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Fig. 1. Six groups of Fischer 344 male rats, age of 10 weeks,
were exposed to 4 weekly intratracheal spray instillations
of 0 (group I, III and V) or 5.0 (group II, IV and VI)
mg/kg body weight magnetite. From 1 week after the last
instillation, they received basal diet and drinking water (I
and II), basal diet containing 1% y-oryzanol diet and
drinking water (III and IV) or basal diet and 8% glycerol
water (V and VI).
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Fig. 2. Average body weight, food intake and water intake
changes in Fischer 344 rats treated with magnetite by i.t.
and administered y-oryzanol or glycerol.

*Significantly different from the control values (p<0.05,

Dunnet's test).
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Table 1. Body and Organ Weights in Fischer 344 Rats treated with Magnetite by i.t. and administered y-Oryzanol or Glycerol
Group 1 (control) 11 111 VI v VI
Dose of Magnetite (mg/kg BW) 0 5.0 0 5.0 0 5.0
Dose of y-orizanol (%) 0 0 1.0 1.0 0 0
Dose of glycerol (%) 0 0 0 0 8.0 8.0
Initial number of rats 20 20 20 20 20 20
Initial body weight (g) 218.849.5° 219.4£10.3 218.749.1 219.4+8.9 218.6+8.8 219.4+9.2
Effective number of rats 20 20 20 20 20 20
Final body weight (g) 342.9435.3 349.3+23.8 354.0+28.0 347.4422.7 342.5437.4 350.6425.2
Absolute organ weight (mg)
Brain 2062.7+38.7 2054.1+£67.2 2057.2+£52.3 2053.3£39.2 2064.6+59.0 2071.7+40.4
Adrenal glands 41.9+4.1 41.1£2.5 41.7+3.8 41.8+4.1 44.8+5.5 41.9+4.4
Heart 932.1+75.1 938.4+55.3 958.9+66.9 922.3459.3 920.7+58.7 927.2+48.7
Lung 968.1+56.5 1087.3£85.9 *+  912.0+£79.4 1039.2462.0 *f  944.3+45.4 1029.5+88.9
Spleen 598.1+60.9 616.9+35.8 653.7+92.2 604.7+37.6 1 621.1+62.1 629.8+39.4
Liver (g) 10.569+1.387 10.710£1.027 10.792+1.191 10.578+0.787 11.781+£1.478 * 12.194+1.170 *
Kidneys 2382.4+220.8 2357.8+154.1 2364.4+157.5 2271.0+131.4 2457.2+187.3 2464.6+127.1
Testes 3065.4+178.2 3167.1£113.0 3106.9+395.2 3188.3£123.5 3087.7+360.9 3103.6+490.7 *
Relative organ weight (mg/100 g BW)
Brain 607.7£64.1 590.3+40.8 584.3+44.6 593.0+32.1 609.6+67.5 593.6+41.8
Adrenal glands 12.3+1.7 11.8+1.0 11.8+0.9 12.1£1.2 13.343.0 12.0£1.5
Heart 272.7+12.8 269.1+13.3 271.7£19.0 265.6+8.1 270.6+19.1 265.3+18.3
Lung 283.3+23.4 311.8422.5 *f 258.5+24.3 * 299.7+16.5 T 278.9432.6 294.1423.1
Spleen 174.6£6.9 177.0+9.4 184.9+£23.7 174.246.6 181.8+8.9 * 179.9+8.5
Liver (g) 3.076+0.146 3.063+0.163 3.047+0.223 3.045+0.127 3.43540.137 * 3.479+0.232 *
Kidneys 696.0+25.5 675.8£32.5 1 669.9+44.3 * 654.2+19.2 * 721.8451.1 705.0+44.2
Testes 903.1+104.6 910.1+61.0 880.9+122.1 920.0+46.2 913.5+151.8 888.8+153.2

a o L
Values are means + standard deviations.

