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Review on effects of bisphenol A exposure in early life on neurodevelopment of offspring
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Shanghai Jiao Tong University, Shanghai 200025, China; 2.Ministry of Education Key Laboratory
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Abstract:

Bisphenol A (BPA) is an important chemical in the manufacture of products such as
engineering plastics, food containers, sports equipment, electronics, eyeglass lenses, dental
composites, and sealants. Since the first production in 1992, China has shown rapid growth in
the demand and production capacity of BPA, becoming the largest producer in the world. As
an endocrine disrupting compound, BPA has been detected in most environment mediums and
human body, and its impact of early life exposure on the neurodevelopment of offspring has
caused worldwide concern. Animal experiments have demonstrated the biological possibility of
adverse effects of BPA exposure on behavior and cognition, including hyperactive, invasive, and
anxiety-like behaviors, as well as decreased spatial learning ability and memory ability. However,
inconsistent conclusions are obtained in population-based epidemiologic studies, most of which
suggest that early-life exposure to BPA is adversely associated with the development of neuro-
emotional behaviors and cognitive function in the offspring, such as anxiety, hyperactivity,
depression, externalization, resistance, and somatic behaviors, as well as reduced working
memory ability. Relevant research is scarce in China; therefore, further studies need to explore
the impact and mechanism of BPA on children’s neurodevelopment, aiming to develop better
protective measures for vulnerable populations such as pregnant women and children.

Keywords: bisphenol A; environmental exposure; human exposure; offspring neurodevelopment;
mechanism
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BB, rzRATFESMEHEEE &, GFERE
2. EapsEM. ErFRhgE. RREHREAMEBEFF
mEE, TERE, K89 67% K BPA BT HEMBEEF,
30% FAFERmERER £ = ', FEM BPA TolliATF 1992
&F, SNEHME SENTRE1Ht. BEHZE
TR, £KkFERS, RESH, REEBERN
LIKERARBPALETE, FEANSHAETESER
20% ", BZE 2017 F, HE BPA BFREEATI 143 /5 t,
RVEERE M 2005 FBTHI30.9 /5 t ERE 2016 FFBTHY
130.6 5t

MARIRT, BPATJREEB4BESHT . MES
ME EEEHY NIRRT EoMEN, BRE
SURE, BEFTHEHTZNE~NER, ZBAH
AR KRB TR MRFHRIRNBPA, MHEA
BNz M) LE R e HE M B MUK, A 2
(Developmental Origins of Health and Disease, DOHaD)
ERAESFEHENEERETAIXNANENEGE
HEEEARTmY, AteE THREGRIBPARSE
NFREKLABNEMEEEEE N,

1 BEFER
1.1 IFIR|EEKF

TR HE T IR RS KR B AR A
KZFIRTEIR, BPA BT NKMAF 118, KE DX K
B R AR RERL TR BPA BI7ETE © 2 Rocha & ) 1 71
—EREE TR ACE A L R K FE A8 7K A8
BPARYKE R I . /K H BPAREELERESHNA
[(9.95.1). (10.5+4.4) ng/L] , FkZ=RS [ (521.8+526.9)
(327.5+57.4) ng/L]o Sanchez-Avila 2 M ¥ M Bt i
FaLAEKIg A BPA U3 RE N 18 ng/L, EEOK
1R R E 57 ng/L ; Brossa & S E I F N ZR
T e 8K FiN1E BPA R ESEE N 10~20ng/Lo

FHRE, wEYWEEBEHINES RN
RN E] BPA BYFIRE S 22.93 ng/L ; XEE
EWIIEEIEEMNTEH IR B KPR E BPA T4
RE N 41ng/L, TERE) 152 ng/L ; RYIT 28 55017
ch i E BPA BY IR IR EI 1030 ng/L ™ ; BRIXTR
& W LR B KRN E] BPA 3K E I 86 ng/L,
B&I1X565ng/Lo

BT /K48, 7EIBRAR AR YR R BB T
%l BPA, Burkhardt & 0 7£ 32 [E 3 B9 1 12 IS BPA
& 238E 5 407800 ng/g ; Stuart Z 2V 75 TR K

MARYI NS BPA & E5BEI /9 1.5~5.0ng/g. EFRE,
Wu U BT REE, REBNIRYIH BPAFIRE R
7.13ng/L ; BianZ P 3HST = +F b FERKIBHHI BPA
SEHT TN, HTWSEEN0.72~13.2ng/g ; TEAMN
KAKRYARY, BPA B ETWSEREN 1.17199 ng/g, F
¥{E 5 20 ng/g ",

