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Endocrine Disrupting Investigations of Six
Pesticides with Estrogen Receptor Binding
Assays and Uterotrophic Effects in Rats
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Abstract

Lu, S. Y., and Tsai, W. R. 2018. Endocrine disrupting investigations of six pesticides with estrogen
receptor binding assays and uterotrophic effects in rats. Taiwan Pestic. Sci. 5: 31-51.

The previous reports showed that estrogen receptor played an important role in repro-
ductive toxicity in rats. Estrogen receptor disrupting is one of important endocrine disrupt-
ing (ED) issue. Due to the in vitro estrogen binding assay with radioisotope it was unfriendly
to most of laboratories in spite of reducing animals. We aimed to make sure if the utero-
trophic assay can cover the in vitro method for ED screening with six reported reproductive
toxicity and ED pesticides including permethrin, endosulfan, cypermethrin, methyl parathion,
benomyl and carbendazim. The results showed that in the estrogen receptor competitive
binding assay the inhibition concentration with the half maximal inhibitory concentration
(ICsp) were 141, 249, 523, 1022, 1413 and 4334 puM in permethrin, endosulfan, cyperme-
thrin, methyl parathion, benomyl and carbendazim, respectively. This implied that perme-
thrin, endosulfan and cypermethrin showed estrogen receptor affinity without identifica-
tion of agonist or antagonist while methyl parathion, benomyl and carbendazim exhibited
none to weak estrogenic. In the uterotrophic assay permethrin exhibited significantly anti-
estrogenic while endosulfan showed approaching estrogen receptor agonist. As the perme-
thrin did cypermethrin exhibited significantly antiestrogenic activity while methyl parathi-
on did not. Both benomyl and carbendazim showed estrogenic-like agonist. In comparison
with endpoint of estrogen receptor binding and uterotrophic assay in these pesticides

revealed that the coincidence existed in permethrin, cypermethrin, and methyl parathion
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and even in endosulfan. It seems that the coincidence of estrogen receptor binding and
uterotrophic assay did not exist in benomyl and carbendazim. That is because the
uterotrophic effect was induced by benomyl and carbendazim through androgen receptor
activation referring to our previous reports. This study concluded that in terms of estrogen
receptor affinity the order is permethrin> endosulfan™> cypermethrin > methyl parathion
> benomyl > carbendazim. The final outcome should depend on the in vivo study,
uterotrophic assay. Permethrin and cypermethrin exhibited anti-estrogenic activity while
endosulfan showed weak estrogenic activity and methyl parathion did not. Benomyl and
carbendazim increased uterus fluid through androgenic activity. Based on above we
suggest that uterotrophic test not only can cover the in vitro estrogen receptor binding

assay but show more friendly and robust than ixn vitro method as well.

Key words: Cypermethrin, Permethrin, Endosulfan, Methyl parathion, Benomyl, Carbendazim

Introduction

The final endocrine disruptor screening
program test guidelines are generally intended
to meet testing requirements under Toxic Sub-
stance Control Act (TSCA, USEPA), Federal
Insecticide, Fungicide, and Rodenticide Act
(FIFRA, USEPA) and Federal Food, Drug and
Cosmetic Act (FFDCA, USFDA) to determine
if a chemical substance may pose a risk to
human health or the environment due to the
disruption of the endocrine system. The series
8907 - endocrine disruptor screening program
test guidelines tier I included amphibian met-
amorphosis (frog), in vitro androgen receptor
binding (rat prostate), aromatase (human

recombinant), in vitro estrogen receptor bind-

ing (rat uterus), estrogen receptor transcrip-
tional activation (human cell line HeLa-9903),
fish
(rat), female pubertal (rat), male pubertal (rat),

short-term reproduction, Hershberger
steroidogenesis (human cell line - H295R) and
uterotrophic (rat). Due to the different mecha-
nisms of endocrine disrupting activity it is
necessary to develop respective screening
tests. In terms of estrogen receptor binding, in
vitro estrogen receptor binding (rat uterus),
estrogen receptor transcriptional activation
(human cell line HeLL.a-9903) and uterotrophic
(rat) might be used but the former two need to
use radioisotope and maintain a stably cell
line, respectively and this is not friendly to
most of laboratories. In order to make sure if
uterotrophic assay can determine the estrogenic

binding activity as in vitro estrogen receptor



binding test did we compare the in vitro estro-
gen receptor binding and uterotrophic assay

with the reported reproductive toxic or endo-

crine disrupting pesticides, cypermethrin @8,

9,7, 36 29, 5,2, 14
( ), endosulfan ¢ ),

(12,25, 26,31)

