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ABSTRACT : The plasticizer di(2-ethylhexyl)phthalate(DEHP) is one of the most well known endocrine disrupting
chemicals (EDCs) because of its strong anti-androgenic effects on the reproductive and developmental process in male
rodents and human. The present study was performed to examine whether prepubertal exposure to DEHP can make
any alteration during the maturation of accessory sex organs in male rats. As a result, there was no significant change
in body weights, serum T levels and tissue weights except of seminal vesicle and ventral prostate in DEHP-treated
animals compared to vehicle-treated ones. The seminal vesicle weights in high-dose group (200 mg/kg) were
significantly lower than those from the control group (p<0.05), and ventral prostate weights were significantly lower
than those from the control group (p<0.05) in both low-dose (20 mg/kg) and high-dose group. Histological studies
revealed that the seminal vesicles from DEHP-treated groups showed reduced areas of mucosal folds. Pseudostratified
columnar epithelia were observed in the ventral prostates of DEHP-treated samples while cuboidal epithelia were found
in the control group. The transcriptional activities of ER-« in seminal vesicle from high-dose group (p<0.05) were
significantly higher than those from the control group, and ER- £ expression was significantly decreased in low-dose
group (p<0.05) compared to the control. In ventral prostate, ER- 3 mRNA levels from low-dose group (p<0.05) were
significantly lower than those from the control group, and significantly increased in high-dose group (p<0.01). AR
expressions, however, were not significantly different in all experimental groups of both seminal vesicle and ventral
prostate. In conclusion, the present study demonstrated that (i) adverse effect (s) of DEHP on sexual maturation during
prepubertal period could be limited, (ii) seminal vesicle and prostate gland were sensitive targets to DEHP in
prepubertal rats and (iii) the deleterious effects of DEHP might be mediated through ER-associated mechanism.
Key words : Prepubertal, DEHP, Seminal vesicle, Prostate gland, Estrogen receptor.
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TH(Hoyer, 2001; Schoeters et al., 2008; Hotchkiss et al.,
2008). EDC 7}+-H Zet28HF T4 7IaAZE AFS & 2
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o2 QA =24 7FsAdo] mf 2 eEo|th(Latini,
2005). ZHHO|EF 4 F 7 wol AREER di(2-
ethylhexyl) phthalate(DEHP)2] 7% =1 S tiAE2] mo-
noethylhexylphthalate(MEHP), f-AF<! di-n-butyl phtha-
Iate(DBP) o A A7 ARFEY AAHEEIA A

< falslthe SAEC] F43] 3= JtH(Foster et al.,
2001; Latini et al., 2006).

DEHPS] A4Z4e JA7olN 471714 £ &
A 94 77 52 DEHP| =%H 7 AFEY A&
A%, AR 283 ST 22 o] YA
o7 wAsta AR Aot FAHLY] AR = A H
ARE o) T AT Favt 2YEs Bud oy o
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7 AHEY ARE7] FHAI7E A1 A= ATKDalsenter et al., 2006).
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(18~22T; 1247t =
27} A52$ 2de)(ad libitum)Z A} & Sprague-Dawley

(SD) strain 3#E A3t A% 289 (60~70 g B.W.)
° n44% A gF ] DEHP(20 and 200 mg/kg/day, res-

pectively, Sigma, USA)S 219 ¢t vjd AT T34
3, Z2F 2 2= Sesame 0il(0.2 mé/animal; Sigma, USA)

AT 55ttt 48 FEES DEHPE 219 F<t v
AT A F, 0o 0F 64 QB AN
o,

e m\m

2. 244
dzes Agead de A9y, AR s W
FIe 2] {8k paraformaldehyde(4%) ol g5 =

o
212 ethanol2 &3 o} dleld oz Infdt & 5~7 im
FAZ A& dHE AUty 24 FAHELS hematoxylin-
eosin®.2 thx Ja4ate] F8}&n) % (Olympus, Japan) 3tol
A AT

3. RNA #=3 Semi-Quantitative RT-PCR

Z24 9] total RNAE guanidium thiocyanate-phenol-
chloroform extraction ¥ (Chomzynski & Sacchi, 1987)
ol W} 55k 1 g9l total RNAS FHO.2 05 g9

