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Abstract

Dianovsky J., K. Sivikova: Cytogenetic Effect of Supermethrin in Pig and Cattle
Lymphocytes. Acta vet. Brno,1997, 66:33-38.

The synthetic pyrethroid insecticide supermethrin (RS)-alpha-cyano-3-phenoxybenzyl-(IRS)-
cis-3 (2,2-dichlorvinyl)-2,2-dimethyl cyclopropane carboxylate, was tested for its clastogenic
ability in in vitro assays.

Cultured pig and cattle peripheral lymphocytes were used for in vitro clastogenicity evaluation
in the absence of S-9 mix. The final concentrations were 6 x 10°M, 6 x 10-5M and 6 x 10*M. No
significant differences were detectable in supermethrin’s clastogenic potency at concentrations of
6% 10"°M and 6 x 10-3M, respectively, in cattle. The highest concentration was positive (P < 0.05)
and a decrease of mitotic index (MI) was also observed. The pig peripheral lymphocytes showed
clastogenic effect (P < 0.05) at concentrations 6 x 10> M and 6 x 10 M. Cytotoxic effect expressed
by MI value was also more perspicuous.

Supermethrin was investigated for the induction of sister chromatide exchanges (SCE) in pig
and cattle peripheral lymphocytes, but inadequate results of genotoxic potency not corresponding
to the concentrations were found. The tested pyrethroid was characterized as more toxic than
clastogenic or genotoxic.

Pyrethroids, genotoxicity, in vitro, pig and cattle lymphocytes

Supermethrin, a synthetic derivative of natural pyrethrin insecticides, belongs to the group
of so-called pyrethroids. Supermethrin is a type II pyrethroid of Czech origin (Spolana,
Neratovice) and similar in structure to cypermethrin. Chemically it is (RS)-alpha-cyano-3-
phenoxybenzyl-(1RS)-cis-3(2,2-dichlorvinyl)- 2,2-dimethyl cyclopropane carboxylate

(Fig. 1). The pyrethroids possess
many  desirable properties

H3C CH, including high toxicity to target

objects, low toxicity for mammals

Cl> C=CH AC—O—CH~©\ /@ and good biodegradation activity
Cl1 I | 0 in the environment. There is
0 CN a number of reports dealing with

their pharmacokinetic (Eriksson
and Nordberg 1990), metabolic
degradation (Crawford etal. 1982, Legath etal. 1992) and allergenicity (Hoellinger
et al. 1987). Although extensive studies of the general toxicity of pyrethroids have been
undertaken, there are inconsistent reports dealing with their genotoxicity.

Experiments evaluating the mutagenicity of permethrin to Salmonella showed no
detectable effect (Miyamoto 1976). However, a significant induction of micronuclei
(MN) was found in mouse bone marrow cells after cypermethrin administration (Amer and
Aboulela 1985). Subsequent investigations (Batiste-Alentorn et al. 1987)
demonstrated that cypermethrin was able to induce a small increase in sex-linked recessive
lethal mutation after adult injection or larval feeding in Drosophila. Other authors (Puig et

Fig. 1. Chemical structure of supermethrin
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al. 1989) reported that cypermethrin did not induce genotoxic damage in human lymphocyte
culture. Chromosome aberrations (CA) and sister chromatide exchanges (SCE) were used
in this estimation; however, SCE assay (Bachitova and Pashin 1988) also supported the
genotoxic properties of cypermethrin. This test also included the studies of micronuclei
(MN) in Chinese hamster V-79 cells in vitro. All of these chemicals are the derivates of
technical cypermethrin, different in proportions of cis and trans isomers or are the secondary
technologic products. To provide the additional mutagenicity data, we studied the CA and
SCE frequencies induced in pig and cattle cultured lymphocytes after supermethrin
administration.

Materials and Methods

Supermethrin is a Czech derivate of o cypermethrin. Its general formula is C;,H;gO3NCl, with molecular weight
of 416.32. Its water solubility is poor (1mg/ml) while its solubility in organic solvent (mainly xylene) is good. At
147 °C it is stable for 76 h. Dimethylsulphoxide (DMSO, Sigma) was used as an organic solvent for supermethrin
at a dose 0.5 % of cultivation volume. The same amount of DMSO served as a control after its negative cytotoxic
and genotoxic influence to compare to the untreated cultures.

Lymphocyte cultures were established by adding 0.5 ml of heparinized whole blood from 2 healthy donors
(Slovak pied cattle and Landrace pig) to 10 ml of chromosome medium RPMI 1640 supplemented with 15 %
fetal calf serum and antibiotics (penicillin 250 U/ml and streptomycin 250 pg/ml). The lymphocyte division
was stimulated with 2 % phyto-haemagglutinin, (PHA, Welcome) and also 1 % concanavalin (Fluka) for the
cattle lymphocytes. Two parallel cultures for each test concentration were used. Experiments were performed
in whole-blood (Cantelli-Forti et al. 1988) to take advantage of self-contained activating system of the
erythrocytes. All cultures were grown for 72 h, out of that the last 24 h with tested chemical agent for CA
and SCE assays. The pig and cattle lymphocytes were exposed to the test chemical at concentrations of
6% 105, 6 x 10”5 0r 6 x 10* M. One hundred well-spread metaphases were scored for each concentration and
donor for CA and 50 second metaphases for SCE assays, respectively, using the percentage of aberrant cells
and breaks frequencies as an arbitrary markers for clastogenicity. MI was calculated in 1 000 lymphocytes
for one donor.

