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1. NEHERAFEHEE KA LA, 5 %45 010050
D NFHERNAYMBEER THAMERE/NFEF BB X FEaEE RN AR EHRTELES, F5mEL 010050
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HE . I [a]it (benzo(a)pyrene, BaP){E N £ 1552 (polycyclic aromatic hydrocarbons, PAHs) ) il 51 , & fx - &k il 2 i BB L
RN IR ) BT 2R B KRR HE AR, 5 RS A0 AL R 07\ DNA #5075 F 36 R 578 263k S8 At T,
WFFE R A M S S Y 2 BaP Yeag)n , HAR B AR B A A L 28 I K T3 2 B R2 i), 1 T 5% 0 A2 KG B9 T W R i &
LGN RIEIRES R, B, EAEK BaP (2R 5E TR 32 8 )12 G , LR FAAL A2 45 w022 B o9 36 1 460K 7 5 5 40 DNA
F 005 LA B IR R R A G BE R [ A S R R PR T S R AR B R . BaP MR IR ER Y, AT LLSE i AR 2%
LR E I B FT LSS AR I AR B R & 0 E S A 20 WKIE R, BaP 1S B 5% i AN {H 23 Jg i 3] i b
LRGP R RS IR SRR b AN AR S R M TIRE . A SO AR B IR B F 5 & FIE UL KRR R B A,
TR 3R BaP Yo i Xt A4 58 R 5 03 AR FH S ALE], M B BaP BSR4 58 /8 E /DR R T IRSS R LIS d , B 76 4 BaP
H RS EEMEAT S RO A W BEPE R ST SR L A5 45,0 6 TR B RN 22 £ R 2 il BaP SEFABE 32 WA Sk i i B2 Rt 5%
K4BIA : PRI [a]Eh(BaP); A S AN ; AR FH TR s AR AN RS A ER
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Abstract: Benzo(a)pyrene (BaP), as a member of the polycyclic aromatic hydrocarbons (PAHs), is the earliest dis-
covered and most representative environmental pollutant. It enters the human body through the air, food, and water,
causing cellular oxidative stress damage, DNA damage, and abnormal gene expression, leading to cell death. Studies

have shown that when male and female animals are exposed to BaP, their reproductive organs, cells, and hormone

EEWA . HEK AR E T H (31960154); bk 5] F:Hb )y Bl & g 88 42350 H (2023ZY0004) ; I 511 A X« B JE 3 A TR5 01541
M AA T H (Q2022085); 52T 1A X 5 A2 AR 58 5 H (NJZZ23017) s 55 1 A X A Sk Rl 54 35 H (2023 QN03047) ; 5% i E B
KA T H (YKD2022MS033)

F—1EE . LEIN1997—), & LSRR DRSO D AE BH R 43 Fi2 W1, B-mail: 2021110213 @ stu.immu.edu.cn

* @ {5 1E3 ( Corresponding author) , E-mail: jianlongyuan@ immu.edu.cn



166 EOR OF M Oo¥ R E195

levels are affected, which in turn will affect the formation of fertilized eggs and embryonic development, resulting
in adverse pregnancy outcomes. Hence, the reproductive toxicity of BaP has received more attention in recent
years. Its mechanism of action on reproductive development includes alteration of intracellular reactive oxygen
species levels, induction of cellular DNA damage, and modulation of genetic changes related to reproductive
development, steroid synthesis and pro-apoptosis. BaP, as an environmental toxicant, could influence the stability of
the ecological environment, the reproductive development of organisms and destroy the diversity of species in the
ecosystems. In this review, we will detailly elaborate on the toxic effects and mechanisms of BaP on the reproductive
system, and provide a theoretical evidence for prevention reproductive harm caused by BaP and the reduction of
adverse pregnancy outcomes, with the aim to providing an effective reference for the study of BaP’ s toxicity to the

environment and organisms, and for the rational prevention and mitigation of the health effects of exposure to BaP

or other environmental toxins.

Keywords: benzo(a)pyrene; germ cell; reproductive toxicity; genital organ; hormone; cytotoxicity

PAHs 21 2 N8k 2 UL E AR BR S5 1R 2 i i
AL A Y, T H AR 2= AR E B A B K
PER, R Z 3R 57 08 ] LIRS v RSB A7, S L
MRS, I A TR B ) A M A
FP RERARY BERIREES SE AT DL
SRR BYWEARE TR R T 20 R,
WAk, 2RISR NG A R T EATE K AEA Y
BRI AR JEREE B BEIE A AR, X S (gt R
A

BaP EZ 5 m B A R MR R R R
MBS W LA R Y LR R e
N, BaP | IZ A T AR BT, 2019
AR 1) 55 [ 35 4 DB s B i WL 0 B L S T
W BaP #5158 &4 FEIG Yy s ] RN K
PR gyt eh SRl LUK 2] BaP, AR, HOR K
ZWF5E 2 0 BaP 5 IENGIRE" A BAT IR A &
EUIMIE R, AR PR EE T BaP & FH5U/NR

G LI 2 e 17 A, — S50 ) BRI ST
Hefoh BaP 5 R 2230 7" Z BIAEE IR R IR MR A
T RS 5 1l v BaP-DNA -4 40 ik B2 J0E 1,
XiE—1Ui B BaP [k T EUEMBEAT B

HHr X T BaP 0 5% 2 £ T H i K&
iSO aX — T, B B9 R BaP
HA A, AR B AL v R S B, A
ZER Y B A B 45 BaP AR R TR A 56 SCEE e
BaP F 804 58 5 BV AE 5> THL

1 BaP Z4AE A HAEZHF IR (The main

toxic pathway of BaP in reproduction)
UTECAERFSY K B, BaP R HBHEH F A

3 P e : (1) 38 i A 10 7 R ey 4 A A5 (2)

BaP 1] L 5 DNA JE i & %, #E 1 5 20 DNA i
35(3)BaP AI DL i i 4% 3k R 3k, & 45 B M A
M. BaP BREEAEEZFPHLRAH AR, BT A5
MEREREAREZEZ L, ST BaP 4515
PEC A B2 FZATH 5T G, B SOK AR 4h
BaP 145 PR

1.1 % AbN 4 (Oxidative stress)

