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[Abstract] Objective To observe the value of Fe-tannic acid (Fe"TA) and chlorin ¢6 (Ce6) loaded nanoparticle for
photoacoustic (PA) imaging and killing retinoblastoma (RB) Y79 cells. Methods Fe"TA/PLGA/Ce6 nanoparticles were
prepared and the properties were tested, and the value for in vivo and in wvitro PA imaging, also for killing human RB Y79
cells were observed. Results Fe" TA/PLGA/Ce6 nanoparticles were successfully prepared, which had good basic
properties, excellent thermo-optical stability and real-time PA imaging ability. The higher the concentration of Fe" TA/
PLGA/Ce6 nanoparticles, the higher the temperature of sample irradiated by 808 nm laser. No obvious cytotoxicity to
human retinal pigment epithelial cells was detected in Fe"TA/PLGA/Ce6 nanoparticles with different concentrations. After
Fe"TA/PLGA/Ce6 nanoparticles were added to Y79 cells, the fluorescence intensity increased with time. The percentage
of reactive oxygen species production in Y79 cells of laser group (Y79 cells+laser irradiation) , Fe"TA/PLGA/Ce6 group
(Y79 cells + Fe"TA/PLGA/Ce6 nanoparticles)s Fe TA/PLGA/Ce6 + laser group (Y79 cells + Fe" TA/PLGA/Ce6
nanoparticles+ laser irradiation) and blank control group (Y79 cells) was 28.01%, 55.41%, 42.74% and 26.57%,
respectively. Fe"TA/PLGA/Ceb nanoparticles and laser irradiation could induce a large number of apoptosis of Y79 cells.
Conclusion The successfully prepared Fe TA/PLGA/Ce6 nanoparticles had good PA imaging ability, which could
effectively kill Y79 cells in vitro through combination of photothermal therapy and chemodynamic therapy.
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Y ICu WA EEE . T Y79 4 A G RORE S L D ' 0 R I IS ) K T 8 5 OB A (Y79 41+ OB SR IR (Fe"TA/
PLGA/Ce6 44 (Y79 401+ 944K H0) . Fe"TA/PLGA/Ce6+BGLH (Y79 4 M + 44 K i+ 0% 46 FRD B 28 1 0 B4 (Y79 40
L) T Y79 20 S P BT R AR R T 4 LAk 28, 0194 .55, 41% .42, 74% 2 26.57% , Fe"TA/PLGA/Ce6 4l K ki f i
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259 5, ] AE K W S Felt Fie 47 1 ol 0 1 4 8
L IR S5 K BT IRk Fe"TAY R HoA Mmook
7 (photoacoustic, PA) R, fig 7 4E F2 & 1 PA {5
SO B MR A 2RI B Y [ poly (lactic-co-
glycolic acid) » PLGA AWM &N F , vl w5
AR A iR Wy e6 (chlorin e6, Ce6), ] F 966
PRICEEE Y79 40 A 45 B KRS . A 5 2 3k i) 4
3 Fe"TA/Ce6 BT PLGA 44 KHL, W F PA
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L1.1 ARk etk R (At A RO A W B R A A7
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o). A MO B R 2 (retinal pigment
epithelium, RPE)4i i (35 F ATCC) ; PLGA (4 1 &
12 000, LR/ B2 5 LR A L 50+ 50, INARBF RIS R A=
PRHEARAFD , Ceb (ECAEMEARARA T, IR
KA FAE (FeCly » 6H, O, F8 8t R BH B A IR A
A, BT R (tannic acid, TA, 3 E Sigma-Aldrich 2
A ZEEE S CR R R AL T RD R O s
[ poly (vinyl alcohol), PVA, 3£ [ Sigma-Aldrich 2
Al ], 858 4 % (calcein, C-AM) /#fk N BE (propidium
iodide, PD[ H AR AR Bl HIRA R ], 7
E G4 17 (UL 4% Biological Industries) ,

1.1.2 % Sonics& Materials 7Y , £ 4} 43 Y656
JE31 UV2600( H A Shimadzu) » i J1 4 $ 4% (13 J
JRIBVG AL & B H A R A "D, 9 oKk R B AL (€
Brookhaven) ; % & B8 5% Tecnai G2 F20, 9 i # 52
Apreo S HiVac(ZE[HFEE €) .808 nm HOLIL (FC808-
2W-MM, P2z rp 1 i B A BR A 7)) s 2T Ah AR

