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AATHHAT TR A E DRI AR ERE R, LI HRE S 4 ANRTES (ZT0. ZT6. ZT12. ZT18) H#f, FIH qRT-
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arnt-like protein 1, Bmall)« JA¥IFEK 1 (period 1, Perl). Per2. FafttaZFERF 1 (cryptochrom 1, Cryl). ¥LFEERSZARAHIE
JLEZ AR IEE (retinoic acid receptor-related orphan, ROra). IR AZIER (reverse erythroblastosis virus, Rev-erba) MIFKIE;
FIH 16S rRNA JlIFFF1 GC-MS HARBE T/ U I8 B E S RN R & 8 i Ae 4k s R UHPLC-Q-TOF-MS/MS H{ARMF Fi i
BN BRI 22 AR A8 AL . 45 OB A" B ZE RN R B Clocks Bmall. Perl Per2+ Cryl. ROro~ Rev-
erbo. 7 NMEMBIIER EIFRIE (P<0.05. 0.01. 0.001), fEHAKE R 5% AHBRTHRIRGESH 8. WIEFR 16S rRNA I
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J& Roseburia FIXTFELEE, MTIHGIN T BRE . MNACBIZH 245 LW, ZT6 F1 ZT18 A ACHNA RS A =R IR . R
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SRR N AR UE R, MRS CRSWD /) AR B BRHR- i BB 1T . 8538 A IWREHAE R R K T A TE R RE
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Mechanism of fried Ziziphi Spinosae Semen on sleep-wake circadian rhythm
disturbance in mice model based on metabolomics and gut microbiota
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Abstract: Objective To investigate the effect and mechanism of fried Suanzaoren (Ziziphi Spinosae Semen) on circadian rhythm
sleep-wake disorder (CRSWD) mice by replicating CRSWD model with continuous light exposure for four weeks. Methods

C57BL/6J male mice were exposed to continuous light for four weeks to replicate CRSWD model, fried Ziziphi Spinosae Semen was

RS EHER: 2024-04-24

EETH: WiiEBER AT LS B A A BN (202304051001020); 1 PR A T R 5| S5 B R B R £ TH
(YDZJSX2021C025); PR AT BAREM T EWE (20210302123237); 1L P64 22 2578 B R+ K & 25 RTS8
SRR (zyytd2024026); ILTEAFEHE SR EEETHE (zyyyjs2024024); 17645 B R AL 51 5 % 50T R B H
(202204021301063); L PG4 FERHH 7E 71 R B IR RFEFFIH (20210302124279)

TEEEN: T R (1998—), o, Wik, WHFH A= RAH K SMA. Tel: 13994154651  E-mail: 13994154651@163.com

MBIEEE: B O, Lo BIEEL Wd, BRSO My 2R E AR R AR P d R4 T . Tel: (0351)7018379  E-mail: yanyan520@sxu.edu.cn
MREE, B, #a%, W, BFROTRAR AR SRR, Tel: (0351)3179982  E-mail: dch@sxtem.edu.cn



PER 2024F 98 B55% B 18  Chinese Traditional and Herbal Drugs 2024 September Vol. 55 No. 18 . 6209 *

