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Reproductive and Developmental Toxicity Study of 1,4-Dichlorobutane

Yong Hyun Chungl* * Jong Kyu Kim' - Wook Joon Yu’

!Chemical Safety and Health Research Center, Occupational Safety & Health Research Institute, KOSHA, Daejeon

’Korea Institute of Toxicology, KRICT, Daejeon

ABSTRACT

Objectives: The present study was conducted in order to investigate the reproductive toxicity in rats exposed to 1,4-dichlorobutane.
Methods: The test chemical was administered orally at 0, 8.3, 50 and 300 mg/kg/day. Males were administered daily for 10 weeks
prior to the mating period. Females were administered from between two weeks before mating to the 21%day of lactation.

Results: In both sexes, a decrease in body weight and an increase in the weights of the liver and kidneys were observed. In males,
discoloration of the liver, hepatocyte hypertrophy and mineralization in the kidneys were observed. In females, animal deaths,
dystocia and pup deaths due to maternal dysfunction were observed. In F1 animals of both sexes, a decrease in body weight was
observed at 300 mg/kg/day. An increase in the weights of the liver in both sexes, mineralization in the kidneys of males, animal
deaths, hepatocyte hypertrophy and pup deaths due to maternal dysfunction were observed at 50 mg/kg/day. Mineralization in the
kidneys of males was observed at 8.3 mg/kg/day. Therefore, the no-observed-adverse-effect ROSs of 1,4- dichlorobutane were
considered to be under 8.3 mg/kg/day for males, 8.3 mg/kg/day for females, more than 300 mg/kg/day for fertility in both sexes,
8.3 mg/kg/day for maternal functions and 50 mg/kg/day for F1 offspring. The absolute toxic dose was believed to be 8.3
mg/kg/day for males, 50 mg/kg/day for females, 50 mg/kg/day for maternal functions and 300 mg/kg/day for F1 offspring.
However NOAEL for fertility could not be determined since there were no treatment-related changes.

Conclusions: Under the present experimental conditions, 1,4-dichlorobutane is a Category 1B Reproductive Toxicant (presumed

human reproductive or developmental toxicant).
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Table 1. Salivation signs of rats treated with 1,4-dichlorobutane

1,4-Dichlorobutane(mg/kg/day)

0 8.3 50 300

Male

Premating 0/24 8/24  24/24 2424
No. of animals

Mating = 024 524 24/24  24/24
No. of animals

Female

Premating

No. of animals 0/24 3/24 17/24  23/24

Mating

No. of animals 024 0/24 2/24 15/24

Gestation . 0/24 1/23 1124 21/22
No. of animals

400

300 —O~ V.CONTROL (0 mg/ke)
—8-T1(8.3 me/ke)
—&—T2(50.0 mg/kg)

—&—T3(300.0 mg/ke)

Mean Body Weight (g)

1 4 8 11 15 18 22 25 29 32 36 39 43 46 50 53 57 60 64 67 70 3 7 10 14 17 21
Day

[ Premating Il Mating ]
Figure 1. Mean body weight changes in male rats treated with
1,4-Dichlorobutane.
* : Significant differences from control group(p<0.05)
+ : Significant differences from control group(p<0.01)

—O- V.CONTROL (0 mg/kg)

—&-T1(8.3 mg/ke)
400

—&—T2(50.0 mg/ke)
—&—T3(300.0 mg/kg)

Mean Body Weight (g)

Day
[ Premating [ mating [ Gestation I Lactation |

Figure 2. Mean body weight changes in female rats treated with
1.4-Dichlorobutane

* : Significant differences from control group(p<0.05)

+ : Significant differences from control group(p<0.01)
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oA il 2094 B 25 TLA o]F 2T v
o o {FoJSHAl HASHH EH(p<0.01, p<0.05).

