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ABSTRACT : Phenxoy compounds, 2,4-Dichlorophenol acetoxy acid (2,4-D} and 2,4-dichlorophenol (DCP),
are widely used as a hormonal herbicide and intermediate for pesticide manufacturing, respectively. In
order to assess the potential of these compounds as endocrine disruptors, we studied the androgenicity of
them using in vivo and in vitro androgenicity assay system. Administration of 2,4-D (50 mg/kg/day, p.o.) or
DCP (100 mg/kg/day, p.o.) to rats caused an increase in the tissue weight of ventral prostate, Cowpers
gland and glands penis. These increase of androgen-dependent tissues were additively potentiated when
rats were simultaneously treated with low dose of testosterone (1 g/kg, s.c.). 2,4-D increased about 350% of
the luciferase activity in the PC cells transiently cotransfected phAR and pMMTV-Luc at concentration of
10° M. In 2,4-D or DCP-treated castrated rats, testosterone 6-hydroxylase activity was not significantly
modulated even when rats were co-treated with testosterone. In vitro incubation of 2,4-D and DCP with
microsomes at 50 uM inhibited testosterone 6B-hydroxylase activity about 27% and 66% in rat liver
microsomes, about 44% and 54% in human liver microsomes and about 50% and 45% in recombinant
CYP3A4 system, respectively. The amounts of total testosterone metabolites were reduced about 33% and
75% in rat liver microsomes, 69% and 73% in human liver microsomes and 54% and 64% in recombinarnt
CYP3A4 by 2,4-D or DCE respectively. Therefore, the additive androgenic effect of 2,4-D or DCP by the co-
administration of the low dose of testosterone may be due to the increased plasma level of testosterone by
inhibiting the cytochrome P450-mediated metabolism of testosterone. These results collectively suggested
that 2,4-D and DCP may act as androgenic endocrine disruptor by binding to the androgen receptor as well
as by inhibiting the metabolism of testosterone.
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Fig. 1. Chemical structures of phenoxy compounds.

HCH, dieldrin %-), polychlorinated biphenyl(PCBs), T}¢)
SA1F(TCDD ¥ TCDFs), phenoxy #l(2,4-D, 2,4,5-T,
DCP), bisphenol A(Z2]7FEulo]E 2 epoxy resin YA+
TANA F2. A, alkylphenol, vinclozolin, tributyl
tin(TBT), @2 phthalatesT, phytoestrogen 55 = 5 %l
H(Tyler 5, 1998).

24-D, 245T % 2 4-dichlorophenol(DCP)(Fig. 1) 5
phenoxy Al EAEL F2 AzA 53 IAAEA A}
45 EAot} o]F F 24,5-T= S4¢] 7 A=
SellM Aol SAIH e, o] 24-Ds} 1 12 EF
%o} Agent Orange®t ©]5-22 196099 X UdolA
TFAZ AMEEe] Al wlEgeA] 713} FAke] Q]
22 Mol dioxing WEI 2HE AL U AE
©] shtel phenoxyA AZEA| T (Michalek 5, 1998;
Schecter 5, 1996; Wolfe 5, 1995). 2.4-D= Ao g
R AT Fol F2 W, 254 Wl F gl Ak 59
AZAZ 19409 o) F AAH =R 2] AT gl
=, 24,5-T 9= 28] TCDDS} Z& dioxing A3+
om s g Aoz oA gloh g} o2t
AzAY) A2 A mx AR IE QAR
F7R7171= sht 35 ¥ ol B, AES Sol=
A" 4 qlen, 53] E8)A, 3iehA |3 AESH
HAE B3l g 7HA] o] Ade] wiE AES A 4= 9
L I F dFe dH EREGE o 5Ae] Ay
23 7IZFsst el EAE ¢ vk BaEd
(Marchese 5, 2002). DCPE o8] 98 Y A=A 34
FZHAYE 2,4,-D] AJAE, ARFAIY ABA], FoF Fo2 A}
453 gl F, 1996), 2,4-D2] HajAE2A] Bk Z
AN AEH7 = 3, ALl Aws I3 A
TF daxE & A5 ol ukssledA T A o]
2 4 dekal ¥ 3rEe] gJeh(WHO, 1989).

