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ZIF-8-Pt ZH K OB X FLIRHE 100y B i 1 i 52

B BLBOERH MR T, AR

HE B R ZIF-8-Pu 99K U T 7L 5T Y o7 48 f
fEH. A& F ZIF-8 YRR 58401 (H, PrCl, ) KUV &
B ZIF-8-Pt 4K JBURE , I LI 44 R AT ) fL A B4R | I 75
o o ;3 0o 35 ) L B SR ZIF-8-Pu 4K B0k 14 23 ] 25 447
S H, 0, W8N A BB RE T 5 o i B A 4
BT R BRE (ICP-MS) M ZLAR S 40 A (4 T 1) % ZIF-8-Pt 44
KGR B BT B0 5 B MTT S2 36 3R 45 ZIF-8-Pr 40 K ik
BIFEIE  MTT 35 e BRI B 5206 DL K ShIia T 5L I g% ZIF-
8-Pt YN KTk 25 & O 55 B 4l J0 T o B i R MR . &
R ORIIHIE 1 160 nm 2247, LR -14 my (1) ZIF-8-Pt 4
KI5 RS ZIF-8-Pt AKIUREAE 10% B LTS 25 A AE
[ ; ZIF-8-Pt YK IR 5 H,0, RN =4 0, 2B /Y & 1k
55 O ViR R R BRI ICP-MS 45 oK 4 T 1 40 %
Z1F-8-Pv 4K 0 114 45 B 255 i 1 14) 228 4 T 44 22 5 S BT I
SIS W AP K ORI A B 7 G 4T 20 A9 5% 10 35 SR 5 HL
LAV BE AR O s MTT 35 LA K sh 3697 S2 56 25 0T DL IE 4 0K
TURLIR A 57 %o ZL AR 0 2R A O AR T 38l . 45
ZIF-8-Pt 40 K JURLIX A 07 X T e 40 22 ) R ORI T
HAHT

KB ZIF-8 41 9ROk s FLRE BT

mESES R737.9

XEARERD A XEHS 1000 - 1492(2022)08 - 1262 - 06
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FUBRARA Lo MR WA 5 2 ROEME R ok
R IR RAE T 7 U M A R
HHT, ZLARIE 10897 A TR N NRYT BT
I7% . T (radiotherapy , RT) VE A SR T T B
Z— FEFLIRIE I JRRia Y7 v i E A AR R
35 ek PR S 18 70 Rl L B P JRE TR PR S 1) = SRR L
STE—EREE LR Y s B e
T BT — T 22 F LA KT A A (4 40K 25 0 K fie
P AN, TR Z JGE (RIS HITE T R A%

2022 -05 - 10 $2ik
HETH . EHK A RPEEE ST H (475 :81901888)
VEE A TR 25— BB = B e B, S 230022
EEIA A0 891,53 L0
ZREERK, I W R AT B A A SO SRR

E-mail; xiaoqiuli@ ahmu. edu. cn

AR T R ) AR A U RE R 2R A L A
GPRIBRIRT DL S F bR DNA FIZ5 G, 8 G om il oot
R DNA B4 BeAh, B A SR 2K Py
JRE H,0, 5646 O, A B S5 1EH, RO
HESE T TOTRCR AT R AR 2 A T A 3 B
TR O T I RESOR