BaP iF A4S ,iE i AHR &2 S 4000 % 4
AL N TN, HE 32 AR - BaP il 40 A 5T P i
— Tl SR ——2F T RAL G ) 32 A (aryl hydrocar-
bon receptor, AHR)?" i HAE A B0 Ie , 555
FIAE W) 52 1K 12 75 (aryl hydrocarbon recep-
tor nuclear transporter, ARNT)Z5 & T il 7 — RIAPT
G A P UFRED bR A (3R P450 HARHED
)5 i 23k, A0 45 41 6 F P450 1A1 (cytochrome
P450 family 1 subfamily A member 1, CYP1A1) 4y
{6, F P450 1Al (cytochrome P450 family 1 subfamily
A member 2, CYP1A2) 40 /ifi 22 P450 1BI (cyto-
chrome P450 family 1 subfamily B member 1,
CYP1B1)P" 1o | 41 A = A5 R ek 1 M 4 (reac-
tive oxygen species, ROS), fifi L& & A= 48 1k I 3
N, AERAA N B TR PR R Ak 22 T AR A T R
REJT, 23 52 e 240 B 0 o A QL 2 e SR A L 254
% v 0 o 1Y BaP ¥ AT S B0/0N BLOPBE 41 L D) fE F
i3, FEARAE NS & SRl G 5, X 5ok i& ROS /KF
BTGP RERR B A VI P Zhang P&
I BaP ] LA 55 ME 5L ZEAE B8 ), 8 Ak 1 i B O
BEARAE T ROS, PLALY IR 4 %6 | Yy R X, BHLTT
BB 20 ek B o 24k 2 . BaP 175 T 1 AL N O Y
{42 ROS X — 253844, 3 AT LA 1o B I 4
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AL S I (catalase, CAT) , HL IR ILFR 1o S AL W) 1§ (ascor-
bate peroxidase, AP) Mt H i AL ¥ (glutathione
peroxidase, GPX) . i# & 1k ¥ B 1k [ (superoxide dis-
mutase, SOD) 4+t H KA 5 i (glutathione reductase,
GR)ZFH AL A TEPE R LR AR 98 i 40 B IR 7
KPS BEA AR R KA e R AN T RE 2 36
1.2 BPDE 5| DNA # /)i (BPDE induces DNA
damage)

BaP it AR Zead— R EAACE S, A —
LI 4 2K Jf [a] EE (BaP-7,8-dihydrodiol-9, 10-epoxide,
BPDE) , 711 % # H:#5 k| Penning®™ A >~ 4= 1, BPDE
B EEIR A AR (0 R P450 BRI T, BaP K
Ui IR AR A b 2 A BRI AU A S, AR i BaP-7,8- 34 4
1EL#¥1(BaP-7.8 epoxide), 7 I E ALY /K fift BEAE FH T %%
fb k1 BaP-7,8-— % [ (BaP-7,8 diol), 1% i 2 1§ #F
8 28 LBV ) ——BPDE™ ™ | BPDE #J LA
5 DNA M 45518 iU -& ¥, #& i DNA i .
Shiizaki 454 ) — 4> 3¢ T* BaP-DNA il 55 #) i
(1B, B CYP1AL J2& BaP #i#1% JE i BPDE J i
H Y e X 5 Bukowska SEPHHE HY A A — 3,
Einaudi %538 i 47, BaP Y5 A9 MM/ RS &
B BaP n] LA ECH0BE 40 0 55 5P fr 20 i DNA $52473,
FHABATIN R T2 DNA Wi 2419 3222 K2 i 40
oA B9 15 Z ML X BPDE-DNA &9 Vi bk s &
Y, Zhan FFPIHFFER D] BaP JE LT DNA fi&
Yral L4 DNA & i, #F— 205 G Y DNA
i, R IG I &K B . Zhan P i — DA 58 &
DNA 545 ROS i [m] i Ak K 41 7 F 451 475 , i
AT AT | 1 58K 118 i A7 D) B B A, e 285 L IR i 1Y
SH . Miao 25V Bl BaP 43 5| i 5% U1 -£F 40 il 475 b
TR Bl 1 — 20 5 RS DB o3 A T 30X —
SESL B B DA AT fiE & DNA NS #1512 1Y, Zhang
SEPLME /N B OD BRI B 5E T BaP J5 , R ILGTEEIR Y
2 YLt iR HES T AT 22 55 -0 B A S IR
XA e DNA G rIE A 8k, 5 Miao 1Y%
M2,

1.3 FE[HFRIE M FE (Regulation of gene expression)

FEEFRME R EYFH RN ELNRZ —,
TEAN N A & B B ASTR] B 1 | 35 PR 3R 3K i A 28
FEAAARR] , HL ] g B A A IE S S U168 ; 4k
TN IR AR AU B B R R A R T AR AR
PRI L R SRR 45 o3 T8, VT e [l R H e ™
1, BaP HA KA AW A FE M | SR 1 B TS G iy

WEIFHZ — 23N 2 KT, A5 LN BaP 4k
B RV RV AE 31 BIL T 2 38 3k 3 45 A DG 6 R R ik
B BN F R BAR B BaP X e A FL A DT 52 L
HH R A S DR A T, HG r BGOR B 2R 1 90 | 21 £
2 P450 3A TS 3 A SRR kR 2 g R
EHALP, BLI BaP SHMESMEILLE T
FHOCEE A % D) B R, Albornoz-Abud 5P ifF 5%
FUAZEIFHETT AE )8 78 GH/IGF il & #5 Ho A= i 77
P, 2 REE T BaP S SBUE P FAEM AL N
AR OGN R BB A2 K T 1 (insulin-like
growth factor 1, IGFI)FIA K ZARFE A 1(growth
hormone receptor 1, GHRI)JEK F ik AR, 7138 i &
AR, BaP i o B DK 45 5 | i 2B JE s AN UYL
FEWRFEAE Py AR, Bl b 2 )t [R) R 7 35X — ML
¥, BaP i il 52 AT N, 2GR EE .
FH BaP QL8 (MM R AT RSN 2 NG IS, R IRAE 8-
20 B S N IS 7 A L PR 3Rk S i, B4 A A
JAWILL K DNA &5 5L G iR B AT L 433
WMEAPOR AT R G b R EAE ] BRI R E
58 A R A VIR R Y RR AT L
ol 45 P R A R A DGR BT i A8 A B3R -1 (an-
giopoietin-1, Ang-1). Il N Kz 40 fid A= K B F 32 4K
(vascular endothelial growth factor, VEGFR) . N 7 4l
M TEK P2 BRI B2 18 T o0, F38 e il A A Bl (4
“F1fiL /)N i [z i 25 1 (recombinant thrombospondin 1,
THBSIF IR IR FE TR w4 1 A8 R G i ar 200
FENFEH Notchl .DLL4  Jagl F Hay2 f3535 , i
T BARIMAE W28 R BRI TE BN, e 252 M T AT iR
PR I TR

25 LTk 7E 3 Fh BaP &k #5805 H B9 ML H
(1 1), BaP if5 3£ 5 & B AH CHE IR 3Rk 0 sl 4 5
PRI TR KA AR, 2 H AT oE 3 i
WIRIHILEI (B 2), 7T TADRS PR 25 B A= 5 DL R
W& 3 AR BT BaP B REPERLE

2 BaP By £ 5B F M ( Male reproductive toxici-

ty of BaP)
2.1 BaP ¥R 198714 (Toxicity of BaP to an-
drogens)

BaP {1y P9 43 W TPy = 2252 i) SE R 7K F 2
SRR IR SO TR] BT A A o WA Y, H 3R AR
Gy RZEIE . BaP A LRI 52 A A9 7 1 2 R (k)
SR AT RS . AR SR SO A A Y 1
& 1B (interleukin-18, IL-18) Fl il J& 3R 26 H T «
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It 4 o A ] e
Z 1817 2 1 (steroidogenic acute regulatory protein,
STAR) & 35 # — 20 400 il [ 57 40 L 5 nl 52 m™
Zheng 25" % ¥ BaP i it 340 IL-18 K3k, B 3%
TR O RS2 I 1) 7 2 AT T34 2 B BaP AT LAl
AR S U E WA MO A0S ED2 T 52 0B WA i A2
T IL-18 B 7= A S5 29 il A M R BRL 52 I 5
BEAb , 3B-F2 Fe S [H] s it S (3 8-hydroxysteroid dehy-
drogenase, 33-HSD) 5 4fi it & 25 P450 JIH [ B Al 4 24
fi# i (cholesterol side-chain lyase P450scc, P450scc)fE
[F1) 5 240 o 52 ) e 4 R T ek kAR
Ao 2 52 M0 52 1 7K OF 5 STAR 3234 19 F o v LS 2
SE A R B R BRUA BaP HEH 90 d S,
K3 BaP T 1 [H] B4 AL (Y STAR 38-HSD L) K&
40 i {4 2% P450 17A1 (cytochrome P450 family 17
subfamily A member 1, CYP17Al) 5% ik, 3 I 4
P450sce Fik , 17 B AR K B 52 AL ] J57 40 Jf 2 n =2

