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1. R EZY KPR, a4 N T 42 B L A oR A 15, 3501225 2. JE [T KEMHEH—ERE

[(HE] BR KRy REBER T AT RN ARG TRERIG ., ik 240 R C5TBL/6 ) K
RS AR, AW, BT KRANETH, Ris SR TR EIITH, F448 32, hafBAS,
EABMDIRMAHNSFXALBERATATIER DR, B2 ABREFIK, SHFH0 K410 gk R
AL TFTHRF0.15, 0.31 g/d#F, FMXERTANRAFIOgRRELTTRESRTHO0.03mg/dE T,
BN R0 g KR BLFO0. I ml/dEMAER, BWMHERFEFT IR, 2HF2R., RE—K
bR B, RAKRBEIHENE DK BE (8: 00—20: 00) fe&ld (20: 01—8: 00") i EA=; KARM
Bt DR 24 h RE R E [AeRAFE 11: 00 (ZT3). 15: 00 (ZT7). 19: 00 (ZT11). 23: 00 (ZT15). 3: 00"
(ZT19). 7: 00" (ZT23) | &A= ; W& FAN R E B A &40 RATIEH b =8 (TG) K-F; HEF &%
BT AL IREE; SRR FEMNB ARG 1 (perilipinl) )& % % E; RT-qPCR F= Western Blot 3% %>
FIAEM R AR 5 B IR LR EEGHEEEG ] (Bmall), TR ERG AN EELT AR YyELER T la
(PGC-1a) mRNA Rk & GRK-F, BR sRA, RRF RN TUPTXERTHARNBBHERLERER
WAaMEEFG (P<0.01); Harm@aparabi, EAMA DR D ABBEHELERTFHE M (P<0.01);
LEAME A A, RSN LM X ELTHR BB E R EZGEK, BT IKA S48 E2ZTT7
HELTZZERY (P<0.05). HERZEZRI T, BA, MXEFLTARGZEFTK, T4
mIe T AN, mARRM D ZFmiedEI FE., Y ERE KRB, HATBAR A, RAMZTI Fo
ZTI58 TG A Z R EF &, ZT15 B AT BEZL 22 perilipinl & & 98 58 B E ¥ 3% , Bmall mRNA &5 8 £ 7273,
ZT7 2%t , Bmall & @ Z & mRNA £ ZT15 8 2 % B4&, ZT11 8 PGC-la mRNA ik & H & & K -F B1K,
ZT15 8 PGC-1a mRNA & X A L F G K75 (P<0.05R P<<0.01), LHAEA 20 R Af I podk, ZT15 o s o
A ZART R EZITATC A ZERAK; BT, F 7 F 4 perilipinl & & % J& K F ERIG; 5 1857
B 40 45 ZT7 % Bmall mRNA £ ik & %1%, Bmall & @ K -F £ ZT3. ZT11 # ZT15 634t %, ZT11 8 PGC-1a
mRNA &k B L& GKFFAZ, ZT158 PGC-1a mRNA £k B & G K-F K (P<0.053 P<0.01). Zif 1K
R FF MG TIREER T AT, KEMIEMRRIEAR, FLhuhl 7T 48 3 A 28 I IE Bmall . PGC-1a mRNA
FIE B G KT R AR AT TG 8 4E R A X

(KW ] BRT#E; ik, BAR; L4 AR, RiFLASFARTAEHEEZEAHFEE1; ALY
B R YG I e ARy HHE R T la; RRF

EETH: FR ARPIF R4 (82474415,82305075) s #5 HE4 H AR Bl
F42(2024J01778) s f tlE 44 o 5 AR O R H (JAT220151)
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~, HFRER ARG sh 5 B R S UIAHDE ', BFIE
2 505 R R K 2 8RR R A2 B T R 8
il R, IR A b R A AL R AT B
3 ) U I o e R R 4 % P I 9 1) T B AL =2
— o A B0 L R G AN AL IR 5 A 52 IR e is B
FER T 1 (Bmall) & V84 B AR 02 A5 A9 4% 0 2R
F15 . BFA = Bmall 89/ B2 5 R G 5 AT A
JFEr gl 7 SRR . BRAEAF ST B,
R B R 3% 2 A 0 /N BUIFIE Bmal 1 #2409
it A 154 B ) VO A2 A y 0SB 1a (PGC-1a)
mRNA PR IREFL A RB BT, R&FEER
WEE . MAFNHI =R (TG) Fhim, FiRHE
1 (perilipin 1) {7 TRRWH R, B kA5 o
fie o L, AR BRI Bmal 1 0T 2 AT I AR
JoT HE AR ) S A A5

Hh B 2T AR R AR AR (RN
Z). (R - FFEiL) H. “AGKMHSHR, 5
HHMRB W, (KN - ESEKISR) H: “FA
NEA, BBk, HEMmMMBREE, K19
7, iR T NMARPTIHIER S AR AR L. Hit,
N T 5 B R RN 0 L 7 A7 75 AR H TR R
R R, AR HEEEL, AN 2 52 L
Bt DI RE, I B A R . M 2 PR
W o BV Ty A A BRI R A S i 255 T
IR ATk, BATVRIFIRIL . ZpiR b
ik, mreEsE O WoR, BT IR T IR AR
RS R Bal P R I I SR S Re i 3 . R, AR
F 5 WS B it 7 % e R0 2R L5 1/ BRUFF I B
JRZEBLIRZ , AR P 3L B Bmal 1875 JFE
BT A A B Ty VR A AT RE S HLL,
LI R FH B AR . A 22 TR S0 3h
R L At (HEHES . XMULAC20200142)
1 #R5FHE
1.1 %

