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Effects of bisphenol A exposure at different circadian time on hepatic lipid metabolism in mice
ZHANG Yan', WANG Min?, ZHOU Mengya®, LU Zhitian®, LI Xudong®, ZHANG Huihong’, WU Fan’,
ZHUANG Runxuan’, HE Zhini®, LI Wenxue', YANG Guangyu’, ZHU Wei', ZHANG Bo” (1. Department
of Toxicological and Biochemical Test, Guangzhou Center for Disease Control and Prevention,
Guangzhou, Guangdong 510440, China; 2. Food Safety and Health Research Center, School of
Public Health, Southern Medical University, Guangzhou, Guangdong 510515, China)

Abstract:

[Background] Lipid metabolism in liver shows circadian-dependent profiles. The hepatotoxicity
of environmental chemicals is dependent on circadian time.

[Objective] To observe the effects of bisphenol A (BPA) exposure at different zeitgeber time (ZT)
on hepatic and blood lipid metabolism and decipher the underlying mechanisms related to circa-
dian rhythm in mice.

[Methods] Thirty-five female C57BL/6J mice were sacrificed every 4 h in a light-dark cycle (12 h/
12 h). The liver tissues were collected to describe the circadian profiles of hepatic Rev-erba,
Bmall, Clock, Srebplc, and Chrebp mRNA expression levels within 24 h. Thirty female mice were
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divided into 6 groups by the timing (ZT3 represents the 3 h after light on, ZT15 represents the 3 h after light off) and dose (50 or
500 pg-kg™-d™) of BPA exposure to observe hepatotoxicity. Mice were gavaged with designed doses of BPA once per day for 4 weeks.
Mice were maintained with ad libitum access to food and water and measured body weight weekly. After the experiment, mice were eu-
thanatized and liver tissues were separated to determine the biochemical indicators of lipid metabolism and lipid metabolism- and circa-
dian-related gene mRNA expressions.

Hepatic Rev-erba, Bmall, Clock, Srebplc, and Chrebp mRNA expression levels were rhythmic during a 24 h period in mice. At
ZT3 and ZT15, BPA did not alter body weight, plasma glucose, plasma total cholesterol, plasma low density lipoprotein cholesterol, and
plasma triglycerides (P> 0.05). The plasma high density lipoprotein cholesterol decreased in the 50 pg-kg™"-d ™ BPA group at ZT3 by 14.56%
compared with the control group (P <0.05). The liver triglycerides increased in the 50 ug-kg™'-d™* BPA group at ZT15 by 115.20% compared
with the control group (P < 0.05). BPA decreased Srebplc mRNA expression level when dosing at ZT3 and increased Chrebp, Srebp1c, and
Accl mRNA expression levels when dosing at ZT15 compared with the control group (P <0.05). BPA increased Bmall mRNA expression
level and decreased Rev-erba mRNA expression level at ZT3 exposure and decreased Bmall and increased Rev-erba mRNA expression

level at ZT15 exposure (P <0.05).

BPA exposure at light or dark period has different effects on hepatic lipid metabolism in mice. Hepatic lipid deposit appears
when BPA is dosed at dark period. Rev-erba-Bmall regulation circuits and the subsequent upregulation of Srebplc and Chrebp and the

target gene Accl may be involved.

bisphenol A; lipid metabolism; circadian rhythm; liver

BRTEREEMAENEIE. £HMNITAZMEL
24 h JEHANZ 1k, 2R BEKF L9 AFRTEFI
BT, PIRTREEIE T ERMRX LiZH4HEnE
BTE. tREREENHRENEF, FHFEIHER
BHRENHENAFZSBEBRTDERIFRS K, 4
RERTEEZMBEEY, TERZEHZSMNER-FNF
IE. fARIRIF BRI AL, EREFRAMAIRLER S FIZ
ZRIZEIEAIEER 1(brain and muscle ARNT-like
protein 1, BMALL) M1 B & & h e i B HAFE RS & A (cir-
cadian locomotor output cycles kaput, CLOCK) F B {&K
@ik 158 F X 19 ( enhancer-box, E-box) &5, 7K
TEEETRINGIEF Rev-erba BI¥% R, REV-ERBa EEH
HNAREAZINE] Bmall 3R, R REBEN T RIGIF
B, BRI AENE TN, ZIF B EERIAT.
REED M. ERERSHMERAHEFEIEERT
RARIEEEER",

