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Abstract

More than 50% of anti-cancer drugs obtained directly from synthesis have poor
water solubility. Loading of the hydrophobic drug into nanocarriers, followed by
delivery of the carriers to the site of desired action and subsequent release of the
encapsulated drugs in situ is one common approach to circumvent the aforementioned
problem. Passive targeted delivery system keeps circulating in the blood stream and
allows itself to be taken to the target receptor; passive release of drug payload, however,
is commonly observed with conventional drug delivery nanosystems, restraining their
capability of discharging drugs on an effective concentration at a desired time window.
Compared to passive targeting/passive releasing strategy, active targeting (such as
receptor-mediated approach)/controllable release mechanism may further enhance the
efficacy of drug delivered by nanovehicles.

Hyperthermia is one clinical protocol used as co-adjuvant therapy for cancer
treatment. A clear synergistic effect was described previously when combined with
radiotherapy, as well as increase efficacy of chemotherapy. Magnetic hyperthermia
using ferrite nanoparticles has recently emerged as a promising approach for cancer

therapy. Magnetic nanoparticles, serving as a therapeutic agent, a heat nanomediator or



a MRI contrast agent, gained significant popularity in recent years due to their
superparamagnetic properties.

Taking advantage of the potential benefits of nanotechnology, a biocompatible
nanocarrier for controlled releasing entrapped hydrophobic drugs was designed and
developed herein. The novel nanocarrier was prepared via nanoemulsion method by
sonicating 12-hydroxystearic acid (12-HSA)/castor oil/phospholipid (DPPC, DPPG,
DSPE-PEG,yo-folic acid) mixture in a phosphate buffered saline solution (PBS),
followed by the formation of a nanoshuttle composed of an inner gel core and an outer
phospholipid shell. Camptothecin (CPT, selected herein as a model drug) or
superparamagnetic iron oxide nanoparticles (SPIONs, a heat generator), could be loaded
either individually or concurrently into the core of the nanoshuttle by dissolving
either/both hydrophobic CPT or/and oleic acid-coated SPIONs in the oil phase before
nanoemulsion.

Results showed that the as-prepared nanoshuttles were stable up to 7 days with an
average hydrodynamic of 260 nm, surface charge of -55 mV and a phase transition
temperature of 44°C. Transmission electron microscopic analyses revealed that our

(phospholipid-gel-SPIONS)PLG-SPION nanoshuttles contained multiple 10-nm-sized



SPIONSs encapsulated in gel network, surrounded by phospholipid layer. It was also

confirmed that the PLG-SPIONs nanoshuttles exhibited superior magnetic heating

ability with specific loss power (SLP) value 369 W/gg.. Cytotoxicity study was also

carried out to verify the biocompatibility of the PLG-SPIONs nanoshuttles. In addition,

our PLG-CPT/SPIONSs nanoshuttles (both CPT and SPIONs were loaded into PLG

particles) demonstrated excellent efficacy in inhibiting the proliferation of HeLa cells.

Taken all together, our PLG-CPT/SPIONSs nanoshuttles hold the great potential for the

development of innovative biomedical applications such as targeted drug delivery,

tumor heating and in vivo contrast agents, and eventual expansion into possible

alternative approach for cancer treatment.

Key word: thermo-sensitive nanocarrier, targeted drug delivery, phospholipid-capped

nanosystem, AC magnetic hyperthermia
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1985 & Leroy F. Liu# 3 B Fx 3 3 CPT eindufp 8 4] 15 % 30 fm P2 33 #p 11 S phase’
Fr#4] DNA topoisomerase | 2_ 4 5z » & 2.4, = CPT-DNA-Topo | ternary g—ﬁé;ﬁ DNA
B EAAE B ismre = o F RSB E R S e R B LS

21
:)% °

Figure 9 : Camptothecin i* £ &


http://en.wikipedia.org/wiki/Pfizer�
http://en.wikipedia.org/wiki/Yakult�

2.2 = EH @3 % b (Target drug delivery system)

B DOXIl' S #iE B B A s e F R Y PuR b s T A
feimf 3 B2 ks P50 B f AL BENEL Y A3 EH LT
W BRGEY FREDEFE L IR RA e B OL
FIE B L e L2 A A)ig Ik - 1986 & Rober Langer 4= 37 B i f1* polymer
AR BRI - BT e FH @B k0 BESE T B R

ﬁé@ﬁ}%;%uﬁ#%@“ 5 Tl e

ETIRS
P}
(‘m-

4 R Bt € £
,}

RFF &~ A Menh F & < H(receptor) » 1 * gt b § IT P 4R 0 K2

/!

N

$ R84 6 347 > blde o E pk(folate)®* + Arginine-glycine-aspartic (RGD) % i
2 g% s @48 Fov (transferrin)®®? & 2 a4k (antibody)®--- % % 5 fod % RE 2 el
(ligand) =4 £ 14 % & (specific binding)fs > d < F84L 1 ‘mre B egli®
(receptor-mediated endocytosis) * 3% it » mre & £ H @ & (5% (Figure 10)° > i@

e BhAEFES ?“*" KD 2t~ dne (5 o Bk @ v = (apoptosis) 30,31

Polymerized AT a1 g
; -
Lo S {-: = Membrane
Phagocytosis _:_‘. = ruffling
formation < !
2 $d
AN
- - - \_
i Phagosomea Macropinosome .
/
4
\ /.’
| STEM
formation
coated-pit
formation Non-clathrin-

coated-pit formation

Figure 10%° : xm®e p & (7% £ /T
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221 Eper Ep X (Folate and folate receptor)

Fpr fLae & By Ed deexdk(pteridinering) ~ ¥4 A ¥ °
(para-aminobenzoic acid) 2 3% ¥=f& (glutamate) #7 % = (Figure 11) - £ me p & &
chiff fis(coenzyme) %22 7 3F § e p - BRLOES F B LG S PR OE & A4y
Fod AMEZp A I NERS T > Fweit L FRAEP 0 £V m
71/1?.'/ ﬁ%‘g%ﬁ ﬁl 4 E o 32,33

L ¥ dwfe i iE E X 48 2 R R AL 1 (reduced folate carrier) - L4k » tw e
H PO ARSI NE v mre 2 4R it 4wz (polarized epithelial cells) % & + >
FR 5o b - A A TR e L g MERDRRE
&?Wf UER-A R KT B F o R LT ED A EE S 0 H
e koG Bl B A RERE A Y

A REenE LR 8 R3E 3 = A isoforms(FR-a, -f & -y/y’) > F 70~80%H =il ik A
¥ 4pk o 2 ¢ FR-a 2 FR-B #_glycosylphosphatidylinositol (GPI) anchor *3-¢ >
H ¢ FR-o ¥ pk 4o 4 (binding affinity)(Kp ~ 0.1 nM)+t FR-B(Kp ~1 nM)+4+ -

Ra o BEAATLERLIMEL AR etk BPE LR TERILEE B
2425 3 (solubilized membrane protein)2? PH]E s & S =% A 4514 > E 428
6 pmol FR/mg protein B4R % & & % #.(high positive) » &4 @ L1210%°, KB, M109%,
% Hela; % 13t 2.5 pmol FR/mg protein 48 5 7 # 3.(negligible) » &l4e @ (4T1, 24K,
% A549) ; F 4 >t 6~2.5 pmol FR/mg protein 4 5 ™ & # I (low positive) » e X & 1
¥imie m s €5 AHA R A R OE L E W (Table 1% 0 4 #vdg i g 1 o
2 FRAZBE)- ¥ a » EHLMATE gfw;jl SRS S N B R
FFwetky? $ERDwe L H 30 FRERAZRDR G2 40 e &

