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pH M iz BY E 25 A K AR FR L (2176 7 AT E Y52

2

FFFE 2 BB 3 BN R ZE i e B < —, F TR H) iR
T FBRIEEATARYIGR. HBME. a7, H2XE0 T TR
WA BN RRYE. 77 Ve Bl 2 i WKET 7B
ERAMIT Z3VNA T SR B AN RN BAK T Tl e 3 by S8 8 25 W = 1k
R 32 1 BR A AT 250 2970 & 597 ROR A%, dn e v RORS 1
AT ST 2918 1L B L AL S — A S ORIE I R . IR, AN
KEARATELAR SHIEFT 1) KO IR T T TR 1 i i

fifi (Selenium, Se) &4 #F N A i 3 A AT BBk f) T &=
Bk = AT BE 1 R AR 40 RFMEIRHI A, BRANIE 2 3 3N AK E0E
IR R KR = . WKk (Selenium Nanoparticles, SeNPs) B A5
R I A0 S B T R R (0 B R T AR, R — A R A B8 24 3
i, AEUI IR 250t K 5 T B A ER B R FHE /7. HR TS IR AL
T SeNPs T A EE, B 5 BRI LR GO URLAN 4 1M 2% 25
EVTETE . KA IR JFIER G BAUKAN, NGB FE . EE L
AR T P75 B AR s TR B RSARORT LASg iRy SeNPs HUAG E PERTAE
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PiiE . R, ARBERI A Z M (Tea Polysaccharide, TP) A
W K — Fl A& 58 9K AR (TP-SeNPs, TPS) il LG8 bt g
2y IR 2 KL E  (Doxorubicin, DOX), 52 JE R W A 1F FH 5473 fof
AN, 33 T PR DOX/TP-SeNPs (DTPS), Ffil it 4 J& i
ATBKMEE 2 (ZIF-8) A3 LR [ ROR, S 2RIz I8 R
A e, A TT T 91K 24 DOX/TP-Se@ZIF-8 (DTPSZ)
Ry B £ 2 At RAE AR A B iE vE . AFSE S5 R R

(1) DTPSZ B RANRAE . 18 I8 75 el B K SR B UTiE M = 7
HHZ A TP, 15238 3.17%, LA TP AR A AL 200 55 i
T IR ZHEYKAR SR TP-SeNPs (TPS), FEAAL T TPS & g 1F-
TPS I & A BRI I 0.3 mg/mL, WARERENS L-Brdf Mg
FERERCEE N 14, &RIRE TR (25°C). KM —8ikE B
DTPSZ, }L DOX #ZAFLIN 1.8%. RIELFRKI, DTPSZ N1
K% 166 nm AR, Zeta HBAIN 23 mV; Z04MEHE. A
WA X BHERATHESE T DTPSZ HIRLIhH % ARAMBE I SL 6 % B
DTPSZ fE5ERI 5 (pH5.5. pH6.5) K EAEBEME, FBEWT

KL DTPSZ & 4°C/K A ] Fa e A — R B L

(2) RSN S8 S AR A A 2z A T T . CCK-8 Al A4
MR JER S IGWT E R, M AR, DTPSZ HAA W] & A4
il HepG2 EIHMIZCR; NN SLIR 45 RAESE | DTPSZ REWS 4
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HepG2 TRHUHE NI ; RIYRSLIRESE K], DTPSZ RetE il e
ARRITR; TETEERINSS LW DTPSZ ftf8 15 S HepG2 = AL i 14
SN R T WA TR A5 R R, AT R4,
DTPSZ #9515 5 H 2 1) HepG2 4R -5 CCK-8 4 i =5 M A il 2%
KW, DTPSZ X} IEH AN L929 %A W B HEe 1  [RINE I SE a2 1
DTPSZ #EZ:%( DOX WKE/NT 12 ug/mL B A5 KEIL, E#

DTPSZ HH R4 24,

(3) PN HTIIRE S0 S A N AP 22 A e 9 o T A 88 /) B
B+ DTPSZ (AR IR AL s A 80 g PR P A 22 A A T
BEt. VIS A fg st R iR, DTPSZ BEAA RUFHIfA AL B
e H&E Ze oY) Fr Al TUNEL et 45 585K W], DTPSZ AH RIf
(RGPS E . A4S SR oR, DTPSZ REWSHE NN Caspase-3 &
(221K KT B RIS BRAR K67 BHAEANAR & bk, DAk 203 R 41
T S IR AN VR T . DL IR BRI T s S AT LA,
DTPSZ j&—Fh A I BIOL I IR i6 7 2590 /N 248 'H H&E
YI R AR A AR PR 45 R W, DTPSZ HA RAF [k i A=) %
2.

CE LTI, ASHE AR R — B SR ) SUR K PR 245
(DTPSZ), @it kAN AMFISEIGUER T DTPSZ HIPuIT G M UL & A
WA, AR R — R R 245,
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STUDY ON TARGETED THERAPY OF HEPATOCELLULAR
CARCINOMA WITH PH-RESPONSIVE DRUG-LOADED

SELENIUM NANOPARTICLES

ABSTRACT

Liver cancer is one of the malignant diseases that threaten the life and
health of the Chinese people, and the current treatment methods for liver
cancer mainly include surgical resection, liver transplantation,
chemotherapy, etc., but these treatment methods have their own limitations.
Chemotherapy is the most widely applicable and most common treatment,
but the adverse reactions associated with chemotherapy drugs and the low
tolerance of drug toxicity in patien TPS with liver failure limit the dosage
and efficacy of chemotherapy drugs. In recent years, the research on nano-
carrier materials has brought fresh blood to the research on the treatment

of liver cancer.

Selenium (Selenium, Se) is an indispensable trace element to maintain
human life activities, and the deficiency of selenium may cause the

occurrence of more than 40 kinds of diseases in the human body, and the
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lack of selenitum will also lead to a significant increase in the probability
of cancer in the human body. Selenium nanoparticles (SeNPs) have good
antitumor activity and large specific surface area, which are excellent
carriers of anti-tumor drugs and have great application potential in the
research and development of anti-tumor drugs. However, the amorphous
red elemental SeNPs are very unstable and easily aggregate to form large
black selenium crystals and lose their biological activity. The synthesis of
selentum nanoparticles by chemical reduction method and the addition of
biologically active templates such as polysaccharides, proteins and
surfactants can improve the stability and biological activity of SeNPs.
Therefore, in this project, a stable selenium nanoparticles (TP-SeNPs, TPS)
were developed using Tea Polysaccharide (TP) as a template to load the
antitumor drug Doxorubicin hydrochloride (DOX), and formed a
synergistic effect with it to kill tumor cells, and obtained drug-loaded
particles DOX/TP-SeNPs (DTPS), which were wrapped by a metal zeolite
imidazole backbone (ZIF-8) to achieve acid-sensitive targeting effect.
Improve the efficiency and biosafety of drug delivery. In this paper, the
optimal preparation conditions, characterization and anti-tumor activity of
nanomedicine DOX/TP-Se@ZIF-8 (DTPSZ) in vitro and in vivo were
studied. The results of the study are as follows:

(1) Synthesis and characterization of DTPSZ. The yield of TP was

3.17%, and the tea polysaccharide selenium nanoparticles (TP-SeNPs, TPS)
were synthesized by chemical reduction using TP as template, and the
synthesis conditions of TPS were optimized. The optimal synthesis
conditions for TPS were a template concentration of 0.3 mg/mL with a 1:4
ratio of sodium selenite to L-ascorbic acid. The synthesis temperature is

room temperature (25°C). The DOX loading rate of DTPSZ, which was
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synthesized by the one-pot method, was about 1.8%. The resul TPS showed
that the DTPSZ was an irregular particle with an average particle size of
166 nm and a zeta potential of 23 mV. Infrared spectroscopy, ultraviolet
spectroscopy, and X-ray diffraction all confirmed the successful
preparation of DTPSZ; In vitro release experimenTPS showed that DTPSZ
had a sustained release effect in a weak acid environment (pHS5.5, pH6.5).
Stability studies have found that DTPSZ can be stable for more than one

week in an aqueous environment at 4°C.

(2) In vitro anti-tumor experimenTPS and in vitro biosafety studies.
The experimental resulTPS of CCK-8 assay and cell viability staining
showed that DTPSZ had a more obvious effect on inhibiting the
proliferation of HepG2 than the control group. The resul TPS of cell uptake
experimenTPS confirmed that DTPSZ could be taken up by HepG2 cells.
The resulTPS of scratch assay showed that DTPSZ could inhibit the
migration of tumor cells. The resulTPS of reactive oxygen species
detection showed that DTPSZ could induce the production of reactive
oxygen species from HepG2, thereby promoting apoptosis. The resul TPS
of apoptosis assay showed that DTPSZ could induce more apoptosis in
HepG?2 cells than in the control group. The resul TPS of CCK-8 cytotoxicity
showed that DTPSZ had no obvious toxicity to L929. At the same time,
hemolysis experimenTPS showed that DTPSZ did not induce hemolysis
when the equivalent DOX concentration was less than 12 upg/mL,

indicating that DTPSZ had good biosafety.

(3) In vivo anti-tumor experimenTPS and in vivo biosafety studies.
The in vivo anti-tumor efficacy, in vivo targeting, and in vivo biosafety of
DTPSZ were studied by a tumor-bearing mouse model. IVIS in vivo

imaging resulTPS showed that DTPSZ had good in vivo targeting
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capabilities. The resulTPS of H&E stained sections and TUNEL stained
sections showed that DTPSZ had good anti-tumor activity.
Immunohistochemistry resul TPS showed that DTPSZ could increase the
expression level of Caspase-3 protein and reduce the proportion of Ki67-
positive cells, thereby inhibiting tumor cell proliferation and inducing
tumor cell apoptosis. These resul TPS can show that DTPSZ is a potential
high-quality cancer treatment drug. The resul TPS of H&E sections and
blood biochemical indexes of major organs of mice showed that DTPSZ

had good in vivo biological safety.

