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(PTT) AP [ g7 ik U2, o, PDT 2 58 & ot R
(PS) eI 1% L T 7= A= 1 1 4L (ROS) A8 B89 401 Jifd
() — MBI 7 e, 7EE 25 40 AE P BT Iz MV T
VI 22 Ja) 5 F1 2 T 88 AE VR YT P. PDT W6 & 3 A~ FH
K2, — RS LI -1 T3l J1 2% )N 1 PS,
— &R PS R HERE & IS MO0 UR, LR R 1
PS R fig e 77 A4 ROS A MUZH 2L R,
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SETRAMNNEN IR . Zheng ! iRl T —Fp
BT NN BT 4 1A R o I ik A B A B v,
1 A2 TE AR B S5 4, BIFST R, PR IE R AR
WIEOL T, AR R ARSI E 6 3l 1 5RO,
M AEZ U OL T, el B A8k 3h e 2R &1 19 3R
JPAVEF . PTT R H R IE 3 4 U0 o1k | I LA
R SR YT ROR A% 22 56 1, W AN 32 2 AR
BRI . JEHGRIZE NIR X B A SR OG R, e h
RUCHE G REFE £k A A BE, DATT 5 50 gg X ekt 44 (1
F 42 C) IFRFEMIR AN . FRAR B G IR AT Y
JEHE AR RS E M B AN 23 1E % 4 4L A 5
RIVER DL, &R EA R PTT ZCR 1L
BIBETIZ IR, B AE TEALG KA RS TR W 4
Kr U R R 2 BOL G AE M IR T R
HAR TR B N AT S, (HE IR k25 | J6akgE bk
RN JE L B ATG PRI [ 7 45 — S Jot BELAS: T LA 98 i
BT — R . RE B REGR MR T HRA
e S5 19 25 W AH 25 M RN A W R v, B S AR s
=F N (AR S k1 RS, B4 PDANPs & # 4 PTT
F, J2 o AR SR S SORT = e AR AR 202,
J34b, T PDANPs B fig it 5% # i i B PEGE, &
0] LRSI IR,
ARSCHE VA B o B SE Rk B, 45 T IR R = 4
5HGETY, B OGEGA A PRCs $246 ) HABE H, [t
T3 22 LRGN KR, B — ol AL A 1) B
HEEEBN ) S FRIT IR R . T RUR T
PR, PFCs A P05 1Y AR B, BRI, 5 a2k
EA YRR M HL, PRCs LA ¢ i 1 S8 . LI,
JUE iR 2l 2 Y A I, R PRCs ] L Ak 2 6%
(8 T3l iR 7 I AE, A 4R 45 15 3 i) PDT
Yo ACR P, T PRC 5 42 I 4% - 4% 2 -o( Pba)
B REK AL AW, AR T RIG, gl A T &
JEFR (HA) o HA J&—Fpali 45 B far O 26 R AR £
BEEO, B T H R AP0 AR AR A | AT R R L R A
PESFOLA, B2 204k, 1 B HA v DL 59
o0 it % T 3k R 3K A S M 2 AR T AR SR A L L
UE A R R 02K (RAHMM) 1 CD44 32 {KE721
AR SCHG AL 2 B 5 R G BGR) Ac-HA-PFC-Pba il i 4>
Ja& Wc 57 1 J11 4,78 76 PDANPs 3% [, Ac-HA-PFC-Pba-
PDANPs 5 HA 2Z (&4 57 PE 45 & IF il i HA 52 &4
SN A AEH N AL, it Ac-HA-PFC-Pba-PDANPs
FL ) 375 B U PR w075 B U IR 6 ( HAase) B fff, DT HS:
Pba 5 PFC Fll PDANPs 43 & . PFC %, #2/5 T Z &

i DX 3 1) SR i, AR TR 2 1910, AR, A
MEE T PDTIRIT AR . 73 4h, PDANPsAETE IO it
SR ARG, T — 25 R AEIE AN M . PR, Sl i
PDT F1 PTT Wplmlff H RE A B Mg DAk s ok . 25 L Jor
W, AR SCA X B B [ AR R T T = A
Je RE ] 6K BBl T UEAYT -