3.ZIMCY S22 AlEMFHE

A@71E & FATEY RS 54
(Figure 3), 100 mg/kg Fojto| A wHfd Fof 23
of At FH o] thR<tol vls) RJshA 748t
(p<0.01).

HAFTEY AR FFS 543 A3k Figure 4), 300
mg/kg Foltol| A AbaAlFEFo] wHlE Fof 2UR 9}
AAL 19UA) 9 25 5Y o]F A 7T F3F 2Tt
Haek o §98hA] s th(p<0.01, p<0.05).

gt

B ATIATI)
U T =)

ol

—O— V.CONTROL (0 mg/kg)
| —8-T1(8.3 me/ke)

—A—T2(50.0 mg/ke)

—&—T3(300.0 mg/kg)

Mean Food Consumption (g)

2 B 16 23 30 37 44 51 58 65 70
Day

[ Premating ]

Figure 3. Daily food consumption of male rats treated with 1,4-
Dichlorobutane
+ : Significant differences from control group(p<0.01)

80 —O— V.CONTROL (0 mg/kg)
—-T1(8.3 mg/kg)
70 —A—T2(50.0 me/ke)

—&—T3(300.0 mg/ke)

Mean Food Consumption (g)

[_premating || Gestation [ Lactation ]
Figure 4. Daily food consumption of female rats treated with 1,4-
Dichlorobutane
* : Significant differences from control group(p<0.05)
+ : Significant differences from control group(p<0.01)

http:/Aww.kiha.kr/



1. 2] S22 2Y2 20| 7|5} ol e BoKe AvTable 2, 3), 7+

% e 300 mgkg Fold A4 AdyA Fo] £-9)
b ‘8]’7-]
S 901517 Z718HATkp<0.01). AL 300 mykg
=olzo] 47 Aot 7159 o AdiE el
%
A<
s

8.3, 50 % 300 mgkg FolEolA ko] wAo] 1,
39 178 BREY

5
Z7F5HATp<0.01), 50 mekg ol &4 A
A

5. 2N S22 V5 oAl 71k L (p<0.01), 50 mgkg Foit2
B oFsr mESol Ay Zers 2Aste] Uj% A AdsEE K5t 7 tHp<0.01). B]%

Table 2. Absolute and relative organ weights in male rats treated with 1,4-dichlorobutane
1,4-Dichlorobutane(mg/kg/day)

