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Study on Androgenic and Anti-Androgenic Effects of Phthalate Esters
with the Reporter Gene Assay using AR-EcoScreen, Stable Transfected CHO-K1 cells

Kanako SATOH’, Ryouichi NONAKA", Miki IKEDA", Tsuyoshi SATOH",
Hisashi KAMIMURA" and Fumiko NAGAI"

Phthalate diesters are widely used as plasticizers to give flexibility to a variety of polyvinyl
chloride-based products such as transfusion tubes, gloves and food wraps. Because they are leached
from plastic over time, and are volatile lipid-soluble compounds, phthalate diesters are ubiquitous
environmental contaminants. When they are administered to rats, phthalate diesters rapidly
metabolize into mono-phthalate esters. Some phthalate diesters were shown to have weak estrogenic
activity in vitro and in vivo experiments. We previously revealed the binding affinity of diethylhexyl
phthalate, di-n-butyl phthalate and dicyclohexyl phthalate for androgen receptors in the screening tests
of many chemicals. In this study, the androgenic and anti-androgenic effects of phthalate diesters and
mono-phthalate esters were examined by AR reporter gene assay using cell lines of stable transfection,
which express AR and luciferase-based reporter genes. These results showed that none of the tested
phthalate esters had androgenicity. On the other hand, androgen antagonistic activities were observed

in diethyl phthalate, diisopropyl phthalate, di-n-hexyl phthalate, and butylbenzyl phthalate.

Keywords endocrine disruptor diethyl phthalate n-
di-n-butyl phthalate dicyclohexyl
phthalate mono-ethyl phthalate mono-buthyl
phthalate mono-cyclohexyl phthalate
reporter gene assay anti-androgenic effect androgenic
effect
& = vitro
(Table 1)
1-5) AR
Gin vitro) (AR-EcoScreen)
(c-luc)
6) 7 14)
8-10) 11) ,
12)
AR
13) in
169-0073 3-24-1

Tokyo Metropolitan Institute of Public Health,
3-24-1 Hyakunin-cho, Shinjuku-ku, Tokyo, 169-0073 Japan



308

Ann. Rep. Tokyo Metr. Inst. PH., 55, 2004

Table 1. Chemicals

Phthalate esters Abbreviation Structure (CS ggg%ﬁf‘) Pg);:;y
COOCH3; W k
. ako
dimethyl phthalate DMP @ COOCH, (045-17041) >99
COOC;3Hs5 T k K .
. okyo Kasei
diethyl phthalate DEP @cooc2H5 (P0296) >98
COOCH,CH,CH3 K t K ku
. anto Kaga
dipropyl phthalate DPP @coocmzcmcm (10481-30) >98
OOCH—CH3 T k K .
. okyo Kasei
diisopropyl phthalate DIPP ©[COOCH_ o (P0301) >98
COOCHCH2CH2CH3 T k K .
. okyo Kasei
di-n-butyl phthalate DBP @COOOHZCHZCHZCHS (P0292) >98
COO(CH2)4CH3 K t K ku
. anto Kaga
di-n-pentyl phthalate DPeP @ COD(CHgICHs (11138-31) >98
COO(CH2)sCH3 K t K ku
. anto Kaga
di-n-hexyl phthalate DHP @ COO(CHy)CHs (11425-96) >99
CHs
COOCH,—CH— (CHp),CH; Tokvo Kasel
. okyo Kasei
diethylhexyl phthalate DEHP @(:OOCHZ—CH—(CHZ)3CH3 (P0297) >98
(|32H5
COO(CH2)7CH3 W k
di-n-octyl phthalate DOP @ axo >97
COO(CH3);CH3

(048-22362)
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@COO(CHZ)QCHg K t K ku
. anto Kaga
di-n-decyl phthalate DDEP COOCHCH, (11153-30) >90
COO(CH2)11CH3 K t K ku
. anto Kaga
di-n-dodecyl phthalate DDDP @coowm)”cm (3664) >97
CH2C00_© Tokyo Kasei
benzyl n-butyl phthalate BBP X y >98
y y p COO(CHy)3CH3 (P0288)
COO_<:> Wako
dicyclohexyl phthalate DCHP @Coo _<:> (045-19545) >99
COOH
mono-ethyl phthalate MEP @COOCZHS Synthesis >90
COOH
mono-isobutyl phthalate MIBP @COOCchHcm Synthesis >90
COOH Tokvo Kasei
okyo Kasei
mono-n-butyl phthalate MBP @COO(CH2)3CH3 (P1132) >90
COOCH
mono-2-ethylhexyl phthalate MEHP ©: OOCHZCHC4H9 Tokyo Kasei >90
(P1073)
COOH
mono-cyclohexyl phthalate MCHP @ Synthesis >90
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=Sl ORI
1. RAE

