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The Effects of Di-(2-ethylhexyl) Phthalate (DEHP) in Testosterone Synthesis and Its Molecular Mechanisms in the
Fetal Testis of Male Mouse by Organ Culture in vitro XU Hua, HUANG Jie, LI Min, GAO Zhi-bin, ZHU Yan-
feng s LI Yun®. Department of Nutrition and Food Hygiene, West China School of Public Health, Sichuan
University » Chengdu 610041, China
/\ Corresponding author, E-mail: liyun_611@163. com

[Abstract] Objective To investigate the effects of DEHP in testosterone synthesis and the related genes
expression in the fetal testis of male mouse by organ culture in vitro. Methods The testis tissues were cultured in
infiltrating type rotating device for 72 hours. The culture and gas were changed every 24 hours. The testis tissues
were divided into the DMSO control group and four DEHP groups (the terminal concentration were 0. 1, 1.0, 10.0,
100. 0 pmol/L). The testosterone levels in the cultured medium were measured by radioimmunoassay, the INHBR
levels were measured by Elisa, the gene expressions related with testosterone synthesis were detected by real-time
PCR, the morphological changes of cultured testis were observed by HE staining under optical microscope, the
expressions of related proteins were measured by immunohistochemistry. Results Compared to the control group,
the levels of testosterone synthesis in 0. 1, 1.0, 10. 0 pmol/L groups were increased, but decreased in 100. 0 pmol/
L group which were exposed in DEHP for 48 hours and 72 hours. There was an increase of INHBg synthesis in 0. 1
and 1.0 pmol/L groups, but a decrease in 10. 0 and 100. 0 pmol/L groups. The gene expressions of 33HSD,
P450¢17, P450Scc, vimentin were significantly decreased compared to that of control group especially in 1. 0 and
10. 0 pmol/L groups (P <C0. 05), but the expressions of INHBB had no significant changes. There were no
apparent morphological changes in testis tissue by HE staining. A significant increase of the three proteins (33-
HSD, P450c17, P450Scc) and a significant decrease of vimentin were observed in 10. 0 and 100. 0 pmol/L groups
(P<C0.05). Conclusion DEHP exposure can affect the testosterone synthesis in the fetal testis of male mouse. The
regulation of gene expression involving in testosterone synthesis might be the mechanism.

[Key words]) Organ culture in vitro Di-(2-ethylhexyl) phthalate Fetal mouse Testis Real-
time PCR
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HEE R R i Lot ) RTOR R 0k AN AR S [ A 9
B e 2 = iAW FL T T A 2] DEHP 5947 78
A ST R K W 3 fih DEHP o] 51 2 1l 7% . A2 58 BT
FUE LB A S 2 R GE B . S WA oY &
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BT A M R R R S AR E R R AR Sl I A
A T DEHP WA SN 1; 5% 52 40 40 200 5% ) (1) BiF
€ ABAT S A S 1 43 T WL iR GE AR 2D, K 43 i 02
DEHP A ¢ A 7 ¥ 48 28 — e o & B C B iR
(MEHP) (48 . 0 e, AR BF 23 1) 38 08 % 2
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1.1 SEIzhY

SPF 2 fgdt ffe B B A i /N B iR A2 5~7 dL |
DU I K27 52 5 3 i opon 4R 48t 3h & K IE 5 SCXK
(J11)2009-09,
1.2 FEiRXA

DEHP (Dr. Ehrenstorfer), DMEM & #i 5% 3%
e AR A YD), 5 E B (Amresco) » 1 3
. ( DMSO, Amresco), & RNA & It ik 7 &
(Omega), ¥ # 5 ik #) & (Thermo), DNAse [
(Thermo) , 3¢ )¢ & 8 PCR £l i %) & (Bio-Rad) ,
BUA MLt 3R PASO M4 24 A% i (P450Sce) HT A4 (I
T8 R WA R FDD P 3B R T I A (3R
HSD) Hi & Hi 40 il 6 2 P450 174 ¥ 4L (P450c17)
Foik B & 11 (vimentin) P& (L s B 75 . %
BE AR & DAB W 45 i F & (b s b 2 &8
i & JE W B_B & A (INHBp) Elisa i #| & (Ray
Bio) . 51 ¥& M (LA T .
1.3 2AFIMEFFERIHRSAE

