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A0 TO ATOUO OTO VAVOUETPO......

» O UALKOG KOOMOG aroteAeital ano datopa. Tov LoXupLlopo auto dtatunwoe Adn mptv ano 2.400
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Einstain estimate size Ernest Ruska and Max Knoll
of sugar compound to 1 nm constructed the first

Xpovia o EAAnvag Stavontng AnpoKpLTOG.

» Eva vavouetpo glval Eva EKOTOUUUPLOOTO TOU XIALOOTOUETPOU

Richard Feynman lecture:
A 6' man is 1,62 meters tall electron microscope "There's Plenty of Room at the Botton"
or 2 billion nanometers or Blood Cell

2,000,000,000,000 nm
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i py (STM) " s
was develoed by Gerd Binning The term "nano-technology’
and Henrich Rohrer was first used by Norio Taniguchi

Eric Drexler seems popularization Sumio Jijima invented
‘anotechnology "Engines of Cration" the carbon nanoparticles

1986
2004

Royal Society report The National Nanotechnology Initiative (NNI)
on the of ay was created in the US

BN National
THE ROYAL Nanotechnology
SOCIETY Initiative

Nanoparticles are used to target drug Studying the effects of nanopanlcles
delivery to cancer tissue in vivo on the environment and organisms

NQnotechnolégy
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Known Technology from Ancient years!

Gold Bullding Blocks

To "norrp! Tou Aukoupyou




NavoTteyvoAoyia 6TOV (PUGLKO KOGLO...
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To péyebog twv akdpewv eival HOAC €va O€kato tou XAlooTOUETpou. Me TO €L8LIKO
NAEKTPOVIKO ULIKPOOKOTILO odpwong ESEM, eival paAlota Suvath n mapatrpnon Twv akApeEwV.

To péyebog yla tn HETPNON TWV KUTTAPWV EVOL TO HLKPOV TOU HETPoU. O PNXaVIoPOC Tou
KUTTAPOU €ilval AKPwE TTOAUTIAOKOG.

JNUOVTIKO CUOTOTLKO OUTOU TOU KNXOVLOMOU £ival Ta pLBoocwuata, Tou Tapdyouv OAa Ta
mbava popla mMpwreivwyv oUpdwva pe TI odnyle¢ Tou yevetikol UAWoU DNA. H taén
pey€Boug Tou ploowpatog eival 20 vavopetpa. Mépn tg Soung Tou PLBOCWHATOG £XOUV
TIA£0V KOOOPLOTEL LEXPLG EMUTESOU UELOVWHUEVWV ATOUWV.

»  OLmpwrtol kapmol autou Tou eidoug vavoBlotexvoloyiag ivat véa pdappaka mou decpelouy

Ta pLBoocwpata Baktnpiwy.

OL oaUPEG YKEKO UmopolV va avappixnBolv oe omolovénmote Toixo eattioag tng vavotexvoloylag.
To méApQ Tou YKEKO eival epoSlacpévo pe Aemtotata TpLyidia Ta omola eival TO00 UKAUTTA WOTE
yla peyaia Staotrpata va npooeyyilouv to untofabpo pepikd HOALG vavopeTpa. Tote apxilouv va
Spouv ot Slapoplakoi deopol Van-der-Waals, Suvapelg oL omoieg, mapotl eivat aoBevéotateg, ivatl
LKAVEG val d€pouv To BAPOG TNG caUPAG AOYW TWV EKATOUUUPILWY onueiwv pocduaong. OL deopol
XOAQPpWVOUV EUKOAQ OTIWG OTAV ATTOKOAAQTAL CUYKOAANTLKN Tawvia.



E@aployEG NG vavoTEXVOAOYLOG

4

4

Ztov KAASO Twv nAeKTPpOVIKWV UmoAoyiotwv, ABoypadia onuaivel TNV TEXVIKA
SLapopdwonc oOAOKANPWHEVWV KUKAWUATWY NAEKTPOVLKWY UTTOAOYLOTWV (Toum) pe tn Bonbela
ToU $dwWTOC. H texvik] aut ouviotatal otnv emkAAuPn TEAEL oTIABWHEVNG TILPAVELOC
NULoywyou UALkoU - mAakbiwv mupttiov (wafer) - pe pwrtoegvaiocOnto eniotpwpa emi tou
omolou TPORAAAETAL N €lKOVA KUKAWHATOG. Metd tnv eudavion touv dwrtosvaiobntou
ETULOTPWHATOC ATOKOAUTITOVTOAL OL TIEPLOXEC TOU TAaKLOLloU Ttou ektéBnKav (1} Sev ektEONKAV)
0To PwC, OL OTIOLEC EV CUVEXELO ATIOKTOUV TLG EMBUUNTEG NAEKTPLKEG LOLOTNTEG, LE Slepyaoieg
OTIWE N XNULKA Xapagn, n epduTELON EEVWV ATOUWY KoL N evamobeon.

HAekTpLOpOG amo Beppdtnta, OeppotnTa and NAEKTPLOUO — OEPUONAEKTPLKA CUCTHOTOL
Owovopieg a la nano: peyaAutepn dveon He PIkpOTepn darmavn UALKwv. Kat ol U0 aUuTEG
TEXVIKEG TTOPEXOUV SUVATOTNTEG TIEPLOPLOMOU TNG EVEPYELOKNG KatavaAwong kata 90 %. Ou
LED kat ot OLED kataockevalovtal pe tn Ponbela tng vavotexvoloyiag. EAv ekatoppvpla
volkokupla e€olkovopouv kilowatt, to aBpolopa avepxetal oe gigawatt — n oxuG mMoAAwv
HEYOAWV oTabuwyv nAektpomapoywyns. HULaywyog: UALKO TOu oTtolou oL NAEKTPLKEC LOLOTNTEC
elvat duvato va puBuilovtal okOTIUWE LETAEL TWV NAEKTPLKWY OLOTATWY TOU HLOVWTN KAl TOU
aywyou. OL nulaywyol eival amd ta omoudaldTeEPA CUOTATIKA CUYXPOVWV BLlopnXaviKwy
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OL EQAPUOYEG TNG VAVOTEXVOAOYLAG

»  KoAAoedny AtaAUparta:

»  Agponnktwpato: To SLAAUTIKO HECO €VOC TTNKTWHATOC €ival duvato, umd mpoilmobéoelg, va adalpebel,
WOTE TO KABAUTO MAKTWHA va SLaTNPOEL TOV EEWTEPLKO TOU OYKO Kal va TiPoKUYPEL eEALPETIKA TIOPWOEG
UALKO TTOAU HILKPAG TtukvoTnTag, SnAadn agpomnKTwiA.

»  YneppoplakeéG KAWouAeg pappdkwyv: Ta xopnyoUHeva ¢apuako HUopolv eniong va teAelonolnBbolv oe
e€alpeTiko Babuo. Oa TomoBetouvTal pEoa O KEVA KoL umteppopla (umo e€€AEn), doxela petadopadg os
vavokAlpaka, mou Ba SlaBgtouv kepaleg, otic omoleg Ba elval otepewEVEC aoONTpLleg MPpwTElveG
TIAPOUOLEC HE avTiowpata. Otav auteg Oa €pyovtal o emadn pPe SOUEG TTou xapaktnpilouv tov maboyovo
TIAPAYOVTO — TOLXWHOTO KOPKLWVIKWY KUTTAPpWY, Baktnplwv —, Ba cuvdEovtal kal Ba petadidbouv €va onpa
OTO KOLAO pOplo- TOTE auto Ba avolyel kal Ba anmeAeuBepwvVeL TO TIEPLEXOUEVO TOU. ME TN GUYKEKPLUEVN
vavotexvoloyia Ba pmopovoav va xopnyouvtal UPnAEC 800l papuakwy KateuBeiav otnv €otia TG
vOOoOU, XYWL va emBapUveTal O UTTOAOLTTOC OPYOVIOHOC.

