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Genotoxic Effects of α-Endosulfan and β-Endosulfan on Human HepG2 Cells
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Endosulfan is a synthetic chlorinated cyclodi-
ene that is an environmental endocrine dis-
ruptor (1). It was introduced into the earth’s
environment in 1956 as a general use insecti-
cide, and it was primarily used to protect
food crops such as tea, fruits, vegetables, and
grains as well as wood from a wide variety of
insects and mites through contact poison.
Commercially used endosulfan is generally
composed of its two isomers—α-endosulfan
and β-endosulfan.

Endosulfan is toxic not only to insects,
but also to fish, animals, and humans (2,3).
Autopsy examinations have revealed its dam-
age to liver, lung, and brain (3). However,
the data regarding its genotoxicity (4), espe-
cially that of its two isomers, are limited.
Perhaps because its carcinogenicity and
genotoxicity have not been confirmed, endo-
sulfan is still widely used and continues to
pollute the human environment not only in
developing countries but in developed coun-
tries as well (5). 

In this study, we observed the influence
of α- and β-endosulfan on the frequency of
sister chromatid exhanges (SCE), micronu-
clei (MN), and the DNA damage assessed by
single-cell gel electrophoresis (SCG) in
HepG2, a target cell line that expresses estro-
gen receptors (6) and is able to metabolize
xenobiotics like S9 in vitro or in vivo (7).

Materials and Methods

Materials. All reagents used in this experi-
ment were of analytical grade.

We obtained α-endosulfan [α-1,4,
5,6,7,7-hexachlorbicyclo-(2.2.1)-5-hepten-
2,3-bis(methylen)sulfit; C9H6Cl6O3S] from
Wako Pure Chemical Industries, Osaka,

Japan. We obtained β-endosulfan [β-
1,4,5,6,7,7-hexachlorbicyclo-(2.2.1)-5-hep-
ten-2,3-bis(methylen)sulfit; C9H6Cl6O3S]
from Riedel-deHaen, Seelze, Germany. We
dissolved the endosulfans in DMSO (E.
Merck, Darmstadt, Germany) to prepare a
0.5-M stock solution. 

Cell culture. We obtained HepG2 cells
from the cell bank of the Institute of Physical
and Chemical Research of Japan Wako-Shi,
Saitoma, Japan; cells were cultured in
Dulbecco’s Modified Eagle’s Medium
(Sigma, St. Louis, MO) containing 10% fetal
bovine serum (Biosciences PTY Ltd.,
Australia) and 1% penicillin-streptomycin
(Life Technologies, Grand Island, NY).
Before use, HepG2 cells were taken from
fluid nitrogen and washed 2 times with fresh
culture medium. After culturing for two pas-
sages in 37°C and 5% CO2, we prepared the
HepG2 cells for use in the experiments.

SCE and MN. HepG2 cells (2 × 105)
were divided into 5 mL culture medium and
cultured for 48 hr. After discarding 2.5 mL
supernatant, we added 2.5 mL new culture
medium containing different concentrations
of either α- or β-endosulfan for both the
SCE and MN assays. We added 5-bromo-
2´-deoxyuridine (Sigma) in the SCE assay
(final concentration 40 µM). The cells were
cultured for another 48 hr. Six hours before
collection, we added colcemid (Sigma) to the
SCE assay (final concentration 2 × 10-7 M).
We used 0.2% DMSO as the vehicle control
and mitomycin C (Sigma) as the positive
control.

After 48-hr treatment in both SCE and
MN assays, we collected the HepG2 cells with
0.25% trypsin-EDTA (Life Technologies).

The cells were then treated with 0.075 M
KCl for 10 min and fixed with Carnoy’s solu-
tion (methanol:acetic acid 3:1, v/v) for 30
min. The cells were washed twice with
Carnoy’s solution and stored in methanol
containing 1% (v/v) acetic acid. 

