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ABSTRACT

The object of this study is to investigate the toxicity of fenvalerate [(RS)-a-cyano-3
-phenoxybenzyl-(RS)-2-(4-chlorophenyl)-3-methylbutyrate] and the effect of carbaryl
on the toxicity of fenvalerate. ’

Rats were treated with fenvalerate (50 mg/kg, 100 mg/kg), carbaryl (50 mg/kg, 100
mg/kg) or mixtures of the two compounds (fenvalerate+carbaryl: 50 mg/kg+50 mg/
kg, 50 mg/kg+100 mg/kg) by oral administration for 1~3 weeks. Control groups were
treated with corn oil.

The experimental results were summarized as follows.

1. LDy, values of fenvalerate and carbaryl in male rats were 385 mg/kg and 625 mg/
kg respectively. When 50 mg/kg and 100 mg/kg of carbaryl were administrated, LDso
values of fenvalerate were 265 mg/kg and 225 mg/kg respectively.

2. Biochemical parameters such as ALT, LDH and glucose in serum were much more
increased in the groups treated with mixture than the groups treated with either one of
fenvalerate or carbaryl. v

3. The groups treated with carbaryl and mixture for 3 weeks, the contents of
cytochrome P-450 in the liver were significantly increased. In renal microsomal frac-
tions, however, no significant changes of drug metabolizing enzyme activities were
observed.

4. The activities of aniline hydroxylase in hepatic microsomal fractions were in-
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creased in the groups treated with fenvalerate and mixture and activity was much more

increased in the groups treated with mixture.

5. The activities of ATPase in the groups treated with fenvalerate were decreased

than that of groups treated with mixture. TBA values and the activity of glucose-6

-phosphatase in the liver were not significantly changed.

6. In mixture treated groups, the activities of cholinesterase in serum and in the liver

were more decreased than those of carbaryl treated groups. The activities of carbox-

ylesterase in serum in the liver were slightly increased in mixture treated groups, but

in fenvalerate treated groups, the activities of carboxylesterase were much more

increased than those of control groups.

7. As a result of this study, when carbaryl was as the synergist of fenvalerate,

carbaryl inhibited the activities of esterases, so the toxicity of fenvalerate was in-

creased.
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Table 1. Effect of fenvalerate and carbaryl on body weight gain in rats.

1 week 2 weeks 3 weeks
Groups
Initial Final Gain(%) Initial Final Gain(%) Initial Final  Gain (%)
Control 210.7+3.43 215.6+£6.67 +2.33 218.9+4.78 245.3+6.43 +12.06 215.6+5.24 261.1+4.59 +21.10

Fenvalerate (50 mg/kg) 215.716.63 210.6+7.61 —2.36 209.3+4.60 225.5+6.13 + 6.31 213.5£4.33 243.2+7.10 +13.91
Fenvalerate (100 mg/kg) 228.016.04 219.34+5.22 —3.82 217.14+7.04 224.2+4.61 + 3.27 218.8+5.81 239.8+3.14 + 9.60
Carbary! (50 mg/kg) 214.2+5.30 208.6+4.64 —2.61 214.7+5.84 227.6+3.89 + 6.01 213.5+4.33 247.4+5.94 +15.88
Carbaryl (100 mg/kg) 210.9+4.05 202.8+5.53 —3.84 209.6+6.34 219.7+£3.14 + 4.82 212.215.63 238.6+4.53 +12.44

Fenvalerate (50 mg/kg) 212.7+5.78 203.8+5.30 —4.18 208.3+2.36 218.7+5.74 + 4.99 210.7+5.89 239.3+6.46 +13.57
+Carbaryl (50 mg/kg)

Fenvalerate (50 mg/kg) 214.0+4.44 202.2+3.69 —5.51 209.6+4.53 217.7+5.43 + 3.87 208.3+3.86 229.8+4.68 +10.32
+Carbaryl (100 mg/kg)

Each value is the mean+SE of 8~10 rats.

Table 2. Effect of fenvalerate and carbaryl on liver and kidney weight per body weight ratio (%) in rats.