24-D A auxin A]EAAZZE)CZA %5 TN
A= AL 22 5 g 3l AxAEE de
ALZ R IHYKDi Paolo 5, 2001). 2,4-Doll x&%
A A, Az ¢, 25 2 FEhE] 3 A
A8k & W A A5 S (asthenospermia), BAAEZ (ne-
crospermia), 7] &% A1 (teratospermia)?] B]-E-o] o 27

2,4,5-tricholrophenoxy
acetic acid (245-T)

2,4-dichlorophenoxy
acetic acid (2,4-D)

njsle) FejH e Friy ¥ o} glvh(Lerda®t Rizzi,
1991). = rarel] 2,4-DE FoI3190S o oAM= A
Z2| T3 FEe} A4FTe] A8 L, M= T39)
T48] =431} A Tl S8l ok (Charles 5,
1996). 7=l 1,000%2] Q] & FolM AFAE 24
8t A} 64%)| A DCPe] AZE 3L 450 pg/l) = =HHil
&, 1985). F344 rat®] Y4l 6~15%] DCPE- 0, 200, 500,
750 mgkg FEE ATFe] & W BE AHXTolA
2A AF P dAEU2 Rodwell 5, 1989),
Schecter “5-(1996)2 Swiss male mouse®l] 2.4,5-T 0, 6.25,
12.5, 25 mg/kg/dayE 10€7} 7 FFoI8lz} A Aol|r2)
testosterone®] &3 o] ZHAF ek B 318}lg]c}.

o]2{8t phenoxyAl 3gHEe] W-Eu|A Nk J3F A+
B 05 F3le] o]5 EAo| thyroid hormone?} androgen
hormone A52] WEHAE w3 4= 9l ZHo= A}
B dA7EA] olE EF o] 0] Ao BAE 7
2 Fo g1t eofof) gt Wjiu] 2HE7]H o] w4l v}
ZF glslet. gepd B dFoAe g4 AMET Qe
phenoxyAdl €34 ¥ 24-De} DCP2] UlE4] Ao &2l 29
289 71AL in vivost in vitro AYS F3le] )
At

II. X35 3 dhed
1. AIEHEE

Sulforhodamine-B, dimethylsulfoxide(DMSO), 2,4-di-
chlorophenoxy acetic acid, 2,4-dichlorophenol. trizma base,
D-glucose 6-phosphate, B-nicotinamide adenine dinucleotide
phosphate, D-glucose 6-phosphate dehydrogenase 52
Sigma Chemical Co.(St. Louis, MO, U.S. Ay~ 743}
9}, HPLC #4 A] A}4-3} Methanol2- Fisher Scientific
of| A F8ksct. FEHE 23 vector?] pcDNA3.1(+):=
InvitrogenAt A E-(USAYS, pMSG vectors Amersham
Pharmacia BiotechAl A ZF(USAYS AME-3l9dt}. Protein
assayoll AM8-8} bredford A|2F-Z Bio-RadAll|l A -413819)
©}. RPMI 1640 vl=|2} phenol red free RPMI 1640 %




fetal bovine serum(FBSY= Gibco BRL AHUSA)I|A T+
delet. B AREAEI DNAFTHRAE Promega
AR} Boehringer MannheimAtollA] %8142, androgen
receptor antibody: NeoMarkersAlollA F13ledet. [PH]
dihydrotestosterone> NENARA],  cocktail solutionS
packard At A Fd3ldet. 7)ef UubA o2 Ayl AN
g AOFEE A EFAIRE ANl

2. NEHSE W HMEF

Hershberger assay® 13+ Al@5ES 5578 (¢ 150~
160 g)%] 71738t SPF Sprague-Dawley male ratsE i3t
uto] 93 Aol A Hofitel vt y=FEY FEA}
S|l A% animal chamber el A 15 E<t +3}
g F Aol AMsIYh. 582 B9 ALS (puring)E v}
+7 HA 31929, animal chamber= &% 22+ 1°C, %
& 50£5% 2 1247 H3 2e cycleg FAIAIA Foh.

Abe] AP Aol A fa)gl PC-3 Al £F(CRL-1435)=
A 3std 74 AEEA 774 cancer bank(Tagjon,
Korea)2 8] 7-913151.2™, RPMI 1640 =] (10% FBS,
10 mM N-2-hydroxy ethylpiperaxine-N-2-ethane sulfonic
acid, 100 units/m! penicillin B! 100 mg/m! streptomycin)
5 AMg3led 37°C, 5% CO, 2712) k7oA wiekslsd
o A" HEE trypsin £99(0.05% trypsin, 0.53 mM
EDTA 4NayS X2|sle] Ao wjoFaleict.

