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HBERSE5XH (B SNEFHINEERSE

GEiE Tk AR THR BHE RKEFE BRY IEE KT
(L RERRZ AL DA 5 S B AL A Y500 91 =,
BRI S K E EPR & ERCA L=, E K 400016)

bR ZAF AR T T 378185+ tE[Benzo(a)pyrene, B(a)P] 7k &t Jf Rt F AR 0%
o A SLT B4 ALH . 45 SPFAE B AR ) R B b8, KR &R AR NEH 2 % 1 R(D1).
Z J AL A 2t FE 20 (n=60)A=B(a)PLE(n=60), 4 B AR € & 1vA0.1 mL/10 gh MR ENFEFLT =
Kb #20.2 mg/(kg-d)i& ZB(a)P. ELISA(enzyme linked immunosorbent assay)7 ik A& | Z2D4 )~ & o
7ML F (estrogen, E2). Z#F (progesterone, P4)Fe4k B Z /K-F; qRT-PCRA M F-D1~D4-)» R, 97 £
20 47 M Bk & A Ax PR ik B 17B8-HSD1(17B-hydroxysteroid dehydrogenase 1)#=P450SCC(cholesterol
side-chain cleavage enzyme)mRNAZK-F-; Western blotfe 5%, J& 2844 ik 4 5 4 9P 3 40 2242 2 & 24K
MT]1(melatonin receptor 1). MT2(melatonin receptor 2)%& & A /K-F. FARLRLIN, SR LA,
B(a)PR& & 72 FF 4/ R if FE2. PABA R EAK; B AT, 97 B & & fRik 85 175-HSD 1 Fo
P450SCC mRNAK-F T if(P<0.05). B(a)PEL+]> R dn & F 48 B & K- 8 B3¢ 5(P<0.01), M i £&
R EMT1. MT2% & R K-F T 4(P<0.05). % LPrid, 42 L Z R L ZART 445 T B(a)Pih 349
I I E AT .
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Melatonin are Involved in Benzo(a)pyrene-Induced Ovarian

Dysfunctionin during Early Pregnancy

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

Abstract This paper investigated the effect of Benzo(a)pyrene (B(a)P) on ovarian function in mice during
early pregnancy and its mechanism. Adult female and male Kunming mice were mated to produce pregnancy. Female
mice were checked the vaginal plug at the next morning, and recorded as “pregnant day 1 (D1)”. The pregnant mice
were divided into two groups: control group (n=60), BaP-treated group (n=60), and then received corn oil and 0.2
mg/(kg-d) B(a)P respectively from D1. The serum and ovaries were collected from D1 to D4, respectively. ELISA
was used to detect the levels of serum estrogen, progesterone and melatonin. The mRNA levels of /75-HSD1 and
P450SCC in the ovaries were determined by qRT-PCR. Western blot and immunohistochemistry were used to examine
the protein levels of MT1 and MT2 in the ovaries. The results showed that B(a)P decreased the levels of serum
estrogen and progesterone. The mRNA levels of /74-HSD1 and P450SCC in the ovaries were down-regulated by B(a)P.
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B(a)P caused an increase in the level of serum melatonin at the early stage of pregnancy, while the levels of MT1 and

MT?2 proteins were decreased in the ovarian corpus luteum cells after the B(a)P treatment. These findings indicate

that B(a)P can lead to ovarian dysfunctionin during early pregnancy and melatonin might be involved in this process.
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7K Ft(a) tE[Benzo(a)pyrene, B(a)P]/& — Fl % i
P 1) £ 28 95 & 25(polycyclic aromatic hydrocarbons,
PAHs) 5575 44, BAA SR FEUEME" . B(@)Pi5
Yermz, AR R R S ORI R RS SOk %
Vi B2 = A B HE AN AR, B RIB(a)PJE T3 5G
ELZR N 43 W T3P (endocrine-disrupting chemicals,
EDCs)™, WAz 5 ist 5 7= A2 AN F 52 e, A% DR 38 2H 117 1
R UL 2 5% TB(a)PH L2 /N B A%
PE, 3& UGS PR R8T R

/N B AN BZ RS T 0 2 IR IR R I 52 B,
VR G 6 IR SRR 1) S BEFR TS, WK A AEA PRI
BN, FRONBIRE. /R, FHIRE I T4
YREBAR, LI IRRGE#EN T 5, [F) IS 5P L H I — M
ZAWER S WA IR e Ve, R/ R BN IR,
AR T RGN T B A SRS 5 00 80
WAERI R (B2) R 22 B (P4) B D R VIR O, A URRRZH
BT EE SRR, 2 FL R 52 TB(a)P AT BEI T 5 5 %2
PE, FEURNGE RECT B, #EN AT RE 40 1 & KT
U OP S I Wk HB R E I BN AR AT
— PR, R AT B R R R RIS AR
F o UTAERAIT TR, B8R R AL AT I AR Pt 477 2
LA O, 2 50 MEZR R S, 7R LS
BINKE . MGG HE -, G
JI, B(a)P5EPAHSY 5 A 1% 5 M ML 75 4l FR KA,
{HAR B 22 5 2 5B(a)P 3 20U A PR AT B/ U ON
Dife s s, MAERE .