iR EEMNREZEE, FFAMRXTAERERRVIREN.
at. ERMEBIETEERERKEZIBER TR
ERABEMIFIET, REV-ERBa fEN BB B R TS
RENEZRF, HREE S AT, m
Bmall FREFINE/NRSRERBIZFSHER R IKTA
BFARERE BmAR % BFRE Bmal1 45585 FR/)\ AT AEA] M0
& H R =E8(triglycerides, TG) I EEES=H &,
EHTERFAERE Bmal1 BESEE AR LIREIRT W, 2538
ARTHRE T RN = R ARSI/ N RERTE
&L, £ 4 AMESEU R REAT S AR ATAE
FEEAE, 55 FFAEEMAE R EXEERIAREY
HEHI%, 90 Foxo1 M Ppara 735IF1#% 2.54 h 1 1.06 h'*,

WE? Albisphenol A, BPA) @ KEXEF=HIEEEF

[TZERANTIHER, EEABFPHNREXRBEEE
it 90%", BPA A] FHLAFARRIAS BRCisiAe S, EE
EXREESEFIAE(2005—2014 &) WEIEE T, 16
X FFR& BPA B EREUS MR AEE, RRBPASE
RFE=. EODANABFIEEEMREFXRKR D
B F5 69%( OR=1.69, 95%Cl=1.39~2.04) F] 44%( OR=
1.44, 95%Cl=1.19~1.76) "?, &% RIFIRRERE
(2015—2017 F) VR REM, FRRF BPA B E R
BN GIARE, BN FRES ERENES AR,
EBERE BB RART XL F S 32%( OR=1.32, 95%C/=1.03~
1.70) W, EFhE ABRBATIAAME R K E AR
& BPA SRES AL EAERE. R RIS RN
EIEEXS,

Y SR I INERE] BPA B E 0I5 EEFFAEAE R
HKEL. FEH—IAR LI 6 B # S c0-1/NRE
BYRET 5. 50, 500, 5000 pg-kg-d™* BPA 28 d, 7E
RFIETER(5. 50 ug-kg™-d™) FFE TG S 210, BT
A BE BT & B & E(Fas. Acaca. Scd F)REFA S,
Ppara TRIAKF TEE, M Ppary FTRiAXNKF EF+, BRE
F Srebplc. Srebp2 1 Chrebp TR KFEH S, B7E
BEEIR R, B % BPA RS EEATAEAS BUNAR BV
B EREIRE, Marmugi F1F 2014 ELA R R
FiRE MM co-1 /NEELOSEE 500 500 pg-kg-d™?
BPAS N AENMREIFFIEEELHET K, BFFIER
FE[E EZ(total cholesterol, TC) & 21& 1N, BBEEEE S E
Lss. Hmgcr # Sqle FR3X_EiA; Lin W24
C57BL/6) /NEREZ 44T 50 pg-kg-d ™ BPA 90 d [ AFAE
EEIEN, FFAE 76 2 &0 1C K FRILBEZ K,

BRTEERIS BPA ZE R AEAEFRTFRAYIH
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I EREER, BZENRKESMNHRNERE. RAHF
HARA R R I R EA HA K T A0 BPA B =T AT (E 3 e 14
/NERFFRERE BOAR , N AT 88 S FFAE Acacas Cyp7al.
Srebplc 1 Srebp2 E[A mRNA FRIXAKFHRLTH X, B
BRZ B R EIAENHIARFEIRNHAT,

B 5T LABEME cs57BL/6) /NBRARFANTR, BN
RERTEZOER K& RAHET BERERE
WBRTE;, AR 12 h/12 h WEKREXBARS,
WEEFAT 3 h [R(EERER) A% 4T 3 h I (REEHR) |1
BY (8] 1T BPA 5, REFRAER T EHTEI R BPA
FEX/ VR AT AERE B SR R20m K AL
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C57BL/6) NERMF T AEEFIZRIY PO, SIKIE
S 9: NO.44007200067346, [AFF T N &R TRBAIE
HI RO R PR LI sh IR B, =R (22+2) °C, 1EXTE
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i8]0 MBS (8] 2 k£ 7 =, AT BY 8] Jg 3 3 B[] BE b
7 Ro RWHAEI I B HINKH B, LR FI/NRER
BEFERRIZHEIMERIENIRTT 2 B, AL HZR
BN TERTBER R OMCEZRREEH]
JEE, it B HB 2019-03-08,