Table 1 Ethanol
iso-butanol cyclohexanol n-butyl lithium (n-BuLi)
tetrahydrofuran (THF) phthalic anhydride
(FBS)
(5000 p1g/mL)
Invitrogen DME

Hyclone

zeocin  hygromycin B

(D-MEM/F-12) DME/F-12
Gibco AR-
FBS(DCFBS) PBS(-)
5a-dihydrotestosterone (DHT) dimethyl sulfoxide

(DMSO) cyproterone acetate (CTA)

2. JALEEE/IRTFIVEOERK
(Fig. 1) MEP 9.43 mL  n-BuLi (1.59 mol/L)
15 mmol ethanol 10 mL THF

phthalic anhydride 1.48 g (20 mmol)

THF(8 mL)
10 mL
( =1
2)
1.36 g 70 %
MIBP ethanol isobutanol
MEP
71 %
MCHP ethanol cyclohexanol
MEP
=2 1
72 %

MEP MIBP MCHP IR NMR

90 % (Table 1)
0]

R-OH

—>

e} n-Buli in THF

3. #mpatk

(CHO-K1 )

(AR-EcoScreen)

(c-luc) 14)

4. AR-EcoScreen K U c-luc #ifa D X 1g &%
14) 3 4

5.0 x 105 1.0 x 10¢ AR-EcoScreen

c-luc 75 cm?2 (Corning )
D-MEM/F12 10 % FBS 100 U/mL
100 pig/mL 200
g/mL zeocin 200 pg/mL hygromycin B 20 mL
37 100 % COsq 5%

5. AR-LAKR—2—C—0F7vtda

14) AR-EcoScreen
10 %DCFBS 100 U/mL
100 pg/mL
DMEN/F-12 1.2x 105 n
mL 96 (Corning )
80 pl/ CO2
24 DMSO
DHT( 5.0 x 1010 M)
10 pl/ COq
24
® LT2.0 HS ) 100 pL/ 5
(LB96V
) 0.1 %DMSO

6. MREMAIE

c-luc 96 AR-EcoScreen
24 DMSO
24
14)
COOLi i COOH
e
COOR COOR

R=C,Hs, (CH3),CHCH,, CsH1;

Fig. 1. Synthetic reactions of phthalic acid mono esters



7. REBSERDRE

AR Ligand Screening System
-Androgen Receptor-Kit (ARA-101 )
6)
AR
& ES

1. AR-EcoScreen [Z& % AR-LAR—42—C—2 7 vtA
DEE
1) AR-EcoScreen RU c-luc L 7 = 5 —HEHICRIFT
7r kS oiesY - DHT 08
DHT

DHT
AR-EcoScreen c-luc

(Fig. 2) AR-EcoScreen 1.0 x 101' M DHT

1.0 x 10° M
DHT (
‘ECs0 ) 5.0x1010M DHT  c-luc

Luciferase activity (Fold)

0 13-12-11-10 9 -8 -7

DHT [Log (M)]

Fig. 2. AR-agonist assay of  Sa-dihydrotestosterone
(DHT) with AR-EcoScreen AR-EcoScreen was treated with
various concentrations of DHT. Luciferase activity with
DMSO alone (vehicle control) was expressed as 1.0 fold.
Data were shown as mean fold induction of luciferase by DHT
compared with that of vehicle control. The concentration of
DMSO in all samples including vehicle control was 0.1 %.
Luciferase activity in 0.1 % DMSO was the same level in the
absence of DMSO. The S.D. was less than 2.5 % (n = 4).

2) AR-EcoScreen U cluc /Lo 7z 5—EFHIZRIZT
M7 ERSTIEEYW - CTA DFE
AR-EcoScreen 5.0 x 101 M DHT

CTA
CTA
5.0 x 1010 M DHT
50 % CTA  (
ICs0 ) 1.5 x 10"M c-luc

(Fig. 3)

DEP 1.0x10%M
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Fig. 3.  AR-antagonist activity of cyproterone acetate (CTA).

AR-EcoScreen and c-luc were respectively treated with
various concentrations of CTA in the presence of 5.0 x 10 M
Sa-dihydrotestosterone DHT. The S.D. was less than 2.2 % (n =
4). [, AR-EcoScreen; A, c-luc.

