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“There is plenty of room at the bottom”

Richard P. Feynman
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NPONOTOE

H mopovoa dumhopotikn epyocia pe titho «To&wdmta Navocopotidiovy»
exkmovOnke oe ovvepyacia g Zyong Xnukov Mnyovikov, Topéag Emotiung kot
Teyvucne tov Yhkov (Touéag III) pe 1o epyactpio SOL-GEL tov Ivotitovtov
Emomung YAwkov E.K.E.®.E Anuokprroc.

[Ipoto am’ 6Aovg Ba Mbera va evyapiomom tov emPrénovra Kabnynty K. A.
Xoptridn v v eumotochvn mov pov £9€1Ee avafETovtog Hov €va Kovovpylo Kot
dvokoAo 0Oépa o ToyKOOUO EMimEdO KOOMDS Kot TNV EPELVNTIKY] TOV Oouddo 1 omoia e
epodince pe TAOVG10 Ko Wtoitepa YpNoo PPAoypapikd LAIKO.

Eniong, 6o n0eha va evyopiomom v Ap. EvBouiddov EAEvn, 1 onola epydleton mg
HETAOIOOKTOPIKY gpguviTplo. oto  gpyaotiplo SOL-GEL, yio v emwovpia g
OmMAOUATIKNG gpyociog, TiG 010pODcEC 010 KEelpeEVo Ko TNV mopoyr] OedoUEVOV Ao
TPOYEVEGTEPO TEWPAUATO TOV EPYOUCTNPIOV.

Emniéov, 6o Beha va evyopiotiom tov vrevbuvo tov gpyactnpiov SOL-GEL oto
E.K.E.®.E «Anuokprrog» Epguovnm A’ k. I'. Kopda.

Evyapiotod Oeppd kon ta vmoOrowma péEAN g tpiperng emtponng (Kabnynm 1. Ziopo
kol Aéktopa A. Kapavtdvn) yio TV COUUETOYN TOVS GTNV EMLTPOTI Kot TO. GYOALH TOVG.

Téhog, 0o 110ELa VO EVYOPLOTOM TNV OLKOYEVELD, POV KOl YEVIKOTEPOD OALOVS 6G0VG
HE oTNPLEAY GTIS OVGKOAIES TOV TOPOVOLACTNKAV KATA TN OLAPKELD TNG TEAELTALOG
L0V K01 7TL0 GUOVTIKIS EPYOAGLOS YO TNV GTOKTI|GT] TOV TTVYi0V.
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EPNHA

2T0%0C OVTNG TNG OWMAMUOTIKAG epyociog e€lvar m diepedvnon twv, UEXPL TMOPO,
YVOOTOV TOPAYOVI®OV OV SETOVV TNV TOEIKOTNTO TOV VOVOUAIK®OV KOl HETATPETOVV
AVEVEPYQ VAIKA Oe GKPOC EMKivOuva VAKA Yoo Tov GvBpomo kot 10 mepPdAlov
YeEVIKOTEPX, UE TO UOVO TO 0Toio aAAACEL va elvan TovAdylotov 1 pe Tovg dudotact. H
ONUOVTIKOTEPT ouTio Y10 aVTO, amoTeEAEL TO YEYOVOG OTL GTN VAVOKAMpoko Kupiopyo poro
oTNV EMEENYNOT TOV PAVOUEVAOV TTOV AAUPAVOLY YDpa EXEL N KPAVTOUNYOVIKT QLGIKT Kot
o1  KAaookn euoikn. 'Etot, 6t péypt otiypng pmopovoe vo BempnBel dedopévo, mpémet
va tefel Eava vd depedivnon. Eivar gupémg amodextd 0Tt 01 HOVOOIKES 1010TNTEG TTOV
KEAVOLV TNV YPNON VOVOOAMKAOV TOCO EAKLOTIKY], Yo OAPOPES EPAPUOYEG GE TOIKIAOLG
Touelg, etvar ot 1d1eg mov mpémel va tefohv VIO WIKPOGKOTIO Yio TN SEPEVVNON TMOV
CUVETEL®V OV UTOPOVV Vo €YoV G€ OAa To otkocvotnuato. H cuykekpiuévn epyaciao
neplopionke LOVo 6€ 6,TL APopa AUESOH TOV AvOp®TO YwpPIic va YIvouv QUEGH OVOPOPES Yo
EMITTAOCELS 6TO TEPPAALOV.

Apyikd, TapabETeTe POl KOTYOPLOTOINGN TV VOVOOAMK®V, avdioyo pe tn dt€hevon
Kol TN oVVOEGT TOVG. XT1 GLVEYELD, AVOADOVTOL O UNYOVIGHOT LE TOVG OTTOT0VE UTOPOVV VL
el0éABovy oTovV avBpdTIVO 0pYaVIoUO YEVIKOTEPO KOl OTO E0MTEPIKO TMV KLTTAP®V
€01KOTEPA. XTO OEVTEPO KEPAANL0, YivETOL pio SlEPEVVNON TO TAPAYOVI®OV TOV GLVIO®G
TPocdlopilovior Yoo TOV YOPOKINPIOUO TOV VOVOOAKOV Kol Ol Omoiol Kot €yovv
TPOTAYOVICTIKO POAO OTNV EUPAVION TOEIKAOV GUVETEW®V otov GvBpwmo. Tlapdiinia,
yivetal puo S1aKplon Tev €00V ToEKOTNTOG o€ embountr, OT®G Eivol TEPMTMOELS TOV
VOVOGOUOTION YPNCYLOTOI0VVTOL Y10l ITPIKOVG OKOTOVG 6TV €Ay 060eVELDV, Kot Un
emBount). ‘Etor dev Ba  pmopovoav va unv  ovoeepbBovv Kot ot TpOTOl OV
YPNOYLOTOOVVTAL Y10 TNV UETPIOGT 1 GTOYEVGT OVTAOV TOV GUVETELDV Y10l TEPUTTMGELS TOV
oyetilovtal e T ¥PNON VOVOCOUTIOIMV ¢ OepamenTikn aywyn Yoo dtapopes achéveleg
OT®OC oVt TOV OPOpOV OV Kopkivov. Teleidvovtog To OeVTEPO  KEPAAMLO
ovykpivovtar ot ddpopec pnéBodol mov vmhpyovv onuepa ywo v afloAdynon g
ToEIKOTNTOG 1] YN TOV VOVOSOUATIOIMV TOV YPNGLOTOI0VVTOL Yo 0epamevTiKés oywyEd.

2t emoOpeva 000 KEQPAAOLO TEPTYPAPNKE 1) TEPALATIKY dLod1Kacio 1OV akoAovONONKe
ywo. Tov in Vitro mpoodiopiopd g toikdmrog vovoseopdv PMMA pe gykleiopévo
avtikopkivikd eapupako (Doxorubicin) o kdTTapa Kopkivov tov pactov. Iapadétete o
TPOTOC GUVOESTG AVTAOV MV VOVOSOUOTOIOV, 1) 1001KAGI0 TOV EYKAEIGLOV TOV QUPUAKOV,
0 YOPOUKTNPIGUAOG TOVG HE SAPOPES TEYVIKNG OVOAVONG OTmG emiong Kot 1 floA0YIKN TOVG
a&loAdynon pe m dwdwacio MTT.

Y10 mopdpnua mov akolovbel, avagépovior ta moykocua mwpoétvma (1SO) mov
VIAPYOVY VTN TN OTIYUN YW TOV TOUED TOV VOVOTE(VOAOYL®V OTMG €MIONG Kol TO
YPNUOTOOOTOVLEVO EVPOTOIKE TPOYPALATA GYETILOUEVA LLE TN VOVOTEXVOAOYIOL KO E101KA
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pe v agoloynon Tov Kwobvev Kol NG ToEKOTNTAG TV vavobAkdv. TEAog,
OLYKPIVOVTOL TOCOTIKA Kot TAPaBETETOL TO TOCOGTO TV EPEVVAOV TOV GyeTiCovTol pE Tal
vavo-aoc@alela (nanosafety) oe ohykpion Le T0 €pELVNTIKO TOGOGTO OV OCYOAEITOL EiTE
LLE TNV KOTOOKEVT] VOVODAIKAOV EI1TE [LE KATO10 KOVOUPYLOL EQAPLOYT TOVS Kot oxoAldovTot
T ATOTEAEGLLOLTOL.

H épevva yo tov Tuyaio Ko pun 6ToYeELOUEVO TPOTO EIGOYMYNG TOV VOVOCOUATIOIMV
otov avBpomvo opyavicpnd 0Bo  ovveyiotel pe v aoddynon oyt udévo TtV
KIVOUVOV/GUVETEL®V OV UTOPEL VO TPOKAAEGOLV OAAG Kot THG TOAvOTNTOC VO AAPEL xDdpa
€va, TETO10 YEYOVOG 1] OKOLOL KO KOO0 oTOYM L.

To&ikoTTor NovoowpuaTidicov

1A



ABSTRACT

Nanotechnology is the first major worldwide research initiative of the 21st century.
Nanotechnologies are general purpose technologies that act as both the basis for
technology solutions across a range of industrial problems or as a nexus for the
convergence of other enabling technologies like biotechnologies, computational sciences,
physical sciences, communication technologies, cognitive sciences, social psychology and
other social sciences. However, there is currently great concern that engineered
nanoparticles may exert unexpected toxicities and pose a threat to human health and the
environment; on the other hand, nanoparticles may be exploited for targeted drug delivery
and could reduce the adverse bystander effects of conventional drugs, including
chemotherapeutic drugs. This thesis’ goal is to determine all the factors that have crucial
role in the appearance of toxicity effects in living organisms due to the use of
nanomaterials. An analytical research of their effect has been made and presented,
followed by a majority of examples and figures in order to better understand not only the
potential consequences of their interactions with human, especially, but also to
comprehend the toxic mechanisms that take place. Also it is provided a full knowledge of
the current status of all the research programs funded by the European Union (FP6 & FP7)
as well as some statistic data that concern the amount of projects regarding nanotoxicity
compared to the number of projects that refer to nanotechnology in general and some
conclusions are following.

In the first chapter it is mostly provided a great piece of information that concern the
categorization of nanomaterials as well as the possible ways of nanomaterials’ entrance in
human organism. In order to understand properly the toxic effects that nanomaterials may
exhibit, it is very important to comprehend first how they entered the human body in the
first place, as this also plays an important role in their toxicity apart from their
physicochemical properties. The possible routes of exposure that have been discussed are
the inhalation, via the skin, through intestinal tract and finally via forced entry for
pharmaceutical uses such as their injection. It is also been analyzed all the possible
mechanisms that a substance may follow to penetrate a cell’s membrane and it is
mentioned which of this is more possible to follow the nanomaterials. This is also
important for the toxicology assessment as it depicts the first interactions between
nanomaterials and cells that will afterwards domain the cells’ fate.

The second chapter is sacrificed in the understanding of all the physicochemical
parameters that toxic effects depend on. Every single property that is known to cause
toxicity is analyzed, providing a great amount of combined information that exists in
various researches. Moreover toxicity it is divided into separate categories; the first refers
to toxic effects that caused by accidentally interactions with nanomaterials and the second
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one refers to controlled toxic effects that are desirable in order to cure diseases like cancer.
So the properties that are mentioned are not only the ones that may cause serious health
problems by accident but also some that many researchers are currently using in order to
fight various types of cancer. It is also presented all the assays that are currently used to
determine the cytotoxicity of such cures with the MTT assay to be analyzed as this one it is
used in the experimental of this thesis.

The two following chapters are related to the experimental procedure that has been
followed in order to determine whether the drug loaded PMMA nanoparticles with
doxorubicin are effective enough for breast cancer cells. The characterization of those
specific nanoparticles is mentioned and the results are presented among with some
conclusions that accrued. Those results concern the optic characterization of nanoparticles,
using the scanning electron microscope and the transmission electron microscope, the
confirmation of nanoparticles’ loading with the anticancer drug doxorubicin, using the infrared
spectrometry, the calculation of drug loading from results of ultraviolet spectrometry and finally
the determination of cytotoxic efficacy via MTT assay.

The last chapter summarizes the above and mentions some conclusions regarding all
those information. As it will be fully understand no one currently could conduct any
definite conclusions about the sophisticated issue of nanotoxicity. The suggested
challenges that need to be addressed are to name but a few the generation of standardized,
validated in vitro assays for nanosafety testing including a set of reference materials; the
establish ex vivo models relevant for the specific routes of administration of
nanomedicines; the development of in silico modeling approaches to predict the biological
and toxicological responses of nanomedicines; the development of an understanding of the
absorption, distribution, metabolism, and excretion of nanomaterials in vivo and the
establishment of a paradigm for the understanding of factors that dictate nanomaterial
interactions with living systems. It is also been referred to personal future objectives for
research that concern this domain.

In the appendixes that follow are presented various tables as extra information to the
above mentioned. Moreover, it has been gathered all the 1SO standards that exist nowadays
concerning the nanothechnology in order to observe the current lack of knowledge and
standardization, something that has to be outreached. In the end, it is presented all the
current EU projects among with some statistic data that refer to them so as to observe that a
few have been done till now and a lot is needed to be done in order to fully understand the
complex issue of nanotoxicity so as to be able to luxuriate all the potential benefits that
nanotechnology can provide us. As Richard P. Feynman says:

”There is plenty of room at the bottom”
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1
Newvoswpaciora

1.1  Ewoayoym

Av kot poMg mpoceata OepeMdOnkay ToALol amd TOVS OPIGUOVG GTN VAVOTEYVOAOYid,
eCacpaMlovtag €tol (o Kown “YAOGG” Yo TNV EMIGTNUOVIKY] Kot TN Propnyovikn
KOWOTNTO, OGOV APOPE TOLG KAVOVIGHOVS Kot TN VopoBesia, moAAlol amd toug 6povg dev
AmOTEAOVV OVGLUCTIKA KATL Kovovpylo. Mot to 2008 kd6bnke 1o mpwto ISO standard
10 07010 emMKEVTIpMOVETAL OTNV évvola TV vavo-aviikeévoy (ISO/TS 27687:2008) evod
énerta. akoAovONoav oepég amd TPOTLMO. TO. OMOloL KOAOWMTOUV TS £VVOlEG OTMG

“vavoteyvoroyia”, “vavokAipaka” kol “vavobdAKd” kot ToAAd Tpdtuma Bpickovior péEypt
kot ofjuepo ved avamtoén (Mapdptnua 1 - Ipdtoma ISO

ILIL. ). Mapdra avtd a&ilel va avapepbel pio cOVIOUN TEPLYPAPn TNG TOPEING TNG
vavoteyvoloyiag amd v apyn HExPL onjuepa, 1 omoia cvvoyiletal oynuatikd oty Ewova
1. TIp®tog o Richard Feynman [1] mpoteve v yevikn 10€a TG vVOVOTEXVOAOYIAG GTNV
nepipnun outhia Tov “There is plenty of room at the bottom” xotd T Sudpkelo g
amovoung tov PpaPeiov Nobel to 1965. Tlapdra owtd, HETE THV EPEVPEST TOV CAPOTIKOD
HUIKPOOKOTIOL onpayyos, yvootd kot ®¢ STM, &vOC oLOTAMATOC OmEKOVIONG Kol
YEPOAYOYNONG OTOU®MV Kot HOpimv, O OCLYKEKPWEVOS Touéag Ppébnke oe omovdaia
eunuepia Kot 6To0 KEVIPO TOL EVOLPEPOVTOC. Ta TPdTA VOVOOAKE TOL avaKaAHEONKay
KOl T0 OTTO10L TOPOVGIALOVY GNLOVTIKY XPNCYOTNTO GE NAEKTPOVIKES EPUPLOYES, AOY® TNG
AYOYOTNTAS TOVS, NTOV TO POVAEPEVIOL KOL Ol VAVOCMOANVEG AvOpaka. XTn cuvExeln To
VOVOCSOUOTIOW GpYIooV vo. €16AYoVTOL Kol G JQOopovg GAAOVE TouElg, AdOY®m ToV
HOVASIKOV Kot TOKiA®v Wothtov mov mapovoidlovv (IMivakag 1), 6mwg eivor yua
TOPASELYHLA 1 100 TNG LETAPOPAS TOEIKMOV PAPUAK®OV TOV Tp®ToEeNyOn t0 1978 amd tov
J.J. Marty kot toug ocvvepydteg tov. Znpepo to. VOVOUAMKG givar MOm HEPOS OPKETMV
TPOIOVTOV gUmopiov, HE YOPAKTNPIOTIKO mapdderypo ta vavooopotidw TiOz, ta omoio
OOTEAOVV GLOTOTIKA Yo Odpopo mpoidvia mepuroinomg, OmmG eivar To AVINALOKA.
E&ioov oa&oonueioto eivar kor 1o yeyovdg Ot Tl TEAEvToion YpOvVio To VOVODAKA
Bpiokoviol GTOV TUPNVO TOV EMGTNUOVIKOV EPEVVAV, TOGO MG TPOG TNV cLVOEST TOVg 6GO
KOl ©OC TTPOG TNV SUVNTIKY YPNoN TOvS Yo mowkileg epapuoyés. Movo otov topén TmV
wTpk®dv gpappoymdv to 2010 ta apbpa mov exddOnkav sivar wepimov 2900 (Ewova 2),
yeyovdg mov amotelel otoryeio OTL mALov M vavoteyvohoyio €lval 01O KEVIPO TOL
EVOLLPEPOVTOC, OVATPEMOVTOG TOAAG GTOtYElD TOV TAPEAOGVTOG Kol ATOTEAMVTOS 16(C Lia
devtepn Propnyoviky emovaotoon. Onwg mapotnpeital kot oty Ewdva 3, 1o evdopépov
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http://www.iso.org/iso/home/store/catalogue_tc/catalogue_detail.htm?csnumber=44278

YL TNV vovoTe)vorloyia 0ev meplopiletal Yemypapikd aAld 00TE Kot OUKOVOLUKE, ov AneOel

vrdyy o0t Baon tov 7%

mhaiciov mpoypdupatog g Evpondikng Eveong (European

Union’s 7th Framework Programme ) éyel eyxpivel, yio 1o étn 2007-2013, t0 7060
xpPNrotoddTong towv 3,45 dioekatopupvpiov € Yoo £PEVVEC GYETIKG UE VOVOETIGTHLLEG,
VAKG Kol TEYVOAOYIEG VENG TOPAY®YNG.

H NovoTtzyvoloyie yiveTol
dnpogiiic ("Engines of
Creation", Eric Drexler)

Navo-svol1aueEca
TPOIOVTE CTNV ayopd

IoTopukr] opikic Tow
Richard Feynman Xpion tov dpov _
(povos pndEv i T "Navoteyvoloyia' i Avaraioyn TV
vavoTEvirio) 1w qopd amwd Tov Norio vovoomiqvav avlpoxa
Taniguchi amrd Tov Sumio Tijima
h 4 v
1960 1970 1990 2000

1980 T T

Emvonon tov ZapoTikod
Mikpookomiov Edfqpayroas (STM)

oamd Tovs H.Rohrer kou G.K.Binnig

Avordiown Tov
POVLEPEVIGV A0 TOVS
R.Smalley, R.C.Curl
kit H. Kroto

I'vaotomoinen Tng

VUVOTEVoLoYios GTO SUpD
wowvd pEom s "Efvikigc
IIpoTofoviiog

Novotgyvoloyies' amd Tnv

Apepikavikn KuBépynon

Evcéva 1 ZVVOTTIK TOPOVGIAGT) IGTOPIKNG avadpopng vavoteyvoroyiog — I'eyovota otabpoi [2].

(a)

Publicaticn Numbers

1813

2 ‘"

Publication Citation

(b)

42857

i

§ B

?§$$§€§§$$§§ EEFYrry 5 § §8888
Years Years

Evcéva 2 ATeKOVIOT] TOL EVILAPEPOVTOG Y1 TNV EPEVVO CYETIKA e Bepameiec, TOL YPNGLLOTOLOVY

vovoblikd, yio to tehevtaio 20 ypovia og, (a) apBpoi dnpociedoewv ko (b) avapopég dnpocievcemwv,
avtiotoyya [27].

O apyéc g vavoteyvoroyiag PBpickovv gpaployés ce OAOVG TOVG TOWELS, amd TNV
NAEKTPOVIKY] UEYPL TNV 10TPIKY, TPOGPEPOVTAS EPOPUOYES TOV UEYPL TPV KOTOIEG
deKoeTieg BepoVVIOV EMOCTNUOVIKY QOVINGIO, LE OPICUEVEG VA OVOPEPOVIOL CTOV
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[Tivakag 1. 'Hon £€yovv apyicel kot €6dyovior VOVOUMKO GE OPKETQ EUTOPEVCILLNL
mpoidvta, O6mwe to mapddeypo tov TIO, mov avaeépbnke mapamdve. Ilapdio ovtd,
TovAdyotov puéxpt o 2009, éva peydio mocoostd Tov TANBLGHOD dev NTAV EVNUEP®UEVO
OYETIKA UE TN VavoTeXVoLoYia, OTmG Tapatnpeitol amd o Adypappa 1.
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A@W 1 Eniyvoon tov kowod oyetikd pe ) vavotexvoloyia. H épsuva Sie&iyon yia to émm 2006,
2007, 2008, 2009 [3].

Ta npdta standards, 6cov agopd v to&koTnTo, HOAMG To 2011 7Apav popen (BA.
[Mapdptnua 1 - [pdToma ISO

ILIL. ) evd dev £xovv S1ELKPIVIOTEL 0KOUA TTO101 aKPPOC Tapdyovteg exnpedlovy v
ToEIKOTNTO KO PE TL TPOTO OM®G emiong Kot Tw¢ ennpedlel 0 TPOTOC Kol O UNYOVIGHOG
gloaymyNs tovg otov avlpomivo opyoviopd. Ipdkertar Aowdv yu éva avoytd medio
£pEVVOG e OAO Kol TEPIGCOTEPO AVEAVOLEVO EVOLIPEPOV GE TAYKOGUIO EMITEDO.

1951 %

30 2% 1%
5%
6% \‘
425
10% ‘
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= Euwropean Union M United States
W Japan W Great China M Japan Great China
M Russia M South Korea
W South Korea Taiwan W Taiwan India
M India W Singapore W Switzerland B Canada
Singapore Israel
M Israel Others M Australia W Others

Asian View

Global Wiew

Eucéva 3 Moaykoopio kova EKS00NG ETICTUOVIKOVY ApBpmv oyeTikd pe T vovoteyvoloyia [2].
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Nivascas 1 Ieproyée epapuoydv g vavoteyvoroyiag [37].

Topeig

Avtokvntofiopnyavio

Eqappoyég

Elaopiég katackevés, KataAnTes, fagr, EAACTIKA,
e PES, TPOPLAAKTIPES

Koataockevég

YAkd, povmon, ETKIADYEL ETIPAVEIDY,
acPectokoviapo, ETPBPASLVTIKG PMOTIAG

Hlextpovika

Kapteg pvnung, 006vec, omtikég iveg, diodot laser,
ONTIKOL SIKOTTES, GIATPA, OYDYLUEG ETIKOAVWELS,
OVTIOTOTIKES EMKOADYELS, transistors

Mnyovikn

[poctatevtikég eMKOAVWELS Yo epYOreia, PUNYOVES,
POVAELAY AVED MTOVTIKOV

Tpooya

Yvokevacio, a1eOnTpes Yo didpkelo amodnkevong,
TpocOeTaL

latpwn|

ZUeTHUOTO LETOPOPES POPULAK®V, CKIOYPUPLKO,
Yp1Yopa ovothuata EAEYYOL, TPOGHETH Kot
ELEUTEDUOTA, SOYVOOTIKG cvoThpaTo. in Vivo

Klowotobpavrovpyia

“g&omva” povya (avTlapOTIKA, OVTIIoTAOT G
Aekédec, Edeyyo Oepokpaciog)

Xnpucd

[Minpotkd yio xpopote, cHvieta VAIKE, UmoTIon
YOPTION, KOAAES, LayVITIKG pELOTH

KoaAlvvtikd,

Avinhokd, KpELES, 000VIOMAGTES

Evépyewa

HMokég xoyéhes, pratopies, koyéleg Kavaipov,
TUKVOTEG

[ep1drrov

AcOntpeg 1o KDV, TpAcIYN YNUEid,
OTOKOTAGTOON E6GPOVG KOl VTOYEI®V VOAT®V

ABMTIopdg

Paxéteg tévvig, pmoddxio T€vvic, avTidoAmTIKEG
EMKOADWYELS Y10 YOOAA

2TPpOTIOTIKOS

AleEiopoipn TpooTocio, VAUKG EE0VIETEPMONG
ANUKOV OTADV

2T VIogvOTNTEG TOL  akoAovBovv Ba

avantoyfobv ot kartnyopleg o©Tlg omoieg

Ta&vOHOVVTOL TO VOVOCOUOTIOW, Mot GUYKEKPUEVT Katnyopio vavOUAMKAOV, Ot TPOTOL
EIGAYMYNG TOVG GTOV avVOPOTIVO 0PYOVIGHO KAOMDS KOl Ol UNXOVIGUOT E10AY®OYNG TOVG Ol
omoiot Aapfdvouy ympa, eite aveEéleykta Kol Le TUYai0 TPOTO €iTE e YOPNYNOT TOLGS Yo

WTPIKOVG GKOTOVG,.
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1.2  Kotnyopisg vavocopatidimv

Ta vavocouatiow, 6cov agopd Tn MUK Toug GOGTACT WTOPEL Vo Eival opyavikd, OTmG Ta
devdpiuepn M GAAa ToALUEPIKE VOVOoOUATIOW, avopyova, OTMG EVOL TO VOVOCOUATIOW PUGOoD
Kol Yevikd ocopotidn ofediov PETOAA®Y 1 UETOAMKOV 1OVI®V UE TOLAAYICTOV TN U0 TOLG
didotaon ot vovokAipoko [11] 7 kot ta 600, TOPUSEYHOTOC APV VOVOCMUOTIOW ¥PLGOD
emKoAvupuéve  pe Kamolo molvpepéc. Ta ovopyava voavocopatioww cvvibmg ocuvtifevton
YPNOYOTOLDVTAG TEYVIKEC OmmG mupmvomoinon (nucleation) kot oTpoTNyKES eAeyyOueEVNS
avantuéng (arrested growth) oe éva didivpa [21].

Ocov agopd ™V 7Ny TPoEAEVONG TOVG, TO SLOKPIVOLUE OTIC TAUPUKATM KOTNYOPIES: PLGIKG
(natural), avBpomoyevr, (anthropogenic) kol cvvBeticd (man- made or artificial). Avéloyo pe to
TPOG WUEAETN OVTIKEILEVO UTOPEL VO, DOIGTAVTOL TEPULTEP® KATIYOPLOTOINGN OTMG Y10 Topadetyuo,
To. GUVOETIKG UmOopOoVY Vo SloKPIOODY GE OPYOVIKG 1| OVOPYOVO, TO OVOPYOVOL VAVOC®UOTIOLW,
avAAOya LE TN LOPPT TOVE GTO YMDPO, GE VOVOGMANVES, VOVOGUPLOTO, POVAEPEVIO, VOVOCPUIPES
KTA. XTIG €MOUEVEG LIOEVOTNTEG O YIVEL GVOAVLTIKY TEPLYPAPT] TOV KOTNYOPLOV WE 1010{TEPN
éupaorn ota ouvleTikd vavocouatiow Kabmdg avTtd TOPOLGLALoVV TEPIGGOTEPO TEYVOAOYIKO
EVOLOPEPOV.

[ Environmental Nanoparticles ]

l

' I

Natural Nanoparticles ‘ ‘ Engineered Nanoparticles |
l l l =
Atmospheric Terrestrial Aquatic Unintentional Intentional
[ Inorganic (e.g. volcanic ash) ] Wear & Corrosion Prodicts [ Carbonaceous NPs (¢.g, SWCNTs)
i i 5 Metal Oxides (e.g. Zn0, Ti0:
Inorganic LOrgamc Wast & Canbustion P ]{ (e 200, Ti0) r
[ Semiconductor Mateials (e, QD)
—‘[ Silicates (e.g. clay, mica) _’[ Macromolecules (e.g. HAs) ]
[ Zero-Valent Meals
—*' Oxides/Hydrosides (¢, MaO)
_’[ Bio-colloids (¢.¢. Bacteria) ]

[Nwlymers (g dendrimers) ]‘—

_’[ Phosphates

—’[ Metal Sulphides (e, Z0S)

)
)
_’[ okt ] _’[Ccllulardebtis J
)
1

Eucéve § Kotyopieg vavosopatidiov mov fpickovrar oo mepipdirov [38].

To&iotyTor Novvoowpatidicov

s



1.2.1 ®vowé Navocopartiowe (Natural nanoparticles)

g T TV KATNyopio. OVIKOLV T TPMTO GMOUATIOW VAVO-KAILAKOS e TO. ool £xEl
épbel og emagn o avOpwmog Kot T0 PLoIKO mEPPdALov. ‘Eyovuv w¢ mnyn mpoélevong
evon kat dev €xel vapéel avOpomivn mapéuPacn oty dnuovpyia tovg [4]. Mapdyovron
amd QLoIKEG Oladikacieg O €lval Ol EOTOYMUIKEG OvTIOPAscELS, M Ofpwon, ot
NEAICTEWKEG EKPNEELS, OL TVPKAYIES, KTA. L€ QTN TNV KOTNYOpio VKoLV Kol 0PIGUEVOL
pikpoopyavicpol 6mwg ot 10t (10-400 nm) ko opiopéva Paxmpla (30 nm-700 um), cov
avTa G ova S [24].

e mepintwon mov lomvevcsBovv, enedn Aoym peyEBovg 1 pvikn KOO TN To adVVATEL VoL
TO. CLYKPOTNOEL, Mmopel va @OTAcGOLV KOl Vo PPAEOVV TIC TVELUOVIKES KLWEAMOES
TPOKAADVTOG OVGUEVEIS emMTOGES otV vyeio. E1dwkd amd v Propnyovikn eroavictoon
Kol HETd, OOV 01 Kavcels ovéiinkav katd mToAd Adym ™G Plopmnyovikng dpactnplotnTog
oV avOpdnov [6] kot ™V 6Ao Kol TEPIGGATEPO JAOEGOUEV YPTOT] TOV OWTOKIVATOV, Ol
EMITAOCELS APYIoOV VO Yivovtol o oacntéc mpoKaAdvTag TNV avnovyic. ATOTEAEGLLO
OL®V avtdV givol n dNUovpYio Lo VENS KOTYopiag Vavoo®UaTdimy, 1 omoio cupuPdiiet
otV emPdpovvon ToL AVOPOTIVOL OPYOVIGHOV, T®V OVOPOTOYEVOV VOVOCSHUOTIOIWV
(anthropogenic nanoparticles).

e >

ancbactena

Evcéva S Opyaviopol 1 Tapayoueva 6Teped amoppipiata Tous 6€ vovokAipaka. o) eiéva and TEM tov

Baxtnpiov Aquaspirillum magnetotacticum, B) ewova amd SEM doropikod mopttiov, y) ewovo and SEM
Baxtnplopdywv, 8) eikovo and SEM “crnopidv” tov Baxtnpiov Bacillus anthracis, €) swova amd SEM
KoAépyetog Paktnpiov, ot) yopllopeve Paktiplo emKoAUPEVE HE TPLYOEdNG dvm otpdua [25].

1.2.2 AvOponoyevii Navoocopatiowe (Anthropogenic nanoparticles)

Onwg mpoavaeépbnke, oe avT) TNV KOTNYOpiot aviKOuV T VOVOCSOUATIOW T omoio
amotehoOV Kuping (mopa)mpoidvia KadoNG Kol 1) TOPAY®YH TOVG OQEIlETOL OTNV
Bropunyovikn dpactnpOTNTa ToV AVOPOTOL OGS ival 01 GLYKOAANGCELS 1 Ol GTIAPADGELS.
Yeg ovt) Vv Koatnyopio Bo pmopovcav vo coumepiineBodv kol to copatid TOv
TPOEPYOVTOL OO PUNYAVEG ECOTEPIKNG KAVGNG TETPEAAiOV 1 Ttopaydywv Tov [4]. Ewdud ta
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Kavoaépla mov mapdyovtor amd kavorn diesel 1 Peviivng amotehovv TV KVpPLOL TNYY
ATHOCQUIPIKMOV VAVO- Kol WKPO-COUATIOIMV 08 aoTIKEG TePoyEg (Ta TEPIOCOTEPQ
ocOMOTIO OV ekTEPTOVTAL OO pnyovég kavong diesel kopaivovtor oty weproyn 20-130
nm v oVt 1oV TapdyovTol and Tovg Pevivokivnmpeg oty mteployn 20-60 nm) [24].

Evcéva € [Mopaywyn kKowcoepiav (oTo omoio epnepiéyovral copatidie g taéng Tov 20-60 nm) ard
BevQvokwvnthpeg.

Ye ot TNV Katnyopiot OVAKOLV EMONG KOl TO COUATIOW OV TOPAyovTol omod
E0MTEPIKEG OPACTNPLOTNTEG OGS ivan Kavoelg (kepid, LKL, KTA), KATVIOUO, LoyEipEua,
KTA [24]. Ztov mivaka 2 @aivoviolr Oplopéva TOPUSEIYHOTO TPOELEVGNG PUOIKOV KOl
avOpoTOYEVOV VOvosmOUaTinV, eved oTov Tivoka 3 mopovcstaloviol KATOlES amd Tig
OVOUEVEIC EMMTAOGELS TOL OVVATAL VO TPOKOAEGOVY GTNV ovOp®OTIVY VYEia.

MNvscas 2 Mepikég and Tig pLoikég kot avOpomoyeveis Tnyés vavoowpotidiov [6].

AvOpomoyevi] (Anthropogenic)

®vowa (Natural) Axovola Ex mpoBécemg
Metatpont| agpiov og copotidw Mnyavég E0OTEPIKNG Ko Mérarha, Avbparos,
pomn azp H TKOVES plics Kanoms Tlohvpepn], Huayoyot, kA
T Kiipavor Navo-o'(pmps,g, NavocwAnveg,
Navo-cOpparta, KTA.
Hoaiotewo ZUYKOAMCELS E)leyyopevov peyéboug &
Toi H)extpucég pnyoveg OYNHOTOG, CYEOLOCLEVO, Y10L
M id1a (<100 /
mpoamum]:biépa) T evepya Avobopudoeig GLYKEKPLEV AgLTovpYin
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Nivarcas 3 2o potdtoKd oyeTi{Opeveg SUCHEVEIS EMMTMOGELS TNV VYeia eEattiag CUUPATIKOY COUATISIOV.

Avopeveic Ematoosig

Zopotidw

AvVOmTVEVGTIKEG "EE®-0vomveLeTIKEG
Apiavrog Evdidpeon tvoon, Bpoyyoyevég KopKivopa, - . .
(Asbestos) TALLPIKO pecodnhiopa, mevpiky ivwon, Teprrovaii pecobmhiopa , avtodveon

. . acOévela.
TAEVPIKES TANYEG,

Xohraliog Koppoong ivoon, acbévelo pukpodv aepaymyodv, Aviobvaon aoBveln.

(Quartz) Bpoyyoyevés kapkivopa, TAeVpIKn voon.
Awwpodpeva Avénpévog kivouvog yio Kapkivo Tov
Topotiow TVELUOVOV
(PMyy) TMopo&ivoes me COPD® Odvarot kot voonAeieg Yo Kapduryyelokeg

i acOévelec.
Avdantoén COPD

Iapo&iveoeig dobuatog

Znuelwoeig:
(@) COPD = Xpovia Amogppaxtikii AcGéveia tov Avarvevotikod Zvotiuazroc (Chronic Obstructive Pulmonary Disease)
ITnyn: Donaldson et al. (2009)

1.2.3 XouvOetikd Navooopariown (Engineered nanoparticles)

Y auTi TNV KOTNYopio. OViKOLV T VOVOCMUOTIOW To 0oio. oroTeEAOVV TpoidvTol
KOTOOKELNG TOV avOpdmov, 0ev amoTeEAOVV ONANOTN TOPATPOTIOVIO TV dPACTNPIOTHTOV
Tov. 2uvifwg TapdyovTon pe d1adKacieg omd KATM TPog Ta mive (bottom-up) 1 amd Thve
pog T KAt (top-down) dmwg eivor n evandBeon atpmv (vapor deposition), n cvvBeon
vypNg eaong (liquid phase synthesis) kat 1 avtd-opydvmon (self-assembly) [5]. ‘Exovv 660
TO SVVOATOV TO GLUYKEKPIUEVT PUCTIKOYNUKT GUVOEST] Kol SO, OVAAOYOL LLE TNV EPOUPLOYN
Yo TV omoia Tpocdopilovtal, pe OKOTO TNV EKUETAAAELON 1WOI0THTOV KOl AEITOVPYIDOV
oLVOEOEVES e TIG dlaoTdoelg Toug [15].

Physical methods:
*Photolitography
*Laser-beam processing
*Mechanical techniques
(grinding and polishing)

0.1 nm 1nm 10nm 100 nm tuym 10pm 100pm 1 mm

_—_— ]

Wet chemical methods:
+Organic synthesis
*Self assembly
*Colloidal aggregation

Eucéval Anod novo Tpog T Katw (top-down) kot amd kKdtw mpog Ta wéve (bottom-up)

oTpaTyikéc ovvOeong vovoswpatidiov [34].
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Bottom-up Top-down

SN N

Xnuikh THveeot AvTo-0pyivesn  Kafopiopoc Oéomc ABoypaoia Is}l“?ﬂ“ué@s eyLapudn,
# i # slovon
ToUoTidt Kpootoihot, [ewpopatké ¢ . . )
. . % b HA y
e Mot mowsho o Spsenswmon
¢ l Hoplokég SoTaieg ¢ ] ue axp ¢
Katovrieg 066veg Chip YymAng TotdnTog otk
Tpoobeta VIOAOVIGTOV, KATOTTPU
KOGV MEMS

Evcéva 8 Xpnon tov texvikmv bottom-up kot top-downotnv Popnyavia [Royal academy of engineering].

H mopayoyn kot ypnon VovOOAIK®V £yKemal oOTlg HOVAOIKEG 1O10TNTEC 7OV
TOPOVGLALOVV TO VAIKE avtd A0ym g avénuévng eddttmong tov peyéfoug toug. H edwm
EMPAVELD TOVG ova povada palog etvarl peyaldtepn 6€ GUYKPION UE TO DAIKA OYKOL Yo
avtod Ko Tor vovoiAkd stvon eEoupetikd mo opaotikd. o mapdderypo, av cuykpivovpe
pikpooopatidw avipaka pe dwapetpo 60 um to omoia Exovv pala 0,3 pg kol empdvelo
0,01 mm? pe dwog palog vavosmouatidlokng popeng avlpaka, kabéva pe dtapetpo 60 nm,
To. Tehevtoia €yovv empdveln 11,3 mm’® kot amotehovvron and 1x10° VAVOGOUOTIOW.
[Mapanpeital, Aowmwdv 6Tt N1 avahoyio ™G eMEAVELNG ava povado Oykov 1 naloc v to
copatiow pe diapetpo 60 nm givar 1000 @opég peyoldtepn and To GOUOTIOW e SIAUETPO
60 um. Avt 1 oOYKpPLEN EaiveTOl KOADTEP GTNV €KOVA 9, TOL AKOAOVLOEL.

1 MICroparncie 1 MImon parucies 1 DEON NANOPAINICIeS
60 um diameter 600 nm diameter 60 nm diameter
Human hair (size of human hair)

Evncova 9 ZyNUOTIKH ovoTapaoTacT) eV Likpoompatidiov pe diduetpo 60 um, tepimov oto péyedog piog

avOpdmvg Tpixas Ommg Paivetal 6Ta oploTePd 6e KAMULOKO, Kot TOVL aplfpod Tov coUatdimv pe SIoETpous
600 ko 60 NM o omoia Eyovv v 0o pala pe o pikpooopatido (60 um) [25].
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‘Etol, mopdAo mov 1 ynuikny oOCTOON TOPAUEVEL KOWN HE TO VAIKA OyKov,
HETARAAAOVTAL OPKETA SLAPOPES 1O1OTNTES TOVG. ['EViKA, dVO KLPIOS TAPAYOVTEG KAVOLV TO
VOVOOAIKA Vo SlopEPOVY OO TOL VAIKE OYKOL: TO. EMIPAVELOKG POIVOUEVA, TO. OTOL0
TPOKOAODV TNV KAMUAK®ON ToV WTTtov efotiog Tov KAUCUAT®OV aTtOpOV oTNnv
EMPAVELD TOVG KO TO KPOVTIKG Qarvoueve, €50ITIOC TMV OTOIMV VITAPYEL 0L AGVVEXELD
0Tl GUUTEPLPOPE TOV VAKOV AOY® TV HETOTOTILONEVOV NAEKTpOVioV Tovg [25]. Adym
TOV TAPOTAVE PPIoKOVV TOIKIAEG €QPAPUOYEG GE S1APOPOVS TOUELG OTTMG 1 VAN yEia 1 N
TPk, OpOVTIONG ®OC KOTUADTEG, OTPOUOTO ETKAALYNG 1 QOPElc QopUAK®V, Yo
napddeypa. Znpepa vdpyovv >1000 TpoidvTo TOV TEPLEYOVV VOVOSOUOTIOW, OTOS OVTA
TOL XPVGoYv, TOL Aoy, Tov dvBpaka, Tov Titaviov 1)/kal Tov mupttiov. Ot cOyypoveg
EQUPUOYEG TOVG KaOMDG Ko dAAES o1 omoiec mpoPAémovtar oto péAlov PBocilovtol oTig
NAEKTPOUOYVNTIKES, KOTOALTIKES, (QUPUOKOKIVITIKEG KOl  QUOIKOYMMWKES  (oxopyia,
ueiwon tov PAPove Kot avtoyn o€ apvyES ) 110TNTEG TOVG [5].

Eme1on n ovykexpipévn katnyopia €ivor ovt mov mapovctdlel 101aiTePo EVOLUPEPOV
AOY® TOV OTL Ypnolonoteital, 1| kaAvtepa Ba ypnoomombet evpémwe ta emopueva YpOVIQL,
aeov VT OLVOTOL VO KOTOOKEVAOTEL LUE GULYKEKPUEVES, EAEYYOUEVES 1010TNTEG KoL
YOPOKTNPLOTIKE omd tov avOpowmo, aliler va avaeepBodv ot kotnyopieg oTig omoieg
dwakpiverar pe Paon t eHon Tov vavoocopatdiov. H idia didkpion Ba propotvce va yivel
Kol oTIC AALEC katnyopieg (puokd kol avOpwomoyev] vavooouatiow) aAid to ev Adym
Kelpevo eoTidlel oV KOTNYopic T®V GLVOETIKOV VOVOCOUOTIOIMV.

Me Bdon t gvomn Tovg, Aomdv, To. GLVOETIKE VAVOSOUATIOW S10KPIVOVTAL GE 0PYOVIKGL,
avopyava (1 un opyovikd) Kot BloAoyikd.

White blood cell
10,000 nm
Cell Membrane bilayer

5nm / e
Singlewalled . ’

carbon ! Multiwalled
nanotubes carbon
nanotubes
2-50nm

Copper atom

0.2nm

Hydrogen
atom

Hemoglobin

Y _ 5 r?m Sheet of Paper
DNA helix Influenza and HIV Viruses 100,000 nm

Water ~ Goldatom ~ 2nm 100-120 nm

0.3nm

molecule
0.13nm

Eucéva 10 To néyeog Kol To oYNHe GUVOETIKOV VOVOSOUATISIOV GUYKPIVOUEVD e TTLO YV®oTd VAKE [5].
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¥ Buroloyika Navoocwpuariowa (Biological Nanoparticles)

H ¥éa yio v ypnomn vavocopoatwdiov yio Bepoamevutikovg okomovg (Oepameio pe
eappaka M yovidlokn Oepameia), eivor mbavd va Eexivinoe amd TV TOpATHPNON TOV
Broroywkmv voavocopatdiov. O avlpomog, avtd mov mpoomabel va KAVEL PHEC® TNG
TeXvorOYiag etvat va pipmBet Ty HoN Kol TOVG UNYOVIGHOVS TG KABMS EYEL amodeLyTel e
TOV ¥povo 0Tt givar Witepa amotedespatikol. 'ETol, mopatnp®dvtag Toug 100 Kol T0 TMG
umopoHV va. ovTaAAAEOVY YEVETIKO DAMKO LE TOL KUTTOPO TOV EEVIGTH OPYOVIGHOD OpKOVGE
v vo yevvn et n 1déa TG pNoNS Tovg Yo EAEYYOUEVO TOPA OO TOV AVOPOTO OVTOAANYT|
YEVETIKOV VAIKOV (Yovidlakn Oepameia). Xtnv wpdén, Opmg anodeiytnke O6TL 1 ¥pNon v
nmpoevel duvnTikd apkeTd TpoPAuate Kabdg EvEPYOTMOOVVIOL Ol UNYAVICHOl TOV
OVOCOTIOMTIKOD GLGTNUOTOC UE OMOTEAEGUO O TPOTOTOUMUEVOS 10G VO LNV KATOPEPVEL
TévTo vo. PTAcEL 6T0 oTOY0 Tov. OmMOTE Apyloe va yiveron avaykoio 1 dpeon GAA®V
TPOTTWV Yo TNV emiTELEN TOV 110V AMOTEAEGUOTOG LE TNV TTEpimTwon ypnong wv. Etot, ta
teAevtaio ypovia, yivovtor PEAETEC Yy TN YPNON TOV 0V0 GAAM®V KATNYOPLDV: TV
avOPYOVOV KOl TOV OPYOVIK®OV VOVOGOUOTIOIWV, TOAAEG (opég cuvovdlovids to pe
BloAloywd vavocouatidle Omm¢ eivar dpopeg mpwTEIVEG, TO OMOloL VOl HEV OEV
TapoVc1dlovy T0G0 PEYAAN amdd0on OTMG 01 101 OU®G eppavilovy yaunAdtepn toikdOTNnTo
Kol propovv va “kpvfovion” and ta poyokvtrapa. EmmAéov, Le TPOTOTOMGEIS LITOpOvV
va emrdyovv e&icov Kahd amotelécparta Oepaneiog e TOVG 100G,

Ao BroAoyikd couatidle, €kTog amd Tovg 10ve, eivar ta Amocopota, o DNA, ot
eeppitivec, Tt KOoAAOEWN ocouotidle (micelles), ta dwpopa €idn RNA, «xtA. evod
YPNOWOTOWVVTOL KOl TPOTEIVEG 1 OUvOEED Yoo emKAALYT, ovvnbwe avopyovmv
VAVOSOUOTIOIOV, He 6TOY0 TNV avénomn g PlocupuPatdtnTog Toug Kot TNV omopuyn NG
aVOYVOPIoNG Kol OTOUAKPLVOTNG TOLG Omd TO HOKPOPAYO Kol To GAAO KOTTOPO TOV
OVOGOTIONTIKOV GLUGTY|LLATOC,.

