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Preparation and preliminary evaluation of anti-tumor activity of polyphyllin VI
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Abstract: Objective A targeted nanoformulation (PEG-PTP/PPVI@IRMOF-1) was constructed by encapsulating the traditional
Chinese medicine antitumor active component polyphyllin VI (PPVI) within isoreticular metal-organic framework-1 (IRMOF-1) and
coating it with a cell-penetrating peptide. The study aims to characterize the nanoformulation and conduct a preliminary evaluation of
its in vitro antitumor efficacy. Methods PEG-PTP/PPVI@IRMOF-1 was fabricated via the “triethylamine precipitation method” and
“reaction coating method”; The physicochemical properties of the nanoformulation, including particle size, morphology, thermal
stability, and specific surface area, were characterized by particle size and (-potential measurement, scanning electron microscopy

(SEM), Fourier-transform infrared spectroscopy (FTIR), thermogravimetric analysis (TGA), Brunauer-Emmett-Teller (BET) gas
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adsorption, and X-ray photoelectron spectroscopy (XPS). Hemolysis assay was used to assess the biosafety of nanomaterials. CCK-8
assay was adopted to evaluate the material safety and detect the effect of nanoparticles on the proliferation of human pancreatic cancer
PANC-1 cells. The effect of materials and nanoparticles on the nuclear morphology of PANC-1 cells was observed by fluorescence
microscopy; The targeting capability of the nanoparticles ex vivo was assessed by laser scanning confocal microscopy; The effects of
nanoparticles on cell proliferation and migration were examined using colony formation and scratch assays, respectively; Flow
cytometry was employed to determine the impact of the nanoparticles on the cellular apoptosis rate and intracellular reactive oxygen
species (ROS) levels; The effect of nanoparticles on the mitochondrial membrane potential (MMP) of cells was examined by laser
confocal microscopy. Results The targeted nanoformulation PEG-PTP/PPVI@IRMOF-1 was successfully fabricated as a dry white
powder. The nanoparticles exhibited a quasi-spherical morphology with an average particle size of about (177.47 £ 3.97) nm and a §
potential of (—7.94 + 0.14) mV; The drug loading capacity (DLC) of PPVI@IRMOF-1 was (43.02 + 0.08)%; The nanomaterial showed
excellent biocompatibility; Notably, targeted peptide modification can significantly enhance the drug uptake of tumor cells,
significantly inhibit cell proliferation, promote the production of ROS and the decrease of MMP in cells, and induce apoptosis of tumor
cells. Conclusion The prepared PEG-PTP/PPVI@IRMOF-1 nanoparticles possess uniform morphology, high drug loading capacity,
and good biocompatibility. Moreover, the nanoformulation significantly enhances the in vitro antitumor efficacy of PPVI, providing a

reference for the development of PPVI-based antitumor formulations.

Key words: polyphyllin VI; metal-organic framework materials; targeted nanoformulation; anti-tumor; pancreatic cancer
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Fig. 1 Schematic illustration of research design framework
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Fig.2 HPLC of PPVI reference substance (A) and
supernatant of PPVI@IRMOF-1 (B)
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Fig. 3 Particle size distributions of IRMOF-1 (A), PPVI@IRMOF-1 (B), and PEG-PTP/PPVI@IRMOF-1 (C)
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Fig. 4 { potential distributions of IRMOF-1 (A), PPVI@IRMOF-1 (B), and PEG-PTP/PPVI@IRMOF-1 (C)
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Table 1 Particle size and { potential distribution of microscope, SEM) 74T  FREUE &) IRMOF-1,
nanoparticles (X +s, n = 3) PPVI@IRMOF-1 1 PEG-PTP/PPVI@IRMOF-1 4} 5|
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Fig. 6 FTIR spectra of PPVI, IRMOF-1, PPVI@IRMOF-
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structure of PPVI (B), chemical structure of IRMOF-1 (C)
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BTN, BIRFEANETE, € SR
AR AEKAED
2,52 CCK-8 L4z Kb TxriA K