) FALNBIRTIEOT Y FOSF R

Table 1 AR-EcoScreen
DMSO

(Table 2)

4) JRALVBIRTILEORT Y FOT U ER

(Fig. 4a-d Table 2)
DHT(5.0 x 1010 M)
AR-EcoScreen

1.0x 104 M 30 % (Fig. 4a) 1ICso

3.1x10°M c-luc
1.0 x 104 M
DIPP DHT AR-EcoScreen
1.0x10°M 1.0x
10¢M 61 % (Fig. 4b) c-luc
1.0x104M
DHP 1.0 x 106 M DHT
AR-EcoScreen 1.0
x 104 M 25 % (Fig. 4¢) ICso 3.8x
10° M c-luc

BBP 1.0 x 10° M DHT
AR-EcoScreen 1.0
x 104 M 62 %

(Fig. 4d) c-luc

DMP DPP DBP DPeP DEHP DOP DDEP
DDDP DCHP 1.0x10*M DHT

AR-EcoScreen
Table 2
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Table 2. Endocrine disruptive effects of phthalate esters

AR-Reporter gene assay AR-Binding assay
Phthalate
esters Antagonist Agonist activity 9
activity (ICs)” (ECsy)” 1Cso

DMP NE NE NE

DEP 3.1x10°M NE >1.9x10*M?
DPP NE NE NE
DIPP >1.0x 10*M NE NE

DBP NE NE >1.9x 10*°M
DPeP NE NE NE

DHP 3.8x10°M NE >1.9x 10*M "
DEHP NE NE >1.9x 10*°M ¢
DOP NE NE NE
DDEP NE NE NE
DDDP NE NE NE

BBP >1.0x 10*°M NE 93x10°M
DCHP NE NE >1.9x10*M "
MEP NE NE NE
MIBP NE NE NE

MBP NE NE NE
MEHP 40x10°M NE NE
MCHP >1.0x 10*M NE NE

DHT NE 1.6x10"'M -

CTA 20x10'M NE -

NE: no effect at 1.0 x 10* M (AR-Reporter gene assay) or 1.9 x 10 M (binding

assay).

a) the concentration of the test chemicals required for reducing 50 % of luciferase
activity at 5.0 x 10™'M 5o-dihydrotestosterone (DHT).

b) the concentration of the chemicals producing 50 % of the maximum activity.

c) the concentration of the chemicals required to reduce the specific binding of
testosterone by 50 %.

d-h) the inhibition of the testosterone binding at 1.9 x 10™*M chemical was 42,
42,41, 11 and 45 %, respectively.

MEHP 1.0x106M DHT MEP MIBP MBP 1.0x10*M DHT
AR-EcoScreen AR-EcoScreen c-luc
1.0x 10* M 25 % (Fig. 4e) 1Cso 1.0
x 10° M MEHP c-luc Table 2
AR-EcoScreen 1.0x 106 M
ICs0 1.3x10°M 1.0x 104 M 2. JAILBRIRTIVEOE F AREEER
20 %
MCHP 1.0 x 10¢* M DHT AR
AR-EcoScreen c-luc AR 50 %

(Fig. 4f) (ICs0 ) (Table 2)
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Fig. 4. AR-Antagonist assay of phthalate esters. AR-EcoScreen and c-luc were treated with
various concentrations of phthalate esters in the presence of 5.0 x 10 -1 M 5o-ydrotestosterone.
The S.D. was less than 2.4 % (n=4). ¢, AR-EcoScreen; A, c-luc.

BBP AR ICs0 9.3x 107
M DEP DBP DHP DEHP DCHP
AR 1.9x 104 M
1Cs0 DMP DPP DIPP DPeP
DOP DDEP DDDP AR

MEP MIBP MBP MEHP
MCHP 1.9x 104 M AR

AR-EcoScreen
DHT

CTA

AR-

DIPP DHP BBP

DEP

DEP

DIPP

DHP

AR-EcoScreen
DEP
MEHP

9)

241 ng/m?3 42.7 ng/m?3

15)

DEP

(1x104M) DHT

AR
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DHP
16)
DHP
16)
DHP
DHP AR
BBP 13
17)
30 pg/kg
BBP
1x10*M AR
1Cs0 9.3%<105°M
BBP AR
DEHP 7 8-10) 11)
DEHP
18) 17)
DEHP
80 89% 63 T4
Hglkg
DEHP 2,370 ng/m?
547 ng/m3 15) DEHP
AR
DEHP
8)
MEHP
MEHP AR
DEHP
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