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Introduction 
Alkylphenol polyetho-xylales (APEs), which are used as nonionic surfactants in industrial and 
household cleaning agents, in the manufacture of paints and plastics, in pesticide formulations, and 
in the manufacture of rubber goods'. APEs released into sewage are metabolized by microbes in 
sewage sludge lo alkylphenolic compounds (APs), which were relatively slable and have been 
found in bolh sediments surface waler, and in fish fat"". The aims ofthis study were lo (a) examine 
the estrogenicity of alkylphenolic compounds by in vitro and in vivo methods, as established by 
EDSTAC and OECD; (b) evaluate the sensitivity of each tesl methods; (c) identify a new 
biomarker, Calbindin-D9K (CaBP-9K), for estrogenicity and its usefulness. 

Methods and Materials 
CaBP-9K mRNA Expression Test (Northern Blot & Dot Blot Assay): The uteri were obtained from 
uterolrophic assay and total RNA was extracted wilh Trizol (Life Technologies, inc.). lOpg of lolal 
RNA was electrophoresed on 1% agarose gels for 90 min at 1 lOV. A dot blot assay was canied oul 
al a loading concentration of 5pg and membranes were exposed lo X-ray films. 
Uterolrophic Assay: SD female rals were ovariectomized 1 week prior to administtation. Each 
experimeni was accompanied by a vehicle control group (com oil) and a positive conlrol group E2 
(1.0 pg/kg/day) or APs (10, 50, 200, and 400 mg/kg/day) by S.C. injection. The animals received 
daily doses ofthe test compounds for 3 successive days and were sacrificed by cervical dislocation 
24 hr after the final dose. The uterus and vagina were excised and subsequently weighted'*'̂ . 
E-screen Assay: MCF-7 cells (passage No. 7) were adjusied to 5x10'* cells/ml in growth media and 
lOOpI seeded into 96-well culture plates. 24 hr after cell plating, cells were swilched lo 90pl wells 
of DMEM containing 5% CDA-FBS and lOpl of media, with or withoul the lesl compounds. The 
Ireated-plates were incubated for 6 days in the cell culture incubator al 37°C in 5% CO2 and MCF-
7 cell proliferation was determined by SRB assay^. 
Estrogen Receptor Binding Assay: MCF-7 cells were fed wilh 5% CDA-FBS for 3 days prior lo 
the assay. Cells were diluted in DMEM wilh 1% CDA-FBS lo 1x10* cells/ml. Diluted cells 
(lOOpI) were added lo glass lubes containing lest compounds (50pl) and [^H]-eslradiol (50pl). The 
contents were mixed by gently shaking and incubated at 37°C in 5% CO2 for 45 min. After 
vigorously shaking, the supernatant was removed, the sediment was washed 2 limes wilh PBS, and 
the radioactivity measured using a LSC . 
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Results and Discussion 
CaBP-9K mRNA Induction by .APs in an Ovariectomized Rat Model: The data shown in Figure I 
demonstrate that the message of CaBP-9K mRNA was observed in ovariectomized rals at doses of 
4-penlylphenol of 400 mg/kg, 4-nonylphenol of 200 and 400 mg/kg, 4-phenylphenol or 4-1-
oclylphenol al 50, 100, 200, and 400 mg/kg. The CaBP-9K mRNA levels in the uterus al a dose of 
200 mg/kg changed significantly in the group that received 4-l-oclylphenol treatment. Al doses of 
400 mg/kg, the CaBP-9K mRNA expression was significantly increased in the groups that 
received 4-pentyl, 4-nonyl (/'<0.05), 4-phenyl, and 4-t-oclylphenol (/'<0.01) (Figures 2 & 3). 
Effect of APs on the Uterine and Vaginal Weight in Ovariectomized Rats: Among the AP 
compounds, 4-t-oclylphenol, 4-nonylphenol, and 4-phenylphenol increased in uterus wet weight 
up to 1.9-, 1.7-, and 1.5-fold at the highest dose (400 mg/kg) (Figure 4). 
Effect of APs on MCF-7 Cell Line Proliferation: Among the APs, 4-t-oclylphenol and 4-
nonylphenol were considerably more potent than any ofthe olher compounds (Figure 5). 
Binding of APs to Estrogen Receptor in Intact MCF-7 Cells: 4-t-Oclylphenol and 4-nonylphenol 
dose-dependently inhibited the binding of [ 'H]-E2 lo the ER of MCF-7 cells (Figure 6). 
In summary, based on the resulls acquired so far, the //; vivo uterolrophic assay and CaBP-9K 
expression experimeni seem lo be the sensitive screening methods for the esirogenic aclivily of 
APs. Among the APs, the estrogenicity of compounds, which have bulk alkyl subslilution or a 
long carbon chain, was higher than that ofthe others. In addilion, the CaBP-9K gene can be used 
as a biomarker for the estrogenic response of environmenlal estrogens. 
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FIGURE 1. Northem blot analysis of CaBP-9K 
mRNA expression in ovariectomized 
rals treated wilh alkylphenolic compounds 

FIGURE 2. Dol blot analysis of CaBP-9K 
expression in ovariectomized rals treated 
with alkylphenolic compounds. Tolal RNA 
(5 pg) was dotted on the membrane and hy-
bridzied to the random primed [^"P]-dCTP 
labeled probe. 
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FIGURE 3. Schematic diagram from dot blot analysis of CaBP-9K expression in ovariectomized 
rats treated wilh alkylphenolic compounds. 
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FIGURE 4. The effect of alkylphenolic compounds on the uterine and vaginal weight of female 
S.D. rats in the uterolrophic assay. Conlrols received only corn oil. Dala represeni group (mean ± 
SD). 
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FIGURE 5. Effecis of alkylphenolic compounds 
On the proliferation of MCF-7 cells. Cells were 
exposed for 6 days to AP compounds or E2 in 
DMEM medium supplemented with 5% CDA-FBS 
Cell proliferation was determined by SRB assay 

FIGURE 6. Competitive inhibition of 
[̂ H]-E2 binding to the ER of MCF-7 
cells. Resulls were expressed as a perce
ntage ofthe inhibition of [^H]-E2 
binding lo ER in the presence ofthe test 
Compounds 
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