1 SCIGERSY

1.1 EFERF

Fit 1) 55 5 375 1 o P ) (ARG 437 T 2 6 155), T
T A BE AR B 8 A ) B 2 BN A5 A D EE I R R -
a(Pba) , W F T IR KAEYFEARABRAF]; 2 ERER
i ik . ZERIF (AA) | AERE | 13- 3R & 3B — 1
(DCC) . 4- WL LML IE (DMAP) | H it e F1 8 7K
T (DMSO) | JoK =54k PFCs, #F
VA F B FE 2y (W) BA A BN w5 B AT I
R A R A BR A D 5 20 i 5 3R 5 (DMEM) |
A1 iE &E A (FBS) . $iAER (F&H R MEEHER) Mk
fiz 6 2% b (PBS) , W T 1 ifg JlE A= M B A RS 7 o
HAbE RN R o3 M et
12 EEMAERTERINGE

% g J R U3 ("H-NMR) 5 8% 1 LR 9103 (1°F -
NMR) : 7% [ Brucker AVANCE 111 500 7 4% i 2 4R A%
(400 MHz), 7E 2 i N4, DLPO B 38 RESE (TMS) N
Fr, 5 A8 (DMSO) /517K (DMSO-dg)/D,0) 14 ¥
RSl

Lh- A IR IOEE (UV-Vis): HA SHIMADZU
3] UV-2550 BUEEAM-0T WL BETE, FF S Lt
o LRI, 459491 Bl 300~900 nm.

96 K 6% . 3€ [E Varian 23 A Cary Eclipse
Fluorescence Spectronphotometer 43 6t FEAN, ¥ & I
K 670 nm, & AL SRR 5L 2 R 20 nm.

WK 73 B Beckman Coulter Delsa Nano C 44
K AL

AL FIE S0 M7 . K JEOL JEM 1400 %Y 3% 5
HLF 38 (TEM), TAEHL R 100 kV.

WOEILR AR JEHE AIR R G114
1.3 StdiE
1.3.1 Ac-HA-PFC-Pba 9] % AR IFHL A T4F
AL SCHR I VR, 1 50 it D) 55 52 B R4k (500 mg)
ffAr 20 mL A F R 10 min, IIARERE(132 ul)
M TR (120 pL) , AR ZE4 FF S N7 24 h, BT R T /5
RN AR Ac-HA. A5 6 Ac-HA ¥ f#7F 20 mL
i) DMSO H, 1 ZU$5 ¢ 30 min, Jill A DMAP(48.3 mg)
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5 PFCs(198 mg) , VKA T 2212 ii% it DCC(200 mg) ,
BN RN 48 h, BT TS5 2] AR Ac-HA-
PFC. F¥4 Ac-HA-PFC ¥ fi# 7E 20 mL i DMSO H7,
P +E 10 min, /il A Pba(10 mg) 5 DMAP(48.3 mg) , K
% T A8 DCC(200 mg) , 767 16 T SV 48 h, i
MriR T I A5 20 2% @4 i Ac-HA-PFC-Pba.