735 AL =B8] 7: 00 A
19: 00 AFEBFIA(IE N zT0) ML TR (i2h zT12) BEl,
BATREBRTHEELLR, RAMNKFERIBER
BWMHRNED N 7 M, BH 5 B, HITE zT0. 274,
ZT8. ZT12. ZT16. ZT20. zZT24( BN F—NEHARY zT0) B
B mAIE, REUVNRERBR D RIHER, BER
LRI RHET B, MBS FTE BPA RH L, SLEBARL
HEE S 713, REEHAZ S A S 2115, KA
MR EIRIBAEL 30 Rt cs78L/6) NEFEND
7964, 84 5 H, BPA(EE Sigma-Aldrich) /AT X
KB, REFFE N 50, 500 pg-kg™-d™, 9 BITE 273,
TS AFEBRIE, B8R 1K, &4 4 A,
EERAFE 1 RXHTEENE, B
2 A ta R E R NR I REE .
ESLIOLERAY, /NERIRAT A
24 h, REE K, ST FELILW/NR, M 210 FF 8, 2124
B, SR 4 h FE—H/NRo XFTF BPA RH LK/
R, 7 213 &b %8, IRIBAE, BRI1T 1% E L ZM(E

Sigma-Aldrich) AR BR AR P03 53 FRER, 42 N RTBRIkE
m, B0 EWENR. RMMFTEG, WEFEHITE,
HmRASFRERET-80 °C KFE.
By U

SNIME, BKE, XRAEEREIRT 2. [{RBERE
ZE B HEEEE(low density lipoprotein cholesterol, LDL-C)
MR FE. &% EREE 3 AEE E(high density
lipoprotein cholesterol, HDL-C) ¥ MR &\ TG #M1x
FIE. TCHMIAFIZ (T INERM) T2 BehEH DTN
(%[ Drew Scientific) M E 3K EE#&. LDL-C. HDL-C.
TG\ TC 7KFo BUNERIFTALR, 1RHRAR 16 B/ENE
HANEACREFIZ) WA BRIEL B, N RR
B, B EEER 5 (55, AEIR{YTE 550 nm K
KTFNERSFLNAZE, ITEFAR 16 B8, RBEH
TREREESE,

By & RY/ R AFAR
23, IO Trizol(Z£[E Thermo Fisher) 32 B RNA H E
ENWE, RAFERIATZ(BZ Takara) 1 RNA &
BRI cDNA, KX RIEESE PCRIZMERERMN
HABRHEEXERNRA, RRBIHARBILGITEE
7910 pL IR NMER, §MERIE 3 MEFL. FIBIRE
BITEIK E3#1 T, Im1T758 (D50 °C. 2 min, 95 °C. 10 min,
1 MEIF; @95 °C. 155,60 °C. 1 min, EE 40 NMEIF,
395 °C. 155,60 °C. 1 min, 95 °C. 155, 1 MEIF; 3K
BlafEH%. RS R B-AshEB(B-actin), ITE 27
KRB BENERBIEXS FRIXKFE, 5|¥H _LESTEREY
BRARNE G M. AT M AS B 5 EE Chrebp.
Srebplc. Fasn. Accl. Cptla. Ldir FIBERTEHEXE
Bmall. Clock. Rev-erbas 5|¥F 5% 1.

