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[ Z)B8Y .50 &5 R RIm R e a B HEYE Fey0, 41KHL T (superparamagnetic iron oxide nanoparticles, SPIONs)
FEHET O A ERIER 09 2 BB AL, 773 R AL LTS il 4 S R M E M Y) SPIONs X L 73R1E , 4% 54 1
SD K EBENL I A A BEER K X FEZE (n=18) 5EEEME SPIONSs ZH (n=18) FIMER4H SPIONs 4 (n=18), KN R 425, 0 KR
P — RN LA TSR, 73l 2R 2505 24 .72 h FIEE 14 REEHLAGIE R 6 R, M I DB A =22 1l AE A e A, IS
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(D)Hil& ) SPIONs ¥4 30 nm ZE47 ZSERIB A i, (2) KR — MG OLAF , R B AESET, (3)2 SERRAL s Y 22 i AR AR R
£ 24 h B (total protein, TP) &1 14 d BetER AR i (alkaline phosphatase, ALP) &1 2 A5 HR-5 TE 5 X B2 A 2% S TP (/L)
24 h 41 .7 HBH SPIONs 4 (n=6) :62.40 + 3.60, iHfi4H SPIONs 2H (n=6) :69.95 + 5.16, 1L XF B ZH (n=6) :63.22 + 2.55, F=6.344  P=
0.010; ALP (w/L)14 d £ . 5¢ BB SPIONs 4H (n=6):78.83 = 7.92, il R 4 SPIONs £H (n=6):106.83 + 26.95 , 1E # X} HE 2H (n=6)
99.85 +9.63, F=4.336,P=0.033) , (4)525:4H BALF FP A4 EEL( x 10*S) 1 24 h F1 72 h Y5 T 1E 5 % IR 2H (72 B BE SPIONs
24 h 4 (n=6):780.00 + 130.58, WM& 4H SPIONs 24 h £ (n=6):1 000.00 + 166.85, 1F5 % 1 24 h 21 (n=6):498.33 + 114.75,F=19.605,
P=0.000; 7254 SPIONs 72 h £ (n=6):809.17 + 197.49  JlfR4H SPIONs 72 h £ (n=6):920.00 + 125.54 , IE# Xf I8 72 h 41 (n=6):
580.00 + 123.29, F=7.735,P=0.005) , ELIM 2 4} SPIONs 4181 & =5 T 5 5 4% SPIONs 41, 7€ 14 d B3 F B (525 M SPIONs 14 d 41
(n=6):628.33 + 133.29 R4 SPIONs 14 d ZH (n=6) :654.17 + 99.27 , IFH %18 14 d 2H (n=6):570.83 = 94.15, F=0.898 , P=0.428) ,
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Preparation of two kinds of superparamagnetic iron oxide nanoparticles and

their acute toxicity to rat lungs
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[ Abstract)Objective ; To prepare superparamagnetic iron oxide nanoparticles(SPIONs) modified by chitosan and sodium oleate and to

investigate their 1 :The SPI
VB AL W35 Email s tian_mingda@126.com, investigate their acute lung toxicity. Methods . The SPIONs were
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prepared by coprecipitation and their properties were measured.
Fifty —four SD rats were divided into three groups randomly:
control group(n=18), chitosan—SPIONs group(n=18) and sodi-
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um oleate —SPIONs group (n=18). The rats were exposed to
SPIONs by intratracheal instillation. General condition of the

