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Research progress on effects and mechanisms of bisphenol A on spermatogenesis L/ Dan, MA
Ming-yue (Department of Health Toxicology, School of Public Health, Shenyang Medical College,
Shenyang, Liaoning 110034, China)

Abstract:

Bisphenol A (BPA) is an environmental endocrine disruptor mainly used in the manufacture
of polycarbonate plastics, epoxy resins, and a variety of everyday products. People are exposed
to BPA through skin, water, and diet. A large number of animal experiments and population
studies have confirmed that BPA has adverse effects on male reproductive function, such as
spermatogenesis and sperm quality, and even the reproductive function of offspring. However,
the mechanism of BPA male reproductive toxicity is still not clear. This paper introduced the
status of BPA exposure, the effects of BPA on testis, epididymis, and spermatogenesis, and
the related mechanisms; concluded that BPA could reduce sperm quantity and interfere with
sperm maturation by damaging spermatogonial stem cells and sperm cells at different stages
of spermatogenesis and affecting hormone secretion. Therefore, the review pointed out that
reducing and avoiding BPA exposure during critical period of development would ensure the
development of male reproductive system. Future research directions should include establishing
in vivo experimental models with accurate exposure during pregnancy, studying the cellular and
molecular mechanisms in vitro, and carrying out more extensive epidemiological studies.

Keywords: bisphenol A; reproductive toxicity; spermatogenesis; testis; reproductive hormone

SXER A (bisphenol A, BPA) B — TR BN DM T, EBEIMMREEE
F™, Cooper % ) #] skakkebeak F B —BUA NI ENIFIER B fEE S E
BFHERRNERERE, Levine F W N RIEEFREN SR FHRINEBHITRA
[BIFiF] meta [B]Y3 4, FHRIEE B MBS AT HHITEIE, KILTE 1973
FF 201148, Jb3E. BN BAFTMFAZMX BB FHREEE TE,
SHEBETMET 50%60%. shY)LIREE, FIRIREET BPASSHTRIE
FINRERZ S, MEBFAEY, ABHIRKA, BPARER B FRENE
FHER ; A, BAFTHATIARER B MEFRENE NS BEME
BPAREZZEAEX ",

XM BPARIRETE N, BPAXTEAEM. B FHAELRE. £EBE

TTEERARZELIME (2015020397) ;
b BH B % BE & i & & I B (20145065,
20151001)

EE BT
£} (1992—), &, flt4
E-mail : 2817067737@qg.com

BIEFE
SBAA, E-mail : mymacmu@163.com
Fz R

Leel=E
REBH

TR
2018-07-14
2019-01-24

XEHS  2095-9982(2019)03-0272-05
FESES R114
XEIFER A

»5| A

=3, DA . WEY AN B FREF MK
SINMRHE L] FESRIES, 2019,
36 (3) : 272-276.

9743
www.jeom.org/article/cn/10.13213/j.cnki.

jeom.2019.18466

Funding
This study was funded.

Correspondence to

MA Ming-yue, E-mail: mymacmu@163.com
Competing interests None declared
Received 2018-07-14

Accepted 2019-01-24

»>To cite

LI Dan, MA Ming-yue. Research progress on
effects and mechanisms of bisphenol A on
spermatogenesis[J]. Journal of Environmental
and Occupational Medicine, 2019, 36(3): 272-
276.

> Link to this article
www.jeom.org/article/en/10.13213/j.cnki.
jeom.2019.18466

www.jeom.org



#5455 J2 &% | Journal of Environmental and Occupational Medicine | 2019, 36(3) 273

FHEBRM, LA BPATHE F R £ IR K2 Pl &8
Mo

1 BPARIZEE

BPAB TXNEI XK EY, BEERINEEXRE, B
MARZHAD BTz —, EHRA LFERS
M EYz—L1, BPAEER T HE B RP R
FEZBRI M A MENSLE, FlaNBRMIE e, |
FlEMEBLHNAEEE, ZFRME R ERNREY
W& BFBPAY, IRIBEEIFERIFE (EPA) HIEUE,
SICEERNEFBPAHIRERBE 100 5. EEARAT
SR I K ARMAM T ERURERP
#0886 & B BPA ¥, 7E £ [E 2003—2004 #12011—2012
EXREES5EFRIAZE (NHANES) A, BiT 90% HY
PRI S BPA K EE B A TEH PR 2 1 046,