Ly

I [a]tt
Benzo(a)pyrene

(tumor necrosis factor o, TNFa)ii

7,8 diol

»‘O
L

J |
ALY 4
DNA#15
DNA damage

Benzo(a)pyrene

HfRE 1™, Sheweita 45C1 % B BaP AR IE [ A &
AUEE CYPLITAL Al 178-5% 3k 25 [ B i & Bl (17 8-
hydroxysteroid dehydrogenase, 178-HSD) 5 H 3% ik,
A BRI 3% SE TR v B2 B AIK, Banerjee 55— 2556
UE T BaP i i 410 i S [ i AR R Rk e i 6
% P450 Il Al(cytochrome P450 family I subfamily
A member 1, CYP Il Al),STAR 38-HSD.17B-HSD,
P — 20 B A MLV 52 7K 7, 2021 4F Daoud 455 Ff—
U\IE;&TJ:?E A5, Yang ZEPY % B BaP thn] L) i@
15 38-HSD ,CYP17 Al 178-HSD ikt —4 4
FLAEMEATFL B DL R KT, Booc 555 5% & B
BaP A] [FARMEPE IS 6 1) S2 6 K8 5 HoAh 3h ) A ]
()72 BaP Jf-3F 18 ik 18 45 28 [ 1 A O B PR 3R 3K 3 A
X 25 T AT A 38 I A D 20 L 8 D/ N T 5
W) SE PR K-, 2% LT iA  BaP =5 B 3 i pig A 2 [ i
A R DG BE PR S5 i ) e 3 41 SR ) A= B, % EE
(LR BE B 7 HE AR

LT A DL R M 2
Steroid related genes and proteins
(CYPIT AL, STAR. 38-HSD,
176-HSD . GnRH2. GnRH3%)
FEPHT=#E [ Pro-apoptosis proteins
(Caspase-3, Caspase-9. Bax)

A VI ANY.

e —
o
Benzo(a)pyrene
7,8 epoxide
2 Bk
Transcribe

I mRNA

B
Interpret

Benzo(a)pyrene
7,8 diol-9,10
epoxide(BPDE)

EHR EARYEE R
! 5L RE S T
Protein Abnormal protein

function

El1 BaP HEZ&ZEHF
I : AHR R J5 L B W2k, ARNT RR 5 F AL & W 52 1A% 5% 38 1 HSPOO KR #URTEA 11 90, CYP450 /R il (4,3 P45O0,
CYP17A1 F/RAIAE(ZE P450 17A1, STAR F/nZSEBEA: i IR T 814, 36-HSD /R 36-F4 k25 [F B it & i
17B-HSD 7~ 17B-78 5625 EBE A fiF , Caspase-3 #n - D & MR & H i§-3, Caspase-9 F/n - L& R & -9, Bax /8 Bel-2 #H126 X #H,

Fig. 1

Mechanism of BaP toxicity pathway

Note: AHR represents aryl hydrocarbon receptor, ARNT represents aryl hydrocarbon receptor nuclear transporter, HSP90 represents heat

shock protein 90, CYP450 represents cytochrome P450 family, CYP17Al represents cytochrome P450 family 17 subfamily A member 1,

STAR represents steroidogenic acute regulatory protein, 38-HSD represents 38-hydroxysteroid dehydrogenase,

17B-HSD represents 17B-hydroxysteroid dehydrogenase, and Bax represents Bcl-2 associated X protein.



42 EHEIGEE I [N RS R G B S AL DT 2E 169

Z ‘O
NS

FIf[a]ek
Benzo(a)pyrene

GnRH2
GnRH3 17p-HSD Caspase-3 G CIDE
B deyPKA AMH  Hsp90aBI FOXOI
CYP17 Caspase-9
CYPIT AL P
CYAP117 1E ‘F] - EH CCND2 Era IBA1
e T
STAR . AHRf 5l
P450sce Fpa— Pro-apoptosis HoxAl0  CYP19a =~ BMP2 el
SRR AL P 2 proteins SRR AR T ML BB 1
Steroid related genes Reproductive developme
and proteins related genes and proteins
SV ) ab l
PR A s > Germ cell apoptosis AR E REREL, RILARE AT R
Decrease in hormone IFunctional decline of reproductive organs
synthesis and abnormal development of fetal organs

E2 BaP @A EREESIEEESGE
1 : GnRH2 N R MERR I E B , GnRH3 F/n R MR R B #E | IL-18 R I3 18, CYP17AL FRR A3 P450 17A1,STAR RoR
B A AR AT 1 ,38-HSD /R 3B-55 32 [ i 2R , 178-HSD /R 178-3 K MBI Al , CYP1 Al LR 41 (A% P450 1Al
P450scc {RFEYNAL (K P450 A [FI 6% 417 I , Adcy-PKA 038 L I ARt (L - 25 1 34T , Caspase-3 3 7n 2 R AR 5 -3, Caspase-9 &R
IR -9, Bax 2678 Bel-2 H15¢ X & [, Hsp90aB1 183 90 kDa #UASEHE 1 aBl, VTG AR EN B E 117, CD34 YR 4HL5% 34,
AMH REHNZHEME , CCND2 [REEJH W 11 D2, FOXO1 {8 X LAEHE [ O, HoxA10 AR & LK, BMP2 3R
BIEAKRAEEN-2,IBAl fREREFEEEHHS T 1, SNCA REREH AN o-Z A% M, CYP19a fCRANMI 4 K P450 5K 19 WK a,

Fig. 2 BaP causes reproductive toxicity through gene regulation

Note: GnRH2 represents gonadotropin-releasing hormone 2, GnRH3 represents gonadotropin-releasing hormone 3, IL-13 represents interleukin-13,

CYP17ALl represents cytochrome P450 family 17 subfamily A member 1, STAR represents steroidogenic acute regulatory protein,

3B-HSD represents 33-hydroxysteroid dehydrogenase, 178-HSD represents 173-hydroxysteroid dehydrogenase, CYP1 Al represents

cytochrome P450 family 1 subfamily A member 1, P450scc represents cholesterol side-chain lyase P450scc, Adcy-PKA represents adenylate

cyclase-protein kinase, Bax represents Bcl-2 associated X protein, Hsp90aBI represents recombinant heat shock protein 90 kDa alpha BI,

VTG represents vitellogenin, CD34 represents cluster designation 34 , AMH represents anti-Miillerian hormone,

CCND2 represents cyclin-D2, FOXOI1 represents forkhead box O1, HoxA10 represents homeobox A10, BMP2 represents bone

morphogenetic protein-2, IBA1 represents ionized calcium-binding adapter molecule 1, SNCA represents

recombinant human alpha-synuclein, CYP19a represents cytochrome P450 family 19 subfamily a.

