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[ Abstract] Bisphenol A (BPA) is an estrogen—like compound widely present in daily life and is one of the
compounds extensively studied for its harmful effects on human health. In recent years, increasing attention has
been paid to the negative impact of BPA on female reproductive health. Accumulating evidence indicates that BPA
impairs endometrial receptivity, ovarian function, and oocyte quality through multiple mechanisms, such as
interfering with hormone signaling, inducing oxidative stress and inflammation, and disrupting epigenetic
regulation. Furthermore, BPA has been shown to exert transgenerational effects. This article summarizes the sources
and metabolism of BPA, its effects on endometrial receptivity, its damage to the ovaries and oocytes, and its
transgenerational effects. Provide novel insights into the effects of BPA on female reproductive health.

[ Key words] Bisphenol A; Endometrium; Decidualization; Ovarian reserve; QOocyte; Transgenerational

effect

W A(bisphenol A, BPA)&—Fh& A HLiL
AW, 1891 M EAL B TIILER - BT LA
P T 7 T A A B8 25 1 T BEAT 4R B OB T
BPAM . 1E 19 42 50 4-ACH T BPA BA TR il |
Mgl . WA S TR AR, BT TR

[WFsBHEF] 2026 — 02 -03

R R IR RS0 7 1k Tl
PR k2 — 0, L, BPA STEAELET
AR | LB | BT R . R
LRV F 3 R oAb, BPA MAE(E T Hu
S (U . /INEE ) o0, 3 5 o s

[(EE£mMB] FEHRAREAI4S(82560307); = A RHETRME -5 H (202501AY070001-023)
[MEERN] FAFIE(2000~), F, BEFARIEA, EEMHIRA, FTENFBDIIRG LT SH B EPTRE TAE.

BEEE] 2K, E-mail: 756029726@qq.com


mailto:756029726@qq.com
https://doi.org/10.12259/j.issn.2095-610X.S20260717
https://doi.org/10.12259/j.issn.2095-610X.S20260717
https://doi.org/10.12259/j.issn.2095-610X.S20260717

57 4

SRR, A5 XU A LA A R A S e R RS A 143

1. BRIl AT A SR AR B T BPA,

CAEMRE LM, AR, FK. mk. IE
A SURMBEFL AP Y AT H BPAMS . BPA HAF 2K
MEBERAE RO, W TR W R G TIRE, faF
A FEAEERE, QNS e I AL | TG P Y
B2 D R S B R AR i A D RE GR 1Y, MR
BPA TEXEE i I |32 AR A SO AR B (R VS
fo s, ASCHIZE BPA AUZEE S0 . SR
DB 32 AR 52 ot B0 76— 0 41 i — B - 41 fifg
B fERPLE . FWis L 5 BN DL K TS
IRITRME A TLRR

1 BPAEESKHEFS

11 REFENLTENME

BPA JIZAFAE TATE b, fF9R R, Rk
R s 2L LIS A 95°C 41 T BPA B JE 1T 35
18.47 ppb( =~ 18.47 pg/L), I ELF# {1 1] i [i] 4 < H:
FETCRR RN, X 2240y ) LA BT A A R XU 4 5
B A LR 276 = iR K B i nlfE BPA BB &)
HrOST BRI IS B R, BPA J2 v [ b v e K
FITRR Py v XL 2 ABA A ) 2 J 5315 BRI AN [+
JKI BPA ¥ M < 0.03 ng/L | 588 pe/L AZENT, 4
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Fig. 1 Dual effects of BPA on endometrial function through impairment of endometrial stromal cells and inhibition of

decidualization

A: BPA IS ER- o 51 JRAE LK i P4 5 9 R85 RS AR M R 125 B BPA i e 28 W3t % 16 0 BELASH 50 JE P AH OGP 1) %
i, LR i BSB89 R 0 1 I L B A M R S S AL, e S EURAR LA K I

VE g — P B R 20, PRI i ER- o i 3F
PR IR (HAEH R S (1 pmol/L) FEfIRER -
o, W PRFRIKBEZ T FE. WIS AR K222
Z 5 PR 445 PP 5E AT (heart and neural
crest derivatives expressed 2, HAND2) {4 I #% ol ]
AR/ 252 T BPA 60 [Me/(kg + d)], £3FHAG
YU B I T HAND2 % 5638005 , HAND2 /9 1 34
i #% FGFR-ERK1/2 3@ A T 5 223005 R, il
VIR | B AR MR G 58, Tk o OB IRAL , AT
SERBICEAEA L, K, BPA SN
32 HE 7 AT Fh PR B 5T 4 A ) 5 41 6 L 4t R A
AR AE IS o SR, 053G R 58 oK & BLIR
BPA V¢ FE 5 IR FE 5 b 3 ARG AT e R A 2
ARG 2525 BPA # 4k TCid M 45 675 BPA,
PR FEAH G5 Hh N 2% B8 BPA IIF S S 545638
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UL 3. BPA AIfEiEA: L yantsd, H4nisinE e
cyelin B1 &35 b 2 e fff B B 48 I 455305 T b U Aa
B, SRR IR TOEHE S — Ak, MIT
T ORREA0 M LIRSS, [T BPA R 5R1: 40 i
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Fig. 2 Effects of BPA on granulosa cells and ovarian follicles
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Fig. 3 Effects of BPA on oocytes
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Tab.2 Population-based epidemiological study
SRR A BPAK /5 FERI(ER) 275 3k

