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Abstract

As nanotechnology and materials science has progressed incredibly swiftly,
nanomaterials have been widely applied in many fields. Due to their multifunctional
properties, magnetic nanoparticles (MNPs) are explored for various applications such
as biomedicine, industry, agriculture, military. Along with the expanding applications
of MNPs, the potential toxic effects of MNPs have been widely concerned.

In the present study, human hepatoma BEL-7402 cell line was selected as the
model specimen for cytotoxic assessment, and the aim was to evaluate the
cytotoxicity of Fe;Os, oleic acid-coated Fe;O4 (OA-Fe;O4), and carbon-coated
Fe(C-Fe), and further elucidate molecular mechanism and the apoptosis pathway. The
main contents and results are as follows:

(1) Three types of MNPs were characterized by TEM, XRD, XPS, FTIR and
Zeta-potential analysis. The results revealed that the sizes of all three MNPs were 10
nm, the purity were great than 99.89%, the surface charge of Fe;04, OA-Fes;04, and
C-Fe were 14.4 mv, 4.5 mv and 23.4 mv, respectively.

(2) TEM images results showed that all three kinds of MNPs were incorporated
into BEL-7402 cells after 6 h incubation. Lysosomes containing MNPs and swollen
mitochondria with lysing cristae were present in MNPs treated cells after 24 h
incubation at 0.5 mg/mL of concentration. Some cells showed chromatin
condensation, typical of apoptotic cell death, and plenty of cytoplasmic vacuoles.

(3) WST-1 and MTT results showed that WST-1 was further right down
cytotoxicity assay in the nanotoxicity stydy. WST-1 assay demonstrated that the
cytotoxicity of three types of MNPs was in a dose-dependent manner. Moreover, the
cytotoxic effects of MNPs would be: C-Fe > Fe;O4 > OA-Fe;O4, in the same
concentration. The cytotoxicity is very likely caused by surface charge of MNPs.
Cellular proliferation moved forwards polarization direction with the extending time.

Cell proliferation recovered in the low-dose group, while further inhibited in the

XI



high-dose groups.

(4) G1 (Fe304 and OA- Fe;04) phase and G2 (C-Fe) phase cell arrests and
apoptosis induced by MNPs were detected by flow cytometry analysis. The
mechanism of C-Fe MNPs on the cell cycle might be different with that of Fe;O4, and
OA-Fe;O4 MNPs. With the increase of incubation time, The cells with a litter damage
which successfully repair the damage will re-enter the cell cycle, and those with
massive damage will not be able to repair the DNA effectively and undergo apoptosis.

(5) To further elucidate the apoptosis pathway, the mitochondrial membrane
potential, the Bax and Cytochrome C protein expression, and Caspase-3 activity were
investigated. The results revealed that all three types of MNPs can induce the Bax
over-expression. High level of Bax can translocate to the outer mitochondrial
membrane and inserts into it. Then, Bax forms oligomers that are thought to be
important in the formation of the mitochondrial permeability transition pore (MPTP).
The opening of the MPTP can lead to the loss of mitochondrial membrane potential
(MMP) and a release of Cytochrome C from mitochondria into cytosol. Once released
from the mitochondria. Cytochrome C combines with procaspase-9 to form the
“apoptosome”, which further activates Caspase-3.

(6) To sum up, our results indeed suggested that all three types of MNPs can
induce apoptosis in BEL-7402 cells through mitochondria-dependent pathway.
Moreover, the influence potency of MNPs on the mitochondria-dependent apoptosis
would be: C-Fe>Fe;04>0A-Fe;04, and all in a dose-dependent manner. This trend
was consistent with results shown in WST-1, cell cycle and apoptosis assay.

