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Abstract

Al t hough various drugs have been developed to t
t herapeudafc manfyycdrugs have wrekasllmrampeetdi ey shehr
solubility, poor bioactivitygpeciahpid di etar abagsei o m.
carrhaves received more atnhdeamovoe daetctaemretsi cdruei nt o t
overcoming thesehaimaeatyghaec | telse raanpde vetni ¢ ef fi ci ency of
this ,whaegsglomrsadfs nanopwenrtdievled @ap end nigmpartntghe t her apeu
efficiency and taxgetedamndeduigev.er y of anti

Curcumin is acacemidiong botiits applications in c
poor sol ubi Hiitfye, asnhdorltovw abifoavail ab-pbiymershedt @i
nanoparticl est drxaise,d minomompati bl e and bsodegfadab

alginate and chitosan were prepared and optimized

i nhi Riffeelmncurcumin towards cancer cells. The si ze.
| oad/lirred easei pr wipdtik @, and growth inhidndoomalefdelcls
these cur cumematl toiadleadls wer e investigated. The r e:

| oaded particles exhibited enhanced wpMRAMB28Lf i ci
cancer cell s compared wi t h free curcumi n. Hi gh
MDAMB2 31 cells than normal human der mal fibrobl ast
specific effects againsnt wviatnrgreredc etiéki veMroy eofvercyu
areas of cells was achieved with the presence of

magnetic naamopromicilirerg for targeted delivery of



magnetic forces.

Apartomf drug delivery the applications of magnet.
investigated. Pol yettheg | momset mehier aise totnensffect i on a
delivery due to its high catikoriidhroh air gvea sd esred ietcyt.
magnestiflckpol yet hyl sheil mi manopaetoil gyleed hydredesimikhe ne
for t he t r ansdretcitd agnecnefochy cananti sense ol igodeoxyr
MDAMB2 31 breast oa@andemaaoeldles mal fi broblast cell s.
cytotoxicitgilokpaolagetehh y Icesrhesil hi nnea noogprae ti cl es was
t han polyethylenei mine coated magnetic nanoparyti c
carrier. T-diel magnpol get-bhekehenmhopacbrel es were ¢
ccmyc antisense oligodeeawBRiBUc Ilcedtlisdeasndi mtiognMDA cant
gr owt h. Emp b o gstinl &k / pol yedrimhleddei mameplaogh clugpd a
efficicemyacy amfti sense ol iwoagehixgnad!| wiott hides20 min v
I n addiatgin@stijlckm / pol yet-Bfiebeheinmnm@acoirel es exhi bi
effect agMBMISUA biDAa st tchaammemalcehbdman der mal ifni br ol
vi ttrarget ed delivery of oligodeoxynucl eostiildkes / ¢

pol yet hyl ensehiemilnen acnoonpelaerrt iac Inreasgnetic field
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1. Introduction

1.1.Drug delivery systems

111. Nanocarriers |1 mprove ctohnevreanptdivotngasl ef f ect o

Al t hough various drugs hadéef fbereerntd edied @peas t Du cth
t herapeudafc manfycdr ugs haueh abnadeadilord mpeedi by such
solubility, poor stability, poor Isipeadtfiivci thi,strrad
Thereforevercome these obstacles and enhance ¢t he
drugsnocarrbeirdggvaerleapeFdr instance, the poor sol utk
such as curcumin (CUR) can be improved by nanocar
( FDA) appr ovad dmediisc ibreeen | argely employed fs®&r med
anoki ddmanit nf | amimfawoounyd h¥ddrndghatci é*%akivities.

research altsho@UR  ddecnactnesdt r at edcamperspgi®pelatnitheass be

reported that CUR showed the ability te inbibdtn
breast, colon and gastric cancer cell s8¢ \wWhiwel ema
despite al/l the promising propertaieaeoutshd edal inlminl

to its poor bimavaidl 4 thielr ihtpcrauraanetr let frfebactBrye nekncap s ul
CUR in nanpiocalruwudiemg | ipid b%BSsepolnyamerpansSrepeést i c
i norganic n®ndcdpargdlcdteisl ity and bioavailability
enhanced therapeutic effect can be achieveancdrmhe

drugs is one of sshefgteaeiest hebfipecutapi éf Ekcerasanc

1



dr

ad

t h

na

t h

di

hi

An

ug |l oaded nameBpaotstleamihnhs mainly pro*otTehde by
sor bedsomr ottheee nsur sacenahomamtgi cl es tend to faci
erapeutic agents and promote their saggpegticbes
el i mi nat e dnebdyi aa erde cnegpcithdarna sfnme w? miThet esapi d cl ear
or tl ihfael fodncaenrt idr ugs such as doxosiubiitd ae JodiOtXy)

creased injection dose or injection °fHewawearc,y

cr emgsdtolsee of -¢c@dxcersmayigause undesibdaibu mdbaael yef f e

heal t hyshduwlsdi eb eaEmatvapisdud dat i on of t he , wihiuagise i nt
signed to provide protection to tahreneneagplsidfleht bk
d enhanced therapeddtiFcorefefxeacnmp!| ®fet dHad qparrad ah h e
armacokinetics of f rpecel yd((oXxutaynid cDyGxh olaccadyddat e) n
re injected?3® nTthoe sarlretbiiudcd t readt ¢ h ati nme®O Xafs aphied Ifyr e
eared wwharae ®2othal cl ear anceOnwatsh ea fol éwe r 8 chémdnedd s
l'y(butyl cyanoacryl ate) nanoparticles s Ao we d

di ficlmanooacanebe tmadarther i mprove the FPOK of

amptl ehas been reported t htaitont hoef cpoaaltyi (negt hoyirloei nnec o
noparticles can decrease the dr u@a betl zeivahrvaensctei gbayt €
e PK DOX | oaded | i posomes cont ai-tha rigv atg azley
stearoyl phosphat i 8Oy ReB)h ainno | raomd enretfsp Badaddch t d @ e @i &
ncentrat iiams nmafl sD@X ea/DSE®-Ewint lmi PBEG8gmks were sigrt
ghedamose wit/DSPE PEG

ot her major obstacle of the therapeutic effect

3°Conventional free dmrodesx ud sagre ef iodrilnssty r-dspgmaadl iéfdi cneolnl y

2



body in which trhegytbwmodur nsoitt @demlbyuihsydalldseo nonspeci:
accumul ati omeaflttithaysuogsio wear s t he dr ug concelnitimagt i on
t he -cammntcder ef f ecdt haendr iisnkc roefa suen d elsé a letdhsysluter e e oy
the drug doashei ghoero bdrdurga tcioonnc eent promobes sates her ap
effect for c aHooweerv etr e awti méhntt hi s appraaeh,al dougre
increased ini stheeheabé hpoxi,thttpuesfifngctstr on.Bgr si d
usiignanoca,r rtikee sprpoobobre mdiogt ri bumti ino mideiedt thememhanced

permeability and ms&tention (EPR) effect

Normal tissue.

Tumor tissue

7

Optimum size range: ~ g
50—200 nm : @ i

Fi glSchemati c r edprraegsleinteartyi omyl brea mcc airntuidearusgo mt ot u m:
sites is promot edc adryc darhed rElPR led d vaesda .t neadAnidrdoam rtiheer sb |

gaps in vascul ar endothel i al cells and accumul at e

As s h oRFvng.1lj nti Meu mosu rtod shlreu man body, bl ood vessels are
l eukocyte extriaawasdiBicascult Ausper meamighet gxanadv &ana
and accumul ation of nahfhAscatrhre etrsmtodute tgurnooyu rn ad i thd so ¢
are incapable to supply tem osuwphp Ingu térh desnttfsa aaun dm ool xeycgu

such as cytokinesuhbht bBfegrerhafaiscealwob | oati hee s sebar sit



process known a% &m¢i dkg@erbdwiod vessels in nor mal
arranged lecnedotsheltihae angi ogenic bl ood vessells pos
cell s, which tend to furthedrupgr dnooatdeedt neanextar av
accumul ation of these darTherref carte,t hiea hajonporuorp esiriatt e
size range cannot pass through the gaps in nor mal
bl ood vessels %in Stwmmeur htei exue avasation oft meanoc:
EPR ef fassdtzei dependent process, it i s important t
carriers for drug deliveryst dietr cameeef Si tiesnt tdhel
range of drug carriers is g-eér &lm §a ratcicasdpidzedwlitaohst
than 50 nm wil|l easi |l y oenxtirnauwalssa teen ditold nhdew @ i nta el db ic
marrawdre | essdbeadkehyl dtoed at the desnd,edpswititiehs]. e (

di amelteerrger than 200 nm may not pass through the

the tumour site and will be elimi%atletd inso med rettahs inl
t hePR effect is not the only factor t20 TaHd eadi rt el :
ti me of carriers, degree of tumour vascularizatio

the accumul ati oh atortmlamhagre-t s ihtesd @asiugher accumul at
carriers Bnéestumomounss with | ess vascularization |
pr-&angi ogenircs ttuemmod t o accumul AtMor eavern,er s i pamnd |
nanocarriers <gcoannt adinnchgt draumeci fic receptors on t
entiemtghe celalcsh,i etvhintngget elg| i vvery

I n summary, the therapeutic effect of many <conve
undadilkkKk and BD. The nonspecific dit ott r d rbdie § iome do

accumul ati onheoaflttchsysge Wwhi ch wi || result in incre.

4



ef f ectdse.p|Tohyenie mtanocarri ers can oveacoekeed heslki peoi

to tumourt hePReshhpgdabding pratvectdi ompit cl earance

112. Properties of nanocarriers affecting dr uq

Asprevimeaerst iyoBedt icdh. hanocarriers can be employed
of dr ugs ateon hoabntceeidn t her apeutic effect. Nor mal | vy, [
drug from carrirertshda sPK damgsh cBaDysoufi mé¢ ed drug are th
and BD of daxu®ncahei etheribapddl yfreheadedghe he I
encapsul ated dr o@ hwifl If re®e dinmiglioasrt vefr ydrapg !l delait i o
release rate of drugsus tsasdnavelreasd ot mcdaveivee rapic
high injection frequency. Therefore, it is requir
such as |l ong -lciifrcapabi enohalaftcumul at itm@PRt et hect
Conventioodl fned namecgenapaHlHl yfrcomaread stream b
reticuloendot he,wihdalc hsyisst eantm (iRMEM®U)ne systemhiearel udi
and spPeelmerefore, in order to develop nanocarr
i mportant to investigate the properties of carri
targeted Reelint ersynudddcaas feew crucialnamroc@aenrt iees dafh

i mportant roles in targeted drug delivery includi

1-2, 35



1121 Thef feecnamdpart izel e

One of the advant ages toudn enmbindaep aArst i nce netSe oinsd dtlhi ehi r
nanocarriers can accumul ate in tumohigPRt iesfsffugeecst by
effective accumul ati oshothd bisiwied fiiamaiEid cdmedide r s
carri &@©Orsnm)< adx e more | ikelyoRomdodtehl| ittdhtecoam@lhl © hiers g E
and raamgriers (>200) are more difficult to extrav
t umour 3%Rasrstuieckee as so playolanail megoingnt he circul a
in bItAspd eviously Seecntliodbhde key factor in the cl ec
by RES is pr o.tTehien aadssoarppgtisoonn heefu r p am&ee @dar rsreats | e
onlty haggr egaft hencar ail dive i bbutop smanriksiantgi otnh,em bfyor c |
phagocytic cell% ilnarRES @ragdrixcles (> 200 nm) ar
captured by phagoEgtswechead sl i ¥t HrmonrdR esxpa nepelnea, | F a
compared pr oitoeni nanadd sphrapgocyt-PEDQ@PpoObke mef hdEYGpol ye
glycol c y amphaecx ayd eact yel cyanoacr gt &atr e p:880a,2 elg7alr td cd e
nm after incubatidihewitbseaketsmi hdrcadt awlag Hh,at2p¥ot
and 34%pecftarhel gTheedl ood cl earance of | ar gtehatar t i

oksmall nan®particles

1.122. Thef feecnamdparstuirdlaee charge

The surface chargesiofninfainoamtriry eafcf €a@th et, heied | wil ac
efficiency as well as BD in the drug delivery proc
positively charged amino groups on theircysiucfaeceél

than particles with negatively charged sui‘Thise, h
6



can abtet ri buted to the electrostsanidc cieht ers®otdiatciess
nanoparticles tendliyocddebkebsbthkeaedarevencreasing
t o be kendt ebrynacleil | s.

For some a,splcihc atsi gres ewhirrcadngeui encet icomdensati on of

passing through the cell membr anel i esciamg ngh & r DM/
nucl eus, positive nanocarriers such alsapellyedmyd ®¢
‘M2 However, posicthiavegresaunrfi@aces can also increase t

adsor gcauemapgi d clearancaa bwmell heasRmBD npelcri f ¢ anturpa
negative paaltoiwelre sc hsahnecpee caff inco upt ake a’f¥améamatranc
et.coolmpared the B{PEEPDLAUA raanld ThySd-BEGPBLIAr mi cel | e
mi ce and found that t healaOnitoinmecs miovedrl edi setxrhii bbu ttie
spl eaehmn the néduthr alf tenensan] emetuit o f€IT h menadeédclagtbeat t he
el ectcosepui si on bet ween tnheegeagtaitviev ec aserleld u s e daf nadchee
nonspecific celsltuloangl yptsaulgeersft aang dnmawtarer ioefr s i s
i mportant factor aff ddtfiengdhfh eBnr, t toinec wlaant liitorefr ehmagtf
the surfacmamcdadarper 8sf caambertaseulcte oicnut alt i o c@irmé ean

di strifbobutitbe desired applications

1123. Thef feect of hydrophobicity

The surface hydrophobicanyi mponaantakbhébs téeablbk
halffe and W$Sestumbptobeins are mbeartltikéekhy givetr A d
hydrophobicity, t hunsa chairgrhileyrastp yheleaviospth obhance t o be

macrophlag&sesasthecadmpar ehe pr ot eiom aatdesxor parivoancy iesg w
7



surface hydrophobicity after incub/dthieomdaitm Bhmave d
wi t hr edlesxci ng hydrophobicity, pTbéeeehoraed,sor pt ioomed
prolonged cir duwtlledtoioadn stirmeamjnnanocarriers shoul d

sur flakkecommon met hod to phgdroehchicoatis fRpECEihad Is

hyrdophili & pol ymer
I n summary, in order tolimprane BDeotiecnochpsubat &
need to be carefully engineered to possess suita

surface charge aRkRdrhihedropbobihei ttywmrgeted delivery
aomt her nkentormondmagnet i ¢ ,t anyg e tuisug lol ye nlhaaend e acfc umul
magnet icarmsanohtear getcacnelprsovi de more spelci‘fila ddalii
t hesis@smalg@eti c nanoparticles are emphelkednapnopabt
forar gedtreudg del Ther ymechani sm and properties of

nanoparticles tahe fdo&Elcawiomg 3i n

113. Magnenainopar fiogdd eg del i very

Magnetic nanoparticles (MNPs) are a kind of nanon

surface area, magnsepecparcaspdhseiNiBssmd are wi dely e
magnetic resonance i maging ( MRI ), magnetic hypert
propét¥tyor the application of drug delivery, MN

superparamagnetic magfnpairti alamopar0 cidadbeandt han
-FeOsare the most frequently wused superparamagnet.
both materials iamelrdieg’& ohagewkerénct hedecseneeldel ow

30 nmthey become superpar amagumagtnied iicnstwhatkNb fnepars
8



can be affected by anbetxt donalt mayetied i ¢ dfTihaelcd o
superpar amagner opRIrOe corfe as ersi stkhedfr aggregation i
maknghem promising &%l rdrnugo xd arer ileassed MNPs are s
appltioas such as drug delivery because the human
occurring iron, meaning that iron oxide nanopart:.i
t heuman ¥&6dyt her tMNPshican be used to deliver drug

of an external magnetic force

<«— Blood vessel

<«— Endothelial cells

<«— Normal tissue
Cancer cells

Fi g2 Schematic representatiwon hoft httampgetsed cee loif v er

field.

The mechanieth debiMiNPgwtder a magseshdwijl.e nNMINPs ar e
used in targeted delivery a@fandruggdrtugscameerencalp
carrier or coa%ledUNoPrs ictasn spuarsfsacehr ough the gaps be
bl ood vessels in tumour ti stshiePRt efffeEztlernlae¢ magaoe
fieldamuskkea to facilitate their extravasation froc
desitremour °%% t®@sce accumul ated, drugs are either

internalized by canceri e@BTHer eafloorneg, wiatrhg ett leed doeerl ri



accumul ation of dr uhgesl pd mgd teheemcdleise vedl, accumul at i
wi t hi n thesslutehyam dtgleen htamer apeutic eff.dbte adgaiencst of:c
accumul ati on depends on t he intensity of t he m
characteristics of magnetic carxFerstamdutbel boat
inside the human body, magnetic targeting more di

dependent on thefi hhenvatgthitstqt a3lene order to counter

a magnet would need to be implanted near the tumo
Drug delivery via magnetic carriers includes seve
can beualized by MRI ; (2): external magnetic fiel
accumul ation at tumour sites, thus possessing a

alternating magnetic field, MNPmagment ibce heyhdpel PAtyheedr
Due to their outstanding poobpeyt pesmi MNRg asedbat
researsbbehaconducted to explore their “@pplication
Theapplication of magnetic carriers for dH9U® kel
Wi ddeetr.,@aho reported the targeted delivery of DOX
ani mal Mdbdebsconcept was then further developed i
the employment of magnetic T0’c rtboswehveerrae,s rtifheerssed ucs g d
early rwesreshicginzAsd di scuSxcdd oihin 21 Arge partikcVves ar
be eliminated by hbe R&Ssandromagh the gapbERR tum
effect, t h esriezfeodr e ma gnmnaento ¢ abdbt eiTehres farrest dassiage o
magnetic carriers in animaletmadel $9 6vaaswhe pompleay &
lmded MNPs in firsdg°8phaoen It helhivminavalu dt rsitalat egi es

t o prepare MNP s wi t h i mproved properties and t !

10



engi newvad ngxpédndledr exampgl.garlefanaed the silk fibro:
containing DOX for the targedtTedeidelrievsewlyt sofi nD®X
significantly higher amount of DOX accumul ated at
used (with an external magnetic fieldrpsrovided) i
However, despite vari awsme mtdivlama d gelso wd, MNPerneg ar e
their applications. Onet lodinrs ha bantaij ¢ogwdda tdiwvdeec k s i
MNPs are more active than their busdkl umaet erra tail s, dtL
mor e Iriekaehy aqueous? saf teirodnnt peecatman body, react i v

species (ROS) may be generated freogr adh®@Osarf ROE o

accumul ates i n t hse ghuuermacne sb osduyc,h caosn damage to cel |
l i pids, and nucleic acids can ocXUTherkeéadiengitoia
to coat the magnetic cores in order %Apavoi drbom
providing a shel!l to protect t he magmedd cf rcomes.

pol ymers can bet bdeRsvittoh prevéndte . Gpptlic@at odbnsiclak f
provide a polymer matrix for enhanced?28r@bgitnigoad:i
polyet hyl ethdE eOniMN® s o srefnaadd Be magnet of etitAinoon hefr LC
example is the coating of al giunrdtae ¢, diiREFteoeamabp ol
enzyme i mmdébilization

I n thi ¢ htethreesé snoac cuurprbilnygner s (si |l k fibroin, fadgi naf
t hegur face co@tMNPg dforFeontroll ed Teegasverdafecth ms e

their excellentl pwwip,grotldiesc mpdit yiabsondde glr iatdya.b i

11



1.14. Properties of polymers investigated in th

1.14.1. Si Il k fibroin

I n recent year s, sitl keiflikbisaorrinmy xolh@eri ihedn f wodel vy s
develop various biomdbhaenopéast isalcéers ,asmantisc,r of i | ms,
applications suyxhamd tdirugueaedngismeexrcienlgl ediute ptroo p e
higbhi ocompatibility, tuneabl e bi odegr aadmdas et yo,f r
proc%®s

[ 0 Fibroin

Sericin coating

+——— Silkworm thread

Fipg3Schemati c r dphree ssdorftuasttiilake o f
The structure oHi @3iNakt uirsaldhown oidnuced woi Iplarfailbred¢s
fi bgaorien surroundééd Thhyerseriisciapproxi mately 75% sil k

protein and 25% sericin wh% .c®ATh es-c mgmmtaarolriprheo ust rpu a

provides silk with stiffness and strength whil e s
fibf‘es®®Through a process known as degumming, s el
di ssolbvoeidNig@@s ol u%*i cSiF i s composed of a |light (L) c
chain (3Wi khDagre | inked by a siGgt2ofdishé pHi dleaibt

Cy472 of th@® I°"R25,i nwhyil gt opsotaein (23askRBa)l,inkles

12



nonovalently | ink®% hlehed raamtdi & a«fth ahl nshain, ¢ Thain
ami no aci dsboibmx SAmafirnobny consi st of alanine (Al a) (
serine (Séryhel2d%drophobic domains of thetiHdedhaoh
Gl-4l-@l-41-Gl-§er and dipeptadsSesl ganthy sy ¢ o)s,i nehi ch f o
st abl-pamrabksiheelet cr% s tCml Itihteesot her hand, the amino

are not repetitive, which makes the &3Thlaicnr ylsd s|as

structures of SrFancdacrh udad ildé thsiddehe It yirlifkMdd eover, anot

crsywal structure of SF (silk 111) with a hexagonal
helical chain conformation was also observéd in f
== Methanol
—
. — Hydrogen
A bond
—» B-sheet
— 1 crystalline it I f
N Ve T e—0—_ N—C— ¢—N— C— G—N—C -
“\\ \o\,j"/\\o < 5/“"‘\# }|+ R E i I i z_
N N i
- c//\° Q\I“/—,ri\’c\ﬂ*/\\wc\i c—ﬁ— —c—'l:cf— — C—C—N— C—]
A ‘ N R A T
FipgdSchematic r eprleksdntsatriucit uofe converted to silKk

As shoming4 nssl kutmerasiisabobeuble in watamtthaksrkando
On the other hand, <islhlkelt] stmrabdtura diSi hrkiod u Isit ® uic
can be easil vy |Iceotnrvuecrttuerde thoy saddi ng met hd%%ITher pol
strong hydrogen bonds betweemaadpdlradatt sStergmetnd rse
makes it i nsolubhes i pr ohnaitvapdudr @ean that er if albs i tati ameo
bi omat®ri al s

Kundcu .ianvestdi gahte drug release profile of vascul e

13



| oaded SF nanaelprdr tnint)l easnd( ¥l nd t hat suwsdhwawemetdhnred
we e k'3 Bessamrnepared the Bone morphogeneti SFprot e
mi croparticles &ni)r oam d5 OrOe pnomm nteed ¥ bhetasasbéai BMPs f
was obs'éFwretdherChemntt.haalbr i cated paclitaxel {5@#&ded
nm n di amet ereported a sustained r'&l| ®e b esaubcfc etshsef ud rl
| oaded enhanced green fluorescent @6GGmepi at ( BGHR)C
encapsul ation efficiency of 95% and achieved a b
days. All these researches indicate t ldtr uF ciag rd e
e

As previously editdlouls,sZé¢l sinzeS of drug carriers n
engineered to imprtove andcBDadhehehadaeBodsumet hods
been devel oped cfadr otnheff &8F particl es et .fdlbappgrded
SF parwiitchsesda eggi ng from 200 nmptrede.fASmo@&dite tbhya neod d i
into SF solutions and incubati ¢e moftrett hveeSemtd®t) ur e s
® The fsipaegcdouwdlee scontroll ed by altering the conce
used and the temper 2°tAurneaj ofr taldee aht agererof this n
production process coupl ed Hoyweevaesre dfhep arrtgiamli ec ssio
resularatnitclpes may bring potential dueskt o At eashiedirt
I ms onmebtu.faalbri cated SF microspheres by addi nghd®F so
continuous stirring to createéeh®i Mk /s ®l wetmudrmriaoant esd
phase and et hyl a’detTahtee SaFs noccorutipsipdiseebe $ cat ed i n t
system and collected by centrifugation, washing w

room temper at’ulrhei sf ometholl possesses the advantage

14



compl etely spheri cali tsh atagawrypaacald iefchf tecsu Itudacess an
remove the emulsion agent.

An aqueous based met hotWahegt.thok efna brre pcoarttee dsibyk nan
(300-20m’8Firstly, SF solution and podyandyhidl ¢ ®h
produc/@Vai bk enTh efsielsthave me 4 dilemedliisn water and cent
PVA®. The PVA network enables the fabricaheoprotes:e
is slow and®3complicated

I n contrast, the f abrdadatbiumgmef hhS& par $ Pghefriedant

@
—

.faalbri cated SF particles by adding SF solution
i ncubationait2n® AofrRethbe sitzeYFofp arresiclbeswéafngad

toeld depending on the SF concenttrhgao toans sa nudn tphheo sip

(7]
o

| ut’iApmrt beirom a si mpltenhimr omeedshsod possesses seve
i ncl uchiengabsenganioé sol tenatnsd, sladw cdcdopseeate i ont he si
particl es2g()50p0r enpnrar ed byf &rhitfshh emmeotphto dnuing5 62 96 )nange

ofmanocarriers fapmldridd i dalsi very

1.142. Chi t osan

Chitdq<diiyg a pol ywhicictharmalel y prepared by the deac
i snaturally derived, amthaoevoxsitc ,p obliyo8faocnCdndattriiibaleec an b e
obt ai netdhefnrvomonment becasisme shelWisslrdd §/ls eerxehpsld a n

used as a biomaterialestdof alwouocdt @raewisiihigchbat coiul
make tébketdr ug®?!d eHoiweevreyr , the applications of c hi

chitosan maintiynbiesaasédiydhiophobic polysacchari de
15



sol udli on

Unl kchkietGHil, i s soluble in acidic solutiomrdmaked iats
easier to fopootebei €Cati on of ®maiMhebdomaereernal sol ub
CHI rsefsrudnt t hei r indisftfrewcetnucreesi nFAd.5 s h@HMn i s compos
N-acebDgl ucosamine andi D whiuclhstalmé npri mary amino gr

t hdeacet ydfatd®Biht i n

CH,OH CH,OH
H o H o
H H o
OH H o OH H
H H
H NHCOCH, H NHCOCH; - It
Chitin

Chitosan

Figb.Chemstalucture of .chitin and chitosan

The primary amino groups of CHI abUpdeespondi,bl eoh

ami no gr ouiprst eorfacGHbwihihc hertlog addhe pr dth@hat iso mbot ur e

TherefbeeCHI chains wild.l carry cationic charges
bet ween CHI chains and keep t Wénm g$shteabrl wbh@ddd 9 |

usually dissw) vedeti i 190 I(wt/i on

I n neutr al and al kaline solutions, the protons as

from ami nehgclbupead to the neutralization of CHI
charges arcd robeatile repul si o¥ blent wteleins Cdad s ec,h ati me

repul sion wild/l be insufficienti ttho ekaecehp oGHleira lgpanidn s

16



in the reduced3®?s ollhuibsi Inietsyh acethos@Hiblrgmenany pr eVvPous r
834 For ilnspeatntaalbri cat edi Célh noawnaotpeadr t i cl es and i nv
stability andt zéit af proe¢ mtfiTphdel v ofnadiprdd vaatb u® | ower t h
zeta potent iwaal$ aorfg eprartthiacn ets4 0 mV, sugiveshi ngcpeas
pHhet zeta potenitmnailcaticmng atvearuen @dIr gempaipnsoAtaHIi on

11t he surface charg@e heflV pAnd i al €éarge amacwnutl dofbep
observed

The -dbeHpendent zeta potential of CHI makes it a uni

8°The positivepcbubdeaaot agéEby f@applications includi
ti ssue engineering, gené Fbahistemgeandbyduawg!| dei nge
solubility property of CHI, p&rticles for drug de

Par esclcan be fabricated by adding acidic CHI S 0|
hydroxi de or sbhbnmeitunhna nhoyld rwoixtihdean air no%% 1 Tehe osiizne!
the particles can be comtiraarelteed boy a FRtee Tdiier gdptrdeedhsn
of this method is the introduction of hash enviro
Anot her way to makaneidll spadtiiokloag 8imet hme thh sd,
cr olsisnkimtgs aggree used tTohe eamitnovigrhouwpHd .i n CHI can
groups f fdmkdrmatises gaontralsisnked Mmhéewbpedgené wmalcluy s i n
wat/eiregmul si on system soml whd cihn CHhessguwésnded by oi
8¢ Wit h t htihse neHIhopdarticles size can be cont®foll ed
However, this emthedw poawdbiafsfkiscuptaneghBreequi r ement
introdiictdomkaoa ng?agent s

Usingoamnc gelation med¢ omwodlveée h e’ Adevpa othd geemss of t hi s
17



easfyabriaadi anwoi di ng t hel iuski rmsft Higeenrte f or@es<an avoli
of or glamgithtseor acti ng sdnc a&tchdwleo adinrggmtod fee 4P1.€%

