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Abstract: Invest igations w ere carried to assess the sub lethal effects of a herb icide clincher

( 100 EC ) con tain ing cyhalofop2butyl [ 100 g (a. i)·L - 1 ] as the active ingredien t and the

insecticide p rofurite2am in ium [ 78% SP, 780 g (a. i)·kg- 1 ] on liver esterases and hepatic

glu ta th ione2S 2t ransferase ( GST ) in go ldfish (Carassius au ra tus ) and topmouth gudgeon

(P seud orasbora p arva). GST w as found to be induced in bo th go ldfish and topmouth gudgeon

by the p rofurite2am in ium at concen tra t ion of 0. 234 m g·L - 1. C lincher bo th at concen tra t ion

of 1 and 2 m g·L - 1 caused GST induction in topmouth gudgeon. T he m ix tu re of clincher and

p rofurite2am in ium had the h ighest effect in topmouth gudgeon 722. 3 nmo l· (m in - 1·m g- 1

p ro tein ) w ith a po ssib le indication of addit ive tox icity. L iver esterases w ere induced by bo th

clincher (1 and 2 m g·L - 1) and p rofurite2am in ium (0. 117 and 0. 234 m g·L - 1) in go ldfish. In

topmouth gudgeon liver esterases w ere induced by p rofurite2am in ium but inh ib ited by

clincher. It is suggested that the tw o bio transfo rm ation enzym es m ay be directly o r indirectly

affected by the tested chem icals and that there are differences betw een them.
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1　 In troduction

Pest icides no t on ly can con tro l pests bu t a lso m ay have negat ive impact to the environ2
m en t. Pest icide in troduced in to aquat ic eco system can cau se m assive death o r d iseases of f ish

and sh rimp s[1 ] , and health rela ted in ju ries to hum an beings[2, 3 ]. T hey can also reduce the

rep roduct ive po ten t ia l of aquat ic species[4 ] and m ay even tually have m ajo r impact on fishery

resou rce, b io logica l d iversity and funct ional balance of the eco system.

H eavy u se of agrochem icals especia lly pest icides has been iden t if ied as one of the m ain

con stra in ts fo r rice2f ish cu ltu re in som e A sian coun tries. A decline in paddy2cu ltu red fish has
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been repo rted in Indonesia [5～ 7 ], M alaysia [8 ] , T hailand, Ph ilipp ines[9 ] and V ietnam [10 ]. T he

effects of a chem ical on a b iochem ical param eter m ay be indirect o r d irect. T he pest icide

fo rm u la t ion s no rm ally con ta in o ther compounds apart from the paren t compound. T hese

together w ith the comp lex m etabo lic m echan ism s of the o rgan ism s m ay have indirect o r d irect

effect on glu ta th ione2S 2t ran sferases (GST ) o r liver esterase o r o ther enzym es, w h ich m ay

increase o r decline level of the b io tran sfo rm at ion enzym es.

Cyhalofop 2bu tyl (XD E2537 ) is the act ive ingredien t of clincher, a po st2em ergency

herb icide u sed in mo st parts of A sia fo r con tro lling a w ide range of grass w eeds in paddy

fields. Its eff iciency as a gram in icide has been w ell docum en ted [11～ 13 ]. P rofu rite2am in ium is

m ain ly u sed in Ch ina fo r the con tro l of a w ide range of pest in sects. It is one of tho se

nereistox in in sect icides w ith stom ach po ison ing act ivity.

Glu ta th ione2S 2t ran sferases and liver esterases are impo rtan t b iom arkers that can

indica te the effect of xenob io t ics on som e expo sed o rgan ism s including fish [14 ]. Since the tw o

pest icides clincher and p rofu rite2am in ium are in tended to be u sed in paddy fields w here fish

and o ther aquat ic o rgan ism s can be reared, it is impo rtan t to have fu ll understanding on the

po ssib le indica t ion s of the w ater con tam inat ion by these pest icides.