SPF 94 i M C5TBLI6 /INER 240 H, A T & 23~
24 ¢, 6~8 A, [iEHTSEE L SIW AR A,
SCEG S A PR RTIES . SCXK (97) 2017-0005,
FrA /N BUR FREIE IR (24=1) °C, AHXT IR 40%~
70%, 12 hGRAEARIIE T, A IR EYFIK,

1.2 %

Bt T aG . WA 15, FEE10g, RE
15g, JII&10g, HA15g, KT 10g, #EFE
10g, Bl5210g, BEX 15, T 10 go TR F
W HE RS ERE, 20, BE 2 kS35
R, Al E R 25 R ALK R 4R 25 1. 54 3. 09 g/ml
W BT XRSERTT A (LI ZE 2R 250 4E HI AT BR A
A, 5 155200102) BERSI AR, W TR,
il £ U B2 R 0. 32 mg/ml BV
1.3 EZXABALE

W ER g sk (9845 B310K)), LifgJEks
YRR A RA s kil 20 (585 P9416) .
Triton (%85 : X-100) . 4',6- - JpkHL-2- 7% FL ng| i
(DAPL, $25 . P9542) . RIPA L 2% (575 . 20-188) ,
TEE Merck A )5 4% ZR W (185 G1101),
R R AE YR A BR A ] 5 TG Al a7 &
P45 Ab65336), Hi[E Abcam /Al ; Al RNA $2HL
RA&E (185 DP419) , WA & (5.
KR116-02) . SYBR Green PCR Master Mix (%5 :
FP205-02), Jbmt RARAALRHEARA R &
PO AR D A 7 (P25 A32961) . BCA IR
A& (985 23225), 3£ Thermo/AH); PAGE#E
et AR & (B85 PG112), LigHERGA:
WELGREARAA,; FmiEHEH (585
4240GR500), [ Biofroxx 23 7l ; ECLAL S &G
Y (485 . K-12045-D50), 3£ [E Advansta 23 7 ;
perilipin 1 §T{& (485 : 9349S) . Bmall fifk (9%
51 140208) . BALBHEM (B-actin) Hilk (5745
3700S), JE[E Cell Signaling Technology A Fl; PGC-1a
ik (495 . NBP1-04676), 35 [E Novusbio 23 s
FPi1gG (H+L) Zhi (53%5: 31430). FhifkleC
(H+L) —ht (525 31460), SEEPIERCEATH] .

WNR A FETE LR ARG (B5 . Ugo 1800) ,
H KA Ugo Basile 24 7] 5 TSE fE & 15 45 1] £ 48
(%= . TSE-Phenomaster), fZE TSE/AT]; (Y]
AHL (RIS Mel), N IR RN A A 9 4 AR 0y
HIRAAE; B0l (B9 5424R, S810R), fl[H
Eppendorf /A 7] ; 43966 11 (A5 : NanoDrop2000) ,
% [E Thermo A Wl 5 FEARAX (K15 2 iMark 1681130)
LKA (H945. 1658033), 32 Bio-Rad Al IE
BB (F%5 . BXS51), HZAOlympusAH]; %¢
J6aE 5 PCR AL (985 : LightCycler 48011) , 3%
ROCHE A F) 3 b5 KOG s b 24 (R4S .
GenoSens 2000), [ GZE RIS A FRAF .
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1.4 oy mR &Ry %

ANERAE PRI SR 1R S, HR LA E R L S
XPHRZH . BEAUZE | gt oy (R E A  m
AP R EPIT A, FRAL48 H. BRxtiRglsh, H
AN BRI ERI2E 7 r BT AL /NVR
FERY 120, BN BV SR AE 24 h 58 4 RIS 1Y SPF A58
2, FERCIE N B R oK. AR
SEHS T HN MRS T, SR AR/ BN E B
B LR R, SR 24 h, /R B H [R]
SBT3 b B 30% B, AR
LIER NI
1.5 %%k

RN, He B S/ RRE R S TE R
BRI Y, U 70 kg i, wiI S IR
(I IREFROGN L) . g/ BUBE 10 g (45T 20 5]
BPHMIT0.15, 0.31 g/dFEE , PR FERTTH/N
FURE 10 g IR BT 45 T BT SEHVT 0. 03 me/d HEH
Yo HE ZH AR 20 /N BRUBE 10 g R 257 0. 1 ml/d 78
WKHES, WRERHEY 1k, H2/., KB is
BRETEL N T AT
1.6 MERIRAFA Ty ik
1.6.1 #HZBEANLDIEHT e —WHEHE
JER HWEE . mifede it 161 iE, R HiE e
REE 1 HU/INE, ORI SR A 2 3 54 HU/INER
— L 16iEE/NR B EESh i E T, b T
fidEA R, HAES 1R, RHEVIE FRERA
PEHUNE 3 B4 H/NRL, AR BN 24 h, FE)E
TR IC sk B HUN RN TR BLAS AR, &
ZEWEIN 24 b, FEMCIAIE], /NEAL T 12 BB ER Y
W, HAMIKRE . oK.

