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BPA 7 B BB PEAN K, 8 W) S50 R e B B I 0 B0 . B0 A1 25 A48 7 R0 . 28 B SR B {97 3 (EPA) £
1 R A Bl S AR L R R A A R AN L L R Rl 50 pg/ (kg o DUV UREFFE R
XL TR AE - (1) R B 22 19 Bl W) DL SRR (B4 L S 22 0D S k3, BV R AR T A 8 e 250 i 1Y
BPA 5% , iR AR i BPA B 88, 237 A W i 9 A RA#FRAL B K 2 30 20 png/kg #Y BPA 5 8 23 %
F344 KRB 5 AR A0 IE 2L Z A = A m 0K 50 pg/kg BPA 285 & WX} Sprague-Dawley(SD)
KT8 RS RIME LR KI5 LE L 25T BPA J5 R BPA 3{H 3.44 peg/L).,
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AR e (O WAREZIN H AT BPA 19 W50 75 kA 0] B H FT 3R A7 38 3 (5 1 #8040 IR /4 12 g 14 %o JR o
BAP 1) 45 5 A W) BEAT 7K A J5 o 38 2o YRORH €2 735 B J06 5T 335 3 11 422 00 2 7K M 75 31 (19 BPA SR € 8 AR BPA 2
# i BT BPA R 42 09 2 A, S B0k R R] 45 00 k0 AR N IR BPA Y % 8 i ™ AT B
2015 A EXYNE i % 42 )i (European Food Safety Authority, EFSA) ¥ BPA ) H 7] Tif 52 5% A 7 & (Tolerable
Daily Intake, TDD W% K 4 pg/ (kg « A7, {H B 3 BEAT A5 BE 24 5 W7 %t G 0 8. EPA R 38 6] [ 52 7 3 2%
11 %] (National Toxicology Program,NTP)—Ii3tF BPA A & 5 LA K H 5 2 R 5 538 % A0 5. 7F F 68
FIAEFE 8 BPA 5128 309 Fhfk=4 5 A 2 3 5 1 75 B 24 48 S5 48 80 (Toxicological Priority Index, ToxPi) ™!,

BPA J&—F B AT N 53 W T HEAE F A S IR 3R 58 75 e ), iE ALK S Jlad 15 ME 3R 32 4K (Estrogen Re-
ceptor, ER) #Y 5 4 A HT 7 A= 288 ik ISR 2000 B335 0 ME Vi 3R 2000 DATT X6 T 9 Y A= B D BB 77 A= 52 . e W) Y
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JCECEESY U YIN SEUY BB SE R B BPA (4% SD R B I 5 A< B R 1 5 2 AR 32 0 9 B BE R B L O X
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/NS [ AZ i B R A P8 AT o BPA AT S 808 T fa T Fr i 78 & B A R b B R, 1 AT P i e s R
B BPA B EE AL G AR ST I 23 (B0 B EAT O B M 4 RS M e B L T EL S RN S 4T
Tk A8 Ak ) Tl )RR T, 5 A T P 4 (reactive oxygen species, ROS) , 3 il 4R A4 £ F1 I W, S & RRAR I
P TTIAENG 2R A T Ca®' 3l i 2 F B R S B 22 1B R ROS I BN, e & S B AL T, 2
1% BPA IS AE Y ROS & EALZ 1M Ca® " B R4 RS2 56 8o IR & Wk 1) BPA Stk Ak 28
AT LA fih & ML BT Ca™ " 3, JF 3006 T U 2R U R A R T AN 2 S S 1 2 RO X 4 B T
HA LR E S5, Lok R T BE 52 1 7T A8 3 B0 ATP 3 48 040 i YR 56 , I 76 98 95 40 i 98 - b & B AR
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B S P 22 T M T BE B T BPA 5 20K AR I 22 R B 1 D AR B A, 5 04N I PN B AR AN AL ki 51 R
IR T LA S RAE PR AR LA T I A R B & RS
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PR T XS A R R O SR A e AT Y R T AR S S AN, 4 8 2K ¢ (Cytochrome ¢, Cyt o) 3l H 7 T 4k
AR JEE 1) B P o 7 00 08 e R v e R B A0 LB . Cyt e S 55— 1 1 8 A 7 400 I 04 1 ik DA 4 A R T 1Y
IR U, 7 F 20 P9 B, 2 5 2ok 0k g B A R DY Cyt o 5 T AR -1
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Fig. 1 Mitochondrial apoptosis pathway
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DR6 %% %) Fas JEH 4t 1Y Fas 8 12 20 A0 T 20 I B 1) JE 26 1 72 A8 T2 32 MR S 1 O 1 30 865 o A A T
K FasL 255 . JE1- 521K Fas (0504546 3 = RAKBOE 1T 5 Z A IE N1 Fas 48 MO E T2 45 14 B (Fas-
associated death domin, FADD).FADD #: 1 #8%% pro-Caspase-8 WA S T-W{ESE Y . X S E 4
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JAT- o Fas 55 R 00A R 2 & & 109 18] RS2 048405 I 26 78 40 B0 08 T % SC B s IR 700 BE Y 2 B, BPA
7SRRI LRI Fas, FasL f1 Caspase-3 R IBITH & BE T INKs/p38, MPAK F1 NF-«xB ) % 5%
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AW %P BPA %S5 . ol 2B 41 8 40 i (SH-SY5Y) N TNF-o /K F [ i Caspase-8 K i % T+ .
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R TSR 2 P9 5 O O 38 P B A 50U YIN AR AR 2 BPA 51K T A1 Ca™ ' 8 3k, S5 B04ohn (R RN i
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H GSDMD 2 40 i £5 T AT 8 1 SR PEAH G HE 1 Caspase-1 50-11 Y H] B Gasdmin-N S 45 14 4. 1 45
¥y e 55 R R A RN R AL R M E 1 ~2 nm B9 FLBEE, AT S R T 4 A B Y E B R L AP RS T4
it 0 S RN K PN I A L S R B A L L N8 0 e T A RS2 L SR I K A 2 T B4 B AR A
Y A A iR R . D3 A0 A2 B AR LA B L Caspase-1 B iR 588 1H 5] 32 /& NLRP1, NLRP3 4538 i #%
K F ASC R — D& FE AW B RAE/NMAE , WARHCH Caspase-1 (1 2 5E /NMAE. A ML 7E Caspase-1 I
[ i 2 Bt R A A 1 A A 3R - 1B CTL-13) 1 40 A 3R -18 (TL-18) , T M 5| B 25 14 48 P 400 i o o ¢
i S