% Opyavikd Navocouariola (Organic Nanoparticles)

Xe ot TNV Katnyopio, OMMC YIVETOL KOTOVONTO, OVIIKOUV TO OPYOVIKNG (UGEMG
vavooouotiow. Avtd mov mopovcsldlovy 1010iTEPO  EVOLOPEPOV, EOIKO GE OTPIKESG
EQOPUOYEG €lval TO AMITOCOUATO, OIPOPO YOAUKTOUOTO, TO OEVOPUEPN Kol GAAM
TOAVUEPIKE VAvOsOUOTIO. XPNoHomolovvTal Katd KOpo Adyo ywoo TNV emkdAvym
avopyavev vavo- 1 PKpo-copaTidiov 1 oKOUo Kol Yol TOV €YKAEIGUO QUPUAK®OV Yol
GTOYEVUEVT] LETAPOPA TOVS GE KOTTUPA-GTOYOVG.

% Avépyava (i un opyoavika) Navocwuarziola (Inorganic Nanoparticles)

[Ipdxerran v vavocopatido petdriwv 1 o&ewiov toug. H cvykekpyévn katnyopia
Bplokel epappoyég oe dSAPOpovs TopElG AOY® TOV HOVASIKOV NAEKTPIK®V, LOYVNTIKOV,
OTTIK®V KTA. W10THTO®V TOL TAPoLGIILOVY GE GYEON UE TO. LAWKA Oykov omd ta omoio
TPOEPYOVTOL.

Mo ovtd t0 AOym to televtaio ypdvia EYovv Yivel OPKETEC EPELVEC Ol OTOlEG
EKUETOAAEDOVTOL KATOlEG amd aLTEG TIS O0TNTEG GE OWIPOPES 1OTPIKEG EPOUPLOYES.
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JUYKEKPYEVO, TO OVOPYOVO VOVOCOUOTIOW UTOpovV vo, ¥pNolomombovy yo v
emitevln eAeYYOUEVIG KOl OTOYELOUEVNG QOPUOKEVTIKNG OBepameiag. HOm €xovv yivel
avaPOPES 1oL YP1oMN 0EEBTOV d0POPOV HETOAAWDV, POPE®V S1OPOP®V PAPUAK®OV TO OTTOT0!
katevBovovror pe ™ Pondewd 1GYLPOV HAYVNTIKOL TESIOL GE GLYKEKPUEVO OMUEin
(k0tTapa) oto copa. AAleg uébodot Bepameiag pe T ¥PNON AVOPYOVOV VOVOCOUOTIOIMV
etvat, O6TwG @aivovtar kot otnv €wovo 11, n vrepbeppia, n yovidiakn Oepameio kot M
QmTodVVaLKT Bepameia.

YrmoPonfovuswm popmtikyy Metogopd/Axshsvdipoom  Towdima) pubuiom

Bepomeio
Oepuuxn) extoLm ‘ ’ Soroduvauna

(thermal ablation?' h Oepomcia

..........

Koprivikd xitrapo
(Tumor cell )

‘95 02 e ’Huprrva

(Nucleus) %‘\M

g_,l\'m'ocmpmifn@ Ezwaveio 'éa.pumco » Ocppucd % Aisyspon

d)
S )
.

Mz smtkoduym omotEhscua
Mzco # Kurropicog wooqRNAs aw— Laser NIR % $or0-
GTOyELGNG vroSoyiac svatctmromommic

Evcéve 11 Yndpyovta idn Oepanciog pe t yprion vovocopatdiov [27].

Emniéov, ekt0¢ amd tovg 016popovg TpoOTovg Bepameiog, 1 cLYKEKPYEVN Katnyopia
Bpiokel epappoyég kol 6t d1dyvoon oapopwv acbeveldy. TEToleg eQaproyES AmoTELOVLY
N amekdvion poyvntikov cvvroviopov (Magnetic Resonance Imaging, MRI), n ypnon
aktivov X, 1 vIoAoYIoTIKY Topoypaeio. cdpmone (computed tomography scans, CT), n
Topoypapio capmong pe ekmounr) molrrpovimv (positron emission tomography scans, PET
), M nayvntikny topoypaeion (MRI), ko np cvvdvalouevn capwon PET/CT [28]. O tpodmog
pe tov omoio cupPaiiovv otn ddyvoon acheveldv umopel vo Yivel KOTOVONTOC HE TO
napaderypa Tov kKPoviikdv onueiov (quantum dots) ta omoia eivon mo poTootabepd Kot
Aopumepd 610 MG o€ GVYKPIoN HE Pappéva opyavikd popla. Avtd €xel ¢ OMOTEAEGULA VO
aviyvevovtal mo gOKoAa. ‘Eva povo voavocopatioo opkel yio vo oviyvevtel Kot va
anegwoviotei [29]. Emopévag, dev mpoo@épovv amhd in situ pebddovg aviyvevong, oAl kot
wWwitepa gvaicOnrtovc.

[Movakew eivor kot 1 ovpufoin TOVG GTOV TOREN TNG YEVETIKNG UNXAVIKNG (tissue
engineering) Kot TNV ovodOUNoT TOV 16TAOV (tissue repair). Xe nepintwon enitevéng telkd
OV 6TOYOV ovToV Ba Exel Avbel €va onuavtikd mpdPAnUa 6cov agopd ™ cvuPatdtnTo
pooyevpatov. Adtg Oa elvar o 1010¢ o O0éktng, o omoiog pe T CLUPOAN TV
vavocopatwiov Ba Ppiokel Bepaneia yopic va yperdletor va vrdkewtol otn dadkacio
™G ovapovng Kot oty affefordtnta Tov anoTEAEGUATOC.
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Téhog, iomg T0 MO CoNUAVTIKO, gival N enitevEn TOL GLVOLACUOD OAMY TV TAPUTAV®D
HE TOV oYEdOUO VAVOGUOTNUAT®V To omoia Oa Tpayuatomoohy Tovtdypova didyvmon
kot Evapén g Bepaneiag yio v cvykekpévn, kébe popd, acOéveia mov e€etdleTar.

1.3 Tpoémor evoay®YNS TOV VOVOGORATIIIMV GTOV 0.vOpAOTIVO 0pYavIGHO

Ievika, evdoelg 7 vAIKA pumopodv va gi6éEABovv otov avBpdmivo opyoavicpo site amd
“Puoikég TOAEC” OTMG TO OEPLLO, TOV YOOTPEVIEPIKO KOl OVOTVELCTIKO GOANVO, OO €K
npoBécewc dwavoun pe éveorn, evooQAEPLo, evdomepttoviokn 1 evéouvikny [8] N and
Katamoon Owokiov N/kar tpoeav. Ocov agopd TIc “@uoikég mOAES” €16000V, TOPATL
amoTEAODV €UMOO0L YO TNV TPOCGTEANCT] TOV VOVOSOUATIOIMV AOY® TOV UNXOVICUOV
apovag mov 01BETovy, Umopel va Unv AEITOVPYNGOVY AMOTEAECUOTIKO EVOVTIOV TOLG Kot
€101 TaL VOVOUAIKA va Tpokorécovy mlavig PAGPeg otov dvOpmmd [20].

Oocov apopd Vv ek Tpobicewg elcaymyn, avaroya pe Tov otdyo/acévela kdbe popd,
TpEMEL va. axkoAovBeital Kot dtopopeTikn diodoc. o mapdderypa, dev Ba ypnoipomombet
moTé eVOOPAEPLa Yopnynon vavocsopotdiov yio Oepaneio kKapkivov tov Tvevudvev yrotl
10 Mo mOavd elval To VOVOCOUOTIOW VO UV OTAGOVV TOTE TOV GTOYO TOVLS OPOV
voiotavtal pHeTAfoMOUd TPAOTNG 01000V GTO GUKMOTL, EVA TOVTOYPOVO UTOPEL va
TPOKOAAEGOVLY  EMMALEOV TPOPANUATO GTOV OPYOVIGHO dedopévov OTL givar dvvnTikd
nratotolikd. ‘Evag akdpa kaboplotikdg mapdyoviag eivor 1 taxdtnto pe tnv omoia gival
emBupntd Vo PTAGOLV GTOV OTOYO T Yopnynbévta copotioln. ZVYKEKPEVA, UE TNV
eVOOQAEPLO Yoprynon N HE T amd TO GTOUN ETMITVYXAVETOL O YPYOPT] CLGTNUOTIKN
ophon e oLYKPION HE TNV EMOEPUIKY. MEypt oTiyung Kopio avaokomnon oev €xel
emkevIpmOel ot cLoYETION HOG TOAVIG ELPEAVIONS TOEIKOTNTOG LE TOV TPOTO EIGAYMOYNG
TOV VOVOOOUOTIOIMV 6ToV avBpdmivo opyoviopd eved Ola to mepdpato SleEdyoviot pe
YOPNYNON OPKETA UEYAANG TOGOTNTOC/OO0NG VAVOCSHOUOTIOIWV LE OKOTO TNV HEAETN T®V
EMOPACE®MY GE GUVIOHO YPOVIKO OoTNUO, KATL TOv OU®G OmEYEl OPKETE amd TNV
npaypoatikotnta. Tic meplocdTEPEG POPES Ol aPVNTIKEG EMOPACELS €ivol omotéleouo
YPOVIOG EIGYOPNONG UIKPDOV OOCEMV VOVOCOUATIOIMY GTOV OpyavIoUd KATL Tov givol
dvokoAo va Oekmepoiwbel mepapatikd. Xty ewovo 12 @oaivovtal, GLVOTTIKE, Ot
KLPLOTEPOL TPOTOL EI0AYMYNG VAVOSOUATIOI®MV 6TOV avOp®dmvo opyavicpd kabdg kot
OPIOUEVO TAEOVEKTILOTOL KO LELOVEKTILLALTO TOVG.
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Evcéva 12 Tpomot yopiynong vavosopotdiov ctov avipdrtvo opyavioud [33].

1.3.1. Méom Tov déppaTog

To dépua dpa ¢ awotNPd cHVOPO AVALESH GTO GOUA Kot TO TEPPAALOV. Agv LIAPYEL
TPOGANYT TOV 0VCIOIMV GToEiOV amd avtd, pe e€aipeon v MAMokn aktvoPfoliio
omoio. givan amapaitntn yo v mapayoyy g Preapivng D [8]. Eivar éva onuavtikd
EUTOO10 TTOV TPOCTATEVEL OO TNV TPOSPOAN Tov TepPdArovtog. TTapdia avtd, AOy® NG
peyaang extebelpnévng emopaveog (tepirov 18,000 cm? ) amotelel TNV KVUPLOL TOAN €1GOO0V
TOV VOVOSOUOTIOImV amd To TEPPAAAOVTA YDPO OTO £0MTEPIKO TOV opyavicuov [9].
Aopeiton o tpia otpdpato/enimeda: v emdeppidon (epidermis), to d€ppa (dermis) kot 1o
Voddplo  otpopa  (subcutaneous layer). To efmtepkd oTpOUE TNG  EMOEPUIONG
(epidermis), mov ovopaleton kepdtvn otifdda (stratum corneum, SC), sivar mepimov 10
um 7ox0 [9], kKoAvmtel oAOKANPO TO €EMTEPIKO TOV CMOWUOTOG, OMOTEAEITAL OO VEKPA
KOTTOPA, 10YVPE KEPUTIVOTOMUEVE, KOAVUUEVO ONAON LE Eva VOPOPOPO GTPOLO ATTdiwV
[13] ko eivor dVoKoAO Vo SLOmTEPAGTEL OO OVTIKEG EVAOGELG 1} SLAVUEV 6TO VEPO pHOpLOL
[10]. Moocotikd, n petatdomon 10 pécw oV dEpUaTog Ba givor mg ek ToHTOL EAGYIOTN T
avOTapKT VIO Kavovikég cuvOnkeg aldd Oo avEavetar o meproyésg evkapyiag (Tinkle et
al. 2003) kot tpavpaTicpol Tov déppratos. AAlote 6t0 déppa (dermis), 1 amoppdenon amd
T1g AEHPOVg gtvor 1 KOpLa 000G PETATOTIONGS, THUVOS SIEVKOAVUEVT] OO OmoppOPNoT amd
To. OEVOPITIKA KVTTapo (epidermis) Kot to pokpo@dyo. Aileg mbovég odol pmopel va
OTOTEAOVV TO TUKVA O1KTLO TNG KLKAOPOPING TOV OiIATOG KOl 01 VELPIKOL Ot peg 610
déppa (dermis) [6].
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Ta neprocdTepa ONAaoTikd €10M KaAOVTTOVTAL OO TPIXES OTO TEPIGGATEPO GNUEID TOV
oopotoc. Emiong n emedveld tov eivar pukpodounpévn oe onuovtikd PBabupd, €xovtag
AETOOTY EUPAVIOT), TOPOLE YIO. TOV WOPMTO KoL AITMOONG 0dEveS. XTo ornueion 0mov
avamTOGoOVTOL To BUAGKIO TV TPLYDV, N KAVOTNTA TOV OEPUOTOS VO AELTOVpYEl Gov
Qparypra S10QEPEL EAAPPDOS od TO “KOVOVIKA” oTtpmdpata TG emdepuidog (epidermis), exel
OnAadn 6mov dev vrdpyel Tétota avanTvEn. AVTO Yivetol KOADTEPO KOTOVONTO OO TO
neipopa. tov  Bennat kou Mbller-Goymman (2000) [9] ot omoiot evamdOBecov
vavoocopatidw TiO; oe avBpdmivo déppo gite cav vdéatikd SdAvpo €ite pe popon
YOAOKTOUOTOG Kol EKTIUMGOV TNV SIEICOVTIKN 1KOVOTNTO ¥PNOoTolmvTag v HEBodo
"tovia amoyouvoong” (tape stripping). Ta amotehéouatd tovg £6eiéav OTL ue T HOPOT|
yoAokTOpotog 1 dieicdvon yiveton oe peyoldtepo Pabog OTmS ko 6Tt eivor peyaAlvtepn ce
TPLYMON TEPLOYT YEYOVOS TO OTO10 VITOONADVEL OTL 1] deicdvon yivetan pécm TV Buiakiov
N tov topwv. O1 TEPICCOTEPEG UEALTEC OV APOPOVV TNV JlEICOVON VKOV HECH GTO
dépua £YOVV EGTIAGEL GTO KATA TOCO PAPLOKE TEPVOLV UECH GTO OEPLLOL YPTOLOTOUDVTOG
SUPOPETIKOVG TYNUATIGLOVS OTTMS YNUIKOVS KOUT copatiow VAIKOV cov “oynuata”. Ta
KLpLOTEPO €10M TETOIWV COUATIOIMY EIvVOL TO AITOCOUOTE, CTEPER e HIKPN OOAVTOTTO
o010 vepd Yo mapdderypo 1o TiOz , cOUATION TOAVUEPDV KOl YOAUKTOUATO COUATIOIWV
TOAD UIKP®V dooTdoewv (HuKpdTEPO TG TAENG TOV WIKPOUETp®V). Kdmowa and avtd ta
glon Ba avaivBobv oce emduevo KEPAAOO. XULVOTTIKG, Omd TNV VRAPYOLSH OALG
nepropiopévn PpMoypoeio oxetikd pe T OEAELOTN TOV VOVOCOUATIOIMV HEGH amd TO
dépua propovv va, deayfovv ta e&Ng cupmepAGLOTaL

1) H deicdvon e€oaptdrar omd to péyebog - TO VOVOCMUOTIOW €YOVV TEPICCOTEPES
mhoavotnteg va e16EABoVY og peyaAlutepov Pabovg oTpduaTH 0E GYEoN UE pEYOADTEPQL
ocopatiow.

2) Apopetikd €idn copatidiov Exovv Bpebdel og Babid oTPOUOTO TOV SEPUATOS KOl TAEOV
UTOpOVLLE VO TPOPAEYOVE TN CLUTEPIPOPE EVOC GOUATIOON UECH GTO OEPLLOL.

3) YAkd to omoio pwopov va dtolvBovv 1 dindnbodv and Eva cwpatioo, yio mapdderypo
évo, coUaTiOn PETAAAOL, VITdPYEL TOAVOTNTO VO EIGEPYOVINL GTNV KLKAOQOPID TOV
aipotoc [8]. BéPaia dev éxel Ppebei kopia dueon £voeln 6tL Olo Ta coOpATIONN TOV
EICEPYOVTAL HEGH TOV OEPULOTOG KOTOANYOLV OTNV KukAogopio Tov aipatoc. H
QOYOKVTMOT T®V COUATIOIMV omd T poKpo@dya 1 dAlov €idovg KOTTOpO Elval OmAd
wo mhavn 060g mpog v evatcdntonoinon tov dépuarog [10].

Yrdpyer €élhewym Oedopévev, aKOMO KOl GNUEPO, Y. TO OV TO VOVOSMUOTIOW
ATOPPOPOVTAL OO TO Ave® oTpOUA TV déppatos (SC) N av GLGTNUATIKA YOPTYOVUEVOL
vavocmuatiole cvcocwpedovtal 6to depuatikd 16t6. H 1d0m TV vavocopotdiov va
dwoyiCouv to dépua ivor KaBoploTikn Yo To evogXOLEVO TOEIKOTNTOG GTO OéppaL. AnAad],
T0. VAVOUAIKA 1] VOVOG®UOTIOW TPETEL VAL O1OTEPAGOVY TO OVATATO CTPAOUO TNG KEPATIVIG
otdoag (SC) yw va gi6élBovv oty “Coviavny” emdepuida kol va TPoKoAEGOLV TOEIKA
ATOTEAEGLLOTO, OTO YOUNAOTEPO GTPOUATA KVTTAPWVY [I].
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Eucéva 13 H emdeppido (epidermis) ovTimPoo®TEVEL £voL GLUTAYEG EUTOSI0 EVAVTIO 6T

vavoompatidw [6].

1.3.2. Méo® 10V OVOTVEVGTIKOD GUGTI|LATOS

To avamvevotikd cvotnuo amoteleiton amd Tpio SlpopeTIKd péEpM: ™ potn (nose),
TOVG OEPAYWYOVS Ol OTOI0L UETOPEPOLV TOV €PN HEGO Kol ££® OmO TOLG TVEVUOVEG
(airways) kot TIc KuyeAideg, ol omoieg amotehovV TEPOYEG avtairayng aépa (alveoli). H
POt Kol Ol aepay®yoi OmoTeEAOVV OYETIKA €0PMOTO EUTOSI0. OPOV TEPEXOVV EVEPYQ
EMONALO TPOCTATEVOUEVA. LUE VOl IEMOEC CTPOUA PAEVVOC. TNV TEPLOYN AVTAAAAYNG AEPDL
(airways) to eumodIoL AVAUESO OTIC KOYEMOEC Kol TOL TPLYOEWN ayyeio ival TOAD Aemtd
(améyovv poAg 500 nm and ™ por| Tov aipotog). Ot kuyelideg (alveoli) elvarl meprocoTEPO
evaiocOnrteg ko evmadeic apov mapovsldlovy TOAD peYdAn empoavelakn meployn (140 m?
OTOVG EVIAIKEC).

Ievikd, n evandBeon otepe®V VAKOV GTO ovomveLSTIKO cvotnuo eoptdrol amd to
(QLOIKA YOPOKTNPIOTIKA TOV VAK®OV, 0TS ival To puéyefog Kot To Gy TOVS, Kot omd TNV
aVaTOUI0L TOV OVOTVELGTIKOV GUGTHUOTOS, ONANOT TNV OWIUETPO TOV OEPAYOYDV, TIG
yovieg tov dakhaddoemv KTA. o mapdostypa, ceoupikd oTePEd VAIKA UTopodv va
glomvevsovv dtav 1 agpodvuvapikn Tovg dtapetpo eivar pkpotepn and 10 um. Oco mo
pikpd eivor o copotioln toco mo Pabid propovv va “taEldéYouy” GToV TVELUOVO, EVED
COUOTION LE OEPOSVVOUIKT SIAUETPO HKPOTEPT) OO 2,5 um PUTOPOVV Vo TAGOLV UEYXPL
Kot TG KoyeAideg (alveoli). BéPaia  dSdpopa povtéda  €povv  deifet  OTL 1
OTOTEAEGULOTIKOTNTO EVATOBEONG OTIC OAPOPES TEPLOYES TOV OVOTVEVGTIKOD GUGTLOTOG
mov avaeépnkav doev eivor ypopuuky ovvéptnon tov peyébouvg TtV copoTdiov:
copotidla 5-50 nm evamotiBevion Kupimg 6TIG KLWEAMIES TV TVELUOVOV EVD LEYUADTEPO
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N ukpdtepo copatidl evamotiBevior pe  TEPICCOTEPN OAMOTEAECUATIKOTNTO GE
“DynAdTEPES” TEPLOYEG TOV AVOTVELGTIKOD cvothurotog [8]. Onwg yivetar kotovonto,
VITAPYOVYV  CNUOVTIKEG OlOPOPES OVAUESH OTOL VOVOCSOUATIOW Kol TO COUOTIOW
HEYOADTEPOV pEYEBOLG OGOV aPopd TNV evamdBeon Kol TV amOUAKPLVGT TOVG OO TO
OVOTTVELGTIKO GUGTNLOL.

O kOplog unyavicpds evamodheong TOV EIGTVEOUEVOV VOVOCOUOTIOI®V gival 1) dudyvon
AMOY® ektdmoNg petd amd TN cVYKPOLGN TOVS HE TO HOPLo TOV aépa. Avtd mov mailet
ONUOVTIKO pOAO oTn Ouyvon Tovg eivar m  Ogpuodvvoptky Tovg SAUETPOG. XN
VOVOKATHOKO, 1M 0EPOSLVOUIKY] OLGUETPOg Oev eAyyel mAéov Tnv evamdbeon Twv
copatdiov, aeov 1 kabilnon Aoym g Tpdskpovong kot e fapdtntog yivetor apeAntéo
EVO M Kivnon tovg ogeidetal katd kbplo Adyo ot didyvon. Etol, copotidioe tov 100 nm
Ba evamoteBodv oV avamvevotikny 000, pe mepimov 20% avtdv vo KaToAN oLV OTIG
Koyéheg ¢ kot 5% omv Ttpoyelofpoyyikn mepoyr. Me kpdtnuo g ovamvons, 1M
evandfeon umopel va evioyvbel, apol diveton pe avtdv ToV TPOTO TEPIOTOTEPOG YPOVOG
wote vo AMaPel pEpog n dudyvomn TV vavooopatdiov. Avtifeta, dtov ta vavocoouotiow
VILAPYOVV GE HOPPN HKPO-peYEBoVG cuoomuaT®pata, Bo evamrotefodv cOpPOva pe v
0EPOOVVOLIKT) TOVG OLAUETPO GTOVS AEPAYWYOVS. XE OUTO TO OTNUEID TO. CLGCOUATDUOTOL
VTl pmopel vo. dloywplotovy oe vavooouatiow [35]. Yrdpyovv kot GAlot punyavicpoi
evandfeong OTme N adpavelokn tpockpovon (inertial impaction), dev cuufdArlovy Ouw®G
TG0 GTNV TEPITTMOT TV VOVOSOUATISIOV 060 6T peyorldtepa copatioln [6].

Mucociliary escalator

Gl tract
=== AM-mediated clearance
= |nterstitium (via epithelium)
= | ymphatic circulation

Blood circulation

Nasal airway
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Nonrespiratory

i a
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Evcéva 14 Evadhaxticoi dpdpot amopdkpuvvong (evomdheong) Tov copotdiov eviog Kat EKTOG

TOV OVOTVELGTIKOD GUGTHLOTOS. YTTAPYOLV GNUOVTIKESG O10.p0PEG LETALD TOV VOVOSOUATIOI®MV
KOl TOV HEYOAITEPOV COUATISIMV Y10t KATTOI0VG ad 0vTovg Tovg “dpduovg” [6].
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H omopdkpovon tov copatdiov amd Tovg TVeLHOVES YiveTow Kupiwg pe OVO
EEYWPIOTOVG UNYOVIGLOVG, OVAAOYO LE TNV TEPLOYN EVATODECNG TOVG. TN UOTH KOl TOLG
aepaywyovc M amopdkpovvon yivetor pe tn Porbsio g PAEVVAG KOl TOL GAAOVL TOL
eEKPAYVLTOL amd To EMONAO TOV OEPAYOYDV, EVO OTNV TEPLOYN TOV KLYEAMO®V e
eayokvttdpmon and to pokpoedya. Efoptdtor ko amd TV GLVOMKN TOCOTNTA
ocoOUaTIMV oL £xel e16mvevcbel Omwg emiong Kot amd To HEYEBOC TOVG KOl TNV EMPAVELL
toug. [evikd, Op®G, M OMORAKPVYVOT TOVG A TOVG TVEDLOVEG €ivol apKeETA SVGKOAN
waitepa 660 TEPIGGOTEPO 1GEPYOVTUL 6€ PAOOC Tov 16700 [19].

To avtiktumo TV elonvedUEVOY COUOTVOIOV o GAAa Opyova £xel avagepbel oe
OPKETES EMONMMOAOYIKEG LEAETES. AVTO gfvan GNUOVTIKO Y10 VO SLAUPOPETIKOVG AOYOVG:

lo. Eivar onuavtikd va yvopilovpe mog enmnpedalovv to coUaTidn Kot to dGAAa Opyava
TOL AVOPOTIVOL 0PYAVICHOD KOl

20. Ta vovooopatidlw 6e TOAALEG TEPUTTMOOCELS OMOPEVYOLV TNV QOYOKLTTAPMOT KOt
Katapépvouy vo elcéABovv ota tpryosdn ayyeio. ‘Etol petapépoviar ko oe AL
onueia/opyava tov avOpodnivov copatoc [12]. To yeyovog awtd €xel amokTNoEL
EVOLOPEPOV Y10l 1OTPIKOVG GKOTOVS KOOMDG amoTeLel Eva U ETOIVVO TPOTO YOPNYNONG
eopudakov. IMapddetypo omotekel n xopfynon woovAivng ce popen aepolod [8].
Mo6vo 1o vavocouotiow BéPoara eaivetar va €govv avty TV 0O10TYTO KOONDG
oOUOTIOW HEYOADTEPOL HEYEBOVE OV KATOAPEPVOLV VO HETOVOCTEVOVV GE (AL
opyava [6].

1.3.3. Méo® 10V YOGTPEVTEPLKOV GUGTILATOS

H mpoécinym tov vovooopotdiov Kot UNKOG NG YOOTPEVIEPIKNG PAevvoydvou
kaBopileton amd v mEPIMAOKN SOUN, TN AELTOVPYIO KOl TNV TUNHOTIKY ETEPOYEVELD TOV
emBniiov mov koAvmtel to éviepo [14]. To évtepo dev emtpémel udbvo v omoppdeNnon
OPENTIKOV GLOTATIKOV, NAEKTPOAVTAOV Kol VYPOV, AALAL AetTOLPYEL EMIONC KO GOV EUTOO10
YL TNV OOTPOTN TNG EAEVBEPNG avapiEng TV avetépm pe ToElKd CLOTOTIKG Kol £T01
mpoPAémel ™MV amoppoOPnon dvvnTikd emPAaPaov ovolmv N/kor v €icodo maboydovmv
[17].

Evd n otopotikiy kowotTNTo, O @APLYYOS KOl O O160QAY0G OTOTEAOVVIOL O
OWITETAYUEVEG GE OTPOUATO TAAKES EMONAIOV, 0 €VTEPIKOC COAMVOG €lval KAOAVUUEVOG
amd éva puovo otpopa kvtrdpov. Eivor wdilaitepo avocomomrtikd evepydg Adym TOv
yeyovotog 6t ot Prevvoyovor 1otol “oaviikpilouv” 10 €£mTEPKd, amd TOV OPYOVIGUO,
nepiairov. Ilpdypartt, €xer owmotwbel OTL 0 YOOTPEVIEPIKOS COANVAG TEPLEYEL
TEPIOCOTEPO AVTICOUATO, T oToia mapdyovv B Asppoxdtrapa, amd omowodnmote GAAO
Opyovo 6T0 GMUO, GUUTEPIAAUPUVOUEV®DY TG OTTANVaG, Tov Bduov adéva [14] kot Tov
HLEAOD TV 00TAV. [evikd, 0 YAoTPEVTEPIKOS COANVAS Bempeitar onpavtikos Tpdmog
ékbeong oe vavooopatiow. Avtd o@eileTol GTOVG TOAAOVG, OPOPETIKOVS TPOTOLG
KATIANENG TOV VOVOSOUOTIOIOV 68 aTOV OTTMG £ival 1) ETOEN XEPLOV-GTOLOTOS GTO YDPO
gpyaciag, HEG® TS TPOPNGS, TOV vEPOD, TV Qapudkmv. Emmnpdcherta, to vavocsompatiow
OV  OMOUOKPUVOVTOL OO TO OVOMVELSTIKO ovotnue pHEcw G PAEvvag pmopolv
akoA0V0mG va xmveLBov GToV YaoTpevTEPIKO cAva [8]. Akolovbdvtag TNV TPOGANYN
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amd TOV YOOTPEVIEPIKO OCOANVO, TO VOVOCOUOTIOW Umopodv va  el6éAbovv otnv
KUKAOQOpio ToV aiptorog Kot va dtaotapbovv 6g 6A0 to copa [18].

Intestinal

Duodenum

Colon

descendes

Colon
ascendens
Jejunum

lleum

Appendix

Layer of ‘

L
muscle u——.v‘— =
Serosa

Evcéva 1S Aoy Tov avOpAOTIVOL YOGTPEVTEPTKOD CUGTNHLLOTOG GE YEVIKT EMOKOTNON (APIOTEPE) KOt GE
peyébovon (8e&14) [23].

1.3.4. Méoo eloaymyng ek tpodicemg

AvTto0 TOL €100VC M EWCOYOY TOV VAVOCSOUOTOIOV GTOV avOpOTIVO OPYOVIGHO
amotelel Evav TeYVNTO TPOTO E10AYWOYNG KOOMS 0 1010¢ 0 dvBpwmog emepPaiver ko emBopet
mv €000 TOVG Y. KLPIWG 1ATPIKOVS OKOTOVG (Yopnynon Qopuakmv m/kot
VOVOCSOUOTIOIOV e OepomenTikKéc, SoyVOOTIKEG O10TNTEG). € QTN TNV TEPITTOON M
eloaymyn yiveton pe éveom, He KOTAmTOoMN OloKi®V, HE EI0TVOEC, KTA. ZTNV TOPAKAV®D
ewova  @aivovtolr oplopévo mopadeiypota €K mpobéoeme El0ay®YNg Yoo O18popeg
EQPUPLOYES, OT™G EIvOL 1 LETOPOPE QopUdKk@V 1 1 in Vivo arekovion [32].

%, e
i 3 Novocohyves ovipoxa
Tpo.'zozmm:lsvo. ) R.Z. Yi0 EIGRVEOUEVY
VOVOGOUATIONG JPUCOU UHETOQOPE QUPLAKOV

.- YO XopHMon oo 10

GToun S

e

'
g®d :' a
=220l ot
Novosoportibia ofstbiov Tou KPBovtica onusia
cibnpov R YO0 i0 vivo amekovion
.. YO ROPOGKEUY
v TALOK OV

Evcéva 1€ Ex npobécemg sloaywyn dapdpwv vavoompatidiov [33].
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H yopniynon ovcidv (pappoka /Kot vovosouatioln) pe £veon ovoudleTot TopeEVIEPIKN
Kot cuvnBmg eivor evoopviky, evOoEAEPL Kot VTOJOPLO. ZTOVIMG VTAPYEL OVAYKN Yo
EVOOOEPUIKT, evOOppaytaic, EVOOTAELPIKY, €VOUPOPITIKY] N evOapNPlokn £veo oV Kot
VIEapyeL kat ot N duvatdomra [22]. Tevikd, n petatdmion tov vavocsopatidiov (Kabmg
avtd peietobvtol 6to &v AOY® keipevo) egaptdtal amd To TOL Yyivetol M £veon: TA
VOVOSOUOTIOW OV EIGEPYOVTAL GTOV OPYUVICUO eVOOQAERinG ypnyopa dtadidovtal GTo
KUKAOQOPIKO cOGTNIA pE EmakOAoVON duddoor og dtdpopa dpyava OTMG TO GLKATL KoL O
onAvag. H evdodepuikn €veon odnyel oe mPOGANYM TOV VOVOCOUOTIOIOV amd TOLG
Aepoadévec, evd 1 evOOUVTKN €veor akolovbeital amd TV TPOGANYN TOVE GTO VELPIKO
Kol Aepeikd ocvomnuo. BéPao, oe mepintwon xatd v omoio to. vovooopatiow eivon
EMKOAVUUEVO PE O1APOPOVS TOTOVG KOl GUYKEVIPMOGELS EMLPOVEIOIPACTIKMOV OVGIOV 1
dlvopun tovg ot dpopa UEPN/Opyava Tov copotog ennpedletal. o mapdaderypa, n
emKOALYN pe TOAVOBVAEVOYAVKOAN GYEAOV € OAOKANPOL TTPOAQUPAVEL TOV EVIOTIGUO
010 Nmap katl Tov omAnva [24]. Q¢ moapeviepikn yopnynon Bempeitan exiong kot 1 TOTIKY
EQOPLOYT GTO OEPAL KAl TOVG PAEVVOYOVOLG (EKTOC TOV EVTEPTIKOV GLGTNHOTOC). EXTOG amd
™V KOTamoon d1oKimv vIapyovv Kot to dloKio, To VIOBeTA, To GPATIA, 01 AAOLPES Kot
YEVIKG OTTO1ONTTOTE HOPOPT Elval YVOOTN Yia T Yoprynon eopudkmv. Emxione, pumopet va
yivel ek mpoBEcemc e1GaymYN 0100 LEGOV TOV OVOTTVEVGTIKOV GUGTNHATOC LE EIGTVOEC, 0LPOV
&yl agpromonbei 1o PApUAKO 1) TO COLOTN O VOVOSOUOTIOImV-apuako [22].

14  Mnyoviopoi et.6aymyns TOV VOVOCOUATIOIMV KOTO PKOS TG KUVTTUPLKNG
pepppavng

A@o¥ ta vavoowpatiow €16EA00VV 6ToV avOpOTIVO OpYOVIoUO, Yo Vo apYicovuV TN
dpdomn tovg Ba pémet va Bpebovv péca 6To KOHTTOPO 1)/KoL GTOV TLPNVA TOV KLTTAPOL, OV
wpokeron yio yoviolokn Oepaneio. Etol, eivor moAd onupovtiky n peAén tov TpOTOV
dtéAevoNG TV dpdp®V HEPPPavaV mov d1aBETel £va KOTTOPO O10TL OV TO VOVOSMUATIOWN
dev katapépovy va eeéAbovv 6 owTO Ba €xEl amMOTOYEL 1 OMONONTOTE YOPNYNON
QopUAKOoL Kot apa. 1) Oepameio.

Ynrdpyovv d00 eddv unyoviopoi OAevong TV UEUPPOVOV €VOG KLTTAPOL: Ol
evepyntikoi ko ot madntkol. Ot mopoakdto pnyovicpol givor avdioyol kot ywo. tnv
TEPIMTMOOT TOV VOVOCOUOTIOIMV.

141 Evepynmkoi Mnyavicpoi

Q¢ evepyntikovg yopoaktnpifovpe TNV OELKOALVOUEVT] JXLCT, TNV EVEPYNTIKY
LLETAPOPA KOL TV EVOOKVTMON).

Eucove 1] ZyMHUOTIKY AEIKOVIoT TV TOUVAV SpOUOY EVOOKDTMGNG AELTOVPYIKMV VOPYOVEOY

vavooopatdiov [27].
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¥ Agvkolvvépevn Avdyvon

Tov unyavicpd avtd tov akolovBolv kvpimg voatavOpakes, apvoléa kabmg eniong
KO TO, QOPLLOKO TTOV Evot TapAy@yd TOVG. ATToutel KATOVIAMON EVEPYELNG OO TO KVTTOPO
KkaBdg dev axolovbeiton 1 Pabuida e cvykévtpmong Kot ival amoapaitntn 1 Tapovcio
evog €101K0V peUPpavikoD opéa OTov Bo peTapépet TV “EEvn” Y10 TO KOTTOPO OVGIN GTO
E0MTEPIKO TOV.

¢ Evepyntikn petagopad

Amontel evépyela cav Aettovpyio, M omoio mpooeipetor cvvnbwg Ol PHEGOL TOV
gvlopov Na'-K'-ATP mopdro mov mévta axoAovbsitor 1 Poduida cvykévipwong Tov
eappakov. Eivor amoapaitntn n mapovsio evog AmodiaAvtov popiov ot pepPpdvn to
omoio Ba dpdoel G VTOOOYENS KOl POPENS Yia TO Pappako. Kédbe popd mov petapépet kit
O0TO £0MTEPIKO TOV KLTTAPOL 0 Qopéag elevBepdvetan kal Eavayvpilel oty eEmTePIK
emedveld yioo vo mapoAdPer ek véov kATl GAAO. AmOTEAElL OMUOVTIKO UNXAVICUO
amoppPOPNONG, YO TEPMMTMOELS VOOTOONAVTOV QUPUAK®OV (dpa Kol VOATOOIOAVLTMOV
VOVOCSOUOTIOIMV), 1010{TEPA GTO EVIEPIKO EMONAL0, OTMG EMIONG KO AMEKKPIGNG GTI YOAN|
K0l 6T0L OVPOL.

% Evéokidtoon

Ovopaletatl Kot TvoKLTMO™N 1 POyoKLT®OT (OTAV 1 HETAPEPOLEVN OVGi Elval oTEPEQ
Kot peyaddtepn and 500 nm [26]). v ikdva Tov akoAovOel yiveTon KatavonThy vt M
dlakpion avaroya pe to péEyehog v coUATIOmV.

. Clathrin- Caveolin- Clathrin- and
O mediated mediated Caveolin-
endocytosis  endocytosis  independent
(~ 120 nm) (~ 60 nm) endocytosis
(~ 90 nm)

Macropinocytosis
(>1pm)

Phagocytosis Pinocytosis
(particle dependent)

Eurcéva 18 Evdokvtmon ot kottopa Onhacticod [33].

Amotedel TOAOTAOKO pNyoviIcUod, mov amottel emiong evépyeia. Apopd v amoppdenon
LLEYOAOLOPLOK®OV OVCLOV, KLUPIOG TPOTEIVIKNG @OonG kot amotelel iomg Tov Kvpiopyo
UNYOVIGUO UE TOV OMO{0 VOVOCOUATIOW EGEPYOVIOL GTNV ECMOTEPIKY EMPAVEIL TOV
KutTdpov. O pnyaviopdg owtdg anotereitor, OTmg eaiveTat kol oty €wovo 18, and to
OTAO0 NG EYKOATTOONG TNG OVGING GTOV EEMKLTTOPIKO YMOPO OmO EVol LIKPO TUNUO TNG
KUTTOPIKNG HEUPPAVIG Kol amd TO OTASO TNG OMOKOTNG TOV TUMUOTOS OVTOV HE TNV
ELOAYMYN TOV TEPLEYOUEVOL HEGO 6TO KVTTOPO [22]. Mmopei vo anotedécel dwadikacio
pesoAdpnong N un vrodoyéa N oo Kot vo, Tpomndel amd opiopéveg AeToVPYIKOTNTEG
OTNV EMPAVELN TOV VavocsoUaTdimv. BéBaia opiopéves popég ot H189popeg TPOTOTOMGELS
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™G EMPAVELNG TOV VOVOSOUATIOIMV Umopel va 0dNyNoovV 6€ TPOGKOAANGT QVTAOV GTOV
VTOd0YED TNG KLTTOPIKNG MEUPPAvNG Kot €TGL VO CTOUOTAGOVV TNV €600 TOVG GTO
KkOtTapo [26]. Xapakmmpilotikd mapdderypo omoTeLEl 1) ATOUAKPVUVGT] VOVOGOUATIOIOV [E
QOyoKHTMOOT, Ad HOKPOPAYQ, OTIC KVWEAIDEG TOV Tvevpova, [24].

A. Evboxvrteon B. Apson Mstotoxion

Euvcéva 19 Mnyovicpol €160Y®YNHG VOVOSOUATIOIMV KoTd (KOG KUTTOPIKNG LeUBpavng A. Hécw

evdokvTOoNg kat B. pe anevbeiog eioaywoyn [16].

142 TloOntikoi Mnyavicpoi

Q¢ mabntkovg yopaxktnpiCovpe ™ Odyvon kot T dmOnom. Amoterel TOV
ONUOVTIKOTEPO TPOTO LE TOV ONOI0 1 TAEOYNPIO TOV QUPUAK®V OEPYETOL UECH GTO
KOTTOPO.

% Audyvon

Towg 0 mo Kowdg TpdTOg dlakivinong popimwv o HEGOV TV KLTTAPIKAOV UEUPPAVOV.
e avtifeon e TOVG TOPATAVE® TPOTOVG TNG EVEPYNTIKNG EIGOYWYNS LOPI®V GTO KVTTAPO,
0 CLYKEKPEVOG dev amattel TNV Tpdcdoot evépyelag. EmmAéov, axolovbel to vopo tov
Fick:
Stay oy *

m =D- A-Ad—C ,0mov My : Babudg didyvong

D : otabepd o1qyv0Mg

A: emedvelo TG LEUPPAVNG TOV GLUUETEXEL GTN
duyvon
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d: méiyog g pepBpdvng

Enedn n otabepd dudyvong ommv mepimtmorn tov pepPpavav, eEaptdtal amd T
Oepurokpacio, 10 poplakd Papog, tn poplaky Soun, T AUOSAVTOTNTA Kol TO Poduod
OVICHOV ouumepaiveTon OTL Kot 0 pNyoviopog g owdyvong Bo egoptdror dueco omd
aVTOVG TOVG TTOPAYoVTES. Zuykekpiéva, ovoio pe M.B>1000 moAd dvokoro umopel vo
dwyvbet S pécov tev pepuPpavav. Emmiéov, n ddyvon sivor evbémg avaioyn pe
MITOSIAVTOTNTA KO OVTIGTPOP®G ovAoyn omd 1o fabpd didoTacns Tov popiov.

SVYKEKPUEVO VOVOSOUATIOW Hmopel va 16EA00VV S10 LEGOV TV HEUPPOVOY KoL Vo
dwvBovv péoa oe Kdmowo kOTTOPO, aviroyo pe TV empdveld tovc. Ta mepiocodTEPQ
VOpOPIAa (0&eidin) vavocopotwiov Ppickoviar mpocdepéva ce “oynuata” HECH OTO
Kottopo. To un emKoaAvppéve IKpOGOUATIOWN OTTavVImg EIGAYOVTOL GE UN-QOYOKVTTOPIKA
KOtTapa [25]

molecules

nanoparticles

microparticles
(uncoated)

Eucéva 20 Ov Broloyucég pepPphves amotehovv Ta TPMOTAPYIKE epmodia Yo kamow EEvn ovoio og OAOVG

TOVG opyavicpove. Idtaitepa ta Mmodeha popia, dtoéovrar dio pécov dimhootolfddmv Mmdiov [25]..