13 permethrin

(6, 16,

methyl parathion , carbendazim

17.20-21.30) and benomyl (28:33) 46 test.
Chemical structures of benomyl (Methyl
1-(butylcarbamoyl) benzimidazol-2-
ylcarbamate) and carbendazim (methyl benzi-
didazol-2-ylcarbamat) are fungicides while
cypermethrin ((RS)-a-cyano-3-phenoxybenzyl
(1RS)-cis, trans-3-(2,2-dichlorovinyl)-2,2-
dimethylcyclopropanecarboxylate), endosulfan
((1,4,5,6,7,7-dexachloro-8,8,10-trinorborn-5-
en-2,3-ylenebismethylene)sulfite), methyl
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parathion (o0,0-dimethyl 0-4-nitrophenyl
phosphorothioate) and permethrin (3-
phenoxybenzyl (1RS)-cis, trans-3-(2,2-
dichlorovinyl)-2,2-dimethylcyclopropanecar
boxylate) are insecticides (Fig. 1). Though
endosulfan is prohibited and methyl parathion
is limited some times the smuggling cases
might be took place in Taiwan as) Cyperme-
thrin, permethrin, carbendazim and benomyl
are common used in Taiwan. This study
aimed to compare the six reported pesticides
exhibiting reproductive toxicity and endocrine
disrupting activity with in vitro estrogen
receptor binding and uterotrophic assays and
to determine if uterotrophic assay can cover

the in vitro methods.
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Fig. 1. Chemical structure of cypermethrin, permethrin, endosulfan, methyl parathion, benomyl

and carbendazim.
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Materials and methods

Materials were obtained from the follow-
ing manufacturers: 17B-estradiol (E,, purity >
98%), endosulfan (purity > 97%), methyl para-
thion (purity > 95%), and corn oil (0.9 g/mL),
Sigma Chemical Co. (St. Louis, MO); perme-
thrin (purity > 96%), cypermethrin (purity >
97%), carbendazim (MBC, purity > 99%), and
benomyl (purity > 99%), Sino Co. (Taichung,
Taiwan, ROC).

I. Animals and housing

The animal use protocol was reviewed
and approved (13-TACTRI-IACUC-003) by
the Institutional Animal Care and Use Com-
mittee (IACUC) of the Taiwan Agricultural
Chemicals and Toxic Substances Research In-
stitute. Female Wistar rats were purchased
from the BioLASCO (Taipei, Taiwan, ROC).
During the experiment, the rats were housed
two to three per cage in suspended aluminum
cages with stainless-steel wire-mesh front and
floor under controlled environmental condi-
tions, including a temperature of 24 + 2°C, a
relative humidity of 55 + 10%, a frequency of
ventilation of more than 10 air exchanges per
hour, and a 12-h light/dark cycle (lighting pe-
riod, 0800-2000). Drinking water and pellet
rodent diet were available ad libitum. After
quarantine period, all animals in good health
based on clinical signs and body weights were

selected for operations.

For estrogen receptor competitive binding
assay, uterus cytosol was extracted from un-
treated female rat, 8 week-old. For estrogenici-
ty assay, ovariectomy (OVX) for female rats
was performed under Zoletil 50 anesthesia at
about 7-week old by opening the dorsolateral
abdominal wall at the midpoint between the
costal inferior border and the iliac crest, a few
millimeters from the lateral margin of the
lumbar muscle. Within the abdominal cavity,
the ovaries were located. On an aseptic field,
the ovaries were physically removed from the
abdominal cavity. A ligature was placed be-
tween the ovary and uterus to control bleeding
and the ovary was detached by incision above
the ligature at the junction of the oviduct and
each uterine horn. After the surgery, females
were acclimated for 30 days to release the op-
eration stress and to monitor estrus cycling for
confirmation whether OVX was performed
successfully. In order to make sure that the
OVX rats were successfully, the OVX rats
should not go to the estrus cycle with proestrus
and estrous. That is only those animals found
to be diestrus or metestrus was used in the ex-

