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ABSTRACT. The chemical compound temephos (0,0,0°,0’-tetrametyl-0,0’-
thiodi-p-phenylene phosphorothioate) is an organophosphorous pesticide
that has been used in Brazil since 1967 in control campaigns against the
mosquito Aedes aegypti, the vector of dengue and yellow fever. We
used single cell gel electrophoresis (SCGE), SOS/umu and Ames/
Salmonella assays to test the toxicity and mutagenicity of temephos.
Temephos was genotoxic in the SCGE assay, inducing severe DNA
lesions (type IV lesions) at doses above 1.34 uM. It was mutagenic, but
not toxic, in the SOS/umu assay to Escherichia coli strain PQ37, but not
to PQ35, at concentrations above 1.33 UM, particularly when the S9
mixture was not used in the assay. Temephos was not mutagenic in the
Ames assay with S. typhimurium strains TA97, TA98, TA100 and TA102,
both with and without metabolic activation. However, temephos at
concentrations above 3.33 uM was mutagenic to TA98NR, YG7104
and YG7108, both with and without metabolic activation. In conclusion,
temephos was genotoxic and mutagenic in all the three tests used, and
in two of them at concentrations similar to those routinely used to combat
Aedes aegypti.
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INTRODUCTION

Temephos (0,0,0°,0’-tetramethyl-O,0’-thiodi-p-phenylene phosphorothioate) (Abate®
4-E, Cyanamid, USA) is an organophosphorous pesticide that was widely used in Brazil from
1967 to 1998, for controlling the dengue and yellow fever vector, the mosquito Aedes aegypti.
It was employed as a larvicide in stagnant water at a 1% (w/v) concentration, and in household
water at a final concentration of 1 ppm (Nobre, 1998).

Organophosphorous pesticides act by inhibiting acetylcholinesterase hydrolysis
of acetylcholine, resulting in acetylcholine accumulation in neuromuscular synapses. The
acute toxic effects of organophosphate pesticides are due to the hyperstimulation of
muscarinic and nicotinic receptors, resulting in symptoms that range from increased
secretions to death by respiratory depression. However, humans who ingested 256 mg
temephos/person/day for 5 days or 64 mg temephos/person/day for four weeks showed
no symptoms of temephos toxicity, or detectable effects on blood cholinesterase activity
(Gallo and Lawrk, 1991).

Temephos has been shown to be weakly mutagenic in the Ames/Salmonella test and in
tests on rabbits, and on various strains of bacteria temephos was found to be nonmutagenic
(U.S. Public Health Service, 1995). Since temephos has been widely used in Brazil, we decided
to reevaluate its mutagenic potential by applying genotoxic tests that have not been previously
employed, such as the single cell gel electrophoresis assay (Comet assay), the SOS/umu assay,
and the Ames/Salmonella test, using additional bacterial strains.

MATERIAL AND METHODS
Reagents and Strains

Eight-week-old male Wistar rats were obtained from the FIOCRUZ Central Animal
Breeding Facility, Rio de Janeiro, RJ, Brazil, kept in 12-h light-dark cycles, and supplied with
water and a pelleted diet (Nuvital, Nuvilab, Curitiba, PR, Brazil) ad libitum. The Escherichia
coli and Salmonella typhimurium strains used in the present study (Table 1) are described
elsewhere (Felzenszwalb and Alcantara Gomes, 1982; Watanabe et al., 1989; Valsa et al., 1990),
and were maintained according to the revised methods of Maron and Ames (1983), and Quillardet
et al. (1982). Temephos was obtained from a commercial source, in a granular 2% (w/v)
formulation. One hundred grams of granular temephos was placed in 200 ml of distilled water
for 14 h (protected from light). The suspension was then filtered through a 0.22-um filter
(Millipore, Brazil) and diluted to a final concentration of 21.45 mM.

Single cell gel electrophoresis - (Comet assay)

The Comet assay was made by incubating temephos for 90 min with total blood cells
obtained from 8-week-old male Wistar rats, as previously described (da Costa Lopes et al.,
2000), based on the methods of Singh et al. (1988), modified by Betti et al. (1993, 1994).
Quantitative measurements of DNA breakage were made by visual scoring of 50 randomly
selected cells per slide, classifying them into four categories, representing increasing degrees
of damage, ranging from Comet 1, with a minimal detectable frequency of DNA lesions, as in
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Table 1. Escherichia coli and Salmonella typhimurium strains used in the present study.