1 week 2 weeks 3 weeks
Groups
Weight Ratio® Weight Ratio® Weight Ratio®
Control L*  6.38%£0.22 .2.96%+0.09 7.29%£0.27 2.97+0.07 7.86+0.26 3.01+0.09
K¢ 1.55+0.55 0.72%£0.05 1.74+0.07 0.71+0.03 1.85%0.04 0.71+0.02
Fenvalerate (50 mg/kg) L*  6.32+0.26 3.00+0.08 6.74+0.20 3.04+0.10 7.47+0.18 3.07+0.07
K¢ 1.54+0.05 0.73%0.05 1.65%+0.05 0.74%+0.03 1.82+0.04 0.75%0.03
Fenvalerate (100 mg/kg) L*  6.60%+0.30 3.01+0.11 6.91+0.26 3.08+0.08 7.55+0.22 3.15%+0.16
K 1.62+0.04 0.74£0.05 1.67%£0.07 0.75%+0.05 1.85%0.07 0.77+0.04
Carbaryl (50 mg/kg) L*  6.30+0.22 3.02+0.08 6.91+0.21 3.04+0.08 7.62+0.18 3.08+0.07
K¢ 1.52+0.06 0.73+0.04 1.66+0.05 0.73+0.03 1.83%0.06 0.74£0.04
Carbaryl (100 mg/kg) L* 6.25+0.25 3.08+£0.10 6.81£0.21 3.10+0.10 7.59+0.21 3.18+0.08
K¢ 1.48+0.04 0.73£0.04 1.63%£0.03 0.74+0.03 1.79+0.03 0.75%0.03
Fenvalerate (50 mg/kg)+ L°®  6.26+0.21 3.07+£0.10 6.74+0.18 3.08+0.09 7.56%+0.19 3.16+0.08

Carbaryl (50 mg/kg)
K 1.51%+0.05

Fenvalerate (50 mg/kg)+ L° 6.291+0.21
Carbaryl (100 mg/kg)

(=]

.74+£0.04 1.66+0.08 0.76£0.03 1.87x£0.05 0.78%0.05
J11+0.09  6.84+0.24 3.14+0.08 7.63+0.20 3.321+0.07*

w

K¢ 1.54+0.05

(=4

76+0.03 1.70+0.05 0.78+0.03 1.84*+0.04 0.80+0.04

Each value is the mean+SE of 8~10 rats.
Significant difference between control and treated groups (* : p<0.05).
a:organ weight/body weight X100, b: Liver, c: Kidney
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Table 4. Effect of fenvalerate and carbaryl on biochemical parameters in rat serum.

o v G 0L 00 O mw
Control 1 118.1+ 8.26 44.9+3.58  202.7+14.55 579+24.1  94.7+8.30
2 118.0+ 6.60 44.042.69  203.3+17.63 587+18.9  95.1+9.84
3 121.2+ 7.80 46.0+2.42  209.8+19.80 580+21.5  94.3%7.11
Fenvalerate (50 mg/kg) 1 118.8+ 8.56 49.8+4.01  208.0+18.09 651£26.3  109.3+6.25
2 1207+ 3.30 50.5+3.25  208.0+12.81 695+24.9** 123.8+6.76*
3 124.0+ 7.86 58.3+4.44" 212.0412.90 708+22.5** 139.7+7.14"*
Fenvalerate (100 mg/kg) 1 1221+ 7.79 50.8+4.11  208.1+17.21 608+19.7** 122.8+6.79"*
2 124.3+ 8.03 51.343.70  210.3+16.72 708+24.7** 150.3+7.36**
3 1252+ 7.30 58.942.71° 212.2414.19 829+30.0** 172.1+6.28""
Carbaryl (50 mg/kg) 1 122.2+ 4.54 47.043.90  202.4+12.42 629+19.6  99.7+8.63
2 124.7+14.70 47.343.84  202.3+ 9.96 672+29.1°  102.3%5.12
3 126.6+11.27 50.3+4.34  199.8+14.74 690+23.7** 104.5+8.46
Carbaryl (100 mg/kg) 1 124.9%+ 3.77 49.0+2.83  200.1+22.42 640+30.3  100.06.35
9 127.2+ 7.63 53.043.60  197.8+17.67 702+38.6*  104.0%2.76
3 130.8+11.11 55.342.85° 196.819.61 749+24.0°* 113.7+8.62
Fenvalerate (50 mg/kg) 1 122.5+ 9.74 56.0%3.82* 206.7+13.50 647+28.2 110.4+6.38
+Carbaryl (50 mg/kg) 2 125.1+ 7.54 58.0+3.68%* 204.3+ 5.22 708+£25.4** 126.1+7.94*
3 130.2+ 9.73 63.7+4.81** 201.2+15.17 732+15.5** 140.6+8.84**
Fenvalerate (50 mg/kg) 1 124.3+ 6.46 65.8+5.12** 199.7+14.23 654+18.5° 112.5+8.76
+Carbaryl (100 mg/ke) 2 131.3+ 9.64 68.3%4.27** 195.8+ 4.76 719+31.6** 130.6:7.86"*
3 1397+ 7.81 78.345.04** 193.4+10.96 767+20.1** 147.3+9.74**

Each value is the mean+SE of 8~10 rats.