periment.
II. Study design
For each experiment, each group consisted

of five animals. Test and reference substances

were suspended or dissolved daily in vehicles



(corn oil). According to OECD test guideline
(OECD 414) the volume should not exceed 1
mL/100g body weight, except in the cae of
aqueous solutions where 2 mL/100g body
weight may be used. When corn oil is used as
a vehicle, the volume should not exceed 0.4
mL/100g body weight. The daily amounts of
administration were 2.5 mL/kg body weight
for oral gavage and subcutaneous injections of

E,. The dose design was summarized in Table

Table 1. Study design for the uterotrophic test”
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1. Oral gavage was selected because it is one of
the potential exposure routes of test chemicals
for humans. For female rat, the amount admin-
istered for each animal was calculated based on
body weights. For all experiments, clinical
signs, body weight, weights of liver and
kidneys were assessed as indices of systemic
toxicity. Clinical signs including any abnormal
appearance of behavior were recorded twice a

day in each animal.

Dose (mg/kg/day) Estrogenic

Anti-estrogenic/estrogenic

Treatment groupsl) 1

79 310) 410

Control (intact)

Control (OVX)? +9
E, 5 (sc)” 7
Corn oil (oral) +

Cypermethrin 15.6 -

Permethrin 5 -

Endosulfan 4 -

Methyl parathion 2.5 -

Benomyl 200 -

Carbendazim 200 -

1
+ o+

+ + 4+ + + o+
1 1
+ + 4+ + + o+

)]
2)

All treatment groups contain 5 female rats.

OVX: ovariectomy
3

>

4

200; benomyl 200.
5)
group 2; treatment group 3 vs. treatment group 4.
+: with
-: without

6)
7
8)
9)
10)

11)

E, 5 (sc): 17B-estradiol, 5 mg/kg/day, subcutaneously
Dose (mg/kg/day): cypermethrin 15.6; permethrin 5; endosulfan 4; methyl parathion 2.5; carbendazim

Comparison pairs for uterotrophic assay is follows, respectively: treatment group 1 vs. treatment

Group 1 (estrogenic- baseline): OVX with corn oil (oral)

Group 2 (estrogenic-by pesticides): OVX with pesticide treatment (oral)
Group 3 (estrogenic-positive): OVX with positive control E,

Group 4 (anti-estrogenic/estrogenic): OVX with both E, and pesticide each
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lll. Estrogen receptor binding assay
in vitro

A ligand binding assay was carried out to
determine the concentration of estrogen recep-
tor in untreated rat tissue following the proce-
dures described by Nonneman et al. (1992) @n
The [2,4,6,7,16,17-"H(N)]-17p-
estradiol (E;) (110-170 Ci/mmol) was pur-
chased from NEN Life Science Products, Inc.,
Boston, MA. Nonlabeled 17pB-estradiol was

purchased from Sigma Chemical Company, St.

ligand

Louis, MO and recrystallized from ethanol
prior to use. Rat uterus was homogenized in
ice-cold low salt-TEDG buffer, pH 7.4, consisted
of 10 mM Tris, 1.5 mM EDTA, 10% glycerol,
and 1 mM each of dithiothreitol at a ratio of
1:10 (w/v). The tissue homogenate was centri-
fuged at 100,000 x g for 1h and the resulting
supernatant was subjected to use as the low-salt
extract. Prior to analysis, endogenous steroids
were removed from the low-salt extract by
incubation with dextran-coated charcoal. Bind-
ing of [3H] 17B-estradiol to estrogen receptor
of uterus extract was. determined by competi-
tive inhibition using nonlabeled 17-estradiol.
An aliquot of the charcoal-treated uterus extract
was incubated with 1 nM [3H] 17B-estradiol.
Nonspecific binding was determined by incu-
bating the extract with 100-fold excess nonla-
beled 17p-estradiol at 4°C for 24h, during

which time [3H] 17B-estradiol bound to the
Unbound
[3H]17[3-estradiol was separated from the