256 ATVFLZME(EARTH  JRBPA SGRIEJLA[4%1.87 BPALIRINEL. =W . ILIEE . HIRE. Minguez-Alarcén
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IR PRALYRA | 67 A0 3 SRR ((AFIR . L et al'®

VR N TR )

1064 IVF L&k JRBPAFF{70.743 pg/L, %1  TEHBPAZ(>0.743ug/L)BUIRR . AR, HKF  Lin M et al*
3.25nM FEAIK

SUBARZELEGK >, JRBPAJLMI4%1.38 BPA5AMH(P=0.02) FMIAFC(P=0.03) #1140 Czubacka E et

LRI ng/mL(SGHZIEL.60 ng/mL,  5; SFSH. E2JCX:H al*!
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HEEEEE) DORZ%H1.58 pg/g Cr(p=0.009) BPAZ&EZH A2 XK OR=4.248 (445 );
90Z TVF L () BRI BPA =150 ng/mL, Il =i OPEEBPA SGVALRILENFEAMMEIG ZHHC;  Poormoosavi SM
HBPA=150 ng/mL, #9657  Iil{FBPA<50 ng/mLAIMIIIE B EE L I  etalls
nM BPA =150 ng/mLAIG VIS B &1L
[ILMINEEZEARZ  JRBPA CriRIET{7470.720  BPARMRIEHIRIIE D (P=0.02); EREF  Shen J et al's®
IVFLePE () ng/g Cr I RAT % 2 AR s Rml R T IE ek, PR

BPA F S T E NIEAZ

FTEMETS . FEBREEAEAE T, AREEZRE 98> BPA
R MBRARE A A, R SRR LAY
TG 5 B 40 2 Tt 5 SR R B R0
WAL, BB ZILREHE BPA X B 6 0138 25 52 (A
() BT 342 42 3 1 Cx43 2RI T I, DT AR 4 ok
20t [ ) TR RE TS . B PR S — R R R £
W, REfEIEE BPA SR M/NRE R AINEEL, %
O 1ML Y E A 2 KT, AL S 40 ) o SR A
2 b B S8 AL B I (B AIRROS AT MDA ). R 13 W AH
K75 H (LC3B-II, Beclinl) FH il 98 T 38 % (F&AK
caspase—3, Bax, FhiE Bel-2) & YIAHK,

N- Bt B R (N—Acetyleystein, NAC) Z&4¥
e Ak ( glutathione, GSH) iy miiA&, w] DAk Fe 40 it
W GSH fifi 45 o 7E/IN BRUOPB: 40 B A 1 Bt 72
NAC BN A K R T BPA 5152 /) ROS 7K FF
= Al GSH & it FRE, #EmiykE T BPA )i i 5P
R0 AL B | 2 R IR iR Y, R
NAC 38 S 35w 40 M A S L RE JI XL BPA (95
P, HRE R AE W E 2B BPA X/ BRI & 7 A
HIFER, P2 NG 2R . S0 s A 0P ) 20 i
RCR . HAE AL AL HE . FRAR N i K IR b
MDA & /D R4 N ROS K. THR £k
BARBE A, JF BB E IR (CAT, SODI,
SOD2) ML T-HE R Bel-2 [k 50,

52 EESE5REHEBALTERLEY
76 BPA AbF 9 N KGN JFURL 20 Mg wb by Ji nds

Pl 378 = 190 ) TRPM2 38 T8 A9 4 B 0%, /0 45
TP, DT R 2ok A4 A 5 e ROS (9772,
WKL GSH KF-F1 GPx 1%, I B ] caspase—
3/8/9 M- FHUANME I T- 18V, X —BF ST T H I
BTl TR R AR BPA TP R E M, 1A
iR 2 ORI R A — Rl S AT R, REIKTE BPA 41
il ) EGFR-ERK1/2 {5538 % , 2k 1fij B K 1 b 4
JitL H B cGMP K SF- 1 BR BF 20 il e 9 cAMP 7K F
T A SR 2 B B 0 K A2 0k B o 2 . 8 LU
TR (AR 3PV FAR R T 09 Fe 40 B A A, IR RE 4%
BPA 5 S LA T e et F 2 FRIK 28, 487
WG & B . LTI M Grh 255 2
THIEYER S, AT %S BPA 5|5 AR I A OC b il
(Hk1. Pkm)®y EVH, [ABHRE Sirt3. Sirt6 Z4k
BRI FRRL, NMSGEmELE . wb
O 240 LR T IR B PR b Y