Significant difference between control and treated groups (* :

4. 2t= 9 AlE microsome =& E2| cyto-
chrom P-4502] #2tn} NADPH-cyto-
chrome C reductase g4J2| #is}

7+ =) A1#e] microsome 2 59] cytochrome
P-450 3tek3t NADPH-cytochrome C reductase
)] wish= Table 504 2F Ze},

7} microsome -3 d1¢] cytochrome P-450 3t
23} NADPH-cytochrome ¢ reductase A3
3} 7} microsome ¥-%% 2| cytochrome ¢ &
¥ 3= - fenvalerate JE5-Foiol4= H W3y}
ggiem carbaryl ®H5FZ 3 EFFLolA
£ A% 374k Aol Ui 53] carbaryl
100 mg/kg %5572 carbaryl 100 mg/kg &
g 3F FoATolA FAAUE S 2 2
microsome 2839 NADPH-cytochrome ¢

P<0.05, **: P<0.01)

reductase T4 fenvalerate THE Fo] FolA &
7t F7bske A do] YA carbaryl ¥H5 Fol
o ¥ FodTolA s ot Al 7 e Heolv
Fa4-e gl Springfield 5@ % Riviere 5

2o 717} Aol pyrethrum % &4 pyrethroid7}
ke HAE vldEA TS Rassch
Carlson S'M& CNr} 9= pyrethroids:
cytochrome P-450 3 NADPH-cytochrome ¢
reductases #F%3}A=t permethrin®] a-cyano
analoge FENALEAE FE342] Gerha 3
3lt). Tang %92 fenvalerate?} in vivool 4]
cytochrome P-450-2 =3l in vitroolAl+& &
53517 ¢gkow] o] AA|WelA] fenvalerateo)
HAEAe] FEHAEATE FE5H7] =iEelsta
B 33glct, 429 pyrethroidA] A Al AW
ol| 4] esterase % oxidaseol 2]@l ester A 3%lo] £



112

Table 5. Effect of fenvalerate and carbaryl on hepatic and renal microsomal cytochrome P-450 contents and

KOR. J. ENVIRON. TOXICOL.

NADPH-cytochrome ¢ reductase activity in rats.

Vol. 6, No. 3~4

Liver Kidney
Groups Week

e ML ew 4

Control 1 1.17+0.05 125.9+ 8.92 0.34+0.02 9.99+0.64
2 1.18+0.04 126.9+ 3.44 0.33+0.02 9.90+0.56

3 1.17+0.05 124.6+12.44 0.33+0.04 9.91+0.66

Fenvalerate (50 mg/kg) 1 1.17+0.04 123.7411.77 0.340.02 9.95+0.33
2 1.18+0.04 128.0+14.33 0.3540.04 10.09+0.68

3 1.18+0.05 130.2+ 8.71 0.36+0.04 10.38+0.41

Fenvalerate (100 mg/kg) 1 1.17+0.05 126.6+ 7.86 0.37+0.02 10.27+0.47
2 1.18+0.07 128.5+ 8.49 0.38+0.03 10.49+0.43

3 1.2240.06 130.5+ 7.47 0.39+0.02 10.62+0.59

Carbary! (50 mg/kg) 1 1.19+0.05 125.4+11.03 0.34+0.03 10.01+0.60
2 1.22+40.05 120.4+ 8.47 0.34+0.03 9.98+0.63

3 1.25+0.04 116.7+16.11 0.35+0.03 9.84+0.53

Carbaryl (100 mg/kg) 1 1.22+0.03 119.8+ 7.05 0.35+0.02 9.96:+0.39
2 1.26+0.03 114.9+ 7.41 0.360.03 9.92+0.59

