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A0 TO ATOUO OTO VAVOUETPO......

» O UALKOG KOOMOG artoteAeital ano datopa. Tov LoXupLlopo auto dtatunwoe Adn mptv amno 2.400

Xpovia o EAAnvag Stavontng AnpoKpLTOG.
> 4 6

Ernest Ruska and Max Knoll
Einstain estimate size .
of sugar compound to 1 nm constructed the first Richard Feynman lecture:
A 6" man is 1,62 meters tall A electron microscope "There's Plenty of Room at the Botton'
or 2 billion nanometers or
2,000,000,000,000 nm Biood Cell Strand

» Eva VOVOUETPO €lval €va EKOTOUHUPLOCTO TOU XIALOCTOUETPOU

g g Py (STM) " "
was develoed by Gerd Binning The term "nano-technology’
and Henrich Rohrer was first used by Norio Taniguchi

Uy — —y
Eric Drexler seems popularization Sumio Jijima |vented
‘anotechnology “Engines of Cration" the carbon nanoparticles
1986
2004

z < Royal Society report The National Nanotechnology Initiative (NNI)
\ \ was created in the US
\ h on the of ay
M N caumnce National
Nanotect'no‘ogy THE ROYAL Nanotechnology
\ SOCIETY Initiative

¥ g

Nanoparticles are used to target drug Studying the effects of nanoparticles
delivery to cancer tissue in vivo on the environment and organisms
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Known Technology from Ancient years!
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NavoTteyvoAoyia 6TOV (PUGLKO KOGLO...

—'— 1 nmw

10 mm _'_ 0,1 mm

To péyebog twv akdpewv eival HOAC €va O€kato tou XAlooTOUETpou. Me TO €L8LIKO
NAEKTPOVIKO UIKPOOKOTILO odpwong ESEM, eivat paAlota Suvath n mapoatrpnon Twv akApeEwV.

To péyebog yla tn UETPNON TWV KUTTAPWV EVOL TO HLKPOV TOU HETPoU. O UNXAVIOUOC TOU
KUTTAPOU €lval AKPwE TTOAUTIAOKOG.

JNUOVTIKO CUOTOTLKO QUTOU TOU KNXOVLOMOU £ival Ta pLBoowuaTta, ToU Tapdyouv OAa Ta
mbava popla mpwreivwv oUpdwva pe TI odnyle¢ Tou yevetikol UAWoU DNA. H taén
pey€Boug Tou ploowpatog eival 20 vavopetpa. Mépn t¢ Soung Tou PLBOCWHATOG £XOUV
TIA£0V KOOOPLOTEL LEXPLG EMUMESOU UELOVWHUEVWV ATOUWV.

» Ol mpwrtol kapmol autou Tou eidoug vavoBlotexvoloyiag ivat véa pdappaka mou decpelouy

Ta plBoocwpata Baktnpiwv.

Ol oaUpEG YKEKO UmopoLV va avappixnBolv os omolovénmote Toixo e€attiag tng vavotexvoloylag.
To méApQ Tou YKEKO eival epodlacuévo pe Asmtotata TpLyidia Ta omola eival TO00 UKAUTTA WOTE
yla peyaia Staotripata va npooeyyilouv to unmtofabpo 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 EKATOUUUPLWY onueiwv pocduaong. OL deopol
XOAQPpWVOUV EUKOAQ OTIWG OTAV ATTOKOAAQTAL CUYKOAANTLKN Tawvia.

Efthimiadou Eleni, NKUA, ChemUoA



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 emkaAvudn TEAeL oTIABWHEVNG eTILPAVELOC
NULaywyol UALkoU - mAaklbiwv mupttiov (wafer) - pe pwtosvaiodnto emnictpwpa €mi Tou
omolou TPORAAAETAL N €lKOVA KUKAWHATOG. Metd tnv eudavion touv dwtosvaiobntou
ETILOTPWHATOC ATIOKOAUTITOVTOAL OL TIEPLOXEC TOU TTAaKLOLloU Ttou ektéBnKav (1 dev 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 CUCTHHOTOL
Owovopieg a la nano: peyaAutepn Adveon He PLIkpoTepn darmavn UALKwv. Kat ol U0 aUuTEG
TEXVIKEG TTOPEXOUV SUVATOTNTEG TIEPLOPLOMOU TNG EVEPYELOKNG KatavaAwong kata 90 %. Ou
LED kat ot OLED katackevdalovtal pe tn Ponbela tng vavotexvoloyiag. EAv ekatoppvpla
volkokupla e€olkovopouv kilowatt, to aBpolopa avepxetal oe gigawatt — n LoxuGg MoAAwv
HEYOAWV oTabuwyv nAektpomapoywyns. HULaywyog: UALKO TOU oTtolou oL NAEKTPLKEC LOLOTNTEC
elvat duvato va puBuilovtal okOTIHWE LETAEL TWV NAEKTPLKWY OLOTATWY TOU HLOVWTN KAl TOU
aywyou. Ol nuaywyol €ival amd ta omoudaldTEPA CUCTATIKA CUYXPOVWV BLOUNXOVIKWY

TIPOLOVTWY, OTIWC UTTIOAOYLOTEC, KIVNTA TNAEDwWVA, K.ATT. g ;9 ;0‘ Mo fogpasion
. | G
F P H . ‘ . - — r."‘(:pr;a 0, llm'l‘lmu,
OeppodpwrtofoAtaika cuoTipata: .0 gy oooopiri e,
e .' a ‘ e -
& $. 8
o .« . : ‘.’= .
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OL EQAPUOYEG TNG VAVOTEXVOAOYLAG

»  KoAAoedny AtaAUparta:

»  Agponnktwpata: To SLAAUTIKO HECO €VOCG TTNKTWHATOC €ival duvato, umd mpoilmobéoelg, va adalpebel,
WOTE TO KABAUTO MAKTWHA va SLaTNPROEL TOV EEWTEPLKO TOU OYKO Kal va TiPokKUYPEL EQLPETIKA TTIOPWOEG
UALKO TTOAU HILKPAG TukvoTnTac, SnAadr agpomnKTwiA.

