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S HIW: 3557 B 0 0 A7 2 09 48 & 4k Uk (Fe,O, NCs@MM ) 3t % 5 MBS 5 0 098 MRI SR AZ G BF R . ook 4 & B v 2w e
B2 45 A 04 4 K ek B Fey,O, NCs@MM, A A 3h 2 % # 4+ (Dynamic Light Scattering, DLS ) #oi% 4t ¥, 5 £ #% 4% ( Transmission Electron
Microscope, TEM) st K& zhhFHE7ZE . @ e Rfe B ST RIE, KB SDS- B &M B K & & (sodium dodecyl sul-
phate-polyacrylamide gel electrophoresis, SDS-PAGE ) #- 4 B w4 &m AR 68 7,5 61, & ; 50 91 =T L oE 3 m 52 B A 2m AR A7 A 00 20 K 40 30
BREGERMAL S, @it MRIBAL & %, 547 T 4R Bk E 4 Fe £ %(0.1-1.6 mM ) # Fe;0, NCs@MM f& GSH #1235, R 442 i
09 T, FeFR A5, K P i 3t - A% 52 3 (Cell Counting Kit-8, CCK-8) , Ml 2 B i 40 AL REAF £ 44 K 4k Bk AL 28 % 3% 4m 6L 24 h )5 44
mpLEN, BAMES B mIaEAy A MR £ R R B mIe B A & R BAR . R B mniy A ey s Rk
Bk Fe;0, NCsS@MM WK A3 A 3 Kt do b d & % A 4 286.5 7.6 nm F= -20.7+ 3.5 mV, BLAEKER P HHH 4, AT
ook 6L B R 6T S R OB L& R B R I A9 A8 1 o MRI AR B, #1409 B v m JIEAS 2k 49 2 R Sk Fe,O,
NCs@MM 4 GSH vy p2 & MRI 3¢ b 5], BLA 224569 T)- A rE 3 Ik AL 2R, B B B E ST B v 2n J B 69 9 K4k 42 0.5 h /5,
MG AAL A IE 5 T LG 3R . G0 B i 40 JORE S 4 69 90 R4k Bk Fe,O, NCs@MM 7T 5231 % bk s i #F 4m L% %9 MRI R A
ST 45 & 2 K BUE  MRI RAL 5 % 65 20 8
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Experimental Study of Nanoparticles with Biomimetic Macrophage
Membrane for MRI Imaging of Glioblastoma*
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ABSTRACT Objective: To investigate the MRI imaging of glioblastoma multiforme with nanoparticles biomimetic to macrophage
cell membrane (Fe;O, NCs@MM). Methods: The nanoparticles with macrophage cell membrane (Fe;O, NCs@MM) were prepared and
characterized by Dynamic Light Scattering (DLS) and Transmission Electron Microscope (TEM). Sodium dodecyl sulphate-polyacry-
lamide gel electrophoresis (SDS-PAGE) was used to evaluate the complete coating of extracted macrophage cell membranes. The an-
ti-protein adsorption ability of nanoparticles with macrophage cell membrane was determined by UV-VIS spectroscopy. The T, relaxation
effects of Fe;O,NCs@MM with Fe at different concentrations (0.1-1.6 mM) in the presence or absence of GSH were analyzed by MRI.
Cell Counting Kit-8 (CCK-8) was used to determine the cell activity of tumor cells treated with macrophage cell membrane bionic
nanoparticles for 24 h. Glioblastoma-bearing mice were injected with macrophage cell membrane biomimetic nanoparticles and scanned
by MRI. Results: The hydration kinetic particle size and surface potential of macrophage cell membrane biomimetic nanoparticle (Fe;O,
NCs@MM) were 286.5+ 7.6 nm and -20.7+ 3.5 mV respectively, with good monodispersion. Nanoparticles coated with macrophage
cell membrane can successfully resist protein adsorption. MRI imaging showed that the prepared macrophage membrane bionic nanopar-
ticles (Fe;0, NCs@MM) were considered as GSH-responsive MRI contrast agents for T,-weighted MRI imaging. The enhanced signal at
the tumor site can be observed at 0.5 h post-injection of Fe;0, NCs @MM. Conclusion: MRI imaging of glioblastoma multiforme can be
achieved by biomimetic nanoparticles of macrophage cell membrane (Fe;O, NCs@MM).
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ZIAENR B4R (Glioblastoma multiforme , GBM ) &
R UL WHO IV R B, o5 et & B i —2 AL,
FEBOUR I = B R 2 —, BHENGYT GBM Bk
FARYIR ST T LA B X 0 iR yT R ENRYT OGITR
HITEE B HRZH GBM B E R A RA A 154
A KR R 5 AR R RS 5%, B, %% GBM
A2k 5iHT BAEEE L.

