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.Effects of Endocrine Disrupting Chemicals on Cellular Function

in Mouse Peritoneal Macrophages

Takeshi Kumacar®, Eri Suirosawa, Hiromu Tsutsumi, Keiichi EBiNa, and Katsushi Yokora

(Received November 22, 2004)

We investegated the effects of nine possible endocrine disrupting chemicals (EDCs) on

the nitric oxide (NO) production and growth of mouse peritoneal macrophages. Genistein

and coumestrol inhibited lipopolysaccharide-induced NO production in macrophages,

whereas other EDCs had no effect. In WST-8 assay, the growth of mouse macrophages was

induced by 17 3-estradiol, bisphenol A, nonylphenol, diethyl phthalete, genistein and

daidzein. In addition, the cell viability of daidzein-treated macrophages was 1.7-fold

increased as compared with non-treated macrophages. These results suggest that EDCs

affect cellular function in macrophages.
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Chemicals, EDCs), \WhW BRIV E » &1T,
B O EBAICIY A E N HEICARRZDE
HEHTEEN TV LIER AV E M IC S
252 2NEUEMEORIETH Y, ERERAD
HENRKEGHESMEE L TEHSN TN A, 12
—HRIZARIVE L, B OEAMBEIIBITAM
o, BE, EEEEORE, EElR L
TEIT A )R CTEELRZREEXH-TBY, £
NENRFRWLZEER (LT Y =) A LTAE
HEMZ 5T 5. EDCsiZZDRILVELY L ES
T —IlREETAHIETHRIVE VEUERZRYT
EEZHLNTEY, 4{DEDCslE, MEFRIVE
VO—FETHAIA MO DL T Y — |24
ATAHIETIA MO VEMMERERT I LN
MoNTWS.D ZOEDCs & L TOEH»EED
NTWBHE L LT dioxin 3% polychlorinated

biphenyl % & D75 #3185 LA < bisphenol A X
nonylphenol 7z & DFEFRILEY 7= EH 65N T
Wh. 4 f7, YHEkoIA b u s il A
T 5% (phytoestrogen) & L T genistein,
daidzein; ‘coumestrol, resveratrol 7z &SHI S L
TBOREARRCYT T A Mgl LCHRH
SN TV ALY, coumestrol D KREERUZ L - T
EY VIIAENFRDOEN TS ZEhD
phytoestrogen DIEHIZ X 5 b b DffEEFE~DEE
DBESINTWAS, E51217R-estradiol 2 & D
KRLZAPOF UV HERLANXNLVTIX hasy v
YRR % R § 8 AN TR S L8 Kk )
AT ARSI AT I Ens, KK
YIHRDO A S YA EDCs & L CTEHT %
TEEEIZEZOLN TS, .

HIE, EDCs DEE~NDEEIZIOVWTIX, £
HOMAL, BETONOSMEEDORL, WILHE
KB HEFHOBY % EDEFERREEIT T 5
BREPHEINTVEAD Z &5, EDCs DAE
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BRI T B A A = A LDV THIFED HED
LTV ED, RIFEILE % EMMoABEERE I
THEEIZOWTIIAREL SH% V.,

FIT, EEDLIXEDCs DRIFILEICRIZTTE
BEETAEHNN»S, AOWREERZFL T
WhEEZHNTWAHEDCs & L TILEYR &l
MBIORKRIA a4 9% (nonylphenol,
bisphenol A, diethyl phthalate, benzo[aJpyrene,
genistein, coumestrol, resveratrol, daidzein,
178 -estradiol) AV, REHLHEDO—DT
horvru7r—Y (M¢) OMgtEREL LT
® lipopolysaccharide (LPS) #&nitric oxide
(NO) BEATEITM ¢ (A % B4 5 F538 & 1C
B2 BBl OWTHRI T 72,

KBRMBETE

1. HE

17 B -estradiol (Sigma#tt#), bisphenol A,
nonylphenol, diéthyl phthalate (FIJEAISEFLEL),
benzo[a]pyrene (EEF bBtt#), genistein
(LKT laboratories 1 #!), coumestrol, resveratrol
(Biomol ##%), daidzein (Extrasynthese S.A.
#%) % dimethyl sulfoxide TR ELT%, #IRE
#317p3 -estradiol TiX 10 nM, bisphenol A,
nonylphenol, diethyl phthalate, benzo[a]pyrene
TlE% 10 M, genistein, coumestrol, resveratrol,
daidzein TIE%& 1M CEBIM L.

2. XBRAEY

< A (BALB/C%) MM (4-5 weeks) (&, H
ARSLC (#ER) »HHEAL, 283£1T, {BES5
5% THEBELADOTMHEL L.