3. Hershberger assay

Hershberger assay: Hershberger 5-(1953)2] HHef u}
2} "é/‘]%]"ﬁ‘:} 652 SPF male Sprague-Dawley ratZ 7
A@g g Fas AA)EA 277 FEA F 4 7
@ 6o12]9) rats AHE3le] vehicle, testosterone 1 pg/kg
F3HF), 2,4-D 50 mg/kgtt DCP 100 mg/kg(Pd 7+5-])
2 HE5CE & testosteroned 2,4-D =X DCPE 4]
of 1047 vl FeFldet. vix|a} AR EA Fo] F 24
Al BE FES "1544/\"19} YT £A2 o FHAA
A F A2 HLA7] (seminal vesicles, coagulating
gland, ventral prostate, Levaror anibulbocavernous gland,
glans penis, Cowper’s glandyg ZAIAHA A Z3)o] =4}
< AAsE FAE S5

4. PC-3 MIZZAAE
Alg s Aol 2130l *l—ﬁw A Ee] WA E wEsla

A FAd AE7}F Eo90E plated] WIAE F<) AAG
o}2- PBS buffer2. 13] *1]%‘6]—93‘4. 0.25% trypsin £-28-&

333

A7l PC-3NEES Belsla, wir|E w3lsle] AE 5
£ 243199}, 96 well platee]] 1,500 cell/wellZ 2-53)3L
wiF7 1ol A 24417F vioFAIZl F, wellell Bo] Q= wiR]E
F<l Al 3k}, Charcoal-dextran® 2 A 3 g5 Al
——Nolx}—— A7 g FBSE 5% ¥+t RPMI1640 W%
£ welle] W32 AFEAS] $EE Z2A3K 7 wellol] 3
7}‘6}%‘\‘:]-. A1827} A7 96 well plateE 5% CO,, 37°C ¥
719X 48417k wieFs)lal, sulforhodamine-B(SRB) assay
2 AEFAS FAsH

5. Androgen receptor binding/transcriptional activa-
tion assay

7b Cloning of human androgen receptor(hAR) into
expression vector

Androgen receptorE- PC-3 cell line®l] overexpression A]7]
7] $131¢], mammalian expression vectord] pCDNA3.1(+)
plasmidE BamHIZ} Xbal site AH&- ¥ androgen receptor
cDNAE- cloningd}${vHphAR).

L} Luciferase reporter plasmid construction

hARSH AR HEHRNER 2L 9A5ed andro-
gen¥} glucocorticoid responsive mouse mammary tumor
virus®MMMTV)®] transcriptional control 3} ¢]=
geneS M3 reporter plasmidE #2310}, Luciferase
cDNAY pGL3 basic vector2%E] sense primer 5-

luciferase

gggatggaaggacgccaaaaacataaa ag-3', antisense primer 5'-
ttacacggcgatctttccge-3 5 ©]-8-3le] PCR BB o2 ddgle
™, o]& pMSG(Amersham Pharmacia Biotech*}) vector
2] Smal siteol] cloningdte] gt}

ChH M ZLH hARZ} reporter plasmid £t
human PC-3 androgen insenstive prostate cell Yjell hAR
# reporter plasmidE calcium phosphate-DNA copre-
cipitation ¥} (Tackray &, 1998)% W2} transfections}e]
WA ZT) &, 24 well culture plate2 4| £5 EF3}7)
B Adell Agell AMEE M ZO WA E T3E F A
Fdol ME7}E Foile plaele] wiX|E A7 sled PBS
buffer?. 13] AT F, rypsing A 2]3le] A ZE #e]3}
Aot AHEze] Umo] wel dAFe] wxE JE F
hemocytometer* o] &3] N EFE EA s} NES
= 6X10%cells/well 2 gHo] dAgke] M EZ B535}
c}. Plating® A ¥3= 5% COy} dA3H FA1=E 37°C
vjeF7)ol A 24A17F B4t kst ¥, transfectiond}?] 24
F Aol freshdt w22 xA3IEF. hARF} reporter