RS 5~7 d i/ BUSUHE I [ AL BE, B T
75% LR L 2~ 3 min, JG B $5 VR BUH B S AL
T A 8 S OB T 25 B 52 AU R D7 L 465 4 20 23 %k RO
BEHANEZHT M 1 mm X1 mm X1 mm 24K
NGB TR PBS RE . B DA A5 Y S LA
LUBENLIr K 5 20 B V-1 0 i 3 13 A TR0 B
Y 6 ~8 Pl 81, R 5 ¥ 5 F2 M B T e e
.34 CHEHIRREF: 72 h, 5 24 h @B A KM 0.5 L/
L O,,0.45 L/L N,,0.05 L/L CO,) — &, &k
1 min, & 24 h I T i 7 2. DMEM & b 35
FHE 10%/NE L1100 U/mL 35 % 2,100 pg/
mL # %R 10 pg/mL RS R .5 pg/mL FHHEH.
2 mmol/L A& Bk M 15 mmol/L Hepes,

SEEG 4 h DMSO % 57 X B 41 (DMSO 2% i Jig
J 1.0 mL/L)F1 4 A~ DEHP #4541 (&R 0.1,
1.0,10.0,100. 0 pmol/L) &4 3 K5 F59M
1.4 WRIBIREEN A E
1.4.1 Fmwegm 2 RIS 8 5E 550 B TR A S i
SR B 98 U W 5 B 77 e v ST ) Uk BE L A5 B SO A
THE A 4 B2 ) A i
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AT )15 3% 3 AR AS , # IR Elisa 20 51 & 19 82 4 10
WY 5, K I 52 0 40 40 43 W 3 85 9% 5 b INHBR
e LT A A S LZH 40 INHBR & il
1.4.3 Zabd k28 PCR 4l 4a 4 4 B 6 & ik
SIS RNA A 52 BOR B 0 4 3 42 B, 4K it
FlE A ERME . B RNA 2254036 6 5 A6 il g
JGRETE 1.8~2.0 Z[a], 10 g/L 35t 0 5 i v vk
WG R, BT RE S BB 1 pg B RNA BEAT
DNAse [ 23, 338 5% s AR ) & U W 484 . PCR 5]
P s e B S R R ORI LR 1. S
P F PCR SN AR IR0 & 8 B 45 4 W 20 1« A
PESARVE J5 8 & S AR ], 43 53 Sl 95 C L 30 s,
95 C.5 s5iB K FEAR— 25 58 Jl R BE O il B R BE (3R
1,5 s, 4t 40 WA . B AL Y 2 3K 2R AR X 2
wmik B L Bractin /ESA N2 35 ACE L 2720 3k
7 H B mRNA 4 361k 6
1.4.4 HE & ¥EFSEEHBEAHS
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HOEMY) R HE et oK BB R E . 6
BE T OMLAR ISR AIE A o 25 He i AT TR
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Table 1 Primer sequence
Gene A ) Primer sequence (5'-3") Fragment Melting
symbol ccession No. Forward Reverse length (bp) tem?%z;mre
33HSD NM_008293 TGGACAAAGTATTCCGACCAGA GGCACACTTGCTTGAACACAG 250 55.0
P450Scc NM_019779 ACATGGCCAAGATGGTACAGTTG ACGAAGCACCAGGTCATTCAC 119 55.0
P450c17  NM_007809 TGACCAGTATGTAGGCTTCAGTCG TCCTTCGGGATGGCAAACTCTC 171 60.0
Vimentin NM_011701 CGTCCACACGCACCTACAG GGGGGATGAGGAATAGAGGCT 74 57.4
INHBB NM_008381 CTTCGTCTCTAATGAAGGCAACC  CTCCACCACATTCCACCTGTC 166 56.3
PBR NCBIGenelD 12257 GCCTACTTTGTACGTGGCGAG ATGGCTGAATACAGTGTTGCC 113 56.3
STAR NM_011485 CGGGTGGATGGGTCAAGTTC CCAAGCGAAACACCTTGCC 230 60.0
B-actin NM_007393 GGCTGTATTCCCCTCCATCG CCAGTTGGTAACAATGCCATGT 154 57.4