Fabrication of CHI par tiscolne st hwei tihn ttehriasc t meotnh obde t dvee
groups from CHI and negatiipweéd yphosminatce ii&PIES fproolny ¢
I'n this method, CHI is first dissolved in acidic
possess positive charges. dNrexpwi $det CHTPR od wltutoino
stirring. In the mixed solution, cationic amino g
l ead to the ionic gelatiomfn OHI Cdir tAlnddheotuhgen ftohrins
poesses many advantages, there is one drawback ac:c
this method, which is the poor®®mechanic strength
The previousichamastéomsed oget her w ibti hogdrleaodwa bti d X it o/i 1
bi ocompatak@HRi tpy omi sing material for &heée habr ibeat
reported that the LD50 of Gwhli cihn ilsa bcd roastéd rtysVhngi ncgea r
in | issiureg , teé@Gidt doause allergic reactionexiacnndamiame¢
sugars that can be abs®r bMod elow etrhe CHHU maprmo slsedy ant
and can absorb toxic metal s®?such as mercury and c
Mor eover, CHI particles possess a few advantages
property, mucoadhesainseé echimaomceaeahancing property
prop&r.it®yThese advantages are associated with the
example, CHI based carrferstheesastal hedt r&heinse:
No mal | vy, sustained release of drug depend on el e
frequently wused strategy for drug delivery if the

di ssol uti on, di ffusion, 8rdédén gart meimbs anancobobet

18



release of aniomiapr o®®¥emd esucburfdSa achieve prolon
rel ease. Apart from this, coupled with anionic poc
be used to prodxes Btaml ewhcompéecapsul ated drugs
a diffusion or®lteMhei omcpradhess ve ¢ h,awrhd cctheri sofac@H I
via the electrostwéeeéen pasetacei amis nbegroups fro
Ssubstructures in tbhanmbelbp Yol i hayemse their re:
absor p%3% oMor eover, the transfwhitcloncamhiaamprirage pthb
DNAased drugs and the permeation enhancing proper

the positive®tharges of CHI

1.143. Al gi nat e

Al ginate is a naturally obtained anionic? ol ysa
Hydrogel s of al gi niadief fceaame rbte VWayos i &arad etdh e yt dphoes s e s
extracedviunamrment o%3lhi aidmg t taid ys inedsteeshsipesss a afbeé w d e ¢
propertiegoai ok oampati bility, | owamiolsd nt hperso ceeystso t
during 9! aTthiuosn, i al pgirmani s i ng maseappli ¢ari oasi oncl
dressing, delivery of dPftgasawdundsduessnegsyapenli g
help to maintain a physi ol oginmiazlel yt hmeo innditeccreonbai narl @ rh
wound, whichpawintttiov ebptuensd °*h*e aAs ndrug carriers, th
active mater i amosl escuclhagads os manlalcr omol ecul ar protein
can be controll ed-lhynkdlntge rnmien ch-btdilmek anrgo’safha 65i ssue
engineering materials, alginate hydrogelusdeansbee

providing a space for new tissue to form and gi v
19



engineer 84.%i ssue

Al ginateofconwd smonomédiimkwelnasnur onantd-LgM) uronat e
( G) re&iAMdsueshowmdbnhéestructure of alginate i s mac
consecutive G residues, MGreesifldedd gardiagaehtacornmnagt i

di fferent sources possess dedifeuentapericaitrgesq v

VA Wy

mmmN

mﬁm

Fipge.Ckemi dalucg ures of G bl ockv bMokclkodkn and dyianlattesr n a

I
\

M and G residues have different properties.tdor e
becapabl e -loifnkcirmogs swictahi dnsg aOdamd &'tsg e n e rhaytde o%Gel s
Theprocess of fabricating al gdmsathies mgsit oge msfd wi méat
When the divalen) @atei amst r(oelug.edCa o an al ginate
bind to the G blocks$henebhbkdinnetlcettiwenmrs waraboxyl
and cadfi dmerefore t woadd abeéogciknsatoen cthweoi ns bind to
@i amond shéapedi Bobi ag of a hbyidrdosp att Hisoyo sncua vtiitcyo otr hda t
2 As sHhHowa, itnhis process | eads to f or matpieom fofant

@ g-ho®?The physical properties of the resulted hydt
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M residues, their sequences, G MNlooanka | l gngttheamnadn
bl ock | enhgbpbhghherd t he mol ecul ar wei ght the stror
al ginate hyXdrmogedldsabigpennat e hydrogels with hiagher

hi gbér ucsttureanlgt h tctohmgp alhyedlr ogel s with Power G resid

Ca?* (@) v

AN

Fi 7. Preparation of 2%l gidsnaktiees ghilgnd @ dplgpedk ha pad Caet wor

Apart fromliakiagcrasginate hydrogels can al so be
al ginate®?sollhuet ibinsassoc{ptdfonMcamadt@ntresi dues are
respect? vdherefore alginate i s solubl e i n water
deprotonathoxylofgrcmaups on alginate chains and ex|
range %f.T9H solubility of abwginht diengpié amsnido nb eccenamre
insol obine -®8H53as carboxyl groups of alginate chai
bonds which results in the f%That aanwbifpH |cghbhaanagt e
canulsetd form different type8® oNheanl gtishaepipeH sgcdechgec
alginate polymetatdeaeaddtbompmMea@oi ehat ®s her hand,
reduced slowly and steady, continuou8°Samglonoantiec ac
cr olsisnked hydmegéahasagtcrddhnegt h of alginate awidh hyd

i ncrie@sbl ock content ih!'the alginate chains
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12.Gene delivery systems

121. Gene therapy

The mutati omforhudnalne tgieenseustl t csaommder s i n metabolic p
functions or protein structure and function? whic
Researchers found that by transferring aedorgraete
into human celklatedhei geases can'®beBy odelrioveéreidngi
materials into certain cells to correct the disor
functmamys ,di seases,tchdams pa oxwersesd i s knd‘Wheascgfphe t
gene therapy was thesearn hYaekithiegsiti edti meneswasansf e
conducted in 1i98f9i lotnr att i m&WPrl ympHO®OYt est he first g
conducted to treat patients with s*¥YebDericognbti mnedl
decades, it had r bregemy uisnehdertid ed andswclpoaeedr di
Par ki®@sansease, Al DS, cardiovasduitanBliasefacres, agq
t herapy i 60 bbggerisauwiedi ng technique for t rceaaitsierdg bmga
geneptriocb 1°é& m%°°

However, the efbfcigeme appriapgtifoem curing di sease
biological muatoiber cs'dfmeBEor exarhel enneg@t)i vely char g:e
backboMEA epel s it from aedglartfi slcacesy,t ohahgedl ectrost
110 ¢Ap lengtbtoband DBHAMBe | ength of a cell, which
to enter cledilmg wi#& dkad himgmhly condéhseakesdr DBNAULC a
easily be ydeegatarlddealr bn'd.c | Whasste si s mor e, the transge

delivered to thet mmocrireeuwcst ogfd npae ebhxspa tecsiss hge h € i c u b e |
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108 Therienf cotred,edel t vansgberesediunctloeutsheand t o avoid ge
sophi sgenat edel ivery sysitd®ms are necessary

Apart from ensuring the delivery of transgenes t
system i s expected to possess several nfdedthardes:el(
and bl oorderctgImp(a2) it will RESt® Khe3)t akheen su sheb ypléd t he
small ermpawseh tthdeugkl|l | membrane for the filtal appr
Various gene delivery systems hawd iwettyhdehvatsoped
decadésiral vectors are one of the most widely us:
efficiency in aorediabilingy geneensurilnly Howevetrer nt
appl i o&atvii o =& | del iivkeirnyi tseydstbeym i t s i nherent drawbac
ri sk ofamamsinegresponse, yhoghprepateg dnfifilcwmited
108 Ther efwirreag!l ngennsy sdteelnmsv etrtyat possess advantages
t oxi dhiatvieesdeeer !l apedan alter h%FBotvie wihmaJcieraanld vneocnt or ¢

reviewed in following sections.
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1.22. Vi r al gene deslivery system

Viral vectors refer to vectors prepared from vir
membr anes and hdoéwn veenetgi c materials to 2% eAfntuecrl e
entiemtghe host cel |, viruses can wuse the cellular
expr eesisr tdqiwn genetic materials B%f dme otrideeyuspdead
gene delivery vector, the pathogenic part of the
replaced by t h'é! dMesamwehdi lgegenet he nonpathogenic str
retained to ensure its?2%%bel ptgpafedntfecusnygi theut
calbdedirat?’v8ot bar sawiomal o¥etther mosbobrusde veansr e
genes due to their hiiglh “tifvalAskf hottgbnasf ii siueceyp s
system, viral vectorsrpwbaeks stbaera@lanseti bes i dgn
may cause serioussiinmmhbhmeanr¥dd@rseit is very diffi
prepar e viirhalr gee oqqtlégrns( B) i ¢ e si ze codr rgigendei t @Akt vicar
I i mitt3e dSoafmo sftr equesned y vir al vectors i nclaudde nnogv i rrel

vectorasdeaansds oci at ede vieicsttoerds iaar f ol |l owing sections.

1.221. Retrovirus vectors

Ret ravies possess HBekpemwbmehofconsi stksnoodrg G, pu,im gen
podndn¥*® These four gene regions are in charge of
and viral r everressep d atdindefereyicpyticalsee of r et Fo §.8.r udsn cies s
bound the host cell receptor, the conformation of

whi claustelse fusion of t heir retroviral e nevlél*ope v
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Meanwhil e, t he singhleetsovamded wRNA &dfe rel eased in
reverse transcribed to a douBi’e Thter DNde dwi DNA t fhreav
the viriatlo ifnoremgméaesgr ati on compl ex which wil/l be
me mbr d3%*e When mitosis occurs, the nucl ear membran
internalization of!'2% oAnfptdermng Ut l eruwsc, | etulrse provi r al
integrated randomly to the host chromosomal genom

be expressed by the MWbst cellular machinery

Virus receptor interaction

l Internalization

o —  ViralRNA
Wlthl_ﬂ l Reverse transcription
capsid ——— Proviral DNA

Cytoplasm Nucleus
l Integration

Integrated provirus

Transcription

Viral genome
l Translation

And packaging

Virus assemmA /.
3

»

Fipg8Schematic representation of the retrovirus |if

To prepare the retroviruses as gene delivery vect
replaced with therapeutic!@emndd ear t hited & cee ld®tyvii @ d
infected host <cell s wil Iwinrdctalpeaxbp ree sosf veixrparle spsriontge i
g en ez

As one of the mowitvdlbtegqruentd gt uswidr us possetstse seve

i nabteexpyess any ,whrialhbaygoomeunse rescppmadbdefdistyably
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transduce dividing cells and caipadrnolre oofe rlldhwgOntyerarm

the other hand, t he di sadvanettahgeeisr olfow ectarpoavciirtuys f
genes, t he r aintrdoo nt hien sheorstti ogne memet h h&ochi mayi on of
or the inactivation of tumourn saipegortelse oirn aleinleist,y |
no-di vidih’d cell s

1222 . Adenovirus vectors

Adenovirus

Virus receptor/integrin interaction

A%ternalization
W *

endosome

Nuclear

Nucleus translocation

Cytoplasm
\ Virus assembly

‘ And packaging

Lytic release
from cell

Fi 39Schematic representation of the adenovirus | if

Adenoviruses are double stranded DNA viruses and
as respiratory tract i NPlechdbeans uses agrsest caprthe ri
infecting many cell t ypedi viindcilnugd i cngyl Idsi,v ivdh inggh ameadl
devel oped vectors capabl e !d@f. %1rhaen slfeenrgrtihn go fb oatdhe ncoev
36 kkhwmakes it possible to pack |l arge thetftZ&peuti

126 As sltowl itnhe infection of adenoviruses to a h

26



bet ween the virusnditiheshokwreamppmoot @inn sarfrF*adé tefr I
initial attachment , btehnet eardieatldivei rhwos tvicreil d n tvairlolugh
then packed i n'?ft hen et beensvaméochime nt of endosome, t |
adenoviruses virion capsid prsotneitrhse trieh e adsiapadiida n c
cytaospmh from where the capsid % détiewmggeeadeebl t hac
t hadenovirus genome wil |l be released and start t
without integrating %iHhto*the host cell genome

Adenovirus vectors can be prepared by the del eti
region with tH&FTheeadéocogienes vectors posse@gi)sev
the abihfeygttoeladritowumescei ncludi-dgviddivritgli oad)dasgde n o
transgene!?ta@api ¢kt rgeennsef eir efedd yfasadhe DNA of adenovi
intdoigpd the genome of hostntghel F s skt baeratorireatedano
the inactivation of tldmoDe s psiutpepr ebese gewmast ages
di sadvantages that restrict theé'®Appl exalimpodoepsnaeaf
expresgiione of adenseryuShodMobher main drawback
vectorsatiesy dakieghk of amamnumauinreg r esponod hlzad siode

ef f @ htugna™ntd. 124

1223. Aderaossoci atesd vector

Adeqassociated vectors are similar to adenovirus
risks to human health, because t he3d @Adamddc icaatuesde
Viruses possess a short single stranded DNA whict

chromosohmg TWWe | ifteneadgabesoofated vi rFusd.1i0s UsanHad wkre
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retrovirus andheddeascwici agsed virus i s incapabl e
presenaxhee lopfer vasuansadbnovirus or'?2heTlpies fse antpu re
the preparation ofassecombedanmntchadesobecome rel ati
the vectors, hel per viruses are needed for the in
vi esisn t he ngeesad sioxct ed vecttadr | o louwtdeemmuted f i ed vect

purification step is requi®d during the product.

# Adeno-associated vectors \ ) Helper adenovirus

' Virus receptor/integrin
interaction

\‘Internalization

s
Q00 e

DNA replication
N

Nuclear
translocation

Cytoplasm

Virus assembly
\‘ and

N . packaging

Ad and AAV
lytic release
from cell

Nucleus

AAV and Ad mRNA

/ transcripts
Translation

Integrated

e

FibglL0OSchematic repr esasnstoactiiaotne do fvitrhues aldiefneo cycl e

Apart from the difficulty in vect oraspsroocdiuactte do nv, e cat
their |1 imited ge'A®e Deasppictie yt h(edi.ofa sksba)owbatc &d , vadeaoar
S 0 me advantages t hat Ficrasatrslay,] beha gmdoratl. genes al
adeqassociated virinmgestot bear es islewlbiseavaecadaifted | peher
vectaond taher enfodr € i kuesley atnoy cda sease o0F24F urmumer rtes pic
due tthe integration of the vectors to theteasmprmacif

transgene expressit’®n 'tan be obtained
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1.23. Nowi r al gene deslivery system

As reviewegdcaboe2t hough viral vectors are widely
their high efficiency and |l ong term transgene exp
sdarus i mmunes,hegpobhseicity and WwWhirelhgmageoaus$asmu

have raised conceinnshufsé&ihF urhteh er utsaadte hviesc,t ow s ar e

prepare, expensive and haveél*l Amitedhesrands gavbhas ks
various challenges to the applicati-snraf wveéechor
been devel oped!lds Syint hrenatci we natur al materi al s e
no-air al vectors:vi Thér evfeacrteo,rsermsmn U @&ldluxegod oxi city

response r i stkesi rcaol mpiderceWtomisries chemi c-al rhhsedchons
designed to enabs gecirfainsfeeltfi’Ahthdugh sshe | ower
efficiency and relatively esrhairchsat i@ gogyhammlsigeatei cerx

nomi gahe daenleit\hetrdhyse,y are expect efdutttd? enave a strong

1231. Cationic Lipid vectors

I't twasst reporte[dl2-mB8doOSWIlopRyBNYpNNi met hyl ammoni um ¢

capabl e of tramef e«rBdihmge WHRinous cati onhavel ilpdan -

devel dlgedhe structure of | iptha tvlerce®r se ctaino rbse: d(i
charged hydrwipihdH iics hiermdcharge of the interaction
tail(3nda |inker @gtbephehdt aodntradfli)l'dt oups (see
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| NI
|

Hydrophobic Linker Hydrophilic

Tail Headgroup

FipglLlSchemati c r eparte soennitcatliion dofvector s

In the early generations the most commonly wused

tertiaryuaminees cationic | ipid vectgaradninhoagdvaed ollieee n
pyridinium and phoopp'®f ushé ohydtheaphobic tail grou
aliphatic chaimhsn&ked ¢hooltdet diydlrophilic head grou
114

As s homing.lizn t he transfection of DNA by I|lipid vectoa

(1t)hpr eparatidmpotl DbNApl exad boyh 29 elilngeeatrdhorzdyit gohs i s ¢
encapisabhyatendosome; (3) escape from endosome and
into n'él BNBpid complepest ammoubset g by mi xing DNA
When mixed with DNA, the positively chargedl gead
char &N t hrough =electrostatic attractions and tF
partilatlhees .f ol | owi ng process of | i pbiydi gpderddr r BaNhAg e the n
compl exes akreowWmr mepdéiPSiexes t he negatively charge
positively chargaede |l aiph et atdhiepgudmtlimvx & dcaerlge dne mbr an «
12 After approaching the areddadmakgdbm ames byl icpedplls

endocytosi s
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R
U /I ¥

Lipid vector
NN —— Lipoplexe
DNA

endocytosis

endosome
escape
AL

YA, %“%
o S

FipglL2Schemati c r dphree scaan thathiiech ddfpDMA transfecti on

It was initially believed that the fusion between
forhenternadfi tpaobipbexes, but new thwatdencte i maya PuUE
medi ated i ntetf3Afttieorn tphe ciersistDiNAAl sntunteecapki rhAei end
avoi thgheegr allld sos@amael t o reach wbelk hbel gausansgene
expresgstedTherefore, cationic |lipid mediated endo
| i baded ansfection. The procetshsenadfosombt eyt ogp| DNM
based on the destabilizathynt bvé e ®tHcs msirhe Mg bhdnd s n
four steps are involvedd?2?iflendopomeéerxcsssapinnbhgr na
endocytosis and encapstd? a(t2e)d Ao lditpaendaseme t he ¢
created as a result of the electrostatic attractd.i
l i pi ds hémdos ome mé3dbr(&8ne The anionic |ipids then ¢
form crheautgreal i zed i on pai rté? widt)h Tihhee ccoanipiloenxi ci sl icp
DNA is released 1°AtDBDNAhehatytbasabeamen releastd fro

be imported into the nucl ehus detraiiltesd exrpo eesss onf.
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of DNA intcunmue@b¢lbgliear . It has been suggested th

enter the Gkl | nucl eus
Step 1

AN NN,

ST

==

% cationiclipid

% Anionic lipid

FipglL3Schematic r dprpdsde mteadtiiadnre dofDNA .escaping from e

Good transfection efficiencHd épmadinatieal achinsfedt b
cul tium et, he ab e oHoweweovfer , their performances are u
transfection is condduomt ewi vidw ngceerd $€ FctuTl htiusr epsh eannodme n
associated with the pesi Wheai mublwidigiep cof | el xi epso pwielxle
negative serum componenstisn itnheblIfooodnawh iommh orf e slualrtg e
aggregates may accumulate to block microvascul atu
to the cuulartti-lomf hadff cat t?@niThel irmppldexd £ ar aonocde o f
tesdo reduce their transfection efnfivliveanc pd,cdintdi d
anotrmmegati de ef f ecwi tabesloeccitartiossdteartacct i pos beit wekyn ch.
| i popdrekegati vely charged serum mol edl d&dpoins ctahe o

i pids mediatied MYirmegdticte oserum pr ottehensr ftaecred off
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|l i poplexes ands ato tsi ogpgsmont he upt akd eaftiad gteo xaiga
respohdes

To overcome these probl ems, vaY’?Poker sexamegiees hiy
neutr al polymers such as PEG have bees. uGrde t oo &t
with PEG, the excess positivewbhahgteotledi papé e

el ectrostatic attraction between the [|'W%% ofsl eax erse sat

circulation time of |l i poplexes is prolonged and
redut?’ dAl though increased circulation time is exfg
that <can i mtgeerteecdt cwiltlhs twehi ch in turn increase th
note that the PEG coating can, on the other hand,
transfection efficiency since it maaoaelbll om&mbdrhan e
l i poptéxdherefodoi @i dPEGMpPI| exes wairtbhondilfefnegrtehnst hhayvo
devel oped to aBE@sStpitdh e stsiomd adft’dn with | ipoplexes
Hel per | i piddsol eoghphRhesphati dylendhaobbbheasner IDOP&
empl oyed to reduce | ipopl exes t oxiApiptlyi cartd oinn orf e d
cationic | ipid systems heasofbefeanc irleiptoarttiendg ttoh eb ee scca

endosomes by t he means of promoting t he me mbr ar
endosomal me*‘mbAsanaet heatil eanic | ipid mediated trans
promot ed. Mor eover, with promoted endo®bdmalkhasgap
ratio requirenhxi maleachnshecti onwhefcfhi ciire ng€tyhda sr ec
toxicity of° |Alptohpdeegkhe sppreovan ef fective heilnpevitlrio
wi t hout the presence of sersmn DORB sTthha chveiosmuwdsves r s

DOPE | ipoplexes tend to fall apld@tCthoilmspreoénc®nof
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hand, has been reported itno tbhee ap réeestetnee@h dddd ptear ol li
stabilize the |l ipoplexes in blood against the se

ef ficf%ncy

I n summary, cationic |ipids possess advantages s
engi ndeegroer targeted transfection. On the other han
and low transfldction efficiency

1232. Cationic polymer vectors

Caanic polymers, synthesized or naturally d¥rived
Af t ei nwiitxh DNA, cationic polymers tend t osiczoendd e n
complexes which areé?’c®hkedfpdalhyeplneEaesr advantages
hi gher stabitldiityopiéenpBslleysi ne i s one of the first
has bemepnl oyed gesne traasfseaetti@8i%® Since then, wvari
polymers have been devel odeid vdimdrog & A% oAdmeolnigv etrlye i
pol yeeihmilinmen one of the most fr equwerctaltyi ond eed paond dy nrea
transfection due to its high edeainsinyey dgoffo upgnset manr g ¢ e

of PElI mediated gene Rirgddlmsf ection is shown in
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DNA
condensation \,%:1
—_—

endocytosis

nucleus endosome

Fipgl4d4Shematic r e pPrBEds emetdd taitoerd ogfene transfection

PEI is capable of complexing with DNA to form pol
physi ol o*di drdndes pPHEADINGA pol y p |l enx ecso nacreen ttrhaet ed at t he
the electrostatic attractions between thélpdbietiv
polyplexes are then internalized by cells througt
Af ter being encapsul ated i n endosomes, macr omol
|l ysosomes where th'éy Iwi Idr dbeer dteqgrpardeevdent t he degr @
t he endloyssoateeome process mMa’stPEble iisotlobaepaetpltee dof pr ot
DNA from been degraded idqnr dtyosnoessoer@isg d¢ttehar jmourgiht yt hoef
ami ne groups i npr BEb n aatpéed snaain o géitcaln peélndosomes,
no-protonated amiatbsogmowppotwinlsl at the | owsipnH tehnev i
protonation of these amine groups andl!ticél accdmul
as counterions, are also internalized by ,ehidobome
in tlheramds to the disruption of endostoomecsy tadripd ats me

Moregogvdrmhe protonated amine §feupsheneeaddesmmeyp Hwi
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the acidification process -Whsoboime hTahesritd fiaabrnef, o rP
can protect the DNA from being degraded in I|ysos
nucl eus for expression.

Despite the promising functions of PEI during gel
l'imited by its persistent probl ems $uoc hainddsno svtirvoon c
transfecti dh @&heei ciyemayxicity and transfection e
stucture and mol eculdr Therghtareepewde ytpesr oFPEIsgd:r u
br ancahnetdd n'dadrThe structures of branché&d)PBIFe(BRBEW)Y
Fi$15 Both BPEI and LPEI have cdampavmi lgpiowidd g enve etr ma |
transfectidam efifvioBoehc Y EImolpeocsusleascse wendbnht tr ansf
efficienyay tadikd daohgetyi mal mol ecul ar wei Pt of oBPEIK aas
22 DKf or tPEHiIi gher mol ecul ar weight is associated
al smeagt er cyt*otPEXBmwittghcul apo f2wEdaoghtl ess i s nointt oxi
shows nd aerfdresftéic tWhoeemn t he mol ecul ar wRrREIg hits isst ihlilg
for transfectamochuhi ghkxdr by sUptodik hagd tywy cel | cul t
polyplexes exhibit higher gene expiTds si eprhetno meeabl
most | ikely because LPEI polyplexes are not as ¢
release DNA 1'!Atbtthascal §e been reported thetl|LPE

nucl eus mo't% Moarpeiodvieyr, LPEI is reportedt @®BEbe | ess
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FipglLsSchematic r dpceesmintt@ali dtomr @od of BPEI (a) and L
Al t hough BPEI exhi balteswéri gthrean gfoexdtciidry eafnfdi ci ency
condensi mgr ®NAamgdhtfligr mi ng smaller and ¢#iemNeo r anad b ly.
when mi xed BWRPEdIAnNnDNArm particl dewwihtumdtr leas, mininmene ft
LPEI stendorm much | ar geat prahretriocdedadirewi t h si ze

A hypothesis on the mechani smiotsstfine mcythet chxigchi tc
charge den%% t'§$¥%-oée PEEI molecules can interact wit
such as serumecgrioltedasoedgigrsegat es which can @adher e
and cause signifli’taPEIl cean alasnmagiest er act with pr o

itical intracellaintead poosessebsWhiecaktoetfecesduc

(¢
—

surface char ge dbagp eelxlpeecdfedr educi Rl tmedicagt ed opolcy p
fact, many researches aimed at reducing the cati
conjugating nontoxic polymers or proteins on PEI
mat ertttalTeheessunREl deri vati ves showed?!? eFsosr ceyxtaartpd xei, c
researxXhetoflhéxadecyl ated mpmley gtmeylsermcompl exed wit|

encapsul at evde blyi pneaegat ithe surface charge of encap
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well as the cytotwexnaocdpsulcotmpd r REL i esto.rdaellseé gemse d ASF
(Ant heraeai periyiPEdi ) DNA ternary complexes by <co
onto the surface of'*%PENhe/ cDNaA icnogmpofe x22eSF resul ted
for the complexes and higher ASFRARBDIDNAt yef aar gebk bmsp
comparteld ovdl | s REANtAKeodnpwietxhe et .c@bmpiagy d ch tahinddmo vi v o
properties of PEI /| PEGYA @&pEdldy/p| BNASs pwi y bl exes anc
PEGyIl ation of the polyplexes significhepadyagedoc
prolonged circulation of 'PlEGyl ated polyplexes in
Aldlhgh reduction of cationic charge of PEI based |
cell s, it is worth to note that too much el imina
transfectiohl*efti disenscuigegsest édi ndiang tdhfe RBIat ongt h
nanopartialese madul at ey 1#% sFocytion sotgartdd ,n aamfotpearr t i c |
coated with PERYDbdt hter arnessfuelctt i on car rli ®@we yet xohtiobxiitce d
t han 'PEIAtpafrrom gold nanoparticles, it is &aund t
nanoparticl es, malgBlet (-WMENIP)a nwipatrdrixc |l ean be fabri ce
delivery throug’f nMhgd et afpepdtyiicodimg magnet of ecti on, ¢
be euds to i mprove the twiasapi dttyi oson mek imaginer dice ¥y ect
surface '%f Moelelosvxit has been reportedPHEIhati dtheer sc

significantl y43 ower than PEI

1.233. Magnetofection

One of the major-vidrawbaelks oo hapoluding the most

(PEIl'is theirinelamtdino etlirpyamsofwecti on eftfoici @ahclyYtcbobmp:
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This drawback is mainly due to the fact that thei
for the gene | oadedonmecébl ssupnf acesmmulelptecnd eing g ra
14T hefreer e,acapmuloat it e vectors on the surface of c
the improvement of tHhHe&! transfection efficiency

Magnetic patheckBbéesmbawrevrel oped to rapitditeargenc esnttr

undemaamnédtiied®d The first practice of employing magr

was conducted in 1996, however '*Wi Thel fitbké axpeu
scientific literature haveelheddni@lomeftetddimc @ DWWst r a
first full paper on concentrating veetoabk 2i0t0 1des i

Si nce vtalré ro,u st inta gvsee tdeerve | bp e ddlhievedry of genes to t

met hod is referred! o as magnetofection

Magnetic vector-DNA complex

DNA — WM\:I l
Magnetic —— &

vector
Culture
plate
I\l
Magnetic — |
plate S I

FiglLe6Schemati c r ephree spernirrecdinpotne fédffc t i on

Thenpiiple of magnet ofFieGlt6Fam sitd yshonamniehi ¢ vector
coati ngwiMNWP cati oei Emat & hieradagntelttioec svacte t hen mi X
nakeMdA O o form maMAtecempleexe®y via electrostatic e

vectors. Next , the magnetic complexes are added
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under the cell c ul dowwrnaw dpd qart eet it oVi fipdnroavvdh d ehal p of t |
force, the magneti ccopomphex aselwist du rofagpaed b ne t he ¢
barrier, which in turn wil!/ resul t in enhanced i n
transfectiboA efficiency

Magnet ofection exhibits advantthhagre-ma @1 e tmafcenc tfiacsrnt em
For exampl e,etMigdleay Inwle sti gated the transfection
no-magnetic complexes exposed to a magnetic field
compl exkbeg apdndly focused onto the surface of targe
effi ci enci es -fcoand bhei glh,eorOO han t he tr amasdreettii o'Akse cctom

Kroét haalve reported th®ODNmazgmet exempawteir@l ¢hruamanf ect

umbi l i cal vei nwietnfdion hleb imikrp ovehk § st o ao-magnetotetti e
met haddcds comtegast egd> 2M sho., it is worth to note that
frm the cell surface into cel | s -nvaigan entaogfricect foifoeacrt d tom:
word, the extersalo magnetpipce affrortcoe draw the magne
i nstead, t he i mpcrtoivoend egfefniec iternacnys fies due to the ra
on the cell surfacé¢®within a few minutes
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13.Thesi s pl an

I n summary, t he above sections showed t hat nan
i nt ezatniaoni of drugs and genes into cells. Material ¢
be carefully selected and generally nontoxic, b
especially favoured so the resultchgamadhdobartiher
i mmune system. I n addition, the size and surface
affect 4 heéier babdi stri buti on and internalizati on

Further to thismaghmet dephaymepattiofl es can provi de
target desired siteBasprdepnatmagnenformaeidn, my
and preparation of nanocarriers with sungamheesi a

and magnetic cores for the application of drug /

The first experimental Chapter (Chapt esri I3)s hiest bf oc
nanoparticlesowt amaethleod.alltm nigheoucto hmedtat EBnahbr satt
prepared by pot a82% iHionwepvheors p htahtee si ze of the result
500200 nm is significantly |l arg200tmmanf othec#&®mpce e mu
Therefore, a different salt (sodium phosphate) w

Accordi ndgd mei sheGd& Series

NH.s > €Cs Rb 'Kk NalpCa’*™> Ny

the |l arger and | ess charged cations (cations to
while the divalent cations (cations to'fh®husghth
empl oyment of sodium phosphate is expected to be

sizempared to those prepared by-spotkasoasiremnpmhop@mh a
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wi || be prepared using sodium phosphate, and the

and pH of the salt solutionexfpltomedresul ting part

In Chapter 4, instead of using only one pol ymer
charged sodium alginate and po<iftayeerl yc ccahtaerdg ean cl
fabricate magnetic -by qqiyreat et/ acchbiptaorsfamr | cdiyeg del i ve
chitosan are both commonly wused polymers for drug
biodegradabil it 2 Tdred ed ercttorisdiattyy ¢ attractiosmnbet

enabl es t heiyitaoy ébre dmaayteead ont o MNPs to construct

coating | ayers. This method provides a simple wa
resulting particles. The ndmbér ofut é hmosctoal ayerl
expected to be capable of controlling the | oadi ng¢
el ectrostatic interactions with the drug.