/n 2p3/2

Zn2p1/2
Ols

-—-/\.\..//J cls

1300 900 500 100
BE/eV

298 292 286 280
BE/eV

Ols

c=0}

e eyt Al i, o

544 538 532 526
BE/eV

Zn2p

1050 1040 1030 1020
BE/eV

&9 IRMOF-1Hj XPS [&
Fig. 9 XPS spectrum of IRMOF-1
¥ PAMC-1 £1 HPDE6-C7 4/ LA 7 000 />/FL %5
JEERNT 96 FLARH . KE9R 12 h A AR, B
XTREZEAN, NS AN A S IRMOF-1 (0. 1.0+
4.0, 8.0, 12.0. 16.0. 20.0 pg/mL) HIREIRM, 7%
24 h JGFERFR, CCK-8 LK 4HAAE 450 nm
ARG RE (D E, IRIEA X E AR AR [H
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24 h 48 72 h N
10 ZKEIFIE—4 CHEETERE 24. 48, 72 h By
HNRTS

Fig. 10 Appearance of nanoformulation during storage at
—4 C and ambient temperature for 24, 48,72 h

R2 PKREFREEER (Xts,n=3)

Table 2 Investigation on stability of nanopreparations

#& 3 IRMOF-1 EF-F PAMC-1 #iaF HPDE6-C7 4AAf
HYHRETEER (X+s,n=3)
Table 3 Cell viability of PANC-1 cells and HPDE6-C7 cells
treated with IRMOF-1 (Xt s,n=3)

(Xts,n=3)
L I A% /nm
24 h 48 h 72 h
-4 C PBS 171.20£6.20 179.43£12.35 172.13£16.59
B 10%IM7E 166.60+4.82 172.83+14.01 182.03+13.54
Ak
#iE PBS 177.93£12.10 173.13£3.92 183.90%£9.87

T 0% 169.70+£7.34 178.47+6.26 186.30£7.78
bl

IRMOF-1/ HMLAETE /%
(ug'mL™) HPDE6-C7 PAMC-1
0 100.000.00 100.00=0.00
1.0 103.16+8.09 98.84+5.70
4.0 92.59+5.25 97.25+1.17
8.0 101.06%7.39 97.49+5.55
12.0 99.3643.05 96.93+0.64
16.0 90.55+3.76 99.70+4.05
20.0 87.19+4.51 97.394+2.21
#< 4 PEG-PTP {EFT PANC-1 HBERNTESER (X £,
n=3)

Table 4 Cell viability of PANC-1 cells treated with PEG-
PTP(Xts,n=3)

PEG-PTP/  4HMufFi&#%/ | PEG-PTP/  HMAEIHZH/
(ngmL™) % (ngmL™) %
0 100.0040.00 3.0 103.13£5.98
0.5 101.214+7.42 4.0 106.77+£9.22
1.0 100.18+7.49 5.0 105.26+8.20
2.0 103.12+5.52

NS AN W PEG-PTP (0. 0.5. 1.0+ 2.0,
3.0 4.0. 5.0 pug/mL) KGR, A0 PEG-PTP Xf
PANC-1 ZHHEISFE IS . 45 3K 3. 4 Fiw, 5
SR, &FE4] IRMOF-1 (1~20 pg/mL) {E
F1F PANC-1 41 i f1 HPDEG6-C7 40 fd FRI 7735 35T
SEMZER, KR 0~20 pg/mL SZ56 45 2577
& [, IRMOF-1 BF RIFMED 22N, ARFE
WP (0~5pg/mL) PEG-PTP 2040 HIAEE R 5%t
BATEEMEZER, W Im.
MMWAFETE R =(A 92— A w=)/(A s —A wz)
2.5.3 DAPI ZLascioiigg Kb T X8 E KB R)

200 pm
Xt I

5 ugmL!