Table. 1. Primer sequences for semi-quantitative RT-PCR analyses
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dTa primers} AccuPower™ RT Premix(Bioneer)E A3}
o] #Z dk$ volume 20 WE GAAMEFTH PCR ¥HS-&
8] AR AHES FHOF st Z47te] Az et
= primerE3 Tag DNA polymerase(Takara)S A3}
o} Table 12 2 AgoA AMEHE primerg9] d714E3
annealing =5 ¥A3I¥ T PCR AHE2 7|5 og £
218192, ethidium bromideZ ¢34 % Imager[I-1D main
software(Bioneer) 2 A #3slAth A #S ¢3F internal con-
trol PCR9l| 1= GAPDH primerE A-8-313th.

%3 g% Testosterone(T) 54

AASHY S Mt &
S 2 A3t 4-androsten-
17 8-ol-3-one 3-carboxylmethyloxim:bovine serum albumin
(Testosterone 3-CMO:BSA, Steraloids, USA)< ©]-8-3}]
A FEARE ARSI 4 W 2ERolE
diethyl ether(Merck, Germany)Z AR&-3te] &3} gela-
tin phosphate-buffered salineol] 8-3|A| %t} gA1e] wx} vk
S48 5a-dihydrotestosterone®} 41%, 5 j-dihydrotesto-
sterone¥} 27.48%, androsteroned} 0.14%, X ZA|2~HE3}
0.054%°]31oH, o ~EgtH & B ZE|E = 0.001% © 3t
Atk T9 interassay variation®]  o]A4(coefficient of
variation, CV)< 42.4+3.7 pmol/ { ZF=oA 8.78%°]1,
10.3+0.8 pmol/ ¢ oA 7.8%°]%} 21, interassay variation
Hol A= 45.6+2.8 pmol/ { 7F=ol A 4.1%0] 1, 9.8+0.05
pmol/ ¢ ol A 4.4%0°] St}

EEEO

Gene Accession number Primer sequence Product size(bp) AT(C)

F 5'- CCATCACCATCTTCCAGGAG

GAPDH NM_017008 576 50
R 5- CCTGCTTCACCACCTTCTTG
F 5- GTCGATTCCGCATGATGAAC

ER-a NM_012689 435 63
R 5- AATGTGCTGAAGTGGAGCTG
F 5- ACCACCGAATGCCAAGTTCT

ER- 8 NM_012754 414 63
R 5- GCAGGCTCTAAGGATGTAAC
F 5'- GCACTGCTACTCTTCAGCAT

AR NM_012502 286 60

R 5- GATCATCTCTGTGCAAGTGC

F: forward, R: reverse, AT: annealing temperature.
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Fig. 1. Effect of DEHP administration on changes in serum T
level. Specific T RIAs were performed as described in
'‘Materials and Methods'. Values are expressed as meant
S.E. (n=5).
30% 7} $ro] 3k 442 B Y tH(p<0.05, Table 2). 34, &

= T3S 34 47 20 ngs A2eh Foirt9] 1187.04+
299.16 pg/mle} 200 mgs A Foirte] 1171.11+194.23
pg/ml E5F tZ2T] 946.23+72.90 pg/mlol Hs| =2 A
= YeHAR A4 #9498 fIthFig. 1).

ZX]I:HE]?‘S]—Z—]C‘)_] g_/\].oﬂ/q sz:,L x{x%ﬂ-oﬂ/q_‘;_ _H‘;__u]/g-:q

o}7-¢] A& 0.120+40.009 gO. 24, o]& thx7tol Hls) o ANEZERZ FAE HutFo] We WAL AR5 ddsln
Table. 2. Effects of prepubertal exposure to DEHP on changes in body and tissue weights in male rats
DEHP (mg/kg B.W.)
Parameter (Q) Control
20 200
Body weight 19592 + 585 195.00 + 7.17 18450 =+ 847
Testis 2.115 + 0.060 2.139 £ 0.041 2.077 £ 0.029
Epididymis 0.290 + 0.010 0.305 + 0.015 0.305 + 0.026
Seminal vesicle 0.292 + 0.036 0.208 + 0.029 0.188 + 0.018*
Ventral prostate 0.171 £ 0.019 0.108 = 0.017* 0.120 £+ 0.009*
Vas deference 0.105 + 0.006 0.100 + 0.005 0.110 + 0.003
Adrenal gland 0.034 = 0.002 0.030 = 0.003 0.030 £ 0.002
Kidney 1.772 + 0.057 1.739 £ 0.071 1.737 £ 0.090
Spleen 0.723 + 0.032 0.698 + 0.108 0.668 = 0.071
Liver 8.761 £ 0.276 9.077 = 0.443 9.509 + 0.457
Thymus 0.545 + 0.025 0.604 + 0.032 0.551 + 0.032

