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Abstract Incorrect or excessive use of veterinary medicines in recent decades has caused substantial amounts of drugs and
their metabolites being released to the environment through manure application onto agricultural land. One of the potential
adverse effects is to harm some non-target organisms when they consume the excrement that contains drugs or their
metabolites. The purpose of this study is to investigate the effect of Albendazole on the activities of three enzymes in the
earthworm as a whole and at different sections of the body. Earthworms were exposed to different concentrations 0 100

200 400 and 600 mg/kg. After 2 7 and 14 days of exposure acid phosphatase AP  glutathione S-transferase GST

and adenosine triphosphatease Ca’*-ATPase activities were analyzed. The results showed that Albendzole had an effect
on all three enzymatic activities. The impacts on AP and GST activities were more significant than that on Ca’*-ATPase

activitity. The inhibition on AP and GST activities became stronger with the longer exposure. The concentration duration
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9 Eisenia fetida 3917

interaction effects were observed for these two enzymatic activities. In addition for AP activity there was also a significant
interaction effect between concentration and body section. When Albendazole concentration increased AP activity in the
anterior section of the earthworm decreased more significantly compared to the whole earthworms and the other two sections.
In the anterior section AP activity was still reduced to 78 % of the control value at 100 mg/kg after 14 days. AP activity in
the mid-part after 14 days changed from 84% to 63% of the control value when the concentration increased from 200 mg/
kg to 600 mg/kg. The degree of AP activity change with the concentration was even less for the whole earthworm and the
posterior section. For Ca’*-ATPase activity the most significant inhibition was observed in the mid-part after 7 days. The
activity was reduced to 63% —49% of the control value when the concentration was from 200 mg/kg to 600 mg/kg. There

. rS . . . . . . 24+ P
were no significant concentration section and concentration duration interaction effects for Ca”" -ATPase activity.
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1.3
4°C
AP Hgnsi 1 3:7 37%C 10
min 1/2 I 0.2 mol/L 12 mmol/L -
0.6 mg/ml 0.1% -100 37C 25 min 4 I 1 mol/L
Tris 0.3 mol/L pH 8.5 405nm - AP
GST - 2 4- Lukkari " GSH 1- -2 4-
CDNA 2 4- - GS-DNB
GST 1 nmol 1
ATPase ATP ATP ADP
ATP
G-250
1.4
SPSS Standard Version 13.0 SPSS Inc.
2
2.1 AP
AP 1 2 X X
AP p <0.01 1 2 2d
p>0.05 7d AP p <0.01
200 ~ 600 mg/kg AP p<0.01 67% ~54% 14d
100 ~ 600 mg/kg AP 78% ~43% 2d
2 400 600 mg/kg AP p <0.05 115% 117%
7d AP p>0.05 14d 200 ~600 mg/kg
AP 84% ~63% 14d
2 AP AP
p>0.05 AP
2.2 GST
GST 1 3 AP
p <0.01 p <0.01 1
GST 2d GST p>
0. 05 7d GST p <0.05
GST 600 mg/kg p <0.05 14d 200 ~ 600 mg/
kg GST 85% ~73%
GST 400 600 mg/kg
GST
2.3 Ca’*-ATPase
Ca’ " -ATPase 1 4 Ca’" -ATPase
p <0.01 1 4
14d Ca’ " -ATPase p>0.05 2d
p>0.05 7d Ca’" -ATPase p <0.05
Ca’*-ATPase 2 7%  63%
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200 ~ 600 mg/ke »<0.01 63% ~49% 14d
p>0.05
1 3
Table1 ANOVA of AP GST and Ca* -ATPase activities of earthworms exposed to Albendazole
F  F value
Enzyme
C R D CxR CxD CxRxD

AP 6.57"" 93.1"" 59.97** 5.57*" 7.08 " 1.25
GST 10.54 " 470.02 " 0.66 1.15 11.10"" 0.77
Ca”* -ATPase 9.51"" 6.47 " 1.41 0.69 0.67 0.98

C Concentration R Section D Duration *p <0.05 = *p<0.01

2 2d 7d 14d AP nmol min ~! mg~! protein

Table 2 Effect of Albendazole on AP activity in whole earthworm and its different sections after 2 7 and 14 days exposure

Albendazole concentration mg/kg

Duration of

Section exposure d 0 100 200 400 600

2 88.33 +3.86 95.98 +13.08 101.99 +10.07 101.58 +8.26 105.48 £8.76
Whole 7 93.12 £6.66 87.24 +9.88 80.76 +2.33 78.11 £7.65° 82.37 £13.64 "
worm 14 91.58 £9.88 93.44 +15.51 91.01 £8.86 75.21 £10.71 72.43 +6.81

2 95.22 +5.88 96.67 £8.51 91.92 £6.00 87.55 +7.50 80.47 +10.50
Anterior 7 89.74 £7.82 76.17 £12.39 60.16 +7.43 " 54.57 +12.78 ** 48.76 +5.83 "
section 14 89.03 £15.93 69.35+7.95" 61.13 £5.08 " 53.15+2.41*" 37.96 +5.73 "