»  Mayvnuikd owpatidia ywa th Oepancia tou Kapkivou: Me avaloya texvaopata eival duvatov va
0o6nynBolv oTIC €0TIEG KapKivOU payvNTIKA cwpatidla vavokAipakag, To omola Katomw Bepuaivovtal pe
™V epoappoyn NAEKTPOUAYVNTIKOU Tediou Kal Umopolv va KataoTpéPouv Tov Oyko. Ta voavoowpatidla
SlEpyovtal emiong amd to ovotnua o¢iAtpou TOU OVOMAZETOL «ALUATEYKEDAALKOG payUOC», UE
amoTEAECUO va prmopolv va KateuBuvBoUv Kal TPog Oykoug Tou eykepaAou. Aut n Aeyopevn
«UTIEPBEPULO HayVNTLKOU PEUCTOU» avamtuxOnke amd tnv opada epyaciac pe erikedaing tov BLoloyo
Avtpéag T{opvtav Kal Twpa apxilouV oL KAWVLKEG SOKLUEG TNG



Structures used in Drug delivery systems

targeting ligand

Molecular VeS|cIes / -
Carriers Multifunctional
Dendritic

Polymers
= @aceutlcal C@

Nanoparticles

PECs

Nanogels



Other structures

cleavable L
spacer @ TI"'#
solubilizing targeting
group maoiety

¢

Spontaneous
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e ca. 10-50 nm
M = active agent {e.g. drug, fluorescent dye)
P = fargeting group (&.g. oligosaccharnde)

polymer backbone




Nanospheres as Drug Delivery Systems

Therapeutic Benefits
Carrier for hydrophobic entities

Multifunctional Systems

» Targeting groups

» Image Contrast Agents
» Coatings

> Pegylated

» Active and passive targeting

v" Solubility

v Reduced toxicity

Targeting
Molecule

PEG
(polyethylene
glycol)
Image Contrast
Agent



Nanospheres fabrication

» Emulsion polymerization: 50—700 nm
» Distillation precipitation polymerization: 0.1-100 um
» Suspension polymerization : 50 — 500 um

» Dispersion polymerization: 500 nm — 10 pm.
» SOL-GEL



Emulsion Polymerization

In emulsion polymerization there are some key
“ingredients”:

» The monomer must be insoluble in water and
polymerizable by free radicals

» Water-soluble initiator
» Water

» Surfactant



Example of polymerization

» Emulsion polymerization

0.
S0 A
K+ o) | - K+ 2 2 \\S//
e .o S
g K* ~0

v Evagén
v TIp6odo 5% n
v TeQUATIONO - O O

Efthimiadou Eleni, NKUA, ChemUoA



http://en.wikipedia.org/wiki/Radical_polymerization

Mechanism.

..1nitiation
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Mechanism...progression & termination
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SOL-G!

SOL-GEL SCIENCE

|

The Physics
and
Chemistry
of
Sol-Gel Processing

C. JEFFREY BRINKER
GEORGE W. SCHERER




Aladikaoio AVpatog-mmkng (sol-gel)

» MNPpOOPOUEC EVWOELC: €lval Ol EVWOELS LETAAWY PE aAkoéeldio
tuntou M(OR)x, (omou R = CH;, C,H., CF;, kK.ATL).

» H ¢von tou petdlou kol Twv cuvadwyv opadwv R pmopel va
ETMNPEACOUV TN TOXUTNTA OXNUOTIOMOU Kol TLC LOLOTNTEC TOU
TeALKOU UALKOU oelblwv.

» OL ouvBeoelc KOAAOELOOUC-TINKTWHOTOC TUTILKA Ole€dyovtal

nopovcio TTOALKWY SLAAVTWY OTwWC AAKOOAN 1 VEPO, OL oToLloL
SteukoAUvouv T SUo KUPLEC avtdpAoelc NG LOPOAUONG Kal
NG CUMITUKVWONC. / oo~
o\ / H, o
\/ /SI\O/\ Hzcl;

—

tetracthoxy silane



MetaAAika AAkoeidia

» MetoAka oaAkoéeidla eivar evwoelg tou Si(OR),, Omwg
tetpapebotuoihavio (TMOS) kat tetpaatBoéuoihavio (TEOS).

» Al, Ti, kat B sol-gel kat cuyva avoputyvuovtal pe TEOS.

T.X. TIUPLTLKA aAata apylAiou pmopoulv va Ttopayovtol HECW TNC
vdpoAuonc/ocuunUkvwone TVPLTOOEELSiwY, TOU  TMPOXWPOUV
HEow €voc evblapeoou mAgypatoc Al-O-Al  yvwotol wc¢
aAoupoéavec.

Al(OSiR;); + H,O - [Al(O)(OH)x — (OSiR;)1-x]n (gel) =
(Al,O3)m(SiO,)n



Avtidpacelg

YOopOAuon

Ta METAANIKA QAKOCEIdIA XPNOIMOTIOIOUVTAlI OUXVA WG  EKKIVNTEC  ETTEION
avTiIOpoUV €UKOAO HE TO VEPO KAl N avTidpaon n OTroia TTPAYUATOTTOIEITAl
ovopadetal udpoAuon. Mo ouykekpigéEva udpoAuaon eival n diadikaoia KATa TNV
OTToia £va MOPIO Wiag oudiag a@ou avTidOpAoEl NE Eva JOPIO VEPOU XwpileTal O€
U0 pEPN. To Eva atrd Ta dUo pEPN ouvoEeTal E TO 10V udpocuAiou (OH-) evw 1O
AAAO ouvdEeTal PE TO TTPWTOVIO (H+) OTTWwC deixvel Kal N TTapakKATwW avTidpaon
CH, ===Si-(OCH,),

Si(OR), + H,0 — HO - Si(OR), + ROH

To R avtirpoowTtrevel €va aAKUAIO Kal n opdda -OR avTiTpoowTrevel TNV
oMada Twv aAkoéeldiwv evw 10 ROH pia aAkooAn. H udpoAuon utropei va
gival TTAAPNG | MEPIKN avaloya PE TNV TTOOOTNTA TOU VEPOU Kal TOU KATAAUTN Ol
oTToiolI cUPMETEXOUV. H TTARPNG udpoAuon XapakTnpileTal

Si(OR), +4H,0 — Si(OH), +4ROH



ZUUTUKVWOoN

H ouptrukvwon €ival n avridpaon KAt TRV OTToia £XOUME
OUVvEVWON OUO MOopiwv Ta OTIoid €XOUV TTPONYOUMEVWG
udpoAuBei. O1 avTIdPACEIC TTOU TTEPIYPAPOUV TN CUPTTUKVWON
akoAouBouv

(t’_ﬁa‘R]3 .S'E—OH+H{?—5'§{OR}3 —> {'OR]E Si—0O-Si(OR), + H,0
2ourdxveooy H,O
(GR_}3 Si—OR+HO - Si(OR), %‘»{O’R}3 Sf—O—Sf(GR_}3+RGH

2oumbdrveoon Asxooinc



Anuovpyla YEANG

» OL avudpaocslg vOpOAUoONC Kol OCUMMUKVWONG OL  OTOoLEC
avadpEpONKAV TTPONYOUUEVWE EXOUV WC ATIOTEAECHIA TNV OVATITUEN
cuoowpatwpdatwy (clusters).

» H avénon Ttou peyeBouc TwV OUCOWHATWHATWY odnyel otn
dnuloupyla €VOC EKTETAUEVOU CUCOWHOTWHUOTOC TO OTIOLO EMELG
amokaAeital yeAn (gel).

» 2T0 oTtadlo oxnUATIoOHoU TNG YEANG TOAAA OCUCOWHATWHATO
Bplokovtal akopa “pumepdepeva” otn ¢aon tou AVpATOC aAAQ
KaveEva Oev CUVOEETOL UE TO EKTETAUEVO CUCCWHATWHAL.

» Me tnv mdpodo tou XPOVOU Ta CuCCWHATWHOTA TIou Bplokovtal
otn $aon Tou Avpatog apxilouv olyd — olyQ VoL CUVEVWVOVTOL LE TO
dlktuo pe amoteleopa tnv avénon tng akapdia tng yEANC.

» O OXNUOTIOUOC TNG YEANG TPOYHATOTOLETOL OTOV OoXnMaTileTaLl o
tehevtaio¢ Odeopog petall SUO HEYOAWV OCUCOWHOTWHATWY HE
QLECO OTTOTEAECUO TO OXNMOTLOMO EVOC TEPAOTLOU HOopLov.

Sol — Gel Science — The physics and Chemistry of Sol — Gel processing, C. Jeffrey
Brinker, George W. Scherer (Academic Press, 1990)



ApaoTIKOTNTA AAKOEELS LWV

Si(OR), << Sn(OR), ~ Al(OR); < Zr(OR), <Ti(OR),
HeyaAUTeEPA Kol Tilo NAEKTPOBETIKA METAANQ OF€
nupnvodAn mpooBoAn amnod to vepo n udpoAucn Twv
TMEPLOOOTEPWV OAKOEELOLWV TWV METAANWV €lval TTOAU
Taxela, kat odnyet otnv aveéeleyktn kabilnon.
Napayovtec puOLONG TOXUTNTA UOPOAUGNC
» H avaloyia H,O/M(OR)

» H dvon tou petaAAikoU aAkoéewdiov (m.x. n OR
opAdo TOCO UTTOKATEOTNMEVN Elvall 1 ToV aplOUo Twv
OUUTTAEYUEVWV HETAAAWV)



[Tapayovteg mov emmnpedlovv TIG avTIOpAcEeLS Sol-
gel

» KataAvtec oéca (m.x., HCl, HF) n Paocelc (m.x., KOH,
apiveg, NH3) tic ¢uolkec BLOTNTEC TOU  TEALKOU
NPOLOVTOC.