In summary, a nano-anti-liver cancer drug (DTPSZ) with targeted
effect constructed in this study has demonstrated the anti-liver cancer
activity and biosafety of DTPSZ through in vitro and in vivo
experimenTPS, and is expected to be developed into a new anti-liver

cancer drug.
Yang Zicheng (Biological and Pharmaceutical Engineering)
Supervised by Qian Senhe

KEY WORDS: selenium nanoparticles, tea polysaccharides, ZIF-8,

doxorubicin, liver cancer
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1.1 FFEaY#EEA

JERE (Cancer), JTRMCEIEMIE, MGGk, REEMEMERLE.
F ARG . AR RN AR =P . IRE 1 AR JE DRLE A T LA 2 Bk
o OWEL RTEEZ MR RKIAILEIER, AR R SR, A R
PRI . L R ks . 2P EER S i 1 R AR4E . A& (Liver Cancer) HJUFFE
ARVERIRE, AT N R A AN AR A PR o TR R S G 3 4 e A
WAIRE R, Hrh s (HCC) =AM F 2B %KM, ot Fraii
Tt o7 R M B ELG R 75%~85%,  FHT HCC FUHEE A B BEIR, @
RIS HOE P, BE R TEAF RN 18%, HCC 2R iEst -5
SORJE NN R M P g 00 DR R R AR P AL S B A, RO RN R
PR ZHER. SRR AERE, BRI W E KR o AT 5 A Sk
WAt Rl R, PRI ARG A R RS AR I S S W]
BEVS R DR R Y, 4k R MR XRREE R M IF G, RIEE S 2 A8 ERIEN
PR R E I M IR R R RIS .

ittt RARAIZAGE, 2022 FF A BREA 866136 Bil TR A i fl, £ 758725
BIBET AP FRED . 2022 4F b SR B A B2 37 T3, o 4 6, BHE
SET I 32 73, AR 2 A,

H AT B R VT 0 2 B )T PRI T ARDIER . BTAS M. LIy r fbe s
DT TR E B, FARVIBRRIRIATER T E D% (HFARY)
RACE M T AT Re RAF R R IR 8, RJa B, HAADiaef —
SEE . B RABNIGT FBL AR5 AR R, (2 L3
Pl EERAR . ABIRTIE I BOE R RGOV IT R, HIRITRCRE
BEREBIAER, HAH &P A7 B W H N BT KL Gt iR 7
FB R, mENEM KR, S AEm it B RMEZE 52 Rk 5P,
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PRORPRE] VIR o PR, JFR &R IGE R AT 259 R 4R 8

1.2 WIT 4

ERNITAYARES M, MERFWE., 2RER. KL, 2R
B, ZFEMRRRIE R (Doxorubicin, DOX), A& —Filk/R Lw H I it
AR R, I RNA FT DNA &, X RNA IIsIE R fom, PUR e
7 X AR A A PR, R R R T TR Rz, E T R A I
i MU HUREE . TSI . SRR B . S B e A ST,
Sh1, DOX HATHNf EdEG mIhRe. oI OMERE. S RS2 M EREIE
B, Bz Ab, KR DOX #EATIIRRYT, &4 UM A ™ A5
DOX WM ZtE. Bk, QA DOX & i [F I 52 @ 29 a7 U 2
ETUEAWERTE P ST /1 R AT 1 R T 0 B A Y 24 S AN 1 /N 2 (1 =
W CEE G 5 DOX IR VG YT, Bl SR B ()38 14 T~ B i i e 4
Xt DOX HIMR LA 4% .

1.3 40K Z54)

LK, AV RS T YURMRHET T+ 70 K. R —
R GR BAKS 259 73 5~ 0 B2 BRI T 9K G384k (1-1000 nm) HHT R 245%))
IR RS, HAOIUHAE T EE A A UL B 2 ThRE LT, B IR
THETT BRI FEAREIE o 9K BORLERIE VR T 7 1 R FH A2 3 AR R B2 A T TE
PR, R KRR SRR BT, O E B2 WL YR IT RIS $R AL 1
BT Re .

1.3.1 SR SHERTT

GOR 25 AR T Ll EPR AW B2 3R IS U SZEUAS e ks vERE ) . b
Jog 2H 2R < 18 B y5 575 RN i BE 0N S N K 245 W s 1k RNV RE YR 9T R — AN BB A
Jibr g8 1L PN R 440 P 1) BRSOk GBS 100-2000 nm),  HoMEFBEAS 528, fdif54)

2



R R A A iR S

KBRLANK > T 29 EE Sy N E B, R, B AR e RS ofe A 4,
SEE 2 SRR TC iR BB R, TR Bl ity B U571 Rt
ZAb, eV PLERER ML A 1 (AR EEC A, SEAK 2 n] Ry S 1 R
T ke L A #E A Ik S0, JE I GOK B RS [ A, W] DU RO 254
I A R BN kD 25 B R o

132 ZRMESKEER

UK E A TR 2R TR 2R, K ATEAAR N IR BT 8], 8/ 45 240
o I AT UK ORI RSTBORAS,  RTRE 45 ) 24 70 R TEOR 6 A0 15 B 3 1200,
Ahmed ZEP M FLIR-F3 45 QIR SL SR )00 L 5-8U PR W WE R e ot 46 Hh 1 &6
R RAE KR 8 9K BRI rT il pHAE . IR BOESESME
Rl R 23 PRE TR, SR IR MRS S 451 . Zheng ST — BRIk G K T i EK
DOX ] DOX@ZIF-8 $ik, FfilidiE#rikill1s DOX@ZIF-8 Fifift pH 5.0-6.0 [
TRERFA S N 2 IBWTR I P (¥ DOX.

1.3.3 EHYERE

K BARREVS T U CE LI 2 TIVERE, AR LG R/KIEVERM 25 IR €
VRG24, 2R K VEVE R FE i R, A AR T R R R,
LI IKIEVE REVE AT R = 25 A EE o 29 N NAR 2 ) L 20 B S A
PR AR, A R 2B VI EE N MOBARYR , BRIE,  JKVE IR 22 I 254 2 R DR A
LAV, BRI S 2B IR , FEAREYIRI L . oK S dE i 08 n bk & i
FAEY K 73 B 2R 035 DB VA P . Zheng SFIPV5 il 1 OB IR 10 FL—
SEALRE, JE I BN AR ZUER IR RO BE FR T, S AL T S Ry
(RIS FLEE A AT (A 0 A VA 25 0 L O RE R 2 WD 8 R A8AA . JE I 9K BOR
R DURE IR 22 ) 25D B By I, 402 vy L I g0 S A0 2B 0 R P DA S e s ik
ZIMIHNEIENR . HZaER % TR RK-NIRPKE Y, a8 7 2R
IKIEVERRENE . BRIEZ AL, GOREIR QB ERIE AT RO A ) B
29, RIPHEARENE (g FUA e EZIRD .
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1.4 ffi ;T = AIHLA

il 76 2 2 H AL 5K UUR B S i F 1817 R IR A~ R, F
PANAREICR. HE 1951 5, (EBERl S0 PLAGE L/ 5 S50k Sl i) Or AT
TEH, HAYAIEABEF R 07 ERA IR SR ATl TR
A 7 EIRZIEAR

R AR BB e —, IR TS BN A B, TEA
(75 RS O N TR I R AR, RS
R . Y% T 36 40 T B R 5 B 2 AT o LRI B 4
SR, WERRILE S5 2R B R 56, IR EIHEASSS ng/d At A
(AT, T ORI RO, B s i B R s Rh S R0
TR 4 S 2700,

il EA AU BN LR SRl =2, A LA A TS LA A RT LA A
SRR, (HENLAEH B el & RoEthEE. ShmERerE, ma
CIRTLES Il PSRx S TINERE Y & Y0 g ae o} i AT b ety AP el )7 U d e SR S0 W P S e
IR Al A AE NP R 3R AR, 2B DR Je e PRI AN 2 Sl PR3, B
SETCON ALtk R . PR TR BURCIR [ 4, 45 il ik 21 204 20 (0 B R et (AR K
CNTT A M. LR A RIRAL T, SATRE, e RE AN
REINTT A . IRENTT AN =i R ONTTEHERD, 2 ERA TR ER
RS o

1.5 £l KRR RO IA

YKHF (selenium nanoparticles, SeNPs) 1 N—Ffpi B4 B il , &K ik
L VERBEY IER N S R JFE KL (1-100 nm) BRI, AA
R ASFFAE . ML CE By AN (i RER),
SeNPs Bt i & PR HADIG AR T Mo, 1ENZEk, BA BT
IF. R E. SR DEB D5
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1.5.1 RIfAY & AR

SeNPs (& Mk 124 =36 WG iE. WHEEG AU LEDE. L
S RAE AR R JEGRRE O A S AL S Y0IE RO B, AR AR A
J AN KA B ] Bt e B DV . DB G A 4R I S DG IR A BROL K e 5
T BUE TS A4 BCR AR FBCH 1 AT 65 J3 B oKl , 27 VR R . B
FEAR R A S A A S AL S VIR SeNPsP12, Se T X B8 & Rl 75 i
I EARA R

1.5.1.1 fb2208 JR vk

A8 15 SR B SR 7 AN A Al UL SR 45 % SeNPs, i LI I 7 516
PURMLER . W& TRRANEM A, 17H R A TR . MR, —%
A% o Z 77K AHA L SeNPs, {HJ2 & ) SeNPs AfasE, 1E/KIERF 5
RAE, MAOTCE AR A Al . DR, b2 G B 46 90 K A
SAEBCPARR AT B H HTA VR 2 AR R LIS SeNPs frE A A 1,
WBER . AR, RIEERS OB TAE SeNPs. XS A & K&
. EMEALE G, AN S SeNPs AH IR, MM % I SeNPs )4
FYLHE . Zeng ZE3ME A NaySeOs Al Ve NEERL, LR A A T CTPS-
SeNPs, @i #f 7 KB CTPS-SeNPs H A HUERIm G 1. Xia S53436153 7R H
RGD Jik. “P7U0E . 3% B0 N B ) 4 T 9K Al ks B T 130 DOX, 3R18 1
RGDfC-Se@DOX. GA-Se@DOX. HA-Se@DOX, 437l FH T 677 i . T
B . He SBTLAELE Z W NN Ve iE )5 NaxSeOs & | LNT-SeNPs,
il A BRI AL S T LNT-SeNPs f 250 L Z¢ Tl Ak &=,
1.5.1.2 YEi & pliik