For the SCE assays 5-bromo-2-deoxyuridine (BUdR, Sigma) was added 24 h after initiation to all cultures
reaching at a final concentration of 12.5 ug/ml. Slides were prepared by the conventional technique and stained
with the fluorescence plus Giemsa staining (FPG) method according to Perry and Wolff (1974).

The whole testing system has been constructed to achieve more complexed results dealing with
supermethrin’s clastogenic potency by in vitro (CA and SCE) assays using the standard methods for genotoxicity
detection.

Differences in CA by in vitro were verified according to Student’s t-test and also chi'test. ANOVA was utilized
for the SCE assay.

Results

The clastogenic effects of supermethrin expressed through chromosomal damage after
addition to cultured pig and cattle peripheral lymphocytes are summarized in Table 1; dose
dependences of CA, CE and MI are shown in Fig. 2.

The results in cultured lymphocytes indicate a significant increase in the CA frequency at
concentrations of 6 x 10"*M for both of animal species. The statistical significance of this
enhancement reached the level P < 0.05. The majority of detected aberrations were
chromatide breaks while no chromatide or chromosome exchanges were found. The mitotic
index was also decreased remarkably. Decreasing of MI in latest of the tested concentrations
performed 78.4% of control level for cattle and 57.1% of untreated MI for pig peripheral
lymphocytes (Table 2). No significant differences in the incidence of CA were found at the
lower concentrations (6 x 10 M3 and 6 x 10® M) in cattle, however, the concentration
6 x 10-°M yielded a statistically significant increase of CA in pig peripheral lymphocytes
using the Student’s t - test.

Neither the effect of dose nor correlation between SCE and CA was observed in pig
peripheral lymphocytes. The top SCE frequency achieved (7.28 + 1.01) at a concentration
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Table 1
Chromosome aberrations in cultured bovine and pig peripheral lymphocytes treated with supermethrin
Tested Dose No.of Type of aberrations* % of aberrant % of breaks
culture cells CB B CE IE cells £ SD +SD
Pig
Control - 200 3 - - - 1.5+0.35 1.5+0.35
DMSO 200 4 - - - 2.0£0.00 2.0+0.00*
Experiment
6x 10*M 200 13 - - - 6.5+0.35 6.5+0.35"
6% 10°M 200 8 3 - - 55+0.35 55+0.71"
6x 10°M 200 6 2 - - 40%0.71 40+0.712
Bovine
Control - 200 6 - - - 3.0£0.00 3.00+£0.00
DMSO 200 7 - - - 35£035 3.5+0.35°%
Experiment
6x10*M 200 14 3 - - 8.0+0.71 85+131"
6% 10°°M 200 15 - - - 6.0£0.71 7.5+ 1.06°
6x 10°M 200 8 2 - - 5.0+0.00 5.0+ 0.00°

CB - chromatide break, IB — isochromatide break, CE — chromatide exchange, IE — iso-chromatide exchange
* P <0.05 according to Student’s t test and also chi? test
2 P <0.05 according to Student’s test
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Fig. 2. Chromosome aberrations, SCE and mitotic index frequencies in pig and cattle lymphocytes after

supermethrin administration

of 6x103M, was not satisfactory for statistical verification to compare to the control level
caused by DMSO (6.53 £ 0.95).

Different resuls were obtained in cultured cattle lymphocytes on the other hand.
Supermethrin at the concentration of 6 X 10> M increased the basic level of SCE
significantly (P < 0.05). However, there was no increase at the highest dose (6 x 107*M,

Table 3).
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Table 2
Value of mitotic index (MI) in cultured peripheral lymphocytes
after supermethrin administration

Doses No of counted Species
cells pig cattle
Control 2000 2.10£0.07 1.86 £ 0.06
DMSO 2000 1.95+£0.35 1.8 £0.00
6x10* 2000 1.2+£0.07 1.45+0.03
6x10% 2000 1.7+0.07 1.63£0.17
6x10° 2000 2.05%0.11 1.9+0.07
Table 3
SCE in cultured pig and cattle peripheral lymphocytes induced in vitro by supermethrin

Tested Dose No.of SCE + SD SCE + SD
compound cells pig cattle
Control 100 6.67+£0.95 7.37+0.55
(DMSO) - 100 6.53+0.952 7.30+0.492
Supermethrin 104 100 7.00+0.78 7.75+£0.642

109 100 7.28+1.01 8.67+0.64"

106 100 6.37£0.95 8.25+1.012

2 no statistical significance
* P < 0.05 according to ANOVA test

Discussion

Different results on genotoxicity of pyrethroids, including cypermethrin, have been
obtained during the last ten years. Positive as well as negative results have been reached
according to the utilized test and their application form. Cypermethrin was classified as
a genotoxic agent by MN test in rodents (Amer et al. 1985; Bachitova and Pashin
1988), weak genotoxic agent in human lymphocyte cultures (Surralles et al. 1995) but
negative results have been recorded in rat bone marrow cells (Hoellinger et al. 1987).