unoccupied estrogen receptors.
bound steroid by adding the extract to packed
hydroxyapatite (HAP) in the low salt-TEDG
buffer. The mixture was incubated for 30 min
with several mixings and then centrifuged at
600 x g for 3 min at 4°C. The supernatant was
aspirated. The packed HAP was washed four
times with ice-cold 50 mM Tris buffer, pH 7.3.
For determination of total binding, the bound
[3H] 17B-estradiol was extracted from HAP
with ethanol and counted for radioactivity using
a Beckman Model LS6000 TA on line radioi-
sotope detector. Specific binding was deter-
mined by substracting nonspecific binding from
total binding and corrected for protein concen-
tration in uterus extract. Protein concentra-
tion was determined according to the method
of Lowry et al. (1951) (8) using bovine serum
albumin as a standard.

For the analyses of effects of permethrin,
endosulfan, cypermethrin, methyl parathion,
benomyl, and carbendazim on estrogen recep-
tor binding, specific binding of [H] 17B-
estradiol to uterus extract was determined by
incubation of the charcoal treated uterus
extract with [3H] 17B-estradiol in the presence
of permethrin, endosulfan, cypermethrin,
methyl parathion, benomyl, and carbendazim
at 4°C for 24 h. The concentrations of all test
chemicals were 0, 4, 40, 400 and 4000 uM



except permethrin (0, 4, 40 and 400 uM). Data
of permethrin at 4000 uM was not available
due to artificial mistake. The incubation
mixture was subjected to same procedures in
estrogen receptor binding assay as described

above.

IV. Assessment for estrogenicity
in vivo

A ten-day uterotrophic assay using ovari-
ectomized rats was performed to determine if
permethrin, endosulfan, cypermethrin, methyl
parathion, benomyl and carbendazim interfere
with ER-mediated mechanisms in vivo. These
chemicals were administered to ovariecto-
mized rats by oral gavage for 10 days. The
dose levels of permethrin (5 mg/kg/day), en-
dosulfan (4 mg/kg/day), cypermethrin (15.6
mg/kg/day), methyl parathion (2.5 mg/kg/day),
benomyl (200 mg/kg/day), and carbendazim
(200 mg/kg/day) were selected on the basis of
the dose-finding study was described below.
The dose-finding study of test chemicals was
based on the one tenth of LDso. The doses of
test chemicals were permethrin (5, 10, 20 and
40 mg/kg/day), endosulfan (2, 4 and 8
mg/kg/day), cypermethrin (15.6, 31.2, 62.5
and 125 mg/kg/day), methyl parathion (1.25,
2.5 and 5 mg/kg/day), benomyl (25, 50, 100,
200, 400 and 800 mg/kg/day), and -car-
bendazim (25, 50, 100, 200, 400 and 800
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mg/kg/day) in the preliminary experiment.
Endosulfan 8, cypermethrin 125, methyl para-
thion 5 mg/kg/day resulted in death in the pre-
liminary test. Doses of permethrin 5, endosul-
fan 4, cypermethrin 15.6, methyl parathion
2.5, benomyl 200 and carbendazim 200
mg/kg/day showed the peak of estrogenic ac-
tivity in the preliminary test. Based on the pre-
liminary test we chose these doses to carry out
the test. One day after the final administration,
rats were euthanized by blood withdrawal
from the abdominal aorta under light ether an-
esthesia, and then uterus with fluid, thymus,
thyroid, liver, lung, adrenal, kidneys, and
bladder were dissected and weighed after care-
ful trimming to remove fat and other contigu-

ous tissue in a uniform manner.
V. Statistical analysis

Data were expressed as mean + SD. Body
and organ weight were subjected to ANOVA

followed by student’s -test. The level of sig-

nificance was set at p < 0.05.
Results
I. Organ weight
Organ weights of thymus, thyroid, liver,