6 NG

BPA X} A28 Bl Al B i R ) R RN,
FHIE M WP I AN 32 B K, DL AR DG L R 1Y
FIRZ RN, FHRIRNEERERL, A
A iGN 2 BT AHER SR RAEAE — 2 1 JRy R
P, AR b 3K BPA W N 0~ 1.95 pg/L,
KA 174 ng/m?®, Tk X UL 13.37 me/kg., b
W B eI 17.2 mg/L1 AN [] 5236 7 S A ok 2 3


https://kyxuebao.kmmu.edu.cn

57 4

SRR, A5 XU A LA A R A S e R RS A 149

ARETE A CRIABE e B, ok Rt B v
BPA V& JE Fr 7 AR (R 52 5[] s A AR [ A g R A
BPA ¥ B 3t ik T 40 Mo =% 20 4 52 40 i vk B . (H
2 h T RS8R V0 S 3 I A 0 PR B T AR
FRER AT, NBE RN AR il i 5 AR IR Y
KR, TEEEVR R AR 2 i = SRk
FEMRFR . AR LI VEXT BPA BRGS0
EREIE N £, TP DL 0 R AR R R
F2 1850 FEBIF S Pt 2 R T R 2% S g | AR
W2E5 . 281, BPA XJ 2ot Az FEfa B 45 i 2
AN, TEH 8 AT b NS ] R e il E A
BPA ¥ o

[ 30K ]

[1] Moreno—G 6 mez—Toledano R. Bisphenols — New Environ—
mental, Pathophysiological and Social Perspectives[M].
978-1-83769-299-6. UK: Intech Open, 2025: 190-210.

[2] GeensT, Aerts D, Berthot C, et al. A review of dietary and
non—dietary exposure to bisphenol-A[J]. Food Chem
Toxicol, 2012, 50(10): 3725-3740.

[3] Pivnenko K, Pedersen G A, Eriksson E, et al. Bisphenol A
and its structural analogues in household waste paper[J].
Waste Manag, 2015, 44: 39-47.

[4] Vandenberg L N, Chahoud I, Heindel J J, et al. Urinary,
circulating, and tissue biomonitoring studies indicate
widespread exposure to bisphenol A[J]. Environ Health
Perspect, 2010, 118(8): 1055-1070.

[5] Tkezuki Y, Tsutsumi O, Takai Y, et al. Determination of
bisphenol A concentrations in human biological fluids re—
veals significant early prenatal exposure[J]. Hum Reprod,
2002, 17(11): 2839-2841.

[6] Schonfelder G, Wittfoht W, Hopp H, et al. Parent bi-
sphenol A accumulation in the human maternal-fetal—pla—
cental unit[J]. Environ Health Perspect, 2002, 110( 11):
A703-A707.

[7] Cao X L, Zhang J, Goodyer C G, et al. Bisphenol A in hu—
man placental and fetal liver tissues collected from Great—

during 1998-2008[J].
Chemosphere, 2012, 89(5): 505-511.

[8] Kuruto—Niwa R, Tateoka Y, Usuki Y, et al. Measurement

er Montreal area ( Quebec)

of bisphenol A concentrations in human colostrum[J].
Chemosphere, 2007, 66(6): 1160-1164.

[9] Matthews J, Twomey K, Zacharewski T R. In vitro and in
vivo interactions of bisphenol A and its metabolite, bi-

sphenol A glucuronide, with estrogen receptors « and

L10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

B [J]. Chem Res Toxicol, 2001, 14: 149-157.

Fan H, Fernando S R, Jiang L, et al. Bisphenol a ana—
logues suppress spheroid attachment on human endometri—
al epithelial cells through modulation of steroid hormone
receptors signaling pathway[J]. Cells, 2021, 10( 11) :
2882.

Xiong Y, Wen X, Liu H, et al. Bisphenol a affects endo—
metrial stromal cells decidualization, involvement of epi—
genetic regulation[J]. J Steroid Biochem Mol Biol, 2020,
200: 105640.

Zhang H Q, Zhang X F, Zhang L J, et al. Fetal exposure to
bisphenol A affects the primordial follicle formation by in—
hibiting the meiotic progression of oocytes[J]. Mol Biol
Rep, 2012, 39(5): 5651-5657.

Zhang N, Zhao Y, Zhai L, et al. Urinary bisphenol A and S
are associated with diminished ovarian reserve in women
from an infertility clinic in Northern China[J]. Ecotoxicol
Environ Saf, 2023, 256: 114867.

Nam S H, Seo Y M, Kim M G. Bisphenol A migration from
polycarbonate baby bottle with repeated use[J]. Chemo—
sphere, 2010, 79(9): 949-952.

Shi Y J, Gong F, Hu C Y, et al. Binding mechanism and
safety assessment of BADGE from epoxy—coated cans and
protein[J]. Food Chem, 2025, 476: 143347.

