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DEHPES BIEHE|RGINELE

K OHF BRE KEE TRHME xIFR KEHE THR ThE SEET
(PRI LA 24 3t T2 5 B LA 0 5 5 T D 5 R R 2 (A 5 2, K 400016)

WE  ZIARIT T AR AEAR T B —(2- L2k T)BES[Di (2-ethylhexyl) phthalate, DEHP]FF 3]
FL 4GB HAI0 L RAL AR T R X — A2 P o9 A . HBALB/C ML h 2t BB 40, DEHP4L.
DEHP53-MAB &4 240, DEHPSRapalk &AL #2240, #7 4 R &4 MBI H5KR, 516.5 K (days
post coitum, dpc)fé R I RARIMEFROR B ILEIP R 4047, H&E# &L I, 5t 40481k, DEHPA
JR 4G 9P b A5 B R Y, BRI B 4 fe3E % . TMEAR R X 3L, DEHPAE & 12 9 R 69 B " VK.
Western blot% I, DEHPZA A £ 47.& 54T LC342Beclinl & & /i K-F R A R E I+ 5, T § H3E 5%,
#—HF WG LI, DEHPS § 474 F13-MABE AL 3 5, R 44 9P S b 5] 4 DEHP 3 1% 4L 22 40 13
B —Z A2 MW A, mDEHPY A 45 F A Rapalik &AL 32 /5, RAG IOl —F V. ZAR
4 RAR T, B £ HIDEHPR & T8 153 6 27 h R ALF.

X##ia  DEHP; SRR, H L O

Di (2-ethylhexyl) Phthalate Inhibited Primordial Follicle by
Inducing Autophagy in Mice Ovary

Zhang Yan, Mu Xinyi, Geng Yanqing, He Junlin, Liu Xueqing, Chen Xuemei, Ding Yubin, Wang Yingxiong, Gao Rufei*
(Laboratory of the Reproductive Biology, School of Public Health and Management, Chongqing Medical University/Joint
International Research Laboratory of Reproduction & Development, Chongging 400016, China)

Abstract To investigate the effect of autophagy on Di (2-ethylhexyl) phthalate (DEHP) inhibited
primordial folliculogenesis in perinatal mice ovaries, the BALB/C mice were randomly divided into control group,
DEHP group, DEHP and 3-MA combinative treatment group, and DEHP and Rapa combinative treatment group.
The neonatal female mice were injected once a day from birth to 5 days postpartum (5 dpp), and 16.5 days post
coitum (dpc) fetal mice ovaries were cultured for 6 days. The results showed that the percent of primordial follicles
decreased significantly and the percent of cyst-oocytes increased obviously in DEHP group, compared with control
group. Furthermore, DEHP activated autophagy in the ovary, with increased autophagy-related gene expressions and
recognizable autophagosomes, however, inhibition of autophagy by 3-MA attenuated the adverse impact of DEHP
on primordial folliculogenesis, moreover, induction of autophagy by Rapa strengthened the adverse impaction. This
study demonstrated that perinatal exposure to DEHP induces autophagy to inhibit primordial folliculogenesis in
mice ovary.

Keywords = DEHP; primordial follicle; autophagy; ovary
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48 2K — H BR I8 25 (phthalates, PAEs) & — 2
e Tz LR T Bk e AR Dy 3 8 R I PR B A
43T W) (environmental endocrine disrupting
chemicals, EDCs)!", 2K — IR —(2-Z% C) 5 [Di
(2-ethylhexyl) phthalate, DEHP]& 1 i2 A &) 1
— M gREEM R, BT R AT
it S EBRE I3 2 i) i vf B S n B9 DEHP AT IV 4k
. PPIRIE . RS A AR NS, B
M VAR, 385 B A BRYE B R85 75 4y, 2 NSRRI
HE RN oM i TR R kA e S
g B 2 W DEHP % 2, /E 8 —FhIA 58 28
W, DEHPH] 5| i MV A2 5 R 4 5, e E
FHER . RS AR ERET. AFXR
TR AR T ENERALE . RN
Za T AL DA AR LI T S5 B, BF BE 2 DEHP ()
TR E, METE R P I BEAH M S AE R LI B
HUULTE 1, T R 6 BRI ) AL e T METE S —
AT RN, JRAE IRV TE ) R AT DL E RS
FOMEPE AR B e D B E . R BT L TAE K
B, DEHP AJ #1011 J5 46 GF ¥ 1R T 15 o