Yl W R R A6 B2 /K 4K, 0. 01 mol/L #5745
Mk 2 i MBI A48 &2 BT 20 min, 1 mL/L
TritionX-100 #T4L, 30 mL/L H, O, /H i K i% N 5
PR E ALY L OE H 2E T B 1 b R — P G
J# 3p-HSD 1 : 800,P450c17 1 : 200, P450Scc 1 *
200,vimentin 1 : 4000 8FF 4 Cad i, I —Ht Qi
4N R, B ) 15 min, 4% %5 £ 55 i HRP
15 min, DAB 4, JR R Z e, ik, & W, 3 F,
Bik . BIPEXT R — PR B A —Pi. 3p-HSD,
P450¢c17 ,PA50Sce 3% 41 Ak BH 4 2 0 Sy () 5 240 i i
W PUAR T 0 kL, vimentin 5 58 28 46 BH M 2 v R
S 2 M A R R
1.5 ZitZEHk

B £ Fon. Z AR BEHL R HH
297 2250 H1 (One-way ANOVA) , £ 4 [i) #4951 /) 7
PibL %, 7 2255, R H SNK ¥k 7 2 A 5%, % H
Games-Howell ¥, #507K 1 «=0.05,

2 HE

2.1 DEHP £ HFEXZAEZME M AR

DLV 1, AR T 50 2 AN TR Y B ) 2 ) 2
A A - B A Y B S IR) A R X IR AL R 4 A
DEHP 4t 2 57 12 2H 52 1 5 )30 8 28 20t B A1 ) e
B 48 h J5 T R i B2 2 i 0/ . b, X B2 22 1)
B AN EBRR TR EER LS E X,
0.1 pmol/L DEHP ¢ #41. Y+ 5 24 h 5 72 h Ik
B 225 A8 X (P<<0.05), 100.0 pmol/L
DEHP ZeRE2H . 4435 24 h 73 0i) 5 48 h.72 h ) 52
AR A 22 R A Gt B L (P<C0.05),

T Y 3 B ] AN ] 550 o 2 22 [ 2 ) 45 o d L
B 24 h 5 4550 i DEHP 4L 3 240 34 5 7 % i
H, HBfi#E DEHP # B2 Tk o S04 i 52 5 m
e, PFASh M 72 h 5, B AR EY R
fE— & il it DEHP 3¢ 2 3 Fl 9 (10. 0 pmol/L

DEHP ), ki % DEHP ¥ B2 9 Fh & 1 3 i, {5 76 35
) 100. 0 pmol/L DEHP i , Bl 5% B & &% 3 il 4 .
B35 48 h J5 ,DEHP 100. 0 pmol/L 5 10. 0 pmol/L
SRR A R R E R A gt B (P <
0.05), Ye#E4E 72 h J5.DEHP 0. 1 pmol/L 5
10. 0 pmol /L) &t 40 52 R 5wt HU G, 22 ) A e it
27 L (P<<0.05),

20} g Control group

18} g DEHP 0.1 molL
@DEHP 1.0 pmolL

@ DEHP 10,0 pmol/L
o DEHP 100. 0 P molL

\_|1’<0.05

=]

W (testosterone)/img=kg
=
R RTA AN o

P<0.05

A

s

48h

E1 DEHPX/MNREAZMMA RN

Fig 1 Effects of DEHP on testosterone synthesis in mouse testis ( x P

<C0. 05, vs. 24 h in the 0. 1 pmol/L DEHP group; /\ P<C

0. 05, vs. 24 h in the 100. 0 pmol/L DEHP group)
2.2 DEHP X INHBp & B B % 018

P 2 8558 7R, AR IR G B I a) A [ 5 4 20 22 [
FeA, i DEHP ¥ 52 /9 T . INHBR # 5 il 3% 3
hy S s A i SR f #, 00 1 pmol/L
1.0 pmol/ Lt 4 A& W3 i, M 10. 0 pmol/L 7 4
HIFh A R . Y dE 24 b, 5ok B LR,
1.0 pmol/L DEHP %t 35 40 INHBB & /& 3 fin (P <<
0.05) % DEHP 3435 £ 40 Z [A] lb 4, 1. 0 pmol /L
205 10. 0 pmol/L,100. 0 pmol/L 5 & £ 2 [
ERAG I FEE X (P <0.05), Y3 48 h,
0.1 pmol/L DEHP % 1. 0 pmol/L DEHP 4] Z [d]
LRAGIFE X (P<<0.05), Ye# 72 h, K42
] L 22 S T Ge it # B
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P<0.05