PANC-1 41 LA 4 X 105 4/FLI % B HeF0 - 6 FLAR
IR 12h Ja A 285908, A nlA 2mL i, H. &
JREW ) IRMOF-1 (5. 10, 20 pg/mL) #5375,
9% 24 h R FE LRI, 4% ML UE E E E 15
min, JIA DAPI 44 E 37 CH;FRFE Y 15 min,
Vel G/ FLIIN 1 mLPBS, 7F7¢% 5k N eg,
FEEEHLAA IR . HH AN S B 11 AN EJRERK
FE ) IRMOF-1 {E 1T PANC-1 40, ZHAt%IE
A%, HZiEW, THMEZED. 2RIR, 5
XTREZEAH B G B R 22 5, X [RIFE U6 T IRMOF-1 78
0~20 pg/mL 45 240 [ P30 40 A% Jc B 2 s,

A RUFHEY) 24k,

254 HISRHELE K 250 uL ASFETREAR T
IRMOF-1 #1 PEG-PTP/PPVI@IRMOF-1 (20 40- 60-

10 pgmL™! 20 pgmL™!

11 AERERER IRMOF-1 /EFTF PANC-1 fHf/5 89 DAPI &K E (X 100)
Fig. 11 DAPI-stained fluorescence images of PANC-1 cells treated with IRMOF-1 at different concentrations (x 100)
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80~ 100+ 120 pg/mL) JINEIZEARFN 2% 2120
W, BARRS), FRREMEXTRRAL (250 pL 2579
IKEEEARF 2% LA PRI ) D A 1 Xt 20
(250 uL PBS HZE4AFH 2% M g BikiRs)), B
T 37 ClEIE/KEHEE 1 he

I B SC UG FTARES 1500 t/min 250 (B0
%10 cm) 5 min, FAMIFUCEE LIHEWRIIA 96 FLIR

FRAEXTIE R 1 20 40

o, FEEFROCGIE 574 nm Kb A 8. HBAEART
IR, g5 50 12 MR 5 Frox. [FRH M
AL, 0~120 ug/mL f¥) IRMOF-1 1 PEG-PTP/
PPVI@IRMOF-1 )35 MR AN B, 375 1 22 7] B 4
STRGLHA L E BB 22 5 o IX UL gl Kok B
H RG24,

EMLZEE = (A4 s — A )/ (A wrese— A mrem)

- - - -
- - ~ -
60 80 100 120

J5 i B A(ugrmL)

12 TREIREREH IRMOF-1 (A) 1 PEG-PTP/PPVI@IRMOF-1 (B) 1EBATLIAMGHGRIMING
Fig. 12 Hemolysis of red blood cells treated with IRMOF-1 (A) and PEG-PTP/PPVI@IRMOF-1 (B) at different concentrations

%5 AEIRERER IRMOF-1 #1 PEG-PTP/PPVI@
IRMOF-1 {EATAMMBERRME (X+s,n=3)
Table S Hemolysis rate of red blood cells treated with
IRMOF-1 and PEG-PTP/PPVI@IRMOF-1 at different

concentrations (X +s,n=23)

FE i JR IR /(ug-mL ) W ILE/%

Iop 4 %o 1 - 100.00+0.00

IRMOF-1 20 0.354+0.19

40 1.75+1.30

60 0.8940.65

80 1.4340.38

100 -0.62+0.19

120 0.03+0.82

PEG-PTP/PPVI@ 20 0.92+0.22

IRMOF-1 40 1.69+1.10

60 0.9240.58

80 2.584+0.76

100 0.0340.80

120 2.07+0.59

2.6 RIMNARIRENR RIS

2.6.1 W EVAHOCHESR AL K Ab T B A K AR

PANC-1 4 LA 3 X 10° {92 B Befb T-HOE LR A2
W, RS, FARIFRE, DL C6 fE Rt
R, AN 1 mL 44 PEG-PTP/C6@IRMOF-1 (C6
JREWSE AN 1.0 pg/mL) IR, AL 25 0.
0.5+ 1.0, 2.0, 4.0, 6.0h J5, FERFW, [ “253”