3 1.3140.04*  108.4+ 9.18 0.360.02 9.80+0.41

Fenvalerate (50 mg/kg) 1 1.19+0.05 123.5+14.75 0.3440.02 9.93+0.49
+Carbaryl (50 mg/kg) 2 1.2240.05  120.8+ 9.39  0.35+0.03  10.02:£0.68
3 1.25+0.05 119.0+ 2.12 0.37+0.03 10.18+0.53

Fenvalerate (50 mg/kg) 1 1.22£0.05 118.3+ 3.31 0.36+0.03 9.95+0.66
+Carbaryl (100 mg/kg) 2 1.27+0.05 115.8+14.37 0.36:£0.04 9.960.68
3 1.31+0.04*  110.8+ 9.85 0.37+0.03 10.09+0.64

Each value is the mean+SE of 8~10 rats.

Significant difference between control and treated groups (* : P<0.05)
Unit; cytochrome P-450 (n mole/mg protein), NADPH-cytochrome ¢ reductase (n mole cyt. ¢ reduced/mg protein/

min.)
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Table 6. Effect of fenvalerate and carbaryl on hepatic microsomal aniline hydroxylase activity in rats.
Groups 1 week vpe 2 weeks \ 3 weeks vpe
Control 8.73%+0.17 — 8.72+0.27 — 8.6840.54 -
Fenvalerate (50 mg/kg) 9.211+0.56 + 5.50 9.71+0.36* +11.35 10.55+0.50* +21.54
Fenvalerate (100 mg/kg) 9.46+0.65 + 8.36 10.06+0.56* +15.37 11.37£0.50** +30.99
Carbaryl (50 mg/kg) 8.974+0.32 + 2.75 9.11+0.55 + 4.47 9.45+0.41 + 8.87
Carbaryl (100 mg/kg) 9.29+0.47 + 6.42  9.58+0.41 + 9.86 10.230.46* +17.86
Fenvalerate (50 mg/kg) 9.77%0.35* +11.91 10.47%0.69* +20.07 11.09+0.47* +27.77
+Carbary! (50 mg/kg)
Fenvalerate (50 mg/kg) 10.65+0.28** +21.99 11.75+0.38** +34.75 12.48+0.26** +43.78

+Carbaryl (100 mg/kg)

Each value is the mean+SE of 8~10 rats.

Significant difference between control and treated groups (* : P<0.05, ** : P<0.01)

Unit : p-aminophenol formed nM/mg protein/20 mins.
a : variation percent.
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Table 7. Effect of fenvalerate and carbaryl on hepatic microsomal TBA value in rats.

Groups 1 week vp: 2 weeks Vpe 3 weeks vpe
Control 1.61£0.11 1.64+0.11 — 1.63+0.11 —
Fenvalerate (50 mg/kg) 1.64+0.07 +1.86 1.70+0.07 +3.66 1.73+0.09 + 6.14
Fenvalerate (100 mg/kg) 1.68x0.07 +4.35 1.76+0.05 +7.32 1.80x£0.09 +10.43
Carbaryl (50 mg/kg) 1.68+0.09 +4.35 1.69£0.06 +3.05 1.67£0.10 + 2.45
Carbaryl (100 mg/kg) 1.65+£0.10 +2.49 1.6710.07 +1.83 1.65+£0.08 + 1.23
Fenvalerate (50 mg/kg) 1.70+0.09 +5.60 1.75+0.07 +6.71 1.79+0.06 + 9.82
+Carbaryl (50 mg/kg)
Fenvalerate (50 mg/kg) 1.67+0.08 +3.73 1.73+0.08 +5.49 1.76+£0.09 + 7.96

+Carbaryl (100 mg/kg)

Each value is the mean+SE of 8~10 rats.
Unit : nM/mg protein/min.
a:variation percent.
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Effect of fenvalerate and carbaryl on hepatic and renal microsomal membrane ATPase activity in rats.