A T Il A% ¢ % ( blood-brain barrier, BBB )® X% Ifil i 148 5t b
(blood-brain tumor barrier, BBTB)® {177 7E , FR il T X Lk 7 5f
BITAWAAEMAREMIE TN A, B ERR AR 2 8
BBTB (i B2k R , W $& 5 GBM E M2 Wik, irdp
K, BEAE K B 2= RO R e U R TR # R R, 9k
BARIE IR R RO 2% BBTB $432 (iFse s, &)
A= 20 R BEEAE AT ) %80 R AN R 3o 306 A R A 1 e o 00 1) 1 B v 22
HEAF T TS BIRSR AR 2 1) G, — 7 T H AT LAY/ S E SR,
T — 75 T AT LR BRI N 2 248 (Reticuloendothelial System,
RES) ({35 [ , K I 308 20 Bsf )4 DA 5 T 366 32 ) 40 It
TENNG S BT A E AR, (EAS T B, B A g 1 2ok 30k
BF od B AT LA s 240 2 T 100 20 RS B 435 -1 (vascu-
lar cell adhesion molecule-1, VCAM-1)AH454, S2 IR T it 140
fpUesl, L A i 2R T A B R A -1 B (Mac- D RfE AT
FEAS 27 175 I BRI, A6 28088 1) S 9 ). MIRT 44 R T 4
HIEH B PR M Z I 00 2 SENAR L, & GBM # A
HIEW 3, /N Fe,Op S 0 H B 401 A4 WA 25 P A 20 i =3
P, B 5 UG B A 8 DA SR L SR X L) Ay SEARL R
A, ATV TERY T1 BRSO LR, EG R A S
B R HER, ZEHE/N FesO, (LA _E A B FeiO, 40k 7%
(Fe;0, NCs) BLA B4 1y fa e A AE A 250, IT T 25 5 v 2
WA, Em GSH R JE IS4 T, Fe;0, NCs 44K 1 2 ik
BLAAS AR5 B /N Fe,O, NPs, il LU T T, MR 4%
ey R, FR AT R AR A E W A M IR 2 FeyO, NCs (Fes0,
NCs@MM), BIF5% H X [ A0 22 T8 4 6 ot £ 48 Jf 98 ) MRT q4%
e

1 pERAN R i%

1.1 %4

=44k (Iron chloride, FeCl, Bl ik 353 (116 )ik 50 A R
N ) To/K ZBRER (Sodium acetate anhydrous, NaOAc, [E 2 4
A2 A PR AR ) s —4i —. 2 — ¥ (Diethylene glycol, DEG,
] 245 4R AL 2300 R BRAA | D s AP IR 1 — /K &4 (Sodium cit-
rate dihydrate, B[ T 38050 () A BRAR )5 1-(3- R ZIEH
I )-3 2 FE Ak — W R R R
-3-ethylcarbodiimide hydrochloride, EDC, FH/RAALEIRAF);
N- J2 5L 5% ¥t WV Jfie (NHydroxysuccinie NHS, 7 /R 2E fb A7 BRZ
) s BEfE — 3h iR £k (Cystamine dihydrochloride, £ 4 % ( )
AR Tk % A RN F] ) 5 B BEmk e ( Temozolomide , TMZ , Ph 4%
HWRMERE (1) HEHRAT); DMEM 4155 57 ik (Hy-
clone AW, H&HE - #EHmE UM EHEYRHEARAR) ;

