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Preparation and in vitro features of mannose-modified superparamagnetic iron oxide
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[ Abstract ]| Objective  To explore how to prepare mannose-modified superparamagnetic iron oxide
nanoparticles ( SPION) and investigate the physical properties in wvitro. Methods  Co-precipitation was
applied to prepare iron oxide nanoparticles. Then mannose was added to the solution to prepare the mannose-
SPION under high-speed mechanical stirring at 90 °C for 2 h. The size and distribution of the obtained nanopar-
ticles were measured by transmission electron microscopy ( TEM ). Fourier transform infrared spectroscopy
(FTIS) was used to evaluate the modification of mannose. Atomic absorption spectrophotometry ( AAS) was
employed to measure the iron content in the samples. Whether the granules were fully engulfed were measured
by phagocytic white blood cells in vitro test. The safety of the nanoparticles were measured by cell toxicity test.
Results  The mannose-SPION was in globular or spherical shape, and in good dispersion. The cores were
Fe;0,, with an average core diameter of (12.89 £3.29) nm. The hole diameter of the mannose-SPION was
lesser than 20 nm. The iron content of sample was 69. 84 mg/L.. The result of FTIS indicated that the surface of
Fe;0, had mannose. The phagocytosis test showed that mannose-SPION had higher rate of phagocytosis. The
cytotoxicity test displayed that the ICs, of mannose-SPION for cell was 100. 44 pg/ml. Conclusion  The
mannose-SPION possess the characteristics of small size, good dispersion super-paramagnetic response and
lower cytotoxicity, and can be phagocytized by phagocyte.
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A TR R, N A (PG R B B g e ) |, JC S s A
FR2E I (BTN DU 2235 ) | 20 2 % RPMI1640 15 3756 [ 885 it
IRAIAR ] i (AL s0) A R R ], NI B 40 23 3 (
SR 40 TARESE PR ) L AT H-SPION  AEAPS-SPION B
fitr [ N-( 2-aminoethyl ) -3-aminopropyltrimethoxysilance , AEAPS , A<
SEYG EPRAE ] MTT 20 it 38 58 K 40 M 5 P A 0 & (B = R
HEWIEARBETERT) o

Hitachi-600 i 4 #1555 ( H A HSZAF]) , T6-1 B S Pl
( RHEFRAHE R )  HL-2 5 ( BIEP PR T A FRA
7] ) , Multiskan Sepectrun 4= K i #73{% ( Thermo ) , T6 345 7] U,
S EIERE T (ALt A7 i FHAX AR A BR 5T 4E A 7)), Nicolet 380
A - LEAMS AL (56 F E PR 4 52 5 A IR~ Hl ) |, S72-120KN
FER AL H AR B 7 ) 8075 6 0 i R AL (7 I SR MR AY
#2]) , AAnaLyst800 J& T W Wt 43 5 % BE i ( 3€ [E Perkin Elmer
NEIDR
1.2 7%
1201 H @ WE 5 Y DU 401 = 58 IR Rl 44 K JBUREL ( mannose-
SPION) fiyffil#s @it iTyess ™ il HEg &M SPION,
BARD B Al AR 25T K 1 mol/L FeCly - 6H, 0 il
0.5 mol/L FeCl, + 4H,0 %k 50 ml fin A =43, 60 °CKIG

TEIR I, R R ZE LA 1 ml/min A3 BEE I 5 mol/L NaOH ¥
&, LSRR U4 P 1R B WA W ) pH A, S 1 h J5 AR
BRI, R pH E2h 12, EBEASWEAT, FHERE
90 CHF, A 500 wl 13. 8 mol/L H EE v i, I ZIHHE 2 h,
Bt 5B I A BBAE AR N, B 75 40 FE 20 min, 6 000 r/min
0> 20 min S5, MR VG B RS T BT B AW i A s T
(C17) , FF AR M, 2R A SR ILE = A ik, &
0.22 pum MIAFLIENERR B UE, T 4 CRRAAFRSH .