»  YrneppoplakeéG KAWouAeg pappdkwyv: Ta xopnyoUueva ¢apuako pUrnopolv eniong va teAelonolnBbolv oe
e€alpeTiko Babuo. Oa TomoBetouvTal pEoa O KEVA KolAa umteppopla (umo e€€AEn), Sdoxela petadopdg ot
vavokAlpaka, mou Ba SlaBetouv kepaleg, otic omoleg Ba elval otepewpEveC aoOnTrpleg MpwTelveg
TIAPOUOLEC HE avTiowpata. Otav auteg Oa €pyovtal o emadn pPe SOUEG TTou xapaktnpilouv tov maboyovo
TIAPAYOVTA — TOLXWHOTO KOPKLWVIKWY KUTTAPpWY, Baktnplwv —, Ba cuvdEovtal Kal Ba petadidbouv €va onpa
OTO KOLAO pOplo- TOTE auTto Ba avolyel kal Bo aneAeuBepwvVeL TO TIEPLEXOUEVO TOU. ME TN GUYKEKPLUEVN
vavotexvoloyia Ba pmopovoav va xopnyouvtal uPnAég dooelg dapudkwy KateuBeiav otnv €otia NG
vOOoOU, XYWL va emBapUveTal O UTTOAOLTTOC OPYOVIOHOC.

»  Mayvnuikd owpatidia ywa th Oepancia tou Kapkivou: Me avaloya texvaopata eival duvatov va
0o6nynBolv oTIC €0TIEG KAPKIVOU poyvNTIKA cwpatidla vavokAipakag, To omola Katomw Bspuaivovtal pe
™V epoappoyn NAEKTPOUAYVNTIKOU Tediou Kal Umopolv va KataoTpéPouv Tov Oyko. Ta voavoowpatidla
SlEpyovtal emiong amd to ovotnua o¢iAtpou TOU ovopAletol «ALUATEYKEDAALIKOG payUOC», HE
QIMOTEAECUO VO UIopoUV va KateuBuvBouv Kal Tpo¢ Oykoug Tou eykeddalou. Aut n Aeyopevn
«UTIEPBEPULO LayVNTLKOU PEUCTOU» avamtuxOnke amd tnv opdada epyaciag pe emikedaing tov BLoAoyo
Avtpéag T{opvtav Kal Twpa apxilouV oL KAWVIKEG SOKLUEG TNG

Efthimiadou Eleni, NKUA, ChemUoA



Structures used in Drug delivery systems

targeting ligand

Molecular vV =

e5|cles

Carriers Multifunctional
Dendritic

Polymers
3 @aceutlcal C@

Nanoparticles

PECs

Nanogels
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Other structures

ﬁ./_,.#
@ solubilizing targeting
group maiety

&

Spontaneous
L ——

%iir-nmmw

e o ca. 10-50 nm
M = active agent {e.g. drug, fluorescent dye)
P = targeting group {e.g. aligosaccharide)

2 Efthimiadou Eleni, NKUA, ChemUoA

polymer backbone

cleavable
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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

Efthimiadou Eleni, NKUA, ChemUoA

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 pum.
» SOL-GEL

Efthimiadou Eleni, NKUA, ChemUoA



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

Efthimiadou Eleni, NKUA, ChemUoA



Example of polymerization

» Emulsion polymerization —=

Os
S0 A
K+ -0 | - K+ 2 2 \\S//
e . S
. K* "0

v Evapén
v' TIp6odo 5% n
v TeQUATIONO - O ‘
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http://en.wikipedia.org/wiki/Radical_polymerization

Mechanism...initiation

CH; CH; CHj CH;

H3C—ErN_N C—CH; —» chJ + N=N + - C—CHy
M . 'S
CN CN

0 ,p O 0 0
AR I I I
C—0—0— — - @C—G- + «+0O—C

O o
‘-.I _
-

+
o0
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Mechanism...progression & termination

H H H I-|[ H HHH
- fvw‘—C—C—C—ill—C—C—C—C—M
HHHHHUHHH

o —
D
o —
o —

-.ll-

O
i ——i
i —— i
I — O —I

Efthimiadou Eleni, NKUA, ChemUoA



SOL-G!

(L)
.-

SOL-GEL SCIENCE

|

The Physics
and
Chemistry
of
Sol-Gel Processing

C. JEFFREY BRINKER
GEORGE W. SCHERER
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Aladikaoio AVpatog-mmkng (sol-gel)

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

» H ¢von tou petdlou Kol Twv cuvadwv opadwv R pmopel va
ETMNPEACOUV TN TOXUTNTA OXNUOTIOMOU Kal TLC LOLOTNTEC TOU
TeALKOU UALKOU oeldlwv.