PIBE G L SeNPs EZL2 R F B (W REHOG. iR AR . WUk
P BTERAE) BN ARG EURL, oA AL I R R BOA R, BA Y
AR TR SRS B W RO R R O ki 2% 5 1
ASHRFERA, A8 FL R k(0] A I TR BUAE BS TAA, BB S 7E 4 M AR PR 85 PR v

5



R R A A iR S

B AN K URL . Guisbiers 808 Bk phBOE KR AE 25 8 Tk h il % H T 60
nm o A7 ARG IR . ORI T2 @ EREE, B & Rektm.
ROkL g A5 G850 Bt 3 . Mosallam S8 B F S8 AR AN K ith 25 % 1% 2P f
SARPIONERHEN B S R R4 5 URAR 115 nm 247 1K) SeNPs,  JfiEid
SR R IR 2T 15 3RAF ) SeNPs X BRI AT I . s i &I BRI 2
PR A B BR B 2 B AT I RE 77 o HUBER L A2 i v BEBR R ML b oy AN B 1)
71 REROR GRI R BBCRE 9 G RRIURE o HIUBRER BRI AR ) AR A7, (B
SRR AT TE S S GINAR BEEREERD . A PG 2 55

1.5.1.3 A=4i

HEW A S SeNPs & I Lef AR W) B B AR UG B o0 WA (R AU 7= K A
2 hi8 JF A SeNPs [RHF 1 R FKHL SeNPs. fildn, BRIEEELE (Saccharomyces
cerevisiae) V] LI BRACHIEE (B AIL S L JEEE) JEJE Se*t, Al SeNPs
CKif 30-200 nm). {HZAEYEA BN SeNPs hifetl)— i 7, 0F itk b %
. DRE WA TSR . Cui UL NaySeOs AMNYE, I FH g # Y i
SB210 (Tetrahymena thermophila SB210) % & T Kif% 50~500 nm, 45 4<% A H
il FSURL 1) 3R JE 49 K il o Faramarzi Z81*EL NaxSeOs il Vi, K F BR 8 % £}
(Saccharomyces cerevisiae) &K T KifE 75~709 nm ) SeNPs, FEidid iff 78 & 91
TS P0G N5 R 008 fie 0 R I R B ) AR G

1.5.2 R EMEZ HERRN B

SeNPs [AHAREENE . mAMiEtE AR e, CAE 2> B 52
PrAE . GORTAEDTIE PO . DU LS AR O fa it 55 5 T 229 R o

1.5.2.1 ZNKARAEDT R 7 181 2 H

PRI PR B R AT TE R B, AR AEAS [F) A8 SRR B R & R AEA ]
IEeAl, EEACIA ST 3 B A v A B VE AN R &, T2 11 40 o 2 2
MO R R R TR B 3Rk, IR SR A 3 T 7T i 45 SRR W i e 4
M EA B ALK, ANTTTAEGROR A A A S A A, s e B, Lin 5519
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H4% T S-FIRBETEBTHIF) SeNPs ki, FFiEIIHE 7 & I SFU-SeNPs AE5iE L {2
HEE A R A S T

1.5.2.2 GAKAR AE ST AR A 5 T (14 B H

SeNPs At kE H 3%, Monbia bigymtE, HILnT H R vERmE . #
2 RGN SR N AR . Giriprasad ZFH LR R A8 AR & 1% T SeNPs,
FEiE I J5 S 7 R BT A G SeNPs R I T AR 7 3T A AN PURE R 955 SUR

1.5.2.3 KA AE ST IR 7 T A9 S

SeNPs DA HLAMRF I3 AL 25 PR Clun s LU R TRIRR R T ¥ 1 S 1 % Yl 7
YD AR A AN, EPUESUR R B . HEhim 28, A
StEgpiE RML, RAEASE WA (CE A 0 B R .
ElSheikh S5 B 1 SeNPs BHR R &4, JREHH TS HBE, ZREI,
SeNPs f& 1% i 35 14 I U5 18 W IR I BT IR 8 77 - Vahdati 5515ha i BfF 53 % 90
SeNPs 5V Bl g1 s FH A5 DR M A 18 R <6 € 7881 267 BR B B2 2 B R BV E

1.6 Z ZHERIERIL

JKZ W (Tea Polysaccharides, TP) & A HX ) — 2 R AR TEME 2 B8 1)
SRR, R AR BTRARE . IR IR RERIY L
WHEAR. ZMEESHREEASEY. HoFaEiRi) (10-400 kDa),
BARENEDENE, RAENPREZH . KRG R HR . R
R 2 M BAT VR I S R AT R A T IR ThAE . PR
HHEEZ UL FUE S 2 My ), Zhao S5O ST KL, TPS T LLMEIL
T GRG0, 38 5 T B R TR VLA R AR S, R4 i H 41
AR TR, AT AR A IS SIS % . Wang 5505l #OKZE BN (1 2%
I TPS, FERFSL T AZE 2 Mg Mo g . sabs. TR, W, WEHES
AR AL IR, 15 H AR 2 MR RS . R RSP
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FPHEH TPS, IRt B Al AAS I TPS w25 s A PiE T, RIL TPS 114
Bl R BEMERR S B AR AL RE B2 R TPS £ M 1 £ 24 hr .

1.7 €BH AR RETMBES BN

& B AT KB 22 (Zeolitic Imidazolate Frameworks, ZIFs) J&—JSH A W
NGB AN B A (MOFs), ML EE T (0 Zn>. Co*) §
WK A LI A d o A RS TE B, AR I FLRR S5 48 i EL R AR AT AL 2
FoE PEAEHAE AL . RRVRARAE . U B S T R B H 32 N R 7 31,

SR TDKIINE P 428 (ZIF-8) F2 B 630 TR0 2-FR REK M i 2522
WAL ILPPE, ZIF-8 AURBURB T A LR, LR, A
BT M 050 AU . R A WO 2P R 2
Ko BRCSLR ZIF-8 [ 50T PANILAR T SR 2o, HSRBUMR Se0E R S
B T 3T T,

1 [ A T 2R R R BLAAHRE (Otto Warburg) T 1924 4E4R HY (1 BLAA RS 248
(Warburg Effect) &J@REQIT AR A% OME & 2 —, 1230 BIHER T 98 40 A R A
FESAVT TR RIS, AT Sl e it i % 17 3 2R A S Tl R A SR R X e A 11
LGB0, bR T FUAA RS SR A AT, A BT 15 20 B e Ra 40 it Py 7L IR 25 5 E R
(7 B iR AL R I S5 R 2R L, T s LRSS e R, e SR
T R IR . X AR AE AN SR SRR IR EVERFAE, WO RT 12 A
ITIRAL T B . WEAURE, NN IER H L pHAE N 7.2-7.4, T IR
WEE pH{E N 6.72-7.01, IRAL pHAEFL B WA F] 5.307), ZIF-8 44 KMk 2 A FR B
Rk, ERMEREIR SN, FR ZIF-8 B RIFHAEMMEME, H Tk
Y, 45 ZIF-8 1B 254 AR R B A4S 2172 R 5334,
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1.8 B X FMARAE
1.8.1 iEBE X

WA NFAE B Tk L, AT AR E K- RIE B sy, SR ot A s 7K
P m ok 13 2 @ BRIEE, IR I ORI E 2T, DA AR T
FAA S BN RRYE, B AR a7 U2 T o8 . B 9K BRI 55 Ak
T7 2 (R 1) PR AN G v 26 W R P 5 ORAR v 25 W03 T R AT b 2 B AR FH X fe
TR R BB R S AWRSCLARIRIZR DR, & R Fh e e 182
SeNPs FikL, 1Hid DOX Al SeNPs [ [FI1F F 4 e oA R R, I3 I B et v
SR TE R ERTIGMIAI A, U 29 BT R B — e IR AR A

1.82 ARAE

B IR RORE B A R4 OB TR PR AT B 25 B8 /0, (HAZ 401 SeNPs A
SE, Ao REE, WP BRI YOEARR R AR E VEATE YR, ASHE T s
P I B K SRR UTE M e B R R AR U T TP, JFEL TP MR & 1 5%
ZEGIKNN (TP-SeNPs, TPS), JfkiHH T @t G ibr 2% DOX, 44
JRIEE ik A K ZIF-8 KA (1B, ahfilf3 1 DTPSZ, JFXHARPRSN T
FETEYEREAT TR . FARRTE SR AN

(1) DTPSZ Hill 25 MIZAE . K F i 75 B B /K SR B U002 A o= 7 B 2 v
SEEE] T TP, FRIE T IR TP 4lRE . I F L[N 38 SER R 5 & K TPS FeAE 1
SRR PE, SRR TP WineE, DARRAE M TR EAFT LB MR i) B /R BT
bb, M SEZR LK E | DTPSZ &3 DOX KA Z 9K bl (DOX/TP-
SeNPs, DTPS) HIAERINE. FIH Zeta FALFIBEOCKIEC, H HLHAR et 4)
WAL UV-Vis EAHNAT L4366 1. SEM. TEM LA K Mapping g it % DTPSZ
BEAT T HALE.

(2) W5t DTPSZ FEARSN e 4 A i 4 BE 77 . KA CCK-8 178 LA i
MERIEKK: T DTPSZ M4 % 4 CCK-8 k7 &MIE T DTPSZ X} HepG2 41
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FRIRGIER s R I 58 G (S idt— DB IE | DTPSZ %y 40 i i) A 45
ER . RARAARIEN T DTPSZ i#5'S HepG2 4RI TS IL; DAPI 4t
AR A ARAG I T HepG2 Xt DTPSZ [3HL; ROS 7% 1 A7 S i =X
AR T 25905 S HepG2 7245 ROS [IFM; RIYRSZIGAG I T 245 430 i
HepG2 iT# 15T

(3) W7t DTPSZ KK A LB ROR o £ BALB/c-nude #R K T V3 4
HepG2 4Mifitd, #LATIR/N R H/NE oy N, B )5 23 WEST PBS.
DOX. TPS. DTPS A K DTPSZ #4767, JFicsMxsdE. KA IVIS sk
PR AGARE I DTPSZ 7 /) SR A P FROHE ) 280 LA AE % 35 B IR BUIRIL . TR 9T 45
g, BN RS AT M, H&E. TUNEL DL A AL U+
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$F-F DTPSZ Wk|&E SR
213§

DTPSZ [HI& A E S N UL LAy, TP HREL, TPS & B itk
DTPS K& %, DTPSZ W& .

