2023 £ 4 AAEHEE T4
Bok 1651 4R

e 030002
SEpY 1 F
Tt 3 FF A S AT EERE ISR
g -3

% P ISEF & § #

RAER 49 25-23350 8
RERE ERAF LA
- A S

Mt F -2 XAFEM HHEEF IR




L e oo L LS L s o ]

SREEERE = by S e RLEL RS LS E
B R ARG B AEE MG PEF ] BRSO DS F
F LA i o AR R - B 2RSS A chR i e H R 2 A i
PR s TS A Fenle s A Rl R X R 2 REREEF S P Ty

Sk e BB ST FTRG 0 A G R |



LS

AIFEE & 7ORE AP AR LIRS B E Rl > LL—25 A& AR CuFes.
xO4@BSA-IR780(CFO@BSA-IR780)Z Lz kB &) « #RHEEH TEM ~ UV-Vis R854
TTRHR SR oA -

Pkt BSA Ml HUESKOENE § il A a2 R M MO0 EEAVE MM S Y &
SHEBE > ETEEHIEH(CDT) - HYe (IR780) MR 2GR - AEITALIME
SR EDEENPTT) BB )18 (PDT) R4 -

AT R PR MR H IR (GSH) i@ B g R R H Hi A > PR CDT/PDT %UR » IRNIEA SR
SIEE T o RESE LR B SRR -

R K CFO@BSA-IR780 B R AT ARG ~ SoERs2 B MRI Aecill > e (s
AR MRS ST - iR CDT ~ PDT ~ PTT KHERER 2 S5k
Gtk USRI R R E - (e RS Bl S2Yp1f -



Abstract

In this research, we present the combined therapeutic application of nano-synthesized metal
oxide (CuFe;0s, 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 CuFe>O4 NPs
enables to possess peroxidase-like activity, and confirmed by TMB assay in which CuFe;O4 NPs
produce hydroxyl radicals (*OH) in the presence of hydrogen peroxide (H20:). Moreover, the
glutathione (GSH) depletion was studied using CuFe>O4 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 H»O: 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.
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FECIZ " 4H20
Stir at 25°C Dialysis
CFO@BSA-IR780
and add NaOH for 24 hr

(—) CFO@BSA Zhk

1. FEBSA (50mg) +2.0mL water JIAREME » DARAATEREESIT ARG -
2. FE& CuCle5SH20 (3.5mg) +FeCl*4H,0 (10 mg) -+ 1.0 ml water I AT
o DRGSR AR A -
3. JREMIEHEA IMNaOH (0.4 ml) -
4. BT 24 /NEF -
5. RIMPRLZEREZIRE o MR o
(=) CFO@BSA-IR780 > &%
1. FE& BSA (50mg) +IR780 (1 mgin 0.5 mL DMSO) + 2.0 mL water fjl AfE i
o DRSS AR A -
2. FEE CuCl5H0 (3.5mg) + FeCl»4H,0 (10 mg) + 1.0 ml water [l AfE
o DA SRR AR A -
3. JR&HEFEFEA IMNaOH (0.4 ml)
4. BEHT 24 /N o
5. REPRES REZER R - AR -
(=) KB
1. K DPBF &> DMSO - FC#IRORA Fy 1.5 mg/ml ©

2. ¥ 5 ul DPBF/DMSO ZRGRIZE 400 pl 100ppm CFO@BSA-IR780 7KA% -
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3. WA 808 nm laser (2 W/em®) —ZKHRSS 5 434 F R A ML/ AT RO EE
EERHIE 30 34 -
4. [t#Z DPBF 71 417nm FEAJIZGEE -
(H) ST
1. E!3ml2 100ppm CFO@BSA-IR780 » 33 AFHUs s bt o
2. LR 808 nm 2W Z EETHAES - & 30 POACEE— ORI -
3. [EFEES 0 8% CFO@BSA-IR780 7 EfE -

