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Wide spread use of insecticides in agriculture for many years can 
lead to their contamination in the food chain and the environment 
(Manske and Johnson 1977; Anon 1973). In recent years, i t  is 
reported that mutagenic activation or inactivation of the ingested 
chemicals can occur through various metabolic processes in animal 
body (Lu et al. 1972; Prins 1978). In such transformation of the 
chemicals, l iver microsomal enzymes and intestinal microflora play 
major roles (Prins 1978). 

The work reported here evaluates the mutagenic act ivi t ies of 
commonly used insecticides - endosulfan (organochlorine),phosalone 
and malathion (organophosphorus) and permethrin (pyrethroid), 
before and after activation with cecal microbial extract or with 
l iver post-mitochondrial fraction (S9-fraction) of rat, in Ames 
test with Salmonella typhimuri.um tester strains TA 97a, TA 98 and 
TA I00. As fa r  as we are aware, no study has yet addressed 
whether the insecticides mentioned above can be mutagenic 
following their activation by mammalian cecal microorganisms. 

MATERIALS AND METHODS 

Salmonella typhimurium strains TA I00 (sensitive to base pair 
substitution mutagens), TA 98 and TA 97a (sensitive to frame shi f t  
mutagens) were kindly provided by Prof. B.N. Ames, University of 
California, Berkeley, USA. Recently developed strain TA 97a is 
reported to be more sensitive than strain TA 98 (Levin et al. 
1982). 

Nicotinamide adenine dinucleotide phosphate (NADP), glucose-6- 
phosphate (G-6-P), l -hist idine, biotin, rutin, benzo(~)pyrene and 
dimethyl sulfoxide (DMSO) were purchased from Sigma Chemical Co. 
USA; and Aroclor 1254 from Monsanto, St. Louis, USA. Endosulfan 
[~,B-l,2,3,4,7,7-hexachlorobicyclo-2,2, l-heptene-2-biosoxymethylon 
-5,6-sulphite] and Malathion [O,O-dimethyl-S-(l,2-dicarbethoxy- 
ethyl)-dithiophosphate] were obtained from Excel Industries, 
Bombay, India. Phosalone [O,O-diethyl-S-(6-chloro-2-oxobenzoxa- 
zolin-3-yl)methyl phosphorodithioate] and permethrin [3-phenoxy- 
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benzyl-cis-trans-(2,2-dichlorovinyl)-2,2-dimethylcyclopropane 
carboxylate] were acquired from Volhro Ltd., Hyderabad, India, and 
Alkali Chemical Corporation, Calcutta, India, respectively. The 
concentration of the insecticide expressed in the experiments is 
based upon i ts purity (around 90-94%). Solutions of endosulfan, 
phosalone and malathion were prepared in DMSO and that of perme- 
thrin in absolute alcohol. The concentrations of these solvents 
in experiments were maintained at or less than 2 per cent (v/v). 
DMSO or ethyl alcohol at the concentration of 2 per cent (v/v) did 
not exhibit mutagenic act ivi t ies in Ames assay with the three 
tester strains. 

Non-toxic dose (a concentration at maximum level that did not 
affect the cell growth) and 90% toxic dose (a concentration that 
inhibited the cell growth by 90%) for each of the four insecti- 
cides were determined by measuring the growth (18 hr, 37~ of 
S.typhimurium tester strains - TA 97a, TA 98 and TA I00. The non- 
-toxic doses of endosulfan, phosalone, malathion and permethrin 
for the tester strains were 41, 42, 33 and 39 mg/L, respectively, 
and the 90% toxic doses were 3256, 2100, 1650, 2730 mg/L, 
respectively (results not included). 