1 #B5EFEE

1.1 #RE 2-FSEmRms KA RSEREEIA H L i T hr
T A AR I AL B E 2 4 A
FIA BR A |l DMEM 3% 3% W WM (W BE 0. 25% ) T
H & Gibeo 23 Fl; G4 IMLIE (FBS) M4 H 36 & Hy-
clone 23] ; TRALBEME S PO 20 (MTT) WK 5 A T A
P TR i) e A7 BR 2N 7] 520 R & 20 ¢ 72
il 6 ~8 JAIS B MEME Balb/c /NEUIE A ZBLIE R
SR S IELE SPF 9B B E AT AR 9%
1.2 FHik
1.2.1 ZIF-8-Pt %A K B4 64 %) & VA B R AEH M) 2
2-FHEEBKME 1 ml (0.2 mol/L) 57K & R EE 100
p1(0. 1 mol/L) RIZLSCI , 75 275 v 5 L 1 gt 1k S
o UV ES L 5 min (5 000 r/min) J5 2 BRTT
PECBUEWEW, EYEWE G 5 min(8 000 r/min) J&
BULDUHE A EE T 1 ml 28 7K%, BinA
7 0.019 mol/L S AR Y K B 77K 50 wl ik 1
h, JE A 100 wl B ALH (4 mg/ml) , FHEFE 3 h
155 ZIF-8-Pt K URL . RAT RT3 R il i Fa e
P BRI R AE Malvern ZS90 ﬁ]?&%ﬁi%f( DLS) e
(Malvern Instruments Ltd. , Wores, % [# ) | {# Ff] He-
Ne 3% (633 nm) F1 90 A G243 R FE K
AT, fHH Malvern 73 BUE AR A4 5. 10 20 AT 8K
Wi, M3 5 B W BBE ( TEM; JEM-F200, JEOL
Lid, HA) W25 5] ZIF-8-Pt 40 K Wik AUTE 25, B
FEM B0 G ARTTIE ZIF-8-Pt 4h A0k, Al R 75 i
ZIF-8-Pt 4 KU, 5 7K V5 A v 32 88 4 I, Jon
AEBEFRERES S ml 5 R A& 55 TR R
T (ICP-MS) 25 Pr MR, THE H SRR 5 P
& o, i A M B U M A (Do) X
(Seven2GOproS9DO , Mettler Toledo, H [ ) il & 7K %
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WA S, ¥ ZIF-8-Pu 40K URL A A 45 15 W
DA R B 23 BRI RR B E B 460K b | SR 5 78 i A ik
5 H,0, KIEWIE G, H0, MEmAWEN
0.001 mol/ml, AW RARF R 8 ml, i ¥ i
AU 60 s S A I — YRV R ) AR
1.2.2 @fesss R 1% MNP (100 U/ml 55
F A 100 pg/ml BE R FR ) K 10% BG4 1L 1Y
DMEM 355238555 BT 75 19 4T1 40 3F7E 37 °C 5%
CO, IRAHIEATIEE . P B Il L Z8 40 i A R
A, M A KB B SR NI 80% B R AT AL AT, e X
B KA TSR

1.2.3 ICP-MS | & 4n o s BUr g BB L 4l
VUG K 4T1 A A AL 2 24 LA I, SF- 2455 FLFD
10* N4, Co, IRAHMEE 24 h J5, BFLIA 50
pg/ml 1 ZIF-8-Pt 4K ORI T DMEM 15 5% fir
B, DRI 2 .4 .6 h 402k 3 41, fg4l
H 3 AL, B K ORI T 1 x PBS i UEFL P 5%
VAT FH Bt T AL FL D U BE 2R, FH A s
A LA e TR L RO L — 2 K ) o
B, TR R B B, A LB FIKER
5 ml f5 I HLEHE & 55 2 R BT (1CP-MS) 251
i Pt MR,

