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ZIF-8 Sag ErRil R ER B E 20 1k R VA2 R AT B i e

e

S

TEIE A BN T AR Arf@ R B g 2 —, JERE IR T T B
WML R T RIGTT . W7 BURATT K BIIAEH BRI T TB
111345 R T VA B BLR YT T VAR 1R ) T R 2 (K9G

FHEBIT AR IRIE N A Ca2 BEIIE LT, BUEZ RIS 5 A
S B T DR 3 I 4 L A 8 LA 52 4% o R TS 3 4
e BT, FEAE TR BRI /ANE R A A R A R R
HEEER, RN A S RS Y, IR A A B AN A
AR RCEA S, T Rez 2R, 80T RCRA AR, &
VR DL 42 Ja A A LAHE S 9h 41 DK EAE Z2-8 (zeolitic imidazole framework-8,
ZIF-8) NI RGN, ERT HFBOR Ca2 HEIM K E,
2tk R N TP T, BEFE SRR

(1) ASCHYEE T —FhBess MAMEIR It CaZ [RII #E1T pH AI4Z 10
B& AR AN 25 W RE T 5T L CAP/BSA@TCP-ZIF-8 4K #2514 & . iZ 40K
MBLR] BAEGE TRPV 8T8 S BEAMNE S & 51k Ca? R #is i i
T, IR BNAT BOR . S AT S T LR I 2 A

(Bovine serum albumin, BSA) Jy5tR [ 5% L 4% (Tricalcium phosphate,
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TCP) 41 K BRE R 4 W #ik, & INEH ZIF-8 £ 2, ] %
CAP/BSA@TCP-ZIF-8. HH T~ Mg #A7 ft BR A 58 (1 47 s, ZIF-8 M 37
PERE TR B L (O B IRAS AT CAP. B — SRR AL T B (4331
HUBE BT Zeta FRADRLEEAL . SAMERE ORI E B I 204N A
L) HEATRAL . RAEG KRR Y G R T F XKL AR 0y 270 nm 1Y
CAP/BSA@TCP-ZIF-8 49Kk}, CAP HIFKZ5%K N 9.79£1.87%. 1E
RANH R S2 96 T, 24 CAP/BSA@TCP-ZIF-8 K E N 160 pg/mL
i5F, X HepG2 40 (#1255 80%. %} CAP/BSA@TCP-ZIF-8 4
REFE) HepG2 M o 185 525 T B#EAT R, 4ifd Ca¥ SR Em T
HA, JUFRXHRZALN 6 %o UF B IZA R RAIAE Ca? B 8 2~
SEAMG . FE/DNERAR A SESR @I IVIS i 3K cy 5 R GIRE bR
CAP/BSA@TCP-ZIF-8 AN MG, Wbzt Bl RetE A 3 S At
e X 458 e IR A Y (R4 s FNYR T, Ui B T CAP/BSA@TCP-ZIF-8 NPs
A DL R N B e A

(2) ALAEFRETY ZIF-8 # A 1R RIHAL b, Mg T —MEes
K5 R B b R R B B PN R Cat IS B BRIR T K B 1 R
CAP/NAADP@ZIF-8-FA. UL ZIF-8 NZWy# Ak, 183 & A ik Bt E
B 2T CAP FIMH 2 Jh P v — A% T BZ 8% % ( Nicotinic acid adenine
dinucleotide phosphate, NAADP). & )5 FH& (folic acid, FA) 1&1fi
ZIF-8 &0, #4%H CAP/NAADP@ZIF-8-FA 4K ikl . — e 3
RN 2R AT RAE « FRAEZE LR CAP/NAADP@ZIF-8-FA 20 KF4
LT %42 )9 280 nm, NAADP 7E CAP/NAADP@ZIF-8-FA {1
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WY F N 80 £ 0489% . FEAKSNHLM IS AL B, 4
CAP/NAADP@ZIF-8-FA HI¥K &1 £ 320pug/mL B, 7T 21 89%H] HepG2
YHMISET- . CAP/NAADP@ZIF-8-FA 403 J5 ) HepG2 ZHAE, M [
C* BB EWMMM. XL RAEMMBMAKY ERHET
CAP/NAADP@ZIF-8-FA Re5 i K HepG2 2 1) CaZtik B, M\
PR A S B A T

L LR, ARG T WA T EIETT MYPR A R,
—FMAMIRFERE Ca> ) CAP/BSA@TCP-ZIF-8 KA1 KA — il A P
YE A E R Ca2 () CAP/NAADP@ZIF-8-FA 4K A1k} . 8 i R AF 5206
AR 1 S50 AN AA P 2 56 I B T3 P A K 24 A R 38 e TISOK 4 i 7
Ca? IR FEk B0, BAMRRIITUE AR . R FERGKE 2k
RGBS SR TR T 2 NS ENE.
KR HER, ZIF-8, BEERES, MR, JHERIRIRENS KRR,
R, pH AR

11l
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CONSTRUCTION OF ACID-SENSITIVE ZIF-8 LOADED
CAPSAICIN-LOADED DRUG SYSTEM AND STUDY OF
CALCIUM OVERLOAD AGAINST TUMOR

ABSTRACT

Cancer has become one of the important threats to people's life
and health, and the treatment of cancer has also developed from
traditional surgery, chemotherapy and radiation therapy to new
therapeutic methods, and calcium overload therapy has received more and
more attention in the new therapeutic methods.

Calcium overload therapy refers to the condition of intracellular
Ca’" overload, which causes mitochondrial damage and leads to the
uncontrolled release of apoptotic factors into the cytoplasm through the
open mitochondrial permeability pore. Based on this, it is playing an
increasingly important role in the field of oncology due to its good
efficacy and small side effects. However, the regulation of calcium
homeostasis by cancer cells themselves, insufficient calcium ions in
tumor sites and low efficiency of calcium entering tumor have limited its
efficacy, resulting in unsatisfactory therapeutic effect. This topic with
metal organic framework zeolite imidazole framework-8 (ZIF-8) as the

v
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carrier of drug delivery system, enlarge synthesized by two kinds of Ca?*
overload for antitumor drug nanoparticles system research, the results are
as follows:

(1) In this paper, a novel CAP/BSA@TCP-ZIF-8 nanoparticle
drug carrier system capable of providing Ca?" from exogenous sources
for both PH-controlled degradation and drug release was constructed. The
nanomaterial can activate TRPV1 channel and provide exogenous
calcium ions to cause Ca?" overload and apoptosis, thus achieving
therapeutic effect. Tricalcium phosphate (TCP) nanospheres using Bovine
serum albumin (BSA) as a template were synthesized by biomimetic
mineralization method. CAP/BSA@TCP-ZIF-8 was prepared by
wrapping the top layer with ZIF-8. Due to the characteristics of the
slightly acidic environment at the tumor site, ZIF-8 responds to release
the calcium phosphate and CAP contained therein. Some basic
characterization methods (scanning electron microscopy, transmission
electron microscopy, Zeta potential particle size analyzer, ultraviolet
spectrometer and Fourier infrared spectrometer, etc.) were used for
characterization. The results showed that CAP/BSA@TCP-ZIF-8
nanomaterials with an average particle size of 270nm were synthesized,
and the drug loading rate of CAP was 9.79+1.87%. In vitro cytotoxicity
tests, the inhibition rate of HepG2 cells reached 80% when the

concentration of CAP/BSA@TCP-ZIF-8 was 160pug/mL. Calcium ions in

A%
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HepG?2 cells treated with CAP/BSA@TCP-ZIF-8 were detected, and Ca®*
content in cells was significantly higher than that in other groups, almost
6 times that of control group. The material was shown to overload cells
with Ca®?" and thus kill cells. In vivo experiments in mice, in vivo
fluorescence images of CAP/BSA@TCP-ZIF-8 labeled by cyS5
fluorescent probe were captured by IVIS, which verified that the material
can effectively accumulate in tumor areas. The construction and treatment
of tumor model indicate that CAP/BSA@TCP-ZIF-8NPs can effectively
inhibit tumor growth in mice.

(2) Based on the acid-sensitive ZIF-8 drug carrier system, a
calctum  overload  treatment nano  drug  carrier  system
CAP/NAADP@ZIF-8-FA was constructed, which can precisely target
tumors and provide endogenous Ca?*. ZIF-8 as drug carrier, wrapped in
through electrostatic adsorption CAP and nicotinic acid adenine
dinucleotide phosphate (NAADP). Finally, CAP/NAADP@ZIF-8-FA
nanoparticles were prepared by modifying the surface of ZIF-8 with folic
acid (FA). It was characterized by some basic characterization
instruments. The results showed that the average particle size of
CAP/NAADP@ZIF-8-FA was 280nm, and the drug loading rate of
NAADP in CAP/NAADP@ZIF-8-FA was 8.0+0.489%. In vitro studies of
antitumor activity, CAP/NAADP@ZIF-8-FA could induce 89% death of

HepG?2 cells at a concentration of 320ug/mL. Intracellular Ca?* content of

VI
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HepG2 cells was significantly increased after treatment with
CAP/NAADP@ZIF-8-FA. These results suggest that
CAP/NAADP@ZIF-8-FA can amplify Ca?>" concentration in HepG2 cells,
resulting in calcium overload and apoptosis.

In summary, two nanodrug delivery systems based on calcium
overload therapy were designed in this study: a CAP/BSA@TCP-ZIF-8
nanomaterial that provides Ca?>" from exogenous sources and a
CAP/NAADP@ZIF-8-FA nanomaterial that releases Ca?* from
endogenous calcium pools. Through characterization, in vitro and in vivo
experiments, it has been proved that these two nano drug delivery
systems can amplify intracellular Ca** concentration to achieve calcium
overload and have excellent anti-tumor effects. This study provides a
certain reference value for the combination of nano-loaded drug system
and calcium overload in anti-tumor.

