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Deltamethrin belongs to the o-cyano group possessing type II pyrethroid
insecticides. Pyrethroid insecticides may accumulate by 8- to 30-fold
bioconcentration factors in earthworms (Curl et al 1987). Because of the high
accumulation rate and known neurotoxic activity (Narashi 1994) Kiss and Téth
(1999) examined in our laboratory the long-term effect of deltamethrin on the
moving and feeding activity of juveniles of F. fetida. They found that 25 mg/kg
deltamethrin content in the culture media prevents the growth of the juveniles;
moreover, greater concentrations may induce a marked weight loss in the first
week of treatment. The loss of weight as an effect of pyrethroid insecticides is
congistent with the findings of Cigli and Jepson (1995) and Tan (1981). They
concluded that weight loss in butterfly larvae is a consequence of feeding
inhibition. The main effect of 50 mg/kg deltamethrin found in our preliminary
experiment was a more than 40 % weight loss within one week of treatment.
However, not even starved earthworms suffer such a rapid and high weight loss
m our experiments, therefore anorexia may be excluded as a reason for the
weight loss.

In order to examine the reason for the deltamethrin-induced short-term weight
loss in earthworms we used a modified contact filter-paper test method (OECD
1984) in this work. We postulated that the altered salt and water balance may the
true reason for the deltamethrin induced rapid weight loss. Therefore, the
proportion of the dry mass/water content of control and of deltamethrin-treated
earthworms was also examined. The relationship between osmoregulation
(electrolyte and water balance) and volume control is evident (Boroffka 1968,
Stephenson 19435). Transfer of earthworms to high salimity resulted in an initial
weight loss due to osmotic water efflux, which is not usually regained even after
long periods of time in the higher salinity (Oglesby 1978). In this work the effect
of hyperosmotic NaCl on the body weight of earthworms was also established
and compared with those of deltamethrin.

Type II pyrethroids greatly prolong the open time of neuronal voltage-
dependent sodium channels (Narashi 1994, Vijverberg and van den Brecken
1990) resulting in CS (choreoanthetosis, salivation) syndrome in mammals.
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Neurohormones of the earthworm brain influence the water and ion baiance
(Carley 1978a, 1978b, Kamemoto 1964, Zimmermann 1973). It may therefore
be supposed that a neuronal or neurohormonal mechanism may mediate the
effect of deltamethrin. Comparison of the reactions of intact and decapitated
earthworms served in this work for proving or disproving this supposition.

The earthworm's body wall, gut and nephridia participate in the maintenance of
hyperionic steady-state and osmotic equilibrium of body fluids (Oglesby 1978).
Active transepithelial Na” and CI transport through the body wall epidermis has
been proved, but the mechanisms are independent of each other (Dietz and
Alvarado 1970, Dietz 1974). Sodium absorption of the epidermis may be
inhibited by the diuretic drug amiloride (Kischner 1979, Prush and Otter 1977).
Amiloride-sensitive Na” transport is well known in the Na'-reabsorbing epithelia
of both vertebrates and invertebrates (Gerencser et al. 1999, Horisberger 1998,
Onken 1999), as well as in the body wall epithelium (Prush and Otter 1977) and
in the gut epithelium (Cornell 1984) of earthworms. In this work the effect of
amiloride on the body weight of earthworms was also examined.

Short-term filter paper trials were projected for study of the kinetics and
mechanism of deltamethrin-induced weight alterations of E. fetida. We studied
the several-hour and one-day effect of deltamethrin on the body weight of
earthworms and on the water content of their body. Decapitated earthworms
served for exammation of the supposed mediating role of cerebral
neurosecretions in the desiccation process. For comparison, we studied the effect
of hyperosmotic NaCl and of amiloride on the weight alterations. Results prove
that deltamethrin causes a marked and non neurohormon-mediated water loss in
E. fetida.

MATERIALS AND METHODS

Specimens of Eisenia fetida (Savigny) were obtained from the stock culture in
our laboratory. Juveniles (without clitellum) were placed into plastic bags with
moist filter paper on the bottom for 36-48 hours. In this way, the gut content
was avoided and the weight of the worms could be stabilized for several days.
The temperature of the laboratory was 23°C. At the start of the experiments, the
worms were placed between two filter papers which rapidly absorbed the water,
and weighed with an Ohaus-type analytical balance.

The experiments were carried out in 200 cm® plastic bags. The bottoms and sides
of the bags were lined with filter paper moistened with a solution containing the
desired test substance (OECD 1984). Worms were weighed, and 10 specimens
were introduced to each bag. They were weighed again at 3, 24, and 72 hours
after the start of experimental treatment. Untreated controls kept on filter paper
moistened with tap-water were used for each series.
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Deltamethrin stock solution was made with distilled water from the insecticide
DECIS 2.5 EC (Hoechst Schering AgrEvo). In the first series of the experiments
stock solution was diluted before the treatment with tap-water for suspensions
containing 100, 50, 25, and 12.5 mg/L. active ingredient. Three repeats were
made in each concentration. Dry masses of treated worms and controls were
determined. After the treatment, worms were dried at 105°C until reaching
constant weight.