2.2 BaP XK F B (Toxicity of BaP to sperm)

SEACNLAR A, RS 5 B9 2R IR, Sheweita 2551 F

2.2.1 BaP /& 4 i (BaP reduces spermato- X R B BaP i i [EAK 52 AL U rh BT A AL B CAT
genesis) SOD .GPX [/ 1, #4 ROS /K, S 8052 L4 iy

W FLAN P A T A A L SR R
A b SRR 32 B AR A BURE F R T A e
R, BaP =28 i 1 35 S2 Uk — 2D 5 A AR
BaP 3 o 48 fb 7 38l SR R 4 A T S AL MR
SN SEAL T RE 32 45, /D T %Rt . Banerjee S5
UESE BaP #7% P38 £ H /i (P38 mitogen activated
protein kinase, P38MAPK )i [} 3 18 i 52 4L 40 g N
ROS , I R AR AL A0 S A Bl 5 PR BT 52 0L 40

R RERE S HEmT 5 RS2 AL ZUH T, BaP i ]
i AHR & 12 FEALSE AL CAT, SOD & %, 7 i
H,0, b, 75 5 52 AL 40 M 50 A0 B 3%, 5% i 52 L T
RERT . LiR¥h BaP X/ BUAY A 5l #E , Tian %559
KB BaP il i) ] 5| A R AL B DA 14 AL R
05, E— 2B u ARG FAE R, ek, BaP ] LLE A 5L
DR 375 S S LA B R 7, 4 v S LA e Y A R T
T 2 I R 2 11 -3 (Caspase-3) 12 b 42 iR 25 1
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fit-9(Caspase-9) 7% ik ; & i 4 il (L 38 C % o7 21 41 iy
JT, A Sh PRI T 4%, S B ILA i T, i —
S BOKS T A2 B B

BaP ANV i 5% i) 82 L 2y e 9 A0 A2 A, 1
BT DLz ks A= it B2 . Verhofstad 45 1Y
R RVTERE 7 LT 45D Hr Bey vl LA I 31 BPDE
SRS T DNA #0145, 3% oS24 1 B0t vl 20 1
Kz —. BaP A] LIS R I REsk G L S ER
AE 1 T B, I H Mohamed %"V (525G UEF T BaP 11y
A B R B ARV , (H R Bl A QB &
1555, BaP AT LAJS KGR 4H i AR GORS B 4 M ik A
IR, B L D8 2 AR 1 S B, S 3Ok +
A D A, BaP i T 1 AR A0 N 4 R AICORG
DR A0 M A A 36 2 O HL 3 R R R 2 4 )R AR
(matrix metalloproteinase, MMP) 7K F- A Kz - 5 42
T-[HF Caspase-3 Fil Caspase-9 A fiE 45 )5 41 A 7]
T2, BaP YER AT EESRE TR TE
Yy, AN Bl i AV SR A2 BRI SR 7K A=
ERRG RIS RRS 74 i, BaP A DL ik
HE R AE P BLARE PR FL B DL ARG & LR AR DG R [
AW 11 D2 (cyelin-D2, CCND2), Bk £: 8 4 1k
3R 1 AUKGEIEE 9, #F— LR T
AP BRI G B8R T BaP J5 , S L AR E
YRR S B A S Bl AR W AL R i — 2R
PRIAH DG IE PR 38 | SR ARG 26 1, 52 e B 30
A BE e 1Y
2.2.2 BaP [EAKHE F 1% 71 (BaP reduces sperm
motility)

BaP ] LUt 7 52 AL B 52 1 PN 4 WA D g, DT
SEUH A IR G R SR B AR
55RG T 0080 RS 1 BE HEY BEYE /N B BaP i
S 60 d, A /N BRU A S LT ] 0 A A
G SR Z FEAR . /N HE T BaP Ji, JLE2AL
SR M E] J5T 40 B 25 98 T TS A - & AR Rt
P TR 06 108055 WERS 136 1 K
FIERRERTIEWR T ,BP RESFEHR T
SR WIEAEF R, FERE RN TR,
Wk BT Xu FPTEE T BaP A EUR
RPN S T SN et | 2 DS s ) = S )
WBEFE, BOF 5T 3R BaP 2048 S LI R KT
5 R MEE A R FE 55 , BN B i, 5 | S IR T A
T G R IR Tk ] g R B
AT RRERZ—" Ling %7058 & 3 BaP 1] LA

RS T Imhi AL S, BT R SUR T

3  BaP HJUf 14 4 785 5 14 ( Female reproductive
toxicity of BaP)
3.1 BaP XJHEMEHE (9 #1 (Toxicity of BaP to es-
trogen)

BaP 1 —F i WL IR TS e ), 2 g i A 5
TGP R R 2 — S K A S B MEZR R X
WEPE B AR ECE AR T BaP AR N 43T
YLy nT VAR K A 3l 11 2% Hh %) 28 ) 25k 25 4
FLRWET , it — e & AEVLE], Tian 555
FHANIR)He B2 %) BaP AbSMEVEAGFL R D1, % B BaP W]
DL S0 [ B A A OC 1 (38-HSD |, CYP17 | 1783-
HSD)F K TR, I S50 B ; 5k B2 B9 BaP ife
AP AHR  ARNT . CYPLAL LA K2 178-ME — ls- M
PR SRS i 2 AL AR G A A, s [m] 400 S o 27 08
R, BaP il TR BEAZIRBEAR =it 1
T () I — 1 (estradiol, E2)¥k BEDS ) BT 0 iR i 2% 25
T BaP 2 S 8UNAF B 0 5P 5 b E2 ZKOF T B, AL
] Ay W £ 1 v AR P R R 3 R 0 &R (gonadotropin-
releasing hormone, GnRH)Z& K 1 () GnRH3 1) H 5
K B35 THE , 3T T8 GnRH3 mRNA ik, i
s B2 {5 BE D, G AH I 2 BaP Al
PEDEMEVENE D GnRH2 I GnRH3 mRNA Y1k, I
FEUMAE T B2 AKOF B IR, 2 FAH R 25 R T
fie5 BaP [k BE VR HIH R LA K 5 56 %) %2 A [l A
XK., Yang SEU R I BaP 1 il AT AL B DL A LT
JRHT 2 AL - A 1 B4 (adenylate cyclase-protein ki-
nase, Adcy-PKA){5 518 %, T P42 T iR 3 = S22 Ik 4%
SR, Qi B i 3 2 3% K (follicle-stimulating hor-
mone receptor, FSHR) Fl 75 14 A i 25 /4% 6 AR 14 iR
& 3Z 1K (luteinizing hormone/choriogonadotropin re-
ceptor, LHCGR), 5 B 25 [# B 4= 1 i (38-HSD,
CYP17 ,178-HSD) ik yi /b, Fe 25| L 470 M i 25 24
i, Kennedy 1 Smyth™ & B fik: 2 {4 Py B2 (19
DIFAE R LAY BaP AR T2 B REHLE] 1 2
308 2 LA PN 43 0 T HEATL A S X U 2R 10 T el AR
T3 B2 AU EE X FPHLEIA FEdE— 25T, 25 b
JIFiA , BaP 3538 i KL PR 3R GK IR X — iR AR PR AR PR
RN B2 FNZEER AT ST sgmaErE AT 2 B .
3.2 BaP XJ B[54 (Toxicity of BaP to ovary)