1.6.2 DR 24h N RFE R MEZEAST  H5ESKE
N H, RSN R, R 2 8
WA, AAEE HAECE 1 HUNR, SOE S R Ay
/NER PSR AL e e B 1 5502 H/NELE TAR
WY, ANRIEERIEN 48 h, BEEIFIRICREE
i, ST 24 b, ORI AR R B A
4 h Y E R R — RS R, DA
P, FEULIAM], /NERARTF 12 h B AE I B IR 5
L, HAEWRKE. Yok, TR, EE
552K,

1.6.3 EXENRENBFALZPTCSE T
AR IERTIN 25 Y H A . >R HBENLEC 7 R IER IR
FALHAFEl 11: 00(ZT3) . 15: 00(ZT7). 19: 00
(ZT11) . 23: 00 (ZT15). 3: 00" (ZT19). 7: 00"

(ZT23) Ft 6 /B[] 5% 25 21 /I BROR BRCS0UHE 13t 1
RhFE/NER, JESEEPATIFE RS, SER U IFRE, &4
BFal s 8 K, ZT AHETada] . R4 2 ar /Y
4% 2 RWEEE G, HAW %A 50 mg
AEIFZH 2 TG A I3 7] Al /s BRUFFAIE HH 8 TG
i, AR UL AR D BRI TR
1.6.4 HEF&ENEFBEAZRELS HHEL
ZH/NERFIIE TG & 5 22 5 W & (R B TR) A, X/ N ERURF
ZH AR B2 W EE J% perilipinl ACERGTN . 28 4%
EZ L o) NG el U E S AV X AN S5 el
I, H85 S5 wm Yl Ao VIR s, S 2FT HE J4
o, ik, EEE R, DG T IERIFEA
R BB A .
1.6.5 ok 32 & kA ) BT k40 2% ¥ perilipinl 7K
P 4% Z2 R W E W R T th A 4Lk
T A W, S wm i, Bdle X, 1
i, 0. 5% TritonX-100 3 % 20 min, JH PBS
Ve o WE IS B, 2RJ5 H perilipinl —3t (&
FELLWI 1 2 200) WEE 4 Cid k. FHBERRER iR 22
M (PBST) Wi, Yl 596 4iAE 20~37 °C
M FBEE 1 h, A DAPIS min, $RJ5d ] PBST
Ve BRE, TEVOGRMEE TSI, Bl
FH Image J#F (V1. 6.0.20) S04 3 A
1.6.6 RT-qPCR &4 M Bmall . PGC-la mRNA %
HKE A RNA B8 050 S A i 4 21
TR RNA, A O G T T B4 9100 A
WRPE o SRR UEVRNA(2 ng) G A cDNA .
{#i FH SYBR Green PCR Master Mix f138 1 H1 (19 5| ¥y ok
PSR E B PCR N, LA B-actin HNZ:, KA 2™
YA ENEZHZ Bmall . PGC-1a mRNA Z55/KF-.
R1 IFHEHZF Bmall . PGC-1a, B-actin F=H 1Y
RT-qPCR 5| #1541
Table 1 RT-qPCR primer sequences of Bmall, PGC-la and

B-actin in liver tissues

M FEI (57->3") K
FE/bp
Bmall — E¥f: TGCCACTGACTACCAAGAAAGT 201
FiF: AACTTCCGGGACATCGCATT
PGC-la E¥f: CATACACAACCGCAGTCGCAACAT 77
TFif: TTTGGTGACTCTGGGGTCAGAGGAAG
B-actin  Liif: CCCACTCCTAAGAGGAGGATGGT 159

Tif: CAGACCTGGGCCATTCAGAAA
. Bmall, WiAALVASS FRZRNGFHEEAREEN 1; PGC-1a,
o A Ak 0 T AR 1 5 0 TG A2 AR y RIS T 1as Beactin, B-WL3h
EH
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1.6.7 Western Blot %4 Bmall . PGC-la% & K
B HEHS0 mg RAF TSR I TR . B
20 g & H #EFT 10% B SDS-PAGE BE B HL Tk o B
R EH], Bmall, PGC-la—¥31 (Fie LL 51 23 )
1:800, 1:1000) EH LK. K HIEE—IL,
Z HRP AR CH 00 (FRELLBIh 12 10 000) 7 H
2 h g HHECLALA RO 5, FEfb2f RO gAY
i F T EUS R Al . LHME K
5 WS 1 Bactin KB 1Y LU E QR A XS R
STy 18
1.7 %itFFx

i SPSS 25. 0 B AT et o b, IH R PR
BIFF G IESA M UBEeR R (xs) FoR, WA
MSTREA BB LA, SRR AR e K 555 3
R LL A R B L, O 2555 IR LR 20
ZoNr, PR ELECR I LSD I, 22 AN 55Tk
£ Kruskal Wallis 5656, WP 8% A Games-Howell
s X [)— A [ s [ 057 ) B R o A2 0
M. LLP<0.05 HESAGHFE X,
2 #R
2.1 B Radt s Rbs

Bl 1w, XFRRAL/NEUH [l #f b . R RITE R, £F
GIEFER . HA 441 H BTG shE8 i, AR
By S SERLTT AL (R TE shitub, gt AR, R
/N ETG S i3 . 27, 55X IRAL R i fa]
LA, BETRUZE /N R () R S 0 A5 R B 2 T
(P<0.01)., SHRIZH [ R Ho s, o ity i 5 4
SRR SR VT2 H (] B S 56 A B0 A i 25 R AR
(P<<0.05). £ 2H/IN BUI ] 5 S 000 PP 5 F 22 5
WG E Y (P>0.05), SA4H WA L,
X RAZE | g (R e 2 B K SE R T ALK ]
SLE AR A TS (P<<0.01).