As mentioned .i2n 3FeksIt ooa@a of the most frequently us:¢
polymers for gene transfection di¥Mowever,s thheghapgpe
of PEI is |imited byhiicths csatnr dinega d@iyttiono | ooxivecai & fye ¢ twi
ef fiicd®ihce cytotoxicity ofdulREIt oi § tlse Ihdiregghe ddddsmstibteye
13638 r PeEl mol ecules can interact with negatively ¢
or even red bl ood ce]wlsi ctho cfaonr ma dahgegrree ghanice s il S & U e
significant!*teetetilamagei n Chapter 5, negatively ¢
is mixed with FREI thanprpapdriec | B ands malgln en arco Bar t/
I't i s expected that SF chmrmgedwdetthrereseaed aliings mnma

l ead to the reduction of their cytotoxicity.
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2. Materials and Methods

21. Mat eri al s

Bombyx simokriwas obtai neRd fGhdat & (i lJaln5gbs2u), was pur chase
Aes&wur cumin ( OQBuwrecdh)a sweads f rom LKT Labor at253 236 A)Pa
was purchased fr KHmP@hRP3ECIRAEBR3IG62),( CCaAaCBEHP® Na
(S7907xPQ (Na&H282) , ammoni um hDyMISTQ x(i Dlieme(t2h2yll 2 2s8u)l f o x
Rhodami ne cByainaateh®RMO7 ) al gi natCa ( QWR0L1L5HIMSG Q

( Di met hyl sul hioxPiod ¢/,e ciDHIB@E@ RANGCHOBEHT7 2VEY e purchased
SI GMALDRI Ridswel |l Pailkl Mémstitute (RBEIDBZIFH40 PNBeSd
(Dul becco's Phosphate-5B2fF)erePdensaliSheppBa@POi nU/ B
U/ ml (6DDE31ENG|I uL ami-6@5KH)L7wer e pur chasNeadHGQrAolnYy 0I0&) z a
Chitosan (314P®@D1Q00), chloride, tlertamhytdil bh) e chlhdpecE
(449 &6kt al Bovinel 0500 Wiedk()aFsBSRe @Eal | oi dAneXa 7TRBI7dQr
568 phall oi diOh i g oAf1e2c8t8IN5, D@ T T(M6 4 9 4 s s aayn d DARN;j

6-Di ami-Agmeony !l i ndol e di3h0y6d)r owehrleo rpiudrec, h absle dS d ireomt iTfhie
MD AMB2 3 1 cell s ( Human Caucasian Breast Adenocarc
ECACOIl tHiagh Quality (UHQ) water was prepHDEdcebkli 8¢
were provided IRWAt hecBhehSinmgideanded ynhyuemaanntci sens
ol i godeolxgot ({ BABMSEG T ICGAGGGGCATN], wit h and WiNjiA Mo u t
(carboxyf-I5ssarces ene idry | ester) | abelled) were purcheée

were HPLC purified.
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22.Met hods

221. Particle preparation and drug release

2211. Preparation dfSBdllkt ifdmbr oi n

Sifkbroin solutions were preparedpbib®edi ésk wehrber pr
boil ed forsa@lOuani m@2 nWM@Had t hen irmesserd th tDI water
sericins. The resultant materi al was degummed si l
dried overnight iAM mefdowye nadeweai wtt ®6dt EmMh & calCl / v
amol ar oflat Roah®dat ed to keep the BYACeimo tTh&p bksrod ti wWr
fibroin was observed dissolved in the solution w
dialysed in a cellulose dialysis tube (4d2wiKiDah cDI
water was replaced at |l east 5 times per day. The

gt o remove thefempuedtiasthe refrigerator at 4 AC

2212 Preparation of magnetic nanoparticles (MNPs

4giron (11 Ihexahly@midd er &n g(lil) chl owerde ¢a&dch adthiyss alf
150 ml DI water and degassed with nitrogen for 30
solutions were500eml|l mog @ ddid md & sokfa Mmmoni umoiyd e

added wihngder ous natait rrroigregy at mosphere at Trheomatgerep @ r
nanoparticles (MNPs) whaedymnildn airradnwdisthte ds tartond g as
with DI wateri mpuifleenopmar taigghleens wwees hed widrhiossdelh an ol

ni gagtt room temperature and stored for future usage
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2213. Prepar affsi bk fi broi(®FPanticl es

The fabrication of SF particl elsammebetdh’danckndodifeshfort he p
the present experiments. Br i eSfFl ysol uti ons with dif-12r egf michbnwe
added to potassium phosphate or sodium phosghate
volume ratio of 1:5 Hokpawed my xsuoeisnd nh-h@k€as efr
The resulting particles were wunfrozen anldeicneggnt r
reli spersed and washed three times in UHQ water.

strength on SF papdtiad i srizgehocdmpiddiwoms wi th i onic
2 M were mixed with SF solutions (5 mg/ml). The e
struotfurSé particles was aSFKR8idthu dioadd ubny pphrosdglhait re
pH 4, 7 andar9y. sSercbditPwree ® ofhhvestigated with Four

(FTI'R) spectroscopy.

2214. Prepar af iammet i c sil k f(iMSPosi)n particl es

MNPs were dispersed in sodium phoo srpehaacthe t(hle. 2c5o nM,e
0.1 mghel MNPt mi xXture was theaObmghdaed wbt bt 5Bn¢
particles according to Sddhtei2op.@lnead st hmegrteMBuA s d weé ne
coll ect &dldo diysmmegmnet s. Sodium phosphate solutions

also mixed with SF solution (5 mg/ml) to investig

2215 Prepar aturocnunifn cl oaded magneti ¢ CMSPKk fibroir

Curcu@URwas di ssol veidah oo dMM&E®Ot r ati on of 100 mg/ ml
mg MNPs and different amogwttbaof CORUwPMEOtselguai on
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and 90% of total SF used) were addegdpHOo08)1LO0s ml utsic
investigate the effect of pH on CMSP si ze, zeta p
solutions with pH value 4, 7, 8 and %9 Twerepased
mi xture was then bl emdegd wigt/hml2 RGACS K tesoa |&xdt .iadT h e
were then unfrozen anadnatl hyeoeddieptee mmit ment r evaisd u a | Cl
using/VibBVv spectrometry (JENWAY 6715, Bi bby Scienti
CUR in sodghbamephhinmsd PBSCowecreentotadgp.@amti cl es was de

weighing driedmlpasaolictdieenfrBmcdpsul ati on and | oad

byvqgq2 1 a®d@ bel ow:

Haé 080 YRE Gi 0 QDA Qi
0 YRE QO MOV AD

Haé 080 YRE Oi 0 QD Qi
Wa€Eo0EMWI 0 Qwa Qi

Ot OO i 6AWRWD BNGE ko

0 £ OQ@NQQUO VRE RO © &

2216. Preparation of magnet iMAPal)gi nate particles

Magnetic alginate nanoparticles (MAPs) wereeprepa
al®220 ml of ethanol and 10 mlbecafkaedd Wa2®rg wafs MNP
suspended in the preparsdaddimiax tguSmestod Nig2>i0to mayol amh | of
added bDeakugpen whhiechmi xture was sonicated for 10

di spersion of MNPs in the suspension. The result:
room temperatur e. Foll owiodnagti @a@8 (ml 74 f mgllanmlOH) wa
suspensiand stirred for 1 ks doledtoircen 1(61 Oml mgd fml Na HG
suspension was then stirred for a further 12 h ai
collected with strong Neodymium magnets WwWa&ashiem® vt

excess salts. Finall vy, puri fi edbeMAdBreee veecifdetr hseu s p e
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| aybesk ayer process

2217. Preparamagnebic alginateylagbi tp&RACPERpeTr

The preparati on ofc hNMa ey ch aw®leginmatogparticl es ( MA
on t hebyl ayerasselnftbd oydiodm a8 Aa mdahtiet adCHidoon ( MAGhsS .t o s an

sol uf@iComywans prepared in 1% (v/v) acetic acid ag
deposited PByoaddMARrg into 100 ml of the chitosan s
min at room temperature. The resultant MA / CHI
magnet and the excess CHI was removed by evashl hg

next SA | ayer was deposited by adding the previou
solu@Domyumdeirgosbousring for 20 /@HNKSA hpuasr tfiocrlneisn.g FN
|l ayer the previously cdeessscrwdbedugad.ifPaantiohepr wi
fabricated by alternatively coating positively cl

until the desirwdsnombainefl | ayers

2218. Prepar aturocnunoifn cghaogandeetdi ¢ al gi nat ebyl agdi t osan

part i(cCMASCPs)

20 ml of CUR DMSO solution (7.5 mg/ ml) was added
mi xt83meg/ ml ). Then 30 mg of 2MACGCHR $ eWwe€UR and ke dirientam d
24 h. The resultant eQurcc uaficghi intac sedleytl A Wgagnnanopart
(CMACPs) were collected with at INeaanensi uwm tnmha ghnle tw as
supernatants were <col |l ect-\¢ids aspgle catnraolnyesterdy wiJtEAN Wal
Scientific, UK) to determine the concentration of

mi| of DI water and theartcionlcentwas oat of mthedeby w
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from 1 ml solution. Encapsul ation aikd .| da2d&#lqg.g ef f

(2.2).

22.19. Prepar asiilokn fepfdlrpyetmhyl|l enei njiSlPPePsparticl es

SF solution (po!l ynwgekemmj @BIsd®! uti on (5 mg/ ml) wer e
volume ratios (1: 9, 1: 3, 1:1, 3:1 and 9:1) to pre
then added to 10 ml of sodium phosphate soluti ons:t
praped solutions were kePpAQf éht ooam oempee at ar ma(R
The resultant solwution was then centrifuged at 20
were washed several ti mes wsaht ©I b evfachhear taotr drrie emwcavt €

SF and PEI particles were prepared using the same

221.10. Preparation of magnetic silk fipMBPRs) poly

5 mgMNbB were dispersed in 50 ml pfepawiNPeanl phmsphal
2 m of SF/PEI mixtures (5 mg/ml) at different SF,
were then blended-swilth mi&tmreef aklNPt he resulting
temper atAuf @6rh(t200 al | ow the f or mpai binc loéhsewBPiPesd alrhde
coll ected with Neodymi ummeaagg ePeEil s .p aMat g nce teisb ywdhke ea nodr

same met hod as control s.

22.111. Preparati on -®ifl kna/gngdliycet hyl eneimpi@né i samspa

oligodeoxynuM3IPrFON dmpl| exes

MSP®DNcompl exes wer e prepared by mi xmgg ®Bheéei MSP

oligodeoxy(@bdIseod tuitd ®ns . An ODN aqueous solution
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MSPPs were dispeteedbtai DI M@BPesol utions at diffe
2.4, 5, 10, Q6f mgfephtedOODN sol uti OiMSWaPs stoH eurt i ad
and murndgerntl e amdakilng homogenous di spersion was
sallti on was incubated for 30 min at room temper a
solution described above was fixed at 0.1 mg/ ml a
to 10 mg/ ml to achieve different MSPR/ ODBN : hasslO
MSPP/ ODN mi xed solutions with higher concentratio
24 mg/ ml) were also prepared with similar process

before added into cell cul tures.

22112. Rel ease minctrom cur cmang me tlioadaldgi nate [/ <ch

| ayleyl ayer nanoparticles

5 mg &PsoCMCMAWEPrse suspended in 5 ml PBS buffer (p
37 AC undeagicto@®i0O@mt pm) . The particles were coll
magnets -dett epméened time points and the sheffomat a
reli spersing the particles in 5 ml fresh PBS. The
anal ywsedheg/i-gectrometry and the percentage of cumu

a function of i ncubation ti me.
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222.Characterizati on

2221. Particle size and zeta potenti al anal ysi s

The particle size and zeta potential od a rSrFiPesd dVStP
a ybnamic Il i ghanaslcyasbetr8y i fd&NanoBr ook 90 plus Pal s
Brookhaven | nstrRaretnitgl eNsY, waJiSA) di spersed in DI w a
in the saAmpdlieodxellla.ser wibtOh nwm weal 8d nugst shd nopfl e  wer e
sever al times and dispersed i ReDIawhiteve pmidexed o
water and 1.540 for particles were efhblogaegef bme
were conductsad eante na meanpl@ ai ungieracod | altBiha re eb &tah .c he's
sampl es were prepared and anal ysed.

The parti MA€EPsi aeadof@dMAEPanal gaepampthiyalakana ¢y W SNiTA ,
Nanosight )LMI1POa,welike!| el s peorde md phasphate solandon (
injected into the scattering cell of a NTA where
calcul ated. The zeta potential measur ement of p
scattering anadBrsedok (DL SPI yNaRal s Particle size A
NY, USA) . Particles were washed seveardglusttieme st oa nrc

NaOH and dHCI10 mM sodium phosphate buffer (pH 7) |

2222 Fouri er transform infrared spectroscopy

Fourier transform imTlyRBnmeldpssipseBs oxomnmpwc(ed with
Transform I nfrared Specl2doplohi onanSbtFdrme UKRwEs bBeti gah

times with UHQ water and allowed to air dry on t
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attachment (ATR apparatus, Pi ke Technol ogi es, USA
numbers was ®dto f4r0®ancd0 O hcet raume was r ead -Gesnmegl t h
apodi sfautnican on over 64 scans. wihteh aamirdeBsPotll & i gb)no no f(
was investigated to determine the secondary struc

conductedowit warehé Rssolution provided within the

FTI R anoafl yMARs anwadMA€BPsducted with the Spectrum
(PerkinEl mer, USA). Particles were washed three t
for 24 fhomue sbdédieng placed on the diamond attenuate
compressed. The wavenumber regi'lom tvhasa sreets offfrud m ol
The spectral processing was( |cRdPradpurcdt@e)dd ewdi ttvimiet thE Bl R

i nstr.ument

2223. At omi¢c Force Microscopy anal ysi s

The size and morphology of particles was <charact
(Di mension Il con with ScanAsyst, Bruker Corporatioc
on mi caatseusbsanmrd air dried before being placed on
were conducted UusAlnRg ((SIClREABWFBT ce mbamepi dighhea was

anal ysed with NanoScope Analysis 1.5 software.

2224. Transmi ssion electron microscopy analysis

Part welres di spersed in DI water at the concentrat.i
dropped onto TEM copper grids and incubated at r

grids was then removed with filted | papeang, exyxegeanitl
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be absorbed pri o(rTetcon aTli EM 2i nBapgiArmi gta,c c e Bvied a thiyf)n k V
was used and i mages were recorded using a Gatan O

andnal y Gad ainn Di gi t aslo f Miywearrepir. adp 1 )

2225 |1 n vdytroot oxi city assay

SFPs, MSPs MDAMBZP3t cell s were meulimumped eime nR BBl wi t
Foet al Bovine %BePam/diRBISi)npt bty cBinutasndi neamd %37 AC
CO.The cytyotoodxisScAMEPs and CMSPdvVB2gai cet | MDWNas i nve:
the MTT alshseaycel |l s wewel Isegldtde $s nat *@eldlesyspefyowd | I5
i ncubfadi o4 h ttoa tatld tolhwe tc@lleditdesst wadmec u b at SRAPsviMSPR s ,

CMSPs %30UR wusage) amdnoumg¢ealCURo (t he CUR content
preselected cemspercttn ateil ygns Af t=C®l 3onidgd3ndg MTJdu lwvatsi @an
to each well anAlC ifncrub®tealerdd bfgod r emoving the supe
2001 eDMSO. A pFhU®©standgnanl axvy, BMG) LWBI ECSsled Ge b mmt
the absorbance of each well inccdlaldd0h gmte nitelodt iwee
viabil i trymiwaesd dbeyt ecomparing the absorbance with «coc
MACPs and CMBAWB2:31 or HDF cel |l s weerld speiefitiedils i nt o
medi am a densitcyeldfs Hoelr Wwel | and incubated; over:r
at mosphere. dlihuenms twea eme e mo v e d2 Cadhfdr eree pd LAR ende dwii utnih s
MACPs or CMACPs dispeirsitome (CURU IcNEemttst o t he dec
CUR) to reach the final CUR ceghomént AAtieon48f h0Oob,
el of 3 mg/ml MTT was added to each well and incut
t he super natnagn tzsl0 OaDnMi$ Gaadodsio r boafn ceeac h wel | was measu
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with a plate reader (FLUGCRetrammdangyal axy, BMG LABTECH
SPPs, MSPRsDN and -OMBNMPDAMB2 31 or HDF cell s wedé se
pl awe®8BObf complete BRMIpImretkinunrd with 10% Foet al
antl%-Gl ut amiantel ensi t yc olpleBe Hhd Oi ncubated overnight
CQOat mosphlee emedi um was then removed, and the cell
beforeelpediamgdr @behfim8e meddlufm. SSFDAN or -MBRPcompl ex
di spersions with different particle/ ODN mass r at
soluti ®@hswi(2® equi valent amount of partiel assdesed
into well s. ODN sol utrnegat iwes ewdarltlsroodlus & gle sasequi v
amount of ODNs wused in complexes. Cell s were inc
magnetic field fofr@6 mediumMmhwasetbhen remo®kd an
compl ete medium andt oc ed |fsi neeB ed acyusl tti{fioheedoMT5TO r eage n
mg/ ml) was added into each well and petpbewprectnp

was visThéemedi um was th@lofr PM&EGe daddredd 2@ o each

plcda ng plates on a shaker until pur pl eapsechbopgfhntat e
each well was measured at 570 nm with a plate
Ger many

2226. Cel l ul ar uptake assays

SF§® MSPs andSFRVM3SRDewillre dRhodami ne B i sothiocyanat e
nm) before used fSOARPst MEPEabndc&ME BI®D AMBR2I 1 ccaetlilosn .we
seededweiln 6pl al 28c ewiltsh p3ei nwea bdaveardrditg B nder 5% CO
at mos plhefregme ubwit t bn Rhodlaah en&eF BBl MSPs and 30MS RCsUR
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usage) at partichediciomar 0Pg/anNi.oes RPA h, htahresr esd lelds
wi t h tamydmsdidth wi ce with PBS to remove ffreleupraescenec
Rhodamine B and CUR was determin€dl ubung BDf Bobws

USA) to investigate the particle and CUR wuptake.

CMACPEUR medium solutions were prepared by adding
dr opwi smee diinmttoo obtain different final CUR egc/ommic)e.n t 1
CMACPs were di sypmtros erde acnh niehdei f i nal CUR concentra
CUR medium soiMB2i3dnandMBI®AF cel | swewelr ep | saetresse tlayti oaf 6
I 4®ells per well and incubatecd oVRemighe medi3dn
removed and replaced with 2 ml CUR medium sol ut
incubated for a further 24 h. Afytpesri nt hansd wahseh ecde I
PBS to remove any free CUR or CMACPs. The resulta
BELSR Il flow cytometer (BD Biosciences, USA) to
SPRODNan MSP®DN compIMDXAEB23anHDRE el | ss eveed edweilnl 6pl at e
at a densftcteyl losft poerl 1Wwel | with complete3mediCdym and
CcQ. The celll culture mediums were removed, and ¢
i ncubationf weehmmd rfCECAN° MIPODN ompl exes were added |
well s and incubated 2d4r h5wi 28 e&and wrthou#t initial

for 5 or 20 min (the maxi ODMNwexgpddkcadapre ameve sc@Ot

Oligof e-ODBAMwWmRaes used as a positive control with &
serfimee medi um. After i ncubation, cell s were was:¢
i ncubation in the complete medouml tbnaubatnabnduri m
h) . The resulting cells were harestBBMSRith ftyg
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cytomBbDeBioscienmes hveSA) gate the ODN uptake.

2227. Fl uoresméccestcompaiges aqnrmdetm cally twragesey del
CMSPdp obftlaionr e mtc e n oiesccrogpge s of cel |l eMB2r3tept sk ever M
i ncuban ettloever i ol -we2ks | p laact censc eanttorfhlt ic@® | | s per we l

incubated with CMSPs (38amdBiROasa@é¢éhsatwed8®8 MNEshec
times with PBS-specirfemoakl|l ywoadsorbedf paawiitohe4d %r
paraformal dehyde at room temperature far B® TeMas
Red-E Phalloi cnimp EBSE BH@lahdashed t wi cfeolwiowe dPBbSy st
with DAPI (Ex 358 nm, Eimn & BI1lyy sn niya sfhoerd 3tOwermicry. wii ¢ th
fluor ens € e ras(cAoFps 0 0 0, Leica, Gerdmaawgye s dfl uDARIs,c ehe X &
CUR (£ Bm, Bm°*% 39t ained cel usi dvigfr fee rcamptt uaclealnnel s.

werceapturedabgw t h LAS AF (LL & ieea,s2i. 06w a3r)e.

CMACPMDAMB23tells were seeded i1fi Ngthalshser ot tScm ed it

di ameter a35 amm)ensPfPcecgl lof Bdrlodi sh and incubated f

settl ement . Free CUR and CMACPs wer e added i nt
conceindm amgf/ M and incubated for 4 h. Magnetical
initially placing a Neodymium magnet under one
i ncubati on. Cells were then washed twater mal e B
The fixed cells were stained with Alexa Fluor 5
fluorescence i mages of cellular uptake of CUR wer

mi croscope (Zeiss, Ger manyge abBirdo vasnearl yssceddt 2wd 0t ehl A ESrM

SPFODN and -OIBSNPMPDAMB2 31 cell s wer-webkeepkdteat bwbt h 2
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each well) altl@edésspey howebBpl ete medium. After 2
twice with PRBS® bwfcfludbratdh ®fee i medieumm Cel |l s were in
ODNsQl i gof e-ODAMIi PR and -OLBNPcompl exes for 4 h. T
targeted delivery was cdarmrcddcatre dmabgyh\emi aonahagthfea

cover sl icphs wieh | ed or 20 min at the start of i ncub
washed twice with PBS buffer to remove free ODNs
further i ncubation in complete mediumst oveaet othal
washed twice with 4P Sp aarnadf ofrinkadidd ewniytdleed cel | s wer
Al exa Fluor 568 Phalloidin and DAPI for 1 h. The
ODNs were obselrwvedr twdd hZeains®@ niScvr obskt@ipss , Ger many

anal ysddMviltma ge sBrfdwesermesdi (o2n. 0.. 12 1)
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23. Techni ques
231.Dynamic | ight scattering

Dynamic |ight isgxaugeditng i(MDDLS9t i gate the size and
2311. Partichaeaasiyzati on

DLS i s a power ful technique commonly used to d
suspens’®ofmbe measurement i s basBerdownn atnlodénog e todnd tcil e
When particl es asrod udii omer dadsdepistiadér gandom moveme.|
Browni an!Shmo Threomwnmoatni on rates of these parstaindl es

| arger paegsdlicwars smbuti on. DLS can detect and ana
these particles and calcul ate theiragppaeiad Tslrowr h
i Ri Bl

Mirror Lens Sample

21 60—

Pinhole _..X <«+— Temperature bath
AY

Lens — /(\
Pinhole —» 5

photomultiplier —»
tube

Amplifier Computer
discriminator 4

v

<+———Laser

Fi3dLSchemati cDdBagnamyefng particle size

As shominglina | aser is focused on thebnhhempluspamdi s
|l eading to scattered |ight in all directions. The

tub(ePMT) and the output of the PMT is Wi i taildedh
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particles stay stationary in the solution, the in
158 However, as mentioned above, Bpawhtnodahwabn @ah ewiulnl
cause either constructive or destr 4%t iTvheerieri toe ref, e
intensity of s c aetstaenrde db&ldied letct é dl u btyualDL S tta medet e
autocorr eltaGinon f un
p 10 Sm— (2.3)

wherrés a constant det earbneitnuepd, dngd & xhppersicradretasi t yght
start of experti mentcandbapiex preeelt etded htad t he posi ti
can rked ated t o tBreownmban!®h Tthheer¢ ®@mebe used to cal
particle size. For dil utesodnd amompbditsd deressg dni nedp d

setif ffusi on$goeffparent!| €sheangc athtee Wsemapw nhe @sf 0 rt

O A@bPn 0O (2.4)

In @4),Ndepewmadst he scatf/taemrdi wehweahdb@t hihght in the sc

medi um shown as:

n — OB (2.5)

SinGitées given by ®PHYSn@Er omheEgés élubi on$scarf becbbhhin

For spherical partic$des i@l at ed | uhlds hppawtpi@eilsé omad i

0 Q"W -Y (2.6)

wherke 8ol t zemaoondStiantt he ther modynamdics ttehmgpes as pe @
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medi um v it°3Coomshiitmgl | t he equations above the radiu:
obtained. 't i s i nspoolrvtaatnitiost & lasyaetre ntch aitd etdhe n t he ¢
For -ssmmeri cal particles t he radi us calcul ated f
hydrodynamic radius whikeomeirsadoalts eoqfuatlhet opatrhte cl e
mol ecul es oculogdhemowmone with the particles are ir
The shape of the particles can also affect, the
particles are not mohedémpee dedfecaedtt Gy e hieon ¢

autocorrel aitd ogaisfaumct i on

'O BO Qwnn O (2.7)

iWher’g s a weighting factor of a certain fraction
the schtfhated®Dfd v t he diffuseéeadhacde fofrtil aElifde.eptacrftor e,
t hautocorrel athiaen bfewmantei @x psonne nocioanlt ri but ed by pa
di fféstdmt size related tOGumulfdrertr emdt hba@d LUiselde t Di Ba

equation and calcul afetthkekelpirzéectiiestri buti on

2312. Zet a potential measurements

The zeta potpeanrttiiacll e(sZHF)s onfieasured by the el ectropt
with!!PLIhe ZP is the difference in potential betw
the di spersant’ arfoupnad ttihcelnres possess net charges o
sol venitansThwei t h opposite charges to the particle s
of the particles andtfeoarnd .@ny eisodel dyher Sda &lrlned ayer

effects caused by the particle surface charges de
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from the Stefdfherayere both same and opposite char
| ay'€étr These ions and the ions in Stern | ayer toge
shownFii@R '*>’"When pl aaxcnedelienctric field, the particl.
el ect!P’det of the diffuse | ayer moves wit,bathedpa
sl i ppi nigs pdetner mismesd tared i andter f ace bet ween the mov

around it during electrophoresiest iedhselafpPpaitihtg t he p

ve Electrophoresis +ve
Electrode Electrode
Particle Stern
surface layer Slipping

plane

Fig2Schematic represemttaie oasunmnffadceheofEDA negati vel
opposite charges are attracted to t he( Stuerrfna clea yoeft
formed. A di fifnogé e b biathievpeo saonnds i rdee gy a@tl iopeeodli aSntiltees Nnd é ay e

During electrophoresis the partofcleppaodsi tiTdh ec EEdDI gpep

plebrecomes the interface between the particle and
To deterambP,nea ttheechhadeil gee rophloretic | ight skiagt3t er i n
A |l aser is focused on the sample anids ogqyereriat end tv
possess |ight frequency differtentThfer osmhitfhtatofoff r
proportional to the velocity of!*Fagsiilcll est maotve 519t
| aser beam is divided into two beams in which one
as the reference beam. The scattered | ight from
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reference beam to ddtgehrtmifrieé qtlitben sy htihfet veefl oci ty of

determined frgmshhétf aequemct™®wfn determine the ZP

Beam Combining
splitter optics  Detector

- <///>

Laser
—~r Comper]sation
Attenuator optics
— ./
——
Sample Digital signal
processor
S
Fi @3 Schematic representation of bty&dleedtnrsaphuomreentti

scat t¥ring

232. Nanoparticle tracking analysis

2321. Wor king principle of nanoparticle tracking

Nanoparticle tr aokaanmngo tahrearl tyrseitsm@dNyTsAg t he si ze of |
DLS, the dnaglays i cl e size by NTA is also based or
partsi cHewever, a differentFbs84sah cevgsy tihse oufpsreadm atliop $dem
particlhendflTAei wstrumen¥i g/hAa baswn i8 guided to a ¢
which it I Btho ntt me® deamdd e n(sdoiblnup &r tsiucl es i ni nlgi qui
through the glass prism, t h ea nltahseenr einst erresf rtahcet esda n
ressiint the il lumination of!'®% hSc aptatretriecdr e gi egichnt whi lsse gse
| aser hits the particles. The scattered 1ight fr

mi croscope fixed with a video camer a. I n this wa
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recording tthhgeamoti icdeshiichhi@akahyswd by t hé® NTAA tshod
video, the dpeatretcdtceldetsh airrem®Btrioovmiagk ed omyf a ameamasi s

and used to obtain ®article sizes by Eq. (2.

oo — (2.8)

wher &@h0s the mean squared difs pl aBoodmemta ndfi sp ardteisd
t hermodynamic temperdatsunéeofsutsipensolomemtedi um vi sc

ti meAdmsdthe hydrodyhfamic di ameter

Microscope

Liquid

Particles scatter ———__))
Laser beam

Particle

Laser I
beam ——

Glass Metallized surface

FigdSchematic r epNTeAs eenmntsattriuome notf caonf i gur ati on

2322 CompiamdTA with DLS

DLS is a powerful technigsuéd ef ardv@marn taigiel | ey fiesdiseiprisg a
obpeiram Howavdr awbbDalctks oifhat emnidessat gper particl es. I n

size is determined by analysing the fluctuations
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sampP®e However, the tot @&lgusaddnyttreirbewt dd ghig® dlaac hf cgicatr
| arger particles wil!/l provide higher Il i ght i nten
proportional to hthaiaimettterp’dd@ipackficdes DLS is mc
the |l arger particl es ni mm sbanasl etso alnadr greeesuplatr t i cl es
det ersmihree particle size by trackirntgi ctlhees mad vseumadn tz
screwemi,ch all ows better resolution of particle si:

par tstsél e

233. At ombccm croscopy

I n this thesis atomic force ngatreostcltogpysi(zAdM) s wase
topography of particles. xAyanAdddM rcean i 90an thamelfeog

providing 3D representations of the surface of th

2331. Principle of AFM

The principle of HRIng5AFvE riys sshhaorwon pirnobe tip i s mol
which scans o0V®r Whlkeen gemepltda p i s movetd to a&ahposhm
surface, the force between the tip and the surfa
cant il°%Av d ra sreerf liesct ed off the top obfy taheposainttiidne ve
photodet @dbeoefore, the deflection profile of the

movement of I"&ser position
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L photodetector

cantilever

|

7

Feedback laser
-loop
tip —_—
sample —> #
Xyz-piezo
Scanner

Fi 85.Schemati c r eprbessenct apgriiomcA op$l hea hgef pAFPMIi ng tip
cantilever. The <cantil ever defl ected by the forc«

monitored by a photodet e ot kre egpn d hteh e effd eecclt d wkn Icoom

The defl ection of the cantil ever i s related to th
while the force is related to the di@stbLaanmce bet wee
O Qw (2.9)

wherFé s the force bet weehi satmpd es@amidn prodres ttaimst, of
the deflection®f the cantilever

There are two basic modes for the scanning of sart
tappi nd®mdde contact mode, the probe tip is close
arepul sive force between the tip and surface of s
surface and the deflection or therpositkieopn ocfonlsa
adjusting the heigkntZpotzesamphaneit hndh% hghtheeedba
height information of the sample surface can be o

to the sample surfadeawbanokathatmadehhabeveacted t
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surf,dae to the capi l'flar¥yo cowmedrecncsmae i omi s pwadl e m,
devel oped.

