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B TEHR BRI 5L A K BERRT RN 5 BxPC-3 AR A% 1 3850%

Tk, LX)

WE BN BWEEEEEYRERNE A /KEEE NPN + Rh-
PEG NPs ( NRP) XF /i BxPC-3 4BMIAY RN . ik
BRI AR 5% 3 R R A (ATRP) & Wi BIL R Y, 75
S AKAH A R PEG &1 i 58 40 K JB0kE, 138 43 TR &)
il £ TR W 5 THIRA 07 2899 K WOk b 52 & 7K B NRP,
S ELUEA T AR AL PE R U0 E S G R A
K KR AN & G /KBS NRP A IE SRR AE . FHHAZ
AR 52 & 7K BE RS NRP 1 6L B SR J5 FH WM 35 LY 60,72
(MTT) FIiE - FEANAR G (7 X BxPC-3 iy K m
TVER . e, B MTT I i 35 AR 25 03t 36 i e A= 2
2k, R ORIl AR 10 nm B EEY8 K (Rh-
PEG) ., fERHRERIEE T &6 /KB BR ZFL45 1, #50
BRI AR B KEERNES, AEROGIIZE 1 W/ em® 1Y) 808
nm EZLHME (NIR) BE 5 R, 80 we/ml AY NRP 4 Al 1 41
(ROS) HYAES1 4l /K BE I (NPN) 8 19. 6 % (P <0.05) ;¢
AT it S A R mik 96. 8% . EBOLIIF 1
W/cm’ ) 808 nm NIR MR ,5 min 4 80 wg/ml A NRP fE
IR ZE 58.9 C, MTT Z5 3 B /R,40 pg/ml A NRP 7 1
W/em® 1Y 808 nm NIR fAIT/E | BxPC-3 4HMIA7 1% H el , A
14. 8% , 1 — FEAH ML G .45 FAE W], 54 {f ] 808 nm NIR
HEGFLLAL  EHRR 40 pg/ml (9 NRP A4 40 o 3% 19 18 FH 5 3
it WA ARG B A K BEIR NRP A 23 5
SRR BxPC-3 4H LAY AR08
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TRFEARTERL Y, AR, B (Rh) KR FAE L
BHGR 55 PR D C IR IR DI B 07 ik 32 B BOR
LR BRI, YA KORL TN I R AT R
i 2 T IR K B TR AR AE AR PR N A ™ A B4
VRIS SRR, AR BEIBAE S — e e A2
AR PELT BN 2 ) 2 AR RE RS A 20 35 25 ), e K
REREWS /D 25 i RIAE IS oY B e H e
TN AL T 1Y S5 /K BEIRE , I 58 HEx T e
T AL AR 1T, D it — 28 T S8 0 BB o 24
YiRftZ%

1 #RE7GE

1.1 iXF  WEMEHE ( methyl thiazolyl retrazolium,
MTT) R F & H I3 = RAEYHEARERA A ;A
TS S U iR 98 4 D ( BxPC-3)) | A i ik P Bz 4 i
( human umbilical vein endothelial cells, HUVECs)
YUARBR I V405 ; = KA &R (TIT) (RhCl,
- 3H,0, 99% ) R ILE 2 Wi ( PEG-SH, Mw
=2 000) . = & W PO kg | 579 B A AL E
(NaBH, ,98% ) . —H I ( DMSO, =99. 0% ) , .i%
RO NS EE A TERG N -TR A I S B A 15
e AL A A1 H,0, (30% ) W H B T A
ERHE B A R A W

1.2 FHik

1.2.1 Rh-PEG #94)& s /KA R 05 ik G R
AR IBURL, T4 5E% 30 mg RhCl, - 3H,0 Fl 20 mg
PEG-SH 522 7E 50 ml 2255 Tk ARG BT
Bt NaBH, ZKIEW (2 mg/ml .5 ml) , AW+, i )5t
RVAEZR T 10 min 500, KNS, RGPV
ZIFENALE(Mw:3 500 D) HhIFFE LB TRk ST 2
d, %T)544%] Rh-PEG NPs #3K ,