Key words: magnetic nanoparticles; cytotoxicity; apoptosis; cell cycle;

Mitochondrial-dependent pathway
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AN, AR A NKORL T (R RIORL A T 2 B S 88 B, S80S Ol L B
P25 RIUHTIRRIE,  RIA /S RS

REFR ISR WIS TS B # B A B ORI, ke RLAE
(RN, A HENGREE Y ITAT 4J8 1 IR (0, HRSHB N o Bile 1)
WFTUR IR, GIRRAERS 8 4 AT R RERE = A2 2, mI Y T 40 0 43 36 R 7 R 55 5 1

PR IRV BETEGOR BURLAE S EA A B A B3Rl TER e,
TERRE 7 rh 22 32 AL

PRI 0 2R SRR LG, AORARLE A ISR TIAR,  Fim 1 J k21
SEAHIR ALY, BUAEAN JVER N R FARA 0T #, Wi & I AR & 1 Bk
L0 R o p R ARORORE s 11 P 1 4K B Bl B R0, AT HTE BB S
A it

PR IRIRE BT 20 R IS BN AR RS I, R 49 o mT 52 B0 R I
Vo WL FesOq N KR 25 .

GAIORLIR /N ST VR R IAE A B PR RE 75 2R L Ak 2 PR RE S U T

(3) P RPERNY: SRR RS N2 R, SR AEIT i T



EE

REZR I HEIE SR O B HLRE S T BE B AR T8 IR L R PR O Bt 1 RSP R o s JiAR
S IR < R AE AN R W A T LAAR RS 2 1 s RIORE A A REZR I, D2 ook AR 4L
B HLRCH AR

(4) ZMETREERN: EE TRRIERN AR E TR —, WY
TOWRL T (MR BE /D T3 2w I, Rl P RE X — &2 IR, ATk
PS80, BN AR BRI REAL 5, 3 AR T8 Rk e 55 A bR 1
R, TR b I BB RN o XN R RN, i T T
PERE— DA IO B, B E 1 R PR BT T S5 R A T A A 1) i R ), B
THHN .

I QKRS A AR L, RBLH IR — 0 k. Ik, A
Eitt2e 60 FARGK IEXEANATRAE TG, Ot s, 1. e,
A IREE L AR A T 2 T ST R R

1.3 WA RERIEI R A

TG RIREVER L —RANAE Fe S HAH, TTBEAA T AR NI, B
T Fe MHAEAMIIN, Feo Co. Ni S WA G HATRENE, JF IR 5k
RS E 4 N AL S S, W Mn. Zn, Mg SR ETTRETEAT RO RES: . Sb2rss
PEBT. DRIEREE 2 KA R 4K R R SX LEW SR GERR o e o i 1k 2 K OkE
(magnetic nanoparticles, MNPs) &5 FH TS5 10— FP KAkl

H T REVEANKAPRLER T HAT — AR BT R TR RN . /NSRS &1
JRUSE RIS RN 2 W 1 B T AN K DY R AKNE, )32 3 F 281 R ARG b Ab, 3k bR
AT HARFPRICREVE R, T 7R AR M B 2 AT A | W IR I AT 5o A JLAF )
ZRRAF R TR 1) 2 o

1.3.1 BERRMBERREFTIHONA

FETEGURA R S5 B Az, ML —dfb. B, B RE S5 Jr i
B

AT AR 2R A AT A R DNV 4, TEPEAN KA R A JSORMUSE 1) 1 5
A BE KM B S A S 2 5 o R FH A K R AE AR P, S % B T nT ik 400



EE

Gh/in®,  FHE LR YE BT s (0 PR R S % 5 R 20l 6000 Gh/in®e Rk PEZK
MR RS R S ) AL 7 ) R R I B AN PR

REVERBAR (MPF) S se T Tl JE R TR Tk, 24 3
ANKITORL 0 I o R P00 A2 e R R A () oK PR L7 T R TS PE AR, AR5 0k
WSS P A e, )iz N T et B s, it SR B4 1B A 2 e
e w4, UL g BB E. WEEDRI. 325 P, 6 BAE 1968
ERROL T REPERAR A F], HAR 2000 ARG A ST I P S B4 1.7 405
TG, B EFERETE R T TH R SEAT 24 P L BRI R PR AR s A
T X BEHE Y B T RO IR IR R e B R R I

