10, kat omaviétepa Toug TLR-1, -3, -6 kat -7. Ta evepyo-
moinuéva T katta T KUTTapa pvAung ekppdlouv tov TLR-
2,0 OTI0I0C XPNOIUEVEL WG CLVOIEYEPTIKOG UTTOSOXEAG YT
™V avantuén avtiyovoelSIKWv T KUTTAPIKWY AMmoKpioE-
wv katt dtatipnon twv T KUTTapwv uvhRung. Ta puBpi-
oTIKAT kUTttapa (Tregs) ekppdlouv Toug TLR-8 kal-10.Ta
Sevdpitikd kuttapa (DCs) ekppalouv Toug EPIocOTE-
PouC¢ TLRs, avdAoya e Tov untoTuno Touc. Ta MAacaTo-
KutTapikd DCs (pDCs) ekppdlouv TouG TLR-7,-9 kat-10,
€V Ta PUENoeldr) DCs ekppdlouv 0Aoug Toug TLRs ekTdg
Tou TLR-9. DCs mrou Stagpopormolouvtal amnd povokuTta-
pa ekppdlouv uPnAd emineda Twv TLR-2 kat -4, xapnAd
emimeda twv TLR-1, -3, -5, -6, -7 ka1 -8, aA\d Sev ekppd-
Couv TLR-9 kat-10 6. H evepyomnoinon Twv TLRs emnped-
CetmoANamAéG Aettoupyieg Twv DCs, Omwg TNV POoAN-
PN TWV avTiyovwy, Thv ene€epyacia Kat Tnv mapouciaon
TouC. Ta Sleyeppéva, péow Twv TLRs, DCs ekppdlouv
UTTOSOXEIG XNUELOKIVWY, LETAVACTEVOLV OTO ONEI0 TNG
poOAuvong Kat GUPPBANNOLY 0TV emaywyr] AVTIyovVoEISI-
KWV T KUTTAPLKWVY ATTOKPICEWV.
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3. Aertoupyieg Twv TLRs mov oxeti{ovtal
JLE TOUG KAKONOELG OYKOUG

3.1.0 é€wyevric péAo¢ Twv TLRs aTov kapkKivo

Ekt6¢ ano ta KUTTapa Tou avoooTIoINTIKOU CUCTHA-
10¢, TLRs ekppdlovtal kal og AANa KUTTAPA, OTIWE Eival
Ta emMBONAIAKA KUTTAPA TOU EVTEPOU, TOU OUPOTIOINTI-
KOU Kal TOU avarnveuoTIKOU CUOTAHATOC, Ta ev&oOnAI-
aKA KUTTAPA, Ta KEPATIVOKUTTAPQ, Ol IVOBAACTEG, Ta
MECEYXUHMATIKA BAACTIKA KUTTAPA KAl TA VEUPIKA KUT-
Tapa. O e€wyevic polog Twv TLRs TekunplwveTal €mi-
A0V amo TNV €KQPACH TOUC O KUTTAPA TTOU CUE-
TéXouv otn dnuioupyia Tou piIKpomePIBAAAOVTOC TOU
Oykou. EvOeIKTIKA amoTteAéopaTa o€ in vivo povTéla TTo-
VTIKWV éxouv Seifel ot
H xopriynon ocuvdetwv tou TLR-3 auénoe tn Sigio-
buaon evepyomoinuévwy T kat NK Kuttdpwv og dykoug
TPOGCTATN O€ MOVTIKIQ, HEIWOE ToV aplBuo Twv Tregs Kal
OUVEPBAAE 0TNV UTTOOTPOPH TWV OYKWV 7,
Mikpopoplakoi aywvioTtég Twv TLR-7/8 mpokad-

Aeoav avocoamokpion Tumou T, 1, avénoav tov apib-
MO TWV OYKOEISIKWV SpACTIKWY KUTTAPWV TTOU EKKPI-
vouvV IFN-y kal Twv Aeu@oKuTTapwV 1o 8inBouv Toug
Oykoug, evw peiwoav ta CD4+CD25+Foxp3+ Tregs,
ouuBAaANovTaC €101, 0TV amoTtpoTr Snuilovpyiag Ue-
TOOTACEWV ATTIO KAPKIVWUATA EVTEPOU Kal TTVELRIOVA é,

H xopriynon aywviotwv tou TLR-9 o€ pDCs mpokdaAe-
O€ TNV EMAyWYr HOKPOXPOVNG AVTIKAPKIVIKAG AVOOi-
ag, N omoia MPOOTATEVOE TA TTOVTIKIO OE PETAYEVEDTE-
pN Xopnynon KUTtdpwyv HEAavVWUATOG .

2Tov AvBpwro Ouw¢, o€ avtiBeon pe Tn SleyepTIKA
SpaocTikdtnTa TwV TLR cUVOETWVY GTOV TTOVTIKO, av-
Bpwmiva pDCs mou 8inBovoav Toug dykoug mapouacia
CpG, mapryyayav Atyotepn IFN-a kat Sev ftav Aertoup-
YIKA& 0T0 pikpoTepIBaiiov Tou dykou. H Aeltoupyikn
avendpkela autwv Twv pDCs mBavov oxeti{otav pe
TNV EMAyOUEVN Ao TOV OYKO UTTOEKPpacon Tou TLR-9
o€ autd '°.

3.2. O evboyevric pédo¢ Twv TLRs atov kapkivo

Ta KapKIvika KUTTapa emiong ekgpdlouv TLRs, yeyo-
v&G Tou uTToOEIKVUEL OTL UTTAPXEL KAl EVOOYEVAG PO-
Ao¢ Twv uToSoXEWV AUTWV OTO HIKPOTIEPIBANAOV TOU
oykou. H evepyomoinon twv TLRs Twv KAPKIVIKWY KUT-
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TAPWV €XEL XAPAKTNPLIOTEL WG «SiKOTIO paxaipi», Ka-
Bwg pmopei va evioxVel TNV avooia Tou {evioTr EvavTl
ToU GYKou, OANG prmopei va mpodyel kat Tnv avantuén
TOU OYKOU. Y€ oxéon Ue tn SeUTEPN TTEPIMTWON, TIEL-
papata oe movTikia éxouv Seifel 0TI n evepyomoin-
on tou TLR-4 pe LPS emayel Tn ouvBeon Kat ékKplon
npo@Aeypovwdwy pecorafntwv (IL-6, emayouevwv
p1lwv o&e1diou Tou alwtou Kat IL-12) kat tnv ékepa-
on oUVOIEYEPTIKWV EMPAVEIOKWY popiwv (B7-H1/PD1
kat CD40), Ta omoia KaB1oToUV Td KAPKIVIKA KUTTapA
AVOEKTIKA 0TNV AONTWOoN Kat oTn AVon and KuTta-
poto&ika T Aepgokuttapa (CTLs), kal emdyouv tTnv
avépyta Twv NK kuttdpwv. Emimiéov, og dykoug oAu-
OMévouC e BakTrpla, N S1éyepon twv TLRs mpokaAei
T S1apkn evepyomoinon tou NF-kB, odnywvtag otov
MOANATAACIA0HS TWV KAPKIVIKWY KUTTApwV. Mapo-
pola anoteAéopata avagépOnkav kat o Bloyieg av-
OpWMVWY YAOTPIKWV KAPKIVWUATWY, KUPIWE 0Tav 0
KOPKIVOG OXETIOTNKE pE MpoUmdpyxouoa Aoipwén anod
Helicobacter pylori™.

H Siapopikn ékppaon TLRs ota avBpwrmiva KapKivi-
KA KUTTAPA TIEPUTAEKEL KON TIEPIOOATEPO TNV TPEXOU-
00 Amoyn UAG Yid TO AVTIKAPKIVIKO OQENOG TTOU MAYE-
Tat amo v evepyomoinon Twv TLRs. Na mapddetyua, o
TLR-9 unepekppdletal o€ XapunAd dla@opomotnuévoug
KAPKIVOUC TOU HaoToU Kal TwV woBnKwv, aANd UTTOEK-
@paletal og KapKivoug Tou TpaxnAou TN uitpac. Ta
CpG oMiyovoukAeoTidia, Tou gival aywvioTéC Tou, auéd-
vouv Tn 81Bnon r/Kal Tn HETAOTACN KAPKIVIKWY KUT-
TAPWV TOU HAOTOU KAl TOU TIPOOTATH, AOTPOKUTWHA-
TOG Kal YAoloBAaoTtwuatog. QoT000, G€ KAPKIVOUG TWV
wWoONKWV, Tou TIVELIOVA, TOU EVTEPOU Kal G VEUPORAa-
otwpata, n CpG-emayodpevn evepyornoinon tou TLR-9
AVEOTEINE TNV AVATTTUEN TWV OYKWV, TTPOAYOVTAG TNV
AMOTITWON TWV KAPKIVIKWY KUTTAPWV HECW HOVOTIA-
TIoV e€apTWwEVOU amo TIC KAOTIAOECG 2.

H olUvdeon twv poly-I:C i} dsRNA otov TLR-3 kap-
KIVIKWV KUTTAPWV VEQPOU, TPOCTATN, TPAXAOU TNG
MNTPAC Kal EVTEPOU, KABWCE Kal 0€ KAPKIVIKA KUTTapd
paoToU Kal jehavwpatog, €5€1€€ o oUoloyEVH amo-
TeENéOUATA. 2€ ONEG TIG TTEPITTWOELG, N EVEPYOTIOINGN
Tou TLR-3 TPOKAAEDE TNV EMAYWYH KUTTAPOOTATIKWY
ONUATWY KAl AVESTEIAE TNV AVATTTUEN TWV KAPKIVIKWY
KuTtapwv. AvtioTolxa, o TLR-5, o omoiog unepek@pd-
(etal o€ KApKivoug Tou paoTou, tav evepyorolnon-
K& amod tn @AayyeAivn, avéoTEINE TOV TOAATTAACIACUO
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TWV KAPKIVIKWY KUTTAPWV, TOOO in vitro, 660 Kal O€ plo-
vtélo Eevopooyeuuatog o€ movtikia 12,

AvtiBeta, n evepyomoinon Tou TLR-4 amé tov LPS oe
KOPKIVIKA KUTTapa wobnkwv SeixOnke va dnuioupyei
éva mpo@Aeyovwdeg epIBANOV Kal va emdyel xn-
peloavOekTIkOTNTA. To i610 KataypAPnKE o€ TAAKW-
6N KAPKIVWUATA TNG KEPAARE KAl TOU TPAXAOU, OTToU
n onuatodotnon TLR-4/LPS avénos tn mapaywyr tTwv
IL-6, IL-8, Tou ayyelakol evéoBnAiakol auéntikoL ma-
payovta (VEGF) kat Tou auéntikol mapdyovTta KOKKI-
OKUTTApwV-Hakpopaywv (GM-CSF), kal evioxuoe Tov
TTOAATTAQGIAOUO TWV KAPKIVIKWY KUTTAPWY, TTAPEXO-
VTAG TOuG MpoaoTtacia amd tn Avon anod NK kUttapa 3.
Kat otoug §Uo autoug TUTOUC Kapkivou mapatnenién-
Ke Mpoiovoa voooc,.

YUH@WVA AOLTTOV JE TA TTAPATIAVW, TA PEXPL ONHEPA
6edopéva ummootnpifouv 1o S1TT6 poAo Twv TLRs otnv
mpo0do/avacTolr TG avantuéng Tou Kapkivou Kal,
omwc¢ gaivetal, n evepyonoinon SlagopeTikwv TLRs
MTTOpEl va eTNPedoel TOIKINOTPOTIWG TO TEAIKO KAIVIKO
ATTOTENECAL.

4.H xprion Twv TLR aywvictwv
oTnV avocoBeparneia Tou KapKivou

H 10Topia TG BEPATEVTIKAG QVTILETWITIONS TOU KAp-
Kivou P Tn xprion poAuopatikwy maboydvwv otele-
XWv Eekivnoe 1o 1868, 6tav o Busch mpokdheoe gpu-
oimehag og aoOevi e CAPKWHA LOAAKWV HOPiwV TOU
TPAXNAOU KAl OTN OUVEXELD, TTAPATHPNOE TAXEIQ UTTO-
oTPOo®H Tou dykou Tou. Aiyo apydtepa, o Coley ava-
Koivwoe tn Bepamneia aoBevoug e eKTETAPEVO AEU-
Qwpa TpaxiAou, YETA amd TOTIIKEG EVECELG ATTOIKIWV
OTPEMTOKOKKOU 4. META TNV EUPAVION £PUGITIEAAC, O
OYKOG VEKpWONKe Kal 0 ac0evic mapéuelve ENeVBe-
POG vOOooU yla 8 xpovia. XpnolHomolwvTag To OKEeL-
aoua OV apyodTEPA OVOUACTNKE «To&ivn Tou Coley»
(éva peiypa amod duo Bepuikd adpavonoinuéva Baktn-
pla Tou yévoug Streptococcus kai Serratia), o Coley ma-
patnpnoe OTL akOun Kal pia povo éveon o€ mePLoxXn
QVOTOMIKA OTTOHAKPUOHEVN ATTO TOV OYKO, UTTOPOU-
o€ va 08NyNoEL 0€ UTTOOTPOYPI TNS KAPKIVIKAG padac.
To cupmépacpa and auTég TIC TPWTES Bepameieg yia
ToV KapKivo unédel€e 6T n ueiwon tng avamntuéng tou
OYKOU TaV ATTOTEAECA TNE LOAUVONC, N OTTOIa TTPOKA-
Aeog ouUGTNUATIKNA Kal I8laitepa évtovn evepyoroinon



OAPMAKEYTIKH, 26, 11l, 2014

PHARMAKEFTIKI, 26, Ill, 2014

BT KRTT AR
LT Py T

EQnnuTrdpnn; oy -

L

drmnim Sy R ik

[t
[r P —— . s
[ T T TS (LT TR
A | -1
bh
1|a|_q}|l-.- -..{pnu.- :--;Tw-:
o =
‘Lln;nnr C':-,r |m)|5£\_|lm-|
(Anm o TR S
vioes) g Kerrapdnlanun
o B B ™,
na L, TERE ¥
/.- J = ] IAka’)
. ‘3 ety ity \

|| s o D

P I} H
N Y
3 : P s/
\-\\-..1:-____ gt 2 _-;_'.'-f-'{/ &

Eixéva 1. Movomdtia onuarodétnong twv urmodoxéwv TUmou
Toll. H ouvdeon twv TLRs e Tov KATAAMNAO QywvIoTr) TOUG EVEP-
YOTTOLEI TNV TTPOOEAKUON TWV EVOOKUTTAPIKWY TIPOTAPUOYE-
wv (MyD88, TIRAR, TRIF, TRAM), Tn pwaopopuliwon twv IRAK4,
TRAF6 kat MAPK, tnv evepyomoinon tou NF-kB kat tnv ékppa-
on yovidiwv mmou oxetiCovtai e T PAgyUovr), odnywvtag otnv
mapaywyn Kail tnv eEWKUTTAPIKT) EKKPION TIOOPAEYUOVWOWY
KUTTQPOKIVWYV, IVTEPPEPOVWY TUTTOU | Kal XNUEIOKIVWV. ?7: Ayvw-
oto¢ ouvbETng/eq, LPS: imomoAuoakyapitng, TLR: umodoxé-

ac torou Toll (Mpooappoouévo amd Baxevanis et al., 2013 '?)