TR AT E . Rt lE, S ER0ILRERR
BN LI A5 R WA 13 B, B 45 2 ]
B, SRESIE R IR IRHIE M, % 4 h 4l
MO FEARE N 56 41X 3R B IZGHKRL R % DA (8] FH ¢
(1) 77 2 A e 200 B i A W

2.6.2 FEFMEVHL AT BUZE K I PANC-1
HMLLA 3 X 10° AN %5 BE Rt TR0 B A L rh, 1%
TSR EFERFRE, 4N 1mL &4 C6. C6
@IRMOF-1. PEG-PTP/C6@IRMOF-1 (C6 J5i Bk &
N 1.0 pg/mL) FIREFRME, 4525 4h ), FEEEFR,
[ “2.5.3” WUNEHATE €. Qs &IE1EEDL
R RS PSR SR WE 14 B, 18
PANC-1 #Hiffurf, #HELT C6, C6@IRMOF-1 HI% %
RPEE R T RT#, 10 PEG-PTP/C6@IRMOF-1 [1]5%
Fe R T IHAR 2 4, XK PEG-PTP #E [
JUE 5 AR OKE B A B A 255 A e 4 e P e L

2,63 LR R Ab T BUE K
PANC-1. 4T1. HC11. HPDE6-C7 4Hij{s LA 3 X 1054
(% FE R T L R L, B9l G, #E
B IR, BN 1 mL 44 PEG-PTP/C6@IRMOF-
1 (C6 JREWEN 1 ng/mL) HIREFR, 4525 4h 5,
[ “2.5.3” W7 @ Qetasilt, RIGEEDE
LR R TS IR . A A K )
PANC-1. 4T1. HC11. HPDE6-C7 401 LA 4X 105 1]
HREAT 6 FLIRH, B5F% 12h e FRIRFRIE, 4
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h . . . . . .
Co
100 pm|
- . . . . . .

0.5h 1.0h

2.0h 4.0h

£ 13 TR ERIE PANC-1 4% PEG-PTP/C6@IRMOF-1 FIiEEVIE N
Fig. 13 Cellular uptake of PEG-PTP/C6@IRMOF-1 by PANC-1 cells at different incubation times

: . . .
Co6

75 um
h . .

C6@IRMOF-1 PEG-PTP/C6@IRMOF-1
& 14 PANC-1 £AfEX} C6~ C6@IRMOF-1. PEG-PTP/
C6@IRMOF-1 FiRER{E SR
Fig. 14 Cellular uptake of C6, C6@IRMOF-1, and PEG-
PTP/C6@IRMOF-1 by PANC-1 cells

S 1 mL 4 PEG-PTP/C6@IRMOF-1 (C6 Jii
HIREAN 1.0 pg/mL) PIEFFRM, 4 h JEICEEAI S
15 mL BO0EH, YelE VIR, BEJE IO\ VKE Pk
rAE, FIHRAMIOGET EEME. 4R NEK 6
AE 15, B RELER TR, PEG-PTP/C6@
IRMOF-1 {EHF PANC-1 40 gl £ th 5 e 15 ik, 76
Fofth 3 Fhat s A LRI B R Rk 5,

£ 6 AEHENT PEG-PTP/C6@IRMOF-1 AR B EL 151
(Xts,n=3)
Table 6 Uptake ratio of PEG-PTP/C6@IRMOF-1 by
different cell types (X + s, n=3)

Al 2 0 S MR L A A B L B

PANC-1 98.50%1.47 HPDE6-C7 30.40+2.62""
4T1 47.53+0.38"" | HCI11 48.30+1.35""
5 PANC-1 i LL#%: ™P<<0.001.

