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ABSTRACT

The purposes of this study were to investigate the effects of fipronil on
acute toxicity as well as on acetylcholinesterase(AChE) activity in the
hemolymph of freshwater shrimp(Caridina japonica). Median lethal con-
centrations were determined in acute toxicity tests. The 96-h LC_ value
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was0.086(0.061-0.121)g/L . During 3 weekstesting period, C.japonicawere
exposed to 3 different sublethal levelsof fipronil(0.01, 0.02, and 0.04ug/L)
inlaboratory toxicity tests. A decrease of AChE activity in hemolymph was
observed, particularly at the highest exposure concentrations.
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INTRODUCTION

Fipronil(C_H,CIF.N,0S)is a member of a
phenyl pyrazoles, asoneof thefirst phenylpyrazolesin-
troduced for pest of corn, rice, and turf, and for control
of cockroaches, fireants, termites, and fleas. Fipronil is
oneof themost persistent, lipophilic, insolubleinwater
andisreadily phototransformed by sunlight to avariety
of metabolitesone of which fipronil-desulfinyl isex-
tremely stable and ismore toxic than the parent com-
pound“. Two major degradation products of fipronil
arefipronil sulfoneandfipronil-desulfinyl, each possess-
ing highinsecticidd activity!®. Fipronil isalsoaneuro-
toxic chemical, chief inhibitory neurotransmitter inthe
centra nervoussystem, it isknown to block gamma-

aminobutyricacid(GABA) receptorsand interfereswith
the passage of chlorideionsthrough a GABA-gated
channd. Atlow concentrations, it disrtuptsnervous sys-
tem function of organism. At higher doses|ead to neu-
ral excitation and eventually death of the biotacauses
death>14,

All chemicdsareharmful if they arepresentinhigh
enough concentration, even those chemicalsthat are
essentid tolifeat lower concentrations. Determinations
of chemical lethal concentration(LC, ) could provide
objectiveinformationto establishwater quality criteria
of certaintoxic substances’¥. Observationsof changes
inlocomotor activity in responseto the presence of a
pollutant tend to beimportant and often are associ ated
with other studies. Inarea sense, nearly al behaviors
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of aguatic anima involvelocomotor ectivity. Indeed, it
isthe predictable body movements of an animal that
thebehaviora scientist observesand usesto draw con-
clusions asto purpose, causality, etc. Kleerekoper™®
indicated has shown these movement patternsto bea
nonrandom processunder central nervous system con-
trol. Thetreated animals are described as becoming
restless, excitable, lethargic, and dashing wildly. These
subjective observationscan be of somequditativeuse,
but it ismuch better when the extent of bodily activity
can be quantified. However, various methods offer a
way of quantifying treeted animal locomotor activity while
measuring some other physiological indicessuch as
oxygen consumption, heart rate, and neurotransmitter
measuring.

Likeother organophosphate and carbamateinsec-
ticides, phenyl pyrazole compoundswork by interfering
with the activity of acetylcholinesterase(AChE), the
enzymeresponsi blefor hydrolysisof the neurotrans-
mitter acetyl choline(ChE) at the neuromuscular junc-
tion. Inhibition of thisenzymeleadsto accumulation of
the neurotransmitter ChE attached to itsreceptor, thus
over-stimulating the nerve and leading to prolonged
muscle contraction, eventually resulting in mortality.
AChE iswiddy distributed among vertebrateand in-
vertebrate animalsand inhibition of ChE activityisa
specifichiologica indicator of exposureto agricultural
pesticideswith fewer reportson aquatic inverbrates™.

Estuariesare among the world’s most productive
ecosystems, but they are also important as nursery
groundsfor many ecologically and economically im-
portant species®. Fipronil hasahigh affinity for sedi-
ment carbon and organismal lipid and ahalf-lifeof >5
years4. Duetoitshigh hydrophobicity andlong hdf life
placesit among those toxicants of highest ecol ogical
concern in muddy estuarine settingswhereit ismost
likely to accumulate. However, thereislimited toxicity
dataexistsfor fipronil on non-target organisms, espe-
cialy invertebrate those who wereinhabited aguatic
systems. Freshwater shrimp (Caridinajaponica), isa
common aquatic invertebrate widely distributed in
downstream of riversthroughout eastern Asia-Pacific
areaand constructsaprimary connectioninthefresh-
water ecological chain. The purpose of thisstudy was
to examinetheeffectsof fipronil onacutetoxicity, AChE
enzymeactivitiesin hemolymph of the M. nipponense,
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and can beanindicator to detect the pollution of neu-
roendocrine-discruption factorsin aguatic organisms.