Data are presented as the meantS.E. and six replications were done.
* Significantly different from control group, p<0.05.
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Fig. 2. Microphotographs of seminal vesicle from control and
DEHP-treated rats. Animals were fed by gavage tubing
with 0.2 m{ sesame oil alone (CTL) or containing DEHP
(20 or 200 mg/kg/day) for 3 weeks from postnatal day 28.
A & D, control group. Mucosal folds of control rat were
fully developed and pseudostratified columnal epithelium
cells are thickened. B & E, DEHP (20 mg/kg/day)-treated
group; C & F DEHP (200 mg/kg/day)-treated group. Mucosal
folds were thinner than those of control rats. Hematoxylin
and eosin staining, Magnification, x100 (A, B and C),
x400 (D, E and F).

9 Ao] WA, DEHP Fol7E] AFgolaE
Aol wAo] tiziel Wsh Aasidn, olF TAsE
Roize) BY AR gz v vl gz
FA7 243 Ao] BRUALKFig. 2). ARHNAE 2
2o FUPIAEEE 99F AZAE 5T g v
DEHP %el] AEE 95543450 Fej2 Holx 9
Rov, o2 dAdtel JulAL) FAZ BETol Hlsh F7}

&t Zlo] #FE ATHFig. 3).

&2 RT-PCROIA, Aol A ER-¢ mRNA %%
ZAVet A3} 20 mg Fod(h 220 mg Fod+¢=1:1.09+0.20
AU, Fig. 4A)o A= tiZ73} o) 7k fIAAIRE 200 mg &4
(200 mg Fo7=1:1.61+0.21 AU, p<0.05, Fig. 4A)
NM = FoJ3H =tk vk, AY oM 9] ER-¢ mRNA
o e HAEHA FUth AFEH AHdAA 9 ER-B
MRNA 558 ZARF 23}, 20 ng FoFAE AR
%720 mg7=1:0.69+0.15 AU, p<0.05, Fig. 4B)3} AHA
(2120 mg F9J7=1:0.88+0.05 AU, p<0.05, Fig. 5A)l
A BT folatA Yekal, 200 mg FoFME A (HE
7:200 mg FoJ:=1:1.03+0.08 AU, Fig. 4B)o| tjZ+}¢]
Zpol7b glglovt, AP A(HET: 200 ng Fo7=1:1.23+

Fig. 3. Microphotographs of prostate gland from control and
DEHP-treated rats. A & D, control group. Cuboidal
epithelia were observed in control rats. B & E, DEHP
(20 mg/kg/day)-treated group; C & F DEHP (200 mg/kg
/day)-treated group. Pseudostratified columnar epithelia
were observed in DEHP-treated rats. Hematoxylin and
eosin staining, Magnification, x100 (A, B and C), x400
(D, E and F).

0.03 AU, p<0.01, Fig. 5A)SME FoJ8HA =oke}. 3,
ARG Ao A e AR mRNA £ ZAE A3} 20
mg Folte] AR GH(hET:20 mg Fo3=1:0.78+0.17 AU,
Fig. 4C)o] B& A3 Bilou foAe gileH, 20
ngw9] AHA(HET20 mg FoJ'=1:1.00£0.11 AU, Fig.
5B)3} 200 mg Fol2] A (thZ7:200 mg F4r=1:0.93+
0.15 AU, Fig. 4C), Z18]3 AYH (27200 ng FH=
1:1.08+0.20 AU, Fig. 5B)olA= E5F x| Aol B
oA gkttt
BTy
19303t 7EE o] SekiE AFES oA f2 AN
o Aoix BFEIHAS AAE AA|ekaL o, weka &

gty 7haA9l ZEYoERF EAS UREuA FoEd

U NE AAARCE M BB T e
242 £3AG. Uy ZedolE BAe 495E
oA T &4} 719 ) RS Awk EAL BE Ho} Al
o, 718 BT 2 WY S4, A S5 5 B
o 718 WA fE, PAERA B BE 29 42 5
WAL 23 gl 4