***P <0.001 vs PANC-1 group.
A E B 45 R BoR, PANC-1 4Hju%t PEG-PTP/C6
@IRMOF-1 [PJHEH L) 5 35 v T34t 3 Fhanfie,
UL S PEG-PTP 24 & 25k B & 5
Il RE, B A B P R s A ok
2.7 OINHRFEAR
271 Y041 PANC-1 Uil T # Ak K,
HATEINR G 25, B A BRBENL S o HRAL . PPVI 4.
IRMOF-1 #i. PPVI@IRMOF-1 441 PEG-PTP/PPVI
@IRMOF-1 ZH[ PA PPVI )41 Z (half maximal
inhibitory concentration, 1Cso) it o
2.7.2 CCK-8 VERIMAHMAETE 2 R HU A K
PANC-1 4fiff1 A 7000 4*/%8@@?%%41% 96 FLARH,
IR 12h Ja AR5 R, A 0L 24 4. 6. 8.
10+ 12 pg/mL ] PPVI. PPVI@IRMOF-1. PEG-PTP/
PPVI@IRMOF-1 251557, 24 h J53F L8595, R
F CCK-8 iEAG AN LE 450 nm 4b 4 18, HRHEA R
TH AR MAFE 28, R4 S A 17 1O, 4% Graph Pad
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DAPI

Coé

Merge

PANC-1

HPDE6-C7 HC11

15 PANC-1. 4T1. HPDE6-C7. HC11 A%} PEG-PTP/C6@IRMOF-1 FYREVIE 5L
Fig. 15 Cellular uptake of PEG-PTP/C6@IRMOF-1 by PANC-1, 4T1, HPDE6-C7, and HC11 cells

Prism 9.5 X PFRHATAELE M 1A 4047, JFTHR AT
ICs0, &5 W3R 7. 45K 7R, PPVI. PPVI@QIRMOF-
1. PEG-PTP/PPVI@IRMOF-1 [f] ICso 53514 6.730.
6.012. 5.620 ug/mL. HHZER AT, BEHE 25 25552
Hhn, PANC-1 ZHRRIAIERZE TR, HAHE
IFI AR < . [, PEG-PTP/PPVI@IRMOF-1 41
HHIAEEH 5 PPVI Al PPVI@IRMOF-1 4IAH L, B
AR EVEZE R, R T ARG G R

2.7.3 DAPI J05C50  F0t4E K1) PANC-1 41
DL 4 X105 (1% BEHR T 6 FLARCH, %] “2.7.17 1

N HACERANMY, £5FE 12h EWRERRR SRS, o uilin

AN& WG FR, 24h JF3EEFR, [F “2.5.37 i
FOPEBATE R . JetERE, BEERCEME T

MELFEREMLARE, ISR 25 )3 AN AL TS
LA 16 Fiow, 4%45)5 IRMOF-1 H 53 B 4H TG
B R 22 50, PPVI 440 M t% I 46 [ 4, PPVI@
IRMOF-1 ZH [ 4t M i [ 4 50 S SN BR &, 17 PEG-
PTP/PPVI@IRMOF-1 4 F: A 56 A= [ 45, 5 5% B4 AH
L EAREMEZE R, B PEG-PTP/PPVI@
IRMOF-1 3 fit e 40 B A (1) 92 4% e 77 B otk o

£7 AERERE PPVI. PPVIQIRMOF-1. PEG-PTP/PPVI@IRMOF-1 {038 PANC-1 4AFEAITEER (Xts,n=3)
Table 7 Cell viability of PANC-1 cells treated with PPVI, PPVI@IRMOF-1, and PEG-PTP/PPVI@IRMOF-1 at different

concentrations (X +s,n=23)

3 MMAFTE %
ZH]

OpgmL™'  2pgmL™! 4 pg'mL™! 6 pgrmL™! 8 pgrmL™! 10 pgmL™! 12 pg'mL™!
PPVI 100.0010.00 104.81+2.40 108.15+1.90 52.47+11.15"" 40.13+7.11"" 12.96+2.91" 9.364+0.50"""