2　M a ter ia ls and m ethods

2. 1　Chem ica ls

C lincher ( 100 EC ) and p rofu rite2am in ium ( 78% SP ) w ere pu rchased locally in

co llabo ra t ion w ith pest icide residue analysis labo ra to ry, Zhejiang U n iversity, Ch ina.

R educed glu ta th ione ( GSH , 98% ) w as ob ta ined from Zheng2Yu Chem ical In st itu te

(Shanghai, Ch ina). 12ch lo ro22, 42din it robenzene (CDNB , 98% ) w as a p roduct of Sigm a

Chem ical Company. A cco rd ing to R am age and N immo [15 ] , CDNB is a w ide non specif ic

reference sub stra te fo r a ll fo rm s of fish liver GST. A lpha2naph thyl aceta te w as pu rchased

from Shanghai F irst Chem ical Facto ry; Α2naph tho l w as ob ta ined from X in2T in Chem ical

Facto ry (Shanghai) ; Fast b lue B and sodium lau ryl2su lphate w ere pu rchased from Shanghai

R eagen t Facto ry ( P. R. Ch ina ). Bovine serum album in w as p roduct of Boeh ringer

Company. A ll o ther chem icals w ere of analyt ica l grade and ob ta ined from local comm ercia l

sou rces in H angzhou.

2. 2　F ish species and rearing

F ishes belonging to cyp rin idae fam ily w eigh ing 3～ 5 g w ere bough t from H angzhou pet

m arket and reared in the labo ra to ry w here they w ere sacrif iced after app rop ria te expo su res to

pest icides. Go ldfish (Ca rassius au ra tus) , w h ich is an o rnam en ta l, w as part icu larly cho sen

becau se of its clo seness and resem b lance to crucian carp (Ca rrasius ca rassius ) , w h ich is

reared fo r food by m any A sian rice grow ers. It has been u rged that go ldfish is a hyb rid of

crucian carp. O ther researchers have concluded that the go ldfish is a sub species of the

crucian carp Ca rassius ca rassius ( i. e. , C. au ra tus). M o re recen t ly, it has been repo rted that

C . au ra tus is a tet rap lo id derivat ive of C . ca rassius . Topmou th gudgeon ( P seud orasbora
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p a rva) w as cho sen becau se of its easy availab ility in study area and the fact tha t it a lso

belongs to cyp rin idae fam ily.

2. 3　Trea tm en ts

A tox icity experim en t p rio r to the comm encing of th is study, show ed L C 50 values fo r

go ldfish (96 h ) , to be 7. 5 m g·L - 1 clincher and 7. 19 m g·L - 1 p rofu rite2am in ium. In

ano ther p relim inary experim en t, a lmo st 50% of topmou th gudgeon w as found dead after

expo sing the fish to 6～ 10 m g·L - 1 clincher and up to 1. 17 m g·L - 1 p rofu rite2am in ium fo r

96 h. F rom the values fo r topmou th gudgeon, it w as decided, to u se 0. 1 and 0. 2 as facto rs

fo r get t ing the do ses to be u sed in b iochem ical test, tha t w ou ldn’t k ill bo th topmou th

gudgeon and go ldfish. T he expo su re do ses u sed w ere 1 m g·L - 1 as a low er do se of clincher

(C1) , 2 m g·L - 1 as a h igher do se of clincher (C2) , 0. 117 m g·L - 1 as a low er do se of

p rofu rite2am in ium (P1) , and 0. 234 m g·L - 1 as a h igher do se of p rofu rite2am in ium (P2).

T hese do ses w ere acco rd ingly com b ined to get m ix tu re t rea tm en ts CP1 and CP2.

2. 4　Exper im en ta l protocol for enzym e tests

Each fish species w as reared in differen t set of 50 liters vo lum e con ta iners. Every

trea tm en t having fou r rep lica t ion s fo r each fish species. 20 L tap w ater w as added and left

fo r 7 days to de2ch lo rinate natu ra lly. A fter tha t, a pump w as set to aera te each con ta iner.

