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Abstract

In this research, we present the combined therapeutic application of nano-synthesized
metal oxide (CuFe20s, CFO) nanoparticles (NPs) in nanomedicine. In the system, the
photosensitizer (IR780 dye), which is photodynamic therapy (PDT) and photothermal (PTT)
agent, was loaded onto the surface of bovine serum albumin (BSA) at room temperature. The
optical and morphological characterizations of the as-prepared nanocomposite (denoted as
CFO@BSA-IR780) was investigated using TEM, DLS and UV-Visible spectroscopy. The
presence of Cu?" and Fe*" ions in CuFe204 NPs enables to possess peroxidase-like activity, and
confirmed by TMB assay in which CuFe204 NPs produce hydroxyl radicals (¢*OH) in the
presence of hydrogen peroxide (H202). Moreover, the glutathione (GSH) depletion was studied
using CuFe20s4 NPs, resulting formation of oxidized GSH (GSSG) that can enhance the
chemodynamic efficacy. On the other hand, the PDT and PTT performances of IR780 dye was
examined under 808nm laser light, resulting generation of reactive oxygen species generation
and good photothermal conversion efficiency, respectively. Successfully prepared CFO@BSA-
IR780 multifunctional nanocomposites show better biocompatibility towards cancer cells. In
the presence of laser irradiation and H20: supply, the CFO@BSA-IR780 nanocomposites
produce cancer cell death due to the synergistic effect of PDT, CDT and PTT therapeutic
activity. Additionally, the fluorescence imaging results confirms that the CFO@BSA-IR780
nanocomposite was comfortably uptaken by the cancer cell via endocytosis pathway. Therefore,
the CFO@BSA-IR780 nanocomposites developed in our study performed combined
therapeutic activity via PDT, CDT and PTT, and could be promising candidates in the future
nanomedicine.



= Al

1[g

— ~ WiFEEh

FEERCR NRE RN F 22 - WIEERY AR B ATHIR RV E HERRE - H
AT ERHEF AR ESBEEE - (BB - RIERAN TGRS > ARMELEFEAS
R A SIRE IR AN > SR ARERIEA o NI > I AR BTN S L
= HARHNERETTE -

FORBMER S EAVIER > s ROk S e - iR aR h BN ERHY R
BN E SR EIEERTH g L ZORMIR LAY SRy 4 S IR (B — (AR 281
JilE o R S YA MR RORA R - IR AP RS - SORMRE S &
REDIEZ 73T FEIRFHEA ZEYEG - FDaRT - Bl - SRS - [FI
M EEEFRE AN > SRR RS ~ S8R - N EEEESE - =
KATELEA B e BLAEYEEN: - HEEREOEAE EMVEREAR AN
AR

AL > AWTFELAAEER (BSA) {ER#EdE: > iese Y EE HiREREE
REAEE > B B LR AR T (CuFeOs) fE Ry EE G ISR - i
YEBR] (IR780) &5 - WA TAORDEEI BB EDLEVER Z 80K - IO — (sl zok
ek o WA MRS SR R - BRI NBU e SR T - A RE e
e B ft— I VSRR -

— - HIEEWN
(—) & CFO@BSA-IR780 KB &7
(=) SHIENHEST CFO@BSA-IR780 Z3 kAP RIS

(=) CFO@BSA-IR780 [y H



= PR

(—) ZIREEHRIREaRE

Fe?*/Cu* Fe*/Cu®* GSH
10 \l’% Fe*/Cu?*
PDT 0, 0, T N \
7,02 s 20 e N PP
o GSSG
L, \CDT \
VX o Fe¥*/Cu?*
*OH

11 ZTROREEMHRIRD G 2 S e E

| B AR ZE 2 AR AS S e - Horr » PDT (Photodynamic therapy ) ZytEl)
J&¥% > PTT (Photothermal therapy ) F5>%E A% > 1fii CDT ( Chemodynamic Therapy ) £1k
ERE SR -