(1- (3-Dimethylaminopropyl )

WA TR (BCA) B e il G ( L = RAEYH ARG R
N ) 5 7R BEAH P8E 96L ( Phenylmethylsulfonyl fluoride, PMSF, |- i
AR REYHARFRA A =K/ H] ) s JEOL 2010F 35 557 H 5
AR (B AR FRE St s 90Kk B 2 1 (FE R Malvern
Zetasizer 23 A ) s HBHRE 5 55 B TR KOG (£ F Leeman
o8] ) s IR AR AL 0.5 T NMI20( g4 = FRHE A R
NCIDE

1.2 RS

1.2.1 B RETEREERE/NY R =% KT Fe,0,
NPs & T 24 5050 , (o RS 2% f O AR i e 1Y
JEURL: ok =588k 648.8 mg, FHR H4 (NasCit)471 mg, Jo/K
BERRAN 1312 mg, —45 — 2 —FE( X4 H Z B, DEG)40 mL, J¢
K= A —% — 2 Z B, @R /T L EE
SERVE . FHFTIERR N (NayCit) A B _E IR i, 80 'CKIE
FANTEEE 2 h AP IR A SE RIS 5 JOK BERR NI A
FREHE 2R R I IR 2 50 mL 5 FE RN 48
o BCEMERTIREE ) 200 °C L 20 4 h ROV RS HI R E R,
ey iR 2 50 mL E.0 A, LIEEE 13000 rpm 4 C (Y
PRS0 30 min, FE K FIHR, DUVE MG fE oK QBEELE , B
SEBAE 3 I R ZHDTIE DT B2 TR P 60 CHET 1533
FMFH IR B8/ AL = BRgAKAITRE (Fes0, NPs )

122 B MEN =Sk MK EHKFe,0, NCs  FREUHTIA A WL
/N AR AL = BRA K IBURE Fei04 NPs 50 mg, KSR T 5 mL
Kb B R B RS RS TR D B 218
i m EDC(206.5 mg, 1 mL #B£li7K ),30 min J5 , 2% 2% 12 i Jin
NHS(124 mg, 1 mL #84fi/K ), T %1k Fe;0, NPs [R5, [
B 3 ho bl , AR PN Cys(98.5 mg, 1 mL #B4IK), i+ 3
Ko B 53F 2 10000 (LFEREENTLS T PBS F13E T 1
KARIGAEBAK PSS 2 K, e A5 8 hn BB Y U 1k
ERGIK K FesO4 NCs #IK

1.2.3 ENEZABaRE € 5 Fe,0, NCs, # & Fe,0, NCs@MM B3
NREWEANAE (RAW264.7), FRfHAK EXHCERY, 14107
A ARG AL, 7E 1000 rpm 5% 3R B0 5 438, 15 20 40
UivE. FITCRRY PBS WEHE 3 . 1ITE A 3mL £ 10%
i) PMSF BMIGE M A, AR VKR IS 15 23 {8 YRR
1 RS VRl = R CHRBUICT 20 “C ARV U, PR il A (i H ik
F) 37 C), LA 850% g BT 15 4050 RS E N 4 °C,
BLDEEHREBRRDIVE, B B0 070 16000% g K IR &S0
30 434p, B ULIE I UITEERT 1 mL (% PBS ¥, Rl 15
B E VR M RE R B K5 1 mL Y Fe;0,NCs 5 1 mL (%) E B4
MR , 3T Avanti I ET ARSI 11 IR 5
10000 rpm, 30 min #5.0> F5 Bk 2 A3 1O A0 M B4 70, ol 45 15 5]
Fe;0, NCs@MM

1.3 #HREIRIE

1.3.1 JREFNERZ Zeta BEF PDIIK  Behl Sk
>4 1 mg/mL Y] Fe;O, NPs Fe,0, NCs . Fe,0, NCs@MM, fifi {zh
ZOGHSH (DLS ) 43 IR AR 200 T K& 3 1 2 kiR gk
18] F AR AE, B RE R E R R 3 1K