AHE T UL R 2 B W/ AR A SR  RR, #ST
B(a)PALEE AR Y, 38 ) 5 A 5010 BRI HE 22 R
TP B BORE SGRE DR 3k . DR SR R 3R I L2 440K
LR, RITHBERRR R TS5 T B(@PHr gl &Em
Za/NER GRS g B IX — i B, WP BB (a)P-F B
FLZ/IN B 5P 5L D) e S 1 AT REATL A o

1 MRI5REE

1.1 ##

1L.1.1 (%34 A SE 5% B W) N SPFZY 6~8 )
iR BN R, R B 25~30 g, W 3R, W B

benzo(a)pyrene; ovary; estrogen and progesterone; melatonin receptor

R R R K S 52560 sh 4 O[S 56 s 4 AR PR VF AT
5 SCXK(¥1)2007-0002, 51 56 3 ¥ 1 FH ¥ 7] 5
SCXK(ifi)2007-0001]. & & (22+2) °C, #H Xf ¥ &
(55+10)%, 12 WGRRIAFE, B HYUKSEE. KRN
A FTE ST S S A B2 01 43 T ) 52 R4S B b
i

1.12 X#H  BP(96%ZE ). T AKIH(99%4L )
N RR IR FH 20Tk W B Sigma A 7). /) AR BB 2= (MT)
ELISAK MR . /) BRUME I 25 (E)ELIS ARG It 771
& /MR 2 (PROG)ELISAKS R 7 & W H L i
WERE 2L PR BUA PR 7)o MTIHLR A EH OriGene 24
H), MT2PU4R T H Novus A 7], B-actinPifA& I H Sigma
A F]. RIPAZE A 2R BCAH AR I 5 57
T LB S REMHEARAIRAF . PBSH K.
MR R kY R . S 67T & HRPARIE it
FIFIDABE (508 B A 5t F A2 HE ARG IR A .
TrizolZ fi# ¥« MT15| #). MT25| ¥ Actin5| #).
PrimeScript RT Reagent Kit 2 SYBR Premix Ex Taq™ II
¥y H A TaKaRar= i

1.2 753k

12,1 HESarhikg  ADNREZEEE IS
SUES . T 17:004 MEAE /N BRAZ3: 1 HL A AR, K
JR7:008 1B #id D1, ¥R bRic, BEALH A IE
WAL AIB(a)PAL, &F24160 R /N, KRR K
. MDIH#, & HEIEH4H 5B@@)PAH /MK,
J5 LLO.1 mL/10 g8 i 5 53 B HE 15 45 T £ KRl
0.2 mg/(kg d)iKEB(a)P. Z2 737 FD1. D2, D3&;
D45 1-8:00~9:00H £ BEW N BRIV, HRHE ik R 1M 5 25
HEWE F AL FE I 53 85 50 55, BE B Y S B A TN4% 2
SRR 5, FOARIB AT T, T A OGS

122 @B EKFSA  FDANRAIERT, F L
fik N RIS ~10 sf, HRAESR M, U TEPE N . 4
I = 35 5 B 20 minf5, KR 250 (1 000 r/min, 10 min),
Sy B IME . FELISARI IS H AR R . MR M
F K

1.2.3  Western blotZ#7 I ZD1~D4/N RGP 520
ZURRE J&, INNE ERIPARE [ 5 24k W3k AT 41 4L
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PEPEEN AL AU AR A, FIBCAZR A Bk 5 M s ik 7 il
JE MR FREE, fE EREER B R Z50 pgit HEH
i EREE . BUH110% SDS-PAGEZ) B /K f15% SDS-
PAGEW 45 iz, 80 VIH & AT HLUK; HLIK TR /)5, B
BHME AR, PAB-actiny N2, LL250 mAIRH: &
0.44 mm PVDFJE I-; HA% 585 5, Bk T-5% i g
AL hy B E PIMTIFUA(L:1 000). FTMT2
FoAR(1:1 000)F14iB-actindifA(1:2 000), 4 °Cit 7
W H, PAPBSTH (37K %15 min)J&, I AN5%/ g
AR —Pt(1:1 000)#F B 1 h; F X FHPBSTE
B3k >x15 min)Ja, AL KOG, ELCEE B, AT
1753 MT. 12 HQuantity One(Bio-Rad, Hercules, CA,
USA) AN & B 561 K BEE, PAB-actin AN Z, 1T
HH M E AN RIA R,

