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Day 6 Day 9 Day 12 Day 15 Day 17
N i : ; I i 1 | i | i
ﬁ A A A 4,
Crj.CD1(ICR) Y
mice Repeated intratracheal instillation
(0, 0.5, 1, 2, 4 mg/kg/day x 4)
Day 9
[ ; ; F i ] i i i ;
. 5 A
CrCDI(CR) Single intratracheal instillation Caesarean section
i (04 mgikg)

Fig.1 Experimental design
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Fig.2 Skeletal findings on live fetuses
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Table 1. Visceral findings on live fetuses

Control-A Control-B 0.5 mg/kg/day 1 mg/kg/day 2 mg/kg/day 4 mg/kg/day 4 mg/kg®
No. of dams 11 16 11 9 11 11 12
No. of fetuses examined 68 94 65 59 64 54 64
No. of fetuses with anomalies (%) 9(13.3) 6 (6.0) 3(4.1) 5(8.0) 4(5.9) 14 (24.2)* 14 (20.0)*
thymic remnant in the neck 0(0) 0(0) 0(0) 0(0) 0(0) 2(2.8) 0(0)
persistent left umbilical artery 7(10.2) 3(2.8) 3(4.1) 5(8.0) 4(5.9) 2(3.6) 11 (15.5)*
malpositioned esophagus 0 (0) 0(0) 0(0) 0 0(0) 1(1.5) 0(0)
abnormal lung lobation 0(0) 0(0) 0(0) 0(0) 0(0) 0 (0) 1(1.4)
dilated renal pelvis 1(1.3) 330D 0 (0) 0(0) 0(0) 9 (15.9)* 2(3.1)
enlarged kidney 0 (0) 0(0) 0(0) 0 (0) 0(0) 0(0) 1(1.7)
malpositioned adrenal 0(0) 0 (0) 0 (0) 0(0) 0 (0) 1(1.8) 0(0)
absent ureter 0(0) 0 (0) 0(0) 0 (0) 0(0) 0(0) 1(1.4)
dilated ureter 0(0) 0 (0) 0 (0) 0(0) 0(0) 1(1.5) 1(1.7)
malpositioned testis 1(1.8) 0 (0) 0 (0) 0(0) 0(0) 1(1.5) 1(1.7)

Control-A: control group for 0.5, 1 and 2 mg/kg/day groups
Control-B: control group for 4 mg/kg/day group

a) Single administration

Significantly different from control-B group * P <0.05 (Wilcoxon’s test)
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Table 2. Skeletal findings on live fetuses (Malformation and variation)

Control-A Control-B 0.5 mg/kg/day 1mg/kg/day 2mgkg/day 4 mg/kg/day 4 mg/kg®

No. of dams 11 16 11 9 11 11 12
No. of fetuses examined 71 105 72 63 66 59 70
No. of fetuses with skeletal malformation (%) 2(2.8) 1(0.9) 3(4.2) 234 0(0) 12 (24.9)* 19 (29.8)*
SKULL
absent frontal 0(0) 1(0.9) 0(0) 0(0) 0(0) 0(0) 0(0)
absent interparietal 0(0) 1(0.9) 0(0) 0 (0) 0(0) 0(0) 0(0)
misshapen maxilla 0 (0) 1(0.9) 0 (0) 0(0) 0(0) 0(0) 0(0)
absent parietal 0(0) 1(0.9) 0(0) 0(0) 0(0) 0(0) 0(0)
absent supraoccipital 0(0) 1(0.9) 0(0) 0 (0) 0(0) 0(0) 0(0)
FORELIMB
absent phalanx 0(0) 0(0) 0(0) 0(0) 0(0) 0(0) 3(4.2)
HINDLIMB
misshapen phalanx 1(1.3) 0(0) 0(0) 0 (0) 0(0) 0(0) 0(0)
RIB
absent rib 0(0) 0(0) 0(0) 0(0) 0(0) 6 (14.8)* 0(0)
branched rib 0(0) 0(0) 0(0) 0(0) 0(0) 1(4.5) 1(1.4)
fused rib 0(0) 0(0) 1(1.5) 0(0) 0 (0) 8 (18.6)* 4(54)
thickened rib 0(0) 0(0) 0(0) 0(0) 0(0) 1(4.5) 0(0)
STERNEBRA
fused sternebra 0(0) 0(0) 1(1.1) 2(3.4) 0(0) 1(1.8) 0(0)
misshapen sternebra 1(1.5) 0(0) 0(0) 1(1.6) 0(0) 1(2.3) 0(0)
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VERTEBRA