4. [FLACESR - SCRES L -

(71) L2280
1. HY 105 ul, pH = 5.5 /5 PBS buffer + 25 ul, 100ppm CFO@BSA-IR780 » FE A 10
ul, 5mM H>0, + 100pl, ImM TMB -
2, 5 o388 PSS DG/ AT RO IO IR 2 30 735
3. EE#E ox-TMB £ 652nm AR GRE -
4. [FLiEE— o FXUREE pH(HE -
(7)) BALBHR T
1. FZE 100 ppm CFO@BSA- IR780 250 ul » fil A 1.5 mM GSH 250 pl S84
2. JEA EIRFEEER
3. HIA DTNB 50 mM 2 pl
4. Eb#E DTNB £ 300 nm Kz TNB ££ 412 nm BRI UL GRE
5. EE BACPER KA E SER IR A FA SRR
() #SMEREEE AT
AREERFIFH WST-1 Cell proliferation colorimetric assay #E1T#z M LM - WST-1 1]
A EE (RS ) NADH Hir &rAe i i (dehydrogenase ) &5 > ZEplifE s (0 formazan dye ©
FIFPHIE O.D. 450 nm - RIAT R LRSS - 0G4S - BRERUR OB AN % -
SEAMARRLZ, > BEEERETLESE o Y WST-1 455 /Kt - MHEHELT MTT JAREE 205 el
B - R EEIT(E - HE R AR Y &0 SR ERATT

11



- ERSEAIER - STRAINRNE 2T A Z4IHEE - 96 FLERSAIA 5000 cell

B2 100 pl B¥EIR > [EIEEEAGHEE 24 /N -

. 17 96 FLERRE ASERIRIE SN > BEREFEIRAL PBS JEE =2 IIASKGE SR 24

R 96 FLEEA » TATREREE R FLAE 93505 0 ~ 25 ~ 50 ~ 75 ~ 100 ~ 200 ppm >
H AR RER R - WEEEIR 24 /N o

. BERaas iR ER > 0L PBS B > EHEFLESIIA 100 ul £

R EIREEFAESE 24 /NI -
FERE A O o ITENE 450 nm 1Y O.DfB @ BEREEENGTEFEE -
EERAHHY0.D.(H

RS (%) = SEERE0 D X'100%

GADR - 21 iil: it 1paLvollcselo S A s
(B Efs A\ B 7= SEE 4TFE Hela Cells » 37 TRESNEEI 160

1.

2.

3.

8.

9.

TRFAIREER T - #5001 10,000 & cell/mL AR & A &R 2 6 #E LI -
7 6 FLEERS ASREIRFE G » SEFLEBRAYER BRI - DL PBS JE7E 3 X -
FFLAEHTE AR BRI A ST 2 2 A LF T - B8R B - lE]

PEEAGIEE 24 /N

SR BRI > AL PBS SEEEK -

BALENE A ERIIA DCFH-DA ZEH(LL 10 pM RERSE 1.5 /N -

. BFREH DCFH-DA Z 858K - R AFTHREER » IR LAE SRS -

Rt aEiRl bl PBS U5 3 X 0 JILA 2 mL,70%; 55+ 5 10 478% > BF e onig bl
PBS JEME3 K -
A 2 mL 1 DAPI Ze75] - TG40 20 474 o

P thsepkiz - BERFLERPIRY DAPL 2R - DL PBS 7578 5 2K

10. Z & RHEr Y& A DB E B TR A HohZ sl m b USRS B AR Y

FERE > WA AR RS D ERIRIE I -
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4 1 CFO@BSA-IR780 =7 I U ¢ 5 : CFO@BSA-IR780 7 Y- 8#s 8 gt ]
FHIE 4 BTADEEE (IR780) 7£ 780 nm HYHTALYMERE A BHEEI ILE > R FInyEYTE
780nm [zt 2 A BHEARY I I » BRH IR780 R LY CFO@BSA F - i H - [& 5 1 » Eif
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6 : CFO@BSA-IR780 = TEM J {4

Fy 7 EEISA CFO@BSA-IR780 ZoRk i SANRIYIEI M E o » AT et A
BTEMEE (TEM) #&5] CFO@BSA-IRT80 FORE SR REAIRE ~ MRS -

FlE 6 FIE R A B EBRAEECR (100 nm) $Ekrdr - Hehgo M A R IE EE 0+
1B EFEH Ry BB ENRY CuFe0s BBEALY) < SCBBIN A T o/ g
2 TEM pifg » IR AEE] -

(=) FHETRSM
% 11 CFO@BSA-IR780 7K E &Ml 2 FE TR E R

Element Amount
(ng/mg)
Cu 25.16
Fe 81.56
IR780 7.056

HIFH ICP HHSREdskry TR & & » WA ] RO EEFOR ) IR780 Hy[HlFF 4 - L]
T IR780 fEAF KPRV E R - I EFR A DSBS REA  CFO Z x {H © 25.16/63.546 =