1.2.4 %95 484% (immunohistochemistry, IHC) 547
/)N BB O BE 7R 4% 2 56 S R [ E24 hiE,
75%FE F524 hy 85%F K512 hy 95% 452 he 100%
AS 1 2B BEIL K, — FRIE5~10 s, 12 804 h
Je TR A . A A RS D) ALDI RS pm B SLZH 2R 1)
F, 60 CCHEFES ho BERE A28 1~2 hig, il —
2RI, %1 ho 7KAE: 100% 90%-. 80%- 75%f
FEPTHE KA 54 min, LK HPEL0 min, £ 5T /KIRIE
5 min, J5 FIPBSIZ (31X *3 min). HLJEHBEE: 4
L7 B 30 N B AR AN IS I PR IE &,
BN KA, P 2~3 sJE R K BT R A
BEH15 min, JE =R HEARRH. LET: PBSIRYE
(31X %3 min), 3% H,O.¥F ¥ B 10 min. #f[4: PBS
12 V(31K >3 min), I AR SR P S, 37 °C
K30 mine —i: MTLFIMT23044(1:50), 4 °Cid 1% .
KX H Z iR Z 30 min, —Hi: PBSIZPE(37X*3 min), %
% AARF G Y R FRIC £ P RIgG, 37 °C/KB
30 min. {Ef: PBS(37X*3 min), H i AR G Bk
MR AL S A Wi TR, 37 °C/K#330 min; PBSIR I
(31K *3 min), MACDAB . €4 I 8 Y i £, 412 H IR
BAEEAAL L E SRR IE RN . et TRARE R e
2 min, FiKMBE T4 WA BRE SIS R AL3~5 s, T
IR T ERERTIRS 0 t2~3 s, YK P Ti%. &
F:75% 80%- 90%-  100%456 £ i % it /K, 454 min;
THIRLL IBER, %5 ming AR I E A

125 qRT-PCRH#T  KH]Trizol Reagentif by
HHB, FHREE. DURLT5% CEEVTEIRAERNA, K
DEPC/K ¥ fift ARNA, 254073 6 6 BE 11 Il S RNA )

W' FE AR (1.8<Dae/ Dso<2.0), i %% 5 AcDNA. qRT-
PCR 1 17B-HSD 1 M1P450SCC K] %% i 1% #. qRT-
PCR % 252 95 °CTHiAPE10s; 95 °C 155,61 °C 30 s,
HAOMER . BAFEARESLINEAL, LhB-actinh N
Zx, K 2 B H AR R AR R A &

12,6 “%itadr BHALREDRERLIR, EH
GraphPad Prism 5.0 F 347 Gt it 4r . A B8R
FH 24 B b 1 22 (k) 3R 7~ 5 BB ZH 5 B(a)PAL 2 [8] )
HOHE R PSR AR 50 . P<0.05R R Z 2 A
GuitaEE Lo

2 HR
2.1 B(a)PXJ/INRONEMEZH R 7 BIF2N

N T B EEB()PXT /N BT E 2 52 M IR R e 2
55 50 S 2 3 o W S R OR, FRATTE ek A
ELISAKS I Z2D4x} I8 25 FIB(a)PAL I 375 M & . 42
PR KT, R BLAR B REZH, B(a)P Ak 21 2H M 32
ZA 2KV 5 35 AR (P<0.05) (B LAFIE1B). 1 T2%
] P Y 2 PO A D) B P AP R 1 R ) T,
1K F QRT-PCRA%: Ml 22D 1~D4 X%} 18 41 F1B(a)PLHL P £
H 2 B E 22 R A R S B 1 78-HSD 1 P450SCC
mRNAJK-, K I175-HSDIFIP450SCC mRNAK T-{£
B(a)PZH N 00T R ZH T 1 B B(EICHTEID).  Fik4h
FOESE, 2 R B)P# & 2 N/ I E SRS
FS PR P (1220 AT 5 BOME 28 K P B
2.2 B(a)PXIMBHRE R K FHIZ N