1.2.2 i 4 B B W48 SPION ¥ E 7 ki 152 b il
mannose-SPION FIZE 187K B 20 4% )5 % N e 200 FLARM 1, A
SRULYE 5 min J5 , FHEAUGE I Z Z WK, HAR TG, 1B
S 5% SPTON BYIE S E AR,

1.2.3  mannose-SPION F k£ & (10 2 PR AR TR TR
BESTAIA 1.2.4.8.16 mg/L, JEF 5366 EE T 284. 3 nm b
TS P AR M Ak B R W A 6% B, T2l bR 26 o 2R
JE Kl mannose-SPION A iy H gk J5L BV 5

1.2.4 mannose-SPION &84 & & /) 2 R 5390
420,40 .60 80,100 mg/L (1) H @R 2 AR MEM £ o K d
il 00 e BEE 170 H SR B VA R N 8 R 4% 19 % mannose-SPION fiy
WAL ml, I AR T, B AINA 3 ml 2 g/ L (B
FIPTHEIR AR PA R SRR RIR S5 R A 100 CHE
HAKB T, AIRETESFE 100 Citat 10 min FEWE, AR
KA, ARG F =R T A 10 min, 25 [0 IR B,
KA, T H 620 nm Ab 6% FEAE] D(620) ]

1.2.5 24N ¥ Fe, O, 7% J& A1 mannose-SPION &
WG FE s . FRERAFINA 1.0 mg AIRALAR 200.0 mg 78
SR KBS J5 1 IR A 0 6 BT Fr, #5417 NicoLet 380
I LT ARSI

1.2.6  ZHARAWESCES SR FH N Ik 02 4 - 25 9 2 S 1 2
I, A0 55 55 K A0 LA B 28 1.0 x 107/mlY S2 86y
31 AN A X IR 5 2 44 mannose-SPION A%
;55 3 41 AEAPS-SPION #E /4. 45 1 41:1 ml 5 40 L
(1.0x107/ml) ;%5 2 4H: 1 ml (F40M (1.0 x 107/ml) Hhm A
200 wl i JEBRTEE ) mannose-SPION £ i ( Fe ¥k & 69. 84 mg/L) ;
553 411 ml (I4HH1(1.0 x 107/ml) ol A 200 wl 2o 38 B B 11
AEAPS-SPION #/5"7) (Fe ¥k B 192.96 mg/L) , 37 CMEHF 1.2,
4 8 h, BUBJGIIA PBS 34,3 000 r/min &> 3 min, £ |
YW, WG S A VR 3 ke AT 25 i oK B AT
FRBERE (M5 20 kHz 2R &4 N 403 30 s, B8R 30 s [ E A
ARFE 30 s, WNILIAE S R M EH AN SE i . SR AR T IRIL
GG EE TR I £ SE B 2R A S R B i, IO Fe (970 I
o= (SLIRAANMLIN Fe & i - 25 AN IR Fe & i) /FE 0 Fe &
= x100% .

1.2.7 AU EEtEsLys ] 96 FLIFFEAR oA 1929 4l
10 000/4L,# T CO,M#46 N 37 CHEHE 24 h, B4 FE 5 mannose-
SPION ( &4k 139. 68 wg/ml) BRIATUE , B BERG B R 69. 84
34.92 .17.46 8. 73 .4.365 mg/L, 96 FLA 558 1 51 Fas (A X
M P 6 SRR Fe e HAE i mannose-SPTON ¥ AR UM
FLI,10 wl/ 7L, 8 3 N FATHL,37 CHER 24 h, HFLFEIMA
MTT & 10 wl, k&2 4 b, BUB JFEFLINA Formazan 15
W10 Wl 4RER05 T, B = A0 1 s N g & B Formazan 4>
T . AF MuLtiskan Sepectrun 4> K fifi$5{% ( Thermo ) 570 nm
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2.1 FHEENK

1 135 000 135325 5f #1585 K W2, 1] B, mannose-SPION 4% .0»
Shy e T 04 R JOURE, 2% T SRy 40 B0 H A0 1) S M R 2 (
1) LB 8RR 100 nm, 1 & & d 217 A 5 W0kL 1) B
T, 13. 4% [ BUR BARSEHTE S ~ 10 nm;57. 6% 1 ki 1 A2 46
Fh7E 10 ~ 15 nm;20. 7% KR EAR S HTE 15 ~20 nm; 1. 8% )
Wk B A2 4E T AE 20 ~ 25 nm; 0. 5% [ J50kE B 42 45 P 7 25 ~
30 nm, ZIESVERES , Bk HARK & IEA G, H 95% BiE X
[B)2h (8. 4,16.9), Wi 156 B B0RL B 42 95% 4 P 7% 8.4 ~
16.9 nm, #3505 AL B A5 HY mannose-SPION %) % .0 i 45 4
(12.89 +3.29)nm,