1.2.4 MTT S3%3F4& ZIF-8-Pt #h R Bk oy F 1k
P ZIF-8-Pt 44K WUkL fb Pr Ay ¥ BE B 52 01 BN 5
2H:200,100 .50 .25 [ 12.5 wg/ml, ¥ 4T1 41l Ff A
£ 96 FLAk I, FEFLS 000441, EE 24 h 5 LBk L
THWEEFREL, A B A 5 Bk BE i 40 K 00k 45 WL
YRLEFE 24 h 5, BEFLIIA 25 pl 5 mg/ml MTT %
WE 4 h 5, FEIHEEFRE FILIMA 100 ul
DMSO B2, #ER= % 1 h )5, BEbR{ 488 nm P A<
TR, FH B Excel 2013 FI GraphPad. Prism.
V8. 0. Ab PRI G %55 07 £L A9 W2 ' BE (optical density ,
OD) i, MG A7 15 3 = (SEg 228 O AL ) / (BATE
X B -25 AT R AL ) x 100% 14 28 2158 40 i A7 0
1.2.5 RAE S R BB AT A FURR & 4m R 04 %
ARk SR E N 3 A A AR (AT ZIF-8-
Pt YK BURL, HORTBOT ), 36 07 4 (o A
ZIF-8-Pt 4K UKL 50 we/ml) , B4l iUy 4 (A&
ZIF-8-Pt AR WKL ) o LAY 351 K 52 36 i R 4
2.0 Gy;1 Gy;3 Gy;6 Gy, 437l 4T1 #ffaFh A 5
Proe £k, E 24 h 5, KERIE SR IR AL, B 96
SR 50 pg/ml B ZIF-8-Pt 44 K i ki 5l 4 AH
[F{AFLE) DMEM, & 6 h J5 53 mx &3 96 fLik

SCtE AN R S BT, BRI 24 b, ZJE H MTT i
PEAS 2 B A5 2R

1.2.6 F TR 5 I I iE 20 K BB BE A3 57 2+ 5L
REmMIL S A B AR E R SR K
BR S5 A O a4 (RIS ImARURL) ,@ RT +
NP 200 wg/ml, @ RT + NP 100 pg/ml, @ RT + NP
50 pg/ml,® RT + NP 25 wg/ml, 6 fLAR4EFL4ERD
1 0001~ 4T1 41 (2 ml DMEM) , 45 2H BU WG A 1L, 3%
FAEIR . 43 I A [R) e BE i 4 oK ik, 4 h 5
5T 6 Gy FIs AT , e 5 5 1l 55 5240 4k 2L T T
Kige 5 d, BUH 6 FLA, PBS ¥k 1 Wk, 4 ke 1
h,PBS P (5 ) ARSI TR, RIS R = 58
K520 (NP + RT) /(B4 F 4l) x 100% A T E
LA R

1.2.7 M@EATL DAMBER 20 H20 ¢ £F 6
~ 8 JEIE I METE Balb/c /NEUIW A 2 BUE R K 3h
Wi o T A sy E4 4 RS 50 s g r RNl 48 e )
TR R R AT IR 3R BT A R B b R
ARRZFS PP A HZ S, 8 2 x 107 4>
4T1 ZHH( FEET 100 wl 1 x PBS H) 453 Balb/c
AN BRI AT IR R T ST g B A

1.2.8 FAES R BAL IR AT R W 2T SURE SR 09 &
R YR/ R AR L2 2 100 mm® B,
AT1 (I8 /N B K T 5 AR A L 1550 (B4 n =
4), FHE 12 b,/ NRIEEZSEE A HZ 6 Gy FlE
X SRS, @ PBS 41 ( BPBEAS in A Jkr th AR 480k
BT, @ AT A (RIAS I ARRL) , Q) Frafi il
R (BP EI AR A 23 7 ) , @ BRI A ik
JPAL(RT + NP 50 pg/ml) , i 5 A9 Uk ZIF-8-Pt Ay
FHE AT 5 /N BRI 2 mg )& 1% ZIF-8-Pt i 5
(ZIF-8-Pt 4K IBRIIA T 1 x PBS IR Y 51K P 45
B o a2 d R RO e i) 3 B
B (BRI 5 A BE A 5 ) SR W D g A=, AR
P LA N AR TR W AR (mm®) =0.5 x
KBE x B2, I H A2 d AR /NI R &
1.2.9 HE # &40 4 R BA KA 7T & 2T I 7
AR E AR B2 R s MR A 3R X TR IEST 15 d
Je AbFE /N B, BCH Iigeg DA RN BRI O R R
SEIE AR 5 W0 R R A A, R DA SRR
4% WREREDE , AEIE, B @t HE Je@iigs,
1.3 SEitF 418 SRA SPSS 22. 0 itk it
P R « =5 260, [7) 41 18] 9 795 Fb 4 %
FHECXT ¢ K5, Z 21 R0 R R R T 245087, P
<0.05 HESALIFE L,
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1 ZIF-8-Pt 44K ERHI4H K RAE
A:DLS Tl & UKL A RLAR ; B . BURLFE B 5 LG T x 400 0005 C: DLS 1 WU £ FURE (19 HL 345 D JBURLAE 109% FBS mh e M5 B BORLFE H, 0,