800
H &
g 600
£y
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Table 2 Comparison of the total number of wheel revolutions

during daytime and nighttime in the running wheel experiment

for each group of mice (%, x+s)
215 F H [ ¥5 %1 T ) 555
X IR 6 169.50£148. 62 2959. 00+1194. 49°)
FEAZH 6 1019.17+843.54" 2215.33%1519. 35
BRI 4 225.25+306. 59" 3962.25+1901. 81
Bty ER A 4 790. 75+580.76  3762.00+2387. 29

Byt 2 F0TT 20 6 393.50+322. 13" 2768. 50+2226. 58"’
H:oa) SXTEAFERE LE, P<0.01; b) SAHUHAIZH A} )
H#, P<<0.05; ¢) SAHEHIMELLE, P<0.01.
2.2 B4R 24h WRF B EERR
K27, xFHA/NERH RI#EE D, KRS
%, WMEIETEZTI9, HAKH/NEH B Y
i, IR BE D, BT 2 B £ W AR T 2 ZT15,
FK37n, SGHRLA [FFA] P, i IR e 2H AR
ZT7 RHE R (P<0.05). HAS IR 4% 4
NREEEEZE R TIG R (P>0.05),

s Bl ~ s
- A
1.0 —a GG AL
Sﬂ Gy AL
s Wt yTAL
T 05
0

3 7 11 15 19 23
BEWFI ) (ZT times)

2 AL/ AN [ R v 5% i

Figure 2 Trend chart of 24 h food intake of mice in each group

at different time points

2.3 B RRF R ATIETG 22 et

EI37x, XHIRZ/INEFIE TG & & 2 AR T,
ZT11-ZT15 AR . BB TG TTEHESE, 61 B[]
mEmAT. sty TS, TG T T X E4,
—
— R

BTG AL

By 9 2

B 4 yT 4

0:00 4:00"! 8:00"!

1 A4/ A SE R 24 h AR/ N2 5 R0 Dl

Figure 1 The average number of wheel rotations per hour within 24 hours in the running wheel experiment of mice in each group
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Table 3 Comparison of food intake of mice in each group at different time points (g, x+s)
215 TR 713 717 ZT11 7115 ZT19 7123

X HE 2 4 0. 030. 07 0. 070. 08 0. 14+0. 02 0. 630. 21 0. 82+0. 18 0. 620. 34
SV 5 0. 16+0. 22 0. 32+0. 30 0.28+0.27 0.91+0. 66 0. 50+0. 48 0. 670. 46
Bt 75 ) 24 6 0. 08+0. 16 0. 09+0. 08" 0. 25+0. 08 0. 48+0. 14 0. 80+0. 20 0. 54+0. 09
Bk 7555 7 i 2 5 0.22+0. 19 0.29+0. 10 0.38+0. 17 0. 60+0. 10 0. 83+0. 16 0. 80+0. 25
By SR T 4 4 0. 00+0. 00 0.210.23 0.20+0. 15 0.29+0. 28 0. 39+0. 34 0. 38+0. 29

e ZT3, 11: 005 ZT7, 15: 00; ZT11, 19: 00; ZT15, 23: 00; ZT19, 3: 00*'; ZT23, 7: 00",

a) SHRIYIER ] A, P<<0. 05,
B BRI T TG IR . RN, ZT3, ZT7.
ZT19 F1 7723 i 4% 2 /N R IE TG 75 it 22 7 ¥ 5
RS (P>0.05) . xRl AR g, ZT11
M ZT15 BFBERL AL TG & & W 3% T (P<0.01) .
ZT1LI, B X SERITT 4 TG & i i 35 i TR Ky
BRI, mAEA (P<0.01), ZT15H, @it
T3 R0 e 2 R BT S SERLTT 41 TG 5 i b 250 TR Y
H, By SRR AL TG & 3 T AR 4] K
WO AR AL, B X SERTT 4 TG & & W F K T5
W%, EflEd] (P<<0. 0585 P<<0.01).

1 & & xiRgal
-, Y|
A BT A A 2

il 77 T ) B 4
- [ RS R TT AL

-
(=]

BEEH I g & & mmol- pI ™!
o
o

1" 15
FZHIB ) (ZT times)

3 ASLH /N BRAS [ P ) 3ot = e LA
Figure 3  Comparison of liver triglyceride content in mice of each

group at the same time point

2.4 BN A AEZTI5 (23: 00) BT A 20 47 % 22
A% R L

JHE TG & 5 32 75 £ 4 /N BRUAE ZT15 I [ 55 22 S
B, BOEBZTIS T HE Y, K4, XFIRA
71N ESUJHF 240 L A v st g Ik oAy v ) i FRL S AR HE S
EARRR, MBI, A A N EE € 4 A
¥, MM KMIE, Ed, iy Rat, B
/NS 2L, D s IR, AR AEAX
JEARAHEIN 240 B J5z PN ] LA 22 D i 5 ittt
8 e A 2 N ) X SE T T AT AR HES R, 40
ORI, &4 5 A AT D/ o i
2.5 &4 /R AEZTIS (23: 00) B AF 428
perilipinl & & % 9% 3¢ 6 %5 & 4%