132 ERAERSTEE RN FIH SDS- RINEBEIZEER
F. UK (SDS-PAGE ) I - S HR A E I A MR 1) e A .
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28 = K BCA & [ & i A & D e B 20 A 158 2
(Macrophage ,CMs) .Fe;O, NCs@MM 3% & &, 7 PBS
P E PR RARR Y 1.0 mg/mL, S wL #YEE 1 Marker |-
FERISE — 250kl . B 20 WL A9 5 I 40 i B B Fe,O, NCs Fll
Fe;0, NCs@MM RN ZEViGE . B E MUK EIRAHT R 100mA,
BFIE] S 30 min, 255 DL EHH 45 25 375 i A R e i
B 30 min, fIIAREZEK, (AR IR BB 2 h A
TSR AETRHIE L R A5
133 ISR EEARMIEMS b TRIEE AR E
XoF AR TGO AT A S 2R R BT T s, (5 28 SR AT I,
HHEME T FesOy NCs(AR AL ) Fl Fe;0, NCs@MM (E 54 i
LTI )RR R A R T RE T A2 4k . Bt 11 mg [1y24F
L3 M2 1 (BSA) , i % fi# T PBS 1, 315 Fe;0, NCs(FR A
78 )1 Fe;,0, NCs@MM( E AN TE 5 ) IR & , Hil B[R] Fe
W#E(0.1,0.2,0.4.0.8,1.6 mM) ) BSA %, i BSA IRJEH
I mg/mL, [RET, W ifil& 7 EEA 1 mg/mL (%) BSA %0 TXT
W PR E TR KRR, 46 37 CRMEE 2 /e,
BHIE B0 30 20480, L 14000 rpm YR 5 W, 3T I L4 AT
WAEEEE TN ELF B TS BSA ##(1 mg/mL)7E 278 nm 4b
B CAE . 1 L O GE 22 57 (o Absorbance ), 7¥FAi; Fe;0,
NCs il Fe;O;, NCs@MM (W44 11 W B 7
134 EHEFERE(TEM)ALRX  HHBACK-& 8 Fe0,
NPs F1 Fe;O, NCs@MM Fr jli vk 5 24k 1 mg/mL, 43 31EL 5 pL
THTESRM L, 52k T BRES 10 min, ZTHRELUS AT TEM IR,
1.4 T1 SRR MEEEMNR

T SGiE ) ICP-OES M i Fe JUER M & &, AR5 43 S AL il
PisE AN[F MR B Fe JLZ ([Fe] =0.1.0.2.0.4.0.8 F1 1.6 mM) Y%
W45 1 mL, A5 FHAL Mg, — 20 A GSH(10 mM), 55 —41
Ahn GSH., fii ] 3.0 T @24k s AR AN [F] Fe e BT A i
B T1 SRR ] , B AR bR oA Fe MR, PAAR R A 5t 72 A ] 14 481 5
(VT SEATER LA B ] mE R, 22l UG, AR ED R 44
BHY T1 5B (rD) o R SENTTS : BRI T1 INAUH, =E
B[] TR = 500 ms, [l 3% Bt [] TE = 15 ms, JZJ& (slice sickness )
=1 mm, JZ [A] #E (slice space )= 0.8 mm, 3§ FOV=100 mmx
80 mm,
1.5 CCK-8 it M4mpa s

SO TTE C6 A, AR EAEAR 3 IRLUG , 4 MRS e
AR RAF, PRI , & R A5 FL 10000 A Fp7E 96
FUAR oA, B2-G2 Shyas AR AN RN . B3-G3 S X IR,
TR/ DMEM ¢ 485353k . 76 96 FLAR A9 554 ME i - PBS
7 Ik ZE & . KA E T 5% CO,.37 CRYAIMIGA s
12 /NEE, (20 i 58 2 W5 BE . BUZR T (%) Fe,O4 NCs 1 FeyO,
NCs@MM, 43 51| { F§ DMEM 5¢ 4= 3 35 5L it Bl il vk B2 100
pg/mL 200 pg/mL 500 pg/mL 800 pg/mL 1000 pg/mL 1200
pg/mL 1500 pg/mL.2000 wg/mL, FFEIHMEEFEIE, A LR
BLaf AR RL, 5557 24 /NG, 35 R IHAGEE IR0 AL #
CCK-8 Frilll TAEW , 5% CO,.37 CI4uAEREFaMFE 2 h, fii FHEG
BRI 450 nm ARG (OD)E ., THERAHMITE 77 .
1.6 FEAEREFMER AR MR K&