plasmid DNAT calcium phosphate ¥ e]1} lipofectamine
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(Promega A}, USAYS- AH3-8le] PC-3 A9l transfection
AlZ e}, Calcium phosphate -2 hAR#} reporter plasmid
DNAE °F 1pgo& 3159 CaCl, 493 42 ¥, 5%
2] 2XHBS| air bubbling 3}H 4] & B4 HA 3] Hoj
] 1o}, calcium phosphate®} DNAZ} 3 A slo] Hiad
A HAEF 307 B Aol wRERIS), A2} 9lE
plates] AH3] "ol F31 4A|7F b wiokst F
glycerol shock2 531}, Lipofectamine ¥'H-2 Promega
A2l manualel] @} AAJslAE. DNA 7} transfection®
M Zi= 247 wiok=l9l T, hARS) Al E ) 32 western
blot assays &3l &elslid}.

2h Androgen receptor binding/transcriptional activation
assay

Transfections A EE 247t vief3t F, wellel] S13)
T iR E AlAE, A1§E wi#]Ql 5% Charcoal-dextran
activated FBSE E3}3}= Phenol red free RPMI1640 v}
A& ZF wellel] 718132 A FEA L 528 ZA|3l 7 5
EHZ welle] 78I, AlHEA 7] 24870 A7
2 5 uljoklS A ASI 100 wl lysis buffers: FF A
7¥sle] MIEE 83 AZT}. Luciferase activity: dual
luciferase assay system(Promega}, USAYE ©]-83}o] A
A3® luminescenseS ZA 3}t

6. PheoxyH| S}&tEX 0|l 2|5 CYP3A42| U3 % &
ME H5 &

PhenoxyAl 23} 22l 2,4-D(100 mg/kg)®} 2,6-dichlo-
rophenol(100 mg/kg)S 5 = testosterone(l pg/kg)t
FAlel AAE s AM S male rat® 2 RE] 7S A E5}e]
differential centrifugationl] 2]&}ed ZF microsome #-3-&
AL F 7} microsomeo| 19| testosterone 6B-hydroxyla-
tion B =5 SA ol

2,4-D&} 2,6-dichlorophenole] 24 CYP3A4 A x|
v]x]= o kS #HAsl7] 9sled rat microsomed A1)

CYP3A4, NADPH-P450 reductase & AF#9] cytochrome
bss FAlell HEAZ) E. coli membrane systems ©]-4-3}
o] testosterone 6f-hydroxylation =5 A} sl9it}.

Testostrone 6B-hydroxylase A= &AW o233 2
ok & 500 ul ¥l 0.2 mg protein®] rat microsome
£ 25 pmol CYPE- 3R= E. coli membrane system
o] NADPH generating system(NADP*, glucose 6-pho-
sphate, glucose 6-phosphate dehydrogenase)® 0.2 mM
testosterones H7}8F § 37°C shaking water bathel|A] 30
E7+ vkS-A1A ) o|w phenxoyAdl #3HE] 23 CYP3A4
o] of & WA Sk I8 F=(10 uM, 20 uM, 50
UM, 100 pM)e] phenoxyAl 33HE-& kg g4 A7}
& F w5 AR 4hge] B¢ F CH.CL 1ml A7}
st 1327F vortexing 3o THAFEA-S extractionr]Z] ¥,
5,000X goll A 1022 A4 #=l8h ok A5 CHCL, §
4 0.8 mE FHated ZHAEAA. HAFEAL 50 pl meth-
anol(HPLC grade)ell €324 = % 20puiE HPLCe
injection ¥FFAT}. 150X4.6 mm C18 YMC-Pack ODS
(YMC Co. Ltd.) columnell acetonitril, methanol ¥ ZF
FE 45:45:12 A4 &9 A¢t DWE &9 BE
grandient2. &vi¥|&-& WMHA7IEAM F45& FF 1 ml/
minZ &2 ARE $2lsl8 T, PDA detectors AR5}
o 254 nm I A EA3}d). AA) testosterone A
Z3).2. ¥lg-o] Et F internal standard® dexametasons-
H7Vsle] HARAE CHCL, $H 22 353 F dAlA=S
HPLCZ A3l 1o o2 drHAE A HFE sl
T3

nm z #
1. Hershberger assay
AAEE rael] 1027 corn oilov testosterone(] ug/kg)

