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Fig. 1. Transmission Electron Microscopic View of Magnetite
Nanoparticles. The estimated primary particle size is

about 5-15 nm in diameter.
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Fig. 2. Experimental Design. *A total of 100, A/JJmsSlc mice,

7-week-old, was separated into four groups.
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Fig. 3. Changes in Mean Body Weights of A/J Mice treated with
NNK and/or Magnetite.
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Table 1. Hematology of A/JJmsSlc Mice treated with NNK and/or Magnetite

Item I (control) 11 111 v

NNK (mg/mouse) 0 2

Magnetite (mg/kg body weight) 0 5 0 5

Final effective number of mice 23 24 23 21

WBC (x10*/uL) 77.0 +£34.2° 72.3+£30.5 83.8£40.6 88.3 +28.7
RBC (x10*/uL) 918.0+47.5 923.5+47.5 936.8 +34.7 936.9 +51.7
HGB (g/dL) 14.1+0.6 14.1+0.4 14.2+0.6 14.2+0.6
HCT (%) 45.6+2.4 45.7+2.4 46.3+1.9 46.2+2.7
MCYV (fL) 49.7+0.5 49.4+0.5 49.2 £ 0.6* 49.3 £ 0.5*
MCH (pg) 15.4+0.8 153+0.8 15.1+0.3 15.1+0.6
MCHC (g/dL) 3.0+ 1.7 31.0+ 1.6 30.7+0.4 30.7+1.2
PLT (x10*/uL) 63.5 +30.2 71.2 +32.6 58.9+27.6 53.3+25.1

a . .
Values are means + standard deviations.

*Significantly different from the control values (p < 0.05, Dunnet's test).
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Table 2. Absolute and Relative Organ Weights of A/JJmsSlc Mice treated with NNK and/or Magnetite

Item I (control) 11 111 I\

NNK (mg/mouse) 0 0 2

Magnetite (mg/kg body weight) 0 5 0 5

Initial number of mice 25 25 25 25

Initial body weight (g) 18.7+1.3" 187+ 1.1 18.6+ 1.2 18.6+ 1.1

Final effective number of mice 23 24 23 21

Final body weight (g) 22.9+2.0 22.6+ 1.8 23.1+1.6 229+ 1.6

Absolute organ weight (mg)
Brain 420.0+12.9 418.6+13.3 396.7 £+ 8.5% 397.0 = 14.8*
Adrenal glands 7.7+1.2 7.7+ 1.3 7.7+1.1 73+1.3
Heart 88.2+6.4 87.1£7.2 80.5 £ 6.9* 83.9+55
Lung 120.3+13.5 136.7 £ 16.3* 1129+ 17.3 134.7 + 16.6%F
Spleen 70.9 +10.7 73.7+£11.6 66.3+8.4 64.8 £10.5
Liver 925.9+103.0 890.0 + 128.1 856.7 £ 82.7 855.2+82.1
Kidneys 295.5+27.9 286.3£29.6 265.4 £ 18.3* 268.2 £ 23.4*
Ovaries 120+ 1.5 11.8+2.2 8.6+ 1.7* 8.7+ 1.4*
Uterus 92.9+234 110.6 £ 24.9* 74.5 £21.1% 81.0+£21.8

Relative organ weight (mg/100 g body weight)

Brain 1845.8 +138.2 1858.9 + 136.4 1726.5 + 109.6* 1738.7 £ 125.6*
Adrenal glands 33.9+4.2 34.1+4.5 30.9 +4.8 31.7+4.9
Heart 386.2 £20.6 385.2+21.3 349.1 + 20.6* 367.1 £27.6%F
Lung 528.7 £ 69.6 605.8 & 75.4* 490.0 £ 65.9 588.1 + 66.1%
Spleen 310.9 +48.8 326.0 +44.7 287.5+32.7 283.0+£43.5
Liver 4042.5 £ 253.9 3928.1 £423.6 3715.5 + 284.6* 3726.5 £ 206.7*
Kidneys 1293.1 + 88.6 1266.1 £ 95.2 1152.4 £ 66.9* 1171.5 £ 89.8*
Ovaries 52.6 + 6.4 52.1£9.0 37.3+7.4% 38.0 + 6.5%
Uterus 406.3 + 96.7 489.2 + 110.8* 323.8 £ 90.7* 353.2+90.5

a . .
Values are means + standard deviations.