1.2.2 A 4KEM NRP #9414 0.2 ¢ “JRE
O FRAE 6 ml SIS/ K (RFREE R 95/5) 1R
GERT A ZREH,SREMA 2.5 g N-F 5
PITERE 0. 2 ¢ N-PIH Ik A L 3R FAME I \28. 6 mg
ST, T i, A J AR, 7E 3 IR AL
WG B T AR AT 94wl i = [2-( AR
B CHEIBIERA . BT RN 72 h, g =)
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B 1 JKEER#HE NPN B & A B4R

ZRRRAE B (R O DU k) B AT (A AT 4
RBEHTHE Mw:4 000 D) I+ (FTIRE -60 C)
Jo ARAFER N-J: B PR Tk Jhg - - T A Bk 3R 3
TV -5 &0 - N- PN 9 T 4 3% B Tt IV Jig -N- 5
NEER IR LN SR (775 08 NPN) , NPN 4 i
SR iZ B 1, FRIBGE 2 NPN SR A i 7E 4
CHYERER K P Z )5 TEFE /0 Vi B9 NPN IS
A PEG &A1 i) Rh 44 K 1l £ K BE R, #5
FERIOA 37 CHUK P THR B EERS , Tl 557K B
JKi A4 4 NPN + Rh-PEG NPs (NRP) .

1.2.3 S 4&KEI NRP 69 & 42 1 6% Rh-PEG
NPs SHATRAE, HIBUHTIY Rh-PEG 43 HORK 2 B 7K
i R 2 34 2 Ve JBE % TR T T 5k IR AR 0 R 60
min , 1 i B0 14 J5 00 A it 6 P 35 5 L T BB
(transmission electron microscope , TEM ) A ) H A S0
RAOE . 59 B i 03 BOBRE 7% B 40 3 L o b fE )
BhASYEHUY ( dynamic light scattering, DLS ) #4747
IR, 25 CAER AT T T, Z a0 G KEER
NRP SATRAE, # 2 ml [R5 A KBERE NRP A
WA ,3 min W URTE G B . By IR S ICA
HARH TR, 60 CRH T 48 h, BL T
T B o B L 3 4 5 BUBE (scanning elec-
tron microscope, SEM ) WWELFE S #aIE S, I
i HL BT AE T (energy dispersive spectromete, EDS ) X}
FE YT R 0 A HEA T RALE

1.2.4 5 &/KEM NRP a9fie i aetenl 58T fff
H3,3,5,5 -V BB K1 (3,37,5, 5 -tetramethyl-
benzidine , TMB ) 1F: 4 48 75 7] , SR R A [) e B2 114 52
47K ¥ NRP I NPN 7 808 nm NIR H& S 514 T 7
4 ROS IR, il &4 510,20 .40 80 pg/ml
(52 A K BERE, NIR BRGT 5 min, TMB ¥R % 0% &
R, 5 A AT UL 43 9% % BE 31 (ultraviolet-visible
spectrophotometer, UV-vis ) 0 & 15 W 1Y 28 & W 1%
Ol fEFBRRRERT H,0, A Bt S8y - SRE 5
BOPIE AT RBIR)E , iTER K 412 nm 200
FE . TE—E LN, B E KR S VR4 H,0,
WPE LML R . T TG 808 nm NIR RIS 2% F

T2 GIKEEE NRP ik H,0, 43 IR80%

1.2.5 HAKEk NRP &6 pakteml 1
B NRP BN , 4 R 3 7 ] 4 4 AR vk
FE4 0,10 .20 40 80 wg/ml LA KEER NRP,
HlE 4 1 ml 2 A KEERCEEA 1.5 ml BYELLE ],
SRIGTEDR B R 1 W/ em® 1Y 808 nm NIR #OGTF
HESF 5 min, IS ( Fluke Tid00 ) ic 5% i B AR
A, I E) £ 50 BT, R T 2 PP O T 3R
XCRERE RS, 2 %5 0.5.1.0,1.5.2.0
W/em® 1Y NIR BESHR TR 40 we/ml 19 & A /K EE
Ji& NRP F90 5% SR B AR Ak A (] 25 B8 il 45 40 oK
RLFHREE N 40 wg/ml AOFE i, 25048 CE 7E 808
nm NIR 185 5 min , 68 FA0E i IR0,
LREERIR T ARG H, BHE 5 MEH, ot
WIS BB RN 1 Wem', i H#A%RAL
(Fluke-Ti400 ) X %A~ 552 56 o A% vh A o Ui 3 1) 22 Ak
HEATHAZIC % X BRI A T A BT A 3