2 109.32 +6.51 107.16 +6.65 108.00 +15. 14 125.09 +4.20* 128.33 +4.73 "
Mid-part 7 109.54 £11.54 110.85 £10.26 110.54 +15.90 " 104.45 +7.79 " 102.95 +9.53 "

14 105.27 +12.56 109.27 +14.50 88.15 +10.35 79.26 £10.28 69.32 £6.83

2 77.75 £2.54 84.25 £4.52 88.33 £13.50 90.20 +10.51 88.61 £3.50
Posterior 7 78.00 £9.71 78.90 £9.28 81.75 +14.47 86.06 +8.24 95.54 £3.26
section 14 72.53 £14.80 73.97 £2.91 73.33 £10.00 75.32 £24.22 74.47 £6.41

+ n=4 Datas are mean values +SD n =4 Statistical significance vs. control group #* p <0.05

# % p<0.01 3 4 The same as in Table 3 and Table 4

3 2d 7d 14d GST nmol/ min ' mg =" protein

Table 3 Effect of Albendazole on GST activity in whole earthworm and its different sections after 2 7 and 14 days exposure

Albendazole concentration mg/kg

Section Duration of
exposure d 0 100 200 400 600
2 111.34 £19.71 115.24 +14.20 119.56 +19.15 116.66 +18.63 126.48 +20.78
Whole worm 7 127.78 +17.12 126.15 +12.25 123.06 +21.82 102.24 +16.37 " 96.13 +10.42~
14 132.70 £25.07 135.83 +15.85 119.24 +18.03 99.56 +12.68 * 83.11 £23.36 "
2 56.19 £4.57 59.25 +8.87 60.40 +5.65 70.53 £11.13 77.76 +16.45
Anterior section 7 71.19 +8.64 67.31 £6.65 77.36 +7.66 72.93 +6.46 59.58 £7.09 "
14 76.25 £7.57 82.92 +9.20 85.75 +12.29 62.43 £5.79* 55.68 +6.46 "
2 164.41 +12.76 167.53 +12.33 171.76 +19.20 184.24 +19.17 191.35 +18.47
Mid-part 7 176.13 +12.76 181.41 £12.33 169.08 +19.20 150.53 +19.17 " 146.85 +18.47 "
14 191.06 +19.60 183.45 +19.23 162.89 +18.15" 152.37 +18.74 " 140.07 £12.24 "
2 116.89 +13.39 99.66 +13.32 109.00 +17.49 106.36 +11.05 113.33 +15.93
Posterior section 7 133.50 +13.39 135.52 +13.32 130.50 +17.49 125.94 +11.05 116.66 +15.93
14 130.82 £11.35 131.29 +18.26 123.25 £22.22 100.99 +£9.41* 106.60 +11.78 "

http //www. ecologica. cn



3920

27

4 2d 7d  14d

Ca’* - ATPase

pmol/ h mg protein

Table 4 Effect of Albendazole on Ca?* ATPase activity in whole earthworm and its different sections after 2 7 and 14 days exposure

Albendazole concentration mg/kg

Duration of

Section exposure d 0 100 200 400 600

2 2.61 +0.63 2.56 +0.64 2.15+0.79 1.98 +0.70 1.94 +0.59
Whole worm 7 2.50 £0.55 2.38 +0.23 2.23+0.72 2.15+0.78 1.96 £0.25

14 2.57 +0.60 2.54+0.38 2.27+0.32 1.93+0.44 1.78 +0.41

2 2.22+0.22 1.79 £0.35 1.78 £0.57 1.77 £0.57 1.77 £0.37
Anterior section 7 2.23+0.36 1.98 +1.34 1.96 +0.28 1.7240.47" 1.40 £0.06 **

14 2.21+0.34 2.24 +0.38 2.49 +0.58 2.61 £0.22 2.82+0.71

2 2.08 +0.28 1.90 £0.50 1.85 +0.35 1.69 +0.38 1.56 +0.42
Mid-part 7 2.10 £0.63 1.57 £0.27 1.32£0.33" 1.16 0. 11 1.03+0.22"

14 2.07 £0.43 1.81£0.10 1.67 £0.10 1.59£0.32 1.60 £0.28

2 2.44£0.29 2.45£0.35 2.28+0.32 2.24 +0.43 1.69 +0.52
Posterior section 7 2.45+0.28 2.43£0.15 2.27£0.19 2.26 +0.36 2.15+0.37

14 2.47 £0.06 2.24 +0.23 2.14£0.34 2.12£0.16 2.64 +0.26

3.1 AP
60
AP AP
13 15
AP
AP 100 mg/kg AP
2d AP
7d AP Rajalakshmi 2
14d
200 ~ 600 mg/kg
AP
3.2 GST
GST
GST
11 13 14 15
7d GST
GST 14d 200 ~600 mg/kg  GST
85% ~T73% 1 4 GST
GST GST
10 GST
GST
GST
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3.3 Ca’ " -ATPase
ATPase
ATPase
Ca’ " -ATPase Ca’"
ATPase Ca’* -ATPase 2d  14d
7d ATPase
718 McCracken
Ca’* -ATPase ATP ATP
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