PPVI@IRMOF-1

100.0010.00 102.46+1.71 98.88+2.85 48.09+3.05™ 14.234+3.92"" 6.54+1.30"" 5.534+0.14™

PEG-PTP/PPVI@IRMOF-1 100.00+0.00 101.83+6.46 88.351+5.42" 39.34+1.50"" 11.00+1.45™ 4.2840.71"" 1.314£0.93""

5 0pgmL™' LL#: P<<0.01 "P<<0.001.
*P<001 *P<0.001vs0pgmL™"

o IRMOF-1

PPVI@IRMOF-1 PEG-PTP/PPVI@IRMOF-1

16 T [E4HA PANC-1 RIS
Fig. 16 Nuclear morphology changes of PANC-1 cells in different groups
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274 RETERCSELS CHXTEUE K PANC-1 41
DL 4 X105 ()% BEHP T 6 LA, %8 “2.7.17 T
NoOAAC RGN, B3R 120 R, RN
NGYRETR, 240 Jaa BT, B AL EK
RS 15 mL B0 W, 1000 /min &0 (B
042 10cm) Smin, 32 LG, A PBS HEJ5
T8 BL 1000 AN/FLI 2 B HHr R 2] 6 FLARH

3~4 REH 1 REFFRIE, 2o bEdfn e >
50 FETKIAIARAHIERS, 7RG, 4% 2 2l
e . 4 im SR g gt 5 H PBS P2 ot

y

X i IRMOF-1 PPVI

BT RN, AR, R A X w K
o R ILE 17 ik 8. 4R EIR, IRMOF-1 H5
XTI B 25, PPVI 41, PPVI@IRMOF-1 41
PEG-PTP/PPVI@IRMOF-1 #H (470386 5 g 14k Ve it
iR, XK PPVI #HTHZ 5 SGE T 2440
T, T PEG-PTP BN — P4 s 149K
KL FE M, AR T 7 250t v A 4 L P UG B

SERETY B = SEU AL 5 W T PO R AL 5 T 1
275 RIRSESE CREXTHUCE KA PANC-1 41 i

£

SRS

PPVI@IRMOF-1  PEG-PTP/PPVI@IRMOF-1

17 A[EES] PANC-1 {RER = R IER

Fig. 17

Colony formation of PANC-1 cells in different groups

=8 A [EAR] PANC-1 AR AR E. XIIRAEE. ROS TUFIATKMER (X+s,n=3)

Table 8 Colony formation rate, wound healing rate, ROS level changes and apoptosis assay results of PANC-1 cells in

different groups (X £ s, n=23)

21 5 WETERE/ % KIREEZ/% ROS X DGR/ % MG E/Y% A3/ %
i R 100.00+0.00  56.63+3.32 100.00%0.00 100.00=0.00 22.04 475804
IRMOF-1 98.68+8.04  52.29+1.73 97.334+3.79 96.80+1.20 28.96+£0.85444
PPVI 62.95+2.97 28944484 159.00+9.54** 72.0610.78*  57.011.00484
PPVI@IRMOF-1 46.04+4.52""  13.81%£5.02" 184.334+1.53** 4034029 90.220.4344
PEG-PTP/PPVI@IRMOF-1  13.674£2.04™  3.74+£7.39" 218.67+=13.43" 20.90+2.93"*  100.000.00

EXIIRA LS "P<0.01

P <0.01
T 24 fUHRCH, $%HE 92717 TUR A AR RN AR, B
FEAMMPWE, EEETESN, 10 pL K
MOk BT By SRR AL R — S S ST RR, R
JR5EHUE, [ PBS SRR R el A i LA L R R
FEACRIANRE . NN 1 mL & 8 253 A G i By

0Oh

pagit IRMOF-1

**P<0.001; 5 PEG-PTP/PPVI@IRMOF-1 41Eb%:: 244P<<0.01 A42P<<0.001,
**P <0.001 vs control group; 24P <0.01 424P <0.001 vs PEG-PTP/PPVI@IRMOF-1 group.