1.2.6 i3z AJEREE BxPC-3 400 E T
RPMI-1640 3 3% 3 b4 35 RPMI-1640 35 3% J b 7%
T 10% a4 1035 .50 U/ml 75 %5 2 1 50 U/ml 475
., YITE 37 °C 5% CO, B JCHE fH IR 55 374 v %
i Jed 1 . HUVECs 7E DMEM 5 285 5 fLrp 1 5%
YITE 37 C 5% CO, HY TG TH I3 F= 40 b B A5 &
PoHG U SR L Y A0 % R SR F 70%  ~ 80%
B, HEAT A AL AR

1.2.7 A AKEA NRP #9245 E A4m NRP %t
BxPC-3 AR A 5 VE AR 43 LA 3 #4r. @
¥ BxPC-3 i+ 96 FLAR H (1 x 10* 4~/FL)
SCEER 4y 5 #H . NRP VK EE 3 91 24 0,10,20,40 .80
pg/ml, HE45 1 W/em® 1) 808 nm NIR FR S 5 min Bf
AHATERR, AL NI A % 58 R IR HAE 2
FIXTHR, 7E0FE 48 h J5 , BALINA 20 pl /Y MTT %
W (5 mg/ml), QREEEE 4 h e, JHARER S/ 225
IHESFREE A 150 wl — AR, 35 it 5 7 Bl AR A
L 5E 490 nm AL AW S (absorbance , A) , I iTE
YNRRAFIE R, ANMAE 6 AT A SO0 A7
Ro= (4P A (H - S EAXIRA A () /(A
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ML A - S AXTREAL A fH) x100% , @ ¥
BxPC-3 4ffa 3+ 55— 96 FLAR (1 x 10* 4~/FL) , 5
55530 5 41. Rh-PEG ¥k FE 4350 0,10,20 .40, 80
pg/ml, HE4T 1 W/em® 1) 808 nm NIR B& 5 5 min,
MTT il A5 B8 Je 4 M A7 TG T 5 W ., B 7E 6 1L
M b AT TG - SRR YL 5 550 1 BxPC-3 Al L% 7h
T 6 FLA (1 x10° ~/FL) , SE5 53 4 4. PBS( TG
IR ) E A IKEEE NRP( JCJGIE) | Rh-PEG %K (D6
HE) NRPOEIR) , WH 48 h 5= IHRE T, inA
SAMALTNEE (10 wmol/L) FIZEEE — Z Mg (5
pumol/L) i RPMI-1640 S F 10 min, F 3] & 95t
TS 25 2 20 M5OI F 40 BRIC o

1.2.8 H A /KEI NRP %A Mn 4 KE
Ji& NRP f 22 A 43 A LT 2 384, @ 7£ 96 £L
M, b F X 5 A K B HUVECs (1 x 10* 4>/
fL), SE5 53 5 440 weg/ml K5 K EEKE NRP (O
HE) 40 weg/ml B2 & /KEERE NRP( JCYEHE) 80 we/ml
A KEERE NRP(OEIE) 80 we/ml E A /KEEEE NRP
(TOERR) FER eI SR A (JOL) AT 1 W/
em? 1) 808 nm NIR MEST 5 min BUAFFTICIE, K555
48 h, F3 A R A R ) ASCE A T 20 A7 0 R 1 AR
MTT A B A7 6 it 38 7 KR B, @ il /B
2 AT I ARSI, 5 H 6 ~8 Jik 20 ¢ 1Y
BALB/c HEM/INR, W4 B A6 50 2 58 R 42 A D B A
FRAF AR NREY . A BT &b ER

FOART A B I 25— 15 B 52 4 3l ) 18 3 25 B 2 ik o
[ LS 2024-N(A) 008 ], JFR IS HR ME R ML, K 75
MR B EE 430 6 41, B 10,20 .40 .80 pg/ml E &
FKEENE NRP | B4 X BE L RN BHAE X IR, B 4URIK
] 5 ml B0 INA 500 wl &Gk B A= FER /K
B TR AR F RPN 50wl (970N B4 il A 4
ml A FEER K AR AR 3 K, BB TR M BTN
HR AR ACH FIMEXS B, % 1 h J5,2 000 1/min
B0 5 min, BUTFARERR 0.5 ml _E &, AT L
S CEE TN SR AN B, AT