LA L, BPATEIRIER B 2, B AR
RETZE, FRE/KIEMTIERIRY BPA ER LK,
AIRES S TALSS/kHER. KIRTREFIE R A *o
1.2 ABBEBKTF

BPA (IFEFN & BPARY ™ M) AlE T B %t
HNEA, BREMBRAMERRNZHER. FLH
REFEARERMAR (R, K. FK ZLAH)
FRAIE] BPA, JCEFEZRITH) LEAEY BPA 10 K T
BE. EEERFREHFSMBHOHTHRNEELS
RER, REFBPAKEHZEH 93% (n=2749) , HF1Y
{E91.83ng/mL™ ; Bushnik EX EMMEKRHITT R
BPAKYI, #&HHER A 91%, FIYE N 1.16 ug/L (1.40pg/g,
IR Crit &, [FE) ; zhang ZE B TN 7 MER (1
E. ENE. B, &E. BER. SRETMERE) B
AR, FRBPATCHIZE /9 94.3%, FIKRE T 1.20 ug/L
(1.25pug/8)

Braun & S IE I ABIR. HZBEINXT 175 2 &
QT T RBPARRN, HIQHZE N 6%, FHEZEL
2.1pg/g ; F— AR R LS R 22 HAPK BPA
BEERN2.6ug/e™ ; HEEMR AR 23932 A%
HEZF #1177 RBPABIIIE, 1 HZ N 99.6%, 3%
ZHAFR R BY BPA IR EE 9 1.2 ug/L (1.2 ng/g) » HF
REFEREH 2.0 ug/L (5.0ug/g) ¥

S5MEFENLERAEL, PEABNRRZRF BPA
RERK. TN 7 MEXRIERS, PE (1.10pg/L,
1.38ug/g) NI/E 5 Fo WangZE 336202 EiBZ T
HITER BPAKL N, 10 H 51X 98.9%, HFHKRE RN
1.32pg/L (2.72pg/g) o Zhang Z B & HFI3F 10 2 ) LE.
SOBAA (27 9B M) 408 LM (HEH307
AZE) WIMK. FR&RF 30 MNES) LAY IR 1T 7 BPA
@M, FRA mMiEH BPA B TN 46%, FHIRE N
0.19 pg/L, EHA)LE MR BPAKRE (2.60 ug/L) &
=, HREZ43 (0.60ug/L) ; FR&EBPAKLHZE ] 84%,
FHRE 1.01 ug/L (0.48 pg/g ) o HALLEI I, HE S
89 BPA B E KN RK, B52 ABELL, 28370
J I BENRBEKFEENES.
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2 BPAXIFRHLEEABHNSME
2.1 mh#SEEE

HYRSIRE T £ R BPA RE RN F Y
WELRE, BEMETAFESUBRIANEES 2,

Z MG S R Y R0 5% B R A f R HARY BPA
EENSHFRFERZTALRENG, KRUNZ
BRI FEEREITASE, ZhouFBIAZ 10K
RS 8PA [2pg/ (keed)] EFEHE 7R, HEEMF
KREIMEZNICEFRIARET ; Anderson F BU A
Lo FF R UMEMNREF 2BZEFRBNESE
F BPA [50ng/ (kg-d). 50pg/ (kg-d). 50mg/ (kg-d)]
SRFNRELE, SESHFEEM, AETERIE
BHERME, XuF 5 7houF B DRIATZZH/N
A0 A BB % & BpPA [0.4~4 mg/ (kg-d) , 40 g/ (kg-d)]
ZFRUY, WEAMEFR=EEEFRI, Patisaul
% AT A M AR BPA (50pg/kg) RE4d, HAY
FEBRATAEMEE, FEERERITE T,

4 6 R HA BPA B B X MG IS R B FRIA R BE
ABENEMEBRIAICIZEN. ZIEITTHES,
Hass Z5 3¢ M Z255 7 RA2IELE 16 d A M A R 2435 BPA
(25 ug/ (kg-d) ~50mg/ (kg-d) ], E M4 F R EZF
SIRESI TR, BH M LTT N Johnson & B K22
FEoeRLAANEREBPA[2500mg/ (kgd)] EEF
Rren, EFRKXKBHZESMEIRIBIZENT
B, Jadarevi¢ 55 B8 MAZER AT 2 /B 44 A AE I BR 22 55 BPA
(s0mg/kg) EFRERTD, EMMEFRTEFEIGEA
RETHTEZ R

o EFRR, BAXENYLRABPAREIRE
[2pg/ (kg-d) ~50mg/ (kg-d) 1. ZEETE. MEBLFIE
¥R, SHIFEEERAER, BAIIERR T £ F 40
FET BPA R LI FHRMEL B E 7M.