K B Control group
P<0.05 P<0.05
1

EDEHP 0.1 ju molL
CDEHP 1.0 pmolL
B DEHP 10.0 & molL
EDEHP 100.0 p molL,
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B 2 DEHP xt INHBp & A& B9 5 i
Fig 2 Effects of DEHP on INHBp synthesis in mouse testis

2.3 DEHP £EXZHALAHEXERRENZ I
W% 2, B % DEHP ¥ & 19 F+ & . P450Sce,

P450c¢17, 33HSD mRNA £ ik B ik, P450Scc
mRNA ik, 5% B4 4L, 1.0,100. 0 pmol/L 5
W R A Gt L (P <T0. 05), P450c17
mRNA £k, 5% A #5100, 0 pmol/L 5 & 41
ZRAE G E L (P<0.05), 33 HSD mRNA %
KL X IR L, 100, 0 pmol/L | 4 22 R A 4
TR L (P<<0.01) S B R A 0 v 5 2
FIEEE (STAR) Ab Ji B R — 8 5128 52 I R 1 AR T
(PBR)mRNA %k Bf DEHP # 3 (ol 28, £ 41 2
)22 5 oo it 2 8 L. WA DEHP ¥ B iy 4 &
vimentin mRNA 3 ik % ¥ B K, 5 X B 41 kb4,
100. 0 pmol/L i & 20 22 5 A e it % & L (P <
0.05). INHBB mRNA #ik. i DEHP ¥ & 1 2k
L EHZE ER TG E X

%2 DEHPAEZEXMEAALWXEERIEHIHIM (278N, n=3)

Table 2 Effects of DEHP on the expression of genes in mouse testis(274A¢t ., =3)

Group P450Sce P450c17 33HSD Vimentin INHBp STAR PBR
Control 1.00740.112 1.00740. 069 1.00+0.119 1.00+0. 082 1.02+0. 259 1.027+0. 225 1.00740.038
DEHP 0.1 pmol/L 0.86+0.082 1.03£0.218 0.8140.125 0.9140.151 1.05£0.030 0.8040.140 0.8940.098

1.0 pmol/L 0.7240.146* 0.76+£0.175 0.73+0.141 0.89+0.225 1.0240. 207 0.9240.509 0.9240. 222

10.0 pmol/L 1.0170.104 1.2340.094 0.9340.172 0.89+0.120 1.07+0. 341 0.78%0.239 0.89+0.183

100. 0 pmol/L 0.5740.019* * 0.6440.170* 0.48+0.040* * 0.6440.001* 1.03£0.076 0.6840.136 0.70+0.074

* P<C0.05, % % P<C0.01, vs. control group
2.4 DEHP HEXZAMTFELEHRHRIN
DL 3. SEBE T UL X e 20 52 ok 21 2 it 40 8 A HE

GBI S S5 40 TE 5 ih 2005 5 4 BE B A ih 2 TR 2R
B B 200 M A0 S A A0 L AR D 285 R 3 A L R DU B

El3 DEHP M EHAMTFHIHM. HE X100

E 4 DEHPXMEZEHEBHRIEMFM. SP X100

Fig 3 Effects of DEHP to the testis of mouse (red arrow: leydig cells, green arrow: germinal cells, blue arrow: sertoli cells; A :Control group, B:

DEHP 100. 0 pmol/L group). HE X100

Fig 4 Effects of DEHP on protein expression in testis (Aa,Ab:3B-HSD control group and 100. 0

pmol/L group; Ba,Bb:P450c17 control group and 100. 0 pmol/L group; Ca, Cb: P450Scc control group and 100. 0 pmol/L group; Da, Db.

