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ABSTRACT

A high performance liquid chromatographic method confirmed with
TLC was used to study the in vivo biotransformation of thiodicarb in the
land snail, Helix aspersa (Muller). The toxicity and the in vivo
acetylcholinesterase  inhibition with thiodicarb and its major
metabolite,methomyl were also investigated. The results showed that
thiodicarb was quickly absorbed within 24 hrs following ingestion. The
amount of thiodicarb reached a peak value of 198.60 ng/gm tissue at 3
days, and then rapidly declined as time passed to the end of experiment
Thiodicarb was rapidly metabolized to yield methomyl as a major
metabolite in the snail tissues at all time intervals. Methomyl was found to
be more toxic to the snails than thiodicarb. Results of the potency of both
compounds against AchE activity were in harmony with their toxicities to
snails. These results indicated that the formation of methomyl, in the snail,
as a major metabolite explains the molluscicidal activity of thiodicarb.

INTRODUCTION

Thiodicarb “Dimethyl N,N [thiobis-(methylimino)carbonyloxy Jbis-
ethanimidothioate is a non-systemic oxime carbamate insecticide with a
relatively narrow spectrum of activity closely related to its first
metabolite, ~ methomyl *  S-methyl ~N<{methylcarbamoyl)oxy
thioactamidate®. It is introduced by the Union Carbide chemical company,
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and commonly marketed as Larvin. Thiodicarb and for its major
metabolite, methomyl has been reported to have molluscicidal activity
against land mollusca (El-Sebae er al. 1982 ; Miller e/ al.,1988 ; Mones
and Gigot, 1988, Radwan er al,1992; and Ferguson et al.,1995),it is
known to act as cholinesterase inhibitors ( Pessah and Sokolove , 1983 ;
Radwan ef al., 1991 ;and Radwan eral., 1992 ) and was also shown to
alter the activity of other non- specific serine containing enzymes, or non-
enzymatic biochemical constituents of land mollusca (El-Wakil and
Radwan,1991 and Radwan ef al.,1992). Thiodicarb essentially consists of
two methomyl moieties joined through their amino nitrogen by sulfur, is
rapidly absorbed, degraded and excreted and has not been demonstrated
to accumulate in animal tissues. The metabolic pathways for radiolabelled
thiodicarb in animals and plants, involves cleavage 1o methomyl,
oxidation, and hydrolysis followed by conjugation of the metabolites
(FAO/WHO, 1985). Similarily, thiodicarb is also readily transformed to
methomy! in and/or on cotton leaves, water, and soils as well as exhibited
less persistent in all these environmental systems than methomyl (Jones ef
al.,1989 and Abu El-amayem ef al,1990). Few articles are available
about the metabolism of pesticides in land gastropods (Triebskorn ef
al, 1990 and Salama and Radwan ,1995). The present study is a
continuation of these studies on terrestrial snails. The persent work was
planned to study thiodicarb biotransformation to methomyl, toxicities and
acetylcholinesterase inhibition in the land snail, Helix aspersa (Muller).

MATERIALS AND METHODS

Chemicals
Analytical grades of thiodicarb (98.2 %) and methomyl (99.8 %),

were supplied by Environmental Protection Agency (EPA),USA. TLC
plates silica gel-60 (20 x 20 cm) and all solvents used were obtained from
Fisher Scientific Products Co. Acetylthiocholine iodide (ATch ) and
Ellmans reagent 5,5-dithiobis-(2-nitrobenzoic- acid)],DTNB were
obtained from Sigma Chemical Company, USA.

Animals
Specimens of the herbivorous snails, Helix aspersa (Muller) were

collected from untreated nursery plants and farms in Alexandria
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govemorate, Egypt. Adult animals of 24 mm in diameter were chosen,
.allowed to acclimatize to the laboratory conditions for at least 30 days
and were fed on fresh leaves of lettuce .