2 BPAXTFEFARERF N
2.1 BPAXIZEANFHIZERIRIM

SENAEFERFHNOBIEEEENIIEE. £H
HNEEABWBEUEBERREEXEER, TR LFHA
BEH, EABLKFBREREFNRERE, XWTF
MABRNEETHRME. BTFHREMBEMEBRERK
TEEEEAY, iR RKRA, £mEHsrPA
RENEAEEAENERS, BRZHEET
BPA, HF M ENARHIMERT K. EELE
BRI AERE LR, RANEREARBEEREH,
SAZHMART /L, SBEFHTELERE ™,
BABHREE A IEANEERBR) LI BPA REXT
RAGERENINEEE AFRIRm &,

AL F2AEEIMI, EFREELHZEAR
BITMICEABEREIRE, RIFIEchFZFEEES.
KRR, BPAXI I EMESRABNEFE—EREEA,
EESEERE AL E X ™, BEMARERKSDAR
HHAREZET BPA, AME F1EFRMZHBEAES
SNRABLESTRITZREX Y, ZnEP ERKRE
INBBRETBPA, BEERIME TR/ R AN E A
MEEERERAHBSWTRAMBLE LR ITER X
Takahashi & if 33 RBH, BPA X IE RSBV EFES M PTRE
SHXBEEEX, BEE N ERHEEIHARATF
AEBPARES, KENEA. BE. WEMFI7E
MInae Tk, BEANEHFBEWRERE, m@EidE
BB RLTEEFER BPAG, BPA XTSRRI IMHE
RAE,

2.2 BPAXEFRESENZM
2.2.1 BPAIBE RNIFEIR TARRRRY E RO M FHZRK
WBRTHAREE —NEBRTHR, S58FFE
iR P, METARERTHEEEANEESH
i, M4 B4R IR TR & B BRiel R iRy A Ja 40
i, EATES FE B REMI D BLERFE TR >,
B RIET BPA RS HIMEFRERE T, AMEK
FEHY BPA (100 umol/L) BEIE MR IA T-EE mRNA YR
%X, HFREDFSMAMBT, MMEEERTARMN
SFEHNY, A, UEREETIEENBPARS S
SERERTHRLERNEK, MTISBRET ALK
AR
222 BPABEEMEEAMB VEFRE £
AT AT REFERBF=EXE, BPARES]
RAEEMAMET, SERETFHE TR, 2005 £/
—INiRIEZRAA, BPABES I EEZ A EFAAMMB T, 5!
EREVIFIVIIPNER EF LR AR EHER, &ib
Rahman F M T H—T R, AU TIRAERESE
F5.50mg/ (kg-d) FIBPAS EERMEFIA/NEER
VINFNEL ARG LR AipRENE, BB R VI ERERS
TEAMHBEEEENRT, VIIMNERAEE EEARE
ENRRAESHETHRVDEEREREXR. ERARE
F3200pg/ (kg-d) BYBPAR G EH M KRF 60d, AT
B EE K B B9S8R ARARTE Vi BAEREE AN, 7E VIl R ER
BRAR%, REBRED R EHA BPA R R AJRES LRSS
RN EH ESREBEREEMR DD REH
DNA S ERFEZY 1o 321,
mRHABPAREEFR — B FRELERIE
SRS AL INERME T, XAJEES Boule T
IR BB R Z A o/ RIXILINE X =, Boule &
DAZERAREMMA G, RMHBEMHFESHFRAEL,
MmBRBEFREFMNBEN, Boule EIRIEEFLET
B—MRTHXBIATES Y, ERED, Boule R
HEERARB N, 1IN EEAREE AR ERE
B, Boule IERT/NBHEREN, RO R
THIERTFHRMER Y, ERBBENBTFRERE,
Boule KA B 5 RER D 3USHH X B3,
223 BPABNTMIFHMAMEIBFAE A
LR NEAM—AAARE, Bl 5K LERAR
BHiZiEi, #ERARTESEERTRIEE, 1R
FRESETHEEEAC Y, HRFRELETR,
IR AN EEARIRHEENE R, BMRARSE
BPA AJ BEIE M ST FFARRRAVRB T AR, 524N

www.jeom.org



274 #4455 J2 &% | Journal of Environmental and Occupational Medicine | 2019, 36(3)

