Hans Journal of Biomedicine Z:#JEE2#, 2021, 11(3), 149-158 Hans i
Published Online July 2021 in Hans. http://www.hanspub.org/journal/hjbm
https://doi.org/10.12677/hjbm.2021.113020

ETUiO-66-NH, HI EH sEAIE X R IE KX
HihE g AR

&y, 3 x4, EAE, ARE, B A

BRRFEMRIEESEG, LR WG
Email: Jjiesunld@163.com

Wehs HEA: 202145 H22H; FHABER: 20214F6 As5H; KA H: 20214E7A5H

R

HE: PAFTEER (DOX)M AT IE - 1Y (4-3RFEZHEFE) N (meso-tetra(4-carboxyphenyl)porphine: TCPP)
NIEELZ ), Ui0-66-NH AHKERME, W T —F e BRI E SR8 R, FE0tHitee
BATHESE . Fik: KTCPPEIMMIERASIAZERE - AYUERK B LS F, RRDOX, MET
Ui0-66-NH@TCPP@DOXE A 4K Bk R . BISEM. XRD. IRFIZR G BEAT IS S K FRA1E .
i, BT HAEAFpHE AR AYRBRBIEN . MR N R RSS2 K5 B1sF 108 4
MBS . &R FRBEERFIIHZEL 8200 nm, DOXHIFEREAN31 wt%, TCPPHIMERE
H10.9 wt%. FEpHAS5.0MIZEM S, I E108 hIDOXH BB EN47.2%, TCPPH BRBHZEN
76.8%, B TIEpHAN7.0MEMH AR T FAMRBEBE. H4P, Ui0-66-NH,@TCPP@DOXAES 4 A4
WEAEBRE N BRSETE, SRR /e 685 5 B85 M 41 BB 16F 10, 7£660 nmiF it
T, HHAEEEN55%, RFAUI0-66-NH,@TCPP@DOX H S5 1 B AL 255 Xt Bk 988 4 i i) 75 ket
B . &b ALIE I EE S9KEZ 4 RUI0-66-NH.@TCPP@DOXA R84 T BSR4,

E TDOXMERE, W THME, MSEEL T SREORIFI T 25 107 20835 Rt ik J8 48 i i b R SR A5 4
J:: 8

X 5in
PRBGER, FIER, TCPP, ZWRR, XIIEST, HMEES

A Smart Drug Delivery System Based on
Ui0-66-NH: and Its Synergistic Antitumor
Activity

Yeting Pan, Yuhong Liu, Herun Wang, Xiaoqian Du, Jie Sun”

CESEE .

TEIH: EEE, IR, TEE, FLBE, IS, BT Ui0-66-NH2 FI5 BE 251k 1k 2 [ 2 2 b R B iR s
PEWFFL]. ZEWIEE %, 2021, 11(3): 149-158. DOI: 10.12677/hjbm.2021.113020


http://www.hanspub.org/journal/hjbm
https://doi.org/10.12677/hjbm.2021.113020
https://doi.org/10.12677/hjbm.2021.113020
http://www.hanspub.org

ey 55

School of Life Science, Ludong University, Yantai Shandong
Email: ‘jiesunld@163.com