P o)A Skoh(Latini et al., 2006).
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T DEHP =34 ¥ &=
(blphaS|c) a7} Jehdthe R E
=3 %ML 6URE] 5771744 DEHPE thekst %%5(0.015 ~
405 nglkg/day) 2 Tt A7}, HAd Hlg| F3] 2 T
(0.0458} 0.405 ng/kg/day)lME dF T $F0] 5
S7FtaL o]% =7t S7kel e W} {lohrh H s = (405
mng/kg/day) ol Al THA] 2] 8HA F71o] 2 AthAndrade
etal., 2006) A2 o]% T njd AT == E3] DEHPo]
" F7 259 94 Ao A% AFEIA B2t

k3 L(lo ng/kg/day)ol A 258 AR oW, 1 E(500
% 750 mg/kg/day)el A= st AQAEASH, T T &
T A AsEdAMe tizwol Bls) st kAT
W He 2428 tHGe et al., 2007). o]t FrAFSHA
DEHPY] =& 2o} A%, D73t A7H4AF Ee 8F
7h 5 EE 25 ngm'e] §Fo = uﬂm 6AIZH) S TS vl
A& 71 279 BE-8F =& A AT, Ao FAHA9]
A 23 e FAEAEY] T Afolrt gle
o 8% LHS FSH &% Wby} gl AR 27
T gz ve) fFoatA S71AL, BF T 5% 571
3l tH(Kurahashi et al., 2005). ©]23F DEHPS] gt=2 4
7} opd =z 5L 2ERA fAF S Y
4% Al DEHPS] tiAL A27t 2} 2 diAESo] A4
o] 24317 WjEoz HHET) o]H3t e OLﬁoﬂAL
Uehued, vAdSs o 3 AT Fog A5 AR
A7} F2EH A A A Hls)(Lee & Lee, 2006a&b), &
02 w2A)7] ALE 03]8] 2o Hud n} 011:}(|\/|a
et al., 2006). kA P Aol YoM EE} T =
AZ, AR =F o7 A%, AT =& A7) 2 717J
of tigt 327} wk=A] 83 Fott,

A7)0l 2% DEHPE Elo} A4 W Leydig A1ES) T A
AHS A3 slar(Akingbemi et al., 2001, 2004), AlZW pero-
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xisome proliferators-activated receptor-gamma(PPAR- 1)
S} ERK1/2 91413} 425 %3 procaspase-35 fE3te] A
FAAALE frEksto] B uEtHRyu et al., 2007). 14|
glo}7] &A1 73] T glojA =AY Fo]
A sk Fx]9] Apalolt), B3tk Wolffian duct)ol A &
i}ﬂ-‘: Ao A, got FARFHE Tl &s), 12jaL
21 %5 (urogenital sinus) 0. ZXE £3lEE AP 50-
reductaseoﬂ o3l T 5 A2k dihydroxytestosterone(DHT)
o ofsf E3te =, ol T O|ER] =EHH UAHF
O T A A7t of7]s o] F&A447) 3] HIAFAQ W
Ao] dojuAl HE Ao FAHtHFoster et al., 2001). L
2y}, DEHP7} 2 F-&A42 7|8 288 7hs S wiAl
& gletl, 9M A PPAR-y AR AIEAAA
|= EA7IAA Y TR HEdES 28T 7540
2 dFdM e AREIA Y ER-a ¢ ER-B o]
FEo} 7<1 % DEHP =3 93f st F7tat
HAdM e ER-B Tdo] ATk =34
A= sl S7Hge] ek
7 33 ARY Hd-L ¥t gidlen, g%
7F 10T o= AKE7] 014 €] DEHP =20
% HA1e A< o]ido] ARO] obd ERS w7l
dojd 7Fe S AABEhE Aotk g, & dFelxe
al F&o] AZH A gsked), ol £ AF
E3(ventral) - ARE-SH7] Wi o2 AZHHT ol
ke AFE, FA A h*@*‘ﬁl"ﬂ*ﬂ ER-37} H
= ER-¢ mRNAV} 8%
prostatic urethra)of| A7t 7,3% H17} 9l om(Makela
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