Parameters
0 8.3 50 300
No. of male rats 24 24 24 24
Liver(g) 14.820 + 2.5437 14.412 £ 2.0080 16.071 + 2.7890 19.884 + 2.3314"
per body weight(%) 2.803 + 0.2241 2.822 + 0.2570 3.145 + 0.2767" 4258 + 0.2785"
Kidney(g) 3.748 + 0.4674 3.655 + 0.3795 3.916 + 0.4894 4521 + 0.4856"
per body weight(%) 0.714 + 0.0520 0.718 + 0.0607 0.771 + 0.0545" 0.971 + 0.0848"
Brain(g) 2.041 + 0.0674 2.066 + 0.0804 2.037 + 0.0689 2.064 + 0.1040
per body weight(%) 0.392 + 0.0414 0.408 + 0.0317 0.404 + 0.0397 0.445 + 0.0420"
Pituitary gland(g) 0.012 + 0.0022 0.012 + 0.0024 0.012 + 0.0020 0.011 + 0.0021
per body weight(%) 0.002 + 0.0004 0.002 + 0.0005 0.002 + 0.0003 0.002 + 0.0005
Spleen(g) 0.782 + 0.1082 0.767 = 0.1409 0.776 = 0.1623 0.634 + 0.0943"
per body weight(%) 0.149 + 0.0136 0.150 + 0.0201 0.152 + 0.0235 0.136 + 0.0157"
Heart(g) 1.629 + 0.2173 1.539 + 0.1532 1.541 £ 0.1630 1.548 + 0.1778
per body weight(%) 0.311 + 0.0438 0.302 + 0.0214 0.304 + 0.0271 0.332 + 0.0314"
Thymus 0.404 = 0.0798 0.394 + 0.1033 0.356 + 0.0839 0.317 + 0.0491"
per body weight(%) 0.077 + 0.0135 0.077 + 0.0185 0.070 + 0.0148 0.068 + 0.0102
Salyvary glands 0.675 + 0.0749 0.680 + 0.0770 0.677 + 0.0913 0.608 + 0.0622"
per body weight(%) 0.129 + 0.0112 0.134 + 0.0128 0.134 + 0.0158 0.131 + 0.0149
Seminal vesicle(g) 1.947 + 0.2933 1.928 + 0.3309 2.006 + 0.2886 1.936 + 0.3190
per body weight(%) 0.374 + 0.0660 0.381 + 0.0761 0.397 + 0.0612 0.417 + 0.0723
Prostate(g) 0.627 + 0.1240 0.664 + 0.1464 0.651 + 0.1578 0.586 + 0.1474
per body weight(%) 0.120 + 0.0232 0.131 + 0.0281 0.129 + 0.0329 0.126 + 0.0322
adrenal glands(g) 0.056 + 0.0090 0.054 + 0.0081 0.058 + 0.0084 0.054 + 0.0084
per body weight(%) 0.011 + 0.0015 0.011 + 0.0016 0.011 + 0.0017 0.012 + 0.0018
Testes(g) 3.505 + 0.2204 3.436 + 0.6028 3.421 + 0.3057 3.400 + 0.2684
per body weight(%) 0.672 + 0.0622 0.678 + 0.1266 0.680 + 0.0899 0.736 = 0.0966"
Epididymides 1.407 + 0.0963 1.377 + 0.1993 1.380 + 0.1093 1.355 + 0.1036
per body weight(%) 0.270 + 0.0288 0.272 + 0.0435 0.274 + 0.0380 0.293 + 0.0369
Lung(g) 1.690 + 0.1413 1.680 + 0.1170 1.672 + 0.1549 1.525 + 0.1184"
per body weight(%) 0.324 + 0.0320 0.331 + 0.0254 0.330 + 0.0264 0.328 + 0.0254
Thyroid/parathy(g) 0.023 + 0.0040 0.021 + 0.0042 0.021 + 0.0037 0.022 + 0.0039
per body weight(%) 0.004 + 0.0006 0.004 + 0.0008 0.004 + 0.0008 0.005 + 0.0008

Yalues are presented as Mean + S.D.
: Significant differences from control group(p<0.05)
" ¢ Significant differences from control group(p<0.01)
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Table 3. Absolute and relative organ weights in female rats treated with 1,4-dichlorobutane

1,4-Dichlorobutane(mg/kg/day)

Parameters
0 8.3 50 300
No. of femle rats 23 23 18 5
Liver(g) 12.176 + 1.1846 12.355 + 1.3398 13.382 + 1.1637+ 14.275 + 1.6242°
per body weight(%) 4.154 £ 03617 4.152 + 0.3458 4.516 + 0.3284+ 5.533 + 0.4785
Kidney(g) 2.255 + 0.2051 2.370 + 0.1664 2.388 + 0.2575 2.425 £ 0.1356
per body weight(%) 0.769 + 0.0672 0.798 + 0.0509 0.807 + 0.0877 0.943 + 0.0754"
Brain(g) 1.925 + 0.1010 1.908 + 0.0703 1.898 + 0.0774 1.891 + 0.0342

0.657 + 0.0326
0.004 + 0.0006
0.002 + 0.0004

per body weight(%)
Pituitary gland(g)
per body weight(%)

Spleen(g) 0.607 + 0.1082
per body weight(%) 0.207 + 0.0238
Heart(g) 1.093 + 0.0985

per body weight(%) 0.373 + 0.0329

Thymus 0.0532 + 0.0798

per body weight(%) 0.087 + 0.0173
Salyvary glands 0.508 + 0.0471
per body weight(%) 0.174 + 0.0154