3. YYREEM ¢ DFAR

< AEAEMEEM $1d, Cohn b DHEY 12
HULLTORETERRLZ., $4bb, <7
A % WrBERRIMA%, 10 unit/ml heparin sodium salt
(Nacalai tesque ##), 0.5% bovine serum
albumin (Invitrogen#*t#!) &% Dulbecco’s
phosphate-buffered saline (D-PBS, Invitrogen
#) *EENRS%, FHKRL, M¢% &4 D-PBS

ZERENLL 72, 185 07 Mgid4 T2 700
rpm , 5 min ®.0\f%, EBxKEL, D-PBS%
Mz kEEITo 7. ZORELZIETY, /5
n7-MIRE I, 10 % fetal calf serum (Equitech-
Biot#!), 100 unit/ml penicillin 8 & U70.1 mg/ml
streptomycin (InvitrogenfL%4) &7 RPMI1640
b (Invitrogentt#) (Z8R& L, MEREHMET
Hfag» B, 96 well D tissue culture plate
(Falcon#t &) 125X 10° cel/ml 127 % & 5 (24
&, 5% CO: TT37C, 2hEERAERHTHREL,
EERIZME L. F 7z plate 123 L 7ML F 4
FRBTITUL LA MG TH B & 2R L7,

4, Nitric oxide (NO) assay?

HZEDCs EAR M TM¢% 24 h¥E#E%, LPS
(Sigma#t#l) #0.1pg/ml %5 X HIZ@mML
X 51224 hEEEZITV, FOREEFEIZOVT
Griess % % F|H L 7z Nitrate/Nitrite Colorimetric
Assay Kit (Caymantt#) % Hwv, FEfto 7 8a b
T VIZRCHEZRMLLZ., $4bb, HBE
L 100 4 1 &3 Lvrassay plate [IC# L, Griess
Reagent R1 & Griess Reagent R2 & £ 1L 1150 ;1
FOMMZ 10 min fHERK, 540 nm 2BV BB
EAHIE L7z, NOEALREE, EDCsIERmmEEi
BEMSIIBIT H2WIEE I T 5 EDCs & A 5 #
B2 M ¢ TOWBEE D EI G2 & 5FE L 72

5. ERBOAE

M gAML DBE X, FEDCsBAR#T
Mg % 48 h}E %%, WST-8 assay & | f L7z Cell
Counting Kit-8 (F AfbZEHtE) =AW EHO 7
O ba— VIt o TITo 72, ThbbEwel DE:
% BrEE, B WST-8HE (5 mM WST-S,
0.2 mM 1-methoxy PMS, 150 mM NaCl) DR
(10:1) %M, & 5122 hEE3EE, MELRICE
DAFNFWST-8V BT IND I & CTHE LT
WST-8 & V<4~ D450 nm (2 BT B LE % 8l
SE L7z MgDAEMIEIE, EDCsIERNsE iy
EM$IZBIT BIRIE % 100 % & L7235 D EDCs
WINEHEEMITORNKLEDEED L cell
viability # K> 5 = & TFEfliL74z. $7-EDCs &
BB TEELZMSICDO W THRFEEMET T
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6. HEtyaynIE
AEEWMEL, Student’s t-testiZ X V1o 7=,

BRESUVEE

EDCs & L TOIEAM DN TV ALEYE &
L T bisphenol A, nonylphenol, diethyl phthalate,
benzo[a]pyrene D 4fE %, HYPHKDO T + 1
P UBIERERT CEFRE SN TV AYE,
Wb b phytoestrogen & L Tgenistein,
coumestrol, resveratrol, daidzein ®41#%,
TeRIRTA b1y v Tdh b 174 -estradiol # H V>,
INHEDCs DM LIt d BB EHET L7z, Mg
X, LPSREHEY A Mh A v, BICRIEMRT A
M4V THBHIL-IRTNF- o &I & o THE
BINO Gl (INOS) »"FE &b T L2k o
T, RKEDONO ZAROW $5Z 86N T
WaZenh, 50 Lo, EDCsHA R T

140

ELZMGIZLPS L, ¥2E EiEH Il &
N7zNOBDBIELIT- 7. FDFEFE, Fig. 112
RY X DI, EHOATERE L7 control BRI H
T, 17p3 -estradiol ILEEFE 2 BV THT 212 NO
EAEVELT HERAZ R L, MOLFEYE 4512
DWW TH, 178 -estradiol & [FFkIZ NO BEA 254
T RMEM AR LA, KELELRBO L L
Mol F72, Fig. 212/ T L 912, resvératrol,
daidzein 1%, NOZEAEICA S HZ(LIERD 5N
%405 7275, genistein T3 NO 8 O HAME
mMERL, coﬁ_mestrol B W Tidcontrol HEDHK