1.3 itz 4a3B R SPSS 23. 0 #EAT 4800 #r,
PAZH [ 3L ABCR T ¢ ke, 3 4 X D 3B R
FHEADRI 2R 7 22 50 B, 4L 18] PG R HE 48R F SNK-q 75,
P<0.05 NESAGITFEL,

2 FR

2.1 BKER NRP IRIE TEM 45 R Ws,
Rh-PEG RN FOR L5, RiFETE 10 nm 247, ULIA]
2A B, HFHEIBMES R TR, BT IENEGK
PRI PR S B L LR ) i A LB R 25, DL 2
e G (EDS) TTR A4 R s, s R Y
S)5r AR AR A K BERE IR, ULIE 2D,

2.2 E&KEE NRP BB IER  UV-vis 2508
W1,7E 808 nm NIR ST, 24 Rh-PEG 4 KK ¥k
JE 45 .10 .20 .40 .80 wg/ml I} & 4 7K ¥ i NRPJE

&2 & 7KEERR NRP B R1E
A :Rh-PEG (/K EHRAR 51 ; B:Rh-PEG [WiEST B EEEIR x50 000; C. &2 A /KB IR B HIEIR x5 000; D. & A /KEEKITE 5T

il x5 000
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A ROS BE J 3 5, A= i ROS WY HE 1 43 5l & A
[ 450~ NPN 9 4.1.7.4 9.4 .10.5 F119.6 f% (P
<0.05), LK 3A, HH[FHEEE S F,808 nm NIR
MRS REfS A ROE R G KBEE NRP 1k H, 0, 53+
REST, ULIEI 3B,
2.3 EAKER NRP fye#tiEgE FHRESS R E
W FEAR IV EE T 5B A /K EERE AT HIR B T B
BOGYIRI S KGR, RO IE N 0.0.5,
1.0.1.5.2.0 W/em® Af,40 wg/ml & & /KB 808
nm NIR 522085} S min J5, IR E 23 I 20 °C 345
IRETE = 23.0.36.5.47.7.49.3 .61.2 °C, WK
47, JEHPERBIFIR S IR R HOG SO A B 1
IR BRI . TEWOE IR 1 Wem® 50T, B
TREEIE B G IRTH IR RE ) Fifi 5 TR B2 3 i kg o, Wk
J£4 0.10.20 .40 .80 wg/ml ff 808 nm NIR $F4%HE
$5 min J5, WS> B 20 C PR EEEE T 2
23.0.34.6 42.5 .47.3 .58.9 °C, VL&l 4B, [RIW}, v
B0 40 pg/ml WOLTIH 1 W/ em® 5500 F , 2 AKEE
W EIATHRAE 5 MEF IR E , WK 4D,
P RCR LR 38. 2% , WLIE 4C.,
2.4 E&KEER NRP 3t BxPC-3 AR FG1ER
KA TFUREE N 0.10,20 .40 .80 pg/ml i, fin
AE A IKEERE NRP 285 808 nm NIR PR} 5 min 5
ARSI 48 h, MTT 3E 4610 ' B8 5l T0 ' I8 4514
TR A KBS XT BxPC-3 2 i (1) A i Bk
1,8 T AR THRE N 0 pg/ml i HAB I R 6
MRS BxPC-3 2t A A7 17 2 i 25 I8 T R 94 KokE -k
JETAGIRAY BxPC-3 A A 4775 %, WKL 5, % -
HUAH M Y £5,45 5 ULIE 6, NRP + Y6 B 2H S 7 o I
FILT 5, 1 NRP TG s /b 41 g8 0¢