HO (0]
NH; NaOH, O, NH; Cyclization
_ - > HO
HO pH 8.5, 0

stirring 48 h in dark
o)
Polymerization
HO _—
N
H

132 R % emmiReys & S I [30] ik,
B0k 2 B E IR R (90 me) VE M AE 45 mL & 47K
o, BERE AR, B 475 pl 1 mol/L 1% NaOH %
W, PEFER N 24 ho W 55, 2477 %) (PDANPs)
T8 i B AL (14 000 1/min, 30 min) YA I FH i 4l
AKOKBE LR AT AR R FE WA 1,

HO

Oxidation
—_—

Tz

1SR Z B A RORE T 1 5
Fig. 1 Synthesis of PDANPs

1.3.3 Ac-HA-PFC-Pba-PDANPs #4]4% Ac-HA-PFC-
Pba-PDANPs [ il %5 3 2 i & Jm B /B, H4 R
HKEERRBERILIE 2. W& 2 AL B 55 B Fe¥'-
PDANPs, #X J5 Ac-HA-PFC-Pba iffi i 4 J& Bt 7 4 H
¥ PDANPs 0 FEH1[H] . 4 T4 A Fe*-PDANPs, 5
¥ PDANPs 7E 6 mL 7= 2l /K sp 5 $1%5 i, 153 21 i ik
JEOh 5 mg/mL B, 1M A 60 L — b8k
V(100 mg/mL) , HiEFE 24 h, iB 715 2 4l fk i) Fe™'-
PDVNPs. #iJm#f 5 mL [ Ac-HA-PFC-Pba(5 mg/mL)
VW5 5 mL 44k )5 B Fe'-PDANPs( 5 mg/mL) ¥ &
IR $E 24 h, 1535 Ac-HA-PFC-Pba-PDANPs,

HN\HN\

(0]
HO OH : O

PDANPs

S
Fe
Z

Fe ions

EFF FEFEF Cso
B XX XO A/

FE FFFFEF o)

Ac-HA-PFC-Pba

€12 Ac-HA-PFC-Pba-PDANPs 4 )i % &1 Fln i
Fig. 2 Schematic of metal complexation of Ac-HA-PFC-Pba-PDANPs

134 £25W% ¥ Ac-HA-PFC-Pba-PDANPs L)
PDANPs 73 5 LK 75 V&, ) 48 KA BE 43 B Sk il
PIAHE S RRLAR

1.3.5 wAkTHek il Ac-HA-PFC-Pba-PDANPs
KW, BRI, 2L 7 d BURE AR TR AR
PSGHATREI, J SERAR RN

1.3.6 *#%h&4E # PDA . PDANPs #l Ac-HA-PFC-Pba-
PDANPs 43 5l Bt 8 /K 375 98, #5850 3 66 2 T4
T3 AN A 5 A 58 40 -] LG WIS 3%, i 0 58 Sk
200~900 nm.,

137 A#ER il 2 A MR R 2 9K+
e B 19X HEAE PDANPs, 4li K fil i X FF Ac-HA-PFC-
Pba-PDANPs, #& Ji5 Jif & 1E 808 nm AYIOG R, FIHG
G IS 28 52 RS 10 min, 985 EEFE 1 min i8R R
JE, A5 BN [FRE 5 A TR S5 R fR] A il £k

138 @@t &3 ¥k AS49 41 iT4h Ac-HA-
PFC-Pba-PDANPs (1) 4fl g O i 2 M . 5 56 LA & AL
5x10° N0 28 BE R FRAE 96 FLBR P, 5535 24 h )5, 7
FL AR B 43 9 m A A TR ¥ BE Y Ac-HA-PFC-Pba-
PDANPs. PDANPs #1 H {1 Pba, 7E 5 5% & DMEM
37 C KR FRA R R SR 24 h, SR R R BCh
10% [ (4,5-— F1 Fenggmpe 238 ) -2,5- — 5L pumk 8 1L
Y1 (MTT) % # (5 mg/mL) 4 57 if DMEM 4t ¥ 4 h,
e, KBRS MTT G FR3E, W& fLhinA 150 uL
DMSO, 5 525iFF 10 min J2HGH & o FH 6B
fifi 1/ ( Thermo Multiskan MK3 Y635 4%) #] 492 nm
AEROCRE . RIS DTSN : AL TG H=(Aop o)/
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(Ao controt) ¥100%, HHY Aop, o I FE WY R OL L,
Aop controt N ICAEFRF WIS

