31:228-231 (1985).

9) Kawashima, K., and Fujii, T. Extraneuronal
cholinergic system in lymphocytes. Pharmacol. Ther.
86:29-48 (2000).

10) Navarro, H.A., Basta, P.V., Seidler, F.J., and Slotkin,
T.A. Neonatal chlorpyrifos administration elicits
deficits in immune function in adulthood: a neural
effect? Brain Res. Dev. Brain Res. 130:249-252
(2001).

11) Duramad, P., Tager, LB., Leikauf, J., Eskenazi, B.,
and Holland, N.T. Expression of Th1/Th2 cytokines
in human blood after in vitro treatment with
chlorpyrifos, and its metabolites, in combination with
endotoxin LPS and allergen Der pl J. App. Toxicol.
26:458-465 (2006).

F. REARESR
7L

G. HRER

1. BRXBX

Hachisuka A., Nakamura R,,Sato Y., Nakamura R.,
Shibutani M., Teshima R. Effect of perinatal exposure
to the brominated flame-retardant hexabromo-
cyclodecane (HBCD) on the developing immune
system in rats. Bull. Natl. Inst. Heath Sci. 128; 58-64,
2010

2. FORK

) FEBRT, BEM—  BEHBREBICLLEEL
BRASEORBEBIIONT, B17ERLLES
s, FME, F17 6B ARGESERL2H AL
MIEEEE S5, p64, 98, 2010

H HEOFEEOREBRR
1. %S
2l

2. ERFEHG
7L

3. =D
7L

32—



Table 1. Number of delivery

Chlorpyrifos (ppm)
0 2.8 14 70
Dams n 3/12 6/12 6/12 6*/12
Female pup 5 21 23 14
Male pup 20 17 13 19
Pregnant BALB/c mice were exposed to chlorpyrifos (0, 2.8, 14, and 70ppm) via food from gestational day 10 to
postnatal week 3 (n = 12). *One excluded by cannibalism.
Table 2. Effect of chlorpyrifos on the body and organ weights of dams
Chlorpyrifos (ppm)
0 2.8 14 70
Dams n 3 4 4 4
Body (g) 238 £ 01 240 =+ 09 264 = 10* 252 £ 07
Liver (mg) 1828 =+ 86 1801 + 96 2014 + 165 2065 + 104
Spleen (mg) 1023 = 110 1120 + 75 1150 =+ 6.1 1265 + 108*
Thymus (mg) 397 = 55 418 =+ 9.7 383 £ 53 355 + 85
Liver/Body 770 =+ 36 750 + 40 763 + 63 82.1 =+ 41
Spleen/Body 43 = 05 47 =+ 03 44 £ 02 50 = 04
Thymus/Body 1.7 £ 02 1.7 = 04 14 = 02 14 £ 03

Pregnant BALB/c mice were exposed to chlorpyrifos (0, 2.8,

14, and 70ppm) via food from gestational day (GD) 10 to

postnatal week (PNW) 3. At PN'W3, mice were sacrificed to determine effects of the compound on the body and organ
weights. Values are mean = SD. *p<0.05, **p<0.01 (Dunnett's test).



Table 3. Effect of chlorpyrifos on the body and organ weights of offsprings at PNW3

Chlorpyrifos (ppm)
0 28 14 70
Female n 4 4 4 4
Body (g) 99 £ 05 100 = 08 110 + 03 100 + 08
Liver (mg) 552 + 35 531 + 69 580 <+ 55 555 £ 73
Spleen (mg) 848 =+ 139 858 =+ 43 888 =+ 121 708 =+ 13.1
Thymus (mg) 703 + 167 668 + 74 788 + 39 658 + 11.1
Liver/Body 557 + 35 532 + 69 525 + 49 556 + 73
Spleen/Body 86 =+ 14 86 + 04 80 =+ 11 71 £ 13
Thymus/Body 71 = 1.7 67 + 07 71 £ 04 66 =+ 1.1
Male n 4 4 4 4
Body (g) 110 + 0.7 103 + 07 114 + 05 102 + 06
Liver (mg) 634 + 63 563 + 53 620 + 32 596 + 76
Spleen (mg) 918 <+ 83 8.5 = 72 963 = 96 783 =+ 138
Thymus (mg) 595 £ 120 623 =+ 41 648 + 63 698 + 59
Liver/Body 577 * 57 545 £ 52 545 + 2.8 583 + 75
Spleen/Body 84 + 08 84 =+ 07 85 + 08 77 £ 14
Thymus/Body 54 + L1 60 + 04 57 + 06 68 + 06*

Pregnant BALB/c mice (and their babies) were exposed to chlorpyrifos (0, 2.8, 14, and 70ppm) via food from gestational
day (GD) 10 to postnatal week (PN'W) 3. At PN'W3, mice were sacrificed to determine effects of the compound on the
body and organ weights. Values are mean + SD. *p<0.05 (Dunnett's test).