£} 90%:hime thdnd FREBE £ menm g o 00
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1091 & FRMGAMAM TAE 2315 > RS H» Bf PB4 Fps S
RFIEERAFEF RS R4 ¢ M AR R (low immunogenicity) ~ i3 &F > i
3ooa3 ) (Mrd4l4aDa)~ £ HF AR FEE BRI -2EY BB
LA mz.%#;wg £ igd KR e N B ITH 2T w2 ) o endo/lysome
p(Figure12)® > 2 23 g S B g e EEA S § PRI S > D F e A

uﬁ%mé%,fp;\gg#p@—r ,_-v;g § & e e 4 Kook , 42-44

cogH

1) @)L /\L
HN COH

Figure 11 : ¥ pk i § 2 4f

E Cancer cell surface

Direct activation of
a cytotoxic function

Membrane fusion

Recycling endosomes

L Folate receptor
0 Folic acid
+ Linker
3 Intracellularly active agents
3 Extracellularly active agents

Endosomal release

Figure 12% : ¥ FRm £ o d R4 m% N B (8% 2~ o 2 /T
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Table 1% « o s ¥ w2 FRAME

FR levels in various human cancer and normal tissues

Type of tissue Average picomoles High positive ~ Low positive  Negligible n
FR/milligram protein (%) (%) (%)
Ovarian
Serous carcinoma 34.31+22.87 100 — — 7
Endometrioid 15.66 £ 9.26 100 — — 4
carcinoma
Mucinous carcinoma 1.83 £1.19 — 36 64 14
Metastatic 46.36 + 49.68 100 — — 4
Normal 1.54 +1.00 — 25 75 12
Kidney
Primary carcinoma 12.42 +6.90 86 — 14 7
Metastatic 4.30x4.15 50 — 50 4
Normal 14.40 £ 6.70 100 — — 8
Endometrial
Primary carcinoma 9.32+18.10 20 20 60 10
Metastatic 8.17 100 — — 1
Normal 0.95+0.50 — — 100 7
Lung
Primary carcinoma 6.11+5.71 36 36 27 11
Adenocarcinoma 6.85 £ 3.22 43 57 — 7
Mesothelioma 7.60+£4.21 67 33 — 3
Metastatic 592 +4.34 50 25 25 4
Normal 7.79+2.99 75 17 8 12
Breast
Primary carcinoma 7.44 +5.83 43 43 14 7
Normal 3.99+1.68 20 60 20 5
Bladder
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Primary carcinoma

Normal

Pancreas
Primary carcinoma
Metastatic

Normal

Liver
Primary carcinoma

Normal

Colorectal
Primary carcinoma
Metastatic

Normal

Prostate
Primary carcinoma

Normal

Lymphoma
Primary

Metastatic

Brain
Primary carcinoma

Normal

Head and neck

Primary carcinoma

3.49+3.95
5.20+3.96

3.56 +2.28
8.78
2.43+1.80

1.59+0.09
1.23+0.42

0.49+0.37
521+7.86
6.75+3.10

2.84 +1.36
23+1.04

194177
4.16 + 2.64

451+6.15
0.32+0.30

1.30+0.81

20

10
100

50

50

25

20
25

60

40

50

67
40

12

25

60
25

30

60

100
100

100
75

33
60

88
50

50
100

100

10
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2.2.2 ¥ #|$#+ (Controlled release)

FIFE 3 R dg 1% B pH B h7 b~ i LR i BE S P hG
$ R Ep P  bl4e ¥ pH-sensitive h% 5§48 > & ik » fwve o 4 (endosome)
7% "% 48 (lysosome) fs 4 W EHr o & R TR B Dk I R 1T R AR
# 015 g R (thermo-sensitive) e $- PR G R BMRRTESERR R
B TASZS8 Lk 5 (photo-sensitive) # 4 L 48 0 BSR4 Tk £ DR ST
FoR 2 AFen it F e 0 B B S G R F R AN o B b e
Wmi&#éﬂ?twii%1%m%wnao%%

AR E EAL] Ko Pig o AR et @ B s L RER
R sk g 0 FlE R R R el X L S A Bt S F U 3T
NRAEIFTER LA ud At ’Egifﬁf'_é#ﬂmﬂb ARFAamA
F R 2R ﬁﬁﬁﬁ."zéfll,éiiéﬂﬁiéi% CAREten s REZ RILG FE ERa

|2 #-g B - BrrFamifan P
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2.3 %%;‘iﬁfﬁ * 2_+3 (Materials)

TAB R E S PR S A P AR R BL 2 F ARG

F_&

{# (biocompatible) ~ # - 7 * jz{+ (biodegradable) ~ # #- #& %_I# (biostability) 2 & & 1+

(non-toxicity) iz a- + ix 2 o 469

fH gk 3Ra B b JUAR R J >+ 48 7% i (colloidal solution) i sk o 12 it 4
% (soft materials) % 3. » "3 48 (liposome)*""*™ + B & 3 HiL2s & chE 4
(polymer)"®® « pi & (micelle) **°"%25° « s 1k B & 4+ (dendrimer)® ~ 2z s 5t 1t W
(organogel emulsion nanoparticle)®®®..- % % ; m & 4L % 5] 0 & 2 3 45 (gold

89-95 12,13,96-104

nanoparticle) ~ § 1“48 2 k= (iron oxide nanoparticle) ~ IR AR

# #g 4 (mesoporous silica nanoparticle, MSN)®**%1% + % s g¢ & (carbon
nanotube)*® ... % % o

231 B i3 4F 2 F B4 % (Phospholipid-capped nano drug
carrier)

B oPmie chimie WA R4S A LB TR 4 6 S RAl i - S E Rk
o ¥ - Bk EFigure 13M) 0 7 R B AT 5 2 R T RE B 4 5
AT e oo Blde D B 7 e 1,2-dihexadecanoyl-sn-glycero-3-phospho-(1'-rac-glycerol)
(DPPG)(Figure 14) 2 £ & 4+ 1 1,2-dihexadecanoyl-sn-glycero-3-phosphocholine
(DPPC)(Figure 15) - = M mik?q g (T# i 6 B A7 L5 2 5 4p 5 12
AT ORI > D R B AnEUK T gp AR B BRde it - ok

BB R EFLFPHI L - BR R LT H
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[Iin—NTCsz_

t p—
pid CH, choline
= | -
2 ? _
E 0=FI’—0 phosphate [~
i 0 - =
° I -
= (I:HZ_(I:H_CHZ glycerol
L0 ? . —
- (I:=0 (I:=0 7
e
CHz CH»
% l
-
2 CH fatty
o ) double acids
= RH bond
£ CH>»
h=) 3y
= CHa
¥ & '
| CHy CHy i -