Cell free extract of microorganisms located in the rat cecum was 
prepared by the procedure of Brown and Dietrich (1979). The 
procedure involved removal of rat cecal contents (about 4.5 gm), 
sonication for the disruption of cells (MSE ultrasound disinte- 
grator, Model - I00 WI, 5 ultrasound bursts each of 30 sec with 
60 sec gap at 0-4~ centrifugation (13000 x g, 20 min, 4~ and 
collection of the supernatant termed as 'cecal cell-free extract' 
(CCE). Freshly prepared CCE was f i l t e r  steri l ised before use. 
That CCE was metabolically active was ensured by assaying the 
mutagenicity of rutin, with and without CCE activation, using TA 
98 strain. Mutagenicity of rutin (around 200 revertants/lO0 ug/- 
plate) was discernible exclusively after the activation with CCE 
(Brown and Dietrich 1979; Pamuken et al. 1980; Tamura et al. 1980). 

Aroclor 1254 (200 mg/ml DMSO) induced rat (male Wistar strain, 
Aroclor administration intraperitoneal, 500 mg kg body wt.) l iver 
S9-factor was prepared according to Ames et al. (1975) and stored 
at -80~ until use. S9-mix (containing per ml, S9-factor, 0.4 ml; 
NADP, 4 mM; G-6-P, 5 mM; Na~HPO., I00 mM; MgCI 9, 8 mM and KCI, 33 
mM) was prepared freshly ~efo#e use (Ames e% al, 1975), The 
metabolic ac t iv i ty  of S9-mixture was determined by assessing the 
mutagenicity of benzo(~)pyrene with TA I00 strain, The compound 
showed mutagenic ac t iv i t y  following the activation (around 900 
revertants/ug/plate) (Ames et al. 1975), 

For the assessment of mutagenicity of endosulfan, phosalone, 
malathion and permethrin at 90% toxic doses (3256, 2100, 1650, 
2730 mg/L, respectively) (Maron and Ames 1983) cel~s of the tester 
strains grown in nutrient broth (0.1 ml. I x I0 cells/ml) were 
incubated for 3 hr at 37~ in a system containing minimal medium 
(2 ml), insecticide in solvent (0.2 ml) liver-S9-mix (0. I ml) or 
CCE (0.4 ml) whenever required, centrifuged, washed, resuspended 
in minimal medium(O.l ml) and used immediately in the mutagenicity 
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assay as described below. In the control groups, the cells were 
treated with solvents - DMSO or ethanol (2% v/v). 

The Salmonella typhimurium mutagenicity assay with tester strains 
TA 97a, TA 98, TA I00 was conducted according to Ames et al, (1975). 

Cells grown in nutrient broth for 16-18 hr (0. I ml, I x 108 cells- 
/ml), insecticide at non-toxic concentration (0.1 ml), CCE (0.4 
ml) or l iver S9-mixture (0.4 ml) were added to 2 ml of molten 
(40-42~ soft agar butt (agar, 0.6%; NaCl, 0.5%; histidine, 0.05 
mM; biotin, 0,05 mM and glucose, 4% for TA 98, TA I00 and 0,4% for 
TA 97a) and spread on the surface of the pre-set agar base (20 ml, 
minimal medium with 1.5% agar) in petri plate. The plates were 
incubated at 37~ for 48 hr and histidine revertant colonies were 
counted, 

The cells of the tester strains were pretreated with the insecti- 
cide at 90% toxic dose or with the solvents -DMSO or ethyl alcohol 
as described earlier. The pretreated cells in suspension (0. I 
ml, I x 101cells) were added to molten soft agar butt (2 ml) and 
spread on the surface of the pre-set agar base in petri plate as 
described above. The plates were incubated (37~ 48 hr) before 
scoring for the revertant colonies. 

The solvents DMSO or ethyl alcohol (2% v/v) or the tester strain 
cells pretreated with these solvents did not show change in the 
patterns of spontaneous revertants of the strains. 