For SCE measurement, we stained the
slides using the fluorescence-plus-Giemsa
differential staining method. We blindly
evaluated SCE in 30 cells per concentration
for each experiment. The final result was the
combination of two independent experi-
ments (n = 60 metaphases). For MN mea-
surement, we stained the slides with acridine
orange (40 µg/mL; Sigma) solution, and we
used the frequency of the micronucleated
cells per 1,000 HepG2 cells as the end point. 

We judged the MN according to the fol-
lowing criteria: size (diameter one-tenth to
one-half of the main nucleus size), number
(≤ 3 MN/cell), number of nuclei (only one
main nucleus in the cells counted), attributes
(the micronuclei must be round and have a
clear boundary), color (the micronuclei must
have the same color and staining degree as
the main nucleus), separation (the micronu-
clei must be clearly separated from the main
nucleus), and location (the micronuclei must
be in the same cell plasma with the main
nucleus). 

To assess the effects of α- and β-endo-
sulfan on the cell-cycle kinetics of the cells,
we scored the proliferation index (PI) on the
same slides used for counting SCE. We eval-
uated cell-cycle kinetics by the proportion of
the first (X1), second (X2), and third (X3) divi-
sion cells in 100 consecutive metaphases for
each independent experiment. We calculated
the PI according to the following formula: 

PI = (1 × X1) + (2 × X2) + (3 × X3). 

SCG. We divided 2 × 105 HepG2 cells
into 5 mL culture medium and cultured them
for 48 hr. After 2.5 mL supernatant was dis-
carded, we added 2.5 mL of a new culture
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α-Endosulfan and β-endosulfan are isomers of endosulfan, a pesticide used worldwide. In this
study, we examined the genotoxicity of α- and β-endosulfan in vitro with a HepG2 cell line. We
used sister chromatid exchanges (SCE), micronuclei (MN), and DNA strand breaks as detected by
single-cell gel electrophoresis (SCG) assays as biomarkers to judge the genotoxicity of α- and
β-endosulfan at concentrations from 1 × 10-12 M to 1 × 10-3 M. After treating HepG2 cells for
48 hr with β-endosulfan, SCE showed a significant increase at concentrations from 1 × 10-7 M to
1 × 10-5 M, and MN showed a significant increase at concentrations from 5 × 10-5 M to
1 × 10-3 M. α-Endosulfan failed to show significant effects in both the SCE and MN assays. After
treating HepG2 cells with α- or β-endosulfan for 1 hr, DNA strand breaks were significantly
induced by α-endosulfan at concentrations from 2 × 10-4 M to 1 × 10-3 M, and by β-endosulfan
at 1 × 10-3 M. The results of this study suggest that both α- and β-endosulfan are genotoxic to
HepG2 cells and that the genotoxicity of β-endosulfan seems stronger than that of α-endosulfan.
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medium containing different concentrations
of α- or β-endosulfan. We used 2% DMSO
as the vehicle control. After 1 hr of treatment,
the cells were collected with 0.25% trypsin-
EDTA and adjusted to 1 × 106 cells/mL cell
suspension after thorough mixing. We mixed
25 µL cell suspension with 75 µL 0.75% low-
melting agarose (Nusieve GTG, FMC
BioProducts, Rockland, NY) and then placed
it on precleaned frosted micro slides
(Matsunami Glass Ind., LTD, Kishiwata,
Japan) that were first covered with 80 µL
0.5% normal-melting agarose (Sigma). To
make this layer adhere to the slide more effec-
tively, we used 20 µL 0.5% normal melting
agarose to cover the slide and dried it before-
hand. We immediately covered the mixed-cell
suspension with a coverglass, and then kept
the slides at 4°C for 10 min to allow solidifi-
cation of the agarose. After gently removing
the coverglass, we covered the slides with a
third layer of low-melting agarose using a cov-
erglass, and then kept it at 4°C for another 10
min to allow solidification of the agarose.
After gently removing the coverglass, we
immersed the slides in a lysing solution for 1
hr and then moved them to the electrophoret-
ic buffer to allow 20 min for the unwinding
of DNA strands, as described by Singh et al.
(8). The electrophoresis time was 20 min
under 25 V and 300 mA using an elec-
trophoresis compact power supply (ATTO
Corporation, Tokyo, Japan). After staining
with 20 µg/mL ethidium bromide (Sigma),
we measured the DNA strand breaks under a
fluorescent microscope using a DNA SCG
test system (Keio Electronic Ind. Co., Ltd,
Ibaraki, Japan). We examined all of the slides
5 hr after staining, and only the cells in the
central part of the slides were detected. In the
present study, we used the cell tail length to
represent the degree of DNA damage to the
HepG2 cells.