Six fishes w ere in troduced in each con ta iner. T he fishes w ere then allow ed to acclim at ize fo r

one w eek befo re the expo su re to the chem icals. T he fishes w ere daily fed w ith dry daphn ids

pu rchased from H angzhou pet m arket. A fter one2w eek acclim at iza t ion the fishes w ere

expo sed to clincher and p rofu rite2am in ium. O n the fou rth day (96 h expo su re) , f ishes w ere

samp led and w ere sacrif iced fo r enzym atic assays.

2. 4. 1　L iver homogenate p repara t ion　F rom each rep lica t ion, fou r of each fish species w ere

sacrif iced by a sharp b low on the head fo llow ed by cervica l d islocat ion. T he homogenate w as

p repared acco rd ing to the co lo rim etric m ethod of M ao, et a l. [16 ]. T he liver w as qu ick ly

removed u sing scisso rs and tw eezers, cleaned from adhering t issues w ith 0. 15 mo l·L - 1

po tassium ch lo ride ( KC l) and b lo t ted w ith filter paper. Fo r GST , the liver w as then

homogen ized in the p resence of 0. 25 mo l·L - 1 sucro se con ta in ing 50 mmo l·L - 1 pho sphate

buffer so lu t ion2PBS (pH = 6. 5) [ 10 mL buffer per gram tissue ] w ith a tef lon coated hand2
driven t issue homogen izer and pest le fo r abou t 1 m in. T he homogenates w ere filtered

th rough fou r layers of cheeseclo th and cen trifuged at 10 000 g fo r 15 m in in a refrigerao r a t

4℃. T he supernatan ts w ere taken and u sed as an enzym e sou rce.

Fo r liver esterase the t issue w as homogen ized in 0. 04 mo lõL - 1 pho sphate buffer

(pH 7. 1) [ 10 mL buffer per gram tissue ] w ith a tef lon coated, hand2driven t issue

homogen ized and pest le, fo r abou t 1 m in. A nd then cen trifuged at 1 880 g fo r 10 m in. T he

supernatan t w as taken as a sou rce of enzym e and u sed fo r liver esterase act ivity

determ inat ion.

2. 4. 2　Enzym atic assays

1) GST act ivity determ inat ion　T he enzym e act ivity w as m easu red spectropho tom etrica lly by
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u sing the assay p rocedu res modif ied by H ab ig et a l
[17 ]. T he react ion m ix tu re con sisted of

2. 9 mL of 0. 2 mo l·L - 1 K2pho sphate buffer2PBS, pH 6. 5, 0. 1 mL of 0. 03 mo l·L - 1

CDNB (disso lved in ethano l) and 0. 5 mL of 0. 02 mo l·L - 1 GSH (disso lved in PBS). T he

enzym atic react ion w as in it ia ted w ith addit ion of 0. 2 mL liver homogenate supernatan t and

carried ou t a t 25℃ fo r 3 m in. 0. 3 mL of 33% TCA (disso lved in w ater ) w as added to

p recip ita te excess p ro tein and the m ix tu re w as cen trifuged at 345 g fo r 5 m in. T he

ab so rbance of the CDNB 2glu ta th ione con jugate fo rm ed w as m easu red by Sh im adzu doub le2
beam spectropho tom eter, a t 340 nm. N on2enzym atic increase in ab so rbance w as co rrected by

runn ing the para llel b lank in all experim en ts. 0. 2 mL mo re of 0. 2 mo l·L - 1 PBS (pH = 6. 5)

w as added to the b lank in stead of the homogenate. Each assay w as repeated tw o t im es.

2 ) E sterase act ivity determ inat ion 　 T he enzym e act ivity w as m easu red spectropho2
tom etrica lly by u sing the assay p rocedu res modif ied by V an A speren [18 ]. A ssay m ix tu re

con sisted of 2. 7 mL of 0. 03 mmo l·L - 1 Α2NA and 0. 2mL liver homogenate supernatan t.