H I%: (autophagy) A2 4= ) 41 f P4 K 85 (1 R B4
JiO 5 60 4 3 N BEVE L T R RV AR, O IR R
FENEDNSRE, ke B IRIG R I IEA LI 40 i
A By I AU 75 222 R0 G 2 Mg 2% 0 BB, 4E R4 R
NI E . ULk, & RS A S BT
LI =i ) B K. AR R, B ISR
1EN R R B R ki B, H
o6, R AT DLAERE 546 OV R f3 SR Y 5 B2 B )
1275, Beclinl ™ [ 387 4= /I B3 99 53 09 BF 40 fu $0 & -
[£56%. ShenZ5!'V%& B, Beclinl Mk & 44 4% B
3(microtubule-associated protein 1A/1B-light chain
3, LC3) M i 7K~ 5 Je R S8 5 1R 905 AH OG, 72 B0 £
b, B BT LSS e ) g ik — 2
(BT FEUE S, 7E 5P S RV i I 5 58 S Jied 1) 4 27
wh, LC3HI [ Bg 5 K Beclin 1 T 715 1) 85 1T KT i
ZE T b R B, X SR AR R, H VR RE
PRI IERE AR E TN R R, BRI
A CHRER B, A ELR B WA O R I R E
WA AT AU AE B WA R R A AT T ) — AR S
B, dEEGER AR SBONRLENRE . &
B T A0 28 4R 0 F WE FEDEHP AT 51 & 1 /) 8R4
DIV B S I EH

1 MR55E%
1.1 KRN

fet B J 4F 175 W SR BALB/CHE 1k /N 5L(6~8 7 1%,
25~30 )l T 8 PR R BL K 52 5256 3h 4 O (B F
Al 4E 5 SCXK[#1]2012-0001). 1 3% ¥F 1 NSPF
WA PF I =, IR N (22+2) °C, MXHEE N
(55+10)%, 12 hyalf, H BRI B IE M
ME RS 1R 31 A AR, K H 2 LI N 510.5K
(0.5 dpc), /MR HAE S 1 RIC N FTAEOR (0 dpp). AT
LR Sb RO PN VEYE DN (e i AR (i 8
1.2 FEIRH

F %3R5 4 #5: DEHP(40 mg/mL) Al & K
0T BRI T AR R A R A D), B
% F(Rapa, T HERAEDH A H R A ), 3-MA.
DMSO. it 4 fiLiEDMEM/F 1285 3% 3£(3 W T % [
Sigma/ 7)), Y BT FELC3HTMAR . % B8 77 F Beclinl
PUpA /N R 5T B B-actinf LR (3 T 3£ ECSTA /),
HRPHRIC L 2EHU R, HRPARC L 2E4T/ N R ik
T AL A2 M E D BOR A B A F]), PMSFER
FI IR . RIPASE 5 RA# W . BCASR R
Mk & . SDS-PAGEHER AL HI A & SXSDS-
PAGE®E A5 _FREGE MY T 28 = R A H
RABRAF]), 25 BT AR T RHE 2
FRA R, H&EGR (W T 7 5 2 R A BR A 7)o
1.3 753
13.1 # 4 ADEHPRARZEAZA M E  FiE/ N RBEL
3y NXTE . DEHP. DEHP53-MABEAVESS. DEHP
ERapalfk &1 444, MR % 8233 55K (0~4 dpp).
DEHP4: 0.6 mg/kg DEHP# T & K jh"*'%; DEHP
E3-MARk & 3 4 41: 0.6 mg/kg DEHP 515 mg/kg
3-MA L % T K i), DEHP 5 Rapalik & 73 5 4H:
0.6 mg/kg DEHP 52 mg/kg Rapa iy T 5 K ih!s); xf
MR VRS T oK. TR SSRGS dpp)ikat
G AN WEIUTE SIEEAN
132 JpEMagiksbiZs THRRERME T LW
43 B54216.5K(16.5 dpo) M fiti /N B OF 5, Bl AL 73 9 %t
1% 2 5DEHP4l. DEHPZ: 50 umol/L DEHPF T
DMSOJ&E™, i 4 I DMEM/F 1255 37 3 vy %t
MRAH: 75 35 75 5 h I N 553k BEDMSO. 5% COs.
37 °CHEFR6K, BRARHIR, 6 R(HH T3 dpp) it
PP,
133 W RARNBEFoMAI T HIK
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LRIO0 R 4% 2 R 2 . BRI OK . =
HOREH . B0E. 35, $&% R & vl kT
O H&E YL B FE i/ S um 4 P 513% 22 (1) F i D)
Fo G R TR IR BT IS 0T, Gt )R
GROFVE. AN OFREGH R DA A B A O B0 B 2
BEARGOA VI TH 8 — Ik, S Heke! 7,
134 FHOENEIPEmie 2k BHA
IEE RSP NITHNEE SEEAVIN G TRTAC N e =R
PR S B P E . AL ) SRR A
1 B E R RL R 222 an B 22 AL B e = T BR
N A 5E %, FHiE S B AR (transmission electron
microscope, TEM Hitachi-7500)iE 1T A5 A5 A8 Wi 22
1.3.5 242 % & i3I A Western blot  H(20~258i
ANEROR B AL 10~13 K R T AL 51 28+,
80 nLZLA#R, 3 uL PMSFUK_EAFEE30 min, J& i &
20 min, A4 °CAKHEL 2 0L, 12 000 r/min & Ly
15 min, BCAT H & 8ENE S EEHKE. AR
FEM%1:495 T 5X SDS-PAGERE /i - RELE R, 1
KBS min, 20 °CIRA(F. ZREMEAR ST
0] 43 25 1 LA S 4 iz, 60 VE R 79T FELPK 10 min
J&, MR AR R (Z50 pe) i E &4 EREARR, B
B-actin’y N 2 8 1 L, 47 & i B AE; 80 VIE &
7843 HLEK (2990 min), Y1Z, 250 mA%¥ I 420.45 pm
PVDF i (Millipore 2 #); 5% i i #5 %1 5(5% BSA
+f /170 min, §% HLC3. ATGS5. Beclinl. B-actin
—Pi(1:1 000, 5%/t 5 Wik 585% BSAMFE), 4 °CUK
F L % )k H FIPBSTIE 37K, 50 r/min, 15 min/X;
2T e sl 2E B/ B P11 000, 5%/ s W8
5% BSAH: B = I F 70 min, 30 r/min, 2 J5 H
PBSTI%¥E3X, 50 r/min, 15 min/¥k; H42% &K WCECL%
B, B S £ FE(Bio-Rad A 7)) 4 .
1.4 Goit%E ot

