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INTRODUCTION 

Synthetic pyrethroid insecticides are analogs of the natu- 
ral pyrethrins of botanical origin. The synthesis of biologi- 
cally active, photostable pyrethroids has led to the rapid 
development of the use of some of them as insecticides 
[Elliot, 1976; Elliot et al., 1978; Casida, 19801 due to their 
high activity against insects and relatively low mammalian 
toxicity [Papadopoulou-Mourkidou, 19831. Permethrin is a 
stable synthetic pyrethroid because of the lack of photolabile 
methyl group. 

The carcinogenic potential of the pyrethroids has been 
discussed in the review of Litchfield [ 19851. Although high 
dose levels of permethrin caused an increased number of 
lung and liver tumors in mice in some studies, the compound 
was judged by the EPA to be of very little or no hazard to 
humans. The tumors were nonmalignant, and no oncogenic 
effects were even noted in rats. Other pyrethroids tested 
were not carcinogenic [Bradbury and Coats, 19891. 

Permethrin did not induce mutation in either bacteria or 
cultured Chinese hamster V79 cells [Moriya et al., 1983; 
Pluijmen et al., 1984; Herrera and Laborda, 19881. It did not 
induce mutations or aneuploidy in Drosophila melanogaster 
[Gupta et al., 1990; Woodruff et al., 19831. It did not induce 
primary DNA damage measured as differential toxicity in 
bacteria [Miyamoto, 19761. 

The present work was undertaken to determine the effect 
of permethrin in cultured human peripheral blood lympho- 
cytes employing the sister-chromatid exchanges (SCEs) and 
micronucleus (MNs) tests. 

MATERIALS AND METHODS 

Chemicals 

Permethrin (3-phenoxybenzyl (lRS, 3RS; IRS, 3SR)- 
3-(2,2-dichloro-vinyl)-2,2-dimethylcyclopropane carboxylate) 
(CAS Registry no. 52645-53-1), with a purity of 99.5%. 
was provided by Chem. Service, Inc. (West Chester, PA). 
0 1992 Wiley-Liss, Inc. 

This compound was dissolved in dirnethylsulphoxide 
(DMSO), supplied by Merck (Darmstadt, FRG). The final 
DMSO concentration was 1% in both treated and control 
cultures. 

Positive control chemicals were mitomycin-C and cyclo- 
phosphamide, both from Sigma (St. Louis, MO). 

lymphocyte Cultures 

Lymphocyte cultures were set up by adding 0.5 ml of 
heparinized whole blood from healthy volunteer donors, to 
5 ml of RPMI 1640 chromosome medium (Flow, Scotland) 
supplemented with 15% heat inactivated fetal calf serum 
(Flow), antibiotics and glutamine. Lymphocytes were stim- 
ulated by 2% phytohaemagglutinin (Flow). Two parallel 
whole-blood cultures for each test concentration were estab- 
lished in each experiment. The number of leucokytes was 
determined in a hemocytometer (Improved Neubauer), each 
culture contained 24.5 X lo6 leukocytes. 

Metabolic Activation System 

The supernatant of the post-mitochondria1 liver fraction 
(S9) from Wistar male rats weighing about 2008 was used as 
a metabolic activation system. The liver S9 fraction was 
prepared according to the method described by Maron and 
Ames [1983]. Arochlor 1254 was used for induction. The 
protein concentration was 28.3 mglml, as determined by 
procedure of Lowry et al. [ 19511. 

Immediately before the genotoxicity assays, S9 mix was 
prepared, i.e. S9 (10%) with 4 mM NADP and 5 mM glu- 
cose-6-phosphate cofactors according to Maron and Ames 
[ 19831. 
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Finally, we calculated the percentage of binucleated cells Sister-Chromatid Exchange Analysis 

The culture was incubated for 70 hr at 37"C, and 24 hr 
after the initiation of culture 5-bromodeoxyuridine (BrdU) 
at 15 pg/ml and the test compound were added. At 1 S O  hr 
prior to harvesting, colchicine 1.5 pg/ml (Sigma) was 
added. 

