J. Toxicol. Pub. Health
Vol. 20, No. 3, pp. 251-261 (2004)

* . official Journal of
- ~._Korean Society of Toxicology

/ Available online at http://www.toxmut.or.kr

OjM< 0FRAO0| Bisphenol A =EA| *._lé'LH-E- | AHI0f| A
HAEZA =X s 9

—_o
1 i1 1 1 1 =31 2 2 2
MU' - MM - 0|RE' - £5F' - Soi%' - MA' - AR - OIHE? - UTKS
U - LB - B SMYT - 20l - BRI’
B

Behavior Alterations and Expression of Estrogen Receptors
in Mice Exposed to Bisphenol A

Min Jae Seoung’, Im Cheol Shin', Yoot Mo Lee', Dong Ju Son’, Youn Sock Song', Kei Hyun Jeon',

Yun Bae Kim? Beum Jun Lee? Dae Joong Kim? Young Won Yun?, Tae Seong Kim®,
Soon Young Han®, Suk Gil Song', Ki Wan Oh' and Jin Tae Hong'

"College of Pharmacy and *College of Veeterinary Medicine, Chungbuk National University, Cheongju 361-763
SNational Institute of Toxicological Research, Korea Food and Drug Administration, Seoul 122-704, Korea

Received June 23, 2004; Accepted August 31, 2004

ABSTRACT. A large number of chemical pollutants including phthalates, alkylphenolic compounds
and organochlorine pesticides have the ability to disrupt endocrine function in animals, and alter cog-
nitive function. Because hormone mediated events play an important role in central nervous system
development and function, the changes in cognitive function seem to be mediated by the endocrine-
like action of these chemicals. The present study therefore was designed to investigate effect of
bisphenol A (BPA), an endocrine disrupting chemical on neuro-behavial patterns, and expression of
estrogen receptors and tyrosine hydroxylase, a limiting enzyme of dopamine synthesis pathway. BPA
was treated orally for 3 weeks into 3 week old mice, and then the neuro-behavial patterns (stereo-
type behaviors such as jumping rearing and forepaw tremor, climbing behavior, tail flick, rotarod and
locomotor activity), and the expression of estrogen receptors and tyrosine hydroxylase were deter-
mined every 3 week for 9 weeks. During the treatment of BPA, the food uptake and body weight
increase were not significantly changed. BPA resulted in the increased stereotype behaviors (jump-
ing, rearing and forepaw tremor) 6 or 9 weeks after treatment. The time response to tail flick and
locomotor activity were decreased by the treatment of BPA, whereas the time for rotarod was
increased by the treatment of BPA. The expression of estrogen receptor alpha and beta was
increased in the brain and pituitary gland. Maximum expression was found in the brain after 9 week
of 100 mg/kg BPA treatment and in the pituitary gland after 6 week of 100 mg/kg BPA treatment.
Tyrosine hydroxylase was increased in dose and time dependent manners in the brain but no change
was found in the pituitary gland. The present data show that exposure of BPA in the young mice
could alter expression of estrogen receptors and dopamine synthesis pathway, thereby modulate
neuro-behavial patterns (increase of stereotype behaviors but decrease locomotor activity).
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Western blotting
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(Phenylmethylsulfonnyl fluoride) 100 pg/ml, Aprotinin
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Fig. 1. Change of body weight during or after treatment of
bisphenol A in the mice.
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Fig. 2. Food (A) and water (B) intake after treatment of
bisphenol A in the mice.
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Table 1. Strepotype behavior 3 weeks after treatments of bisphenol A in the mice (n=8)

Behavior pattern Days after treatment doses 0 3 6 9 12 15 18 21
Control 0/8 0/8 0/8 0/8 0/8 0/8 0/8 0/8

Rearing’ 50 mg/kg 3/8 8/8 7/8 8/8 8/8 8/8 8/8 8/8

9 100 mg/kg 3/8 8/8 8/8 8/8 8/8 8/8 8/8 8/8

200 mg/kg 3/8 8/8 8/8 8/8 8/8 8/8 8/8 8/8

Control /8 8/8 /8 o8 1/8 18 18 1/8

Jumoing® 50 mg/kg /8 o8 08 o8 18 2/8 2/8 2/8
Ping 100 mg/kg 0/8 08 o8 o8 08 2/8 3/8 48

200 mg/kg o8 08 o8 /8 1/8 3/8 3/8 4/8

Control o8 o8 0/8 2/8 3/8 3/8 4/8 3/8

Forenaw tremor 50 mg/kg o8 /8 /8 3/8 6/8 5/8 6/8 5/8
orepa 100 mg/kg /8 08 1/8 4/8 2/8 5/8 5/8 6/8
200 mg/kg /8 /8 3/8 2/8 2/8 5/8 8/8 7/8

*Rearing: repeatedly standing on his hind paws rearing or scratching of the cages.

**Jumping: repeatedly jumping and circling of the cage.

wel WE7h frelidol 9l Lelux ekalthFig, 2). The
100 mghkg %o :Low Wz Zuck He 8 gAgol
BPAS Fol7t BY F 33 ¢ e%olM waEoL 9
FrelMe 2 Wsle aom Fich 3% 8 67N
A2 B HAZY Ule] FololA) A T 5 ghort A
geHoz 2 ouvt g Ao% ARssd 1 olfe
o 717F B3F AR AH B AFsle] Fol0) e A
o7} UEhiX gkl WEoR 4% F oAd o=
Boag.

Bisphenol A0 2|3t YutshESty5t

BPAC o)3 Uubzlel EYFS BIEA Yt 3
et Felst BY 6% FrE
jumping ¥ forepaw tremor
Z7}sl5tHTable 1).

—

BN Control
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Climbing score
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Fig. 3. Climbing behavior scored for 9 weeks in the mice
after treatment of bisphenol A for 21 days.
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Fig. 4. Tail flick response to heat shock in the mice after
treatment of bisphenol A for 21 days.
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Fig. 5. Duration time that mice stays on the rotarod. Mice
were treated with bisphenol A for 21 days, and the rotarod
test was performed for 9 weeks every 3 week.
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Fig. 6. Locomotor activity. Mice were treated with bisphe-
nol A for 21 days, and the activity was measured for 9
weeks every 3 week.
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Fig. 7. Expression of estrogen receptor-alpha in the brain of mice. The expression was measured in the brain of mice soon
after the final treatment or 3, 6 and 9 week after treatment for 21 days.
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Fig. 8. Expression of estrogen receptor-alpha in the pituitary gland of mice. The expression was measured in the brain of
mice soon after the final treatment or 3, 6 and 9 week after treatment for 21 days.
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Fig. 9. Expression of estrogen receptor-beta in the brain of mice. The expression was measured in the brain of mice soon
after the final treatment or 3, 6 and 9 week after treatment for 21 days.
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Fig. 10. Expression of estrogen receptor-beta in the pituitary gland of mice. The expression was measured in the brain of
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