AR E R PR S SR AR T AR TR Co 4N, K ik

FEVRRE Sy 2% 107/mL, B T oK [, 4% 850 50 mg/kg 1EFZE 50
XT ICR /N AT RE BRI o RIS, /N B T I T Ak 3R el
FASEARE AL 2 /N, B 75 YolliRE i TR/ Bk B . URE LR
IEPERYITFL 2 1 em, FRBIFATR . 7ERTR G 2 mm , iErhZefy
M 2 mm @07, AR LA AT L . I R v A R
W B 5 WL 20 i [ 78 Sz A A L, 18] B iff 4 3 mm, D)
1 pL/min (%35 S0 0KE i Jed e AN, g 58 58 ) R
10 Z3h o GeASR e VT A% T AR Rl 1k . 885k
FE I B RARER AT I T . /N R RN , 25 /N PR IR
SR B B R R R SR T . B = R AR T MRTEH§ L
SRS AETE LT RS o 22 SR e o R 400 R v I L 283 B e
k3 4+ 10 mg/mL Fe,O, NCs Fil Fe;O, NCs@MM, 43 Jil 46 13 4+
Hi. ESE 0.5 h (1 h H1 2 h MEMAZRCER . MR H S50
T EEWE](TR) A 500 ms, [B1EH}E] (TE) Ky 15 ms, $ 45 #F
(FOV)>l 60 mmx 60 mm,)Z2/E 4 2 mm,
1.7 Git=aih

% H] GraphPad Prism 8.4.0 X} 5 474831041, £4H4H
(4] 22 i il one-way analysis of variance (ANOVA) 5%, 4
P<0.05 Bt A Gt E 2R

2 &R

2.1 Fe;04NPs Fe;O, NCs #1 Fe,0, NCs@MM By RAE

2.1.1 KEFHZFHIIR Zeta AN PDI RER [l Zeta-
sizer 4 2K ki BE 43 B AL I iR Fey,O4 NPs Fe;O, NCs £l Fe,O,
NCs@MM 7E7K H 17K G B 12 hid  Zeta BRI UM HR 4L
(PDI), U3 1 fisR,Fe.O, NPs [ HLIAK -45.24 1.5 mV  hifz
4 80.9+ 3.2 nm,Fe;0, NCs [ HL o -30.1% 2.6 mV, HKifEH
382.3% 6.9 nm, FF FF RN, WEW] T IO 4 Ak = kgl ok 1A
7 (Fes0, NCs ) (19 L) A 1o 4188 FH E WG 41 A A5 A £ 3 FeO,
NCs J5 , BT & -20.7+ 3.5 mV, Hi% 5 I B ff Ak et
M5 , Fe;0, NCs@MM ATy iy, 2RIk a9 43k
WU T BN R Ge i b, A RAF I E e etk
LS 7K A R AR 45 286.5+ 7.6 nm, 4 AR B 2 py G R U
YL, TN KA R 15 AR T FH B, 2 ol 3 T A i o 4
TALEIFIE ARG AR, SR T 2 65 B Rk, AT
FHEOTRAZAE/N . PDIEM/INRIR YR BLRAR S A i 51
Fe;0, NPs Fe;0, NCs il Fe;0, NCs@MM fj PDI ¥J/\F 0.5, 3
B B AR B RT3 3551

212 ESEFREME (TEM) MiKER i TEM
Fe 0, NPs Fll Fe;0, NCs@MM BYJESAIT . WE 1(A) PR,
Fe 0, NPs JESRLAE H RT3 At —. & 1(B) 27 A i i
SN LTE Fe,0, NCs, B 1(C)/&ff F Image J JA4FGETH43Hr i
Fe;0, NCs@MM [¥) ki 48 4y 4 45 3 B 5 B, 15 Fe,0,
NCs@MM [kifeh 99.5+ 4.6 nm,