TP % DL BT ¥ 1 B /KIRIE . A LA BGE . il AR 2 Bk
(SFE). A EANE . Wakiighi. CTAB PliEikaEbs), sepryg Bud f2
N T SR R E AR IR T Z 5T AR S, AW TR R
Gl B KSR B DTSR L TP,

AT TR AL SR A i TPS kL, Riti2 SeNPs JERANA € <5,
R A P 32 B A ] KA TR AT RN, 375 SeNPs HIARE 1, ThAREL(E
WisE, (8 AR R = 15 2R EARA R 1 SeNPs, S A1 HUBEAR ) K /Al
WINEA K.

R T ANFERIRBARFR S, 2T SeNPs it K/NKIRBFAFEHRZ, i
MR SN pHy BRI . S SR L 5

OH
Template
0 °
I 0 OH g
Se + OH — .. ... 0
wo”  ou 0 °e”®

OH

JFELE] 2-1 SeNPs )& lid 72 .
Scheme 2-1 Synthesis process of SeNPs.

DTPSZ R 25 40K Bk (A . 5L TP B SeNPs, 43 %5 s A s PEAN
KWL R AR, 2 Rk, nrisad i s s /N 7 7 25 ) 3 31k
T, AR M AT A 2 B 4 1) B 7 A P A 3R 355 K A AR AL IS 25 5 B I B
ZIF-8 HA & LR WA, AN A REBRE, RyUmBEammm R#dk. s

11
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N, AR ETT AAE, ZIF-8 X ANE 25 B3 25 R AE 5%~30%2 [8]10, /N4y
T2 E I B B LR I VR T ZIF-8, K1 B G R AR R
FH—#8104 ZIF-8 £1.78 3K 1M .

Na,SeO, Ve Zn(NO,),"6H,0
- >
o 2-Mim
@ g@rox
Tea TP DTPS

JEFE 2-2 DTPSZ 4 ilid 2.
Scheme 2-2 Synthesis process of DTPSZ.
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2.2 LRI HY
2.2.1 LML
AW T HEE R (AR FETEaEE BT,
2.2.2 LR FIAN 2§
% 2-1 I

Table 2-1 The main reagenTPS of the experiment

2 i 4 PR ) CIIE
ToK L et I 24 8 AL 22T PR A #
=& H b et I 24 8 AL 22T PR A #
BT et I 24 8 AL 22T A PR A 7
WIRIR et I 24 8 AL 22T A PR A 7
% B et I 24 8 AL 22T A PR A 7
RIRTINEEN et I 24 8 AL 22T A PR A 7
L-Pidi g et I 24 8 AL 220 PR A+
TR N BaR L R T AR A
/N
2- A JE R e BaR L g R AR I
B2 ]
INIKAH IR B et I 24 £ AL 220 PR A+
DMSO PaR L R T AR A
B2 ]
PBS 411 FH P ZEYE IR B A PR A 7
DMEM 4R P EEYE R BT R A 7]
RPMI-1640 4111 P ZEYE R BT R A 7]
FBS 411 FH IR R ER AR A A
HER-BEERRTH 4111 EEEYE R BT R A 7]
CCK-8 411 FH H&
It 2 24 2 if. g | teve &4EY)

EDTA Ml [ 25 4 1Ak 2 ln A BR A 7
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435 2-1 SR

Continued from table 2-1 The main reagenTPS of the experiment

2l i 24 PR ) CIIE
DAPI 44X 21 it Hi
ROS i P U 77 & 2 it FH H&
Calcein AM/PI 41 it % 3k 2 EEPRUN
A&
Cy5-SE - IR AR A TR A
R 4% H&
Annexin V-FITC/PI 4} 1~ 2 1 HE
For A7 &
R 22 LIAN IR AN A
Table 2-2 Experimental instrunlenTPS and equipmenTPS
X 5 I
e AR A RE-52AA ISR AR
I HH2 iR
ARA KA Smart-s15 RIS BR A ]
AR R R HOI1-1A i A
e X3A IR KK A PRA
TR 7 R A AR A JY9-IIDN T Z AR AR
A
P IR IE RN AK-040SD RYIER SIS VR & PR A
BB R TN Freezone 4.5L 3 [# Labconco Corporation
AR B O AL 7326k PUER (i) (R RHA R
A
A W (UV- UV-8000 R AR AR
Vis)
{8 FLIH-AR 21 Al A IRPrestige-21 SN /N
(FTIR)
Zeta HLAT A RAR AL NanoBrook 90 Plus PALS 2 [E Af & 5a i N
AT E5EE (SEMD S4800 H A A ]
FET T EAEE (TEMD Talos F200S G2 F H FEB M RBHE A R A
#l
X AT (XRD) Smartlab SE H A 2

14
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Bk 2-2 IR e A

Continued from table 2-2 Experimental instrunlenTPS and equipmenTPS

e s I
ARG TR AR 311GP FHZB MBI R A
&l
i TIEG SW-CJ-1FD SN RE R BN
IR VKA 700LISTED 5 E 2B R BHCA IR A
&l
A K ER AR Multiscan GO FEHFER I RBHHE AR A
7
151 B 58 AR [X73-DP74 H A BB B2 i ik 0 4
HAIR SHZ-I1I it A SIS AN AR A R A F
SRR AEROK T YXQ-100A i S A BR A A
& A BT Chemray 240 INEFE A RHE
EERT NIB 610 VS ) ez
BT KF LE104E HERF TR 2 52 [
WY SMC-5000F B FEZE /R
A A Cytoflex % E DUe 2 R A IR A A
IER AR AN IVIS Lumina LT Serise 111 KE ALK H IR A

HJ

2.3 Sk
2.3.1 TP HY#2EX

SR FH R P A B K SR B TVA SR N TP,  BAHREW R . HERGFREX 20 g 250,
R RN B fe i 40 B 98B 25 K800, IINIE & 25 5 T KR H RS &),
L 2 75 0 4 R R e ASCRIERSE 30 miin, 60 °C/KIB NN 30 min, DAL 387y B
WAEE, WKIEEHREEEZETKIEAIET 60 °C/KIAE 30 min, TIER X
PRV, B IFPIEE, 12000 rpm B0 EVIER B 2 MR . K ek 2%
RACK SRR 22 VY 4y 2 — IR, FIRAEEAN oK 8% 1:3 B LLIR & )5 4 °C
AAITTE . 12000 rpm &0 J5 5% BiGE & LB 7 /KEE, KBEHEEHZHE
FLIE S Sevag WAILL 1:1 MIARUR G (JF: Sevag ik ik: BN S IE
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TEHZARRLL 4:1 RGBT 6145 Sevag WD, FHREREIN BRI 7870 =
v EEN R, 0 BAKHAGHU, RKHEREOEFREARTUE, &
Ol Sevag WM ZERE AR, M=K EBREAEHZEEREL RS
R T BRI T, BIATSRAS LR i) TP

232 TP IBHRIHE
2.32.1 TP IR+ H
A RELm T AR E.

f=2—:>< 100% A 21
mu R 2RI E: me: PRI E.
2.3.3 TPS WYl & K & N S 1L
2.3.3.1 Ak e M) BE IR L LG

Sy L] 0.01. 0.02. 0.04. 0.06 DA% 0.08 mol/L ] Ve ¥, 0.01 mol/L [¥)
AR ERANVEW, 0.5 mg/mL [ TP V&M, HER TLAN/NEM, FE/NSER T2 Bl
5 mL MEARGPRENVAVEAN 5 mL 1) TP, #8755 min JIEE G, 20500 5 mL
AFIRER Ve I, FRUGBER S min JIERS), RIS RE 2 1000 rpm 4 45
RS FSIRRM 12 he NSRS 12000 rpm 550 15 min 725 FiE, MAEE
K E R B0V, BRI =R S NG 210 2B FOKRITT 3RS TPS B
K F DLS 6l i 35 25 AL R A2 s

2.3.3.2 fifk TP N

Sy AIEeH] 0.1 037 0.5. 1412 mg/mL [ TP &, DL 2.3.3.1 A0 ilif5 i fef
Ve il FE NS 2% LA RV BE (¥ Ve B, FFICH 0.01 mol/L ) ML RRAN AR . Vi
e HANERR, TEANRA R BIIIN 5 mL AR ERANIE RN 5 mL A K E R TP
W, A S min IBEIR SIS AN S mL (1 Ve ¥, BB 5 min JIER
5], WRAIEHE 2] 1000 rpm f /45 FEAS E SR 12 he NSRS 12000 rpm
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B0 15 min FEE LTS, MAXRE T/KEE)G E00EE, Bk =5 B
EMZ B T/KEI R 3G TPS Bil. KA DLS Al Hc 45 4L AR AR 28 -

2.3.33 bR NR

LA 2.3.3.1 SRR Ve kNS 5RO HI AR MR LR Ve L LL2.3.3.2
AR A TP IR FE NS5 O AR SIVR BE (1) TP VA, FFICH 0.01 mol/L fI3F.
TERANIE M . HEA TLAS/INGEAR, ZE/NBEME 23BN 5 mL SEA ER MV AT 5 mL
(¥ TP ¥, B 5 min JIEIR SIS 70 AN 5 mL 1) Ve idR, FGEA 5 min
IR, VRAIEREE] 1000 rpm 1A [F)IELE I BE iR A B GR35
15°C. 25°C. 35°C. 45°CH1 55°C) B 12 ho ME5H 5 12000 rpm &0 15
min 32 F3E, IIANELE TKERE B O, Dk =5 fHIOn G =%
BT KRIAT 3RS TPS Bl KA DLS Kl 3105 5% 4L AR A2 50 .