fiff R 2 LY 5 3 9F 4l Ac-HA-PFC-Pba-
PDANPs. PDANPs Ll & [ Hi Pba (RS G#EME. 5
HERE S I AFLAR, P FL AR 58 88 1 T WOk & 6
BT I (400 mW/em?, 660 nm) T 10 min, F-8 T 1%
J6(2 W/em?, 660 nm) F 10 min. 2K J&5 K B8 565 1 40 g
LRI, 1E 37 °C P IGFRAE T AR EEEH 24 h, JF H
i ] MTT 33005 PEAG 4RI A 7R .
139 #obEEREERE G B M
( CLSM, Nikon AIR) ¥ il Ac-HA-PFC-Pba-PDANPs,
PDANPsPL & F i Pba 9 41§ 5 BUAT R o % 40 i
A549 DLBAL 5x10* > 25 BERERNAE 6 LR iy TC TR 57
i A b, 7F 1 mLAY DMEM FF155% 24 he SRIG AL
FE R IIRE S, IR AN R 24 ho BRAEEFREE,
AL PBS WEVR 3 K. FHTR AT BN 4% B 2 IR
FiEE [ 5 40 B 30 min, F PBS V% 3 K. &Ja, H 4, 6-
TPk 2- T B ng| I ( DAPD) Y {6 44 D 3 min, PBS %
3. K nk A E TR LT g .

2 HR5e

2.1 Ac-HA-PFC-Pba BUZR{E

HA 2 —Fpai 47 il gy . S i KIR 20, J2&
RN B-1,3 T B-1,4 BT S 452 £ I - D- A W e —
PP M R e A AR T H R4
PIAHZSE . AT R . ATAB I PR SR DL, BT T
2y aR R, (0 A BB 35 2K R T A S AR R
JE SRV, 5T e DA 5 Hogi K vk, i HAE A
HLAH DMSOH AT 5 PFCs, H i Pba 17 g Ak 521 o
3 W] TR WA S AR 2= 0% 1.9 b A% 1 0 i
JEXT LY, 28 W & Tk Ak i R R R R T A A 2 W A
02 M WEE:, j# it Ac-HA 5 PFC B TS Ak 52 v i 4%
73 5] Ac-HA-PFC. W THEAL T L, A F T
HA 7 DMSO ' i fi#t , i if Ac-HA-PFC 5 H
Pba (it — L BRIV H, 15 B 2% (1.1 Ac-HA-PFC-Pba
77 ¥) ., PDANPs, Ac-HA-PFC-Pbafil Ac-HA-PFC-
Pba-PDANPs [ 21 41 3% [#] UL & 3. 1 & 30] A1, 7
2930 cm™ K 2860 cm ' AbH L T3 B R H—COOH
(¥R L 45 PR e, ELYE 1081 cm ' 1 050 em ™ 4b
W T R RE—C—O Ay 4R IR shis

'H-NMR (400 MHz, DMSO, d): 2.0l (s, 3H,
—CHs,), 3.42 (s, 1H, —OH), 1.71 (t, 4H, —CH,—CH,—),
9.75 (s, 1H, —CH=), 9.48 (s, 1H, —CH=), 8.89 (s, 1H,
—CH=)., "F-NMR (400 MHz, DMSO, ¢): —80.21 (s,

3F, CFy—), —118.48 (s, 2F, —CF,—), —121.73 (s, 4F,
—CF,—CF,—), —122.46 (s, 4F, —CF,—CF,—), —122.79
(s, 2F, —CF,—), —125.72 (s, 2F, —CF,—),

a

N e}

C—N
W

O—N
C—0
c—c¥ C—N
L 1 1 1 1 1 1 J
4000 3500 3000 2500 2000 1500 1000 50
Wave number / cm™!