TSN, HXPREA A, BIAVA/N R AELL 2
perilipinl 2 1 A2 5 G2 B2 W E o (P<<0.01);
SRR e, mit gy K, & 5 i 4 perilipinl £
O 9 OG5 B i 0SS (P<<0.01) 5 it 7y 1%
1) 5 2H perilipin 25 [ B0 2 % BE I T By X 56
T (P<<0.05). £/ IEZ 2 perilipind
ARSI LS,

2.6 &L/ F R BB 1) AT IR Bmall mRNA A &
G KT
For, SXIRFEIRE LR, B/ N Bmall

R4 BH/DNERF AL TG &8 Hig

Table 4 Comparison of liver TG content in mice of each group at different time points

(nmol - ul™, x+s)

44 5 Rl ZT3 717 ZT11 ZT15 ZT19 7123
Xof e 4 8 0. 67+0. 19 0. 59+0. 28 0.32+0. 10 0. 37+0. 05 0. 710. 35 0. 68+0. 36
L RIEE| 8 0. 54+0. 20 0.52+0. 19 0.56+0. 11 0. 54+0. 06" 0. 65+0. 38 0. 64+0. 38
ik g (il 8 0.51x0. 23 0. 57+0. 26 0. 44+0. 24 0. 45+0. 08" 0. 68+0. 38 0. 40+0. 41
B Ty R A 8 0. 67+0. 19 0. 51+0. 30 0. 46=0. 27 0.65+0. 11" ® 0. 8620. 52 0. 66=0. 36
B[ SE R T 4 8 0. 79+0. 20 0.79+0. 19 0.95+0. 157 9 ¥ 0.35+0. 107 V" 1.01+0. 23 0. 47+0. 24

W TG, Huh=mg; ZT3, 11: 00; ZT7, 15: 00; ZT11, 19: 00; ZT15, 23: 00; ZT19, 3: 00"'; ZT23, 7. 00*',
a) SXHRAERE A, P<0.01; b) SHEOEAERE LE, P<0.05; ¢) SHEIEIGERE I, P<0.01; d) 5Bkt k) a4l [F ek
(B AL, P<<0.05; o) SEiit A AR, P<0.01; ) Sty @ EAdRm e g, P<0.05; g) SHiitdy 0 &4l FkE

H#, P<0.01,
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Figure 4 Hepatic histopathology of each group of mice at ZT15 (23: 00) (HE staining, %200)

F5 KUUNRIEZTIS (23: 00) BEFFHEZLSI perilipin] mRNA FKIKTEZT3, ZT7 I .3 Tk, 78 ZT15 Fi
BRRATOLEILILR 2123 I B E WA (P<0.05 8 P<0.01). 547

Table 5 Comparison of the total intensity of perilipinl protein

[RIEF ] Fe A, itk 55 5 2H Bmall mRNA 26 3K7E
ZT7 W REAR , Bl 7 2 590 & 4 AE ZT3 e ZT15 B [

immunofluorescence in liver tissues of mice among different

groups at ZT15 (23: 00) (x+s)
2851 B perilipin1 £ F1 % 5 B2 B fikc, BIRSRALTTEAE ZTT IRFEAR (P<0. 055k P<
P ] 6 102 716. 83176 867. 12 0.01). gt 75 IR 4 He s, ittt )y i 7l i 4
iz 6 637 074. 17413 111. 50" Bmall mRNA F3A7E ZT19 I REAL (P<<0.01).
;L‘(LJ;M Ej 6 89239.00t57356.30"’m 2TR. SXﬂLﬁﬁéﬂl—]HTltﬂL[ﬁiﬁa Vjﬁg\gﬁ/]\ﬁ
S SRS RAEEMIRON, K

ZT11 A1 ZT15 i 5 2 B, i it R0 B 4L AE ZT15

¥ perilipin 1, FIIRHEE M 1.

a) SRELLHEE, P<0.01; b) SHUULILE, P<0.01; o i T, B g R B AL R AR SE R T 4 A 2723
SEM R e, P<<0. 05, B (P<0.058¢ P<0.01). SHmIZH [6] st
X B 4H HERIH i R JETR| sl i b i Faf S SEhiTT4H

pmhplnl- - - -
Dapl

1 OOlm 1 001m 1 001m 1 O()un 1 001m

100um 100pum 100pum 100um

Merge

lOOm
P perilipinl, FEIRHEM 1.
E5 H4/NRIEZTIS (23: 00) B HAEZHZ perilipinl S50 E (x400)

Figure 5 Immunofluorescence images of perilipinl in liver tissues of each group of mice at ZT15 (23: 00) (x400)
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R6  HBUNEASIFIEE] FFE Bmall mRNA 23k K Fb