Figure 13" : gi7g e & B¢

9 0 OH

/\/\/\/\/\/\/\)\D/Y\Q’g‘“o\)\/DH

p /

O H o)
\/\/\/\/\/\/\/\n/ Na*

o]
Figure 14 : DPPG i* # ¢

O 0
/\/\/\/\/\/\/\)j\ -
(0] p D"'F'"‘D\v/\ N

Figure 15 : DPPC i %f%fﬁ
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2.3.1.1 DSPE-PEG,qy-Folate
dt R St G g R RAREMRSM > I FFRMB AL FEA S
% fedR WApd % (4r2.2.1 Eper X 48 (Folate and folate receptor) 3 &) d »%

Fasr+ B ERIMFEEE & = A glutamate + 0-COOH » d *+y-COOH 7

W

LB LR s dE o ST N3 4F = 5 y-COOH » ¥ 9 4 2 22 ik % # 5
B penis & WU Gle i L ¢ RER RS € 1

DSPE-PEG2000-amine % 4% + § g A + 100M8I9 . 1 & 4= 23 4o Figure 16

ﬁ cl’ 0 i o
CHa. | e om0 N = y
{CHzhe'0 ‘ \OIP-&‘U\/"‘ i\f /\erH? + NS v\n_\’\ fu\
/‘CH?LE’.-'O H g'_. * n 'lo ] N N 0
e Y "‘ ' ! NH TNT N N4
s} {  om
DSPE-PEGzame-amine Folic acid
o “oH
DCCin
DMSO/pyridine
Room temperature
4 hours NH;
Ne/
OH—_ <
|\ I
T\ 0 —
CHg 7
: . | N
{cHze 0 o—P—0_ ~N_ Lo A 0 L
| v N y— H Pt
(CHzhe O OH w BH Y N—
H3C 0 / F~
T (w1}
% H \ ).
.-"_N.\ =
oH—4,
o |

DSPE-PEGze-folic acid

Figure 16™® : & & DSPE-PEGggo-Folate scheme
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2.3.2 #5742 5k 3+ (Thermo-sensitive nanoparticle)
BR AR M BT E ek ¢ B A UR & 4P % (phase transition) £
W% o JO% G (gel type) T1i% %% f (sol type) - 2 RS BB TR - Bl R L R
A LA A sge S (- ) polymer * ~ (2 )] A 3 4 4 2 5 (low molecular-mass
organic gelators, LOMGS) #7f & ehg 4§ 20 o
(- ) Polymer ‘& = st st P88+ 10 £ 8 - v 2 & & & & 4 (copolymer,

diblock copolymer, triblock polymer) » &4 :

121,122 123,124
)

poly(N-isopropylacrylamide)(PNIPPAm) , polycaprolactone

polycarbonate?®

, poly(lactic acid-co-glycolic acid)/poly(ethylene glycol)
(PLGA/PEG)***?" multiblock poly(ethylene glycol)/poly(propylene glycol) (PEG/
PPG)™812 5 % o izt HH4L € F LR R en L R B4l m t B R B B
;% f%:% & (lower critical solution temperature, LCST) ; ™** LCST pF » H A&
Hed B TS T R mH 9 o F a0 LCST B @ PR Aok ¥ i
fa B > i& @ Ak (swelling) ¢ #.5 (shrinkage): % 4~ f# *< > e Figure 17°° 2 diblock
copolymer 4z i& 5% i ¢ )k A& (critical micelle concentration, CMC)) = jic & 18 » #-dw
HEP ¢ Bha KSR 0 F R R B LCST byt P RS S a3 f2 R s0 %

7 R R S e o O
hydrophobic block

thermo-responsive block o *

Figure 17°%° : 12 polymer A} & et s {48 2 % 4 2% ]
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(=) LOMGs iz A ¢ @t 122k i 42(H-bonding, -t interaction,
hydrophobic interaction...etc)?) = 4t % & @ = ¥ a;ﬁd s LOMGS iz & P it i) o
PR RR R o 11 12-75 AR Py e (12-hydroxystearic acid, 12-HSA) = &] » & %
12-HSA fie # &3 ™ £ B & (nucleation) » 3% % 12-HAS engg it &4 &+ 0t 25 = g ik
£ 2LIpt cha 3 R & 4(Figure 18™% & Figure 19™%) 152 & = Mehp 4 sk Bk

(self-assembled fibrillar networks, SAFiNs) » & {8 2} & = M ehge e g kb o s 4 o

(Flgure 20133)120,132-134 o
-
sh
) > D T 0h
{rc v ? Q ?
3 S 4 3
Acyclic Dimer Cyclic Dimer

Figure 18'% : 12-sc AT Pt H 26 e H A > A 3 P 752 & 4 enzi Tt - B2 ok - By

o,
HO H HO
HO, H
M/\/\/VWO )
o
' H* oM
H_ OH
MWVMOH °
O -
Ho  *H HO Hyaro)
H-Bonding
EICDW
Hydraxyl
H-Bonding
HO H‘
S |
HO H, OH
OW
HO
HO* *H OH o Acyclic Dumer
/W}(\/\/W\./éo
H OH

Figure 19" © 12-2¢ Al sq e A 3 A5 % A4 ek i et 3 &

(a) (b) (<) )

Figure 20" : 12-52 A 4T #3 s & %% 7 3. B
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2.3.3 42 K+ (Magnetic nanoparticle)

(MRI) = T2-weighted &g 23

HEETRIS Yoy S IR Y SRS IR R S SN
£ 1

Aol S BB E S B

J47\:§5§£H‘§Z_}

eV A fEM O MRS R LY A RS APy

R SN SR

Table 2" : 75 % it

b 4e Table 2% :

FaTRR PR Y eRES R

it gt i A LTRE BE R

~N

:

el

27

)%’H-

5 ek

European Institute of

Science

Hyperthermia

www.biotechniques.com

Magforce

Hyperthermia

www.magforce.de

AMAG Pharmaceuticals
(Advanced Magnetics)

MRI contrast agents; Diagnosis of

cardiovascular disease and cancer

www.amagpharma.com

Diagnostics Biosensors

Diagnostics biosensors

www.diagnosticbiosensors.com

Invitrogen and Dynal
Biotech

(bought by Invitrogen in
2005)

In vitro diagnostics, protein, cell and
biomolecular purification and

separation

Www.invitrogen.com

Micromod Drug delivery, biomagnetic www.micromod.de
separation, nucleic acid purification
and protein separation

Magnisense Bioassays for human and animal WWW.Mmagnisense.com

diagnostics, food safety and

environmental protection

LR AL R LT

F6304)
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Bt (=) 37 4 M e 4l 7 (Mmagnetite,

v B 7 48 7 (maghemite, Fe,03 &y-Fe,03) 5 (= )& 42 1+ 7 48 7 (hematite,



0-Fe;05): *1%(= )11 MFe04 & 2 44> 4 52(doping) ¥ & = i st5 423 & Fodoke »

f1* A2 5§ 3 + e £ &(superconducting quantum interference device
magnetometer, SQUID magnetometer) % & %% ¥ & (6K ~300K)™ » ¥ {# 2 M-H
o 4] (Figure 21'%°) » ¥ 8 Y $h 5 2 i 47 fo £ (saturation magnetization, Ms) % 35 2%
Hd REL(A)EISH S te 0 B TR BRI S 2R (A>B) B EmE S {
CeE o BRERMERG R R T {oR(B) F 2 o \MERS R R E
ol B TR RS 2 M(B>C)L F v R {rE(D); m X #h5
%4 (coercivity, He) fidp 7 & gp7h 3 5 <

G RA~E)R B2 E L E

MR O B ARAL S BAF & AL (hysteresis loop) e

Material magnetized
to saturation by

Magnetization alignment of domains.
of material  pg = =

When driving magnetic field drops 4 =

to zero, the ferromagnetic material R =

retains a considerable degree of The material follows a non-linear

magnetic memory device.,

magnetization. This is useful as a

-

=

Fa -

-

The driving magnetic fisld must be
reversed and increased to a large
value 1o drive the magnetization 1o

Toward saturation in
the opposite direction

Figure 21

magnetization curve when
magnetized from a zer field value,

22

—= Applied magnetic
H field intensity

The hysteresis loop shows the “history

Zoro again. dependent” nature of magnetization of a
= = ferromagnetic material. Once the
- D matarial has been driven to saturation,
=

the magnetizing field can then be
dropped to zero and the material will
retain most of its magnetization (it
remembers its history).