% Aufnon

Katd tov pnyavicpd mg 61monong vdatodolntéc ovoies diEpyovtat HEc amd ToVG TOPOVG
™me pepuPpavng Adym Pobuidac vépootatikic | OCU®TIKAG Tigong [22]. Akopo kot pun
MmodAvTd eappake HiKpov, OUms, poptakod PBépovg Pmopovv va akoAovBncovv tov
GLYKEKPIUEVO UNYXOVIGHO KOODOG Tapacvpdueva and to vrapyov aebovo vepd pmopoldv
TeEMKG va 01EAB0LY Ol HEGOVL TOV LOUTIKGOV TOP®V TV pHepPpavav. Mg dmbnon
dépyovtat TG Proroyikég pepPpdveg avopyavotl Kot opyavikol NAEKTPOAVTEG KOl IOVIGUEVES
covApovapidec. I'evikd, o cvykekpévog punyavicpdg egaptdtor kKupiog amd ™ dapopd
VOPOCTATIKNG TieoNG HETAED TOV EEMTEPIKOV KO ECOTEPIKOV JAUEPICUATOG, TO YOG TNG
peuppavne, tov aplipd tov TOp®V Kol TO TUYOV NAEKTPIKO TOVG POPTIO. ZVYKEKPIUEVO,
avTtéV  TOV  UNYOVIGHO akoAovBolv Ta avompd  evoobnhokd eumdd dmwg T
OLOTOEYKEPOALKOD @poypov evdobniwokd xovttapo (blood-brain barriers, BBB) otav
eMTPENOVVY TNV déLevom vovosmpotdiov [30].
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21 Ewoayoy

levikd, ta vavooopatidw amotehoOv o evolbpeon Koatdotaon VANG petald tov
VMK®OV OYKOV KOl TOV HOPLOKDOV DAIK®OV, YEYOVOS TTOV T KAVEL VO O10PEPOVV 1O10HTEPO KOl
amd To TPAOTO Kol oo TO SEVTEPO. TNV TPAEN €ivol TOGO SPOPETIKA TOV UTOPEL Vo
OKEPTEL KOvelG OTL TPOKEITOL Y10l TEAEIMG SOPOPETIKG VAMKA OO TO, OVTIOTOL(O LAIKA
OyKov T0VG. Avto glvol mov Ta KAvel TOcO emBountd oe O14POPES EPUPUOYES OAAG
TaLTOYPOVO Kot EMKIVOLVO. YAIKE O 0 dpyvpog mov dgV Eival YvmOTOS Y10 TNV TOEIKT
TOV GCLUTEPIPOPE GOV VAIKO OYKOL KOl YPNOCUOTOIEITOL KATO KOpOV GE O1Gpopeg
EQUPUOYEG LE ONUOPIAESTEPT) TNV KATAGKEVT] KOGUNUAT®V, GTI| VOVOKAILAKO TOPOVGLALEL
avTioktnpdtokn dpdon o€ 1€1010 Pabd mov umopel vo ETNPEACEL TNV PVGIKT 1GOPPOTIOL
evog owoovotiuatog. [Mapdia avtd, OmmG mopotnpeitol KOt OTO SLOYPALUATO TOL
aKOAOVOOVV, 1N VOVOTEYVOAOYIO YEVIKOTEPO KOL TO. VOVOSMUATIOW E0IKOTEPA, ATOTEAOVV
TAEOV UEPOC TNG KOOMUEPVOTNTOC, LLE TOAAL VOvOdOouNUEVE avTIKEipneva vo. BpickovTon
NOM OTO EUIOPLO AKOUO KOl OV DILAPYEL EAAENYT] TPOTUTOV OALL KO KEVO YVAOONG OGOV
aQOpPE TOVG TAPAYOVTES (PUGTKOYNLUKA YOPOKTNPIOTIKA KOl GUYKEVTIPMOGT) TOL EAEYXOLV
ka1 kaBopilovv v tolwotnta. H éAdewyn mpotvmwv €xel apyicel amd to 2011 va
avtipetoniletan (Iapaptnua 1 - IpdTume ISO

ILIL. ) dpwg 660V 0popd Tove Tapdyovieg Tov exnpedlovv TV ToEIKOTNTO OTTMG EMIONG
Kot 0 TPOMOG oL TNV ennpealovv ivar Eva mpodPAnpa to omoio givar apkeTA TOAOTAOKO MG
pog ™ Avon tov. Kot avtd yuti cuvnBog n to&ikdtnra eréyyetar and Tov cuvovacud
TOV QUOIKOYNUIK®OV YOPUKTNPICTIKOV KATL TOL €lval apKeETE €NITOVO ®G TPOG TN UEAET
AMyo® TV TOAMOV  OLUVOTOV  GUVOLOGU®OV &ved Ogv  &xel  kabepwbel axdpa o
KATOAANAOTEPOG TPOTOG £KPPAUCTS TNG CLYKEVIPMOOTG TV vavosopatdiov. 'Etot yiveron
dVOKOAN M GVYKPIEN SoPOP®V EPELVMDY TOL Eyovv mpaypatomomOei ([Tivakag 1) evd o
OTOTEAEGLLOTA TOVG OEV TPOCPEPOLY TPAKTIKA TIG TANpogopieg mov Ba énpeme. Kpiowa
Ppoto 6TV eKTiNomM TV KvOHVOL TMV VOVOCOUATIOIMV etval:

1. H avayvdpion tov 1010tV OV PIopovv vo TPoKAAEGOVY KvdOVous oty vyela,

2. O yopoKTNPIGHOS TOV KvOOVOV, 0 000 amattel TOV TPOGOOPIGUO TG TOGOTNTOG GE
vavooopatiol mov propet va tpokorécetl PAGPeg oe gvaicnta Opyava kot KHTTOPA, TOV
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UNYOVICU®V TG TOEIKOTNTAG, NG THOVOTNTOC TOV SOPOPETIKMY VOVOSOUOTIOIOV val
avTOPovV LE CLOTATIKA TOV KLTTAP®V OT®G €ivarl o Mmidlo Kot ol TPOTEIVES, TNV
afloAdynon g wKavoTNTAg ToVvg Vo dtacyilovv To ecmTEPIKE gumddo OTLG givol T
apotoeykepaikd opaypata (blood-brain barriers), ta @pdypoto aipatog-mAakovvio
(blood-placental barriers), ta @pdaypata aipoatoc-opyewv (blood-testicular barriers) ko
TOAAG GALQL.

3. H katavonon tov S1ad1Kasidv HETAPOPAS TOVG Omd TV TNy 6ToV dvOpmmo-d£KTn Kot

TOV UETOPOADY OV UITOPEL VO EMPEPOLY Ol JLOIKAGIEG OVTEG GTO YOPAKTNPIOTIKE TOVG
[64].

O mpocdopiopds, Aomov, g ToSIKOTNTOS EIVOL EMTAKTIKN OVAYKT Yot dV0 Adyove. O
TPoPavng Adyog givat To YeYovag 0Tt o€ Eva NOM emPapvpévo TeptPdAlov amod Tig S1popeS
avOpOTIVES OpacTNPLOTNTES OV Elval GOPP®V Va TPOocHEcove eTTAEOV ETPapLVTIKODG
TaPAYovTeG Yo 10 TEPPEALOV Kot TV avOpmmivn vyeia. O pn mpoeavig Adyog eival n
KOTOVONGT TOV UNYOVIGU®OV TOEIKOTNTOS LE GKOTO YPY|OT QLTINS Y10 LTPIKOVG GKOTOVG
OT®C elval M OTOYELUEVT, YOPNYNON QUPUAK®V, 1 Yovidlokn Oepameio kot 1 ypriom
HOYVNTIKOV  VOVOSOUOTOIOV Yo dupeon owdyvoorn acbeveidv. BéPaa ommv mpdén
TPOKELTOL Yo TOAD o cVLVOETO TPOPANUA POV AOY® NG AVENUEVNG OPACTIKOTNTAG TOV
Tapovctdlovy To VOVOoOUOTIOW ONUovpyel TIC KOTAAANAEG mpodmobécelg yi v
OAANAETIOPOOT] TOVG UE SLAPOPa VYPA TOL AVOPOTIVOL GAOUATOS, OT®S £ival 0 0pOC TOV
aipatog (serum) 1 m PAévva (mucus), KOVOVTAG To OLVNTIKA TOAD mO “‘evepyd”
ovykpwoueva pe peyaddtepa copotidw [65]. Emmiéov, vrdpyovv dibdpopa sumddia o
pEneL vo. EEMEPOASTOVV GTN O100POUN TOVG TTPOS TO 6TdHY0 TNG Bepameiag (Ppuokn dpvva
TOVL OPYOVIGHLOV) KOt YL 0VTO TO AdYo ypeldleTon n eXEUPOoN Yoo T LETATPOTN TOLG OE
BroovuPatd. Télog, ivor onpovtikd vo PloomoikodopobvTol Kol e GUYKEKPIUEVO TPOTO
wote va emtevydel cmoTn Kot amoTeAecaTIKY Oepameio.

ApKeTEG €pevveg Ko TEPAUOTO £YOLV YIVEL Yoo TNV ¥pNon NG TOEKOTNTOG T®V
VOVOCSOUOTIOIOV o0V TAEOVEKTNUO KOTA TOL Kapkivov. o va ypnoipomombel Opmg
této10v €idovg Bepameio B mpémel va eivar duvatodg 0 EAEYXOG TNG TOEIKOTNTOG DGTE VL
unv mpokAnbovv mpoPAnuaTa ce yEITovikd, vy kouttapo. [otl akdpo Kot ov vrdpyovv
Beltidoelg oyetikd pe v otafepodtnTo Kot Tn SAVTOTNTO TOAAG TPOoPANUATE, TOV
oyetiCovtar Kuplwg pe v avtidpaocrn Tov opyavicpov otV €GPoAN Eévev 6e auTodv
0VGLMV, gival akOp VTOPKTE Kot Ol TANPOS KOTAVONTA, OGOV 0pOPE TOV UNYAVIGUO TOVG
[66]. 'Etot, ivor 600 ta €i6n g To&kdTTOG TOL Y¥PNLOVV EPEVLVE KL EIVOL TPOLYUOTIKG,
aloonueioto 10 yeyovog OtL oto péAAov Ba €xel emrevyBel TO pElOVEKTNHA oG
EMOVOCTOTIKNG TEYVOAOYIOG VO Yivel TAEOVEKTNUO YO0 TNV OVIWETONTICT SWPOPOV
aceveldV OV PEYPL GTIYUNG dEV VTTAPYOLV kavomomTikég Oepameieg, pe kvpiapyn iocwg
™mg vovuepo éva autiag Bovatov ToyKOSH®G pHe WAV Omd GO EKOTOUULPIO
vroAoy1opeEVOVg BovaTovg AOY® TV SapOp®V EVGV KapKivov povo i to €tog 2010
[69].
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Total Products Listed

A@W 1 Aioto eyyeypoppévoy Tpoidvioy ta £t 2005-2010. Tyyy:
<http://www.nanotechproject.org/inventories/consumer>.

Product Categories

B Mar 8, 2006
B Mar 10, 2011

=l .__i .ai _i :E ‘f_‘_‘n ._..m ™M

ﬂ«agma 2 Katnyopisg vovodopmpévoy mpoidviov tov epmopiov yio o £t 2006 (yipt xpdpoe) kot 2011
(moptokald ypdpa). TInyn: <http://www.nanotechproject.org/inventories/consumer>.
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Nivarcas 1 Bifhopetpic amd a&droyo aBpo mov €xovv ekdobel oyeTKG e O1APOPEG TTUYXES NG

EMKIVOLVOTNTOG TOV Vavocwuatidiov copemve pe tov Thomson Reuters ISI Web of Science yw ta étn
1980-2010. H épevva de&nydn otig 27.01.2010.

A 0c E: 1 . * n 0 A 0
Aéen-Khewi plﬂuog, TUGTLOVIKDV H-index EPL6GOTEPO v,afpspopsva
ApOpov Emoempovika ApOpa
. TIoALG &
Nanoparticles 96,440 OARG: 8880}} Sva, ey
GUYKEKPILEVT] EpELVOL
. . Gupta and Gupta, Biomaterials 26
+ 2674 7
Nanoparticles + toxic 6 5 (2005), 39954021 (655)
. Moghimi et al., FASEB J. 19
+ 2
Nanoparticles + health 620 38 (2005), 311330 (262)
Nanoparticles + 87 13 Lam et al., Rev. Toxicol. 36
occupational (2006) 189-217 (157)
Nanoparticles + Stoeger et al., Environ. Health
. P . 58 13 Perspect. 114 (2006), 328-333
epidemiology
(71)
Lam et al., Rev. Toxicol. 36
i 7 1 '
Nanoparticles + hazard 3 5 (2006) 189-217 (157)
Nanoparticles + ecotoxic 79 18 Nowack and Bucheli, Environ.
P Pollut. 150 (2007), 5-22 (94)
Nanoparticles + life cvele Miiller and Nowack, Environ.
P - 4 20 5 Sci. Technol. 42 (2008), 4447—
4453 (44)
) Boxall et al., Nanomedicine 2
Nanoparticles + 16 4 (2007), 919-927 (16)
ecosystem
2nueioeig:

*H-index. IMopaderyua: H-index 75 yio rov ovvévasusé Nanoparticles + toxic onuaiver 6w ot faon dedouévav 1SI
ordpyovy 75 emoTiUOVIKG ApOpa. CYETIKG. L THY TOCIKOTHTO. TWV VOVOTWUATIOIWY 0T0. OTIOLA. O€ OA0. EYEL YIVEL OVOPOPa.
TEPITOOTEPES OO 75 POPEG.

IInyn: Toxicology 269 (2010,) 89-91

To mapdv Kepdhoo TpaypaTevdETOL TO dEVTEPO €100G TOEIKATNTAG TOV AVOPEPONKE, TNV
emBount) 10&IKOHTNTO Y10 WTPIKOVG GKOTOVS. AVOADOVTIOL 01 PUGIKOYNUIKOT TOPAyOVTEG
nmov €yovv deryBel 6Tl cVUPAAAOLY GTNV EUPAVIOT TOEKOTNTOAG Kol TOPOVCIACETOL Lo
oelpd  SOKIWWAV 7OV  YPNOCUOTOWVVTOL KOTtd KOpOV Yy TV oEloAdynon g
KUTTOPOTOEIKOTNTOG HE  TEPAUTEP®  OVOAVLOT  TOL  TPOTOL  a&lAOYNONG  TOL
YPNOYOTOMONKE GTO TEPAUATIKO HUEPOG TNG TAPOVCOAG SUTAMUATIKNG EPYUGTOG.
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2.2  Emnidpoon TOV vavOSORATIOIOV 6TOV avOpOTIVO 0pYaVIGHO

H enidpaon tov vavocouatidiov 6tov avip®dmvo opyaviopd pmopel vo Toikilel Kot
e€aptator wyvVpad and TaPAyovies 0TS ivol o1 PUOIKOYNIKEG TOVG 1010TNTEG (MéYeog,
OYNMO, ETLPOVEINKO POPTIO), 1| TOCHTNTA KOL 1] CUYVOTNTA EIGOYMYNG TOVG GE OVTOV OTMG
eMioNG Kol amd TOLG JPOPETIKOVS OPOUOVG TOV UTOPOVY VO OKOAOVONGOVY HETE TNV
EICAYMYN TOVG, £POGOV €ivol OLVOTO VO HETATOMIGTOVV OKOUO KOl GE OO LOKPVOUEVD
UépPN péca 610 cmpo. H pappokokvntikny kot 1 TpodoAnyn TV vavooouatidiov in vivo,
ocoumepAoUPavovTag Kot TV amoeuyn TV Ploloyik®v eumodiov, eEaptdviol amd To
néyeboc, TV EMPAVELD, TO POPTIO TNG EMPAVELNG OVTNG, TO GYNUO TOVS, TNV TAGT 7OV
£YOVV VoL cLGCOUAT®OOVY Kot O18Popeg AALES 1010TNTEG TNG EMPAVELAS TOVG [7].

SPIONs Dendrimers MSNs Dendrimers
. ® C) O Gold NPs
100nm 20nm anionic -or+ 4+ cationic CD
N -
[owacos )
ERTried i Caveolin-mediated ; : other/unknown sl
phagocytosis Pinocytosis X Clathrin-mediated endocytic
endocytosis endocytosis

pathways
s Diffusion/ Penetration

3 Scavenger receptor,
A Caveolin
T Clathrin

- |
Evcéva 1 Tpoémotr KuTTaPIKNG TPOGANYNG VAVOSOUOTISIMV Kot vovodoudv (devopylepn, CNTS:

vavoownves avBpaxa, MSN: pesomopmdet vovooopatidia moptriov, SPION: vreppayvntikd ofeidio
G1NPoL) avaAoya Le To LEYEDAS, TIC EMPAVELNKES WOIOTNTES, TN QVGCT] TOVG OTMG EMIGTG KoL TNV KOTAGTACT
EVEPYOTOINGTG TOL KVTTAPOL GTO 0MOi0 E1GEPYOVTAL (LOKPOPAyo, EvooOnAlakd KuTTOpO, K.T.A.) [14].

[dwitepa o€ peAéteg vavoToEkOTNTAS, AVTO TOL TPEMEL VoL AapPavetal GoPapd vIOYV
elval n TocoTNTO M| OMOoinl E1GAYETAL GTOV OVOPOTIVO OpYaVIoCUO. AV Kol £YEL TPOKAAECEL
apPKETEG dOPMVIEG M €0pec KOTOAMNANG pétpnong tng mocotntag [51], 6o pmopovoe
oUT VO ameELOVVETOL GTNV OPYIKT GLYKEVIP®ON TOV VOVOCOUOTWIOV otnv onoia
extifevror to kVTTOpa OAAG Kot otov axpifr] apBud vovocouatwdiov T omoio
npocAappdvovtor avd KOTTopo, avd povada empdvelas. EmmAéov, oe téroteg peAéreg,
etvar moAD onuavtikny n €HpPEcN KOl KATAVONGT TOV UNXOVIGUOV OAANAETIOpaoNS TmV
SEMPAVEIDV  VAVOSOUATOIOV-KLTTApV. Ot pnyavicpoi avtoi pmopel va etvon gite
uoi eite @uowkoil. Ot TPMOTOL OMOTEAOVVIOL OO TNV TOPAY®YN OPACTIKOV E0MV
ofuvyévov (ROS), v amerevbépwon ToEIK®OV  WOVIOV, TNV dWITOPOY  TOV
NAEKTPOVIOV/IOVTOV T®MV JPAGTNPLOTATOV UETAPOPAS TNG KLTTAPIKNG MHepPpdvng, v
vrepoleidmon Amdiov 1 TV EMEAVEIOIPACTIKOV 1010THTOV. Ot de0TEPOL AMOTEAOVV
AmOTEAEGLO. TOV UeYEBOVE TOV COUATIOIOV KOl TOV EMPAVEINKAOV TOVG WIOTATOV Kol
empedlovy KLPIOG TIC OPACTNPOTNTEG TMV KLTTOPIK®OV HeUPpavav, Tig id1eg TIg
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peuppavec kot tn dtopdpemon Tov tpoteivav [50]. Oco dtapopeTikol, OU®S, Kot ov givot
O6Mot avTol Ot pNyavicpol €(oVV KOO OTOTEAECUO/EMIMTMOGN GTO KOTTOPA: TOV Oavatd
TOVG,.

TTuptvasg
. Kataotpogt tou DNA

Avodowpo b ;
S
+ Puokr] BAGPn

Kvotidux
“Yrepoteidoaon Aumibiw

Zoumisypa Golgi
- protein misfolding
- protein oxydation

Mitox6vapa MepBpdveg

- MitoyovSpiaxi BA&Bn + Midomaon Twv Kuttapikaov MeuBpavaow

* Ofzi8wtiky BAGEN
+ Emupavsiodpaoctiky BAGEN
+ BAGPN sfoutiag Tolkov 1OVTLV

Evcéve 2 ZYMUOTIKT ATEKOVION TOV OAANAETIOPAGEDY TOV VAVOSOUATIOIMV HE To KOTTOpa:

€VOOKLTTAPIKOL GTOYOL Kol VAVOTOEIKOAOYIKOL unyavicpoi [50].

2.2.1 Emnidpaon tov peyéBovg

To péyebog t@v vavooopatidiov mailel onpaviikd poro oTiG TEMKEG 1010TNTEG TOVG YU
oVTO KOl YPNOUOTOIEITOL GOV TOPAUETPOS-KAEWL Yy TNV afloAdynon g QLOIKNG
o1a0epOTTAC TOVG [23]. ATTOoTEAEL TOV MO H1EPELVNUEVO TTAPAYOVTA TOEIKOTNTOS EPOGOV
dev emmpedlel LOvo TIG TOEIKES 1010TNTEG TV VOVOOUAIK®OV 0AAG emiong TV davoun, v
TPOGANYT, TNV OTOUAKPLVON TOVG Omd TNV KLUKAOQOpio. TOL OiuaTog KOl TNV
aAAnAenidpaon tovg pe ta kottapa [1], [7]. EmmAéov, ennpedlel v empavelokn migon
OTIS KLTTOPIKEG UEUPPAVES OTTMOC Kot TIG dVVAUELS TPpookOAAnong [50]. Avtd cuvpPaivel
AMOY® TOv OTL pE TNV eAdTT®OOoN TOL UEYEBOLE OALALEL TO TOGOGTO TV ATOU®MY GTNV
EMPAVELDL TOV VAIKOV (Topotnpeiton adéNon TV atOU®V) GE GUYKPIOT UE TO ECMTEPIKO
tov (KPavtikd eowoueva, quantum effects) [2], [10], [13]. ‘Etot, moAlég 1810tnTeg TV
VAKOV Oykov, OT®G eivar m mokvoOTNTO, 1 MAEKTPIKN OVTIGTOOT, O HOYVNTIGUOG, 1
dmAektpikn otabepd, axdpa Kot To onueio ™ENS kot n dtwAvtotnta [54], petafdirovion
ot vovo-kiipoka [18].
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WM 3 Yyéon HeTaED TOGOGTOD EMPAVEINKMY Hopimv kot Spétpov copatdiov [3].

Onwg mopatnpeitor 6t0 Sdypappa, copotide dwpétpov 100 nm mapovcsidlovv
avTIoTPOPM®G OVAAOYT OYEoT UE TOV aplBud popiov g emedvelds tov (EKQPacUEVE GE
10600TO €Ml 101G % TOL GLVOAKOD aPBHOV TV popiwy oty emedvelr). Oco peudveTol N
dwapetpog, m.y. ota 30 NM mapatnpeitoar avénon tov apBuol TOV Hopi®V GTNV ETPAVELD
(10% ota 30 nm). T axdpa pkpdtepn dauetpo, m.y. 10 kot 3 NM wapoatnpeiton akopo
peyoALTEPN aHENGN TOL TOGOGTOV TV Hopimy oty emedveld (20% kar 50% avticTorya)
[3]. Avtd éxel oav amoTéAEGLO TO GMOUO VO OVTIOPAOEL SIPOPETIKA e TNV 10100 TOGOHTITA
pélog ocopatdiov TV omoiov 1M EMEAVEW. OTOTEAEITOL OO  OIGEKATOUUDPLO
VOVOCOUOTIOW GE CUYKPION HE COUATIOW TOV Omolwv M EMPAVEW OmOTEAEITOL OO
OPIGUEVH HKPO-CMOUATIONN.

Meyolvtepn emedveln odnyel oe avénuévn evepydmnta kol oe avénuévn myn
dpactikdv 100V o&uydvov (increased source of reactive oxygen species). Oco mo peydin
elval 1 OpaCTIKY| EMUPAVELL TOV VAVOSOUOTIOIOV (dNAadn 660 pikpOTEPO ivar To péyeddg
T00G) 1000 polikotepeg eivar ot o&edmtikég wKavotntég tovg [19] mov umopodv va
odnynoovv péxpt kot og 0&eidmon Tov decoéu-piovovkreikod o&éog (DNA) mpokakdvTag
BLAPN o100 YeveTKd VAIKO TV Kuttdpwv [13] 1 axdpa kot 0&Eid®oN TOV KLTTAPIKMV
pepPpavov pe amotélecpo v Kotaotpoen tovg [50]. H dnuovpyia, ovth, tov
dpaoTik®V e10®V o&uyodvov (ROS) pumopel va amotelel amotérleopo S0pOp®Y UNYAVICUDV:
(1) Apeon dnuovpyia ROS cav amotéhespa €kBeong oe 0EWVO TEPIPAALOV, OTMS OVTO TV
AVGOCOUATOV, E1TE A0 TNV EMPAVELN TOV VOVOCOUATIO®MY 1 omd dppon WOVI®OV Katd
Vv VoBAadon TV vovocsouatdimv ota Avcocopata, (2) egattiag g aAAnienidpaong
TOV VOVOSOUATIOIMV e KVTTAPIKA opyavidla, Onwg gival ta putoxdvopa n omoio pmopet
VoL EMNPEACEL TNV AETOVPYIKOTNTO TV TEAELTAIOV, (3) Ady®m mMBavg aAAnienidpaong pe
ofewoavayoywd evepyég mpoteiveg Omwg givar 1 NADPH o&ewdon xot (4) pe v
OAANAETIOPOOT TOV VOVOSOUOTIOIMV e TOVG VIOOOYEIS GTNV EMPAVELL TMV KLTTAP®V KO
TNV EVEPYOTOINGT TOV EVOOKLTTAPLOV 00DV GNLATOSOTNONS OV EYEL GAV ATOTEAECLLO TNV
EKQPOOT YOVISIV OV amoKpivovTal G TEPMTMGELS TiEONC/OTPES (Stress response genes)
Kot av&avovy v dnuovpyio tov ROS [19].

O mivakog mov akoAovBel avaeépel KAmMOw TOPASEIYHATO VOVOSOUATIOIOV, TV
to&wdtTo OV Tapovstilovy avdAioyo pe To pEYEBOS TOLG Kol KATOLES UTPIKES TOLG

EQUPLOYEG.
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Nivarcas 3 Meyébn vavoocopatidiov, To§udtnta, TEWPAUATIKT PAGT KOl EQAPLOYES TOVC.

Nanoparticle Size Toxicity Status Application
Liposome 100-200nm Low Chrucal use Delivery
Small polymer 200kDa Low Research Delivery
Dendnmer 2-6nm depending on  Vanable depending on Phase I Delivery
generation number cell type
Virus 30-100nm High Phase II Delivery
Hybnd System
QD-Virus Vanable - Besearch Imagng
Delivery
Metal core 2-4nm for gold - Research Delivery
dendrimers
Nanoshells 60-400nm MNon-Toxic Besearch Imagng, treatment
Quantum Dots 2-10nm Toxic Commercial Sensing, imaging
Carbon MNanotubes Expected to be non- Reszearch Delivery, sensing
toxic
Single-walled 1-2nm diameter,
wvanable length
Multi-walled 20-25nm diameter,
wvanable length
Nanowires Varahble NA Research Sensing
length/diameter

A red blood cell would be the size of a rugby field

Evscdua 21 [University of Waikato]

YV TEPIMTOON TNG OTOYXEVOUEVNC YOPNYNOoNG eopudkwv (targeting drug delivery) pe
ypnon vrokatactatov (ligands), 6co mo dpactiky gival n EmEAVEIL TOVS, TOGO O
€0KOAN elvar | TpdGdeon TV vrokatacTatdv. Ta vavocopatiow pe péyebog <100nm,
TapoLGLALovy VYNAGTEPT 6TaBEPOHTNTO GE KOALOEWY| amprpaTa Kot BeATiopévn dtdyvon

dw pécoL TV 1oT®V [4].
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EmumAéov, 10 péyebog tov vavooopatidiov eAEYyel T0 TPOQPIA NG GLYKEVTPMONG TOVG
oto oyyeio kol pecorofel ot dmepatdTTA TOVG EKTOG TV ayyeimv [4], [7]. Onwc éxet
avapepei, To péyebog pe 10 GUVILAGUO Kl GAADV TOPAYOVTI®V, ETNPEALEL TO UNYAVIGUO
amopdkpuveng tove. o mapdaderypa, £xet avapepbel 6t vavocsopatiow pe péyebog <20
nM amekkpivovtal HEGM TV vepp®v, v pe pecaio péyebog (30-150 nm) cucowpedoviat
0TO HLEAD T®V 00TMV, TNV Kopdia, To oToudyl kat pe peydro uéyebog (150-300 nm) oto
oVK®OTL Kot Tov omAnva [7], [66].

Mwkpoh peyébovg ceapIKd VovooOUOTIO Topovstdlovy VYNnAdTEPO TOGOGTA
uyvone, EMOUEVOS OVENUEVN] GLYKEVIPMOOT GTO KEVIPO TOV OUOPOP®V  ayyeimv,
nepropilovtag £T61 TNV AAANAETIOPACT] TOVG [E TO. EVOOONALOKE KOTTAPO TOV TOYY®UATOV
TOV ayyeimv Kot Tapateivovtog To xpovo KuKAOQopioc/Tapapovig Tovg oto aiua [4].

Emiong, to péyeboc twv vavocsopatdiov givor moAAEC @opéc avtd mov Kabopilel to
1660 ypnyopa Ba TpocsAnetohv avTd amd o KOTTOpO. XVYKEKPUEVO, Exel TapatnpnOel yio
TOPAOELYHO OTL  GOAIPIKA Vovosouatiow g taéng tov 50 nm mpociaupdvovior mo
YPNYOPQ GE GYECT UE UIKPOTEPOL 1 HEYOADTEPOL peyEBovg oty KApoka arnd 10 g 100
nm [27]. Ta vavo@dpuoke To 0moio. YopnyoOVIOL GUOTNUATIKG TPETEL VO, EXOVV €DPOC
dwpétpov ard 10 éog 200 nm. Avtd 1o €bpog peyébovg kabopileton amd v avBpomvn
avatopio. Ta vavodlkd mpémel va givar peyaddtepo and 10 nm ot didpetpo dote va
AmTOEVYOVV TOV TPMTO Kivouvo amoPoAng Toug amd T veppd kot pikpodtepo amd 200 nm
(MOOTE VO ATOPLYOVV TNV KOTAGYESN TOLG OO TOV CTANVO KOl TO GUKAOTL X TMEPIMTMON
mov mpoopilovtal va. Tdcovy 6e GAAO UEPT TOV GMOUATOS, OTMC Y0 TOPAOEYUN GTOV
eykéParo, towg va ypeialovtar peyaAdtepec amartnoelg [5]. Mopoio ovtd sivar uéypt
OTIYUNG AYV®OOTO MO0 &ival 10 KATAAANAO péyebog mov pmopel va ypnoiwomondel yio
KUTTOPIKY] TPOGANYT|, Y®Pic va dtotapoydel 1 doun kot 1 ¥nUeEl TOV KLTTOPOGKEAETOV
TOV avOpoOTIVEOVY 16TV [6] Kot avtd cvppaivel 610TL Tailovv pOAO Kot GAAOL TaPBEYOVTEG,
ot omoiot Ba avaeepBodv 61N GLVEYELA.

Eivar onuaviikd va avaeepbel 0Tt 0 0pog “néyeboc” avoeépetor moAd cvyvad o€
HEUOVOUEVO, COUOTIOW Kot OYl G€ CLOCOUATOUNTE OVTOV TOV &ivorl dvvatdv va
dnuovpynBovv katd tov xeiptoud, v amodnkevon N ™ ovveon toug [1].

Rayleigh Light-Scattering of Nanocrystals:
Shape, Size, and Composition Matter

Ag Nanoprisms Au Sphere Au Sphere Ag Sphere Ag Spheres Ag Spheres
~100 nm ~100 nm ~50 nm ~120 nm ~80 nm ~40 nm

* The scale bar is the same for all the images.

Eucéva 22 2k€000T TOL POTOG VOVOKPLGTAAAWDY
[http://chemgroups.northwestern.edu/mirkingroup/BioNanomaterials2003revl1.htm]
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Téhog, Onwc mapatnpeital Kot 6Ty KOV 25 01 PLGIKOYNUIKES 1010TNTEG TOV LAIKOD
dev etvan aveEaptnteg, ahAd pmopel va emnpedlovv N pio Ty GAATY, 0TS Yo Topddetypo M
oKEOUON TOV PMOTOC, ONAAOY GE TOWL TEPOYN TNG OPATNG OKTVOPOAlNG eKTEUTOLV TO
vavooopatiol, dev emnpealetal and to péyebog oAAG Kot TO GYNLO TOVG.

2.2.2 Emnidpoon Tov 6YqNoTog

Ta vavocopatidw pmopodv va dtakpiBodv pe Pdon 10 oYNUO-HOPEN TOVS, OTMG
dwakpiveton kot oty ekova 23, Kopiwg oe ceupKd, felovoeldr], coANVoedT], porPoeldn
Kot TeTadogdn). O mapdyovtag oynua, UTopet vo ennpedost, Kupimg:

1. g duhvpa kot vd popen aepolOA, TNV TOKIMA TG VOPOSVVAUIKNG OKTIVOG AVAUEGO
0€ GPAPIKG VOVOCMUOTIOWN Kol 68 EXUNKVUEVO (LEYOADTEPO OTO TO TTPOT)YOVUEVD) UE
mv 0w pala, mov TPoKaAEl d1apopoToinon otV KIvnTIKOTNTA Kol 6T O16(LGYT| TOLG
oT1¢ 600 eaoelc (aépla Kot vypn).

2. Tnv evamdOeomn katl TV KNTIKN Tpocpoenomn o€ BloAoyikd pHéca, apod ot UNXOVIGHOT
TOPEUTOOIONG TOV 10VIIKOV O0OAMV OTO KLTTOPIKA TOUYMUOTO QaiveTon vo givon
e€optduevol and 1o oynua tov copatdiov [1].

3. Tnv xukAoopia ota apodpa ayyeio [40].

‘Exer mpotafel OtL T00 OVIGOTPOTOL GYNLOTO, YO TOPAOELYHO TO. KLAMVOPIKA, TO
POPOOELDN, TA NUOPUPIKA Kot ToL vavooouatiola o€ oxfua diokov [9], [7], [19], umopotdv
va, aroHyovV TV P1o-0146T0cT EVKOAOTEPO OO TOL GUUUETPIKE GOPOIPIKA VOVOSMUATIOW,
Tapovotdlovy AyoTeEpT TOEIKOTNTO Ko HEIWUEVN TPOSANYT, OU®G givol dvuvatdv va
odnynoovv oe pakpompdbecuo amoteléopoto OMWG o€ {vwon 1 oe KopKivo TmV
TVELUOVOV, OTNV TEPInT®ON TV vavo-vav [Peto et al.,, 1977]. daivetor vo vrdapyst
OLOYETION OVAUEGO GTO AOYO TV dACTACE®Y (UKOG-TAATOC) TMV VOVOSOUMYV KOl GTOV
YPOVO KUKAOPOPIOG GTO KUKAOPOPIKO GUGTNHO. AVENCT TOV TPMTOV POIVETOL VO TPOKOAETL
avénon tov doevtepov. ‘Etot, vyning avaloyiog S10oTdceE®mY VOVOGOUOTIONW GUYKPIVOUEVOL
HE TO. OVTIOTOO GOAIPIKE OHOAOYN, TOPOVGLALOVY EVIGYVUEVOVS YPOVOVG KLUKAOPOPING
oto aipa [7]. Avtd ocvpPaivel yioo to AOYo OTL amatteital emmAéov ypodvVOg Yoo TNV
TPOGANYN TOV EMUNKLUEVOV copoatdiov [21]. EmmAéov, ta avicOTpoma Gynuoto
TapoVS1Alovy aLENUEVN KAVOTNTA VO pEOVY UEGH OO TOL TPLYOELON ayyeiol Kot Vo KOAAGVE
oT0 TOYYOUATA TOVG [9]. v ewcova 27 @aiveTor 6e dypOLLo 1 KvnTKOTNTO, avAAoYQ
Le o oynua kot to pEyefog, vovocsouatidiov apydpov.

To&ikotyTer Nocvoowpactidicov

36



Evcove 23 Ewoéveg SEM vavosouatdiov TiO; dapépov cynudtov mov &gl cuvovaotel pe d1apopa

vikd: a.Ti(OBuU), ue DBS b. Ti(OBu)4 ue HPMC c. Ti(OBu)4 pe SDS d. TiCl, pe DBS e. TiCl, ue HPMC f.
TiCl, pe SDS. H kAipoxo givon 1um.

To péyebog cuuPaiier onUOVTIKA KOl 6TV TPOGANYTN TOV VOVOSOUATOIOV and To
KOTTOPO, EKTOG OO TOV XPOVO KUKAOPOPING TOLG 6TO AoPOpa ayyeio. Xvykekpyéva, O
Yang Qiu ka1 o1 cuvepyatec tov [24], oe meipapo mov d1e€nydn pe okomd ™ peAETn NG
KUTTOPIKNG TPOoANYNG vavopdfdmv ypvcod (AU nanorods), mapatipnoav OtL 660
HEYOADTEPO NTAV TO UNKOG TV VavopaPdmVv, TOGO HKPOTEPT NTAV 1| ECOTEPIKELOT| TOVG
and to kouttapa. Ilapdia avtd, m etoapic NanopartzTM, m omoio koTaokevLAlel
vavopapoovg Yo xpron Toug oG “oxNUATe” QOPUAK®V, £YEl amodei&el 6Tl o1 vavopapdot
YPLGOV, GUYKEKPIUEVA, ATOPPOPOVY KAAVTEPA TNV VITEPLOPTM akTIvoPoAia o€ cOyKkplon pe
CQOIPIKE VOVOSOUATIOW ¥pLGoL Kot €Tl 1 BEpUaVOn TOV KOPKIVIKOV OYKOV HECH TNG
axtvoBoliog va yivetar amotelecpatikdtepn [71].

@ ii m poppoc (o= pijkog)
2 v 3 @ —§—~ { & poppoc (o= mhatog)
- g 6 ii ® coaipa (SrapsTpog)
0 i d A tpiyovo (Yyoc)
E~» * 4 ——
i
e g i * ; '-*'
L — ET08
p— ‘% — * * * +
0.6 ey u T T r
g 0 40 80 120 160 200
» Msy=Bog (Nm)

Evcéva 24 (a) Ewoveg TEM drapopetikdv oynudrov vavooopotdiov apydpov. H khipaka aviiotoyei og
100 nm.
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EmumAéov, oaivetar 0T 10 oyfjuo T@V vovooouatdiov Oev emnpedlel pOVo TOLG
TOPAYOVTEG TOL TPoovaPEPONKAY aALG emnpedlel Kot TNV KovOTNTA TPOGIEGNS GE OVTA
VTOKATOCTOTAOV Y10l GTOYELUEVT] YOPNYNOT PAPUAK®V, OT®MG vITodekvoetatl and tov S. C.
Glotzer [53]. Xvykekpiéva, vadpyovv evdeilelg OtL eminedo copatiol Tapovoldlovy
ATOTEAEGUOTIKOTEPT TPOGOEST] GE GUYKPIOT| LE T KVPTAL.

[Mop’ 6Aeg TIC evoeilelc, OUWS, CYETIKA UE TO TOWO0 GYNMUO GLUPBAAAEL KAADTEPO GTNV
EVOOKVTMON 1 AV OVIMG O TOPAYOVTOS 0VTOG EMNPEGLEL TNV SLOOIKAGIO QLTY), KO ETOUEVMG
NV TPOGANYT| TOLG OO TO. KOTTOPO, KOl TNV OTOUAKPUVOT TOVG OO TOV OPYOVIGUAV,
ypeleTal TEPAITEP® JEPELYVNON Y1 TNV JEUYWYN TEMKDV GUUTEPAGUATOV.

o) Yymanc Avodoyiog Aastdceey  B) Xauning Avaloyiog Aactdcemv

Nanowiresm Nanospherical © O

Nanohelices UL Nanohelices &

Nanozigzags AARARAY Nanopillars =
Nanopillars c=———— Nanowires ——
Nanotubes =—— Nanopyramids &
Nanobelts ==— Nanocubes &

Various O

Evcéuva 25 ZUYKEVIPOTIKH TepovGiaeon TV mavav oxnuitov/popeoroyidy vavobitkoy [13].
2.2.3 Emidpaon ¢ em@avelog

Axopa évag mapdyovtog mov mailel onUOVTIKO pOAO, GTO OV TEMKE TO, VOVOCSMOUOTIOW
Ba TapoVGIicoVV TOEIKES GLVETEIEG GTOV 0PYAVIGHO, amoTeAel N emPAveEd Tovg. ['evikd,
TOL YOPOKTNPLOTIKA TNG EMPAVELNS, OTTMG 1) YNUElR, TO PopTio, 1| HOPPOAOYia, 1 TPUYVTNTA
N toxdv puoivvon [68], ennpedlovv v otabepdTNTO TOV VAVOCOUATISIOV, TOV YPOVO
KUKAOQOPLOG TOVG GTO alipla KOOMDS Kot TNV 0OY®UOTOINGT TOLG 1) TNV 0ECUELGT] TOVS amd TO
KOTTOPO TOV OVOGOTOMNTIKOV cvoThuatog [5] dmwe eniong ko tnv BroAoyikn exidpoomn wov
éyovv [68]. T mopddetypo, 660 MO 0VIETEPT KOl VOPOPIAN €ival 1 EMPAVEIL TOV
VOVOSOUOTIO IV, T060 avEavetal o ¥povoc KuKAOQopiag Tovg ywpic va mapeumodilovton
and 10 mhdopo [14]. Emiong, emmpedlovion onuavtikd kot 1010mteg Onmg sivar 1
SoTOPEL, 01 OTTIKEG WOIOTNTES, 1 OYWYHOTNTA KO 1] KOTOAVTIKT) CUUTEPIPOPE TV VAIKDV
[20].

AOYy® ™G avuEnuévng KNG emedvelng ové povéod Oykov, €vioyLOVIOL Ol
evoocmuOTIOIKEG EAEELS (NAeKTPOOTATIKEG aAANAETOpacels, duvapelg London ko Wan
der Waals) pe amotéieopo to. vovooouatidlo vo £govv TV TAOT Vo SNHovpyodv
ocvscopatopota [1], kbt mov etvar avemBiunto Kabmg yivovtor dvokivnta kot yévouv o
TAEOVEKTNHATO TNG VOvOoKAipakas. T v amoguyn TV Qavopévemv GLGCOUATMOGNGS, T
VavosOUOTio 6TafepomoloVVTaL LLE TN XPTOT) EWIKAOV EMKOADYEWDV.
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Evcéva 26 YYMUOTIKN OTEKOVIOT) TOV OAANAETIOPACE®V (EAKTIKOV 1] anmONTIK®OV) pHETOED TV

vavooopatidiov [23].

‘Etol, ov mapdyovieg Omwg sivar 10 @optio, M ynueion ™G emedvelng OTMC Kol M
OTOWONTOTE  TLYOV EMKAALYN N AVIICOUOTO 7oL TPootifevtar otnv  PloAoyikn
SIEMPAVELD TOV VOVOCOUATIOMY, OTMG YIVETOL GTNV GTOYXEVUEVT] YOPNYNOT POPUAK®V,
elval oNUAVTIKO VO LEAETMVTOL TPV TNV OTOLOONTOTE YP1|GT TOVC.

2.2.3.1 ®oprio ™ emeavewog (Surface Charge)

Otav to vovooopatidl S106meEipovTIoL 6€ KATO10 VouTIKO HEGO, eivat duvatd va pEpovV
Kamolo MAEKTPKO @optio omv empaveld tove. To @optio avtd (BeTikd M apvnTiKd)
e€aptaton amd TN QLUON TOV cOUHUTWIOV Kot Tov TEPPAAAovTog pécov. Mall pe to
péyeboc, OmoTEAOLV TOVG KUPOVS TAPAYOVTEG MOV emMMPedlovV TO YOPOKTNPIGTIKA
doTopdg TOVG, TNV OMOPPOPNON TOV WOVIOV Kol YEVIKA TOV Tpdmo pe tov omoio Oa
aAAnAemdpdcovy e T KOTTAPO TOL Opyavicpov. Emiong, emmpedlovv v Proroyin
andkpion (eoyokdtmon, yovoto&ikdmro ko @Aeypovn) [1], [17], tqv odvdeon pe tig
TPOTEIVEG TOL 0POY OTMG EMIONG KOL TN LN GLYKEKPIUEVT] KLTTOPIKT TPpockOAAnGn [40].

To emo@avewnkd @optio pmopel emiong vo emnpedost TV TOEKOTNTA  TOV
VavoooOUaTdiov aeov ennpedlel dueca T aAANAEMOPAGELS TOVG pe To. KOTTapo. [19].
Xapakmplotikd mapdadetypo anoterel n mepintwon @V vavoocouatdiov ypvcov (Au
NPs). Apvntiké opticpéva vavocsopatio Au topovotdlovy mold Aydtepn to&ikdTnta
og ovykplon pe Betikd poptiopévo vavocopatiot Au [10]. Onwg mapatnpeital kot otnv
ewova 27, to 0eTiKd QopTIGUEVH COUATION EAKOVTOL IGYVPA Ad TO OPVNTIKO POPTIO TNG
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eEoKruTTapkng pepPpdvng o avtifeon pe to apvnTIKd 1 0VOETEPA POPTICUEVO COUATIOW
T0. 07010 OEV OAANAETOPOVV TOGO 1GYLPE LE TNV KLTTAPIKY HEUPPavn 0ALE TapdAa ovTd
yiveTal TpOGANYN TOVE 6TO EGMTEPIKO TOV KuTTdpoL [21], [66].

