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Abstract

In this work, fluorescent polydopamine nanoparticles (FPNPs) are reported by using the ethyle-
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nediamine (EDA)-induced degradation of as-prepared polydopamine (PDA) approach and applied
for targeted bioimaging. The reductive treatment of PDA in the presence of EDA yields fluorescent
nanoparticles, inspiring us to seek various biological approaches to preparing FPNPs with excel-
lent optical and biocompatible properties. Moreover, due to the good photothermal conversion ef-
ficiency of PDA, the photothermal efficiency test of FPNPs was carried out to realize the combina-
tion of diagnosis and treatment under the response of tumor microenvironment. The results showed
that FPNPs has a good photothermal conversion efficiency under 808 nm near-infrared light, show-
ing their great potential in the field of photothermal therapy of tumor.
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1. 5|15

VIR, RbmE, 0 At A — A B[], SR AR SR, FEAERT 1000 F3 1 5E
HEE T I RS o HATIGIR B 2 R FARITIE . ASIGIT S BUHAIT X o TR IRNE T &6 T 1R IR TT R -
YETT IR A STALE T IR (5842 28 1 . SR BhE . B Rett, HOBE T 254k Z ik 1 JF H &
S L BEIER2]. SRS (Photothermal therapy, PTT) /2 I 4 sl f Je e Sk i) — b i J8g 1
BIVAITHIR, FHIEAREHRTE NGO T, I v Jigd 0 17 S MR SRR FH L e R 40 R0 7= A K B A
5, A AR 2E 2R T v Rk B IR G R B IR T B 48°C LA 1), BCfa R A A fr 452457 LA
SRl TS B RFEMRE AR B 1. BEEPUOREOR PR R, 9K 254 C o Seit il ATG 77
SEAIANE 1. AN AR T &M TR AR IERUR . DR BUAGRT I A AS ) ff
FAMSEEARIGKEAR T & HHFRH, BA RO BEER AR, RIDBHEHTT(PTA), A28
LT R YT o, AR E R AR A R AR YA R Al TR LD R TE LR A R AR
PEREIIARARL O F T IR Y BT, IS T — @ Mk e, ina gk ARL3] [4] [5]- BRA KA R 6] [7]
8] ALLLAMES WIS A AL 53 T[9] [10] [11]5%.

R 2 M (PDAVE N —F i WAIAURARL, B R R BRI 2R, 1048 35 7 256 O FA I
ETEUE . RIFHRI YA AR AR AR e AR, WTHREKEAY): RS HKER
BREH], (A 5T 2 AT DA S DASE 0 ) R A B RE T, IE BRI T KRR 4
M. HatOW) 2 T A0, tE e, 23k EVIRAE . A TRERPUR FI55[12] [13]
[14] [15] [16]. ZETik, FEAWIFHR, AT SRR 2 EREAEBME A T A4k B R A IS GORA R 72
7 PDA YUKRRL, FIFIH £ i P ff PDA GUKRRL, FZ45 BI9O6 R 2 ERGUKRT-(FPNPs) . 1244
KL BAT B R e RO, FEX AR MR 4H I A 5o BT 77 T IS AT T BRI

2. SEEEERSY
2.1 (&SR

A T WA (ZEISS Gemini SEM 300); SR £ =14 A BE(TCS SP8 STED 3X); 254k - n i,
WSO (UV-Vis); (AL 4 LA (FTIR) s BiEAR{X (Multiskan FC); %% 5541 4% (Cary Eclipse); 4L
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S G AR PL(Fotric 220).

IR % BiE, =¥ LA L H Bi(Tris), £ M(EDA), &5 & - $E5 R I(100X), fifiZF L%, DMEM
i, BEMEE(MTT), —HIEEEHU(DMSO), BEEREEG2 M (PBS 1X), 4 i 14 55 4 i 2 PEAS I &,
TooK SIS R BTl sk B Bk TaRIA R AR SEIR BT N 28 7K.