Species Strain Genotype Reference

E. coli PQ35 F " thr-1 leuB6 thi-1 his-4 pyrD galE galY rpoB  Quillardet and Hofnung, 1985
lacAU169 trp::MuC * Pho° sfid.::Mud(Ap lac)C*

E. coli PQ37 F~thr leu his-4 pyrD thi galE galK(galT)lac169  Quillardet and Hofnung, 1985
rl300::Tnl0 rpoB rpsL uvrA rfa trp::MUC
suld::Mud(APlac) c-ts

S. typhimurium TA97 hisD6610 hisO1242 rfa DuvrB chl bio R* Maron and Ames, 1983
S. typhimurium TA98 hisC207 his D3052 rfa DuvrB chl bio R* Maron and Ames, 1983
S. typhimurium TA100 hisC207 hisG46 rfa DuvrB chl bio R* Maron and Ames, 1983
S. typhimurium TA102 hisC207 hisG46 rfa UVR R* Maron and Ames, 1983
S. typhimurium TA1535  hisG46 gal A(chl, uvrB, bio) rfa Maron and Ames, 1983
S. typhimurium YG7104  TA1535 A ogt,, Cm" Watanabe et al., 1989
S. typhimurium YG7108  TA1535 Aadag, A ogty, Cm” Km" Watanabe et al., 1989
S. typhimurium TA98NR  TA98 cnr Watanabe et al., 1989

a control group with spontaneous lesions, to a maximum length Comet (type 4) (Kovary et al., 2001).
SOS/umu assay

E. coli strains (Table 1) were incubated with temephos at different concentrations at 37°C,
for 90 min, with or without 19.1 mg/plate of protein from an S9 mixture (Moltox Inc., USA). The
cells (2 x 108 cells/ml) were then centrifuged and resuspended as previously described (Asad et
al., 2001). The induction of the SOS response by temephos was evaluated by measuring [3-galac-
tosidase production and alkaline phosphatase activity, according to Quillardet and Hofnung (1985).

Ames/Salmonella assay

The Ames/Salmonella assay was performed according to Maron and Ames (1983), with
slight modifications. Temephos was incubated for 90 min at 37°C with different strains of S.
typhimurium (Table 1), with or without 19.1 mg/plate mg of S9 mixture protein (Moltox Inc., USA).

Statistical analysis

Statistical analysis was made by the Student or Welch #-test, using Instat 2.01 software
(GraphPad Software, CA, USA).

RESULTS

Temephos was tested in the Comet assay at concentrations ranging from 1.34 to 21.75 mM.
When total blood cells were incubated with phosphate buffer (blank assay), no Comet type IV (severe
lesion) was formed; Comet type I was the main category observed (Figure 1). Temephos produced a
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dose-dependent increase in type [V lesions, with a respective decrease in type I lesions. Temephos at
1.34 mM produced 22% type IV lesions, while at 21.75 mM type IV lesions increased to 48%. Temephos
did not produce significant differences in type I and III lesions, when compared to the blank assay.

Figure 1. Percentage of total blood cells exhibiting different

DNA lesions (according to Comet type) after incubation with
different concentrations of temephos.
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Temephos was then tested using the quantitative colorimetric SOS chromotest. This
pesticide did not induce an SOS response when incubated with E. coli strain PQ35, both with
and without metabolic activation (Table 2). However, incubation of temephos with strain PQ37
revealed a strong dose-dependent SOS response at concentrations ranging from 1.66 to 16.66 uM
without metabolic activation. When the S9 mixture was added to the incubation mixture, the

Table 2. SOS function inducing activity of temephos in Escherichia coli PQ35, PQ37 in the SOS chromotest with
(+S9) and without (-S9) metabolic activation.

Strain  umol/plate -S9 +S9

B-Gal Phosp. B/P LE®? B-Gal Phosp. B/P LE®
(units) (units) (units) (units)

PQ35 0 786 2330 0.33 1.0 810 2374 0.34 1.0
0.35 815 2283 0.35 1.0 956 2381 0.40 1.1
1.66 770 2248 0.34 1.0 995 2361 0.42 1.2
3.33 791 2320 0.34 1.0 825 2378 0.34 1.0
6.66 710 2366 0.30 0.9 753 1981 0.38 1.1
16.66 790 2548 0.31 0.9 696 1831 0.38 1.1
PQ37 0 4.8 417 0.01 1.0 35 355 0.09 1.0
0.35 4.8 531 0.009 0.9 41 348 0.11 1.3
1.66 30 384 0.003 3.0 35 241 0.14 1.6
3.33 40.5 498 0.008 8.1 37 248 0.14 1.6
6.66 40.5 432 0.009 9.3 42 280 0.15 1.7
16.66 34.5 303 0.11 11. 64.4 402 0.16 1.8

“The induction factor (LF.) at concentration C is defined as I, = R /R , where R and R, are the ratios of B-galactosidase (3-Gal) and
alkaline phosphatase (Phosp.) activities with and without a DNA-damaging agent. Bold numbers are statistically significant and
different from controls - positive response for mutagenesis.
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SOS response was still observed, though not as intensely.
When we tested temephos in the Ames/Salmonella assay, we did not detect mutagenesis
with strains TA97, TA98, TA100, and TA102 (Table 3), as also found by Bartsch et al. (1980).