TOU AVOCOTIOINTIKOU CUCTAHATOC TOU EEVIOTH.
ZAuepa, ot TLR aywvioTég xpnolpgomolouvTal wg
OVOOOEVIOXUTIKA O€ AVTIKAPKIVIKE avocoBepameuTl-
KA mpwTtokoAa. O1 TLR aywvioTég mpodyouv TnV wpi-
pavon Kat tnv evepyomnoinon Twv DCs kat AAwv avTi-
YOVOTIOpOUGCIaoTIKWV KuTTdpwv (APCs), auéavovtag
TNV £KQPAOCN TWV HopiwV Tou YeEI(oVoC CUUTIAEYUATOC
totooupParotnrac (MHC), Twv ouvlieyepTIKWY oNud-
Twv (CD80, CD86 kat CD40) Kal Twv UTTOSOXEWV XNMELD-
Kivwv (CCR7). Evioxuouv emiong tn @ayoKuTtapwon Kalt
Tn petavdoteuon Twv APCs 0Toug oUOTOIKOUG AEUPa-
S&évec. Zuvenwc, e€ao@aliCouv tn BENTIOTN TAapousiaon
TWV KAPKIVIKWV avTiyovwy ota T KUTTapa, TNV EKKPLon
npo@Aeypovwdwv Kuttapokivwy (IL-12 kat TFN-a) kat
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IFNs tOmou |, ue amotéAeopa tnv evioxuon TNG avTIKap-
KIVIKAC SpaoTIKOTNTAG SIAQOPWY EKTEAEOTIKWY KUTTA-
pwv (1.x. NK, NKT ka1 y6T kuttdpwv). EmmAéoy, Ta evep-
yomoinuéva APCs eveEpPYOTIOIOUV TOGO TIG XUUIKEG OGO
Ka Tig pecoAaBoupeveg am6 T, 1 KOTTAPA QVTIKAPKIVI-
KEC QTTOKPIOEIC, UE ATTOTEAEOHA TNV gvioxuon TG e€ap-
TWHEVNG artd AVTICWUATA KUTTAPOMECOANABNTIKAG KUT-
TaPOTOEIKOTNTAG KAl TN KUTTAPOTOEIKNAG IKAVOTNTAC
Twv CTLs, avtioToiya. Z0p@wva PE TNV KATNYOoPLoToi-
NoN TWV AVOO0BEPATTEUTIKWV TTAPAYOVTWY Tou EBVI-
KoV lvotitouTtou yia tov Kapkivo (NCI) twv HIMA, ot ayw-
VIOTEC TwV TLR-3, -4, -7/8 kat -9 katatdocovtal petall
QUTWV TTOU €XOUV TO KAAUTEPO AVTIKAPKIVIKO SUVAUIKO
13, Meplikoi amd Toug 1Mo UTTOGXOUEVOUG, TTOU £XOLV H&N
XPNOOTIOINOEl WG AVOCOEVIOXUTIKA OE AVTIKAPKIVIKA
mentSIkA ey PO, mapatiBevrtal mTapaKATw.

4.1. OmoAAamAS¢ (multi)-TLR (-2, -4, -1/6) aywvioTAc,
o 3dkiAo¢ Calmette—Guérin (BCG)

Metd Ti¢ mpwteg mapatnpenoelg Tou Coley, Silagopa
e€aoBevnuéva Paktnplakd oTeAéxXn KAl TAPACKEL-
AOMATA TOUG TTPOTAONKAV WG AVOCOEVIOXUTIKA AVTI-
KAPKIVIKWV eUBoAiwy, petady twv omoiwv o BCG, 1o
Corynebacterium parvum, To OTPENTOKOKKIKO TTapa-
okevaopa OK432 kai to Biostim® (Sanofi-Aventis, Paris,
France). O BCG &ivai to pévo maboyovo mou eykpibnke
yta xprion otov avBpwro 1o 1990 '® kat €xel xpnotpo-
molnO&i o€ APKETEC AVOOOOEPATIEUTIKEG LENETEG. X € [ia
ammo TIC MPWTECS KAIVIKEG SOKIMEG, 0 ouvduaouog BCG
ME P OAI0 amd autdAoya KAPKIVIKA KUTTapa SeixOnke
va gival ac@aAng Kat KAIVIKE w@ENOoC 6€ aoBeveig e
Kapkivo Tou evtépou otadiou Il 7. XTn onuavTikn KAL-
VIKN SoKiun Twv Sharma kat cuvepyatwv 'é, kataypd-
@nKav ol amokpioelc aoBevwv e oupoBnAiako kap-
Kivo mou eyfBohidotnkav pe NY-ESO-1, og cuvbuacud
pe GM-CSF kat BCG. To epPOAio TPOKANETE TNV EMTAYW-
yn toxupwv avti-NY-ESO-1 yuuikwv kat CD4* T kutta-
popecolafnTikwv amokpicewv. Méxpt orjuepa, eKTOG
amod TIG EUPEWC XPNOIUOTIOIOUUEVEG in situ Bepamei-
€C TOU PEeTAPBATIKOU KapKivou TG oupodoxou KUGTNG
pe evdokuoTikn éyxuon BCG, Bpiokovtal og €€NEN 1y
€XouV OAOKANPWOEL KAIVIKEG SOKIUEG YIa TNV AEIONG-
YyNnon TnG avoooEeVIOXUTIKAG Xpriong Tou otn Bepamneia
S1a@dpwv cupmaywv OyKwv (T.X. LaoTOoU, TIVEUUOVA,
EVTEPOU Kal woBnkwv) ™.
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Eikoéva 2. O pérog tn¢ mpoBupoaoivng a otnv evioxuon Siago-
pwv BIoAoyIKWV pavouévwy. XTa QUOIOAOYIKA KUTTAPA, N TTU-
penvikn mpoBuuoaivn a (mpoTa) puBuilei Tnv ékppacn yovidi-
WV Kai Tov KUTTapIkS moAAamAactacud. Katd tnv KUTTapiki
VEKpwON 1 amémtwon, n aképaia mpoTa rj To avoooSpacTi-
k6 ¢ Sekamemtidlo mpoTa(100-109), avtioTtoixa, ameAsu-
Bepwvovtal eEwkutTapikd. Téoo n mpoTa 600 Kai To mPo-
Ta(100-109) onuatodotouv uéow tou umodoxéa tumou Toll-4
(TLR-4) kai, katappoikd autou, vepyorrololv KUTTapa tng
QUOIKIG avooiag (T1.X. HAKPOPAya, oUSETEPOPIAQ, LOVOKUT-
Tapa Kat SevopITikd KUTTapa). Ta uakpopdya Kai ta oudeTe-
PO@IAa avéavouv Tn PayoKUTTAPIKY) TOUC IKAVOTNTA Kal TTa-
pdyouv TNF-a kai evepyég pieg ouydvou (+02-), avtioToixa.
Mapouvaia avtiyévou, ta LovokUTTapa Kai ta SevOPITIKA KUT-
tapa ekppdlouv uPnia emimeda popiwv MHC taéne Il (MHC-
1), au€dvouv TNV avTiyovomapousIacTiKr) TOUG IKaveTNTa Kal
mapdyouyv IL-1B kat IL-12, avtiotolya. H evioxuon tng obva-
YNG uovoKUTTAPwYV Kail SeVOPITIKWVY KUTTAPpWV UE Ta Bonbnti-
Kd (CD4+) T kUtTapa, uéow tou urodoxéa Twv T AEUPOKUTTA-
pwv (TCR), 0dnyei oTov moAAamraoiaoud Twv T KUTTApwY, Ta
orola mapdyouv kuttapokives tumou T, 1 (m.x. IL-2 kat IFN-y),
Snutoupywvtag éva uvoiko mepif3aAAov mou evioXUE! TIG €1-
SIKEC yia TO avTiyovo, aAAd Kai TIG un EISIKEG SPAOTIKES KUT-
TapIkég Asitoupyieg (. kuttapotoikétnta). Ta evepyomol-
nuéva ekteAeoTikd kuttapotolikd T Asupokutrapa (CD8+)
kai ta NK kUttapa (CD56+) mapdyouv AUuTiKd uépia (mepgo-
pivn), ekppalouv uépta mpookoAAnonc (CD2) kat ekkpivouv
TNF-a kat IFN-y (Mpoocapuoouévo ané loannou et al,, 2012 %)

104

PHARMAKEFTIKI, 26, 111, 2014

4.2. O TLR-4 aywvIOTIi¢, TO HoVoQwopopuAo-Aimidio A
(MPL)

H Siamiotwon tng oxéong twv TLRs pe ouykekpiuéva
Baktnplakd mpoidvta 0drynoe otnv mapaywyr kaba-
pwv ouvdetwv TwWV TLRS yla xpron, W avoooeVIoYU-
TIKG, o€ KAWVIKEG SOKIpEG °. 'ETOl, TauTomolBnke éva
amod Ta Tpia cuoTaTIKA Tou LPS, To Blohoyikd SpaoTikd
MOplo YVwoTo we Aimidto A, To omoio, 6mw¢ kat o LPS,
evepyormnolei Tov TLR-4. To mapdywyod tou 3-0-8iaku-
A\o-4’-povopwopopulo-Amidio A (MPLA 1y MPL) &tatn-
PEI TIC KUPLEC AVOOOBIEYEPTIKEG IBIOTNTEC TOU LPS, al\a
€ivat moAU Alyotepo 1o 1Ko, Omw¢ SeixOnke o€ KAIVIKECG
peNéTEC O0TO AvBpwTTo 22,

Meiypata tou MPL pe dANoug avocodpacTikoug mma-
PAYOVTEC, TTOU OVOUALOVTAL AVOCOEVIOXUTIKA CUCTH-
pata (adjuvant systems, AS), édetfav e€iocou afloro-
ya amoteAéopata. Na mapddeiyua, to AS02B, To omoio
mepiéxel MPL kat QS21, pia oamovivn mou ekyxuAiletal
anoé 1o dévipo tng Notiag Apepiknig Quillaja Saponaria
Molina, xpnoipomo\0nke, padi pe To KAPKIVIKO avTlyd-
vo MAGE-A3 yia tov eBoAacpo acOevwy e pn HIKPO-
KUTTOPIKO KapkKivo Tou miveupiova (NSCLC). Ta amoTteé-
opata £dei€av 6t to AS02B mpokAAeoe TV avamntuén
MAGE-A3-£181kwv avocoamoKpioewV Kal ol XElPoupyn-
pévol aoBeveic pe NSCLC otadiwv IB-lIA ¢ds1€av onua-
VTIKN EAeVBEPNG vOoOUL TTapdtaon TnG emPBiworig Toug
21 TAUEPQ, gival o€ eEENEN KAIVIKA LEAETN YIA TNV AOPA-
A£10, TNV AVOGOYOVIKOTNTA KAL TNV KAWVIKA SpaoTikdTnta
Tou ASO2B o€ 000eVeiG e aveyxeipnTo HeTAOTATIKO Sgp-
MATIKO HEAAVWIA OE TIPOIOUCA (pAoT) "o NET00086866

H kAwvikr Sokiun @aong | pe 1o ocUvBeTo MapaokeL-
aopa AS15, éva peiypa MPL, QS21, CpG kat Mmocwud-
Twv, £6¢€1&e 6TIATAV IO avoooyovikd amd 1o AS02B. X e
aUTrV, A00EVEIC UE LETAOTATIKO KAPKIVO TOU HACTOU
mou umnepék@padle tnv oykompwteivn HER-2, avooo-
moiOnkayv pe avacuvduacuévn HER-2. To ey oAlo, o
ouvbuaouod pe Tov avaotoléa lapatinib, odrynoe oe
HakpOxpovn mapdtacn Tng emfBiworg toug . X¢ Tu-
xalormoinpévn perétn @aong ll, n avocomoinon acOe-
VWV € LETACTATIKO YeAAvwa (aveyxeipnTo i otadi-
ou lll/IV) ye MAGE-A3 og cuvbuaopd pe AS15 1 AS02B,
€6e1&e 611 0 ouvduaopdg MAGE-A3/AS15 mpokdheoe
TNV EMOYWYI EVICXUUEVWY AVOCGOAOYIKWY KA KAIVIKWV
amoKpicEwy, o€ cUYKplon pe To ouvouaoud MAGE-A3/
AS02B %, Me Bdon autd ta anoteAéopata, Bpiokovtal



OAPMAKEYTIKH, 26, 1ll, 2014
PHARMAKEFTIKI, 26, 11, 2014

o€ e€ENEN HeYaNUTEPEC OIMAA-TUPAEC KAIVIKEG OOKIUEC
@daonc lll mou peletolv to cuvduaouoé MAGE-A3/AS15
o€ xelpoupynBévteg aobeveic pe NSCLC otadiou IB-
A (AJCCTNM V6; MAGRIT) 19 NcT00480025 1y e qoBeveig
pE TIpoxwpniévo peddvwpa (otadiou IIB-C-Tx) (AJCC/
VICC 2010; DERMA) 19 NCTo0796445,

To AS04 mepiéxel MPL kat uttepo&eidio Tou aloupvi-
0U Kal éxel ava@epBei va evioXVEL TN XUUIKH avoaoia Kal
™V mapaywyn B Kuttdpwv pviung, kabwg kat tny evep-
yomoinon twv APCs Kal Tnv Taxeia Tomkn mapaywyn
KUTTOPOKIVWY, TOOO0 o€ {Wwa 000 Kal 0 avBpWIToug TTou
€xouv epoMaoTei pe mpooopoldlovta pe tov HPV16/18
owpartidla (virus-like particles) 2. Adyw NG €AIPETIKAS
AOPAAELAC KAL TNG ATTOTEAECUATIKOTNTAC TOU, TOo AS04
€ival To TPWTO AVOCOEVIOXUTIKO UBOANIWV TTOU TIEPIE-
X€L TLR aywviotr mou eykpiBnke otig HIMA kat tnv EE
(10 2007) yia xprion o€ 600 KUKAOQOPOUVTA OTO EUTTO-
plo epPOAa yia tov HBV (Fendrix™, GlaxoSmithKline) kat
Ttov HPV (Cervarix™, GlaxoSmithKline).