T he m ix tu re w as incubated at 25℃ in a w ater bath. A fter exact ly 10 m in, 0. 1 mL of

diazob lue2sodium lau ryl su lphate (DBL S) (1% fast b lue B and 5% sodium lau ryl su lfa te,

2: 5, vöv ) w as added. A strong b lue co lo r ref lect ing the amoun t of naph tho l developed

qu ick ly and its ab so rbance w as m easu red by Sh im adzu doub le2beam spectropho tom eter, a t

600 nm. N on2enzym atic increase in ab so rbance w as co rrected by runn ing the para llel b lank in

assays. T he b lank received 0. 2 mL mo re of 0. 03 mmo l·L - 1 Α2NA.

T he to ta l p ro tein concen tra t ion of liver t issue from test f ish w as determ ined by the fo lin

pheno l reagen t m ethod of L ow ry et a l
[19 ] u sing bovine serum album in as standard. T he

act ivity of GST w as exp ressed as Λmo l·m in - 1·m g- 1 of p ro tein. T he act ivity of liver

esterase w as exp ressed as nmo l·m in - 1·m g - 1 of p ro tein. Each assay w as rep lica ted tw o

t im es and the resu lts are p resen ted as the m ean ± SD ( standard devia t ion ). O ne2w ay

ANOVA w as perfo rm ed u sing STA T IST ICA softw are (version 5. 0). Percen tage act ivit ies

w ere calcu la ted w ith the assump tion that the act ivity of the con tro l w as 100%. Percen tages

h igher than 100 m ean t that the enzym e w as induced w here as values less than 100 inferred

inh ib it ion.

3　Results and d iscussion

3. 1　Gluta th ione-S - tran sfera se

Fo r go ldfish resu lts ind ica ted that there w ere no sign if ican t d ifferences in GST act ivity

betw een the con tro l and the test do ses of clincher herb icide app lied alone (T ab le 1). T he

sam e ob servat ion w as fo r low do se of p rofu rite2am in ium , bu t t rea ted w ith h igher do se,

sign if ican t d ifference (Α= 0. 05) from the con tro l w as ob served. T h is p robab ly suggested

that the detox if ica t ion of the nereistox in invo lves GST m edia t ing the react ion s. T he m ixed

do ses (CP1 and CP2) w ere no t sign if ican t ly differen t from the con tro l. How ever, the

percen tage act ivit ies had a genera l increasing trend above the con tro l suggest ing that bo th

clincher and p rofu rite2am in ium induce GST act ivit ies.
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T ab le 1　GST act ivity in go ldfish (Ca rassius au ra tus) and topmou th gudgeon

(P seud orobora p a rva) af ter 96 h expo su re to variou s pest icides3 öΛmo l·m in - 1·m g- 1

T reatm ent Do se Go ldfish % Topmouth %

Contro l 1681. 4a±37. 0 100 78. 3a±4. 3 100

C1 1 m göL 2162. 2a±80. 4 128 185. 7b±14. 4 237

C2 2 m göL 2091. 2a±21. 7 124 285. 2b±19. 8 364

P1 0. 117 m göL 1842. 2a±73. 5 109 331. 3bc±10. 7 423

P2 0. 234 m göL 4808. 0b±96. 1 285 414. 0bc±18. 9 528

CP1 C1+ P1 2665. 5ab±43. 9 159 722. 3c±24. 2 922

CP2 C2+ P2 2612. 7ab±71. 2 155 311. 9b±12. 3 398

　　3 A ctivit ies are m ean±SD of four experim en ts (n= 4). V alues fo llow ed by differen t letters are sign ifican tly differen t

(Α= 0. 05). C2clincher; P2p rofu rite2am in ium. T he sam e as in the fo llow ing tab le.

T he GST act ivity of topmou th gudgeon exh ib ited sign if ican t d ifference (Α= 0. 05)

betw een the expo sed fish and the con tro l. T he effect seem ed h ighest w ith the m ixed

trea tm en t (722. 3 nmo l·m in - 1·m g- 1 ) w ith a po ssib le indica t ion of addit ive tox icity (C

alone had a m ax im um act ivity of 285. 2 nmo l·m in - 1·m g- 1 and P had an act ivity of

414. 0 nmo l·m in - 1·m g - 1). L ike in go ldfish percen tage GST act ivit ies w ere h igher than

100 indica t ing that clincher and p rofu rite2am in ium induce ra ther than inh ib it the enzym e.