In the second series of experiments decapitated animals were used. The cerebral
and hypopharyngeal ganglia were removed by decapitation. The worms were
then kept for 10 days in wet chambers for wound healing before the
experimental treatment with deltamethrin.

For comparison of the effects of deltamethrin with substances known for their
effects on the salt and water balance of earthworms, NaCl and amiloride were
used in the third series of experiments. Filter paper moistened with 1 % NaCl
was used for hyperosmotic treatment. Amiloride HCl (SIGMA) was similarly
applied, but in 1000, 500, 250, and 100 mg/L final concentrations.

For statistical evaluation the ANOVA-Tukeys-test of the Toxstat 3.3 program
(Gulley et al. 1988) was used. Significance was determined at p< 0.05, and was
evaluated and marked in the tables in each experimental series and in each
treatment time only in comparison to the own original weight of the
experimental animals.

RESULTS AND DISCUSSION
The weight of the control worms did not change significantly during the
experiments. However, exposure to deltamethrin produced a very rapid and

marked decrease in the body weight (Table 1).

Table 1. Effect of deltamethrin on the body weight (mg) of E. fefida.

Treatment Start 3 hr 24 hr

mean SD |mean SD p<0.05 |mean SD p<0.05
untreated 165 404 [157 408 - 158 386 -
deltamethrin 100 mg/L | 173 2511142 233 * [ 141 203 %
deltamethrin 50 mg/L | 179 358 1119 195 * 120 263 *
deltamethrin 25 mg/L {169  38.5 |109 215 * 1104 331 *
deltamethrin 12.5 mg/L |164  36.1 |130 349 - 127 359 -

(n = 10; * = significant difference compared with the original weight of the
animals in each concentration and treatment time)
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Maximum weight loss occurred after 3 hours exposure to 50 and 25 mg/L
deltamethrin. In comparison with the controls, more than 30% weight loss was
evoked by the deltamethrin treatment. The lower weight-decreasing effect of
100 mg/L deltametrin may be the result of the escape of worms from contact
with deltamethrin by crawling to the tops of the bags. The weight loss from 12.5
mg/L deltamethrin was not significant.

The percentage dry mass of control worms was 15.6 %. After the deltamethrin-
induced 19.8 % body weight loss, dry mass increased to 18.3 % (Table 2). The
results prove that the rapid decrease in the body volume on the effect of
deltamethrin is a consequence of the decreased water content of the body, i.e.
desiccation.

Table 2. Effect of deltamethrin on the percentage dry mass of L. fefida

Treatment Dry mass % SD p< 0.05
untreated 15.6 0.2
deltamethrin 25 mg/L |{18.3 0.7 *

(n = 3; * = significant difference compared with the control)

E. fetida respond to irritating stimuli with violent crawling, escape and coelomic
fluid expression through the dorsal pores. Expressed coelomic fluid leaves
yellow-brown coloration on the filter paper. On the effect of crystalline NaCl
the coelomic fluid expression resulted in a 34.4 % weight loss, but after the
worms were washed with tap-water and kept in a wet-box for 3 hours, the
weight loss dropped by rehydration to 17.7 %. Neither deltamethrin in lower
than 100 mg/l concentrations nor 1% NaCl have an irritating effect, and both
resulted in a significant effect on body weight (Table 3). The effect of
deltamethrin on the body weight was not reduced markedly during one week
_preincubation in wet filter paper at 23°C (Table 3).

Earthworms maintain an ionic steady state for a long time when living in fresh
water (Dietz and Alvarado 1970). Maintained in fresh-water or in low salinity
medium they are strongly hyperosmotic. As salinity increases, body fluids remain
hyperosmotic to the medium, though there is hyperosmotic conformity (Oglesby
1978). However, with regard to sodium concentration, earthworms show hyper-
regulation in low salinity and hypo-conformity in high salinity medium (Dietz
and Alvarado 1970, Oglesby 1978). Sodium concentration in the celomic fluid
of E. fetida living under natural conditions (in wet soil) is 79.7 mM/l, when
introduced to a 100 mM/kg medium the concentration increases to 116.5 mM/1
(Kamemoto et al. 1962), but over a certain limit it can not increase more.
Stephenson (1945) established maximal body volume of Lumbricus terrestris in
0.35 % NaCl solution by short-term immersion experiments, at both lower and
higher salinity the volume decreased. As a rapid response to hyperosmotic stress
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the body volume of fresh-water leeches shows 30-35 % decrease (Boroffka
1969, Reynoldson and Davies 1980).