U TR M AR PR A AR I FE R R
7 EEREM, 8T WHHB()PR S AR B K

sZE, M FHELISART I 1 2 DAXT HE 2H H1B(a)PZH 4~

BUMTE R B ZKT. G RER, SXIRAM L, B(a)P
AR TR A /) BRI 48 5E 27K BB T 5 (P<0.01)(K12),
P2 HLHAB ()P 22 5 2 5 M AR 2 25 1) 1E 5 KPS
2.3 B()PX/MRIVEMREBRZEMTIAMT2E
B BRIK RS20

BT HB R R 2l ot 5 H R U 2 A 4
G T RIEVER, A T — T #B()PX 4R B R 1)
BLIR, 3 ) K F Western blotAITHCHE Il 7 Z2D1~D4
Xif HE 2 FIB(a)P2H DN 5 48 BB 2 2 /AMT1. MT2&E H
Jii7KF . Western blot4h S 27w, S5XTHEZAHLL, B(a)
PZAMTIL. MT24 H J5i /K ¥ F [£(P<0.05)(EI3A~K
3C). LA BRI, MT1. MT27E FEEIAT
U B BRI i, B(a)PZH & 5 /K F & %4 5 Western
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ZEINBLEEME. T 5 NIERACE SRR A, &
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A2 O LM 2 B KRS B R 0T FE R AR PR AT
BEUR AR, /)N B O S 2 HH 300 P 383K 1 0 i v g,
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A: the expression of melatonin receptors detected by Western blot; B: relative expression level of MT1 protein; C: relative expression level of MT2
protein; D: IHC analysis shows the expression of MT1; E: IHC analysis shows the expression of MT2; *P<0.05, **P<0.01, ***P<0.001 vs control
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Fig.3 Effect of B(a)P on the protein level of melatonin receptors MT1 and MT?2 in the ovarian tissues of early pregnant mice
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TR R LB = (1 A

B R B A SR WA R — R | SRR, DA
RIRNE & TR, FERA AR 2 S B iR 55 2R 51
HEAl SN AR il S-F t i, i 24 PR Bl 95 e ZE JEN- &
i %44 I (arylalkyamine N-acetyltransferase, AANAT)
AL N AR AR R KT N AT TR HTRR SR R Dh e 2
Z: 5 BT, (H I Ak BRI W, R R
AR R TR T EE R, A SRR
8, WAL B R AL RN R K E . T
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HE TR ER G A W B RG,  VE IR RN SR ) 45
T AN AN 78 4l 2R 3R AR AE AR KRR B L ) B a1
PR I SR, A SCERRGE, RN LB
PR 1 (%) B PR RS2 BB R AR I A
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T, BE S 2 O P R ER R U 2R (gonadotropin-
releasing hormone, GnRH) 7% 3], 2 5 %) M 22 ¥ &=
RTE

NTHRR RSN S T2 5 B(a)P#
TR N MEZ IR S RO, RATTINGE TR AR
/I BT P B FR 2R K, B (a)PALHE FE R /K
B IRARE FA. O FUESS, I 6 R T
B(a)P2x 5| K HLLRe th &AL 4 b AR A2 4k, 203
H IR A SAKR IR A 23 WA 3, 3 0P SR AR 7 IR R 3R
R U224, X g, AN ATV RT BEP A T R Y,
T N4 2R 2 A R A B(a)P s R B AN R 50
CLANHR B R AR N R 202 54 RGE A
IR Z AAMTL. MT245 &, 5 46 J5 T2 BMT1/MT2 5
IR, SIS R R EAE S AR, R,
AT — B A T ZD1~DA/N B U0 S LU MTI
MT2H)# 1A . Western blot4h B Eox, S5XFHRZAHAALE,
B(a)PAMTI1. MT24 F it /KF A%, S35
TEHR BRI S S A I A, 42
D1~D4/)s i 51 5 48 2B 2K 32 AAMT1. MT23: #5805
TN S ARG, HAEB(a)PAL R MUK R, 5
Western blot45 A —3. DL EGRER, 54
WIB(a)P2 5 o, BRSBTS A8 R 2K 7t
{HB(a)P2> 1 il 2 5 3 /)N B OF 548 J8 3K 52 /AMIT1.
MT2/K, FER B R 532845 G FEnG, MM &2 0 4
ML AR B R AE T AR
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RN, T O S B R 4T AR IE R T R S A R
BRI EEMM. BRI, 48R SR B A g
Jit 43 A 22 B, (EMT1ARIMT 238 A 45§17 (luzindole) &
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(4P-PDOT) I A% 51 53 58 PR 40 i Hh EAT BX A 15 97 ),
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