A)

low

low i
affinity affinity

Evcéve 2] A) ApvnTiKd QopTIoUEVE, Kl OVIETEPT, VOVOSMUOTIdW ¥pucod B) Betikd poptiopéva

vavooouotio ypucov [21].

l'evikd, to Betikd @opticuéva vavooouatiol mopovstdlovy HEYOADTEPT KLTTAPO-
ToEIKOTNTO, OKOUOL KOl O MKPOTEPEG CLYKEVIPMOELS OMO OVIOVTIKA 1) 0VLOETEPQ
vavoocopotiow [27], kabdg &xovv peyaADTEPN TAOT VO OAANAETOPOVV HE PlroloyiKd
oLOTOTIKA Kot €lval mepiocdtepo aoctabr). BéPaioa 6cov apopd v pepppdvn tov
TAAGLOTOG, TO CPVNTIKA VOVOSOUOTIOW OAANAETIOPOVV 1GYVPE Kot Oyl GUYKEKPIUEVD LE
ot o€ avtifeon pe Ta OETIKG POPTICUEVA COUATIOW TAL OTOT0 TPOGOEVOVTAL GE APV TIKA
QOPTICUEVES OuGdeg oty KuTTtaptkn empdaveto [27], [21] kot pmopovv va diépyovtar dio
péoov oavte [21]. Mewwvovtog tov aplBud tov OeTik®dv  QopTi®V  EMTLYYAVETOL
OTOTEAECUOTIKOTEPT] KVUTTOPIKT] TPOGANYT EVED TOVTOYPOVA ELATTMOVETOL KO 1] TOEIKOTNTO
[19], [21].

Emniéov, Omwg moapamnpeiton kot oty €wkovo 28, To KOTIOVTIKG VOVOGOUOTIOW
aKOAOVOOVV dlapopeETIKE evOoKLTTAPIKG “povomdtio” [27], kTl mov iowg emmpedlet
EMIPOGHETA TNV SLOPOPETIKT GLUTEPLPOPE TOEKOTNTAS TOVG.

[Mopdia avtd, eivar onuaviikd va Ppebel M KotdAANAN coppomion SOTL pe TNV
eMdTTOoN TOL Qoptiov dev gAatTOVETOL UOVO M TOEKOTNTO OAAL KOl TO TOGOGTO
TPOGANYNG TOVG 0oV emnpedletor 1 evéokOTmon [66], kKdtt mov gival avemBdunto, 101Ka
o€ wtpkég epapuoyés [19]. Emmiéov, 10 gpoptio amd povo tov €xetl peydin onuocio 6tov
KkaBopiopd ™G oTafepOTNTAS TOV KOAAOEW®V TMV VOVOCSOUOTIOI®MV Kot GTNV oo puyn TG
cvccopdtoong [19].
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Evcéve 28 To xoriovricd kot o, aviovikd, VOVOGMUATIO akoAoVOODY S1OPOPETIKG EVOOKVTTAPIKA,

LATERAL PLASMA MEMBRANE

povorndtia o Tohwpéva kottapo Madin-Darby canine kidney (MDCK) [17].

2.2.3.2 Tpomomomoelg s empaverag (Surface Modifications)

Yrhpyovov o000 €0V TPOMOMOMWCELS EMPAVEWLS Ol OmMOlEg WTOPOvV Vo
TPAyUaToTomBovV 6 VAVOSOUOTIOW, 1 EMKAALYT TOV VOVOGOUOTIOIWV Kot 1) TposOnKn
HIKp®OV popiov, 0Tmg ival To avTIcOUATO, O1Popo UIKPO OPYOVIKE HOPLo 1 Kol HOPLo
OV ALTOVPYOVV cav popla otdyevons. Ot otdy01, 6e KAbe Tepintwon, eival dopopeTiKol
OAAG Kot To OV0 VT €10M €Y0VV GKOTO VO BEATIOGOVY TIC IO1OTNTES TV VOVOSOUOTIOIWV
HETA TNV €l60y®mYn Tovg o€ évav EuPo opyaviopd (mpdoinym, yxpoévo kvkAopopiog,
KateLBLVOT, TOEIKY EMOPAoT) Kot APIEN GE GUYKEKPIUEVO KOTTOPO/GTOYOVC).

( L
Polymersome A e

wd

Surface Coating:
Amphiphilic co-polymer bi-layer

VaVAVAN
Hydrophobic polymer:
Polylactic Acid (PLA),
Polyglycolic Acid (PLGA)

Hydrophilic polymer: PEG

Targo:ng(vocw
L >

Eucéva 29 Synpaticy ancovion vavosopanidiov pe movpeptkr Béon [40].

100-600
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2.2.3.2.a. Emaloyn Tov vavoocopatidiov (nanoparticles coating)

Ievikd, n ynueio e emedvelog Tov VAKOL gival {OTIKNAG onpaciog yio TNV enppon g
aAAAeTidpaon G TV vavosopotdiov pe ta fropdpla [25], [26]. ISwitepa evepyéc opdoeg
OTNV EMPAVELD TOV VOVOSOUATIOIOV ETNPEAlOVY CNUAVTIKA TNV OAANAETIOPAGY] TOVG UE
Ta Broroyikd ocvotiuata [58]. Onwg éxel 1oN avagepbei, 660 peidvetar o péyebog twv
copotdiov, tOc0 ovéavetor 1 (yNUiKn) dpacTikOTTAS Tovg. Emopéveg, baitepn
npocoyn mpémel vo divetor oto emtepikd vAko (surface material) mov koahvmter TV
EMPAVELD TOV VOVOSOUATIOIMVY, Kol APa OTIC KOTAAANAES EMPOVEINKES 1O1OTNTEC TOVL &V
AOY® VA0V, Tapd 6to vAKO Tov Tupnva (core material), agov awtd teAkd Ba kKabopicet
™V GAANAETIOpaoT TOV cOUATIOIOV e To PloAoyikd cvotnua. Kdti mov eniong mpénet va
dwcapnviotel, gival to yEYovog OTL amd TNV OTIYUN TNG EIG0YMYNG TOV VOVOCOUATIOIMV
(xopic emkaivyn) o€ Proroyiko 1| TepPaALOVTIKO TEPLEYOUEVO EIVOL TPAKTIKA 0OVVATO VL
wapapeivouy “youvd”. Amd TNV EMAPY TOLG LE £VO OTMOIOONTOTE ETEPOYEVEG GLGTNLO,
UIKPOTEPEG OOUES OTTWS POPLO, GTOUO 1) KOl LOKPOUOPLO TPOGKOAAOVVTOL GTNV EMIPAVELL
TOV cOUATIOIOV pE wyvpovg 1| acbeveic deopong (Ewova 30). Idwaitepa og éva Poloyikd
nepPdAiov dmov o1 douég avtég etvar Propdpla, TO ETPAVEINKO GTPAOUO TOV TEIVEL VOl
onuovpynBel omv emtepikn emedveln TOV “youvov”’ vovooopatdiov ovoudleton
corona xot givor ovtd TEAKA 7oL Oa KoBopicel TIG 1WOWOTNTEG TOL GULUTALYUOTOG
vavocopatidiov- corona [50]. "Exet mopoatnpnbei 611 | enkdioyn tovV vOvos®UOTIOImV,
wwitepa e vOPOPIAL ToAvpepn 6Tw¢ gival o PEG kot ta mapdywyd tov Ponbdel otnv
OTOPLYN TNG AMOPPOPNONG TPOIEIVOV GTNV ETPAVEIL TOVS OT®G VT TEPLYPAPTNKE
TPOTOTEPO UE OMOTEAECUO TNV KAOLOTEPNON TOL OvocoToMTIKOD “Kabapiopov” [66].
‘Etot, etvar onupovtikn n Katovonomn, Oyt UOVO T®V VOVOCOUOTIOIOV OAAL KOl TOV
nepPAAOVTOC HEGO 6TO 0moio PpickovTal Yo Uil OAOKANP®UEVT] LEAETN M OTTOlOL ALPOPEL
NV T0EIKOTNTO TOVE.

SR < %
oy ,
28
>
& %
& B
~ e % ) “ﬂ':‘
& v & ;

0
Evcéuva 30 ZYMHOTIKY AVOTOPACTACT) TOV GTAOLOKOD GYNHATIGUOD ETLPOVELKOD GTPMHUTOG OTIV

eEmTepKM eMOAvEL VOGS “yupvold” vavocopatidiov [50].

Ocov agopd ocvotiuate mov mwpoopilovion yuwoo wIpkés Oepameiec, vmépyovv
TOVAYIoTOV TEGEPLS mBavol 6TdY01 ToV €)el pia emkdivoym. O Tp®dTog givar va avénoet
™ dudpkela Long Tov cLEEVYUATOG KOl VO ATOTPEYEL 1) TOVAAYIGTOV Vo KaBLGTEPTOEL TNV
OO UAKPLVGT TOV GUGTAUOTOS (VOVOCSOUOTIOW-EMkKdALYN) amtd TOo dikTLO-EVO0BLALNKOD
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ovotuatog (RES). Evag axdpo otdéyog eivor m KotdAAnin obvdeon tov embountol
“otoxov” pe to Bepomevtikd poplo. ‘Evag tpitog otodyog eivor mn otabepomoinon tov
VOVOGOUATIOIMV TPOC AoPLYNV TLYOV dnuovpyicg cvcoopatopdtov (Ewkdva 31), kabobg
pe ™ omuovpyic TETOWWV OYNUOTICUAOV Oev ydvetar POVO 1 AEITOLPYIKOTNTE TMV
cOUOTOIOV 0ALG EMTAEOV UTOPOVY €DKOAN VO OOUOKPVVOODV O TO LOKPOQAYO, TPV
Tpolafouvv va pTdcoovv Tov 6TdYo Tovg [26], [29].

Evcéva 31 Ewdveg niextpovikov pikpookoniov siéievons (TEM) cuocopatopévey vavosopoTidioy.
K\ipoka 50nm [28].

Evcéva 32 A) Novocopatidw ta ool mapovsialovv otabepdnta, B) Anpovpyia cvcocopoatdporos [23].

Téhog, emedn n apyn emedave (TP TNV EMKAALYN) TOV VOVOCOUATIOIMV GE
OPIOUEVEG TEPMTOGELS £tV KVTTAPOTOEIKT AOY® KATO1V VTOKATAGTUTOV TOV VIAPYOLV
0T0 Qv Opl0 G OmMMG Yo TOPAOEYLO. GE OPICUEVA VOVOCOUOTIOW  XPLGOD
(vavopapdovg, nanorods), pmopei vo kpBel amapaitnto vo yivel tpomomoinom g
EMPAVELNG LE KATOW ETKAAVYT) [26].

[Switepa ehkvotikég 1010TNTEG TOPOVGIALOVY SLAPOPO TOAVLEPT], AOY® TNG KOANG
Broocvpupatomrag kot Prooctabepdtmrag mov €yt mapotnpndel 6t mPocsdidovv oGTA
vavocopatiow. Ewwd oty nepintoon tov £yKAEIGHOD papudKkov, ovtd pmopel va yivel
pe 6vo tpdémovg: Ilpmtov, pe QLo eyKA®PIGUO, 0TS yiveTon Katd Tn ¥pNoM TOV
nmolvAaktikoy o&éog (PLA) [32], kot de0tepov pe OHOIOTOAMKO OECUO GTO TOAVUEPIKO
mAéypua  [33]. Tevikd, ot péBodor movL  YPNOOTOOVVTIOL Yo TNV  EMKAALYN
VOVOoOUOTOiOV, UTopovv va katnyopomombovv oe pebBddovg mov Paciloviar oe
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OUOIOTIOAKOVG KOl GE U1 OHOOTOAIKOVG 0eGHOVS. Ot Un OUOI0TOAIKEG AAANAETIOPAGELG
UTTOPOVV VO, TOPEXOVY EVOLAPEPOVGES GUVOECUOAOYIEG VOVOCOUOTIOIOV e Plopoptlo oAb,
Om®G eival YvooTO, Ol OHOOTOMKES OAANAEmOpAcels sivol KoTd TOAD 10 LPOTEPES.
BéBata, m woyvpn otabfepdTTo TOV OHOWTOMK®OV OAANAETIOPACE®V UTOPEl va
INUIOVPYNGEL TPOPANUOTO GE OPICUEVEC TEPIMTMOGELS, OTMG €lval M UN OMOTEAEGUOTIKN
ameAevBEP®ON TOV MPEMU®Y QOPTIOV Qapudkov otov embountd otdyo [26] B/xor M
LEPIKN ATMAELN TNG OPACTIKOTNTOS TOL Qapudkov [32].

AV KoL DVITAPYOVV EKATOVTIADES PLGIKA 1] TEYVNTA TOAVUEPT, £VOL LIKPO GUVOAO UOVO EXEL
ypnowomomOei cav popéag poapudkwv [16]. Ta kuplotepa, mov £yovv ypnoponombei o
dlapopec peréteg g emkdAvym kot ta omoio Bo avaivBodv ot cuvéxew, sivon M
noivatfvievoylvkoin (PEG) kot opiopéva copmorvpepn g, to moAvioktikd o&y (PLA)
KOl T0 TOAAOKTIKO-cL-YAVKoAKO o0&V poly(lactic-co-glycolic acid) (PLGA).

Non-targeted nanoparticles

Drug PEG chain

50-200 nm E

Nanosphere Nanocapsule PEGylated
nanoparticles

Encéva 33 ZyNUOTIKH ATEOVIOT [T OTOXEVHEVOVY VavooopaTidiov [35].

v TIohvorOvlevoylvkoin (PEG)

O apgipiiog yopoxthpog ™G moAivaibvievoyivkoing (PEG), dwaceoriler 6tL ta
EMKOAVUUEVO, UE OLTH, COMOTIOW £xovv LYNAO Pabud ProcvuPatdTTag Kol GLYYEVELNS
He T1g KutTopikég pepPpaves. INa mapaderypa, €xer Ppebetl 6t tar emkaivppéva ne PEG
VOVOSOUOTIOW ¥puooy €UPOVIOVLY HEYOADTEPT OMOTEAECUOTIKOTNTO OTNV KLTTOPIKN
TPOGANYT CLYKPIVOUEVA UE T Un Tpomortomuéva [26]. EmmAéov, n emkdAvyn pe PEG, 1
KOl [e GAAQL TTOADUEPY], OTOTPEMEL TNV GLCOMUATOOY G€ TEPPAALOV LLE LYNAN 1OVTIKY|
duvaun kot v o&eidmwon [26], [30], evd mpowbel v peyaidtepn KukAo@opia TOVE GTOV
opyaviopd in vivo [26], apod upeudvel Tig un €dkég aAiniemdpdoelg (non-specific
interactions) tovg pe npoteiveg tov mAdopotog [30]. ‘Exet Bpebel 0t o1 emkaivppéveg, pe
PEG, emodveieg ivar un avocoydveg (nonimmunogenic), un avtiyovikég (nonantigenic)
Kol TpoTeivikd avOektikég (protein resistant) [29], [30]. Idwitepa evdiapépov givar to
yveyovog 0Tt 10 PEG 0d¢ev elvan Pfrodacmodpevo, oldd mapoia avtd amekkpivetor amd to
avBpomvo copa, oynuotilovtag pun tofikovg peTafoAitec, HECH TV VEEPOV 1 TOL
oLvK®OTIOL [38].

Extog and 11c Pacikég Asttovpyieg mov emtedel 1o PEG, cov OAeg TIG emKaAOWELS, TOV
npoavaépnkay, eivar amapaitnto va SoBETEL evepyd AEITOVPYIKEG OUAOES KAVES VoL
cvvdéovtal pe Tovg KatdAAniovg targeting agents [29]. Mropei va cuvdvacTel kat pe dAlo,
(vOpdYoPo cuVHOMG) ToAvpEPT dNUIOVPYDOVTOG GOUTAOK, OTT®C T.Y. ne t0 PLA, pe
Slpopa avtyova, e eOAMKO 0&D Kol PE OPKETO OVTIKOPKIVIKG @Aapuake Omwg gival To
paclitaxel ka1 to doxorubicin. EWwd omv mepintwon cuvévacuov tov pe vopdpofa
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TOALUEPY, M MHOPQPOAOYiD, TO OYNUO Kol OGAAEG OmO TIG TEAKEG 1010TNTEG TOV
VOVOSOUOTIOIOV TOV TPOKOTTOLV, KLPLOPYOVVTIOL OO TO TOGOGTO TOL VIPOPOLOV
ToAvuePOVG 6to VOPOPL0 PEG [40].

‘Eva Bacwco petovéktua amotelel 1o yeyovog 0Tt o KapPo&vAla i ot apiveg PEG mov
etvan draBéotpa etvar apketd akpiPd, eved AOYm TV peYOA®V HOPLOK®V Bapmdv Tov £xovv
Kol TG aotdbelog mov moapovstdlovy eivar wOOVO Vo, avAGTOAEL 1| LOVOGTPMUATIKN
OLTOOPYAVMOT TOV TNV EMPAVELD TV Vovosopatdiov. [ToAlég popég mapovoidlovv
AKOTOAANAOTNTA Yoo ¥pNoN 6€ vavodlatdEelc 1 VOVOoLGTHUATO AOY® TOL HEYAAOL
popakob tovg Papovg [29].

v TIohvhoktiké 0o&H (PLA)- IToAvlokTiké-6v-yAvkolké o0 (PLGA)

H ypron mpooynuaticuévav moAvestépmv, Onwg eivor 10 TOALAOKTIKO 0&L 1 TO
TOAVAOKTIKO-CL-YAVKOAMKO  0&ED, yivetalr ovvifwg mpog oamo@uyn ovtidpaong Tov
(QOPUAKOV LE TO LOVOUEPES KATA TN SLAPKELD TOV TOAVUEPICUOV (TEPITTMOT) OLOTOTOMK®DV
OAANAETIOPACE®MY) KOl TV UEWOVEKTNUATOV 7OV OSEMOVV TOV GLYKEKPUEVO TPOTO
eoptonc eapudakov. Ot moAveotépeg €govv 10 TMAEovEKTNUO OTL givon ProcvuParot,
Blodtacmacyotl apov 1n VOPOAVGT TOVG 00NYEl o€ HeTafOoMOIa, U TOEIKA LOVOUEPT], LUE
EEXYOPIOTEG KAVOTNTEG EAEYYOUEVNC OMEAELOEP®ONG TOV EYKAEIGUEVOL Qapudkov [34],
EVO TO, COUTIOW OV £Y0oVV Ga BAcn TOV avaPePHEVTEG TOAVEGTEPES, YPTCILOTOOVVTOL
NnoM oto egumdpro aeov €xel eykpidel n ypnon tovg omd tov Opyoviopd Tpoeinwv kot
®apudkwv (Food and Drug Administration, FDA) kot tov Evpomoaiké Opyoviopd
®apudkwv (European Medicine Agency, EMA), kdtt mov vmodeikviel vynio Pobuod
YVOONG Yo TN GLYKEKPIUEVT otKoyéveln molvuepmv [32]. Emiong, €xel avoeepbel ot
BAMoypopio €KTEVOG Kol 1 KOTOAANAOTNTA TMOV GCLYKEKPUEVMOV TOAVEGTEP®V YO
EYKAEIGUO  pokpopopiov  Om®G  VOLKAEIKOD oféwmv, TMPOTEIVOV Kol  TLPNVIKOD
piPovovkAeikon o&og (SIRNA) extoc amd papudkwv [32], [34].

AVO ONUOVTIKE LEIOVEKTHLOTA ETVOL 1] YPTIOT OPYAVIK®OV SHAVTOV KOTA TN O18PKELN TOV
TOAVUEPIGHOV TOV TAPUTAVE® ECTEPOV KOl 1 OELVGT TOV EMEPYETAL [LE TNV OLACTOCT] TOV
eotépav [32], n omoila umopel va emmpedost 10 PH TV KLTTApOV Ko dpa T O16popeg
Aertovpyieg tove. 'Eva axkdpa onuaviikd pelovékmuo, mov tepopilel m ypnon tov PLA
givor 0 oD apydg pvOuds didomacnc tov. ‘Exel avapepbei 6t1 | didlomoon Tov Iin Vivo
umopei va dapkécel péypt kot ypovia (Bergsma JE et al.). Téhog, 1 vdpopofikdtnTa Tov
KOt 1 EAAEWYN SPUCTIKOV TAEVPIK®DY OpAd®V TEPLopilovv T ypnomn v og &xel [37] evd
TOVTOYPOVe €ENYOVV TO YEYOVHG OTL cuviBmG cuvdvdletor e 0 TpoavapepBév PEG, to
onoio dev amartel TNV VIAPEN SPACTIKMOY OpddwV, oynuatifovrag copmioka (swovo 34).

PEG

PLA

Eucéva 3 Tynuotiky aneikovion ovpmiokov PEG-PLA [39].
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2.2.3.2.b. MpocOikn mkpdv popivv otoyxeveng (Ligands-Stimuli)

H 13éa tng oToeLéVING XOPYNONS PAPUAK®OV TPOTAONKE Y10l TPAOTN POPE TOV EIKOGTO
awova amd tov Paul Ehrlich, o onoiog emvonce tov 6po “payiki oceoipa”, avapepouevog
o€ o OempnTikn ovcia 1 omoia amoteAeitan amd £vo OepamevTIKO UEPOG GUVIESEUEVO GE
oLOTATIKO KOVO Vo avayvopilel ta aoBevi KOTTAPO-GTOYOVS, TOPEYOVTOS LE OVTOV TOV
TpOTO oKpifeia oTN peTaPopd tov eopudkov [67]. Edwd oty mepintwon Tov KapKIvIKOV
KLTTAP®V, givarl amapaitntn n otoyevpévn Bepomeio yio 500 kvping Adyoug:

lo. Me v otoyxevuévn  yopnynomn KopPKIVIKOV  @oppdkov  mepropilovror ot
TOPEVEPYELES KOL 1] KATAGTPOPT| TOV YELTOVIKMOV VY] KUTTAPWOV EVD
20. emTuyyavetal amoteAecpatikdtepn Oepomneio kabmg OAN 1 TOGOHTNTO TOV PAPUAKOV

GLYKEVTPAOVETOL GTO, KOTTOPO-GTOYOVS Kot Ol LEPOG TNG.

I'evika, n otpoatnykn g otdyeLONG Hmopel va Kotyopromom el e 1€66Ep1g Kot yopies,
™ mobnTikn (passive targeting), v evepyntikn (active targeting), mv avtiotpoen (inverse
targeting) xouw v ocvvévalouevn (combined targeting) [67]. Kvpiog ot dvo mpmdTeg
KaTNyopieg ¥pNOLOTOI00VTOL KOTE KOPOV 6TV mpoondbeia otoysvpuévng Bepameiog yo
TNV TEPIMTMOT TOV KOPKIVOL.

Ymnodoyiuc-pecohdpnon
2vEOKDTOONS LEGEH
evepyTTIKIg GTOYEVOTIS

Kaprivikd
Kottopo '

]
o ® ; D @
®
e "\'\@lﬁma popto. (kékxwvo)
[ / @ Blu%é'ovrm??wt\ﬂzpu LEGT
Ko E2. v
J @ o

oL vovosnuetit (pof)
EL0LTHPOTVTNL OTOV KILPKIVIKO
1010

=

Euvcéva 3S ZYNHOTIKH ATEWOVIOT EVEPYNTIKNG Kot TAONTIKNAG GTOYEVONG KOl TOVTOYXPOVI) GUYKPICT| LE VYU

KkotTopa [5].

Apywd, vpye M memoibnon Ot Yo v 6ToxeLBOVV TO KOPKIVIKE KOTTOPO, ETPETE TA
VOVOGOUATION-QOPELG TOV AVTIKOPKIVIKAOV QUPUIK®OV VO, GEPOVV GTNV EMPAVEL TOVG,
OGLYKPOATOVUEVO UE YNUKO OeGUO, OVTICOUATO, TEMTIOW N GAAD HKPA HoOpLa, T omoio
epappolov 6Toug HOVAdIKOVS VTOJOYELG TMV KAPKIVIKOV KVTTAP®V UE 10 GYECT KAELD100-
KAEWapldc (active targeting). Zoyypoveg peréteg, Opmc, £xovv dgi&el OTL Ta VOVOSMUOTIOW
N ta ovlevypéva, pe PapproKo, TOAVUEPT TAPOLGALOVY TAPATETAUEVT KUKAOQOPio GTO
aipo kot oynuatiCovy GLGCOUATMOUATA GTOVG KOPKIVIKOVS 1GTOVG, OKOUM KOl LE TNV
QTOVGI0. VTOKOTOOTATOV OTNV EMEAveld tovg (passive targeting). To @owodpevo tng
TaONTIKNG  oTOXELONG OVOMALETAL KOl QOWVOUEVO  OLENUEVNG  OEPATOTNTOG Kot
datrpnong (EPR effect), mapampeitar o 61pg0c Kapkivikovg 16tovg (apykoi dykot ko
Ol KOPKIVIKA KOTTOPO TOV £YOVV LETAVACTEYEL GE AL ONUEID TOL OPYOVIGHOV), EVAD O&V
éxel dlevkpwvioBel axopo to KoTAAANAO péyebog copotdiov to omoio pmopel va
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oLGoMPELTEL 6 £vav YKo LEGm Tov Qavopévov EPR. Qotoco, mpémetl va onueiwbel 6t
10 eavopevo EPR e€aptdton amd d1dpopouvg mapdyovies kot dgv etvar Tavto, E0KOAO va
ovopBel. O axpoymviaiog AiBog yio va AdPetl yopa givar 1 damepatdTnTo TOV oyyeiov N
omoio. cuvBwe petafarietor kotd v e&EMEN tov dykwv [41]. Tevikd, otovg dykovg
KUpLopyel €TEPOYEVEIL OC TPOS TNV PON TOL OIHOTOG, TO TOGOGTO TNG AEUPIKNG
TOPOYETEVONG OTTMG KOL 1 OVOTOMio. YEVIKA TOVL OyKOv, TO OTOio. SVOGKOAELOLV TNV
HETOPOPA TOV POPUAK®Y 6 0AOKANPO TOV 0YKO [42]. EmumAéov, onuaviikd poro éxovv
KOl Ol QUGIKOYNUIKEG 1010TNTEG TOV TOALUEPOVG 1OV Ypnolpomoteitoan [41]. Téhog, oe
OPIGUEVOVG TOTOVG OTEPE®V OYK®V, GLUTEPIAOUPOVOUEVOL OVTOD GTOV  EYKEQPAAO,
TPOGTATEVOVTOL OO MO TEPOPIOTIKA ayyeio tor omoior dev emTpénovy ota ToONTIKA
OTOYEVUEVA  VOVOOWOUOTIOW VO QTACOVV TOV OTOY0 TOVLG, €V OEV  UTOPOLV Vol
OAANAETIOPAGOVV [LE HETACTUTIKOVG OYKOVGS, TO KOTTOPA dNAOOT TOV £Y0VV LETAVOGTEVGEL
and Tov apyko oyko [42].

AvtiBeta, 1 evepyntiki] otdyevon, m omoio eivol apketd mo dSadedouévn [67],
Bacileton elte otnv avENUEVN EMPAVEINKT GUYKEVIPW®ON OPIOUEVOV TPOTEIVOV TOV
vrdpyovv Kou oto vy kvttapa (tumor-associated antigens) eite otV Ekepoacn GAL®V
TPOTEIVOV OV VITAPYOVV ATOKAEIGTIKG 6TO KapKvikd kOTTapo, (tumor-specific antigens).
H mpocOnkn opddwv-ctoymv oev meplopilel pOvVo TG TOPATAELPES OMMOAEIES LYW
KUTTAP®V AL OIEVKOAVVEL KOl TNV KVTTAPIKT TPOCANYN HECH TNG GVVOEGNG TOVG LE TOVG
KATAAANAOVS LTOOOYELS, amoutdvtog HKpOTEPN Pabuido cuykévipwong oty pepPpdvn
TOV TAGOUATOG O GVYKPLon pe Vv omAf evdokvtwon [41]. Emumdéov, pmopel vo
YPNOooTomOel Ko Yoo HETAOTATIKOVS OYKOVS, KOOMDC Ol meEPopopol ¢ mabnTIKng
oTOYEVONG OEV 1GYVOLV €M, APOV 0 GTOYOG TOPA Eivol AUECH LIOPKTOS, G€ avTifeon e
npwv. TéAhog, eivar onuavtikd va avoaeepBel 0Tt Yo T oHVOESN UE TOVG VTOJOYEIS TV
KUTTAP®V-0TOY®V 0gv Tailel pOAO 1 TOGOTNTO TOV OVIICOUATOV OAAG HAAAlOV 1
AmOGTAOT) TOV LIOJOYEMV, OTMG YIVETOL ELPAVES OTNV EKOVA 36.

(b)

Receptor

Eucéva 36 ZyMHUOTIKT ATEKOVIOT TG GUVOESTG AVTICOUATMV LE TOVG SAPOPOVG VTTOSOYELS TV

KOPKIVIKOV KuTTépov [5]

AVEnon 1oV aviicopdtov 0gv cuvemdyetal amapaitnta v mAcovesin chvoeons ue
TOVG LIOdOYElS, KaBmg N otepeotaio TV VITOdoYE®V Unopel va eumodilel T chvdeon ue
TEPLOGOTEPOVG TOV €VOG Vodoyeis. Etol, mapdlo mov otnv mepintwon (a) vadpyouvv
TEPLOGOTEPO avTIoOUATA atd 6Tl otnV TepinTmwon (b), povo €vag vrodoyéag pmopel Ted
va ouvoeDel amoteAEGLATIKA.
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AxoAlovBel 1 avdlvon opopEVEOV OPAO®MV IOV AEITOVPYOVV ®OC OUASEC-CTOYOVG
(targeting groups) mcte vo Yivel TEPIGGOTEPO KOTOVONTOC O UNYAVIGHOG TNG EVEPYNTIKNG
OTOYELONG. XTOV Tivoka 3 TOL TOPUPTNUATOS cvvoyilovior Kot GAA0 poOplo. 7OV
YPNOYLOTOOVVTOL GOV GTOYOL.

v ®olké O&Y (Folate ligands)

Ievikd, 10 @oAkd o0&V M Prrapivny By gival omapaitnto ywo v avomapoayoyn tov
KUTTOpOV (VY] Kot pn). Avtd Tov £xel eVOPEPOV Kal ivar 0 AOYog OTL £yovv yivel
OPKETEG PEAETEC AV GE OVTO, €Vl TO YEYOVOC OTL GTNV TEPITTOOT TOV KUPKIVIK®OV
KUTTAP®V VILAPYEL VRIEPEKPPACT] 0LTOV. To POAKS o0& Ko 0 KOKAOG Tov givol (®TIKNG
ONUOGIOG YO TNV  YPAYOPN OVATOPOY®YN KLUTTAPOV KOl 10TOV Kol LTOOINAMVEL
TpoypNUéEVo 6Tado Kapkivov. H evdokvttapikn amdktnon tov @oikoy o&éog yivetan
HEc® doPOpwV VITOdoYEMV ol omoiol Ppiokovtal oty e£®KLTTOPIKN HEUPPAVN TV
KUTTOPOV, OT®MG Qaivetal Kou otnv €kova 41. Ot vmodoyeic avtol, avaeépovial otV
BipAoypagio mg vrodoyeic eoikov o&émg dAga, Prita ko yauuo (folate receptors alpha,
beta, gamma) | FOLR-1, FOLR-2 xoir FOLR-3 avtictoyo. Zvvifwc otav kdmolog M
KATOw0l 0md OVTOVG TOVG VTOOOYEIS €lvol CNUOVTIKA VTEPEKPPAUEVOL VTOONAMVETOL
Kapkivog otov ovykekpipévo 1otd [43], [45]. T mopdadetypa, oty mepint®on Kapkivoy
TOVL pooTtov 1 TV wobnkdv, vrepekepalovtal ot vrwodoyeic FOLR-1 kot FOLR-3, evo
omVv TEPImTOOoN Asvyopiog Tov pvelod TV octwv vrepekepdletoan o FOLR-2. H
éxppaon tov FOLRS cuyvd cuvdéetan ™ un eAmdoeopa ékPacn tov acbevn, evd 1
vrapén Tovg VTodNAMVeEL KakonBela Tov dykov [43].

Exto¢ amd v d1dyvoon KakonBeag £xouv yivel opkeTEC HEAETEG EKUETAAAELONG AVTAOV
TOV VTOOOYEMV Y10, oTOYEVUEVT Bepameio. XvlevyvhovTag GTOVS POPEIS TOV POPUAK®OV
(ToAvpepn- vavosmoUaTiol) oAkd o0&V, aVTO TAEL KOl GUVOLETOL [LE TOVG VTOOOYEIS TV
KOPKIVIKOV KUTTAPOV, akping 6mwg gaivetal oty gikova, 37, akolovbel 1 evdokhtmon
KOl 1 OmOwodOUNon e TOVTOXPOVT OMEAEVOEPMOOT TOV PAPUAKOV GTO ECMOTEPIKO TOV
KOPKIVIKOV KLTTAP®V.

Folate conjugates & (:$

Pc;laymxg::'; Folate receptor
o N
Linker
o
l ‘ Endosome
h3 $ l (early > late)
H,N N HO 2 bl
Y i 0 Yo N
H 0 i
Folate .

Eucéva 3) Yrodoyeic evookuttdpmwong cuigvyévmy QapraK®y Pe oAk 0&D. Ot vITodoyElg POoALKOD

o&éoc avayvopilovv ta culuyn, Ta omoia v cuveyxeia vTofdiiovial oe evookdOATmon. Kabbdg to
evdoompokd dopépiopa o&iveratl, omeAevbepdvetal To apuako 6to Kuttapomiacua [41].
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Ta ovomuoto petagopdc @oapudkmv pe @olkd 0&H mapovstdlovy  TOAAY
TAEOVEKTNUATO. AgV €VEPYOTOOVV TO OGVOGOTOMNTIKO GUGTNHO, £YOVV HKPO MO PLokd
Bapog kot givar cuuPotd pe TOVE OPYOVIKOVG OHAVTEG TTOV YPNGYLOTO0VVTOL KOTH TNV
dwdkacio mpogToyaciog toug [43]. Ot vmodoyeic decUeEVOVY TO POAIKO 0EL L 1taiTepal
VYNAN GvyyEveld, YEYOVOS oL gyyvdrtol TV emhekTikOTnTa TG Oepancioc. Emmiéov, ta
COUATIO-PEPOVTEG TOV POAKOD 0EE0G EGMTEPIKEVOVTOL YPTYOPO GTO KOPKIVIKA KOTTOPO
kot €101 mepropileton n éxbeon tovg o€ dvopevelg ovvinkeg [44] dmwg Yoo TOPASELY AL TO
vynAd pH mov emkpatel 610 e€wTEPKO TV OYK®V (~6 pe 7) [46]. Téhog, pmopovv va
ovlevyBovv pe PoAkd 0&D, exTdg amd TOVS POPELS Papudkmy, Kol poplo OTwg eival Ta
copatidie MRI yia o ypryopn 61dyveoon tov Kapkivov Kot Tov otadiov eEEMENG Tov.

v Ayyswokog  evéoOnioxdéc mapdyovroc oavamrvéng (Vascular Endothelial
Growth Factor, VEGF)

O ayyeaxkoc evéoOniokdg tapdyovtog avarntuéng 1 VEGF eivar o k0plog pesorafntig
v v ayysoyéveon [47]. H ayyeioyéveon givar n dodikacio dSnuovpyiog vémv ayysiov
Kol aroterel Eva kpioo Prna yio tnv avamtoln, ) 6140001 Kot T LETAGTACT] KakonOmv
oykov. ['evikd, n avamtoén tov kapkivov amortel Opentikd cuotatikd Yo tor aveEleykTa
avomopoyOUeEVE, KOTTOPA, CLVETMG 1N oTafepn Kol cLVEXNS TPoPodocio aipatog eivon
LoTikng onuociag. AVAUesa 6TOVG TOAAOVG TPO-0YYEOYEVETIKOVG Tapdyovies, o VEGF
OmOTEAEL TOV TO OMNUAVTIKO, GUVETMG 0V €ivarl kaBOAov mepiepyo TO yeYOvOG OTL TOAAEG
Bepameiec oTOYEVOVY GTOV TEPLOPIGHO TOV TTapdyovta avtov (anti- VEGF therapies) [48].
I'evika, n owoyéveln VEGF amotehel molvmentidow avéntikdv mopaydviov eved o€
SlpopeTIKA  KVTTApPO  ek@palovtar dwpopetikol mapdyovteg VEGF. Anladr, via
TOPAOELYLLOL OTOL AYYELOKA evooOnMakd kKOTTapo ek@paletor kupimg o mapdyovtas VEGF-
1 evdd o mapdyovtag VEGF-3 xvplapyei otnv Agpooayyeioyéveon [48]. Oi avtiotoryot
VIod0YElg Tov Ppickovian otnv e€mkvtTapikn pepppdvn ovopalovion VEGFR. Amotelet
TOAAG VTTOGYOUEVOG TOPAYOVTOS OGTOYEVONG, OWITEPA Y10 TEPMTMOELS KOPKIVOL TOV
LLOGTOV, TOL TOYEMG EVTIEPOV, TMOV TVELUOVAOV KO TOV EYKEQPALOL [69].

CPIED @EE; @GF-B }EGFQ (E:E_GF;)
N/ ~ | /

;
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Evcove 38 Moapaotatikn angucovion g owoyévelns VEGF, tov avtictoyywv VEGRF kot tov kuttdpov

ota omoia Kuplapyovv [49].
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Anti-VEGF antibodies —_ = @ EJ Soluble VEGF receptors
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« Bevacizumab * VEGF-Trap
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Evcéva 39 O diGpopot pnyaviopoli mapepumddiong g Aettovpyiog g owoyévelng VEGF [49].

AvoKeQOAOVOVTAG, VITAPYOVY TOAAGE €101 EMKAAVYEMV KOl GTOYELONG, AVAAOYO LE
™ xpnon kabe eopd, dOnAadn Tov TeEAMkd otdY0 dnwg emiong Kot Ta KOTTOPA-6TOYXOLS. [0
mopaoEya, OTmG avapEpOnKe Tapamdvm, LITEPYOVY “EEEIOTKEVIEVOL” VTTOOOYEIS 01 0ToioL
elval TopOVTEG OMOKAEIGTIKA KOl LOVO G KATO10 KOTTOPO EVA G€ AL ekAeimovy. Emiong,
Ommg dlakpiveton kot oty €wkova 40, avaAoyo LEe TO av VIAPYEL ETKAAVYT Kot TL €I00VG,
Kol TO ovtiocopo mov Obvatol Vo LEAPYEL, oKOAOVOOLVTOL OlOPOPETIKOL OPOLOL
E0MTEPIKEVLONG TOV VOVOCOUOTIOI®V 0o To KOTTAPO. Ta pn ETKOAVUUEVO VOVOGMUATIOW0
oLVNO®G ECOTEPIKEVOVTOL OO TO LOKPOPAYO EVED OLTO TO, OTTO10L £XOVV AVTIGCOUOTO GTIV
eEMTEPIKT TOVG EMPAVELXL, OO KOTTAPO TOV AVOGOTOITIKOY GUGTNLOTOG.

'~ nanoparticles
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Evcéve 1}0 YVVOTTIKN TOPOLGLOGCT) TOV OAANAETIOPACE®V [E KUTTOPO, TOV 0lVOGOTOU|TIKOV GUGTIILOTOG Y10

Sdpopeg amd Tig EMKAADYELS TTOV ovopépOnkay [14].
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2.2.3.3 Ezidpaon g S10AvToTNTOG

To m0c00Td TG SAVTOTNTAG TOV VOVOSOUATIOIOV amoTedel emiong £vav onUOVTIKO
TopAyovto, GYeTIKG pe To Kotd moéco Bo eivar PoovuPotd to vovooouotidw pe tov
opyoviopd, d€30UEVOL OTL TO TEPLGGOTEPO TOGOGTO TOV AVOPOTIVOL OPYAVIGHOV KOl Gpa.
KOl TOV KOUTTAP®V, omoteAeiton omd vepd. [evikd, 1 S0AvLTOTNTO TOV VOVOGOUATIOIWV
e€opTdTon amd QULGIKOYNUIKA YOPAKTNPIOTIKG OTTO¢ eivar To péyedog, 10 oynuUo Kot M
nmokvotta [70].

I'evikd, 660 mo Svoddlvto gival €va vovooouUatiolo TOco peyoAvtepn Tto&ikodTNTO
napovotdlet. Ot vOPOPOPESG OUASES OTNV ETPAVEID. TOV VOVOCSOUATIOIOV ETPEPOLY TN
oNuovpyi  CLGCOUATOUATOV Ol  Omoleg  amopaKpvvoviorl  ypnyopo omd  TO
dikrvoevéodniaxod cvotnua (RES) [7].

Onog owxpivetoar oty ewova 41, 6tav elcdyovion €voldAVTO VOVOCOUOTIOW GTO
E0MTEPIKO TOV KLTTAPOL OVTE UTOPOVV EVKOAN VO “Y®OVELTOVV” KO VO SIOCTAGTOVY LN
EXOVTOG OPVNTIKEG OCLVEMEIEG OTN OGMOTH Asrtovpyio Tov kvttdpov. Ev avtibécel, ta
dvodiaivuto vovooopotidw mpémel vo, edeyybovv pe emoavelakés ondikacieg (ROS,
TPOGPOPNON) DGTE VO TEPLOPIOTEL 1] TOEIKOTNTA TOVG,.

- soluble - hardly soluble (persistent)
- mass related effects - surface mediated effects
- Trojan horse type
Cuo C/Cu

Evcéva W ZANHOTIKH AVOTAPACTOCT) UNYOVIGUOY TPOSANYNG EVSIEAVTMV Kol SUGOLIAVTOV

VOVOS®OUOTISIOV 6TO E6MTEPIKO TOV KLTTAPOL [15].

Onwg mapatnpeitat, Aoudv, avaroya pe T S0AVTOTNTA AaUPAvOLV YdPo dopopeTKol
pUNYovic ol TpOGANYNG Kol TO VOVOSOUOTIOW £X0VV SOPOPETIKT LOTPU GTN GLUVEYELX.

[ToAAG omd To vovocsmuUATdOW TOV YPNGILOTOVVTOL OTMG Kol ApKETE pdppoKa, mop’
OAEG TIC ELEPYETIKEG TOVG IKOVOTNTES, £XOVV HIKPY SADTOTNTA LE OMOTEAECLO VO UMV
etvar  ProovpPatd. Avtd 10 mPOPAnNpa Exer AvbBel amd ™ ypnion Pro-cvpPatdv
emKaAdyewv, cuvnBog moAvpepadv. Ta vavocopotidin g vopoéPoPa eykieiovtor 6To
ECMTEPIKO TOV VIPOPIAOV EMKOADWYEDV Kol £TGL TOLG TOPEYETOL TPOCGTAGIO OO TO
VOOTIKO TEPPAAAOV KOl OTOQEVYETAL T OEGUELCON TOLG OO TOVS OVAGTOATIKOVG
UNYovVIcpovg v kuttdpov. H emikdioymn, oniodn, xpnoedel ©¢ KopoveAAL mov
EMITPEMEL GTO, VAVOSOUATIOW VO PTAGOVYV GTOV GTOYO TOVG,.
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Evcova U2 Evdopoplakéc evdoeic Hetofd vdpopofov VavosoUaTdiny Kot TAEVpIKOY aAvsidmy evig

V3POPIAOL TTOALIEPODG [16].

Ta moAvpepn pe eykieiopota appdkmy yivovtal OA0 Kol TEPICCOTEPO EAKVGTIKA AOY®
™G S0dIKAGI0G TOPOYWYNG TOL 1 OTola €ivol EDKOAN Kot EMAVOANY LY, TOV EAEYXOLEV®V
QULGIKOYNUIK®OV 1O10TNTOV TOVS, TOL YOUNAOD KOGTOLG TOLG KOU TOL €UPOVG TMV
Blodlocmopevmy moAvpepdV Tto. omoio. umopolvv va  ypnowomombodv kot TV Mom
KEKTNUEVOV YVOGEMY TOV VTLAPYOLV Y10 avtd [32].

Ta mo cvvnbiopuéva Tolvpepn (CLYKEKPIUEVO TTOAVECTEPES) TTOV YPTCLLOTOIOVVTOL GOV
emkdAvyn  AOyow ¢ KoAg  Poocvppardémrog  mov  mapovoidlovv, givor 1
noivatfvievoylvkoln (PEG) kot ta cvumoAvuepn TG, TO GLUTOALUEPH TOL K-(2-
vopo&umpdmLA)uebaxpvropioro (HPMA) [16], 10 moALAAKTIKO-GL-YAVKOAIKO  0ED
poly(lactic-co-glycolic acid) (PLGA) [31] kot to molviaxtikd oG (PLA).

2.2.3.4 Emidpaon g MUKNS 606TO0NS

H ymuum obdotoon, amd v dmoyn TG OTOWEWKNG GVOTACNG KOl YNUIKNG OOUNG,
amotelel pia eyyevn 1O10TNTO OA®V TOV DAIKOV Kol KOTE GUVETEIL TOV VOVOSOUOTIOIWV
EVD TOVTOYPOVO OMOTEAEL L0l CIUOVTIKY] TOPAUETPO Y10 TNV KATOVONGOT TG PLOAOYIKNG
ouumEPIPOPAS Toug [1].