FHE, BTSSR SR R, AT 0. 24h
PR ERIREEE, HREA R EYIRES
R g RUE 18 FI5R 8 Fian, PEIGFRI LK, %
HEIRHEI T AFRFEE &S, IRMOF-1 45 %7 g
HIEHEZEN, WRESRM. PPVI 4. PPVI@

PPVI PPVI@IRMOF-1

PEG-PTP/PPVI@IRMOF-1

18 TE4HF] PANC-1 AT ER
Fig. 18 Cell migration of PANC-1 cells in different groups
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IRMOF-1 HRIJR 8 & FEARK IR 12 , PEG-PTP/PPVI
@IRMOF-1 H i & BRI AW, IXIESE T X% PPVI
AT EE KA B R AT, BARI S 2K
RE R

YR AEE=(0 h RJEmA—24 h XYRHEF)0 h IR
A
2.7.6 IEMEEMIIE CBRHECE KR PANC-1 41
HILL 4X 105 ()% FEFAN T 6 LAk, %R “2.7.17
TR AR FRANAL, 5597 12 h JEWR SR IE3E, 4051
IAE L35G 5%, 240 JEFE55% 8, A DCFH-
DA B4R E 20 min, Peik)E H 980 WA e M
SRR R A o A e B2 SR 4 M N T

X e IRMOF-1

AMAKCE, 452 240 JFWCEAR S B IR E 15mL
BT, BOEMEYTE M DCFH-DA #% i
& 30 min, 5 min BEVRSI 1 IR, WEERES
O 35BS B, &5\ DMEM =4,
TNVK G ARG ORAE,  F I 24 B ASG2EA T 248 i Y
TR, 25 R I 19 fIFk 8. 45 R E M, IRMOF-
1 ZH AR R ZH 1R 28 Ol BE TG B 2 %203, PEG-PTP/
PPVI@IRMOF-1 41 (1) ¢ (0 5% e 7 i 2 0 I 5
PPVI 411 PPVI@IRMOF-1 4, S5xtiREME A
BEVEER, RYIRE R LG KRLA L B 24 A
B2 B AR5 S ROS A I RE

2.7.7 Annexin V-FITC/PT BU4es24s  Kesd B A K11

PPVI@IRMOF-1 PEG-PTP/PPVI@IRMOF-1

19 AEH7] PANC-1 48R DCFH 837 IRE
Fig. 19 Relative fluorescence intensity of DCFH in PANC-1 cells in different groups

PANC-1 41 LA 4 X 10° (3% B AP T 6 FLIRH, 1%
JB “2.7.17 TUR 4L ACERANAE, 5537 12h 5 BRES
FRIE, PRI ERETR, 24 h JE R S 5
FRME 15 mL 208, BEaO, AEYEHEMA 195
pL Annexin V-FITC &5 & VR H &, J5 I 5 uL Annexin
V-FITC Z4 A1 10 pL Ak PO e Je i, 205,
FRBOLIFE 15 min, FEBRAKEN, BEIRIT,
T 1 h PN SERCA M TR, 455 LI 20 AR 8.

46 R S Ih 4H 5 0 4H . IRMOF-1 25 135 40 i 77
ERAFEEEES, H5hEAYHMEZHM
Eb A 1) 3 25 gl Kok 2 S 2 gk T A R T

2.7.8 MMP [l HXTEAE KT PANC-1 4
DL 4X10° ()% FEFERD T 6 FLARH, 4%H8 “2.7.17 T
T AL ERAN M, AW 3 AR, B9E 12h 5K
PreGFREE, AIINAE 4GSR, 24h EREEY
B ds, AN IC-1 et TAEM & 20 min, Yelk)a
BTV EME THE, SRIE21. 4RER,

IRMOF-1 ZHA MEZH oI & 22700, PPV ZH 4 ifa LA
AT, D ESEDT; PPVI@QIRMOF-1
HA BTG RETOEH R Z; PEG-PTP/
PPVI@IRMOF-1 HH L5 LT 2% 2 PR A 4
RN, G AN AR 24 AR LA ) 3 25 K
P2 R E e T MMP 1) R B.