Statistics. We used Dunnett’s test in
SPSS statistical software (SPSS, Inc.,
Chicago, IL) for the SCE and SCG assays.
We used the chi-square test in SPSS statisti-
cal software for the MN assay. For all three
assays, the results of two independent experi-
ments were combined for the analysis.

Results

Influence of α- and β-endosulfan on the fre-
quency of SCE in HepG2 cells. We treated
HepG2 cells with concentrations of α- and
β-endosulfan ranging from 1 × 10-12 M to 1
× 10-5 M for 48 hr. Because HepG2 is an
aneuploid cell line (modal number = 55
chromosomes; range = 50–60 chromo-
somes), we calculated SCE per chromosome.
As shown in Table 1, β-endosulfan caused a
significant increase in SCE at concentrations
from 1 × 10-7 M to 1 × 10-5 M. In contrast,
α-endosulfan failed to show any significant
effect. SCE frequency was approximately
0.19/chromosome in 0.2% DMSO (vehicle
control) versus 0.27/chromosome in the
highest concentration (1 × 10-5 M) of
β-endosulfan. Positive controls treated with 1
× 10-7 M mitomycin C resulted in
0.484/chromosome (p < 0.01). 

In these experiments, the addition of α-
and β-endosulfan did not cause any signifi-
cant change in the proliferation index as
compared to the cultures with the 0.2%
DMSO controls. 

Influence of α- and β-endosulfan on the
frequency of MN in HepG2 cells. We used
the frequency of micronucleated HepG2 cells
to represent the effects of α- and β-endosul-
fan on MN induction in the HepG2 cells. As
shown in Table 2, after treating HepG2 cells
for 48 hr with β-endosulfan at concentra-
tions from 5 × 10-5 M to 1 × 10-3 M, the
frequency of micronucleated cells was signifi-
cantly increased; the frequency at 1 × 10-3 M
was approximately 6 times that of the con-
trol. Although we failed to find any signifi-
cant increase of MN in HepG2 cells treated
with α-endosulfan, we found slight increases
in MN cells at higher concentrations (5 ×
10-5 M to approximately 1 × 10-3 M). In the
present study, mitomycin C (1 × 10-6 M)
showed a much stronger potency to induce
MN (116 micronucleated cells in 2,000 cells)
than did β-endosulfan (p < 0.01).

Influence of α- and β-endosulfan on
induction of DNA strand breaks as evaluated
by SCG assay in HepG2 cells. We measured
the tail length of HepG2 cells treated with

different concentrations of α- and β-endo-
sulfan. As shown in Table 3, after 1 hr treat-
ment, α-endosulfan induced significant
increases in DNA strand breaks at concen-
trations from 2 × 10-4 M to 1 × 10-3 M, as
did β-endosulfan at 1 × 10-3 M. 

Discussion

Endosulfan is an insecticide with estrogenic
activity that is toxic to many fish and
mammals. Some reports suggested that it
could accumulate in aquatic animals (9) and
cause human fatalities (3). The genotoxicity
of its two isomers, however, has not been
confirmed. 

To study the genotoxicity of endosulfan,
we used HepG2 cells a) because endosulfan is
hepatoxic (3) and b) because the metabolic
property of human HepG2 cells will offer a
chance to examine the effects of its metabo-
lites on those cells. The result will thus be
more comparable to findings in an in vivo
study. Finally, because the HepG2 cell line is
well reported in the genotoxic studies using
SCE, MN, and SCG assays (10,11), we
believe it is reasonable to use such cells to
examine the genotoxicity of endosulfan.