The treatment with S9 mix was relatively short (2 hr) and 
it was performed in serum free medium 24 hr after culture 
initiation. Following the treatment, the cells were washed 
with medium and re-established in fresh tissue culture me- 
dium with serum. 

Since BrdU-substituted DNA is sensitive to white light, it 
was necessary to conduct all cell manipulations under sub- 
dued lighting [Preston et al., 19871. 

The cells were collected by centrifugation, suspended in a 
pre-warmed hypotonic solution (KCI 0.075 M) for 20 min 
and fixed in acetic acid:methanol (1:3 v/v). Chromosome 
preparations and staining of slides were performed by the 
fluorescence plus Giemsa method [Perry and Wolff, 19741. 

A total of 100 metaphases per donor were scored to deter- 
mine the proportion of cells that undergo one, two, three or 
more divisions. The proliferative rate index (PRI) was cal- 
culated according to the formula PRI = (M, + 2M, + 
3M3)/100, where M,, M,, and M,, indicate those meta- 
phases corresponding to first, second and third or subse- 
quent divisions [Lamberti et al., 19831. 

A total of 50 well spread metaphases containing 46 chro- 
mosomes were examined per concentration for each experi- 
ment in a blind study. The mean SCE frequency was calcu- 
lated as SCE per metaphase per each assay. The two-tailed 
Student's t-test was used to compare the SCE frequencies 
between treated and control groups. 

Micronucleus Assay 

Lymphocyte cultures were incubated at 37°C 72 hr. At 
24 hr following initiation of cultures the test compound was 
added and the compound was present in the culture medium 
until the harvest. The treatment with S9 mix was relatively 
short in duration (2 hr) and it is performed in serum free 
medium. Following the treatment with S9 mix, the cells 
were washed with medium and re-established in fresh tissue 
culture medium with serum [Preston et al., 19871. 

For inducing binucleated cells, cytochalasin B (final con- 
centration 3 pg/ml) was added at 48 hr following initiation 
of cultures [Ramalho et al., 19881. After harvest, the cul- 
tures were treated with 5.28 pg/ml of potassium cyanide for 
4 min in order to lyse erythrocytes [Maki-Paakkanen and 

with regard to the total cells, i.e., mononucleated and binu- 
cleated cells, in order to establish the toxic effect of per- 
methrin. We established the percentage of binucleated cells 
in the control as 100%; thus a test compound was considered 
toxic when it produced approximately 10-20% binucleated 
cells. 

RESULTS 

The effect of permethrin on the induction of SCEs in 
human lymphocytes is summarized in Table 1. The SCE 
values in control were similar in the absence of S9 mix for 
the two donors, whereas in the presence of S9 mix there was 
a marked difference between assays carried out with differ- 
ent donors. 

The results in the absence of S9 mix indicated that 50 pg/ 
ml of permethrin increased the number of SCEs in the first 
donor; similar increases were observed in the second donor 
at the highest concentration, 100 pg/ml. 

Cells exposed to several concentrations of permethrin in 
the presence of S9 mix did not show any increases in SCE 
values in the first donor. In the second donor permethrin 
increased the number of SCEs at 50 and 100 pg/ml, but 
dose-related increase was not observed. We could get 50 
metaphases in one of the two experiment for each donor but 
not in the other, probably due to manipulation problems. 

The results of the micronucleus study are shown in Tables 
I1 and 111. Initially, a preliminary assay was conducted in the 
absence of S9 mix, with three concentrations of permethrin: 
10, 25, and 50 pg/ml. The increase of micronuclei was 
statistically significant in all of concentrations. The effect of 
permethrin seemed to be dose-dependent (Table 11). 

According to the results obtained at the preliminary assay, 
another assay was performed including the previous concen- 
trations together with 75 and 100 pg/ml using two healthy 
donors. The increase of micronuclei was statistically signif- 
icant in cultures treated with 50, 75 and 100 pg/ml in both 
donors (Table 111). 

In the presence of S9 mix, the concentrations 25, 50, 75, 
100, and 200 pg/ml were assayed with the two donors. The 
increase of micronuclei, observed in some cases, was not 
statistically significant (Table 111). 