In yivo biotransformation of thiodicarb

In this experiment, a solution of thiodicarb was prepared in
acetone at a concentration of 200 ppm. Lettuce leaves were cut into discs
approximately 1 inch in diameter. Thiodicarb concentration was loaded
onto leaf disc. The treated discs were allowed to dry at room temperature.
Snails were starved four days prior to feeding on treated leaf discs (2 ug
loaded onto one disc exposed to one snail). Control animals were fed with
using uncontaminated lettuce discs. Twenty of thiodicarb-treated snails
and ten of untreated ones were selected at 1,23,5,7,10, and 15 days after
the treatments, and frozen at -20 °C untill analysis.

Extraction of thiodicarb and methomyl
At each time interval, snails were collected and dissected. The

soft tissues were pooled and homogenized as 1:10 (w/v) with acetone for
five minutes. The homogenate was filtered through a Whatman filter
paper No.1 , then the filter paper was washed several times with acetone
(10 ml portion). The filtrate was collected and made up to 100 ml with
acetone , then dried over anhydrous sodium sulphate. The extract was
concentrated to dryness using rotary evaporator at 40 °C. The pesticide
residue was dissolved in 3 ml of methanol.

Clean up
Clean up was carried out using a chromatographic column filled with

silica gel (2 gm), florisil (2 gm), and anhydrous sodium sulphate (1 gm).
The sample extract was tranferred to the column, preconditioned by
passing 10 ml of acetone through it. The column was eluted with 50 m] of
methanol and the eluate was collected and concentrated to 3 ml as
described above. The samples were subjected to HPLC and TLC analysis.

HPLC analysis
High performance liquid chromatography (HPLC) was carried out

using a Varian-VISTA-5500 instrument , equipped with an Ultra-violet
detector (UV) set at 240 nm. The separation was performed with a
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Bondapak Cyq stainles steel column ( 30 cm » s mm 1 ) ), using isocratic
clution system with methanol Idemification  was accomphished by
retention times and compared with the standards of thiodicarb and
methomyl at the same conditions. For quntification the peak areas
corresponding to each injected sample were compared with that of
standard solutions of the insecticides.

Quantification limits
Detection limits for thiodicarb and methomyl using the employed

method were determined according to the analyte concentrations that
produce a chromatographic peak equal to three times of baseline noise.

TLC analysis
Thin layer chromatography was carried out for qualitative analysis

of thiodicarb and methomyl. Ten microliters of tissue extracts were
spotted on silica gel, TLC plates. The plates were developed with the
solvent system of acetone-methanol (2:1 v/v). The spots were detected by
the colour in iodine vapour. To analyze thiodicarb and methomyl, a
mixture of both compounds was done in acetone. The standard mixture

was chromatogrphed and detected as above.

Toxicity procedure .

Toxicity of thiodicarb and its major metabolite, methomyl against the
adult Helix aspersa snails was evaluated and the WHO (1965) method in
detecting snails mortality was applied . Six different concentrations of
either thiodicarb or methomy! were prepared in acetone as follows; 0.01,
0.02, 0.1, 0.2, 0.5, and 1 %. One snail was placed into 0.5 glass jar and
fed on one treated leaf disc (10 ul from each insecticide concentration was
loaded onto one disc and exposed to one snail). The jars were tightly
covered with cloth netting secured with a rubber band to prevent from
escaping. Each concentration was replicated four times (10 individual for
each). For each treatment, snails were allowed to feed on the treated discs
along 7 days. Untreated check was carried out using seven days feed
period on acetone-treated lettuce discs. The animals were checked and the
number of dead snails were recorded and removed. Mortality percentages

were corrected using Abbott formula (1925).
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thiodicarb and its maj

i 'Icholin
metabeolite, methomyl , . ,

Using the same dosing as mentioned in Motransfoml;op study,
individual snail was fed on one leaf disc treated with 10ul of thiodicarb or
methomyl.  Controls free pesticide were also accomplised. Four groups of
four treated and untreated snails were taken at 1, 2, 3, and 5 days
following treatment for enzyme assay. The enzyme preparation was
carried out according to the method of Radwan er al.,(1992). The
procedure of Ellman er al, ( 1961) was utilized for measuring
acetylcholinesterase activity in treated and untreated snails. Activity of the
inhibited enzyme was reported as a percentage of the inhibition of the
respective enzyme from control snails. Activity was measured as m moles
of acetylthiocholine (substrate) hydrolyzed per min per gm tissue.