Table 4. Effect of chlorpyrifos on the hemocytological parameters of dams

Chlorpyrifos (ppm)
0 28 14 70
Dam n 3 4 4 4
WRBC (102/_L) 700 =+ 15.1 793 =+ 134 948 + 46 1303 + 160 **
RBC (10%/ L) 1171 + 43 1145 + 34 1192 =+ 33 1100 =+ 13*
HGB (g/dL) 185 + 09 180 <+ 07 186 = 05 169 + 04*
HCT (%) 615 =+ 20 603 £ 20 624 + 19 566 + 13°*
MCV (fL) 525 + 03 526 = 03 526 = 02 515 + 06 *
MCH (pg) 158 + 02 157 + 02 156 =+ 0.1 154 = 02*
MCHC (g/dL) 301 + 05 298 + 0.2 298 =+ 02 299 + 01
PLT(10%/ L) 1752 + 103 1768 + 938 1757 £ 538 1699 + 180

Pregnant BALB/c mice (and their babies) were exposed to chlorpyrifos (0, 2.8, 14, and 70ppm) via food from gestational
day (GD) 10 to postnatal week (PNW) 3. At PNW3, mice were sacrificed to determine effects of the compound on the
hemocytological parameters. Values are mean + SD. *p<0.05, *¥p<0.01 (Dunnett's test).



Table 5. Effect of chlorpyrifos on the hemocytological parameters of offsprings at PNW3

Chlorpyrifos (ppm)

0 2.8 14 70

Female n 4 4 4 4
WBC (10% L) 505 =+ 99 613 + 205 53.0 £ 9.1 523 + 8.1
RBC(10% L) 83 + 19 873 =+ 20 852 =+ 51 836 =+ 57
HGB (g/dL) 124 £ 03 124 + 04 123 £+ 09 121 £ 12
HCT (%) 451 =+ 11 453 = 14 442 + 30 438 =+ 40
MCV (L) 523 =+ 04 518 £ 06 519 + 05 524 + 14
MCH (pg) 144 £ 01 142 + 04 145 + 03 144 =+ 0.7
MCHC (g/dL) 274 £ 05 275 + 05 279 + 05 275 £ 06
PLT(104/_L) 997 <+ 238 1056 =+ 117 971 + 137 1068 = 84

Male n 4 4 4 4
WBC (10%/_L) 558 £ 107 408 =+ 3.1 56,5 £ 16.5 578 =+ 11.7
RBC (10%_L) 845 + 43 793 + 91 834 £+ 52 828 =+ 37
HGB (g/dL) 121 + 07 115 = 08 115 + 0.7 118 + 1.0
HCT (%) 438 + 27 416 £ 4.1 429 + 2.7 431 =+ 21
MCV (fL) 518 + 06 525 £ 1.1 514 =+ 0.7 520 £ 15
MCH (pg) 144 = 05 145 = 06 138 + 04 142 + 09
MCHC (g/dL) 277 =+ 09 276 + 0.7 268 + 0.7 273 = 1.1
PLT(10%/ L) 1183 =+ 26 990 =+ 168 988 <+ 104 1056 =+ 88

Pregnant BALB/c mice (and their babies) were exposed to chlorpyrifos (0, 2.8, 14, and 70ppm) via food from gestational
day (GD) 10 to postnatal week (PNW) 3. At PN'W3, mice were sacrificed to determine effects of the compound on the
hemocytological parameters. Values are mean + SD. Nothing significantly different (Dunnett's test).