Received: May 22", 2021; accepted: Jun. 5", 2021; published: Jul. 5", 2021

Abstract

Purpose: A smart composite nano-drug delivery system, which was responsive to the acid tumor
microenvironment was developed based on Ui0O-66-NH;, loading doxorubicin and meso-tetra(4-
carboxyphenyl)porphine(TCPP). Its properties were also studied in detail. Methods: TCPP was in-
troduced into the periodic porous metal-organic frameworks (MOFs) by the coordination ability of
TCPP. UiO-66-NH,@TCPP@DOX was constructed after DOX was loaded into the pores of UiO-66-
NH,@TCPP. After all, the morphology and structure were characterized by SEM, XRD, IR and fluo-
rescence spectra. At the same time, the properties including the drugs release in different buffer
solutions, the extracellular and intracellular singlet oxygen production and cytotoxic activities
against B1¢F10 were also investigated. Results: The average diameter of nanoparticles was about
200 nm and 31 wt% of DOX, 10.9 wt% of TCPP existed in the composite nano particles respectively.
In the buffer solution with a pH of 5.0, the cumulative release rate of DOX and TCPP was 47.2%
and 76.8% respectively within 108h, which were higher than that in the buffer solution with a pH
of 7.0. In addition, Ui0-66-NH.@TCPP @DOX exhibited high efficient singlet oxygen generation,
which was confirmed by the extracellular and intracellular experiments. Cytotoxic experiments
have shown that it can Kkill tumor cells BisF10in vitro effectively. The cell survival rate was 55%
under irradiation of 660 nm laser, indicating that the photosensitizer combined with chemothe-
rapeutic drugs in Ui0-66-NH,@TCPP@DOX has a high killing effect on tumor cells. Conclusion: The
composite nano-drug loading system can effectively avoid the aggregation of photosensitizers,
improve the loading capacity of DOX and enhance the targeting ability, so as to realize the effective
delivery of photosensitizers and chemotherapeutic drugs, which have synergistic effects in the
treatment of cancer.
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1. 53|

FERE AR YT R SRR R . JTAER, S6ah J1iRdT (PDT)BUARE MR AF . X IER AR/ KRN
Ph Bk O 25 PR A D0 A I B — AR H A AR AR TR R TR (1] AR RE KO Y
N SRR R AL K 48T AR AN T A SR AR P T SRR B A R, AT S IR R B
PARTURIRARE . ARG S EATAE YR W TN d ) 2 G RBGRI 254, SRTIT PR IR 2y 55 A RO R0 R A 4
Fe) B FL T A5 PR SRR K PR (A5 LA AR AR IR A 5 SR 4R, 3 PG 23 PRGN , 44 ARG 3R I 1] i K2 2] [3] - BEAD
TR AE iR L B AR O [ SR AR RE FT B R 1063 B T IRCR, 50 )™ B 0 IR #4140 A0
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Bt B ECE IR RCR, DAL IR A U O ik . ARk, AR RERIERE -
A HLHELE(Nano Metal-Organic Frameworks, NMOFs) t 3 LL R THI AR K L 5/ A FLAE T ZH Rk 2 FE
B B K DL RAN S ) A A 25 i E AR A P A, G R 24 adt ik 5 A SRR 5 T S s R 2 1) R FH T 55
[4]. #2590 580K IS L3S, 76 MOFs (& Ut feh, BB AV EEARMAF (5] KPR Mm%
B2 MOFs % [fi[6] sl ik (15 71 2454 73 1 3 46 %) MOFs 193RI [7]; ttAh, Lin [8]AI Zhou [9]#F
TN — 481 A B 9 MR > TR B 155 Zet R HEYTRAL 9 NMOFs H 63l 13677, 45 1%
B IX PR R 73 51 N3 MOFs 1 J P IR Z5 40 rh (1 S, A A5 B 1 O BIGRI R SR AR, $2m T Ted
oA 4n M oxE ok BN R A MR RE 1 . A ST K N W e - WU 4- R R &) nhomy
(meso-tetra(4-carboxyphenyl)porphine: TCPP) 5 2-Z 3t — HRLL— & I BE/R L 5 Ze™liifr, — &
UiO-66-NH,@TCPP, #XJ57EHFLIE T i #k EhIRFT 82 2, W9T 1 UiO-66-NH,@TCPP@DOX TEMASIMIZi4)
PO AN R 2 A =B L, IR DL/INER B BRI BaoFao AR, HIF 78 B P4 B 2 A5 AU 7 A S Lkt i
T A PRI A