GERIRMEM B TR TR RE, SRS, RPUFE. s ARS8,
CH T RHIYR . RS AR alSEHLa N B8, itk LA
K2 DyRetl, EARR S

BRUE LSS, B A KA AL I 1 B e o oty 5 € 305 R i 1,
(R0 I ot R B 5 e o 2 e 2 B o i R i 1 i i st

1.3.2 B AR BHEIRE S AP

AR, BRI B E IR S 520 H v K AL 3 o 1) B F AR 52 3101
Zhang D 2RI, KifeHy 15 nm ) C-Fe RETEGUKRM R VE K P Cr (VD BIoRH
ISR ), 3Bt C-Fe 2007 R BRI R T BRI 95%[ Cr (VD) i
B2, @i KT Fe GURBURIIMRITAE U [RIFEMIBE St R I, C-FesO4 fi
PEAK AR, Y. F. Shen 2557 R I, FesOu i 4K RN 7K b 28 th HAT —
SETFALEE T, RN, KB 4R & FUNi (1) « Cu (1) .
Cd (I[) 1 Cr (VI) A5FRisEREE I AW hn,  IL )5t BRI a] BEFTRL AR g /D 1Ty L3 T AR
A Ko (RIS FesOq BEVEGNASEURL IR B §E )38 57K A EE (1) PH B A A S350
HK, fEPH=4, 20CHITEN T, 49K FesO4 WL B K, 4 35.46 mg/gH?,
1.3.3 B4R P BIE R W B R

U FHRENEAUORAR R RE LR AE R, B A by 3 58 70 R SR R 7K 3 AR
P AE A E3E4T M), [, P Gonzalez-Melendih 545 42K C-Fe 15 74 2
WANLRE TR, TR AN R 7 A AR R I C-Fe REiE AP0 2416 45 AL 4n e,
JERELT B R A F T SRARAE H PR AL e [RIRE A5 2 R b R g IR,

4



EE

SRR ST 485417 5P 2500 A WA AP R AR AE AR M AR 7 JE 2 2 A A
7 TR B PSR .

1.3.4 YN RREEYES DI A

AR UL, B A IR I A ISR N s WA A KA LA B Bk 22 11 78 25 Fh
AT BN o SR FH T IEMURE (G B, AP E AR TR A A 1 2 A 1) 13
IR IAE AR R O T e . EZ N LU LA T 1 -

(1) Whorik: sRERTME, BEYES B ITEA R — ML TAE G AR 2 85 7
IR BB R TR AR H AR A 5256 5 0SS A s R AR I
IRy B, MR E M S 2 41 DNA. HE s kK AR
SITTARSS s H AR A B 5 e it 37 o 88 SR POL s Ll A kA s e 1
PRCKIBURL, W] LALEAE ARG (R 4 AF R RA SRR e (e e B 1.1 BRI
P AR ROREBEAT 2 1 520 B )7 i

WAk, KRR ORL S AL g riL K . b T8 B0 S5 T VAR 45 6 oKk 7 B8
DNA FlER A HHRE H 23538 2 . Doyle S5 ARG 40 K 0K 5 foll 18 2  H JE
BRI R 5.7 pum (G S548), JF 455 ket U B IR BE FRk J7 %, i AE 15 min
W SEHLT y-DNA 55 DNA A ()53 851220 ik F 7 i2: 66K 100kbp (¥ DNA
ek, RALST T B DNA KREH 100 £, [R] J3 B R Rk .

7] I 1 73 126 71 400 0 s 982 3 5 v (18] I A, 40 i A 4 2 R 24 2 ik 5 ) T S 7
VL — o KB MG G 53 B 40 4 5 T M 4 KON BB  THT 1 P A 5 4 B IR
) FRY R EL A FH A S L AT B bR o3 15 1K) o 2 FH B PPk 0 KA 81 2 2 4 i e K PR
TETAEBEAS I3 Bl R v i P M K R AN 25 i DR 40 J O ELGE 0 1) D e 3 PE A
SAT L2, O B AN AFIE R IE 2] 90% LA b, Jf B2 Bk R ] s phadE, 43
BALREAIE 95-99%!1,
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