2.3.3.4 RNV IO X TPS [ 540

LA 2.3.3.1 SR Ve A RCHIAH BRI ER Ve I8, LL2.3.3.2
FAS IR R TP IR A S 5 BCHIAH RO FEIR TP ¥, JFBCH 0.01 mol/L [13F.
PR AN IR . HEA TR /INGERR, FEZE — /IR N 5 mL AR ER B AT 5
mL i) TP ¥R, HEA 5 min JEE S S HMA 5 mL #) Ve IR, FHGES 5 min
TEIRET, 25— ANEM PRI 5 mL §) Ve i80S mL () TP ¥, 7 S
min SRR G 73 A0 5 mL MR EREMVA W, FHRHEAE 5 min JIEIRS), 1R
) JE A A e AR i B BIRE i dE A b, Bl EON 1000 rpm, EIERE N
2.3.3.3 TSR B RNV IRE, KM 12 he RMZEFJE 12000 rpm 250> 15 min
5B, IMANEBFKERG B0, Pk =il E BRI E &R LT
JKBIFT 575 TPS By, K H] DLS il 90 3 &2 fRi A2 Bds .

2.3.4 DTPS By%I%&

K TPS i&id 800 nm REEIAUEME R 25 ML, FHECHIAL 0.5 mg/mL I
WeHL 1 mL IO E/ N pedf e, EFPREL 10 mg i DOX, H 20 pL ) DMSO % fi#



R R A A iR S

JEIABNREA R, K /NG T E 2R P45 F % IR ED'E 300 rpm #iH: 24 he
24 h J&5 12000 rpm &0, PUIEHS 7 BI & DTPS.

2.3.5 DTPSZ BU#I & Rt
2.3.5.1 DTPSZ 1] %%

¥ 0.1 g ANIKEHIREEE T 0.4 mL BT /KH, ¥ 1 g ZHEEBKMAET 4 mL
ERGTKH, FERAM NN 400 uL 7S/KIEEREEE R, FE 0 3 mL DMSO #1 500
uL DTPS, LA 200 uL 7K, HF 5 min JEIIA 4 mL — H BRI 5 gk SR8 7
Smin, AJETERESIHEFEER T 1200 rpm $iE 4t 1h, 12000 rpm B0 15 min, &
TAKEREE OB =R, HTSWHTE 48 h J5EI A 381§ DTPSZ.

2.3.5.2 DTPSZ 8k 25 F A 3%

(1) I8 AHb-0] WA 6 EE T E AT &1, DOX 7E 480 nm &b HY BURFAE IR I
W, o HIECHIIKEE N 0.01. 0.02. 0.03. 0.04 A1 0.05 mg/mL ) DOX &I 5
DTE 480 nm AL RE, 0% HdE 2] DOX Arit i 2k .

(2) BT ELANAT WA EETHAE 480 nm A2 S R 25 I 2 A L T T
(MR GRE, it LR AT 15 DTPSZ #2) %

m —m
LC% = % x 100% AR 22
3
DTPSZ Ha st Rl @i LL N AR E A2,
m —m
EEY% = % x 100% AR 2-3
1

ml: DOX B &; m2: BiFWRF&HER DOX fisE:; m3: DTPSZ HIJHi

=

Ho

2.3.5.3 DTPSZ #4554tk

=

IS A N IR DTPS TS INEAR 7T & % DTPSZ If DTPS s AN
. BAEMWTR: DTPSZ #il#& kA 2.3.5.1, fEPUASEIeH, 3l 400
uL. 500 uL. 600 uL A1 700 uL [¥) DTPS, JINAHRARAR 125 851 7K AH 2% 2H I o7
RARGRE 8 RMERE 12000 rpm &5 08 i I V15 EIE
DOX (& &, Wi DTPSZ K K&,
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2.3.6 DTPSZ BUEAE

K H SEM A1 TEM M %% DTPSZ HIESRHRFE, FTIR MM ERIZLAME1E,
S AD-0] U436 6 FE I 8 A RE R A SO, DLS 9HKRLE K ZETA HLAZ 43
FEASCI 52 A4 RHPRi AR ]2 ZETA HAL, X SR ATEMAC MR SR 5 44

2.3.7 DTPSZ BN BB /R ANFR E M W 22

K HZENTIEN E DTPSZ WAL, K 5 mg B DTPSZ 73 A& T 5 mL
[¥) pH7.4. pH6.5 LA pH5.5 ) PBS S, FFIMAF] 315 3000 Da ¥ iZ T
SSH, KBASETHA 50 mL MIF pH ) PBS Ll betth, SRJE K ket
A 37°C. 120 rpm FIFEIRH s FEAS A 1] A BURE 3R A UV-Vis Wl 52 480 nm 4
WG . # DTPSZ 73 HiT PBS 2NN 10% FBS i) DMEM H1, W&
103k DTPSZ fEIX PR K 3l 77 R 384K

2.3.8 Fit otk

B ke 2 /0 B4 =k, K H Origin 2024 HEATEUR S 26 B . %
PELLPIEESD R ARFTLH, SRS 2% 574 5 ns: no significant
difference. *p <0.05. **p<0.01. ***p <0.001 £~

2.4 BERG7h

2.4.1 TP IR ENAIE &

20 g MR AiAL 5 43Rk 1F 0.634 ¢ TP, #ah B AA 2-1 715, AHf
FE TR AR 7 A B K SR I DT SR R 22 B R A5508 3.17%.

2.4.2 TPS BYHI&F0 /2 B AL
2.4.2.1 AL e S BE R B EE

AN e RV B R A2 AT PDI 45 SR an ] 2-1 Bk
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=~

A Mean Diameter =230.81+3.02 nm Mean Diameter =210.15+0.22 nm
1 PDI=0.198 1004 ppr-0.178

Intensity
Intensity

150 200 250 300 350 200 205 210 215 220
Diameter (nm) Diameter (nm)
C 1004 Mean Diameter =211.49+0.017 nm D 1004 Mean Diameter =203.07+0.24 nm
PDI=0.169 PDI=0.162
80+
s >
Z ‘G 60
5 g
RS = 404
20+
210 211 212 213 190 195 200 205 210 215
Diameter (nm) Diameter (nm)
K 2-1 R SABE e fifk . NaxSeOs Fll Ve BE/RE Z EE 518 (A) 1:22. (B) 1:4, (C)
1:6. (D) 1:8,

Figure 2-1 Optimization of reactant ratios. Sodium selenite: L-ascorbic acid ratios are (A) 1:2.
(B) 1:4. (C) 1:6. (D) 1:8.

R 2-3 I NABCEE AL o
Table 2-3 Optimization of reactant ratios.
NaxSeOs: Ve Diameter (nm) PDI
1:1 - -
1:2 230.81+3.02 0.198
1:4 210.15+0.22 0.178
1:6 211.49+0.017 0.169
1:8 203.07+0.24 0.162

{E 22 F1% 2.3 WTLIFFHE, 24 NaSeOn Il Ve BERIEZ LR 11 1, SEREAE
DLIEH AT, ARI0 SeNPs FIRERLIE, DLS ZAnb MRS SO IE 3 T Hi
121 PDI o A AE N IEH AT, Ve BIEINE 2D ERE NaxSeOs FIME, 2 Ve
(RIS N5 2 NaySeOs HUPUfE I, S RiA A SeNPs Fi4# 4 210.15+0.22 nm, PDI
0178, 24 Ve FIININE kS mi, SeNPs (k42 A1 PDI 3% W B I &
ISk, AT, DURR Ve ¥R i 2 DU 52 B 58 4R

20



R R A A iR S

2.4.2.2 AL MRS I &

AN[ER FE R TP e 1145 TPS Bz s A0 PDI 25 R un & 2-3 Fios:

Amo Mean Diameter = 171.69 + 0.14 nm Bmo Mean Diameter = 158.87 + 0.12 nm C 100 Mean Diameter = 189.78 1 0.21 nm
IDI=0.168 TpDI=0.163 1eDI 0175
80 804 804
5 o0 Z 60 2 60
= 2 3
£ E &
40 404 404
20 204 204
0
165 168 171 174 177 150 155 160 165 175 180 185 190 195 200 205
D Diameter (nm) E Diameter (nm) Diameter (nm)
100 Mean Diameter =215.65 £ 2.94 nm 1004 Mean Diameter — 236.57 + 3.79 nm
PDI=0.177 PDI - 0.196
30 804
2 &
60 60
5 5
= S
40 404
20 20
0 0

150 180 210 240 270 300
Diameter (nm) Diameter (nm)

K 2-2 RS I EL . (A) 0.1 mg/mL. (B) 0.3 mg/mL. (C) 0.5mg/mL. (D) 1
mg/mL. (E) 2 mg/mL,
Figure 2-2 Optimized the amount of templates added. (A) 0.1 mg/mL. (B) 0.3 mg/mL.
(C) 0.5mg/mL. (D) 1 mg/mL. (E) 2 mg/mL.

150 200 250 300 350 400

R 2-4 BLRRAS IR AL o
Table 2-4 Optimized the amount of templates added.

TPS ik (mg/mL) Diameter (nm) PDI
0.1 171.69+0.14 0.168

0.3 158.87+0.12 0.163

0.5 189.78+0.21 0.175

1 215.65+2.94 0.177

2 236.57+3.79 0.196

HE 2-3 F13& 2-4 nfRLEH, HAFTRIERKEH 0.1 mg/mL #8742 0.3
mg/mL B, TPS MIRATRIARA /AN, AR, X2 T SRR s (KT,
MR LR B4 KA O 1724 TP IREESRSHH] 0.5 mg/mL B =i, TPS kL
AR, 2 TP IRESRTT 2 2 mg/mL I, Kif£ikE) 1 236.57£3.79 nm, PDI 2
#) 0.196, ZrHIVEREAC. PG, ATRAEH, 4% TPS MBI INKE S 0.3
mg/mL.
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2.4.2.3 AL I B
TR ISR RS 254 T 1) 85 1) TPS Rif2F1 PDI 45 R0 & 2-4 k.

Mean Diameter = 158.87 + 0.12 nm Mean Diameter = 187.78 + 0.2 nm
1004 100 B
PDI=0.165 PDI=0.162

o

(=3
1
ce
[=]

Intensity
g

Intensity
3

B

(=)
M
-
o

20+ 20+

150 155 160 165 170 174 180 186 192 198 204
Diameter (nm) Diameter (nm)

Mean Diameter = 238.29 + 0.03 nm
PDI=0.186

1004 Mean Diameter = 203.36 + 0.13 nm 100-
PDI=0.174

80 80-
2 =
‘B 604 Z 60
= —
= 404 404

[

(=1
1
(=]
(=]

0 0

195 200 205 210 215 237 238 239 240
Diameter (nm) Diameter (nm)

K 2-3 R MR, (A) 25°C. (B) 35°C. (C) 45°C. (D) 55°C.
Figure 2-3 Optimized the temperature. (A) 25°C. (B) 35°C. (C) 45°C. (D) 55°C.

