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ABSTRACT
Endosulfan, an insecticide, is an endocrine disrupter and highly toxic. It is acutely neurotoxic to
insects and mammals including humans. Objective of present study was to examine mutagenicity of
endosulfan and evaluate non mutagenic concentration of it. Ames Salmonella mutagenicity assay
was used as it specifically detects wide range of chemicals that can be mutagenic. Endosulfan at
different concentrations was checked for its ability to induce reverse mutation at histidine locus in
three strains of Salmonella typhimurium (TA98, TA100 and TA1537) in presence and in absence of
metabolic activating system (S9) containing mammalian microsomal enzymes. Based on cytotoxicity
test, 0.3125 and 0.15625 µ  of endosulfan/plate was selected as the highest concentration to be
tested for mutagenicity test in the absence and in the presence of metabolic activation, respectively
for all the tester strains. Endosulfan up to concentration of 0.3125 µ  /plate in the absence and
0.15625 µ  /plate in presence of metabolic activation was found to be non mutagenic to all three
strains. There is no significant increase in number of revertant colonies accomplished that endosulfan
with these concentration can be considered as non mutagenic.
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INTRODUCTION
Endosulfan(6,7,8,9,10,10-hexachloro-1,5,5a,6,9,9a-
hexahydro-6,9-methano-2,4,3-benzodioxathiepin-
3-oxide),patented in 19561, is an organochlorine
pesticide consisting of two isomers.
Endosulfan is usually included among the
organochlorine insecticides of the cyclodiene
group, but as a sulfurous acid ester of a cyclic
diol, it differs significantly from the insecticides
of this group, such as aldrin, dieldrin and endrin,
in its properties and effects2. Endosulfan is less
persistent in the environment and is less toxic than
many other organochlorine pesticides.
Yet because of its high toxicity and high potential
for bioaccumulation and environmental
contamination, a global ban on the use and
manufacture of endosulfan is being considered
under the Stockholm Convention. Ames
salmonella test is used for assaying mutagenicity
of Endosulfan. High correlation between
mutagenicity and carcinogenicity is being found

by the test3.  It is simple, inexpensive, and
extremely sensitive test which makes use of a rat
or human liver homogenate for carcinogen
activation (thus supplying mammalian metabolism)
and a set of Salmonella histidine mutants for
mutagen detection4. It is an initial screening
method for detecting carcinogenicity of
chemicals5. Endosulfan is extremely toxic to fish
and aquatic vertebrates6. It induces peroxidative
damage in liver, kidney and gill in fish in response
to levels of antioxidant7. Farm workers with
chronic endosulfan exposure are at risk of rashes
and skin irritation.
Endosulfan may lead to delay in sexual maturity
in male and interfere with sex hormone synthesis
thus affecting reproductive system. It has
damaging effect on spermatogonial cells as well
as on sperm morphology8,9.  Treatment of
S.cerevisiae with endosulfan increased the
frequencies of gene convertants and
revertants.10,11 Significant increase in chromosomal
aberrations in smokers exposed to endosulfan has
been noted.12Endosulfan inhibits proliferation of
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neural stem cells leading to nervous system
malfunction13.Perhaps because its carcinogenicity
have still not confirmed it is still used by many
countries and it continues to pollute environment
and make detrimental effects on health.

AIMS   AND   OBJECTIVES
The objective of present study was to evaluate
endosulfan for its ability to induce reverse
mutations at the histidine locus in three strains of
Salmonella typhimurium (TA98, TA100 and
TA1537), in the presence and absence of an
exogenous metabolic activation system (S9)
containing mammalian microsomal enzymes and
to evaluate non mutagenic concentration of it.