DR R AU



136 .
277

B A K3 2R BV A 2 = & #de Figure 2

— Single-domain —— Multi-domain —

—Super-

paramagnetism—

| | I |

I I I I

0 20 50 100 nm (diameter)
mezf%:&ﬁéﬁwaaaajgﬁbﬁ(ﬁgﬁegkmaﬁgag

(- A& "8 g1+ 2 5F 45 (superparamagnetism nanoparticle) : %7 & + 48173t % >

FRTAERME S MBS Ry R T E R A AR

F_*

(=)E E# 2 3 F -+ (single-domain magnetic nanoparticle) : 48 & + 7 +
p g (electro spin) = o & A = it (domain) » &/ A= 5[ enf g dE 0 # F
BEPNOEIBEEEY - 2 o ST A E BT ﬂ\_ﬁj\]‘jt.ﬂkjgﬁ’_ o

(2) % B2 k3 (multi-domain magnetic nanoparticle): % % B ¥ 242

BT
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24 TRR BE#R 2 (AC magnetic hyperthermia)

B dew o EAGRE GA1Y 2B A g R (R Ak RA B 0
B (A2-45°C)E» Rven e BN By P o R FUSBPREG E & R R 0 1Y
EFEF DD o Rk Ko F AT IR E PR R R

i R AR R (42 - 45°C) AP ¥ Jwvz (B0 °C) ke > o St B F

FATA LR G B RED L ACE 0 @ R g TR
#

EER Y Sl R T ARE DR S TR TR R e T
e b s e o o enn w12
Jofe g_w dmfe - T o

BE g "ﬁﬁ%iﬁ’ééﬂﬁiﬁiﬁkﬁ%%ﬁ{ﬂi*m@%m

FR

-a'lf-

I F A3 A2 BREZ AT > R RER AT ¥ R e g T
FRERE2E B LY ERT 2 EXTIPERE M AT g s o

1995 % B R A~ 1 “r(National Cancer Institute) si g » 7 By 2

137,138

)

(hyperthermia) % 4 = = =~ %§ :

(=) & F%42 25 2 (local hyperthermia)* Fz /i 48 #4 % (magnetic fluid
hyperthermia) : o »*J& e % 5 EPR effect chfF {4 » {1 % fhi= 2 ch it 2
Aok Bl g RS B R B A RS
VR A Bt SR 0 R R e B o

(=) T3 A 2 (regional hyperthermia) @ & m% % BB BF > H &5k 0
PR~ -

(Z) 2 & B #9% * (whole body hyperthermia): & & m" & Si4 T H © % E »

P E M Nk ik o
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2.4.1 i H$% (Magnetic fluid hyperthermia)

BRIEA BT REEZ AR PEAR > T 2 N EGT S RR )
<3 20Nm R R Kok AL ERY > PR BEDIRES ¢ EF R 4 (magnetic
hysteresis loss) s 3% §8 244 57 (Figure 23)™° ; -] »+ 20 nm B 2 Néel-relaxation =
Brown-relaxation = ;% & 4 #uit > § i FH I TEIFE > B3 A RS FIX D)
ok w A TR S-S w0 i 2 p r(magnetic spins) = v 7 $7enE AT S|P A 4
# £ £ Néel-relaxation(spin rotation) ; ¥ ¢t 2B R ¥ » B3 H £+ A “'”’j‘ &
FTHEE o A P MM T BRGNS g RiEa A2 AR

B

Brown-relaxation(particle rotation) (Figure 24%%") - 1%’

Hysteresis loss (P,)

Figure 23" : gk 47 4
NEEL RELAXATION BEROWNIAN RELAXATION

After application of a After application of a
Magnetic field B Magnetic field B

7 T
é &

B

. .@"” 0 ®

Figure 24" 1 x5 4e ¢h 2R R T 15 » /] 35 20 M PEE R 2 F T UL s R
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AR e LTS 2 7 e et H-(magnetic auxiliary field, H, unit :
mA/meter) ik £ T %ﬁfrj Equation 1 ¥ 122+ 5 1 % e cndf 42 5 5 {2 (specific loss
power, SLP or specific absorption rate, SAR) » ¥ {F g+ 2 5f k3 arcorcs o) o

— SRR S iS5 5O g 2% 100~500 Wigre <

SLP = CVS/m-dT/dt PR o 1T:\1 [0 I

C : Volumetric specific heat capacity of the sample solution (J/L-K)
V, : Sample volume (L)
m : Mass of magnetic material in the sample (g)

dT/ de Initial slope of the change in temperature versus time curve (K/s)
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25 %3

il g F B AT PR E L N A G AE S S AL R EE
BRIy R RERLIP AL ATV REBEEI aw A d L
fo { 7 s d i 2 2 (blae i TRAA) R Efw el p £33 0k E

R H A BRI 2 ST TR B IER g A o
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F2F RHREFERERE

3.1 § % ¥ % (Chemicals and reagents)

Table3: 9 k% w4 H

B i BB PERS RS %
1,2-dipalmitoyl-sn-glycerol-3- CaoHgoNOgP Avanti Polar Lipids
phosphocholine, DPPC (Alabaster, AL, USA)
1,2-dipalmitoyl-sn-glycerol-3-phospho  CsgH7,010PNa Avanti Polar Lipids
-(1’-rac-glycerol) (sodium salt), DPPG (Alabaster, AL, USA)
1,2-distearoyl-sn-glycero-3-phospho C132H266N3054P Avanti Polar Lipids
ethanolamine-N-[amino(polyethylene (Alabaster, AL, USA)
glycol)-2000] (ammonium salt),
DSPE-PEG000-Amine
Folic acid, FA C19H19N7O6 Sigma

(St. Louis, MO, USA)
Dicyclohexylcarbodiimide, DCC Ci3H2N> Sigma

(St. Louis, MO, USA)
Pyridine CsHsN Sigma

(St. Louis, MO, USA)
10 nm Oleic acid-coated - Provide by NCKU
superparamagnetic iron oxide Prof. Yeh
nanoparticles, SIONPs (Tainan, Taiwan)
Castor oil - Sigma

(St. Louis, MO, USA)
12-hydroxyoctadecanoic acid C18H3603 Sigma
(12-hydroxystearic acid), 12-HSA (St. Louis, MO, USA)
Coumarin-6 CooH18N20,S Sigma

(St. Louis, MO, USA)
Nile red CyoH15N>0, Sigma

(St. Louis, MO, USA)
Chloroform CHCl; Sigma
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(St. Louis, MO, USA)