RESULTS AND DISCUSSION

Chromat ic analysis of thiodicarb and methomyl

The detection limits of thiodicarb and methomyl were found to be
15.3 and 31.9 ppb,respectively. These values indicate the applicability of
the proposed method. Analysis of the tissue extracts from the in vivo
biotrancformation experiment was accomplised by TLC and HPLC. The
retardation factors, R, (average of three developments) and the retention
time, Ty values of thiodicarb and methomyl were listed in Table 1. The
retardation factor values of thiodicarb and methomyl were 0.81 and 0.89,
respectively. The corresponding values for retention time were 3.0 and

2.6 , respectively. Thiodicarb and methomyl were detected in all analyzed
tissues.

Table (1):Thin layer chromatography and high performance liquid
chromatographic data for thiodicarb and methomyl

Compound Retardation factor R, Retention time T, (min)
Thiodicarb 0.81 30
Methomyl 0.89 26
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~ hiodicarb: _

- Tissue residues were determined by HPLC at various time
intervals up to 15 days in snails administered thiodicarb treated discs The
quantitative determination of the ingested thiodicarb was dlu.stn.ted in
Table 2. Thiodicarb was quickly absorbed and subsequently d:stnbux_ed
throughout the body. At the first day following pesticide dosing to snails,
thiodicarb was detected in the tissue extract . At this time point, the
remaining amount of thiodicarb was found to be 150.95 ng/gm tissue .
After 3 days, the amount of thiodicarb increased to reach a peak value of
198.60 ng/gm tissue . This was attributed to the continuous absorption of
the compound (Table 2) . The concentrations of residual thiodicarb were
rapidly declined overtime and at the end of experiment (15 days), it
reached 0.18 ng/gm tissue. These results indicated that there was a
consistent decrease in residues in snail tissues as time after administration
increases and coincide with the results of Triebskom et al. ,(1990). They
reported that the amounts of 'C-labeled carbamate, 2-(2-chloro-1-
methoxy-ethoxy)phenyl N-methylcarbamate or its labeled metabolites
decreased by increasing time after the Deroceras reticulatum
slug, ingestion.

Table (2): Concentration of thiodicarb and lhethomyl in snail tissue
following fed on treated lettuce leaf disc loaded with 2 ug

thiodicarb.
Time Amount recovered in intervals (ng/gm tissue)
(days) Thiodicarb Methomyl
1 150.95 + 23.80 20542 % 10.20
2 16346 £ 12.70 44771 + 29.07
3 19860 + 870 27209 + 860
5 8860 + 290 8564 + 560
7 2066 * 1.20 19693 + 322
10 373 = 0.10 41582 + 1370
15 018 + 001 213.24 + 10.80

Each value represents the mean of four samples of tissue from 20 animals ¢ S E
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The amounts of the main breakdown product, methomyl in snal

tissoes st all ime intgrvals were very high compared to those of the paremt
compound, indicating that the metabolic processes took place following
the absorption of the compound and there was no accumulation of the

compound m the snail tissues ’

The in vivo biotransformation of thiodicarb (Table 2) showed

that, methomyl is the major metabolite was detectable in the snail tissue
extracts at all time intervals The highest amounts of methomyl found in
the snail tissues were at 2 and 10 days afler thiodicarb administration

These amounts were 447.71 and 415 82 ng/gm tissue, respectively. On
the other hand , the lowest amount of methomyl found in the snail tissues
was at 5 day , which did account for 85.64 ng/gm tissue. By 15 days,
thiodicarb metabolite concentration in the snail tissues was found to be
213.24 ng/gm tissue. These results indicated that thiodicarb was rapidly
metabolized to yield methomyl as a major metabolite in the snail tissues
The level of the metabolite, methomy] in the snail tissues analyzed at any
time following thiodicarb administration is the net result of the amount

formed by the metabolism of the compound. The major thiodicarb
metabolite formed by the snails used in this study indicated that the

metabolic pathway was the same as reported for animals, plants, and soil (
FAO/ WHO, 1985).

