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Fabrication of layered double hydroxide coating on Mg alloy and its

application in treatment of osteosarcoma
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AR+ARSEWIT FIRBIGTT T3, BIE 5 FRE S AEFRERRE—PRRA, TRIR
HETRERBERMNEE. BiiNATREGETIMBEENESE. 15
MREEEE S, WABEMRTEYEEXN BRI TIER, BaiREs
FAMLESBHEAMERS . WR. EAMREESENHS RS, AT{EAN
TUME R —ERLR, BB FEAM U E N R BRI & RE T ST
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R IR A AT R, MM A REE TR AR & LR mFTHt
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Fabrication of layered double hydroxide
coating on Mg alloy and its application in

treatment of osteosarcoma
Name: Cheng Shi

Supervisor: Zhang Yu

ABSTRACT

Osteosarcoma is the most common malignant bone tumor in children and
adolescents, causing high mortality or disability rate of patients and great harm to the
community and family. Currently, the clinically used standardized treatment schedule
includes neoadjuvant chemotherapy + limb slavage surgery + postoperative adjuvant
chemotherapy, but the overall survival rate of patients has not been further improved
in the past 5 years, mainly due to postoperative local recurrence and metastasis of
tumor. At present, the materials used in limb salvage therapy are mainly titanium
alloy, stainless steel or cobalt-chromium-molybdenum(Co-Cr-Mo) alloy, all of which
are inert and have no help to osteosarcoma treatment, and the loosens and ruptures
rate of implant material is high due to mechanical mismatching with nature bone after
implantation in the long term. Implant materials are in direct contact with focus lesion,
thus can be used as the first front in the anti-tmﬁor process. Therefore, the anti-tumor
effect of implant materials is a potential mean to improve the treatment efficacy of
osteosarcoma. Magnesium alloy is a representative of degradable metals and is
known as the next generation of biomedical metal materials. It has good mechanical
properties and degradability, and the magnesium ions produced by its degradation can

effectively promote the formation of new bone.Recent studies have shown that



ABSTRACT

magnesium alloy has good anti-tumor effect, so it also has great potential in the
treatment of osteosarcoma.However, there are still many dissatisfactory shortcomings.
Firstly, the degradation rate of magnesium alloy is too fast, which produces a large
amount of magnesium ions and hydrogen, leading to the alkaline microenvironment
around the focus lesion and will causing inflammatory reaction.Secondly, its
anti-tumor effect is stronger than inert materials such as titanium alloy, but it is still
not strong enough in the treatment of malignant tumors.Therefore, in order to meet
the clinical application needs, it is necessary to improve the anti-corrosion effect and
enhance the anti-tumor effect.To solve these two problems, this study in situ
constructed Mg - Al double hydroxide (LDH) coating in the magnesium alloy surface
by means of hydrothermal method, and load anion drug celastrol taking advantage of
the substitution effect between LDH layer. The mainly results of this study includes: 1,
the magnesium alloy coating on the surface of LDH can significantly improve the
corrosion resistance effect and biological compatibility of magnesium alloy, results of
in vivo and in vitro research shown that the effect of osteogenesis and angiogenesis
also improved; 2, celastrol can slowly released from the LDH coating magnesium
alloy after load into the LDH layer, and the experiments shown that the celastrol
loaded LDH material can effectively kill osteosarcoma cells, inducing tumor cell
apoptosis and reactive oxide species production. We further investigated the role of
autophagy in celastrol loaded LDH material induced osteosarcoma cell apoptosis,
and found that the apoptosis rate of tumor cell would increased when inhibit
autophage, on the contray the apoptosis rate of tumor cell would decreased when
activated autophage, thus reveal that autophage plays a antagonism role in celastrol
loaded LDH material induced osteosarcoma cell apoptosis; 3. In vivo experiments
showed that celastrol loaded LDH material could significantly promote the formation

of new bone at the early stage, which was conducive to the early stable binding of the
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material to bone, which might be related to the inhibition of osteoclast activity after
the release of celastrol in bone environment. In conclusion, in this study, magnesium
alloy was used as the substrate material to construct LDH coating and loaded with
celastrol. The constructed new material can effectively kill osteosarcoma cells and
promote bone repair, which proposed a new treatment method of osteosarcoma from

the perspective of implant material.

KEYWORDS: Osteosarcoma;Implanted material;Mgnesium alloy;Layered Double
hydroxide;Celastrol
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1.1 B RE KB IR

1.1.1 B PRERIRITR

BRI (osteosarcoma) ERFE NLHKEETEBRRSNWELTEEME, B
Giit, BRBERFBEENEE 0.002%~0.003%, BHTREANOEHK, S5
REARPIEOR 1 A2, BRBZREREAER, CMNERERaE B
YDA Paget . DA P53 BEFRRANFFAERT Li-Fraumeni 551k Ll RB1 ZERER
A5 AR AE RO AL P B A AR A998 . Werner 454 1F . Rothmund-Thomson 47-& fiE & 53-81,
80%MIH I EEA 1020 B ILEMFDE, HiKR S50 ZLULPEFAN, B
SaMRmEBZLAR 141, BEEES, BARENEBKRESFETERS,
XL MEKEE R EREME,
1.1.2 FRBRMLTH R

FRBTRTERREEKEROR B TRSBEENR, XEREFTTAR
PIR = E R R A BATHRENY, 7 1970 SEZ A, BMABRKFEREETWHE
MIFEWRITFEL, ATRIE 1946—1971 FHICERIRIE, 1286 FEE RIEK T
RIGH 5 FAFEFHN 19.7%(16%~23%), REHBEEBEEN 1 FA
R, FME2ERHEEEHSE BN M N ERLER
Fii, RABETFARIFFEMRE LW RMERLIE. 1970 UG, BFE
SRERNGFHERAUTAYRRABERBEENERE, HERFKEY T RI
BERBERNETRRBREABEFARKEA. —TREZTLERBEBIEA
(TheMulti-Institutional Osteosarcoma Study, MIOS)FIANM K 2218 A2 EE Bt B BT BE
PRIV BB AUE L RGBT B 2 FAEFERN 63%, MEMLAF K
HIUA 12%, #INT REHEMLTHEREENM, 5 & KMERIT P ORI
BARWTHYRARFTIE, XEMALRYE AR EHBILITIRIFER,
FHAR AT 8 = B4 R AT BR R K A/ 3 78 1 BRE IR it 3% 7 i Hh I A B T
MG B SLALTT 755 IR VR 7 IR O A0S 16, BEE AMRIRR s, RHE
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K BRENRKARETRERTPHONA, REMOESNETNE, BRETET
TR 76 7 8 G BB e SR AR 17 R R R iR R BIE R E 2-3 4N A KR (A,
ABREFGFHNEATRBEEENRERRE, &F Rosen ERIHT — ¥
BLIT R TS, AT REBEMMTX, 200 mgkg). KEFH(VCR,15 mg/m?). £
FHE (ADM, 45 mg/mHLyT, BRAYEI | KEFRY, L SME-IF
PRBE DT R T R T RET R BILT M BT 5L, FFHRH T T-10 T EML
BE J5 AR B0 F BT HR I F AR+ R EF BT 4R 416 T B & K e
YAy AT RGN . (BEEE =B JLE 8 1 E 4 (Pediatric Oncology Group.,
POG) & BL5R B PYJ& Hh fE4H (The Cooperative Osteosarcoma Study Group, COSS)
SHEHE L REZ0ERBRITIMEABIARI, FRMbT A mnEENLE
ERflE], REFRBARGEHEMIT A REMAFRNXBERI. BaiN THH
BibT ER EZ PR T IANGE: 1. IREFRRIFFREE; 2.
My REMEAE, FITFFEREENBE: 3. REARUHHIILT RS RTF
fERhEIASEE, DUATRRIGE, EREMST 77 RBUR X 5 B LT 7 Rt
TET, BN RILIT (salvage chemotherapy). IXFhEEA¥RTT 7 AIEAN NCCN 1855
e PO AR AL VBT F RE R R & MR O ENAE, HRLTURE
ELE . W4 FECBHELRL A B SR N L BT 7T R 2, BIEFRIRIEE &
KT OB ERRIL, 1530 FRENBEREN S FAEFEBRTRE—
FRA. AR, HTFEAXFIELTAYERNBERUMNEZRSBN LTS
R, IRASENESHENESEPILR P REIEWS 3B &6 2% 241
RIGIFHRESEAE. Alt, RIFAZEFTRRNTANRELTHTARRS
B R ARNET P RGE R KBRBZ—.
1.1.3 BRPRESMPHETTHI SR

HEUTNATERBEZH, BREFRBREENHBRT TN, KMmEX R
EHLITHER. BEEEA. T, BITHALIRESEERNRBMNAE, &
BRFARZHBRABRTFARBATESNBET TR, WE 0% LU LK EREEE
BEEZARBUAITE. BRI Z2ERRRKTFRBRFARTROETX L,
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RIKBFM T RGTT BT AN RITER, BREETHEETHO0E
B2 EMBATIRELR, RVRBTFAENBRFARRAFZLERAIRBR
e, FRENRBEFRIFNET ARSI HNER, sEBRERTE. K
MR REMEER, HRRERRAVIRSEN T 5RARRT . 7T HH
MRRIVIRR R, TEHEMNE S BRSEL T MBS . Ennking 5812 HE
MSTS s> $ R G0 B 508 REERT TR ZENAN— RO MRS, BT
HiFEFANERBERAZRLS (AJICC) REMEEEMES RS, MSTS
SEASIANT R M ZES, BEEMTERNFR AR ENMRE, THFETE
R AR = S e, EHGERHTEMEEEARIVIEREE. T MSTS
SHRGT ™ £ MSTS AR TP RGtHT ZATHRITAR, HRGKS
PR RENTIR. LEVIER. | EVRERREETIRE. BATIRERE
PR A, TIRESREBHEAR; AETBRIELMNEN T ERREAE
SAIRRIPRE, FIREHEBUNKIEALRE, TZ U1 fe B SR B R A R
SMUIEEAR, AENEARBEETRE, REFLMWERE, RGETIKRE
Yo MR A B E R R ERUIR. TRUIREERRAARIFEARIERE E R,
EBRTIRMEAR, IRURGREEZHETFENTHEIRENEREER,
TEEIX— B XRE T R TH AN & RERLNL ST . B, WMEE
H Wi PR B RVE B R RS . R PR TAE h B KR HT B LT B Y
MRI #I¥i M EA R, RIERBFRLFY K 3-5em RFEBEEE, R0
RS EEREMAE U, Bertrand S AN AIEH, BRELKRKS
PIRUGZEMEERLX, XEREENRUISRETHRMBHARIGE, WEFE
FRHERL R A RBZENG T XXMREEMRERBERNER, BR
FERBRBEZERAEGFRFMGT, BERTE B B E B 41 M V5 4L 9 A]
BRMERRR, TOARSETERBAEHINT B RIS EXMPENELT, A
MR LME AR AR RS — R RIEEA, FB FEAMETMERN
BREHFREREHERRAATRETER.
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1.2 F A FME 5B BREMRFAIR

WHETFTR, ARTHARE, FRENERTRERNRBMEEN R
WHHNAZR, DRFBERRAEMEARS, EREEIRREHGRERE
RIE EPE, G EME BRI BRT BRIV ETE, BENERENET
FHELEHE . MEAMBETRBERKREES AEHASEM, TUERER
EMEMBEinE —ELE, 2IBRREHRERENHRE. FHknMR T
BB ERREERRA AN AE. ERIMA RS EEREX—HE,
REEEN M FITAR RIS ERRX—EREE. W A% MoS2 #
CuFeSe2 FRA REFIEARAIELHZ 3] 3D ITENRIB-TCP lEMEIRE, &
RTINS T IR EMRREEEREA T, AR ELAR, F
B, XEBRMNEYEEE FRBEERHIFRAARTHRMEES Y, #
BREAFTERTARBKAE, Zhang FAEREERORASEFREHF R
HE—ERATO2 RE, EEIs R TRREFRAFMEMN, EHHE
HEEEW., LWWERHET —MHEYRE-TEESILZTE, AEARESE
SrFe2O1 PUKTNL, WIS #M T N REHEAN, EEANEA3 ARR
MEABRBFREYRD), XBEHARAAERETLABEENER, RNSRAEL
GERME, AAIRERE, ZHNSEER. RIS HE; ARNFEEHEHS
BETERXENERTARTMEAMTEENE IS ERMERETFERHN
FHAENTREEERE. REEHMERREXEE. SAGEAEEME
A, TERESESRNERNAFHENDRNBES TEYHEET. B
SHE. BE-RFAMHENE, BERFHONAEALENE.
13 AT RHRRTRHSEAS

FRERERFE N —XEGENERAEBEME. SEEMNEREAEREAM
FUEEE, AANEAGRRARETIIRER, B - XFARABUHMES, BEEA
HEAREREMBPEEE, 710G S0 %R BN, FFEEERFE R
HERES. FECHRSEESBEFRERKLERNA, W4 CE #tHEAER
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MAGNEZIX®A E 48T 18 H & 20 s B B B3 RIAE#H 4R K-MET 82 & &
1R4T, RAESEMHCEERIGRBAM S, EFHENE, EEREHA
RBSEEEEE —EPMERE. 2013 F, Ma SHRREESSEAENATE
¥R IT P EAE R, R TLE 6 8E & A 4SSN PH ERIATY
MAFE AN S EERRMEN B U, Bij5, Hakimi ST HESAES
£XHEW62, A HGUBREERN /MG, HE SR I B PR 4
Ma3g5E B A BEMFIRRY. Kim EARNSEEFHIESIERTL T RBA M
SAOS2, WRES B SIEME~EH K18, Dai KA B —H BT FENEBHERE
SMEIIE TR BEESHEB T RESE B FRMAEKEKEBHMEIEM, I
ROV TS EG SRR EMERA SN PHEAS, BETEEAX W
B RE{RMf CXCR4 (5 S HIMBIED . BATRBAER AR P RN, A _BER
HNEEEETENE NFKB £ 5 8RB B EMREETE, b, N
SUMBRHATREMNE MBS R ETENRBRLEAY, EdEANFRRRIA
B FRRBREZESEREARAT RIRIE, RATHERESTREHEENTTA
B, U ERAHERERS BT AR MAETF HRR T PN AR,
ERERNATMNERSI AL, EEEESERARBEE IR, Fm4EdEn
BB TFSERTBMARFBRAXEASAHTALRTE, HREBAIMWE
EEBRTIRREHE R TR AERXFEA BE, FEBERASEEE AZ31 fENER
E, BdRERUENENEREEUDRE, ABRTIMBEAMELRLE,
BT AEIT B B RAERR &, FETEASRIFHEXNEEEE
.




F—% #$#464AF2AOMg-AILDHAGEHZ AL A

F—E B&E&KRM Mg-Al LDH %R EWE R HRE

HRERET BEVIRMNEHAF ERRETRE. Bor, RATERRR
ITHRRESEEAME (&4, A8, HRESES) AR, 65
BB E T R, EWENE BB AT 07, 44
NT—REWERSBEME, TMUAEERINEYEE, BLBEEE TR
PR B 20 ZR8-900 B 5T R IR & & PR £ I BE T ANEIT S S M2 KB UGS
PERK CGRP i FH AR EARMBHE M AIFCES ST IE 4K
AIMHER, EHESERNE BTG RA e ©s), HEAMERSERLS
BMEENAANEEEETFOBHETHRBRERITR, mEXBEESAMMER
BEARMTEAREES. FEik, FEMESESHTRMESE, LLFS SRR
RIE 5V HASUEEAALE, FTR TS ENEYIEeE, W, 2
A RRAN I A RS RUR . A & R T Bt 77 S0 EIE M HE Bk 4 v AL S Y AR,
BTN SITEALSS) . RIS, ik oot GIE KBV AL R0, 4]
AbEEOT. kAL AR, RREENTPEESSREMET —MHETE
RRNEE ALY (Layered double hydroxide, LDH) ) Mg-Al LDH #f&, KME
AR EBRRERE S AZ3] FMEEEE RS A A, 2T R TE, 7
AE R RATIKAEE BRI 5 BE KR AL RIETE AZ31 RH| & o H
f£H Mg-ALLDH &, I EXT EAR R SMUE e . sifb 2 thgs. Mot
BEAT VRS .

1.1 SCRORAe
11,1 FEAEEFEF
FERFF{EE I~ &R R kig
MERIIM (1 uL/10 pL/100 ul/1000

Eppendorf 25, fEE
)
6 FLAHRE RS 57 AR Corning 5], HEH
24 FLANMIIEFRAR Corning 245, %
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R A AL EE—EAT, FE

BB R B X T RAE DHG-9146A, F¥#iE %

ARSI HL PeproTech A&, £H

T BHE Hitachi-S3400N, H#<H 37

LS EZ&EH, HiE

R4 Hzh&EH, b

REE ST U A IXRF-550i, IXRF SYSTEMS, £H
X S RATHAX D/Max, RIGAKU, H Z&

B TR CHI760C; +H

PHBTFEME Hitachi-S3400N, H A H 37

1.1.2 EBHREERRNES

(1) PBS BERR#HZ

ILPBS BSER I ER I v BEER — S4H(KH2PO4): 0.27 g, BEERE
“HI(Na2HPO4): 1.42 g, EALBAWNaCY: 8g, FALHKCY: 02g, MEETFK
2] 800 mL RoMHEM, REMNKLERIEpH £ 74, REERE|1L.

(2) 40% (viv) KRS (HF) B%&

¥ 40mL WUEZEIMA 60 mL HBAUKA, BHHE, BLERANKRER 40%

(viv) i) HF B .