E 1 mannose-SPION Fi#ii% &1 B8 §5 W 22

2.2 mannose-SPION V4% & F 49 4%

PRI e B2 43500y 1.2.4 816 mg/L, J7F IR W53
JEIGRETT 284, 3 m ALIMIAT (4 AR o e A BRI VAR 4 O B A
43547 0. 043 .0. 084 0. 170.,0. 330 ,0. 580, L) Fe ¥ 7fE v i e
FE CRREAR AR, SR BB R GAAR R , A TR 1T, 75 50 s o il
2R J7 Ry =0. 036 4x +0. 013 3,7 =0.997 4, $ mannose-
SPION 7 i 6 B 20 5 J& , I A9 5 rp 2k ) & 1o (3. 494 =
0.001) mg/L, | mannose-SPION % i Fp 2k (19 & & 4 (69. 842 =
0.001)mg/L,
2.3 mannose-SPION Y -H & #0945

T R WE IR R 43004 20,40 .60 .80 ,100 mg/L, 435t
FETHAE 620 nm AbIMAS Y H S MHA R Y 6 2% BE(E S 51 R 0. 243
0.301.,0.393.0. 494 0. 558, DL H @B HHE WO HE C MRS A
b, JEBEBE D(620) YA AR, FEATLRAE 1m0, 75 30 b5 v il & [
97 A =241.43C - 36.038,r =0. 996, 174245 mannose-SPI-
ON HH E B  E y (75. 743 +£0.071 ) mg/L,
2.4 RO R IE

Nicolet 380 {i# HLI-£T AP HHE A XS #E i Fe, O, ,mannose-SPI-
ON HEATHEIN ¢RIl 2 WT, FT il 45 1Y) Fe, O, M 94 K i T 16
0 =565 em ™ AL ERBRIY WL I, 3R Fe-O WA 45 PR 3l 0, 8
A%t Fe, O, 1AM G E K AT mannose-SPION £ 4N s 33 4

B4 T LT, B 3 BT, mannose-SPION 7£ (1 200 ~1 000) cm ™
PRI S0 X BT A W s . AT MR IR R, C-O (B VBR R
T2 ) HRFREM IO 7R (1300 ~ 1 000) em ™", F I AT AT 2G4k I 1)
F i mannose-SPION & C-0 JEHA], % 3L M1k A T H 28 b
P IMCTE B a8 B R M AN RORL T 1) 2 T . T Bl T o

_421 3450.99
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Lo
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3 5MRUIEST mannose-SPION £ [F 43 #7

2.5 mppEra %

E A JEF RO PE SR T, S 1 2 A0 P 2 e e T 2
(0,112 £0.064)mg/L, 552 4A0FHE 1.2.4.8 h 5, 40N
R R ZE 523k 1,707 £0. 143 .2.393 £0. 084 2. 613 =
0.162 2.461 £0.097 mg/L, FH AN XT Fe )77 W 3R 45 B 8] 454
11.42% 16.33% 17.91% 16.82% , %53 24 1.2 .4 .8 h £/t
B 5, T2 %) AEAPS-SPION WS 56, 1 240 i P 2k & e A
ZER58 2,292 £0.224 2.737 +0. 113 .2.430 +0.231 3.453 +
0.243 mg/L, 15 ) 2% I [8] & 09 F W F 2y 5. 65% . 6. 80% |
6.01% .8.66% . 2 & 25 )7 2243 M7 1] 5 mannose-SPI-
ON 5 AEAPS-SPION 7£ 1.2 4 8 h £ B[] iS5 () 7 26 Gt 12
Z 5 (P <0.05) , Fifi 5 B (3G N, 11 40 MO0 A0 A W23 s T3
KOHZB 2,3 HZ A S22 5 (P <0.05), 48 g % man-
nose-SPION [/ 7515 22 0 i v, AEAPS-SPION [ 75 1 %k
2.6 mannose-SPION #4 2@ i, 71