PR R

2 R

2.1 ZIF-8-Pt ZKBAAIRAE @ DLS P 515
i ZIF-8-Pr 4 K UKL 9 R A2 7E 160 nm 2247 (1
A, SBEHEEWE MR - (E 1 B); Hi#H
HF-14 mV(E 1 C); DLS & ZIF-8-Pt 44 K ki 7
10% 1 FBS HhA] LIRS EAATE  RARGERFTE 200 nm A2
Fi(E 1 D) i H,0, 5 4 Flvk FE 1 ZIF-8-
Pt 44K IBURE IR A J5 0 2 7K A VR 1) I A ARk R Ok
PEAG R0 1 R S A e ), A A R B v
e T W ZIF-8-Pr 40 K UKL () 1k B, Z1F-8-Pt
Y KIORE A 2 R 50 g/ ml B 7= A2 SR RE ) B
W5 T 25 pe/ml DL IEURL % BB (& 1E) 5
ICP-MS 4 A ZIF-8-Pt 44 K WUk AE b Pl &5
=4 837. 8 pg.

2.2 HYHRaxt ZIF-8-Pt K FAIRIIREL  4T1 4
5 ZIF-8-Pt K TR LA H 2.4.6 h J5, &0t
ICP-MS ] ¢, 4T1 4 it % J0RL A4 45 R 43 51
28.9% 34.4% .39. 4% , 40 Ja %5 UL %) 5 BBl 4 st
[F] Py JE A TG 22

2.3 ZIFS8-Pt FRMAEMZREHE ZLBMLT

VR (0 ~200 pe/ml) i ZIF-8-Pt 0k 0 20 i 75
Pk ¥ AT 405 Z1F-8-Pt Pk L0575 6 h JF7E 24
h JE NG AEAE 3R ORIV B R 50 g/ml B 40 i A7
%4 89.28% (P <0.05) , 25 HE I #E X, H
SRR B A e’ 2)

2 FERE ZIF-8-Pt R £ R L
50 pg/ml lb#: * P <0.05,* ** P <0.001

2.4 MTT ZEEEBTIEEERE N T IFHh
AT1 FOIT BEABOOR 8 4T1 40 0 ) ZIF-8-Pt 44K
WUk LA 50 we/ml AR EEALFR 6 h, XFHRZ1H 1 x PBS
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AEFR6 h, SRS HILL0.1.3.6 Gy MIFI B4 T
7,24 h JEfdH MTT $:00E 40 MG 1 (Bl 3) . 55
ST ARG, ) ZIF-8-Pt 40 K Uk 151 &b B (1) 40 o
FERCTY 5 s O S AR AET R FELG T 6 Gy 7l
Y YT B, B A CIT AL A0 AE I R AL
(50.096 + 12.948 )% , B & fIk F 50 4l i J7 41 1Y
(80.391 +15.628)% (P =0.0102,1=2.968) , 2%
SHGFE L, X E W ZIF-8-Pr 44 K Tk B A i
gl e

B3 ZIF-8-Pt KBAEARBRMITHIET
3F 4T1 BREAIRGHE
5 PBS AL * P<0.05, " * P <0.01

2.5 TERET AR SEI6 I8 F 4 oK Bk BX A B AT Xt 4T1
MM RGN REETROIREHEX  Eid wEE R
RIS HE— L IPAS T ZIF-8-Pt 4K UKL 4 07 18 fik
o W4T A SRR EE 1Y ZIF-8-Pr BRI & 4
hBRIGT 6 Gy AbBlL, fEHRSTS d JE KA AE4H 4T1
MR R 4 A) o T8 TRV Ewi i 1)
YHILAETER AY BRI Z1F-8-Pt 404 Uk vk JBE 1 348 i i