Vimentin control group and 100. 0 pmol/L group). SP X100



443 AR NSRS SR BRI Y AR R T IR T (2- L ER O R TR X SE R A 0 B AL R A 5 515

%, Hoh SCRR AN A AT T AR 2 5 = T SRR
TE AR AR BREL /N 5 A= Bl B 20 M A% K i B, HE 35 £ 45
TR . S RUIR]J5T 40 B 43 A T i AHORG B R BT S AR )
. ZRERK =AY AR, B EE . R
sOREE . 5 IE RS T R R 2L IE A2
ZifJC 22 %, DEHP £ H R M s s
DMSO Xif #E 21 Lt %5 0 B i g B2 A8 Ak
2.5 DEHP EEXNZEEHAEBRIEMF M

L& 4, DEHP £ % 3 | & 41 38-HSD,
P450Sce [ FR ik & F X 4L, ffi & DEHP ¥ & 19 Tt
i, R IR B TR . P450cl7 R IK . %
F 2 25 T R ZH L 0. 1 pmol /L 3] 2 25 434 i A% 1
. Vimentin Gt 328 241 1k B S0 25 €0 D35 S 7
SCAE 20 L i) A SE e /0 B ] J5T 40 A SR A R] DL AR
FEAM M h R W FEik, 5 X4 L3, vimentin £
DEHP Ju3 ] 5 20 338 ¥ B, ) B i 4 S IR At e
oA EL R
3 iFig

£ DEHP Y5 %t 55 9% 52 00 20 231 oK 3 B nl DL
(18 1Y Sk o B2 R 22 I AR S L 4 2R ) R IR
AR AE P CER 5 E AR BB, /Tl
LA 0 398 A5G PA 43 06 B 55 1 1 0 %k AR 52 i 1) 240
EAR IR AR, AR, 5 X R4 A,
DEHP JL5 /5 4141 HE Y ) v, 2 LA 21454
TEH AN M5 28T A 0 MO A AR R OR WA [ A S s
T Ak A5 B 2 AR L 45 AN B A E L B AR AR F
5 0 Y 75 ) N DEHP XA A0 855 5% 1) 52 L 20 41 9F:
% 8 BRCRT UL B4 B S A s B 2 e . 3 B Chauvigne
& B DEHP Y 8 19 (R4 55 3% LA BUE &
2E A AR L S [ AR 1 1A L 451 TG B AR Ak

B AR~ ERZEENL R, K2
FH 52 AL 1Y 7] 5T 200 B 5 0 %) 0 S 381 6 TR RN 2 1 1 R
KN ABFTSE B B R DEHP 78— & # & 16
AR A S I 1 o A ) — 2 ) A A 52 A
X —J 2 ) 5 B 9 R 37E 10, 0~100. 0 pmol/L
Z0a . EAMNT 09T iRk GE DEHP %) & K 5 7 H
XiF 52 L 25 AL I I R ) 2 R] 5T 40 i Y 3 A
DEHP #£ 10. 0 pmol/L & F , B 4542 iff 520 1Y &
B s W A DEHP, 1] LL5 1 4 75 30 A R SRS R A 6l
Wt PR, 53R 24 b JF S E R A R
P 3597 48 h.72 h J5 SEE A5 & T, AT e 5
PRl — i S LA U 35 3R I 215 97 AUAE 48 h.72 h
B 3 1% % 5 38 SR L B % I TR 0 A L SR A

) DR [ 2 S Y i 0 T K 2 0 T R W) S 1 s
e X B ZH Sy DMSO % 57 XF B8, DMSO A fig % 85
FEEALA LB —E R REM . (FR X B 22 (8] ) X
it 22 5 90 AN HA Ge it 24 30, U6 DMSO Xt 42 i 4l
135 Y 52 5 DEHP Y 35 38 A 52 0 A6 L A
SRR A AR A 5T AT DL 28