given for intervention, during which the body weight and food intake of mice were measured. After the experiment, samples were
collected at four time points (ZT0, ZT6, ZT12, ZT18). Expressions of circadian locomotor output cycles kaput (Clock), brain-muscle
arnt-like protein 1 (Bmall), period 1 (Perl), Per2, cryptochrom 1 (Cryl), retinoic acid receptor-related orphan (ROra) and reverse
erythroblastosis virus (Rev-erba) genes in hypothalamus of mice were detected by qRT-PCR, 16S rRNA sequencing and GC-MS were
used to study the changes in gut microbiota and contents of short-chain fatty acids in mice, UHPLC-Q-TOF-MS/MS was used to study
the changes of brain metabolites in model mice. Results Fried Ziziphi Spinosae Semen significantly regulated the expressions of
seven circadian clock genes such as Clock, Bmall, Perl, Per2, Cryl, ROro and Rev-erba. in hypothalamus of model mice (P < 0.05,
0.01, 0.001), restored their circadian rhythm oscillation trend to be consistent with that of the blank group. Results of 16S rRNA
sequencing of gut microbiota and determination of short chain fatty acid content indicated that fried Ziziphi Spinosae Semen may
increase the content of butyric acid by increasing the relative abundance of Clostridium, Lactobacillus and Roseburia. The results of
brain metabolomics indicated that the common metabolic pathways of ZT6 and ZT18 were tricarboxylic acid cycle, L-cysteine and
methionine metabolism, niacin and nicotinamide metabolism. Fried Ziziphi Spinosae Semen could further affect the amino acid
metabolism pathway in the body by regulating the abundance of Clostridium, Lactobacillus and their metabolite butyric acid content,
thereby restoring the sleep wake circadian rthythm of CRSWD mice. Conclusion The therapeutic effect of fried Ziziphi Spinosae
Semen on CRSWD mice model was revealed from multiple perspectives, such as the level of circadian clock genes, gut microbiota and
brain metabolomics.
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TR AR R ERHEMIBR K Ziziphus jujuba Mill.
var. spinosa (Bunge) Hu ex H. F. Chou {8 i #Fh
To Ay krh iR K E L, HHT
G HE AR M DOR A LB RN “NAZ
HALSM”, G RER N RIEIm PR FH 2 %2 4,
WA AR 25097 R A2 rh 24 N AN AT R R EA
o (RENH) YOy “BAHMNE, s AT E
REANRR” 121, 55 5 A A BRI A= (R 1 77 1k e
) S B AR IR A P AR S T TR AT S, XK
B RIERAT TR TT, FEe « A
B R, FEREN], RAVTKHE S, S
B IRITERE B & B A g . (R E 2
$)2020 FERR 158 A A ISR A 7 #1575 A 49
A5 RARA R IR, Horh B IS IR A A
40 />, HZERRRATA 9. HET, AR
7 HIFNEST AR B IR 2R .

HEE I - 5 1 5 A 1Y 7 PR BS (circadian rhythm
sleep-wake disorder, CRSWD) s —f 5 AR 4514 &
LT S AT S T g, G 32 B R AR I 2 2R IR
A/al H B g, W] RE S EL 2 DIRE 2. Fr AR
ISR A SR B AG R0 I L SR B, R o AR SR
AR e RORBH], D4 R RIS 7%~ 16%0),
HAT, ¥8J7 CRSWD N2 A MR R 2R AR R 21k
Wah R B . BIXSERT . M SE8. SR,
2GR T R, BT Re 2 51 R T = k0
e ol FINEBELEAN ) MO, 3l i SRRk R iR

B, TN AT LSS R B0 HE AR R T KRR P B FER - 5
B N y-28 5 T B2 (y-aminobutyric acid,
GABA). L-BV&R (L-glutamate, L-Glu) & &1,
PR AU R T-Hr 185 T v ik 98 2 (lepin, LEP),
Fi] 2 7 # ) (proopiomelanocortin, POMC) & &3
FEAB 2K Y (neuropeptide Y, NPY) &=,
ML IER] 24 h 457282 RIS SR A3 35000 R B R AR i
PEOIR A 5L M re AR 2R 1) 7 81 SR H AT IR
RAZIRTT CRSWD IR T AR WARGE -

N EWAAE X 4% (suprachiasmatic nucleus,
SCN) ZIHFAIMVER T, FEIKSA
A AT A AR BTV . SCN IR G RFIEIK
T IS 25 AT P 2 SRR O e vt el i R TR 1
(period 1, Perl). Per2. Per3. Baft iz &R 1
Ceryptochrom 1, Cryl). Cry2. Bf%F3E[K (circadian
locomotor output cycles kaput, Clock) fiF1LIA
ARNT #2851 2K (brain-muscle amnt-like protein
1, Bmall) JTERAYE 2L 24 h FIEL. St &
B R G ) BRI R 1, AR TAIAT SRR A DA %
WA S 5, Al Re s F BRI N A5 5 K
AR, IFFEERTERRRIEZ BT, piE
[FAE B A B A D il 1o, AR 1
A0 A TE s R . IiE N A 35%
PR FRAFDN 2 BEAEAE TR, X SeSR i 5 B 1E
WA 60%, AR A E R [FR, Bk
B2 UEE R B, I TE A R A A A S
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BEREARAS 5 B B ZRIE, )2 R B AR IR (short-
chain fatty acids, SCFAs) ['2],

AR A AR R T8 T 25 5 A WA 52 B 3))
Ja CAnHs B E 12 PR 2 e A B AR AL J ) AR
T IREY 1000 LAF N T 5 (AR A R 7T
Y RAhE e, IANISREBERME 7 — R B
FRAEAREAN ST BUR BRI T 7% A FTdE s s
MG, §R T TR BB AR, 7R/ B
HEEA A 7AW A S H sl 27t
B 3 AT RBEAR A A R B2, AT AN
5 I BRI AL (R ) ThRERE R o AR
IHTIC IR AT )5 CRSWD A5 /IN BRI 4 1)
Ak, S e 0 R AT 32 R A