Téhog, oto DETOX™ (Ribi ImmunoChemResearch, Inc,
MT, USA), To MPL cuvbudletal pe To eKkXUAIOMA TOU TOL-
Xwpatog tou Mycobacterium phlei. K\vikég SOKIUES @a-
ong | mou Ba alohoyrioouv TNV ac@Aiela TG xopnyn-
on¢ DNA epBoliwv/DETOX o aoBeveic ue HPV16+
vPnAou Babuou duomAacia Tou TPAXHAOL TNE MATEAS
Kal Kapkivo TG KEQAANG Kal Tou Tpaxriiov, eival oto
0Td6l0 ETTI?\OVI"]C TWV ao—esvo’)v 19, NCT00788164 kat NCT00988559.

4.3. O1 TLR-9 aywviotég, ta CpG
oAtyobeo&uvoukAeoTibia

Ta oAiyodeo&uvoukAeotidia deoukuTtoaivng-O¢e-
oéuyouvavivng (deoxycytidyl-deoxyguanosin
oligodeoxynucleotides, CpG ODNs) givat pikpég ouvOe-
TIkéC DNA aMnAouyieg mou mepiéxouv pn pebuliwpéva
CpG potifa. Av kat xwpilovtal o€ TEIC KUPLEG KATNYO-
piec (A, B kat C avdoya pe Tov TUMO TwV aVOCOKUTTA-
pwv mou Sleyeipouv Kal To mooo Tn¢ IFN-a mou mapdye-
Tat %), 6ha evepyomolouv Tov TLR-9, pe amotéeoua tnv
wpipavon twv DCs.

To CpG-7909 avapeUelypEVo e Eva TTEMTIOIKS avd-
Aoyo and 1o KapKiviké avtiydvo Melan-A okipdotnke
o€ A00eVEiC e LEANAVWQ, OTTOU EVIOXUOE CNUAVTIKA TIG
avTiyovoelSikéC amokpioelg Twv CD8+ T KUTTApWY, EVW
oe mpdo@atn KAviKr Sokipr edaonc | og 14 aoBeveic pe
S1dpopouc kapKivoug, o eBoMacpoc pe CpG-7909 kat
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To mentidlo p157-165 tng NY-ESO-1, 6x1 povo odriyn-
oe otnv emaywyr CD8+ T KUTTAPIKWY ATTOKPIOEWY OE
9 amd auTtouc, aAd o€ 6 amd Toug 9 acBeveic n emPBiw-
on mapatdbnke katd mepimou 39 privec?.

‘Eva Sagopetiko CpG ODN, to CpG PF-3512676, 6tav
Xopnynonke evbo-oyKIkd o€ 15 aoBeveic pe xapunAng ka-
konBslag B KUTTapikd Aéppwpa, odriynoe akdun Kal os
UTTOOTPOYH HEYAAWV Kal SIaXUTWV 0Tiwv [27]. Mo mpo-
opata, dokiun donc | oe aoBeveic pue dykoug Wilms 1
(WT1) aflohdynoe tnv ac@Alela Kal TNV amoTeEAECUATI-
KOTNTA TNG 0UVOUAOTIKAG XProng GM-CSF 1 CpG e éva
WT1 nemtidlo. H xopriynon CpG/WT1 BeAtiwoe Tig KNI-
VIKEG aTTOKPICEIG 0TO 60% TWV acBevwy, évavtitou 25%
Twv acBevwv mou éAafav Beparneia pe GM-CSF/WT1 2,

XuEPQ, Bpiokovtal og e€ENIEN Hia avolKTr KAIVIKA
peréTn paong Il, n omoia dokipalet tv umoddpia xo-
pnynon CpG og cuvduaouo e trastuzumab os acBOe-
VEIC UE UETAOTATIKO KAPKIVO TOU HaoTOU, KaBWE Kal pia
Tuxatomolnuévn KAVIKA SoKIpr o€ aoOeVEig e Kapki-
vo Tou paotou otadiou Il A lll, mou cuvdudlel to CpG

pe menTIdIkd epoAa and t1i¢ MUCT kat HER-2/neu ™
NCT00824733 kot NCT00640861

4.4. O TLR-3 aywvioTtrig, To poly-I:C

To poly-l:C mpoodévetal otov TLR-3 kat wpipdletta DCs
EMAYOVTAC TIC AVANOYEC PAIVOTUTTIKEC (éKPpaon TwV
popiwv MHC taénc I/11, CD83, CCR7, CD86 kat CD40)
K AEITOUPYIKEG (Tapaywyr KUTTAPOKIVWY TUTou T, 1)
aMayéc. Av kal péxpl oTiyung Sev éxel xopnynOei otov
AvOpwWTIO, TA £WC TWPA ATTOTEAECUATA TWV in Vitro TTpo-
KAWVIKWV pHeEAeTWV pe poly-1:C eivar eNmbopopa ». Xn-
MEPQ, KAIVIKEC MENETEC O KapKIVOTTAOEIC gival o€ &¢-
AN (MPOOTATNG, MACTOC KAl EAAVWIQ) 19 NET00694551,
NCT00374049, NCT01008527, NCT01079741, NCT00986609 kat NCT01437605 r’] oTo
01dd10 cuAoynG Twv acBevwyv (NSCLC) 19 NCTo1720836,
EmmAéov, Bpiokovtal og e€ENEN KAIVIKEG SOKIUES PA-
on¢ /1l o Kapkivo HacToU Kal EVIEPOU UE TO PN TOEIKS
avoooevIoXuTIkO poly-1:C12U, éva avaloyo Tou poly-
I:C (Ampligen®, Hemispherx Biopharma, Inc., PA, USA)

19,NCT01355393 kat NCT01545141

4.5. O TLR-7 aywviotrc, To imiquimod

To imiquimod givail cuvBeTikn (uidalokivoiivn mou
otoxevel Tov TLR-7. Exel SeixBei va evioxvel Tn depua-
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TIKA] aVvOO0aTOKPIOoN EMAYOVTAG TNV MApaAywyn KUTTa-
POKIVWV ATTO TA MIOVOKUTTAPA, CUMTTEPIAAMBAVOEVWY
Twv IFN-a, TNF-q, IL-1q, IL-6 kat IL-8. Ta mpwTa amnmoTe-
Aéopata o€ movTiKia Pe peAavwpa £6et€av OTiL n Tomi-
K1 xprion Tou imiquimod o8rynoe oTnv UMOoTPOPN 1
AKOUN Kal eEANELPN TWV OYKWV, OTPATOAOYWVTAC OTNV
nieploxr pDCs kat mpodyovtag Tnv aneheuBépwon au-
Enuévwy moootrTwy IFN-a 3°. To 2004, To imiquimod
eyKpiBnke amd Tov FDA yia tn Bepameia TnG aKTIVIKNAG
KEPATWONG KAl TOU EMPAVEIOKOU BACIKOKUTTAPIKOU
EMONAMWUATOC/KAPKIVWATOS 0TOV AvOpwIio, EVW TTa-
PAMNAQ €xel SOKIUAOTEI EUPEWC WG CUCTATIKO EUfio-
ANiwv. O1 Adams kat ouvepydteg ' avépepav &TL N ToTL-
K} xopriynon imiquimod o cuvduaopo pe NY-ESO-1
o€ a00¢eveig pe pENAVWUA, TIPOKANETE OTOUC TTEPIOCO-
TEPOUG and autoUG, TOCO XUMIKEG 60O Kal KUTTAPOIE-
oohapntikég amokpioelg. 2tn dokiun eaonc I/1l tTwv
Feyerabend kat cuvepyatwv * oe aoBeveig pe oppo-
VO-£uaicONTO KAPKivo TOU TTPOCTATH, £va TOAUSUVALIO
EUPOAI0 amd TOANATTAOUC ETTITOTIOUC 0€ CUVOUAOUO LIE
imiquimod otaBepomnoinoe fj emPpaduve To xpovo Si-
TAACIAoHoU Tou £161KOU TTPOoTATIKOU avTtiyovou (PSA)
o€ 3 and Ti¢ 19 MEPUMTTWOEIG. APKETEC KAIVIKEG OOKIUEC
ME TN Xprion Tou imiquimod o€ aoBeveic e peAavwia,
XPOVIO AEUPOKUTTAPIKH AEUXALLIQ, OYKOUG TOU EYKEPA-
AOU Kal TOU KEVTPIKOU VEUPIKOU CUOTHHATOC, KAPKIVO
TOU TPaXNAOU TNG UATPAG, YAOiwHa, Kat veupoAdoTw-
pa givat og eEENEN [T1.y, 19 NCT00899574]

5.H xprion Twv TLR aywVvIioTWV G€ QVTIKAPKIVIKA
gupoMamou Bagiovtat oe DCs

Extdg ammo Ta Kapkivika avityova/mentidla, oto Bepa-
TTIEUTIKO QVTIKAPKIVIKO EUBONMACHO £XOUV ETTIONG XPN-
olpomoinOsi wg oxnuata ta DCs. Na tn BéNtiot evep-
yormoinor Toug £xouv Kat 5w SOKIUAOTEL Ol AyWVIOTECG
Twv TLRs. Mepikd BeTika mapadeiypata mepdappdvouv
N HeEAETN Twv Trakateli kat cuvepyatwy 33, dmou o eufo-
MAOUOC a0BeVWV PE HEAAVWHA e auToloya DCs evep-
yoroinuéva pe poly-1:C kat poptwpéva Pe Eva KapKIvi-
KO avTlyovo, evioxuoe onuavtika Tig CD8+ T KUTTapIKESG
amokpioelc o€ 3 amd toug 8 aoBeveic. O1 Czerniecki kal
ouvepyateg > eyfoliacav 11 HER-2/neu+ aoBeveic pe
in situ TOPOYEVEC KaPKivwua Tou paotou pe DCs evep-
yomoinuéva ue LPS kal poptwpéva pe mentidla tng
HER-2/neu. Xe 7 and Touc 11 KataypdaPnkKe peiwon Tou
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peY€Boug Tou OyKou, cuvodeuduevn amd Tnv mapa-
ywyn HER-2/neu-g18ikwv avoooamokpioswv. TEAOG, oL
Wilgenhof kat cuvepydrteg *, xopriynoav o€ 17 acOe-
VEIC pe TpoxwpnuéVo peNavwpa autéloya DCs mou €i-
xav nAektpodiatpnBei pe MRNA mou kwdikomolovoe
yla ta pépta CD40L, TLR-4, CD70 kal éva pehavwuarti-
KO avTtiyovo. "Htav aloonueiwto 6Tl ekTd¢ amd Tnv au-
&nuévn avocoyoviKOTNTa Kal ac@AAELa Tou eBoAiou,
évag ao0eviic avtamokpibnke pHePIKWC Kal o€ 5 aoBOe-
Vei¢ n vooo¢ otabepomolnBnke. Inpepa, Bpioketal oto
0T1Ad10 GUNNOYNC TWV A0BeVWV KAIVIKA SOKIUN pAong
Il og aoBeveic pe kakonOeg yhoiwpa, yia tnv aflohoyn-
0N ™G AMOTEAECUATIKOTNTAG auTOAoywv DCs popTw-
MEVWV PE KUTTAPIKA EKXUAIoHOTA TWV OYKWV TOUG, TIA-

poucia Twv TLR aywviotwv imiquimod kat poly-I: C ™
NCT01204684

6. Néol aywviotég Twv TLR o€ otadio avamruéng
Kat KAVIKOU eAéyxou

JUM@WVA UE Ta Tapamavw, n ouvdéeon Twv TLRs pe
PAMPs i MAMPs emdyel Tnv mapaywyry oykodpaoTi-
KWV OVOOOQTIOKPIOEWV in vivo, 01 OTToIEG avapéveTal va
€XOULV Kal BepameuTIKO O@QENOC Yia Toug aoBeveic. Au-
OTUXWC, KAWVIKN BeATiwon epgaviletal ommopadikd kat
OE TIEPLOPIOUEVO apIBS Kapkivorabwy mou gupolalo-
vTal pe Toug Stabéoipouc aywvioTéC Twv TLRs. Matn Bel-
TiWOoN TOU AVOOOEVIOXUTIKOU OTTOTEAECUATOG, TPOOPO-
Ta amopovwOnkav, oxed1aoTNKAV Kal TPOTToTToINOnKav
mapdywya Twv yvwotwy TLR aywviotwv. MNavw and 20
véeg ouoieg Sokipdlovtal og TPOKAIVIKEG PeNETEC og {wa
/KAl o€ KAWVIKEG OOKIPEG UE HIKPOUG aplBpOUG OyKOAO-
YIKQOV aoBevwv. AuTtég mepihapBavouy véa pikpoBlakd
okevdopata (m.x. 1o SMP-105 amod To KUTTAPIKO TolXw-
pa tou Mycobacterium Bovis, o OK-432/picibanil ané
Tov Streptococcus pyogenes, Ta Cadi-05, IMM-101 kat
SRL172 and Slag@opetikd otehéxn Mycobacterium) iy me-
ntidla (.. CBLB502 and tn Salmonella enterica), tpomo-
moinuéva Aimidia (.. OM-174 and tnv Escherichia coli),
mapaywya iidalokivohivne (resiquimod R-848, 852A),
ouvOeTIKA mapdaywya tou poly-1:C (Ampligen, Hiltonol)
N MpNTEG Twv dsRNA (IPH-3102, poly-A:U), un pebuliw-
péva CpGs (CpG-28, CpG-685, CpG-7909/agatolimod)
N MUNTEG autwy (IMO-2055, MGN-1703, MGN-1706) 3¢

Ta DAMPS egivat pia moAG uTTOGXOUEVN OIKOYEVELD
TOIKIAWV Hopiwv TTov emiong evepyomololv Toug TLRs
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Kat emeldn «B€Touv ae cuvayeppod» (alarm) to avooo-
TOINTIKO cUOTNHA, XapakTnpilovTal wg «aAappivec»
(alarmins). O1 mpwteiveg Bgpuikou shock (HSPs) 60 kat
70 ATav ol TPWTEC ANAPMIVEC, Ol OTIOIEC, UETA TNV ATTE-
AeuBépwon Toug amd KUTTApa TTou TeBaivouv Kat TV
nmPoodeor] Toug oToug TLR-2 Kkal -4, EMAyouv TNV EUPA-
vion oTeipag AeYHOVAG Y. Méxpl onuepa, £XOUV Tau-
TomotnBei apketd DAMPs, uetal Twv omoiwv n emea-
VEIOOPAOTIKN TTPWTEIVN A Kal To oupIkd 0&U Tou ival
aAywVIoTEC TwV TLR-2 Kat -4, n Bsukn nmapivn, To vaAou-
POVIKO 0V, N PIUITPOVEKTIVN, TO IVWSOYOVO Kal N TTpw-
T€ivn B1 TG opadag Twv mpwTeivwv UPNAAG KIVNTIKO-
™ntac (HMGB1), mou mBavév cuvdéovtal otov TLR-4.
EidikéTtepa n HMGBT1 €ival mupnvikn mpwteivn mou Se-
opeLeTal oto DNA Kkal gucolohoyikd emnpedlel Tn HETA-
YPa®r Kal Tov TOAAMAACIAoUS TWV KUTTAPWV. X€ Kap-
KivoraBeic umo xnueloBepareia n omoia mou MPoKaAei
«AVOOOYOVIKO KUTTAPIKO Bdvato» (immunogenic cell
death) ota kapkivikd KUTTapA (.Y, e avOPAKUKAIVEC),
n HMGB1 ameheuBepwveTal e€wKUTTAPIKA Kal «adElo-
Sotei» Ta DCs wote va eme€epyaoTolV Kal va TTapouat-
A00UV TA KAPKIVIKA avTiydva ota T KUTTapa, odnywvTag
otn Siéyepon Twv T KUTTAPWV KAl 0TNV EMAYWYN EVI-
OXUMEVWV QVTIKOPKIVIKWY avoooanokpioewv 38, Mapd
TO Yeyovog 0Tt ta DAMPs mapouactalouv Kolvolg avo-
00pUBUIOTIKOUG pnXaviopoLg dpdong pe ta PAMPs/
MAMPs (&nhadnj Sieyeipouv KUTTAPA TNE PUOIKNAC avO-
oilag péow Twv TLRs), kavéva DAMP Sgv éxel akopn aét-
oMloynBei kat a&lomoinBei W avVoCOEVIOXUTIKO OE KAVI-
KEG SOKIUEC avoooBeparTeiag TOU KapKivou.