HEEfRE (v ¥R 5% ( Tumor microenvironment » TME ) EVAEF 2R BIA0 « 55M&TRER -
45, (Hypoxia) ~ 3% (Inflammation) FlIZEAEEEREELE (H02) - ERGERE
KL ERHEN L ER R HER BIERASH ISR N - 12 TERHPELR
Y BRI EAMESER AT RIS 2805 HERY EROH FEAIR AU R 26t o — AR o
H202 M RETFy 50~100X10° M - [fii 8 & AT Ha02 EA4 FHIAFERGEE 4= WIEM: > O2 -
IR BRI a R -

AIAZEH - BERE A Ho02 ATLUZA s B e gy AL - B RSt 2 S8
EEE («OH) - £ CDT 23 H ; B & e Bisigk TiER - SRR T
NERHR AL PDT fEHE N REHN RN RELBEEE ('02) - W] LAER S AT E
FEpREREE - MR AR R RS B S S IR R DI AR 1 SRR

S— T3 » TEHTALIMEHIIRES T - MR AT AR DUS R ANRE - E=2 @ PTT
F B AR  fe 1% » 175 o 0 B STl 1 [ - TR 0 1 2 B HFPRC GSHO& B s GSSG

LIgeTHeghJiam KA LEREN A Z G FRBUCR -
2



(=) B A AT

T
Fe,0,= Fe**Fe?'Fe®*0O,
e s S

A B
sites sites
INVERSE SPINEL STRUCTURE
Double
b exchange (FM)
v N\
TIZITI RS +HT| T T T
Fe3*(d) Fe?* (d®)
125°-Superexchange O O 125°-Superexchange
(AF) (AF)
A dlv |||+
Fe3*(d5)

2 1 Fe304 Z GifadttE (a) Kk (b) (reference 4)

FesO4 2 BUAVREME S A L88 » BT RO sti » Hrh S JPRED O 1L T FHERE -
Fe' (G2 TU RS HY 1/8 » 1% &Y Fed ' Fl Fe? A 722 B v A /NI HS (i BEHY — 2 -
FHF R T2 1A d $Usi /8 > Fe? 1 Fe* '/ RS (i B RS TE R AH T A > 48
SN B BE R N &R AR AR Y N RS AR ke - (e M AR = EER -

AT Z SBEAEY) (CuFex04) BlIFy FesOu fEHSZTAEY) - 1K FesOa H1HY
Fe*' DL Cu HUf » BIw]{3 CuFex04 [R5 /\HIRS AL EHY Cu*' F1 Fe WYEET HIE & > 1T
U RS AL ERY Fe't 2 B e\ RS (L B B e TR G © X Fed ' F1 Fe? HIRERE 3 Bl Ky
514 ERET o NILEAERIFESER (o545 =4 T - S 3 SUEEm4Em
WEEIRA P - $25 TR AHENE: » SUARTRE R e - Al ERTNIRIESS (MRD) -

5 AUFFEE IS EE (BSA) 17 CuFer04 oKL » i CFO@BSA-IR780
FOREEMEHEA RIFRVAEYHEEE - Wt - EREFIEEERYS S - AARGRER
o FINGES -



(=) ek

HTFAR AR TS T e R S AR e R - KR A BAREIER Z a8
R ERE GRS Z FIER - B StE))))a% (Photodynamic therapy » PDT) J%
YEEESE (Photothermal therapy @ PTT) B fEhY H &l - FRifE EEOURTE  ABIERT
58 FHEROR IR780 - J&—TEAEATALAME (NIR) BRI 2 7 » A][ERG OB
FOCEEHRE -

JCENERFEM = (HER  OCBA - BENRZEY 8RO T - RFEHEERF
FEAHERERTHEN T - SO E R RAVEHNIRSHR - SeBEEBRSarEER (SD -
Bk ERHREaHY —HERE (Excited triplet state ) - FEERE EEHAE HER 15 0 [F

