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Abstract: To study the endocrine disrupting effects of perfluorooctane sulfonate (PFOS) and its substitutes, the two—
hybrid recombinant yeast cells were exposed to different concentration levels of test substances to detect their hormonal
activity with or without the metabolic activation technology. Results of the bioassay indicated that PFOS could act as
the androgen receptor, thyroid receptor and retinoic X receptor antagonist, and additionally showed estrogen receptor
antagonistic activity after the in vitro metabolic activation, with the half effective concentrations (EC,) ranging from 3.
0x10% to 4.8 x10” g L". Simultaneously, four substitutes did not show significant effect, suggesting they did not dis—
rupt the normal function of natural hormones by binding to the nuclear receptors. Thus, compared with PFOS, the appli—
cation of substitutes may be deemed a lower environmental risk in the aspect of hormonal activity.
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B3] 1 ( Materials and methods)
OECD PFOS I
. (PBTs)* 2006 (DMSO)~ O-nitrophenol-3-D-galacto—
51 9009 pyranoside (ONPG). 173- (E2)~
61 (DHT)- (T3)~9- (RA)~
POPs PFOS (flutamide)~ (PFOS) Sig-
. PFOS ma (St. Louis, USA), (PG) MP Biomedicals
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. (ER). Oriental Yeast (Tokyo, Japan); 4
(AR)~ (PR)-~ (TR) ( D
(RXR) ’
1
Table 1 PFOS and its substitutes
A1)
Category Chemical name Concentration range/(g*L™)
Original chemical PFOS 5.00x10® ~5.00 x 107
#1

Substitute chemical

Perfluorobutyl organic ammonium salt cationic surfactant
#2
Tri-fabric finishing agent synthetized by telomerization
#3 C4
C4 tri-proof finishing agents synthetized by electrolysis fluorination

#4 C6
C6 tri-proof finishing agents synthetized by electrolysis fluorination

5.00x10% ~5.00x107

5.00x10% ~5.00 %107

5.00x10% ~5.00 %107

5.00x10% ~5.00x10%
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GRIP1
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do (Office of Applied Research and Safety Assess—
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5 min 20 pL 1300 r*
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132
13.1
o 990 L
5 pL DMSO 5uL

(ER: 2 x 10" mol*L" E2; AR: 5 x
10® mol*L" DHT; PR: 1 x10” mol*L* PG; TR: 5 x 10
mol*L™ T3; RXR: 5 x10° mol*L" RA).
133 (S9)
S9
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5 pL 5 pL
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14
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OD420 ; OD600 OD600 ; t
Y 0.2 mL;
D
6.6¢
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/ 50%
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o Sigmaplot 11.0 (SPSS
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2 ( Results)
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( ) 1
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~48x10° g°L’ ; 4
o 89
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2 PFOS
Table 2 Hormonal activity of PFOS and its substitutes
ER AR PR TR RXR
Induction  Inhibition = Induction  Inhibition Induction Inhibition Induction Inhibition Induction  Inhibition
-9 nd nd nd 3.3E+4 nd nd nd 3.0E4 nd 4.8E3
PrOS +S9 nd 14E3 nd 3.0E4 nd nd nd 6.7E3 nd 5.0E4
-9 nd nd nd nd nd nd nd nd nd nd
" +S9 nd nd nd nd nd nd nd nd nd nd
-9 nd nd nd nd nd nd nd nd nd nd
" +S9 nd nd nd nd nd nd nd nd nd nd
-9 nd nd nd nd nd nd nd nd nd nd
& +S9 nd nd nd nd nd nd nd nd nd nd
-9 nd nd nd nd nd nd nd nd nd nd
" +S9 nd nd nd nd nd nd nd nd nd nd
nd ; ECs/(g°L).

Note: nd, not detected; numerical values represent the ECs,(g*L™) of each chemical for disrupting the five receptors.

S9 . ( 3)s PFOS AR.TR RXR
+S9 PFOS ER ER
(
EC,, =14 x107 g°L") RXR . .
(ECy, ) TR (ECs,
10 ); S9 PFOS AR .
PR .

pp’ -DDE  BPA
° o401, PFOS

3 ( Discussion)

PFOS >
PFOS

o, PFOS

3 PFOS
Table 3  Endocrine disrupting effects of PFOS in published literatures

Test organisms Results References
MCF- MCF+
MCF- cell Show no estrogenic effect in MCF-7 breast cancer cell proliferation test [18]
cypl9b
Disrupt the cyp19b activity, the development of thyroid gland and the gene [19]

Zebrafish embryos ) ) o
expression related to sex differentiation

VTG
[20]
Zebrafish Change the VTG level in zebrafish, and male zebrafish may be more sensitive to the exposure

. . . [21]
Rat Affect the estrous cyclicity and the neuroendocrine system in rats
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