» OL ouvBeoelc KoAAOELOOUC-TINKTWHOTOC TUTILKA Ole€dyovtal
nopoucio TTOALKWY SLAAVTWY OTIwWC AAKOOAN 1 VEPO, OL oToloL
SteukoAUvouV TG SU0o KUPLEC avTtdpAoeLc TNE LOPOALVONG Kal

NG GUUMUKVWONC.



MetaAAika AAkoeidia

» MetaAika oAkoéeidla eivat evwoelg tou Si(OR),, oOmwg
tetpapebotuoihavio (TMOS) kat tetpaatBofuoihavio (TEOS).

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

T.X. TIUPLTLKA aAata apylAiou pmopoulv va Ttopayovtal HECW TNG
vdpoAuonc/ocuunUKkvwone TVPLTOOEELSiwY, TOU  TMPOXWPOUV
HEow €voc evblapeocou mAgypatoc Al-O-Al  yvwotol wc¢
aAoupoéavec.

Al(OSIiR;); + 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 ME TO VEPO Kal n avrtidpacn n oTroia TTPAyPATOTTOIEITAl
ovopadetal udpoAuon. Mo ouykekpihéEva udpoAuan 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 dUOo pEPN CUVOEETAl E TO 10V UdpPOoCUAiou (OH-) evw 1O
AAAO ouvdEeTal PE TO TTPWTOVIO (H+) OTTWwC deixvel Kal N TTApaKATW avTidpaon

Si(OR), + H,0 — HO - Si(OR), + ROH

To R avTITpoowTtrevel €va aAKUAIO Kal n opdda -OR avTITTpOOWTTEUEl TNV
oMada Twv aAkoéeldiwv evw 10 ROH pia aAkooAn. H udpoAuon utropei va
gival TTANPNG N MEPIKA avaAoya 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
OUVEVWON OUO MOopPIiwV Ta OTIoid £XOUV TTPONYOUMEVWG
udpoAuBei. O1I avTIdPACEIC TTOU TTEPIYPAPOUV TN CUMPTTUKVWON
akoAouBouv

(GR]S .S'E—OH+HG—S§{OR}3 — {'OR}E Si—O-Si(OR), + H,0
2ourdxveoony H,O
{“UR}3 Si—OR+HO - Si(OR), %{'OR)E SE—O—SE(OR_}3+RGH

Soumdrvoon Asxoolnc



Anuovpyla YEANG

» OL avudpaocelg vOpOAUONC KoL OUMMUKVWONG OL  OTOolEC
avadEpONKAV TIPONYOUMEVWE EXOUV WC ATIOTEAECLLA TNV OVATITUEN
cuoowpatwpatwy (clusters).

» H avénon Ttou peyeBouc Twv OUCOWHATWHATWY oOnyel otn
dnuloupyla €VOC EKTETAUEVOU CUCOWHOTWUOTOC TO OTIOLO EMELG
arokaAeitat yeAn (gel).

» 2To0 otadlo oxnUaTIopoU TNG YEANG TOAAA OCUCOWHATWHOTO
Bplokovtal akopa “pmepdepeva” otn ¢aon tou AVpATOC aAAA
KaveEva Oev CUVOEETOL UE TO EKTETAUEVO CUCCWHATWHAL.

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

» O OXNUATIOUOC TNG YEANG TPOYHATOTOLETOL 0TV oxXnuatiletal o
tehevtaioc Odeopog petall SUO HEYOAWV OCUCOWHOTWHATWY HE
QECO OTMTOTEAECUO TO OXNMOATIOMO 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€
nupnvodLAn mpooBoAn amno to vepo n udpoAucn Twv
NMEPLOOOTEPWV OAKOEELOLWY 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
opAado TOCO UTTOKATEOTNMEVN Elval 1 ToV aplOUo Twv
OUUTTAEYUEVWV HETAAAWV)



[Tapayovteg mov emmnpedlovv TIG avTIOpAcEeLS Sol-
gel

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

» oL avtldpaoelc oupmukvwong apxilouv evw ol
LOPOAUTLKEC Olepyaoiec Bplokovtal o eEEALEN.

» petoBairiovroc to pH, kat nv avadoyio [H20/ M(OR)n],
KOL TOV KOTOAUTN MIOPOUME VO OVOYKOACOUME TNV
oAokAnNpwaon tn¢ udPOAUONC TIPLV ATIO TN CUMMUKVWON.



‘0&vn (kataAvopevn) vOpOALOT KAl CUUTIUKVWOT)
£VOG TIPOSPOLOV TTUPLTO-0AKOEELS OV
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Chemical Reviews, 2004, Vol. 104, No. 9 3913



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

[ ro OR || Om
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Xx€om NG HopoAoyiag cuvaptnoel tov pH katd
™ dtadikaoia sol-gel
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R R R R

| I I I
HO—M—O0H + HO—M—OH —#— HD—I\;I—O-I\;I—OH + HO

I 1

R R R R
Chain
R 14 R
| ]
n | HO—M—OH - HO—-{M—O0O| — M —OH + (n-1H,0
| I |
R -1 K
Ring
I
R R
-0
A58 b 1Y
R R—M7 M—R
| | Sl
(n+4) | HO—M—0OH | — 0 LI + (n+4) H,O
| I I
R R =M, M—R
Dk AU
L4 I 4
R /n
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Transition metals in sol-gel

» |5t step: Metal salts hydrolysed

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

H H
Olation: Tov oXNUATIOKNO CUUTTAEYUATWY TTOAUVUPNVIKOU CUVTOVIOHOU PECW OPAdwY udpoguliou
WG YEQUPWV PETAGU METAAAWY KAl TTPAYUATOTTOIEITAI HETAEU 2 METAAIKWY KEVTPWYV. H avTidpaon TTpaydaToTTolEiTal
ME Evav pnxaviopo Sy otrou n OH opdda gival To TTupnvo@IAo Kail TO VEPO N ATToXWPEOoUCa ouada.