KEY WORDS: capsaicin, ZIF-8, calcium phosphate, folic acid, adenine

dinucleotide niacin phosphate, calcium overload, pH response
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1.1 515

SEERE T R v ] R R 12K R % ) e R RN 8 57 3 Aok B K 1 7 40 AR TR
SRR ] (R AU T SR AR SURIE . B AT, VRIT RIS EFETFARYIBR. 7.
BOT R IR IO SR, R IX RS, TS RIRIRE, S FEAEAERR
. Bk, @YIFREI R OEIT k. EER, Joib A mHAR i B Es 2
FHIREA e AR T S 4L T OB (¥ 752 o F i 5T HA 0 Ya 7 @ % 2 F AR VIR g,
WHUAHBNVAYT . A, APt R B b S A, VRYT R AT BT . SR, L
F-FT A B4R oAb T 2 A AR R 0 R SRS, R Ry S A ) L AR AR R
FNN 251 R R, SR BRI T B AT TR 18T 197 2K

TPF 0 R LT PR N 25 - 7 4 A RS RD 3 3 A DB E T, skl 22 (it 0 KR
W, HTRESKRETHRTHRMABIIGERE, LRI, i, &mKPm
Zn> A] fg 4 R Bl A R A AR LR . Ca2 B3R AR 2Rk R Tl s, S5
I, BT TR SRS VR — R TR 1A AT BUE R B € -

F T B AR AR, gt 20 2 B R IO O SR ARRAE, WMk pH Z 4
EABEHR(GSH) & #4550, ghdt, KE B WA M 5 = BUs
(RIRF AL TSRS T 20-200 nm (AR KORL T 55 1237 00 N e 4 24 9 A2 e A SRS
B, R, PR iR (tumor microenvironment, TME) 38 7 1 40 K
ARG AT, 10 pH MR HLO, WSS, RN GK S 25 R G H T o
RERARETE, FTRORHR YT A RLEERER, Bk CREAR, ANOCRT UK 25 e i b i
A B AL, 3 AT LA/ X IE A AR S, AR U R . i
KRG R G 4G BT T IR T — A AUE Gl yT 2 BIE BB TT 52,
FEREIEVRIT SUBME R IR R IR TT T %
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1.2 BIERTTHA
1.2.1 FHBYERERTT A
(1) WEEHHZETE

W24 Eh 112977 (Chemodynamic Therapy, CDT) & AL iR VA )T 5
A, IR IR A SEOE 9K 2P S5 s Rk P A B R B B R (COHD,
DASEIILST iR AR S IR T T 0L, IR T 2016 4E 5 SC I 20 At &1l bk e - [
BAER RO, JRPEEPREE =GR T T2 k. S5 GMBHETBAAF, CDT
RS TS KRR B 7, g R R Va7 e R A 1 4
B BRI, VM (R PR A-OH 6B CDT b2 S SR AE ) 2 3508 T HL A 9%
SRR . B, CDT " RAE i N LA R B )l i (1D A3l e id 12,
BAE A 590K AR E BC-OH ARG ZE B (2) AEWIEN ) #id /s, BFE A
P L -OH IR P AR A 582 DA RRE SE 240 e 2 AT A o 3K P A I RS TRI A7 AE I P43l
SHEAER, KA amProRpBES 40 2 8] A BAE R KRS i 212
1R FE ELAE FH DA S 4 T 5 A 2 Rl A AR A o XS s2 HARE AR T CDT i 7%
B 1 RHE AL AR . B 1-1 B4 T3 1197 (CDT) M 5105 FE
VIS SRR SRR R, WIREME H00 (7 B IEAE U7 12430 12
N FR T CDT MR 7T RUR
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B -1 B J0FF (CDT) W5 (0 AR 3 A5 e T 1 5% B R 1)
Figurel-1. Overview of the chemodynamic therapy (CDT) concept in
relation to chemical and biological dynamic processes

(2) kENHITE

J65h 7197 1 (photodynamic therapy, PDT) X FR A48 57 i w6 AL 2297 ik
(photochemotherapy), 1E[ZE2E40K, PDT & —FrEIHT AT AN, &R B
FDOTFRZE I s SRR R T, TEREE BRI N, AR R i A .
SHFIBBOE TRER G, W P HISR EE e, XM MR .
RIPDCEGIAS IS R R B AL 4 F 0 T, BB TR R E M (ROS),
WHRLAA(0) BEHE B0y A A HEMHO-) M A A [H0)M. X
SeA i EE I R B — RAVEAELE, WS BARHSER LT WA
A R AAAE R, BT LU Ao A p B AR A R R RS AR R T
SR B A0 A LA R AN Th BEUS) . FERRSRIEAT 002N 3R R, i AT M AN T 2
YA RS AT SIFER, BT IER I A R KB R RS, BT
DA AR P S s P R0 sk IR A ™ AR AN R BRIk, O
IPTERA 2R FAROMG/AN . BIWERRR, ¢ H T DUk R A K 4
PRAERE SURE ARG IR AR 202 N, ZERMRIEYT T IS T RESR. Bad
2RI T 63N F1I7 VR R T 22 Ph IS B e L R PP L U AR R
JE5E o BB TR AR MBS, 63 T A R KA BT 2 (e B
R

Blood vessels Tumor cells Vascular Direct tumor
destruction cell destruction

Activation of

< 1 .
T /1mm une response
w | =
] 1
—

Vascular occlusion

K 1-2.PDT X R B i 1)

Figure 1-2. PDT mechanisms for tumor destruction
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(3) HIMITE

HHIARYT (photothermal therapy, PTT) & —Fh#r 4 i JE QI R 16 97 7715,
PG EE 7] (photothermal agent, PTA) FEITZLAMYG (near-infrared, NIR)
SEHNBIRME R, K e REF A RGeS A Mo g il . SR, SR
PTT tHAFAE—LEPR M, LEUnToiE 58 AT KB g 223 %o Jo Bl IE 6 2 2 mT Rk i
JAR A LA B ORI A ) 2 4 P )

N IRPOX R RYE, AT IR TR AT T RS, AL
SERVAIT « IR S BEIR T &R . BB ET IR A EEIER N, £
Atk B[Rz R
1.3 Ca>" #8734

A0 AU AT A AR T, B AR M N P O BB . BRI 1Y
WrFE R, WS TR R N, WInTRE S EAiRE S F, JF A T RE S 5 R4l
FAE TS0, ZORHAARVE RN 1 “ RS, AR g iR it = B i 17
(adenosine triphosphate, ATP)KSCHrIIEZ), &R HAE BB R A2,
ATP JLT- 5N —ARBEE R, RAEMRAEFAMLTER. LA Ca®
DAZH 20 S5 1 ) 7 L 22 i | 3 0 D 2 3 A0t N RN 8 R R 1241, 2o T
PAFE FLIE 5 rp AR ROR R (1 Ca?'o BARAHRT IR Ca?' 75 5 (0<40 nmol/mg ZRHiAK)
SHREE A R OREE, (HE/AKTF I Ca? & & (>500 nmol/mg) 2> T HUAE A 1058
SR, AT S T, R, Ca> fE40 M Pyt — A EE B Y A
Fo FELRAT Ca2 R FE F I RO TS BEETCO) IR, I Hadid -+
PR LA NS F AL T 5 B M T2 SR, TESEITE LR BRI Ca? B BRI T
B LB B Ca FEAE LRRLR S I (OMM) FILE £8 47 1 P JIRE (IMM) 22 [ 5% % 1] 261
OMM i Ca> LR AK T Fo AR PE B 28 7 I 18 s IMM. A JU) 52 21 R 1 5 £l 4 1]
BB AT R T A B s [ 7E SEIAE R A B U FE A R T BB T MAMSs
PRALIE T Ca? il X SR ARAIE 3L 150 20 58 AT 25 R R OR B4 o b - A RS R
TAEIEAT

FEREARI T, SRR Ca FadS R BARKEFAG2T, DL TR ATP 1R IE % JF
Bk Ca? B #k T E 4IRSt T . ML FIER YA, Jwdifunt T Ca® {77 5 infu,
RN AT SRR MU B Ca> (55 o WAk, AT I ) SR AR B Ca2 S5t T 40 A

4
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FIREE, IXPI/NA M A 2 18] 1) S I AR A B e st RE B A, IR SR 4H
FAIEZ . ORI, XM LR SR B R N 1 SNSRI 512 ) Ca? id 30X o
FELGRLAR Ca? BB IS DL T, Ca> AR T2 A1 2@ T T b (A B IE E LA
PERURE BRI AR . 20k, Ca? B R Oy — Fh 2 ML SC LR T B
A REE ST, & 1-3 Jy Ca? i A Ll = 1

A PR AT USRS s T, RN TR R, TSRS
PR TR . IR SE TR T RIEURT G R BAA EEE .

Mitochondrial dysfunction ROS generation
v v
v v
ca2+
overload

»Activated phospholipase
v

«Membrane phospholipid v

hydrolysis

*Membrane damage

Cellular and organelle

membrane damage Cytoskeletal destruction

FE] 1-3.Ca ek Bt 5 L o 2 P

Figure 1-3. Schematic diagram of the Ca?* overload damage mechanisms

1.3.1 SNEM Ca> S Ca?'it8Ek

AR Ca? 3l R T B KA R, AnBRIRES (CaCOs) 1AL 45(Ca02)
FIBETRES (CaP)™, TEMIR R, UYL 4 & 1) Ca2, 15 S
Y Ca? iR B AN GRLAR Ty i PRS0,

BT i, Zhang 5 NBUFF R T 32 BT RS 1 1403 A0 5 40 K KL ( SH-Ca0,
NPs) 41l 1-4 From 2E 55 BV IR MR B8 R BEARREIBOR =AM Ca?™, AT fik % 24
Py Ca?*ii#, &AM T . Liu 25 ABIHI & T — P 2572 BRp i s i ol 43

5
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fRFRIEE AT B EYK - (HAP-PDCns), — H HAP 5 &0, KRN &
AR Ca>", AT M P Ca? B4 T B4R ML T2 T R AT A A . Rk, ik
S 5 B ) 20 B N R TBOK B4 5 TR A AR S A 3 1 Ca2 B U e i VR T
A MR . Pan 58 NBSMR W T — ¥ iR Dh sefL s ms , FH T H B IR 45

(tricalcium phosphate , TCP) JEALA 1k BB BEH K (BPns) LA 5E Ca? 3K
BP 1E A KA I I B A UAR B R A, AT 4 i AR s M AN 7 7 SR e
TEAEFAME TR, TCP AN R E, WA Mol i Ziid fygie. th4t, Ca?Hil POS>
BSF AT LS 5 A A I TR AR, /b T FCA I A R A 1 R T AR 2 4
Vo ARIXFPATT A2 240 M B S 085 B 7 HEME CRIHLER B4 SRS, 25—
L. Bk, TIRSRENAYE Ca5BEHTH B HIR KA E. filin
Zheng %5 NPSILUER 2 (U (PDA) AR il % T BRIRES(CaCO) A K Hifh, T4
228 7 (CUR)FII411(CDDP), CUR A &b 45 & 5 Ak, M sh s fa s
UK Ca> B #. filt, WITECA Ca> HETE MR T bk b s A R A E
Sun 28 ANJFK 1M TME W Ri94KF 6 , f14E CaO». ZIF-8. [ % % (doxorubicin,
DOX) AliE M i (hyaluronic acid, HA) iZ40K T & WALEEAIM 5, HA ZH
ZIF-8 73 5407 1 o BRI A B 1M, TR DOX. HaO2 1 Ca?'e — 77
[, AR HaO [ A B SE 25 5 ik NS ASPHRIRES . 51— J5 1, DOX 1EA IR
LRI EIZ5%), % DNA &Rdbif, BORBARIE, #E—H5 Ca B #s r40i
T EER, #EiRsT IR,
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Figure 1-4. Schematic Representation of the Functional Pattern of SH-CaO, NPs