HE— LT A G S H R IL,STAR 5
PBR [ i 37 F 2 b A B L o 19 28 1 [) 301 0 AN [ st 3
ALRLAR Y . STAR 4 IA kS 2 i by AF [0 5 % 1k
052 A 11 55— B A5 R A 5% v K R A S TR Y
FRBEA THEMBE . AENTRIT¥E L, 33
HSD 15 55 — B 20 B8 78 S2 10 1Y) & B /2 v ke
FNEEAMEH . A5 33HSD B mRNA F£ik &
B R R, H R 10, 0 pmol/L,100. 0 pmol/L 5
2, P450Sce 3P 4 5 1) 40 i (2 P450 JIH [ i
A 5% 25 i T T LA AR A L T s 52 Ay 20 07 T2 T 2% )
N 2 S A A ) B S — A BIR D L B OE R BN
BRI S5 40 v e 3 2R A I O 5 R IR KO R EE A
xR HSE R P450Sce . P450c17 mRNA [ &
KA R R D HOZ AE 100. 0 pmol /L A 40 L 3X
A FB A o ) A A S A R R R R B R
A I PR 22— o AELR ) P A g 2 A VR T 13X 3 N4
P17 (] J5T 200 i 11 35 3 A 1 58

HARBMEE RS EW A B 25 R A 3,
B2 PCR 45 A 5 HAH 2, o] e S I — 2 52 &
e AR R A R N o W R G TP — T AR AN RS
Br SR BORHERR T LA 8 43 W 2R 48 1Y 52 e HL R [R] 5
20 i 22 A SRR 20 L L 2B B AN 1 5 e R R A
MR 0] B J= DEHP Xt 55 40 Fh 41 g 7= A= 5 i, iF
17 380 220 405 40 T 17 BBK 3R 5 ) T BB /S mRNA
MIBY 4 A SR, AR T R AN RIEK., H
0, A 5 SR 40 M 69 45 bR vimentin A1 INHBB, A #F
SE 38 . DEHP BE4% 1 i vimentin AR . AHF
3% &% I vimentin mRNA Fik A DEHP ¥ E I 5
MR 1 fa 35, #5670 i 4] 22 R H it % 8 L,
INHBB mRNA [k K W2 5 A0 E Elisa ] & 45
SR DEHP X INHBB A 5 {2 3 J5 #1178 11
10. 0 pmol/L JF & #t 1 B — & 19 M &l /E H.
Vimentin , INHBB i B0l £ ] 0 57 £ 24 218 52
i 1 A S 4 P B e EE (100, 0 pmol /L) L #2758 S
i it %t DEHP (4 U8k M RT 6 &5 1 5] 53 240 i, 52 4 4
J15Z %] DEHP [ 520, i — 25 52 i 3] 3 4 40 i 1) 2
AE. D3 Ah, AFE IR 55 S5 51 26 1 ) Gk X — i AR
B AR A, FE P 2 J5 mRNA 75 8 2 ik B i A4 fig



=

516 PO R 2 2 i (BE 22 D

A4

28 R P B T O B R R OB A
FE A RMEN 25, R 32 240 5 38 X 18 7
1717 33 41 3] 4 PR 3% v B A O 9 4 DR 3R A e 4 T
R AR IR R AR R R e A I R
kE. AR R B 33HSD., P450c17,
P450Sce mRNA 3k & F . (H )2 8 H 1Y R 5 A Tt
. L] DEHP Be 8 09 2000 T 23X 3 A Jk A 7R 5% 5%
IK S 1B 126 7K P A7 A R AT AR R Y O 1) R
AR SRR . FTREEAEIX 3 A D R 36 % Y
B 4 3 X B DEHP 3096 . i 6 B 41 R B =
DEHP Jo i 0 O A #2 5 L fir DLfd 73 DEHP %
BEAL 0B (1R 2 0k B AL, BRI Dl I 7
— L RESE .

2 LTI ZHT TR 52 SU BUR SN B FR R
WF5¢ DEHP X A P4 /)N LS OIL 52 10 5 780 AL il i) 52
Wi, 75t DEHP A 5 4 {2 52 56 43 W 19 76 T S8 &
HAH e 33 HSD | P450c17, PAS0Sce JE X 3 ik %
ARG o FH X N B9 B 1 35 T T s vimentin 358 FRAK, $2
7~ DEHP X 52 i £ 1 5 X ) 5 5% 7K 8- F R 28 K7
A FE M, P ST G B DR e ik A B 0 1Y O
T 35 5L K X 38 o8 DEHP 5% i %2 8R4 1% A9 23 141
il AT AR R A 8 By o [ I S35 200 i 1 52 5 7805 T
WA — i B 52 0, I H 2 38 3 290 0 22 18] f) 3B &R T 52
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