7.HnpoBupogcivn a: éva DAMP mrou onpatodotei
péow tou TLR-4

H nmpoBupoacivn a (mpoTa) givatl éva HIKpo Kal 1diaite-
pa 6&vo moAumentidlo, To omoio oTov AvBpwro amo-
Teleital amod 109 apivoikd katalolma. ATTopovwOnkKe
yla mpwtn @opd to 1984 amoé Bupo adéva apoupaiou
¥, Mapouotalet uPnAr CUVTNENTIKOTNTA WE TIPOC TNV
mpwtotayn TN¢ Sour ota BNAACTIKA Kal YEVIKOTEPA
aveupiokeTal o€ OAA T AEUPIKA, AANA KAl O€ PN AEUQL-
Ka dpyava. Z0pewva Ue Ta péxpl twpa dedopéva, duo
Slakplitoi poAol €xouv amodobei otnv mpoTa avdalo-
ya pe o mov evtomiletal: ev&oKUTTAPIKA, puBuilel Tov
KUTTAPLKO KUKAO KAl TIPOAYEL TOV KUTTAPIKO TTOAATIAC-
Olaouo, evw eEWKUTTAPIKA, Spa avocopuBUIoTIKA 0.

APOPO EMIZKOMHZHZ | REVIEW ARTICLE

H mAelotpomikr 6pdon Tng mpoTa oTa avocoKUTTaPA
eixe SeiyBel vwpig HETA TNV ArTOPOVWOT TNG, KAl TO PO-
plo EVTAXONKE OTNV EUPEIQ OIKOYEVELD TWV BIOAOYIKWV
AVOCOTPOTIOTIOINTWV . 3€ TEPAITEPW CEIPA UEAETWY
O€ AVOOOETIAPKI TTOVTIKIA EVOPOaAUIOEVA UE AEuXal-
MIKA KUTTOPQ, N opdda pag €6ei&e OTLn Xopriynon mpo-
Ta ota {wa aveCTEINE TNV AVATTTUEN AOKITN KAL TTAPETEL-
ve Tnv emPBiwor Toug . Ot unyaviopoi mou cuvéBaiav
O€ QUTO TO AnmoTéNECHA TTEpIEAAMBavav:

v avénuévn ékkpton TNF-a amé ta KUTTapa Tou
TIEPITOVAIKOU £§16pWUATOC KA TNV EMAKOAOUON evioxu-
0N TNG KUTTAPOTOEIKOTNTAG TOUG,

™V avénuévn ékkplon IL-2, ue amotéAeopa tnv €k-
nituén kat evepyomoinon Twv NK kat twv T KuTtdpwy, Kal

vinvivo napaywyr) MHC-rieplopiopévay, e181IKwv
yla Ta Aguxatpikd kuttapa ondntikwv CD4+ Kal KUT-
Tapotoéikwv CD8+ T KuTTdpwy, aAAd Kal un MHC-me-
ploplopévwy NK Kal evepyoTToinéVWV armo AEUPOKIVEC
@ovIKwV (LAK) kuttdpwv *'.

MapdAAnAa, n opdda pag PeEAETNOE TNV IKAVOTNTA
NG mpoTa va amoKaBloTd TIC AVOCOAVETAPKELEC TWV
AEUPOKUTTAPWV TTOU cuvNBwC eppavifovtal o acbe-
VEIC € KapKivo, w¢ amoTéAeopa TN vooou. Mpdayuary,
N mpoTa eVioXUOE TNV KUTTAPOAUTIKH IKAVOTNTA KAL TN
SpaotikétnTa TV NK KUTTAPWVY TOL TTEPIPEPLKOU ai-
patog acBevwv pe KakonBeleg Tpoxwpnpévou otadi-
ou 2, E1bIkéTepa o€ aoBeveic pe peAdvwpa Kal KAPKIVo
TOU TTAY€0G EVTEPOU, N PO Ta evioXuoe TNV mapayw-
YA Tpo@Aeypovwdwy KUTTapokivwy (IL-1f kat TNF-a),
MEiwoe TNV €KKpLon Tou auénTikoU mapdyovTa PETa-
oXNUATIoNoU-B kal Tng mpootayAavdivng E2 kay, katd
OUVETIELQ, ATTOKATECTNOE TN AEITOUPYIKOTNTA TWV UO-
VOKUTTAPWY TOU TTEPIPEPIKOU AipaTog, Kabwc Kal Tnv
LAK kuttapotoikétnta .

H npoTa, mapoti eival n idla dpaoTikr, £xel Sokipa-
oTei o€ oUVSUAOUO Kal UE ANAA AVOOOEVIOKUTIKA PopILaL.
H opdda pag ala kat Aol epeuvnTég, cuvdlacav TNV
mpoTa UE LOVOKAWVIKO avTiowa évavtiTou popiou CD3
1 e xapnAn 8oon IL-2 # kat é6ei§av &T1 ot suvduacopoi
autoi obriynoav o moANamAactaopud Twv CD4+T Kuttd-
pWV Kal 0TV mapaywyn autohoywv MHC taénc I-mepio-
p1{opEevwY oyKoeISIKWY CTLs. XN peAétn Twv Voutsas Kat
CUVEPYATWV *6 SIEVKPIVIOTNKE OTL N EVEPYETIKNA €Midpa-
ontngmpoTa ota CTLs Atav anotéAeopa TnG Tautdxpo-
vN¢Iapouaiag oTic KAAEPYEIEC auTOAoywV BondOnTiKwv
CD4+ T KUTTApWV Kal JOVOKUTTAPWY, UTToSNAWVOVTAC
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OTL N emayduevn anod Tnv mpoTa avocodiéyepon amalTel
TN oUVEPYIOTIKN aAnAemidpaon petaly CD4+, CD8+ T
KuTtapwv Kat APCs. lNa va e§nyricoue Tov akpipr) Tpormo
Spdong Tng mpoTa, XPNOIOTIOICAE TIPWTEOUIKY AVA-
Auon kal kataypdyape Tnv alnlouxia Twv veokuTTa-
PIKWV aAAQYWV TTOU EMTAYOVTAL OTA UOVOTTUPNVA TOU TTE-
PLPEPIKOU AiATOC UETA Ao S1EyEPTI TOUG UE TIPOTA YIa
3 NuépeG?. To povTéNo TTou TIPOTEIVAPE HTAV OTLAPXIKA N
TPOTa TPOKAAE[ TNV EVEPYOTIOINGCN TWV OVOKUTTAPWY
péow mpoodeonc Tng o€ TLRs kat onpatodoTnong Katap-
POIKA& auTtwv. Ta evepyoTToINUEVA OVOKUTTOPA UTTEPEK-
@palouv pépla MHC taénc Il otnv emedveld toug, Kal
£TOL eVIOXUETAL N QVTLYOVOTIAPOUGIACTIKI) TOUG IKAVOTN-
Ta Kal N ouvayr Toug He Ta T Aep@okuTtapa. MapdAnAa,
TA EVEQYOTIOINUEVA IOVOKUTTAPA TIAPAYOUV TIPOPAEYO-
VWEEIC KUTTAPOKIVEC (IL-1), evy Ta evepyomtotnuéva T Aep-
@okUTTapa mapdyouyv IL-2 kat moAamhacidlovtal, k-
@pdalouv uPpnAd enineda popiwv MpookdAAnon¢ (CD2)
Kall eVOOKUTTAPIKWY KUTTAPOAUTIKWVY Hopiwv (TEp@o-
pivn), Kat yivovtal mo KuTtapoTtoIkd. AUTO TO GEVAPLO
Spaonc¢ tn¢ mpoTa emPBePaiwdnke apyoTepA Ao TOUG
Mosoian kai cuvepydtec 8, otomoiot €deiav dtinmpoTa
onuatodotei péow tou TLR-4, emdyovtag Tnv mapayw-
yn IFNs tomou | and ta pakpo@dya. Mo mpéopateg pe-
Aéteg amo TNV opdda pag €det&av ot ektdg Twv DCs, Kat
A\ KUTTOPA TOU AVOCOTIOINTIKOU CUCTHATOC TTOU €K-
@palouv TLR-4 dieyeipovtal mapoucia mpoTa. Eidikdte-
pa ota oudeTePOPIAa, N TTPoTa AVENCE TN YAYOKUTTAPI-
K1) IKAVOTNTA, TNV TTOPAYWYI KOl ATTEAEUBEPWON EVEPYWV
ptl{wv ofuyovou, Kal eVIoXUOE TNV AVTIKAPKIVIKE KUTTO-
poTtofIkdTNTA TOoUC . DCs mpogpxdueVa armd oVOKUTTO-
pamou gixav wpIHdoel ue mpoTa ATAV AIVOTUTTIKE Kal
Aertoupyikd > avoooikavd, mapryayav KUTTOPOKIVEC TU-
mou T ,1, Ka, TOPOUGia KAPKIVIKWY avTiyovwy, TPOKANE-
oav TNV in vitro mapaywyn Kat ékmtuén avityovodpaoTi-
Kwv Kat e161KWV yla Tov 0yko CD4* kait CD8* T KuTtdpwv.

lNa va amokaAUPOUE TO AVOCGOAOYIKA SPACTIKO TUN-
Ma TG TTPOT A, KATEPYAOTAKALE TO OPILO e Bpuivn
kat ehéyéape tn SpaotikdTnTa KABE Bpavopatog Eexw-
plotd. Etol, mpoodiopicape 1o kapBo&utehikd Sekare-
nitidlo mpoTa (100-109), we to eMTSIKSO TUA WA TTOU TTa-
pouoclalel Tnv idla avocotpomonolnTikr Spdon e To
aképalo mohumentidlo . Agifaue 611 to mpoTa (100-
109) amokaB10Td TIC AEITOUPYIEC TWV AEPPOKUTTAPWY
KOl TV OUSETEPOPIAWY a0BeVWVY UE KAPKIVO, ETTAYEL
TNV wpipavon twv DCs kal evepyomnolei ta T kUTTAPA
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€VaVTL KAPKIVIKWV avTlyévwy #°1. Ye mpoéogatn dnuo-
cievon tng opddag pag, yia mpwtn gopd deifape ot
AEUPOKUTTAPA ATTIO ACKITIKO UYPd AoBEVWVY [IE KAPKI-
VO TwV woBnKwv, étav evepyormoinBouv ex vivo e mpo-
Ta (100-109) kat 0Tn cuvéxela xopnynbouv in vivo og
avoooavemnapkh (SCID) movTikia mou @épouv avBpw-
TIVOUG OYKOUG WoBNKwWVY, EKONAWVOUV EVICXUHEVN KUT-
TAPOTOEIKOTNTA Kal KaBuaTepoLV TNV avantuén Twv
Oykwv ota elipapatélwa 32, Méxpl orjuepa, gival yvw-
0T6¢ évag TOUAAXIOTOV TPOTIOC TApAYwYN G Tou TTpoTa
(100-109) in vivo, péow Bpauvopatonoinong TngmpoTa
ano TIG EVEPYOTTOINEVEG KAOTIAOEG KATA TNV KUTTAPIKN
améntwon . MBavoloyouue éti o mpoTa (100-109)
€EWKUTTAPWVETAL ATTd TA ATTOTITWTIKA KUTTAPA LE évav
AYVWOTO TIPOG TO APV UNXaviopod, Kat SpwvTag wg
alappivn (DAMP), emdyel avoooSpaOTIKEC AEITOUPYIEC.

O SUMAOC AelToupyIKOG pOAOG TNG PO Ta éoa Kat E€w
amo 1o KUTTapo Sev gival AMOKAEIOTIKO XAPAKTNPIOTI-
KO TOU OUYKeKpIpévou moAumentidiou. AvtioTolyol po-
Aot éxouv anmodoBsi kal og ANNEG TTPWTEIVEG, OTIWG OTNV
HSP90 kat otnv HMGB1. Quoiohoyikd, 1éco n HSP90
600 katn HMGB1 emTeAoUV CUYKEKPIUEVEC EVOOKUTTA-
PIKEC AeITOUPYIEC (WG Hoplak) oUVOSOC Kal WG PUOUL-
OTIKO MOPIO TNG METAYPAPNG, AVTIOTOIXA), EVW EEWKUT-
TapIkd Kat ot 0o emteAOUV aVOGOPUBLIOTIKO pOAO WG
pecohapntéc tng mpogAeypovwdoug avtidpaonc 4. Ot
HSP90 kat HMGB1 aAnAembpouv e tov TLR-4 %, evep-
yoroloUv Ta KUTTapa TG YUOIKAG avoaoiag (.. ta DCs)
Kal EMAYOULV amoKpioelg armd To £181KO OKENOG TNG avo-
oiac. HmpoTa mapouotalel ToANd Kolvd XapaKTnploTI-
KA Kal tpémoug 6pdong pe Tig HSPs kat HMGB, mpoo&é-
vetal otov TLR-4, evepyorolei To e§apTwEVO aTO TOV
TRIF onpatodoTtikd povorndrti, 08nywvTag o€ mapayw-
yn IFNs tOmou | kat Snuioupyei To KATAAANAO PIKpOTTE-
PIBANNOV Ao KUTTAPOKIVEG yla TN evioxuon Twv Ael-
TOUPYIWV TWV SPACTIKWY avocoKuTTdpwv (Eikova 2) *
51, Mg Bdon ouvemnwg OAa Ta mapandvw oTolxEia, n ap-
XIKN pag unmdBeon 611 n mpoTa kat to mpoTa (100-109)
Aeitoupyouv wg DAMPs/alappiveg urmootnpietal TAé-
OV Kal JE TTEIpapaTIiKA Sedopéval.