rats was observed. Six rats of each group were killed randomly at
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24h,72 h and 14 d after the exposure. The major blood biochemical indicators were analyzed with an automatic biochemical analyz—
er. Bronchoalveolar lavage fluid (BALF) was taken and the total cells and neutrophil cells were counted. The pathological changes of
lungs were observed with HE staining. Results ; (DBoth of the SPIONs exhibited structure of spherical crystallization with a diameter of
30 nm. @The normal situation of rats was good and no rat died;@3Only two blood biochemical indicators including total protein(TP)
of 24 h and alkaline phosphatase (ALP) of 14 d were different from those of control group (TP (g/L.) 24 h group:chitosan—SPIONs
group(n=6):62.40 = 3.60, sodium oleate—SPIONs group (n=6):69.95 + 5.16, control group(n=6):63.22 +2.55, F=6.344,P=0.010;
ALP(u/L) 14 d group:chitosan—-SPIONs group(n=6):78.83+7.92,sodium oleate—SPIONs group (n=6):106.83 + 26.95, control group
(n=6):99.85 +9.63, F=4.336,P=0.033). @Total cells( x 10*) in BALF of experimental groups were higher than those in control
group at 24 h and 72 h and total cells of sodium oleate—SPIONs group were obviously higher than those of chitosan—SPIONs group
(chitosan—SPIONs 24 h group(n=6) :780.00 + 130.58 , sodium oleate—SPIONs 24 h group(n=6):1 000.00 + 166.85, control 24 h
group (n=6):498.33 + 114.75, F=19.605, P=0.000; chitosan—SPIONs 72 h group(n=6):809.17 + 197.49,sodium oleate—SPIONs 72 h
group (n=6):920.00 + 125.54, control 72 h group(n=6):580.00 = 123.29,F=7.735,P=0.005). Both of them were decreased to normal
on 14 d(chitosan—-SPIONs group (n=6) :628.33+133.29 , sodium oleate—SPIONs group (n=6):654.17 £ 99.27 , control group (n=6):
570.83 + 94.15,F=0.898, P =0.428). & Neutrophil cells( x 10*) in BALF of experimental groups were higher than those of control
group at 24 h and 72 h(chitosan—SPIONs 24 h group (n=6) :45.00 + 14.12,sodium oleate—SPIONs 24 h group(n=6):90.00 + 24.50,
control 24 h group(n=6):1.02 £ 0.33, F=44.565, P=0.000; chitosan—SPIONs 72 h group(n=6):9.15 + 8.82,sodium oleate—SPIONs 72 h
group(n=6):19.17 £ 5.38  control 72 h group(n=6):1.09 £ 0.57,F=13.791,P=0.000). Neutrophil cells in BALF were more in sodium
oleate—SPIONs group than in chitosan—SPIONs group. (@HE staining showed the fracture of pulmonary alveoli, thickening of alveolar
walls,and inflammatory cell infiltration in the experimental groups which were more serious in sodium oleate—SPIONs group than in
chitosan—SPIONs group. Conclusion ; Chitosan modified SPIONs have less toxicity to the rats’ lungs than sodium oleate modified
SPIONs and their lung toxicity reduces over time.
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R T A 50 ml 6 mol/L 1) NaOH ¥k . FARIwFEE
85 CIKVE 1 h, HlSARITRETE Fe0, ARIR B, BEEKVE
V& 3 UG EET 20 ml 1% 7R BRI, B 30 min,
XK B TG 4 COKRI IR .

1.2.1.2  JHER%A SPIONs Myl % 50 ml A ¥, T A 50 ml
3% VI R M S W C 8 B W, #F 50 ml 6 mol/L Y NaOH 5
50 ml 3% MHERENIWOIR &, T FE B IE , b C W, ¥ B i
B A =H0f D @A BN E 55 CIa TR T
T C W, KA PEE L |85 C/KWA 1 h, il B IR Fe 0,
YRR, DFRAK PR 3 WF H AT 50 ml 1% MR
VSR D S AP 30 min, BUEEK PR B A R TS 4 Crk
R
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SPIONs [pRiAE K/NFITEAR

1.2.3  SPIONs Je#Ei iyl #5 #4419 SPIONs 2R ¥ $h
JKBEHI A 10 mg/ml (0K, 26 4R35 TR B, 7 Ab 3
1 min(EFR 6 s, [B]BE 10 s),0.45 pm JERSSIERRTE 4 CIRAT,
124 SEEEhYI A R Ab B SEEG S Pk R AR SPEF 2% SD
HEPER B 54 H RSl 160~180 ¢, Hi 8 BREE R} A2 50 46
SRR SR T E R R R R RS S Y L SPF 25
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Penncentury 23 5] Az 77 (0 fU0 0 55 i 3 5 i 0088 PO T vk
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YL IE], SR A m R AROK 2 T 4 R
24 .72 h Al 14 d BEALANSE AR I 6 HRR .

125 — RGN B H IS E SN IR R S B G B,
HIME i B AU A,
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(nitrogen , BUN) | L i (creatinine, CREA) | J& R (uric acid,
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SO DAY + ARl 2% (x5 ) FoR A 48 07 225514y
B R 51, R FHBA TR 3R J7 22 3 A7, AL 1) P LR ] LSD—
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FRZA LA I 24 h TP & 5 14 K ALP & 5l iR i s p1-
ONs ZH i T IE R 4T IRZH (F=6.344, P=0.010; F=4.336,P=0.033) ,
2.4 BALF P %8It % 2% W 45 2w i3t ¢