1.2 KI5

1.2.1 %44 AZ31 £ Mg-Al LDH ¥ 2z

FE4E A3 MEXEHNNIREBHEERAR, HERER 10mm, E
FE 2 mm B RINFE, F 1000488 L RE (SiC) MR UREEITESE S E&MEE
HUERREWELMBERRR: TEGHNESLSBETLOKZE (BA£A,
Fig) WIHEAEEER=E, BX Smin, BHEEREET 37CHENBRTE
H.



2—% #4642 @Mg-AILDHAREHERA L 24

YEBRLF I AZ31 FERRRI T IR A, 4§ 40% HF BREE I ZITL
RIEIELEBEMERT. REHATUIRETHRERN, ABREFE N 25 CHH
R BZ6h. HF #BER)E, WHEAEEN AZ3 #RHFAFEHAEZETFKREFESE S
iR, K 3 min. % HF &3 6h 44y 4 HF-14,17 HF &3 12h, 24h, 36h 1 72h
HFEFZR LR E, H4 5444 79 HF-2#, HF-3#, HF-4#F0 HF-5#.

EERNMFRER: FE 213 mg MRS (AINO3)) B, M 50 mL &
ik, BCE AL 0.02M MERIEHRW, K18 A NaOH REE K PHEZ 12.8.
¥ EiR HF B &H AZ31 BSKEBRARERZENH, MARRE, B
BRIURZEABALERRNE, ERMMEESATESAMRE 120, KB
BEARN120C. RESERE, REBMEGEAZEFKREBRERRE, 84
TR, FHoBldnsz R HT#, HT-1#, HT-2#, HT-3#, HT-44#F1 HT-54.

1.2.2 &% AZ31 R Mg-Al LDH {E KFR1E

BARRAG RSP BT EHENE HF LEAT5 AZ31 BRERERS: R
FA8e B T8 (energy dispersive spectxrmleter, EDS) ##Il#¥ R Al, Mg
MFHEE: HREOYHAARMSER X §TERATHIGHTRE (X-ray diffraction,
XRD), HERIEAN CuKo (40kV,30 mA, REHKR 1.5148A BHTEE N 10°F]
55°, FAREIN 3°/5350).

1.2.3 FARGUR i PR

AZ31 F1 HT-3# i 3l B AL 4R 4 i 28 R B sk F T 4E % ( Electrochemical
workstation) BT HriFHT. BT RARBEB R PBS k. THEERA=
HiRER, HPHEBBEBARE, SHERANKCBRBAH KB (SCE),
TR ARIRRE R, HMHRETRARNERA 0.255 cm?, EHTIRZ AT,
FRELRIET PBS WP URBREF BB MAMEEHERER 10 mV/s,
JE AL (Ecorr) FIFG eI 2 B LARARALEFE (Rp) B Tafel SMEETTE K
. BEFIENEKA 5 mV EXHIES, EREE 100 kHz £ 10 mHz.
PR B L R ZView BT




HEFE#

1 FH 2 R B R R I PUR TR . S AR R IE F 400 mL Bt P, I
A 360 mL PBS, BT 37°C HAE A - FEEEAF_E 07 BB — 3 3 LU HIES
/REFTHEAKWE, EEREFBER, H&RERM PBS HBRKERELN 50
cm?L. R 14,7 KfE, BEAEGERY, B FKEETSE BRTREME
P45 (scanning electron microscope, SEM) W22 &40 £ i O FE ThIE 5% o

1.3 SLRE R

1.3.1 AZ31 XTH Mg-Al LDH %2 RFE$MA 5%

ZHEMBERRAEFRNE 1.5.1 Fin. FTAREHERMAFREN, #
SiC BEEE= £ M BRI L A FBEMA-HOREWER, X522 aRMMEEIH
ME—®), faE HF LFE R AIER, B2 NS HERHIR, FIEES MgF.
MY X. 7 HF A3 A2 72h B, MgF BERKE, 2 HF-5#8F 3R H
AR (151 (D). B 151 HRERT AZ31 #l HF &3 5 & AR & XRD
SR, NALHWAL, EERNEIHEEN Mg Hig, MgF. H3#R%E HF 43EAH
FRRHER, TEESHBRENS RLAXR. R, EDS ML RHINT MeF Ml
k. B1.51 (h) - (m) BRT7TKALEFHEEERRELS, LDH BRE
R A R R S B AR SR, FFIER SiC BERE~A W
ggfrh. KPSEESHESEMB XRD £ RERER 1.5.1 (n) 1, HT#. HT-1#
M HT-24=HF R BRHERME, BT Mg FFFEESS, 7 12°. 18°, 38°F1 58°
TR SR A AE e, 1201848 % Mg-Al LDH RITERR, T H A4S AEIERK
Mg(OH), 3544 . SR, 7 HT-3#, HT-4 1 HT-5#F¢ 51 42 VA W 2] Mg-Al LDH #87
KW Mg(OH.BZ:. B 1.5.1 (p) B/R"T HF B EXHARES Mg M F nEA
B, BEEXERRIMEK, Mg MEERIKTF WEEFAS. XKRH MgF. 1819
R B EEZEIEE. kG, Wl 1.51 (@) BT, 7 HT#,. HT-1#.
HT-2#H HT3# &AL B LRI H K, BH MgF: ZEKALSEF T EHER -
24 HF LbE R EKC ] 36 £ 72h B, 7] LAFE HT-4#F0 HT-5#FF i BRI 2> B 5
tE, RPMERNEBEENEE MgF M. B XRD &R 447, 750 HT-3#FF




2—% $4064%A0Mg-AILDHAEMEAL A

Fh AT T R R4 Mg-ALLDH R 2, BEIREAS I HH Mg(OH): HFIFILE -
1.3.2 B4 RRAO T I A AP BLB TBR PR

FERUFHERER, EESERASRERESERBEIMEE TER
BAGEEREMFENESE. Fik, EdEEIMERERBRANES
ERBEENEIBRRERITN KB it AERA B2, FEE
U KB BB SRR B SN pUR ik RE . RE E—FEPRAIRI HT-34
RE KK LDH R R4, HELEER AN AN HT-3#E M#1T 0. AZ31
BASM HT3#MB AR & IE 1.53 iR, 5 AZ31 B8, K
ROF S HT-34RE R B IR R T &, T B BB BRI, BHERRER
PSS RMER . AR RN BERESBRERN R & nE 1.5.3(d
Fion, HIS#MESBREMEE R ERT AZ31, YW HT-348 5 B F REFHH
FEriERe, XE5BMRILHRERRESN. #F—PEERMERNESH
HELRRENEE, SR0E 153 () Fin, HRRELEW-MEM 5, & AZ31
AN 1 REMATRRAEREROEAERGUER, HERENBIKNEK, £4
KA 7 RETA] BIE S M ERORLIY AL TE HT-3#A8H 4 ReBSRKREN
RAFERK, £ 7 RNUTAERROELBEEMBRNRY, BNHEELST
AZ31 4, U &R HEHERTHE LDH BEM HT3#A R EZ /T AZ31 KR
fErtege, ARRIPEELSER.
1.4 i

B PEEBAA-237V, HAEERER, EZR T 58BTEEA—ERHE
) MgO B Mg(OH), M, T RIFPA ML HEZEMER. BENESESHT
WAL RE R R EE Mg(OH), MR ZERMA . ST Mg(OH),
SMBEAE T K, BEEFBBFEAN, ESH CIET (498150 mmol/L) &I
HEWE, Mg(OH) 5RE FRNUERZE T KHEMEFBRES, AR
faEdh, SRRERPERGIER, MEARHRY. BTEMRERETIRSE
55MEEERANLEBERRERN, FHtFEHTREMUEEREME
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W 4E 0L

B, ZES5BEBEMLRKESR. AAEG, RIBELAEESSRTEMER
4 Mg-Al LDH 22, 3 HHITRIE, FEHINBRLBRRAKESRALESE
(AR ARE . LDH 2R NEGH, HKEEHEFIR, AR EFE
BB AH . RS R BB R BT OH-F1 NO*, Rt n] LAHEN R Mg-Al
LDH HEMAEFE#EAN OHF NO>, Hd NO*G#HFABEEBHT CIrEM,
% CrEHEHEN, # CIERBBHEASIERK. HIK, Mg-AlLDH fEiE
TR TR KA R CHE, MM Cltt Mg(OH): &2 HIXH:,
RIBRE

CAUSHIRABN TERSSRES L LDH B2, Rk TESFoTE
ML R B, SRR LDH RERG, A ELEM. B
WRFEE A SHITHAE GuRERELS). BESELENB R
B4, FILZEK TSR Mg-Al LDH 281 B E— M MBI E A . EATT%
PRATRA HF 34 & HTHLE, EEWT: 1LHF BB REASNE A
I, BEREF I MgF2 SR SRR RAUE MR 2 DRMATEERNT
BEMAMOED SRR, URENESEER: 3 REENE, RILENE
ERLESILER, RHRNELEISRANEAIE, A Me-Al LDH
BER . Eik, SR S A KT BT LAS B4 Mg-ALLDH 22 . 75
KB AA Me-Al LDH BB, RATRIWE HF &2/ F%F 12h,
MgF 15 B A BRI B v B B B F O DO R A, M TS EUL BT AR T 24 HF
ShFEF] 24h B, MgF, 2@ EHHA MR LB A E B985 7K M Mg-Al LDH R 2,
TS SRR S, TS T4 Mg-Al LDH B2, #7124 HF 48T
24h Bt, MgF: EKE, RERRNAENBEABL, HEERLNLRE M
BIE TR, Fik, RITRA HISHERB SRR, BN LRI RN
Mg-Al LDH i)z =41 & & 1 o
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$—% $#464%5% Mg-AILDH R EMER L A4
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E 151 MEPRERRERTTES

Figure 1.5.1 The surface morphologies and element compositions of acquired materials

¥E: AZ31 (a). HF-1# (b). HF-2# (c). HF-3# (d). HF-4# (e). HF-5# (f) MIRM@E
SR, (g) BHMEHR XRD Bi%, (p)Mg M F TLRAM . HT# (h), HT-14 (i), HT-24 (), HT-3#
k), HT-4# (1), HT-5# m)MREHER, (q) &4 XRD EER (q) TERAMK.

Note: Surface morphologies of AZ31 (a), HF-1# (b), HF-2# (c), HF-3# (d), HF-4# (¢) and
HF-5# (f), and their corresponding XRD patterns (g) and element (Mg, F) compositions (p).
Surface morphologies of HT# (h), HT-1# (i), HT-2# (j), HT-3# (k), HT-4# (1), HT-5# (m), and
their corresponding XRD patterns (n) and element (Mg , Al, F) compositions (q)
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HEFERL

Increase HF treated time

MgF, AZ31

Hydrothermal Hydrothermal Hydrothermal
) MgoH),

treatment treatment treatment
@ MealLDH e, e RO

B 152 BWHEESEE4E AZ31 REHK Mg-Al LDH AR
Figure 1.5.2 . Formation of Mg-Al LDH film on AZ31 alloy via the proposed two-step method
TE: AZ31 %fE HF BB P AR E, BT RNEPHITAKRRSIRE Mg-Al LDH
B2, % HF LB RBER, BrikRH LDH i22H Mg(OH)2 54; %4 HF L3 AT A
KA, AR LDH 32 T8 MgF2 JifR, &R HF 43 24h A AR\ ALLE) LDH

(@) n =] ©)
= i st P, 5 4
[ V| AZ31 |t
£ -
5‘ HT-X
I e
L AL = =T

Bl 1.5.3 b Stk Rea il & A SR T A R VP4
Figure 1.5.3 Potentiodynamic polarization (a) and EIS (b) results of AZ31 and HT-3#.

E: B (a) Jy AZ31 M HT-34z AR ib i 2R, Bl (b) Ay AZ31 and HT-3#58 4L ERH T
g, B (o) ABAFEIEHSHER, Rs ARBFHEBHE, Qf M RESHUKREFEDE
MEBHXARNEERNMRSNEE. B (d) A AZ31 1 HT-3#EH2#TF PBS # RHREA
SEREL, B (o) FEMALRERAMSHRELA. | |

Note : Potentiodynamic polarization (a) and EIS (b) results of AZ31 and HT-3#. The
equivalent circuit of EIS results (c). Rs is the solution resistance. Qf and Rf are the capacitance
and resistance of the corrosion production or coating on AZ31, respectively. Rct and Qdl are the
charge transfer resistance and the constant phase eclement of the electrical double layer,
espectively. Accumulative hydrogen evolution (d) and surface views (¢) of AZ31 and HT-3#
samples after immersed in PBS.
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F 349 Mg-AlLDH A EH AN AN T LBARTHESNE
F 45 Mg-Al LDH R EEASNEYREEEREHE

REHE

SEMEAER RIFHIEMEER, HAFRERTZEAM., £44MERE
BMHEEEANRER. GRHEE. KE£%, ERKMARBRIIX—KME
H1EHESEAHLRILE., AN EY, BRABWESENEEN TS
ABHL T BRMER. 4, HTATRERE, EFEREFRFE RN, X
BEERALEABENRE. EEEUMBNRRE, £WERHERBMEZI
MAEHEA BN A YR R, BRSSOV AN E S,
BESHAARFRNEYMHAMENT RIS, BESENEETADTHE
IR, HFEHARALXAMEEE, FILEANAT&REET 5 E
F1. RMMAERESSEEBIAENBAEEL TR, REEESFETENER
HMICESE, AT ZEEFSERBRIREMIAE, m-ENE[eE
BASERRERN. ALFEETIROSENFRIAZEESRBORAEEE,
BT HERBESTEMFLE. £, RNBTIRUHEEEGERE
FH¥IE T Mg-AlLDH R B, B H#ms RIAREP R M LDH REW, F
TEARSMUEHERPRIET A EERAEASHHUTHRE. Hilid XRD
EDS #3145 R K I HT-344 5 RE AL LDH R B AL, HT- 1481 HT-248F iR
[ LDH & Mg (OH) 2 fH# 7& 10 HT-4#F1 HT-5## 58 MgF2 B2, HESE
SR P AT HT34E TSR 247, FFUL LDH AR HT-3#Fdh. A
B, BT — R WS SR LDH MRS & AZ31 MR A A
RSP ECERR .

2.1 LRRrEL

2.1.1 EEQREHEM

FE BB IE9& 3
FBATKL PeproTech A®], £H

Live/dead 40 HI5EE MK & BestBio, FH

14



Wi

Cell counting kit-8 RF &

Dojindo AF], H#A

S ACEIRX Biotek, £H

fa4 I iE Gibco A 7], EH
o-MEM #5555 EEEPREERAA, $H
BREO Sigma A7), £H
HEEERER Leica SP8, HZ

BB BRI EME Nikon A7, HZ
HEEFE ThermoFisher A 7], £H
BRELHL ThermoFisher A 7], %H
RAEIR KB —{EAT, L
MEBIEE Eppendrof A &), f&H
At I Coming A7), XHE
AR FR LR Coming A7F], £H

A VEGF Elisa Bl &5 & %, TH

WA B IR E R A & EZ2=zKR, TH

PCR R 181X Bio-rad, XH

Trizol R REKHR, xXH
Nanodrop 2000 EBR KR, EEH
RKILEE PCR X Bio-rad CFX, %[

2.1.2 SR FTR WAL

(1) TRFAFER/BEWEE: SAEGHRITRATEZREREALE,
WK B G B & AR RHE R 1SO 10993-5:1999 HIARAE, # R E AR 53R B 5 i LL 451
4 1.25 cm¥mL. &AM EHZ R L FIRE T o-MEM 3 4 M3 FRE ECM
24h, WERRBHFMET 4CKEAR, HTREEMARER.

(2) ELEFEMLE: 500 mLa-MEM S 50 mL fA4F MEF 5 mL F-
HER, MERT 10%FBS Ml 1%NHIH T LFFRE, 4EKE S0mL BLEN,

15



$ 4% Mg-AILDH A B4 420 A hRARARTRETR
4ACHREFZM. 500 mL A EAMEEFEMA S0 mL JE47E. 5SmL EHERM
SmL NEMAREKREF/HFER, RERTLERE, 2KE S0mL BLEN, 4C
REFEEH.

(3) 10%EARANFEEHEMEE: FRE 1.79 g BEEE S 4% T 500 mL
K, BCHIAR 10 mM BEE ZNIER . FREXS ¢ &R TN ERMLIEMA 50 mL
BRE_HER (10 mM) HEMR. BABLERNNRAEREH: &L 10%H
FRTAEM N EMER.

(4) MMGHFERNEE: ImL B4 MBEMA 1 mL —FZE T (Dimethyl
sulfoxide, DMSQ), BAEBZE 1SmL BLE, 20CHELH.

