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Abstract: Investigationsw ere carried to assess the sublethal effects of a herbicide clincher
(100 EC) containing cyhalofop-butyl [100 g (a i) L™ '] as the active ingredient and the
insecticide profurite-aminium [78% SP, 780 g (a i) - kg '] on liver esterases and hepatic
glutathione-S-transferase (GST) in goldfish (Carassius auratus) and topmouth gudgeon
(Pseudorashora parva). GST wasfound to be induced in both goldfish and topmouth gudgeon
by the profurite-aminium at concentration of Q 234mg- L™ % Clincher both at concentration
of 1and 2mg- L™ *caused GST induction in topmouth gudgeon Themixture of clincher and

1, mg 1

profurite-aminium had the highest effect in topmouth gudgeon 722 3 nmol- (min’
protein) with a possible indication of additive toxicity. L iver esterasesw ere induced by both
clincher (Land 2mg- L™ *)and profurite-aninium (Q 117 and Q 234mg- L ') in goldfish In
topmouth gudgeon liver esterases were induced by profurite-aninium but inhibited by
clincher. It is suggested that the two biotransformation enzymesmay be directly or indirectly
affected by the tested chamicals and that there are differences betw een them.
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1 Introduction

Pesticides not only can control pests but also may have negative mpact to the environ-
ment Pesticide introduced into aquatic ecosystan can causemassive death or diseasesof fish
and shrimps™, and health related injuries to human beings*®.
reproductive potential of aquatic species’”’ and may eventually have major impact on fishery

resource, biological diversity and functional balance of the ecosystem.

They can al® reduce the

Heavy use of agrochamicals egecially pesticides has been identified as one of the main
constraints for rice-fish culture in someA sian countries A decline in paddy-cultured fish has
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57 M alaysia®, Thailand, Philippines’® and V ietnan™. The

been reported in Indonesia
effects of a chanical on a biochanical parameter may be indirect or direct The pesticide
formulations nomally contain other compounds apart from the parent compound T hese
together w ith the complex metabolicmechanisn sof theorganisn smay have indirect or direct
effect on glutathione-S-transferases (GST) or liver esterase or other enzymes, w hich may
increase or decline level of the biotransformation enzymes

Cyhalofop-butyl (XDE-537) is the active ingredient of clincher, a post-emergency
herbicide used in most parts of A sia for controlling aw ide range of grassw eeds in paddy

(1t 81 profurite-am inium is

fields Its efficiency as a graminicide has been well documented
mainly used in China for the control of a wide range of pest insects It is one of those
nereistoxin insecticidesw ith stomach poisoning activity.

Glutathione-S-transferases and liver esterases are mportant biomarkers that can
indicate the effect of xenobioticson some exposed organisn s including fish!**. Since the wo
pesticides clincher and profurite-am inium are intended to be used in paddy fieldsw here fish
and other aquatic organisn s can be reared, it is mportant to have full understanding on the

possible indications of thew ater contam ination by these pesticides

2 M ater ialsand methods

2 1 Chenicals

Clincher (100 EC) and profuritecaminium (78% SP) were purchased locally in
collaboration with pesticide residue analysis laboratory, Zhejiang U niversity, China
Reduced glutathione (GSH, 98%) was obtained from Zheng-Yu Chemical Institute
(Shanghai, China). 1-chloro-2, 4-dinitrobenzene (CDNB, 98%) was a product of Sigma
Chemical Company. A coording to Ranage and N immo'™, CDNB is a wide nongecific
reference substrate for all form s of fish liver GST. A Ipha-ngphthyl acetate w as purchased
from Shanghai First Chemical Factory; o-naphthol was obtained from Xin-Tin Cheanical
Factory (Shanghai); Fast blueB and sodium lauryl-sulphatew ere purchased from Shanghai
Reagent Factory (P. R. China). Bovine serum albumin was product of Boehringer
Company. A Il other chemicalsw ere of analytical grade and obtained from local comm ercial
sources in Hangzhou
2 2 Fish gecies and rearing

Fishes belonging to cyprinidae fanily weighing 3 5 gw ere bought from Hangzhou pet
market and reared in the laboratory w here they w ere sacrificed af ter app ropriate exposures to
pesticides Goldfish (Carassius auratus), which is an ornamental, was particularly chosen
because of its closeness and resamblance to crucian carp (Carrasius carassius), which is
reared for food by many A sian rice growers It has been urged that goldfish is a hybrid of
crucian carp. Other researchers have concluded that the goldfish is a subgecies of the
crucian carp Carassius carassius (i € , C. auratus). M ore recently, it has been reported that
C. auratus is a tetrgploid derivative of C. carassius. Topmouth gudgeon ( Pseudorasbora
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parva) was chosen because of its easy availability in study area and the fact that it al
belongs to cyprinidae fan ily.