Ui HEL 8 T AR T AR SR Caspase MR FE 7 M40 M AE T i 4% A M AR T 2 40 R T2 5 i 4k & MR IR OE , 2 U
T 48 6 5 55 5 e P B T i O I A SR A R 1Y 2 L Caspase-3 J2 20 L IR T A BAT L ORI A TS AT S NL-
RP3 R PE/NMEA FH Caspase-1 7% P, Py I F0 A1 I8 08 12 WP 3006 B9 Caspase-8 8% Caspase-9 fig I 7%
Caspase-3 Fll Caspase-7 ¥]#|7Z & 8 M pannexin-1 C ¥ A ¥ , 42 o P88 35 PR 880, 580 ATP B #1480 4h
HE, 1S NLRP3 R ME/NMERA S, i & 1k il GSDMD 24 #5052 R 40 H. 45 F i B 1 (receptor interacting pro-
tein kinase 1, RIPK1) HA ¢ & P8 1= FH » ficalr & 30 H: 7 5k 2 200 fif 7 2 3K 26 2o A v b e o 24 DB i)
55 & Bl RIPK1-Caspase-8 # 1A BF A& UP ¥ 25 (FLCND -8 R AH HEAEFH #E H 2(FNIP2)-Rag-Ragulator #8 4%
EE YW BREHAE L2 E RIPK] B ER 1L & Caspase-8 1% 1L ; i 1L 1Y) Caspase-8 fE# /5 GSDMD (1
PO E], AT fik % 4B Mg A 7217 24 GSDMD kBRI , Caspase-1 FOBG A T T- M AR E T MR TR, &
FoAR v GSDMD 1) 24 fif b B ml 5 4 30 Gk ik , 51 26k ik 1 3 35 1k, 2 Caspase-3 IE 7. 53 A WF 52
FW T RRE Y Caspase-3 W AT LIl 14 %] GSDME 7 S 40 i £2 7, GSDME W] /5 > 41 i 4 1 F0 £ 7 %% 4k
M FEOC 4y 717 ™I 5 2 GSDME # Caspase-3 #1245 8 GSDME-N J& , — J5 I 7] 5 | i 41 i B 1 AL AE

T 55— 7, GSDME-N 0] 5| i e by 44 B3 375 14 1) i 48, 5 T2 350 Cyt o DCZRORLAA 1) 40 Jifa i 5% 5