I n the tapping mosl®g e lblhetac dn txieldeVveareqguencyonatnadc tt h e
the surface of the salfplTeheonf reeagcuhe nocsyciandatdmml it
oscillation is constant i f there is no interacti
However, whensctlloes et itpp mdovwee & afmprgeeensunt adefrom t he
bet ween tip and®3 hmpl etahses edbmapclei t ude tod h a rheeeiccahn tiisl
detected by the photodetector.cavrtaiiltsehveelrt ee celida ¢ lo |k

cantilever ampilitude constant
2332. Factors to note in AFM

AFMrtefacts in its images that do not samphedte t
can be generimttreidn sdiuce Itiomi t Bh e ydetfsoirctf aimAtippMiro r ecogni
avoi carttreddaci 8 o pfeRMt Fon eKiagbplheoast et @atscan be ca

by tips.

a. b. C.

- v = v v T
S T T ——
(. _._._ —I—.— Image

Fi B6. Three typedheof tsipsuastcisson sa)amphe cshjréatce® on s
significantly | arger than the tip. b) The size

significantltyil®maller than the

A probe tip should be significantly snbhacbbée tobar

determine accurate motFhdBll gyt dfi ptsh e rmatigplsiead tst af cr
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sample can | ead to poor FARBBh,i malges sr. a dAisu ss hoofwnt hen t
small er than thearebj ebj saxcaapldonhrerfeace can touch t
t i'P2 Theyraecfcourreat e i nfhoer nsaatnipdne osfur f ace can be obtai
tip is comparable to thEi Bémplteheoldjigctcanaants Baxvam
Gvedtlhus t Henigmaegel shows the sidewalls of the tip i
obj eeé% sl n an exasr esnhreoFknd8ten t he radius of the tip i:
the size onf tdhkej] satmpl et benf @digmagd haan only show th
tip. -Thkateedcasrtensawyl t hereml wcobhgpsobr the tips ar e

by sample materi al¥l mttthhichedaoea, taoaeffr esh tip is r

234. Transmission electron microscopy

Transmission electron microscopy (TEM) was wused t
ofFeOs/Pol ymer (silk fibroinsshald¢iammineolp@s. chEMOBE anE
technique to investigate theubdetehl Uk ap fTsheemeptrti unsca gp
TEM i s tsa piil aal mi cr oscopensgy bpuhto tiomsst ¢ aod doeft ewcst s am
used i W2 *EMince the wavelength of electrons is mu
much higher magnifications can be obt%i nTehderley o
significantly more detailed information, ev¥%®n sma
The working prinaosplréeament huHBHIEMAL eFdi risnt | vy, an elec
created by the electron source and thewusedches a
small, thin coherent beam. The final size range o

by adjusting the condetmbroudlntsks. cAfdens prasisense
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pagest hrough a condensers apeesrttrurce ewhearned itthei hi gh

removeédd Next, the restricted electron beam from
where the electrons i nt erradtviidiieod ht htrheee sealmepclter oan
transmitted electrons, (2) eliaetiacsallcpnl syasdCart ¢ a&r
The amount of transmitted electrons is dependent
densdltegggt ron tamadspamedsiyNdromal | y, more electrons

t hr oulgddvean soirt yt hi nscnoanipearrieadl t o t hi ck WYhAdAfdedmgp amas

through the specimenhrobhbdestriakemt hmettbebetbdbuoasédn

an image on the fluorescent screenhi gihhgel eo bdiefcft i a
electrons to enhance the contrast. The projector
ont of ther escent (phosphor) scf*®¢tn where | ight is
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d. Electron source
(Electron gun)

__—> Electron beam

Condenserlens

s Condenseraperture

50

Specimen

Objective lens

Objective aperture

Projector lens

Fluorescentscreen

Fig7.Schematic r etphree svemrtkaitn g np(raifyjn.c i TopE M idvPhERIgTeEsN @ If y nSe-

nanoparticidDdSHPB) -malmalelFenanoparticles(c).

Therefore, the electabihnhgbBi ghmbdgéest canveahedetosed
structure ofhd hdkarslkaenpleaer.eas of the i mage represent
been transmitted, t hosel iag letasr daoae akxm@Es hed, ma nt h d ¢
TEM i mag®E0f pSFymer nanoparticles. The darker are
the thick polhynReEfl @d#teer e | essbedétmcatnrsam & thealye whi | e
areas aroundar gempy ese@ntel ectrons have passed throu
onownni froatner i al can al so be det Er Biicnt ehde kdya r TKEeM. aA se
the i mage represen@isptahe i gl esemaenigiigbfFeur aoemad rep

presence of | ess dRHhsaen oppodl eysmer s of SF
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Since el ectrons tcharnowanrhlyy tthn an smaitter i al s, the spei
prepared to pr,owhiideh aaltl liws ftihlemtransmi®%i bn ohi g
project, the specimens of particles are prepgdared
i ncubation at room HBExampses ag alr et ifoor @O gr.i ds was

paper, by gently dapping the edge and all owing ex
el ectron microscapel t( TIESM) vdarnygahgd mgootass 1 a Kkeep
di spersion at | ow concentr atsi oGirs tthoe aovtoh edr elxeacreds,s

concentrati oni dviafsf it owl tl otwo fiitnd enough particles

235. MTTRassay

I n this htdiRh @3-i(4dbmet hy-P-y 2], &z phenyl tetr azoddwmwads
used to measure the vinamailtiht yf roefe codelulgss , a fdtreurg tlroeac
bl ank parttilkeé esyt dthasxi city of diff ermealt acmmlobeal i al s

determined.

2351 PrincofpIMTT

The princMdpTeastay is based on the fact that MTT
formazan crystals by mitochondri al succinate deh)
constanst feorambe ceelolrs,decetieawsinablascel | number s i
the mitochondiTihael aadtiiviittyy of mitochondria dan be

converted i nwhoi cfhorimlazaml ubl e in DMSO and the opt
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DMSO so,)whtiicchn i s r el at ed,ctad hidtres nteoanscuernetdr abtyi ‘dah p | a't

Therefore, the difference on the number of viab
measuring their OD values. I n an application of

cell s, the decreased OD valuédoméepiasemtcg ivheyded
decreased numbet®®>offTherabbeeceths inhibition of a

by comparing the OD vagQuéeseat edeklkes$s!| wi ahdt hbode w

2352 . Proceadodr eMTT

Pl ate seeltup: are genervadllly pll atte dwiitnh ac BI6t ur e medi |

overnight to allow the settlement of cell s. I n th
wells (with cells but withouthdcealglsy amd expgs) me

165

OO
eisl T Isie
8@@@

'S
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@@QQQQ
ol 1 L 1
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Fi B8 Schematic r ePparetsOeanft lath i phamma zad naerce llisyt ad.ifaag ol v e

Bl ank conthdrotlr evetldd cdmturgolt rwaltlest. experi ment al we

An example of bl ank control wel | s, untreated cont
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s howrri ig.B8, in which blank contr ol well s contain onl

same amount of cells as experiment al well s but

Fall

containdcenlelds uammnand treated with d&¥¥uglfataddfber s
absorbance at the wavelength that can affect the
(wiout cells) that contain the drug are required.
for the experiment becausel yhawiecaer ewapls at o mma
used to fill the outer wekthge pobameni mize the evap
Drug incbDbastgifodiesi red caormedertdrhéeetopens ment al wel l s.
a mo wsrotf sol vent odi sddrduegd stod utthenuntreated contr ol
incubated for certai ndapyesr)deder Mhoemalhley opti mum e
celltss

MTT inculadtieonit he appropriate incubation wiemné, M
plate folanowedmati 6bh &8ti N3 RA@OUL&t or

Formazan di&wiod itliiothy :chécsastupéeipnbpatant in each wel

and DMSO is added. The plate is then plagéetaobonhoa

allowldihesdlubti on ofhef dOrDmavzadme of each well can t
readeorr.delrn to determine the viability of each well
subtracted from that of untreated control wel | s
experimental well is calculwekbhehy QODeah ODaak ex»
/( mean OD of untremé¢an ODnof ob9°avek | wel | s)
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236. Fl ow cyrntymet

FIl ow cytometry is a power f wli ntuddhamiegpwes |tyh eotbtaam
characteristics of a single cell such as size and
ti meb Therefore, this technique i s wi dehy asmpl
i mmunophenotyping of peripheral blood cell® anal

236.1. Pri ncoifplfel ow cytometry

Thesuccessful process of analysing cells by a fI
sgpension into a tiny stream allowing the anal y:
conducted by trhiefrid@9a.c eWhsehnow he cel | suspension i
chamber, it tiheuroowsned ngy sheath fluid to form a -

sheath fluid.

a. b.
Sample Side
scatter
Sheath ° .
o
—.
Cell g &
Laser beam ° @ Forward
2
—_— l_ scatter
»
e §
: N
T —

Figgo.Schematic r dhpea ewwemkitiatg omr iofci(pd)e aorfd al ifdmtw soa

The preddoeekl ofuspension stream i s al ways greater

making the cells align in a singPl Thiel ef Ifoaws hri @tne
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suspension to the | aser beam can be controlled b
anal ¥8i s

When the | aser hliegmtssctartitkedreerde @elel t wo kinds of |
forward scatter (RA$C)s haohuhd.9bind el hec &tStCeri s measur ed
of the | aser beam andertpheen d3 @t ihe maseur eécdcaipng The
can be affected by the cel Imomepnmborl amrge, asnidz e ,hétsehr anpad
For FSC, it is proportional to the surface and
i mmunophen!dt yPnng he ot her h anmda,l SSC tihse pgrroapnourltair
compl exity) of cel Im$ t cawlcdmdhl s marutcil ®luesss i ntt%rnal i
FIl uorescent |l ight generated from antibodies or dy
By ciombng FSC and SSC, information of <cellf8 Thees
fluorochromes in cells can be een cidtiiegdh tb yi st hceo |l aesc
seasi ofed easdi esfseorptirca@alr smand filters are used to
and direct those with specifiedavelength to sui
The sedt tiegghltl entdehcen transformed to voP5 aTgheesr eb ya rg
two types of photodetectors: photodi odes (PDg) an
210 PDs detegeéer tihiegtswthriscdng niad sgenerRMEd dammbd SICs e
detect the weaker signals gener at edc obnyp af@@18% e t o
The |ight signashadddMdeteadnbegr P®d t o a proportion
generate an electrical current which then travel :

(s d&é Blpres
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Filters Detectors

Computer e

FiggloSchematic r apriegsant atemeac édgsnian gf meotwerc yt o

When a cel | srtorfi k ehse tl haes ea e rbteea m, the maxi mum amoun
generated. After the cell |l eaves the | aser'®heam,
Therefor e, the information of each cel |l can be ob
be converted into a digital data tthat can be disp

237.Fl uooceersce mi croscopy

FIl uorescence microscope is used to visually deter
cells and their | dbatpoinnwiphesn othecerveésti onal f
confocal fluorescenoceverdi dmoscoepyf odrleowieng secti ons

2371. Conventfi oaméscence microscopy

The principle of confocal fluorescence mi Cr os coc
fluorescenceest®mi thasdsp hel pful to understand the |
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fluorescences miam osbepstudy of the cohfmic@all fluo

shows the schemati cf Irwegrresscenrt cad. i mvheclradispcbog exci t at

generated from the | ight source and onlgan hpasxc
through the excitation filter to reach the dichr
property of reflecting |ight with wavelength sho
wavelength | onlder ThHeraef otrlreat t he selected excitat
wavelength (with higher energy) is reflected to
sampl e.

emission filter

e

dichroic mirror
—_—

o light source
objective \

excitation filter

] «—— sample

Fi3gll Schematic diagram of Eani slsuiomeddia@gimdce i mi emo 4 d

focused on the sample and then focused to the det

Upon reaching the sampl e, some mol eculfespnhiont otntse

from exciatbtibe t1ghhthdwaweloanegtumst abl e. Part of t

be | ost by these moleculesi@amidtphdt ems swi bh | egh
guided to the dichroic mirror by the objective. /
the |light with unselected wav®l ength from reachin
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2372. Conf ocal fluorescence microscopy

I n conventional fluorescgnoa wifctheces@mmpltehad swhdll
emi ssion light (from focal point or not) is coll e
point we w&htCdrmf csceaely misc rdoesvcedpoped to reduce thi:
confocal fluorescenceFingil@r Asdapy ri § sshevrd eicn ed by
the obyvec where it is focused onto the sampl e. Th
generated and guided by the objective to pa&sg.tho
212 from the focal point (the point we want to s

focal point on the other side ofFitgle epjiescentvet beg

from another point in the sample which is away fr
point to the | eft side of obj d utoireescenst enn.cr Us ki
conf ocal fluorescent microscope, al | the | ight fr
can finally reach the detector. The pinhole is pl
the | ight hEblfwe)alf romntt in the sample and focuse

side of t hedpalsjse ctthirvoeugahn t he pinhole to be detect
(yell ow) form another point on the qygmplleow)s icutbl
and the image of yellow point is significantly at
poiTf)ln this way, the backgrobmgdcbafecabk mignbdbétc
the objective |l ens forms an image at the focal p

are celled conjugate points and!®the pinhole is ca
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pinhole dichroic mirror

focal plane

Figl2Schematic representation of ®The prghtiplremof h

t he focal pl ane is allowed to pasethbBropghnthiesphb
However, in confocal microscopy, only one point i
i mage, -aywponntillumination affhet hsed tsuapmphFe i@ilsy8 r equ
Excitation light is provided by the | aser and ref

mirrors which can be rotated t°% Jbanemhesiasel ight
from the sagnpild®ed sheheame mirrors and focused by
pinhole and final 'Y/’ rSiancche tthhee diemaege oof t he s amg
poibnypoint il lumination, the complete image can on

pi xel af’” a ti me

Lage:

9)-—— Pinholes
Rotating
mirrors

\/_\ %‘ Detector
o=

— <«— Microscope

@

Fi®3dlL3Schematic representatiomi of osbepbasic setup o
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238. Fourtirransform infrared spectroscopy

Fourtireaansf orm infrared spectroscoptyr ¢tTumReg amd ucen
of particles. FTIR is a powerful technique to o

materi al s.

2381 Pri ncofplFTI R

When i nfrareadme addonratda cais amptlhe , some mol ecul es <can
the tiadhnhtabpaci fic ,wahvealhe nlgetalanigreo d ihgol e moment of
mol ecul es. The vibration energy of the sanmpol eanmol
excited state. The ft eagbuseonrcpyt iaonrel| @dnatlesntsiost yhe® funi g
properties oftf’"Hehemelfmacwec@adrhéosmati on of these m
obtained by analysindg’’ Hei ri si nfmpeorrde d-nsupcd oetarnondl & at ¢
mol ecul esN;andda@asnot appropreaeetf becapfsrandadeir vi

and rotation cannot '¢lauspardi pforlem cthhamgge smol ecul e

spectroscopy is suitable for most me | essoalhidds | iaqui c
sampl es. I f there is only onenaslpescpericddi bespraty
can be used, in whiahanrhew rwav aealtd mgt’Awoit h sampll @y
containing di f f emTelnR whoincpho nemp lsoy infrared radi a

wavel enreetdb e ous’é d
For FTIR, the radiation beam generated by the sou
to two radiati on beams. These beamscombawvweld blefo

reaching thleedreaeicatobron signadi gsi @glhgelna ccoonnvpeu tt eerd.
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Fixed mirror Movable mirror

X = 1 1
1 1
| ——  «— |
1 1
- . I
| 1 J 1
IR source Beam ! ! !
splitter y : :

To sample and Extreme mirror

detector Positions

FiggldaSchematic representation of t.he principle of

The key component in FTIR is Michel sonprn ot i¢dhiereg on
i nter freraemmctehat possesses path distance M empherd deomt
i nterfersomentdewm®ldnThe infrared radiation emitted f
t he bsepalmi tter from which half of the radiation i
bet ween two ext raetmec opnosstiatnit® hsep eoetdn e r hal f of t he
reflected to a fixed mirror and goes back to the
that also refikeetmdv dRICK Treosno rt wo beams then 1 ecc
splitter where inteoftedeéelsce bet ween beams

Assumghetdiince bet weseml itthteerbeaamd t he fixed mirror i
t he bsepalm tter and myovahkEkadpoapithr cdoirf fiesr e nit ®f (trhed sae dtaw
beams x¥)s. x2((f t hen alhat mpdi efeanry=e0. Therefore, t |
beams are perfectly in phase mahned beepam t t et er Asr a
radi aom otnhef rradi ati on sourc¥! wdDik |l omleachhéahe, dieft et
mirror is moved forwardqfuanrotfe rtdh es t vaanvdgel efmoti va( emnit
beam, then the opti-twhi phttwi di ffeseahteinsa destr

l'ight will r etdlc hl ft hteh ed eheewwamlre mi rror i s -lmouwerce f ¢
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optical pat h diwfhfiecehamseawot hebeconstprau ditesr vieeb ti anit ree «

Therefore, when the movable mirroriniterdde@motha dimigyh
intensity as a function oft adphféidcal path differenc
The frequency of the cosine wave is related to th
the amplitude is related!folthenohtersisoyroct | Bne
reach the interferometer at nttdref eeraohger abme meé het se m
i ndividual l ine sources. I n a similar iwatyer fidr agrb
wi || be t hes sguem eorfatceudr voey di ff erent radiation wit|
converting the optical path difference to wavenun

or transmittapeetaaam FTlel Robt ai ned whi chaniclkl uwsft rar
uni dentified sample at different wavenumbers and

component of the sampl e.
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3. Magnetic-Silk Core-Shell Nanoparticles as Potential
Carriers for Targeted Delivery of Curcumin into Human

Breast Cancer Cells

Abstract

Curcumin is acanoei siinggabui its applications in
poor solubi-lifg, asdot owhaliGhawaderabulmoaded | magmetsi
fibrotrsmhedameparti cilper esyadintbe m sust ai neudr cruenmnenaos eb roefa s
cancer Coetulsianded magneticsheél lk i asvogomaant ficaolhrreei c at e c
simpl e -osual tmentghod wusing sodium phosphahtee swizteh, nrag
potential, éhoadsuonbateifdd wriccumeyne asaver@dret rahted

optindyserdegal ki higbr oi n c¢ onctehphroastpihcan ,e psbbd we Li menn @
usag@ur cumin |l oaded magnedhel | sid&nefhiawkedicheenhame e
cytotoxicity and Hingtdmrmame [IClawlcaarsi amt ebkee ast adeno
( MDMB231cell s) evidenced by MTT and cealillikdratri nup
nanoparticles and nmamarett wck éso Utk CUvR riessendl eds contr
The particles prepared using sodiunci pm¢O@BAt amp ho
compared wprnréparheodseusi ng pothsshumopbesphatod, ame:
5000200 nm. smalelser Ppraet sopelsiiome dfiacral appsd malalt e on
part( &D@® nmdesirreed for celld addietmangan eitzitatt @ coonr.es i n

particles pryowifde spmggs iami leixtt er nal magnet for canc

KeyworSd BMa,gneti c nanoparticlesur cDumign del i very, Can
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Abbreviations:

SF: si | k fciubrrcouNm haraly:et i ¢ ngnoparticles
SFPSilk fibroin nanoparticles;

MSPs: Maginlek ifci-bhel h naneparticles

CMSPs CUR | oadedi Inka gfniedehiecl h naneparticl es

31.l ntroducti on

Curcu@URIi § the main component of tur mer iCurwhiimah i
|l onmgat i ve t o Séftithse acsansAisdear ed a pharmMmaocodlasgibealinl y
wi dely wuseddiue meddixdiistt&gaatntiinf | amimaweouryd h¥%amnag

anbactlé®ipaoperdts@s CUR has been widely wsed stant
cancer cells and decr easd®Moirteso tuenhwaasni tael ds os ibdeee ne fff oeuc
may modul at e madeknesrist yofl (HPpipbdpmoteoihdmubsequently i m
condithowéich HDL idRéxemaneal olmdlhedieRall possess

antanaropeocn imgl tiple cell I hemegulvafae bt usl aerf fgercad vet
apoptiolswki enakes pirtomasing drug f édloweaearcer dadet apy
sol ubinl iagueoust®%sohourttil omfael feady and | ow afitoearvaot a
admi ni s't¥ &thieomelcatndnu ptiCdket hcei sease ar ewaerby. dacrel
Th er e ft chree ,a p psloifCccUaRa saamn-t ancerh avee gsni gni f i calt 4% | i mi
178 To oveheokeset acles, various dtervetl eogoifeinptdasiécrh udi |
phosphdllaidpiuddand nanogpartifferl@URI el ilvewveg been condu
Howe vneors,t ofdrtulge de |l imskagk sy b etewarbdadarr ggt ohg, whi ch

accumul at isatt uaafes idtkeusniTthesd a dr ug del i vies yc aspymtlean o
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onlinyppr ovtihreeyr abillai ty, @mrd |-hialp@ WBWRkifeud aal el iiteari sease
sistieslesi.taedthis report,  riweatpireseat CoUBR s adaddd bma

cossdel | nanopartitctkebi f€EMFBWPR )i Mftod breast cancer ¢

Silk S5y oitfeiorm c¢ o cBooambsy xoifsro ek DA apmpatowreadlinvatder i al
anttas bwiednely used to form vari ouss pdmogmmdnedfioa! s i
di ffmedntal wsgbliti crnad oal so betematdemBniss ranedxtrem
material for drsdgeddloi vdarsy exystl #f# nam dbiiecocdoengpr aatdiabbii |
18landckasy protteMmsiinngcreasing numbec | wdappegnlk at gdoes
technifgukesomeah’@dnsti®per cfi ui dalktesfthmal sgilut i mgt hod
"have been tdevfedlmpiedate SF based nanoparticles the
For exampleet,. m@ufed lar i cCdtRedaded SF ndrk®@arntm)tchweist h
capi-ml argdot HécHowgwer , pSFe pnaarnactp MPisacfl e st i s met
is difficult to process andt thhakvpey e pbh BEBGSL 5710t i VE
nmwi ttthdesol vati obny naedtdhiond SF solutions int’@ di me
Neverthel ess, the organ$EPisostvielnlt diefdfhidamte.lhfialnted ha ¢
preparnmead | er (~ SFPsnnms)olwainmgndiesiper si ghHbwe Gebreg
processing of this method is compgli @dtaevcek adred etl e
sal toiung met hod f or t hEs(®H0Ehb2a0o@at mymh add@FnSgFol ut i on
potassium phosphafiTbhi somat hods pasdsaasssaugcehs eavserladw ¢
simplicity and safe operation, avoiding the wuse
activitiesheHeweeenf SF partappesiasphreeplaarte dvvetliyt hl a
means their circulation time in blood wild!l be shc

l'iver arfd spleen
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Targededdgel i v8ergyg magnetic carriers and an tehxet ern
t umoar slhas been asaperoedsi nwhisch agesssyd/e a s tsagcehs as

visualize the targetingppreoectieshgaftagpd din aagmagmegt
promote drag well le aswo mploiiddtheggd chemi cal modi ficati
the surface dfT merneofcoarre,i etr lsemacgonnebtiinca tn afhibl Byaarntdi c | e
SF become a spratiogiyntgar get ed dr ug Tidaannid v-emway k e rRse ¢ «
successfully pr e pbaQKepda dbeodkx onsaigbnkectifiabo pd fXMSHsessi ng

t hepotassium pab®pmgt hdtde prsepared wBMBPesved capabl

del i veringt hthhuemodurrtg Wbt h anehxet eirenlap onf@§Mev é rct I @ led s

QO
—

geted delivery obilCHRpabi gdisédrmpydet he sodeumf
phosphat emak e SsFrRaslol hdee ©ff our knowl g elgeee n hraeslp tonrdbte ¢ .
been observed iSFPRPsurf abersiucat eedhatsi ng sodium phosp

particleigi0Obms ¢®Mpared with those fabricated wi

>
o
—

mally posseS60t hm. tsibez praerviein@lee f ®rmance of SFPs

c
(7]

ing sodium phosphate is signifuisipmt hbgploasfier ent
andhper operties of these particlienpohtdoaeitmwds tyied atbhe €
Zet a posteecnotnidaalr,y,CdUtRr U mtauwdn eeabe aseofefFFHRsi eanncdy CMSPs p
using sodi unOnp htohsep hoatthee.r handCURwvt | il sbeea sgiréayd postu It ehtad
adsorbed oni nshoel UrbAgerer CM8Re tsttbeg hydrophobic
bet ween hydrophobic-i €8RI adhldle shielulovatiee f or metdd dur
pr oc eHsisg.h encapsul ati on and |l oadi ng CMSPaackeemdysoo
expectable, which is desiTldar &foor e pdermj QiMaiBwge rveer y

prepawidch t h-eusamauisigody sodi um phopphasei imstppkeaspl
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prepare smallherpaSFtPisc.l e propertpcetsematmdaalGORN g oadize
releaasefficiency wlem eaddovieisgmogcadisesdi.ng parameters s
sodium phosphdtf ecd g lpibteiran &lssowedFheed .cyt oamdiacealtlyul e
upt ake perf oCva® vasi mfvesti gat MDA-MB2S3ilh & uman breas

adenocar cehbma)

322 Results and discussi on

321. Contr ol Isi psgn delc® ndsa myw c taufsidfskbr aamoparti cl es

Desolvationowtndarsealttwamgcommon met hods f of> tWhei Ifeab
t hkeesol vat i 6% smectahpoadb| e of makiSFPcSkela0i ey ¢ mali k
solvents such as et hanol, met hanol or acetone ha
increase the ODaxidbhietwthercdalahng, SF patrhsiad [todust gc a n
met hod without orgahnhnctbel peotestno8Feaediwi eynfcha
formmcellildater ucitrura ss aldtues otlouttihoen enhancement of hyc
Thparticul awietlHgddred low Imeist & mihcel | ehrylby ofplhotbh er’% nt er :
I n papsehxal foiung memalso difsoerd t he f abricaToonnoéstSFgat
effect of SF concentration and different sewaths o
various concelnz2 rrmad/imin)s dfdr@ Hhd2® M sodiplhnnos@hapet
solut(iptHmad kep®Catf or 2-phepBhedapart i clwdsdynameic e me ¢
light scattering (DLS). As s ho®whn @.1an when using potiassi @as iphg s
concensfrmadmo®m. 1 to 12 mg/ ml, resulted in the c¢chan
2. 1ldvwbhic&er similar to théeéamestbdtwooe&pEtHst veedv ebry, t h

sizes of the parttiiceess gseerde boDoDggdrughdel i very. For
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reported that nanopart i-c2l0e60s nimm ctame erxamgesraseht 400
fenestraumoandoéscape filtrati®on by Iliver and spl
w w
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strergpt M,1.pH 8) at t (@eDivonafmeSFRY i foa A i olePtbéhds wai t
function of t(hyIhe | Sdeinctormattri oemgtwa sAFMxienoha ae s 50fmgp
fabricated by adding sinl KaPf i(bcr)ePianf ds)oK buottiho ns o(l 1u2t i nog
strength 1. PbamMebbeBFPRP$ Babii ast mdrmwnfcht Ra spHud i oN
(e)JThe SF concentration was fixed at 5 mg/ rhly. 1F RI5R
NaP at diffeffegniThpHreaublues areOsBobwwas nf omead Nr &i
results th#t {loaweuséoonf cNatrength and higher pH o
Nanoparticles witéarlabithagnmettieirg cidid®dt nonhncaeseakB@ rsmze
and | arger, more armdkconeme rmppepar ni ¢lhé&s |Thveerietfaonrde
i s Itihkeetl yl ot s of these SF swmaredp a&r0t0i cnlnme svbiywilt inbees i fai n
and spleen instéaedmaoidirt ee anltiendghomebatd g icmthd r ast ,

fabricated with sodium phosphat20@Gmowadd mopahr ¢ mal

ditg i buFii®lag . ( Theirtefpogamé detogdr ep@FRwi th more appro

sizes for drug delivery without involving organic
To explain the difference in nanoparticle size
phosphat e, we need to first determine the reason

sol ution.i sSdealcec ttrhiec poi nt (pl) bar & lseawdme A nd nc
mor e nelgyatiinver epBli aboveet ISE pls negatively charged
(pHThe net <charge ont htgsee weulrd ra cédeg gorhe g8akta neggl ect r os
repul™®f odmherefore, to el i-mo nyap epttidee [ eelpyd espd toind e
aggregation, count er iHem® tnhues tc obuen tiemrtiroondsu caerde. sodi u
When SF solwutions are mixed with sodium or pot a:
adsorbtbo t he negatively chargiellh&Fdearéase owhitcher

chargesulniaggriegalthheondi ff erence in the adsorpti
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potassium iontso irbesgpomesdtbede for the desdff efl.nt Whagr
added to water, the negative side of watoewrs nocloadd wl

and potassium ions) and the positive side of wate

188As a resvakt®eyr isbell structures are created with
mol ecul es, which are celled hydrated i ons. Since
charge while the ion radius of s oding mahasgehsemralclhearr ¢
density compared to potassium iassrofinfper eta&sfeni s

water compared to pot asssiiunm ai olnasr,g ewh ircahd iaulss oo fr ehsy

(s &e §2a)tse

Fi®2 Schematicoffephesiemn at & @dinu so fa nsdo dhi yudnw aatneqdda pi oot na s

the adsorption of hydr at eadh s ohdyi durmo p(hbg b iacn dS Fp ost uarsfsa «

According to the | aw of matching watemdaffdimi 61 @8k
ion pairs with anions Wwi°? hWhihahssmesa r afnfgil ryi thy dtroa t ve
more | ikely to contact with strongly hydrated ani
sodium ions mabyeathse o e btehded t Iny !l y hydrated fgrompSF s u
pol ypeptide than potassium mone dtea davdgtdhnele gtad B g 6 i

sides of backbonesabraxhudbaehn a8dOum i ons are more h
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potassium ions and tend to el aywlhieseepotasshembubd

stay closer to SF backbones. Therefore, during t|
readily adsorbed to more hydrophilic and strongl
However, whea moreomgdrdphilic and | ess hydrated

readily to beiadgsansbsdodmeh Etheme ar e more weakly hyc
than the strongly hydrated ones and the salting
hydrated and |l ess hydrophilic parts. I n this case
omho SF t o orveednedtd cihhassr ge and i nduce aggregation.