I'evikd ta vavooopatiow pmopovv va, £xouv ToAD O1apOPETIKY] GVOTACT), A0 TEAEIMC
avopyovn OTw¢ €lval To VOVOGOUATIOW HETAAA®V (O101pOv, ¥PLCGOV, TITOVIOV) 1/Kot
0&eldta petdAlmv (0&gidto tov Titaviov, 0&eidto Tov moptriov, 0EEIdIO TOL GLONPOV), UEXPL
TEAEIC OPYOVIKT OTMOC VOl TO. VOVOTOALUEPT), TO. POVAEPEVIX, OAPOpa Plopodplo Kot ot
vavocolveg dvOpoka. Kamola mapovoidlovv vfpidkn doun mopnva-kéAveovg (“‘core-
shell” structure) 6nwg ywo Topddetypo o kBoviikd onueio (quantum dots) [1]. Akopo kot
n M) KaBapdtnta, dnAadn M mapovcoioc mpoouifemv 1 Oy, OMOTEAEL OMUOVTIKO
TOPAYOVTO, OV TPEMEL VO AOUPAVETOL LIOYLV. ZVYKEKPUYEVO, 1) TOPOVCIN UETAAMK®OV
npocpifewv, yo mapdderypo tpoopifelg ownpov (Fe), vikediov (Ni) kot koPaitiov (Co)
pumopel vo emmpedoel v PoAoYIK OTOKPION UE OMOTEAEGUO TNV GLYKAALYN NG
CLUTEPLPOPES TOV VOVOSOUATIOI®V Pe TNV £yyevh ToSikotnta Tovg [1]. T mapdderypa,
KaBapOTNTO TOV VOVOSOANVOV dvBpaxa £xetl dei&etl va amotelel Tov KOpLo mopdyovia yio
NV ELEAVION 1 1N Kuttapoto&ikotnTog [22].

2.2.3.5 Enidpaon ™ KpuoTarknig opung

H eppdvion to&wodmtog e€optdtor kot omd TNV KPLGTOAAMKY] OOWUY]  TOL
vAKoV/cmpatdion, 6Tmg yivetor avtiinmtd kat and to meipapo tov Saber M. Hussain kot
TV cuvepyat®dv Tov [11] o1 omoiot amédeiEay emmAéov 4Tl Kot 0 UnyYovicpog Bavdtov Tmv
KUTTOPOV TOWKIAEL avdAoyo He TNV KPLGTOAAKY| OO TeV vovocouotwiov. [
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TOPASEIYIO, Ol KPLOTOAMKES OOUEG POVTIMOV KOl OVOTOGIOVL £YOLV TNV 10100 YMUKY
oLGTACT], OAAG 1) SIUPOPETIKY VT KPLUGTUAAIKT dOUN UTOPEL VO TPOKOAEGEL SLUPOPETIKAL
enineda T0EIKOTNTOG, 6€ GLYKEVTPMOGELS TG TaENg Tov 5-50 Ig/mL. Akdpa, to pev TpdTo
00MYOUV G€ OMOTMTMGN TV KLTTAP®OV AGY® NG ONUIOVPYINS evePYdV €OV 0ELYOVOV
(ROS) evd o devTEPO 0ONYOVV OE VEKP®ON TOV KLTTAP®V, aveéapttov peyébovg. O J.
R. Gurr kat ot cvvepydreg tov [12], oe meipoud tovg £de1&av 0Tt vavooouatiot pe doun
povtidiov (200 nm oe d1GueTpo) mpokarovoav ofewdmtikny PAAPN oto DNA amovcio
PMTOC EVO VOVOSOUOTIOW pe dop avataciov, 101ov peyébovg, dev mpokaiovoay Kopio
BAaPn oto DNA. Ta mo dnpo@iin vavocsouatiolw, o 0moio mopovstalovy oo peETIKA
enimedn ToEIKOTNTOC AVAAOYO LLE TNV KPLGTAAAKN TOVG doun, €ivar avtd Tov S10EE1di0V
tov tiroviov TiO; [10]. Téhog, moAd onuoaviikd poéAo 610 Kopudtt ¢ To&IKOTNTOG
eaivetal va €xet 0 Pobudg cLGGOUATOONG TOV TAPOVCIALOVY OPIGUEVO VAIKA LE
YOPOKTNPLOTIKO TOPASELYLLO TOVS VAVOS®ANVES GvOpaia. [68].

2.3 Tpomor aSlohdoynong TS KVTTePOTOEIKOTNTAS

Av ko péypt ottypng oev éxel kabiepwOel KAMO0 GLYKEKPIUEVO TPMOTOKOAAO Y10 TN
Boioywkn a&oroynon Tov SEOp®V  VAVOSOUATOIOV, VRTEAPYOLV OPKETEG YMUKES
SldIKaGIEC TOV MON XPNOYWOTOOVVTOL KOTE KOPOV yloL TNV TEWPAUATIKY aEOAdYNoN NG
KLTTOPOTOEIKOTNTOG, avAAoYo U TNV Tepintmon kdbe gopd, kol mTov cvvoyilovtol GTov
mivaKo Tov 0KoAoLOEl, pe ™V mo dNUoPeA OAwv va givor 1 Proroyikr a&loAdynon pe
MTT (3-(4,5-Dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide). Kobodc oty
mapovoa epyacia, 1 Poroyikn atordynon g OvnodTTog TOV KLTTAP®Y HETE amd TNV
xopnynon eappdiov, £ywe pe 1 PBondewa tov MTT, a&ilel va avaivbel o TpoéTOC pe Tov
0T0{0 dPa KOl TOPAUTEUTEL GE GNLOVTIKA CUUTEPAGILATO Y10, TNV KLTTOPOTOEIKOTNTAL.

Apyikd avaeépetor 0Tl Tpoketor yio éva dhag teTpaloAiov (tetrazolium), to omoio
avayopevo oynuotiCet @oppalavn, O0exOneVO MAEKTPOVIC aTd 1000VVALN KLTTOPIKNG
avaywyng onwg eival ta NADH, NADPH. Yrodswvoetar £tot 6TL 1 avoywoyq tov MTT
Baciletar otnV KLTTOPIKN OEEWONVAYOYIKT OpacTNPOTNTA, ONANOT OTN LUTOYOVOPLUKN
dpactmpomra [56]. IMoapdra avtd, o Juan C. Stockert kor ot cvvepydrec tov [57],
Baocwlopevol e o oepd meEpopudTov, vrootpilovv 6tL 1 avaywyq tov MTT dev
AapPavel yopo 610 0EEWMTIKO TEPPAALOV TV toxovopimv. Méypt oTiyung, onAadr, ogv
&xel amoocaPnViotel evieAdc mov akpPdg Aapupdvel yopa n avayoyn tov MTT og
eoppaldvrn, aAAd TopOAL QVTA 1 AVAY®YT TOL OTOOEKVLEL TNV EMPBIOT TOV KLTTAP®V
Kot amoterel €0KOAN ddtKacio e v omoia eEgtdleton ) emidopacn SoPOHP®V POPUAKOV
N vovocsouatdiov oty {OTKOTNT TOVG.
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Nivarcas 4 ZUVOTTIK TOpOVGIAGT) TOV SlaPOpmV YNkdv dokpdv Proroyng a&oddynong [55, 59].

Xnpkn Aok (assay) Xpoetiki] oveio (Stain/dye) Apaon IMocotikég
IIpocdropropog
Trypan blue exclusion assay Mme ypootikn xpopatilel Ta vekpd Kutzopuch Meufpévn N

(TB)

KotTapa

Calcein AM (CAM)

DOopilovoa Tpacvy YPWOTIKN Y PpoUOTICEL
o eMPLdVovVTO KOTTOP

Kuttapikn MepBpdvn

Mikpookonio 1
DaCHLOTOPOTOUETPO

Dhopilovca Tpacvn xpmoTIKT ypopoTiCe
o emPLOdVOVTO KOTTOPO EVE TOL VEKPAL

Kuttapikny MepBpdvn
(Covtava kottopa)

MikpooKomio 1

Live/Dead® (LD) opotiCovron pe ehopilovca kOKKY DocHaTOPMOTOUETPO
PO K oo(gn P i N NovkAeiko 0&D (vekpa e
X N KOTTOPO)
oo - - o -
Neutral red (NR) pocAYM an(? To Xucfocmuomx TV Avsoseopuc MepBpivn cxcuartocp(urropsrpO
Covtavav KuTtdpov VYNNG anddoong
MTT Metotponn tov teTpaloriov oe addivt Metoafolopdg oo DocHoTOPMOTOUETPO
pop eopualavn ota {oviava KdTTopa ptoydvépio VYNNG amddoong
CellTiter 96® AQueous One Msrarp(?nn tov MTS 6£r51ot9wm pof MetaBoMopoc KuTtépoy tbaouaytmpmytopsrpo
(96 AQ) poppalavn ota {oviava Kottapa VYNANG amddoong
Avayoyn tov Resazurin ot @bopilovoa , , DacpaToPOTOUETPO
alamar Blue® (aB) . , . . MetaBoAoog KuTTapmv i .
kokkwn Bagn resorufin (Covravd kottapa) VYNNG amddoong
. . , , DacpatoPOTOUETPO
CellTiter-Blue® (CTB) Atopko gidog Tov aB MetafolMopdg Kuttapov DTG a6B00TC
CytoTox One™
Homogeneous Membrane DUGLTOOBTOLETDO
Integrity (CTO) To LDH gvlupukd avaydyst Ty resazurin og Kvutrapkn MepBpavn H R ? . HETP
. VYNNG amoddoong
resorufin
Kvttapikn MepBpévn

Kvtrapopetpio LD

DBopilovoa mplcvn YpwoTIKN Y pmuatilel
o eMPLOVOVTO KOTTUPA EVD TOL VEKPE
ypopatilovion pue pBopifovca koOKKVN

APOCTIKN

(Covtavé kdtTapa)

NovkAeikd o0&V (vekpd
KkoTTOpQ)

AVTOpOTOG LETPNTNG
VYNNG anddoong

Caspase

DBopropopeTpikn aviyvevon dpactnploTnTag
twv Caspase-3

Avootoin Caspase-3

Yuokeun avayveoong
@Bopiopov [60]

Stress response DCF

YBéomn pBopiopov

DBopiopopeTpikn aviyvevon
mapoywyns ROS

DacpatoPmTOUETPO
oGpwong (scanning
multiwell
spectrophotometer) [61]

AToppdPNON KLTTAPOKLVOV

Yvokeun avayveoong

FETTIE 7 [REH e Xpopatikn aviyvevon EKKplong KuTTapOKV®OY /Mmmu'avn Evdeidn ELISA (ASYS Expert
ELISA OLYKEVTP®ONG
] plus) [62]
KUTTOPOKIVGV
DBopropopeTpIKN aviyvevon g EkBeong Xpopativn (anonTmTiKd
Annexin V/ propidium PooeaTdvA0cEPIvIG (oNpddt amdrTmong) KOTTOPO) Kvtappopetpia Porg
iodide Xpdon tov DNA pe propidium iodide (onpddt Atevpopévog Iuprvag (Flow cytometry) [63]
VEKPMOTG) (vexpa KOTTOPOL)
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Nespaparrcy
Drsduwcasio

3.1  XvvOBeon Navocparpav

Ot vovoceapeg  moivuebakpvikod upebvieotépa  (PMMA)  cuviébnkav  pe
TOADUEPIGUO YOAUKTOUATOC 6€ oQUIPIKO doyeio v 250 ml vd cvveyn mapoyn aldTov.
2.0 ml pebaxpviikod pebvieotépa mpootibeton o 175 ml aneotaypévov vepol kat To
uiypo apnvetol Tpog avddevon pe cuveyn mapoyn aldtov otovg 80 °C kot petd amd 40
min avdadevong tpootifevtar 200 mg vepbetkod kariov (9.3 Wt% povopepote kar 5.0 ml
VOOTIKO SLIAALHA) ®G EKKIVNTNG TOL ToAvpepiopov. H avtidpaon mpaypatomombnke petd
amd 20 dpeg KoL TO TPOIOV daywPIoTNKE LE PLYOKEVTPIOT Ko ekmAvOnKe pe vepo (10.000
rpm yio 10 min x 3 @opéc).

3.2  Emkéioyn Navoc@oip®v

Y& opopikn e1aAn Tov 250 mL wpootiBetar 0.5 gr TV TOAVUEPIKOV HIKPOGPALPDV KoL
dwomeipovral og piypo H20/ABavoing (68:2 mL). To piypa agiveton o€ Aovtpd
VIEPNY®V LUE GKOTO TNV OUOOLOPON S0GTIOPE TOV LKPOGPALPMVY. LTI GUVEYELN
npootiBetan 1.066 mL tov pebul - pebBoakpovikov eotépa (MMA) kat 0.213 mL axpvAtkod
0&ed¢ (AA) o 2 mpeg otovg 80 °C. Metd v avddevon tov piypatog mpootifevton 0.5
ML tov d1wvuro-Bevioiov (DVB) kot to piypo agpnvetal yio emmAéov 2 mpeg. 68 mg tov
vrepBenkod kaAiov mpootiBevion 6to piypa kot yiveror ) évapén tov moAvpepicpov. To
piypo apnvetot Tpog avtidpaot yuo 24 dpeg Kot 01 LIKPOSPALPES TOV TPOEKLY ALY
kobapilovrar péco puyokévipnong kat ekmhaivoval pe vepd (3 x 7000 rpm — 5 min).

3.3  Efomhopodg

3.3.1 Hiektpoviko Mikpookémo Xapotikiis Aéoung (Scanning Electron
Microscope, SEM) & Hiektpoviké Mikpookomio Aepyopevng Aéopng
(Transmission Electron Microscope, TEM)

To Hiextpovikd Mucpookdmio adpwong (Scanning Electron Microscope, SEM) Baciletor ot
devtepoyevn ekmounn niektpovimv (devtepevovta & omcBookedaldpeva NAEKTPOVIEL) Kot
YPNOWOTOLEITOL  KOTE  KOPOV Yo TNV TOPATHPNCT TOV  ETPAVEIOV  OEIYUATOV
TPOCOEPOVTAG €KOVES pe TUTKY avaivon 1 éog 10 NM pe oxomd TOV HOPPOAOYIKO
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XOPOKTNPIGHO ToV detypdtov. H pikpookonio (TEM, Transmission Electron Microscopy)
délevong Paociletar otn depyopevn décuN NAEKTPOVIOV KOOMOG Kol OTIC TEPOADUEVEG
OEOEG KO TPOGPEPEL TEPLGGOTEPES TANPOPOPIES Y10l TNV HOPPOAOYIO TOV HIKPOGPALPDV.

3.3.2 ®daoparopetpia vaepvOpov (Infrared Spectrometry, IR)

H pébodog Baciletar oty amoppoenom vrépudpng aktivoPforiog amd to poplo pog
évoong, ta onoia dieyeipoviat 6€ VYNAGTEPEG 6TABES ddVNoNG 1 TeptoTpoPnc. To pdacua
amoppOPNONG TOL TPOKVTTEL OmoTeEAEl o OepeMmon Widtnta kdbe popiov (SakTvAkd
OTOTOTOU 0VGING) Kot XPNOUEVEL KUPIMG GTNV TOLOTIKY OVAALGY, Yol TN SLOAEVLKAVOT)
™mg Ooung wog évoong (evon  atopmv, owtaln oTo  Y®PO). ZVYKEKPUEVQ
ypnoportombnke v v emiPePfaion Tov VIOGTPOUATOG Kol TG EXKAALYNG Tov. To
eaopa eacpariotnke amd to gacpatopetpo Perkin Elmer Spectrum 100, eved capodnke
otV Teproy 4000-400 cm™,

3.3.3 Yaeproodng ®acspatopetpio (UltraViolet Spectrometry)

Xpnowonoteitar yoo ™ peAETn popiov pog dtaAvpévng ovociog kot Poaciletal otTig
NAEKTPOVIOKEG UETOMTMOELS OV LEioTavtol avtd. [Ipoceépel mO0TIKEG KOl TOGOTIKEG
TANPOPOPIES Kol oTNV €V AOY® HEAETN ypnoomombnke v v emiPePainon kot tov
TPOGOIOPIGHO  TNG  OLYKEVIPOONG TOV  QOPUAKODL  VOPOYA®PIKY,  d0EO0POVUTIKIV
(Doxorubicin hydrochloride) mov eyxieiotnke otig vavospapec. To pacua amoppoenong
™G LVIEPLDOOVS akTvoforiog oto unkog kopatog twv 200-800 nm e€acpariotnke and 10
eacpatopetpo Jusco V-650.

3.4  Buoloywn A&roroynon
3.4.1 Eyklofiopoc ka Arehev0épmon ®appdxov (Loading and Release)

H dwdkacio evoopdatmong pog QopraKeLTIKNG EVoons (Tng 00E0povumikivng €0M) oe
éva. molvpepikd diktvo (PMMA@MMA-DVB-AA) 1 okOpo. Kot 6g  pio. KOWovAa
ovoudletar eyklmpiopoc eapuakov (Drug Loading) kot ypnowyomoteiton pe tnv mpdbeon
OV €YKA®PIoHoD Hog SuvnTiKd EmMKivouvNG ovciog 6Tov TupNva EVOG AyOTEPOL TOEIKOD
viAwkov [3]. H avtiotpoen odwdikacio, 1 amneievfépwon onAodn TOV QOPUAKOL VIO
oplopéveg ouvinkeg, kodeiton amerevbépmon tov eapudikov (Drug Release). H mpodtn
dwdwacio prnopel va yivel gite katd ) chHvOeon TOV VOVOSOUATIOIOV 1) LLE EMDOOACT TOV
vavocouatdiov oe 0dAvpo tov  eoapudkov mov embupsiton vo eykAoPiotel o6to
€0MTEPIKO TOVG. AvdAoya pe 1o mow amd Tig dvo pebBddovg emiéyetal, kobopiletor o
UNYovIoog Kafdg kot 1 todtnta anelevfépwons tov papudkov. H devtepn dwdikacio
Aappévetl yopa, Omwg avapépdnke, oe cuyKekpyéveg cuvOnKes. Avtég o1 cuvOnKkeg pumopet
va givor 10 dapopetikd pH M/kar 1 dapopetiky| Beppokpacio. Baciletor dniadn oto
YEYOVOG OTL GTNV TEPLOYN KAPKIVIKOV KVTTAP®V ETIKPATOVV OOPOPETIKEG CLVONKES GE
oxéon pe to vym kotTopa. Me avtd TV TPOTO TO PAPLOKO OTEAEVOEPOVETOAL LUE EKAEKTIKO
TPOTO TPOGTOTEVOVTING £TGL TO. YEITOVIKA LYUW] KOTTOPO KO EMOUEVOC HELOVOVTOS TIG
TOPEVEPYELES TOVL TTPOKAAOVV Ot ynuetobepaneieg Kot dAAeg cuppartikég Oepaneieg katd Tov
kapkivov. Ot dvo avtég dwdkacies O6mwg elvar Katavontd ocvvdéovtar dpeco Kot
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emnpedlovtal amd TIS PLUGIKOYNUKES WO1OTNTES TV Vavosopatdiov (uéyeboc, poplakd
Bapog, TopmdOES, SPacTIKEG ONAdES), TOV PAPUAKOV (VOIPOPOPIKATNTA/ VOPOPIAIKOTNTA,
dpaoTIKEG opddeg) kabmg kot and v enidpacn tov mepidirovtog (pH, Beppokpaocia,
OVTIKT] 160G, 0&edoavaymyikd meptBdilov).

H pedém eyxkhoPfiopod mpaypotomombnke pe 1 ypnon ™S LOPOYA®PIKN
do&opovumikivny  (Doxorubicin  hydrochloride) ®g @dppoko-poviédo  (AVIIKOPKIVIKO
eappoko). 10 mg-pikpodcpalpwv duoneipovior oe 10 ml wwotovikov dwwidpotog (0,9 %
NaCl), to omoio £xel amootepwbel mpv amd ™ ¥prHon Tov. TN cLVEYELWN TpooTibevTal 5
mg pappérov (Doxorubicin hydrochloride) kot to piypo avadedetar yia 48 dpeg oe 25 °C.
‘Eneita 1o detypo puyoxevipeiton (3 @opéc oe 12000 rpm won petd EemAéveron Eavd pe
vepd) mote va amopaxkpuvlel 1 mepicosw Tov Qoppdkov M omoio Ppioketar oTO
vrepkeipevo odAvpa. O Tpocdopiordg Tov EYKAOPIoUEVOL PapUAKOL TPAYUATOTOONKE
ue eoaouatoockornio Opatov- vrepimdovg (Ultra Violet spectroscopy, UV) cougwva e
TPOTLTN KOUTOAN avaeopdc 1 omoia KoTtaoKeLALETOL OO SUPOPES CLYKEVIPMOELS
eopuakov og dtdlvpo Dox/NaCl (0.9 wt %) ko ypnowomoiwvtag to NaCl cav toelod
detypo. H ovykévipoon tov @optopévov DOX vmoloyiotnke oamd tn Oo@opd g
OLYKEVTPMOONG TOV VIEPKEILEVOL TTPOC TNV GPYIKT], LETA TO QOPT®UA. Ta vavodoyeio ota
omoio €yel eykAmPiotel T0 eappoko popdoTKay o€ KAACUOTO, Avo@riomodnKay Kot
dttnpndnkoav 6e Yoypéc GLVONKES TPV TN YPY|OT| TOVG,

3.42 MTT assay

INa tc avaykeg tov mepopdtov mwov oweénydnoav ypnowwomombnke m ocepd
pnovootifov kuttdpov MCF-7 (kapkivikd kdttapa poactov/Human breast adenocarcinoma
cells) pe ypovo dumhactacpod Tig 48 MPeg Kol GLYVOTNTA AVAKIAMEPYEWNG ava 4 NUEPEG.
IMa t1c kuTTapokaAMEpyElEg ypnoomomOnkay wg Bpentikd dtdAvpa avamTuéng KVTTAPWV
DMEM egumiovtiopévo pe 2 mM yiovtapivng, 0.85 g/ NaHCO3, 25 mM HEPES, 10%
FBS (Fetal Bovine Serum) ce 6.8<pH<7.20.02%. Qg dulvpa So®pioprov Kuttdpwv,
ONAadN Yoo TNV amOKOAANGT KOl TO OSWY®PICUO TOV HOVOSTIPOV KOAAEPYEIDV,
ypnotpomowdnke EDTA, 0.2% w/v otpentopvkivn, 2x10° U/mL mevucihivn, oe PBS (1x).
INo v avokoAMépyeln Tov KLTTdpov okoAovOnOnke m &g dwadikacio: Apykd
apopeitot To OpenTiKd VAIKO amd TNV KOAMEPYELX Kot TO TamTio ekmAaivetal pe PBS ya
TNV OTOUAKPVVGT VEKPOV KLTTApwV. XN @Adoka mpootiBeton 1.5 mL Opvyivng ko
apnvetol otovg 37 °C ywo 5 min, TPOKEWEVOL va. Yivel amoKOAANOT TOL TOmNTIOL Kot
dywpiopdg tov kuttapav. Téhoc, tpootifetan Opentikd vAKS drodvpatoc DMEM kon ta
KOTTApO PAGocovTon oe mepPdilov 37 °C kon 5% CO; TPOS OVATTLENG TOVG.

H dwdwacioc MTT ypnowonombnke pe otdyo m depevvnon g {oTkdTTOS TOV
KUTTOPOV KOPKivov Tov pootov émetto and 48 dpeg emmdacns tov appakov DOX, tov
wkpocpapov PMMA@MMA-DVB-AA kabdg kot tov cvvdvocopod PMMA@MMA-
DVB-AA-Dox, cg d10QopeTIKEG GUYKEVTPMOGELS. ApPyikd, 5x10° KOTTOpO TOTOOETOT|KOV
oe 96 mnydadwr mhaxwdiov 7y 48 dpeg oe ovykevipwoelg 10, 1, 0.1 kou 0.01 uM ke
deiypatog kol émerta emwdotnkov otovg 37°C, mopovsio 5% CO,. To MTT mov
npooténke elye teAkn ovykévipwon 0.5 mg/ml Kot ta KOTTOPO EMOAGTNKOY Y10 ETTAEOV
4 dpeg (netd v mpoctnkn MTT) otig ideg ovvOnkeg dote va etvon dvvatn M pétpnon
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oV petaoynuaticpod tov MTT (kitpivo ypopa) oe kpvotdhiovg goppaldvng (Lop
ypoua) and to emiovia kottapa. Ot kphotaArot gopualdvng dtaivtonmoovvtal Yo 4
opeg pe v mpocHikn DMSO kot enwdaloviar otovg 37°C. H omoppdenon tov
KuTTopoAdpaTOg petpeitan pe pacpatopetpo UV o pnkog kopatog 540 nm (1o PiKog
Kopatog avagopdg eivar ota 640 nm). Ta amoteléopota amd 1t doxyny MTT, mov
napovotalovtar oto kepdrowo 4, Pocilovrar oe oamoppoenoelg ota 540 £+ SD,
YPNOYOTOLDVTOG OESOUEVA A0 OVO SUPOPETIKE TELPAUATO.

3.5  Biphoypaoia

[1] Efthimiadou, E. K.; Thomadaki, H.; Sanakis, Y.; Raptopoulou, C. P.; Katsaros, N.; Scorilas, A.;
Karaliota, A.; Psomas, G. Journal of inorganic biochemistry 2007, 101, (1), 64-73.

[2] Katsarou, M. E.; Efthimiadou, E. K.; Psomas, G.; Karaliota, A.; Vourloumis, D. Journal of
medicinal chemistry 2008, 51, (3), 470-8.

[3] Gregory Morose, The 5 principles of ‘‘Design for Safer Nanotechnology’’, Journal of Cleaner
Production, 18, 2010, 285-289.
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Aoléymen
Avocedcopdown

41 Xapoktnpiopos Navoocopoatidoimv

4.1.1 Hlexktpoviké Mikpookomo Xopotikig Aéoung (Scanning Electron
Microscope, SEM) Hiektpoviké Mikpookomio Awepyopevng Aéoung
(Transmission Electron Microscope, TEM)

Y116 mapakdto swoveg ameikovilovrar ot pikpoceapeg PMMA @ P(MMA-co-DVB-
c0-AA). To péyebog tovg eivon mepimov 400 £ 30 nm. To oynqua TOVG Eival CEUIPIKO EVD
elval kolleg. AvTEG 01 EMPOVEINKES KOTLOTNTEG UTOPOVV VO atod0B0VV OTIC E0MTEPIKES
KOIAOTNTEG OV dNUIOLPYNONKAY KATA TN O1dpKeELd TG ONUIOLPYIG TOV KEADPOLS, OTTMG
eaivetar amod 11 eikoéveg TEM (Ewova 2 A&B) [1].

11/28/2011 HV ‘ mag wD HFW | tilt | 1 um
9:16:17 AM | 25.00 kV| 80 000 x [10.1 mm|3.38 ym| 1 ° hta Inspect D8334 - Demokritos AtH

Eucéua 1 Ewcova SEM pkposeapov PMMA@P(MMA-co-DVB-co-AA).
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A) - B)

e —— : e

Eucéva 2 Ewcova TEM pkpéceapov PMMA@P(MMA-co-DVB-co-AA).

4.1.2 dooporoperpio vaepvdpov (Infrared Spectrometry, IR)

Ot  wkpoéceapeg PMMA@P(MMA-co-DVB-co-AA)  (Ew.3) mapovoialovv ™
YOPOKTNPLOTIKN KOPVON d0vnong kapymc tov deopot C-H tov emo&etducod dakturiov ota
744 cm™. H xopoen} omoppdéenone ota 1269-1153 cm™ pmopei va amodobei oty 86vinon
ThoMe TOL €oTeptkod deopod C-O. Emmhéov, omv mepoyy tov 1706 cm™ q
YOPOKTNPLOTIKY] dOVNGN TAOTG TNG E0TEPIKNG OUAdNG Tapatnpeitan 0Tl oyetiletor pe v
KapPBovorikn oudda tov peboakpviikov tufpatog (C=0). To edoua FT-IR petd v
KOTOOKELT TOV KEAVPOVG emPePardvel TV emtuyn emikaivyn. Eivon epeavég 6Tt vdpyet
o vdakpren Lovn omoppdenone amd to 1153 cm™ ota 1250 cm™, i omoia pmopei va
anodofel ot d6vnomn tdong tov decpov C—O-C 1ov pebakpvAiov. Ot dV0 KOPLEEG GTO
1388 cm™ kot ota 744 cm™ pumopodv va amodobovv oe Sovioelc Tne opddog a-methyl. H
kopuey ot 984 cm™ amotedel ™V yopakTPOTIKA S6VNon amoppdenone ©ov PMMA,
noli pe tic kopveéc ota 1045 cm® wor ot 854 cm®. H kopven ota 1714 cm™
omewoviel v mapovsia g peboakpuikic kapfovuropddac. H xopuer ota 1453 cm™
umopel va. amodobel otn d6vnon kauyng tov decpov C—H g ouddag —CHs. Ot dvo
Kopueéc ota 2943 cm™ kot ota 2882 cm™ anodidovTon 6TIC SOVAGELS TAoEMY TMV SECUGOV
C—H tov opddov —CH3z and —CHy, avtictotrya. Akdpa, vadpyovv 600 adOVOUES KOPVPESG
amoppoéenong oto 3358 cm™ ko ota 1641 cm™ (Sh), ot omoieg amodidovtal 6 OOVIGELS
Tdoewv kol kapyeov g opddoc—OH, avtictorya. Zvumepaiveror, Aowmdv, OTL TO
napackevacév moAvpepés ovimg amoteieiton andé PMMA. To odoua FT-IR twov
nikpdopapov PGMA@P(MMA-co-DVB-co-AA) eppavilel o kopuery ota 799 cm™
AOy® g d6vNnong g eavviopddag tov DVB kot tov tpufpatog tov KapPo&uAtkod 0&Eog
(AA) avtictorya. E&attiog g mapovsiog kat tov dbo, tov MMA kat tov AA dnradn, 1
KOpLPT| 1o EkaoTn KopPovoropdde emkaldmTeTon Kat petotoniletar oto 1714 cm™. Eivou
YVOOTO 0Tl 0 €M0EEWKOG daKTOAOG propel va vdporvBel Vo 6&veg N Pacikég cuVONKeS.
Avt n vopoivon etvar duvatdv va AAPeL YOO KATE TNV KATOOKELT TNG EMKAALYNG
(’xapovkion”). Avti n vadeon TpokdnTEL 0O TNV KOpLEN dOvnong Tov C-O (tng opddag
—OH) oty mepoyf v 3389 cm™.
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Evcéve 43 Dhopa IR tov pikpdopapov PMMA@P(MMA-co-DVB-co-AA).

4.1.3 Yneproong Paopartoperpia (UltraViolet Spectrometry)

XpNoWOTOIOVTOS TNV 0pOTOV-VTEPIDOOVE,  TPOEKLYAY Ol
ATOPPOPNOELS OV Qaivovtar otov mivaka 1. ‘Emerta pe Bdon v KopmoAn avagopdg
(duypappa 1), m omoio KOTOOKELAOCTNKE WE UETPNOELS ATOPPOPNONG TPOTLTMOV
dAvpatov yvootig ovykévipmong. Bacilopevol otov vopo Lambert-Beer A =gxbxc ,
Kol yvopilovtag 0Tl 11 CLYKEVIPMOT TOL QOPUAKOL Elval OVAAOYT TNG ATopPOPNONG,

VTOAOYIGTNKE M TOGATNTO TOV PAPUAKOV OV eYKA®PBioTnKe o€ KAOE detlypa.

QACUOTOCKOTIO

Nivascas 1 Anotedéopota VREPIHGIOVS PAGHATOUETPIOG
Agtypo, Amoppoonon
1° 0,205
2° 0,184
3° 0,108
4° 0,150
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A‘“?W 1 Kopmddn Avopopdc.

4.2  Buohoywn A&orhoynon
4.2.1 Eykhopiopiéc ko Anelev0ipoon ®appakov (Loading and Release)

H wovotto eyklopiopov (Loading Capacity) kot 1 amodotikdtnta eykA®PIopon
(Encapsulation Efficiency) vroloyiotnkay kévovtog yprion Tov mapakitom eEICOCEMV.

polo snchofuopsvon poppokon

Ikavotnta eyklafiouod (%) = X 100 1)

ohoen polo vovoopoipoy

wol o srchmBurLEVoy Do LaK oy

Amodotikotnta eykiwPiouod (%) = X 100 (2

polo olnoon eopuokoy

Xpnowomowwvtag id1eg ovvOnkee pH, £yve éleyyog tov cuvTifépevov cLoTHUATOV
petapopdc gopudikov. H wavotnta eykhoPiopod tov Kevov pkpdseapov Bpédnke oti
etvar 86,78 % kau | amotehespoTikdTNTO EYKAEIGHOV €miong 86,78 %.

422 MTT assay

H doxym MTT ypnowomomnke yi t depgvvnon g {oOTIKOTTAS TOV KLTTOPOV
émerro and 48 dpeg ENMOACNG TOV TOAVUEPTKOV VAIKOV, TOVL TOAVUEPOVS LE EYKAOPIGUEVO
Dox kot Tov gAedBepov PappraKov og dPopeTIKEG cuykevipmoelg (10 uM, 1 uM, 0.1 puM,
0.01 uM). Onwg mopatnpeitor 610 Sdypappo 2, 10 €hebbePO EAPUAKO GE HEYOAN
ovykévipwon (10 uM) moapovcidlel pkpd m06006T0 (OTIKOTNTOG KLTTAP®V EVA TO
TOGOGTO 0VTO ovEAvETAL PE UEIMON TNG CLYKEVIP®ONG, OTMG avapevotav. Ot 1d1eg
GUYKEVIPAOGELS YPNOWOTOMONKAV KOl OTIS TEPMMTAOCES TOV TOALUEPOVG KOL TOV
eykhoPopévov  gapupdakov. To molvpepés Oev gppavilel To&OTNTA, YEYOVOS TOL
ocvppwvel pe v ProocvpPoatdétmro mov avapevotav pe Phon ™ PProypoaeio. To
COUTAEYUO  QOPUAKOV-TOAVUEPOVS  eUPOVICEL KOVOTOMTIKO TOGOCTO TOEKOTNTOG,

To&ikotyTer Nocvoowpactidicov
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Wwitepa oe peyain ovykévipmon (10 uM), evéd oe pikpn ovykévipwon (0.01 pM)
TaPoLG1AleL 10100 GUUTEPLPOPE LLE TO EAEVOEPO PAPLLOKO.

120

100 +

80 |

% Cell Viability

20 40 60 g0 100
Concentrations (ug/ml)

A@W 2 Anotedéopato {OTIKOTNTOG KVTTAP®Y Y10 SI0POPETIKEG GUYKEVIPOGELS TOAVUEPOVG UE

ey ofopévo pappoko, EAEVOEPOL PAPUAKOV Kol TOAVUEPOVS AVTIGTOLYO.

Evcéva 4 Aoy MTT petd my enhoon Tov KUTTEP®Y RE TO GOUTAEYIO TOAVLEPODS, TOL TOAVHEPODS Ka

TOL EAEVLOEPOV POPLLGIOV.

2y ewdva 4 TopatnpoHVToL TOOTIKE TO ATOTEAEGLLATO TTOL TPOAVAPEPONKAY. XTal
apLoTEPL LLE TO OKOVPO, £VTOVO PO £ival To TAOKIOWO TTOV YpNoIoTOmONKaY Yo EAeYYO
TOV KLTTAP®V KOl TO, 0010 TEPEXOVV HOVO KOTTOPO Kot OpENTIKO VAIKO. ZTa de&1d, o1
TEAEVTOIEG TPELG OTNAES TEPIEXOVV TO TOAVUEPES Kol EMPEPALDVETAL KOL TOLOTIKA 1)
Brocvppatomrd tov. Onwg mapoatnpeiton kot €00, o€ VYNAEG GLYKEVTIPAOGCELS TO EAEVLOEPO
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KoL OEGUEVUEVO PAPHOKO TOPOVSIALOVY OPKETA YoUNAO TOGOCTO (MTIKOTNTAG
(amoypopaticpéva TAAKISI SVO TPAOTMV GEPDOV GTO KEVTPO).

4.3  Biphoypogia

[1]Lv, H., Lin, Q., Zhang, K., Yu, K., Yao, T., Zhang, X., Zhang, J., Yang, B., Facile fabrication of
monodisperse polymer hollow spheres, Langmuir 2008, 24, (23), 13736-41.

[2] Lee, H.; Kim, S.; Choi, B. H.; Park, M. T.; Lee, J.; Jeong, S. Y.; Choi, E. K.; Lim, B. U.; Kim,
C.; Park, H. J. International journal of hyperthermia : the official journal of European Society
for Hyperthermic Oncology, North American Hyperthermia Group 2011, 27, (7), 698-707.

[3]Liu, G. Y.; Wang, H.; Yang, X. L. Polymer 2009, 50, (12), 2578-2586.
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H a&oloynon tov kivdivov kot m tpoéPAeyn NG CLUTEPLPOPAS T®V (GLVOETIKMOV)
vavoiMk®v, 0Tav ovtd géABovv otov avOpdTvo opyoaviopd 1 omeievfepmbodv oo
nepPdArov, givarl iomg 10 O TOAVTOPAYOVTIKO (HTNUO TTOL £XEL TOTE OVTILETOMIGEL M
EMOTNUOVIKY] KOowvdTNTO. Ol TOPAYOVTEG TOV WITOPEL VO 00MYNCOVV GE TOEIKOTNTO €lval
moAhol kol iowg va emmpedlovv axdpa mepioodtepol. 'Etor eivar gukoAo kavelg va
KatoAdPer moco dvokoAn eivor pio tétown perétn. EmmAéov, vmbpyer peydin mowidio
VAVOUMK®V, KATL TOV KAVEL TN LEAETT akOpa o emimovr). Xpetdlovtal Tapa ToAAd xpovio
SLEMOTNUOVIKNG €PELVOS Yo TNV TaEWVOUNGT KOl TOV TANPN XOPOKTNPIGUO OA®V T®V
VAVOUMK®V IOV £X0VV TPOOTTIKEG GVVOEGN G Ko gvpeiog ypNoNG o€ TOIKIAES EPAPLOYEG.
‘Eneita, oe pio peAétn Kvddvov Kot emMKIVOLVOTNTOG TPEMEL Vo, ANeOel vwoyn Kol To
YEYOVOG OTL )01 EPYOLOCTE GE ETAPT KAOMUEPIVA LE DAIKA YOUNADV S0CTAGEMV T OTOi0
TOPAYOVTOL OVOTTOPEVKTO OO UNYOVEG ECMTEPIKNG KOVOMNG, Y. TOPAdEYHo. AVTO TO
yeyovog emPopdivel emmAéov v avOpdmvny vysio Ko 0ev givon kATl TOL pHmOpPEL v
ayvon0et.

To devtepo onuovtikd (nnpa mov pmopel va degaybel cav copmépacua givol 0Tt 0
O0poc "to&woTNTa" €xel dvo okéAn épevvag. To mpmdTo oyetileton pe TV €pevva TV
KIvOOVmV oV UTOpEl Vo TPOKAAEGOVY T VOVOUAIKA av EpBovv o€ emapn Le To ddpopa
€lon opyovicp®V oL VITApyovv. To devTepPO GyYeTileTON e TNV EMBLUNTY KOl EAEYYOLEVN
To&dTTO. Yo SAPOPES  EPAPUOYEG OmM®G €ivar M PO VOVOCOUOTOIOV  UE
avtifakpokny opdon, yw mapddetypa. H mo amoutntikn epoappoyn e ogvtepng
Katnyopiag, mov anotelel To TEAELTAIN YPOVIOL AVTIKEILEVO EPELVOG TOAADVY EMGTNUOVOV,
gtvar m ypnon TV TOEKOV 1010THTOV dPOPOYV GLUVOETIKOV vovoblAK®V Yo Bepameio
nowilov acheveldv OTmg avt Tov Kapkivov. 'Exovtag avtyetonicel apketég SVoKOMES
oI YPNON OVEVEPYADV 1OV YO GTOXELUEVN] YOPNYNON (QOPUOKEVTIKOV 1 YOVIOLIKAOV
Oepameldv, N EMOTNUOVIKY KOWOTNTO €Yl NON apYicEL Vo GTPEPETOL OTN UEAETN NG
YPNONG VAVOSOUATIOIOV - POPEDV, PAPLAK®OV 1] YOVIOI®OV, LE HEYOAN OMOTEAEGLOTIKOTNTO
av AdPovpe voOYN Hog OTL opkeTEG TéToleg OBepameieg Eyovv NON TEPAOEL GTO EMOUEVO
otad0. Kat 6g avtn) v nepintwon BéEPaia vdpyovv akdpo ToAAE epmdOe TOL TPEMEL VO,
EemepaoTovy Onm¢ eivar M obvBeon vavocopatdiov pe Plocvpfotikd yopoktpa, LE
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KOTOAANAQ  popla — otdYoVg otV eEMTEPIKN TOVG  EMPAVEIL KOl HE  KOAN
ATOTEAEGUOTIKOTNTO XOPIG Vo PAATTOVV Ta YEITOVIKA LYW KOTTAPO.

‘Eva axopa onpovtikd {pmua etvor 1 ALY Tpothinwv 1060 oty chvheon 660 Kot
GTOV YOPOKTNPIOUO T®V VOVOUAK®V. AVTO €XEl OC OMOTEAEGHLA VA TopdyovTol KEOE xpovo
avopiOunteg emMOTNUOVIKEG €pevveg Ywpic OH®MG TN duvaTdTNTo GUYKPIONG TMV
amoTEAECUAT®OV TOLG 1 TN Ovvardtro Seoyomyne yevikov ocvumepocudtov. o
napadetypa, n dokipacio MTT, mwov ypnoyomoteital Kotd kOpov AOY® NG EVKOAING TNG
Yo TOV YOPoKTNPIOoUd NG TOEIKOTNTOS VAKOV YOUNA®OV Sl06TACE®Y, Vol UeV Otvet
OTOTEAEGLOTO KOl TOLOTIKG KOl TOGOTIKA Yo TNV EMOPAoT T®V VOVOCOUTIOIOV GE
Covtavd Kottopo otepeital OUMS TG OLVATOTNTOG CUYKPIONG UE OAANG TOPOTANGLOG
peAETNG Kabdg dev dilvel Kapio TAnpo@opia yio TV mocOHTNTA TOV VOVOSOUOTIO IV (0601)
mov ypnowonoteitar v kdbe wdtTapo Ny kabe tomnTo. Towg 10 MO oNUOVTIKO
TPOPANUa, Aowov, ivor 1 un €OPeST UEXPL OTIYUNG KOTAAANAOD HETPIKOD GLGTILATOG KOl
N atuyNg ¥PNoN TOV UEXPL TOPO UETPNTIKOV CLUCTNUATOV OV 0EV KAVEL EVKOAN TN
oVYKplon TV vavobAkov. o mapddetypo, 6tov €xovpe vo XEPIGTOVUE TOCO HKPES
pHovaodeg VANG HE TOCO OOPOPETIKOVG VOUOLS Vo TIG SEmovv dgv elval dvuvatdv va
YPNOOTOOVUE OOGIUETPIKEG HOVADOEG OTTMOC avT NG MALAG Yol VO TTEPTYPAYOVUE TNV
nocodtta TouG. [TiBovov povadeg pétpnong g 00ong OT®MG AVt TG EMPAVELNG 1| TOV
aplfpod TV COUOTOIOV 0va HOVAdL EMQAVENS VO €ivol KOTAAANAOTEPEG Kol 7O
€0OTOYEG Y10 TN GLYKEKPIUEVN TEPIMTWOOT VAIKADV.

Téhoc, éva yevikd ocvumépacuo eivar 6Tt 1 vavoteyvoroyia dev €xel LOVO TOAAEC
TPOOTTIKEG EPAPLOYNG OAAG givar {0mG 0 TPMOTOG TOUENS TOV KAVEL TNV OETIOTNUOVIKY|
épeuva emMTOKTIKN avaykn. Emotmiuoveg s1opopwv Topémv emPBAALETAL VO GUVEPYAGTOVV
Y KaAvtepa Kot o a&lomioto amoteAéspata. Etvar onladn évoc topéag mov pmopet va
ATOPPOPNOEL TOAAESG AV OYL TIC TEPICGOTEPES EOKOTNTEG.

210 péEMOV, eivor emBounty M HEAET Kot OVAALON TOV KWWOOVOV Kol TNG
emkvovvotnrag (risk and hazard assessment) tétoiwv VAIK®OV, KoTookevalovtag, av eivol
duvatov, odyopOpo mpoPAeync TG HOIPAG TV VAVOUAIK®OV GE €PYOCIOKOVS YDPOVS M
VTOAOYIOTIKO HOVTEAOD Yo TNV TPOPAEYN TNG cvumepLpopds Tous. 'Eva axdupa evolapépov
koppdtt mov Bo d&ile va acyoAnfel xaveic eivoar o TAPNG YOPAKTNPIOUOS dPOP®V
vavosOUaTinV (QUoIKGOV Kol TOSIKOV WOTTOV) HE OKOTO TNV Kataokevn Pdong
dedopévev Kot TaEvopnonsg autmv, kdtt mov Non €xel apyiocel va yivetor to teEAgvTaio
xpoViIa o emdotoveva Tpoypappato s Evponaikng Evoonc.
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IL.1.1. ITivakeg

Napéponpa 1

nn.1 DucoynUIKéS W10t TEG OoYETIKEG e TV To&kotnto. [Inyn: C. M. Sayes/ WIREs Nanomedicine
and Nanobiotechnology, Vol.1 (2009) 660-670.