8. Tupnepacpata
To mAeovéKTNUA TNG XPIoNG Twv TLR aywvioTtwv wg avo-

COEVIOXUTIKA OTOV AVTIKAPKIVIKO EPBONMACUO EXEL TEK-
MUNPIWOEi TO0O O MPOKAIVIKA in vivo Telpdpata o€ {wa,
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600 Kal o€ KAWVIKEG peéTec. O1 TLR aywvioTég eival avo-
0001eyEPTIKA HOpLa Kal 0Ta TTAAICLA TOou BeparmeuTikoU
QAVTIKOPKIVIKOU pfoliacpou mou Baciletal otn xopn-
ynon nentidiwy, n Ikavotntd toug va wpipdalouvv ta DCs,
va mpowBolv amokpioelg TUTToU T,1 katva avédavouv
™ 6pdon Twv KUTTAPOTOEIKWY KUTTAPWV a&ilel va pe-
AetnOsi ektevéotepa. Tpelc TLR aywviotég (BCG, MPL
Kal imiquimod) xpnotpomolovvtal Rén otnVv KAIVIKN,
WG OVOCOEVIOXUTIKA O€ AVTIKAPKIVIKA TTEMTIOIKA PP O-
A, oToXEVOVTAG VA UINBoUV pia pikpofiakr poAuvon
KAl VA «0QUTTVICOUV» TOUG AVTIKAPKIVIKOUG OVOCOAOY!I-
KOUG PINXavIoHoUC. QOTO00, 0 BENTIOTOC TPOTTOC EVOpP-
XNOTPWONG TOU AVTIKAPKIVIKOU HNXavIopoU in vivo Sev
€xel aképa emteuyOei.

Y& autd ta mAaiolq, n xpnotpomnoinon Twv DAMPs
avTi Twv PAMPs yla tnv evepyomoinon Tou avooomnol-
NTIKoU CUCTAMATOC UMmopEl va amodelxBei To evepye-
TIkr. Ta DAMPs gival €€’ oplopoU QuTd CUCTATIKA TOU
OPYQVIOMOU, Ta OTTOia KATW ATTO OUYKEKPIUEVEG OUV-
Onkeg mou oxetiCovtal pe Tov KUTTAPIKO BdvaTo, evio-
miovtal o€ SlagopeTikr Béon (6nAadn e€wkuTTapPIKA)
amd auTr 0TNV oTToid AEITOUPYOUV QPUGCIONOYIKA (6n-
Aadri evOoKUTTAPIKA). TTNV TIEPITTTWON TOU KAPKIVou,
nmapadoolakég Bepaneiec OMwe n padioBeparneia kal
N XNUEOBepaTeia e CUYKEKPIEVA QAPMAKA (TT.X. av-
BpakukAiveg ] AAKUMWTIKOUG TTapAayovTeC) odnyouv o€
«AVOOOYOVIKO KUTTAPIKSO BAvato» Kat EMGyouv Tnv Xw-
POXPOVIKI AMEAEUOEPWON TOCO KAPKIVIKWY AVTIYOVWV
600 kat DAMPs. Ta DAMPs evepyomolouv ta DCs wote
va ene€ePyaoToUV TA KAPKIVIKA avTlyova, Kal 0T oU-
VEXELD VA TA TTApouatdoouy ota T Aep@okUTTapa. AuTh
n evappoviopévn kal eheyxduevn dadikacia péoa oto
HIKpOTEPIBANNOV TOU OYKOU, LOG TIAPEXEL EVAV EVOAND-
KTIKO TPOTO BEATIWONC TWV OTPATNYIKWV AVTIKAPKIVI-
KoU gpPoAiacpou, omou ta DAMPS pmmopoUv va UTtoKa-
taotoouv ta PAMPs. Ektog amno tig HSPs kat HMGBT1,
n mpoTa Kal to avoocodpaoTiko TG dekamentidio mpo-
Ta (100-109) Spouv wG TLR aywvioTég, Exouv SetyBeiva
EVEPYOTIOIOVV TO AVOCOTIOINTIKO CUCTN A EVAVTIOV TOU
Kapkivou Kat gival urmooxdpeva popla yia HEANOVTIKN
XPNOn TOUG WG AVOOOEVIOKUTIKA.

9. NMpotaceig Kat HEANOVTIKEG TIPOOTITIKEG

H xpnotpomnoinon twv TLR aywvioTwv wg avocoeviou-
TIKA yla TNV wpeipavon twv DCs gite ex vivo ite in situ,
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gival pia eAkuoTikn péBodog ya tnv emaywyn n/kattnv
gvioxuon Twv AVTIKAPKIVIKWY ATTOKPICEWV PETA amod
euPolacpo. Eva Baciko pwTnpa To omoio EakoAou-
Beiva mpoAnuatifel To xwpo TnG avooobeparneiag Tou
Kapkivou ival n emAoyr Tou kataAAnA\otepou TLR ayw-
vioTn mou, Hadi ye o eUPOAIo, Ba TTPOKANETEL TIC TTIO
QTTOTENECUATIKEC AVTIKAPKIVIKECG ATTOKPICELG. APXLKG, N
emAoyn autn &€ @aivetal eUKOAN, KUpiwg ytati ol SokKi-
Haoieg EAEYXOU TWV KUTTAPIKWY AVOCOATIOKPICEWV TTa-
pPAyouV Un emavainPiua anoteAéopata. H epappoyn
TIPOTUTIOTIOINUEVWY SOKIUACIWY PECW TTOAUKEVTPIKWY
MeAeTwY, iowg Bonbriosl otnv avelpeon Kat Kabiépw-
on €vog otabepd emavaAnPIov BLodeikTn KUTTAPIKAG
avoooamnoékplong. MNio mpakTiko, iowc, Ba Atav va ava-
mrtuxBouv Sokipacieg mou Ba e€etdlouv kateuBeiav T
kavotnTa Sidpopwv TLR aywvIoTwV va EVEPYOTIOIOUV
TN QUOIKN avooia, aAAd, SucTUXWC, TTPOG TO TTAPOV, Té-
TolEG SOKIPATIEG ENEYXOU TNG OVOCOEVIOXUTIKOTNTAG
Sev untdpyouv. H pévn oxeTikn KAVIKK) SOKIUH TTOU OXe-
S1dotnke péxpl Twpa gival n GSK1203486A ce aoBe-
VEIG LE TTPOXWPNUEVO HEAAVWIA. € AUTHVY, CUYKPIONKE
n ikavotnta tou TLR-4 aywviotr MPL kat tou cuvdua-
opou MPL/CpG va evioxUouV TIG aVOOOATTIOKPIOELG TOU
QVTIKAPKIVIKOU ufBohiou MAGE-A3, alohoywvtag ma-
PANNAQ KAl TNV KAWVIKA TOUG ATTOTEAECHATIKOTNTA =,
Bdoel autwv twv anotedeopdtwy, oxedidotnkav Kat gi-
vat o€ e€ENEN SUo peydhec KAVIKEG Sokiuég @donc I,
ot DERMA kat MAGRIT, og aoBeveic pe pehdvwpa Kal
NSCLC, QVTiO'TO lXG 19, NCT00796445 kat NCT00480025.

‘Eva eUtepo mpoAnpa mnyadel amo To yeyovog otin
AVATITUEN AVTIKAPKIVIKWY ERBoAiwy ocuvriBwc ival dia-
SiIkaaia EUITEIPIKI KAL N AVOCOETTITHPNON TOU OYKOU TOU
KaBe acBevolc amaitei Tnv emaywyr S1agopeTikoL TU-
TTOU AVOO0aTIOKpicEwV. Emopévwg, eivat aduvatn n ek
TV TIPOTEPWV 6A0PANGCN TNG AVTIKAPKIVIKAG ATTOTE-
AECUATIKOTNTAG EVOG OUYKEKPIEVOU TLR aywvioTtr ano
Touc 1ién dtabéaoipouc.

‘Evag tpitog mepLoploTIKOG mapdyovTag gival n avo-
CGOKATAGCTOAN TTOU EMTAYETAL OTO MIKPOTTEPIBANNOV TOU
OYKOU Kal N omoia TPETTEL VA AVACTPAPE(, WOTE TA AVTI-
KOPKIVIKA EPBOAIa o€ ouvOUAOUO E TA AVOCOEVIOYU-
TIKQ, va eEKGNAWOOUV 0N TO PACA TNG SPACTIKOTN-
TAG TOUG. YTiapxouv dUo tpomol mbavig mapakauyng
NG eMayodpeVNC amo Tov OyKo avoookKataoToArc. O
TTPWTOG €ival 0 axeSlaopdg ouvOuaoTIKwY Bepanmeiwy,
mmov Ba mepAABAVOUV LETPOVOUIKE XOPriYNoN XNUEL-
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00gpameuTIKWY, akTvoBepaeia, ri/Kat AmEVEPYOTIOI-
non TWV AvaoTOAéWV TOU AVOGOTIOINTIKOU GUCTHO-
T0G. TéT0o101 CUVOUAGHOI OTOXEUOUV OTNV AVATTTUEN
QVTIKAPKIVIKAG avoaiag Tomou T, 1 *¢ Kal emouévag,
Ba pumopovoav va BEATILCOUV OUCIACTIKA TNV KAVIKN
ATTOTEAECUATIKOTNTA AVTIKAPKIVIKWV UBOAiwV/TLR
aywvioTtwv. O 6elTepog TPOTOC gival va gpBoiialetal
eMAgYUEVOG TANBUOHOG aoBevwV. YTIAPXOUV PENETEG
mou Seixvouv OTL aoBeveiG e IKavoToINTIKN AEIToup-
yia Tou avocomoIinTikoU CUCTAMATOG KAl HEIWHEVO
KOPKIVIKO OPTIO €XOUV TIEPIOOOTEPEC TMOAVOTNTEC
va wPEANBOVV aro To OepameuTIKO EUBONMACHO 7 %8,
TéNog, n avamtuén Bepameutikd Xpriotpwy TLR aywvi-
otwv Ba mpémel emiong va 0ToxeVEL 0T 6UVOECN VEWV
avooodIEYEPTIKWY MOopiwy, OTwE N véa Taén Twv CpG
ODNs, n P-1dé&n, mou ouvdualel Ti¢ BéNTIoTEC 1816TN-
TEC TWV yvwoTtwv ta&ewv CpG ODN kat n in vivo xpn-
on ¢ SeixOnke va evepyorolei Tnv avénuévn mapa-
YWyn KUTTAPOKIVWY *°,

Ot umdpyouoeg KAWVIKEG SOKIPEG pe TLR aywviotég
(6TTWC TTAPOUCIACAE KAl OE AUTH TNV EMIOKOTNON), AV
KAl TIPOG TO Tapov Sev éxouv emdeiel TNV AVAUEVO-
MEVN OTTOTEAECUATIKOTNTA, UTTOoTNPI{oUV OTL TA Pb-
pLlO AUTA UTTOPEL VA ATTOTEAECOUV AOQPAAN KAl ATTOTE-
AECUATIKA AVOOOEVIOXUTIKA eUPBoAiwy. EmmAéoy, ol
OOKIPEG AUTEG HaG TTAPEXOUV TIPWIKA, AAAA KAl TTOAU-
TIHQ, OoToIXEla Yia TNV 1davikry Soooloyia, Tn Sidpkela
Kal Tov Tpomo Xxoprynong Stapopwv TLR aywviotwv
OLYXPOVWGE PE AVTIKAPKIVIKA EUBOALA. AKOUA TTLO ONO-
KANPWHEVN EIKOVA V1A TOUC UNXAVIOMOUE Spdong Twv
TLR aywvioTwy MapEXETAL AT TIPOCPATESG AVAPOPEG
TTOU TTEPLYPAPOULV TA ONUATOSOTIKA UOVOTTIATIA TOUC,
Ta omoia emnpeAafouv TNV EKPPACN CUYKEKPIUEVWY YO-
vibiwv. Mia e€icou onuavTIKh EpELVNTIKA TTPOOTIABEI
MEAeTA TN ouvduaopévn xprion Twv TLR aywviotwy yia
TNV TEPAITEPW EVIOKUON TNG AVOOOYOVIKOTNTAG TWV
eUBoAiwv. Eival onpavtiké va Toviooupe 0TI oplopévol
ouvéuaopoi TLR aywviotwv Spouv CUVEPYIOTIKA WG
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TTPOG TNV IKAVATNTA Toug va wplpdlouv Ta DCs kat va
€VIOXUOULV TIG T AEUPOKUTTAPIKEG OTIOKPIOELG, EVW G-
Aot cuvbuacopoi gival avoookataoTaATIKoi. [a mapd-
Setypa, DCs mou evepyomoiiOnkav pe poly-1:C mpoka-
AEOQV EVIOKUEVEG TIPOPAEYUOVWOELG ATTOKPICELG KAl
obnynoav otnv mapaywyr] oykoeldikwv CD8* T KuTtd-
pwv. H tautdyxpovn xoprAynon aywviotwv Twv TLR-7/-8
aAVENOoE MEPAITEPW AUTEC TIG ATTOKPIOELG, AANG avTiOe-
10, n ouyxpovn xopriynon poly-I:C kat LPS katéotelle
TNV MapaAywyr MPOo@AEYHOVWOWY KUTTAPOKIVWY %61,
EmmAéov, To imiquimod Bp£Bnke va KATAOTENNEL TNV
avooodleyepTIKN IKavotnTa Tou GM-CSF og mpokAwvi-
KO MOVTENO KAPKIVOU G€ TTOVTIKIA, EVEQYOTIOIWVTAG TA
Tregs kal Ta pueAoEId KATAOTOATIKA KUTTAPA PECW
™ mapaywynig IL-10 2,

TéMog, eivat 1dlaitepa onUAvTIKN N avakAAuPn VEwv
TLR aywvioTwv UE 1oXupoTEPN AVOoOSIEYEPTIKN IKA-
votnta. Mpog autr tnv katevBuvon, n mpoTa ival éva
UTTOYNPLO POPLO YIa LEANOVTIKA XPriON WG AVOCOEVI-
OXUTIKO O€ KAVIKA TTPWTOKOANA QVTIKAPKIVIKOU E-
Bohiaopou. Omnwg éxetl 6N SeixOei in vitro, aA\A kal o€
{wa in vivo, n xopriynon mpoTa eVIoXUEL TNV AmOTENE-
opatikétnTa Twv DCs va emdyouv Tnv éKmtuén oyko-
e181IKWV SPAOTIKWV KUTTAPWY, HEOW TN Snpiovpyiag
€VOC KAaTtdAAnAou mrepIBANNOVTOC KUTTAPOKIVWY. ETTI-
mAéov, 6TwG yvwpioupue amd tn PEXPL CAUEPA EUTIEL-
pia pag, n xopriynon OXeTIKA UYNAWV CUYKEVTPWOE-
wv npoTa o {wa otepeital ToSIKOTNTAC Kal coapwy
avemOUuUNTWV Tapevepyelwv. Q¢ emduevo Bripa emo-
MEVWC, TTPOTEIVOUE TO OXESIACUS KAIVIKWV UEAETWV
émou eite oAdkANpo 1o moAumentidlo €ite, Katd mpo-
Tipnon, To avocodpaoTikd Tou Bpavopa Ba xopnyn-
00UV w¢ avoo0EVIOKUTIKE, O0€ avOo0BEPATTEVTIKA O
pata KaTté Tou KapKivou.