Our repeated in vitro experiments showed
that both α- and β-endosulfan induced DNA
strand breaks as detected by SCG assay.
Nevertheless, HepG2 cells seem more sensi-
tive to α- than to β-endosulfan, as shown by
the cell tail length. Because we used a dry-
layer gel technique on the slides, the three
layers of gel were easily prepared. Using
trypsin-EDTA to collect the HepG2 cells
kept the individual cells well separated and
evenly distributed in the second layer of gel.

For the SCE and MN assays, only β-
endosulfan showed significant effects on the
cell line, and our present results correspond
to the increased frequency of SCE in blood
lymphocytes from workers using pesticides
including endosulfan (12) and to the
increased SCE induced by endosulfan (1 ×
10-6 M, mixture of α-endosulfan and β-
endosulfan) in human lymphoid cells (13).
The result of MN induced by β-endosulfan

Articles • Lu et al.

560 VOLUME 108 | NUMBER 6 | June 2000 • Environmental Health Perspectives

Table 1. The effects of α- and β-endosulfan on on the frequency of SCEs in HepG2 cells.

α-Endosulfan β-Endosulfan
Concentration (M) No. SCEa PI SCEa PI

Control 60 0.206 ± 0.062 1.99 0.191 ± 0.085 2.02
1 × 10-12 60 0.203 ± 0.078 2.00 0.200 ± 0.047 2.08
1 × 10-11 60 0.216 ± 0.068 2.00 0.204 ± 0.058 2.01
1 × 10-10 60 0.204 ± 0.071 2.04 0.199 ± 0.113 1.93
1 × 10-9 60 0.204 ± 0.076 2.00 0.196 ± 0.075 1.99
1 × 10-8 60 0.206 ± 0.060 2.02 0.220 ± 0.070 2.01
1 × 10-7 60 0.197 ± 0.065 2.02 0.248 ± 0.080* 2.02
1 × 10-6 60 0.205 ± 0.053 1.91 0.252 ± 0.072** 1.97
1 × 10-5 60 0.217 ± 0.059 2.00 0.272 ± 0.065** 1.93
aData are presented as mean ± SD. *Statistically significant as compared to control (Dunnett’s test, p < 0.05).
**Statistically significant difference as compared to control (Dunnett’s test, p < 0.01). 

Table 2. Effects of α- and β-endosulfan on on the
induction of MN in HepG2 cells.a

Concentration Micronucleib
(M) α-Endosulfan β-Endosulfan

Control 20 13
1 × 10-7 18 14
1 × 10-6 17 13
5 × 10-6 14 17
1 × 10-5 16 22
5 × 10-5 26 39*
1 × 10-4 26 51*
5 × 10-4 26 74*
1 × 10-3 30 82*
an = 2,000. bData represent the number of HepG2 cells with
at least one micronucleus. *Statistically significant as
compared to control (chi-square test, p < 0.01). 



is also in agreement with an in vivo study of
endosulfan (14). 

In our present study, all three end points
were from two independent experiments,
and the results were sufficiently repeated.
Although both α- and β-endosulfan showed
genotoxicity to HepG2 cells at different con-
centrations by different end points, neither
of them showed any apparent effects on cell
cycle kinetics in the cell line.

Of the three biomarkers used in this
study, SCE and MN were more sensitive in
detecting the genotoxicity of β-endosulfan,
but SCG was less sensitive. For α-endosulfan,
only SCG showed genotoxicities. The con-
centration of α-endosulfan needed to induce
DNA strand breaks was apparently lower
than that of β-endosulfan. Thus, our results
suggest that β-endosulfan more readily
induced SCE and MN, whereas α-endosulfan
more easily induced DNA strand breaks, as
detected by SCG in the HepG2 cells.

We have limited data regarding the
mechanisms of the genotoxicity of α- and β-
endosulfan. Clastogenic activity of the two
compounds and/or their metabolites may
exist, although only sparse data are available
so far (15,16). In addition, because spindle
poisoning is reported to relate to MN forma-
tions such as bisphenol and diethylstilbestrol
(17), whether β-endosulfan actually induced
MN through spindle poisoning should be
examined in future studies. 