5 2R = B V) MR BERR S (Singlet oxygen - 'On) BLELMIEMESEYIE (ROS) - HEANH
R RIS S RIS AR AT YRS - WA ROt (R E4HREAZE T - B RBERRER
MEJEVER ~ PR > ATl PDT {f B R B A A i B s M AT Y A

VEBRE R I CBORIR T AL MNIR) &I, (JFz £ 700~ 1100 nm) > 2R G H
LREE  EHE REEBREAISET - B ARG CKEMATED ) AETRAYIIOE
i o N7 700~400 nm EAEHRAYI I BLIEER - (ERILY ELRES B4R 2 0E
It - SECEEM R R AT AL M & A SRR OR ES -

() L5834 (Chemodynamic Therapy » CDT)

(b B TR AR — TR IR AR5 - SEMEREMERRE B H02 HYERSS
T FEBIUEHNE (Fentonreaction) - AERNAHHIGEAEHE («OH) - DISEAER
HHAE - EFDERHED -

AEERE 2 £BEALY) (CuFe04 ) HHY Fe? 8 CufER MEEREE T BB E (LN
AYiEME - AT LUK HaOo B EREIZERYE SR (ROS) iy «OH - [N Ryisfl iR 21t -
TERBRE I SIME MERERIR T - S8 B EOVE A= i LIS SRR B TR T -

(1) fAEEMHAL (glutathione » GSH)

#HEH IR (Glutathione » GSH) » SURHZARZ AN - FRAAREIE ~ FRERZEE & H el = KA

ik £ TP S A S Z A L EYH DR AR - (R BBl bAl - |



LIfR:& DNA i (L - BItHIKDIREIIRRFER e - —2EFARE > S5—Ef (b
AURE - Glutathione FEAHAE 158 6128 R S REAHBE RS EAE - #E Hh S LR e AR
GSH (ZEJFRE) B2 GSSG (F(ERE) HYLEH - Glutathione /& A G N IEH EHEAVHIE( LY
o EHRER e ZE, -
PRI > INABFE B EEREN R4 ~ e I AR E A HRYEEESE (ROS) KB

fE& ('00) ER Mt H B R MIOMFE - MEEEIGRNE 2B HRR - fimY
CFO@BSA-IR780 FORIE AP IIRESE M Cu®'/Fe’ WY - BHFHFERM HIRAYEE
{5 GSH &b/ GSSG > Lifest CFO@BSA-IR780 fE(LERENTIHA ~ SLBIIEIATHIRL
B

B - TR AR ERE
— ~ BRFETTA
1
TRACEY ) kR s k2 R
2
2 B CFO@BSA-TR780 4 %4 &4 #+
3
XS5 R HEAR ST RT
4
FRUV-Vispl EH H 6 HH 7
5
b L A4 R A AR LY
— -~ BERRE

(—) CFO@BSA Z &k



4,

5.

FFE BSA (50mg) +2.0 mL water JO ARSI T » DARAAIEREESEHYY

N= AN
=J7ER

)

oy

o

P& CuCle5SH20 (3.5 mg) +FeClhe4H20 (10 mg) + 1.0 ml water fII AR

mof R DARG AR PR e g AR S -
iy jFEEEF'/%)\ IMNaOH (04 ml) -

BT 24 /N

TR REZ R R - R -

(=) CFO@BSA-IR78 > &k

1.

4.

5.

fE&E BSA (50 mg) +IR780 (1 mgin 0.5 mL DMF ) + 2.0 mL water fjll Af&
R DARG AR PR e g AR S -
P& CuCle5H20 (3.5 mg) + FeCl2e4H20 (10 mg) + 1.0 ml water f[I Af5E 5

R Dot e I 2R -

. omeHEfETE A IM NaOH (0.4 ml)

BT 24 /N -

Rl REZ R R - R -

(=) SeEhoath

1.