U nder no rm al condit ion s, go ldfish have h igher GST act ivity than topmou th gudgeon.

How ever, the induct ion of the enzym e by either clincher o r p rofu rite2am in ium seem s to be

h igher in topmou th gudgeon as revealed by percen tage act ivit ies. T h is show s that

in terspecif ic d ifference rela t ive to GST act ivity ex ists in the tw o species and that topmou th

gudgeon can be u sed as an indica to r of w ater con tam inat ion by the tw o pest icides bet ter than

go ldfish. A cco rd ing to Jacoby and Keen [20 ] , one of the act ion s of GST is b inding covalen t ly

w ith mo re react ive agen ts in a so2called“sacrif icia l”react ion. T h is indica tes that in such

react ion s GST s are no t recovered, i. e. , they are perm anen t ly inact iva ted. T h is can be said

to be the case w hen inh ib it ion is ob served. In th is study, how ever, GST act ivit ies w ere

ob served to be induced and therefo re no t inact iva ted. T h is po ssib ly indica tes that the fish

species invo lved can be mo re to leran t to the chem icals studied as the chem icals can easily be

removed from the fish body system.

A lthough the m ethod of enzym e p repara t ion w as differen t, the p resence of hepat ic GST

act ivity and species d ifference has been show n to ex ist in channel ca tf ish ( Icta rus p unctu tus)

and bu llhead (A m eriu rus nebu losus) [21 ]. So rsa [22 ] repo rted in terspecies d ifference in topmou th

gudgeon and mo squ itofish (Gam busia af f in is) w hen he studied the effect of fen it ro th ion on

b iochem ical param eters. How ever, in h is case topmou th gudgeon had low er GST act ivity

than mo squ itofish. T he con tro l group w as repo rted to have act ivity of

4 202. 08 Λmo l·m in - 1·m g- 1, w h ich anyw ay, w as m uch h igher than the value ob ta ined in

the cu rren t experim en t (78. 3 Λmo l·m in - 1·m g - 1 ). D ifferences in values of the con tro l

group s m ay be at t ribu ted to differen t experim en ta l condit ion s. It is impo rtan t though, to

no te that in terspecies d ifferences are ex ist among differen t f ish species in regard to GST
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act ivity and that such difference can m ake a landm ark in decid ing w h ich species is to be u sed

as environm en ta l con tam inat ion b iom arker. In a recen t study, O ruc and U ner [23 ] ind ica ted

that sub lethal expo su re of O reoch rom is n iloticus to tw o herb icides, 2, 42D and azinpho s2
m ethyl d id no t affect GST act ivity.

Since there are no w o rk s so far repo rted abou t the effect of cyhalofop 2bu tyl (and o r its

m etabo lites) and nereistox in derivat ives such as p rofu rite2am in ium on GST , it is d iff icu lt to

m ake comparison s of the resu lts ob ta ined in th is study w ith o thers.

3. 2 L iver estera ses

Sign if ican t d ifference ( Α= 0. 05) in liver esterase act ivit ies of tw o fish species w as

ob served betw een the pest icide trea tm en ts and the con tro l (T ab le 2). Fo r go ldfish, bo th

clincher and p rofu rite2am in ium induced liver esterase act ivity. Fo r topmou th gudgeon liver

esterase induct ion w as fo r t rea tm en ts that con ta ined p rofu rite2am in ium. W hen app lied alone,

clincher seem ed to inh ib it liver esterases.