Xpnparodotnon
H épeuva autr ummootnpixOnke ueptkwg amd to FP7-
REGPOT-CT-2011-284460 (INsPIRE).O
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Summary

Toll-like receptor (TLR) agonists are characterized by
their ability to activate dendritic cells (DCs), promoting
the production of T, 1 type cytokines and enhancing the
immune responses of cytotoxic T cells. To date, a series of
preclinical and clinical studies are conducted, suggesting
that TLR agonists can improve the efficacy of anticancer
vaccination protocols. Currently, three TLR agonists have
been approved by the Food and Drug Administration
(FDA) of the United States of America for clinical use
in humans. However, their abundant application
encounters limitations, mainly due to the occurrence
of toxicity, evoking from the systemic production of
increased cytokine concentrations. In this review article,
using selected examples of preclinical and clinical studies,
we briefly present existing knowledge on the adjuvant

effect of TLR agonists, as anticancer vaccine components.
We also provide evidence on the potential clinical use
of a novel TLR agonist, namely of prothymosin a, which
reportedly promotes DC maturation and, both invitroand
in in vivo cancer models in animals, has been shown to
enhance the functionality of tumor-reactive effector cells
without causing severe adverse effects.
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Summary

Vitamin E (a-tocopherol, a-Toc) has been widely
used as a powerful antioxidant that protects against
oxidation of cellular components. It is used to treat
muscular dystrophies, menstrual cycle disorders,
risks of pregnancy interruption and abnormalities of
gonadal function in men. Itis also used frequently from
athletes as nutritional supplement for performance
enhancing. A simple HPLC method has been validated
for the determination of a-Toc in human plasma, using
a Nova-Pack analytical column. The chromatographic
run time was less than 12 minutes using a mobile
phase of Acetonitrile-Methanol 85:15 (v/v), at 0.999
mL/min flow rate while UV/Vis detector was adjusted

Introduction

Tocopherols (both alpha-tocopherol and gamma-
tocopherol) are the major antioxidants found in plasma
and are commonly referred to as Vitamin E. There
are eight naturally occurring Vitamin E compounds:
four tocopherols and four tocotrienols. Among them,
a-tocopherol (a-Tog, Fig. 1) is the most active form of
Vitamin E in human ' and is responsible for most of
the antioxidant activity in animal tissues 2. Disorders

at 292 nm. The purpose of this study was to evaluate
two different approaches for the construction of the
calibration curve and further quantify samples from
swimmer athletes in order to investigate potential
quantification differences. It was shown that the
existence of a-Toc as endogenous compounds
might affect the actual concentrations and should
be considered as an essential parameter during
the development of a bioanalytical method for the
determination of a-tocopherol in human plasma.

Keywords
a-tocopherol; HPLC; plasma; standard addition
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Figure 1. Chemical structure of a-tocopherol

of antioxidant balance involving tocopherols may be
involved in the pathogenesis of some of the toxic effects
of radiotherapy 3* or chemotherapy °. Alpha-tocopherol

* Corresponding Author: Constantinos Pistos (cpistos@med.uoa.gr)
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may have chemopreventive activity and may also
alleviate toxicity of retinoic acid administration. Normal
concentrations of a-Toc in human plasma appear torange
between 5-20 ug/mLS.

Asignificant number of athletes, including elite athletes,
consume vitamin supplements seeking beneficial effects
on performance’. In particular, supplementation with
different types of antioxidants such as tocopherols, has
been variably shown to have positive effects, no effect,
even negative effects on training adaptation®'". Because
intensive exercise generates stress in the working muscles
1% it appears that antioxidant supplementation could
beneficially reduce this stress. It has become clear that
cellular stress, which includes increased production of
free radicals and oxidative stress, in fact works as a signal
to induce important adaptions in muscle cells, including
mitochondrial biogenesis and myofiber hypertrophy '*
Thus, if the cells are exposed to high concentrations of
antioxidants this signaling may be blunted or blocked,
which in turn may inhibit physiological adaptations.Thus,
antioxidant vitamins such as tocopherol are necessary for
quenching free radicals. For this reason, tocopherols are
frequently studied antioxidants in exercise research and
there is a requirement for reliable bioanalytical methods.

A number of analytical methods, for the determination
of a-Toc in human plasma have been introduced using
HPLC-UV/Vis 22, Of interest, most of them validate their
method by constructing calibration curves without
considering the appearance of a-Toc as an endogenous
compound 8316, Only Nirungsan ' used the approach
of standard addition while other authors used ethanol as
a surrogate matrix in order to substitute plasma matrix *
In such a case, the endogenous molecule contributes to
the detectors response thus affecting the final quantitative
data and the traditional preparation of the calibration
curve appears to be problematic 2.The literature propose
three alternative approaches #*?*in order to overcome
this problem. Quantitation using surrogate matrix and
authentic analyte °, quantitation using authentic matrix
and surrogate analyte % and the standard addition method
2728 |n this study, the authors evaluated two different
approaches for the construction of the calibration curve
and further quantified real samples in order to investigate
potential quantification differences. The results of our
study showed that the existence of a-Toc as endogenous
compounds might affect the actual concentrations
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and should be considered as an essential parameter
for the development of a bioanalytical method for the
determination of a-tocopherol on human plasma.

2. Material and methods
2.1 Chemical and reagents

Reference standards of a-tocopherol and tocopherol
acetate were obtained from Sigma Aldrich Chemistry (St.
Louis, USA). Acetonitrile, methanol, ethanol, n-hexane
were of HPLC grade and purchased from Merck
(Darmstadt, Germany). N-hexane of analytical grade
was also purchased by Merck (Darmstadt, Germany).
Water was deionized and further purified by means
of a Direct-Q water purification system from Millipore
SA (Molsheim, France). Human plasma was obtained
from plasma units of the blood bank of Aglaia Kyriakou
Pediatric Hospital (Athens, Greece). Nova-Pak analytical
column was purchased from Waters (Milford, MA, USA).

2.2 HPLC-UVYVIS conditions

Chromatography was performed using a HPLC system
consisting of a Jasco Model 880 PU pump fitted with a
model 880-2 Ternary Gradient Unit and a Model 875 UV
variable wavelength UV/Vis from Japan Spectroscopic
Co. Ltd. (Tokyo, Japan). The pump was used under
isocratic conditions on manual mode and detector was
adjusted at 292 nm. The system was fitted with a Model
7125 manual injector Rheodyne (Cotati, CA, USA) and
a 50 pL sample loop. Samples were chromatographed
on a Nova-Pak C18 reversed-phase column (250 x 4.6
mm, 4um). Mobile phase consisted of ACN/MeOH
(85/15, v/v) and flow rate was adjusted at 1.0 mL/min.
A Hewlett Packard HP 3394A integrator from Hewlett
Packard Company (Avondale, PA, USA) was used to
record chromatograms, at peak area mode (chart
speed 0.2 cm/min). A Millipore filtration system from
Millipore SA (Molsheim, France) with type HV Millipore
filters (pore size 0.45 mm) was used, for degassing the
mobile phase under vacuum. Vortex was supplied by
Heidolph Instruments GMBH & Co KG (Schwabach,
Germany). A Fisher isotemp dry bath Model 145 from
Thermo Fisher Scientific Inc. (Waltham, MA, USA) was
used for the evaporation of the extracted solvents.
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2.3 Stock and working standard solutions

A mixed working standard solution of 250ng/mL a-Toc
and 125ng/mL tocopherol acetate was prepared from
their appropriate separate stock solutions of 1mg/mL
in ethanol. This mixture was used for the development
of the chromatographic separation of both analytes.
In addition, working solutions at a calibration range of
50-200 ug/mL (50, 70, 100, 150, and 200 pg/mL) were
prepared by appropriate dilutions of the Tmg/mL stock
solution with ethanol. Working solutions were prepared
also for quality control (QC) samples by appropriate
dilutions of different batches of stock solutions to obtain
final concentrations of 80, 120, and 180 pug/mL.

2.4 Calibration and quality control samples

Plasma standards for calibration curves and QCs were
prepared by spiking 0.45 mL aliquots of drug free human
plasma with 50 uL of the appropriate mixed standard
solution of a-Toc, providing a calibration range between
5-20 ug/mL (5,7, 10, 15, and 20 pg/mL) and QC levels at
8,12and 18 ug/mL.

2.5 Sample extraction

The extraction procedure was based on a liquid-liquid
extraction (LLE) to an organic phase as proposed by
Kaprinska et al. "7 with modification. In brief, 500 pL
of methanol were added in 1 mL plasma for protein
precipitation and 750 pL of n-hexane were then added
for liquid-liquid extraction. After 2 min of intense
vortex, samples were centrifuged at 4500 rpm for 10
minutes. The supernatant layer was transferred to a
clean glass tube and an additional amount of 750 L
n-hexane was added again in the remaining aquatic
layer. The same procedure was replicated and the final
organic layer was combined with the initial amount.
The combined supernatant organic layers were
evaporated with 200uL of mobile phase and 50 uL were
finally injected into the HPLC system.

2.6 Validation procedure

Calibration graphs of the recovered standards were
prepared for each of the three days of analysis to establish

EPEYNHTIKH EPFAZIA | RESEARCH ARTICLE

linearity and reproducibility of the HPLC system. Graphs
were constructed of the analytes versus the internal
standard (IS) peak area against drug concentration
according to European Union criteria %,

Our attempts to quantitatively measure plasma
a-Toc, were based on two approaches: Firstly to prepare
a calibration curve by spiking different concentrations
of a-Toc in samples from donor with minimum amount
of the analyte and secondly to prepare a standard
addition curve by spiking different concentrations of
a-Toc in the same donor sample.

For the construction of the calibration curve, spiked
human plasma calibrators at five concentrations (5,
7,10, 15,20 ug/mL), were prepared and analyzed in
three different analytical runs. Weight (1/x?) least
square linear regression was used to obtain the
equations of the calibration curves. QC samples (8,
12, 18 pg/mL) were processed in three replicates
at each concentration for three different analytical
runs in order to evaluate the intra- and inter-assay
precision and accuracy. In this case, endogenous a-Toc
concentration was determined from the regression
equation, representing the relationship between the
added standard a-Toc concentration and the analytical
response of peak area ratio of a-Toc and IS.

For the standard addition approach, spiked plasma
samples at three concentrations (5, 10, 20 ug/mL),
and a fourth sample (zero) without the addition of
a-Toc, were prepared and analyzed in three different
analytical runs. In the standard addition method,
endogenous a-Toc concentration was determined from
the regression equation, extrapolated to the x axis. In
both cases, selectivity was evaluated by analyzing six
different blank human plasma in order to evaluate the
absence of interfering peaks in the chromatographs of
the analyte and the IS.

2.7 Endogenous a-Toc determination in plasma
of adolescent swimmers

The reliability of the two approaches to quantify
endogenous plasma a-Toc was investigated by analyzing
the analyte in the plasma of adolescent swimmers (n =
6).The results of endogenous a-Toc from this population
were calculated from both calibration curves (calibration
curve, standard addition).
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Table 1. Analytical parameters of the calibration equations for the determination of a-Toc in human plasma using standard
calibration curve (A) and standard addition method (B) (Mean of three calibration curves; calibration range: 5-20 ug/mL)

Regression equation®

Slope Intercept
(R) a-Toc=4.1x10*xC_, +0.9x10* 0.993 1.5x10* 1.2x10* 5.0
(B) a-Toc=4.4x10*x C_,__+1.1x10* 0.991 1.6x10* 0.9x10* 1.5 5.0

centration; C_, is the concentration of a-tocopherol.
b Square correlation coefficient.

¢ Standard deviation of slope and intercept.

dLimit of detection

¢ Limit of quantitation

?Ratio of the peak area amplitude of the analyte to that of the internal standard, (a-tocopherol, a-toc) vs. the corresponding con-

3. Results and discussion

3.1HPLC chromatographic conditions optimization
During the preliminary experiments, several
combinations of mobile phase composition (ACN/H,0
and ACN/MEOH) in Nova-Pak C,, analytical column
were investigated, in order to obtain the optimum
separation of a-Toc and tocopherol acetate. In mobile
phase A (ACN/H,0) increasing the percentage of ACN,
did not facilitate the elution of a-Toc and tocopherol
acetate. By increasing the elution power of the
mobile phase by replacing the water with the less
polar methanol (mobile phase B), the analytes were
eluted at sufficient retention time. Consequently,
the best separation of a-Toc and IS on the Nova-Pak
C,, column was achieved using a mobile phase of
acetonitrile:methanol 85:15 (v/v) to obtain retention
times of 10.08 and 11.52 min, respectively.

3.2 Sample extraction optimization

Liquid-liquid extraction was selected due to the
simplicity of the technique and its ability to remove
most of the endogenous components of plasma
matrix allowing thus the detection of a-tocopherol and
tocopherol acetate. For the liquid-liquid extraction,
the method of Kaprinska was adopted with slight
modifications 7. According to this method, 500 L
of methanol for protein precipitation and 750 uL of
n-hexane were added in 250 pL of human plasma.
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After intense vortex for 2 minutes, the samples were
centrifuged at 4500 rpm for 10 minutes. The supernatant
organic layer of n-hexane was transferred to a clean
glass tube and the procedure was replicated to the
remaining sample. The supernatant n-hexane of this
second procedure was combined with the first amount
of the solvent and it was evaporated to dryness using
nitrogen air. The samples were reconstituted with
200pL of mobile phase and 50 pL were injected into
the chromatographic system. According to this liquid-
liquid extraction procedure, the chromatogram was free
of interferences and recovery was found to be 106.42%
fora-Toc.

3.3 Selectivity

No endogenous plasma components were eluted at the
retention time of a-Toc.