0.396 > 81.56/55.845=1.46 > 0396:1.46=1:3.7 > i x:3x=1:3.7 > 15 x {H&) 5 0.64 -
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zhoo tH[E 7 Ao CFO@BSA £8H DLS 477 ol 5~ g€ £ 101.2 nm » CFO@BSA-IR780 -
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i CFO@BSA-IR780 #RIENE 0°CZ IR K » HIEHEIRSE( L - MR RHE
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Ry 7 5Hdi CFO@BSA-IR780 Zok#tfl 2 i EALY)BE ( Peroxidase-like ) #i% - HHIR
Cu’/Fe’* B Peroxidase-like 27 &% » HoOx T LASE Cu'/Fe” (L R EE 42 *OH » [RILAE ML
3,3°,5,5-IUHEZRRZ (TMB) WyELE% - DUHIEL CFO@BSA-IR780 k@ & ARV E S LY)

PALIE I - HCHEHIATE O -

H,C. CH3
A
OH FeWCE‘“' " (TMB)
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Fenton reaction

(0x-TMB)

9 : TMB F{bEY ox-TMB Z 2 ]

Electron donors
(e.g. oxidase enzymes)

O,
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e’ SOD mimetic nanozymes nanozymes
O, | n— H.O, EE— H,0 + O,
Oxidase

N O° SOD enzyme substrate Oxidase mimetic
2H* Peroxidase mimetic (Red.) nanozymes
nanozymes
ONOO- H,0, — 2HO" + Colored product
Peroxidase substrate (Ox.)

(Nitration of biomolecules) (Red)
(Fenton and Haber-Weiss reaction)

10 : HHHIEG > R R e E

05
—— TMB+H,0,
- —CcFO
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—
@
o 031
c
2
= 02
o]
[72)
< O S—
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00 T T T T
500 550 600 650 700 750

Wavelength (nm)
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TE(FAE Ha0: I T > CFO@BSA-IR780 ik TMB #&AL » ERREE IS (LAY TMB
(ox-TMB) » fiEfIAE 652 nm JiE ELA R I « FTRERT S FERE S K i (|5 B » H s HaOo
73 F Y O=0 §#3f# Ry *OH » Z8{%i## <OH & TMB E1LJPEL ox-TMB » #ZHISR5ME/AT
FSERUEEE (UV-Vis) FAHIE ox-TMB -
TEARFFAE CFO@BSA-IR780 HYIEIL T » IUWHE T LLURER A G » i25HH TMB 1 Ho0: HYR
LYFE L EALB IR IE - 52 > % CFO@BSA-IR780 fil A TMB Ei HyO, JE& 7% (pHS.5)
H 5 SygE > o] DS EIHHEERYES ARG 652nm FRAHARERY ox-TMB WUl » iS558 T

CFO@BSA-IR780 ZoRHE &I Ha02 4 +OH -

05
— pH 74
_ | —nHes
:! 04 ——pHS55
© —— pH45
o 03
o
s
o 02
[
o
28 o1-=_i/__,_;
2o
00 : . r T
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Wavelength (nm)

12 : R[E pH{EF > ox-TMB AR U 51 ]
AR R MERSERIR T - BEYRE B0 Ay pH (B4 5y 5.5 » TIEH 4HAEERALEY pH ELY Ry 7.4 F)
FH ReE R B b I PSR P v A TR AR B > DR B Bl P LR A A8 > IR, CFO@BSA-
IR780 SR Z i B ALYIBE R - FalEl 12 FTBHETE RAEAIEHVERE - APk {bE4: -OH
AVRCRATEE - HHECHY - & pH=T.4 1} > 28R F{E(T-OH E4 -
s LR R R AE 55 E S € (Fenton reaction ) o » pH {HBSEf > Fe’ 52k Fe(OH)s fEHS
2, Fe(OH)3*nH20 N EZIUR - HERALENME THREEOH% » FFIF «OH AYE4L: - [FIF » Fe'Hy
PR AR (1) mIEJTEHEST - ;L2 - pH {EB{EEF - HZ OH HYFERRE] - Hi7=
(2) ZRE5 - S HITTRER N (F R B /2 ETT » Fe? AR ZBHIH] > «OH fYAE Rk 2 5
s RGN - AL R > v DR CFO@BSA-IR780 ZRoktE AT RHEALER B AT -
HIEE AR B - R EGE AR HE -