< 3FARIaL FAlO &, 2,4-D(50 mg/kg)-t DCP(100
mg/kgys AT T F AAEESAE HES 5

Table 1. Effects of phenoxy compounds with or without testosterone on the organ weights in castrated rats

Control T 2,4-D DCP T+24-D T + DCP
\%%% 7.66 2.92 12.86+ 1.55% 8.98+ 3.49 1446+ 6.36 17.98+ 4.59+** 25.48+ 5.88%x*
SV+CG 65.83+14.98 88.30+17.02* 81.62+ 3.41* 88.62+14.68* 148.28+30.21 %+ 142.82+15.23%*"
LA +BG 151.18+22.08 171.00+ 7.99 164.70£26.12 144.03+10.67 239.70+£14.94%x** 214.07£22 54%**
GP 29.47+ 3.87 30.18+ 291 36.78+ 6.40 41.53+ 5.25% 51.50+ 6.79%*™ 50.63+ 2.64%x**
CG 2.28+ 0.94 2.73+ 1.60 5.14x+ 1.08%* 430+ 1.36%* 6.93+ 285%™ 5.87+ 1.22%%*

VP, ventral prostate; SV + CG, seminal vesicles + coagulating gland; LA + BG, Lavator ani + bulbocavernous gland; GP, glans penis; and CG,

Cowper’s gland.

*Significant difference at P > 0.05 level compared with the control group.
**Significant difference at P > 0.01 level compared with the control group.

*Significant difference at P > 0.05 level compared with the testosterone treated group.
“*Significant difference at P > 0.05 level compared with the testosterone treated group.



A8 o, Table 13 22 AHE eplile).
thZ EAQ testosteroneol| 2]3l glands penis¢} Levaror
anibulbocavernous gland®] FAIE= Z7lk=A]  ¢eler}
ventral prostate, seminal vesicle, Cowpers gland 52| A
A A7 82 A= 27t 67%, 32%, 25% AE fFo)H L
2 F7HEe. 28y AM-gE testosterone #o] HF- A
oA (1 ugrkg) oHE BuEH G Z7hae] w9 2igie).
=S} Levator anibulbocavernous gland®} seminal vesicles,
coagulating glandE A &J gt V=] 2] A7) oM 2,4-
D % DCP &5 Folol SJale] 22 717} Bzl vl
dted fod A 271192, 24-D 2= DCPel| 9
el B% 2 MR AR Jeieh 24D
DCPol| 2J3t A F-5217152] F7)3= testosterone¥t 54|
o Fol3lols o) ez Fvislglon, 53| ventral
prostate®] 5ol FAIEAe] Slate] 7t 2 oA}
235%%} 333% S7FEvh. 283 ventral prostateh

A

o mlm

glans penis 2] 7<= 2,4-D Eo}= DCPol| &J3F <33,

o] vl& A vehgte}. ahH, oFEl| 23t Q2] H&7)
59 FoHQ A Fotele 2El, ran AAS A=
ofE-Fo] 7IHE<t dETF vsE e Jehigld
(Fig. 2). o|Ak2] Az}2 Bo} 2,4-D8} DCPE in vivos)A]
androgenic £ YepE ZS o & B A=
9] testosterone ¥ 59} A Fodol| 2le] A 1S o}
el AL o £ e

B d7oMe k=24 2EEAZA dEx] 9=
testosterones SFAANZEAZA] A3} 24-DS} DCP

350
300
250
2
§> 200
5]
i 150 b ~—4— Control.
3 —#—2,4D
m 100 F —A— Testosterone
——DCP
—%— T+DCP
50 F —o—T+24D
o ; . . . A . ; ; ,
0 5 10

Treat period (day)

Fig. 2. Effect of phenoxy compounds on the body weights during the
treatment of them into castrated 6-week-old rats. Sprague-Dawley rats
were treated an oral dose of vehicle, 2,4-D (50 mg/kg/day) or DCP
(100 mg/kg/kda) together with sc injections of vehicle (corn oil) or
testosterone (1 mg/kg/day) from 15 to 24 days after castration. Data
represent means+SD (n = 6).
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Fig. 3. Effect of the phenoxy chemicals on the growth of hormone-
independent PC-3 prostate cancer cells. Cells were grown in phenol
red free RPMI1640 containing 5% charcoal-dextran treated serum for
1 day before plating and were incubated for 48 h in the presence of
various concentrations of dexamethasone, testosterone, 2,4-D and
DCP.