MEEHAT, HMEmEF AL, ZIFMARY
HERTERETHNHRE, KEHIERA, BPAATEEEL
& INKs/p38MAPK. NF-kB 5 1iI LA K% Fas/FasL i& 12
BEEAIFARSERT, FMBEFAE Y,
BPA A S| EE 2 IR R BUK A S, S
AT 42 BPA IR RIIET Pten/Akt 15 5B ERIZ R X154
BT, thoh, BPART LA F B 24 %
BRESZEENRT, EHBFEAE ™, BPAESEX
FHRERAENT, SHARZRES, AR
iR, RELFT ™, sBPATEN 5| IFAMS S 4
NS, FXFARERAENRT ™, Ik, BPAT]
BEREATZHAN, sIERFEERESKX, SBZF
AR EI T, FESTK, RASIEIFARKER
b, EmiEFERE, LBPABKEFEETIHA
BEATHME, B LI BPA AT UMM 4R A
MXEEWRIX, WIN-F5EL. BREEQMINER
BERZHED, FMEmEFLAE ™ MEREHRE
AP EZERARN, KRR EREETINZHARE
[REPARRR BN AT ENRIE, NEFRER
HISEWNRIFE, if5T7<EA BPA AT EEIET 22 1540
Ry B2 EZEEXE B Occludin IRIAIR(H B2 E
ERENZSEN, WIFNERFENTEN, ZNET
KA, B Wwistuba F Y R IZHABPA R B A EF
KT R EEILIN, MXTEFERZE 70,
224 BPABEHMERIBTEWETFLE BPARE
LMMEFER, aAE TER - BAE - MHERR
RAEFREFER" s TEMDWMEEREERN
RRBEADBRIEBEREMNBERER. BEHERE
B] LURISEE N P RVB R D W ER, ATEFINA
4. BFRERAM T #RE, HFESANDBIFR
IR ITHEF IR EFBEFHREE AFEIFMm =,
BPA XTI IZHVIA T BIEE XY £ ER 0 S B
e, BT MR — 2. WE 2 £ iaiEs
M, ERENM _ERIMEFLAENLXEENES
B, RIBE LB ARG 4, Ham i inE & R =R
BEEME, RULVHEREN SR Y

BPAXT AT EN R MEFEA—RHRE, i)
SRR, KBS ET 8rA LB E R —E2RYMIE
RES, BEZHRET sBPA SRS FRAHBVNEAY
i ZEERIK T, BRIR AR E/ DN R, &K
BEMERAEMER Y. ABRRRA, SEBHR
WBPAS MM —FEREZIEEX" . B— 1 HRIR
EABHEMRAET BPA 5K —BERE Z B2 f

FE% ), T Galloway & 7 R IR E Z IE& BB R

3 4ig

ESit, FEABFXREAT 25%40% 2 H T H 1%
KEPRE, EBMRBIET 85% B ERINEF R LR
B, RMNBBRRERE. BFRERT. £HdiE
RIEEHIBT ), BPATT U IE T RE, XD
FHHIFFEE SR, BRIDATERER. BRiARE
ZEIMMAR. FRBRFERPH BPA S ESKIT)
YIS AN BF N 2 [B]RVAR K SRERIT H B, [EHEXRR
RADIRZ FI SRR, £ on F HA TR AR BPA B F HAIZ A
BPAENEURL, BN ETERSE ERITAIRM, ELt,
ERBRIXBI N B MR RE T BPA, LURIE
BSHEERAGNEELRB. BIUFENZRRERRN
SRIRREY . (RSNARE D FHLFIBRR. FFRENZH
TITRFHRZBARRMARANEZ M, LI, RV
MR IR MR B & B RN E T IhRERI R I K A2
SRNMRABEZ—

B2

[ 1] PERETZ J, VROOMAN L, RICKE W A, et al. Bisphenol A and
reproductive health : update of experimental and human
evidence, 2007-2013 [J] . Environ Health Perspect, 2014,
122 (8) : 775-786.

[2] COOPER T G, HANDELSMAN D J. Falling sperm counts and
global oestrogenic pollution : postscript [J] . Asian J Androl,
2013, 15 (2) : 208-211.