Another possible target of research might
be the estrogenic effects of α- and β-endosul-
fan (18), given the existence of estrogen
receptors in HepG2 cells (19). Many environ-
mental estrogenic disruptors, such as diethyl-
stilbestrol, reportedly induce SCE either in
vitro or in vivo, and it seems that their effects
tend to be restricted to cells with abundant
estrogen receptors (20,21). Endosulfan (a

mixture of α- and β-endosulfan) is able to
combine with estrogen receptors and exert
biologic effects (22), and although we have
no direct evidence, it is difficult to exclude
the possibility that α- and β-endosulfan bind
with the estrogen receptors in HepG2 cells
(19,23) to induce genotoxicity in these cells.

Because α- and β-endosulfan can be
metabolized by HepG2 cells, the genotoxici-
ty we found in the cell line may include their
metabolites. Further research is needed to
determine whether α- and β-endosulfan or
their metabolites are responsible for the
observed genotoxicity. 

Our findings are based on a study using
a human hepatoma HepG2 cell line so as to
extrapolate the results to humans. However,
further studies with normal human cells and
human subjects exposed to the same agents
are needed.

In conclusion, the present study has
shown for the first time that both α- and β-
endosulfan are genotoxic to HepG2 cells and
that the genotoxicity of β-endosulfan is
more potent than that of α-endosulfan.
Although the underlying mechanism is still
beyond our knowledge, the clastogenicity
and estrogenicity of the two isomers suggest
the need for further studies. 

REFERENCES AND NOTES

1. Soto AM, Sonnenschein C, Chung KL, Fernandez MF, Olea
N, Serrano FO. The E-SCREEN assay as a tool to identify
estrogens: an update on estrogenic environmental pollu-
tants. Environ Health Perspect 103(suppl 7):113–122 (1995).

2. Kiran R, Varma MN. Biochemical studies on endosulfan
toxicity in different age groups of rats. Toxicol Lett
44:247–252 (1988).

3. Boereboom FT, van Dijk A, van Zoonen P, Meulenbelt J.
Nonaccidental endosulfan intoxication: a case report
with toxicokinetic calculations and tissue concentra-
tions. J Toxicol Clin Toxicol 36:345–352 (1998).

4. Chaudhuri K, Selvaraj S, Pal AK. Studies on the genotoxi-
city of endosulfan in bacterial systems. Mutat Res
439:63–67 (1999).

5. Simonich SL, Hites RA. Global distribution of persistent
organochlorine compounds. Science 269:1851–1854 (1995).

6. Lee IR, Dawson SA, Wetherall JD, Hahnel R. Sex hor-
mone-binding globulin secretion by human hepatocarci-
noma cells is increased by both estrogens and andro-
gens. J Clin Endocrinol Metab 64:825–831 (1987).

7. Knasmuller S, Parzefall W, Sanyal R, Ecker S, Schwab C,
Uhl M, Mersch-Sundermann V, Williamson G, Hietsch G,
Langer T, et al. Use of metabolically competent human
hepatoma cells for the detection of mutagens and
antimutagens. Mutat Res 402:185–202 (1998).

8. Singh NP, McCoy MT, Tice RR, Schneider EL. A simple
technique for quantitation of low levels of DNA damage
in individual cells. Exp Cell Res 175:184–191 (1988).

9. Naqvi SM, Newton DJ. Bioaccumulation of endosulfan
(Thiodan insecticide) in the tissues of Louisiana crayfish,
Procambarus clarkii. J Environ Sci Health Part B Pestic
Food Contam Agric Wastes 25:511–526 (1990).

10. Darroudi F, Natarajan AT. Metabolic activation of chemi-
cals to mutagenic carcinogens by human hepatoma
microsomal extracts in Chinese hamster ovary cells (in
vitro). Mutagenesis 8:11–15 (1993).