absent thoracic arch 0(0) 0(0) 0(0)
fused thoracic arch 0(0) 0(0) 1(1.5)
fused thoracic centrum 0(0) 0(0) 0(0)
hemicentric thoracic centrum 0(0) 0(0) 1(1.5)
absent thoracic vertebra 0(0) 0(0) 0 (0)
thoracic hemivertebra 0 (0) 0(0) 0(0)
fused lumbar arch 0(0) 0(0) 0(0)
fused lumbar centrum 0(0) 0(0) 1(1.5)
hemicentric lumbar centrum 0 (0) 0(0) 0 (0)
lumbar hemivertebra 0(0) 0(0) 1(1.5)
absent sacral arch 0(0) 0(0) 0(0)
fused sacral arch 0 (0) 0(0) 0(0)
fused sacral centrum 0(0) 0(0) 0(0)
hemicentric sacral centrum 0(0) 0(0) 0(0)
No. of fetuses with skeletal variations (%) 4(5.4) 23 (22.0) 17 (24.2)
RIB
cervical rib 0(0) 2(1.9) 2(3.3)
full supernumerary rib 0(0) 5(4.6) 1(1.5)
short supernumerary rib 4(5.4) 18 (17.3) 14 (19.3)
wavy rib 0(0) 0 (0) 0 (0)
VERTEBRA
sacralization of lumbar vertebra 0(0) 0(0) 0(0)

0(0)
0(0)
0(0)
0(0)
0(0)
0(0)
0(0)
0(0)
0(0)
0(0)
0(0)
0(0)
0(0)
0(0)
4 (6.7)

1(1.9)
0(0)
3(4.8)
0(0)

09

0(0)
0(0)
0(0)
0(0)
0(0)
0(0)
0(0)
0(0)
0(0)
0(0)
0(0)
0(0)
0(0)
0(0)
7(11.0)

1(1.8)
0(0)
5(7.9)
0(0)

1(1.3)

2(5.7)
9 (20.5)*
1(L1)
0 (0)
1(4.5)
2 (6.8)
1(1.1)
0(0)
0(0)
0(0)
0(0)
0(0)
0(0)
0(0)
21 (38.5)

1(2.3)

6 (13.0)

15 (25.5)
0(0)

0(0)

0(0)
4(5.4)
1(1.4)

0 (0)

0 (0)

0 (0)

13 (21.4)%*
2(28)
3(4.7)

0 (0)
1(4.2)
1(1.4)
1(4.2)
2(3.1)

4 (5.4)

0(0)
0(0)
1(1.2)*
3(4.2)

0 (0)

Control-A: control group for 0.5, 1 and 2 mg/kg/day groups

Control-B: control group for 4 mg/kg/day group

a) Single administration

Significantly different from control-B group * P <0.05, ** P <0.01 (Wilcoxon’s test)
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Table 3. Skeletal findings on live fetuses (Incomplete ossification)

Control-A Control-B 0.5 mg/kg/day 1 mg/kg/day 2 mg/kg/day 4 mg/kg/day 4 mg/kg?