CAER EAELRNOELEEDREL VRO LN

Ens, cqumestrolbi, M$D LPS I3t § 5 &5
P& 2L S €, INOS DEERIEIT 25 2 & T
NOFEA # KT & &2 HMAE L b7,
$7:, WAWBEERERTEEXONTNS
WHEOBITIE, b IR T b 2 MCF-7 i
o234 5 MM Rl G & 7R3 & & ASEREE 1210
ENTWBEI ENS, EDCs A IEHMAL I L
T b A I TE S M S M 2 A 3 % 0 2
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Fig. 1. Effects of EDCs on NO Production in Macrophages

Bisphenol A

Nonylphenol - Diethyl phthalate Benzo[a]pyrene

Mouse peritoneal macrophages (5 X 105 cells/ml) . were cultured for 48 h in the presence or absence of
EDCs. During the last 24 h of incubation, cells in each well were chased with 0.1 g/ml of LPS. The level
of NO production was determined by measuring the accumulation of nitrite in the culture medium. Data

are mean £ S.D. from three separate experiments.
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Fig. 2. Effects of Phytoestrogens on NO Production in Macrophages
Mouse peritoneal macrophages (5 X 10° cells/ml) were cultured for 48 h in the presence or absence of
Phytoestrogens. During the last 24 h of incubation, cells in each well were chased with 0.1 4 g/ml of LPS.
The level of NO production was determined by measuring the accumulation of nitrite in the culture
medium. Data are mean + S.D. from three separate experiments. Significantly different from control,
*p < 0.05.

160

140 |

120 +

100 I

Cell viability (% of control)
3

40 |

20 +

Control 17 B-Estradiol Bisphenol A Nonylphenol Diethyl phthalate Benzo[a]pyrene

Fig. 3. Effects of EDCs on Macrophage Proliferation
Mouse peritoneal macrophages (5 X 10° cells/ml) were cultured for 48 h in the presence or absence of
EDCs. Cell viability was assessed by WST-8 assay. Data are mean &= S.D. from three separate experiments.
Significantly different from control, *p < 0.005, **p < 0.01.
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BAEHE L LTHIRAI PP TRBKE
BREEYHEL, CTOBZREEE EMBEDS
WO+ 2 & %FIB LTy % WST-8 assay %
WIREF 2T o /2. T O#ERFig. 3ITRT L)1,
bisphenol A, nonylphenol, diethyl phthalate %L
HMglZB\WTceontrol L D HEICEV174-
estradiol & [FFEE O cell viability 25828 &5 7.

Fl#%Zphytoestrogen * FHWMET L 7o &,

isoflavone 4§ D genistein, daidzein LM ¢ 12 ia
VT control B & ) B EIC &\ cell viability % 7R
L7z &h 56 (Fig 4), isoflavone #HATM ¢ % [& 14
b UADRL 30l % 3538 L 22 WA 2 b /e

T/, KERIIBOTRO S NI ESLRIE
BZEMBEE L R L TWE 2 E ) PEEREDR
TAHLONFHEMBET CRRBEBE LT o 2R,
control B X U &I % 7% L 72 EDCs JLH
Mgl BV CTAMBEOMMABE S, KilE
FERPHBEICKFEL TWBE I L 2rER L7,
SHIIM I3 B MR IEsETEME % /R L7 EDCs
D H T daidzein LB M g2 B> Tld, control #
WCH LA L7 AE LB S 27 cell viability D074

200

HHLNT., TTCICE MBI Y AT 7
daidzein IZBFNMIEIC L » TS, L X
Moy UER OV equol & D T EDTEHRE X
NTWVBB ZEehb, MgIZBWTHEERICH.
BIPIZEL D 3A F 7172 daidzein ASequol 1244 &
el LI o THEE MRS EE T R L2 b
DEEZONT. FTL-MCF-7THaL DL ML
FEM PR 33 A EDCs O MM A E 121,
MBAOIA Moy e Ty — 05452
ENHESINTWS W Z s, ARERL7:
M ¢1Z3xt4 % EDCs DMABIEHE G 12D T h,
M$HDIA MBF Y LTy — %4 LTIERAD
FHELTWLTEMEIE LS.
DR S, EDCs DI I3 G TH L Ml
Td B ML L TLPS FEENOEAE R Mg IIAS ¢
BB IR S &M gD MM AR 1T B
ARIFTLDONH B Z AR ENIDS, A,
BEf L7723 R THOEDCs TN b BE—BETH
TERERMET LT B 2 Eh0, 411k, Mgioxt
T 52N 5EDCs DIEFIC BT 5 HEKEM A &
COVTES IR LTV FETH S,
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Fig. 4. Effects of Phytoestrogens on Macrophage Proliferation .
Mouse peritoneal macrophages (5 X 10° cells/ml) were cultured for 48 h in the presence or absence of
Phytoestrogens. Cell viability was assessed by WST-8 assay. Data are mean * S.D. from three separate -
experiments. Significantly different from control, *p < 0.005, **p < 0.01, ***p < 0.05
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