» oL  avitldpaoelc oupmukvwong apxilouv evw ol
VOPOAUTLKEC Olepyaoiec Bplokovtal o eEEALEN.

» petoBairlovtoc to pH, kat tnv avaloyia [H20/ M(OR)n],
KOL TOV KOTOAUTN MIMOPOUME VO OVOYKOACOUME TNV
oAokANpwaon tn¢ ubPOAUONC TIPLV ATTO TN CUMMUKVWON.



‘0&vn (kataAvopevn) vOpOALOT KAl CUUTIUKVWOT)
£VOG TIPOSPOLOV TTUPLTO-0AKOEELS OV

RO)Si—OR + HE® 3t o (RO)S—O—R
-

- —#
,/; \ RO or | ROHH

g S R. "
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Chemical Reviews, 2004, Vol. 104, No. 9 3913



AdkaAikn (kataAvopevn) vEPOAVOT KL CLUTTUKVWOT)
£VOGC TIPOSPOLOV TTUPLTO-OAKOEELSLOV.

[ RO OR T EIEIF.

/f _h‘\\‘- —_ | R ;?\\S{’ OH __—_'i" (R385 —0OH

(ROS—O0—R  OH® ©

TN,

IIF.E']:-ISL_\H__'_DH + (RO)35 —

” N

- + u

RO op
(RO)8—0— EL—GH _:-'i"'_ (RO BIOSI0R ),
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Xx€om NG popoAoyiag cuvaptnoel tov pH katd
™ Swadikaoia sol-gel
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Growth & Gelation
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R R R R

| I | I
HO—M—OH + HO—M—0OH —#= HO—-M-0—M-—OH + H0

| | I |

R R R R
Chain
R R R
I I
n | HO—M—OH - HO—|M—0| — M —OH + (n-1H,0
I I |
R n-1 K
Ring
I
R i R
AF- 38 b 1R
R R-—M” M—R
| | A T
(n+4 | HO—M—0OH | = 0 1 Q0 + (n+4) H,O
| | I
R R —M-x R M—R
A28 FR Al
R I R
R



Transition metals in sol-gel

» |5t step: Metal salts hydrolysed

H H
) Y ) M-(OH,) M-OH  M=0
M** + :D\\ el = D\ . Aquo Hydroxo Oxo -

H H
Olation: Tov oXNUATIONO CUUTTAEYUATWY TTOAUVUPNVIKOU CUVTOVIOHOU PECW OPAdwy udpoguliou
WG YEQUPWV PETAGU METAAAWY KAl TTPAYUATOTTOIEITAI HETAEU 2 METAAIKWY KEVTPWYV. H avTidpaon TTpaydaToTTolEiTal
ME Evav pnxaviopo Sy o1rou n OH opdda gival To TTupnvo@IAO Kail TO VEPO N ATTOXWPEOUCa Ouada.

8- A% A H
M—0OH . M "OH2 e M—0—M HZO Q(OH "y
e ienemet® ) - —
2. Ze
M s M (MIOH, |, I' === [MIOH,), ] +H0 SN,
ot A .
>o~ . M—o”n, —_— NoH—m « H0  JOH»
M \/ / M/ u' q.'r.Rb'lcs'
i . . .
5- 3 Be Mg’ ca’'s’ e'.'
L e S L L M7 M+ 2H0 O A l l W' ™ N
H,OC'M . /M~-:-J0H2 - \o/ 27 2 2 . r l
HOb_ H In Tll' z 2 Cd:- Hg:-
o | l r I I
H H V?' F I 3 2 20 2+ 20, 2+ o 20 20 .
. 0 e Co Ti NI Co Fe Tn Ag'Cr Cu l\1n .
3 N L ] || L] log K(s”)
M=OH~M — M—-OH—-M + H0 ,(OH) S 4 t } + t + + + +
ISl ¥ o 1 2 3 4 5 6 7 8 9 10
H,0 OH - . . .
3 - H Lability of some aquo-ions ranked according to the dissociative rate constant, From

: ’ Livage | ase 2
Olation mechanisms. From Livage ef al. [8). (OH), terminology defined in text. "¢ ef al. 18], based on the data of Elgen {19) and Kruger [20].



oM ®OH OHO

Transition metal polycations [8]:

{a) [My(OHNOH,),)**, M = Mn?*, Co®*, Ni¥* [10]; (b) [M,(OH),(OH,), [# 2,
M = VO, Cr**, Fe**, Ti'*, Cu** [10]; (c) [Cr(OH)OH,),,1** (23];

(d) (M, (OH)(OH,),,]™, M = Cr', Co' [24]; (eiMOH),(OHy),]"", M = Co*",
Ni?* [22); (D) IMJOH)(OH,) )", M = Ze**, HI'", [25,26).



2. Oxolation: Eival n avtidpaon CUUTTUKVWONG TNV OTToia pia 0&o yéupa oxnuartifeTal
METACU OUO PETAAIKWYV KEVTPWYV. OTav To NETAAAO Oev gival TTANPWGS UTTOKATECTNHUEVO
TOTE N AvTiOPACN TTPAYUATOTIOIEITAI CUUPWVA PE TO UNXAVIOHO Ay

O O

. ’ M
_M t M -+ M h’t " 1{(]‘]1
4 “ - }
0 O
0 O
’ SN
M +0-M = —-M—0-M (0),.
N , Vs "

O O

Otav 10 HETAAAO gival TTAAPWS CUVOPUOCHEVOTOTE N
avTidpaon TTPAYUATOTTOIEITAI CUN@PWVA JE TO UNXAVIOWO
2 oTadiWV PETACU TWV OZOUDPOLO TTPODPONWY EVWOEWV
TTepIANAPBAvovTag Wia avridpaon TTupnvoPiAn TTpooonKng
akoAouBoupevn atrd atrooAr evog PJopiou vepou
Qorte va oxnuatiotei M-O-M deopog.

H

| M—OH + OH" -+ M—0" + H,0
M=OH + M-OH ~ M—0—M—oH HE=) M—0" + M—OH -+ M—0—M + OH
( = M—0— |
H OH

o ] . . .
M—0-~M -+ M—0—M + H,0. H avTidpaon kataAuetal ae aAKAAIKO TTePIBAAAOV OTO

OTTOI0 QATTOTTPWTOVIWVETAI O UOPOLO UTTOKATAOTATNG
ONMIOUPYWVTAG EVA IOXUPOTEPO TTNPUVOPIAO



Parameters for consideration

Surface chemistry

®
% & °

3 NH,

rough vs smooth

surfaces
’ nanodlscs

liposomes
‘ nanorods Nan‘ter jals
nanospheres ‘

X polymeric
%é NPs
nanocubes /
_‘_ dendrimers

size: actual

polymeric
micelles

Geometry and surface effects

and hydrodynamic d . ) micelles
proteins
small Ilgands
peptldes

antibodies

Ry aptamers
and derivatives andl Giher

nucleic acids

Targeting elements

o
R/

protein NPs

quantum dots

carbon nanotubes

Viral particles
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e we ABRAXANE® for Injectable Suspension

praane | (paclitaxel protein-bound particles for
= | injectable suspension)

Feridex: FDA

approved MRI :

contrast agent which Genexol-PM: A biodegradable
is Iron oxide poly(ethylene glycol)-poly(D,L-

lactide) copolymer micellar
nanoparticle-entrapped
formulation of paclitaxel

FOR ADULT USE 45 mg for 6-month administration
; g R e In«dlui«h.l ;«‘:I ™ safety device NDC 0074-3473-03
gg R = S et 0
o g i (]
g 18 soenron puammacy UoE. 2 LupronDepot
ﬁ zE Ock etk Sy e (Leuprolide Acetate for Depot Suspension)
m § g:u\zi"(‘(wn;mm'x? 45 mg
- ‘E. eyl for 6-month administration
;, Nor oo I s FOR INTRAMUSCULAR INJECTION
- EXP. ?’mwlnl '!.—‘
I 04-A738-R2 3 0074304730300 2 Pt Bronty - )