Gao Y, Xiao S K, Wu Q, et al. Bisphenol analogues in wa—
ter and sediment from the Beibu Gulf, South China Sea:
Occurrence, partitioning and risk assessment [J1. Seci Total
Environ, 2023, 857: 159445.

Swansborough C, Soto J, Shapland 1, et al. Trend analysis
of environmental concentrations of Bisphenol A in
European waters and sediments [J1. Environ Res, 2025,
282: 121946.

Tse HT, Au C K, Chan W. Bisphenol a in disposable face
masks: A novel human exposure pathway and impact on
the aquatic environment[J]. Chem Res Toxicol, 2025,
38(2): 347-352.

Russo G, Barbato F, Grumetto L. Monitoring of bisphenol
A and bisphenol S in thermal paper receipts from the ltali—
an market and estimated transdermal human intake: A pi—
lot study [J]. Sci Total Environ, 2017, 599: 68-75.
Vandenberg L N, Colborn T, Hayes T B, et al. Hormones
and endocrine—disrupting chemicals: Low—dose effects and
nonmonotonic dose responses[J]. Endocr Rev, 2012,
33(3): 378-455.

Arakawa C, Fujimaki K, Yoshinaga J, et al. Daily urinary
excretion of bisphenol A[J]. Environ Health Prev Med,
2004, 9(1): 22-26.


https://doi.org/10.1016/j.fct.2012.07.059
https://doi.org/10.1016/j.fct.2012.07.059
https://doi.org/10.1016/j.wasman.2015.07.017
https://doi.org/10.1289/ehp.0901716
https://doi.org/10.1289/ehp.0901716
https://doi.org/10.1093/humrep/17.11.2839
https://doi.org/10.1289/ehp.021100703
https://doi.org/10.1016/j.chemosphere.2012.05.003
https://doi.org/10.1016/j.chemosphere.2006.06.073
https://doi.org/10.1021/tx0001833
https://doi.org/10.3390/cells10112882
https://doi.org/10.1016/j.jsbmb.2020.105640
https://doi.org/10.1007/s11033-011-1372-3
https://doi.org/10.1007/s11033-011-1372-3
https://doi.org/10.1016/j.ecoenv.2023.114867
https://doi.org/10.1016/j.ecoenv.2023.114867
https://doi.org/10.1016/j.chemosphere.2010.02.049
https://doi.org/10.1016/j.chemosphere.2010.02.049
https://doi.org/10.1016/j.foodchem.2025.143347
https://doi.org/10.1016/j.scitotenv.2022.159445
https://doi.org/10.1016/j.scitotenv.2022.159445
https://doi.org/10.1016/j.envres.2025.121946
https://doi.org/10.1021/acs.chemrestox.4c00535
https://doi.org/10.1016/j.scitotenv.2017.04.192
https://doi.org/10.1210/er.2011-1050
https://doi.org/10.1265/ehpm.9.22

150

B BE BE K 222 4

hitps://kyxuebao.kmmu.edu.cn

547 %

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

Fujimaki K, Arakawa C, Yoshinaga J, et al. Estimation of
intake level of bisphenol A in Japanese pregnant women
based on measurement of urinary excretion level of the
metabolite [J]. Jpn J Hyg, 2004, 59(4): 403-408.

Kalb A C, Kalb A L, Cardoso T F, et al. Maternal transfer
of bisphenol A during nursing causes sperm impairment in
male offspring [J1. Arch Environ Contam Toxicol, 2016,
70(4): 793-801.

Yuan K'Y, Gu Y H, Pei Y H, et al. Comprehensive ana—
lysis of transplacental transfer of environmental pollutants
detected in paired maternal and cord serums[J]. J Hazard
Mater, 2025, 486: 136970.

Ram 1 rez V, Merkel S, Tietz T, et al. Risk assessment of
food contact materials[J]. EFSA J, 2023, 21( Suppl 1) :
€211015.

German Federal Institute for Risk Assessment. Bisphenol
A: BIR proposes health based guidance value, current ex—
posure data are needed for a full risk assessment: BfR
Opinion[EB/OL]. (2023-04-19) [2026-05-15]. https://
www.openagrar.de/receive/openagrar_mods_00086771.
Kurebayashi H, Harada R, Stewart R K, et al. Disposition
of a low dose of bisphenol A in male and female Cynomol-
gus monkeys [J]. Toxicol Sci, 2002, 68(1): 32-42.
Pritchett J J, Kuester R K, Sipes I G. Metabolism of bi—
sphenol A in primary cultured hepatocytes from mice, rats,
and humans [J]. Drug Metab Dispos, 2002, 30( 11): 1180-
1185.

Suiko M, Sakakibara Y, Liu M C. Sulfation of environ—
mental estrogen—like chemicals by human cytosolic sulfo—
transferases[J]. Biochem Biophys Res Commun, 2000,
267(1): 80-84.