8 3 . H
M—0H . M\—O(}-i, — M—O0—M + HO ,OH),
(COREEEESSST - =) - o
- i«
M ;- M (MIOH, |, I === [MIOH,, ] - HO SN,
>0H . ‘:A—obn., — \OH—M + HO  JOH)
M \—/ s M/ Li w.'r'Rb.lci.
PR
%y H Be Mg’ ca’'sr’ ﬁa' f
3¢ .v/o"\b‘ 5¢ v \ MO AOHA a’’ I l W' " l l
HP=M > M—OH, s \o/ g 2'OHY, . r |
HO‘,_ H In Tll‘ z 2 Cd:- Hg:-
Ga™ I ' r I I
H . . . .
8 o \Il’ Fie’ co" TNT o Tn AgCr Cu n1

b.

M-/OHEM = M—OH\—M + H0 ,(OH), - . R I: Ij,l ' I A log k(s )
& el | N 6 1 2 3 4 5 6 7 e 9 10
H,0 OH T - . :

2 o H Lability of some aquo-ions ranked according to the dissociative rate constant. From

. . Livage I8 Bt - P
Olation mechanisms. From Livage ef al. [8). (OH), terminology defined in text. 8c et @l [8], based on the data of Elgen {19) and Kruger [20].

Efthimiadou Eleni, NKUA, ChemUoA



oM ®OH OHO

Transition metal polycations [8]:

(@) [M(OH)(OH,), )Y, M = Mn?*, Co'*, Ni* [10]; (b) [My(OH),(OH,) 1"V,
M = VO*, ™, Fe'*, Ti', Cu®* [10]; (¢) [Cry{OH)OH,) )" [23);

(@) IMJOH)(OH,),,)*, M = Cr'*, Co™ [24]; (eMJOH)(OH,)]**, M = Co'*,
NPt [22); () IML(OH)(OH,) )", M = Ze**, HI'", [25,26).

Efthimiadou Eleni, NKUA, ChemUoA



2. Oxolation: Eival n avtidpaon cupttukvwong oTnv oTroia dia 6o yépupa axnuaTtideTal
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
O O
4 PN
M +0-M - ~M—0-M (0),.
‘». , 4 -

O O

Ortav 10 pETAAAO gival TTAPWS CUVAPUOCHEVOTOTE N
avTidpaon TTPAYUATOTTOIEITAI CUP@PWVA JE TO NNXAVIOPO
2 OTAdIWV METAEU TWV OCOUDPOLO TTPODOPOHUWYV EVIITEWV
TTepIANAPBAvovTag pia avridpaon TTupnvo@IiAn TTPooBnkNg
akoAouBoupuevn atrd atroBoAr) evog popiou vepou
Qorte va oxnuatiotei M-O-M deopog.

H

| M—OH + OH™ = M—0" + H,0
H OH |

| , . . .
M—0-M = M—0—M + H,0. H avTidpaon kataAuetal ge aAKAAIKO TTEPIBAAAOV OTO

OTTOI0 QATTOTTPWTOVIWVETAI O UOPOLO UTTOKATAOTATNG
ONMIOUPYWVTAG £Va IOXUPOTEPO TTNPUVOPIAO

Efthimiadou Eleni, NKUA, ChemUoA



Parameters for consideration

Surface chemistry

®
% & °

Q NH, Wl

0 .J
protein NPs

;%l;?ar::;: smooth polymeric o0 ‘
‘ micelles
’ quantum dots
nanodiscs 7 liposomes
Nan terials

‘ nanorods : f(§ \P
‘ polymeric “

Geometry and surface effects

nanospheres %é NPs .
nanocubes Metal OXIde NPS
_’— dendrimers
£
size: actual = carbon nanotubes
and hydrodynamic ‘ ( ) micelles @
proteins *
small ligands ’ )
peptides Viral particles
antibodies
i aptamers
and derivatives and other
nucleic acids

Targeting elements
Efthimiadou Eleni, NKUA, LhemUOA
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NOC 6831711450 103450
Read all sides of carica.

Abraxane

for Injectable Suspension
iy e bnand i Y it e
s st

Hon
g'z'l)u Daly

Functonal propertied €fes Soew ey
pachlane! prodects, DONOT SUBSTITUTE,

ABRAXIS
oMcOLoSY

Doxil (Doxorubicin
HCl Liposome
Injection)

ABRAXANE® for Injectable Suspension
(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
= LOT | LOT  Includes: T o
- g v ke ke Sh:egfuT;:isa;Z? Koniim
§ kbl sabs — prefilled dual-chamber syringe.
o RPICEOR 3
- o iy B LupronDepot
- inf .
E g ﬁ‘haww“ (Leuprolide Acetate for Depot Suspension)
d e o gt ristrat
«i? i for 6-month administration
g, s Norh g . 006 FOR INTRAMUSCULAR INJECTION
—Emm— - ?wmw e e -
1 04-A738-R2 3 0074314730301 2 s Brony