BME (capsaicin, CAP) A LA FH SR S5 5 25 il 7k pR A B9 1 P IR AR
PHRAAS o PRAUER J2 BB SR I ) — Fh B, 2 — i N 22 2 F AL 7 SR
SZ24A 1(transient receptor potential vanilloid 1, TRPV 1)EEN7, # & A2 —FAE 21
U, 7E 2 Al 0 R B R A TR RS 3. TRPVL &2 —FhEiE
PEVEPH B T, 2 20 tH20 80 AR I — FhiRe v ME 45 S BCARI0), ATt i
ﬁpHﬂ%W%%MﬁﬁﬁWﬂ,ﬁﬁ%ﬁﬁ%woﬁ%,ﬁW%ﬂuﬁE%%
RIMP) TRPV G#IE, (FAUMNAS S IR EHEE, SRR T B A E
i TRPV1 i fi & Ca? LN, 3 BUAN ML A A5 R4S SR A o RO IS I 40 v T Ca?
WSS [ TELRRLAR R, F- 5 B0 40 M 2Rk Ca? 8 k™ BRI . BN 51
I ARLAR S R SR T B0 AR AR A DI REIRRT « B TR, Hub ™A i 4a i (a3
C Ceyt o) REHUCEI AT A I v il R 7 TR T /N 2H 25 R i 1) 21 e R 4% BRIty A 7
T,
1.3.2 HiEM Ca* NS Ca> {83

ANZERZ, AMIEVESS AN AT et 2> 51k MRS 1 2 TR, T 51 SORE R
JSL PR B AINUAST o 7] P e 0 L PAY 110 25 P P U R A R — P AR Y s, T DL G 4
KT SR R G R FSTEQ0ME N F ZAE/F/E NI (endoplasmic reticulum,
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ER) FIJLH K (sarcoplasmic reticulum, SR) H, Ao i) 3 B4 146481 4
M IEF — 22 qE BR EAF 0045, A S A0S SRS 5 8

Chu %5 N1, Mg T — /MR85 B 490K & (UCNPs) i 1-4.
TEIALAMNIR) G RR YT R , BEE 7= A2 NO [R)IRE TECES 22 #1171 (berbamine, BERD,
SRARTE NO RN FRIE 5 AL 2 Je i 32 /& (RyRs), RyRs SZAA R VFH5 B 7 HEA
SR, 1T BER D045 25 7 (¥ HEE, Bl b [RDASR 45 RS T2 Ca? il 3K - Zheng
s NSOV 457 Ca? 458 7 (PEGCaCUR). PEGCaCUR W] LAME Ny Ca gl kK i 5 71
TR R LKA Ca2 %k, H 3 KB (curcumin, CUR), AJ PLEIEfEHE
Ca2* W\ P J5 o4 28 50281 40 e F AR 410 ) a2 AT 1) 4T R 70 X 55 PR A 37 SR 38 o 2%
FAR A 1] Ca? IR LR Ca? il #0175 T LR RAR T RERRAS . caspase-3 L AIBE J5
Yokl

e UC-ZIF/BER \?.

@ Released BER
NO neura ‘ Normal cel

& ca

Jk Ca?* pump
ap Off

LY RyR channel ";!

L]

Tumor cell _
P 1-5. 40 A A 25 i A7 10 s 2 TR R NO T 1 Ca2 R AR R ¥ 97 14
Figure 1-5. Schematic diagram of intracellular calcium stores modulated by NO for Ca**initiated
cancer therapy

P Ge WL TP 20 B2 5 TG 2 G R SRR E 5 2470 (1 Je B Hxt
LRI R B AR P E0 0 B T 251 45 245 5 XS R BT 2 s 245 2 1) B R
=2, IVIAE R I IRISORAR U 32 22 e R 2407 uksE . NI DE B4
FIBIRLE 2577 30, 2IRCF R AE SR AR IS AT B R #2 dme R 01530,
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1.3.3 4KEFATE Ca> BEGATTFHIN A

fegi b, Z9WIR AR T IR SRR Ak, AP, A PLEARD 5,
g piik . IRRAERGAR, e HREENGST 245 BATRA LY AR A Y)
B, JF BT DABEAT AL S22 0 DL S R JICRF I I 3 I ELAE B R B AL O AL 2
5 MR R B AL T, BIEHLEA, A AL BRGRBTRL(NPs) . BRAIKE
B RS, BN ISR 2 745G, mTUONZGIR N R BRI AR . gk
BARATEAL SN 25007 EIRORZGAR s, RIS RS R i, A AN RSN L T
T MG E S DBV i A3,

JUEGRM B A IR, EERARIRNYBEACE DR, Rg0KRE R A
A HRZBAURMBIA SRR M- KR BT HT 2RI, —
T, AN T, PREF. RNA. DNA FIEE R, AT LUOE e 9 K 45 1 B
H AR A0S 0, QKA RN R R L R AR ikt — 2B L B AT 1
ST IE . SRR BIARRR S SRERKARL P B e DA K 2 Fiis 243 44 1) e T 1R L0
U, W 1-6 R4 H A B 2 g5 46 m] LA 20 i = AR oRR (AR ELAE A

Surface Material

Iron/
Silica

Advantages - F 2 — Advantages
« Formulation simplicity ; § » Electrical, magnetic, optical features

+ High bicavailability * Variability in size, structure, geometry

Protein/peptide Micelles

» Payload flexibility Liposome Gold + Suited for theranostic applications

Antibody
Disadvantages ) Disadvantages
\\(’ - Low encapsulation efficiency \ + Toxicity and solubility limitations
M r
Carbohydrate Nanogel €s0porous

M Advantages

* Precise control of particle characteristics
* Payload flexibility 2
Polymer - Easy surface modification Dendrimer

PN\ i wogation and sy
P 1-6. 4K A 10 G MR 9K B e 07 ORI I, e ARG R )
(O, R R O APRRE T TR 2O ), RO I APRRET (4 ), LR e AT —

e )

Polymer

Figure 1-6. Main Features of Nanoparticles, different choices available to design a nanostructure

based on what method is used to apply the nanomaterial in cancer therapy,
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different surface coatings of nanoparticles (left side), different materials available to design

nanoparticles (right side), and some of their general properties are shown
() RESEYHEEHMREN

KBSy B TS 22 B WL E DD, B0 KR A A R
7, XMW PRECT eI R XU o PR R R R T DAE
T R AR R R B2, I HAMMEEMSRK, 5AMA S i A 2503, il
IR e B 3 ORI R S IR AR A, A R T 30 24590 5 e e 40 A B i T
AR ER B ZGVIRESE & T 25D 00 R P T AR KR T 25 B B AR e ik,
L) TR MLV s 30 22k i g [X 3
(2) RSB EE

B A) 36 18 2 K24 1R B AR T B — 2 ) AR 5 e — o B [k Y R R
FH B R 0 P 1 R PR A A, e e D A 50 A ) e S A [ SR S B B S
%M B (enhanced permeability and retention, EPR) ZS65Wk F T- 9k sh4E A, 1M
F R R PR AR S 2K G RN T ARSI . S
ESZIAR LG, BRI 16 G Bh T BRI 2 Wont 1R 4E M R 2 1, B 1R 2P 7E Ik B
A5 245 R A 1] AR P 200 L 38 5 242
(3) #2HI YRR AR R B e 2

PR ARG WA VA A (10 5 I T R T X 4 2k 31 RGR B AT 2.
T IEK LR R AGER R EE (8] H: 950N LI 2503 FE FRT BT » AR B e Bk
R AE VIR AR R AR E R R JE, IFRIB R oY o < )& A HIUAE
48 (metal organic framework, MOF), ‘B &—Fiid i 48 & 7ol & 8 ik 56 HLUAD
BB AR B, TR RIS M) Z AU, AR BCALER & 410671,
MOF 74 & B A BRI LR AR LB LR, Xl T4 ER R0 2 R
WARRIEAL T, GaRdEE Rk, B RIFMEZEME, FR BN T
MOF [T 45 141681, it % MOF 193 &1 A& oot AT DS I FEAE A= 3 3
BN RaE e A, WTREMEME, SCOLAYIE R IR AR T M E 1. B
RFLARAFLIN Z5 44 (1) 2 4, MOF 7] DASEIL s 324 &, pH it MOF #4 kT LUR
T AV 7 e T8 X450 553 TR P FR0CEA S5 1 245 42 R T8

& JE-HNAEZE C2AE AN THIRE Z MBI, V2 AR5 N
FTHF 7RI N, Z5Pp%ik . ARG AW AG B AR PR A ) o

10
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MOF (¥ bR 4 T —FhIF it 2 FLE5 M, HA — SRR pR AR (P, o
72 W R A R TR (1000-7000 m?/g), iRy # A8 14 (250 2 500°C), K% FE (B
FERIEN 0.126 g/em?), KFLAFAGERIM 1.1 5] 4.4 cm/g), KASFLBETY, b4k,
U IIHE SR A8 LG HoAth AL 42 22 AL I A SE A H - MOF B BUR IR A FIFLARAR,
8 H e 05 A Rt 3 e S PR /NI AR 43 F, FE 2532 N F R BE LR 51 g . [
MOF A3 3 A 25 D e A AT 2 UKL KN RT3 8K 25 W05k R 4t 2T MOF
(RIZ5 %% 2 40 AT LA ISR v 97 A2 W =X 3 ok R 4% MOF 4Kk ik i) KD,
A DA FH 1 5 5 A B 3 R i v 1) e DX el o AR B

1.6 R EMRAR

1.6.1 IREZIT AR

Ca TR BT VE R LT 0 IR R /N g 23 e b S 3R B 22 (119G
MABE (CAP) VAP RIRIIIINFTANAD, RO WOm IR RS2 45 A
W2 524K 1(transient receptor potential vanilloid 1, TRPV 1) 1% 731 3 fish & i 8 475 25
TR EMR 2 N bR o AR T 500045 25 AN 2, BB FAth 1 41 i
WHARGRR, FIrRe22IRe, SECRITSERA A, MR (TCP) 1E
TSIV RL, BRSNS AR YR, TR T
CAE 0I5 (185 PE SR A5 88 - SZX S (M5 K, I8 AR 0 & U R A5 44
KMURL, 4 CAP ReE BB PRIk, JEH ZIF-8 f.%, H T Mg Ca*'i
HIBIT . AERXMEITFS (CAP/BSA@TCP-ZIF-8) 1, ZIF-8 #h5efiffiZahk
MAORLRE 5 A 28 S MrJed DX 35, ) B Fe 5 P 12 553 P 8 PN 5 A A 1 e A T 8 T
BT CAP. CAP ¥iiE TRPV 1 B IH & A5 B 1 NIA ST IS T4, K&
RETBURIAT 25 - 5 IR FIOK CAP A5 Ca?ilak. BRIk, Zobifa i i e Az b4
%, ZRRIARIDhRER AR, SEURmAIMET:, EBIHUMRE H K.