AT TE LA B AT R TN G, SR
CS57BL/6] /N, FFEOGIR 4 A s BRI R
L, NI E /N SR A BT S i, M qRT-PCR
Far /N B AP B K Clock Bmall . Perl
Per2. Cryl fLE IR ZARFH RN L2 A4 FE A (retinoic
acid receptor-related orphan, ROra). FNH %A
(reverse erythroblastosis virus, Rev-erba) mRNA 3
LA 4k, FIF 16S rRNA Il FF AT GC-MS F AR A
Fi/N BRI T B ). SCFAs & &84k, FEdEAT
5 SCFAs MK #r, KA UHPLC-Q-TOF-
MS/MS FARFFE /N BRI ACE P AR o AHTE 5
T A PP B KK B T A A 2
FEZME, WRIPRRAIRYT CRSWD /) R
BRI AR AL o
1 w8
1.1 Eh¥)

SPF Mt C57BL/6) /N, 128 K, 6~8 ke,
A 18~20 g, W AL DUAR A AR AR 2
", FPVFAHES SCXK (51D 2019-0010. 341
FETMSLEN RGP ER MRS 1, SR 24~
26 C, AHXHBEE 35%~55%, RN 12 h
/12 h SRS, SBIEERAESA 300~400 IUX. Bh524
LI EA RS Ie B Z Rt (S
2022DW097).

12 ##t

= (k5 210191015 W A b2 E , Il
Ll 7Y A B 24 K SR A P R S T N S RHE A IR R
Z. jujuba Mill. var. spinosa (Bunge) Hu ex H. F. Chou
ST BB SRR RERNE (PEZ
i) 2020 R HHE -

1.3 @5

kA RS (LS 20211109). 4 (its
194036). H#ER (iS5 207035) W H 3EE Thermo
Fisher Scientific A#); £ (fit'5 RH500027) 4 H
g5 BACERARARAR . AR ('S5 P0500).
TR (45 B0754). = TR (k5 10103). R (it
5 V0003). KR (5 M0182). F iR (ks
MO0750). — 23 T (it M0750) 14 A B %% (
) AR B AR A 7] s Monzol™ Reagent (#t
5 110607) ) B SN EFHECA R AR HlilE-3-
W B M & B ( glyceraldehyde-3-phosphate
dehydrogenase, Gapdh)- Clock Bmall Perl. Per2.
Cryl. ROra~ Rev-erba 514 TAY THARA
Cikegs'R
1.4 {43

5600 Q-TOF MY =40 # i (3£[E AB Sciex
AFD; LC-20AD AU & A AH B ik A CH A
Shimadzu ‘A 7] ); Gentier 48E % qRT-PCR 1X (P§%
KEERHA IR A 7] )5 Nano Drop-2000 A% R 85 14X
(Z£[H Thermo Fisher Scientific A% ); CPA225D A+
HZ—0 R F (JEEH Sartorius AF]); Milli-Q
gk /&Gt (3£HE Millipore AF]); 7890b B AH i
1. 5977B B EIEPERIIEE (SEE Agilent A7),
2 Fk
2.1 WERER{ZIZEVINI I

Z IR w72 7 VD S A R A L
E I IR AR, WHE (60%IP R A it —50f),
FE % FRE 200 g, 010 f527K, &I 30 min, ik
TFAEE, % OSCKEI 30 min, 8 22 IE
JEE TN 8 fF K, BT, HCKETE 20
min, H 8 ZLAigEt, A2 WIEH, WEKRgE S
Lg/mL (BUEZGET), T Hb. KRG g7
f) HPLC-UV-ELSD 7AUS), USSR & HR B &
B 2578 (0.253+£0.045) mg/g. ARZEFEHH (1.895+
0.272) mg/g. 4R (0.023+0.003) mg/g. Hrins
(1.181£0.017) mg/g. 6"-FFRELM kR (0.703+
0.121) mg/g. FRA/EH A (0.441£0.087) mg/g.
FRAZRFF B (0.236+0.055) mg/g (LLAZ5E).
22 IR, &R, BASEH

