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1 By

Endosulfan is a synthetic chlorinated cyclodiene, which has been proved to be an
environmental endocrine disrupter { ADDIN ENRfu }. It was introduced into the
earth’s environment in 1956 as a general use insecticide, being primarily used to protect

food crops such as tea, fruits, vegetables, and grains as well as wood from a wide



two isomers— o ~endosulfan and 3 -endosulfan.

Endosulfan is toxic not only to insects, but also to fishes, animals and humans (2, 3).
Autopsy examinations have revealed its damage to liver, lung and brain (3). However,
the data regarding its genotoxicity (4), especially that of its two isomers, is very limited.
Perhaps because its carcinogenicity and genotoxicity have not been confirmed,
endosulfan is still widely used and continues to poltute the human environment not only
in the developing countries but in the developed countries as well (5).

In this study, we observed the influence of «- endosulfan and # -endosulfan on
the frequency of SCE, MN and the DNA damage assessed by SCG in Hep G2, a target
cell line that expresses estrogen receptors (6) and is able to metabolize xenobiotics like
S9 in vitro or in vivo (7).

2. Hi#
2.1. Materials

e -endosulfan ([ « -1,4,5,6,7,7-Hexachlorbicyclo-[2.2.1]-5-hepten-2,3-bis
(methylen) sulfii] CoHeClgO3S) was from Wako Pure Chemical Industries, Japan. B
-endosulfan ([ 8 -1.4,5,6,7,7-Hexachlorbicyclo-[2.2.1]-5-hepten-2,3-bis (methylen)
sulfit] CoHeClsO58) was from Riedel-deHaen, Germany. For use, they were dissolved in
dimethyl sulfoxide (DMSO, E. Merck, Darmstadt, Germany) to prepare a 0.5 M stock
solution.
2.2. Cell culture

Hep G2 1s from the cell bank of the Institute of Physical and Chemical Research of
Japan and was cultured in Dulbecco’s Modified Eagle’s Medium (Sigma) containing
10% fetal bovine serum (Biosciences PTY Ltd., Australia) and 1%
penicillin-streptomycin (Life Technologies™). Before use, Hep G2 cells were taken
from fluid nitrogen and washed two times with fresh culture medium. After culturing
for 2 passages in 37°C and 5% CO,, Hep G2 cells were prepared for use in the
experiments,
2.3. Sister Chromatid Exchanges (SCE) and Micronuclei (MN)

2% 10° Hep G2 cells were divided into 5 mi of culture medium and cultured for 48
h. After discarding 2.5 ml of supernatant, 2.5 m! of new culture medium containing
different concentrations of either « -endosulfan or § -endosulfan were added for both
the SCE and MN assays. 5-Bromo-2’-deoxy uridine (Sigma) was added in the SCE test
(final concentration 40 1+ M). The cells were cultured for another 48 h. Six hours before
collection, colcemid (Sigma) was added to the SCE assay (final concentration 2 X 107
M). Vehicle controls were 0.2% DMSO. Mitomycin C (Sigma) was used as a positive
control,



After 48 h of treatment in both SCE and MN assays, the Hep G2 cells were
collected with 0.25% trypsin-EDTA (Life TechnologiesTM). The cells were then treated
with 0.075 M KCl for 10 min and fixed with Carnoy’s solution (methanol:acetic acid =
3:1, v/v) for 30 min. The cells were washed twice with the Carnoy’s solution and stored
in methanol containing 1% (v/v) acetic acid.

For the measurement of SCE, the slides were stained using the
florescence-plus-Giemsa (FPG) differential staining method. SCE in 30 cells was
blindly evaluated per concentration for each experiment. The final result was the
combination of two independent experiments (n=60 metaphases). For the measurement
of MN, slides were stained with acridine orange (40 micrograms/ml, Sigma) solution,
and the frequency of the micronucleated cells per 1000 Hep G2 cells was taken as the
endpoint.

