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The red American crayfish Procambarus clarkii (Girard, 
185n from Louisiana, (USA), was introduced into the 
marshes of the Guadalquivir river (south of Spain) in 
1974 and into the �9 marine lake of Valencia (east 
of Spain) in 1979. This decapod crustay has adapted 
perfectly to both habitats, so that its capture has 
meant a new source of riches in both zones. 

Great expansion and excessive proliferation of the red 
crayfish has had tremendous ecological impact oin the 
r �9239 The evident damage to the crops has caused 
some farmers to apply very high concentrations of the 
pesticides normally used in the r �9239 in an 
attempt to eliminate them. 

O,O-dimethyl(l-hydroxy 2,2,2-trichloroethyl)phosphonate 
(TCF) is one of the most used compounds. It is an 
or ganophosphorous pesticide quite soluble (14%) and 
moderately toxic. Although the clinical symptoms in 
poisoned humans are easily reversible when produced by 
low dosage, it is necessa~~y to take into account, that 
in normal condition of use it �9 very quickiy 
hydrolysed to form diclorvos (O,O-dimethyl 2,2- 
dichloro-viny] phosphate) which is much more toxic. 

Organophosphorous compounds in general produce a 
specific inhibition o'f acetylcholinesterase, which in 
some cases is accompan �9 by the inhibition of NTE 
(neuro target esterase). The modification of the 
act �9 of NTE (esterase activity at pH 8) is 
responsible for trie apparition of the syndrome of 
delayed neurotoxicity induced by some organophosphorous 
compounds (Johnson 198oe). Although we have hot round 
any reference to its effe™ on hens, T i - J c l o r f o n ,  due to 
its chem �9 phosphonate structure, �9 a potential 
producer of delayed neurotox �9239 (Johnson 19�9 

The absence of data i n  the literature on the effect of 

Send reprint requests to G.Repetto at the above addrese 

597 



TCF and its metabolites in crayfish, led us to set up 

an in v �9 and in v �9 study. The purpose of out study 
was to establish the lethal concentration of TCF at 96 
h and to in �9 a biochemical study of the extent of 
its effect on muscle and hepatopancreas. This required 
the setting up of the method of detect �9 of NTE in 

muscular tissue of c �9239 We also measured the 
activ �9 of AChE under the effect of dif$erent 

concentrations of TCF and exposure times. At the same 
time, the modification of some energy-transfer 
mechanisms, were analysed , by assess �9 the evolution 
of the reserves of glycogen in muscle and 
hepatopancreas. 

MATERIAL AND METHODS 

100 adult intermoult red cray™ of both sexes From 
the Guadalqu �9 marshes, weighing 21.8 • 3.A g, were 

used. They were kept in quarant~ne for five ~eeks in 
aquaria with constantly aerated and filtered tap water, 
and fed with commercial meat for dogs. 

The ~n vivo tests were carried out individually in 1 L 
glass aquaria mainta �9 at 20 • 0.is C, with constant 
aeration, photoperiod: 12:12 L:D after 36 h of previous 

acclimatization. The exposure was semistatic, with 
daily renewal of the test solution. This test solution 
was prepared daily from a stock so]ut�9 of TCF in 

water (20 mg/ml, TCF solubility in water 15.4 i0 ~g/ml) 

The lethal concentration of TCF at 96 h was established 
by observing the rate of survival of crayfish or7 

exposure to different concentroetions of the pesticide. 

The in vitro tests were carried out by incubation /or 

i0 min. at 3?s C of O.A mL of tissue homogenates in 
phosphate buffet 0.i Mat pH 8.0 with i0 pL or 10, ?~ 
3, 1 and 0.i mM TCF solutions. 

Enzyme activities were measured in whole muscle 
homogenate in phosphate buffer 0.1 M pH 8.0. 

The activity of AChE was measured accordirrg to E!iman 
et al (1961) as H moles of acetylcho!ine 
hydrolysed/min/mg protein. Glycogen (~g/mg of tissue) 
was determined by the Seifter et al (1950) method 
modified by Seay and Rosenkrantz (1965). The Johnson 
method was used to assay NTE which was est �9 in 
moles of phenol/mg protein/min. The protein content of 
the extracts was established by the Lowry et al (1951) 
method. 