lung, adrenal, kidneys, and bladder in treat-

ments of sc corn oil + oral corn oil (intact), sc
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corn oil + oral corn oil, sc corn oil + oral cy-
permethrin 15.6, sc corn oil + oral permethrin
5, sc corn oil + oral endosulfan 4, sc corn oil +
oral methyl parathion 2.5, sc corn oil + oral
benomyl 200, sc corn oil + oral carbendazim
200, sc E; 5 + oral corn oil, sc E, 5 + oral cy-
permethrin 15.6, sc E, 5 + oral permethrin 5,
sc E; 5 + oral endosulfan 4, sc E; 5 + oral me-
thyl parathion 2.5, sc E; 5 + oral benomyl 200
and sc E, 5 + oral carbendazim 200 were
weighed. Basically based on the designation of
Group 1 vs. Group 2; Group 2 vs. Group 3, 4,
5,6,7,8,9; Group 9 vs. Group 10, 11, 12, 13,
14, 15 kidney weight was changed in most of
groups. Weights of liver, thumus, thyroid and
bladder were also changed in some groups. All
these organ weights seem not to disturb the
effect of pesticides on uterus weight because
body weight was not significantly decreased
(Table 2).

Il. Estrogen

receptor competitive

binding assay in vitro

Fig. 1 is to show the structure of cyper-
methrin, permethrin, endosulfan, methyl para-
thion, carbendazim, and benomyl. Chemical
structure plays an important role in competi-
tive binding activity. We set up the standard
curve of estrogen receptor competitive binding
to make sure the testing system with uterus ex-

tract of untreated mature female rats. In the

standard curve total count (TB), nonspecific
binding (NSB) and specific binding (SB) in-
creased with concentration-dependent manner
(data not shown). It means that estrogen recep-
tor can be detected in the uterus extract. In the
estrogen receptor competitive binding assay
the inhibition concentration (ICso) with 50% of
control were 141, 249, 523, 1022, 1413 and
4334 uM in permethrin (Fig. 2A) , endosulfan
(Fig. 2C), cypermethrin (Fig. 3A), methyl par-
athion (Fig. 3C), benomyl (Fig. 4A) and car-
bendazim (Fig. 4C), respectively. Based on
these data the order of estrogen receptor
binding activity is permethrin > endosulfan
> cypermethrin > methyl parathion > benomyl

> carbendazim.

Ill. Estrogenicity and antiestrogenicity
in vivo

We can not distinguish the estrogenicity
from antiestrogenicity based on the estrogen
receptor competitive binding assay. Because
estrogen receptor binding only showed us the
interaction between estrogen receptor of extract
and test chemical in vitro we should further
carried out to process the uterotrophic assay in
vivo. In the uterotrophic assay ovariectomized
rats significantly decreased the uterus weight
with fluid when compared to the intact female
rat (Fig. 2B, Fig. 5). Treatment with perme-
thrin 5 mg/kg/day only for 10 days showed
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Table 2. Absolute and relative organ weight at necropsy in the female rats

Treatments?” BWf)  Luw? Liw> Kw® AW TuM ¥ Trw? BIW'®
@ (g%’ (/%) (/%) (/%) (/%) (/%) (/%)

1 341£10 2.120.1  10.9£0.7  2.840.7  0.08£0.00  0.37+0.06  0.034+0.008 0.13+0.01
0.6240.03  3.18£0.22 0.83+0.21 0.024+0.001 0.107+0.020 0.010+0.002 0.040+0.004

2 353437 23405 117415 23+02°  0.07+0.01  0.29+0.10  0.026+0.005" 0.12+0.02
0.66£0.17  3.3240.42 0.64£0.05" 0.020+£0.003" 0.0810.021 0.007+0.001" 0.03420.004

3 336£24 22+0.6  14.624.7  3.020.8°  0.07+0.01  0.28+0.11  0.022+0.003 0.16+0.04"
0.64£0.16  4.31£1.21 0.90+0.20" 0.022+0.002 0.08+0.03  0.007+0.001 0.046=0.011"

4 330+£52 22406  142+4.1  3.120.8°  0.07£0.01  0.28+0.04  0.029+0.013 0.14+0.03
0.6740.20  4.41£1.42 0.98+0.33 0.022+0.004 0.09+0.02  0.009+0.003 0.042+0.006

5 339421 2.040.8  15.8+4.7° 3.4+1.0° 0.09+0.01°  0.31+0.13  0.028+0.009 0.16+0.03"
0.60+0.24  4.68+1.48" 1.01+0.32" 0.026+0.004" 0.09+0.04  0.008+0.003 0.046+0.009"