TR, ORI IR F) 200 we/ml B, 40 M A G R
Bk, AU N 21% (K14 B)

2.6 ZIF-8-Pt AAKFHNERNBTEHERIR #
ZIF-8-Pt A KUK AR SMG TT 52 50 1 FE At L A BF 5
257 /N AR P 36 R OR P SO S RO, DA 2
mg/ kg FI & 1Y ZIF-8-Pt K BALEL A 6 Gy HYHLE
SRS AT IR IR YT SE6 4TI e/ B S AN [E] Y
K BRI EL PBS, 12 h J5, 1 6 Gy 9 X 54k 1R
SR, FR SR B R (S A) NP + RT 4143 %40
il T 78. 4% Wy R A (F =10.95,P <0.000 1),
B I 5 T PR Al T 4 34.5% (F =10.95,P =
0.012 7) 5 Haali Fiki 4014 19. 1% , (F =10.95,P =
0.0030) , R AHGIFE X, U TIRNE 2 T
ZIF-8-Pt T HGEACR . 78 RTIRIT R4 15 KAk
HE/INBRL, B s e W4 (181 5D) I Bl B YT e
Jihseg i) 2 (1Bl 5 C) , Hi g ZIF-8-Pr BE AT iR
Y7 2 el B i B R R T Al O A B S (F
=11.76,P =0.044 4) , 25 A G 11532 L, FFEIE
W17 ZIF-8-Pt WA HOT B AL T4l . IR AT
Ja /AR BT TG B AL (5 B) , AT LATGEH ZIF-
8-Pt TER N A B % e, fE RTIRYT )G
5515 KA /N B BUM I L) BN 48 JF #8417 HE 3%
B (E S E), &30 T7 A6 /N B IER 25 AR A7 Bt 4%
173X AN AT LA ZIF-8-Pt B4 iy Wk i 98 2H 217
(R RARRCRAE T PR 4T, A nT LA ZIF-8-Pt 44
KIURLAE /N AN BA R A Y2 2k,

3 g

AT AT R HETIE IR L) 32 N BRI k2
— . RT FIH & HE X STk B4 07 DNA s =4 15 P

B4 IRIE ZIF-8-Pt K Fikizt 4T1 MR GHREHREZENXER
A EVETE UG 5 B - 323236/ VRYT I 4T1 40 M B AH 4735 435K
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5 {AREINIEIE ZIF-8-Pt 4k BHi B & T RT3
AR R ZR B AR b BE A /N SR BT A AR AL 5 C 2 ARBE/ IS SRV 0 Al s 4k D IRATJR 28 15 RARFE/NRUR DIBR IR B9 R 5 B
IS/ S, ARG T LAY HE Be@ER x 2055 PBS Z1LEEL: * " P <0.01, " " * " P <0.000 1;5 RT 4114 "P <0. 05

SHMERTOEAIT (LR T BT ez 4
R S LS AR )P, B AL A R = A, 2 R BUR
Y IR WAL DNA J] FEl Bl iR 1Y O, B LAY AR E A
&Y, ANREA RN E DNA #1431 B shiE =,
TP BORS T RCRA IR . H HH SOl /Y SR 24
ML N 2 A K I F (vascular endothelial growth fac-
tor, VEGF) , #1L A - 3Z /& ( chemokine receptor 4,
CXCR4) | SR S AR Sy 1S IO 153 e o 400 1) 4 i
SEFHIT 55 TR I 9 O R AR R A VR (E
S BT T HRBTHLAR 0 255 1) 52 Ze e S BOEE X HE SR
I7 Y FRCAS B G 7 Rl bt G s ok PR 14 =
AU D T 2 it 0 7 AR B 2 H AT AY — S F 58 4R
B o