No. of dams 11 16 11 9 11 11 12

No. of fetuses examined 71 105 72 63 66 59 70

No. of fetuses with incomplete ossification (%) 14 (20.0) 53 (50.2) 36 (50.4) 33 (53.8) 47 (74.2)* 57 (96.7)## 66 (95.3)##
craniofenestria 6(9.1) 0(0) 2(3.6) 0 (0) 4(9.1) 5(13.6)# 4(5.2)
incomplete ossification of hyoid 1(1.8) 9(8.2) 2(2.7) 1(1.9) 0(0) 6(10.8) 17 (26.7)#
unossified hyoid 0(0) 6 (5.0) 3(5.2) 2(3.7) 0 (0) 33 (58.0)## 8 (11.1)
incomplete ossification of interparietal 6(9.1) 0(0) 0(0) 0(0) 5(10.5) 5(7.6) 2(2.8)
incomplete ossification of nasal 00 0(0) 0 (0) 0 (0) 0(0) 2(09.1) 0(0)
bipartite ossification of supraoccipital 2(3.1) 12 (11.8) 19 (25.4) 14 (23.4)* 27 (42.9)* 32 (50.5)## 20 (28.9)
incomplete ossification of supraoccipital 9(13.0) 16 (15.3) 13 (19.2) 7 (10.6) 15 (23.7) 19 (30.8) 15 (24.3)
unossified supraoccipital 0(0) 0(0) 0(0) 0(0) 0(0) 4 (12.1)# 0(0)
bipartite ossification of sternebra 3(3.9 18 (16.4) 18 (26.5) 17 (27.8)* 19 (29.3)* 34 (54.3)## 32 (47 2)##
incomplete ossification of cervical arch 0(0) 0 (0) 1(1.5) 1(1.4) 0 (0) 3 (10.6) 1(1.4)
incomplete ossification of thoracic arch 0(0) 0(0) 0(0) 0(0) 0 (0) 2(6.1) 0(0)
incomplete ossification of thoracic centrum 0(0) 7 (6.4) 5(7.8) 3(5.0) 1(1.5) 9(17.8) 14 (22.8)#
unossified thoracic centrum 6(8.9) 25 (23.0) 16 (23.4) 13 (19.6) 10 (16.1) 52 (88.2)## 63 (91.1)##
bipartite ossification of lumbar centrum 0(0) 0(0) 0 (0) 0(0) 0(0) 0(0) 2(2.8)
dumbbell ossification of lumbar centrum 0(0) 0 (0) 0 (0) 0(0) 0(0) 0(0) . 1(1.4)
incomplete ossification of lumbar centrum 0 (0) 0(0) 0(0) 1(1.4) 0(0) 5(10.2)# 18 (25.7)##
unossified lumbar centrum 0(0) 0 (0) 0 (0) 0(0) 0(0) 0 (0) 347
incomplete ossification of sacral centrum 0(0) 0(0) 0(0) 0(0) 0 (0) 1(4.5) 1(1.7)
unossified sacral centrum 0(0) 0(0) 0(0) 0(0) 0 (0) 3(7.6) 0(0)
incomplete ossification of ischium 0(0) 0(0) 00 0(0) 0(0) 3(10.6) 0(0)
incomplete ossification of pubis 0(0) 0(0) 0(0) 0(0) 0 (0) 6 (15.1)# 0 (0)

Control-A: control group for 0.5, 1 and 2 mg/kg/day groups

Control-B: control group for 4 mg/kg/day group

a) Single administration

Significantly different from control-B group # P <0.05 , ## P <0.01 (Wilcoxon’s test)
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Table 4. Skeletal findings on live fetuses (Ossification)