Ye X, Kuklenyik Z, Needham L L, et al. Automated on—
line column—switching HPLC-MS/MS method with peak
focusing for the determination of nine environmental phen—
ols in urine[J]. Anal Chem, 2005, 77(16): 5407-5413.
Ye X, Kuklenyik Z, Needham L L, et al. Quantification of
urinary conjugates of bisphenol A, 2, 5-dichlorophenol,
and 2-hydroxy—4—methoxybenzophenone in humans by
online solid phase extraction — high performance liquid
chromatography — tandem mass spectrometry[J]. Anal
Bioanal Chem, 2003, 383(4): 638-644.

Richard K, Hume R, Kaptein E, et al. Sulfation of thyroid
hormone and dopamine during human development: onto—
geny of phenol sulfotransferases and arylsulfatase in liver,
lung, and brain[J]. J Clin Endocrinol Metab, 2001, 86(6):
2734-2742.

Ginsberg G, Rice D C. Does rapid metaholism ensure neg—

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

ligible risk from bisphenol A?[J]. Environ Health Perspect,
2009, 117(11): 1639-1643.

Sohoni P, Sumpter J P. Several environmental oestrogens
are also anti—androgens[J]. J Endocrinol, 1998, 158(3):
327-339.

Sun H, Xu L. C, Chen J F, et al. Effect of bisphenol A, tet—
rachlorobisphenol A and pentachlorophenol on the tran—
scriptional activities of androgen receptor-mediated re—
porter gene[J]. Food Chem Toxicol, 2006, 44(11): 1916~
1921.

Lee H J, Chattopadhyay S, Gong E Y, et al. Antiandrogen—
ic effects of bisphenol A and nonylphenol on the function
of androgen receptor[] 1. Toxicol Sei, 2003, 75(1): 40-46.
Cho Y J, Bin Park S, Park J W, et al. Bisphenol A modu—
lates inflammation and proliferation pathway in human en—
dometrial stromal cells by inducing oxidative stress[J].
Reprod Toxicol, 2018, 81: 41-49.

Ferreira R, Amaral C, Correia—da—Silva G, et al. Bisphen—
ols A, F, S and AF trigger apoptosis and/or endoplasmic
reticulum stress in human endometrial stromal cells[J].
Toxicology, 2022, 478: 153282.

Schultz J R, Petz L N, Nardulli A M. Estrogen receptor al—
pha and Spl regulate progesterone receptor gene expres—
sion[J]. Mol Cell Endocrinol, 2003, 201(1-2): 165-175.
Li Q, Kannan A, DeMayo F ], et al. The antiproliferative
action of progesterone in uterine epithelium is mediated by
Hand2[]]. Science, 2011, 331(6019): 912-916.

Neff A M, Blanco S C, Flaws J A, et al. Chronic exposure
of mice to bisphenol-a alters uterine fibroblast growth
factor signaling and leads to aberrant epithelial prolifera—
tion [J]. Endocrinology, 2019, 160(5): 1234-1246.

Li Q, Davila J, Kannan A, et al. Chronic exposure to bi-
sphenol A affects uterine function during early pregnancy
in mice[J]. Endocrinology, 2016, 157(5): 1764-1774.

M 1 nguez—Alarc 6 n L, for the EARTH Study Team,
Gaskins A ], et al. Urinary bisphenol A concentrations and
association with in vitro fertilization outcomes among wo—
men from a fertility clinic [J]. Hum Reprod, 2015, 30(9):
2120-2128.

Celar Sturm D, ReZen T, Jancar N, et al. Bisphenol a dis—
rupts steroidogenesis and induces apoptosis in human
granulosa cells cultured in vitro[J]. Int J Mol Sci, 2025,
26(9): 4081.

Li C, Cui Z, Liu Z, et al. miR-204 regulates autophagy and
cell viability by targeting BDNF and inhibiting the NTRK2-
dependent PI3K/Akt/mTOR pathway in a human granu—

losa cell line exposed to bisphenol A[J]. Ecotoxicol En—


https://doi.org/10.1265/jjh.59.403
https://doi.org/10.1007/s00244-015-0199-7
https://doi.org/10.1016/j.jhazmat.2024.136970
https://doi.org/10.1016/j.jhazmat.2024.136970
https://www.openagrar.de/receive/openagrar_mods_00086771
https://www.openagrar.de/receive/openagrar_mods_00086771
https://doi.org/10.1093/toxsci/68.1.32
https://doi.org/10.1124/dmd.30.11.1180
https://doi.org/10.1006/bbrc.1999.1935
https://doi.org/10.1021/ac050390d
https://doi.org/10.1007/s00216-005-0019-4
https://doi.org/10.1007/s00216-005-0019-4
https://doi.org/10.1210/jc.86.6.2734
https://doi.org/10.1289/ehp.0901010
https://doi.org/10.1677/joe.0.1580327
https://doi.org/10.1016/j.fct.2006.06.013
https://doi.org/10.1016/j.reprotox.2018.06.016
https://doi.org/10.1016/j.tox.2022.153282
https://doi.org/10.1016/S0303-7207(02)00415-X
https://doi.org/10.1126/science.1197454
https://doi.org/10.1210/en.2018-00872
https://doi.org/10.1210/en.2015-2031
https://doi.org/10.1093/humrep/dev183
https://doi.org/10.3390/ijms26094081
https://doi.org/10.1016/j.ecoenv.2024.117304
https://doi.org/10.1016/j.ecoenv.2024.117304
https://kyxuebao.kmmu.edu.cn