The percentage of binucleated cells decreased proportion- 
ally to the increase of permethrin concentration. It was ob- 
served the toxic effect of permethrin at concentration 
100 pg/ml (without S9 mix) and at 100 and 200 pg/ml (with 
S9 mix). 

DISCUSSION 

Our results in cultured human lymphocytes indicated that 
50 or 100 pg/ml of permethrin in the absence of S9 mix 
increased the number of SCEs and these findings are in good 
agreement with results obtained by Puig et al. [ 19891 for 
cypermethrin. It is reasonable because cypermethrin and 

Norppa, 19871. The cells were fixed in methanokacetic acid 
(3:l) and spread on slides, air dried, and stained by the 
May-Griinwald-Giemsa technique. One thousand binucle- 
ated cells per concentration were analysed (whenever possi- 
ble) for micronuclei from coded slides in a blind study. The 
micronucleus data were tested statistically [Kastenbaum and 
Bowman, 19701. 
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TABLE 1. Induction of SCEs and Cell Cycle Delay by Permethrin in Human Lymphocytes 

Donor 

I 
1 
1 
1 
I 
I 
1 
1 
1 
1 
1 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
1 
1 
1 
1 
1 
1 
1 
1 
1 
I 
I 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 

~ 

Concentration 
(pg/ml) 

0 
5 

10 
25 
50 
0 
5 

10 
25 
50 

Mytomicin (1 pM) 
0 

25 
50 
75 

100 
0 

50 
75 

100 
Mytomicin (1  pM) 

0 
5 

10 
25 
50 

100 
0 
5 

10 
25 

CP" (0.1 mM) 
0 

50 
75 

100 
250 
500 

0 
50 
75 

100 

Experimenl 
No. 

I 
I 
I 
I 
I 
I1 
II 
I1 
I1 
I1 
I1 
I 
I 
I 
I 
I 

I1 
I1 
I1 
I1 
I1 
I 
I 
I 
I 
I 
I 

I1 
I1 
I1 
I1 
I1 
I 
I 
I 
I 
I 
I 

I1 
I1 
I1 
I1 

No. metaphases 
scored 

50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
19 
50 
50 
50 
50 
50 
33 
6 

28 
I I  
31 
12 
50 
50 
50 
50 
50 
10 
2 

50 
38 
9 

40 

SCE/cell r?: SD PRI 

6.26 2 2.67 
5.74 * 2.10 
6.70 f 2.63 
6.68 2 2.47 
7.80 2 3.34* 
6.06 f 2.25 
5.58 * 1.82 
6.02 * 2.16 
6.92 * 2.28 
8.32 r?: 3.79** 

31.38 r?: 3.30*** 
6.32 * 2.04 
6.40 * 2. I5 
7.18 2 2.40 
7.14 -C 2.64 
7.36 r?: 2.75* 
6.80 * 2.15 
7.00 r?: 2.73 
7.82 f 3.01 
7.63 2 2.16 

6.67 f 2.07 
6.62 * 2.15 
7.34 * 2.36 
7.14 * 2.73 
6.90 2 2.91 
9.70 2 2.91 
6.00 f 1.73 
6.09 r?: 1.00 
6.39 f 2.57 
6.08 2 2.02 

44.70 2 4.84*** 

2.10 
2.11 
2.09 
2.01 
1.85 
2.19 
I .95 
1.96 
1.93 
I .85 

2.30 
2.78 
1.97 
2.02 
2.00 
2.13 
2.05 
1.96 
I .96 

2.08 
2.11 
2.03 
2.17 
1.82 
I .37 
2.08 
2.00 
1.98 
1.86 

56.80 * 14.48*** 1.56 
4.94 f 2.26 2.45 
6.40 * 2.13** 2.15 
6.20 * 2.30 1.55 
6.34 f 3.41* 1.96 
7.50 2 2.61 1.43 

10.50 * 3.50 1.25 
4.90 f 1.90 2.40 
5.89 f 2.01* 2.13 
6.11 k 2.72 I .80 
6.41 f 2.82** 1 .80 

* P  < 0.05. 
**P < 0.01. 
***P < 0.001 (Student-test two-tailed for SCEs) 
"CP: cyclophosphamide. 

permethrin differ structurally only in a cyano group. The 
increases in the frequency of SCEs were not dose-related 
and there were differences between the two donors in the 
assays carried out in the presence of S9 mix, thus permethrin 
is considered to induce a slight genotoxic effect that can not 
always be detected. 