W= 2 FirR,24 h f1 72 h 2 SEESAHAY BALF H B 4 8
B 5 s T IRZE (F=19.605, P=0.000; F=7.735 , P=0.005)
H 24 h W0 SPIONs ZH 718 5 35 72 20 SPIONs 2, 5
14K B 52 2 B# SPIONs 41 5 il B2 41 SPIONs 41 BALF H 1
B 20 LB BT AT, 5 T ) B2 L A A B 2 22 5 (F=
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Tab.1 Main blood biochemical indicators of rats
% =17 ] XA (n=18)  SEERWESPIONs 41 (n=18)  JHER4H SPIONs 41 (n=18) FAE P1E
TP(g/L) 24 h 63.22 +£2.55 62.40 +3.60 69.95 £ 5.16" 6.344 0.010
72 h 63.77 £ 1.73 66.32 +4.81 66.55 £4.13 0.994 0.393
14d 64.93 +2.24 68.40 +£5.41 68.40 £ 6.74 0.904 0.426
ALB(g/L) 24 h 36.67 + 1.54 35.82 £ 1.60 41.68 +3.54 10.370 0.001
72h 36.25 £ 36.25 39.30+3.13 38.83 £2.30 2481 0.117
14d 36.28 £2.03 38.97 £2.74 39.00 +3.23 1.982 0.172
GLOB(g/L) 24 h 16.07 £ 1.33 15.58 £2.57 1897 £3.11 3.339 0.063
72 h 16.17 £ 1.95 17.17 £ 1.60 17.72 + 1.88 1.125 0.351
14d 1593 £2.29 17.85 +2.88 18.42 £2.97 1.363 0.286
ALT(U/L) 24 h 42.06 +9.36 39.98 + 6.04 43.92 +£9.08 0.337 0.719
72 h 43.58 +3.23 45.07 £9.83 4298 +4.64 0.161 0.853
14d 41.42 +7.56 38.63 +4.44 40.30 +4.50 0.363 0.701
AST(U/L) 24 h 155.00 +7.01 157.82 + 14.65 158.80 + 14.65 0.146 0.865
72 h 160.78 + 14.09 161.90 +20.39 157.95 +16.93 0.083 0.921
14d 153.85 +10.29 156.55 + 13.49 150.92 + 3.44 0.477 0.630
ALP(U/L) 24 h 109.68 +21.77 94.05 + 13.10 100.18 +21.70 1.000 0.391
72 h 105.95 + 4.66 114.70 £ 52.52 139.82 +47.09 1.113 0.354
14 d 99.85 +£9.63 78.83 £7.92 106.83 +26.95" 4.336 0.033
BUN(mmol/L) 24 h 9.43 £2.36 6.90 + 0.68 792 +3.51 1.587 0.237
72 h 7.55+0.97 574147 6.14 £ 1.36 3.296 0.065
14d 7.28 £0.98 6.77 £ 1.55 7.04 £ 1.98 0.166 0.848
CREA (pmol/L) 24 h 34.92 +6.22 3532+ 191 38.43 +6.44 0.795 0.470
72 h 37.90 £ 5.25 33.08 £5.58 32.62 +3.20 2.232 0.142
14d 38.08 +6.48 34.98 £ 6.50 38.72 £5.54 0.625 0.549
URCA (pmol/L) 24 h 49.80 +£9.95 4745 + 14.16 55.58 £ 13.34 0.661 0.531
72 h 54.22 +6.39 49.20 £9.20 61.33 £9.01 3.238 0.068
14d 44.42 +8.99 53.90 + 13.87 45.58 +3.69 1.680 0.220

T ra, SCEG A S5 IEF G BRLL FLER, P<0.05 5 b, SR AN SPIONs 20 5572 B4 SPIONs 41 b4, P<0.05

F 2 KR BALF HZHRESE( x 10%)
Tab.2 Total cell count in BALF of rats( x 10* units )

piss gl B (n) it HE 2 SR SPIONs 21 TMBERH SPIONs £ FAH P{E
24h 6 49833 + 11475 780.00 = 130.58° 1 000.00 + 166.85* 19.605 0.000
72 h 6 580.00 + 123.29 809.17 = 197.49° 920.00 + 125.54* 7.735 0.005
14 d 6 570.83 +94.15 628.33 + 133.29 654.17 +£99.27 0.898 0.428

T a, SCYGL 5 IEH X BRZH FLEE, P<0.05 ;b AR SPIONSs 2H 5 5% 4l SPIONs 41 L4, P<0.05

%3 KR BALF iy sh R gt 4 ( x 10%)
Tab.3 Neutrophil cell count in BALF of rats ( x 10* units )

SE M E] % (n) X HEZA FEEME SPIONs 21 THEREN SPIONs £ FAH P{E
24h 6 1.02 +0.33 45.00  14.12° 90.00 = 24.50" 44.565 0.000
72h 6 1.09 £0.57 9.15 £8.82 19.17 + 5.38% 13.791 0.000
144 6 1.03+0.48 133151 6.26 +3.46" 10.746 0.001

T a, SEYGAH 5 IEH X BEZH ELEC, P<0.05 5 b, SR SPIONs 2H 5 5% 34 SPIONs 4H FL4¢ , P<0.05

W% 3 Wim,24 h 2 SEEGALAY BALE AR 20 i85 i 2
W =5 TR IR 2H (F=44.565, P=0.000; F=13.791, P=0.000) , 4
14 KEFFE R ME SPIONs 21 FNHER4M SPIONs 2 BALF H ki
SRR A R [, T ER #H SPIONs ZHA7) e T 1E 5 X B 26 1)
FEME SPIONs 4.,

2.5 MR R

P 2 ) U, g6 20 AT L I Al AR T By R R | %
SEAHNEIR N, ELIMEREN SPIONs £ LE7E B H SPIONs 4H 48 hiE 3¢
PRSP, 7o B SPIONs ZH A5 A4 05 6 25 of [ RS A5 1%
PR (A, TR S SPIONs 4R A T
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20, % PAEYEAT Bonferroni &2 1F , AR FH: . 24 h TP
S T UL DI BE IR, AN UL VIR 49 SPIONS
XTI 221, 565 14 K ALP 5 80 JERHN SPIONs
2 T IEE R (HR R T, HAb e br S
IEF XA JC W] I 25 5 W] 2 A SPIONs X K B
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