ANBRIERLPERFE | SR N A B
ARSI AR, "AE (10, 20 g/kg) 41, &4
32 Ho FAMACLES BRCHRGETE, Sl
N 12h 68121 g (light-dark, LD) 4%, LD
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IRSE R RS (8] FH AR IS 1R (zeitgeber time, ZT) 3
N, ZTO FFIT S ZT12 KAT . ZTO~ZT12 A6,
ZT12~ZT0 A BRI AR H K25 2520 D) 24 h H¢
SO, BB AARH 7 00 B ig M9,
By 4 J, T AT ig SRR AR
Ko TAIFREHBIANI AR R AR B, SIS RS
4 NISHE) L (ZT0 ZT6. ZT12. ZT18) WEE/NR T
el K. SN EY. BN EmNe, LA
PUIE AR G T—80 CARAT
2.3 qRT-PCR & EAN4A 2R 4 M $h B E Rk
IR Fefili2H 23 20 mg, HI 1 mL SE444EHGR )
DAFEEUZHZR o mRNA . 8 FAZ R B A ks MR A
A FEFIREE, Azeo/Aaso THN 1.8~2.0. 42 MELF & 1k
B4 cDNA, FFiE47 gRT-PCR 43#1, LA 2724
115 mRNA MIXfRIE K. #id Primer Premier 5.0
STt AR, ST IR 1.

F1 5149F75
Table 1 Primer sequences
A SIFE (5°-3°)

Clock F: AGACGGCGAGAACTTGGCATTG

R: AACCTTTCCAGTGCTTCCTTGAGAC
Bmall F: AGGACTTCGCCTCCACCTGTTC

R: GCCCTCATTGTCTGGTTCACTGTC
Perl F: CCTGGGCTCTGGGTCTGGTTC

R: TTGCTTGTATGGCTGCTCTGACTG
Per?2 F: GCTGCGGATGCTCGTGGAATC

R: GGTTGTGCTCTGCCTCTGTCATC
Cryl F: ATCGTGCGCATTTCACATAC

R: TCCGCCATTGAGTTCTATGAT
ROra F: GTGGAGACAAATCGTCAGGAAT

R: TGGTCCGATCAATCAAACAGTTC
Rev-erbo. F: TACATTGGCTCTAGTGGCTCC

R: CAGTAGGTGATGGTGGGAAGTA
Gapdh F: GGTTGTCTCCTGCGACTTCA

R: TGGTCCAGGGTTTCTTACTCC

2.4 BEIHARYIE 16S rRNA SiBEENF

¥ ZT6 A1 ZT18 HI/NR BN AV B TIHRAE
i, T80 CAAEIRA. XH g HBAEYEEFR
AW AT, #H4T 16S rRNA HH V3~V4 Xl
¥ 1T
25 GC-MS MELZEAASYIH SCFAs B

KA Agilent-7890B %! GC-MS Btf Agilent-
5977 B EIE BTN A, ME ZT6 1 ZT18 /MR
SHNEYT IR IR TR, KR 5 TR,
SRR FORE&E. RS0 mg HT R4 AR
YIREAS, M\ 250 pL 47K 5 7850 E 3 min YR 2],

F1 10% H,SO4 (0.1-mol/L) W75 pH % 2~3, 7%
RIEVR ) JECE 10 min, I 1.23 mL 75% F EZ iR
Ji€ 1 min Y8%J, 13 000 r/min &> 10 min, 7531
o FRESECEE 1.1 mL, A0 100 L 2 B Al
100 pL 2-ZE TR (WFR), ORIEIRAIZ 0.22
um A HLIERESE, B 2 R AN AR .

2.6 MRKBILEZFNR

2.6.1 FEATIAFE HL 50 mg KKHLL, A 1.5
mL A K HEE, FHRAKEBHK, 4 T 13 000
t/min B0 10 min J5, BB, SO0K%E, N
AN 120 uL 70%H EEE %, 4 ‘C. 13 000 r/min 2.0
10 min J&5, HUEIETBAH/ N A AR

26.2 it IEE PR EE N Waters
BEH Cg#f (100 mmX2.1 mm, 1.7 um), 57
AN Waters HSS T3 /4 (100 mm X 2.1 mm,
1.8 um), WBNAA 0.1%H B /KIEH (A) -0.1%H
RONE (B), BAEEYEHL: 0~1 min, 5% B; 1~11
min, 5%~100%B; 11~13min, 100%B; 13~15
min, 100%~5% B. A E 0.35 mL/min; A4
50 C; #EFEAARFNS plo