2.13 EMMEMEEEEEIIIEEEITESN SR SDS- BNMEL
JHe BE I LUK (SDS-PAGE ) 3l T Fe;0, NCs@MM I 1) £t Jf i
WM. WX AT 5EH BCA & A€ &k H & € &40
Macrophage CMs #1 Fe,O, NCs@MM H {3 H &1, Tk
B, A DR R A A 3
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% 1 Fe,0,NPs Fe,0, NCs F1Fe,0, NCs@MM HJ7k & 5h 154112 Zeta B HH0 PDI
Table 1 Hydration kinetic particle size, zeta potential and PDI of Fe;O, NPs, Fe;O, NCs and Fe;O, NCs@MM

Samples Zeta potential (mV) Hydrodynamic size (nm) Polydispersity index (PDI)
Fe,0, NPs -452% 1.5 80.9+ 3.2 0.25+ 0.03
Fe;0, NCs -30.1% 2.6 382.3% 6.9 0.31+ 0.04

Fe;0, NCs@MM -20.7+ 3.5 286.5% 7.6 0.43% 0.04

F3304 NPs

Fe,0, NCs@MM

A

Mean diameter=99.5 +4.6 nm

. _III.-
8 90 95 100

105 110 115
Diameter(nm)

8 &§ 8 8 3

Frequency(%)

<3

15}

[ 1 Fe;O, NPs( A )FFe,0, NCs@MM(B )TEM R & R E S HEFE(C)
Fig.1 TEM images of Fe;O, NPs (A) and Fe;O, NCs@MM (B). Histogram of the particle size distribution of Fe;O, NCs@MM (C)

N 2 FR , TE R FesO, NCs 2H A WS EIAH G 1Y
EANH, ME MK (Macrophage CMs) HIALR/E )
Fe;0, NCs@MM & 3¢t 55— 34 8 11 2, RS T RDRL sl
T E LM

& 2 Fe,O, NCs, B R&4H & ( Macrophage CMs ) #1Fe,0, NCs@MM Hj
SDS-PAGE S R
Fig.2 Results of SDS-PAGE analysis of Fe;O, NCs, macrophage
membranes (Macrophage CMs) and Fe;O, NCs@MM

214 WA REEAWMITME  RARAES - W OGS
XM 5E T Fes0, NCs il Fe:0, NCs@MM Xif A 45 Stk 26 11 W bt
REJIIEAL, IPAEMORH BT LN BE T . SR ANE 3 R,
Fe;0, NCs@MM [#) I S & o Absorbance 7% {k B i ik T
Fe;ONCs, W] E W2 i () 6 fE 1% T Fe;0, NCs@MM
R4 rybi s F e g

| Fe304NCs
|| Fe304 NCS@MM

ﬁjjj

0.1 02 04 08 1.6

Fe concentration ( mM)
3 Fe;0, NCs #Fe;0, NCs@MM HIFTE [ R B i1

Fig.3 Evaluation of anti-protein adsorption of Fe;O, NCs and Fe;O,
NCs@MM

22 EEMEENIRER

R AR SR AR AR Fe,O4 NCs@MM 1 A5 1 BE 1
SIEOR, GIR AN 4 FF7R , Fe:0, NCs@MM £ GSH(10 mM) 77
TEZMF T T, 52 r1=3.6 mM's", 2 ANFFETE GSH i it 5 %
0.5 mM's" [ 7.2 £, 00 GSH ;[ Fe;0, NCs@MM TJ 1),
£ T1 MR % H 3, A B AFES T1 MR BURPERE
23 CCK-8 ikt S itE R

FI A [l v BE (100 pg/mL.200 pg/mL 500 pg/mL.800
pg/mL 1000 pg/mL 1200 pg/mL 1500 wg/mL.2000 wg/mL)f
Fe;0, NCs Fe,0, NCs@MM 5 C6 4i ki & 24 /i , %
CCK-8 iR &AL Co6 AMMIATTETE . 45N, 2 Fe Bk
£ 1500 pg/mL K LA RS, 5 Fes0, NCs@MM h35 5 (1 fifgg 2
JRLIE PR PT AR AE 80 %L |
2.4 BEAEREIRA R MR &