Fe?' + H,0,—Fe* + «OH + OH...... (1) » Fe’" + H,O,—Fe?" + +HO2 + H'...... (2)
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13 : RE R ERFRT T » ox-TMB B YL E]
FHlEl 13 5]K1 - CFO@BSA-IR780 il H O, HY S FERF R - FrEE/ERY ~OH JREHNS - 2

K& 30 Fr# IS HT EIAT

(=]
th

— 125 p pm
— 25 ppm

1 — 50ppm
w100 ppm
——— 200 ppm

A

550 600 60 700 750
Wavelength (nm)
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14 : °K[E] CFO JEFE T » ox-TMB IRk E

FEHEBCE A [FREZ CFO@BSA-IR780 » LA 10pl, SmM 2 H>0; » 82 100ul, ImM TMB

i pH=5.5 B TR E - & 14 BEr % CFO@BSA-IR780 JEE e - KMEFEE L ~OH i

R -

= 15 -

05
—_—125mM

— 04 — 2.5 mM
. 1 —5mM
=- —1(:an
L
o 034
Q
S
o 02
=
[=]
3
< 01

00 . r r .

500 550 600 650 700 750

Wavelength (nm)

RE H202 2 T » OX-TMB HYIR U at
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TEHEECE 25 pl [CFO@BSA-IR780] =100 ppm » HIA 10 pl R[EHERE > H202 » 1 100 pl,1

mM TMB 7 pH = 5.5 585 [ IZHE » (6 15 BERiliE HoO e fnss » [ZEFRAECERT *OH Hafis

5
g

o

= ~ CFO@BSA-IR780 ZoRM L Z S CBI 165

AE R 1,4- 255 1-2,3- 53050 ( DPBF ) Zfétafll CFO@BSA-IR780 SR & &A1Y
B AHIEMESEMH (reactive oxygen species * ROS) HYZEZE - DPBF j&—flz (1 > BHEHIZE RS
RV S RS - nDERET S AEISE] - SR PR AR UE Ry 4170m - HE LRI E
e o

HJFH Ky DPBF BAE KT 102 S84 A A E - TDRCATRERTIBE(LY) » ZBEALYIK
Ry (HER) 1,2-SRFAEZR > (efifa{E T DPBF WRGRE » SMERAIE 16 AR - IRIEEHEAM
] DUFE R U (B 2 L ATl CFO@BSA-IR780 ORI ERPRHTY 102 ZE R AE

Ph
Ph Ph
— (o] o]
o +10, — d
= 0 - HzO o
Ph Ph Ph
1,3-diphenylisobenzofuran 1,2-dibenzoylbenzene

16 : DPBF 81 '0; KZJER

0.4 — O0min — 3min — 5min ~— 9 min

o = 1min 4 min 7 min
= ] — 2min
30.3
8
€0.2-
§ \
20.1-
<

0 T y

400 500

Wavelength (nm)

17 : R[EHFfE T » DPBF HUosEE ( CFO@BSA-IR780 )



BB 400 pl, 100 ppm ) CFO@BSA-IR780 HIl A Z 5 A 1.5 mg/ml 9 5 ul DPBF
DL 808nm FEETYE (2 Wem?®) HESSR[ERERT% - #1228 DPBF WRUSRFERTEE(E - fhlE 17 75

CFO@BSA-IR780 WEE LA B 112 805 > 417nm YIRS 3 FEAE B4R Y ROS K7 e AR AT
AR > BZEEASRER -

7d ~ CFO@BSA-IR780 Z3 kAPl 2 YeRERE

AR IR B EARTZ RVERE Z MBI IT R BAURME 2 5e Al Rt Bua e

MYEEVERATRE 2 OCEWHH BO R S BERE . — -

HHFAAE 600-900 nm 3 [E A A= P774H 8 B A EURAYRIME - B GIEFEIER Z AV - [
RFA Ry CFO@BSA-IR780 R G Z RIME/ AT HOE (UV-Vis) IRDERE R ITHIEER >
TR 4T 780 nm i A HHEARIOR B R - I H. > F e BROR R R ARt - DA