Iowotnra (Property) Opioudc (Definition) Teyvixp (Technique)
* H nowxkidia couatidiov wg mpog to uéyetdog
HETa o€ EVa OElyua.
* 2oviibag avogpépetar ue o axpavouo PSD * Avvogurn oxéoaon pwtog (DLS)
Kazavoun MeyéQovg * Této100 €100VC HETPHOELS JTVOY Lo EVOEILT » Hlextpoviky Mixpookomio.
Zopotidiwy Y10, 70 fafud GUYKEVIPWONG/GVOTMUCTOONS (TEM xou SEM)

(Particle size distribution)

Mopgoloyia
(Morphology)

Xoarn Xooraon
(Chemical Composition)

Aodvtotnra
(Solubility)

Empaveioxn Xnueio. ko
Apocuixornra
(Surface Chemistry and
Reactivity)

* H emoaveio umopet vo. ypnoiuomoindei yio.
tov kaopiouo tov PSD oe vavoowuarioio,
OVO ENpNg KOTGoTAOHS
* To aynua ki To. doUIKG. YOPOKTHPLOTIKG, TOD
KOPLOPY OV GE EVOL OEIYUO. GOUOTIOIWV
* [Dnpogopies yio. tnv avaioyio. avapépovrar
HOVO GE U 6RaIpIKe, cmuaTiono, 1]
KPOOTOALLKI] OO L0 TO, KPUOTOALIKG DAIKG,
KO Ol OALOTPOTIKES [LOPPES PLO, TO, VAIKG.
Opo1ag ynuKnG odoTaons

* Avagéperor ara arotyeia amo o 0moia.
omoTEAETTON TO VAIKO
* Eivai ovvotl] n Ipookoon inpopopicov
OYETIKA. LLE TNV XNIUIKN TOCIKOTHTO TV EYYEVAV
VAV

o [Iepiéyoviar TANpoYopies GYETIKG, e T

00OTO0N O)L UOVO TOD TUPIVO, TOV DAIKOD GAAC.
KO THG ETPOVELGS TOD

* Métpo tov katd mooo éva, 000év vAiko umopel
va. 010/00¢l o€ Kdmo10 vYPO
» 2oviibag petpitar oe ualo. ava [ovaoo. oykov
* Mmopodv vo. eCayBobv ovumepaouato oyeTiKa.
LLE TNV VIPOPIAKOTITA, VOPOPOPNKOTHTA, KO
Aimogilikotnra.
* H ynueio g emipadvelog evog cmuotioion
emnped el dueoa T O1aAVTOTITO TOV

* H ynueio t¢ emipavelog Tov vAikoo
o [I\npopopies GYETIKA. JLE TO OTEPED TOUATIONO
KO TOV 0YPo O10A0TH VoL OvVOTO Vo,
emitevyOel
o 20YVa. €1VOL OVOYKAI0. TEPIOCTOTEPES TGS UIOG
OOKIUING VIO TOV YOPOKTHPLOLUO
*To poptio NG EMPAVELAS OTOTEAEL yprioiun
uétpnon

* Orcuikij avopopd. [o1aprera owng
* Eidwky Empaveia (SSA BET)

* [TepiOloon oxtivav X (XRD)

* [lepiOloon niextpoviwv (ED)
* DTON)EKTPIKY PACUATOTKOTIO,
axtivav X (XPS) yvwoti kot wg

ESCA-Daoparookomnia
nAgKTPOVIQY Y10 YKy ovéivon

* DOTONIEKTPIKN POTILOTOTKOTIO,
axtivwv X (XPS)
* Qaouorookomio. Raman

* DaoLOTOCKOTIO. ETOYWYIKG,

OVCEVYUEVOD TAGOUOTOS OTOUIKNG
exrounnc (ICP-AES)
* Aiopopikn Oepuukn avaloon
(DTA)

o [lepiOloon oxtivay X (XRD)

* DWTON)EKTPIKY PACUATOTKOTLO,
axtivov X (XPS) yvwoti kot wg
ESCA-®aouorookorio
nAEKTPOVIQYV Yo ynuKn oviivon
* DaouoTocKoTIO. LTEPIDIOVG-
opazod (UV-Vis)

* Qacuarookomio vwEPHHPOL LE
uetooynuozioud Fourier (FTIR)

* Ontiki d10UopPoN pe Ty
TApPOJo TOL YPOVOD
* Metprioeig aywyyuotnrog

* DWT001G.0T001 TOV VOATIKOD
Congo Red
* Avvoyuro Z
o loonlextpiro onueio (IEP)
* Aoxcyuj freopivis C
* AioAvtiko dvvoyuro
(Hemolytic potential)
* Moayvntikog covioviouog
niextpoviwy (ESR) 7 cvvrovioudg
Ledyovg nlextpoviww (EPR)
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N.7. 2 Kanowon TOPAGTATIKOL GTOYOL TTOV YPNCLLOTOLOVVTOL GE POPLLOKEVTIKT Ay®YN HECH VITOKOTAGTATY.

Moépra-Xtoyon Movada TomoOsoia Metagopd Eoappoyn Ava@opég
OUVVAPELNG X1oy00 X1oy00
Biochem. J. 362 (Pt 3)
— T , (2002) 585-595
TIPAVELDL 5 POVRATICHOG
Al . M
ACE b kvtTapov & caveoli n kabopiopévn gvdobniiev mvedpovo
Int. Immunol. 6 (8)
(1994) 1153-1160
| , Empdveio Evdokitmon Cancer Res. 60 (3)
Jut NGR .
Apworznniddon N entidio NG kvtTapov & caveoli Caveolar Ayysia otepdv dykmv (2000) 722-727
Ab kot Ab- i
, . Evdokitmon ) , Nat. Biotechnol. 25 (3)
AmwvonenTid don P cmunknp(f) HOTIKG Caveoli Caveolar Evdotia tvevpdvev (2007) 327-337
menTidIO
Verh. Dtsch.
Avrivévo CD20 B Avticopa Empdveio E , Ges. Pathol. 85 (2001)
;;rwovo f (Rituxan*, KuTTapov & n]lscz')a\;:am Aéppopa B-kuttdpomv 161-166
HporvTTapOy Zevalin*, Bexxar*) agBovia Mmdiov peon
Int. J. Pharm. 331 (2)
(2007) 190-196
Emgdvera
. Drugs 59 (4) (2000
ErbB2 Ab (Herceptin*) & Empdvelo Kutthpov & Kapkivog poaotod & g @ )
2 2 5 2 i
QTTOUEPT) KUTTApOV 8 w(pop&fm«i ®ofnKdV 753767
LOVOTLATIOL
Yrosorbuc BoMKos Emod J. Med. Chem. 53 (19)
o 0)((&;11@, ohuicoy Doikd O&L Kl)‘l:‘c(imjl?v(f;teoﬁ Mn kabopiopévn Kapxivog & @reypovi
Sbo pov, (2010) 68116824
Evdokitoon J. Biol. Chem. 272
gp60 AABovpivn & Ab Caveoli Caveolar & Ayyelokn otdygvon (41) (1997) 25968—
SKvTTApOON 25975
Ab kot Ab- Emiod Evdokitoon J. Mammary Gland
Yrnodoysag IGF-1 GUUTANPOUOTIKG K:::gvzj clathrin & Kapkivog Biol. Neoplasia 13 (4)
nentidio P Sokvttapoon (2008) 471-483
Prostate 45 (2) (2000
, Ientidwo (Lupron*, Emodveio Evdoxitmon , . @ )
Ynodoyéag LHRH Zoladex*) TV i Kapkivog mpootdn
P 158-166
, Empdveto Evdokitoon Kapkivog paoctod & Cancer Cell 5 (2)
Mucl Ab & antoyept KUTTapOV clathrin 0VPOdHY OV KHGTNG (2004) 163-175
Ab, Ab- Oyxoc ayyeiov JACC Cardiovasc.
GUUTANPOUATIKG Emodveio Evdoxitmon € W, ? Imaging 2 (10) (2009)
VCAM-1 ", , . preypovn kot
nentidio & KUTTApOV clathrin WBrooeKhiom
antopepy L 1213-1222
Cancer Res. 60 (18)
Ab (Avastin*), . . (2000) 5117-5124
A i Emodveia Evdoxitmon , L,
Ynodoyéos VEGF nentido & . . Avyyeia otepdv dyK@V
i KOTTapOV clathrin
omTopepn EMBO J. 19 (7) (2000)

1525-1533

Iy Silvia Muro, Challenges in design and characterization of ligand-targeted drug delivery systems, Journal of

Controlled Release 2012

Lnueioeig: Ab=avticwua, ACE=avtiyéva oe uetatponii eviduwyv, Artouepi=updvo uopio. ovvageiag fooilouevo oe
VovKAEiKG 0&D Eyovv derybei, gp60=vrodoyéag alBovuivig (orelo)ylvkormpwreivye 60, |IGF-1=rapdyovrac avamroéng
wrov woeovAivyg, LHRH=Iluteinizing hormone-releasing hormone; MUC1=pgswivy 1, VCAM-1=udpio ayyeiaxiic

ovvagpelag kuttdpav 1, VEGF= Ayyeiardc evdoOnhiaxdc mapdyovrag avimtoéng. *=Eumopixd évoua Ab.
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I.1.2.IlIpétvma ISO

n.1n.3 Y7apyovto TpOTLTO GYETIKA LIE TI VOVOTEYXVOAOYIaL.

I1SO standard AvTikeipevo Kotdortaon
ISO/TS Opoloyieg & opiopoi yia vavoavtikeipeva- Novosopotidia, .
27687:2008 VOVoives & VOVOTAUKEG Exd60nxce 10 2008
ISO/TS 80004- AloTo oplop®mV Tov oeTICETUL [LE VOVOOVTIKEIIEVA GvOpaKaL Exd60nie otig
3:2010 pioH X He a P 19/04/2010
ISO/TR 11360:2010 MebBodoroyia yio TNV Katnyopioroinen ket Tagvouncn Tov Exd060n«ke otig
vovoi KDV 12/07/2010
Aok vooToE VY 6€ VaVOUAKO deiyo o€ BIOAOYIKG GLGTAILOTO Ex860mKe o
1SO 29701:2010 in vitro ypnoyomowdvtag tn dokiun “Limulus amebocyte lysate N 5
« 03/09/2010
(LAL)
ISO/TS 10867:2010 Xap(?uc‘mptcuog uovowkqmcwv vavocu?knvwv av?pouca ' Exd60n«ke otig
YPTOYWOTOIDVTOS PUCUATOCKOTIO POTOPOTUDYELNG EYYVG VIEPVOPOL 15/09/2010
ISO/TS 80004- Opiopoi Bacikdv dpmv 6710 TEI0 TG VOVOTEXVOLOYio, Exdobne otig
1:2010 s P G AYONOYIdG 06/10/2010
KaBopiler 115 facikég Evvoleg yia T VOVOTEXVOAOYiD GE LOVTELOD Ex860nKe 61
ISO/TR 12802:2010 | ta&wopikod mhaiciov pe 6KOmd Vo SIEVKOADVEL TNV ETIKOVOVIK KO 15 /11]/2010@
TNV TPOdONGN TNG KOWNG KOTOvoNnong
KaBopiler pia péBodo yio tov YopaKTnpiopd Tov TTnTikev
) GULGTOTIKOV G OEIYLLOTO LOVOPAOTIKGOV VOVOCOARV®V GvOpaka Exd60nKe 6115
ISOITS 11251:2010 y¥pnoonmoidvrag eEeAynévn pébodo avatvong aepiov/aépio 22/11/2010
ypouozoypoeia pacpotoskomniog palos ( EGA/GCMS)
[eprypdpovtot ot amattiGELS Kot GUGTAGELS Y10 TNV TOPAYOYT
LETOAMK®V VOVOSOUATIOIMV 0 AePOADILATO KOTAAANAQ Y10 SOKLUEG .
. . . , . Exd60nke otig
1ISO 10801:2010 oo TOG HESH TNG EI0TVONG e T néBodo
. , , . , . 02/12/2010
e&atpionc/copmvxvoonc. H epappoyn nepropiletar oe pétodha 6mmg
glvat 0 ypuode Kot 0 ApyvPoC.
KaBopilet tig amartioeig kot mapéyet kabodynon GyeTKa Le To
1SO 10808:2010 YOPOKTNPIOUO VOVOcOUoTIOinV 6e Ouldpovg ékbeong elomvong pe Exdo0nke otig
' okond To&cég peréteg og oyéon e T pala, Tnv KoTovoun peyeboug, 02/12/2010
N GLYKEVTP®OOT GE aplOpd Kat T GUVOEGT) TOV VOVOSMUATIOIMV.
KaBopilet tig pebdd0vg yio Tov yopaKInpIiopno e LopeoAoyiag Kot
TOV TPOGIOPIGUO TNG XNUIKAG GVGTOCNG KOTAAVTOV Kol GAADV
) avopyavav Tpocpitemv og 6KOVN 1] LUEVIO OKATEPYOGTMOV KoL Exd60n«ke otig
ISO/TS 10798:2011 KaOOp®V LOVOPAOTK®V/TOAVPAOTKOV VOVOCOANVOV GvOpaxa, 14/07/2011
YLPNOYOTOIDVTOG NAEKTPOVIKO LIKPOOTKOTIO GAPMONS Kot
QOoNATOCKOTIO dlaokedalOEVOV akTivoy X.
[opéyel KatevOLVTNPLEG YPOLLLES Y10 TOV XOPOKTIPIGULO OVGLDYV TOV Ex860nKe o1
ISO/TS 10868:2011 TEPLEYOVV LLOVOPAOLIKOVG VOVOGMANVES GvOpaKa, e OTTIKN 17 /03/20111/;
(UG LATOGKOTIO ATOPPOPTONG.
ISO/TS 80004- AvaQEpETaL G€ OPOLE VAVOTEYVOLOYIDV IOV GYETI{oVTaL LE TOV Exd00nke otig
7:2011 topéa vyeiog (Sudyvoon/ Bepansio) 29/09/2011
[Ipoodiopiopdg oToEKOV aKaBUPCIHY GTOVG VOVOSMOANVESG Ex860nKe o1
ISO/TS 13278:2011 GvOpaxa pE TN ¥PNoN PACUATOCKOTI0G LAL0G ETOy@yIKd 31 /18/2011@

ovleVYIEVOD TAACLLOTOC.
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http://www.iso.org/iso/home/store/catalogue_tc/catalogue_detail.htm?csnumber=44278
http://www.iso.org/iso/home/store/catalogue_tc/catalogue_detail.htm?csnumber=44278

n.n. L} Y7apyovto TpOTLTO GYETIKA LLE TN VOVOTEXVOAOYiO (CUVEYELD).

I1SO standard AvTikeipevo Kordotaon
[ephapPavel 0dnyieg oxeTikd e ToV KaBOPIoUO PLGIKDVY Kol
. ANIKAOV X OPOKTNPIOTIKAOV KOTAGKEVOG LEVOV VOVOUVTIKEIUEVDV, Exd060n«ke otig
ISO/TS 12805:2011 IOV EVOEYETAL VOL EMNPEAGOVV TIC EMIBOCELG 1) TNV TEPOULTEP® 08/11/2011
eneepyacio Tovg.
[Mopéyet KatevOLVTNPLEG YPOLIES Y10 TOV YOPOKTIPIOUO SEIYLAT®V Ex860nKe ot
ISO/TS 11308:2011 | mov mepP1Eovy LOVOPAOLIKODE vavocsmArveg avBpaxa, pe yprion TGA n 5
, . 08/11/2011
o€ TEPPAAAOV aEPOl.
[Teprypdoet pebdd0vG Yo TOV YUPAUKTNPICHO TUPAYOVI®V
LEGOGKOTIKMV CYNULATOV VAVOCOANVOV TOAAATADY TOYOUATOV LLE Ex860mKe 61
ISO/TS 11888:2011 TIG TEXVIKEG TOV NAEKTPOVIKOD HUKPOGKOTIOV GAP®OTNG, TOV 08 /1111/2011@
NAEKTPOVIKOD LUKPOGKOTIOV SIEPYOUEVTG OEGUNG, TNG EMOOUETPIOG
Ko TG aviAvong okédaons emToc.
somsons | Moo omenets o o vt S | s o
5:2011 ovias Y Oroven e MOV 21/11/2011
EMKOWVOVINS.
ISO/TS 80004- Hap;sxa OpovG Y1a UMKO’L 6mov £l ) IEPIGTOTEPT GUGTATIKG TOVG Ex860nKe 0TI
. Bpickovtal 6N vavokA{oKo Kot ot 1310TNTES TOL TaPOLGSLALoVY
4:2011 , ; , , . 21/11/2011
0(QeAOVTOL GTNV TOPOVGIO CVTAOV TV TEPLOYDY VOVOAILOKOS.
[Tpocdiopilet Tig Paoiég WOTNTEG TOAVPAOTKMY VAVOSMOANVOVY Kot
T0 mEPLEXOUEVO TMV TPOSHIEE®V oV YapakTnpilouv delypata GyKov Fr860mKe o1
ISO/TR 10929:2012 | mOALELOIKGV VOVOGOANV®V Kot VIToypappilet Tig kOpleg pebddovg 20 /01]/2012@
pétpnong mov datifevon ot Propnyavia yuo Tov KabBopiopo avtmdv
TOV TOPOLETPOV.
) OoMyieg Yot TOV PUGTIKOYNUIKO XOPOKTNPIGUO TEXVNTOV VAVOUAIK®V Exd00nke otig
ISO/TR 13014:2012 v to&kohoyikh a&lohdynon. 08/05/2012
ISO/TS 10797:2012 XapaKTnpIopog LOVOPAOTKMOV VOVOGMOANVOV YPTGULOTOLOVTOS TO Exd00nke otig
' NAEKTPOVIKO HUKPOGKOTIO GAPOONG. 29/05/2012
ISO/TR Exd00nke ot
13014:2012/Cor Agv givon Suabéopo / T]/ 5
12012 13/07/2012
ISO/TR 11811 Oonyieg oyetikd pe vavo- Kot Pikpo-TpBOAOYIK®OV HETPIOEMV. e e&éMén
ISO/DTS 11931-1 Navo-ovOpokikod achcmo/M§pog 1: Xapaktnpiotikd kot pébodot Te eEEMEn
petpnong.
ISO/DTS 11937-1 Navo-dto&eidro Tov nwvtou/Mapog 1: Xapoktnpiotikd Kot péfodot e sEEMEN
petpnong.
ISO/DTS 12025 Hocormonomc,n ansksuespmcng’ VAVOVTIKEWUEV®V 07O GKveg Te eEEMEn
HEG® TG dNULLOLPYING OEPOAVULATMV.
ISO/DTS 12901-1 Enayyakuqnm 81(1).§atp1f5n TV Kw&)vco\lz oV SLETOVV T e sEEMEN
KOTOGKEVAGUEVA VOVOUAIKA-MEpog 1: Apyég kot Tpooeyyioels.
Enayyelpatikn dioyeipion Tov Kivodvev Tov SEmovV To.
ISO/NP TS 12901-2 | «xatackevacuévo vavodAikd-Mépog 2: Xpron Tpociyyiong eEAEYXov e e&éMén

“Covav” (banding).
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nn.s Y7apyovto TpOTLTO GYETIKG, LLE TI) VOVOTEYVOAOYiO (CUVEYELD).

I1SO standard AvTikeipevo Kordotaon
ISO/DTR 13329 Ipoetoyacio dedopévav aceireiag vAkmv (MSDS) e e&éMén
Odnylec OYETIKA [LE TNV EMGNILOVCT] LETOTOMUEVOV
ISO/PRF TS 13830 VOVOOVTIKELEVOV KOl TPOIOVTIMV TOL TEPLEYOVY TEXVITA e e&éhén
VOVOOVTIKEIIEVAL.

XopoKTNPIoUOS TNG EMUPAVELNS VOVOCOUATIOIOV XpVGoD Yo .
ISO/DTS 14101 OVYKEKPYEVO EAeYYO TOEIKOTNTOG VavobAK®Y. MéBodog FT-IR. 2 eGéhan
ISO/AWI TR 14786 IMhaicto Yo LOVTEAD OVOLLOTOAOYIOG VOVOUVTIKEWEVMV. e e&éhin

O1 YeVIKEG OTOITNOELS Y10, TO VAIKG ovapopag yio TNV avamtuén
ISO/DTS 16195 pebodmv Som’umv Y10 T0 JOPOKTNPIOTURG, TOV €Neyyo g anpSocng e etéhEn
Kot SOKIES AoPUAEINS Y10l TO VOVOSMOUATIOW KoL TIG GKOVEG
VOVOIVmV.
ISO/NP TR 16196 Odnyieg oyetikd pe TG pebodovg TPOSTOULOGING KL EKTIUACELS e etéhEn
dooeTplog yio o TEYVITA VOVOUALKE.
ISO/NP 16550 [Tpocdiopiopds Tov HOVPOYLLOD o&émg (muramlrc acid) g Brodein e sEéEn
Yo TN SpOoTNPLOTNTO TOV VAVOSOUATISI®Y apydpov.
ISO/DTS 17200 Noavocopatidi 6€ Lopen oKOVNG-XopaKTNPIoTIKA Kot LETPGELS. e e&éhén
ISO/NP TR 17302 H)umct? Yo Tov npoc&optquo ™G avan:cv&ng 7\.85_,17\,(’)’}’101) e Tig e sEéEn
EPOAPLOYEG TNG VOVOTEXVOLOYIOG GTOV TOUEN TG avOpdTIVIG LYEiaG.

IEC/CD TS 62607- | Novokataokevéc-Baokd xopokTnplotikd EAEYXOV Y1 THY EQApUOYN .

] g . R e e&één
2-1 vueviov vavocoivev avipoka-Edikn avtictaon.
Teyvntd epdypoto mov ¥PNGYLOTOLOHVTIOL T VAVOTEYVOLOYio-
IEC/DTS 62622 [eprypagn Kot LETPGELS TOV TAPUUETPMV TOLOTNTOS TOV e e&éMén
oyetilovtat pe TIg S1eTACELS.
ISO/DTS 80004-6 Ae&oyo-Mépog 6: MS‘CpT]’GSUQ GTN VOVOKALLLOKE Ko Opyova, Te eEéMEn
petpnone.

ISO/NP TS 80004-8 Ae&oy10-MEpog 8: AlodIKAGIEG TAPAYDYTS VAVOSOUATISIMV. e e&éMén
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Nepiponpa 2

I1.2.1. EUROPEAN UNION (EU) CLUSTERS AND PROJECTS FOR

NANOSAFETY

I1.2.1.a EU CLUSTERS

The European clusters have as an objective to categorize all the potentials of
nanotechnology. Specifically, scientific projects are grouped in distinctive clusters
reflecting the main field of their research application or supporting policy-making. The
clusters that exist today in nanotechnology are the latter that are described in the following

table.

Table 1 Existing clusters in the field of nanotechnology.

CLUSTER DEFINITION
Creation of nano bio-industrial products, from nano-sensors that can measure
. water stress and plant diseases to those that can reduce the amount of fertilizers
Agrifood

and pesticides used on crops, all the way to detecting bacterial pathogen
contamination during food processing and post-harvest.

Coordination & Support

Coordinating nanotechnology research activities and policies, and those aimed at
contributing to the implementation of the Framework Programmes and the
preparation of future policies. Sharing and generating new knowledge in the

Actions nanotechnology field and promote innovation that will enable the manufacturing
of new high value, competitive products.
Diagnostics Pinpointing diseases with greater accuracy than ever before

Drug Delivery

Nanomedicine

A whole range of different nano-vectors for drug encapsulation, guiding
techniques to latch them onto their target and multifunctional nanotherapeutics
are being developed

Regenerative
Medicine

Restoring, maintaining and repairing tissues & organ functions. Nanopatterning
of biomaterial surfaces aimed at eliciting certain biological responses from the
host tissue

Environmental & Human
Safety (EHS)

Contribution to civil security through novel detection, protection and
identification methods

Electronics, Information &
Communication
Technologies(ICT)

Miniaturized supercomputers, ultra-fast semiconductors and microprocessors and
low voltage and high brightness displays. This field would quickly exploit all the
potential applications of thin film transistors, molecular electronics and
nanolithography
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Table 2 Existing clusters in the field of nanotechnology (continuing).

CLUSTER DEFINITION
ELSA (Ethical, Legal Acceptance of NT developments by the general public after careful consideration
Social Aspects) of all their ethical, legal and social aspects

Cheap and powerful renewable energy generation and clean water supplies are

Energy & Environment some of the main prospected benefits of this cluster

Some of the main production areas involving NT span from ultra-lightweight,
Industrial Applications highstrength, precision-formed materials to nano-composite polymers for
structural, medical and electronic applications

Carbon-based nanomaterials, metal-based materials, dendrimers and

Nanomaterials . . .
nanocomposites use the properties of materials at the nanoscale

Information about nanotechnology developments and future perspectives is being
Outreach & Education closely followed by public dialogue and social engagement about nanotechnology
acceptance

Nanotechnology can give a significant contribution to civil security through

Security novel detection, protection and identification methods

Antibacterial, MRSA-resistant bandages for medical applications or stain-

Textiles resistant fabrics

*Source: http://ec.europa.eu/research/industrial _technologies/pdf/ec-nanotechnology-research-mapping_en.pdf

Mapping Portal for Nanotecnology Research: FP6/7 Projects

I1.2.1.b EU NANOSAFETY PROJECTS

The fast-pacing development of nanosciences and nanotechnologies is due to their
great potential in improving the quality of life and in creating novel knowledge-based
sustainable processes. This unprecedented “nano-pollution” may in fact pose risks to
human, not only the manufacturers but also the end-users, animal health and the
environment in general that we cannot evaluate at present because of the complete lack of
appropriate instruments and bioassays. For that purpose, EU supports financially various
projects that targeting the comprehension of these toxicological potentials of various
nanomaterials. EU started by funding research for potential applications of nanomaterials
and now has focused on toxicology research, as it can be shown in the figures that follow,
in order to finally understand those complicated systems and successfully use them for
their unique properties. However, there are a lot to be done if we want to safely introduce
nanomaterials into market.
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http://ec.europa.eu/research/industrial_technologies/pdf/ec-nanotechnology-research-mapping_en.pdf

FRAMEWORK PROJECTS 7

2%

SFP7PROJECTS

®FP7 PROJECTS RELATED TO

FRAMEWORK PROJECTS 6

™ FP6 PROJECTS

W FP6 PROJECTS RELATED
TONANO

Figure 1 FP6 and FP7 projects in comparison with projects related to nanomaterials and nanotechnologies.

It appears that during FP6 there are more projects concerning nanotechnology and
nanomaterials than FP7. It should be mentioned that the majority of those projects concern
the manufacturing of nanomaterials or/and nanodevices, the potential applications that may
have in the domains of medicine and optoelectronics and less are regarding nanosafety
issues such as toxicology assessment. That also is clearer from the following graphs.
During FP7 new types of projects’ fields appear such as network activities concerning
nanotechnology or projects that have as objective the briefing of stakeholders about the
risks and hazards of nanomaterials.

FP7-PROJECTS CONCERNING
NANOMATERIALS

@ FP7 PROJECTS ON NANOSAFETY

M FP7 OTHER NANO-PROJECTS

FP6-PROJECTS CONCERNING
NANOMATERIALS ’

2%

“FPS PROJECTS ON NANOSAFETY

“FPS OTHER NANO.PROJECTS

Figure 2 Quantative presentation of nanosafety projects in comparison with nano-projects in general.
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NANOSAFETY PROJECTS
FP6 vs FP7

B FP7 PROJECTS ON NANOSAFETY

8 FP6 PROJECTS ON NANOSAFETY

Figure 3 FP6 versus FP7 projects on nanosafety.

From the above figures, it is obvious that the interest in nanomaterials and in
nanosafety especially, has been increased. It appears that during FP6 projects the
nanosafety projects are much more than during FP7, however we should consider that
during FP6 the number of funded projects are much less and that is the reason for that
confusion.

To continue with, all the projects (FP6 and FP7) are presented in detail regarding their
objectives as well as their workpackages in order to justify the above consumptions.

5.5.2.1. CELLNANOTOX (FP6)

The present proposal targets at the development of innovative multidisciplinary sets of
tests and indicators for toxicological profiling of nanoparticles (NPs) as well as unraveling
the correlation between the physicochemical characteristics of NPs and their toxic potential
on various organs of the human body. For a comprehensive understanding of the complex
data to be obtained on toxicology of NPs, based on in-vitro and ex-vivo studies, it will be
employed conventional toxicology combined with the methodologies of toxicogenomics,
metabonomics, Knowledge Discovery from Data (KDD-an organized process of
identifying valid and novel models) and Data Mining (DM-the core of the KDD process,
involving inferring algorithms that explore the data, develop the model and discover
previously unknown patterns).This research program is focused towards understanding the
relation of size and surface chemistry on the deposition, uptake, translocation, and toxicity
of a few selected industrially important NPs as well as novel synthesized NPs, whose size
and surface chemistry will be methodically modified. Here, the difficult part is the
intentionally modification of those, as the total control of nanoparticles’ chemical
composition, size and surface state is still difficult to obtain. Since it was shown that the
penetration of NPs into the human body proceeds principally through inhalation or orally,
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whereas penetration through healthy skin is restricted, it has been chosen lung and intestine
as the primary interacting tissues/organs with NPs, while liver, kidney and the
immunological system have been selected to be the secondary major sites of interaction,
following the penetration of NPs into the blood circulation. The interaction of the NPs with
these different target organs will be studied by making use of alternative methods to animal
experimentation by employing in-vitro cell systems as well as ex-vivo studies based on
precision-cut slices of lung, liver and kidney. The various cellular systems showed
somewhat different susceptibility towards the exposure to NPs, though the overall trend of
the toxicological response was similar. The toxicological response depended on the cellular
model as well as on the duration of exposure to NPs. Longer exposure time resulted in
higher toxicity than a short one. Large part of the observed toxicity could be attributed to
the effect of ions which leached from the NPs into the extracellular millie whereas the
problem is that the current methods for the detection of those free ions are colorimetric or
atomic absorption which are restricticted to relatively high concentrations. One of the
consequences of being exposed to NPs was an oxidative stress imposed on the cells and an
inflammatory response of the cells to NPs. It was finally verified, by using different
methods, that NPs were able to internalize different cells. The present proposal addresses
the needs of the European society for assessing the risk of occupational and general
population exposure to industrially manufactured NPs. It will generate new knowledge on
potential health risk or the absence of it, providing objective arguments for
recommendations and regulations.

5.5.2.2. DIPNA (FP6)

The DIPNA project aims at creating and validating instruments and bioassays, and to
propose to the EU and international communities’ new parameters for detection of
nanopollution and evaluation of occupational nanotoxicology, in order to promote
prevention and nanosafety in manufacturing and handling. It divided into 6 workpackages,
the production and physico-chemical characterisation of nanoparticles, the evaluation of
NP interaction with human defence cells: selection of representative cell systems, the
evaluation of one-to-one NP-cell interaction (definition of threshold and dose-dependent
effects), the evaluation of chronic and repeated exposure (eco-nanotoxicity), the field
validation and development platform, and the coordination, management, training, and
public awareness. More specific, DIPNA project’s aim was to provide knowledge about
the impact of four different NPs (cobalt, gold, cerium and iron oxide) applied in wet
suspension and in dry state on different types of cells (human immortalised THP-1,
HepG2, CaCo-2 and A549 cell lines, murine 3T3, human CD34-derived Dendritic cells
(DC), and human monocytes). The project developed also technological solutions
concerning the set-up of singlet NP / cell interaction with sensors to evaluate the effects, a
device for an automatic evaluation of the toxicological impact of nanoparticles, and
instruments for field analysis of nanopollution in occupational sites. The results of the
biological tests, carried out following the conditions of toxicological tests to assess the
risks of molecules and ions, indicate that none of the NPs tested, either in dry or in wet
conditions, affected the viability and capacity of proliferation of various cell types in
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culture. No signs of apoptosis were detected. The immunological biomarkers selected, such
as cytokines, chemokines and TLR expression, were not affected in a dose-dependent
fashion in the time frame of the in vitro tests. A dose-dependent increase in the production
of reactive oxygen species could be observed only for cobalt NPs. Also the expression of
inflammation-related genes, such as IL-18Ra, TIR8 and caspase-1, was not modulated by
NPs, either upon acute administration or when given in chronic or cumulative fashion over
15 days of cell culture. In the same conditions, silver NPs (used as control) likewise did not
induce any relevant toxic effect nor could affect innate / inflammatory parameters. The
finding that only cobalt NPs seem to have toxic effects is explained as follows. Cobalt NPs
can corrode in the culture medium and release cobalt ions. The toxicity of cobalt ions is
well known. They are not in an equilibrium state and can readily combine with other ionic
species present in the medium or in cells, and affect cell functions. Thus, toxicity of cobalt
NPs can be indirectly due to the release of cobalt ions, rather than the consequence of NP-
cell interaction. The identification of cobalt phosphate particles after chronic exposure of
cells to cobalt NPs suggests that NP corrosion and ion release is indeed
occurring. Different systems were constructed to simulate singlet NP / cell interaction.
Chips were built to monitor membrane changes by single cell impedance spectroscopy. A
nanodispenser was devised for depositing NPs deposition in array format on cell culture
supports. Microinjection techniques and Raman spectroscopy have been successfully
combined with Principal component analysis (PCA) to detect the single cell / (few) NPs
interaction. The singlet NP / cell interaction did not cause any measurable effect except for
the appearance of signals in Raman spectroscopy. Such signals are due to phosphate
groups present in NP-microinjected cells (but not in solvent-injected control cells),
suggesting that microinjection of few NPs in a single cell affected the cellular phosphate
metabolism. An interesting system was developed for the repeated spraying of dry NPs in
air and in a liquid medium containing cells. The system works very well in air but not in
the medium. An automated system was designed and constructed to measure the possible
toxicity of NPs. The breadboard system consists of a small incubator with in-built
controllers for CO,, temperature and humidity, a fluidic system with pump and valves to
transport reagents and samples, and two optical detection units, for optical absorption
measurement and for refractive index measurement respectively. The system detects the
proliferation of A549 cells (untreated versus exposed to NPs) based on Alamar blue
staining.

5.5.2.3. ENNSATOX (FP7)

The use of engineered nanoparticles in cosmetics, pharmaceuticals, sensors and many
other commercial applications has been growing exponentially over the past decade. EU
and Member State’s research into the environmental impact of these materials, particularly
in aquatic systems, is at an early stage. ENNSATOX addresses this deficit through a,
comprehensive investigation relating the structure and functionality of well characterized
engineered nanoparticles, initially ZnO and later SiO, and TiO, and other metal oxides of
varying morphology and dimension, to their biological activity in environmental aquatic
systems. An integrated approach will assess the activity of the particles in a series of
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biological models of increasing complexity. Parallel environmental studies will take place
on the behavior of the nanoparticles in natural waters and how they modify the particles’
chemical reactivity, physical form and biological activity. An integrated theoretical model
will be developed describing the environmental system as a series of biological
compartments where particles transport between a) compartments by advection-diffusion
and b) between phases by a transfer function. Following optimization of the transfer
functions a generic predictive model will be derived for the environmental impact of each
class of nanoparticle in aqueous systems. A generalized understanding of the dependence
of the nanoparticle biological activity on its structure and functionality will be obtained
including the role and interaction of the biological membranes within organisms using
biological models such as supported phospholipid membranes of increasing complexity, in
vitro models of cell and tissue culture and in vivo models of several different species of
key indicator organisms. ENNSATOX will generate exploitable IP (devices and
ecotoxicology predictive software package), a set of standard protocols for assay of
nanoparticle biological activity which can be later accredited, some global dissemination of
results, the creation of an EU laboratory service, and tools combined with data to inform
EU Regulation and the EC’s code of conduct for responsible nanosciences and
nanotechnologies research.

5.5.2.4. ENPRA (FP7)

The ENPRA (RISK ASSESSMENT OF ENGINEERED NANOPARTICLES) project is a
major new European Framework 7 project to develop and implement a novel integrated
approach for engineered nanoparticle (ENP) risk assessment. With an estimated economic
impact of $292 billion by 2010 across industrial, consumer and medical products,
nanotechnology is already one of the key industries within Europe and worldwide. Key to
its long term growth and sustainability is establishing end-user confidence that the
technologies developed are safe. ENPRA (Engineered NanoParticle Risk Assessment)
aims to support long-term growth and sustainability of nanotechnologies by expanding the
classic exposure-dose-response paradigm of risk assessment, to develop an effective
approach for the assessment and management of potential health risks from exposure to
engineered nanoparticles. ENPRA consists of 7 complementary Work Packages (WP). The
principal aim of ENPRA is to develop and implement a novel integrated approach for ENP
Risk Assessment (ENPRA). This approach is based on the Exposure-Dose-Response
Paradigm for ENP. This paradigm states that exposure to ENP of different physico-
chemical characteristics via inhalation, ingestion or dermal exposure is likely to lead to
their distribution, beyond the portal-of-entry organ to other body systems. The cumulative
dose in a target organ will eventually lead to an adverse response in a dose-response
manner. ENPRA’s approach will adapt the traditional Risk Assessment approach to ENP
and will cover: Hazard Identification; Dose-Response Assessment; Exposure Assessment,
Risk Assessment and Risk Management. The specific objectives of ENPRA are:

Q) for Hazard Identification: To characterize a panel of commercially available ENP
carefully chosen to address the relevant hazards, properties and potential mechanismsl;
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(1) for Dose-response Assessment: To assess the hazards of these ENP by means of in
vitro toxicology tests based on five body systems: (1) pulmonary; (2) hepatic; (3) renal; (4)
cardio-vascular and (5) developmental, and five endpoints: (a) oxidative stress; (b)
inflammation and immune-responses; (c) genotoxicity; (d) fibrogenecity and (e)
developmental toxicity; (iii) To verify the in vitro findings with in vivo models;

(iii)  for Exposure and Risk Assessment: To use data from this project and other sources
(including US data) to: (1) model exposure and the exposure-dose- response relationships
by means of mathematical modeling such as PBPK and QSAR-like methods, and extend
these deterministic models into probabilistic models (2) to conduct the risk assessment
with uncertainty analysis;

(iv)  for Risk Management: To develop and implement a strategy for dissemination to
maximize the anticipated high impact of findings.

5.5.2.5. ENRHES (FP6)

The overall aim of the ENRHES project is to perform a comprehensive scientific
review of the health and environmental safety of fullerenes, CNTs, metal and metal oxide
nanomaterials. The review considered sources, pathways of exposure, the health and
environmental outcomes of concern, in the context informing the regulation of the potential
risks of engineered nanoparticles. It has employed a standardized information management
strategy and a matrix approach to maximize the gain to partners and beneficiaries involved
with the review. The specific objectives will be to review information on: (a) production,
use and exposure to the target engineered nanomaterials, (b) persistence, bioaccumulation
and interactions of the engineered nanoparticles in living & environmental systems, (c)
differences in toxicity posed by variations in size, type and chemical composition. The
report includes an illustration of the state-of-the-art as well as on-going work, while
identifying knowledge gaps in the field. Prioritized recommendations have been developed
and set in the context of informing policymakers in the development of methods to address
exposure as it relates to the potential hazards posed by engineered nanoparticles, and in the
development of appropriate regulation. The review provides context for the materials
chosen, in term of the production techniques, applications and market value. This is
supplemented with the findings of an industry survey carried out in an attempt to gather up
to date information on the quantities of various types of nanomaterials produced and used,
the type of products in which they are used, any exposure data gathered and risk
assessment practices employed. The review highlights the essential role which nanoparticle
characterization plays in a variety of overlapping contexts ranging from fundamental and
applied research, through process and product quality control and commercialization, to
health and environmental protection. In the context of exposure assessment, the review
shows that there is, in general, a paucity of published data. A wide range of instruments
and approaches were used and exposures were reported in terms of number, mass and
surface area concentrations, as totals and differentiated as a function of size. Similarly, the
review highlights the general paucity of data in the area of environmental fate and
behavior, which represents a major obstacle in developing a holistic view of the fate and
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transport of nanomaterials within the environment and therefore environmental exposure.
A substantial appraisal of the toxicity of nanoparticles is presented for each nanomaterial
class, identifying the underlying mechanisms driving each of their toxicities, and
determining whether any generalizations can be made regarding nanomaterials as a whole.
When appraising the available epidemiology and human studies, the paucity of data
relating to CNT, fullerene, metal and metal oxide nanoparticles, has required a broader
approach. This draws upon the depth and breadth of knowledge available for a small
number of nanoparticles which have been manufactured at the industrial scale for decades.
The review of the literature on the ecotoxicity of nanoparticles has addressed aquatic
toxicity, terrestrial toxicity, bioaccumulation, and degradability. A special effort has been
put into translating the effects, found in the reviewed papers, into the terminology
traditionally used in risk assessment, e.g. ECx- and LCx-values and NOEC/LOEC-values.
The penultimate chapter presents a basic risk assessment, inspired by the REACH
guidance, for the four types of nanomaterials under review based on the information
provided by preceding chapters of the review. In conclusion, the review's findings strongly
supports the further development of thorough characterization (including proper
considerations of agglomeration/aggregation) of the nanoparticles in exposure media when
conducting exposure assessment, as well as in the generation of data for determining
exposure to both humans and the environment as well as assessing hazardous properties.
Further testing strategies are required to be established to cover all relevant endpoints
needed for a risk assessment. At present, carrying out risk assessment of nanoparticles can
only sensibly be done on a case-by-case basis. Only when more data becomes available
may it be possible to group nanomaterials according to their physical, chemical and/or
biological properties or mode of action, so that testing could be done for representatives of
each group.

5.5.2.6. EURO - NANOTOX

The basis of EURO — NANOTOX is the development, implementation and execution
of standardized in vitro and in vivo methods for studying the toxicity of nano-structured
materials. This is to create a virtual center, which on the one hand, nanostructured
materials systematically examined for potential toxicological effects, and on the other
hand, a mechanistic study on the toxicity of these materials is carried out. As a result of
science and industry is at an early stage in product development offered the opportunity to
explore a potential toxicity of their existing materials. By incorporating this knowledge, the
appropriate materials specifically improve and their potential risks to the environment are
reduced. Through the use of standardized methods in a quality assured environment can
such expensive mistakes and a potential danger can be prevented at a later use. So the
EURO — NANOTOX project also assists in the establishment of international standards
which is very important for the scientific community as it allows the comparison of
existing and future datas in a common basis. Furthermore, EURO — NANOTOX is setting
up a European-wide network of national hubs for nanotoxicology in collaboration with
already existing platforms. This network will help to interchange recent developments and
developed methods between different European countries and promote the development of
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European standards to help ensuring the successful development of nanotechnologies as a
key for European growth. EURO — NANOTOX actively contributes to European projects
dealing with regulatory aspects of nanotechnology (e.g. NANOFORCE) and plans to
enlarge its initiative in this field in future projects.

5.5.2.7. ENVNANO (FP7)

The objective of the project Environmental Effects and Risk Evaluation of Engineered
Nanoparticles (EnvNano) is to elucidate the particle specific properties that govern the
ecotoxicological effects of engineered nanoparticles and in this way shift the paradigm for
environmental risk assessment of nanomaterials. While current activities in the emerging
field of nano-ecotoxicology and environmental risk assessment of nanomaterials are based
on the assumption that the methodologies developed for chemicals can be adapted to be
applicable for nanomaterials, EnvNano has a completely different starting point: The
behaviour of nanoparticles in suspension is fundamentally different from that of chemicals
in on solution. Therefore, all modifications of existing techniques that do not take this fact
into account are bound to have a limited sphere of application or in the worst case to be
invalid. By replacing the assumption of dissolved chemicals with a particle behaviour
assumption, the traditional risk assessment paradigm will be so seriously impaired that a
shift of paradigm will be needed. EnvNano is based on hypotheses such as that the
ecotoxicity and bioaccumulation of engineered nanoparticles will be a function of specific
physical and chemical characteristics of the nanoparticles, the environmental hazards of
engineered nanoparticles cannot be derived from hazard identifications of the material in
other forms and that existing regulatory risk assessment procedures for chemicals will not
be appropriate to assess the behaviour and potential harmful effects of engineered
nanoparticles on the environment. These research hypotheses will be addressed in the four
interacting research topics of EnvNano: Particle Characterization, Ecotoxicty,
Bioaccumulation, and Framework for Risk Evaluation of Nanoparticles aimed to form the
foundation for a movement from coefficient-based to Kkinetic-based environmental
nanotoxicology and risk assessment.