RESULTS AND DISCUSSION 

Synthetic insecticides can enter animal body through their conta- 
mination in foods and environment (Manske and Johnson 1977; Anon 
1973). The microflora of the intestine and the microsomal enzymes 
of the l iver can transform and/or breakdown such chemicals by 
enzymic hydrolysis, reduction, degradation and various other 
reactions (Lu et al. 1974; Prins 1978). I t  is shown - that meta- 
bolism of the insecticides of pyrethroid group involves mainly 
hydrolysis of ester bond by l iver microsomal esterases and various 
c-hydroxylations probably by cytochrome P-450 dependant mono- 
oxygenases (Hutson 1979); - that hydrolysis of malathion, an 
organophosphorous insecticide, in mammals leads to the formation 
of 'malathion acid', a t r iester of phosphoric acid having alkyla- 
ting properties (Wild 1975); - that the cleavage of malathion by 
microbial phosphatase action in rumen produces dimethyl phosphate 
and O,O'-dimethyl phosphorothioate (Prins 1978; James et al, 
1975); - that metabolism of endosulfan in rat, cattle and sheep 
generates endosulfan diol, endosulfan ~-hydroxy ether, endosulfan 
sulfate and endosulfan lactone (Dorough et al. 1978; Beck et al. 
1966; Gorbach et al. 1968), Thus, the ingested insecticides or 
their transformed forms and breakdown products may have adverse 
genetic effects on human beings. 
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The mutagenic potent ials of the four synthetic insecticides - 
endosulfan, phosalone, malathion and permethrin - at non-toxic and 
90% toxic doses, in the presence and in the absence of r a t - l i ve r  
post-mitochondrial f ract ion (S9-fract ion) or rat-cecal microbial 
extract, were systematical ly examined in Ames Salmonella Assay 
system with three tester  stra ins TA 97a, TA 98 and TA I00. The 
non-toxic and the toxic concentrations of endosulfan, phosalone, 
malathion and permethrin were 41, 42, 33, 39 mg/L, and 3256, 2100, 
1650, 2730 mg/L, respectively, The test ing for  the mutagenicity 
of the insect icides at non-toxic doses was carried out by plate-  
- incorporation-assay, whereas, the test ing at 90% toxic doses was 
performed by using the pretreated ( for  3 hr) ce l ls  in the assay. 

The resul ts from Table I,  2 and 3, do not diaplay mutagenic 
ac t i v i t i es  of endosulfan, phosalone, malathion and permethrin at 
the respective non-toxic and toxic doses, e i ther  before or af ter  
the act ivat ion with r a t - l i ve r  S9-fraction with three S.typhimurium 
tester  strains.  These f indings confirm the reported non-mutageni- 
c i t y  of the four insecticides with the test  assays using S. typhi -  
murium strains TA 98, TA I00, TA 1535, TA 1537 and TA 1538; 
Escherichia col i  WP and Baci l lus sub t i l i s  (Shirasu et al.  1976; 
Moriya et al.  198~; Wildemauwe et al. 1983). However, other 
reports have ascribed genotoxic properties to endosulfan and 
malathion. These insecticides induce chromosomal breaks in human 
beings (Yoder et al.  1973; Van Bao et al,  1974); s ign i f icant  
increase in the frequency of micronuclei in mice (Sylianco 1978; 
Usha Rani et al. 1980; Dulout et al,  1982) and clastogenic effects 
in several cultured cel l  l ines (Nicholas et al.  1979; Chen et al.  
1981; Yadav et al,  1982). In addit ion, endosulfan causes reces- 
sive lethals and sex chromosomal losses in Drosophila melanogaster 
(Velazquez et al, 1984); reverse mutation, mitot ic  gene conversion 
and increase in the frequency of abberant colonies in Saccharo- 
myces cerevisiae (Yadav et al.  1982) and chromosomal damage in 
barley roo t - t ip  ce l ls  (Grover and Tyagi 1980), 

The resul ts from Tables I,  2, 3 demonstrate non-mutagenicity of 
endosulfan, phosalone, malathion and permethrin (at  non-toxic and 
90% toxic doses) fol lowing the i r  act ivat ion with rat-cecal micro- 
bial extract in Ames assay system with S.typhimurium tester  
stra ins TA 97a, TA 98, TA I00. This would ~ p l y  t ha t  the trans- 
formations or the metabolites of the four insecticides ar is ing 
through the action of in test ina l  microflora may not be genotoxic. 
As far as we are aware no laboratory has yet reported these 
f indings. 
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