EXPERIMENTAL

Freshwater shrimp(Caridinajaponica) were ob-
tained fromtheloca commercid suppliers. C.japonica
weretransported to the glassaquariumin our labora-
tory which was equi pped with awater-cycling device;
dechl orinated tap water(pH 7.4-8.1; dissol ved oxygen
concentration 7.3-7.8mg/L; hardness 38-45 CaCO,
mg/L) wasused during theentireexperiment. Thetem-
perature was maintained at 23-25°C, and the photo-
period was set at 12h of light and 12h of dark. They
were acclimated for 2 weeks and fed aquarium shrimp
mixture everyday. Shrimp(1.2+0.18cminfork length)
wereusedintheinitia experiments. Fipronil waspur-
chased from Sigma(St.Louis, MO). Stock solutions
were prepared in acetone and stored under 4°C for
use.

Laboratory static renewal tests were conducted
to determinethe median letha concentration(LC,) for
C.japonica. Tenanima of smilar szewererandomly
sampled and placed in 10-L glass beakers. After 24h
of acclimatization, shrimp were exposed to different
fipronil(0,0.005, 0.01, 0.05, 0.1, 0.2, 0.4, and 0.6mg/
L for 96h or more, respectively. The control and each
treated group wererunin duplicate. During the experi-
ment, dead animal wereremoved, and mortality was
recorded after 24, 48, 72, and 96 h. The LC50 of ev-
ery test chemica sand their 95% confidencelimitsfor
shrimpwerecd culated using aBasi c program fromthe
probit analysi sdescribed by Finney!™.

C.japonica for sublethal tests were randomly
placedin 20-L glassaquaria Every aguarium contained
20 shrimp which were exposed to thefollowing con-
centrations: 0.0, 0.01, 0.02, and 0.04ug/L, respectively
intriplicate. Twice aweek 50% of the water wasre-
newed with standard water containing fipronil tomain-
tain theenvironmental conditionin theentire experi-
ment period. Exposure time was two weeks, and 1-
week recovery periodin fipronil-freewater. Shrimp
weretaken at theend of days1, 3,7, 14, 15and 21. In
preparation for AChE enzymeactivities, hemolymph
weretaken from each shrimp, and homogenizedinice-
cold 50mM Tris-HCI buffer. Thehomogenate was cen-
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trifuged at 10,000xg(for 20 min at 4°C). 1000uL work-
ing solution of acetylcholinesterase kit(Cat. No.
1.12131, Merck) were added to the 10uL sampleand
it wasread in aspectrophotometer for 3minat awave-
length of 405 nm. AChE activitiesof hemolymphwere
expressed kU/1= (AA/min)x15.2.

Satistical differencesinAChE enzymeactivitiesat
variousfipronil concentrationsweretested by one-way
analysisof variance(ANOVA). A level of p<0.05was
determined to bestatistically significant.

RESULTSAND DISCUSSION

According to the static renewal method for acute
toxicity testing?, median lethal concentrations(LC, )
of fipronil for freshwater shrimp (Caridinajaponica)
were measured. Thecalculated 48h-LC,, 72h-LC,,
and96h-LC,_ valuesarelistin TABLE 1.

From our investigation, thelonger thetime of ex-
posure, thelonger thetoxic effect of fipronil lasted. The
toxicity of fipronil toinvertebrateswererdatively high,
96-h LC,, of fipronil with freshwater shrimp(Caridina
japonica) was 0.086ug/L, and with Palaemonetes
pugio, Macrobrachium nipponese, Eriocheir
sinensis, and Procambarus clarkiawere 0.32, 4.32,
8.56, and 63.7ug/L, respectively®4, C.japonicawas
moresengitivetofipronil inother tested organisms.