*x1 51MF5I%(5'-3")

Table 1 Table of primer sequences (5'-3')

E[FZFF(Gene name) IEME5|¥)(Forward primer)  [E5|%)(Reverse primer)

Accl CGATCTATCCGTCGGTGGTC ~ GGAGGGCCCATGAAAGCAAT
Fasn AGACCCGAACTCCAAGTTATTC GCAGCTCCTTGTATACTTCTCC
Ldlr ATCCACCGCAACATCTACTG GGAACAGTGTCCTCCTCTTTAC
Cptla CCAACGGGCTCATCTTCTAATC TGGGTACAAAGCACCCATTAC
Srebplc TGACCCGGCTATTCCGTGA CTGGGCTGAGCAATACAGTTC
Chrebp GATCCGACACTCACCCACC CCCGGCATAGCAACTTGAGG

Clock GAGTGTTCAGTCCCTTGATGAG GCTGTGTCCCTATGACCATTT
Bmall CAACCCATACACAGAAGCAAAC CATCTGCTGCCCTGAGAATTA
Rev-erba GGGCACAAGCAACATTACCA  CACGTCCCCACACACCTTAC

B-actin GAGGTATCCTGACCCTGAAGTA CACACGCAGCTCATTGTAGA

K SigmaPlot 14.0 HTRIZ DA AN S D
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Figure 1 24 h circadian and lipid metabolism gene expressions in mice under baseline conditions (n=5)
24 2.2.2 MFJZAFAEENRIETR  SXTERAMLL, BPA
EHH/NBMTEENE. LDL-C. TG, TC ERTHITEE
22 . s 1 -
X(P>0.05), SXFERLAMELL: 213 F&HBY 50 pg-kg'-d™
2, BPA S EH/NFR M HOL-C 2R T 14.56%(P<
H 0.05); ZT3 &0 BPA £ EH/ BT Tc BE2%E
£1s BARZ5{K( P=0.056) , 1B ZT15 Z2a58Y 50 pg-kg -d *BPA 48
® B/NEREFRE TG S BIEINT 115.20%( P <0.05)0 TUE 3
16 2.2.3 FHEEERMHNBERTEMEXERTRE TR
i . . . RSERERIATIE, 213 250 50, 500 pg-kg™-d™ BPA
' Bthweek) ) £/ \ER Srebp1c mRNA FIXIBXIIRADBI T T 38.60%.

- ZT3 XJB&(Control) -® ZT3 50 pg-kg™-d™* BPA -a- ZT3 500 ug-kg™-d™* BPA
- ZT15 X$B&(Control) -m ZT15 50 pg-kg?-d™? BPA -a- ZT15 500 pg-kg-d* BPA

2 NEES 4 B BPA REBREHEELTK (n=5)
Figure 2 Body weight changes of mice exposed to BPA for 4
weeks (n=5)

32.66%(P<0.05), MTE ZT15 ZEZFDFI_EIAT 75.48%
#0 74.23%(P<0.05) ; ZT15 ==/ 50, 500 pg-kg™*-d™
BPA £H Chrebp mRNA FRIABITERLA S5 L1877 86.40%
#0 135.40%( P < 0.05) , 500 pg-kg™'-d " BPA £B AccI mRNA

wWww.jeom.org


www.jeom.org

1340 #4457 &% | Journal of Environmental and Occupational Medicine | 2022, 39(12)

FRIARBXTFELE FIE T 74.20%(P<0.05) 0 LA 4, (P<0.05), ™M ZT15 F& BY 50. 500 pgkg-d A/
EERTEMEXERRAFE, 213 £ 58 Bmall mRNA R AR X R A 72 53 T T 59.56%.
50 pg-kg'-d™ BPA £H/)\ER Bmall mRNARIARIIXTHRZE  27.81%, 500 pg-kg-d ™ ZH/\§& Rev-erba mRNA FRiX £

EIAT 119.96%, Rev-erba mRNA FRIAT1E T 55.87% A7 33.27%(P<0.05) W& 5,

15 32 E &) #E(Plasma glucose) 15 M%ZLDL-C(Plasma LDL-C) 15 EuﬁﬁHDL-c(Plasma HDL-C)
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[Note] *: P<0.05. ZT3: Exposure at 3 h after light on (light period); ZT15: Exposure at 3 h after light off (dark period).
3 /B BPAER 4 BfRIK KR AFAEE K5+ (n=5)

Figure 3 Plasma and liver biochemical indicators in mice by gavaging BPA for 4 weeks (n=5)
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Figure 4 Relative mRNA expressions of hepatic lipid metabolism genes in mice by gavaging BPA for 4 weeks (n=>5)
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Figure 5 Relative mRNA expressions of hepatic circadian genes in mice by gavaging BPA for 4 weeks (n=5)

