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Abstract

Objective: The L-ascorbic acid stearic acid palmitate (Vc) had been used to coat superparamagnetic iron
oxide nanoparticles (SPIO) to build nano probes. The imaging effects of magnetic resonance imaging
agents of different materials were investigated. This contrast probe was applied to label mouse mono-
nuclear macrophage cells-RAW264.7 in vitro. The cellular activity was measured in this study. Methods:
The quality ratio of Vc and SPIO were adjusted (2:1 and 5:1) to construct the Vc-SPIO nano probes. And
then magnetic resonance imaging was completed. Mice RAW264.7 macrophages were cultured routinely.
Using the Vc-SPIO nanometer probe (iron concentration 0~25 ug/ml) to complete the cell marking, the
cytotoxicity of cell was detected by CCK-8 test. Results: When the molecular ratio of Vc:SPIO was about 2:1,
the cells remained normal activity under the concentration of iron in the experiment. However, if the
molecular ratio of Vc:SPIO was about 5:1, cell activity will decrease with the increase of iron concentra-
tion. When iron concentration was greater than 15 ug/ml, it exhibited toxicity. Conclusion: Vc-SPIO had
no obvious effect on the biological activity of RAW264.7 with the concentration below 15 ug/ml. It could
be used to label RAW264.7, which lay the foundation for the next animal experiment.
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PCCK-8RMBF FL . 455 : BVC:SPIOAN2:1RT, TE LI PR VG W , 41 IR AR REFIE H i1 JVe:SPIO
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1. 5|8

B A B2 AU I R, AT 1 kA R it F8 A 7 2 BR[0T B HoR 1
B, RENS SINT A0 K B2 T 2 YA IR ST TR R [2]. BRI Bl R H ) AR BOR A FE TR A
2B IENWERR SR BRI SGE BRI SR . M S, BOHRE R A SR
(B oy#R, | R I RRAR IR . TOAR S B3], Rk, RESEIR R AR 7 T AR I A& S AR [4]

B IRV M 48 A 2K (supermagneticironoxide, SPIO)PKKRLF H & RUF AW nl Fefittne, 4N, #e
I I IE 8 B A AR AR e B R I F I AR NG IR S SR . 1B — Mo R IRIE 270,
R 1 AR A R i KR - L8 D B R T 20 B bR e AT 5 [6] - 1HL BT BB BGER IURE P SR A ks 52 7R 1 R
A AL, S0 4H 7R B AR 77 B IR FE KR 2 b, X 2i& s — € B[ 7] [8]. WiRe
W L — I AR G K U ) R R B I R S5, MBS 4R 5 [5G B NGRS 1%, I B i 1 Re e
B RPER[9]. BRIk, W PR A B R ok R i o dtE, DA AR R oCE B, (i, A&
IR R L-PibA MR 6 IR BR AR AR R i (Vo) ok L ZE M NIRE L SE A R Aok 7, Jl I SR /K B ZH 34 E H
SEIL AR R ) o 45 2040 BRI /N ELAE /K HR IR B 7 B e PRI 1Y Ve-SPIO 9Ki%,  H H AT & i
Ve-SPIO 5 /NS A% EVE AN AU (RAW264.7)iE 4T FRic, RTHZM R FIAni bR idE Bk, PARASFEARICIR
FEXT A0 SR AR DTGP RE R, TR 2B IS R S5 51 5E Rl
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2. R 57
2.1. #%

SEES R MRV . CEERERER . 1,2- 31N 5E(97%) THER(90%) WHIZ(>70%) —"RT(99%)
ZEFRE. TR, SULEARMER . A AL (Aladdin Reagent), L-HUYA I ERAH g B AR AR BE (Vo) TUE K
WH(Alfa Aesar), BERRERZZIPVR. itk BURHEN (Gibco USA), E M4 EA} b ik 5 5 4H i
TSI =), GEMDIER | B WP AR A7) B IR LR MR \ & 185 . R R . £ % . — & Hi(Sigmaaldrich),
CCK-8(H = R)-

2.2. SPIO 5 V¢-SPIO &R 5 RAE

SPIO /& i i AR £ [10], BAREFE A : K5 1 mmol ZFEAEAEL. 5 mmol 1,2- &+ k. 3
mmol V2. 3 mmol JHIZHI 10 mmol 1) —REES, FEHHE T INFAE 200°C IR 2 h, FRHIBAERS
HIHE S 300°CHRIE 1 he