a—PDANPs; b—Ac-HA-PFC-Pba; c—Ac-HA-PFC-Pba-PDANPs
P13 PDANPs. Ac-HA-PFC-Pba, Ac-HA-PFC-Pba-PDANPs ff)
LLHME A
Fig.3 FTIR spectra of PDANPs, Ac-HA-PFC-Pba. Ac-HA-PFC-
Pba-PDANPs

2.2 Ac-HA-PFC-Pba-PDANPs HJZR1E

i 18 3 7] 1, Ac-HA-PFC-Pba 14 41 b i [#] 7
1506, 1622 cm™ &b43 5 3 3L T W5 k-5, 6-Iii |- C—N
55 1) 45 M I 3 e S s WD B 8 b C—C i 4 Bk
B, 7F 2 930 cm™ 4k AT 3 300~3700 ecm™ &b 4351 H
T C—H By 45 % sh il Ke N—H A1l O—H 1Y 38 161 455 I=
B, 1040 cm™ Ab SR Z ML b CH /Y I N 25 i R
B, £55 B 2 LGN 73 4548, 2 400~2 800 cm™!
Z AR R 22 M e Y N—H [ 4 B shide 80 I8 28 1,
W] NH, 75 5 2 [ Bl g K Uk ) i 45 b # vh &2 T A48
1. Hi & 3 A A1, Ac-HA-PFC-Pba-PDANPs A Y H
47 Ac-HA-PFC-Pba 7£ 2 930, 2 860 cm™ &b ¥ fig %
H O—H fH 45 ik 2 I 5 7E 1 080, 1 050 em™ &b i 5
1) C—O it 4i ¥z 2l I , i H A7 PDANPs 7£ 1 510,
1620 cm™ AbF) C—N, C—C %R shig . k%
UEMI T Ac-HA-PFC-Pbahli i 17 |- T PDANPs.
23 RERS5EH

PDANPs 1% it HiL 58 45 51 S« PDANPs Fl Ac-HA-
PFC-Pba-PDANPs (14042 73 4 4N 5 4 i . fH &l 4
Al L, PDANPs R JE 503 5) B — I B4R UK R, T3
AR N 100 nm A2 A7, 2 H AL AT | Ac-HA-PFC-Pba
J&, FRIAR A 160 nm 2247, A AT AR AR
24 HRRFREM

¥ Ac-HA-PFC-Pba-PDANPs Jilf ‘& 1 25 i FF 55
TR E IR, 5 R LI 5. B ST LA 1, Bl
I 8] (4 48 4k, Ac-HA-PFC-Pba-PDANPs i 12 14 1
160 nm A7, ZBARAR /N, X Ul IR HIh IR 22 L e il 45
) Ac-HA-PFC-Pba-PDANPs Z Hi 1 K47, A~ 5 4L,
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—PDANPs
— Ac-HA-PFC-Pba-PDANPs

1 10 100 1000
Diameter / nm

(b)
P4 PDANPs 115 5§ {14 % i (a) Fil PDANPs 1 Ac-HA-PFC-
Pba-PDANPs 757K 1 H A ALAE 234 [ (b)
Fig.4 TEM image of PDANPs (a) and size distribution of PDANPs
and Ac-HA-PFC-Pba-PDANPs in aqueous solution (b)

—_
e
(=]

Diameter / nm
N
S

2 3 4 5 6
Time/d

K5  Ac-HA-PFC-Pba-PDANPs 4747 Fa i P
Fig. 5 Particle size stability of Ac-HA-PFC-Pba-PDANPs

KB BEW A — ERENRE. A TRZOM
F 1 45 25 74 , Ac-HA-PFC-Pba-PDANPs# [fij 3 7K
U, BB ik 50 1 AR N B2 2R 48 (RES) # 2RI A7 10,
M RE S S BRI N K AE IR . BLAk, 98K 7 A 9 )
FHEE 5 FLER I R /K MEAR SCIE, 38 7K PR G (9 40 K kL
BAT P s ik ae, A3 s AR R B . X
BeEfTifdi Ac-HA-PFC-Pba-PDANPs A5 X THREAEIAYT
2.5 EINFKRAE