P<0.01; e) SEiilt s 55 & 41w E s, P<<0.01,

Table 6 Comparison of Bmall mRNA expression levels in the liver of mice from different groups at various time points ~ (¥+s)
2051 R 713 717 ZT11 ZT15 ZT19 7123
Xif HE 21 6 0. 013+0. 004 0. 005+0. 004 0.007+0. 005 0. 024=+0. 001 0. 024+0. 004 0. 033+0. 006
BRI 6 0.018+0. 006"  0.024+0.016"  0.004£0.002  0.017+0. 004" 0. 025+0. 007 0. 027+0. 003"
i Tk R £ 4 6 0. 015+0. 004 0. 008+0. 007’ 0.010+0. 011 0.023+0. 011 0. 023+0. 001 0. 027+0. 004
i Ttk v 79 4 6 0. 011=0. 003" 0.014=+0. 012 0.022+0.013 0. 006+0. 003" 0. 016+0. 001 0. 031=0. 007
By SR T 4 6 0. 015+0. 004 0.009+0. 007" 0.012+0.013 0. 019+0. 008 0. 015+0. 005 0. 029+0. 003
e Bmall, WRLA DS IR 2 A8 ARER A 1; 213, 11 00; ZT7, 15: 00; ZT11, 19: 00; ZT15, 23: 00; ZT19, 3: 00*';
7123, 7: 007,
a) St RINE A, P<<0.05; b) SxPRRARNE A, P<0.01; o) SHERAHRIRE A, P<0.05; d) SR R E L,

T AA/INEASEEE]JFDE Bmal 1 8 HAKCE
Table 7 Comparison of Bmall protein levels in the liver of mice from different groups at various time points (%+s)
20 51 FREL 713 717 ZT11 7T15 ZT19 7123
Xif HE 2 6 0. 61=0. 23 0. 5320. 08 1. 6620. 44 0.78=0. 18 0. 69+0. 22 0. 74=0. 08
RERIZH 6 0.97+0. 13" 0. 70+0. 38 0. 40+0. 02" 0.25+0. 10" 1. 26+0. 64 1. 16=0. 44
ik s (il Be=ed | 6 1. 3920. 46" © 0. 85+0. 28 1.28+0. 36" 1.1820.29" ¥ 0. 7920. 07 0.98=0. 18
itk 7 e 79 o 2H 6 0.92+0. 15* < 0. 63+0. 22 0. 87+0. 227 0. 82+0. 06" " 0. 7420. 11 1. 1520. 23"
Byt BT 6 1. 0320. 29" ¢ 0. 83+0. 09 0.6320. 117 ¢ 0. 760. 06" " 0. 64+004°’ 1. 45+0. 30"
7 Bmall, BRI HRZIEHZE AR, ZT3, 11: 00; ZT7, 15: 00; ZT11, 19: 00; ZT15, 23: 00; ZT19, 3: 00";
7123, 7: 00",

a) 5%FREZH [EIINE] [hA, P<<0.05; b) 5% HRZH [l i) ] Lh %,

P<0.01; ) SgiitIr 5L s e H g,

B] b A, D5 (5] 4 4 Bmall 85 117K 76 273
ZT1V R ZT15 BTy, wii it o s 74 o 4 ] £ 55
PEIT4LAE ZT11 F1 ZT1S W IR FH i (P<<0. 05 5% P<
0.01) . Huit 7 I a4l Rl s ] e s, wi ity i
F L2 Bmall 85 FIKSFAE ZT3 . ZT15 BFFEAR, BTk,
LHLTTHAE ZT3, ZT11, ZT15 Fl ZT19 B ¥ [ A%
(P<<0.058¢ P<<0.01),
2.7 BLRAZTIL (19: 00) #2ZT15 (23: 00)
BT AT RE 2028 PGC-1a mRNA &5 B & & KT ik
HFIE TG &+ . Bmall mRNA 3k 14 1K F
PR A/NRAEZTIL I ZT15 B i) i 25 S 2, ik

P<0.01; o) SBORAREMELE, P<0.05; d) SHERIL EFE A,
P<0.05; 1) L5t J5 R 2 [l o] LeA,

P<0.01,

YE¥E ZT11 M1 ZT15 #47 PGC-1a mRNA 3k K H K
FIKEHLEE . 287, 5 x BB [l i 1] b 45, AR AR
2 PGC-1a mRNA ik M Ho B (UK F-AE ZT11 i) B
%, 7EZTI5BHFHE (P<0.058 P<<0.01). 5f
RUZ ) Bf fa) b, it 5 IR i 4 PGC-1a mRNA
Feik M B KA 211 T, 7E 2715 I g
% BT & F 40 PGC-1a mRNA 2635 K HAE
IKSEALAE ZT15 B AR (P<<0.05 8 P<<0.01). i
X ZERLVTLHAE ZT15 I PGC-1a mRNA 263k 2 T
MR E % . BRI, PGC-l1a & K FEKT
BRIZH (P<<0.01),

K8 HBU/NRAEZTIL (19: 00) FIZTIS (23: 00) WHAFHELLZ PGC-1a mRNA ik b HAR H 7K Heds

Table 8 Comparison of PGC-1a mRNA expression and protein levels in liver tissue at ZT11 (19: 00) and ZT15 (23: 00)
among the groups of mice (x+s)
15 - PGC-1a mRNA PGC-1aZE
ZT11 ZT15 ZT11 ZT15