2.2. FPNPs KR T8 & B B S 7 1 B AiE

2.2.1. BZBR(PDAFRBRHERK

FARELFY) 40 mg #hE 2 I T 15 mL £BF/KH, BE/EIIA 20 mL Jo/K LB, ) A 3
TEVEERIRZIRS] . 5 30 mg =R RSB e (Tris)is T 10 mL BTk, HRGIES . EHFERRA
E—#E, BRI T, RO, IR T 500 rpm B EE 24 he OSGSRED, 3EA TG AIAIGE AR
N HFEBIUN 20 mL TEERA, Ok FEMERERE. pemrimANEREESTK, HBAS
UFIPEIE ARG T, 75 500 rpm R 4lifl =K o i Ja i Hr Rl = ) Alifb = i A TR T, 45 2158 2 R REARR

2.2.2. RARZBRIAKFN(FPNPs)HIE R

B EIR R A& A TR R = IR TP 4k SN 2 mL Z - fiZ(EDA), fEZEiR K 500 rpm Hii#E 24 h,
AW 5% B O T SR AR . S B HUR AR 20 mL TiE i, B 73 id . bett
HOIIAE BB 17K, PR E RSB AL 1, 7£ 500 rpm AL ="R. a2 gl
mn AT R T, 433 FPNPs.

2.2.3. FPNPs Sttt gl

%K 808 nm IO (1 Wiem?) HE B S [ 2 () FPNPs #7001 PDA Y& T, LAAiK X IE, B8 5 A
8 7 min, A6 30 s MK — RIS, H L AMRAG AL R AR (8] 25 467K . FPNPs ¥ A
PDA R ARG DL . [, 9T dE— B A T LRI FPNPs bR pife e v, FEoL R
% FPNPs #75(0.3 mg/mL) 5 min, %&:R% 30 s MR — ISR 5, Rrd i B v 1 2 500, FRT IR0,
HA RIRBEE, WOCTFORY R LI E AR G PR R e M e

2.2.4. YRR RIEM S
1 96 FLAR R E5 211 Hela Ziiff, RFFLINVEE 100 pL, W& FLAHTCE PBS 7S, 4HH7E 37°C,

5% CO, ¥R MIGFE 12 hJ5, SeaMbBE, 5 REHEREEIREE, LA 50 pL RHTEEs I 00
50 pL ZAWEE 100 pg/mL (¥ FPNPs, 53— /M55 50 pL FEEgr 5552 70F 50 pL &/ WKEA
100 pg/mL ] PDA, 7EREFRF N 4kE%5% 12 he X FPNPs #1 PDA 4145 T 808 nm (2.0 W/cm?) Fy o't HE 56F
10 min, BOCIRETSE ARG, MAR4kSE 9% 24 he BLE 5 mo/mL 19 MTT 30, W85 Bigws, B4+
TN 90 pL 35775, FIMA 10 uL MTT %0, THFRM A 4RELRG 9% 4 he ZUbRG9%, NI EALN LG
W, BFLH NN 100 L /) DMSO, 18184E% 10 min, HLFE 0% M. EEFFR{X OD 490 nm Kbl & % fL
FIW A, PUE FIWOGEE E N 100%, 5 Hela ZHiffi%: FPNPs. PDA 557 5 4 A7 I 2

2.2.5. YARMTEEH B SLIS

4 HelLa 4T 6 JLIR, 1537 24 h. HI5H FPNPs. PDA (437124 100 pg/mL) g fef 5 2 340 %
IHE 7R, JLREFR 4 he FIH PBS /N0 PPdediff, INAGBEEK DMEM K5785E, 4 FAIMBOLIRGS . #5o%
24 h 5, FPBS #EEe4iM, W2 DMEM, H&REFRIEN Calcein AM F1 Pl A (RFFL 1 mL)IF &
30 min. JL4A [ Calcein AM/PI 48 TAE AN R : # 1 pL ¥ Calcein AM ¥ 3(1000X) A1 1 pL ) P1 (1000X)
B 10 mL 1) Assay Buffer (LX) (H] Calcein AM K i g i e izt €, F PR T 4R JLpli 40 ()R 53
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UL %