2. SCUGER4Sy
2.1. SCIEMRL S8

P UG s NN-H I HERZ (DMF); IKAER; 2-& 0K IR W ie - P(@4-REER)
NMY(TCPP); oK ZHE; FhMRPIE R HEE; BKMe; N N-ZH3E-4- RS AZ(RNO); L kA H
Ffhr TAFIE R AR, RPMI-1640 35772k JEEEIR 0.25%; H& RiE& RWW: RFmE: MTT; ¥
W6 sigma, DMSO; ¥ M S I &l H 25 = RAEMHEARGBR A

1038 BRI S AT 1A (DHG-9123A 13 K 2 Sz 0 AU 2% it 45 PR A A1) s KA ek BE iH(TU-1810
et B ARG PR STHE A ) RGO TH(Cary Eclipse 2GR (T E) AR AH): pH it
(PHC-3C LA Bl AU A AR AR o #s K S AR 8 (SUB010 HAS Hitachi); f 7r4L 4k
FEHEAL(MAGNA [ JE 7 f1 A wl); X BHA75H%(D8 Advance 8 [E i 4 57); — % ALm#ES 77 46 (Thermo 311
FEBR KRB (P E)A R AT BOb K A 2% (HF-1064-200 b5t BB G EBHEE R A F): BEFRAL
(SpectraMax £ 257> FAX R (i) G IR A ).

2.2. HAKRNEE

2.2.1. UiO-66-NH, B9 & Ak

FREX 40 mg PUSAL#5 N3] 10 mL N, N-Z H B L 4, B A 3 min R, SRE M 0.2 mL K LR,
7 30 s JE AN 31 mg 2-Z XK —HIER, A 3 min, fRJEfF 0.0125 mL KN BB W R [10]. BN
VUSRS I N AT B, SRR IR S 38 B, TRONHE AR, BB R, 300 min F1 % 120°C, 120°CLREF 24 /NS
24 /NI, BB B UTREYD, K UTEYIAE NN-— 3 BRI PRI 2~6 /NI [11], R B 2-
FEXNE R, TR0 RE LB, TUEHIOK CREBG, B2 T BRI R S O AR R
2.2.2. UiO-66-NH,@ TCPP BY& R}

FREX 40 mg PUSAL#5 N3] 10 mL N, N-ZH B L 4, B A 3 min =M, SRE M 0.2 mL 7K LR,
#E7 30 s J5 M\ 31 mg 2-Z FE X7 HER, #8453 min, JII 6.42 mg T e - DU (4-FRFEZKIE) by (TCPP),
HiAE 30 s, fJEHt 0.0125 mL KAIARAR . AR OENAT R, RJEREIRBER, BNEAE
H, WEFEF, 300 min F & 120°C, 120°CIREF 24 /Ni. 24 /MBS, @ & 00 ST, BUTEMTE
N,N-— F L FR R PR 2~6 /N, PR R IO 2- B 28— HIIR, B0 a3 25 Ll DUiE K
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CTEBRGR, TR E O AR R
B 5 mg UiO-66-NH,@TCPP ¥ H 73 #7E £ B il HoAE AS14 Kb Al , % TCPP pdsit: 2k it
H AR TCPP (1414 & 5 10.9 wt%.

2.2.3. UiO-66-NH,@TCPP@DOX HI& R

FREX 172 mg #8261 % 2 5 200 mg UiO-66-NH,@TCPP I N[BT, FhIA 84 mL DMF, #H
FEEAREL IR NEOEHIRE 36 ho 36 h 5, BB B YUY, HUTEYH DMF 2 2~6 h, FRIX
B, P b, EEIRE 2-3 W, ARSI IGK CEEG 2 2 3 i, BRI BRI R,
B BIE, RN ER R AERE, B TERIUEYERES R E M AR . M R T
TEAE A480 AL EME, ARHE DOX In vtk M e v1 5 Hh R4 (AR AE M L B SRR B2 3%, kT ] LAAS 244
BEE AR H R R R, 5 R 55 K AE Ui0-66-NH,@TCPP@DOX /s &N 31 wt%, &5
CHREERT, A% DOX B A AR Y & M E s [12] [13], X AR AT Ui0-66-NH, 1 )7L i 45 Fg Ak
KHTEEF AR, T LK DOX W i 31 FLiE 45 Ky [14]