{8 FHSPSS 20.0%% 113547 238 43 v, £idh R H1 34
By 1 7 (meantS.D.) 3R s, 43 FH o6 56 B PR K R 7
ZE TPl 2 2 TR 1R 22 5%, P<0.05 A 2 57 B e it
2R rasLRE/EGIR L.

2 H#R
2.1 DEHPHIFIRIGINEALE

A BRUIE 25K I8 i v S DEHP, TS RN &E
U2, H&EBY K Gt 45 R 7R, 55X R4 AH
L, DEHP % & 2H Ji7 46 OF 90 bl A7) 5 25 9k 2D Ol R 4.

75.00%+4.73%; DEHP 41 : 48.33%+0.88%; P<0.01),
AR O BE 48 M LE A1) 3G 22 Oof B ZH: 10.67+3.18%;
DEHP#H: 31.00%+4.04%; P<0.01)(EI1AMIE1B), 4
FEAN ML S B E i 2 (1),

Nk — 5 K MIDEHPRT ORI K & (1) B 2 5,
WL Z216.5K i R UF S 2R Ah KT FR6 K . H&EK
it g BoR, 56t IR L, DEHPS: 72 41 J5 46 Ui
0 b ) 5 2 2D O R 4 s 63.12%+1.49%; DEHPZH:
38.56%%3.40%; P<0.001), 4 M4 GH -2 i Eb 451 1 %2
(R T8 21 22.26%+1.00%; DEHPZ.: 43.46%+4.57%;
P<0.001)(EI1DFIE1E), A58 40 M 2 B0 A Fe it
7 7t (EI1F).

2.2 DEHPESHERINE B

P R 2H BT R IE AN, W AH S EE 1 BATGS
Jep627EDEHP 5| 2 ¥ 37 2 R B0 K & 57 o 1ok 72 o
WS TR, N HE— B IRIEDEHPR 55 5 A W,
AR T DEHP 2 25 81 4= B UF 35 5 Was /AR
KR AR BAR B WELE I A F
AFAE, {H — M AR AETE 28 5 FELAE T AR 1) F /MR, 1T
TMERE M tH DEHP 2 5 (137 4= 5% 51 5520 24 51 £} 41 g
HRAFAE B R 1 E I /MA(EI2A) . Western blotfa il £5
RN, B IRDEHP# i 5, 1H Wi S8 85 H JILC3-
[/IABeclinl (7K1 2. 35 Tt &, 257 AR St X
(E2BFIE2C, P<0.05). B FeoR, ik i DEHP
TR, 5 5 U0 BEAH A 1
2.3 DEHPESBIEHIFIRRINELE