5.5.2.8. HINAMOX (FP7)

HINAMOX is a 7th Framework project that has started in October 2009 and is
dedicated to the study of metal and metal oxide nanoparticles (NPs) such as TiO,, ZnO,
Al,O3, Ce0,, as potentially hazard to biological organisms. HINAMOX will accomplish an
advanced work in the field of in vivo and in vitro studies of NPs. The importance of this
work lays on the fact that will set the basis for proper dose relation quantifications and
distribution studies both at cellular and body level. This represents indeed a milestone for
the future definition of nanosafety regulations, standards definitions and for the assessment
of the health effects of NPs on humans. Research in HINAMOX focuses on the correlation
of materials properties to their toxicological endpoints. HINAMOX will provide
knowledge on the biodistribution and biological fate of metal oxide NPs. To achieve this
goal procedures for NP radiolabelling are being developed to allow for the application of
PET and SPECT techniques. In parallel to the in vivo studies the work in HINAMOX will
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be paramount in establishing quantitative data and practical procedures to determine the
concentration and distribution of NPs at cellular level applying lon Beam Microscopy,
Confocal Raman Microscopy and Transmission Electron Microscopy techniques. The
consortium generates new knowledge on the cytological and pathological response to NPs,
targeting innovative work of the inflammatory response of the alveoli as a possible vehicle
for the introduction of NPs in the body. Detailed analysis of NP leaching and dissolution
for the assessment of NP biodurability and residence times in tissue and lung-lining fluids
will be developed. All together, these studies will make an important contribution to a
deeper understanding of NP toxicology and will be fundamental on defining regulations
where dose effect relation are required both at the cellular and body level. The project is
coordinated by the Centro de Investigacil®n Cooperativa en Biomateriales - CIC
BiomaGUNE in Spain. During the first year of the project work activities have focused on
the synthesis of metal oxide nanoparticles (NPs) that will be employed throughout the
entire duration of the project: Al,O3, Y203, TiO,, ZnO, CeO,.x and Fe;O4. NPs have been
characterised regarding, shape, size, size distribution and crystalline structure (phase
identification). Zeta potential, stability and aggregation in relevant physiological conditions
have been studied as well. NPs have been radiolabelled for biodistribution studies. A new
approach has been followed based on 'cold’ synthesis of NPs suitable for further activation
in the cyclotron. NPs were synthesised using Oxygen-18 instead of natural Oxygen. A
protocol for the enrichment of NPs with Oxygen-18 has been developed, which has been
applied for the synthesis of Al,O3 NPs. Oxygen-18 was transformed into Fluorine-18 by
bombardment with 18 MeV protons. The uptake, localization of NPs and their intracellular
fate were studied applying a battery of experimental techniques: confocal Raman
microscopy, transmission electron microscopy, ion beam microscopy and confocal laser
scanning microscopy. Confocal Raman microscopy has been applied to study the uptake of
metal oxide NPs in HepG2 cell lines employing the Raman signals of both the NPs and of
the components of the cell to visualize the NPs in the cell interior. Time dependent
experiments to visualize the uptake and localization of NPs within cells have been
performed with transmission electron microscopy. lon beam microscopy has also been
employed to study localization of NPs in cells and their association with other elements
present in the cells. Highest NP uptake has been measured for ZnO NPs. Initial work has
been undertaken in the study of the immune response and cytoxicity 'in vitro' in presence
of NPs. Cell viability studies in A549, SK-MES-1, HELAcells and ATII cells show a
toxicological effect of ZnO NPs at concentrations over 30 B"g/ml while Cell viability
studies in the same cell lines with FeOy, TiOyx and CeO, NPs show a non toxic effect for
these NPs.
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5.5.2.9. IMPART (FP6)

Nanotechnology is finding increased application in today’s society and is being hailed
as the next industrial revolution. Companies around the world are beginning to mass-
produce nanoparticles (particles less than 100 nm in size) for use in everything from
sunscreens to soil reclamation. The production of anthropogenically-derived nanoparticles
will inevitably result in the introduction of these materials to the environment. However,
despite rapid advances in nanotechnology, knowledge of the potential risks of
nanoparticles to human health and the environment is limited. There is a concern that size
matters with respect to toxicity, irrespective of the chemical composition. There are fears
that materials that are biologically inert in bulk tend to become harmful in ultrafine particle
form. Analogies have been drawn, for example, on the similarity of the structure of carbon
nanotubes to asbestos fibres, whose detrimental effects on human health are well
documented. There is a need to encourage greater understanding of the short and long term
implications of nanotechnology for health and the environment. The primary aim of this
CA is to prevent knowledge of the health and environmental implications of nanoparticles
from lagging behind the technological advances. IMPART fostered communication links
between a number of regional, national and international initiatives in order to reduce
duplication of effort, pool expertise and facilitate co-operation between networks. This
resulted in an improvement in the understanding of the potential impact of nanoparticles on
human health and the environment. The ‘Improving the understanding of the impact of
nanoparticles on human health and the environment' (IMPART) project was started
February 1, 2005 with CHALEX Ltd. as coordinator. Work package 1 (Project
management) and work package 2 (Coordination of initiatives' activities) began in month 1
of the project, while work packages 3 (Risk assessment of the effect of nanoparticles on
health and the environment) and 4 (Dissemination and knowledge transfer) began in
months 14 and 13, respectively. The network web site went online in the first month of the
project: http://www.impart-nanotox.org. This site includes a project summary, diary of
events, details of the project consortium, discussion forum and a members' area for
communication between partners. Once completed, a database of initiatives and activities
in the field of nanotechnologies and health and environmental implications will be
published online and updated regularly. Minutes of meetings and reports are published in
the members' area of this web site and members are informed when additional content is
made available. The project kick-off meeting was held in Brussels, Belgium in month 2 of
the project. The first coordination seminar was held alongside the kick-off meeting. The
aim of this seminar was to increase awareness of the consortium partners of other work
being carried out in the field, such that they are able to adapt their own projects and make
recommendations to minimise duplication of research efforts. The second seminar took
place in Karlsruhe, Germany in Month 11. Expert group leaders were appointed during the
kick-off meeting in Brussels and the first meeting of the expert groups was held alongside
the first coordination seminar in Brussels. People from the consortium were split into
expert groups according to experience and field of work. Members were divided into four
agreed subdivisions of the topics materials for consideration, implications for human health
and exposure and finally impact on the environment and resulting legislative
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measures. The report of the deliberations from these meetings has been disseminated
amongst consortium members and published online for the benefit of all those involved.
The second meeting of the expert groups was held alongside the second coordination
seminar and involved general discussion about the project and status of the work of the
expert groups. Progress of work was discussed and gaps identified. Further specialization
of topics was performed, with each major subject divided into subprojects. These
contributions will sum up to an extended report from the expert meeting.
After the first year, CHALEX was not able to provide all the necessary documents to the
EC on time. Due to this situation the EC decided to suspend the project per June 14, 2006.
Due to a TEMAS initiative an internal review meeting was held on September 12, 2006 in
Zurich. At the meeting several actions were planned and decisions taken to reach the lifting
of the suspension of the project as soon as possible. In order to reactivate the project and to
bring it to a successful end, a new strong team under the new coordinator TEMAS with
previous and new partners was established. Five out of twenty partners left the consortium
and five new partners joint it for phase 2. In order to secure the main objectives
of IMPART a new project planning, and new annex 1 for phase 2 (June 2007 - October
2008) has been elaborated. The key deliverables have been defined as an input report for
phase 2 as summary IMPART phase 1 and the NanoTox project (Working report on the
status quo of nanomaterials impact on health and environment), the assessment of existing
and identification of missing data, the recommendation and guidelines for legislation
policy makers, research policy makers, industry, public and other stakeholders (Guidance
booklet) and the dissemination and knowledge transfer: project website, nano safety and
risk database, main conference for policymakers, conference with opinion leaders, national
workshops. The main exploitable results of IMPART include the database on nano safety
and risk publications. In addition, four important reports emerged from the project the
working report on the status quo of nanomaterials impact on health and environment, the
recommendations and guidelines for legislation policy makers, the recommendations and
guidelines for research policy makers and a guidance booklet on safe handling of
nanoparticles for industry, public and other stakeholders.

5.5.2.10. INLIVETOX (FP 7)

In Europe and the United States, governments, non-governmental organisations
(NGOs), and others have expressed concern that the number of consumer products
incorporating nanomaterials is increasing, and that the safety of many of these materials
has not been demonstrated. It is essential to investigate the hazard (toxicology) of
engineered nanoparticles (NPs) in different formulations and at different points in their life
cycle, in relation to different routes of exposure, target organs and tissues. INLIVETOX
focuses on the impact of NP exposure via ingestion, in the healthy and diseased
gastrointestinal (GI) tract, vascular endothelium and liver. Exposure via ingestion has
largely been neglected in studies to date and is particularly relevant due to the inclusion of
NPs in food, food packaging and oral medicines. The key questions that need to be
answered and this study is involved with are first of all how do these tissues individually
respond to NPs and how do the interactions between the different tissues modulate their
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responses. Then how does inflammation affect the toxicity of NPs and their ability cross
the intestinal barrier and which physico-chemical characteristics of NPs influence their
uptake by intestinal epithelial cells and their subsequent interactions with endothelial and
liver cells. The major innovative aspect of the INLIVETOX project is the implementation
of biological tissue models in a modular fluidics system which allows multiple cell types to
be addressed and interrogated in a single device, the INLIVETOX system. This system will
be much more convenient and ethically less questionable than animal testing, as well as
more relevant than the single / co-culture cell in vitro models currently used. The main
objectives that this project has are to develop and validate a novel model for assaying
ingested NP toxicity: the INLIVETOX system and to gain new insights into NP toxicity by
ingestion. In the first reporting period, the project has produced a modular fluidics system
for the connected culture of three different in vitro tissue models. An essential part of this
system is the newly-developed ILT1 bioreactor. Much progress has also been made in the
cell culture models to be studied using the INLIVETOX system. Common culture
conditions have been defined that allow all three tissue models to be maintained under flow
conditions and in a common culture medium. In addition, protocols for the assay of the
viability and functionality of the tissue models within the fluidics system have been
established. First results are now coming in on a two tissue model (vascular endothelium
and liver) and the maintenance of a model intestinal epithelium within the ILT1 bioreactor
has been demonstrated. Novel data about NP ingestion has also been obtained in in vivo
biokinetics studies on the effects of exposure to gold NPs of different sizes by both
ingestion and injection. These studies in rats have been completed by investigations of the
hepatobiliary excretion of gold NPs. The expected final results and impact are a
microfluidics INLIVETOX system, a protocol manual to construct, maintain and use the
INLIVETOX system to assess the toxicity of NPs, uptake and toxicity data pertaining to
the ingestion of a variety of NPs, an assessment of the new microfluidics system as an
alternative to animal testing and as an improvement on mono-culture systems. These
deliverables are in accordance with the long-term objectives of INLIVETOX which are to
ensure the safe development and use of NPs for commercial applications and to
commercialize a test system to screen NPs for their toxicity.

5.5.2.11. MODNANOTOX (FP7)

ModNanoTox is a small project that designed to develop a number of well-documented
and technically advanced models describing the behavior of engineered nanoparticles in
organisms and the environment. Background to these models will be a thoroughly
documented database, constructed based on an advanced evaluation of physicochemical
properties of nanoparticles and in silico modeling of their reactivity and on an assessment
of the characterization methodologies as well as toxicity protocols used to develop
biological responses in toxicological studies. At the next level whole datasets will be
evaluated for internal consistency and then compared with other relevant sets. The
evaluation stage will be followed by development of toxicity models based at the
individual organism level, using statistical and mechanistic models, in parallel with models
predicting environmental fate. The toxicity and fate models will be integrated in
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mechanistic models to predict the long term risks of engineered nanoparticles for
populations under realistic environmental conditions. The risk assessment models will be
developed in close collaboration with appropriate stakeholders and end users to ensure
their suitability for practical use in relevant legislative contexts. The key hypothesis for this
is first of all that the toxicity of nanoparticles is the result of physicochemical properties
and this has been documented reliably in completed/ongoing studies. Properties found to
be relevant include size, surface area, structure and composition (WP1, 2). Also that
nanoparticles’ reactivity can be modelled computationally and can be linked to toxicity
(WP1) and toxic responses from cell culture studies and whole organisms can be correlated
and rationalized and can be translated into tools useful for model development (WP2).
Furthermore, that bioaccumulation into cells or whole organisms can be characterized and
modeled using biodynamic principles (i.e. by characterizing uptake rate constants from
food and water as well as loss rate constants) (WP3) and toxic responses from cell culture
studies and whole organisms can be modelled reliably by QSAR type approaches (WP4).
Subsequently, that exposure concentrations can be assessed reliably and incorporated in
appropriate models (WP5) and last but not least that the mechanistic effect models can be
developed by extrapolation from ecological and (eco)toxicological observations and can be
built into risk assessment models (WP6).

5.5.2.12. NANEX (FP7)

The aim of the NANEX project was to develop a catalogue of generic and specific
(ocupational, consumer and environmental release) exposure scenarios for MNMs taking
account of the entire lifecycle of these materials. NANEX collected and reviewed available
exposure information, focussing on high aspect ratio nanomaterials - HARNS) (e.g. carbon
nanotubes), mass-produced nanomaterials (e.g. ZnO, TiO2, carbon black) and specialised
nanomaterials that are currently only produced on a small scale (e.g Ag)). The exposure
information included both quantitative (measurement results) and qualitative contextual
exposure information (risk management measures). It was also reviewed the applicability
of existing models for occupational and consumer exposure assessment and for
environmental release from these scenarios. A small number of specific case illustrations
and a gap analysis of the available knowledge and data was carried out. Finally, project
knowledge was disseminated to relevant stakeholders, taking into account other relevant
activities that are taking place in this field. The NANEX project had as objectives to
describe generic requirements for the development of exposure scenarios for MNMs, to
collect and review exposure data, exposure metrics, risk management measures and
existing models for the development of occupational exposure scenarios for HARNS, mass-
produced MNMs and specialised MNMs, to collect and review exposure data, exposure
metrics, risk management measures, and existing models for the development of consumer
exposure scenarios for HARNs, mass-produced MNMs and specialised MNMs and data on
environmental release, risk management measures, and existing models for
estimating environmental release and exposure during the various life cycle stages of
MNMs for HARNSs, mass-produced MNMs and specialized MNMs. Also, to carry out a
number of case illustrations collecting, in the context of REACH, detailed exposure
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information for occupational, consumer and environmental release/exposure scenarios for
specific MNMs (HARNSs, mass-produced MNMs and/or specialised MNMs), to develop a
catalogue database containing generic and specific exposure scenarios based on
information collected during the project, to identify  gaps in
knowledge/regulation/standardisation with respect to development of exposure scenarios
for REACH, exposure assessment and risk management measures and define research
needs for occupational, consumer and environmental release/exposure scenarios and finally
to disseminate information to stakeholders.

5.5.2.13. NANOMMUNE (FP7)

The NANOMMUNE project, funded by the European Commission through the
Seventh Framework Programme, was launched on 1 September 2008 run for three years.
The NANOMMUNE consortium is coordinated by Karolinska Institutet, one of the leading
medical universities in Europe. A total of 13 principal investigators belonging to 10
different partner institutes are included in the consortium (Karolinska Institutet (KI)- Bengt
Fadeel and Annika Scheynius, the Royal Institute of Technology (KTH)- Mamoun
Muhammed, the Uppsala University (UU)- Maria Stromme, the University of Cologne
(UCO)- Sanjay Mathur, the University of Turku (UT)- Riitta Lahesmaa, the Swiss Federal
Laboratories for Materials Testing and Research (EMPA)- Harald Krug, the Institute of
Occupational Medicine (IOM)- Lang Tran, the University of Pittsburgh (UP)- Valerian
Kagan, Alexander Star, the National Institute for Occupational Safety and Health
(NIOSH)- Anna Shvedova and the North Carolina State University (NCSU)- Nancy
Monteiro-Riviere and Jim Riviere). The management office (WP1) was set up at
Karolinska  Institutet and a  project website has been  constructed
(see http://mvww.NANOMMUNE.eu online). Kick-off and consortium meetings were also
held. For the scientific work during the first 18 months, the main activities were
concentrated to WP2 (material synthesis and characterisation) and WP3 (in vitro
assessment of ENs). To date, nanomaterials of 15 different systems have been studied. A
number of standard operating procedures (SOPs) were established for material synthesis
and characterisation, and for in vitro assessment of nanomaterials. Several original and
review articles were published, including one review in Annual Review of Pharmacology
and Toxicology, the leading journal in the field. Previous studies on macrophage
recognition of apoptotic cells have revealed that the exposition of the phospholipid,
phosphatidylserine (PS) on the surface of apoptotic cells serves as an important recognition
signal for phagocytic cells. Four NANOMMUNE partners in Europe and the United States
have now shown that coating of single-walled carbon nanotubes (SWCNT) with the ‘eat-
me' signal, PS makes nanotubes recognizable by macrophages, including primary human
monocyte-derived macrophages and dendritic cells (Konduru et al., PLoS-ONE, 2009).
Furthermore, project partners at the University of Pittsburgh reported on horseradish
peroxidase-catalysed degradation of SWCNT (Allen et al., J. Am. Chem. Soc., 2009).
These results mark a promising possibility for carbon nanotubes to be degraded in the
environment. In addition, two NANOMMUNE partner institutes have reported on the
interactions between mesoporous silica particles with human monocyte-derived
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macrophages (Witasp et al., Toxicol. Appl. Pharmacol., 2009). These findings are relevant
to the development of mesoporous materials for drug delivery and other biomedical
applications. Finally, several partners have played an active role in the dissemination of
project results (WP7). The multidisciplinary approach of the current project contributed to
the elucidation of the hazardous effects of ENs on the immune system, and enable reliable
and sound assessment of the risks to human health posed by these materials. This studies
benefit citizens, because we address issues related to human health, researchers because of
the new knowledge in material production and on mechanisms of interaction of
nanomaterials with biological systems and finally the industry (including SMESs), because
it is planned to incorporate the characterization protocols into a quality handbook, which
can provide support to interested parties.

5.5.2.14. NANOPUZZLES (FP7)

Following the recommendations by the EU REACH system and regarding ethical
aspects, the risk assessment procedures should be performed with possible reduction of
living animal use. The main objective of the NanoPuzzles project is to create new
computational methods for comprehensive modeling the relationships between the
structure, properties, molecular interactions and toxicity of engineered nanoparticles. The
methods will be based on the Quantitative Structure - Activity Relationship approach,
chemical category formation and read-across techniques. Those methods have been widely
used in risk assessment of other groups of priority chemicals. But, because of some
specific reasons, they cannot be applied directly to nanoparticles. We will be developing
novel methods within four complimentary areas ("'puzzles™), namely evaluation of physico-
chemical and toxicological data available for nanoparticles (NanoDATA), developing
novel descriptors of nanoparticles' structure (NanoDESC), investigating interactions of
nanoparticles with biological systems (NanoINTER), and quantitative structure - activity
relationships modelling (NanoQSAR).
Developed methods will be tested and verified for their technical viability by the
collaborating industry representative. By implementing the NanoPuzzles methods,
extensive animal testing would be significantly reduced. Moreover, the project will deliver
the basis for categorizing nanoparticles based on potential exposure, phys-chemical,
structural and toxicological properties. To maximize its impact, the project is going to
cooperate with other project as ModNanoTox, NanoTransKinetics, NanoSafety Cluster and
NanoMedicine ETP.

5.5.2.15. NANORETOX (FP7)

NANORETOX aims to investigate the potential risks of engineered nanomaterials to
the environment and human health by comprehensively addressing key questions such as
how does the environment affect the physicochemical properties and the bioreactivity of
nanoparticles, how does this impact on their ability to interact with and / or penetrate
organisms and cells and will bioavailability result in toxicity, is there a pattern of cellular
reactivity and / or toxicity related to physicochemical properties, what combination of
conditions are most likely to pose a risk to human health and the environment and how can
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this information be incorporated in a risk assessment model. A team of experts from across
the European Union and the United States are working together to address these questions
in depth. A description of each group involved can be found at http://www.nanoretox.eu.
The specific scientific and technical objectives are to synthesize and fully characterize a set
of engineered nanoparticles with a range of physicochemical properties using industrial
and laboratory methods, to study the abiotic reactivity (transformations) of the synthesized
nanoparticles in simulated environmental and biological media, to investigate in vivo
uptake of nanoparticles by aquatic species and study mechanisms and paths of
internalization, to investigate in vitro uptake and reactivity of nanoparticles and to discover
putative mechanisms of toxicity, to consider the genotoxicity and carcinogenicity of metal
nanoparticles, to determine whether cellular responses between human cells, mammalian
cells, cell lines and invertebrate cells or whole organisms are comparable or different with
relevance to screening models and to establish universal approaches to risk assessment
model and risk communication. The key achievements during the project’s first 18 months
were specifically the development of a series of reference collection nanomaterials with
reliable, reproducible and relevant properties. These 'model' nanoparticles were tailor-made
for toxicity studies with well-controlled size, as well as other properties (e.g. same
composition and shape, but different sizes, same size, different surface functionalisation).
Furthermore the model particles were made available in a form suitable for (eco)toxicity
experiments (e.g. excluding toxic surfactants, in stable aqueous forms). Along with these,
industrially produced (plasma synthesis and milling) particles were also made available, as
well as 'standard’ particles where appropriate and bulk analogues. All particles delivered to
(eco)toxicology partners were thoroughly characterized (Particle synthesis), preliminary
indications of ecotoxicity, as a function of nanoparticle properties were demonstrated for
some key nanoparticles from the reference collection (CuO, Ag, Au, TiO2). Other
significant preliminary findings were: bioaccumulation by some organisms, even of
aggregated nanoparticles in seawater, demonstration that metal containing nanoparticles
yield bioavailable metals, more so than bulk particles and establishing of interspecies
differences in bioaccumulation (Ecotoxicology) and preliminary results that suggest a size
effect on toxicity of nanoparticles, with nanosized particles being more toxic than bulk
analogues; furthermore, toxicity is nanoparticle specific, but also cell specific (e.g. in the
case of Au nanoparticles) (Toxicology). The project results per work package are the
following:

WP1 has produced a range of well-characterised sets of ZnO, CuO, TiO2, SiO2, Ag,
Au and CdS nanoparticles. Some of the particles were produced by the industry partners
and some tailored to show properties that vary systematically, so that robust links to
toxicity can be made. Reproducible protocols for all the syntheses have been developed
and the produced sets of nanoparticles were thoroughly characterised and tested in a
variety of (eco)toxicity experiments in subsequent Work packages (WPs).

WP?2 tested the stability of the above particles in a variety of conditions, with the aim to
understand their behaviour in biological / environmental media, as well as their overall
physicochemical response to changes of conditions such as temperature, pH and ionic
strength. Major findings include: a) dissolution results, which indicated increased ion
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release of metal ions from CuO and ZnO nanoparticles compared to their bulk
counterparts, while TiO2 remains relatively insoluble; b) the effect of temperature which
appears to be reversible, i.e. an increase in size is observed while the samples are heated,
suggesting agglomeration, but temperature decrease is sufficient to redisperse the particles;
c) the behaviour of nanoparticles in different media shows different patterns depending on
the composition of the nanoparticles and the type of stabilisation; however a common
feature is aggregation even at modest increases in ionic strength; the presence of organics,
humic acid or albumin, induces moderate aggregation.

WP3 and WP4 have tested nanoparticle toxicity on a selection of organisms: bivalve
molluscs (Scrobicularia plana, Mytilus galloprovincialis, Macoma balthica), a gastropod
(Peringia ulvae), two species of polychaetes (Nereis diversicolor, Capitella teleta) as
representatives of the estuarine and marine environment and two freshwater species, the
gastropod (Potamopyrgus antipodarum) and the zebrafish (Danio rerio), under in vivo and
in vitro (isolated mussel hemocytes and gill cells) conditions respectively. A number of
particles from a variety of sources were tested (CuO, Ag, Au, CdS, TiO2, Zn0O, SiO2) and
produced an extensive set of ecotoxicity results for a range of nanoparticles and organisms,
as a function of nanoparticle properties, demonstrating bioaccumulation by some
organisms, even of aggregated nanoparticles in seawater, higher than bulk bioavailability,
interspecies differences in bioaccumulation and nano-specific toxicity effects. Some trends
can be generalised from the data available to date: a) bioavailability of metal nanoparticles
and toxicity is generally similar or lower than that of dissolved metal but higher than bulk,
thus indicating a specific nanoeffect; b) no evidence of toxicity, despite bioavailability,
from SiO2, TiO2, and ZnO, but some evidence of toxicity from CuO, to the organisms
tested and at the environmentally relevant concentrations tested; c) variations observed
between species may reflect differences in their habitat or biological functionality (e.g.
digestive system) and need to be explored further.

WP5 and WP6 used in vitro models to examine cellular responses to nanoparticles and
carcinogenicity / genotoxicity respectively. The work was based on the hypothesis that the
cellular reactivity of the particles will critically depend both on the target tissue and the
function of the cell type within that tissue. Cellular and molecular reactivity of selected
metal nanoparticles were investigated in a) primary mammalian and human cells and b) in
a panel of established human cell lines. A relatively wide range of tissue sources was
covered, to include the lung, skin, immune blood cells, gut, kidney and liver. In general,
both TiO2 and Au nanoparticles were found to have no toxic effect, regardless of size, with
the exception of the smallest (5 nm) Au nanoparticles, which caused a (striking in some
models) dose-related toxicity. Of interest is that cells derived from the key detoxifying
organs in the body, lung and liver, are most resistant to even the smallest Au nanoparticles.
However all tested gold nanoparticles (AuNP) were able to interfere with cell proliferation
and to induce genotoxic effects, often with a significant dose-effect relationship, while the
carcinogenic potential was not statistically significant for any of the AuNPs tested.
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WP7 began the work of comparing and contrasting the findings from all previous WPs
and looking into setting up a re-usable database of the project discoveries, which could be
exported to other EU-funded projects (for example modelling projects).

WP8 started the work by reviewing three major pieces of European chemicals
legislation (REACH, the Water Framework Directive and the Cosmetics Regulation) in
order to evaluate 1) the extent to which risk assessments under these pieces of legislation
are suitable for risk assessment of Engineered nanoparticles (ENPs) or 2) whether
nanospecific adaptations to the risk assessment frameworks should be recommended.
REACH and the Cosmetics Regulation were chosen since they regulate some of the most
important uses of ENPs (e.g. cosmetics and industrial products). The Water Framework
Directive aims to protect aquatic environments in the EU, and is thus essential for effective
environmental risk assessment. The criteria for this evaluation are based on the
experimental outputs of the project. Under NANORETOX, a substantial amount of data
regarding fate, toxicity and ecotoxicity of selected metal ENPs was generated. The
empirical approach allows to evaluate the risk assessment frameworks with regard to very
specific criteria and thus gives the analysis another dimension compared to an analysis that
would have been based solely on theoretical considerations.

In conclusion, NANORETOX has created a large and significant set of ecotoxicity
findings. The importance of the produced work lies in the fact that the same sets of
nanoparticles were studied in a variety of in vitro and in vivo models and nanoparticle
properties (dry and / or in suspensions) were monitored to ensure no changes occurred
during experimentation and thus give confidence to the toxicity studies. This has created a
very important internally consistent and reproducible set of data that we are now working
to complete, harmonize, summarize, publish and / or make available to other researchers to
maximize the project impact.

5.5.2.16. NANOSAFE 2 (FP7)

The rapidly developing field of nanotechnologies presents many opportunities and
benefits for new materials with significantly improved properties as well as revolutionary
applications in the fields of energy, environment, medicine, etc. The industrial production
and use of nanoparticles will be the driving force for the emerging new materials industry
of the 21st century. In terms of economics, analysts have estimated that the worldwide
market for nanomaterials will be 700-1000 billion Euro in 2011. However, the potential
impact of these new materials on human health and the environment is viewed with
apprehension. This new industry can only develop dynamically if these preoccupations are
satisfactorily allayed.

This IP project follows up the first study supported by EC through the accompanying
measure NANOSAFE funded under the 5th framework program. NANOSAFE2 project
had not the pretension to solve all the problems related to nanoparticle safety but
intended to treat thoroughly a limited number of reference particles and situations in order
to bring the first effective industrial solutions. This project was complementary and
necessary for future and running programs on nanomaterials such as: NANODERM,
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NANOKER, etc. NANOSAFE?2 addressed the whole chain of nanoparticles including
production, conditioning, storage, transportation, transformation into final product, during
product life and at the end of product life (disposal). NANOSAFE2 developed innovative
detection, traceability and characterization techniques for engineered nanoparticles.
Both air and liquid media were investigated. NANOSAFE2 created adata base on
toxicology related to nanoparticles in order to collect and organize all the available
knowledge from literature. Industrials had been solicited for sharing data or supporting
toxicological tests for specific nanoparticles, they provided knowledge to the consortium
regarding internal test results. A methodology, based on an innovative generic technology
for analyzing toxicity of such nanoparticles, was the second major deliverable of SP2. It
also developed advanced technologies to limit both exposition to nanoparticles and leaks to
environment by designing safe production equipment, handling automation, dynamic
confinement, individual protection devices, filtration, etc. New procedures developed in
this program will then be qualified at three industrial sites in the frame of the global risk
management strategy proposed in NANOSAFE2. Moreover it evaluated both societal and
environmental impacts and  contributed indirectly to  new legislation and
standardization measures relevant for nanoparticles, by involving regulatory bodies (HSL,
HVBG-BIA which are members of CEN). This project insured a large dissemination of
knowledge on nanoparticle safety by organizing workshops with worldwide standards
organizations, promote population awareness, academic and professional training
activities. To achieve those ambitious goals, NANOSAFE2 brought together during 4
years European industry leaders and innovative SME's which shared their expertise in
production and integration of nanoparticles for various application fields. They were
supported by research centers of internationally recognized excellence. Seven EU
countries, including Slovenia, were represented within the consortium.

In a nutshell, NANOSAFE2 reaches the critical mass required to overcome the
technical barriers for breakthrough innovation in securing all the industrial nanoparticle
chain and reach social acceptability of this promising industrial domain.

5.5.2.17. NANOSH (FP6)

The present research project focused on occupational exposure to nanoparticles and
their health effects. One goal of the research was to characterize the levels of exposure to
specific engineered nanoparticles. Exposure levels were evaluated both under laboratory
conditions and during the manufacture of the particles. The particles were characterized
with respect to their morphology and particle-size distribution, surface activity, and
potential for agglomerate formation. The overall goal of the project was to delineate the
health effects of selected nano-sized particles relevant to the occupational environment.
The health effects studied included genotoxicity, pulmonary inflammatory responses, and
effects on the vasculature. The information gathered together with the state-of-the-art
technology utilized in these studies increase our knowledge on nanoparticles and help to
create a reliable basis for the evaluation of possible health risks associated with these new
materials. This project brought together expertise from different research areas highly
relevant for assessing the safety of nanoparticles and will thereby significantly promote the
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formation of new centres of excellence and a competitive European Research Area (ERA)
in this rapidly evolving area. The findings of the project have also a significant socio-
economic impact on European capability of conducting research and innovation in the area
of nanotechnology. Assuring the safety of new nanomaterials is a crucial prerequisite for
successful promotion of nanotechnological innovations and their applications in the future.
This research creates a reliable and sound foundation for the assessment of safety of the
chosen nano-sized particles and products containing nanoparticles and in this way
encourages nanotechnological advances to support European national economies and the
prosperity and wellbeing of citizens in the EU Member States. The project provides
essential information which can be used on a wider basis for assessing occupational and
other safety risks associated with the production and use of nanoparticles. Essential
products that serve these scientific and technological goals are means and methods to
characterize particle properties, ways to carry out reliable exposure assessments and
models for assessing key-health effects - all important components of the safety evaluation
of engineered nanoparticles. The consortium developed models for a thorough
characterization of nanoparticles and their dispersions, which were used in the toxicity tests
performed during the project. The models have been published and can be utilized by
others, as well. A number of nanomaterials were selected for the NANO ATLAS database
(available both in printed and electronic form), providing examples of the most relevant
nanomaterials used in commercial applications such as carbon nanotubes, fullerenes, metal
particles, metal oxide particles, quantum dots and some experimental
nanoparticles. Furthermore a strategy for assessing exposure to ENPs in a range of
workplaces was developed. Solutions for background discrimination were explored. A
decision logic for determining whether workers were likely to be exposed to ENPs was
developed. Measurements were carried out in many types of workplaces from university
research laboratories to large-scale production plants, where a wide range of ENPs are
produced or handled. The nucleus for a database was developed where results of workplace
measurements are stored with the aim to be accessible for anyone to use and add data
to. Methods were developed for genotoxicity assessment of nanomaterials in vitro and in
vivo. Most nanoparticles were able to damage DNA in vitro and for TiO, this seemed to be
due to primary oxidative DNA damage. No induction of malondialdehyde DNA adducts
was seen, suggesting that secondary genotoxic effects due to lipid peroxidation were not
involved. Mesothelial cells were more sensitive than bronchial epithelial cells to the DNA-
damaging effect of nanoparticles. Some nanomaterials were also capable of increasing
chromosome damage in vitro, zinc oxide showing the clearest effect. In human
lymphocytes, structural chromosomal aberrations were only obtained by a prolonged in
vitro treatment. Inhalation of TiO; did not affect the level of DNA or chromosome damage
in mice. These findings were presented in a number of scientific publications. Also
assessed was the toxicity and immune activation ability of five nanomaterials on antigen
presenting cells that are the first responders of the immune defence and showed an
induction of macrophage activation after exposure to all the materials studied. In vivo tests
showed that healthy mice elicited pulmonary neutrophilia accompanied by chemokine
CXCL5 expression when exposed to nanosized TiO,. Asthmatic mice showed remarkable
suppression of most mediators and signs of allergic asthma when exposed to either
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nanosized or coarse TiO,. We could see that levels of leucocytes, cytokines, chemokines
and antibodies relevant in allergic asthma as well as airway hyperresponsiveness were all
decreased or even returned to a level normal in healthy mice. Our results suggest that
repeated airway exposure to TiO, particles modulates the airway inflammation depending
on the allergic status of the exposed mice. Interestingly, the level of lung inflammation
could not be explained by the surface area of the particles, their primary or agglomerate
particle size, or radical formation capacity, but was rather associated with the surface
coating. Findings emphasize that it is vitally important for risk assessment to take into
account that modifications, e.g. by surface coating, may drastically change the
toxicological potential of nanoparticles. The findings were published in the scientific
literature. These in vitro and in vivo findings strongly corroborate the view that, in addition
to size and shape, the surface chemistry of nanomaterials strongly affects their fate as well
as their biological effects in vitro and in vivo and thus is a crucial parameter to be
considered with regard to their toxicity but also concerning potential biomedical
applications. The results obtained were reported in several original articles.

5.5.2.18. NANOTOX (FP6)

As nano-particles size crosses the barrier of 100 nm, many of the traditional laws break
down and other effects and properties start dominating (quantum size effects, extremely
high surface energy etc). This raises questions regarding the suitability of traditional
methods, such as in-vitro test kits and in-vivo animal models used to evaluate their
potential toxicity. It is therefore essential to understand the cell - nano-particle interaction
at a fundamental molecular level in complex or simplified biological environments in order
to assess their potential toxicity. Further on this foundation the modulation of the nano-
particle properties will allow for optimal performance in drug delivery, bio-imaging,
medical device coatings, bio-sensors, biochip development, bio-fouling protection and
mitigate nano-toxicology. The major aim of this research endeavor is to study and
understand the interactions that take place at the nano-bio interface, as a function of the
particle size and the proteins from the biological environment that have been adsorbed on
the surface of the particle. To achieve that we propose the utilization of two state of the art
surface sensitive techniques, i.e. the Atomic Force Microscope and the Acoustic
Biosensors, that will be used either separately or in combination for the study of the
interaction force and the structural changes that occur. Initially these interactions will be
studied on a simplified membrane model, to avoid complex interactions, a supported lipid
bilayer, in order to understand the foundation of these interactions, and later transition to
an in-vitro model, an actual cell, to study the interaction in a natural, more realistic
environment. In this project, also will be documented potential methods of dispersal and
contamination by nanoparticles and agglomerated nanocrystals (e.g. sorption, desorption,
transport, aggregation, deposition, bio-uptake). The review will also address issues such as
the physical and chemical properties of different types of nanoparticles and agglomerated
nanocrystals, the manufacturing and use the human health effects including side effects,
animal toxicology, the environmental impacts, the mutagenicity/genotoxicity,
metabolism/pharmacokinetics, standards for safe use, safe laboratory methods etc. Current
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research and development activities in Europe will be mapped and entered onto an on-line
European database, which will be linked to existing web sites and databases of specialist
groups. Standards, legislation, ethical issues, policies and codes of practice, at international
and European level, which have been put in place or are under development, will be
assessed and reviewed. Their implications and effectiveness will be discussed. Ways in
which existing legislation is applied to the macroscale counterparts of nanoparticles will
also be examined. Guidelines and recommendations for the institution of future European
standards, legislation, ethics, policies, and codes of practise, for the safe production and
use of nanoparticles will be produced. All potential impacts revealed by this SSA will be
documented in the final report and disseminated via the specialised webpages on the
Nanoforum & Nanotox websites.

5.5.2.19. NEPHH (FP7)

The purpose of this project is to identify and rate important forms of nanotechnology-
related environmental pollution and health hazards that could result from activities
involved in involved in silicon-based polymer nanocomposites throughout their life cycle,
and to suggest means that might reduce or eliminate these impacts. Besides the positive
multipurpose nano-reinforcement in materials and expanded devices applications, little is
known about the environmental and health risks of certain manufactured
nanomaterials. Initial research has indicated that nanomaterials can have a negative impact
on human health and environmental pollution. For instance, carbon nanotubes may be
more toxic than other carbon particles or quartz dust when being absorbed into the lung
tissue. However, specific detailed research is required. More importantly, and fundamental
to the success of nanotechnology, is the perceived safety of the technology by the public.
To date, most of the research activities related with toxicological evaluation of
nanotechnology based products have been focused on engineered nanoparticles as directly
supplied from manufacturers. NEPHH project accounts that engineered nanoparticles, for
most applications, are surface modified and generally embedded in the final product and
therefore do not come into direct contact with consumers or the environment. So the
interaction pathways of consumers or the environment with modified and embedded
nanoparticles could very much differ from those with nanoparticles as directly supplied
from manufacturers. Generated knowledge contributes to better understanding the human
health and environmental impacts of the selected nanomaterials. Project’s results set a basis
for the establishment of required actions for the efficient management and minimization of
risks. NEPHH also contributes to the acceptance of nanotechnology by the wide public,
thus assuring its sustainable introduction into market.

During the first year of NEPHH, within work package (WP)1, working procedures for
the production, storage and transference of samples have been developed. WP1 has
developed and implemented a technological surveillance system to capture, evaluate and
disseminate information released about a number of topics related to nanotechnologies and,
more specifically, materials of interest within NEPHH including: health and environmental
implications, sampling and sample preparation methods, physicochemical and
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toxicological characterisation, protective systems and working practices when
manipulating NMs, regulation and standardization in nanotechnologies, new uses and
applications of NMs and events. Also in the frame of WP1, NEPHH has evaluated of in
force health and safety procedures currently set in place for the minimization or
elimination of such potential risks provides a global picture of the awareness of
manufacturing companies, Research and development (RTD) laboratories and centres
towards this specific issue. This evaluation has been carried out by the execution of an
international survey whose main results can be obtained from NEPHH webpage. Finally,
the consortium has defined the envisaged procedure for samples production, collection,
storage, labelling and transference amongst partners. Such procedure is a relevant highlight
of NEPHH, as it represents a first trial for the standardization of the testing approaches
inside project consortium that could be later replicated at a major scale. Present document
must be regarded as a living document that is periodically updated according to the
outcomes generated within NEPHH and decisions undertaken. Outcomes of present
research give detailed information on the actual position of key entities related with
nanotechnology towards the safety and protection of their labor force and point out the
current lack of information and knowledge about the risks associated to nanomaterials
handling and the urgent need of high quality research and legislation development. Finally,
a technological surveillance system has been designed, established and implemented.

During WP2, selected engineered nanomaterials have been synthesized and macro-
scale structural specimens have been manufactured. Combinations of well characterized
industrial and laboratory modified silicon based nano-particles and engineering matrixes
have been carried out for the fabrication of macrostructural specimens. The production of
macro-scale structural specimens involved a number of steps such as the selection and
characterisation of silicon-based nanoparticles (nano)silica (SiO2), layered silicates
(MMT), glass (nano)fibres (GF) and foam-glass-crystal (FGC) materials to be used as
nano-reinforcing agents the selection and characterisation of engineering polymeric
matrixes polyamides (PA) and polypropylenes (PP) as bulk materials and polyurethane
(PU) as a foamed matrix and polymer nanocomposites preparation by using polymers and
nanoparticles described in previous steps. Nanocomposites of PP and PA6 included four
types of fillers: organically modified montmorillonite, nanosilica, FGC material and GF
have been obtained by direct melt mixing in twin-screw extruders. In order to maintain
high dispersibility of nanofillers in both apolar (PP) and polar (PA6) matrix selected
nanofillers were used with proper surface functionalisation and macromolecular
compatibiliser addition providing good compatibility with both types of polymers -
nonpolar polypropylene and polar PA-6. On the basis of literature review and laboratory
results eight different compositions (PP / MMT, PP / SiO2, PP / FGCM, PP / GFs, PA6 /
MMT, PA6 / SiO2, PA6 / FGCN and PA6 / GFs) containing 5 % of nanofiller were
selected as a suitable material for preparation of macrosamples that would be further
examined in the scheduled physical tests and leaching experiments. Selected filler
concentration provided the highest content of additive in the form of well distributed and
not agglomerated nanoparticles. No other additives, e.g. thermal stabiliser, processing aids
were used in order to avoid their influence on material's toxicity. Macrosamples for
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physical processing were prepared by compression moulding technique. PU foam (PUR)
was synthesized in a three-step process comprising the preparation of polyol premix with
auxiliary components and nanoadditives, the introduction of blowing agent into polyol
premix and the addition of isocyanate component. High-speed mechanical mixer was
applied in order to enhance dispersion of nanoadditives and ensure proper mixing of
reagents in the course of synthesis of PURs. Four types of nanoinduced PURs were
prepared: PUR / montmorillonite (MMT), PUR / SiO2, PUR / Foam-glass crystal material
(PUR / FGCM) and PUR / GF with 5 % of nanofiller. Reference samples of all the three
engineering polymeric matrixes were manufactured without nanofiller content. Injection
moulding bars of nanocomposites and foams have been examined in terms of structure,
morphology and thermal properties by Wide-angle X-ray scattering (WAXS), SAXD,
Thermal analysis (TA), Differential scanning calorimetry (DSC), Scanning electron
microscope (SEM), POLM and Fourier transform infrared spectroscopy (FTIR) methods.

In the execution of WP3, the nanoreinforced structures were impacted via low velocity
impact testing and fractured dust specimens were obtained and sampled in a dedicated
crash chamber. The characterisation of generated nanodust, clearly showed that the
nanoparticle which was integrated in the polymeric matrix could be re-found in nanodust,
but furthermore a hybrid particle of engineering matrix / nanoparticle could be detected.
Mainly due to the fact that the potential exposure in high performance structures
(aerospace, automotive) is deemed to increase when material fracture occurs, WP3 focuses
on potential exposures in the transport vehicles accidents, recycling centres, milling,
sawing, machining, manufacture and testing of nanoreinforced composites. Ageing
protocols are also being performed to evaluate the effects of silicon-based NMs on
recycling and reclamation at the end of the final product life cycle. Furthermore, protocols
for the evaluation and characterisation of nanoparticles release in incineration processes are
being performed so that a holistic and integrated perspective of the different life-cycle
scenarios of silicon based nanocomposites are investigated. Nanoparticles have been
generated by impacting PU nanocomposites with different nanofillers via low velocity
impact testing. Additionally, nanoparticles from PP and PA nano and fibre reinforced
panels have been generated by mechanical drilling, as impacting of these materials
generated low quantities of dust. Both these processes have been performed in special
designed chambers. Released particles have been sampled and extracted by suspending
them in solution. The solution has been filtrated in several steps and the physical and
chemical properties have been characterised by means of SEM, Transmission electron
microscopy (TEM) measurements and Dynamic light scattering (DLS) technique and
nanosight (NS). The results show that by different processing methods nanoparticles can be
generated. Moreover the characterisation has revealed that the physicochemical properties
of the generated particles significantly vary depending on filler and matrix material.