J

Leupron Depot: Leuprolide in
Efthimiadou Eleni, NRIAMGAemigkospheres



Synthesis of inorganic NPs for other
applications

0. 5 o'.o
L J e
< ¢ : .. L
e © L ..
< .. L J -
L
o . e o :
<O
$&
St+DVB
e 0 .. +HD
¢ e 3
. 5 ®, |OlicAcid
e o e ¢ = =>
o: Yuio s Homogenization
5 ® 20 0
e ®® Goo'
Titania > -
dispersed in Q'se y Flocculated Titania
water 2 ,/
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(]

Sythesis and morphology of NPs S]
TEM characterization

e
Lol ee

15 nm Fe,O. e
nanoparticles

= > e
Step 1 B

1-3 nm Au

nanoparticles

1
SiO, particle

Step 2

HAuCI,
reduction

Step 3
Three-layer magnetic
nanoparticle
Nz Qe
Bl BRI 4
2 oiié,s;—.‘\ ap [ :'V.J i
v oA 45
% -ZK_ A2 2
EIX 2 g Y
' | \-’ L:_:.i ?_:
lgopd h cyclohexane NV
Silica shell
~50 nm — S
Ol
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Liposomes

A. Conventional liposome B. PEGylated liposome
. ’1 ; ) .J Iy Hydrophobic drug : |
L . g
Upsid ol membrane ’\ Genetic material
-::zr“i-p;:;m Phicizgsh o ""'. ./’r* i (e.g., DNA, RNA or Polyethylene glycol (PEG)
Cholestenol .- ‘.‘ L . .-.-. .u/f ! . TRTNR siRNA) E ) :
I Y Hydrophilic drug p 1P P! [ ¥ -
e :( ;’ Phospholipid 4 p e ‘,
"-l.. . ) (e.g., anionic, ”
""I-'t:" : cationic or —_ -
\Woter solule S e e A . =
g b e ® % @ . - ‘(Aptamer
ST KA s ;
e e » = '
e A
] . ).
e : ;
';f’.'{"f:' o Imaging agent \ =< Antibody
=iy .-;.' .\l‘n.- 75 J <
PEG pahyrmet LEL . ot eln (e.g., Gd-DOTA- r) e K
loyer s LT st Le DSPE for MRI) . f( Q <«— Protein
T et G - ol it
C A AL AL
‘-I-':‘!'I‘:/* " 'P\..HI_'\:?‘ 1

= Small molecule

AN Targeting ligands N’
A% (e.g., antibody) \)§

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

54 ¥ b\ <—— Carbohydrate
Fig. 1: Unilamellar stealih liposome

Efthimiadou Eleni, NKUA, ChemUoA



Liposomes synthesis for BBB

Water

\ -
Ultrasonic ¢
vibration

(sonication)

P T

Amphipathic lipid

Liposome

HYDRATION
AGITATION

Protective layer
of polyethelyne >
glycol . : .

Small
unilamellar
Drug crystaliized L Lipid-soluble
in aqueous fluid . i b
7k BARE, drug in bilayer
o s e i O Y Multi
lamellar
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AQUEQUS
SOLUTION
INCLUDING

DRUG @

WATER-SOLUBLE

ORGANIC
SOLVENT

Yoy

SONICATION
EXTRUSION
HOMOGENIZATION

C’Q .
.

LARGE MULTILAMELLAR VESICLES

Large
unilamellar

\99

Oligo
lamellar

X
0%
£°0

SMALL UNILAMELLAR VESICLES

Giant
unilamellar

Multi
vesicullar




Liposomes formation

o :m 1. H;N \/\o/\__.o ,ﬁi NH
R . .
"xN/ \.\_,0.\/. \o/ .~ Y N ‘:-ﬁ
=y - g ? '
(__,, % HaN /\/O\/\O/\, NH,
e o > >
Drop-in B Crosslink
S0 .
Doxorubicin- Polymer-Grafted Polymer-Caged
Loaded Liposome Liposome (PCL)
Liposome
Drug Delivery
B Lz
NN Cancer Cell
Azido-PEG F-‘olatc;>
Click Chemistry
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Analogues

Man2D0G ; i e Food supplement
Man4DOG L 5 ®
m;ﬂm
e o o o e g . ' '
S S -:#.'.4 JI_-H_Q:_;-M L,rposomaf Vitamin C
> o SN 1000 m
'“'I. "? j‘fﬂ‘—_\ll.}" 000 g

L)W‘utathione

' Glutathion Lypo-Spheric”
' = oo A | =
x e
" i “-'Or-
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Lipids functionalization

[+]

o
- OH
AcOAc
—_— )
Pyridine 0’
Ho’\/o )Lo/\/ °
1.) Dioxane "°"‘>
0
2.) Dioxane/H,0 :":ugge A Lipid molecule B
e (MVLS5, DOPC, Cholesterol) n I;JL M{.\,QMJD\Q_
0’ E R
° o : fi .
o ~SONe ligand-PEG-lipid PEG2000-ipid o _ g .
™ (or HPEG) =
[+
1 N NaOH/Di i ?EDKGLDC
o a ioxane o : s
HO N~ o &\-’}@:’x
H
[} ¢(KRGDf)
Pyridine o]
,tU\...F \.\
[} B ‘
° %N-OH o 3 (CXRPARPAR
i S0sNa N0 Ay
DCCI

o]
[+ DMF [+
LS W ot
o o

o

NaOH
N NHa [ CHCIL/MeOHIH,0

D

-0,

o

[+]
SO;Na
NANTS
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Internalization in vitro