I't might be easier to explain the above purnoicfeosrsm b
and hydrophobic (more pwpdtophebki ovithamewgwateéewvply
shownFiigh2b &c) . Then tpagosalssi ng dadwt eli minate the
adsorption of c o/wrott earsisd nusm) ( stood ituhre i r surface. I n
sodium ions prefer to stduy dloostehetia thheg hleul Kk ndfi n

weakldyr ahyed potassium ions prefer to stay close t

bul k. Therefore, potassium i ons camdendourcee etfhfeeicrt isv
charge to facilitate aggregati on.
Apart from the didghawseonitr saoddsiournptame ot assi um i ¢

hydration behaviour may also responsible fo0og. the
3.2b &c, once hydrated cations are adsorbed on SF
cations are also |l ocated surround SF surfaces. As
is produced on SF sur fparcoetse cwhiochlr angdayi oprmad vdicde ng b
pol ypepStiindcees.t he hydrated sodium ions possess mo

potassium ions, SF that hasishgpdpatéeéddsodi pmsbens
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bound (Fa§2br) than SF adsorbed wit lFi B.gcd®ttheed ed mtr @&s

mor e

pot a

pot a

The

i1l u

i oni

det e

both

aggr

fabr

AFM

pot a

sodi

phos

aggr

i oni

prov

hydrated sodium ions exhibit a | ower sal ti
ssium ions, in thiB paseickssltabgi cat sdmatséien

ssium.phosphate

effect ofont dbei csi ger erfgtthhe particlefbi s al s
st diad mest @tFfhPéafbr i cat ed with sodium or potassium
c otfr et Bal 6w on.iec Mt rengt h, partcahebarirdl pol
cted. Therefore, ttohd olr onwigesdrstuinoaddés e6sTt Miesn gftihn d i
onsi stemdyviwi ttshrdnhéer eased i ome sulsttadcqegn hpar t i c|
casvdissaBsumed to be a redewmlat umdétisoomhkndadr o
egasmahnl e mp&@F t i cl escl| etatratt he@aimsoi oni c strengt |
icated with potassium phofsgthraitveeattde ds ordd awwhm Ipahrog
i mafess&marticles fabricated bympadidinhg oSBdiswil
sphaomphate solution (1. 2ZF5 §WM&d .P&r Biocriawess falsd wmg
um phosphate are much smaller (380 nm) and sn
phate are | arger HdwerOoaumgrm) siumantay e e e auwmldt fro
egation of Tshnealelfeorr ep a rbtyi cdeissp hditebdpemt i ogst |
¢ sSHPRwigtthh ,a | aorfdjiea meatn@gde -r2m &m) c anr ebpea rpewhi ch

mdese optdiecsnsghFRispr di fferent applications.

Theolsuti on pH can al sFo @dddlecw t par i afnRfdasbirziecfat ed w

sodium phosphate as a function of pH, the iBnic s

4

t

o

9, the size of particles decreased gr'ddwamdal |y
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which pH the nedats cochaearsgee toof 0SFand thus tend to ag
i ntmeor eciundtaer @ctAtonpH htilghert hbamsef SFKFamage negativ
charge density tends to increase as pH increases.

small er SF mamo paretvieankhegr égat her

To investigate the efkfeeomdaf ypBTWRC & awsakspgrirSFed ou
and thearesshbwdlfiin Absorption band in the37-femuen
represémsiseet klilchf osrimh kwhi |l e those i n t-hle6 5f5rtecgmu e n
represent t haen Gheenrdioanhl csfiffifkmmndhel i x structure, hydr
formed bet weagnm otulps Mnd C=0 groups within trhae s am
b-sheet structur e, hydrogen bonds are formed bet we
strandsetaci with each other *toTher mkibhebl tbkruag
more hydrophobic thAs téaeersligdikthBdnseé ¢c wamcd anmoy . sStFrPusc t
contai nsi Inkorlel asdsueambuee hydr opgloanpiar @ldasspHydr opho
Sitrki clh structure at pH 9.ngehrSSenmaeasphtsi ekpl ai net
val ues, more hydrophobic particles have | agger t
Fur tmme,re t hi s phiesneornye nuosnef ul i n manifpul &txiamg | ér, ug nlc

t he | oadicryg odf fhiydiremp hobi c drugs on particles by u
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322.Control Isi ng Zehnhd po bfematginelti ¢ shbhkopabt bt he

andurcumin | oaded magnedhel Isin&ndpdadmrtoiinl &

MagnetsOcenafmeopart il evs t OhMARZOnenmrwdle iSHPByd mded ntgo
MNPst o nsodi um phosphate solutions (1.25 M, pH 8)
Fi 83, -psepangdedH cccohel |l [ anrStPsgh e sr api dl y tlohtellepct e d
ofanexternal magnemeady mrem ,whagolet can be potéeeti al

targeted deliveeyi oédpidiesss wubnedsert @ xt esrh al magnetic

== o ®

Fi 83 MSPs can be rapiNebdgymblum@mth¢dékogr,cled®d@ 92i amet er

30 thmaovk)t hin 3 min.

The sizerepadkbddt an maeni pubywtehlangi ng SF concentratdi
sodium phosphRatsda iulsleudb.t hat edi amd$SBrasaoff uncti on of
concens.rThheadodni ti on of MN®stgledei dp arotti SF@d sstreaadf tF
partsckesai ned within-250 Trhansger eosfulltO0i s i n agree
of Teitawhlo have reportedgothlats, umh,ghieosepdhdaigte on of M

dr amatdecaridadisee particl droimze . df OF® ST R BObs howe d
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the effect of sodium phodphaitse hchlbbtaldFn c SR edit a mei e
sodium phosphM$Esigld sfifmedtarl y as t heiyglakeg awthi 8k r

suggsashte profdeBitgomi nated by thteoaSkds tornu & thuerc eMsN Pls e

assumed that when the MSPs were prepared im®® a pkt
negatively charged and | ess hydrophobi c, whi ch t e
hydrophobic inMBPacandneaewngal |y fabricathe ssmalel

of MSPs can be controlled byualoariusgdt he pHevalrw

CMSPs were fabricated by adding CUR and MNPs into
foll owed by adding SF solution (5%i@dgd,migr dadiongt ht
amounft CUR (with wet gkdr cgnutiavqqd € ndf ttohe ewealill gleel oM
i ncr edhiseende tCaSPgfndi cating the drug TbediZegai ppopoent
the CMSPs with different AGUR hlodwind.dienng hmwiagsh eme aGUWR ew
resultedébnge demsihtilead whh weaker repul sive inte
part iTchlee ssraen@son caunsad sbobexpl ain theCMSRiexd. o0As |
shownFiigdd CMSRi amet er ovéediMeasensr ease dfateogpiHumap hu
Me an whFii 18&fi | | udtthraatt ehi gher pH values corredmpamsd to
wemay cdachlat t he QMDH esr tay sof domi nat edhbyefbseSFhc

pH valoue edsgmwormd gher charge densities and smaller g
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FigThe effects of SF concentration, aonldutziedarma pl,t
of MSPs anfheCMSHs.ct of SFdt ame tMiStPIf @athr o cso didurb h e
phosphat ga)siod uitd daat®tSe ngH h&) ef fect of sodiunmhephosp
di ameMBPMbLbYSSF concentmhsaddiomm @Ehoaongpch adter eThigeg he f fle c2t5
CUR anmo utdoi atnffeat eZahd pOedrMSiPslwwiecle f abr i cditfefde rbeyn t
amounts of CUR (wittohhpeve ¢ ght a gastiov Bslo&lktuuns egch)o s phat
before SEFES5smpintdi dNsPr e addre dk etdo sTohieu teifofnect of sodi
solutioniphkhdtder tamed dZetod MSEHRt @hmtdc ancdriphQURRMDUNBE mg

10%0f SF.Theedepsults are Ohltwnwd s fmewmd Hat@dtpddt e nt i
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MSPs and CMSPs can be controlled by altering the

used in the fabrication process.

Pure CUR is negativelli @dearhgee ds uasf aleownh airge pr of
attributed its c helmiecal | UPAICr uctamencl|l at ur e o
(1E,-B,H)i sh(ydd r-dmegt hoxy plh4eyplt pdBi,-bnene and |i tst rctheetmi rce
showrFiigd. CUR is composed of arvem nanrecrhaetdi d yr ian gsse vte
| i nkB-pubsat ub-chitleelt on @ °hoiAetnyet hoxy and a phenolic
contained in eacthheant dnmmatpiosi-eihwlp. aAutkemer i sm exi st

grouadi hg to two different forms of CUR (enol for.i

t harmlkeket o form in solution phase and gas phase be
pl anar groups inter connected vidomwo icodulhlee abv @mc
arexhgyppri di zed 7aeldedtefdng hted rdel ocali zed in the mc
the ring, the oantad ingg iam et oenm t he same plane and the

the aromatic gcauponthienlkenvenn a CUR mwlfecduoluebl (ee
bonds separated by single bonds, thereforeantdhe |
t wo aromatic rings, t he conglugattrimm dlsouedxtiemdaldl
mol ec'dd°t Because of the conjugated structure of
hydroxyl group and two phenolic hydroxyl groups)
l ong pair on the oxygen atami ebdcobrvens$ apnwthhb CUOE

whi c hstloeatdhe extensi on o'feltehcet rdoenl so ctaol itzhaet iooxny goefn a

is lost, the negative charge from t'heysotaymenheat o
resiunegni onm aibs s zed. Therefore, CUR mol ecules exhib
the resulted CUR ions are negatively charged.
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There are tpKeal des$f toenthe three hydroxyl pgroups

i's shd&w(B.)i3B .)5

06t G ¢ oD
. C o

V' o o8
n o a € "o od}

Wh e rHéAr e pr e sreanctibBdree pr esent s a Khiydrtolye nadiodh,di ssoci a
pKis the negative IKa8% TilhOe |songadimMicetrioi et hoet he hi gher t
ion concentration is in solutioéPThedendleirefpmrae@t drh
reported sas atchiedincot hiteer aemopmpigot ons iamp KG/WR uaen,ddi t7 . h3e
showrii@. The phenolic protons ar e splKiagnhptKoyf wBe a5k e

and 9.0 ré%pectively

HyCO S P A HCO. N P a pKa1
( 2, — (
HO OH HO I OH
OCH,4 OCH;
Enol form
o o
| oYyl
HO I o
o 0 OCH;
H,CO N F ) o
O O H;CO. N N pKas
. S & C
keto form octs ©° o
OCH;,
FiggChemical structure of CURf@amm) t he ionization o
To reveal thef moheghaolacogyi cl es before and after t

experiments have been o@MSrBiasmd MEwar e ABE NG WwBh6Gagm s

respecSpiheealpwrat i chemowi hhsurface were observed for
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mor phol o @y PGfi gilch)e. The di amet earar®funtdh & 5@a mtm, c lceoan s
the dat adbme aBlWwSiedda l n conthrea stu,rCMaSc®Pa p p £ ar sr otuog hbeer

indicating the | oading of CUR into the pattctkes.
makes the pahydcobpiichemmpbetor e, the partFcBéRId wer e
sbwd hTeEM ma goedMSBan@MS®r especti viehyggienddhetaga®er |l y t hat
MSBan@MS#®arfeor med b ymangunlettiigcloeseodn ¢ S F /€U RShFe,lWwh i ¢ h

i's in agr deéme moTrikiettiblydTThe i nFEeBG6c&are the iemdgpasyed
from the red boxes. I't can be seen from the enl a
surrounded bA nSuFmbsehre | ctfe tsednmeplblt e cl es ( ~ 3t0o nfepr mag g

bigger particle (~ 250 nm).
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mgnil, i oni ofstsro@n gutmh plh 25 EVEE&eba)n d T HMna g €MSHISF: 5
mgnil,i ormsita engt h of sotli pH @R sprhad ret DA% sefr t SF au &
enl arged images of from the red boxes.
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323. Conmtdli ng Il oading aendcumiease of

To investigate Itdhaesd omrdOMNSzR,stayd doafene s atf s CldeRr e | oaded
ithdCMSPand eéeéhkeett sodi um phospwatwd spHinwalkdd&s/gat ed.
il lustheat eff ecamoawfmn C8@Rcapsul atTihen pdHf oCGURsodi um p
solutibhnxe@sian t hi s la&xme rbiemesneteme t hladori LUBRb eheans

encalpastueedyar df esbe amouwued ae€ba@URg ef fiindibesecylpas t CU
i ncreafarseem1 @ ®80M%Wi t h t he i ncioéagfikRgdkamboRing7c Hhe

encapsul ation and CWRai CMSERT iici areanat kfabf albbi ¢ h a
typloaldi ng £b6fi bydnophobio@adgpm@ioeintd nanoparticles
19201This phenomenon could owe to the strong hydro
CURAnd t he nwatleurbl es s U kd udruer ifnogr mahte pPrabhteegul t s ha
shown significanltoaidmpnrgoywéeimziond i8dréidnp ar ed®d wivouhd f or
cur cdmiardi ng into silplol 4f @ otrioe ee-a g B-Fg | act orCd)) ) ( P(
nanofi brou 212 ff foa l/dehrec smilrk nanoparticles f,abrica
15% for the SF ntaendopley tildid! 86 %r epbaurhceunsiint knanopar
produced by desd@fvas i idl%woeadsiondy £#6Ffi thenpwclitaxel
fibroin na&thdopaertiowkees | oading efficiency in SF na
wasdue tdatheCtUURaeéend to dissolve in omdanib eonl \&¢
nanoparticl efsoor Hoowsedvienrgputvi anes hatdi ndg hGRURWg seri d fhtreao b i
encapsulated in or adsolhbddeo®dFtmanwpaeticles in
agueous Jbkuvefone, ©CHRE&E n oS innagn copfa r t-a uwctl ense tvhi cad siagl t
suitable for the€URaobardiicnagt ieofnf iocfi ehnicggh SF nanopart i c

drug delivery systems.
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other desired capability of a dmneg o&rdreg Badt
l onger releasing pewiescd i gateesiheredel ease profil
capsulation and |l oading efficiencies, 5 mg of e
H 7. 4) anadt i3ndciufo@atsendaki ng TROOCWRmMconcentrati ons:
asured at different time scales and t lFe 8Cumul at
tupdh CMSPs with 10% CUR | oading released more
l eased in 20 days) of |l oaded CUR than others d
l eased CUR is still |l ess than ot herheg 3dr% g 6r0ed ea
te for CMSPs with 10% CUR | oading stays at a hi
vel of f, while for ot her particles, t he rel eas

cumul ative release r altccadiidsg due to the | ow CUR

ring the whole period of CUR r ewietalsmmbhmg ,outsh e urr e
|l ease, which indicates that the CUR was homogen
of il e was al sot hien weolrletebyahlratt wihteh i nconspi cuous |
e to thesepbobi lwiatti¥erhe CURl ease profile of CUR
scri bed -satse pa ptrhorceeess; firstly, the initial di f f
e particle surface, then water penetrates into

degradation of SF relkeased’ td&mmtreaenal nri ;stg reenlceac

D

l'imited by its poor solubility, the CUR relea

i ffusion and biodegradat i oependf ttthhaee S Fh emacthrainxg.e |lotf

n lead to a pidcfiereddWdf XeXld&Hadsiend t hat sil k | S |
nofi brous beéeiomseo Implrlee wahen exposed to ethanol

eated SF carriers showed a I|-toweat &dJRoditiedadas e r
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prepared CUR |l oaded SF nanoparticles by desol vat
released only ~ 5% of | oaded CUR and ne’d@rThist opyg
CUR release amount and short release peihnedluahhe
b-sheet structures wer ehafver nbeede nafttreerat tife whlEbs &€ hi
hydrophobic CUR tend to remain in hydrophobbsbo&Fd
be noted that our rel eadge plr2dd irleeh elaa€setR oXh i dcahy s swis

better than the literature?wh3d3®®h normally Il ast on

Because the structure of SF particles can be con
values, we have observed the | oading / release pr
Fi 87b&il |l usttlreateencapsul ati on and |l oading efficienc
sodium phosphate solutions with different pH val
sodipuhnrosphate sol u-t8i cdmsviewigti mMCUIR £ncapdy| atnidon o@awv
(over 10.5%) efficiencies, however, thoseulbathgnp
(76%) and 1% acifrig c( &n4 iCGosn sti hdeerr | mtgb Echgenr r §F u Itth at

SFPtabricated with pH s sohlsoamor phlesgdéat ent t han
fabricated iniltcwesmpeedtibithal sesondar y sstgrnu dtiwraentdfy
the abMSRBiy absorbing CUR and tlhecdretsesnthyidoblpdod
capt uGURITherefor e, the CUR Il oading -efiti aniee¢ hoy @fan
controll edr ibryg at he pHFio®.7f sladewt hseol su mwlnati ve CUR
CMS®f abricated using sodium phosCMSaPf@abwi tht ddf i ar
have released more CURathhghernt hpHédv &labes cbhactceadu s e t
|l oading was carried out at pH 4 while SF was mor e

pH .47 at which pH the SF cbechoemeefloga®s flaxddophaolei
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hydrophobic CUWhk.e Tledreafser @f CUR depends on the ch
can be controll edutdupi Dlgese er essadlttisngsuggest that
desired properhigeks emcapsul at iaomd /rcadlotaadbil neg reefl feiacsie
whimhkes it a promising system for drug delivery.
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amountt0% Jumul ati ve r €M saeb ravid alhdRl € rreomt(e CRR) uasrad e
di fferffen€C@Uamd unt 0 %) . For each expamrii medt mlt SHBoanmd c
strength of sodiunxplbbaddae reclultisomrwa®Hhblwe i n

statistical significance is expressed as ***p < 0

324. 1 n wvdytroot oxi city assay

MTTasswggsonducted to inve&iMSFarbdehpgbetwabi VMBL MDA

cel$BPandMSBwere used aSFPMSIBamBSPwi 3% CUR wer e
incubated-MB2BH MEBEAI s for 3 days before deter mini
CURwi th amawdtaten ctalpsul @WME®webye al so i ncubated anc
wer e compatrreat WMSEm As idilms@BBateel | wgsognhfi cant
inhibited&MB®oreiftmee CUR at highlei tOWUR ¢ drec elotsrea tr iat
t b0@g/ MIMSPwersi gni fmacraentd yt ot oMB2X3 1t oc eMDA CORNn af r «
equi valClR dosage. Foeal |li nsit aalridE? 8 %t hceé | IMO At eg/amled w
CMSPs for 3 dNBy.s3%vaasndl2wh2en treated with equNvaler
5.%,whi ch sugigretsit sictaineere gafoamtals enhacME&KTbg enhanced
cytoxi cCMpPoof coul d be emhancedulu@PVMBdHEse byf cell s a
encapsul ated CUR was released ?2Wwifa Sdi fnfautsriioxn ionrs i tdl
which in turn increased thethps tdh&er ecafsfeidcSReme y ¢
nanoparandé&Bs on ot her hahdyery | i tcteltdo x eLtf e ¥ b weom
concentration and rel at i vheilgydhred emwt,riary d iodntstx i tt g tSyF

nanoparandd$Rasr ao-hoxnanopar $ii mil lear st udireesp olraganadd b e |
indicated tmlkatal 3P pdarotwiedl eno cyt ot oxi®€&i t8 . F@r m&ny

exampl ee,t MH®e compame daintthaen c er ef fect of CUR and
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nanoparticl esllabgacasdtetHCTelwlas found t bksatl kt e bco

nanofi brous matrixamzeregdifealtento amtei DMSO di ssol

150

SFPs
MSPs
CMSPs
CUR
CUR+MSPs

[EY

o

o
1

Viability (%)

Fig8ln viytmwmdoxi Eorty-MBRAdi eptdtsEEFEPMISBOMSH CUR usage:
30%W)nd fraemowyRi(val ent to thef €UR3Add anlieidb ii thir &S P
CUR WdBBequival ent tCAURt laer da B R fadifs o ¢ (CnpRa rte dMS P s )
The results are s®&owlmei ntragamtN cRD, s ganificance |
0.01, *p <0.05

To investigate whether the hiy/B283lcgeclhtoxisi aysbim
of CUR and MSPs kygmhoRUWRkelci Y er wyrbyynt,het mea nprpaawtth ciln
result of CMSPs tihse caodndpeadr eicdo hwilgtisipiomnd i a9 free CUR
amoweigual to s$dfe GQUR uaaind MSP content ianl sCoMBWwPm . Th
Fi 88de monsdtrhaatte CHMbSvwes gher cytotoxicity than the a
and M&R<cept tHhHdegamla) atTherefocgtotbei enhgnoéd CMS

MDAMB 321 cies |l expeatecsastbt of enhancedl télkl CURt dror

particl es.
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325.Cel l ul ar wuptake assays

To investigate t her acnelelrunlaari zdartu go oriCel BeidVdDeAMB2hla v i o U
cels were treated wi sbfCMSPfwirtemt 3¢madelmndatiirer C
The amount of free CUR wasCMpalThteopehee@GURgeonft e
CUR is determined by f | 9aw sthyotwofimed9a yh e nwp tt dhlee r eefsfuil
ofCUR for <cel |l GM3®iesatseidgnwiftihcantly higher than tho
concentrations and the datf fleo®mmater dtsi oens.pefchimd | 1yed
t hat the enhanced gr@W3sha s nihlilbu Saicdalt coBf. ®Rliemat ref ul t
hi glCens®Pupt akience CUR is a highly hydrophobic dru
aqgueous sol ut i opnooirsHoswiegvreirf,i cwaetb &l oc@QUWREAEnNnc apsul at e
wiit@MSPandaaor otsheee | | meimbr aoel Theptakel.ts ahet bhensi
r epsotrhtat SF particles can B% ."Bd kiemv euspt irgagtied | wh edtyh e
efficiencysosigM&Ps cantl|l yoat eat-MBMDWBYycCc é¢lhles CURr € i |
wi SFPRs MSPs and CMSPs (30%h.CURhé co8EBeddntemt 2df t h
| abell ed with Rhodamine B which can be detected
these particlease Thelie§gd9eas Alli st hree kind of part
cellul ar upt ake efficiency and updratkiec liencec erced
Condseir ably high wuptake efficiency (nearl y( e7108%) c a

eg/ ml) which is beneficial to drug delivery.
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120

Il cmsPs
1001 (MM cur V_‘**

Uptake efficiency (%)

CUR uptaking efficiency (%)

Fi 89 Cel l ul ar uptake pastadReaodptt ahled B2 3 If d@&Inlts aft e
wi tCMSsRwi t h 3 0% CHRed wiawahbeunnnt GUR ffrdena)Rdr t pthkeu

efficisehPhMsSPam@MSH MDAMB231 att e ubfadrindlhSF ¢ oinnt ent

these particl ®howasni hab &l laemd wihteh upt akmeasbiicngnt
cel |l popul ation containing Rhodlahnei nree sBulftlsu oarrees csehn
SD,=3n The st ati sitsi ceaxlp rseisgsneidf iacsa n*c*e* p .< I10t. Ovdals f* o yr
cells treated with CMSPs had significantly highe
CUR.

Fi 810showsfltherescent mi corfO WRu@p iak ei r\AB2eBED A cad It lesr

i nculati t h freEBi gRURD)( or CMiSgBsl 6 &) CUR mol ecul e
autfduores8dam, (EM0 Phandawbser ve@-Pv chanfkeé nucl e
andyt os kwdresitoani ned wvaintdh TRARIX RbBdETbéedenhanced CUF
take effect of CMSPs i s Asnfdhamed by t hebe gmag
fluorescenddaaive delelnshter  ateeesl QieRawkhi ch suggests th
ef fi coifern@€ggR s | ow, consistent witF ki 8%at.aken edfdfrgt.criaesn
3168 shows that ovei n®O0Okatodd t Wheatvitcie EMBBRyed much b

green fluwhésbenacpepear s t o be quite uni for mlhy di
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dr amatincaébyged f | uor essucgegndcset@sMIRE nsam ysigni ficantl
uptake of GCMBR2JI orcTddlelAsy. €l bowebsnenhbe merged sitimages

cd ocalizaTewasofed h&éndr E¥gRence

DAPI Texas red CUR Merge

Fi 8LORepresentat iivea gmisc B2 @MDpAice | | s | neeba@&)) RAGWR t h
amoymndtg/ relqui val ent to t hel SOIMMTAMS Bcd&ed®l Gg/hm G MwER 41

nucl eus and cyttaisrked ewionh wbARI (;b lalel) iamalg eTse xvaesr @
AF6000 microGampar i(heitad.&hmmatgietsc &an be seen that

i mprtohbwvee cel |l ul ar uptake of the CUR.