2.7.9 Gt a4 FIA GraphPad Prism 9.5 #(4F

AT G, RSB ERTT Z 0T 2 =1
B, P<0.05 WNRAGHAER.
3 itie

AW T UGBS &R A VLE 2R PPV il
# BB MR FE IR T R BE M 9K B IE R, SLIRgE R T
N, ZEBANE IS R HEA R A
FHAS T, RSk 8 40 i e s I, RO T
[P 24 o) DA S RAB R g K il 57, st CCK-
8. MRSCE. TEREIEEE . DAPL Jeth. ETEA
o I B e R A7 s v A7 A U 55 22 P O VAT 0 B UE T
TZEE [ AR P PUMRE T, B PPVI A B R
TSGR WIS BRI NS4 PPV IR A B PU
JR I 7 B4 R A o

MOFs X2 fLBLA SR -E4), 72 AR 25 480t
A R AN R IR, AROK e 1 3 R 253808 2
4; (targeted drug delivery system, TDDS) )& JEl'8],
&EE AV A AR Z % FEE T MOFs 1)
P, MR E B A HVIAES R4 (isoreticular
metal-organic frameworks, IRMOFs). i KK
HEZE K51 (zeolitic imidazolate frameworks, ZIFs)-.
P LW AT A R R %1 (Matériaux de I'Institut
Lavoisier, MILs) %5, WEAEHALHE S Z R H T+
TR0, R T A M e S R AL 2L
B IRMOF-1 (MOF-5) 13 PPVI, HEMAFIE
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X R IRMOF-1 PPVI
106 100 106
E Q2 R Q2
< 10° < 10° 4 < 10° 4
N '\ \n
210t 2 10% L 10% 4
< N 3 < 3
o -5 o
E 10° (3-2 103 2 103
o o - o -
T 3] T
5 0 5 ] 5 e,
= = =
A A , m 9
g -10? g -10? g -10% -
o (=] o i % e
@] @] @] :
—103 4 Q4 S Q3 —103 4 Q3 —103 4 Q4 Q3
LAAALARAS . . ILRALALL | Lk BREALL BLELLL BRASLL | LAAALARAS . AR | Ty L B BRAAL | LMAAMRAS . ) AR | Mk BB BLELL BRALL |
-10? 10? 103 10° -10? 10? 10° 10° -10? 107 103 103
Comp-BLI1-A::FITC-A Comp-BL1-A::FITC-A Comp-BL1-A::FITC-A
. PPVI@IRMOF-1 . PEG-PTP/PPVIQIRMOF-1
10 10
jQl Q2 3 Ql Q2
< 10° 4 < 10°4
A 3 e 3
S 10° 3 210 4
N 3 N E
[ o
Q10 Q10
[ B o} -
&~ ~
i 102 = i 102 5
RN z
g -10% 4 g —10% 4
(=} (=]
& ] O ]
ede , B p i Q3
e e et S el s e S e
-10? 10? 10° 10° -10? 10? 10° 10°
Comp-BL1-A::FITC-A Comp-BL1-A::FITC-A
E 20 A[ELHF PANC-1 ZHARE T ML R
Fig. 20 Apoptosis assay results of PANC-1 cells in different groups
JC-1 %
=4
JC-1
LN
Merge

IRMOF-1 4 ‘ PPVI o PVI@IRMOF-l
21 AEI4A%I PANC-1 4AEA MMP 2544
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