SRR, A5 XU A LA A R A S e R RS A

151

[46]

[47]

[48]

[49]

[50]

[51]

[52]

[53]

[54]

[55]

[56]

viron Saf, 2024, 287: 117304.

Lin M, Hua R, Ma J, et al. Bisphenol A promotes auto—
phagy in ovarian granulosa cells by inducing AMPK/mT-
OR/ULK1 signalling pathway [J]. Environ Int, 2021, 147:
106298.

Buratini J, Price C A. Follicular somatic cell factors and
follicle development[J]. Reprod Fertil Dev, 2010, 23(1):
32-39.

Matsuda F, Inoue N, Manabe N, et al. Follicular growth
and atresia in mammalian ovaries: Regulation by survival
and death of granulosa cells[J]. J Reprod Dev, 2012,
58(1): 44-50.

Broer S L, Broekmans F J M, Laven J S E, et al. Anti-
M ii llerian hormone: Ovarian reserve testing and its po—
tential clinical implications[J]. Hum Reprod Update,
2014, 20(5): 688-701.

Durlinger A L L, Gruijters M J G, Kramer P, et al. Anti—
mullerian hormone attenuates the effects of FSH on follicle
development in the mouse ovary[J]. Endocrinology, 2001,
142(11): 4891-4899

Czubacka E, Wielgomas B, Klimowska A, et al. Urinary
bisphenol A concentrations and parameters of ovarian re—
serve among women from a fertility clinic[J]. Int ] En-
viron Res Public Health, 2021, 18(15): 8041.

Souter I, Smith K W, Dimitriadis I, et al. The association of
bisphenol-a urinary concentrations with antral follicle
counts and other measures of ovarian reserve in women
undergoing infertility treatments [J]. Reprod Toxicol, 2013,
42:224-231.

Zhang N, Zhao Y, Zhai L, et al. Urinary concentrations of
bisphenol A and its alternatives: Potential predictors of and
associations with antral follicle count among women from
an infertility clinic in Northern China[J]. Environ Res,
2024, 249: 118433.

Park S Y, Jeon J H, Jeong K, et al. The association of
ovarian reserve with exposure to bisphenol A and phthal-
ate in reproductive—aged women[J]. ] Korean Med Sci,
2021, 36(2): el.

Lee S G, Kim J Y, Chung J Y, et al. Bisphenol a exposure
during adulthood causes augmentation of follicular atresia
and luteal regression by decreasing 17 3 —estradiol syn—
thesis via downregulation of aromatase in rat ovary[J].
Environ Health Perspect, 2013, 121 (6): 663-669.

Lin T C, Wang K H, Chuang K H, et al. Downregulation of
gap junctional intercellular communication and connexin
43 expression by hisphenol A in human granulosa cells [J].

Biotech And App Biochem, 2021, 68(3): 676-682.

[57]

[58]

[59]

[60]

Lo1]

[62]

[63]

[64]

[65]

[66]

[67]

[68]

Juneja S C, Barr K J, Enders G C, et al. Defects in the
germ line and gonads of mice lacking Connexin43[J]. Biol
Reprod, 1999, 60(5): 1263-1270.

Li Y, Liu S, Gao F, et al. BPA interferes with granulosa
cell development and oocyte meiosis in mouse preantral
follicles [J1. Exp Biol Med, 2023, 248(13): 1145-1158.
Campen K A, Kucharczyk K M, Bogin B, et al. Spindle
abnormalities and chromosome misalignment in bovine oo—
cytes after exposure to low doses of bisphenol A or bi-
sphenol S[J]. Hum Reprod, 2018, 33(5): 895-904.

Can A, Semiz O, Cinar O. Bisphenol-a induces cell cycle
delay and alters centrosome and spindle microtubular or—
ganization in oocytes during meiosis [J]. Mol Hum Reprod,
2005, 11(6): 389-396.

Loup B, Poumerol E, Jouneau L, et al. BPA disrupts mei—
osis | in oogonia by acting on pathways including cell cycle
regulation, meiosis initiation and spindle assembly[J].
Reprod Toxicol, 2022, 111: 166-177.

Pan M H, Wu Y K, Liao B Y, et al. Bisphenol A Exposure
Disrupts Organelle Distribution and Functions During
Mouse Oocyte Maturation [J]. Front Cell Dev Biol, 2021, 9:
661155.