2.3. HAAE R

2.3.1. UiO-66-NH,@ TCPP@DOX #EA[E) pH EHZE A& i) DOX KIFERIIE R

FREL 30 mg (20 N1, A4 15 mg) il Ui0-66-NH,@ TCPP@DOX, 4R )543 5l # /B4 7E pH = 5.0 Al
pH = 7.0 ) PBS 2, 7 37°C, 200 rpm s AT IR R IR A, (63 i) BR R I 55 3R S 1R R Ts
K[15]0 SRJGLEAHRL IS TR RI B rp, L B0, 3R13 13, 76 3 oP A S SR AR 78 A0 R AR 11
ISP IS A e B I R B RO, At i 2R T A7 R B B R A X B
] PR R, JE I T AT DA H BRI R B 2 1 BT R BCR AVRE SR I T AR Bk ) RO 2%

2.3.2. UiO-66-NH,@TCPP@DOX #EA & pH EHZE &+ A TCPP BIRBERIER

FREX 30 mg /) UiO-66-NH,@TCPP@DOX (4 AW, &ty 15 mg), 44 S5 7 K 4 HLfE pH = 5.0
pH = 7.0 ff) PBS ZZrfitih, K H B E AE 37°C, 200 rpm iE47 IR B 946 b, Hi 2 i) TCPP 2218 R
HoR o SRSEAEAR BRI IR, K FLECH B0y, 318 3G, 76 RIS TP I & R AR AR AN 78 AR R AR
BT BN I ECH RS OGAE, E bRvE i 28 nT LA TCPP 53X BN A]
PO )&, @I TR AT AR TCPP [ SRR BCR IR, IR nT LA b2 i R st 2%

2.3.3. JE UiO-66-NH,@TCPP@DOX R LS ZEBMR

Ji Ah B 2R A RO . EH) pH = 7.4 19 0.01 M ] PBS ¥, #XEL 5 mg RNO {8 34T 2.200 mL ¢
IKCHE, BZRETER 15 mM ¥ RNO ¥, S8 516 BERVBE U 5 1) 15 uM 1) RNO V.

FREL 5 mg PRPEAE LT 4.896 mL Jo/K 8%, BZTRA TR 15 mM IR, 4R 5 6 55 A0 R AT
FH 15 pM B BK AR . MR EBLE B Ui0-66-NH,@TCPP@DOX , K H 7 Bt fE /K 2 W o
Ui0-66-NH,@TCPP@DOX ] ZBE A5 15 uM RNO ¥~ 15 pM BRI . pH N 7.4 1] 0.01 M ] PBS
SRIPRAE AR 1:1:11 I ER B SR A TIE B MR, 485 A 0.3 Wiem?, 660 nm HISOEIR . &
LLIE AN S A AEHET 15 uM RNO ¥R 15 uM KPR pH oA 7.4 11 0.01 M [ PBS 28 Ml % S5 L )
BEER] . XTIEHE A B NOLEGH TCPP (1) Ui0-66-NH, K #X Ui0-66-NH,@TCPP@DOX 5 15 uM
RNO ¥ 15 uM KM . pH M 7.4 (1] 0.01 M [ PBS Z2 % A FR L 1:1:1:1 B Eup3 2198 & T
BE/MI A, ARG 0.3 Wiem?, 660 nm [EOG ST, Xt BRATRTSZIG 40 43 B S 2 min, 4 min, 6 min, 8
min, 10 min, HRSTAHRIETELS, FHRAM e e TR TE A440 IR GAE . AREHE 440 Ab TR GARE 1)
/IR EE RNO (R, RNO 28 5 B T s 3 P48 A8 Ak

DOI: 10.12677/hjbm.2021.113020 152 LR 2


https://doi.org/10.12677/hjbm.2021.113020

il 2%

2.3.4. FREMS R

YR IR MR TE R B BigFio AHME, HRAE 37°CoKMEAhmlAk, Rl 5 I 58 4 Ry 77 5
(90%RPMI-1640, 10%FBS, 1% % RFEHRIEW) AL, BOEEE BIE, HIHTE R FRERST, N
NI TE AR IR G R R IR, BB AE 37°C, MURNE A 5.0% CO, [ — S b F= A T B %,
B 2 R IO AE TG EE A K A 5, 3EAT 5 5800 .