NT R A W TS 2 5 DEHPHI I JE 46 09 it Kk
B, TATRI B W 3-MA K E 6% 57
Rapa T4t A Wit 72, it — DR MAE S A5 5 E Wi
1 2% 14 "~ DEHPX} Ji 46 O 8 % & 521, Western
blot4 & ¥, FEDEHPFI3-MAFK &5 )5, L3C-1I/
IR1Beclin 1) 7K “F- B DEHP # R i 2H PG, F W4
I (KI3A). 7EDEHPAHIRapalit & 1E 5 5, L3C-II/
[F1Beclinl [f) 7K ~F & DEHP 8 pih v 5 20 3 — 25 T+ =,
H W nsR(EB3B) . T i . H&EXR Sttt
4 B 5 R, DEHPEE & 3-MAJE i 5 54 J5, TR 46 90 i
EE A7 45 30— 52 72 2 1 W 2 (DEHPA: 48.67%+1.20%;
DEHP+3-MAZH: 61.33%+0.88%; P<0.01)(EI3CH &
3D), Heon ] [ g — e 2 R #DEHPXT R 46
YR f 4 ) 7 . DEHPEE & Rapalf 5 v 5 )5, J&
46 OF Y L 5 3 — 25 ek /D (DEHPA: 48.67%+1.20%;
DEHP+RapaZl: 24.00%%0.57%; P<0.001)(K3CH &
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The total number o
the germ cell
=
=
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The total number of
S
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0 7 %
Primordial follicles Cyst-oocytes

~
Percentages of follicles (%)\@

0 Primordial follicles Cyst-oocytes " Control DEHP

A: H&EG O EGEDEHP B Az L 9P SLAL LS IR GE TE B2 B: AL RS- ZROMIE T & LE I Ge it 18 C: A AR TAAN I B 4t i 1), D: H&E
Bt ULEEDEHPXJIfs 5 51 SL2H SUSAG BT BRI S E: I 3% 2R OW IR BT o LL A 1 I Fe G BRUAR S B S e v I] Z i S AR SR L
FrR=100 um, n=3, ¥**P<0.01, ***P<0.001, 5} &2 L4

A: representative histologic sections of neonatal mice ovaries; B: counting analysis of primary follicles and cyst-ppcytes in neonatal mice ovaries; C:

0 Control DEHP

counting analysis of the total number of the germ cell in neonatal mice ovaries; D: representative histologic sections of DEHP-cultured ovaries; E:
counting analysis of primary follicles and cyst-ppcytes in DEHP-cultured ovaries; F: counting analysis of the total number of the germ cell in DEHP-
cultured ovaries. Arrow (red): primordial follicle. Scale bars=100 um, n=3, **P<0.01,***P<0.001 vs control group.

&1 DEHPHIFIE =HIRKINEL B

Fig.1 Perinatal exposure of DEHP inhibited primordial folliculogenesis in mice ovary

(A) v - 5 dpp

Control DEHP

B
(B) 5 dpp ©
3 2.5- 5 dpp
Beclinl 60 kDa - E& Control
2 2.0 = Bl DEHP
=}
—
o *
LC3-1 17 kDa 5 s
]
>
LC3-11 14 kDa = 1.0
2
Z 05
Factin | GG—_—-—— 30 2T
04

Control DEHP LC3-1111 Beclinl
A: TMERHGHT A BRUIP LA MR RIAECE, 206 LR R AR IPIE, N: Z0Hii% . B: Western bloths Il A= B R 5L [ WSS B A K SF. C: B
BT E . n=3, *P<0.05, **P<0.01, 5t R4 .
A: representative TEM images of neonatal mice ovaries. Arrow (red): autophagosomes, N: nucleus. B: the autophagy-related protein levels by Western
blot in neonatal mice ovaries. C: counting analysis of figure B. n=3, *P<0.05, **P<0.01 vs control group.