Methanol CH3OH Sigma

(St. Louis, MO, USA)
Sodium chloride NaCl J.T Baker

(PA, USA)
Potassium chloride KCI J.T Baker

(PA, USA)
Sodium phosphate dibasic Na,HPO, Riedel-deHaén

(Seelze, Germany)
Potassium phosphate monobasic KH,PO, J.T Baker

(St. Louis, MO, USA)
Sodium chloride NaCl Sigma

(St. Louis, MO, USA)
Potassium chloride KCI Sigma

(St. Louis, MO, USA)
Sodium phosphate dibasic Na,HPO, Sigma

(St. Louis, MO, USA)
Potassium phosphate monobasic KH,PO, Sigma

(St. Louis, MO, USA)
Penicillin/streptomycin - HyClone

(Logan, UT, USA)
Dulbecco’s modified Eagle’s medium, - HyClone
DMEM (Logan, UT, USA)
Fetal bovine serum, FBS - Biologocal Industries

(Kibbutz Beit Haemek,

Israel)
Trypsin-EDTA - HyClone

(Logan, UT, USA)
Methylthiazolyldiphenyl-tetraz oilum C18H16BrNsS Sigma

bromide, MTT

(St. Louis, MO, USA)
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32 % KRE (Apparatus)

Table 4 : ¥ % % B %

RE LA (0, R

RELAZHETE
(Ultrasonic Cleaner)

VWR scientific producnts,
Agquasonic 75D

(NY, USA)
ol =N New Era Pump Systems, NE-1000
(Syringe pump) (NY, USA)

B i % 4ot
(Dynamic light scattering, DLS)

Malvern Nano ZS
(Worcestershire, UK)

7T+ HE

(Transmission electron microscopy, TEM)

Hitachi, H-7500
(Tokyo, Japan)

RS S
(Freeze dryer)

Thermo Electron Corporation
Modulyod-115 (MA, USA)

BESiECE
(Differential scanning calorimeter, DSC)

PerkinElmer Pyris
(CA, USA)

¥ % %

(Fluorescence spectrophotometer)

Varian Cary Eclipse
(Palo, VIC, Australia)

M3t g 247 1R
(ELISA reader)

Tecan, Sunrise
(Ménnedorf, Switzerland)

7 ® R P K-type
(Thermocouple)

TES, TES-1311A
(Taipei, Taiwan)

Tt BTk & H
(Induction heating machine)

Lantech Industrial Co., Ltd
LT-35-80
(Taichung, Taiwan)

REEFFHEE R
(Superconducting quantum interference device
magnetometer, SQUID magnetometer)

Quantum Design MPMS-7
(CA, USA)
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3.3 #®im¥2 & (Cancer cell lines)

Table5: F sk meth 4 ¥

T dm % Hh ot FLAE 8 kR

Hela Human cervical adenocarcinoma BCRC No0.60005

(Hsinchu, Taiwan)

A-549 Human lung carcinoma BCRC No0.60074
(Hsinchu, Taiwan)
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Srd HE2aET

41 &FFE AR/ EA T2 £ 8 & (Mathematical calculation
the mass ratio of castor oil and phospholipid)

B3k A, % B 42 5 100 nm n i R i 24D = 9.6 - 105 g/m3) » ¢ 4 DPPC
(MW. = 734.0 g/mol)ssi k=44 & 4 (% 970A2)139 > fI* 2+ E i jF 2 o #F #
T & 50 ¢E§HDPPC?

1- 41 - (5004)% = X - 70A2
X = 44,880 % DPPC = 7.455-107%%mole = 5.472-10"'g
~ 125 100 nmen T frid F 7 & 547210717 geiDPPC vvevveeees @
p=V"/y,

M = 960,000 9/ 5-4/3-m(5-107°m)* = 5.027 - 10716g

A1 25 100 nmen TR F £ £ 5 5.027-10710g e @

% % 10 mg 3 (1.989 - 103 % 100 nm KRt iF) > % &y & < DPPC?
i D&Q HET @i

Y _ 198910/
5.472-10-1g y

y = 1.089 mg DPPC %~ +

» 10 MG Fri 3 & 1.089 mg DPPCA 3 woveveevene ©)
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4.2 #arg B {02 94 (Preparation of
phospholipid-gel-superparamagnetic iron oxide nanoparticles,
PLG-SPIONs nanoshuttle)
421 RE%&HH
1) % 1 (lipophilic)ia
: CHCIy/MeOH &8+ = 9:1
2) kAR iR
: Phosphate buffered saline, PBS (137 mM NaCl, 2.70 mM KCI, 10.0 mM
Na;HPQO4, 1.80 mM KH,PO,)
3) DPPC, DPPG, DSPE-PEGggo-Folate (mass ratio = 14.00 : 1.000 : 0.278)
: 1.089 mg DPPC/ 4 mL PBS
4) 2.5 wt% 12-hydroxystearic acid w/ castor oil
: 10 mg/ 4mL PBS
5) 10 nm oleic-capped iron oxide nanoparticles(SPIONS) (5.670mg/mL)
: 80 uL/ 4mL PBS
6) 5mM CPT or 2.5 mM coumarin-6

: 150 pL/ 4mL PBS

422 #* RE
1) REARFTE > KipiER 45°C
2) #FiLs&
3) i kA7HR(DLS) # Z-Ave (d. nm) %2 Pdl (polydispersity index) & 2] %7

& & PLG-SPIONS & /T 2 3 4z
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4.3 &3 F1R 72 K% % F) (Variable factors of synthetic process)
i# * nanoemulsion — # (one-pot) & = ;2 £ & PLG-SPIONSs nanoshuttle -
1) 421 2 f =14 3),4),5), 6)i3 * g iLia ¢ o
2) d 4135 %% 7 {5 2.5 wt%l2-HSA w/castor oil : DPPC & & +*
=10mg : 1.089 mg -
bR )RR SR T R T 5 a) A RARIR R AR G

bdes it BFMR O FLM A -

44 12 DLS 2. Z-Ave (d. nm) % = 3 4744 Pdl (polydispersity index) # i® 2] 2_
2 4p ik > — 4 %3 PdI(weight average molecular weight/number average molecular
weight) £.dq B & 4 2~ 5 B end R0 R a Akt R 4 ¢ 0 Pdl & 57 Rl
I A B RS E H - & 5 X 3 & § #r4 i (Gaussian distribution) - Malvern #s
ik Erst R Pdl ¥ & 57 5 Equation2 > # ¥ g % &% X (standard deviation) > Zp
% L ik s eng B 6 58 & (the intensity weighted Z average mean size) o

Pdl = UZ/ZZ = Relative variance --------- Equation 2
D

Polydispersity (Pd) = Standard deviation or width (absolute polydispersity)
%Polydispersity (%Pd) = Coefficient of variation (relative polydispersity)
= (PdI)*/2-100
— Henig B iE ) R F%Pd <~20%P] 7 AR 5 B — 4 fz(monodisperse) s s

N, 140

431 A FMIG B R R ARB R WA
Figure 25 2 % B~ % 2 1 :5/1:20/1:40 2.+ &) » 2 @Y $#h 5 Z-Ave (d. nm)
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http://en.wikipedia.org/wiki/Weight_average_molecular_weight�

2 4Rl Y #hi PdliE s 02 1:20 200t i

gl
e
g

H e je & o) &2 Pdl B iR B3 L Boo) o

1 APF i 3 2z 7% 25
SIS AE R NE

200+ Z-Ave

0.3 (d. nm)
Pdl

150- -0.2
-0.1

g

GT 0.0
o+ & s

Solvent to PBS ratio

Figure 25 : 7 i -K 88 A v H 2 2 Pdl &

432 REJRTET
MEEF ORI R G ASC(RI S FH AP R E AT 45°C) ) et AT
PERY & w5 1/2.5/35/4 -] FF - Figure26 2 H 2% B> v (Fk REFRF 2 35/ e

Pdl B4 B e < BB 4 et & 5 > Sr UL I8P e E IV pFR 5 35 ) FF o

300 Z-Ave
0.3 (d. nm)

250- PdI

2001 0.2

150+
0.1

100-

80
0 0.0
1 2.5 3.5 4

Sonication time (hr)

Figure26 : 7 4z 5 A BT F BpEFF H ks 2 Pdl &
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433 B F LR 2R

FLEG A AIF ~ PBS 27k g B E A oriE pleneds < o o 4 Bl % 50/125
pl/min 2o jiig > & 3 @& % 3SR B d4c | PBS AR P o d Figure 27 2 5 % 8 A1y
50 pL/minz ;i B s 2 Pdl @ B 3o st 787 SiE 2 i 10 i 5 50 pb/min o

HP W A FZF »PBSP R f &7 BRFRFIRRA T AFFRT HFELT

Z-Ave
(d. nm)
3001 Pdl
-0.3
2501
200- -0.2
150 0.1
198
GT 0.0
Q < 4
) NV {\o""
o"A &Q
Q\\ Q\}

Syringe pump rate (uL/min)

Figure 27 : 7 p &+ F i st Ronid Hp s 2 Pdl &

434 Bt &3 Frigid
d 431-~432% 433 A FEET Eﬁ’?‘p\ oM R E 208 RFAR
FokB B R 5 45°C F R L 35 ) o £ R ey 5 50 pl/min s i

41 % 9 PLG-SPIONSs nanoshuttles ¥ 7 & i e s < -] 2 Pdl & -
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4.4 % i & 3 (Purification and separation)
4.4.1 s -

434 F 1R B2 30k 0 1 500X g Hew 5B He R R A
¢ P|¥ i e KRB HSPIONS) » B2 b i > 5 11 5000 x g #rew 10 4 48(3 5 2
F ¢ &I SPIONs e & SEA SR $448) - & Bl eriik #4202 7 § SPIONSs ¢

PLG-SIPONs: & {s £ 14 PBS w3 ° (8 3| 7 Ip Iy B 04 317 7% 72 DLS R o =) %7 -

442 s E =

S00x g 5 a4 P2 b ik #&—*‘Ff 12 8000 x g &g 10 & 45 > B~H ik b

" PBS w3 » 12 DLS ##_o

"

4.43 #ps
500xg &g b Akl B2 bpik o E R BBESD A& 7?%“,%.} R

@ 5| ek - £ 14 PBS w74 0 14 DLS #7o

Figure 28 5 2 f& 4 &> 2 *71¥ | DLS 4=~ -] 2 Pdl &

Original % 77 & A1 2 82 Rk o

500 x g pellet % 77 4~ % 2 ik 2 k4 o (f BRI A s s F i S 0 R B
i e is 4% S SPIONS f-kig i g @ 1% & R A s o

5000 x g pellet # = 5.i& 500 X g 4~ # #r.s 13 b iFig > 12 5000 X g #717 3] i
P L v R R AT

8000 x g pellet % -v ‘5 500 X g 4~ ¥ &g 18 e+ % » 74 8000 X g #77 3 ehjc
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500 x g pellet, magnetic pellet # 7= 5.4 500 X g 4= # 3 18 e b i 115 4 22
BESGS IURY TRE A ] B e

Magnetic pellet £ 77 A 54 it 2 3renhik > B 45)005% 4 BABRES 5 241 97
(S 7 oV S N N AT

d Figure 28 ¥ m {#3] 2 5000 X g A e bk Ap ¥t it » FlLo H PS5 1B R
B AEiT? Pl efE B L g o B R UBER S BOE R R L U I G A e T
7 SPIONs 2 & § { PLG-SIPONs 172 sf e 3RALsT &7 > @ 2 5 4 il g 4

= 3 ¥ it § Bk PLG-SPIONSs nanoshuttles s 473

600~
Z-Ave
500 0.6 (d. nm)
400- PdlI
300- -0.4
200
-0.2
i
GT N N 0.0
P Q" X N
'\Qc}o QQ\ QQ& QQ Q,QQ'\" -ooo
o Q.& 49 ot QQ-\~ oé‘é QQ?
N
& S P &;?o

Separation method

Figure 28 : 7 e %4 it &~ g2 = 7% » 2 DLS #2 H 5 2 Pdl
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45 @& § =iE (Zeta-potential)
# & 2| %75 4874 7% (colloidal solution) s34 =_+ » ¥ 11 zeta-potential =% T =%
En[¥Tendp ik o Bk 2 A3 f T 4o Figure29 - H 4 6 g erifd & T2 B
PN %f % chE 2k (Stern layer, also called fixed layer) » %@ B2 k& *t*x €444 & T
fhendp s ore 3 g P Joands R AR (diffuse layer) » 2t = & “rHE = 0T BEA

(double layer) £ 7 ;% (bulk fluid)2. @ 3% 4 & (slipping plane) % T it -

zeta-potential - — L ko & =E X3 30mV &3 =30mV ¥ AL 5 ¢ 2 KRR
FF R RLFEIRTA A EFE XTI VL 4 Falig 2 (flocculation)

e g 4 o M
i 441 3 S k- 2.3 7% 0 4o Figure 30 2 % % ¥ {7 PLG-SPIONSs

nanoshuttles # % & & =& % -55.44+1.47 mV> % 5+ PLG-SPIONs nanoshuttles # 7

@H

Moty BT R EREUE S BET G

Electrical double

1—"
! layer
'
o ' ©
/S\ipping plane
| Particle with negative
surface charge
o
Stern layer Diffuse layer
-100
riace potential
potential
mV
fe———Zeta potential
i I
0

Distance from particle surface

Figure 292 : migll;n i % 5% » & £ D Mokt ® BT A+ R

Zeta potential (mV): -55.4 + 1.47
Zeta Potential Distribution
400000 |1 TR .................. ......