MATERIAL    AND   METHODS
Auxotrophic strains of Salmonella typhimurium
(TA98, TA100 and TA1537) were used that are
deficient in the synthesis of histidine. All strains
have been recommended by the Organization of
Economic Corporation and Development (OECD)
for Ames testing. Strains are checked for histidine
dependency, biotin dependency (for UvrB
mutation), histidine/biotin dependency, Rfa
mutation by placing a disc containing crystal violet
and ampicillin and tetracycline résistance (R factor
plasmid)

Test material
Test substance is an insecticide. It was procured
from local market of Vapi, available under the
name of Endosulfan 35% manufactured by Excel
Crop Science, Limited Gujarat, India.

Culture medium
Vogel-Bonner (VB) medium (50x strength stock)
(for preparation of minimal glucose agar plate)14,
Glucose solution (20%). Minimal glucose agar
plates supplemented with V-B medium and
glucose solution (for cytotoxicity and
mutagenicity), minimal glucose agar plates
supplemented with V-B medium and glucose
solution enriched with histidine (0.5%), 0.5 mM
histidine/0.5 mM biotin solution (for the top agar
in mutagenicity test), top agar supplemented
with0.5mM histidine /biotin, biotin solution
(0.01%),0.2M sodium phosphate buffer, nutrient
broth, fresh S9 mixture with co-factors.

Preparation of culture and cell viability
A culture with optical density of 0.4-0.6 at 660nm
is acceptable range used for the experiment
Exposure concentrations
The criteria for determination of the highest
concentration of the test substance/plate for
mutagenicity trial are cytotoxicity and solubility in
the final treatment mixture.
Preparation of test substance
Test substance is dissolved in sterile distilled water
or DMSO (dimethyl sulfoxide) and diluted prior
to treatment according to test concentration stock
solution.
Cytotoxicity test
The cytotoxicity test should be performed to select
the treatment concentration for the mutagenicity
test.
Mutagenicity test
The test substance is to be assessed for its
mutagenic potential using all the tester strains
specified in the protocol, both in presence and
absence of metabolic activation. A minimum of
five different concentrations in duplicate should
be employed.  Test substances that have
cytotoxicity below 5 mg/plate should be tested upto
a cytotoxic concentration. The experiment should
be performed following plate incorporation test.
Two tubes each containing 2 m  of top agar with
histidine and biotin (0.5 mM), previously melted
and maintained at 45 ± 2 °C should be used for
plating. A volume of 0.5 m   of S9 mix
(supplemented with co-factor) or 0.5 m   of
0.2M phosphate buffer should be added to each
tube in the presence or absence of S9 mix,
respectively. Then 100 µ   of relevant (diluted)
test substance stock solution should be added to
the above mixture. For the negative control, 100
µL of sterile distilled water should be added. The
vehicle control should be treated with 100 µ   of
the vehicle used to prepare the test substance
stock solution. For the positive control, 100 µ   of
the relevant positive control should be added.
Finally 100 µ   of overnight grown standard
bacterial culture should be added to all the top
agar tubes. The contents should be mixed
thoroughly and rapidly transferred to individual
petri dishes containing Minimal Glucose Agar
(MGA).
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RESULTS   AND  DISCUSSION
In cytotoxicity test partial background bacterial
lawn inhibition was observed at the concentration
of 0.3125µ  /plate in the absence and 0.15625µ  /
plate in the presence (5% v/v S9 mix) of metabolic
activation. Reduction in number of colonies was
observed up to the concentration of 0.3125 and
0.15625µ  /plate, in the absence and presence of
metabolic activation, respectively. Hence 0.3125
and 0.15625µL of endosulfan/plate was selected
as the highest concentration to be tested in the
mutagenicity test. A toxicity study performed at
0.3125  µ  /plate and 0.15625 µ  /plate in
presence and absence of metabolic activation
showed no toxic effect with all tester strains. By
plate incorporation assays and linear regression
analysis none of the tester strains used showed
significant increases in revertant numbers with