2.

4.

i DPBF 75j/> DMSO » BoBpoRE f 1.5 mg/ml -

%1 5 ul ffy DPBE/DMSO 2508 7RHIZ 400 ul 100ppm ff) CFO@BSA-TR780 7K
R

ez A 808 nm laser (2 W/em®) —ZHRST 5 438 F &4/ M/ m] FLEIR UL
EEl AN ZE 30 77§

Eb#t DPBF £ 417nm ez HYR TR -

(9) ezt

1.

2.

3.

Y 3 ml 22 100ppm CFO@BSA-IR780 » 33 A 45 S 5, o
LU 808 nm 2W 2 EEGTIRGT » & 30 Fhacsk—JORE -
6] it er sy o 208 CFO@BSA-IR780 7 JEfE o

6



4. [FLACESR - CEES L -

(1) ABE S oA
1. HY 105 ul, pH = 5.5 {/J PBS buffer + 25 pl, 100ppm CFO@BSA-IR780 » F:¥:
10 pl, SmM Ha20: + 100pl, ImM TMB -
2. g5 ysERIME AT RO R E AR 2 30 Jr 4
3. [L#Z ox-TMB 1 652nm VIR R -
4. [A FalEEE—  SEORMEE pH H -
() EALEREE IR AT
B 100 ppm CFO@BSA- IR780 250 il » fILA 1.5 mM GSH 250 ul ¥54)35,

—

D,
—

2. JEAFIRFEE L E
3. A DTNB 50 mM 2 pl
4. Eh#E DTNB 1F 300 nm 2 TNB {F 412 nm gAY 56
5. EE1E EHUTER - R[S e I e A BT RHRE
() S st
AEERFFH WST-1 Cell proliferation colorimetric assay #:77#g 4 MHRE T M5 WST-
| ATEREE (RS 1A NADH AI&RAGHT €8 (dehydrogenase) &i& > ARG & (1HY
formazan dye  Fl[FJHIE O.D. 450 nm > HIA[HER LA FER - E LA - BAEATE |
[ ARE SRS - SELHRE - BRE RS RS
FHRY WST-1 458 Ry/KOa e > tHEHESE MTT ZAATREE RN - NIt EREE L
BOTE - AR AV EH] > SRR T
1. B - STRAINENEZT &8 24008 - 96 FLEREIIA 5000
cell B 100 pl F5ER - IEIEFEFEETE 24 /N »
2. 96 FURB AEEERIEEN - BIREFEIRILEL PBS IR = » JIAAG
b2 Mkt 96 U - AT RERIER FLEE T 53R 0 ~ 25~ 50 ~ 75 ~ 100
200 ppm > EEFERERE - BUEEFEIR 24 /NEF

7



3.

4.

Blsa AR - W LL PBS SEZERI > SHEFLEZIIA 100 pl
BRI > TR BPEAE TR 24 /NI -

FEHAE SRS T EDHIE 450 nm 1Y O.DJH @ SR EREEEAANE
4TRSS -

EERAIY0.D.

X 100%

PEfAH ¢ AAEEE Y medium o
HEpAH © AR E R A R R medium
WADR: 2diil: byt upali vl -ie AR k(S
(RE RS T ESHEEAIAE Hela Cells » #E{ TRz EENTTHRM)

1.

10.

AL IR - SRR EZET 2 A4S - &h1A 10,000 &
cel/mL 4HRTRNEHEHR ~ 6 BTFLA » RICIEEERS 24 /\EF -

6 FLERRE ASREIRIES - IEFLISAVER IR - DLPBS JE7E 3 X -
BALNERE A HERRR N AGESMR 2 &AL - 395 R X
% » BT 24 /N -

R AR Z BB R L - WA PBS JEE =K -
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BRI 400 ul, 100 ppm 1] CFO@BSA-IR780 Jll A Z5 1 £y 1.5 mg/ml /) 5 ul DPBF
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