*Significantly different from the control (group I) values (p <0.05, Dunnet's test).
FSignificantly different from the control or positive control values (I vs II, IIl vs IV, V vs VI; p <0.05, Aspin-Welch ¢ test).
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Table 2. Histology in Fischer 344 Rats treated with Magnetite by i.t. and administered y-Oryzanol or Glycerol

Group I (control) 1T 111 VI \% VI
Dose of Magnetite (mg/kg BW) 0 5.0 0 5.0 0 5.0
Dose of y-orizanol (%) 0 0 1.0 1.0 0 0
Dose of glycerol (%) 0 0 0 0 8.0 8.0
Effective number of rats 20 20 20 20 20 20
Lung
Infiltration of macrophage phagocytosing magnetite 0 20%F 0 20% 0 20%F
Inflammatory cell infiltration 2 20%F 3 20%% 5 20%F
Hypertrophy of alveolar type II cells 1 20%F 0 20%% 0 20%F
Bronchio/alveolar hyperplasia 0 0 0 0 0 0
Osseous metaplasia 1 2 3 2 4 2
Heart
Myofiber degeneration 15 17 16 17 14 16
Liver
Inflammatory cell infiltration 20 20 17 19 17 17
Microgranuloma 0 0 0 1 2 0
Focal necrosis of hepatocyte 12 11 9 7 9 10
Bile duct hyperplasia 18 19 19 17 8* 9%
Kidney
Inflammatory cell infiltration 3 5 3 3 4 3
Tubular dilation 5 9 9 9 17* 19*
Tubular atrophy 5 3 1 3 3 2
Mineralization 6 4 4 3 4 4
Tubular hyperplasia 0 0 0 0 1 0
Cyst 0 1 0 1 1 0
Testis
Tubular atrophy 4 0 2 0 4 3

"Number of rats with the lesion.

*Significantly different from the control values (p < 0.05, Fisher's exact test).
+Significantly different from the control or positive control values (I vs IL, III vs IV, V vs VI; p<0.05, Fisher's exact test).
No apparent histological changes were observed in the other organs, when compared with the control rats.
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Fig. 3. Gross views of the lungs from Fischer 344 rats of the

group I (control; A), Group II (magnetite 5 mg/kg body
weight; B), Group III (1% y-oryzanol; C), Group IV

(magnetite+1% y-oryzanol; D), Group V (8%
E) and Group VI (magnetite+8% glycerol; F).
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Fig. 4. Microscopic views of the lungs from Fischer 344 rats of the group I (control; A), Group II (magnetite 5 mg/kg body weight
; B), Group III (1% y-oryzanol; C), Group IV (magnetite+1% y-oryzanol; D), Group V (8% glycerol; E) and Group
VI (magnetite+8% glycerol; F) (hematoxylin and eosin).
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Effects of y-Oryzanol or Glycerol on Pulmonary Changes Due to Intratracheally Instilled
Magnetite Nanoparticles in Fischer 344 Rats

Yukie TADA? Hiroshi TAKAHASHI?, Katsuhiro YUZAWA?, Hiroshi ANDO? Yoshikazu KUBO?, Akemichi NAGASAWA?,
Norio YANOP, Akiko INOMATA?, Dai NAKAE" ¢ and Masayuki KURITA®

Ferric oxide nanoparticles (magnetite) are of considerable interest because of their applications in nanotechnology-related fields,
target drug delivery, and hyperthermia. However, information about their potential risks is remains limited. In our chronic study,
intratracheally instilled magnetite was shown to induce alveolar hyperplasia. In addition, magnetite has been shown to elicit
genotoxicity according to in vitro and in vivo studies, and the potential for causing lung carcinogenesis is a concern. In the present study,
we examined the effects of y-oryzanol and glycerol, which are lung tumor promoters, on the pulmonary responses induced in rats by
intratracheal spray instillation of magnetite.

A total of 120, 10-week-old, male Fischer 344 rats were exposed to 4 weekly intratracheal spray instillations of 0 (control) or 5.0
mg/kg body weight magnetite. From 1 week after the last instillation, the rats were given a basal diet and drinking water, a diet
containing 1% y-oryzanol and drinking water, or a basal diet and water containing 8% glycerol for 32 weeks. The rats were then
sacrificed, and the biological consequences were investigated.

Histologically, the lungs of the magnetite-treated groups revealed infiltration of macrophages phagocytosing magnetite, inflammatory
cell infiltration, and enlargement of alveolar type II cells. However, hyperplastic or neoplastic lesions were not observed in rats of any

groups. In addition, y-oryzanol and glycerol had no further effects on the pulmonary changes induced by magnetite.

Keywords: magnetite, Fischer 344 rat, lung, carcinogenicity, intratracheal instillation, carcinogenic promoter
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