), IEIA R G /K EEE NRP 7E 808 nm NIR F&Ht 5 min
i XoF 4 L) 2R A SR B

2.5 BKER NRP REM K AHKEKR
NRP ¥ & 7 80 wg/ml B, 5 HUVECs FL0F 7 48 h
J& , A% 808 nm NIR A 20 HL A7 R =53k 97. 7%
£ 808 nm WO, FA 1 FALHR 9.3% (P <
0.05), WK 7A, ISR, &k B 2
A KEEE NRP 5 A4 BRER K 41 (10 25 R 22 R 38 TE Ge it
SR Y, RTE/NRZTL, WIR 7B,

3 itig

UEAER 6T (B3 197 B 8O L) Bk
REIE A R RS TR T PR BB
W& — P AR PTMIE 259, Bl ansg gk | — R
Rh(1D) L& 40F1 Rh(T) 8 Rh (T f7A4E4 7, BE40
Kok T BA BRI BEFDC AL YERE , H B &
4B AR A AR 7 R, T 88 200 B 78 3 43
PR a T AR B TR Y KR R SRR A
BITHIT 6 A BRI 50 0 B ik 45 25 TS 8 36 97
X BRI IR TR R R 22 N B IR K 2 Ak
ol R KR M B 40 K 25 W AR 205 5 il 25 1 R 7K A
BN A BB B 6B I FDEHGATT | 7800 K A5 98 Kk
FHPUIIEEA

AWFFEH A T A 91K B9 NRP, BF5E 45
R UM R H RS —  NRP B4
TERFAZ AL, Liu et al' ' BFFTIE B R0 40 L o 47
FEREE A0 M 3t 1 1,0, , I ELIXCRi 2k 98 23 B 92 5
V1] 2 1 0 o 200 P 38 i T A T A, AR A 200 i
TOALE 1 H,0, REWS ISR 40 0 A G VEH ., A
JIT JE N ROS J&: Y6 3h F7 97 1% o % 403 i 9 ot b 75 14

3 EAKEREELIERE
A ST EKBER I EAL = ROS REJT ;B A EIRRITLG B A1 52 G /K BEKE NRP 1 H, 0, F3-fifRE 7 5 5 [RI UKL T BE NPN + SEIRE L

B.*P<0.05,**P<0.01,***P<0.001
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4 EEKEREARELE
A 40 pg/ml &G 7KEEHE NRP 76 R[] 2% 808 nm NIR HEGT T YCHMERE ; B ARSI A& & /K BERSFE 808 nm NIR RS T Je#vi: 66 (o6
1 Wem?) ; C NEHI BT R E TR F 50D 40 pg/ml EA7KEEE NRP FED R E A 1 W/ em? B9 808 nm NIR #OGHRE T ,5 RAEFF

FA N A 2

B5 S&8KEENMAERGEN
5 5% B8 4 1 F [5) W BE (9 Rh-PEG KL% " P <0.05," " P <
0.01,"** P <0.001; 5o6M 4T MR NRP LLER.* P <
0.05,"P <0.01," P <0. 001

ROS ZKF-TH i85 23 W00 i 88 48 L o9 5 3 R T2 A5 5
W, WO IETT NRP B LT BB AT, 45 R R
B OB AL =4 ROS 1880 HLA BH S 1) VR 3 4 it
7,808 nm NIR R RE 08 A S0 o HoA b H,0, 4

fRIIRE T, X T RBSE T EIRM R T NRP (WL /E
FH AT fig 5 6 A Re A ¢, 45 H,0, ik 43
fig

AN, A 5T 45 R R B, NRP 08 $A85R HL
A B 5 VR FE R AT RO 1, SRS
UEBH T & B 52 A 7K e I b PR RE AR e . 7E 808
nm NIR FRSS T, BxPC-3 4l (A7 Rl & NRP P
YRRV B R3S g R B, T RE SR i T & R 4K
(g AT VE T, JEOB IR AR T AR IS R — 1
ARVER ABZ R 1E R 55 T 808 nm NIR BRET)S
TG - SEANMI YL (625 LI, NRP 76 NIR Y6 IR 245
AE 758 , A R 45 02 0O BRI 0T 40 B R 5 RO B
55, PR EPEAS I NRP 7E OGR4 R G
W, B A SBOE M, A RIFAEY %4
P

TSR0 42 JB AN K 25 KR AN E T R i A Sl i
ik 68 I 10 1R 15 25 K i B 4550 A 2 ) SR S A g
LN, EIRAENS — FE T L 4R = 25 7 I 41 21
H A RO B (R IT AR SR OIS 45 SRR I, R
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B6 - EEGNEGKERI BxPC-3 HEHIRGIER x500