HU SPIO 5 mg, Ve 10 mg, Zrillidfk T 250 ul (IR, RoE MRS M EIRA 5], B0
T 5ml K. SREZRIN, SAJEHFE PN, FRIKIESR 12 ho BEfE 28 KR & ik R b it DU &R, 735
Ve:SPIO 5 2:1 HFE M. [RIFEJT VAT il Ve:SPIO 24 5:1 B

KR ENZ G HUH (DLS Malvern, USA) ISR EAE SPIO 5 Ve-SPIO IR T451%, Ve-SPIO H ek & &
72 AR AXAE 550 nm A SE o Ve-SPIO 154 MERE[ 1] A% BE LR 43 41X (Magnetom Trio Tim, Siemens
Healthcare, Germany)/E = 35 NI 5E , #9455 52 5 8] TR = 5000 ms, [ 5 18] TE M 10 £ 150 ms; TR = 10,000
ms I, TT M 100 F] 4500 ms, 5:1 Al 2:1 ] Ve-SPIO £ & 8RR FE A 0.025, 0.05, 0.1, 0.15, 0.2, 0.3,
0.4, 0.5 mmoL/L.

2.3. ARSI

KH CCK-8 SEER[12]fll Ve-SPIO GAKNLF I B E . FART AR Kra M eeri 3] 96 FLiRH (1.6
< 10%4L), HEFRANMINGERES, IMAEBKIREE N 0, 1, 2, 6, 10, 15, 20, 25ug/ml KIRES, 23 5IHE% 6h Al
24 h, #RJ5 F PBS W IR, i Bs 973 200 ul 5577 24 ho Z 5 I\ CCK-8 &4L 10 ul, FEFHR{X(AAS; 700P,
Analytik Jena, Germany)7E 450 nm 3 K WG FE M v S 40 B s v .

2.4. HRRKSESH

/N RAW264.7 4l el 2] 24 FLHE3 x 10°/40), #53% 24 h 5 F 2 ml DMEM #hkiFive, RJE A
Ve-SPIOQ/N)FRES K E N 0, 1, 2, 6, 10, 15, 20 ug/ml ] 500 ul DMEM, #5324 h. | 2 ml VK PBS
Pewiik, se4skr2: PBS 5N 200 ul EEFE L, 400 ul DMEM 281134, 1000 r/min 250 4 min. 7F#
MEIAEETR, 40T 200 ul 50 mM (1) NaOH FF24# 2 h, A2 . 433 HL 100 ul B4 M 280
100 ul 10 mM HCI #1100 ul #BHER77(1 mol/l B HC1 5 4.5%) KMnO4 SR FE &) RS I L&,
MAFIEE 2 h, WAIRIER. 30 ul YATIHAR(— e R B IEDEE, BTATAR . B PUk RS
AKIRE)MARINEE GRS LB, FE 280 ul INE] 96 FLARH[13]. Fi—HEZRIKEE N 15 ug/ml £5F7H]
A0, 1, 2, 4, 6, 12, 24h, SLIGHFER L. 7€ 550 nm K R WOCREE, RHEEIKE.

3. ZER5VHE
3.1. SPIO 5 Ve-SPIO 404Ch FRYFRAE
BT E K SPIO B 7F /7 #L T CHCL; /1, Ve-SPIO B T/K A, F 8l 71256 BU A (DLS )X Hoki & K
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Figure 1. Characterization of SPIO and Vc-SPIO nanoparticles: (a) DLS analysis of SPIO nanocrystals dispersed in chloro-
form; (b) DLS analysis of Vc-SPIO nanoparticles(2/1) dispersed in water; (¢) DLS analysis of Vc-SPIO nanoparticles(5/1)
dispersed in water; (d) Zeta potential of Vc-SPIO(2/1); (e) Zeta potential of Ve-SPIO(5/1)

1. SPIO 5 Vc-SPIO #ARKIFHIFRAE : (2)iliB(=&ARLD)H SPIO BIKIZ S 7RE 5 (b)7Kk A Ve-SPIOQ/)HIRIZ 3751 ;
(c)7K B Ve-SPIOS/)BIRIAR SR E; (d)7k#B5 Ve-SPIOR/ DRI 27 E]; (e)7kHEH Ve-SPIOG/) IR A 1R
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FHIRIE N 43.8 nm, £ EMEFREPDI = 0.181. & 1(b)H Ve-SPIOQ/1) K% HARTE 40~200 nm 2 [H],
SFHIRIAZN 50.8 nm, £ HMEFREL PDI = 0.382. ] 1(c)I) Ve-SPIO(S/1)4H KR B A2 TE 30~100 nm 2 [H],
PRI N 37.84 nm, 243 B FEE PDI = 0.633. %] 1(d)(e) 2718 Ve-SPIO(2/1)4HK 7% zeta B N—29.9 mv,
Ve-SPIO(5/1)I zeta L N-39.7 mv, ¥R ANVERRL, fE7K T RERSE 7P BUFLE. KiE S zeta ISR
7 Ve-SPIO 4K 5 FLAT & B 1 RS A R I 7K v Fe e