AR E AR R AT DR TR A Z BB INEAE B A & 808 nm E5 5 -
TR TR E

60
= D| water m— 200ppm
50ppm m— 400 ppm
m— 100ppm
50 i PP

Temperature (°C)
F-N
o

o 1 2 3 4 5
Time (min)
18 : TETE S (808nm, 2W/em?) HYIEHS T » REEE T CFO@BSA-IR780 5%
RIEEYIREELE
RES /KSR Z CFO@BSA-IR780 ZoR R S P4E RS 808 nm Bi—Jf & 2 B 5Pt
& EAERE N Z/KF R Z CFO@BSA-IR780 ZokE G HUREREAL - B &R
SANIE AR R S LA TS, - 400E 18 Fs - TEERSFIEEHE (808nm, 2W/em?)
AVBRESN » SebbisdZdilat - &L DI water ARAETTCEVE RN - £ 08N - JRERE R

25°C FFZ 25.8 °C » SEEZEEF 0.8 °C » [ CFO@BSA-IR780 Z3 (& S WIERE By 400
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ppm 5§ > 1£ 5 738 > (€200 25 °C T2 50.2 °C » HUREE S 25.2 °C » HAEERIVE

AR AKER T BRI R B34 -

60 - o= 1.5W

Temperature (°C)

Time (min)

EF

19 : FEAR[EI TS CNEEEE T »
400 ppm FY) CFO@BSA-IR780 ZkE & AT (L&

B T EEHRCR [EE S T HY CFO@BSA-IR780 Z3 K &Y REE(LE » BEENEREEH

HIREE%E (Power density ) [ » EFHEIHYAVIRE F » CFO@BSA-IR780 %
B - HHEE 19 FioR - BEEREE SRV - &80 5 775

FOREEYIREE
FEMHERSE By 400 ppm 2
CFO@BSA-IR780 Z K18 & VIR 7K f A BH R RS ks 2 -

W Fal4ER T LIES » CFO@BSA-IR780 %
KRR EMERE - BEa R aRF -

TORE VA EE—# Bk - B

60

o | $ P é

50 - | ) o o

g 1 g

= 1 o o

o

g 40 P\ \ \

£ Q

Q Q Q )

F 30+ y N N \
? © ® 9
10 20 30 40

Time (min)

20 : FEEHNHEE (808nm, 2W/em?) HYIRES T - M Ky 400 ppm 2 CFO@BSA-

IR780 FRoRHE G2 e e I
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21 : CFO@BSA-IR780 ZHffH (t) BUREREHE (-Inb) B {A[E]
Fo 1 EHEVIEFHI CFO@BSA-IR780 ZoR1E &% 808 nm RO ZOEEWEHE - mlFEH
Roper’s report ATHE tHAYERGR AT AR Z O EEMEHIAER - HOEAEHRICREA BRGS0 b
SREEPRIRT > AORIAES B AR Z N RE B EE ST PR Bt 2 R AR MET TEE R TR L > H1S 400

ppm 2 CFO@BSA-IR780 ZRoR 18 &) Z SEEEHASAR By 42.1% -

F ~ CFO@BSA-IR780 FORM 1 JHresit HRREE T

FHCH IR REAREITEALR > DL GSH (F8JFRE) Bl GSSG (F/ERE) WIfEAURREFEY A
HS o 28T > A A BEREN D BEE ~ JeBh AR E A A E M SR g s H kR -
RO » S CFO@BSA-IRT80 ORI RESE# Cu*/Fe' B » BfELEMEH
HREVREST - DT ERECR -

ARERREER 5,5 HUUEE 2-HEZEHEE (DTNB) Zétall CFO@BSA-IR780 KR &4
BHES B EREAIH IR Z ST - HFELR DTNB A1 GSH KA s e thHy 2-ff55-5-it
Z<HEE (TNB) - Hrft - DTNB JERAVEABRIE Ry 300 nm - {ff TNB HISE 412 nm > #A[HE
PR 2 R UGERE » AalilE R o GSH Y25 #E 541 CFO@BSA-IR780 2 & ELhE b
GSH - HAd{aniE 22 -
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23 A[EIRFERFE T - DTNB/TNB IR E

FEILELE 100 ppm CFO@BSA-IR780 B2 1.5 mM GSH » [ & 5y 250 pl #95584 » 15K
BEFEAFERIEIL T > 1A DTNB 50 mM, 2 ul - ZHIGIESAE - dilE 23 7] 7FAF 300 nm HY
DTNB W i FEE i 57 FERS R 3G T _EFF > AHHE 412 nm (9 TNB IRz R RIS R7 R T3 i
[% > A]%1 CFO@BSA- IR780 W8 A% L GSH ZThf - HESHFRHEMEIN - GSH fEER JURRE