263 G BT EONHBIE B R Celectro-
spray ionization, ESD); E41% HJE N +5500V/
—4500V; BRI 450 C; HHBISN Ny AT
S (CURD. EAS (GS1) MAfBh’< (GS2) 14y
W 304 55, 55 psi (1 psi=6.895 kPa); Z:fEHIE
(DP) A 60V/~60V; fiffERER (CE) N (35+15) /
(=35+15) eV, TOF-MS 75 Hl & & A m/z 100~
1500, AP LR (IDA); R B
fEAEIE 100 cps 1) 10 A VAT g0 iS4
Product Ion HH$5 0 & &N m/z 50~1250, FHIT/E
AT I (DBS) LUEA T4,

26.4 JREFEARAE N TP UPLC-Q-TOF-
MS BT AR B E A E I, K A e
ML ZRREA 4% “2.6.17 TR J7ikabs, 153 F
TEW SH 10 pL TR GBS B TR0
FERTHNZ 0T, 3847 6 MR BERER, ARt
FEHH L HREARSS, A 1A .

265 A EHIE AT KB RENMBH LC-
MS/MS #4546 248 SCAFiEd Analysis Base File
Converter B AF#40 R abf ¥ SCH:, i MS-
DAIL 4.60 AT EL i 0] 55 LA S H — AL TlAR 2
K TR — A0S R S\ SIMCA-P 14.1 3%,
eI N RS Y 5] AR LY E/ T
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T EREEPUEVEDD T AR AN, R /N ek
FIA53HT (partial least squares-discriminant analysis
PLS-DA) Xf #dla #EAT 70 o AR 415 22 8 BAL Y
(variable importance projection, VIP) {H ik & L 11
bR E W, A IE A2 e R 3 - A a3 B
( orthogonal partial least squares-discriminant
analysis, OPLS-DA) #JEE[] S-Plot EI#E4T AT AL .
KF Grampad Prism #{HH4 Hl AR B AT ST AR AR
KA, APHSIEE AR SV B 2R . IR
& VIP>1 Ml P<<0.05 ffiiifeth 2 AR, Keifik
3 2038 £ E AR BT N MetaboAnalyst 5.0
(http://www.metaboanalyst.ca/) s i 34T 5 R 3
HERHEFR2T (Kyoto encyclopedia of genes and

A ) GiE
267 T Hu
ﬁ 25 E §_—1I* FZSSL

I % i
= g . FZSSH
S o
227 o
21 T T T T T
0 1 2 3 4
20 /A

genomes, KEGG) {737
2.7 GitFESH

LA X £sF/R, KH GraphPad Prism 9.0 3K
AT He s b B, PR E U7 2 75 T (One-way
ANOVA) HiAT Z A1) % 7 LEAL

3 #R
3.1 YEIR{-X} CRSWD /JMRIAREFMIZEEEN
=AU

wE 1 PR, S AHEE, EBE 2 BTG
B /N BRI T B W 3 (P<<0.05); S
ML, G 2 IR A 551 4 /N B
A B 3T 2 BRI (P<<0.05. 0.001, 1-A). 7E4A
FRHAmE, AR EELEEER (B 1-B).

B

4 A
. . R
# T 2
L 3 X,y W FZSSL
HI]EH T 4: G ¢ / FZSSH
& 2 t
B
1
O T T T T T
0 1 2 3 4
o8

FZSSL-ICER A AR5 4 FZSSH- R milmdl; 5 AdlE: *P<0.05 #P<0.01 ##P<0.001; SHEBAHE: "P<0.05 *P<0.01

*p<0.001, FEME.

FZSSL-fried Ziziphi Spinosae Semen low-dose group; FZSSH-fried Ziziphi Spinosae Semen high-dose group; *P < 0.05 #P < 0.01 #P <0.001 vs

blank group; "P<0.05 “P<0.01

P <0.001 vs model group, same as below figures.