Control-A Control-B 0.5 mg/kg/day 1mgkg/day 2mg/kg/day 4 mg/kg/day 4 mg/kg®
No. of dams 11 16 11 9 11 11 12
No. of fetuses examined 71 105 72 63 66 59 70
unossified sternebra 0.1+ 0.2 0.1£0.2 0.3£0.5 0.3+ 0.3 0.2+0.3 1.5+ 1.8% 0.6+ 0.7
incomplete ossification of sternebra 1.4+ 0.8 1.1£ 0.5 1.1+ 0.7 1.2+ 04 1.5+ 0.9 1.4+ 0.7 2.0+ 0.7##
metacarpal 7.8£0.6 7.4+ 0.7 7.6£0.8 7.7+ 0.4 7.5+ 0.7 5.9+ 1.38$ 6.6+ 1.2
fore proximal phalanx 5.9+24 3.0+24 4.6+3.2 45+2.1 3.6+£29 0.1+ 0.38$ 0.4+ 0.78$
fore middle phalanx 0.1£ 0.2 0.0+ 0.2 02+04 0.1+ 0.1 0.1+ 0.2 0 0
fore distal phalanx 9.0+ 3.0 9.0+ 2.1 8.8+2.8 9.6+ 0.7 8.3+ 3.1 3.3+ 3.2## 4.9+ 3,988
metatarsal 9.5+ 0.8 9.1+ 0.8 93+ 1.0 9.4+ 0.5 9.2+ 0.8 6.9+ 2.03$ 8.0+ 0.7##
hind proximal phalanx 53+29 1.6+ 1.9 3.7+34 3.6£2.7 1.8+2.3*% 0.1+ 0.48$ 0.1+ 0.35$
hind middle phalanx 0 0 0 0 0 0 0
hind distal phalanx 8.8£3.0 8.3£3.5 8.1£3.7 9.0+1.2 7.8+3.3 1.7+ 2.6## 3.8+ 3.9
cervical vertebral centrum 22+£1.6 1.4+2.0 1.3+1.9 1.6£2.2 0.9+ 1.6 0% 0%
sacrococcygeal vertebra 8.4+ 0.4 8.1£0.8 8.6+1.2 8.7 0.9 8.4+ 0.7 6.4+ 1.48% 7.1+ 1.0##

Control-A: control group for 0.5, 1 and 2 mg/kg/day groups (Mean=S.D.)

Control-B: control group for 4 mg/kg/day group

a) Single administration

Values in parentheses express number of fetuses examined.

Significantly different from control-A group * P < 0.05 (Dunnett’s multiple comparison test)
Significantly different from control-B group # P < 0.05, ## P <0.01 (Student’s test)
Significantly different from control-B group $ P <0.05, $$ P <0.01 (Aspin-Welch’s test)
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Table 2 Body weightchanges

Doss Level

Body weight ()

(mg kg)

Treatmeng group Route

Before dosing

Before sampling

Frequency Day 1) (Day 8)
Physiologal sakne 0 10101 232 254
iv. 10102 pal 252
Once 10103 211 27,
Mean=$D. 2605 = 097 %03 = 127
Bleomycin 08 10201 A7 177
Lv. 10202 50 248
Once 10203 A3 212
Mpan=8D. 2467 = 033 27360
ENB 200 10301 218 237
po. 10302 246 22
Once 10303 42 235
Mean=8SD. 2457 = 035 837=048
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Table 3 Results of the lung micromucleus assay inmice

Dosz Laval Nonbarof

Traatment (g k) Antaa! Nomberof : Incidence of MN
20uP Routs uaber celb scomd oo Astec cells Ga)
B (MN) celb
Fraquancy

Phvswological sakne ¢ 10101 1263 ¢ 0.00
iv. 10102 1591 1 0.06
Ones 10103 1687 1 0.06

Total/ Mean=$D. 4341 2 0041 = 0.035
——— 025% 10201 505 5 0.55
iv. 10202 1622 7 0.43
Ones 10203 4T 3 0.27

Tetal Msan=8D 2004 %= 0418 = 0.141

Total) Mean=3D 4242 -

ENS: Exhyvt methanesulfonate

The animal (No. 10201) was sdministarad at 30 mgkg 300 0ther rev0 mie were 80328 2t 23 makzinthis govp.

=2 <001 (Kastenbaum sad Bowman's method)
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; Micronucleus
Micronucleus

Fig. 1  Microscopic observation of mouse lung cells collected 48 h post-incubation
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