6 325425 21204  13.6£3.5  2.9+0.9"  0.08+0.01°  0.19£0.10° 0.033%0.014 0.15+0.04
0.63+0.11  4.15+0.76" 0.88+0.20" 0.026+0.004" 0.06+0.03  0.010+0.003" 0.045+0.011"

7 338435 1.940.4  15.045.3  2.9+40.7°  0.08+0.02  0.52+0.26  0.030+0.006 0.14+0.02
0.57£0.13  4.43£1.48 0.87+0.19" 0.023£0.007 0.16£0.08  0.009+0.002" 0.041%0.005"

8 330433 1.940.4 129439  2.9+0.6°  0.07+0.02  0.38+0.23  0.018+0.008 0.13+0.02
0.58+0.14  3.88+1.07 0.89+0.15" 0.022+0.003 0.12+0.06  0.006£0.003 0.040+0.007

9 312429 22405  133+1.7  2.3+04  0.07£0.01  0.1320.09° 0.026+0.007 0.16+0.04"
0.70+£0.20  4.27+0.50" 0.75+0.06" 0.023+0.005 0.04+0.03"  0.008+0.002 0.051+0.014"

10 296425 22404 145433 27407  0.0740.01  0.09£0.04  0.023+0.003 0.17+0.05
0.75£0.09  4.87£0.82 0.93+0.24 0.023+0.006 0.03£0.01  0.008+0.001 0.058+0.019

11 299+8  1.4+0.1° 10.8+1.0° 22+0.1  0.07+0.00  0.05£0.02  0.029+0.007 0.13+0.03
0.46£0.05  3.64+£0.35 0.74+0.04 0.023£0.000 0.02+0.01  0.010£0.003 0.045+0.010

12 314+13 2.140.7 163447  2.940.6°  0.0740.02  0.06+0.02" 0.027+0.014 0.16+0.04
0.67+0.22  5.24%1.59 0.92+0.20" 0.024+0.005 0.02+0.005" 0.009+£0.004 0.050+0.011

13 307423 1.840.4  14.443.1  2.9+0.6  0.07+0.02  0.06£0.04  0.029+0.007 0.15+0.02
0.60£0.15  4.73£1.26 0.95+0.22" 0.024+0.006 0.02+0.012 0.009+0.002 0.050-+0.007

14 288434 1.6404  16.4+5.0  3.040.9  0.0940.02  0.16+0.12  0.026+0.007 0.15+0.03
0.57+0.11  5.65£1.49 1.04+0.24 0.030£0.005 0.05£0.04  0.009+0.003 0.052:0.006

15 274420 1.8+0.4 152447  3.0£0.8  0.07£0.02  0.16+0.13  0.02620.009 0.13+0.012

0.64+0.14  5.56+1.70 1.10+0.30 0.025+0.007 0.06+0.05  0.010+0.003 0.046+0.005

Y Treatments:1.sc corn oil + oral corn oil (intact), 2.sc corn oil + oral corn oil, 3.sc corn oil + oral cypermethrin 15.6,
4.sc corn oil + oral permethrin 5, 5.sc corn oil + oral endosulfan 4, 6.sc corn oil + oral methyl parathion 2.5, 7.sc
corn oil + oral benomyl 200, 8.sc corn oil + oral carbendazim 200, 9.sc E, 5 + oral corn oil, 10.sc E; 5 + oral cy-
permethrin 15.6, 11.sc E; 5 + oral permethrin 5, 12.sc E; 5 + oral endosulfan 4, 13.sc E; 5 + oral methyl parathion
2.5, 14.sc E; 5 + oral benomyl 200, 15.sc E; 5 + oral carbendazim 200, OVX: treatment 2-treatment 15