R 2-5 LR AL -
Table 2-5 Optimized the temperature.
‘| (O Diameter (nm) PDI
15 - -
25 158.87 £0.12 0.165
35 187.78£0.2 0.162
45 203.36 £0.13 0.174
55 238.29+£0.03 0.186

HIFE] 2-4 A1 2-5 FTLLAE Y, HIEFERURN, OMEATEEME, AR TPS Bl
R /> 350 DLS 806 HUs RS SO LU 1 w] Kt , iR i 25°C, TPS
HIRIAR T ARG K, PDI il . LT IASH, TPS & R & A B N iR
25°C.,
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2.4.2.4 JNIERINIBF XS TPS (5200

L 23 s M) NaaSeOs Ml Ve HIHNINSE 5 PP i 459 /) TPS ki42 A1 PDI 45
e 2-5 FoR:

A
Mean Diameter = 150.98 = 0.31 nm B Mean Diameter = 180.42 +2.75
PDI=0.174

100+ 1004

PDI=0.122

Intensity
[=2) o]
g g
Intensity

'S
o

5]
(=)

130 140 150 160 170 100 150 200 250
Diameter (nm) Diameter (nm)

2-4 SIS % TPS 1540 . (AD %601 NasSeOs. (B) 46l Ve.
Figure 2-4 Effect of reaction addition order on TPS. (A) Na2SeO3 is added first. (B) Add V¢
first.

R 2-6 NI NG %) TPS HI520
Table 2-6 Effect of reactant addition order on TPS.

Sehm Diameter (nm) PDI
NaySeOs 150.98 = 0.31 0.122
Ve 180.42 + 2.75 0.174

& 2-5 F13& 2-6 AJLLEH, N NaxSeOs 1 Ve BIEs NG o i <= 550
F| TPS HIRI42H1 PDI, 46N NaxSeOs 2B 5t TPS Bk 42/NF 26 Ve A2 s TPS
Bife, HAOBUEEL , Kk, #]4% TPS M2EUs N NaxSeOs.

2.4.3 DTPSZ BY&IZ L1t
2.4.3.1 DTPSZ #k 2y R M %

DOX TE/KE R H A #h an b 2-6 firzw:
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0.8

y=13.88x+0.0386
R?*=0.99936

0.7t

001 002 005 004 005
DOXf¢J& (mg/mL)
K 2-5 DOX #rifk it £k
Figure 2-5 Standard curves of DOX

2.4.3.2 DTPSZ #l| 4 2Rtk

i UV-Vis ll5E DTPSZ 4 i) Frfs FIGRAE 480 nm AR B2 7T DAAS 2]
FiEWEA K DOX & ma, K DOX AN E ml M _EjER A+ DOX & m2 LA
J DTPSZ & m3 FRAA R 2-2 a5 2-3 1HE AT LAAS tH DTPSZ #0245 %
AR, SiRINE 2-7 iR

%% 2-7 DTPSZ il #& s&AF 1Ak
Table -7 Optimization of DTPSZ preparation conditions

DTPS ¥ (ul) BEE (%) XT DOX #4j% (%)
400 82.75 1.47
500 77.43 1.68
600 65.58 1.82
800 48.89 1.87

DTPSZ il &R R WK 2-7 Fion. AfLAEH, DTPSZ s KaHEN
82.75%, DTPSZ %} DOX [ K 2% N 1.87 mg, Ffi& DTPS ¥ lE M 400 uL
HRF] 600 uL, DTPSZ WL EIZWIIE R, BERIZEHE/DN, 4 DTPS Wi
KT 600 uL i}, DTPSZ X} DTPS M2 Il 7 N F%, ML 415 A &
$eFt, U] 600 uL /) DTPS FEAfT e K, BI-& L DTPSZ it #2H DTPS Ak
ISINE Y 600 uL, %554 DTPSZ (4245 2 A3 2 73 711l 9 1.82% 1 65.58%

2.4.4 DTPSZ BYFRA{E
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>
w
0

Mean Diameter:107.15 =0.32 nm

] 18

DTPSZ  Mean Diameter: 166.30 + 3.39 nm ZIF-8
100 100 20 DTPSZ
PDI=0.106 PDI= 0.248

80 80 _

= 10
—_ _ 2
ES & 2
T 60 1 = 4 =

Enl 2= =R
E g
2 40 A S 4 -1

E E 10
8
20 1 20 3

-20

o Tps  DTPS
90 95 100 105 110 115 120 125

100 120 140 160 180 200 220 240 260
Diameter (nm)

K2-6 (A) (B) TPSF1 DTPSZ ] DLS Ktz 70 Aii & (£e3d 800 nm JEMEIL 48D . (C)
TPS. DTPS. ZIF-8 1 DTPSZ ] Zeta Hifi/ .
Figure 2-6 (A) (B) DLS particle size distribution of TPS and DTPSZ (filtered through an 800
nm membrane). (C) ZETA potential of TPS, DTPS, ZIF-8, and DTPSZ.

Diameier (nm)

283 800 nm JEAR L JE )5 () DTPSZ A1 TPS ] DLS 71243 7 45 B Ui B 2-6A.
B ffi7n,  TPS HH DLS M43 (k4250 5124 107.1540.32 nm, DTPSZ (] DLS Fift
N 166.3+3.39nm, TPS. DTPS. ZIF-8 fll DTPSZ ] Zeta HL 47 4n&] 2-7C FiR,
& TPS. DTPS. ZIF-8 Al DTPSZ WAL 73 7] 4-21.36+1.65 mV. -17.65£1.36

mV. 18.88+4.88 mV 1 15.13+1.52 mV, iZHENARALH ZIF-8 BINBFEA T
DTPS £l .
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A TEM Images SEM Images B

TPS

80 100 120 140
Diameter (nm)

20 ' Mean Diameter: 128 nm

DTPSZ
S o

Distribution(%)

n

4 Al

EI 2 7 (A) SEM Al TEM. (B) (C) HEiER/Z%S. (D) DTPSZ [ Mapplngo
Figure 2-7 (A) SEM and TEM. (B) (C) Particle size statistics of electron microscopy images.
(D) Mapping of DTPSZ.

2-7A 24 DTPSZ #1 TPS f] SEM il TEM E{%. HEIWLAEH, TPS ANER
FERUL, DTPSZ AR, HBA YR A4, Wl DTPS #kst
BAERA . E2-7TB. C 73730y SEM B &4 TPS A DTPSZ kL HRIA2 Gt 145 2R -
AL, TPS [F35R42N 82 nm, DTPSZ [P KiA N 128 nm, %4515 TPS Fl
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DTPSZ 1] DLS #a 25 RARTT & AiE—PHR 5 DTPSZ 451, KH TEM HIRE
WEMF] (Mapping) % DTPSZ #4770 R A s #r. HE 2-8D AfLLE H, DTPSZ
A N, O, Zn M1 Se jt &, Vil DTPSZ FIRIh & Ho

A B , C
lf}f 1583 i
C—N | DOX 488 nm |
n .
= e w1075 R Dbox :
é, —t FU' /_\- —TPS | T |
8 WW 3 —DTrg | DIS{ssam =
§ ] H 3
2 DOX R 3 —opresz |V ! s
= s N 24 32 TS50 >
£ i '7aNN 8 Z
£ " 2 5
5 1 5 2
= ' \ 21 =
2118 o | <
+ W T
DTPS7. " '
. N . . . L . 0 . , A
4000 3500 3000 2500 2000 1500 1000 500 200 300 400 500 600 10 20 30
Wavenumber (cm) Wavelength (nm) 20 (degree)

K 2-8 (A) RS, (B) EAh-n] Wik, (O X GH&ATH
Figure 2-8 (A) Fourier transform infrared spectrum. (B) UV-Vis spectroscopy. (C) X-ray
diffraction.

MK 2-8A DOX. TPS. ZIF-8 1 DTPSZ [ FTIR Y61kl LAA H, 1583 cm’!
AbHH B ZIF-8 RFAEMR USRI, 1ZIEH C=N Bar=4:012, ZIF-8 Al DTPSZ & 424
em™ Ab HHIURRAEIR USRI, %06 Zn-N E3hr=4:%); DOX 7E 1730 cm™ Al 1635
em™ b B ST, SR NI ) Sl B C=0 AT C-N Z 5= 4E 104, H1 DTPSZ 7 1730
em™ F1 1635 cm™ MHE AR T LUE H, DOX FIRFIE RS R4 T 4088, IiE W
DTPS # BB % 1E ZIF-8 W . & 2-8B A DOX. TPS. DTPS. DTPSZ [/ UV-Vis
Jaitk. ATRAUE . TPS £E 266 nm AL HHURFAER &, DOX #£ 488 nm 4t R A %F
AEM Wi Ig1031, TPS 114k DOX 2 J57E 488 nm Abth B 7n ) 7 HFIEWE, i8] DOX #
RIh 3 AE TPS E, 1 DTPSZ 1 DOX KA T 40822, SEW] DTPS #ipizh
0 ZIF-8. [ 2-8C 1) XRD 45 R R ZIF-8 £ 26=8°, 10°. 12°, 14°, 16°H/
18° [RIEAR VX . ZIF-8 g AR 45K (011)s (002) (112)+ (022). (013) 1(222) [66-68]
() fn TV ; DTPSZ (il ZIF-8 FEAAHIE, $6W] DTPS # D L3 AE ZIF-8 H1,
1M TPS WA JRBLIR IS, IE BRI B T TG TR 65 SeNPs.