3.4 Linearity

Calibration curves were constructed by reporting the
nominal a-Toc concentration in spiked calibration
samples on the x-axis and on the y-axis the peaks areas
ratio between a-Toc and the internal standard. At the
first consideration of calibration curve, these samples
yielded calibration curves with excellent linearity.
However, when plasma samples from different donors,
with same a-Toc amount spiked, were analyzed, the
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Table 2. Comparison between quantification approaches of a-Toc: calibration curve and standard addition method

Conc. Added (pg/mL)

&

=
hasiad L0

Time, min

Figure 2. Representative HPLC chromatogram
obtained from the analysis of a blank plasma
sample; endogenous a-tocopherol (tR=9.69 min)
and tocopherol acetate (IS) (tR=10.93 min)

slopes and the intercepts of the calibration curves
obtained from these three different plasma samples
varied considerably (Curve A, Table 1).

This fact confirms the necessity of relying upon an
analytical method independent from interference due
to the biological matrix. Hence, the traditional calibration
curve strategy was abandoned in favor of the standard
addition approach that compensated for differences in
the plasma matrix. This technique is suitably used when
a blank matrix is not available %, Samples were analyzed

Calibration curve Standard addition method
Intraday (n=3)
8 356 34.7 12.6 12.2
12 18.2 21.8 94 10.9
20 6.4 9.3 8.6 8.7
Intraday (n=9)
8 394 373 11.5 11.9
12 17.3 20.3 8.9 10.5
20 7.1 11.2 8.1 8.6
3 and the peak areas ratio between a-Toc and the internal
standard were recorded versus the added concentrations.
The calibration curves were linear in the corresponding
- dynamic ranges with square correlation coefficient (r?
£ >=0.991) * for a-Toc, while the % RSD of the slopes was
f{ £ 7.31 (Curve B, Table 1). Figure 2 represents a typical
2 reron chromatogram of blank plasma sample with the addition
& a-l el
t 8| & s of IS. The corresponding chromatogram of a plasma sample
2 3= MAOheE Mectuge spiked with a-Toc (5 pg/mL) and tocopherol acetate is

practically the same (Figure not shown).
3.5 Precision and accuracy

The percent inaccuracy (% Error) and precision (RSD%)
were evaluated in both curves approaches (Curve Aand B).

For the calibration curve (Curve A), the %RSD of intra-
and interday precision were found to be between 6.4
and 39.4%, for all concentration levels. The % of intra-
and interday accuracy were found to be between 9.3 and
37.3%, for all concentration levels (Table 2). It appears that
at lower concentrations, the % error increased probably
due to the existing endogenous concentration of a-Toc
which affects the reliability of the measurement.

For standard addition curve (Curve B), the %RSD of
intra- and interday precision were found to be between
8.6 and 11.5%, for all concentrations. The % of intra-
and interday accuracy were found to be between 8.7
and 11.9%, for all concentrations (Table 2). The results
indicate that standard addition curve provides more
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Table 3. Comparison of a-tocopherol levels using
standard calibration curve and standard addition
method in plasma of adolescent swimmers (n=6)

Standard

Calibration curve addition method

217 13.2
1.3 5.9
14.2 7.4
16.7 11.8
18.1 8.4
12.6 5.7

accurate determinations compared to the standard
calibration curve.

3.6 Endogenous a-Toc determination in plasma of healthy
adolescent swimmers

The method was further applied to the plasma
samples of adolescent swimmers. The results of this
study do not fall in the scope of this article. Six plasma
samples from the above population were quantified
using both curves (A and B). Using Curve A, all samples
provided higher concentrations than Curve B. This is
in line with the observed results of method accuracy
which showed increased % error in Curve A, due to the
presence of a-Toc as endogenous compound. On the
other hand Curve B, provided lower concentrations,
which are also in line with the obtained results of
method accuracy (Table 3). A typical adolescent
swimmer HPLC chromatogram is shown in Fig. 3.
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Figure 3. Representative HPLC chromatogram obtained
from the analysis of a typical swimmer plasma sample
(a-tocopherol, tR=10.08 min, tocopherol acetate tR=11.52 min

4. Conclusions

A number of articles in the literature present the
development and validation of HPLC methods for the
quantitation of a-Tocin human plasma. Interestingly,
most of them validate their method by constructing
calibration curves without considering the
appearance of a-Toc as an endogenous compound.
In this case, the final quantified concentrations
of a-Toc might be different from the actual. In
this study, the authors evaluated two different
approaches for the construction of the calibration
curve and further quantifired real samples in order
to investigate potential quantification differences.
The results of our study showed that the existence
of a-Toc as endogenous compound might affect the
actual concentrations and should be considered
as an essential parameter for the development of a
method.O
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To alagtn¢ yne no NMavAog tng kapdiag pag

Méumtn, 16 OkTwWRpiov 2014, Wpa 01:00

ayamnuévog pa¢ Adokairog, o MOAUTIHOC

Yuvepyatng, o Oidog pag, Opdtipog Kabnyntnig
Tou TuARatdc pag Maviog Kopdomdtng mépaace npepa
oTn €PLUva Tou loTopikou Xpovou.

Fevvnuévoc tnv MNpwtanpiAid tou 1947 otnv ona-
paccoépevn MPWTELOVOA TOU UTIO AVACUYKPOTNOoN EA-
AnVikoU KpdTtoug, OAOKANPwOE Ta HaBONTIKA TOU XpO-
via ano@oltwvtag and 1o H' Tuuvdolo 1o 1965. X1n
OUVEXELQ UETOKOUIOE OTNV TTOAN TTOU TOTE QPAIVOTAV
w¢ mpoowplivi dlapovi yia ormoudéc, tnv Natpa. Téco
TPOOWPEIVH, 600 MOANEC POPEC N ZWH| ATTOSEIKVUEL UE
0ad10TIKA emApKela TO avTtiBeTo. To veomayég Xnuikd
Tunua tou poAig mpiv éva xpdvo 18pubévtoc Mavem-
otnuiov Matpwv, ummodéxOnke HeTa&l ANAwv TTOANG
uTTooXOMEVWY £@rBwv Kal Tov dekaoytayxpovo Mavio
Kal Tov euPoliace aveitnAa TOCO e TNV YONTEUTIKA
Emotiun Tng Xnueiag, 600 Kat pe Tnv anactpdntouoa
mPRevvo tou Akadnuaikou yiyveoBat. AUOKOAa, Opop-
@a Xpovla, o€ pia TOAN mou mpoomaboloe emMOEIKTI-
KA VA 1I00OPPOTTROEL LETAEY TNG EKAETTTUOUEVNG APXO-
VTIAG KAl TOU EMOEIKTIKOU BepUMANOUOU, HETAEY TNG
Emtavnolakig KopyotnTag Kal Tou urtep@iaiou veo-
moutiopoU. O NMavlog dpxtoe otadlakd va volwOel pé-
POG aUTAC TNG ypriyopa Kat idlaitepa e§eMloodpuevng
Kovwviag alomolwvtag TNV oppéputn eWoTPEPEla

TOU Kal TNV AKPATN TTPOCAPHUOCTIKOTNTA ToU. ONOKAN-
PWVOVTAC TIC OTTOUSEC TOU KaTatdooetal otnv MoAeput-
KN Aepomopia, mepiodo katd tnv omoia, dvtag Awpikd
YAWVOC, amméKTNGE ToV AoYIKO @O0 yla TIG TITHOELG, TOV
oToio SUOTUXWC (Y1a TOV YPAPOoVTa TOU AKOUA EMIUE-
vel) eykatélenpe Ta televuTaia xpovia. To 1973 emotpé-
QEL WC TTONTNG TTL0, EKEL OTTOU BIWUOTIKA EUENNE va TTE-
pteli€el tnv ummdloirn (wrj Tou, oTo MavemoTAUIO TNG
MNatpac.

ZEKIVA TNV ekmovnon tn¢ AidakTopikng Tou Alatpl-
Bng kat épxetal os otevotepn emaen pe Kabnyntég
uPnAou Emotnpovikou Siapetpripatog kat Akadnuai-
koL rjBouc ot omoiol umnpeTwvTag EBVIKG OKOMO EKAN-
Bnoav kal uteprigava anedéxbnoav va opyavwoouy
1o MavemoTtuio Matpwyv Buctalovtag Aapumpég Kapié-
PEC KAl apolBEC o€ nuicpéva 1dplpata tng ahhoda-
mAC. AnuNTENg ©c0dwpdmoulog kat Avdpéac faAnvog
EMKEPANEG TNG AMoTaG agipvnoTwy maldaywywv mou
evémveuoav Tn LeTe€ENIEN TOU veapoU amoYoITou O€
TMOAA UTTOOXOUEVO EpELVNTH Kal BlacwTn TG Maveri-
oTNUIOKNC eutagiac.

To 1976 untoatnpilel pe emtuyia tn AIGAKTOPIKA TOU
AloTpIPA KAl WG HETASISAKTOPIKOC EPEVVNTAG EKTTAL-
Sevetal og S1eBvwg katadlwpéva epyacTriptla. BéAyio,
FaAAia kat EABeTia, Mavemotiuio Mons, CEN Saclay
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kal MavemotApio Baoiheiag avtiotolxa. Téooegpa xpo-
via otnv kapdid tng Evpwmng, oouiletal tnv emepxd-
HEVN aUPa TOU OOCLAAIOTIKOU HETACKXNHATIOHOU Kal
katd mdoa Befaidotnta wptpalel péoa Tou o BpnoKeu-
TIKOG PAVATIOUOC Yla TO PEYANO pONO TIOU UTTOPOUCE
Kat émpemne va Stadpapatioet n Mpaid Hmelpoc. Zuvel-
Ontomolei (kat autd dev émaye TOTE va 1o EKPPALEL e
K@Be duvato TpodTo) MWC eival TAEOV IGTOPIKN AVAYKN
o Eupwmnaiog ®aouot va emiyelprioet éva véo Ta&idl otn
XWPA TOU HETPOU KAl TNG ICOPPOTIAG YA VA YEVVHOEL
€K véou Tov Eugopiwva. MiAa e€aipetika MaAAikd Kal
AyYAIKA Kal oUTW TIWG, EMITPETEL OTNV AlOONTIKN Kal
KaANTeXVIKNA Tou SidoTaon va 6éxovTal aAAemAAANAa
evapyn pamiopata ano tn Zwypa@ikn, Tnv Moinon, tTnv
NoyoTteyvia, Tn Mouoik. O HETEMEITA UTTEPOXA WPLHOG
bon viveur mMoA\éC popéc avalriTnoe TNV AKpn ToU Vi-
patog o€ ekeivn TV mepiodo.

Emotpépel otnv MNatpa wg Yenynthg To cwthplov
€10¢ 1981. ZwtAplov, ylati emtéAoug EeKivd autod TTou
eivat yla tov MavAo n meEPMTOVGia TNE EMAYYEAUATIKNG
Tou avalrtnong, autd mou Ba UTTNPETHOEL PE aoiyaoTo
mabo¢ péxpt TEAOUG Kal TOV EMOUEVO XPOVO TTPOAYETAL
o€ Evtetahpévo Yonyntr mou Tnv idia xpovid petovo-
padletal oup@wva pe to véo Nopo-Miaiolo og Emikou-
po¢ Kabnyntnc.

Tnv i6la mepiodo, évag mpdo@aATa EMTUXWV OTIG TTA-
VvEANVIEC e€€TATELC EpTave 0TV MTATPA W YOoITNTAC
Tou TuApatog OApUAKEUTIKAG, O OTTOI0G META amd Hia
avBaipetn aA\d e€oxw¢ SIGAKTIKN Ao BIWHATIKAG
amoPewe eTriola Adla amd TIC POITNTIKEG UTTOXPEW-
OEIG, ATTOPACLIOE VA a0XOANOEl pe Ta padripatd Tou.
Exel yvwploe yia mpwtn @opd tov Mavlo. Apxikd and
£€6pac, apydtepa ekToC £6pac. Evac veapog kabnyn-
¢ 6idaoke Qapuakoyvwaoia, aANd TOAD apyoTepa O
i610¢ QOITNTIG CUVEISNTOTIOIOVUOE TIWG OUCIACTIKA E10€-
TIPATTE KATL TTOAU TIEPLOCOTEPO. MNiow Kat mépa amd Ti¢
napdeveg Apdyeg kal ta apactayta Agpovévia umrip-
X€ To mabog yia tn N'vwaolakr Munaon, n mpotpom yla
v AloAoyiKkr IkavdTnTa Kat n yonteia tng AlodnTi-
KAC KaANIEpYELag.

Mia SekaeTia apyotepa Kat evw én amd 1o 1988 ixe
nén ekAeyei KaBnyntr¢ ®apuakoyvwoiag oto Tunua
DQapuaKkeuTIKAG, 0 MavAog CUPPETEIXE EVEPYA KAl UE
Bépun otnv évapén tng Akadnuaikng kaplépag Tou
TOTE QPOITNTH KAl VUV UTTOYPAPOVTA TO adlavonTo Tou-
TO KEipevo.
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Kat 6tav duo dekaetieg apydtepa £deléa otov Mavlo
€va El00YWYIKO onueiwpa yia tov odnyé omoudwv mou
WG véog Poedpog Tou TUNHATOC €ixa oUVTAEL, pou Xa-
poyélaoe pe To 18laitepo Exeivo a@omMioTikd xapodye-
Ao kat pou gime: «<ONa kahd, al\a de ypdpelg Timota yla
10 Xpovo. MNpoomadnoe va e§nyrioelg To Xpovo. XToug
@OITNTEG pag amevBuveoal...». To HOVO TIoU €Kava RTav
va 1o poomaBfriow. Kal étav tnv emopevn Hépa Tou
¢8e1€a Tnv mpoomndbela pou «...0 xpovog givat apeilt-
KTOC, Tp€ETE MO Ypriyopa amo auTtdv Kal TpoomabnoTte
VA VIKNOETE TNV avnBIKOTNTA TToU eUmepLEXEL: TAvTa Ba
oaG Kuvnyd kat moté 8g Ba oag XaploTel.», autr T gopd
O¢€ xapoyéhaaog, mapd uévo onkwlnke amod 1o ypageio
Tou Kal Koita&e amo 1o amévavti mapdbupo tov Matpai-
KO TTou alpoppayouaoe amnd ta Sakpua Tou SUovTog NAi-
oU Kal PE S1aKpITIKOTNTA CUHTTOPEUTNKE padi Tou.