? Data are expressed as absolute (g)/relative (%)weight

) BWf: body weight finally at necropsy

Y LuW: lung weight

> LiW: liver weight

9 KW: kidney weight

" AW: adrenal weight

® TuM: thymus weight

% TrW: thyroid weight

'9 BIW: bladder weight
' P<0.05(Group 1 vs. Group 2; Group 2 vs. Group 3,4, 5, 6,7, 8,9; Group 9 vs. Group 10, 11, 12, 13, 14, 15)
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Fig. 2. Effects of treatment with permethrin (A and B) or endosulfan (C and D) on estrogen
receptor binding in vitro and relative uterus weight in vivo, respectively. OVX: ovari-

ectomy; sc: subcutaneously; E> 5 (sc): 17B-estradiol 5 mg/kg/day.
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Fig. 3. Effects of treatment with cypermethrin (A and B) or methyl parathion (C and D) on es-
trogen receptor binding in vitro and relative uterus weight in vivo, respectively. OVX:

ovariectomy; sc: subcutaneously; E> 5 (sc): 17B-estradiol 5 mg/kg/day.
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Fig. 4. Effects of treatment with carbendazim (A and B) or benomyl (C and D) on estrogen re-

ceptor binding in vitro and relative uterus weight in vivo, respectively. OVX: ovariec-

tomy; sc: subcutaneously; Es 5 (sc): 17B-estradiol 5 mg/kg/day.

no significant effect and treatment with E, 5
mg/kg/day significantly increased the uterus
weight with fluid (Fig. 2B, Fig. 6). Co-
treatment with permethrin and E, significantly
reduced the uterus compared to that treatment
with E; only (Fig. 2B, Fig. 6). Treatment
with endosulfan 4 mg/kg/day increased
uterus weight though it is no significant (Fig.
2D, Fig. 5). Co-treatment with endosulfan
and E; increased the uterus weight but it is not
significant (Fig. 2D, Fig. 6). Treatment with
cypermethrin 15.6 mg/kg/day showed no sig-
nificant effect on uterus weight (Fig. 3B, Fig.

5). Co-treatment with cypermethrin and E;

significantly decreased the uterus weight
compared to that treatment with E, only (Fig.
3B, Fig. 6). Treatment with methyl parathion
2.5 mg/kg/day (Fig. 3D, Fig. 5) or cotreatment
with methyl parathion and E; showed no sig-
nificant effect on uterus weight (Fig. 3D, Fig.
6). Treatment with benomyl 200 (Fig. 4B, Fig.
5) or carbendazim 200 mg/kg/day (Fig. 4D,
Fig. 5) showed no effect on uterus weight. Co-
treatment with benomyl (Fig. 4B, Fig. 6) or
carbendazim (Fig. 4D, Fig. 6) and E, signif-
icantly increased uterus weight compared to

that treatment with E; only.
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sc corn oil + oral corn oil

sc corn oil + oral permethrin 5 sc corn oil + oral endosulfan 4

Tund

sc corn oil + oral cypermethrin 15.6 sc corn oil + oral methyl parathion 2.5

sc corn oil + oral benomyl 200

sc corn oil + oral carbendazim 200

Fig. 5. Uterus appearance of treatment with permethrin, endosulfan, cypermethrin, methyl
parathion, carbendazim and benomyl alone. Endosulfan increased uterus weight

though it is not significant and the other five pesticides each showed no effect on uter-

us weight.
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sc E, 5 + oral corn oil sc E, 5 + oral permethrin 5

sc E, 5 + oral endosulfan 4 s¢ E, 5 + oral cypermethrin 15.6

)

sc E, 5 + oral methyl parathion 2.5 sc E, 5 + oral benomyl 200

ey

sc E, 5 + oral carbendazim 200

Fig. 6. Uterus appearance of co-treatment with permethrin, endosulfan, cypermethrin, methyl

parathion, carbendazim or benomyl each and E..
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Discussion

This study finished two findings. The first
we inferred that permethrin and cypermethrin
exhibited anti-estrogenic activity while endosulfan
showed weak estrogenic activity and methyl
parathion did not. Benomyl and carbendazim
increased uterus fluid through androgenic
activity. The second we confirmed that the
high relationship between in vitro estrogen
receptor binding assay and uterotrophic test
with cypermethrin, permethrin, endosulfan,
methyl parathion, carbendazim and benomyl.
Based on above we concluded that utero-
trophic test not only can cover the in vitro
estrogen receptor binding assay but show more
friendly and robust than in vitro method as
well.

This study showed that cypermethrin and
permethrin exhibited high affinity of estrogen
receptor with low ICsy values in vitro. This
result might be supported by Kakko et al.
(2004) ® Kakko et al. (2004) ® reported that
oestradiol potentiates the effects of cyperme-
thrin and permethrin. Also Jin et al (2004)'(7)
reported that permethrin enantiomers induced
estrogen-responsive gene expression in embryo-
larval zebrafish. In present uterotrophic test
cypermethrin and permethrin decreased the
uterus weight with anti-estrogenic activity.