GPELRMEMEA TR B R EE M A R T, B
A HEI RPN 53U T RE , X AEFE EPE I R K B LT
PR EET BaP SSILELINE ML S5 Y)ng, 32
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AT MR, =R BaP Al L2000 5140 i
IRAETF IR ZE ), 1T 3k S0 2 2 2= A8 AL & T8 i
J7AE) . Rahmani %™ % # BaP il i % fk B 385 30
DI S b K N BE | A0 B HE AR IR G AT 1, B L
[E) J3E 4 0 ) JBE 7 i | 3 O 55 B 2 e A% I H. BaP
SO0 H T Caspase-3 FRIATHE , 5200 B 8 1) A BRI
fE, AU, BaP X B 809 5 35 01 ™ 8, X =
WAE BaP AbHS G )LBP S b A2 4 T8 Bel-2
AR X #5 H(Bel-2 associated X protein, Bax)#% k14
S, FH0E R Ui Caspase-3 Fl1 Caspase-9, 5 2 B & 40
MOy BR B [ 5 (vitellogenin, VTG)HI CCND2
SEMEMER A RO ELR B AR OCEEA™) BaP W LU A
VTG Fl CCND2 33K , 1t JSMEPE AT FL B D1 B 532 461
HA A LI, BaP A5 | EL B 5 & 7 4k 38 FBRRE4H
LR A, I ELOP LA pa 8 7 0 B e 7 I 1B] A Y 25 51
TR E PSR B BaP A LI ARER R
A& 1(adiponectin receptor protein 1, AdipoR1)FIAGER
ZEZ 1K 2 (adiponectin receptor protein 2, AdipoR2)%
ik, HEITSE I OP Dy RE™ . BT W], BaP J L
it BPDE R 410 ] 4 4 /) SR 5 v R e A%
FR¥% 121K 1(adenine nucleotide translocator 1, ANT1)f)
Fik, it — BT L B ANTL [ af 2kl B
BPDE 75 [ #S A 2253 R85 KA I S RE™

3.3 BaP X Az 58 40 B 1Y 25 1 (Toxicity of BaP
to female germ cells)

3.3.1 BaP ¥ BPil &A= A F (BaP affects folli-
cular genesis and development)

YRR B R MR IR AR B R O R E
TOLEHOCR BB . OIrE S IR SRy Th g
L, SEHREIRREA I ) & B B . B A Kk
B Y S 2%, A DI 2 D W) 9 N | SR L 52
U RE & B O BRI A iR GE FR BaP fE
S INEEYI BT, AT AR IR S5 e O | s ol i B i
A BaP 1 0] DL A3 7 40K 25 32E A B 3V
X BRI A AN RZ P Sobinoff 45 A
5 1 BaP BUREPEROHLE], 125 1 BaP Ak FHETE /N R
7 d 2 EN 0 SRS BRI D D A
FERMARHLE ) BaP il T4 AHR A& & 55 B RGP
HIE R, A #IEFR BaP AL AT DL/ 5FE S 5 46
6L RN 5 B 3 1 B0 ™0 38 m] DA o) B v AR K
KA, Bl BaP 4b 3 if 19 OF i 3 & B A B 52 61 By
Bt Sadeu il Foster™ /N B B ¥ 7 i T 4[] ¢
JEY) BaP, A B U 0 A7 5 FE I BEAL, Horp s Wk 2 1Y

BaP 24l S2 00 & 7, {1 O 6045 oif T 52 0 B v By
Be, sz op e ) W b, B2 A R (anti-
Miillerian hormone, AMH )¢ & 4 /111 5 R 0 % & 15
AP AWK BaP AT LAE i s> AMH A=
B, A2 2 B 96 S 1 B9 0L v | A 2P B A v 1Y
W EEPY  Sadeu 1 Foster™ #F—2F3RZ& T BaP 5%
GRif % B S0 B OCHE T is e, K BaP 2R iE i
WA SETT S OV A DR R AHR {5538 B F
— AR VR T Bax 3 , ILAh , BaP B EE L2
F390 kDa #UK T 1 aBl (recombinant heat shock
protein 90 kDa alpha Bl, Hsp90aB1)%& K ik -4,
FEOMM AR IER TR R TR, AR KRR
KB TEMEVEFL S P A= 5 v A 5 S EE LA, BaP A
fEA] Dl ik B ek 4 S B A KA T =0,
] REIE A A A N I BRI R R

3.3.2 BaP 520 B 41 il T HE (BaP affects oocyte
function)

BaP A i GEEEAH B4 kiR N ROS /K- T8, =
FOKS-00 25 & A Rl A BRI, B2 W B 4 G AR
BaP 1] E P EEAN AN 40 DNA Wi, 4 sh
RERRAS | 52 ) B BF 20 L i — 20 & B, fG B0 Al & 2k
WG XL SE: BaP AEFE EE ML Z — . OEREAR Y
TS 247 B RE 20 A i 5 ) S2oG rh s A E AR
FAPT BaP 55 B1 B A 98 0oy 24 52 5, ORRR A i D)
RERRERT , ANF T3 ) %58, BaP A L BH i 4% DI Bk 4
JHOVRES 4, {350 43 B B 240 B A= 7 ML B, ik —
ALK A& 30 BaP il i FEAIL O AL a- iU B 1, 3L
S AFRE , 0 T SRR 2 25 DT It B - 48 ik
ooy 2Lt P Sui S IE 1K M R BR T BaP K
XA B 2, 5 UE T BaP X BBk 20 g 19 35t 4%
FEE. E & U B 2 (germinal vesicle breakdown,
GVBD) /2 B B} 4H it s Y SC 58 o4, BE 1A 52 % BaP
2% 10 GVBD #PJf H BaP AL FAUONF
£ 60 114 27 e A A 2 A 2 e AR TE ) {68 B9 - 41 9
Gy S e, MEFR AR 58 T BaP 7] 3 TR HN Bk
2 R DR 2 v R R A, B IR R R B R
25 L ik BE R BaP BEEIH 1T Q00 BRI i
— KT, X5 3 Miao F 5T 45 A —3X,

4 BaP X Bf )L =X A% BR B9 4 58 3 1% ( Reproductive
toxicity of BaP to the fetus or embryo)
4.1 BaP MG & B # 1% (Embryonic developmen-
tal toxicity of BaP)