Doxil (Doxorubicin
HCI Liposome
Injection)

Leupron Depot: Leuprolide in
PLGA microspheres



Synthesis of inorganic NPs for other
applications
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Sythesis and morphology of NPs SEM &

TEM characterization
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Liposomes

Ta Aumoowpata avakaAvgbnkav tn dekaestia
Touv 1960 amo tov Alec D. Bangham. MNapoAo
TOU N ATMOTEAECUATIKOTNTA TOUG NTAV Kal
rapaugevel adlapg@loBnTnTn, TO LYNAO KOOTOG
Mapaywyng TOUG ATMOTEAECE TNV Kupilapxn
attia Tov Ta Aloocwpata oev
xpnmponou’lenKav WG  Yopeic OpacTIKWV

OUCLWV YLa apKETA XPovLa.
Ta Atmocwpata anoteAovvtat ano (pr(pOMI'tlﬁlu Ta

omoia eivat emione TtTa Odopika otTolxeia TN

Kurtaptknc pac pepppavng.
aroteAovvTal Aamno OTl Kdl ol KUTTGleSC Hag

HEUPBPAVES eivau Blocvppata Kat
Bloamoitkodopunotpga. To TeAeLTAlO onuaivel TWC
g€Xouv TNV LOLOTNTA va amopjakpuyvovtal amo Tov
avlpwriLvo OpyavicHo, XwPIic Kapia avermibopntn
EVEPYELD, E€VIEAWG (PUOLOAOYIKA. 2ULVETWG, Td
Amoowpata, AOyw Twv Qwo@oAudiwy eival
acpaAn ywa T PETAopd  BLTapvwy  Kal
OLUUTIANPWHATWY  dlaTpoPng OTovV  avepwriLvo
OpYavLouo.

A. Conventional liposome B. PEGylated liposome
Hydrophobic drug :

Genetic material

(e.g., DNA, RNA or Polyethylene glycol (PEG)

SiRNA) S P
Hydrophilic drug s ) = ) )/, [
Phospholipid { P ® '
(e.g., anionic, d
cationic or
neutral)
............ 'Aptamer
/
Imaging agent : /-/* J J \ k <—Ant|body
(e.g., Gd-DOTA- L. ). Ve
DSPE for MRI) & > f( ( ( ?k % <«— Protein

/ _ <—— Peptide
Targeting ligands \)’ N *~ Small molecule
(e.g., antibody) \)§ P ®
i¢ % »<— Carbohydrate

D. Multifunctional liposome C. Ligand targeted liposome
(e.g., theranostic liposome)

‘.qub!j,‘
-"! .t.t“ﬂ.. “f‘, '
L Fag L

Upld ollayer memiorane
Cormposed of Phagpholipkd
Cnolestenc]

e 54

; /"ﬁm
oone, Pl
"ﬁ' e
"
]
(o)

e
...'...

Water- scluble
g

C ol
® @
0
()

et

PEG polymer =
il /

Fig. 1: Unilamellar stealth liposome



Liposomes synthesis for BBB
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Liposomes formation
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Analogues

Man2D0G h-Sam Food supplement

Man4DOG l me As C OI_I P@

Liposomal Vitamin C
1000 mg

l)WW‘utathione
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Lipids functionalization
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Iron

oxide NPs
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Internalization in vitro

. . (o] .
NP internalization acg; Cellularassociation

via endocytosis

Receptor ¥
recycling

Mltochondrlaltargetlng of NP
Early
endosomes ) >

Endosomal

Lat escape Mituchondria
ate
endugomgg© \ ucleartargetlng of NP

Nucleus

Cylopla smlc deliveryof NP
Lysosomes and freedrug

e Drug loaded nanoparticles (NP) o Freedrug w  Receptor



Application of Liposomes to BBB

<—COOH-PEG2000-DSPE ~ P-aminophenyl-a-D- -
manno-pyranoside

" +—NH,-PEG2000-DSPE © .
Transferrin ( p)

Lipid bilayer membrance

Daunorubicin

Daunorubicin liposomes

Theranostic liposomes



Targeted Liposomes for BBB(Blood brain
barrier= auato-eyke@aAkog @Qayuog)

/( l)\
/\-"P
o

y ..“ PEG — \‘L
: A ‘. e - PEG—
2 (‘v‘ D-Phe
o

HS
Liposome Maleimide Cyclic-RGD Targctcdl:posomc
Group

(‘ "—D-Ph

It shows human brain endothelial cells
(which make up the BBB) treated with
liposomes functionalized peptide

attached to a PEG-lipid and labeled
with red fluorescence




Synthesis of microspheres

Efthimiadou Eleni, NKUA, ChemUoA



v'Microspheres using emulsion
polymerization

Swelling procedure of
seeds

Emulsion Polymerization

. @EIY,
Suspension -‘f-‘.‘"
in water 'i;:""-.

Y

PMMA spheres

PMMA spheres
as seeds swollen Different percentage l
of hollow Spheres
Step by step

Schematic presentation of fabrication of hollow microspheres

v One step core shell spheres fabrication

v' Create a large void

v" The use of surfactant is avoided

v" The cavity can be enlarged after solvent etching



Microspheres using Layer by layer

technique
‘ . 4 Cross linking
Core Layer by Ier deposition

w ¥ v Target group
Drug loading
o Magnetic nanopatrticle 3 Polycation
~ PEG r
,.‘ Target group: peptide, antibody, small molecule o Polyanion
e Drug — Ligand



Micelles

Hydrophobic block

AAAANAAAAAAN A .
Hydrophylic block Drug o
CH;0
Drug:
Advantages
* Small size

Chemical modofication
Characterization with NMR

wnannannaan s

o/wW

Drug chemically attached

0 OH 0
OH
“ “ -" OH
o OH o
0

C
Doxorubicin ; OH

NH,



Micelles
A

9 )
BH,.THF 1.0M  ZHN /\( )
ZHN\/\/\HLOH 3—> \/\/Y\OH . ZHN\/\/Y\O (o] H
HN_ .O -10°C to 0°C HN_O —— > HN__O m
Y rt, 2h Y Sn(Ocy) ¥
><o ><o Toluene 130°C, 24 h ><o
1 2 3

TFA 50% in CH,ClI,
DCM

o 0
—)— ZHN 0-\_y mPEG-COOH
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rt Y

-
HN. 0 i A
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Characterization of nanocontainers

» Structural Characterization

a FT-IR
2 RAMAN
a2 NMR
a UV
» Morphological characterization

a SEM (Scanning Electron Microscopy)

a TEM ( Transmission Electron Microscopy)
0 AFM

2 DLS



NMR characterization

4.324
1
1

Characteristic
Cbz-Lysinol

—

Characteristic peak of

Y mPEG
> s
Peak of Boc protec
Characteristic peak of PLA
J Characteristic peak of
l Lysinol peaks PLA
I ' 1 I ARJ l
A
iz . 10 ¢ 8 7 $ 5 4 3 2 : ppm 76 70 65 60 S5 S0 45 40 35 30 25 20 15 pm



DLS & UV spectra showing the stability of
micelles

Size (nm)

400 600 800
T T T T
06 i
1 0,4 Micelle after 24 hours .
240 -
1 T=37°C 02 .
220
1 L
200 - 06 T
»
180 - .\ g 0.4 Micelle after 12 hours
—— ¢
160 et .~ 02
J 0,8 ] . L
140
0,6 | -
120 0,4 Micelle after 30 min
100 T T T v T v T g T T T y 0.2
0 2 4 6 8 10 -
. 0,0 1 A L .
time (h) 400 600 800

A (nm)

Particle size of micelles after being incubated in PBS ~ Absorption spectra of Dox-micelle aqueous solution 30 min after
containing 10% FBS at 37 °C for various periods of time. preparation, 12 and 24 h storage in dark.

Efthimiadou Eleni, NKUA, ChemUoA



SEM 1images

» SEM

SEM images of different stages in seed polymerization, a) Seeds of PMMA, b)
Strawberry-like surface in which a small cavity was formed, c¢) Hollow spheres after
|0 min CHCI; treatment with full template removal

Efthimiadou Eleni, NKUA, ChemUoA



TEM images

TEM image of hollow spheres.