The judgement of MN: we judged the micronuclei according to the following
criteria: 1) size: ¢ 1/10-1/2 of the main nucleus size. 2) number: = 3 MN/cell. 3)
only one main nucleus in the cells counted. 4) the micronuclei must be round and have a
clear boundary. 5) the micronuclei must have the same color and staining degree as the
main nucleus. 6) the micronuclei must be clearly separated from the main nucleus. 7)
the micronuclei must be in the same cell plasma with the main nucleus.

To assess the effects of « -endosulfan and J -endosulfan on the cell cycle
kinetics of the cells, we scored the proliferation index (PI) on the same slides used for
counting SCE. Cell cycle kinetics were evaluated by the proportion of the first (Xy),
second (X3), and third (X3) division cells in 100 consecutive metaphases for each
independent experiment. The proliferation index (PI) was calculated according to the
following formula: PI = (1 X X +2 X X;+3 X X3).

2.4.  Single-Cell Gel Electrophoresis (SCG) (8)

2X10° Hep G2 cells were divided into 5 ml of culture medium and cultured for 48
h. After 2.5 ml supernatant was discarded, 2.5 ml of a new culture medium containing
different concentrations of either « -endosulfan or £ -endosulfan was added. The
vehicle control was 2% DMSO. After 1 h of treatment, the cells were collected with
(.25% trypsin-EDTA and adjusted to 1X10° cells/ml cell suspension after thorough
mixing. 25 u1 of the cell suspension was taken and mixed with 75 ul of 0.75%
low-melting agarose (Nusieve GTG, FMC BioProducts) and then placed on pre-cleaned
frosted micro slides (Matsunami Glass Ind., LTD, Japan) which were first covered with
80 1 10f 0.5% normal-melting agarose (Sigma) (to make this layer adhere better to the
slide, we used 20 11 of 0.5% normal melting agarose to cover the slide and dried it

beforehand). The mixed-cell suspension were immediately covered with a coverglass,



and the slides were then kept at 4°C for 10 min to allow solidification of the agarose.
After gently removing the coverglass, the slides were covered with a third layer of
low-melting agarose using a coverglass, and then kept at 4°C for another 10 min to
allow solidification of the agarose. After géntiy removing the coverglass, the slides were
immersed in a lysing solution for 1 h and then moved to the electrophoretic 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 electrophoresis
compact power supply (ATTO Corporation, Japan). After staining with 20 u ¢/mt
ethidium bromide (Sigma), DNA strand breaks were measured under a fluorescent
microscope using a DNA SCG test system (Keio Electronic Ind., Co., Ltd, Japan). All
the slides were examined 5 h after staining, and only the cells in the central part of the
slides were detected. In the present study, the cell tail length was used to represent the
degree of DNA damage to the Hep G2 cells.
2.5, Statistics: Dunnett's test in SPSS statistical software was used for the SCE and
SCG assays. Chi-square test in SPSS statistical software was used for the MN assay. For
all three assays, the results of two independent experiments were combined for the
analysis. |
3. Flidk

3.1. Influence of « -endosulfan and § -endosulfan on frequency of sister chromatid
exchanges (SCE) in Hep G2 cells

In this study, we treated Hep G2 cells with concentrations of « -endosulfan and

B -endosulfan ranging from 1 X 107 M through 1 X 10 M for 48 h. Because Hep G2 1s
an aneuploid cell line (modal number = 55 chromosomes; range = 50-60 chromosomes),
we calculated SCE per chromosome. As shown in Table 1, 5 -endosulfan caused a
significant increase in SCE from 1 X107 M through 1 X 10° M. In contrast, «
-endosulfan failed to show any significant effect. SCE frequency was about
0.19/chromosome in 0.2% DMSO (vehicle control) against 0.27/chromosome in the
highest concentration (1 X 10° M) of # -endosulfan. Positive controls treated with 1 X
107 M of mitomycin C resulted in 0.484/chromosome (P <0.01).