2.2 AEHAR

TITRFERRBRE, SEZHBPARES T
BMELRE, OEBETHRESINHENTRER,
BEEHFITE2—H

BT ARE A E, RoenZHE! 5 perera & 404
WM M HAR R BPA KT, HEIFEFRE 125,
EMBEZHRREETPASEFRNBETHEREES
x, RUNBEZNBEURKTEITAE S, 10712
SRR MEDERIE 2, MEZMNKEET AR
A, KB AR A B R 55 [SR A Achenbach J LEETT
A&7 (Child Behavior Checklist, CBCL). JLEZ M

FEEFRIEITAR (The Revised Children’s Manifest Anxiety
Scale, RCMAS) 5) LZE#NEFE R (Children’s Depression
Ra-ting Scale, CDRS) , n=198], Braun & %] | = 3£
AR 249 B ENEFZEAMANR, BEIHEFX
E3%, RUBEZHPARBESHFRPALERLK
BEohMIEMITAEM Q%) UNER. IEHF
7R3Em (3%) Bx ULETAEEER (Behavior
Assessment System for Children Second Edition,
BASC-2). F#R A1) LEHITINEEE R (Behavior Rating
Inventory of Executive Function-Preschool version,
BRIEF-P) , n=240], Harley & Y 10 7 292 {ii & 3£ 22
HARVER BPAKKEHBEIR EZTF 7%, KMBFREAH
BT BPASEFEE. Zoh. B EFBLERMIE 2.,
ARNHUEFRFBLETNEEEGX [BASC2. EH
R ME Z ohfEREIEE Z 3 (The Conners' ADHD/
DSM-IV Scales, CADS) , n=292] Casas & ', Evans & *°)
Mstacy EW WA MNBEZIBPARBESFRBE
PHNBETAREEX, RUANBEZ 4%) NEE)
TERIG I, EXERRE S EREEIEN [(ZR5
JLEBE77& & (McCarthy Scale of Children's Abilities,
MSCA) . CADS, n=232] AR SMEAT /o1& IN, HHILHD
B RIVETT R AR SR A, 17 79i8)R [BASC-2. BRIEF,
n=153, 468],

EINFINBES @, BraunZE W 50N T IIE K 10
T B BA SR 53 AR 22 M TR S Uk 12 B B RV BR BPA R
E, RES5FRPBEZNNITHEITES EAHEX,
RMA 3L N ITIEIZIZHRE, REMIRELITH
BN [(FREEFRNE) LEE HEREITAR (The
Wechsler Preschool and Primary Scale of Intelligence,
WPPSI-II) . $t 32 & I/ 2 & (Social Responsiveness
Scale-2, SRS-2) . BASC-2. BRIEF-P, n=896],

BRIEbZ 9N, BB AR HAKRLZIMEIBPARES T
RBPHE LB B Ko Yolton F W ELI T B 1T 4R 16
JA#0 26 AR BPAFRHRFHE R, KIME 55 FK FH
HE LB RRAHLXE [(HE1THER (Neonatal
Intensive Care Unit Network Neurobehavioral Scale,
NNNS), n=350], HttFEHLIN N E X ZFZHBPASR
BKF5)LEL=1TPERR (Social Responsiveness
Scaleo SRS, n=137) “, & (4~5%) # %X, BE. %l
#4749 (Social Responsiveness Scale, SRS, n=175) 2*
IR ) LB D= 8]8E T (Virtual Morris Water Maze,
VMWM, n=198) “ HERREX R,
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BXRTREEEBPARBIVIARLLRD, Stacy &
IBERG N EFEARIR 228 (U BSRZHARAM B MEFX
HIFRBPAKEEEZF 8%, RILFZ8 S HIBPAREE
SHIMEITAEME X [BASC2. FEILEEHER
IV (The Wechsler Intelligence Scale for Children, WISC-
IV), n=222], HItER, BAMBERITRFEHATHE
ANBXRAR, EREAOZEERRE, BREDHAR
R TS RHBPARBES FRELABEE X