X BRZH 6 1.32+0. 46 0.79+0. 11 0. 68+0. 09 0. 52+0. 06
A2 6 0. 45+0. 16" 1. 04+0. 19" 0. 400. 09" 1. 38+0. 09"
it itk 7 IR 4 6 1. 141,029 0. 62+0. 12" 0. 69=0. 11" 0.7720. 15"
it itk 7 ey 30 2 6 0. 65+0. 34 0. 76+0. 26" 0. 78=0. 33 0.76=0. 12
Bt S FTT 20 6 0. 67+0. 34 1.23+0. 27" <" 0. 89=0. 34 0. 8520. 07"

P<0.01;

e PGC-la, S B SE SR )00 32 Uy IR A - 1a; ZT11,
a) 5xF IR R R) Ee A, P<<0.05; b) Exﬂﬁéﬂﬁﬁﬂ‘ﬂtmﬁ
LRI E A, P<<0.01;

e) Sk R

P<0.01;

19: 00; ZT15, 23: 00,
¢) SR R A, P<<0.05; d) SAEEIZH R A,
) Sgiitr s AL E e g, P<<0. 01,
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3 Tt

TR T AR ZE L AR S AT S R A I e A £
FEFHZ —o . ARG (i) ™,
AR () AR, RS, BiRE, HAA
B, JUIBE AN ST T EOAN IR o 2 B (5 A< R
S, SR S EOR E R BT, BRI
R . B R G A E R, nAAT . R
R, ZE L S, A g, HhEM
WRRAA N, AMOFRIF . T HATFRINS
M1, BIFZEZ, HWR T L. Sotkrbl, =&
HOMEZY; PEERAEE . FEIER, SRR
HE L TERBRIE, EEEPVRIR, IRE AN,
BEE JGETT, AraiiE ek . BRIGUEAK, <2530
2y, BgREFnrh . AR I AL LA AT
M, B, SiEEih, FRRI . it
Sy RV FRIML . b 23, B IERTT R
— PR R R AZ RS, ARG IR oz T R
HRBEAT | AARIE SF PR IIRYT 1, BEEARRFFE
KRR FR 2.

ARG LG RIZF I T /N, A R
BT AT A TG SRAS T, B AR 20 ok i R
IR-BE (R, /DN ERSERE T R Wk As , i H [R) 7
SN Y, A, R EEE Rt A S AR
Bmal 1 25315 A f A W B S IR I A0 S A
T, B S5 R A ™. Bmall @l
BR B HE M RN L IR S5 g 5 2 BSC3 o A R A
TG . PGC-laff R st IL3aE 2 S5 i8N
iR A ALt FE P, Bmall 548 B % R IA
J&, SPGC-lakHNME 454, MdR#EE S
VI 85 S5 5 20 Y4 Bmall 5% 5% /K OF FEAR B,
A PCC-1a%% 5%, M FEUHFAETC LR =,

ARG AR T, X AL TG K B AR A 78
ZT11, Bmall mRNA FUH & (1K V- e IR (8 7E 217,
PR Bmal | JE R B A8 5142 TG AR Ak o[]S ] 5 £ 7]
R R, S i, ZT11 M ZT15 B ERIZH
Bmall mRNA R F/KFFIZT11 B PGC-1a mRNA
B HAE FKEREAG, TGKS-THE, ZT15 T EG
ARG £, perilipin] 2GR LGSR ; AL Emi i
S, AR ZT11 A1 ZT15 B Bmall 2 14
JKF-FI ZT11 B} PGC-1a mRNA FIE (K-, I AR
JEPI TG K-, W/ Hgi 3 s AIK7)  gi it J al ak
3 Bmall. PGC-la 8 H /K EZAEREALTF TG 1 1E
Mo SXTIRA A, ZT15 B RIZH PGC-1a mRNA

A AR TS, N EsM T FE, Hok
FRE TR, X—2REHALERTIE, #Rkk
PGC-1a b, 45 HAb IR EE K Z Bmall 7%, X
— WA E TR il 205 2 AR
FIRLH . 5540, AR g i Dy R S ST RERS
F9 BRI RO H (RS B, SRS IR ) B
i, DS R, W E FRAIK ZT1S B AR A
INEUIF N TG 7K SEFil perilipinl 2668 B, kst B
JEAS o [, AR i 40 T P B 8 1 25 R
TR SERTT o K B 7 v YK 2 Bmall mRNA
Tk R FUKE R AR R, JF W ZT11 Fn
ZT15 5 Bmall 8 H/K V-, BN ZT11 1 PGC-1a
mRNA ik K& K, BEW A ZT15 8 PGC-1a
mRNA 3k FEE 1K, 38R AR 70 i it 7 38 ik
Bmall 5 PGC-1a 2t 35 B8 1 25 AL 04/ A2 78 1 1)
BUNE o BT S S RLTT 2/ UM IR v TG 2238 I sh 8%
K, HAEZT15 i) g B S SEhiyT 4 E i PGC-1a
mRNA 35 1 8 1 K T i i J7 (550 o i e 700 e 4L
X AR B SE R T BEIE i AN [ A ML 0 PGC-1a
HIZEas, FETXF TG AR AR .