¥t BroFo ARG IR AT ARG, FIRRER 4, KUk RS 1 x 10° M mL, BL 2 mL/ALAY
WA 6 FLAR, JBUE AL BRIE R A 85 7% 24 /NIF, 24 h 5 LSRN MIRAS 40 SR 40 o 76 0t e A= K B R ]
i 5 45 M. o MR o2 W oL Nl o oy X e SR e W G

2.4, ‘MpRESLIE

S0 MR 855 7 S < 4 B oo MMM 97 5 AR KU, FH BRI TS AL 400 L, K 4 IR BE AR %55 % 10° AL,
DL 100 PL/ALIIA FERE 96 AL, JFE S AUERES FRAE T IG 7% 24 /NI, 24 h G USRAHMOIRAS,  dn R4t A
I B A KSR T AT 5 SR S50 W Z HT AR TR TR, £E 96 FLAR 43 il I N 56 4 R 7R EEBC I ¥ 100 pL
ERERR 2 E R 20 pg/mL i Ui0-66-NH,@TCPP@DOX, ¥ Ui0-66-NH,@TCPP@DOX H' TCPP ]
U, MRV () Ui0-66-NH,@TCPP LA A2 UiO-66-NH,, SEEIALH, k48 KHi 1355 fh e FLb
FAE A ARREE FRAE R R, 24 h R, BEFLIDA 10 uL MTT #, 7£ SUbREE R 9% 4 h, BUH
B0, FEpE BIEW, LN 150 pL DMSO &R, 7% 10 min, i FHEgEAR R A490, 154001715

YRR GREVESCES . AMARRE TR, BHAR DLA N 24 R 40 PRI REME SR . INZGRE TR 4 h )5, K FLBUBE 660 nm
BOGKR SRS, SGHEBRE N 125 mW/iem?, BEST 10 min, FES 45 005 B FLARIUR] — B AL Ik 1 5 40 4k 9 43 3%
H#E 24 he FALIIA 10 L MTT ¥, £ ARG FRAME 598 4 h, BURESG, Fpi BIEW, &4l
A 150 uL DMSO ¥, E% 10 min, ff FHEGARCE A490, THHEANIEAFIG .

3. GREIR
3.1. BBREGHIRIE

3.1.1. s

WiFE 1(a)FFE 1(b) 43 IR RYKAL T Ui0-66-NH, il UiO-66-NH,@TCPP ] SEM K, MEH I LA
WYUK TR, RIOE/NEARRKSER, & TEERENIEA. H¥ TCPP 25474 1M
UiO-66-NH,@TCPP A IR KR T HITERS, WSR2 A0 i)\ THAAR S50 .

Figure 1. SEM images of UiO-66-NH, (a) and UiO-66-NH,@TCPP (b)
[ 1. UiO-66-NH, (a)F1 UiO-66-NH,@TCPP ()& SEM [
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3.1.2. AR X HH&ITH (XRD) SIS LIE(IR)

Kl 2(a) 218 X S 2 AT S SLIS 0T P S 25 K3 AT 43T, AN Ui0-66-NH, 1) XRD ()4 347
Ebi, LA H A i Ui0-66-NH, A Ui0-66-NH,@TCPP B 3k mr HLAMBL I ATST I, UiBH &4 2%
R En AL, H5 UiO-66-NH, IIRUEE e 8 56 0 N, #t 0] TCPP 2 5ECAL I ARBIRGN AL 1 A
458