Table 6. Effect of chlorpyrifos on the serological parameters at PNW3

Chlorpyrifos (ppm)
0 28 14 70
Dams n 3 4 4 4
A/G ratio 127 =+ 006 133 £ 005 123 + 0.10 138 =+ Q.10
AST (IU/L) 2350 £ 140 2523 £ 629 2100 + 509 2220 <+ 445
ALT (IU/L) 1173 + 348 1035 + 341 1005 =+ 481 778 + 219
ChE (IU/L) 5233 £ 681 4575 £ 377 3150 + 443** 1825 + 1.50**
Offsprings° n 5 6 6 6
A/G ratio 158 + 0.04 163 = 0.08 155 + 0.10 163 =+ 0.10
AST (IU/L) 1760 + 520  181.8 + 308 1678 <+ 534 1492 =+ 185
ALT (IU/L) 284 + 59 655 =+ 768 293 + 106 2817 =+ 114
ChE (TU/L) 3100 + 1.87 2983 + 271 19.17 + 248™* 1150 =+ 235%**

Pregnant BALB/c mice (and their babies) were exposed to chlorpyrifos (0, 2.8, 14, and 70ppm) via food from gestational

day (GD) 10 to postnatal week (PN'W) 3. At PNW3, mice were sacrificed to determine effects of the compound on the

liver (A/G ratio, ASTand ALT), and serum cheline esterase (ChE) activities. Values are mean + SD. *Serum specimens
were collected from 2 female and 3-4 male offsprings. **p<0.01 (Dunnett's test).

Table 7. Effect of chlorpyrifos on the body and organ weights of offsprings at PNW11

Chlorpyrifos (ppm)

0 2.8 14 70

Female n A" 4 4 4
Body (g) 203 + 05 196 =+ 0.1 203 + 0.7 200 =+ 10
Liver (mg) 1001 =+ 63 947 + 70 869 + 88 862 <+ 89
Spleen (mg) 1043 <+ 8.1 1008 =+ 26 988 = 143 923 == 11.1
Thymus (mg) 460 =+ 28 398 + 46 400 =+ 6.3 393 + 55
Liver/Body 492 <+ 3.1 484 =+ 36 428 £ 43 43.1 =+ 45
Spleern/Body 51 + 04 52 =+ 0.1 49 = 0.7 46 =+ 0.6
Thymus/Body 23 £ 01 20 £ 02 20 =+ 03 20 + 03

Male n 4 4 4 4
Body (g) 238 = 02 241 + 04 241 =+ 19 249 =+ 09
Liver (mg) 1121 =+ 356 1126 = 125 1040 =+ 98 1120 = 60
Spleen (mg) 898 £ 50 90.5 = 86 895 =+ 87 103.0 =+ 80
Thymus (mg) 328 = 39 308 =+ 49 293 + 39 348 + 59
Liver/Body 470 =+ 24 467 = 52 432 == 4.1 450 =+ 24
Spleen/Body 38 £ 02 38 + 04 37 += 04 4,1 =+ 03
Thymus/Body 14 + 02 1.3 £+ 02 12 £+ 02 14 = 02

Pregnant BALB/c mice (and their babies) were exposed to chlorpyrifos (0, 2.8, 14, and 70ppm) via food from gestational
day (GD) 10 to postnatal week (PN'W) 3. Exposure was ceased with leaning. At PN'W11, mice were sacrificed to

determine effects of the compound on the body and organ weights. *Number of the offspring was one, three mice were
newly purchased and added. Values are mean + SD, Nothing significantly different (Dunnett's test).



Table 8. Effect of chlorpyrifos on the hemocytological parameters of offsprings at PNW11

Chlorpyrifos (ppm)
0 2.8 14 70
Female n A1) 4 4 4
WBC (10%_L) 838 <+ 102 853 =+ 221 655 =+ 87 760 =+ 209
RBC(10%/ L) 1055 =+ 31 1054 + 12 1041 = 12 1062 + 40
HGB (g/dL) 160 =+ 05 158 + 03 157 =+ 02 162 =+ 0.7
HCT (%) 548 =+ 19 538 =+ 09 538 £ 1.1 551 £ 20
MCV (fL) 519 + 05 511 += 06 516 =+ 06 519 = 03
MCH (pg) 152 £ 0.1 150 + 04 151 =+ 0.1 153 =+ 0.1
MCHC (g/dL) 293 + 0S5 293 = 0.7 292 = 03 294 =+ 03
PLT(10%/ L) 1259 + 44 1195 =+ 132 1239 + 100 1195 =+ 26
Male n 4 4 4 4
WBC (10%/_L) 873 + 280 803 + 56 518 =+ 159* 788 + 168
RBC (104/_L) 1095 + 19 1049 =+ 54 1073 + 21 1058 =+ 19
HGB (g/dL) 161 + 02 155 + 08 158 + 02 160 =+ 03
HCT (%) 56.1 =+ 1.1 537 + 28 551 =+ 07 546 =+ 1.1
MCV (fL) 512 = 02 512 + 04 513 + 03 516 = 0.2
MCH (pg) 147 £ 0.1 147 £ 02 147 * 01 151 + 02%
MCHC (g/dL) 286 = 04 288 =+ 05 287 + 03 292 + 05
PLT (10%/_L) 1349 =+ 25 1222 + 106 1304 =+ 54 1324 + 63