11. Rueff J, Chiapella C, Chipman JK, Darroudi F, Silva ID,
Duverger-van Bogaert M, Fonti E, Glatt HR, Isern P,
Laires A, et al. Development and validation of alternative
metabolic systems for mutagenicity testing in short-term
assays. Mutat Res 353:151–176 (1996).

12. Rupa DS, Reddy PP, Sreemannarayana K, Reddi OS.
Frequency of sister chromatid exchange in peripheral
lymphocytes of male pesticide applicators. Environ Mol
Mutagen 18:136–138 (1991). 

13. Sobti RC, Krishan A, Davies J. Cytokinetic and cytoge-
netic effect of agricultural chemicals on human lymphoid
cells in vitro. II: Organochlorine pesticides. Arch Toxicol
52:221–231 (1983).

14. Khan PK, Sinha SP. Impact of higher doses of vitamin C
in modulating pesticide genotoxicity. Teratog Carcinog
Mutagen 14:175–181 (1994).

15. Khan PK, Sinha SP. Antimutagenic efficacy of higher
doses of vitamin C. Mutat Res 298:157–161 (1993).

16. Dzwonkowska A, Hubner H. Induction of chromosomal
aberrations in the Syrian hamster by insecticides tested
in vivo. Arch Toxicol 58: 152–156 (1986).

17. Pfeiffer E, Rosenberg B, Deuschel S, Metzler M.
Interference with microtubules and induction of
micronuclei in vitro by various bisphenols. Mutat Res
390:21–31 (1997).

18. Soto AM, Chung KL, Sonnenschein C. The pesticides
endosulfan, toxaphene, and dieldrin have estrogenic
effects on human estrogen-sensitive cells. Environ
Health Perspect 102:380–383 (1994).

19. Edmunds SE, Stubbs AP, Santos AA, Wilkinson ML.
Estrogen and androgen regulation of sex hormone bind-
ing globulin secretion by a human liver cell line. J Steroid
Biochem Mol Biol 37:733–739 (1990).

20. Forsberg JG. Estrogen effects on chromosome number
and sister chromatid exchanges in uterine epithelial
cells and kidney cells from neonatal mice. Teratog
Carcinog Mutagen 11:135–146 (1991). 

21. Lundgren K, Randerath K, Everson RB. Role of metabo-
lism and DNA adduct formation in the induction of sister
chromatid exchanges in human lymphocytes by diethyl-
stilbestrol. Cancer Res 48:335–338 (1988).

22. Vonier PM, Crain DA, McLachlan JA, Guillette LJ Jr,
Arnold SF. Interaction of environmental chemicals with
the estrogen and progesterone receptors from the
oviduct of the American alligator. Environ Health
Perspect 104:1318–1322 (1996).

23. Tam SP, Archer TK, Deeley RG. Biphasic effects of estro-
gen on apolipoprotein synthesis in human hepatoma
cells: mechanism of antagonism by testosterone. Proc
Natl Acad Sci USA 83:3111-3115 (1986). 

Articles • Genotoxic effects of α- and β-endosulfan

Environmental Health Perspectives • VOLUME 108 | NUMBER 6 | June 2000 561

Table 3. The effect of α- and β-endosulfan on DNA strand breaks as detected by the SCG assay in HepG2
cells. 

Concentration α-Endosulfan β-Endosulfan
(M) No. Tail length (µm)a No. Tail length (µm)a

Control 116 49.28 ± 16.57 123 40.26 ± 8.26
2 × 10-5 119 54.73 ± 18.08 99 42.36 ± 7.31 
1 × 10-4 110 53.37 ± 16.73 99 39.64 ± 7.34 
2 × 10-4 128 58.32 ± 16.08* 108 43.68 ± 9.58 
5 × 10-4 118 60.13 ± 15.86* 90 44.33 ± 11.33
1 × 10-3 108 63.56 ± 32.73* 126 50.27 ± 13.38*
aData are presented as mean ± SD. *Statistically significant as compared to control (Dunnett’s test, p < 0.01).