[ 3] SKAKKEBAEK N E, RAJPERT-DE MEYTS E, BUCK LOUIS G
M, et al. Male reproductive disorders and fertility trends :
influences of environment and genetic susceptibility [J] .
Physiol Rev, 2016, 96 (1) : 55-97.

[4] LEVINE H, JORGENSEN N, MARTINO-ANDRAD A, et al.
Temporal trends in sperm count : a systematic review and
meta-regression analysis [J] . Hum Reprod Update, 2017,
23 (6) : 646-659.

[5] RAHMAN M S, KWON W S, KARMAKAR P C, et al.
Gestational exposure to bisphenol A affects the function
and proteome profile of F1 spermatozoa in adult mice [J] .
Environ Health Perspect, 2017, 125 (2) : 238-245.

[6]LIUC, DUAN W, ZHANG L, et al. Bisphenol A exposure at an
environmentally relevant dose induces meiotic abnormalities
in adult male rats [J] . Cell Tissue Res, 2014, 355 (1) : 223-
232.

[ 7] LASSEN T H, FREDERIKSEN H, JENSEN T K, et al. Urinary

www.jeom.org



#5455 J2 &% | Journal of Environmental and Occupational Medicine | 2019, 36(3) 275

bisphenol A levels in young men : association with
reproductive hormones and semen quality [J] . Environ
Health Perspect, 2014, 122 (5) : 478-484.

[8] HART R J, DOHERTY D A, KEELAN J A, et al. The impact
of antenatal Bisphenol A exposure on male reproductive
function at 20-22 years of age [J] . Reprod Biomed Online,
2018, 36 (3) : 340-347.

[9] SKINNER M K. Endocrine disruptors in 2015 : epigenetic
transgenerational inheritance [J] . Nat Rev Endocrinol,
2016, 12 (2) : 68-70.

[10] RICHTER C A, BIRNBAUM L S, FARABOLLINI F, et al. In vivo
effects of bisphenol A in laboratory rodent studies [J] .
Reprod Toxicol, 2007, 24 (2) : 199-224.

[11] WETHERILL Y B, AKINGBEMI B T J, KANNO, et al. In vitro
molecular mechanisms of bisphenol A action [J] . Reprod
Toxicol, 2007, 24 (2) : 178-198.

[12] CHAPIN R E, ADAMS J, BOEKELHEIDE K, et al. NTP-CERHR
expert panel report on the reproductive and developmental
toxicity of bisphenol A [J] . Birth Defects Res B Dev Reprod
Toxicol, 2008, 83 (3) : 157-395.

[13] MICHALOWICZ J. Bisphenol A-Sources, toxicity and
biotransformation [J] . Environ Toxicol Pharmacol, 2014,
37 (2) : 738-758.

[14] CALAFAT A M, YE X, WONG L Y, et al. Exposure of the
U.S. population to bisphenol A and 4-tertiary-octylphenol :
2003-2004 [J] . Environ Health Perspect, 2008, 116 (1) :
39-44.

[15] CDC. Fourth National Report on human exposure to
environmental chemicals, updated tables [R] . Atlanta, G
A, USA : Centers for Disease Control and Prevention, 2015.

[16] VANDENBERG L N, HAUSER R, MARCUS M, et al. Human
exposure to bisphenol A (BPA) [J] . Reprod Toxicol, 2007,
24 (2) : 139-77.

[17] JEFFERSON W N, COUSE J F, BANKS E P, et al. Expression
of estrogen receptor B is developmentally regulated in
reproductive tissues of male and female mice [J] . Biol
Reprod, 2000, 62 (2) : 310-317.

[18] HASS U, CHRISTIANSEN S, BOBERG J, et al. Low-dose effect
of developmental bisphenol A exposure on sperm count and
behaviour in rats [J] . Andrology, 2016, 4 (4) : 594-607.

[19] MA S, SHI W, WANG X, et al. Bisphenol A exposure during
pregnancy alters the mortality and levels of reproductive
hormones and genes in offspring mice [J] . Biomed Res Int,

2017, 2017 : 3585809.

[20] E38, $>0H, XI=W, F. A ERKO /B XNE A
WM NREA SRR R ENIERTR
L] . BEHFAE, 2013, 27 (6) : 416-419.