ARG I H 45 09 ZIF-8-Pt 40K ik B4%
=R, O AT Ll m B aE K B RO
(enhanced permeability and retention effect, EPR) %X
O K 2 4k sh B 1] R 9T AR RO O (EPR
RONL A T IR R A S A A8 PN B ) B 0 |

SERYSERE KT G TR AS B 325 1od 1 5 B | 1717 52
IR 2P A 5 A R (R B A B | 540 e e
2% IR EL R B AR |  R oF 2E JoR g o o L
VPR 3 A R AN R P BT DL ZIF-8-Pr 4K
TURLAE g F A7 ¥ ] B 4R L) . @ ZIF-8-Pt 4K il
B NE R —Fp ALK Bk, T H A& R Z TR
AP, AT ATERE S IR i X SR A E AR A
S50 Hb S E A S, AT o K IR B b 398 58 0 7 1
() DNA 4587 . 40 Jfg J& 9 45 i fn ROS R, &
ZIF-8-Pt G K B0RE AT LA3E 16 9 IR PE H,0, #5160
0,, M0 3% = FUMIR B, JE MG 5R T RT BYy7 a6,
FHRHIY AR 45 5 B R |, ZIF-8-Pt 4 K kL vl LA 5L
Mg H,0, 54l O, s IR DL R ARSMAYT S 45
IR, ZIF-8-P 40 K UKL A 707 o 2L i g 1 %
PR B 58 T B 40T, JF HERG ZIF-8-Pt 4K
UL B TEOTT AN 2 S 80N B WA 28 i 42
o AR AE AL, PRI T A AL EL A 38 RO OR 1 [
h A R A 2 4tk
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P, [8] JMREE, KWFHEE, IREHT, . BT HEIR A X 2R IR X A %5
S Lk W ARG AN TR [ ] P s BE R R A s Al ( A AR
2% —_
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Effect of zif-8-pt nanoparticles combined with radiotherapy

on the breast cancer
Zhong Kai, Zhao Zhengyang , Huai Qian, Li Xiaoqiu
( Dept of Oncology, The First Affiliated Hospital of Anhui Medical University, Hefer 230022)

Abstract Objective To investigate the effect of ZIF-8-Pt nanoparticles on the radiosensitization of breast cancer.
Methods 7IF-8-Pt nanoparticles were synthesized by chelating ZIF-8 with chloroplatinic acid (H,PtCl,). The po-
tential, particle size and serum stability of the nanoparticles were measured. The spatial structure of ZIF-8-Pt nano-
particles was observed under a transmission electron microscope. The ability to produce oxygen (0,) by reaction
with H, 0, solution was measured. The uptake of ZIF-8-Pt nanoparticles by breast cancer cells (4T1) was deter-
mined by inductively coupled plasma-mass spectrometry (ICP-MS). The toxicity of ZIF-8-Pt nanoparticles was e-
valuated by using MTT assay. The killing effect of ZIF-8-Pt nanoparticles combined with radiotherapy and radiother-
apy alone on tumor cells was observed with MTT assay, Colony formation assay and animal treatment experiments.
Results  Z1F-8-Pt nanoparticles with a potent of -14 mv and a size of about 160 nm were successfully prepared. It
was confirmed that ZIF-8-Pt nanoparticles were stable in 10% serum. The ability of ZIF-8-Pt nanoparticles to pro-
duce oxygen (0,) by reaction with H,O, solution was dose-dependent with particle concentration. ICP-MS results
showed that the uptake of ZIF-8-Pt nanoparticles by 4T1 cells increased with time. The clone formation assay
proved that the killing effect of nanoparticles combined with radiotherapy on 4T1 cells was related to the concentra-
tion of the particles. MTT assay and animal treatment experiments verified that the killing effect of nanoparticles
combined with radiotherapy on breast cancer was better than that of radiotherapy alone. Conclusion The killing
effect of ZIF-8-Pt nanoparticles combined with radiotherapy on tumor tissues is better than that of radiotherapy a-
lone.

Key words ZIF-8; platinum; nano particles; breast cancer; radiotherapy