[(XEHS]
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720ES (inductively coupled plasma optical emission
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.2 BEg% Y79 4008 FF Y79 40 M4 AP T i RMPI
1640 FEANIEFR I 2006 MG X 1N HRHR-HER
A RS B T 37°C 5% COL IR i 3%
1.3 fhl4& Fe"TA /PLGA/Ce6 AKHL R FL AL,
¥ 50 mg PLGA % T 2 ml =4 W 4 (CH,CL) . fin A
0.5 ml Ceb W (& T HEE,5 mg/mD 5 & T8 775 Uk
A 5 min, ffHSE A E R A 200 pl ALK, LA Ik
X% 3 min #EATHE 1 KFLAL, FEINA 8 ml 4% PVA ¥
W 3 min HEATER 2 WAL INAT0 ml 206 5 N B
W ARG S FEe8 38 6 h; B0 5 min(10 000 r/min) ,
JELLRB AR 3 .15 5] PLGA/Ce6 44K A,

U1 ml PLGA/Ce6 412K K7 (0. 5 mg/ml) , KN
A5 pl TA %W (40 mg/mD) & 5 pl FeCl, % W
(10 mg/mD . & TIRIEL 15 s RO REWE . ZEE
O BE% 3 L83 Fe"TA/PLGA/Ceb 44 KK, i 17
T 4CHH.

1.4 i Fe"TA /PLGA/Ceb 40K R LA E: M UG
S H A % A L B LS Fe"TA /PLGA/Ce6 44 K i, I
DIORE 2 ASCRE 0 s A% S H A RIS s 2R T 58 A 43 O FE i K
ICP-OES 435I & Ce6 1 Fel'TA 4,313 K % 245
1.5 Kl Fe"TA/PLGA/Ce6 44 K kit 4h 23 A
HCe OH) KA. F 20 pg T H 3% (methylene
blue, MB).1X10 ° mol/L H,0O, &% 0.5 mg Fe"TA/
PLGA/Ce6 ¥ T 1 ml pH 5.5 (1 B ® #h 2% b W
(phosphate buffer saline, PBS); X M 4. ¥ 20 pg
MB.,1X10 * mol/L H,O, ¥ F 1 ml pH 5.5 i PBS,
PERE S B TR R IR B OG, R % 0 15 min (37°C,
100 r/min) o DA ASCRS: I JHG [ i 72 B
1.6 Kl Fe"TA/PLGA/Ce6 44K i 4 &b #h sk pif
53 ¥ PBS KA ] ¥k FE (2,00, 1. 65, 1. 30,0. 95,
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0.60 & 0.25 mg/ml) Fe" TA/PLGA/Ce6 44 K ki %
200 pl B F 96 FLAR . LL 808 nm #OE (2 W/em®) 4
10 min, [A] BF R FH #4208 R A A3 A 0 A o UL BE 5 B
1. 65 mg/ml Fe"TA/PLGA/Ce6 4K K0 200 pl & F
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WOLRH B =R EE AT 5 W, Kl Kk g
EME S IOV R

1.7 Kl Fe"TA/PLGA/Ceb 44K Ki PA {55 #
AT (0. 2,0.4,0.6,0.8 & 1.0 mg/ml) Fe"TA/
PLGA/Ceb GA R & T BE A AL, DL PA BUSALKS
MHPAES . ¥ 1X10°4 Y79 400 & & F 100 pl
PBS 2 4R A KRR AR, F7 Ios A= K & 80 mm’
Ja B 5 mg/ml Fe"TA/PLGA/Ce6 44K KL 200 pl, &
JR& T I ST 2 A R R SR 1N 5 4 0] T T S 4 KR I B
2.4.6.12 h J5 R4 PA K4,