Efthimiadou Eleni, NKUA, ChemUoA



Functionalization

Dr. Efthimiadou Eleni, NCSR DEMOIERIT@SBIou Eleni, NKUA, ChemUoA



Functionalization of microspheres
[ Magnetic nanoparticle functionalization Fe;O, (Magnetic
functionalization)
O Peg functionalization (Polymer coating)
O FITC functionalization (Fluorophore)
[ Folic Acid functionalization (Targeting Agents),VGFR/EGFR (Growth
Factors)

1 Gd nanoparticles or DOTA Gd (Lanthanide dopant, As diagnostic

Targeting Agent (= =====d _ — — Polymer Coating

system)
 Peptide (For specific targeting) Therapeutic Agents < 2¥ - Nanoshell

Q Ligands (Cell membrane

~ = _Lanthanide Dopant

. 5 e
penetration ligand) enetration Ligand

, N~ - Magnetic Core
Q DI’UgS Fluorophore — — — — -

Efthimiadou Eleni, NKUA, ChemUoA
J. Mater. Chem., 201 1, 21, 13107—-13127



Functionalization reactions

» Nucleophilic Addition

» Carbodiimide chemistry

Esters (Acid sensitive)
Amides (Peptidase sensitive)

» Other functionalizations

Acid sensitive

More............... reactions

Efthimiadou Eleni, NKUA, ChemUoA



Nucleophilic Addition

The nucleophilic oxygen
reacts with acids and electroniophilic groups
'} :.

o/
. oys /\ ||

The electroniophilic carbon C

reacts with basis and nucleophilic groups "5+

What is electrophilic 2???
Electrophilic : positive, electron poor, cation, e receiver.

HAektpoVIOPLAO = «OETIKO», NAEKTPOVIOKA «PTWYO», KKATLOV-OELOECY,
OEKTNC-€e-

What is Nucleophilic 722!

Nucleophilic: negative, electron rich, anion, e donor.

HAektpoviodpAo = «ApvnNTIKO», NAEKTPOVLOKA «TTAOUCLOY, «OVIOV-0ELOECY,
dotnc-e-

Efthimiadou Eleni, NKUA, ChemUoA



Nucleophilic addition mechanism

T e.g. NH, OH
N

Efthimiadou Eleni, NKUA, ChemUoA



FITC functionalization

w
©)
T

O
v
o
~ Si(;\/\,\,,_,2 OH _
\ DMSO, Et;N
lyophylization

Efthimiadou Eleni, NKUA, ChemUoA

Characterization IR, NMR



Carbodiimide chemistry

R
According carbodiimide chemistry \

- A

N,N'-dicyclohexylcarbodiimide N,N'-Diisopropylcarbodiimide
DCC DIC

e O

\/\ - EDC
N

R'= ‘

1-Ethyl-3-(3-dimethylaminopropyl)carbodiimide

Efthimiadou Eleni, NKUA, ChemUoA



Mechanism of Nanomaterial’s

Functionalization
R
\N:C—N R
R ~ TN=—c=—n
od o/
H
R l R

Activated ester

O)\N/\/RZ

Efthimiadou Eleni, NKUA, ChemUoA



Other functionalizations

G NaN;
OH >

CrO;,aq. H,SO
OH 3,4q 20V
Acetone

OH
/ CrO3,aq. stO4
C >
\ Acetone
R

R

Q- =

Drug

Imine or Schiff base formatio
Acidic sensitive
pHof endosomes

Efthimiadou Eleni, NKUA, ChemUoA

(0]
C// Acid
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OH
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Jones Oxidation

HO
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FITC functionalization

o'/\\
| - o

o
/\O@Si’\/\NHZ

N
L ~o- EtOH/H ,0
O_
FITC modffication| © °
. modification O
Sol Gel Process Synthesis Y
OH
» Hydrolysis Fluorescein isothiocyanate
—si— OrR= ——si—OH + ROH
S

» Alcohol Condensation d
==Si—OR + =—=si——OH ——=si—O0——si + ROH oosl\/\/NH HN O O
» Water Condensation O

——Si——OH,+ —Si OH = =~ ——g; o Si + HyO

Efthimiadou Eleni, NKUA, ChemUoA



Functionalization

Two ways of functionalization

/ \

addition : PEG
Coating: PEG, PLA, PLA, target moeity
Polysacharides, and other...

Efthimiadou Eleni, NKUA, ChemUoA



v Coating of Nanospheres

Synthesis by ROP:

HO (Ring Opening Polymerization)
0] OH

HO
HO OH H
OS____.he" fabrication ‘ Hollow Spheres * Increase Drug Loaded
HO OH HO
OH

* Improve the drug solubility
OH

Drug : Daunorubicin i ‘

# Bleomycin D,L-Lactide | Ring Opening « Tncrease the bioavailability
v~ PLA Polymerization

loaded 644 nm

) .4,:’ R, ¥ T

~8 » . 2N ..‘ ~6 AN\ . 904 nm i
"‘f ’ t - "‘ ( i & Intensity 23:: - ©\ %
biodegradable 1: J
character 0 dom 2000

Efthimiadou Eleni, NKUA, ChemUoA



PEG and Poly(Lactic Acid) coating

HN——PEGmM
(_jo
Q— C}
OH
_ Stannous octoate
D,L lactide

/\/\f‘\\n:l\/\/

HgC
— HO
O
CH3 CH3 n

Efthimiadou Eleni, NKUA, ChemUoA




PEG coating

» PEG-APS:
_\ EDC, Et;N _\
( o)
% (0)
Ofro)—2~  Of o) OH
m  pMAP (0]
mPEG-COOH

Efthimiadou Eleni, NKUA, ChemUoA



TEM images of PEG Coated spheres

» Deposition on the surface and crosslinking with the
COOH and OH groups.

PEG modification

.

0.2 ym 0.2 ym

Efthimiadou Eleni, NKUA, ChemUOoA



Peg Advantages
» PEG Moiety Properties

PEG is a particularly attractive polymer for conjugation.The
specific characteristics of PEG moieties relevant to
pharmaceutical applications are:

* Water solubility

* High mobility in solution

* Lack of toxicity and immunogenicity
* Ready clearance from the body

* Altered distribution in the body

Efthimiadou Eleni, NKUA, ChemUoA



Difficulties during chemical
functionalizations

» Monitor of the reaction

» Determination of —-COOQOH,
Back-Titration with NaOH

» -NH,,
Nynidrin test (Red color in TLC)
Kaizer test (Blue color)
Titration with picric Acid HC10.1 M

Fmoc determination

. o =X

'!
I\ /,!.\

— A9\
<
i |

excess of NaOH

. X ) Indicator
in the nanoparticle suspension

/

Efthimiadou Eleni, NKUA, ChemUoA



Solutions (e.g. Back titration)

HC10.1 M

Qe oo [ > (0

excess of NaOH

. . . Indicator
in the nanoparticle suspension

Neoon NaoH = Pcy

Efthimiadou Eleni, NKUA, ChemUoA



Targeting

Efthimiadou Eleni, NKUA, ChemUoA



Targeting

» Targeting
Passive Targeting Enhanced Permeation and Retention (EPR
( : TaONTIKA 2TOXELON, TO ULKPO

MéyeBog kat to SLtappnypévo evdéoBnRALo
ETMUTPETIOUV TNV AIMOTEAECATLKN KoL
EKAEKTLKN EOCWTEPIKEVON

Targeting of RES cancers
Size and surface chemistry

Active Targeting: Evepyntikn otoxguon
Ka@opLotikdg o poAog tnv emiPpaveLOKN G TPOTIOTOLNONG UE
Muwkpa popLa, UTTOSOXELS, TTEMTIOLO, TTPWTEIVEC KTA.

Surface chemistry allows

Functionalization/targeting molecules

Antibodies, e.g. Herceptin

Small molecules, e.g. folic acid
Cytokines, e.g. TNF-a

y Ultrasound

DOX-liposomes

Endothalial &
cells DOX-liposome-loaded™,,

microbubbles and ultrasound-,,

ECM
jJ Ultrasound DOX-liposomes
: Dax
Dox
o S e Limited endosomal uptake
T of Dox-liposomas
l Limited release _.fpox )
S9N rgake ™ of free DDX
o g N A -~ B
G Release of N . 'f Endosomal 8
#ua free DOX 1 degradation
| y
¢ \\EHGUSOH:E
Sonoporation .
DO X-liposome-loaded i : b
microbubbles and ultrasound - Limited
endosomal |
\a__ oscape [/
AN
I\_.Iuc:lgar~l\
import N5
Cytoplasm Muclaus

Efthimiadou Eleni, NKUA, ChemUoA



EPR Effect.mp4

Lifgrndian injering i Bood oy ier
s pas ey v e EPR eliesi Comrann e el
forreed an dorliol ol

e

Depfm e o “lpmiy”
WO ph T R

| 2 Efthimiadou Eleni, NKUA, ChemUoA



Ways of Targeting

» Nanomaterials

» Folic Acid

» Peptides

Efthimiadou Eleni, NKUA, ChemUoA



Type of nanomaterial

O Shape : Spherical, tubes, membranes...