T8]3 pMMTV-Luc®] MMTV promoterZ +=31=1]
AMS-ElE= dexamethasone 0] PC-3 A|E2] Z4¢) u]z]
+ 93-S AEST. Fig. 39049} o] androgen
receptor 7} WHEA] ¢ PC-3 A EFOA LE X
o] dEgel wigld 1 FAEEI} wg yolpow,
testosterone< 107" MellA= M EZ4 o] thh wor) &
57 F71kl wek A E2FA2 EX1E ) 10 MY E =
M EZ2 o] ZA AsE A2 Ve T). Testosterone T~
A BejF A 2 MEFA P, F A=l Al
EFAH o] AdEr} TE HEX 22 A XS]0 FvF
3L o] XTI} FolAlH M EFAle] A A= FAH
<= DCP #7t Al9alaes st F4S vepigeont
DCP#2] Aol = M =8 o2 JHFw 22 oA
= vehd Aoz AlaEgle

3. Androgen receptor binding/transcriptional activa-
tion assay

Human PC-3 androgen insensitive prostate AE3Eol|
hAR#} MMTV-luciferase reporter plasmidZ transfection
3] FAloll EHA)Zl ¥ hAR®) WS western bloteE
Elslsdch(Fig. 4). Testis T7EA2- 10,000X g2 YA E
2Jsle] A5& AME3led PC-3/hAR™IA hARS] S
PC-3 cell lIysate?} V]39S o testis WjollAQ] wbkado]
7H3 73l vield e, PC-3/hAR™ cell lysate Hol|A %
I 8o Hele}t T band7b vreRGom | PC-3004
o] vl A el

352 androgenicityE £4317] $18led hARS
reporter geneq] pMMTV-Lucs §7] PC-3 4| E9)| trans-
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PC3MhAR’
cell lysate

PC3MhAR"
cell lysate

Testis

I3

Fig. 4. Western blot analysis of expression of hAR in PC-3 cells
transiently co-transfected with phAR and pMMTV-Luc.

400
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/ \ ~T¥-- 24D
300 / - v— DCP
250
200
150 -

100

(3]
o
T

Relative lucifease activity (% of control)

0 il B S R TN
107 10° 0% 107 1%  10°®
Concentration (M)

LB LU

T T M R 111

Fig. 5. The effect of chemicals on activation of luciferase in PC-3
Luc'/AR cells.

fectiondt § o8] F x| A|PEALS AEF}L luciferase
assayS A A138}4ic}. Dexamethasone}t 2,4-D 7} 50
A] 9F&} androgenecityE ®¢Y, DCP: ®l-$- 733} an-
drogenecity® YFERIITE. 53] 1 nM9] FEoME o2
EAE2] oF 3ol 77k SV B+ (Fig. 5). 28yt
hARS &7 transfection 317 & PC-3 MEE A83}
systemol 4= dexamethasoneS A 9]}t testosteroneo]+}
2,4-D W DCP A&el 93} luciferase B =7t SAH
A] 3kch(data not shown).

4. PhenoxyA| &18}22 0l 2|5t testosterone CHAL 2+
CYP3AQ| &8 & &ML ¥s £H

2,4-D9} DCP7} androgenicityS WehllE 714 A7
#1351 =14 2,4-D} DCP Fodoll 2]3}o] testosterone T
Alell #ef3ke CYP3A B B =0 W3ts B}yl
A&} ratel] 2,4-D, DCPE w522 X (estosterone I
7 T8 rare 258 HE3F ZF microsome ¥ oA
2] CYP3A®] A =L (estosterone 6B-hydroxylation 73
=2 ZA3oH(Fig. 6). A% testosterone 1 pugkg 5+
ooll ©]3}e] testosterone 6B-hydroxylation BAE7} oF
19% Ax=7} ZH4E9]ou), 2,4-D2F DCP ool 23l
testosterone 6f-hydroxylase =7} 242 24.5¢9} 17%7}
Z7Vskde}t. 23y testosteroned} 2,4-Dut DCPE- E-4]¢)|

0.060

0.040

0.020

Testosterone 6p-hydroxylase
(nmol/min/mg protein)