2 3 Treaments

A toxicity experiment prior to the commencing of this study, showed L Cso values for
goldfish (96 h), to be 7 5mg- L ' clincher and 7 19 mg- L  * profurite-aminium. In
another preliminary experiment, almost 50% of topmouth gudgeon was found dead after
exposing the fish to 6 10mg- L~ *clincher and up to 1 17mg- L *profurite-aninium for
96 h From the values for topmouth gudgeon, itw as decided, to use O 1 and Q 2 as factors
for getting the doses to be used in biochemical test, that wouldn't kill both topmouth
gudgeon and goldfish The exposure doses usedwere 1mg- L *asa lower dose of clincher
(C1), 2mg- L ' as a higher dose of clincher (C2), Q 117mg- L 'as a lower dose of
profurite-aminium (P1), and Q 234mg- L ' as a higher dose of profurite-aminium (P2).
These dosesw ere accordingly combined to get mixture treatments CP1 and CP2
2 4 Exper mental protocol for enzyme tests

Each fish gecies was reared in different set of 50 liters volune containers Every
treatment having four replications for each fish gpecies 20L tap water was added and left
for 7 days to de-chlorinate naturally. A fter that, a pump was set to aerate each container.
Six fishesw ere introduced in each container. The fishesw ere then allow ed to acclimatize for
onew eek before the exposure to the chenicals The fishesw ere daily fedw ith dry daphnids
purchased from Hangzhou pet market A fter oneweek acclimatization the fishes were
exposed to clincher and profurite-aminium. On the fourth day (96 h exposure), fisheswere
sampled and w ere sacrificed for enzymatic assays
2 4 1 Liver homogenate preparation From each replication, four of each fish eciesw ere
sacrificed by a sharp blow on the head follow ed by cervical dislocation T he homogenatew as
prepared according to the colorimetric method of M ao, et al. "*®. The liver was quickly
renoved using scisors and tweezers, cleaned from adhering tissueswith Q 15mol- L™ *
potassium chloride (KCI) and blotted with filter paper For GST, the liver was then
homogenized in the presence of @ 25mol- L~ * sucrose containing 50 mmol- L~ *phogphate
buffer oolution-PBS (pH= 6 5) [10mL buffer per gram tissue] with a teflon coated hand-
driven tissue homogenizer and pestle for about 1 min The homogenates were filtered
through four layers of cheesecloth and centrifuged at 10 000 g for 15min in a refrigeraor at
4 . The supernatantsw ere taken and used as an enzyme ource

For liver esterase the tissue was homogenized in Q 04 mol*L ' phogphate buffer
(PH7 1) [10 mL buffer per gran tissue] with a teflon ooated, hand-driven tissue
homogenized and pestle, for about 1min A nd then centrifuged at 1 880 g for 10min The
supernatant was taken as a surce of enzyme and used for liver esterase activity
detem ination
2 4 2 Enzymatic assays
1) GST activity determination T he enzyme activity wasmeasured gpectrophotometrically by
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using the assay procedures modified by Habig et al'*”. The reaction mixture consisted of

29mL of Q 2mol- L * K-phogphate buffer-PBS, pH 6 5, Q 1mL of Q 03mol- L *
CDNB (disolved in ethanol) and Q 5mL of Q 02mol- L™ * GSH (disolved in PBS). The
enzymatic reaction w as initiated w ith addition of @ 2mL liver homogenate supernatant and
carried out at 25 for 3min Q 3mL of 33% TCA (diswlved in water) was added to
precipitate excess protein and the mixture was centrifuged at 345 g for 5 min The
absorbance of the CDNB-glutathione conjugate formed was measured by Shimadzu double-
bean gectrophotometer, at 340 nm. Non-enzymatic increase in absorbancew as corrected by
running the parallel blank in all experments Q 2mL moreof Q 2mol- L™~ 'PBS (pH= 6 5)
w as added to the blank instead of the homogenate Each assay w as repeated two times