4 Size :
(1< 200 nm Passive targeting (EPR effect)
Surface ligands 200 nm Active targeting using small
molecules

 Charge :
dPositive charged
Negative
dNeutral

Nanomaterial-cell
interactions

& Lipid bilayer

Efthimiadou Eleni, NKUA, ChemUoA



How the type of nanomaterial affect
Internalization?

Pinocytosis

Phagocytosis Macropinocytosis

k i Clathrin-mediated  Caveolin-mediated
ﬁ endocytosis endocytosis
o ol
e® o o

S

*Enclosing them in the membrane
*Endolysosomes (membrane- bound vesicles)
*Taken up into macrophage

*Clarithin

Efthimiadou Eleni, NKUA, ChemUoA



Internalization & Functional groups

oM O
-
y OH
o low The hydroxylic groups
AIOn H . . .
e oM affinity have a lower affinity
O s, than the NH, groups

cell membrane

> Efthimiadou Eleni, NKUA, ChemUoA



Internalization & Charge

- - +
- - o .. + % e . 0
F R O & S P
low - - affinity o e g s i i Q
affinity - " — g
- - — = cell membrane

s I:Z endocytosis

*Positive charged nanoparticles: high affinity
*Negative charged nanoparticles low affinity
* neutral

> Efthimiadou Eleni, NKUA, ChemUoA



Mechanism of Folic Acid Targeting

Folate g~a] Functionalized Nanoparticle(FNPs)

T
A

Folate receptor ™3 %

1. Membrane Invagination

recycling

| 2 Efthimiadou Eleni, NKUA, ChemUoA



Folic Acid modification
» HPC-Folic Acid modification

Pterin 5 Aminobenzoate  glutamate

(@]
N_ 1 H Q n GOOH RO OR ..
" | TQ_N een ' Ow HPC
HZNJ\\N N H CH, o 9
CH,
folic acid COOH n
R=H or CH,CH(OH)CHj
» The problem with polysaccharides EDC/NHS
...... The solubility in high pH!!For this reason the DMSO/H;0
NMR for this molecules.....Solid state NMR.
IR for determination!!! 0 OR
voss
(0)
?
CHp /7 COOH
H?—O CH,CH,CHNHp-Aminobenzoate-Pterin
CH; o}

»  APS-Folic Acid
» APS functionalized spheres and then reaction with
Folic acid (Buffer solution + DMSO)

Efthimiadou Eleni, NKUA, ChemUoA

HPC-folate



Peptide Synthesis

» Sensitive peptides either targeting groups or specific
cleavage

» GFLG-Dox : Sensitive at proteases hydrolysis????
Gly-Phen-Lys-Gly
Gly Lys Phen Gly

¢ == == = =_

+ Larbodiimide chenistry

Solid ph i i
olid phase . Ppo#geﬂonfﬂtpro#te#mns

@ NH, EEEE COOH + NH, SN COOH
_ NH, S CO NH BN CO NH EEEE CO -

Efthimiadou Eleni, NKUA, ChemUoA



Synthesis................

@ NH WS COOH + (Boc)NH NN — COOH

DIC, OXYMA,
DMF

(Boc)NH— IEEEEE— CO HN-— - COOH

Efthimiadou Eleni, NKUA, ChemUoA



Magnetic Nanoparticles : synthesis &
functionalization

Dr. Efthimiadou Eleni, NCSR DEMOKRIS&lou Eleni, NKUA, ChemUoA



Synthesis

Co-precipitation of the Fe salts (FeCl, and FeCl,)
Under N, !

Or synthesis on the nanospheres surface
Which is depended on:
0 Nanospheres surface functional group
-OH, -COOH, -NH,
0 The conditions
pH (10-12)
Temperature
0 The introducing properties
Under N, !

Efthimiadou Eleni, NKUA, ChemUoA



7 \\ Endosome
Q'( %% A\ //.O

Magnetic Particles coating

3 Fe304 D, L-Lactide

FePt NPs
. Extracellular Enviroment
Receptors ® (pH=7.4)

0 ,”—‘::\ / 11:-1"“-‘-—” -“-t;\\.

// — ‘..:/ ’ ')—/_‘\\

(| .// o e \ Lysosome |\
1 % \\ 2 8’H~5) |\
\ i |
.\\\ \ Adn |
e Nuclear // (! | f
\ \\\\ 8 AN [/ Released Fe |
N = 2 /|
\ /'/
\\\\_@—_\ H202 -OH + OH
\\\\_\< Mitochondria (ROS) /
i \\ ——— E = ~—:_,f,/':’/

Efthimiadou Eleni, NKUA, ChemUoA




Loading & Release

Efthimiadou Eleni, NKUA, ChemUoA



Encapsulation efficiency & Loading capacity

Loading capacity % = weight of the drug in microspheres/total weight of the
microspheres x 100

Encapsulation Efficiency % = weight of the drug in microspheres / weight of
the feeding drug x 100

Efthimiadou Eleni, NKUA, ChemUoA



Factors affecting Loading and Release

The drug loading depends on:
» Solubility of the drug
» MW of the polymer
» Interaction between the polymer and Drug
» pKa of the Drug and pKa of the polymer
» What is pKa???
Acid Dissociation constant, K,

HA A +H*

po = ATIET]Y Weak Acids : —2 to 12
B / [HA] Strong Acids : —2

pKa=—logKa

Efthimiadou Eleni, NKUA, ChemUoA



Electrostatic Interactions

O OH 0 O OH 0
OH on OH on
pH> 7.5
-
0 O OH O NHg*  PH<7.5 0 O OH O NH,
pKa=8.4
0 0
OH OH
pH> 7.5
QCOOH < > Ccoo
pH<5
pKa=4.5

Efthimiadou Eleni, NKUA, ChemUoA



Drug concentration in loading and release
study

» It depends on the structure of the Drug
» UV-vis spectroscopy: Lambert-Beer :A=¢ b c

» Fluorescence spectroscopy

Standard curve :

3,5 /l

3
2,5 /

2

peast Measure absorbance of the supernatant

1,5

| 2

y=10,0197x +0,0789 <« |

0.5 / R? = 0,886

0 .

0 20 40 60 80 100 120 140 160 180

Concentration pg/ml

e.g.A=1.8.C =80 pg/ml

Efthimiadou Eleni, NKUA, ChemUoA



Mechanism of Drug loading & Release

Association with the polymer chain by:

2 Hydrophobic forces

0 Hydrogen bonds

0 Dipole —charge interactions
2 Absorption on the surface of
nhanocarriers

Efthimiadou Eleni, NKUA, ChemUoA



e.g. Release of pH & Thermo sensitive

nanocontainers
507 H=4.5
. pH=4.
I T pH=4.5,42°C
70
60 -
50 pH=4.5, 25 °C
©
[72]
O 404
[7) _
(el
2 30
20 — 0
. . pH=7.4,42°C
10 =~ - —+ pH=7.4,25°C
0 T T T T T T T T T T
0 10 20 30 40 50
Time (h)
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Cytotoxicity

Efthimiadou Eleni, NKUA, ChemUoA



Cytotoxicity

g '
MTT assay <:>_<"-u reductass
N=

ol o
» We need Hela (cancer cells) for targeted microspheres with folic
acid

» MCF7 for the microspheres evaluation

» a yellow tetrazole is reduced to

purple formazan in living cells

Efthimiadou Eleni, NKUA, ChemUoA



http://en.wikipedia.org/wiki/Tetrazole
http://en.wikipedia.org/wiki/Purple
http://en.wikipedia.org/wiki/Formazan
http://upload.wikimedia.org/wikipedia/commons/0/04/Mttscheme.png

Cytotoxicity study (MTT)

120 -

% Cell Viability

120
100
380
80 - =
@60
60 >
040
@)
40 - 2
20
20 -
0
0

Concentration (ug/ml)

Cytotoxicity on HEK-293 cells as determined by
the MTT assay. Cells were treated with NCs for

24 hours at 37 °C

100 -

I
4 I
==
i ==
I
i ==
100 50 30 10 1 0,1

Cytotoxicity on MCEF-7 cells [the drug DOX
(light blue), Polymer (Blue) and
DOX+Polymer (yellow)] as determined by
the MTT assay. Cells were treated with NCs
for 24 hours at 37 °C

Efthimiadou Eleni, NKUA, ChemUoA



Fluorescence of Hela cancer cells with
Fluorescent NPs

> Efthimiadou Eleni, NKUA, ChemUoA



Cell studies for targeting to HeLa cells by

Without Folic Acid

Red : Lyso-tracker
Green: Fitc-tNCs

confocal

«® Eolic Acid moeity \

T Folic Acid Receptor QZ‘ .