3 WHESMR MY eI gENLH

HaifEshSRie+ BPA BB FREZLL B
M5 AIBRH, ABSRIRMEISEA—K. REMESM
BRI, HRBERA, AIREMEIEIELLT LN A ®E.
3.1 AZIER : HE. BEZH. BRERESE

FR5SIERR, BPARBE A U MARNAN D B RS,
BIESTE SRR R KRN, MTFEF
RpgEs =,

BPABES IR K (ER) &5, HIRIBER-ECIA
EEYEERNHBALN. MK, R LEERIHED
R F & 15 M S R M A S A B2, Patisaul &
AMEHARET BPA (1 mg/LIRAK) EFRARME
EZRB (Esr2) MAFHERERBREZAE (Mc3r ] Mcar)
T, XEZEEER NERESESERNI
BEPREXRIER, SAXBRESNEEMINEE
Ko BPAL BEEBERZ A (AR) BUIEIA, 1Az
ALFFIETHEEN S BINE RIS BREZ A
(TR) &5&, FEHBEF, MHEIPREHEERE LSS
AN, TIANRARBEEE (THs) BIKFE, TR
G - K - IR BR 3 & 15 1E B AT IhEE B

HRREBE) LA RRNRRBEERET S
EHED, HNDWESLSZE BPA T 5, MmhA
JIt RHELENEENE, — BEFE4ABRE
0, RA BT KA NI, N4 5177918
IHMRENABTRENREUZTUS, HRETR
BB RBEREKRESHEHBREZVELRBEEEY
), FRBEHERZATESEER LB R FENME®
ZERRE 0,

3.2 WEHFREEENTM | KinF

FLZMETELENTARMERALEEHE
2R, XEEIK I EDCs (40 BPA) BYEEHR. BPA AT LA
BERIAELIERNEN. HEER, S15% B,
5-7R6kk. ERE LRENARRR, MEmiTa.

INED. ESIFNIIZBAT ThEE &

INERIRB A EERRE T BPAG, FHRN
HEBERNEEAENT, SHT ARt A
BHUSE ; HABEEsALE, HFRBERD
RRFABNEEZERE, BEARERENTE
585 cAl KIBER SR EHRNRABIEE, HiBR
MRMEICIZBE N ZEIR G Y, RS th, ZHIRE
BPA SHEH FIES CAl KB RFRZE E B Z /1K, X
P SRR B TR E R @), Jang E ™ &
£ 12d45 M Z2R/NE R BPA (0.1~10mg/kg) , K
BB RIME S A TIES (extracellular
signal-regulated kinase, ERK) . X J& 14 ## &£ & 7+
F (brain-derived neurotrophic factor, BDNF) F[ # B2 14,
HEERE M o4 5 & H (cAMP-response element
binding protein, CREB) 7K 2 & &1HK,

3.3 RMEEF

RRATEEMFEIRZEZE T BPATIEEBEI TR
WEFEMm, FINFSREEERNBFHRNE FX
i, FHREN, SHERRARE, BINERNZ
B, ¥MEMZITHAEERE ),

Yaoi 55 ¢ R I B IR ZC R EB BPA (20 pg/kg) AT R
HFANREP 2 MRS EEEN B F48X Cal
% (CpG island) AV BREFEREREL, Hiyama F 7
425 d 45 M 22 /) B E 51 BPA [0~1000 mg/ (kg-d) ],
FEFREREENFEALARFPNRNE FXFHHMRE
HOXA10 BEREBIIER E b, FJang E ™ HRga e, b
TR LI BPAST B S HENF MK T 5 DNARE
WEX, RMANERR CREBIETHEREBERF 1
(Crtc1) Y DNA ERELIE %,

4 BESRE

LR LA, BRitt RZEX T sPAERIIEE
K, MPENZREFRANE=KEEE", BTFH
FEHBEE. TUEFRgr ZEH, 2BAHEE
ZEM) | EHZESRE T BPA, BPAXT FRHEAE
MBS 52 X5F, thRiER T BPA BEXT
HWELE. TAFERREMNEMFE T8, 25
AIEABRITREMREGRH I TS, TR
NEANERTRARZEAOREEER, BEEFR
TEHBPARE RS ) L EMET RN NG
X, HERRHEMTH. ERMNIPEERR IR E, Lt
b, FREAEBPARBEMEXARMARZ, £FE
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#H—2 2 HEIE A BPAXI FREZ R BHFIER MR
FRHEY, JHIE BPA MM R £ RERHEB I EICK
', UEBEFHRIFZ B AR.
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