[21] FMEEE, XETF, R¥E, F. WHANEE NNBREES
Mgz D] . PELREFAE, 2008, 18 (7) : 33-35.

[22] E££. WEPAXT SD KR EMETER B F 14 RANFIBH T
[D] . EX : ERERKZ, 2006.

(23] &, WA, MAE, . [EOREAFN P FLERINEY A SRR XY
FHREENRERHENNERENNE L] . RS
fZEEZE, 2018, 35 (5) : 405-407.

[24] TAKAHASHI O, OISHI S. Testicular toxicity of dietarily or
parenterally administered bisphenol A in rats and mice [J] .
Food Chem Toxicol, 2003, 41 (7) : 1035-1044.

[25] DE ROOIJ D G, GRISWOLD M D. Questions about
spermatogonia posed and answered since 2000 [J] . )
Androl, 2012, 33 (6) : 1085-1095.

[26] PHILLIPS B T, GASSEI K, ORWIG K E. Spermatogonial stem
cell regulation and spermatogenesis [J] . Philos Trans R Soc
Lond B Biol Sci, 2010, 365 (1546) : 1663-1678.

[27] GONG X W, XIE H, LI X Y, et al. Bisphenol A induced
apoptosis and transcriptome differences of spermatogonial
stem cells in vitro [J] . Acta Biochim Biophys Sin (Shanghai) ,
2017, 49 (9) : 780-791.

[28] VROOMAN L A, OATLEY J M, GRISWOLD J E, et al.
Estrogenic exposure alters the spermatogonial stem cells in
the developing testis, permanently reducing crossover levels
in the adult [J] . PLoS Genet, 2015, 11 (1) : e1004949.

[29] URRIOLA-MURNOZ P, LAGOS-CABRE R, MORENO R D, et
al. A mechanism of male germ cell apoptosis induced by
bisphenol-A and nonylphenol involving ADAM17 and p38
MAPK activation [J] . PLoS One, 2014, 9 (12) : e113793.

[30] XIE M, BU P, LI F, et al. Neonatal bisphenol A exposure
induces meiotic arrest and apoptosis of spermatogenic cells
[J] . Oncotarget, 2016, 7 (9) : 10606-10615.

[31] D'SOUZA R, GILL-SHARMA M K, PATHAK S, et al. Effect of
high intratesticular estrogen on the seminiferous epithelium
in adult male rats [J] . Mol Cell Endocrinol, 2005, 241
(1/2) : 41-48.

[32] LIU C, DUAN W, LI R, et al. Exposure to bisphenol A
disrupts meiotic progression during spermatogenesis in
adult rats through estrogen-like activity [J] . Cell Death Dis,
2013, 4 © e676.

[33] EBERHART C G, MAINES J Z, WASSERMAN S A. Meiotic cell

cycle requirement for a fly homologue of human Deleted in

www.jeom.org



276 #4455 J2 &% | Journal of Environmental and Occupational Medicine | 2019, 36(3)

Azoospermia [J] . Nature, 1996, 381 (6585) : 783-785.

[34] SHAH C, VANGOMPEL M J, NAEEM V, et al. Widespread
presence of human BOULE homologs among animals and
conservation of their ancient reproductive function [J] .
PLoS Genet, 2010, 6 (7) : e1001022.

[35] LUETJIENS C M, XU E Y, REJO PERA R A, et al. Association
of meiotic arrest with lack of BOULE protein expression in
infertile men [J] . J Clin Endocrinol Metab, 2004, 89 (4) :
1926-1933.

[36] VANGOMPEL M J, XU E Y. A novel requirement in
mammalian spermatid differentiation for the DAZ-family
protein Boule [J] . Hum Mol Genet, 2010, 19 (12) : 2360-
2369.

[37] HAI Y, HOU J, LIU Y, et al. The roles and regulation of
sertoli cells in fate determinations of spermatogonial stem
cells and spermatogenesis [J] . Semin Cell Dev Biol, 2014,
29 [ 66-75.

[38] K432, FER. ENZIFHARSERBARBATHXE
D] . REBERFRE, 2014, 10 (9) : 688-691.

[39] &8, &AM, £40, F. WA AN KB ENZIFAMEE
REBIE I L] . REZHFRE, 2015, 21 (2) : 119-
123.