Miow oto TuAua OapHOKEVTIKAG, 0TA TEAN TNG SEKa-
etiag Tou 80, Tou TOTE amaplBuovoe UOAG 4 uéAn AEN,
evw 10 Epyactrplo Oappakoyvwaoiag kat Xnueiag Ou-
olkwv MNpoidvtwy dev Tav mapd povo 1déec, mpoodo-
Kieg kal Ovelpa mou x6peuav aKATATTAUCTA ACPUKTIW-
VTaG Péoa o€ €va amo Ta TPOKATAOKEVAOUEVA KTipLa,
QTIAYHEVA aTTO ATOPLO TOIUEVTO Kal TTEPiooEla o1dripou
ané tnv MOMA tn¢ entactiag. Zta emépeva 4 xpovia o
VEAPOG Kabnyntig, AeitoupywvTtag KATAAUTIKA avdpe-
00 O€ IPOCWTIKOTNTEC e SUVAUIKE] OAETHPA KAl ETTL-
SlwkovTag TNV eINIKpIvr cUvBeon €ibe pe TNV MPooK-
KoUOoa auTtapéokela To Tunua Tou va unepdimiactalel
Ta PéAN AEM kat va dpameTevel oploTikA amd ta vnTil-
akd ouvdpoua. Oco yia to EpyacTtripto tou, oto idlo
XPOVIKO S1aotnpa, diekSIKwvTag Kat alomolwvtag Tny
XPNHATOSOTNON TWV APTLAPIXOEVTWY AVTAYWVIOTIKWY
Evpwmaikwv mpoypaHATWY, KATAPEPE VA LETATPEPEL
TOV X0 PO TOIUEVTEVIO KUB0 O€ OUYXPOVN Kal AEITOUP-
YIKN KUWENN €peuvag kat S1daokaAiag. Ta xpovia mou
akolouBnaoav otov iGlo autod Xwpeo, katabétovtag Tnv
Yuxn Tou Kal ...01040KWV Al ynpaoKOueVOC, OTwG
ekAemtuopéva mapéppale Tov 26 wva, maprixbnoav
mavw amd 180 MPWTOTUTTEC EPEVVNTIKEC SNUOCIEVTELC,
ekmovnOnkav pe emruyia 18 Aidaktopikég AlatpifBég
Kal 40 Metamtuxtakd AImAwpata, He TNV mAeloPneia
TWV KATOXWV AUTWV va 0TadloSpopolv o€ e€QIPETIKEG
B€o¢elc Kal va petahapmadevouy Tnv omiba Tou Toug e-
@UTEVOE OTO HUAAO Kal 0TV Kapdid Touc.

MNa oxedov dekamévte xpodvia nyiOnke Tou TuRua-
TOG KAl CUMMETEIXE Evepyd 01O AKadnuaikd yiyveobat



OAPMAKEYTIKH, 26, 1ll, 2014
PHARMAKEFTIKI, 26, 11, 2014

Tou MNavemotnuiov Matpwv. O Adyog Tou gumnepleixe
kat e&€@padle Tov oToXaoud TOU, TNV EVOPACH TOU, TNV
npoodokia tou yia 1o pnéikéreuBo, Tnv afdotaytn auv-
tomelBapyia Tou otnv Akadnuaikotnta. Kat givat mAé-
ov mavBopoAoyoUEVo aTnV SIKN 1A KOWVOTNTA TTWG
1o MavemoTAUIO aTUXNOE MOV, UE TNV EMKPATNON Ka-
TOOTPOPIKWV TOAWOCEWV Kal TNV Sla ToUTWV emMAoyn
TwV PeTpiwy, dev Tov adlomoinoe oTI¢ avwtateg B¢oelg
Aloiknonc.

To TuRua pag avantuoootav Stdocnapto ota idla
TIPOKATAOKEUAOUEVA KAL UTTEPYNPA KTIPLa, KAl UE TTPO-
OWTIKEC TapeUPATELC SnUIoUpyNnoE To £5apOg yla ToV
EPXOMO €alpeTIKWV ouVadéA@wy, N SUVAUIKA Twv
OTIOIWV KUPLOAEKTIKA UG ATTOYEIWOE Ta EMOUEVA XPO-
VId. 10WG UE TNV AUETPOETIELD TOU EUEPYETNOEVTOC, ETTI-
TPEYPTE YOV TWPA VA KATABEOW TN Ccuykivnon kal TNV
evpopiamou e€émepPe Siapadovtag Tnv eEAIPETIKN €K-
Beon tn¢ E€wtepikric AfloAdynong To 2012. Ekeivo To
AQUTOPIoUA OTA MATIA TOU ATAV TO CUVWVUMO TNG OA-
Biotn¢ Sikaiwonc. Kat emetdn évag ameploplota yevval-
66wpoc dvBpwmog oav tov Mavlo dev e@eideTo KOTIWY
Kat oveipwv, S1ekSiknoe 1IoXUPAQ, ETTEICE KAl KATAPEPE €V
péow eMWOUVWV oTIYHwY, (NAOGPBovVwY avtipprioewy,
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moAuké adwv dladikactwv kat Tnv mapodo oxedov &l-
kooaetiag Tnv avéyepon Tou Néou Ktipiou tng Dapua-
KEUTIKNG. Alyoug HAVEG UETA TNV PHETEYKATAOTAON TOU
€KEl, EQuye.

Devyovtag AQnoe ToW Tov, EKTOC amd TNV epePwdn
OlWTTH TOU Kal To A8E10 Ypa@Eio TOU, GNUAVTIKEC TTa-
PAKATAOAKEG. ZTNV OLKOYEVELQ TOU, OTOUG PIAOUC TOU,
OTOUC GUVASEAPOUC TOU, OTOUC HaBNTEC TOV, OTOV KO-
OMO HAG, 0 YONTEUTIKOG KAl XOPIOHATIKOG auTO¢ AvBpw-
mo¢ katéBeoe Ta Siagava diamoteuTtrpla Tou SigpPo-
Aiovtag avegitnha tic kapdiég pag.

EiBe To vukTIQaéC TTEPI Yaiav ahwpevov aAAOTploV
QWE vVa TIG QWTILEL, va TIC TAPNYOPEI, VA TIG EUTTVEEL
‘OMot volwBoupe 6Tt o MavAog pag gival TAEOV KOUUATL
Tou. Me TNV €Amida TNC EMOUEVNC CUVAVTNONG HAG, €L
KOl €V ETEPA HOPOPN. ..

ZwtnpeNn¢ 1. NIkoAapormoulog

AvanAnpwtric Kabnyntig, MNModedpog

Tunuatoc QapuakeuTIKAg, SxoAr EmoTtnuwy Yyeiag
lavemotrjuto MNatpwv
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Huepidec Empoppwong & Ekmaidesvong
Oapuakomoiwyv Gapuakeiou
amo Vv EAANVikry QappakeuTikn Etatpeia

bl

1. 0.2, KopwvBiag, 30/03/2014, 2. ®.2. Kaotopidg, 06/04/2014, 3. ©.X. EBpou, 11/05/2014, 4. ®.%. TpikdAwy, 17/05/2014,

5.0.2. N\éoPou, 27/04/2014,

UVEXIoTNKaV e emttuxia ol EmpopewTikég Hugpideg

Oapuakomolwv mou Slopydvwaoe n EAANVIKNA
OappakeuTikr Etalpeia oe ouvepyaoia pe TOMIKOUG
DappakeuTIKOUG ZUAOYOUC Kal TNV UTTOCTHPIEN TNG
Etaipeiag Zita Congress. H mpwtofBouhia autr| tng EOE
€VTACOETAl 0TA TTAQIOIA TWV OTOXWV TNE YIa TV UTTELBuvN
Ola Biov pabnon Twv eapuakomoly kal 1dlaitepa
auUTWV oL otNPEiCouV TNV TPWTORABUIA PAPUAKEUTIKN
niepIBaAPN TNG XWPAC HECW TNS AEITOUPYIAC PAPUAKE(WY
AVOLXTWV OTO Kolvo. HON oAokAnpwBnke o A" KukAog
Emuopowtikwy Huepidwv mou Eekivnoe otnv TpimoAn
OTIC 23/2/2014. AkohouBnoav ol nuepidec otnv
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Kopotnvr oTi¢ 9/3/2014, oto Naumhio oTig 16/3/2014,
oto Bpaxdtiotig30/3/2014, otnv Kaotopld ot 6/4/2014,
otn Aéof3o aT1g 27/4/2014, otnv AAe€avdpoUmoln oTiq
11/5/2014, ota Tpikaia oTi¢ 17/5/2014 kat otov BoAo
OTIG 24/5/2014. 3T1¢ NUEPISEG CUUETEXAV PAPPAKOTIONO
TIOU AEITOUPYOUV PAPUAKEID AVOIXTO GTO KOIVO KABWG Kal
AN\l emayyeAuaTiec uyelag arld kal eupuTtepo Koo, Ol
NUEPIOEC meplENAUPBavay KEVTPIKEC OUINEG O€ emikalpa
(PAPHAKEUTIKA BEUATA KAl PAPHAKEUTIKO PPOVTIOTHPLO
amnod KATa&lwWUEVOUC EMOTHOVES KABWE KAl OUVTOUEC
EVNUEPWTIKEC OUINEC aTTd PAUPUAKEUTIKECG ETAIPIEC-
XOPNYOUC TWV EKSNAWDTEWV.
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6. 0.2, Xaviwy, 21/09/2014, 7, 8. O.X. lwavvivwy, 05/10/2014, 9. Opyavwtikij uootripién Zita Medical Management

MeTd TO évTovo evAIaQEPOV TIOL ekONAWBNKE ard Toug
(PAPLAKEUTIKOUC OUNOYOUC Eekivnoe o B” KUkAOG Twv
EmpopowTikwy Hugpidwy kal nén mpayuatomorenkay
Ouo Huepidec:

Huepida Xaviwv oTi¢ 21/9/2014 e cuvdlopydvwon Le

Tou¢ PaPUAKEUTIKOUG S UANGYoUG Xaviwy & PeBupvng Ta

B¢pata mou avamtuxBnKav OTIG KEVTPIKEG OUAES ATAV

Taednc

- Blotexyvoroyika Odpuaka, améd tov KaBnynt k. K.

Aepetlo
.« Juunminpwuata Atatpoeric oto Dapuakeio &
MYZY®A, and v Kabnyritpla k. |. Xrjvou

Huepida lwavvivwy oe ouvepyaoia pe 1o DapUaKEUTIKO

> UNoyo lwavvivwy kal v £€r¢ Bepatoloyia:
- Mpotévta Qutikrg MNpoéievong oto Oapuakeio —
Aocpalela otn Xprion, and TNy nikoupn kaBnyAtpla
K. M Aalapn

-+ Ot mo Kowvég AvemBuunteg Evépyeieg kal o POAOG
Tou Qappakomolov, anmd ToV eApUAKOTIoLd K. I
MNamadomoulo.

Oa akoloubrjoouv 5 akdéun nuepidec B KukAou

OUPPWVA LE TO EENC TTPOYPAUUAL.

Kuptakn 12/10/2014, Natpa, oe ouvepyaoia pe O.3.
Matpwv

Y&BRato 1/11/2014, MecoAdyyl, os ouvepyaoia e O..
ArtwAoakapvaviag

JaPPato 8/11/2014, 3éppeg, o€ cuvepyaoia pe O3
2EPPWV

Kuplakn 23/11/2014, Képkupa, og ouvepyaoia pe O3
Képkupag

>4BBato 30/11/2014, Oscoalovikn, Ge CuvEPyasia e
0.3 ©eocalovikng

Kuplakn 14/12/2014, Adploa, o ouvepyaoia pe O.2.
Aaploag

la omoladrTOTE TTEPAITEPW TTANPOPOPIA OXETIKA UE TN
Bepatohoyla kat Tov Xwpeo die€aywync tng k&be Huepidag
avd VOUO TTAPAKAAOUHE EMIKOIVWVAOETE Pe TNV K.Doin
Kapaouhdvn oto TNA. 211 1001764 1y NAEKTPOVIKA 0TN
SlevBuvon fkaraoulani@zitamanagement.com.
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H ENAnvikn Oappakeutiki Etalpela euxaplotei Oeppd tig eTaipeieg, ol omoieg
HEOW TNG EVEPYOUC TTAPOUCIAg KAl CUHHETOXNG TOUG OTIG EMpop@wTiKEG
Huepideg tng EOE cupfailiouv otnv npowOnon tng Emotnupovikig Nvwong

XPYZOI XOPHIOI

AstraZeneca:jiif??i.“' E]E]

®povrtiba yia tov avBpwna

APTYPOI XOPHIOI

| RN

1 Z0vbeopos

XOPHI Ol

Abbott

A Promise for Life

S Galenica abe Kinitron

ATHENS

Cara

LABORATORIES

GlaxoSmithKline
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Symbicort’

Moiotikn & Moootikn LivOeon

Symbicort® Turbuhaler® 160 pg/4,5 pg/eionvon, kévis yia eilonvonh.

Kd6e eionvedpevn 86on (Snhadh n S6on nou aneleubepcovetal and to NICTOHIO TNs CUCKEUNS) NEPIEXEI:

Boudeoovidn 160 pikpoypappdpialeionvon kai SiuSpikh Goupapiki GoppotepdAn 4,5 pIKpoypappdapia/eionvon.

Ké&Be petpolpevn 8éon nepiéxer: Boudeoovidn 200 pikpoypappdpia/eionvon kal SIuSPIKA GOUHApIKA GOPHOTEPOAN 6 HIKPOYPApHApIa/elonvon.
‘Ex8oxa: Aaktddn povoiidpikh 730 pikpoypappdplia avd Séon.

Symbicort® Turbuhaler® 320 pg/9pg /eronvon, kévis yia eionvon.

KdBe eionvedpevn 86on (Snhadn n §6on nou aneAeuBepvetal and To ENICTOHIO Ts CUCKEUNS) NePIEXE:

Boudeoovidn 320 pikpoypappdpia/eionvon Kal SIuSpIKA pOUHapIKh popHOTEPOAN 9 pikpoypappdpia/eioTvon.

Ké&@e petpolpevn 86on nepiéxer: Boudeoovidn 400 pikpoypappdpia/eionvon kal SIuSpIKA Goupapikn GpoppotepdAn 12 pikpoypappdpia/eionvon.
‘Ex&oxa: Aaktédn povoiidpikn 491 pikpoypappdpia ava &éon.

lNa nepioodtepes nAnpoopies, napakalolpe va aneubuvBeite otnv etaipeia AstraZeneca

Symbicort

Oeotokonoulou 4 & Actpovautwy, 151 25 Mapouai, Tnh.: 210 68 71 500, Fax: 210 68 59 195,

AstraZeneca 2 Trik. Mapayyehicv: 210 55 96 970-2, Fax: 210 55 96 973, www.astrazeneca.gr

HM.AHE: 03.15

SYM/00129/1/0313
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TOV ETALPEIWV:

o ABAnuiatpixi) EAAado¢
o Avorag
o Akadnpia Avriyipaveng
o Mhiafnitn, MetaBoAkov
Zuvdpopov kat Mayveapkiag
© EAAnvikii¢ Aratpopoloytki¢
® larpikin¢ MeveTikng
© EAApvikii¢ Mateutiki¢ kat l'uvatkohoyiki¢
© EAAqvikii¢ Oupoloytki¢
© EAAnvikii¢ Qappakevtikig
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