2.2 LR
2.2.1 ¥§insch

WERFESBAE VMBS . ¥ AZ31 M LDH & R{#/H PBS EH T4,
RLEREEEH. 4mL FEHMARET 5mL £FEHKE, HBEFKMPBS
{E RN . BEARERBET 24 FLIRA, A 2mL £EHK, &
37°CAREF 30min, RFEFLINN 40pL HRMAK, 7E 30,60,120 H40/E, FRBEEHR
AXAE 545nm A0S JIR VL « ¥ 1 F=(AS545-AN545)/(AP545-AN545) x 100%, 3
H AS545, AN545 1 AP545 43 HIAREAFRURE M BAMEXT RAIPH X HR .
2.2.2 MMETE. BERER

AEOLREADRIATERETHAMEER MC3T3-El IAMEANKHARR
HUVECs, 33X B Hikt LigE. MC3T3-El ffa-MEM E2&FEFE,
HUVECs £ A 4B Fe £ 75, BE3TC, S%CO {HHEFBAER. §
AW, KEEENR. ARERPR: FFEE, I PBSHEY 18, A 0.25%
BEEAE, BTEFENNEA30s-1min, FEMBETARARTEHELER
AR, SIEPINA G B T2 IR L bW R 0B 15mL B 4B, 1000
O Smin, FEE, MAZSERFEERSHRESEER. ARGFELE:
HARBELEZLEN, BOFLE, MAGFBRES, 75ZE 2ol FFEXR.
WEREREETARENBERESS, BE-B0CKEN, 1 REBAREA
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HEFLHR

FRIF. ARESFEPR: BEFENBRETERY, PRET 37CKAETIERR
t, BEEIBZELEN, 1000 # Smin B.0J5F H3E, IO\ PBS EHE—&E, =
OF EEEIMATEERE, BEEFMPESEFRBAER.
2.2.3 ZMRFETEREY

FHBBRAREZERE, T 24 FJLRA . % MC3T3-El k)5, X8
1x10%mL FIRE, TN ImL 4MSBBEMBIRE . B8 LTRSS IT
Fa, 3 REBUHFLIRIE live-Dead LR TIM BIR T KIS . HBENE&
VAR EERATER. RESILANEFRER, I\ PBS RRER &,
LI S00pL FEIERA TER, WNEREMERT . BILIKBAEIHEN
JRBI 30min J5, RIFLBEMAN PBS jELE—H. KEEAMEEE, BEREH
b, FRAEEBMEE 488nm MBI MILFRE.
2.2.4 FRBVEWRAMEHRE

BT 24 LR, |ILIA Sx10° N4, SEBHTHEEERT. #HIK
FUN 24 FLIR PSSR, EEFEH 1,424 h, RIFFHFEH(EFH PBS BRI\ 3
W. BEE, BFMA 25% () R-BEICHELR. BERERD R
YT 30%, 50%, 75%, 90%, 95%F1 100% [ Z.BEF & (R ik, MK
R 10 min. FFRETE, REGESEHADREBENEMMAHORE.
2.2.5 FAI/REHE (Alamar Blue)Ek FU 40 FU IR E 1

¥ MC3T3-E1 fl HUVECs HAL/GREBIREE 1x10YmL FKRE, 7 96 FLIR
hAEFLIIA 100puL HMER, FEFRFRETHEI T 1R, FHRNN. BEEAR
W FFE TR ASHMENZRM, 4387 1. 3. 5 K. EFMEWEE A,
A Alamar Blue {7 &40 M8 5ETE /1. B|FLINA 10uL Alamar Blue, A
BIERE 4h. BWETRE, EAEIRAE 570nm 45 E R
2.2.6 I AREER

2261 BRARAREELR

MC3T3-El #55r7E 24 FLIR N, RYABKE 70%ICEER, HEFEFRA
FHBRRB, HEEFR TR REFEH 5% BREAKEEIHK, PBSEL3
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# =34 Mg-AlLDH A B4 LW EMWETLBARTHETR

W, MAERLARAEETECLRE h, RETRERFLRE, £ PBS ik
3iE, EREMERMETHE. eEXRFEARRTAREMRERSEET
EANERLARR, I8 RMERBABE o6 FLIRS, AR E 600nm 4t
R .

2.2.6.2 TR BEFSES (alkaline phosphatase, ALP) &4l

MC3T3-E1 #HFAREBPER 7K, RERREGE, A %L RPEE
SELML 2h, RFZRTFEHF PBSHEBE 3 &, MA ALP a8, EETRMN
4h, RFRIEEH PBSFEH 3k, AREEMRTHENESA ALP F. &
BRSBTS ERIERE (BEXR, P032IM) HEHRERMEK
T, J&EY Para-nitrophenyl phosphate (pNPP)A] ZERE B BRBS{EFl TR E &7~
¥) para-nitrophenol, B/ 7] EA7E 400-415nm A JROLEE .

22,63 —RIR RS WAI

MC3T3-E1 £ & ABRERETIER 7R, BERFEFRE, PBSHEEREMA
A% RPEBEE, BEK3IE, MAI%RRELLREK, HUERESMET
MEHMR. EELRELEELMNEFENESREBRIMESRIERER
HMRREARR, HERENEBRBE 96 FLRF, 7E 492nm LR ILE .

2264 IR EELZRHENRM (qQRT-PCR) MR EHFER KX

MC3T3-E1 E&#HARRBHIEFR 7K, B/5 RN RNA A KEFMHKERE ALP,
type-1 collagen (COL-I). osteocalcin (OCN). osteopontin (OPN) 1 runt-related
transcription factor 2 (RUNX-2)/J&iX. I RNA ZBRINT . MHFJKHEZFE,
{5 FA T PBS K ZAMIEESE 3 ¥k, 1%HB 6 FLARAEFL S00uL AN Trizol &M, K
%8 30min FABRBRITIRRERIEARTERMAE. WEMBRBAERM
AT RNA B§#) 1.5mL EP &, IMAE, &% EPERIZIETES30s, EE
#E Smin T LHESE. BEEH EP BB 4CHER LA, 12000 &
4 15min. BEOF/DLRERERKMEBIEZEL RNA B EP BN, IMASFERH
ARAE, #EMORELTERHZEZSRE. BB 4CHARER LA,
12000 % B0 10min. ¥ L, A ImL FiA 75%Z8, BEHS, UMHE

18



HEFHERL

FAFE D Smin. RERF LI, ZE T T4 30min, 1A EET RNA B DEPC
K, BEROBYIE, FIREREMEN RNA. BE/5 1 Nanodrop 43 Y6 e EiHE
WM RNA 25, {15 260nm/280nm i OD {E2 bk, XH 4T 1.8-2.0 Z KR
R RNA 4iE 5. K SANBAZIFE RNA RS T — 5L T-80C#
MEHNRSE. UHRRN: 28 cDNA FE—FHESRAFE (Yeasen, FE) #1E
FMiTEERRRN, HFEE lug & RNA, all-in-one ¥ #F A 7| A1 RNA
E§H DEPC 7K, & ARFETHERRBS N LEHRE, FHEL 10s,
RERNAFBREHS, BEBRAN PCRAY, ®ERMNEAE 37°C,15min;85 &5
0,4 B FOREVER, W F5EMIREH cDNA RFF-20C LAFE 545 PCR #1E.
SERT R IEFEE PCR B IR: R PI{k RI3Z R Hieff® gPCR SYBR Green Master Mix
BIEDBRHITEE (Yeasen, ¥ EH). Hieff® gPCR SYBR Green Master Mix(Low
Rox Plus)2 2x3E8) £ 2 PCR ¥ K B &8 ¥ - Mix 578 #/5 31 Hieff® DNA
Polymerase. SYBR GreenI. dNTPs. Mg?*% Low Rox. BT #{EFEIK Li#E1T,
HREEBOBNTFERER 1L RNA BERTSRSBUER M. RENE RN 20uL,
INEEFILSHIA 10pL # Hieff® gPCR SYBR Green Master Mix (Low Rox
Plus), 0.4pL ) E3#55190 (10pM) F1 0.4ul BITFHSI4 (10uM), DA cDNA,
FHINEEKE 20uL. APFIEREIRE, NEFRHERABREHFELERTY
SFHBIE. RMNERERESRRGE, B/ EEE O 15s MERABRMRS, W
A PCR ZR Y B F, WEY HEF: 95°CHEM Smin, B3 1K; 95CEHE
10s, 55-60°CiB:K 20s, 72°CHEfH 20s, TEHF 40 Ik, FiRBENZREINIRS LA iH
. ERAGERIBEMLREIE, RUYRMGREFTUHTEELERSN: &
FEfE AR IS B E g, WRBEERSI M _REHHAIEEEEN, TEE
HATERMN . REGREREE XM, #3317 PCR EE ST 4E . KA
PCT WH T HE —MERNANREE, ACT=-BHER CtE-RISEE
) Ct B K AT iH A8 BRI A XS RIA R ¥\ Graphpad 3 (EE . TR MR 51
VPSR 1 Fiom.
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$ =34 Mg-AILDH R E$ 62 EMRLERARTHEFL
R 1 EMXBRERSIMFF

Table 1 The primer sequence of target gene related with osteogenesis

BEEZH  L#HE5I¥F P (Forward sequence) T # 5| Y1 FF ¥l (Reverse sequence)
RUNX-2 GTGGCAGTGTCATCATCTGAAAT TCGCCTCAGTGATTTAGGGCGCA
OPN GGAGGAAACCAGCCAAGG TGCCAGAATCAGTCACTTTCAC
OCN AGACTCCGGCGCTACCTT CTCGTCACAAGCAGGGTTAAG
ALP ACTCAGGGCAATGAGGTCAC CACCCGAGTGGTAGTCACAA
COL-1 CCTAATGCTGCCTTTTCTGC ATGTCCCAGCAGGATTTGAG
GAPDH TGTCCGTCGTGGATCTGAC CCTGCTTCACCACCTTCTTG

2.2.7 RS LB A AR SE TR

2.2.7.1 RIEER

HUVECs M\ 1x105 Gl B EFH THEERD, FARKHESE, £/A ImL i
BWABEE —EEEMNLE, A PBS BRRLELRMEFMM, HHITIEE
eth, ERREMETHBIC oA, 12h H% & A MEMAE KB E RS
FaPEESE 12h 5, BUHTLIR, #TRRERAFH TRAEHE TREARTBE
m, BEEEREEMETHE.

2.2.7.2 Elisa R MM E A A KEF (VEGF) 4 fE8

HUVECs UL Ix10° B EEMT 24 FLIRA, HEF 1 RGESS, Fikig
FREN SRR, TR 3 KM 7 K, 7£-&0 R =6 BB 54 (Elisa)
W LS VEGF MRIEER. RESERNT: HAEBUHARERRKRER
VEGF trifh. BEREBTIR, 43R, nERNFUIERL. 84
IneE R FRBRVR 100pL, T FRAE & FLANRF IR & 7L 53 50 00 N\ AR A 5 B0 A U R
100pL, RZRFNIBY, ¥R E LBEE, BTHEFAT 37CERHET R 120
S5b. BEIE R EWAE, IIAERAR A T/EW 100pL, 55 & fE 37°C KRB 60min,
FERBE, AT, MAKRR B T/EMK 100uL, BIREE 60min, FEBERERT,
FFLIMNEYE o0uL, BYHEH 30min /5 INAL LR S0uL, A A] RIE 6
HAORNEA, MEIAEARUE 450nm FRKARMEILHBRLE (ODE). RE
RIE L H bR B R T B B B4 VEGF iKRE.
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WEFHER

2.2.7.3 gRT-PCR Al i I & 2 R R &

HUVECs M 1x10° LM E R T 24 FLARA . FFiE5R 1 RGBS, Hisg
FrEARHRIEW, FHHLEHFF 3 KM 7R, PCR #R 2.2.6.4 hH#R B IRE(E,
BRFEFRAME A EEKHEFZ4E 2 (KDR), KEHESHEHFOEIF-o)feE AN K
HKRFT (VEGF). il BirZRH 5 ¥FFIInE 2 Fias.

* 2 BRULEHEX B irEE 5 275

Table 2 The primer sequence of target gene related with angiogenesis

EEAKR LS5 (Forward sequence) T #51 % /¥ 5(Reverse sequence)
HIF-a TCTACCAGTTGCAGCCTGAC GTTCCCTTCCTCCTTGATTT

KDR AGCAGGATGGCAAAGACTAC TACTTCCTCCTCCTCCATACAG
VEGF CAGGACATTGCTGTGCTTTG CTCAGAAGCAGGTGAGAGTAAG

GAPDH CAAGAGCACAAGAGGAAGAGAG CTACATGGCAACTGTGAGGAG

2.2.8 Y

2.2.8.1 SD KR BE A S BURE U B RUR

KA SD KRBT ERKZEIREYPOLRE, FEEL REAR
ERCERERSEE, BTHREEESHIE. SRXA 12 R SD KK, 4
Ak . FRIERIMT: RHIREERLAD 10%H K E L ZVER, 12 40mg/ke
MERERRES SD KRN . Fr KBRS, S H B3l #8850 35 X RDU R <
FTEBMELR, FABRRHEEFNE. BEERSIMIITKYS 2em WEYIO, &
BABERE, RELEE, FHFEE 2om ¥k, BHEEREPRBERETK
M7 R BILANY B, BMEEANEREA, BERMEE, THA%EHER
Bk, Rig3 REBREANERVREH UM ELE. EAENE4NEA
4T microCT FHHMBFHER. BEEBIVELIERR, WERBFHR, BT
A%Z RPN, VVAREUEMEABRS&ER. HERERXRORE. .
BRRE. FPFSREAL, YIA1T HE RAFNMMET EERENELE.

2.2.8.2 KR & FEEAEI R 55 R B

STIOR A 4 AR SD K, [REL SN IE RS R . FREE 5 (5 A s 3h
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# =3 9 Mg-AILDH A B4 SN A M RLBARTHREFT
FEREERERIG, BREE. BEEFTHERMIATI—D0O, SieE
ABRMORA, 257 4 AN 8 ARAMISUELIERR, WHMEREBEME
MABRAR, BERREENEMEREIERER, ELART A RERIE

2.3 Gt ENHh

FREMLH EEEIE R SPSS 19.0 it KBTI E450W, FH
Graphpad /E&, BEHHABEHREERR, ST ERHSAHE BN E
44, R LSD B THAAFRPMER . P<0.05 IRRERRESITEFEX.

24 SHRER

2.4.1 LDH ARERASESEEVMHEH

&l 2.6.1 BREMERER, JTUMNER AZ3]1 HRAXNLHMEE HEHE
MR, 4R7 LDH 4k WEm RN, C4RELERETHEOER. SAKML
LR EOR AZ31 AEMFBHEIE 70%, T LDH AFMBIRT 2%, FEIRKRMH
RAE (T 5%). X5 LDH REEHEREEE SR MME, BEPH L
MMg BFHIBRBER, BRSO AMER™ERG . SZaTHFRmaL,
B K IR RALZE BN LDH BB IR M 6%FBRE 2% LT, RIFEITKH
BIEAMA R LDH i EFHWRR R EYHEE. B262 EXHBANR
MC3T3-El R R AR MHER, AZ31 ANEIMEREHRE, KL
fks, RPATHEOEESEARMEDELXREME. MEMANLKER
B9 1h BP AT W ER 217 £ B 40 AL M T LDH AR R, #EE5F 240 )5, T4
Ml R A R B RRRE, REMBHEYHZERT. B2.63 BN
MEREEFR 3 RIEHNFERELER, £ AZ31 RENNES D> EFRAMTTR L
EARA K, TZE LDH A7 REHEMRAN .. RRBEMNARELERER,
£ AZ31 HBEFF 3 KA 5 R4S AR T 70%, T LDH A4S 4 485A 100%,
FI#EX 8 LDH 21 /5 I EXEE S SN EMAE .
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2.4.2 LDH REXERFE 4 EBEF R IME L RMR

& 264 ERESIRETLRER, BRAROREELRERERAMINE
RABLET TR, MEL T REMEHRES THRAERASET LRNER
ARBERE, #ITPOERNERLE R LI, LDHAKEER, WHSEM
GREHME. MEBREEEHREEF WAL, THERBREE
. &R E/R, LDH ABMEBRELASNBATEIR, K9 LDH A ALP &
Ba, #—SEd ALP FHERIRAEHTEEXLR RN, BERREER—
B, LDH A ALP FHER. —HRERBNEEZARRS, BIRRETLEE
AUERHARESIER AN —BRIESE. WEMFR, LDHARBER, @i
BREEESTMERSREERHARA. BRI —SEERREETON HARE
MEBHTHE, BT REHRXER COL-I. ALP. OCN. OPN. RUNX-2
RKik, RIWEHFELR, LDH AHMRREEEFEEX T RAHEFS,
RN BEEHE LTt FIEERREESEWNNESN, CRELENSSE
PUAHERETR. HEit B 0T 5Bk v T 40 M B sk & 5l 44 40 M i BB 434k St
W E S B B FAERER .. FEABTA RIRATEIGEH R A fLE A 24
MM RERANS . B 2.6.7 B8 T RAMEIX R 4IHEE. T8 &Mm
EWRIEW. CCK-8 &R /8 LDH AMKEHEEN BARA, MRELRERE
AFE 12h j5, LDH AT HEEER, RRAHIBFEERA. VEGF RHAK
YR T R P AR B R T, Elisa 5 R 875 LDH AN MRS W E LR
VEGF VUi B4iERE. #—PHEEEREET BN, PCR £RE7R, LDH
A i B A BT FE R e & R KDR. VEGF il HIF-afRIEEH. & EL%
GRFY, EESERY, LDHANRE R E1ERBE BEH R,

243 HTRIERDUG LR
HE—EASNEHESBR S CIE LDH M B ERAES S AZ3] HHEM

PEgE, BRI FHBOIRE, FEAREHEECRR, BHFEEALR
H—PRIEHRR. B 2.65 ErRMBBEARREREKE, HHARNKERNME
OLEMBERT R R PRSI WEFTR, RN 4 A8 &, AZ31 MH
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£ 39 Mg-AILDH AR E# 46404 RABNARTHRETAL
FAEREALZEARENTEERABERE PHEAMARMERS MRS, T LDH
HEABRAFELERAERPTMAEHX AR REMME LD, 8 LDH A 7 ARG
HAUBSERRESTERBIBIRERNRE, RALAEARTFNEVHEE
H. MELSHHBENEINERRELS, REEUNES, EENEH 4
A, AZ31 REEIATME R L K/ NREG=4, T LDH AXHERN; EEA
BRI 8 B, AZ31 BRREAEFEMAE ERMN, A FEE=ENRANEREE,
T LDH ANMESSBRY, ALK E RKY LDH REEERA AZ31 Mt
JEBUR .
2.4.4 ZEABREER

KA SD KRBEAEEERUERAELNENRERR. mEHRR,
microCT BT B L RERE LDH A ABE S ZHEER, T AZ31 &
BHFHEEYD, Ed=4EFgHE VUKL ERE MR RONFES, T
FEANMEAE. HEATREIRLE 4 Fok 8 A, LDHAMEERAARK
BENBAE L, RAKLEE L N E 4. F% FE (Bone mineral density, BMD)
FE1EF9 % (Bone volume/Total volume, BV/TV) #EM B ERFHITEES
HIFEER, BETTEOREFEER. X CTH#ZRH—SEESTER, BR
WRAFEHELE 4 AN 8 Aty LEs, 28 A LDH AKNB ARSI REEST
AZ31 A, RP LDHAFELHFEEKR, 5 CT BEFINEIEL—H. #—P
SRR B RS ATRRA LY F BT R, 7 4 F LDH AMEREH £
FHEELTXRA, BAIMESR AZ31 A% 4 A E W ENMENER, K@
A 0L BA B VI RGE K P g =4, W0 LDH AMEMIRFH<%. € 8 A LDH A
FAEBHN 4 AES, BPAEET AZ31 4. AZ31 4 8 AIMERIRENHA
£, REARAEALASENER=YRE/DE™4E, T LDH ARE/RAR
FNGIRR, ULLERE LDH AEBERASEEEMHNEHEERR T HRETHR.
2.4.5 £YRE&ERH

RTH—ERWESSE AZ31 X LDH BARSNEY ZLeME, X AKE
AJE 4 AF0 8 BT SD KR A BEAR RIS O/ FFAE. BRAE. B A0 'S A4
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WEFHERX

U H AT HE VI A MBA SRS MR, WEFR, 4 AR 8 AR, B
4 SD KM LA LRI AR, THIKEIRIE: /NS RFLELEMIER, T
AILBEBERBER: BBEERPORPURGEZEHIER, TRIMMKSHRE
Ak FE RAMZAE . MRSMERLRL . ERFELERHR: b
REERNMNELHWIER, KRR, E4. HNBRARESHRERM. &L, 7
WHNEES AZ31 M1 LDH BARRENZ LR, NXSAREERELER
fER.