Our results showed that permethrin was a positive com- 
pound in the micronucleus test when it was assayed in the 
absence of a metabolic activation system. Nevertheless, it 

cannot be said that S9 mix suppress the activity of per- 
methrin. In the assays performed without S9 mix, the dura- 
tion of the treatment is longer than in the assays performed 
with S9 mix in which the treatment is only 2 hr. Thus, a 
definitive conclusion on the genotoxicity of this pyrethroid 
insecticide only be possible when more experimental data 
from cytogenetic tests are available. These data must con- 
sider the influence of the duration of the treatment on the 
induction of the genotoxic effect. 
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TABLE II. Induction of Micronuclei by Permethrin in Cultured Human Lymphocytes 
(Preliminary Assay) 

Micronuclei (MN) Concentration Binucleates 
Donor 0 (CLg/mb scored Total % MN Significancea 

Ob 1,500 21 I .4 
10 1,000 24 2.4 P < 0.05 
25 I ,o00 26 2.6 P < 0.05 

P < 0.01 50 1 .o00 30 3.0 

"Significance according to the Kastenbaum-Bowman test. 
bConcentration 0 = untreated control. 

TABLE 111. Effect of Permethrin in the "In Vitro" Micronucleus Assay Using Human Lymphocytes 

Without S9 mix 

Concentration 
(CLglml) 

Oa 
10 
25 
50 
75 
100' 
Mitomycin (1 pM) 

Donor 1 Donor 2 

Binucleates (BN) Micronuclei (MN) 
% BN" BN scored Total % MN Sim.b  

Binucleates (BN) Micronuclei (MN) 
% BN" BN scored Total % MN 

48 (100%) I,o00 15 1.50 
45 (94%) 1 ,o00 19 1.90 n.s. 
33 (69%) 1 ,o00 24 2.40 n.s. 
20 (42%) 1 ,o00 38 3.80 P < 0.01 
I 1  (23%) 1 ,m 37 3.70 P < 0.01 
7 (12.5%) 880 38 4.30 P < 0.01 

53.5 (100%) 1250 17 1.36 
45.5 (85%) lo00 12 1.20 n.s. 
36.5 (68%) 1250 20 1.60 n.s.  
3 1.5 (59%) 1500 52 3.47 P < 0.01 
17 (32%) lo00 48 4.80 P < 0.01 
14.5 (27%) 835 43 5.15 P < 0.01 

lo00 41 4.1 P < 0.01 

With S9 mix 

Donor 1 Donor 2 

Concentration Binucleates (BN) Micronuclei (MN) Binucleates (BN) Micronuclei (MN) 

( p g W  % BN" BN scored Total % MN S i p b  % BN" BN scored Total % MN S i p b  

25 26 (67%) I ,o00  10 1.00 n.s. 39 (66%) lo00 20 2.00 n.s. 
50 19(49%) I ,o00 15 1.50 n.s. 27 (46%) lo00 17 1.70 n.s. 
75 13 (33%) I ,o00 21 2.10 n.s. 18 (30.5%) lo00 15 1.50 n.s. 
100' 19 (26%) I ,o00 19 1.90 n.s. 9 (15%) 263 6 2.28 n.s. 
200' 4 (10%) 50 0 0  n.s. 4.5 (8%) 84 2 2.38 n.s. 
Cyclophosphamide ( M) 625 19 3.04 P < 0.05 

"Concentration 0 = control treated with 50 ~1 DMSO. 
bSignificance according to the Kastenbaum-Bowman test. 
'It was observed a decrease in the number of total cells, i.e., mononucleates and binucleates. 
"Taking into account the percentage of binucleates in the control as 100%, the number in brackets is the percentage of binucleates with respect to 
the control. 

0" 39(100%) I ,o00 17 1.70 59 (100%) 875 13 1.48 
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