Pregnant BALB/c mice (and their babies) were exposed to chlorpyrifos (0, 2.8, 14, and 70ppm) via food from gestational
day (GD) 10 to postnatal week (PN'W) 3. Exposure was ceased with leaning. At PNW11, mice were sacrificed to

determine effects of the compound on the hemocytological parameters. “ Number of the offspring was one, three mice
were newly purchased and added. Values are mean + SD. *p<0.05 (Dunnett's test).

Table 9. Effect of chlorpyrifos on the serological parameters of offsprings at PNW11

Chlorpyrifos (ppm}
0 2.8 14 70
Female n 41)* 4 4 4
A/G ratio 1.55 =+ 0.13 155 =+ 0.10 1.55 =+ 0.13 133 =+ 005*
AST (IU/L) 2445 + 107.8 2583 + 384 213.8 =+ 649 308.0 =£ 535
ALT (IU/L) 823 + 532 68.0 =+ 177 530 = 171 8625 =+ 3829
ChE (IU/L) 4050 =+ 3.00 4450 =+ 443 4475 + 299 4500 =+ 3.56
Male n 4 4 4 4
A/G ratio 133 + 0.10 128 =+ 0.13 1.28 = 0.13 1.23 =+ 0.10
AST (IU/L) 2065 =+ 376 1983 = 505 2105 = 756 2133 =+ 555
ALT (IU/L) 583 = 193 358 =+ 24 940 =+ 103.9 5925 =+ 1466
ChE (IU/L) 3550 =+ 2.08 3600 =+ 2.58 3700 = 216 3475 £ 395

Pregnant BALB/c mice (and their babies) were exposed to chlorpyrifos (0, 2.8, 14, and 70ppm) via food from gestational
day (GD) 10 to postnatal week (PN'W) 3. Exposure was ceased with leaning. AtPN'W11, mice were sacrificed to
determine effects of the compound on the liver (A/G ratio, ASTand ALT), and serum choline esterase (ChE) activities.
Number of the offspring was one, three mice were newly purchased and added. Values are mean + SD. *p<0.05
(Dunnett's test).



Table 10. Histopathology of the liver, spleen, thymus and bone marrow of perinately chlorpyrifos

exposed pups at PNW3 and PNW11,

Clorpyrifos

Age/Organ/Histopathology

Males

Females

Group A
Dose (ppm) 0

B
2.8

C
14

D
70

A
0

B
2.8

C
14

70

3weeks of age
No. of pups examined 4
Liver
No abnormalties
Hepatocytes
Bile ducts
Kupffer cells
Miniralization
Spleen
No abnormalities
Follicle
PLUS
Marginal zone
Red pulp
Thymus
No abnormalities
Cortex
Medulla
Bone marrow(Femur& Sternum)
No abnormalities
Hematopoiesis, erytho 4
Hematopoiesis, myeloid
Hematopoiesis, megakaryo-
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11weeks of age _
No. of pups examined 4
Liver
No abnormalties
Hepatocytes
Bile ducts
Kupffer cells
Mononuclear cell aggregation
Spleen
No abnormalities
Follicle
PLUS
Marginal zone
Red pulp
Small follicle, decreased marginal zone
Decreased in extramedullary hematopoiesis
Thymus
No abnormalities
Cortex 4
Medulla 4
Bone marrow(Femur& Sternum)
No abnormalities
Hematopoiesis, erytho
Hematopoiesis, myeloid
Hematopoiesis, megakaryo-
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Table11. FACS analysis of effect of chlorpyrifos on the lymphocyte subpopulations

Chlorpyrifos (ppm)
0 238 14 70
Female n 4 4 4 4
PNW3
‘Spl: CD4*/CD3* 443 % 10 458 + 23 481 =+ 29 499 + 32*%

Thy: CD4 "Foxp3®™ 042 + 0.02 042 + 004 044 =+ 030 085 + 0.17
PNWI11

Thy: CD4* 95 + 08 105 + 07 123 + 16 126 £ 107
Thy:CD4*CD8a* 864 + 14 849 + 17 834 + 16 832 + 12%
Male n 4 4 4 4
PNW3