ﬁﬁ Cyt ¢ AT DAGK S0 S T /A 5 S 08 T, R AR T 5 08 1 22 18] A A B AR R — A s 05t 08 49 e 4, B0 A0 HE
I Cyt o TEZR AR A W R A2 T2 B W45 rh o A48 1 VR T B S 2 (0 Al i 1A R i 0 . B 2 ok iR 0 T2 5 4
MIEE T ZIRIAATE B VF 2 28 3 A RE 2l Hosm i 5t —Fh 2R B p 4 i 4 7.
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FIE 5 J7 1 A9 DF 9T L A 2 L (E R ok B 22 9 A 5 B0 A0 AR T 7R M A R R DR B Th L R B AR
FHTT 0 BPA B8R A AN R T Z & 5 e FE BPA X2 40 i £ T 14 5 ) S HG G
WEFER D BT 45 2 & B BPA i S A 1Gd 2 ROS, JE S NLRP3 RAE/MA 3T GSDMD #1 Caspase-1
(2235 175 T P 40 B 200 98 A0 L A A R AR T
23 WHMAFSHEULNHESEMMBATMREETLT

A I ORI BT 4 A B ENBIL ] K1 5 05 P 4/ A0 A R R A A R o S RS —
RURT T A R 38 55 A BUZ R A A S AR S TR S 00 F S0 A 5 OB AR Y I - Y H A% R B AR R 1
THEE IR AT AR s SN B AR UK A R 43 EUR EE B T BT O, A ALIR N ROS /Y 32 %
SRR AR SN R SRR AR Y AR o AR R AR Y 0.2 00 ~ 2 6 R BT B AR N S
20 L0 T K R RE R A I AE T Z [ A AR A R VD O 2R A Pl Rl i i o ao 4R A | g R A AL L R BOK A R ) T
B ) 5 Z2 R AL 202 240 A 0 45 K 0 ) R 57 B e L DA TR )™ EE 4 440 LA 405 30 T B0 i AE T

A I B LR AR R | 1 Bax il Bel-2 JB B0 — JRAK , 3 B2 s R 0 JIR5E 375 ME 3G i, Cyt o OBl 22 Y
A, Caspase-3 NG  VE MR T- 00 AT & Z — , Caspase-3 XF Bel-2 B0 il I 1= %% i 1 1 T 96, B Caspase-3
BSOS 5 AN MR TS AT R A SRR T RS R NLRP3S R /NMEA T 1) Caspase-1 1§ Y . B F
5% % Bl BPA T ESOR R D BE 5 7%, 45 ROS (7= R TR 22 IR 2 S Ak A 5 4 Bl R 7 1y g s o
BPA 51 #9)-BPAF 55 HT-22 4 o F1 B AC M 2 5077 4= ROS, B0 1 44 Jf 9 4% (19 7K °F-, 3#00% T Caspase-3,
Caspase-8 Fl Caspase-9, g Jo S ECH A T k4, BPA K 1¥)-BPS &5 S 2 WH A S b, 3%
I cleaved Caspase-8,cleaved Caspase-9,cleaved Caspase-3,Fas, FasL, i # i Bcl-2/Bax H{H. X 245
KW Fas/FasL MIZHLASS 5@ HATRES 5 T BPS 5 T B9 40 A0 2 WOR S 40 i o8 =07 (UL 2). BPS 3 i 3
I ROS #7714 3 i AL NOX1/2 BY7KF- B BT A LA SOD1/2, CAT 1 GSH-Px B 7K - 5K fish % % AL
IO 38, SR T 0 NLRP3 S i /MA L 5S4 98 A0 o 1 7= A 1

Caspases’ NLRP3
Caspaéé}.‘) Caspase-1
APAT e B B

= ProfiiEIs
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Fig.2 Inflammatory death and apoptosis of nerve cells induced by BPA
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P PR R T b R AT B R — 2 T R I A 2 0 A A T 3 R R 2 I U5 0 e R
A L R S A N PR R AR SR T ol ) A B A A T R I A S BLRR AR 094 S ST MR LR A AR A
SRR I P2 TT A I U T/ SR BN ) RE B T B 28 R GE T S S A2 A O B B b 23R AT P BT
IR 25 BRAE CAD) A 4 AR E5 5 iE (PD) 55 5 P15 A LLAY o Bl AL G035 M 28 0 R P T /0 T 4 57 P 4 Y
PRIl B P A 3 38 O A ) e 1 S A L IR 28 S RE SN A Y BT R B BP A B R 5 TR M 22
TCER R BT T Dl 2238 AR O e, I 2 AR AT P I R A L 0 0 < AR (PO LR 4 B
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MR B ALAE CALS) 2 R MERE AL (MS)T s 22 S B0 ATAER i = 5 51k 22 2 5E /9 38 R4 S 9 2
ARD G A B UE ] BPA B 5L B) i WU 2 104 B T RLAR SRR X 28 BPA 5 5 14 i 22 1 B 5 £ 5
/b 55 i 28 W 5 RE S0 A A R T A DGR