2 N > E/b R GSSG -

12
— 0 ppm
‘-.1.0‘ —50ppm
=. = 100 ppm
30.8 —— 200 ppm
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o
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300 350 400 450 500 550 600
Wavelength (nm)

24 : R[E CFO@BSA-IR780 [~ > DTNB/TNB I Uiy i &
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FOBE R EEE > CFO@BSA-IR780 £ 1.5 mM GSH & 250 ul I95584 » TE 6 /N >
AOA 2ul DTNB 50mM - BRZER7IEEE L - HalEl 24 =] HAE 300 nm 7Y DTNB WU REREA R
sEhnm BT AHEAE 412 nm §Y TNB B RITFEADRER S S T T - =] F2fER CFO@BSA-

IR780 HyZ (L GSH &R - HEEAFRUREEIE N > GSH A2 FIREZ M RN - f/bk GSSG -

H ~ CFO@BSA-IR780 ZKAHE (L H20: EA SR

a
o

4 === 400 ppm + H,0, 100 ppm + H,0,
| = 200 ppm + H,0, 4

B
o

N
o

-—
o
PP TR T

Dissolved O, (mg/L)
w
o

o

Time (min)

25 © AR CFO@BSA- IR780 81 Hy0, [ il 2 75 &8 B Bl ] . [BRl ([
EREE IR ERE AV EAR iy — » e S LSRRV EEANR - thE M EE
o BRI E A A F R > B (e Rl e A RN - [NIL > AWTTea S ] LUE
CFO@BSA-IR780 ffE{E Ha02 FEEA SR > SR BA AR - (e EIaR - HilE 25 7TE
t > [i5# CFO@BSA-IR780 JRIE KRRV I > HATEE AR ESR AR E I - =] LLEEH
CFO@BSA-IR780 ELffifii{t HoO2 EEA SR ZAEST > FIMEFI MR Z BRI IEHRF -

7N ~ CFO@BSA-IR780 FRATE AR FESRE4HA (HeLa cells) %

120 -
100 -
80 A
60 -
40
20 1

04

I 24hr [ 48 hr

Cell Viability (%)

0 25 50 75 100 200
[Material] (ppm)

26 : R[EEE CFO@BSA-IR780 Ji> HeLa 4iiffl 77 Al55& 24 ~ 48 /NFj{% 2 YHRETE SR
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B3 RILL 0~25~50~ 75100 ~ 200 ppm ZAFRERE T HeLa cells ( ABG 1= SH#EAMAE)
HEFTRE - FEREH WST-1 JASHEEATRIEE I - AlE 26 Ao > 48 200 ppm CFO@BSA-IR780 2%
KGR 2 T R 1 24 /NI % » HeLa cells Z4HAEAETERE] 97% » :8E CFO@BSA-

IR780 B4 RAFHVAEDIEAEN: » REARESETEA R -

1~ CFO@BSA-IR780 ZK M Z e &R

1404 I cFo
[ |CFO+H202
120 [C_|CFO/RT780
Y [ |CFO/IR780+H202
S 100 1 [ CFO/IR780+H202+laser
> I I
B
= 30 b ols
S
'S 60+
I
S 40
204
0-LE T T

0 25 50 75 100 200
[CFO-BSA-IR780] (ppm)

27+ HeLa AL FIRE 2 CFO@BSA-IR780 g [E G 2 Al 7/E3
FERERDSE ARV MR Al IS RIE SR AT RIS N A e B AR E » Al
AR THIN A R 2 EEw o (e TR LUE EIE AR (CFO ~ CFO/IR780) B > 4
TEREA 90%LLE - RMAEZRTIIA Ho02 RIS % - dilESRARERD - BRI
ARIETRE > A SR ERAE] 10% - 8]15 CFO@BSA-IR780 SoRE SRS = lER G
BRCRZDhRE > W H > AT DAETESRTHRGI 2 Y8 /T ~ e bER g TIRERITEA] -