0.000
Cc T 2,4-D DCP T+ T+
24-D DCP

Fig. 6. The effect of 2,4-D or DCP on the activity of testosterone 6[3-
hydroxylase in the hepatic microsome obtained from castrated rats co-
treated with or without testosterone. Sprague-Dawley rats were treated
an oral dose of vehicle, 2,4-D (50 mg/kg/day) or DCP (100 mg/kg/kda)
together with sc injections of vehicle (corn oil) or testosterone (1 mg/
kg/day) from 15 to 24 days after castration. Data represent means+SD
(n=3).
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Human liver CYP3A4
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®24-D
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7
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40

% of Control activity
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=

7
///
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CYP3A4

7
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Fig. 7. The effect of 2,4-D or DCP on (A) testosterone 6f3-
hydroxylase activity and (B) the formation of total tetstosterone
metabolites in rat liver microsomes, human liver microsomes, and the
membranes of E. coli coexpressed CYP3A4, NADPH-P450 reductase
and cytochrome bs. Testosterone 6B-hydroxylase activity and the
amount of total testosterone metabolites were determined by HPLC
described in the section of materials and methods. Data represent
mean+SD (n = 3).
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2,4-Dv} DCP7} 214 testosterone 6B-hydroxylase #Hd
= g % testosterone WALH] Aol WA= S B
7] $3ked rat liver microsome, AF% liver microsome
9 AlEe] CYP3A4, NADPH-P450 reductase®™ Abehe)
cytochrome bsS FAlol W3AIZ] E  coli membrane
systemg- o] 83lo] AT EE 2319 vH(Fig. TA). rat
liver microsomee|A] testosterone= F= 6f3-, 160-, 168-
hydroxy testosterone, androstendione®] 5+ AR ZE A}ls
7t microsomedllA eF 75% X7} 6B-hydroxy testo-
sterone, 2¢F 7% X7} androstendione2-2 WALE= A7
NE2Z o] Fgich. 3 CYP3A4ol ¢)3}e] < 70% A=}
6B-hydroxy testosterone, ¢F 17% *X=7} androstendione
22 A= gieH(data not shown). 50 uM2] 2,4-Dvt DCP
£ 223891 9 6B-hydroxy testosterone A1 ZHS- Fig.
7Bell A2} ZFo] rat liver microsomeollM 22+ 27%} 66%
Ax7) 7345912, human liver microsomedl| &= 7+
Zy 44% 52% Ax7} ZF4EE. 28]3 recombinant
CYP3A4I M= 242t 50%, 45%7) 734 Ket. A testo-
sterone AR 50 uMe] 2,4-Dr} DCPel| 9)3}e] rat
liver microsomeo A= 2k 67%%}F 25% TF20F 74819l
2w, 218 microsomedl| M= 2t 31%, 27% A2 3}
recombinant CYP3A4el| 2J3led= 242} 46%, 56% T2
2 249

Iv. 2 &

HERA A 222 ezl PhenoxyAl FEHEAEQ
24-D3 DCPEe HA AAFAeY A T3 371
(Lerda®} Rizzi, 1991; Charles 5, 1996; Schecter %,
1996) 5ol gt B3r} Hgont o 2hE- A ey i
HlA A =el] i3t A7 Ay EuEQA] Ut
2,4-Dv} DCPE AAEE rarol] Fo48F Hershberger A3l
A] Fig. 1o)A1e} Zo] ventral prostate, glans penis %
Cowper’s gland 58] AAF-&A47] FaFe] izl |3}
o FHez F7tEe] o]F £3e] androgenic W4
Aol EAZ 248 4 Qleg vERYh 183 e
2] testosterone(l pg/kgre Aol H2]sl9lS o AR
&A7| Fepol ArIA LR FutEE ofel el ol &
phenoxyZl #&rEAe] androgen FAF EHE vehd AL
2 FAHYH. 28y o] EAo) 23§ androgen Ak
Zh-g-o] 3183k testosterone?}t FA] FFAE WE v}
ehd A7l gt AL A0t o A3