NP internalization & Cellularassociation

via endocytosis

Receptor 7
recycling

Mitochondrial targeting of NP
Early
endosomes ) >

Endosomal

Lat escape Mitochondria
ate
endugomgg@ \ ucleartargetlng of NP

Nucleus

Cytcpla smlc deliveryof NP
Lysosomes and free drug

e Drug loaded nanoparticles (NP) o Freedrug w  Receptor
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Application of Liposomes to BBB

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

" <—NH,-PEG2000-DSPE o |

Transferrin ( ») ]

Daunorubicin™ iPid bilayer membrance

Daunorubicin liposomes

Theranostic liposomes
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Targeted Liposomes for BBB

/(ily\
Arg f‘-‘P
0
: —D Phe
s — \'L
£ - -5 7~ & —¢r
' (‘v‘ D-Phe
o
Liposome Maleimide ( yclic-RGD Targeted Liposome

Group

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
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Iron

oxide NPs

(a)
Fe* / Fe* :
S d2
(¢) S (d) (©)
Y ¥ (\S
/_L Au {;1/‘ PYP\ Au K,CO,, HAuCI,
. nanoshéls 4 panoshells ——
HCHO
I\Jm \ \?’z“ -
L

Ar laser beam

MCF-7 cancer cells

@
- ,:/)‘a
e —— &
T>Tm v
Magnelic A . .
gelg  1ocalized hyperthermia i
® SPION
SPION
NN/ ANy
N « © Photothermal waves
Doxorubicin ’
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In my Work......

Synthesis :

v' Micro/nanospheres with pH Sensitivity
v pH & Thermo Sensitivity

v" Yolk type micro/nanospheres

v' Layer by layer spheres

v Micelles

v" Magnetic nanoparticles

v" Modified the surface of micro/nanospheres
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Synthesis of microspheres
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v'Microspheres using emulsion
polymerization

Swelling procedure of
seeds

Emulsion Polymerization

@

Suspension _C.\i:

in water '-. " Q
e

s PMMA spheres
as seeas 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
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Microspheres using Layer by layer

technique
‘ . Cross linking
Core Layer by Ier deposition

8 Target group
Drug loading
o Magnetic nanopatrticle R Polycation
~ PEG o
,,‘ Target group: peptide, antibody, small molecule # Polyanion
i Dy — Ligand

Efthimiadou Eleni, NKUA, ChemUoA



Micelles

Hydrophobic block

FMAN\NV\MAOI\NW

Hydrophylic block Drug o

Advantages

Small size
Chemical modofication
Characterization with NMR

Efthimiadou Eleni, NKUA, ChemUoA

o/w

Drug chemically attached

0 OH 0
OH
“ “ -" OH
o OH O
0

CH,0

C
Drug: Doxorubicin ; OH

NH,



Micelles

¢ )
BH.THF 1.0M  ZHN )\f
)

HN. .O -10°C to 0°C HN_O —— > HN m
Y rt, 2h ¥ Sn(Oct) v
><o ><o Toluene 130°C, 24 h ><o
1 2 3
TFA 50% in CH,Cl,
pcm
o o
ZHN o 4 mMPEG-COOH
HzN\WO()I\fO ) HH; Pd/C in MeOH \/W\o()l\r in dry CH,Cl, ZHN 0 + H
m d m [o]
HN__O - HN_ _O - -
T rt i g DIC, Et;N Bz
’ 3
—pl=0) * —oft\9) 5 DMAP E
(
DIC, DMAP
DOX-COOH
0
o
Y /o'(/\o)-H—» /OQ/\O)"'II\/\,(OH
m  pMAP o
Oy P o mPEG-COOH
HN\/\/Y\O()I\( o —)—’:
HNYO
-0 '{\/ o )n

7
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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
a DLS

Efthimiadou Eleni, NKUA, ChemUoA



NMR characterization

4.324
1
1
0
&

Characteristic
Cbz-Lysinol

——

Characteristic peak of

Y mPEG
>°
Peak of Boc protec
Characteristic peak of PLA
J Characteristic peak of
l Lysinol peaks PLA
A
12 11 10 9 s 7 6 s 4 B 2 1 Il’l"'fl 7.8 = 65 6.0 5.5 50 45 40 3.0 25 20 L5 ppm
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DLS & UV spectra showing the stability of
micelles

Size (nm)

400 600 800
T T T T
06 i

] 04 Micelle after 24 hours -
240 -

] T=37°C 02 .
220

1 L
200 o6 7
0
180 + .\ 2 04 Micelle after 12 hours
—— ¢

160 -\c——.——g__ﬁ. - 0,2

J 08 1 . L
140

0,6 -
120 4 04 Micelle after 30 min
100 T T T v T T T T T v T ’ 0.2
0 2 4 6 8 10 -
. 0,0 1 . 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.
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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
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TEM images

TEM image of hollow spheres.
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Functionalization
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Functionalization of microspheres
[ Magnetic nanoparticle functionalization Fe;O, (Magnetic
functionalization)
[ 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 (=== —=—a _ — — Polymer Coating

system)
[ Peptide (For specific targeting) Therapeutic Agents =28 - Nanoshell

Q Ligands (Cell membrane Pon)
- T —Lanthanide Dopant

penetration I|gand) Penetration Ligand

% > — - 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

I /
The electroniophilic carbon
reacts with basis and nucleophilic groups/ \

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

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

What is Nucleophilic 772!