ATWFTERI], WA 3 B A R 3 X 2 1T LA
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K LA F ) BaP 1R A A& AR 55 Y 32 2R
Gy 1 AT DL i B HE A RIS X LBy AR K
KRB, /AR A BaP 4 7] 755 /)
RS2 K B ROS 8, = 252 8 B 2k DR 4 J% S
DNA 52 1, fi #F 52 K5 61 04 T2, BaP & i@ i F& fIG
Nanog 5% Oct4 FH4 P 40 M A LR PE LR IG & B,
Xie 2" IR W] BaP 1] 51 L4 Wi IE i DNA Wi
205, IR &K & SR, JF R AL W5 09 £ R
Wang 25" DL NG 40 B > U5 19 2 IR 44 (embryoid
bodies, EBs) WAK/MEHL  H£5F T BaP X} I i 14 85 P
YER : FHASIRIVE B2 1) BaP b ¥ EBs , 455 /R vk
(1) BaP 1] LAFEAR EBs £715 %, KW B §R (14 d) 3%
I A VAR B2 20 ML A7 TS R, e Ah BaP dl it b
PRI T8 Bax Rik, #F— 2 4% Caspase-3, 51t
[F]EF, BaP i L= 240 f rh (% 08 T2 8 1 RS I 1
Pk T Caspase-9 JE W IH T4, iX 2 ik 42y nl
FE EBs $di1°, I BZ-[8] 78 B #% 4k (epithelial-mesen-
chymal transition, EMT)J2& & B2 O/ ~F (4 24 M iof 2, 2
WG & B R A B 0 BaP W] S
EMT AH OC B . %5 it 4 )& 25 H B 2 (matrix metal-
lopeptidase 2, MMP2) % i1 4 J& & M 9 (matrix
metallopeptidase 9, MMP9). Snail, Slug. ZEBI
ZEB2 WA 08 /0 M 40 sr L EBs & . Al
{17138 % 3 BaP 415 EBs ' Vimentin ! E-cadherin %
DRI 9080 S 25 400 o1 200 B 5 B RN 23 Ak, I — 25 i J)
EBs (IEA R . JF HAMTILUESE T Akt ROBERR 1L
TR FINE A R % i - 38(gly cogen synthase kinase-
3, GSK-3B)/K~F-5 BaP S5 &AM T R, 25 B
i, BaP AT EBs A4 B 4R 2 I 51
AT, HALH 5 EMT i3 2 f1 AkUGSK-38 {5
I R R O

/iR e BE BaP Ab RV VE T B 2 5 30T RS IRIR
A AR ] B B3R O HS VR EE 1Y BaP &3 80
BEARAR LT AE#i0 & L BaP B9 AG 7 1 AR B
TEMRG B, ] DL S B0 7 850 5 o b =8
DL R VE AT R IE K | 55 5% T BaP J , F1 AUEM: I
TET B 3 8 X — 45 R ATRE S LUT 2 A
A K B BaP A HUMERZEER, B BaP A LAY
T E2 0N v 2 9 R A2 AR 1 513X Colli-
Dula S WFFE AR — 2 FUR, BaP E Ry 9 43 W6 T4
Yy, v] 5 R AR BE B AR OCHE RIMEI R 324K a(estrogen
receptor o, Era) 2l 8 (6, K P450 K% 19 WK% a
(cytochrome P450 family 19 subfamily a, CYP19a)Hl

VTGl ik K F T [, M Era"™, CYP192"” 5
VTG ¥ 5l R 2 AR % YT, K BaP 5@ i A
b2 Fol g A 5 P T A B R B A DGR K]
IR Ik, i & 51 % 51 He 1 2% 5%, Yamaguchi
SEUNARLLAT ST BaP XU T B (14 52 00 % 91  BaP i
Al G LRGN O M5 & E 50 SRR EE
HAuO ERIE & BaP Ll CYP2J Rk P HOAH-—
Bk = 44 iR (epoxyeicosatrienoic acids, EETs)3 Jifl 1
ST, X5 Colli-Dula 25" 75 25 R AH—2k
B PR PG R A R B 0 A A R R I A R AR
DRSS R AR U IR 1 G B R ) Y
Hokd: Swm, xR & - AR, da
Silva Moreira 46"V ifF 5% & $K BaP 3 13 5% Wi 5 i AL
FISE RS 48 A Y OB 5 e s A, i T S 30U
MR E S5, HALWS &I BaP 75 5 0 f5E Ak AH 5
A XL HEHE 1 O1 (forkhead box O1, FOXO1). [A]
TR A& A10(homeobox A10, HoxA10) I K 45 &
£ F1-2(bone morphogenetic protein-2, BMP2) A f&
hid 1M A5 A B3 TR 43 fL 3% 34 (cluster designation 34,
CD34) IR BRI, 490 50 J5 111 A8 2 )k, F B J 1 i
G & B MG ETE ™ AR Rl gt 28 BT IR,
BaP WY WRIG BEEAE AL 32 R a4 A OC JE R e 5k
AL G RIS RHE 8L B S
4.2 BaP X i JL#FE & B 95 1% (Toxicity of BaP
on fetal organ development)
2T B B o3 W R 20552 40 JW 224y
i LAY B 7R ) 32 O | 3 — B BeFr i i )L
KRB BB, M B 3055 i, 20 R L
SRR, A WFSE R, BaP AT DAL L
Rt s 2 G L BN b, BaP
(TR PR R IR iR 0 S50 R ROV i & s
BaP i AHR BA2I5E AN, 520 5 IR i
OMERTTEN BaP i W] LU 1 5 i ROS 7K 5 24
JARJIG B EAZ 4511, Holloway %1 % I BaP 55 54
e JIRJIG Y IR AR 2247 B, Tt S AL R 4 2R R B
AL PG BaP AN 78 Pk IRIEIER] | BaP
W H AN R BRI AR E 55 . BaP il
DRI e 43 LA B M 191140 BaP E 8O 1l 8750
R FE W CYP2T 38Ul v 7 8 IR G O 1L 5+
U Jules A"V KPR, 7 142 fih BaP £ LA TR
NIR=2 S | IN IR AR PR E = e )
AR RE, RILOIME RE LK E 2 2,
Cunha ZE"2VFSE 2 B0 BaP 38 L8 24 47 -0 4 B 1
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FHRFEA 555 F-F5iz ATP Jiff A2(ATPase sarcoplas-
mic/endoplasmic  reticulum Ca’" transporting 2,
ATP2A2) U S ol R B AHCEEIN T &G+ 5 %
ik, SO RGO ALK M DL B0 Bl it 22
BaP /3 Na'/K"-ATP i i PE R It 2 S Boo K
iy JEL R 2 — U2 Li SEUPIESY B BaP DS EEAR
7 ZUBRAK Na' /K -ATP i fll Ca™ -ATP fiff 15 : , iF
MSEONEEE 8, X5 ERIFEEE R —2
BaP M REPEASAAE ] 0 U, 38 AT LA SE Wil B 41
KE . VLRI REE T BaP, n] il &),
MR 5% T BaP 23520 Al B 8 10 K 8, B %
TR K A A0 ™ B AR R A 2 3, HE R AR ML
BaP 476 AHR2 FI/sf PXR 5348 F4C g 45, X 41
JH AL 5 1 T 1™ A= 17 T 5 1) 5 BaP 3403l 3 SR 4R
PR A5 B 55 5T 4 R A S e B 24 R R
B 40 MR 15 U 2 B S A SO LB R

TR

BaP & #7 Hopf 28 8 M AN AURT DL i S8 A 1
b ] Dhid ik B Rk 45 . ME B BE T BaP, Al £
DU i JL A 1 PN 15 -85 45 5 18745 4 F 1 (ionized cal-
cium-binding adapter molecule 1, IBA1)FIH 4 A -
5 fik #% #5 11 (recombinant human alpha-synuclein,
SNCA)FKIEHG NN, T2 H BTk Re ) 32 40, B m]
T -2 filiA% 2 1 (alpha synuclein, a-SYN)ZRAEM S |
BaP i A] DAy 2R o/ I o 40 e, T SBOR L 2 e