1.8 Kl Fe"TA/PLGA/Ce6 94K KT Y79 4N
FEH G 4R (reactive oxygen species, ROS) 7K #%
S5X10°A/FLF Y79 4 &+ 12 fLA b, 43 b 0Ok
#H  Fe"TA/PLGA/Ce6 4. Fe" TA/PLGA/Ce6 + i
Fedl Keas HXF B4, X} Fe" TA/PLGA/Ce6 4 I
Fe"TA/PLGA/Ce6+ 4l m A 1 ml Fe TA/
PLGA/Ce6 #1K 47 (0.5 mg/mD IEE 12 h, ¥ #OG4
RS 0 BRSO B 5 B0 5 R BRIE W, A ROS %
JEHRE DCFH-DA 44k (DCFH-DA: 8532 55411 000) ,
WG E T 37°C.5% CO, B4 H 1% B 20 min; i LA
808 nm(2 W/cem®) % f B 6 41 & Fe'TA /PLGA/
Ceb 4 HKHL OG5 min, ¥ Fe"TA /PLGA/Ce6 2H K
25 A 0T R 20 A ik B 5 1900 25 B DCFH-DA Je Rl i A
200 pl PBS H A& 5 G164

1.9 ¥ Fe"TA/PLGA/Ceb 4K KLk ok 42 4> P
i 5 000 4~ /FLF RPE 4 jl'E T 96 fLAR i F 12 h,
PL PBS 5k 3 ¥ 43 B AAS [R) & B (0. 062 5.,0. 125,
0.25.0.5.1 X 2 mg/mD Fe"TA/PLGA/Ceb 4 K ki

s
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>
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Fel'TA /PLGA/Ce6+ ¥ 41N A 1 ml Fe!'TA /PLGA/
Ce6 42K K7 (0.5 mg/mD FHHEF 12 h, Z J5 LA 808 nm
(2 W/em®) HOLHR IROE 4 & Fe"TA /PLGA/Ce6 442k
B A- O 5 mins X 5S X BRZH AT ] b PR,
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PBS Jfi% ki,
L11.2 HoudbReE B0 EREREMA 200 pl

C-AM/PI 4L (o 2, L8 F 37°C.5% CO. W44
HEE 15 min; A PBS, B0 BB Rl, THRME D
[CEWPUE -3
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PP 4R M e, P<<0.05 WESFHGIT%E X,
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2. 2 ém}fé*ﬁ,ﬁ:&l\ : ()H 92—%2 80 [ - 2.00 mg/ml = 0.65 mg/ml fl'l'li
ZHAE 664 nm Ak B4R AIF I Wi 16 5 e fg?:::::::::ﬁg
e —4— (.95 mg/ml ~ 1.03
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WL N N s ]
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2.3 YUKRARINE AN T / - 00000000000
N 20 — =i o
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_ . ) 2 40 | R=0.9881 E
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- J100
30) DRI K 24.70% (B ol
SD) 20 \f‘{}]t'u- 1 1 1 1
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2.4 KK PA R KA B Tl(s) (3C) i ] (s) (30
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{5 5 Bt e 58 m m n a , —

3 Fel'TA/PLGA/Ceb 44Kk &M #4525

A LB R TR M BE 94 0K K2 808 nm O HRE HUS (19 T

TR R A B USRI (B) 5 C. 1. 65 mg/ml ZK KL 808 nm HOGHRE HUS M L AR 2 HEE; D. 4k

HERELMEMEL (R =0.979 5),
¥ Fe"TA/PLGA/Ce6 44K RiiF:
AT /INBRUE . PA A5 5 B I ) SE T3 58 (181 4D,
2.5 YUKRLT Y79 AN 4E ROSJKF OGB4 .
Fe"TA/PLGA/Ce6 # . Fe"TA/PLGA/Ce6 -+ it 4
Keas B U ROS 7 & @ 45 b 43 il o 28,010,
55.41% .42, 74 %} 26.57% , L&l 5,

2.6 HKRifRANEE4YE 0.0625.0.125.0.25.0.5,1
K 2 mg/ml Fe"TA/PLGA/Ce6 44Kk %% RPE 4f iy
Y770 B b A0 A B L v 40 R AE T SRR IR R (96. 90 =
0.60) %, (94.84 + 0.80) %, (93.51 £ 0.96)% .
(92.40+0.34) %, (91.14 + 0.50)% K (87.79 +
0.49 %,