T ab le 2　L iver esterase act ivity in go ldfish (Ca rassius au ra tus) and topmou th gudgeon

(P seud orobora p a rva) af ter 96 h expo su re to variou s pest icides, önmo l·m in - 1·m g- 1

T reatm ent Do se Go ldfish % Topmouth %

Contro l 259. 8a±19. 1 100 395. 8a±27. 4 100

C1 1 m göL 685. 7b±58. 6 264 151. 9a±15. 7 38. 4

C2 2 m göL 695. 6b±44. 6 268 267. 4a±16. 6 67. 6

P1 0. 117 m göL 708. 4b±52. 5 273 726. 7b±25. 8 184

P2 0. 234 m göL 557. 8b±35. 8 215 844. 7b±56. 9 213

CP1 C1+ P1 549. 5b±59. 4 212 552. 9b±23. 9 140

CP2 C2+ P2 597. 3b±44. 8 230 711. 8b±49. 4 180

R egard ing the do se2effect rela t ion sh ip , there w as no evidence that h igher do ses had

h igher effects on the act ivit ies of liver esterases in the tw o fish species. T h is p robab ly m ean t

that the m etabo lism of the tw o pest icides in the tw o fish species fo llow s a simp le

detox if ica t ion m echan ism. L iver esterases (a lso called A li esterases) have been strongly

imp lica ted as detox if ica t ion m echan ism of m any xenob io t ics, and especia lly o rganopho s2
pho ru s compounds[24, 25 ]. B io tran sfo rm at ion of chem icals by liver esterases has been studied

by som e o ther researchers on tsetse fly [26 ] , and beef [27 ]. N one of these studies invo lved either

pest icides o r f ish. Cham bers et a l. [25 ] invest iga ted detox if ica t ion of the oxon s of six pho spho2
ro th ionate in sect icides in ra t and sta ted that the p resence of A liE ( E serine in sen sit ive

B 2esterase) in the liver, in clo se p rox im ity to w here m uch oxon w ou ld be genera ted by

cytch rom e P2450 m edia t ing desu lfu ra t ion, w ou ld allow them the oppo rtun ity to be readily

pho spho ryla ted and p reven t m uch of the hepat ica lly genera ted oxon from en tering the

circu la t ion. So rsa [22 ] repo rted b io tran sfo rm at ion of fen it ro th ion by liver esterases in

topmou th gudgeon and mo squ itofish fo llow ing 9 6 h expo su re . In terest ing ly it w as also
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repo rted in h is f ind ings that the inheren t specif ic act ivity of liver esterase varied among fish

species. L i and Fan [28 ] repo rted the ex istence of isozym es of liver esterase of the go ldfish and

topmou th gudgeon. T hey also indica ted that the isozym es w ere differen t in natu re. T he

differen t respon ses of the tw o fish species to pest icide expo su re show n in th is study m ay be a

reflect ion of that.
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氰氟草酯、杀虫安亚致死剂量对金鱼Ca r ras ius au ra tus和麦穗鱼
P seudorasbora p a rva 肝脏酯酶及谷胱甘肽-S -转移酶活性的影响

朱国念13 ,　吴慧明1,　J ilisa K. M w alilino 2,　李少南1

(11浙江大学 农药与环境毒理研究所; 21浙江大学 环境科学系,杭州 310029)

摘要: 研究了 10%千金乳油 (有效成分: 氰氟草酯)和 78%杀虫安可溶性粉剂对金鱼和麦穗鱼肝脏酯酶及谷胱

甘肽2S 2转移酶 (GST )活性的亚致死剂量效应。发现杀虫安 (0. 234 m g·L - 1)对两种鱼的GST 活性均具诱导作

用,而氰氟草酯 (1, 2 m g·L - 1)仅诱导了麦穗鱼的 GST 活性; 当杀虫安与氰氟草酯混合处理时,对麦穗鱼 GST

活性的诱导效应最为明显。在一定的浓度范围内,氰氟草酯 (1, 2 m g·L - 1)和杀虫安 (0. 117, 0. 234 m g·L - 1)

均可诱导金鱼肝脏酯酶活性;对麦穗鱼肝脏酯酶而言,杀虫安为诱导作用,氰氟草酯则抑制其活性。研究结果表

明:两种酶的活性直接或间接地受供试药剂的影响,两种试鱼对氰氟草酯和杀虫安的生物反应存在差异。

关 键 词: 氰氟草酯; 杀虫安; 肝脏酯酶; 谷胱甘肽2S 2转移酶; 亚致死剂量效应
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