Liver

Kidney

Groups Week
Total

ATPase

Mg“
ATPase

Na*-K*
ATPase

Total
ATPase

Mg**
ATPase

Na*-K*
ATPase

21.67+1.33
21.55+1.12
21.80+1.04
18.72+0.77
17.19+1.01**
15.89+0.83**
16.29+0.81**
15.07£0.77**
14.87£0.88"*
21.87+1.02
22.67+1.19
23.09+0.79
22.37£1.11
23.13x0.97
23.67%0.69
18.83+1.17
18.03+0.99*
16.98+0.78**
19.48+1.09
18.78+1.10

Control

Fenvalerate (50 mg/kg)

Fenvalerate (100 mg/kg)

Carbaryl (50 mg/kg)

Fenvalerate (100 mg/kg)

Fenvalerate (50 mg/kg)

Carbaryl (50 mg/kg)

Fenvalerate (50 mg/kg)
Carbaryl (100 mg/kg)

B = W N WO W W W W N

w

15.96+0.78
16.08+0.44
16.50+0.68
14.50+0.66

13.43+0.86*
12.4040.71** 3.49+0.25%*
12.43%0.39** 3.86+0.22**
11.61+0.44** 3.460.20**
11.61+0.51** 3.26+0.26**

16.19+0.81
16.30+0.68
16.56+0.73
16.54+0.76
16.74+0.84
17.06+0.62
14.50+0.68

14.274+0.53*
13.39+0.62** 3.59+0.30**
14.57+£0.97 4.91+£0.27
14.20+0.62* 4.58+0.32
17.67+1.19** 13.91+£0.59** 3.76+0.47*

5.71+0.37
5.47+0.58
5.3040.42
4.22+0.22**
3.76+0.38*

74.43%£2.32
75.50+2.03
74.59+1.97
71.41%3.07
70.83%2.56
70.18+2.40
71.15+2.85
70.08%1.90
68.74+1.86*
72.52+2.47
74.20£2.67
76.131+2.48
74.45%1.62
76.00£2.03
77.58+2.67
73.11+2.36
72.797£2.07
70.08+2.68
73.07£2.61
71.99+2.60
71.55%2.04

5.6840.31
6.37+0.52
6.53+0.49
5.831+0.39
6.39+0.26
6.61+0.23*
4.33+0.35*
3.76+0.40

18.72+0.62
18.91+0.52
18.76+0.43
18.09+1.01
17.98+0.76
17.96+0.63
18.1310.62
17.74£0.39
17.86+0.62
18.74+1.11
19.30+£1.07
19.69+0.78
18.61+0.76
19.524+0.55
19.96+0.95
17.42%0.80
17.48+0.71
18.32+1.35
18.42+1.20
18.42+0.82
18.971+0.60

55.71£1.
56.59+%1.
55.83+1
53.32+1
52.85+1
52.22%1
53.02x1
52.34+1
50.88+1.
53.78+1.
54.90+1
56.44+1
55.84%0.
56.48+1
56.62+1
55.69*1
55.29%£1.
53.76x1.
54.65£1
53.57=%1.
52.58+%1.

62
38

.40
.69
.34
.63
.88
.22

11*
32

.22
.64

97

.33
.86
.37

53
36

.08

32
43

Each value is the mean+SE of 8~10 rats.

Significant difference between control and treated groups (* : P<0.05, ** : P<0.01)

Unit : xuMPi/mg protein/hr
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Table 10042} 7Zc}, o 3|47} Fo13toll whel o7} Ak A4S XS
7} cholinesterase &4 W3l 7k FofgollA F o}, @y carbaryl 55 FoF o £ Fo 7ol

Table 9. Effect of fenvalerate and carbaryl on hepatic glucose-6-phosphatase activity in rats,

Groups 1 week vpe 2 weeks \ 3 weeks vPpe
Control 88.41+4.10 — 88.6+4.48 — 89.41+3.76 —
Fenvalerate (50 mg/kg) 85.8+5.54 —2.94 85.01%5.16 —4.06 84.415.18 —5.59
Fenvalerate (100 mg/kg) 84.31+3.33 —4.63 83.2+3.89 -6.10 82.9+5.15 ~-7.27
Carbaryl (50 mg/kg) 89.1+3.50 +0.79 90.9%+5.54 +2.60 92.6+3.17 +3.58
Carbary! (100 mg/kg) 89.4+4.88 +1.13 92.2+4.73 +4.06 94.8+5.79 +6.04
Fenvalerate (50 mg/kg) 86.7+5.74 —1.92 85.4+5.88 —3.61 85.213.96 —4.70
+Carbaryl (50 mg/kg)
Fenvalerate (50 mg/kg) 87.0+4.82 —1.58 87.6+5.73 —-1.43 88.5%+4.31 ~1.01

+Carbaryl (100 mg/kg)

Each value is the mean+SE of 8~10 rats
Unit : nMPi/mg protein/min.
a : variation percent

Table 10. Effect of fenvalerate and carbaryl on hepatic and serum cholinesterase activity in rats.