2.5 Wig

EATRRERNAR, BELETHEEM AT Z. BERNEEN 1.74g/cm?,
SEENEASGEEER (1.8-2.1g/em?), M MEEN 41-45GPa, 5 A&
BRREHERERIEL, "AREAN BN, BRTEARZREERS
RBESTFERFAREHFES, EgE N —REGENERESBEMR
-4, FEAANEDBIMEFTTE, EFNESEFE, HPh4 S3%MEERFLE
FHRPS, B2, EAREREBHNEZHERRBKDAR, FS54F
BRSFEMMRaer. ERAEBERBRT, AELELWMER RGN /DGR E
REFENDETE, XTEEENEYRLEUCHERESURTA, FEMER
LI E X MBI R TIRKR, SWHALERIRPEENBRNIANFET
MENWA RN R R, KL FMIEELE A S AZ31 M4 LDH BERE
BEENESESEYRAERIF, EABN4 A ASEERBLEMELL,
RUEXMNYGETLTHEEMEM. CHZEAARAESSRABRINEE F R
ROEHREM B REAEM. WERSK, BEETE S SR A i R
CGRP # TS HEEMR, AT REESENEWEA B RIERNAR . RE
brl, BTFRELAYE, 48R4 EEAAREE TR TREERIESR
B, HRERESENEIEEE FLSBARFEREMFE, HEENEs
WX AEARERAS RRN. WS HTREREE, HEEEIGERKISSH
NEFHEEWERGEESRNEENAEEEAA. REFEETREZSET
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£=44% Mg-AILDH A E$ 440 L hE L RARTHRENL
RESEELBIMEMRESR, HMiAELEMEERE. EXED, BRITES
& AZ31 RE#1T LDH B ES:, EHINGECRIMEEE, RITNEEY R
etk RRRESMRE R ERRET I . BE—ENERBH, HT-34
HTE AZ31 REF M LDH B & 2R, Kih&HH Mg (OH) 58 MgF #i#2%,
HSTE AT & 58 E UK HT-3#/E4 LDH A# T/ 5. £ R 275 LDH &
BAS AZ31 3 EA BIFEMR A, AT LDH Ak R Fi& 4 4 MAs 4
K, BB ERRID SN R LDH AR R E 4 KiE 8 BART.
515550 B8 LDH A E R RILE BUR B RA T, Mk st —PBiE
LTX—IR . BARKEEXT AR B &R P NS FIREM PH E#TRE, B
AR LDH REREE S SNRBFHETVRENTEREX: 1. BHEs
SRRER, BEMEBABREETRENBEMITE: 2. BHSEAERRISH
MEAEESBRBRL, BERRERMERE: 3. MEESEYEAENEM, 4
RESHEHNE, FERTAREMEREMRFTEE, DMEtsBaE.
EEMEE—EMENEHERAR, 5 AZ31 #H, LDH S¢S
BRMBEAR, MERMBREERRK HALRRERBEESSBME
F. EREPRNISHITER R B TS B8R A B R R SR S AR ML
fErhtERE. 45R% R LDH BREANTR M EERA, RIAMBREE
SRR, BEMEABRRAMAEALHE RS . LDH RERBHTEH
MRESHRIZEW, ERAABEFAIRREE T, #mEEMs R BRAFES
SETHREULR Mg-Al LDH HBREEFEERE, NTTRIFBRENEEEE
JE. %Lb, AZEHT LDH RERE RGEMHERYE, SRITH40MAL M,
HBEEEHFHRERLEEEE, BEENETREREEEMRNEE.
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2.6 HE

(a) 0.9 wt% Pure
NaCl water AZ31 HT-3#

E; Az31
Bl HT-3#

Hemolysis Rate (%)

30 60 120
Time (mins)

Bl 2.6.1 351 LI R I 45 3R
Figure 2.6.1: Results of hemolytic test
WS RINEAUR AZ31 FERE LR &IE 70%0, £ KRAEEK LDH AR
R M2 R BIZ) 6%, YT R IRARE HZ K.

(=]3]
Note: As shown in the figure, the hemolysis rate of AZ31 sample is more than 70%.The hemolysis

rate of LDH samples after hydrothermal treatment was reduced to about 6%, which could meet

the requirements of clinical application.*** indicate P value<0.01
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F =% Mg-Al LDH R EH &SN AN ZLRR AT HEHFL

(a) Ih T _— (b) i Dead .
| | t‘r" Az
AZ31 i
HT-34
(c)
HT-3#

B
o
s
zZ
8
>
v
<

CultureTime (days)

P 2.6.2 A4 RL AR TH 40 IR B R S TR R 5L
Figure 2.6.2: Cell adhesion and proliferation on the surface of the material

e (2) B8 AZ31 RETHIRERN 1h BIAT RSB R, B R NECE
B, BHEMMAEREAH, T LDH AR 24h JERE B ER ™4, HASHMRE
HREALMRE. B (b) BREEFF 1 RE AZ31 REJLFLEMMT LDH A6 KBiEMM
K. B (o) BREMEIREES RS 3 M5 KA LDH A gEHEE s FrRa.

Note: Figure (a) showed that AZ31 was immersed in the medium for 1h, and the cracks
became more obvious with the increase of time, and there was no cell adhesion on the surface.
However, in the LDH group, there was no corrosion on the surface after immersion for 24h, and
most cells adhered to and extended on the surface. Figure (b) showed that after culture for 1 day,
there were almost no living cells on the surface of AZ31 while a large number of living cells grew’
in the LDH group. Figure (c) showed that the cell activity of LDH group was significantly higher

than that of control group at the 3th and 5th day of culture on the material surface.
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(a)  Blank AZ31 _ HT-3#

£ 0.10- < 02l
a P
€ ==
g 23
g 0.054 g : 0.1
z ==
: E
0.00- !
Blank AZ31 HT-3#
(d) COL

Lo
o

o
'S
adlaass
ue

Absarbance (492 nm)
o o o o
B i
|
Relative gene expressior™~

Blank \Z31 HT-3#

B 2.6.3: HHMEERCERA R
) Figure 2.6.3: Detection of osteogenesis effect in vitro
E: B () FTARHBRAREER, ETAREALP RELER, BEITA
— RIS R, 0L LDH A% AZ31 ASEER. B (b). ). (D) 4FHAHED

(C)1994-2022 China Academic Journal Electronic Publishing House. All rights reserved. http://www.cnki.net



$449 Mg-AlLDH 4 B4 A2 M E oM A AT REFT

o, ALP REN—MREREHEEMTER, TREEITER LDH A% AZ31 AF
&=, B () ABRAMBHAERMKIL, LDHAR AZ3] BEWE, RERBESHER.
Note: Figure (a) Results of alizarin red staining in the first group, ALP staining in the second
group, and collagen type 1 staining in the third group showed that the staining was deeper in LDH
group than in AZ31 group.Figure (b), (c) and (d) show the quantitative analysis results of alizer
red staining, ALP staining and collagen type I staining, respectively. It can be seen that the
quantitative analysis shows that the LDH group is higher than the AZ31 group. Figure (¢) shows

the expression of osteogenic related genes in each group.

@)z

Cell Viability (% of contr

1 4
CultureTime (day)

(©) (d)

= B3 AZ31 ?,
- B8 LDH-3% Eik ik =
£ 400 =
=0 o
=
3 )
< 200 =
. 5] 5
= >
= b=
]

0 &

3 7
CultureTime (day)

VEGF KDR HIF-a

264 HAMLELKERE
Figure 2.6.4: Detection of angiogenesis effect in vitro
P B (a) B HUVECs ZEARRTEE KHMIIEHE, 76 | Kof LDH AMIIEHS
AZ31 H¥EE. B (b) ErRBAMRERER, 4R E5 12h )5 LDH AW AT BEHE
F#. [ (c) % Elisa SRR, HIERIRT K5, LDH 4 LGN VEGF HEBEER
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T AZ31 H. B (d) REFARMEMRERRENRRLER, LDH AL E A K2 B

BRET AZ31 4, RPHBMEFEES.

Note: Figure (a) shows the cell activity of HUVECs growing on the material surface. At day
1, the cell activity of LDH group was higher than that of AZ31 group.Figure (b) shows the wound
healing test results of each group. The results showed that the migration activity of HUVECs in
LDH group was higher after 12h compared with AZ31 group.Figure (c) shows the results of
ELISA experiment. After culturing for 7 days, the content of VEGF in supernatant of LDH group
was significantly higher than that of AZ31 group.Figure (d) shows the results of the expression of
angiogenic related genes in each group. The expression of angiogenic related genes in LDH group

were significantly higher than those in AZ31 group, indicating higher angiogenic activity.

(a) AZ31

AZ31 HT-3#
\ \. z .

4 W 8 W
)

300 pm 300 pm

*
- 100 pm

Bl 2.6.5 B2 T JRIE KPR kA il
Figure 2.6.5.: Detection of subcutaneous inflammation and corrosion resistance in vivo
E: B () ExETHEA4REEAMBEREME LM ABRARARERN. B (b) &
TRE TR 8 LS & 4LP R R 5 Rk B AL SO R S
Note: Fig(a) shows the surface morphology and the inflammatory response of surrounding tissues
of each group of materials, after subcutaneous implantation for 4 weeks, Fig(b) shows the surface
morphology and the inflammatory response of surrounding tissues of each group of materials after

subcutaneous implantation for 8 weeks.
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#3345 Mg-AlLDH A EH#SLHAYM T LA RTHETT

' H J - ;
(d) Time (week)

B8 Az31
Bl HT-3#

20004

BMD (mg/cm“)

4 8
Time (week)

B 2.6.6 &M EE RN
Figure 2.6.6: Detection of osteogenesis effect in vivo

E: B () AZAMEEEAN 4 A8 A, XEKF CT A4 RMBUBHE. B b)
AEA 4 BRS AN SAME CT HR=SERRE, BEsEREk, aahFits,
W LDH HHEFHLATEEZ. B (o) H4 A ANBAHRIBEMEESW, B (D
J4 AR08 BB EEMEES T 0T NAE 8 A LDH AMB ARSI HEER T AZ31 4.
Note: Fig(a) shows the typical cross-sectional images of CT scan results of rat femur at 4 and 8
weeks after implantation of each group of matenals Fig(b) shows CT scan 3D reconstruction
images of each group of materials at 4 and 8 wegks after implantation. The blue is the material
body, and the red is the new bone, indicating more new bone tissue content in LDH
group.Figure(c) shows the quantitative analysis of bone volume fraction at 4 and 8 weceks, and
Figure(d) shows the quantitative analysis of bone mineral density at 4 and 8 weeks.It can be seen
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that bone volume fraction in LDH group was significantly higher than that in AZ31 group at 8

weeks.

4 weeks

Bl 267 BARVI A REOLER
Figure 2.6.6: Detection of the in vivo osteogenesis effect by hard-tissue slicing

e B (a) REA 4 REREWEFHSY F HE $E55 %, 67 1 LDH 475 HE R
R, T AZ31 AR R HFALREMRREE AR, BAE AZ31 HaT RS = LR M~ 4
B (b) AN 8 AEREMEHLI A HE Jfass R, ol LDH A7 B £ 1Hr& s
Flxm, HERARGSHENEFEEE. TE AZ3 AN THEREMFTEHRE D,

HEmA N ERFESEHME. ik, MRABERTEHA5EE.

Note: Fig(a) shows the HE staining results of the hard tissue section of femur after 4 weeks

implantation. It can be seen that few new bone adheres to the material surface in the LDH group,
while no bone tissue was formed on the material surface in the AZ31 group, and corrosion
induced holes and cracks can be seén in the AZ31 group. Fig(b) shows the HE staining results of
the hard tissue section of femur after 8 weeks implantation. It can be seen that in the LDH group,
more new bone adhered to the material surface, and the bone structure was more similar with
nature bone.However, in AZ31 group, less new bone ﬁssue were adhered to the material surface,
and can found many crack and pits on the sample surface, which mainly caused by degradation,

and the material was surrounded by inflammatory fibrous tissue.
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#.4% Mg-AlLDH A B# A48 A%Es N ARTRAEFL

Spleen Lung

F 2.68 EYZR AR
Figure 2.6.8: Biosafety testing of samples
H: EPAEBIERIRRCHE. . M. FMEMERKN HE ARV, TREEN4
A8 A& EEREHNLRENE, RUIMHEDRZEERLF.
Note: The HE tissue sections of the heart, liver, spleen, lung and kidney are shown from left to

right in the figure. It can be seen that there was no pathological change in all the important organs
4 and 8 weeks after implantation, indicating good biosecurity of the materials.
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WS4

=8 FEABLEAER LDH KFRIE R &SNS
IR E PRI TH#EEE KT Mg-Al NESEUWEE, FFESTEAS
FRRAHLEZERSESLNIEHERREROLERR, ErHLEFERE
MRENEDWES. BRBEREGBT HEENEZNEREE A EEE, B
STREAKMpEARMER AT, BEEREASKFR, EaaBmd
R E B R, EX—HIBEERASEEENTPERR. LDH KE
BAKBAEREME, A-N=r&BHAE THARNERBBSERHRT.
LDH 45438 A MM OHL I [A™wn] - mH0, 5 M RIR M &/BMHE T,
n Mg, Fe?*, Ni**. Zn?'®0, LDH RAWRFIEBRFHHER MAZHRHABETFHE
FEH,EREMWEEFTNTREGIL Y S EMBENERRZ RHERE
g EL&9E). LDH i BZ BB 78R A 5 S5 H AL B T 2R AWt T
YA HE 8, BEER LT RFA LDH iX—4 it m B m s A T
FREYR YT 48T, [RUERIA LDH MR AT S-S &R AR PUHE Y,
BERFHMBTUEERE, XBATOAEE BHERE A A e e B 5.
BEABRARRMNEETAE LB RENEERS, BT =#ERULEY,
FFARACwH304, FEHTEREER. 2007 F Call REWKBER. BLMKE
gFK. EABRFER. BRENZERR T ARATE LUK AL ES
R RRTY, BERKHFRME., BERTHARREARLREA R
MBLIER M, REMARAEARLRAEA EMEENIMEENE, X6l
FURRRE. R, FHE. AR, BERE. 5. S, LEESHESE
& FA, AT 51 2 i 40 B A Y TR SR BE80- 90) . TG B L I R S L AT RE A AR
JIAAE: 1. HBSMEARATRAE: 2. MR EARERA. 3. IEBA
M MEER: 4. MEIRERM: 5. FHESMEERCL2, thit, SHEAR
MEFABLERTTUBELFESERWEEE (ROS) /INK {5 5@ #5.
Akt/mTOR 15 5388 . NF-kB 15 S @04, STAT3/JAK20S, HSP90!%], ERal®”!
%. BERHETEABLERET K, OREWFAZK, FEiItE TR 3
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=% FAELFE R H LDH 69& 12 R ARSI HAP A8 ]
GAREMELARLENEMFARERMARL . BLET AR AHK-HK
BEBRENRELABAR, FRAVURFEKEE., LFEREH. BNARE
HIHREEABRLRNI R, MEBTRBKETTE, EABLEBLE
~EUENTURELR, LiSFERATABRLRRMBANGREAR, KIMHEATL
BEMEARamANE T, 71 E XS4 H R R A e, I
REMARATEIEFEES, ARNLREURAETABRAFAEEIFRMEEN
R0, ETEABRLENFRBIUEAIMNGEIBN, AXFEFRINEF A LDH iR
ERBARRABRIIMBEANEARLER, RIEHFIBHERRERERY