M 2(b) UiO-66-NH, A1 UiO-66-NH,@TCPP [JZL4Mi E T LA UiO-66-NH,@TCPP 1f 3444
cm AT — AN X BT Ui0-66-NH, [fi6, & TCPP _EMEMEIA N-H [ 4EiRs00E, W LIIER] TCPP (#15k3)

A
200
250004 —— Ui0-66-NH (simulated) 180
—— Ui0-66-NH,
——Ui0-66-NH,@TCPP 160 1
20000+ —~ 1404 3444 cm!
= S
:;E ‘8’ 120
2, 150001 5 100
5 g 801
= -
£ 10000 R
401
5000 4~ ——Ui0-66-NH,
207 ——Ui0-66-NH,@TCPP
0 07
10 20 30 40 50 500 1000 1500 2000 2500 3000 3500 4000 4500

20/(degrees) wavenumber (cm™)

(®) (b)

Figure 2. Powder diffraction patterns (a) and Infrared spectra of UiO-66-NH,and UiO-66-NH,@TCPP (b)
2. UiO-66-NH, #1 UiO-66-NH,@TCPP #J XRD (a) and IR ()&

3.1.3. HABRTNNIG

i 3(a)fras, LA 480 nm iR %, 3 500 nm #| 620 nm HIFGET LIES], WK DOX
UiO-66-NH,@TCPP@DOX fE 585 nm 7= 47 FIfr B35 A — e s it HEL, Ui0-66-NH,@ TCPP@DOX
(9 HAE RIS, ATREE KA UiO-66-NH,@ TCPP@DOX TEMNR I eI N, AN, HLEhm#g
(1] DOX A B K, HEHRIE A L8 R M BHER I A R = I 9O6E 72 2, (HERES 9Ot 2RI
FEEAKRIE[16]. 1M UiO-66-NH, A H B, 7] LLIEB DOX EL 44 ik 2h f1 . /F Ui0-66-NH, L.
K 3(b)Fras, LA 514 nm ALK E, HHE 550 nm F] 800 nm KU LA LAE R, WEE K TCPP Al
UiO-66-NH,@TCPP@DOX 7£ 650 nm A1 710 nm /45 [z B I — @& 5 E 7L B, 1 UiO-66-NH, JF
RN, B FEFE AT LAIER TCPP 1 3.

3.2. BBk RMAE

3.2.1. HARRHINEYREIER

DOX B jilt: MIX 4(a) 7] LAF i Ui0-66-NH,@TCPP@DOX Hff] DOX fEHA™ 108 /M R G 2
o, BSOS, HRRA MRS, ULEXGUKEA R R BE — e MEREH . fEA4F pH F1, DOX
(RSB URS DUIEASAIE], AL pH oA 7 1), pH N 5 B DOX HIBE RS L 4, wT LA R 47.2%, 1 pH
TR, BEEAN 19.25%. U BLE IR PER MR T, GOKR AR TE R S R, AN A AR AE AL
HH 2GR BRE L, U0 A A R A A T DU e . SR A S ) S R 1, A 25 B L R, AT
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Pl b 7 IR SR RIE

30 500
——Ui0-66-NH, *UiﬂO-GG-NHZ
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i 400
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560 580 600 620 600 650 700 750 800
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Figure 3. Fluorescence spectra excited at 480 nm (a) and 514 nm (b)

W
1

3. 480 nm (a)F1 514 nm (bt % HIZT NS
60 90
80 -
50 -
70
2 40 60
S —
< 2
= = 50 -
; 30 - &
3 2 401
& 3
20 - 2 30 -
+pH:7 20 1 +pH:7
10 1 _
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0 T T T T T T T T T T 0 T T T T T T T T T T
0 12 24 36 48 60 72 84 96 108 120 0 12 24 36 48 60 72 8 96 108 120
Time (h) Time (h)
(@ (b)

Figure 4. The release of DOX (a) and TCPP (b) in UiO-66-NH,@ TCPP@DOX
[ 4. Ui0-66-NH,@TCPP@DOX 1 DOX (a)F1 TCPP (b)#uFE s rhiZk