Cypermethrin has been found to be non-mutagenic in CA and SCE test in human
peripheral lymphocytes (Puig etal. 1989) but a significant and dose-related genotoxic effect
has been described in mice bone marrow and spleen cells in the same assays (Amer et al.
1993).

Cypermethrin and its analogue supercypermethrin, were evaluated as non-mutagenic in
Salmonella (Miyamoto 1976; Miadokova et al. 1992). In contrast to these results
cypermethrin induced sex-linked recessive lethal mutation in Drosophila (Batiste-
-Alentorn et al. 1986) and a slight increase of aberrant anaphases and telophases in
Hordeum vulgare and Vicia faba were observed after the treatment with supercypermethrin
(Miadokova etal. 1992).

The first possible cause for such increase of CA that did not correspond to its dose as
detected in pig peripheral lymphocytes after supermethrin application is the elimination of
cells with great chromosomal damage (Preston et al. 1987). We assumed that this
hypothesis seems to be correct, because the great decrease of MI in latest of tested
concentrations 6 X 104 M.

Another substantial aspect concerning genotoxicity evaluation is the mechanism of DNA
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damage caused by the test agent. Aberrations formed in unreplicated G, chromosomes will
be duplicated in the S-phase and will subsequently appear as chromosome-types during the
next mitosis. Aberrations formed after DNA replication involve one chromatide only and
will be recognized as chromatide types (Barrueco et al. 1992). The aberrations induced
by supermethrin were mainly of the chromatide-type. Only one-fifth of the detected
chromosomal aberrations could be characterized as the chromosome-type.

The frequency of aberrations formed by supermethrin during the in vitro assay was dose-
related in cattle peripheral lymphocytes. However, the significant clastogenic effect was
only found at the concentration 6x10"*M. This finding corresponds to our previous results
achieved in sheep in in vitro conditions (Dianovsky and Sivikova 1995) and indicates
a lower sensitivity to the tested agent for ruminants.

A linear relationship was established between frequencies of SCE and gene mutations in
V 79 and CHO cells and in human lymphocytes for a limited number of chemical mutagens
and gene loci(Carrano and Thompson 1982). These results suggest a similarity between
gene mutations and SCE formation with regard to types of lesion involved, or the processing
of the lesions (IARC 1986).

The frequency of SCE formed by supermethrin in the in vitro assay in cattle was significant
for 6 x 10°M (P <0.05), but not for the highest tested concentration (6 x 10-*M). No dose-
-related and no significant SCE induction were detected in pig peripheral lymphocytes. Thus,
the induction of SCE is of no biological importance because of the absence of dose relation
and corresponding results in different animal species.

We conclude that supermethrin failed to induce significant and dose-related chromosomal
damage. The clastogenic effect occurred at 6x10°*M in in vitro conditions for both species.
This concentration is very high and not applicable when used in agriculture. Supermethrin
further failed to induce significant and dose-related SCE increase. Therefore, its genotoxic
potential seems to be S-phase independent. The tested agent could be characterized as more
cytotoxic than clastogenic or genotoxic.

Cytogeneticky icinok supermetrinu v periférnych lymfocytoch osipanych
a hovidzieho dobytka

Synteticky insekticid supermetrin (RS)-alfa-cyano-3-fenoxy- benzyl-(1RS)-cis-3
(2,2-dichlorvinyl)-2,2-dimetyl cyklopropan carboxyldt, bol testovany na svoju klastogénnu
aktivitu v pokusoch in vitro. Ako material boli pouZité kultivované periférne lymfocyty
hovidzieho dobytka a o3ipanych bez pritomnosti S-9 mix frakcie. Pre metabolickt aktiva-
ciu sa vyuzil vlastny aktivacny systém erytrocytov pri kultivacii plnej krvi. Findlne kon-
centricie hodnoteného preparitu boli 6 x 10°M, 6 x 10°M a 6 x 10*M. V periférnych
lymfocytoch teliat nemal supermetrin klastogénny G&inok v koncentraciach 6 x 10-°M
a 6 x 10°M. NajvysSia sledovana koncentrécia bola pozitivna (p < 0.05) a sicasne zniZo-
vala mitoticky index (MI). V kultirach periférnych lymfocytov oSipanych sa klastogénny
¢inok zistil s rovnakou vyznamnostou pre koncentricie 6 x 10°M a 6 x 10*M, sticasne
s vyraznej$im cytotoxickym uc¢inkom vyjadrenym hodnotou MI. Supermetrin bol hodnote-
ny aj metddou sesterskych chromatidovych vymen (SCE) v kultdrach lymfocytov obidvoch
spomenutych druhov bez zistenia korelicie medzi jeho koncentriciou a genotoxickym tcin-
kom. Testovany pyretroid bol charakterizovany skor ako cytotoxicky neZ klastogénny ale-
bo genotoxicky.
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