WE, BN S LIHT SR

3.1 SEHA Kl

3.1.1 FEMFMEA

WA FIER I K BRI
ANFLA IR FRIR Coming A 7], £H
24 FLANREEEFRIR Corning A 7], £H
Transwell £ F#R Corning A7), £H
FTKZ B H#AER, TE
1%45 SR R R BREY, THE
ARERREATE AAT Bioquest, 3
F& 4 M #& Gibco A 7], £H

F %% DMEM 5% Gibco A7, XH
MRRATRAAFE (AV/PD FE{4k¥, BE
CCK-8 ®ifl& Rz, B
EHEEENENE EZRRAT, 1HE
SR AR R ERFE BRRAF, BHE
£ KR Thermo Scientific, &
96 FLANIMIEEFRIR Corning A7F], £H
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W0

4 %% RPBER

RIPA &

BCA FEBERERMNEAF&
Caspase 3 1 R AF&
& g5

PVDF fii

f RE 9k

LC3B (D11) XP Rabbit mAb
AKT (Pan) (C67E7) RabbitmAb
p-AKT(Ser473) XP Rabbit mAb

Caspase-3 —3i
P62 — i
Beclin —$1
B-actin —#,

HRP #rid il ¥Hi%k IgG —Ht
thFEHi% 1gG KIEZHL (488)

PCR 5|#)

DEPC 7K

WB RO HKEE

Trizol A7

BEAMAR (ALE>98%)
3-Methyladenine (3-MA)
-9\ v A
Chloroquine (CQ)

HLEAR, E
Beckman CytoFLEX, £H
BErRpFE, FHE
ERRATF, 9E
ErRnd, 7H
BRRAF, $H
Milipore, £H

#H, +H

3868T, CST, %H
4691T, CST,:H
4060T, CST,:=H
ab13847, abcam, EH
ab109012, abcam, =H
ab207612,abcam, 3=
B1029, &%, FH
ab205718,abcam, 3 H
ab150077,abcam, 3 &
SP8, Leica, HZ
ATHEARAT, L
PeproTech A®], E£H
Bio-rad A7), H

Thermo Scientific, &H
2B 4 DL0035,+
HY-19312, MCE, %[
Thermo Scientific, % H
HY-17589A, MCE, %H
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F=¥ FOEaF 5 # LDH & & 42 R 4RI FUAF B HLal

apamycin (RAPA) HY-10219,MCE X H

AT T4 K A marker Fermantas, 3£H

45 EZhER, b

ECL B&H Millipore, £H

WER AR ZHARAL TS FEH, RELEEYFRAR
DAB Z A ERZEVHEFRAA, $E
3.1.1 LR BT IR B v -

(1) 4%ZRFRBHEBR

EHRFHMRFLEHER 4.0g TRFE, BHFEZE 80 mLPBS BRAN, ¥
RAERKBERAZE 60C, HREBRNBKFHEBER, SRBRWLHKKRS
&, RoREET4E, BT PBS €AE 100mL, REBENRES, M 4CHKE
A .

(2) 0.1%%h & 5 Gy e il

B 1 mL 1%%5 @ 3 9 mL @4k, FHlfER] 0.1%4 &% 1.

(3) RBTFABLE LDH HR0R IR RE H

B EABARWRE T AR (0,20,50,100,150 pM) FIZ- A EIRT 24 FLRH,
RIBFTIZFAMOERMAR A M ELEFE M= DMEM R T4 g%,
£ 37C TR 24h, WEBRRA, BARET 4CHTRESE.

(4) HEZMHEEH]: Tris3.03g, HEER 14.4g, SDS0.37 g, FE 200
mL, #_EREFIAKER T, SN 500 mL I8k, BABEREATR
SEHAZARMRETNRANEE, REMEBKESZE 1000 mL.

(5) BHIKEMAE: T Tris6.06g, HEB 37.54g, SDS2g, ¥ LR
AKREERF, e 500 mL 248K, BAMHBEATREMFZRBUNEL
BAREFRE, REMERKEEZE 2000 mL.

(6) TBST £ fIECH]: TrisHCL(IM,PH 7.5) 50 mL, 1t 8¢, &4k
£ 0.2g, Tween20 0.5 mL, ¥ _EIREFUK AN KLEN &, A ZE4RK 500 mL,
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HEFE
BB RMAEARMET RRE, RUBBUAE, REMAREKES
Z£1L.

3.2 LRI

3.2.1 EAMARAREREIER

BABRLRBRNE: FRALTKZEAREARLE, S ARLESTE
450, SEECHIWKED 600 pM HIBHE, T 13.5mg EABL R 50 mL JFoK
2B, BABNET 4CEH. WEAAMBEARKRER T REER, 20 M
BRFEER 1.67mL BHINA 50 mL EAKZEHN, 50 M BEFER 4.1 mL £
WA 50 mL K ZBEH, 100 pM BT EH 8.3 mL BN 50 mL FEKZ
Bz, 150 pM VR R EH 12.5 mL SHRINA 50 mL ok 28t . REHAEL
be K 5 LDH #AE8CT 24 FJLIRA, |FL 1A, AN 1 mL REREE AL
TR, B EIREELRHE 24 h, 0uM ABHRASELABRLENTKZB,
KRR 37TCHEFARAKRT, EWETEETRAFNET LML R K LDH #4
BATREER. BREVHE: BSETRKESEABLEN LDH HEET
24 FaR, AL AR, TN ImL SRR, SARFENEENE
SFTECITRIIIT R, B 24h, WERBHEHREBRTELE S, ELREF
T 4CKFEN, RN T 37CEER.

RS- MAKKET (UV-Vis) WEFABRNAERE, MeHEKuE
£ 400 2| 600 nm, FABRKMIFMERBIEA T 425 nm &b, WERAHEEABE
WHIREE, RBARK 1 HERERRLEGE:

A0—-A
A0

Heb A0 KR SA YR TR LR, A NR MR S 25 E IR TR e (A -
KBAHGHET PBS F, 37CTRETRMKEER, R UV-Vis EBHHTE
HIE A BRIIRE .

3.2.2 43
AERAANMEMAER 143b, HOS FIX R & BEA R T4 P B AR

x100% (A1)
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$=F FAMLFE R LDH &0 & 158 ok s 5P 8 AL h)

WIEEH A B LDH MRbx B 40 A B AR R MR . ANERBARR 143b
1 HOS gL g &l LM E, MRk DMEM SHEREF2+10%10
BEMNFEEEFRERER, AREENZRTARMEA MELLAF, FH
T4 sE 2B FREET. @RAER. HE. SNSRI 2.2.2 FHTE.
3.2.2 CCK-8 SE56 Jt FEIE Hy o kor S A4 32 180 frb 8 40 v 4

BHRERRKREEABLIRAN LDH #£ (0,20,50,100,150 pM) 71T 24 FL
R, T 1A, MBI 1x10* M EF T SAMEBRE, RAHAREFHE
B, #£ 37°CH 5%CO: 14 T 8557 Al EFFRER 1,3,5,7 R BHREEFRE AR
IFH) CCK-8 TEWR, NFEFRAEF AL R 40min, WREX 110 pL &5 1A%
N 96 FLIR A, (EFABEFRITE 450 nm MG AR ETL. REESR:
I A3 IR 13105 B /D AEMEIRT, BAIEFRMESR 3 KE, AR
HIZEE J & TR (RIRE A 2 umol/L {1 Calcein-AM FIER K E Jy 4umol/L HH
LR IR AR, TAEEFRFE R E 40min, BUH SR PBS /M0EYE 3 IBEBE
FHIEM, EWRICEMET, M 488mm W KMEMMPRE, KEOINRRE
ST £ 6 5% AR R IEA AL
3.2.3 HERAMRERE AR MAHER

ek 93 &40 P R T4 A 43 ) 7 B 4H A R 0,20,50,100,150uM) RS 2 KRG
ITHRE SRR E. BALBRSBRANEFHART, EhRH IxEETIER,
SREFERE. HHARE 4% 2 RTPETEE 30min, AREERTAGEES
FEZ, A PBS &Y 3 MERREIEW, A 0.1%Triton-100 B FLH4 3-5 4754, LA
MM RETT LR ETE S ANHEA, A PBSER3IE, MARETE
W, WIREEHEE 1h, N PBSEM 2-3 BERSKRREER, NN DAPI #
W Smin ERAMAEZ, MAPBSEHRIBEHA EHNMUE. ALRXKXA
iFlor-Phalloidin 94L&, FULREH KM EREL A, 7 545nm LW EE, A
BREEE. MEMRLATERS NESEMERERESR 2 RKEERE T WER
PSR IE AL, BAERELSIRI 2.2.4 g
3.2.4 RJRSEH K Transwell LXK MR RTHEE 1T
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WP

FEARTLIR P ST 1430, FESHUAMREKE 90% D L& REHTRIRSE
5. A ImL RAELTEERNHE T, E&@FE N TR T ARG
RUIH—IBEEHRIL, H PBS BREMBERFEZN4M, WHESME TRENF
R, 14 0h KPRES, HEMUERARTBIFE. EHREFEANRE MFK
FHBRR (ARFEAN S MEHFTERE A 24h IREVRIREBD, BA
FFrFaIEIT 12h, EMFEMEREMERE, B8 12h BFPRE, A image T
P S A MM RIERESE, F Graphpad A GHSEIE/ER .. Transwell SEXAE
H Transwell 35 7R R 1THAME, WA 12 4 Transwell /M= ¥ 100uL JREA 1x10°
AT Transwell ML EZ, B4 BRAZARE AT HLMFERE
B N 500pL & 10%MM7E M SEAEIEFRET Transwell TE, RIELEE5TERE
FRATHE LS4, BAEFAPESR 8h, WFEHRE, MASRKRPEREE,
PBS /&L 2 /G NN 0.1%455 S E LB TR E, FRAMEREBENERITI®R
AR LMEM S, T EHE THEREEBHIAM, FARIHFEH image J K4
HeEd R e .
3.2.5 7EMESE (reactive oxide species, ROS) 345 F 7t 240 i 4SOR S0l 40 B P 3% 14
K

#M8 ROS G+l &l AT IR ME, MyEgaEMEL (0,20,50uM) FH L
B9% 2 KRG BRI ROS 7K. B %1% 1:1000 MBI AL MiEZFFE
F## DCFH-DA, {3 A&WE N 10 pmol/L, =RMMEEFRE, A | mL HRELF
H1 DCFH-DA, BHAMEKE, BAEFETESE 20 min, FHLMEAMIETRE
B 3 IR, URSERRENMMEA N RGTRS, FHEEREERMEE
488 nm FKACK P FFHER . FALH ORI BT TR AT AP T R, EAM
FIFHY DCFH-DA E24M, 4MIKESH 1x10%mL, 37°C 4 FBHBE 20
5. 10 3-5 AMEENE S, FERETTIGHM TE Sy Rk . G ML 40 A SRR
HGAB=1K, URSEZBRRFINDMA K DCFH-DA. RJ5 EHAAN, i£FF FITC
BEAWFEEL, (FETE.

41



F=¥ ENMLE Q& LDH 604 12 A5 b 78 AL

3.2.6 BB RMBEPAETKFRL

FrEAME B AME (0,20,50 pM) REIZFE 1 KJa, MABEEHARMEL
Tk, ERIBEBRE-FRE, FEREMEREBHREZR—F L8 S
RBREEBRPATHE. BHLEHARBRKERZ 15mL BLEF, B
F LM PBS Bk 1 38, IO 1 mLPBS EB3FiHE, & EAMRECH 1x10°
Ao MATASEHECEF A 1xAnnexin V binding solution, | p 283Kk RN 1x106 4>/mL
HIgafl g . B 100ul ZHRER K 2] EP B, S0 SuL Annexin V FITC &&4),
B SuL B PL AW, EEE TR E 15min, SN 400uL 1xAnnexin V FITC
ZaY, £ 1hALNERN. RXNARGRELR. 2ARETH, BEAVE,
B PLEMNEA. RIF\ETAHAMMA/NEE SSVAFSV S, FHHRESE
TETRR, WE\AGAREIME, FR, EHNEMAEER, IRgREA
L RIRFIARFEAM, A TRBARPARTHRM AL ERBAERBES .
3.2.7 HfiB DAPI e B R RN

PR B AMERE LESE 2 R, WIFHEFRE, A DAPI &, &
TH¥H 10min, F PBS{E¥E 38, ERAEHETURAMZARCRERE
Mo
3.2.8 REVRELER

K BARBEAL TR, A 1 mL ELFFEEETE, HRAKE 500
A /mL, IO 2 mL 40 BIAFLR | MR, AN TLAMETE 1000 M EH,
BABFRBETHEST, 1 RKENRARVEENL, FEREFREAZARRE

(0,20,50,100,150 uM ), 4GFF 2 K& 1 K, EBFF 10 KJ5, RFHHFE,

N 4% Z R FEEE € 1h, PBSFETE 2 IB/S NN 0.1%% S K B Z R T 42 30min,
£ PBS Y RiBFRT#, FMENHAE.
3.2.9 Caspase 3 75183

PR T S AMEIRE, #BF 1 RERBEAANERARRIAT XE
VA$EEE Caspase 3 HUVEH:. B ZRH] pNA AR RBBEFBEN 0. 10, 20,
50. 100 #1200 pM, FARAEI 100pL AR OGHITRE, SHltraEdis,
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Wi

REFM KT 0.99. BEEHLAME, WEEZELES, PBSEE—IK, #HIE 200
FIEAMLI0N 100pL BRI LLBIIN AN BB, BRI KA TR 15 min.
BOWE LR, EERSANMARNESE. FUER. BER. RMED,
37C T E 60-120 min /5 WE A405, WEZT BN A405, @it xR il £exd
ELER AT R R R LR AR, 7EH Bradford Ml A MBS P HIEA
WE, BIRHHEHERMNERE AT caspase 3 MIESIE /1 HAL.
3.2.10 LA kAR AR

FREA R T S AMERTE, FE%5%2 KRG, HBLR AR AR R
BEUABATRIE. ERKH JC-1 ETIER, ZEE 50ul JC-1(200X)I0A 8 mL
RBAK I LB IC-1, B4R 5IEME, B 2 mL IC-1 RESHE (5X) i’
SERIC-1 RATHER. WFMMEEFRE, A PBSEHE 1B, MARET
VEWR, E3E5R4EF 37°CHE 20 min. 3ZM8 1 mL JC-1 PALEMH (5X) A 4 mL
AIBK LB H] IC-1 BN, FREER)E, BFLBEMEH IC-1 5
MYRTEYE 2 IR, TETE BB T BUR S 490nm bW £ FR
3.2.11 Western-Blotting R T-HXEHKFEHL

ABREAKR 143b EAILR PR, A S ARERBERBFEFR 2 KRG,
REUE AANE TR AR AR . A — BT RS, oA
I CQ. 3-MA Tk RAPA Hl# 12h, HIDARIEBFIBL 48h, RIE AR MIBIR
54k, Western-Blotting 4SBT -

(D BREBEAHRNEAWKRE: RIPA BERSRBME, E4HTMABRL
ESHNHIFT) PMSF. IREANFLRIEFRE, MATA PBS &L 1 38, A RIPA EHH
FUMEIR 50-100 pL, MAAEFEE, K EFE 20 min, FAMARE REFIRE
W, WERMR, EWAE 4CHKER LA, 12000g &4 10 min, /MO
I EFES EP B, BAeMRE TR S. BEMA BCA BRUES
WE, BARHEORES, BRNEANEarERREARLAIRRE, B
FMEBRES S0 uL, S RIERRIRE R EAREMILA A BCA TIEW®, 37°C
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F=% FAM4F R & LDH & & 4 B AR S 500 78 L)

T #E 30 min, 7 582 nm LAMBLE, MIBEBE AR OD EitEBRR
2R, AR|AWA R OD EEHEAKE, HESARSEAKRBERE,
FHIMANRBERRF, FHALBEEMSRE 90°X Smin FEATHRE, HBEKR
T-80°CHR7E-

(2) SDS-PAGE Hipk: HAHRUEFEHELERNRER, KHERESH
BEITRAS K 3 PR BEERAXEFFABRRIFEERLET, ¥H
BREHRTHRETEET, ERERPENGER, ENMAS>BRENFER,
MARERELHBART, BRREBERTFLEREAN. SHRERSE, #
BT B pk i, R R, NMOBRTFRE, £&ILASHIIAN Marker
MEHEARS, AREE, HRA 80V /8, MWEE Marker X FHARB T
BARFBMESBERNEREESE 120V, 46428k 1h £ Marker B/R&F%&F 5%
A4y B EIREY R R TR B RO A BE BN I vk, B BEEEAR, DD
BT, RHBERHITDIELITENISS .

R 3 AFERE 5 BRI

Table 3 The protocol for different concentration separate hydrogel

W 6% 8% 10% 12% 15%
ddH.O 2.6 23 1.9 1.6 1.1
10%SDS 0.05 0.05 0.05 0.05 0.05
30%Acr/Bis 1.0 1.3 1.7 2.0 2.5
10%APS (pL) 0.05 0.05 0.05 0.05 0.05
TEMED (uL) 0.004 0.003 0.002 0.002 0.002
1.5M Tris/Hel 1.3 1.3 1.3 1.3 1.3

(3) ®#.: WMAERNFSRAFENPIBERAERBEMER, BRABREZTR
, WRALERBETE RS 30s. BEREZEZBANTE LHEKRIR. 2B
T NCIR. B, 2 R4, FIRBARMIRFFRET, BB, SRR
HEREXF, HFERHRAERBNRRZEAFIREINE, REFRKE,
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gt
TR EES, EWREREENE, BTRTESSFHKET, EaEaE RS
R 100V, ¥ 1.5h. BBERG, WiF B IR B, S E AR I 5 5% S R Bl
7L .