Table 3. Effect of deltamethrin, preincubated deltamethrin, NaCl and amiloride
on the body weight (mg) of intact specimens, and the effect of deltamethrin on
decapitated specimens of E. fetida

Treatment Start 3 hr 24 hr

mean SD  |mean SD p<0.05 |mean SD p<0.05
deltamethrin 25 mg/L. {169 385109 215 * 1104 331 *
NaCl 1 % 152 2291119 183 * 1101 166 *
D-25 preincubated 181 17.8 [126 176 * 1130 149 *
D-25 decapitated 133 210 (103 212 * 96 1738 *
amiloride 1000 mg/L. 177 426|159 382 - |i46 365 -

(D-25= deltamethrin 25 mg/L; n = 10; * = significant difference compared with
the original weight in each experiment)

Decapitation did not prevent the weight decreasing effect of deltamethrin (Table
3). The water balance and volume control mechanisms of earthworms depend
on the brain neurohormones (Carley 1978a, Kamemoto 1964, Zimmermann
1973). Decapitated earthworms showed significant weight loss on the effect of
deltamethrin treatment, similarly to the intact ones. Therefore, the importance of
neurohormones in the deltamethrin-induced dehydration may be excluded.
However, ionic balance and volume control during rehydration of desiccated
earthworms may be mediated by neuro-endocrine mechanisms.

Type II pyrethroids are neurotoxic agents, modifying the sodium channel gating
kinetics. The changes in sodium channel gating cause a marked membrane
depolarization (Forshaw et al. 1993, Narashi 1994, Viverberg and van den
Brecken 1990). It 1s known that beside the nephridia (Boroftka 1968), the body
wall (Dietz 1974, Dietz and Alvarado 1970, Prush and Otter 1977) and
intestinal epithelia (Cornell 1984) of annelids are involved in Na' and CI
transport, and that the Na™ and CI transport mechanisms are independent of each
other. We supposed that earthworm possess deltamethrin-sensitive epithelial
sodium transport mechanisms. Thos, the deltamethrin-induced Na' (and
probably also equivalent anion) loss may result in the dehydration, as an
osmoregulative compensatory response to the electrolyte deficit.

To verify of this hypothesis, we used amiloride-treated earthworms (Table 4).
Amiloride, a diuretic drug, is a potent inhibitor of Na' transport in a wide variety
of systems (Kirschner 1979). Amiloride in a 1000 mg/L concentration evoked a
low irritation of the worms in the first hour of treatment, but their decreasing
effect on the body weight was small during the 24-hour treatment (Table 3).
However, on the effect of 72-hour treatment 1000 mg/L amiloride resulted in a
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more than 30 % weight loss. Amiloride in 500 mg/L and 250 mg/L
concentrations after 72-hour treatment also resulted in significant weight loss
without irritating effect (Table 4).

Table 4. Effect of amiloride treatment on the body weight (mg) of . fetida

Treatment Start 24 hr 72 hr

mean SD  imean SD p<0.05 [mean SD p<0.05
untreated 150 40.5 |151 44.0 - 1146 423 -
amiloride 1000 mg/L.  [185 38.9 1149 33.8 - 123 298 *
amiloride 500 mg/LL 141 12.6 {131 10.8 - (115 11.7 *
amiloride 250 mg/L.  [128 11.3 (117 13.5 - 95 6.1 *
amilonidde 100 mg/L. {166 51.0 [152 489 - (132 451 -

(n = 10; * = significant difference compared with the original weight of the
animals in each concentration and treatment time)

Amiloride-sensitive Na'-channel is a key element of the electrogenic sodium
transport by kidney, colon and gland duct epithelia (Horisberger 1998); its role
in the regulation of extracellular fluid volume has been highlighted. Amiloride-
sensitive sodium transport in the body wall epithelium (Prush and Otter 1977), in
the gut epithelium (Cornell 1984) of earthworms, and in epithelia of other
invertebrates (Gerencser et al. 1999, Kirschner 1979, Onken 1999) has been
proved. Amiloride resulted in a significant weight loss in our experiments. This
supports our hypothesis that decrease of the sodium content of body fluids may
trigger hyperosmotic regulation, maintained by proportional anion and water
loss.

The main difference found between the effect of deltamethrin and amiloride on
body weight was the rapid effect of deltamethrin and the slow effect of
amiloride. Deltamethrin  probably delays the closing of the epithelial Na
channels, therefore a rapid sodium flow may be directed toward the hypoosmic
medium. Moreover, Forschaw et al (1993) concluded that chioride channels may
also be inhibited by deltamethrin. In contrast, the active sodium input may be
inhibited by amiloride. Consequently the slow sodium loss of the earthworms
occurring in the hypoosmotic medium may not be compensated by sodium
reabsorption from the surrounding of amiloride-treated earthworms.
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