4 WHiEERE

BPA X #i1 28 22 G2 B AR FH AT RE 35 S AS TR) 1) O 7 30 f A0 46 i 4 DG 42 , B — g 428 #0875 1) 50 ek
il I LL 22 by SOs , R L T e A 1 R 2 R AR LA 2 10 bl b= 26 1 28 Ak rT 8 3 B0k 2 Al i 4
7o Bk s N Y VE B Y S BPA AR RBEPEA KL H 2 BPA 5 H A R85 75 Ye Wy St A7 if, Bl 2 3R 5 A0 10 2R 885
FRl AR T DUE S 5 B 1 T A B 8 B A BRSO SR L A O A AR A S R L A
i FH B B4 XU £k 5 W) (bisphenols. BPs) . £l BPA K H 251 . 4n BPS.BPAF 1 BPF Hikb # HepG2 4
JH TR 1 ROV 2 49 FEE IR 53] (10 4R BE ZR 400 1) BPs Uil 3o 35 I AH & 22 Rk 3 CYP i) mRNA #5 56 F & 11 K
S e N S 20 B JLRN A S R 0 — SO ) (LS PRI [a B 4 CHY 0 Jie ) - 1- (3- Mk e ) -1-"T i | 25 il
B BRI X% A8 VR L DT S 350 M B A G e R BN O R T BPA B ER S A
BRI B R A XD it — S s LR 0 BoR, &M OLETF K B % &% T 7 & BPA (1 Al
10 pg/ (kg » d)) AT I 35 45 W% PR 0 & A2 110 D Ga a AFF 58 BPA 1) 35 4 8, 10 ) LA SG i 4%, IR R AT
PPN Y 35 PR T OE TN S G R BRI e ) B 6 T A £ R RIS B A i A B R A 2 L

ZARN ARSI L5635 R R AR R — R LB % BPA #tE &AW WIS . 25 7 BPA iF S
T R AR AEAH IR PR IR L T S AR itk B S8/ BPA IS 9 M RO 1 — B B B R SE
SR W) AR B 22 R R SR M 20 BE A8 38 1k T T BPA 15 S 19 S8 A I IR N R S B X BPA B 2 55 1 1
PAERT C 2 0E WA R T AT L0 R M 3R AR A B SR AE N Y R AR BT RS L Y9 T T BPA [ 4
FEVE T I B AR R 5T R A EGCG , M ZE 324K (ER) #1137 Fll Caspase-1 3] ) #E 47
T, 2B )RR S R 2 R R
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Research progress of bisphenol A-induced neuronal apoptosis and inflammatory death

Fan Ruifang, Wang Congcong

(Guangzhou Key Laboratory of Subtropical Biodiversity and Biomonitoring and Guangdong Provincial Engineering;
Technology Research Center for Drug and Food Biological Resources Processing and Comprehensive Utilization;

School of Life Sciences, South China Normal University, Guangzhou 530631, China)

Abstract: Bisphenol A(BPA)is an additive in the plastic production of polycarbonate and epoxy resin with the effects of
endocrine disrupting. The effects of BPA exposure on brain neural function and behavior have attracted more and more attention
because a large number of studies have shown that BPA has neurotoxicity. Studies have shown that oxidative stress is often ac-
companied by the BPA-induced nerve cell apoptosis and inflammatory death(pyroptosis), which often leads to the morphologi-
cal and functional changes of nerve cells. Hence, it is an important link between BPA exposure and nervous system diseases.
Therefore, this study focused on the physiological phenomenon of nerve cell apoptosis and inflammatory death induced by BPA
exposure, comprehensively reviewing the molecular mechanism of apoptosis through mitochondria, endoplasmic reticulum and
death receptor pathway signaling pathway. Their potential relationship with nervous system diseases were also discussed. The
molecular mechanism of neuronal apoptosis and inflammatory response induced by BPA exposure still needs to be verified by a
large number of targeted knockout animal experiments and population experiments. Besides, attention should be paid to the
health effects of low-dose BPA exposure by the involvement in toxic signaling pathways or interaction with other toxic path-
ways. This review provides a viewpoint for further study on the neurotoxic mechanism and toxic intervention of BPA exposure.

Keywords: Bisphenol A; neurotoxicity; oxidative stress; apoptosis; inflammatory death

[REHER XiFE 5]