JIR PR JU N2 04 — 4% FFBR B R (nicotinic acid adenine dinucleotide phosphate
NAADP) &3I4 A 1k B 0% 58 IR Ca2* {5 15 40, ' AT LSS 40 i 9 UL 1)
(sarcoplasmic reticulum, SR) FIPNJF M (endoplasmic reticulum, ER) 2% )8
5E 52K 1(Ryanodine Receptor], RYR1)IHIEf# Ca?* N ER H{i N, 32 Al Jio o
Ca W RME SR Y. & EHE AN B & (S PErh RS B 1, 4R BENURAS, 1&
FICZAH L P B A B T i o i T AR SC T T B I SR Y IR Ca2 K Ca? A IR YN

11
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KLk R (CAP/NAADP@ZIF-8-FA) MIMTE Ca2 # 3Ent E, K AhFAS &
PR PIURAT, SR TS IR E R AN AN L B B, A Ak, i
— D PR IR BE YT R . MESSRAEIE W T AR T & R, IR
BHIE T MBHERTT BOR 2% FRTIR, A SCRh T R B B BUR 4K E A R,
3 )38 3o B AR A R A R MR AT SRR CaZ AR M T IA BT R, N %
A IVRYT IR SR T — o (¥ SR
1.6.2 IREARAR
AL CaX BN LAY, BUE T PIMRBU AR B2 A &, il Bl R AET

BAIE IR Dl & G, TRk — BRI ST SLAEAR SR A N IR s P . BLARHIE
S U

(1) CAP/BSA@TCP-ZIF-8 4K ki () ¥ it & i e B AE o« k1 414k A
BSA AR GE N R A AR BE RS T B BSA@TCP 91KER . Bl 5K CAP il
i FELI B P TEGROKRER b, B3 B ANE ) ZIF-8 478 , 5 it CAP/BSA@TCP-ZIF-8
GKITRL . B FHAH S RAETF BEIGE CAP/BSA@TCP-ZIF-8 44 KFURL (1 % h 75
HRAE T BRBUR T CAP FI45 55 111 fg

(2) W5t CAP/BSA@TCP-ZIF-8 G KRURLAE A4 N FIAR SN 1) A= 2 P N E
P, PAR S HepG2 4RIA5 A4 A5 1 BE

(3) BTFLEHBKIES G, CAP/BSA@TCP-ZIF-8 99K Uk £ 44 P [ 4
5. W5 CAP/BSA@TCP-ZIF-8 44K BRI 7E I N A HepG2 40 i i i I8
NIRRT R, IR TR AR A (10 A2 W0 RE 25 1 R0 e e 9 P 485 B8 IR B

(4) ZIF-8 %1% CAP 1 NAADP, [AJi}7EH R EBIHMHBR(FA), $25 i
P, 735 CAP/NAADP@ZIF-8-FA # KiK. il SEM. UV-vis M FTIR %5751%
HHATRIE, 458 EW, M4 CAP/NAADP@ZIF-8-FA KA1k} . @it 40 /K
F_EHF7E CAP/NAADP@ZIF-8-FA TSR Ca2 8 38 AN 470 I8 R4 R

12
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28 2 & 7ZIF-8 tag} CAP/TCP HIEZhiR a0 K E e izt

2.1 515

TR, FEYERE R HGE B ATP fLRIAIPT 1E Ca? B35 T IR T [Al4F
FE 15 P~V B 2R A5 Sh AP A7)0 S0 B 20 VA o5 18 IR B £ J R AE 2 b A
H, FEURAM N ZRLARTE T E(ROS) I A 2R 15 r A7 14 26 R A A B b ki
IEPER RS T, PG R T ZRAR T REREAT, b AR R TR TR TR
AMRAIRT. FET I, Ca>BECHIT KN — A Rt M 3 A6 ST 772 .

CAP 1] LI OB N AR R TH i TRPV JEIE, fF Ca® i, (HILXTIEH 41
PR B PRSI0 P e S 5 45 18 AN R USIBR ) T E AN AR AR N AR S R A R T . R
S S o bR AL PR S IR FE AN T CAP R S VERE R ZHZAM RE ), 2 1G5 Ca?*
L PR AR M B ). fE AR TR FC TCP & — MG B A Mtk
T AL S B AE AR A« RS TR AE YRR A e, AR —Fh s (1 254
IR RS AEBE)E, TCP A AR IR KFEE EIGRT pH fH. TCP 7E4= #5441
~ (pH=7.4) 1R/DVfE, MikE%E pH FRIC, HIEME AN, TCP X —%f
MR AR B A R T I KA NIRRT 25 BAR ). SR AHLESE (MOFs)
e MU A 2 FURRL, DR RAT R T PR L B 28 4 R AT A L BR A 58 2R A
2 FIMEVRH ARG 2R |2 B0, gk MOF BB 2MCRm . AW
BEARIELF . AP FE AR 5. I, 495K MOFs #0020 K 45 1 B AR 1 4
KA. ZIF-8 je— M RIGmANERE, RAEEARE. aTiEsn. R
TP A IR 2 RN pH 5 S AR IR RS 534 MOF AL, ZIF-8 B T
AR, TRAE A AR B 2R G R A AR 8S),

ARSCBTE TPl RS Ik R [ R A . BEAT pHL R R IR B AN 2 MR
TR B 44 K R 24k R CAP/BSA@TCP-ZIF-8. %40 KA4 Rl AT LLEE TRPV i
T IHEALIMNFAS B 7 51k Ca HB0E A R T2, WA RAIT R8O8R . B4
Wtk ¥ A& AL CAP/BSA@TCP-ZIF-8 45 >k #F Rl . EPR ¢ N [ it
CAP/BSA@TCP-ZIF-8 KL AT 78 Mg S A7 R 2R o I e S Ar S BRI 53 () s psi 81,
fii CAP/BSA@TCP-ZIF-8 Wi B P R T 60, 2 S iR B R £5 0 CAP, #fifR T CAP g

13
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g B0 i) 35 05 B IR ZHL 2N, /N T 0 A E H 4R B A5 4G, T RS A v T IR A
HI45 & F LN . CAP/BSA@TCP-ZIF-8 G KA RSB T Wb [E) B R 1 Ca2 il 2 Je iE
VEIT, NIESEGNK 25 i A BT SR T — B ) R R

22 MBS RE

2.2.1 SLIgHR)

(1) SEaist 5

% 2-1 L6

Table 2-1 Experimental reagent

SLI6 1

GV 3

T K &AL (CaCly)
A I3 1 28 1 (BSAL96%)
MUK (CAP, >95%)
2-FH JE K I (2-methylimidazole, 99%)
INIKIEEEEE(Zn(NO3)2°6H0, 98%)
DMEM ¥} 973
CCK-8 il &
240 L v AR
ZRR A i e 87 0 5 A7)
5 B e A

Fluo-4 AM (45 B 75 6%, 2mM)

iR R T AR AR A PR 7
BB T AR AR AT BR 22 7]
iR R T AR AR A PR
BB T AR AR AT BR 22 7]
E iR R T AR AR A PR
L ZEAE IR AR AR A7 BR 22 7]
LI I EAR AR AR 22 7]
TLIF A A EAR By A7 PR A 7
R R A IR A
bR T RAEMBEA AT BR 2 7]
FHEER R RAEMBR B R 7]

(2) SERuNER

14
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2 2-2 LIGANEE

Table 2-2 Experimental equipment

IR AX A RS AR
AR LT e S-4800 HAH LA
AN WA T UV-3600 H s 5 A
fH BLIH-2T AP REAX IRPrestige-21 ER N N
Zeta HLALRLEEAX Nano Brook 90PlusPALS 2% [# Brook haven A ]
A EEAR X INFINITE 200 PRO Z[E TECAN A ]
R AR B L 7326k A ] 7 o 881y 2 ]
PR TAn DM2500 LED 1 [E 3R A
W A CytoFLEX 17 8 N ]
CO, H5 754 4111 FEER R B A A
AR 1384 FEER KRB A 7]
151 8 5 ' i e 1X73-DP80 H A= SR B A ]
s TEG SW-CJ-1FD DS RE A& /N

(3) ZmRAFAENHIKIR
N i 4 M (HepG2) FH /N BR BCAT4E4H ML (MEF ) M\ (B R} 27 B A 576 B ) 3K
SIS BT A/ BN BALB/c MEPERRER (3 FD, MBI K% (FEm D BAEZY)
T T 3K o
224 ELWHE
2241 MBERRRIESE
(1) BSA@TCP KK FHIE AR
WA EE B BSA@TCPBY,  H 5644 20mg BSA % #4E 2mL DMEM
HiEF s, IRAE 37°C/AKIR NI R 12h A B0E 2 M A RS A 4k . AR5 1) )
RN 20pL CaCly (4MD $ALES B 7. FWEE 2h, 7 & i MR B (s A5 385D
N, AR A A P R I PR A A U S A B A S SE LR AL AL
SE R B 5K SONRAE 12000rpm R 2.0 15min, A /KB4 IR 515 2] BSA@TCP.
AX G Gh K RO B HT 73 BT oK SR AT i — B
(2) CAP/BSA@TCP-ZIF-8 4K FHI A B
X331 BSA@TCP GKL1 AT 1 — 05 i, B 5ek 70 8 20mL /K&

15
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fiZHH i) 20mg CAP A4 BUE 20mL Jo/K LB ) 20mg BSA@TCP VR A 1E— 2 If
FEK I P AL R 10min (FHI )08, R IIN 0.1g N/K G HRREE fa H DR
% E . 7E 37°C,120rpm NHEHE 1 /D[ E Zn B, SREINN 2g 2-H BE R4k
BEWERE I N 240, B¢ JG fE 12000rpm B0 15min, FH ZEEBEEE A4 TS G
#| CAP/BSA@TCP-ZIF-8.
(3) CAP/BSA@TCP-ZIF-8 4K FHIRIE
I H a7 S-4800 F4# HE T B AEE H 32 HT7800 325 B FiL T 5 Ak i WL 2 40 U (E
JKHH ) BSA@TCP. CAP/BSA@TCP-ZIF-8 [{TEASHFE . fd F 2R ER K TF-G20 15
I3 3 ERE BT 5 CAP/BSA@TCP-ZIF-8 7G5 /0 A o B it S Ah a] WA g
TH5r e 3% Img/L /) TCP. BSA. BSA@TCP. ZIF-8 Al CAP/BSA@TCP-ZIF-8
(R AN AT WG . A BLH-2T 4R35 7 Al id 3k TCP. BSA. BSA@TCP. ZIF-8
1 CAP/BSA@TCP-ZIF-8 [I4L4M 1 . Zetasizer (Zetasizer Nano-ZS, /R 30)H1
ANACHUN X (DLS) 73T Zeta FAAL AR R /)N o
2242 {RINEMXI A
(1) CAP/BSA@TCP-ZIF-8 H' CAP By 255
T8 ik 2R Ak -] DL 43 BE vV I E B R 7 CAP/BSA@TCP-ZIF-8 44 K
RFI B2 R AR AN R . B e, i & — RIIA R E B CAP L BEVE W .
I P& CAP WKRJE 5 280nm &b W fie o & 1 bR 28 &, 43 2] CAP 1Y
R 2k . SRJ5, ¥ Img CAP/BSA@TCP-ZIF-8 4 K ki 73 B 3 5mL, pH5.0
(¥) PBS 1, Zo BRI MRS, W& AE 280 nm AR RREE, H &
= BJE, WL A bR D25 CAP R
(2) CAP/BSA@TCP-ZIF-8 &1 CAP BRI R
1E¥ CAP/BSA@TCP-ZIF-8 T pH 735l 73 78 5.5+ 6.5 F1 7.4 (1] PBS &
W, 7 37°C,120rpm R, F4rT & 2000 RENTSIEBAK R T ENT . WE
AR A S, BOETRAH UV-Vis 236006 EE T B AE 280nm AL HWOGIRE,
ST =W, T8I i N AR AE TR0 CAP R
(3) CAP/BSA@TCP-ZIF-8 & Ca* BUREAL
IS BT AR A A I CAP/BSA@TCP-ZIF-8 24K A4 B 4N B -1
. AR R CAP/BSA@TCP-ZIF-8 43 3% T M [FMAFR ) pH A 5.5, 6.5
A1 7.4 1K) PBS 2P e IONANEII[A]JS, 9 AE 10000rpm. 10min, 4°CF
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By, EMKFEMT CAP/BSA@TCP-ZIF-8NPs. W SEM FERFR K EiEw, 55
B 7y BT iR A A 251 R B, JE I A U B BN R S5 1 A B T IR
(4) ‘mAmEEF:
NI A (HepG2) HIEH /NG AT 4E4E i (MEF) REESH 10%
A2 M3 . 100IU/mL 5% %A1 100mg/mL 855 2% ) DMEM R 3R FE 597, 7248
#E 5%CO2 (¥ 37°CREFEM T E o AARLE 25mm? KEFRMH 5%, fRaius K&
80%7e A7, N4 4 H T A HEFh B P AR B kAT R — 25 A0 AT .
(5) RIMNBRESZMENE
FI CCK-8 3 &l & A FRR G HepG2 RSN A58 - diARitbs, LA
TEEL 4000 AR FEBERP E] 96 FLARH (100uL/FL). §¥F 24 /NG, IMAA[FIK
FERIAP R, 4k E 12 /M. SRJG T 200ul PBS Whisk — i I 5 g 5 930,
BT RAERFLHF NN 10uL CCK-8 VAW, 37°C. 5%CO. #5750 & 1 /M fa, Al
PR EUREANFLLE 450nm AL (OD). % PAR 24 2 H S B A 0 77 375 R «