To demonstrate the wpi aFkiegslds hawse tnhaenofplauor escent

i mages dfabkebFB@®i g1la&band MFRSGLIE &) upt ak eMB2y 1 MDA
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cell s. It carFiBaa&edarmhatr omer 90% of the cells

consistent with uptRik&gdbé&fiBlb&dnshhowbowhei opd.ake b

DAPI Texas red FITC Merge

Fi 811Representat iivma gneisc rhdB2c3dipAce | | s iFd cHChlmaSeHdesdvi t +
(a&begg/3 or FITC | athelerdCeMIPsnu(cd& us and cytoskel

DAPI (bl ue) anad |ITeixmasg erse dwe(rreedt)a;ken with AF6000 mi
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33.Concl usi ons

Smal |l er particles as drug carriers are desired f
fabricated wusing potassium pBOEsPhGatem)aClealpeal at i v
met hod to fabricate SFPs devedopedi amdphboephatsal |
SFPsabricasedi wint phosphate possesstizadadpmoisfei d arbtrli y
using potassi um emh orsepphihaatdei.d eTshia sni mplteh @ rfoalersisc atl il
smal $EePwi t hout uosrignagho &emPnece and second&FPwasruct
controtheddgiggrgoncenheatpiHomnd i osnoidcipubnbs phgt bs. e Dl u't
The si zpgt ezrettiaal an dr edlreuags i lnogaodei fnEgMB®P ® octy rioyu b € d g

di ff &rFendoncespnCURt iaomoanthpdH vealbfisscodi um phosplsat e S
Sustained rel edM&SPoads CURsérvend fOMSE0abdaywsataerdd at

pH values showed hi gher C URr orwetlhe aiseeffCiMi@ZiRtzeig @ m Ehrsht a n
MDAMB2 31 cell s whaayTdbasesswgdRamngpt ake wafsf iadiseoncy gni f
enhanced dueitmhtd etrma |l @I Tehoenf foefgar toif cl e concentrati
upt eekkd i cwaesnciynvesti gatedi mdidcaattheu prt eakwel tef fi ci ency

by increasing particl et hceosnec epnatrrtaitciloens. dlins pa dadyietdi osnhi
whi clhggests the CUMS®dhnolent affect et thiecaodepnt pagkret i c | ¢

There€CW%Rsan be used as potenti al drug delivery s\
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4. Preparation of Magnetic Alginate / Chitosan Layer-by-Layer
Nanoparticles as Potential Carriers for Targeted Delivery of

Curcumin into Human Breast Cancer Cells

Abstract

Curcumin is acanoei sdnggabui its applications 1in
poor solubi-liftg, askdot owhtathibsavat wdp, [durycumin | oade
/chitosan nanogarbtreidclags weipkeiooveevai | ability, upt ak

cytotoxicity ofMBEB3ldcbmiemastocBMbAger cells. Alginate
on ssBsemagnertarmcoparticl es bheedr penb pteliTehierisze® t he

nanopaswercéewi thin the opt-i2nP@um nsm)z ef orra ndgreu g( 5de | i v
curcumin rebteaadaeewnabneoparti cl es with dthrecnakil easeg t
rate by alterichgt obasmhgamayerasf J|tnheaddintailonwaky mer
fousdrongly affecte@onfhoec adr ufgl uroeleesacsees.a bkt sni s howed
targeted delivery of cutrtutmhe ®Bwoddefi ramd exxtseagnaliv
achievéHleuor esacdrnoveat ed (ReQ@ssay tiimadji ¢ aMB2d3 1t hbarte aMD: /
cancer cells treated with c/wrhdumisranl madheo@-a6maf add teis
uptake effhoteeatyed owi th f r-MR2 3clurbcruerd snt. dvDMAc er c e
significantly higher curcumin uptake effilteemcy

treated with curcumimMmhdMdadads apredadpatihcatc | teltse cur ct
nanoparticles exhibited signs MDAVBBR2BIly claingker ceyt
HDF cwehisesh i s dwBcsdnrceedr fdorruTlh ed sluist @i n.ed sr e¢masmec @d

uptake efficiengytandacgé¢éntoeliks as well as the p
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MACPs a promising candandate flougtdegevedyant.i

Keywor dé&l gi nat e, ®hii & yoera,n, MaLgaryeetri ¢ nanoparticles,

Curcumin

Abbrevi:aCURmaur cur@Hd chi t;oSAn sodi um MdPgmaghetic
nanopartiMARSsgnetic al gi najt e MaGksopraa & i qil neast € H |

| aybesk ayemranoparti CMAeGEBsrcumicmademagnetic A lcdiii nt aotsea n

| aybek ayer hagbdp@MACPs Culr&du:hioradmmadg net i ¢ /ad lgii th@ad a&n

| aybek ayer nanwpahtilcl&sd @dollyawyeesa tsiHmaff: Hu man Der n

Fi brobl ast s

41. 1l ntroducti on

Curcumin (CUR) is a yell ow, hydrophobic, polyphen
the rhi Zames mafwhamdgaj dely cultivated in Asinaln co
ChiaadvbBbaeen historical Iy !WPCaJdGeaamseraal dpyi cReRecogni ze
(GRABY the Food and DrudaAdmhabsbrstedidovnmé @ipdipn e
its -oamntdffnt ainntfil ammat owoyweal itgnd -bacti éfiparloperties
Recent research has denhoensatbriatietdy tthoati nthUFRb ihta sc atr c i
lines including breast, whilom had nmgeasudrtiexadsean d enrt ¢
promiasrntnigcdnd$rHowever, CUR exhibits poor, sloil mibtiil n
its appf .camatcieand®ler apy

I't has been repworaldadimianigstktga roif anCroadkin 2n ext r emel )
serum concentratisgh m(DP. ©06 COURO wag5 8% s éArsv ead raefstud rt

bi oavaianadbicdanéeyer efficiency of CUR ©£%%|Ini noirtdeedr bt
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i mprovebi bhea, | avbairinieotugsc a rhraiveer s be en used, incl udi
nanopar¥®i cpelsy mer n?&Aaonpda ritniocrlgeasnti ict®déns ompai n advant
of the CUR |l oaded nanocarriers are their small si
pass through the <cell membr anes Wi t.t1Re sammarerhh amas
ncreasingly focused on the fabrication of bi opo
advant ages of ¢éoaoe lblydmtompiamidt yoldietgy &8 a Tiwloi tof t he

commonly used bimwadl wped $ cian i sanmd calriet cad lgg i njesd e 1) .

anionic polysaccha#dde b®othmponse dnaf eJ-dgM)l uarmd at e (
resi dwhd €dl is a cationic pol ysaediygd ruicthes amd mp 0 aa(
glucosé&midrhd i s positively charged below neutral

groutd8oth alginateCHh)Y ahéetomsamnur 4l 1y obtained bi
desirable properties such as biocompa®?i bNMdrigoverh
algimased nanoparticles can chse sf mabhrGa'st elsisnbkyi nsgi nopl
altering® ofCHpH based nanoparticles can be prepa
tripolyphosphate (TPP) wi tlhionukti nig m trar goednugcai nni gé 8 hsaor | svh
Electrostatic interactions between positive CHI ¢
retentionsoh Ché basegd, pramwipdirntrg caeprol ongéd dr uc
These advaalt qigaersd eoGH | make them promising candi da
del i&%#darwyi algi oat EHI based nanoparticles have been
CUR32. 9®0621278r ex aAmp ltedt,a mriepared o&€WU&d dexticahni toslamh
nanoparticles and reported that a controlled and
week was ¥dMaigh\seedi dgarle.pared CUR | oaded alginate na

t hat t He aGnddeéh o p a retxihd Ibairtheadhn € @ Idu b iml giuteyoals u teioany anrg
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wi t h CURék

Exploiting the el ealt giomsadeé@ldll pbledyxeotait e ngofmet hod ¢
empl oyedate mulagdigliahyaeCel polyelectrolyte nanopart
si mpl e enafi nkeeesriitnegd sur face f eat?dy ey faolrinesmieeefg ftihce
|l ayers deposited it is possi bPFeS8Itho acdpdnhteisc®rfa t he
noncovalent route for emalltooksay esri nfpdremd taida’n Dpare d wind
these promising &adybeyna gngeetsh oodf, tite has been widel"
nanoparticles %84 .dY%upgardte |firvoiemgyebh hiensé ze and sur f
nanocal micereoration of magnetic nanoparticles ( MN
drug carriers to tumour sites wit‘BTarhgeetheedl pdedfi va
MNP & as been reported as a promising strategy foc
advantages ineltwhei ntgarygies ialgi pevbicwegsandapicdumalat
carriers at tbhye ntaugmoeutri ceMildeeesa e s be heated i n a mai
promote the drug release and avoid compl ex c¢hemi
surface of HAlandhbar t ioNiPessatbyeeonf reported very | ow
tolerated in the Themamtmabhddysi ze and | argst lsamf ac
suitable for |pobdeyaleeposiltyiten. TherebbgenatdsHposi
mul til ayer swidnabl 8INPargeted delivery ahd thohinsrpap
ma g n eatligci h a Cleld ybeyr a ynreanoparticles (MACPs) were fabr

CUR int-eiBMDIA breast canceHumaimbded hdr BDbFast s)
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42. Results and di scussion

421. Char acter i z amaigomret i cf al gcihniattoes a n-b yll aayyeerr

nanopartand essur cumin | oaded magnetic a

nanoparticles

4211 Zet a posiengd iaand FTI R spectra

As showWingl,magnetic al gi(MARssepar piepasedssemblt heoct
algiomatthe surfacé'sof uMNPRPs i(St@ge 1). Foll owi ng t
(Stage 2) was done G6MISt agtPa IBgiwilAéhs 1wal tabyiesrm doefCH |

were then sodi et &9 AahgnaaBteage 2 and 3 were then rep

f oorhe desimbefd | ayer s.

MAP MA/CHI MA(CHI/SA)
® ©
o © o CHI @ ® SA © ©
© © —® — ©
© © Stage2 @ Staged o o
@ O
® ® o o
el e
R % w
2| - 2
&L
o
MNP SA

Alternative coating
MACP ¢t M A(CHI/SA), _ MA(CHI/SA)CHI

Fi 41Schematic illustration for MAWPe pmeepearfaatbiroinc aafe
crdssnked alginate?*aonn tMNPiso kuess m gMACGPs were prepa:
depositing CHI and SA on MAPs based on the el ect

alternative coating was repeated until MA GaPnsd wBi)t. h
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MAPs and MACPs nwintblefrdil ayer esnwer e di swasadpdst rdDt o

us

us

S i

i @l and NaOH) or sodium phosphate solution (pH
ing DLS. Kk$ 4.8hownhei nzeta potenti a2l.04 mMAPwhiiomh v
mit loant dewliCtdscr ossl inked argpoatedpant pck%5% olurse | i
ta poten3A al waft efr das b-66n rhkfe pTohret erde aassmmc r e@rs e d h
ta potferMAiBslduo det oss | i n&&*'iMdh evairtblo x y lc ognrtar ti dosutt e e

ionic charge of ?t’Wponl gehdatheomelgyamernely charge
om the G blocks in the 2%ilqgnsadredéthgpddnisae nster actt
dudihkgnsity of free carboxyl grouyp’d dalse rwaefldr eas
creodseeta potenti al waAtt ebsdepedi fioon M&AfPst he f
tenti al boefc opner tpioctlPetsP)y enVV | owed by & 4r 8d urcVt iaofnt etrc
gatively charged alginate polymer was coated as
2. ¥1®o mV were observed when oGQHIlerimageércoanhddnag:
arges radAgi-48®. 5rmvh were associated wiuttlerbbbgaenat
oscillation of zeta potenti al was Sébaeardv eG@H I w
dicating the successful coating of negative alg
e zeta potential of particles in sodFiudgRaphhogpha
hi msf end!l ar osci |Ibleattwieoenn hceolda wienagesr , negati ve surf
served for MACPs (l ayer number: 1, 3, nbo,n 74,5 Adue
the adsorption ebntbhetpbosphhiaeeanf ohhe chit o:c
ntsamal | mul t i waldentheaeifdmn®eo interact or compl e:
oups on CHI surfaces VEiaTalkeefooetathe phbesphat

CHI | pyev & dhed negati ve charges on the particl e:
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reported previousl| et . abnbarl yesxeadmptl hee, zSemaa npot ent i al

mM Na Cl and found that the zeta potential value d
84 The authors suggested the reduced surface char
onhdhe surface o%% CHur tphoelry nmeaedt.ladnlea,| yAedvede zeta |
CHI (5 mg/ml) in water and NaCcCl sol uti @M 7(20 .n/ M)n
water+3ahdmV in NELTI Isolwatsi sruggested t lzaett at Ipios emae c
value was governed by a compression of the &elec
i nt ersacwii'tdhn Ctl he 2%% |As/se ng hFoivg2a thre zeta potential of
alginate as the outer most |l ayer analysed in phos
were in water, which is in dgda&ian®Ont t wWet bt peevihal
exhi bimoemte qat i ve emdtiaslipror plhwe phat3e6 snoM)utcioomp a(r ed t
(21.4 mV). This is due®**anod rpehaocstp hoant eb eitowese nt oCaf or r

phosp,#wahtteh | eads todandet ho@sisnofedsaed density of f

resul tiowvgerianl lani ncreasedThegattaepohangeal behavi
be wutilized to control the drug |l oading and rel e:
such as CHI nanoparticles cadinngbeofusardi otnoi ci nuprruogv €

prolong their release time based on electrostati
drug moPB¥eclLbheshe case of MACPs, different number

potentials candpatoemntmipalolivye hle ugsé oadi ng.
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40 —=— MACPs in water —s— MACPs
’9 a . —e— MACPs in phosphate solution b . —e— CMACPs
c —— CMACPs in phosphate solution
~ 20- g 200 T <
— >
o = =
- 0. N 3]
5 S 150 g
- ) =
o
220 :
© — a
s 5 1001 E
O 401
N
-60+— T T T T T 50+— T T T T T = T T T T T
0 2 4 6 8 10 0 2 4 6 8 10 4000 3500 303\(; 2500 t600? liOO 1000
Layer Layer avenumber /cm

Fig2aZeta potenti al (a) and averaage difmeterofbdf of

coated | ayers. Zeta potenti al of particles was an
Particle size was analysed in phosphate solution
obsewwveld the alternate coating of SA and CHI. (c)

of deposited pol yither rlesydrts fatr @nBh3wan 5.n mean

The average diameter of MACPs wasg2mnawlyesrd thlye NdIA
of MAP$ owma be Whiichoreased to 167 nm after the <c
The size ohcpeasiedl gsadually as the coating of SA
9 |l ayers. The growth in particle size is 8&tzei bu
di ffeweneesobdeperdi ng on the out er mossto pooblsyemevre do.f
example, after coating with the second | ayer (SA)
167 (3 |l ayers) to 128 nm (4 |l ayers) and then incr
fifth polymer | ayere dihfifsev4@maie sovfae me&@HI samd SA a
|l i kely due to the different surface charges of 1t

| ayer, the zeta pd0@ebdihl mVangepdhodéspimate buffer s

potteifadarl gi aeat elné er most | ayedr7 bdBn RednVi.r Pmrti cl es v
zeta potential values higher than 3D mWecahobe, cM
with alginate outermost | ayers were very stable i

On the other hand, particles wiéebs Csit macetamrd oy
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aggregagqeescewms$ ustf iow mlgar ger s.particl e

The zeta potenti al of CMACPs in sodiuhi ¢2asasphAt e
significant change in surface charge was observe
potenti al of free CUR soeBilum prhvas dmatceo ns alawwtfi, o nt hv
MAPs and MACPs with the outer most |l ayer of algina
the rang36 f&r6o.nb FMVg.24) wihiel ezett a potentials of t he
out er most | ayer (Il ayer numb-20 : m\¥.,, Aft e&r, CGUR 9l)o awe
potentials of CMACPs -w&.ragh d¥4do.undmVbeswgegasting th
encapsul ated in oa marstoirdbleeds ,onrteodutch ng the diffe
bet ween WiAICPsadgd n@HE outer most | ayerbetweremedsged
199 )wemr e observedFig¢2zb)CMAOWar(ed(l 2l MARLWBi cdn be
attri btunedl daodi ng of CUR. For CMACPs with the san
average diameter of particl ess nicmerassaede &l ues ttoh d hreu
pol ymer eatapsekbate more GURGgmallgcdlagger particl e
CMACPs with the outermost polymer of CHI compared

is because CMAGRsrwiotsh $Ayers exhibited a higher

than those with CHI. They possessed a greater el e
aggregation sizes. 1t is worth to notege haf2z050he s
nm. For the efficient delivery of drug to the can

generally accepted®00t®mbPRaraboaudtes50wi th size | ess
extravasate through the discontinuous endotheliun
| edkelly to accumul ated at the desired sites. On t

200 nm may not pass through the porous vasculatur.
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more easily by the T hmemuenfeorsey,st@MACPs are within t
the delivery dafumdbuugsitesth

The chemical compositions and interactions betwe:
FTIR as ¢hd@n For pAakshet 1dh@®@014®Rercem character.i
the asymmetric stretchingCQ@Q@H @gryouned r @S sd a MA Rali yn
and MACPs with the number), ot heaget wo( peaskhg ghevdd
wavenumbrdisctantei nftgp oma@fl gCanat e -li iomk'én@Tmiossi s becaus
changes inschgrgatdenradius and "&M"6 mFowe i QHIlt, otf hea h
1538 tTwans char ac-Nétrbiomntdi¥c Tohfe pr eCHelinrc et hnd MALIPsO0 w

confirmed by comparing the cur v slThoef bMAoPasd (cOh alLr)a cat
adsorption?'ho®B3@Powpns ifnt eMAPtso sahil ower fr-2Bquency
demonstrating the supespoei CHRNH mamiume M al gi
CHFf323! The peak 'ah MBPS6 bmcame broader, and moved
MACPs, whncabtet ri but ed t o -NHtshter eotvcehrilnagp pferdc@OCGH i t 0s
strenghfronfalhesd eresults confirmed that CHI anc¢

i ncor portaliMAdP si.nt o
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As shoking3an particles with diameters around 140 n
surfaces, which were attributed to the aggregati
with the MAPs size analysed bSANaAd BHIE erthéteesa
(Fi ¢3bf ) exmmobrepbdrical shapes and smooth surfaces
successful coating of bot-di giol gtmeos . ammomg MAKK®s ad
|l ayers were constructed due t233 tThhee reexfi srtee,n ceef todr si
excess polymers, stable fil mCHWwe aaldd asddimegt hley sanmfot
surface of MACPs.

Moreover, AFM images showed that MAKACBS3c &ei)t he XA bai st
smelrl sizes, which is consistent with the NTA meas
wi t h SA as t he out er most |l ayer ar e mor galstuadb.l e
Characterisation of MAPs and MACPs vieasTEBurevoeack
by polymer shells, which were the Fihgi3glos@aheandsat
Fi g3lis an enlarged section of the ctmagepalréeacl g

surrounding CHI [/ SA |l ayers
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2um 150nmo0 2

100 nm 0 2 ym 150 nm0

Fi 44AFM i mages of CUR | oaded MAPs (a) tdand h@UR alye@ a «
of 1 (b),(dé)(aepd 89 (8), 8

AFM was also used to investigate tHhiedgdmor phel dgwn me
of CUR | oaded MAPs was ~150 nm and increased as
maxi mum of ~200 Fing4f or Whil alyeirs i(n agreement with
by NTA as Fdl@wn H@ewev rougher surface morphol ogy w
compared to MACHKFS ¢48s GWURP wins ikiknown as a RRéi’ghhd hyd
the |l oading of CUR into MACPs increased the hydroc
particles rapidly dehyidsr aared axhii migt eAdFMr caungahl ysur

successful l oading of CUR into MACPs.
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422.Loading and release of curcumin

CUR |l oaded MACPs were prepared by dispersing MAC
incubated wunder stirring fOr iRdrehase®heCURddsiotliuobr
permeability into MACPs. The volume ratio of wate
CUR solution (3 mg/ml) without sedi?heing.5at icdreaddud1y
demonstrates itngdMACPBe caas bblet adblebdygmedmwmaggnet whi
i tself in the bulk solution was not affected by

potenti dldlrayr guesteedd del i very of CUR via external ma (

Fi 45.CMACPs were prepared by suspendi nganrvdACiPrsc u ma tC
for 24 h undetioagi CMAC®s Tlae besuwulapi dly collected
25 Kg, d:mmetmmthxi ¢k mmmt hin 1 min (a). The free C
not affected by the magnetic force (b).
Encapsul ati omne seulftisctihesei%c.g22% o f CUR was | oaded int
encapsulation efficiwhtlh i ncr eacsfedlgajOdrddi a (&8s eSeA

Fi ¢.6a). For particles with the same tothepmpoesstof fapmoe y me

increased trend of encapsulWwatinen i efcfrie@aisen oyf waehse

Howevees ,i |l | ustig®d ,aldi gmer encapsul ation efficiency
123



CMACPNs CHI as etmoestodtayer (layer numbed :t Adat SAs &,

as the out drdrmyetr Inaynrer :Th2e, nlost6,f eGa,sibd)e. €kpl ana
di fferendharupgedsaweedhmar td wtleer mos.t Asayielrlsb s ¢g.2aat e@HIi n
|l ayers exhibited positive surface charges in wat
charges. Themgaftfovel y chargeda@Brimedeonl ¢ W@HIsur f a
| ayneorr e r,e adaicligg imoate effiereroaadapawmidatiacn i nto polyn
ot her hand, SA |l ayer wasandbasi CERymohacmgéeadi we wi
interact with thdepanmaegeatl ierrecctyerc hahgepol ymer matri
el ectrostatic repul sion. Moreowagxpéargeroambhaets
CHI | ayer ,| avdaihd lgha&lrsencapsullThtd nsen heyf f dtch eesnicsy.can

explain theikoagi mg &MAIPs and CHMAEL@Bsahi Adheshdwradi
efficiency of CUR was observedemmost MAzEyPesxrs wat h C
possesfeds StehmeosautiHagaer l oading efficienweeese fr
achieved for B0ALPscampperay prleyviroautdRt edbaded CHI

alginate baxXedwipt’hadichgsefficienciesufjgemt2ng @MA«

CMACPs possess great potenmnamadpaaodddigepspd ldRvaetriyon s
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Fi 46 The drug | oading and rel ease apreo faiflfeesct ®fd tblye
out er most polymers and the number of |l ayers. En
Cur cumi nefl foiadiienmgcy i nto CMAPs and CMACPs (b). Cu
CMACPs with different | ayers (1, 4, 5, 8, 9) of d
and CMACPs (l ayer number: 1&4) i meBBS tisu fafreer sahto wa

SD, n =3.

l order to investigate the release profile of CMAP
in 5 ndufPiBeSrpH 7.4 and ioodbhakidnagt (BTO AcCpmt)i cl es

collected webdynsiturnmo ngratgN et sdet er mi nedndi mer e i nCtUeRr

concentration in supernatants were analysed to ol
shownFiidgmic , for all particl es, CUR was released mc
then releasatosleowastl@auitned rates in PBS for up to

first ftwomdayst o kteheg ldoaes of WReabl ¢cadtheer oadeeCdf
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particlepobymencimbseei Ko particl e S CURfal eafsteeTrh et hsel
firwd days wasentbhne nt hdee pdeinfdf usi on hafotu@hRpmbly emeul enst
itha he PBBskol utitomybhi bi $li ogera and more sust &ioned
significant burst release was observed durpoagr t he
solubility of hydruepmhesb isto |A&DRI oinmg drug rwdlChldse,
as the out enxmo daif talsadlyddRe | ease rate than OMAPH sand (
the outer McCMASPRayyaenrd 8) . Apreeindoicebgdorr2, 1.CH$
poseélteghvar ged in watlgm Iphtospéa@dtei weol uti on due to t
phosphat®the omemfsore more negati velar adhsaorrgoeeddh@®@KhR mo |
| ayseurr fwvahceen t hese particles were dispédrhsaaed oinn aCW@R n
as il lu¢t géat&bd iWhensvwiMAICPl aysr dhumbaemnd 9 were di
PBS, phosphameetieodhswi t h CURTfmalé anwl egnofu@ikse tchhreai ns,
which in turn facilitated the | oss of CUR mol ecul
from inner poWwemerCURtaamnxcentration i s Thhyfshaesrt)ert o
CUR rel eanceaochatesed fswi tGMAGR erl nufmbaend Df On t he
CMAPs and s@WMAQ@P | ayer 4d4nuambdh®rad§i nate was deposi
owtmost ,(Ilshyeved similar negative surface chheges i
CUR mol ecules were adsorbed duniidineg dtrhueg Iroea deiansge prr:
promoted in phosphate solutions.poFloyrmepar triecd uecse dw
rates wer e o0 bnsuermbveerd odfsn dtrayéersesl e as e r alt>CMAGCMAX P

C MA CsP CMAGMACP4A>CMACS )By i ncreasimbefrt pbel gymdarts,
was more difficult for t hoeuflihninse rinmso sit nwCadRr epdrmeepnet o m

report ed?ldvanteaCéh aeit .faadbr i cated doxorubi-ceghytobhdedap
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nanoparticlieywagerd cawpeed the part 2%l eAdotveprd ncihréddl a
drug release rates of wuncoated and polymer doated
SA coating the initial drug bW rts@% 5aenl de@mvseerdawade r e
release rate wae ahso hedhe cbaidpalepared bovine ser.
|l oaded | i posebmeayandcodbatyed /SR Thwiol y mEHI coated | i
showerdedauced al bumitm hreelusmavafkreat DareZsh.ceut tdaalvsel oped
polyethylenei mine coated PLGA nanoparticles and r
inci eagay &' s

I'n order to dmwgdtciagat eortoliel e of CMAPs and CMACP
CMACSRvi tandl aywese di sperasgppedd 7i.np HaEh&l. As i F1l ¢&dt, r at e
the release pattern of CUR from particles at pH 5
In 14 days, aboutrY 281%, CUR %wermnel rlel easeds If ramd CM,
CMACsH® at pH 7.4 respectively while abead &t0% H 3%.%
Th glataaien agr eemaretvi wiutsh ywoprbkyMairgs dendanlo i nvesti gat e
release profilegiomet@yYRallcdiomatBlea ncto nppH eX.eds and pH
reported that 80% of CUR was released»wadf pBUR. wa s
released 2@t TpHe 1pR dependent release pattern can

chargédyanmdphofbigoltymer s at different pH values.
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Fi4g7.Zeta potenMAGPL cafndVAWMAICR sodi um pdaosap hfaurectsiod
Zeta potenti al of al | the partetl|l éwi dlecCEhsedt as
exhibited higher saamtda MACtPewhtiicahl g dhsaskesiAdPcsono bed SA
outermodMACPayé&kkd represent MACPs t hat possess 1&

respedthieveleys.ul ts are shown in mean N SD, n = 3.

The zeta potential eorfd MAPGEGPN BAGPum phosphate solu
pH s shdwmhd7.iMACP1 showed positiunwdesesudfiacegopthBtt~-gens
4 . 8Bnd | owiam) e e xptlhae nperdotboynat i on of aminoomheups
part f%Iimeesut r al and al kaline condi tsilonsurtnteael swergfaa d
an increased negiaadli veagebthapowm@d, widule t o the | os:c
from the amtndhgrefipse, as the pH valupeH/o# tbeb5sé6
more amiupe @reoe protonated and the consequenti al
bet ween CHI and CUR made the dissociation of CUR
with SA as thesbowed mosgaliayersurface chaegame fro
|l ess negative as the decrease of pH, whi ch was d

al gi 74t Ehithse | ess neagéatligvienlayt ec hsauarditecheee dd ssoefi a€CUR
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mol ecul es more difficul ti.pHJo rneoorvee rpr catso ntahtee dd eccarreba
t hel gi nat sef sedhfyadcreogen bonds ,wiedbnhnéachodtulbed i ty o
| ay®¥ sTherefore, alginate sur fwd cddesc rbespgdmnie icnmo rt es r my «

restrictedoft hGUR.el ease

423.Cel ' ul ar uptake assays

4231. CUR uptake assay by flow cytometry

100 — 100 =
< CMAP Ty akk CMAPs
X a. = CMAcsPs 1| £ ’\5\ b ) [ cMACPs 1
~ g0- Bl CMACPs 4 £ go- Bl CMACPs 4
P I cur > I Cur
g o ek
D 60+ o 60+
) O
[ o XEE = ke
Y— = kK =
O 401 © 40-
% z % "
S 2] o 204 =
=y =)
D e
1 0- 1
control 0.5 15 5 15 30 Control 0.5 15 5 15 30
Equivalent CUR concentration (¢ g / )m| Equivalent CUR concentration (¢ g / )ml

Fi 48 Cel l ul ar uptake aneBl2yBdi cedfl sCUR) i afntd® i DiFn ccueld &
with CMAPSs, CMACPs 1&4 and free CUR for 24 h. The
dosages of CUR in particles were equivalent to t

CMACPs that possess ola&4e dl aoyne rMN Posf rpecsipyencetrisved y. T

N SD, n = 3. The statistical significance is expr
To investigate the cellul ar uptak#BRBhebreasopf cé&
cell sD&ndal IHs were incubated with free CUR and par

CUR or 24 h.ingbél sewelt analysed by flow cytometr

of CUR by differerFti d8xiltl si. s Asvishemwmne totDyAM B 21
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celtlhat have taken updépgemagnCURcdnsehi gher wupta
observed -MB2r31MA I I s treated witiha@MARS an dvi € MAGP
CURi,ndicattimg ndamdpant fatd@URatpiTakiass n agreement

previyusepo?ft éd*tdfaatta CUR uptmakef ohmaolbghi oB$ oi d at
greater thihef®@@@URURONcentregt mbmpoakae. 8ffi%iency
39%6Gand 24. 2% was ob#828edcéblks MDAeated wi&h CMA
respecti vie8-6yf,ohwdhgihckhan t he uptake efficiency of cel
i ncre@QWRdupaf@MAPsan abkd ri buted ttdh@URel dadanomarttic
were more easily taken up by cell s(Y¥YFRA9 ® nmndmchyitloes i
highly hydrophobic CUR was fiorsndilauggleea iampwlaicagest & s

more difficult to 28%.%“fheroanbercedf bupteaekkesefficie
|l oaded pwaarst i CMsfMdAGP> CMAPs sACMACIPr ee CUR. Pastitdlees
out erimbppexr hi Hihteedhest wupt KO . &f UG isiesmmeysaudrte e ment

t heorkky Zhoaeit .vaHo compared the uptdlégiendiei emay e
(Il acctepdgcol i de) nanoparticles and observedsthkeup
owtmost swayserhi gher htalvaam gyti msstteee e o mb st 21Ff a yhreo mot e d

CUR upt ak@HIbys uirsf abceec auprotwndénathed amino groapme, wh
negwdaliy chargedacgfif omtime faceumul atdgloonm oo ft hGMAsSQIPr f a c
MDAMB2 31 <cFeilg8ls . slsblwe CUR uptake efficbehntorge dtoeg d HWIFt
free CUR and CUR |l oaded paadiimilleasr (HDtFa&cre | @ e teaxrhr
muchower CUR wuptake effic-MB28Y ceoelmpsaredud e sMbDAng
CMACPs tendarget rmcatniclean creod malagereehelss h mangl ypr evi

publ irsehpeadrhtasheeancer <cell s normal ly eixdoifbiCtURh iaghhde rC U
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l oaded nanoparticl?®s?24Eh@anner maéhlicghgss snes abol i c
nor mal cells @snendhaver esexuprfeascse variiorust memceps ®r s h

available bindintghyepstiakeesr pir ome$2*%*fd dr ugs

4232 . Magnetically targeted delivery assay

To investigate the potential of CMAPs and CMACPs
CUR, CMAPs anweCMACRsubat-®B23Wli tthelMDsA i n gl &ss bo
Nedy mi um magnet watshe |taxreghe twiddrhef dirhselt ctuonu doldlt © wn
magneti c nawiotphdiret isced eescd .edTaki ng adviahtagesoént her
of CUR, the confocashbtoWwuwtehedud ang Cdal Ritaaddpetst lotdar g et
(ma g neftf e)Jatredd e overall fluor esMBemltl icretl é sdiwtiyg bBd M
arethwertereated witki ¢gi9%arew&WURhé&mdrl s treated with
nanoparRiig9¢t ege& suggesting CMAPs and CMACPs have ¢
This Tesuwlotnwi shebhthe uptake &fifgB8ci ocypbwsvsihowsn dinff
fluorescent intensit iFesd9avearsd sobbsvetrivgetd tbhee wereenes CUR
nodff ety edhe presence of magnetic forces.