Spl: CD4 * 45 + 04 42 + 07 40 + 09 58 + 02%

Thy: CD4"IL17A" 014 + 005 010 =+ 003 007 + 002% 010 + 003
PNWI11

Spl: CD4* 163 + 14 169 + 18 178 + 06 200 =+ 13
Spl: CD4*CD25* 19 # 02 21 + 02 24 £ 03" 24 02"

Pregnant BALB/c mice (and their babies) were exposed to chlorpyrifos (0, 2.8, 14, and 70ppm) via food from gestational
day (GD) 10 to postnatal week (PNW) 3. Exposure was ceased with leaning. At PNW3 and PNW1 1, mice were
sacrificed to determine effects of the compound on the relative population of the lymphocyte subsets in the spleen (Spl)
and thymus (Thy). Percent lymphocytes are shown ( ® Percent CD3 positive cells). Values are mean + SD. Only
statistically significant changes are shown *p<0.05, **p<0.01 (Dunnett's test).
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F—1 Effects of Methamidophos on cytokine coneentration in BALF

from RSV-infected mice
Cytokine Dayl Day$
(pg/mL) Control Methamidophos10 Methamidophos20 Control Methamidophosi0 Methamidophes20
825 676 534
TNF-o @37) (284) (182) ND ND ND
497 329+% 252%%
1L-6 96) @) 4 ND ND ND
IL-1B <39 <39 <39 ND ND ND
IL-12 <78 <78 <78 ND ND ND
1499 1327 805*
IFN-y ND ND ND @70 a75) (382)
IL-4 ND ND ND <20 <20 <20
IL-10 ND ND ND <78 <718 <78
Numbers in parentheses indicate SD of mean values. ND: not determined  +p<g 05, +*P<0.01
*-2 FRIAMOREBEREIZH (Day 5 pi)
Jema RSV &
AEERTARERE
min i minm
10 ppm 30 ppm
3BT R No. 1 2 3 4 5 6 7 8 9 10
i - - + B - - - - - -
3Ly i - + ++ + + + + + + +
MRS ¥ 5. - ++ + + + + + + + +
RO ME - + +* + + -+ + + ++ +
sEtgost | - | - | - |- |- |-|-|-]-]-
HFBRORK - - - - - - - - - -
N -1 =-1-1-1-1-1-1-1-1-
REXLHOEX - - * - - + - - - -
K2 - - - - - - - - - -
AEXLEOHELE - - - - - - - - - -

-: negative, -+: minimal, +: mild, ++: moderate, +++: marked
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# —3 Effects of perinatal exposure to methamidophos (30 ppm) on the gene expression in the lung tissues
of RSV-infected offspring mice by microarray analysis (Day 1pi)

Gene symbol Fold change (down-regulated) Gene Name

Reg3g 704  regenerating islet-derived 3 gamma
Xell 464  chemokine (C motif) ligand 1

116 421  interleukin 6

1118rap 3.72  interleukin 18 receptor accessory protein
Cdidz 364 CD1d2 antigen

Csf3 349 lony stimulating f: loc

Mylk3 3.08 myosin light chain kinase 3

Ifng 2897  interferon gamma

Ido1 2.88 indoleamine 2,3-dioxygenase 1

Tok1 269 TANK-binding kinase 1

Cer5 261  chemokine (C~C motif) receptor 5

Mefv 253 Mediterranean fever

F3 240  coagulation factor Il

Nfkbiz 231 nuclear factor of kappa light polypeptide gene enhancer in B~cells inhibitor, zeta
1200008022Rik 223 RIKEN cDNA 1200009022 gene

Thbst 2.22  thrombospondin 1

Tir3 222  toli-like receptor 3

a 221 interleukin 1 alpha

Fegrd 207  Fe receptor, IgG, low affinity 11l

Irgmi 2,01 immunity-related GTPase family M member 1



#F—4 Effects of perinatal exposure to methamidophos (30 ppm) on the gene expression in the lung tissues
of RSV-infected offspring mice by microarray analysis (Day 1pi)

Gene symbol Fold change (up-regulated) Gene Name
1=Mar 4.50 membrane-associated ring finger (C3HC4) 1
Clecda2 4.42 C-type lectin domain family 4, member a2
Lias 3.26 lipoic acid synthetase
Chst2 2.57 carbohydrate sulfotransferase 2
Nirp3 2.04 NLR family, pyrin domain containing 3

# —5 Effects of Chlorpyrifos on cytokine concentration in BALF from RSV-infected offspring mice

Cytokine  Dayl Day 3 Day5s

(pg/mL}) Control  Chlorpyrifos14  Control  Chlorpyrifosl4 Control ~ Chlorpyrifosl4 Chlorpyrifos70