0 ; . .
-100 0 100

7ata Patantial im\/)

Figure 30 : PLG-SPIONSs nanoshuttles z_ % & . =&

Total Counts
18] i)
(=] Q
(=] =]
(=] [=]
(=] [=]
[=] [=]
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46 FH N T HKSER (TEM image)

ST RRBSH A RR A4 14 B A g2 $ & 11 100 B AR 4 ddH0
B-5pul jF 200 mesh z_ 45 aldr e b > KRG F A FF T A TEM B o 2F PLG 3
FRFrES s T3 A A A ETRE 800KV -

B g il o d: A Figure 31 F 4 2 =p w w2 1] PLG-SPIONS
nanoshuttles fe d »t & Fgirxeni v 3 24 3o 24 & | 3| e SPIONs » — & e i+
Ko ATrs g ARET T LR R B 2. SPIONS - Figure 32 ¥ 14 g B ARTF T
PLG-SPIONs nanoshuttles ¢ 32 % % % SPIONs o d * % 52 TEM % % B ¥ 1142 %7 »
AR =S-SR U VAR eI R M

Figure 33-35 % 4.4.1 gt % it A @2 # 5 > ¥ gL 5| PLG-SPIONSs H 75 f

(morphology) & — 3% =z 25 (spherical) ¥ ® & 12 % 3f ¢ SIPONS

100 nm
HV=80.0kV
Direct Mag: 100000x

Figure 31 : 12 TEM # 7 8 £k & 37 2 30 < 4L 7 2. PLG-SPIONSs nanoshuttles
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100 nm
HV=80.0kV
Direct Mag: 200000x

Figure 32 : 2 TEM #-%_ & 4w & 32 = » H 3g PLG-SPIONSs nanoshuttles

500 nm
HV=80.0kV
Direct Mag: 15000x

Figure 33 : 4.4.1 3. ¥ i 2 32 4% & > < 4§l ™ PLG-SPIONs nanoshuttles 2. TEM
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—
500 nm

HV=80.0kV

Direct Mag: 30000x

Figure 34: 4.4.1 g it 2 32 4% 5> * # K™ PLG-SPIONs nanoshuttles z- TEM

500 nm
HY=80.0kV
Direct Mag: 40000x

Figure 35 : 4.4.1 &g % v & 32 4% & » zoom-in 2. PLG-SPIONs nanoshuttles
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4.7 B.t+4p %8 2 B (Phase transition of bulk material)

#-2.5 Wt% 12-25 FAT P iR & BOFRi 2 4 (bulk material) 25 » R &5 o

Figure36 % > R S-FLH M A 2 A A 2 Bl ik o

Gel type Sol type

Figure 36 : 2.5 wt% 12-HSA w/ castor oil 2 3. 44 ¥ f& 2273 ¥ ik
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4.8 7+ £ ¥4 #+ 3@ (Differential scanning calorimetry, DSC

profiles)
A K 12-HSA fecastoroil ¥ shE £F A1t §cFHApRIER A YR * 20,25

3.0 wt% 12-HSA wi/castor oil #72 =¢ 57 PLG-SPIONSs nanoshuttles » 5 i /4 i 52 % {4

“,/Tf—i ki o B~ 5~10mg &Fipl - 28 F 5 20 °C/min -

Figure 37 ¥ ¥ PLG-SPIONs nanoshuttles 7 gel core i * 2.0 wt% 12-HSA w/
castor oil 2 #p %5 B B~ 5 5 41°C - Figure 38 i¢ * 3.0 wt% 12-HSA w/ castor oil
WHEREB X5 49°C - Figure 39 & * 2.5 wt% 12-HSA w/ castor oil 7 58 & B

A5 A4°CH R T RIS R (42-45°C) iR R RIP

2.0 wt%12-HSA w/castor oil
Peak =40.86 °C
Peak hight =0.764 mW
Onset =32.27°C
Area =20.57 mJ
Delta H=3.911 J/g
End =47.13°C

Endo—

I 1 1 1
30 35 40 45 50
Temperature(°C)

Figure 37 : i¢ * 2.0 wt% 12-HSA w/ castor oil 2. PLG-SPIONs nanoshuttles #p % :§ &

]
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3.0 wt% 12-HSA w/castor oil

Peak =48.59 °C
Peak hight =0.075 mW
Onset =47.26 °C
Area =0.359 mJ
Delta H =0.097J /g
End =49.80 °C

Endo—

47 48 49 50

Temperature(°C)

Figure 38 : & * 3.0 wt% 12-HSA w/ castor oil 2= PLG-SPIONSs nanoshuttles #p % /& &

i)

Peak : 44.34 °C
Area:0.428 m)
AH : 0.0692 J/g

100.040
100.035
100.030

100.025

Heat Flow Endo Uip (mW)

100.020
100.015 _'_'_'_'_'_'_'_,_,_,—o—'-"'_
100.010
100.005

100.000
38 38 40 a1 42 43 44 45 48 47 48
Temperature (*C)

Figure 39: i¢ * 2.5 wt% 12-HSA w/ castor oil 2 PLG-SPIONs nanoshuttles 4p % :§ &

)
45



4.9 4e#d 5 (Heating profile)

RE3 i o drz 7 e 0 5 B AR ddH0 ¢ o & ¢ eppendorf250 ul 7 3 18.9
HOre * #-eppendorf 2z ¥ 3 FFRHAITP) L2222 £MEP > AR ITFRF P B
IR & 0 1 K-type # % % R P2 (thermocouple) i JBIE & o

R E SRR Ao RS 1 33.9 kHz, & 2t 3-(H) : 33.9/239.4/339
KA/m, 7 % :1.05/6.3/10.5 kW

i+ 7 _PLG-SPIONs nanoshuttles = > 4 Table 6 2 Figure 40 2 % % # ¥ &g

FR R 4o g AT/t PR 0 F 1 AR 2 T o

Table 6 : # ¢ # % T > PLG-SPIONSs nanoshuttles # 4c#u &' 22 dT/dt A F &

H Power Slope : dT/dt
(kKA/m) (kW) (K/s)
33.9 1.05 1/150
239.4 6.3 7/375
399 10.5 41/1000
50- = 399 kA/m
o 239.4 kA/m
T 40- —~- 39.9 kA/m
S
<
S
£ 301 —
[¢))
|_
20+
18-!- T T T T
0 5 10 15 20
Time (min)

Figure 40 : PLG-SPIONSs nanoshuttles 4c %t & 4 [§]
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4.10 4p42# F & (Specific loss power, SLP value)

sLp = ¥/, AT/

C : Volumetric specific heat capacity of the sample solution (J/L-K)
V; : Sample volume (L)
m : Mass of magnetic material in the sample (g)

dT/dt - Initial slope of the change in temperature versus time curve (K/s)

¢ arH)O A latm,25°C © gt 4 5 4179.6 JJL-K » & Table6 # 4& & ot SLP

i# (Table 7) -

Table 7 : 7] # PLG-SPIONs nanoshuttles z_ jk & # 3 4= # & &

H O Slope : dT/dt SLP
(kA/m) (kW) (Kls) (W/gre)
33.9 1.05 1/150 369
239.4 6.3 7/375 1032
399 10.5 41/1000 2267
4179.6 7/, .- ZSOuI/
(SLPy o5 kw = 18.9 ugr. 1K/150 s =369 W/gre)
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411 T2 %% W (Intube T2-weighted imaging)