. BRJE, BFLINA 1 mL Calcein AM/PI Jeta TAETR, MBNRSFFMAIEE 30 min j5, FHEE PBS ¥k 3
W, BT B M A .
3. &ER5vHE
3.1. PDA #1 FPNPs 4k EiRI ROFL 3R 5 4R R FRAE

PDA 24K e 4] 2 0 ik Bl R AR 43 T 22 B RAE Tris Z2mas b it R &8 311 e 1(a). 18 1(b)Fr
7N, PDA UKL 25 35 B i R~F A 150 nm~200 nm (ERTE 45 /2 . TE i FPNPs o F& A i) DLIE i & 31145
B IR R IR AR B 2, HOWER 3] FPNPs R0 Ai 4 —(nl&l 1(c). & 1(d). B PDA JEIIMA Z
TR R A RAFKIENER FPNPs, M ILE & TS FE L R &Y THLE R I Thagtt.

Figure 1. (a), (b) SEM images of PDA nanoparticles; (c), (d) SEM images of FPNPs nanoparticles
1. (a)\ (b) PDA GKERRIAVIFEERFERE; (). (d) FPNPs R BRIAOREEBIRIR A

3.2. PDA #1 FPNPs g4 K BRI BI X 14 BRRAE

FATHEARBTTT 1 P ] 45 RO ANR BRI S o R 1146 (1) PDA ZRORBURL 70 HILEE KV U, SRR
VU IR () 2 T OHE D) . R 2(a)h, B4 - WL - ELLAMEIE R OR, FPNPs 7858 R X I R
RO, R ER AR B A] WS, R HTE 350 nm~400 nm AL F . R R TR R G 2 BT
JERLJE , ANARITRL ) 7K 73 O A H JEUR K G AR Dy 1k th . kT FPNPs L5 (05 a A et A=
PR, FATTR AN Rl FE ) FPNPs ¥ W0 1L ¢ ot i (1405 15 21 08 B 5] 2(b) B » 45 2R .7 FPNPs
{17 9 s 54 P I AR P58 T vy T 8 94 o
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Figure 2. (a) UV-vis-NIR absorbance spectra of PDA and FPNPs aqueous solutions; (b) FL emission spectra of FPNPs with
different concentrations: 10, 20, 30, 40, 50, 60, 70, 80, and 90 pg/mL

2. (a) PDA # FPNPs BO7Ki&REVESD - AT I - ILLI5M IS ; (b) AEIMREE FPNPs iR MRAYISE KIS, M TE) £ FPNPs
RIIKE J: 10, 20, 30. 40. 50. 60, 70. 80 FA 90 pg/mL

3.3. FPNPs #AsK BRI UL A RER 52

a) 30 bR5
" Tm e I T
. s ¢ 0.2 mg/m .
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Figure 3. (a) The temperature elevation of 0.3 mg/mL PDA solution, FPNPs solution and deionized water under 808 nm la-
ser irradiation with 1.0 W/cm?; (b) Temperature change curves of FPNPs dispersions with different concentrations under 808
nm laser irradiation at a power density of 1.0 W/cm?; (c) Temperature curves of FPNPs with concentrations of 0.3 mg/mL
for four laser on/off cycles; (d) Photothermal images of 0.3 mg/mL of PDA solution, FPNPs solution and pure water exposed
to 808 nm laser (1.0 W/cm?) recorded at 7 min