0.068 + 0.0105
0.023 + 0.0038

adrenal glands(g)
per body weight(%)

Ovaries(g) 0.099 + 0.0161

per body weight(%) 0.034 + 0.0050
Lung(g) 1.296 + 0.1057

per body weight(%) 0.442 + 0.0288
Thyroid/parathy(g) 0.018 + 0.0040
per body weight(%) 0.006 + 0.0014
Uterus/Cervix 0.645 + 0.2072

per body weight(%) 0.220 + 0.0687

0.644 + 0.0406
0.005 + 0.0009
0.002 + 0.0005
0.595 + 0.1409
0.200 + 0.0190
1.135 = 0.1077
0.382 + 0.0256
0.263 + 0.0382
0.089 + 0.0128
0.533 + 0.0664
0.179 + 0.0191
0.070 + 0.0105
0.024 + 0.0043
0.097 + 0.0121
0.033 + 0.0039
1.334 + 0.0856
0.449 + 0.0247
0.019 + 0.0047
0.006 + 0.0017
0.654 + 0.2040
0.221 + 0.0705

0.642 + 0.0426
0.004 + 0.0008
0.002 + 0.0003
0.608 + 0.1623
0.205 + 0.0259
1.054 + 0.0958
0.356 + 0.0332
0.226 + 0.0519

0.736 + 0.0603+
0.005 + 0.0006
0.002 = 0.0005
0.356 + 0.0943"
0.136 + 0.0238"
0.901 £ 0.0419"
0.351 + 0.0395
0.106 + 0.0579"

0.076 + 0.0168 0.040 + 0.0168"
0.514 + 0.0656 0.405 + 0.0559"
0.173 + 0.0194 0.157 + 0.0182

0.093 + 0.0190"
0.037 + 0.0095"
0.068 + 0.0173"
0.026 + 0.006"
1.207 £ 0.0715
0.469 + 0.0229
0.017 + 0.0071
0.007 + 0.0022
0.411 + 0.1324
0.157 + 0.0349

0.075 + 0.0127
0.026 + 0.0044
0.099 + 0.0122
0.034 + 0.0046
1.326 + 0.0998
0.447 + 0.0210
0.017 + 0.0039
0.006 + 0.0012
0.600 + 0.2092
0.204 + 0.0759

Values are presented as Mean + S.D.
: Significant differences from control group(p<0.01)
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Table 4. Histopathological findings of the rats treated with 1,4-dichlorobutane

Male Female

Dose(mg/kg/day) 0 8.3 50 300 0 8.3 50 300
No. of rats examined 24 24 24 24 24 23 24 21
Kidney
Tubular degeneration/regeneration 5 8 6 0 4 3 2
Mineralization,cortex 7 5 9 5 1 0 3 1
Inflammatory cell foci 11 5 10 5 2 3 4 0
Cyst 1 0 1 0 0 1 2 1
Mineralization, corticomedula 0 0 0 0 11 14 9 8
Tubular dilatation 0 0 0 0 1 0 0 2
Tubular vacuolation, diffuse 0 0 0 0 0 0 0 5
Hydronephrosis 0 1 0 1 0 0 0 0
Tubular cell hyperplasia 0 0 2 1 0 0 0 0
Casts 1 2 5 1 0 0 0 3
Hyaline droplets 0 0 0 0 0 0 0 1
Tubular necrosis 0 0 0 0 0 0 0 1
Focal nephropathy 0 0 0 0 0 0 1 0
Mineralization,medulla 4 9 11 17 6 6 4 4
Liver
Inflammatory cell foci 20 21 24 19 12 11 13 1
Hepatocyte hypertrophy 0 0 14 0 0 9 16
Peripotal vacuolation 3 8 17 10 0 0 0 6
Pigment, sinusoid 0 0 0 0 0 3 6
Bile duct hyperplasia 0 0 0 0 0 0 1
Salivary glands
Inflammatory cell foci 1 0 1 0
Atrophy 0 0 1 4
Pituitary gland
Cyst, pars intermedia 2 3 2 3 2 0 0 2
Cyst, pars distalis 0 0 2 2 0 2 0 0
Vacuolation
Thyroid glands
Follicular cell hypertrophy 10 7 12 7 10 6 6 0
Teates
tubular atrophy 1 1 1
Tubular dilation 1 0 0 0
Epididymides
Inflammatory cell foci 4 5 6 5
Aspermia 0 1 1 0
Seminal vesicle
Inflammatory cell foci 0 2 1 0
Prostate
Inflammatory cell infiltration 6 13 11 9
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Table 5. Reproductive and littering findings of dams treated with 1,4-dichlorobutane during pre-mating, mating, lactation periods