2) Esterase activity detem ination The enzyme activity was measured gectropho-
tometrically by using the assay procedures modified by V an A gperen'*®.
consisted of 2 7mL of @ 03mmol- L™ ' oeNA and Q 2nL liver homogenate supernatant

A ssay mixture

The mixture was incubated at 25 in awater bath A fter exactly 10 min, @ 1 mL of
diazoblue-sodium lauryl sulphate (DBL S) (1% fast blue B and 5% sodium lauryl sulfate,
2:5,v/v) was added A strong blue clor reflecting the amount of naphthol developed
quickly and its absorbance was measured by Shimadzu double-bean gectrophotometer, at
600 nm. N on-enzymatic increase in absorbancew as corrected by running the parallel blank in
assays The blank received @ 2mL more of @ 03mmol- L~ ' oeNA.

The total protein concentration of liver tissue from test fish w as determ ined by the folin
phenol reagent method of Lowry et al'™ using bovine serum albumin as standard The
activity of GST was expressed as imol- min ' mg * of protein The activity of liver
esterase was expressed as nmol- min '+ mg *of protein Each assay was replicated wo
times and the results are presented as the mean * SD (standard deviation). Oneway
ANOVA was performed using STATIST ICA ftware (version 5 0). Percentage activities
w ere calculated w ith the assumption that the activity of the control was 100%. Percentages
higher than 100 meant that the enzymew as induced w here as values less than 100 inferred
inhibition

3 Resultsand discussion

3 1 Glutathione-S-tranderase

For goldfish results indicated that therew ere no significant differences in GST activity
betw een the control and the test doses of clincher herbicide applied alone (Table 1). The
sane observation was for low dose of profurite-aminium, but treated with higher dose,
significant difference (x= Q 05) from the control was observed This probably suggested
that the detoxification of the nereistoxin involves GST mediating the reactions Themixed
doses (CP1 and CP2) were not significantly different from the control However, the
percentage activities had a general increasing trend above the control suggesting that both
clincher and profurite-am inium induce GST activities
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Table 1 GST activity in goldfish (Carassius auratus) and topmouth gudgeon
(Pseudorobora parva) after 96 h exposure to various pesticides” /umol- min" * mg *

T reatment Dose Goldfish % Topmouth %
Control 1681 4°+ 37. 0 100 78 P+ 43 100
(o] 1mgAL 2162 2°+ 80 4 128 185 7°+ 14 4 237
c2 2mgL 2091 2+ 21 7 124 285 2°+ 19 8 364

P1 Q 117mgA 1842 2°+ 73 5 109 331 3%+ 10 7 423

P2 Q 234mgAL 4808 0°+ 96 1 285 414 0™+ 18 9 528
cpP1 Cl+ P1 2665 5%+ 43 9 159 722 3+ 24 2 922
CcP2 C2+ P2 2612 7P+ 71 2 155 311 9°+ 12 3 398

" A ctivities aremeant SD of four experiments (n= 4). V alues follow ed by different letters are significantly different
(o= Q 05). C-clincher; P-profurite-aminium. The same as in the follow ing table

The GST activity of topmouth gudgeon exhibited significant difference (o= Q 05)
between the exposed fish and the control The effect seaned highest with the mixed
“ mg ') with a possible indication of additive toxicity (C
alone had a maximum activity of 285 2 nmol- min"*- mg * and P had an activity of
414 0 nmol- min ' mg *). Like in goldfish percentage GST activities were higher than
100 indicating that clincher and profurite-am inium induce rather than inhibit the enzyme
U nder nomal conditions, goldfish have higher GST activity than topmouth gudgeon
How ever, the induction of the enzyme by either clincher or profurite-aninium seans to be
higher in topmouth gudgeon as revealed by percentage activities This shows that
interpecific difference relative to GST activity exists in the wo gecies and that topmouth

treatment (722 3 nmol- min

gudgeon can be used as an indicator of w ater contam ination by the two pesticides better than
[20]

goldfish A coording to Jacoby and Keen'™”, one of the actionsof GST is binding covalently
w ith more reactive agents in a ®-called” sacrificial” reaction This indicates that in such
reactions GST s are not recovered, i e , they are pemanently inactivated This can be said
to be the case when inhibition is observed In this study, however, GST activitieswere
observed to be induced and therefore not inactivated T his possibly indicates that the fish
gecies involved can bemore tolerant to the chamicals studied as the chamicals can easily be
renoved from the fish body system.