= x 100%

0

ODsamples: A RiFRIE 4. CCK-8 VAR 2591 W FL AR G

ODylank: A RIFRHE. CCK-8 WA 3NVl B 4N i FLAIW OB E .

ODo: HERiFRIE. Bi3R¥E. CCK-8 W, %A Laim it fL WG 8 -
(6) N5 EEMNE

PA HepG2 40 A 40 MY, (68 45 5 126K E (Fluo-4,AMD A 41 /iy

W Ca? W FE . ff | TRPVI1 # ] 77 capsazepine ( CPZ ) [B7 881145 jjF
CAP/BSA@TCP-ZIF-8 i TRPV1 & 7 iHIE KA /1. HepG2 #&FHE 6 FLARH,
1E 37°C. 5%CO2 857548 F & 24 /N5, H 44 TCP. CAP. BSA@TCP.
CAP/BSA@TCP-ZIF-8. CAP/BSA@TCP-ZIF-8+Cpz 155 F- 0 ks 2k, 4k4t
JLEIEE 12 /ANF o X T ARl A M, ERRIEIRE, H PBS ik =i, %
Fluo-4,AM (2uM) JIAZSFLAR H1 78 5541, 37°C 5%CO. 5577 60 7341 J5 H PBS
793 Pk 22 B Fluo-4,AM TAER ARG N\ PBS 2278 75 41 il 37°C. 5%CO2
FEFRFAIEE 30 43l 43 ) FH VR A0 BRSO3 B 7 S Yol A s U0 248 i 1 05 8 ik
.
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(7) JEFLLMPAEE

¥ HepG2 AR E /ST R, 18 37°C. 5%CO: FIEE =M E 24 /N
IWiEE J5 I\ TCP. CAP. BSA@TCP. CAP/BSA@TCP-ZIF-8 5 AN (4K 471
BILFEIREE 12 /N, L FR 5 PBS Pk =i, A5 2 mL 535 3 AM(%¢
WHE: 2 uM)FT PI(ZIKREE: 8 uMFITR SV 37°CHEHE 30 70405, ZBr LB,
H PBS Wik =i, d5 o FHEN B 56 BB W S 40 M AE AN R 26 18 T IR 5o g
(8) ZMRAMAZRL AR AR

DL IC-1 M4RER, 18 5O BB I AR 135345 « ¥ HepG2 B2Fh 275 7L
W E 24 /NS, IMANE&A TCP. CAP. BSA@TCP. CAP/BSA@TCP-ZIF-8
RE IR e s e . JLFRFE 12 /MBS, F PBS Wi 3 I, SRERALH A
1 mL FC & 471 JC-1 TAEW, 37°C, 5%CO¥EFMME 15 25, LEBREZRrj
B, F G G B R I G T BB B OO AR T, MR R R 1R
2243 BRAEMEIKGE
(1) FhEiRE

FEASZEG R, I VAR SR T AR AE I B T RS L T HepG2 i J8 /N B
R, K 1x107 HepG2 R 4RA(100 pL)VESF BIAR R R K4 —fa, X
AN 200 mm? /N BREEATIRTE , BEMLS A 4 2H DLHEAT 5 825550 .
(2) AR K

¥ CAP/BSA@TCP-ZIF-8 H cy5 ROGHREMPrid, HE T PBS F& R FHIKIE
%, 38 E Ohy 1hy 2hy 4h. 12h. 24 h 5 IVIS 50 (Excitation:640) itk
RN TR IR . 48 h J B HE F AL ZERR B, BGCe F B iy B AR
ST B, R EUR AT E BT
(3) RAIAERTT

Yt /N BN 4 AR 5 FUNR, A/ R & R F# K 535 PBS
ZZIPW 172 CAP. BSA@TCP 1 CAP/BSA@TCP-ZIF-8, 2 K—ik. HKid
SEATE /MR IR K@L) . W)RARE. #HCC R AR EMR AR (V).

x 2

2

(4) MEA Ca>' B8
AR [5] 53 f ) PBS 22919 17 5 CAP. BSA@TCP A1 CAP/BSA@TCP-ZIF-8
BT I R 2L 2R, W e yge 2E 2R B U] e At /NI o % HR AR 20mig ZHZ3 N 200pL
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(¥ LN S 270, RS A 203K, B R 7o 2440 . AR R 3RS, 1F 4°C,
12000rmp &-OHLE O Smin, B EIETR, VK EBCE RN 388 Sl E
I NI Ca? 5 &
(5) FREHNREM

A PR ¥ L SE256s BRI SR FLah A I SmL, i 0.2mL 2 — %Y Z.BR(EDTA)
J&, ZIA PBS P, 1000 r/min B0 2 FREMM BIER, B3I EHERHINEE
Mike FE BIEW, BUNERA AWK, H PBS ZMiE % 2] 50mL 15 3] 2% 44
MIE W . # CAP/BSA@TCP-ZIF-8 [ PBS fit & & 100 pg/mL, 200 pg/mL, 300
pg/mL, 400 pg/mL, 500 pg/mL. B 1 mL #£5: 5 1 mL ) 2%ZT 40 E &350,
37°CIK¥ 6 h J5 2000 r/min &0 5 708, A5 H 100 L _EIEH T 96 fLtkH, H
EHNP A FE AR I AE 570 nm ALF) OD A, BHYVEXTIE N In/K 4L, [ 1 %
N PBS 4, AR EASTAT . IR AN

sl =—" P 100%

H vzl
Horr OD 2t i 2 _EIH ODs7o KW, OD ys2& PBS 4 L& ODsqo )
WIGAE, OD 2 /KA G ODso MR GAH -
NREZYIEITH G, AFENR, BUG. BE B Bl B MR SEERS
W ix Lo g% B AR F 2 SRR [T (4°C, 48 h), ARJE B e TEHEAE A i TRt AT
H&E Yt AR ZH g 347 TUNEL Jeft, SR 5 (5] B B s A4 2401
MAIEA . B IRBRCR ML 2 mL,F B 1 /NS ESOALLE 1300 r/min, 15 min B I
M3, HONFEZE /DN IMIEZ) 400 uL, FWfAFEH ALT. AST. BUN. CR. TNF
SRR, AL RE R N AR 2 et

2.3 ER5TE

2.3.1 FIE

CAP/BSA@TCP-ZIF-8 KR 2 18 2 25 77 i 4 1« TAT@E 7 40 1k
SRR BSA Hhfy £ H e 1R R TR ik B AR A A% A R 1), sl AR S TR
Ca>* 45 5 ¥ i BSA@TCP 9K Bk . A5 181t — k4 ZIF-8 6.7 BSA@TCP
HHREHZ5Y) CAP & CAP/BSA@TCP-ZIF-8, #kHE % T2 5 AL H A& 2-1
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Fi7s o
. CAP
Ccwr SSOBSA N
- , Ca?* . CAP
e —_— >
A & . DMEM PYTRS N

o PO, w —
) 2-Methylimidazole
§F CAP/BSA@TCP-ZIF-8

< 2-Methylimidazole

D. o .

Tumor cell ® 5 o
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Figure 2-1. Illustrative depiction of the preparation procedure, mode of operation, and potential for
tumor therapy using CAP/BSA@TCP-ZIF-8 nanoparticles
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K 2-2. (A) BSA@TCP (1] SEM KElf% (B) CAP/BSA@TCP-ZIF-8 [¥] SEM K (C)

CAP/BSA@TCP-ZIF-8 (] TEM &

Figure 2-2. (A) SEM images of BSA@TCP (B) SEM images of CAP/BSA@TCP-ZIF-8 (C) TEM
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images of CAP/BSA@TCP-ZIF-8
AN EF I (E23A) BRTHEMME R, BSA@TCP H
CAP/BSA@TCP-ZIF-8 ZAKRRL I KB 1 R~ 70 4 9 167nm A 277nm, #— 30
F T BSA@TCP Rh# ZIF-8 6. . & 2-3B &7 | CAP/BSA@TCP-ZIF-8 4/
KIRLAE PBS 25 A AR N 10%FBS # DMEM i R K sh IR, BoR T
AUKAPRHE X B FhEREE T RS E Pk

A 120]——Bsa@rce B — PBS
—— CAP/BSA@TCP-ZIF-8 - 0
1001 T 280 10% FBS
= ,

2 801 £ : A A
& 604 S 240
= =
= =

40 2

20 o 200

0l— 167, 277 .
10 100 1000 1 2 3 4 5 6 7
Diameter (nm) Time (day)

K 2-3. (A) BSA@TCP Ml CAP/BSA@TCP-ZIF-8 YK Bk ki 2 Hrid (B)
CAP/BSA@TCP-ZIF-8 K BIRLAE PBS 2 VIR I 10%FBS ) DMEM 41 it H (17K 3l /1
)

Figure 2-3. (A) Particle size analysis of BSA@TCP and CAP/BSA@TCP-ZIF-8 nanoparticles (B)
Hydrodynamic dimensions of CAP/BSA@TCP-ZIF-8 nanoparticles in PBS buffer solutions and
DMEM media supplemented with 10%FBS

1M H CAP/BSA@TCP-ZIF-8 44 K il ki 1) oo 2% Bl 3 (& 2-4) RSk T
CAP/BSA@TCP-ZIF-8 KRR ST & 1%, AT LAMEER] Ca. P I Zn JTLERAEGN
KA (351045, Hoh Ca F1 P ORIETHERRES, Zn RIET ZIF-8.

