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Hormonal Effects of Organic Phosphate Triesters

Study by the Reporter Gene Assay

Ken-ichi OHYAMA*, Sacko NAGATA™*, Naoko HOSOGOE**,
Aya ONUKI*, Tkue SAITO* and Hiroshi SETO*

Organic phosphate triesters used as a flame retardant have been identified in indoor air, and it is apprehended
that these compounds may affect human health. Therefore, we examined the androgenic and the estrogenic
activities of organic phosphate triesters (11 compounds) and carried out a luciferase reporter-gene assay using
cultureed cells. The organic phosphate triesters examined were trimethylphosphate (TMP), triethylphosphate
(TEP), tripropylphosphate (TPP), tributylphosphate (TBP), tris(2-chloroisopropyl)phosphate (TCIPP),
tris(2-chloroethyl)phosphate (TCEP), tris(2-ethylhexyl)phosphate (TEHP), tri(butoxyethyl)phosphate (TBEP),
tris(1,3-dichloro-2-propyl)phosphate (TDCPP), triphenylphosphate (TPHP), and tricresylphosphate (TCP). TPP,
TBP, TCIPP, TCEP, TBEP, TDCPP, TPHP and TCP inhibited the luciferase expression induced by
dihydrotestosterone (10'9 M) and the ICs, value was 4.7 x 107 - 6.0 x 10* M. Moreover, TBP, TCIPP, TBEP,
TDCPP, TPHP, and TCP inhibited the luciferase expression induced by 17f-estradiol (3 x 10'° M) and the ICs,

value was 3.3 x 107 - 2.3 x 10 M. It is suggested that some organic triesters have antiandrogenic and/or

antiestrogenic activities.
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Table 1. Chemical substances tested

Chemicals abb. MW CAS No.
trimethylphosphate TMP 140.1 512-56-1
triethylphosphate TEP 182.2 78-40-0
tripropylphosphate TPP 2242 513-08-6
tributylphosphate TBP 266.3 126-73-8
tris(2-chloroisopropyl)phosphate TCIPP 327.6 13674-84-5
tris(2-chloroethyl)phosphate TCEP 285.5 115-96-8
tris(2-ethylhexyl)phosphate TEHP 434.6 78-42-2
tri(butoxyethyl)phosphate TBEP 398.5 78-51-3
tris(1,3-dichloro-2-propyl)phosphate TDCPP 430.9 13674-87-8
triphenylphosphate TPHP 326.3 115-86-6
tricresylphosphate TCP 368.4 78-30-8
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Fig.1. The chemical structure
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Fig. 2. Dose response of MDA-kb2 to DHT and MVLN
to E,. Data are presented as fold induction compared to

solvent controls. Each point is the mean = SD of 5
independent assays in triplicate.
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Fig. 3. AR-antagonist Assay of Organic Phosphate Triesters.
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Reporter gene assay was carried out with various concentrations of

chemicals in the presence of 10° M DHT. Luciferase activity in the presence of DHT alone was shown as 100%. Each point is

the mean of values + SD of three independent assays in triplicate.

Cell viability in control was shown as 1.
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Fig. 4. ER-antagonist Assay of Organic Phosphate Triesters. The assay was carried out with various concentrations of chemicals
in the presence of 3 x 10" M E,.  Luciferase activity in the presence of E, alone was shown as 100%. Each point is the mean

of values + SD of three independent assays in triplicate. Cell viability in control was shown as 1.
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Table2. Antiandrogenic Activity of Organic Phosphate
Triesters in Reporter Gene Assay

Chemicals ICso (M) RA (%)
OHF 1.9 x 107 100
TMP NE -
TEP NE -
TPP 6.0 x 10 0.03
TBP 1.3 %10 0.15

TCIPP 1.8x10™ 0.10
TCEP 54x10™ 0.03
TEHP NE -
TBEP 1.5%x10™ 0.13
TDCPP 47x10° 0.40
TPHP 13%x10™ 0.15
TCP 1.5%x10™ 0.12

ICs, the concentration of test chemicals for 50% inhibition of

luciferase activity by 10° M DHT; NE, the value could not be
estimated from the response curve; RA = (ICs, of OHF) + (ICs, of
the test compound) % 100.
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