2.4.5 DTPSZ BYfRINERUIE R A3 E M W 28

DTPSZ [ARINEE IS 26 Wi ] 2-9A s AT LUE Y, DTPSZ £ —Ff pH 244
T, 7EHT 4h ANIIREPREREL, BEHCR 8 10.6% 57.26%H1 68.4%; 4h 5k
TBCHE S E, 76 12 h FIRBECR 20 N 13.9%. 65.7%A01 76.81%; 12 h J5 Zi4)2%
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TSR, B 24 W R 3N 14.7% 67.8%F181.97%, %45 HAEH DTPSZ
HAGRACR . Bl 2-9B Jy DTPSZ K FBURLAE PBS Z2 VA AT AN 10% FBS ]
DMEM 41 Jii i) DLS 7K3h ) RFBEI (8284 . FTLAE t, DTPSZ fEiX A3k
5N B BRI ENE, o DA R R A AE— A DL b

A 100 B 200
—s—pH5.5
e pH6.5 —=—PBS
80 1 —a—pH7.4 —e— 10% FBS
S 180
<
60 o
5 g
o £ 160 4
g 40 1 S
4 wn
< 140 4
&2 20 -
s —a
0 # r T . T . r 120 +— r . y r r y
0 4 8§ 12 16 20 24 1 2 3 4 5 6 7
Time (h) Time (day)

2-9 (A) DTPSZ TEA[H pH M8 i RE ikt 4k . (B) DTPSZ 7 PBS F1 &% 10% FBS
f) DMEM 537 5 o 17K 31 ) R 2 Al i 22
Figure 2-9 (A) Release curves of DTPSZ in different pH environmenTPS. (B) Hydrodynamic
size curves of DTPSZ in PBS and DMEM medium containing 10% FBS.

2.5 B/

LA TP Mt RS JFIER I & % T TPS, it iR s st 1
TPS Il & 51, AR TIAEY —. /4 EE RGP TPS Biki; 4 TPS 6k
DOX %1% | DTPS, JfpiIifE DTPS KM% F [ REGL R 455 ZIF-8, K1 T
DTPSZ 9 KFiki. KH Zeta Hf7. FTIR. UV-Vis. XRD. SEM. TEM L\ %
Mapping SR AEF-BAESL T DTPSZ W& B RAZENTERUE T DTPSZ 1£55
MR (pHS.5. pH6.5) HHEAZZEEMA . @idillE DTPSZ /£ PBS MIEH 10%
FBS f¥] DMEM '] DLS /K3 /] R~FA84L, 15 7 DTPSZ fE/KAHR B gt e
SEAAE— VL Ediie.
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58 = DTPSZ RSN E 3T
3.15l8

fESE—Eh, ATRIHI%H T DTPSZ, F4F DTPSZ HEAT T RAE LL K A 4h
BEORIAS E PRI . FEX — 2, AT BN NI HepG2 HEAT AR HMSLER,
farill DTPSZ % HepG2 MM~ 1EH, HepG2 ZHffixt DTPSZ HIHEHL, LA
DTPSZ 5 15 4 Ml i) 25 1 B2 FC i 22 41k

3.2 SCEGER Y
3.2.1 AR5

3.2.1.1 400 fe HL B 57 264

MM HepG2 AUNEURLT 440/ L929 M T B4, —H Rk
755 DMEM F1 RPMI-1640 5755, — #5558 10% FBS & 1% H%&
FHERIBOW, WIRAMN 37°C. 5%0) A B 248 s % .
3.2.1.2 48 75

B 4 itV A7 M -80°C UK AR A B HY e IR i 3] 37°C/K IS iR R K I, fifti%R
J& RS R 75%EFSE AN TE TEG N . 1 mL Biaefdn i &
W, IIANEEA 3 mL 5 &R FRFEA S mL EHE &0 N, 1000 rpm 2540 5
min, F# % EE. H 1 mL EEREREEARITER A ERE, BB
T25 HMLEEFRIE A, FRINN 5 mL 588553, BEJEMN 37°C. 5% ALk
RE R R R 5%
3.2.1.3 ZH R

4B IR T B 3R L 41 (0 A8 R ST B AN, 4 I R s BME A ER E,
M B i 7 2, BAREREW T BIEEEREWRE, MEFREFIMA 2 mL
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PBS Zil G R SeIE e, A5 PBS ZZrinE s, EELL BIRE, HiEb
P, VS R I AT 56 4 55 97 4 6 mL.

3.2.1.4 FHAALAR

HBIC G AR 80%IS A) LAEAT M AR A, FAABRAEIN R Kb
FRHEMY R ] PBS Se i BUE VeI, RPN 1 mL 0.25% /R A2 F B AL
182 Ja TN AR B TR A T AL, TEAL TR A A SR e, BN
1~3 min, & TG E t R0 Y AL — 5 I 18] I R A NS, AR
AR, [FEFRMP A 3 mL S8 IR b4 . PR TAR IR U Y A Ji
B R IR TR S R R LBE B AR AT oK, KSR EBAE N 5 mL o TR 20
B, 1000 rppm &L 5 min, FFEEIE, IMAGERERHFAGH RIS HE,
FACLE IR 3 20 B i €

3.2.1.5 A% A7

PR RAE BAAGL, XA TR E O X BIRRERE, A&
BN 1 mL & REA RS AR A S, SRR I0HRAEE TN -80°CUKAE RIHT 58
JRAH M R A 1R

3.2.2 DTPSZ Hy{k 5N H RS2 3G

3.2.2.1 4t i 24 ke

K H CCK-8 4 it 1 Bl - 7 R I 1 771 26 00 5 A TR0 B 1) 24 000 N JHE 82 248 i
HepG2 & JJHIFEMAY, BARIRIEMR : FICGEIAH] 80%1 HepG2 4RI L
JG, EBREESL 5000 A R T 96 FLARH, BALEEFRAL 100 uL. K5FE 24 h
G, FREREFRE, MBS DOX IR 04 0.75. 1.5. 3. 6+ 12 pg/mL 50N
FmbBs R FL A ) TPS. DTPS. DTPSZ LA K DOX (TPS %8 5 DTPS fi & TPS
SR, (ERFM PRSI FMNE 12 h, XHRAMASE RS R,
HreMJa, MBS H YRR IRE, F 100 uL i) PBS &P =i, JEUE5E UG
LI 100 uL & F 10% CCK-8 LAl EE R 5L, fEXA MMRIFLEMANEER)
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% 10% CCK-8 MR 23T A4, BAERFEATELFE 1~4 h (& A
AR PR AL EE, W E 2R BRI AR IS BIN]), B E s E
BRI 5 B FLAE 450 nm AL FIRROGEE o AF A a0 R A 20540 i A7 05 2

oD — 0D
Cell Vitality = 5‘;')’"”“ 5 Pank 100% AR 3-1
(VI blank

ODsamples: FLAETRAE Al CCK-8 R AN 259 R AL RO G
ODviank: HAR;FREE. CCK-8 VM. 9WITEM, BOA AL .
ODo: HEAZM. Hrdk. CCK-8 KR, BA Z3TERIIFLEIBOGEE o

3.2.2.2 M BT EL 256

K H DAPI Z a5 DTPSZ 4 40 M i ) 15 B 1. & BEIR B 80% 1K)
HepG2 AU iHALJa LAEESL 1 X 100D FEFERN 2 6 fLBR b, &EFLIEFRE N 2 mL,
Hi 9% 24 h JE AR REE, N 2 mL FH ARG SR AL I 5520 DOX IKEEA 2.5
ug/mL ) DTPSZ 7 HIACEEASHI (8] (2. 4. 8 F1 12h) 3 8s9Rdt, M4LH 1
mL PBS Z& iRtk =ik, SRJGH 1 mL vk B EEE E 15 min, [ 2 565 /FLn
A 1 mL BJFHZS DAPL 00 e AT e 0, 444 5 min J5 572 DAPL 44, M
PBS Wik =ik, PeEFREHMIGER, K5 RAEIE R ZMEAE DAPL #iE
PE ili1E T LS IFi0 sz 45

3.2.2.3 yE4H R FNBE A L ) 2 e Ge oy

i/ Calcein-AM/PI i 2 /AE40 Mg G 551 S0k DTPSZ 4TI i 1t 2547
RO, AR R : KIS B IA T 80%[1) HepG2 A I AL J5 LAREFL 1X10°
MERE 6 LR L, I 2 mL e IR ARG TR 24 h e H L e, B
SN 2 mL FEEAlE R ELH] 5520 DOX WRIEZ 4508 2.5 ng/mL ) DTPS.
DTPSZ. DOX I TPS (TPS #4115 DTPS fAlr & TPS &), &y a8t g
12 h, WHRREFESHAMNEFRE, H PBS Wk =i/ m&fLINA 1 mL
Calcein-AM/PI TAEWHEAT Jeth, Get 58 i Ja K F 31 B 96 AR 70 Bl7E FITC
A PE 8T8 T W 5275 4 AN SEAH S i % 25

3.2.2.4 AU IE M4 AN
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f#H DCFH-DA #R4%H 20 i = s PR 7Y, B e~ ML &R
%5 80%M) HepG2 4H AL 5 LABESL 1 X 100 MERNE 6 FLIR F8555% 24 h Ja# 2
Br AL, FAr NN SRR RE IR B 10 45 2% DOX WREE XN 2.5 pg/mL (¥
DTPS. DTPSZ. DOX 1 TPS (TPS #4/fi5 DTPS Fr & TPS S84, NZif5
ME 12 h, WESREFESEAMMRERE, PBS Pk =i 5 Fl 7o ik 2t
Bi 2 A% 8 1:1000 B DCFH-DA #8%%t, AFHIKREN 10 pM, [m7SFLER N BEAL
AN 1 mL DCFH-DA %R GHRE R, BT 37 'C S URRIE F7 A N L
B 30 min, WFE 560G 8 E PO B FITC il N Wil R,

3.2.2.5 AHfE IR 256

W RR AR, YK BURL G 4 i T R A8 A s U2, B AR i
WR: BIEE AR 80%0K) HepG2 UMW AL J5 LAREAL 1 X 108 M FEEEFI 2 6
FUR E55 9% 24 h JE 8 90 R . 1 mL A Sk Ao 76 4 L o 1) £ 40 2 T L 35
SRR, F PBS YEEBERIFANM, B A N F 0 ML BE i 57 S T 1 1
262 DOX WE 73514 0.5 pg/mL 1) DTPS. DTPSZ. DOX A1 TPS (TPS /8 5
DTPS Fiér TPS S55iR I, N2 HI 8 B 766 B A i s & fLIN EHE,
M E 12 h, W8 ERJE FAEERICT,, I Imagel BT H AT R 1OREE,
F AT B R

