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Agricultura areas are important habitats for amphibians, but the use of
herbicides potentially affect the ecology and physiology of amphibian adults and
larvae. | evdluated the effects of a herbicide, butachlor-bensulfuron, on the
survival, growth, development, and metamorphosis of Rana limnocharis tadpoles.
Tadpoles were treated with different concentrations of butachlon-bensulfuron for
four days, and the survival of tadpoles was dose respondence. Recommended
concentration of the herbicide caused 100% mortality in just two days.
Butachlor-bensulfuron is a mix of butachlor and bensulfuron. The separate
effects of bensulfuron and butachlor were evaluated by treating tadpoles with
different concentration of each herbicide, and results showed bensulfuron did not
but butachlor did cause tadpole mortality. In the growth and devel opment
experiments, tadpoles under high concentrations of butachlor-bensulfuron and
butachlor were dead, and the survived tadpoles at the lower concentrations have
reached metamorphosis at smilar time and size.  There was no effect of
bensulfuron on tadpole survival, growth, development, size, or time at
metamorphosis.  From these results, butachlor was the most possible reason for
differences in survival on tadpoles. Because butachlor is a neurotoxic compound,
| measured the acetylcholinesterase (AChE) activity of tadpoles that treated with
herbicides. The results showed that butachlor had no effects on AChE activity,
suggesting neurotoxic effects of butachlor isabsent. | then used the dkaline
single cell gel electrophoresis assay (Comet assay) to measure the genotoxicity of
butachlor on tadpoles. Results showed that butachlor caused significant DNA

damagesin tadpoles.  In summary, results of this study confirmed the effects of



herbicides on the physiology of anuran tadpolesin Taiwan. There are many other
anuran species also breed in the agricultural areas, thus further studies of the
effects of herbicides on adults and tadpoles are not only ecological and

physiological interesting, but also important for anuran conservation in Taiwan.
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(butachl or-bensulfuron methyl)

2.583%

0.083% 2.5%
(bensulfuron-methyl) 10%
(DuPont Co.) (ai.) a

-[[(4,6-dimethoxy-2-pyrimidinyl)carbamoyl]sulfamoyl]- o -toluic acid
(butachlor) 60%
(ai.)

N-butoxymethyl-2-chloro-2', 6 -diethylactanilide

HPLC
()
207 6.09 1851 56.04 168 504 pmole/ml
40.1 80.2 160 160 320 641 1282 pmole/ml

10 pL HPLC )

()



ADVANTEC 5C (90 mm, Toyo Roshi Kaisha, Ltd. Japan)

Cyg catridge [1g/6 ml, Strata C18-E (55 um, 70A), Phenomenex,

U.SA] 5mL 5mL
(150 mm Hg) C,g Ccartridge 3 ml/min
5ml cartridge

0L HPLC  (Galett, et al., 1995)

2.
ADVANTEC 5C (90 mm, Toyo Roshi Kaisha, Ltd. Japan)
cartridge [1 g/6 ml, Strata florisil (140 um, 83A), Phenomenex,
U.SA] 20 mL n-hexane (150 mm Hg)
cartridge 3 ml/min 4ml

ethylacetate/n-hexane (viv, 2:3) cartridge

1ml 10 pL HPLC

(Buono, et al.,2005.) HPLC
peak area
% )
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10 500 mi
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10 1.13x10% 5.63x10° 0a mglL

8.03x 101 4.01x10' 201x10* 1.00x10' 501x10% 25x10% Oa



15 150 ml
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mg/L 0 369 12 24 5
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25uL  DTNB reagent



3. Blak 0.75ml (pH 8.0, 0.1 M) 25uL  DTNB reagent

5uL  substrate

4, 412 nm
5. 5uL  substrate
6.
7. ?
A X 1 4 A
R= =5.74 (107
1.36(10%) (400/3120) Co Co

R= rate, in moles substrate hydrolyzed per min/g tissue

A= change in absorbancemin
Co= origina concentration of tissue (mg/mL)
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0.05

ANOVA

96
(LCs0)
(ANOVA)
Tukey
? DNA
Tukey
SAS (SAS Institute 1996) a

+ (mean = SE)



% )

96
( 3 3.1 mglL 24 1.55 mg/L(
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Geng et d.(2005)



(Rhacophorus megacephalus)
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HPLC

1

(1) Inject: 10uL

(2) Standard: bensulfuron (Du Pont), MW 410.4

(3) Analytical column: LiChrospher 100 RPp-18e (5 um); 1254 mm,
Merck Co., Darmstadt, Germany.

(4) Mobile phase: CH;OH / H,O ( pH 3.1)=60/40 (viv)

(5) Column temperature: 40

(6) Flow rate: 1.2 mL/min
(7) UV-Detector: 215 nm (L -4000, HITACHI Co. Ltd)

2.

(1) Inject: 10 pL

(2) Standard: butachlor (Sigma-Aldrich) MW 311.8

(3) Analytical column: Nucleosil 100 C18 (7 um); 250*4.6 mm,
MACHEREY-NAGEL GmbH & Co.KG P.O.Cox 101352 D-52323

Duren Germany
(4) Mobile phase: CH;OH / H,O ( pH 3.1)=60/40 (viv)
(5) Column temperature: ambient

(6) Flow rate: 1.5 mL/min
(7) UV-Detector: 254 nm (L-4000, HITACHI Co. Ltd)



Buffer phosphate 0.1 M, pH 8.0 NaH,PO, NaHPO, pH 8.0

Substrate  acetylthiocholine iodide 0.075 M (21.67 mg/mL)

4 10~15

DTNB reagent 39.6 mg dithiobisnitrobenzoic acid (DTNB) 10 mL
pH 7.0 phosphate buffer 15mg  sodium bicarbonate

(NaHCO,) 00IM DTNB 4



. Agarose

a Normal melting agarose (1% NMA) (Amresco)
b. Low melting agarose (1% LMA) (Amresco)

. Phosphate buffered saline (PBS) CaCl, and MgCl, free (Sigma Chemicals Co.
Ltd, Spruce St., USA)

. Lysis solution

a 10 mM Tris (Merck)

b. 100 m Ng&EDTA (Merck)

c. 25 M NaCl (Merck)

d. 1% (V/V) Triton X-100 (ICN Biomedicals)

. Electrophoresis solution: pH>13.0

a 1 mM NgEDTA (Merck)

b. 300 MM NaOH (Merck)

. Neutralization buffer 0.4 M Tris, pH 7.5 (Merck)

. Ethidium Bromide (20 pg/ml)
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