(4) #P: FREL Sg BLAEYAR I S50mL B 4K FECHI R 10% B BLAs 410 . Wik
FRGHIHBRET e R EE L, R TBST #|¥e 238, fIA 10%B A4, FERKE
ZHRZEHT 2h.

(5) BERM: WMFHASEY, B TBST AR LV 3 Wk, HEAEH — 5
FBEWICEF —0, PUER IR Ui B 15 B E KRR, CST LR EL 44 1:1000.
GIRE, MA—HREACEHTHRILIR, HERBKRLEERIFEREHERS
Befil. WE—PL, FHIN TBST BEfE 3 38, AR ENEEBM —H (%
LERBLGIA - RRRERE), BEK L FREs), EETHE 2h.

(6) BBRRF: |34, FH TBSTHMEK 3 K, BEEMABRGTFNEER, R
BAGHHEMEE, HEFA image ) RG-S RAFAREEMR.

FEEREW: BN RERKE AREMER, NRERERRTEA—HE
BRE, EEREEE T HISBHEBE &G EE. HHMHARERN 5% EY)
¥, (HEEEZNNRENAUAPERRBEN AR ZENEBQE I5KD
PARET, £/ 300 mA A 45 min BI7], 4 BIE B KT 110KD B, f#H 300

mA H$k 150 min PA_E,200 KD LA EE BT EH 7%0 5 5 B 3.5%KRER -
3.2.12 MLl B AR E A LC3B HXRIA

¥ 143b F T RAMBRE, | KEBESHAREZRAETRENARED
LC3B fR1%, BEASRUT: 1. WFEEFE, MAPBSEHR 28, N 4%
ZRFEEE 1h; 2. A PBSEE 288, M 0.5% Triton-100 {40 f R TH
BELRILE: 3. MALEmFESFE 30min; 4. FHELRTMmME, WA LC3
—Pi, EACEHGTERELR: 5. EW—$Hi, IMAPBSEH 2E, BEEIINIASR
RREAZY, BEEEEXMFTHE 2h; 6. RF I, A DAPI - E LA
ft% Smin; 7. fEF PBS H¥t 218, MALRAERREMSEIHR, RIEE
fEF image J 84347 47, B J5 A Graphpad fEE.
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$=% ENEaE A8 LDH & 242 R ARSI AP B L%

3.3 ittt

KENLWEBBIE R SPSS 190 it RGBT 42494, #H
Graphpad {EE, ${EHHABEFEERR, TERE S AR LB R Z454
¥, {8FH LSD i THNPEH L. P<0.05 RAEREELITEE .

3.4 ScudLER

3.4.1 HREBEAMWLE LDH M M MEB RN R

LDH ME B FRHKNEREN, BB FRRATERRABRAETFAY,
HLE s A BT AN E. A 3.6.1 fioR, BE% LDH MR
WEABRLRKRESR, HEBRNAYNELEZ EA. BSHAMBEERHE
AR, BRI EREZIE M, 7 30n-120h BRI 24X R,
AR EABL R LDH M EEEE RERLEY. LDH F ERBAWARMER, —
MABRTHAE TS LDH BENBEABRLRAGYMRER S, ZBBRHLEY,
B—FONEREMIAES, ERMN LDH SEBEFRETH, SBUSEZHH
fEHTRBUE AHEY . ERTRPBEEHRA PBS, B, HEHERNHR
MY E BB B P RNBAT, TR P I8 R R T SR B8 R LB B R ]

EL IR

3.4.2 PHBEN R0 R B 78 R T B A R A AR W

mE 3.6.2 iR, ANEREARE 143b f HOS MBI REERE RN &
WEGEHABTHEES, NE=RFFH7HENEIBEE RRGWIKE Y
hn, b An RIS AR 1 I S AR, B 100 uM F1 150 uM A4 JL I FEIEE .
TAESR S 3 7 RIEEFTR 50 uM AR REMMIETHEE H B EREMK, ™20 M A
REEERM, WNRAMBMEE AR, XHHEAREAELER LDH R 6
EEMF MEARNEEEE. FBNE, SARARTAREAREARLER
LDH MHREMES, ATRES—REAMMMEFEEMAL, R\FTHARE
THEZEA, MEE 3 RKIFEHE, B 100 uM F 150 pM 28 40 fa 3 58 75 14 B B PR 4F,
HEAZRAMRHEBEERLSA T FESR, RYLE 20 uM B 50 pM TEE K, MRS
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W FE L

FFERTABEL AR FE. MERANLE N RARETRUEAR, BHRUT
FFE R TAMNRMLER, EMEERN 337X, 7 20 M 3| 50 pM JaE A1
$I%F HUVECs #38BELH B, KT 50 pM Ya B < B 30 P 52 40 1y 38
FEVE ST o
3.4.3 B PR 40 P R0 ) 78 R -4 O FE A2 He) 35 T 1049 384 0 R 40 RS B 45

& 3.6.3 R~ T & PO 40 M A [|) 75 1 T 40 U ZE AP R R T A SEVE Rt i, T
NAEREF 2 KE, BRBEMAMEA 143b 7£ 20 pM HIET-AMRHEAE 2 TR A,
50 uM 2H R IRER B D BOFEE R 4, O AE 100 pM R 150 pM 28 1 58 4= Y
MABEERM, RAMEAREAIILT . T HOS M REEHENRIETT
143b, {HA[FEFIZE 20 pM AFFHMEILET, 10 50-150 pM HIET-ZHEEEH B
N, RPARELABLER LDH RN HBA —ERGHR. 5 CCK-8 4R A
KL, RATEMBMRAMERRRTHARE, NEITHREMRRELHE
FETS, {HEZFE 100 pM F1 150 pM 240 g ) 25 B % FR 4L 20-50 pM A FE D>, R
AR TTREME B — e B EMS . d—PEdPMaEMEEKI, 143b AME
SBAKMEE, MEAREABRLRAMKNLTFEHAT, XFETAH5H
ML B g8 B AR R . (BRI R T RNAR, SEWEAEG MM
FEBY, 20 F0 50 pM B S XTIRA KB EEGL, T 100 F1 150 uM 20 40 g B 2
Wb, HEATE 20 A1 SO pMRET, MBI IERARMBPLABESE=4H. #—
BB E R AR, 20 M AR 143b AN 2HRNT, HETHEX
. T 50-150 pM AM RN E, TTHARTLLAR by 2 10 R i E FEM RL R TH »
RAMERE MBS SR RAR XM, MERRFARNESH
MELRESREM R, B 150 pM AW S HMRBEmA. B 3.6.5 ARAHM
BHR AR R4 A ) FE R T M T R . SRV TY AR S %6 1 A By
0 i 51T 40 B 3 5 A 40 P B R 386 5 43 B A 4 L SR T 114 R SIS 0 44 P 3 B K
Fo. SGRERFMANBRRBRIET 10 K5, MBI 143b F1 HOS R IEEEE
HEAMBRR IR P E AL RIRE NN HZEK, 143b AR REEFRHY
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B=% FNEEE A LDH 89 & R IKS I B IS

£, FTILEE 100 pM F1 150 pM AJLFEEETERK, T 50 M A RHIEEHE
HRED, WA EMNMBRED, RIAHES 540 AT A EMH
MR, FEULEREXH, AREAWAE LDH FB A LLA A5 & AE
MMEF RS HAT, MHMEARELREMMEK, A 20 pM 1 50 pM
N IEFE AR MBI E R TARNLEARARETHRSEE, KREE S0 M
PLER &3 IEEHRMpr= B ER .. B4 £ R A 20 pM 4451 50 pM
HBRATH .
3.4.4 [REABLE LDH #RREHPHI BB 41 HU3E B K7

RIFRSLIE I Transwell LR REMAMIT R KPR AR AWEHERHTE. 0E
3.6.6 R, STRERAERR/G 8h B RHBAMNTIBER, HURE/LTEE, W
BEEMARRATEABRLRIRENM, THIEEHEMEMK. Traswell EBL
RERRL, FEEHYIRESEM, ABEH—UEBES—NKAREYEERD,
20 uM A ¥H D BAKER, T 50-150 uM AL P MBS IEB MM, KRG
RRARRE T BEMHI FEARKTIBES.
3.4.4 AREABLE LDH M H % MR AR T AFEEAN=E

& 100 uM 1 150 M AXT EEHRHMMEE —EFE, BHEEFAIERA
20 uM F1 50 uM BT . B 3.6.7 BR T ARESHAMEREEFERES
M= AEKTE, GEERERREEETENE. WEFTR, 20 M A 50 pM A
44 2R THD ) e 88 40 B P VE M U T X R A B 380, T — P @ H XM
REERNRIEHE F D HE THE, 143b 4RRTE 20 pM 4HF0 50 pM A5 71
B K 13.4%F0 32.1%48 RE v& PEE A W PA %, T HOS 40 R 7E 20 uM 4 50 pM
053 7 R 10.1%F0 21.9%40 i 1 S 8 BE 1% o 85 0t =40 B S0k 00 ek 28 40
fE 143b FTKE, ERINE 3.6.8 g, MRANEYL 6.41%K4 K LR TR
36, HEEEMEITFRAKE, 20 uM F 50 pM A HH 17.02%F 20.93%H
MR AR TIRIE, ZHE LT FE L. DPAI fasE R mE 3.6.9 fin, LA
SRR AEZARCRMBEL, & 50 M HAHETHERA TR
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W FER

ERAEERER. HlSEEL RUMGRAERAT, H 50 uM HFAET-HE
EEETT 20 M A. A#H—PURMEA T KEAEHE, KFWorEL WB L
BRNMABEAT IREFXEEANRKEKT. WE 3.6.10 o, BEEFTINZY
WERIEIN, FRETEA Bel-2 WREPEEK, T{RATEBSW Bax. PARP.
caspase 3 [{RIE B3 S 38 0, BE4 40 e FA HAREL I B B PS3 MRE B & B 7+, H NF-kb
FoBEETRHMEED Kb RIEWE TR s, BEEZYIER R E R ZEEE
i, XEERNREEENMFES, XRAR TIRERPS, FEE/ERH B
RN, ME AR NE K EA . L EERREARTEABRI RN LDH
MENRRE T EEHESFEWEARRAERTINE, HAl$5S P53 MRERHTIE
AN HiH G e sgsE, BAEMGT RS, NF-kb E S EREE, s ER/T
HIRET. AT EARBRABATENNGFETARELABLARMKRE, FEILAHA
HEERMRBRAEZRABTABRAENEN. RATEB Bax —RFET MR
H, BEWBFETE S, Bax EFEM TERAMAERE, ELNMARIEIELE
FAERM L, SBURBRAREK, REEEEM, ATERBAETEF. 8T WB
ZRE/R Bax FRTHXEAREEM, B3I — A 8 ok 74 i e84z LA
BIERTHATEANBESBENAERA TREHNSBARAT. KRS
RE 3.6.11 fion, ZHERRIERE A PRACET, ZRkifhEeR N R eHEr JIC1 B
EMIRREE, BRRERHNAEALECETARE. MEAREARKRESTL
FE4TE LDH MR REIEFR, 7] 20 pM 451 50 pM AR K S B BB IN, 17
EMXN RIS, LHEHU S0 uM HAFEAHE, XRAMELYIREGN, a4
BAETKFHEAR. 445 WBER, RrEMBEARRKERATHERES, £
£ & Bcl-2/Bax/Caspase 3 25L& AN SR AEER T ER RIEER. o,
NF-kb X—REFMATMRMGESEBR LTS S MBEMREE T RS E
.
3.4.5 PHELX B 4HH B oK F

A EEARE R, RARSARAZRABZHRNEORAMBFEH,
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B=F TNk 7 H LDH 69 & 42 BRI AP 8 L)

FAMBRAEAETF FE. BRAATHEMRENERBIETRREEZE(EA,
ERENRRENRMBERAAF. BREAARITIS], BEA 7T RE(2 i
A KB AR RERBMEARATHNER. RN EAZFRAIIS—DNE
AR T P4 8 4 YL 5 L 5 WK P 9 AR 1 AR B B MR BR A R 40 K LDH #4kL
BEERNEARATTETRENAL. BABIMBREMERTMIESE A
A R MM E A RE G 1 853 (LC3) MREHEMR, W 3.6.12 Fiw,
MENAREREE, BERRAMZMEENLC MEERLRE, SRE
7~ 20 pM AN 50 pM 4B LC3 BRIFAEN T RAEE T, JLHU souM d%
K. FEWRANRZERETR, FE ATG6 BRI A Beclin-1 1125
5452 BWEAEAT B, Fik Beclin-1 fRA SN H S BIEN
—FhiEAs. T P62 EREBWAIRY, £ B WA TTE F E B FE B kg e A
SERLS. CTHRRABEM LB BERT, BAEENSANERDR
PI3K-AKT-mTOR {5 S i@, T mTOR X HME REMGIIMER, EHHH
PI3K-AKT-mTOR {5 5@ BEuER, M SRR, RSP IAS—F
%f PI3K-AKT-mTOR 15 5@ & F KX 5 F p-AKT RRZFITHRN, KIAE
AKT RETLTHETHMNER T, p-AKT MRIAFEEE AT R AR E KM
MK, VHIZEESEML TIFRE, Fik mTOR Xt B KGR, B
i BREE R & . AT DL L4 R BB B R TE RS tR FI AR S5 I B 4 T 38
ERE, BTN ERABUE, FNEMK K BWKFE KLY
&GP B IE], EREMSAZENERAEERNEANTRREEZ. J%
(CQ) FLEMLHIRABS ARG QR rIEH, SEAERERER
£, AJLAME HEMXE A LC3B 11 5 p62 ZHiEfim/D, MRS RE. A
CQ RAT A B MR AnM f5, % e 40 M J Sc ity B WROK = 78 B W & fa B B R
T, AINA CQ 4 jE BN B WA X E B T Beclin-1 1 P62, LC3 Ffatr A
SHRETL, RZ, MEMA CQ LR fEH B WA E O IREH Z18hn,
) 15 B e 8 4 L ) LS5 B MROKCSE R FE B S B BRARBEL A, R BRI n, BD
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Wit

SR MU B R SK P M. I 3.6.12 FToR, BIA CQ LB EHIE A
LR ILDHAE SME ABLE LDHALCI FKEHAER N, RHEABIE LDH
HWEARMEL WK PHREZEMY. (L, TRERRACELABLER
LDH #4448 i 8 40 A £ B W 7K S B3R
3.4.6 ME4MM 58 5 HE TR AALEANLR

MEATFERORABAESR, BENERERTHEARAES SR
WERYRIGEE, ERZTEIR. MBK4THEF THRMMRNFRE, MK
PUAT. T B B R X & S B0 BT FE S0 M PY ) B R 40 28 7 5 40 e vk
G, XNMEREEIRTEFIFME R, FHRREREFHEILT.
I BAw A REA T I ETRERBRN TE R A EREABLE LDH MHEHES M
REAMEA T W EANS] . E 3.6.13 B, A G0 M AR U 8- 48 e 4
TR, o] RAEMNBRMEIF 3-MA 5, FAB4E LDH #Hk 3t ifE 4
FRT-ERAB SN, AIAARETERRE 20.74% 73 27.4%, BERF LG
ZEMIMAN BEBEFIENE R RAPA 5, B T-%R H 26.09% F F4ZE 11.93%.
PAb &5 R UL AR B0 B R, MR MA TR R, MR vEIgm, WAE
B, MEARaRmTRAR, MARFETIEE, HALEEARIER LDH M
BN HEARET IR, AR SRR SR T A
3.5 iHig

EE_ERRIEATHEESELRE Mg-AlLDH R EREZEAEESSE
AZ31 PR MAR, #TRFALEVABTEIR# KR T R E SR . LDH iR
EXxGREREW, WMABEEF—ERKE, TEdBFIRhaBBETFEY.
EAZFRNELFA LDH REX—RHHER, SERIANBEAYELABRLE,
HTEABRLEREBET K, FHUMEALKZERE, HEMRBRTAERKRES
ABUFBRFUBHABAARESTABRLEVEN. BELEIBRRER
TIRRABZYEH LDH MBI AR ERELABLER, BMEABAWIREN
BMARBAMHEREZ EA, RBAYRIIE AR L. ZEIEL
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FE=F FAKE §H LDH 49 & IE R ARSI 7 AL H]
B TFEMPAERE, RAMENEEARNERERAE FZBRIEAE#RST
LDH /2% . maipd, EARAEOREDFAER, BEIEFRE—CH
BIEAT, BB A2 5 R R m E A B W A R, ALK+ LDH
MESBEABRIL R ERERBEARARRLY), BREMBTES, IR
EHAEYFARE. ERINAREARLERE, IR —RIIERIIEHE
REBHIRIEMEA R, SFREREMBRERFTTRBARE, @ARET
BB BIGTE/KTRBE T, MEBEEARGYKEREINEFFEZRE
INEAE, REAMBEHAMITEEM LR IS IGTE. BRox e 40 Mo ) 35 58 1F F 4t
Hicn s MoRAmaTBee /s, RYRFMGIEFARBARERNEN. TR
BEEME, EMRIRE IR IR0 40 K A0 A R 48 i 0 R 3R vk S
20-50 pM I X IEEHLMPI Y B EFRIIEM, TH M Py 52 48 M 15 7] 1E # 18 7H
FEFT, XBATHMEENARI R EHE. FIAKRA, EARLRE RO
sz, BN E R AR AEEESHREARAE T, BURERR. R
LEMEEM. HUAEE - SHE A HEMR A EEEMEFARITEERNR
R T EARS EEARAREER A RIS, MR E L ERRAEES
SEEWZEHARAN. FUETSHFARNEAR, REEXBEFRHERMNESR
WEBEMR R AT EEREME, R4 warburg UM . FHG, AVENE AL R LDH
PR AT geE I I e S R A A R R VIR R R AR IEEH.
A R#E—LPRR T HRBARAIZET IS, ATERREABRLETLUISSHE
ML, FEATREERQN T HEaReRETKE. ARATEEFE
FETH—H, RIBELAEISUFERMT, N4EFESARRNESRT FEZEH
THEFEMR~E T FRFMEL. ERTHEFARS RE —ERRIAES
MEAFTEHERMN, FTERINAZEYE. DNA BR., MRS LridiEai
THEE. XIRERER, EMBEREMBEFAMBARPEESL /], DAPILE
RIZAB REG O MT R FEA, T2 H 4 5 s AL 4yt i 1E B pEsE 1
BERE RGN, RAE A BRK, #—F8d AV/PI & RIEEM
MAMARAEES, XEHEMARATHRERI. MNREATHESERTE
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BRI R3 K, SRIREHRIEER. FETZAEE RN FEMER. Rk
PRI MZEATRIBUS, FIEMRE AN K Bax/Bak FE K RME &4, HBA
FIERRAASMEFLRR, FBRNEBEENR, BEBAMER, BF Cyt C NEFL
EREREIMRE, FS5ETEIERT 1 (Apaf-1) &4 HRATE A&, W&
¥, Caspase-9 A, HETi¥#IE Caspase-3 fil Caspase-7, 5lK Caspase Z&EL M,
MTTFE R MM T FEATE AT BAT R BAE R A 3R TH 55 7 14 Fi 988 40 Ffo 28 R A4 AR
AR T, MH WBE&RERENEERFPH{EMAT-EA Bax. caspase 3
HIRIE BB YR R AL A BRI T B & B, MfERETHES
Bel-2 FIRIE T, XUERRUAHARATIERE Y, KAFETEREERE
ER . WETETA, MR ELETHEPRKEEEEM, BHERETHT
BE R, BRE BV R T I 40 A A X B T B SR .
T PSR o R A T o AT, RATHE— Xt AT AT
BHATRI . ERERRALETE ABAER LDHMEHE 5B R4 yE T3/ +,
B W2 A T RER .