1,4-Dichlorobutane(mg/kg/day)

Parameters
0 8.3 50 300
Estrous cycle
- Length(days) 4.00 £ 0.0 4.06 + 0.22 4.11 + 0.37 4.19 + 0.29
- Regularity
Regular(%) 23(95.8) 23(95.8) 22(91.7) 18(81.8)
Irregular(%) 1(4.2) 1(4.2) 2(8.3) 4(18.2)
Females placed with males(N) 24 24 24 21
Copulation indeX(%)* 24/24(100) 24/24(100) 24/24(100) 21/21(100)
Precoital index(day)* 2.6 +2.62 2.6 £ 1.24 23 +£222 2.6 +1.43
Female fecundity index(%f 24/24(100) 23/24(95.8) 24/24(100) 18/24(85.7)
Male fertility index(%)* 24/24(100) 23/24(95.8) 24/24(100) 18/21(85.7)
Delivery index(%) ! 24/24(100) 23/24(95.8) 24/24(100) 16/18(88.9)
No. of dams showing dystocia 0 0 0 2
No. of dams without litter 0 0 1 3
Duration of gestation(day) 21.6 + 0.38 21.7 £ 0.42 21.7 £ 0.39 21.9 £ 0.27
Stillborn pups(N) 2 2 3 5
Pups with external anomalies(N) 1 1 0 1
Pups alive at birth(N) 13.7 = 1.43 13.8 = 1.50 13.0 = 2.75 12.7 £ 1.82
Male/female 178 / 151 158 / 160 174 / 138 102 / 101
Viability index(%) 99.4 £ 2.10 98.5 = 2.96 94.4 + 20.40 90.3 + 13.97
Lactation index(%)"" 100 100 100 100
*Values are presented as Mean + S.D.
Copulation index =(No. of animals with successful copulation / No. of mated animal) x 100.
Precoital index = No. of days taken to mate
Female fecundity index =(No. of females pregnant / No. of females mated) x 100.
§ Male fertility index =(No. of impregnating animals / No. of animals with successful copulation) x 100.
Dellvery index =(No. of delivering females / No. of pregnant females) x 100.
Vlablllty index =(No. of live pups at day 4 / No. of live pups at birth) x 100.
Lactation index =(No. of live pups at day 21 / No. of live pups after litter size control) x 100
Journal of Korean Society of Occupational and Environmental Hygiene, 2013: 23(3): 273-286 http:/Aww.kiha.kr/