Table 3. Induction of His" revertants (Rev.) in different strains of Salmonella typhimurium by temephos, with (+S9)
and without (-S9) metabolic activation.

Strain umol/plate -S9 +S9
M.I*? Rev. = SD® Surv. % © M.I.® Rev. = SDP Surv. % °©
TA98 0 1.0 36+ 4 100 1.0 51+ 3 100
0.35 1.0 38+ 2 99.3 1.0 54+ 4 90.3
1.66 1.2 44+ 5 97.5 1.2 61+ 5 89.7
333 0.9 33+ 2 914 1.5 77+ 7 86.6
6.66 1.2 45+ 4 89.4 1.5 79+ 4 81.4
16.66 1.5 54+ 6 81.3 1.6 82+ 9 79.3
TA97 0 1.0 153+13 100 1.0 179 + 12 100
0.35 1.0 157 £ 10 97.3 1.0 180 £ 11 96.7
1.66 0.9 137+ 5 95.4 0.9 161 + 16 95.4
3.33 1.1 168 £ 11 81.3 1.0 181 £11 90.9
6.66 1.3 198+ 9 80.7 1.3 233 +24 89.4
16.66 1.4 270+ 12 77.5 1.3 235+ 16 80.5
TA100 0 1.0 191+ 13 100 1.0 183+ 15 100
0.35 1.0 193 £ 12 93.7 1.2 220+ 13 99.3
1.66 1.2 229+ 10 91.5 1.4 257 +21 97.4
3.33 1.2 231+ 9 90.4 1.3 238+ 19 95.3
6.66 1.3 249 + 22 83.6 1.4 250+ 14 94.1
16.66 1.4 267+ 18 81.7 1.3 240 + 21 90.8
TA102 0 1.0 372+22 100 1.0 630 + 24 100
0.35 0.9 335+ 15 98.2 1.0 649 £ 20 97.6
1.66 1.0 374+ 16 91.6 1.1 697 £ 19 96.8
333 1.1 409 £ 13 87.3 1.1 695+ 13 93.7
6.66 1.2 446 + 24 84.4 1.4 889 +24 94.2
16.66 1.3 483 £ 16 81.3 1.5 954 £ 21 90.7
TA98NR 0 1.0 30+ 2 100 1.0 45+ 4 100
0.35 1.5 46+ 2 67.0 1.0 46+ 5 96.7
1.66 1.6 48+ 3 67.0 1.8 81+ 7 90.2
3.33 2.4 73+ 6 67.0 4.2 189 £+ 15 74.8
6.66 2.9 87+ 7 62.5 3.8 171 £13 70.3
16.66 0.8 25+ 3 27.9 3.6 162+ 17 70.0
TA1535 0 1.0 13+ 2 100 1.0 28+ 4 100
0.35 0.8 10+ 3 96.0 0.9 27+ 2 91.3
1.66 1.5 20+ 2 96.0 1.7 50+ 1 93.5
333 1.8 24+ 1 80.0 1.8 51+ 3 100
6.66 1.8 24+ 3 76.0 2.0 57+ 5 100
16.66 34 45+ 5 72.0 2.1 59+ 3 94.7
YG7104 0 1.0 10+ 1 100 1.0 35+ 4 100
0.35 1.4 14+ 1 87.0 1.4 50+ 3 100
1.66 1.5 15+ 2 73.7 1.8 65+ 6 100
333 1.8 18+ 1 75.0 2.0 70+ 5 100
6.66 2.2 2+ 1 73.7 2.4 85+ 5 100
16.66 2.3 23+ 2 73.7 2.8 101 £12 97.4
YG7108 0 1.0 25+ 3 100 1.0 52+ 3 100
0.35 1.2 30+ 2 100 1.0 49+ 2 97.6
1.66 0.9 23+ 2 91.4 1.4 73+ 6 93.1
333 1.0 25+ 1 914 1.4 73+ 7 84.6
6.66 1.1 20+ 1 92.8 1.9 9+ 5 76.7
16.66 1.2 30+ 3 88.6 2.1 110+ 9 71.1