53



F=% FAMLE K LDH ¢ & 48 R4S SUAP B L)
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Figure 3.6.1 Sustained release effect of LDH loaded with celastrol
H: ClRBABLE, MEMHAZNELIBRLRKRERAS, HERNAYNE
WMz EF. BESAMBEEREMREREZK, BRHMAYEREZ M, HHARE

ARRYLEK LDH #T R BER AERAY

Note : Cel stands for celastrol, resuLts indicating that LDH loaded with celastrol can

effectively sustained-release drugs.
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Figure 3.6.2: The result of cell proliferation and adhesion
H: Ea AHRERAM B REIEE CCK-8 4R, Hd () AERBEAMKER 143b HI8E
R, B (b)) ARZRATARKEESER, B (o) AANLEHNEME HUVECs FI8ES
£, 'H (D) NEREARER HOS MIEEEE R, o ILLE 20 uM-50 uM JEFE N MSC 1
HUVECs HI¥85EK-F EXBATHEZER, T 20 pM-150 uM 78 [H B3 1051 PO 41 i R 3
FEiENE. B b ABRAMKRIMAMIETFERELER, o MSC AE 100-150 pM 75 B4 E
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AR E AT BICMBH I, A AEERARMN 20 uM AFF RS ARMBE HZ
WL, REMEBHEARARGEREE. B ASAMMRE R RER MR
R, WRE 0 puM A& ABAMKIHEL, TE 20-150 uM HAAKKEH A B> B miags
NEEE, RERIT B AREMAA R GRR, TR T MRS R R E R B, E
100-150 pM ZH WRZ2 240 fE % B ko> B 44890 2, REITE 100-150 uM FEFE XS B 78 5% T ME

—EE M.

Note: Figure a shows the results of cell proliferation results after culturing on the surface of
materials, in which (a) is the proliferation result of osteosarcoma cell line 143b, figure (b) is the
proliferation result of mesenchymal stem cells, and figure (c) is the proliferation results of
HUVEC:s. Figure (d) shows the proliferation results of the osteosarcoma cell line HOS. It can be
seen that the proliferation level of MSC and HUVECs in the range of 20 uM-50 uM is not
significantly different from that of the control group, while the range of 20uM-150uM
significantly inhibits the proliferation activity of osteosarcoma cell lines.” Figure b shows the
results of live/dead staining of cells on the materials surface. It can be seen that in the MSC group,
only the number of cells decreased in the range of 100-150 puM, but no obvious dead cells
appeared in each group, while the number of dead osteosarcoma cells gradually increased from
the 20 uM group , Indicating that the material has obvious toxic effect on osteosarcoma cell lines.
Figure ¢ shows the electron microscope results of the adhesion of cells in each group on the

surface of the material.
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‘ Figure 3.6.3: The result of Transwell assay
B () ARAMBAEETLRERGR, WS RREME 143b 1 HOS HERI2H
FEABRLRRENEMFTERNEESEHERD, MEARTARELIFFEE: B
(b) AEARBHAIE 1430 MERFLYRERLER, B (e) J9143b AR Transwell
TRGER, B (D E (o) AHEEMEEMER, BrREERREPAYIREREMN,
BB TR BETREK, B (o) 9 143b AM REM BRI MM T3 gl
TS e AR A, BEERAGIRENI, MBS HETR: B (D) NRFERTHRE
MRIREPEREAEN, 7T RE 0-50 TIEN MMM RE REF, 7E 100 pM 4 A /> 240 f 7
BREZWN, 150 pM A RAMETESELEHE, KH 100-150 wM 7 B8] 78 5 T 4042
H—EE.
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Note: Figure (a) shows the results of the colony formation experiment of each group of cells. It
can be seen that the number of colonies formed by the osteosarcoma cell line 143b and HOS was
significantly reduced with the increased loading concentration of celastrol in the extract, while
have little influence on MSC; Figure (b) is the result of the wound healing test ;Figure (¢) is the
result of Transwell; Figure (f) and Figure (g) are the corresponding quantitative analysis results ,
Which shows that with the increase of the drug concentration in the extract, the migration ability
of osteosarcoma cells gradually decreases; Figure (c) shows the cytoskeleton staining of the 143b
cell line on the surface of the material, which is similar to the results of electron microscope
observation. As the cells increase, the cells gradually became shrink and round; Figure (d) shows
the cellular skeletal staining of MSC on the surface of the material. It can be scen that the cells
stretch well in the range of 0-50 uM groups, while the cell morphology shrinks significantly in the
100-150 uM group, indicating that the range of 100-150 pM is toxic to mesenchymal stem cells.
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Figure 3.6.4: Detection of ROS expression of each group
E: B (a) ARAMMEMEIRIBEREHN ROS KR AR, W ILMEE RN,
ZAMPA ROS A BEH LT B (b) BEARBRARNGERAMRARE, TR
5 ouM AL, BEERAWRERT, RAETEREBHLHE, HAKOIOUREZRHET,
KUY ROS IS EZH LT, B (c) FE (d) 4779 143b M HOS WEBAHER, 5
BHRABEERITFER.
Note: Figure (a) shows the ROS fluorescence coloring results of cells in each group after cultured
on the surface of the material. It can be seen that with the increase of drug loading concentration,
the content of ROS in each group gradually increases; Figure (b) Green fluorescence detected by

flow cytometry It can be seen that compared with the OuM group, as the drug loading
concentration increases, the fluorescence signal peak gradually shifts to the right, indicating that
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the green fluorescence intensity gradually increases, indicating that the content of ROS is
gradually increasing. Figures (¢) and (d) are respectively quantitative analysis results of 143b and
HOS, which showed that the fluorescence intensity of each group was statistically different.
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_Figure 3.6.5: Detection of cell apoptosis level of each group
& B (a) AREAMERAMESREEAEECREERE, TAMEEAKRESEMN, &
HARRE RALEH BRI, BN IC-1 REVMZEH 2B NEE. B (b) ARHEMBEMRERE
¥EFRJE I DAPL e 45 R, BT LYE 20 uM F0 50 pM AMMBAE S HERER. BRAHR
B R, RPMBATKFREM: B () ME (o) AAMRAET RE/FHRAMKR
G R, SoRMEERSRENEN, MRATKFARE: B (D) AWBER, TR
RaE AR B2 4E et (I B9 3g n, JAT-ASRE B BAX. PARP Ml Caspase-3 HIRIEBE
E7t, MATHEREAR B2 WREZHER, BARANERERXED P53 RIELAT
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W
NF-KB 55 @B XR AR ER IKB-a I RARK, RrMBRATKE LA, BN
WRERAEMA, NF-KB ESERNEBRETRSSEEX—#E. B (D NE (g) IWB
RN RIS R
Note: Figure (a) is the mitochondrial membrane potential of tumor cell after cultured on the

surface of materials. It can be seen that as the concentration increases, the mitochondrial
membrane potential gradually decreases, which is reflected in the gradual decomposition of JC-1
polymer into monomers. Figure (b) shows the DAPI staining results of each group of cells after
cultured on the surface of the material. It can be seen that most of the cellular nuclei in the 20uM
and 50pM groups are deformed and highlighted, and there are broken or distorted chromatin in
the nucleus, indicating an increase in the level of apoptosis; Figure (c) and Figure () are the
statistical results of flow cytometry after cell apoptosis staining, showing that with the increase of
drug loading concentration, the level of cell apoptosis rises; Figure (d) is the result of WB, which
shows that with the increase of drug concentration and drug action time, the expression of
apoptosis-related proteins BAX, PARP and Caspase-3 increased significantly, while the
expression of apoptosis antagonist protein Bcl-2 gradually decreased, and the expression of cell
cycle arrest related protein P53 increased while NF-KB signaling pathway was activated. The
activation of the NF-KB signaling pathway may be involved in regulating this process. Figures (f)
and (g) are the quantitative analysis results corresponding to the WB results.
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Figure 3.6.6: Detection of cell autophage level of each group

HE: B (a) AWBER, WRMERAGRENERNEIRKEM, PIBK-AKT £ 58HRE
EWIER, VY P62 WMFEMIN, T0EMEAR B4 LC3B Al Beclin-1 MIFRIAEH 7,
MM A REE, HARERENN RN, B (b) AmMABRIHFEEE, THE
WeAR &4 LC3B R I 5 WK P62 Byt — bR, RIGMEMAIEM, #—HFiKAE
MEBI LS TR B FH., B (o) 9 LO3B MM S L G, 7T ILMEH RIS AE ET
BMtREEE LC3B KIFREF &, UK E WA FRA.

Note: Figure (a) shows the result of WB. It can be seen that with the increase of drug loading

62



HEFER L

concentration and react time, the activation of PI3K-AKT signaling pathway gradually decreases,
the consumption of autophagy substrate P62 increases, and the expression of autophagy markers
LC3B and Beclin-1 gradually increase, indicating that autophagy is activated and having a
concentration and time effect. Figure (b) shows the increase of autophagy marker LC3B and the
further decrease P62 after the addition of autophagy inhibitor chloroquine, indicating an increase
in autophagy flux and further indicating that the true level of autophagy is rising. Figure (c) is the
cell immunofluorescence image of LC3B. It can be seen that with the increase of drug loading
concentration, the expression of autophagy marker protein LC3B increases, indicating that the
level of cell autophagy increases.
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Figure 3.6.7: The cross talk between autophage and apoptosis detected by flow cytometry
i B () SIAEWEGENEREETLEE, SAMBOAT I, i souM %
PNREAMAELDHA, WA SouM ABZEFSMMAT, RMEBEEWS, ARET
IKFREG, HApP*ERS control M1 RAPA HES ¥ ER, &MRKS 50uM HHEH ST
Z57: B (b) NIMABWMHFIKEREEE, SHMMMAEATERL, FTREMAEES
MPEHRE TR H— BRI, ROWMH ERAE TN, B () HNiABWRHHIFH 3-MA
W JE B AMMBERE A, TILIA 3-MA EEHEMABAEAT B2E L7, FRERBENGE
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BRI, L ESRRAGRANREAMLE LDH MAESMEARA IR E
EEEUR(EE
Note: Figure (a) shows the apoptosis of cells in each group after pretreatment with the autophagy

activator rapamycin. It can be seen that the 50uM group significantly induced apoptosis of
osteosarcoma cells, but the apoptosis rate significantly decreased when the autophagy was active,
where * represents a statistical difference with the control and RAPA groups, & represents a
statistical difference with the 50uM group; Figure (b) shows the results of apoptosis rate after
pretreatment with the autophagy inhibitor chloroquine, it can be seen that the apoptosis rate of
cells is further increased after adding chloroquine; Figure (c) shows the apoptosis of cells in each
group after pretreatment with the autophagy inhibitor 3-MA. It can be seen that cell apoptosis in
each group increased significantly after adding 3-MA. The above results indicate that autophagy
plays an antagonistic role in the process of tumor cell apoptosis induced by LDH loaded with

celastrol.
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HEFERL
ENE FARMAER LDH KAN IR SR R RE A
T

EABLERAE BE QMRS SHH R H BRI
ERBL. SPEIBEE MBI ROE R, BB TR R, RIS A5
FETRIT . R R RRIRASRE A RN LDH A% 8 SR TEH
PO, EL7E 20-50pM VKB T ERMIEH B, ARIKFANESH
BANR AT A, ARSI AT MR, ERERE, TR
W, ATASER IS RDTEN TR %R, BRAFRELIEN
BEAPERMIR RSN, RIS PRIV SR N KR KT
PR RR, FHEIE P SR B RHT R B P A A S RO

4.1 schapbel

4.1.1 EERFIANE

AR I 2K BRIR

RICBMEE Olympus A7}, H#&
Tunel F {7 & EnRRA, $H
microCT LCT-200; HITACHI, H#
M-CSF 315-02, peprotech, =[H
Rankl 315-11, peprotech, EH
PCR 5% ETEPRERRAF, LiE
REANES HESA, F

PURICE K E il EZRAR, BHE

4.1.2 SEZRFTHRERE:
(1) 20uM X 50uM E AL EER
HU13.5 mg EABLEMA 50 mL /K ZEEH, BT SERERIA 600 uM
BYR, HX4.1mL S0 50 mL /K Z B EI3RE 50 pM B AL RER. B
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1.67 mL BRI 50 mL Jo/K ZEEFEIIRE 20uM B AL RB R

(2) 3% E L ZAER

TR LHRE 3h RELLZ8 57, £2H L2 100mL 0.9%4F &K,

¥ 3g RELZAMFIIMA 100mL KBS, EIIRE 3%LE L ZER.
4.2 SEWITEE
4.2.1 HEEE

BRETHRAUFTAEM AZ31 MEZEHM)IEXERMEERAR, HUIE
BE 1R 2mm, K& Smm R AR, KRB EABELETHEM AZ31 Hf2 2mm,
K lem. ERALKZERAFEREFER=E, 8K Smin, FRTHREE
T 37CHEBARTEMA. WHHERRET 20uM 1 50uM WEABLTERT 1
R, BUHBRTIRAE 37CHEFBHHRTEA.
4.2.2 RERETHRERTME

KRR A 4 AN BALB/c BB (MEBTERNKELRIIYH L, 1F
FTEERET KZREREHIVIRF ONEREREERE) #HTHRE, ¥
NERBEAM HOS M 75 cd? B FE TP HAL TR, EAXMERFEESF AR
HMIREA 1x107/mL, | EP B & . AEBIEKRE AR EHERENE
M, BAVEMEEEARBBET Ss, iEFHAMBREHIEHRFEOR. HER
BEWLA A3 H, —HRNIBA, —HRN20uM SAMMRIE, —AHR0pM F
ABEMEA. BEHRERERES 3% RE L PR, FMRBESERE EEER
#Eed, ERREFEY—/POFEHRENZR, BEERES 100 pL S
BREMERAE, S8R BLAMAMSEHF L. WEEHENERRE THERD,
SHNEMEGEHRNRREE, HUERREERERTEERREREM, &
RIETERES, MEEREBK-E 22 WrEitE. ER-ERIUEME, RES
B2 T 4%E RPBHHTEEV A #E.