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

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

e.g.NH; OH
/I\ €
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FITC functionalization

w
O
T

S
C

@)
TG
o
/\O Si(;\/\ N H2 OH -
\ DMSO, Et;N
lyophylization
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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

Activated ester

—/\/R2
HN Base

Y

(0]

Q)\N/\/RZ
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Other functionalizations

o NaN,
OH

/
CrO;,aq. H,SO Acid
O—OH 3,4q. HydUy < c1
Acetone
OH

OH (0]
C/ C105.a9. H,S0, C//
\R Acetone \

Drug -NHZ
R OH
B S——
7 A
‘ HN R
Drug E’)rug

Imine or Schiff base formatio
Acidic sensitive
pHof endosomes

Efthimiadou Eleni, NKUA, ChemUoA

Cetone

&Ns - GNHz

Jones Oxidation

HO

H,N

HO

\\\‘\\O

OH O
OH
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FITC functionalization

o'/\
| - o

o
/\O@Si’\/\NHZ

W)° ~
L ~o- EtOH/H ,0
O_
. FITC modification| ° O
Sol Gel Process Synthesis 7 '
OH
» Hydrolysis Fluorescein isothiocyanate
——Si OR == ——Si OH + ROH
S
» Alcohol Condensation & OH
/ \
=——=Si—OR + ==—=si——OH ——=si—0—si + ROH oq‘s’.\/\/NH HN O
» Water Condensation OH
——Si——OH,* Si—OH =—==—=si—o0—si=—= + 10
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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)
] OH

HO
HO OH H
‘She" fabrication ‘ Hollow Spheres * Increase Drug Loaded
HO OH HO
OH

* Improve the drug solubility
OH

Drug : Daunorubicin o ‘

s Bleomycin D.L-Lactide 1 Ring Opening  « Increase the bioavailability

M~ PLA Polymerization
\ 4 \ 4
e . wee, .
a8 . - 2PN ... ~6 N\ 40 904 nm i
feye 0 ey R
biodegradable 1: J
character 0 ' 200

dnm
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PEG and Poly(Lactic Acid) coating

HN——PEGm
OI
QO
Q— C}
OH
_ Stannous octoate
D,L lactide

N\ftmjvv

HgC
0 — HO
CH3 CH3 n
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PEG coating

» PEG-APS:
\ EDC, Et;N —\
( o)
© o
Of~oLy—92 O( o\~ OH
m  DMAP (0]
mPEG-COOH
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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
I

Efthimiadou Eleni, NKUA, ChemUoA



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

T >

'!
1\ /!!\

A
o~ |

[

excess of NaOH

) ) . Indicator
in the nanoparticle suspension

/
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Solutions (e.g. Back titration)

=] HC10.1 M

excess of NaOH

. . . Indicator
in the nanoparticle suspension

Neoon NaoH ~ Py

Efthimiadou Eleni, NKUA, ChemUoA



Targeting
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Targeting

» Targeting

Passive Targeting Enhanced Permeation and

(

Targeting of RES cancers
Size and surface chemistry

Active Targeting
Surface chemistry allows

Functionalization/targeting molecules
Antibodies, e.g. Herceptin

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

\\_\_ﬂ/ Ultrasound

| ' DOX-liposomes

Endothelial
cells

DOX-liposome-load ed‘
microbubbles and ultrasound-,

ECM
j Ultrasound DOX-liposomes
DOX v
fo% S o Limited endosomal uptake
ki Y of Dox-liposomas
) Lirited release ™ =
RO U B of free DDX
o = ™ STOA .
" g Releaseof [ 5 Endosomal
# 4 free DOX . " degradation
Y |
d \ \Endosomg
Sanoporation AN,
DOX-liposome-lpaded i D{J,(
microbubbles and ultrasound ' Limited
endosomal
\“‘H.__ escape [
L
Muclear -
3
import ﬁ\
b b
Cytoplasm Muclaus
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EPR Effect.mp4

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

O Charge :
dPositive charged
Negative
dNeutral

Nanomaterial-cell
interactions

Lipid bilayer

Efthimiadou Eleni, NKUA, ChemUoA



How the type of nanomaterial affect
Internalization?

Pinocytosis

Phagocytosis Macropinocytosis

. A Clathrin-mediated  Caveolin-mediated
ﬁ endocytosis endocytosis
o e
. L I ©

]

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

*Clarithin

Efthimiadou Eleni, NKUA, ChemUoA



Internalization & Functional groups

oM O
-
x OH
o low The hydroxylic groups
PAIOn H . -
4 oM affinity have a lower affinity
o ¥ than the NH, groups

cell membrane

> Efthimiadou Eleni, NKUA, ChemUoA



Internalization & Charge

+ Y + o
: . s s + - Sy s .
high +
® - + + i
- + ~ s i ¥ A
e

affinity *

low - ] : 1
affinity < B
] E I endocytosis

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

> Efthimiadou Eleni, NKUA, ChemUoA



Mechanism of Folic Acid Targeting

Fda}g_,\ Functionalized Nanoparticle(FNPs)

T
N

Folate reoeptor‘q.\ '\ Ed

1. Membrane Invagination

recycling

2 Efthimiadou Eleni, NKUA, ChemUoA



Folic Acid modification
» HPC-Folic Acid modification

Pterin p-Aminobenzoate glutamate

o H O COOH OR
N i H n H I RO .
Fﬁl\ | T?_N MY ) Ow HPC
~ J H CH ‘ )
H,N” N7 N CliHi OR
folic acid COOH "
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
L7
(0]
?
CHp /7 COOH
H(li—O CH,CH,CHNHp-Aminobenzoate-Pterin
CH; 0

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

Efthimiadou Eleni, NKUA, ChemUoA
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Peptide Synthesis

» Sensitive peptides either targeting groups or specific
cleavage

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

¢ === = T =_

« Larbodiimide chenistry

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

@ \H, EEEE  COOH + NH, [ COOH
NH, SN CO NH EE CO NH HEE CO
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Synthesis................