Ix ¢tk & % PLG-SPIONs nanoshuttles & % » 12 PBS & i3 ik o d 3¢
SPIONs #_MRI T2 & 2% » #m12 Figure 41 z_ T1-weighted imaging & % v 2_ 3. 1% J§
g o d Figure A2 ¥ AR S ME Pl 7 R > Ll AV YA
F F11€_TEM Figure 33 B] ¥ % 7= PLG-SPIONSs nanoshuttles # #t& % 7 SPIONS ##

s

Fe g o T g R gk 5 U ¥ bR 2 L & ¢ R SPIONSs 9 PLG nanoshuttles

il

Foreg U1 8 T2-weighted # i 2_& % 1 -

PLG-SPIONs nanoshuttles

5x

PBS 100x 50x 20x 10x 8x 4x 2x 1x

PLG nanoshuttles

20x

100x 50x 2

Figure 41 : PLG-SPIONSs nanoshuttles in tube T1-weighted imaging

PLG-SPIONs nanoshuttles

OOOéc;._

PBS 100x 50x

PLG nanoshuttles

100x 50x 20x 10x 8x X

Figure 42 : PLG-SPIONSs nanoshuttles in tube T2-weighted imaging
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412 #f8d W (Intube drug release profile via direct heating)
¢ % coumarin-6 ¥ & 4 | 5 PLG-SPIONSs nanoshuttles » 12 & Fe4e 4t = 2 A 2
oo R BEE~ R 0 SRR I 2 B etk 4 ) DMSO w0 B H b i R R
5 R o
O OR T PR A OF BEATIR)E dhcoumarin-6 Sk g & AR 5 100 % 2k o
(Cumulative release % = (1- intensity(a.u.)gitferent time/ 1NteNsity(a.u.)iniiar * 100%) Figure
43 ST N DR Ry REd T HRR D BT 45°C chien] g EF

B R > coumarin-6 ke § b A oadg g o

100-
80+
- 45°C

= 37°C
-~ Room temp.

Coumarin-6
cumulative release %

20

Time (hr)

Figure 43 : 11 & 4%+ # # PLG-SPIONSs nanoshuttles in tube 2_ coumarin-6 % #% f§ *<

i)
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413 #H ¢ §F2 3-8 (Encapsulation efficiency percentage of CPT)

#-CPT i3 % DMSO *® (A, = 370 nm, Aoy = 428 nm)i# - & £ s (Figure 44)
#* 441 3. i 4 gis 22 PLG-SPIONS nanoshuttles /% ;7% B~ 200 uL s 2% 5 4 45
# % b ifike > e~ 200 uL DMSO w3 shaker - R 3F 5 4 4% PLG-SPIONs
nanoshuttles #fk » L@ 5 ks> B Rl H F Lk - T v EHF e 3
5.15% -

Encapsulation efficiency % = (detected concentration/initial concentration)-100%

10001
800-
- y=129.41 X +28.795
>
& 600 R? = 0.9989
2
e
§ 400-
£
200+
c 1 1 1 1
0 2 4 6 8

Conc. (uM)

Figure 44 : CPT 3> DMSO 2_#& & ¥ %
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414 4 £#F P & ¢ F B (Membrane strip immunoassay of anti-folate
v.S. anti-biotin)

4. % 13 4% 3 At 2. PLG-SPIONSs nanoshuttles » ¢ % nilered z_ % e 4 & % £ % 4
Zdpth o FRIER SRR 2 B PBS Bk o

iz * pre-wet buffer (10 % MeOH in 10 mM phosphate buffer, 0.15 M NaCl and
0.01 % NaNg, pH=7.0)% eJZiE cstrip 33 * g%k {6 > @ * k& 5 0.1 mg/mL sl
(anti-folat and anti-biotin) » & =t B~ 1 pL B>t Lemx 1cm 2 strip + » & & 45 845

5=

el

B E 7 4845z 30 A4Es - #-strip 2 ~ blocking buffer (0.02 M Tris-HCI, 0.15
M NacCl, 0.5 % PVP, 0.03 % casein, 0.01 % NaN3 pH=7.0)** 2 /E F & 30 # 45 > = =
blocking = strip &2 gl 5% 7% >t 4°C B ™ F Jis over-night > & F g% 2 15 > #
ORISR PBS RS A M E AR 20 o B SRR R A0stip IR R 2
#8052 30 2451 UV ETRARFTHRES -

Table8 .9 % - £4F F B2 % % B (P & & anti-folate ehie w5 P &Fehg &
R B Lom 3 FR PR A 2] e anti-biotin RIEUL G F & 0 & T

PLG-SPIONSs nanoshuttles * 72§ 3 2 4% % 3 E L3 &F chmgiig A F o

Table8 : L AFY 2 ¢ F &

Anti-folate

(positive-control)

(negative-control)

Anti-biotin .
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4.15 Invitro ® % (In vitro experiments)
4151 # %#H
BAER
£ % % » DMEM(10% FBS, 1% P/S) « 32 % # i£ i % 37°C, 5 % CO,
WERA

5 - 10* cell/0.5 mL (24-well plate)

R E

e phAz 24 | PRS0 T B P tme X 3 % 35 /) pF “,%—i DMEM 11 PBS i# % 2
= 2 '*,éft A A km ¥e § ~ 11 PLG-(CPT)/SPIONSs nanoshuttles » i § # #7¢7 DMEM - %f
h % 48 ) S B “,% DMEM 12 PBS #i% 2 =& » { # #7<7 DMEM I 4 » 0.5 mg
MTT/mL & & 1] pF o 2 MTT assay Blim? 35 % » H R i MTT
(3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide, a yellow tetrazole) £ =

m e ok A48 e & fs(dehydrogenases) & & o tetrazolium 4 & iR B o= MTT

formazan z. &% ¢ LKA Mk & 0 B8 01 DMSO #-% 803 f3> & 570 nm ™

RIF BT iE e
4152 R Y

PLG-CPT/SPIONs nanoshuttles 2 PLG-SPIONs nanoshuttles & 7|8 5 ‘4

Table9» ¥ a4t e i H mie G5 F(F 29 %= €4F) -
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Table 9 : Invitro g &%k 3+ e 4]

R Free PLG- PLG- PLG- PLG- PLG-
No drug | (CPT/) | (CPT/) | (CPT/) | (CPT/) | (CPT))
drug CPT SPIONs | SPIONs | SPIONs | SPIONs |- SPIONs
fmE R conc.1 | conc.2 | conc.3 | conc.4 | conc.5
Hel a (positive CTRL)
(FR-overexpression) Medium 20 1.25 2.5 5.0 10 20

A549 (negative CTRL) only | ng/mL | ng/mL | ng/mL | ng/mL | ng/mL | ng/mL

(Non-FR-overexpression)

4.15.3 #atg Pl wE 2 £ 1
PLG-SPIONs nanoshuttles £ PLG-CPT/SPIONSs nanoshuttles 2~ f= £ ## cH & 4
Table 9 > 12 MTT assay iplim?s 1575 5 o d Figure 45 2_ %% % ¥ 12 17 5 PLG-SPIONs

nanoshuttles # 4+l e & 4wz § 4 E & e 9000 % 23 o

120
Il Hela
100 I e ol l T l T |:I AS49
X 804
>
=
2 604
>
]
O 404
20
0 o .
<& o o < & &
< S & & & & & & &
sodt T AT #lYT ol
N N SN NN L A
S A XN S & S S
QVO & Q\'o &é" Q\'(’ &'\\ Q\'(’\;‘-‘\é, Q\'(’&-‘\'é’
s B & s B

Figure 45 : PLG-SPIONs nanoshuttles #m*e 4 |4 73 /% &
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4154 & B ¥ k2 I8 R e s S
4- Table 9 e 2% %o %] - Figure 46 2. w*e 55 5 ¥ {F4v > B 3@ % & fik (free

CPT)£: PLG-CPT/SPIONSs nanoshuttles ¥t ¥z chd A5 4 4.3 £ £ 9> @ Hela cell
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