1 WERE{=3t CRSWD MNRIAERE (A) FIRRE B) MEM (Xxs,n=32)
Fig. 1 Effect of fried Ziziphi Spinosae Semen on body weight (A) and food intake (B) in CRSWD mice (X + s, n =32)

3.2 YERE(=X} CRSWD /MR TERFAEFhE
ESESv:0pA1)

Clock~ Bmall. ROvra FER & A=W I 1E [ i3k
o k2 s, S2A41E, AN FE
i 7 Clock 3£ K 1A 4E ZTO I 5.2 i (P<<0.001),
ZT18 &2 N (P<<0.001); SHEEMAILE, 1b
R A KT Clock 3R RIEAE ZT0 225 1
(P<0.001). H52AHALE, WM Bmall SR %
IEAE ZT0.ZT6. ZT18 I &3 K i (P<<0.01.0.001),
ZT12 W& Fif (P<<0.001); SHEMAIE, b
B AU JFIEA Bmall FFFIEAE ZT12 23T
W (P<0.001), WA EFIEA Bmall FFRIE
£ ZTO. ZT18 B 3% L] (P<<0.05. 0.001). 57
AL, BRI ROra FERIFIAAE ZT0. ZT18 B
BZ i (P<0.05. 0.001), ZT6 i@ Fif (P<
0.001); SHAIALLER, WA & FIEH ROra 3

RIRIATE ZT6 B2 R (P<<0.001), ZTI18 f &
# L (P<0.01. 0.001), WERE/ - m7EA ROra
FERFRILAE ZT0. ZT12 &2 Bl (P<0.001).
Perl. Per2. Cryl. Rev-erbo & EW)%50 B34 %
AR, BT ARBER. wE 3 iR, 55
HA A, BRAA/NR T R Perl FERRIATE
ZT6 W EZE T (P<<0.001); S e, &b
R AR R Per ] BRI RIEAE ZT6 I 23 Fff
(P<<0.001), ZT12 i &3 T il (P<0.001), PEEHE
{Z&FNEH Perl FERIFRIATE ZT0 I .3 F il (P<
0.000). 572 HHNE, BAMHA/NR T it Per2
FLNFIALE ZT0 I 53 FiH(P<<0.001),ZT6.ZT18
2 i (P<<0.05. 0.001); SRR LLLE, 4
TR~ = A Per2 FERFRIATE ZT6. ZT18 B i
Z i (P<0.05. 0.001), WERAA-KF|ELH Per2
FLRFRIATE ZT0 B2 T (P<0.001). 5 HA
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Clock ROra
4 ~%E 29 LS 1=
i ittt = oy I sk - A
X3 ~FZSSL 315 R0 o FZSSL
R * FZSSH & Rl v FZSSH
&2 ®1.0 =
z £z 0.5 < T
! = =0.5 = 2%
i sk HH bl ikl s i
0- 0 0
Z10  ZT6 ZTI2 ZTI8 ZT0 ZT6 ZT12 ZTI8 ZT0 ZT6 ZTI2 ZTI8
I 18] s S [A] 25 I [H] £

2 WEEE{=XT CRSWD /NE TEMY Clock. Bmall. ROra EEFIEHIEN (X£5s,n=6)
Fig. 2 Effect of fried Ziziphi Spinosae Semen on expressions of Clock, Bmall and ROra genes in hypothalamus of CRSWD

mice (X +ts,n=26)

Perl

2.0 - 22
i) R it
ﬁ 1.5 + FZSSL
‘ + FZSSH
=
EE‘ 1.0
0.5
e b

0 yERE o

ZT0 ZT6 ZT12 ZTI18
N
5 Cryl Ry = |
- A

@ 4 ~FZSSL
B3 -+ FZSSH
+=
m 2
1
b

0

ZT0  ZT6 ZT12 ZTI8
8] 25

4 S|
=
* FZSSL
* FZSSH

FEH A ik B
38 ]

0 Fkk HiH #

ZT0 ZT6 ZT12 ZTI8
B[] 25

15 Rev-erba > TH

: =
iy + FZSSL
ﬁ 10 + FZSSH
E dokk
=05 = b
bt Hitt - #

x
sk

0 #

ZT0 ZT6 ZT12 ZTI8
I ] 25

B 3 YbEEEI=Xf CRSWD /NR T EBTH Perl. Per2< Cryl. Rev-erba EEFRIENSEM (X+s,n=6)
Fig. 3 Effect of fried Ziziphi Spinosae Semen on expressions of Perl, Per2, Cryl and Rev-erba genes in hypothalamus of
CRSWD mice (X s,n=06)

Eei, AR/ NE T it Cryl B2RIFRIALE ZTO
2% N (P<<0.001), ZT6. ZT12 &% il
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Fig. 5 Analysis of a diversity of gut microbiota of mice in each group at ZT6 (A) and ZT18 (B) (Xt s, n=4)
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Fig. 7 Species composition of phylum level at ZT6 (A) and relative abundance of Firmicutes and Bacteroidetes (B) (X £ s, n =4)
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