%
TNF-a 365 s <35 <35 ND ND ND
(134.5) (25.5)
431.5 402
IL-6 <19 <19 ND ND
(173) (104.5) ND
IL-1B <39 <39 <39 <39 ND ND ND
IL-12 <78 <78 <78 <78 ND ND ND
IFN-y ND ND ND ND 699 794 1547
(265.5) (381.5) (1060.7)
IL-4 ND ND <20 <20 <20 <20 <20
109 77 81
[L-10 ND ND <78 <78
(22.2) 274) (35.2)

Numbers in parentheses indicate SD of mean values. ND: not determined  «p<g g5
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ming 14 ppm 0.3 70 ppm A3
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}Z RSVEL g RSV g REVIBSR
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EESBREHEREDHE (LEHEY R 7 HRETE)
FEEAENECESVWERENOLEDEREREFIMFROBLICETIHA
(H21-{bZE~-—A%-006)
SHEBFRBE F (ER2 2EHK)
EEHCBT2EPAEREMFECETIHE
WRaBEE H| KiE E . ER LR MW ET AT
BEMEYRBFER L F— UV FI—F

HmEBAE Ml ARF BUYERGESEEFER FREBBR
T kb HErEXREREANEF REREER

MEEE b MK L THEABREBERR THEI VA VITBRICERBEIND LEMEE L L CRSHTEE,
BREEREASA-FV Y URICEN L v A REOERRA LN D, = F 3o aREs 47

L. B\ ARREEERNEINDILOORPBAEMIERIEEEND, KFRETE I RB=aF v
DREHEBIC L A TR BBRRFENAEMIERIT OV T Nethyl-Mnitroscurea (ENU) 2R 88 L 7= DX
MIRIENLET AL VBT 5, R 17 BEDF344 #E5 » FiC ENU(20 mg/kg B E) 2 —E&EIRNEE L.
SHE% L O BEiciE{~ o H 4 KT (MnCl, + 4H,0) % 0. 002, 0.01 & UN0. 05%E % T 3 HWEIRMEKRE
Uiz, B, FIMICLE4RBEOHELZES Lo, 34 BICERAED L, PHHERICEA U EEMR
I U CREBABRFERNCGEEM Uiz, RETMZ M BRI E WO EBHR T 620 BB TREERAEZFTEL
T LML PIRMRENAEHMEORRIIERATHILEELZONE, WThORSEIZEBWTHERBHR
JakE, ZZEEBMAANE. EHERBHRERCZFEBHELSO DRMAREENRD b, F0J4ER
WITHERIOER RN END U T OHEMRERICL 2PIRERENRAEHERIRD N2 o7, B
FoaF B L TRBEFEICELEE= a5 > ZkFH%E 0.002, 0.01 U0, 05%BRE CTHUKIRETAE

BREEBL VAN, RECIDBERVHKEDOBLBRDON TS,

A. TFRRE®

ILEMEOREYRBIIRBMEE IZLLERA
BZEMERBNZ ERTRREIN TS (U.S. EPA,
1996), L2>L, £HICEE L TR SN EHE DK
bie, BICHRMERESACET A FRIZZL
WZ L BRI TEREILRDAEHERAL T
bEMEE R 7 ) —= THELZET VOB NRE
ENTWE, P THLEEHICEBRYELRETED
THRARERDENRAET VITIEE AER ST
720, ARFZETIX, ENU ORMBBHREICL AT v b
FHMRENATT LERWT, HAEEZ LV HR
B ZEOBE2 P00 LTRELZORRBAL
fEREMET LTV 5,

v U AATBRICEBIND EEEREE L L TIX
HEEE, BHERRERALNL, BEEZEE LT
BHITREE, SEEERE—F U Y URICELL
T A HBOERNA LIS (Santamaria,
Indian. J. Med. Res., 128, 484-500, 2008), <
HoZDHLDIEe FTOREBAERRZNEGEIN
THY (U.S. EPA), REOEHERTHLE DI AMEE
BTHEDT—F XM TWRNWNIP) < H
ISR REEMNICL TR, MBEHEOA =X A
M X T ATEEEBRIC L AL R P LR
(Aschner, Manganese neurotoxicity and oxidative
damage, 77-93, 1997, Galvani et al., Eur. ]J.
Pharmacol., 377-383, 1995) & &N 5B I &b RS
HEOBNWEEZERORBILL2MBERREBA~DOEE
NEBEINDE, EE. FEFIEREY L V<0