2.7 XT9 40 ML AR WE L T Y79 4 b A
Fe"TA/PLGA/Ce6 4 KA 5 , Bifi s} [B] 4E 4 (0. 5.1.2.3,
4.5 h) B¢ G HR BE TA M HE 5i (13. 06 %0,59. 98 %6.79. 41 % .
88.57%.94.86%.99. 72%) ; W& 6,

AL BE K — In(6) 55 B i) () et 56 R A

2.8 Y79 AT
2.8.1 WA BOLH [(5.88£2.25 %, &l
6A]. Fe' TA/PLGA/Ce6 41 [(10.73 £1.92) %, &
6B]. Fe" TA/PLGA/Ce6 + i ¢t #4H [(41.58 £
5.20) %, 6CT KA FIXT AL [(3.40£1.29) %, [
6D]Y79 ML T3 2 R HA Gt 2 L (F=99. 69,
P<C0. 000 s 3OGA 525 FX R4 22 55 4 it 22 5 X
(t=1.658,P=0.173), iR W W L 2 5 ¥ A G it
228 Y (P ¥<0.05), WHE 7,
2.8.2 WoOLIRME WOLHLRME BB R BOLH K&
S BRAL Y79 41 JH T ¥ K A, Fe' TA/PLGA/
Ceb HIT-8 % , Fe"TA/PLGA/Ce6+ BOGH M T %
%, WK 8,
3 itig

ROS f.#5 « OH, B2k 54 (singlet oxygen, 'O,)

AT

6h

4 Fe"TA/PLGA/Ceb 9K KifAS RN PA RS ASML  ASIR] I [ 45 10 /N AR A 24 KR 7 A4
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1971 (chemodynamic therapy, CDT) 4 5 Pk & .
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1074 Q1-UL(0.37%) Q1-UR(1.36%)
10°4
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% B 7 A AR R FelTA/PLGA/Ceb 40K B Y79 1941
; 1073 MEPE A Ot B FelTA/PLGA/Ce6 45 C. FelTA/PLGA/
i Ce6+ Ot ; D. 25 xR
]U"E
m 'LL(% 86%) ‘Q1-LR(1.41%)

CDT BEAR T ZICIR , I8 A 52 Jm 48 & i e,
HZBRF M H, O, & & ; Y #IE 97 (photothermal
therapy, PTT)OMY ] 7 RB #] ¥ #b CDT ) A 2,
PTT $& 45 #OG M B 98 2K 1 570 28 Jm 38O B 5 Gl
ZL AN ) AT S AR P TR T R LR S R R
TR AL GRS K L PTT J2 8t
HE KGR N B EE. PA AR R 3 2% BE 24 A% 5
T LA 4 R B G L R S ST AR
HHTIIT I ) A 2 Fe"T A R 48 A2 W2 (1) 4 K Rz m]
AT RB.EALST 25 ) 3 BIAE R, B 5 7 A i 25 1
A5 R Fe' Ml TA T PLGA/Ce6 3 T JE L B0 %
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(1 Fe"TA 4Kk 2, 0 il 4 19 Fe"TA/PLGA/Ce6
Y KR B FEAS P M B 5 45 808 nm O R R A9 IR
JEE S5y Bt v B G S AR RE  AR S PAC(E S 5 AR Rk
BESTEAR DG, HAEMR PA BURBOR W%, 5 B[R] 2 1E A
%32 DCFH-DA £ K 22 98 Kb T Y79 400 N
FEAE R ROS, il i MB & iE B ok« OH, #2758
Fe"TA/PLGA/Ce6 44K %i il 52 CDT & 42 7= 4 ROS
M ARSE Y79 4000, Br[E] 808 nm #4006 Al ik — 4 2 i xit
Y79 4 MY R BOR B A KRR S RPE 40 i L
24 h J5 . RPE 4 Ml £7 1% S A7) ¢ 1 o 28 W L% 1E 8 iR 9
ZHZ RPE Jo W 5k 40 f 55 1 .

g5 b AR 58 BT 2% 9 Fe" TA/PLGA/Ce6 4
KL PA BARROREAE . TR IT G 4k 3h )
SPVE AT A B8R Y79 20 5 (B 32 40 KR X i g 2H 21T
A 8 1) P A R DA R
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