I n contrast, cell i 8993t eCMAEIPIg®e )C MAPE IUMAICEOg )
within tiad fmagredt aasiag rsihifoiweraledi § @1 o rte sicrethensi ty ¢ omj
the cells treated wit hotshdeane gpa &6 id.8d ,e sf &hu)t. oTuhtes i edre
CUR wuptake argeeds watsedttoi bhe accumul ation of |
nanopartictlarsgeteoast hderi ven by the magnetic force.
concentration of CUR |l oadedtmagerétbscwpar sigheés$i ol
t hus isnhgouvwe o weé r fluorescent i rctl eemasril tyit dissehto WEBHMIAP s r a9
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132



Fi 49.Conf ocal

fluorescence-MBR8lLosebplgat endageist o f f M®

CMAPs (c&d), CMACPs 1 (e&f) and CMACPs 4 (g&h). (
& 4 |l ayers of polymers coated on MNPs respectivel
drug as fegeeal FIVURCES!l eus and cytoskeleton were st a
568 Phalloidin (red). M+ denot est atrbgeceta madgdo Meak ¢ h
i mages taken owuatfsfiedcet eodf atrheea.magnet
424.1 n vdytroot oxi city assay
120da . [ B mACPs 1 I cMACPs 1 BB CUR | 1201 . (B vACPs 4 Il CMACPs 4 BB CUR ]
1001 100 "
> 80 > 801
= 60- = 601
3 8
S 40 S 401
204 20 -
0- 0-
control 0.5 1.5 5 15 30 control 0.5 15 5 15 30
Equivalent CUR concentration (¢ g / )m| Equivalent CUR concentration (¢ g / )ml
1204 C [ I MACPs 1 [l CMACPs 1 Il CUR | 120 d [ B MACPs 4 Il CMACPs 4 Bl CUR |
100+ 100 =
> 801 > 801
S 601 ‘5 601
o ©
S 40 S 40-
201 20 -
0- 0-

control

Fi 410Then

0.5

15 5 15

WITtTr cassay

30
Equivalent CUR concentration (¢ g / )ml

control

suggested

0.5

Equivalent CUR concentration (¢ g / )ml

15 5 15

CMACPs

30

ex hitmiweae d

S

MDAMB2 31 br east cancer c-MB231t ta&ibl) HREm dc ¢IDIFs .ceMDA
treated with free CUR, CMACPs 1, CMACPs 4 and bl a
MACPs 1&4) represent CMACPs (or MACPs) t hat pos:¢
amounts of CUR incCER Wweaedeedqnanapaenti t-@CGhel amou
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respectively. The resul tBhearsd aghcwn ciam meagmi Ni 8B N

0.0012, ** p < 0.01, * p <0.065.

I n order to investigatse ttdesgaacdcteot @axnidc intoy-vhe&rd 3 XA C E
breast cancer cells and HDF cells were incubated
MACPs for 48 WiTtTrTaaesay r esulRisd4.1ar el ts hcoawin bidni gbs er
41 @ &b that both free CUR andc@MACBX i eMDNME203ald r d n
cells with increasing CUR concentration, which wa
indi cQUR dpossksse dependent cytotoxi éi Bty 42 Bvatrid s
CMACPs 1 and 4 showed enhsaMiDAdB2 X1y t odlolxd cd d rmpp & roendh rt
whican abkda ri buted to the enhanced upSeekd@&odf SCHACRP:
uptake efficMBhXly wdl IMDAt reat ed3-6afiotihd eGMACP st hvaans t
treated with free CUR. It is expected that the su
mai ntained a high CUR coMBZML radlilomn, wthths nl & adei nvip
cell s. CMACPs 1 were bbgkekevedyt s MEBAMBRIBtly cted wasr dt |
CMACPs 4, which was due t o tFhdba) hangd eup tCalRe geefl feia
48a) . As &hdqwa&dn t heofviHDbA Iniotrymal cell s after tre
CMACPs was reduced at higheeg/ @UR bathcenhgnaticast (

CUR <concentrationmrg/ nlessonphamid23 o dDrACc er cell s.

agreement i éwWni onasnlyy studies, indicating CUR show:
cel?Ps242 One of the major accepted theories is th.
|l evel s than normal <cells due to %%°heDerplreetpiroong roaf mngel
which is important for the sensitivity of cells t
of canc¥r ?t3elIfffs addi ti on, most cancer <cells, but

134



acti vkB NFhat medi ates their stKBvirwaglul a@lW@R ogaem es Wpp
suppiaegs the proliferai*f 0.id°%%bifghc avnicaebri I ¢e¢liles were
MDAMB231 <cells and HDF cells after they werd trea

MACPs arteoxnanst bwaedcel | s.
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43.Concl usi ons

MACPs were prepabwayéy a@odtaiyreg of CHI andsOsSA on
nanoparticles. The successful coating of CHI and
spedmeasurements of the particles. latdhammpmurnt doa
charge and morphoVeanhiédkeeCMAGRT dod MEMACPs was | o
200 nm and within the optimum sizdnr adgigegof nel aads
profiles illustrated the sustained release of CUR

control the relhgadder atue ebymoattt eoil ymer ( CHI or S,

number of | ayers. More polymer | ayeprrso,frieideelr ee € Hil n
the outer most |l ayer showed a faster CUR release.
confmed the successful | nt-MB2n3all ibzraetai sotn coafn cCelrR cienltl

t hat rapid and targeotubd dehbeoe EWMAGCRs CWAR presence
external magnetic field. FACS analyske bobhdiCllaRt eh
MDAMB2 31 cel36-§odvdesat er than thaMBd31faamrc €URc e MDA
significantly higher uptake efficiency of CUR t ha
CMACPs. The MTT assay indikbiated & hai g EiMAIC®an telxyh
t owaMBAVMB2 31 cancer cebHBDFtbhahl $d owhndsummary, t he
profil es, enhanced uptake efficiency and strong ¢

for targemaéedd®MACPsrw promisi-ogncamdddad edéloirvamy
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5. Magnetic-Silk Fibroin / Polyethyleneimine Core-Shell

Nanoparticles as Potential Carriers for Cell Transfection

Abstract

Gene t hiesraapypr omi sing method for disease treat ment
efficient met thodsleesti bei Appanthyions. Polyethyl ene
effici-eintalnome naeg ednetlsi viewey t o ihtag glei gllencat iyo minad d
condensing DMA ziedt cc ormgpH ® x e s . However, the high ¢
have | imited its application. In this paper, sil
protein, was a@leegnm esidi/ REoto f-shehalncopar(t MEARARs) -BEH sil
nanoparticles (SPPs)-myor antheb edgesldievoexryyn(umCINesa@t i idretsc
MDAMB2 31 breast cancer <cell s. The size and bgta p
altering the amount of silk fibroin in particle
cytotoxicity were obsertweHl fcooatMSIIP Pnsa gcnoemp acr endanop
Bot h BM&amRl SREBPse capable of dseil nitvoe rIMBRH1 t dheel | GDNar
significantly inhibiting the cell growth. With ma
were achieved within 20 min using MSPPs as carrieée
effect comparsedmé ocar-ma@gmet ofi ec tnioonn . Both MSPPs &
hi gher i nhi biti onMB2f3flechr eaagsati nhsancMDA cell s compa
fibroblast (HDF). Targeted ODN d&deiithwethechr|peodc
making them pi dmait®isnd ocamene therapy applications

KeyworSdd :k, PEI , Magnetic nanoparticles, Gene del:

Abbreviati ons:

PEI : polyethyl enei mine
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SF: silk fibroin

ODN:mycc antdlsiegpsceeoxynucl eoti de
HDFhuman der mad f i brobl ast
MNPs agmenanoparticles

SPPsi-PKI nanoparticles

MPPs: PEI coated magnetic nanoparticles
SPPsi-PKI nanoparticles
MSPPmagnest iREtor-shehalnoparticles
SPP50: SPPs with 50% of SF
MSPP50: MSPPs with 50% of SF
SPP75: SPPsofwi $h 75 %

MSPP75: MSPPs with 75% of SF
SPP9O0: SPPs with 90% of SF

MSPP90: MSPPs with 90% of SF

512.l ntroducti on

Gene therapy has shown great potential in cuWfing
25252 Efficient gene therapy demands the delivery
replacing or silenci?iyg Hohvwee vieaf ecgteinvees gweinlels have
intracel | sluam kaa&ar rciedrls membr ane airé®*Temdarosfoaree ,meandr
are needeed ffiocri etnte °dne del i very

Many gene delhiavweer yb eveenc tdoervse| oped wvnclhudided i Viér gl s:
25858 Al t hough viral <carriers are kndavnt haes atphpel incoast
viral gene delivery systems has been | imited by t
41, 255, T erneofmoirrea,l gene delivery syst enst ehravad i lveern

gene tHér dpixp@rt fidionmunogeni-wiingl, aoneme delivery
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possess advantages including | ow cost, eians ev iovfo f
st abl’l iAyvarigtyabfveonors ha‘“e283fe©Omedeoeveltdrpednost
no-mir al transfection &agent(EOBceomyréebtylwendi nDNA,
condense them into nanoparticles that are suita
endocyt*®s$3d ¢ n aREl ti®nable to destabilize drhoet oennd o
sponge O0ttd f @ctot ect DNA against degradation and f
endosomes into*?heé*mefttmiptismshmgh transfection effic
PEI are still Initmi preadb | beymsi tesy tibit kagsi ehri dg hl ac K? of t
Attempts have been made to improve targeting by ¢
(MPPs) for gene del i ver yatgmred wd%é c &iihp nwohciecshs acnal é re
magnetic field was used to enhance ctomezcentansfag
magnetic vectors YA Mbeeacwdd, siutrfage been report
MPPs vectwemrs tihanl ¢Fat of PEI

However, MPPs stild]l possess 8ad gthd fd chendr eayd eod oWKii &
cell 2% f*Heskeémsanlvesti gated MBFs, HBHS5e/x mosd al@dBd 100

Ogml of MPPs and observedO®gI% afdidaleisipietcyt i dedrye ad ¢
i ncub&®Whemn the incubation time was increased to

decr eas2e0d% tlod tod 3I0e% peci®PTvoelfyurt her reduce the <cyt
various approaches h#&¥VeHbzlkonn sraelpos it idgCaTt endBI¥H5 Y

and U987exgéibited viabilities over-PE®%aadt aro24dh
after ?P°Sdaygtardadbri dattead hg onBEImodo &t ed magnetic n
(GSH NPsby adding glutathione during nanoparticle

reduced 30% cytotoxic edeteetsetdoolsOrvcved!| exiadchat i
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compared to start’Andt her mek aentp.baelwh sr duPEI was mod
|l actose at differen{6W@&ododydddo) o menegoagwat iaxcnt
nanopart MEP®B The resulting |l actose modifietdo MPPs
RAW 264 .clompedrlesd with unmodified MPPs.

I n this work, silk fibroin (SF) wag9ruwdfeadom oc aceaarc:
oBombyx i mormin FDA naaptpurroavie dd,e r wivieldd smalk eeenn awi del y us
various biomaterisplongmuaclfudimsg foeael sdi f f ersarcth mesdi
drug deliiswauecyneanidngvadureds SiBxgel |l ent bi Httoumpedhb Ibé |
bi odegr dtsarmhd | édayy pPfoofc esFsilmhags made it d @droomidsiumgg
gene del i veéfyr+8sfBU*re msx admptiheer,aeai pkr @ABF/IPEIDNA
ternary complexes wetr daylf.abraitcaged®Eby /LIDNA*°c €mp Il e x
viabilities of HEK 293 and HCASHPIEBIDb8 &lolnsp | ierxcelsb amee
over 10% higher than those incubhttsaybntvietshtzRR&hi z e d
ASKE CASF) nanoparticl esspgr miodlé fswigrgee sA K wihtah CASF
gene delivery carrier with the advani®agaAkgthlo wi It dw
great potential to be modified or in combination
carriers wi t h reduced cymagowsstidickt yf pobtFhpee nhgbeneat
cofsdhel | nanopa8PPs | eand mahnecier apser §d eme delivery C
magnetofection has not yetThbeehorseuf fini @rtilsy snal
SFpolyethyl enei mine )wanepaabitctaesed SP&mYy d hanttirsaersd
oligodeoxynuclieot 0o eMBBRB(LODN®ast cancer cells and &
(HDF) <cells. The size and zeta potenti al of SPPs

analysed with DLS. The morphol ogies of nakxmzdl ODN
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compl exesdevteer mi ned by AFM. TEM was also used to
SPPs and MSPPs. Toxicities of MSPPs with differe
effects using their ODNMB2Z®dMmMptekes agdi HOtF MERBAI s
t hrough the MTT assay. TIOONuUuppnhak-eMBfPPPeobimbée x o3 B
investigated by flow cytometry -MB231% heelllox adfitzert i

with naked ODNs and different transfoeati om caoomglog

52. Resuamnhdi -dcussi on

521. Characteriafati @oolllyet hyl enei mine -saht ma

polyethyl eneimine nanoparticles

5211. Si ze, zeta potenti al -paonldy entohrypl heonl ecignyi noef nsainl okp ar

SF forms aggregates in salt solutions such as s
aggregation of SF in high concentardastoiropnt isoanl to fs ocl out
to the SFI gaditmegdatsgttihoeni rofnet s Duf aoeg -osubth t gnidigecled | ar
structures are f iernshtamfeset meod ddwyeae rtop htolbé ¢ i nteracti
chains, followed by further aggredation and final
The addition of &atld icrachu@é stoh éd é&’qgPrdel g aitsi oan coaft i PoEn
with hydrophobi c b aspkadcende sa minmde sc | noaskeilnyg PEI a hi
pol yfaér Thechaitmareputaused by the amine groups or
polymer from?2?fdgdrfegtantei ngharge on the hydrophobic

increasing salt concentration, e hand yfdarom h&ddY rce ghaa
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Adding a small amount of salt into P&EIprseearttion
aggregations due to the fact t hat the attractiwv
counterbalanced by the el ectr o028t althiec srcelpwhlisliiotny aaf
a maxi muimh58 mM NacCl concentration. Further increa

salt screening the electrostatdaltairre pud mpwelahitdrmhgr eh

aggregations via hy’fophobic interactions
600 600
a . 60
—_
400+ S 400+ E
£ -40 é c =
£ 2004 — £ 200 T
o 20 8 =
8 c 8 ()
@ 0 , & 2 o =
@ -~ S & 2
A -2004 Precipitation 208 A -200. _g
Il Diameter 'gJJ I Diameter _ Precipitation N
—— Zeta potential —— Zeta potential
-400 T T T T T T T T -40 -400 T T T T T T T T T -40
D A0 P D 0 0 P P P 0P o0 015 o0 15 o500 500 P
Q 9?QX 69?7’ 6??6 69? 69?9 69?9' o N \I\?\\l\g?? \\]\5??“\5??\\1\9??\]\5??“\5?? WO

Fi 1. Ef fect of SFPEB m§/ mb) ml) ratio on thansi ze
MSPPs (b). The increase of SF BRPsBoandsvMsSPed Bhst

the decrease of the zeta potentiméad®DNEBRPs and MS

PEI particles were prepared by adding PEI solutio
at an ionic ov.r eAfgitelr oafn li.n2c5ubati on time of 6 h &
were observed. The particle size wadgi tphae,n vamiadhy s
indedat hat the mean diameter of PEI particles was
into the PEI solution result&d§lan) tlhe rierash ema@s it g
| estdo accel erated aggregation of SPPs as well as |

containing 90% SF (5 mg/ ml) and 10% PEI (5 mg/ ml)
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upon added into salFi®Blaluthensi Ag osho8RPPksnincreas

when increasing SF cont
This phenomernond iikelm e
chains and negatively ¢
negative SF chains were

charge density of PEI

ent from 10% to 90 %.
thea i tho atth e aicnt ems bet ween p
harged SF chains. When a s

attracted and, eweakeonishagt:

chains. With increasing am

backbone charge becomes insufficient to keep the

added into %d|l Thsel usi smpported by the SPPs zeta

Fi g§la) , where the zeta potenti al decreastebalwi oh i
mV was observed for PEI particl es. The strong e
therefore resulted in small particles (85 nm). An

potenti &l t4BIMVSPPncr easi
i ncreasSFogntlbestd | ower
resultedpotmemt izalt aof +3
potential: +7.3 mV) and

Zzeta potenentabndeéepen&F/

agtibkeemdaamgtigra)l)twr BEO&r nn
z eatnad p oatregretri aSIPsSP particl e s
2 mV. At 95% SF content the
wd argles eamwoaich.t Tolfe palearn gpe 4 a

PEI rati o igd vpearsttircolneg fionrdm:

I n additi an ytsd sDitSheamsi ze and morphology of SPPs

showiiigBafspherarticlpes

with smooth sonbacegFdilgerse

52a) shdwametensmin 860ntragwhere PRPLtIi clres owfidtOdOv eri a

nmvere observed for t he

Ssiggei ven by DLS.
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0 2pm 30 nm 0 2uym 50nm 0 2 um 100 nm

20 40 60 80 100 120 140 160 nm

2 pm 100 nm 0 2 um 100 nm 0 2 um 120 nm

50
0
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) : 3
10 i/

/ \:
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i S0 100 150 2

50 nm 50 nm

Fi B2 AFM and TEMimages of the PEI particles&g) andSPR () with different amount of SFt0%

(b), 25% (c), 50% (&h), 75%(e&i) and90% (i&}).

I n order to reveal the structures Bf §2ghes hDRVBs ,s mlak
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PEI particles with di amet efrosr mfl ar3@r npaagpgckgsat
structures of SPPs with 50%, TH%%dand i &0 % oks PEC
I ncreasing fdi~-a2npe0t erm, 0~260 nm and ~400 nm were o
respectivel vy, which was consistent with the resul
(SPP90) dhdain cilnearly show that the particle for me
particles with diamkeQ@@®m,s aamfgiirmmni Mg otmh&t0 i ncr easir

| ower surface charge eggrad ilomad to particle aggr

5212 Si zzetmtenti al and magplksiilcgyyyephyl enei mi ne

nanoparticles

MPPs were fabricated by adding PEI (5 mg/ml) to M
Zeta potenti al measurements of MNMAP6 m¥veabdethi ghg:
charges of +48. 5Fmilbf)gr wMRRsh (iseé n agreement with
by Waentg aadd Zédtaold?’’ These measurements strongly
charged MNPs have been coated with positive PEI
adsorb onto the surfateootf atMNEPsa ttthrraoatgiho nesl d&nd Vi
before aggregating and entirely c¢cd%erDLSg nehe uMMNReE
of MNPs revealed average pdadrtiincrheadieadménbenslonml@
(sd&e flb) similar to thotee paletvs dblusdor.t ed by

The particles were fAFMberncédsatr adhdet®igf B aNERER D
and MSPPs. AFM revealed tboaght der tiMNPp aretxiheclbe t edz

bet ween301 OnFfn &3a) , while MPPsnmeir@ diameter as we
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smoot her surfacki B)pboalppegréeés nfg the conclusion tF

coated with PEI pol ymer s. It has to be note that
significantly smaller particle size than DLS meas
aggregeatciuamed in the suspensions during the DLS

anal ysis of MPPs heklVedlypea stoud¢i dB3¢. aBhes hoavme i ml
consi st g@dnarfopraerti cl es, represented by the dark r
shells structure of PEI polymer Fi B3ggr @y.atT ENail meg
of the @0dem a@afggregated and for med-~1®0F grem iarg gdieagm
consistent witht dehtezpaAEWMi daslay reported that coat.i
bridge two or ntohreer paanrdt ifcolrens |taorggee ra na gprad ga tf ido te st

On the other hand, MPPs are strongly positively ¢

PEI , resulting inepukFrsngnel embngsMBPscand thus en
these particl es. Tahne Waaallasn cleo dbceet $weeoetnr Vst at i ¢ r ep u
such aggregate size of MPPs . Any change to the
polem will however change this and |l ead to differ:eé

Further to the synthesis of MPPs above, the PEI (
mg/ ml ) before they were coated onto MNPs. | Bhe r
measured (by DLS) Miehld.alTde mhoawmnd ipol ymer shell 0
in different surface charges andtagoagr od atSiFonm ediuz e
potenti al of MSPPs compared with MPPs indicating
PEI hadggecegated on the surfaceP&f MBPsoOo Byptal part
Zzeta potential sasbo®wbDfibnolHoarblex aampl e, 10% of SF

decreased zeta potenti al of +42 mV and an increa
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I ncreadiendSF to 90% resulted in even | ower zet a

di ameter (319 nm). The increased aggregyjecercscstzat
repul bebween particles, causing MSRRs d¥aam Iffoorrcne sa g
more readily. At a SF content of 95% a near neutr
+5.7 mV with almost al/l the particles precipitate

repul sion between parddggregattionk.eep them from
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Fi 93 AFM and TEM i mages of the MNWstiial)%MPeys, (56
(e&i ), and 90% (f &j) of SF.

148



Mor phol oS RRBeafe analyzed by AFM amid§.3dfEEM. t Mes sihoe

MSPPs increased with increasing SF content, whi c
Spherical and smooth particles were obseatved, bguc
SFPEI pol ymer mi xtur e. Similar to SPPs, AFM i ma

around | aFgBg3cfognesu@gesting tekealggrgeggapaonniscloés s
TEM i mages of MSPPs (at 509 i §73B-% made DI0 %) h ssth oMEB F
formedubyFghiheores cobBéEPEEBEhOIyl s. iThed3naednl|l arged

sectiommaffetdh e oaxeklat)er i ng the SF content did not

the smaldklrl cmagneti c nanoparticl es20 whime h dii 8 mectoenr
Howe vtehre, i ncrpasednte&qd L adgen aggpepoatéesng AMM pre
and Oka% a

Finally, it is worth to note that positive zeta p
PEI content s-PELO®M) xti mr esF. This is due t6'3tHAdibig
phenomendmvior able for the fabrication of | ow toxi
is able to adsorb onto the carrier surface via e

DNA and positively charged carrifempositeéemencthraatgiel

adsor pti.0dAPEI , as a highly positively charged pol
transftdctttPfonh’dwever it is al so ikcniotwn %téma éheavies RE | h
generally |1 ess f avorbabslead. tThaenrsedfecrtea,ona cREIF i er S )
content but sufficient positive <charges is bene
exhibiting much | owertitomxicity during transfe
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52.2. 1 nt er aocfma @gme-¢siilck fi broin / paon o/ped rhtyil celnees

ccmyanti sense oligodeoxynucl eotides

For successful gene transfection, vect ortst123r286 no |
The mechani sms by which DNAs form complexes with
mor phol ogies of the complexesctiravee® @by pnBE&Vieous
strandeNs are dipflfasménts tamd | ongothiioheawu!| ®&@NAsvei gh
t oproagpwlyi ch may result in different pathwd?ids litnisec
t herefore oi mpnovretsatnitgatt e t he-ODNMr mampbex e aasSdP Pt hei
mechani sm. The morphol ogies of naked ODNs and the
AFM. For the naked ODN, spherical st4@mmtandshwi gh
of 2 to 3 nm weRiegdabsesivmidl @5 edens @ rhiel eODNs tsred dt ur e s
repor tCodcd e¢tay’8°Nanowires weresalmsd aschgs or v dvdéMaormeets r e[

al having lenghimsaonti beeghtt®90rangi(Fg§4ardm ARs 5t hte

ODNs wused in this reseandhbudearmey cs nmean tl@,3 esni emagdlee uspt o
only niusl eof Li¥te)sn | e(MBAABTIGASGGGCATT) , t he | arge
nanostructure is most |ikely t-assheembd eldi"t®DeNEher de

sebdssembly of guanine (G) rich ODNschntse hiegflver k

| ong nahndhwisr eoeen previedd’sly reported
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2pym 10nm 0 2pum 50 nm 0 2 um 80 nm

ool
VNPT [ PORE S

d. ODN

Fi 84 AFM i mages of ODNGDN aco napnide xie&e P(Fb0&M )i. mages we
after 30 s (b) and 30 min (c¢) condensation respe
Schematsiecntraetpiroen of the possible mechanism for th

wrapped around the MSPOBNtoomplrewxsespheroi dal MSPP

Fi §4b &c mepresentative AFM images of ODNs that we
MSPPs with 90% SF (MSPP90) at a mass ratio of 12:
time. After 30 sredl cbhedensedt nanesf abd agrgea eqglasdromnesc
(Fi §4b) , similar to the n&heeat rvaltd umie s erdt e PN ewdi tbh
polypropy(BRE) miakl owed by ame?0°® nTihne choeni dgehnts aotfi otnh e
nanods branged fmmwamd2 dtioanmes ers of aggregaoed0®tru
suggesting that the free ODNs were condensed by
we-tbndensedODWSPPompl exes wer e f ofFin4t , asc o dioswvhi ni

spher opiadratli cl es with di ameters of 100 nm to 350 n
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Rough surfaces mor phol ogeisaudl tWDoNep lodbxsetrivernd @ars @ar t i
Comparable spheroidal condensates hav@8%heeat .balen
analysed the coWWdDé&élnsamels abfsoPBIbs ene-sg bdpsstdrmi dtawr ensa |
the early stages of condensation and spher?di dal
They suggested that thieppP®il t wascaotdengalti ke proce
t he PPI el entepataedcaith phosphate groups from
form-temd©DNc haihendri mers were then formed by tho
aggregated t ores.or mi malnloyfeisb hientrea maftield wi th each
sphedafiarticl esnobgcunludn i a’S$loci atti ocs®se, ODNs wer ¢
interacted with MSPPs through el ectersosduartiing atther :
condensatiohi dMddocedds | onger condensation times (

wrapped around the MSPRGDMNdbampdxrwdrdea |l f dSRd .

523. 1 wi tcryat ot oxssayy

5231. Inhi bition effect 0ofODMS B R sNVE2Ad1 MSePIPlss

Cmyc oncogene is an evolutionarily conserved ger
MDAMB2 31 breast 2?83%nlcteri scedfltsen associated witsh man
including cell growth, prolif&rf%Di soedleeamrsd 03 iman
t hemycc gene will |l ead to mal*%3g Maonn trreagrud fad ri mant iod n
of -mcyc by exposing theyccamddrseanaslel ODiINo has been re
inhibit canéd®r22genylc amdwtslense -©ODNandedcBdodérscgae

to specifically bind to th&€ri akg é osnmR Kedmartrcaoruigthy tt
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dupl €X’esThis therefore blocks the trans|lBNase Hdf
ca be activated to di®°ged8%Hitghhe edfdd ciafciyc waRNA& xpect e
due to its specifP&itHpopweoetar gdte-mmRNANt asieoas eoOD
|l iimed by major hurdles such as poor delivery and
ti ssue al onpgooiwn t ksit vady ®%Fi?% The inherent hydrophil
charges of ODNs make it very difficult for t hem
membranes into the 2%tDolpdrasfmoroeg, nluad garsamount of (
ti mes are needed for the observation of any cel
with nak?@@t®¢O0OPPFor example, inethaldaywsryevgbuyierVead sfoonr
observation of i niMB28Il icehi si teMpmpedrt t MKBBNE | n
anot herlL esatnuedtytpadid e d egl/Ommy ant i s@hhNd oL el | s and only
days growth inhibit?8%hhewea !l idl Ibes torbasteer vtelde need f
systems for antisense gene del i3ér Wanvieocusdod we t h
previously been developed and have shown i mprovec
251, 23%2 However, it is clear that vast i mprovement |
I'n thi shdTludyswsasy used theagsesws h i nhi biQDONd nanedf f e
SPFRODN compdrewDeddiB231 and HDF -MB2I3lls . .c eMDA were i nct
MPPODNMSPP -96%®% ®BDN asmPIXODN n s€rem medium for 4 h
ODN as a negat iMRB,coMSPPRPIPRNMteer e mi xed with ODN a
mass rat-0i 09 :Thle: vi abi |l i ti esneovti tche | MNP Basf avdP wrti 1t dna t
the dosages equivalent to the amounts used iin <c
dosage was fixed at t bg/ mli.naAl Ic ocneclelrssmiavaenriesd mecxopf oi skel (

the Z0 rmttodt hieni4 imli ncAfbiaei onhe initial i ncubatio
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with PBS buffer before incubated in complete medi

140 I Cell only 140 Hl Cell only
a . [ oDN Only b . [ ooN only
120 I VPP 120 Il VisPPs0
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FigMTT assayMBRf31IMAl | s afteith2dhffeceb®Ddomp) e x
MSPPBGDN (b)), -ODSPPC5, SPPY@D M n(dd )MSa&PtP9dDi f f erent par
(11ia0:1). Compl eaes efweemee-WeERIRI ke dc éInlt cul tures for a
after which cells were washed with PBS and furthe
days. At the beginning of transfefcédi o) mihe. cEdbt s
carriersondnygd wOOOM the amounts equivalent to the d
to investigate -MB23Y deolxlicithhe oddVDAgghsmlof DDAN we
are shownSbn mean4N The statistical significance

<0.05.