43 H4E TR = 5000ms, TE: 10~150 ms A1 TR = 10000 ms, TI: 100~4500 ms Z% N % kEILHR 55
%€ Ve:SPIO A4 2:1 5 5:1, #RkIKFE 0.025~0.5 mmol/l ff] MR B, 45w 2 fin. HIE 2 afLUEH, BEE
P R R RS2 () 184 DR ot LR A 4 TGO A I

3.2. Ve-SPIO KR FROMBR SN

N T A Ve-SPIO 4Kk T- I atE, 384T 1 CCK-8 246 [12], £55%4nE 3 fizn, 24 Ve:SPIO A
2:1 B, BRIREAE 0~15 ug/ml JEFEIP iﬁ?% 6 h fll 24 h, AHMITEEIEAAZ R M; 2 Ve:SPIO M 5:1,
WRIZHBLE 15 ug/ml B, 40 A5 PE B 52 205200
33. MANSSE
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Figure 2. (a) MR images of Vc—SPIO(Z/l) nanoparticles at different iron
concentrations (mM); (b) MR images of Vc-SPIO(5/1) nanoparticles at different iron
concentrations (mM). MR images were obtained using a 3T clinical MRI scanner
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Figure 3. The viability of mouse mononuclear macmphage cells-RAW264.7 labeling with Vc-SPIO nanoparticles at different
iron concentrations. (a and b) The incubation time of Vc-SPIO(2/1) are 6 h and 2 4h, the same as (¢ and d) Vc-SPIO(5/1)
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Figure 4. The average iron uptake per cell at different sample concentration (a) and time (b)

4. (a)F0(b)7 A2 Ve-SPIO2/1)iEFRETE) A 6 h 1 24 h HARRE M Sk BER X R E

e EEPIREZ MR, TTUEH, MESIRERIGEM, 40N ekt K. B 40b)2
Ve:SPIO R 2:1, BRIKEHN 15 ug/ml, ¥EFEMENO, 1, 2, 4, 6, 12, 24 h N, ZHEAME SR S5h%
B R R, UM FRIESREXRESERE R, BERBIRELK, MRNNGSEREZEE, BE6
FhaE, U 12 h 4 e ik ke T8 38— @ 1P
4. &g

ASCEE AT Ve 5 SPIO & Lhfgl(2:1 A1 S: )% 1 492K Ve-SPIO /%t . 3l /7% S BURHO HoRL B2
KN30 R zeta HLFARAESE TR IR Ve-SPIO YK R A & B IR SR R U 7K ia fa e M o R AR A
BEEREIR, Ve:SPIO 4 2:1 5 5:1 ) Ve-SPIO 8%,  BEAEFE M BRI EE i 0.025~0.5 mmol/l 127 14 KA i
M FLIRA G UG 2B W AL S - CCK-8 S 45 R, 2 VerSPIO Jy 2:1 I, BRIKJEAE 0~15 ug/ml JuFE N,
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R9% 6 h Al 24 h ivF, 4UARIEPEREAAZN; 24 Ve:SPIO N 5:1 i, BRI 15 ug/ml, 4HHEIEPE B
B2, MRk S BTSRRI, 2 VeiSPIO A 2:1, S5 FRGHM IR EELE 0~20 ug/ml 3 %
BRI, AR RS B GO BRI BRI N 15 ug/ml B, Bl R FEES E] Y 0~24 hOZ TG
T, 4R 8k A AR 0~4 h 218180, 4~12 h IR0, 12 h FEA TR, 9] 12 h 540 aEet
(R BRIR B — 58 1P 1 o

ZE bRTIR, 12 Ve-SPIO brid /M RAW264.7 EREAH AR %2 42747/ Ve-SPIO Fric 4i AR i« 4k
FE9 1~15 ug/ml, X4 J5 Wi A i SR A 70 $ A s 0 O o
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