TCPP Bjit: M 4(b)a] LLE ) Ui0-66-NH,@TCPP H TCPP 7E 34> 108 AN/ B HGE RE T, B
SRS, KRB M IUERRILR . f£AFK pH &, TCPP HEEASRUE BLIF AMIA, /T 60 />
/NIF, pH 24 7 Is) TCPP R UIE LB &, BRIPRECRE 2, {21 60 N5, pH v 5 I TCPP )&
THRE R B TS pH 8 7 BRSO BT AZE IR 76 12 AN/ 2 5, pH i 5 B R G 4 58K,
SEERJE B RBCRE T pH oA 7. 45 108 AN B RUE, pH oA 7 B 1 2R R N 68.5%,
1M pH 4 5 I BT RS W] LAk 31 76.8%.
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3.22. AR RBETE~ERR

YA b B 2R A A PR A2 . TCPP FEK WA Hh i] LA A2 AR AS S, — SEIKIRATT A= Py mT DA 3 o0) S i 2 —
FHZER(RNOYEE 1, 1B LR AN RE R RNO KA M, FTEA RNO [P [ 2 DK Al e 2R A4, itk
AR T A RNO 2 1 i S SRR G B AL b 114 AO2. [ ML E 25 TR S IR a] A 36 m, TCPP 7 AR ) B 2R 2641
FRETE 51 RNO 7E 440 nm ALYEEEFE I R R, E AR H SRR 48 S = A2 [17] [18]. M| 5(a) AT LA Hh
BE & I 18] (Y ZE K Ui0-66-NH,@TCPP@DOX £ 440nm A () W AR 7E FA% HL R PR AR B B . 1
UiO-66-NH, J£ A A 2 7E A440 AbBH & {6 A O BRI

L P SRR A A M P 9 PR SRR I T B E I OB ERE DCFH-DA #1T, DCFH-DA H &2 %
OGN, HUERT DUE 2 A MRS NG, Bl A R P PR M A AR O 2 Y DCFH, DCFH AN
375 Tk 441 S AT BT AR B B AR, I AR DCFH 5 ' S A I 4T i P v 1 S R 7K

ME 5(b) H #HE AT BLE H, Ui0-66-NH, 72 HE 55 20 min J& 19 %€ 6 3 JE AL 1.697, i
Ui0-66-NH,@TCPP@DOX FEAH A 25 A1 N 156 E g 7.725, MU T8k UiO-66-NH, i - FH X
P2 RS, Pl Ui0-66-NH,@TCPP@DOX 7E4H B HA R @ =4 ek 57 %, nT L T%3)

JIIRIT
14 9
+— Ui0-66-NH,
12 { +—Ui0-66-NH,@TCPP@DOX
i {
! 3
[} <
3 08 E
i—1 | 2
0.6 k|
04 | L
0.2 : : : . .
0 2 4 6 8 10 Ui0-66-NH, UiO-66-NH,@TCPP@DOX Positive Control
Time (min)

@ (b)

Figure 5. Singlet oxygen production of UiO-66-NH,and UiO-66-NH,@TCPP extracellularly (a) and intracellularly (b)
[&] 5. Ui0-66-NH, F1 UiO-66-NH,@TCPP 45 (a) FILABEA(b) L SR~ 8

3.3. {ApREEste

MIE 6 R LE Y, fERE SN, UiO-66-NH, &b FE 141 7735 2 99.00%, UiO-66-NH,@TCPP 43
(20 B AEIE 2y 100.06%, IF AR B Ui0-66-NH, HIAM2c 4, Wi A8 WA R GRS T,
UiO-66-NH,@TCPP it 4il Jitl JL ~F 3% A & i fE A, St #sf TCPP JE & A REMAEMH. M
Ui0-66-NH,@TCPP@DOX H1¥] DOX MR AT LUK HENST 25 E LIS AR 475 3 A 62.67%:
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