Zhang M, Dai X, Lu Y, et al. Melatonin protects oocyte
quality from Bisphenol A-induced deterioration in the
mouse [J]. J Pineal Res, 2017, 62(3): 12396
Moore—Ambriz T R, Acuna—Hern @ ndez D G, Ramos—
Robles B, et al. Exposure to bisphenol A in young adult
mice does not alter ovulation but does alter the fertilization
ability of oocytes[J]. Toxicol Appl Pharmacol, 2015,
289(3): 507-514.

Li Q, Zhao Z. Influence of N-acetyl-L—cysteine against
bisphenol A on the maturation of mouse oocytes and em—
bryo development: in vitro study [J]. BMC Pharmacol Tox—
icol, 2019, 20(1): 43.

Poormoosavi S M, Behmanesh M A, Janati S, et al. Level of
bisphenol A in follicular fluid and serum and oocyte mor—
phology in patients undergoing IVF treatment[J]. J Fam
Reprod Health, 2019, 13(3): 154-159

Radwan P, Wielgomas B, Radwan M, et al. Urinary bi—
sphenol A concentrations and in vitro fertilization out—
comes among women from a fertility clinic [Jl. Reprod
Toxicol, 2020, 96: 216-220.

Shen J, Kang Q, Mao Y, et al. Urinary bisphenol A con-
centration is correlated with poorer oocyte retrieval and
embryo implantation outcomes in patients with tubal factor
infertility undergoing in vitro fertilisation[J]. Ecotoxicol

Environ Saf, 2020, 187: 109816.


https://doi.org/10.1016/j.ecoenv.2024.117304
https://doi.org/10.1016/j.envint.2020.106298
https://doi.org/10.1071/RD10224
https://doi.org/10.1262/jrd.2011-012
https://doi.org/10.1093/humupd/dmu020
https://doi.org/10.1210/endo.142.11.8486
https://doi.org/10.3390/ijerph18158041
https://doi.org/10.3390/ijerph18158041
https://doi.org/10.3390/ijerph18158041
https://doi.org/10.1016/j.reprotox.2013.09.008
https://doi.org/10.1016/j.envres.2024.118433
https://doi.org/10.3346/jkms.2021.36.e1
https://doi.org/10.1289/ehp.1205823
https://doi.org/10.1002/bab.1979
https://doi.org/10.1095/biolreprod60.5.1263
https://doi.org/10.1095/biolreprod60.5.1263
https://doi.org/10.1177/15353702231179940
https://doi.org/10.1093/humrep/dey050
https://doi.org/10.1093/molehr/gah179
https://doi.org/10.1016/j.reprotox.2022.06.001
https://doi.org/10.3389/fcell.2021.661155
https://doi.org/10.1111/jpi.12396
https://doi.org/10.1016/j.taap.2015.10.010
https://doi.org/10.1186/s40360-019-0323-9
https://doi.org/10.1186/s40360-019-0323-9
https://doi.org/10.1186/s40360-019-0323-9
https://doi.org/10.18502/jfrh.v13i3.2129
https://doi.org/10.18502/jfrh.v13i3.2129
https://doi.org/10.1016/j.reprotox.2020.07.009
https://doi.org/10.1016/j.reprotox.2020.07.009
https://doi.org/10.1016/j.ecoenv.2019.109816
https://doi.org/10.1016/j.ecoenv.2019.109816

152

B BE BE K 222 4

hitps://kyxuebao.kmmu.edu.cn

547 %

[69]

[70]

[71]

[72]

[73]

[74]

[75]

[76]

[77]

Zhang W, Liu J, Wang Y, et al. Prenatal bisphenol A ex—
posure causes sperm quality and functional defects via
Leydig cell impairment and meiosis arrest in mice off—
spring[J]. Sci Rep, 2025, 15: 9810.

Karmakar P C, Ahn J S, Kim Y H, et al. Gestational ex—
posure to bisphenol A affects testicular morphology, germ
cell associations, and functions of spermatogonial stem
cells in male offspring[J]. Int J Mol Sci, 2020, 21(22):
8644.

Ziv—Gal A, Wang W, Zhou C, et al. The effects of in utero
bisphenol A exposure on reproductive capacity in several
generations of mice[J]. Toxicol Appl Pharmacol, 2015,
284(3): 354-362

Al-Griw M A, Alghazeer R O, Salama N M, et al. Paternal
bisphenol A exposure induces testis and sperm patholo—
gies in mice offspring: Possibly due to oxidative stress?[J].
Saudi J Biol Sci, 2021, 28(1): 948-955.

Santangeli S, Consales C, Pacchierotti F, et al. Transgen—
erational effects of BPA on female reproduction[J]. Sci
Total Environ, 2019, 685; 1294-1305.