The statistic signif �9 of the data was estimated by 
means of a Student t test for p < 0.05. 
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RESULTS AND DISCUSSION 

As car be deduced from figures 1 and 2, the results of 
the evaluation of the lethal effect of TCF on the red 

crayfish indicated the iow toxicity of th �9 substance 

in this animal spec �9 

The approximate LC 50 concentration oF TCF on 
Procambarus clarkii at 96 h of exposure was 5 mg/L at 
2O o - C. 

Once the LC 50 was established, the effect on muscular 
cholinesterase, muscular glycogen and hepatic glycogen 
of d �9 concentrations of TCF at ˜ hours exposure 

was studied. The results of these experiments appear ir~ 
figures 3 and 4. In this acute phase an �9 in 
AChE was observed, followed by progressi�87 reduction as 
the concentration of TCF in the e~�87171 increased. 
A narrow concentration-response relationship existed at 
over 0.1 mg/L. At doses below those which produced the 
increase in activity of AChE (I mg/L) an increase in 
glycogen was observed in hepatopancreas accompanied by 
a decrease �9 muscular reserves. At higher doses the 
hepatic glycogen rema �9 slightly above normal values, 
and the muscular glycogen dropped gradually below basal 

values. 

The effects observed with low concentrations of TCF 

(0.i mg/L> were also studied as they evolved th™ 

time. The results of this study appear in figures 5 
and 6. The activity of AChE (Fig. 5) increased slowly 
with an abrupt decrease at 4 days and recuperat~on 
later. This strange behaviour requ �9 futher 

investigation. The glycogen �9 hepatopancreas 
maintained the increase observed at 24 hours whilst 
muscular glycogen suffered an abrupt fall as from the 
5th day of exposure (fig. 6). It car be deduced that 
concentrations higher than 0.i ~ mg/L or exposure times 
of 3 or 4 days at lower concentrations are necessary 
for the toxic effects of TCF to appear (inhibition of 
AChE and decrease of muscular glycogen without 
sign �9 mobilization of hepat �9 reserves). With 
sublethal concentrations the activ �9 of AChE was 

rapidly recuperated. 

Initially (first 24 hours) the hepatic and muscular 
glycogen behaved in exactly the opposite way; strong 

decrease in muscle accompanied by an increase in 
hepatopancreas. One could postulate that a reduction o~ 
glycolisis took place in hepatopancreas w �9 an 
increase in the synthesis of glycogen which it would b~ 
necessary to investigate. 

The evolution of the a~-tivity of NTE in function of 
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Figure 3.- AChE activity in crayfish muscle after 24 h of 

exposition to different concentrations of Trichlorfon. 
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Figure 4.-Glycogen content in muscle and hepatopancreas of 
crayfish after 24 h of exposition to Trichlorfon. 

time and at low concentration of TCF (O.1 mg/L> was 
also determined in muscle. 

We consider the detection of NTE act �9 in muscular 
tissue of great interest. It wide~s the possibi]ities 
of study o` NTE activity to othe �9 tissues besides the 
nervous system, where it bas always been determined up 
to now. 

At the same time the finding of a possibly more 
ubiqu �9 activity of NTE introduces a new point of 
view whiih could help to elucidate its biolog �9 
function, at present unknown, In figure 7 we observe 
that the activity of NTE was inhibited as the time of 
exposure to TCF progressed, thus showing the typical 
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Figure 5.- Effects of daily exposure to O.l~/ml Trichlorfon 
on AChE activity in crayfish muscle. 
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Figure 6.- Effects of daily exposure to 0.i ~g/ml Trichlorfon 
on glycogen in crayfish muscle and hepatopancreas. 
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Figure 7.- Effects of daily exposure to 0.i ~g/ml Trichlorfon 
on NTE activity in crayfish muscle. 
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effect of some organophosphates. The quest �9 still 
stands as to whether or not this inhibition is produced 
irreversibly, which would settle whether it is a 
delayed neuropathy or no. 
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