R 3.0 T MR B85 5% 5L R AR TR ASE TR/ BRZEA T LR P e
PITEM, S5 6 7R, Fe,0, NCs 1 Fe,0, NCs@MM 5 H
BHFRIRN T, AR PERE, ZREFIKESYK R 05 h )5,
Jigeg vl Mo Ak, 1 h R LRSS . B AN A 3 LLJS FesO,

AAbsorbance
o o o
(3] w S
L L J

o
n

o
<
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NCs@MM 34 35 OR AR 7 F AR Y Fe,O4 NCs 511 ik
F L BT A R AT RE S 5 2 B LU RN T bR e SR R

A

0.1 02 0.4

0.8 mM

GSH(-)

GSH(+)

Low

RBBUE . L, 452K Fe,0, NCs@MM fEAS S B iR
JiJR ) MRS & o

44
- GSH (+)
~ 31 r,=3.6mM-ls-
z,]
|2
= = GSH (-)
1 1;=0.5mM-1s-1
0 -4’—"’,/4.

00 02 04 06 08 1.0
Fe concentration ( mM)

B 4 #£BT GSH &4 T, RFE Fe iRk TFe,0, NCs@MM #J TI MR &4 R(A )Rt % %(B)
Fig.4 T,-weighted MR images (A) and corresponding plots 1/T, (B) of Fe;O, NCs@MM in the presence and absence of GSH (10 mM) at different Fe

concentrations
_ Fe;04 NCs 3 3t
S 100{22—=2 =
E 75 e Bl MR S DA LS5 SRR, AR A R ) A T
§ sodo N DU APk = Bk A KUK Fe,O, NPs, 3 o it i FLHF B DU 4 AL
= SRR IR FeiOy NCs, I Fi FE WeAn S 07 2 (0 3, 4551 T
© 25 A 0 i e R B A0 LR 1 3 PR KA e} FeiO4 NCs@MML SR
0 — & SEAMICEEH AR BE ST 3 5 T B BE( TEM) %
0 500 1000 1500 2000 2500 RECAR AR AN 5507 1 %8 4 B 98K B4R} Fe,0, NPs, Fe;O, NCs

Concerntration(pg/mL)
B 5 Co #f5 AR ERIFe:0, NCs Fe;0, NCs@MM #IEH 24 h j5
KR BIE 71
Fig.5 C6 cell viability after 24 h incubation with different concentrations
of Fe;0, NCs and Fe,0, NCs@MM

Fe;04 NCs

Fe;0; NCs@MM

il Fe;O, NCs@MM JEFT3RAE, 4558 mR gkt BRI AR 0 A5 1
A), BRI B BT, A RAF A2 4Pk, SDS- R’
I BE Mz 456 11 FL Uk (SDS-PAGE ) 5 544IE B T Fe,O, NCs@MM |
AR T AT , DU AR R B R B TAG S g8 SR 3R

& 6 Fe;0, NCs Fe;0, NCs@MM ZE R B AEBEEY dh I B IR R T
Fig.6 In vivo T,-weighted MR images of Fe;O, NCs, Fe;O, NCs@MM in the orthotopic GBM

I 240 L P ) A0 76 B A TR T FesO, NCs@MML R 41 Bt 2 1
BRHRE T3 o SR tE— 25 B I 40 RS 2 1) 22 T BB R R AIURY 11
MR JEARTERE , SR FHAZ R LR A5 o3 500 000 58 Y 174 Bt TR st
(8], T30 Fe,0, NCs@MM 78 GSH(10 mM)FE#E 454 T 1)
T, 37 2% r1=3.6 mM's", B GSH i ffY) Fe;0, NCs@MM 1]
PIYESA T, MR X HEF)L A RAFAY T, MR SGERE . I/ 56
SERA I S AU B B L0 B T
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