423 ARV FH& K HE 36
2 RPEEE EERIMEAR R EERRAK, REKKA 30%. 50%- 70%.
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80%. 90%. 95%F1 100%%FIK 30min, FRHARRMNTKLEEFEH, FBRAZ
RRMILKCESERESWERT 1K, REBRAZFES 20min FHEH
. BEEMARMAAE, BARARRTOMALNAGE Y, FARESEBANAR
BT EE. BAAE, BCRERENARRBANKRAIEE R,
HEWAE AN EHATRE A 4=, BEH B RAASREREE
FUANLE, REVAFSEA Smm B, REEUFESKFET, FEEIMSER
b, 8 ERUB LEEROEW, FRANEHEA, £ 38 CRMAFH”T,
RIGAT AT . HE R B0R. HABITHRELNE, WMHASERE—H
FKHPZH 30 min, PEEBRANZFENTLKZESEREENF 30 mn, FEES
BT EKZEE. T0%ZEE. 50%ZEEF 20 min, BEEFE BXKFEE 10s, Bf
FTRATFARRE G 30 min, 7E B RAKHEYE 15 min FY)BERE. U
BN 1% Z B PR A 10s, AT RPN BERL, BJE BRKESRMSEHKE
B, BB 50%ZEE, 70%ZBEM 80%ZEL%& 3 min, FJ 0.5%F4 2829
Xf EEZe 2 1-3 min, BPIRTIAN 95% LR E L RA A, BT LK ZEEH 3 min,
RIEPKERT 28, KU BAZRZES 3 min, BEAFERKE R, BIA]
EEMR THEHR.
4.2.4 Tunel 35 & S 4 4k Gufhs

Tunel Y58 HKAWYI AL FRPRBES 5-10 min, BAFENH
R R BLdE 5-10 min, B R IEABREEERE kAL, KKK Z.EE 5 min,
90%Z.B% 2min, 70%Z.B% 2 min, ZZ{H7K 2 min, BE/SI0 20ug/mL -4 DNA B
MEEE K, & 37C&M4 T/EMH 20 min, A PBS $i%k 3 K, HEAOBBLRTE.
53 73% Tunel B EXFIE W AP RGN TAT B ZIEHFCHA Tunel Fefath
MR A S B H R Tunel MWK, WA, EV1RFEMS BN 50 pLTunel
BRI, 37°C@HEE 60 min, A PBSEXE 3K, FIMT LB KE HlE H
JEE AR BB 515om MR . RBEANLEELSE. G A BigK
L[] Tunel e P08, ARG EZRE/K T ESIHA PBS &9 5Smin, B 3% R

67
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WEE Y AbFE 10min B IR EES, BAREKERR 2K, BEEMA
PLUR S E I ERB AR Smin BHTHEE R . BAEH PBS Lk 238, &
5=-H5iREMSIMNERTEA. HAERERAEBARELE, FrREERMN
—FEACEKSETEE LK. BAPBSE¥ 2K, WNEMERCH_H, &
ZETIWE 2h, PBSEB 2K, WNSABEAY, EETHEE th, A PBS
B 2R, BME/EF DAB B, HRAARMBKELLRMN, MAHFEEFHERM
HTIWERHE.
425 BEAZR

BFRENER R AN 4 AR SD KRMWX B/ ERKFELRPF L,
FAFETHEEETREHYLE S L. 16 R SD KREENS ABA, —4N LDH
H, B—HRAABEARLELDH A (50 pM). FRETABMEEANMEIHR
MERAREAZERE. ERITEIVMERE, EHFRESIYITEEN 3% RELL
ZHRAER, $ZH 0.1mL/100g B HLBIR R L ZAAES N SD KRR, FrAkiE
&, ERAMNENEFARBNREABREE. FARBEKSERABRRHEE
P, SMERRE, WREBFEVFRKEAETAR, RERERE, FAFH
BEARU 2mm ¥k, EREBEFETOLEABREKMY . BEERSEME
ENfEE, R SD KEFAMUBREEAMERAME . EAGZREL SR THARK
Bk, ER T0%ERERRKEHE B, HEVRES 4 ARMNEERTBG O
B, BESRKMAEBABRRE, EARE 4 AR 8 ABILE 4 RscidHM4 R
Xt BB A FEFH B RS, BT /E4E micro-CT HHMALRY A L EME B4
e
4.2.6 £ RT-PCR RS R E A MO R LDH #HRbx i B 4 iiE kW

1258 hu A5 E W EIC B SR CS7 MRBE4R (MEEHFERK
2RO, 4 BED), ERERARZN, FEARMNRKELERHSE
ERrE. Bt LEEEEKBEAL S0CEHFE 1h, ARELE A
GRS REEEYR, BRRRWERSERRERKL. SAFENIRBEREE
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B4R A (Bone Marrow Derived Macrophage, BMDM) B3040 %E C57 /NBR, I
BHERT 5% BT HE, REELHFMHTUIFEK MEREMRERA
BEUREEEL, FAAKNEAREMRERN, H 1 mL 405 sREms
PR fEl, WESHPERFLA, /5 nl EERREWEEHEA LSS
REBAMRA, IMALHAEEBEEEME 5 min, 1500 ¥ 5.0 10 min EBR ETE,
BRAXSEE#RERR, FoERFIA, 7£37C, 5% CO &M TR, 24h
JERE BRI E 12 FLEB SRR PR B MMIRE 1.6-2.0x 109mL, FFLIIA
2mL AHMS, BEEIMASEERIEEAF (macrophage colony-stimulating factor,
M-CSF, &R N 25 ng/mL ) FIE & 40 i 43 L -F RANKL (£ A 50 ng/mL),
ERNREHRIZFRERNZAMERIREHSRLEMAFRFARET. R RE
#RE RNA #4T RT-PCR B F A1 X5 EE K Trap, Ctr, Ctsk fl MMP-9 B3R
k5L . RT-PCR HBU 2.2.6.4 Fiik. S|YFFFII0E 4 FiR.
R 4 WEHEXERSIWF5

Tble 4 The primer sequence of osteoclast related gene

ZEEZWR L #F%I (Forward sequence) T FF5(Reverse sequence)

Trap GGAACTTCCCCAGCCCTTAC AGGTCTCGAGGCATTTTGGG
Ctr CTGGAGCCACAGCCTATCAG AGTTGGACCAGGTTCGGTTG
Ctsk GCCACGCTTCCTATCCGAAA CCTCCGGAGACAGAGCAAAG
MMP-9 CAGCCGACTTTTGTGGTCTT CGGCCGTAGAGACTGCTTC
GAPDH TGTCCGTCGTGGATCTGAC CCTGCTTCACCACCTTCTTG

4.2.7 YRR
EFENEREME, B3 KRIFEE O FE. MAE. BBRAE. B,
#1T HE Y] A MBRA AL AL

4.3 GNP
FKEM LR FIEHIE XA SPSS 190 Kit kA # TSR+ E40W, £H
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Graphpad 1E18, $UEHRBEATEERN, HTER B AR B NIRRT Z 2
¥, R LSD E#ITHAPRILE. P<0.05 RAEZEREFGITHFE X

4.4 SLHER

4.4.1 RRFABLE LDH BRI R B E T Ml X/ DRBREERE W
ERFSBATHBEERIGRA G H A BB RENEL, EMRRES
WIEABEENRRE T, HEMRE BN MR, ISR E AT
A AR, ERE 4.6.1 Fias, £ME 7 KRG, B X BAHME &
HMUPBBIBREABIRAELR, H20MABEKT S0 uM 4, TR
BTN, NE3RE, THYRBHRAMBEERTEMEESK, M
TREABLEGYARKIAAE, H 50 uM AREKEREH ST 20 uM
M, BMBEALARHEHTHRE, ZRETREIEEVERTARELARL
EHAE, B20 M ART S0 upM AH. L EERRAARE AL E LDH M
R it g EK, EAREVMERR. SHBRRNEEFTHEET,
HREEAMEST E A S THEEE. A SIEEHEEKMH R T LH
FHEFSOMBAT, RAT B H ST & 4 1k G 0 Tunel Jefa.
Caspase 3 RRANLERERY, MRELBRLRAMEEHERMNBATES, &
$ A 50 pM>20 uM>XTRRA, REAMAAWESFSMEALFET, M Ki67 &
A G R S AR R, (EAMBEA KRR, Ki67 8% RE T 4%
N, HEMEXREAREEENIHELF . SRERE RN BAMEARTRE
Ki67, HiEH AXTEA>20 uM H>50 uM A, KM LGP G b 40 1 F 18 TE S
FIH B B ANH] . Tunel Je & XA HRA B EZEAZ H B AR I FE B BN 3 AR 0K 3R
FRiEE, IEE KB TRERS MM LR HE DNA IR, TER T M
Jtifk DNA £ REWR, & E2HIROM™4 3°-0OH Kif, 7ML ZREZ
HERARESBIERT, BREAZEZERMICE. SELYE. Bt
AL BT A MR TR AT A WIARIE B DNA [ 33K, BT a4l & A mE T
. Tunel LR ER, 50 M AMEHANMAEARAES L T 20 M H

70



HWEFHEb

FixtERAH, BHA 50 pM>20 uM>XFRRA, FRFRANBEYE, MEHSAKTE
TOKFEHEEM, U ESERBUHATE ABRLEN LDH MR RF RIEFHIHUH
BERR
4.42 HREABIE LDH HHRl Ak Py RE A2 R M

RAVEENER 4 AR 8 A, @i microCT HIFEH LY F G- W £24E
HRBMR. SR0E 462 i, BEARBEANEM, 2ARETHFEFTEHER,
7E 4 ANBAEEABRLRAN BVIV(EBRRSBHESTHRA, £RF4I
HER, M8 ANKANLHAREZS, BMD & E£&8%5 BV/TV MFE, BR7E 4
FANAREABRIRANBT VERERS, RIARBEABRLRAESHESR
FITFHE %R
4.43 BB EFEABLE LDH MR FHXEERENER

P 4.6.3 a iR, FEXTRBAMN M AR ZSZEMREERE, EXH
NEFEAZE, BEARRELANZZEARBERL . ME 20 uM F 50 pM
HA REZHERHAMAMREREZZENE, HPEERNEREHMBEESHE
B HEARNEMEBERE (Trap), HLEAB K (cathepsin K), BRERZ
fk (Ctr) FE:R4&REOE MMP-9 284S iists, WE 4.6.3 Fims,
20 uM 2050 50 uM AR F AR AR EZEE Ctsk. Ctre MMP-9 F Trap FIRIEH
STERHEEEEMR, REARTEAELE LDH B IRBHE T BALEBE N
MBI EAREE, TETRSEBRNEABLRAX.
4.4.4 ABEABLE LDH MR LYyt

EEANEN 4 B8 A, SD KRMEEMBBFEULHITHLRY) WL
ik, WE 464 B8, A4 FARS A, HE LELRERHAKBAHIL.
FE. BR. WAEHARNTEHES S, HE. WKSSRIRMN, MES =
2L LDH M A 5 REB A HHN, EAEBAMES R A KRIITIET
RERERE, R RAARAGYEN KRREERER, £V EERIF.
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FEARZE P RAVED R A RS I A E A AR R L T 5 R R B
REARGEHEAEMBRENES, ZRERAREAHLE LDHMEATE
ZHMENE, B@d S AN EN Tunel &8 TR E S MEMARA
T, XEZREENSLRERHEF, HHAEABRALEE LDH A ETBBGRE
M RIEAEMEARKIEER. MEAARESRERERTARELABRLER
HAEFEFHRETHIR, BIENXSEABRLEXMNESHERNMEERRX.
H i — B BT RS Trap Je 50 RT-PCR SL RFR AT AR K LDH HH
BRANEEFAREEOER, EREFEMAMERERE, FIHROLE
ZRTHEBEHEEARA R R, BEHFEER cisk. Ctre MMP 1 Trap HRIE
BXBAHSER, AHEEBRNEARLRGAIHBEARELE. £k
b, AEEMAREEABRLENEEHRMMEER. EFERERIFEZR
BATELEABIERERTEREBEXRTRFHARER, B
HIB B AR R RN B VR RIEVER . ldris AL S RMEABA KA
AL P2 RANKL (9354 3 T #0 h B B F BAE AL 1™, Nanjundaiah SM %
IERA B AR R e N B, ZEREL A% RANKL/OPG HLE. &
P4 R F 0 MMP-9 SRECIREUS. BEAREREAREFTERIEFMX
5%, HEARRXETERAR, EFEATEETREER, THREFHK
FERMWBEERURFETEN. RELELARLEBRREMHBERAKRT
BEEE, BEAMNTHFEEEHNOSE, AMEETEEHE. AXRBF
—SEBME, RABRKE THEEFRRRIT AN RENEREL, KA
B REIN/NRIE T R R RS o] S 5 A B PO A KRR L
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Figure 4.6.1 The results of in vivo anti-tumor experiment

E: B (@) FREETHEEEERNEA 7 KRR RTEH S e fss
BT, TS RAERIEM, MWEERHES N B (b) J& A a4k
IR ARk B2k P, *K% 0 M 45 20 uM ST A ST ¥E R (P<0.05), &fFE opM A
5 50uM AX LA BEZER (P<0.05), AILME 3 K& 20 uM AF0 50 uM A1 il A5 8
BEARALS; B (o) ABFHBZNEARARAE, TAERNHASHRRAELEEE
5 B () AMEERBETEK7TRE, MWENHNKER, REIMERZENM .
R E BRI, SRENRER —H.

| Note: Figure (a) shows the general photos of the subcutaneous tumor model in nude mice 7

days after implantation and the photos of the harvested tumor and material. It can be seen that the
tumor volume decreased significantly with the increase of drug loading. Figure (b) is the graph of
tumor volume change over time at each time point. * represents a statistical difference between
the 0 pM group and the 20 uM group, and & represents a significant difference between the 0
uMgroup and the 50 pMgroup. It can be seen that tumor volume in the 20uM and 50uM groups
was significantly smaller than that in the control group from the 3rd day. Figure (¢) shows the
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body weight of nude mice in each group at each time point, indicating that there was no
significant difference in the body weight of nude mice in each group at each time point.Figure (d)
shows the weight of the tumor at the time of removal after 7 days of subcutaneous growth in nude
mice, showing a trend of gradual decrease in tumor weight with the increase of drug loading,

consistent with the general observation results.

Control 20uM 50uM

Tunel

Caspase 3

Ki67

E462 HAFSE
Figure 4.6.2 Tunel staning, immunohistochemical staining results of caspase3 and Ki67

H: M EZ TR 0MEALZY Fr Tunel 8., Caspase 3 SEHN K Ki67 FZANL
REHEHEMNEAERSTER. Tunel REPRERRFTHMR, T REE ABRADIRE
Hhn, AR BMEELSRET- MM IN; T caspase 3 M Ki67 RERHANLERE R, BHERSA
WEEIN, WTAREER A caspase 3 Fik LiH, MAMRMEREER Ki67 HFREHE TR

Note: The results of Tunel staining, Caspase 3 immunohistochemistry and Ki67
immunohistochemistry of tumor tissue sections and their corresponding quantitative analysis
results were shown from top to bottom. Green represents the apoptotic tumor cells in Tunel .
staining,indicating that the number of apoptotic cells in the surrounding tumor tissue of implanted
materials increased with the increased concentration of drug. The results of
immunohistochemistry of caspase 3 and Ki67 shown that with the incrgase of drug loading
concentration, the expression of apoptosis marker protein caspase 3 was up-regulated, while the

expression of cell proliferation marker protein Ki67 was significantly decreased.
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Figure 4.6.3 RT-PCR results of osteoclast related gene expression
E: B a ARHEMM Trap PR, B b AERREEN, K () AEAEZHME

BRGNS SOREME, MMP-O MEAER: B (b) A Trap MERKTF: B (©
2 CTR HIRIXTESL: B (d) 9 Cts KIRAENL . TTLBERGRERRS, BEARENE
RAEMRERWRIE BERK, RrtelBA B = Hsa M iE R .
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Note: Figure a is the results of Trap staining of osteoclast in each groups; Figure b is the

osteoclast-related gene expression level (a) represent the expression of MMP-9 of osteoclasts after
stimulation with extracts of each group;(b) represents the expression level of TRAP of each
group;(c) shows the expression level of CTR of each group;(d) shows the expression level of
Cts.It can be seen that with the increase of drug loading concentration, the expression of
osteoclast related genes and the number of formed osteoclast cell were significantly decreased,

suggesting that the material has a significant inhibitory effect on osteoclast activation.

(@) 4 weeks 8 weeks

LDH

Celastrol-LDH

(b)

* B LbH
B Celastrol-LDH

BMD (g/cc)

LDH

Celastrol-LDH

BV/TV(%)

B 464 FHAMBEAKRRBRE GEHRE R
Figure 4.6.4 The results of in vivo osteogenesis experiment
E: B @) AFAMEHEA KRB B EHEARY N HE 64 %; E (b) 3 microCT
HHRE=4E24R, HhRAABIrRARFERFELR, KEABAREH: B (c) £ microCT
EESMHAEEER, Eral RN A8E A B4R LDH MEBXT BA R FEHERTT,
RELERAG T ¥ER, MENANRATEELEN; B (D) BRANTERSEGHE
R, ErENFRNAREABRLR LDH #R4H BV/TV Bt RAREES, mE/\AK

76



428

T B EH.

Note: Figure (a) shows the HE staining results of hard tissue sections of the two groups after
implanted in femur. Figure (b) shows the results of 3D reconstruction after microCT scaning, in
which the yellow part represents the new bone tissue and the green part represents the implanted
materials.Figure (c) shows the results of bone mineral density analized through microCT, which
shows the BMD of the celastrol-LDH group was significantly improved compared with that of the
control group at 4 weeks while there was no difference between the two groups at 8 weeks.Figure
(d) is the measurement results of bone volume/total volume in the two groups, showing that

BV/TV in the celastrol-LDH group significantly increased at 4 weeks compared with the control

group, while there was no significant difference at 8 weeks.
Heart Liver Spleen Lung Kidney

LDH

Celastrol-LDH

K 4.6.5 BAMBAEYZEMETFN
Figure 4.6.5 Results of biosafty evaluation of each group
E: MNEZIGERIODLIE. FRE. A, FERVEER HE U1, TR EER AR
GHMIER, RUMAMBHEYREERET.
Note: HE staining of tissue sections of the heart, liver, spleen, lung and kidney were arranged

from left to right.No abnormal structure was found in all the important organs,which indicating

satisfied biosafety of the two materials.
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LDH Layered double hydroxide BERIEE N
ROS Reactive oxide species vE T
EDS Energy dispersive spectxrmleter REESTRIIEX
XRD X-ray diffraction X S ERATHAX
SEM Scanning electron microscope HiEBRER
HUVECs Human vascular endothelial cells ANIME W Z4ap
VEGF Vascular endothelial cell growth factor MmN RamEKET
Rankl Receptor activator of the NF-KB ligand ANZHEF KB &g
A7k
M-CSF

Macrophage colony-stimulating factor SEERIBET
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