3 e
BPA B— M A B LI HMER N AIFRARA WL
W, NBERITRZE AR Z T BPA BESAERE. 2 213
FRI®. dEEYE R AT S X, IR H /i A sh ¥ 32
I & T BPA BB 0] SHATAERAS BT Y, A5
EELLRARB R TIEYIE = BPA Ze5 31/ NEAFAT
EBIIST B Mm, & IN R EEHA BPA e E LR/ NRER
TEXBERE Rev-erba, T Bmall, LIARERMHE
Srebpic 1 Chrebp R HEBE R Accl RiAKF, 18
#HAFAERE BURAR,; M7EERREAZL S U T Rev-erba,
98 Bmal1, # NS Srebpic ¥ %, FFRERS BUNTR A
e
IFERFLMARPINEEUENSES SR
SNEIGFE—EHXE, ZHEAENFIZE. #5HKT,
HFARAEER T EIE KA INRY YR S
MARE, MTER SRR, S EEYFEN
FEFMRAERITINEECED SNERREE
RHEEEERNNESER IBIXNZEE
e, ABFFE IR 2715 BPA S/ NRAFAE 16 &
EAE, I3 ESHNEE XM, RA/NFREBE
HAR BT BPAXIAFRERE R 2 M E K. FFIRE R
TESERMCHZTIEX, BRI X EE,
SREBP1c #1 ChREBP 2115 AT AE A5 B M Sk & A% (de-no-
vo lipogenesis, DNL) I F B3 RE F, B FUEIER
R & A ES B Accl F Fasn BI5%2 =, {€ 3 DNL, 52
FFAE RS B AR, BT I E F REV-ERBa 1/
EREEESSERANHERNEREE, tohEd
S5HMBRTERE TN R-E1F R IRIF R B)E
SE5FREAHNIAREREY, BRTERF BMALLE
iZ Srebplc. Chrebp AT BEEEMEERRBSHEHXER

B RIX, FFIE Bmal1 5 R 8Bk /N R FFAE A Srebplc.
Chrebp ZRIX TR, KA R MR E 7715 R FH BT,
/)NER FFHE Rev-erba mRNA £RIX7KF1E BPA Fr & 4H
F+ &, Bmall mRNA A 7K F 7£ BPA R F AR K,
Srebplc. Chrebp mRNA FRIXKFE & LI, B8E
AccI mRNA FRIAK BN _EE, T7E z13 RS5HY
BPAZEER S| L IRAEFE mRNAREK KL ERE
T, f/ N R BFRAETE z7115 BY 8] s 34 BPA BB UKo
Nguyen EPIH P INRE| £ o5 P H BPA BE T
FlEERTRESERNIERNTER, ERFHE
BHEMBERMAEIYN BPA NS MR, BHRIE
I REV-ERBa AJ LU BPA EBISIRRSEEFR H — 1
Bs- B B FEEE B R 5515 88 2B(uridine 5'-diphospho-glu-
curonosyltransferase, UGT2B) &£, BB F##FR zT15
ZE BPAXT/NEATAERE B A & m E N E E /Y
S

KRN EZABIE: ——BRAEB RSN
RIS AR 52 5K R B AT BE = R M A5 45 4T, BIALA B0 IR
FR— EEALM, EFEHREAS SRS
BRI EERA;, —EXAE—M5I/NER, TENE
HANER, ZBNEMRITERINE BPA BENSE
WAz, B EETENERTHNERTTET .

ZE, AHAMBR T/ NRIERBE R THREERE
REFRKFEZUIE, R IMEREHA(2T15) 258 BPA B
AR5 EFIERE R @i mRNA N & IN7E
ZT15 B Bl M s, BPA MR M B R T R EE Rev-
erba Fl Bmall BYRIA, LEL T BRFRIEFE, DNLE
Srebpic 1 Chrebp e HEBE A Accl RiXKFEFE,
&3 7 FFAE RS BUMAR. AR RENFE RSN
RIS A RNBER B ERIEESIENESTE,
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