500 nm

2-4. CAP/BSA@TCP-ZIF-8 4Kk Ca. P Hl Zn ¥ Mapping &3

Figure 2-4. Mapping of Ca, P and Zn in CAP/BSA@TCP-ZIF-8 nanoparticles
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Figure 2-5. (A) FTIR spectra of TCP, BSA, BSA@TCP, CAP, ZIF-8 and CAP/BSA@TCP-ZIF-8

(B) UV-vis spectra of TCP, BSA, BSA@TCP, CAP, ZIF-8 and CAP/BSA@TCP-ZIF-8 (C) Zeta
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potentials of BSA, BSA@TCP, CAP and CAP/BSA@TCP-ZIF-8

2.3.2 (RSMARLE M SIS
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2-6. CAP/BSA@TCP-ZIF-8 A >K BRI LEAN[F] pH T BHRUZR Bl B[] (1) R e it 28

Figure 2-6. Capsaicin release curve with time of CAP/BSA@TCP-ZIF-8 nanoparticles at different

pH
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Figure 2-7. (A) UV-vis spectra of CAP solutions at 20pg/mL, 40pg/mL, 60pug/mL,
80ug/mL, 100pg/mL, and 120pg/mL (B) Standard curve of CAP absorption peak at
280nm (C) UV-vis spectra of CAP/BSA@TCP-ZIF-8 solutions at different
concentrations
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Time (h)

2-8. CAP/BSA@TCP-ZIF-8 YK Bk LEAN [F] pH 45 251 B 1] (1) R 735 it 2%
Figure 2-8. Release curves of calcium ions of CAP/BSA@TCP-ZIF-8 nanoparticles at different

pH values over time
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Figure 2-9. (A) Cell viability of HepG2 cells treated with different concentrations of CAP, TCP,
BSA@TCP, CAP/BSA@TCP-ZIF-8+CPZ and CAP/BSA@TCP-ZIF-8 as detected by CCK-8
assays (B) Cell viability of MEF cells treated with different concentrations of TCP, BSA@TCP,
CAP/BSA@TCP-ZIF-8 and CAP/BSA@TCP-ZIF-8+CPZ as detected by CCK-8 assays (C) The
cell viability of HepG2 cells treated with the same concentration of CAP/BSA@TCP-ZIF-8 at
different pH was determined by CCK-8 assays
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Figure 2-10. Fluorescence of HepG2 cells treated with PI and calcein AM staining as Blank, TCP,
BSA@TCP, CAP and CAP/BSA@TCP-ZIF-8
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Figure 2-11. (A) Fluorescence images of HepG2 cells treated with Fluo-4 incubated with different
materials, Scale bar: 100 pm (B) Ca?" uptake in HepG2 cells treated with CAP/BSA@TCP-ZIF-8
at different time points was analyzed by flow cytometry (C) Intracellular calcium content of
HepG?2 treated by different groups
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2-12.1: Control; II: TCP; III: BSA@TCP; IV: CAP; V: CAP/BSA@TCP-ZIF-8; VI:
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Figure 2-12. I: Control; II: TCP; III: BSA@TCP; IV: CAP; V: CAP/BSA@TCP-ZIF-8; VI: CCCP
(A) JC-1 staining of HepG2 cells in different groups, Scale: 200 um (B) Red fluorescence
quantification was performed by ImageJ (C) Green fluorescence quantification was performed by

ImageJ
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Figure 2-13. (A) Fluorescent images of tumor-bearing mice injected with
CAP/BSA@TCP-ZIF-8 (160 ng/mL) at different time points (B) Fluorescence quantification in
mice (C) Fluorescence images of major organs 48 h after CAP/BSA@TCP-ZIF-8 injection (D)
Quantitative fluorescence analysis of major organs in mice
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Figure 2-14. (A) Tumor changes in mice after 14 days of treatment with PBS buffer, TCP, free
CAP, and CAP/BSA@TCP-ZIF-8 (B) During 14 days of treatment, the tumor volume of the mice

changed (C) Weight changes in mice during treatment
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AL —3, CAP/BSA@TCP-ZIF-8 67 F/IN b e Jot & B X2 T P, P2 s
A 0.15 g ity , #E—BAEHIRATE BRI R REFIBURRE /1.

N T B FLRRATE B 9K R CAP/BSA@TCP-ZIF-8 fE4K 4 22 13 i
A B 1 PV A e 4 TR P PR S OR BE RS N . Q] 2-15 € B, HBORH 5o B 114 e
2H 28 % JE I N A T 43 80 7 B 23 Hr AT DA AE 1 R AN [RI 48] Ca WK FE 1Y
Z5. SXTEAMEL, CAP/BSA@TCP-ZIF-8 41145 & TRk E KL T 20 £,
B 2 7 T TCP 4041 CAP 41, %% CAP/BSA@TCP-ZIF-8 4K ki kb 38 /) &8s
REA% B 24 v M PA) 45 U B I B A R

A B, C
X : " [T Control ] TCP []CAP 304 Contrel _]1CP [ CAP
g 3 Control " [ |CAP/BSA@CaP-ZIF-8 [ |CAP/BSA@TCP-ZIF-8 T
= g 1 =
NE T : g !
= = & = 4
o= " TCP & £ £ o
L3 Z05 . .
3 ; T g%
= = T .2 I
- . E * 2 2 10 B
© CAP = o =
©= ’_—I l—‘
o . CAP/BSA@TCP-ZIF-8 0.0 (| .8 |
Sample Sample

K] 2-15. (A) Control, TCP, CAP Fl CAP/BSA@TCP-ZIF-8 JAJT 14 KJa I A (B)
Control, TCP, CAP F1 CAP/BSA@TCP-ZIF-8 JiJ7 14 KJ5 Il Fi& (C) Control, TCP,
CAP Fl CAP/BSA@TCP-ZIF-8 1537 14 K J& (IR 45 & &

Figure 2-15. (A) tumor photos after 14 days of Control, TCP, CAP and CAP/BSA@TCP-ZIF-8
treatment (B) tumor quality after 14 days of Control, TCP, CAP and CAP/BSA@TCP-ZIF-8
treatment (C) the content of calcium in tumor after Control, TCP, CAP and
CAP/BSA@TCP-ZIF-8 treatment for 14 days

T iR CAP/BSA@TCP-ZIF-8 40K FURL £ 44 P 5o Bl J8g IO R, %o
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PBS 221+ TCP. % CAP 1 CAP/BSA@TCP-ZIF-8 Ab ¥ [ 44 53, i J8 HE 4T
TUNEL 447, 41l 2-16 A fizr, 5 PBS 221 TCP AL (/) BRI AH L,
F 2 CAP A1 CAP/BSA@TCP-ZIF-8 AbFE /)N B Jss A R Tl (4o e i)
R %2, H CAP/BSA@TCP-ZIF-8 4 MR 40 M i - K Ay 3T Image)
S HTHAFIE AN B A ZE AN A B ] 2-16 B A1 2-16 C BT, X S50 48 BLE RA
T CAP/BSA@TCP-ZIF-8 g Kk HA R MBI ER , 3F HX sy 1t
B CAP 37T S 9

A

I II III
C
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: ‘5’ 1000 4
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o
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S00
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2-16.1: Control; II: TCP; II: CAP: IV: CAP/BSA@TCP-ZIF-8 (A) ARIALFEHME T
/NER R L 231 TUNEL Jeft, b3R8 100 um (B) i Image] | & 35 4192 H (C)H Imagel
W& ()AL 2 B
Figure 2-16. I: Control; II: TCP; IlI: CAP; IV:CAP/BSA@TCP-ZIF-8 (A) TUNEL staining of
mouse tumor tissue under different treatments, The scale bar was 100 um (B) The number of

living cells measured by ImageJ (C) The number of dead cells measured by ImageJ



LRUTRR A 22 A 3

(4) FRAEHR TN
N TR 2 R R AR R, I S AR A R ] 2-17 R,
Y CAP/BSA@TCP-ZIF-8 G KA RHE ML A IR FE /N T 300 pg/mL B AN 2 ke AR i
MINE . XFhEE R L, 24 CAP/BSA@TCP-ZIF-8 9 KA R T4 P9 1697 I R4

W EEFEHILE 300 pg/mL LAWY

Negative 100 200 300 400 500 Positive
pg/ml

20

I CAP/BSA@TCP-ZIF-8

Hemolysis rate (%)
> 7]

h
T

0 100 200 300 400 500 600
Concentration (pg/mL)

B 2-17 AN[F R ) CAP/BSA@TCP-ZIF-8 4K A4 k] 5 if 41 o i 75 Ji f 3 i =2
Figure 2-17. Hemolysis rate of different concentrations of CAP/BSA@TCP-ZIF-8 nanomaterials
incubated with blood cells

AN RV 2H ) MLV A AT T A AR AR Al . ] 2-18 A-D i, X %411

MEFEA R M 5 7r, 5 PBS XFHRZHAHLL, CAP/BSA@TCP-ZIF-8 4K A4 Kl 4k

BRI/ BRAR DG D Re e A AR IR Eh . MIE A N ZIR (ALT). A%

R (AST). JREZA (BUND. LI (CREA) “E4RFRIEEFICHN, Uil

CAP/BSA@TCP-ZIF-8 G KA BHE IR I7 ik F2 v 2R 6 /)y BR A 17 88 5 18 AR
INILELHP
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K] 2-17.1: Control; 1I: TCP; III: CAP; IV: CAP/BSA@TCP-ZIF-8(A)~(D)Wll & A [F] 55

o
=)

AST (U/L)
CREA (umoL/L)
[
[
TUREA (mmoL/L)
L I

o

v

HiGIT I ME S ALT. AST. CREA. UREA {5 &
Figure 2-17. I: Control; II: TCP; III: CAP; IV: CAP/BSA@TCP-ZIF-8 (A) ~ (D) Measurement of
ALT, AST, CREA, and UREA levels in the blood samples from different groups

[FJ IS0 - 2/ BRIRYT 14 J5 10 £ 2388 B IR U fr #647 H&E B2t 4. 4
7] 2-18 fli7s, 4 CAP Fll CAP/BSA@TCP-ZIF-8 AbH (K] /N i B J8d 41 ffl 5 PBS i}
HRZHAN TCP AHLL, MORgnfR KRS, T Hah FEISE R Z B ERG. 1X
BBAR VR IT IS SR L B, CAP/BSA@TCP-ZIF-8 9 KA RN = R it B 1M
W, i HISE R A FRIE RN

Heart Liver Spleen Lung Kidney Tumor

I
m o G

v

K 2-18. H&E 731 &R 77 AR R 3 L858 B AN g 4144
Figure 2-18.H&E analysis of the main organs and tumor tissues of nude mice in each treatment

group
2.4 REINGE

g BRIk, AW CAP WARYS & FIBIE T3 Ca? HMBMA TR &, Wit If
HRT BAE N ERIE R CAP DB BRI KRB0, T IR A 2 i
2 2R FSORT TRPV 1 0 R RS Ve VR T o B A 2ok AR . 1k
WR A5 AN A LIS B 1 45 5 T UG € oKL, i ANE T ZIF-8 . T ik
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PRI IR A5 A4 5, CAP/BSA@TCP-ZIF-8 4K ki 7E BIA IR AL G, 2 R0
JOL IR R 5, RGO RO B9 TR CAP. CAP 3G HepG2 41 1 (1
TRPV1 & 5 &2 K& 7N, G Ca? liE. B & 7 — 07k
R Ca?i#, FELRAAT=ES), LR BR R RCR
PRAN M S5 K B, CAP/BSA@TCP-ZIF-8 44K ki e A 25 e IR A s