Aos wrtgch otth 3, % HAEAHE =L 50 9 300
mg/kg/day £t §-oJ5tA F7HE Tk
7. RN SE2| MFT|ZAL wbia 7|7t mHl Zn}
7 g AT =S 25 AFIAARE AAEE A 9. MAl QI AKX} 274
IYTable 5), 7] 717k} 2] ¥ 2ot Al anl7h 21 Rl s=oll el A 9 AR
B3 o 7k felgt Apol= HEE A okttt < W3 A3KTable 5), FAR> 300 mgkg Folt
ZF ot wu|7k Rl HAREFES wu|4a 7|7k of A 28|17} Adich mE AYATF AP miEEo]
4HE3E A3K(Table 5), 2ot AFE2 Folt 1ho 50 4 300 mgkg FoftollAl ZkzF 1 W 37 T
ot zpol= A=A etk otk HlJAl =& 83 2 300 mykg FolToll Al
AT ES 7047 183 PAFTES 14970 AIF Zkzy 1 9 9 29 e Qloh
24E T & A 337 A Azl At
(Table 5), QF=EEo] Wu|&3} 44 Se& U oA 10. F1 S22 {0t 2H4A
Ualg BF 2T AEEE Folitl fot A E9HE FI 9 - 5 AsS 543 23
2ol T2HE] %] oFgtth. (Table 8), 327|752 300 mgkg Foli d5S5s
oA thxut vluLste] §-o|shA ZHaski
8. ZIMC| 3 ZEE2| 85 S22 s U HX} REFl EFES 28 2194 FHste] st
2N A, AFEE Foof 7]Qlgt o] A T
e Fr F, 74 29 10utE e fAsES FA Risiead
sto] 5 HAEAHE 5 W JAHARE AAR
A3, AT 2} vlaste] f-olgh W3t 11. F1 S22 Zt 3 Alzto] Cist =& 2| & A ZAL
= TEEZR] FdTH(Table 6). A5 ¥t A, £ Fl JEES 25 2194 £45t 11 ¢ 4
ngo A= 2t Hwsle] 300 mg/kg/day o ol gt 22 e)ed HARE AAgH ZIKTable 9),
T2 FOsHA FAE AN Fagk nlRoA= o AEEE Folet ddd a7 WEEA ottt
Zt} B]3Lste] 8.3, 50, 300 mg/kg/day Fof<tof A 7ro] 9152 w$- okt A& 73t o3 300 mg/
FoJ8HAl F7HE t(Table 7). A Fefe] -9 o kg/day B4 24zt 4/68 L 2/68 T I
27 AFEAL T o foake HEEA o A7Fe] 9152 g oFgt ArolA oFgt kA 4=

Table 6. Sperm motility of the male rats treated with 1,4-dichlorobutane
1,4-Dichlorobutane(mg/kg/day)

Parameters
0 8.3 50 300
No. of males 10 10 10 10
Motile Parameters
Motility(%) 86.8 £ 6.11 82.7 + 7.33 80.4 + 8.67 82.1 + 7.87
VAP(um/s) 140.5 + 11.64 131.2 + 14.56 1345 £ 12.84 133.3 + 13.21
VSL(pm/s) 944 + 7.34 90.5 + 12.40 90.6 + 5.83 88.3 + 10.74
VCL(um/s) 290.0 + 20.25 275.6 + 32.46 280.8 + 21.13 279.8 + 27.70
ALH(um) 18.1 + 1.42 17.3 = 1.06 17.9 + 2.41 17.8 = 2.37
BCF(Hz) 21.6 = 2.20 21.5 £ 1.40 21.2 £ 1.27 22.1 £ 2.50
STR(%) 68.8 + 3.52 70.4 = 4.67 69.0 + 5.68 67.6 = 5.34
LIN(%) 333 + 1.77 33.7 + 2.87 332 + 239 324 + 217

Motility(%) = Percentage of motile spermatozoa, VAP(um/s) = Path velocity, VSL(um/s) = Straight line velocity
VCL(pm/s) = Curvilinear velocity, ALH(um) = Amplitude of the lateral head displacement, BCF(Hz) = Beat cross-frequency
STR(%) = Straightness ; VSL/VAP(%), LIN(%) = Linearity ; VSL/VCL(%)
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Table 7. Serum testosterone levels and sperm examination results of the male rats treated with 1,4-dichlorobutane

1,4-Dichlorobutane(mg/kg/day)