1+~ CFO@BSA-IR780 Z=K#1 1K1 ¥f HeLa Cells 2~ 4fE#ESZE

O COOH &
cl ¢ Penetrates into the cells ROS O
O O COOH A
cl cl
o (o} o
CH, o

H
RGOS 4808
o%‘ s )\CH, HO o OH HO o OH

DCFH-DA DCFH DCF

28 : DCFH-DA #i ROS F b AR DCF 2 il e
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FrEEF] DPBF fgflli@ & ROS B4R - AEERSS (M DCFH-DA eI 4L Al -
DCFH-DA i A 4HHE & 47 4B Y B A BE ( Esterase ) % 2R b B ARy DCFH (2,7-
Dichlorodihydrofluorescein ) - [iiHF DCFH [Rd)A£ H o2 A AR s B9 E 4N > & DCFH Ed
KNEE ICG WBETESATELE > ROS MIEIFe &L DCF (2,7-Dichlorofluorescein) > #5 LA
450-490 nm 7 R HPEFOHEE - AR 510-550 nm Y RHTAREEDE ©

K&l CFO@BSA-IR780 1 HeLa Cells £ 24 /NFF > Wi (5 A B (s e ATIHAZ A

DAPL#E{ T » 25 DISHHE RG240 (Confocal ) HEFTEDEHIEL(S -

Oppm 25ppm 50ppm 100ppm

DAPI

DCF

CFO-BSA-IR780

29 : CFO@BSA-IR780 Z K1 &+ FHY Hela Cells £ 24 /N\iF{% -
48 Py i AR R N BRGNP I AR s

FHE 29 FR > FE/2 5780 CFO@BSA-IR780 R &Rk (0 ppm) &L I Ol
=808 nm){% * H}*72H CFO@BSA-IR780 Zok A7k » [NILAEH B S IR s 1& e A 7L ROS »
NIt 2 A A sk g ey DCF e

M0 CFO@BSA-IR780 ZoRk 47 (25 ~ 50 ~ 100 ppm ) KEEEHFHRH L - A LIB HA Sk
ey DCF A INEFAPT o] UH]Er ) CFO@BSA-IR780 ZRoR AL FR B A IS 1245 ROS
MR -

HAJLIEH - #EHEI0 CFO@BSA-IR780 ZOoRIE S PIHRE R - EEEE B B IR Y
ROS &7 - Ntbsk s ehy DCF &g - 55— J51A - LB 8Ot DAPL RIALEE e r
CFO@BSA-IR780 ZRAFRI ] UG » &LEuE e EAdiif 2 BE 0RO 28 P8R - (IR LIH]
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Bt CFO@BSA-IR780 R BREUE AMHAERZ & - B FEE CFO@BSA-IR780 JREH MY
fin - SHAE YA EEE Y CFO@BSA-IR780 E5EBAr & - HEk a5 DCF &yt
I -

Btk > HE 29 7] DUE AR S Z 20041 - B4 ] DUESY CFO@BSA-IR780 7OKtE &
IR DR FELTR PN EE 42 ROS > 1] DU AR SRR 4 -

+ + Fe:CFO@BSA-IR780 WIRIEE 54 (MRI)

72 F[F Fe 2R FATHIE Fe : CFO@BSA-IR780 -7 T1 B T2 ME4RA% R

mM 0 0.1 0.2 0.3 0.4 0.5
Ti(ms) 2700.70 2612.38 2582.47 2560.98 2495.08 2450.58
T2(ms) 665.18 461.11 302.92 18359 160.98 158.03

o« T, & T,

r,=10.971 mM-1s?

r(s)

r;=0.073 mM1s1

T — 1 T T T T 1 r T 7T
0 0.1 02 03 04 05 06 07
Fe concentration (mM)

30 © A[E] Fe JRE NATEEIZ T1 B T2 FEARIFfEIEIR(EEL Fe RUERH A E

0.2

31 © 4[] Fe JRIE FATSEIZ T1 81 T2 RG22 IE

A B {sh S8 AE B MRI HYEESC R - SR IRWEM: - B FeiEEhis 2 A e s g - ml kR
B G R TSR IR ] > (e BNt R 0 > 4R T1 BRI EE - 12 T1 Wi
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s g EAIEFSTE - EEG R TETR N - SHE G iSRRG - EREE

iz B > i Fe 78 MR HJE A s o] By 1F [ B2 A -
HERE LA ICP & CFO@BSA-IR780 1 Fe & & » f#ECEZ/H 00102