Phys cochemicd factors(temperature, pH, and dis-
solved oxygen) were measured throughout each suble-
thal test(TABLE 2). All Physicochemica parameters
remained constant throughout the experimenta period.

Concentrations used in the acetylcholinesterase
(AChE) activities of fipronil on C.japonica were
equivalent to approximately 12%, 23%, and 46% of
the 96-h LC_, value according to acutetoxicity study.
No mortality wasrecorded during the three weeks of
theexperiment for all exposure concentrationsstudied.
Theresultsof AChE activity andysesare presented in
figure 1. With the exception of 21-d (recovery period),
all sampling intervals were found to statistically
significantly(p<0.05) differ between the highest(4.0
ug/L) exposed groups and the untreated groups. Spe-
cially, a decrease in AChE activity in exposed
C.japonica, a maximum decrease of 60% was ob-
served at the 3-d exposure time at the same exposed

groups.

179

—== Qurrent Ressarch Pepser

TABLE 1: Fipronil concentrationsand freshwater shrimp
(Caridinajaponica) mortality(%) in acutetoxicity and me-
dianlethal concentration(LC,)

Nominal M ean mortality
concentration (ug/L) (%) L Csolug/L)
0.02 0 0.086 (96h)
0.05 20 (0.061-0.121)
0.10 60
0.20 90
0.40 100
0.05 0 0.165 (72h)
0.10 30 (0.099-0.272)
0.20 60
0.4 80
0.6 100
0.1 0 0.399 (48h)
0.2 10 (0.263-0.608)
0.4 50
0.6 100

The 95% confidence limits are given in parentheses
TABLE 2: Physicochemical parameter smonitored over the
experimental period

Parameter  Control 0.01pg/L 0.02ug/L 0.03ug/L
Temperature(°C) 23.9+0.5 24.2+0.4 24.1+0.3 23.8+0.4

pH 7.5+041 7.7£0.49 7.7£0.61 7.6+0.58
Dissolved
oxygen(mg/l) 7.2£0.46 7.3:0.29 7.4+0.27 7.3+0.38

All values are given asthe meanzSD; n=18
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Figurel: Effect of fipronil on the acetylcholinester ase
activity(U/g) of freshwater shrimp(Caridina japonica)
duringtheexperimental period (meantSD, n=3). Expo-
suretimewastwo weeks, and oneweek recovery period in
fipronil-free water; *Indicates a significant difference
compar ed tothecontrol group (p<0.05)

Reductionsin acetylcholinesterase(AChE) activi-
tiesof C.japonicawere correlated to fipronil concen-
trationsat thehighest subletha levels(4.0ug/L). There
wereno differencesin AChE activitiesamong 0.01ug/
L, 0.02ug/L, and control groups. Almost no toxic ef-
fect wasseen at 0.02ug/L fipronil whichisequivaent
t0 23% of the 96-h LC_ valueinthisstudy. Lessthan
0.02ug/L isproposed asabiologicdly safe concentra-
tionwhich can be used for establishing tentative water
qudlity criteriaconcerning of samesizeC.japonica. And
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thereare considerable studiesreporting AChE effects
after fipronil exposure have mainly with aguatic ani-
malg1381411 Those studiesalso concluded that analy-
ssof AChE levd sinaguatic animaswould beauseful
indicator of fipronil exposure.

CONCLUSIONS

There hasbeen considerableresearch onthe physi-
ological, biochemica, and molecular aspectsof insecti-
cidesabsorption, distribution, biotransformation, and
excretioninmammals. Much moreextens ve biochemi-
cal toxicological researchin mammalsthanin aquatic
animals, itisclear that thereisconsiderableoverlapin
many of thebasi ¢ aspects of these processes. In addi-
tion, many of the most effectiveinsecticidesin current
useact ontheinsect nervous system(*¢42, Inthe present
study, thecorrelation between A ChE activity and fipronil
toxicity in C.japonica should be recommended asa
potentia indicator speciesof relativeinsecticidesex-
posure.
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