*Significantly different from the control values (p < 0.05, Dunnet's test).
T Significantly different from the III group values (p <0.05, Student or Aspin-Welch's ¢-test).
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Fig. 4. Macroscopic Views of the Fresh (upper row) and Formalin-fixed (lower row) Lungs from A/J Mice of the Control (1),
Magnetite (1I), NNK (III) or NNK and Magnetite (IV) Groups. Note: the nodules (white arrow) in the NNK treated
groups (Il and IV).
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Fig. 5. Incidence and Multiplicity of Macroscopic Nodules in the Lung from A/J Mice of the
Control ( I ), Magnetite (1I'), NNK (IIl) or NNK and Magnetite (IV) Groups.

Values are the means of 21-24 mice, and error bars denote SD.
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Fig. 6. Microscopic Views of the Lungs from A/J Mice of the Control ( I ), Magnetite(II ), NNK (II) or NNK and Magnetite (IV)
Groups (Hematoxylin and Eosin). Note:the alveolar macrophage phagocytosing magnetite (arrow) in the magnetite treated

groups (II), alveolar bronchiolar adenoma (Il and IV).
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Fig. 7. Incidence and Multiplicity of Hyperplastic Lesions in the Lung from A/J Mice of the Control ( I ), Magnetite (1),
NNK (IIT) or NNK and Magnetite (IV) Groups. Values are the means of 21-24 mice, and error bars denote SD.
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Table 3. Histology in A/JJmsSlc Mice treated with NNK and/or Magnetite

Item I (control) II 111 v
NNK (mg/mouse) 0 0 2 2
Magnetite (mg/kg body weight) 0 5 0 5
Final effective number of mice 23 24 23 21
Lung

Infiltration of macrophage phagocytosing magnetite 0’ 24%* 0 21%F

Inflammatory cell infiltration 3 20% 3 16%f

Bronchio/alveolar hyperplasia 0 1 23 20

Bronchio/alveolar adenoma 0 1 20 20
Liver

Inflammatory cell infiltration 20 16 20 16

Focal necrosis of hepatocyte 4 1 4 2
Kidney

Inflammatory cell infiltration 4 2 6 1

Tubular dilation 0 1 3 0

Tubular atrophy 1 4 2 0

Tubular degeneration, basophilia 1 1 2 0
Submandibular salivary gland

Lymphocytic infiltration 6 7 12 11
Pancreas

Focal atrophy 1 3 3 2
Adrenal gland

Subcapsular cell hyperplasia 6 6 6 4
Eye

Corneal mineralization 3 7 0 3

"Number of rats with the lesion.

*Significantly different from the control values (p < 0.05, Fisher's exact test).
1 Significantly different from the III group values (p <0.05, Fisher's exact test).
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Effects of Intratracheally Instilled Magnetite Nanoparticles in Lungs of A/J mice
Initiated with 4-(methylnitrosamino)-1-(3-pyridyl)-1-butanone (NNK)

Yukie TADA?, Dai NAKAEP<, Motoki HOUJOU?, Katsuhiro YUZAWA®?, Hiroshi ANDO?,
Yoshikazu KUBO?, Akemichi NAGASAWA?, Fujifumi KAIHOKO? Yuko HASEGAWA?,
Toshinari SUZUKI?, Akiko INOMATA?, and Takako MORIY ASU?

Ferric oxide (magnetite) nanoparticles are widely used in medicinal and industrial fields. However, information about the potential
risks of iron nanomaterials is limited, and a safety evaluation is needed. Magnetite has been shown to elicit genotoxicity according to in
vitro and in vivo studies, and the potential for lung carcinogenesis is concern. In the present study, we examined the effects of
intratracheal instillation of magnetite on the pulmonary responses of A/J mice initiated with 4-(methylnitrosamino)-1-(3-pyridyl)-1-
butanone (NNK).

A total of 100, 7-week-old female A/JJmsSlc mice, were divided into four treatment groups, and injected intraperitoneally with saline
or NNK (2 mg/mouse), once per week, for 2 weeks. After 2 weeks from the twice dose of NNK, the mice were subjected to
intratracheal instillations of 0 or 5.0 mg of magnetite/kg body weight, once per 4 weeks, for 16 weeks. At the end of the treatment, the
mice were sacrificed under isoflurane anesthesia, and the pathological consequences were investigated.

Macroscopic examination revealed numerous nodules or white patches in the lungs of NNK-treated groups. Histologically, alveolar
hyperplasia or alveolar/bronchiolar adenoma appeared with high probability in NNK-treated lungs. However, the incidence and
multiplicity of the hyperplastic or neoplastic lesions were not affected by magnetite treatment. It is clear that magnetite does not have

carcinogenic effects in the lungs of A/JJmsSlc mice under the present conditions.
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