CORMNIREBMC K= VBREOCEENC L B8
BEMEDY X7 HBE < Kontur et al., Teratology,
32, 1-11, 1995, Pappas et al., Neurotoxicol.
Teratol., 19, 17-25, 1997, Gianutsos et al.,
Neurotoxicology, 3, 75-81, 1982). RMZEE DIE
LS HE SN T W5 (Pappas et al.,
Neurotoxicol. Teratol., 19, 17-25, 1997),
Flo, =aF U ECEEDEIIEENTWDT
NHmA RO—FETRIZEOEF IR ANPREES
Fo, BHICHHEMBREUORHBICTFET S =aF
M7 EF N3 REER MACR) I/ERT A2 & T
DI ER ., BMMENME, LFE LR EOEKEE
RET4, HEEASH V. BB CTEMY, R,
R, R EZT, —aFrOEREHERUES
AAEITEEWNE SN DD, B, MERBREME
(Argentin, Toxicol. Sci., 79, 75-81, 2004) .
EMEEFEFEOELE (Argentin, Apoptosis, 11,
1887-97, 2006) . apoptosis D#NH| (Wright, FASEB
J., 7, 1045-1051, 1993) REDOHELH B,
AE, REHICHEBRYEREGNRTRERT v b
WRREBAETT NV ERVTEREESE LEBHOFRD
BEDOHD~ U H U RUEBERICENAREERD
HHNTWE=aF r2Rm0. 6% RBETENE
YUREE R ORI 5 U= BRORE N AMERIER % Et
L7,

B. FEFE
HIR1TBEDF344 M7 v FEEBEGIED 4 BiC
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3. ENU(20 mg/kg (AE) 2 1 EIREARNEE L, 4
PRE% LD BEILAE T, kv o H v 4 kE
(MnC1, » 4H,0) % 0. 002, 0. 01 FTr 0. 05%/ & iR A
BE L, HAHR, &2 OFSIc B8 E RED
REEREZ M4 B E TITo7, ZOBEBFER O
EEZTRERNRBE L, BEHMT,. 50 RE
ROFEREC—RREZEEL, B1EFEB LV
BEHEAZRIE Lz, REHRET %, R
CHFHEZREL. ARAOCREOLABEEORX &%
BUTE L7eth, KEM4 80, /MI% 2 604 GEBE 1 614 .
HRE6 UL (FEHR, MR OIEHOE 2 915 2804
L. X770 B8R, HEEREZER L, BEE
HIREDHEE, BEWM, 1 XORIEETTFH- 7,
FRE LT REBEMERE I U ORI S L
Too Elo=aF U TBLCRBEFEHICEER =2
F 2 2K E 0.002, 0.01 BTN0. 05%EEE T 2%
AN KRR, BKkFES+ A EREER L T
o
(WEEH~DEE)
BEEBRITEE IR L 2B OB ERTET
HY, BMOERER/NRICEDE, T, 8t
TRCA Y TNT o OR AT CRENRA & D
MICEVEBRL, BICS 2 5 EMITR/RIZED
oo Elz, BMER,. FEB L OEBRIZY S - T,
TEEES R RHEENEFTBYER IZET 5158
eV, B OEEITHHERE L TiT o7,

C. HREEER

YA DEEIC L DBEY R TR O — iRk
BE N E (Figure 1, 3) R OMBEE & (Figure 2-4, Table
1 and 2) (ZXTHHBIIRD SN oT, -
MMBERETOEFRL VIV BREICLZEER
EALE A D> 7z (Figure 5), $HEREE T3, ENU
DREBRBRBEIZL Y 34 BB NT, & 462%H) &
ON74% () DBV IC ERBIBIINE, = 25 impE.
BHEERBMRER O HEBERE O bR RE
ERFED LN (Figure6), LivL, =2 iz k
DHARMREBE O, BAA, RAER, RAK
BB T2 BIIRD S o7 (Figure
6, 7). £72, B TZNHE CTOBREELSDF M

FRRBE B R UVt 23 A % D FEABIR B 0358 B T= 28,

WTRbT U AN L D REBROEILERD bk
Do 7 (Figure 7, Table 3, 4),

—FH. ZaFUOREHREICL 5 PIRGRER
BAESERICET 2 ER T, BULEMT, 2=
AF R GHTHBERIIE N b ODEE
(Figure 8) RUMK/KE (Table5) D L U i
RO LI 0.05%=aF L DBEREITAK—RALY
0. 25%IZHREEBEZHO LI b DD, FDF8HiL 2
BB TEFIFET Lz, 0.002%% 000, 01%DIFE