In these experiments, the addition of « -endosulfan and 8 -endosulfan did not
cause any significant change in the proliferation index compared to the cultures with the
control of 0.25% DMSO.

3.2. Influence of «-endosulfan and § -endosulfan on frequency of MN in Hep G2
cells
In the present study, we used the frequency of micronucleated Hep G2 cells to

represent the effects of o -endosulfan and 8 -endosulfan on MN induction in the Hep



G2 cells. As shown in Table 2, after treating Hep G2 cells for 48 h with 3 -endosulfan
from 5 X 10° M through 1 X 10° M, the frequency of micronucleated cells was
significantly increased; the frequency at 1 X 10 M was about 6 times that of the control.
Although we failed to find any significant increase of MN in Hep G2 cells treated with
o -endosultfan, slight increases in micronucleated cells were observed at higher
concentrations (5% 107 ~ 1x 107 M). In the present study, mitomycin C (1% 10 M)
showed a much stronger potency to induce MN (116 micronucleated cells in 2000 cells)
than f -endosulfan (P <0.01).

3.3. Influence of « -endosulfan and J -endosulfan on induction of DNA strand
breaks as evaluated by SCG assay in Hep G2 cells

In the present study, we measured the tail length of Hep G2 cells treated with
different concentrations of «-endosulfan and £ -endosulfan. As shown in Table 3,
after 1 h of treatment, «-endosulfan induced significant increases in DNA strand
breaks from 2 X 10™* M through 1 X 107 M, as did 8 -endosulfan at 1 X 107 M.

4. BE

Endosulfan is an insecticide with estrogenic activity which is toxic to many fishes
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 Hep G2 cells in the present
study; firstly because endosulfan is hepatoxic (3), and secondly because the metabolic
property of human Hep G2 cells will offer a chance to examine the effects of its
metabolites on those cells. The result will thus be more comparable to findings in an in
vivo study. Finally, because the Hep G2 cell line is well reported in the genotoxic
studies using SCE, MN and SCG assays (10, 11), we believe using, such cells to
examine the genotoxicity of endosulfan is reasonable.

Our repeated in vitro experiments showed that both o -endosulfan and 3
-endosulfan induced DNA strand breaks as detected by SCG assay. Nevertheless, Hep
G2 cells seem more sensitive to  « -endosulfan than to j -endosulfan as shown by the
cell tail length. As we used a dry-layer gel technique on the slides, the three layers of
gel were easily prepared. Using trypsin-EDTA to collect the Hep G2 cells kept the
individual celis well separated and evenly distributed in the second layer of gel.

For the SCE and MN assays, only { -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 X 10° M, mixture of « -endosulfan and o4



-endosulfan) in human lymphoid cells (13). The result of MN induced by B
-endosulfan is also in agreement with an in vivo study of endosulfan (14).

In our present study, all three endpoints were from two independent experiments,
and the results were satisfactorily repeated. Although both « -endosulfan and J
-endosulfan showed genotoxicity to Hep G2 cells at different concentrations by different
endpoints, 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 was found to be more
sensitive in detecting the genotoxicity of f -endosulfan, but SCG was less sensitive.
For a -endosulfan, only SCG showed genotoxicities. The concentration of «
-endosulfan needed to induce DNA strand breaks was apparently lower than that of 8
-endosulfan. Thus, our result suggests that # -endosulfan more readily induced SCE
and MN, while « -endosulfan more easily induced DNA strand breaks as detected by
SCG in the Hep G2 cells.

We have little data regarding the mechanisms of the genotoxicity of « -endosulfan
“and 3 -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, as spindle
poisoning is reported to relate to MN formations such as bisphenol and diethylstilbestrol
(17), whether f -endosulfan actually induced MN through spindle poisoning shoutd
also be examined in future studies.