or without metabolic activation which corresponds
with results15.The mean number of histidine
revertants colonies observed at different test
concentrations is provided in (Table 1 and
Table 2). The dose response curve for each tester
strain is depicted in Fig. 1 and Fig. 2.
The pre-incubation procedure16, modification of
Ames assay provides a more sensitive assessment
of mutagenic activity which was revaluated in
mutagenic results with plate incorporation assay.
Evaluation of carcinogenicity of endosulfan in rats
and mice showed no carcinogenic potential17-19.It
is evident from results that endosulfan exhibits
weak mutagenic response   or its true mutagenic
potential is masked by its toxicity in salmonella /
microsome assay. Further studies with different
metabolic activation system may give better
understanding of genotoxic potential of endosulfan.

Concentration of          His+ revertant colonies/plate
   endosulfan    (in absence of metabolic activation)

   (µ   /plate)                      TA1537                  TA98                  TA100

Mean SD Mean SD Mean SD

   NC (DW) 6 0 25 1.41 135 8.49

   0.009765625 5.5 2.12 21 5.66 121 19.8

   0.01953125 4.5 0.71 22.5 3.54 127.5 2.12

   0.0390625 6.5 0.71 23.5 0.71 133 21.21

   0.078125 7 2.83 20 1.41 89.5 0.71

   0.15625 4.5 2.12 11.5 4.95 45 5.66

   0.3125 0.5 0.71 490 42.43 1263.5 232.64

   PC 245.5 174.6 25 1.41 150.5 7.78

   PC-2Aa - - - - 135 8.49

Table 1 : Mean count of His+ revertant colonies in negative and positive controls and
treatment plates in the absence of metabolic activation

SD = Standard Deviation, NC = Negative Control,   PC = Positive Control   {TA1537 = 9-Aminoacridine (75 µg/plate),
TA98 = 2-Nitrofluorene (7.5 µg/plate), TA100 = Sodium azide (5 µg/plate),)},
2-Aa = 2-Aminoanthracene (5 µg/plate for TA100), DW = Distilled Water,  (-) = Not applicable
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Concentration         His+ revertant colonies/plate
of  endosulfan                         (in presence of metabollic activation)
(µ  /plate)                     TA1537                              TA98                   TA100

Mean SD Mean SD Mean SD

  NC (DW) 7 2.83 24.5 4.95 102 19.8

  0.0048828125 5 0 21.5 6.36 100 4.24

  0.009765625 8 0 23.5 2.12 116 0

  0.01953125 4.5 0.71 20.5 0.71 123.5 0.71

  0.0390625 4 1.41 12.5 0.71 125 0

  0.078125 3 1.41 11 5.66 123.5 7.78

  0.15625 5.5 0.71 793 43.84 98 8.49

  PC 250.5 126.57 24.5 4.95 1225.5 14.85

Table 2 : Mean count of His+ revertant colonies in negative, vehicle and positive controls
and treatment plates in the presence of metabolic activation (Trial I)

SD = Standard Deviation, NC = Negative Control
DW = Distilled Water and PC = Positive Control (2-Aminoanthracene 10 µg/plate for TA1537 and 5 µg/plate
for TA98 and TA100).
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Fig. 1 : Dose response curve (mutagenicity experiment) in absence of metabolic activation (-S9)
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CONCLUSION
The values of negative control in all the tester
strains were within limits and  positive controls
exhibited a clear increase in number of revertants
both in the presence (5% v/v S9 mix) and in the
absence of metabolic activation when compared
with the negative control. This demonstrated the
efficiency of the test system and suitability of the
procedures employed in the study. The linear
regression analysis did not reveal any significant
increase in the number of revertant colonies in
both the trials. From the results of this study, it
was concluded that endosulfan up to the
concentration of 0.3125 µ  /plate in the absence
and 0.15625 µ  /plate in the presence metabolic
activation (5% v/v S9 mix), was non mutagenic
to all three strains of Salmonella typhimurium
viz., TA1537, TA98 and TA100 when tested under
the specified condition.
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