NEPHH's WP4 and WP5, run in parallel, asses the health and environmental
implications of the selected engineered nanomaterials. They determine the potential
impacts that released nanoparticles pose towards human health and the environment in
comparison with alternative formulations excluding NMs. Such information if correlated
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with models for NP release can be considered key contributions of NEPHH for NMs risk
assessment. Results obtained in the frame of NEPHH illustrate new insight into
nanoparticle behaviour and advice on a new dimension for NMs risk assessment, since the
actual release of embedded NPs has been confirmed but, furthermore, hybrid particles
comprising engineering matrixes and selected nanofillers have been detected. The main
target of WP4 is to assess the toxicological mechanisms and health impacts of selected
NMs and to collaborate in establishing reliable and useful in vitro methodologies for the
regulatory demands of the safety assessment of nanotechnological products. So far it is
focused on assessing the in vitro toxicity of raw NPS -SiO2 and MMT and NP released
from PA, PU and PP polymer and polymer-silicon composites during mechanical
processes, which represent typical scenarios of product application. Methods and protocols
have been developed for NP toxicity assessment in a number of human cells. The toxicity
of both NP released from polymer-composites and raw NPs has been demonstrated in some
in vitro models. A number of methods and protocols for assessing NMs toxicity in vitro
using different cell lines have been well established, which can be applied to toxicity
assessment of NMs from other sources. In general the toxicological assessment of NPs
released by means of mechanical processing (drilling, crashing) from polymer-silicon
nanocomposites and collected and distributed by Cranfield University (two sets of samples
have been produced including liquid suspensions and dry dusts) have shown no significant
toxicological response in the different cell lines evaluated if compared with the non-
reinforced reference materials. On the contrary, selected Silicon based materials (nanosilica
and MMT) have shown a toxicological response. Additional work is on progress for the
generation of novel sets of samples to be evaluated in terms of toxicity potential. The main
objective of WP5 is the assessment of the environmental life-cycle impacts of selected
NMs as alternatives to conventional materials. This analysis also intends to provide a
baseline Life-cycle assessment (LCA) of the alternative NMs. This evaluation involves
studying the persistence, bioaccumulation, toxicity and ecotoxicity of such nanoparticles
and, the analysis of their risks and hazards in different abiotic media. In general the
ecotoxicological assessment of NPs released by means of mechanical processing (drilling,
crashing) from polymer-silicon nanocomposites and collected and distributed by Cranfield
University (two sets of samples have been produced including liquid suspensions and dry
dusts) have shown no significant ecotoxicological response. In fact, none of the samples
were toxic except the PA - SiO2 but only at the highest concentration (90 % dilution V / V
particle concentration estimated by CNRS= 35 mg / L). The intrinsic toxicity of targeted
Raw NPs is actually under assessment. Additional work is on progress for the generation of
novel sets of samples to be evaluated in terms of ecotoxicity potential. In the LCA field the
most significant result is that life cycle stages not generally covered are being addressed, as
it is the case of end of life and usage phases. Novel experiments are being set in place for
the simulation realistic scenario that will also be used for an Ecological Risk Assessment
specifically focused towards end of life, where main gaps of information currently exist for
NMs (in general) and nanotechnology based products. Particularly in the FGC area, the
evaluation of bioaccumulation and toxicity of FGC as an alternative to conventional
insulation building materials has been carried out. FGC is a volumetric material,
incorporating nanoscale structural elements, produced by heat treatment (approximately
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800-850 degrees of Celsius) of amorphous matrix containing crystalline phase in the form
of SiO2, when the crystalline phase in the foaming process is reduced to nano size. This
estimate has provided an analysis of environmental risks and hazards of FGC in non-
residential buildings. To identify environmental hazards logic and graphical analysis
methods such as 'tree of failures' and 'tree of events' have been used. The studies indicate
that FGC products meet European standards for health protection and preservation the
environment at all the stages of their production and application which allows using this
material in construction, ensuring the absence of toxic substances and possible danger to
human health.

NEPHH's WP6, actually on progress, aims to make available the understanding of the
safety, environmental and health implications of NMs in order to define the appropriate
measures and minimize the exposure of workers. Guidelines for responsible management
of waste NMs are also being developed. During the first year of NEPHH both these work
packages have optimized and the adequacy of envisaged testing strategies and protocols by
the use of NanoSilica (raw nanoparticle) has been verified. Adequate management and
dissemination activities have been carried out, thus assuring the successful execution and
dissemination of NEPHH.

In conclusion, NEPHH will contribute to ensure the generation of quantitative data on
ENM toxicology and ecotoxicology and to close the knowledge gap, providing the basis
for meeting regulatory requirements for responsible and sustainable development of
nanotechnology. Validated testing strategies for novel materials are envisaged.

5.5.2.20. NEURONANO (FP7)

Considering the rapidly ageing European population and the resulting increase in the
incidence of neurodegenerative diseases, there is an urgent need to address the risk
presented by nanoparticles towards neurodegenerative diseases. It is believed that
nanoparticles can pass through the blood-brain barrier. Once in the brain, nanoparticles
have two potential major effects. They can induce oxidative activity (production of
Reactive Oxygen Species), and can induce anomalous protein aggregation behavior
(fibrillation). There are multiple disease targets for the nanoparticles, including all of the
known fibrillation diseases (e.g. Alzheimer s and Parkinson s diseases). The factors that
determine which nanoparticles enter the brain are not known. Nanoparticle size, shape,
rigidity and composition are considered important, and under physiological conditions, the
nature of the adsorbed biomolecule corona (proteins, lipids etc.) determines the biological
responses. The NeuroNano project will investigate the detailed mechanisms of nanoparticle
passage through the blood-brain barrier using primary cell co-cultures and animal studies.
Using nanoparticles that are shown to reach the brain, it will be determined the
mechanisms of ROS production and protein fibrillation, using state-of-the-art approaches
such as redox proteomics and isolation/characterisation of the critical pre-fibrillar species.
Animal models for Alzheimer’s diseases will confirm the effects of the nanoparticles in
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vivo. At all stages the exact nature of the nanoparticle biomolecule corona will be
determined.

5.5.2.21. NHECD (FP7)

NHECD aims at building a free access, robust and sustainable web based information
system including a knowledge repository on the impact of nanoparticles on health, safety
and the environment. It includes a robust content management system (CMS) as its
backbone, to hold unstructured data (e.g. scientific papers and other relevant publications).
It also includes a mechanism for automatically updating its knowledge repository, thus
enabling the creation of a large and developing collection of published data on
environmental and health effects following exposure to nanoparticles. NHECD is based on
text mining methods and algorithms that make possible the transition from metadata (such
as author names, journals, keywords) to more sophisticated metadata (such as whether the
paper contains graphs) and to additional information extracted from the scientific papers
itself. These methods and algorithms were implemented to specifically extract pertinent
information from large amount of documents. NHECD created a systematic domain model
of concepts and terms (i.e. a wide set of domain taxonomies) to support the categorization
of published papers and the information extraction process within this project. The unique
features of NHECD should allow different user groups - academics, industry, public
institutions and the public at large - to easily access, locate and retrieve information
relevant to their needs. The creation of the NHECD knowledge repository enriches public
understanding of the impact of nanoparticles on health and the environments. It will
support a safe and responsible development and use of engineered nanoparticles and it will
represent a useful instrument for the implementation of relevant regulatory measures and
law making.

NHECD has achieved, to date, its major goals. At the end of month 18 (the end of the
first period of the project) NHECD has by now achieved a backend system based on a
robust content management system and its accompanying modules such as classification,
full text search and more, a rich set of computer based taxonomies related to the NHECD
target areas, a crawling system intended to navigate selected websites in order to obtain
(automatically) all the relevant published material related to NHECD, a body of classified
knowledge consisting of scientific papers related to in-vivo/in-vitro, ecotox and
occupational nanotoxicology and an annotation and validation systems used to train the
system to automatically extract information, as well as to build and maintain the above
body of knowledge. Furthermore, it has been achieved an information extraction (IE)
algorithms and methods especially crafted to create a layer of comments (in the context of
NHECD the comments are an information layer on top of the scientific paper itself) to
enhance the knowledge found on NHECD's body of knowledge (IE currently works at an
acceptable recall and precision level), the first version (currently at test stage) of NHECD
frontend, the interface of NHECD to the three communities targeted for it, namely nanotox
scientists, regulators and the public, the frontend was designed to allow users to search for
relevant information using a state-of-the-art graphical user interface (GUI) matching
diverse types of users (regular users, sophisticated users and more), the GUI allows for
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taxonomic search, simple/advanced search, full-text search and any combination of the
above search methods, the initial management infrastructure for the backend, frontend and
all related components such as the crawling module, the taxonomies and the classification
module and at last a working relationship with groups of nanotox related people, including
outstanding scientists and regulators. NHECD, soon to be at the end of the initial
development phase, is now starting its second stage, aiming at the dissemination of the
assets already obtained, while pushing forward towards the achievement of the objectives
NHECD aims at.

This database will be automatically and manually updated with state-of-the-art
information, which will be automatically understood and extracted into a relational
database and data warehouse that can be accessed by the public and agencies through the
internet. These three tiers (information gathering, deep analysis, and presentation) will
keep the database updated and easily used for complex queries. The database will serve a
variety of communities, from regulators to scientists, companies, new activities and the
general public with all aspects of toxicity from nano particles. The database and the
internet site will also serve for expert information cooperation and exchange and for
dissemination of information in this evolving domain, which has huge potential
applications, where toxicity should be considered in advance.

5.5.2.22. NANOFATE (FP7)

NANOFATE has been conceived to fill knowledge and methodological gaps currently
impeding sound assessment of environmental risks posed by engineered nano-particles
(ENPs). The objective is to assess environmental fate and risk of ENPs from high-volume
products for which recycling is not an option, such as fuel additive, personal care and
antibacterial products. Two market ENPs from each product (CeO,, ZnO, Ag of varying
size, surface and core chemistries) will be followed through their post-production life
cycles i.e. from environmental entry as spent product, through waste treatment to their final
fates and potential toxic effects. This will test the applicability of current fate and risk
assessment methods and identify improvements required for a scientific assessment of
ENPs at an early stage. The specific objectives are at first the design, tagging and
manufacture of ENPs and the analysis of ENP interactions with abiotic and biotic entities.
Then, the generating predictive models for ENP exposure in waters and sludge-amended
soils, the studying of both ENPs’ fate and behavior through wastewater treatment and the
determining acute and chronic ecotoxicity. Furthermore, some also important objectives of
NANOFATE are the assessing effects of physico-chemical properties on ENP
bioavailability, the defining mechanisms of uptake, internal trafficking, and toxicity, the
developing spatial RA model(s) and the improving understanding of ENP risks
Methodology. The work plan is designed to progress beyond the state-of-the-art through
focused work packages. While some objectives are delivered in single WPs, good cross
WP integration will secure the key objectives of delivering new methods for quantifying
ENP risks. To conclude, NANOFATE will provide robust tools, techniques and knowledge
needed by stakeholders to understand and communicate risks associated with different
ENPs, including their environmental interactions and toxicity.
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5.5.2.23. MARINA (FP7)

The aim of MARINA is to develop specific reference methods for all the main steps in
managing the potential risk of ENM. MARINA will address the four central themes in the
risk management paradigm for ENM: Materials, Exposure, Hazard and Risk. The methods
developed by MARINA will be based on beyond-state-of-the-art understanding of the
properties, interaction and fate of ENM in relation to human health and the quality of the
environment and will either be newly developed or adapted from existing ones but
ultimately, they will be compared/validated and harmonized/standardized as reference
methods for managing the risk of ENM. MARINA will develop a strategy for Risk
Management including monitoring systems and measures for minimizing massive exposure
via explosion or environmental spillage. The specific objectives of MARINA are, for
Materials, to obtain reference nanomaterials for testing, to develop validated methods for
characterizing the physicochemical properties of ENM as pristine materials, in biological
matrices, in environmental samples and field detection and to isotope-label ENM for their
use in bio-distribution studies. For Exposure, to conduct exposure assessment in the
workplace throughout the life-cycle of a ENM, developing different exposure scenarios. To
assess the fate and behavior of ENM in soil/sediment/water. To characterize the actually
released ENM (aged ENM) and compare them to the pristine ENM and to evaluate, as part
of a performance assessment, different approaches to conduct exposure assessment for use
in the MARINA integrated risk assessment. For Hazard, to address the knowledge gap,
especially in areas of non-genomic toxic mechanisms, toxicogenomics, proteomics and
metabolomics by developing new test systems, to develop reference methods for in vitro
toxicology tests (including and fully incorporating those developed in other FP projects) by
means of a scientific validation strategy, to implement in vivo dose-response models of
healthy and susceptible subjects exposed through repeated dosing to ENM via inhalation,
ingestion, intravenous injection and dermal exposure and to develop and scientifically
validate in vitro and in vivo tests for soil/sediment/aquatic toxicity and secondary
poisoning. For Risk, to combine all the above phases in developing reference methods for
assessing the health and environmental risk posed by ENM and to develop a strategy for
Risk Management including monitoring systems and measures for minimizing massive
exposure via explosion or environmental spillage. MARINA is to achieve the objectives
described above in 48 months.

5.5.2.24. NANOMICEX (FP7)

The main aim of NANOMICEX project is to reduce the potential risk upon workers
exposure to the engineered nanoparticles employed in the operative conditions of the inks
and pigments industry, by addressing at the health and environmental consequences
associated with the inclusion of nano-additives within all stages of nanotechnology based
products (production, use and disposal). To achieve it, new surface modifiers will be
designed and developed to obtain less hazardous and more stable nanoparticles. The
proposed work will focus on a selected set of nanoparticles relevant to the ink and pigment
sector. Full characterisation will be carried out, followed by an exposure measurement in
order to characterize and quantify any potential particle release in the production and
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processing activities. A comprehensive hazard assessment will allow the evaluation of
effects on human and environmental models with comparisons between simple and
modified nanoparticles carried out. Results from the assessment studies will be used to
compile a risk assessment of the use of nanoparticles in the ink and pigment industry, and
comparisons will be made with surface-modified nanoparticles. An evaluation of the
effectiveness of risk management measures will be undertaken in order to select and design
practical and cost effective strategies, which will be easy to implement in the real operative
conditions. As part of this assessment, we will conduct a life cycle assessment, by
evaluating their impacts during the whole process of manufacture, use and disposal of
these products.
The project results will involve industrial partners, providing an integrated strategy to
mitigate the risk of workers dealing with nanoparticles, considering all relevant worker
exposure scenarios. Furthermore, NANOMICEX will provide industrial stakeholders and
the general public with appropriate knowledge on the risks of nanoparticles and nano-
products, establishing synergies with the EU nano-safety infrastructure.

5.5.2.25. NANOPOLYTOX (FP7)

NANOPOLYTOX project will include the monitoring of the chemical and physical
properties of the nanomaterials (NMs) included in polymer nanocomposites and their
toxicity from the synthesis, processing, aging and recycling to their end of life (disposal)
covering their migration or release to the environment during their life cycle. The
biological and environmental fate of these NMs will be established taking into account the
physical-chemical properties and the toxicological data obtained during
NANOPOLYTOX. The theoretical analysis of the data obtained during the project will
lead to the development of predictive models for the impact of NMs on human health and
environment. Moreover, the overall human health and environmental impact will be
assessed by Life cycle analysis (LCA) specifically designed for NMs. Additionally, three
recycling strategies will be considered in order to give solutions for the disposal of both
toxic and innocuous NMs. For this purpose, exhaustive evaluations including the selection
of adequate digestion and extraction methods to separate the NMs from the polymeric
matrix will be developed. The strategies proposed for the recycling process will be the
direct mechanical recycling of nanocomposites (NCs), the recycling of NMs and polymers
obtained by novel chemical separation techniques based on nanofiltration using tailored
nanofibre-based filters and the recycling of polymers and immobilisation of toxic NMs in
inert matrices. The specific objectives of the project are the preparation of eighteen highly
pure and monodisperse NMs from three different families (carbon nanotubes, nanoclays
and metal oxide nanoparticles) including adequate tailoring for their inclusion in three
selected polymeric hosts widely used in several industrial sectors, the generation of 18
samples of NCs by processing in double screw extruders and further injection in test
specimen, the weathering of the raw NMs and the 18 NCs test specimens in climatic
chambers, the full characterisation (physical and chemical properties) of all the samples
(raw NMs and NCs) during their life cycle to obtain an exhaustive overview of the
evolution (physical and chemical degradation) of nanomaterials’ properties along their life
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cycle, the collection of (eco)toxicological data (in vitro and in vivo) for selected samples
(NMs at the different stages of their life cycle) in order to evaluate the risks associated with
their manufacturing, use and disposal and the development of predictive models based on
the data obtained for the evolution of the properties and toxicity of the NMs along their life
cycle, in order to contribute to nanomaterial risk assessments. Also, the detection and
quantification of possible migrations and/or releases of the nanofillers from the polymeric
matrices, establishing a relationship between weathering cycles and migration/release of
NMs, the mechanical and chemical recycling for innocuous and toxic NMs including the
development of a new, efficient and cost effective chemical recycling technology based on
specific metal oxide nanofibre filters, the development of new solutions for the disposal of
toxic NMs as complement for recycling processes based on the inclusion of specific metal
oxide nanofibre filters (containing the toxic NMs) in xerogel matrices by sol-gel processes
and sintering and the evaluation of the human health and environmental impact of NMs
that are highly used in many industrial sectors during their life cycle by Life cycle
inventory analysis (LCIA) specifically amplified by the data obtained during this and other
European projects related to nanosafety.

In the first period of the project 18 NMs of three different families were synthesized,
namely Carbon nanotubes (CNT), nanoclays and metal oxide NPs. In the case of CNT
three different MWCNT including pristine and functionalized MWCNT. Nanoclays were
functionalized by incorporating different modifiers in between the layers of these materials.
Furthermore, nanoclays with different size distributions, which include the same modifiers,
were produced. Three types of metal oxide nanoparticles (NP) were synthesized: TiO,,
ZnO and SiO; and these NP were further functionalized (TiO,-OH, TiO,-Octyl, ZnO-OH,
Zn0-Octyl, SiO,-OH, SiO,-Propyl) to facilitate their incorporation on different polymeric
matrices. The 18 NMs were fully characterized using a variety of analytical techniques. All
the characterisation data generated for each nanomaterial was organized in 18 different
technical cards in which all the data is compiled. The cards have been uploaded into the
partner's area of the NANOPOLYTOX website for enabling online addition and editing of
the characterisation data for each nanomaterial. These cards were design for all the stages
of the life cycle since the project will generate characterisation and (eco) toxicological data
at different stages of the nanomaterial life cycle. The synthesised NMs were incorporated
in different polymeric matrices. These matrices were selected based on studies done NC
market in the latest years and their future projection in different fields of application. NCs
of the three selected polymers (polypropylene (PP), polyamide 6 (PA6), ethylene vinyl
acetate (EVA)) including 3 % of nanoclays, multi-wall carbon nanotubes and metal
oxideNPshave been prepared via extrusion and injection moulding. The functionalities of
the NMs have been selected taking into account the nature of the polymeric matrices (PP-
hydrophobic, EVA-slightly hydrophilic, PAG6-hydrophilic). The physical-chemical
properties of specimens generated for each NC were characterised using different
analytical techniques. Thermogravimetric analysis (TGA) and inductively coupled plasma
mass spectrometry (ICP-MS) were used to determine the percentage of nanomaterial in
each NC and the thermal stability of the NC generated. DSC, heat deflection temperature
(HDT) and Vicat, and dynamic mechanical analysis (DMA) were used to obtain the
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mechanical properties and further the physical characterisation of NC materials. All these
data combined with some microscopy analyses of the different NCs led to the identification
of the NC with enhanced properties being related to the degree of dispersion of the NM in
the matrix and the compatibility between the matrix and the nanomaterial. The NC
generated in the project will be submitted to accelerated aging conditions in order to
simulate their use as materials that will be exposed to external climatic conditions.
Conventional climatic chambers have been modified in order to obtain a set-up that allows
the collection of nanomaterial released during the aging process. The aging studies have
been started with the 18 NMs in powder form exposed to ultraviolet irradiation and rain
cycles simulating a real exposure time of one year. The aging of NMCs in the powder form
was considered to establish the transformation as risks associated to these NMs when they
are released to the environmental compartment during their production or distribution. The
results showed that the changes in physical-chemical properties are not significant for most
of the nanomaterials studied. However, further characterisation should be carried out and
the toxicological evaluation is in progress. Some polymeric NCs have been aged and their
characterisation is in progress, as well as the identification and quantification of the NM
release during the aging process. The effects of processing (extrusion and injection
moulding) on nanomaterials properties will be checked by extracting the NMs from the
polymeric matrices under mild conditions. Therefore, these studies were initiated by
selecting mild conditions that are able to dissolve the studied polymeric matrices (PP, PA6
and EVA). Furthermore, raw nanomaterials were submitted to these conditions in order to
evaluate the effects of the dissolution methods selected on NMs properties. The change in
the properties of NMs caused by the treatment with the selected conditions was identified
and the highest effects were observed in ZnO NP when treated under mild acidic
conditions. ZnO NPs are easily dissolved by acid treatment at room temperature, therefore
ZnO-PA6 NCs cannot be dissolved under the established conditions, and alternative
methods will be studied. Further work has been done in the fabrication of nanofibre-based
filters. Optimization of these filters and description of the conventional separation
techniques (nanofiltration and centrifugation) are in progress. The optimized methods will
be used for the separation of NMs out of the dissolved mixture NM-polymer. The toxicity
of raw NMs has been evaluated in a battery of human cell lines and in a fish embryo test
and the toxicity evaluation of the aged NMs is now ongoing. A series of mechanistic
assays, such as apoptosis induction, cell proliferation and cell internalization, have also
been performed. The results show considerable differences in toxic potential and
mechanisms of toxicity among the NMs of the project, but relatively good correspondence
between the toxic potential in fish embryos and in human cell lines. The physicochemical
characterisation data was generated for the nanomaterials’ dispersions in relevant assay
media, allowing the establishment of correlations between the nanomaterials’ properties
and their biological activity. Several ongoing studies are further investigating the toxicity
and the environmental fate of the NMs. These studies include in vitro and in vivo ADME
studies, terrestrial toxicity, bioaccumulation in fish, and adsorption-desorption studies. The
project also includes the establishment of properties-activity relationships, and an LCA.
Although a considerable amount of data has been already generated in the project, the
information is still partial, and has not allowed much progress on the first section.
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Regarding the second section, the progress consisted on the definition of the goal and
scope, functional unit, and system boundaries, and on the data collection for the synthesis,
functionalization, and NC manufacturing. In addition, the methodology to generate the
characterisation factors for the relevant impacts associated to the NPs released into the
environment (i.e. human toxicity and ecotoxicity) has been established. Finally, the project
will include a study of the mechanical and chemical recycling of polymer nanocomposites.
The separation methodology established earlier in the project, based on nanofibre-based
filtration, will be applied to chemical recycling of NCs by separating the NMs from the
polymeric hosts and use the recovered materials in new applications.

In conclusion, the NANOPOLYTOX project investigates the health impact of NPs in
polymeric applications on humans and the environment. Moreover, a theoretical model on
the evolution of nanofillers toxicities over their complete life cycle (processing - ageing -
recycling) will be developed including also valuable results of migration and release in
environment. This model will support the minimization of exposures to workers,
consumers and environment. The NANOPOLYTOX project will provide crucial data on
hazard and exposure by performing toxicity tests directly in human cell lines and in-vivo,
expanding the NMs toxicity data pool. It is expected that NANOPOLYTOX, by means of
the generated knowledge, will contribute to the establishment of directives and guidelines
concerning the use and exposure to NMs. Directly related with human safety and risk is the
application of NMs in packaging. Studies on nanotoxicity, regulation and risk-and-benefit
analysis are necessary to fill the knowledge-gaps and to promote the sustainable growth of
the food industry, while at the same time avoiding any unpredictable health hazard to the
consumers. NANOPOLYTOX will contribute to gathering toxicological data which
represent fundamental steps for the establishment of regulation to prevent unpredictable
safety problems and risks. The impact of the NANOPOLYTOX project in economic terms
is related to the handling of waste, recycling and recovery strategies, namely by
improvement and development of new waste managing processes, the cost reduction
related with waste processing, environmental remediation by the improvement of recycling
and recovery methodologies and the significant manufacture cost reduction by allowing the
reuse of recovered NM (recovery vs. recycling). The toxicological characterisation over the
entire life cycle will be accompanied by the LCIA studies, which allow the monitoring of
the environmental impact, together with the fate of NPs upon release on the environment.
This thorough characterisation of NPs predicted in this project will allow the tracing of any
possible changes of the toxicological profile on the lifetime course of the materials.
NANOPOLYTOX focuses on NMs which along their entire lifecycle might come in
contact with living organisms under different forms (aggregated, as a composite material or
under particulate form) and will provide data from the study of physiochemical properties
of the NMs about their environmental fate, their environmental and mammalian
toxicology, the emission and exposure thresholds and in general about nanomaterials’
safety datasheets and safety labeling.
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5.5.2.26. NANOVALID (FP7)

The proposed project will mobilize the critical mass of international scientific
knowledge and technical expertise required to address these questions. Current analytical
and toxicity test methods and models will be put to test and subjected to rigorous
intercalibration and validation. Where necessary, methods and test materials will be
modified, adapted and validated, and new reliable reference methods developed, in
cooperation with international standardization bodies and the concerned industry, to
support both pre and co-normative activities and to make the applicability of existing RA
and LCA schemes to ENPs more reliable. The feasibility of validated measurement,
characterization and test methods will be assessed by selected case studies to help the
significant improvement of the performance of existing exposure monitoring systems as
well as the development of new risk management and reduction strategies. The core idea
and concept for the project is based on the observation that physicochemical properties of
nano-sized particles, and hence their biological activity, are often unique and distinct from
those of the same bulk materials and often unpredictable and the existing standard methods
for measuring and testing that have been developed for macro- and micro-scale material
properties may not be applicable to nanoparticles. These points taken together explain why
many current analytical and toxicology protocols developed for bulk materials, may not be
suitable for dealing with ENMs, and why a large proportion of the published data may be
inaccurate in the context of ENMs and may lead to the drawing of scientifically invalid
conclusions.

NanoValid will develop and use highly sensitive EN labeling and tracing methods and
will design and use a controlled atmosphere dispersion chamber that allows a more precise
and reliable monitoring of the behavior of selected nanoparticles. Initial test materials will
include those listed below, although final prioritization will be made in close coordination
with relevant standardization bodies and programs and with projects included in the
Nanosafety Cluster (in particular with the EU FP7 MARINA, QNANO and NanoDevice
project). The first nanomaterials that have priority to be labelled are metal oxides (SiOo,
TiO,, ZnO, CuO), metals (Ag, Au and Pd), CNTs (SWCNTs and MWCNTSs) and
fullerenes. Secondly, quantum dots (CdSe, CdS, CeO2), salts (Ca-phosphates, PbS),
nanocellulosic materials, polystyrene, dendrimers, ceramics and nanoclays will be also
labelled.

In general, the NANOVALID’s objectives are the test, compare and validate current
methods to measure and characterize physicochemical properties of selected ENMs, the
monitoring and controlling their dispersion and stability in various test media and
environmental matrices by novel labeling methods and the panels’ generation of well-
characterized and reproducibly synthesized ENMs, engineered nanoparticles (ENPs) and
associated products, designed for further (eco-) toxicological testing. Also the test,
compare and validate current in vitro and in vivo methods (for toxicity and ecotoxicity
testing) to early identify potential hazards, assess human health effects, including acute and
chronic toxicity (oral, inhalation, dermal), and effects to the environment, the development
of a standard test panel according to the mode of action and interaction of ENMs and ENPs
with experimental media as used in OECD and other standardized tests and the
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identification responsive biomarkers for potential cytotoxic, genotoxic and immunotoxic
effects. Moreover, the development of further validated methods and materials to reference
methods and materials, including Certified Reference Materials (CRMs), for more reliable
risk and life cycle assessment (RA and LCA), the feasibility’s demonstration of validated
and established reference methods by means of case studies to assess and improve the
performance of methods and systems both during normal operations and for management
of accidental risks, evaluation of risk reduction strategies and field detection systems, and
for monitoring hazard and exposure to ENPs, the establishment of a database on hazard
properties of selected ENPs that could be used to support the REACH hazard assessment
system, the building of a comprehensive knowledge hub and database to improve existing
models on transport and fate of ENPs in the environment, including bioaccumulation,
persistence, bioavailability and life cycle impacts onto all forms of biota and in the end the
initiation and supporting of focused efforts to achieve international standardization in
cooperation with national (e.g. DIN) and international (e.g. OECD WGMN) organizations.

5.5.2.27. QNANO (FP7)

Nano-scale objects interact with living organisms in a fundamentally new manner,
ensuring that a fruitful marriage of nanotechnology and biology will long outlast short term
imperatives. Therefore, investment in an infrastructure to drive scientific knowledge of the
highest quality will have both immediate benefits of supporting the safety assessment of
legacy nano-materials, as well as pointing towards future (safe) applications with the
lasting benefits to society. There are immediate priorities, for few doubts that serious
damage to confidence in nanotechnology, unless averted, could result in missed
opportunities to benefit society for a generation, or more. QNano will materially affect the
outcome, at this pivotal moment of nanotechnology implementation. The overall vision of
QNano is the creation of a 'neutral’ scientific & technical space in which all stakeholder
groups can engage, develop, and share scientific best practice in the field. Initially it will
harness resources from across Europe and develop efficient, transparent and effective
processes. Thereby it will enable provision of services to its Users, and the broader
community, all in the context of a best-practice ethos. This will encourage evidence-based
dialogue to prosper between all stakeholders. It will push beyond the state of the art in
nanomaterials processing, labeling and identification and characterisation in situ. However,
QNano will also pro-actively seek to drive, develop and promote the highest quality
research and practices via its JRA, NA and TA functions, with a global perspective and
mode of implementation. QNano will also look to the future, beyond the current issues, and
promote the growth and development of the science of nano-scale interactions with living
organisms. By working with new and emerging scientific research communities from
medicine, biology, energy, materials and others, it will seek to forge new directions leading
to new (safe, responsible, economically viable) technologies for the benefit of European
society. QNano will also look to the future, beyond the current issues, and promote the
growth and development of the science of nanoscale interactions with living organisms. By
working with new and emerging scientific research communities from medicine, biology,
energy, materials and others, it will seek to forge new directions leading to new (safe,
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responsible, economically viable) technologies for the benefit of European society. The
QNano project commenced on 1st February 2011 and will run for 48 months.

5.5.2.28. SANOWORK (FP7)

The SANOWORK project is built around the promotion, development and
implementation of “Elimination/Substitution” control strategies and proposes to fill the
gaps that already delay their diffusion. The main goal of Sanowork project is to identify a
safe occupational exposure scenario by exposure assessment in real conditions and at all
stages of nano-materials (NM) production, use and disposal. In order to address this and
more specifically the issues introduced by NMP.2011.1.3-2 call, it is intended to contain
hazard and worker exposure potential by developing exposure mitigation strategy based on
Prevention through Design approach, implement a rigorous exposure assessment in the
workplace in order to evaluate the effectiveness of existing and proposed exposure
reduction strategies, perform risk analysis off line and on site in order to identify
substance product properties and operational condition that ensure a safer worker exposure
scenario and assess COST/ EFFICIENCY of the proposed strategies on the basis of risk
analysis results, materials/properties efficiency, risk transfer to insurance underwriter
community. The Sanowork proposed risk remediation strategy will be applied to nano-
material properties. The representative pool of NM and nano-products have been selected
are TiO, and Ag (ceramic or textile photocatalytic/antibacterial surfaces), CNTs
(polymeric  nano-composites) and organic/inorganic nano-fibers (nano-structured
membranes for water depuration system). The strategy is addressed to mitigate risk by
decreasing adverse health hazard and emission potential of nano-materials, setting back
processes of transport to the point of entry. A sound balance between exposure and health
hazards data, before and after the introduction of existing and proposed risk remediation
strategies, will allow to evaluate the effectiveness of existing and proposed exposure
reduction strategies. The cooperation with industrial key partners such as Plasmachem,
Elmarco, GEA Niro, Colorobbia,Bayer will guarantee an accurate exposure assessment in
the workplace.

5.5.2.29. SCAFFOLD (FP7)

SCAFFOLD is an industrial oriented idea specifically addressed to provide practical,
robust, easy-to-use and cost effective solutions for the European construction industry,
regarding current uncertainties about occupational exposure to MNMs particularly
addressed to SMEs. This will be achieved by introducing a new paradigm to improve
workers protection against NMs in construction, based on a novel holistic Risk
Management approach (RMM). The aim of the SCAFFOLD project is to develop, test,
validate and disseminate a new holistic, consistent and cost effective Risk Management
Model (RMM) to manage occupational exposure to MNMs in the construction sector. This
will be done by integration of a set of innovative strategies, methods and tools developed
by the project into consistent state-of-the-art safety management systems (OHSAS 18001
and 1S0O31000). The SCAFFOLD project has specific objectives like to assess
effectiveness of existing risk reduction strategies, methods and equipments (confinement of
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processes, PPEs, filtration, etc) in construction scenarios, the development of novel
methods leading to the formation of less risk-posing MNMs (safer concentrated dispersions
of metal oxide nanoparticles for concrete manufacturing), the proposition of safer process
alternatives for nanocomposites / coatings production jointly with safer nanocomposites
and coatings formulations (minimizing emissions in machining / spraying tasks or in case
of fire), the production of novel strategies and methods for exposure assessment (inhalation
and dermal) and modeling adapted to the real sector scenarios, jointly with exposure data
in the sector and a decision making strategy for risk assessment. Also, the development of
novel risk protection strategies for the sector, including a proposed method for ISO
standardization and a decision making strategy for PPEs selection and the adaption of the
Control Banding approach to the sector, and the testing of it. Furthermore, another
objective is to construct a robust and cost-effective model (RMM) for risk management of
occupational exposure to MNMs along the life cycle. This will include a set of innovative
tools (Toolkit) to support implementation and customized applications for SMEs of the
construction sector, to test and validate the RMM and associated tools in construction
industry (Industrial Use Cases in Large companies and SMEs) and to deploy a strategy to
promote implementation of the SCAFFOLD approach in the European construction
industry. In the end, to coordinate dissemination actions with the European Nanocluster to
maximize the project’s impact, to strengthen synergies among MNMSs research groups in
Europe, Canada and the USA and to produce pre-standardization and pre-regulation
documentation addressed to standardization Technical Committees and regulators
regarding construction nanoproducts, PPEs and OHS management issues.

5.5.2.30. SIINN (FP7)

The primary aim of the SIINN ERA-NET is to promote the rapid transfer of the results
of nano-science and nanotechnology (N&N) research into industrial application by helping
to create reliable conditions. In order to strengthen the European Research Area and to
coordinate N&N-related R&D work, the project has the aim of bringing together a broad
network of ministries, funding agencies, academic and industrial institutions to create a
sustainable transnational programme of joint R&D in N&N. The commercial application of
nano-materials (NMs) products is increasing rapidly, but one important question, the safety
of NMs, still represents a barrier to their wide innovative use. Therefore the first priority of
SIINN is to focus on developing a consolidated framework to address nano-related risks
and the management of these risks for humans and the environment by investigating the
toxicological behavior of NMs. European R&D activities in N&N remain largely
uncoordinated and fragmented, resulting in the sub-optimal use of available resources, such
as human resources, research equipment and funding. Since available data on their
toxicological behavior is often scant, unreliable or contradictory, the SIINN Project will
focus on ways of remedying this situation. After defining the criteria important for NM
toxicology, the environmental health and safety (EHS) information currently available to
Europe will be examined. Liaisons will strategically be established and maintained. They
will network with organizations looking into the EHS of NMs within Europe and abroad
with the aim of continually exchanging information with these. Available information will
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be examined for their reliability in respect of the assessment of the risks of NMs towards
human health and to the environment and major knowledge gaps identified. At least two
joint, transnational calls will be organized during the initial lifetime of SIINN in order to
fill these gaps. SIINN’s activities will be undertaken in close cooperation with various
national and international networks, organisations and groupings, including the NanoSafety
Cluster, the QNano infrastructure, the OECD Working Party on Nanomaterials (WPNM),
the NANOfutures ETIP and NanolmpactNet.

The overall strategic concept of SIINN when applied to the example of nanosafety is to
first catalogue which information is available to researchers and what state is it in (e.g. is
the available data specified for a particular, defined NM in a defined system?). This is the
central task of Workpackage 1 (WP1). Parallel to this, Workpackage 2 (WP2) will establish
close liaisons with organisations working in the EHS risk assessment of NMs, both within
Europe and elsewhere, in order to form a close network and to exchange information. This
cooperation will also include various strategically important tasks such as the identification
of best practices, synergy potentials and the elaboration of recommendations for future
collaborations on the strategic and operational level addressing NM EHS including
precautionary measures, pre-normative work, steps towards regulations, common actions
and projects. Together with this information, WP2 will also develop a roadmap to describe
these future activities necessary in the risk assessment of NM. Starting a little later than the
first two WPs, WP3 will closely look at the EHS risk assessment of NM and (following on
from WP1) will establish the reliability of the available data. Noting any irregularities or
deficiencies, this WP will set down a list of research objectives which will be used as input
to WP4, the WP charged with establishing the joint transnational research programme and
carrying out tenders for R&D projects to assess these deficiencies. For the first time in the
nanomaterials sector in Europe, joint transnational calls will be carried out in WP4 to
overcome identified deficiencies in current nanosafety knowledge for assessing the risks of
NM and NM-containing products. All the stages associated with the carrying out of a
research call will be undertaken in this WP, which will also have a “fast-track” mechanism
which will allow for some small projects to be quickly undertaken in order to obtain
critical results rapidly (rather than under normal project funding conditions). WP5 will be
responsible for the dissemination of information both within the project itself as well as to
external recipients and stakeholders such as government bodies, industry, research
organizations, standardization bodies and importantly, the public at large. Finally, WP6
will oversee the complete work of the SIINN project and ensure that the tasks and
deliverables are undertaken according to timetable and within the scopes required for the
success of the project. WP6 will thus undertake the technical and administrative
management of the project and will also include any horizontal issues such as Quality
Management.
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5.5.2.31. PRENANOTOX (FP7)

Since experimental toxicological testing of NPs, especially in vivo animal studies is
costly and time-consuming, it is necessary to develop a novel research field and associated
methods and tools to reach the goal of predictive nanotoxicology. The PreNanoTox
consortium addresses three currently missing critical elements needed to develop a
platform for predictive nanotoxicology and our suggested approach of providing them:
(1) There is a current lack of unified large database We suggest to form this database by
applying cutting edge information extraction tools on large repository of scientific articles;
(2) There is a need for better understanding the underlying mechanisms of the primary
interaction of NP with the cell membrane We suggest to apply appropriate theory and
simulation assuming that the surface chemistry of a NP (affecting NPs surface reactivity,
hydrophobicity, or surface electrostatics) as well as its other physical properties (e.g. size
and shape) determine the strength of the non-specific adsorption of NPs to a cell surface,
leading beyond a certain adhesion-strength threshold, to efficient uptake of the NPs;
(3) There is a need to extend the traditional QSAR paradigm to the field of nanotoxicology
This will be carried out by linking appropriate NP descriptors, with emphasis on those
which determine the strength of adsorption of NPs to cells, with biological responses.
The PreNanoTox consortium is made up of four research groups (from three scientific
organizations), which lead in information technology, soft matter modeling, computational
chemistry and in-vitro toxicology, yielding a synergetic output. This project will assist in
safe designing of new engineered NPs as well as reducing the extent needed for empirical
testing of toxicity.
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TABLE OF EUROPEAN NANOSAFETY PROJECTS

ACRONYM

CELLNANOTOX

DIPNA

ENNSATOX

ENPRA

ENRHES

HINAMOX

IMPART

INLIVETOX

TITLE

Cellular Interaction and
Toxicology with
Engineered
Nanoparticles

Development of an
Integrated Platform for
Nanoparticle Analysis
to verify their possible

toxicity and the eco-
toxicity.

Engineered
Nanoparticle Impact on
Aquatic Environments:
Structure, Activity and

Toxicology

Risk Assessment of
Engineered
Nanoparticles

Engineered
Nanoparticles: Review
of Health and
Environmental Safety

Health Impact of
Engineered Metal and
Metal Oxide
Nanoparticles:
Response, Bioimaging
and Distribution at
Cellular and Body Level

Improving the
understanding of the
impact of nanoparticles
on human health and the
environment

Intestinal, Liver and
Endothelial
Nanoparticle Toxicity
Development and
evaluation of a novel
tool for high-throughput
data generation

FRAMEWORK
PROGRAMM

FP6

FP6

FP7

FP7

FP6

FP7

FP6

FP7

START DATE

2006-11-01

2006-11-01

2009-07-01

2009-05-01

2008-09-01

2009-10-01

2005-02-01

2009-05-01

END DATE

2010-04-30

2009-10-31

2012-06-30

2012-10-31

2009-08-31

2012-09-30

2008-10-31

2012-07-31

STATUS

Completed

Completed

Execution

Completed

Completed

Execution

Completed

Completed

TOTAL COST

3.651.500 €

4.535.199 €

3.655.315€

5.269.000 €

279.659 €

2.927.078 €

699913 €

3.420.762 €

EU
CONTRIBUTION

2.600.000 €

2.793.235 €

2.816.500 €

3.700.000 €

199.938 €

2.297.337 €

699913 €

2.399.989 €
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TABLE OF EUROPEAN NANOSAFETY PROJECTS (CONTINUING)

ACRONYM TITLE FRAMEWORK START END DATE STATUS TOTAL COST EU
PROGRAMM DATE CONTRIBUTION

Modeling Nanoparticle Toxicity :
MODNANOTOX Princliples, Methods, Novel
Approaches FP7 2011-11-01 2013-10-31  Execution 1.279.137 € 999.899 €

NANOMMUNE Comprehensive assessment of
hazardous effects of engineered
nanomaterials on the immune
system

FP7 2008-09-01 2011-08-31 Completed 4.310.500 € 3.358.500 €

NANOPUZZLES Modell!n_g propertie_s, interactions,
toxicity and environmental
behaviour of engineered
nanoparticles

FP7 2013-01-01 2015-12-31  Accepted 1.169.800 € 976.810 €

Safe production and use of

MANIOE (2 nanomaterials

FP6 2005-04-01 2009-03-31 Completed 12.402.348 € 6.999.837 €

NANORETOX The reactivity and toxicity of
engineered nanoparticles: risks to FP7 2008-12-01 2012-11-30  Execution 5.186.154 € 3.191.900 €
the environment and human health

Inflammatory and genotoxic effects

NANOSH . .
of engineered nanomaterials

FP6 2006-11-01 2009-10-31 Completed 3.995.225 € 2.399.234 €

Nanoparticle - Cell Interactions, a
Pathway for Understanding
Nanotoxicity: from a Model System
to in-vitro System.

NANOTOX
FP6 2011-09-01 2015-08-31  Execution 100.000 € 100.000 €

NANOFATE . FP7 2010-04-01 2014-03-31 Execution 3.251.134 € 2.497.100 €
Nanoparticle Fate Assessment and

Toxicity in the Environment

NANOMICEX Mitigation of risk and control of
exposure in nanotechnology based FP7 2012-04-01 2015-03-31  Execution 4.799.593 € 3.535.290 €
inks and pigments

ENVNANO Environmental Effects and Risk
Evaluation of Engineered FP7 2011-12-01 2015-11-30  Execution 1.196.260 € 1.196.260 €
Nanoparticles

NANEX .
Development of Exposure Scenarios

: FP7 2009-12-01 2010-11-30 Completed 1.005.897 € 951.876 €
for Manufactured Nanomaterials
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TABLE OF EUROPEAN NANOSAFETY PROJECTS (CONTINUING)

ACRONYM

NANOPOLYTOX

NANOVALID

NEPHH

NHECD

NEURONANO

MARINA

QNANO

SANOWORK

SCAFFOLD

SINN

PRENANOTOX

TITLE

Toxicological impact of
nanomaterials derived
from processing,
weathering and recycling
of polymer
nanocomposites used in
various industrial
applications

Development of reference
methods for hazard
identification, risk
assessment and LCA of
engineered nanomaterials

Nanomaterials-related
environmental pollution
and health hazards
throughout their life-cycle

Nano health-environment
commented database

Do nanoparticles induce
neurodegenerative
diseases? Understanding
the origin of reactive
oxidative species and
protein aggregation and
mis-folding phenomena in
the presence of
nanoparticles

Managing Risks of
Nanoparticles

A pan-European
infrastructure for quality
in nanomaterials safety
testing

Safe Nano Worker
Exposure Scenarios

Innovative strategies,
methods and tools for
occupational risks
management of
manufactured
nanomaterials (MNMSs) in
the construction industry

Safe Implementation of
Innovative Nanoscience
& Nanotechnology

Predictive toxicology of
engineered nanoparticles

FRAMEWORK
PROGRAMM

FP7

FP7

FP7

FP7

FP7

FP7

FP7

FP7

FP7

FP7

FP7

START
DATE

2010-05-01

2011-11-01

2009-09-01

2008-12-01

2009-02-01

2011-11-01

2011-02-01

2012-03-01

2012-05-01

2011-08-01

2013-01-01

END DATE

2013-04-30

2015-10-31

2012-08-31

2012-11-30

2012-01-31

2015-10-31

2015-01-31

2015-02-28

2015-04-30

2014-07-31

2015-12-31

STATUS

Execution

Execution

Completed

Execution

Completed

Execution

Execution

Execution

Execution

Execution

Acception

TOTAL COST

3.297.287 €

13.362.843 €

3.096.159 €

1.619.808 €

4.823.050 €

12.481.840 €

9.256.856 €

4.787.694 €

3.710.014 €

2.034.439€

1.289.902 €

EU
CONTRIBUTION

2.433.555 €

9.598.816 €

2.428.496 €

1.448.228 €

2.498.000 €

8.999.924 €

7.000.000 €

3.409.185 €

2.537.000 €

1.499.493 €

997.734 €
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