Zhang X F, Zhang L J, Feng Y N, et al. Bisphenol A ex—
posure modifies DNA methylation of imprint genes in
mouse fetal germ cells[J]. Mol Biol Rep, 2012, 39(9):
8621-8628.

Rahman M S, Pang W K, Ryu D Y, et al. Multigeneration—
al and transgenerational impact of paternal bisphenol A
exposure on male fertility in a mouse model [J]. Hum Re—
prod, 2020, 35(8): 1740-1752.

Anjum S, Rahman S, Kaur M, et al. Melatonin ameliorates
bisphenol A-induced biochemical toxicity in testicular
mitochondria of mouse[J]. Food Chem Toxicol, 2011,
49(11): 2849-2854.

Park H J, Park S'Y, Kim J W, et al. Melatonin improves
oocyte maturation and mitochondrial functions by reducing

bisphenol A-derived superoxide in porcine oocytes in

[78]

[79]

[80]

[81]

[82]

[83]

[84]

[85]

vitro[J]. Int J Mol Sei, 2018, 19(11): 3422.

Lin T C, Wang K H, Chuang K H, et al. Melatonin re—
verses bisphenol A—induced toxicity in granulosa cells:
Restoration of FSHR and connexin 43 expression[J].
Taiwanese J Obstet Gynecol, 2025, 64(3): 469-476.

Jiao J H, Gao L, Yong W L, et al. Resveratrol improves es—
trus disorder induced by bisphenol A through attenuating
oxidative stress, autophagy, and apoptosis[J]. J Biochem
Mol Toxicol, 2022, 36(9): 23120.

Li Y, Dong Z, Liu S, et al. Astaxanthin improves the de—
velopment of the follicles and oocytes through alleviating
oxidative stress induced by BPA in cultured follicles[J].
Sci Rep, 2022, 12: 7853.

Bucak M, Naziroglu M. Thymoquinone reduces bisphenol
A-induced increases in apoptosis and oxidative toxicity
through the modulation of TRPM2 channel signaling path—
ways in human granulosa cells[J]. J Appl Toxicol, 2026,
46(7): 2457-2474.

An Z Y, Zhang T, Lu G J, et al. Chenodeoxycholic acid
improves oocyte maturation and embryo quality during bi-
sphenol A exposure by activating the EGFR-ERK1/2 sig—
naling pathway[J]. Ecotoxicol Environ Saf, 2025, 302:
118725.

Zhao Q, Liu Y, Chuo Y, et al. Cuscuta chinensis flavon—
oids alleviate ovarian damage in offspring female mice in—
duced by BPA exposure during pregnancy by regulating
the central carbon metabolism pathway [J]. Ecotoxicol En—
viron Saf, 2024, 275: 116253.

Gorini F, Bustaffa E, Coi A, et al. Bisphenols as environ—
triggers Clues
evidence[J]. Int J Environ Res Public Health, 2020,
17(8): 2654.

Kim Y H, Kim C S, Park S, et al. Gender differences in the

mental of thyroid dysfunction: and

levels of bisphenol A metabolites in urine[J]. Biochem

Biophys Res Commun, 2003, 312(2): 441-448.


https://doi.org/10.1038/s41598-025-93538-9
https://doi.org/10.3390/ijms21228644
https://doi.org/10.1016/j.taap.2015.03.003
https://doi.org/10.1016/j.sjbs.2020.11.003
https://doi.org/10.1016/j.scitotenv.2019.06.029
https://doi.org/10.1016/j.scitotenv.2019.06.029
https://doi.org/10.1007/s11033-012-1716-7
https://doi.org/10.1093/humrep/deaa139
https://doi.org/10.1093/humrep/deaa139
https://doi.org/10.1093/humrep/deaa139
https://doi.org/10.1016/j.fct.2011.07.062
https://doi.org/10.3390/ijms19113422
https://doi.org/10.1016/j.tjog.2025.02.003
https://doi.org/10.1002/jbt.23120
https://doi.org/10.1002/jbt.23120
https://doi.org/10.1038/s41598-022-11566-1
https://doi.org/10.1002/jat.70028
https://doi.org/10.1016/j.ecoenv.2025.118725
https://doi.org/10.1016/j.ecoenv.2024.116253
https://doi.org/10.1016/j.ecoenv.2024.116253
https://doi.org/10.1016/j.ecoenv.2024.116253
https://doi.org/10.3390/ijerph17082654
https://doi.org/10.1016/j.bbrc.2003.10.135
https://doi.org/10.1016/j.bbrc.2003.10.135
https://kyxuebao.kmmu.edu.cn

	1 BPA暴露与代谢特点
	1.1 环境暴露的普遍性
	1.2 人体生物监测与代谢

	2 BPA对子宫内膜容受性的影响
	3 BPA对卵巢储备与卵母细胞质量的损害
	4 表观遗传与跨代效应
	5 保护性干预策略
	5.1 抗氧化与抗凋亡类化合物
	5.2 信号与代谢通路调节类化合物

	6 小结
	参考文献