Parameters
0 8.3 50 300
No. of males examined 10 10 10 10
Serum testosterone levels(ng/ml) 0.91 + 0.699 1.35 = 0.989 3.04 + 2203 2.58 + 2.117"
Sperm head count(x106/testis) 166.1 + 24.01 152.2 + 26.31 152.7 + 11.8 130.4 + 33.64"
Sperm head count(x106/epididymis) 185.4 + 22.96 238.0 + 25.7" 216.1 + 26.42" 226.8 + 29.55"
Sperm abnormality(%)" 7.8 + 4.66 58 +£3.5 4.7 + 3.68 6.1 £ 3.2
No. of abnormal sperms 156 115 94 121
Small head 63 30 15 41
Amorphous head 1 2
Excessive hook 6 3
Folded tail 5 14 8
No tail 14 17 25 23
: SpeFm .abnormglity =(No. of abnormal sperms/No. of examined sperms)x 100
: Significant differences from control group(p<0.05)
: Significant differences from control group(p<0.01)
Table 8. Body weights(g) of F1 rats
1,4-Dichlorobutane(mg/kg/day)
0 8.3 50 300
Male
Day 1 Growth 7.6 £ 0.54 7.8 £ 0.56 7.5 £ 0.63 6.8 £ 094 +
No. of dams 24 23 22 14
Day 4 Growth 10.9 + 0.86 11.3 = 1.04 11.1 = 1.08 9.4 + 1026 +
No. of dams 24 23 22 9
Day 7 Growth 183 £+ 1.17 18.9 + 1.65 18.7 + 1.61 140 £ 1.71 +
No. of dams 24 23 22 8
Day 14 Growth 36.7 £ 2.00 37.8 = 3.27 37.0 £ 3.29 24.8 £ 247 +
No. of dams 24 23 20 6
Day 21 Growth 59.5 + 3.45 61.7 £ 5.02 57.3 + 14.73 415 £ 512 +
No. of dams 24 23 18 6
Femle
Day 1 Growth 7.1 £ 0.49 7.3 £ 0.57 7.1 £ 0.52 6.4 + 098 *
No. of dams 24 23 22 14
Day 4 Growth 10.4 £ 0.74 10.6 £ 1.07 10.7 £ 0.92 9.0 £ 1.55 *
No. of dams 24 23 22 9
Day 7 Growth 174 £ 1.11 17.8 £ 1.94 179 £ 1.24 129 £ 2.85 +
No. of dams 24 23 20 [
Day 14 Growth 35.1 £ 1.93 36.2 + 3.52 35.6 + 2.87 242 + 1.68 +
No. of dams 24 23 20 [
Day 21 Growth 57.3 £ 2.99 59.3 + 5.01 55.0 = 13.67 40.9 + 3.66 +

No. of dams

Values are presented as Mean+S.D.

* ¢ Significant differences from control group(p<0.05)
+ : Significant differences from control group(p<0.01)
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Table 9. Histopathological findings of F1 rats

Male Female

Dose(mg/kg/day) 0 83 50 300 0 8.3 50 300
No. of male rats examined 24 23 24 21 24 24 24 24
Kidney # Ex 24 23 18 6 24 23 18 6
Tubular degeneration/regeneration 10 5 5 0 3 6 5 0
Tubular dilatation 0 1 2 2 0 1 2 1
Fibrosis 1 0 0 0 0 1 1 0
Cyst 3 3 2 1 6 4 4 0
Mineralization 0 1 0 0 0 1 0 0
Atrophy 0 0 0 2 0 0 0 5
subacute inflammation 1 0 0 0
Forcal nephropathy 0 0 1 0
Liver # Ex 24 23 18 6 24 23 18 6
Extramedullary hemopoiesis 24 23 18 2 24 23 18 6
Focal necrosis 0 1 0 0
Atrophy 0 0 4 0 0 0 2
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