Membrane Invagination

5 formation

s Receptor recycling

Polymer degradation

With Folic Acid

Efthimiadou Eleni, NKUA, ChemUoA



Hela
Tumour

Lungs

In vivo confirmation of targeting ability

Tumour

Lungs

Spleen

O1h p.i. - 99mTc-HPMA
microsphere (F+)

=1h p.i. - 99mTc-HPMA
microsphere (F-)

ﬁﬂﬂ%r—;lér
S

C:Q 0" Q‘;Q

e @ & N o N &
VS S F R YR
O
ORGANS
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Improvement of therapeutic efficacy through targeted NCs

18 T T T T T T T T

16

] Other initial animal studies:
| Free DOX | ' .
7] i1 Nes pox| | tNCs_DOX concentration
12 H v tNCs_DOX :
. T ince box J. tripled and the results are
S very surprising
£ °7 {1+ Toxicity is avoided
6 |
— 1 ¢ The tumor decreases
4 = —
2
(0] -_ v T T T -
Time (day after treatment)
Hyperthermia as combined therapy
A SCID mice

O HeLa xenografts in one month Hel:askqm ,Or

A I.V. Injection
Q 1 hour after
Q15 min hyperthermia on tumo

area -2
Efthimiadou Eféni, NKUA, ChemUoA



Traditional Therapies

Bioavailability ~ 30%
Ho < Vincristine Half-life 0.75-1.5 hours
" Excretion renal 70-80%

jij\])jam\m e N
.,,”'”/

O~ L-DOPA crosses the protectlve BBB, whereas

0 dopamine itself cannot
O, >//N\/\

NN
o= o= ToH
0
/

v" Most effective antibiotics Cr
v Wide range of cancers o‘%,.o 4 Pt‘\\\ NH3 Lomustine
Side effects 6’% Q ,,,,, CI— \N

v Cardiotoxicity 3

v Tumors intrinsic and acquired drug res’fstaﬁ'ce Cisplatin

Efthimiadou Eleni, NKUA, ChemUoA



Could nanotechnology across the
BBB???

The problem : impermeability of the

BBB due to .

 Tight junctions between capillary ————
and endothelial cells [\

« Few alternate transportation
pathways

Pericyte

Astrocyte foot

|
/- Endothelial cell

Tight junction

* Enzymatic protection of brain o s DU
* Expresses high levels of efflux =~ e j Q—'? © \’5 =T -
transport proteins Mo, -~~~ > > GRF o, L, T
—1 ‘T X7 I
X - “"“’(%»v L(J D“«-*J H‘\Q’ (‘T‘\»
Y3 u}; ,(, %}4 /D< (, ééx P JOA g,
-

98% of small molecules and all large
molecules

Ehrlich, P., 1885

Efthimiadou Eleni, NKUA, ChemUoA



What Crossing the BBB?

Hydrophilic molecules

Lipophilic molecules

* Small hydrophilic

Transporters Specific carrier Paracellular
endocytosis

pathway

Diffusion P-gp

molecules o'o | | @ 8
* Larger and/or hydrophilic ' ' .
essential molecules l \b_\
 Small lipophilic molecules
(will exposed to efflux pumps) ‘e, e
N i P
| ;

Efthimiadou Eleni, NKUA, ChemUoA




Bypass the BBB

Invasive approaches
Intra-cerebro-ventricular infusion,
Convection-enhanced delivery
Polymer or microchip systems
» Pharmacological approach (e.g. alcohol, nicotine and
benzodiazepine)
Molecular size (<500 D)
aLipophilicity (the more lipophilic the better the transsport)
0aCharge (hydrogen bonding)

» Physiological approach
Transporter mediated
aReceptor mediated (Insulin, transferrin)

Efthimiadou Eleni, NKUA, ChemUoA



Nanoparticles synthesis

o2
o 9

Monomers Core

Loading
the Drug

Shell Fabrication
by monomers

Core-Shell Removal

Magnetic Nanoparticles Fabrication

Efthimiadou Eleni, NKUA, ChemUoA



Nanoparticles modification for crossing BBB

HO
"S A )
HO HO
= OH NH A0
= (o) -

’ Q O
NH "o z
. OH OH Y
o DIC,0'C O Glucose 20 % piperidine /((\g OH OH
Et3N HN in DMF
HN H,N
oS0

PSS
3 Q
. Deprotection of amino acid

.

Q. Lysine O

HO  on
o FeCl, . 4H,0
OH ————— >
Ho EG/H,0, HETM, KNO;
Ho” X on

OH

Efthimiadou Eleni, NKUA, ChemUoA



Functionalization of PNCs [= pH & Thermo &
Redox targeted PNCs] through Lysine

- N
- N
o . . .
HO 20 % piperidine g\'g Qo
EEE—— HO

in DMF

Folic acid 4 Mo
-— N
DIC, 0 °C »

v'Lysine based modification
:the most favorite amino acid

among the top twenty that the
body needs!
v'Transfer proteins!

> Efthimiadou Eleni, NKUA, ChemUoA



HAaopovikog Xvvroviouoc & Métaiia

Tv givar 0 TAAGHOVIKOG GUVTOVIGUOG:

* [Thacpdvio emedvelag: ZAAOYIKY] TOAGVTOON TOV EAVOEP®V NAEKTPOVIOV GTNV EMPAVELN EVOC
HETAAAOV, OTaV dleyeipovTol Amd PMC

* [TAhaopovikdc cuvtoviopds: EpeaviCetatl dtav 1 cuyvotnta tov eotdg Tonptdlel Le T QUGIKN
GLYVOTNTO TOAAVTMONG TOV NAEKTPOVI®MV

» Odnyel o€ évtov amoppoOENo” 1| GKESACT PMTOC — XPNOLO o€ aucOnTNpES, Incident light
OTEIKOVIOT), VOVOTEYVOLOYia Surface plasmon
, , , , —
IHow pétairlo TapovoLALOVY TAUGHOVIKO GUVTOVIGUO: Free electrons < =D
» Xpvoo¢ (Au) Evepydg oto opatd edouo ) /;
v Zt0epoc, 100viKog Yo, frototpikd, Metal
* Apyvpoc (Ag) Ioyvpdtepn TAacUOVIKT amdKPIoN
v' XpNG1U0¢ G€ AmEKOVIOT Kol ausOnTipeg Ed)GPMOVéq:
* XaAkog (Cu) Iopdporog pe ypvco, oAl mo avTdpacsTiKog * NO(VOO([O'GT]T]] PES
« Adovpivio (Al) e dwT0OepUIKT) OepaTeia

* Xaik6g (Cu) Ioapdporog pe ypvco, aAld mo ovTiopacsTikog

e Evioyvon @Boplopov

e dDwTofoATaiKA






Absorbance

Gold nanoparticles in SP

)

Prisms

& ) )
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Wavelength (nm)

Longitudinal SP
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Faraday's colloidal gold showing the
Tyndall effect and transmission electron

micrograph of the GNPs.
P. P. Edwards and J. M. Thomas, Angew. Chem., Int.
Ed., 2007, 46, 5480-5486



-Gold nanostructures

@ Scattering

~ZQ

@ LSPR shift

Rayleigh scattering @ Photothermal

—

() Surface-enhanced
fluorescent signal

@ SERS

@ Photoacoustics



. Microchimica Acta (2021) 188: 304
Plasmonic gold | . /coi0rg/10.1007/500604-021-04964-1
nanostructures

Diversified Distinct optical and
morphologies physical properties
nanorod, LSPR shift,
nanostar, Rayleigh scattering,
surface-enhanced fluorescent signal,
nanoshell, ,
surface-enhanced Raman scattering,
nanosphere, hotot! i :
etc. etc.