0.3~ 0.4~ 0.5 mM Fe Zf5hmaig - fEH MRIHIE RS T1 LRI T2 BARIFfEE » #5&
i T1 B2 T2 BBERIRF I E 2 BIBUEYS Fe JRIEIFIE > AI{S5] T1 Bd T2 Z G HRE (rl B
12) o Y 24 - 42 T1 &5y - A LAEEREE Fe RN - T1 BRI RIEZRBE) > &Est
Hi% o WS r1{ER 0.073 mM s+ JfiAE T2 857 - AIEEER T2 BRNFRME —IREE Fe JREHY
Iz Y - &HEER - 58 2 B8 10971 mM s o [ 31 A[ELFEE Fe YR -
T1 AYREIREAR B 2 fE AR E N T2 Wi BB Ry - 364K Fe 25k Fe
CFO@BSA-IR780 {E& V)R SR HA RGO T A BArHERE/E ) -
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{h ~ SR
—_— ‘%g%‘ﬁ

(—) ARSI — S VER fERLH BSA 7 2 CFO@BSA-IR780 KR &A1Y -

(=) 7f Peroxidase-like HYE St » FEZIFEIEAFREREEAYIE N » ox-TMB £ 652 nm =/

Wiz BT - 6 E Ha02 Al # CFO@BSA-IR780 ZoKIE SR IHA E (Fenton
reaction) fELEA SFHEIERY *OH » REULEE JBROEZRBUR - HAE UK ERFHY
pH {H » £351 CFO@BSA-IR780 £ /EfE R MEERT [N plsr B MR TR 8 -

(=) & DPBF EEafalH, » FEZE IS B SR 0 - 417 nm 2 WS REA m] 70 st AL -
#58H CFO@BSA-IR780 Z Kk AR RI4E 808 nm FEHTHAGT R A ELE 02 IVEE ST » F£HY
B AR R -

() A BRI ETE Y BEHARR (42.1%) » & CFO@BSA-IR780 5K &
FHRERRE Ky 400 ppm B A% 808 nm "NEESHHGES 5 sy ##R[I ] 2 50.2°C » & EFf 25°C »
KA 4 K GHRA S HHIEER TP R i D AR E M

(71) 1 DTNB B TNB HYIRUE AT » CFO@BSA-IR780 ZoK & G RAHE AT -
A S PR ST L AT R EOHFE GSH IVRE YT » HESHZORME(E 00 BEEER Y
REST AT AR -

(75) HeLa ZifastEEER T - 4HHEAE 200 ppm CFO@BSA-IR780 SRR & G AT Z R
B 24 /NRFR > AlIEETERE 97%HIEE R AT LG, - CFO@BSA-IR780 Ry{&azEH

B BAFAEYIHEENE ZM8 « ZRMAEAIA H202 K I T SHE R B B A0V aRa%
R ARG -

() E#E¥ Hela Cells ZOEEh DgllaE e#i#2 R o » DCFH-DA B2 ROS HYRJE - 5H

ISy =
CFO@BSA-IR780 Al 4R A A ROS © 3lf HASHIRA RIS ) 2 AT EET - 5B HA
REED LRI ZTRE -

5

(/U B MRIg AT LG - CFO@BSA-IR780 SR G R AT E BB - RllSTlEIRE

e MR - RS YR ENIRIS R T A RS TR
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FEFHELARREE

At FehEsE H— RO ARV ORE G AR - R ~ —DUEEE ~ R - R
S EVAEE MRV G  RIDLBTIREIERIEE © 590 > MRREHRA S EVERER - RAHTHL
i EEE LS (GOx) SRR THEXMYEE S - IeT PRI DRE L (E H g g e A
(Starvation therapy ) Z55C5R - S RESRF Bt 22 REF /SR E B > MISTREMEEYRS
EHEEREIZHIEM -

B ~ 25 RER
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#¥*3Z 1 030002

*F7 3 E_ & % CFO@BSA-IR780 7 i 4 & +Hid -1 i w¥e & |4
PIRE ST e B R R TR AR PR i B ik ok 4 Jn g
KO RPN P REATH O RS EER > D EF A

P s o

1. # CFO@BSA-IR780 h& & ¢ » @& * hsg dk % BSA )48

3022 BSA HARE Y Bk d BP0 G RGRM o

2. hRHEPFL B TEHET A L2 dY
BlE* 5o

3. MAT EF T AT EF il e i R - A
TR B RFEBSA LFE WA EFERY L FE £HF

FokF il EE A oo

4. kFom P FRY RAREOEARS AL LB RKS -
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