MulLtiskan Sepectrun 4= K fiff #5{% ( Thermo ) 570 nm il 5
KA E(E, A mannose-SPION ¥k & 47 139. 68 mg/L, Y%
FEME 7 0.217 £0.004; 0 AHEE R 69. 84 mg/L, Y65 FE{H N
0.269 £0.010; I A R 34. 92 me/L, Y% FE{E R 0. 436 =
0. 0215 JINAHEE H 17. 46 mg/L, Y5 FEA(EH A 0. 456 £0. 01511
AR FE N 8. 73 mg/L, 6B B K 0. 471 + 0. 011; i A
4.365 mg/L, % EAE M 0. 500 = 0. 007; 25 F{H 7 0. 504 =
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0.061, X EIEM AR ANy =1 443, 15 -1 441. 8x +
372.27 31455 1C,, K 100. 44 mg/L,
3 iFig

K FA 24 FE T8 324 ) 45 K R Fe,y O, , J2 07 Ji
FH.Fe’* +2Fe’" +80H ™ =Fe,0, +4H,0, A1 H %
) Fe, O, Uk AR A (12.89 £3.29)nm, i &t
L AR 2R SR T vE v ) A A P A AR g A A
ERB LR, REON 255 kKA REDE, Hitt,
ARSI mannose E R 0125 5], i & BA #-5c 451
1) Fe, O, WEVEN KA+ T &0 FT 5 1 B2 Ik 45
G HER 2 A% B W AN i & 34 45 Fh B 2 D) R (Y i A7
Az — S I AT e 9 1 1) E AR, e N A
TR AR EERVE . SR RN B R GE AL
AT I B R, 35 7 I3 24 i 4 i T R
e LH AR 43, 224 A P AR TR Ak g K - o e ik
TSR I AR 7 0 210 gl 2 U I P 4 A 4 oK
HEAE Sy S0 T A6 B, DA T e A I 7 4 Ak A v AR
AR PR B2 20 A 2 UM A8 B rh > AT 3 3o 5 e 4
Tia] Jr i 2H 2320 8 20 6 LR R I B .

T P VAR 2 P EL A TR IO P ) e s P R —
JEREEA WL 10 B IS PR R, ok T — e i S
TR AR, LA 361 11 56 0 Pk RO IR I S sh P G
PEAOK AR T B K M AT R e AR LA ok
[ REME AR EAE T, 25 5 IR AR, DR i) 48 P i P R
ER/NIER AT, EURLRE 5] 3 Bk, b 1745 )
SRS AN KR, 5 24T R TH &1, SPION
Pt 7 — N AME G B T, A AT 5 5 R AR oy i
B AR S BRI T EEIA Y DNAMY
P 254, B R 1 P o AR BRI I SR
PR R YE  (EAE R AR R T I ARSI A1 80
R I T o DRI A B A R R N 12/ TR SRR
P HA BT AR BT ) A G AR R L i
TEAL R BE | LU A i Ab i B R G S50

T8 15X ZL ARG ] 4 E XS AT LAE R Fe, O, 5 H 8%
WH Ry 1 | 8 3k I WA 53D D' BE 0 ) A P
AT DLAER B0 A 5 Fe FNH SR 0EAY & & 38 4
JHO T W S 56 2 B0 A1 I X mannose-SPION ) 75 I R 45
o PNBZ AR ZR 50 1T LA stk A A P ) S 90, 225 kT
BRI, AT PSR A W PR MR (o LB 2 1 33k
T8 BIALARERAL o FEARRG B B I 2R 0 SR TEE I 57K
PERPIE, i PEGH PHPMA™? Pluronic' ™’ LI K ¥4
B VR R FIAAY LR TP AT KR D s R 2 5 1l R 2R
F AR B, 9800 B W20 B ) A s, S A P[]

T P i S e S TR i R A A v
7 0.05 mg/L(JEI%EE) .0.50 mg/L(#) .1.00 mg/L
() 5,00 meg/L(EEE) ,—MEiRsM BN ke

{9 1C,0 T 20. 00 mg/L i , B fh S i 25 1 o2 6
M. AR 4 1 BE S 105 100. 44 mg/LL, it K T
20.00 me/L FRCEYE | G 24 B 2 — G TR PE 1O 4
2 A MR R TIABE 6 R 6 Tl
B 1 O 8 AL L 35 5B AR
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