HIf[alek
Benzo(a)pyrene

/ OH
CHYY

VI
|

eI E 0, B AR IR LI 2 % B i A
%/; uﬁ [126]0

25 LTk BaP —FP MR R, T LIt A fili b
FE MRV RE A AR R E MY L G LAY AR Bl
KB EAFZERE 3 FE 1),

5 24 (Summary)

BaP {E 0 LLACH WA 52 W), 3 W A 7E T8
AL KR B U AR RS T, R
IR GERR M, NJERT DI i P ok & 55T s
fih 21| BaP , JE 1M1 80— R IV I L A, IS4k
RIS L B0 PM, 5 KT G DR b ) il 4 =1 ok
A7 B e, BaP fE DL RS R R R G EZ — BE
OB A AREF , WFFE & B BaP (1 B LI 322
i 1 LN 3% . BPDE 5 DNA 45 &I iiin &9 Lk K&
FEH SRR L, DR E SR E T BaP
B LS, B TR BaP HoA A Gk, L
A B R PEALEE M AR ST )

BaP M4 FHBETE F B3 W LA =345, X |
i e PN i i B e e 7 O = v Y Y v
PE =2y . BaP A DAAE T 52 40 6] 51 44 At DA S ek 2
2 [T A= BOAH DG R 38 4100 T 2 ] 1 2 5
AR R S 05 S8 JUR T S2 1 D g, i — 255
AN T 58 ; BaP i 0] DL 2o S50 Ak 7 38 DL K 3 DR )
EAAETREE TS SN EEE A

AP

Oxidative stress

DNA damage JRILARE  Riamiy
KA Embryonic
Abnormal  malformation
SR development

Gene regulation of fetal organs

HEVEA AR B T
Decline of male
reproductive organs

SR AR
Decreased
testosterone
concentration

-

R J0R

Decreased
sperm motility /

S

Follicular stagnation

OB 240 i S BE TSR

Oocyte dysfunction Ovarian exhaustion of cumulus cells

OH
0
ﬁ“ HE KT
HO ‘ H’ g Decreased level of estradiol

bR FE A DN AT 2L
B HiA v DNA fragmentation

3 BaP MAEEFME
Fig. 3 Reproductive toxicity of BaP
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Table 1 Reproductive toxicity induced by BaP acting on different samples
FEA A BaP BRI R AR 275 3CHk
Sample type BaP modifying factors Final result References
S |
IL-1 46
p f Testosterone | [461]
STAR 38-HSD .CYP17Al . 2 | [50-52]
CYPI Al 178-HSD | ,P450scc 1 Testosterone |
CAT .SOD .GPX ¥ | ,ROS 1 EHHLUET 51.57]
CAT .SOD ,GPX acticity | ,ROS T Apoptosis of testicular tissue ’
P38MAPK il 381 , Caspase-3
& Caspase-9 T, J SR RLIAR I 13842 AL, P T
I:‘Lt P38MAPK pathway activation, Caspase-3, Testicular cell damage, [52,59]
a
Caspase-9 T, initiates mitochondrial apoptosis
apoptosis pathway
DNA #ifji R R 1601
DNA damage Sperm count |
S R AR S KT
Wt A . [73]
Telomere shortening Sperm apoptosis
Male
R IR T
MMP | , Caspase-3 ,Caspase-9 T " ) ) [63]
Spermatogonia apoptosis
W AL R 38-HSD |
CYP17 #1178-HSD | , R |
L DL PR T R A AR CEE E T Ry A [54.58]
Chlamys farreri Sperm nest oxidative stress Sperm count | Testosterone | , ’
3B8-HSD, CYP17 and 178-HSD |, decreased spermatogenesis
disrupt spermatogenesis-related genes
e A0 L S o
el " o 2 |
. Increased spermatogonia [55]
Fundulus heteroclitus . Testosterone |
encapsulation
. A FE 2 L AH DG BE PR Y B4k - .
B £y : R AR T A
Up-regulation of methylation o X [64]
Zebrafish Inhibits spermatogenesis
of germ cell-related genes
CYP17 3B8-HSD.178-HSD | , WMEZ R | 58]
AHR ARNT CYPIAI | Estrogen and progesterone |
HiFLE L : —
Chiamys farreri Adcy-PKA Sl I, VIG,CCND2 | 2 B2 |, B L
Adcy-PKA pathway inhibition, Progesterone, E2 | , [78]
VTG, CCND2 | ovarian lesions
Wtk — F UL R I 2 1
Female o % Interferes with hormone membrane E2 | [75]
Portunus trituberculatus . .
receptors 1n target tissues
L, GnRH3 W34k
" bl E2 | [76]
Zebrafish GnRH3 methylation 1
i %
% GnRH2 ,GnRH3 1 E2 | 771

Hippocampus
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Zik1
FEA R BaP 7R R KBS R 275 Wik
Sample type BaP modifying factors Final result References
R ELA L T
Bax 1 . * . [82]
Ovarian cell apoptosis
0 ST AR Bt
Caspase-3 | X R ,Z)L 5 . [81]
Impaired ovarian function
1L T JIU R A, O 7 [ 1
JFﬁtAHRj,_%ﬁ,ROST gl(@/ﬁﬂ‘?ﬁ‘*ﬁ“ﬁ & P fi
. Follicle formation disorder [24]
Interference with AHR pathway, ROS T . .
and sperm egg fusion disorder
Bl _
Rat BPDE-DNA Jll&¥IE BIR: 20 i RO 400 A2 45 4]
BPDE-DNA adducts formation Damage to oocytes and oval cells
THIRLRLAA , 1R 200 0 B DRI 2 S TN
AL T S s 5 G BRI RESZ L B T
i A BEL Do 2 . .
. . . . Impaired oocyte function, 98]
WP Disruption of mitochondria, oocyte genome R
) . . apoptosis
Female hypermethylation, blockage of meiosis
IR H TR
AMH | ,CYP1Al ,CYP1BI ,Bax , Hsp90aBI 1 ! . " [93.96]
Delayed follicular development
D4 /| g‘ <<AljJL»bn).,’ Li
J'Fﬂ ANTI | . [E HESZH 851
D4 mice Impaired ovarian function
TG FRRIE S R A HES) . -
" e B £ 240 L K
(&A% 2 Bk AL - 1, ROS T 2
L GREEARAE I T
Interferes with spindle morphology and . [36]
pr . Oocytes meiotic arrest,
chromosome alignment, reduces .
Pig A . oocytes apoptosis
acetylated a-microtubulin, ROS il
9 ST AR Bt
AdipoR1 . AdipoR? | IR [84]
Impaired ovarian function
ROS T ,Nanog 5% Octd BH: Py 4i A Hb 2% | SZHE OO ANFESG T 40 I JA -
ROS 1, ratio of Nanog- or Apoptosis in zygotes and B5]
Oct4-positive ICM cells | embryonic stem cells
IS8 R A A
FOXO1 ,HoxA10 ,BMP2 ,CD34 | i i o . [115]
Inhibition of decidual angiogenesis
IR 2 44
K ROS | e [114]
Kidney damage
Rat
MR E 1 148 Sk 350
PR R — S A A T LS S
. ] . . . [121]
TRRa/HE L Angiotensin II, angiotensinogen and Cardiovascular anomaly
Embryo/fetus endothelial-type nitric oxide synthase T
M REFH
IBAI ,SNCA T j o . [126]
Neurodevelopmental abnormalities
Ea.i DNA % LY ERTE [103]
Oyster DNA damage Oyster survival rate |
Bax ,APAF-1 T ,EMT tHC3EA | |
" Akt/GSK-38 i 5%, Vimentin . E-cadherin | ” o
KRR P HRR T
Bax, APAF-1 T, EMT-related genes |, [15]