[40] QI S, FU W, WANG C, et al. BPA-induced apoptosis of rat
Sertoli cells through Fas/FasL and JNKs/p38 MAPK pathways
[J] . Reprod Toxicol, 2014, 50 : 108-116.

[41] 43285, £, 288, F. WHANKBRENZHAR
P38 ﬁ%lﬁiiﬁ%é& BB RFMERRLAMRER-3X

BRI ] IMESRERE, 2013, 30 (6) : 481-485.

[42] Iﬁﬁ& Pten/Akt SLKIA(S SBIRTEBPAIES KR ER

HLRMBRTHRIER [D] . FUX © fERRER AR, 2014,

[43] B#EtE, D855, TER, F. WHAX SDFREALS
2N c0117&5&’ﬁ2§|§|%§i15 i ] EERRRE,
2011, 40 (10) : 31-35.

[44] IdA H, MAEHARA K, DOIGUCHI M, et al. Bisphenol
A-induced apoptosis of cultured rat Sertoli cells [J] . Reprod
Toxicol, 2003, 17 (4) : 457-464.

[45] WX, RIEE, BRHESE, . WE AN KR EAZA
MR E BB AINSLINAR D] . MESRERRS,
2002, 19 (1) : 14-16.

[46] SNASEL J, SHOEMAN R, HOREISIM, et al. Cleavage of
vimentin by different retroviral proteases [J] . Arch Biochem
Biophys, 2000, 377 (2) : 241-245.

[47] X&z . IFLFHER R INED A XS HEE/ )\ BR T THRERYRZMM [D] .

K& EMKF, 2006.

(48] EfE. WEYAST SD KRN ETER B S M MALEIRHAR
[D]. &K : ERRERIKF, 2006.

[49] PBREL, ERHS, FESD, S5 SNEY A ST AR ZA IS N- §555
ERMEFEEERIVERHMEZERANEMN D] . R

Erh PAIEZE, 2017, 35 (2) : 101-105.
[50] 'BA=. WEY AST A REHIEZEZEH Occludin BIESN

w [D] . BH : FRAFE, 2012.

[51] WISTUBA J, BRINKWORTH M H, SCHLATT S, et al.
Intrauterine bisphenol A exposure leads to stimulatory
effects on Sertoli cell number in rats [J] . Environ Res,
2003, 91 (2) : 95-103.

[52] JIN P, WANG X, CHANG F, et al. Low dose bisphenol A
impairs spermatogenesis by suppressing reproductive
hormone production and promoting germ cell apoptosis in
adult rats [J] . J Biomed Res, 2013, 27 (2) : 135-144.

[53] AKINGBEMI B T, SOTTAS C M, KOULOVA A |, et al. Inhibition
of testicular steroidogenesis by the xenoestrogen bisphenol
A is associated with reduced pituitary luteinizing hormone
secretion and decreased steroidogenic enzyme gene
expression in rat Leydig cells [J] . Endocrinology, 2004, 145
(2) : 592-603.

[54] ABNEY T O. The potential roles of estrogens in regulating
Leydig cell development and function : a review [J] .
Steroids, 1999, 64 (9) : 610-617.

[55] LEES G, KIMJ Y, CHUNG J Y, et al. Bisphenol A exposure
during adulthood causes augmentation of follicular atresia
and luteal regression by decreasing 17B-estradiol synthesis
via downregulation of aromatase in rat ovary [J] . Environ
Health Perspect, 2013, 121 (6) : 663-6609.

[56] MEEKER J D, CALAFAT A M, HAUSER R. Urinary bisphenol A
concentrations in relation to serum thyroid and reproductive
hormone levels in men from an infertility clinic [J] . Environ
Sci Technol, 2010, 44 (4) : 1458-1463.

[57] GALLOWAY T, CIPELLI R, GURALNIK J, et al. Daily
bisphenol A excretion and associations with sex hormone
concentrations : results from the InCHIANTI adult
population study [J] . Environ Health Perspect, 2010, 118
(11) : 1603-1608.

[58] ISIDORI A M, POZZA C, GIANFRILLI D, et al. Medical
treatment to improve sperm quality [J] . Reprod Biomed
Online, 2006, 12 (6) : 704-714.

(RXYRIE TR ; HRIE TR ; XY 1 BBFE5H)

www.jeom.org