.94+0.18** —31.69
.45+0.09 —12.81
.23+£0.14** —22.03
.99+0.17** —29.93
.31+0.14* -17.79
.01£0.13** —29.72
77£0.11"* —37.68

0.83+0.06* —29.06
0.99+0.06 —17.50
0.95+0.06* —19.49
0.89+0.06" —23.93
0.90+0.05" —25.00
0.83+£0.07** —29.66
0.7940.05** —32.48

Fenvalerate (50 mg/kg)+Carbaryl (50 mg/kg)

Fenvalerate (50 mg/kg)+Carbaryl (100 mg/kg)

Groups Week Liver vpe Serum vp:
Control 1 1.20+0.11 — 2.81+0.15 —
2 1.18£0.08 — 2.86+0.13 —
3 1.17+0.09 - 2.84+0.15 —
Fenvalerate (50 mg/kg) 1 1.08+0.10 — 8.33 2.80+0.09 - 0.36
2 1.07£0.05 — 9.32 2.74%+0.16 - 4.20
3 1.03+0.07 —11.97 2.59%+0.11 — 8.80
Fenvalerate (100 mg/kg) 1 1.08+0.04 —10.00 .76+£0.08 — 1.78
2 1.03+0.04 -12.711 .69+0.30 — 5.94
3 1.00£0.02 —14.53 .47+0.11 —13.03
Carbary! (50 mg/kg) 1 1.03£0.07 —14.17 .63%0.12 — 9.96
2 0.97+0.06 —17.80 .35+0.14* —17.83
3 0.93+0.07* —20.52 .03+0.19** —28.52
Carbaryl (100 mg/kg) 1 0.93%+0.09 —22.50 471+0.11 —12.10
2
3
1
2
3
1
2
3

2
2
2
2
2
2
2
0.85+0.08** —27.97 2.22+0.15** —22.38
1
2
2
1
2
2
1

Each value is the mean+SE of 8~10 rats.

Significant difference between control and treated groups (* : P<0.05, ** : P<0.01)
Unit : liver uM/g (wet wt.)/min., serum xzM/ml/min.

a : variation percent.
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Table 11. Effect of fenvalerate and carbaryl on hepatic and serum carboxylesterase activity in rats.

Groups Week Liver \% Serum vpe
Control 1 28.44%1.75 — 112.34+8.30 —
2 28.11+1.57 — 109.85+4.42 —
3 28.65+1.08 — 108.87+4.13 —
Fenvalerate (50 mg/kg) 1 29.67+0.87 + 4.33 124.17+6.24 +10.53
2 30.23+1.25 + 7.54 128.59+4.81* +17.06
3 31.41+1.75 + 9.63 136.881+6.27** +25.73
Fenvalerate (100 mg/kg) 1 33.03+£2.18 +16.14 130.76+4.98 +16.40
2 34.11£1.66*  +21.35 146.67+4.24** +33.52
3 36.09+0.72** +25.97 163.85+4.98** +50.50
Carbaryl (50 mg/kg) 1 28.03+1.01 — 1.44 111.78+5.30 — 0.50
2 27.54+1.05 — 2.03 109.08+5.98 - 0.70
3 27.04+1.37 — 5.62 107.12+5.72 - 1.61
Carbaryl (100 mg/kg) 1 27.67+1.47 — 2.71 111.40+4.87 — 0.80
2 26.76+0.73 — 4.40 108.21%+3.02 - 1.50
3 26.75%0.55 — 6.63 106.16+5.65 - 2.49
Fenvalerate (50 mg/kg)+Carbaryl (50 mg/kg) 1 29.22+1.80 4+ 2.74 119.42+5.23 + 6.30
2 25.31+1.30 + 4.27 121.91+4.83 +10.98
3 30.30+1.09 + 5.76 123.57%6.59 +13.50
Fenvalerate (50 mg/kg)+Carbaryl (100 mg/kg) 1 28.96+1.04 + 1.83 117.06+6.28  + 4.20
2 29.02x+1.22 + 3.24 118.54%8.34 + 7.91
3 30.13+1.09 + 5.17 119.01+6.02 + 9.31

Each value is the mean+SE of 8~10 rats.

Significant difference between control and treated groups (* : P<0.05, ** : P<0.01)
Unit : liver uM g-naphthol/g (wet wt.)/hr., serum M g-naphthol/ml/hr.

a :variation percent
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