R 2 UL AR S5 1F T 2 Rk 4 B AR B 1R
FH, 5802 U e 1 2 Wb ot & A= Ak, 5546 -0T Dl
(UV-Vis) WOk (E 6) Bor, B’ 2 B 40 K ok
FE 280 nm Ab 114 W AT 58 B A S 85 sk 55 , 1T L 28 b mT
D WA i ) WA WSS R o 380 S0 £ A0 X 3 ek 4 T
Ko A A AL I Ac-HA-PFC-Pba J&, 4841 A] W% i
s H B Pba W 4 43 B 7E 420 nm A 660 nm

._.
S
[

—_

Ab o BT ZR 6 LSBT B ERA ST EOEI
WP A LA 2R
30

2.5

—DOPA
— PDANPs

g20 — Ac-HA-PFC-Pba-PDANPs
=]
215
2
<10
0.5
0 -
1 1 1 1 1 1 I
200 300 400 500 600 700 800 900
Wavelength / nm

6 DOPA, PDANPs il Ac-HA-PFC-Pba-PDANPs 7£ 7K & ik
Hr Y A0 -TT LTS

Fig. 6 UV-Vis absorption spectra of DOPA, PDANPs and Ac-HA-
PFC-Pba-PDANPs in aqueous solution

2.6 BREERRMAKKFHIFHRRIE

DIk 808 nm MHOE KGR, H5 TR IF IR
{14305 5 B FR SR ) ) A (] 7), £t 10 min AY4FSE
S5, 1 mL it & % B8 2.5 mg/mL () PDANPs
BIPRIRETHE 432 C, FHE T 154 °C, FEdh Ac-
HA-PFC-Pba-PDANPs B 7RI E N 442 C, F+E T
15.7 °C, X B AK IR H A& T 1.5 C. ik
FIWT, £ M98 Kk i T 5 Ac-HA-PFC-Pba 1 35 11
R 2 O AR BT R REAS 22 A A7 U N FH T 4
BT, M H R L E L% b Ac-HA-PFC-Pba 4h2 Jf
AR HOEIEE 7, AT S2 MG f 5 e RDA YT
AR

'S
oo

r=—Water
*—PDANPs
ra—Ac-HA-PFC-Pba-PDANPs

I
i

Temperature / C
(98] S
N (=]

(5]
)
T

[\
o0
T

Time / min
7 PDANPs Fll Ac-HA-PFC-Pba-PDANPs A4 i J3 - [a] it 2

Fig. 7 Temperature-time profiles of PDANPs and Ac-HA-PFC-Pba-
PDANPs

2.7 4RSS

N [] 5t & % 9 PDANPs, Ac-HA-PFC-Pba-
PDANPs i ' A549 419 1% MR W 8 B, 24 5
22 L2 e 9 K JOAE 5 £ VR B2 /83K 100 pg/mL B, 24 37
PEASAERFTE 90% 7oAy, BT 4 2R 2 [0 e 4 K B0k AE
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P8 20 M HL SR AR T 100 pg/mL I, 4 i 24
ARAK o 7968 40 B G P4 RS 56 v, 5k 5 0 s vk B
100 pg/mL LAkt fe 2R 2 B e 4 KAk A% B 5 1 19 T
. I R4S T Ac-HA-PFC-Pba-PDANPs [ I 7
PEFDGEEME

mE 8 frzn, M T HA 5 PDANPs 1 K i 49
251, Ac-HA-PFC-Pba-PDANPs ' 715 5 55 Fit 4 Jfd 155
Bk, YK 660 nm AYEOEIRSS 10 min J5, FiE
F FH Pba VB A3EIN, SETE MGG 5 o AR SORIN $
7 PDANPs. Ac-HA-PFC-Pba F Ac-HA-PFC-Pba-
PDANPs A& LT, 40HE B AAT5 R ARAT BT T R, T L
Ac-HA-PFC-Pba-PDANPs 5Ac-HA-PFC-Pba , PDANPs
AL, A3 R T A IR, X 3 T Ac-HA-PFC-
Pba-PDANPs H.A #5163 5 6 o S U IRIVE I, Lo
6B 1 SR T B A AR T RCR