Another possible target of research might be the estrogenic effects of «
-endosulfan and 3 -endosulfan (18), given the existence of estrogen receptors in Hep
G2 cells (19). Many environmental estrogenic disrupters, such as diethylstilbestrol
(DES), are reported to 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 «-endosulfan and § -endosulfan) is able to combine with
estrogen receptors and exert biological effects (22), and although we have no direct
evidence, it is difficult to exclude the possibility that « -endosulfan and # -endosulfan
bind with the estrogen receptors in Hep G2 cells (19, 23) to induce genotoxicity in these
cells.

As o« -endosulfan and {5 -endosulfan can be metabolized by Hep G2 cells, the
genotoxicitiy we found in the cell line may include their metabolites. Further research is
needed to determine whether « -endosulfan and 8 -endosulfan or their metabolites are
responsible for the observed genotoxicity.

Our findings are based on a study using a human hepatoma Hep G2 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, our present study has shown for the first time that both « -
endosulfan and {5 -endosulfan are genotoxic to Hep G2 cells, and that the genotoxicity
of f -endosulfan is more potent than that of « -endosulfan, Although the underlying
mechanism 1s still beyond our knowledge, the clastogenicity and estrogenicity of the

two isomers suggest the need for further studies.
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btz
Table 1. The effects of « -endosulfan and 3 -endosulfanon on the frequency of
sister chromatid exchanges (SCE) in Hep G2 cells

a -endosulfan 8 -endosulfan

Concentrations (M} n SCE? PI SCr2 PI

" Control 60 02060062 199  0.191:£0.085  2.02
1x107" 60 0.2031£0.078  2.00  0200=0.047  2.08
1x10 60 0216--0.068  2.00  0204=0.058  2.01
1 X107 60 020470071 204  0.199%0.113  1.93
1x107 60 0204+0076  2.00  0.196%=0.075  1.99
1%1078 60 02060060  2.02  0220--0.070  2.01
1X107 60  0.197£0.065  2.02  0248=0.080* 2.02
1x10° 60  0205+0.053  1.91  0252+0.072%% 1.97
1x107 60 0217+0.059  2.00  027220.065%% 1.93

Abbreviations: P1, proliferation index; SCE, sister chromatid exchanges

®Data are presented as means = standard deviations.

*Statistically significant ditference when compared to control (Dunnett's test, P
<0.05).

**Statistically significant difference when compared to control (Dunnett's test, P
<0.01).

Table 2. Effécts of «-endosulfan and j -endosulfanon on the induction of micronuclei
(MN) in Hep G2 cells

Concentration Micronuclei®
(M) n
o ~endosulfan B - endosulfan
Control 2000 20 13
1X107 2000 18 14
1 X107 2000 17 13
5%10° 2000 14 17
1 X107 2000 16 22
5% 107 2000 26 39 *
tx10™ 2000 26 51 %%
5x10™ 2000 26 74%%
1X107 2000 30 g% *

“Data represent the number of Hep G2 cells with at least one micronucleus.
** Statistically significant difference when compared to control (chi-squire test, P <
0.01).



Table 3. The effect of o -endosulfan and S -endosulfanon on DNA strand
breaks as detected by single-cell gel electrophoresis (SCG) assay in Hep G2

cells

& - endosulfan 8 - endosulfan
Concentration (M) n  Tail length ( # m)° n Tail length ( ¢ m)?
Control 116 4928 +£16.57 123 4026 8.26
2x 1073 119 54,73 18.08 99 4236+t 7.31
1x10* 110 53.37x£16.73 99 390.64x 7.34
2x 10" 128 58321 16.08** 108 43.68+ 9.58
5% 10" 118 60.13 = 15.86%** 90 4433--11.33
I x10° 108 63.56132.73%* 126 5027 =13.38%*

“Data are presented as means —standard deviations.

#% Statistically significant difference when compared to control (Dunnett’s test,

P < 0.01).