MTT assaywSshows ddlaitginbiveh i nhibition WM&233bbselklie
treated with naked ODNs (red col umns), indicating

ODNs duepdor idel | uThhe iumdrakesedP RisoschgBblSPRs resul t
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decreased vi awB2I3ilt ycedfl sMDA eated withigh#MPRenpart.
MSPPs possegslependene ogyci-MB23 o diIA si.nt r odu attioon

t hdPPsystreendut bdyt ot o xMPcR.st \Cedbfl s tr e ast(ead BHBIOTHRF MSPP
showed a higher viabil MPFs t hlalnué¢. hofstle utiimee Jastaende WS P
cell wviability increased with tFloe iexampd e aft $Hhe
of &0 ml (associatedOwWNt hatihe MBMBBB11)eMDA showe
viabil B%,i 3% 7%farbd 85% af t MP PmarndfStPePdi Wb ¢oh 75% and

of rIS&Fspectively, aqicei ndhastntdrg aeldide on of SF resu
MSPPs.

By increasindg mWPPHON/ dtriooms 1ol to 100:1 a caeaer dec
seeli §5a) , wher e at olsowerommdsd 1t ati25: 1-ODbkexlhlisb ittreeda
a significantlyhoseetr aViPP&A Il Wwitthlretse | owered cel |

t hemyc antOBMnseced cell growth inhibition occurr
100: 1) no significant difference on vi aMRRParnd es v
MP PODN, suggests the inhibited cell gr oatt dix intaii tnyl y
MPPand shi el d OtDWNes . e fOfne dtheofot h e rFiH&dmdl,, o averwang @ n
| ower vi abiMB2t3yl fcerd | BIDA r exa(t 520d9% WStHFIODMNS R® t hose tr
with MSPHPO0WH was observed at the whole ratio reé
MSPPs with SF are capable of transfecting the ODN

to note thaer epamhGDa\ |Irdaitghos (50: 1 to 100: 1) cel l

‘N

viabilities MEP®DNtao etalt ede wtirtehat 2@ OWiHt ,h MBPFPest i ng
reduced viabilities wkoecdfao@DN iat @ txé aliftFedfd elthe t h e

ressilntdi cated that with redwméPd NEPB-OOXBHE I | comph
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efficient growth inhibition performance of ODN wi
cells, which is fdestiiremd. in gene trans

Si ndePP%howed the | owest toxi (tMEpPPatb g alhsesel par
capable of tr-mmpsfaoctisgnsbe ODN to cause -MB28 1gr ow
cell s, it is of interest to investigate its optim
from ODN while avoid aMaPRPI@®@Asl siFy §.bdt,onwhceint yt hfer oMt
/| ODN mass ratiMSPR&HONIL:elx,hi bited the | ower i nhib
MSP®DN compl exes, wkhelcyh baeacsa ursoMIPR O (Bri cv iechead at s
mass ratio. Il ncreased mass ratio from 1:1 to 12:1
wi MBPP®ODMON, suggesting the growth inhibition effec
MSP®i MSPPODON, which is most | ikely because the in
makntghem easier to interamctto whe hi ttee d nareincbeeda.neFur
MSPPY9ODN ratio from 12:1 to 25: IMSRh#@erabsedtiyr of
to 90% without observation of signi f iMSaPPtOOVN abi |

compl exes (dnltyodf r omndR2cat ed tMSaPtP 9O@ThNe noapstsi mruant i o

MDAMB2 31 cel | growth i nmiceinttirarndgdm!| ohwea$O0ONR: do Th
decreased viabilitMSPPIOO@NIdempilrexad £ datwittthe mass r
was most | ikely resultedsdp®BhRathdi ghteot d-ViB2aBEy . 0V

cells tr@2RRPWMBWPOBADN showed similar growth inhibit
wi tMBEPP A MSPPIODONsuggesting both particles pessess
MD AMB2 31 c@hl ¢ .he ot her hand, | ower viabilihy wa !
MSPPODON complexes than $SPRXONt coapéexwst due to

transfect iMGBP PEOOINe cvti aofmagnet of ecti on.
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It has been previously reported that the signific
i thdi gh ami ntehatontemuvgledoninc cHarPPg EHreeasi PFElI mol ect
interact with negatisviedhy ash agegrewdm spurbcstteainncse sor ev el
aggregates which can adhere to tissuel®SSuRHlacies dl
able to interact wi t h proteins inside the cell

proceéiseMany studies have been conducted to redu

—

ransfetemeniayerder to mini mum tXuetr.emctaptsaxiadiet

>

exadecREIlatpdl ymers |/ si RNA complexes in negative

(¢

harge of encapsul ated complexes were parcecawedh

c

rencapsul ated PEI Icrompnhn etxleti ete.xdadnspilgen,ed ASF [/ PE

—

ernary compl exes by coAntimegr arcegyiaptédrvreMibr cwihrar A8 F

surface of PEI ¥ °DNAecomptéerngsof ASF resulted in

—

reef ore a higher viabil IASH P&fl DdNAl Lt ernarmnsvshempéd

observed cahmpared rtacPEfiRNAOedhpbexes. Therefore, it

—_

educed cytotoxicity of MSPPs ihsarrgees uolnt etdh efsreo np atrht

5232. Concentration effect of pdMBR2B&l asblcbdDpl erbbso

Toinvestigate the 1 nhODN tdamdtORW P etct diofff eMSEPP conc
cancer and norNB2I3 1c eblrlesa,s tMDxAaHDcFelrdwee e Bl sebhnadt ed and
wi t h SPOPND, 0 MS-PBOIO SPP90 and MSPP9O0. MSPP9O0 wa s
exhibited the | owest cytotoxicity among MSPPs wi

chosen as a comparison with MSPPi9%ed wwM$HmhP 90D Na nad
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ratio of 12:1 befowMB2BhcobatHDig cEittel® MBASEemumor -
final concentrations of O/ mmamé&agkitamewawns p| abed
the cells for thealfirstul2®&t imom. oAf ttére i miittiial i nc

t wice with PBS t-iontreermgadei tzeeawlyesu and compl exes b €

compl ete medium for a final dwuration of 3 days.
140 140
I Ce!l only [ ODN only [l cellonly [ ODN only
I MSPP90 [l MSPP90-ODN MSPP90 MSPP90-ODN
120+ a . B SPPo0 [ SPPYO-ODN 120 b . =SPP90 =SPP90»ODN
*kx k3
100+ Ly 100+ - «
< < = *
> 80+ > 80
= =
o 604 o 604
g g
> 401 > 40
201 20
0.

Cell only [C] 5[C] 10 [C] ) Cell only [C] 5[C] 10[C]

Fi §6. Concentration effect of partia)lesandndHDEo ml
MDAMB-2 31 cell s and HDF cell s wer e i ncub &tDa\d wi t
SPP-ODN compl exes fareedmedAn skReulmegi nning, t he ¢
external magnetic field for 20 min. After the in
and incubated in complete mediuag/fmdr MEPPOGa Idr d BIP
eg/ mli ODN. Equi val ent amount of ODN, MSPP90 and S

in mean N SD, n = 4. The statistical significance

As shoming6, nnaked ODN showed negligible gMB23I®h int
cells and HDF <cell s at stuhgeg ecsan cnegn ttrhaatti otntse sdg ruaw tel
naked wabsN poorcelol hodthe to its poof®liZ®Relrmad e aaitn @

concentration of MSPP90 in medi um -MB2s3ull tceedl lisn, dwehci
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consi stentr ewiitohust hreespul tKi gbpt aiThed (esalt strong
MSPP90 posstaspe rberet cytoMBX3Litgnteaf tMORAI t s ddat men
MSPPOONMDAMB231 cells showed significantly | ower v
ODN awvisdP P9 0 s ugge sctoimpg etxvadMisdPP G ve | mphefvfeedct of OL
With the increased concentrati o afbridm t\MB2[GA] bBA |5
treated wi-ODN MBPPO9dDased from 72% to 57% and 41%. \
showed the decreased viability of 96%, 82% and 75

i nhibition ef-OBPNt ca@ahc iM&PvRId0 wi t hout brought mas s

MSPP9O0.

Fig6b presents the viability of HDF cells after be
and t bbdi cof@p.l elxteswas observed that HDF cell s were
compl exes. For exampl ebei ageat eiESRVRDDNE| lat | thes s a

concentr atHiDdn c(el [IG] )e,x hi bi t ed)cea mpiag leda M\DIdMBA 3 1 t y (
cells (72%). This i s because cancer cells tend to
nor mal cell s due to the higher ?%whiabh!| ileadst itw
overexpression of receptors on their sur%*8‘% e anct
Further more, it has been xweporteaderfaatt i dinfsf dree wee
cancer cells can also |l ead to faster p?&Gtaig¢cl alupt
comparedntteirenadfpoays omaretniecMDeAMB2y3 br ea st cancer ce
MCFLOAeni gn 2%¥elTlhee result indicates that cancer ce
| ar geuntasnoand higher rate. However, only cells at
are able to int°2armhl szespduei tbeshe fact that nor

ced el | con’fecktmooendt elalst amatterciex i nt eracti ons ar e
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cancer <cell s, and particles can thus be i?2fF°®&rnal |
Therefore, it i s f-8B23 1 ocamscamecdlhlag MDWe-OD&Kken

compared to HDF cells, which in t-MBa3lecellted in

524.Cel |l ul ar wuptake assays

5241. Upt ake efdfi cMe&@RBaNnd SDPMPDN bdMDAMB23del | s

Sl ow vector accumul ation and the consequently | ¢
reported as a strong obstacl?&’ fBoyr aepfpfliyciinegnta gmag

magnetic vectors combining DNAs can be rapidly <c

which can Mmpkeéexi taterwcalization and %®Ahdahce tsamnm
knownimagnet ofkeccrt rnbanganet ofvect oos, their i mproved ac
i s bamsetdheir designed biophysical properties or

prac,tiicce has been proved insufficie*d% Onotrthreeapdhdndg
magnet ohast sbhown outstanding per fomaa’®lyg k heaty. taglg i d
compared the transfection pemdgmanainec ec cwmp | neaxgense t @ X
magnet ité® fTiheelidr data showed that the magnetic comg
target cell s and consequenetrley ftoruanhde 1 ,c@0i@grh e e f ftihc
transfections c omaqrcd teidc WMlKdtt zentesn@aé port ed t hat m
par tODXN ecompl exes can b8e4 % hoafmaheatmdd | i nab vein e
within 15 minnucfloelalrowvaecd ubmu lwdnteino re xwiotsleidn t2  magne]

substantial |l ymdmrsdteo me htamdmowhi ch generally requi
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15_1

To i nvestupgtaakee tkhien etPiPcs S MSPPs and SPPs, particl
fluorescence | abell ed ODNs at the mass ratio of 1
eg/Im As shiodgura,i nwith magnetofeiMBR8B8Mh, c8MLPkPs of ndbDlAa
MPPODN took up the complexes with 5 min of incubat
in PBS buffer twitdberamdl 24vhtodnfun compd eftoel dnedi
increase of transfected cells (260N cwimplacgetd avi md
field. Thi s result supports previous studi es w h
owtt anding perfor mance i n rapi dmatgman off @&t ii @®f® co
I ncreasing magnetofection time to 20efmfiincioenn oyy rcef
(from 81% to 82%). A further increase to the mac
uptake efficiency of 88%.-ODNMiscommide xeag ewern d ac o moe
surface of cells widgxitienndihneg ftihrestmabg nmeitnofaemrcd i on t
increase the uptake efficienckft 2z2Thwha efsadnd irmso ifnt
enhancement of wuptake efficiency was observed whe
mi n 4 o h 2hfuaran umbil i cal v ei mc uebnadtoet dhP & Wint i ODANR | s
containing mabthrefFpbc VvemB2GMNMDA el | s MPBDtNe dwi wihtohut t
presence of a magnetic field, i ncreasing transfec
by 43% (from 26% to 69%) and a further feaotreasei in
of 24 h, showideg@eadc lueparaktei noef compagnxetsoftdctoiugm. I
because the association ofl iuwsedtear?sprtochécehl |nge ainss ao
fraction of the vectors interacted with the cells

increasing transfection time resulted? n the sign
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After 4 h t rCdnisgfoefcet@ Dodhmiv@BtNbs upt ake was found 58. 3
the meatgic field and 57.5% for cells not exposed t
Ol i gof e-ODBMmMt nansf ecti ennt iosn ntohte dperpeesnednce of a magr
ef ficiClnicgyofoe-fODA Mt nansfection ffbat 4eChDNMBfPolrowle rh twh é
the presence of magnetic field, which is -ODNt [ il
thaoOnigofeODBMmMdoe t o malsehspgbhegr of MPPs. No signifi
observed for ctehl Insak endc ubaNse dwiwih or wi thout the pr
1.5%) (®Mnd 1.6% (M+) of total cells took up ODNs a
mi n. The uptake efficiency appeared to) band¥%s ink. 6 ¢
( M+) uptake efficiencies were achieved when <celll
indicating that it is difficul-MB2f30olr cnealklesd. OIDhNss teo:

negligible reduction of cell wviability by naked O
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140 140
~ a Il ceionly (V) [ cell only (M+) —~ b Hl cell only (M-) I cell only (M+)
X [ oii-ooN (M) [ O1i-ODN (M+) X [ 0!i-ODN (M-) [ O1i-ODN (M+)
21204 [ ooN only (M-) [l ODN only (M+) £ 1204 [ ODN only (M-) [ ODN only (M+)
> [_ImPP-ODN (M-) [l MPP-ODN (M+) > [_ImsPP50 -ODN (M-) [l MSPP50-ODN (M+)
%) i O i
% 100 *k N . GC) 100 *k -
© 801 o
= =
o 604 (]
< <
g 4 S
o o
D 201 )
O-
control 5min 20min 1h 4h 24h control 5min 20min 1h 4h 24h
140 Il cell only (M I cell only (M 140
~ cell on - cell on + ~ n R n +
. JC - Eaann B | go1d L memn B
£ 1204 [ ODN only (M) I ODN only (M+) £ 120+ [ ODN only (M) I ODN only (M+)
> [ Jmspp75-0DN (M) [l MSPP75-ODN (M+) > [_ImsPp90-0DN (M) [l MSPP90-ODN (M+)
© 100+ 0 1004 B SPPOO-ODN (M) [ SPP90-ODN (M+)
C * ok c
o - ) e * i
' 801 L2 'S 801
£ - i =
O 604 i O 60+
2 2
< 40- < 40+
o a
S 20- S 20-
0- t pl = L 0-
control 5min 20min 1h 4h 24h control 5min 20min 1h 4h 24h
B7. Cellul ar uptODNe (@9 s OWHE PPIEPHPRBN (c) ,-ODMSPP90
and S®PNMO(d) compl-MB2esl fccerl IMDA The cel |l only and C
control s wi t h t he dosages of ODNs equi valent t
Ol'i gofeCODNamivae® used as a positive control wi t h
concentration of thegtompMERES snDWMAs fCGexlelds awerle2 i n

ODN or transfectiomR4c dmpwietxhe s( M+)r todre mmipnt droeiri c g Mo f
magnetic field for a maximum of 20 min. The cell
with completel meéoi amfunal duration of 24 h befor.
mean NO SEhe nstatistical significance is expressed
The upktiankeeb i c MOPMN compl exes areFirge’rp-des&nt édd tihe s
magnetofection ti me of 5 mi n, 6 7 %, 64% and 59 %
MDAMB2 31 <cell s treated with MSPP50,el MSPR M5 caomd r MS
23 %, 18% and 17% of ODN wuptake efficiencies wer €
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MSPP75 and MSPPY9fhaghebogbkchonon. This clearly show

ODNs can be drastically mangpirea voefde chhyi oMSPPs tr ough

On the ot FRedpr/bldamd,veal ed that the upObBKewerféi ¢tien

dependent. With increased magyhemiorf,ecgiiomi ftii anentf rio

efficiencies (over 70 %) MB®&8fe cebber ead adbDeNd wDhh

magnetic field, suggesting |l onger trans@OBNtt ®nt Ipe

cel l surface. Thlee dovdrerenme is8 ppeéesumably due t

surface charges between MPPsSexnd oMSHR$P.e Ao smdrtvieo

of MSPPs are | ower than those of MPPs due to the

the increase of SF the surfaceThdhadgeseaseMMSPPsT d

of MSPPs may be the rratsofne owthiyo nl otnigneeMS ReEI@ENt D e q U i

achieve uptake efMPPODBHewewers,i mitl airs tworth to not

uptake efficiency (over 70% compare to ~ 80% fin

MSP®DNvi t 20 nmi n. Moreover, when the magnetofecti ol

1 h, only i mited i mprovements on uptake effic

MSP®DNt hr ough magnenteo fuepcttakoen. ef f i ci enci-@BN oweémae ne

abouhe same | evel as t h®ODN, olwthaiche d efguo m-©OBMNR 4 h

t hr ougiaogqmoet of ecti on. Extended magnetofection tin
significant i ncrease of-ObM,t akegeddtiicigegn@bid ooad aMSl
been taken up by cells within 1 h of magnet of ect

capable of rapidly delivering ODNs into cells thr

The wuptake ki-MB23ksceolfl sMDAr e aQDeNd wwist ha | SsSPoP.9i0iAs e s t
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shownFiidgnrd . No significant di fferences on wuptake
incubated WDNhwBPR90Or without magmagnetifcefidel duly.
to the perfommgneei of SAB®. After 5 and 20 min of
efficiencies were observed-ODNr (4@%J s2@r emainéd cwim
MSPP®ODON (51%, 20 min)owmagnéehiecef wabdnprovi ded. F
uptake efficiencies ®O®&Ne (6bBbtwai dedh)by hERPMBEPPI90 (¢
transfection time was extended to 1 h or over. Th

in MSPP9OO hwei tsame overall weight, therefore facildi

5242. Concentration effect on the-ODNt aked -SOSPROOINency

MDAMB231 cell s and HDF cell s

ThODNiptake pffocNMBMABL i s Fhedan iGell s were incubat
ODNs and complexes at different concentrations fc
for a final d uFriagi.8aonc | efar 12y dhows that i ncreasi
MSPPOMON and -SPR9Dead to the i mproved -MB2t3alk ec ed flfsi,
whi ch expl aiinncsr emls ed concentrations of transfecti
viability of cell s SastiShdwB .Theewipduwkley eikrfli diyenc
Oligof eODBAmMweree 2. 7;f 09.d7 hdamche3d3. t han those obtain:t
concentration [ C], 5[ C] and 10[ C] respectivel vy, ¢
achievedi dgf ewi &ami me a short ofr &ms fneicnt.i obho weivneer |, h
efficiencies were -@bN aa mee dSBRY9 MStPPPO®r wi t hout t he

magnetic field. I n particul ar, with a-Ob&dlgmet imucthi
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hi ghéhre. upt ake efOFsc,i eansc iae sc-chayh cHef o€l hesnFaB& di spl
and are significant |-MB2l30lwebrr etahsaan ctahnacterofc eMDAs . The
bot h MSe©PBO0Oand -SGPR9@xhi bited a | ower growth i nhi

compared wWB2RB1MDAISest podég3. 2

120 120
~~ —~~
S S b
< a . S
~ 100 - FX¥, ~ 100 -
> XXX B >
Q Il Cell only (M) - o Il Cell only (M-)
S 80 I cell only (M+) ¥ C 80 | I celt onty (v+)
o 1 - (O] [ 0!i-ODN (M-)
0 B o0 ) — [ O1i-ODN (M~
&) [ 01i-ODN (M+) o N OI‘)‘N (M_)( )
= 604 =8Bm mf)) u— 60 I ooN v+ s
S = [C_] MSPP90-ODN (M-) xx X
[3) [_1msPP90-ODN (M-) [3) XXX =
[l V'SPP90-ODN (M+) = g:;gr:gag—gNDrle(r\)m — %
()] Il sPP90-ODN (M-) (O] X ) *x —
4 404 [ SPP90-ODN (M+) ~ 404 [ SFPP90-ODN (M+) —
S [
—
Q 201 Q. 20-
) )
0-

0-
Control  [C] 5[C]  10[C] Control  [C] 5[C]  10[C]

Fi 8. Cel |l ul ar upt ak-8MB2a3sls agesl losf (MDA( and atHDEr cet ¢ a
MSPPODN and-OBRP X di fferent eoonnl cye na mrapnt IOyD N&r. e Tlhsee
negati ve coet roDN dwdaagesh equi val ent to t he an
Ol'i gof ecODNamwanse used as a positive control. Cell s
min with (M+) aeohewiprrresetmceMof an ext drrmals fmadn etni,
were washed twice with PBS and incubated in compl
anal ysi s. The MSPP90 / ODN and SPP90eg/ mODNSRmPRS 8

SPP90sg# mL ODN. ®he hroaviuliths meran N SD, n = 3. The

as ***p < 0.001, **p < 0.01, *p <0.05.
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525. Magnetically targeted delivery assay

Fi 88 Schematic diagram of mafg ntet a txafl é ¢yt it @aAMBBram | e
cell s. Cel |l sswevlelr eplsatte® dwiithh 62 coverslips previou
overnight to allow for weelkl rambaeldmemand Néext cemé¢d
PBS buffer beforferéamcmdbaditiman. i Nalte®DBDNSOBPNDB8§onlec
MSPP-ODON wer e addedfrienet ometdhieunsseraunnd i ncubated with
pl amaddkeru one of the cover shiipmi thioal tihrec db atsitom®.0 Afi
the dgereem medi ums were removed and replaced with

incubated to a finalsidsurwvaittiho na ocfo n2f4o cha |b enfiiocrreo sacnoapl

To investigate the potenti al of MSPPs for-ObhBgnet:

were incubat-MB2 3wl tche IMDSA wi t h or without thé&imgrese

59. Naked O®INisgof e-ODBAmiameal -SPR9 Were also incubated
negative contrdliHlaakd, showorescence intensities
ODNs were seen to be significantly |l ower than th
suggesting naked ODNs were not efficiently interrt
efifemcy s hFoiwp7. i Mor eover, for cell s (Fr epalt@e&db ) wi t h

Oligof e-ODHNFI 82C@ &d) andOBNFIHLEe &f ) , the presence o
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did not result in any significant di fference to
magnetic field did not change t hkei glegd d&hulraev eugpltsa k
uptake of-ODMEPWI9tOhout and with a magnet placed unc
presence of the magnet the ODN uptake wawptsakgeniifs
because | arge amaODNt sweafe MIMRENOtrated at the are
ot her hand, the |l ocal-Obblnaeént hat aomeasf wMERBAO® mag
reduced, therefore reduced ttheM3IPRsaklavelhdrseatesmud

used for magnetically targeted delivery of ODNs t
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DAPI Phalloidin 5'-FAM

¥

Oli-ODN

Oh-ODN

SPP90-ODN

r

SPP90-ODN

MSPP90-ODN

MSPP90-ODN Jf =0

Fi 10 rCfooc al mi cr oscopMB2 3l macoed sl slmdt eMiDAwi t h naked

OligofexODNamMime& -OPN EPREBD a®GDN MSEPLM)O. ODNs wer e
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5-RAM (green) . Cel | nucl eus and cytoskeleton wer ¢
Phall oidin (reden allthimnmhgeged SWMEnn® twakhfocal mi cr o

presence of a magnet -idrudii nagt ¢ sh et h en cauthsaed 1 wen aafn dt hve

53.Concl usi ons

I'n summ&PyYs and MSRBRP!|Wwitshraeteres hawe olceoenp aftalbd
and biodegradable SF biomateri al in conjunction
potentials are controllable by changing the perce
are capable of del iMB2r3iln dgitr@daésc é mt e IMDA and signi f
growth. I n addition to this, MSPPs and SPPs showe
MPPs . Both SPPs and MSPPs are | edB2 31oxdander HDel Ic
uptake edof i ODBaCY OVer 70 %) can be achieved by MS
through magnetofection. Moreover, with the presen
deliver ODNs to the desired areas -twarndge wiesg cderddu O
avoiding undefsfieathd eofsi MEPPs to healthy tissue.

promi sing candidates for targeted gene therapy.
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6. Conclusions

I'n thisa tvlae snetny paf(tSiFPIses MSPs, MAPSs , MACMSPPSPPs,
have been fabricated faodd udgrh eg @ @ lep evrefroyr meapnpcleisc at i or
studi ed.

SFPs, MSPs, MAPs and MACPs were used for the del:
nanoparticles were-colldroxedcan aovindehbthtomi buted to |
no-nytotoxic and biocompatible SF, SA and h@HI vasr b
cytotoxicimgi caastseady t hat MSPPs exhibited signific
suggesting itbatot hei addmpati bl e SF successfully r
Significant higher uptake efficiencies of CUR or
( MSPs, MAPs , MACPs , SPPs, MPPs and MSPPs) , compar

t hei ze range of thB86banmraasi wesl (460the fact t ha

hydrophobi c, can easily aggregat e i n aqgueous s
sedssembled | ong nanowires formed. Be aa udbDeNso fwhteme
they were |l oaded into nanoparticles, their cell ul

| mproved.

Mor eover, a new method for the preparation of SFP
Il nstead of usi ngmetthheo dso novfens aloniahg out via pota
phosphate was employed and the resulting SFPs wer
(906300 nm) tSHa&Pre 50-080e2000 nm) fabricated using pot
di ffer enpceer tiincltehesi ze is due to the different hyd

ions and their different adsoBEphcensimehbei2d2@®Trt be
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nm) are desired for cancer therapyg, fohi g heew amet
SPs for future drug delivery applications

The CUR release rate can be controlled by alterin
preparation of CMSFPs. Further to this, otalhe nrgell agy
suggesting specific drug release profiles can be

I n addiitm owmiagmdédei cally targeted delivery assay of

t hat the magneti c natnaorcgaertreide rdse lailvlieorwe do ft hcear go t

magnetic field, suggesting these nanocarriers ar
druggenes cancer cell s.

I n summary, in ordgtotoxif@abnapnaparnniceficegriqgont okec s a
bi ocompati bl e materials in the particle preparat
generally benefit the internalization of the pai
optimum si zé& 2r0@mg esagnd c i5f0i cal ly i ncrease the upt ak:e
cell s. Therefore, exploring of met hods to prepa
necessary. Mor eover, encapsul ation of magnetic (

targetedgedy of the nanoparticles.
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7. Future work

Th e resul ts from the previous experi mentsahlel ICha

nanoparticles (MAPs, MACPs aBndviMSRé&d)edardel ¢capall
|l ocati ons. However, the purpose of designing the
anticancer drugs into tumour sites, whi ch ar e [«

required to tesitng hpenrf émmanevee bwrmgenni ng ani mal

mouse

tumour

drug loaded
magnetic
nanoparticles

FigLSchematic repr esenatpataino nf oorftv athhgee t @ xame rpiemd motr ma n

| oaded magnetic nanoparticles.

The ani mal experi mEngl pllantiialdlyowrmainecmer cell s ar
sites of a mouse to all ow t hnea gmeotwtihs oaft ttaucrhoeud sn e x
tumoand an anticancer drug (e.g. CUR) is |l oaded i
then injected into the mouse every 24 h. By monit

attached magnet , the targeting afefreat mmfg ntehe cmd gn
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observed. Finally, dissect the tumours and analys
tumour cudret ittoantail wesley t he targeting effect of t he

magnetic field.

I n Chaphteerdi¥,f etrent salting out effects of sodium

di fferent adsorption behaviours of these ions toc
pol ypeptides are assumed as small, hytdr apheo bmocr ej
hydrated in aqueous solution than potassium ions
potassium ions. Therefore, the potassium ions are
sodium ions are more readiWwgt eéo, staygdicngsteo & os i
effect of potassium i ons. However, proteins cont.

hydrophobic amino acids are protected by hydrophi
be assumeed stalatti ntgh out process of SF is expected
mo d e | di scussed in Chapter 3. It is likely that
hydrophilic amino acids and reduce theiexpowseurad |
hydrophobic amino acids. These prefer the adsorpt

I't would therefore be beneficial to design an exp
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SF
ey
f—s> & L’\.-,

oy
N,

‘, — sodium —
— 1> phosphate

SF nanoparticles

SF nanoparticles potassium |

phosphate

AV

Fig22Schema represent ataipdmnoff atth & hex mearti mpeamtces s of

and potassium (b)) phosphate solutions.

As showndg2niniRFisadllyti &ns are added into sodium o

Mi xed SF [/ salt solutions are then taken from ea:i

mi n, 1, 2, 4, 8, 12, 24, 48 h) . These aséezebhenara

pl otted against ti me.

I f the previously mentioned hypothesis is correct

be first happening in the ts©r@eddummphosphabel dobet

adsorbed onthd Itice abmidrooppci ds. This in turn woul d

from sodium phosphate solutions would be expected

from potassium phosphate solutions forf thydrsampteoh

amino acids, potassium ions are expected more rea
stronger salting out effect and | arger size of S
solutions at the | attiehri gt3i me i ntervals, as shown
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