3.2.3 RN
3.2.3.1 i 24 A A I 40 A R 1

R A ARA I TPS. DTPS. DTPSZ K DOX 55 HepG2 Ui IH -1
. T GH IO 2GRN T REL 1E&H DOX 2N REAE A 5 HOt
WEIEECN R R PL YR T et BRI,  TEARSZI A 7-AAD JURHEUR
PI it FEAHMEAT Yt 7-AAD &2 —FMiZIRYek}, YetaJisi 5 PIREL, AEHS
5 DNA & IR @R, (R EERE, Ao, Mg A
IR BAEKE 80%M AT AL G HERIE /S FLIR h 1597 24 h Jesr 584
BEFREE, Syl i F G i B a7 B A 1 55 20 DOX KRN 2.5 pg/mL (1)
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TPS. DTPS. DTPSZ J2 DOX (TPS #%Iifi 5 DTPS fir & TPS 58451, Mzj)a
FE 12h, WETRGHETHANREFRE, H PBS Y% =ik )5 A% EDTA
(P EBES AL R ok, A Annexin V-FITC/7-AAD R Gk AT e th, Jettse iJa H
TG SGHAT R, IR FlowJo 10.10.0 FA45t &5 Fadk A7 434

3.2.3.2 i A H A A I 41 0 FE Y

DOX AR K A 5k, FULgIfst & DOX 254t nr Lod@ i i
A0 A PE GHIE ELEAATAR I . BARERAE AN . RHICE LA F] 80%HH) HepG2
HMPIHACSE AREAL 1 X 100 MR FERFN 2 6 FLIR E3EF% 24 h, H T MG HLalss
FRILFHI IR DOX IRE A 2.5 ug/mL ] DTPSZ 4 HlALBEAS[H I [A] (2. 4. 8
A 12h) JEFFAKEFRIE, H PBS Wik =5 HAS EDTA HIBEEEHIL TR, K
A A PE EESEATAI, I8 FlowJo 10.10.0 3fR%f 45 Rtk A7 40 #r .

3.2.3.3 it 24 A AR 0 241 B v 1 4

K v E 3.2.2.4, (HYLEHIEE X A . 29005 8 5 %G 7 25 & 41
WK, H PBS W =iRE S EDTA BG40 M40 T ok, AL H
DCFH-DA % MGHREM AT Yett, Gett 58 il i v R4l oA FITC i JEA 7460,
JE38 33 FlowJo 10.10.0 BRAER 45 Rt AT 4047 o
3.2.4 DTPSZ HIANEMI L £ 4R
3.2.4.1 ZH D75 HEAG I

55 /N RO A 440 0 1929 K4 TPS. DTPS F1 DTPSZ %t 1F % 4 B () 351
BAEVERE 3.2.2.1, ZHAOIE JAE T 6 AR T 80%RIAN A I B F A i #1E .

3.2.4.2 ARANE I 5256

(ML HE A E 570 nm P ARSI, G AR VA I 5 RS0 il 25 ML 4L 5
12 B W KA BB EE . Rk, wf LB 9 K 25 5 a i ig
SR RN LA PR RIS O, TR S8 250 I L 22 Ak o B ERAE D7 ikt T
BT I AT 428 2E 1 5 mL, A 0.2 mL £ %P0 4 (EDTA) 4b#J5, 1000
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rpm &0 10 min, FEEIMTE, MAER PBS S & 5 FR 1000 rpm 250> 10
min Y, EHEMSHEER DIERGEARE NI, FE RER, U290,
1 PBS 2 € 75 2] 50mL Vi 5 Jm B AT 43 20K 0 2% I ZL40 il & . # DTPSZ
F PBS it B A% 30 DOX WK 0. 0.75 1.5. 3. 6+ 12 pg/mL R 7 5H%
WHEFES 1 mL 5 ImL M 0HERIRA A, PR RS PBS,
BHPEXT A NN SR 585 T 7K, 37°CH¥ & 3 h, ¥ E SEHUS 2000 rpm 250 10
min, HEIEWBRAI . RS- R WA 0 BETHRIIARE S 7E 570 nm AL IO EE,
VL S% IR (AEE M) . w2 JH AR

ODsample - ODnegative

Hemolysis Rate = X 100% ~nH 32

ODpositive - ODnegative

ODpositive= BH‘I@EX#H]\%H&%E, ODnegative= m‘ﬁﬂﬁﬁuﬁﬁlﬁ@f, ODsample= Elélill:llilu&jlﬁgo
3.3 GERMITH

3.3.1 1RSI AREISELS
3.3.1.1 2t 24 B0

i CCK-8 =4 DTPSZ. DTPS. TPS 1 DOX % HepG2 4l f)3E f15%
M, 5 RWE 3-1 Frm. MWESRFTUUEH, H%E 2 DOXIKEIE S 1.5 pg/mL I,
i} DTPSZ. DTPS. TPS A1 DOX 4bFE i ] HepG2 HI4HAUIE 7153 51 4 58.85%-
60.3%-+ 72.62%F1 75.63%; 4% DOX W ELH] 3 pg/mL i, f#H DTPSZ.
DTPS. TPS #l DOX 4Bk 1) HepG2 HIAHMLIE 115370 42.46%. 44.48%. 57.6%
M 62.89%; K% DOX KRZIAE] 6 ng/mL i, {fH DTPSZ. DTPS. TPS fl
DOX Ab¥E i 1) HepG2 HIAHAETE /170 518 27.18% 29.72% 47.18%F1 44.09%.
DTPSZ i IC50 £ 1.5~3 pg/mL 2530 DOX W, Jo#4:5256 DTPSZ K% H 2.5

ng/mL 253 DOX WK .
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TPS concentration (ug/mL)
0 2344 4688 9375 1875 375 75

100 {z=2 [ DTPSZ
- [ DTPS
-~ TPS
S 80
S it I 3 [] DOX
2z 1 .
= 60 i
O
.S
> 40 4
°
O 2 ﬂ

0

0 0375 075 15 3 6 12
DOX equivalent concentration (pg/mL)

3-1 2 0 245 SO -

Figure 3-1 Cell antimicrobial susceptibility testing.

3.3.1.2 4 Ao FE L e

R AR IR YT IR, SENRR T BRI AN 2590 A< S 0] i 88 21 g 1) 3%
Al ae 7y, A MEARELE N BRI &, wd Ca R,
KR AT LA EPR R4S R A, AECASHIE 55 v il % (1) DTPSZ R 134
HepG2 20 M5 HUS 75 8 SL 30 347 36 0E . DOX AR B el R HI 4T (5% s, DAPI
REWS 25 AR MU AL G (0, A FH 9 O S AW UL 5% T A 2 s 11 B 5 RS 2 8 i 9 4 L o
DTPSZ HIFZHAER, H Imagel BAFXS 5OGREERFEATHE R, ZRME 3-
2A. B, HEIWLAEH, EL4 2T 0 h i, A A R4 H DOX 7,
ZR2IE R 2 h B 8 h, AP DOX 7 )t 5 FEE it i [ TG SE T, 23 24516 18] 8 h
F| 12 h, Z0fExF DTPSZ HIFIUE L ZE, 12 h IF4fix) DTPSZ )55 B & ik 5]
R, UiBH DTPSZ 7] LAt HepG2 41 M St B E A ML N o« SR QA P AR 33t — 20 %)
YA A TR, A SE RanE 3-3C iR, BB 3-3C mAn, RN g R
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Figure 3-2 Cell uptake experiment. (A) Fluorescence image of cell uptake. (B) Fluorescent
semi-quantitative analysis of cell uptake. (C) Flow cytometric analysis of cell uptake *p < 0.05,
*** p <0.001, ns, no significant difference.
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Figure 3-3 Fluorescent staining of live and dead cells.
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Figure 3-4 Reactive oxygen species detection. (A) Reactive oxygen species fluorescence image.
(B) Reactive oxygen species flow cytometry detection.
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Figure 3-5 Cell scratch experiment. (A) Microscopic brightfield images of cell scratches at
different time poinTPS. (B) Statistical chart of quantitative analysis of scratch area. *p < 0.05.

**p <0.01. *** p<0.001, ns, no significant difference, vs. control group.
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Figure 3-6 Flow cytometry to detect apoptosis.
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Figure 3-7 Cytotoxicity test.
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Figure 3-8 Hemolysis experiment. *** p < 0.001, ns, no significant difference, vs. control
group.
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Figure 4-1 In vivo anti-tumor effect of DTPSZ . (A) Flow chart of mouse experimenTPS. (B)
Mouse tumor diagram after the end of treatment. (C) Tumor mass map of mice in each group
after treatment. (D) Line plot of mouse tumor volume over time during treatment. (E) Diagram
of body weight changes in mice during treatment. *p <0.05. **p <0.01. *** p <0.001, ns,
no significant difference, vs. control group.
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Figure 4-2 Study of the in vivo targeting effect of DTPSZ. (A) Experimental flow chart. (B)
Statistical chart of the proportion of fluorescence intensity of mouse tumor site to the whole

body fluorescence intensity of mice at each time point. (C) Fluorescence distribution in mice at

each time point after DTPSZ injection. (D) Fluorescence distribution of major organs and
tumors of mice 24 h after DTPSZ injection. (E) Quantitative statistical plot of mean
fluorescence intensity of major organs and tumors in mice. **p < 0.01, *** p <(0.001, ns, no
significant difference.
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Figure 4-3 Tumor histology and immunohistochemistry. (A) H&E staining of tumor tissues. (B)
TUNEL staining of tumor tissue. (C) TUNEL fluorescent staining of tumor tissue. (D)
Immunohistochemistry of tumor tissues.
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Figure 4-4 H&E staining of major organs of mice.
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Figure 4-5 Detection of blood biochemical indexes in mice.
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Table 4-1 Reference range of normal values of mouse blood biochemical indexes

EELA) IEH S5
ALT 10.06-96.47 U/L
AST 36.31-235.48 U/L
CREA 10.91-85.09 pmol/L
BUN 10.81-34.74 mg/dL
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