“Mutagenicindex (M.L): number of His" induced in the sample/number of spontaneous His* in the negative control (distilled water). "Number
of His/plate: mean value + SD of at least three experiments. Percent survival (Surv. %) calculated in relation to the negative control. Bold
numbers are statistically significant and different from controls - positive response for mutagenesis.
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However, it was mutagenic for TA98NR at concentrations above 3.33 uM, with and without
metabolic activation. Based on the survival index (Table 3) temephos, without the S9 mixture,
was highly toxic to TA98NR. Temephos was also mutagenic, with and without metabolic
activation for strain TA1535 at concentrations above 6.66 UM, for strain YG7104 at concentrations
above 3.33 uM, and at 16.66 uM for strain YG7108. However, temephos was not toxic to any
of these strains at any of the concentrations used, both with and without metabolic activation.

DISCUSSION

The organophosphorous pesticide temephos has been widely used in Brazil as a larvicide
to combat the yellow and dengue fever vector, the mosquito Aedes aegypti. Whereas yellow
fever incidence in Brazil is very low and is under control, dengue fever epidemics have been
constantly appearing throughout much of the country over the last two decades, affecting
hundreds of thousands and causing the death of hundreds of individuals (Nobre, 1998), so there
are now extensive mosquito control programs in place.

We found that temephos was genotoxic in the three tests used. In the Comet assay,
which identifies gross lesions in DNA caused by chemical compounds, temephos produced
dose-dependent severe (type IV) lesions in the DNA of total blood cells of Wistar rats.
However, the concentrations of temephos that produced these lesions were much higher than
those usually applied in household water reservoirs in Brazil (2.14 uM) (Nobre, 1998).

The SOS chromotest revealed that temephos is genotoxic to E. coli strain PQ37, but in
this case at concentrations (above 1.66 uM) similar to those used in Brazil. The fact that temephos
was capable of eliciting an SOS response to E. coli strain PQ37, but not to PQ35, suggests that
the DNA damage is repaired by nucleotide excision, required by the SOS ABC protein system
(Quillardet and Hofnung, 1985). Furthermore, the addition of S9 mixture to the incubation
decreased the SOS response. This suggests that biotransformation of temephos leads to the
formation of new compounds that are not as genotoxic as the original compound.

The Ames/Salmonella assay showed that temephos was particularly mutagenic to S.
typhimurium strain TA98NR, which is deficient in nitroreductase, but not to TA98, which
expresses this enzyme. Apparently nitroreductase is able to metabolize temephos to products
that are not mutagenic or toxic. Nitroreductase is a bacterial enzyme involved in the reductive
biotransformation of certain xenobiotics containing a nitro moiety, such as nitroarenes (Watanabe
et al., 1989). However, although temephos clearly was mutagenic to TA98NR, but not to TA98
(Table 2), temephos does not contain a nitro moiety, and therefore it would not be a substrate
for nitroreductase. Nevertheless, biotransformation through the addition of S9 mixture to the
assay decreased temephos toxicity, but not mutagenicity to TA98NR. This suggests that whereas
temephos is both mutagenic and toxic, biotransformation maintains mutagenicity, but not
toxicity to TA98NR.

Temephos was also mutagenic to TA1535, which is useful for the detection of
mutagens that do not preferentially revert TA100 (Maron and Ames, 1983), and to strains
YG7104, and YG7108, that are deficient in O%alkylguanine methyl transferase, an enzyme
which repairs O®-alkylguanine, an altered component of DNA produced by certain alkylating
agents such as nitrosamines (Swann, 1990). Similar to the results observed with TA98NR, the
addition of the S9 mixture decreased temephos toxicity, but not its mutagenicity.

A number of studies have shown that temephos is toxic for different species. Temephos
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given to chickens (15.3 mg/kg/day) over a 30-day period, produced leg weakness (Gallo and
Lawrk, 1991). Temephos also produced a weight reduction in rats fed small doses (10 mg/kg/
day) of temephos over a 2-year period. Singhal and Davies (1996) have shown that Hirudinaria
manillensis exposed to doses of temephos above 1 mg/l, for 12 to 24 h, produced fewer mature
oocytes and spermatids. Furthermore, temephos is not only toxic, but it is also relatively stable
in the environment. Temephos applied to marsh fields in South Florida could be detected in the
soil and it accumulated in oysters that extracted their food from the soil (Pierce et al., 1996).
In conclusion, temephos was found to be mutagenic in the three assays, and in two of
them it was mutagenic at concentrations similar to those applied in household water reservoirs;
this should be taken into consideration when choosing a larvicide to combat vectors such as
Aedes aegypti. We are now studying the genotoxicity and mutagenicity mechanisms of temephos.
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