Toxicity of thiodicarb and its major metabolite, methomyl to Helix

aspersa snails

The toxic effects of thiodicarb and methomyl on the brown
garden snails were determined and the average percent mortalities of these
snails fed on treated lettuce discs with either thiodicarb or methomyl at six
different concentrations of 0.01,0.02,0.1,0.2,0.5, and 1 % for the two
time intervals of 1 and 7 days, were listed in Table 3. The results indicated
that methomyl was more toxic to the snails than thiodicarb. These results
are in agreement with that obtained by Radwan er al.(1992). They
reported that 0.5% bran baits of methomyl was the most toxic compound

among all tested oxime carbamates against Theba pisana snails

Icholin hibition hi
i homyl

n vivo
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The most significant biochemical effect of thiodicarb and its mam
breakdown product, methomyl are the ability to reversibly lnhlbll
acetylcholinesterase, which is responsible for molluscicidal activity
(Casida, 1963 and Radwan er al.1992). In vivo acetylcholinesterase
activity in thiodicarb and methomyl - treated snails, 5 days after dosing
with 2 ug of the chemical loaded on lettuce leaf disc and in controls are
illustrated in Table 4.

Table (3): Toxicity of thiodicarb and its major metabolite, methomyl
to Helix aspersa snails fed on treated lettuce leaf discs

(presented as % mortality).
Compound Thiodicarb Methomyl
Concentration Time (days)

(%) 1 7 1 7
0.01 0.00 0.00 0.00 6.67
0.02 0.00 0.00 0.00 13.33
0.1 10.00 53.33 26.67 60.00

0.2 13.33 66.67 46.67 7333

0.5 : 36.67 70.00 53.33 80.00

1.0 50.00 86.67 55.00 93.33

Each value is average of four replicates.

The results presented in Table (4) showed that the control value
for acetylcholinesterase activity in snail tissue was 0.456 m mole/min/gm
tissue Thiodicarb and methomyl had inhibitory effect on
acetylcholinesterase enzyme, the values were gradually reduced from the
first day after dosing till the end of experiment (S days). Comparing the
data presented in this Table with the toxicity results in Table 3, showed a
parallel effect between toxicity and enzyme inhibition. Thiodicarb and
methomyl inhibited acetylcholinesterase enzyme in snail tissue by nearly
50% (48.47%), 5 and 3 days following administration of the chemical,
respectively. At the end of 5 days, thiodicarb metabolite inhibited
acetylcholinesterase activity by 71.05 % (Table 4).

These results indicated that both compounds inhibited
acetylcholinesterase activity in snail tissues, although methomyl wasa
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more potent nhibitor 1o the tested enzyme than thiodicarh in vivo The
mnhibvtion of acetylchohnesterase activity in snail tissues by theodwcarh,
metabolite agree well  with previous studies in Theba pisana snals
(Radwan er @l 1992) and  in Limax mavimum shugs (Pessah and
Sokolove, 1983)

Table (4): In vivo acetylcholinesterase activity of snail tissues
following administration with 2 ug of thiodicarb or
methomyl loaded on lettuce leaf disc.

Time AchE activity
(days) Thiodicarb Methomyl
Activity % of inhibition Activity % of inhibition

Control 0.456 $0.024 100 0456 £ 0,024 100

1 0.433 10,013 5.05 0382 + 0.032 16.23

2 0.382 40,030 1623 | 0345 1 0015 24.34

3 0.265 +0.025 4189 | 0235  0.046 4847

5 0.235 +0.034 4847 | 0132 + 0,023 71.05

Acetylcholinesterase activity is expressed as m mole acetylthiocholine hydrolyzed/
min/ gm tissue.

Each value represents the mean + S.E. of four determinations from four animals.

Earlier studies on Theba pisana snails (Radwan er al.,1991) and
on house flys (Karunaratne and Plapp,1993) indicated that thiodicarb was
a weak inhibitor of the acetylcholinesterase enzyme in vitro.
Consequently, it has been suggested that the chemical’s toxicity in vivo
may be due to the combined anticholinesterase effects of thiodicarb itself
and its more toxic metabolite, methomy].

The present study deduced that the biotransformation of
thiodicarb to its main metabolite, methomyl was essential for snajl toxicity
and for the inhibition of acetylcholinesterase enzyme by thiodicarb.
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