A Ithough the method of enzyme preparation w as different, the presence of hepatic GST
activity and species difference has been shown to exist in channel catfish (Ictarus punctutus)
(2 sorsal® reported intergpecies difference in topmouth

gudgeon and mosquitofish (Gambusia aff inis) when he studied the effect of fenitrothion on

and bullhead (A meriurus nebulosus

biochenical parameters However, in his case topmouth gudgeon had lower GST activity
than mosguitofish The oontrol group was reported to have activity of
4202 08 ymol- min *- mg *, which anyway, wasmuch higher than the value obtained in
the current experiment (78 3 pmol- min '+ mg ). Differences in values of the control
groups may be attributed to different expermental conditions It is mportant though, to
note that intergecies differences are exist anong different fish gecies in regard to GST
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activity and that such difference can make a landmark in deciding w hich gecies is to be used
as environmental contam ination biomarker. In a recent study, O ruc and U ner’®® indicated
that sublethal exposure of Oreochramis niloticus to two herbicides, 2, 4D and azinphos-
methyl did not affect GST activity.

Since there are no works s far reported about the effect of cyhalofop-butyl (and or its
metabolites) and nereistoxin derivatives such asprofurite-aminium on GST, it isdifficult to
make comparinsof the resultsobtained in this study w ith others
3 2L iver esterases

Significant difference (6= Q 05) in liver esterase activities of two fish gecies was
observed betw een the pesticide treatments and the control (Table 2). For goldfish, both
clincher and profurite-an inium induced liver esterase activity. For topmouth gudgeon liver
esterase inductionw as for treatments that contained profurite-am inium. W hen applied alone,
clincher seamed to inhibit liver esterases

Table 2 L iver esterase activity in goldfish (Carassius auratus) and topmouth gudgeon
(Pseudorobora parva) after 96 h exposure to various pesticides, /cimol- min - mg *

T reatment Dose Goldfish % Topmouth %
Control 259 8%+ 19 1 100 395 8+ 27 4 100
c1 1mgA 685 7°+ 58 6 264 151 9°+ 15 7 38 4
C2 2mgA 695 6°+ 44 6 268 267 4°+ 16 6 67 6
P1 Q 117mgA 708 4"+ 52 5 273 726 7°+ 25 8 184
P2 Q 234mgAL 557 8°+ 35 8 215 844 7°+ 56 9 213
CP1 Cl+ P1 549 5°+ 59 4 212 552 9"+ 23 9 140
CcP2 C2+ P2 597 3+ 44 8 230 711 8+ 49 4 180

Regarding the dose-effect relationship, there was no evidence that higher doses had
higher effectson the activities of liver esterases in the wo fish ecies Thisprobably meant
that the metabolisn of the two pesticides in the two fish gecies follows a smple
detoxification mechanisn. L iver esterases (also called A li esterases) have been strongly
mplicated as detoxification mechanisn of many xenobiotics, and egecially organophos-

[24, 25]

phorus compounds Biotransformation of chamicals by liver esterases has been studied

[27]

by someother researcherson tsetse fly"®, and beef””. Noneof these studies involved either

L ™ investigated detoxification of the oxonsof six phogpho-

pesticidesor fish Chamberset a
rothionate insecticides in rat and stated that the presence of A liE (Eserine insensitive
B-esterase) in the liver, in close proximity to where much oxon would be generated by
cytchrome P-450 mediating desulfuration, would allow then the opportunity to be readily
phophorylated and prevent much of the hepatically generated oxon from entering the
circulation Sorsal® reported biotransformation of fenitrothion by liver esterases in

topmouth gudgeon and mosquitofish following 9 6 h exposure. Interestingly it was al
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reported in his findings that the inherent ecific activity of liver esterase varied among fish
pecies L iand Fan'™ reported the existence of isozymesof liver esterase of the goldfish and
topmouth gudgeon They alo indicated that the iozymes were different in nature The
different repponsesof the wo fish gecies to pesticide exposure show n in this study may be a

reflection of that
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