E7 S/KERNZSH
A MTT AN [ B2 /K B AL s 9% N HUVECGs RIAFIE % B Z A /K EER A E ML53 87 ; 54T 80 we/ml NRP 41 Lb3K. " P <
0.01,***P<0.001; 5% T 40 wg/ml NRP 41 H.4:. ™ P <0. 01, P <0. 001

TR AT W 2R G HIE 2R G 04 B R s B, B X
IR IR R AL ) AR 25 AN S R Y 1%
H., BB RR R ) B8 IR 58 Bk — 25 BR A T 0K 245
Py 3] P A, 50 ) e e R B B = 1 g A
L5 i P9 P e A 2 008 s 55 A R M REL S 1 44
K245 9y 1o o 2EL R R sk A, KT 6
nm [RORA REGARPRIG BR , I ol REBURAEA A
B, SBORER R . B EKBER AR
Jr A BRI 25 2 B A G B, SR K BRI
B T LS R T A ) 290 S 5 % e A R O R T, X
] DLk G 24590 04 4= BB vl i 7 245490 4 750
H SRS, R A 4 B AR

g R

EpbpE, gk B MRS, SE. PRCL FEJHEARIE Hh Y 4t i 2E )
FURERIGIRE X[ T]. ZRIERIR 4], 2023, 58 (2):
189 -95.
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Killing effect of composite hydrogel containing Rhodium

nanoparticles on pancreatic cancer BxPC-3 cells
Wang Ningwei' , Zhang Cong', Liu Gang”, Yu Yue'
(' Division of Gastroenterology, The First Affiliated Hospital of University of Science and Technology of China ,Hefei
230001 ;> Dept of Spleen and Stomach , Susong County Traditional Chinese Medicine Hospital, Anging 246000 )

Abstract Objective To investigate the killing effect of Rhodium nanoparticles loaded composite hydrogel NPN +
Rh-PEG NPs (NRP) on pancreatic cancer BxPC-3 cells. Methods Block copolymers were synthesized using atom
transfer radical polymerization ( ATRP) , followed by the synthesis of PEG-modified Rhodium nanoparticles through
an aqueous method. A premixed solution was prepared by ultrasonication and then heated to synthesize the compos-
ite hydrogel NRP loaded with nanoparticles. It was then characterized and its catalytic properties were verified. The
morphology of Rhodium nanoparticles and the composite hydrogel NRP was characterized by transmission electron
microscopy and scanning electron microscopy. The thermal imaging instrument was used to detect the photothermal
properties of the composite hydrogel NRP, and then the growth inhibitory effect on BxPC-3 cells was observed using
the MTT and live-dead staining methods. Finally, its biological safety was verified using MTT and blood compatibil-
ity testing. Results Rh-PEG with a particle size of about 10 nm was successfully prepared. The composite hydro-
gel showed porous structure under cryo scanning electron microscope, and Rhodium was evenly distributed in the
composite hydrogel. Under the irradiation of 808 nm near-infrared light (NIR) with a laser power of 1 W/cm’, the
ability of 80 pwg/ml NRP to generate reactive oxygen species (ROS) was 19.6 times that of pure hydrogel (NPN)
(P <0.05). Under light conditions, the catalytic decomposition rate of hydrogen peroxide was as high as 96. 8% .
Under the irradiation of 808 nm NIR with a laser power of 1 W/cm”, the temperature of 80 wg/ml NRP could rise
to 58.9 C within 5 minutes. MTT results showed that the survival rate of BxPC-3 cells was the lowest, only
14. 8% , after 40 pg/ml NRP was irradiated with 1 W/cm’® of 808 nm NIR. The results of live dead cell staining
proved that the cell killing effect of 40 pwg/ml NRP under light irradiation was stronger than that without 808 nm
NIR irradiation. Conclusion The composite hydrogel NRP uniformly loaded with Rhodium nanoparticles can effec-
tively enhance the killing effect on pancreatic cancer BxPC-3 cells.

Key words Rhodium nanometer; hydrogel ; reactive oxygen species; pancreatic cancer