DEE (Figure 9, 10) RUBKE (Figure 11) I
BB D7D AT AMER 277 LT\ 5, BHEE
BHThHD 00467 080 2L F B EB T 3-5 38
BICHOREREEEIRD LN, (Figure 9)

D. &%

ENU Z R B e B U 72 PHEAFIR IS AT F T &
DA ORENRBIZLDRENBAEHER I
DNTHRETEIT - 72,

2188 & v 8)E BRMmEF R OB CHNED L

nic, RREDREDEN #RBBEEE L. Ry

WSR2 38 7- 345 (Perantoni et al., Pro.
Natl. Acad. Sci., 84, 6317-6321, 1987) & —%+
DRERER T, LhL, B8 FomolikE.
FEEE R CMF e OB R R OMEEM R L D3 A =
WDWT, v o T OBREIZL B2 B8 113E
Wipipol, BERETREDONLY Y HomED L
DIMERDERFETIHEEBRSNIEC W EDBRENRH
V. BENEIEIZEID B transferrin LULE (Ve b
A & OBNEFIM % R neuromelanin L~
BEDEENEZ 55 (Haschek et al., Handbook
of Toxicologic Pathology, 2™ edition, volume 2,
518-520, ACADEMIC PRESS, 2002), IRIFiI~o H1
DIHHBAITIZE L TR 2{T-> T 3,
Fle=aF B LTRSS EER= a5
Y ZKFE 0,002, 0.01 K UNO0. 05% FE TR AR
4 2EREER L TOBA, B8 SR ERER T
2%t o B UAKICBETEELEIZLED L
TEHKERE LI BA LEDi=aFr pEmsr
MTHRBEEL N,

E. &#&

ENU R AR B B8 U 7= PAR MR B N A B F /01T 34
B & D I C 60-T0% D BN - AR AR EE
FREIEDILEDLTRPRENAEHME DR
REARTHDEBEZ LN, L LES 0. 05%
BT~ 4 KF % IR AE R 5 L 7= BE oD AR
PR RE A AAEERIZIR D 22 hs o 1=, BIETE/FE
YN AEE = 2 F o “ KM% B 0. 5% BE T8k
KEETHERZERL TS, BREREOEE
RAEZ B L &K 5,

F. RERRIEH
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T OkB.ER KREB.EE ®RL. NI AETF
Bl FRKE = o ONEYREIC X 5 PR
HRAEHIER, B 69 B AABEFSFHMRE, K
IR, % 69 Bl A ABFEESZ MR ESFEEE 54 P-0152,
p.141, 9 A, 2010

Ok, R KRB, B Rt KE FF.
AN ARET, B FKE . PREMRRERAET IV
BT T DHERRECL DB AES
DR, %7 27 BB ABEHFRBEFESREE L OFEN
£, K&, %27 BB ABHFREFESFINESE
HMEE4£ : P-097, p.137, 1 A, 2011

KE FF.8 Xk .EH R /NI AET.
7a)ll  FK{E : N-ethyl-N-nitrosourea (ENU)#EH Z v k
PR R O RS EBRT R, £ 27 BRARE
HREEERESR L OFENES, Kk, £ 27 EHA
AENHRBELFNESHREEEE P-060, p.118,
1A, 2011
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Table 1. Food consumption and manganese intake
of dams treated with MnCl, 4H,0 for 3 weeks
after ENU administration

Group No. of Food : Manganese intake
dams gonsumption (mg/kg b.w./day)
(g/rat/day) o
0% MnCl, 5 29.9 0
0.002% MnCl, 6 29.0 0.8
0.01% MnCl, 6 29.7 4.2
0.05% MnCl, 6 28.2 19.6




Table 2. Food consumption and manganese intake
in offspring treated with MnCl, 4H,0 for 34 weeks

Group No. of conzzrorition Manganese intake
offspring (&/rat/day) (mg/kg b.w./day)

Male

Control 21 14.3 0

0.002% MnCl, 21 13.9 0.3

0.01% MnCl, 20 13.9 1.6

0.05% MnCl, 18 14.0 7.8
Female

Control 19 9.3 0

0.002% MnCl, 24 9.1 0.3

0.01% MnCl, 26 94 1.7

0.05% MnCl, 24 9.2 8.7

Each value represents the mean throughout the experiment period.