Embryoid bodies

Akt/GSK-38 pathway abnormalities,

Vimentin, E-cadherin |

Embryoid body apoptosis
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e
A A BaP B R R AR 27 30k
Sample type BaP modifying factors Final result References
MEH R Z AR KIS T Era CYP19a
S ’ PR A S5 RS | 00 158 S
T VTG |, cyp2st b5 . VR
i . . Abnormal sex ratio, cardiac [106,111]
Oryzias latipes Androgen receptor expression 1, . . .
malformations, cardiovascular anomalies
Ere, CYP19a, VTG | ,CYP2J 1
LR LT o)
Oxidative stress Heart malformations
ERLANR S AT R [120]
Oxidative stress Neurobehavioral deficits
DR B ARG 58
BRI L N K CATP RIAHE L
o BETh A T £kt T 5 ATP2A2 1 DER B S B
Embryo/fetus . [122-124]
Zebrafish Abnormalities in heart Abnormal heart development,
development-related genes, pericardial edema
Na*/K"-ATPase activity |, T box
transcription factor 5, ATP2A2 1
% AHR2 PXR 5B AR 12 HHEE T
Activation of AHR2, PXR xenobiotic Skeletal developmental [125]
and metabolic pathways abnormalities
Na*/K*-ATP Jff il Ca** -ATP BG4 | .
¥ o WY
Na"/K"-ATPase and [124]

Sebastiscus marmoratus Abnormal heart development

Ca*'-ATPase activity |

1 IL-18 F/AREANF 18,CYPITAL FRAIM 3 P450 17A1, STAR FRJE[E BEA: i 2 PE T 3T 8 1, 38-HSD Fon 38-F43E 25 [ I i AU, 178-
HSD 7R 17B-F2HE IS [ BN S0 , PASOsce AARANMI 72 P450 JIH i Bl 5% 4 i i , CAT ARt ML &8, GPX AR A H ki A (b ¥ 8%, SOD
R AL, ROS IR F TG M4, Caspase-3 FoR Y W& 2 25 11 -3 , Caspase-9 /R &R HE 11 -9, MMP Q% 5L 5 4 Jm 25 (1 iff , AHR
FORFS AW Z IR, ARNT F£R 5 F AL G Y Z AR HEHE A, Adey-PRA R IR IR LR -2 (M 3, VIG VR IN K (1, COND2
RFEMMSA IR E D2, CYPLIAL FURANM (AR P4AS0 1AL, GaRH2 Fm R BRI R BEHOMER , GnRH3 Fon AR PEMU R B UM R , Bax /R Bel-2
A2 X # H, Hsp90aB1 13 90kDa #ATEHE 11 aB1,CD34 10FE L% 34, AMH RSB B E ,FOXO1 183 XSLHEH 1 O1 ,HoxA10 10
[l & FE R A10,BMP2 FRERHIES K AR H-2, IBAL R E FHLESH %57 1, SNCA REFEAH N o- Rl HEH, CYP19a AR A ER
P450 K 19 WK K a, ATP2A2 (REHGE TH432 ATP ilf A2,

Note: IL-18 represents interleukin-18, CYP17Al represents cytochrome P450 family 17 subfamily A member 1, STAR represents steroidogenic acute

regulatory protein, 38-HSD represents 33-hydroxysteroid dehydrogenase, 178-HSD represents 178-hydroxysteroid dehydrogenase, P450scc represents
P450 cholesterol side-chain lyase, CAT represents catalase, GPX represents glutathione peroxidase, SOD represents superoxide dismutase, ROS represents
reactive oxygen species, MMP represents matrix metalloproteinase, AHR represents aryl hydrocarbon receptor, ARNT represents aryl hydrocarbon recep-
tor nuclear transporter, Adcy-PKA represents adenylate cyclase-protein kinase, VTG represents vitellogenin, CCND2 represents cyclin-D2, CYP1 Al re-
presents cytochrome P450 family 1 subfamily A member 1, GnRHZ represents gonadotropin-releasing hormone 2, GnRH3 represents gonadotropin-relea-
sing hormone 3, Bax represents Bcl-2 associated X protein, Hsp90aBI represents recombinant heat shock protein 90 kDa alpha B1, CD34 represents clus-
ter designation 34, AMH represents anti-Miillerian hormone, FOXOI represents forkhead box O1, HoxAl0 represents homeobox A10, BMP2 represents
bone morphogenetic protein-2, IBA1 represents ionized calcium-binding adapter molecule 1, SNCA represents recombinant human alpha-synuclein, and

CYP19a represents cytochrome P450 family 19 subfamily a, ATP2A2 represents ATPase sarcoplasmic/endoplasmic reticulum Ca®" transporting 2.

ANFIFER , XoF M 2 5 1 1 3222 . BaP AT LAGE i
HE PR A T P AR MEVE TR N B2 AR R 7K 79 HLs
SPARPAT RN Rk, B0 AN A DL R M A A
ML R IR R TR . SR UG L . BaP F
S5 OP-B: 20 i 0O 40 i S5 AL 7 3 DL B DNA $i 43,

TS BARORE D25 5 ; BaP 0 DRy i & AR FUR B
A 3 PR DA BB AR R i, o, R MR KR LY
KB R—A 2 A HBUSR R, 2 ful 21 16 B ) 4
BaP #B 0l e 2> 22U LA B WHE S0

B TENE 2 BT ROV 25 ) s mE X AR B AR
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A SRR AZAE WEARTE K AR 43 6 AT 2L
I RR AR AR, R T 1k B R A B A G i
A= B R IR G B (8 A S2 56 sh W A L sh 9, LA
KEF/NECA 3 (H i TR B2 M 4., 5
655 K b REAE K B /)N B PO S 2 A [R) A AL Ay 245
J. BaP & UL AR B, K & AT L
P 3E A= 58 20 B 5 6% B A 77, Rahmani 25®'3IF 52 BaP
T 42 5 Caspase-3 & A HE— A2 17F UF 8 A1 4y B 45
AT, Yi SIS K B BaP AT DL B JEBTE TS
A Bel-2 £iK, JFREIR T T T-HE M Bax 5§
Caspase-3 &5 I 1M 410 i & I IE AL A9 PR 12, X
5 Rahmani %" 45 I8 B E B X HE , X 07 J& o] BE
SRR Hh {0 A [) 22 8 79 AN [ 114 S 560 of
SMALVE A X, Liu Z02 % SRS 88 7 otk
HIE® @R PEAR LG, F N BPDE-DNA & 47K
- 2 TR R YR Lok, 53X O BaP SRE B i X
W 22 ) () SR ARAEE T HEHE . 4 ARl Tk AR AS B
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