Integrated rationally ‘

' '




Gold Shapes

Nanosphere u y \?‘ ) \*" Nanostar

Nanoshell - Nanocage
Nanorod Nanocluster

Alagad K, Saleh TA (2016) Gold and Silver Nanoparticles: Synthesis Methods,
Characterization Routes and Applications towards Drugs. J Environ Anal Toxicol 6: 384.
doi:10.4172/2161-0525.1000384



Shape/Size vs SP

---------------------------------------------------------- daopata amdéofeons (HadPo), amopPOPNONG
(kOKKLVO) Kal okESaoNG (UTTAE) Y
vavoowUaTiSla Ag SLOPETIKWY OYNUATWV.

daopata vavoowuatiSiwy
Au SLa@opETIKWYV
OXNUATWV.
B ooy
— Plazsmon propagation

(A) (B)

Electron elond

Fluorescence

Photo-thermal ? o le E— =
e . 2.l il e i N
/ ]| ) |1

Metal plane Metal nanoparticles e, l“ ’

Imaging

— X-ray CT
s Photoacostic

- Pathogen detection

md MMM unosensing

Colorometric




I IA\UWU MOUVIWYV

MAaocpudvia Kal TTAACOVIKOG OUVTOVIOHOG:
Ta vavoowpaTidla (o@aipikG TIG TTEPICOOTEPES POPEC) OUVNBWCS PBPIOKOVTAI OUOIOYEVWG KOTAVEUNUEVO O€
KATToI10 OINAEKTPIKO PECO O1adoonG (KOAAOEIDAG dIacTTopd) OTO OTTOIO N NAEKTPOPAYVNTIKA OKTIVOBOAia dev
atmooBévetal oxedov KabBdAou. Av Bewpriooupe OTI Ta cwuaTidla BpiokovTal O€ OUOYEVEG NAEKTPOMUAYVNTIKO
1Tedio, Ba £xoupe TNV TOAAVTWON TWV EAEUBEPWY NAEKTPOVIWY YUpw atrd Tn B€0n 100pPOTTIOG TOUG, EEQITIOC
NG dUvaung TTou eTRAAeTal atmd 1O TTEdio. To KPAVTO QUTAG TNG TAAAGVTWONG, €ival TO TTAACHOVIO Kal N
EVEPYEIA TOU IO0UTAI JE:
E= hwp, wp=41ne2/(me0)

O mAaouOVIKOC OUVTOVIONOC gival N TAAAVTWON UE idId @AON TwWV EAEUBEPWV NAEKTPOVIWY OAWV TwV
vavoowuaridiwyv. Tore, n avridopaocn Tou UAIKOU OTO Qwc gival eUKoAa aviyveuoiun (yr aurd kai n
Bioiarpikn Toug spapuoyn). INa va raAavrwvovral 1a eAsU0spa nAskTpovia pe Tnv idia aon os Kabe
owuaridlo, 0a mpémel n SIAUETPOC TWV CWUATIOIWV VA PTAV <! 11~ 1érnmmn i n amrain eismt mreniman
Ta 40 nm. Orav Ta awpanGla o¢v givai l6lag 61ausrpou 1
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Turkevits and Reverse Turkevits
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Synthesis of Gold NPs

pHS3

[AuNP
0 concentration)
-
1

e I
+

- -
.........
.....
-

pH fluctuations

(4.7 =5.3)
Clitrate reduction method UV-Vis spectrograms
pKal pKa2 pKa3
O OH O O OH O 0O OH O o OH O
— S— —_—
HOWOH HOWO' O‘WO‘ o-’u\j\\/Lo-
07 ~OH . 0”7 “OH X 07 “OH X 07 o
H,Cit® H,Cit? HCit? Cit?

- -

Turkevich, J.; Stevenson, P.; Hillier, J. A study of the nucleation and growth process in the

synthesis of colloidal gold. Discuss. Faraday Soc. 1951, 11, 55-75.

Frens, G. Controlled nucleation for regulation of particle size in monodisperse gold suspe

Nat. Phys. Sci. 1973, 241, 20-22. [Google Scholar] [CrossRef]



ithesis of Gold Nanoparticles vs T
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Tunable optical properties of gold nanorods by changing the aspect ratios. Gold nanorods

of different aspect ratios exhibit different dimensions-as seen-by TEM (A),-in different col----
or (B) and different SPR wavelength (C).




A HAuCI, + 3 Na,C,H,O, — 2Au+3 Na,C,H,O, + 3NaCl+ 5CI + 5H* + 3CO,

00
Lewis bond O OH O
i
(loosely bond) owo (&0
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Au NP e 0
Citrate 0.
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Citrate capped
Au NPs
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2.HS Thiol capped
3. NaBH, Au NPs



Citrate capped (.
Au NPs 0

Protein I

Protein capped
Au NPs

Ligand exchange

- Qs

Thiol capped
Au NPs

R=COOH, NH,, etc

n Product
-COOH
an, oM N 5
EDC/NHS
0]
-NH, &
-COOH —_— ‘NH
EDC/NHS
o o R
S
R-SH
—N | —N
0]
R
O R-NH-NH, N-NH
— -
R R
—R N
_Na - \N’ “N
EDC/NHS \—={
R




KBavtikee TeAetec (QDs)

= NavokpLoTahlhol 2 - 10 nm
= TQAIPIKO OXNUa
= IToIxeia opadwv -V, -V, V-V
T.X. CdSe, InSe, CdS, InS, InP, InAs, PbSe
* HUIaywyoi

= ATOMA L. »QDslL.. IoptTayn LAKG
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KBawvtikec TeAelec (QDs)

e Tasvin ayirnpiomiiag Tavia ayrypomrag
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Cd

{AekTpoviakn Siaudépewaon: [Kr] 4d105s2

Se

Electron 7n | [Ar] 3d"’ 4s° HAekTpoviakn diapépewaon: [Ar]
ronfiocnratinn 3d1[]4524n4




H evépyela TIOU QTTaITEITAl YyIO VA TIPOKUWOUV NAEKTPOVIOKEC METABAOEIC aTTO
XAMNAOTEPQ O UWPNAOTEPQ evePYEIOKA €TTITTEDQ KAl £TAI VA AugnBEi N KIvNTIKOTNTA TWV
NAEKTPOVIWV Kal va UTTAPCEI NAEKTPIKN AYWYIMNOTNTA, ECAPTATAI ATTO:

TO MEYEBOC TNC KPaVTIKAG TEAEIAC. O1 NAEKTPIKES 1010TNTEC HEYAAWY, NAKPOOKOTTIKWV
QOEIYMATWY NUIAYWYWV OEV UTTOPOUV VA PUBUIOTOUV PE QUTOV TOV TPOTTO. 2€ TTOAAEC
KBAVTIKEC TEAEIEC, OTTWGC OI OXeDOV O@AIPIKOI vVAVOKPUOTAAAOI TOU aeAnvioUxou
kaduiou (CdSe), eukivnra nAekTpovia HTTOPOUV va OdleyepBouv PE aTToppPOPNON
OpPaATOU PWTOC, ME TO WNKOC KUMATOC OIEYEPONG VA MEIWVETAI KOBWCS N aKTiva TNG
KBavTiIKAG TeAgiag peliwvetal. AnAadry, 600 10 MPEYEBOC TNC KPAVTIKAG TEAEIAG
METOPAAAETOI, METABAAAETOI KAl TO YPWHA Tou UAIKOU. To @aIvOPJEVO QuUTO
TTAPATNPEITAI € AIWPAMATA KBAVTIKWYV TEAEIWV TT.X. CdSe dlagpopeTIKWYV PeyeBWYV
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Synthesis of QDs

Zn(acetate), + Se

+ Cd(acetate),

\

TEM images of QDs CdSe and Confocal microscopy




Cd precursor (ametnyl Ca, Cd

oxide, carbonate ar acetate) + High temparaturs Lew temperatura
chalcogen (clemental 3, 52 orTe) * (fast pariicle % (slowpadicle =
in a hot coordinating salvant (2.0 nucleation) growth)
TOPD, tri-n-octylphosphine oxide) '
. . . Reaction YES NO
Manoparticles +——— Washing quenching

Chemical synthesis of CdSe quantum dots

1. CdO + stearic acid, 170° — Cd activation
2. Cooling to RT

3. Addition of solvent-ligands mixture (TOFPO, HDA
and HD) and heating at 300 °C

4. Injection of chalcogen + ligands (Se, TOP and

DOA)Y under inert atmosphere — CdSe
nucleation

5. Cooling to ca. 250°C — CdSe growth

6. Cooling to RT — Reaction quenching

Se solution

Step 1
CdO  + S5& o e CSE
Surfactant @ TOPA, diochylamine
Step 2 ns

ZnEt, + S(TMS), —— | cise

Growath BErnperature
= 140 T [green)
200 T [rad)

TOPO = tris-n-octylphosphineoxide i) +

HDA = r-hexadecylamine
HD = a-hexadecans

TEP = tris-o-butylphosphine

DOA = dioctylamine
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