Previous reports concluded the same result of

anti-estrogenic effect induced by permethrin
but not cypermethrin in MCF-7 cell lines @
The only one inconsistent report on permethrin
was lack of (anti-) androgenic or estrogenic
effects in the Hershberger and uterotrophic
assays M To sum up in vitro assay for estrogen
receptor usually only concluded the affinity of
test substance if no estrogen positive was added.
The affinity to estrogen receptor for test
substance can not be identified as estrogen
agonist or antagonist. In the present uterotrophic
test for cypermethrin and permethrin showed
the final outcome anti-estrogenic activity in
Vivo.

Also, previous reports reported the estro-
gen-related effects such as modulating gon-
adotropin synthesis via calcium homeostasis
and ERK1/2 signaling in LBT2 mouse pitui-
tary cells 3 In addition to the estrogen recep-
inhibited

induced androgen receptor

tor cyperemthrin interleukin-6-
transactivation
through signal transducer and activator of
transcription 3 (STAT3) ©% " Furthermore,
cypermethrin and permethrin exhibited anti-
androgen receptor and anti-thyroid receptor B
in reporter gene assays @ Also, permethrin
potentially disrupted the thyroid endocrine
system in fish @6 Cyperemthrin possess endo-
crine-disrupting potential in vitro that can be
mediated via ER, AR and aromatase activities
(10)

In the present study endosulfan showed



weak estrogen receptor agonistic effect both in
vitro and in vivo assays though it is not signifi-
cant. This result is supported by Li et al.
(2013) % The indirect related effect induced
by endosulfan was to up-regulate telomerase
reverse transcriptase (TERT) mRNA expres-
sion in MCF-7 cells ®. Also, it was reported to
exhibit anti-progestin, and anti-androgen in
vitro bioassay @,

In the present study methyl parathion
showed low estrogen receptor affinity in vitro
and no estrogenic effect in vivo. There is no
report on endocrine disrupting activity induced
by methyl parathion though there were some
reproductive toxicity such as testis damage @6,

2 epididymis @n

(25)

, male reproductive organ
, uterine and placenta 12

In the present study carbendazim and
benomyl exhibited low affinity to estrogen
receptor but showed estrogenic-like agonist with
significant increasing uterus weight. There is
no estrogen receptor agonist induced by these
two pesticides. There were estrogen-related
reports on benomyl. Benomyl was reported to
inhibit AR expression in LNCaP prostate cell
and prostate-specific antigen (PSA) in H295R

33
( ), and aroma-

adrenocortical carcinoma cell
tase activity in H295R cell ©3 and in human
ovarian granulose-like tumor cell line (KGN)
@820 1 contrary to Robitaille et al. (2015) @3)
report on AR inhibition, our previous report

showed that benomyl and carbendazim induced
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androgenic activity in uterotrophic and Hersh-
berger assays (7 The discrepancy between
Robitaille et al. (2015) % and Lu et al. (2015)
17 would be the test system. As we explained
that in vitro estrogen receptor binding assay can

t ¥ used

not identify as agonist or antagonis
H295R adrenocortical carcinoma cell to
conclude the benomyl affinity to androgen
receptor. In addition to the evidence of androgen
receptor agonist, there are some reports to
support the androgenic activity induced by
benomyl and carbendazim (1.3,22,23,32,33,33)

Though the replacement, refinement and
reduction are the trend of animal study, accu-
rate experimental results is still an important
issue. In vitro estrogen receptor binding assay
can reduce the animal number but the radioiso-
tope procedures need a lot of radioactive waste
treatment. Generally speaking among the
eleven in vitro and in vivo screening tests for
endocrine disrupting of USEPA 890 series in
vitro estrogen receptor binding assay and
uterotrophic test have the common mecha-
nisms.

Basically this study showed that there is
high coincidence between in vitro estrogen
receptor competitive binding and uterotrophic
assays for these test pesticides. Also this study
showed that estrogen and androgen receptors
played an important role in reproductive

toxicity in rats.
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