FECRE B WS 40 MY TRPVL, &R Ca BB E M ARFEMIE . G Riig
27, CAP/BSA@TCP-ZIF-8 G KRR BE % PRs 1 Bt Hd P9 R85 B8 IR FE T,
TR RLAR ) E G, B &8 B R LB AR o KN BT R B,
CAP/BSA@TCP-ZIF-8 FHKRURL AT LA 2N AR R B fed X8k, [R]ISF I AN 5 i o Ath 1E
AP EIAR . CAP/BSA@TCP-ZIF-8 /151 Ca? i #3597 %+ HepG2 MR H A
R MR AIE R (71.65%) . I AN LS BT CAP/BSA@TCP-ZIF-8 44
KRTRLAR LT 5 ) CAP B BA RIFIAY et AR SCHR H IR YT SRS A

T EEAN FORIEOR AR, DRI R EA A RO AH 2R 00 T8 40 10 A6 TE B

RFLI o WL TEOR Ca? 8 T AR T A SE R 40, FEJRE VR T Hh A
BIRKIE 7
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5 3 ZIF-8 13 CAPNAADP BOUA A1 B S I ERTET

3.1 51§

Ca?" & — M RAENE —EMH, S50 ZARNAERANESESER. %
HEMREE . WA . BT WA BRI R R A 5 2 Al Al AL A ),
Y AR IR A KT AR L S e B R T PR 8 5 A Y A R0 AR A . 24
TX LGS AL Bl SR RINORE B, 023 A i N A AR A 1 2R L, T 5 B4
ET04, VF 2 AR 2R 515 5 @ A, X LeF 5 B O R e A R
JRCEE 8 AT L P9 it A7 40 i 35 HH ) 51 Ca*s

NAADP 2T 1987 FER I, AFAET T AAE BN AR 50 A0 FL30 7 (LA
ME . RS A0 5. NAADP /i 34545 5% S @A Wi fr i wisk 5
BOE NAADP 24450 NAADP 32 442454 BE i R A1 ah 71 5 i 455 5 . Bl
i 7K I NAADP i 1 8 == Je i 32 A6 (RyR 1) B sh 85 B, NAADP it i
LB (sarcoplasmic reticulum, SR), B (endoplasmic reticulum, ER) #l
VAT A S5 S [F) A PR PO i A7 S BT, B RO P Ca2 S Fh . T CAP REfS4F

FPEBGE IS TRPV GEIE, ML Ca> A AGIMI, 1& B A 45 & o SR
APARTASE PR e 24 P 225 - AT SE 0 (R TR B bR 8, 2% R R BURFPE 1) ZIF-8 A A2
PR . ZIF-8 IR R AR R LUAR S 10 302 [ 281 Bl 88 SR 358 AT 5 24 R T 38 e
X1, FA RRHATS S — iR m S 2 BhR 7, 5 H EHf 2 7
VIt WER3ZAA (folate receptor, FAR) ;E4NHA RIHN FA TMiks MR IA 21k,
Xt FA B RSEM 0T, 24 FA 554100 F FAR Rtk 4s &0, fadid 2an g
¥ 9B I A A E NP, B 7 A BULE — S g 240 i 3R T 2 =i 1% FAR 45K
T2 (1) FAPS], X478 FAR W] LME T8 78 IO HE s A T IR e Rl VR 97

BTk, A EME T — B OB S E ECR T a8 Kk MR
CAP/NAADP@ZIF-8-FA.. ik CAP 4T 45 1E (2 45 B 1 Wi 5 NAADP 71
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2 0 PA IS PR 8 R T Ca?, 3t 2D BRI TR AV S Ca? 5 Rt ol S e 28 AN 17 3% B4
Jd.
3.2 SLWMBERE
3.2.1 SEHamH
(1) SEEG I
% 31 TR
Table 3-1 Experimental reagent
S8 17 GV 3

MU (CAP, >95%)

2- F L R (2-methylimidazole, 99%)
ANIKAEIER 5% (Zn(NO3)2.6H0, 98%)
MR (FA, >97%)

SR IR e — A% H R W R A 1
(NAADP>92.5%)
DMEM % 3; 5t
CCK-8 k7%

2 B A e I K7
LA L EEL A 5 3R
e R &

Fluo-4 AM (85512 6%, 2mM)

B T AR B A A PR 2 7
R T AR BAR A PR 2 7]
BB T AR B A A PR 2 7
E R T AR A PR 2 7]
EHE MR A PR 2 7

B ZEYE IR AE VIR 0 A7 IR 2> 7]
LI EAR B A7 R A 7
LI EAR AR PR 22 7]
F R RERAR AT PR 24 7]
EHEE R RAEMBE A H R 27
Fig R T RAEMBARBAR A PR 7]

(2) SCIG{Y =S
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* 3-2 LIS

Table 3-2 Experimental equipment

IR AX A RS AR
FAHE LT R S-4800 HAHAL A
AN W T UV-3600 H A By A ]
] B 2T A e A IRPrestige-21 H A i 7]
Zeta HLATRLEEAX Nano Brook 90 PlusPALS [ Brook haven /A 7]
Eoe/ SNLY NG INFINITE 200 PRO [ TECAN A #]
FEE YA R A O 7326k [ 7 b 28y 2 )
PR DM2500 LED o [ S\ 7
T4 A CytoFLEX U1 vE S A7 PR A A
CO, B 774 4111 FERR KRB A A
ERVe et 1384 FEBR KRB A A
151 5 % s W IX73-DP80 H A BbR 7 A #]
s TG SW-CJ-1FD SR B AT R A W

(3) ZmpEsRiE
NI (HepG2) /N ERBREF4EAN A (L929) M b [ R} 2 SRl ¢
3.2.2 W HE
3.2.2.1 MRERRFRIERE
(1) CAP/NAADP@ZIF-8 HI& A%

FREL 2 mg CAP 1 0.1 mL [f] NAADP ¥ (0.5 pg/mL) JRNFEMH, FERR
B2 0.1 g Zn(NO3)226H20 AR . IO 20 mL @B4KIRA, £ 4°C, BOLT
BidE 2h, BEJEINN 1 g 2-FRIEDKIE, B RV A 3 DR G+ 24 he |
I3 45 RS BV, 12000 rpm N ES.Cr 15 min. B0 5 R AR DT, AR 4K
Vel =i 5195 CAP/NAADP@ZIF-8, ¢ Ja ¥ FARAEAE-20°C T 4% FH o

(2) CAP/NAADP@ZIF-8-FA BY& %

WL HERTF ) 1 g CAP/NAADP@ZIF-8 JNBAHR T, FREX 10 mg FA BN,
BN 20 mL B4l /KR A . BEEHPE 12 h 5B, 12000 rpm | &0 20 mins
B0 E S AR ITVE , BB Al ZK BRI =30 5 3 BB Al K o KA R TR 5 15
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#| CAP/NAADP@ZIF-8-FA #}K 5k .
(3) SEM &R1E

¥ A ) CAP/NAADP@ZIF-8-FA ZHKFoki FH B 4K Wl — A E 2%
VRPETE o PR S 8 OO 70 T VO 28 S S e A I ek 1y b, BB S e Ot 5
HARBIF. Rt i b B0 58 4155 3 R e AER-F & b, s AT
RSP RL TSI IR IL 5%
(4) RI1RFRAE

B, FHA K % — B E 1) CAP/NAADP@ZIF-8-FA VAR, SR JGHE#
PR 5 10 mine S8R5, NI ELH 2 mL AR BONEE i . &5,
DLS LS ACHEEANFE M HEAT 3 R, BRI HEAT 12 DMEFE
(5) Zeta EBLFRAE

4 3 B — & & ) CAP . NAADP . CAP/NAADP@ZIF-8 . FA Al
CAP/NAADP@ZIF-8-FA 4 KFUkL i T4k, SR G MR EHEACh A 10
min 5 B 2IM R 8 A AR G B o B S 2 mL AN R 3 TBONEE R o B DLS
WL SO AR AT 3 YA, AR AT 12 MR
(6) FT-IR RAE

S IFREL— & & ) CAP. NAADP. FA Fl CAP/NAADP@ZIF-8-FA N5k
HIINIE & BIRAGET, R B B A A i R IR MUE R G B TR
2T AN REAC R, 7E 400-4000 cm! AR 5E FL 4T A1
(7) UV-VIS FAE

FREL—E &[] CAP. NAADP. FA fl CAP/NAADP@ZIF-8-FA 4l /K &
R . G BEREAGEA 10 min J5HX 3 mL 22 AT LG UL, FEAh AT ooy
FEIEFETHIELE 190-600 nm i il P4 (284N

3.2.2.2 RIMAREEMESEIR
(1) CAP/NAADP@ZIF-8-FA 1 NAADP BYfa %

I — 2 &1 NAADP H24i/KBLCE K 1 pg/mL. 2 pg/mL. 3 pg/mL. 4 pg/mL
A5 pg/mL BE R . FH S AR I 43 0 06 BE T 43 0 45 S [ ok B ) 3 v A
200-600 nm Y6 B N FIISE, JFER TR B DUBAiAK N2 FIXTR, 7E 260 nm
Mo SEWOGEEME, ZeILIROGE N Y B, IR X FhIRRAE N2, 53R
2. BJ5% CAP/NAADP@ZIF-8-FA HI pH o4 5.5 M R 2% 1 i e B Al — MR B
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FAEIL 70 ZUR TR AT WG/ He 6T T AR R TE 260 nm &b (R 6 A1,
i il AR 2T 5 H NAADP #2455
(2) CAP/NAADP@ZIF-8-FA F1 NAADP BIBRHUERR

¥ CAP/NAADP@ZIF-8-FA R KHitki 4 5 H pH N 5.5. 6.5 Fl 7.4 [BEIR 2%
TR B ROR (R VR 2 (R K2 T80 2000 (B AT A4 1T F Bk 2838 5 408,
SR K T U VAR BB T A8 v, I AT AR 8 i Y 3 11 e Ay IV R e, B S
JRONBEM H I IE &1 PBS Sl @48 . F AR B E R IR AT 5
AR 56 o FEANF] (R B[R] AU 1 mL 3759 FH 48 A0 AT Wl 7 6 6 FE VI A3 L 7E 260
nm ALROGREE, FESHARUE M 5 H NAADP (R 2k

(3) “RERF SN

NI (HepG2) #Mik: 7T 5 10 % FBS I 1 %75 % % /55 % & ) DMEM
i, ANEBRET4E (1L929) 4HMI%F5 T4 10 % FBS Al 1 %75 55 2/5% % £ ) DMEM
d. A YIRIATE 37°C. 5 % CO2 61 F 537

N T %% CAP/NAADP@ZIF-8-FA YN K BURLAE A4 1 1 5 48 i o (1) A= 4 22 4
P, R EUAE A I 1929 g i 2 el v 4k Ja 58 T 96 LA (100 pL/AL) 7,
fE37°C. 5% CO» %1 T & 24 h, % B FA. ZIF-8. NAADP A
CAP/NAADP@ZIF-8-FA SEE02H, WEMKIXON 5 ng/mL. 10 pg/mL. 20 pg/mL.
40 ng/mL. 80 pg/mL. 160 pg/mL 1 320 pg/mL, DMEM 8535 8:A4E A2 A X,
T4 10 NTAT . MR SARILIE 24 h J5, FBMG 5597591 H PBS
LR = UK 2R e 25, SRR REFLINA 10 pL CCK-8 ¥FWRAE 37°C. 5 % CO:»
AT AREETE 2 2 he B S HCH AL ED FHBEARIC K 450 nm AL RO, TR
M 77, SRR E R =K.