3. (a) 0.3 mg/mL Ky PDA & &1 FPNPs ;&R K& & B F7K7E 808 nm (1.0 Wicm?) BB TEOFHRRIZL; (b) AR
YRR FPNPs 7772 808nm Sk (1.0 Wiem®) BBt TRIFHRAE(LERE:; () PR 0.3 mg/mL B9 FPNPs iB R #
FrIEIDREF RS FRUBE LN ; (d) PKEH 0.3 mg/mL & PDA &, FPNPs i&iAn&isk7E 808 nm B (1.0
W/em?)BRET 7 min PRI SMNAR IR IR A
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H T FPNPs B RAFHDGIEHR AR, BTRITTT 7 HOGIWERE . Qi 3(d)Frs, N T S FPNPs
PR RLER, S T 808 nm (AL L AMNEOE IE S AN [RIHR BE ) FPNPs 3, BRESIN RSN 7 min, BOG#
JE 2N 1.0 Wiem?, [R1 i FH 4K/ A xR L. ¥ FPNPs 753 PDA ¥ & 25 85 T /K AEE S 40 ANBOE BE S 7 min
JeAd I LLAM A SAG AR LI SR L R A IE . 45 3R R AE 808 nm [MILZLAM ST T, 7E FPNPs ¥
W, EEA 22.0°C EFHE] 43.9°C, TiTE PDA ¥, IRFEM 22.0°C EAF| 55°C, AHLLZ T, 4iKiEEE
AR T LZBE AT, RGN T 5.1°C (K] 3(a)). ERRSTET (AN 7 min ESL T, 1R RSSO TR I %
PER, FPNPs ¥ 35 5 B R B (3 I img 7 i (1] 3(0)) e S T 3E— DR LA T 32 04 MR IR ) FPNPs
RN REE M, D3 T FPNPs ¥1(0.3 mg/mL, 1.0 mL) A I0FAFIA A1 #2615 3(c)). 23 PU VRO HE
FHEGH LI f5, BRI AR B ARG A —3, R FPNPs B RIFHDEHE AR E M. DL ESein s
REH, FPNPs Kb 7 B A RIFHRDECIEESR R, nIEA— RS R MR T LM a7 7 .

3.4. FPNPs 9K BRI i BB 4 B S 38 TT i 3R

MTT K 5 S 4(a) B, 7] A 22 2I7E HeLa 410 7E FPNPs FR % & 24 h J5 4735 R AT R EFIE 95%,
Mi7E PDA H1FE 24 h JG 4735 90%. £ 808 nm WO 5 FPNPs 2. PDA 440 M f73& 26 R HF1E 40%
PAF, B FPNPs. PDA 7E £ ot R 5 0 i g 40 i 2L A S 3R KRR . S T W78 FPNPs 1958 Y6 AR
4 HeLa 2115351 5 FPNPs. PDA Tili# & 4 h, SAJEHAT%OGHUE . FPNPs 4171 PDA 2H 117t EZ
Kl 4R, B4R, 4 PDA BRI MEA R IBMER 5, 14 FPNPs Ab3H 1240 3R 15 B B i 4t 6
Pto W] FPNPs G KMIURL A b 87 20 i St HU5 I R am i =g, HoAT F 4R i) 6 AR

(@) 120 (b)

Fluorescence Bright Merge

Control FPNPs PDA FPNPs PDA
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Figure 4. (a) The activity of HelLa cells after different treatments; (b) Fluorescence imaging of HelLa cells treated by FPNPs
and PDA
4. (a) ZARAIEE HeLa {RBEAYENME; (b) HeLa ZHAEZE FPNPs, PDA A IBFRVE A1
4. &Eig

TEARSCH, it 2 CREERMAE X TEMARAEREZ B, HULL N R 2 B 755 %
fife, 45 T HA PEICRRER FPNPs 9KK 1. LAV 45 11 FPNPs 4Kk 14514 B fasE , HmK i
MRS A AE SEPRAE MR 2N BT RS AT, H FPNPs 9Kk 7 A R m e A e, W+
iR AL R G FAIR T T DA B SIS 2 O e D45
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