1201 W PDANPs

B Ac-HA-PFC-Pba-PDANPs
100

80

60

Cell viability / %

40+

0 0.390.78 1.563.1256.2512.5 25 50 100
Pepanps/ (ng-mL™")
(a) Without 10 min laser irradiation

N Ac-HA-PFC-Pba-PDANPs
N PDANPs
N Ac-HA-PFC-Pba

100

Cell viability / %

0 0.0190.0390.0780.1560.3120.625 1.25 2.5 5
Prpa/ (0g ML)

0 0;)7 1;)5 3.;)1 7AI81 15?62 31f25 62I.5 155 2I50
PPDANPS/(Hg'mLil)
(b) With 10 min laser irradiation
P18 MTT i A& i A 7] ot 4 % & i) PDANPs, Ac-HA-PFC-
Pba fil Ac-HA-PFC-Pba-PDANPs 44 K i T XF 41 il A549
FBEE
Fig. 8 Toxicity of A549 cells measured by the MTT assay with various
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Polydopamine-Loaded Fluorinated Hyaluronic Acid (HA)
Photosensitizer Nanoparticles for Synergetic Photodynamic and
Photothermal Therapy of Hypoxic Tumors

TIAN Jun, ZHANG Weian
(School of Chemistry and Molecular Engineering, East China University of
Science and Technology, Shanghai 200237, China)

Abstract: With the increasing of morbidity and mortality, cancer has become one of the leading causes of death
worldwide. Photodynamic therapy (PDT) kills cancer cells by using reactive singlet oxygen ('O,) which is produced
from photosensitizer by light activation, and has been widely utilized for many localized and superficial cancer
treatments over the past four decades. The three major components of PDT are light, photosensitizer, and tissue oxygen.
In PDT treatment, oxygen depletion and inherent hypoxia microenvironment in solid tumors may lead to further
hypoxia, which in turn can hinder PDT efficacy. However, photothermal therapy (PTT) is not affected by the hypoxic
environment, and has gained widespread attention owing to its noninvasive and low toxicity. Polydopamine
nanoparticles (PDANPs) were utilized as a PTT agent for tumor treatment because of its good biocompatibility and
high photothermal conversion efficiency. Here, we created a PDT-PTT system by grafting perfluorocarbon and
photosensitizer into the hyaluronic acid (HA) chains and loading the PDANPs (Ac-HA-PFC-Pba-PDANPs). This PDT-
PTT system consisted of a PDANPs core and a fluorinated HA photosensitizer shell. The synthesized Ac-HA-PFC-Pba-
PDANPs had a relatively narrow particle size distribution (around 160 nm), and can be easily endocytosed by cancer
cells. Furthermore, an efficient photothermal conversion function for PTT was also shown in the Ac-HA-PFC-Pba-
PDANPs system. It raised up to 45 °C to kill cancer cells in a short time. With the excellent photothermal conversion
ability of PDANPs, the high oxygen affinity of perfluorocarbon segments and the tumor targeting of HA, this system
provides superior therapeutic efficacy against cancer cells. The anti-tumor effect was significantly improved, which was
confirmed by cytotoxicity test and cell uptake studies. This novel nanoparticle provides a promising approach for
synergetic PDT-PTT of hypoxic tumors.

Key words: oxygen self-carrying; perfluocarbon; polydopamine; photodynamic therapy; photothermal therapy
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