£l U NP ¥ R R & e AN NI RAP) B
MR s, e AN B, AR
Bmall mRNA FIEE HAKEZKEL . AR50 = w1t A
By S SERLTT TR SR A A T AR EE AL/ RIS B i L 4B
5 LI E Bmall mRNA FIEE (263575 HEa
PEA AR 2 i ity A S SR T T ELAT R A T
ZEELIPERT, T 0 gk R S . AR
I M AFAE— 5 JR PR 1, XF Bmal1/PGC-1a/TG 1L
HURIER A AR TE 48, AR5 1R s 2 B8 i 4
AR CTERR, DA M R g ity 4 i 11
ZEALAR A 5w B VE FHBL
B ik
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Effect of Shuxie Decoction (&iitt77) on Hepatic Lipid Accumulation and Bmall Clock Gene Expression

Circadian Rhythm Disorders Model Mice

ZHANG Mengting', HUANG Ting', LIU Xinyan', LI Jing', WU Wanhong®>, HUANG Caoxin’, CAl Teng’,
WANG Mengyuan’, ZHAO Nengjiang’, LIU Suhuan®, YANG Shuyu’
1. College of Traditional Chinese Medicine, Fujian University of Traditional Chinese Medicine, Fuzhou, 350122; 2. The First

Affiliated Hospital of Xiamen University

ABSTRACT Objective To explore the potential mechanism of Shuxie Decoction (#iit77) in alleviating hepatic
lipid accumulation caused by circadian rhythm disorders (CRD). Methods Totally 240 C57BL/6 mice were ran-

domly divided into control group, model group, low-dose Shuxie Decoction group, high-dose Shuxie Decoction group,
and agomelatine (Ago) group, with 48 mice in each group. Except for the control group, mice models of CRD were
established by light deprivation. Two weeks after modeling, mice in low- and high-dose Shuxie Decoction groups
groups were treated with 0. 15 and 0. 31 g/day of Shuxie Decoction per 10 g of body weight via oral gavage, respective-
ly; mice in Ago group were given 0. 03 mg/day of agomelatine tablets per 10 g of body weight via oral gavage; while
mice in the control group and the model group were given 0. 1 ml/day of distilled water per 10 g of body weight by intra-
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gastric administration. All groups were administered once daily for a total of 2 weeks. On the day after the last admin-
istration, the total number of wheel rotations during the daytime (8:00-20:00) and nighttime (20:01-8:00") was
observed using a running wheel experiment ; metabolic cages were used to record food intake at 11:00 (ZT3), 15:00
(ZT7), 19:00 (ZT11), 23:00 (ZT15), 3:00 "' (ZT19), and 7:00 "' (ZT23) Beijing Time; colorimetric assay was
used to measure triglyceride (TG) levels in liver tissue at different time points across groups; Hematoxylin & Eosin
(H&E) Staining was used to examine liver tissue pathology; immunofluorescence assay was used to measure the im-
munofluorescence density of perilipin 1 (PLIN1) ; RT-qPCR and Western Blot assays was used to measure the mRNA
expression and protein levels of brain and muscle aromatic hydrocarbon receptor nuclear translocator-like protein 1
(Bmall) and peroxisome proliferator-activated receptor gamma coactivator la (PGC-1a) in brain and muscle tissues.
Results The total number of nighttime wheel rotations in the control group, the low-dose Shuxie Decoction
group and Ago group were significantly higher than that in the daytime of the same group (P<<0.01) ; compared
with the control group at the same time point, the total number of daytime wheel rotations in the model group was sig-
nificantly increased (P<<0.01) ; compared with the model group at the same time point, the total number of daytime
wheel rotations in low-dose Shuxie Decoction group and Ago group significantly reduced, and low-dose Shuxie Decoc-
tion group showed a significant decrease in food intake at ZT7 (P<<0.05). The liver pathology results showed that the
liver cells of mice in control group, Ago group, low- and high-dose Shuxie Decoction groups had regular morphology,
while the model group had disordered liver cell arrangement and a small number of vacuolar cells. Compared with the
control group at the same time points, TG levels in the model group significantly elevated at ZT11 and ZT15, the
immunofluorescence density of perilipinl protein in liver tissue enhanced at ZT15, Bmall mRNA expression sig-
nificantly elevated at ZT3 and ZT7, Bmall protein and its mRNA levels significantly reduced at ZT15, and PGC-l«
mRNA expression and its protein levels decreased at ZT11 but increased at ZT15 (P<<0. 05 or P<<0.01). Compared
with the model group at the same time point, TG levels were reduced in low-dose Shuxie Decoction group and Ago
group at ZT15; the immunofluorescence density of perilipinl protein was weakened in low- and high-dose Shuxie
Decoction groups; in low-dose Shuxie Decoction group, Bmall mRNA expression decreased at ZT7, while Bmall protein
levels increased at ZT3, ZT11, and ZT15, while PGC-1ao mRNA expression and its protein levels increased at ZT11,
and PGC-1a mRNA expression and its protein levels decreased at ZT15 (P<<0. 05 or P<<0.01). Conclusion Low-
dose Shuxie Decoction can regulate circadian rhythm disorders and improve hepatic lipid accumulation. The mechanism
may be related to the reduction of hepatic triglycerides through the upregulation of hepatic Bmall and PGC-1a levels.
Keywords circadian rhythm; liver; lipid accumulation; circadian clock gene; brain and muscle aryl hydrocarbon
receptor nuclear translocator-like protein 15 peroxisome proliferator-activated receptor vy coactivator 1a; Shuxie Decoction
(it r)
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