Y53l E-2oll 28t androgenic FAF E347F Yeld
4 = A2 B4 AA7} androgen receptors} 7A3Ha}ed
androgenic £3-& }epll= hormone -FAFRHl 25 7
I z22 §A4E A FTHRITIAY HAE A sA7]
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A 5o Hakst 289l o] vepd 4 9l Aol
Phenoxy# E-22] androgenic A} E3-5 As17] 93}
o] androgen receptor binding/transcriptional activation
assays AABIAE @ 2,4-Dell &J3}e] 107°M ol3} A
oA androgenic EF-E vfeld Ao ALEFE oM,
DCPel| 9JledE 10°MellA FH 2 et oF 350% *
%= luciferase B4l o] £71%e] 2,4-D&} DCP7} androgen
receptor’} "I70 % androgenicityS- Z+T Q1= AOZ A7}
HAS. 224 2,4-DeF DCP7} androgen receptorel] o3}
o] anti-androgenic &3 androgenic 22 & 7317}
N M= testosterone®}t FA] F¢§ 3 androgen recep-
torell w3l X2} e] & 7102 ezl dihydrotestosterone
& AH83le] 24-Dut DCPE} BAlofl = 502 A2
3lod androgen receptor binding ¥ androgen receptor
binding/transcriptional activation assay7} ©f L7=<%le},

E3] testosteroned} FA1Fodol| 2Jste] 24-De} DCP7}
A7F8-& el e 7148 testosterone®] A A3 A}
Ao A 28 2l 2,4-Du} DCPol| 2J3 testosterone
o] AL FHIFIAY dAE AAFeEA E F testo-
sterone®-S Z71AZ 4 9}S AL E ALBFHAUD testo-
sterone®] THAR= cytochrome P450¢] 2]3}ed steroid ring
°] hydroxylation ¥ $ sulfate conjugation XE3= glu-
curonide conjugation ¥ ¥ A 9= wjA E}(Norman and
Litwack, 1997). Testosterone®] F THARAIZ &d}x] g)
+= 6B-hydroxy testosterone rarl| A= F2 CYP3A13}
CYP3A2, AFolir= CYP3A4e] 2]3led & 3kglch(Kawai
%, 2000; Xu 5, 2001; Whalley 5, 2001). £ Al&le]] A}
43+ ALkl microsomedl| A= testosterone THAF} 70%
o]AFe] CYP3A4e] 2]3}ed 6B-hydroxy testosterone 2.2
ALEE A i2H 2 Z raell A 6B-hydroxy testosterone
22 He - AR oF 21% AE gl FHA] A4Sk
v}(data not shown). W&+ DCPH} 2,4-D7} CYP3A9 2]
3}oq testosteroneo] 6B-hydroxy testosterone> 2 A H=| =
g AsFhe 7ol racliMe ARtE ofgke] HE e
2 Al8Fgl2™, 6B-hydroxy testosterone A1 gk &3
Bl AA akA) RS S8R Aol "asigid.
2,4-Dvt DCPol| 2J3}e] testosterone®] 6R-hydroxy test-
osterone 22 AYAFE 3} F AR YAl A=
+ AEE vwEls o 7 B 25 F Ak A
A A7t 2A el ol o] ¥ EdEe| CYP3
A%E A= A% o2 isozymeSS v Wel A
AFE 4 5 dgen, souM Hxe F=ZeAM cyto-
chrome P45001 €]3t testosterones A7} 50% ©]3}E "ol
A S veplisich WebA 0|5 phenoxyAl W&
Aol 24 9] 28715 52| 3P testosterone HHARA] o]l
2)8} testosterone®] F = SVl o3 oz AlRT
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Rat microsomeo]A] DCP7} 2,4-D ¥t} testosterone T
AR 24 Adsla et Fig. 7), WA AEE
Table 12] Hershberger assay Z3jol|A9} o] [ ug/kg
testosterone®} 7+t 50 pug/kg 2,4-Dv} 100 ugkg DCPE
FAlol| Fo33193-& w ventral prostate T 7S A2
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o] DCPE AL ¥ DCP7} CYP2EI % CYP3A
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benzoquinone2-2. ) ALE T} (Bogaards 5 1995; Mehmood
5 1997). ©]&3 A= 2.4-D AA| 7} testosterone A}
E AsFE TAll F Al DCP 9A] ZEsA
testosterone®] HWARS- A3} WEd 7oz ALR =
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8). o] DCPe| 93} rato] } AF2He] microsomeol| A 2.4-
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o3} cytochrome P450 isozymes°] rat®] isozymes}
v 2s1slS o 24-Dell 9J3le] FA AHeHrles AL
efislen, mebr 24-Defl 23t 28] Ao 22 rat
M vehs A 2ok ARReAIN 58 =24 JePd 4
s Aoz ALsHA.
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