@ NH WEEE - COOH + (Boc)NH NN — COOH

DIC, OXYMA,
DMF

(Boc)NH— IEEEEE— CO HN— I COOH

Efthimiadou Eleni, NKUA, ChemUoA



Magnetic Nanoparticles : synthesis &
functionalization
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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



Magnetic Particles coating

> Fe304 D, L-Lactide

FePt NPs
R t ® Extracellular Enviroment
ecep ors/ e .." - p’“\(pH-7.4)
P N\ {r———— —_ ~
O \ Q¢ \
< v \) \' 3 —

/////: =g ‘\\ \. {"/; ) ':."::ﬁ ~\\\>“\
/,'///"/ \\ .\ Endosome Cytoplasm \\\\
FEEN® @ e
/o \ /] H* ® || Lysosome |

{ \} - H 3 )'l (‘)yH~5) ,‘l'

S

\\ ‘1 '\, \ /
\\\ \\-.\\Nucleall'/’ ‘,f/

-~

\\i S—— /)
- “~_Mitochondria (ROS) 7
i :\ e SR s _,-”:;fr/
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Loading & Release
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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
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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
a= {THA L
/ [HA] Strong Acids : —2

pia=—logKa
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Electrostatic Interactions

O OH 0 O OH
OH on OH on
pH> 7.5
r
-
0 O OH O NHs*  PH<T7.5 0 O OH O NH,
pKa=28.4
0 0
OH OH
pH> 7.5
QCOOH - coor
pH<5
pKa= 4.5
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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 =0,0197x +/0,0789 <« |

0,5 / Rz = 0,9886

0 .

0 20 40 60 80 100 120 140 160 180

Concentration pg/ml

e.g.A=1.8.C =80 pg/ml
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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
nanocarriers
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e.g. Release of pH & Thermo sensitive

nanocontainers
80 —
—— pH=4.5 .
y T pH=4.5,42°C
70 —
60 —
50 pH=4.5, 25 °C
(]
wn
O 40-
[3) _
o
2 304
20 - 0
] . pH=7.4,42°C
10 =~ —+ pH=7.4,25°C
Y T T T T T T T T T T
0 10 20 30 40 50
Time (h)
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Cytotoxicity
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Cytotoxicity

L '
MTT assay <:>_<"-u redintass
N=

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

» MCF7 for the microspheres evaluation

» ayellow tetrazole is reduced to

purple formazan in living cells
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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 g
040
@)
40 - 2
20
20 -
0
0

Concentration (pg/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
- I
T
i I
I
1 T
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
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Fluorescence of Hela cancer cells with
Fluorescent NPs
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Cell studies for targeting to HeLa cells by

Without Folic Acid

Red : Lyso-tracker
Green: Fitc-tNCs

confocal

«® [olic Acid moeity \

T Folic Acid Receptor Q,; ‘

Membrane Invagination

s formation

. Receptor recycling

Polymer degradation

With Folic Acid

Efthimiadou Eleni, NKUA, ChemUoA



In vivo confirmation of targeting ability

Lungs
= Lungs

Hela g Spleen
Tumour Tumour

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

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

ORGANS
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Improvement of therapeutic efficacy through targeted NCs

I Ll 1 Ll
16 —
14 - ® — Free DOX
1 —&— NCs_DOX
12 v tNCs_DOX
. -  tNCs DOX
- 10 <
S
=
= _
6
—
4 = —
2 -
o] — . —
Time (day after treatment)
0 SCID mice

d HeLa xenografts in one month

A I.V. Injection

Q 1 hour after

Q15 min hyperthermia on tumo

area

Efthimiac

HelLa Tugnof

Hyperthermia as combined therapy

Other initial animal studies:
tNCs_DOX concentration
tripled and the results are
very surprising

 Toxicity is avoided

* The tumor decreases




Traditional Therapies

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

m e N
.,,”q’/

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 ] Pt‘\\\ NH3 Lomustine
Side effects 6’% Q ,,,,, CI— \N

v Cardiotoxicity 3

v Tumors intrinsic and acquired drug res’fstaﬁ'ce Cisplatin
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The problem : impermeability of the

Could nanotechnology across the
BBB???

BBB due to

Tight junctions between capillary

and endothelial cells

Few alternate transportation
pathways

Enzymatic protection of brain
Expresses high levels of efflux
transport proteins

Platelet
Red blood cell

Tight junction

Endothelial cell

Basement membrane

Astrocyte foot

Astrocyte

98% of small molecules and all large

molecules
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What Crossing the BBB?

Hydrophilic molecules

Lipophilic molecules

* Small hydrophilic

Transporters Specific carrier Paracellular
endocytosis

pathway

Diffusion P-gp

molecules o'o | | # 5
* Larger and/or hydrophilic . ' .0
essential molecules l\b_\
 Small lipophilic molecules
(will exposed to efflux pumps) Yo, L
\. i J
| ;
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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)
0Charge (hydrogen bonding)

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

Shell Fabrication
by monomers

Loading

Core-Shell Removal
the Drug

Magnetic Nanoparticles Fabrication
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Nanoparticles modification for crossing BBB

20 % piperidine
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in DMF

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

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

in DMF

Folic acid $ Mo
—N
DIC, O °C -

v'Lysine based modification
:the most favorite amino acid

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