[E2 DEHPESIRE AL
Fig.2 DEHP induce autophagy in mice ovary
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(A) > dop (©)

“ 60 kDa

Beclinl ~ . \
— — = Control

Control DEHP DEHP+3-MA

®)

Beclinl| ' e 60 kDa

LC3-1| e -~ |17kDa
LC3-11| - * |14kDa
s ' DEHP
+
B-actin 43 kDa Rapa

Control DEHP DEHP+Rapa

Percentages of primordia
1 follicles (%)

~—

The total number of the germ cell

A: Western blotf I DEHP 5 3-MABL G i, Brik 5RO0 S B WO 5L 5 K. B: Western bloth#ll DEHP5 Rapalfk &5y 01 f5, #i4: BN 1
H RSB AR UK. C: H&EG (U 52 H WA A1 2 26 £ T, DEHPXSHAE Bl 00 52 2506 SIETE s 52 R, 20 ¢ i SR ARR AR UM, A
=100 pm. D: CEIIGTE. E: 4N EE SR . n=3, **P<0.01, ***P<0.001.

A: the autophagy-related protein levels by Western blot in DEHP and 3-MA combinative treatment neonatal mice ovaries. B: the autophagy-related

protein levels by Western blot in DEHP and Rapa combinative treatment neonatal mice ovaries. C: representative histologic sections of neonatal mice

ovaries. Arrow (red): primordial follicle, scale bars=100 pm. D: counting analysis of primary follicles and cyst-oocytes in neonatal mice ovaries. E:

counting analysis of the total number of the germ cell in neonatal mice ovaries. n=3, **P<0.01, ***P<0.001.
[E3 DEHPFESBHMEANGIRIAINELE

Fig.3 DEHP induced autophagy to inhibit primordial folliculogenesis in mice ovary

3D), $En i T B W R N SEDEHP 5 46 BRI i) #1
PEFT . 25 Kb B3 20 [A] A5 55 40 i S 500 B 25 1 22 = (B
3E). Uh&5 7R, DEHP@E T i S B VG0 5 4R 50
BRE.

3 Wig

Ik, ELHEARATH BT HELE -
Tt, FEYRF YN D Re AL, SR, EEDsX
FORE N A FE 1) £ Tt 52 B v B OoTE . HAME
T2 R U PR 190 PR 555 ME 9828 (environmental estrogens,
EEs)je Hrh A H A A FB R — M, ©fF
K& NBERAT I 5 M B8P S e ot 70 R W1, EEsA] &
HAEERARE R WWEEL. GRS 7S
SR s 5 2N, DEHP A 4 AR 38 38355 )2 s INAE
i, B KY). BT R bl A & i
BHEE B — AR SRR, B AR S 2 R ks
SE LR, T DA 22 SR rhiie B8 R AE A R e
e FEFR E 7L T8 B S AT (I A R,

5 e d ™ 5 (1) /£ DEHP, Hfx = 218762 ng/gs
FH AT UL, DEHP CUig i ™ 5 132 (3R 5g 95 4, H
A ME B RE TS M I DEHPXT B S5 & 7 AMEYE A 4l Th
RER OB . FRATIBIE 78 IR, B 77 191/ ERDEHP &
e FEUR MG ONETE R R 200 IR RE4E A A T4
A% 53 BB AS 56 4 0 L 1) A B IR S,
AHFFER DL, B W R DAL IR 46 ORI 2 2 S
(1) 91 BELH BAF 5, 75 T B iR 46 BR V6 1% 9 RE4H i
AAR B WK, H AR5 08840 % %
SAEAHIE, 5 AV N I B BRI RIS 1R,
FEAFE AT R B RIS BEAR T L K
PR N B R = AN . 4l AWE S5 S
J&, ATGS. Beclinl %5 5 KA, AtgH ALK,
SRS TP IR  R A F 25 A JIE  FEH
R FR A L TR PN, T2 F W2 B 245 g 1) 53 T B3 5] T
M EWEAR . LC32& H Wik ks & AR, nTEAN
H WA ERAG T BT . SRS CiE
W AH 5% 2R (A iR ATGS K p62 fE DEHP 5| 2 38 A= Bl U
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R E FE P RaA RIS, AR T — 0 R,
DEHP# & fff [ Wi AH ¢ 85 1 it LC3 M Beclinl 7K - {2
=T, TMEAS I 2 B 5 10 B WM B KT B 2
T, GG LB B . DEHPAT E W41 H177)3-MA
MBS e — R E L # 7 DEHPXT H Wi IR 4h 57
MR B AN EIE A, MIDEHPAT H W % S 7 Rapalf)
H A 2 55 N8 7 DEHP ) JEL 48 UF i (404

AW KRB, Fl P WIDEHP & 75 v] i@ i 175 5 o
HEHETIOEEMEE . RN REN A
FEPR - DEHP 2 2 0) O 5L &% & (52, ¥4 AR5 142K
8 Y575 YRR A S0 JE RERT BRI A 4R, N H AR B
TR FI NN E 716 SR BT 2
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