K CCK-8 2461l CAP/NAADP@ZIE-8-FA 44K FiUks o} Je 21 L 1% 7 B 540
05 B AE K HepG2 40 Mo 28 Mg T8 A0 S5 #2200 T 96 FLAR (100 uL/fL) 1, 7E
37°C. 5 % CO2 % F ¥ & 24 h. #& & FA. ZIF-8. NAADP. CAP A
CAP/NAADP@ZIF-8-FA SIS 4H, WEEMKIRA 5 pg/mL 10 pg/mL. 20 pg/mL.
40 pg/mL. 80 pg/mL. 160 pug/mL A 320 ug/mL, DMEM 55 3%3:A4F A2 A xR,
B 10 MPAT. BB SRt E 24 h J5, BB EBRE IR H PBS
PR = Uk ok e 2 RIS REFLINN 10 pL CCK-8 ¥R AE 37°C 5 % CO2
SEAT R ARERIT 20 2 ho B B H 3L R EEAR OISR 450 nm ARIWROGEE, T
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MRS 7], SEREE =K.
(4) MRS5S R

KH Fluo-4, AM 55 T ZOUCIREH A M A 45 & &, & S U K
(¥ HepG2 M2 Mg Ak J5 #emh T 6 FLAR (2 mL/AL) 7, £E 37°C. 5% CO2 %%
T E 24 ho X H FA. ZIF-8. NAADP. CAP 1 CAP/NAADP@ZIF-8-FA £
I, SYMILIEE 24 he FCE Fluo-4, AM LAE, {4 PBS Z& UK Fluo-4,
AM VR RER] 2 pM B 2R o 8 T RRAr I ) 5 TR 4, RS WA 25 8 7R 2,
F PBS ZEMRGES =K. & Fluo-4, AM TAEMIIAISFLAR H, & DL 5540
MoNHE. 7 37°CEE 9% 1 h, SRJ5 254 Fluo-4, AM LBV PBS ZEpfilidiisk =
K, o LBRIR K Fluo-4, AM TAE. A5 MA ImL #) PBS ZZil 2 7541
BRH, TE 37°C. 5% CO 5 7- A B 20 30 min, DABLR AM 5 F7E 40 3 (1) 58
A LB o BEJS 5 200 U SR A0 M P S S . B ke A M s B
BN IE B 40 M R, A i 58 A 2R i o 2o B3 P 5 8 e k1) 2
HERANE YR,

(5) FERRARELW

¥ HepG2 I RIFE/NFLIF, 1E 37°C. 5%CO: [RFFRFE I E 24 /NS
IWiEE J5 I\ TCP. CAP. BSA@TCP. CAP/BSA@TCP-ZIF-8 5 AN [l 4K 471
BILFEIREE 12 /AN, LI 5 PBS Pk =i, A5 2 mL 535 % AM(%¢
WS 2 uMYRI PI(ZIRIE: 8 uM)IIR AR, 37°CHEH 30 b fE, B TR,
FI PBS Wil =ik, f 5 A58 5 RGOS A B e AN R 56 A0 R 1 o B

33 ER5THL

3.3.1 FIE
(1) CAP/NAADP@ZIF-8-FA BYZRAE
CAP/NAADP@ZIF-8-FA J2idid 2 0 77 1M % 1. & sl g AEH & ik
ZIF-8 fUZ£1#) CAP 1 NAADP ] CAP/NAADP@ZIF-8 ZH K ik, [ o it — B
K H FA 1&1i75 3] CAP/NAADP@ZIF-8-FA # KA KL, & o & B 3-1 fr

7No
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CAP o | 2-Methylimidazole v Folic Acid ?’4&' L
T ge— : A )‘ . X
NAADP A
Stir

P 3-1. CAP/NAADP@ZIF-8-FA 4K & e 2
Figure 3-1. Synthesis diagram of CAP/NAADP@ZIF-8-FA nanomaterials

I 1 B A AL 5 15 21 CAP/NAADP@ZIF-8-FA 40K ki ) SEM P4 (1]
3-2A). HE SEM K4 &8, CAP/NAADP@ZIF-8-FA 4N KR 315 — RN
W, R~F KL 280 nm A 4. #F— 25 3@ i DLS Hi & 4 #r AX K il
CAP/NAADP@ZIF-8-FA KBk [fI#i 459 280 nm (] 3-2B). DLS HiJE 73 #14X
IR 2t SR 5 SEM B —2L, UERH T & B CAP/NAADP@ZIF-8-FA YK 5k &
S —HR/NEE, &R TR .

A B
125
—— CAP/NAADP@ZIF-8-FA
100
Z 751
E
2
E 50
25-
0 . ;
10 100 1000

Diameter (nm)

Kl 3-2. (A) CAP/NAADP@ZIF-8-FA 4K ki) SEM & (B) CAP/NAADP@ZIF-8-FA 4}
KR AL 42 1
Figure 3-2. (A) SEM image of CAP/NAADP@ZIF-8-FA nanoparticles (B) Size map of
CAP/NAADP@ZIF-8-FA nanoparticles

N T 86 F CAP/NAADP@ZIF-8-FA 44K kL i L & i, % CAP.
NAADP. FA fil CAP/NAADP@ZIF-8-FA 4K ki #t 1T ZETA HALKG I 4n & 3-3
FiioR o Al 28 52 7n CAP il NAADP 9K BkL () ZETA HLAL S 3 /& +10.95 mV
H1-7.94 mV, # ZIF-8 f5 5 CAP/NAADP@ZIF-8 [ HLA7 £+8.32 mV. HLfL K
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AAFLF I T CAP il NAADP K Ih# ZIF-8 5 i CAP/NAADP@ZIF-8 4K
Wik, Ja4id FA 1215 CAP/NAADP@ZIF-8-FA H LA ETF#+12.6 mV, 1IFH
T CAP/NAADP@ZIF-8-FA #RK UKL (1) T & 1o

CAP NAADP[___|CAP/NAADP@ZIF-8
16 FA CAP/NAADP@ZIF-8-FA
I
; 1 1
T
E I
Z 8 I
=
-
=
]
& | |
= 0
Y
N
T
8 I

¥ 3-3. CAP. NAADP. FA Al CAP/NAADP@ZIF-8-FA 44K ki) ZETA Hi A7 &
Figure 3-3. ZETA potentials of CAP, NAADP, FA and CAP/NAADP@ZIF-8-FA nanoparticles
BE— 2 F A6 6 EE 1120 # CAP.NAADP.FA 1 CAP/NAADP@ZIF-8-FA
KRR 3-4A iz . NAADP [ AMA] WG AE 260 nm AL H RFAEIR I,
1M 24 NAADP #f ZIF-8 % J5 £ i ff) CAP/NAADP@ZIF-8-FA %5 4hv] WLy it 75
260 nm Ak FIRFIER SIS 2K, IEBH T NAADP G Ih#i 3. FA F1 CAP 145 4h
O OO6 W% A R AE 280 nm &b OB OHF AE WK UK W&, FA B M K
CAP/NAADP@ZIF-8-FA 484 A] OG5 7E 280 nm AL IR W Bl BT, i —20
UEB] CAP/NAADP@ZIF-8-FA A4 KUK 1 B Eh & il o 183 7 B 21 A1 43 BT
S EAR S I E P ERBAM AL, WE 34B frx . A CAP #
CAP/NAADP@ZIF-8-FA ZL4MGiIGHa] IR H, MR THAY R, REMELE
2900cm Ab HH B T A TR A IR UL s, T 2900cme! Ak (R ARFAE IR AL F C-HL 28 [ 1)
FEPRBN TR, WEB T CAP Ih# LB A&M Kl . N CAP/NAADP@ZIF-8-FA
FOGIE AT LA Y, 7E 1400cm'-1500 cm! B3 HY LIRS B F- CAP A1 FA Dt o
75 F PR R (R RFAE I o £E 1590em! BT H B AR U o) B T+ ZIF-8 il ke b C=N
BRI 4ERZN, 7E 3300cm™ fE HIL T 5 NAADP G AH [F] (0 REAE g, X4
SERLRBA T ZIF-8 KL T FA [HI CAP Al NAADP SEW5 1R I FIHR A 9K ik
SRR
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A 3.0 B

| ——FA . CAP/NAADP@ZIF-8-FA ,

2.51 ——NAADP mTT Y
2 —CAP = V W ozirs Wt !
&2.01 —— CAP/NAADP@ZIF-8-FA| 3
P = NAADP W
2 1.51 £
s =
£ B CAP
S 1.0 2
= i T R e N
“ 0.5 = A

300 400 4000 3500 3000 2500 2000 1500 1000 500
Wavelength (nm) Wavenumbers (cm™)

3-4. (A) CAP. NAADP. FA F1 CAP/NAADP@ZIF-8-FA 4K ki 1) 45 4 a] WG (B)
CAP. NAADP. FA. ZIF-8 fl CAP/NAADP@ZIF-8-FA 4K Bk (1) {# L2 41l
Figure 3-4. (A) UV-VIS spectra of CAP, NAADP, FA and CAP/NAADP@ZIF-8-FA nanoparticles
(B) FTIR spectra of CAP, NAADP, FA, ZIF-8 and CAP/NAADP@ZIF-8-FA nanoparticles
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YRR AL HepG2 40l J5 I 40 i 3 /)

Figure 3-6. (A) Cell viability of L929 cells treated with different concentrations of FA, ZIF-8,
NAADP and CAP/NAADP@ZIF-8-FA nanoparticles (B) Cell viability of HepG?2 cells treated
with FA, ZIF-8, CAP, NAADP and CAP/NAADP@ZIF-8-FA nanoparticles at different
concentrations
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Figure 3-7. (A) Fluorescence images of control, ZIF-8, CAP, NAADP, FA and
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CAP/NAADP@ZIF-8-FA co-incubated with HepG2 cells and stained by Fluo-4, AM (B) Control,
histogram of intracellular Ca?* content of ZIF-8, CAP, NAADP, FA and CAP/NAADP@ZIF-8-FA
after co-incubation with HepG2 cells
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Figure 3-8. Live and dead fluorescence staining of HepG2 cells treated with different materials
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Ihé i, ZiPNRESEIR I8 E T CAP/NAADP@ZIF-8-FA YK FTRLAE 55 A 858 1 R
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R B R A AR T, AR EEYE . AHMLIESE DL A Ca? S BA Il SE IR BT AP K IE
CAP/NAADP@ZIF-8-FA 44K S0RL GE 42 = e B N Ca?* 25 &18 e85 B A A 1T 3%
U IR 4 L .
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